Soybean

Bio-Active Compounds
Edited by Hany A. El-Shemy

SOYBEAN - BIO-ACTIVE
COMPOUNDS
Edited by Hany A. El-Shemy

Soybean - Bio-Active Compounds
http://dx.doi.org/10.5772/45866
Edited by Hany A. El-Shemy
Contributors
Mauricio Fonseca, Georgiana Cruz, Luciano Batista, Viviane Silva, Erica Pissurno, Thais Soares, Monique Jesus, Ednilton
Tavares De Andrade, Gloria Davila-Ortiz, Alberto Cabrera Orozco, Cristian Jiménez-Martínez, Kenjiro Koga, Oluyemisi
Elizabeth Adelakun, Eugene Borodin, Igor Pamirsky, Mikhail Shtarberg, Vladimir Dorovskikh, Alexander Korotkikh,
Chie Tarumizu, Kiyoharu Takamatsu, Shigeru Yamamoto, John Bradley Morris, Stefano Tavoletti, Ivan Palomo,
Eduardo Fuentes, Luis Guzman, Gilda Carrasco, Elba Leiva, Rodrigo Moore-Carrasco, Neusa Fatima Seibel, Masakazu
Naya, Masanao Imai, Sherif M Hassan, Fred Kummerow, Samuel N. Nahashon, Agnes Kilonzo-Nthenge, Katrine
Pontoppidan, Dan Pettersson, Anna Lucia Villavicencio, Xiaomeng Li, Ying Xu, Ichiro Tsuji, Enrique Vigueras Santiago,
Susana Hernández López, Valeria Abreu, Pilar Teresa Garcia, Joanna McFarlane, Abdolmohamad Rostami, Farinaz
Safavi, Praveen V Vadlani, Liyan Chen, Ronald Madl, Weiqun Wang, Li Li, Maria Luisa Brandi
© The Editor(s) and the Author(s) 2013
The moral rights of the and the author(s) have been asserted.
All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced,
distributed or used for commercial or non-commercial purposes without INTECH’s written permission.
Enquiries concerning the use of the book should be directed to INTECH rights and permissions department
(permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be
foundat http://www.intechopen.com/copyright-policy.html.
Notice
Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.
First published in Croatia, 2013 by INTECH d.o.o.
eBook (PDF) Published by IN TECH d.o.o.
Place and year of publication of eBook (PDF): Rijeka, 2019.
IntechOpen is the global imprint of IN TECH d.o.o.
Printed in Croatia
Legal deposit, Croatia: National and University Library in Zagreb
Additional hard and PDF copies can be obtained from orders@intechopen.com
Soybean - Bio-Active Compounds
Edited by Hany A. El-Shemy
p. cm.
ISBN 978-953-51-0977-8
eBook (PDF) ISBN 978-953-51-5356-6

We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists

4,000+ 116,000+ 120M+
Open access books available

151

International authors and editors

Our authors are among the

Countries delivered to

Top 1%
most cited scientists

Downloads

12.2%

Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Meet the editor
Prof. Hany A. El-Shemy received his two Ph.D. degrees
in biochemistry and genetic engineering from the University of Cairo, Egypt and the University of Hiroshima,
Japan. He became an Assistant Professor at the Biochemistry Department of Cairo University, Egypt from
September 1996, and advanced to Associate Professor in
September 2002, as well as full Professor in March 2007.
His research interests are in the fields of plant biotechnology and medicinal plants (Molecular Biology). He received 2 patents, wrote 7 international books, published more than 65 SCI journal papers and 30 conference
presentations. He served as the technical committee member and chair
in many international conferences as well as editor including PLoS ONE
journal, BMC Genomics, and reviewer for more than 10 SCI cited journals.
He received several awards, including State prize awarded from Academy of Science, Egypt (2004), Young Arab Researcher prize Awarded from
Shuman Foundation, Jordan (2005), State Excellence prize from Academy
of Science, Egypt (2011), Cairo University Prizes 2007, 2010.

Contents

Preface XIII
Chapter 1

Critical Evaluation of Soybean Role in Animal Production
Chains Based on the Valorization of Locally Produced
Feedstuff 1
Stefano Tavoletti

Chapter 2

Advanced Techniques in Soybean Biodiesel 23
Mauricio G. Fonseca, Luciano N. Batista, Viviane F. Silva, Erica C. G.
Pissurno, Thais C. Soares, Monique R. Jesus and Georgiana F. Cruz

Chapter 3

Facilities for Obtaining Soybean Oil in Small Plants 47
Ednilton Tavares de Andrade, Luciana Pinto Teixeira, Ivênio Moreira
da Silva, Roberto Guimarães Pereira, Oscar Edwin Piamba Tulcan
and Danielle Oliveira de Andrade

Chapter 4

Phytoestrogens and Colon Cancer 75
B. Pampaloni, C. Mavilia, E. Bartolini, F. Tonelli, M.L. Brandi and
Federica D'Asta

Chapter 5

Bowman-Birk Protease Inhibitor as a Potential Oral Therapy
for Multiple Sclerosis 97
Farinaz Safavi and Abdolmohamad Rostami

Chapter 6

Soybean Oil Derivatives for Fuel and Chemical Feedstocks 111
Joanna McFarlane

Chapter 7

Effect of Dietary Plant Lipids on Conjugated Linoleic Acid (CLA)
Concentrations in Beef and Lamb Meats 135
Pilar Teresa Garcia and Jorge J. Casal

X

Contents

Chapter 8

Value - Added Products from Soybean: Removal of AntiNutritional Factors via Bioprocessing 161
Liyan Chen, Ronald L. Madl, Praveen V. Vadlani, Li Li and Weiqun
Wang

Chapter 9

Soybean and Isoflavones – From Farm to Fork 181
Michel Mozeika Araújo, Gustavo Bernardes Fanaro and Anna Lucia
Casañas Haasis Villavicencio

Chapter 10

Evaluation of Soybean Straw as Litter Material in Poultry
Production and Substrate in Composting of Broiler
Carcasses 203
Valeria Maria Nascimento Abreu, Paulo Giovanni de Abreu,
Doralice Pedroso de Paiva, Arlei Coldebella, Fátima Regina Ferreira
Jaenisch, Taiana Cestonaro and Virginia Santiago Silva

Chapter 11

Acrylated-Epoxidized Soybean Oil-Based Polymers and Their
Use in the Generation of Electrically Conductive Polymer
Composites 231
Susana Hernández López and Enrique Vigueras Santiago

Chapter 12

Soybean and Prostate Cancer 265
Xiaomeng Li, Ying Xu and Ichiro Tsuji

Chapter 13

Soybean Meal and The Potential for Upgrading Its Feeding
Value by Enzyme Supplementation 287
D. Pettersson and K. Pontoppidan

Chapter 14

Soybean in Monogastric Nutrition: Modifications to Add Value
and Disease Prevention Properties 309
Samuel N. Nahashon and Agnes K. Kilonzo-Nthenge

Chapter 15

The Effects of Hydrogenation on Soybean Oil 353
Fred A. Kummerow

Chapter 16

Variability for Phenotype, Anthocyanin Indexes, and
Flavonoids in Accessions from a Close Relative of Soybean,
Neonotonia wightii (Wright & Arn. J.A. Lackey) in the U.S.
Germplasm Collection for Potential Use as a
Health Forage 375
J.B. Morris, M.L. Wang and B. Tonnis

Contents

Chapter 17

Soybean: Non-Nutritional Factors and Their Biological
Functionality 387
A. Cabrera-Orozco, C. Jiménez-Martínez and G. Dávila-Ortiz

Chapter 18

Approach for Dispersing a Hydrophilic Compound as
Nanoparticles Into Soybean Oil Using Evaporation
Technique 411
Kenjiro Koga

Chapter 19

Recent Advances on Soybean Isoflavone Extraction and
Enzymatic Modification of Soybean Oil 429
Masakazu Naya and Masanao Imai

Chapter 20

Soybean, Nutrition and Health 453
Sherif M. Hassan

Chapter 21

Brazilian Soybean Varieties for Human Use 475
Neusa Fátima Seibel, Fernanda Périco Alves, Marcelo Álvares de
Oliveira and Rodrigo Santos Leite

Chapter 22

Effects of Soybean Trypsin Inhibitor on Hemostasis 495
Eugene A. Borodin, Igor E. Pamirsky, Mikhail A. Shtarberg, Vladimir
A. Dorovskikh, Alexander V. Korotkikh, Chie Tarumizu, Kiyoharu
Takamatsu and Shigeru Yamamoto

Chapter 23

Potential Use of Soybean Flour (Glycine max) in Food
Fortification 513
O. E. Adelakun, K. G. Duodu, E. Buys and B. F. Olanipekun

Chapter 24

Food, Nutrition and Health 521
Eduardo Fuentes, Luis Guzmán, Gilda Carrasco, Elba Leiva, Rodrigo
Moore-Carrasco and Iván Palomo

XI

Preface
This book provides an overview of the importance of soybean all over the world. The au‐
thors contributed with 24 chapters dealing with various topics.
Soybean consumption benefits, especially in several chronic diseases, have been related to
its important protein content, high levels of essential fatty acids, vitamins and minerals.
Consequently, Chapter 1 provides ideas on Critical Evaluation of Soybean Role in Animal
Production Chains Based on the Valorisation of Locally Produced Feedstuff.
We can also learn that new marketing strategies are necessary to make consumers aware of
the importance of the overall characteristics of local production chains in defining the quali‐
ty of a final product and to ensure at the same time a profitable price for the producers.
Chapter 3 brings an overview of the types of equipment used for industrial processing of
soybeans for obtaining vegetable oil in small plants and Chapter 4, for example, highlights
the international literature which suggests that phytoestrogens have a potentially high clini‐
cal impact and the expansion of knowledge on soy, soy foods, and soy products which will
lead to novel future developments in the field of cancer treatment.
Other chapters aim at the comprehensive characterization of the antioxidant and antiplatelet
activities of bioactive compounds, of soybean and its derivatives, and the extent to which
soybean is a health-promoting food.
This book will be useful for soybean researchers and other academic staff and will provide
its readers with valuable insight into the last developments in the field.
Hany A. El-Shemy, Professor
Cairo University, EGYPT

Chapter 1

Critical Evaluation of Soybean Role in Animal
Production Chains Based on the Valorization of Locally
Produced Feedstuff
Stefano Tavoletti
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/52476

1. Introduction
Commodities such as soybean and maize are respectively protein and energy concentrates
that represent the basic raw materials used by the animal feeding industry and their prices
influence the overall market of agricultural products. In animal feeding, soybean is mostly
used as soybean meal which is a by-product of oil seed extraction industry and the availabil‐
ity of this raw material on the international market has led to its worldwide diffusion as the
main source of protein for animal feed formulation. Soybean can also be used as raw seed
due to its high fat content that makes this grain legume a valid feed to increase both protein
and energy concentration of animal diets [1]. The close relationship between oil extraction
industry and feed industry together with its high nutritional value for human consumption,
as reported by several articles included in the present book, made soybean a perfect crop to
be treated as a commodity in the world trade of raw materials.
However, despite all these positive characteristics, the diffusion of soybean and its by-prod‐
ucts, together with the overall increased importance of the commodities trade, has triggered
in agriculture several downstream effects that had deep consequences on the evolution of
agricultural practices. After World War II agriculture initiated a course of progressive struc‐
tural changes toward the implementation of more intense production processes due to both
the need of increasing world food supply and to the progressive reduction of people em‐
ployed in agriculture. The diffusion of improved varieties, fertilizers, pesticides, advanced
agricultural machineries, intensive systems of animal rearing, efficient systems for the stor‐
age and transformation of agricultural products led to the abandonment of traditional crop‐
ping and animal farming systems [2]. Therefore, important agronomic practices such as crop
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rotations including a cereals and legumes, cultivation of forage crops for animal feeding, a
close link between animal farming and field productions useful to ensure an adequate con‐
tent of organic matter in the soil were almost completely abandoned due to the diffusion of
monocultures [3]. As a consequence, agricultural soil fertility decrease dramatically, as indi‐
cated by the dangerous low levels of organic matter content that at present are generally re‐
corded in most countries that have been characterized by such an intensification of
agricultural practices, and the use of chemical fertilizers became an indispensable necessity
to reach economically valuable productions [4-7]. At the same time animal farming was
based on the use of by-products that were available on the market to reduce the costs of pro‐
duction and simplify the animal production system.
At present, globalization together with the rapid economic development actually under way
in eastern countries and the world economic crisis are jeopardizing the economic feasibility
of many agricultural activities, mainly in the European Union. Those farms that restructured
their production processes in order to simply satisfy the demand for raw materials by the
food and feed industries and by multiple retailers that manage marketing and commerciali‐
zation have recently experienced the negative effects of increased costs of production fol‐
lowed by the low prices of agricultural products paid to the farmers. In particular, the
increased costs of commodities such as soybean seed and meal that recently happened sev‐
eral times together with the low price of animal products paid to the farmers, mainly in the
beef, pork and dairy production chains, made unprofitable the economic activities of animal
farms, especially small or medium size farms.

Figure 1. World soybean seed (continuous line) and meal (dashed line) production.

Recently new strategies for agricultural development have emerged due to the interest of
consumers toward high quality products and production chains, the increased request of
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non-standardized food and the attention given to the impact of agricultural activities on the
environment, human and animal health [8-10]. Therefore, an increasing number of animal
farms adopted more sustainable instead of intensive production systems that were closely
linked to the area of production by using locally produced animal feed and reducing their
dependence from commodities. Moreover, these farms developed direct commercialization
systems trying to make their business more profitable with an emphasis on the quality of
both the final products and the production system.

Figure 2. Soybean seed production of USA, Brazil, Argentina, China, India and European Union (EU).

Aim of the present article is to critically evaluate the effects of the large diffusion of soybean
on the international market concerning aspects related to the evolution of soybean trade, the
effects on agricultural systems where soybean cannot be cultivated, the present dependence
from soybean of intensive animal farming systems and the consequences on small or medi‐
um farms applying not-intensive animal production chains. An experience under way in the
Marche Region (Central Italy) will also be illustrated as an attempt to make agricultural ac‐
tivity both profitable and integrated within local soil and climatic characteristics.

2. Soybean seed and meal trade
Data on soybean seed and meal (oil was not considered) production, import, export and pri‐
ces were obtained at the Index Mundi website [11] (data source:USDA) where information
on all commodities trade is available. Soybean data were usually available from 1964 to 2011
together with estimates referred to the current year 2012, even though for some countries
and also for the European Union data availability covered a shorter period of time. Data
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were organized in an excel data sheet and elaborated to obtain information concerning sin‐
gle countries involved in the soybean international trade. The total worldwide value of seed
and meal production, import and export, expressed as Million Metric Tons (MMT), were
then calculated by summing the data available for each country for each year. Results were
summarized by graphics concerning the overall soybean trade, the characteristics of single
countries significantly involved in the international market of soybean and the comparisons
among different countries.
Soybean seed production progressively increased from 1964 (28,3 MMT) to 2010 (264,7
MMT) and, although followed by a slight decrement in 2011 (236,4 MMT), soybean seed US‐
DA 2012 estimated production (referred to june 2012) is 266,8 MMT confirming the positive
trend for this commodity (Figure 1).
USDA data identified 42 countries characterized by an estimated soybean seed production
of at least 0.001 MMT. However since 1964 more than 90% of total soybean seed production
was concentrated in 5 countries (USA, Brazil, Argentina, China and India) and USA, Brazil
and Argentina covered about 80% of worldwide soybean production (Figure 2).
European Union (Figure 2) produced between 0.6 MMT (year 2008) and 1,4 MMT (year
1999) of soybean seeds and in 2011 EU27 ranked twelfth with a production of 1,1 MMT
(0.47% of world production). These data confirm the almost complete dependence of Europe
from non-EU and mainly American countries to satisfy the needs of protein concentrates of
European animal production chains.
Figure 1 also shows that the production of soybean meal had almost the same trend of
world soybean seed production, with a steady increase from 1964 (13,5 MMT) to 2011 (177,4
MMT). However, the relative contribution of each country is different than what has been
described for seed production. USA was the highest soybean meal producer until 2009 when
it was exceeded by China that, based on the 2012 estimate, at present seems to be the world
leader in soybean meal production. China showed a relatively low meal production until
1997 when it started a progressive increase in the production of this by-product of oil extrac‐
tion (Figure 3).
It is interesting to compare soybean seed and meal amounts produced over time in China;
soybean seed production in this country was always lower than 20 MMT, ranging from 6.14
MMT in 1995 to 17.4 MMT in 2004 (Figure 2), whereas soybean meal production was lower
than 10 MMT until 1997 but increased from 10 MMT in 1998 to 46.9 MMT in 2011 with an
estimated 50.2 MMT for the year 2012 (Figure 3). Starting from 1997 also Brasil and Argenti‐
na began to increase their soybean meal production reaching about 28 MMT in 2011, where‐
as USA, after a constant increase from 1964 to 1996, was characterized by and almost
constant meal production of about 35 MMT/year in the 1997-2011 time period (Figure 3).
India, which was the fifth producer of soybean seeds, also showed a constant increase in
soybean meal production from 1987 to 2011 although remaining below the 10 MMT level of
meal production (Figure 3). On the contrary in the 2001-2011 time period the European Un‐
ion was characterized by a negative trend of soybean meal production that decreased from
14 MMT in 2001 to less than 10 MMT after 2008 (Figure 3).
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Figure 3. Soybean meal production of USA, Brazil, Argentina, China, India and European Union (EU).

Moreover, in the 1994-2011 time period the relative contribution to the worldwide soybean
meal production of Japan decreased from 8% (1994) to 0.82% (2011) and Canada was also
characterized by the same negative trend (from 3.12% in 1994 to 0.62% in 2011); this behav‐
iour could be attributed to the low increase in meal production over time that characterized
these two countries (from 1.07 to 1.45 MMT for Japan and from 0.42 to 1.10 MMT for Cana‐
da) compared to the progressive overall world increase of soybean meal production.
Therefore, the international scenario concerning soybean clearly shows that 3 countries
(USA, Brasil and Argentina) handle almost all the world production of soybean seed, where‐
as China must be added to USA, Brasil and Argentina concerning the production of soybean
meal. Conversely European Union has a negligible level of soybean seed production and a
low level of soybean meal production as a by-product of oil extraction from imported soy‐
bean seeds. This determines that European Union animal production chains rely completely
on imported soybean and this situation generates an almost total dependence of European
farms from the international trade of these commodities. Data on the import/export of soy‐
bean seeds and meal also confirm that EU animal farming is suffering the effects of globali‐
zation of the markets, mostly because the dynamics of the international market of soybean is
changing as a consequence of the new scenario due to the increased interest toward this
commodity by several new countries.
Figure 4 and Figure 5 summarize the world scenario of soybean seed and meal trade, re‐
spectively. World seed production increase was also followed by an increase in the amount,
expressed as percentage of total world production value, of overall exported seed that was
about 25% until 1995, then raised to about 30% between 1996 and 2005 and finally reached
the value of 35 % in 2010 with an estimated amount of 36% for year 2012 (Figure 4).
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Figure 4. Soybean seed: comparison between world production and export; every five year export values expressed as
percentage of total world production are shown (2012 data are estimated values).

Figure 5. Soybean meal: comparison between world production and export; every five year export values expressed
as percentage of total world production are shown (2012 data are estimated values).

A similar trend was shown by global soybean meal production. An increase from 17% to
35% in the percentage of exported meal, expressed as percentage the total world meal pro‐
duction, was registered in the 1965-1980 time period, a further slight increase until 38% was
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observed between 1980 and 1995 and subsequently the percentage of exported meal went
back to the value of 33% for year 2010, the same value estimated for year 2012 (Figure 5).
Therefore, about one third of total world soybean seed and meal production is exported to
countries that show a deficit in the internal production of these commodities.
The relative importance of the import/export of soybean seed and meal compared with the
internal production is also shown separately for each of the 4 most important countries
(USA, China, Brazil and Argentina) together with the situation characterizing the European
Union (Figures 6-10).
At present, USA is the highest producer of soybean seed in the world and in 2010 45% of
total USA internal production was exported, this level being maintained in 2012 estimate.
About 20-25% of internal USA soybean meal has always been exported (Figure 6).

Figure 6. USA: Soybean seed and meal production and export; imported amounts are negligible and therefore are
not shown.

Together with USA, also Brazil and Argentina (data available from 1978 to 2012) are charac‐
terized by a high amount of internal production which is exported followed by a negligible
import of soybean products. In particular, Brazil is getting close to USA levels of production
for both soybean seed and meal (Figures 2 and 3) and seed export, that ranged between 12
and 20% in the 1980-1995 time period, steadily increased from 30% in 1996 to 55% in 2011
with an estimate of 45% for year 2012 (Figure 7). A different trend characterized soybean
meal Brazilian export that was about 76% from 1978 to 1990 and then decreased to 50% in
2011 with an estimated level of 48% for year 2012. On the whole, about 50% of both seed and
meal internal Brazilian productions is exported (Figure 7).
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Figure 7. Brazil: Soybean seed and meal production and export; imported amounts are negligible and therefore are
not shown.

Figure 8. Argentina: Soybean seed and meal production and export; imported amounts are negligible and therefore
are not shown.

A large amount of Argentina’s seed production in 1978-1980 period was exported, but since
1981 the amount of exported seed dropped drastically to 33-55% until 1985 and there‐
after it decreased even more reaching 19% in 2011 with an estimate of 20% in 2012 (Fig‐
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ure 8). On the other end the amount of soybean meal internally produced increased
approximately four times and almost 100% of the meal was exported, as clearly shown by
Figure 9. Therefore these data suggest that Argentina is essentially growing soybean to ex‐
port soybean meal.

Figure 9. China: soybean seed and meal production and import; exported amounts are negligible and therefore are
not shown.

Figure 10. European Union: soybean seed and meal production and import; exported amounts are negligible and
therefore are not shown.
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On the other hand, an important soybean importer is China (Figure 9) whose inner soybean
seed production only slightly increased over time whereas this country has become the larg‐
est importer of soybean seed (61 Mt estimated for 2012). All the internal production and im‐
port of soybean seed is used for oil extraction and meal by-product production. The large
amount of soybean meal produced is almost completely used within the country to support
internal animal productions, since China export of meal is negligible. Due to this large vol‐
ume of import China is getting a predominant role influencing the worldwide exchange of
soybean products, sometimes competing with other strong importers such as the European
Union (Figure 10). As a matter of fact estimated levels of 2012 EU import of soybean seed
and meal are 11 and 21.9 MMT respectively, against an internal production of 1.2 and 8.8
MMT of seed and meal, respectively.
Therefore, costs of production of European animal farms strictly depended on soybean pri‐
ces that are set by the international market. As shown in Figure 11 monthly price of soybean
seeds and meal in the 1983-2011 time period showed a marked change in part due to the
trend of world soybean production. In particular, after 2007 seed and meal prices showed a
clear average increase compared to the previous years. The unpredictable variation in the
price of the basic protein concentrate for animal feeding strongly influenced the incomes of
European farmers since it was also related to a general increase in the prices of other com‐
modities and production factors (fertilizers, pesticides, seed, fuels etc.) whereas the prices of
animal products to the farmers did not follow the same positive trend.

Figure 11. Trend of soybean seed and meal prices (US$ per Metric Ton) compared to the world total seed production
(MMT) of each year.

Furthermore, the worldwide diffusion of soybean as protein feed component has almost
completely replaced any other protein source for animal feeding and this happened mainly
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in highly intensive farms trying to maximize animal growth rate, to simplify the manage‐
ment of feedstuff and to standardize meat or milk production systems. The same trend oc‐
curred for maize which is currently the most important cereal for animal production chains.
Moreover, most of the soybean is produced by using new varieties obtained by genetic engi‐
neering [12] whose acceptance by European consumers is strongly debated.
On the whole, globalization of the market of animal products favoured the development of
animal farms rearing large numbers of animals determining a high concentration of animals
in a reduced number of farms which is typical of intensive farming systems, followed by a
progressive reduction in the number of small farms that were not able to compete in such a
situation of high costs of production coupled with low prices of products for the farmers.

3. Strategies for partial or total soybean replacement.
Therefore, even though both soybean and maize have extremely interesting nutritional char‐
acteristics as feed intended for almost all farm animals, an alternative strategy was necessa‐
ry to reduce this complete dependence of European animal production chains from the
market of the commodities. However, environmental and climatic conditions in most Euro‐
pean countries hinder the cultivation of soybeans and maize because they are warm-season
crops growing during the spring-summer season making irrigation a fundamental need for
the success of these crops. Therefore the limited amount of lands suitable for cultivation of
these crops, the high water request making irrigation a fundamental component of the pro‐
duction cost, the low levels of soybean grain production per hectare suggested that attention
should have been addressed toward other sources of proteins to reduce dependence on im‐
ported soybean.
This is particularly true for European countries characterized by a Mediterranean climate,
where rainfall is mainly concentrated during winter until late spring whereas summer is
usually characterized by high temperatures coupled with very low and often irregular rain‐
fall. Moreover, the use of water for irrigation is often very expensive and therefore, where it
is available, it is devoted to other crops such as orchards and vegetables. As a consequence,
in these areas agriculture is essentially based on cool-season crops that could be sown in au‐
tumn-end of winter and harvested at the end of spring or during summer. Therefore, these
agricultural systems are typically based on rotations between winter cereals and grain le‐
gumes such as faba bean (Vicia faba var. minor L.), field pea (Pisum sativum L.), chick pea
(Cicer arietinum L.) and white lupin (Lupinus albus L.). For animal feeding the most common‐
ly used grain legume was faba bean. Recently, genetic selection of field pea new varieties
stimulated the diffusion of this crop as protein source for animal feeding. Also chickpea has
been proposed as a possible alternative to soybean together with sweet lupin, which is char‐
acterized by the highest protein content among the grain legumes alternative to soybean.
However, since chickpea is mainly cultivated for human consumption and lupin can be cul‐
tivated only in locations with specific soil pH conditions, the main grain legume crops on
which to focus attention as possible replacements of soybean are field pea and faba bean.
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As a consequence, scientific research was directed to increase knowledge on cultivation,
plant breeding and utilization as animal feed of these grain legumes [13-23]. Results showed
that in ruminant, monogastric and avian animals at least a partial replacement of soybeans
is feasible in intensive animal farming systems, whereas in low input or organic farming
systems soybean can be completely replaced by grain legumes that can be grown on farm
where soybean cultivation is not feasible [24]. However, despite these encouraging results,
grain legume cultivation has suffered a clear reduction in Europe. This trend was related to
the development of feed industry that, due to the large quantity of raw materials handled,
rely mostly on commodities available on the international market and on the use of industri‐
al protein reach by-products of oil extraction such as rapeseed meal, cottonseed meal, sun‐
flower meal and others.
Therefore, the identification of grain legumes such as faba bean, field pea, chickpea and lu‐
pin that could at least partially replace soybean in animal feeding systems and their intro‐
duction of in crop rotation systems targeted at supplying animal production chains with
locally produced protein concentrates could have several positive effects on European agri‐
cultural systems. This set of crops could guarantee, together with forage crops and pastures,
the development of animal production chains that were fully integrated with local environ‐
mental characteristics. Moreover, the close link between animal farming and field produc‐
tions supported the maintenance of good soil fertility and organic matter content. Finally,
new strategies for the commercialization of final animal products must be undertaken for
the full valorisation of the whole production chain.

4. Consequences of simplified cropping systems
The negative trend shown by grain legume diffusion was therefore a consequence of agri‐
culture evolution toward highly specialized intensive production systems that determined
the progressive gap between animal productions and field agriculture. This trend led to
well-known agricultural and economical drawbacks such as lost of soil fertility, dramatic de‐
crease of soil organic matter content, increased need of inputs (fertilizers and pesticides) to
reach the highest agronomic performances, search for high productions to counterbalance
the lowering prices of raw materials on both global and local markets. Moreover, a clear sep‐
aration between farmers that progressively became simple producers of raw materials and
industry that managed commercialization and transformation of agricultural products, over
time led farmers to lose any possibility of market control. These aspects determined a deep
crisis in the agricultural sectors of countries where agriculture was characterized by small or
medium sized farms that lost their ability to compete on the market since they were con‐
fined to the role of simple low value raw material producers. The diffusion of monoculture,
the reduction of forage crops due to the intensive feeding systems mainly based of protein
and energy concentrates, the trend toward part-time agriculture, the massive use of chemi‐
cals to maximize crop production characterized agriculture for several decades after World
War II. As a consequence, market of agricultural products was invaded by standardized
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products that replaced most of the typical and local productions that previously character‐
ized agricultural systems strictly integrated with the areas of production.
Recently, the need for a more environmental friendly agriculture together with the increas‐
ing request by the consumers of high quality products, stimulated farmers to recapture the
market of agricultural products [25]. These farms progressively abandoned standardized
and intensive agriculture and dedicated to animal and crop productions following the voca‐
tion of their own local region.
As far as animal production chains are concerned, the reconstitution of local production sys‐
tems led to the valorisation of animal feeding systems based on locally produced raw mate‐
rials, both forages and protein (grain legumes) or energy (cereals) concentrates. This allowed
these farms to reintroduce rational crop rotations, that were abandoned due to the diffusion
of monocultures, by alternately cultivating those cereals and legumes that could also be in‐
tended for animal feeding. Most of these farms started to commercialize by their own the
products of their farms by an action aimed at informing the consumers about all aspects of
their production system, receiving economical and professional satisfactions.
This approach led to partly or completely replace soybean in animal diets, to reintroduce
forage crops both in field crop rotations and in animal feeding systems, to develop less in‐
tensive animal farming systems, to stimulate creation of local networks among farmers
which could represent a further stimulus for local farms to reintroduce grain legumes and
forage crops for animal feeding by making agreements with local animal farms that would
withdraw their legume products.

5. Experiences on soybean replacement carried out in the Marche Region
(Central Italy)
On the feasibility of local animal production chains a research, funded by the Marche Re‐
gion (Central Italy), has been carried out by our research group since year 2000 to evaluate
the technical and economical possibilities of soybean replacement with grain legumes such
as faba bean and field pea. At the same time research evaluated the possibility of a total or
partial replacement of maize with barley or sorghum grain, since both these crops are valua‐
ble energy crops for areas characterized by high temperatures and low rainfall during
summer, since barley is a cool season cereal whereas sorghum is a worm season but drought
resistant cereal crop.
The first objective of the project was to test the agronomic feasibility of both faba bean and
field pea in different areas of the Marche Region [26-27]. Very favourable lands, where
these crops have been evaluated in optimal agronomic conditions, and more marginal fields
were included in field trials. Moreover, several farms including both conventional and or‐
ganic farms were involved as partners of the project to carry out “on farm” field trials
based on large plots that were managed by the farmers themselves. The “on farm” ap‐
proach allowed the evaluation of the real potential of these crops in the areas under exami‐
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nation, that were mainly located in the inner part of the Marche region were irrigation is
not feasible (Figure 12).

Figure 12. Field experimental trial including faba bean and field pea carried out in typical agricultural landscape of
inner areas of the Marche Region (Province of Ancona).

Results showed that both faba beans and field pea could be effectively reintroduced in crop
rotations with winter cereals such as wheat and barley, reconstituting a correct alternation
between nitrogen fixing legumes and cereals. However, the grain productions obviously
varied based on the environmental and soil conditions and the seasonal climatic conditions
that varied from year to year. This experience allowed the creation of a useful data set indi‐
cating that faba beans showed, on the average, a range between 1.0 and 3.5 tons/hectare of
grain, the lowest productions being obtained when very dry growing seasons occurred with
extremely low values of rainfall during end of winter and spring. Farmers know very well
these characteristics of faba beans since this crop has been traditionally used across the
whole region mainly as protein grain for beef cattle of the Marchigiana breed. However,
plant breeding efforts are requested to stabilize grain production in the variable environ‐
mental conditions characterizing the inner areas of Central Italy.
Field pea was characterized by a higher average seed production than faba beans, showing a
range between 1.5 and 4.5 tons/hectare. For this crop low production can be due to environ‐
mental adverse conditions but also grain loss due to seed shattering during harvesting is a
primary cause of production losses mainly when the crop is grown on soils with an irregular
surface that makes threshing difficult.
To compare faba bean and field pea with soybean, few farms where irrigation was feasible
were asked to try cultivation of soybean. The results showed an average seed production be‐
tween 2.5 and 3 tons/hectare, similar to a good faba bean or field pea harvest, but costs of
irrigation made this crop unprofitable. Moreover, chemical weed control was necessary in
order to obtain acceptable seed production because watering also favoured the development
of weeds. Herbicides are used also to protect faba beans and field pea against weed competi‐
tion. However, our field trials carried out in organic farms showed that multi-year rotations
including forage crops such as alfalfa, highly competitive cereals against weeds such as bar‐
ley or wheat, and a higher crop density (number of plants/m2) than conventional cultivation
can avoid the use of herbicides on crops such as faba beans and field pea.
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Results of the field trials showed that these grain legumes can be effectively produced in in‐
ner areas of the Marche Region where soybean cannot be cultivated and animal farming is
traditionally an economic source of income for local farmers. After gathering information on
the agronomic feasibility, research has been addressed to verify the possibility of total or
partial substitution of soybean with faba beans and/or field pea in beef cattle, dairy cattle
and swine feeding systems. Therefore, feeding trials were conducted in one large dairy
farm, located in the Province of Ancona, 4 organic farms rearing beef cattle of the Marchigi‐
ana breed and located in the Provinces of Macerata and Fermo, one conventional farm locat‐
ed in the Province of Pesaro-Urbino, and one conventional small familiar swine farm,
located in the Province of Fermo, rearing pigs using a non-intensive farming system.
Concerning the dairy sector, our experimental trials were carried out while farmers were expe‐
riencing the continuous fluctuation of the prices of raw materials, mainly commodities such as
soybean meal and corn grain, coupled with the crisis of the dairy sector across all Europe that
determined low milk prices despite the increasing costs of production. Therefore, we were able
to evaluate both the potential and the limits of soybean and corn partial replacement in a very
critical agricultural sector such as dairy farming. Due to the peculiarities of dairy production,
based on the animal physiology and on the nutritional characteristics of the raw materials un‐
der examination, soybean meal cannot be totally replaced by faba bean and field pea. Based on
the results of the “on farm” feeding trial carried out at this dairy farm about 50% of soybean
meal present in the ration was replaced by faba bean and field pea. To understand the poten‐
tial effect of this partial substitution on the local agricultural system it can be considered that
the farm was initially using 3kg/cow of soybean meal. Therefore, 1.5 kg of soybean meal were
substituted by about 2 kg/cow of faba bean/field pea mix, considering that also part of the corn
grain was also partially replaced by these grain legumes due to their starch content. Having the
farm an average of 450 lactating cows per day, daily feeding requested about 9 tons/day of fa‐
ba bean and field pea, which was about 330 tons/year. Based on the results of the field trials, as‐
suming an average field production of 2.5 tons/hectare (2 tons/ha for faba beans and 3 tons/ha
for field pea) it can be estimated that this farm could support about 130 hectares cultivated with
grain legumes for animal feeding. Assuming a multi-rotation such as wheat-grain legume-bar‐
ley- 3 years of alfalfa we can roughly estimate that partial substitution of soybean in this case
could support an overall agricultural system covering about 790 hectares. Moreover, the pres‐
ence of a 3 years forage crop such as alfalfa would reduce drastically the use of pesticides and
fertilizers and also would increase nitrogen fixation and soil organic matter content, the intro‐
duction of organic farming practices to manage cereal and grain legume crops would avoid or
at least reduce the use of chemicals and in particular of herbicides also in conventional farms,
the milk production would be closely linked to the area of production. However, to make this
system working it is necessary to make it economically profitable for the farm. When soybean
meal prices increased the use of grain legumes produced by local farms helped the dairy farm
to compensate for the increased costs of production. Despite these encouraging results the cri‐
sis of the dairy sector is hampering the implementation of this integrated production system
that is based on close relationships between the dairy farm and farmers producing raw materi‐
als used as animal feed. The identification of different commercialization systems able to fully
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valorise the quality of the overall production chains is becoming a fundamental step in order to
counteract the continuous decrease of milk price on the national and international market.
Beef cattle field trials were carried out at four organic farms located in the inner areas of
Provinces of Macerata and Fermo. Differently from the experience previously described in
the dairy sector, the small size of these farms, the high quality of both final products and
production system and a different approach to the product valorisation based on the direct
sales of meat by the producers themselves, allowed research results to be transferred to the
final step of the production chain: the product marketing and commercialization.
Feeding trials on organic beef cattle showed that for not intensive production systems soy‐
bean can be totally replaced by faba beans and field pea. Moreover, these farms are charac‐
terized by self-producing almost all the forage and a high amount of protein (grain legumes)
and energy (mainly barley) needed for animal feeding. It is relatively simple for these farms
to make arrangements with neighbouring farmers to secure themselves the supply of the
raw materials they are not able to self produce. This production system is extremely interest‐
ing because, as shown in Figure 13, it is based on rational agronomic crop rotations main‐
taining both a high level of crop diversification together with a low if not positive
environmental impact due to the organic farming practices. The lower animal daily growth
rate characterizing organic or non-intensive animal farming (1-1.2 kg/day), compared to
growth rate of intensive systems (higher than 1.6 kg/day), is also an aspect of the production
system which is valorised in the final product.

Figure 13. Organic animal farm located at Monte San Martino (Province of Macerata) where both experimental field
and feeding trials were carried out.

Aim of the research project was also to verify the technical and economic feasibility of
GMfree production chains, that is production systems that do not include genetically modi‐
fied (GM) feed in the feeding system. Among the commodities, soybean show the highest
amount of worldwide production obtained from GM varieties, mainly cultivated in USA or
South America [12]. Therefore, since almost soybean seed or meal used in the European Un‐
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ion is imported by American countries, the risk of GM soybean contamination is very high.
This is confirmed by the introduction of a threshold of 0.9% technically unavoidable con‐
tamination also in organic feedstuff. Therefore, our results demonstrated that also organic
farming systems could avoid GM contamination whenever a strict control of the raw materi‐
al production or origin is made directly from the farmers. Feed composition therefore be‐
comes an index of the raw materials used in the production chains and can be used as
further information for the consumers to valorise the value of the final product. For these
reason a DNA method has been developed as further result of the project aimed at the iden‐
tification of the presence of faba beans and/or field pea within feed samples [28]. This could
be a simple and not expensive approach to certify the use of local raw materials as feedstuff
together with the absence of soybean from the ration. Moreover, an attempt to increase con‐
sumers’ information about the characteristics of GM free organic production has been started
as part of dissemination of the project activities and this increased the number of consumers
interested in purchasing GM free products. On the whole, results on organic beef cattle
showed that GM free production chains based on feeding systems that rely on locally pro‐
duced raw materials can be an efficient alternative to intensive production chains. This ap‐
proach could also be useful to maintain or increase economically effective agricultural
systems in inner areas of Central Italy by reducing the dependence from the international
market of commodities.
Encouraging results have also been obtained concerning the swine production chain. The
farm where feeding trials were carried out had the possibility of rearing pigs both indoor
and outdoor (open air). Therefore a feeding trial was conducted to compare one convention‐
al feed (Control) based on the use of soybean meal and corn with an experimental feed
where soybean meal was replaced completely by faba beans and field pea and corn was par‐
tially replaced with barley. Both feeds were formulated respecting the differences requested
between the growth and the finishing phases. No differences in animal growth rate (600 g/
day) were detected between the two feeds (Control vs Experimental). At the same time a
group of pigs was reared outdoor and fed with the experimental feed. Average daily growth
rate was slightly lower than observed in the indoor trial. The same experimental feed was
subsequently tested in one organic and one conventional farm and results confirmed that
regular growth rates can be obtained when soybean is not included in the feed, with slightly
higher average daily gains obtained in the conventional farm (750 g/day). Therefore, non in‐
tensive swine production chains could represent another animal farming system that could
stimulate the development of production systems linked to the production area, the net‐
working among local farms concerning the exchange of raw materials for animal feeding,
the reintroduction of rational not intensive agricultural systems. Commercialization of the
final products is again fundamental to guarantee profitability for all the actors of the pro‐
duction chain and for this purpose direct selling is showing to be an effective marketing
strategy to reach this objective.
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6. Conclusions
The main objective of this paper was to stimulate a critical evaluation of soybean impact on
agricultural systems where soybean cannot be cultivated. Notwithstanding soybean positive
nutritional characteristics, this commodity may not be the only solution for animal produc‐
tion chains for those countries that may suffer from a complete dependence on import of
raw materials.
Field and feeding trials carried “on farm” furnished information on the feasibility of local
animal production chains using feeding systems based on locally produced raw materials
that could partially or completely replace soybean. This possibility would be a stimulus to
recreate networks among local farmers in order to develop local production chains that
could restore an economically feasible agricultural systems to farms that are unable to com‐
pete on the global market. This also represents an attempt to reintroduce sustainable agri‐
cultural systems characterized by a reduced use of chemicals and pesticides due to the
cultivation of low input cereals and legumes in rationale crop rotations.
Moreover, the interest toward research results on feedstuff that do not include soybean is
also related to the risk of GM contamination due to this commodity. GM free animal pro‐
duction chains are strongly exposed to GM contamination when soybean is included as the
main protein source in the feed. The decision to include the 0,9% threshold also for organic
farming production chains underlines the real risk of GM contamination and the difficulties
to create GM free production chains when the feed is based on the use of the same raw ma‐
terials characterizing GM animal products.
Our results however showed that for large animal farms, that carryout intensive production
systems, it is more difficult than for small farms, characterized by not intensive production
chains, to manage soybean replacement. This aspect confirms the almost complete depend‐
ence from imported commodities that has been reached in the time by agricultural produc‐
tion sectors aimed at the mass production of large amounts of standardized products. The
large volume of raw materials requested followed by the low internal availability of feed‐
stuff that can be used as an alternative to soybean exposes these farms to the risks of interna‐
tional market variations both in the availability and in the price of this commodity.
On the other hand, the implementation of animal production chains based on the use of lo‐
cally produced feedstuff is a valid approach for small farms producing high quality prod‐
ucts using not intensive animal farming systems. These farms can in this way gain a market
space for products that can be an alternative to standardized products and at the same
time activate agricultural systems well integrated with local environmental features, that
make less use of intensive production techniques, reduce the use of fertilizers and pesti‐
cides, restore soil fertility. However, new marketing strategies are necessary to make con‐
sumers aware of the importance of the overall characteristics of local production chains in
defining the quality of a final product and to ensure at the same time a profitable price
for the producers.
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1. Introduction
The planet where we inhabit, live, has experienced a great transformation period in the most
different fields. The evolution followed by a great technological development, on the other
side has caused an imbalance both in society itself, as in the material environment in which
we live. The planet earth has visibly demonstrated how has been affected by this imbalance
and how it has naturally reacted. In recent years, all this has being reported through the lit‐
erature, studied by different scientific research groups, as also observed by what is reported
in the media in general, even in the form of documentaries and films, as the documentary
performed by former USA vice president Al Gore, an inconvenient truth (an inconvenient
truth, 2006). All learning takes a certain time to begin to be assimilated and been put in prac‐
tice effectively, so humanity has learned, been advised by the latest natural disasters of this
century, as in the case of Japan’s earthquake, tsunami, the strong hurricanes that plague the
northern hemisphere summer, as in fact glaciers melting that were called eternal, the poles
of this planet, strong climate change experienced over the past years and the major pollution
in large urban cities where population are forced to live in many different fields, has signal‐
ing how much real acts, changes are necessary to continue to be possible living an inhabited
planet.In this century, XXI, the world main problems, which it has experienced, are related
to the scarcity of natural resources such as water, which had been mismanaged, contaminat‐
ed by urban and industrial solid waste disposal, and in relation to generation and use of en‐
ergy the most diverse shapes.
These energy sources can be broadly classified into three categories: fossil fuels (coal, oil
and natural gas), renewable (hydroelectric, wind, solar and biomass) and nuclear sources.
Among those can be highlighted Biomass, where all organic matter that is produced by
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this process is called biomass. This has a great advantage over fossil fuels, it’s less pollut‐
ing, because its processes do not add carbon dioxide to the atmosphere, the environment.
The biomass process reduces the carbon dioxide amount in atmosphere through the pho‐
tosynthesis, performed by increasing the planted green areas, to cultivate the seeds crops.
Research and development departments have been engaged in fuels discovery that do not
cause much environment damage and that can replace fossil fuels, reducing the toxic
emissions level, replacing the rare fossil fuel used to date. In the midst of these researches
has been observed that the use of vegetable oils has shown great ability to make this one
a possible alternative renewable energy (Agarwal & Das, 2000).A related problem in the
replacement of diesel for oil plant was related to physical and chemical factors such as
high viscosity, low volatility which results in incomplete combustion, leading to forma‐
tion of carbon deposits in the engine and a high unsaturations degree (Meher et al, 2008),
factor that reduces the power of the fuel at the lowest level of cetane,but also favors oxi‐
dation. Studies have shown that vegetable oils characteristics can be modified through
four ways (Shrivastava & Presad, 2002): By pyrolysis, microemulsification, dilution and
transesterification process. The latter originates the alkyl esters that constitute what is
called biodiesel.

2. Biodiesel
The use of vegetable oils as an alternative fuel for diesel engine was discovered more
than100 years ago, in the Paris world exhibition in 1900, when Rudolph Diesel used pea‐
nut oil in an engine ignition (Shay, 1993).This predicted saying, "The use of vegetable oils
as fuel engine may be negligible in the present moment, but in the future may become so
important as oil and coal as energy sources. The biodiesel term is a subject still under dis‐
cussion. Some definitions consider biodiesel as a mixture of any vegetable oils with fuel,
diesel and fossil derivative others consider the alkyl esters mixture from vegetable oils or
animal fats with fossil fuels. Under the chemical aspect biodiesel, an alternative fuel can
be defined as alkyl esters derived from fatty acids obtained from oils, vegetables or ani‐
mal fats, which suffering a chemical reaction, transesterification with short chain alcohols
such as methanol and ethanol (Pinto et al, 2005). Transesterification: Chemical reaction be‐
tween an ester (RCOOR ') and an alcohol (R''COH) resulting in a new ester (R''COOR')
and an alcohol (RCOH).
This reaction type, used in biodiesel production is the reaction between the triglycerides,
main components of vegetable oils and fats that react with short chain alcohols, methanol
and ethanol, resulting in two products, methyl esters derived from fatty acids, and the
second product glycerol formation. Transesterification reaction rates can be affected by
some aspects: The catalyst type (acid or alkaline), purity of reactants (mainly water con‐
tent), free fatty acid content and alcohol/vegetable oil molar ratio (Helwani et al, 2009).
The biodiesel reaction can be optimized specially by three factors: The first is an increase
in the temperature. An increase in temperature increases reaction rate in exponential, al‐
lowing the reactants to be more miscible, obtaining a higher reaction rate to take place.
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This parameter is limited by the solvent, reactant boiling point. The second factor to im‐
prove reaction yield, vigorous mixing, possibilities a higher collision rate between the re‐
actants, been obtained a reaction mixture plus homogenized, yielding a higher rate of
methyl esters obtained. In general alcohols and triglyceride sources are immiscible, vigo‐
rous mixing possibilities the obtaining of alcohol dispersed as fine droplets, increasing the
contact surface between the two immiscible reactants (Stamenkovic et al, 2008). The use of
a secondary solvent, a co-solvent as THF, possibilities a higher miscibility of the alcohol
in the triglyceride phase, obtaining a better mixing of the two phases and hence a more
reactions to take place, improving the biodiesel yield. The following Figure 1 illustrates a
biodiesel type of reaction.
OCOR
OCOR

HO

+

OH

H3C

OH

OCOR

+

H3C

OCOR

OH

Figure 1. General transesterification reaction to produce biodiesel

In general terms, these reactions take place under homogeneous catalysts, acid or base
catalysts, enzyme or through the use of heterogeneous catalysts. The selection of appro‐
priate catalyst depends on the amount of free fatty acids in the oil. Heterogeneous cata‐
lyst provides high activity; high selectivity, high water tolerance properties and these
properties depend on the amount and strengths of active acid or basic sites. Basic catalyst
can be subdivided based on the type of metal oxides and their derivatives. Similarly, acid‐
ic catalyst can be subdivided depending upon their active acidic sites (Singh & Sarma,
2011). Generally, a basic catalyst gives better yields than the acids catalysts in both homo‐
geneous and heterogeneous catalysts. The better results of homogeneous catalysts are re‐
lated to the fact that base catalysts are kinetically much faster than heterogeneously
catalyzed transesterification and are economically viable. There are many factors which
govern the path of transesterification reactions, between these can be stand out the fol‐
lowing parameters: the nature o raw material, the optimum experimental conditions, as
the ratio oil/methanol, the temperature and the catalyst concentration, for example. Com‐
paring heterogeneous catalyst with homogeneous catalysts can be observed that the use
of solid heterogeneous use more extreme reaction conditions, higher pressure and temper‐
ature due the fact of the difficulty in the limited mass transfer between the three phase
system solid-liquid-liquid immiscible (catalyst, oil, methanol). The main advantages in the
use of solid catalysts are related to the easy work up when compared with homogeneous
catalysts. Solid catalysts are separated just by filtration and centrifugation and are envi‐
ronmentally friendly, because they are reusable and reduce the amount of wasted, treated
water used. Among the heterogeneous catalysts, we can highlight the use of zeolites
(Suppes et al, 2004), clays, ion exchange resins and oxides.
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3. Catalysts
3.1. Heterogeneous catalysts
The useof heterogeneous catalysts (Wang & Yang, 2007 and Leclercq et al, 2001) has as major
advantage the reaction work-up, i.e., post-treatment reaction, separation and purification
steps, since these can be easily removed and can be reused. Another interesting factor is the
fact that this type of catalysis, there is no formation of by products, such as saponification
(Suppes et al, 2001; Tomasevic et al, 2003 and Gryglewicz, 1999). The greatest difficulty en‐
countered in using this reaction type is directly related to problems in relation between the
diffusion systems, oil /catalyst /methanol.

3.2. Homogeneous catalysts
3.2.1. Basic catalysts
Basic Catalysis (Zhou et al, 2003) are procedures that use in general alkoxides of sodium and
potassium, carbonates and hydroxides of these elements. Among these three groups it is
found that alkoxides catalysts are financially unfavorable because they are more expensive
but also difficult to handle because they are hygroscopic, and facilitate the achievement of
side products such as derivatives of saponification, but have the advantage of carrying out
the reactions in milder temperatures, produces high levels of esters derived from fatty acids
and do not have corrosive properties as acid catalysts. A solution used to minimize the soap
formation when biodiesel has a high free fatty acid content or water is the use of 2 or 3% mol
of K2CO3 that will form the corresponding bicarbonate salt instead of water.
In the following, table 1, it’s possible to find diverse types of heterogeneous catalysts used to
obtain biodiesel of soybean, cotton seed, Jatropha curcas, palm, rape oil and sunflower.
Among the studies using soybean oil to obtain biodiesel, can be stand out the work devel‐
oped by Wang et al, using CaO, SrO as a solid catalyst used in a heterogeneous process
to obtain biodiesel. Cao, is a typical basic solid catalyst used in the most different ways.
This compound has many advantages as a reusable due to its long catalyst lifetime, high‐
er activity and requirement of only mild reaction conditions. At the example of table 1, is
observed that in the best conditions to obtain biodiesel in yield of 95% is necessary a tem‐
perature of 65ºC, a molar ratio of MeOH/Oil of 5 and even a little reaction time from 0.5
to 3 hours. Even with all these specific positive factors, solid acid catalysts have been very
useful at many industrial processes. Acid catalysts contain a large variety of acid sites
with different strength of Bronsted, Lewis acidity, which is considered a good advantage
at the transesterification process. These catalysts are even very useful, when is necessary
to obtain biodiesel from oils rich in FFA, free fatty acids, because they convert the FFA in‐
to FAME prior to the biodiesel production, avoiding by this way the problem encoun‐
tered at base catalysts, the soap formation.
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Vegetable oil

Catalysts

Ratio

Reaction Temperature Conversion

MeOH/Oil time (h)

(ºC)

(%)

References

Soybean

Calcined LDH (Li-Al)

15

1-6

65

71.9

Li

Soybean

La/zeolite beta

14.5

4

160

48.9

Furata

Soybean

MgOMgAl2O4

3

10

65

57

Schumaker

Soybean

MgO, ZnO, Al2O3

55

7

70-130

82

Trakarnpruk

Soybean

Cu and Co

5

3

70

Soybean

CaO, SrO

12

0.5-3

65

95

Wang

Soybean

ETS-10

6

24

120

94.6

Arzamendi

Cotton seed

Mg-Al-CO3 HT

6

12

180-210

87

Wang

Jatropha Curcas

CaO

9

2.5

70

93

Albuquerque

Palm

Mg-Al-CO3 (hydrotalcite)

30

6

100

86.6

Huaping

Rape

Mg-Al HT

6

4

65

90.5

Zeng

Sunflower

NaOH/Alumina

6-48

1

50

99

Liu

Sunflower

CaO/SBA-14

12

5

160

95

Suppes

Blended

Mesoporous silica

8

5

220

96

Barakos

vegetable

loaded with MgO

Shu

Table 1. Different heterogeneous catalysts used for transesterification of vegetable oils.

In the following figure 2, is exemplified the mechanism of base catalyzed transesterification.
The mechanism can be resumed in the following way. In the first step the methoxide anion
attaches to the carbonyl carbon atom of the triglyceride. In the second step, the oxygen picks
up an acid H+ from the alcohol. In the last step a rearrangement of the tetrahedral intermedi‐
ate results in the formation of biodiesel and glycerol.
3.2.2. Acid catalysts
Sulfur and chlorides compounds are the most commonly used acid catalysts. This type of
catalysis[(Mohamad & Ali, 2002) has as main advantages the absence of products derived
from saponification reactions, higher yields but has some disadvantages such as the fact that
the reactions are performed in a highly corrosive and reactive post-treatment, where the me‐
dium, the rinse water should be neutralized.

4. Enzymes
Enzimes are a fourth class of compounds used to produce biodiesel (Fukuda et al, 2001). In
general its use is complicated by the fact that the enzyme generally are a specific material,
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Figure 2. Mechanism of base catalyzed transesterification.

and extremely expensive in relation to this type of reaction, are sensitive to the presence of
methanol and ethanol, which causes deactivation of the same (Salis et al, 2008). Literature
(Modi et al, 2007) shows that this problem can be circumvented by the water (Kaieda et al,
2001 & Kaieda et al, 1998) use and organic (Raganathan, 2008 & Harding et al, 2008) solvents
such as dioxanes and petroleum ether, for example.
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Figure 3. Mechanism of acid catalyzed transesterification

5. Non catalytic fatty acid alkyl ester production
The use of supercritical methanol process (Marulanda, 2012) to obtain biodiesel has been a
useful method when the feed stock oil contains high amount of free fatty acids. This meth‐
odology has solved the problem encountered at the use of solid catalysts, low reaction rates
due to low level of mass transfer, limitation between liquid and solid phase of catalysts and
reactants. By this process, the dielectric constant of liquid methanol which tends to decrease
in the supercritical state, increase the oil in to methanol solubility, resulting in a single phase
oil/methanol system (Lee et al, 2012). In the next page, is exemplified the process of obtain‐
ing biodiesel by supercritical method, figure 4.
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Figure 4. Schematic process of biodiesel production by supercritical method.

The methodology using supercritical methanol to obtain biodiesel by transesterification has
reached the possibility to realize the reactions under mild, relatively moderate reactions to
avoid the thermal degradation of fatty acid methyl esters (FAME). The reactions has been
investigated in a wide range of reaction conditions (T = 200 – 425 ºC, time = 2 – 40 min. and P
= 9.6 – 43 MPa). Thermal stability studies of methyl esters has showed that the best reaction
conditions by supercritical methanol methodology to obtain biodiesel, consists in the tem‐
perature of 270ºC and reaction pressure of 8.09 MPa. The use of a co-solvent, as propane,
CO2 and heptane, diminishes, decrease the reaction temperature and the pressure needed to
achieve a high yield of biodiesel obtained. The following table 2 exemplifies the investigated
reactions conditions to obtain biodiesel.
Oil (co-solvent)

T (ºC)

P (MPa)

MeOH/Oil

Time

ratio

(min)

B/C

Yield

Refs.

(%)

Soybean

100 -320

32

40

25

C

96

He H. et al

Soybean (CH3H8/MeOH = 0.05)

280

12.8

24

10

B

98

Cao W. et al

Soybean (CH3H8/MeOH = 0.05)

288

9.6

65.8

10

B

99

Hegel P. et al

Soybean (CO2/MeOH = 0.1)

280

14.3

24

10

B

98

Han H. et al

Soybean (CO2/MeOH = 0.1)

350-425

10 - 25

3-6

2-3

C

100

Anitescu G. et al

Table 2. Examples of biodiesel production, experiment data using supercritical methanol.

6. Sources to obtain biodiesel
The sources for biodiesel production are chosen according to availability of the same in each
country, region, taking into account the relative low cost of production and favorable econo‐
mies of scale. For example, the use of refined oil would not be favorable due to high produc‐
tion costs and low production scale, on the other hand the use of seeds, algae and fat have a
low production cost and greater availability than refined oils or recycled, which is a favora‐
ble factor for the production of biodiesel from these elements. When choosing a source of
biodiesel production plants, a relationship is taken into account is how much they produce
and the yield of oil per hectare. Following some examples of studied seeds: soybean, Babas‐
su(Orbiginiasp.), castor oil, fish oil, microalgae(Chorellavulgaris) (Miao & Wu, 2006), tobacco
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(Usta, 2005), JatropaCurcas (Berchmans & Hirata, 2008), Karanja (Pongamiaglabra) (Meher et
al, 2006), salmon (El-Mashad et al, 2008), cooking oils, among others. All biodiesel sources
are chosen according to the chemical composition of their fatty acids in relation to the size of
their chains, unsaturation degree and the presence of other chemical functions, as these fac‐
tors influence the biodiesel quality.

7. New advanced techniques to obtain biodiesel
In recent years soybean biodiesel has achieved a high level of advanced techniques to im‐
prove its production. Has been developed a methodology using microwave assistance to im‐
prove the esters conversion rates,, using heterogeneous catalysts, nano Cao, for example
which facilitates the interaction between the molecules (Hsiao et al, 2011). Dr Hsiao and his
research group has proved that by this methodology, is possible to obtain a higher biodiesel
yield in less time. There are two factors that influence this reaction type. The use of nano‐
compounds facilitates the interaction between the molecules, nanocompounds possibility a
high contact surface between the molecules. The microwave methodology reduces even the
reaction time due to changing the electrical field activates the smallest variance degree of
ions and molecules leading to molecular friction, enabling the initiation of molecule, chemi‐
cal reaction. This methodology also provides an easier access to susceptible bonds, so, in‐
creases the chemical interaction, been obtained products in less time and higher yields.
Microwave methodologies has proved to be part of desirable green chemistry, cause it is a
safe, comfortable and clean way of working with chemical reactions. Microwave flow sys‐
tem assistance through homogeneous catalysis is another example which has improved the
biodiesel production in less time, depending of some factors as reaction residence time, cata‐
lyst amount and temperature at the exit point (Encinar et al, 2012). In attempt to improve the
microwave assisted methodology to obtain biodiesel another technique was added, used,
the ultrasound. Microwave and ultrasound developed methodology has proved to be very
efficient when used together. In this process, the first step used is ultrasound, cause ultra‐
sonic field induced an effective emulsification and mass transfer that increases the rate of
ester formation due to ultrasonic mixing causes cavitations of bubble near the phase boun‐
dary between the methanol and seeds oil, facilitating the thoroughly mixing, interaction be‐
tween the oil and the reactant, methanol (Hsiao et al, 2010).Another technique has been also
developed using ultrasonic irradiation with vibration ultrasonic. Instead of using heteroge‐
neous or homogeneous transesterification catalyst, was used the enzyme methodology,
through the application of Novozym 435. This methodology has proved to be efficient in en‐
zymatic reaction to obtain biodiesel. Was observed that the use of ultrasonic added to vibra‐
tion is a further factor to obtain higher values of biodiesel, cause the movement increase
might facilitate the interaction between the substrate and the active site (Yu et al,
2010).Transesterification of soybean oil was achieved using ultrasonic water bath and two
different commercial lipases in organic solvents (n-hexane) for example (Batistella et al,
2012). Dimethyl carbonate is a useful alternative to obtain biodiesel, this one is nontoxic,
cheapness product and the reaction obtained product, glycerol carbonate is a value added

31

32

Soybean - Bio-Active Compounds

substance with various useful applications. This can be obtained through enzymatic transes‐
terification of soybean oil in organic solvents in mild conditions (Seong et al, 2011).The
products, biodiesel are obtained in more time, but by other side this methodology has many
advantages: It is an easy to use methodology, the enzyme can be reusable and the reaction
work up is chemically friendly, cause it’s not necessary the treatment of water used to purify
biodiesel by the traditional, usual transesterification by homogeneous basic catalyst and is
obtained an added value product, the glycerol carbonates. Heterogeneous catalysis using
subcritical methanol is an advance in the soybean biodiesel obtaining methodology. By this
technique is possible to use less amount of catalyst and have as main advantages the catalyst
reusable and the separation, obtaining from reaction medium through centrifugation. The
use of small amount of a catalyst, K3PO4, 0.1%wt, insoluble in methanol has transformed the
reaction in subcritical methanol more available, cause has reduced the temperatures from
350ºC to 160ºC and the methanol molar ratio from 42 to 24, for example. The catalyst can be
reusable at least three times. (Yin et al, 2012). KF Modified calcium magnesium oxide cata‐
lyst is an example of heterogeneous catalysis to obtain soybean biodiesel and even to recycle
the catalysts due to be easily removed from the reaction through centrifugation and the use
of a reaction under atmosphere pressure and 65ºC of temperature. This new catalyst has
even improved the ester methyl yield from 63.6% (CaO-MgO catalyst) to 97.9% (KF-MgOCaO) (Fan et al, 2012). Response surface methodology is an applicable technique to improve
the results in obtaining soybean biodiesel. This methodology verifies the main parameters to
optimize the biodiesel production process (Silva et al, 2011).The use of a process entirely in‐
dependent from petroleum has been reached by the use of ethanol, obtained from a renewa‐
ble source, sugar cane and seed oil. Gomes and his research group has developed a
methodology to obtain ethyl biodiesel and even has developed a methodology to simplify
the work-up process. In order to optimize the separation step of glycerol from biodiesel,
many techniques have been studied. The microfiltration through ceramic membrane has
demonstrated to be a useful technique to obtain biodiesel. This methodology is environmen‐
tally friendly cause reduces the amount of used water to purify the biodiesel. This technique
simplify the entire purification process, the biodiesel is obtained by transesterification, after
the end of reaction is added acidified water, this process facilitates the separation in two
phases, the organic one, rich in oil and the aqueous, which posses the soaps converted in
water soluble salts, catalysts, glycerol and other water soluble substances (Gomes et al,
2011). In water, glycerol forms greater droplets that are retained during the microfiltration
step, been the biodiesel obtained by this way with glycerol content lower than 0.02% wt, the
limit of free glycerol specified by Brazilian regulation. Mesoporous silica catalyst was used
in a heterogeneous catalysis of soybean transesterification with methanol. La50SBA-15 is
used to obtain an ethyl biodiesel in mild conditions after 6 hours. The main advantage of
this technique is the use of a heterogeneous catalysis to obtain ethyl biodiesel in mild condi‐
tions, don’t use the usual high temperatures 473K and lower amounts of the ratio Oil/ Alco‐
hol, from 36 to 20. This lower amount of alcohol facilitates the phase separation organic/
water, less amount of alcohol causes an easier purification process, because diminishes the
possibility of emulsion formation (Quintela et al, 2012). The heterogeneous catalysis of bio‐
diesel has reached an advance with the development of methodologies using membranes.
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These membranes can be prepared in a simple way by the use of clays as hydrotalcite and
poly (vinyl alcohol). The biodiesel is prepared by transesterification and can be obtained in
mild conditions, 60ºC in a volume ratio oil/methanol of 5:60. The methyl biodiesel by this
methodology can be obtained in 90%. The catalyst can be reused at least by 7 times (Guer‐
reiro et al, 2010). An alternative method to obtain biodiesel is the enzymatic-catalytic way. In
general this methodology has as main advantage the enzymatic selectivity, is a reusable cat‐
alytic and facilitates the separation, purification process. Methodology using a immobilized
lipase onto a nanostructure has been developed due to the good transesterification activity
of lipase and the use of electrospinning method to obtain nanofibrous membranes, which
have larger surface area and porous structure that can lower the substrate resistance and fa‐
cilitate enzyme immobilization, generating a reusable catalyst for biodiesel synthesis. The
use of this methodology simplifies the separation process, where after the reaction, glycerol
can be removed by centrifugation and the biodiesel obtained in the 90% range (Li et al,
2010).
Variable
Reaction

Base Catalyst

Acid Catalyst

Lipase Catalyst

Supercritical

Heterogeneous

Alcohol

Catalyst

60 - 70

55 - 80

30 - 40

239 - 385

180 - 220

Free fatty acid in

Saponified

Esters

Methyl esters

Esters

Non sensitive

raw material

products

Water in raw

Interfere with

Interfere with

No influence

materials

reaction

reaction

Yields of methyl

Normal

Normal

Higher

Difficult

Difficult

Easy

Easy

Purification of

Repeated

Repeated washing

None

Easy

methyl esters

washing

Production cost of

Cheap

temperature (ºC)

Non sensitive
Good

Normal

esters
Recovery of
glycerol

catalyst

Cheap

Relatively

Medium

Potentially cheaper

expensive

Table 3. Example of different technologies to produce biodiesel.

8. Non usual methods of soybean biodiesel analysis of cold properties
and oxidation state
Several methods have been used to characterize biodiesel, and each methodology analyses
some aspects of biodiesel as cold properties and oxidation process. Most legislation assumes
a small group of tests to determination of biodiesel quality. Eighteen percents of Brazilian
biodiesel production uses soybean as oil sources. Several nations have been establishing
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standards and legislation about biodiesel. Mainly determinations include iodine value, acid
content, specific mass, esters content among others. The aim of this work are the availability
of methodologies that wasn`t includes on official methodologies.
8.1. Cold properties
Official methodologies of biodiesel are: Cold Filter Plugging Point (CFPP), Cloud Point and
Pour Point. Pour point indicates a moment of initial crystallization, but this methodology has
low accuracy. For studies with more complexity other methodologies has better performance.
8.2. Differential scanning calorimetry
One of most usual and versatility methodology is a differential scanning calorimetry, these
methodology are based on monitoring the difference in energy provided/released to/ by the
sample (reagent system) in relation to a reference system (inert) as a function of temperature
when both systems are subjected to a controlled temperature program. The changes in the
temperature of the sample are caused by phase rearrangements, dehydration reaction, disso‐
ciation or decomposition reactions, oxidation or reduction reaction, gelatinization and other
chemical reactions. DSC evaluates absorption or energy liberation to determine the initial of
the reaction. A typical curve of biodiesel is presented at figure 1:

Sample: Biodiesel de girassol metílico
Size: 2.8690 mg
Method: Biodiesel Lamoc

DSC

File: C:...\Biodiesel de girassol metílico.001
Operator: Gabriela / Viviane
Run Date: 01-Oct-2010 14:08
Instrument: DSC Q2000 V24.4 Build 116

0.2

0.1

Heat Flow (W/g)

34

1.11°C
-0.003926W/g
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Figure 5. Differential Scanning Calorimetry of biodiesel.
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Small signal at temperature of -1.1ºC is due a crystallization of saturated ester notably pal‐
mitic and stearic methyl esters, shaped signal of -60ºC is caused by crystallization of unsatu‐
rated esters ( oleic, linoleic and linolenic methyl esters). These temperatures can change by
cooling rate, so is important promoting standardization for independent analysis.
DSC trying to be associates with pour point results, because, a priori, both methods analyze
a formation of firsts crystals, Formation of crystals initiate with nucleation of crystals that
precedes crystallization is dependent on the formation and growth of aggregates or clusters
of molecules. These aggregates must overcome a critical size in order to keep a steady
growth and become a crystal of detectable dimensions [Avrami, 1940; Avrami, 1941]. At the
stage of crystal growth, molecules of solute adsorb on the crystal surface and the process de‐
pends on the diffusion of material from the liquid phase to the solid phase which is being
formed. Any of these stages can control crystal growth. The added substance must be capa‐
ble to interfere with one of these stages: either avoiding or delaying the growing of aggre‐
gates to a critical size or reducing crystal growth rate [Mullin,2001].
In this point it’s crucial to understand the difference of results obtained by pour point analy‐
ses and DSC. Calorimetric method is very sensible and detect energy associate of crystalliza‐
tion phenomena under of critical crystal size. While pour point detection occur only when
crystal reached a minimum size.

Figure 6. Impact of additives into onset temperature of biodiesel crystallization based on Soares et al, 2009

35

36

Soybean - Bio-Active Compounds

Soares et al (2009) present a work in which several esters derived from branched chain, cy‐
clic monohydroxylated alcohols or polyhydroxylated alcohols were added to methyl trans‐
esterified soybean oil ( biodiesel like) to investigate their effect on the transesterified
soybean oil crystallization. In this work were added kinetic studies, were conducted in order
to detect differences in crystallization mechanisms due to differences in additive structures.
They obtained a depression of onset crystallization point about 2ºC when used an additive
( 0,08mol/100g of transesterifed soybean oil)
Still about this work were determined induction times of crystallization. Induction time in‐
dicates how many time initiate crystallization at determined temperature. This time tends to
reduce while temperature decreases. This information is important because permitted asso‐
ciation with limit time to storage before crystallization.

Figure 7. Induction time of crystallization based on Soares et al ( 2009)

These kinetic models describe how the extension of the phase transformation of a given ma‐
terial occurs as a function of time and temperature. Their equation is based on the supposi‐
tions of isothermal condition of crystallization, aleatory homogeneous or heterogeneous
nucleation and that the new phase growth rate is temperature dependent. Avrami admitted
that a number of tiny nuclei (aggregates of subcritical size) are already present in the phase
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to be transformed and that these aggregates must grow to a critical size to start a steady
growth. By simplifying his statistical treatment presented in the calculation of transformed
matter, he came to the generalized expression:
α=1-exp (-ktn)

(1)

Where α is the volume fraction transformed (crystallized mass); k is dependent on a shape
factor, on nucleation probability, on nucleation and growth rates and on the dimensionality
of crystal growth while n reflects the mechanism of nucleation and growth and the crystal
morphology [Avrami, 1940; Avrami, 1941]. Several works has been using DSC as assessment
cold properties (ref), with better accuracy and precision.
8.3. Oxidative properties
Oxidative properties of biodiesel commonly assessment by EN 14112 called rancimat and Io‐
dine value, but several methods have been used by analysis of oxidation state of oil and bio‐
diesel. Oxidation products from these compounds as Petrooxy, differential scanning
calorimetry (DSC), Pressure Differential Scanning Calorimetry (PDSC) (Dufaure et al, 1999)
iodine value (IV) and mainly Rancimat Method. Each method is based at one step, inter‐
mediate compounds or reactants of biodiesel oxidation.
At the PetroOxy, the sample is inducted to oxidation through an intense oxygen flow, ma‐
nipulating by this way the stability conditions through a specific apparatus. The analysis
time is recorded as the required time to the sample absorbs 10% of oxygen pressure. Analy‐
sis is based on oxygen consumption (reactant) but not detect products.
The differential scanning calorimetry (DSC) monitors the difference in energy provided/
released between the sample (reagent system) and the reference system (inert) as a function
of temperature when both, the system are subjected to a controlled temperature program.
Changes in temperature sample are caused by rearrangements of induced phase changes,
dehydration reaction, dissociation or decomposition reactions, oxidation or reduction reac‐
tion, gelatinization and other chemical reactions. DSC evaluated absorption or energy libera‐
tion for determining initial reaction. This process can present some problems because of
formation of lipid alkyl radical is an endotermic process and others reactions are exotermic
(Santos et al, 2011). The time for secondary product formation from the primary oxidation
product, hydroperoxide, varies with different oils. Secondary oxidation products are formed
immediately after hydroperoxide formation in olive and rapeseed oils. However, in sun‐
flower and safflower oils, secondary oxidation products are formed when the concentration
of hydroperoxides is appreciable (Guillen and Cabo 2002).
At the Rancimat technique, oxidative stability is based at the electric conductivity increase
(Hadorn & Zurcher, 1974.). The biodiesel is prematurely aged by the thermal decomposi‐
tion. The formed products by the decomposition are blown by an air flow (10L/ 110 ºC) into
a measuring cell that contains bi-distilled, ionized water. The induction time is determined
by the conductivity measure and this can be totally automatized. Rancimat is the most used
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technique to determine finalized biodiesel stability, under oxidative accelerated conditions,
according to standard EN14112. This technique evaluated final products of thermal decom‐
position.
The differential scanning calorimetry (DSC) monitors the difference in energy provided/
released between the sample (reagent system) and the reference system (inert) as a function
of temperature when both in the system are subjected to a controlled temperature program.
Changes in temperature sample are caused by rearrangements of induced phase changes,
dehydration reaction, dissociation or decomposition reactions, oxidation or reduction reac‐
tion, gelatinization and other chemical reactions. DSC evaluated consumption or energy lib‐
eration for determining initial reaction.
The Pressure Differential Scanning Calorimetry (P-DSC) is a thermo analytical technique
that measures the oxidative stability using a differential heat flow between sample and ref‐
erence thermocouple under variations of temperatures and pressure. This technique differs
from the Rancimat for being a fast method and presents one more variable - the pressure,
allowing to work at low temperatures and using a small amount of sample (Candeia, 2009).
All of these methods evaluated one aspects of oxidation process. But to predict behavior or
design an adequate biodiesel its necessary to associate a oxidation process with structural
properties or composition.
Iodine Value (IV) has been used for a long time to quantify unsaturated bonds on vegetable
oil and, actually, biodiesel. Iodine Value is considering mainly structural method to assess‐
ment oxidation stability. Although currently some authors agree that this method is not nec‐
essarily the better method to evaluate stability.
Agreement with oxidation mechanism of fatty acids its very common associated presence of
unsaturated with tendency of low stability, but Jain and Sharma (2010) presents weak rela‐
tionship (R2= 0,4374) between unsaturated esters content and induction period for several bi‐
odiesels, its associate this discrepancy with differ technology productions or presence of
impurities.
Knothe (2007) bring an important discussion about relevance of Iodine value, its associate
iodine value with some others structural index as APE and BAPE and associate to several
properties of biodiesel in his work; he gives examples of how different mixtures of methyl
esters of the three most common unsaturated FA—oleic, linoleic, and linolenic—can achieve
nearly identical IV just slightly below the value of 115. This is an important fact because if
oxidative stability depends of how many times one biodiesel can resist to be oxidized, and
Linolenic acid reacts more fast then linoleic and oleic acid, this mixtures should present a
differing oxidation behavior independently to have same iodine Value.
One of innovative uses of Thermogravimetric analysis is based on gum formation during bi‐
odiesel storage. Figure 4 shows a impact of storage at high temperature storage (85°C) of bi‐
odiesel. High resistance of biodiesel after four weeks is probably due formation of polymeric
species as trimmers or tetramers of unsaturation esters.
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Figure 8. Formation of high molecular level species tends to increase oil viscosity

In presence of oxygen molecule polymer are forming by C-O-C linkages (Jonhson et al,1957;
Wexler, 1964; Formo et al, 1979) and C-C linkages, while under an inert atmosphere only
polymers with C-C linkages primordially are founded. High contents of polyunsaturated
fatty acid chains enhance oxidative polymerization in fatty oils (Korus et al, 1983).Trimers
and other fatty acid polymers presents higher thermal stability enhanced Termogravimetric
curves of biodiesel, therefore this methodology can be used to determine biodiesel oxidation
stage.

9. Conclusion
Many advanced techniques are obtained throughout the world to obtain and characterize bi‐
odiesel. To follow all these methodologies is necessary a constant research in many different
science fields as chemistry, theoretical chemistry and even physics methodologies. This
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chapter contains only a simple updated tool to help to verify all the nowadays latest news,
but never forget the most important tool to use is your brain, the determination and interest
in the studied subject to unravel the science frontiers.
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1. Introduction
In this chapter we will study the processes, procedures and types of equipment used in in‐
dustrial processing of soybeans for obtaining vegetable oil and its adequatestorage in small
plants.
Soybeans, despite its low oil content (18% to 22%) is the second most important oilseed crop
of the world, after palm oil. In 2010, it represented 27.3% of vegetable oil total produced
worldwide, compared with 33.7% palm oil (pulp and almond), 15.6% rapeseed oil and 8.7%
sunflower oil, together are account for 85.3% of vegetable oil total produced globally [12].
The high protein content (37% to 40%) of soybean is the main feedstock in the manufacture
of feed for domestic animals. Almost 70% of meal protein that makes up the animal feed
comes from soybean [7].
The demand for vegetable oils will grow, mainly by increased consumption / capita in
emerging countries. The average annual consumption of edible oil of a citizen of a devel‐
oped country is about 50 liters, while the world average is about 20 liters / head / year. An‐
other factor that will contribute to this increase is the use as biofuel (biodiesel and H-Bio),
the new lever to consumption of vegetable oil.
The soybean oil currently holds the 2nd position in the world supply of oils and fats, accord‐
ing to Oilworld. In 1990, production of oil stood at around 16.1 million tonnes, followed by
palm oil with 10.8 million tons. Other vegetable oils were the significant world production of
rapeseed and sunflower, both with approximately 8 million tons, and cotton and peanuts, with
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approximately 4 million tons each. Although interchangeable, each one of these oils has specif‐
ic characteristics that makes it more or less appropriate depending on its final use [12].
While the supply of vegetable oils is large, each of these oils have specific characteristics that
make them more or less suitable for use as a biofuel [12]. The restriction on the use of soy for
biodiesel is compared to the low oil content in their grains. The oil yield per hectare of soy‐
bean, considering an average oil content of 20% and within the grain yield per area of 400 to
800 kg in a crop that produces 2000 to 4000 kg / ha, respectively [21]. The yield of soybean is
around 2.8 to 2.95 t / ha.
According to the USDA (U.S. Department of Agriculture United States) for the 2010/2011
harvest, the estimate of global soybean production was of 256.1 million tons (Table 1), down
1.46% compared to 259.89 million tons produced in 2009/2010. Likewise, the global con‐
sumption of 2010/2011 was estimated at 255.284.000 tons, an increase of 7.5% compared to
237.430.000 tons achieved in the previous crop. Still, world ending stocks of the product in
2010/2011 will be at 58.21 million tons, 3.26% below the world ending stocks of previous
crop (2009/2010) of 60.17 million tons.
Country

Harvested Area (Million Hectares)

Production (1000 MT)

United States

29.800

83.172

Brazil

25.000

68.500

Argentina

18.600

46.500

China

7.650

13.500

India

10.270

11.000

Paraguay

2.600

5.000

Canada

1.542

4.246

Russia

1.180

1.749

Ukraine

1.100

2.200

Uruguay

1.000

1.700

900

1.580

103.094

245.065

Bolivia
World Total

Table 1. Estimates of global soybean production for 2011/2012 harvest [30]

2. The Product: The Meal and Soybean Oil
The products of the processes are simplified form the crude oil and meal (cake) semi-defat‐
ted, which can be used for the preparation of animal feed. It is planned to be used for hu‐
man consumption, since such use would imply the need for greater care and sophistication
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in hygiene and microbiological control. There is no waste in the process, which may cause
environmental problems.
Compared with the traditional processes, the main disadvantage is the high content of resid‐
ual oil in the semi-defatted meal (about 8%). Soybean oil is very unsaturated and may lead
to rancidity bran under these conditions. In a small scale production, it is expected that the
soy meal is consumed as it is produced, ie the time of storage would be small. Furthermore,
the oil in the meal will replace the oil which is usually added in the preparation of feeds.
The second biggest problem is the allocation of oil produced. Because crude soybean oil,
cannot be consumed as food without the refining process - the taste is very bad. Although
oil extracted by extraction with low concentrations of phosphatides, which is equivalent to
the degummed oil, its storage is not recommended for long periods. Hardly the big oil refin‐
ers will buy this product.
In the case of commodities, the market promotes an intense coordination of the system, con‐
trolling the prices of commodities. As soybean production-level family does not benefit from
economies of scale, the tendency is to seek new ways to add value to the product, incorpo‐
rating new features into grains. The differentiation of the grains can open prospects for more
efficient production, processing or use, making common grains, marketed as mere commod‐
ities, specializing in products with high added value and commercial [11, 10].

3. Production Process
There are two production processes oils and fats. For materials with high oil contents (over
30%), it uses the pressing process. For raw materials with lower levels of oil, it uses the sol‐
vent extraction. In the extraction by pressing the residual oil content of the raw material is
around 10%, while in this extraction solvent content can be reduced to less than 1%.
In industrial processes, typically raw materials rich in oil is pressed up to a residual oil con‐
tent of about 20% and the remaining oil is extracted by solvent. Thus, the soybean oil (20%
oil) is usually extracted only solvent as sunflower oil (45% oil) is partially removed by press‐
ing and the remaining solvent.
The oil obtained in these processes, known as crude oil, generally undergoes a purification
process (refining) before being consumed as food. The only exception is the commercialscale oil (olive oil) olive oil that is consumed without refining (oil "virgin"), although other
oils such as sesame, sunflower, peanut oils can be consumed raw. The soybean oil, cotton
and canola are consumed only after refined.
The residues of extraction, pie, if the pressing, bran, in the case of solvent extraction, less
than 20% are used for human consumption. They are generally used for the preparation of
animal feed.
The oil extraction process can be divided into three phases. The first involves the pre-cleani‐
ness, drying and storage of product to be processed. The second step concerns the prepara‐
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tion of the grains for the oil extraction, by facilitating the extraction processes, such as the
loss of grain, conditioning or heating, lamination, and expander. Finally, the third stage in‐
volves the extraction itself, which may develop by pressing or solvent. Figure 1 details the
phases and steps of the extraction process.

Reception

Pay-cleanness

Drying

Storage

Cleaning

Loss of grain

Heating

Lamination

Expander

Extraction by prenssing

Mechanical press

Solvent extraction

Immersion

Percolation

Filtration

Crude oil reservoir

Refining

Refined oil

Figure 1. Flowchart for the production of soybean oil
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3.1. Storage of raw material
Considering itself it importance of all previous the productive stages the harvest, since the
election of the seeds to the cultural treatments, to one adjusted storage, the grains must pass
for two important stages: the first one is the daily pay-cleanness, in which all the impurities
must be removed, therefore it intervenes directly with the income of the process of oil ex‐
traction, useful life of the involved machines, beyond serving as inoculate of plagues and
harmful microorganisms. The second stage is the process of drying that has as objective to
guarantee the reduction of the moisture content of the product, of form to minimize the de‐
terioration processes during the storage.
The stage of storage is essential for the maintenance of the quality of the raw material to be
processed, influencing directly in the final product quality [23]. During the storage of the
grains, that must be carried through in silos or specifically projected warehouses, the charac‐
teristics of temperature and moisture content of the product they must be monitored. Such
characteristics are determinative in the minimization of the losses for deteriorations caused
for microorganisms and attack of plagues, beyond being essential to prevent the occurrence
of oxidative processes in the interior of the grains.
In what it says respect the quality of the oil during the storage, the variations in the moisture
content of the product, as well as of the temperature can provide to enzymatic and oxidative
reactions of the present oil in the interior of the grain, providing alterations in the character‐
istics and disposal of acid the fatty gifts. For the case of the soy grains, the oil if finds depos‐
ited in lipid bodies (the Spherosomes) distributed throughout its endosperm. Therefore, the
control of such characteristics throughout all the previous stage the extraction of the oil is of
basic importance for the guarantee of a quality by-product, as much in artisan scale as in
industrial scale. In accordance with [23], low the quality of the crude oil influences in the
increase of the losses and expenses with refining, providing a lesser income.
3.2. Preparation of the raw material
The extraction of the oil presents as by-products, beyond the involved lipid fraction with the
rude oil, also proteins and carbohydrates that constitute the pie or bran, much used in the
food industry, as much for animals as for human beings. Therefore, for the guarantee of the
quality and not contamination of by-products, the value aggregation, and the integral ex‐
ploitation of the processed product, must be carried through the preparation of the grain the
form to guarantee a maximum separation between the oil and the bran.
In what the oil production says respect proceeding from the soy grain, that presents about
20% of oil, two methods extraction can be used: the solvent extraction for and the extraction
for pressing. Although some authors to characterize the extraction for pressing of the soy as
not being economically interesting in reason of its low oil content, indicating the extraction
for solvent, in this book will be presented the preparations of the necessary raw material for
the two forms of extraction.
The purpose of the stage of preparation of the grain for the extraction of the oil involves to
provide the increase of the susceptibility of disruption of lipid organelles, contained in en‐
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dosperm, through thermal and mechanical treatments. For this, after the withdrawal of the
mass of grains of the storing unit, with moisture content of approximately 10%, in wet base
(b.w.), is indicated, again the separation of the impurities that still can be contained in the
mass of grains.
After this stage, must be carried through the form grain in addition to lead the unfastening
and the separation of the rinds, that are abrasive, and to favor the uniformity of the size of
particles to be processed. The grain in addition can be carried through by means of a breaker
called equipment of coil that consists of the disposal of two corrugated cylinders, parallel
made use that turns with different speeds, while the mass of grains is lead between them.
During this process, for the withdrawal of the remaining rind a pneumatic aspiration is car‐
ried through, jointly with bolters splitting.
In this process of in addition the grains the milling of the grain is not indicated, since it neg‐
ative intervenes with the separation between the rind and the remaining structure of the
grain, the cotyledon; beyond, for the case of the extraction for solvent, to make it difficult the
separation of the solvent and the oil of the bran. Another important determinative character‐
istic in the success of this stage is the maintenance of the grains with moisture content of,
approximately, 10%, in b.u., of form to prevent the embouchement of the machine for higher
the moisture content cases, or the dust production for very low moisture contents.
After the grain in addition, must be carried through the baking of the processed mass of
grains. This stage has as objective to provide to a fast increase of the moisture content of the
mass of grains, producing a bigger plasticity to the mass, and minimizing the dust produc‐
tion. This process is presented as a facilitator to rupture of the Spherosomes cell walls, in
order to facilitate the leakage oil.
In accordance with [18], the increasing of the moisture of the flakes, the cell wall disruption
and subsequent increase in the permeability of cell membranes, facilitates the exit of the oil,
reducing its viscosity and its surface tension, which allow agglomeration of the oil droplets
and its subsequent extraction. The baking can be carried through by warm vertical cookers
through chambers with warm vapor, or horizontal rotating drums for a warm tubular beam
the vapor.
After this preparation of the raw material, mainly for the case of the extraction with solvent,
is indicated the accomplishment of plus others two stages: the lamination and the expan‐
sion. These two stages have the objective in the distance to provide the minimization of be‐
tween solvent and the oil, favoring the extraction process.
The lamination if bases on the flake attainment from pieces of grains, with the objective to
minimize the internal resistance in favor of the extraction of the oil. For the confection of
flakes, the grains broken and with raised temperature more are lead, in the rolling mill, en‐
ter a pair of made use smooth cylinders horizontally that 0,3 mm jam pieces of the grains of
soy in blades of 0,2, forming flakes [23]. In this process, the flake production with homoge‐
neous thickness directly is related with the efficiency of extraction of the oil and, mainly,
with the quality and pureness of the produced bran, since this characteristic influences in
the interaction between the oil and the solvent during the extraction.
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The following stage is called of expansion. In this stage, the flakes are, again, humidified
with warm water vapor and for attrition throughout screws without end that lead the mate‐
rial until a perforated plate. In reason of the difference of pressure before and after the ticket
for this plate, the warm and humidified flake suffers the process from expansion. In accord‐
ance with [23], this expansion occurs in reason of the starch presence in the grain.
The ticket of the mass of grains for the expander, or expander - extruder, propitiates greater
porosity to the mass and permeability to solvent, favoring the contact between solvent and
the expanded cell, guaranteeing a more efficient percolating between the oil the solvent. Ac‐
cording [23], the use of the expander implies in the increase of about 40% in the capacity of
extraction for solvent. After the expansion, the material must be cooled until the tempera‐
ture of extraction of the oil, and depending on the conditions of the processing, the mass
must pass for the form drying to guarantee a bigger efficiency in the extraction process.
3.3. The extraction
The extraction of the oil for being carried through two different methods: the extraction me‐
chanics through the pressing, or by means of the chemical extraction for solvent. In situa‐
tions special, of form if to get the maximum efficiency of extraction it can be used the two
methods sequentially. To follow, the two forms of oil extraction will be presented proceed‐
ing from oil seeds, as it is the case of the soy.
3.3.1. Extraction for pressing
The method of extraction for pressing consists of the withdrawal of the oil by means of the
application of a external pressure on the mass of grains, through the pressing mechanics. As
main involved advantages with the use of the press mechanics for the oil extraction low cost
of installation is its, not the use of solvent, and not the necessity of posterior refining of the
oil, what it implies in the reduction of the processing cost and, consequently, of the gotten
oil, favoring the use of the same one for small producers.
Currently, the press more common mechanics is the continuous press of screw, also call of
expeller, that hopper of feeding is composed for one, that leads the material to be pressed by
means of a screw without end of step interrupted for steel rings, made use parallel; to the
end of the set, they find if a cone tip that regulates the speed of exit of the pie and the cham‐
ber pressure on the mass.
The pressing process if develops from the introduction of the mass of grains in hopper that
it feeds the screw without end, compressing it against steel rings, providing the elimination
of the oil for the orifices. The extraction speed depends directly on the imposed pressure,
that initially must understand of 300 the 400 kg cm-2, but throughout the process due to the
gradual accumulation of mass in the interior of the press, the pressure can be superior the
1,000 kg cm-2 [23].
During the process, the mass of grains equally is pressed, preventing the resorption of the
oil for other parcels of the mass. After the ticket for the press, the rude oil must be filtered
with the purpose to separate the solid residues proceeding from the remaining pie.
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3.3.2. Extraction for solvent
The oil extraction for solvent can be used as only method of extraction, or same as comple‐
ment to the extraction mechanics, in the daily pay-extraction form. This method of extrac‐
tion if bases on the absorption of the solvent for the lipid cells, where in its interior it has the
dissolution of the oil, that, later, for leaching, he is loaded for the exterior of the cell. This
process, in adjusted conditions, approximately removes 99% of the oil contained in the mass
of grains [23].
However, for the guarantee of the efficiency of the process, it is essential the adjusted prepa‐
ration of the grain and the choice of to be used extractor, of form to guarantee the maximum
contact of the solvent with the cellular wall. Of this form, how much bigger it is the amount
of cells breached throughout the preparation of the mass of grains, faster it is the extraction
process, since the solvent will only go to dissolve the free oil, not needing to carry for diffu‐
sion the dissolved oil to the external region to the cell.
In accordance with [23], the transport of lipid throughout the cellular membrane occurs in
function of the variation of its permeability (initially impermeable to the lipid) in function of
the difference of the internal and external osmotic pressures to the cells. The increase of in‐
tracellular pressure in virtue of the action of the solvent it provides the expansion of the
membrane and, consequently, the dilatation of the pores of the cellular membrane, allowing
the ticket of the solvent oil solution and for the extracellular region, which had to the gradi‐
ent of existing concentration [23, 26].
The extraction process occurs in higher temperatures, seen its influence in the viscosity of
the solvent oil mixture and, and in the solubilization of the oil in the solvent. The extraction
speeds from beginning to end of the process of solvent extraction progresses differently. Ini‐
tially, when the oil of better quality is extracted, the process if develops of fast form, due to
the biggest gradient of concentration, however, throughout the process this speed diminish‐
es, and the extracted oil to the end presents minor quality, in reason, mainly, of the presence
of other cellular composites that provide losses throughout the refining.
From this process, the oil extraction for solvent can be developed of two forms, for immer‐
sion, where the mass of grains is kept immersed in the solvent for a definitive period of
time, or by percolating, which the mass of grains is made use in layers to guarantee opti‐
mum contact of the solvent that it passes freely between the grains and it is renewed when it
has saturation. To the end of the extraction, as much the solvent mixed to the oil, as the sol‐
vent gift next to the remaining bran can be recouped and be reintroduced in the process. For
the grains to solvent extraction with low concentrations of oil is indicated by immersing the
system [2].
For the extraction of the oil, frequent the commercial hexane is used as solvent. Proceeding
from the refining of the oil, the hexane presents determinative characteristics for its good
performance as solvent, as: it is a composition to apolar total being miscible in oil at the
same time that it is immiscible in water, presents low latent heat of boiling, and it does not
react with the constituent material of the equipment used for the extraction. Although its fa‐
vorable characteristics physicist-chemistries, this solvent requires special care with the se‐
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curity in the industrial plant and with its manuscript, seen its high inflammability, explosion
and toxicity [23].

4. Refining
The refining if characterizes as the set of operations carried through after the process of ex‐
traction for the removal of residues gifts in the crude oil that can affect the color, stability,
aroma, and flavor, beyond its physical characteristics. These residues are preceding from
drag mechanics, and/or solubilization of other substances in the oil or solvent the occurrenc‐
es during the extraction process.
The refining takes place in two stages: the first step is the physical removal of substances,
while the second involves the refining processes through neutralization, clarification, and
deodorization. In accordance with [31], initially the oil passes for a stage of physical separa‐
tion, where, in a tank, the separation for gravity of insoluble substances is carried through.
After this stage, the oil passes for the degumming that consists of the removal of phospholi‐
pids, sugars, resins, and breaks up of soluble proteins in water.
In accordance with [23], the presence of phospholipids in the soy oil favors the occurrence of
losses, in reason of the formation of depositions with presence of about 35% of oil in the
deep one the tanks of deposition, with aspect similar to a gum. In this in case that, the phos‐
pholipids can be presented of two forms: hydratable, being liable of withdrawal with addi‐
tion of water and centrifugation, and not hydratable that needs the addition of acid citric
phosphoric or for becomes it hydratable for its posterior withdrawal.
Still of according to [31], after the degumming process, must be proceeded with the neutrali‐
zation, that the withdrawal of fatty acid involves, pigments, remaining phospholipids of the
degumming, and soluble sulfur composites in water. In the neutralization process it has the
caustic soda water addition, with fatty acid the purpose to reduce the text of free, to clot the
phosphatides and the gums, to degrade part of the dyes gifts, and to load the insoluble sub‐
stance for the clotted material. Of this process it has the production of you leave organic so‐
dium or soaps, what it results in the necessity of one another stage, the laundering.
The laundering is a process that results in the withdrawal of the soap produced during the
neutralization. It is based on the distilled water addition the temperature of 85-95°C (about
10-20% of the volume of oil) for the elimination of the soda water and the foam of the oil,
however case the separation between the oil and the water is difficult indicates it dilution in
the aluminum sulfate water. The laundering process can more than proceed a time until the
total exemption from soap from the oil. To finish the process laundering, in reason of the
water addition, the drying must be proceeded from the oil.
After the drying, the oil is directed to the clarification (bleaching) that objective the pigment
elimination, residual products of the oxidation, metals weighed, and soaps, of form to guar‐
antee the improvement of the flavor, odor and oxidative stability of the oil. Bleaching occurs
from the adsorption of specific adsorbents substances for the elimination of substances that
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confer coloration, sulfur, soaps and metals to the soy oil. The adsorbents substances can be
some types of silicates, diatoms lands, clays acid activated, silica and active coal [23].
In accordance with [14], throughout the refining, the clarification produces an oil with big‐
ger susceptibility to the oxidation, being indicated for the storage the use of absent nitrogen
stream bed of oxygen.
After the clarification, the oil follows for its last stage of refining, the deodorization. The de‐
odorization of characterizes for the substance elimination formed during the storage and
processing of the grain and other natural substances of the oil that can provide to awkward
flavor and odor. For the withdrawal of these substances to use it distillation with chain of
vapor to the vacuum, of form to guarantee the protection of the oil to the effect of the atmos‐
pheric oxidation, prevention of hydrolysis for the vapor, and the reduction of the necessary
amount of vapor for the process.
For some types of oils, as it is the case of the palm oil and peanut, the physical refining is pro‐
ceeded after the accomplishment from the deodorization. The physical refining consists of the
elimination for evaporation of fatty acid the free gifts in the oil, providing bigger income of the
fine oil. For the case of the soy oil, the physical refining is not indicated, in reason of its low
acidity after to the end of the process and the difficulty in the degumming process.

5. Quality
Every product has a number of characteristic attributes. It's called quality, whose existence
will define the success or failure in their marketing. This quality is mainly observed by two
fundamental aspects: the first relates to the consumer who seeks desirable characteristics,
whether from an economic standpoint, nutritional, aesthetic, etc. The second aspect refers to
the legality, where the product goes through a series laboratory analysis and is classified in‐
to pre-established standards and its final quality is attested.
According [13], quality can be defined as a set of characteristics that will directly impact on
the acceptability of the product. In this context, the subjectivity of the sensory analysis of
each person are determinants for to preset of the quality, that can involve the appearance,
texture, flavor and aroma.
The color, size, shape, integrity and consistency are factors directly involved in the appear‐
ance of the product, already the relateds with the physical senses of touch, and mouth are
determined on the according to texture; the flavor factors involve the taste, the aroma, and
correlate with the olfactory sensitivity. Besides these, you can also to relate the after taste
that occurs according to a secondary analysis of the product [13].
Associated with these organoleptics factors for the acceptance of the product are also the nu‐
tritional value, the presence of toxic substances and the final price. All these characteristics
are to related to the type of raw material and production method. In the case of vegetable
oils, with is the case of the soybean oil, these factors are directly related to the conditions of
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storage and processing of the beans, as has been seen above, as well as the characteristics,
extraction and treating the produced oil, and form of storage and shipping.
Overall, the changes and loss of quality of the agricultural products are related with the
growth and activity of microorganisms, the action of enzymes, chemical reactions, attack by
insects and rodents, and physical changes caused by mechanical agents. According [17], the
major causes of food deterioration are, respectively, the attack of microorganisms and oxida‐
tive processes.
The vegetable oils have fewer characteristics in your reactive molecule, unlike proteins and
carbohydrates presents in the grains. The reactivity of the oil is concentrated, mostly, in the
hydrolysis that produces free fatty acids according to the moisture content present, lipolytic
enzymes and temperature, and the oxidation reaction of lipid compound that is a function
of the concentration of oxygen in the medium.
The hydrolysis process provides the breakdown of triglycerides and therefore the increase
of free fatty acids, that influences the acidity of the vegetable oil. High levels of acidity in
vegetable oils leads to high losses during the refining stage [23]. However, in general, for to
monitor the deterioration of the vegetable oils is accomplished due to the oxidative reactions
occurred in the triglyceride molecule.
Fatty acids composition (Wt.-%)

Oils
12:00

14:00

16:00

18:00

18:01

18:02

18:03

22:01

IV

Canola

0

0

4.5

1.5

58.5

25

9

1.5

118

Corn

0

0

11

2

36

50

1

Sunflower

0

6

4.5

32

57.5

Soybean

0

8

4

28

53

121
126

7

130

Table 2. Vegetable oils fatty acid composition

According [24], all vegetable oils consist primarily of triglycerides. The triglycerides have a
three-carbon backbone with a long hydrocarbon chain attached to each of the carbons. These
chains are attached through an oxygen atom and a carbonyl carbon, which is a carbon atom
that is double-bonded to second oxygen. The differences between oils from different sources
relate to the length of the fatty acid chains attached to the backbone and the number of car‐
bon–carbon double bonds on the chain. Most fatty acid chains from plant based oils are 18
carbons long with between zero and three double bonds. Fatty acid chains without double
bonds are said to be saturated and those with double bonds are unsaturated (Misra and
Murthy, 2010).
In general, vegetable oils are made especially for fatty acids with chains between 12 and 24
carbons: Lauric (C12:0), Myristic (C14:0), Palmitic (C16:0); Palmitoleic (C16:1) Stearic (C18:0),
Oleic (C18:1), Linoleic (C18:2); Linolenic (C18:3); Arachidic (C20:0); Gadoleic (C20:1); Behen‐
ic (C22:0), Erucic (C22:1); Lignoceric (C24:0). The proportions of the fatty acid composition
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can be determined by gas chromatography method. The weight composition of fatty acids
found in soybean oil was: C16:0=11.6%, C16:1=0.1%, C18:0=32%, C18:1=20.4%; C18:2=57.1%
and C18:3=5% [24].
Average values of the chemical composition of vegetable oils and values of iodine index are
presented in the Table 2 [15] and physical properties of soybean oil in Table 3. The iodine In‐
dex or Number is one characteristic of the oil that measures its index of unsaturation, when
evaluating the amount of iodine necessary to saturate the double links of the molecule.
PROPERTY

SOYBEAN OIL

Density kg/L (20 °C)

0.92037

Viscosity mm /s (40 °C)

30.787

2

Flash Point °C

332

Cloud Point °C

-2

Pour Point °C

-14

Copper strip corrosion

1b

Table 3. Physical properties of soybean oil [24]

Both the hydrolysis reaction as the oxidation reaction can also be influenced by temperature,
light, presence of unsaturated fatty acids, moisture content, and product type. As a result of
these reactions is the development of different flavors and odors that compromise the quali‐
ty and acceptability of the product. For these changes organoleptics give the name of rancid‐
ity. Addition, for the production of biodiesel, the presence of free fatty acids in vegetable
oils affect the process of separation of soaps, and influence on the reactions of esterification,
compromising the efficiency of the process.
Thus, in that it involves, specifically, the oxidation of lipids, the main causative factors are
the composition of fats, the presence of oxygen, temperature, and luminosity. The composi‐
tion of fats influence on the presence of unsaturation in the molecule, as the unsaturation
increases the susceptibility of oxygen absorption, that the more present in the environment,
more available for the reactions is presented. Both the temperature and luminosity influ‐
ence, proportionally, in the rates of reactions. For the specific case of light, its presence influ‐
ences on accelerating the development of rancidity in fats.
According [8] and [27], the quality of the oil can be followed depending on the index of acid
determined by the presence of free fatty acids; index of saponification which demonstrates
the presence of oils or fats high proportion fatty acids, color; foaming, viscosity, density, and
index of peroxide that is determined by the presence of iodine. According to [24], the Table 3
shows the properties of the soybean oil.
It is shown in Table 4 that vegetable oils present corrosion within the pattern established for
diesel oil (Standard corrosion = 1) according to ANP.
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Figure 2. Density in temperatures of 15 and 20 ºC

Vegetable Oil

Corrosivity

Canola

1a

Sunflower

1a

Corn

1a

Soybean

1b

Table 4. Corrosivity of vegetable oils at temperature of 100 ºC

Looking at Table 5, 6 and 7, canola oil has the lowest density of 0.917 g.cm-3 at a temperature
of 15 °C and 0.916 g.cm-3 at a temperature of 20 °C and soybean oil has the highest density,
0.922 g.cm-3 at a temperature of 15 °C and sunflower and corn oil showed a higher density at
a temperature of 20 °C, 0.919 g.cm-3. According to the specifications of the ABNT standard,
diesel has a density of around 0.865 g.cm-3 (Figure 2).
In Table 3 the mean values and standard deviation of the viscosity of vegetable oils are
shown.

Vegetable Oil

Kinematic Viscosity (mm2.s-1)

Standard deviation

Canola

35.5278

0.0081

Sunflower

31.7275

0.0726

Corn

33.7713

0.0409

Soybean

31.6107

0.0093

Table 5. Kinematic viscosity values of vegetable oils obtained experimentally

The test results of kinematic viscosity of vegetable oils are shown in Figure 3 below:
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Figure 3. Kinematic viscosity of vegetable oils

Table 6 show the temperatures measured in the tests of cloud.
Vegetable Oil

Temperatures of Cloud Point

Temperatures of Flow Point

Canola

-1 ºC

-20 ºC

Sunflower

1 ºC

-18 ºC

Corn

3 ºC

-12.5 ºC

Soybean

-2 ºC

-18.5 ºC

Table 6. Temperatures of cloud points and flow points of vegetable oils

Vegetable oils have a density slightly larger than that of diesel fuel and below water, they are
products of easy handling and processing. Their viscosities are far from being similar to diesel
fuel, but this allows their use in cases of thermo-chemical conversion without major problems,
and are easy to carry through pipelines without large deformation of tension and energy.

Figure 4. Results obtained experimentally for cloud point and flow point of vegetable oils

6. Control the Production Management of Soybean Oil
The acquisition process of vegetable oils occurs through of relatively simple procedures,
starting with the attainment of oilseeds, proceeding to mechanical extraction, filtering and
marketing of oil. This understanding contributes to the study of the entire production chain.
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Generally the oil extracted is sent to the food industry, or the production of biofuels, and in
some cases is used as feedstock in other industrial processes. Soybean oil has its applications
in the first two cases cited. [16] agribusiness of the soybean oil has a high processing capaci‐
ty, with oil production exceeding 50 million liters per year.
Kinematic

Density

Standard

Density

Standard

15°C

deviation

20°C

deviation

Canola

0.917

0.0005

0.916

0.0005

1a

35.5278

0.0081

-1 ºC

-20 ºC

Sunflower

0.921

0.0010

0.919

0.0005

1a

31.7275

0.0726

1 ºC

-18 ºC

Corn

0.919

0.0005

0.919

0.0005

1a

33.7713

0.0409

3 ºC

-12.5 ºC

Soybean

0.922

0.0000

0.920

0.0006

1b

31.6107

0.0093

-2 ºC

-18.5 ºC

Vegetable oil

Corrosion

Viscosity
(mm2.s-1)

Standard
deviation

Cloud point

Flow
point

Table 7. Physical characterization of vegetable oils [29, 1]

It is known specific attributes which must be met after defining the destination of oil extract‐
ed, not all characteristics of a product can be easily evaluated. In the case of agri-food prod‐
ucts there is the existence of personal or subjective parameters that hinder your judgment.
Thus, the oil-producing units paying attention to product quality, this will help to stay in
the market and seeing new opportunities.
[3] reported that the quality of a product is resulting from the joining of items:
a.

Quality of product design: that is the result of the activities that translate the knowledge
of market needs and opportunities in information technology for the production.

b.

Quality of design process: is results from the efficient translation of the design specifica‐
tions of the product in process at various levels, such as process flow diagram, layout,
design tools and equipment, project work etc..

c.

Quality of conformation: is the result of the efficiency level of actual production.

d.

Quality of services associated with the product: it is the result of the quality level of the
stages of distribution and marketing, beyond quality of after-sales services.

[16] reported that the limit of the concept of quality has advanced in segments related to the
management of the productive sector. It is clear that the companies' survival now depends
on the quality of products or services it offered. Several agents have sought to monitor qual‐
ity through product recalls, allowing verification of consignments dispatched by identifying
the weaknesses of the production complex, such as inefficiency in logistics and handling
conditions and storage of the product.
The production of vegetable oil in small units can be designed more efficiently by under‐
standing the concept of agro-industrial chain, because according to [20] in recent years the
so-called industrialization of agriculture has led to increasing dependence on agriculture to
industry. Thus small farmers can participate in a competitive market where strategic alli‐
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ances allow to produce and market their products. Given this perception, competitiveness is
to migrate the level of individual firms to competition between agribusiness chains. Thus,
because it is an integrated system there is a need to coordinate the supply chain, and the
search for quality is now undertaking the various agents.
According [3] the coordination of quality is a set of activities planned and controlled by a
coordinator agent, in order to improve quality management in the chain and ensure product
quality through a process of transaction information, helping to improve the matching of
customers and to reduce costs and losses at all stages of the chain.
This concept of quality coordination, "to plan", "controlling" and "improve" the quality man‐
agement, "the process of information transaction" and "coordinating agent" are:
• Planning: Planning activities in order to create a process capable of producing products
that meet consumers;
• Control: Control processes and activities with the objective of evaluating the performance
of real quality and act if there is a diversion;
• Improve: set of activities that aims to improve the quality of processes and products;
• Transition process of information: the acquisition, management and distribution of infor‐
mation throughout the production chain;
• Coordinating agent: a key to the coordination of quality aims to make information related
to product quality and quality management are identified, communicated and controlled
throughout the chain.
The coordinator agent can be a company, a group of companies, an association of represen‐
tatives of the segments of the agribusiness chain or a third party contracted to perform the
tasks for the agent coordinated.
The coordination process quality in agro-industrial chain of soybean oil, produced in small
units, can be strengthened by adopting measures to encourage the involvement of its agents.
Usually the resources of small producers to cover production are limited, requiring there‐
fore of a reliable outlook for the sale of its production. At this point, there is the need of pro‐
ductive sector strategies are aligned with unusual strategies for the development of the
productive chain.
The literature dedicated to the study of agribusiness systems suggests practices to be im‐
plemented from the producer to the customer. Measures such as discounted prices, flexi‐
bility in time and remuneration for services, contribute to the strengthening of alliances
among its members.
The strategies that comprise the agribusiness chain agents, shall consider agribusiness prod‐
ucts are subject to special features such as seasonality of production, the need for special
conditions for transport and storage and other care as they are perishable. The following
paragraphs deal with aspects related to the quality of agro-industrial products, particularly
vegetable oils.
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6.1. Methodologies applied to quality management
Methodologies will be presented that can be applied to quality management in the produc‐
tion of vegetable oils in small units.
6.1.1. Application of ISO 9000
The International Organization for Standadization is responsible for standardization in glob‐
al character, is the ISO 9000 group linked the quality management systems, which was creat‐
ed searching to standardize the rules for products and industries.
In addition to ISO 9000, regarding the standards focused on vocabulary and fundamentals,
there is the importance of ISO 9001 that dealing with Quality Management Systems and
Guidelines for SGQs auditing.
A process model of ISO 9001 may be seen as an implementation of the PDCA cycle, accord‐
ing [19], in which:
• PLan: It means setting objectives and processes necessary to deliver products or services
in accordance with the requirements and policies of the organization;
• Do: It means the implementation of procedures;
• Check: It means to monitor and measure processes and products by comparing them to
the policies, objectives and product requirements and report the results;
• Action: It means to take actions to continually improve process performance.
The most common steps for the implementation of ISO 9001 are:
• Conviction of top management
• Choice of coordinating implementation
• Assessment of current situation
• Preparation of schedule
• Training leveling
• Establishment of working groups
• Specific training
• Process Mapping
• Development / deployment documentation
• Training of internal auditors
• Performing internal audits
• Corrective Actions
• Training end
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• Pre-certification audit, and
• Setting and maintaining the quality management system ISO 9001
6.2. Hazard Analysis and Critical Control Points (HACCP)
According [4] the HACCP is based in the analysis method of the mode and effects and fault
causes or failure, mode and effect analysis (FMEA), developed by Kaoru Ishikawa in the
Japanese industry. The HACCP allows to identify and assess hazards associated with differ‐
ent stages of the food chain, and define the necessary means for its control. The HACCP
should be considered as a quality system, a rational practice, organized and systematic, indi‐
cated to provide the necessary confidence that a agri-food product will meet the health and
safety requirements expected by the consumer.
Studies based on the concept of prevention, developed by [5], concluded that the HACCP
represents an advance in food safety, when the adoption of preventive measures promoted
the effective design of food safety and the processes in which, a priori, was analyzed quality
(microbiological, physico-chemical and sensory) of the products already processed.
6.3. Traceability
At first glance, it is believed to be unnecessary to use tools that require high technological
standard in small units of oil extraction. However, products offered in different ways may
present a promising alternative for small farmers. Traceability aims to identify the origin of
the product from the farm to the consumer. This principle is indifferent to processes in
which the product has undergone. Thus, it is expected to reach the final with a quality prod‐
uct, and with a known source.
To [9] an efficient screening process should consist of the following elements:
Standards and / or the quality that aim to protect / secure;
Procedures allowed, prohibited, tolerated and required;
Grace periods or transition established as provided in the rules;
Requirement that producers are provided with proof of purchase, sales, everything that al‐
lows inspectors to check compliance of standards by the operator (owner of the process);
Periodic visits to the default setting;
Visits "surprise" the establishment.
According to [19] in soybean production, traceability is an essential tool for identification
and separation of genetically modified organisms that are restricted in certain countries or
markets. Thus, traceability systems are necessary for the management and development of
the agribusiness chain, ensuring quality food offered.
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6.4. Good Manufacturing Practices
Such standards can be applied in the production of oil intended for human consumption.
Procedures are designed to get quality products. The Good Manufacturing Practices (GMP),
according to Tomich et al. (2005), are a set of standards used in products, processes, services
and buildings, for the promotion and certification of quality and food safety.
According to [6] requires that each establishment has its Manual of Good Manufacturing
Practices, which details the conditions of hygiene and sanitary food handling procedures,
cleaning equipment, utensils, facilities and buildings of establishments, in addition to estab‐
lishment of minimum health requirements of buildings, facilities, equipment and tools, con‐
trol of water supply, health and hygiene of food handlers, the integrated control of pests and
vectors, and control and quality assurance of final products.
The following legislation provides for the establishment of Good Manufacturing Practices
(GMP), in Brazil, whereas other related items: Standards of Identity and Quality, sanitary in‐
spection, Standard Operating Procedures and Checklist of GMP.
• Ordinance no. MS 1.428/1993
• Ordinance no. 368/1997 of the MAP
• Ordinance no. 326/1997 of the MS / SVS
• Resolution RDC / ANVISA no. 275/2002
6.5. Cleaner Production: CP
The methodology of CP is the application of an economic strategy, environmental and tech‐
nical, integrated processes and products in order to increase the efficiency of use of raw ma‐
terials, water and energy, not the generation, waste minimization and recycling with
environmental and economic benefits to the productive processes.
To have success in the development of cleaner production, are required to exercise responsi‐
ble environmental management and technology assessment, the initial effort is fundamental
in changing attitudes, including a subjective evaluation of the entire process.
All factors imply aggregate values and services, with the primary concern of consuming less
material and generate less pollution.
[25] studied the management of agro-industrial residues. As a result it was proposed a road‐
map for Environmental Management System (EMS). Operational actions were suggested as:
Mass Balance identifying and quantifying infrastructure resources; Anticipation and moni‐
toring the adoption of measures to prevent accidents or damage to the ecological nature of
the life cycle analysis of products, Cleaner Production (CP) and Reverse Logistics, which is
to collect, package, transport and dispose of waste that were generated in the activities of
obtaining Raw Material and managerial actions suggesting adoption of sustainable strat‐
egies and policies, Environmental Management System as a mechanism to monitor the ad‐
ministrative and managerial performance the organization, Environmental Audit and
Environmental Education.
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7. From Control to Management
Currently, the concern with quality extends beyond the aspects mentioned above, no longer
a mere bureaucratic requirement of regulatory agencies and inspection, but a fundamental
strategy and essential to ensure competitiveness. The quality is replaced by a much broader
approach, involving all levels of the organization and process.

8. Quality attributes
The main attributes that describe the desirable characteristics in grain for the quality of the
bran are high in protein concentration, profile and level of amino acids, especially lysine,
and high energy. To control the meal must consider factors such as moisture content, oil
content, protein content, the urea activity and the rate of protein digestibility. And in the
case of crude oil, emphasizes the determination of fatty acids and their state of rancidity.
These attributes directly influence the quality and safety of the product and the forms
of controls are given in the text. It should be laid down the acceptable quality level
(EQS) according to the intended use of the product. Obviously, the level of residual
bran oil obtained by pressing has maximum and minimum other than the one extract‐
ed by solvent. The determination of the EQS should consider the characteristics of the
process to optimize your control.
This item will be established quality standards obtained for soybean oil for immediate and
latent analysis.

9. Process Control
As animal feed, the control of raw materials and products may be carried out with simpler
and less frequently. The analyzes have suggested the purpose of controlling the quality of
raw materials, products and the process yield. The quality and characteristics of the raw ma‐
terial has great influence on product quality and yield. Soybeans should be free of mold,
broken grains, greens and other defects.
During the extrusion process, there is an internal friction of grain against the internal ele‐
ments of the extruder rising to temperature and pressure with the complete inactivation of
the activities: ureatics, antitrypsin and hemoglutinant (anti-nutritional factors). Exposure of
the grain at high temperature and pressure for an extremely short time (20-40 seconds) fa‐
vors the obtaining a quality product without compromising the nutritional quality of soy‐
bean. Therefore, factors such as temperature and pressure during the process should be
monitored and recorded continuously. In annex presents tables to assist in process control.
Below we suggest some analysis should be performed periodically.
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10. Installations and Equipments
The following relate to the main points that should be taken into consideration when choos‐
ing a site to be deployed to agribusiness:
• the potential for obtaining the raw material in the region should be higher than the pro‐
jected demand of the plant and enable future expansion in production;
• water supply reliable and good quality (drinking water);
• providing sufficient electrical power without interruption;
• availability of skilled labor, including technical personnel;
• no contaminants of any kind on the outskirts of agribusiness;
• road infrastructure in working condition and easily accessible;
• availability of sufficient area to implement the agricultural industry and its future expan‐
sion.
All new property before it began, it must seek approval of their facilities by the regional
body of the Labor Ministry or agency responsible, and this after doing a preview, issue a
certificate of approval for facilities. This procedure is adopted in order to ensure that the
new establishment activities free of accident hazards and / or occupational diseases, which is
why the establishment does not meet regulations will be subject to the impediment of its op‐
eration until the standard is met.

Figure 5. Seed cooker
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Figure 6. Crusher seeds

Figure 7. Press small

Figure 8. Filter with collect the oil bucket
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Figure 9. Small plant for the production of biodiesel

Figure 10. Settling tank to the glycerin

A unit of oil extraction on the farm can be mounted in a simplified form with the elements
described below. Figure 5 shows a seed cooker being installed, its use may be waived in
work with seeds whose oil extraction is done cold, as in the case of sunflower seeds. The
crusher shown in Figure 6 can be used to prepare larger seed. Equipment such as the press
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shown in Figure 7 can perform pressing in an average yield of 40 kg per hour and is suitable
for small applications. The filtration must be done efficiently preventing the oil is lost, thus a
device for filtering, with collect bucket oil is of great importance in the process (Figure 8). A
small plant, for production of oil and biodiesel, you can compose the oil processing unit
(Figure 9). Glycerin resulting product from the transesterification of vegetable oils may be
separated by centrifugation or decantation. In the second case, the composition of glycerin
biodiesel more tanks can be conducted as shown in Figure 10, which should preferably have
conical structure inside facilitating the decanting of the glycerine.

11. Conclusion
In conclusion we have with the expansion of soy agribusiness, there is a need to add value
to the product. And in case of small farmers or family farmers in the production of oil will
allow your own farm profit by adding value, besides the possibility of using this product on
the farm.
The values of cloud points, close to zero degrees Celsius, and flow, near minus fifteen de‐
grees, makes manipulation of these oils possible in tropical climates, where temperatures
barely reach those levels, do not show stoppage problems, flow and clogging the lines of the
process involved with the use of oil.
Tests for corrosion highlights low levels of attack in copper sheets, and oil is a product that
does not generate large losses of material in the areas of the process which they have contact
with, on the other hand the formation of clogging points and false surfaces as a result of pol‐
ymerization of oil when working at higher temperatures can be more dangerous.
The physical and chemical characteristics evaluated in this work present a great relation
with the composition of the tested oils, where there is a relation between the density, viscos‐
ity and corrosion index with the iodine index of the fluid. On the other hand, the cloud and
flow points are related with the presence of saturated and unsaturated fatty acids. In respect
to the saturation of the oil, it can be favorable in problems such as corrosion, of low temper‐
atures or in the case where lower viscosity values are needed.
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1. Introduction
Colorectal carcinoma (CRC) represents the most frequent malignancy of the gastrointestinal
tract in the Western world in both genders. There is a wide variation of incidence rate for
both colonic and rectal cancer among the populations of different countries: up to a 30-40fold difference is seen between North America (Canada, Los Angeles, San Francisco), NewZealand (non–Maori), Northern Italy (Trieste), Northern France (Haut- and Bas-Rhin) in
which the rate of CRC is around 50/100,000 inhabitants, and India (Madras, Bangalore, Tri‐
vadrum, Barshi, Paranda, Bhum, Karunagappally), Algeria (Setif), and Mali (Bamako) in
which the rate is around 3/100,000 [1]. It is estimated that approximately 6% of the United
States population will eventually develop a CRC, and that 6 million of American citizens
who are living will die of CRC [2].
The geographic differences in CRC incidence are due more to environment, life-style, and
diet than to racial or ethnic factors. Demonstration of this fact is that migrants from low to
high incidence areas have the same incidence as the host country within one generation,
having assimilate western lifestyle and diet [3].
Colonoscopy to screen asymptomatic adults older than 50 years allows an estimation of the
prevalence of adenomatous polyps or CRC: in North America CRC is found in 2%, and ad‐
vanced adenoma (more than 1 cm in diameter) in 10% [4[.
Population-based studies have investigated several environmental factors as contributors to
the initiation of sporadic colorectal carcinogenesis. High-calorie diet, high red meat con‐
sumption, overcooked red meat consumption, high saturated fat consumption, excess alco‐
hol consumption, cigarette smoking, sedentary lifestyle, and obesity are considered to
increase the incidence of CRC, while consumption of fiber, fresh fruit and vegetables, and a
high-calcium diet could have a protective effect [5]. A recent review [6] provided an over‐
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view of the epidemiological evidence supporting the roles of diet, lifestyle, and medication
in reducing the risk of colorectal cancer. Similarly, many studies that implicate effects of di‐
etary agents in various types of cancers are available and suggest that much of the suffering
and death from cancer could be prevented by consuming a healthy diet, reducing tobacco
use, performing regular physical activity, and maintaining an optimal body weight [7]. Even
if several epidemiological and experimental studies support the role of these factors in the
genesis of CRC, other well-designed prospective and randomized clinical trials conducted in
recent years report conflicting evidence, in particular on the role of the diet component in
the etiology of CRC [8, 9].
Meanwhile, the great majority of CRC are sporadic, with 2 to 6% of them related to a heredi‐
tary disease due to mutations of highly penetrant autosomic dominant genes. Mutations of
APC tumor suppressor gene is responsible for familial adenomatous polyposis (FAP), and
mutations of the mismatch repair (MMR) genes are related to hereditary non polypoid col‐
orectal cancer (HNPCC or Lynch’s syndrome). Mutations of MLH1 and MSH2 are responsi‐
ble for more than 90% of the family affected by HNPCC. In these familial events, the onset
of CRC is greatly anticipated in comparison to the sporadic counterpart which is usually di‐
agnosed after 50 years of age. However, an increasing incidence rate of CRC not clearly re‐
lated to the presence of inheritable or predisposing colonic diseases was observed in
individuals less than 40 years of age in recent decades [10]. Furthermore, an enhanced risk
for CRC and colonic adenomas is present in individuals whose first-degree relatives are af‐
fected by CRC, especially if the tumor occurs before the age of 60 [8]. Possible factors of this
inherited susceptibility to CRC are polymorphisms of genes deputed to glutathione synthe‐
sis such as GSTP1, GSTM1 and GSTT1 genes [11].
Prognosis of CRC is in relationship to local and distant tumor progression. Deep penetration
of carcinogenic cells in the colonic wall, invasion of adjacent organs, diffusion in lymph no‐
des or peritoneum, and distant metastases must be evaluated for staging of the disease and
correct therapeutic planning. One third of all colorectal tumors are located in the rectum:
prognosis of distally sited rectal cancer is worse than that of proximally sited rectal cancer or
of colonic cancer. Despite great advances in population screening, early diagnosis, surgical
interventions, and complementary therapies, long-term survival for CRC remains in the
range of 50-60%.
Tumor formation in humans is a multistage process involving a series of events, and gener‐
ally occurs over an extended period. During this process, several genetic and epigenetic al‐
terations lead to the progressive transformation of a normal cell into a cancer cell. These
cells acquire various abilities that transform them into malignant cells: they become resistant
to growth inhibition, proliferate without dependence on growth factors, replicate without
limit, evade apoptosis, and invade, metastasize, and support angiogenesis. Mechanisms by
which cancer cells acquire these capabilities can vary considerably, but most of the physio‐
logical changes associated with these mechanisms involve alteration of signal transduction
pathways [7].
It is commonly agreed that the first step of colorectal tumorigenesis is the shift of the
proliferative zone in the glandular crypts, accompanied by the development of aberrant
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crypt foci, and followed by the formation of an adenomatous polyp. These pathological
features are considered the precursor of the carcinoma in a temporal sequence that also
can be completed in several years. However, CRC is not a homogenous disease: several
histological types can be distinguished such as tubular or villous, mucinous, serrated,
medullary, signet-ring, squamous cell, adenosquamous, small cell, and undifferentiated,
and different molecular basis can also be recognized in histologically similar tumors. In
recent years, the identification of the genetic mutations of hereditary forms of CRC has
clarified two fundamentals types of carcinogenesis. The first is similar to that described
for the development of the FAP, and is characterized by a progressive accumulation of
genetic changes starting from a biallelic inactivation of APC. Additional mutations either
of oncogenes KRAS and p53 or of oncosuppressor genes (DCC and DPC4) are necessary
for the neoplastic progression and invasivity [12]. The genetic alterations are responsible
for an increased mucosal proliferation and a reduced apoptosis, causing a clonal cellular
expansion. The second, similar to the CRC arising in the HNPCC, is due to inactivation
of MLH1 or of other MMR genes. Repetitive sequences of DNA, sited in non-encoding
microsatellite regions throughout the genome, are specifically found in this type of CRC,
hence, the definition of micro satellite instability (MSI). The mechanism responsible for
the carcinogenesis is epigenetic due to an extensive DNA methylation. Rarely in this
type of CRC both proto-oncogenes (KRAS, p53) and oncosuppressor genes (APC,
TGFBRII, IGF2R, BAX) are mutated or inactivated [13]. The former genetic mechanism
explains the most frequent form of sporadic CRC characterized by the sequence adeno‐
ma-carcinoma and a long period for the formation of cancer; vice versa, the last mecha‐
nism is only present in 15% of sporadic CRC, and can have the character of an
accelerated carcinogenesis.
Improved knowledge of the molecular mechanisms of colorectal carcinogenesis allows a
rationale chemopreventive use in individuals who have an increased risk of developing
colorectal adenomas or cancer. Both natural or synthetic agents have been employed to
prevent or suppress the colorectal tumorigenesis. In particular, in experimental animals,
cohort and clinical case-control studies have shown inverse association between the use
of either anti-inflammatory non steroidal drugs (NSAIDs), estrogens or phytoestrogens,
and incidence of both colonic adenomas and CRC. NSAID use appears to prevent the oc‐
currence of carcinogen-induced animal colonic tumors [14] and to decrease the number
and size of colo-rectal polyps in FAP (Familial Adenomatous Polyposis) patients [15].
Randomized placebo controller trials showed that aspirin reduced the risk of colorectal
adenomas in populations with an intermediate risk of developing adenomas [16]. Fur‐
thermore, NSAIDs or selective COX-2 inhibitors reduce the in vitro growth of human co‐
lon cancer cell [17]. The effect of NSAIDs is mediated by cell cycle arrest due to
inhibition of the Wnt-signaling pathway that favors the phosphorilation of beta-catenin
and by induction of apoptosis [18, 19].
The fact that estrogens have an effect in decreasing the risk of colo-rectal cancer is shown by
the following data:
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1.

Several epidemiologic studies show a smaller incidence of sporadic CRC in the female
gender. Also the occurrence of CRC in HNPCC is lower in females than in males;

2.

women who are multipare are a reduced risk of CRC in confront to nullipare;

3.

epidemiologic studies of postmenopausal women show that users of HRT have a signif‐
icant reduction of CRC development in respect to women who had never used HRT.
The risk appears to be halved with 5-10 years of HRT use [20, 21];

4.

use of non-contraceptive hormones for more than 5 years reduces by (OR = 0.47, 95 per‐
cent CI = 0.24-0.91) the risk of colon cancer [22].

2. Nutrition and colon cancer
It is now believed that 90–95% of all cancers are attributed to lifestyle, with the remaining 5–
10% attributed to faulty genes [7]. Almost 30 years ago epidemiological research suggested
that appropriate nutrition could prevent approximately 35% of cancer deaths, and up to 90%
of certain cancers could be avoided by dietary enhancement [23, 24].
Colon cancer is a multifactorial disease that results from the interaction of different factors
such as aging, family history, and dietary style. Identifying modifiable factors associated
with colorectal cancer is of importance, the ultimate goal being primary prevention, and
particularly the role of diet in the aetiology, initiation, and progression of colorectal cancer
remains an area of important research. Moreover, several components of food can exert a
potent activity also in the later stages of cancer. Several studies have indicated that inhibi‐
tion of metastasis by genistein, one of the most important constituents of soy foods, repre‐
sents an important mechanism by which it is possible to reduce mortality associated with
solid organ cancer.
Many plant-derived dietary agents have multitargeting properties and are therefore called
nutraceuticals. A nutraceutical (a term formed by combining the words “nutrition” and
“pharmaceutical”) is simply any substance considered to be a food or part of a food that
provides medical and health benefits. During the past decade, a number of nutraceuticals
have been identified from natural sources. Nutraceuticals are chemically diverse and target
various steps in tumor cell development [7].
Several epidemiological studies have consistently shown an inverse association between
consumption of vegetables and fruits and the risk of human cancers at many sites. Wickia &
Hagmannc (2011) recently reported that many case-control and cohort studies are dealing
with the effect of fruits and vegetables on cancer incidence [25]. Early data indicated a bene‐
ficial effect [26] and, as recently as 2008, Freedman et al. found a reduced occurrence of head
and neck cancers with increased fruit and vegetable consumption [27].
The concept that a diet that is high in fiber, especially from fruits and vegetables, lowers risk
of colorectal cancer has been in existence for more than 4 decades. The majority of case-con‐
trol studies have shown an association between higher intake of fiber, vegetables, and possi‐
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bly fruits, and lower risk of colon cancer [28]. A meta-analysis of six case-control studies
found that a high intake of vegetables or fiber was associated with an approximate 40%–50%
reduction in risk for colon cancer [29]. Similarly, a pooled analysis of 13 case-control studies
reported an approximately 50% lower risk of colon cancer associated with higher intake of
fiber [30].
Increasing intake of fruits, vegetables, or fiber is unlikely to prevent a large proportion of
colorectal cancers, particularly among the US population, which has a food supply already
fortified with folate and other dietary factors that might protect against colorectal neoplasia.
There is also little evidence that concentrated sources of one type of fiber are efficacious, al‐
though fiber-rich diets have health benefits for other gastrointestinal conditions, such as di‐
verticular disease and constipation, and possibly other chronic diseases [6].
All evidence supporting the decreased risk include results from a few studies of ade‐
nomatous polyps (which may progress to colorectal carcinomas). Fruit and grain intake
also appears to be inversely related to risk of colorectal cancer and polyps, although less
consistently than vegetables. These potentially protective associations may result from
the high levels of dietary fibres, antioxidants (e.g., beta-carotene, vitamin C), or other an‐
ticarcinogenic constituents (e.g., protease inhibitors, phytoestrogens) in these vegetables,
fruits, and grains. However, the association of adenomatous polyps of the large bowel
with intake of vegetables, fruits, and grains has not been studied to any great degree,
and existing data on these associations are not entirely consistent. Because adenomatous
polyps are precursors to colorectal cancer, studying polyps instead of cancer might allow
one to measure the diet of relatively asymptomatic subjects closer to the time of the ini‐
tial neoplastic process. [31].
A recent meta analysis and data review, conducted by Magalhães B. [32], substantiates that
the risk of colon cancer was increased with patterns characterized by high intake of red and
processed meat, and decreased with those labelled as 'healthy.'
There are many plausible mechanisms by which intake of vegetables, fruits and “healthy
foods” may prevent carcinogenesis.
Plant foods contain a wide variety of anticancer phytochemicals with many potential bioac‐
tivities that may reduce cancer susceptibility [7,33, 34].

3. Soyfoods and colon cancer
Many epidemiologic studies evidence a lower rate of hormone-related cancers among Asian
populations which are characterized by regular consumption of soy based foods. Soy is a
major plant source of dietary protein for humans. A review of epidemiologic studies (most
of which were case-control studies published before 2000) suggested an inverse association
between high soy intake and colon cancer risk in humans [35]. Moreover, migration studies
show that Japanese immigrants in the United Status have incidence rates of colorectal can‐
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cers very near to the rates among the whites in the country [6]. Thus the protective effect of
soy foods and isoflavones is a matter of interest in the etiology of colorectal cancer.
Soy and soy foods contain a wide variety of chemical compounds, biologically active, that
may contribute, individually or synergistically, to the health benefits of this plant; in partic‐
ular, polyphenols are considered to possess chemopreventive and therapeutic properties
against cancer.
Among these compounds, certainly, there are isoflavones, the most important and abundant
of which is genistein, which also have estrogenic properties. In fact, in recent decades, there
have been several studies showing that isoflavones are promising candidates for cancer pre‐
vention [36, 37, 38, 39].
Data associating soybean consumption with reduced cancer rates have been used as evi‐
dence for a role of isoflavones in cancer prevention. However, soybeans are also a rich
source of trypsin inhibitor, other proteins with health benefits, phosphatidyl inositol, sapo‐
nins, and sphingolipids, all of which have potential health benefits. All of these soybean
constituents demonstrate tumor preventive properties in animal models. Research by Birt et
al. demonstrated that 20% by weight of dietary soy protein significantly reduced rat intesti‐
nal mucosa levels of polyamine, a biomarker of cellular proliferation for colorectal cancer
risk [39].
Surely, soy foods are complex foods, and it is difficult to assume that associations which
suggest protective properties of soy foods are due only to a single constituent. Because of
the association between diets in Japan and China and lower rates of cancers, such as those of
the breast, prostate, and colon, than in Europe and the United States, many investigators
have assumed that this is due to soy food consumption in Japan and China.
Other factors in the Asian diet may be responsible, and it’s important to evaluate the possi‐
ble confounding dietetic factors in the studies.
Several studies suggest that soy foods, the predominant source of isoflavones, are associated
with reductions in cancer rate, but they do not consistently appear to be the primary protec‐
tive component of the Asian diet.
Wu et al. noted the difficulties in assessing the relationship between the level of intake and
protection. Case control and prospective epidemiological investigations that have provided
a suggestion of protection against cancer by soy foods have not provided adequate informa‐
tion on the bioactive constituents in the soy foods, the portion size, or other components that
may be protective in the diets of people who eat soy foods [40].
Isoflavones and flavonoids may be rapidly and predominately glucuronidated in the GI mu‐
cosa, if genistein can be considered a model for all of these phenolic compounds [41]. Fur‐
ther, glucuronidation occurs in the liver. Genistein undergoes biliary excretion, with more
than 70% of a dose recovered in bile within 4 hr after dosing in rats. Although genistein may
be absorbed well initially, a maximum of 25% of an oral genistein dose would be eliminated
in rat urine. About 20–25% of an oral dose of genistein (predominantly as its glucoside from
soy foods) is recovered in human urine [42, 43].
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The presence of hydroxylated and methylated genistein metabolites correlated positively
with inhibition of cancer cell proliferation, but genistein sulfates were not associated with
antiproliferative effects of genistein, suggesting that some types of metabolism of the isofla‐
vones may be crucial for their action [44].
Witte, et al, showed that higher consumption of tofu (or soybeans) was inversely associated
with polyps. Tofu (or soybeans) contain a number of potentially anticarcinogenic constitu‐
ents, including isoflavones, saponins, genistein, and phytosterols. They were able to look at
tofu (or soybeans) as a single food item (i.e., separate from legumes) because almost 15 per‐
cent of our multiethnic study population reported consuming tofu (or soybeans) at least
once a week. The strongest association observed was for vegetables—including those high
in carotenoids, cruciferae, and broccoli—as well as garlic and tofu (or soybeans), and these
associations were found even after adjusting for dietary fiber, folate, beta-carotene, vitamin
C, and other commonly measured antioxidants [31].
Men tend to have a slightly higher incidence of colorectal cancer than women of similar age
(American Cancer Society, 2007), and oestrogen seems to be implicated for this decreased
risk in women. Epidemiological studies and results of a Women’s Health Initiative (WHI)
clinical trial provide strong evidence that colorectal cancer is hormone sensitive because the
cancer risk is reduced by post-menopause hormone therapy [35]
In effect, many epidemiological and experimental studies suggest a protective role of estro‐
gens against colorectal cancer. The decrease in the number of deaths from large bowel carci‐
noma observed in the United States in the last 40 years was significantly higher in women
(30%) as compared to men (7%). A link was observed between oral contraceptive use and a
reduction of colorectal cancer, whereas there was a higher than expected frequency of color‐
ectal tumors among non users [45].
Interestingly, as reported by Barone et al., although several experimental studies have con‐
firmed a protective role of estrogens for CRC, few studies have been conducted, and with
conflicting results, on the possible protective effect of estrogens against the development of
adenomatous polyps in the colon, although it is well known that the development of adeno‐
carcinoma mostly involves polyp formation [46].
Gender differences in the incidence and behavior of colorectal cancer (CRC), as well as epi‐
demiologic data indicating a protective effect of hormone replacement therapy in women,
have further supported the concept of hormonal influence on the development of CRC. It
has been suggested that the protective effect of estrogens (or phytoestrogens) may be medi‐
ated through activation of ERβ, which has been shown to be the predominant subtype of ER
in the gastrointestinal tract [47].
ERs are nuclear receptors belonging to the steroid hormone receptor superfamily which
have the characteristic of being activated upon binding of the ligand. If the ligand is not
present, ERs bind to a shock protein. Otherwise, when the ligand is present, the ERs
make a stable dimer and initiate the specific estrogenic response, with transcription of
the target genes. Two main types of ER have been identified: alfa (ERα) and beta (ERβ).
They are the so-called ligand-activated transcriptional factors through which estrogens
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exert their effects on various tissues and have a different tissue distribution. ERα is
mainly present in the mammary glands and in the utterus; ERβ is mainly present in en‐
dothelial cells, the urogenital tract, the central nervous system, and the colonic mucosa.
Experimental data have demonstrated that CRC express an elevated number of estrogen
receptors (ERs), but while ERα is detected in very low levels either in normal or patho‐
logical colonic mucosa (adenoma and carcinoma), ERβ expression is high in the normal
colonic mucosa, and progressively decreased in the pathological mucosa in relationship
to the cellular differentiation and CRC stage.
The observation that the level of ERβ protein is lower in malignant tumors than in normal
tissue of the same organ has fostered the hypothesis that ERβ may function as a tumor sup‐
pressor, protecting cells against malignant transformation and uncontrolled proliferation.
ERβ is present in various isoforms: studying different types of colonic tumoral cells, isoform
1 of ERβ is found in the Lo-Vo, HCT8, HCT116, DLD-1 and isoform 2,3,4 and 5 only in the
HCT8 and HCT116. It has not been well investigated whether the function of the various
isoforms of ERβ, but loss of the expression of isoform 1 of ERβ, is accompanied by undiffer‐
entiated proliferation, mucinous histological type, and tumor progression [48]. It is accepted
that the binding of estrogens to the ERβ blocks the activity of AP-1 on the genes involved in
the cellular proliferation and provokes an activation of p53. Conversely, SERM, such as ta‐
moxifene and raloxifene, induce an antiproliferative effect in human colorectal cell lines by a
citostatic or cytotoxic effect [49]. Several observations on the CRC cellular cultures and on
the experimental mouse with germinal mutation of APC have clarified the role of the ER
and estrogenes for colorectal cancerogenesis: 17β estadiol decreases the proliferation in vitro
of the HCT116, Lo-Vo and DLD1 cells, but increases the proliferation of the HCT8 cells.
However, the effect on the last type of cells is completely changed by increasing the level of
RRb by transfection with ERβ. The overexpression of ERβ can have an inhibitory effect on
the proliferation. In the transfected HCT8 cells the levels of CD4 and CP21, which are onco‐
suppressor genes, are significantly increased, and the level of cyclinE, which have oncogenic
activity, significantly decreased, in respect to normal HCT8 [50].
ERβ is lower in the adenomatous polyps of FAP patients and in the intestinal adenomas
which develop in APC Min+/- mouse than in the colonic normal mucosa. The restoration of
normal levels of ERβ obtained with dietary phytoestrogenes is accompained by regression
or disappearance of the polyps in the experimental animal. Patients with sporadic adenomas
in the colon show an increase of apoptoic activity, and ERβ expression of the colonic muco‐
sa, if their diet is supplemented by phytoestrogenes [45]. These data strongly support a piv‐
otal role of ERβ in a protective action against the initiation and progression of colorectal
carcinogenesis.
Many epidemiologic studies evidence a lower rate of hormone-related cancers among Asian
populations which are characterized by regular consumption of soy based foods. Soy is a
major plant source of dietary protein for humans. Among other components, soy contains
large amounts of phytoestrogens.
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As proposed for estrogens, genomic and non-genomic mechanisms have also been suggest‐
ed for phytoestrogens to explain their biological activities
As reported by several authors in the past, genomic pathways are mediated through the
ability of phytoestrogens to interact with enzymes and receptors, and cross the plasma
membrane. In this way, they bind ERs and induce the transcription of estrogen-responsive
genes, stimulate cell growth in the breast, and modify ER transcription itself. However,
some of their effects are not due to interaction with ERs, and are therefore denominated
non-genomic effects. For example: inhibition of tyrosine kinase and DNA topoisomerase,
suppression of angiogenesis, and antioxidant effects [33, 36, 46].
The bioavailability of phytoestrogens (determined by: absorption, distribution, metabo‐
lism (bioconversion in the gut and biotransformation in the liver) and escretion) and
their activity is highly variable and changes with respect to several factors, such as ad‐
ministration rules, dosage, metabolism and interaction with other pharmacological sub‐
stances. Moreover, their biological effect is influenced by the type of target tissue, the
number and type of ERs expressed in the tissue, their serum concentration, and sex ste‐
roid hormone concentration [51, 52].
Phytoestrogens, present in soy and soy-based food, may act through hormonal mechanisms
to reduce cancer risk by binding to estrogen receptors (ER) or interacting with enzymes in‐
volved in sex steroid biosynthesis and metabolism [53].
Although cancer incidence in women is much lower than in men in both countries, there is
also a difference when the 2 countries are compared. Japanese men as well as women have a
lower colorectal cancer incidence than their American counterparts, although mortality is
quite similar when related to specific incidence data. In hormone-dependent cancers such as
those of the breast and prostate, incidence is exceedingly low in Japan (and was even lower
in earlier decades) compared with that in the United States. Mortality, again in proportion to
incidence, is rather similar. Numerous reports have suggested that this difference in tumor
incidence is probably due to consumption of soy as a staple food in Asian countries in con‐
trast to Western industrialized countries. These substances, through their potential to act as
selective estrogen receptor modulators, may affect vitamin D–related inhibition of tumor
growth by upregulating extrarenal synthesis of 1,25- D3. Genistein, the most prominent
phytoestrogen in soy, is known to regulate other P450 enzymes, such as 5-reductase and 17hydroxysteroid dehydrogenase, which are essential for metabolism of sex hormones [54].
In vitro studies of DLD1 colon adenocarcinoma cells have linked the effects of soy with es‐
trogen receptor beta. Experiments conducted on this cell line, with or without ER-β gene si‐
lencing by RNA interference (RNAi), have shown that soy isoflavones decreased the
expression of proliferating cell nuclear antigen (PCNA), extracellular signal-regulated kin‐
ase (ERK)-1/2, AKT, and nuclear factor (NF)-κB. Soy isoflavones dose-dependently caused
G2/M cell cycle arrest and downregulated the expression of cyclin A. This was associated
with inhibition of cyclin dependent kinase (CDK)-4 and upregulation of its inhibitor p21 ex‐
pressions. ER-β gene silencing lowered soy isoflavone-mediated suppression of cell viability
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and proliferation. ERK-1/2 and AKT expressions were unaltered and NF-κB was modestly
upregulated by soy isoflavones after transient knockdown of ER-β expression.
Soy isoflavone-mediated arrest of cells at G2/M phase and upregulation of p21 expression
were not observed when ER-β gene was silenced. These findings suggest that maintaining
the expression of ER-β is crucial in mediating the growth-suppressive effects of soy isofla‐
vones against colon tumors. Thus, upregulation of ER-β status by specific foodborne ER-li‐
gands such as soy isoflavones could potentially be a dietary prevention or therapeutic
strategy for colon cancer [55].

4. Genistein and isoflavones: Other mechanisms of action
In addition to estrogenic/antiestrogenic activity, some mechanisms of action have been iden‐
tified for isoflavone/flavone prevention of cancer: antiproliferation, induction of cell cycle
arrest and apoptosis, prevention of oxidation, induction of detoxification enzymes, regula‐
tion of host immune system, and changes in cellular signaling [39, 56, 57]. It is expected that
also combinations of these mechanisms may contribute to cancer prevention.
Gene silencing due to the promoter methylation provides an opportunity for clinical inter‐
vention, as gene-re-expression can be induced by a variety of DNA demethylating agents.
Recent studies show that genistein may affect DNA methylation, serves as a natural deme‐
thylation agent, and that it is specifically effective on colon cancer cells from early-stage co‐
lon cancer [58]. WNT family members are highly conserved, secreted signaling molecules
that play important roles in both tumorigenesis and normal development and differentia‐
tion. Study of Hibi et al. evidences that genistein treatment affected the DNA methylation of
WNT5a, and that WNT5a downregulation is correlated with hypermethylation of its promot‐
er in human colon cancer patients [60, 59].
Moreover, genistein may inhibit cancer progression by inducing apoptosis or inhibiting pro‐
liferation, and the mechanisms by which genistein exerts its anti-tumor effects has been the
subject of considerable interest [61, 62, 63].
Genistein has been shown to induce epigenetic changes in several cancer cell lines and in the
in vivo animal models. [64].
The presence of hydroxylated and methylated genistein metabolites correlated positively
with inhibition of cancer cell proliferation, but genistein sulfates were not associated with
antiproliferative effects of genistein, suggesting that some types of metabolism of the isofla‐
vones may be crucial for their action.
Genistein is a known inhibitor of protein-tyrosine kinase (PTK), which may attenuate the
growth of cancer cells by inhibiting PTK-mediated signaling mechanisms [65]. Sakla et al.
(2007) recently reported that genistein inhibits the protooncogene HER-2 protein tyrosine
phosphorylation in breast cancer cells as well as delaying tumor onset in transgenic mice
that overexpress the HER-2 gene. These data support its potential anti-cancer role in chemo‐
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therapy of breast cancer. However, effects independent of this activity have also been dem‐
onstrated [66, 67].
Soy isoflavone supplemented diets also prevented the development of adenocarcinomas in
the prostate and seminal vesicles in a rat carcinogenesis model [68].
Phytoestrogens, present in soy based food, may act through hormonal mechanisms to
reduce cancer risk by binding to estrogen receptors (ER) or interacting with enzymes in‐
volved in sex steroid biosynthesis and metabolism [53]. Moreover, genistein may inhibit
cancer progression by inducing apoptosis or inhibiting proliferation, and the mecha‐
nisms by which genistein exerts its anti-tumor effects have been the subject of consider‐
able interest [61, 62, 63].
Studies demonstrate that ERβ is highly expressed in superficial and crypt epithelium of the
normal colon in both genders. ERβ expression was highly correlated among all cell types in
both genders, and the strongest correlation was observed between surface and crypt ERβ ex‐
pression. This finding suggests that there may be an intersubject difference in ERβ expres‐
sion that is manifested in all cell types. ERβ expression was significantly lower in colon
cancer cells compared with normal colonic epithelium, and there was a progressive decline
in ERβ expression that paralleled the loss of cancer cell differentiation. The present findings
are consonant with previous results reported by Foley and colleagues [69], who also detect‐
ed a loss of ERβ protein expression in malignant colon tissue by western immunoblotting.
Another immunohistochemical study of ERβ in 55 patients with colorectal adenocarcinomas
showed that 32% of all tumors in both genders were ERβ-negative; the 10% cut-off threshold
was used to distinguish ERβ-positive from negative tumors [70].
Studies conducted with ER subtype-specific ligands and those performed with estrogen re‐
ceptor b-knockout mice (ERβKOs) have illustrated the involvement of ERβ in cellular antiinflammatory pathways and tissue homeostasis in the colon. These results suggest that ERβspecific ligands may be promising targets in the pharmaceutical and therapeutical treatment
of inflammatory bowel disease and the prevention of CRC. ERβKOs suggest that ERβ-spe‐
cific agonists and ERβ-selective phytoestrogens like genistein (GEN) and coumestrol may
serve as potential regulators of intestinal tissue homeostasis [71, 72, 73].
Schleipen et al. investigate the influence of ERα and ERβ-specific agonists, and of genestein
on cell proliferation and apoptosis of the small intestine and the colon. Recent data indicate
that ERβ-specific agonists and GEN inhibit epithelial proliferation of the prostate and mam‐
mary gland, and can even impede prostate cancer development [74, 76, 75]. It can therefore
be assumed that ERβ-specific agonists may also inhibit the proliferation of the intestinal epi‐
thelium. To prove this hypothesis in the study, ovariectomized rats were treated with 17βEstradiol (E2), the phytoestrogen GEN and ER subtype-specific agonists for ERα and ERβ
for 3 weeks.
Genistein has been shown to induce epigenetic changes in several cancer cell lines and in in
vivo animal models [64]. Recent studies show that genistein may affect DNA methylation,
serves as a natural demethylation agent, and is specifically effective on colon cancer cells
from early-stage colon cancer [58].
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WNT family members are highly conserved, secreted signaling molecules that play impor‐
tant roles in both tumorigenesis and normal development and differentiation. Study of Hibi
et al. evidence that genistein treatment affected the DNA methylation of WNT5a, and that
WNT5a down-regulation is correlated with hypermethylation of its promoter in human co‐
lon cancer patients [59, 60]. Aberrant WNT signaling is considered one of the most correlat‐
ed factors in over 90% of both benign and malignant colorectal tumors [77].
Many epigenetic silencing and activating events have been discovered in the WNT pathway
that are also related to aberrant WNT signaling, including aberrant expression of sFRP1,
DKK1, and APC [78, 79]. Therefore, Wang and Chen investigate the effect of genistein on
WNT pathway regulation in colon cancer development [58]. This study showed that: genis‐
tein treatment selectively induced WNT5a expression in specific colon cancer cell lines;
WNT5a showed the lowest expression compared to other more advanced tumor cell lines;
and the novel finding that WNT5a mRNA expression was upregulated by genistein in this
early-stage colon cancer cell line.
These results support the notion that genistein serves as a natural demethylation agent and
that it is specifically effective on colon cancer cells from early-stage colon cancer. Genistein
treatment affected the DNA methylation of WNT5a. It has been shown that WNT5a downre‐
gulation is correlated with hypermethylation of its promoter in human colon cancer patients
[59, 60].
Wang and Chen studies showed that the time dependent induction of WNT5a by genistein
in colon cancer cell line SW 1116 was correlated with decreased methylation of a CpG island
within its promoter, as determined by bisulfate sequencing [58].
Demethylation of CpGs inhibition of Dnmt and MBD2 activity, and activation of the histo‐
nes by acetylation and demethylation at the BTG3 promoter followed by genistein treat‐
ment, were observed in renal cancer cells [80]. Using the mouse differential methylation
hybridization array, alteration of DNA methylation in specific genes in mice was observed
following feeding of a diet containing genistein compared to that in mice fed a control ca‐
sein diet [81].
Other direct evidence that genistein affected DNA methylation was that maternal exposure
to dietary genistein altered the epigenome of offspring in viable yellow agouti (Avy/a) mice.
Overall, the potential of genistein as an effective epigenome modifier, which may greatly
impact CRC metastasis, highlights the potential ability of dietary genistein to improve CRC
prognosis [82].
Downregulation by promoter hypermethylation occurs in cell lines from earlier stages of co‐
lon cancer but not in cell lines from later stages.
These findings suggest that maintaining the expression of ER-β is crucial in mediating the
growth-suppressive effects of soy isoflavones against colon tumors. Upregulation of ER-β
by specific foodborne ER-ligands, such as soy isoflavones, could potentially be a dietary pre‐
vention strategy for colon cancer. [55].
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Genistein has been shown to inhibit cancer metastasis through its ability to regulate
nearly every step of the metastatic cascade, including cell adhesion, migration invasion,
and angiogenesis. The effect of genistein on the metastaic cascade involves many meta‐
stasis suppressor or related signaling pathways, such as NFKappaB. Genistein can affect
both of these processes, as well as modulate key regulatory protein such as Akt and
nuclear factor κB (NF-κB). In general, low-to-mid micro molar concentrations of genis‐
tein are required for these effects in cell-culture-based models, although, interestingly,
effects in animal models have been observed at lower concentrations. Genistein inhibits
critical pathways in cancer invasion and can specifically target MEK4. This inhibition re‐
sults in inactivation of the MEK4 pathway, decreased MMP-2 production, and de‐
creased cell invasion. Genistein also activates Smad1, which is activated by the endoglin
signaling pathway, and causes decreased cell invasion. Additionally, genistein inhibits
FAK activation, resulting in increased cell adhesion. At this time, it is unclear whether
the activation of Smad1 and FAK are due to genistein’s inhibition of MEK4 or via a
different signaling mechanism [83].
Several reports have demonstrated that genistein can induce cell cycle arrest and that it can
therapeutically modulate key regulator cell cycle proteins at concentrations ranging from 5
to 200 μM [84]. It is important to note that these concentrations are greater than the blood
levels that are observed with dietary consumption, indicating that this is likely not the pri‐
mary mechanism by which genistein inhibits metastasis. However, it is theoretically possi‐
ble to achieve these levels in humans, and various animal studies have also demonstrated
that genistein can reduce the primary tumor size in certain contexts.
Studies by Wentao et al. show that genistein inhibits EGF induced loss of FOXO3 activ‐
ity by targeting the PI3K/ Akt pathway. Downstream, genistein inhibits EGF induced
FOXO3 disassociation from p53(mut), which further promotes FOXO3 activity and leads
to increased expression of the p27kip1 cell cycle inhibitor, which inhibits proliferation
in colon cancer cells. The author demonstrated that one of the anti-proliferative mecha‐
nisms of genistein in colon cancer cells is to promote FOXO3 activity by inhibiting EGFinduced FOXO3 phosphorylation (inactivation) via the PI3K/Akt pathway. Active
FOXO3 negatively regulates proliferation of colon cancer cells and shows that its inacti‐
vation is an essential step in EGF-mediated proliferation [85, 86].

5. Conclusion
Several studies shown that consumption of fiber, fresh fruit and vegetables, a high-calcium
diet could have a protective effect on the increased risk of colorectal cancer, and suggest that
much of the suffering and death from cancer could be prevented by consuming a healthy
diet, reducing tobacco use, performing regular physical activity, and maintaining an optimal
body weight [5].
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Soy is one of the most consumed foods worldwide. Soy foods contain larger amounts of
phytoestrogens of which the isoflavon genistein is surely the biologically most important.
This compound, in recent years, has received much attention in the field of oncology re‐
search, as it exerts a wide range of biological effects of direct relevance to cancer.
Phytoestrogens and in particular genistein, have shown to be an important tool for the in‐
hibition of cancer metastasis, exerting effects on both the initial steps of primary tumor
growth as well as the later steps of the metastatic cascade.
The international literature suggests that phytoestrogens have potentially a high clinical im‐
pact and the expansion of knowledge on soy, soy foods, and soy products will lead to novel
future developments in the field of cancer treatment.
Phytoestrogens in soy foods
Foods

Total isoflavons (mg/100 g)

Miso

41.45

Natto

82.29

Roasted soybeans

148.50

Soy beans

154.53

Soy cheese american

17.95

Soy flour (textured)

172.55

Soy milk

10-200

Soy milk curd, dried

83.30

Soy milk fortified or unfortified

10.73

Soy milk skin or film (Foo jook or yuba), cooked

44.67

Soy milk skin or film (Foo jook or yuba), raw

196.05

Soy protein concentrate

94.65

Soy protein drink

81.65

Soy protein isolate

91.05

Soy yogurth

33.17

Tempeh

60.61

Tofu (dried frozen)

83.20

Tofu raw regular with calcium and sulphate

22.73

Tofu yogurt

16.30

Table 1. Isoflavone Content of Selected Soy Foods (USDA Database 2008)
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Figure 1. Chemical structures of soy phytoestrogens are similar to17 beta estadiol
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Chapter 5

Bowman-Birk Protease Inhibitor as a
Potential Oral Therapy for Multiple Sclerosis
Farinaz Safavi and Abdolmohamad Rostami
Additional information is available at the end of the chapter
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1. Introduction
1.1. The Bowman-Birk Protease Inhibitor (BBI)
Legume seeds contain different kinds of proteins and protease inhibitors. Serine proteases
are a large sub-group of the protease family [1] and they play a role in various pathological
conditions such as cancer and thrombotic and inflammatory diseases [2]. Thus they are ex‐
cellent targets for treatment of many disorders.
Various plant species and, in particular, legumes contain a great number of serine protease
inhibitors. The Bowman-Birk protease inhibitor belongs to a family of serine protease inhibi‐
tors that has been widely studied for the past 60 years [3, 4].
The soybean-derived Bowman-Birk protease inhibitor (BBI) is a small protein consisting of
71 amino acids and 7 disulfide bonds [4]. BBI is a double-headed serine protease inhibitor,
with two functional active sites at opposite sides of the molecule, which inhibits both trypsin
and chymotrypsin-like proteases [1,3] (Figure 1). It is a water-soluble protein that is resistant
to acidic conditions and proteolytic enzymes [3]. These characteristics make it a good candi‐
date for use as an oral agent for therapeutic purposes.
Crude soybean contains a small amount of BBI and may have components that counter
some of the beneficial effects of BBI. Bowman-Birk Inhibitor Concentrate (BBIC) is a soybean
extract enriched in BBI [5]. Researchers prefer to use BBIC in their studies because a smaller
amount of BBIC contains the proposed dose of BBI compared to crude soybean.
In rodents, BBI is detectable in the blood, tissue and urine after ingestion [6]. Interestingly,
BBI can be detected in the central nervous system (CNS) of animals even when the blood-
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brain barrier is intact. In human studies, although the BBI level could not be detected in
blood after oral BBIC dosing, it could be measured in urine [6].

Figure 1. Crystal structure of soybean-derived Bowman-Birk protease inhibitor

The ability of certain serine protease inhibitors to prevent the malignant transformation of
cells was shown two decades ago [7, 8]. BBI prevents/suppresses carcinogenesis in a variety
of in vitro and in vivo systems [8, 9].
Several human clinical trials to evaluate the effect of BBIC have been completed or are in
progress [10-12]. To date, in completed clinical trials, neither toxicity nor neutralizing anti‐
bodies against BBIC have been reported in patients receiving BBIC [9].

2. Multiple Sclerosis (MS)
MS is the second cause of disability in young adults and is considered to be a demyelinating
disease of the central nervous system (CNS) along with chronic inflammation, demyelina‐
tion and gliosis [13]. Lesions are characterized by periventricular cuffing and infiltration
consisting mainly of T lymphocytes and macrophages, leading to myelin destruction. Re‐
cently neuronal degeneration and axonal involvement have also been shown in MS lesions
[14]. Current findings therefore raise some doubts about the original assumption that MS is
exclusively a white matter disease.
Based on the MS inflammatory phenotype, it has been considered an autoimmune disorder
in which peripherally activated myelin-reactive T cells enter the CNS and begin an immuno‐
logic cascade that subsequently causes myelin damage.

Bowman-Birk Protease Inhibitor as a Potential Oral Therapy for Multiple Sclerosis
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Activated antigen presenting cells (APCs) and auto-reactive T cells produce pro-inflamma‐
tory cytokines, including IL-23, IFN-γ, TNF-α, IL-17, that enhance cell-mediated immunity
in the CNS [15-17]. Conversely, other cytokines, such as IL-10, IL-27, IL-4 and TGF-β, play
an immunoregulatory role and may be protective in MS [17-20].
Despite extensive research, only a few pharmacotherapeutic agents (e.g., IFN-β, glatiramer
acetate, and mitoxantrone) are available, all of which are administered by injection, demon‐
strate mild to moderate efficacy and have potential side effects [21,22]. A new oral therapeu‐
tic agent (Fingolimod) was approved by the FDA and shows potential benefits in MS
patients [23].
Recently, in two phase three clinical trials, BG-12 (dimethyl fumarate), a newly proposed or‐
al drug for the treatment of multiple sclerosis, showed a significant reduction in relapse rate
and number of MRI lesions in treated patients compared to the placebo group [68, 69].
Development of a new, effective and oral therapy for MS, with fewer side effects, is there‐
fore desirable.

3. Experimental Autoimmune Encephalomyelitis (EAE)
Experimental Autoimmune Encephalomyelitis (EAE) is an autoimmune animal model of
MS. Immunization with myelin peptides in different strains of mice induces chronic or re‐
lapsing types of the disease, which makes EAE a good tool for studying disease mechanisms
and testing therapeutic agents [24] To date, three of the four therapies currently approved
for MS were first tested in this animal model [24].
After immunization with myelin protein, APCs present myelin on the surface of MHC II
and produce pro-inflammatory cytokines. Dendritic cell-derived IL-12 and IL-23 lead to de‐
velopment of myelin-specific Th1 and Th17 cells, respectively. Th1 and Th17 cells are the
two main culprits in pathogenesis of EAE and MS [25]. Auto-reactive T cells enter the CNS
and facilitate recruitment of other immune cells such as monocytes and neutrophils. Accu‐
mulation of inflammatory cells within the CNS promotes myelin damage, axonal loss and
clinical manifestations in affected animals [24].
Recently it has been shown that dendritic cells are also able to produce another cytokine
from the IL-12 family called IL-27. Compared with IL-12 and IL-23, IL-27 elicits different im‐
munoregulatory effects. IL-27 inhibits encephalitogenicity of T cells and suppresses EAE
disease [26]. In addition, it stimulates IL-10 production in T cells and induces Tr1 cells [17].
IL-10 is a widely studied immunoregulatory cytokine, which virtually all immune cells are
able, in different conditions, to release and which suppresses inflammatory response [27].
IL-10 also plays a significant role in suppression of EAE [28-30].
In general, if a therapeutic agent is able to stimulate IL-10 production and Tr1 cells, it could
be an excellent candidate for MS therapy.

99

100

Soybean - Bio-Active Compounds

4. Proteases in inflammation
Several proteases are associated with the pathogenesis of inflammatory disorders [24, 31].
Proteolytic enzymes are involved in activation and migration of immune cells, cytokine and
chemokine activation/inactivation and complement function [32].
Various studies demonstrate that neutrophil serine proteases induce proinflammatory activ‐
ity of both IL-32 and IL-33 cytokines [33, 34]. They are also able to convert inactive forms of
IL-1 and IL-18 to the active form of these cytokines [35]. Cytotoxic T cell-derived proteases
called granzymes are also involved in inflammation. Granzymes promote T cell entry into
the site of inflammation. In addition, they stimulate B cell proliferation [36].
The complement cascade contains different enzymes that activate each other and proteases
that play a role in initiation of the cascade, which results in formation of the membrane at‐
tack complex [37].
In general, proteases are involved in all aspects of the immune response and play a signifi‐
cant role in inflammation.

5. Proteases in pathogenesis of EAE and MS
Modulators of neuronal and endogenous proteolysis show a different pattern in spinal cords
of EAE rats compared to control animals. This finding indicates higher activity of some pro‐
teases in EAE than in control groups, which makes specific proteases good potential bio‐
markers for disease activity or therapeutic targets in the EAE model and MS [38]. Various
types of proteases, including lysosomal proteases and matrix metalloproteinases (MMPs),
are highly expressed in MS lesions [24, 39-42]. Serine proteases such as plasmin, cathepsin
G, chymase and trypsin activate inert MMP proenzymes to their active forms [24, 41, 42].
GelatinaseB (MMP-9] increases the number of leukocytes entering the site of inflammation
and promotes myelin breakdown [39, 43]. Plasmin is a serine protease that mainly partici‐
pates in the coagulation cascade. It has been demonstrated that plasmin directly induces
myelin destruction and demyelination [44].
Levels of gelatinase and tissue plasminogen activator (t-PA) are also increased in MS lesions
and in the cerebrospinal fluid (CSF) of active MS patients [46, 47]. Reactive astrocytes and
infiltrating lymphocytes, macrophages and microglia express MMP-2, MMP-9 and t-PA in
early active MS plaques [24, 41, 45, 47].

6. Anti-inflammatory effects of BBI
BBI suppresses the function of several proteases such as leukocyte elastase, trypsin and hu‐
man cathepsin G released from human inflammatory cells. [48-50]. Mast cell chymase stimu‐
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lates migration of lymphocytes and purified T cells, and BBI inhibits this enzyme quite
efficiently [49]. In addition, BBI significantly suppresses the chemotactic activity of chymase,
thus suppressing lymphocyte migration [51].
Stimulated human polymorphonuclear leukocytes produce reactive oxygen species (super‐
oxide and hydrogen peroxide) that may damage cell membranes by reacting with phoso‐
pholipids to form peroxides [52]. BBI is able to suppress the production of reactive oxygen
species and inhibits their destructive effects [53]. Macrophage-derived proteases and free
radicals are also associated with inflammation. BBI down-regulates NO and PGE2 inflam‐
matory pathways in LPS-activated macrophages [54]. Activated macrophages also induce
neurotoxicity in the CNS. Anti-inflammatory effects of BBI prevent macrophage-induced
neurotoxicity [55].
Serine protease inhibitors can prevent conversion of pro-MMPs to enzymatically active
forms [56, 57]. BBI inhibits generation of active MMP-1 and MMP-9 in vitro, and BBIC re‐
duces MMP-2 and -9 activity in supernatants of spleen cells [58].
The aforementioned mechanisms may be particularly relevant in the context of the patho‐
genesis of multiple sclerosis and myelin destruction in the CNS.
BBI may have significant immunomodulatory effects and can be an excellent potential can‐
didate for treatment of inflammatory and autoimmune diseases.

7. BBI and other protease inhibitors in treatment of inflammatory disease
The role of proteases in inflammation has been reviewed in previous sections. Based on the
fact that proteases are actively involved in inflammation, they can be a good therapeutic tar‐
get in suppression of inflammatory response and treatment of inflammatory diseases.
RWJ-355871 is a synthetic protease inhibitor that effectively suppresses allergic inflammato‐
ry diseases of the respiratory system [59]. 4-(2-Aminoethyl) benzenesulfonyl fluoride
(AEBSF) is another protease inhibitor that attenuates ovalbumin-induced allergic airway in‐
flammation in its animal model [60].
Several studies have reported that protease inhibitors diminish inflammatory response in in‐
flammatory bowel diseases [1]. Nafamostat is a serine protease inhibitor that suppresses
dextran sulfate sodium-induced colitis and diminishes inflammatory infiltration in the colon
[61]. BBI is able to suppress gland inflammation in the gastrointestinal tract and shows a
strong anti-inflammatory effect in the acute colitis model [62]. In addition, in a completed
clinical trial [12], BBI demonstrates anti-inflammatory effects and a degree of amelioration of
clinical disease and remission rate in patients with ulcerative colitis. We have also shown
that administration of oral BBIC significantly inhibits experimental autoimmune neuritis
(EAN) in rats [63, 64].
All of the above findings show the potential immunomodulatory and therapeutic effect of
BBI in autoimmune diseases.
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8. Immunoregulatory effect of BBI in the EAE model
We have shown that oral treatment of BBIC in MBP-induced EAE in rats, reduces disease
severity from clinical score 3 (complete hind limb paralysis) to less than 1 (flaccid tail) com‐
pared to control animals. In addition, BBIC treatment significantly diminished demyelina‐
tion in the peripheral nerve tissue of treated animals [58]. We have also shown that both BBI
and BBIC suppress clinical and pathologic manifestations of chronic and relapsing EAE in
B6 and SJL mice. In addition, the therapeutic effect of oral BBI is dose-dependent, and oral
administration of higher amounts of BBI inhibits EAE more efficiently [65] (Figure 1).
BBI treatment also decreased pathogenicity of myelin-reactive T cells and induced milder
disease in the adoptively transferred EAE model (unpublished data).

Figure 2. Effect of oral BBI compared to PBS treatment in EAE. Mice that received BBI showed significantly less severe
disease compared to control group. The therapeutic effect of BBI is dose-dependent. Elsevier Publications Ltd. has
kindly granted us permission to reproduce this figure from Touil et al., 2008.

BBI inhibits invasion of immune cells through the blood-brain barrier (BBB). BBI-treated
mice showed dramatically lower numbers of CNS-infiltrating MNCs than control animals
[58, 65, 66]. In addition, BBI suppresses generation of active MMP-1 and MMP-9 in vitro,
and BBIC reduces MMP-2 and -9 activity in supernatants of spleen cells [58]. Consistent
with other findings, BBI decreased migration of splenocytes in Boyden’s chamber assay [65].
However, BBI may inhibit release of active MMP-2 and MMP-9 at the blood-brain barrier
and prevent immune cell infiltration into the CNS; it might decrease expression of adhesion
molecules on immune cells or invasiveness of immune cells, resulting in an altered cytokine
pattern of inflammatory cells that hinders their migration from peripheral immune organs
to the site of inflammation.
In order to clarify immunoregulatory mechanisms of BBI, the direct effect of BBI on immune
cells was evaluated, and it was shown that splenocytes produce a higher amount of IL-10
following BBI treatment [65, 66]. Several reports have demonstrated the immunoregulatory
effect of IL-10 in the EAE model of multiple sclerosis. To determine whether the immuno‐
modulatory effect of BBI depends on IL-10, we have compared the therapeutic effect of oral
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BBI in EAE in WT and IL-10 KO mice. Although BBI-treated WT mice showed less severe
disease, BBI treatment did not affect clinical disease in BBI-treated IL-10 KO mice compared
to the control group [66] (Figure 3).

Figure 3. Effect of oral BBI compared to PBS treatment in EAE in WT and IL-10 KO mice. Although BBI-treated WT mice
showed significantly less severe disease compared to the control group, there was no significant difference in treated and
control IL-10 KO mice. Figure reproduced from Dai et al., 2012 with the kind permission of Elsevier Publications Ltd.

Different types of immune cells can release IL-10 cytokine [27]. However, BBI treatment in‐
duces IL-10 mainly in CD4+ T cells [66]; it increases IL-10 production in CD8+ T cells (unpub‐
lished data), demonstrating that BBI has a strong ability to activate IL-10 producing
pathways in T cells. Exploring these underlying mechanisms will be a major focus of our fu‐
ture studies.

Figure 4. Higher expression of Foxp3+ Treg cells in CNS infiltrating cells after oral treatment with BBI, Figure repro‐
duced from Dai et al., 2012 with the kind permission of Elsevier Publications Ltd.

Treg cells are a subgroup of CD4+ T cells that expresses the Foxp3+ transcription factor. They
produce IL-10 in the CNS and can suppress EAE disease [67]. Oral administration of BBI al‐
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so induces Treg cells in the CNS, which might be one of the underlying mechanisms of the
therapeutic effect of BBI in EAE [66] (Figure 4)
BBI also induces IL-10 in other types of effector T cells, and the immunomodulatory effect of
BBI might be related to an increase in Tr1 cells. Should this be the case, BBI can be used to in‐
duce regulatory T cells and for treatment of autoimmune diseases such as multiple sclerosis.

9. Conclusion
BBI is a soybean-derived serine protease inhibitor. It can be administered orally with several
immunomodulatory characteristics and no major side effects. Our observations have shown
that BBI dramatically decreases severity of EAE and that its therapeutic effect is mediated
through IL-10. In addition, BBI decreases infiltration of inflammatory cells across the BBB
and inflammation in the CNS. BBI has potential as a safe and effective oral therapy for mul‐
tiple sclerosis and other autoimmune diseases.
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1. Introduction
Plant-based sources of hydrocarbons are being considered as alternatives to petrochemicals
because of the need to conserve petroleum resources for reasons of national security and cli‐
mate change [1]. Changes in fuel formulations to include ethanol from corn sugar and meth‐
yl esters from agricultural products are examples of this policy in the United States and
elsewhere as biofuels from efficiently grown and processed biomass are claimed to be car‐
bon neutral. In the United States, the mandate to include biofuels has been implemented as
the Renewable Fuels Standards (RFS1 and RFS2) [2] with biobased diesel fuel as one of the
categories. The production of biodiesel in the United States has varied considerably over the
last few years, but was 241x106 gallons in the first quarter of 2012, a high number but one
that still only represents 2% of the total volume of diesel fuel produced for heating and vehi‐
cles [3]. Most of the biodiesel comes from soybean oil, more than double the contribution of
the other major feedstocks combined: canola oil, yellow grease, and tallow.
Replacements for commodity chemicals are also being considered, as this value stream
represents much of the profit for the oil industry and one that would be affected by short‐
ages in oil or other fossil fuels. While the discovery of large amounts of natural gas asso‐
ciated with oil shale deposits have reduced this as an immediate concern for instance the
estimated recoverable reserves in the Western US have now reached 800x109bbls [4] -re‐
search into bio-based feedstock materials continues for the expected long-term benefit. In
particular, this chapter reviews a literature on the conversion of bio-based extracts to hy‐
drocarbons for fuels and for building block commodity chemicals, with a focus on soy‐
bean derived products.

©
is is
a paper
distributed
underdistributed
the terms of
the Creative
Commons
© 2013
2013 McFarlane;
McFarlane;licensee
licenseeInTech.
InTech.This
This
an open
access article
under
the terms
of the Creative
Attribution
License (http://creativecommons.org/licenses/by/3.0),
which permitswhich
unrestricted
Commons Attribution
License (http://creativecommons.org/licenses/by/3.0),
permitsuse,
unrestricted use,
distribution,
the
original
work
is properly
cited.
distribution,and
andreproduction
reproductionininany
anymedium,
medium,provided
provided
the
original
work
is properly
cited.

112

Soybean - Bio-Active Compounds

2. Fuels
Although commercially produced, more economical conversion of methyl esters from soy‐
bean triglycerides is an active area of research to make the product more cost competitive in
comparison with standard petrochemical diesel [5]. The processes of esterification and trans‐
esterification to produce methyl esters that can be burned directly in compression -gnition
engines has been reviewed elsewhere [6, 7].The fatty acid chains on the lipid molecule that
constitutes soybean oil, also called a triacylglycerol or TAG, are split from the glycerol back‐
bone and esterified with an alcohol, generally methanol, in the presence of a homogeneous
base or acid catalyst, Reaction 1.
Commercial processing of biodiesel through homogeneous catalysis suffers from high feed‐
stock costs and batch processing that requires long residence times to achieve good conver‐
sion. Hence, ongoing research continues to explore methods how to best use low-quality
feedstocks, and to reduce the reagent requirements, energy usage, processing time, and com‐
plexity [8]. Figure 1 shows results from simulation of a continuous process to make biodiesel,
varying temperature (a) and methanol content (b) to determine conditions for the optimal pro‐
duction of high quality grade biodiesel. As the process is limited by kinetics and mass trans‐
fer, the effect of mixing has also been investigated by considering the available volume
fraction of reagents (c) [9], defined as the molar ratio of reagents in the reaction zone versus the
overall reagent volume in the vessel. The available volume can be changed by increasing the
contact zone between the immiscible reagents where the reactions take place. The interfacial
surface area is dependent on the intensity of mixing in the multiphase system. Interfacial area
can also be increased by reducing the size of the dispersed phase droplets, such as by bub‐
bling reagent methanol into the oil through a frit. Novel approaches to biodiesel production
continue to be explored, particularly for lower grade and waste feedstocks, such as the direct
extraction of fatty acid chains through use of a solvent such as an ionic liquid to pretreat esteri‐
fication to the methyl ester [10]. Other work has examined methanol-based transesterification
of waste cooking oil under quite mild conditions (110°C in 2 h) in contact with tungsten oxide
solid acid catalysts, giving yields of fatty acid methyl esters (FAME) that are close to the Amer‐
ican Society of Testing and Materials (ASTM) standard for biodiesel [11]. The authors of that
study, Komintarachat and Chuepeng, reported several advantages of working with a WOx/
Al2O3 catalyst. Prior separation of free fatty acids, in their sample of waste cooking oil report‐
ed as 15%, was not necessary to achieve high yields in a one step process. In addition, they
found the catalyst has desirable properties for scale-up, being low cost, reusable, and less reac‐
tive than traditional homogeneous catalysts.
The choice of acid or base homogeneous catalysis depends on the concentration of free fatty
acids (FFA) in the triglyceride feedstock. Virgin soybean oil has a low FFA content, <4%, and
so can be converted to biodiesel by transesterification without an acid-catalyzed esterifica‐
tion pretreatment. However, oil that has been degraded by heat, such as waste oil, requires a
two-step conversion. FFA produced during heating have to be esterified, otherwise they be‐
come saponified during transesterification. New processes are being developed to simplify
the conversion of waste oil, such as the use of a supported heteropolyacid catalyst that si‐
multaneously promotes both the esterification and transesterification processes [13].
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Figure 1. Results of parametric studies on methyl ester production in a continuous reactor showing (a) asymptotic ap‐
proach to a maximum yield with methanol-to-oil molar ratio and (b) with reactor temperature. The dependence of
yield on volume fraction simulated the effect of mixing in the reactor. These calculations were programmed in Mat‐
Lab® [12], for nominal reaction conditions of 50°C, 7:1 methanol-to-oil molar ratio, and an effective reaction volume
of 60% [9].

C3 H 5 (CO2 R1 )(CO2 R 2 )(CO2 R 3 ) + CH 3OH ® CH 3O2 R1 + C3 H 5 (OH )(CO2 R 2 )(CO2 R 3 )
C3 H 5 (OH )(CO2 R 2 )(CO2 R 3 ) + CH 3OH ® CH 3O2 R 2 + C3 H 5 (OH )2 (CO2 R 3 )
3

(1)

3

C3 H 5 (OH )2 (CO2 R ) + CH 3OH ® CH 3O2 R + C3 H 8O3
Triglyceride + 3 Methanoln3 Methyl Esters + Glycerine
The chemical conversion to FAME produces a low viscosity, high-cetane number fuel that can
be mixed directly with conventional diesel. The physical properties of diesel and biodiesel, or
FAME, are compared in Table 1 [14]. The properties in the table are given for the liquid phase
at 25°C and for vapor phase at 527°C, corresponding to pre-ignition conditions in a compres‐
sion ignition engine. Although similar in carbon chain length and cetane number, biodiesel
differs from diesel significantly in its vapor pressure, liquid viscosity, and vapor diffusion co‐
efficient. The properties of the biodiesel depend on the length and unsaturation of the fatty
acid chains, Table 1. Where the data are lacking for the soybean-derived methyl esters, the va‐
por phase properties for biodiesel have been replaced by those of methyl oleate.
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Physical Property

Diesel*

Biodiesel*

Density [kg·m-3]

762*

884*

vapor pressure [Pa]

2.22*

6.10x10-5-1.18x10-3*

surface tension [J·m-2]

2.68x10-2*

2.49x10-2*

liquid viscosity [Pa·s]

3.14 x10-3*

9.10 x10-3*

0.144*

0.100*

latent heat [J·kg-1]

3.60x105*

3.38x105***

liquid specific heat [J·kg-1·K-1]

2.27x103*

2.01x103*

0.643#

0.848#

vapor diffusion coefficient [m2·s-1]

8.50x10-6#

9.44x10-7#

vapor viscosity [Pa·s]

1.00 x10-5#

1.21 x10-5**#

vapor thermal conductivity [J·m-1·s-1·K-1]

4.35x10-2#

2.60x10-2#

liquid thermal conductivity [J·m-1·s-1·K-1]

vapor specific heat [kJ·mol-1·K-1]

* Values at 25°C for liquids
# Values at 527°C for vapors
** Values for methyl oleate as a representative biodiesel component.
Table 1. Diesel (C14H30) versus biodiesel properties at 25 or 527°C

Although successfully blended up to 20 volume% for commercial and military use [16],
methyl ester content in vehicle fuel is limited by a number of factors, including the perform‐
ance in cold weather, the effect of oxygen content on engine components (particularly in the
case of older engines), shelf-life and thermal stability [17], and higher NOx emissions from
engines that are not tuned to handle the higher temperature conditions of methyl ester com‐
bustion [18]. Results from simulations presented in Figures 2 and 3 show on a microscopic
scale how the combustion of biodiesel can differ from diesel (represented as n-heptane in
the engine simulations) in terms of temperature and emissions [15]. The development of en‐
gines that can accommodate biodiesel have focused on the effects of physical properties on
spray parameters and droplet formation that will greatly affect the ignition conditions and
combustion characteristics, Figures 2 and 3, and enhanced by early oxidation in the low tem‐
perature heat release phase of combustion, Figure 4. Figure 4 shows the progression of the
combustion of 20% biodiesel as a function of crank angle position, with 360° corresponding
to top-dead-center. The key radicals in the low temperature heat release portion of the cycle
include OH• and HO2• , but OH• dominates after the main ignition event.
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Figure 2. Predicted differences in the temperature in n-heptane and biodiesel combustion after injection into the cyl‐
inder. The n-heptane, representing diesel fuel, shows combustion occurring very rapidly after injection, 2x10-8s. The
biodiesel, while slower to vaporize and ignite, shows a higher temperature at 12 ms after injection. The simulations
were done assuming a cycle of 2000 Rev/min. The temperature key in the upper right is given in degrees K. Reprinted
with permission from SAE paper 2008-01-1378 Copyright © 2008 SAE International [15].

These factors have led to interest in synthesizing a hydrocarbon fuel starting with methyl
esters, a so-called “green diesel” that will maintain the high cetane number of biodiesel, but
will achieve better performance in an automobile: through enhanced mixing, injection, and
combustion; reduced downstream issues such as NOx emissions; and better upstream han‐
dling associated with fuel manufacture and distribution. Bunting and colleagues have re‐
viewed the development of fungible and compatible biofuels [20]. That report considers a
wide variety of products, from ethanol to pyrolysis oils as well as soy-derived biodiesel.
Concerns that arise when developing alternative fuels include refining, blending, and distri‐
bution, regulatory barriers, verification of performance, and changes in operating practices
throughout the distribution system. In this chapter, we focus on the chemistry of the fuel.
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Figure 3. Predicted differences in the CO concentration in n-heptane and biodiesel combustion after injection into the
cylinder. As with the temperature profiles, the production of CO from biodiesel lagged that from n-heptane during
the event. However, the final concentration of CO was higher for biodiesel than for n-heptane. The CO concentration
key in the upper right is given in mole fraction. Reprinted with permission from SAE paper 2008-01-1378 Copyright ©
2008 SAE International [15].

Unsaturated methyl esters have more affinity for water and contaminants than does hexade‐
cane, a typical component of diesel fuel. Water affinity is often expressed in the form of the
octanol-water distribution coefficient or Kow, with lower values of Kow indicating more hy‐
drophilic compounds, Kow=moles(octanol)/moles(water). Kow values for a few select compo‐
nents of fossil-based diesel [21] and long chain methyl esters typical of those derived from
soy oil [22] are presented in Table 2. Water can be problematic in fuel distribution systems
which are made of low carbon or low grade stainless steel, but water can be gravity separat‐
ed when the fuel is held in storage vessels. Separation is less likely to occur with oxygenated
fuels, particularly those that have degraded to shorter chain components through autooxi‐
dation. Because of the issues with materials compatibility, potential contamination of pipe‐
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lines by residues, and high viscosity at low temperatures, biodiesel must be added to
standard diesel fuel at a terminal loading facility, where the fuel is mixed and then loaded
onto trucks for distribution. However, mixing at a distribution terminal affords less quality
control than at a refinery, with the latter having the ability for online testing of properties
and composition, followed by adjustment to meet ASTM specifications if necessary [23].

Figure 4. Combustion of a 20% blend of methyl butanoate (simulating biodiesel) and n-heptane (simulating petrole‐
um diesel) showing the importance of reactive species during different times of the cycle [19].

Biodiesel derived from soybean oil comprises long fatty acid chains, C16-C18, with a high
cetane number, and a high degree of unsaturation, 84-87%, for better cold flow properties
(reduced viscosity) relative to other plant-based methyl esters. However, the unsaturation
can also lead to issues with shelf life and thermal stability [28] in comparison with more
hydrogenated oils such as palm oil. The process of oxidation and its effects on the proper‐
ties of biodiesel has been studied using chemical and thermal analysis by Tan and collea‐
gues [29], and reviewed by Mushbrush [17] and Knothe [30]. Oxidation of the double
bonds can occur through an autocatalytic mechanism simplistically depicted below, Reac‐
tion (2), initiated by hydrogen abstraction from an unsaturated carbon atom. The greater
the unsaturation, the more stable the allylic radical, Rn•, thus a precursor mono-unsatu‐
rated FFA has greater stability that the doubly- and triply-unsaturated chains. Once
formed, the radical can combine with O2, allowing formation of a secondary intermediate
in the chain, a reactive hydroperoxide [31, 32], Reaction (3). Light increases the rate of de‐
composition, because photosensitization allows a direct reaction between the O2 and the
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carbon-carbon double bond offering another pathway to oxidation. The hydroperoxides,
once formed, can convert to a variety of products, cyclized five and six membered rings,
malonaldehyde or C3O2H4, hydroxy and epoxy esters, and allylic hydroxyl- and ketone
compounds, among other oxygenated derivatives. Cleavage reactions form reactive radi‐
cals, continuing the process to produce volatile compounds such as carbonyls, alcohols,
esters, and short chain hydrocarbons, Reactions (4a and b), some of which react to form
furans, aldehydes, ketones, lactones, alkynes, and aromatics [33]. Because of an associated
increase in viscosity and acid number, these oxidation products are generally undesirable
in a combustion engine [34].

Log Kow

water solubility (mg/
L)at 25°C

Biodiesel Components
methylpalmitate, C16:0

7.38

4.00x10-3

8.35

3.01x10-3

7.45

3.68x10-3

6.82

2.10x10-2

6.29

9.18x10-2

2-5

1.02

(10-12%)
(hexadecanoic acid, methyl ester)
methyl stearate, C18:0 (3-4%)
(octadecanoic acid, methyl ester)
methyloleate, C18:1 (23-25%)
(octadecenoic acid, methyl ester)
methyllinolate, C18:2 (53-56%)
(octadecadienoic acid, methyl ester)
methyllinolenate, C18:3 (6-8%)
(octadecatrienoic acid, methylester)
Diesel #2 Components
Monoaromatics and small cyclic compounds
(10.0%)
cycloparaffins (34.0%)

Hexylbenzene is 5.52
3-5

55 [27]

Cyclohexane is 3.44
Naphthalenes and PAH (14.7%)

3-5

30

Naphthalene is 3.3
n- and i-paraffins (41.3%)

3.3-7.06 for short chain HC [21]

9x10-4

8.2 for C16H34
Table 2. Hydrophobicity expressed as octanol-water partition coefficients [24, 25] for organic derivatives of petroleum
and biodiesel [26]
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R n -H ® R n ·+H·

R n ·+O 2 ® R n OO

(2)

R n -C=C-R n’ +2O 2 ® R n -C ( OOH ) -C=C-R n’-1 + R n-1 -C=C-C ( OOH ) -R n’

(3)

R n OO·+R n’ -H ® R n OO-H+R n’

R n -CH=CH-C ( O·) H-R n’ ® R n’ -CHO + R n -CH=CH· (a)
R n -CH=CH-C ( O·) H-R n’ ® R n -CH=CH-CHO+ R n’ · (b)

(4)

Besides light and heat, oxidative stability is also greatly influenced by the choice of storage
tank materials and the presence of minor components or contaminants in the mixture.
Hence, deterioration can be slowed by the use of additives in the fuel. Commonly used anti‐
oxidants include phenol derived compounds such as tert-butyl hydroquinone (TBHQ) [35],
butylatedhydroxytoluene (BHT), butylatedhydroxanisole (BHA), and propyl gallate. Effec‐
tive additive concentrations of 1000 mg kg-1 (1000 ppm) do not appear to affect combustion
or physical properties [36], but are sufficient to increase the induction period for autooxida‐
tion by binding with the peroxy radicals as shown created in Reaction (2) [37]. Phosphory‐
lated antioxidants, including phosphites, phosphonites and phosphines [38], either hinder
hydrogen atom extraction or promote the decomposition of hydroperoxides [39], Reaction
(5). They are often used in combination with the phenolic antioxidants for additional effica‐
cy. Organosulfites can also be used to stabilize methyl esters, as they react with hydroperox‐
ides to form sulfates [40].These compounds would be less than desirable as fuel additives;
however, as the non-radical decomposition is catalyzed by the presence of acid, and ulti‐
mate products include SOx and acids H2SO3 and H2SO4.
R n OO·+A-H « R n OO-H+A·

(5)

3. Chemical conversions
For soybean oil and soybean-derived feedstocks to be used as drop-in replacements for petro‐
leum derived products, deoxygenation processing has to be undertaken. Depending on the
desired products, this can involve a number a steps, listed below. Not all of the steps are need‐
ed for each product. In general, the desire is to shift increase the carbon-to-oxygen ratio to be
closer to that of petroleum, and reduce the carbon to hydrogen ratio, as depicted in Figure 5,
plotted with data collected by Choudhary [41]. The various catalysts used to achieve the deox‐
ygenation of triglycerides has been reviewed in a number of publications, for instance by Mor‐
gan [42].
i.

Hydrogenation (saturation of double bonds)[43]
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ii.

Thermal cracking – heating in an inert atmosphere without addition of H2

iii.

Acid- or base-catalyzed cracking over metal oxides or zeolites [44]

iv.

Hydrodeoxygenation (HDO removal of O as H2O) – usually at higher H2 pressure
and lower temperatures than the cracking processes. The catalyst has transition
metal + heteroatom (S or N) like NiMo/Al2O3 or CoMo/Al2O3. Non-sulfided forms
have also been studied to a lesser extent, Ni/Al2O3 or Ni/SiO2.

v.

Decarboxylation (remove O as CO2) – more H2 efficient than HDO, unless product
CO2 becomes methanized. Often uses supported platinum catalysts in a batch reac‐
tion, for example: Pt /Al2O3 or Pd/C, 270-360°C, 17-40 bar H2.

vi.

Decarbonylation or removal of oxygen as CO – same catalysts as decarboxylation

vii.

Removal of other heteroatoms (S, N, P, metals) – especially from used cooking oil
or if sulfur and nitrogen compounds have been added in earlier processes to main‐
tain the catalyst activity.

viii.

Various side reactions including: hydrocracking, water-gas shift, methanization,
cyclization, and aromatization

ix.

Isomerization [45], often deliberately designed to produce better fuel characteris‐
tics, such as cold flow behavior. For example, linear paraffins, n=16-18, freeze at
18-28°C, while iso-paraffins of the same carbon number freeze at -11 to 3°C

x.

Co-processing of soybean oil with diesel fuels in an oil refinery by fluidized cata‐
lytic cracking (FCC) – achieves isomerization as well as separations. May get inhib‐
ition of deoxygenation because of S groups in the diesel fuel components and vice
versa.

4. Oil feedstocksfor hydrocarbon fuels
Deoxygenation drives the overall process for converting soybean oil into hydrocarbons.
Processing requirements will be similar for both fuels and chemical feedstocks if the product
from deoxygenation can be introduced as a feed in a petrochemical refinery where it will
undergo further reactions and separation. If the goal is to only make hydrocarbon fuels;
however, separations may not be as important after deoxygenation as they would be for iso‐
lating particular building block chemicals. Conversion in a smaller scale independent biore‐
finery may be feasible, solving the issue of the distributed production of soybeans. The
drawback to this scheme is that if the fuels are to be introduced directly into the distribution
system, issues related to quality control of the product may become siginificant. In this case,
processing will have to account for the variability of bio-based feedstocks, even within a
particular crop. Hence, for fuel production at a distributed processing facility, the goals
would include achieving sufficient deoxygenation to allow incorporation upstream of the
distribution point, enabling pipeline transportation, and providing reliability and quality
control.
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Figure 5. Progression in H/C mole ratio and O/C mole ratio for different sources of organic materials

Thermal cracking has the advantage of not requiring hydrogen for processing. Uncata‐
lyzed thermal cracking has been used to convert soybean oil to hydrocarbons, holding the
oil at 430-440°C under vacuum for over one hour [46]. Not including the free fatty acid
byproducts, more than half of the products comprised linear alkanes (51%). Other signifi‐
cant hydrocarbon products were identified by gas chromatography – mass spectroscopy
as cycloalkanes (11%), alkenes (20%), cycloalkenes (5%), aromatics (8%), and polyaromatic
hydrocarbons or PAH (5%). The authors contend that the rings, both saturated and aro‐
matic, came from cyclization of the fatty acid chains rather than from a Diels Alder addi‐
tion. The latter is usually considered the mechanism for ring formation from olefins, but
in the case of the soybean oil conversion, the precursor dienes were not observed. The
FFA also became decarboxylated, releasing hydrogen for saturation of double bonds, and
producing byproducts CO2 and CO. The significant fraction of PAH could be problematic
for direct combustion of the resulting fuel, as these compounds can survive conditions
through the combustion pathway in the engine and be emitted into the atmosphere. How‐
ever, pretreatment, to reduce the acid number and separation of the FFA, would allow
this feedstock to be transported to a refinery for further processing. In thermal cracking,
the most important variables governing product distribution include the temperature fol‐
lowed by the residence time [46-48]. Other literature has described investigations of cata‐
lysts that have shown promise for thermal cracking, including supported Ni, Pt or Pd on
carbon. In particular, Morgan and coworkers have discovered a Ni/C catalyst and demon‐
strated a 92% conversion of soybean-derived triglyceride at 400°C, with a 70% yield in liq‐
uid form [42].
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Biogas oil, which is a mixture of normal and isoparaffins having boiling points close to that
of diesel, may be made from selective hydrotreating of natural triglycerides. Although some
research on thermal cracking has suggested that introduction of hydrogen is not necessary
[47], the HDO process allows the conversion to be carried out at lower temperatures, with
fewer issues related to byproduct char and gas formation. Hydrodeoxygenation has also re‐
ceived much attention in the literature because this process shows promise to operate with
less hydrogen than needed for hydrogenation [41]. HDO, in fact, involves a series of hydo‐
genolysis and hydrogenation steps and is analogous to hydrodesulfurization of petroleum.
Catalysts have already been developed for hydroprocessing of heavy oils. HDO investiga‐
tions have been carried out on a number of seed oils, including soybean oil. For instance,
rapeseed oil was deoxygenated at 260-280°C under 3.5 MPa H2. The rate of reaction ranged
over 0.25-4 h-1 when tested with a number of different catalysts, in order of performance: Ni‐
Mo/Al2O3> Mo/Al2O3>Ni/Al2O3 [49]. HDO of sunflower oil was performed in DMSO, with a
NiMo/Al2O3/F catalyst, in a bench-scale continuous operation at high pressure. The oil hy‐
drocracking entailed combined processes, including olefinic double bond saturation, oxygen
removal, and isomerization [50], to give a conversion of 90%. HDO of sunflower oil
(310-360°C, 2.0MPa) on a Pd/SAPO-31 catalyst gave excellent conversion to C17 and C18
straight chain and branched alkanes. However, the catalyst became fouled after a few hours
[51]. Mixtures of sunflower oil and gas oil have been hydroprocessed over a sulfided cata‐
lyst, NiO(3%)–MoO3(12%)–γ-Al2O3 incorporating 0, 15 or 30 wt.% zeolite beta (BEA). The re‐
action took place at conditions of 330°C, 60 bar, at a weight hourly space velocity (WHSV) of
2 h-1, giving 100% conversion into hydrocarbons. The distribution arising from cracking giv‐
ing the relative fractions of liquids/gases/and char was not discussed in the paper [52].
Hydrocracking has also been scaled up from the laboratory bench. A larger scale test of hy‐
drocracking of fresh sunflower oil and used cooking oil was carried out by Bezergianni and
colleagues [6]. The cracking process was carried out over a number of days until steady state
was reached, and then an analysis was performed on the products. A presulfided commer‐
cial HDO catalyst was used, with sulfur in the form of dimethyldisulfide and nitrogen as
tetra-butyl amine added to maintain the activity. The liquid hourly space velocity (LHSV)
was 1.5 h-1 and the H2-to-liquid ratio was 1098 Nm3/m3 (at 14 MPa). The difference in per‐
formance between the conversion of used and new oil was very small, with high yields of
product in the diesel fuel boiling point range (70-80%). Less cracking to small molecules was
observed at lower temps, i.e., 350°C, than 390°C, which is desirable for fuel manufacture.
The effect of sulfur on hydrodeoxygenation is of interest because it relates to the perform‐
ance in an oil refinery with hydrodesulfurization (HDS) as well as HDO processing. Experi‐
ments over Pt/H-Y, Pt/H-ZSM-5, and sulfidedNiMo/γ-Al2O3 have been carried out in a batch
reactor over a temperature range of 300-400°C and initial hydrogen pressures from 5 to 11
MPa. The reaction time was limited to 3 h [53]. Investigation of the performance of CoMo/
Al2O3 at different sulfur levels (1% to < 10 mg kg-1) and its effect on the HDO of sunflower
oil were done under the following conditions: 300-380°C, 20-80 bar, 1-3 h-1, and H2/oil vol‐
ume 200-800 Nm3/m3 [54]. Up to 75% of the target product C18-paraffins were made at the
highest temps and lowest LHSV. At higher H2 pressures, more hydrocracking occurred,
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forming light gases such as propane. Adding presulfided catalysts got better yields (5-8%)
under less severe conditions. But the addition of sulfur can produce H2S, which needs to be
removed from product and recycled. Sulfur can react to form mercaptans, which are corro‐
sive, adding cost and complexity to the process. H2S has been found not to prevent catalyst
deactivation as was anticipated. The effect of sulfur has also been investigated for the HDO
of aliphatic ester model compounds [55].
Hydrogenation and deoxygenation to n-paraffins followed by isomerization is expensive
and complicated, but now is performed on an industrial scale [41]. A Finnish company,
Neste Oil, has built and operated three NexBTL plants around the world, in Singapore, Rot‐
terdam, and Porvoo in 2009, to convert 190,000 t/a of C12-C16 triglycerides, fatty acid esters,
and fatty acids to green diesel. The conversion involves hydrotreatment followed by isomer‐
ization to produce green diesel and is described in a Neste patent [56]. The Neste Singapore
plant is rated at 800,000 t/a of palm oil, used oil and waste animal fat. A plant in Rotterdam
started production in mid 2011 that uses a variety of feedstocks.
Another company, UOP/ENI S.p.A., has a process to produce green diesel that involves a
number of catalytic steps to achieve deoxygenation and conversion to branched hydrocar‐
bons. The process, based on hydrodeoxygenation, produces fuel that can be blended directly
with petroleum, or added to an input stream in an oil refinery [56]. Emerald Biofuels plans
to build a 85x106 gallon production facility based on the UOP technology (licensed by Hon‐
eywell) at a Dow Chemical site in Plaquemine, LA. Dynamic Fuels is already in production
(75x106 gal) and Diamond Green Diesel (137x106 gal) also has a plant under construction at
the mouth of the Mississippi, to take advantage of the proximity to shipping and petroleum
refineries. The existing capacity, along with the operating Neste plants, currently produces
600x106 gal/a [57].
ExxonMobile is building a hydrotreating plant in Singapore to deliver bio-derived low sul‐
fur diesel of up to 16x106 L/d, and has similar plants planned for Baytown and Baton Rouge,
LA, in the USA [58].Other planned green biodiesel projects include sites at Norco LA ( Dar‐
ling International, Diamond Green Diesel, LLC, and Valero Energy Corp) to produce
137x106 gal/a from waste oil, and animal fats. KiOR plans construction of a plant to produce
refinery intermediates in Columbus MS. Joule Unlimited will be constructing a biofuels
demonstration plant (75 x106 gal/a green diesel) in New Mexico [57].
Although hydrodeoxygenation is fairly mature, with industrial-scale production, technical
problems remain that would benefit from further research. Minimization of hydrogen used
in the conversion of biomass must happen to make the process economically viable [59]. A
large fraction of the products from hydrodeoxygenation are linear paraffinic hydrocarbons,
which tend to form waxes that can cause cold flow problems. Research into isomerization
reactions and selection of catalysts to promote branched alkanes would be beneficial. In the
case of soybean oil, however, thermal cracking has produced a preponderance of aromatic
compounds, suggesting that mixing of fractions produced through different pathways may
give rise to a fungible fuel. A third area of interest is the effect of acylglycerides and HDO
products on catalysts that are used in oil refinering, especially if the bio derivatives are to be
introduced into the feed stream along with petroleum. In particular, there is a concern that
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the acylglycerides may affect the performance of catalysts such as CoMo, used in hydrode‐
sulfurization [41].
The activities undertaken by industry show that the underlying drivers for biofuel produc‐
tion low sulfur requirements in diesel, low net CO2 emission during production and use,
and potentially disruptive oil supply disruptions are pushing major companies to make in‐
vestments in this area. Although the feedstock streams for biorefineries are not specific to
soybean oil, the engineering efforts contribute to the general knowledge of producing green
diesel from a variety of sources. Yet, the industry is sensitive to changes in feedstock and oil
prices, and smaller initiatives have lost traction during changes in the market, particularly
during the last few years. Currently, green diesel remains a niche player in the larger petro‐
leum refining industry.

5. Oil feedstocksfor materials
Soybean plants have been used to fabricate a variety of materials and products. Soybean de‐
rived materials have been used in the development of bio-based fibers and yarns [60]. In
particular soybean protein fiber has been identified having potential uses [61] in the manu‐
facturing of fabrics. Materials production may not require the degree of chemical conversion
and breakdown of the triglyceride that hydrocarbon production requires, but modification
is still required to give the desired properties. For instance, soybean protein separated
through precipitation after the oil has been removed from the seed requires further process‐
ing to crosslink the derived fibers and reduce brittleness and degradation [62, 63]. Soybean
straw, available after harvesting of the beans, can be converted to technical fibers through
alkali processing. The straw-derived fibers have a higher lignin content than cotton or linen,
but after processing the cellulose content is comparable to these other agricultural sources,
and could represent a bioresource estimated to be 55 million tons derived from 220 million
tons of straw [64]. Soybean fiber left over from oil and protein extraction can be converted to
ethanol through a two-step process: (i) pretreatment with aqueous ammonia to remove lig‐
nin (by 74% after 12 hours), and (ii) simultaneous saccharification and fermentation, giving
0.25g ethanol per gram of fiber [65]. The straw can also be converted to a bio-oil through fast
pyrolysis [66].

6. Oil feedstocksfor chemicals
Soybean oil can be used to manufacture a number of different compounds including surfac‐
tants, fuel additives, detergents, polymers such as polyurethanes [67], and adhesives [68].
Polymer production from biomaterials has recently been reviewed by Lligadas and collea‐
gues [69]. Fatty acids can be converted to a polyurethane through a di-isocyanate intermedi‐
ate [70].Resin alternatives have been prepared from a number of different plant-derived
materials, including soybean oil. To achieve the physical properties required for a thermo‐
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plastic polymer, that is having sufficient rigidity and tensile strength to be used in fabrica‐
tion, soybean oil derived resins must be crosslinked via epoxidation (introduction of epoxy
groups into double bonds on the fatty acid chains) or mixed with petroleum-based materi‐
als. Good results obtained without incorporating conventional polymers used a combination
of epoxidized soybean oil and an anhydrided soyate. The linking process was catalyzed
with hexamethylenediamine, and gave a fiber with a tensile strength of >10 MPa [71]. Adhe‐
sives made of renewable polymers have been made from mixing of dimeric fatty acids and
diols with maleic-anhydrided soybean triglycerides. The gel is formed from cross linking of
the esters and extending the fatty acid chains within the structure [72]. Hybrid coatings have
been prepared from mixing blown soybean oil and sol-gel precursors (titanium and zirconi‐
um peroxides) to improve properties such as tensile strength, adhesion, flexibility, hardness
and impact resistance [73].
The conversion of plant-based acylglycerides to nitrogen containing compounds has been
reviewed by Biswas and colleagues [74].Properties of various products from palmitic acid
have been predicted based on a combinatorial approach, and then linked to an optimization
routine to select the product of choice based on predefined criteria (lubricity, critical micelle
concentration, or hydrophilic-lipophilic balance) [75]. The authors, Carmada and Sunderesa‐
ni, wanted to refocus the synthesis paradigm. They developed a method to choose a chemi‐
cal structure that would give thermophysical properties optimized to a particular
application. The structure then determined which synthetic method would be needed to
produce the desired end product.

7. Methyl ester feedstocks for chemicals
Methyl esters derived from soybean oil can also be used as starting materials for the produc‐
tion of hydrocarbons for fuels or chemical feedstocks. Various catalytic pathways from oxy‐
genated precursor to hydrocarbons include: pyrolysis [76], deoxygenation and
hydrogenation [77, 78], and hydrotreatment [79]. The focus of many of these studies has
been production of fuels that are miscible or fungible with petroleum products, e.g., the
work published by the group of Daniel Resasco at the University of Oklahoma [80], for fuel
production rather than chemicals. In addition, much of the published literature focuses on
simpler chemical representatives of the methyl esters from soybean oil; but these results are
directly applicable to the production of chemical feedstocks, such as the synthesis of ethylbenzene that can be used for a variety of products: polymers, solvents, and reagents [77]. Al‐
though differences in the product distribution would be expected from TAG and single
methyl ester conversions, comparison studies carried out by Kubatova and colleagues
[46-48] on individual acylglycerides, as well as soybean mixtures, showed similar conver‐
sion chemistry.
Because it appears as if the products from these deoxygenation processes will require fur‐
ther processing to make fuels or chemical feedstocks, the FCC of triglycerides has been stud‐
ied by groups such as Melero and colleagues [81]. In particular, the effect of soy-based
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biomass on the FCC process is of interest. Melero investigated both the cracking of 100%
soybean oil, and a mixture of 30% soybean oil with petroleum, the latter being a typical
feedstock for an oil refinery. The feed injection was held at 70°C, but the FCC itself was car‐
ried out at 560°C, representing typical conditions in a refinery. The boiling point range for
the soybean biodiesel was from 545.7 to 636.0°C in comparison with the diesel range from
200-330°C [82]. Because of the unsaturated chains in the soybean oil, the aromatic fraction in
the product was enhanced relative to that of pure petroleum, but the PAH was reduced. Sa‐
turated fatty acid fragments gave rise to light alkanes, light oil, and diesel fractions. There
could be some concern about enhanced corrosion in the cracker because of the presence of
the FFA, but research suggests that the lifetime of these compounds is very short at these
temperatures, and so they may not present a problem. Many of the FCC products are similar
from acylglycerides and petroleum, although the composition distributions are different. In
the case the biomass, of FCC products come from reactions in the cracker and in the case of
petroleum, most hydrocarbons are present in the original feedstock. Issues such as gum for‐
mation or the effect of impurities, such as entrained alkali metals that could be present in
biological materials, were not studied by Melero [81].

8. Conclusions
Although many chemical pathways have been demonstrated in the laboratory, the scale-up
to handle large quantities of bio-derived material presents a number of challenges in com‐
parison with petroleum refining. These range from additional transportation costs because
of distributed feedstock production, to catalyst cost and regeneration. Seasonal variations in
the cultivation and harvesting of soybeans and production of oil can result to chemical
changes in the feedstock material and minor components. However, it appears as if the
chemical modification processes are robust to minor changes in FFA distribution. Impurities
and their impact on catalyst performance and lifetime may be significant and difficult to test
outside of an industrial setting. Impurity and effects of minor components are highly de‐
pendent on unpredictable phenomena such as feedstock composition or process variability.
Thus, these effects may not appear, much less be quantified, in a bench-scale operation us‐
ing laboratory grade chemicals. Hence, operation of pilot and demonstration scale facilities
will be very informative. The feasibility of the production of hydrocarbons from soybean tri‐
glycerides or methyl esters derived from these triglycerides is often dependent on the avail‐
ability of low cost hydrogen. Other technical hurdles include the optimization of interfacial
reactions and separations before soybean oil can make a significant contribution to the hy‐
drocarbon economy. The question of whether feedstocks from soybean oil should be intro‐
duced into a stream in an oil refinery, or converted in a small scale refinery to fungible
products depends on the final application and cost issues. However, once converted to hy‐
drocarbons, separations to commodity chemicals or fuel should be analogous to handling
conventional petroleum products.
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Nomenclature and abbreviations
ASTM - American Society of Testing and Materials
BHA - butylatedhydroxyanisole
BHT - butylatedhydroxytoluene
FAME - Fatty Acid Methyl Esters
FCC - Fluidized Catalytic Cracking
FFA - Free Fatty Acid (monoglyceride)
HDO - Hydrodeoxygenation
LHSV - Liquid hourly space velocity
PAH - Polyaromatic Hydrocarbon
TAG- Triacylglyercol or triglyceride
TBHQ- Tert-butyl hydroquinone
WHSV - Weight hourly space velocity
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Chapter 7

Effect of Dietary Plant Lipids on Conjugated Linoleic
Acid (CLA) Concentrations in Beef and Lamb Meats
Pilar Teresa Garcia and Jorge J. Casal
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/ 52608

1. Introduction
Beef and lamb, are a food category with positive and negative nutritional attributes. Rumi‐
nant meats are major sources for many bioactive compounds including iron, zinc and B vita‐
mins. However they are associated with nutrients and nutritional profiles that are
considered negative including high levels of saturated fatty acids (SFA) and cholesterol. It is
well know that the low PUFA/SFA and high n-6/n-3 ratio of meats contribute to the imbal‐
ance in the in the fatty acid intake of today consumers [1]. Consumers are becoming more
aware of the relationships between diet and health and this has increased consumer interest
in the nutritional value of foods. Nutritionist advisers recommended a higher intake of poly‐
unsaturated fatty acids (PUFA), especially n-3 PUFA at the expense of n-6 PUFA.
The nutritional beef and lamb profile could be further improved by addition of potentially
health promoting nutrients. There are many references of improved fatty acid composition
in grass fed beef. Besides the beneficial effects of n-3 fatty acids on human health one fatty
acid that has drawn significant attention for its potential health benefits in the last two deca‐
des is conjugated linoleic acid (CLA). Conjugated linoleic acids (CLA) are implicated as anticarcinogenic, anti-atherosclerosis, and anti-inflammatory agents in a variety of experimental
model systems. It has been shown that in ruminants grazing have potential beneficial effects
on PUFA/SFA and n-6/n-3 ratios, increasing the PUFA and CLA content and decreasing the
SFA concentration of beef [2].
The total CLA content of beef varies from 0.17 to 1.35% of fat [3]. This wide range is related
to the type feed, breed differences, and management strategies used to raise cattle [3, 4].
Grazing beef steers on pasture or increasing the amounts of forage (grass or legumes hay) in
the diet has been shown to increase the CLA content in the fat of cattle. Also, supplementing
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high-grain diets of beef cattle with oils (e.g., soybean oil, linseed oil, sunflower oil) may in‐
crease the CLA content of beef [3, 5].
There has been an increased interest in the substitution of animal fat sources with vegetable
oils in animal nutrition. Vegetable oils have been attributed with reducing the level of satu‐
ration in monogastric animal tissues due to their unsaturated fatty acid concentration when
compared with animal fat. In ruminants, dietary lipids were undergo two important trans‐
formations in the rumen. The initial transformation is the hydrolysis of the ester bond by
microbial lipases. This initial step is a pre requisite for the second transformation, the biohy‐
drogenation of unsaturated fatty acids [6, 7].
Several factors influence the CLA content of beef as breed, sex, seasonal variation, type of
muscle, production practices but diet plays the most important role. Dietary CLA from beef
can be increased by manipulation of animal diets. CLA concentration in beef can be influ‐
enced by dietary containing oils or oilseeds high in PUFA, usually linoleic or linolenic fatty
acids.These dietary practices can increase CLA concentrations up to 3 fold [5, 8]. Moreover,
trans-11 18:1 (vaccenic acid,VA) is the precursor of cis-9,trans-11 18:2 ( rumenic acid, RA) is
the major CLA isomer in animal and humans and, therefore, it might be considered as a fat‐
ty acid with beneficial properties.
Soybean oil is one of the few plant sources providing ample amounts of both essential fatty
acids 18:2 n-6 and 18:3 n-3. The fatty acid content of soy foods is often unrecognized by
health professionals, perhaps because there is so much focus on soy proteins. Soybeans are
used in cattle, poultry and pigs diets and could be a more important source of 18:3 n-3 for
animal nutrition and also increase 18:3 n-3 and its fatty acids metabolites in meats. Genom‐
ics, specifically marker assisted plant breeding combined with recombinant DNA technolo‐
gy, provided powerful means for modifying the composition of oilseeds to improve their
nutritional value and provide the functional properties required for various food oils [9].
Thus, the manipulation of the fatty acid composition in ruminant meat to reduce SFA con‐
tent and the n-6/n-3 ratio whilst, simultaneously increasing the PUFA and CLA contents, is
the major importance in meat research. The supplementation of ruminant diets with PUFA
rich lipids is the most effective approach to decrease saturated FA and promote the enrich‐
ment of CLA and n-3 PUFA.

2. CLA structure, biosynthesis and potential beneficial effects on human
health
The CLA acronym refers to a group of positional and geometric isomers of linoleic acid, in
which the double bands are conjugated. At least twenty four different CLA isomers have
been reported as occurring naturally in food, especially from ruminant origin [10]. Isomeri‐
sation and incomplete hydrogenation of PUFA in the rumen produce several of octadeceno‐
ic, octadecadienoic and octadecatrienoic isomeric fatty acids [11] and, at least some of them,
have powerful biological properties. The formation of conjugated dienes in the rumen dur‐
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ing biohydrogenation of lipids in feed was observed previously, however, the anticarcino‐
genic effect of beef extracts was first observed and later identified [12, 13, 14].
The dominant CLA in ruminant meats is the cis-9, trans-11 isomer (RA) which has being
identified as possessing a range of health promoting biological properties including antitu‐
moral and anticarcinogenic activities [15]. The rumenic acid is mostly produced in tissues by
delta 9 desaturation of trans-11 18:1, (VA) and by ruminal biohydrogenation of dietary PU‐
FA. The higher deposition of CLA in the neutral lipid fraction, 88% of total CLA relatively to
phospholipid fraction, has been reported [16].The majority of the main natural isomer
cis-9,trans-11 CLA does not originate directly from the rumen. Instead, only small amounts
of CLA escape the rumen and trans-18:1 isomers are the main biohydrogenation intermedi‐
ates available. El absorbed trans-11 18:1 is desaturated in the tissues by ∆9-desaturase to
form RA [17]. Stearoyl-CoA (SCD) is a rate-limiting enzyme responsible for the conversion
of SFA into monounsaturated fatty acids (MUFA). This enzyme, located in the endoplasmic
reticulum, inserts a double band between carbons 9 and 10 into SFA and affects the fatty
acid composition of membrane phospholipids, triglycerides and cholesterol esters [18]. SCD
is also a key enzyme in the endogenous production of the cis-9,trans-11 isomer of conjugat‐
ed linoleic acid (CLA). Trans octadecenoates (trans 18:1) are the major intermediates formed
during rumen biohydrogenation of C18 PUFA. High trans-10 18:1 have been observed in tis‐
sues of concentrated-fed ruminants, whereas vaccenic acid is consistently associated with
forage feeding [11, 19]. Evidence is accumulating that different trans 18:1 isomers have dif‐
ferential effects on plasma LDL cholesterol. Trans-9 and trans-10 18:1 are more powerful in
increasing plasma LDL cholesterol than trans-11 18:1 [20]. Comparison of antiproliferative
activities of different CLA isomers present in beef on a set of human tumour cells demon‐
strates that all CLA isomers possess antiproliferative properties. It appears that important to
determine the variations of the distribution of CLA isomers in beef since these proportions
could influence the biological properties of bioformed CLA [21].

3. Factors influencing CLA concentrations on beef lipids
Amounts of CLA in beef vary mainly with feeding conditions, nature and quality of forages,
proportions between forage and concentrate, oil-seed supplementations, but also with in‐
trinsic factors such as breed and sex and age of animals [22].
3.1. Breed, sex and age (Table 1)
Breed or genotype and production system are determinant factors of the fatty acid composi‐
tion of the ruminant meats. Breed affects the fat content of meat and fat content itself is a
factor determining fatty acid composition. Genetic variability relates to differences between
breeds or lines, variation due to the crossing of breeds and variation between animals within
breeds reported that it can be difficult to assess the real contribution of genetics to variation
in the CLA content.
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CLA

Reference

LD Limousin

2.24 g/100g

[29]

LD Angus

1.96 g/100g

[29]

LD Angus

0.51 b% FAME

[25]

LD Charolais x AA

0.57 a% FAME

[25]

LD Holando x AA

0.58a% FAME

[25]

LD Nguni grass

0.34% FA

[28]

LD Bonsmara grass

0.31% FA

[28]

LD Angus grass

0.33% FA

[28]

LD Holstein grass

0.84 % FA

[24]

LD Simmental grass

0.87% FA

[24]

LD Holstein concentrate

0.75% FA

[24]

LD Simmental concentrate

0.72% FA

[24]

SM Pasture and Silage Steers Longhorn

6.75a mg/100g

[23]

SM Pasture and Silage Steers Charolais

3.29b mg/100g

[23]

SM Pasture and Silage Steers Hereford

2.93b mg/100g

[23]

SM Pasture and Silage Steers B. Gallowey

5.09a mg/100g

[23]

SM Pasture and Silage Steers Beef Shorton

4.01ab mg/100g

[23]

Sub Pasture and Silage Steers Longhorn

1210a mg/100g

[23]

Sub Pasture and Silage Steers Charolais

651b mg/100g

[23]

Sub Pasture and Silage Steers Hereford

584b mg/100g

[23]

Sub Pasture and Silage Steers B. Gallowey

796 b mg/100g

[23]

Sub Pasture and Silage Steers Beef Shorton

808b mg/100g

[23]

Mertolenga PDO beef

0.39ab g/100g FA

[27]

Mertolenga PDO veal

0.46a g/100g FA

[27]

Vitela Tradicional do Montado PGI veal

0.35b g/100g FA

[27]

LT & LL Veal Limousin

1.09% FAME

[26]

LT & LL Veal Tudanka x Charolais

1.00% FAME

[26]

LL bulls 14 month

0.37 % FA

[31]

LL bulls 18 month

0.39% FA

[31]

LL heifers 14 month

0.44% FA

[31]

LL heifers 18 month

0.41 % FA

[31]

L lumborum steers

0.20 % FA

[32]

L.lumborum bulls

0.21 % FA

[32]

Breed

Sex and age

Table 1. Conjugated linoleic acid (CLA) concentrations on beef according to breed, sex and age .a b Indicates a
significant differences (at least p < 0.05) between breed, sex or age reported within each respective study.
Abbreviations LD: Longissimus dorsi ; SM: Semimembranosus ; LL Longissimus lumborum; LT Longissimus thoracis;
Sub: Subcutaneous fat.
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Significant between-breed differences in CLA content were observed in both muscle and
subcutaneous adipose tissue of five breeds of cattle with the highest values in Longhorn and
with the lowest in Hereford [23]. German Holstein bulls accumulated a higher amount of CLA
compared with German Simmental bulls [24]. CLA percentages were affected by breed with
the low values for Angus beef compared with Charolais x Angus and Holstein Argentine steers
[25]. The content of trans -10 C18:1 isomer tended to be higher in Limousin compared to
Tudanca meat when expressed as mg/100g of meat, and the difference was only significant
when expressed in terms of relative percent. The higher level of trans-10 C18:1 was consis‐
tent with the greater consumption of concentrate by Limousin calves [26]. Within a similar
production system the age/weight, gender and crossbreeding practices have minor effects on
muscle FA composition but Mertolenga-PDO veal has higher total CLA contents that PDO
beef and PGI veal [ 27]. On the contrary the cis-9, trans-11 CLA levels among steers of Ngu‐
ni, Bonsmara and Angus breeds raised on natural pasture were similar [28]. Similar results
were found comparing the CLA content of Limousin and Aberdeen Angus beef [29].
Sex and age differences in muscle FA contents are often be explained by the degree of fat‐
ness and associated changes in the triacylglycerol/phospholipid ratio [30]. Sex-dependent
differences in the FA composition of muscle an adipose tissue from cattle slaughtered at different
ages were demonstrated [31]. Concentration CLA in meat beef not affected by castration [32].
3.2. Type muscle and anatomical location (Table 2)
Little work has been conducted to assess the effects of slaughter season and muscle type on
meat CLA profile. The type of muscles strongly influenced proportions of total CLA and of
all CLA isomers classes in intramuscular fatty acids (Table 2). CLA is mainly associated to the
triacylglycerol fraction which is linked to the fat content of tissues [21]. VA and CLA percen‐
tages were lower in lean muscle than subcutaneous fat or marbling [33]. The CLA content of
steaks differs depending on the location of the fat, CLA level was almost doubled in outer
subcutaneous fat compared to lean muscle [34]. There was significant differences in the
concentration of CLA among depot sites through-out a bovine carcass. The brisket con‐
tained a higher concentration of cis-9, trans-11 CLA but no significant differences in the
concentrations of trans-10, cis-12 CLA among the locations [35].
3.3. Season and pasture type (Table 2)
No differences between dietary grass silage and red clover silage were detected on CLA content
of LD muscle of dairy cull cows [36]. Total CLA content was lower (p< 0.05) in intensively
produced beef than in Carnalentejana-PDO meat, which did not show significant differen‐
ces (p<0.05) when the slaughter season was compared. Furthermore Longissimus thoracis (LT)
muscle had a higher (p<0.001) total CLA content relative to Longissimus dorsi (LD) muscle. In
addition no significant differences (p<0.05) regarding specific CLA content were observed
when slaughter season, production system and muscle type were analyzed [37]. Significant
interactions between the slaughter season and muscle type were obtained for several fatty acid
and CLA isomers and for total lipid and CLA. Mirandesa –PDO veal showed seasonal differ‐
ences in the levels of CLA isomers but the CLA content was affected by much more influ‐
ence by the muscle type [38]. The variation of CLA milk fat content during pasture season
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might be related to the alfa-linolenic/linoleic acid ratio in the pasture. The ratio in the aver‐
age pasture sample decreased from 4.36 in May to 1.97 in August, and subsequently it in‐
creased to 3.14 in September, thus close to that at the beginning of pasture season. Thus the
seasonal variation of the ratio in pasture were directly proportional to the corresponding
content of CLA in ewe milk fat [39].
CLA

Reference

Steak muscle

0.30b % FA

[33]

Steak marbling

0.50a % FA

[33]

Outer subcutaneous fat

0.50a % FA

[33]

Inner subcutaneous fat

0.50a% FA

[33]

Seam

0.40ab % FA

[33]

Adipose tissue brisket

0.70a g/100g FA

[35]

Adipose tissue chuck

0.62ab g/100g FA

[35]

Adipose tissue flank

0.56b g/100g FA

[35]

Adipose tissue loin

0.53b g/100g FA

[35]

Adipose tissue plate

0.57b g/100g FA

[35]

Rib

0.52b g//100g FA

[35]

Round

0.63ab g/100g FA

[35]

Sirloin

0.57b g/100g FA

[35]

LT concentrate

4.45 mg/g fat

[37]

ST concentrate

3.88 mg/g fat

[37]

LT Autumn

5.07 mg/g fat

[37]

LT Spring

4.92 mg/g fat

[37]]

ST Autumn

3.82 mg/g fat

[37]

ST Spring

5.06 mg/g fat

[37]

L L Spring

0.30 a g/100g FA

[34]

L L Autumn

0.31a g/100g FA

[34]

ST Spring

0.23 b g/100g FA

[34]

ST Autumn

0.19b g/100g FA

[34]]

LD Tall fescue

0.28%

[91]

LD Alfalfa

0.37%

[91]

LD Red clover

0.30%

[91]

LD cull cows grass silage

0.22 % TFA

[36]

LD cull cows red clover silage

0.17 % TFA

[36]

Muscle and adipose tissue location

Season

Pasture type

Table 2. Conjugated linoleic acid (CLA) concentrations on beef according to muscle and adipose tissue location,
season and grass composition a b Indicates a significant differences (at least p<0.05) between anatomical location,
season or pasture type reported within each respective study. Abbreviations LD: Longissimus dorsi ; SM:
Semimembranosus ; LL Longissimus lumborum; LT Longissimus thoracis
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3.4. Grass vs. concentrate (Tables 3 & 5)
A direct linear relation between grass percentage in cattle diet and meat CLA content has been
described by [2] although the mechanism remains controversial. They suggested that grass in
the diet enhances the growth of ruminal bacterium Butyrivibrio fibrisolvens which convert 18:2
n-6 into cis-9, trans-11 CLA isomer through the action of a linoleic acid isomerase. Others [40]
proposed that the increased content of CLA in animals fed forage- based diets is associated
with an increase in trans-11 18:1, which is the substrate of stearoyl-CoA desaturase in tissues.
It is generally accepted that the concentrations of CLA can be increased in beef by increasing
the forage to concentrate ratio, and by feeding fresh grass instead of grass silage [4, 22] (Table
3). Beef contains both of the bioactive CLA isomers, namely, cis-9, trans-11 and trans-10, cis-12.
Many reports demonstrated that cis-9, trans 11 CLA is a major fatty acid in tissue and little or
no trans-10, cis 12 CLA was detected [ 5,41]. High trans-10 18:1 have been observed in tissues
of concentrated-fed ruminants, whereas vaccenic acid is consistently associated with forage
feeding [11, 19]. Significantly higher contents of trans-18:1 were found in animals fed on
concentrate diets relative to the pasture diet. This is mainly due to the trans-6, trans-8, trans-9
and trans-10 isomers, since the trans-11 and trans-12 18:1 remains unaffected by the dietary
treatments. The feeding systems, pasture only, pasture feeding followed by 2 or 4 months of
finishing on concentrate, and concentrate only, had a major impact on the concentration of CLA
isomers from bull LD muscles. Beef fat from pasture-fed animals had a higher nutritional quality
relative to that from concentrate-fed bulls and the feeding regimen had a major impact on the
CLA isomeric distribution of beef affecting 10 of 14 CLA isomers. The CLA isomeric profile
showed a clear predominance of the cis-9, trans-11 isomer for all diets [42]. The grass silage
diets increased the proportions of trans-11 18:1 and cis-9, trans-11 18:2. Feeding a high forage
diet may therefore have increased the rate of appearance of trans-11 18:1 in the rumen, provid‐
ing more substrate for the endogenous production and deposition of CLA in bovine tissues
[43]. This hypothesis is consistent with an increase of trans-11 18:1 concentration with no effect
on cis-9, trans-11 in duodenal content of Hereford steers fed increasing levels of grass hay [44].
The relative flow of PUFA through the major biohydrogenation pathways, trans-10 or trans-11,
18:1, can be judged by the 11t-/10t- 18:1 ratio with a higher ratio denoting an improvement in
its healthfulness to its human consumers [45]. Backfat composition was compared in steers fed
either a control (barley grain based) diet or diets containing increasing levels of corn or wheat
derived dried distillers’grains with solubles (DDGS). Back fat from control and wheat de‐
rived DDGS fed steers had lower levels of trans-18:1 and a higher 11trans/10 trans 18:1 ratio
compared to back fat from corn derived DDGS fed steers [45]. The explanation might be found
in ruminal biohydrogenation pathway of LA and ALA. Most of the cis-9, trans-11 CLA iso‐
mer present in tissues derive from endogenous desaturation of trans-11, 18:1, which origi‐
nates during biohydrogenation of 18:2 n-6 and 18:3 n-3. The CLA concentrations in three different
muscles of pasture- or feedlot-finished cattle were greater from pasture-finished than from
cattle feedlot-finished [46]. The absolute cis-9, trans-11 CLA was about twice as high in Asturi‐
ana de la montaña (AV) and Asturiana del Valle (AV) animals than in other AV genotypes,
probably due to the much higher fat content of the AM and AV animals [47]. This effect was
also found in other studied were cis-9, trans-11 content variation was influenced by the total
lipid content, and hence with variation in the neutral lipid fraction [48]. A linear correlation
between VA and cis-9, trans-11 CLA was observed in several studies [8] and in other studied
no significant correlation was found [49]. Breed or genotype effects could act by enhancing or
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inhibiting the ∆9-desaturase activity. The major isomers in beef fed a high barley diet is trans-10,
18:1 rather than trans-11, 18:1. In feedlot finished beef fed a diet containing 73% barley was
found 2.13 % of trans-10 18:1 and only 0.77% of trans-11 18:1 in subcutaneous fat [19, 50]. Feeding
ruminants diets with high levels of barley (low fiber, high starch) reduces rumen pH, alters the
bacterial flora and causes a shift in the biohydrogenation pathway towards producing trans-10
18:1 instead of trans-11 18:1 [51]. Subcutaneous fat is quite sensitive to changes in diet and
rumen function. This is due to adipose tissue having a high proportion of neutral lipids which
accumulate greater levels of PUFA biohydrogenation products relative to polar lipids [24]. In
addition, subcutaneous fat is easily accessible, inexpensive and levels of trans-18:1 have been
reported to be linearly related to those found in muscle [52]. Vaccenic acid made up the greatest
concentration of total trans fats in grass-fed beef, whereas CLA accounted for approximately
15% of the total trans fats [53].
CLA

Reference

LD Grazing

10.8a mg/g fat

[2]

LD Concentrate-fed

3.7b mg/g fat

[2]

LD Grazing

5.3a mg/g fat

[90]

LD Concentrate-fed

2.5 b mg/g fat

[90]

LD Pasture

0.72 % FAME

[25]

LD Pasture +0.7% corn

0.61 % FAME

[25]

LD Pasture+1.0 %corn

0.58% FAME

[25]

LD Feedlot

0.31 % FAME

[25]

LD Grass silage (GS)

3.62% FA

[43]

LD GS +Low concentrate

2.50% FA

[43]

LD GS+ High concentrate

2.72% FA

[43]

LT Semi-intensive 12 month

0.49a %

[92]

LT Semi-intensive 14 month

0.49a %

[92]

LT Intensive 12 month

0.25b %

[92]

LT Intensive 14 month

0.29b %

[92]

Ground control

0.50b g/100g

[53]

Ground grass

0.94a g/100g

[53]

Steaks control

0.38b g/100g

[53]

Steaks grass

0.66a g/100g/

[53]

Control

0.82 % FA

[45]

Back fat 20% DDGS corn

0.88 % FA

[45]

Back fat 20% DDGS wheat

0.88 % FA

[45]

Back fat 40%DDGS corn

0.97 % FA

[45]

Back fat 40% DDGS wheat

0.81 % FA

[45]

LT concentrate

4.45 mg/g fat

[37]

ST concentrate

3.88 mg/g fat

[37]

Table 3. Conjugated linoleic acid (CLA) concentrations on beef under dietary grass or concentrate a b Indicates a
significant differences (at least p<0.05) between dietary grass or concentrate reported within each respective study.
Abbreviations LD: Longissimus dorsi ; Longissimus thoracis ; ST: Semitendinosus
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3.5. Oil supplementation (Tables 4 & 5)
The most common method of enhancing the CLA and VA content of ruminant meat and
dairy products is to provide the animal with additional dietary unsaturated fatty acids, usu‐
ally from plants oils such as soybean oil (SBO), for use as substrates for ruminal biohydroge‐
nation [4]. Steers fed a corn-based diet supplemented with SBO may enhance TVA without
impacting CLA, while reducing the MUFA content of lean beef [54]. Both oilseed and free
oils affect CLA content in a similar manner. Free plant oils with high PUFA concentrations
are normally not included in ruminant diets as high levels of dietary fat disturb the rumen
environment and inhibit microbial activity. The main sources of supplementary fatty acids
in ruminant rations are plant oils and oilseeds, fish oils, marine algae and fat supplements.
Since dietary inclusion of fatty acids must be restricted to avoid impairment of rumen func‐
tion, the capacity to manipulate the fatty acid composition by use of ruminally available fat‐
ty acids is limited [55]. Many researchers have found higher CLA content in muscle lipids
by supplementing with different oils. However, some studies reported no significant differ‐
ences in CLA content due to oil supplementations. The differences in responses to plant oils
were probably due to variations in stage of growth of cattle, levels of oil supplementation,
levels of oil in total ration and amount of linoleic acid in oils. Researchers have successfully
increased CLA content by supplementation of different oils [4,48,56]. Others [3] supplement‐
ing with 4% SBO to diets did not affect the CLA. Similar to [41] who reported that feeding
5% SBO no affected CLA but increased trans10-cis-12 CLA. The addition of different vegeta‐
ble oils to the bulls diet (soybean or linseed, either protected or not protected from rumen
digestion) increased the CLA content, with an average CLA value of 0.72 %. The increase of
CLA was also due to the addition of oils presenting large quantities of its precursor LA in
diets with unprotected soybean and linseed oils [57]. Diets containing silage and concentrate
or sugarcane and sunflower seeds fed Canchim- breed animals, produce an improvement in
CLA levels (0.73g/100g vs. 0.34g/100) [58]. Rapeseed oil and whole rapeseed do not seem to
have positive effects. Of the three studied none showed increased CLA concentrations in the
LDi after supplementation with 6% rapeseed oil [41]. Soybean oil (SBO) has been used as a
source de LA throughout the finishing period to promote greater CLA accretion in lean tis‐
sues with equivocal results [56, 41]. and where CLA accretion was increased with SBO addi‐
tion, growth performance was reduced [56]. Fed steers with 5% of soybean oil in a finishing
experiment for 102 days had no effects in meat cis-9, trans, 11 CLA [41]. In a study with
steers, supplementation of 4% soybean oil to a finishing diet based on concentrate and for‐
age (80:20) resulted in a depression of the CLA deposition in muscle tissues (2.5 vs. 3.1 mg/g
FAME) compared to the same diet without soybean oil On the other hand, comparing 4%
with 8% added soybean oil in a 60:40 concentrate : forage diet showed a numerical increase
of the CLA content with the higher soybean supplementation (2.8/3.1 mg/g FAME) [59]. The
inclusion of sunflower oil in the diets (80% barley, 20% barley silage) of finishing cattle at
0%, 3%, or 6% increased the CLA content of the beef by 75% when cattle were fed 6% sun‐
flower oil [4]. Although supplementation with oil or oil seeds increased CLA content in
muscle, the inclusion of linoleic acid –rich oil or oilseeds such as safflower or sunflower, in
the diet of ruminants appears to be the most effective [60]. Supplementation of cattle with a
blend of oils rich in n-3 PUFA and linoleic acid results in a synergistic accumulation of rumi‐
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nal and tissue concentrations of TVA [61]. VA is the substrate for ∆9 –desaturase- catalyzed
de novo tissue tissue synthesis of cis-9 trans-11 isomer of CLA. However, despite increases
in its substrate, muscle tissue concentrations of cis-9, trans-11 CLA have not increased by us‐
ing this strategy [62]. Inclusion of extruded linseed in the diet of Limousin and Charolais
cattle, increase CLA [63]. The importance of the contribution of TVA to total CLA intake is
further reinforced by a French study [64] in which a huge 233% increase of VA was shown,
along with 117% increase of RA, which was caused by adding extruded linseeds into the an‐
imal fodder. Several authors reported that diets containing proportionally high levels of li‐
nolenic acid, such as fresh grass, grass silage, and concentrates containing linseed, resulted
in increased deposition of the cis-9, trans-11 CLA isomer in muscle [65]. The biohydrogena‐
tion by rumen microorganism does not include the cis-9, trans-11 CLA isomer as an inter‐
mediate. The trans-11 18:1 is the common intermediate during the biohydrogenation of
dietary linoleic acid and linolenic acid to stearic acid [6]. Since only a relatively small per‐
centage the cis-9, trans-11 CLA isomer, formed in the rumen, is available for deposition on
the muscles, the major source of this isomer in muscle results from the endogenous synthe‐
sis involving ∆ 9 desaturase and vaccenic acid [17].. Hereford steers cannulated in the proxi‐
mal duodenum were used to evaluated the effects of forage and sunflower oil level on
ruminal biohydrogenation and conjugated linoleic acid. Flow of trans-10 18:1 decreased line‐
arly as dietary forage level increased whereas trans -11 18:1 flow to the duodenum increased
linearly with increased dietary forage. Dietary forage or sunflower oil levels did not alter the
outflow of cis-9, trans-11 CLA [44]. Linseed supplementation was an efficient way to in‐
crease CLA proportion in beef (+22% to 36%) but was highly modulated by the nature of the
basal diet, and by intrinsic factors as breed, age/sex, type of muscle, since these ones could
modulate CLA proportions in beef from 24% to 47% [21]. Soybean oil, which is rich in linole‐
ic acid, has been found in several studied [66,67,] to be more efficient than linseed oil, which
is rich in linolenic acid, in increasing the CLA content of milk. In beef cattle the addition of
3% and 6% sunflower oil to a barley based finishing diet results in increased CLA content in
LD muscle: 2.0 vs 2.6 vs. 3.5 mg/g lipid for control, 3%,, and 6% sunflower oil, respectively.
A more substantial increase in the CLA concentration was found when sunflower oil was
added to both the growing and finishing diet of beef cattle.[68,69]. 4.3, 6,3 and 9.1 mg CLA /
g FAME in LD muscle lipids of heifers, were found, after supplementing the feed with 0, 55,
and 110 g sunflower oil per kg of the diet for 142 days before slaughter [48]. Supplementa‐
tion of a high forage fattening diet with either soybean oil or extruded full fat soybeans at a
level of 33g added oil per kg of diet DM resulted in a 280-410 % increase in the concentration
of CLA in the intramuscular and subcutaneous lipid depots of fattening Friesian bull calves
The content of VA in both lipid depots were also increased about three-fold by this oil sup‐
plementation [70].
CLA

Reference

Concentrate IMF fat

3.4 b mg/g fat

[70]

Soybean oil IMF fat

13.0 a mg/g fat

[70]

Extruded soybean IMF fat

15.4 a mg/g fat

[70]

Effect of Dietary Plant Lipids on Conjugated Linoleic Acid (CLA) Concentrations in Beef and Lamb Meats
http://dx.doi.org/10.5772/ 52608

CLA

Reference

Concentrate Sub fat

5.2 c mg/g fat

[70]

Soybean oil Sub fat

20.3 b mg/g fat

[70]

Extruded soybean Sub fat

26.6 a mg/g fat

[70]

LD concentrate / silage

0.41d % FA

[93]

LD Grass

0.70c % FA

[93]

LD grass +sunflower oil

1.34a % FA

[93]

LD grass +linseed oil

0.93b% FA

[93]

LD Wagyu Control

0.27 b % FA

[68]

LD Wagyu 6% sunflower oil

1.29a % FA

[68]

LD Limousin Control

0.28b % FA

[68]

LD Limousin 6% sunflower oil

1.19a % FA

[68]

LM grass

0.73c % FA

[48]

LM grass+ sunflower oil

1.78a % FA

[48]

LM grass+linseed oil

1.26b % FA

[48]

LM Corn oil 0%

0.68b % FA

[94]

LM Corn oil 0.75%

0.85a % FA

[94]

LM Corn oil 1.5%

0.81ab % FA

[94]

LT Control

0.33% FA

[95]

LT Control + Vit E

0.36 % FA

[95]

LT Control

0.34 % FA

[95]

LT Control+ flaxseed

0.34 % FA

[95]

LD Control

0.35 c mg/100g FA

[57]

LD Soybean oil

0.94a mg/100g FA

[57]

LD Linseed oil

0.80a mg/100g FA

[57]

LD Protected linseed oil

0.55b mg/100g FA

[57]

LM grass NL

0.78c g/100g FA

[48]

LM grass+sunflower oil NL

1.90a g/100g FA

[48]

LM grass+linseed oil NL

1,35b g/100g FA

[48]

LM grass PL

0.32c g/100g FA

[48]

LM grass+sunflower oil PL

0.71a g/100g FA

[48]

LM grass+linseed oil PL

0.51b g/100g FA

[48]

Table 4. Conjugated linoleic acid (CLA) concentrations on beef under dietary oils supplementation. a b Indicates a
significant differences (at least p<0.05) between dietary oil supplementations reported within each respective study.
Abbreviations LD: Longissimus dorsi ; SM: Semimembranosus ; LT Longissimus thoracis; Sub: Subcutaneous fat; NL:
neutral lipids; PL: Phospholipids.
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Diet P vs. C

Trans- 11 18:1

Trans- 10

Reference

18:1
C

0.92

1.21b

[42]

P+4month C

1.10

0.81b

[42]

P+2month C

1.15

0.98b

[42]

P

1.35

0.20a

[42]

Ground control

1.14

2.69

[53]

Ground grass

4.14

0.75

[53]

Steaks control

0.51

3.60

[53]

Steaks grass

2.95

0.60

[53]

Grass silage (GS)

2.03a

Na

[43]

GS +Low C

1.37b

Na

[43]

GS+ High C

1.15b

Na

[43]

Control

0.65

2.02

[45]

20% DDGS corn

0.78

2.37

[45]

20%DDGS wheat

0.74

1.60

[45]

40% DDGS corn

0.92

3.16

[45]

40%DDGS wheat

0.69

1.33

[45]

LT et LL Tudanca x Charolais

2.68

0.36b

[26]

LT et LL Limousin

2.24

1.01 a

[26]

Table 5. Trans-11 and trans 10 C18:1 isomer proportions on beef under different conditions. a b Indicates a significant
differences (at least p<0.05) between trans-10 C18:1 and trans-11 C18:1 reported within each respective study. ”na”
indicates that the value was not reported in the original study. Abbreviations LD: Longissimus dorsi ; LL Longissimus
lumborum LT: Longissimus thoracis.

4. Factors influencing CLA concentrations on lamb lipids
In lamb production, more than other species, each country or region has its own specific
weight/age and type of carcass criteria, depending on the culture and the customs of the
people. Many factors including breed, gender, age/body weight, fatness, depot site, environ‐
mental condition, diet and rearing management influence lamb fat deposition and composi‐
tion. Further studied are needed to understand how animal circadian rhythms, diurnal
rumination patterns and daily changes in herbage chemical composition could affect lamb
fatty composition [71].
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4.1. Production system (Tables 6 & 8)
No differences were detected in the muscle CLA/ trans-11 18:1 index of herbage or concen‐
trate –fed lambs but the supplementation of tanino produced strong effects on the accumu‐
lation of fatty acids which are involved in the biohydrogenation pathway [72]. During two
years (Y1 and Y2) lambs were under four diets. Only silage both pre and post weaning (SS),
only silage until weaning, silage plus concentrate thereafter (SC), silage plus concentrate
both pre and post weaning (CC) and silage plus concentrate before weaning, only silage af‐
ter (CS). Treatment differences for trans-11 18:1 were presented only in Y1, with muscle
from the lamb fed silage before weaning having the highest levels. The same groups has the
highest levels of cis-9, trans 11 CLA in Y1. Similar in Y2 the group SS has the highest CLA
level, while the CC group has the lowest [73]. The feeding strategy around parturition influ‐
ence the CLA and VA content of lamb meat. Pre-partum grazing, regardless of post-partum
feeding, can improve the fatty acid composition, increasing the CLA content in lamb meat
[74]. The meat of lambs slaughtered at Christmas has a higher CLA content than those
reared in winter (slaughtered at Easter) as a result of the traditional feeding system which
provided that lambs born and reared in autumn receive milk from ewes permanently pas‐
tured while those reared in winter are suckled by ewes permanently stall-fed [75]. The graz‐
ing on T.subterraneum as monoculture, associated with L. multiflorum in the proportion T/
L=66/33 incremented cis-9,trans-,11 CLA of L. dorsi muscle of lambs [76]. The meat fatty acid
profile was affected by the grazing management: compared to a morning-grazing or to a
whole day-grazing management. Allowing lambs to gaze in the afternoon resulted in a meat
fatty acid profile richer in CLA. In particular, in the 4hPM meat there is a greater proportion
of those fatty acids arising from ruminal biohydrogenation, among them the CLA [71].
CLA mg/g fat

Reference

LD Grass pellets

1.29a % FA

[40]

LD Concentrate diet

1.02a % FA

[40]

LD Concentrate diet Ad libitum

0.74b % FA

[40]

Muscle Concentrate+concentrate CC

0.46b g/100g lipids

[73]

Muscle Silage+concentrate SC

0.61a g/100g lipids

[73]

Muscle Concentrate+silage CS

0.45b g/100g lipids

[73]

Muscle Silage+silage SS

0.65a g/100g lipids

[73]

LT Pre-partum hay

1.42b % FA

[74]

LT Pre-partum grazing

1.66a % FA

[74]

LT Post-partum hay

1.35b % FA

[74]

LT Post –partum grazing

1.73a % FA

[74]

LD Grassed 9 am to 5 pm

1.85b g/100g FAME

[71]

LD Grassed 9 am to 1 pm

1.45b g/100g FAME

[71]

LD Grassed 1 pm to 5 pm

2.39a g/100g FAME

[71]

LL Sucking lamb Autumn

1.10% IM Fat

[75]

LL Sucking lamb Winter

0.56 % IM Fat

[75]
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CLA mg/g fat

Reference

LD Grazing subterraneous clover

0.46a % FA

[76]

LD Grazing Italian rye grass

0.26 b % FA

[76]

Pasture LD

0.90b % FAME

[96]

Pasture Leg muscles

1.27a % FAME

[96]

Pasture LD total lipids

0.90 % total FAME

[96]

Pasture LD Triacylglycerols

0.62 %total FAME

[96]

Pasture LD Phospholipids

0.11 % total FAME

[96]

Table 6. Conjugated linoleic acid (CLA) concentrations on lamb meat according to concentrate, pasture, muscle type
and season. a b Indicates a significant differences (at least p<0.05) between values reported within each respective
study. Abbreviations LD: Longissimus dorsi ; ST: Semitendinosus ; LL Longissimus lumborum; ; LT: Longissimus toracsis;
SM: Semimembranosus.

4.2. Oil supplementation (Tables 7& 8).
Several strategies have been tested in recent years to improve CLA isomers in meat of inten‐
sively–reared lambs, keep indoors and fed high-concentrate diets rich linoleic acid and poor
in linolenic. Incorporating linseed rich, in linolenic acid, the proportion of trans-11, 18:1 and
cis-9, trans-11 18:2 were higher in the muscle and in the adipose tissues of linseed –fed
lambs than in control lambs [77]. This increased is in contrast to results of [78] but in agree‐
ment with [79]. Discrepancias between these studies may due to differences in the level of
intake the linoleic and linolenic acids or the different level of ∆9- desaturase inhibition as it
has been shown that ∆9 desaturase is inhibited by PUFA with increasing inhibition as the
degree of fatty acid unsaturation increases. Fed lambs from weaning to slaughter with diets
that contained 5% supplemental from high oleic acid safflower or normal safflower in‐
creased the meat cis-9,trans,11 CLA compared with the control group [80] In lambs inclu‐
sion of 8% of soybean oil to a lucerne hay-based diet resulted in an intramuscular (M.
Longissimus thoracis ) CLA content of 23.7 compared with 5.5 mg/g FAME in the control
group [81]. Feeding soybean and linseed oils to lambs pre and post weaning did not increase
CLA content of muscle, whereas post weaning oil supplementation minimally increased
CLA concentration in subcutaneous fat [82]. Conflicting results have been reported on alter‐
ing FA content of meat supplementing ruminant diets with lipid sources high in linoleic and
linolenic acids. Some research suggests supplementing CLA, linoleic or linolenic acids in
high concentrate fed to lambs can increase CLA content in muscle [ 83], whereas supplemen‐
tation of linoleic in finishing diets fed to cattle had no effects on CLA in adipose or muscle
tissue [3,41]. Feeding lipid sources rich in linoleic and linolenic increases the cis-9,trans-11
18:2 content of ruminant meats [21,81, 83,84]. However, feeding linseed oil, rich in linolenic
acid, seems to be less effective in the increases of cis-9, trans-11 18:2 in muscle than sunflow‐
er oil, rich in linoleic acid [45,48]. Seems to be that a blend of sunflower and linseed oils may
be a good approach to obtain an enrichment in CLA in lamb meat. Maximun CLA concen‐
trations (42.9 mg/100 g fresh lamb tissue ) was observed with 100% of sunflower, decreasing
linearly at 78% by sunflower oil with linseed oil replacement [86]. A consistent significant
increase in CLA content in lamb tissues was observed with dietary supplementation with
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6% of safflower oil. The CLA concentration in several lamb tissues was increased by more
than 200% [39]. These results indicated that supplementation of lamb feedlot diets with a
source of LA was a successful method of increasing CLA content of tissues. Merino Branco
ram lambs initially fed with concentrate showed a lower proportions of cis-9,trans-11 18:2
CLA (0.98% vs. 1.38% of total fatty acids) than lambs initially fed with Lucerne. Initial diet
did not compromise the response to the CLA promoting diet (dehydrated lucerne plus 10%
soybean oil) and the proportion of cis-9,trans-11 C18:2 CLA in intramuscular fat increased
with the duration of time on the CLA-promoting diet (1.02% vs. 1.34% of total fatty acids)
[87]. Supplementation of oilseed with different levels of oleic (rapeseed), linoleic (sunflower
and safflower seeds), and linolenic acid (linseed) on trans-11 18:1 and CLA isomers on ewe
different tissues showed that the percentage of trans-11 C18:1 averaged around 4.56 % of to‐
tal fatty acids for all supplements and tissues [88]. Increasing dietary forage and soybean oil
did not change the sheep mixed ruminal microbes concentration of vaccenic acid but in‐
creased rumenic acid [89].
CLA mg/g fat

Reference

LD Sunflower oil

2.13a mg/100 g muscle

[86]

LD Sunflower oil+ 33% linseed oil

2.06 a mg/100 g muscle

[86]

LD Sunflower oil + 66% linseed oil

1.84b mg/100g muscle

[86]

LD Linseed oil

1.56 c mg/100g muscle

[86]

Leg control

1.78a mg/g fat

[97]

Leg CLA

1,50a mg/g fat

[97]

Leg Safflower oil

4.41b mg/g fat

[97]

Adipose tissue Control

2.77 b mg/g fat

[97]

Adipose tissue CLA

2.60 b mg/g fat

[97]

Adipose tissue Safflower oil

7.33 a mg/g fat

[97]

LD control

3955 b ppm in muscle

[98]

LD Control + 5% sunflower oil

8491a ppm in muscle

[98]

Fat control

4947b ppm in fat

[98]

Fat control +5% sunflower oil

11313a ppm in fat

[98]

LT Control

0.75c % of FA

[87]

LT Control+Lucerne+10% soybean oil

1.21b % of FA

[87]

LT Lucerne

1.28 b% of FA

[87]

LT Lucerne+Lucerne+10% soyben oil

1.47 a% of FA

[87]

Muscle Control no fat

0.05 b mg/g muscle

[77]

Muscle control+wheat+linseed

0.11 a mg/g muscle

[77]

Muscle control+corn+linseed

0.12 a mg/g muscle

[77]

LL Control

0.60b g/100g FAME

[88]

LL Linseed

0.72b g/100g FAME

[88]

LL Rapeseed

0.70b g/100g FAME

[88]

LL Safflower seed

0.96a g7100g FAME

[88]

LL Sunflower seed

0.98a g/100g FAME

[88]

Table 7. Conjugated linoleic acid (CLA) concentrations on lamb meat according to dietary oil. a b Indicates a
significant differences (at least p<0.05) between valus reported within each respective study. Abbreviations LD:
Longissimus dorsi ; LL Longissimus lumborum; LT Longissimus thoracis
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LD Grazing subterraneous clover

Trans- 11 18:1

Trans- 10 18:1

Reference

4.22

Na

[76]

LD Grazing Italian rye grass

3.65

Na

[76]

LD Grass 9 am to 5 pm

1.55a

Na

[71]

LD Grass 9 am to 1 pm

1.06b

Na

[71]

LD Grass 1 pm to 5 pm

1.60a

Na

[71]

LD grass pellets

2.25a

0.38b

[40]

LD concentrate

1.39b

1.54a

[40]

LD concentrate ad lib

0.85b

1.73a

[40]

LD concentrate

79.4

Na

[72]

LD Herbage

31.4

Na

[72]

Silage-silage

1.54a

Na

[73]

Silage-concentrate

1.45a

Na

[73]

Concentrate-concentrate

1.08b

Na

[73]

Concentrate-silage

1.14b

Na

[73]

LM Pre Control

0.25

5.13b

[82]

LM Pre Control +oil

0.29

6.02a

[82]

LM Post Control

0.25

4.30b

[82]

LM Post Control+ oil

0.29

6.81a

[82]

Sub Pre Control

0.29

9.85b

[82]

Sub Pre Control +oil

0.31

8.25b

[82]

Sub Post Control

0.28

7.09b

[82]

Sub Post Control+ oil

0.33

11.01a

[82]

Table 8. Conjugated linoleic acid (CLA) isomer proportionson lamb under different condicions. a b Indicates a
significant differences (at least p<0.05) between values reported within each respective study. ”na” indicates that the
value was not reported in the original study. Abbreviations LD: Longissimus dorsi ; LM: Semimembranosus; Sub:
Subcutaneous

5. Conclusions
Several factors influence the CLA content of ruminant meats as breed, sex, seasonal varia‐
tion, type of muscle, production practices but diet plays the most important role. CLA con‐
centration in beef and lamb can be influenced by dietary containing oils or oilseeds high in
PUFA, usually linoleic or linolenic fatty acids. The supplementation of ruminant diets with
PUFA rich lipids is the most effective approach to decrease saturated FA and promote the
enrichment of CLA and n-3 PUFA. The differences in responses to plant oils were probably
due to variations in stage of growth of animals, levels of oil supplementation, levels of oil in
total ration and amount of linoleic acid in oils. Thus, the manipulation of the fatty acid com‐
position in ruminant meat to reduce SFA content and the n-6/n-3 ratio whilst, simultaneous‐
ly increasing the PUFA and CLA contents, is the major importance in meat research.
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1. Introduction
Soybean is the second largest acreage crop in the United States (29%), right after corn (35%)
according to the American Soybean Association [1]. Soybean is widely consumed in the
world, particularly in Asian countries. The various soybean products could be separated in‐
to non-fermented and fermented soybean products. The non-fermented soybean products
include soymilk, tofu, yuba, soybean sprouts, okara, roasted soybeans, soynuts and soy
flour, immature soybeans, cooked whole soybeans, and the fermented oriental soybean
products include soy paste (Jiang and Miso), soy sauce, Tempeh, Natto, soy nuggets (Dou‐
chi), sufu. In the United States, soy oil is often used for food and biodiesel production. The
soybean processing process is shown in Figure 1. After the oil extraction, the residue –
flaked soy meal, is usually produced into four products (textured soy flour, soy protein con‐
centrate and soy protein isolate, 48% soy meal, soluble soy carbohydrate). The textured soy
flour could be used in bakery products, meat products, infant food etc. Soy protein concen‐
trate and isolate could be used in baby food, bakery products, cereals, lunch meat etc. SSPS
(soluble soybean polysaccharides) functions as a dispersing agent, stabilizer, emulsifier, and
has good adhesion properties [2]. The 48% soy meal is used for animal feed. The portions of
different animal usages are poultry (48%), swine (26%), beef (12%), dairy (9%), pets (2%),
others (3%) [1]. Poultry and swine usages account for74%.
The popular usage of soybean for food and feed is due to its nutritional profile. Soybean is a
good protein source and the only dietary isoflavone source together with other legumes.
Anti-nutritional factors in soybean, such as phytic acid, oligosaccharides, trypsin inhibitor
etc, limit its usage. Fermentation with GRAS (generally recognized as safe) microorganisms
has been used to help degrade these anti-nutritional factors. The nutritional value of fer‐
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mented soybean and soy meal products with additional nutritional factors is then largely
enhanced.

Figure 1. Soybean processing and products

2. Nutritional enhancement of soybean and soy meal via fermentation
2.1. Soy Protein
Protein content in soybean and soy meal are around 40%- 50% respectively. The high pro‐
tein content makes soybean and soy meal a rich protein source for food and feed. As food
source, the Protein Digestibility Corrected Amino Acid Score (PDCAAS), which is adopted
by FDA and FAO/WHO, for isolated soy protein is 0.92, soy protein concentrate is 0.99, com‐
paring with beef (0.92) and egg white (1.00). The human subject studies show that well-proc‐
essed soy protein could serve as the sole source of protein intake for human beings [3]. FDA
claims that diets containing 25 g of soy protein can reduce levels of low-density lipoproteins
by as much as 10 percent and have considerable value to heart health. The specific reason
for the heart protection function is unclear, for there are hundreds of protective compounds
in soybean. As feed source, soy protein is high in lysine, but low in sulfur-containing amino
acids, with methionine being the most limiting amino acid, followed by threonine [4]. The
complementation of soy and corn for lysine and methionine makes them a valuable feed
when combined.
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2.1.1. Fermentation increases protein and amino acid content, and degrades protein into small
functional peptides.
During fermentation, microorganisms digest the carbohydrates in soybean or soy meal and
use for their own growth. The decreased dry matter and increased microorganisms weight
ratio result in enhanced protein content[5-7]. In reference [5], fermented soy meal with S.cer‐
evisae increased its protein level from 47% to 58%, while with L. plantarum and B. lactis, pro‐
tein level increased to 52.08% and 52.14%. Microorganisms used for soybean fermentation
have been reported to secret protease during fermentation [8-11]. In Cheonggukjang, the Ba‐
cillus subtilis fermented traditional soybean food in Korea, the acidic protease activity level
could be as high as 590.24±2.92 μg/ml. Neutral protease activity level could achieve
528.13±3.11 μg/ml [9]. Because of protein degradation during fermentation, fermented soy‐
bean products are easier to digest.
Four parameters have been often used to evaluate the protein degradation of fermented soy‐
bean products. They are trichloroacetic acid (TCA) soluble nitrogen, degree of protein hy‐
drolysis, SDS-PAGE profile, and amino acid content. Usually peptides having 10 or fewer
amino acids would dissolve in TCA[12]. During fermentation, the degree of protein hydrol‐
ysis increases because of protease hydrolysis [13-14]. Meanwhile, TCA soluble nitrogen and
peptide contents could also be enhanced [6, 9, 13-14]. SDS-PAGE analysis shows less large
(>70 kDa) and medium (20-60 kDa) peptides and more small (<10 kDa) peptides in soy meal
after fermentation of Lactobacillus plantarum, Bifidobacterium lactis, Sccharomyces cerevisiae, or
Aspergillus oryzae [5, 7, 15]. Reference [13] showed that after 24 hr Bacillus subtilis fermenta‐
tion, soy protein with molecular weight above 20 Kd disappeared from the electrophoreto‐
grams. The total amino acid content increased significantly (p<0.05) in fermented soy meal
or soybean with Lactobacillus plantarum, Bifidobacterium lactis, Sccharomyces cerevisiae, Bacillus
subtilis, Aspergillus oryzae, Rhizopus oryzae, Actinomucor elegans, Rhizopus oligosporus et al. [5,
7-8, 10-11, 13, 16]. L.plantarum fermentation of soy flour led to an increase in sulfur amino
acids (Met plus Cys), Phe, Tyr, Lys, and Thr [16].
2.1.2. Functional biopeptide
Fermentation degrades large protein molecules into small peptides and amino acids. The bi‐
ologically active peptides from soybean play an important role as angiotenisin converting
enzyme (ACE) inhibitor [17] and as antioxidants [18]. In this section, we will discuss the
ACE inhibitor. The antioxidant activity of biopeptides will be discussed in the antioxidant
section.
Angiotensin I-converting enzyme (ACE, EC 3.4.15.1) is a dipeptidylcarboxypeptidase associ‐
ated with the regulation of blood pressure as well as cardiovascular functions [19]. ACE-in‐
hibitory substances are used to lower the blood pressure of hypertensive patients. Various
ACE inhibitory peptides have been isolated from traditional fermented soybean foods, like
natto, doujiang, soy sauce, and miso paste [20-23].
ACE inhibitory activity of peptides generated by protease is greatly dependent upon fer‐
mentation time. ACE inhibitory activity in Textured Vegetable Protein (TVP) fermented by
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Bacillus subtilis for 24 and 72hr showed IC50 values of 2.20 and 3.80 mg/ml, respectively [24].
The initial fermentation of TVP resulted in production of effective peptides, but longer fer‐
mentation time produced less active peptides as ACE inhibitor. Peptide with ACE inhibitory
activity consisted of low molecular weight. Molecular weight of 500-1,000 Da shows the
highest ACE inhibitory activity [24]. In [25], oligopeptides generated from soy hydrolysate
and fermented soy foods though endoprotease digestion, demonstrated a range of biological
activities – angiotensin converting enzyme (ACE) inhibitory, anti-thrombotic, surface ten‐
sion and antioxidant properties.
2.1.3. Fermentation decreases soy immunoreactivity
Soybean is defined as one of the “big 8” food allergens in the United States [16].The estimat‐
ed prevalence of soybean allergies is about 0.5% of the total U.S. population [16]. Patients
with soy allergy could react subjectively and objectively with 0.21 and 37.2 mg of soy pro‐
tein, respectively [5]. The principle for food allergy is that epitopes in allergenic protein bind
to the immunoglobulin E (IgE) molecules residing in the mast cells and basophils, causing
them to release inflammatory mediators, including histamine. Alpha- (72 kDa) and beta- (53
kDa) conglycinin subunits, P34 fraction, and glycinin basic (33 kDa) and acidic (22 kDa) sub‐
units, and trypsin inhibitor (20 kDa) are the main protein components causing plasma im‐
munoreactivity [16]. Glycine was found to stimulate local and systemic immune responses
in allergic piglets and had negative effects on piglet performance [26]. The severity of the
immune reactions depends on the dose of glycinin; higher doses cause more severe symp‐
toms. The effect of purified beta-conglycinin on the growth and immune responses of rats
were investigated [27]. Results showed that puriﬁed beta-conglycinin possesses intrinsic im‐
mune-stimulating capacity and can induce an allergic reaction. Also, newly weaned pigs
with limited stomach acid and enzymatic secretions in the small intestine can have difficulty
digesting proteins with complex structures and large molecular weights [28].
Studies have confirmed degradation of soybean allergens during fermentation by microbial
proteolytic enzymes in fermented soybean products, such as soy sauce, miso and tempeh [5,
29]. In the fermented soy products, soy protein has been hydrolyzed into smaller peptides
and amino acids;therefore the structure of antigen epitopes might be altered, becoming less
reactive. The IgE binding potential is reduced and therefore the immunoreactivity is low‐
ered. In soy sauce, proteins are completely degraded into peptides and amino acids after fer‐
mentation and allergens are no longer present [29]. The reduction of immunoreactivity by
nature and induced fermentation of soy meal with Lactobacillus plantarum, Bifidobacterium lac‐
tis, Saccharomyces cerevisiae were evaluated [5]. S.cerevisiae, B.lactis and L. plantarum reduced
the immune response77.2%, 77.2%, 78.0%, when using 97.5 kUA/l human plasma and 88.7%,
86.3%, 86.9%, respectively, when the pooled human plasma was used. All three fermented
soy meal products showed fewer large (>70 kDa) and medium (20-60 kDa) peptides, and
more small (<10 kDa) peptides. Protein hydrolysis reduction of soy protein immunoreactivi‐
ty was also confirmed through enzyme hydrolysis conducted in reference [30], which
showed that after hydrolyzing with three food-grade proteases (Alcalase, Neutrase, Corol‐
ase PN-L), no residual antigenicity was observed in resulting soy whey.
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Animal experiments have also confirmed the hypoallergenic properties of fermented soy‐
bean or soy meal products. With regard to the soybean allergy, fermentation of soy meal de‐
creased the immune response to soy protein in piglets and the level of serum IgG decreased
by 27.2% [31]. Antigenic soybean proteins in the diet of early weaned pigs provoke a transi‐
ent hypersensitivity associated with morphological changes including villi atrophy and
crypt hyperplasia in the small intestine [31]. All of these morphological changes can cause a
malabsorption syndrome [26, 33], growth depression, and diarrhea [34, 35]. Differences of
the villi condition in such pigs fed soy meal and fermented soy meal were investigated by
using scanning electron microscopy [36]. Piglets fed soy meal had shorter, disordered, and
broader villi, whereas piglets fed fermented soy meal had long, round, regular, and tapering
villi that could better digest and absorb nutrients.
2.2. Isoflavone
One of the acknowledged bioactive compounds in soybean is isolavone. Isoflavones general‐
ly exist in soybeans and soy foods as aglycones (daidzein, genistein, and glycitein), beta-gly‐
cosides (daidzin, genistin, and glycitin), acetylglycosides (6’’-O-acetyldaidzin, 6’’-Oacetylgenistin, and 6’’-O-acetylglycitin), and malonylglycosides (6’’-O-malonyldaidzin, 6’’-O
—malonylgenistin, and 6’’-O-mlonylglycitin). The structures of the 12 isomers are shown in
figure 2.Isoflavones physiological effects include their estrogenic activity, antioxidant and
antifungal activity, and more importantly, to act as anti-carcinogens. Isoflavones may also
help to reduce blood serum cholesterol levels [4].

Figure 2. Chemical structures of 12 isoflavone isomers in soybean [4]

Among soy isoflavones, the relative abundance of genistein including respective deriva‐
tives, is the highest – about 50% of isolavone content, followed by daidzein (40%) and glyci‐
tein (10%). However, glycitein has been shown to be more bio-available than other
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isoflavones, followed by genistein [37]. Most of the isoflavones are associated with proteins
in soy, with very little present in the lipid fraction. In their natural state, the majority of iso‐
flavones exists as inactive glycosides (genistin, daidzin, and glycitin) and the remaining as
their active aglycone forms (genistein, daidzein, and glycitein, respectively). Glycoside
forms are heat sensitive, being converted into malonyl-beta-glycosylated isoflavone when
heated. The aglycone forms are quite stable at high temperature [38].
Isoflavones when ingested are metabolized extensively in the intestinal tract, absorbed,
transported to the liver, and undergo enterohepatic recycling. Intestinal bacterial glucosidas‐
es cleave the sugar moieties and release the biologically active isoflavones as aglycones.
Aglycones could be directly absorbed in the adult and these can be further biotransformed
by microorganisms to the specific metabolites, equol, desmethylangolensin, and p-ethylphe‐
nol. All of these phyto-oestrogens are then eliminated, mainly by the kidney, and therefore
share the physiological features and behavior of endogenous estrogens. Among the glyco‐
nes, beta-glucosides are easier to be hydrolyzed than 6’’-O-malonylglucosides and 6’’-O-ace‐
tylglucosides.
Some microorganisms have been reported to secrete beta-glucosidase, which could convert
isoflavones to aglycones. The quantities of melonyl, acetyl, and glycosidyl isoflavonoids de‐
crease during fermentation but those of isoflavonoid aglycones, daidzein, and genistein in‐
crease by over 10 to 100 fold. In Meju (long term fermented soybeans), compared with
unfermented samples, the total glycosides in 60 hr fermented samples decreased from 1827
ug/g to 487 ug/g, while total aglycones increased from 22 ug/g to 329 ug/g, with daidzein
increasing from trace to 152 ug/g, genistein from 16 ug/g to 170 ug/g. However, the quantity
of glycitein was not increased [39]. In another study about meju fermented by Aspergillus or‐
yzae, malonyl glycosides that initially accounted for 57.2-72.2% in the different soybeans
markedly decreased to 7.4-19.9%, while aglycones originally accounted for only 1.1-2.8% in
the soybeans, but markedly increased to 34.1-53.2% in miso [40]. In reference [38], total agly‐
cones increased from 12.27 ug/g in whole soy flour to 446.90 ug/g after 48 hr fermentation by
Aspergillus oryzae(ATCC 22876). Its percentage of total isoflavones increased from 2.67% to
75.51%. Daidzein content increased from trace to 133.07 ug/g, glycitein from trace to 35.56
ug/g, genistein from 12.27 ug/g to 278.27 ug/g. In Bacillus subtilis fermented soy paste
ChungGuklang (CGJ), about 85% of isoflavones were in the aglycone form in the CGJ, 14%
in the glucoside form and acetylglucoside and malonylglucoside forms contributed less than
1% [41]. In Bacillus pumilus HY1 fermented Cheonggkjang, the beta glucosidase increased to
24.8 U/g until 36 h. The glycosides and malonylglycosides decreased throughout the fermen‐
tation to about 80% - 90% of their starting amount at 60 hr [42]. Part of isoflavonoid agly‐
cones are broken down into secondary metabolites, so the total quantity of isoflavonoids
decreased [38, 42].
Aglycones could alleviate the symptoms of type2 diabetes, which the beta-glycosides, ace‐
tylglycosides and malonylglycosides forms are not able to do. Type 2 diabetes mellitus
emerges from uncompensated peripheral insulin resistance that is associated with unregu‐
lated nutrient homeostasis, obesity, peripheral insulin resistance and progressive beta-cell
failure. The effect of isoflavones in Meju on alleviating the symptoms of the type2 diabetes
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was investigated and four mechanismswere found [39]. Isoflavonoid aglycones could im‐
prove insulin-stimulated glucose intake. Also, they could induce PPAR-γ activation to in‐
crease insulin-stimulated glucose uptake. The PPAR-γ is the central regulator of insulin and
glucose metabolism. It could help improve insulin sensitivity in type 2 diabetic patients and
in diabetic rodent models. Besides, aglycones have strong effects for insulin/IGF – 1 signal‐
ing through IRS2, which plays a crucial role in beta-cell growth and survival. In this study,
aglycones in meju increased GLP-1 secretion. GLP-1 is one of the incretins secreted from en‐
teroendocrine L-cells that augments insulin secretion after the oral intake of glucose and free
fatty acids. The induction of its secretion can prevent and/or relieve diabetic symptoms.
2.3. Antioxidant activity
Oxidative stress has been found to be the primary cause of many chronic diseases as well as
the aging process itself. Antioxidants could help to delay or prevent oxidative stress. Epide‐
miological studies show that antioxidants could lower the risk of cardiovascular disease,
cancer (overall risk reduction between 30 – 50%), diabetes, neurological diseases, immune
diseases, eye diseases et al. [43]. Antioxidant compounds play an important role as a health
protecting factor. It is beneficial to eat antioxidant enriched food. Products prepared
through the fermentation of soybean including various traditional oriental fermented prod‐
ucts of soybean such as natto, tempeh, miso and other fermented products, have been found
to exhibit a significantly higher antioxidant activity than their respective non-fermented soy‐
bean substrate.
Di(phenyl)-(2,4,6-trinitrophenyl)iminoazanium(DPPH) radical scavenging activity, Fe2+
chelating activity and reducing property have been used to quantify antioxidant activity.
DPPH is a stable nitrogen-centered, lipophilic free radical that is used in evaluating the anti‐
oxidant activities in a short time. Ferrous ionsare the most effective pro-oxidants in food sys‐
tem. Metal chelation agents prevent metal-assisted homolysis of hydroperoxides and block
the formation of chain initiators. IC50 and the relative scavenging effect are the parameters
to describe the DPPH radical scavenging and Fe2+ chelating abilities. IC50 is the inhibition
concentration of extracts required to decrease initial DPPH radical or Fe2+ concentration by
50%. The relative scavenging effect is calculated by dividing the extract content with the
IC50 of the respective extract, and then compare with the scavenging effect of control sam‐
ples. The reducing property indicates that these compounds are electron donors and can re‐
duce the oxidized intermediates, and therefore, can act as primary or secondary
antioxidants. The reduction of Fe3+/ferricyanide complex to ferrous form in presence of anti‐
oxidants has been used to test the reducing activity of samples [44].
Antioxidant activity of methanol extracts of soybean koji fermented with Asp. oryzae, Asp.
sojae, Actinomucor taiwanensis, Asp. awamori, and Rhizopus spp. have been investigated [44].
Methanol extracts of soybean koji, which mainly contained phenolic acid, have higher rela‐
tive DPPH – scavenging effect and Fe2+ chelating effect than the unfermented steamed soy‐
beans. The koji methanol extracts had a relative DPPH - scavenging effect of 2.3-8.9
compared with that of the non-fermented soybean, which was assigned as 1.0. Among them,
the Aspergillus awamori-soybean koji exhibited the highest DPPH-scavenging effect, at a level
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approximately 9.0 fold than that exhibited by the non-fermented steamed soybean [44].The
Fe2+ ion chelating ability of soybean increased by 2.1 – 6.7 fold after fermentation, depend‐
ing on starter organism employed [44]. In Cheonggukjang fermented by Bacillus pumilus
HY1, the level of DPPH radical scavenging activity increased from 54.5% to 96.2% by 60 hr
[42]. In Bacillus subtilis fermented soybean kinema, when the methanol extract concentration
was 50 mg/ml, 60% DPPH radical scavenging was observed. In the same product with a
concentration of 10 mg/ml, the methanolic extract of kinema exhibited 64% metal chelation
which was much higher than the activity shown by cooked non-fermented soybean (22%)
[45]. Similar findings of enhanced reducing power of fermented bean and bean products
were reported from Bacillus subtilis fermented soybean kinema[45] and from Aspergillus ory‐
zae fermented soybean koji [44].
The enhanced antioxidant activities in fermented soybean products may be due to the in‐
creased phenolic compounds contents. Phenolic compounds have been demonstrated to ex‐
hibit a scavenging effect for free radicals and metal-chelating ability [46]. Most phenolic
acids in cereals primarily occur in the bound form, as conjugates with sugars, fatty acids, or
proteins [47].Isoflavones are the predominant phenolics in soybean, and the glucoside form
of isoflavones represents 99% of the total isoflavones in soybean [45].This condition lowers
the antioxidant activity since the availability of free hydroxyl groups in the phenolic struc‐
ture is an important characteristic for the resonance stabilization of free radicals. The en‐
hancement of bioactive phenolic compounds by enzymatic hydrolysis from different cereals
was reported by Wojdylo [47] and Yuan [48]. Different enzymes during bacteria or fungi fer‐
mentation, such as alpha-amylase, alpha and beta-glucosidase, beta-glucuronidase, cellulase
et al., have been reported to be involved in the lignin remobilization and phenolic com‐
pounds contents enhancement [49]. Fermented soybean products have higher amount of
phenolic compounds [42, 44]. In Cheonggukjang fermented by Bacillus pumilus HY1, total
phenolics increased markedly from the starting amount of 253 g/kg to 9586 g/kg at the end
of fermentation (60hr) [42]. In Bacillus subtilis fermented kinema, total phenol content of kin‐
ema was 144% higher than that of cooked non-fermented soybean. The total phenol content
was positively correlated (p<0.001) with radical- scavenging, reducing power, metal-chelat‐
ing activity in Bacillus subtilis fermented kinema [45].
The other reason is the short chain peptides generated by fungi or bacterial protease. Anti‐
oxidant activities of peptides have been reported [50-52]. In [51], five different proteases
were used to hydrolyze soybean β-conglycinin and the hydrolysates from three of them had
significant enhanced antioxidative activities. Peptide antioxidant activity is related, but not
limited, to the amino acid composition and its sequence. In reference [51], peptides isolated
from the antioxidative beta-conglycinin hydrolysate contain histidine, proline or tyrosine
residue in their sequences and hydrophobic amino acids, valine or leucine at the N termi‐
nus. The constituent amino acids had no antioxidant activity when mixed at the same con‐
centration as the peptides. Anti-oxidative activities of peptides with different amino acid
composition or sequences have different antioxidant mechanisms. Reference [52] studied the
anti-oxidative properties of combinatorial tri-peptides. Tri-peptides Tyr-His-Tyr, Xaa-Xaa-
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Trp/Tyr, and Xaa-Xaa-Cys (SH) had a strong synergistic effect with phenolic antioxidants, a
high radical scavenging activity, and a high peroxynitrite scavenging activity, respectively.
2.4. Phytic acid
Phytate is the calcium-magnesium-potassium salt of inositol hexaphosphoric acid common‐
ly known as phytic acid [Figure 3]. Phytate and phytic acid are also referred to as phytin in
some literature.
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Figure 3. Basic structure of phytic acid [52]

Phytate is the main storage form of phosphorous in soybean. Its content in soybean ranged
from 1.00 to 1.47% on a dry matter basis [4].Phytate is known to be located in the protein
bodies, mainly within their globoid inclusions. Phosphorous in the phytate form could not
be absorbed by monogastric animals, because they lack phytase, the digestive enzyme re‐
quired to release phosphorus from the phytate molecule. Phytic acid could form proteinphytate or protein-phytate-protein complexes; these have more resistance to digestion by
proteolytic enzymes; thus, utilization of dietary protein is reduced. Also, phytic acid has a
strong binding affinity to important minerals such as calcium, magnesium, iron, and zinc.
When a mineral binds to phytic acid, it becomes insoluble, precipitates, and is not absorba‐
ble in the intestines. In food industry, the presence of phytic acid in high concentration is
undesirable. In feed industry, the unabsorbed phytate passes through the gastrointestinal
tract of monogastric animals, elevating the amount of phosphorus in the manure. Excess
phosphorus excretion can lead to environmental problems such as eutrophication. With the
pressure on the swine industry to reduce the environmental impact of pork production, it is
important to use feed ingredients that can minimize this influence.
The ability of the molds for oriental fermented soybean food to produce phytase has been
investigated. Phytase is the enzyme hydrolyzing phytic acid to inositol and phosphoric acid
and thereby removing the metal chelating property of phytic acid. There are two strains of
Rhizopus oligosporus used for tempeh fermentation, two strains of Aspergillus oryzae used for
soy sauce and six strains of Aspergillus oryzae used for miso fermentation, all the ten strains
were reported to be able to secret both extracellular and intracellular phytases [54]. The
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phytic acid content of soybeans was reduced by about one-third as a result of Rhizopus oligo‐
sporus NRRL 2710 fermentation [55-56]. That was from original 1.27% to 0.61% after 48 hr
fermentation [56]. Animal test showed that fermentation of soy meal increased phosphorus
availability [57-58] and zinc availability [59] and reduced phosphorus excretion without af‐
fecting growth of chicks. Using fermented soy meal as substitute for regular soy meal saved
0.2% of dietary inorganic phosphorous [60].
2.5. Oligosaccharides
Galacto-oligosacchrides (GOS) generally represent approximately 4 to 6% of soybean dry
matter. In soy meal produced at 10 commercial processing plants in the United States, con‐
centrations of stachyose, raffinose, and verbascose ranged from 41.0 to 57.2, 4.3 to 9.8, and
1.6 to 2.4 mg/g DM, respectively [61]. Oligosaccharides in the carbohydrate fraction, particu‐
larly raffinose and stachyose [figure 4], could lead to flatulence and abdominal discomfort
for monogastric animals [62-63] because of the deficiency of alpha-galactosidase.

Figure 4. Structure of raffinose and stachyose (1) raffinose; (2) stachyose

Galacto-oligosacchrides are digested to some extent in the small intestine (76 to 88% for sta‐
chyose, 31 to 65% for raffinose, and 32 to 55% for verbascose), resulting in the production of
carbon dioxide and hydrogen [64]. In some cases, the accumulation of flatulent rectal gas
provokes gastrointestinal distress such as abdominal pain, nausea, and diarrhea. Weanling
pigs fed a GOS-free diet supplemented with 2% stachyose or fed a diet containing soy meal‐
had increased incidence of diarrhea compared with pigs fed a control diet [63]. Additional‐
ly, fermentation of GOS has been implicated to have negative effects on nutrient
digestibilities and energy availability of soy meal. Roosters fed soy meal with low oligosac‐
charide concentrations had higher total net metabolizable energy values (2931 kcal/kg dm)
than those fed conventional soy meal (2739 kcal/kg DM) [65]. The removal of polysacchar‐
ides from soy foods and feed is, therefore, a major factor in improving their nutritive value.
To reduce non-digestible oligosaccharides, fermentation with fungi, yeast, and bacteria with
alpha-galactosidase secreting ability has been attempted over the years.
The enzyme alpha-D-Gal (alpha-D-galactoside galactohydrolase, EC 3.2.1.22) is of interest
for hydrolyzing the raffinose-type sugars found in soybeans. Rhizopus oligosporus, Lactobacil‐
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lus curvatus R08, Leuconostoc mesenteriodes, Lactobacillus fermentum, Bifidobacterium sp. et al.
have been reported to be able to produce alpha-galactosidase [56, 66-70]. These microorgan‐
isms have been applied for soybean fermentation to reduce the oligosaccharides [56, 67-68,
71]. In [56],stachyose and raffinose decreased by 56.8% and 10%, respectively, in soybean
during 48 hr fermentation by Rhizopus oligosporus. In Leu.mesenteriodes JK55 and L.curvatus
R08 fermented soymilk, the non-digestive oligosaccharides were completely hydrolyzed af‐
ter 18-24 h of fermentation [67].
Alpha-galactosidase has been isolated from plant and microbial sources, and its properties
have been documented. In general, alpha-galactosidase acts upon gal-gal bonds in the tetra‐
saccharide stachyose, releasing galactose and raffinose, and also acts upon gal-glu bonds
with the release of sucrose. Sucrose is, in turn, split by invertase, producing fructose and
glucose [72]. So, α-galatosidase activity is noticeably dependent on the type of sugar. The
type and concentration of the carbon source are known to be nutritional factors that regulate
the synthesis of bacterial galactosidase. Reference [67] found that the existence of glucose
and fructose inhibit the alpha-galatosidase expression both in Lactobacillus curvatus R08 and
Leucomostoc mesenteriodes.
2.6. Trypsin inhibitor
Protease inhibitors constitute around 6% of soybean protein [73]. Two protein protease in‐
hibitors have been isolated from soybeans. The Kunitz trypsin inhibitor has a specificity di‐
rected primarily toward trypsin and a molecular weight of about 21.5 kDa. The BowmanBirk (BB) inhibitor is capable of inhibiting both trypsin and chymotrypsin at independent
reactive sites and has a molecular weight of 7.8 kDa [74]. Trypsin and chymotrypsin, the two
major proteolytic enzymes produced in the pancreas, belong to the serine protease class.
Trypsin inhibitors present in soybeans are responsible for growth depression by reducing
proteolysis and by an excessive fecal loss of pancreatic enzymes rich in sulfur-containing
amino acid which can not be compensated by dietary soy protein [75]. Trypsin inhibitors ac‐
count for 30-50% of the growth inhibition effect [76]. Rats fed a raw soybean extract from
which trypsin inhibitors had been inactivated showed improved growth performance when
compared with control rats fed diets containing raw soybeans from which inhibitors had not
been inactivated [77].
Diets with a trypsin inhibitor concentration of 0.77 mg/g and less did not reduce the growth
of pigs according to reference [7]. And, research showed that after fermentation with Asper‐
gillus oryzae GB-107, the trypsin inhibitor in soy meal was reduced from 2.70 mg/g to 0.42
mg/g [7]. In the in vivo experiment of reference [15], the activities of total protease and tryp‐
sin at the duodenum and jejunum of piglets fed with fermented soy meal increased because
of the inactivation of trypsin inhibitor. Just as was mentioned above, protease produced dur‐
ing fermentation could degrade protein molecules into peptides and amino acids. The tryp‐
sin inhibitor may be degraded or modified during fermentation and lose its activity binding
to trypsin.
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2.7. Vitamin
The increased content of some vitamins or provitamins, both water-soluble and fat-soluble
vitamins, such as riboflavin, niacin, vitamin B6, β-carotene et al., which are due to fungal
metabolic activities,is one of the healthy and nutritional advantages of fermented soybean
products and has been extensively examined.
Vitamin or provitamin formation during tempeh fermentation by Rhizopus oligosporus, R.ar‐
rhizus, R. oryzae and R.slolonifer, respectively, were studied [11, 78]. In ref [11], all of the four‐
teen Rhizopus strains used in the research could form riboflavin, vitamin B6, nicotinic acid,
nicotinamide, ergosterol, with isolates of R.oligosporus the best vitamin formers. In ref [78],
six of 14 Rhizopus strains were able to form β-carotene in significant amounts. Five of these
six strains belonged to the species of R.oligosporus and one was identified as R.stolonifer. A
newly fourfold increase in β-carotene from 0.6 ug/g dw to 2.2 ug/g dw could be detected be‐
tween 34 and 48hr in fermentations with R.oligosporus strain. During this period the content
of total carotenoids increased from 9.1 ug/g dw to 11.2 ug/g dw in the fermentations with
R.oligosporus strain. Ergosterol is the vitamin D2 precursor. Vitamin D can be derived from
two naturally occurring compounds: ergocalciferol (D2) and cholecalciferol (D3). Both forms
have equal biological activities in humans. The fourteen strains could produce ergosterol.
The ergosterol concentration could be up to 1610 ug/g dw after 96 hr fermentation.
Vitamin K is an essential cofactor for the posttranslational conversion of glutamic acid resi‐
dues of specific proteins in the blood and bone into γ-carboxyglutamic acid (Gla). There are
two naturally occurring forms of vitamin K, vitamins K1 and K2. Vitamin K1 (phylloqui‐
none) is formed in plants. Vitamin K2 (menaquinone, MK) is primarily synthesized by bac‐
teria [79].Menaquinone (MK) plays an important role in blood coagulation and bone
metabolism [80]. Japanese fermented soybean product, Natto, has been regarded as a high
content of MK source (about 6- 9 ug/g) and is found in everyday products. Natto produced
by a mutated B. subtilis strain showed a much higher content of MK up to 12.98 ug/g
[81].Aromatic amino acids (phenylalanine, tyrosine, and trypstophan) could slow down the
MK synthesis rate in cheonggukjang by using Bacillus amyloliquefaciens KCTC11712BP, while
the supplement of 4% glycerol could signicantly increase its yield [82].

3. Conclusion
After fermentation by GRAS microorganisms, the anti-nutritional factors in soybean or soy
meal are totally degraded, including oligosaccharides, trypsin inhibitor and phytic acid. Fer‐
mentation could also degrade large soy protein into peptides and amino acids, therefore, re‐
moving the allergenic effect of soy protein. Nutritional factors are formed during
fermentation along with removal of undesirable factors. Functional peptides, such as pepti‐
des with ACE inhibitory activity are created by protein degradation. Isoflavones are con‐
verted to their functional forms, the aglycones. Antioxidant activity is enhanced, contributed
by the increase of short chain peptides and phenolic compounds. Certain vitamins or provi‐
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tamins are formed such as riboflavin, β-carotene, vitamin K2 and ergosterol. Total nutrition‐
al profiles of soybean and soy meal are greatly enhanced by fermentation.

Acknowledgements
The authors are grateful to the Kansas Soybean Commission and the Department of Grain,
Science and Industry, Kansas State University, for funding this project. This chapteris contri‐
bution no 13-041-B from the Kansas Agricultural Experiment Station, Manhattan, KS 66506

Author details
Liyan Chen1, Ronald L. Madl1, Praveen V. Vadlani1*, Li Li2 and Weiqun Wang3
*Address all correspondence to: vadlani@ksu.edu
1 Bioprocessing and Renewable Energy Laboratory, Department of Grain Science and Indus‐
try, Kansas State University, Kansas, USA
2 Department of Food Science, South China University of Technology, Guangzhou, China
3 Department of Human Nutrition, Kansas State University, Manhattan, Kansas, USA

References
[1] American Soybean Association. (2012). Soy Stats. http://www.soystats.com/2012, ac‐
cessed 1st May 2012).
[2] Maeda, H., & Nakamura, A. (2009). Soluble soybean polysaccharide. In: Phillips GO,
Williams PA., Handbook of Hydrocolloids, New York: CRC Press;, 693-709.
[3] Young, V. R. (1991). Soy protein in relation to human protein and amino acid nutri‐
tion. Journal of American Dietetic Association, 91(7), 828-835.
[4] Liu, K. (1997). Soybeans: Chemistry, Technology, and Utilization. New York: Chap‐
man & Hall Press;.
[5] Song, Y. S., Frias, J., Martinez-Villaluenga, C., et al. (2008). Immunoreactivity reduc‐
tion of soybean meal by fermentation, effect on amino acid composition and antige‐
nicity of commercial soy products. Food Chemistry, 108, 571-581.
[6] Chen, C. C., Shih, Y. C., Chiou, P. W. S., et al. (2010). Evaluating nutritional quality of
single stage-and two stage-fermented soybean meal. Asian-Australasian Journal of Ani‐
mal Science, 23(5), 598-606.

173

174

Soybean - Bio-Active Compounds

[7] Hong, K. J., Lee, C. H., & Kim, S. W. (2004). Aspergillus oryzae GB-107 Fermentation
Improves Nutritional Quality of Food Soybeans and Feed Soybean Meals. Journal of
Medical Food, 7(4), 430-435.
[8] Kim, J., Hwang, K., & Lee, S. (2010). ACE Inhibitory and hydrolytic enzyme activities
in textured vegetable protein in relation to the solid state fermentation period using
Bacillus subtilis HA. Food Science and Biotechnology, 19(2), 487-495.
[9] Kim, M., Han, S., Ko, J., & Kim, Y. (2012). Degradation characteristics of proteins in
Cheonggukjang (fermented unsalted soybean paste) prepared with various soybean
cultivars. Food Science and Biotechnology, 21(1), 9-18.
[10] Omafuvbe, B. O., Abiose, S. H., & Shonukan, O. O. (2002). Fermentation of soybean
(Glycine max) for soy-daddawa production by starter cultures of Bacillus. Food Mi‐
crobiology, 19, 561-566.
[11] Bisping, B., Hering, L., Baumann, U., Denter, J., et al. (1993). Tempeh fermentation:
some aspects of formation of γ-linolenic acid, proteases and vitamins. Biotechnology
Advances, 11, 481-493.
[12] Low, A. G. (1980). Nutrient absorption in pigs. Journal of the Science of Food and Agri‐
culture, 31, 1087-1130.
[13] Weng, T., & Chen, M. (2010). Changes of protein in Natto (a fermented soybean food)
affected by fermenting time. Food Science and Technology Research, 16(6), 537-542.
[14] Weng, T., & Chen, M. (2011). Effect of two-step fermentation by Rhizopus oligospor‐
usrus and Bacillus subtilis on protein of fermented soybean. Food Science and Technol‐
ogy Research, 17(5), 393-400.
[15] Feng, J., Liu, X., Xu, Z. R., et al. (2006). The effect of Aspergillus oryzae fermented
soybean meal on growth performance, digestibility of dietary components and activi‐
ties of intestinal enzymes in weaned piglets. Animal Feed Science and Technology, 134,
295-303.
[16] Frias, J., Song, Y. S., Martinez-Villaluenga, C., et al. (2008). Immunoreactivity and
amino acid content of fermented soybean products. Journal of Agricultural and Food
Chemistry, 56, 99-105.
[17] Zhang, J. H., Tatsumi, E., Ding, C. H., & Li, L. T. (2006). Angiotensin converting en‐
zyme inhibitory peptides in douchi, a Chinese traditional fermented soybean prod‐
uct. Food Chemistry, 98, 551-557.
[18] Kim, S. K., Choi, Y. R., Park, P. J., et al. (2000). Purification and characterization of
antioxidative peptides from enzymatic hydrolysate of cod teiset protein. J. Korean
Fish. Soc, 33, 198-204.
[19] Saxena, P. R. (1992). Interaction between the renin-angiotensin-aldosterone and sym‐
pathetic nervous systems. Journal of Cardiovascular Pharmacology, 19, 6-8.

Value - Added Products from Soybean: Removal of Anti-Nutritional Factors via Bioprocessing
http://dx.doi.org/10.5772/52993

[20] Okamoto, A., Hanagata, H., Kawamura, Y., & Yanagida, F. (1995). Antihypertensive
substances in fermented soybean, natto. Plant Foods for Human Nutrition, 47, 39-47.
[21] Shin, Z. I., Nam, H. S., Lee, H. J., Lee, H. J., & Moon, T. H. (1995). Fractionation of
angiotensin converting enzyme (ACE) inhibitory peptides from soybean paste. Kore‐
an Journal of Food Science and Technology, 27, 230-234.
[22] Oka, S., & Nagata, K. (1974). Isolation and characterization of neutral peptides in soy
sauce. Agricultural and Biological Chemistry, 38, 1185-1194.
[23] Teranaka, T., Ezawa, M., Matsuyama, J., Ebine, H., & Kiyosawa, I. (1995). Inhibitory
effects of extracts from rice-koji miso, barley-koji miso, and soybean-koji miso on ac‐
tivity of angiotensin I converting enzyme. Nippon Nogeik. Kaishi, 69, 1163-1169.
[24] Kim, J. E., Hwang, K., & Lee, S. P. (2010). ACE inhibitory and hydrolytic enzyme ac‐
tivities in textured vegetable protein in relation to the solid state fermentation period
using Bacillus subtilis HA. Food Science and Biotechnology, 19(2), 487-495.
[25] Gibbs, B. F., Zougman, A., Masse, R., & Mulligan, C. (2004). Production and charac‐
terization of bioactive peptides from soy hydrolysate and soy-fermented food. Food
Research International, 37(2), 123-131.
[26] Sun, P., Li, D. F., Dong, B., et al. (2008a). Effects of soybean glycinin on performance
and immune function in early weaned pigs. Archives of Animal Nutrition, 62, 313-321.
[27] Guo, P., Piao, X., Ou, D., et al. (2007). Characterization of the antigenic specificity of
soybean protein b-conglycinin and its effects on growth and immune function in rats.
Archives of Animal Nutrition, 61(3), 189-200.
[28] Kim, S. W. (2010). Bio-fermentation technology to improve efficiency of swine nutri‐
tion. Asian-Australasian Journal of Animal Science, 23(6), 825-832.
[29] Kobayashi, M. (2005). Immunological functions of soy sauce: hypoallergenicity and
antiallergicantivity of soy sauce. Journal of Bioscience and Bioengineering, 100(2),
144-151.
[30] Penas, E., Restani, P., Ballabio, C., et al. (2006). Assessment of the residual immunor‐
eactivity of soybean whey hydrolysates obtained by combined enzymatic proteolysis
and high pressure. European Food Research and Technology, 222, 286-290.
[31] Liu, X., Feng, J., Xu, Z., et al. (2007). The effects of fermented soybean meal on growth
performance and immune characteristics in weaned piglets. Turkish Journal of Veteri‐
nary and Animal Sciences, 31(5), 341-345.
[32] Dreau, D., & Lalles, J. P. (1999). Contribution to the study of gut hypersensitivity re‐
actions to soybean proteins in preruminant calves and early-weaned piglets. Livestock
Production Science, 60, 209-218.
[33] Gu, X., & Li, D. (2004). Effect of dietary crude protein level on villous morphology,
immune status and histochemistry parameters of digestive tract in weaning piglets.
Animal Feed Science and Technology, 114, 113-126.

175

176

Soybean - Bio-Active Compounds

[34] Dreau, D., Lalles, J. P., Philouzerome, V., et al. (1994). Local and systemic immuneresponses to soybean protein ingestion in early-weaned pigs. Journal of Aanimal Sci‐
ence, 72, 2090-2098.
[35] Sun, P., Li, D. F., Li, Z. J., et al. (2008b). Effects of glycinin on IgE-mediated increase
of mast cell numbers and histamine release in the small intestine. The Journal of Nutri‐
tional Biochemistry, 19, 627-633.
[36] Feng, J., Liu, X., Xu, Z. R., et al. (2007). Effect of fermented soybean meal on intestinal
morphology and digestive enzyme activities in weaned piglets. Digestive Diseases and
Sciences, 52, 1845-1850.
[37] Masilamani, M., Wei, J., & Sampson, H. A. (2012). Regulation of the immune re‐
sponse by soybean isoflavones. Immunologic Research, in press.
[38] Da, Silva. L. H., Celeghini, R. M. S., & Chang, Y. K. (2011). Effect of the fermentation
of whole soybean flour on the conversion of isoflavones from glycosides to agly‐
cones. Food Chemistry, 128, 640-644.
[39] Kwon, D. Y., Hong, S. M., Ahn, S., et al. (2011). Isoflavonoids and peptides from me‐
ju, long-term fermented soybeans, increase insulin sensitivity and exert insulinotrop‐
ic effect in vitro. Nutrition, 27, 244-252.
[40] Yamabe, S., Kobayashi-Hattori, K., Kaneko, K., Endo, H., & Takita, T. (2007). Effect of
soybean varieties on the content and composition of isoflavone in rice-koji miso. Food
Chemistry, 100, 369-374.
[41] Chung, I., Seo, S., Ahn, J., et al. (2011). Effect of processing, fermentation, and aging
treatment to content and profile of phenolic compounds in soybean seed, soy curd
and soy paste. Food Chemistry, 127, 960-967.
[42] Cho, K. M., Hong, S. Y., Math, R. H., Lee, J. H., et al. (2009). Biotransformation of
phenolics (isoflavones, flavanols and phenolic acids) during the fermentation of
cheonggukjang by Bacillus pumilus HY1. Food Chemistry, 114, 413-419.
[43] Willcox, J. K., Ash, S. L., & Catignani, J. L. (2004). Antioxidants and prevention of
chronic disease. Critical reviews in Food Science and Nutrition, 44, 275-295.
[44] Lin, C., Wei, Y., & Chou, C. (2006). Enhanced antioxidative activity of soybean koji
prepared with various filamentous fungi. Food Microbiology, 23, 628-633.
[45] Moktan, B., Saha, J., & Sarkar, P. K. (2008). Antioxidant activities of soybean as affect‐
ed by Bacillus-fermentation to kinema. Food Research International, 41, 986-593.
[46] Shahidi, F., Janitha, P. K., & Wanasundara, P. D. (1992). Phenolic antioxidants. Criti‐
cal Reviews in Food Science and Nutrition, 32, 67-103.
[47] Wojdylo, A., & Oszmainski, J. (2007). Comparison of the content phenolic acid, al‐
pha-tocopherol and the antioxidant activity in oat naked and weeded. Electronic Jour‐
nal of Environmental, Agricultural and Food Chemistry, 6(4), 1980-1988.

Value - Added Products from Soybean: Removal of Anti-Nutritional Factors via Bioprocessing
http://dx.doi.org/10.5772/52993

[48] Yuan, X., Wang, J., & Yao, H. (2006). Production of feruloyl oligosaccharides from
wheat bran insoluble dietary fibre by xylanases from Bacillus subtilis. Food Chemistry,
95, 484-492.
[49] Mc Cue, P., & Shetty, K. (2003). Role of carbohydrate-cleaving enzymes in phenolic
antioxidant mobilization from whole soybean fermented with Rhizopusoligosporus.
Food Biotechnology, 17(1), 27-37.
[50] Amadou, I., Le Shi, G., et, Y., & al, . (2011). Reducing, radical scavenging, and chela‐
tion properties of fermented soy protein meal hydrolysate by Lactobacillus planta‐
rum LP6. International Journal of Food Properties, 14, 654-665.
[51] Chen, H., Muramoto, K., & Yamauchi, F. (1995). Structural analysis of antioxidative
peptides from soybean β-conglycinin. Journal ofAgricutural and Food Chemistry, 43,
574-578.
[52] Saito, K., Jin, D., Ogawa, T., & Muramoto, K. (2003). Antioxidative properties of tri‐
peptide libraries prepared by the combinatorial chemistry. Journal of Agricultural and
Food Chemistry, 51, 3668-3674.
[53] Oatway, L., Vasanthan, T., & Helm, J. H. (2001). Phytic acid. Food Reviews Internation‐
al, 17(4), 419-431.
[54] Wang, H. L., Swain, E. W., & Hesseltine, C. W. (1980). Phytase of molds used in ori‐
ental food fermentation. Journal of Food Science, 45, 1262-1266.
[55] Sudarmadji, S., & Markakis, P. (1977). The phytate and phytase of soybean tempeh.
Journal of the Science of Food and Agriculture, 28, 381-383.
[56] Egounlety, M., & Aworth, O. C. (2003). Effect of soaking, dehulling, cooking and fer‐
mentation with Rhizopus oligosporus on the oligosaccharides, trypsin inhibitor,
phytic acid and tannins of soybean (Glycine max Merr.), cowpea (Vignaunguiculata
L. Walp) and groundbean (Macrotyloma geocarpa) Harm . Journal of food engineering,
56, 249-254.
[57] Kim, S. S., Galaz, G. B., Pham, et., & al, . (2009). Effects of dietary supplementation of
a meju, fermented soybean meal, and Aspergillus oryzae for Juvenile Parrot Fish
(Oplegnathusfasciatus). Asian-Australasian Journal of Animal Science, 22(6), 849-856.
[58] Matsui, T., Hirabayashi, M., Iwama, Y., et al. (1996). Fermentation of soya-bean meal
with Aspergillus usami improves phosphorus availability in chicks. Animal Feed Sci‐
ence and Technology, 60(1-2), 131-136.
[59] Hirabayashi, M., Matsui, T., & Yano, H. (1998a). Fermentation of soybean meal with
Aspergillus usami improves zinc availability in rats. Biological Trace Element Research,
61(2), 227-234.
[60] Hirabayashi, M., Matsui, T., Yano, H., et al. (1998b). Fermentation of soybean meal
with Aspergillususamii reduces phosphorus excretion in chicks. Poultry Science, 77,
552-556.

177

178

Soybean - Bio-Active Compounds

[61] Grieshop, C. M., Kadzere, C. T., Clapper, G. M., et al. (2003). Chemical and nutrition‐
al characteristics of United States soybeans and soybean meals. Journal of Agricultural
and Food Chemistry, 51, 7684-7691.
[62] Krause, D. O., Easter, R. A., & Mackie, R. I. (1994). Fermentation of stachyose and raf‐
finose by hindgut bacteria of the weanling pig. Letters in Applied Microbiology, 18,
349-352.
[63] Zhang, L. Y., Li, D. F., Qiao, S. Y., et al. (2003). Effects of stachyose on performance,
diarrhoea incidence and intestinal bacteria in weanling pigs. Archives of Animal Nutri‐
tion, 57, 1-10.
[64] Karr-Lilienthal, L. K., Kadzere, C. T., Grieshop, C. M., et al. (2005). Chemical and nu‐
tritional properties of soybean carbohydrates as related to nonruminants: a review.
Livestock Production Science, 97, 1-12.
[65] Parsons, C. M., Yhang, Y., & Araba, M. (2000). Nutritional evaluation of soybean
meals varying in oligosaccharides content. Poultry Science, 79, 1127-1131.
[66] Nout, M. J. R., & Rombouts, F. M. (1990). Recent developments in tempeh research.
Journal of Applied Bacteriology, 69(5), 609-633.
[67] Yoon, M. Y., & Hwang, H. (2008). Reduction of soybean oligosaccharides and proper‐
ties of alpha-D-galactosidase from Lactobacillus curvatus R08 and Leuconostoc mes‐
enteriodes JK55. Food Microbiology, 25, 815-823.
[68] Wang, Y. C., Yu, R. C., Yang, H. Y., & Chou, C. C. (2002). Growth and survival of
bifidobacteria and lactic acid bacteria during the fermentation and storage of cul‐
tured soymilk drinks. Food Microbiology, 19, 501-508.
[69] Garro, M. S., de Valdez, G. F., Oliver, G., & de Giori, G. S. (1996). Purification of al‐
pha-galactosidase from Lactobacilus ferment. Journal of Biotechnology, 45, 103-109.
[70] Leblanc, J. G., & Garro de, Giori. G. S. (2004a). Effect of pH on Lactobacillus fermen‐
tum growth, raffinose removal, alpha-galactosidase activity and fermentation prod‐
ucts. Applied Microbiology and Biotechnology, 65, 119-123.
[71] Le Blanc, J. G., Garro, Silvestroni. A., Connes, C., Piard, J. C., Sesma, F., & de Giori, G.
S. (2004b). Reduction of alpha-galactooligosaccharides in soyamilk by Latobacillus‐
fermentum CRL 722: in vitro and in vivo evaluation of fermented soyamilk. Journal of
Applied Microbiology, 97, 876-881.
[72] Mulimani, V. H., Thippeswamy, S., & Ramalingam, S. (1997). Enzymatic degradation
of oligosaccharides in soybean flour. Food Chemistry, 59, 279-282.
[73] Friedman, M., & Brandon, D. L. (2001). Nutritional and health benefits of soy pro‐
teins. Journal of Agricultural and Food Chemistry, 49(3), 1069-1086.
[74] Hocine, L. L., & Boye, J. I. (2007). Allergenicity of soybean: new developments in
identification of allergenic proteins, cross-reactivities and hypoallergenization tech‐
nologies. Critical Reviews in Food Science and Nutrition, 47, 127-143.

Value - Added Products from Soybean: Removal of Anti-Nutritional Factors via Bioprocessing
http://dx.doi.org/10.5772/52993

[75] Rackis, J. J. (1981). Gumbmann MR. Protease inhibitors: physiological properties and
nutritional significance. In: Ory RL. (ed.) Antinutrrents and natural toxicants in
foods., USA: Food & Nutrition Press, Inc;, 203-237.
[76] Isanga, J., & Zhang, G. (2008). Soybean bioactive components and their implications
to health- a review. Food reviews International, 24, 252-276.
[77] Kakade, M. L., Hoffa, D. E., & Liener, I. E. (1973). Contribution of trypsin inhibitors
to the deleterious effects of unheated soybeans fed to rats. Journal of Nutrition, 103,
1172.
[78] Denter, J., Rehm, H., & Bisping, B. (1998). Changes in the contents of fat-soluble vita‐
mins and provitamins during tempeh fermentation. International Journal of Food Mi‐
crobiology, 45, 129-134.
[79] Sato, T., Yamada, Y., Ohtani, Y., et al., & 200, . (2001). Production of Menaquinone
(Vitamine K2)- 7 by Bacillus subtilis. Journal of Bioscience and Bioengineering, 91(1),
16-20.
[80] Schurgers, I. J., Knapen, M. H. J., & Vermeer, C. (2007). Vitamin K2 improves bone
strength in postmenopausal women. International Congress Series, 1297, 179-187.
[81] Tsukamoto, Y., Ichisse, H., Kakuda, H., et al. (2000). Intake of fermented soybean
(natto) increases circulating vitamin K2 (menaquinone-7) and γ-carboxylatedosteo‐
calcin concentration in normal individuals. Journal of Bone and Mineral Metabolism, 18,
216-222.
[82] Wu, W., & Ahn, B. (2011). Improved Menaquinone (Vitamin K2) production in
Cheonggukjang by optimization of the fermentation conditions. Food Science and Bio‐
technology, 20(6), 1585-1591.

179

Chapter 9

Soybean and Isoflavones – From Farm to Fork
Michel Mozeika Araújo,
Gustavo Bernardes Fanaro and
Anna Lucia Casañas Haasis Villavicencio
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/52609

1. Introduction
1.1. General
Soybean (Glycine max L. Merrill) were first grown as a crop in China about 5000 years ago [1]
and have been widely consumed as folk medicines in China, India, Japan and Korea for
hundreds of years [2]. Today is a major source of plant protein (70%) and oil (30%) and be‐
come a globally important crop [3,4]. Its nutrients become basic for humans consumption,
beyond its by-products, that offer great diversities of products to the food industry. Soybean
oil is highly consumed world-wide and soy milk is often used as a milk substitute to people
who have lactose intolerance [5]. In addition soybean has phytoestrogens which can be used
in replacement to women hormone [6]. Usage oil can be reused in several forms, including
as a fuel source [7,8].
There are many kinds of soybean cultivars with different biological composition and eco‐
nomic values. According to the consensus recommendations of the Organization for Eco‐
nomic Cooperation and Development, soybean nutrients (such as amino acids, fatty acids,
isoflavones) and antinutrients (such as phytic acid, raffinose and stachyose) are important
markers in assessment the nutritional quality of soybean varieties [9].
Soybean production has expanded to most of continents and 90% of the world’s soybean
production is concentrated in tropical and semi-arid tropical regions which are character‐
ized by high temperatures and low or erratic rainfall. In tropics, most of the crops are near
their maximum temperature tolerance [10].
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USA is the largest soybean producer in the world, following by Brazil and Argentina. World
soybean harvest production reached 264.25 million metric tons in 2010/2011. USA, Brazil
and Argentina were responsible to about 92.75% of all production [11].
Soybeans have been appreciated by consumers as a health-promoting food [12]. Soybeans
and soy products are wide consumed by Asian populations and are encouraged for west‐
ern diets because of its nutritional benefits. Soy products are abundant in traditional Asian
diets which daily intake is from 7–8 g/day in Hong-Kong and China, up to 20–30 g/day in
Korea and Japan. Most of Europeans and North Americans, however, consume less than 1
g/day [13].
The soybean consumption will depend on grains characteristics, for example large seed
sizes with high sucrose content are desirable for the production of vegetable soybean, which
is harvested at immature stage, also called edamame. On the other hand, cultivars with
small seed size and low calcium contents are desirable for natto, a traditional fermented soy
food in Japan with a firmer texture. For soymilk and tofu production, soybeans with light
hilum color, large seed size, high water absorption, high protein and sucrose contents and
low oligosaccharides contents are desirable [14].

1.2. Composition
Soybean´s unique chemical composition place this food products as one of the most eco‐
nomical and valuable agricultural commodity. Among cereal and other legume species, it
has the highest protein content (around 40%) and the second highest (20%) oil content
among all food legumes, after peanuts. Other valuable components found in soybeans in‐
clude phospholipids, vitamins and minerals. Furthermore, soybeans contain many minor
substances known to be biologically active including oligosaccharides, phytosterols, sapo‐
nins and isoﬂavones. The actual composition of the whole soybean and its structural parts
depends on many factors, including varieties, growing season, geographic location and en‐
vironmental stress [12,15].

1.2.1. Macronutrients
On the average, oil and protein together constitute about 60% of dry soybeans. The remain‐
ing dry matter is composed of mainly carbohydrates (about 35%) and ash (5%) [15].
Soybeans store their lipids in an organelle known as oil bodies or lipid-containing vesicles.
Their lipids are mainly in the form of triglycerides or triacylgycerols, with varying fatty
acids as part of their structure. Triglycerides are neutral lipids, each consisting of three fatty
acids and one glycerol that bound to three acids. Both saturated and unsatured can occur in
the glycerides of soybean oil, however the fatty acids of soybean oil are primarily unsaturat‐
ed [15,16]. The highest percentage of fatty acid in soybean oil is linoleic acid, following in
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decreasing order by oleic, palmitic, linolenic and stearic acid. Soybean oil contains some mi‐
nor fatty acids, including arachidic, behenic, palmitoleic and myristic acid [16].
Protein content varies between 36% and 46% depending on the variety [17-19]. This compo‐
nent is present in the greatest amount in soybeans. Seed proteins are usually classified based
on biological function in plants (metabolic proteins and storage proteins) and on solubility
patterns. According to their functionality, metabolic proteins (such as enzymatic and struc‐
tural) are concerned in normal cellular activities, including even the synthesis of storage
proteins. Storage proteins, together with reserve of oils, are synthesized during soybean
seed development and provide a source of nitrogen and carbon skeletons for the develop‐
ment seedling. In soybeans, most of proteins are storage type. A solubility pattern divides
proteins into those soluble in water (albumins) and in salt solution (globulins). Globulins are
further divided in legumins and vicilins. Under this classification system, most of soy pro‐
tein is globulin. Certain soy proteins have their trivial names, as glycinin (legumins) and
conglycinin (vicilins). Others, particularly those with enzymatic function, are based on the
biological function of proteins themselves. Examples include hemagglutinin, trypsin inhibi‐
tors and lipoxygenases. A solubility classification can pose problems because an association
with other proteins can change their solubility profile. Thus, a more precise means of identi‐
fying proteins has been based on approximate sedimentation coefficient using ultracentrifu‐
gation to separate seed proteins. Under appropriate buffer conditions, soy proteins exhibit
four fractions after centrifugation. These fractions are designed as 2, 7, 11 and 15S. The ma‐
jor portion of the protein component is formed by storage proteins such as 7S globulin (βconglycinin) and 11S globulin (glycinin), which represent about 80% of the total protein
content [17]. Other proteins or peptides present in lower amounts include enzymes such as
lipoxygenase, chalcone synthase and catalase.
On average, moisture-free soybeans contain about 35% of carbohydrates and defatted de‐
hulled soy grits and flour contain about 17% soluble and 21% insoluble carbohydrates.
Therefore, they are the second largest component in soybeans. However, the economical val‐
ue of soy carbohydrates is considered much less important than soy protein and oil. A limit‐
ed use of soybeans in human diet is due the flatucence produced by soluble carbohydrates
such as raffinose and stachyose. Humans lack the enzymes to hydrolyze the galactosidic
linkages of raffinose and stachyose to simpler sugars, so the compounds enter the lower in‐
testinal tract intact, where they are metabolized by bacteria to produce flatus [16]. As a re‐
sult, relatively fewer efforts have been made to study soy carbohydrates and their potential
utilization. The principal use of soybean carbohydrate has been in animal feeds (primarily
ruminant because they can digest the compound better than monogastric animals) where it
contributes calories to the diet. Food processing can alter the carbohydrates composition
making them more digestible to human organism. Although the presence of these oligosac‐
charides is generally considered undesirable because of their flatus activity, some studies
shown some beneficial effects of dietary oligosaccharides in humans, mainly due to a in‐
creasing population of indigenous bifidobacteria in colon, such as: suppressing the activity
of putrefactive bacteria by antagonist effect; preventing pathogenic and autogenous diar‐
rhea; anti-constipation due to the production of high levels of short-chain fatty acids; pro‐
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ducing nutrients such as vitamins. Other positive effects are: toxic metabolites and
detrimental enzymes reduction; protecting liver function due to reduction of toxic metabo‐
lites; blood pressure reduction; anticancer effects [15,16].

1.2.2. Micronutrients
Soybean also contains a wide range of micronutrients and phytochemicals including miner‐
als, vitamins, phytic acid (1.0–2.2%), sterols (0.23–0.46%) and saponins (0.17–6.16%) [20].
The primary inorganic compounds of the soybeans are minerals. Potassium is found in the
highest concentration, followed by phosphorus, magnesium, sulfur, calcium, chloride and
sodium, which vary in concentration to the variety, growing location and season. Minor
minerals include silicon, iron, zing, manganese, copper and other [15,16].
Both water-soluble and oil-soluble vitamins are present in soybeans. Water-soluble vitamins
in soybeans include thiamin, riboflavin, niacin, panthotenic acid and folic acid. They are not
substantially lost during oil extraction and subsequently toasting of flakes. The oil-soluble
vitamins present in soybeans are vitamins A and E. Vitamin E is especially unstable during
soybean processing. During solvent extraction of soybeans, vitamin E goes with oil [15,16].
Phytate is the calcium-magnesium-potassium salt of inositol hexaphosphoric acid common‐
ly known as phytic acid. As in the most seeds, phytate is the principal source of phosphorus
in soybeans. His content depends on not only variety, but also growing conditions and as‐
say methodology [15,16].
One important group of minor compounds present in soybean that has received considera‐
ble attention is a class of phytoestrogen called the isoﬂavones. Phytoestrogens are non-ster‐
oidal compounds that bind to and activate estrogen receptors (ERs) α and β, due to the fact
that they mimic the conformational structure of estradiol. Phytoestrogens are naturally oc‐
curring plant compounds found in numerous fruits and vegetables, and are categorized into
three classes: the isoﬂavones, lignans and coumestans [21,22]. Isoflavone compounds have
been considered as nonnutrients, because they neither yield any energy nor function as vita‐
mins. However, they play significant roles in the prevention of several diseases, so they may
considered health-promoting substances.
Isoflavones belong to a group of compounds that share a basic structure consisting of two
benzyl rings joined by a three-carbon bridge, which may or may not be closed in a pyran
ring. This group of compounds is known as flavonoids, which include by far the largest and
most diverse range of plant phenolics [15,16].
Isoflavones are present in just a few botanical families, because of the limited distribution of
the enzyme chalcone isomerase, which converts 2(R)-naringinen, a flavone precursor, into 2hydroxydaidzein. The soybean is unique in that it contains the highest amount of isofla‐
vones, being up to 3 mg.g-1 dry weight [15,23].
The isoflavones in soybeans and soy products are of three types, with each type being
present in four chemical forms. Therefore there are twelve isomers of isoflavones.
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Isoﬂavones in soybean are mainly found as aglycones (daidzein, genistein, glycitein) (Figure
1), β-glucosides (daidzin, genistin, glycitin), malonyl-β-glucosides (6´´-O-malonyldaidzin, 6
´´-O-malonylgenistin, 6´´-O-malonylglycitin) and acetyl-β-glucosides (6´´-O-acetyldaidzin, 6
´´-O-acetylgenistin, 6´´-O-acetylglycitin) (Figure 2) [24].

Figure 1. Chemical structure of soy aglycones.

Figure 2. Chemical structure of β-glucosides soybeans isoflavones.

Aglycones are flavonoid molecules without any attached sugars or other modifiers. Among
the different forms of isoflavones, aglycones are especially important because they are readi‐
ly bioavailable to humans [24]. Flavonoid β-glucosides also may carry additional small mo‐
lecular modifiers, such as malonyl and acetyl groups. Sugar-linked flavonoids are called
glycosides. The term glucoside only applies to flavonoids linked to glucose [25]. The malon‐
yl-β-glucosides are the predominant form in conventional raw soybean [24].
Isoflavones concentration and composition vary greatly with structural parts within soy‐
bean seed. The concentration of total isoflavones in soybean hypocotyl is 5.5-6 times high‐
er than that in cotyledons. Glycitein and its three derivatives occur extensively in the
hypocotyl. Isoflavones are almost absent in seed coats [15]. The isoflavone content varies
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among soybean varieties, but most varieties contain approximately 100–400 mg per 100 g
dry basis [26].

1.3. Isoflavones importance in human health
Isoﬂavones have received much attention because of their weak estrogenic property and oth‐
er beneﬁcial functions [24]. A large number of researchers have reported the positive aspects
of isoﬂavones on human health, such as the ability to reduce the risk of cardiovascular, athe‐
rosclerotic and haemolytic diseases; alleviation of osteoporosis, menopausal and blood-cho‐
lesterol related symptoms; inhibition of the growth of hormone-related human breast cancer
and prostate cancer cell lines in culture; and increased antioxidant effect in human subjects
[27-30]. Isoflavones are also known for having anticancer activity and an effect on cell cycle
and growth control [31-33].
Isoflavones in glycosides forms are poorly absorbed in the small intestine, due to their
higher molecular weight and hydrophilicity. However bacteria in the intestine wall can
biologically activate by action of β-glucosidase to their corresponding bioactive aglycone
forms. Once hydrolyzed, aglycone forms are absorbed in the upper small intestine by pas‐
sive diffusion. Nevertheless, pharmacokinetic studies confirm that healthy adults absorb
isoflavones rapidly and efficiently. The average time to ingested aglycones reach peak
plasma concentrations is about 4–7 h, which is delayed to 8–11 h for the corresponding
β-glycosides. Despite the fast absorption, isoflavones or their metabolites are also rapidly
excreted [13].

1.4. Food processing effect in isoflavones
Several investigations have been performed during the last years on soybeans consump‐
tion and their benefits, however the effects of seed processing and soybean processing
into foods on the distribution of soy isoﬂavones are sparse. Processing significantly af‐
fects the retention and distribution of isoflavone isomers in soyfoods. The conversion and
loss of isoﬂavones during processing signiﬁcantly affect the nutraceutical values of soy‐
bean. Post-harvest changes in isoflavones in soybeans are influenced by processing meth‐
ods however genotype has an effect on isoflavones profiles during seed development [34]
and the environment has a greater eﬀect than the genotype [26,35-37]. Distribution of
isoﬂavones in soybean can be altered during various processing steps including fermenta‐
tion, cooking, frying, roasting, drying and storage [24]. These effects in isoﬂavones can be
even accelerated by heat, acid, alkaline and enzymes [38-40] (Figure 3). The effects of
several food processing techniques on soybeans isoflavones will be reviewed and dis‐
cussed in the following section.
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Figure 3. Flow diagram illustrating the processing of soybeans to commercial soybeans products. Adapted from Toda
et al. [41].

1.4.1. Harvesting
Harvesting soybean seeds after their development and maturation is a critical step in prof‐
itable soybean production. Although most soybeans are harvested at the dry mature stage,
a very small portion is harvested at the immature stage in certain regions. Immature soy‐
beans refer to soybeans harvested at 80% maturity. The immature seed is used as a veg‐
etable or as ingredient recipes. Soybeans are considered dry mature when seed moisture
reduces to less than 14% in the field [15,42]. At this stage, seeds are ready for harvest‐
ing. The exact harvesting date depends on the variety, growing regions, plating date and
local weather conditions [15].
1.4.2. Drying
Drying is an important process to extend the shelf life or to prepare food, including soybean,
for subsequent production [43]. After harvest, if moisture content is more than 14%, soy‐
beans need to be dried immediately in order to the following reasons: meet the quality
standard of soybean trading; retain maximum quality of the grain; reach a level of moisture
that does not allow the growth of bacteria and fungi and; prevent germination of seeds. Dry‐
ing could be done naturally or artificially. Sun drying, or natural drying, soybeans are
spread on the threshing for 2-3 days with frequently turning between top to bottom layers.
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Once dried, seeds are transferred to storage facilities. Sun drying is not suitable for large
quantities of soybeans or under humid and cloudy weather conditions. Artificially drying is
carried out with various mechanical driers, including low temperature driers, on-the-floor
driers, in-bin driers, medium temperature driers, tray driers, multiduct ventilated driers,
countercurrent open-flame grain driers and solar driers. Regardless of which driers are
used, caution is required so as to avoid too rapid drying; rapid drying hardens outlayers of
seeds and seals moisture within the inner layer. Although the temperature of soybeans must
be raised sufficiently to achieve the desired moisture content during drying process, excess
heating (not exceed 76%) should be avoided to protect beans from discoloration and beans
proteins from denaturation [15].
It is well known that drying signiﬁcantly affects the quality and nutrients of dried food
products. Drying temperatures affect the activity and stability due to chemical and enzymat‐
ic degradation which can for example alter significantly the isomeric distribution of the 3
aglycones [44]. All forms of isoﬂavones are generally lost due to thermal degradation and
oxidation reactions during processing [45]. Conventional thermal treatment decreases ma‐
lonyl derivatives into β-glucosides via intra-conversion while aglycones have higher heat re‐
sistance. Dry heat treatment such as frying, toasting, or baking process increases the
formation of acetyl derivatives of isoﬂavones through decarboxylation from malonyl deriva‐
tives [24,41].
A comparison between freeze-drying and drum-drying of germ flour demonstrated that the
former contained higher isoflavone aglycones than the latter. However, isoflavone glucoside
contents in freeze-dried germ flour were lower than those of drum-dried germ flour. The
content of isoflavone glucosides was significantly lower in processed (drum- and freezedried) germ flours compared with that of unprocessed germ flour because of conversion of
isoflavone glucosides to isoflavone aglycones. Total isoflavone contents of drum-dried and
freeze-dried germ flours were comparable but more than that of unprocessed germ flour [46].
Different drying methods (hot-air fluidized bed drying, HAFBD; superheated-steam fluid‐
ized bed drying, SSFBD; gas-fired infrared combined with hot air vibrating drying, GFIRHAVD) were compared at various drying temperatures (50, 70, 130 and 150 °C). Higher
drying temperatures led to higher drying rates and higher levels of β-glucosides and antiox‐
idant activity, but to lower levels of malonyl-β-glucosides, acetyl-β-glucosides and total iso‐
flavones. Comparing different drying methods to each other, at the same drying
temperature GFIR-HAVD resulted in the highest drying rates and the highest levels of βglucosides, aglycones and total isoflavones, antioxidant activity as well as α-glucosidase in‐
hibitory activity of dried soybean. A drying temperature of 130 °C gave the highest levels of
aglycones and α-glucosidase inhibitory activity in all cases [47].
Dehydration also helps to achieve longer shelf life and easier transportation and storage,
enabling wider distribution of a product. Fermentation of soymilk with microorganisms
with β-glucosidase activity promotes the biotransformation of isoflavone glucosides into
bioactive aglycones, brings down the contents of aldehydes and alcohols responsible for the
beany flavor in soy milk [48] and reduces the content of indigestible oligosaccharides. A
spray-drying technology has been also applied to fermented soymilk. Daidzein and genis‐
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tein retention were of about 87.6% and 85.3%, respectively. Retention was better at the lower
inlet air temperatures. Coarser droplets formed at higher feed rates helped in higher reten‐
tion of isoflavones because it reduced the incidence of direct exposure of isoflavones to
higher temperature [49].
1.4.3. Storage
Soybeans are stored at farms, elevators and processing plants in various types of storage
structures (steel tanks or concrete silos) before being channeled to next destination, and fi‐
nally to processing. Loss in quality of soybeans during storage results from the biological
activities of seeds themselves, microbiological activities and attacks of insects, mites and ro‐
dents. Quality loss is characterized by reduced seed viability and germination rate, colora‐
tion, reduced water absorption, compositional changes and ultimately reduced quality of
protein and oil. Heat damage is a major cause of quality loss. Characterized by darkening of
seed color coat, it results mainly from the improper control of temperature and moisture
during storage and transportation. The excess presence of foreign matter can also cause heat
buildup. Thus, cleaning soybeans before drying minimizes heat damage. Although minor
losses are inevitable, major losses can be prevented by carefully control of storage tempera‐
ture and humidity. Any biological activity requires a certain level of moisture present. High‐
er moisture content (or high moisture humidity) not only promotes bacteria and mold
infection but also speeds up biological activity of seed themselves. Excessive moisture may
also leed to seed germination. Generally, moisture content of 13.5% or below is considered
to ensure storage stability of soybeans over reasonably long periods. However, this is true
only when temperatures are kept below certain levels [15].
Storage conditions have also an important effect in the composition of soybeans, including
isoﬂavone, anthocyanin, protein, oil and fatty acid.
Variation in isoflavone contents of different soybean cultivars were evaluated under differ‐
ent location and storage duration. Total isoflavone contents of soybeans stored for 1 year
were only slightly higher than those of soybeans stored for 2 or 3 years. However, the con‐
centrations of individual isoflavones, especially 6´´-O-malonyldaidzin and 6´´-O-malonylge‐
nistin, decreased markedly in soybeans stored for 2 or 3 years, probably due to high
temperatures during storage and oxidative reactions which transformed malonylated type
to glycoside and aglycone groups, increasing their amounts with longer storage. They also
pointed that the effect of crop year seemed to have a much greater influence on the variation
in isoflavone content than did the location because of weather differences from one year to
another. Differences among cultivars have been already expected [35]. Similar results were
found comparing cropping year and storage for 3 years of soybeans seeds. Malonyldaidzin
and malonylgenistin concentrations also decreased and the concentration of glucosides in‐
creased slightly over the 3 years [50]. Storage effect in soybeans isoflavones have been ex‐
haustedly studied, and a markedly decreased in isoflavones content is proportional to
storage periods, whereas protein, oil, and fatty acid of black soybeans showed a slight de‐
crease over storage at room temperature [51].
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A combined effect of storage temperature and water activity was evaluated on the content
and profile of isoflavones of soy protein isolates and defatted soy flours. Storage for up to 1
year of soy products, at temperatures from -18 to 42 °C, had no effect on the total content of
isoflavones, but the profile changed drastically at 42 °C, with a significant decrease of the
percentage of malonyl glucosides with a proportional increase of β-glucosides. A similar ef‐
fect was observed for soy protein isolates stored at aw = 0.87 for 1 month. For defatted soy
flours, however, there was observed a great increase in aglycons (from 10 to 79%), probably
due to the action of endogenous β-glucosidases [52].
1.4.4. Fermentation
Processing and fermentation of soybean has been reported to influence the forms isofla‐
vones take. Studies have shown that the fermentation process of soybean promotes changes
in the phytochemical compounds, causing changes in the isoflavone forms, hydrolysing the
proteins and reducing the antinutritional factors, by reducing trypsin inhibitor content
[53-55]. Fermentation process of soy leads to manufacturing different soy fermented foods,
such as tempeh, soy extract, miso and natto.
Differences on isoflavones content between non-fermented and fermented soybean products
have been extensively describe in literature in the last years. Isoflavone glucosides were the
major components in soybean and non-fermented products, while isoflavone aglycones
were abundant in sufu and partially in miso of soybean fermented products [56].
Tempeh is a traditional fermented soybean food product from Indonesia. It is normally con‐
sumed fried, boiled, steamed or roasted. A way to processing soybeans into tempeh occurs
by fungus mediated fermentation. Several authors have already studied the effect of fermen‐
tation on isoflavones content. It was reported an increase of aglycones amount with fermen‐
tation time of tempeh, approximately two-fold higher after 24 h fermentation [57]. Later on,
similar results were found by Haron et al. [58] who reported higher values of aglycone forms
in raw tempeh. In addition, these researchers showed that fried tempeh had its total isofla‐
vone content reduced in almost 50% during frying processing (reduction from 205 to 113 mg
in 100 g of fried tempeh). A combined process of fermentation and refrigeration was evalu‐
ated by Ferreira et al. [25]. They quantified isoflavones content of two different soybean cul‐
tivars (low isoflavone content versus high isoflavone content cultivar) during processing of
tempeh combined to refrigeration at 4 ºC for 6, 12, 18, and 24 hours. After 24 hours fermen‐
tation, isoflavone glucosides were 50% reduced, and the aglycone forms in the tempeh from
both cultivars was increased. The malonyl forms reduced 83% after cooking. Refrigeration
process up to 24 hours did not affect the isoflavone profile of tempeh from either cultivar.
The fermentation process improves the nutritional value of tempeh by increasing the availa‐
bility of isoflavone aglycones. Fermented soy foods, which are usually prepared by mixing
soy with other components such as barley, rice and wheat, contained isoflavones at lower
concentrations. In addition these fermented soy foods contain predominantly isoflavone
aglycones [15]. Fermentation with microorganisms or natural products containing high βglucosidase activity converts β-glucosides into corresponding aglycones by breaking the
carbohydrate bond [59,60]. These aglycones exist in smaller amounts in other nonfermented

Soybean and Isoflavones – From Farm to Fork
http://dx.doi.org/10.5772/52609

soy products such as tofu and soymilk [37,61]. Other soybean products or by-products
showed a similar behavior. Soy pulp is generated as a by-product during tofu or soymilk
production and is sometimes used as animal food but is mainly burnt as waste. Fermenta‐
tion increased isoflavone aglycone contents in black soybean pulp. Genistein concentrations
in black soybean pulp were 6.8 and 7.2 fold higher than controls respectively after 12 h and
24 h of fermentation with L. acidophilus. Fermentation with B. subtilis showed a similar genis‐
tein concentration increase [62]. The effect of fermentation of whole soybean flour was in‐
vestigated and also showed a conversion of isoflavone glycosides to the aglycone form [63].
Sufu, a fermented tofu product, showed ambiguous changes in isoflavone contents during
manufacturing. Sufu manufacturing procedure promoted a significant loss of isoflavone
content mainly attributed to the preparation of tofu and salting of pehtze. The isoflavone
composition was altered during sufu processing. The initial fermentation corresponded to
the fastest period of isoflavone conversion. Aglycones levels increased while the corre‐
sponding levels of glucosides decreased. The changes in the isoflavone composition were
significantly related to the activity of β-glucosidase during sufu fermentation, which was in‐
hibited by the NaCl content [64]. These influence of processing and NaCl supplementation
on isoflavone contents was also investigated during douchi manufacturing. Douchi is a pop‐
ular Chinese fermented soybean food. These results indicated that 61% of the isoflavones in
raw soybeans were lost when NaCl content was 10%. Indeed, changes in isoflavone isomer
distribution were found to be related to β-glucosidase activity during fermentation, which
was affected by NaCl supplementation [65].
Other fermented soybean products are miso and soy sauce. Their production involves the
application of pressurized steaming following to fermentation by bacteria for a lengthy peri‐
od. During the fermentation of miso and soy sauce, β-glucosides are also reported to be hy‐
drolyzed to aglycons by β-glucosidase of bacteria [41].
Fermentation shows the same pattern on isoflavones transformation, no matter the ferment‐
ed soybean product. The fungi-fermented black soybeans (koji) also contained a higher con‐
tent of aglycone, the bioactive isoflavone, than did the unfermented black soybeans [66].
However, it was later realized that the contents of various isoflavone isomers in black soy‐
bean koji may reduce during after 120 days of storage. Although the retention of isoflavone
varied with storage temperature, packaging condition enabled black soybean koji to retain
the highest residual of isoflavone [67].
1.4.5. Non-fermentation processing
Tofu is a popular nonfermented soy food. Processing of tofu involves soaking and heating
procedures as well as the addition of protein coagulants such as calcium sulfate to soymilk
to coagulate to make tofu. This soybean product has been also target of several studies dur‐
ing its manufacturing. Results of the stability of isoflavone during processing of tofu
showed that the concentrations of the three aglycones increased with increasing soaking
temperature and time, while a reversed trend was found for the other nine isoflavones. Tofu
produced with 0.3% calcium sulfate was found to contain the highest total isoflavones yield
(2272.3 μg/g) whereas a higher level (0.7%) of calcium sulfate resulted in a lower yield
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(1956.6 μg/g) of total isoflavones in tofu. In the same study, authors showed that during
processing of soymilk, an increase of concentration for β-glucosides and acetyl genistin,
whereas malonyl glucosides exhibited a decreased tendency and the aglycones did not show
significant change [68]. Previous reports have already demonstrated that during soaking of
soybean malonyl glucosides can be converted to acetyl glucosides, which can be further con‐
verted to glycosides or aglycones depending on soaking temperature and time [34,69].
Regarding soymilk isoflavones, a research was done on the transformation of isoflavones
and the β-glucosidase activity in soymilk during fermentation. Regardless of employing a
lactic acid bacteria or a bifidobacteria as starter organism, fermentation causes a major re‐
duction in the contents of glucoside, malonyl glucoside and acetyl glucoside isoflavones
along with a significant increase of aglycone isoflavones content. Indeed, the increase of
aglycones and decrease of glucoside isoflavones during fermentation coincided with the in‐
crease of β-glucosidase activity observed in fermented soymilk [70].
1.4.6. Heating processing
Distribution of isoflavones in soybeans and soybeans products are significantly affected by
the method, temperatures and duration of heating.
Toasted soy flour and isolated soy protein had moderate amounts of each of the isoflavone
conjugates. Pananum et al. [44] evaluated the effect of longer toasting of defatted soy ﬂakes
at 150 °C. They stated that toasting led to higher aglycone concentration, which increased
the total phenolic recovery. Apparently, malonyl glucoside conjugates are thermally unsta‐
ble and are converted to their corresponding isoflavone glycosides at high temperatures
[15]. The chemical modification of isoflavones in soy foods during cooking and processing
studies showed interesting results on isoflavones stability. Baking or frying of textured veg‐
etable protein at 190 °C and baking of soy flour in cookies did not alter total isoflavone con‐
tent. However, there was a steady increase in β-glucoside conjugates at the expense of 6´´-Omalonylglucosides conjugates [71]. The de-esterifying reaction was presumably a result of
transesterification of the ester linkage between the malonate or acetate carboxyl group and
the 6´´-O-hydroxyl group of the glucose moiety, yielding methyl malonate or methyl acetate
and the isoflavone glucoside [15].
Roasting has been used to deactivate anti-nutritional components in soybeans and to give
characteristic ﬂavour and brown color to ﬁnal products [43]. Kinako is a soybean product
produced by roasting raw soybeans around 200 °C for 10-20 min, following by grinding.
Roasting also promotes changes in isoflavones contents. Soybeans roasted upon at 200 °C
without prior soaking in water showed a change in isoflavones profile. It was found that at
the first 10 min of roasting caused an increase in 6´´-O-acetyl-β-glucosides while 6´´-O-ma‐
lonyl-β-glucosides decreased drastically. Continued roasting showed a slightly decreased
proportion of the 6´´-O-acetyl-β-glucosides. These authors proposed that most 6´´-O-malon‐
yl-β-glucosides were decarboxylated and changed to 6´´-O-acetyl-β-glucosides when roast‐
ed at a high temperature. Besides, β-glucosides and aglycons also increased gradually over
time [41]. A similar trend was found roasting soybeans at 200 °C for 7, 14 and 21 min. Ma‐
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lonyl derivatives decreased drastically and acetyl-β-glucosides and β-glucosides increased
significantly [24].
Similar to the roasting process, explosive puffing caused a significant decrease in malonyl
derivatives and significant increase in acetyl derivatives and β-glucosides through 686 kPa
explosive puffing treatment. Otherwise, aglycones did not increase during the explosive
puffing process. This fact was suggested due that temperature of explosive puffing may not
be high enough to cleave glycosidic linkage between β-glucopyranose and aglycones [24].
Some soy products are prepared by frying process. Abura-age is one of them being pro‐
duced by frying tofu in oil. As pointed by Toda et al. [41], In comparison with tofu, heating
in oil at a high temperature to produce abura-age resulted in a smaller proportion of 6´´-Omalonyl-β-glucosides and a higher proportion of 6´´-O-acetyl-β-glucosides.
Simonne et al. [34] evaluated the retention and changes of soy isoflavones in immature soy‐
beans seeds during processing and found total isoflavone retention percentages means of
46% after boiling, 53% after freezing and 40% after freeze-drying. They assumed that proba‐
bly the loss of isoflavones could be due to their leaching into the cooking water, however
these authors did not analyze isoflavones in the cooking water. In the same study, they not‐
ed that boiling process also caused a substantial increase in daidzin, genistin, and genistein.
In a previous work on soy milk production and cooking of dry soy products, it was pro‐
posed that hydrolysis of the malonyl and acetyl glucosides during boiling probably contrib‐
utes to the conversion of isoflavone forms [71]. Changes in isoflavone compositions of
different soybean foods during cooking process were performed later and supported this
proposition [41]. Concerning to a possible leaching effect of isoflavones during blanching or
boiling, Wang et al. [72] reported about 26% retention of isoflavones during the production
of soy protein isolate. This soybean product is made by extracting soy flour under slightly
alkaline pH, followed by precipitation, washing, and drying. Soy protein isolate showed a
different isoflavone profile in comparison to soy flour. The former contained much more
aglycones (genistein and daidzein), while the latter had almost none [12,72]. The high con‐
tent of aglycones in soy protein isolate was probably due to the hydrolysis of glycosides.
The percentages of total isoflavones lost during extraction, precipitation, and washing were
19, 14, and 22%, respectively. Washing was the step where most isoflavones were lost [72].
This statement was supported by another study on thermal processing of tofu. It was dem‐
onstrated a significant total isoflavone content decrease, most likely due to leaching of iso‐
flavones into the water [69].
An approach on the stability of isoflavones in soy milk stored at temperatures ranging from
15 to 90 °C showed that genistin in soy milk is labile to degradation during storage. Al‐
though the loss rate was low at ambient temperatures, authors highlighted the potential loss
of genistin when estimating shelf life of soy milk products [73].
Influence of thermal processing such as boiling, regular steaming and pressure steaming
were also investigated in yellow and black soybeans. Again, all thermal processing caused
significant increases in aglycones and β-glucosides of isoflavones, but caused significant
decreases in malonyl glucosides of isoflavones for both kinds of soybeans. The malonyl
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glucosides decreased dramatically with an increase in β-glucosides and aglycones after
thermal processing [74].
1.4.7. Irradiation
Food irradiation is a process in which food is exposed to ionizing radiations such as high
energy electrons and X-rays produced by machine sources or gamma rays emitted from the
radioisotopes 60Co and 137Cs. Depending on the absorbed radiation dose, various effects can
be achieved resulting in reduced storage losses, extended shelf life and/or improved micro‐
biological and parasitological safety of foods [75,76]. Food irradiation is one of the most ef‐
fective means to disinfect dry food ingredients. Disisfestation is aimed at preventing losses
caused by insects in stored grains, pulses, flour, cereals, coffee beans, dried fruits, dried
nuts, and other food products. The dosage required for insect control is fairly low, of the or‐
der of 1 kGy or less [77,78].
Soybeans have been processed by ionizing radiation in order to improve their properties.
An important improvement in microbiological properties, such as insect disinfestation and
microbial contamination, can be achieved by radiation treatment. Physical properties are al‐
so enhanced, such as reduction of soaking and cooking time. Indeed, higher radiation doses
may break glycosidic linkages in soybean oligosaccharides to produce more sucrose and de‐
crease the content of flatulence causing oligosaccharides [79].
Gamma irradiation at 2.5-10.0 kGy caused the reduction of soaking time in soybeans by 2-5
hours and the reduction of cooking time by 30-60% compared to non-irradiated control sam‐
ples. The irradiation efficacy on physical quality improvement was also recognized in stored
soybeans for one year at room temperature [80,81].
Influence of radiation processing on isoflavones content has been also studied in the last
years. Gamma-radiated (0.5-5.0 kGy) soybeans showed a radiation-induced enhancement of
antioxidant contents. Interestingly, a decrease in content of glycosidic conjugates and an in‐
crease in aglycons were noted with increasing radiation doses. These results suggested a ra‐
diation-induced breakdown of glycosides resulting in release of free isoflavones. Whereas
the content of genistein increased with radiation dose, that of daidzein showed an initial in‐
crease at a dose of 0.5 kGy and then decreased at higher doses. Degradation of daidzein be‐
yond 0.5 kGy could thus be assumed. Glycitein appears to be the least stable among the
three aglycons as its content decreased at all of the doses studied [82]. Gamma irradiation
also induced an enhancement in isoflavones content of varying seed coat colored soybean
up to a radiation dose of 0.5 kGy. However, the genotypes showed decrease in total isofla‐
vone content at a higher radiation dose of 2.0 and 5.0 kGy [83].
Such as gamma-irradiation, an enhanced effect on soy germ isoflavones was found after
electron beam processing. Interestingly, this study showed that applied radiation doses
ranging from 1.0 to 20.0 kGy showed an increase in the amount of both glucosides and agly‐
cones simultaneously [84].
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1. Introduction
The litter has never been a subject of extensive studies or considered a priority in large
poultry company. However, due to the increasing lack of good litter material, more at‐
tention has been given to proper litter management, litter reuse, and to the search for
new litter materials. In this context, the use of crop residues as poultry litter material
seems to be promising. There is a current trend in poultry production to use alternative
litter materials, that is, other than wood shavings. Despite being demonstrated by several
authors that the use of these alternative materials do not interfere with flock live per‐
formance, most agree that they are more difficult to manage and may result in a higher
incidence of carcass lesions. The effects of several many materials used as poultry litter
substrate on poultry performance have been evaluated. It was shown that litter made of
rice husks not only does not impair performance, but also reduced foot-pad and breast
lesions [1, 2 – 9]. A study on the use of soybean crop residues as poultry litter did not
show any influence of this material on broiler performance or on its agronomic value
[10]. However, these bedding materials have not been evalatuated as to the evolution of
darkling beetle and enteric parasite populations. Alphitobius diaperinus (darkling beetle)
adults and larvae are considered a problem in intensive broiler and turkey production.
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These beetles replicate in the litter, becoming potential vectors of pathogens and para‐
sites both on site and to the neighboring farms. Those insects have been associated to
many pathogenic agents, and there are reports they carry Escherichia coli, Salmonella spp,
avian leucosis virus, as well as internal parasites, such as coccidian, avian tapeworms,
and helminths [11,12], enterobacteria [13] and Clostridium perfringens [14]. Attempts to
control darkling beetles have been made by changing the litter pH using hydrated lime
[15]) or applying insecticides in the entire poultry house during downtime [16] or as a
management complement during rearing, with application in specific spots, as suggested
by [17]. The continuous contact of birds with the excreta in the litter poses a risk of in‐
fection with parasites, and coccidiosis caused by Eimeria spp is one of the most signifi‐
cant diseases in this production system. The evolution of oocyst population may
determine the need to change the litter, and an evaluation may aid decision-making re‐
garding this need. Litter reutilization for more than one flock is practiced in several
countries. However, aspects relative to the potential health risk posed by these alterna‐
tive litter materials have been discussed, and their use may limit the international chick‐
en meat trade due to the requirements of showing equivalence of production processes
practiced among exporting and importing countries [18]. The study was divided into
three parts, where the use of soybean straw as litter in the poultry production was com‐
pared with rice husk under two ventilation conditions, as follows.

2. The study
The experiment was carried out at the experimental field of Suruvi, belonging to Embrapa
Swine &Poultry, Concórdia, Santa Catarina, Brazil. Four 12m×10m broiler houses were in‐
ternally divided in four pens each (total of 16 pens), at a density of 200 birds/pen (28kg
meat/m2), totaling 3,200 birds/flock. Four consecutive flocks were followed up. Each flock
was reared to 42 days of age, and an interval between flocks (downtime) of 15 days was ap‐
plied. Two ventilation systems (stationary or oscillating), reaching a distance of 10m, and
two litter materials (soybean straw or rice husks) were tested. Rice husks and ventilation
system using stationary fans are considered as standards as they are commonly used in
broiler production. Fans were activated by a thermostat when the environmental tempera‐
ture reached 25oC, and were equipped with a potentiometer and speed regulator matching
the broiler house size. Treatments were distributed as follows (Figure 1): house 1 – station‐
ary ventilation system, pens 2 and 3 with soybean straw; pens 1 and 4 with rice husks; house
2 – oscillating ventilation system, pens 2 and 3 with soybean straw; pens 1 and 4 with rice
husks; house 3 - oscillating ventilation system, pens 1 and 4 with soybean straw; pens 2 and
3 with rice husks; house 4 – stationary ventilation system, pens 1 and 4 with soybean straw;
pens 2 and 3 with rice husks. Birds and feeds were weekly weighed and the following pa‐
rameters were evaluated: body weight, weight gain, feed intake and feed conversion ratio
when birds were 21, 35 and 42 days of age. Performance data were analyzed according to
the theory of mixed models for repeated measures, considering the effects of flock, ventila‐
tion system, litter material, bird age, and the interaction of these parameters up to third or‐
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der, and 16 types of variance and covariance matrices, using PROC MIXED procedure of
SAS statistical package [19], according to [20].
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Figure 1. Fan (stationary and oscillating) and litter material (C1 – soybean straw and C2 – rice husks) distribution in the
experimental facilities

The variance and covariance structure used for analysis was chosen based on the lowest val‐
ue of the Akaike Information Criterion (AIC). The estimation method was that of restricted
maximum likelihood. Mortality was daily recorded and assigned to ascitis, sudden death, or
other causes. Total mortality was also evaluated. Breast and foot-pad lesions were evaluated
by gross examination the last time birds were weighed, and scored as present or absent. Be‐
cause mortality and presence of foot-pad lesion data have binomial distribution, these data
were analyzed by logistic regression, using the LOGISTIC procedure of SAS statistical pack‐
age [19], and considering the effects of flock, litter material, ventilation system, and their in‐
teractions. The overdispersion of the presence of foot-pad lesion was adjusted by the
dispersion parameter estimated by Pearson’s χ2 statistics divided by degrees of freedom. Lit‐
ter samples were collected at each flock, when chicks were housed (day 0) and when they
were removed (day 42), and submitted to enterobacteria quantitative exam. Litter samples
weighing 10g were diluted at 1:10 in PBS (phosphate buffer saline solution) and serially di‐
luted to 10–7. Aliquots of 100 μL of 10–3 to 10–7 dilutions were seeded in Mac Conkey agar
and incubated at 37ºC for 48h, and submitted to colony-forming unit (CFU) counting in
plates containing 30 to 300 colony-forming units. CFU data analysis considered the effects of
flock, litter material, ventilation system, and their interactions and used the theory of mixed
models for repeated measures and nine variance and covariance matrix structures applied
to the PROC MIXED procedure of SAS statistical package [19]. The following psychrometric
parameters were recorded at the center of each pen and in the external environment: dryand wet-bulb temperature, black globe temperature, and air velocity. Temperatures were
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collected using copper-constantan thermocouples connected to a potentiometer and a 20channel selecting key. The wet bulb thermometer was characterized by securing a cotton
wick attached to the thermocouple terminal to the mercury bulb and immersing it in a flask
with distilled water. Black globe temperature was collected by placing thermocouples inside
a hollow 15cm-diameter PVC sphere painted with black mat spray paint. air velocity was
recorded using a digital anemometer (Pacer® Model DA40V), with a resolution of 0.01m/s.
Data were collected every three hours, from 08:00 to 18:00h, when broilers were 4, 5, and 6
weeks. Based on the data collected at each time, wet bulb globe temperature (WBGT) and
radiant heat load and a radiant heat load (RHL). Litter temperature was also measured us‐
ing an infrared thermometer Raytec® in five different spots in each pen (two near the lateral
pen wall, two near the central aisle, and at the geometrical center of the pen) every three
hours, from 08:00 to 18:00 when broilers were 6 weeks of age. Based on the average data in
each spot, isothermal maps of litter temperature using the kriging method of the SURFER
software program were built. Internal thermal environmental parameters were evaluated as
to the effects of flock, ventilation, litter, week, hour, and the interactions among the last four
factors using mixed models for repeated measures and 19 variance and covariance matrix
structures, applying PROC MIXED procedure of SAS statistical package [19], according to
[20]. The structure used for analysis was chosen based on the lowest value of the Akaike In‐
formation Criterion (AIC). The estimation method was that of restricted maximum likeli‐
hood. The effect of hour was detailed using orthogonal polynomial analysis up to the
polynomial of the third degree. For the external environment, parameter means were calcu‐
lated as a function of hour and week in order to compare the internal with the external ther‐
mal environment. The soybean straw was chopped into approximately 3cm long particles.
Litter was initially 10cm high and was reused for four consecutive flocks. Litter quality was
evaluated in terms of physical-chemical composition, moisture, and compactness. The de‐
velopment of the population of darkling beetles and the evolution of the number of parasite
eggs/oocysts was also observed. In order to evaluate darkling beetles population, three traps
per pen made with 20 × 5cm PVC tubes filled with 20 × 50cm rolled-up corrugated card‐
board, totaling 48 traps [21]. Traps were placed under the litter in three sites in each pen: at
the center, between the external wall and the first line of feeders, and the other two between
the feeders, equally distant from the drinkers. Traps remained in the pens for seven days
and were removed after catching of each flock. Traps were then placed in 1L thick plastic
bags, closed with thin plastic-coated wire, and submitted to the laboratory. Alphitobius dia‐
perinus adults and larvae were identified and counted, and the total number of individuals
was recorded. Litter samples were collected to count number of endoparasite eggs/oocysts
per gram of litter (epg), and also submitted to physical-chemical analysis. Two samples
were collected per flock: on the day chicks were housed and after catching. In each pen, 15
litter samples, weighing 50g each, were collected on the surface and under the surface of the
litter centrally to the feeders, drinkers, and external and internal limits of the pens. In the
laboratory, after homogenization, 50g aliquots were used for endoparasite counting. The re‐
maining sample was submitted to the physical-chemical analyses lab to determined dry
matter, ashes, and phosphorus contents. Phosphorus was colorimetrically determined by the
molybdovanadate method [22]. Pre-dry matter or moisture was determined at 65ºC. Copper,
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zinc, calcium, manganese, and iron contents were determined by flame atomic absorption
spectrometry after nitro-perchloric digestion [23]. Nitrogen was determined by the Kjeldahl
method. Litter pH was measured according to the method described by [24]. Organic carbon
was titered after chemical oxidation with sulfochromic solution [25]. Potassium was deter‐
mined by flame photometry [24]. Litter temperature was recorded using an infrared ther‐
mometer (Raytec®) in five different spots in each pen (two near the lateral pen wall, two
near the central aisle, and at the geometrical center of the pen). Darkling beetle counts were
transformed into log (y+1) and submitted to analysis of variance using a model that consid‐
ered the effects of litter material, ventilation, flock, and the interaction among these factors.
The GLM procedures of SAS statistical package were used [19]. Parasite egg and oocyst
counts were used to characterize the presence of absence of parasite in the pens. Parasite
presence was analyzed by logistic regression considering the effects of litter material, venti‐
lation and flock, using LOGISTIC procedures of SAS statistical package [19]. Litter quality
data were analyzed by mixed models for repeated measures, considering the effects of litter
material, ventilation, and the interaction between litter material and ventilation (plot), sam‐
ple sampling and respective interactions (subplot, and period (subplot), and three matrix
structures of variance and covariance, using the PROC MIXED procedure of SAS statistical
package [19], according to [20]. The structure used for analysis was chosen based on the
lowest value of the Akaike Information Criterion (AIC). The estimation method was that of
restricted maximum likelihood.
2.1. Evaluation poultry production using different ventilation systems and litter material:
I – general performance
According to statistical analysis results, flock, litter, and age significantly (p<0.05) influenced
all evaluated parameters, whereas ventilation system had no effect on any variable. Two in‐
teractions significantly affected almost all parameters: litter x age and flock x ventilation x
age. The details of the litter x age interactions indicated better results for rice husks litter as
compared to soybean straw litter in all studied parameters at all ages (Table 1). These results
are similar to those described by Mizubuti et al. (1994), who evaluated rice husks, guinea
grass, and napier grass as litter material. On the other hand, opposite results were obtained
by [27, 5, 27, 28, 9, 8, 10], who tested different broiler litter materials and did not find any
differences in body weight or feed intake. Moreover, [29] studied five broiler litter materials
and observed significant reduction of body weight, feed intake, and antibody titers in broil‐
ers reared on rice husks litter. [30] compared the use of rice husks, coconut hulls, and wood
shavings as broiler litter material and low- and high-density diets, and concluded that
weight gain and feed intake during the total experimental period were higher in broilers
reared on coconut hulls litter. The evaluation of the details of the triple interaction among
flock, ventilation and age indicated that there was no consistent effect of ventilation system
on performance parameters. The analysis of the presence of foot-pad lesion showed a signif‐
icant influence (p<0.0001) of the interaction between flock and litter and of the main effects
litter and flock. Independently from the interaction, soybean straw litter caused higher inci‐
dence of foot-pad lesions as compared to rice husks, in all flocks (Figure 2).
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Litter material

Bird age (days)
21

35

42

Feed intake (g)
Rice husks

1196 ± 3.90a

3373 ± 8.88a

4764 ± 13.15a

Soybean straw

1179 ± 3.90b

3310 ± 8.88b

4692 ± 13.15b

Feed conversion ratio
Rice husks

1.278 ± 0.004a

1.529 ± 0.003a

1.666 ± 0.004a

Soybean straw

1.306 ± 0.004b

1.543 ± 0.003b

1.683 ± 0.004b

Weight gain (g)
Rice husks

894 ± 3.75a

2164 ± 6.05a

2819 ± 9.44a

Soybean straw

861 ± 3.75b

2104 ± 6.05b

2749 ± 9.44b

Body weight (g)
Rice husks

937 ± 3.76a

2207 ± 6.05a

2862 ± 9.45a

Soybean straw

903 ± 3.76b

2146 ± 6.05b

2791 ± 9.45b

Means followed by different letters in the same columns are different (p<0.05) by the F test.
Table 1. Feed intake, feed conversion ratio, weight gain and body weight of broiler reared on two different litter
materials and two different ventilation systems

These results are opposite to those found in other studies evaluating litter materials that
concluded that litter material has not effect on carcass lesions [31]. The obtained results indi‐
cate that litter material causes foot-pad lesions, resulting in carcass condemnation in the
processing plant and consequent economic losses. [1] also found higher incidence of footpad lesions when napier grass and coast-cross grass hays were used as litter material. How‐
ever, [7] used sunflower crop residue and Brachiaria hay as litter, but did not find any
effects on breast, hock, and foot-pad lesions. In the present study, it was also observed that
the percentage of foot-pad lesions markedly increased from the first to the second flock, de‐
creased in the third flock, and that this reduction was maintained in the fourth flock. We be‐
lieve that, as the number of flocks increased, caked litter was removed and the remaining
litter was turned, making litter softer, and thereby, reducing leg lesions. Mortality was influ‐
enced by flock (p<0.0001) and by the interaction between flock and litter (p<0.05). However,
mortality was only significantly affected by litter material in the third flock in favor of soy‐
bean straw. Evaluating the use of wood shavings, rice husks, sugarcane residue and carnau‐
ba palm residue as broiler litter material, [32] did not find any differences in mortality,
although in absolute numbers, values were higher in broilers reared on wood shavings and
sugarcane residue. [5] and [29] reported similar results, that is, no mortality differences in
studies on alternative broiler litter materials. According to [33], bacteria present in the litter
may have different effects. Many Gram-positive bacteria, such as lactobacilli and bifidobac‐
teria, are present in broiler excreta and in the litter, but are not necessarily related to prob‐
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lems. On the other hand, the frequent presence of pathogens in the litter, particularly of
enterobacteria and zoonotic bacteria in general, is a reason of concern due to possible diseas‐
es transmitted both to the broiler flock itself and to consumers.

Figure 2. Presence of foot-pad lesions and mortality rate of broilers reared on two different litter materials for four
consecutive flocks

Figure 3. Enterobacteria (log CFU/g) in rice husks litter reused for four broiler flocks (flock housing and removal – Days
0 and 42)

Moreover, according to [33], the composition of the bacterial population in the litter is usual‐
ly very similar to the composition of the physiological microbiota of the ileum of broilers,
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and consists approximately of 70% lactobacilli, 11% Clostridium spp., 6.5% Streptococcus spp.,
and 6.5% Enterococcus spp. The litter presents, in average, 10 times less bacteria than the di‐
gesta, but this is still a high concentration of microorganisms. The digest contains between
108 and 1010 of Gram-positive bacteria and 106 to 107 Gram-negative bacteria per gram. As
the concentration of bacteria in the litter can increase 10 times per reared flock, it may ach‐
ieve the same levels as the digesta. From the practical perspective, it may be assumed that
bacterial concentration in the litter of broilers is similar to that in feces. In the present study,
total enterobacteria counts (expressed as colony-forming units, CFU) per gram of litter for
each treatment were carried out when each of the four flocks was removed (day 42) and
when the following flocks were housed (day 0), aiming at evaluating the effect of downtime
on litter bacterial load. Significant effects (p<0.05) of flock, evaluation day (0 or 42), and their
interaction was observed, whereas litter material (rice husks or soybean straw) and ventila‐
tion system had no influence on litter enterobacterial load (Figures 3 and 4). The evaluation
carried out on day 42 always presented better results as compared to that performed on day
0, as expected. However, the difference increased as the number of flocks increased (Figure
5), as shown by the lowest UFC count on day 42 (immediately after flock removal) in the
third flock, whereas on day 0 (day of housing, after downtime), bacterial load the lowest on‐
ly in the fourth flock. This suggests that the reduction of the load of enterobacteria after
downtime (day 0), may continue to occur in subsequente flocks, as the reduction was linear
and did not achieve a stabilization point.

Figure 4. Enterobacteria (log CFU/g) in soybean straw litter reused for four broiler flocks (flock housing and removal –
Days 0 and 42)

It must be mentioned that, during downtime, flame-gun was used twice on the litter: immedi‐
ately after bird removal and before the following flock was housed. However, during the 15-d
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downtime, litter was not submitted to any management practice for the reduction or control of
undesirable bacteria, including potentially pathogenic bacteria. Despite the reduction in the
bacterial load along the four flocks, enterobacteria counts were high in all flocks, and therefore
some method of litter treatment during downtime is recommended to reduce pathogen load.
The initial enterobacteria counts in the litters used in the experiment before the first flocks were
housed were considered high. When evaluating litter treatment methods for bacterial load re‐
duction, [18] observed that average loads of enterobacteria and total mesophilles were high in
new litters. According to those authors, these results call the attention to the quality of new lit‐
ter, as high bacterial loads in that material are associated to their origin, possibly due to produc‐
tion, preservation, storage, and transport conditions to the broiler house. In addition, these
high bacterial loads are a hazard to birds that will be housed in that environment, particularly
considering that these will be day-old chicks. [34] determined bacterial levels in pine shavings
and sand used as broiler litter, and found a marked increase in bacterial counts after birds were
housed. Pine shavings reached a level of 108 CFU/g of aerobic bacteria in the second week, and
this level remained stable up to six weeks, after which ir increased approximately 1 log the next
week, and remained at this level until birds were removed at the seventh week. Enteric bacteria
in pine shavings reach a plateau at 107 to 108 CFU/g in the second week, and these values
showed little variation until the seventh week. In the present study, enterobacteria counts were
higher, in general, than those obtained in untreated wood shavings litter by [18], which were
about 105 CFU/g. Therefore, the need to treat the litter during downtime is stressed, independ‐
ently of the material used.
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Figure 5. Enterobacteria load on days 0 and 42 of the evaluated flocks, considering all treatments
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2.2. Poultry production using different ventilation systems and litter materials: II –
thermal comfort
The main effects of flock, week and hour were significant (p<0.05) for all evaluated parame‐
ters. Litter material significantly influenced (p<0.05) only air relative humidity, whereas ven‐
tilation system did not affect any of the parameters. The hour × week interaction
significantly affected all parameters, whereas the effect of the ventilation × hour interaction
was significant only for air temperature and WBGT. Heat load inside the broiler house did
not show much variation, and the results were more favorable to the birds as compared to
the external environment. When rice husks litter was used, higher air relative humidity val‐
ues were detected (Figure 6). According to [35] optimal air temperature values are between
23ºC and 26ºC; 20ºC and 23ºC; and 20ºC for 4-, 5-, and 5-week-old broilers, respectively. On
the other hand, the recommended air relative humidity is 60 to 70%, regardless bird age. In
the present study, air relative humidity remained higher than the recommendations for
broiler production in all studied weeks, times, and litter materials (Figure 6). Controlling air
and litter humidity is important to reduce pathogens, ammonia, and parasite, such as cocci‐
dia, in the poultry house environment [36]. [37] did not find significant differences in breast
blisters as a function of bird density (10 birds/m2 or 14 birds/m2), litter material (wood shav‐
ings or saw dust) or by their interaction, as this part of the broiler body is not in permanent
contact with the litter, and therefore is no influenced by litter humidity. Litter temperature
presented the same behavior as air temperature, as expected, with a linear correlation of
0.95. At all evaluated times, litter temperature was, in average, 2oC to 3ºC higher than air
temperature. It must be noted that litter temperature was not affected by the used material,
that is, independently of using soybean straw or rice husks, litter temperature remained
similar (Figure 6). According to [38], temperature measured 5cm below litter surface was
23.5oC and 31.3oC at housing densities of 19 and 40 kg/m2, respectively, whereas air temper‐
ature 1m above litter surface was 22oC, indicating that litter temperatures were 1.5oC and
9.3oC higher than the environmental temperature. The higher litter temperature at higher
bird densities may be explained by different effects. As bird density increases, nitrogen and
humidity levels increase in the litter, allowing higher microbial activity and the heat trans‐
ference from the litter surface to the environmental air is prevented when the litter surface
area is covered by birds, particularly as birds reach market weight.
2.3. Poultry production using different ventilation systems and litter materials: III – effect
of litter reuse on the populations of Alphitobius diaperinus and intestinal parasites
Considering the composition of rice husks and soybean straws before its utilization and the
values established in [39] for simple organic fertilizers (Table 2), both materials are very differ‐
ent, except for organic carbon content, and do not comply with the recommendations of IN-23
for organic fertilizers. Rice husks humidity and pH values are different from those described
by [40], who evaluated the reutilization of rice husks as litter material by 18 broiler flocks and
reported 9.4% humidity, pH 7.0, 0.47% nitrogen, 0.03% phosphorus, and 0.27% potassium in
the beginning of the experiment, that is, composition before utilization. According to [10], con‐
sidering that plant nutrient requirements vary as a function of cultivar, soil, expected yield,
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etc., and exceeding supplied quantities remain in the soil and are susceptible to leaching and
percolation, it is essential to balance soil and litter compositions. Based on these considera‐
tions, the knowledge on the quality (physical-chemical composition, compactness, and reutili‐
zation) of litter materials used as alternative to wood shavings is essential as the disposal of
such material is part of good production practices. Litter quality was evaluated according to
chemical element levels and physical parameters. Litter chemical composition parameters
were significantly affected (p<0.05) by litter material, except for humidity and zinc. Sampling
affected only ashes and potassium content, whereas period significantly influenced (p<0.05) all
parameters. The interaction litter material x period x sampling affected organic carbon, copper,
iron, potassium, pH and zinc. In order to study litter chemical composition, samplings were
performed in three different periods, as follows: period 1 – 15-day interval (downtime) be‐
tween removal of flock 1 and housing of flock 2; period 2 - 15-day interval (downtime) between
removal of flock 2 and housing of flock 3; and period 3 - 15-day interval (downtime) between
removal of flock 3 and housing of flock 4.

Figure 6. Air temperature, wet bulb globe temperature (WBGT), radiant heat load (RHL), air relative humidity and lit‐
ter temperature inside broiler houses with two different litter materials

213

214

Soybean - Bio-Active Compounds

Rice husks

Soybean straw

Ashes (%)

15.18

4.33

Organic carbon (%)

35.13

33.33

Copper (%)

traces

0.00065

Iron (mg/kg)

433.25

607.63

Potassium (%)

0.075

0.108

Manganese (mg/kg)

169.85

32.75

Humidity (%)

10.35

14.33

≤ 30
≥1

Nitrogen (%)

0.344

0.662

Phosphorus (%)

0.056

0.092

pH

6.56

7.60

Zinc (mg/kg)

11.43

14.70

IN-23

≥ 20

a.d.*

* c.d. – as declared.
Table 2. Chemical composition of rice husks and soybean straw before their utilization as litter and values established
in Normative Instruction n. 23

The chemical composition of rice husks and soybean straw after utilization (Table 3) indi‐
cates a differentiation pattern of chemical element values. In general, values were high after
the removal of flock, and decreased after 15 days of downtime in all studied periods. An ex‐
ception was pH, which was higher at the end of downtime. Humidity values at flock remov‐
al were high, exceeding the recommendations both for poultry rearing and for organic
fertilizer; however, at the end of downtime, values returned to acceptable levels. [40] ob‐
served that the moisture of rice husks litter varied between 23.4 and 29.1%, averaging 26.4%.
Those authors found that litter pH increased from 7.05 to 8.59 after the first flock, and signif‐
icantly increased between the first and the second flock, after which only minor changes
were observed, with an average litter pH of 8.80 after 18 flocks. Similar pH values were ob‐
tained by [41] for rice husks litter reused by four flocks (pH 8.75); by [42], with pH values of
8.4-8.5; and by [10], with an average pH of 8.79. For soybean straw, [10] obtained an average
pH of 8.97. Ammonia and nitrates are the most common chemical forms of nitrogen found
in poultry waste. Nitrates can significantly contaminate underground waters when exces‐
sive levels of broiler litter as used as crop fertilizer [43]. Moreover, according to that author,
phosphorus is found in large amounts in poultry excreta, and its excessive application for
crop fertilization may exceed soil and plant capacity to use that nutrient, resulting in leach‐
ing and subsequent contamination of underground waters. [10] studied six different litter
materials reused for six consecutive flocks and found nitrogen values of 2.46 and 2.63 and
0.84 and 1.00 of phosphorus in rice husks and soybean straw, respectively. [40] showed that
nitrogen, phosphorus, and potassium contents significantly increased in the first seven to
eight flocks. Nitrogen, phosphorus, and potassium values obtained in the litter of the fourth
flock of the study of [40] were 3.56, 1.59, and 3.12%, respectively, and are used for the com‐
parison with those obtained in the present study.
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Period

Rice husks
Removal

Soybean straw

Housing

Removal

Housing

Ashes (%DM)
1

20.86 ± 0.78

-

15.71 ± 0.35

-

2

20.84 ± 0.17 aA

21.13 ± 0.23 aA

17.29 ± 0.32 bA

17.04 ± 0.35 bA

3

21.40 ± 0.20 aA

21.77 ± 0.12 aA

18.95 ± 0.29 bA

18.39 ± 0.30 bA

Organic carbon (%DM)
1

32.93 ± 0.32 bB

36.43 ± 0.24 bA

36.08 ± 0.43 aB

38.69 ± 0.33 aA

2

32.72 ± 0.45 bA

34.95 ± 1.53 aA

35.92 ± 0.28 aA

32.02 ± 0.64 bB

3

32.14 ± 1.41

-

28.45 ± 0.66

-

Copper (%DM)
1

45.19 ± 0.84 bA

39.33 ± 1.33 bB

63.31 ± 1.26 aA

49.44 ± 1.64 aB

2

56.05 ± 1.09 bA

52.99 ± 1.65 bB

67.55 ± 0.91 aA

62.72 ± 1.20 aB

3

63.27 ± 1.34 bA

59.13 ± 0.98 bB

74.75 ± 1.22 aA

73.03 ± 1.43 aA

Iron (mg/kg – DM)
1

911 ± 26 bA

608 ± 29 bB

1492 ± 57 aA

1469±117 aA

2

1014 ± 28 bA

738 ± 16 bB

1452 ± 44 aA

1361± 59 aA

3

1035 ± 21 bA

507 ± 18 bB

1364 ± 49 aA

736± 44 aB

Potassium (%DM)
1

2.04 ± 0.05 bA

1.97 ± 0.05 bA

2.78 ± 0.05 aA

2.73 ± 0.05 aA

2

2.35 ± 0.04 bA

2.00 ± 0.06 bB

2.81 ± 0.04 aA

2.78 ± 0.04 aA

3

2.16 ± 0.05 bB

2.57 ± 0.08 aA

2.69 ± 0.07 aA

2.62 ± 0.03 aA

Manganese (mg/kg – DM)
1

351 ± 8 aA

356 ± 7 aA

311 ± 6 bA

252 ± 12 bB

2

427 ± 9 aB

448 ± 9 aA

386 ± 6 bA

375 ± 12 bA

3

420 ± 8 aA

421 ± 7 aA

404 ± 7 aA

383 ± 8 bB

Nitrogen (%DM)
1

2.31 ±0.09 bA

1.77 ± 0.05 bB

2.92 ± 0.02 aA

2.30 ± 0.06 aB

2

2.67 ± 0.04 bA

2.32 ± 0.02 bB

3.26 ± 0.04 aA

2.83 ± 0.03 aB

3

2.90 ± 0.07 bA

2.44 ± 0.03 bB

3.32 ± 0.04 aA

2.88 ± 0.05 aB

pH
1

8.59 ± 0.08 aB

9.20 ± 0.01 bA

8.39 ± 0.09 aB

9.35± 0.02 aA

2

8.39 ± 0.04 bA

8.98 ± 0.02 bA

8.68 ± 0.05 aB

9.11± 0.03 aA

3

8.54 ± 0.06 aB

8.86 ± 0.01 bA

8.71± 0.04 aB

8.97± 0.02 aA
1.06 ± 0.07 aB

Phosphorus (%DM)
1

1.38 ± 0.07 aA

0.88 ± 0.05 aB

1.54 ± 0.07 aA

2

1.65 ± 0.07 bA

1.43 ± 0.07 bB

1.91 ± 0.10 aA

1.66 ± 0.04 aB

3

1.43 ± 0.05 aA

1.35 ± 0.06 bA

1.46 ± 0.09 aA

1.54 ± 0.08 aA

1

42.71 ± 3.22 aA

25.56 ± 1.31 a B

44.09 ±1.01 aA

27.38 ± 0.94 aB

2

31.12 ± 1.01 aA

16.51 ± 0.50 b B

33.85 ± 0.98 aA

19.94 ± 0.49 aB

3

33.44 ± 0.79 aA

16.55 ± 0.21 b B

35.35 ± 0.93 aA

18.62 ± 0.22 aB

Humidity (%)

Zinc (mg/kg DM)
1

227 ± 19 bA

145 ± 15 aB

286 ± 12 aA

80.57 ±9.87 bB

2

266 ± 5 aA

254 ± 21 aA

285 ± 6 aA

254 ± 14 aA

3

266 ± 5 bA

141 ± 2 bB

299 ± 7 aA

158 ± 5 aB

Means followed by different small letters in the same row are different, within sampling, (p<0.05) by the F test.
Table 3. Chemical composition of broiler litter made of rice husks or soybean straw
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There is little information on copper (Cu), iron (Fe), zinc (Zn), and manganese (Mn) levels in
different poultry litter materials. According to [43], poultry feeds are rich in iron, and high
levels of this mineral are commonly found in broiler litter. Excessive levels of those mineral
in the soil affect plant root growth. That author presented a table with findings of several
authors relative to the levels of those trace minerals in poultry litter, and those values (in
mg/kg, dry weight) are used to compare with the results of the present study. That table
presents average concentrations and ranges of 77 and 58-100 for copper, 1,625 and
1,026-2,288 for iron, 348 and 125-667 for manganese, and finally 315 and 106-669 for zinc. It
must also be mentioned that the chemical characteristics of the litter materials after three
flocks comply, in terms of their nutritional aspects, with the legislation relative to simple or‐
ganic fertilizer. However, it is recommended that the litter removed from the poultry house
is distributed in rows for an additional composting period in order to eliminate or reduce
health risks. Despite the effect of litter material on the evaluated parameters, with higher
averages promoted by soybean straw, litter made of these crop residues were similar and
presented similar characteristics to those described in literature for wood shavings [44],
showing that after three flocks, both materials presented excellent fertilizing characteristics.
Relative to the physical aspects, when the first flock was removed, soybean straw litter was
more compacted and caked as compared to rice husks litter, and this condition remained for
the following three flocks, requiring labor interference to break the caked parts, including
during the rearing period. At flock removal, soybean straw required more labor to allow its
reuse due to the formation of a caked layer on the top of the litter. When the fourth and last
flock was removed, the litter made with soybean straw had reached its maximum limit of
reutilization, with decomposition of the lower layer, presenting fiber breakdown and humic
matter formation. Rice husks litter, on the other hand, presented reuse conditions after the
removal of the fourth flock. [45] recommended monitoring insect populations in poultry
housed as a routine procedure of the management program, independently from the strat‐
egy used for insect control. However, according to [46], it is difficult to carry out darkling
beetle population studies because their population is usually very high in poultry houses,
and they have cryptic behavior. In the present study, one of the objectives was to know
which litter material was more favorable to the dissemination of darkling beetles, as well as
the evolution of this population as the litter was reused by several consecutive flocks. Dar‐
kling beetle count was significantly influenced (p<0.05) by litter material, flock, and the in‐
teractions between litter material and ventilation and between litter material and flock. Rice
husks presented lower darkling beetle count (p<0.05) as compared to soybean straw, with
oscillating ventilation in all flocks, and after the second flock, with stationary ventilation
(Figure 7). Darkling beetle count increased from the first to the third flock, and decreased in
the fourth flock, independently of litter material or ventilation. [47], studying darkling beetle
distribution and population dynamics, observed that in broiler houses with cement floor
covered with wood shavings litter reused for four flocks and equipped with automatic feed‐
ers the average numbers of insects trapped in the first flock were 385.4 larvae and 24.5
adults, and these figures increased to 615.3 larvae and 208.7 adults in the next flock. Those
authors found that the population tended to become stable in the third flock (651.3 larvae
and 248 adults), and found an apparent reduction to 422 larvae and 160.2 adults per trap in

Evaluation of Soybean Straw as Litter Material in Poultry Production and Substrate in Composting of Broiler Carcasses
http://dx.doi.org/10.5772/54068

the fourth flock. They also found that average litter temperature in flock 1 was 30.7ºC, which
favors the multiplication of saprophyte microorganisms. Air and litter temperatures directly
influence the population of darkling beetles [48]: temperatures of 22 and 31ºC determine in‐
cubation periods of 8.9 and 3 days, respectively. Below 17ºC, eggs do not hatch. The larval
stage can take 70.1 days when environmental temperature is 22ºC or 33.2 dias at 28ºC,
whereas the pupa stage takes 4 days at 31ºC and 9.7 days at 22ºC. Therefore, according those
authors, the complete life cycle of the darkling beetle at a constant temperature of 28ºC is
42.5 days, and considering that a new flock is housed every 50 days, a new generation of
darkling beetles may occur at each flock housed in the farm.

Figure 7. Average darkling beetle counts, transformed into log(y+1), in the litter of broilers reared on two different
litter materials and under two ventilation systems.

In the present study, average air and litter temperatures were mild (Table 5), but neverthe‐
less allowed the multiplication of darkling beetles. When the presence of parasites was in‐
vestigated, only Eimeria sp. occysts were identified, and significant effects (p<0.05) of litter
material and of the interaction between litter material and ventilation on the presence of oo‐
cystes were determined. Rice husks submitted to oscillating ventilation presented the higher
percentage of contaminated pens and 18.78 more chances of being contaminated as com‐
pared to soybean straw submitted to the same ventilation (Table 4). When ventilation was
stationary, no differences between litter materials were observed. When comparing ventila‐
tion types, it was found that rice husks litter contamination was significantly higher when
ventilation was oscillating (odds ratio = 7.22), whereas there was no significant influence of
(p>0.05) ventilation type on the contamination of soybean straw by Eimeiria spp. Other fac‐
tors may have influenced litter contamination, such as the higher nutrient levels – particu‐
larly nitrogen levels – in soybean straw, explaining the lower oocyst count due to the
negative effects of the release of ammonia levels that are lethal to oocysts [49]. As optimal
Eimeria spp oocyst sporulation, which makes it infective, occurs at temperatures of 28 to
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30°C [49], data were tested to verify if oocyst counts could have changed with litter tempera‐
ture variations (Table 5), but the results showed that litter temperature did not have any sig‐
nificant influence on oocyst counts.
Ventilation

Litter material

Odds ratio

P"/>χ2

37.5%

7.22

0.0163

18.8%

31.3%

0.50

0.4182

Odds ratio

18.78

1.32

P"/>χ2

0.0012

0.7100

Oscillating

Stationary

Rice husks

81.3%

Soybean straw

Table 4. Percentage of pens contaminated with Eimeiria spp and odds ratio (probability) of being contaminated

Hour

Week
4

5

6

Média

Air temperature (ºC)
8:00

16.15 ± 0.45

13.03 ± 0.47

15.93 ± 0.59

15.04 ± 0.30

11:00

19.86 ± 0.48

17.08 ± 0.51

21.10 ± 0.63

19.34 ± 0.33

14:00

24.30 ± 0.49

21.14 ± 0.52

25.93 ± 0.65

23.79 ± 0.33

17:00

23.23 ± 0.39

20.64 ± 0.41

24.97 ± 0.52

22.95 ± 0.27

Litter temperature (ºC)
8:00

17.12 ± 0.36

14.86 ± 0.50

19.77 ± 0.51

17.25 ± 0.27

11:00

20.87 ± 0.38

19.39 ± 0.53

24.12 ± 0.54

21.46 ± 0.28

14:00

24.35 ± 0.37

23.48 ± 0.51

27.71 ± 0.52

25.18 ± 0.27

17:00

24.20 ± 0.27

22.84 ± 0.38

27.53 ± 0.38

24.86 ± 0.20

Means followed by different letters in the same column are different (p≤0.05) by the F test.
Table 5. Means and standard error of the parameters air temperature (ºC) and litter temperature (ºC) as a function of
measurement week and time

According to [43], poultry production generates nutrient-rich residues that can be utilized to
generate energy or to fertilize crops; however, their application to the soil must follow nu‐
trient management plans in order to prevent environmental impacts. Considering the com‐
position of rice husks and soybean straws before its utilization and the values established in
Normative Instruction n. 23 for simple organic fertilizers, both materials are very different,
except for organic carbon content, and do not comply with the recommendations of IN-23
for organic fertilizers. According to [10], considering that plant nutrient requirements vary
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as a function of cultivar, soil, expected yield, etc., and exceeding supplied quantities remain
in the soil and are susceptible to leaching and percolation, it is essential to balance soil and
litter compositions. Based on these considerations, the knowledge on the quality (physicalchemical composition, compactness, and reutilization) of litter materials used as alternative
to wood shavings is essential as the disposal of such material is part of good production
practices. It must also be mentioned that the chemical characteristics of the litter materials
after three flocks comply, in terms of their nutritional aspects, with the legislation relative to
simple organic fertilizer. However, it is recommended that the litter removed from the poul‐
try house is distributed in rows for an additional composting period in order to eliminate or
reduce health risks. Despite the effect of litter material on the evaluated parameters, with
higher averages promoted by soybean straw, litter made of these crop residues were similar
and presented similar characteristics to those described in literature for wood shavings [44],
showing that after three flocks, both materials presented excellent fertilizing characteristics.
Relative to the physical aspects, when the first flock was removed, soybean straw litter was
more compacted and caked as compared to rice husks litter, and this condition remained for
the following three flocks, requiring labor interference to break the caked parts, including
during the rearing period. At flock removal, soybean straw required more labor to allow its
reuse due to the formation of a caked layer on the top of the litter. When the fourth and last
flock was removed, the litter made with soybean straw had reached its maximum limit of
reutilization, with decomposition of the lower layer, presenting fiber breakdown and humic
matter formation. Rice husks litter, on the other hand, presented reuse conditions after the
removal of the fourth flock.

At the same time also the same comparison was made using the two materials as substrate for the composting of broliler carcasses.

2.4. Rice husks and soy straw as substrate for composting of broiler carcasses.
Considering the possibility of using rice husk and soybean straw as litter, the present study
aimed to evaluate these products as substrates for broiler carcasses composting. The appro‐
priate destination of waste from poultry production is a challenge for producers. Carcasses
of broilers dead during the rearing period need to be managed so as not to cause problems
like unpleasant odors and attraction of flies. One alternative for destination of carcasses con‐
sidered economically and environmentally acceptable is the composting [50], a natural proc‐
ess of organic matter decay performed by bacteria and fungi that turn the carcasses into a
useful product, the compost.
The experiment was conducted in the Experimental Field of Suruvi, of Embrapa Swine and
Poultry, in Concórdia (Santa Catarina State) using a composter with six cameras, with inter‐
nal measures: 0.80 m wide, 1.20 m depth and 1.50 m height of the wall. Cameras were con‐
structed with concrete floor, wooden walls, and asbestos tiles. Two types of substrate were
tested for composting: soybean straw (T1) and rice husk (T2). The experiment started with
new substrates, which were reused in the composting, accompanying four flocks of broilers.
Three repetitions of each treatment for each composting period were randomly selected. By
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the end of each flocks, each camera received 10 newly slaughtered broilers adding up a total
of 60 animals per flocks. The total of 10 broilers was weighed, calculating the amount of wa‐
ter to be added, equal to 30% of broilers weight. The composting pile was arranged on a 30
cm-layer of new substrate, placing at the beginning 5 carcasses in a same layer, and the oth‐
er 5 in a second layer, covered by a new 20 cm-layer of the same substrate. After a compost‐
ing period of 15 days, pile was tumbled carcasses and substrates were weighed separately,
piles were rearranged and water was added in amount corresponding to 30% of carcasses
weight. All the process was performed using equipment for individual protection (rubber
gloves, dust mask, boots, hat and overalls). An electronic scale with capacity of 100 kg (Tole‐
do 2124-C5) has weighed substrates and carcasses. Carcasses were placed into thick plastic
bags (20 kg) and substrates into raffia bags (60 kg). For the substrate removal, it was used a
rounded tip cupped shovel and a watering can to add water. The removal of carcasses waste
was made with a garden spade and a polyethylene broom. Thermocouples (S. E. Test tools
A20) were installed to monitor the temperature of the composting pile, with readers inserted
into each camera, in the central portion of the pile, with reading at three points (top, middle
and bottom) and record of data at 7, 15, 22 and 30 days after mounting the pile. On the 30th
day after the start of composting, the second weighing of carcasses and substrate was per‐
formed separately, being mounted a new pile with the same substrate and the remaining
waste was divided into two layers, allowing the composting for more 15 days. The proce‐
dure was repeated for four periods, reusing the same substrate, forming from the second pe‐
riod, three layers of carcasses, being the bottom made up by the remaining waste of the
previous batch, and the other two with five newly slaughtered broilers each. By the end of
30 days of composting, samples were collected from each camera, at nine points per layers
(subsamples) and taken a pool of these points at 5 layers per camera (totaling 30 samples per
batch) for analyses. It was analyzed the content of dry matter, ash, phosphorus, Cu; Zn; Mn;
Fe, Nitrogen, pH; Calcium and Magnesium. For the analysis of the organic carbon, with the
homogenization of part of five samples of layers of each camera, it was formed a new sam‐
ple for each camera, totaling six samples per period, being the analysis performed by the ti‐
tration method after chemical oxidation with sulfochromic solution [25]. The variable
“Carcass decomposition” was obtained by the ratio between the difference of the initial and
final weight, divided by the initial weight multiplied by 100. The variable “Substrate decom‐
position” was obtained by the ratio between the difference of the initial and final weight of
the substrate. These data were examined by an analysis of variance for the model consider‐
ing the effect of the composting cycle, substrate and the interaction, using the procedure
GLM of SAS [19]. Data of composting temperature were analyzed using the mixed model
theory for repeated measures, considering the effects of the composting cycle, substrate,
composting week and interaction of these latter two variables and 16 types of structures of
matrices of variance and covariance, using the PROC MIXED of SAS [19]. The structure em‐
ployed in the analysis was chosen based on the Akaike’s Information Criterion (AIC). The
estimation method used was the restricted maximum likelihood.
The analysis of variance for the percentage of decomposition of carcasses and substrates, a
significant effect (p<0.05) was detected for the interaction between period and substrate for
the variable “carcass decomposition”, whereas for the “substrate decomposition”, a signifi‐
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cant effect was observed only for the period. The Table 6 presents the mean values and
standard errors of the % of decomposition of carcasses and substrates according to the type
of substrate and period. A significant effect (p<0.05) was observed for the carcass decompo‐
sition on the 4th period in relation to the substrate type, being the soybean straw the sub‐
strate with the highest value. The variable “substrate decomposition” had values above 100
because it was added to the substrate part of the decomposed carcasses besides the addition
of water and the natural process of formation of humic matter, characterized by being a
complex of several elements [51] which works in the supply of nutrients to the plants, on the
structure and compatibility of the soil and water retention capacity [52]. Nevertheless, the
change in the shape and color of substrate particles indicate the decomposition of the sub‐
strate. The Figure 8 shows the mean profile of composting temperature according to sub‐
strates. No significant effect was observed for the interaction between week and treatment,
but a significant effect (p<0.05) of the week and treatment separately. The rice husk main‐
tained higher temperatures than the soybean straw, and in both substrates there was an in‐
crease of temperature with the tumbling of the pile from the 2nd to the 3rd week.

Substrate

Period
1

2

3

4

Carcass Decomposition (%)
Rice husk

64.29 ± 1.90 a

65.25 ± 1.90a

60.18 ± 1.90 a

55.76 ± 1.90 b

Soybean straw

63.74 ± 1.90a

59.79 ± 1.90a

64.47 ± 1.90 a

62.70 ± 1.90a

Substrate Decomposition (%)
Rice husk

106.79 ± 3.73

96.17 ± 3.73

102.79 ± 3.73

Soybean straw

104.97 ± 3.73

91.54 ± 3.73

100.90 ± 3.73

Means followed by different letters in the columns are significantly different by the F-test (p≤0.05)
Table 6. Mean values and standard errors of the % of decomposition of carcasses and substrates according to the
type of substrate and period.

Nevertheless, the absolute maximum temperature registered inside the piles was higher in
the camera with soybean straw, reaching 73.3°C, while the absolute maximum of the cam‐
era with rice husk reached 65.9°C. Both were close to the temperatures reported by [53]
for composted mass on the fifth day after mounting the piles (57 - 71°C). [54] in the com‐
posting experiment with agroindustrial waste have obtained temperatures within the
range of 40 - 60°C, with some peaks, with the highest temperature at 71°C. Biologically,
the operating limits for the temperature can be classified as: > 55ºC to maximize the sani‐
tization; 45 - 55ºC to maximize the biodegradation rate; and between 35 - 45ºC to maxi‐
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mize the microbial diversity [55]. In this study, temperatures remained between 35 – 45ºC,
but as abovementioned, there were temperature peaks above 55ºC promoting the sanitiza‐
tion of the composting mass. In the first week it was also found values indicative of the
maximization of the degradation rate. [56] in a composting study using different stations
obtained temperatures higher than 55ºC for over 3 consecutive days, achieving the maxi‐
mum reduction of pathogenic microorganisms and indicating the biosafety of the com‐
posting. [57] recommended that the conditions of time-temperature for the compost to
meet the biosafety standards should be any of the following procedures: 53ºC for 5 days,
55ºC for 2.6 days or 70ºC for 30 min. [58] with poultry carcasses composting in the cli‐
mate of the United Kingdom, during the autumn and winter, for 8 weeks, have obtained
positive results of carcass decomposition, as well as appropriate temperatures (60ºC 70ºC) for the control of pathogens. [59] in studies on the biosafety of composting quoted
that little attention has been given to strategies to evaluate the microbiological safety of
composting systems, once there are different zones of the compost (e.g. the external edge
of the pile) that usually have less organic matter and lower temperature. Thus the chal‐
lenges for this type of benefit are greater than conventional. The analysis of variance for
physical and chemical variables of the compost, are presented a significant effect (p<0.05)
of the interaction between period and substrate for all variables, except for pH and K. The
major effect of substrate was not significant only for the dry matter and the main effect of
the period was significant for all variables. The significance effect of the interaction dem‐
onstrates that the effect of the substrate type depends on the period. The levels of physi‐
cal and chemical variables measured in the substrate at the time zero, before its use as a
composting substrate. In this way, it can be calculated the C/N ratio of the two substrates
used, of 50.37 for the soybean straw and of 101.86 for the rice husk. Meanwhile, studies
were performed using different sources of waste and residue from livestock and crop pro‐
duction, presenting a large variation in the initial C/N ratio, from 5/1 to 513/1 [60]. The
mean values and standard errors of physical and chemical variables of composts accord‐
ing to periods and substrate type can be found in the Table 7. There was a significant dif‐
ference between the substrate types for all variables in all periods, except for the dry
matter, in the periods 2 and 4. Also there was an increase in the concentrations of the dif‐
ferent parameters, expected given the addition of carcasses at each cycle. This increase
was higher and statistically significant for the soybean straw, in the variables organic C,
Cu, Fe, K, N, P, Zn and pH, besides the dry matter, although this difference had not been
significant. The rice husk only presented levels of ash and Mn significantly higher than
the soybean straw. The products obtained with carcass composting using two substrates
tested can be classified as class D “compost organic fertilizer”, according to the Norma‐
tive Instruction 23 [39] meeting the requirements set concerning the minimum levels of N,
organic C and moisture. But in relation to the C/N ration considered an indicative of the
process maturity level [61], only the compost with soybean straw presented desired levels
on the 3rd (17.75) and 4th (13.29) periods. The compost with rice husk would need to be
subjected to a secondary composting to reduce this ratio and meet the requirements of the
IN (maximum C/N of 18) or be used for composting new carcasses until reaching the suit‐
able C/N ratio.
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Substrate

Period
1

2

3

4

Rice husk

14.45 ± 0.30a

15.55 ± 0.30a

15.05 ± 0.30 a

15.46 ± 0.30a

Soybean straw

6.19 ± 0.30 b

6.61 ± 0.30b

8.52 ± 0.30b

9.67 ± 0.30b

Ash (%)

Organic C (g/kg)
Rice husk

306 ± 3.19b

326 ± 3.19b

301 ± 3.19 b

296 ± 3.19b

Soybean straw

345 ± 3.19a

384 ± 3.19a

355 ± 3.19a

336 ± 3.19 a

Cu (mg/kg)
Rice husk

1.78 ± 0.33b

2.95 ± 0.33b

2.29 ± 0.33b

3.62 ± 0.33 b

Soybean straw

7.04 ± 0.33a

6.82 ± 0.33a

6.88 ± 0.33a

9.92 ± 0.33a

Fe (mg/kg)
Rice husk

224 ± 71.37 b

256±71.37b

263±71.37b

463±71.37b

Soybean straw

1384 ± 71.37a

852±71.37a

980±71.37a

1544±71.37 a

K (mg/kg)
Rice husk

1828 ± 373.0b

2706±373.0b

3398±373.0 b

3688±373.0 b

Soybean straw

11983 ± 373.0a

13574±373.0a

13717±373.0 a

15226±373.0 a

Dry matter (%)
Rice husk

81.74 ± 0.59 a

86.83 ± 0.59a

80.65 ± 0.59a

82.82 ± 0.59 a

Soybean straw

78.96 ± 0.59 b

86.70 ± 0.59a

83.02 ± 0.59 b

83.71 ± 0.59a

Rice husk

211 ± 7.48a

282 ± 7.48a

196 ± 7.48a

236 ± 7.48 a

Soybean straw

56.45 ± 7.48 b

48.21 ± 7.48b

61.25 ± 7.48 b

64.04 ± 7.48b

Rice husk

5058 ± 711.7b

7416±711.7b

11962±711.7b

14020±711.7b

Soybean straw

10233 ± 711.7a

13491±711.7a

19993±711.7a

25281±711.7a

Mn (mg/kg)

N (mg/kg)

P (mg/kg)
Rice husk

714 ± 166.4b

1017±166.4b

1870±166.4a

1387±166.4b

Soybean straw

1295 ± 166.4a

1757±166.4 a

1247±166.4b

2096±166.4a

pH
Rice husk

8.88 ± 0.06b

8.99 ± 0.06b

8.64 ± 0.06b

8.33 ± 0.06b

Soybean straw

9.20 ± 0.06a

9.30 ± 0.06a

8.95 ± 0.06a

8.64 ± 0.06a

Zn (mg/kg)
Rice husk

13.87 ± 1.16 b

14.61 ± 1.16b

20.03 ± 1.16b

24.63 ± 1.16b

Soybean straw

19.52 ± 1.16a

20.21 ± 1.16a

29.36 ± 1.16a

41.89 ± 1.16a

Means followed by different letters in the columns are significantly different by the F-test (p≤0.05)
Table 7. Mean values and standard errors of physical and chemical variables of the composts according to the periods
and type of substrate.
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Figure 8. Mean profile of composting temperature according to substrates

Regarding the pH, both substrates presented varied values during the experimental period
and reached the levels required by the IN-23 (pH 6.0) by the end of the 4th period. [62] found
in the final compost in similar experiments, values of water pH in the range between 8.20
and 9.34. The levels of nitrogen increased at the end of composting periods. [54] achieved a
compost with values of N, P, K between 17,710 -26,700 mg/Kg, 4,810-6,600 mg/Kg and
5,000-13,000 mg/Kg, respectively.

3. Conclusion
As compared to soybean straw, the use of rice husks as broiler litter material promotes bet‐
ter live performance of broilers up to 42 days of age. The use of soybean straw litter increas‐
es the incidence of footpad lesions relative to rice husks litter. Enterobacteria counts in
broiler litter are reduced after downtime (day 0) when the litter is consecutively used by
four flocks. Air relative humidity was higher when rice husks were used as litter material.
Broiler litter used for three flocks, in average, complies with the minimal legal requirements
to be traded as simple organic fertilizer, independently from the material. Soybean straw
can be used as litter for rearing up to four flocks of broilers. At this same number of flocks,
rice husks remain usable, whereas soybean straw is deteriorated and under humification.
The number of darkling beetles was higher in the soybean straw litter and the rice husks lit‐
ter presented 18.78 more chances of being contaminated with oocysts when ventilation was
oscillating as compared to soybean straw litter. The soybean straw can represent an alterna‐
tive of substrate for poultry carcasses composting, reaching values of C/N required by legis‐
lation with three reuses. Likewise, the rice husk can be used in composting broilers carcasses
and can be reused for a greater number of times. The soybean straw presented a higher per‐
centage of carcasses decomposition by the end of the 4th composting period (p<0.05).
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Chapter 11

Acrylated-Epoxidized Soybean Oil-Based Polymers and
Their Use in the Generation of Electrically Conductive
Polymer Composites
Susana Hernández López and
Enrique Vigueras Santiago
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/52992

1. Introduction
1.1. Electrical properties on polymer compounds with carbon black making emphasis in the
polymer matrix for controlling them
Polymer composites with electrical properties modified by the amount of conductive filler
particles emerge at a half of the XX Century. This type of materials are conformed by two
components, the first is usually majority and continuous component known as matrix and the
second is the minority and discontinuous frequently named conductive filler. Both, matrix and
filler could be constituted by one or many different materials. For example, the matrix could
be only one polymer or it may well be constituted by a polymer blend, the same way the
conductive component. The polymer composites are characterized for being multiphase
materials in which is possible to distinguish the two phases: polymer and conductive filler.
The own properties of these composites are determined by the synergic coupling between
properties of the matrix and the conductive particles, this means the electrical conductivity on
these composites and in turn on their practical applications are determined by the chosen
polymer matrix-conductive filler couple.
Modification of the electrical properties in polymer composites based on carbon black (CB)
particles could reach until 1011 orders of magnitude. This characteristic has allowed designing
materials with applications for electrostatic protection and electromagnetic shields. It is well
known that electrical properties are modified by external factors making them useful for
applications as vapor, gases, toxic or inert substances sensors as well as detectors of temper‐
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ature and external mechanical strengths. For this reason from the 70´s the massive develop of
polymer compounds plus conductive particles becomes important [1] and from the beginning
it has been used all type of oleo-polymers and conductive particles being of major interest the
carbon particles and nanoparticles. These carbonaceous particles allow obtaining polymer
composites highly conductive, at great scale, at low cost, with the inherent polymer properties
as lightness, processability into different shapes, sometimes reinforced in mechanical and
thermal properties. The CB particles have very good conductivity thanks to a series of
structural characteristics as the graphitic composition, the structure of the fundamental
aggregate that could be low, middle or high, being a high structure [1] the required in order
to render lower critical volume or weight percent (wt%) fractions. The particle surface is
another important characteristic to take in account for having a good dispersion into the
polymer. Some CB surfaces are oxidized and contain many functional groups as hydroxyls,
carbonyls, esters, etc [1] which facilitate the interaction with the polymer matrix having a very
good dispersion in it. Those and other characteristics as their easy synthesis at great scale make
them the most studied conductive particles for preparing conductive polymer composites.
If the difference in the electrical conductivity between conductive particles and the matrix is
at least six orders of magnitude then the electrical conductivity of polymer compounds in terms
of the conductive particles load could be explained very well by the percolation concept [2].
According to this concept the electrical conductivity is achieved when the conductive particles
reach a critical fraction which is the smallest amount of particles required to build a conductive
network. This is established by the relationship 1.

s ( X ) » ( X - X c )b

(1)

X represents the volumetric fraction of the conductive filler, X c the amount of conductive
particles in the percolation threshold and is a critical exponent. The critical parameters Xc and
β determine the transition from the dielectric to the conductive state in those polymer com‐
posites. This make an important difference in the electrical properties respect to the conven‐
tional materials in which is possible to determine the type of material according to the order
of magnitude in its electrical conductivity. In composite materials the electrical conductivity
is achieved when a volume or weight filler fraction is reached and it is characterized because
the particles are in electric contact building conductive paths. In this conductive network the
electrical interconnection is favored when the transit of electrons is allowed from one particle
to another; transitions which are governed by the mechanical quantum laws [3]. The percola‐
tion model given by equation 1 fits very well to the experimental results allowing to explain
the mechanism for which these composites could be considered as intelligent materials, useful
for the detection of temperature gradients, pressure, displacement, solvents, gases, etc. For all
those reasons the percolation model has been accepted as the well way to explain the electric
conduction in terms of conductive particles fraction. However it has the important disadvant‐
age to no predict the percolation threshold for a specific polymer-conductive particles couple.
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Such disadvantage emerges from the fact that it only considers the particles interconnection
probability without taking in account the polymer matrix nature and the possible interactions
between particles and polymer.
The critical fraction is also associated with the potential applications of the polymer composite.
In polymer composites with high critical fraction the mechanical properties could be influ‐
enced due the secondary forces between polymer chains are modified by the presence o a high
fraction of particles and as a consequence the mechanical properties of the composite could
detriment. On another hand in solvent sensing applications it has been demonstrate that as
lower conductive particles fraction the sensibility to the detection is considerably increased
due to the best interaction area between the polymer and the solvent, vapor or gas [4]. This is
the reason for which one of the goals in the preparation of conductive composites is to diminish
the critical fraction of conductive particles in conductive polymer composites. However there
is not a generalized rule which allow predicting it considering both the polymer and the
conductive particles properties. It is known that properties of the matrix polymer as density,
viscosity at molten state, dielectric constant and those of the conductive particles as oxidative
surface, size, shape and structure, have an important influence in the electrical composite
properties in junction with the preparation method [1, 5-17]. The conditions in preparation
method are especially important to achieve a homogeneous disaggregation and dispersion of
the conductive particles and in turn to reach the electrical properties at a low fraction of
conductive particles. A preferential and controlled distribution of those particles contributes
to build conductive networks at a low critical fraction and it also guarantees a better repro‐
ducibility. Some strategies to obtain a preferential distribution have used polymer matrix
derived from two or more immiscible polymers (blends) [10] in which the particles are in the
interphase; the in situ synthesis using the emulsion polymerization [11] in which particles
prefer to surround the polymer matrix nanoparticles. The polymer matrix viscosity [8] is very
important to take in account for the conductive particles dispersion. In a high viscose polymer
are required high shear forces in order to produce a disaggregation of the particles but also it
could produce a breaking of the CB particles structure. This last effect is not convenient due
are necessary more particles to interconnect them and form the conductivity network,
increasing the critical fraction. Usually the strength distribution is not uniform, not a good
dispersion is achieved and the conductivity is not reached a low fraction of conductive
particles. In summary the polymers with low viscosity tend to reach the percolation threshold
at a lower critical fraction in comparison with polymers highly viscose. The weight molecular
mass [12] also influences the process of conductive particles distribution and is directly
associated with the viscosity. In according with the latest discussion, as higher the molecular
weight the polymer has a higher viscosity and viceverse, in such a way that conductive
particles have less problems to disperse in a low molecular weight matrix. The polymer
morphology [13] determines in some way the preparation process and the critical fraction of
the conductive particles in the percolation threshold. It has been well established that particles
tend to disperse uniformly in the amorphous region. As a consequence in semicrystalline
matrixes is possible to have a preferential distribution of the conductive particles in the
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amorphous and interphases zones diminishing the critical fraction. In other cases the polarity
of the polymer matrix has taken in account for dispersing CB particles and there are many
opinions respect to its influence on the critical fraction [9, 14,15]. It has been mentioned that a
major polarity the critical fraction increases [9]. However other authors claim [14, 15] that a
major polarity the particles dispersion is better due to the interactions between the groups on
the surface of the CB particles and those on or pending on the polymer chain favoring their
dispersion. Recently in a systematic study [16] has been demonstrated that critical fraction of
CB particles included in some polystyrene-based polymers with different dielectric constant,
tend to diminish as the polarity (dielectric constant) of the polymer matrix increases.
In other recently studies, has been evaluated that polymer derivate from vegetable oils as
the soybean and linseed oil and some derivates have a very good compatibility not only
with some natural fillers as fibers, henequen, cellulose, bamboo, etc, but also with CB par‐
ticles and carbon nanotubes producing composites with a huge gamma of mechanical and
thermal properties, similar to those offered for oleo-polymers, with a great potential to
use them as engineering applications. Much less research has been focus to the electrical
properties however those studies shown that critical fraction in composites based on acry‐
lated-epoxidized soybean oil and epoxidized linseed oil with CB are much lower (lower
than 4 wt% CB) than those exhibited by common oleo-polymers (usually higher than 8 wt
% CB) [17]. This fact has been explained in terms of the functional groups of the polymer
matrixes and on the ability to crosslink drawing paths in which the CB particles are fa‐
vorable dispersed. In order to understand this phenomena, the next section will be devot‐
ed to describe the structure, characteristics and uses of vegetable oils, specifically focus to
one derivate of soybean oil, the acrylated-epoxidized soybean oil (AESO) a derivate well
studied as monomer and comonomer in the preparation of conductive composites with
different CB particles.
1.2. Acrylated-epoxidized soybean oil: Some relevant advances and achievements
Polymeric materials prepared from renewable natural resources have become increasingly
important because of their low cost, ready availability, and potential biodegradability.
Vegetable oils represent one of the cheapest and most abundant biological feedstocks available
in all around the world in large quantities, and their use as starting materials offers numerous
advantages, such as low toxicity, biocompatibility, inherent biodegradability as well as certain
excellent frictional properties e.g. good lubricity, low volatility, high viscosity index, solvency
for lubricant additives, and easy miscibility with other fluids, and more recently in useful
polymers and polymer composites [18-21].
In addition to their application in medicine, cosmetics, surfactants, nutrition, food industry,
lubricants and as an alternative fuel for diesel, natural oils also have been used quite exten‐
sively to produce coatings, inks [22] plasticizers, lubricants, and agrochemical [23]. Structurally
vegetable oils are predominantly constituted of triglyceride molecules. Triglycerides in turn
are constituted of three fatty acids joined at a glycerol central structure. Most common oils
contain fatty acids that vary from 14 to 22 carbons in length, with 0 to 3 double bonds per fatty
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acid. Because of the many different fatty acids present, these oils are composed of many
different types of triglycerides with numerous levels of unsaturation. A high degree of multiple
unsaturations (-C=C-) in the fatty acid (FA) chain of many vegetable oils causes poor thermal
and oxidative stability and confines their use as lubricants to a modest range of temperature
[24]. Although they possess double bonds, which could be used as reactive sites, they are of
low reactivity and cross-linked polymers could be produced under a specific and limited
reaction conditions [25-29]. Usually as triglycerides are made up of aliphatic chains, the
produced materials lack of the necessary rigidity and strength required for some applications.
To reach a higher level of molecular weight and crosslink density is necessary to copolymerize
[30-34] or to incorporate chemical functionalities [35] easily to polymerize and that are known
to improve the mechanical properties of the polymer networks. The double bonds are usually
used to functionalize the triglyceride with polymerizable chemical groups, for example to
convert the unsaturation to epoxy group is the most common reaction. There are a lot of
published studies devoted to establish [36-40], control [41, 42] and scale [43] many different
reaction conditions for partial [44-46] or complete epoxidization of the trygliceride´s double
bonds. By themselves the epoxidized oils are polymerizable under temperature [47-49]
ultraviolet radiation [50-53], or by opening epoxy ring reaction. However is well know that
the diamines [54, 55], anhydrides [56, 57], dicarboxylic acids [56], dioles [58, 59] are also used
for curing epoxidized oils rendering cured resins with a gamma of properties controlled by
the stoichiometry, the structure of the crosslinker and the cure degree.
Epoxidation in general is a commercially important reaction due to the high reactivity of that
functional group that makes it to be readily transformed into other important functional and
polymerizable groups. The most studied and important polymerizable groups are hydroxyl
by complete or partial ring opening reaction of epoxy group [60] making the triglyceride
capable of reaction via addition polymerization for producing polyurethanes [61-63] or
hydroxylated polyesters for example with maleic anhydride which could further being cured
by free radical reaction. Another important functional group is the acrylate inserted by reaction
of epoxidized vegetable oils with acrylic acid [18, 64]. This last modification provides mono‐
mers which can then be blended with reactive diluents and cured by free radical polymeriza‐
tion. There are natural oils comprise fatty acids with these types of functionalities as the
vernonia oil which contain epoxy groups and castor oil that comprise hydroxyl groups.
Soybean oil is an exemplar model of how the natural oils can be used for producing polymer
and polymer composites useful in some applications. About 80% of the soybean oil produced
each year is used for human food. Another 6% is exploiting for animal feed, while the remain‐
der (14%) has nonfood uses (soap, fatty acids, lubricants, coatings, etc.). Structurally (Figure
1), soybean oil usually contains in average 11% palmitic, 4% stearic, 23% oleic, 54% linoleic
and 8% linolenic acids. Palmitic acid contains 16 length carbons and no unsaturations, the
remanent acids are all of them are 18 length carbons and are unsaturated acids: oleic (1 double
bond), linoleic (2 unsaturations) and linolenic (3 double bonds). Soybean oil contain in average
4.5 double bonds which are thermally polymerizable under the special conditions above
mentioned.
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Figure 1. Representative structure of SBO showing three 18 carbon-length chains with 1 and two double bonds

For example, cationic polymerization of the soybean oil with divinylbenzene comonomer
initiated by boron trifluoride diethyl etherate produces crosslinked polymers with properties
from the rubbers (soft) to the thermosets (rigid) [34, 65]. These properties are dependent on
the stoiquiometry of both comonomers. Some others copolymers prepared also by cationic
polymerization [66] showed shape-memory effect which refers to the ability to remember a
specific shape after deformation. Polymerized soybean oils have already been employed in
printing inks and paints and much effort has been devoted to converting soybean oils into
solid polymeric materials which now usually possess viable mechanical properties and thus
may be useful as structural materials in a variety of specific applications [67]. In this context,
one of the most important derivate is the epoxidized soybean oil (ESO). The epoxidized
soybean oil is widely used as plasticizer instead of phtalates in the plastic industry to increase
flexibility, stability and processability in PVC products. For this application the higher the
epoxy degree more efficient is the stabilizer ability [41] to heat and UV-radiation. It was also
studied as potential source of high-temperature lubricant [24]. It shows a low thermal and
oxidative deteriorate compared with raw soybean oil and other oils due to the absence of allyl
hydrogens which are the responsible of those unwanted process. Crosslinked polyesters were
prepared by curing ESO with different dicarboxylic acid anhydrides [56]. The mechanical and
thermal properties were evaluated and they were dependent on the type of anhydride, the
type and wt% of catalyst and on the ratio ESO/anhydride. A broad range of glass transition
temperatures, Tg´s, from -5 to 75°C were shown and flexural modulus from 520 to 980 MPa.
Another example of ESO cured with different acid anhydrides [57] in presence of tertiary
amines as initiators. The dynamical mechanical properties were studied in terms of the type
of anhydride, initiator and epoxidation level. Composites based on ESO resin and chicken
feathers fibers (CFFs) were studied as potential applications in electronic devices such as
printed circuits and boards (PCBs) [68]. Equipment based on PCBs requires high electrical
resistance, relatively low electric constant and loss. Properties were compared with those of
the prepared composites using the standard epoxy resin for PCBs and CFFs as reinforcement.
The resistivity of CFFs composites was two to four orders of magnitude higher than E-glass
fiber composites indicating that CFFs have better insulating effect. The CFF composite can be
potentially used as PCBs industry. In other study ceramer coatings based on ESO were
prepared using three sol-gel titanium (IV) and zirconium precursors and several coating
properties were evaluated, exhibiting excellent flexibility and hardness. Ceramer coatings
(inorganic/organic hybrid materials) have potential applications in protecting optical and
electronic devices. In this study the properties of ELO as low volatile organic content, low price
and viscosity were taken in advantage in order to prepare the mentioned ceramers [69].
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Another important derivate of soybean oil (Figure 2), in which this chapter will be devoted, is
the acrylated-epoxidized soybean oil (AESO), produced in two steps from soybean oil. The
first one is the epoxidation of soybean oil by any described method. After, this epoxy inter‐
mediate is reacted with acrylic acid [21, 64] in presence of an acid as catalyst, being the level
of acrylatation very important for the mechanical properties as studied in [70]. Tg increases
linearly with the number of acrylates per triglyceride from -50 to 92°C for 0.6 to 5.8 acrylates
per triglyceride and it is possible to obtain soft and rigid polymers as the level of acrylatation
increases.

Figure 2. Representative structure for AESO

This molecule is interesting due the possibility of use the double bonds from acrylate functional
group in order to polymerize/copolymerize easily via free radicals reaction under several
initiator systems as thermal initiator decomposition, photoinitiators and UV or visible
radiation, and high energy radiations as gamma rays. However, pure AESO polymer (poly‐
AESO) does not display important mechanical properties by itself. It looks like an amorphous
crosslinked rubber without possibility of processing in useful shapes. However these proper‐
ties were taken in advantage for modify the mechanical and tribological properties of goat
leather [71]. Elastic modulus, tensile deformation, friction and wear were evaluated for goat
leather before and after to graft AESO monomer by each and both faces of the leather. The
grafting was made by free radicals using a photonitiator and ultraviolet light as initiator system
[72]. Those properties were dependent on the irradiation dosages (360, 720 and 2700 J/m2) being
the changes more evident at higher dosages and on the grafted face (inner or outer). In general
friction and tensile deformation decreased (17% and 39%) respect to ungrafted leather whereas
elastic modulus and wear decreasing as the dosage increased (19% and 39%, respectively).
However for engineering applications polyAESO do not have enough mechanical properties.
An attempt to improve the mechanical properties of polyASEA was made using gamma
radiation as initiator system [73]. In this work AESO was successfully polymerized and the
polyASEA was obtained in one transparent and homogeneous piece depending on the used
mold for polymerization. That piece could be cut in different shapes. Its properties as friction
and scratch were evaluated respect to the dosage irradiation which was directly related to the
crosslink degree. Some probes were made for preparing composites with carbon black under
the same conditions, not rendering the same successfully results. In this case those composites
were obtained as an unshaped mass without the possibility to processing them into specific
shapes.
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It is because AESO use to be copolymerized with other vinyl comonomers. The most used is
the styrene comonomer which imparts stiffness and as the same time is useful as diluent in
order to reduce the viscosity which is of great help when some filler is used for preparing
polymer composites. In this context, a lot of interesting works have been published. These
resins have proven to be comparable to commercial, oleo-based thermosetting resins. Also,
AESO has been combined with several natural fibers [74] and other fillers as glass or carbon
fibers and clays in order to produce new economical composites and very useful in many fields
like agricultural, automotive, infrastructures, housing, and construction. Some examples are
cited. Network blends of polyurethane network films were prepared using polyester urethane
acrylate (PUA) having terminal double-bond functional groups and acrylated epoxidized
soybean oil by a simultaneous thermal polymerization process. The weight ratios of PUA/
AESO affected the thermal and mechanical properties; with an increase in AESO content the
glass-transition temperature of the networks decreased from 40 to -4.8 °C, tensile strength
increased from 1.2 to 9.8 MPa, and elongation at break decreased from 470 to 70% [75].
Copolymers of AESO and styrene mixed with butyrated kraft lignin as compatibilizing agent
for natural fiber reinforced thermoset composites were prepared and evaluated [76]. An
improvement of adhesion of the resin to the fibers was achieved and the flexural strength
increased 40% for a 5 wt% butyrate lignin. The effect of different lignin concentrations on the
mechanical properties of composite made of flax and wheat straw fibers, was investigated.
The ultimate goal was a lignin-based, soluble additive that gives rise to a very strong resinnatural fiber interface. For construction structural panels and unit beams were manufactured
from AESO and natural fibers (flax, cellulose, pulp, recycled paper and chicken feathers) as
natural fiber reinforcements (20-55 wt%), E-glass fiber and closed cell structural foam achieve
good mechanical strength. The goal of this work [77] was to develop monolithic structural
panels that would be suitable for use as the (load-bearing) roof, floors or walls of a home. It
was compared the mechanical properties. In summary, the results show that the recycled paper
beam with chicken feathers and the recycled paper beam with corrugated cardboard have
flexural rigidities for a commercial wood product. The beam with some E-glass is a stiff as stiff
as other three of the wood commercial references. All composites beams are stronger than the
woods references. In conclusion the composite beams made for recycled paper have strengths
and stiffness that make them suitable for use in structural applications where wood members
would normally used. Other important works are they where AESO was copolymerized with
styrene in presence of cellulose fibers or corrugated cardboard boxes [78] in order to manu‐
facture composites structures useful for residential roof construction, rendering successfully
results according to the evaluated mechanical properties.
AESO/Styrene in a 65/35 wt ratio and 3 wt% of SWNT composites were prepared [79] by
sonication procedure in order to study the mechanical properties. It was found that the
addition of NTC results in an increasing of the flexural modulus about in a 44% and the yield
strength in 9% as well as the Tg in 8%. In other work AESO/styrene (65/35 wt ratio) also has
been reinforced with impure multi walled carbon nanotubes (containing 60-70% of carbon
soot) with an aspect ratio of 33.3 [80]. Impure MWNT were added in 1, 3 and 5 wt% to the
monomers mix and the dispersion conditions were evaluated until obtain a stable dispersion.
Mixes were polymerized via free radicals using tert-butyl peroxy benzoate as initiator and
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after their mechanical properties were analyzed. Modulus was increased respect to the same
resin composition without MWNT in a 30% for samples having 1wt% MWNT. In both cases
electrical properties were not evaluated.
However, electrical properties of polymer composites based on AESO and AESO copolymers
with carbon black were studied [17]. As mentioned before, crosslinked polyAESO is not
adequate to processes the respective composites into convenient shapes for evaluate electrical
and other properties. Nevertheless, something that was very interesting is that the percolation
concentration for this type of composite was very low (4.1 wt% CB) in comparison with those
obtained with the traditional oleo-polymers based composites with carbon black as polystyr‐
ene (15 - 9.4) [16, 81], low density polyethylene (17%), polybutyl methacrylate (14%) [17], etc.
This behavior is one evidence that polymer matrix in conjunction with the carbon black
characteristics, is another parameter that has a very important influence in reach the percola‐
tion threshold at low critical fraction of conductive particles. A possible explanation is that
AESO helps to low the concentration percolation due to CB particles disperse very well thanks
to the presence of the carbonyl groups on the acrylic functional groups that participate in the
crosslinking of the AESO monomer, drawing for the carbon black particles a tridimensional
conductive network in which they are well distributed and dispersed. To overcome the
inconvenient of processing the polyAESO composites one option was to copolymerize the
AESO with other acrylic monomer as butylmethacrylate (BMA). Polymer from BMA is not a
rigid polymer as polystyrene or poly(metylmethacrylate) but it contains a carbonyl group as
ASEA and a short alkyl chain enough to be miscible with ASEA. After studying the electrical
behavior and evaluating the critical fraction of the polyAESO and polyBMA both with CB
particles, rendered values of 4 and 14%CB respectively. It was established to copolymerize
both monomers, ASEA and BMA, in order to improve the processing properties and to
evaluate the changes in the electrical properties respect the composites based on the respective
homopolymers. Considering the great difference in the critical fraction values of polyASEA
and polyBMA composites it was expected that this value was dependent on the comonomers
proportion. In order to establish one only proportion it was necessary to do a scanning on the
composition vs resistivity property maintaining constant the CB load which was chosen as 10
wt% CB. Once the percolation curve (Figure 3 in reference 17) was built it could be appreciate
that as increased the ASEA load in the range of 0 to 10%, the resistivity decreased sharply
(seven orders of magnitude) until it reached a minimum and constant value. From these results
it was chosen a copolymer composition of 30:70 wt% of ASEA/MAB, taking in account that a
higher quantity of ASEA produces processing problems. The results will be discussed later in
section 2.1.2.
Another interesting option was to copolymerize the ASEA with another commercial modified
natural-derivate comonomer named (Acrylamidomethyl) cellulose acetate butyrate (ACAB).
This semicrystalline polymer is a cellulosic product soluble in organic solvents and also it is
crosslinkable by free radical reaction. It is well know that cellulose is the most abundant
naturally occurring organic substance which is very insoluble and its products are extensively
used in non-food and industrial applications mainly as textile, paper, thickeners, flocculants,
etc. Many derivates have been synthesized in order to synthetic polymer replacements, being
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hydroxyl groups in cellulose the most available source of chemical modification that has been
exploited. For example, cellulose esters and ethers, which usually are water-insoluble, have
been used as plastics for molding, in modern coatings, extrusion, laminates, controlled release
of actives, biodegradable plastics, composites, optical films, and membranes and related
separation media [82, 83]. ACAB was synthesized in order to have not only esters and ether
functionalities, but also polymerizable vinyl functionalities by react the hydroxyl cellulosic
groups with N-metilolacrilamide [84].

Figure 3. Structural representation and composition of commercial ACAB.

Polymerization and copolymerization could carry out by thermal, ultraviolet, gamma or
electron beam radiation. It contains in average the next composition (Figure 3): 38.9% of butyril
groups (~1.8 mol butyrate per mol cellulose), 12.8% of acetyl groups (~1.0 mol acetate per mol
cellulose), and 0.6% of vinyl ones (~0.1 mol vinyl per mol cellulose). It is a white powder useful
for produce crosslinked and insoluble resistant copolymers, hard, durables as adhesives and
composites in the textile industry, to provide articles which should retain a permanent shape.
Coatings are effective on wood, paper, metal, plastics and they are useful to produce contain‐
ers, furniture, floors, appliances, trucks, pipe, boats, paper products, among others. Recently
ACAB was used to produce columns with higher separation efficiencies of aminoacids and
peptides by capillary electrochromatography [85].
Considering the good processing properties of ACAB, the miscibility with AESO, the great
number of polar groups and the presence of a vinyl crosslinkable functional group, were the
reasons to establish this study in which the main goal is to obtain processable conductive
composites and with low critical fraction. In this study three types of CB particles were used.
The properties and methodology are described in section 2.2.
The possibility to generate polymer composites from natural sources monomers with modified
electrical properties is of high interest due the mentioned reasons and for the possibility of
reduce the critical fraction. As mentioned before the preparation methodology is very
important in order to obtain a very good CB dispersion and reproducibility of the electrical
properties. The next section will be devoted to describe the preparation of the AESO-co-BMA
and AESO-co-ACAB copolymers and the respective composites with CB´s as well as the
characterization of products by FT-IR spectroscopy, Differential Scanning Calorimetry (DSC)
and Thermogravimetric Analysis (TGA).
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2. Detailed description for obtained copolymers and their structural and
thermal characterization
2.1. System AESO-co-BMA
2.1.1. Reactants and equipment
The used reactants in this section are described: AESO containing in average 3.4 acrylates per
molecule, and contains 4,000 ppm of monomethyl ether hydroquinone (MEHQ) as inhibitor;
density 1.04 g/mL at 25°C. BMA (99%) comonomer contains 10 ppm of MEHQ; bp. 162-165°C,
density 0.894 g/mL at 25°C. Potassium Bromide, KBr was spectroscopic degree; Tetrahydro‐
furane (THF) (99.7%), bp. 70°C; and Acetone (99%) both as solvents. All of them were pur‐
chased from Sigma-Aldrich, Co. Dibenzoyl peroxide (BPO) (> 97%), mp 102-105°C, was
purchased from Merck Co; and Carbon black Vulcan X-C72 was kindly donated by Cabot Co.
Before use, ASEA and BMA were surpassed by an inhibitor-remover packing (from SigmaAldrich, Co) in order to remove the MEHQ. Other reactants were used as received.
For Infrared characterization a FT-IR Nicolet Avatar 360 was used. All samples were mixed
with previously dried KBr and pressured at 8 Tons in order to obtain transparent plates. 32
scans were recorder from 4500 to 400 cm-1 at a resolution of 8 cm-1.
For calorimetric characterization, a SDT Q600 modulus (TGA coupled to a DSC) from TA
Instruments was used. Experiments were recorder at a heating rate of 10°C/min, under
nitrogen atmosphere (100 mL/min), from 23 to 500°C.
2.1.2. Synthesis and characterization of pure AESO-co-BMA copolymer, 30/70 wt%.
The pure copolymer is obtained following the next methodology, using as example 1g of total
prepared compound: 0.3 g of ASEA is weighed into a 150 mL round bottom flask and 10 mL
of THF are added. The mix is sonicated in an ultrasonic processor (UltrasonikTM 28X 50/60Hz)
at 5-8°C for 10 min until ASEA is completely solved. Then 0.7g (0.78mL) of BMA is added in
junction with 0.05 mL of 0.5M PBO in THF and again the mix is sonicated for 2 min only, at
same temperature. After, a condenser with inlet and outlet nitrogen ultrapure gas (from Infra,
Co) is adapted to the flask. It was left the low nitrogen flux for 5 min and finally the temperature
is increased from room temperature (RT) to 70°C in order to copolymerize. Copolymerization
takes around 6 hr and it can be detected because the copolymer starts to precipitate due to the
crosslinking reaction. Once the product is precipitated as several pieces, the temperature is
lowered to RT, the nitrogen is turn off and the transparent lightly yellow product is filtered
and washed twice with acetone to remove the possible residual monomers and initiator. The
copolymer is well dried under vacuum for 24 hr. This copolymer is characterized by FTIR
spectroscopy, detecting specific signals for both comonomers. Finally, the greatest piece was
cut into a cylinder shapes (1.0 cm diameter x 0.2 cm thickness) and the faces were covered with
silver paint in order to measure the resistivity.
For a structural characterization of the copolymer by FT-IR spectroscopy, it is necessary to
know the main absorption bands of the monomers and homopolymers, in this case for MAB,
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polyMAB, AESO and polyAESO. For BMA, the next bands are identified: vinyl bond (=C-H)
from acrylic group is found at 3100 cm-1, methyl and methylene groups (-CH3-, -CH2-) between
2900 cm-1 and 2800 cm-1, carbonyl (C=O) from ester group at 1743 cm-1, polymerizable double
bond (-C=C-) from acrylic group is sited at 1640 cm-1 and another vibration related with end
double bonds (H2C=) also from acrylic group is sited at 950 cm-1. When BMA is polymerized
(Figure 3), the main changes on the respective spectrum are: the diminishing of the bands
corresponding to the double bonds at 3100 cm-1, 1650 cm-1, and 950 cm-1. These absorption
bands diminish in intensity as the polymerization take place and finally they disappear when
polymerization has been completed.
For AESO monomer (Figure 4) the most important identified bands are: Hydroxyl (-OH)
groups at 3500 cm-1, vinyl group (=C-H) from acrylic one at 3100 cm-1, methyl and methylene
groups (-CH3-, -CH2-) between 2900 cm-1, 2800 cm-1, carbonyl vibration (C=O) from esters
groups is sited at 1730 cm-1, double bonds (C=C) from the acrylic pendant groups are found at
1650 cm-1. Finally, at 750 cm-1 is sited the typical band due to four or more continuous
methylenes (-CH2CH2CH2CH2-…) from the fat acids chains. The main changes observed
when ASEA is polymerized to polyASEA (Figure 4) are those related with the acrylic double
bonds at 3100 cm-1 and 1650 cm-1. As the same as BMA polymerization, those bands decrease
in intensity as polymerization takes place; at the end of polymerization they are no detected.
All the other signals practically do not change.
For copolymer ASEA-co-MAB (Figure 4) the main information obtained from the FT-IR spectra
are that signals of both monomers are seen overlaid and the main ones are those corresponding
to the acrylic double bonds. It is logic that they are not detected by copolymerization; however
there are still small signals corresponding to acrylic double bonds of the BMA at 1632 cm-1,
even after washing the product with THF. BMA monomer was not detected in the filtered THF
after remove the solvent. That indicates that it does not correspond to an incomplete reaction
of BMA (residual monomer). The small double bonds signals seen on the spectrum are
attributed to a higher load than ASEA, generating segments of BMA units with disproportion
ends chains.

Figure 4. Comparison of the IR absorption bands for polyAESO, polyBMA and AESO-co-BMA
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The FT-IR study is not determinant to corroborate if there was a copolymerization, however
the thermal properties indicates that there is. DCS/TGA analysis also were made in order to
found a possible transition and to determine the decomposition temperature considered it at
which de polymer lost the 10 wt% (T10) of its original weight percent. By DSC, ASEA mono‐
mer shows an exothermal crosslink curve with a maximal temperature at 349°C and immedi‐
ately the decomposition is observed. TGA shows that ASEA´s T10 is detected at 360°C in one
step. Once the ASEA is polymerized, the DSC curve does not show any transition: no residual
exothermal curve due to crosslinking, neither Tg indicating a complete polymerization under
the described conditions. There is difference in the T10 in 7°C lower for polyASEA in compari‐
son with ASEA monomer. This decreasing is explained in terms on that crosslink decreases
the free movement of the fat acids arms on the polyASEA in such a way that heating tends to
break that inter-chain tension at lower temperatures. The T10 of polyBMA was detected at
230°C. The T10 of the copolymer is 302°C which is lightly next to the polyASEA value (Figure
5) due to the crosslinking reaction between both monomers, even BMA is in major propor‐
tion. Decomposition of the copolymer occurs in only one step, indicating the product is only
one compound (copolymer) without byproducts such as homopolymers or oligomers.

Figure 5. Decomposition temperature (T10) for AESO-co-BMA copolymer and its respective homopolymers: polyAESO
and polyBMA

2.1.3. Preparation and characterization of AESO-co-BMA copolymer composites with carbon black
For preparing composites based on ASEA-co-BMA and CB particles, it is followed the next
methodology which is similar as the described for pure copolymer synthesis. Composites
preparation starts with the dissolution of 0.3 g of ASEA monomer in 20 mL of THF and then
the addition of 0.78 mL of MAB monomer. At this homogeneous mix is added the correspond‐
ing amount of CB depending on the composition to prepare. In this case were prepared the
next CB loads: 0.5, 1.0, 1.2, 1.3, 1.4, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 6.0, 8.0, 9.0, 10.0, 15.0 and 20.0 wt%
CB. The mix lefts to disperse by sonication for 2 hr at 8°C. Finally the same milliliters of initia‐
tor solution is added, nitrogen flux is adapted and the composite is left to polymerize at 70°C
for 4 hr and then at 95°C for 2 hr. The composites precipitate as a black unshaped mass; they
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are washed three times with acetone and filtered in order to remove the probable residual
monomers and/or initiator. Finally they are dried under vacuum for 48 hr.
Respect to the composite characterization by FT-IF spectroscopy, the spectra are very similar
to the pure copolymer with only one difference, the signals corresponding to the graphitic
structure of CB, composed by double bonds C=C sited at 1633 cm-1 increases subtle as the CB
load do. Referent to the thermal properties, T10 of the composites based on ASEA-co-BMA
depends on the CB load. For example, for 0.5 wt% CB a T10 of 342°C is detected, whereas for 6
wt% CB the T10 is 335°C. Is a fact that CB acts as thermal reinforcing filler in this matrix however,
that reinforcement decreases as the CB load increases. This is one reason for the interest in
produce composites with low critical fraction, usually as the CB load increases some other
properties as mechanical or processing ability tend to decrease as well the potential applica‐
tions as sensing.
It was not a successfully improvement of the processability by copolymerize AESO with BMA,
copolymer and the respective composites were insoluble, unmelted, and the thermomolding
process was not possible, nevertheless it was obtained a very low critical fraction (1.2 wt% CB) [17].
2.2. System AESO-co-ACAB
In this section the electrical properties of polymer composites based on (Acrylamidomethyl)
cellulose acetate butyrate, ACAB, and its copolymer with acrylate-epoxidized soybean oil
(AESO) (50:50 wt%) are discussed. Three different commercial carbon black (CB) particles were
used in this study: Raven 5000, Vulcan XC-72 and N660 which have different properties as
size, structure (ramification percent), oxidize surface and conductivity (see Table 1).
2.2.1. Reactants and equipment
Commercial (Acrylamidomethyl) cellulose acetate butyrate, ACAB has a Mn of 10,000, mp
155-165 °, Tg 118°C, density 1.31 g/mL a 25°C, it is soluble on a variety of acrylic monomers.
Benzophenone photoinitiador, BPN (> 99%), mp 47-51°C, both were purchased from SigmaAldrich, Co. Reaven 5000 and N660 CB´s particles were kindly donated by Professor Wiltold
Brostow from UNT, USA. All of them were used as received. For electric contacts silver paint
SPI 18DB70X was purchased from Electron Microscopy Sciences. Some properties of the carbon
blacks particles are shown in Table 1.
Carbon particles have many different properties according to the raw reactants and on the
synthesis method. They are into the 50 chemical products more produced in all around the
world and actually, CB particles are the result of an incomplete combustion from hydrocar‐
bons. 90% of CB is useful as reinforcement particles in elastomers for fabrication of wells, 9%
as pigment and the rest 1% in other specific applications as paints and electric devices [86].
Additional to their stain power, their electric or charge action provide UV radiation protection
to the polymers at low cost. The CB particles are constituted from almost spherical particles
with a graphitic structure (electrically conductive) and colloidal dimensions. Their structure
consists in many primary nanoparticles (from 10 to 100 nm) bonded into a bunch named
“aggregate” with dimensions from 50 to 500 nm. Those aggregates use to form macro-
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agglomerates with more than 1μm of size [1]. CB aggregates have different shapes, they could
be 1) spherical, 2) elispsoids, 3) lineal or 4) branched. Chemically are constituted from 83% to
99% of elemental carbon and according to the fabrication method it could be founded many
oxygenated functional groups as phenols, quinolics, carboxylics, etc. on the surface. This is
related to the ash content which is usually less than 5%. For electrical properties, are required
that CB particles have branched structures (high structure), an oxidized surface which allows
to disperse them into several polymer matrix, a high diameter and good intrinsic electrical
conductivity. Branched structures as in CB Vulcan X-C72 allow a large contact number or
electronic sits for build the conductive paths with a lower load of conductive particles.
Opposite to this, CB N660 has the lowest structure and superficial area but a particle diameter
of 50 nm and a structure manly lineal. CB Raven 5000 particles show a low structure and
superficial area but have a highly oxidized surface in comparison with the others. Their
resistivities [see section 3.1] are not so different making interesting to study how the other
mentioned properties have influence in reaching the percolation threshold at low critical
fractions.
CB Particles

Average diameter Volatile %

Branched structure, % Resistivity

size, nm

(oxidized surface)

(cm)

Raven 5000 Ultra II [87]

8

10.5

45.5

1.1

Vulcan XC 72 [86, 88]

32

<2

77.3

0.08

N660 [89]

50

2.5

31.7

0.19

Table 1. Characteristics of the three used carbon black particles

The FTIR spectra for the three different types of CB, shows the same superficial functional
groups, being the only difference the intensity of the signals (Figure 6). Those characteristic
absorption bands are: hydroxyls groups (O-H) from 3416 cm-1 a 3440 cm-1, methylene (C-H)
from the amorphous CB composition at 2923 cm-1 y 2850 cm-1; carbonyl bond (C=O) due to
different groups as esters, carboxylic acids and quinones are seen from 1709 cm-1 to 1740 cm-1;
typical vibrations of the double bonds (C=C) that constitute the graphitic composition of the
different CB´s are sited from 1578 cm-1 to 1632 cm-1; this due there are some double conjugated
bonds with carbonyl group from quinones. A combination of vibrations due to the C-O and
O-H from esters and phenols, respectively are founded at 1380 cm-1 and 1216 cm-1; finally are
seen a combination of vibrations for C-O bond from hydroxyl groups in phenols at 1064 cm-1
y 1066 cm-1. At 680 cm-1 is sited an out of the plane deformation vibration for O-H bond which
is only seen in CB N660.
2.2.2. Synthesis and characterization of crosslinked ACAB (crossACAB)
This reaction was neccesary to know and stablish the copolymerization reaction conditions
and the processing properties. For pure crosslinked ACAB, 1 g of ACAB is weighed into a 150
mL round bottom flask, 10 mL of THF are added and the mix is sonicated for 15 min until the
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complete dissolution of ACAB. At this point 0.05 mL of a 2.0M THF solution of PBO is added
and shaking another 2 min. The condenser and the nitrogen atmosphere are adapted to the
flask and the temperature starts to increase from RT to 70°C as a first step. The crosslinked
ACAB (crossACAB) starts to precipitate. After 5 hr of reaction, the temperature increases from
70 to 88-90°C for 4hr in order to finish the crosslinking reaction. Heating and nitrogen gas are
turn off and at RT and the transparent one piece polymer is washed twice with acetone en
order to remove residual ACAB and/or initiator. Finally it was well dried under vacuum for
24 hr. The polymer was cut in small pieces and they were processed by thermo mechanic
technique. This allowed preparing cylinders of 1.0 cm diameter x 0.2-0.3 mm thickness in order
to measure the resistance.

Figure 6. FI-IR spectra if the three types of used CB particles: Raven 5000, Vulcan XC-72, N660

The characterization of ACAB by FTIR spectroscopy allows distinguishing the next important
signals: Hydroxyls and amide (–O-H, –N-H) vibrations appear at 3700-3250 cm-1; methyl and
methylene vibrations (C-H) from of the polysaccharide ring are sited at 2970 and 2879 cm-1;
carbonyl vibration (C=O) from ester groups (acetate and butyril) are found at 1750 cm-1 and at
1679 cm-1 it is possible to distinguish the carbonyl vibration from amidomethyl group. Double
bond band (C=C) is sited at 1630 cm-1, and the corresponding terminal double bond (C=CH2)
is at 919 cm-1. Signals monitored in order to found the time in which ACAB completely
crosslinks are those corresponding to the vinyl group, 1630 and 919 cm-1. The crossACAB is
characterized by FTIR spectroscopy detecting the disappearance of those mentioned signals
(Figure 7).
Concerning with the thermal properties, it was interesting to note that the decomposition
temperature, in this case taken as the onset temperature (Tons) due some little lost before
decomposition temperature due to humidity or some remnant solvents in case of crossACAB.
Those temperatures were very similar with a difference of 2°C higher for crossACAB respect to
the ACAB. This slightly difference could be due to the small amount of crosslink vinyl groups
(only 0.6%) which not do much difference in that property. The DSC thermogram for both
compounds does not show differences, it is possible to distinguish an exothermal curve with
a maximal temperature at 145°C that encloses both the Tg and the Tm reported transitions. This
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is one reason for which polyACAB shows processability under temperature and pressure and
is possible to soften or melt in order to mold it to any required shape, which was something
expected.

Figure 7. FT-IR spectra for ACAB, crossACAB and AESO-co-ACAB polymer matrixes

2.2.3. Synthesis and characterization of the pure copolymer, AESO-co-ACAB (50/50 wt%)
For preparing 1g of AESO-co-ACAB (50:50 wt%), 0.5g of ACAB are weighed into a round bot‐
tom flask, 5 mL of THF are added and it was solved into an ultrasonic processor for 15 min.
Then 0.5 g of ASEA and 5mL more of THF are added to the last mix and again homogenized
into the ultrasonic processor for 10 min. The same quantity of PBO initiator as the described
polymerizations is added and all mix is copolymerized following the same procedure descri‐
bed for crossACAB. The reaction for this system needs 7 hr for polymerizes at 70°C, and then the
temperature is increased to 88-90°C for 4 hr. The product as a one translucent and lightly yel‐
low homogeneous piece which is filtered and washed three times with acetone and finally
dried under vacuum for 24 hr. This product, softer than crossACAB also shows processability
by thermo molding being one of the main goal of this proposed system.
The FT-IR spectrum shows absorption bands of the two comonomers and the most character‐
istics are: 1535 cm-1 (C-H and N-H), 755 cm-1 (N-H) from the amide group. 1601 cm-1 (C=O) it
is a vibration from all esters in both monomers. The most representative band for ASEA is at
723 cm-1 which is typical for more than four continuous methylene groups. There is not band
sited at 1634 cm-1 corresponding to double bonds indicating a complete copolymerization
between both monomers.
The TGA analysis of the copolymer indicates two lost, one of 2% before the 150°C due to
remnant solvent and humidity and a second at 351°C which corresponds to its decomposition.
Figure 8 shows the decomposition temperature of the three pure polymer matrix. As we can
see, the decomposition temperature for the copolymer is in the middle of the homopolymers.
Taking in account that the decomposition occurs in only one step, it becomes and evidence
that copolymerization between ACAB and ASEA took place.
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Figure 8. Decomposition temperature of the three polymer matrix: crossACAB, AESO and AESO-co-ACAB (50:50 wt%)
copolymer

Figure 9. Changes on maximal Tgm according to the type and amount of CB particles

The DSC curve showed a diminishing curve due to the melting point of ACAB matrix (145°C),
but it does not show any residual exothermal curve due to the ASEA cure. These events suggest
that the copolymer could be processable by thermomolding thanks to the thermoplastics
properties imparted by the ACAB polymer.
2.2.4. Preparation and characterization of AESO + CB particles
The CB compositions for composites based on ACAB with CB, independently of the type of
CB, are: 1.0, 2.0, 2.5, 3.0, 4.0, 4.5, 5.5, 7.5 and 9.0 wt% CB. An example is described for preparing
1g of composite with 1 wt% CB. 0.99 g (90 wt%) of ACAB is solved in 30 mL of THF by
sonication for 10 min into a 150 mL round bottom flask and 0.01g (1.0 wt%) of CB is added.
The mix is sonicated for 2 hr until a homogeneous solution is observed. At this moment the
solvent is distilled with a rotovapor and finally the solid mix is well dried under vacuum for
24 hr until a black powder is obtained. For the other compositions the methodology was the
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same, the only difference is the dispersion time: 2 hr for 1.0 to 4.0 wt% CB and 4hr to 4.5 to 9.0
wt% CB.
When CB is dispersed in ACAB or into de copolymer, the detection of CB particles by FTIR is
the same in any case. Here is exhibited the analysis only with the copolymer and CB Vulcan
XC72: the absorption band a 1632 cm-1 which correspond to graphitic CB zone (C=C) or 1582
cm-1 for 8nm-CB, is subtle increased as the CB load increases. There are other bands which
overlayer the composite spectra. At 3416 cm-1 - 3440 cm-1 we have a vibration for (O-H)
hydroxyl functional group, at 2923 cm-1 and 2850 cm-1 are the vibrations corresponding to the
amorphous zone of the CB’s (C-H). From 1709 cm-1 to 1740 cm-1 appear the vibrations of C=O
bond corresponding to esters groups; at 1578 cm-1 a 1632 cm-1 are the vibrations of the graphitic
composition of the CB’s particles which correspond to C=C conjugated with carbonyl group
from quinones. At 680 cm-1 we have a bending vibration of the O-H bond out of plane which
is only observed in CB N660.
In Figure 9 was plotted a temperature (Tgm) which encloses the Tg and maximal Tm for ACAB
matrix in composites with 2, 5.5, 9 wt% CB, identifying the next information: All ACABbased composites show a diminishing on the Tgm respect to pure ACAB. An explanation is that
CB particles act as impure or lubricant, abating both temperatures, mainly the Tm as observed
for other authors [90]. The higher effect is shown when CB N660 is used.
On the other hand, respect to the decomposition temperatures, shown in Figure 10, it can be
seen that the addition of any CB used particles tends to increases the decomposition temper‐
ature respect to the ACAB matrix (346°C). In Figure 10 only Tons for three compositions are
plotted: 2, 5.5 and 9 wt% CB. The smallest CB particles (8nm) give the composites with the
higher decomposition temperatures around 351°C, followed by those based on 50nm-CB
(N660) which have Tons around 348°C and finally those particles that almost do not have a great
effect on the decomposition temperature were the 32nm-CB particles, maintaining it around
346.5°C.

Figure 10. Decomposition temperatures for ASEA+CB composites as a function of the type and amount of the CB par‐
ticles
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The incorporation of the CB particles increases the decomposition temperature of the compo‐
site, it could be due to that intermolecular interaction seems to be favourable between the
functional groups of the polymer matrix and those of the CB particles [1]. It is important to
take in account that 8nm-CB particles have a higher oxidized superficial area implying a great
number of hydroxyl and carboxyl groups that could render hydrogen bridges with those on
the ACAB polymer. It is because composites prepared with 8nm-CB have a higher resistance
to decompound thermally. However 50nm-CB particles have scarce superficial functional
groups and less superficial area and in turn negligible interaction with the polymer matrix
and a less decomposition temperatura for the respective composites. An intermediate case is
for ASEA+ 32nmCB composites.

Figure 11. Decomposition temperature for the copolymer composites base don AESO-co-ACAB as a function on the
type and amount of CB particles

2.2.5. Preparation and characterization of AESO-co-ACAB + CB´s composites
The preparation of these composites also is also via free radicals. For 32 and 50 nm CB´s,
thermal initiator decomposition was used, but for CB Raven 5000 (8nm) was necessary to use
the photochemical method via benzophenone/UV radiation as initiator system. The reason is
that was not possible to obtain composites via thermal decomposition. A possibility is that
some superficial groups on CB Raven 5000 act as inhibitors or quenching free radicals
consuming them. In case of UV radiation, it is possible to reactivate the apparently inhibited
free radicals. This could be supported by the fact that those copolymer composites were cured
under air atmosphere, not under nitrogen flux as in thermal copolymerization.
The CB compositions prepared for these systems were the same as those described for ACAB:
1.0, 2.0, 2.5, 3.0, 4.0, 4.5, 5.5, 7.5 and 9.0 wt% CB. In the copolymer composites,the CB load was
calculated considering 1 g of comonomers in which 0.5 g of ASEA and 0.5 g of ACAB are used
for synthesize the copolymer matrix. The first stage of the preparation is the same independ‐
ently of the type of CB used: First 0.5 g of ACAB are weighted and solved in 30 mL of THF by
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ultrasonic shake for 10 min. 0.5g of ASEA are added and sonicated again for 10 min in order
to get a homogeneous clear solution. Then the respective amount of CB is added (depending
on the composition) and the mix is sonicated for 2 or 4 hr (as same as ACAB composites).
Finally, depending on the initiator system, when 8nm-CB is added, 0.01 mL of 0.2M BPN in
acetone is dropped and sonicated 2 min more. The mix is poured into a glass mold covering
the bottom. The solvent is slowly evaporated inside an extraction bell in such a way that
composite mix forms a homogeneous layer. The glass mold is put into a CL-1000 ultravioletcrosslinker UVP (with a maxima wavelength of 254 nm) and copolymerized at 720 J/cm2 for 4
hr. The composites are obtained as a solid layer with a shining black aspect, which is insoluble
in water and organic solvents. The composite layer is collected and reserved.
When CB of 32 and 50nm are used, 0.05 mL of 2.0M PBO in THF is added, and following the
same methodology as in pure copolymer, the mix is cured at 70°C for 5h and then a 90°C for
2 hr under nitrogen flux. The cured composite precipitate as black solid pieces which are
filtered and washed twice with acetone and dried under vacuum for 24 hr.
By FT-IR spectroscopy, as the same to the aforementioned for the ACAB composites, the only
effect is the increasing of the band at 1632 nm which corresponds to the double bonds of the
graphitic composition in CB particles. The same effect is observed in all copolymers and that
signal seems to increase as the wt% CB does.
Concerning with the thermal properties of copolymer composites only was detectable the
decomposition temperature, it was very difficult to detect some Tm surely due to the addition
of CB particles which influence the possibility to crystallize and Tg was not evident. But TGA
analysis shows interesting results, in the case of the copolymer matrix the effect on the Tons is
opposite to that analyzed for the ASEA polymer (Figure 10). In copolymer composites at 2, 5.5
and 9wt% CB’s, the Tons is diminished with the CB particles addition respect to the copolymer
matrix. 8nm-CB particles seem not to have an important effect on the decomposition temper‐
ature, except for 2 wt% CB in which the temperature is reduced from 351°C (copolymer) to
345°C. At this same CB composition, 32 nm particles show the stronger effect on Tons dimin‐
ishing it at 340°C, but with the increasing of the CB load, the reached value for Tons was in
average 344°C. The 50nm-CB particles had its more critical effect at 5.5 wt% CB decreasing the
Tons from 351 to 338°C.

3. Electrical properties evaluation
3.1. Electrical properties of carbon black particles
In order to compare the electrical properties of the different prepared and characterized
polymer composites, the electrical properties of the three types of carbon black were deter‐
mined under the same conditions [91, 92]. Each type of CB was hydrostatically compressed
into a system which consists of a cylinder-piston couple, as shown in Figure 12 and the electrical
resistivity was calculated using the relationship 2.
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r=R

A
l

(2)

Where the electrical resistance R was measured with a LRC720 Stanford Research System. The
length of the compacted particles l, and the transversal section area A were measured with a
micrometer and a Vernier respectively. The same amount (100 mg) and pressure (20 Kg/cm2)
were applied to the three CB particles. Cupper electrodes of 6 mm diameter, 1cm length for
the inferior and 2.5 cm length for the superior one were used. The electrical resistivities are
shown on Table 1. As it can be see, the Vulcan XC-72 have the lowest resistivity and Raven
5000 the highest indicating that the most conductive CB is the Vulcan XC-72.

Figure 12. Design for measure the resistance of the CB particles

3.2. Percolation curves and percolation threshold calculus for composites
For composites based on AESO-co-BMA, the methodology for electrical measurements is well
detailed in reference [17] and the most interesting results were the low critical fraction of both
composites based on polyAESO and on the AESO-co-BMA matrixes, 4.0 and 1.2 wt% CB,
respectively. These results will be discussed on section 3.3.
For the other systems (ACAB, AESO-co-ACAB) the electrical treatment is described: Polymers
composites were processed by thermo-molding technique at 1.5 MPa in order to get samples
of 1.2 cm diameter and 2 mm thickness [81, 93]. The processing conditions of temperature and
time are summarized in Table 2 and those conditions depend on the polymer matrix. The bulk
resistivity was determined using the two-points technique and silver paint (SPI de Electron
Microscopy) as electric contacts were put on the parallel faces of the composite samples.
The voltage-current relationship is measured with a Keithley 6517A electrometer [17, 81, 93].
For each composition the resistivity was calculated via the relation 2 building the respective
percolation curves in a width range of compositions. As an example, the percolation curves
for AESO-co-ACAB are exhibited in Figure 13. From these curves and using Origin 6.0 software
the percolation threshold and the critical fraction are numerically calculated fixing the
experimental data to the equation 1. As we can see, the critical fraction for polymer composites
based on ACAB and AESO-co-ACAB is modified due to the CB particles as well as the polymer
matrix.
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Polymer composite

Temperature/ °C

Compression time /min

ACAB

122

30

ASEA/ACAB

118

40

Table 2. Processing conditions of ACAB and ACAB-co-AESO composites

For the ACAB composites the critical fraction varies from 2.8 to 7.5 wt% CB whereas the AESOco-ACAB copolymer composites the respective values are from 2.4 to 3.2 wt% CB (Figure 14).
This demonstrates that polymer matrix influences the electrical properties of the final compo‐
site. However in terms of CB properties, the decreasing of the critical fraction with a increasing
of the CB structure converges very well with the percolation theory. As we discussed before,
when are used aggregates with small particles and low structure it tend to need more particles
in order to interconnect them and to build the electrically conductive paths, in comparison
with high structure and bigger particles (as Vulcan XC-72 respect to Raven 5000). Also, other
CB properties as intrinsic resistivity are evident. For both systems the CB particles with the
highest resistivity (Raven 5000, 8 nm) are those with a higher critical fraction.

Figure 13. Percolation threshold of the AESO-co-ACAB composites for different carbon black particles

3.3. Analysis of electrical properties as a function of carbon black particles and polymer
matrix nature
From the results we could discuss that the chemical nature of the polymer matrix as well the
CB properties contribute to the disaggregation, dispersion and preferential distribution of the
conductive particles into the polymer matrix. However it is possible to control the preferential
build of conductive paths and diminishes as a consequence the critical fraction? As was
mentioned before, there are some successfully attempts for controlling it but only oleo-polymer
has been used for that and critical fraction lower that 3% are not obtained yet. However, AESO
has become a question in to decrease the critical fraction under copolymerization. For the
system AESO-co-BMA, a very low critical fraction of 1.2 wt% CB was calculated. Something
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Figure 14. Critical fractions respect to the type of CB and to the polymer matrix

similar is observed for the AESO-co-ACAB composites. If we analyze the critical fractions on
Figure 15, we could appreciate that copolymers composites have the lowest critical fraction
independently on the type of CB particle. For oleo polymers, in a systematic work [16] was
demonstrate that the dielectric constant of the polymer matrix is directly associated with the
critical fraction. Due to the unprocessability of the AESO-co-BMA copolymer it was not
possible to measure the dielectric constant but it was made for ACAB, AESO and the AESOco-ACAB matrixes (Figure 15). For dielectric constant polymers were processed into disks of
2cm diameter x 0.9-1.1 mm thickness by compression molding. An Agilent 4991 A RF impe‐
dance/Material Analyzer at 450 MHz and room temperature [16].
We can realize that AESO has the lowest dielectric constant (2.1) whereas ACAB has the high‐
est one (3.1). Even both molecules have polar groups; the AESO has large alkyl chains also,
whereas ACAB has oxygen as constituent of different functional groups being carbonyl and
hydroxyl the main. Unsurprising constant dielectric value for the copolymer was obtained in
2.7. The tendency with CB Vulcan XC-72 is the same as the reported results on [16]: at a high‐
est dielectric constant, a diminishing in the critical fraction is observed. The amazing results
are in the low critical fractions for the copolymer composites (from 2.4 to 3.2) with the three
types of CB particles in comparison with the ACAB composite which possess the highest die‐
lectric constant. These results claim that the dielectric constant is important to take in account
however the role of the AESO is completely understood but definitively it tends to low the
critical percolation. From the structural point of view, polyAESO is an amorphous and 3-D
crosslinked polymer while AESO is a semicrystalline and lineal one. However when AESO
crosslinks builds a bonds network with polar groups thanks to the reaction of the acrylic
groups. This network draw preferential paths (in blue, Figure 16) for a good dispersion and
distribution of the CB particles without have to fill the entire matrix. In conjunction with the
polar functional groups of the other comonomer, very low critical fractions are reached under
copolymerization with BMA and ACAB. The differences on the critical fraction will surely de‐
pendent on the CB properties as the size, structure, surface and the intrinsic conductivity.
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Figure 15. Representation of the 3D- polar paths (in blue) in which the CB particles surely disperse and preferentially
distribute in all matrixes containing AESO comonomer.

4. Conclusions and remarks
It has been proved that polarity of the polymer matrix is very important in order to have a bet‐
ter distribution and dispersion of the conductive particles. However, AESO is a very interest‐
ing monomer that renders very low critical fractions under copolymerization with other polar
comonomers as BMA and ACAB. The explanation we have is that AESO provides preferen‐
tial distribution to the CB conductive particles due the 3D-crosslinking paths which are bond‐
ed to polar functional groups. This is the reason for thinking that conductive polymer
composites based on AESO have a promising future in some applications as solvent, gases,
vapors or pressure sensors. There are some previous results (unpublished) about the capacity
for sensing solvents as well as pressure changes indicating they are very reliable and reprodu‐
cible materials. The sensibility to pressure changes could be dependent on the crosslinking de‐
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gree, the proportion and on the comonomer chemical structure. Finally is considered that
polymers derived from renewable sources could be a better alternative for reducing the oleopolymers use in some specific applications as discussed in this chapter.
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Chapter 12

Soybean and Prostate Cancer
Xiaomeng Li, Ying Xu and Ichiro Tsuji
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/ 52605

Part I: Consumption of Soybean and the incidence of Prostate Cancer in
East and West
Prostate cancer is the most frequently diagnosed malignancy in men all over the world. The
investigation from International Agency for Research on Cancer in World Healthy Organi‐
zation of United Nations reported the data of 899, 000 new cases of prostate cancer in 2008,
accounted for 13.6% of the total cancer cases. The investigation discovered the large differ‐
ence of the incidence and the mortality of prostate cancer between in West and in East (Fig‐
ure 1). In Western countries, the incidences and mortalities are significantly high. For
example, the cases from Australia, Northern America or Europe, occupied nearly threequarters of all the globe prostate cancer patients. In contrast, the incidences and mortalities
in Asia are quite low, less than one tenth of that in Europe, the US or Australia of the West,
especially in the South-Central Asia, showing the lowest incidence and mortality [1].
The significant difference of the incidences of prostate cancer addressed several impor‐
tant questions.
1.

Why do Asian men have a much lower incidence of prostate cancer compared to men
from the Western countries (the US and Europe)? Latent or clinically insignificant can‐
cer of the prostate is found at autopsy at approximately the same rate in men from
Asian countries as those from the USA (approximately 30% of men aged over 50 years),
but there are large differences in the clinical incidence and mortality. Is there a strong
possibility that diet and nutrition play a prominent role in accelerating or inhibiting the
process by which clinically significant prostate cancer develops?

2.

Is the fact that the hormone-dependent cancers of the prostate and breast show the
same incidence and lifetime risk (the correlation r is 0.81 in 21 countries) related to diet?
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3.

East Asian countries, including Chinese and Japanese men, have the lowest incidence of
prostate cancer in the world. But why, when Japanese men from those countries mi‐
grate to the North America, does their risk of developing prostate cancer increase 10fold compared to their counterparts in Japan or China?

4.

Although it is relatively rare in East, an increase in the incidence of prostate cancer has
been reported in China, where the life style especially the diet structure is changing fol‐
lowed with the developed economy in recent years. What factors can account for the
conspicuous increase?

Figure 1. The incidence and mortality of Prostate cancer in the world, 2008(from International Agency for Research
on Cancer)

Those questions highlight the critical roles of environmental dietary factors in the different
risks of prostate cancer between East and West. Many epidemiological studies suggest that
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the different dietary, most probably one kind of traditional food in the East countries, soy‐
bean, may become a dominant reason for the protective effects against prostate cancer [2].
Soybean, recognized as a complete protein food, is a species of legume and an annual plant
in Asia. As being a traditional food in Asia, the history of soybean in Asia is very long, more
than 5000 years and even before written records. Soybean can be made to a large body of
kinds of foods by fermented or non-fermented process. Typical soy foods include soy milk,
bean curd and tofu skin which are non-fermented soy foods as well as miso sauce, natto and
soy sauce which belong to fermented soy foods. Not only fermented soybean foods, but also
non-fermented soybean products are very essential dietary ingredient for Asian people, es‐
pecially Chinese, Japanese and Koreans. Some Asians often have and their fermented or
non-fermented products almost everyday. Japanese nearly had the soy food daily by inges‐
tion of miso sauce and Chinese approximately had them more than 100 grams per day.
The history of soybean used in western countries is quite short, compared to that in Asia.
Soybean was introduced into America, Australia and New Zealand about in 17th century
and into Canada in 1831 as a sauce named “A new dozen India Soy”. Most westerners hard‐
ly consume soy foods in the diet, although soybean and its products are used largely in
some other ways, for example soybean oil could be made into bio-diesel in the United
States. However Soy food consumption in the western countries are quite low. Soy foods
have been consumed for centuries in Asian countries Japanese nearly had the soy food daily
by ingestion of miso sauce and Chinese approximately had them by Tofu, soy milk and tofu
skin.. The mean daily intakes of soy protein are approximately 30 grams in Japan, 20 grams
in Korea, 7 grams g in Hong Kong, and 8 grams but more than 100 grams per day in some
area in China [3]. While the average daily intake in the United States is less than 1 gram [4].
Country

Prostate

Total

cancer

energy

Fish energySoy energy

Animal
energy

mortality
Australia

29.59

3055

22

0

1019

Austria

31.23

3575

15

0

1233

Canada

29.20

3340

29

0

1297

France

31.43

3529

34

0

1343

Italy

22.57

3688

25

0

913

USA

32.19

3641

23

1

1316

Hong Kong

5.44

2771

89

36

834

Japan

5.87

2852

195

93

590

Korea

0.90

3056

67

94

269

Singapore

7.47

3165

63

29

689

Thailand

0.53

2330

37

18

152

Table 1. Prostate cancer and amount of soy food consumption in East and West, 1998 (from JNCI 1998; 90:
1637-1647)
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For clear comparison of soybean in the Asian and the western diet, a table published in JNCI
(Table 1), clearly clarified Prostate cancer and amount of soy food consumption in East and
West. In Asian regions, the soybean energy is 36 in Hong Kong, 29 in Singapore and 18 in
Thailand; and for much more dramatically difference, the soybean energy is 93 in Japanese,
and 94 in Korean diet [5]. In contrast, in western countries of Australia, Austria, Canada,
France, or Italia, the energy from soybean in daily dietary was zero, even in USA, the soy
energy is only 1. This indicates that soybean is the dominantly different diet factor between
the Eastern countries and the Western countries.
Interestingly the dramatically increased prostate cancer mortality in western countries, com‐
bined together with almost no soybean energy consumption, compare with very low mortal‐
ity in Asia (only 1/60 to 1/6 of that in West), combined with high soybean energy
consumption. This provided the important evidence for the consumption of soybean related
to the lower risk of prostate cancer mortality. Even another point of the higher animal ener‐
gy consumption in western diet, it is not that dominant as the difference of soy food.
Soy food

Study site Finding

Study type OR/RR

Soy food

Japan

protection

cohort

Soymilk

USA

protection

cohort

0.30(0.1 – 0.9 ) 0.020

Jacobsen 1998

Tofu

Hawaii

protection

cohort

0.35(0.08–1.43) 0.054

Severson 1989

Soy food

UK

protection

case-control 0.52(0.30–0.91) 0.340

Tofu

Japan

protection

case-control 0.47(0.20–1.08) 0.160

China

protection

case-control 0.51(0.28–0.95) 0.061

Miso soup

0.53(0.24–1.14) 0.110

Tofu
Soyfoods

Reference
Kurahashi 2007

0.65(0.39–1.11) 0.220

All soy products
Soyfoods

P trend

0.52(0.29–0.90) 0.010

0.58(0.35–0.96) 0.032
Hawaii,San protection

Heald 2007
Sonoda 2004
Lee 2003

case-control 0.62(0.44–0.89) 0.060

Francisco,
All legumes

0.62(0.49–0.80) 0.0002

Los

Kolonel 2000

Angeles,
British
Columbia
and
Ontario
Beans/lentils/

Canada

protection

case-control 0.69(0.53–0.91) 0.030

Jain 1999

Tofu, Soybean

Canada

protection

case-control 0.80(0.60–1.10) 0.290

Villeneuve 1999

Soybean foods

China

protection

case-control 0.29(0.11-0.79) 0.02

Li 2008

Baked beans

UK

protection

case-control 0.57(0.34–0.95) N/A

Key 1997

Garden peas

UK

nuts

0.35(0.13–0.91) N/A

Table 2. N/A:no adequate dataEpidemiological studies on food intake of soy products and prostate caner risk(most
data summrized from Mol Nutr Food Res. 2009; 53: 217-226)
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Most epidemiological studies have suggested that the consumption of soy food is associated
with a reduction in prostate cancer risk in humans. Eight case-control studies and three cohort
studies have reported the protective effect of soy food, with odds ratios or relative risks ranging
from 0.3 to 0.80, including in China and Japan, where people consume more soybean food,
tofu, soymilk and natto. Here the epidemiological data are summarized in Table 2 [6].
Some cohort studies provided the convincing data on this issue. A population based pro‐
spective study recruited 43 509 Japanese men aged 45–74 years and followed them up for 10
years (1995 through 2004). For men aged 60 years, in whom soy food were associated with a
dose-dependent decrease in the risk of localized cancer, with RRs for men in the highest
quartile of soy food consumption compared with the lowest obtained a protective OR of 0.52
(95% confidence interval (CI) 0.29–0.90, P trend = 0.01) [7]. A cohort study in the USA with
225 incident cases of prostate cancer in 12395 California seventh-day adventist men showed
frequent consumption (more than once a day) of soymilk was associated with 70% reduction
of the risk of prostate cancer (RR = 0.3, 95%CI 0.1–0.9, P trend = 0.02) [8]. In an early cohort
study among 7999 men of Japanese ancestry who were first examined between 1965 and
1968 and then followed through to 1986, 174 incident cases of prostate cancer were recorded.
Increased consumption of tofu did not show statistical significant association with the risk
of prostate cancer (RR = 0.35, 95% CI 0.08–1.43) [9].
Much more case-control studies provided more evidence for the reduced risk of prostate
cancer associated with consumption of soy foods. First we concentrate some case-control
studies conducted in men living in China. Our group carried out a population-based casecontrol study in China to investigate the possible correlation factors for prostate cancer, 28
cases from 3940 men over 50 years old with prostate-specific antigen screening in Chang‐
chun city in China, matched them with controls of low prostate-specific antigen value (< 4.1
ng/mL) by 1: 10 according to age and place of employment. In all ten food items, the con‐
sumption of soybeans was demonstrated the only factor to decrease the risk of prostate can‐
cer. Men who consumed the soybean product of Tofu and soymilk more than once per day
had a multivariate OR of 0.29 (95% CI, 0.11–0.79) compared with men who consumed soy‐
bean products less than once per week. The P for trend was 0.02. There was no significant
difference for any other dairy food (2). Another case-control study in China of 133 cases and
265 age- and residential community-matched controls from 12 cities were recruited. Results
showed that the age- and total calorie-adjusted OR of prostate cancer risk was 0.58 (95% CI
0.35-0.96, P= 0.032) in the highest tertile of Tofu intake comparing to the lowest tertile. There
were also statistically significant associations of intake of soy foods (OR 0.51; 95% CI 0.28–
0.95, P = 0.061) [10].
The case-control studies also provide the similar evidence for that the soy intake protect
against prostate cancer. A case-control study of diet and prostate cancer in Japan demon‐
strated the possible protective effect of traditional Japanese soybean die plays a preventive
role against prostate cancer in four geographical areas (Ibaraki, Fukuoka, Nara, and Hokkai‐
do) of Japan. All 140 cases and 140 age -matched hospital controls were analyzed to confirm
the consumption of fish and natto showed significantly decreasing linear trends for risk,
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with RR of 0.53 (95% CI, 0.24-1.14) (P < 0.05) for all soybean products, 0.47 (95% CI,
0.20-1.08) for tofu, and 0.25 (95% CI, 0.05-1.24) for natto [11].
Not only has the case-control research conducted in Asian men supported the hypothesis
that the rich soybean products may protect against prostate cancer but many case-control
studies conducted in western countries also provid the epidemiological evidence for the
protective effects of soy food against prostate cancer. A multiethnic case-control study car‐
ried out in Hawaii, San Francisco, and Los Angeles in the USA, and British Columbia and
Ontario in Canada, 1619 cases were diagnosed during 1987–1991 and were compared to
1618 controls of African-American, white, Japanese, and Chinese men. Controls were fre‐
quency- matched to cases on ethnicity, age, and region of residence of the case, in a ratio of
approximately 1:1. Intake of soy foods was inversely related to prostate cancer with OR of
0.62 (95% CI, 0.44–0.89). Results were similar when restricted to prostate-specific antigen
normal controls [12]. A further four case-control studies from USA, Canada and UK showed
similar results with a protective effect of consuming legumes (beans, lentils, garden peas,
etc.) against prostate cancer. A case-control study in Canada for a total study population
consisted of 617 incident cases of prostate cancer and 636 population controls from Ontario,
Quebec, and British Columbia. To obtain a decreasing, statistically significant association
was found with increasing intakes of beans/lentils/nuts (OR = 0.69, 95% CI, 0.53-0.91) [13].
Another population-based case-control study conducted in eight Canadian provinces. Risk
estimates were generated by applying multivariate logistic regression methods to 1623 his‐
tologically confirmed prostate cancer cases and 1623 male controls aged 50-74 to obtained a
OR 0.80 (95% CI, 0.60-1.10) of Tofu and Soybeans [14]. Not only soybean but also other le‐
gumes had the inverse relationship against prostate cancer. Oxford group in UK found the
baked beans had an OR of 0.57 (95% CI, 0.34-0.95); and garden peas had an OR of 0.35 (95%
CI, 0.13-0.91) [15]. And a population-based case-control study of diet, inherited susceptibili‐
ty and prostate cancer was undertaken in Scotland investigated a total of 433 cases of Scot‐
tish men and 483 controls aged 50-74 years, indicates the theoretical scope for reducing the
risk from prostate cancer, with the consumption of soy foods (adjusted OR 0.52, 95 % CI
0.30-0.91) [16].
All these data from both East and West, summarized in Table 2, provide the convincing epi‐
demiological evidence that the higher intake of soy products is associated with a reduced
risk of prostate cancer in human. Some experimental data in animal model also demonstrat‐
ed the possible protective effects for Soybean food against prostate cancer. For example,
Zhou group demonstrated that dietary soy products inhibit the experimental prostate tumor
growth through a combination of direct effects on tumor cells and indirect effects on tumor
neovasculature in mice, confirming that soy foods could act as a preventive factor against
prostate cancer in animal models [17].
Prostate cancer has marked geographic variations between countries. The data from both
western and eastern countries support the critical roles of soybean food in the protection of
prostate cancer.
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Part II: Correlation between prostate cancer and soybean isoflavones
from diet, serum epidemiological and laboratorial data
In recent decades, much evidence from epidemiological studies support the notion that fre‐
quent consumption of soybean foods, the most different diet between East and West, is ben‐
eficial for the protection against prostate cancer.
Soybeans are high in protein, for about 35% to 40% of the dry weight. They also contain 18%
polyunsaturated fats, 30% carbohydrates, and some vitamins, minerals. They are the only le‐
gume that provides ample amounts of the essential omega-3 fatty acid alpha-linolenic acid.2
Soybeans are a rich source of isoflavones (or phytoestrogens), a subclass of flavonoids that
bind to estrogen receptors (though not as strongly as estrogen). Isoflavones are also discov‐
ered in peanut, alfalfa; however, soybean contains the largest amounts of isoflavones in the
nature. Soybeans and soy foods such as tofu, soymilk, and miso are the only significant diet‐
ary sources of these phytoestrogens. In soybeans, isoflavones bound to a sugar molecule as
glycoside, and when soybean is fermented or digested, isoflavones could be released from
the bounded sugar [18].
Table 3 summarized the relationship between isoflavones levels and soy protein content in a
variety of soy-containing foods. The isoflavones in soymilk are lowest, 2.5mg per 100g soy‐
milk, may because in the fluid soymilk, the nutrition of soybeans is dissolved in water and
lower concentration of nutrition in soymilk, whereas isoflavones in soy flour are highest,
131.2 to 198.9mg per 100g. In tofu, a traditional soy food in Asia, the isoflavones are 27.9mg/
100g. In the traditional and very important Japanese soy food, the isoflavones in miso are
42.6mg/100g. The isoflavones in natto are 20mg/100g. The information from Table 3 clearly
provides the amounted isoflavones in some other soybean foods as well. In the most fre‐
quently diet, each gram of soy protein is associated with approximately 3.6 mg of isofla‐
vones in Tofu, 3.7 mg of isoflavones in whole bean based soymilk [19].
As the special nutrition in soybean compared to other plants, the isoflavones have many
health benefits, including protection against chronic diseases, menopausal symptoms, osteo‐
porosis and breast cancer or prostate cancer [20]. The most effective soy isoflavones are well
known as genistein and daidzein. Here, the relationship between each soybean isoflavones
and prostate cancer would be further illustrated.
The epidemiological evidence for the association of soy isoflavones and the prostate cancer
risk is still limited. Some epidemiological data, summarized in Table 4, evaluated the effects
of soybean isoflavones on prostate cancer. To date, one study suggests a causal relationship
between isoflavones and prostate cancer, but two cohorts and two case-control studies sug‐
gest that soy isoflavones, genistein and daidzein, have prophylactic effects on prostate can‐
cer. In addition,, an accumulating body of evidence from laboratory studies in recent
decades has suggested that diets rich in high concentration of isoflavones are associated
with anti-tumor effects in prostate cancer.
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estimated protein total isoflavones

isoflavone

(g/100 g)

(mg/100 g)

(mg/g protein)

soybean chips

54.2

35

0.6

soy links frozen raw

3.9

15

3.9

natto boiled fermented

46.4

20

0.4

tofu, silken, firm

7.8

27.9

3.6

tempeh

14.9

43.5

2.9

miso

12.5

42.6

3.4

soy cheese, Cheddar

7.2

28

3.9

soy cheese, mozarella

7.7

32

4.2

soy cheese, Parmesan

6.4

36

5.6

soy milk, isolate based, low isoflavone

3.3

2.5

0.7

soy milk, isolate based, high isoflavone

3.3

4.4

1.3

soy milk, whole bean based, low isoflavone 3.1

2.4

0.8

soy milk, whole bean based, high isoflavone 3.1

11.6

3.7

soy milk, entire bean

3.1

3.6

1.2

soy milk

3.5

9.7

2.8

soy protein isolate, aqueous extract, type 1 85

114

1.3

soy protein isolate, aqueous extract, type 2 85

78.7

0.9

soy protein isolate, aqueous extract, type 3 85

103.4

1.2

soy protein isolate, alcohol extract

85

81.9

1.0

soy protein concentrate, alcohol extract

65

12.5

0.2

soy flour, defatted

50

131.2

2.6

soy flour, full fat, raw

35

177.9

5.1

soy flour, full fat, roasted

39

198.9

5.1

soy products

soy milks

soy protein materials

Table 3. Relationship between isoflavone levels and soy protein content in a variety of soy-containing foodsfrom J.
Agric. Food Chem. 2003; 51: 4146-4155

2.1. Genistein
Genistein, firstly isolated from Genista tinctoria in 1899, was abundant in soybean. Even
though a serum case-control study suggested the promotion roles of genistein for the pros‐
tate cancer risk; most studies demonstrated its protective effects against prostate cancer.
Two cohort studies and two case control studies demonstrated the significant protective
roles of genistein against prostate cancer, with multivariate RRs (ORs) of 0.71, 0.52, 0.58 or
0.53, summarized in Table 4.
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Phynoestrog Study site Findings

Study type

OR/RR

Ptrend

0.71(0.53-0.96) 0.030

Reference

en
genistein
Europe

protection

cohort

Japan

protection

cohort

0.52(0.30-0.90) 0.030

protection case-control

0.58(0.34-0.97) 0.040

Nagata 2007

protection case-control

0.53(0.29-0.97) 0.058

Lee 2003

Japan

promotion serum case-

Akaza 2002

control
daidzein
Japan

protection

cohort

0.50(0.28-0.88) 0.040

Kurahashi
2007

Japan

protection

case-control

0.55(0.32-0.93) 0.020

Nagata 2007

China

protection

case-control

0.56(0.31-1.04) 0.116

Lee 2003

Japan

protection

serum case-

Akaza 2002

control
Table 4. Effects of photoestrogens on cacinogenesis of prostate cancer in epidemiological or animals experimental
data.

The population based prospective study recruited 43 509 Japanese men aged 45–74 years
and followed them up for 10 years (1995 through 2004). All 147 food items in 220 cases with
organ localized cancers was investigated the relationship of isoflavones intake and the risk
of prostate cancer. The increased consumption of genistein was found associated with the
decreased risk of localized prostate cancer. These results were strengthened when analysis
was restricted to men aged more than 60 years, in whom isoflavones and soy food were as‐
sociated with a dose-dependent decrease in the risk of localized cancer, with RRs for men in
the highest quartile of genistein consumption compared with the lowest of 0.52 (95% CI
0.30–0.90, P trend = 0.03) [7].
Another Japanese group examined associations between nutritional and the prevalence of
prostate cancer in a case-control study of Japanese men. Two hundred patients and 200 agematched controls were selected from 3 geographic areas of Japan. Isoflavones and their agly‐
cones (genistein and daidzein) were significantly associated with decreased risk, with the
OR for genistein 0.58 (95% CI 0.34–0.97, P trend = 0.04), indicating that isoflavones might be
an effective dietary protective factor against prostate cancer in Japanese men [21].
A case-control study in China showed an overall reduced risk of prostate cancer associated
with consumption of soy foods and genistein. In this study, 133 cases and 265 age- and resi‐
dential community-matched controls from 12 cities were recruited. Results showed that the
age- and total calorie-adjusted OR of prostate cancer risk was 0.58 (95% CI 0.35–0.96, P trend
= 0.032) comparing the highest tertile of tofu intake to the lowest tertile. There were also stat‐
istically significant associations of intake genistein (OR, 0.53; 95% CI, 0.29–0.97, P trend =
0.058) [10].
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Notably, a recent prospective investigation of plasma phytoestrogens and prostate cancer in
the European also found that higher plasma concentrations of genistein were associated
with lower risk of prostate cancer. They examined plasma concentrations of phyto-oestro‐
gens in relation to risk for subsequent prostate cancer in a case-control study nested in the
European Prospective Investigation into Cancer and Nutrition. Concentrations of isofla‐
vones genistein, daidzein and equol, and that of lignans enterolactone and enterodiol, were
measured in plasma samples for 950 prostate cancer cases and 1042 matched control partici‐
pants. Relative risks (RRs) for prostate cancer in relation to plasma concentrations of these
phyto-oestrogens were estimated by conditional logistic regression. Higher plasma concen‐
trations of genistein were associated with lower risk of prostate cancer, the RR among men
in the highest vs. the lowest fifth was 0.71 (95%CI 0.53-0.96, P trend=0.03). After adjustment
for potential confounders, this RR was 0.74 (95% CI 0.54-1.00, P trend=0.05). No statistically
significant associations were observed for circulating concentrations of daidzein, equol, en‐
terolactone or enterodiol in relation to overall risk for prostate cancer [22].
Laboratory studies revealed that Genistein has multiple functions in the antitumor effects
against prostate cancer, with the concentration as the prominent associated factor. In 2002,
an Italy group declared that at low concentration, about 1~10μM, genistein would stimulate
androgen-dependent prostate cancer cell line LNCaP growth, but when genistein was at
high concentration, more than 100μM, it would result in cell apoptosis in prostate caner [23].
The conclusions above were supported by the research of another Gao’s group, published in
the journal of the Prostate in 2004 [24].
In vitro studies in several prostate cancer cell lines have revealed that genistein directly in‐
hibit the growth of prostate cancer cells or through inducing apoptosis, affecting the expres‐
sion of a large number of genes that are related to the control of cell survival and
physiologic behaviors [25,26]. As tyrosine kinase inhibitor and topoisomerase inhibitor, gen‐
istein induces cancer cell apoptosis by upregulating the expression of cyclin-dependent kin‐
ase inhibitor p21 or inhibiting the activity of nuclear factor kappa B (NF-kB) signaling
pathways [27, 28]. Genistein is a potent inhibitor of protein–tyrosine kinase, which may at‐
tenuate the growth of cancer cells and decrease the level of oxidative DNA damage [29-31].
Genistein also reported to enhance the ability of endoglin, a component of the transforming
growth factor beta receptor complex, in suppression of the motility of prostate cancer cell
[32]. Moreover, genistein is also a potent inhibitor of angiogenesis and metastasis. It can ef‐
fectively inhibit cell invasion by inhibiting transforming growth factor β-mediated phos‐
phorylation of the p38 mitogen-activated protein kinase-activated protein kinase 2 and the
27 kDa heat shock protein [33].
The anti-tumor effects of genistein are demonstrated in the animal models. Animal experi‐
ments have also shown that dietary concentrations of genistein can inhibit metastasis of
prostate cancer [34]. Lifetime consumption of isolate/isoflavones has prevented spontaneous
development of metastasizing adenocarcinoma in Lobund–Wistar rat [35, 36]. Dietary genis‐
tein can also suppress the development of advanced prostate cancer in castrated transgenic
adenocarcinoma of mouse prostate (TRAMP) mice [37]. Some other result also indicated bi‐
phasic role for genistein in the regulation of prostate cancer growth and metastasis. A low
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concentration of 500 nmol/L of genistein to 12-week-old TRAMP-FVB mice as evidenced by
increased proliferation, invasion. But a pharmacologic dose (50 nmol/L) decreased prolifera‐
tion, invasion, and MMP-9 activity (>2.0-fold) concomitant with osteopotin reduction [38].
With 250 mg genistein/kg diet in treatments (TRAMP) mice model, the most significant ef‐
fect was seen in the TRAMP mice exposed to genistein throughout life (1-28 weeks) with a
50% decrease in poorly-differentiated cancerous lesions. In a separate experiment in castrat‐
ed TRAMP mice, dietary genistein suppressed the development of advanced prostate cancer
by 35% compared with controls. The data obtained in intact and castrated transgenic mice
suggest that genistein may be a promising chemopreventive agent against androgen-de‐
pendent and independent prostate cancers [39]. This group further identified the associated
signaling, and revealed that Genistein in the diet significantly inhibited the cell proliferation
by down-regulating tyrosine kinase regulated proteins, EGFR, IGF-1R, and down-regulating
the downstream mitogen-activated protein kinases, ERK-1 and ERK-2 in prostates in
TRAMP mice [37].
Genistein is demonstrated to be synergy with other phyto-chemicals together to inhibit the
growth of prostate cancer. For example, genistein and curcumin is reported could inhibit the
growth of prostate cancer cells in a synergistic way. Genistein, together with DIM, was
proved to repress the proliferation of androgen-dependent prostate cancer cell line LNCaP
and androgen-independent prostate cancer cell line PC-3 [40]. Genistein, together with bio‐
chanin A, could also inhibit the growth of human prostate cancer cells [41]. Genistein is also
reported acts as a radiosensitizer for prostate cancer both in vitro and in vivo inhibit meta‐
stasis of prostate cancer [34].
Based on the studies above, a conclusion is deduced that genistein showed protective effects
against prostate cancer, in vivo and in vitro, at its high concentration.
2.2. Daidzein
Daidzein is another important soy isoflavone. Most of epidemiological studies prove that
daidzein contributes to the reduction of prostate cancer risk and the prevention of prostate
cancer. A cohort study and two case control studies demonstrated its significant preventive
roles of daidzein for the prostate cancer prevention, with multivariate RRs (ORs) of 0.50,
0.55 or 0.56, summarized in Table 4.
Several studies indicated that daidzein might be an effective dietary protective factor against
prostate cancer in Japanese men. One cohort study of the population based prospective
study recruited 43 509 Japanese men aged 45–74 years mentioned above and followed them
up for 10 years. From 147 food items in 220 cases with organ localized cancers was inves‐
tigated and isoflavones intake was founded to be associated with the risk of prostate can‐
cer. In men aged more than 60 years, RRs for men in the highest quartile of daidzein
consumption compared with the lowest of 0.50 (95%CI 0.28-0.88, P trend = 0.04) [7]. Anoth‐
er Japanese group examined associations between nutritional and the prevalence of pros‐
tate cancer in a case-control study in Japanese men. Two hundred patients and 200 agematched controls were selected from 3 geographic areas of Japan, demonstrated that daidzein
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were significantly associated with decreased risk, with the OR 0.55 (95% CI 0.32–0.93, P
trend = 0.02) for daidzein [21].
A case-control study in China showed an overall reduced risk of prostate cancer associated
with consumption of soy daidzein. In this study, 133 cases and 265 age- and residential com‐
munity-matched controls from 12 cities were recruited. Results showed that the age- and to‐
tal calorie-adjusted OR of prostate cancer risk was 0.58 (95% CI 0.35–0.96, P trend = 0.032)
comparing the highest tertile of tofu intake to the lowest tertile. There were even not statisti‐
cally significant associations, but the protective trend for the intake of daidzein (OR, 0.56;
95% CI, 0.31–1.04, P trend = 0.116) [10].
Daidzein displays the modest protective effect against prostate cancer from the experimen‐
tal data. Daidzein could act as a radiosensitizer against prostate cancer and an inhibitor of
cell growth. Daidzein inhibited cell growth and synergized with radiation, affecting APE1/
Ref-1, NF-kappaB and HIF-1alpha, but at lower levels than genistein or soy [42].
In addition, the protective effect on prostate cancer was strengthened after daidzein was
combined with genistein, compared to individual one. The study from Oregon State Univer‐
sity demonstrated daidzein and genistein could also induce cell apoptosis in benign prostate
hyperplasia (BPH) cells at concentration of 25 μM. Soy extractions were indicated more ef‐
fective as chemopreventive agents than genistein or daidzein. A combination of active soyderived compounds is demonstrated more efficacious and safer as chemopreventive agents
than individual compound. Soy extracts also increased Bax expression in PC3 cells [43]. Iso‐
flavones exert their chemopreventive properties by affecting apoptosis signaling TRAIL (tu‐
mor necrosis factor-related apoptosis-inducing ligand) pathways in prostate cancer LNCaP
cells. The chemopreventive effects of soy foods on prostate cancer are associated with isofla‐
vone-induced support of TRAIL-mediated apoptotic death [44].
Soy isoflavones, including daidzein and genistein, exert anticarcinogenic effects against
prostate cancer, proposed that soy extracts, containing a mixture of soy isoflavones and oth‐
er bioactive components, would be a more potent chemo-preventive agent than individual
soy isoflavones.

Part III: The mechanisms of prevention effects of soybean phytoestrogens against prostate cancer.
Isoflavones are the best-known phyto-estrogens, are a diverse group of naturally soy com‐
pounds, play important roles in prostate cancer inhibition. The consumptions of soy isofla‐
vone are investigated to be an effective protection factor against certain diseases. And the
products rich in isoflavones might protect against enlargement of the male prostate gland,
slow prostate cancer growth and lead to prostate cancer cell death.
The chemical structure-based ligand and receptor binding is the most important primary
step in generating downstream signal transduction. To reveal their mechanisms of preven‐
tion effects against prostate cancer, their specific structures for the receptor binding are
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illustrated. Isoflavones are classified to phyto-estrogens, because their structures are simi‐
lar to estradiol (17β-oestradiol), also could mimic estrogenic effect to bind to estrogen recep‐
tors. However, their structures are similar not only to estradiol, but also to dihydrotestosterone
(DHT), the most important steroid hormone in male. DHT and 17β-oestradiol, endoge‐
nous steroid hormones, have a four-ringed carbon backbone, where as non-steroid hor‐
mone thyroxin has a quite different structure from them (Figure 2). The isoflavones of
genistein and daidzein are two phyto-oestrogens found at very high levels in soy formu‐
la. Flavone, another group of phyto-estrogens, is found abundant in many plants. The struc‐
tures of genistein, daidzein and flavone showed similar properties: a hydrophobic core and
one or two terminal polar groups, similar to 17β-oestradiol or DHT (Figure 2), have the
ability to cause estrogenic or/and anti-testosterone effects through the modulation of andro‐
gen receptor (AR) transactivation.

Figure 2. Molecular formulas of ligand compounds, two endogenous steroid hormones of dihydrotestosterone (DHT)
and 17β-oestradiol, one endogenous non-steroidal hormone, thyroxin, and three phyto-estrogens of genistein, daid‐
zein and flavone. from Asian J Androl. 2010; 12: 535-547

The normal development and maintenance of the prostate is dependent on androgen acting
through the AR, which is driven by DHT plays a critical role in prostate cancer development
and progression. AR expression is maintained throughout prostate cancer progression, and
the majority of androgen-independent or hormone refractory prostate cancers with the overexpression or the mutation of AR. This progress may be affected by the soybean phyto-oestro‐
gens, as mimic oestrogens, compete the same binding sites of AR that binds to DHT, further
affect androgen-controlled AR mediated prostate cancer growth and development [45].
To reveal the mechanisms of these isoflavones for prostate cancer, our group adopted a
computerized approach to examine the interaction of the human AR and isoflavone (genis‐
tein or daidzein), whereas the interaction of AR and flavone was set up as a positive control.
Auto Dock method was adopted to summarize the roles of genistein, daidzein in AR activity
regulation, further to evaluate the importance of isoflavones for the tumor repression
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against prostate cancer. Auto Dock applies a half-flexible docking method, which permits
small molecular conformation changes. Based on a complex ‘lock-and-key model’, it is an
excellent method to reveal ligand–receptor binding. The result of computer stimulation from
Auto Dock contains two parts, one is the binding site of a ligand docked in the receptor and
the other is the binding affinity when a ligand is docked in the receptor.
The 3D spatial structure of AR-LBD was obtained from RCSB Protein Data Bank and its PDB
ID is 2ama (676-919AA). The positive-control docking result showed that 17β-oestradiol fit
the ligand-binding site of AR, at the same position in AR as its natural ligand, DHT. The
negative control, thyroxine, showed a quite different binding position with external docking
site (Figure 3A). Comparing the three endogenous ligands, thyroxine was expected to have
the weakest binding to AR and the highest affinity energy, which we measured at -5.4 kcal
mol-1. Very strong binding to AR with lower affinity energies was expected in the two ste‐
roid hormones, with affinity energies of -11.2 kcal mol-1 for DHT and -10.7 kcal mol-1 for 17βoestradiol (Figure 3B) [46].

Figure 3. Auto docking analysis of endogenous hormones or phyto-estrogens binding to androgen receptor.(A) Posi‐
tions of the steroid hormones of DHT or 17β-oestradiol, endogenous non-steroid hormone, thyroxin, phyto-estrogens
of genistein, daidzein or flavone binding to androgen receptor.(B): The affinity energies of each ligand binding to an‐
drogen receptor. from Asian J Androl. 2010; 12: 535-547
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Genistein and daidzein are abundant in soy formula and as healthy ingredient in soybean to
protect against prostate cancer. To understand the role of the isoflavone compounds in pros‐
tate cancer, a computerized auto-dock system was adopted to examine the interactions be‐
tween the human AR and phyto-oestrogens (genistein, daidzein, and flavone). As shown in
Figure 3 genistein, daidzein and flavone fit in the middle region of the AR-LBD (Figure 3A),
the same as DHT and 17β-estradiol. The affinities of them were expected to lie between the
affinities of thyroxin and 17β-estradiol. Genistein and daidzein, soy isoflavones, showed af‐
finity energies of -8.5 and -8.7 kcal mol-1, respectively, which were very similar to the affinity
energy of flavone of -8.8 kcal mol-1. From that result, we concluded that the three (iso) fla‐
vones exhibit similar binding affinities to AR (Figure 3B). Considering their sharing of a
binding site with estradiol, their affinities for AR and quantities potentially consumed in the
diet, these phyto-estrogens could have significant effects on AR and AR-related cancers [46].
The phyto-estrogens (genistein, daidzein and flavone) can bind to AR in an Auto Dock mod‐
el and can be regarded as androgenic effectors, suggesting important roles for them in ARmediated cancers. Interestingly, all these phyto-estrogens are reported to be associated with
prostate cancer, so we consider them AR-related phyto-estrogens. We summarized some re‐
cent data about the effects of them on AR-mediated transcriptional activity and on prostate
tumorigenesis in Table 5. Genistein, daidzein and flavone, implicated as androgenic effec‐
tors in our research, indeed regulate AR-mediated PSA transcriptional activity. They have
been demonstrated previously to either enhance AR-mediated transcriptional activity or in‐
hibit DHT induced AR-mediated PSA activity. Moreover, isoflavones or soy beverage has
already been shown in Phase II trials to decrease PSA levels in prostate cancer patients. It is
noteworthy that two recent phase II trials showed that isoflavones or soy beverage can de‐
crease PSA levels in prostate cancer patients, suggesting that androgen receptor target genes
can be regulated by isoflavones or flavones [46].
Phynoestrogen

Findings

Study type

Reference

genistein

inhibition of R1881-induced AR mediated pPSA-luc

reporter assay Davis 2002

activity
decrease AR binding to ARE

EMSA

inhibition of R1881-induced AR mediated pPSA-luc

reporter assay Gao 2004

activity
enhancement of AR mediated pPSA/ARE/Probasin/
MMTV-luc
daidzein

enhancement of AR (with ARA) mediated MMTV-luc

flavone

inhibition of DHT-induced AR mediated pPSA-luc activity reporter assay Rosenberg 2002

soy food

decline of serum PSA

reporter assay Chen 2007

PhaseII trail

Kwan 2010
Pendleton 2008

Table 5. Effects of photoestrogens on AR mediated transcriptional activityfrom Asian J Androl. 2010; 12: 535-547
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The mechanism of these phyto-estrogens against prostate cancer has been studied, some lab‐
oratory studies demonstrated that phyto-estrogens might not only mimic estrogenic activi‐
ties but also interfere with other steroid hormones, for example DHT, the natural androgen
in men. In human body, the activity of DHT binding with androgen receptor can be weaken
in the presence of a large amount of these phyto-estrogens, genistein, daidzein and flavone.
The findings in Auto Dock interestingly demonstrate that phyto-estrogens are displayed the
great binding abilities to AR, demonstrating their disrupt effects against DHT/AR binding as
anti-androgenic effectors, supporting the epidemiological studies that soybean were the po‐
tential inhibitor for prostate cancer cell growth related to AR. Figure 4 illustrated clearly the
mechanism of phyto-estrogens against prostate cancer. The different consumption of soy foods
and the different concentrations of isoflavones possibly disrupt the endogenous DHT bind‐
ing to AR in the prostate and thus inhibited DHT induced AR translocation and AR-mediat‐
ed PSA transactivation, thus reduce prostate cancer risk. As the antagonists of androgen, phytoestrogens are ale to inhibit the cell growth induced by androgen in prostate gland.

Figure 4. The mechanism of protective effect of genistein, daidzein or flavone against prostate cancer.

The reasons that Asian populations have lower rates of hormone-dependent cancers (breast,
prostate) and lower incidences of menopausal symptoms and osteoporosis than Westerners
are still need to be further revealed. However, the association of the large quantities of soy
products consumption in Asian populations with the reduction in the risk of prostate can‐
cer, provides a unique insight for the beneficial effects of soy foods. Soy food display com‐
pletely different consumption between eastern and western populations. The geometric
mean levels of plasma total isoflavonoids were demonstrated to be 7-10 times higher in Jap‐
anese men than in Finnish men. Asian immigrants living in Western nations also have in‐
creased risk of these maladies as they ‘Westernize’ their diets to include more protein and
fat and reduce their soy intake. This provides a good explanation for much epidemiological
data, indicating the significant protective effect of (iso) flavones for prostate cancer.
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The much higher serum phyto-estrogen levels could hypothetically inhibit the growth of
prostate cancer in Chinese and Japanese men, which may give a good explanation for the
quite low incidence and mortality from prostate cancer in Japan or China. The novel impor‐
tant insights for soy food against prostate cancer need to be further illustrated. Soy-based
food products are expected to introduce more to the western markets and to have more con‐
sumption in western daily diet.
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Chapter 13

Soybean Meal and The Potential for Upgrading Its
Feeding Value by Enzyme Supplementation
D. Pettersson and K. Pontoppidan
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/ 52607

1. Introduction
Soy is a crop of tremendous importance for the food industry but also in the animal feed
industry. Soybeans, as well as other oilseed crops such as rape seed (canola), sunflower and
palm kernel, are grown primarily for the production of vegetable oil for human consump‐
tion but the by-products after oil extraction are of similar importance as feed ingredients.
Meals from these crops are obtained after the extraction of the vegetable oil from the seed. In
addition, considerable amounts of cottonseed meal (a by-product of the cotton fibre produc‐
tion) are also available for animal feed. Soybean meal (SBM), the by-product after oil extrac‐
tion of soybeans has become increasingly important as a feed component and is used in
variable amounts in the feeding of all species in animal production, even to some extent in
the feeding of farmed fish. On a global scale SBM is dominating the market for protein
meals primarily due to the high content of good quality protein, making SBM an excellent
ingredient in feed formulations. SBM is particularly important for poultry production, con‐
stituting approximately 30-40 % of a standard soy/maize diet, since broilers and layers re‐
quire a high proportion of protein in their feed. It is generally estimated that approximately
46 % of all SBM produced for animal feed is used in poultry diets (broilers, layers and tur‐
keys), while another 25 % is used for feeding pigs. In the US approximately 50 % of the SBM
is used for poultry, 25 % for swine and 12 % for beef cattle. Although US is the largest pro‐
ducer of soybeans, Argentina is by far the largest exporter of SBM followed by Brazil and
US. With very limited own production of soy the EU is one of the leading markets for im‐
port of SBM. [1]
Over the last 5 years the price for SBM has been increasing, and this trend is expected to
continue in the future. Hence, with protein already being the second most expensive ingre‐
dient in e.g. poultry diets, there is a need to either replace SBM with other and cheaper pro‐
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tein ingredients in the diets or to increase the utilization of SBM nutrients e.g. by the use of
enzymes.

2. Composition and nutritive value of soybean meal
SBM consists primarily of protein and carbohydrates in the form of indigestible neutral and
acidic non-starch polysaccharides (NSP) as well as low molecular weight sugars (Table 1).
Due to the low content of easily available carbohydrates, and a high content of NSP belong‐
ing to the indigestible dietary fibre fraction [2] the apparent metabolisable energy value
(AME) of SBM is low for broiler chickens and estimated to only about 9.5 MJ/kg fresh
weight, while in growing pigs that, as opposed to poultry, have a high capacity for hind gut
fermentation of the indigestible carbohydrate fraction, the AME value may be around 14.5
MJ/kg fresh weight [3].
Range (g/kg dry matter)
Component

Low

High

Crude protein

490

540

Starch

0

27

Crude fat

17

21

Mono saccharides

5

8

Sucrose

55

81

Raffinose series

53

67

Rhamnose

3.7

5

Fucose

2.9

3.1

Low molecular weight sugars

Neutral non starch polysaccharides

Arabinose

22

25

Xylose

15

18

Mannose

9

13

Galactose

37

40

Glucose

50

59

39

41

Acidic non starch polysaccharides
Uronic acids

Table 1. Typical soybean meal gross chemical composition. (g/kg dry matter), compiled from literature, for crude
protein, starch, crude fat and low molecular weight sugars, while the non-starch polysaccharide composition of a
selection (n=6) of soybean meals were analysed at Novozymes A/S according to Theander et al. [4]. Data compiled
from [2,3] as well as from internal analysis of neutral and acidic non starch polysaccharide constituents.
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The composition of SBM may vary depending on the country of origin of the soybean, the
cultivar, the processing and the inevitable year to year variation in growing conditions. Still
most feeding tables contains very little, if any, information about the variability of e.g. ami‐
no acids (AA) and digestibility that may be expected although the data presented typically
is based on several hundred samples collected over several years. Neither is the indigestible
dietary fibre fraction well described in feed tables and at best values for neutral detergent
and acid detergent fibre are provided.
2.1. Protein
Plants cultivated for their protein content are typically classified as angiosperms and be‐
long to a number of different botanical families. Beans, peas, lupins and soybeans are all
members of the leguminosae family while rape seed belong to the cruciferae family, sunflow‐
er and safflower are members of the compositae family and cotton belongs to the malva‐
ceae [5]. On average the content of CP in the common raw oilseeds such as soybean, sunflower
and rape seed ranges from 20-40 %. Due to the various processing steps and the subse‐
quent concentration of the protein-containing fraction by solvent extraction, the average CP
content of oilseed meals varies from 32 % in sunflower meal to over 50 % in some SBM [6].
SBM is used in feed rations for monogastric animals mainly due to the high protein con‐
tent and also because of the superior AA profile compared to other plant protein products
used as diet ingredients [3]. Poultry and swine diets are generally formulated based on AME
and the level of CP. SBM has a high content of lysine, which makes it a good ingredient in
poultry and swine diets as both of these species has a high requirement for this essential
amino acid.
The CP fraction of SBM is made up of around 80 % storage proteins in the form of glyce‐
nin and β-conglycenin, approximately 5 % is represented as various anti nutritional fac‐
tors (ANFs) and the remaining 15 % consists of other proteins. Most tables on nutrient
composition of feedstuffs such as e.g. the NRC [7] operates with two types of SBM based
on the crude protein CP content. One is the regular SBM with approximately 44 % CP, where
a fraction of the hulls has been added back into the meal, and the other is dehulled SBM
with approximately 48 % CP. The feed compound industry principally assumes that the
digestible AA content of SBM per unit of protein is constant; disrespecting that variability
may occur due to e.g. genotype, origin, processing and storage conditions [8-10]. The vari‐
ability in SBMs has been nicely demonstrated by de Coca-Sinova et al. [10] who evaluated
six SBMs from different origins and found considerable variation in the chemical composi‐
tion and protein quality which translated into differences in AA digestibility in broilers, so
that SBM with higher levels of CP and lower levels of trypsin inhibitor activity showed
higher AA digestibility.
2.2. Carbohydrates
For broiler chickens vegetable protein sources typically have a low metabolisable energy
content compared to cereals, due to a lower starch content and a higher content of indigesti‐
ble NSP, which are part of the dietary fibre fraction (Table 1).
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The structural features of the common vegetable protein sources are more complex than that
of cereals but their cell walls still contains cellulose and hemicelluloses but in addition also
high amounts of rhamnogalacturonans, assigned to the pectic polysaccharides. Quantifica‐
tion of the pectic fraction is not straightforward due to a more complex structure and since
extraction procedures used for the analysis often causes an overestimation and the literature
data may differ.
It is notable that AME table values and AME calculated on the content of CP, crude fat,
starch and sucrose (Table 2) are quite similar for meals from soybean and sunflower while in
meals from rape seed and cotton seed the discrepancy is 1.7 and 2.3 MJ/kg, respectively. The
amount of pectin (61 g uronic acids/kg dry matter) and fibre matrix structure of rape seed
most likely increases the water holding capacity of this raw material resulting in a poor nu‐
trient availability for monogastric animals and in addition ANFs may reduce the energetic
value. In cotton seed similar effects may be at play although the pectin content is quite simi‐
lar to that of SBM (about 45 g/kg dry matter), while the ANFs are different and the cellulose
content is considerably higher.

Soybean

Rape seed

Sunflower

Cotton seed

Crude protein

450

337

426

426

Crude fat

10

23

29

29

Starch

5

0

0

0

Sucrose

70

58

33

16

Oligo, di and mono –saccharides, except sucrose

67

24

23

56

Cellulose

62

52

89

92

Total dietary fibre

233

354

326

340

Table values AME (MJ/kg)a

9.5

5.9

6.2

6.3

Calculated AME (MJ/kg)b

9.3

7.6

6.9

8.6

Apparent metabolisable energy (AME) in broilers

Table 2. Average chemical composition. (g/kg fresh weight) of solvent extracted meal from soybean, rape seed,
sunflower and cotton seed. Table compiled from [2,3]. aTable values from [3]. bValues based on crude protein, crude
fat, starch and sucrose.

Plant cell walls are divided in primary and secondary walls and their composition will differ
according to their stage of development (maturity). Primary cell walls are flexible and sur‐
round cells in growth and elongation whereas secondary walls surround cells in which
growth has ceased. The secondary walls are lignified and thereby rigid. The primary cell
wall is synthesized during cell expansion at the first stages of development and is composed
of cellulose, hemicelluloses, pectic polysaccharides and many proteins (Table 3).
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Cell walls are classified as Type I cell walls, which are generally the most common in the
plant kingdom, or as Type II which is typical for grasses. The non-cellulosic polysaccharides
of Type I cell walls are xyloglucans and about 35 % of the cell wall mass are pectins. Type I
cell walls are found in all dicotyledons, the non-graminaceous monocotyledons, and gymno‐
sperms. Type II walls have a low pectin and xyloglucan content and a high arabinoxylan
content. Type II walls also contain mixed linked β-D-glucan and possess ester linked ferulic
bridges in the xylan, which have not as yet been found in Type I walls [11].
In soybeans and other dicotelydons the pectin fraction consists of rhamnogalacturonans.
The rhamnogalacturonan I consists of a main chain of galacturonic acid and rhamnose. At‐
tached to this structure there are side chains of galactose and arabinose residues. There are
also xylose and rhamnose side chains present as well as xylo-galacturonans. In addition
traces of mannose polysaccharides may be found that possibly origin from an incomplete re‐
moval of the hull fraction from the meal [12].
In the cotelydons approximately 30 % of the NSP belong to the pectin fraction while in the
hulls about 80-90 % of the non-starch polysaccharides are of pectic origin. The galactose con‐
tent of SBM is generally higher than in other oilseed meals and is highly associated with the
rhamnogalacturonans. This is not the case for rape seed meal, sunflower meal and cotton
seed meal [13] where arabinans and arabinogalactans constitute the most important side
chains. Since the NSP are indigestible by the endogenous enzymatic systems in the small in‐
testine they can only be utilised through hind-gut fermentation, thereby providing short
chain fatty acids that may be absorbed in the hind gut and utilised as an energy source by
the animal. As a consequence the AME content of all oilseed meals is low for broiler chick‐
ens that have a limited capacity for hind gut fermentation, while it is higher for pigs [14].
The dietary fibre fraction is composed of different polysaccharide structures and their mo‐
lecular structure and incorporation into the cell wall matrix determines their solubility char‐
acteristics. A high solubility favours fermentation and even poultry may to some extent
ferment soluble NSP [15,16].
The principal hemicelluloses found in dicotelydons including soybeans are xyloglucans (Ta‐
ble 3) consisting of a glucose back bone with xylose side chains linked to the carbon 6 of the
glucose residues in the back bone chain. It is a well acknowledged hypothesis that primary
and secondary cell walls in dicotelydons are constructed in different ways. In the primary
cell wall cellulose and xyloglucans interact in a network consisting of cellulose which is
coated with a monolayer of xyloglucans. The secondary cell wall is composed of pectins, but
not of the homogalacturonan type that is found in fruit and berries. In soybean the pectic
polysaccharides are xylogalacturonans with a backbone of α-(1-4)-galacturonan residues
and to this xylose residues are linked in β-(1-3) position. The xylogalacturonans are associat‐
ed with regions that consist of rhamnogalacturonans type I and II, with a higher degree of
branching in the type II [18,19]. Together with the xylogalacturonans the rhamnogalacturon‐
an I and its side chains consisting of arabinans and arabinogalactans makes up the main part
of the pectic substances [20].
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Component

Approximate composition (%)

Cellulose
Hemicellulose

Primary cell walls

Secondary cell walls

30

45-50

Xyloglucan

25

Xylans

5

25

ß-D-glucans

nd

nd

Glucomannan

nd

nd

Homogalacturonans

15

Rhamnogalacturonan I

15

Rhamnogalacturonan II

5

Glycoproteins

Arabinogalactanprotein

Variable

nd

Phenolics

Extensin

<5

nd

Lignin

nd

20

Phenolic acid

0.3

nd

Pectins

0.1

Table 3. Major polymers of the growing and mature plant cell walls in dicotelydons. Table compiled from [17].

2.3. Anti nutritional factors
The occurrence and amount of ANFs and their effect on protein and energy utilisation limits
the inclusion of vegetable proteins in diets for pigs and poultry. In general, ANFs among
legume species are similar, however the actual amounts of ANFs varies widely between dif‐
ferent species and cultivars [21]. The main ANFs include protease inhibitors, lectins, tannins,
phytic acid and indigestible carbohydrates. In addition, lupins contain considerable
amounts of alkaloids and lima beans contain increased amounts of cyanogens as their domi‐
nant ANFs [22,23]. Oilseeds, and subsequently oilseed meals, have more specific ANFs de‐
pending on the actual species. Rapeseed meal contains glucosinolates and soybean is
particularly high in trypsin and chymotrypsin inhibitors while cottonseed meal contains
gossypol [24]. Based on what is commonly known in the feed industry and academia it may
be assumed that the content of ANFs may differ depending on growing conditions and, es‐
pecially, the heat processing of the feed ingredients.
The best characterized ANFs of soybean are protease inhibitors, lectins and phytate.
The Kunitz inhibitor (KSTI) together with the Bowman-Birk inhibitor (BBI) are the most
abundant protease inhibitors in soybeans, and are commonly referred to as trypsin inhibi‐
tors even though they may also inhibit e.g. chymotrypsin and other proteases belonging to
the serine family. The mechanism of trypsin inhibitors is to bind to the active site of the pro‐
tease and thereby cause inactivation of the enzyme, which then cannot proceed to degrade
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protein. When the level of protease activity in the gut is depressed the pancreas responds in
a compensatory fashion by producing more of the digestive enzymes. In some species this
has been shown to be related to an enlargement of the pancreas [25,26]. When animals are
fed SBM with a high level of protease inhibitors the digestive proteases trypsin and chymo‐
trypsin are inactivated leading to impaired animal performance. This has been exemplified
e.g. by Sklan et al. [27] who showed that chicks fed raw soy had significantly reduced body‐
weight gain compared to a control group fed heated soy. Furthermore, the chicks fed the
raw soy had increased pancreas weight and reduced trypsin activity in the small intestine.
Lectins are carbohydrate binding proteins generally considered to have an anti nutritional
effect [28,29]. This has been exemplified e.g. by Schulze et al. who showed that inclusion of
purified soybean lectin into a pig diet increased the amount of dry matter, nitrogen (N) and
AA passing into the terminal ileum [30].
Phytic acid, also commonly referred to as phytate, is a well described anti nutritional factor
that under physiological pH conditions binds minerals and protein thereby preventing uti‐
lization of these nutrients by the animal [31,32].
Furthermore, the high molecular weight soy proteins glycenin and β-conglycenin act as po‐
tential antigenic factors leading to the formation of serum antibodies in particular in young
animals, e.g. early-weaned piglets [33].

2.4. Impact of processing on nutritive value
As opposed to the cereal grains the composition and nutritive value of oilseed meals for ani‐
mal feed not only depends on the cultivar, the climatic condition and level of fertilisation,
but is also influenced by the processing conditions during the oil extraction procedure. Oil‐
seed meals are generally obtained after a pre-press solvent extraction process. The combined
effects of seed preparation, de-hulling pre-conditioning, cooking and solvent extraction will
determine the nutritive value of the meal.
The processing of soybeans (Figure 1) and in particular the final heating step (toasting) is
critical to the quality of the resulting SBM. The initial processing of soybeans includes clean‐
ing, drying and cracking of the beans to remove the hulls. The dehulled soybeans are the
raw material for production of full fat soybean meal which may or may not be heat treated
to inactivate enzymes. When processing regular SBM the dehulled beans are conditioned at
65-70°C followed by flaking, which prepares the beans for oil extraction. The oil is usually
extracted using a solvent such as hexane. Finally the resulting cake is treated in a toaster in
order to remove the solvent and to heat the meal sufficiently to optimize its nutritional val‐
ue. In this process control of the processing conditions such as temperature, moisture, pres‐
sure and processing time is highly important to maintain a high solubility of the SBM
product. [34] After toasting a fraction of the hulls will often be transferred back into the meal
to produce SBMs with different protein contents.
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Figure 1. Overview of the processing of soybeans to obtain soybean meal (SBM), full fat SBM or Soy protein concen‐
trate (SPC).

As mentioned earlier the nutritional value of SBM is limited by the presence of several
ANFs interfering with feed intake and metabolism. ANFs are concentrated in large amounts
in the hull fractions of oilseeds and de-hulling will consequently reduce the level of these
substances in the meal. Furthermore, heat processing of the SBM acts to destroy the heat
sensible ANFs such as protease inhibitors and lectins. However, in case SBM is heated exces‐
sively the occurrence of Maillard reaction will increase. Maillard reactions occur between
the amino group of the amino acids and the reducing sugars eventually leading to a de‐
crease in energy and amino acid digestibility [35]. Hence, the conditions applied during
processing to ensure a high quality of the protein fraction are a compromise between suffi‐
ciently inactivating the ANFs and avoiding destruction of essential available nutrients.
An important problem faced by the feed industry is the lack of good techniques to correctly
evaluate the quality of commercial SBMs. The available methods, of which determination of
the protein dispersibility index (PDI) [36], KOH protein solubility [37,38] and urease activity
[39] are the most commonly used, are based on changes in the physical and chemical prop‐
erties of SBM occurring during heat treatment, and have shown not to be fully reliable
[40,41]. Another means to estimate SBM quality is the determination of trypsin inhibitor
content, but this method is tedious and also shows inconsistency [43].
The defatted soy flakes can also be processed to obtain a soy protein concentrate (SPC),
which is a higher value protein product compared to SBM. This processing takes place by
removing the solvent (e.g. hexane) by low heat vacuum drying and then removing the solu‐
ble carbohydrates yielding a final product with ~90 % protein [43]. SPC has a much lower
level of ANFs than SBM and is therefore particularly well suited for young animals that do
not tolerate normal SBM well, e.g. piglets. Lately the use of SPC in salmon and trout diets to
replace fishmeal is also being evaluated [43].
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3. Enzymes for improving the nutritive value of soybean meal
The use of exogenous microbial enzymes is today a mature concept in the animal feed in‐
dustry and is used on a routine basis to improve the nutritive value of feed ingredients. The
logical implication of improving the nutrient utilization is a reduced amount of nutrients in
manure, which is highly beneficial for the environment especially in areas with intense ani‐
mal production. The environmental benefits of using enzymes in animal diets has been ex‐
emplified in a series of published life cycle assessment studies investigating the effects of
xylanase [44], phytase [45] and protease [46] when used in either pig or poultry diets. These
studies together demonstrate the huge potential impacts on global warming, eutrofication
and acidification that can be achieved by employing feed enzymes in animal diets to im‐
prove the utilization of nutrients.
3.1. Protein degrading enzymes
With protein being a quite expensive ingredient in animal diets, improving the nutritional
value of the SBM protein fraction is an obvious target for enzyme application. The appa‐
rent ileal digestibility (AID) of CP in SBM is typically around 80-85 %, but lower values have
also been reported. In an investigation of 6 different SBMs originating from South Ameri‐
ca, US and Spain the AID of CP and AA was shown to vary considerably between the batches
with the US SBM having the highest digestibility value (82.3 %) followed closely by the
Spanish SBM (81.8 %) and with the South American SBM’s having considerably lower
(75.2-76.8 %) digestibility values [10]. These results serve to demonstrate the impact of dif‐
ferences in SBM quality when formulating diets to achieve the necessary protein content and
AA availability. Since it is both difficult and laborious to investigate SBM quality, in prac‐
tice diets are often formulated to contain higher levels of nutrients than required, thereby
providing a safety margin.
Early attempts to improve the nutritive value of SBM for pigs and poultry aimed at pretreating SBM in the presence of a protease to increase protein solubilisation and obtain a
decrease in antigenicity. Using this approach it was demonstrated that treating SBM with
either an acidic protease or an alkaline protease increased the amount of soluble α-amino
N concentration and reduced the antigenic protein concentration, more so with the acidic
protease compared to the alkaline protease treated SBM [47]. Furthermore, feeding stud‐
ies in piglets [47] and broilers [48] showed that feeding SBM treated with the acidic pro‐
tease instead of the non-treated SBM as part of a cereal-based diet led to performance
improvements in both species as well as to improved N digestibility and reduced serum
antisoya antibodies in broilers. In contrast feeding SBM treated with the alkaline protease
reduced performance in piglets [47], and even though Ghazi et al. did observe reductions
in chick serum antisoya antibodies upon feeding SBM treated with alkaline protease only
the acid protease treated SBM resulted in a positive effect on performance and digestibili‐
ty parameters [48]. Differences in digestibility may occur either directly or indirectly due
to hydrolysis of ANFs interfering with the digestive process. Protease treatment in above
studies did not influence the already low level of trypsin inhibitor and lectin. Hence, it was
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concluded that the increase in performance and N digestibility by treatment with the acid‐
ic protease was a result of general improvement in digestion of SBM protein rather than
inactivation of ANFs [47,48].
More recent studies have shown that direct addition of a pure protease from Nocardiopsis
prasina can lead to significant increases in CP and AA digestibility in broilers fed SBM or full
fat SBM [49,50]. It was concluded that AA utilization was on average improved by about 5
% in SBM and 6 % in full fat SBM. Furthermore, the same protease has been demonstrated in
several studies to have a positive impact on growth performance and N digestibility of
broilers fed complete corn-SBM based diets [51,52,53]. The efficiency of the Nocardiopsis pra‐
sina protease to improve digestion of the SBM protein fraction is supported by internal labo‐
ratory studies at Novozymes A/S demonstrating the ability of the protease to improve
protein hydrolysis in different SBM batches as well as in full fat SBM (Figure 2).

Figure 2. Increase in degree of protein hydrolysis (DH, %) by a pure protease from Nocardiopsis prasina dosed at 100
mg purified enzyme protein per kg of SBM (n = 5). The Various SBM batches were incubated in an in vitro digestion
system and protease effect on top of endogenous enzymes (pepsin and pancreatic enzymes) was analysed as increase
in DH (method published in [53]). Error bars indicate standard deviation and asterisks indicate a significant impact of
the protease (P<0.05; Tukey HSD test). Unpublished data, Novozymes A/S.

The way by which a protease increases hydrolysis and digestion of the SBM protein fraction
may be related to both general hydrolysis of the SBM proteins and to degradation of various
ANFs present in SBM. A general hydrolysis of SBM protein would presumably increase the
availability of the protein for further hydrolysis and absorption in the gastro intestinal tract.
On the other hand, degradation of ANFs will improve the natural digestion and utilization
of protein as the adverse effects of the ANFs are reduced.
In this context internal studies have shown that the Nocardiopsis prasina protease is capable
of degrading various anti nutritional proteins from soybean. As exemplified in Figure 5 the
protease efficiently degraded both the Kunitz inhibitor (KSTI) and lectin (Figure 3), leaving
only 10-20 % KSTI and around 15 % lectin intact, while purified porcine trypsin and chymo‐
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trypsin could not degrade these proteins to nearly the same extent. The ability of a feed pro‐
tease to degrade ANFs presents an interesting possibility to alleviate the negative impacts of
including raw soy or under processed SBM in e.g. poultry or swine diets.

Figure 3. Degradation of purified Kunitz trypsin inhibitor (left) and lectin (right) both from Glycine max by purified
proteases as analysed by SDS-page. Lane 1: low molecular weight marker (kDa), lane 2: no protease, lane 3: Nocar‐
diopsis prasina protease, lane 4: porcine trypsin, lane 5: porcine chymotrypsin. Inhibitors (purchased from Sigma-Al‐
drich) and proteases were incubated in a 10:1 ratio on mg protein basis for 2 hours at 37°C, after incubation protein
was precipitated with TCA, re-suspended in SDS-page sample buffer and analysed by gel electrophoresis. Unpublished
data, Novozymes A/S.

3.2. Carbohydrate degrading enzymes
For degradation of the major dietary fibre constituents of importance in cereals there are
many enzyme products available on the market and approved by the EU authorities based
on proven efficacy in animal trials. The beneficial effects on animal performance, especially
in broiler chickens, are assumed to be caused by a combination of depolymerisation of vis‐
cous arabinoxylans and a degradation of the indigestible cell wall. The resulting viscosity re‐
duction improves nutrient absorption and the degradation of the cell walls improves the
liberation of nutrients (e.g. starch and protein) enclosed by the indigestible cell walls [54,55].
This effect is commonly referred to as the cage effect. For oil seed meals the expected out‐
come of degradation of the cell walls is less obvious since they generally do not have an in‐
tact cell wall architecture due to extensive processing and thereby there is no cage effect.
Still the water holding capacity of the material could be reduced and this could have a posi‐
tive influence on nutrient absorption. In addition liberation of galactose could provide addi‐
tional energy, at least from SBM. In rape seed, which has less galactan side chains associated
with the pectin matrix, an anticipated energy benefit would be limited. Another possibility
would be to degrade the oligosaccharides of the raffinose series and the most common at‐
tempts to improve the nutritive value of SBM have targeted these. A successful degradation
of this fraction could release galactose, and also sucrose, which is the molecule from which
the raffinose series is built. Raffinose, stachyose and verbascose contains (1-6)-α-galactopyr‐
anosyl units with variable chain lengths of which stachyose (two galactose units in the chain
linked to sucrose) is the pre-dominant in SBM. The oligosaccharides of the raffinose series
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can be broken down using an α-galactosidase that liberates the galactose from the sucrose
molecule. This is a straightforward enzymatic application that has been tested in vitro show‐
ing that α-galactosidase can degrade the oligosaccharides of the raffinose series in SBM
[56,57]. Internal trials at Novozymes A/S (Figure 4) has indicated a large variability in the
efficacy of α-galactosidase when exposed to the conditions prevailing in the upper gastro in‐
testinal tract simulated in an in vitro digestion system. The average release of galactose from
the raffinose series was about 6.7 mg/g diet and since maize only contains minor amounts of
galactose the main part of the galactose originated from the SBM and about 16 g of galactose
could theoretically be released from 1 kg of SBM, corresponding to a potential AME value
increase of approximately 0.3 MJ/ kg SBM. The in vitro model does not provide information
of any additional beneficial effects of degrading the raffinose series. Still the application is of
interest since the oligosaccharides of the raffinose series are indigestible but readily ferment‐
ed and this may cause digestive disturbances with gas production and rapid digesta passage
rates in poultry [58,59]. The removal of these oligosaccharides by ethanol extraction has
been shown to increase the metabolisable energy content as well as the transit time in adult
roosters [60]. However, this procedure alters the general composition of the SBM by also ex‐
tracting other ethanol soluble components, resulting in a meal with higher CP content and
improved nutritive value. When using oligosaccharide or non-starch polysaccharide de‐
grading enzymes the SBM composition is not altered and the effects observed can be attrib‐
uted to the enzyme per se. Trials in pigs have generated high digestibilities in the small
intestine even without α-galactosidase supplementation [61], while poultry data indicate a
positive enzyme effect on the digestion of the raffinose series but not on performance [62].
Based on these and similar data it may be concluded that performance data are not strong
enough to justify, from an economical point of view, the additional supplementation of this
enzyme in broiler chicken diets that already may contain xylanases and phytases.

Figure 4. Release (mg/g) of galactose by α-galactosidase from 5 replicates of a model diet containing 600 g maize
and 400 g soybean meal per kg and incubated at 40°C in an in vitro system mimicking the stomach (pH 3±0.2 and
3000 U of pepsin/g diet) and small intestine (pH 7±0.2 and 8 mg/g diet of pancreatin) for a total period of 6 h. Stand‐
ard deviations are indicated by error bars and asterisks indicate a statistically significant difference (P<0.05; Tukey HSD
test) compared to blank. Unpublished data, Novozymes A/S.
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The use of galactanase has shown that also the galactose side chains of the rhamnogalacuron‐
ans may to some extent be degraded [63]. As opposed to many other feed enzyme products
on the market a classical wild type fermentation product of Aspergillus aculeatus (RONO‐
ZYME® VP, DSM Nutritional Products, Basel, Switzerland), is able to significantly impact the
NSP fraction of SBM. In an in vitro trial comparing this product with a selection of feed enzymes
developed for targeting the cereal ingredients in animal feed the preparations were dosed at
100 times the commercial recommendation in a buffer system. After incubation the solubi‐
lised material was removed by centrifugation and the pellets containing the residual insolu‐
ble NSP were analysed according to Theander et al. [4]. The effect of the A. aculeatus product
on NSP containing arabinose, although not statistically significant from the control, was the
highest compared to all other enzyme treatments with a reduction of about 6.5 % (Figure 5).
In addition the A. aculeatus product gave a significant reduction (P<0.05) of galactose by 9.6
% compared to the control treatment, whereas the other enzyme treatments did not provide
a reduction. The residual glucose content was significantly lower for the A. aculeatus prod‐
uct and the blend product compared to the control, 22 and 13 %, respectively, and these effects
were statistically significant compared to all other treatments (Figure 3). The results indi‐
cate that in order to degrade the complex cell wall matrix of SBM several enzymatic activi‐
ties are required at a high activity level and these are not generally found in single commercial
products developed for targeting type II cereal cell walls. It is also obvious that only one single
enzymatic activity is not enough to provide a sufficient degradation of the different polysac‐
charide structures of importance (Table 3).

Figure 5. Residual insoluble content (g/kg) of arabinose, galactose and glucose non-starch polysaccharide residues in
a soybean meal after incubation at 40°C in an acetate buffer (0.1 M pH 5.0) for 4 hours and with enzymes dosed at
100 times the commercial recommendation. The products used were the Aspergillus aculeatus wild type fermentation
or different products containing only xylanase activity derived from Thermomyces lanuginosus or mainly xylanase and
ß-glucanase activity in products derived from Penicillium funiculosum or Bacillus subtilis and a commercial blend prod‐
uct containing xylanase, ß-glucanase and α-amylase activities. Standard deviations are indicated by error bars and as‐
terisks indicate a statistically significant difference (P<0.05; Tukey HSD test) compared to blank. Unpublished data,
Novozymes A/S.
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3.3. Phytic acid degrading enzymes
The content of phytic acid in SBM is typically around 1.3-1.4 % of dry matter and constitut‐
ing around 50 % of the total phosphorus pool [64-66]. Phytic acid is not absorbed in the gastro
intestinal tract, but may be degraded by a phytase to render the phosphorus free and availa‐
ble for absorption. Phytases are enzymes that cleave of the phosphate groups from the inosi‐
tol ring of phytic acid, thereby rendering free phosphorus to be utilized by the animal and also
lowering the anti nutritional effect of phytic acid on mineral and protein availability. Phy‐
tase activity is present in most seeds but the activity in oilseed meals including SBM is relatively
low [65], hence degradation of SBM phytic acid necessitates the presence of phytase either
from cereals in the diet or from a microbial phytase source. Since a large part of the feed for
poultry and swine is treated at high temperatures e.g. in a pelleting process in order to sanitize
the feed from Salmonella infections etc., cereal phytases are often inactivated in the final feed
(e.g. [67]). Hence, the use of microbial phytases in feed formulation is extensive.
Feedstuff

Residual phytic acid (%)

Wheat

21.5 ± 1.3 ab

Maize

24.5 ± 1.3 b

Barley

21.3 ± 1.3 ab

Soybean meal

47.9 ± 1.3 c

Rapeseed meal

21.3 ± 1.3 ab

Soybean meal-maize blend

17.2 ± 1.5 a

Table 4. abc: Different letters indicate significant differences (P<0.05), tested by Tukey HSD.Residual phytic acid (%)
after incubation of feedstuffs with a commercial phytase (RONOZYME® HiPhos, DSM Nutritional Products, Basel,
Switzerland) for 30 minutes (pH 4, 40°C). All feedstuffs were heat treated and additional calcium (6 g kg-1 dry matter)
was added. Values are representative of the sum of inositol hexaphosphate and inositol pentaphosphate. [68]

Degradation of phytic acid in SBM has been demonstrated e.g. by Brejnholt et al. [68] show‐
ing a 50 % degradation of phytic acid upon incubation of SBM with a bacterial phytase at
pH 4 (30 minutes, 40°C). Interestingly this study indicated that it was more difficult to de‐
grade phytic acid in SBM compared to phytic acid in cereal meals and rape seed meal (Table
4). This difference might be related to the content of protein in the feedstuffs, as protein is
known to form insoluble complexes with phytic acid at low pH [69]. In support of this hy‐
pothesis it has been shown that phytic acid in SBM is much less soluble than phytic acid in
maize meal at low pH (Figure 6). Furthermore, internal data produced at Novozymes A/S
also show that treatment of a SBM-maize mixture with pepsin to degrade the protein frac‐
tion has a positive impact on phytic acid solubility (Figure 7). In the digestive tract endoge‐
nous digestive proteases will always be present to degrade protein and thereby improve the
availability of phytic acid for hydrolysis by phytase. Supporting this there are a huge
amount of in vivo studies demonstrating that phytases effectively releases phosphate in ani‐
mals fed diets containing SBM e.g. Aureli et al. [70] showing phytase efficacy in broilers.
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Figure 6. Phytic acid solubility (%) in maize and SBM (left) and in maize and SBM with additional 5 g calcium kg-1 dry
matter. Error bars represent standard deviations (2xSD) of 3 replicates. Modified from [71].

Figure 7. Phytic acid solubility (%) in a SBM-maize (30:70) mixture with additional 5 mg calcium g-1 dry matter in the
presence or absence of pepsin (3000 U g-1 dry matter). Error bars represent standard deviations (2xSD) of 3 replicates.
Unpublished data, Novozymes A/S.

4. Conclusions
SBM is the most important protein source in animal feed and it is estimated that approxi‐
mately half of the SBM produced for animal feed is used in poultry diets, while another 25
% is used in pig diets. SBM is primarily added due to its high content of protein and favour‐
able composition of AAs, while the low content of metabolisable energy and a high content
of NSP may provide problems when incorporating this oil seed meal at high levels. The
presence of several ANFs such as trypsin inhibitors and lectins may represent a severe prob‐
lem that can restrict animal performance when feeding a meal that has not been properly
processed, however there are indications that these short comings can be overcome by prop‐
er heat inactivation of the SBM as well as enzyme supplementation of the diet.

301

302

Soybean - Bio-Active Compounds

Research results indicate that the nutritive value of SBM may be enhanced by adding exoge‐
nous microbial enzymes such as carbohydrate degrading enzymes, proteases and phytases.
However, there is a need for improved carbohydrate degrading enzymes to better target the
oligosaccharides of the raffinose series and also to reduce the negative effects of high levels
of complex NSP constituents, that evidently are not degraded by common xylanases or ßglucanases used for improving the feeding value of cereals.
The use of protease to improve protein digestibility and reduce the presence of anti nutri‐
tional proteins represents a novel and promising application that has an environmental im‐
pact by improving protein digestibility and thereby reducing nitrogen excretion from farm
animals. In a similar way phytase supplementation is already a well established environ‐
mentally friendly application that reduces phosphorus excretion when feeding SBM rich in
phytic acid.
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Soybean in Monogastric Nutrition: Modifications to
Add Value and Disease Prevention Properties
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Additional information is available at the end of the chapter
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1. Introduction
Soybean (Glycine max), a leguminous oilseed and one of the world’s largest and most effi‐
cient sources of plant protein, has on average crude protein content of about 37-38% and
20% fat on a dry matter basis. The crude protein content of soybean varies with geographi‐
cal region and damage to the soybean crop can cause a significant decrease in the crude pro‐
tein content of the soybean. On the other hand, processed soybean meal which is commonly
used in monogastric feeding contains about 44-48% crude protein (NRC, 1998). This high
crude protein content of soybean and soybean meal in conjunction with high energy due to
significant fat content and low fiber content make soybean an ideal source of protein for hu‐
mans and also ideal feed ingredient in monogastric animals feeding (Table 1). The heat proc‐
essed soybean is the form primarily used for human consumption and it contains lower
crude protein concentration (37%) when compared to soybean meal which is produced from
solvent extracted seeds and seeds without hulls (44% and 49% CP, respectively). The soy‐
bean meal is the common form of soybean utilized in animal feeding. While other nutrients
such as calcium, potassium and zinc also tend to be lower in heat treated soybean than in
the soybean meals, the energy and fat content is higher in the heated soybean than the soy‐
bean meals.
Previous reports have shown that soybean and soybean meal contains a balanced amino
acid profile when compared with other oilseed meals, although it is deficient in methionine
and lysine (Zhou et al., 2005). The comparisons of the amino acid composition of soybean
and soybean meal which are routinely utilized in human and monogastric feeding are pre‐
sented in Table 2.
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Nutrient

Soybean seeds2

Soybean Meal3

Soybean Meal4

IFN5

5-04-597

5-04-604

5-04-612

37

44

49

3,300

2,230

2,440

Crude fat, %

18

0.8

1.0

Crude fiber, %

5.5

7.0

3.9

Calcium, %

0.25

0.29

0.27

Phosphorus6, %

-

0.65

0.62

Phosphorus , %

0.53

0.27

0.24

Potassium, %

1.61

2.00

1.98

Iron, mg/kg

80

120

170

Zinc, mg/kg

25

40

55

Crude Protein, %
Energy, kcal/kg

7

1

National Research Council 1994. 2Heat processed. 3Seeds, meal solvent extracted.
Seeds without hulls, meal solvent extracted. 5International feed number. 6Total phosphorus.

4

Non-phytate or available phosphorus.

7

Table 1. Comparison of selected nutrient composition of soybean and soybean meal1

Soybean boasts a well balanced amino acid profile with high digestibility when compared
with other oilseeds. In soybean, the digestibility coefficients of lysine are estimated to be
91% (NRC, 1994) whereas that of cysteine and phenylalanine is estimated at 83-93 (Bande‐
gan et al, 2010). Previous reports cite evidence that soya is a rich source of amino acids
(Angkanaporn et al., 1996). Holle (1995) reported that soybean meal provides the best bal‐
ance for amino acids when compared with other oilseeds and thus makes it a more suitable
plant source protein for human and monogastric food animals. According to Kohl-Meier
(1990), soybean accounts for more than 50% of the world’s protein meal. The form in which
soybean is utilized for human or monogastric feeding determines the nutritional value in
terms of content and bioavailability of amino acids as described in the following section.

2. Anti-nutritional properties of soybean
In their natural form, soybeans contain anti-nutrients or phytochemicals which bear toxic ef‐
fects when ingested by both humans and monogastric food animals. These anti-nutrients are
nature’s means of protection for the soybean plant from invasion by animals, bacteria, virus‐
es and even fungi in the ecosystem. The major anti-nutrients in soybean are phytates, pro‐
tease enzyme inhibitors, soyin, goitrogens, hemagglutinins or lectins, giotrogens, cyanogens,
saponins, estrogens, antigens, non-starch polysaccharides and soy oligosaccharide. Al‐
though most of these anti-nutritional compounds in soybean were discussed in Nahashon
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and Kilonzo-Nthenge (2011), additional reviews of some of the major anti-nutritional factors
are presented as follows:
Nutrient

Soybean seeds2

Soybean Meal3

Soybean Meal4

IFN6

5-04-597

5-04-604

5-04-612

------------------------------------(%)----------------------------------------Arginine

2.59

3.14

3.48

Lysine

2.25

2.69

2.96

Methionine

0.53

0.62

0.67

Cystine

0.54

0.66

0.72

Tryptophan

0.51

0.74

0.74

Histidine

0.90

1.17

1.28

Leucine

2.75

3.39

3.74

Isoleucine

1.56

1.96

2.12

Phenylalanine

1.78

2.16

2.34

Threonine

1.41

1.72

1.87

Valine

1.65

2.07

2.22

Glycine

1.55

1.90

2.05

Serine

1.87

2.29

2.48

Tyrosine

1.34

1.91

1.95

1

National Research Council, 1994.

2

Seeds, heat processed.

3

Seeds, meal solvent extracted.

4

Seeds without hulls, meal solvent extracted.

5

International feed number.

Table 2. Comparison of selected amino acid composition of soybean and Soybean meals1

2.1. Phytates
Phytic acid (inositol hexakisphosphate), the storage form of phosphorus in seeds such as
those of soybean is considered an anti-nutritional factor in monogastric nutrition. Raboy et
al. (1984) cited evidence that phytic acid accounted for 67-78% of the total phosphorus in
mature soybean seeds and these seed contain about 1.4-2.3% phytic acid which varies with
soybean cultivars. In plants phytic acid is the principal store of phosphate and also serves as
natural plant antioxidant. Earlier reports (Asada et al., 1969) suggested that phytic acid in
soybean not only makes phosphorus unavailable, but also reduces the bioavailability of oth‐
er trace elements such as zinc and calcium and the digestibility of amino acids (Ravindran,
1999). Ravindran et al., (1999) reported that in the presence of phytate, soybean protein
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forms complexes with the phytate. Heaney et al. (1991) reported that the absorption of calci‐
um from soybean-based diets was higher in low-phytate soybean when compared with high
phytate-soybean. This supports the assertion that soybean has the potential to form phytatemineral-complex which inhibits the availability of the minerals to monogastric animals. In
soybean, phytate is usually a mixture of calcium/magnesium/potassium salts of inositol hex‐
aphosphoric acid which adversely affects mineral bioavailability and protein solubility
when present in animal feeds (Liener, 1994). Reports of Vucenik and Shamsuddin (2003)
point that inositol bears biological significance as antioxidant in mammalian cells. However,
it interferes with mineral utilization and is the primary cause of low phosphorus utilization
in soy-based poultry and swine diets. Phytin also chelates other minerals such as Calcium,
Zinc, iron, Manganese and Copper, rendering them unavailable to the animals. Soybean has
the highest amount of phytate when compared to all legumes and cereal grains. The phy‐
tates have been reported to be resistant to cooking temperatures.
2.2. Protease enzyme inhibitors
Proteases refer to a group of enzymes whose catalytic function is to hydrolyze, cleave or
breakdown peptide bonds of proteins. They are also called proteolytic enzymes that include
trypsin, chymotrypsin, elastase, carboxypeptidase, and aminopeptidase which convert pro‐
tein (polypeptides, dipeptides, and tripeptides) into free amino acids which are readily absor‐
bed through the small intestine into the blood stream. Protease or trypsin inhibitors of
soybean have been reported to hinder the activity of the proteolytic enzymes trypsin and chy‐
motrypsin in monogastric animals which in turn lowers protein digestibility (Liener and Ka‐
kade, 1980). Other reports (Liener and Kakade, 1969; Rackis, 1972) confirmed that trypsin
inhibitors were key substances in soybean that adversely affected its utilization by chicks, rats
and mice. Kunitz, (1946) isolated trypsin inhibitor from raw soybeans and demonstrated that
it was associated with growth inhibition. These protease inhibitors were also reported to in‐
hibit Vitamin B12 availability (Baliga et al., 1954). Later studies have also shown that the pres‐
ence of dietary soybean trypsin inhibitors caused a significant increase in pancreatic proteases
(Temler et al., 1984). To the benefit of the soybean plant, soybean protease inhibitors serve as
storage proteins in seeds, regulate endogenous proteinases, and also protect the plant and
seeds against insect and/or microbial proteinases (Hwang et al., 1978). These protease inhibi‐
tors contain about 20% of the sulfur-containing amino acids methionine and cysteine, which
are also the most limiting essential amino acids in soybean seeds (Hwang et al., 1978).
Recent reports (Dilger et al., 2004; Opapeju et al. 2006; Coca-Sinova et al. 2008) show that the
nutritional value of soybean meal for monogastric animals is significantly hindered by these
protease inhibitors which interfere with feed intake and nutrient metabolism. They reported
that soybeans with high content protease inhibitors, especially trypsin inhibitors adversely
affect protein digestibility and amino acid availability. In earlier reports, Birth et al. (1993)
cited evidence that ingestion of food containing trypsin inhibitor by pigs increased endoge‐
nous nitrogen losses hence the effect of the trypsin inhibitors affected nitrogen balance more
by losses of amino acids of endogenous secretion than by losses of dietary amino acids. This
may be due to compromised integrity of the gastrointestinal lining leading to reduction of

Soybean in Monogastric Nutrition: Modifications to Add Value and Disease Prevention Properties
http://dx.doi.org/10.5772/52991

absorptive surface. However, Gertler et al. (1967) attributed the depression of protein digest‐
ibility to reduced proteolysis and absorption of the exogenous or dietary protein which was
caused by inhibition of pancreatic proteases.
2.3. Hemagglutinins or lectins
Soybean hemagglutinins or lectins are glycoproteins that resemble some animal glycopro‐
teins, such as ovalbumin and are rich in the acidic amino acids while being low in the sulfurcontaining amino acids methionine and cysteine. According to Lis et al. (1966), the only
carbohydrates serving as constituents of soybean hemagglutinins are mannose and glucosa‐
mine. Soybean hemaglutinins are a component of soybeans that were characterized by
Schulze et al. (1995) as being anti-nutritional. Oliveira et al. (1989) reported that these glyco‐
proteins bind to cellular surfaces via specific oligosaccharides or glycopeptides. They exhibit
high binding affinity to small intestinal epithelium (Pusztai, 1991) which impairs the brush
border and interfere with nutrient absorption. Hemaglutinins have also been implicated in
producing structural changes in the intestinal epithelium and resisting gut proteolysis
(Pusztai et al., 1990), changes which in most cases result in impairment of the brush border
and ulceration of villi (Oliveira et al., 1989). This occurrence result in significant decrease in
the absorptive surface and increase endogenous nitrogen losses as reported by Oliveira and
Sgarbierri (1986) and Schulze et al. (1995). Consequently, Pusztai et al. (1990) observed that
hemagglutinins depressed growth rate in young animals. Hemagglutinins are known to
promote blood clotting or facilitating clumping together of red blood cells. It has however
been concluded that soybean hemagglutinins play a minor role in the deleterious effect con‐
tributed by anti-nutritional factors in raw soybean.
2.4. Giotrogens and estrogens
Soybean is known to produce estrogenic isoflavones which bind to the estrogen receptors.
According to Doerge and Sheehan (2002), such estrogenicity was implicated in toxicity and
estrogen-mediated carcinogenesis in rats. Genistein is the major soy isoflavones of great con‐
cern in conferring estrogenic effect especially in women. Although the possible gitrogenic
effect of the soybean isoflavones has not been researched extensively, certain soy compo‐
nents may present some antithyroid actions, endocrine disruption, and carcinogenesis in an‐
imals and humans as well. Messina, (2006) reported that Soybean contains flavonoids that
may impair the activity of the enzymes thyroperoxidase. Earlier reports (Divi and Doerge,
1996) indicate that plant-derived foods such as soybean contain flavonoids which are widely
distributed, possessing numerous biological activities that include antithyroidism in experi‐
mental animals and humans. A study was conducted to evaluate inhibition of thyroid per‐
oxidase (TPO), the enzyme that catalyzes thyroid hormone biosynthesis, by 13 commonly
consumed flavonoids (Divi and Doerge, 1996). Consequently, most flavonoids tested includ‐
ing genistein and daidzein were potent inhibitors of TPO (Figure 1). They suggested that
chronic consumption of flavonoids, especially suicide substrates, could play a role in the eti‐
ology of thyroid cancer. More recent reports (Messina, 2006; Xiao, 2008; Zimmermann, 2009)
have also shown that use of soy-based formula without added iodine can produce goiter
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and hypothyroidism in infants, but in healthy adults soy-based products appear to have
negligible adverse effects on thyroid function.
Other reports (Fort, 1990) have also shown that concentrations of soy isoflavones resulting
from increased consumption of soy-based formulas inhibited thyroxine synthesis inducing
goiter and hypothyroidism and autoimmune thyroid disease in infants. Still many questions
linger on the full Impacts of soy products on thyroid function, reproduction and carcinogene‐
sis, hence the need for further research in this context. According to Divi et al. (1997), the IC50
values for inhibition of TPO-catalyzed reactions by genistein and daidzein were ca. 1-10 mi‐
croM, concentrations that approach the total isoflavone levels (ca. 1 microM). More recent
finding using normal rats (Chang and Doerge, 2000) however suggest that, even though sub‐
stantial amounts of TPO activity are lost concomitant to consumption of soy isoflavone, the re‐
maining enzymatic activity is sufficient to maintain thyroid homeostasis in the absence of
additional perturbations. On the other hand, additional factors other than the soybean isofla‐
vones can also cause overt thyroid toxicity. These may include other soybean fractions, io‐
dine deficiency, defects of hormone synthesis that may be caused by gene mutations or
environmental and random factors including dietary factors that may be goitrogenic.
Environmental estrogens, on the other hand, are classified into two main categories namely
phytoestrogens which are of plant origin and xenoestrogens which are synthetic (Dubey et
al., 2000). Soybeans contain phytoestrogens which can cause enlargement of the reproduc‐
tive tract disrupting reproductive efficiency in various species, including humans (Rosselli
et al., 2000), and rats (Medlock et al., 1995). In some cases these estrogens are hydrolyzed in
the digestive tract to form poisonous compounds such as hydrogen cyanide. Woclawek-po‐
tocka et al. (2004) reported that phytoestrogens acting as endocrine disruptors may induce
various pathologies in the female reproductive tract. Studies have shown that soy-derived
phytoestrogens and their metabolites disrupt reproductive efficiency and uterus function by
modulating the ratio of PGF2a to PGE2. Because of the structural and functional similarities
of phytoestrogens and endogenous estrogens, there is the likelihood that the plant-derived
substances modulate prostaglandin synthesis in the bovine endometrium, impairing repro‐
duction. Previous research has shown that phytoestrogens may act like antagonists or ago‐
nists of endogenous estrogens (Rosselli et al., 2000; Nejaty and Lacey, 2001).
2.5. Allergens and antigens
Today, food allergies are a common serious health threat and food safety concern around
the world. The increasing use of soybean (Glycine max) products in processed foods owing to
its nutritional and health promoting properties, poses a potential threat to individuals who
allergic to foods and especially sinsitive to soybean. According to Cordle (2004), there are
about 16 potential soy protein allergens that have been identified and the Food and Agricul‐
ture Organization of the United Nations includes soy in its list of the 8 most significant food
allergens. While many of these soy allergenic proteins have not been fully characterized,
their allergenicity can be mild to life-threatening anaphylaxis. Consequently, consumers
who have allergies to soybean and soybean products are often at a risk of serious or life
threatening allergic reaction if they consume these products.
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Figure 1. Schematic presentation of inhibition of TPO-catalyzed reactions by genistein and daidzein. TPO:thyroid per‐
oxidase; UDPGT:Uridine diphosphate glucuronyltransferase; TBG:thyroxine binding globulin; TTR: Transthyretin; THr:
thyroxine receptor; T:thyroxine; TSH:Thyroid stimulating hormone; TRH:Thyrotropin-releasing hormone; Tg:Thyroglo‐
bulin.
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One of these low abundance proteins, Gly m Bd 30 K, also referred to as P34, is considered
to be a dominant immunodominant soybean allergen. It is a member of the papain protease
superfamily with a glycine in the conserved catalytic cysteine position found in all other
cysteine proteases (Herman et al., 2003). The P34 protein is thought to trigger most allergic
reactions to soy and it accumulates during seed maturation localizing in the protein storage
vacuoles but not in the oil bodies (Kalinski et al., 1992). Several attempts have been made to
understand and remove the allergenic proteins in soybean. Using a "gene silencing" techni‐
que, researchers were able to "knock out" a gene that makes Antigenic factors glycinin and
β-conglycinin removal increases animal performance.
The prevalence of soybean allergy is estimated at 0.4% in children and 0.3%in adults North
America (Sicherer and Sampson, 2010). A study was conducted to determine the relation‐
ship between adverse health outcomes and occupational risk factors among workers at a soy
processing plant (Cummings et al, 2010). They reported that asthma and symptoms of asth‐
ma were associated with immune reactivity to soy dust. Such occurences are a occupational
hazard and have led to strict regulatory oversight in soybean plants and food manufactur‐
ing plants that process food products containing soybean. There have been numerous recalls
by the FDA (FDA Enforcement Reports) of several products containing soy proteins, paste,
oils and flour for reasons ranging due to improper labeling. Unlisted soy protein on the
product label is considered a potential hazard for people who may be allergic to soy.
2.6. Cyanogens and saponins
Soybean and other closely related legumes which are common food ingredients for human
and monogastric animals have been recognized to contain cyanogenic compounds (Mont‐
gomery, 1980). The content of cyanide was reported at 0.07-0.3 pg of hydrogen cyanide/g of
sample in soy protein products and 1.24 pg/g in soybean hulls when browning was kept to a
minimum (Honig et al.,1983). Cyanide is considered toxic even in small amounts, hence
where soy are a major constituent of a diet, there are concerns of cyanide toxicity.
On the other hand, saponins are unabsorbable glucosides of steroids, steroid alkaloids or tri‐
terpenes found in soybeans germ and cotyledons and other leguminous plants. They form
lather in aqueous solutions and impart a bitter test or flavor in feed, resulting in reduction of
feed consumption. In severe cases they cause haemolysis of red blood cells and diarrhea
(Oakwndull, 1981). Raw soybeans have been reported to contain 2-5 g of saponins/100 g soy
products. Although soybean saponins possess anti-nutritional properties, some are edible
and have been reported to possess some health benefits. They have been shown to stimulate
the immune system, bind to cholesterol and make it unavailable for absorption and allowing
its clearance into the colon and eventual excretion (Elias et al., 1990).
2.7. Non-starch polyssacharides and soy oligosaccharides
Soybean oligosaccharides (OS) such as raffinose and stachyose are carbohydrates consisting
of relatively small number of monosaccharides and they have been reported to influence
ileal nutrient digestibility and fecal consistency in monogastric animals (Smiricky et al.,
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2002). According to Leske et al., (1993), raffinose and stachyose represent about 4-6% of soy‐
bean dry matter. The digestion of OS in the small intestine is limited because mammals lack
α-galactosidase necessary to hydrolyze the α 1,6 linkages present in OS (Slominski, 1994).
Previous research has demonstrated that soy OS are responsible for increasing intestinal vis‐
cosity of digesta and as a result interfere with digestion of nutrients by decreasing their in‐
teraction with digestive enzymes (Smits and Annison, 1996). Irish and Balnave (1993)
demonstrated that stachyose derived from the oligosaccharides of soyabean meals exert an‐
ti-nutritive effects in broilers fed high concentrations soyabean meal as the sole protein con‐
centrate. The OS in soybean, raffinose and stachyose, are not eliminated by heat treatment
during processing (Leske et al., 1993). In earlier reports (Coon et al.,1990) observed that re‐
moval of the OS from SBM in poultry diets increased the true metabolizable energy value of
the diet by 20 percent.
The digestion of oligosaccharides in the small and large intestine is aided by beneficial mi‐
crobial fermentation (Hayakawa et al., 1990). Certain oligosaccharides, however, are consid‐
ered to be prebiotic compounds because they are not hydrolyzed in the upper
gastrointestinal tract and are able to favorably alter the colonic microflora, conferring benefi‐
cial effects of digestion and fermentation of carbohydrates to the host. More recent studies
have demonstrated that feeding a higher level of an oligosaccharide (8 g/kg) to chicks de‐
pressed metabolizable energy and amino acid digestibility (Biggs et al., 2007). SmirickyTjardes et al. (2003) reported the presence of significant quantities of galactooligosaccharides
in soy-based swine diets. These soy oligosaccharides are partially fermented by gut micro‐
flora functioning as prebiotics which promote selective growth for beneficial bacteria. The
high content of enzyme inhibitors in unfermented soybeans interferes with thecomplete di‐
gestion of carbohydrates and proteins from soybeans. When foods are not completely di‐
gested because of enzyme inhibitors, bacteria in the large intestine try to do the job, and this
can cause discomfort, bloating, and embarrassment. The enzyme inhibiting properties of
soybean compounds the low levels of digestive enzymes, a common phenomenon especially
in elderly people.

3. Modifications of soybean to enhance nutritional value and health
benefits
3.1. Genetic modifications (GMO’s)
About 99 percent of the soybean that we consume is genetically modified (GMO) and refer‐
red to as GMO soybean. The genetic modifications in soybean are primarily meant to im‐
prove the yield and nutritional value of soybean, reduce allergenicity, create resistance to
certain diseases or disease causing pathogens and/or confer tolerance to herbicides or ad‐
verse climatic or environmental conditions. For example, transgene-induced gene silencing
was used to prevent the accumulation of Gly m Bd 30 K protein in soybean seeds. The Gly
m Bd 30 K-silenced plants and their seeds lacked any compositional, developmental, struc‐
tural, or ultrastructural phenotypic differences when compared with control plants (Herman
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et al., 2003). Current GMO crops, including soybean, have not been shown to add any addi‐
tional allergenic risk beyond the intrinsic risks already present (Herman 2003).
The enhancement of the nutritional value of soybean and soybean products through genetic
engineering of soybeans has been reported. Through genetic engineering completely new
fatty acid biosynthetic pathways have been introduced into soybeans from exotic plants and
various microorganisms (Cahoon et al., 1999; Wallis, Watts, and Browse, 2002). Soybean oil
is used in many food applications and therefore alterring its composition, especially the fat‐
ty acid composition would benefit the consumer. Several fatty acids especially the omega-3
have been reported to possess health benefit to the consumer. Engineered soybean lines that
are rich in oleic acid (producing stable oil that does not need to be partially hydrogenated
and is thus free of trans fatty acids) and lines lower in saturated fatty acids have been pro‐
duced (Kinney & Knowlton, 1998; Buhr et al., 2002). These high-oleic and low-saturated soy‐
bean oils provide the potential benefits to human health and point to the positive impact of
the achievements in biotechnology that promote human health.
Bioactive polyunsaturated fatty acids are also known to confer beneficial and positive effects
in humans’ health (Knapp et al., 2003). These bioactive fatty acids can also be found in oils
other than soybean can also be produced in soybean through genetic engineering. Thus, in‐
troducing these into soybean can enhance the existing health benefits of soybean with the
complementary benefits of bioactive lipids and other compounds.These polyunsaturated
fatty acids are known to mediate their heart-healthy effects by mechanisms independent of
those of soy protein and they have been previously researched extensively (Kelley and Erik‐
son, 2003; Knapp et al., 2003).
Previously attempts were made to increase the oxidative stability of soybean oil by increas‐
ing the composition in soybean of the fatty acids oleic and stearic and decrease linoleic acid
content of the soybean without creating trans or polyunsaturated fatty acids (Clemente,
2009). According to Clemente, (2009) and Clemente and Cahoon, (2009), DuPont announced
the creation of a high oleic fatty acid soybean, with levels of oleic acid greater than 80%. This
product was due for release into the market in 2010. Soybean mutants with elevated and re‐
duced palmitate have been developed (Rahman et al., 1999). While the palmitate content of
commercial soybean cultivars is approximately 11%, elevated palmitate content in soybean
oil may be important for the production of some food and industrial products.
Soy foods have also been reported (Sirtori and Lovati, 2001) to have the potential for reduc‐
ing blood low-density lipoprotein (LDL) cholesterol concentrations in humans. According to
Weggemans and Trautwein, (2003), this positive health effect appears to be directly related
to the soy storage proteins rather than other components. The bulk of soy protein (more
than 80%) is contributed by two major classes of storage protein, conglycinin (11S globulins)
and beta-conglycinin (7S globulins). It has been possible to produce soybean transgenic lines
with either 7S or no 11S protein using gene-silencing techniques (Kinney & Fader, 2002).
For many years soybean has been defined as a crop with the best amino acid composition
within all cultivated protein crops and is most widely utilized for human and monogastric
foods as a primary source of protein (Wenzel, 2008). Since the amino acids are directly used
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in the genetic formation of proteins and fatty acids, this makes the soybean invaluable in oil
production and primary protein source of choice to many. There has been attempt through
genetic engineering to modifiy the soybean to enhance its oxidative stability by changing the
proportion of certain fatty acids, which would provide a more useful and abundant oil sup‐
ply with health benefits to the consumer. The enhancement of soybean oil content, Clemente
et al. (2009) achieved this goal by introducing a seed-specific transgene for a DGAT2-type
enzyme from the oil-accumulating fungus Umbelopsis ramanniana into soybean. Without dis‐
rupting the protein content, the oil content was increased from approximately 20% of the
seed weight to approximately 21.5%.
There has also been an attempt to genetically modify soybean to enhance flavors. These
compounds are associated with the oxidation of the polyunsaturated fatty acids linoleic and
linolenic acids (Frankel, 1987). There are hundreds of volatile compounds associated with
bad flavors in soy preparations (Stephan and Steinhart, 1999), and these compounds are the
predominant fatty acids in soybean oil whose oxidation during bean storage and processing
results in the formation of secondary products of lipid oxidation that impart off-flavors to
soy protein products.
Drought tolerant varieties of soybean have also been developed through genetic engineer‐
ing. The Roundup Ready soybean, also known as soybean 40-3-2, is a transgenic soybean
that has been immunized to the Roundup herbicide. Although soybean’s natural trypsin in‐
hibitors provide protection against pests, weeds still remain a major challenge in soy farm‐
ing (Wenzel, 2008). An herbicide used to control weeds in soybean farming contained
glyphosate which inhibited the expression of the soybean plant’s ESPSP gene. According to
Wenzel, (2008), the gene is involved in the maintenance of the “biosynthesis of aromatic me‐
tabolites,” and killed the plant along with the weeds for which the herbicide was meant.
Consequently, the soybean was genetically engineered by transferring a plasmid which pro‐
vided immunity to glyphosate-containing herbicides was transferred to the soybean cells
through the cauliflower mosaic virus, perfecting the Roundup Ready soybean.
Since drought stress is a major constraint to the production and yield stability of soybean,
integrated approaches using molecular breeding and genetic engineering have also provid‐
ed new opportunities for developing high yield and drought resistance in soybeans (Mana‐
valan et al., 2009). Recently, Yang et al. (2010) pointed out that genetic engineering must be
employed to exploit yield potential and maintaining yield stability of soybean production in
water-limited environments in order to guarantee the supply of food for the growing hu‐
man population and for food animals. On the other hand, new soybean varieties that are re‐
sistant to diseases and pests are being developed. Hoffman et al. (1999) observed that plants
commonly respond to pathogen infection by increasing ethylene production. They suggest‐
ed that soybean can be altered by genetic manipulation using mutagenesis to generate soy‐
bean lines with reduced sensitivity to ethylene. Two new genetic loci were identified, Etr1
and Etr2 and Plant lines with reduced ethylene sensitivity developed similar or less-severe
disease symptoms in response to virulent Pseudomonas syringae. Other reports (Yi et al.,
2004) indicate that CaPF1, a ERF/AP2 transcription factor in hot pepper plants may play du‐
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al roles in response to biotic and abiotic stress in plants and that through genetic engineer‐
ing this factor could be modified to improve soybean disease resistance as well.
3.2. Enzyme supplementation
The diets of monogastric animals are primarily composed of feed ingredients of plant origin
such as soybean. Soybean contains a variety of antinutritional factors such as phytin, non‐
starch polysaccharides, and protease inhibitors which limit the availability of nutrients that
are essential for normal growth and performance, production or otherwise. Enzyme supple‐
mentation and soybean fermentation products have been used for a long time to improve
the nutritional value and health-promoting properties of soybean (Kim et al., 1999). Recent
reports (Kim et al., 2010) cite evidence that fermented soybean meal can effectively serve as
an alternative protein source for nursery pigs at 3-7 weeks of age, possibly replacing the use
of dried skim milk which tends to be more digestible than soybean. Feng et al. (2007) evalu‐
ated the effect of soybean meal fermented with Aspergillus oryzae on the activity of digestive
enzymes and intestinal morphology of broilers. The fermentation had no significant influ‐
ence on the activity of lipase, amylase and protease enzymes. However, they observed a sig‐
nificant increase in duodenal villus height and a decrease in crypts depth a sign of improved
morphology of the absorptive surface. Earlier studies by Kiers et al. (2003) indicated that fer‐
mentation of soybean resulted in an increase nutrient solubility and digestibility in broilers.
The availability of phosphorus in soybean is about 30 percent; hence diets of monogastric
animals must be supplemented with inorganic phosphorus or supplemented with the phy‐
tase enzyme to improve the utilization of phytate phosphorus (NRC, 1994; Richter, 1994).
Phytase (myo-inositol-hexakisphosphate phosphohydrolase) is an enzyme that catalyzes the
hydrolysis of phytic acid, an indigestible inorganic form of phosphorus in oil seeds such as
soybean. As a result, phytases increase the digestion of phosphorus, consequently increasing
its utilization and reducing its excretion by monogastric animals. The phytase enzymes com‐
monly used in monogastric animal feeding are derived from yeast or fungi and bacteria. Na‐
hashon et al. (1993) reported that phosphorus retention was improved in layers when the
diet was supplemented with Lactobacillus bearing phytase activity. The use of phytase to
hydrolyze phosphorus and possibly other mineral elements that may be bound onto phytate
such as calcium, zinc, copper, manganese and ion, has been reported (Selle and Ravindran,
2007; Powell et al., 2011).
Recently, Liu et al. (2007) demonstrated that phytase supplementation in soybean-based di‐
ets significantly improved the digestibility of phosphorus and Calcium by 11.08 and 9.81%,
respectively. A 2- 8% improvement of the digestibility of amino acids was also noted since
phytate also binds to protein forming phytate-protein complex. This complex is less soluble
resulting in decreased digestibility of soybean protein (Carnovale et al., 1988). Earlier, Singh
and Kirkorian (1982) reported that phytate also inhibits trypsin and pepsin activities. These
findings suggest that phytase supplementation in soybean-based diets can improve the di‐
gestibility of calcium, phosphorus and proteins and indeed amino acids. Augspurger and
Baker, (2004) observed that high dietary levels of efficacious phytase enzymes can release
most of the P from phytate, but they do not necessarily improve protein utilization (Boling-
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Frankenbach et al., 2001). Supplemental phytase has also been reported to improving diet‐
ary phosphorus utilization by pigs (Sands et al., 2001; Traylor et al., 2001). Other reports
(Pillai et al., 2006) demonstrated that addition of E. coli phytase to P-deficient broiler diets
improved growth, bone, and carcass characteristics. Most recently Rutherford et al. (2012)
demonstrated that addition of microbial phytase to diets of broiler chickens improved sig‐
nificantly the availability of phytate phosphorus, total phosphorus, other minerals such as
calcium, zinc, manganese etc. and amino acids.
Protease enzymes on the other hand break down long protein chains into short peptides
which can be readily absorbed. These proteolytic enzymes whose catalytic function is to hy‐
drolyze or breakdown peptide bonds of proteins include enzymes such as trypsin, chymo‐
trypsin, pepsin, papain, elastase, plasmin, thrombin, and proteinase K. These enzymes can
also be supplemented in feed or indirectly by feeding microbials that have the potential to
produce these enzymes in the gastrointestinal tract of the host animals. On the other hand,
carbohydrases such as xylanase and amylase are enzymes that catalyze the hydrolysis of
carbohydrates into sugars which are readily available or metabolizable by monogastric ani‐
mals. Soybean meal contains approximately 3% of soluble non-starch polysaccharides (NSP)
and 16% of insoluble NSP (Irish and Balnave, 1993). The NSP in soybean is thus of negligible
amounts to yield digesta viscosity problems. Therefore, diets that comprise soybean are con‐
sidered to be highly digestible, hence requiring less use of carbohydrases. Previous reports
have, however, pointed out that since these cereal grains contain some soluble NSP, there is
still the need to supplement soybean based diets with these enzymes to further improve
their nutritional value (Maisonnier-Grenier et al., 2004).
Supplementing soybean based diets with multicarbohydrase enzymes, a preparation con‐
taining nonstarch polysaccharide-degrading enzymes, phytases and proteases reveled that
these enzymes improved nutrient utilization and growth performance of broiler chickens
(Woyengo et al., 2010). Cowieson and Ravindran (2008) reported that when these enzyme
combinations were fed in broler diets with both adequate and reduced energy and amino
acid content, a 3% and 11% increase in apparent metabolizable energy and nitrogen reten‐
tion, respectively, were observed. Also feeding other multicarbohydrase combinations con‐
taining xylanase, protease, and amylase resulted in significant improvements in feed
conversion and body weight gain of broilers (Cowieson, 2005). In their recent review, Adeo‐
la and Cowieson (2011) suggested that when used together with phytase, nonstarch polysac‐
charide-hydrolyzing enzymes may increase the accessibility of phytase to phytin
encapsulated in plant cell walls.
Although the enhancement of monogastric animal performance using enzyme supplements
in feed have been extensively researched and documented, the benefits of enzymes such as
the phytases and multicarbohydrase in soybean-based diets of monogastric animals have
not been fully explored and require further research. There is still a great deal of uncertainty
regarding the mode of action of these enzymes including the phytases, carbohydrases and
proteases and their combination thereof in soybean based diets of monogastric animals. It is
just fair to not that the future of enzymes in nonruminant animal production is promising
and will require further research to elucidate the role of enzyme supplementation in pro‐
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moting health and provide an understanding of the modes of action of these enzymes in
modulating gene functions and their interactions thereof.
3.3. Probiotics and prebiotics supplementation
Probiotics, also known as direct-fed microbials, are live microbial feed supplements which
beneficially affect the host animal by improving its intestinal microbial balance (Fuller,
1989). They have been reported to improve feed consumption, feed efficiency, health and
metabolism of the host animal (Cheeke, 1991). The total collection of these probiotics, other
gut microflora, their genetic elements or genomic materials and their interactive environ‐
ment or the gastrointestinal tract of the host is termed the “microbiome”. Currently efforts
are underway to understand the microbiome and elucidate the mode of action of both probi‐
otics and prebiotics due to a great interest in these gut microbiota and their health promot‐
ing properties and enhancement of performance of humans and monogastric animals. The
scientific basis for the modes of action of probiotics and prebiotics is, therefore, beginning to
emerge. According to report of Quigley (2012) a number of human disease states may bene‐
fit from the use of probiotics; these include diarrheal illnesses, inflammatory bowel diseases,
certain infectious disorders, and irritable bowel syndrome. Prebiotics promote the growth of
“good” bacteria, primarily through competitive exclusion resulting in a variety of health
benefits. Probiotics have also been reported to: (1) improve feed intake and digestion and
production performance (Nahashon et al., 1994a, 1994b, 1994c, 1996), (2) maintain a benefi‐
cial microbial population by competitive exclusion and antagonism (Fuller, 1989), and (3) al‐
ter bacterial metabolism (Cole et al., 1987; Jin et al., 1997). Nahashon et al (1994a) evaluated
the phytase activity in lactobacilli probiotics and the role in the retention of phosphorus and
calcium as well as egg production performance of Single Comb White Leghorn laying chick‐
ens. They reported phytase activity in the direct-fed microbial and that supplementation of
the corn-soy based diets with the probiotics to a 0.25% available phosphorus diet improved
phosphorus retention and layer performance.
Prebiotics are defined as non-digestible food ingredients that beneficially affect the host, se‐
lectively stimulating their growth or activity, or both of one or a limited number of bacteria
in the colon and thus improve gut health (Gibson and Roberfroid, 1995). They are shortchain-fructo-oligosaccharides (sc-FOS) which consist of glucose linked to two, three or four
fructose units. They are not absorbed in the small intestine but they undergo complete fer‐
mentation in the colon by colonic flora (Gibson and Roberfroid, 1995). They benefit humans
and monogastric animals by: (1) releasing volatile fatty acids which are absorbed in the large
intestine and contribute to the animal's energy supply; (2) enhance intestinal absorption of
nitrogen, calcium, magnesium, iron, zinc and copper in rats (Ducros et al., 2005); (3) increase
the number and/or activity of bifidobacteria and lactic acid bacteria (Hedin et al., 2007); and
(4) since they are non-digestible, they provide surface for attachment by pathogenic bacteria
and therefore facilitate the excretion of these pathogenic microorganisms.
According to Bouhnik et al. (1994) and Gibson and Roberfroid, (1995), fructooligosacchar‐
ides such as inulin, oligofructose, and other short-chain fructooligosaccharides can be fer‐
mented by beneficial bacteria such as bifidobacteria and lactobacilli and in turn control or
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reduce the growth of harmful bacteria such as Clostridium perfringens through competitive
exclusion. The bifidobacteria and lactobacilli are generally classified as beneficial bacteria
(Gibson and Wang, 1994; Flickinger et al., 2003). Although the mode of action of several of
these oligosaccharides are still obscure, Biggs et al. (2007, pointed out that even low concen‐
trations (4 g/kg) of an indigestible oligosaccharide can be fed to monogastric animals with
no deleterious effects on metabolizable energy and amino acid digestibility. The benefit of
utilizing oligosaccharides in soy-based diets of monogastric animals are due to the ability of
these oligosaccharide to pass through to the hindgut of the monogastric animals intact and
to be fermented by beneficial bacteria that are stimulated to grow and produce compounds
that are beneficial to the host. These beneficial bacteria are also able to prevent the growth of
bacteria such as Escherichia coli and Clostridium perfringens that can be harmful to the host
through competitive exclusion (Gibson and Roberfroid, 1995). Biggs and Parsons (2007) re‐
ported an increase in the digestibility of a few amino acids was by some oligosaccharides in
cecectomized roosters.
3.4. Amino acids and vitamin supplementation
Soybean is an excellent source of protein and vegetable oil for human and animal nutrition
due to its balanced amino acid profile. According to Berry et al. (1962), methionine is the
most limiting amino acid followed by lysine, and threonine. The level of supplementation of
the amino acids lysine, methionine, threonine and glycine was evaluated (Waguespack et
al., 2009). Feed efficiency decreased significantly in broilers fed diets supplemented with
more than 0.3% L-Lysine but not in birds fed diets containing 0.25% L-Lysine. It was also
observed that up to 0.25% L-Lysine could be added to corn-soy diets of broilers supplement‐
ed with methionine, threonine and glycine. Waguespack et al. (2009) also reported that argi‐
nine and valine were equally limiting after methionine, threonine and glycine in the diets
containing 0.25% L-Lysine.
Earlier reports (Douglass and Persons, 2000) demonstrated a significant improvement in
feed efficiency by methionine and Lysine supplementation in broilers diets. Studies have
shown that excess heating by extrusion cooking or autoclaving of soybean during oil extrac‐
tion can decrease lysine availability, hence requiring supplementation of this and other ami‐
no acids in soybean meal-based diets (Persons et al., 1992). It has also been further
established that supplementation of raw soybean meal with methionine is an effective way
of eliminating the potential nutritional deficiencies in both the raw and heated soybean
meals. Due to the fact that raw soybean contains protein of low quality, supplementation of
pig raw soy-based diets with cysteine and the B-complex vitamins exhibited significant im‐
provement in performance (Peterson et al., 1941). Evaluating the effect of supplementation
of turkey diets with dL-tocopheryl acetate, Sell et al. (1997) reported that feeding soybean
based diets containing 6-20 IU tocopheryl acetate/kg improved performance of male turkeys
from 1-day of age to market age.
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3.5. Heat treatment and autoclaving
Heat treatment is a common procedure in soybean processing during extraction of oil and
the inactivation of antinutritional factors such as trypsin inhibitors. The processing inacti‐
vates these protease inhibitors, although there has to be a balance in conditions of heat inac‐
tivation since excessive heating could also destroy other essential nutrients. Kwok et al.
(1993) demonstrated that excess heat in the inactivation of protease inhibitors of soybean
may increases Maillard reactions between the amino group of amino acids and reducing
sugars and as a result decrease the digestibility of energy and amino acids by monogastric
animals. Comparing the nutritive value of different heat treated commercial soybean meals,
Veltmann et al. (1986) reported that compared to the normal meal, excessively heat-treated
soybean meal had lower crude protein which also reflected lower essential and non-essen‐
tial amino acids, and less trypsin inhibitors. Herkelman et al. (1991) evaluated the effect of
heating time and sodium metabisulfite (SMBS) on the nutritional value of full fat soybeans
for chicks. They observed that chicks fed the full-fat soybean achieved maximum perform‐
ance when the soybeans were heated at 121 o C for 40 min, and the SMBS decreased by one
half the heating times required inactivating trypsin inhibitors.

4. Health benefits of soybean in human nutrition
4.1. General overview
Soybeans which boast rich content of protein (38-40%) of high quality and with a balanced
amino acids profile are widely grown around the world and are the most important world
source of edible oil and protein. Besides it’s use in livestock feeds and to some extent bio‐
fuels, soybean is processed into products that are utilized for human consumption such as
soybean oil and fermented soybean products which have long been utilized to prepare
healthy human foods worldwide (Kim et al., 1999). Highly purified and oil-free food grade
proteins isolates containing as high as 95% crude protein are commonly utilized in human
foods. In the United States, 90% of the soybean is used for food especially as soybean oil
(Smith and Wolf, 1961). In Asia and other parts of the world, soybean and soybean products
are routinely utilized in large quantities in various forms of foods such as mature soybean,
soybean flour, soybean meal, soybean milk, and also as oriental soybean products such as
tofu, natto, miso, shoyu, and sprouts. In the recent past there has been increased focus on
soybean as human food because of its health benefits. As a result, considerable research ef‐
fort has been directed to evaluating the health benefits and increasing the uses of soybean in
human foods. Abundant supplies of high protein soybean products and the rapid develop‐
ment of the soybean processing industry has also contributed significantly to the increased
use of soybean as human food.
4.2. Selected components of soybean that confer health benefits
Soybean and soybean products have been acclaimed to confer health benefits to consumers
because they contain substances that have been confirmed to bear health conferring proper‐
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ties. These substances include Iron, isoflavones, high content of protein rich in balanced ami‐
no acids, the sulfur containing amino acids methionine and cysteine, saponins,
phytoestrogens, and the omega-3 fatty acids present in soybean oil. Soybeans are a major
source of nonheme iron in diets of humans. Although some of the iron is unavailable for it is in
the form of ferritin complexed with phytate, calcium and proteins, iron in soybean is a bioa‐
vailable source for human consumption. On the other hand, the benefits of omega-3 long
chain fatty acids to heart health are well established (Lemke et al., 2010) and enrichment of
soybean oil with these fatty acids has been a sustainable way of increasing tissue concentra‐
tion of these omega-3 fatty acids and in reducing the risk of cardiovascular disease.
Soybean also contains nonstarch polysaccharide (NSP) hydrolysis products of soybean meal.
These nonstarch polysaccharide hydrolysis products of soybean meal are beneficial in main‐
taining fluid balance during Enterotoxigeic Escherichia Coli (ETEC) infection and controlling
ETEC-induced diarrhea in piglets. Soybean fermented with R. oligosporus produce antibacteri‐
al compounds that are active against some gram-positive microorganisms. The material can
be extracted with water from soybeans fermented by R. oligosporus. Genistein and other soy‐
bean isoflavones slow the growth of blood vessels to tumors, another action that makes it
popular as a cancer fighter.
4.3. Disease prevention properties of soybean
4.3.1. Cholesterol
Soybean, a popular source of protein for both humans and other monogastric animals due to
its protein content and quality, especially the balance of amino acids, is an invaluable source
of oil which contains fatty acids known to be effective in prevention of cardiovascular dis‐
ease. The US Food and Drug Administration (1999) indicated that soybean proteins were re‐
sponsible for prevention of cardiovascular disease. According to Lovatti et al. (1996) the
soybean 7S or β-conglycinin has also been implicated in the upregulation of liver high-affin‐
ity LDL receptors. This protein was also shown to reduce plasma triglycerines in humans
and rats (Aoyama et al., 2001). Later studies (Duranti et al., 2004) evaluated the effect of soy‐
bean 7S globulin subunits on the upregulation of LDL receptors. They reported that it low‐
ered the expression of β-VLDL receptors induced by soybeam subunit. The oral
admoinistration of soybean 7S globulin and the α-subunit significantly reduced plasma cho‐
lesterol and tryglycerides of hypercholesterolemic rats (Duranti et al., 2004). On the other
hand, feeding soybean (25 g/day) was associated with lower total cholesterol concentrations
in individuals with initial cholesterol concentratons of greater than 5.7 mmol/L (Bakhit et al.,
1994). Later studies (Carroll, 1991) demonstrated that soybean protein lowered blood lipids
in humans and experimental animals. Sirtori et al. (1985) also demonstrated that a 50% sub‐
stitution of animal protein with soybean protein significantly reduced blood cholesterol con‐
centrations of humans with type II familial hypercholesterolemia.
Soybean fiber has also been reported to reduce blood lipids whereas comsumption of cook‐
ies containing 25 g soybean cotyledon fiber was associated with a significant reduction in
total plasma LDL cholesterol in hypercholesterolemic patients (Lo et al., 1986). Various
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mechanisms of reduction of cholesterol in humans and other monogastric animals have
been proposed. These include the direct effect of soybean peptides which may modulate the
endocrine regulation of catabolism and/or reduction in cholesterol biosynthesis (Bakhit et
al., 1994). Most recently, Cho et al. (2007) suggest that soy peptides can effectively stimulate
LDL-R transcription in the human liver cell line and reduce blood cholesterol level. They
proposed several mechanism and component of the cholesterol lowering activity of soybean
which include blockage of bile acid and/or cholesterol absorption, inhibition of cholesterol
synthesis, and stimulation of low-density lipoprotein receptor (LDL-R) transcription. Similar
observations were reported earlier by Beynen et al. (1986) that hypocholesterolemic effect of
dietary soybean protein was caused primarily by its influence on the heterohepatic circula‐
tion of bile acids and cholesterol.
4.3.2. Cancer
Soybean is a rich protein source for humans and monogastric animals and contains about
0.2-1.5 mg/g of the isoflavones daidzein and genistin, and their glycones daidzein and gen‐
istkein (Wang and Murphy, 1994). These isoflavones have been proposed to possess anticar‐
sinogenic properties which may be associated with their ability to serve as antioxidants
which prevent fat rancidity, β-carotene bleaching and glutathione peroxidase activity (Hen‐
drich et al., 1994), antiestrogens, and inhibiting the estrogen synthetase preadipocyte aroma‐
tase in humans (Aldercreutz et al., 1993). Adlercreutz et al. (1991) suggested that the low
breast cancer incidence in Japanese women may be attributed to their consumption of feeds
rich in soybean, a source of isoflavones. These isoflavones in soybean such as genistein con‐
fer anticarcinogenic effect primarily by inhibiting estrogen binding to the estrogen receptors;
the soy isoflavones compete for estrogen receptors.
Xu et al. (1995) also hypothesized that soybean isoflavones possess anticarsinogenic proper‐
ties. They anaerobically incubated soybean isoflavones with human feces and observed that
intestinal half life daidzein and genistein were as little as 7.5 and 3.3 hrs, respectively. Hence
the bioavailability of these isoflavones was depended on the ability of gut microflora to de‐
grade these compounds. They attributed the cancer protective effects of the isoflavones to also
the isoflavone metabolites such as methyl p-hydroxyphenylacetate, a monophenolic com‐
pound of both exogenous flavonoids and tyrosine which are inhibitors of hormone-depend‐
ent neoplastic cell proliferation. This compound has high affinity for nuclear type II binding
site which is involved in cell growth regulation by estrogenic hormones (Xu et al., 1995).
In his report, Messina (1999) stated that soybean isoflavones may reduce the risk of prostrate
cancer in men and breast cancer in women. The anti-cancer properties in soybean are attrib‐
uted to the isoflavone genistein which influence signal transduction and the potential role in
preventing and treating cancer. McMichael-Phillips et al. (1998) observed a significant en‐
hancement of DNA synthesis by breast cells taken from biopsies of normal breast tissue
from women with benign and malignant breast disease when these women were fed soy‐
bean for about two weeks. On other studies (Jing et al., 1993) reported that daidzein, one of
the two primary isoflavones in soybean exhibited anti-cancer effects by inhibiting the
growth of HL-60 cells implanted into the subrenal capsules of mice. The anticancer effects of

Soybean in Monogastric Nutrition: Modifications to Add Value and Disease Prevention Properties
http://dx.doi.org/10.5772/52991

the isoflavone genistein may be attributed to its antioxidant properties and its ability to in‐
hibit several enzymes that are involved in signal transduction (Wei et al., 1993) including ty‐
rosine protein kinase (Akiyama et al., 1987), ribosomal S6 kinase (Linassier et al., 1990), Map
kinase (Thoburn et al., 1994), the inhibition of the activity of DNA topoisomerase and in‐
creasing the concentration of transforming growth factor β (TGFβ) as reported by Benson
and Colletta (1995).
The interest in soybean and soybean products has been driven by its potential health bene‐
fits, especially in prevention of various forms of cancer by the soybean isoflavones genistein,
deidzein and glycitein. In more recent studies, Su et al. (2000) reported that isoflavones
played a protective role against bladder cancer cells. They also observed that both genistein
and combined isoflavones exhibited significant tumor seppressing effects. According to
Messina and Barnes (1991), increased soybean consumption reduced the risk of breast, colon
and breast cancer for people living in Asia as opposed to people living in the United States
and Western Europe. A comprehensive review of the interelationship between diet and can‐
cer by The World Cancer Research Fund (1997) revealed that vegetable intake decreased the
risk of colon cancer. The increased consumption of soybean and soybean products have also
been reported to reduce the risk of colon cancer in some human and animal populations.
While examining the ability of dietary soybean components to inhibit the growth of prostate
cancer, Zhou et al. (1999) reported that dietary soybean products inhibited experimental
prostrate tumor growth through direct effects in the tumor cells and indirectly through the
effect on tumor neurovesculature. Earlier reports (Herbert et al., 1998) showed that in‐
creased consumptio of soybean products contributed to reduction in prostrate cancer risk.
Phytochemicals in soybean have been reported to posses anticarcinogenic properties (Messi‐
na et al., 1994). Zhou et al. (1999) further observed that soybean isoflavones and phytochem‐
icals inhibited LNCaP cell proliferation, blocked cell cycle progression and enhanced DNA
fragmentation which is a marker for opoptosis or programmed cell death. Datta et al., (1997)
reported that soybean is capable of oxidizing benzo (a) pyrene-7, 8-dihydrodiol and 2-ami‐
nofluorine which are known to cause developmental toxicity or transplacental carcinogenic‐
ity in mammals. In other studies, Wei et al., (1995) cited evidence that genistein's antioxidant
properties and antiproliferative effects may be responsible for its anticarcinogenic effects.
Therefore, high content of genistein in soybean and its high bioavailability increases soy‐
bean's potential for prevention of various forms of cancer.
Soybean saponins have also been cited as potential contributors to the health promoting
properties of soybean and soybean products. Saponins are chemical structures consisting of
triterpenoidal or steroidal aglycones with various carbohydrates moieties in plants. Sapo‐
nins are excellent emulsifyers since they bear both hydrophilic and hydrophobic regions
and they tend to inhibit colon tumor cell proliferation in vitro. Various saponins have dem‐
onstrated antimutagenic and anticarcinogenic effecta against cell lines. More recent studies
(Ellington et al., 2005) suggested that the B-group soyasaponins may be colon cancer sup‐
pressive component os soybean serving as potential chemopreventative phytochemical.
Therefore, soybean and soybean products should be explored further for their potential in
prevention and treatment of the various forms of cancer.
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4.3.3. Osteoporosis
Osteoporosis is a degenerative thinning of the bones that is associated with decreasing estro‐
gen levels which is a common problem with aging, especially in women. According to Iken‐
da et al. (2006), soybeans and soybean products which contain large amounts of
menaquinone-7 (vitamin K2) may help prevent the development of osteoporosis. Soybeans
have also generated interest in connection with osteoporosis because they contain a phytoes‐
trogens called isoflavones, which are believed to have potential as substitute for estrogen
without its adverse side effects. Intake of Natto, an ancient Japanese food of fermented soy‐
beans, was reported to bear properties that were preventative of postmenopausal bone loss
through the effects of menaquinone-7 or bioavailable isoflavones which were more abun‐
dant in natto than in other soybean products (Ikenda et al., 2006). Heaney (1996) described
vitamin K functionally as a cofactor of γ-carboxylase enzyme which mediates the conversion
of undercarboxylated osteocalcin to carboxylated osteocalcin by transforming the glutamyl
residue of osteocalcin into carboxyglutamic acid residue. The carboxyglutamic acids have
high affinity for calcium ions in hydroxyapatite and regulate the growth of these crystals in
bone formation. Therefore there is sufficient evidence to suggest that fermented soybean
products can effectively maintain bone stiffness (Katsuyama et al., 2002) by increasing se‐
rum levels of menaquinone-7 and γ-carboxylated osteocalcin (Kaneki et al., 2001) as well as
maintaining bone mineral density.
Soybean and soybean-based diets for human contain naturally occurring bioactive com‐
pounds known as phytochemicals that have been cited to confer long-term health benefits
(Setchell, 1998). These phytoestrogens primarily occur as glycosides bearing a weak estro‐
gen-like activity which allows them to bind to the estrogen receptor (Miksicek, 1994) and
therefore are of great significance as remedy where estrogen levels decline due to old age.
These isoflavones can serve as alternative to estrogen therapy in the treatment of existing
low bone mass or osteoporosis. They present potential naturally occuring alternative to hor‐
mone or drug therapy (estrogen) that would minimize bone loss in menopausal women.
In other studies, Picherit et al. (2001) assessed the dose-dependent effect of daily soybean
isoflavones consumption in reversing bone loss in adult ovariectomized rats. They reported
that in adult ovariectomized rats, daily soybean isoflavone consumption decreased bone
turnover but did not reverse established osteopenia. In earlier studies using a rat model, Arj‐
mandi et al. (1996) evaluated the potential for soybean protein isolate to prevent bone loss
induced by ovarian hormone deficiency. They reported an increase in femoral and vertebral
bone densities in rats that were fed soybean diets possibly due to the presence of isoflavones
in soybean.

5. Nutritional benefits of soybean in other monogastric animals
5.1. Poultry
Soybean meal is the primary protein source in corn-soy based poultry rations. It is fed to
poultry as soybean meal and is primarily the by-product of soybean oil extraction; it’s the
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ground defatted flakes. Various studies have been conducted to evaluate methods of en‐
hancing the acceptability of soybean and the enhancement of its nutritional value in poultry
feeding. For instance, a study was conducted to evaluate the effect of extruding or expander
processing prior to solvent extraction on the nutritional value of soybean meal (SBM) for
broiler chicks. The results of this study indicate that pre-solvent processing method (ex‐
pander or non-expander) had no significant effect on the nutritional value of SBM for broiler
chicks. Both Methionine and Lysine supplementation increased feed efficiency (Douglas and
Persons, 2000). Several other studies (Coca-Sinova et al. 2008; Dilger et al. 2004; Opapeju et
al. 2006) have evaluated various methods of enhancing the digestibility of individual amino
acids and protein of soybean meal.
The guinea fowl is classified as poultry and although its production is not popular as chick‐
ens, it is gradually gaining popularity and acceptance as alternative meat to chicken. It is al‐
so gradually finding its share of the global market for poultry and poultry products. Lacking
however, is estimates for nutrient requirements of the guinea fowl. Recent efforts have fo‐
cused on evaluating the growth pattern of the guinea fowl (Nahashon et al. 2010) and their
nutrient requirements (Nahashon et al. 2009, 2010, 2011). The soybean meal has been utiliz‐
ed extensively as the sole protein source for the guinea fowl providing accurate estimate for
the nutrient requirements for both the Pearl Grey and French varieties of the guinea fowl.
5.2. Swine
Soybean meal and soybean products have also been used extensively in swine production
because of its relatively high concentration of protein (44 to 48%) and its excellent profile of
highly digestible amino acids. Soy protein provides most amino acids that are deficient in
most cereal grains commonly fed as energy sources in swine production. However, as op‐
posed to feeding animal source proteins, when raw soybean is fed to young pigs as the pri‐
mary protein source, dramatic slowdown in body weight gains were reported even with
supplementation of amino acids such as methionine and cysteine (Peterson et al., 1942). The
animal source proteins tend to exhibit higher digestibility than plant source proteins such as
soybean and therefore better suited for nursery pigs (Kim et al., 2009; Gottlob et al., 2006).
The low digestibility of raw soybean by young pigs is therefore attributed to the low nutri‐
tive value of the raw soybean protein. Due to the high cost of feeding and also the antinutri‐
tional factors in raw soybean, there have been attempts to minimize the amount of soybean
in swine rations and also to improve its digestibility. The digestibility of the amino acids of
soybean by swine has also been researched quite extensively (Smiricky-Tjardes et al. 2002;
Grala et al., 1998; NRC 1998).
The supplementations of raw soybean with the amino acids threonine and the B- complex
vitamins have been reported to enhance growth in young pigs. Also fermented soybean
meals, soybean meals with enzyme supplements and extruded soybean meals have been
used extensively in swine diets and they tend to improve performance especially of young
pigs (Kim et al., 2006). Kim et al. (2009) reported an increase in crude protein concentration
from 50.3 to 55.3% by fermentation of soybean meal with A. oryzae without affecting the bal‐
ance of limiting amino acids for pigs. Bruce et al. (2006) evaluated the inclusion of soybean
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(SB) processing byproducts such as gums, oil, and soapstock into soybean meal. Addition of
these processing by-products significantly reduced the nutritive value of the resultant meal.
Smiricky-Tjardes et al. (2003) evaluated other approaches such as the addition of galactooli‐
gosaccharides on ileal nutrient digestibility to enhance and expand the utilization of soy‐
bean in swine production.
5.3. Aquatic life
The feeding value of soybean as a rich protein source has also been extended to aquaculture.
The high protein level makes soybean meal a key ingredient for aquaculture feeds since soy‐
bean meal is considerably less expensive than traditionally used marine animal meals. How‐
ever, soybeans not contain complete amino acid profiles and usually are deficient in the
essential amino acids lysine and methionine. Therefore, other protein sources should be
used in combination with soybean to overcome the deficiencies. Soybean meal and geneti‐
cally modified soybean products have also been employed in aquaculture (Hammond et al.
1995). Naylora et al. (2009) points to the importance of fish oils and fishmeal as a protein
source in food animal production and also the extensive use of soybean and soybean prod‐
ucts as protein supplements in aquaculture feeds.
5.4. Companion animals
The term “companion animals” refers to the entire spectrum of animal species which are
considered as 'pets' such as cats, dogs, fish, rabbits, rodents, cage birds, and even non-indig‐
enous species. Large animals such as horses, as well as small ruminants such as the goats
and sheep have also been classified as companion animals as well because they contribute to
human companionship; they have an important role to play in our society. The companion
animal industry is rapidly growing sector of the global economy and so is the need for pro‐
vision of adequate nutritional regimens for optimum growth, production and reproduction.
Relatively few data are available on the nutrient digestibilities of plant-based protein sour‐
ces by companion animals.
Plant source proteins such as soybean and soybean products are predominantly used in di‐
ets of companion animals. Soybeans are an essential part of Plant-based protein sources and
are generally less variable in chemical composition than animal-based protein sources espe‐
cially in nutrients such as calcium and phosphorus. The effects of including selected soy‐
bean protein sources in dog diets on nutrient digestion at the ileum and in the total tract, as
well as on fecal characteristics, were evaluated (Clapper et al. 2001). Apparent amino acid
digestibility at the terminal ileum, excluding methionine, threonine, alanine, and glycine,
were higher (P < 0.01) for soybean protein-containing diets when compared with diets con‐
taining other sources of protein.
The effects of soybean hulls containing varying ratios of insoluble: soluble (I: S) fiber on nu‐
trient digestibility and fecal characteristics of dogs were evaluated (Burkhalter et al., 2001).
Ileal digestibility of dry matter by dogs fed the soybean hulls treatments responded quadrat‐
ically (P < 0.05) to I: S fiber diets, with digestibility coefficients decreasing as the I:S ap‐
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proached 3.2. In other studies (Tso and Ling, 1930) reported that the blood cholesterol value
of rabbits is slightly higher in animals fed the soybeans diets than in controls. However, dif‐
ferences in cholesterol levels between rabbits fed on cooked and raw soybeans were not stat‐
istically significant. Also the blood of rabbits fed exclusively on water-soaked raw soybeans
showed an increase in uric acid, urea nitrogen, inorganic phosphorus and cholesterol. After
extending this study to feeding cooked soybeans, there are no demonstrable changes in the
blood composition of rabbits whether they were fed cooked or raw soybeans.
The optimum concentration of a mixture of soybean hulls and defatted grape seed meal
(SHDG) for rabbits was evaluated (Necodemus et al. 2007). They observed that SHDG could
be included up to 26.7% in diets for fattening rabbits and lactating does that meet ADL and
particle size requirements. In another study, Angora goat doelings (average BW 22.1 kg)
were used to examine the effects of dietary crude protein level and degradability on mohair
fiber production (Sahlu et al. 1992). They reported that plasma glucose was elevated 2 hours
after feeding in the goats fed conventional, solvent-extracted soybean meal, whereas gluca‐
gon concentrations were greater at 0 and 4 h in the group fed expelled, heat-treated soybean
meal.
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Chapter 15

The Effects of Hydrogenation on Soybean Oil
Fred A. Kummerow
Additional information is available at the end of the chapter
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1. Introduction
Soybeans are very versatile, both as a food product and an ingredient in many industrial
products. The oil produced by soybeans is contained within many foods we eat every day.
Natural soybean oil contains several essential fatty acids that our body needs to work prop‐
erly, including linoleic and linolenic acids. However, much of the soybean oil consumed in
many parts of the world has been partially hydrogenated; that is, it's chemical composition
has been changed. This hydrogenation removes the necessary essential fatty acids contained
within the original oil. Some of the partially hydrogenated soybean oil has been converted
to trans fatty acids.
Trans fatty acids have been shown to increase the risk of atherosclerosis and coronary heart
disease due to their in vivo effects in two ways. They effect the levels of prostacyclin and
thromboxane, which increases the risk of thrombosis, and they increase sphingomyelin pro‐
duction by the body, which then causes calcium influx into the arterial cells to increase,
leading to atherosclerosis. Consumption of partially hydrogenated soybean oil can be harm‐
ful to the body.

2. Soybeans
Soybeans have many uses. When processed, a 60-pound bushel will yield around 11 pounds
of crude soybean oil and 47 pounds of meal. Soybeans are about 18% oil and 38% protein.
Because soybeans are high in protein, they are a major ingredient in livestock feed. Most
soybeans are processed for their oil and protein for the animal feed industry. A smaller per‐
centage is processed for human consumption and made into products including soy milk,
soy protein, tofu and many retail food products. Soybeans are also used in many non-food
(industrial) products [1].
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Biodiesel fuel for diesel engines can be produced from soybean oil by a process called trans‐
esterification. Soy biodiesel is cleaner burning than petroleum-based diesel oil. Its use re‐
duces particle emissions, and it is non-toxic, renewable and environmentally friendly. Soy
crayons are made by replacing the petroleum used in regular crayons with soy oil, making
them non-toxic and safer for children. Candles made with soybean oil burn longer but with
less smoke and soot. Soy ink is superior to petroleum-based inks because soy ink is not tox‐
ic, renewable and environmentally friendly, and it cleans up easily. Soy-based lubricants are
as good as petroleum-based lubricants, but can withstand higher heat. More importantly,
they are non-toxic, renewable and environmentally friendly [1]. Soy can also be used in
paint and plasticizers, and used in bread, candy, doughnut mix, frozen desserts, instant milk
drinks, gruel, pancake flour, pan grease extender, pie crust, and sweet goods. Non-food
items made with soybeans include anti-corrosives, anti-static agents, caulking compounds,
core oils, diesel fuel, disinfectants, electrical insulation, epoxies, fungicides, herbicides,
printing inks, insecticides, oiled fabrics, and waterproof cement [2].
Soybean oil is normally produced by extraction with hexane. The production consists of the
following steps. The soybeans are first cleaned, dried and de-hulled prior to extraction. The
soybean hulls need to be removed because they absorb oil and give a lower yield. This dehulling is done by cracking the soybeans and a mechanical separation of the hulls and
cracked soybeans. Magnets are used to separate any iron from the soybeans. The soybeans
are also heated to about 75o C to coagulate the soy proteins to make the oil extraction easier.
To extract the oil, first the soybeans are cut into flakes, which are put in percolation extrac‐
tors and emerged in hexane. Counter flow is used as extraction system because it gives the
highest yield. After removing the hexane, the extracted flakes only contain about 1% of soy‐
bean oil and are used as livestock feed, or to produce food products such as soy protein. The
hexane is recovered and returned to the extraction process. The hexane free crude soybean
oil is then further purified [3].
World production of soybean oil in 2010-2011 rose 8.0% to a new record high of 41.874 million
metric tons. The U.S. accounts for 20.6% of world soybean oil production, while Brazil produ‐
ces 15.8% and the European Union accounts for 5.8%. The consumption of soybean oil rose
9.2% worldwide in 2010-2011, with the U.S. accounting for 18.6%, Brazil accounting for 12.4%,
India accounting for 6.9%, and the European Union accounting for 6.4% of demand [4].

3. Uses for soybean oil
Of the total of 18 million pounds of soybean oil consumed in 2011, approximately 9 million
pounds was used for cooking and salad oil. 3.75 million pounds was used for baking, and
3.6 million pounds on industrial products. The remaining 900,000 pounds is used in various
other edible products. The high smoke point of soybean oil makes it often used as a frying
oil. If overused, however, it causes the formation of free radicals.
Soybean oil contains 52.5% linoleic (18:2 Δ9,12) acid, which is also known as 18:2n6 or omega–
6. It also contains 7.5% linolenic (18:3 Δ9,12,15) acid also known as 18:3n3 or omega-3. The des‐
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ignation 18:2 Δ9,12, and 18:3 Δ9,12,15 means that these two fatty acids have double bonds
(points of unsaturation) at position 9 and 12 or 9,12 and 15 at which hydrogen can be added.
In the late 1800s, a French chemist discovered that an unsaturated fatty acid can be convert‐
ed to a saturated fatty acid by bubbling hydrogen through a heated vegetable oil in a closed
vessel. If completely hydrogenated, they become stearic acid. The commercial use of partial‐
ly hydrogenation of soybean oil began in the early 1900s. The exact fatty acid composition of
the partially hydrogenated soybean oil was essentially unknown until the development of
gas chromatography (GC) by James and Martin in 1952. The Food and Drug Administration,
using the American Oil Chemists Society method, labeled the isomers in partially hydrogen‐
ated fat as only one peak (elaidic acid). It is only with a GC equipped with a 200 meter col‐
umn that it is possible to further separate the fatty acid isomers of partially hydrogenated fat
into at least 14 separate isomeric fatty acids [5].

During hydrogenation, the double bond at any of these 9,12 or 9, 12, 15 positions can be
shifted to form new cis and trans unsaturated fatty acid isomers not present in soybean oil.
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The double bond of the cis-natural linoleic and linolenic fatty acids can also change the con‐
figuration from cis to trans, creating a geometric isomer like trans Δ11-18:1 vaccenic acid in
butter fat. Oleic acid, the largest percentage of the natural fatty acid in the human body, is
cis Δ9-18:1 (the number after delta indicates the position of the double bond at the 18 carbon
atom chain counting from the carboxyl group).
Oleic acid goes through geometrical isomerisation during hydrogenation to trans Δ9-18:1
acid known as elaidic acid; thus the “natural” oleic acid is turned into elaidic acid during the
hydrogenation process, and becomes an “unnatural” fatty acid. It twists into a new form
and can be both a cis and/or a trans fatty acid. In addition to geometrical isomerisation, the
double bond of either cis or trans fatty acids can theoretically migrate along the 18 carbon
chain of either oleic, linolenic, and linoleic acid, changing their position from Δ9, Δ9,12,15, or
Δ9,12, creating five monoene cis positional isomers, 6 trans monoene isomers and 3 trans di‐
ene positional isomers. Thus hydrogenated soybean oil contains 24.1% trans monoenes,
6.2% trans dienes and 9.4% cis monoene isomers or a total of 39.7% isomeric fatty acids.
They were identified as cis and trans octadecenoic and octadecadienoic isomers on a GC
equipped with a 200 meter column and by their mixed melting points with authentic octade‐
cenoic and octadecadienoic acids. None of these fatty acids are present in natural soybean
oil. The 14 isomers in hydrogenated fat can be used as a source of energy but they cannot
substitute for EFA because they do not have the required double bond structure [5].

4. Nutrition
It was unknown until 1930 that linoleic (18:2 n6) and linolenic (18:3 n3) acids were essential
fatty acids (EFA), and like the nine essential amino acids and the vitamins, cannot be synthe‐
sized in the human body; they must come from a diet that includes natural fats and oils. In
one study, pregnant rats were fed linoleic, linolenic, and arachidonic acids by dropper. This
was a sufficient amount for the mother rats to wean their young, but those pups from moth‐
ers fed only linolenic acid died before weaning. Although linolenic acid is considered an es‐
sential fatty acid, these data indicate that it may not be an essential fatty acid [6].
An increase in the sales of soy food is largely credited to the Food and Drug Administra‐
tion's approval of soy as a cholesterol-lowering food [7]. A 2001 literature review argued
that these health benefits were poorly supported by available evidence, and noted that data
on soy's effect on cognitive function of the elderly existed [8].
The FDA issued the following claim for soy: "25 grams of soy protein a day, as part of a diet
low in saturated fat and cholesterol, may reduce the risk of heart disease." [9]. Solae also
submitted a petition on the grounds that soy can help prevent cancer. On February 18, 2008,
Weston A. Price Foundation submitted a petition for the removal of this health claim. 25
g/day soy protein was established as the threshold intake because most trials used at least
this much protein and not because less than this amount is inefficacious [10]. An American
Heart Association review of a study of the benefits of soy protein casts doubt on the FDA
claim for soy protein. However, AHA concludes "many soy products should be beneficial to
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cardiovascular and overall health because of their high content of polyunsaturated fats, fi‐
ber, vitamins, and minerals and low content of saturated fat" [11].
EFA are required to synthesize the eicosanoids that are needed to regulate blood flow in the
arteries and veins. Linoleic acid (n-6) is synthesized into arachidonic acid, and linolenic acid
(n-3) is synthesized into eicosapentaenoic acid. Both in turn are made into prostacyclin or
thromboxane. Prostacyclins are synthesized in the endothelial cells that line the blood vessel
wall. Thromboxanes are synthesized in the platelets in the blood. The balance between pros‐
tacyclin for flow and thromboxane for clotting is a very delicate one and can be changed by
different diets and different drug prescriptions. Fish have already converted the linolenic
acid they get from seaweed into eicosapentaenoic acid. Hence, fish oil is often recommended
as a dietary supplement. Prostacyclin and thromboxane can be made from linoleic acid as
well. The least expensive source of omega-3 and omega-6 is soybean oil, which is sold as
vegetable oil in a supermarket [12].
However, this vegetable oil is stripped of Vitamin E, which is then sold in capsules. The re‐
moval of Vitamin E leaves the oil more susceptible to oxidation, which harms the natural
fatty acids that are needed for good health.
How soybean oil is used in modern humans was developed in prehistoric humans to assure
their survival. There must have been long periods of time between meals, that is fasting pe‐
riods, and there were times in which they had food available, the "fed" period. During this
fed period, carbohydrates were used within two hours as a quick source of energy. Extra
carbohydrates were stored first as glycogen in the muscles and liver and then any excess
converted to fat and stored in the adipose tissues (the fat around your middle and else‐
where). This stored fat was then available for energy during the long fasting periods. Mod‐
ern humans have inherited this way of handling these fed and fasting periods. This process
assured the survival of prehistoric humans but has now become one way that obesity is de‐
veloping in humans today. Too much food is available all hours of the day and night, and
eating it is a pleasure.
To avoid adding fat to your body, any carbohydrates you eat should be used up as a calorie
source before the next meal. Any carbohydrates that have already turned into fat and any fat
in your diet itself should be used for energy within the cell during the fasting period. Eating
a snack between meals means adding additional carbohydrates into the system before any
of the fat from the previous meal has been used for energy. It ends up adding to your adi‐
pose tissue. If you weighed yourself before a hearty meal and again the next day, you may
find you have gained a pound or two, the amount depending on how much food you ate
and the fat you stored. As such a meal may also contain excess salt, some of the weight gain
can be due to excess water you stored. Millions of dollars are spent to try to get rid of this
stored fat, and the government is planning to spend millions more dollars to solve the obesi‐
ty problem. Prehistoric humans had no choice in controlling the time between fasting and
fed periods because they had no refrigerators, fast food outlets, or supermarkets to run to.
Modern humans do have this choice. More time between the fed periods, that is between
meals, may help with the obesity problem [12].
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The fat in the intestinal tract is first converted into tiny droplets of fat (chylomicrons) by the
intestinal cells. The intestinal tract is not just a through highway, but is actively involved in
the process of metabolizing fat so that the body can use it. The chylomicrons diffuse from
the intestinal tract into the lymph system and into the veins through the thoracic duct and
end up in the blood. The blood, during the fed period, carries these chylomicrons for deposit
where they are resynthesized into adipose tissue and stored fat around the stomach, hips,
and other locations. The fat (triglycerides) in adipose tissue is "mobilized" when the glyco‐
gen in the muscle and liver has been reduced.
The glycerin portion goes to the liver. The free fatty acids take a different route and are com‐
bined with a protein named albumin. Therefore, there must be enough albumin in the blood
to carry the free fatty acids in the blood. This fatty acid albumin complex is water-soluble
enough in the blood to be carried to cells of all kinds that use the fatty acid portion as an
energy source. Any excess fatty acid goes to the liver and is remade into triglycerides. The
cellular organelle (the endoplasmic reticulum) in the liver cells participates in coating the
very small triglyceride droplets with protein and adds phospholipid and cholesterol to pro‐
duce very low density lipoprotein (VLDL), which furnishes the fatty acid for the approxi‐
mately 50 thousand trillion cells in the body [12].
Correction of the inhibition of lipoprotein lipase by protein binding of free fatty acids per‐
mits normal protein transport of FFA into the cellular mitochondrial oxidative phosphoryla‐
tive cycle with the resultant production of high-energy phosphate which is the cellular fuel.
Without this fuel, in addition to oxygen, the life process comes to a halt. Bacteria have used
this method of providing energy for at least two billion years (Ratz).

5. Fried foods
Another issue with fats is the preparation of foods by frying them in fat. There are problems
with deep fat fried food that affect our nutrition. These problems occur because of chemical
alterations in the fat that happen as a consequence of deep fat frying food. This frying proc‐
ess is as follows:
1.

Food picks up oxygen from the air during frying that negatively alters the fat composition.

2.

The foods fried in these fats pick up those altered fats.

3.

These altered foods have a direct, negative influence on the nutritional value of the fat.

The changes in the fat are dependent on at least four factors:
1.

The length of time it was exposed to heat—in commercial operations, the length of time
a food is fried leads to how much fat is absorbed on the cooked food item;

2.

The temperature of the fat;

3.

The exact composition of the fat used, such as corn oil, cottonseed oil, soybean oil, beef
tallow, or hydrogenated fat, and
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4.

What is being fried, e.g., chicken or fish.

Feeding the fats fried at varying lengths of time led to very different outcomes in the nutri‐
tion of animals. Those fed the fats fried the shortest period of time were healthier than those
fed the fats fried for the longest times. Those fed fats heated at higher temperatures were not
as healthy as those fed on fat heated to lower temperatures. It was interesting also that ani‐
mals fed on heated margarine did not grow as well as those on fresh margarine and that
their plasma cholesterol level increased. Those fed on heated butter oil grew as well as those
on fresh butter oil.
Oil from commercial fat fryers was used in a set of experiments that clearly showed that
poor nutrition resulted. This is important because used fat from commercial operations is
typically collected and fed to animals, such as pigs, to provide energy for rapid growth.
When we conducted experiments feeding the commercially used fat for frying to rats, they
did not do well. When we added protein to their diets, the effect of the "bad" heated fat was
countered because the added protein provided more adequate nutrition. We tried to fortify
the diets with adequate vitamins, but that could not counter the growth-depressing effect of
the heated oil. A few vitamins, such as riboflavin, helped a bit.
Fish contain high amounts of polyunsaturated fat that are not present in the fat of chicken or
beef. Thus, when fish are fried, the polyunsaturated fat in them can leak into the frying fat,
causing the fat to be changed more radically into a less healthy version. Chicken and ham‐
burger have less of this polyunsaturated fat and thus are healthier choices to fry.
Eating excessive amounts of fried food also slows down digestion. People may get stomach‐
aches as a result. As early as 1946, a link that heated fats may lead to cancer was shown.
What we don't know yet is whether heated fats by themselves lead to cancer or whether the
heated fat combined with specific foods cause cancer. Animals fed heated fat combined with
a known carcinogen developed cancer, whereas those fed fresh fat combined with a known
carcinogen did not. Thus the heated fat was a co-carcinogen.
Commercial frying of food has increased worldwide since our studies on heated fats. In
Germany, fat fryers are required by law to test their frying fat for its freshness by a meth‐
od approved by the German government. In the U.S. a test is also available, but its use is
not mandatory [12].

6. Free radicals
Free radicals are produced from oxidized linoleic (n-6) and linolenic acid (n-3); they are frag‐
ments of unsaturated fatty acids. This is especially likely to happen when the essential fatty
acids are heated, especially the n-3 variety. All oils change structures when they are heated,
but hose high in n-3 fatty acids have more problems than those high in n-6. Free radicals
provide another reason to avoid fried food. The first sign of fats becoming free radicals is
that they are rancid, and they begin to smell "off" and their taste becomes bitter. Roasted
peanuts, for example, can become rancid and then shouldn't be eaten.
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Free radicals are "bad" since they destroy vitamins A, D, C, and E, thus preventing these
vitamins from doing positive things in the body. Free radicals also destroy both the essen‐
tial fatty acids and the essential amino acids. They oxidize the LDL into something called
oxidized low density lipoproteins (oxLDL). These oxLDL are very powerful components in
the blood that have been considered since about 1990 as involved in the development of
heart disease [12].
Essential fatty acids do more than regulate the blood; they are also a key to reproduction.
Since the 1930's, we've known that reproduction always fails on fat-free diets. In studies on
rats, reproduction continues under low fat conditions because the rats have enough linoleic
acid stored in their bodies. They manufacture arachidonic acid from the linoleic acid in their
own fat, so they can reproduce healthy young even after a fat-free diet. If the rats did not
have enough linoleic acid stored in their bodies (such as rats born to mothers on fat-free di‐
ets), we found they could not make enough of the arachidonic acid needed for healthy re‐
production, and their young die. Women need the essential fatty acids for reproduction. The
easiest way to supply them is from plant oils [5].
Data from ADM shows the composition of three different hydrogenated fats, based on a
serving size of 14 grams. The first two were made of enzymatically interesterified soybean
oil, and contained 0 grams of trans fat per serving. The third was made of partially hydro‐
genated soybean and/or cottonseed oil, and contained 4.5 grams of trans fat per serving. The
take away message is that due to effective food industry lobbying, food labeling rules allow
foods with up to half a gram of trans fat per serving to be labeled "0 trans fat". So look for
"partially hydrogenated vegetable oil" on the label.
Several researchers have documented the effects of foods without trans fat and their positive
effects on lowering CHD. Mozaffarian et al. showed that n-3 PUFAs from both seafood and
plant sources may reduce CHD risk, with little apparent influence from background n-6 PU‐
FA intake. They found lower death rates among those with high seafood and plant-based
diets. Plant-based n-3 PUFAs may particularly reduce CHD risk when seafood-based n-3
PUFA intake was low, which has implications for populations with low consumption or
availability of fatty fish. Kris-Etherton et al. found that nuts and peanuts routinely incorpo‐
rated in a healthy diet with a composite of numerous cardioprotective nutrients reduced the
risk of CHD. They also suggested that higher intake of trans fat could adversely affect endo‐
thelial function, which might partially explain why the positive relationship between trans
fat and cardiovascular risk is greater than one would predict based solely on its adverse ef‐
fects of plasma lipids [12].

7. Two mechanisms involved in coronary heart disease
Two mechanisms may be involved in CHD: One, the oxidation of the fatty acids and choles‐
terol in LDL leading to a change in sphingomyelin concentration in the arteries, which is a
process that occurs over a life time; two, the deposition of trans fat in the cardiovascular sys‐
tem. Trans fat calcifies both the arteries and veins and causes blood clots. Trans fat leads to
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the reduction of prostacyclin that is needed to prevent blood clots in the coronary arteries. A
blood clot in any of the coronary arteries can result in sudden death.

8. Mechanism one
When sufﬁcient biological antioxidants are not present in the plasma, the LDL is oxidized to
oxLDL and cholesterol is oxidized to oxysterol. Oxysterols incorporated into the endothelial
layer of the arteries and veins can change the phospholipid cell membrane composition so
that more sphingomyelin incorporates into the membrane which becomes “leaky” to calci‐
um inﬁltration. Oxysterols were present at higher concentrations in the plasma of patients
who had coronary artery bypass grafting (CABG) surgery. These patients had 40 times more
calcium in their bypassed veins than normal veins in the same patient. When purchased
oxysterols were added to plasma from patients who did not need CABG surgery, endothe‐
lial cells cultured in their blood and tested with radioactive calcium the incorporation of ra‐
dioactive calcium did not differ from that of plasma from CABG patients. This indicates that
oxysterols stimulated calciﬁcation. When endothelial cells were cultured with oxysterols in a
standard culture media, the cells became calciﬁed in a similar way to those of the CABG pa‐
tient. The oxidation of cholesterol and deposition of calcium is the primary cause for the de‐
velopment of atherosclerosis in the arteries and veins.
In a review article entitled "The pathogenesis of atherosclerosis: Perspectives for the 1990s"
Ross stated "Atherosclerosis of the extremities is most apparent at branching points of the
arterial tree where blood flow is irregular with current and back currents. The cellular
events that occur during the progression of lesions in hypercholesterolemic animals are al‐
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most exactly mirrored by those observed in human atherosclerotic coronary arteries in
hearts removed in transplant operations" [13]. De Bakey et al. have noted similar atheroscle‐
rosis (thickening) at branching and bifurcation during coronary artery bypass grafting
(CABG) surgery [14].
Keaney stated that the gene expression pattern in the arterial wall is subject to influence by
modified forms of LDL [15], which altered both scavenger reception (CD36) expression and
the expression of pro-inflammatory genes [16]. The disturbed laminar flow pattern of fluids
occurs near branch points [17], bifurcations, at major curves and at arterial geometries [18]
that are typically associated with the earliest appearance (and subsequent progression) of
atherosclerotic lesions [19]. An endothelial receptor for oxLDL, a designated lectin-like
oxLDL receptor (LOX-1) [20], was identified [21]. The transient application of shear stress
showed that the initial stimulation of shear stress was sufficient for induced expression of
LOX-1 and that sustained application of shear stress was not required [22]. The over-expres‐
sion of LOX-1 receptors at the bifurcation and the higher level of modified LDL and oxyster‐
ols in the plasma of persons needing CABG surgery could lead to a higher uptake of
modified LDL, resulting in a greater delivery of oxysterols to the endothelial cells at the bi‐
furcations. The levels of sphingomyelin in plasma have been shown to be higher in patients
with coronary heart disease and those with left ventricular dysfunction [23]. Furthermore, it
was found that sphingomyelin levels in the blood correlate with and can be used to accu‐
rately predict coronary artery disease [24]. Sphingomyelin has long been known to accumu‐
late in atheromas of both humans and animals, and contributes to the formation of
atherosclerosis [25].
Thickening [26] was noted in the branching arteries in aging porcine on a non-cholesterol
diet. It did not differ significantly in sphingomyelin composition from that of the non
branching adjacent tissue of porcine at 6 months of age. By 18 and 48 months of age, howev‐
er, the sphingomyelin content was significantly higher at the thickened branching areas than
at the non thickened segment of the arteries. This indicated that during aging of the arteries,
there was a striking increase in the amount of sphingomyelin in the membrane of the cells at
the branching points of arteries [26]. Lipid extracted from both porcine and human arteries
indicated that aging is a factor that increased sphingomyelin. There was more sphingomye‐
lin in the aging arteries of both porcine and human arteries.
The non branching segment of the aorta obtained, on autopsy, from six men 21-27 years of
age contained four times more sphingomyelin than in arteries isolated from human umbili‐
cal cords, indicating that the sphingomyelin content of arteries increases with age. Aging is
not the only factor that increased the sphingomyelin composition of arterial cells. Women
and men under 40 years of age who had been subjected to CABG surgery contained the
same high percentage of sphingomyelin in their non atheromatous arterial cells as those
over 40 years of age. Therefore, heart disease itself seemed to have caused an increase in non
atheromatous arterial cells in sphingomyelin composition prematurely in CABG patients,
pointing to a fundamental disturbance in phospholipid metabolism in their arterial cells.
The phospholipid composition of a normal arterial cell has less sphingomyelin, and this
amount increases until half the artery is sphingomyelin. That is, the more sphingomyelin
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was in the arterial cells, the more Ca2+ was identified. This is because the hydroxyl group
and amide group of sphingomyelin act as both donors and acceptors of hydrogen bonds
[27]. Furthermore, Lehninger found that sphingomyelin's long, 18-to-26 carbon atoms chain
fatty acids altered the positioning of other phospholipids. Dipalmitoylphosphatidylcholine
has no amide bond [28]. As both sphingomyelin and dipalmitoylphosphatidylcholine are
largely on the extracellular side of the membrane [29,30], such bilayer asymmetry would en‐
hance binding. These in vitro results showed that sphingomyelin-Ca2+ binding goes beyond
an isolated individual membrane binding Ca2+, to lattice type matrix binding among adja‐
cent membranes [31]. These results in vitro were simulated in vivo Ca2+ deposition (calcifica‐
tion) in arteries and veins.

9. The in vivo effect of sphingomyelin on the composition of the vascular
membrane
Patients who had CABG surgery sometimes needed a second CABG surgery because the
vein used in the first surgery had been occluded. During this second surgery, an unoccluded
vein from the same patient was used to replace the occluded vein. The occluded veins con‐
tained, on average, significantly more sphingomyelin and Ca2+ than the unoccluded veins
[32]. The unoccluded veins contained 24% sphingomyelin and 182 ppm of Ca2+ as compared
to 48% of sphingomyelin and 6,345 ppm of Ca2+ in the occluded veins that had been used in
the first CABG surgery. The increased sphingomyelin and Ca2+ concentrations in the occlud‐
ed veins were responsible for the initial formation of atherosclerosis in these patients.

10. Oxysterols increased sphingomyelin and Ca2+ deposition in patients
with CABG surgery
Ridgway found that 25-hydroxycholesterol stimulated sphingomyelin synthesis in Chi‐
nese hamster ovary cells [33]. Similarly in humans, an oxysterol increased sphingomyelin
synthesis during the development of atherosclerosis. A significant increase in the concentra‐
tions of oxysterols, phospholipids, and Ca2+ were noted in patients who had CABG sur‐
gery [26, 32]. Patients who had cardiovascular disease had increased oxysterol levels in their
plasma compared with the controls; that is, by comparison to cardiac catheterized pa‐
tients with no stenosis [32]. The plasma from CABG patients had a higher concentration of
oxysterols than was present in the controls. Human endothelial cells were cultured for 72
hours in a medium containing plasma obtained from CABG patients, or from controls
patients with addition of 5 types of oxysterols (7-keto-cholesterol, cholestane-3β, 5α, 6βtriol, 7β-hydroxycholesterol, β-epoxy cholesterol, and 7α-hydroxycholesterol). These add‐
ed oxysterols increased the total oxysterol level in the controls equivalent to that in the
CABG plasma.
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Phospholipid
(%)

Human

Porcine

younger

older

3 weeks

2 years

Phosphatidylcholine

34.1

19.2

44.74

33.91

Phosphatidylethanolamine

8.8

2.4

25.18

24.76

Sphingomyelin

44.8

68.8

16.06

23.72

11.35

14.55

trace

1.28

Phosphatidylinositol

+

Phosphatidylserine

5.0

1.6

Phosphatidic acid

1.0

0.6

Lysolecithin

3.9

8.0

Table 1. Data from Kummerow F.A.. 1987. Factors which may alter the assembly of biomembranes so as to influence
their structure or function In Membrane Biogenesis. Op den Kamp J. A. F., editor. Springer-Verlag. 95.Phospholipid
composition of human and porcine arterial tissues

Oxysterols stimulated sphingomyelin synthesis and inhibited sphingomyelin metabolism
[34, 23, 24]. When radioactive Ca2+ (45Ca2+) influx was measured, significantly higher in‐
flux of 45Ca2+ was noted in the endothelial cells cultured with added oxysterols indicating
that oxysterols increased Ca2+ influx into endothelial cells [34]. By using a radiolabeled
choline, the time- and dose-dependent effects of 27-hydroxycholesterol on sphingomyelin
synthesis could be observed. The increased radioactivity in sphingomyelin, which was ac‐
companied by decreased radioactivity in phosphatidylcholine in 27-hydroxycholesterol-treat‐
ed cells, was higher than that in control cells. This result indicated that 27hydroxycholesterolincreasedthetransferofcholinefromphosphatidylcholinetosphingomyelin.
An interesting finding was that the increased radioactivity in sphingomyelin by 27-hydrox‐
ycholesterol was detected first, followed by enhanced Ca2+ uptake and the accumulation of
cytosolic free Ca2+. Moreover, decreased activities of neutral and acid sphingomyelinase,
which hydrolyze sphingomyelin, were also detected in 27-hydroxycholesterol treated cells
[35]. Therefore, the cause for calcification was related to the structure and location of sphin‐
gomyelin in the cell membrane.

11. The concentration of cholesterol and lipid oxidation products in the
plasma of cardiac catheterized patients was also determined [36]
The concentration of cholesterol, lipid oxidation products and total antioxidant capacity in
the plasma of 2000 cardiac catheterized patients with 0, 10–69 and 70–100% stenosis of their
arteries were analyzed. The results showed that lipid oxidation products increased with the
severity of stenosis, they were 2.92 mmol/L at 0% stenosis, 3.19 mmol/L at 10–69% stenosis
and 3.48 mmol/l at 70–100% stenosis. The total antioxidant capacity decreased with the se‐
verity of stenosis. The plasma cholesterol concentration, however, was not significantly dif‐
ferent between these groups of patients. It was 201.9 mg/dL at 0% stenosis, 203.2 mg/dL at
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10–69% stenosis and 207.5 mg/dL at 70–100% stenosis. Therefore, the concentration of oxida‐
tion products, rather than the concentration of cholesterol in the plasma, increased with the
severity of atherosclerosis [36]. In all age groups, all of the women and men with cardiovas‐
cular atherosclerosis also had increased individual and total oxysterol levels in their plasma
as compared with the controls.
The in vivo oxidation was enhanced by sphingomyelin. The oxidation could come from the
consumption of too many polyunsaturated fatty acids in soybean oil [32, 36]. Polyunsaturat‐
ed fats in vegetable oil could provide more oxidized LDL and more oxidized sterols into the
plasma, which would increase the possibility of atherosclerosis. Sphingomyelin accumulates
in the arterial system of humans and animals, and these increased levels mean an increased
likelihood of atherosclerosis formation.

12. Mechanism two
Trans fatty acids are available on every continent. There are at least six hydrogenation
plants in the United States alone; there is one in Texas, four in Illinois, and one in New Jer‐
sey. The FDA has estimated that daily intake of trans fatty acids in northern Europe to be at
around 4.5g-17g/capita, and 1.34-4.9 in southern Europe. In India, 2.7-4.8g/capita/day was
estimated, and only 2.7-4.8g/day in Australia and New Zealand. The least amount of trans
fatty acids is consumed in Hong Kong, Japan, Korea, and China at 1.5-3g/capita/day. A large
hydrogenation plant is located in a suburb of Tokyo that uses both fish and vegetable oils, as
well as one in Beijing. These trans fatty acid-filled oils are liquid at room temperature, and
similar to olive oil that has been used for centuries in southern Europe as an important
source of fat in the diet. Butter, lard and beef tallow are saturated fats that have been used
for centuries as a fat source in the diet in northern Europe [37].
The second mechanism that may be involved in CHD is trans fat. Trans fat calciﬁes both the
arteries and veins and causes blood clots. Trans fat inhibits COX-2, an enzyme that converts
arachidonic acid to prostacyclin that is needed to prevent blood clots in the coronary arter‐
ies. A blood clot in any of the coronary arteries can result in sudden death. The American
Heart Association has stated that 42% of victims of a sudden heart attack do not reach a hos‐
pital still alive.
A study in 2004, with piglets from mothers fed hydrogenated soybean oil showed that their
arteries contained less linoleic acid converted to arachidonic acid than the arteries of piglets
from mothers fed butterfat or corn oil. This indicated that the trans fat in hydrogenated soy‐
bean oil inhibited the metabolic conversion of linoleic to arachidonic acid. Furthermore, an
analysis of the fat embedded in the arteries of the piglets from mothers fed partially hydro‐
genated soybean oil showed that they contained 3% trans fat incorporated into their phos‐
pholipids by 48 days of age [38].
If a mother is breast-feeding her child and also eating foods containing trans fat, she would
have a substantial amount of trans fat in her milk supply and pass those to her infant. Preg‐
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nant porcine fed hydrogenated fat contained 11.3% trans fat in their milk at the birth of their
piglets, which decreased during lactation to 4% in 21 days. The plasma of the piglets in‐
creased from 5% trans fat three days after birth to 15.3% at six weeks of age. Transferring
this result to humans, a human mother would also transfer the trans fat in her milk supply
to her infant. The infant would incorporate the trans fat into his/her arterial cells inhibiting
arachidonic acid synthesis and prostacyclin secretion [4].
Furthermore, calcium deposition into the endothelial cells could be enhanced. To date, the
FDA has not considered the daily intake of trans fat relevant to the health of small children
since they do not exhibit overt heart disease. In cases where children have died of unknown
causes and had been autopsied, 99% of them showed the beginning stages of hardening (cal‐
cifications) of the arteries, which ultimately can lead to heart disease [39].

13. The effects of trans fatty acids on calcium influx into human arterial
epithelial cells
The influence of trans fatty acids and magnesium on cell membrane composition and on cal‐
cium influx into arterial cells. The percentage of fatty acids incorporated into the endothelial
cells was proportional to the amount added to the culture medium. Adequate magnesium
was crucial in preventing calcium influx into endothelial cells. Without an adequate amount
of magnesium in the culture medium, linoelaidic and elaidic acids, even at low concentra‐
tions, increased the incorporation of 45Ca2+ into the cells, whereas stearic acid and oleic acid
did not. A diet inadequate in magnesium combines with trans fat may increase the risk of
calcification of endothelial cells [40].
Vaccenic acid in butter did not inhibit the metabolic conversion of linoleic to arachidonic
acid. Epidemiological studies of intake of ruminant trans fat and risk of coronary heart dis‐
ease (CHD) indicated that the intake of ruminant trans fatty acid was innocuous or even
protective against CHD. Thus a study with an animal model has shown that trans-fat de‐
creased synthesis of arachidonic acid from linoleic acid. This study was carried a step fur‐
ther with endothelial cells in the first layer of the artery. They were cultured in a medium
that contained the fatty acids of soybean oil or in a medium that contained the fatty acids of
hydrogenated soybean oil. The latter cells contained trans-fat in their membrane phospholi‐
pid and significantly less arachidonic acid and secreted less prostacyclin than endothelial
cells that had been cultured with the fatty acids from unhydrogenated soybean oil [5].
We found that in the cells cultured with trans fat, the free arachidonic acid released by phos‐
pholipase action was shunted to metabolism by another pathway leaving less free arachi‐
donic acid available as substrate for prostacyclin synthesis. Cyclooxygenase (COX) is the
enzyme that is necessary to make prostacyclin to keep the blood flowing, thus lowering the
potential for a heart attack. Vane et al. have shown that COX is the enzyme that converts
arachidonic acid to prostaglandin H2, is further metabolized to prostanoids. Vane et. al. stat‐
ed two isoforms of COX existed, a constitutive (COX-1) and an inducible (COX-2) enzyme.
COX-2 may be the enzyme that recognizes the isomers produced during hydrogenation as a
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foreign substrate and reacts to them by causing inflammation and reduction of prostacyclin.
COX-2 is the inducible isoform of COX. COX-1 is present constitutively while COX-2 is ex‐
pressed primarily after the inflammatory insult [41].
The ability to form prostacyclin from arachidonic acid was assayed using a radioimmunoas‐
say kit. Trans-fat depressed the synthesis of prostacyclin. The addition of an excess amount
of linoleic acid to this hydrogenated soybean oil fatty acids did not increase the secretion of
prostacyclin in endothelial cells. The concentration of trans fatty acid rather than the concen‐
tration of linoleic acid was therefore responsible for regulating the synthesis and secretion of
prostacyclin in endothelial cells. The trans fat in hydrogenated fat not only depressed the
synthesis of prostacyclin that regulated the clotting of blood but also, could not serve as pre‐
cursors for prostacyclin synthesis. The trans fat “incorporated” into the membrane lipids of
blood vessels and muscle tissues and displaced the essential linoleic, linolenic and arachi‐
donic acids.
In another study, rats were fed either corn oil, butter, hydrogenated vegetable oil, or coating
fat for 10 weeks at 10g/100g diet. In the group fed coating fat, arachidonic acid was found to
be significantly lower in the phospholipid fatty acid content of the platelets, aorta, and heart.
The ratio of 20:3(n-9)/20:4(n-6) was greater than in the groups fed corn oil, butter, or hydro‐
genated vegetable oil, indicating that the group fed coating fat was essential fatty acid defi‐
cient. The composition of coating fat was 33% trans fat and only 0.3% linoleic acid, whereas
hydrogenated oil was made up of 18% trans fat and 32.8% linoleic acid. It was then conclud‐
ed that the consumption of hydrogenated fats high in trans 18:1 acids with adequate amount
of linoleic acid had no effect on the amount of thromboxane or prostacyclin by platelet or
aorta in vitro. The coating fat is dangerous because of its lack of linoleic acid [42].
To demonstrate the process of calcification, endothelial cells cultured with/without trans fat
showed that trans fatty acid calcify arterial cells. One with a trans fatty acid added as the
“unnatural” elaidic acid (t18:1 n9) and the other with a cis fatty acid added as the “natural”
oleic acid (cis 18:1 n9) and testing with radioactive calcium. More radioactive calcium infil‐
tration occurred into the endothelial cells cultured with elaidic acid than with oleic acid. An
autopsy of 24 human specimens showed that human subjects that had died of heart disease
contained up to 12.2% trans fat in their adipose tissue, 14.4% in liver, 9.3% in heart tissue,
and 8.8% in aortic tissue and in atheroma.

14. The trans fatty acids in partially hydrogenated fat can cause blood
clots
Partially hydrogenated soybean oil contained 14 cis and trans isomers that were formed
during hydrogenation [4, 5]. They inhibited cyclooxygenase, an enzyme required for the
conversion of arachidonic acid to prostacyclin, a molecule which prevents blood clots [43].
Moreover, oxidized fat enhanced thromboxane synthesis [44, 45], which caused the forma‐
tion of a blood clot. Trans fatty acids in partially hydrogenated vegetable oil decreased pros‐
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tacyclin synthesis by inhibiting cyclooxygenase. Oxysterols enhanced thromboxane
synthesis [44, 45]. Both prostacyclin and thromboxane are involved in sudden cardiac death.
According to WebMD, "sudden cardiac death (SCD) is a sudden, unexpected death caused
by loss of heart function (sudden cardiac death). It is the largest cause of natural death in the
U.S., causing about 325,000 adult deaths in the United States each year. SCD is responsible
for half of all heart disease deaths. SCD occurs most frequently in adults in their mid-30s to
mid-40s, and affects men twice as often as it does women." [46]
Under the current Food and Drug Administration mandate [47], food items with any
amount of trans fatty acids are allowed, as long as they are labeled. Products containing less
than 0.5g/serving can be labeled as "trans free" or 0%. This is misleading, because it is easy
to circumvent this rule by making the serving size listed on a label small enough to meet the
0.5g threshold. The food industry has taken advantage of this rule by making the serving
sizes small enough to contain less than 0.5g/serving of trans fat. Fifteen foods labeled "trans
fat free" were analyzed for fat content. Two contained 0% trans fatty acid, two contained
higher than 0.5g/serving and the rest contained between 0.014 to 0.25g/serving. If the serv‐
ing size is increased, foods would contain more than 0.5g of trans fatty acids. In 2003, the
daily intake of trans fatty acids for men was estimated by the Food and Drug Administra‐
tion to be nearly 7 grams per day, and almost 5 grams per day for women [47]. It is possible
for people to eat the same amount of trans fatty acids today as in earlier periods, even
though they have supposedly been removed from the food supply. A recent article in JA‐
MA, "Levels of Plasma trans-fatty acids in Non-Hispanic White Adults in the United States
in 2000 and 2009" listed levels in the year 2000 at 38.0, and in 2009 as 14.0μ/ml, which was
considered significant [48].

15. Environmental impact of soybean use
Epidemiological data collected by the Center for Disease Control (CDC) further illustrate the
potential harmful effects of trans fat. These data showed that, death from CHD in the USA
increased from 265.4/100,000 in 1900 to 581/100,000 population by 1950. During this time pe‐
riod, both margarine and shortening had a high percentage of trans fat (ranging from
39-50%) and a low percentage of linoleic acid (ranging from 6-11%) according to the techni‐
cal director of the Institute of Shortening and Edible Oils. In 1968 Dr. Campbell Moses, med‐
ical director of the AHA, appointed a five member subcommittee on fats of the AHA
nutrition committee to revise the 1961 version of “Diet and Heart Disease.” At the time it
was known that an increase in EFA composition of a dietary fat would lower plasma choles‐
terol levels and there was strong evidence that trans fatty acids increased plasma cholesterol
levels. The first revised version by the AHA committee stated:
“Partial hydrogenation of polyunsaturated fats results in the formation of trans forms which
are less effective than cis, cis forms in lowering cholesterol concentrations. It should be not‐
ed that many currently available shortenings and margarines are partially hydrogenated
and many contain little polyunsaturated fat of the natural cis, cis form.” The members of the
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Institute of Shortening and Edible Oils Inc objected to this version. The second revised and
distributed version, omitted references to hydrogenated fat and cis fatty acids stated: “Mar‐
garines that are high in polyunsaturates usually can be identified by the listings of a liquid
oil first among the ingredients. Margarines and shortenings that are heavily hydrogenated
or contain coconut oil, which is quite saturated, are ineffective in lowering the serum choles‐
terol.” The industry agreed to lower the trans fatty acids and increase the level of EFA in
shortenings and margarine. Dr. R.I. Levy, director of the National Heart, Lung, and Blood
Institute at the time, believed 1968 a watershed, as the incidence of CHD has steadily de‐
clined in the US since 1968. Why it decreased remained unknown in 1968.
On October 24th, 1978, ten years after the reformulation of hydrogenated fat, the National
Institute of Health (NIH) held a conference in Bethesda, Maryland, on the Decline in CHD
Mortality. A recent editorial in Circulation cited this symposium. Three major conclusions
reached were;
1.

The decrease in CHD mortality was real and not a result of artifacts or changes in death
certificate coding,

2.

Both primary prevention through changes in risk factor fundamentals and clinical re‐
search leading to better medical care probably have contributed to but did not fully ex‐
plain the decline, and

3.

A precise quantification of the causes requires further studies.

” In hindsight, the reformulation of hydrogenated fat with its lowering of the trans fatty
acids and raising of linoleic acid could have also been responsible for the decline. The per
capita consumption of hydrogenated fat continued to increase after 1950. However, the in‐
crease in the linoleic acid content in the reformatted 1968 fat and the increasing use of soy‐
bean oil in salad dressing and other food items could have helped to keep a decreasing
death rate from CHD. The death rate from heart disease dropped substantially during the
next decades even though the consumption of hydrogenated fat kept increasing and animal
fat was decreasing. Lower trans fat and increased linoleic acid are possible explanations for
this change.
The death rate from CHD declined after 1968 from 588.8/100,000 to 217/100,000 in 2004 in
the USA. According to AHA data, 451,300 Americans died of CHD in 2004. Heart disease is
still the number one cause of death. However, in a population of approximately 300 million,
today the deaths would have been 1,480,000 at the 1950 rate according to the National Insti‐
tute of Health (NIH). A recent study based on the autopsy of young men showed the CHD
rate has been increasing since 2004. The recent reformulation of hydrogenated fat raises the
trans fatty acid levels from 20% to almost 40%.
In 2003, the metabolism of the trans fat in hydrogenated oil was assumed to follow the same
pathway as the natural ruminant trans fat in butterfat. The Food and Drug Administration
has stated that the main reason for the trans fat in partially hydrogenated oil to remain in
the diet in the USA rested on the generally held belief that trans fat is metabolized the same
way as the natural trans (vaccenic acid) in butterfat. The FDA allowed the isomeric fatty
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acids in hydrogenated vegetable oils to remain in food products because they assumed that
some of that trans fat may be from the natural vaccenic acid that has no harmful effects. Ap‐
proximately 2.6% of the total daily fat intake is from trans fat and that 50% of the trans may
be from vaccenic acid (18:1n11).

16. Conclusion
The oil produced by soybeans is widely used by manufacturers of both food products and
industrial manufactured goods. Crude soybean oil contains essential fatty acids that our
body needs to work properly. However, much of the soybean oil consumed today has been
partially hydrogenated. This hydrogenation removes the necessary essential fatty acids con‐
tained within the original oil. Additionally, some of the partially hydrogenated soybean oil
has been converted to trans fatty acids.
There are two mechanisms that have been shown to lead to heart disease involving the con‐
sumption of trans fatty acids. They effect the levels of prostacyclin and thromboxane, which
increases the risk of thrombosis, and they increase sphingomyelin production by the body,
which then causes calcium influx into the arterial cells to increase, leading to atherosclerosis.
Soybeans can be an excellent source of protein, but partially hydrogenated soybean oil can
be detrimental to health.
NC Soybean Producers Assn. How soybeans are used. Retrieved from http://
www.ncsoy.org/ABOUT-SOYBEANS/Uses-of-Soybeans.aspx
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Chapter 16

Variability for Phenotype, Anthocyanin Indexes, and
Flavonoids in Accessions from a Close Relative of
Soybean, Neonotonia wightii (Wright & Arn. J.A.
Lackey) in the U.S. Germplasm Collection for Potential
Use as a Health Forage
J.B. Morris, M.L. Wang and B. Tonnis
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/53102

1. Introduction
The closely related soybean species, Neonotonia wightii Wright & Arn. J.A. Lackey is in the
Fabaceae family and originates from several tropical countries (NPGS, 2012; Cook et al., 2005).
The plants produce vines with slender stems (2-3 cm in diameter) consisting of glabrous to
densely pubescent trichomes and a strong taproot. The leaves are pinnately trifoliolate with
elliptic, ovate, or rhombic ovate, acute to obtuse (1.5-15 cm long, and 1.3-12.5 cm wide), gla‐
brous to densely pubescent leaflets. The stipules are lanceolate (4-6 mm long) and the petiole
is 2.5-13 cm long. The inflorescence is axillary with dense or lax racemes which are 2-35 cm
long on peduncles (3-12.5 cm long) and comprises 20-150 flowers. Each flower is 4.5-11 mm
long with white to mauve-blue standards, however small violet streaks are noticeable on the
lower part, and will change to yellow or orange at senescence. The 1.5-4 cm long by 2.5-5
mm wide, glabrous to densely pubescence with grey to reddish brown trichomes on the
pods are linear, oblong, straight or slightly curved at the apex and transversely grooved
with a weak septa between the seeds. Each pod contains 3-8 oblong with rounded corners,
laterally compressed, olive green to reddish brown (occasionally mottled, aril white), 2-4
mm long, 1.5-3 mm wide, and 1-1.5 mm thick seeds (Cook et al., 2005). Neonotonia wightii
consists of diploid (2n = 22) and tetraploid (2n = 44) genotypes which are self-pollinated
(cleistogamous) and low outcrossing (Cook et al., 2005).
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Neonotonia wightii has several common names including glycine (Australia, Kenya); soja per‐
ene (Brazil); soya perenne forrajera, soya forrajera, soya perenne (Colombia, Mexico); soja
perenne (French); ausdauernde soja (German); soja-perene (Portuguese); Rhodesian kudzu
(Taiwan); fundo-fundo (Tanzania); and thua peelenian soybean (Thai) [Cook et al., 2005].
This species also has many synonyms including Glycine javanica auct., G. javanica L. var. pan‐
iculata Hauman, G. albidiflora De Wild., G. claessensii De Wild., G. javanica sensu auct., G. jav‐
anica L. var. claessensii (De Wild.) Hauman, G. javanica L. var. longicauda (Schweinf.) Baker,
G. javanica L. subsp. micrantha (A. Rich.) F.J. Herm., G. javanica L. var. mearnsii (De Wild.)
Hauman, G. longicauda Schweinf., G. mearnsii De Wild., G. micrantha A. Rich., G. moniliformis
A. Rich., G. petitiana Hermann pro parte, G. pseudojavanica Taub., G. wightii (Wight & Arn.)
Verdc. var. longicauda (Schweinf.) Verdc., G. wightii (Wight & Arn.) Verdc. subsp. petitiana
(A. Rich.) Verdc. var. mearnsii (De Wild.) Verdc., G. wightii (Wight & Arn.) Verdc. subsp.
petitiana (A. Rich.) Verdc., G. wightii (Wight & Arn.) Verdc. subsp. pseudojavanica (Taub.)
Verdc., G. wightii (Wight & Arn.) Verdc. subsp. wightii, Johnia wightii (Wight & Arn.) Wight
& Arn., and Notonia wightii Wight & Arn. (Cook et al., 2005).
The plant is used as pasture for grazing, hay, and silage (Cook et al., 2005). However, Viswa‐
nathan et al., 2001 indicated that N. wightii seeds are used as food by Malayali tribes in Kolli‐
hills of the Namakkal District, Tamil Nadu, India. They found several essential amino acids,
fatty acids, potassium, magnesium, manganese, and copper in N. wightii seeds. In Kenya, N.
wightii produced abundant organic matter contributing to soil fertility and tolerated defolia‐
tion (Macharia et al., 2010). A Brazilian study showed that N. wightii was one of several le‐
gumes with high crude protein, low NDF, and low phenolic concentrations for use as a
ruminant feed (Valarini and Possenti, 2006). Mtui et al. (2006) found that N. wightii should be
a component in dairy cow diets because of its high mineral concentration. Neonotonia wightii
plants contain low levels of tannins and alkaloids as well (Mbugua et al., 2008). Tauro et al.
(2009) found that N. wightii could restore productivity to soils in Zimbabwe that have been
cultivated continuously and low in nutrient levels. Neonotonia wightii has also been found to
contribute the greatest green manure effect in the absence of fertilization in Zambia (Stein‐
maier and Ngoliya, 2001).
Anthocyanins are chemicals responsible for natural plant colors found in leaves, stems,
and flowers. An anthocyanin meter with a 520 nm LED has been used to measure the
absorbance near the wavelength at which free anthocyanin aglycones, cyanidin and pe‐
largonidin monogluscosides absorb (Macz-Pop et al., 2004). Several studies have shown
potential health benefits of anthocyanins in humans. Chokeberry (Aronia meloncarpa E.)
anthocyanins (cyanidin derivatives) have been shown to be very potent inhibitors of co‐
lon cancer cells (Zhao et al., 2004). When several anthocyanins including cyanidin-3,5-di‐
glucoside and cyanidin-3-glucoside are ingested, apoptosis effects were observed and
may have potential for human hepatitis B-associated hepatoma (Shin et al., 2009). La‐
combe et al. (2010) found that cyanidin-3-glucoside caused disintegration of E. coli outer
membranes. Both cyanidin-3-glucoside and pelargonidin-3-glucoside showed potential for
prevention of atherosclerosis (Paixao et al., 2011). Corn silage containing anthocyanins
may have nutritional value as a ruminant feed (Hosoda et al., 2011). Neonotonia wightii
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has also been found to be rich in crude protein content and amino acids, but low
amounts of the sulfur containing amino acid, methionine (Tokita et al., 2006).
Isofalvones have been associated with reducing sheep fertility (Waghorn and McNabb,
2003). The isoflavone, genistein is a secondary metabolite found in many legumes including
N. wightii (Ingham et al., 1977; Keen et al., 1989). Genistein can cause reduced fertility in
sheep, however after 7-10 days of adaptation, sheep rumen microbes degrade genistein and
other oestrogenic compounds to non-oestrogenic metabolites. Therefore, the effects of genis‐
tein on sheep fertility is short lived (Waghorn and McNabb, 2003). However, genistein has
been shown to protect against mammary and prostate cancer by regulating receptors and
growth signaling pathways (Lamartiniere et al., 2002).

2. Materials and methods
2.1. Phenotyping
Neonotonia wightii is a photoperiod and frost-sensitive species requiring seed regeneration in
a greenhouse. Twenty-two N. wightii accessions from countries throughout the world were
used in this study (Table 1). There was not enough room remaining in the greenhouse to ac‐
commodate the regeneration of 7 additional N. wightii accessions, therefore fourteen acces‐
sions were planted in 27.5 cm x 27.5 cm plastic pots containing potting soil grown in a
greenhouse from August 1, 2010 – April 1, 2011 each year. Three to four seedlings per pot
were maintained for plant production. Due to the vigorous growth habit, all N. wightii acces‐
sions were grown with trellises. The experimental design was a randomized complete block
with 4 replications assigned to N. wightii accessions. Phenotypic descriptors including
branching, foliage, plant height, plant width, and relative maturity were recorded when
each accession reached 50% maturity based on visual observation, while seed numbers were
counted at the end of the growing season. Branching and foliage were based on a scale of 1-5
where, 1 = > 90%, 2 = 80-89%, 3 = 70-79%, 4 = 60-69%, and 5 = 50-59%, 6 = 40-49%, 7 = 30-39%,
8 = 20-29%, and 9 = 10-19% of each plant producing branches and/or foliage based on visual
observations. Relative maturity dates were based on a scale of 5 to 9 where 5 = mid-season
and 9 = very late.
2.2. Anthocyanin indexes
An Opti-Sciences CCM-200 chlorophyll content meter was converted to a hand-held antho‐
cyanin meter. The manufacturer replaced the 655 nm light emitting diode (LED) of the CCM
with a 520 nm LED to measure the absorbance near the wavelength at which free anthocya‐
nin aglycones, cyanidin and pelargonidin monogluscosides absorb (Macz-Pop et al., 2004).
Anthocyanin indexes were determined by inserting each leaflet between the meter and the
LED diode, followed by gently pressing the LED directly on to the leaflet and recording
from each of three leaflets of 15 Neonotonia wightii accessions growing in the greenhouse on
14 February 2008 and 18 March 2009.
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Accession (PI)

Origin

156055

Zimbabwe

189613

South Africa

213256

India

213257

India

224976

South Africa

224977

South Africa

224978

South Africa

224979

South Africa

224980 (cultivar-Tropic Verde)

Zimbabwe

224981

Zimbabwe

230324

South Africa

233148

Rhodesia

234874

Congo

235287

Zimbabwe

247677

Congo

258381

Australia

259541

Unknown

259544

South Africa

259545

Brazil

277889

Zimbabwe

314847

South Africa

612241

Taiwan

Table 1. Origin for N. wightii accessions used in this study.

2.3. Genistein
As plants matured in the greenhouse, most leaflets were pre-disposed to senescence and on‐
ly 7 N. wightii accessions could be evaluated for genistein variation during 2008. Therefore,
preliminary research investigating variability for leaflet weight and genistein content was
conducted among these 7 N. wightii accessions. Leaflet tissue from each N. wightii accession
was ground to a fine powder with liquid nitrogen, dried at room temperature, and stored at
-20°C until extraction. Approximately 0.15- 0.3 g of dried tissue from each accession was
placed into 5 ml test tubes, and their weights were recorded to the nearest 0.001 g. Three ml
of extraction solvent consisting of 80% HPLC-grade methanol with 1.2 M HCl was added to
each test tube. Each tube with extraction solvent were vortexed and incubated at 80°C for 2
hr with occasional mixing by inversion. An additional 2.0 ml of 5% methanol was added to
each test tube, resulting in a final concentration of 50% methanol. A portion of the extract
was filtered through a 0.45 μm membrane prior to injection. Analytes were separated and
identified by high performance liquid chromatography (HPLC). The stationary phase con‐
sisted of a Zorbax Eclipse XDB-C18 column (4.6 x 150 mm, 5μM particle size) (Agilent Tech‐
nologies) at 40°C with a C18 guard column. The mobile phase consisted of 20% HPLC-grade
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acetonitrile (B) and 80% filtered water with 0.1% formic acid, pH 2.5 (A) at 2.0 ml/min. A
gradient flow was used with the following profile: 15% B for 3 min, then 15% to 40% B from
3 min to 20 min. The column was washed with 95% B for 5 min, and then equilibrated for 7
min at 15% B between injections. The injection volume was 10 μl. Flavonoid peaks were
monitored at 260 and 370 nm with a diode array detector. The standards for peak identifica‐
tion and quantification consisted of kaempferol, quercetin, myricetin, genistein, and daid‐
zein (Sigma-Aldrich Chemical Co.). Each standard was dissolved in extraction solvent and
diluted to the following concentrations: 1, 5, 10, 25, and 50 ng/μl.
Phenotype, anthocyanin index, and isoflavonoid data were subjected to an analysis of variance
using SAS (SAS Institute, 2008). Mean separations were conducted using Duncan’s multiple
range test (P < 0.05, P < 0.01) and correlations were accomplished using Pearson’s correlation in
SAS (SAS Institute, 2008). Principal component analysis using PROC PRINCOMP (SAS Insti‐
tute, 2008) were then used for multivariate analysis of the data. Eigenvalues, the percentage of
variances explained by each principal component, and eigenvectors were also determined.
Clustering was then performed on the data by entering the similarity matrix into PROC CLUS‐
TER for cluster analysis with the unweighted paired group method using mathematical aver‐
ages (UPGMA) by specifying the AVERAGE option (SAS Institue, 2008).

3. Results and discussion
3.1. Phenotype
Significant variability for morphological, plant maturity, and seed number characteristics ob‐
served among 14 N. wightii accessions are reported in Table 2. Only PI 224978 from South Afri‐
ca produced significantly less branching and foliage production than most of the other
accessions. Many plants extended beyond the top of the trellis which allowed us to measure ac‐
tual plant heights. Plant height ranged from 99.3 to 116.3 cm with both PI 224979 (South Africa)
and PI 224981 (Zimbabwe) producing significantly shorter plants (averaging 99.7 cm) than the
other accessions. The other twelve accessions averaged 108.4 cm tall. The accessions PI 224976
(S. Africa), PI 224977 (S. Africa), PI 230324 (S. Africa), PI 213257 (India), and PI 224981 produced
the significantly narrowest plants averaging 47.6 cm while all other accessions averaged 70.0
cm wide. The accession PI 213256 from India matured the earliest while PI 224976, PI 224977,
and PI 213257 averaged maturity at mid season while all others matured late or very late (Fig.
1). The significantly highest seed producing accession was PI 213256 (2214 seeds) followed by
the Congonese accession, PI 234874 (725 seeds) and PI 224977 (663 seeds). The significantly
lowest seed producers were PI 224979, PI 224980 (cultivar, Zimbabwe), and PI 230324 averag‐
ing 70 seeds while all other accessions averaged 307 seeds. Branching significantly correlated
with foliage (r2 = 0.84***) and foliage had a significant negative correlation with plant width (r2 =
-0.28*). Plant width was significantly correlated with maturity (r2 = 0.57***) and maturity had a
significant negative correlation with seed number (r2 = -0.39**). Phenotypic variation for the N.
wightii accessions can be explained by plant selection leading to the potential development of
cultivated varieties or breeding material.
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Plant

Seed

Accession

Branching

Foliage

ht. (cm)

wd. (cm)

Maturity

no.

224978

2.5a

2.3a

106.3abcd

52.5bc

7.5b

201b

224979

1.5b

2.0ab

99.3d

51.8bc

7.5b

89b

156055

1.0b

1.0b

104.0cd

70.3a

9.0a

405b

224976

1.0b

1.5ab

108.8abcd

50.0c

6.0c

304b

224977

1.0b

1.0b

110.0abcd

47.5c

6.0c

663b

213256

1.0b

1.0b

103.3cd

51.7bc

5.0c

2214a

213257

1.0b

1.0b

107.5abcd

47.5c

6.0c

461b

224980

1.0b

1.0b

116.3a

62.3ab

7.5b

78b

224981

1.0b

1.0b

100.0cd

50.5c

7.8ab

131b

230324

1.0b

1.3ab

107.5abcd

42.5c

8.3ab

42b

234874

1.0b

1.0b

105.5bcd

71.0a

9.0a

725b

235287

1.0b

1.0b

106.3abcd

69.5a

9.0a

293b

258381

1.0b

1.0b

115.0ab

71.3a

9.0a

327b

259544

1.0b

1.0b

110.3abc

66.3a

9.0a

336b

Means followed by the same letter are not significantly different.
Table 2. Phenotype and seed reproduction variability.

Figure 1. Dendrogram of distance between clusters based on morphological, plant maturity, and seed number differ‐
ences. Accession numbers are given (Acc). Values on the baseline indicate average phenotypic distances between ac‐
cessions. Two distinct clusters and one outlier (earliest maturity) for relative plant maturity can be distinguished.
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3.2. Anthocyanin index, leaf weight, and genistein
Significant variation for leaf anthocyanin indexes among 15 diverse N. wightii accessions
were observed also (Table 3). The accession, PI 213257 produced the significantly highest an‐
thocyanin index (7.5) while all other accessions produced an average anthocyanin index of
6.1. This accession also produced significantly higher leaflet weight (0.228 g) than the other 6
accessions (averaging 0.142 g) (Table 4). However, PI 612241 from Taiwan produced signifi‐
cantly more genistein (90.03 μg g-1 of leaflet tissue) than all other accessions which averaged
51.3 μg g-1 (Table 4). There were no significant correlations among these traits. The flavo‐
noids kaempferol, quercetin, myricetin, and daidzein were minutely or not detected.
Accession (PI)

N

Mean anthocyanin index

213257

4

7.50a

277889

4

7.13ab

314847

4

7.08abc

224976

4

7.00abc

247677

4

6.75abcd

259541

1

6.60abcd

189613

2

6.60abcd

224981

5

6.18abcde

234874

5

6.10bcde

259545

5

5.76cde

235287

5

5.64de

213256

5

5.46de

156055

5

5.44de

233148

5

5.14e

612241

4

5.10e

Means followed by the same letter are not significantly different.
Table 3. Preliminary leaf anthocyanin index variability among 15 diverse N. wightii accessions combined over 2 years
(2008 and 2009).
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Accession (PI)

N

Leaflet wt. (g)

Genistein (μg g-1)

213257

4

0.228a

66.28ab

224976

4

0.175b

80.10ab

314847

4

0.162bc

59.10ab

277889

4

0.160bc

28.90b

247677

4

0.136bcd

37.95ab

189613

2

0.118cd

35.65b

612241

4

0.101d

90.03a

Table 4. Preliminary leaflet weight (g) and genistein variability among 7 N. wightii accessions during 2008.

3.3. Principal component analysis
Phenotypic, maturity, and seed number principal component analysis accounted for 44% of
the total variation at the first principal component (Table 5). The amount of variation ac‐
counted for, cumulatively, by adding principal components 2 through 4 was 75, 88, and
96%, respectively. The first principal component was most correlated with plant width and
maturity (Table 6). The second principal component accounted for 31% of the variation and
was mostly due to branching and foliage while the third principal component explained
13% of the variation and was composed of primarily plant height. The fourth principal com‐
ponent accounted for 8% of the variation and was most correlated with seed number. There‐
fore, potential exists to develop cultivars with improved architecture, early or late maturity,
and high or low seed yield. Anthocyanin index, leaflet weight, and genistein accounted for
63% of the total variation at the first principal component (Table 7). The cumulative amount
of variation for components 2 through 3 was 98 and 100%, respectively. The first and second
principal components were mostly correlated with anthocyanin index and genistein, respec‐
tively, while the third principal component correlated with both anthocyanin index and leaf‐
let weight (Table 8). Potential exists to develop N. wightii cultivars with improved
anthocyanin indexes, genistein content, and leaflet weight. Since all traits tested are quanti‐
tative, the variability among N. wightii accessions is attributed to genetic differences primari‐
ly since they were regenerated in a greenhouse.
Principal
component

Eigenvalue

% Variability

% Cummulative

1

2.6400

44.00

44.00

2

1.8319

30.53

74.53

3

0.8088

13.48

88.01

4

0.4535

7.56

95.57

Table 5. Eigenvalues and the proportion of total phenotypic, maturity, and seed reproduction variability among 14 N.
wightii accessions (2010, 2011) as explained by the principal components.
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Principal

1

2

3

4

5

6

Branching

-0.26

0.58

0.06

0.49

-0.53

-0.22

Foliage

-0.35

0.52

0.23

0.01

0.72

0.15

Plant ht. (cm)

0.33

-0.16

0.88

0.27

-0.03

0.11

Plant width (cm)

0.54

0.06

-0.26

0.46

0.40

-0.49

Maturity

0.50

0.37

-0.24

0.07

-0.10

0.72

Seed no.

-0.37

-0.46

-0.19

0.67

0.11

0.37

components

Table 6. Eigenvectors, principal components for 6 phenotypic, maturity, and seed traits in 14 N. wightii accessions
(2010-2011).

Principal
component

Eigenvalue

% Variability

% Cummulative

1

1.8958

63.20

63.20

2

1.0540

35.13

98.33

3

0.0501

1.67

100.00

Anthocyanin indexes were based on 15 N. wightii accessions.

1

²Leaflet weight and genistein were based on 7 N. wightii accessions.
Table 7. Eigenvalues and the proportion of total leaf anthocyanin index¹, leaflet weight (g)² (2009) and genistein²
(2008) variability among N. wightii accessions as explained by the principal components.

Principal components

1

2

3

Anthocyanin index¹

0.71

-0.03

0.69

Leaf wt. (g)²

0.62

0.47

-0.61

Genistein²

-0.30

0.87

0.36

1

Anthocyanin index based on 15 N. wightii accessions.

²Leaflet weight and genistein based on 7 N. wightii accessions.
Table 8. Eigenvectors, principal components for two phytochemical traits and leaf weight in N. wightii accessions
(2008, 2009)
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4. Cluster analysis
Average distance cluster analysis grouped the original 14 N. wightii accessions into well de‐
fined phenotypes with two distinct relative plant maturity groups and one outlier (Fig. 1).
Cluster or group 1 represents 10 late maturing N. wightii accessions and group 2 consists of
three intermediate or mid-season maturing accessions. The outlier, PI 213256 represents the
earliest maturing accession. The N. wightii accessions clustered in group 2 showed relatively
closer genetic relationships than those in group 1. Using the distance values indicated in Fig.
1, the groupings at any similarity level can be identified. For example, PI 224976 and PI
224977 originate from South Africa with a phenotypic distance index of 0.0473, which indi‐
cates their close morphological similarities.
Average distance cluster analysis grouped 7 N. wightii accessions into well defined pheno‐
types with three distinct genistein producing accessions and one outlier (Fig. 2). Group 1
represents 2 intermediate genistein producing accessions while group 2 consists of two high
genistein producing accessions. Group 3 is representative of two very high genistein pro‐
ducing accessions and one outlier (PI 277889) accession producing low amounts of genistein.
Overall, N. wightii accessions showed similar genetic relationships in all groups and one out‐
lier. However, PI 612241 from Taiwan and PI 224976 from South Africa had a phenotypic
distance index of 0.3030, which indicates their close morphological similarities.
These results show substantial variability for various phenotypic traits, maturity, seed re‐
production, and genistein in these N. wightii accessions regenerated in a greenhouse. How‐
ever, additional studies are warranted for investigating if similar results will occur when N.
wightii accessions are grown in field conditions over multiple years.

Figure 2. Dendrogram of distance between clusters based on anthocyanin indexes and genistein differences. Acces‐
sion numbers are given (Acc). Values on the baseline indicate average phytochemical distances between accessions.
Three distinct clusters and one outlier (low) for genistein can be distinguished.
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Chapter 17

Soybean: Non-Nutritional Factors and Their Biological
Functionality
A. Cabrera-Orozco, C. Jiménez-Martínez and
G. Dávila-Ortiz
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/51487

1. Introduction
Legumes are important for the diet of a significant part of the world´s population; they are a
good source of protein, carbohydrates, minerals and B-complex vitamins. In this sense, the
soybean is an important legume because it has a high protein (35-48%) with a nutritionally
balanced amino acid profileso their products are commonly used as a source of vegetable
protein worldwide and a great proportion of high-quality oil (15-22%)[1].
The accessible price and stable supply are favourable factors for legumes to emerge as an
important source of protein for human food [2]. However, the nutritional value of soybeans
is lower than expected due to the presence of various non-nutritive compounds that hinder
or inhibit the uptake of nutrients and produce adverse physiological and biochemical effects
in humans and animals; since these could be toxic in some cases, they are referred as antinutritional factors [3, 4].
Recently it has been found that legumes, in the appropriate proportion, may have a benefi‐
cial role for health. It seems clear that, in many cases, the same interaction that causes le‐
gumes to be considered as anti-nutrients is responsible for its beneficial effects.
Thereby,these compounds are called non-nutritional compounds or nutritionally bioactive
factors, because while they lack nutritive value, are not always harmful [5]. Available data
indicate that the balance between harmful and beneficial effects of these compounds is a
function of concentration, exposure time and interaction with other dietary components.
However, the threshold concentration at which the beneficial and harmful effects occur has
not been evaluated in most cases [6].Moreover, they are compounds that do not appear
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equally in all legumes, and their physiological effects in humans and other animals are dif‐
ferent as well [7, 8].
These compounds have an important role in secondary metabolism of legumes, as reserve
compounds for the biosynthesis of endogenous compounds, which accumulate in seeds and
are used during the germination process, and as mechanisms of defense against bacteria, vi‐
ruses, fungi, insects and animals [9].
From a biochemical point of view, these compounds have diverse nature. They may be pro‐
teins (protease inhibitors, α-amylase inhibitors and lectins), carbohydrates (α-galactosides,
vicine, convicine, saponins), non-protein amino acids (L-DOPA, β-ODAP), polyphenols
(condensed tannins, isoflavones), alkaloids, inositol phosphates, etc., so their extraction and
quantification methodology is very specific. In soybeans, the non-nutritional factors are
mainly; inositol phosphates, saponins, protease inhibitors, isoflavones, lectins, oligosacchar‐
ides and taninis[10, 11].
1.1. Phytic acid and inositol phosphates
Phytic acid (myo-Inositol hexakisphosphate or 1, 2, 3, 4, 5, 6-hexakis dihydrogen phosphate
myo-Inositol), also abbreviated as InsP6 or IP6, is the main form of storage of phosphorus
and inositol in seeds of cereals, legumes and oilseeds. However for humans and monogas‐
tric animals phosphorus is not available in that form, because these are not provided with
sufficient activity of endogenous phosphatases (phytases) that are capable of releasing the
phosphate group from phytic acid or inositol phosphates lighter phosphorylated [12].
This molecule is formed from the esterification of phosphate groups to each of the six hy‐
droxyl groups in a molecule known as myo-Inositol (Figure 1). Usually, it represents 65 to
85% of total phosphorus in seeds while forming insoluble salts with mono and divalent cati‐
ons. By releasing H+ ions from the phosphate groups, allows the molecule to interact with
the ions Mn2+, Fe2+, Zn2+ and K+ to produce the corresponding salts, which are known as phy‐
tates. The name phytin has been used to designate a mixture of salts with Ca2+ and Mg2+.
Phytates and phytins usually bind to proteins in the protein bodies, the latter are mem‐
brane-limited structures where storage proteins are deposited. Salts of phytic acid are accu‐
mulated in seeds during the maturation period and are distributed uniformly in the
cotyledons and embryonic axis in legumes [13, 14].

Figure 1. A) Chemical structure of myo-Inositol, B) Phytic acid structure (P) = H2PO4 [15]
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In the soybean (Glycine max) phytic acid is uniformly distributed in the cotyledons, in the
same way as in most legumes, probably as a soluble potassium phytate, which constitutes
approximately 1.5% of the total weight of the cotyledon. One gram of soybeans contains
about 9.2-16.7 mg of phytate, which represents 57% of organic phosphorus and 70% of total
phosphorus [16, 17].
1.1.1. Synthesis and Function
Phytic acid is sythesized from 1D-myo-Inositol 3-phosphate (Ins3P1); in turn, the latter is
formed from D-glucose-6-phosphate by action of synthase Ins3P1, and from myo-Inositol by
action of myo-Inositol kinase; this reaction represents the first step in the metabolism of ino‐
sitol and in the phytic acid biosynthesis. Subsequently, the phosphatidylinositol kinases cat‐
alyze the gradual phosphorylation of Ins3P1 to produce myo-Inositol di-, tri-, tetra-, pentaand hexaphosphate (Figure 2) [14, 18, 19].
During germination, phosphorus and cations are released from phytates by the increased ac‐
tivity of an enzyme called phytase, then, they become available for use during the seedling
growth. The enzyme phytase (myo-Inositol-hexaquisfosfatophosphohydrolase) is capable of
sequentially hydrolyzing phytic acid to myo-Inositol, which produces intermediate prod‐
ucts with a lower number of phosphate ester groups (IP5, IP4, IP3, and possibly di- and
mono- phosphateinositols) and inorganic phosphate [20, 21].

Figure 2. Biosynthesis of phytic acid [14].

A clear role of phytic acid in the seed tissues metabolism is the storage and recovery of
phosphorus, minerals, and myo-Inositol during germination and growth [22]. Another
physiological functions of phytic acid in plants, is the inhibition of the metabolism, since, by
binding to multivalent cations required for cellular processes, the metabolism is slower, so it
could be a latency-inducing molecule. Furthermore, the antioxidant capacity of phytic acid
increases the time of seed latency, as it prevents lipid peroxidation [18, 23].
As well, phytates and also less-phosphorylated forms of phytic acid regulate diverse cel‐
lular functions such as DNA repair, chromatin remodelling, endocytosis, nuclear export
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of mRNA, and is an important hormonal marker for the development of seedlings and
seeds [24-28].
Less-phosphorylated molecules of myo-Inositol are presentin free form in nature, in small
amounts, as transient intermediates in biochemical reactions. The mono-, bi-, tri- myo-Inosi‐
tol phosphates are important components of a group of phospholipids, known as phosphoi‐
nositides, which are present in many plants and animal tissues [18]. Raboy (2009),reported a
very detailed description of the synthesis and metabolism of phytic acid and myo-Inositol
phosphates in plants (Figure 3).

Figure 3. Pathways in plant biology that utilize myo-Inositol [29].

1.1.2. Bioavailability of minerals
Most studies on the interaction between phytic acid/inositol phosphates and minerals reveal
the existence of an inverse relationship between the absorption of these micronutrients and
inositol phosphates, although there are substantial differences in individual behaviour of
each mineral element [16].
The interaction of phytic acid with minerals and other nutrients is pH-dependent [30], since
the degree of protonation of the phosphate groups is a function of pH [31]. The molecule
works in a wide region of pH as a highly negatively-charged ion, so its presence in the diet
has an adverse impact on the bioavailability of mineral monovalent, divalent and trivalent
ions, such as Zn2+, Fe2+ / Fe3+, Ca2+, Mg2+, Mn2+ and Cu2+[32-34]; these complexes are more
soluble at low or acid pH and insoluble at high or basic pH [35].
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Another important aspect to be considered is that the interaction of phytic acid with miner‐
als is due to its several phosphate groups, thereby, minerals may bind to one, two, or more
phosphate groups of one, two or more phytic acid molecules [36]. Other studies have shown
that the inhibitory effect of the absorption of InsP depends on the degree of phosphorylation
of inositol, when it is high (5 or 6 phosphates) the absorption of Ca and Zn is significantly
inhibited, however at lower levels of phosphorylation this effect is not observed [34].
The solubility of the complexes formed depends also on the InsP-mineral ratio; for instance,
the solubility of the InsP-Ca complex, is extremely low in 1/8 ratios, but other ratios show
higher solubility [37]. The complexes hexa-, penta-, tetra- and tri- Ca are insoluble, while
complexes mono- and di- Ca are soluble [38]. Nevertheless, the absorption of Cafrom solu‐
ble complexes InsP-Ca is very low, because these complexes do not undergo passive trans‐
port in gut due to the high electric charge they have [39].
The inositol phosphates directly or indirectly interact with various minerals in the diet to re‐
duce their bioavailability, in this context, the synergistic effect of the secondary cations
(Ca2+) has been widely demonstrated. Two cations may, when present at the same time, act
together to increase the amount of insoluble precipitate in salt form, i. e. a mineral has a
higher affinity for certain complex (InsP-mineral) which generates more insoluble salts[40].
For instance, the phosphate inositol bound to Ca shows higher affinity to Zn, which decreas‐
es its reabsorption [41].
1.1.3. Bioavailability of proteins
The degree of interaction between phytic acid (and its phosphate inositols) and depends on
the protein, net charge, conformation and interactions with minerals at a given pH.At low
pH, below the isoelectric point of proteins, phytic acid phosphate esters bind to the cationic
group of basic amino acids, for example, arginine, histidine and lysine, may form InsP-pro‐
tein complexes.
At a pH above the isoelectric point of proteins, since the charge of proteins as well as that of
the phytic acid is negative, the interaction would be impossible, however, interaction occurs
through the formation of complexes with divalent such as Ca2+ or Mg2+. This binding takes
place via the formation of ionized carboxyl groups and the deprotonated imidazole group of
histidine, which requires a minimum concentration of these cations to maintain these com‐
plexes. At this pH, some binary complexes may exist because lisyl and arginyl residues of
the proteins are still positively charged. At high pH the interaction between proteins and
phytic acid decreases, arginyl and lysyl groups lose their charge, and therefore its ability to
form binary complexes [36]; as well, they may form complexes such as protein-InsPand pro‐
tein-mineral-InsP(Figure 4), which reduces their bioavailability.Such complexes may affect
the protein structure, which may decrease the enzyme activity, function, solubility, absorp‐
tion and protein digestibility [16, 36]. Particularly, the ability to inhibit proteolytic(pepsin,
trypsin, chymotrypsin), amylolytic (amylase) and lipolytic (lipase) enzymes, is responsible
of their anti-nutritional properties. This inhibition may be due to the nonspecific nature of
InsP-protein interactions and the chelation of calcium ions, which are essential for the activi‐
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ty of trypsin and α-amylase [16]. Furthermore, phytic acid can also bind to starch, either di‐
rectly via hydrogen bonds or indirectly through the proteins to which it is associated [42].

Figure 4. InsPinteractions with minerals, proteins and starch [36].

1.1.4. Pharmacological properties
In vivo and in vitro studies have shown that phytic acid (InsP6)has prevention and therapeu‐
tic properties against cancer. Several mechanisms have been suggested to explain its anticarcinogenic effect:
a.

Experiments have shown that this compound induces apoptosis in cancer cells, causes
differentiation of malignant cells and its reversion to normal phenotype, and increases
the activity of natural killer cells of the immune system. In addition, IP3 and IP4 com‐
pounds have an important role in cellular signal transduction, regulating functions, cell
growth and differentiation [43].

b.

A second way in which phytic acid reduces the risk of cancer, is by chelation of Fe3+ and
the suppression of the formation of radicals (∙OH), which also originates antioxidant
properties. Fe3+ is an effective catalyst for many biological functions, in which this ion is
reduced to Fe2+. The oxidation of Fe2+to Fe3+ leads to the formation of O2-• that spontane‐
ously generates O2 and H2O2. The Fenton's reagent (Fe2+ + H2O2) quickly generates ∙OH,
a highly-reactive oxyrradical which indiscriminately attacks most of the biomolecules.
By blocking the redox cycle of Fe, which is necessary in many oxidation reactions, the
lipid peroxidation and DNA damage are inhibited [ 37 , 44 ].

c.

Zn is involved in DNA synthesis and cell proliferation as a cofactor for many enzymes
like thymidine kinase. So, by binding to Zn2+, the phytic acid indirectly reduces cell pro‐
liferation [45].
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d.

Phytic acid can reduce the starch digestibility and cause low absorption, so that starch
remains available in the colon to be fermented by bacteria, producing short chain fatty
acids, which have protective activity against cancer [46].

Phytic acid can retard the digestion and absorption of starch in several ways: by direct bind‐
ing to the polysaccharide, by its binding to the α-amylase, or by chelation of Ca2+ needed for
activation of α-amylase. Through these mechanisms a delay occurs in the glycemic response,
therefore, due to lower blood glucose, insulin is required in less amount and this reduces the
risk of diabetes [47].
Respect to prevention of kidney stones and treatment of hypercalciuria, experimental evi‐
dences demonstrate that di- and tri- inositol phosphates (InsP2 and InsP3), are effective to
prevent the formation of hydroxyapatite crystals in vitro, which act as the core for the forma‐
tion of some kidney stones [24].
At levels from 0.2 to 9% of phytic acid in diet, the plasmatic levels of cholesterol and trigly‐
cerides are significantly reduced [48]. This seems to be related with the capability of phytic
acid to be bound to Zn, which reduces the serum levels of Zn and the Zn/Cu ratio, since
high values of this ratio tend to increase the risk of cardiovascular diseases, for instance, hy‐
percholesterolemia [42].

1.2. Saponins
Saponins (Figure 5) are a big group of glycosides which are known by their surfactant prop‐
erties and are widely distributed in green plants [49] .The name ‘saponin’ derives from the
Latin word sapo which means soap, due to their property of generating foam in agitated
aqueous solutions [50]. These substances are amphiphilic glycosides, wherein the polar con‐
stituents are sugars (pentoses, hexoses or uronic acids) that are covalently linked to a nonpolar group, which consists of an aglycone, called sapogenin, which can be either steroidal
or triterpenoid. This combination of polar and nonpolar components in their molecular
structure explains their surfactant property in aqueous solutions [51].
As mentioned above, the saponins are secondary metabolites that can be classified into two
groups based on the nature of the aglycone skeleton. The first group consists of steroidal
saponins, which are present almost exclusively in monocotyledons angiosperms. The second
group is composed of triterpenoidsaponins, which occur mainly in dicototyledonous flower‐
ing plants [52]. Steroidal saponins comprise a steroidal aglycone, a spirostane skeleton of 27
carbons (C27), which generally comprises a six-ring structure. In some cases, the hydroxyl
group at position 26 is used to form a glycosidic bond, so that the structure of the aglycone
becomes a pentacyclic structure; this structure is known as furostano skeleton. The triterpe‐
noidsaponins have an aglycone with a backbone of 30 carbons (C30), which form a pentacy‐
clic structure (Figure 5).
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Figure 5. Skeletons ofaglycone: (A) steroidal spirostane, (B) steroidal furostane (C) triterpenoid. R = sugar residue.

It has been identified that soy contains saponins with triterpenoid-type aglycones, this kind
of aglycones are subdivided into five major groups; soysapogenol A, B, C, D and E (Figure
6), and their glycosides are correspondingly called as saponins of group A, group B, and so
on[53, 54].From this classification, four aglycones (soysapogenol A, B, C and E) [55]were iso‐
lated after hydrolisis of soy saponins, specifically five saponins were identified 5 with two
distinct types of aglycones: soysapogenin I (the main component), soysapogenins II and III,
which contain soysapogenol B, and soysaponins A1, A2 and A3, which contain soysapoge‐
nol A[55].The saponins containing soyasapogenol C and E have not been found in soybeans,
so these aglycones could be formed as a product during the hydrolysis of saponins[56].An‐
other study reported the isolation and characterization of soysaponin IV. The type of sugars
attached to the aglycones found in soybeans have been identified as rhamnose, galactose,
glucose, arabinose, xylose and glucuronic acid [55].

Figure 6. Groups of soyasapogenols (Oakenfull, 1981).

The total content of saponins in the hypocotyl fraction of soybeans, where acetyl-soyasapo‐
nins A1 and A4, mainly, are syntesized, is approximately 0.62 to 6.16%[57]. Other works
have reported 5-6% saponin content in soybeans [58]. Lower values, approximately 0.6%,
have been reported as well [59].
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1.2.1. Synthesis and Function
The capability to synthesize saponins is widespread among plants belonging to the Magno‐
liophyta division, which includes both dicotyledons and monocotyledons. However, most of
saponin-producing species are within dicotyledonous plants. The biological function of sap‐
onins is not completely understood. They are usually considered as a part of the defense
system of the plant, due to their antimicrobial, fungicide, allelopathic, insecticide and mol‐
luscicide activities [60]. The synthesized saponins are accumulated during the regular
growth of plants. Nonetheless, their accumulation is influenced by several environmental
factors such as bioavailability of nutrients and water, solar radiation or a combination of
them[61]. Some studies on soy have shown a variation in the content of saponins in soy‐
beans with different degrees of maturity, however, the nature of this variation is not suffi‐
cient to influence on the saponindistribution in different varieties [57]. Little is known about
the enzymes and biochemical pathways involved in the biosynthesis of saponins in plants
[54]. However, two key aspects have been suggested for biosynthesis: the first one is the cyc‐
lization of the 2,3-oxidoscualene thought the isoprenoid pathway, which is a starting point
for the biosynthesis of the sapogenin, and the second one is the glycosylation of sapogenins.

1.2.2. Membranolytic activity
Saponins have the ability to cleavege the erythrocytes. This hemolytic property is generally
attributed to the interaction between saponins and sterols in the erythrocyte membrane. As
a result, the membrane is broken, which causes an increase in its permeability and the con‐
sequent loss of hemoglobin. It has been investigated the effect of saponins in the membrane
structure through human erythrocyte hemolysis[5, 62]. The results indicated that the frac‐
ture in the erythrocyte membrane was not closed again, so that the damage in the lipid bi‐
layer is irreversible. However, this toxic property is difficult to occur in vivo, since there is
evidence that no complications are detected when saponins are ingested orally, which re‐
duces his hemolytic capability to in vitro studies [63]. The saponins have little anti-nutrition‐
al activity, given no damage is produced in humans when they are consumed in the
amounts regularly found after food processing. However, high concentrations of saponins
are also capable of breaking the membrane of other cells such as those of the intestinal mu‐
cosa, which modifies the cell membrane permeability, and then affects the active transport
and the absorption of nutrients[45].
This ability to affect the cell membrane, depends on the structural characteristics of the sapo‐
nins, i. e. the structure of the aglycone, the number of sugars in the side chains and the side
chains length [64]. In Figure 7, the interaction of saponins with cell membranes is schemati‐
cally shown.
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Figure 7. Schematic models of the molecular mechanisms of saponin activities towards membranes [65]Saponins in‐
tegrate with their hydrophobic part (sapogenin) into the membrane. Within the membrane they form complexes with
sterols, which subsequently, driven by interaction of their extra-membranous orientated saccharide residues, accumu‐
late into plaques. Sterical interference of these saccharide moieties causes membrane curvature subsequently leading
to (A) pore formation in the membrane [66] or (B) hemitubular protuberances resulting in sterol extraction via vesicu‐
lation[67]. Alternatively, after membrane integration saponins may migrate towards sphingolipid/sterol enriched
membrane domains (C) prior to complex formation with the incorporated sterols, thereby interfering with specific do‐
main functionalities [68]. Similarly to (B), accumulation of saponins in confined membrane domains has further been
suggested to cause deconstructive membrane curvature in a dose-dependent manner.

1.2.3. Pharmacological properties
Many studies highlight the pharmaceutical properties of the soybean saponins, among
which the anti-carcinogenic activity is mentioned, given by the membranolyticactivity these
molecules have shown in human cells of colon carcinoma[69, 70]. Other studies have dem‐
onstrated hypocholesterolemic activity due to depletion of body cholesterol by preventing
its reabsorption, thus increasing its excretion. Soluble fibers in legumes are known to in‐
crease the viscosity of gastric and intestinal contents, and may be one of the factors responsi‐
ble for the lowering of cholesterol levels [71, 72]. Studies on health benefits of saponins
suggest their hepatoprotective activity, but these studies are limited to cell culture and few
animal studies. Studies on rats have shown soybean saponin to have an anabolic effect on
bone components, suggesting its role as a nutritional factor in the prevention of osteoporosis
[73]. Another activity that has been reported is anti-mutagenicity in breast cells [74].
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1.3. Inhibitors of trypsin
Protease inhibitors are proteins widely distributed in the plant kingdom, have the ability to
inhibit the proteolytic activity of digestive enzymes such as serine-proteases (trypsin and
chymotrypsin) which are characteristic of the gastrointestinal tract of animals, though also
may inhibit endogenous proteases and enzymes of bacteria, fungi and insects. These serineprotease inhibitors are proteins that form very stable complexes with digestive enzymes,
which preventtheir catalytic activity [75].
Protease inhibitors have been classified into several families based on homology in the se‐
quence of amino acids in the inhibitory sites. The molecular structure of the inhibitor affects
both the force and the specificity of the inhibitor. The two main families of protease inhibi‐
tors found in legumes are the Kunitz inhibitor and the Bowman-Birk inhibitor, so named af‐
ter its isolation [2, 51]. In the latter case, the characterization was carried out by Birk, [ 76 ],
so this name was added.
Both types of proteases are found in soybeans (Glycine max); in other legume seeds, such as
beans (Phaseolus vulgaris) and lentil (Lens culinaris), protease inhibitors have been character‐
ized as members of the Bowman-Birk family. Both inhibitors are water soluble proteins (al‐
bumin) and constitute from 0.2 to 2% of total soluble protein of legumes [75, 77], particularly
soybeans havereported 50 trypsin inhibitor units / mg of dry sample [78].
1.3.1. Kunitztype inhibitor
The first protease inhibitor to be isolated and characterized was the Kunitz inhibitor. It has a
MW between 18 and 24 kDa and contains between 170 and 200 amino acid residues. These
inhibitors have one head, i. e., one molecule of inhibitor inactivates one molecule of trypsin.
It is a competitive inhibitor, binds to the active sites of trypsin in the same way the substrate
of the enzyme does, resulting in the hydrolysis of peptide bonds between amino acids of the
reactive site of the inhibitor or the substrate (Figure 8).

Figure 8. A) Primary structure of the Kunitz inhibitor from soybean [79]. Disulphide bonds are shown in black, B)Tridi‐
mentional structure Kunitz inhibitor from soybean [79].

Inhibitors differ from the substrate protein in the reactive site residues, which are linked via
disulphide bonds. After hydrolysis, the modified inhibitor maintains the same conforma‐
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tion, due to the disulphide bonds. This generates a stable enzyme-inhibitor complex. This
type of inhibitors are generally absent in seeds of Phaseolus, Pisum, Vigna unguiculata and
Glycine max [80].
1.3.2. Bowman-Birk type inhibitor
These inhibitors are low molecular weight polypeptides (7 to 9 kDa) containing 60 to 85 ami‐
no acid residues (Figure 9). They have several disulphide bonds which make them stable to
heat, acids and bases. These inhibitors have two heads (two separate sites of inhibition) and
are competitive inhibitors. They can simultaneously and independently inhibit two en‐
zymes, thus, there are trypsin/trypsin are trypsin/chymotrypsin inhibitors [74,77].

Figure 9. A) Primary structure of Bowman-Birk type inhibitor from soybean(Odani y Ikenaka, 1973). Disulphide bond‐
sand active sites for trypsin (Lys16-Ser17) and chymotrypsin (Leu44-Ser45) are shown in black B) Tridimentional struc‐
ture Bowman-Birk inhibitor from soybean [81]

An example of this type of inhibitor is the Bowman-Birk inhibitor from soybeans, which is
constituted by a polypeptide chain of 71 amino acids, containing seven disulphide bonds. It
has a MW of 8 kDa and is called dual head inhibitor because it has independent binding
sites for trypsin and chymotrypsin, so that the active site for trypsin is Lys16-Ser17, whereas
for chymotrypsin is Leu44-Ser45 [82, 83].
1.3.3. Synthesis and Function
Protease inhibitors have a regulatory function; they are involved the in proteolytic self-regu‐
lation process of the protein deposited in the protein bodies before and during the seed ger‐
mination by inhibiting endogenous proteases. They also participate as protective agents
against insects and microorganisms[76].
1.3.4. Anti-nutritional properties
Protease inhibitors ingested within legumes have adverse effects in animals. First, these
compounds form inactive complexes with trypsin/chymotrypsin, so that the levels of these
free digestive enzymes are reduced, thus making difficult proteolysis and amino acid ab‐
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sorption. In addition, these enzyme-inhibitor complexes, which are rich in sulfur amino
acids, are excreted.
Finally, these inhibitors cause hypertrophy/hyperplasia of the pancreas due to chronic hy‐
persecretion of pancreatic enzymes [trypsin and chymotrypsin), which leads to deviation of
the sulfur amino acids that were used to synthesize tissue proteins to the synthesis of these
enzymes [84]. All this derives in reduction of the amount of essential amino acids, which in‐
hibits animal growth and exacerbates an already critical situation with respect to the protein
of legumes which is deficient in sulfur amino acids [3, 84-87].
The mechanism by which inhibitors of proteases stimulate pancreatic secretion is not entire‐
ly clear. There is a theory about this secretion would be regulated by a negative feedback
mechanism, so that, when the content of trypsin/chymotrypsin in duodenum is reduced
below a certain level, the endocrine cells of the duodenal mucosa release the hormone
cholecystokinin, prompting the pancreas to synthesize more serine-proteases (Figure 20).
The reduced levels of trypsin and chymotrypsin are produced when the protease inhibi‐
tors ingested reach the duodenum and bind to these digestive enzymes by forming com‐
plexes. Although this does not seem to be the only mechanism by which the pancreatic
secretion is activated.
Recent studies have demonstrated that both states of protease inhibitors, free and enzymeinhibitor complexes, bind to the duodenal mucosa and stimulate the release of cholecystoki‐
nin, thus increasing the pancreatic secretion of serine proteases [84, 88]. The action of the
trypsin inhibitors on the human organism is not totally understood, since human trypsin
has two forms: cationic, which is the main component of pancreatic juice and is weakly in‐
hibited; and anionic, comprising about 10 to 20% of the total trypsin, which is completely
inhibited [82, 84].
1.3.5. Pharmacological properties
Since the Bowman-Birk type inhibitors are proteins with a high amount of cysteine , these
inhibitors make an important contribution to the content of sulfur amino acids, thus increas‐
ing the nutritional value of legumes[85, 89]. The Bowman-Birk inhibitor from soybeans as
well as their counterparts present in other legumes, are involved in the prevention and treat‐
ment of cancer (colon, breast, liver, lung, prostate, etc.) by inhibiting chymotrypsin. One
mechanism through which these compounds can prevent carcinogenesis is by reducing the
protein digestibility and the bioavailability of amino acids such as leucine, phenylalanine or
tyrosine, which are necessary for the development of cancer cells [90-92].
1.4. Isoflavones
Isoflavones are widely distributed in the plant kingdom, mainly in plants of the legume family,
being soybeans the source with the highest content of these components [93]. Isoflavones are
oxygen heterocycles containing a 3-phenylchroman skeleton that is hydroxylated at 40 and 7
positions (Figura 10) [94]. Based on the substitution pattern on carbons and 6, three aglycon
forms of isoflavones commonly found in soybeans are daidzein, genistein, and glycitein. These
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three isoflavones can also exist in conjugated forms with glucose (daidzin, geinstin, glyci‐
tin), malonylglucose (malonyldaidzin, malonylgeinstin, malonylglycitin), and acetylglucose
(acetyldaidzin, acetylgeinstin, acetylglycitin) units. Thus 12 free and conjugated forms of
isoflavones have been isolated from different soybean samples (Table 1) [95].

Figure 10. Chemical structureof an isoflavone [95].
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Table 1. Chemical structures of 12 isoflavones isolated from soybeans [95].

1.4.1. Synthesis and Function
The variation of the concentration of isoflavones in soybeans is mainly due to the soybean
variety, environment, location and growing conditions, such as year, area and temperature,
post-harvest storage and the methodology used to determine this concentration [95]. The
content of isoflavones in soybeans ranks 1.2 to 2.4 mg of total isoflavones per gram of sam‐
ple [96], distributed in different concentrations in the tissues of the seed, being higher in the
embryo than in the endosperm [97].
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In plants, these compounds play several roles, such as protection against UV light and phy‐
topathogens, signal transduction during nodulation, attraction of pollinator animals and de‐
fense against insects and herbivores[98].
1.4.2. Pharmacological properties
The enriched extracts of isoflavones have been evaluated for prevention of a wide range of
health problems associated with cardiovascular diseases, osteoporosis and breast cancer,
prostate and colon [99]. Furthermore, soy isoflavones have a structure very similar to a phe‐
nolic estrogen known as phytoestrogen, so that these compounds have been used as a natu‐
ral alternative for postmenopausal therapy [100].
1.5. Lectins
In soybeans, a class of proteins called lectins or phytohemagglutinins is present. These com‐
pounds can be defined as proteins or glycoproteins of non-immune origin, which can rever‐
sibly bind to specific sugar segments through hydrogen bonds and Van Der Waals
interactions, with one or more binding sites per subunit [101]. Lectins are tetrameric pro‐
teins composed of two different types of subunits: E-type subunit (MW = 34 kDa) and Ltype subunit (32 kDa). The first one has the characteristic of binding to erythrocytes, while
the second one to lymphocytes[102].Therefore, it is possible to find 5 combinations of these
four subunits, i. e. 5 isoforms, as follows: E4, E3L, E2L2, EL3, and L4. Soybean seeds show he‐
magglutinating activity at 2400 mg per mg of dry sample [78].
The name lectin [from Latin legere, which means to choose or to select), was adopted by
Boyd for many years to emphasize the caability of some lectins to bind specifically to cells of
the ABO blood groups [103]. Currently the name lectinis preferred over the haemagglutinin
one and is widely used to denote all vegetable proteins that possess at least one non-catalyt‐
ic domain, which binds reversibly to a specific mono- or oligosaccharide [104].
According to the overall structure of the plant lectins, these are subdivided into four main
classes: Merolectins which are proteins having a single carbohydrate-binding domain; Holo‐
lectins, comprising all lectins having di- or multivalent carbohydrate-binding sites; Chimer‐
olectins, proteins consisting of one or more carbohydrate-binding domain(s) plus an
additional catalytic or another biological activity dependent on a distinct domain other than
the carbohydrate- binding site; and Superlectins which also possess at least two carbohy‐
drate-binding domains but differ from the hololectins because their sites are able to recog‐
nise structurally unrelated sugars [105].
Lectins can be divided according to the monosaccharide for which they show the highest af‐
finity: D-mannose/D-glucose, D-galactose/N-acetyl-D-galactosamine, L-fucose and N-acetyl‐
glucosamineacid [106]. Thus depending on the specificity toward a given monosaccharide
the lectin will selectively bind to one of these above sugars which are typical constituents of
eukaryotic cell surfaces [101].
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1.5.1. Synthesis and Function
The wide distribution of lectins in all tissues of plants and their ubiquitous presence in the
plant kingdom suggest important roles for these proteins. One possible physiological func‐
tion that has emerged is the defensive role of these carbohydrate-binding proteins against
phytopathogenic microorganisms, phytophagous insects and plant-eating animals [102,
107]. Indeed it has been shown that plant lectins possess cytotoxic, fungitoxic, anti-insect
and anti-nematode properties either in vitro or in vivo and are toxic to higher animals[63,
81, 104]. One of the most important features of plant lectins, compatible with the proposed
defensive function, is the remarkably high resistance to proteolysis and stability over a large
range of pH, even when they are out of their natural environment [103].
1.5.2. Anti-nutritional properties
Some of these were found to be toxic or antinutritional for man and animals. In general,
nausea, bloating, vomiting and diarrhoea characterize the oral acute toxicity of lectins on
humans exposed to them.
In experimental animals fed on diets containing plant lectins the evident symptoms are loss
of appetite, decreased body weight and eventually death [84, 108].
As most lectins are not degraded during their passage through the digestive tract they are
able to bind the epithelial cells which express carbohydrate moieties recognised by them.
This event is undoubtedly the second one in importance for determining the toxicity of oral‐
ly fed lectins. Indeed, lectins which are not bound by the mucosa usually induce little or no
harmful antinutritive effect for the consumers [88]. Once bound to the digestive tract, the
lectin can cause dramatic changes in the cellular morphology and metabolism of the stom‐
ach and/ or small intestine and activate a cascade of signals which alters the intermediary
metabolism. Thus, lectins may induce changes in some, or all, of the digestive, absorptive,
protective or secretory functions of the whole digestive system and affect cellular prolifera‐
tion and turnover. In 1960, Jaffe´ suggested that the toxic effects of ingested lectins were due
to their ability to combine with specific receptor sites of the cells lining the small intestine
and to cause a non-specific interference with absorption and nutrient utilisation [50].
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Chapter 18

Approach for Dispersing a Hydrophilic Compound as
Nanoparticles Into Soybean Oil Using Evaporation
Technique
Kenjiro Koga
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/52016

1. Introduction
Most popular formulation dispersing a hydrophilic compound into oil phase such as soybean
oil is emulsions. An emulsion is a dispersed system that consists of water, oil, and surfactant. In
general, apparatuses of an emulsifier, a homogenizer, etc. are used for the preparation. As the
pharmaceutical trial to disperse water-soluble compounds in an oil phase, the form of the
emulsion is very important. Namely, for pharmaceutical preparations containing a hydrophil‐
ic drug dispersed uniformly into the oil phase, water-in-oil (w/o) and water-in-oil-in-water
(w/o/w) emulsions are preferred. In these cases, hydrophilic drug molecules must retain a
high-density in the dispersed water phase of the emulsion; doing so depends on the oil-to-wa‐
ter partition coefficient of the drug. Furthermore, decreasing the particle size in the dispersed
water phase is necessary. Much pharmaceutical technical information about adjusting the size
of particles is now available: for example, rotating membrane emulsification [1, 2], shirasu po‐
rous glass membrane emulsification [3, 4], electrocapillary emulsification [5, 6]. These meth‐
ods adjust particle size on the basis of membrane pore size and shearing force, which depends
on the flow of dispersion medium or on contact-surface dielectric constant differences be‐
tween the dispersion medium and the dispersion phase. Therefore, these technologies are ad‐
vantageous in that they can produce uniform particle sizes. In this chapter, a simple method of
preparing w/o emulsions with a narrow range of polydispersity is described. In this method, a
Polytron homogenizer and an evaporator are used as apparatuses. Namely, specific and ex‐
pensive apparatuses were not used. Glycyrrhizin monoammonium (GZ) and indocyanine
green (ICG) were used as a hydrophilic compound. Here, the phase behavior, stability in terms
of particle size of w/o emulsions prepared using the novel method and the sustained release
characteristics drug from nano-sized w/o emulsions were investigated [7, 8].
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2. Selection of emulsifier for the preparation of stable w/o emulsion
The choice of ideal emulsifier is an important to prepare physicochemically stable w/o emul‐
sion. Furthermore, the emulsifier must be safe in human. Therefore, mainly non-ionic sur‐
factants added in foods or medicines were chosen. The list used in this experiment was
shown in Table 1.
No.

Surfactants

Product name

HLB
2.5

1

condensed ricinoleic acid tetraglycerin ester

CR-310

2

polyethyleneglycol distearate ester

CDS-400

3

hexaglycerin sesquistearate ester

SS-500

4

tetraglycerin monostearate ester

MS-310

5

tetraglycerin monooleate ester

MO-310

6

tetraglycerin monolaurate ester

ML-3101)

10.3

7

polyethyleneglycol(10EO) monostearate ester

MYS-102)

11

8

hexaglycerin monostearate ester

MS-500

12.2

9

hexaglycerin monooleate ester

MO-500

10

polyethyleneglycol(10EO) monolaurate ester

MYL-10

11

stearyl macrogol glycerides

GELUCIRE 50/13

12

hexaglycerin monolaurate ester

ML-500

13

lauroyl macrogol-32 glycerides

GELUCIRE 44/143)

14

decaglycerin monooleate ester

MO-7501)

15

Polyethyleneglycol (25EO) monostearate ester

MYS-25

16

decaglycerin monolaurate ester

DECAGLYN 1-L

17

decaglycerin monolaurate ester

ML-750

18

polyoxyethylene(20EO) oleylether

BO-20

19

polyethyleneglycol(40EO) monostearate ester

MYS-40

20

polyoxyethylene(30EO) phytosterol

BPS-302)

21

polyoxyethylene(21EO) laurylether

BL-212)

22

polyoxyethylene(18EO)nonylphenylether

NP-18TX

23

polyoxyethylene(25EO)laurylether

BL-25

24

polyoxyethylene(30EO)octylphenylether

OP-30

25

polyoxyethylene(20EO)nonylphenylether

NP-20

1)

8.5

2)

10.1

1)

10.2

1)

1)

12.2

1)

12.5

2)
3)

14
14.5
15

2)

1)

13
13.5

1)

2)

15.5
15.7
17

2)

2)

10.2

1)

2)

17.5
18
19

2)

19
19.5

2)

20

2)

20

Number 1), 2), and 3) indicated in product name were gifts from Sakamoto Yakuhin Kogyo Co.Ltd., Nikko Chemicals
Co. Ltd., and Gattefossé, respectively.
Table 1. Surfactants used for the preparation of w/o emulsions.
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The following examination was carried out in order to estimate the stability of w/o emul‐
sion. Each surfactant (0.75 g) and soybean oil (6.75 g) were put in a glass tube. The mixture
was dissolved or dispersed uniformly at 60°C for 15 min. GZ solution (2.25 mL of 40 mg/mL
in dissolved with 100 mM phosphate buffered solution, pH7.4) was added into the glass
tube, then immediately, the solution with oil, water phase, and surfactant was emulsified
using a Polytron homogenizer (PT-MR 3100, Kinematica AG, Littau/Luzern, Switzerland) at
20,000 rpm for 3 min. The state of the w/o emulsions was observed at 24 h after the prepara‐
tion. The stability of the w/o emulsions was estimated by objective evaluation scale (OES; 0,
1, 2, 3, 4, and 5). Namely, OES 0 is a completely discrete state without emulsifying. OES 1 is
a biphasic separate state with wispy cloud in bottom phase, OES 2 is a biphasic separate
state with weakly white turbidity in bottom phase, OES 3 is a biphasic separate state with
moderately white turbidity in bottom phase, OES 4 is a biphasic separate state with strongly
white turbidity in bottom phase, and OES 5 is a stable state without phase separation.

Figure 1. Observed properties of emulsions with 24 kinds of emulsifiers at 24 h after the preparation using a Polytron
homogenizer. The photo of emulsion with CR-310 was referred in Figure 3A. The number under each photo is a prod‐
uct number shown in Table 1.

The results in the observed state after preparation of w/o emulsions are shown in Figure 1.
Moreover, Figure 2 shows the relationship between HLB number of emulsifiers and OES.

413

414

Soybean - Bio-Active Compounds

CR-310 and CDS-400 among 25 kinds of surfactants were convenient for the preparation of
stable w/o emulsion. The results were identified with the theory that surfactant with low
HLB is suitable for the preparation of w/o emulsions. A difference of viscosity as physico‐
chemical properties was observed between CR-310 and CDS-400. Namely, the viscosity of
the w/o emulsion with CDS-400 was high like cream, that of the emulsion with CR-310 was
the same as the viscosity of soybean oil. Therefore, it was clear that CR-310 among used sur‐
factants was most convenient emulsifier for the preparation of w/o emulsions when soybean
oil was used as an oil phase.

Figure 2. The relationship between HLB number of surfactants and objective evaluation scale. The number of each
symbol is a product number shown in Table 1.

3. Preparation of nano-sized w/o emulsions
GZ solution (400 mg/mL) was prepared by dissolving GZ powder at 60°C in 100 mM phos‐
phate-buffered solution (pH7.4) containing 8.0% (w/v) L-arginine. L-arginine was used to in‐
hibit the gelation of GZ [9]. Soybean oil (4.50 g) and CR-310 (0.50 g) were mixed in a glass
tube, and then the mixture was heated for 15 min at 60°C in order to blend uniformly. The
GZ solution and the mixture of oil and emulsifier were cooled down at room temperature,
and 400 mg/mL GZ solution (2.2, 3.3, or 4.4 g) was added to glass tubes containing the mix‐
ture. First, the w/o emulsions were prepared by agitating the mixture with a Polytron ho‐
mogenizer (PT-MR 3100, Kinematica AG) at 20,000 rpm for 3 min. Second, the w/o
emulsions were placed into a 50-mL round-bottom flask, which was then placed into a rota‐
ry evaporator (R-210, Buchi Labortechnik AG, Flawil, Switzerland) equipped with a vacuum
controller (V-850) and a vacuum pump (V-700). The vacuum was initially set to 120 hPa, and
then decreased at a rate of 10 hPa per minute until 20 hPa was reached. The mixture was
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then subjected to these vacuum conditions at 40°C for 90 min. The prepared emulsions were
separated into either glass vials or 10-mL centrifuge tubes, depending on the analyses to be
done. For phase behavior comparisons, w/o emulsions without GZ was also prepared using
distilled water (3.3 g) instead of GZ solution [7].

4. Phase behavior during the preparation of w/o emulsions
The w/o emulsions prepared by adding GZ solution slowly changed in turbidity to pale
white, and after 23-24, 26-27, and 31-32 min for GZ solutions of 2.2, 3.3, and 4.4 g, respective‐
ly, to clear or slightly turbidity. The samples remained clear only for approximately 2 min.
When subjected to prolonged evaporation, the emulsions rapidly changed in turbidity to
white as solid dispersion. Figure 3A shows photographs of the emulsions prepared with GZ
before evaporation (0 min) and 10, 15, 26, and 90 min after evaporation. To confirm the rela‐
tionship between evaporation time and phase behavior in w/o emulsions with or without
GZ, similar experiments on w/o emulsions lacking GZ were carried out (Figure 3B). The tur‐
bidity of w/o emulsions without GZ remained white up to 15 min after evaporation, before
gradually changing to pale white. The w/o emulsions finally became transparent 90 min af‐
ter evaporation. These results suggest that the phase behavior may depend on the water
content of the w/o emulsions.

Figure 3. Photographs of w/o emulsions at the indicated times after evaporation. (A) Emulsion prepared with a GZ
solution containing 3.3 g GZ. (B) Emulsion prepared without GZ (water phase is distilled water). The times shown be‐
low each vial represent the length of time samples underwent evaporation.

5. Particle size of water phase in w/o emulsions
GZ solution (400 mg/mL) was prepared by dissolving GZ powder at 60°C in 100 mM phos‐
phate-buffered solution (pH 7.4) containing 8.0% (w/v) L-arginine and 10 μg/mL fluorescein
sodium. Fluorescein sodium was used as a marker for the fluorescent observation of the dis‐
persion state of water phase in the emulsions. After the GZ solution (3.3 g), soybean oil (4.50
g), and CR-310 (0.50 g) were mixed, w/o emulsions were prepared according to the method
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described above. The w/o emulsion before dehydration was analyzed with a confocal laser
scanning microscope LSM510 (Carl Zeiss GmbH, Jena, Germany) and LMS Image Browser
Software (Carl Zeiss GmbH). The excitation and fluorescein wavelengths were set to 405
and 488 nm, respectively.

Figure 4. Fluorescence photomicrograph of a w/o emulsion following the addition of fluorescein sodium to the water
phase. The dark gray areas represent the aqueous phase. The position of water phase containing GZ is indicated as
green fluorescent particles.

Figure 4 shows the photo by a confocal laser scanning microscope. The water phase was uni‐
formly distributed as small droplets (< 5 μm), indicating that before evaporation the particle
size distribution in the water phase of GZ sample distributed widely after dispersal with a
Polytron homogenizer.
Emulsions

Particle size in relative frequency (nm)
10%

25%

50%

75%

90%

2.2 g GZ sample

135

170

225

287

341

3.3 g GZ sample

219

253

299

349

394

4.4 g GZ sample

310

504

1105

1381

1610

Table 2. Particle size and size distribution of clear or slightly turbid w/o emulsions.

The particle sizes of w/o emulsions at 23, 26, and 31 min for GZ solutions of 2.2, 3.3, and 4.4
g after evaporation were analyzed using a Particle Size Analyzer (LS 13 320; Beckman Coult‐
er, Inc., Fullerton, CA, United States). Table 2 presents the average particle sizes and size
distributions of the clear or slightly turbid w/o emulsions after evaporation. The size distri‐
bution of the three kinds of emulsions was narrow, with relative frequency values of 10, 25,
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75, and 90%. These results suggest that dehydration proceeded in a way that caused the dis‐
persed phase to approach the narrow distribution. In particular, the particle size distribution
of the 2.2 and 3.3 g GZ samples converged toward the nano-size range. This was consistent
with our prediction that large water droplets would efficiently evaporate from the surface of
the w/o emulsions as their round bottom flasks were rotated and that particle size distribu‐
tion would narrow as a function of evaporation time.
During the preparation of transparent w/o emulsions containing GZ, the only component
removed by evaporation was water. Thus, the components dissolved in the water phase
(GZ, L-arginine, and phosphate salts) were gradually concentrated as the water content de‐
creased. The observation that a simple evaporation process changed the turbidity of the w/o
emulsions from white to clear within a short time suggests that the particles comprising the
dispersed phase became extremely small in size. In fact, the particle size range of sample
which prepared with 3.3 g GZ solution was 219-394 nm by dynamic light scattering assay
(LS 13 320; Beckman Coulter, Inc.). The state of the nano-sized droplets was observed in
transmission electron microscopy (TEM). Namely, a clear w/o emulsion was prepared by
adding GZ solution (3.3 g) to the mixture of soybean oil (4.50 g) and CR-310 (0.50 g), and the
resulting clear w/o emulsion was passed through a quantitative filter (No. 5B, Advantec;
Toyo Roshi Kaisha, Ltd., Tokyo, Japan). The filter was then hardened with cured acryl resin.
After embedding the filter, ultrathin sections were obtained by cutting the surface of the
block containing the filter on an ultramicrotome equipped with a diamond knife (EM-Ultra‐
cut-s; Leica Microsystems Vertrieb GmbH, Wetzlar, Germany). The ultrathin sections were
mounted onto freezing support grids and then stained with ruthenium tetrachloride. Next,
the emulsified particles were observed with a transmission electron microscope (TEM;
JEM-2100; Jeol Ltd., Tokyo, Japan).

Figure 5. A) TEM photograph of dispersed particles in a clear w/o emulsion prepared by adding GZ solution. (B) Solid
GZ particles after 90 min evaporation.

To determine whether the nano-sized droplets exist as a liquid state in the water phase, the
shape of particles in the clear w/o emulsion (3.3 g GZ sample) was observed with TEM. As the
water content of the emulsion decreases with evaporation, part of the dissolved GZ may pre‐
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cipitate as a solid state from the dispersed phase. If this hypothesis is accurate, then the parti‐
cles may be not spherical. However, TEM analysis revealed that the particles were spheres of
approximately 200 nm in diameter and were maintained a uniform globe (Figure 5A), strongly
suggesting that the nanoparticles in the clear w/o emulsions existed as a liquid phase.
Following additional evaporation, the turbidity of the w/o emulsions again changed to
white, indicating a change in phase behavior. This suggests that the hydrophilic components
dissolved in the water phase separated as solid states. In fact, microscopic analysis demon‐
strated that the w/o emulsions containing GZ contained 1-10 μm-diameter solid particles
>90 min after evaporation (Figure. 5B) [8].

6. Water contents in w/o emulsions
The water content (%, w/w) of the w/o emulsions was analyzed using a Karl Fischer titration
apparatus (870, KF Titrino Plus; Metrohm Shibata Co., Ltd., Tokyo, Japan). The water content
(%, w/w) of the 2.2, 3.3, and 4.4 g GZ samples before evaporation was 16.8, 21.9, and 25.4%
(w/w), respectively. On the other hand, the water content of the clear or slightly turbid 2.2, 3.3,
and 4.4 g GZ samples was 7.8 ± 0.1, 9.4 ± 0.3, and 11.9 ± 0.3% (w/w), respectively. Furthermore
after 90 min of evaporation, the water content of the 2.2, 3.3, and 4.4 g GZ samples was all in the
range of 1.3-1.8% (w/w). The water content of w/o emulsion lacking GZ was 9.3 ± 0.2 and 0.18 ±
0.02% (w/w), respectively, at 26 and 90 min after evaporation. These results indicate that the
phase behavior of the w/o emulsions changed from white turbid to translucent or transparent
when the water content reached approximately 8-12% (w/w). Since the water content of the
clear or slightly turbid w/o emulsions correlated well with GZ content (0.8, 1.2, and 1.6 g for 2.2,
3.3, and 4.4 g GZ samples; correlation coefficient was 0.992), it is plausible that the precipita‐
tion of hydrophilic components, such as GZ, L-arginine and phosphate salts, was responsible
for the increased turbidity resulting after prolonged evaporation.
From these results, it is concluded that the water contents of w/o emulsions changed the
phase behavior in the emulsions, that is, from white turbid phase to clear phase when the
water content reached to be approximately 9%, and then from clear phase to white turbid
phase. The decreasing rate of the water content is affected by the setting of a vacuum con‐
troller. In the experiments, although the relationship between the decreasing rate of the wa‐
ter content and maintained interval with clear phase in the w/o emulsions was not
investigated, the pressure condition in the evaporation process will be a major problem for
the simple preparation of clear w/o emulsions.

7. Stability of w/o emulsions
The stability of the w/o emulsions were evaluated according to two criteria: i) the uniform
dispersal of the water phase containing GZ in the emulsion; and ii) the size distribution at
steady-state conditions. Clear or slightly turbid w/o emulsions (2.2, 3.3, and 4.4 g GZ solu‐
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tions) were transferred to 10-mL centrifuge tubes (Figure 6), which remained undisturbed at
20 ± 2°C for 10 days. The w/o emulsion prepared with 3.3 g GZ solution remained under
undisturbed conditions continuously for 65 days. Next, a pipette was inserted 1 cm from the
top or bottom of each centrifuge tube and a small amount (50 mg) of emulsion was removed
and transferred into two screw vials (one vial for the “top” sample, the other vial for the
“bottom” sample). Methanol (30 mL) was added to each vial, and the vials were shaken for
15 min on a vortex mixer. The methanol-containing GZ samples were adequately diluted
with 100 mM phosphate-buffered solution (pH 7.4) and were injected into an HPLC system
in order to determine the GZ concentration in the samples [10]. The water content (%, w/w)
in the w/o emulsions obtained from both samples was analyzed by Karl Fischer titration.

Figure 6. Photograph of clear and slightly turbid w/o emulsions. (A) 2.2 g GZ sample. (B) 3.3 g GZ sample. (C)
4.4 g GZ sample.

7.1. Uniformity of GZ concentration and water content in w/o emulsions
The GZ concentrations of 2.2, 3.3, and 4.4 g GZ samples that were clear or slightly turbid
were 11.1, 14.5, and 17.0% (w/w), respectively. The GZ concentrations and water content
of clear or slightly turbid w/o emulsions 10 days and 65 days after preparation are shown
in Table 3. As the phase behavior changes with time, the aggregation or coalescence of
the dispersed phase occurs more frequently after emulsification is achieved, because the
emulsion is thermodynamically unstable. If the dispersed stability is not maintained, then
the GZ concentration and water content in the emulsion will differ in the parts of the
emulsion near the top and bottom of the sample. This is because the dispersed phase con‐
taining GZ moves toward the bottom due to specific gravity differences. GZ concentra‐
tion in the samples were analyzed in the present study, however, the GZ concentrations
in the top and bottom parts of the emulsions were identical in the 2.2 and 3.3 g GZ sam‐
ples but not in the 4.4 g GZ sample. Furthermore, similar results were obtained in our
comparative analysis of water content. These results suggest that the dispersed stability of
the 2.2 and 3.3 g GZ w/o emulsions was extremely high. On the other hand, the differ‐
ence in phase behavior in the top and bottom layers of the 4.4 g GZ sample suggests dis‐
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persed instability. Specifically, after 10 days the turbidity of the bottom layer became
clearer than that of the top layer, indicating that the dispersed phase containing 4.4 g GZ
gradually moved toward the bottom of the 10-mL centrifuge tube. The specific gravity of
the dispersed phase in the w/o emulsions increased with increasing GZ concentration.
GZ concentration (%, w/w)

w/o emulsions
2.2 g GZ sample
3.3 g GZ sample
3.3 g GZ sample
4.4 g GZ sample

**

Water content (%, w/w)

upper position

bottom position

upper position

bottom position

11.5 ± 0.7

11.2 ± 0.4

8.2 ± 0.2

8.4 ± 0.2

14.9 ± 0.5

14.7 ± 0.5

10.1 ± 0.2

10.2 ± 0.3

15.0 ± 0.4

14.8 ± 0.4

9.8 ± 0.3

9.6 ± 0.2

10.2 ± 0.8

17.4 ± 0.7

7.4 ± 0.1

12.0 ± 0.3

GZ concentration and water content were determined after the sample was stored undisturbed for 10 days at 20 ±
2°C. *Samples were obtained 1 cm from the top and bottom of the emulsions contained within a 10-mL centrifuge
tube. **The sample was stored undisturbed for 65 days at 20 ± 2°C.
Table 3. GZ concentration and water content in different parts of the w/o emulsions*.

7.2. Uniformity of particle size of dispersed phase in w/o emulsions
The particle size distribution of the GZ sample containing 3.3 g GZ solution at 65 days after
preparation was 226-421 nm. This range was similar to that measured during immediate in‐
tervals after preparation. In general, refinement of emulsion particle size lowers thermody‐
namic stability, because the phase behavior of an emulsion-which is a very complicated
system of oil, water, and surfactant-is affected by decreases in particle size [11]. Nano-sized
emulsions, in particular, are not as stable as micron-sized emulsions. Therefore, nano-sized
emulsions must be stabilized with polymers and excessive amounts of surfactants [12]. In
GZ sample, the concentration of surfactant in the oil phase was 10% (w/w); the emulsions
did not contain other stabilizers. However, the GZ sample (nano-sized emulsions) was sta‐
ble at least for 2 months. Moreover, although the particle sizes of the top and bottom layers
in the 4.4 g GZ sample were not determined, the aggregation of dispersed particles suggests
that the size distribution in this w/o emulsion tended to be on the large side. Taken together,
these observations suggest that dispersed stability decreases with increasing GZ content.

8. Sustained release effect by nano-sized w/o emulsions
From the viewpoint of medical treatment, drug release from w/o emulsions is important for
the efficiency of controlled release. The pharmacokinetics of GZ by nano-size w/o emulsion,
aqueous formulation, o/w emulsion, and w/o emulsion with solid GZ was investigated in
order to clarify the degree of the controlled release. Furthermore, the release characteristics
of a hydrophilic compound, indocyanine green (ICG), from administered subcutaneous site
in rats was observed using a near-infrared fluorescent camera (Photo Dynamic Eye, PDE).
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8.1. In vivo experiments in GZ pharmacokinetics
Pharmacokinetic studies of GZ were investigated in detail in human [13, 14], in rat [15, 16],
and other species. The elimination half-life of GZ in rats after the intravenous administration
(20-50 mg/kg) is approximately 2-4 h in plasma [17, 18]. GZ is rapidly excreted into bile via
multidrug resistance-associated protein 2 (MRP2) ATP-binding cassette transporter C2
(ABCC2) transporter [19]. Therefore, the release of GZ from w/o emulsions was estimated as
GZ elimination into bile.
The protocol of this study was approved by the Committee of Animal Use of Hokuriku Uni‐
versity. All animal experiments were conducted in accordance with the Institutional Guide‐
lines of Care and Use of Laboratory Animals. Male Sprague-Dawley rats (180-200 g) were
housed for at least 10 days in a clean room. The rats were given free access to commercial
chow and water and were maintained according to the Hokuriku University Animal Guide‐
lines. For in vivo experiments in GZ formulations, the rats (250-280 g) were randomly divid‐
ed into four treatment groups as four rats per group.
A GZ stock solution (400 mg/mL) was prepared at 60°C in 100 mM phosphate-buffered solu‐
tion, pH7.4, containing 8.0% (w/v) L-arginine. The GZ stock solution was stored in a refrig‐
erator. An aqueous formulation of GZ (150 mg/mL; Rp-II) was prepared by adding 100 mM
phosphate-buffered solution (pH7.4) to the GZ stock solution. Preparation of an oil-in-water
(o/w) emulsion of GZ was as follows: soybean oil (1.00 g), HCO-60 (0.12 g), and egg yolk
lecithin (0.12 g) were blended uniformly by heating at 90°C for 15 min on a block heater. The
mixture was then cooled at room temperature. The o/w emulsion of GZ (150 mg/mL; Rp-III)
was prepared by combining the soybean oil mixture (1.0 mL), GZ stock solution (1.16 mL),
and 100 mM phosphate-buffered solution, pH7.4 (0.84 mL) and by using a Polytron homog‐
enizer (PT-MR 3100) at 20000 rpm for 3 min for emulsification.
Preparation of an w/o emulsion of GZ was described above. The GZ stock solution (3.3 g)
was then added to the lukewarm mixture, which was emulsified using a Polytron homoge‐
nizer (PT-MR 3100) at 20000 rpm for 3 min. The w/o emulsion was placed into a 50-mL
round-bottom flask, which was then set in a rotary evaporator (R-210, Buchi Labortechnik
AG) equipped with a vacuum controller (V-850). The vacuum was initially set to 120 hPa at
40°C; thereafter, the pressure was decreased at a rate of 10 hPa per min until 20 hPa was
reached. To prepare Rp-I and Rp-IV, the dehydration was continued for 27 min and 120
min, respectively, and then adjusted the GZ concentration to 150 mg/mL by adding the soy‐
bean oil/CR-310 (9 : 1, w/w) mixture. Adminidtration method of four kind formulations and
sampling of bile in rats were described in detail in reference [8].
As the characteristics of used formulations, the average particle sizes in the Rp-I and Rp-III
formulations were 299 nm and 376 nm, respectively. The 10-90% ranges of size distribution
in Rp-I and Rp-III were 208-402 nm and 255-512 nm, respectively. Two peaks in size distri‐
bution were observed in the Rp-IV formulation: 312 nm and 5000 nm. Microscopic observa‐
tions revealed that large-size GZ particles were solid GZ, because they were not spherical.
The water content in Rp-IV (1.5%, w/w) was very low compared with that in Rp-I (9.4%,
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w/w). Moreover, the small- and large-size particles were not observed after evaporation for
120 min in a w/o emulsion lacking GZ.
Almost all GZ transported to hepatocytes via the blood is eliminated into bile as unchanged
GZ (i.e., not metabolized) [20, 21]. Therefore, the elimination rate of GZ in bile reflects the
bioavailability of GZ in hepatocytes. Figure 7 shows the cumulative elimination (%) of GZ
over time after subcutaneous administration of Rp-I, Rp-II, Rp-III, and Rp-IV in rats. After
the administration of Rp-I, cumulative elimination at 8 h, 24 h, and 72 h as a function of ad‐
ministered GZ dose (50 mg/kg) in bile was 11%, 20%, and 47%, respectively. These results
indicate that the Rp-I formulation resulted in a sustained release of apparent zero-order ki‐
netics. The average elimination rate of GZ up to 72 h was 84.2 ± 14.2 μg/h.

Figure 7. Cumulative elimination of GZ in bile after subcutaneous administration of GZ formulations in rats. (A) Nanosized w/o emulsion encapsulating GZ, (B) aqueous solution of GZ, (C) o/w emulsion containing GZ, and (D) w/o emul‐
sion with solid GZ. GZ concentrations were all adjusted to 150 mg/mL. The GZ dose administered to all rats was all 50
mg/kg. Data represent means ± S.D. of four experiments.

With the Rp-II formulation, the cumulative elimination at 4 h and 8 h as a function of ad‐
ministered GZ dose was 75% and 97%, respectively. In intravenous and subcutaneous ad‐
ministration models, no difference in the elimination rate of GZ has been observed after
intravenous administration of GZ [10]. These results suggest that GZ dissolved in phosphate
buffered solution rapidly diffused in the hyperdermis, before being transferred into the gen‐
eral circulation. With the Rp-III formulation, the cumulative elimination of GZ at 8 h and 30
h was 81% and 96%, respectively. The elimination rate of GZ in Rp-III was faster than that in
Rp-I but slower than that in Rp-II, suggesting that the oil phase of the o/w emulsion inhibit‐
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ed the diffusion of the water phase containing GZ in subcutaneous regions, even though GZ
was dissolved in the outer water phase of o/w emulsion. On the other hand, the cumulative
elimination of GZ in Rp-IV was the lowest among the four formulations: The GZ elimination
in bile at 8 h, 24 h, and 72 h was 7.1%, 14%, and 31%, respectively. As with the elimination
kinetics of the Rp-I formulation, the elimination kinetics of GZ in Rp-IV showed that GZ
was released in a sustained fashion for up to 72 h. Since Rp-IV contained solid GZ in w/o
emulsions, it was speculated that the elimination rate of GZ in bile after the administration
of Rp-IV would be slower than that of GZ in Rp-I. In fact, the eliminated amount of GZ in
bile after the administration of Rp-IV was 0.64-fold compared to that of Rp-I. These results
suggest that reduced water content in w/o emulsions delays hydration in the subcutaneous
region and that much time is required to dissolve the dispersed solid GZ in Rp-IV.
To determine more precisely the characteristics of sustained GZ release from w/o emulsions,
the rates of GZ elimination in bile were recalculated every 24 h after the administration of
Rp-I and Rp-IV (Figure 8).

Figure 8. Elimination rate per 24 h of GZ in bile after subcutaneous administration of Rp-I and Rp-IV in Rats. Adminis‐
tration dose of GZ was 50 mg/kg in both formulations. Data represent means ± S.D. of four experiments.

The elimination of GZ in Rp-I occurred at a constant rate for 72 h, i.e., the rate ranged from 1.80
to 2.12 mg/day. On the other hand, elimination of GZ in Rp-IV decreased from 1.40-1.41
mg/day at 48 h to 0.60 mg/day at 48-72 h. As the reason for the decrease in GZ elimination rate
at 48-72 h in Rp-IV, it was predicted that the presence of solid dispersed GZ may be involved
deeply the transfer rate of GZ from subcutaneous site to liver. Actually, dissolved-state GZ and
solid-state GZ exist in Rp-IV. Although it was considered that the dissolved GZ in Rp-IV was
transferred to liver as similar to GZ in Rp-I, solid GZ particles must be dissolved to some extent
which can be passed vascular system such as vein and lymph capillary in order to transfer GZ
from subcutaneous site to liver. Therefore, after 48 h, the proportion of solid GZ for residual
GZ in the subcutaneous site will increase certainly. As a result, it was guessed that GZ elimina‐
tion into bile decreased based on the decrease of transfer rate from subcutaneous site to liver.
These results indicate that Rp-I was a substantially superior formulation compared to Rp-IV in

423

424

Soybean - Bio-Active Compounds

terms of sustained release in bile. It was hypothesized that the small and narrowrange polydis‐
persity (208-402 nm in Rp-I) of the dispersed phase in w/o emulsions may be important for sta‐
bilizing the release rate of GZ from these emulsions.
8.2. Tissue distribution of ICG from subcutaneous site in rats
For the experiments of ICG administration, two male Sprague-Dawley rats (250, 255 g) were
used. A w/o emulsion encapsulating ICG was prepared as follows: 5 mg/mL ICG solution (3.3
g) was added to the mixture of soybean oil (4.50 g) and CR-310 (0.50 g) heated at 60°C. Next
procedure was the same with the preparation step of Rp-I described above. This ICG solution
and w/o emulsion encapsulating ICG were used to observe the tissue distribution of drugs
from the subdermal injection site. To monitor over time the delayed drug distribution and the
diffusion of hydrophobic formulation in the subdermal site, a w/o emulsion encapsulating
ICG instead of GZ was prepared. ICG is a hydrophilic fluorescent dye and biocompatibility
marker with excitation and emission spectra in the near-infrared wavelength range of 600 to
900 nm, and the maximum emission wavelength of ICG in vivo is 845 nm [22, 23]. The kinetics
of ICG in vivo was observed using a non-invasive, near-infrared fluorescent camera (Photo
Dynamic Eye; PDE), because the near-infrared-wavelength monitoring barely affects biologi‐
cal molecules such as water and hemoglobin. For the experiments of the microscopic image us‐
ing a fluorescent probe, ICG, rats were anesthetized with an intraperitoneal administration of
sodium pentobarbital (50 mg/kg), and then were kept in a supine position on an operation
plate. A PDE was set on the upper position of 20 cm from the rat and the photo image was
monitored using a personal computer. Two samples, 5 mg/mL ICG solution (0.05 mL) and w/o
emulsion encapsulating ICG (0.05 mL) were administered to right and left hind legs of rat, re‐
spectively. The diffusion of ICG was observed for 60 min.

Figure 9. Photographs taken at (A) 15 min and (B) 60 min after the subcutaneous injection of ICG solution into the right
leg and w/o emulsion encapsulating ICG into the left leg injection volume of ICG was 50 mL in both formulations.
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The purpose of the PDE experiments was to determine whether the diffusion rate of w/o
emulsions at the subdermal site is remarkably slower than that of solutions like Rp-II of GZ
formulation. Figure 9 shows photographs of rats’ hind legs 15 min and 60 min after injecting
ICG (right leg) and after injecting w/o emulsion encapsulating ICG (left leg). The ICG solu‐
tion was rapidly absorbed into capillary blood vessels within 15 min. Furthermore, ICG also
reached peripheral lymphatics. On the other hand, ICG in w/o emulsions remained in the
vicinity of the administration site for 60 min. These results suggested that the outer oil phase
inhibited the diffusion of w/o emulsion encapsulating ICG and/or the release of ICG from
the w/o emulsion. The viscosity of lipophilic formulations is generally high. Therefore, one
would expect the release of ICG from a w/o emulsion to be delayed compared to that from
aqueous formulations of ICG. The expectation will be correspondent with the decrease of
diffusion and/or release of GZ from Rp-I of GZ formulation.

9. Conclusion
It was clarified that GZ, a hydrophilic compound, was dispersed as nanoparticles into soy‐
bean oil by using the evaporation technique. The prepared oil phase containing GZ was
nano-emulsions with low polydispersity, and was stable at least 2 months. This ideal disper‐
sion method had to make water content approximately 9%, and it was clear that the further
dehydration became solid dispersion. It is concluded that a hydrophilic compound can be
dispersed easily into an oil phase such as soybean oil by utilizing this method. Concretely,
the w/o emulsions containing GZ (2.2 g of GZ [11.1%, w/w] and 3.3 g of GZ [14.5%, w/w])
with narrow-ranged polydispersity and high-dispersed stability were easily prepared by the
measurable removal of water using a Polytron homogenizer and a rotary evaporator. The
water content in 2.2 and 3.3 g GZ samples had to be 7.8 and 9.4% (w/w), respectively, be‐
cause decreasing the water content beyond these levels caused the phase behavior to change
(e.g., white turbid). The particle size distribution (relative frequency values ranging from 10
to 90%) of the clear w/o emulsions was in the range of 135 to 421 nm as the samples re‐
mained undisturbed for 65 days at 20 ± 2°C. The w/o emulsion preparation method descri‐
bed in the present study provides useful information on the lipophilic formulations of GZ.
A nano-sized w/o emulsion of GZ (Rp-I) showed sustained elimination of GZ in bile at a rel‐
atively constant rate for 72 h. The sustained GZ elimination in bile was strongly affected by
diffusion of the w/o emulsion and by the release of GZ from the emulsion to the perimeter
of the subdermal site, based on the PDE observations with ICG. Indeed, the average elimina‐
tion rate of GZ in bile was 0.084 mg/h over 72 h, when Rp-I (50 mg/kg as GZ) was adminis‐
tered subcutaneously. If GZ release from Rp-I will be maintained as zeroorder elimination
(0.084 mg/h), 6-7 day are needed until the GZ release finishes in the rats. Namely, GZ in Rp-I
will slowly transfer from subcutaneous tissue to liver 20-fold periods as compared with GZ
in Rp-II, the elimination of almost all GZ finished 8 h. These results indicate that the nanosized w/o emulsion encapsulating GZ, which can be subcutaneously administered, will be
useful as a new sustained-release formulation.
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Chapter 19

Recent Advances on Soybean Isoflavone Extraction and
Enzymatic Modification of Soybean Oil
Masakazu Naya and Masanao Imai
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/ 52603

1. Extraction of soybean isoflavone
1.1. Soybean isoflavones and attractive potential of supercritical carbon dioxide (SCCO2)
Isoflavones produced from bioresources are gaining attention as attractive components in
food supplements. Isoflavones are heterocyclic phenols with a structure very similar to that
of estrogens. Isoflavone displays like estrogens and has anti estrogen activity; it influences
sex hormone metabolism and related biological activity [1,2] and prevents osteoporosis [3,4],
arteriosclerosis [5], dementia [2], and cancer [6,7].
Soybeans contain 12 different isoflavones classified into two components, glycosides and
aglycons. Glycoside isoflavone has a glucose chain in its molecular structure; aglycon isofla‐
vone does not have a glucose structure.
Ninety-three percent of isoflavones are produced and stored as glycoside. Therefore, in
practical separation processes, glycoside isoflavones were the major fraction and were rec‐
ognized as the main target group rather than aglycons. This article focuses on daidzin, gen‐
istin and glycitin as typical glycosides. Their aglycons (i.e., daidzein, genistein and glycitein)
were examined for comparison. The aglycons have no glycoside chain; their chemical struc‐
ture is depicted in Fig. 1.
Methods of extracting isoflavones from soybean have been previously examined by using
organic solvent [8], pressurized liquid [9], ultrasound [10,11], and supercritical carbon diox‐
ide [12-16]. Supercritical carbon dioxide has been the favorite extraction medium for many
food functional components, i.e. caffeine [17-20], capsaicin [21,22], carotenoids [23-26], poly‐
phenol [27-30], aspirin [31], and coenzyme Q10 [32].
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In general, the solubility of polar components in the SCCO2-only system was very low be‐
cause carbon dioxide has non-polar characteristics. The solubility of polar components has
been well enhanced by adding polar components to the SCCO2 system. The added compo‐
nent was referred to as an entrainer. Ethanol was effectively employed as an entrainer for
extraction and applied to caffeine [17,19], capsaicin [21], catechin [27], epicatechin [28], aspir‐
in[31], and coenzyme Q10 [32]. Rostagno et al. (2002) successfully extracted large amounts of
isoflavones from soybean flour by using methanol aqueous solution as an entrainer [14]. Zuo
et al. (2008) also extracted isoflavones from soybean meal by using methanol [16].
To design practical separation processes using SCCO2, it is necessary to establish a reliable
database of the entrainer’s enhancement effects. This would facilitate both the choice of a
suitable entrainer for an objective component and the quantitative evaluation of separation
yield of a target component in actual processes.
In this chapter, we demonstrate the solubility of isoflavones in SCCO2 with ethanol added.
The solubility in an SCCO2-only system was also measured for comparison. The effect of the
entrainer on solubility is discussed with the hydrophobicity of guest components evaluated
from their molecular structure. The thermodynamic relationship between the solubility and
the parameter indicated a non-ideal state in SCCO2 [33].

Figure 1. Chemical structure of isoflavones in soybean
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1.2. Solubility of isoflavones and effect of entrainer
1.2.1. Experimental
A circulation flow of SCCO2 was employed for the experimental extraction system (JASCO
Co., Ltd., Tokyo) as presented in Fig. 2. The 1.0mL stainless-steel extraction vessel was instal‐
led in an extraction line with a total volume of 19.8mL. The extraction temperature was set at
313K. The pressure range was from 15 to 25MPa. The CO2 volumetric flow rate in the extrac‐
tion line was adjusted to a constant 5mL/min at 15MPa and 25MPa.

Figure 2. Schematic of experimental apparatus used in measuring the solubility in SCCO2. (1) CO2 gas cylinder, (2) com‐
pressor, (3) circulating pomp, (4) diffusion column, (5) extraction vessel, (6) sample loop with a methanol trap, (7) UVdetector, and (8) exhaust regulator

1.2.2. Solubility of isoflavones
Table 1 summarizes the solubility of isoflavones in the SCCO2-single system. In general, the
isoflavones were hardly extracted by the SCCO2-single system. In particular, the solubility of
glycoside isoflavones was very low it could not be detected by HPLC.
Isoflavone

Solubility
[mol-isoflavone/mol-SCCO2]

Glycoside

Aglycon

Daidzin

not detected

Genistin

not detected

Glycitin

not detected

Daidzein

5.14 x 10-10

Genistein

6.38 x 10-10

Glycitein

not detected

Table 1. The solubility of isoflavones in pure SCCO2 without ethanol at 313K, 25MPa
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1.2.3. Effect of entrainer (ethanol) on solubility of isoflavones
Figure 3 presents the solubility of daidzin (as glycoside) and daidzein (as aglycon) in the
SCCO2 and ethanol binary system. Solubility S was increased remarkably by increasing the
molar fraction of ethanol, M. This trend was also obtained at 25MPa. The solubility of genis‐
tin (as glycoside) and genistein (as aglycon) presented in Fig. 4 also exhibited the same
trend. This remarkable influence of the molar fraction of ethanol also seemed to be similar
between glycitin (as glycoside) and glycitein (as aglycon) (Fig. 5). The results indicated that
the solubility of hydrophilic glycoside isoflavones (daidzin, genistin, and glycitin) depended
more strongly on the molar fraction of ethanol.

Figure 3. Solubility of daidzin and daidzein in SCCO2 and ethanol binary system at 15 and 25 MPa and at 313K, ○ 15
MPa, ● 25 MPa.

As seen in Fig. 3, the solubility of daidzin at 25MPa was far greater than that at 15MPa.
Ethanol depended more heavily on the molar fraction at 25MPa than at 15MPa. In con‐
trast to genistin and genistein, the solubility was almost the same in spite of the increased
pressure (Fig. 4). The dependency on the molar fraction of ethanol was similar for 25MPa
and 15MPa.
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Figure 4. Solubility of genistein into SCCO2 and ethanol binary system at 15 and 25 MPa and at 313K ○ 15 MPa, ● 25 MPa.

Isoflavones

Solubility ratio
The solubility at 25MPa
≡
−
The solubility at 15MPa

Glycoside

Aglycon

Daidzin

6.3

Genistin

1.8

Glycitin

-

Daidzein

1.3

Genistein

1.8

Glycitein

-

The solubility were referred from Fig. 3 and Fig. 4.
The molar fraction of ethanol M was set at 0.1.
Table 2. The solubility ratio of isoflavones in SCCO2 with ethanol at 313K. The solubility were referred from Fig. 3 and
Fig. 4. The molar fraction of ethanol M was set at 0.1.

The solubility ratio was defined as the solubility of 25 MPa divided by that of 15 MPa. The
molar fraction of ethanol was set at 0.10, as evaluated from Figs. 3 and 4, and summarized in
Table 2. In the case of daidzin, the solubility ratio was calculated as 6.3 fold. It was especial‐
ly high among the tested isoflavones, i.e. 1.8 (Genistin), 1.3 (Daidzein), and 1.8 (Genistein).
The solubility of daidzin was strongly affected by extraction pressure in four tested isoflavones.
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Figure 5. Solubility of glycitin and glycitein in SCCO2 and ethanol binary system at 25 MPa and 313K.

The solubility of daidzin (glycoside) exceeded that of daidzein (aglycon). This trend ap‐
peared especially strong in daidzin, in contrast to that of other isoflavones. For other isofla‐
vones, glycosides (genistin and glycitin) were less soluble than the corresponding aglycons
(genistein and glycitein) due to their hydrophilic nature and the glycoside chain in their mo‐
lecular structure. The detailed reasons for the special behavior of daidzin and daidzein are
not clear at present.
The enhanced solubility after adding ethanol was preliminarily evaluated by the logarithmic
dependency of α on the molar fraction of ethanol M. The solubility S was proportional to the
α th. power of M as indicated in empirical equation Eq. (1).

S µ Ma

(1)

The power term α is summarized in Table 3. The power term α of glycoside isoflavones
(daidzin, genistin, glycitin) at both 15MPa and 25MPa often exceeded 3.0. As presented in
Table 4, glycoside isoflavones are commonly more hydrophilic than their corresponding
aglycons. Additive ethanol concentration in SCCO2 strongly affected the solubility of hydro‐
philic isoflavones. The power term α of daidzein (aglycon) exceptionally exceeded 3.0 in
spite of its hydrophobic nature. The detailed mechanism of solubilization must be investi‐
gated further. It may be related to a slight difference of molecular structure.
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Glycoside

Isoflavones

α(15MPa) [-]

α(25MPa) [-]

Daidzin

3.42

R =0.708

3.69

R2=0.907

Genistin

3.08

R2=0.996

3.41

R2=0.932

3.27

R2=0.852

Glycitin
Aglycon

2

No data

Daidzein

3.17

R2=0.967

3.02

R2=0.975

Genistein

0.728

R2=0.985

1.72

R2=0.999

1.85

R2=0.988

Glycitein

No data

R2 : Correlation coefficient
Table 3. Power term α of Eq.(1) on the solubility enhancement

The dependency on the molar fraction of ethanol increased at higher pressures. The solubili‐
ties of genistin and genistein are almost the same in spite of the pressure change. The de‐
pendency on molar fraction of ethanol was also similar, suggesting that the solubility
depended heavily on the amount of ethanol added. Power term α became large under
SCCO2 at higher pressures, except for daidzein.
Isoflavones
Glycoside

Aglycon

Log P [-]

Daidzin

0.232

Genistin

0.837

Glycitin

0.230

Daidzein

1.29

Genistein

2.09

Glycitein

1.85

Table 4. The evaluated Log P of isoflavones

1.3. Conclusion
Solubilities of six different isoflavones were measured in an SCCO2 system with ethanol added.
Ethanol effectively increased the solubility of isoflavones. It served as an attractive entrainer
with SCCO2. The power term in the molar fraction of ethanol exceeded 3.0. The enhance‐
ment was remarkable in more hydrophilic isoflavones (daidzin, genistin, and glycitin). We
experimentally determined the hydrophobicity (Log P) [34] of isoflavones from the equilibri‐
um constant between 1-octanol and water. The hydrophobicity of daidzin was lowest among
the tested isoflavones, and the enhancement due to adding ethanol was the highest.
Soybean and other natural bioresources are abundant sources of various glycoside isofla‐
vones. Isoflavones will be successfully extracted from these sources for practical application
by SCCO2 with ethanol added.
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2. Enzymatic modification of soybean lipid by lipase and immobilized
lipase
2.1. Introduction
Soybean is beneficial in food applications and is attractive as a bioresource for functional
components. Soybean contains many proteins and much oil. Furthermore, many functional
components, isoflavone [35], lecithin [36], saponin [35,37], and oligosaccharide, [38,39] are
desirable for promoting human health.
Soybean oil generally contains 52% linoleic acid, 22% oleic acid, 10% palmitic acid, and 8%
linolenic acid. Soybean oil can be readily hydrolyzed by lipase like other vegetable oils. The
produced fatty acids have several applications such as in manufacturing soaps, surfactants,
and detergents, and in food.
Lipases have received attention for lipid modification [40-42]. They are used in fields such as
food engineering, detergents, beverages, cosmetics, biomedical uses, and the chemical in‐
dustry. They catalyze hydrolysis, alcoholysis, acidolysis, amidolysis, and esterification in the
food and pharmaceutical industries [43-48]. Lipid modifications (hydrolysis, esterification,
etc.) often lead to better quality products due to high specificity and selectivity of the lipase.
Immobilized lipases have been applied in various hydrophobic reactions [42,49-51]. Reactiv‐
ity of immobilized lipase was affected by physicochemical factors in reaction media [52,53].
A hydrophobic material is especially favorable for quick initiation of hydrophobic enzymat‐
ic reaction due to the easy diffusion of the substrate in the inner pores of the carrier. Previ‐
ously, hydrophilic gels and solid porous carriers were often employed even for hydrophobic
substrate reactions. Detailed technical data focused on carriers to quickly initiate hydropho‐
bic enzymatic reactions, and high yield repeated-use immobilized enzymes are necessary in
industrial design of hydrophobic enzyme reactions [54-56].

2.2. Process chemistry of soybean oil modification
Vegetable oils (olive oil [40,42]) can be hydrolyzed to produce monoglyceride, diglyceride,
free fatty acids, and glycerol. Free fatty acids are value-added products because of their
wide applications in surfactants, soap manufacturing, the food industry, and biomedical
uses. The conventional and industrial method of oil hydrolysis has been carried out using a
chemical catalyst at high temperatures and pressure. However, successful enzymatic hy‐
drolysis reactions are possible without high temperatures and pressure.
Dalla, R. C. et al. investigated the continuous production of fatty acid ethyl esters from soy‐
bean oil in compressed fluids, namely carbon dioxide, propane, and n-butane, using immo‐
bilized Novozym 435 as a catalyst [57]. Their work evaluated the effects of some process
variables on the production of fatty acid ethyl esters from soybean oil in compressed pro‐
pane using Novozym 435 as a catalyst in a packed-bed reactor. In contrast to using carbon
dioxide and n-butane, their results indicated that lipase-catalyzed alcoholysis was achieved
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in a continuous tubular reactor in compressed propane with high reaction yields at mild
temperatures (70°C) and pressures (60 bar) and with short reaction times. The results dem‐
onstrated that lipase-catalyzed alcoholysis in a packed-bed reactor using compressed pro‐
pane as solvent was promising as a potential alternative to conventional processes. It may be
possible to manipulate process variables as well as reactor configurations to achieve accepta‐
ble yields.
Guan, F. et al. investigated the transesterification of a combination of two lipases [58]. A
combination of two lipases was employed to catalyze methanolysis of soybean oil in an
aqueous medium during production process. The aqueous medium was a mixture of 7 g
soybean oil, methanol in various molar ratios (3:1, 4:1, 5:1, 6:1, and 9:1; methanol : oil) and
2mL (550U per mL) P. pastoris-Rhizomucor miehei lipase supernatant of fermentation broth (a
water content of 28.6wt%, implies the total H2O/weight of oil). The two lipase genes were
cloned from fungal strains Rhizomucor miehei and Penicillium cyclopium, and each was ex‐
pressed successfully in Pichia pastoris. Activities of the 1,3-specific lipase from R. miehei and
the non-specific mono- and diacylglycerol lipase from P. cyclopium were 550U and 1545U
per mL respectively. Enzymatic properties of these supernatants of fermentation broth (liq‐
uid lipase) were continuously stable at 4°C for more than 3 months. Under optimized condi‐
tions, the ratio of production conversion after 12h at 30°C, using R. miehei alone, was 68.5%.
When R. miehei was assisted by adding P. cyclopium, the production conversion ratio in‐
creased to 95.1% under the same reaction conditions. The results suggested that combination
of lipases with different specificity, for enzymatic conversion of more complex lipid sub‐
strates, is a potentially useful strategy to realize high conversion.

2.2.1. Hydrolysis
In hydrolysis, water is used to break the bonds of certain substances. In biotechnology and
living organisms, these substances are often polymers. In hydrolysis involving an ester link
between two amino acids in a protein, the products include the hydroxyl (OH) group, which
becomes carboxylic acid with the addition of the remaining proton.

Figure 6. Hydrolysis of triglyceride catalyzed by lipase
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Hydrolysis reactions in living organisms are performed with the help of catalysis by a class
of enzymes known as hydrolases. The biochemical reactions that break down polymers such
as proteins (peptide bonds between amino acids), nucleotides, complex sugars and starch,
and fats are catalyzed by hydrolases. Within this class, lipases, amylases, and proteinases
hydrolyze fats, sugars and proteins, respectively (Fig. 6).
The hydrolysis of vegetable oils is also industrially important. The complete hydrolysis of
triglycerides will produce fatty acids and glycerol. These fatty acids find several applica‐
tions such as in manufacturing soaps, surfactants, and detergents, and in the food industry.
Since there are many kinds of natural substrates, the high specificity and selectivity of the
enzymes used in the hydrolysis reaction will lead to products of better quality. Lipase has
been used in the hydrolysis of different oils and fats to produce free fatty acids.
Ting, W-J. et al. investigated soybean hydrolysis by immobilized lipase in chitosan beads
[59]. Their work is the culmination of their research efforts to develop an enzymatic/acidcatalyzed hybrid process for production with a view to utilizing edible and off-quality soy‐
bean oils as feedstock. They achieved a higher degree of hydrolysis. The reaction was
carried out at 40°C for 12 h using binary immobilized Candida rugosa lipase. The conversion
of free fatty acid increased rapidly from 0 to 5 h. After 5 h, the conversion of free fatty acid
did not increase significantly. Almost 88% of the oil was hydrolyzed after 5 h, indicating
that the feedstock for the acid-catalyzed synthesis was easily obtained by the hydrolysis of
soybean oil using the binary immobilized lipase. The feedstock for acid-catalyzed produc‐
tion obtained after 5 h of enzymatic hydrolysis of oil contained 12% triglyceride and 88%
monoglyceride, diglyceride, and free fatty acid. Problems linked to higher free fatty acid
contents can be overcome by using the enzymatic/acid-catalyzed hybrid process proposed
in their study. Therefore, any unrefined oil that contains different levels of free fatty acid can
be used.

2.2.2. Esterification
Esterification is the chemical process of making esters, which are compounds of the chem‐
ical structure R-COOR', where R and R' are either alkyl or aryl groups (Fig. 7). The esteri‐
fication process has a broad spectrum of uses from preparing highly specialized esters in
chemical laboratories to producing millions of tons of commercial ester products. These
commercial compounds are manufactured by either a batch or a continuous synthetic proc‐
ess. The batch procedure involves a single pot reactor that is filled with the acid and alco‐
hol reactants.
Sugar fatty acid esters are widely used as non-ionic surfactants in cosmetic and food appli‐
cations. Current chemical production is based on high-temperature esterification of sugars
and fatty acids, using an alkaline catalyst leading to a mixture of products. Alternatively,
sugar fatty acid esters can be obtained by fermentation as so-called biosurfactants. The di‐
rect esterification of sugar and fatty acid using isolated enzymes (mainly lipases) is ham‐
pered by the low solubility of sugars in most organic solvents. Good conversions can be
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achieved in pyridine, but this solvent is incompatible with food applications. Other solu‐
tions are based on the use of alkylglycosides or protected sugars like isopropylidene or phe‐
nylboronic acid derivatives, which require additional synthesis steps.

Figure 7. Esterification of triglyceride catalyzed by lipase

Nagayama, K. et al. investigated lecithin microemulsion-based organogels as immobiliza‐
tion carriers for the esterification of lauric acid with butyl alcohol catalyzed by Candida rugo‐
sa lipase [60]. Gelatin was used as the gelling component of the microemulsion-based
organogels. The maximum reaction rate was obtained at a G LW (volume fraction of water in
microemulsion-based organogel) of 75% v/v, a gelatin content of 18.5% w/v, and a lecithin
concentration of 18 mM. The reaction proceeded under a reaction-controlled regime, and the
reaction rate was influenced by microemulsion-based organogel compositional changes. The
effective diffusion coefficient of lauric acid varied with the microemulsion-based organogel
composition, while that of butyl alcohol remained constant. The partition coefficient of both
substrates was affected by the microemulsion-based organogel composition. Immobilized li‐
pase was reused in a batch-reaction system, and its activity was successfully maintained for
720h. During repeated batch reactions, lipase activity was enhanced, while the ester concen‐
tration at 48h was between 30 and 40 mM.

2.3. Immobilized enzymatic reaction of soybean lipid modification
Immobilization of lipase has been investigated to improve the stability and reusability of li‐
pase in oil hydrolysis. For practical applications, a systematic strategy is necessary to select
suitable support and organic solvents. Authors investigated a key factor of suitable support
to improve enzyme activity and stability of immobilized lipase [61].
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Table 5. Previous investigations of enzymatic lipid modification by lipase immobilized
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Immobilized enzymes have been examined for various industrial applications. In general,
enzyme immobilization effectively enables separating the enzyme from products, thus facili‐
tating their recovery and repeated use [40,42,62]. This is promising for industrial enzymatic
production of various biomaterials. The main aspects of the currently investigated immobi‐
lized enzyme are as follows. First, the molecular structure of the enzyme is directly influ‐
enced by immobilization [50]. Second, enzyme reactivity is affected by the physicochemical
characteristics of the enzyme carrier and the reaction media [40,51]. To quickly initiate hy‐
drophobic enzymatic reactions, a water-in-oil (W/O) microemulsion system is desirable for
achieving higher concentrations of hydrophobic substrate in the reaction media. Third, the
diffusion of the substrate and the reaction products determines the rate-limiting condition in
the reactivity of the immobilized enzyme [49]. Finally, repeated use of the immobilized en‐
zyme in a practical process is a key factor in reducing costs in industrial applications.
Solid porous carriers are expected to resist compaction and deformation of carrier particles
during practical use in bioreactors. Hydrophobic solid porous materials are preferred as im‐
mobilized enzymes for hydrophobic reactions. Table 5 summarizes previous hydrophobic
substrate reactions using immobilized lipase. Hydrophobic materials, primarily a polypro‐
pylene porous commercial carrier called Accurel, have been employed for lipid hydrolysis
and esterification. Lipase is adsorbed with strong multipoint interactions in Accurel [73].
Particle size plays a dominant role in determining the rate-limiting condition of the sub‐
strate [46,49,55,74]. The particle size as well as handling of particles was very important for
both the practical design of the bioreactor and for determining reaction-rate-limiting condi‐
tions. In the Accurel EP-100 system, the effect of particle size on reaction rate was examined
for a size range of 0.2 to 2.5 mm [49,55,62,74]. A higher reaction rate was obtained for a
smaller immobilized carrier. Sabbani et al. reported that the reaction rate was increased sixfold by decreasing the particle size from 0.2 to 1.5 mm[55]. Montero et al. pointed out that
cross-linking of lipase (Candida rugosa) by glutaraldehyde (GA) was promising for attaining
higher reaction activity [62]. Naya and Imai investigated lipid hydrolysis using an immobi‐
lized lipase on Accurel MP100 [61]. It examined the effect of particle size on the apparent
reaction rate. The technical data were expected to be used in designs for industrial applica‐
tion of Accurel MP100 for hydrophobic immobilized lipase reactions.
2.3.1. W/O microemulsion
W/O microemulsions are spontaneous aggregates composed of amphiphilic molecules in
non-polar media. The properties of reverse micelles have been extensively investigated in
the field of reverse micellar techniques. Reverse micelles enable hydrophilic proteins to be
solubilized in organic solvent and are anticipated to be used as separation and enzymatic
reaction media with hydrophobic substrates. When enzymes are micro-encapsulated, they
are situated inside the water pool of the W/O microemulsion; whether or not they interact
with the micellar interface depends on the enzyme species (Fig. 8). For example, an enzyme
reaction involving lipase was observed on the interfacial layer between the hydrophobic
phase containing substrates, and the hydrophilic phase containing dissolved lipase.
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Figure 8. Schematic image of W/O microemulsion system. Micro-water pool was dispersed in bulk oil phase.
amphiphilic molecule.

:

:enzyme

Uehara et al. defined the reaction condition producing high reactivity over a limited range
of both hydrophilicity and interfacial fluidity of the microemulsion droplet [53]. Their reac‐
tion condition was identified as the most favorable condition for sugar–ester alcohol W/O
microemulsion media to perform lipid hydrolysis. The critical micelle concentration de‐
pended on the concentration of 1-butanol and was found to be inversely proportional to the
second power of the 1-butanol concentration. The initial reaction rate of the hydrolysis of tri‐
olein in W/O microemulsion depended on the solubilized water content, reaching a maxi‐
mum in the limited range of 2 < Wsoln< 4. The maximum initial reaction rate increased about
2-fold following the addition of 1-butanol. The most favorable concentration of 1-butanol for
hydrolysis by Rhizopus delemar was identified as 3.5% v/v.
Naoe et al. investigated the esterification of oleic acid with octyl alcohol catalyzed by Rhizo‐
pus delemar lipase in a reverse micellar system of sugar ester DK-F-110 [52]. A high initial
reaction rate was obtained by preparing a micellar organic phase with extremely low water
content. The initial reaction rate decreased slightly with decreasing DK-F-110 concentration.
The lipase exhibited 40% of its esterification activity after 28h incubation in the DK-F-110 re‐
verse micellar organic phase. Sodium bis(2-ethylhexyl)sulfosuccinate (AOT) is often used as
an ionic amphiphilic molecule for reverse micelle formation owing to the advantages of
spontaneous aggregation, thermodynamic stability, and non-additional co-surfactant. In the
work of Naoe et al. the turnover number of the DK-F-110 system was larger than that of the
system using AOT.
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2.3.2. Gel beads carrier
The major problem that must be solved to employ a microemulsion system in industrial
processes is the recovery of the products and the repeated use of enzyme. Usual techniques
such as extraction and distillation lead to poor separation because of the problems of emul‐
sion-forming and foaming caused by the presence of surfactants. One approach to simplify‐
ing the recovery of the product and the enzyme for reuse from microemulsion based-media
has been to employ gelled microemulsion systems. Interestingly, many W/O microemul‐
sions can be gelled by adding gelatin, yielding a matrix suitable for enzyme immobilization.
Cooling at room temperature causes a transparent gel with reproducible physical properties
to form. These enzyme-containing, gelatin-based gels are rigid and stable in various non-po‐
lar organic solvents and may therefore be used for biotransformations in organic media. Un‐
der most conditions, the gel matrix fully retains the surfactant, gelatin, water, and enzyme
components, allowing the diffusion of non-polar substrates or products between a contact‐
ing non-polar phase and the gel pellets.
Natural gelling agents such as gelatin, agar and κ-carrageenan have been tested for the formation
of lecithin microemulsion-based gels as well as hydrogels presented by Stamatis, H and Xenakis,
A [75]. Lipase-containing microemulsions-based organogels formulated with various biopol‐
ymers have considerable potential for their application in biotransformations. Lipase immo‐
bilized in gelatin and agar organogels exhibited good stability in catalyzing esterification
reactions under mild conditions with high conversion yields. High yields (80%) were ob‐
tained with agar and κ-carrageenan organogels in isooctane. The remaining lipase activity in
repeated syntheses was found to depend on the nature of the biopolymer used for forming
the organogels. Gelatin and agar microemulsion-based gels had the highest operational sta‐
bility. Moreover, aqueous gelatin and agar gels containing only lipase, water, and biopoly‐
mer retain their integrity in organic solvents and can also be used for the synthesis of esters.
Chitosan, poly [β-(1-4)-linked-2-amino-2-deoxy-D-glucose], is non-toxic, hydrophilic, bio‐
compatible, biodegradable, and anti-bacterial and can be used as a material for immobilized
carriers since it has a variety of functional groups that can be tailored to specific applica‐
tions. Xie, W. and Wang, J. investigated the effects of various transesterification parameters
on the enzymatic conversion of soybean oil [72]. In their work, magnetic chitosan micro‐
spheres were prepared by the chemical co-precipitation approach using glutaraldehyde as
the cross-linking reagent for lipase immobilization. Using the immobilized lipase, the con‐
version of soybean oil to fatty acid methyl esters reached 87% under the optimized condi‐
tions of a methanol/oil ratio of 4:1 with the three-step addition of methanol, reaction
temperature 35°C, and reaction time 30h. Moreover, the immobilized lipase could be used
for four times without significant decrease of activity.
2.3.3. Polypropylene carrier
The immobilized lipase (Candida rugosa) using polypropylene-based hydrophobic granular
porous carrier Accurel MP100 was investigated in lipid hydrolysis reactions involved in the
effect of particle size on the apparent reaction rate [61]. The true shape of the original Accur‐
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el was similar to a half cylinder (Fig. 9 (a)). Macro-pores existed near the particle surfaces.
Inside the particle, the micro-pores formed many branched channels (Fig. 9 (b)).

Figure 9. a). Schematic illustration of original Accurel MP100, a polypropylene-based hydrophobic granular support.
The true shape of original Accurel particles seemed to be half cylinders. (b) SEM (electron microscopy) image of origi‐
nal Accurel particles.

The amount of immobilized lipase per unit mass of particle was increased by 19% in smaller
particles (500 to 840 μm). The immobilized yield lipase based on the adsorbed amount was
high (over 98%) in every class of particle size (Fig. 10). Cross-linking of lipase by glutaralde‐
hyde (GA) holds much promise for immobilization.

Figure 10. (a). Schematic illustration of original Accurel MP100, a polypropylene-based hydrophobic granular support.
The true shape of original Accurel particles seemed to be half cylinders. (b) SEM (scanning electron microscopy) image
of original Accurel particles.
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The reactivity of immobilized lipase as evaluated from the oleic acid production rate strong‐
ly depended on the Accurel particle size. In particular, the 500 to 840 μm (mean diameter
670μm) particles performed significantly outstanding reactivity compared with that of 840
to 1180 μm (mean diameter 1010μm) particles and original Accurel (Fig. 11). The experimen‐
tal effectiveness factor was obtained and compared with the theoretical effectiveness factor.
The difference was speculated to be due to assumptions of the geometrical factor of particles
and the partition equilibrium of the substrate between the carrier particle and bulk phase.
Quick initiation was observed in the repeated use of immobilized lipase on the 500 to 840
μm particles. The production yield was well-preserved.

Figure 11. Comparison of reactivity of immobilized lipase for various particle sizes of Accurel.

2.3.4. Nanofiber membrane
Li, S-F. and Wu, W-T. investigated immobilized lipase activity using a nanofiber membrane
[66]. The activity retention of the immobilized lipase was 87.5% of the free enzyme. Under
these optimal reaction conditions, the hydrolysis conversion of soybean oil was 72% after
10min and 85% after 1.5h. In reusability, the immobilized lipase retained 65% of its initial
conversion after 20 additional batch reactions. Protein loading reached 21.2mg/g material of
the membrane due to the large specific surface area provided by the nanofibers. This effec‐
tive enzyme immobilization method has good potential for industrial applications.
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2.4. Conclusion
Soybean has been expected to be used both as a food and as a bioresource for attractive
functional components. Soybean contains many proteins and much oil. Soybean oil can be
hydrolyzed readily by lipase like other vegetable oils. The produced fatty acids find several
applications such as in manufacturing soaps, surfactants, and detergents, and in food.
Immobilization of lipase has been investigated to improve its stability and reusability in oil
hydrolysis. For practical applications, a systematic strategy is necessary to select suitable
support and organic solvent. Since the novel developed method is promising, it could be
used industrially for producing chemicals requiring immobilized lipases.

Nomenclature
GLW: volume fraction of water in microemulsion-based organogel phase, referred from [60]
(% v/v microemulsion-based organogel phase)
Log P: hydrophobicity index by Laane et al. [34]. P was defined by partition equilibrium (-)
M: molar fraction of ethanol in SCCO2, referred from [33] ([mol-Ethanol]/[mol-(SCCO2+Etha‐
nol)])
S: molar fraction of extracted sample in the SCCO2 and ethanol binary system, referred from
[33] ] ([mol-extracted sample]/[mol-(SCCO2+Ethanol)])
Wsoln: molar ratio of solubilized water to amphiphile, referred from [53] ([mol-H2Osoln]/[molamphiphile])
α: the power term on the molar fraction of ethanol M, presented by Eq. (1), referred from
[33]. It is summarized in Table 3 (-)
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Soybean, Nutrition and Health
Sherif M. Hassan
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/54545

1. Introduction
Soybean (Glycine max L.) is a species of legume native to East Asia, widely grown for its edi‐
ble bean which has several uses. This chapter will focuses on soybean nutrition and soy food
products, and describe the main bioactive compounds in the soybean and their effects on
human and animal health.

2. Soybean and nutrition
Soybean is recognized as an oil seed containing several useful nutrients including pro‐
tein, carbohydrate, vitamins, and minerals. Dry soybean contain 36% protein, 19% oil,
35% carbohydrate (17% of which dietary fiber), 5% minerals and several other compo‐
nents including vitamins [1]. Tables 1 and 2 show the different nutrients content of soy‐
bean and its by-products [2]
Soybean protein is one of the least expensive sources of dietary protein [3]. Soybean protein
is considered to be a good substituent for animal protein [4], and their nutritional profile ex‐
cept sulfur amino acids (methionine and cysteine) is almost similar to that of animal protein
because soybean proteins contain most of the essential amino acids required for animal and
human nutrition. Researches on rats indicated that the biological value of soy protein is sim‐
ilar to many animal proteins such as casein if enriched with the sulfur-containing amino
acid methionine [5]. According to the standard for measuring protein quality, Protein Di‐
gestibility Corrected Amino Acid Score, soybean protein has a biological value of 74, whole
soybeans 96, soybean milk 91, and eggs 97[6]. Soybeans contain two small storage proteins
known as glycinin and beta-conglycinin.
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Soybean
Nutrient

Flour

Protein

Seed heat

Meal solvent

Seed without hulls,

concentrate

processed

extracted

meal solvent extracted

Protein%

13.3

84.1

37.0

44.0

48.5

Fat%

1.6

0.4

18.0

0.8

1.0

-

-

8.46

0.40

0.40

Crude fiber%

33.0

0.2

5.5

7.0

3.9

Calcium%

0.37

0.0

0.25

0.29

0.27

Total phosphorus%

0.19

080

058

065

0.62

-

0.32

-

0.27

0.22

Potassium %

1.50

0.18

1.61

2.00

1.98

Chlorine%

0.02

0.02

0.03

0.05

0.05

-

130

80

120

170

0.12

0.01

0.28

0.27

0.30

29

1

30

29

43

Sodium %

0.25

0.07

0.03

0.01

0.02

Sulfur %

0.06

0.71

0.22

0.43

0.44

Copper (mg/kg)

-

7

16

22

15

Selenium (mg/kg)

-

0.10

0.11

0.10

0.10

Zinc (mg/kg)

-

23

25

40

55

Biotein(mg/kg)

0.22

0.3

0.27

0.32

0.32

Choline(mg/kg)

640

2

2.860

2794

2731

Folacin (mg/kg)

0.30

2.5

4.2

1.3

1.3

24

6

22

29

22

Pantothenic acid (mg/kg)

13.0

4.2

11.0

16.0

15.0

Pyridoxine(mg/kg)

2.2

5.4

10.8

6.0

5.0

Riboflavin(mg/kg)

3.5

1.2

2.6

2.9

2.9

Thiamin(mg/kg)

2.2

0.2

11.0

4.5

3.2

Vitamin B12 (µg/kg)

-

-

-

-

-

Vitamin E (mg/kg)

-

-

40

2

3

Linoleic acid %

Non phytate phosphorus
%

Iron (mg/kg)
Magnesium %
Manganese(mg/kg)

Niacin(mg/kg)

Table 1. Shows composition of soybean and some soybean by-product.
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Soybean
Nutrient

flour

Protein

Seed heat

Meal solvent

concentrate

processed

extracted

Seed without
hulls, meal
solvent extracted

Arginine%

0.94

6.70

2.59

3.14

3.48

Glycine %

0.40

3.30

1.55

1.90

2.05

-

5.30

1.87

2.29

2.48

Histidine%

0.18

2.10

0.99

1.17

1.28

Isoleucine%

0.40

4.60

1.56

1.96

2.12

Leucine %

0.57

6.60

2.75

3.39

3.74

Lysine%

0.48

5.50

2.25

2.69

2.96

Methionine%

0.10

0.81

0.53

0.62

0.67

Cystine%

0.21

0.49

0.54

0.66

0.72

Phenylalanine%

0.37

4.30

1.78

2.16

2.34

Tyrosine%

0.23

3.10

1.34

1.91

1.95

Threonine%

0.30

3.30

1.41

1.72

1.87

Tryptophan%

0.10

0.81

0.51

0.74

0.74

Valine%

0.37

4.40

1.65

2.07

2.22

Serine%

Table 2. Shows amino acids contain of soybean and some soybean by-product.

On the other hand, Soy vegetable oil is another product of processing the soybean crop used
in many industrial applications. Soybean oil contains about 15.65% saturated fatty acids,
22.78% monounsaturated fatty acids, and 57.74% polyunsaturated fatty acids (7% linolenic
acid and 54% linoleic acid) [7]. Furthermore, soybeans contain several bioactive compounds
such as isoflavones among other, which possess many beneficial effects on animal and hu‐
man health [8].
Soybean is very important for vegetarians and vegans because of its rich in several beneficial
nutrients. In addition, it can be prepared into a different type of fermented and non-ferment‐
ed soy foods. Asians consume about 20–80 g daily of customary soy foods in many forms
including soybean sprouts, toasted soy protein flours, soy milk, tofu and many more. Also
fermented soy food products consumed include tempeh, miso, natto, soybean paste and soy
sauce among other [9, 10]. This quantity intake of soy foods is equivalent daily to 25 and 100
mg total isoflavones [11] and between 8 and 50 g soy protein [12]. On the other hand, west‐
ern people consume only about 1–3 g daily soy foods mostly as soy drinks, breakfast cereals,
and soy burgers among other processed soy food forms [10].
Soybean is used as the raw material for oil milling, and the residue (soybean meal) can be
mainly used as source of protein feedstuff for domestic animals including pig, chicken,
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cattle, horse, sheep, and fish feed and many prepackaged meals as well [1]. It is widely
used as a filler and source of protein in animal diets, including pig, chicken, cattle, horse,
sheep, and fish feed [13]. In general, soybean meal is a great source of protein ranged
from 44-49%, but methionine is usually the only limiting amino acid and contains some
anti-nutritional factors such as trypsin inhibitor and hemaglutinins (lectins) which can be
destroyed by heating and fermenting the soybean meal before use. Textured vegetable
protein (TVP) is another soybean byproduct has been used for more than 50 years as in‐
expensively and safely extending ground beef up to 30% for hamburgers or veggie bur‐
gers, without reducing its nutritional value and in many poultry and dairy products (soy
milk, margarine, soy ice cream, soy yogurt, soy cheese, and soy cream cheese). as well [1,
13, 14, 15]. The total estimates of feed consumed for broilers, turkeys, layers and associat‐
ed breeders production over the world in 2006 was about 452 million tones [16]. This esti‐
mated value is calculated depending on poultry feeds containing about 30% soybean meal
on average. Therefore, 136 million tones of soybean meal are used annually in poultry
feeds. As a generalization, the numbers shown can be multiplied by 0.3 for an estimate of
the needs of soybean meal. Soy-based infant formula (SBIF) is another soybean product
that can be used for infants who are allergic to pasteurized cow milk proteins. It is sold
in powdered, ready-to-feed, and concentrated liquid forms without side effects on human
growth, development, or reproduction [17, 18, 19].
There are several types commercially available of non fermented soy foods, including soy
milk, infant formulas, tofu (soybean curd), soy sauce, soybean cake, tempeh, su-jae, and
many more. However, fermented foods include soy sauce, fermented bean paste, natto, and
tempeh, among others. Fermented soybean paste is native to the East and Southeast Asia
countries such as Korea, China, Japan, Indonesia, and Vietnam [20]. Korean soy foods in‐
cluding kochujang (fermented red pepper paste with soybean flour) and long-term ferment‐
ed soybean pastes (doenjang, chungkukjang, and chungkookjang) are now internationally
accepted foods [20]. Furthermore, natto and miso are originally Japanese soy food types of
chungkukjang and doenjang, respectively. China also has different fermented soybean prod‐
ucts including doubanjiang, douche (sweet noodle sauce), tauchu (yellow soybean paste),
and dajiang. Chungkukjang is a short-term fermented soy food similar to Japanese natto,
whereas doenjang, kochujang, and kanjang (fermented soy sauce) undergo long term fer‐
mentation as do Chinese tauchu and Japanese miso.
In general, this fermentation of soy foods changes the physical and chemical properties of
soy food products including the color, flavor and bioactive compounds content. These
changes differ according to different production methods such as the conditions of fermen‐
tation, the additives, and the organisms used such as bacteria or yeasts during their manu‐
facture. These changes differ as well as whether the soybeans are roasted as in chunjang or
aged as in tauchu before being ground. In addition to physicochemical properties, the fer‐
mentation of these soybean products changes the bioactive components, such as isoflavo‐
noids and peptides, in ways which may alter their nutritional and health effects.
Also, the nutritional value of cooked soybean depends on the pre-processing and the
method of cooking such as boiling, frying, roasting, baking, and many more. The quality
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and quantity of soybean components is considerably changed by physical and chemical
or enzymatic processes during the producing of soy-based foods [21, 22, 23, 24, 25, 26].
Fermentation is a great processing method for improving nutritional and functional
properties of soybeans due to the increased content of many bioactive compounds. On
the other hand, the conformation of soy protein (glycinin) is easily altered by heat
(steaming) and salt [27]. Many large molecules in raw soybean are broken down by en‐
zymatic hydrolysis during fermentation to small molecules, which are responsible for
producing new functional properties for the final products. For example, isoflavones,
which are mostly present as 6-O-malonylglucoside and β-glycoside conjugates and asso‐
ciated with soybean proteins, are broken down by heat treatment and fermentation [28].
In general, the chemical profiles of various minor components related to health benefits
and nutritional quality of products are also affected by fermentation [29]. It is usual to
heat-treat legume components to denature the high levels of trypsin inhibitors soybean
[30]. The digestibility of some soy foods are as follows: steamed soybeans 65.3%, tofu
92.7%, soy milk 92.6%, and soy protein isolate 93–97% [1].

3. Bioactive compounds of soybean
Many bioactive compounds are isolated from soybean and soy food products including iso‐
flavones, peptides, flavonoids, phytic acid, soy lipids, soy phytoalexins, soyasaponins, lec‐
tins, hemagglutinin, soy toxins, and vitamins and more [31]. Flavonoids are low-molecularweight polyphenolic compounds classified according to their chemical structure into
flavonols, flavones, flavanones, isoflavones, catechins, anthocyanidins and chalcones [32].
Typical flavonoids are kaempferol, quercetin and rutin (the common glycoside of quercetin),
belonging to the class of flavonols. Isoflavones (soy phytoestrogens) is a subgroup of flavo‐
noids. The major isoflavones in soybean are genistein, daidzein, and glycitein, representing
about 50, 40, and 10% of total isoflavone profiles, respectively. Soy isoflavones, daidzein and
genistein, are present at high concentrations as a glycoside in many soybeans and soy food
products such as miso, tofu, and soy milk. Soybeans contain 0.1 to 5 mg total isoflavones per
gram, primarily genistein, daidzein, and glycitein, the three major isoflavonoids found in
soybean and soy products [33]. These compounds are naturally present as the β-glucosides
genistin, daidzin, and glycitin, representing 50% to 55%, 40% to 45%, and 5% to 10% of the
total isoflavone content, respectively depending on the soy products [8]. Formononetin is
another form of isoflavone found in soybeans and can be converted in the rumen (in sheep
and cow) into a potent phytoestrogen called equol [34].
Recently, there has been increased interest in the potential health benefits of other bioactive
polypeptides and proteins from soybean, including lectins (soy lectins are glycoprotein) and
lunasin. Lunasin is a novel peptide originally isolated from soybean foods [35]. Lunasin con‐
centration is ranged from 0.1 to 1.3 g/100 g flour [36, 37], and from 3.3 to 16.7 ng/mg seed
[38]. Soybean phytosterols usually include four major or types: β-sitosterol, stigmasterol,
campesterol, and brassicasterol, all of which make good raw materials for the production of
steroid hormones. Triterpenoid saponins in the mature soybean are divided into two
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groups; group A soy saponins have undesirable astringent taste, and group B soy saponins
have the health promoting properties [39, 40]. Group A soy saponins are found only in soy‐
bean hypocotyls, while group B soy saponins are widely distributed in legume seeds in both
hypocotyls (germ) and cotyledons [39]. Saponin concentrations in soybean seed are ranged
from 0.5 to 6.5% [41, 42].
Soybeans also contain isoflavones called genistein and daidzein, which are one source of
phytoestrogens in the human diet. Soybeans are a significant source of mammalian lignan
precursor secoisolariciresinol containing 13–273 μg/100 g dry weight [43]. Another phytoes‐
trogen in the human diet with estrogen activity is coumestans, which are found in soybean
sprouts. Coumestrol, an isoflavone coumarin derivative is the only coumestan in foods [44,
45]. Soybeans and processed soy foods are among the richest foods in total phytoestrogens
present primarily in the form of the isoflavones daidzein and genistein [46].

4. Soybean and health
4.1. Beneficial effects of soybean
Recent research of the health effects of soy foods and soybean containing several bioactive
compounds received significant attention to support the health improvements or health
risks observed clinically or in vitro experiments in animal and human.
4.1.1. Effects on cancer
Recent studies suggested that soy food (soy milk) and soybean protein containing flavonoid
genistein, Biochanin A, phytoestrogens (isoflavones) consumption is associated with low‐
ered risks for several cancers including breast [11,47,48,49,50,51,52], prostate [53,54], endo‐
metrial [52,55], lung [56], colon [57], liver [58], and bladder [59] cancers.
Isoflavones (genistein) use both hormonal and non-hormonal action in the prevention of
cancer, the hormonal action of isoflavones has been postulated to be through a number of
pathways, which include the ability to inhibit many tyrosine kinases involved in regulation
of cell growth, to enhance transformation growth factor-β which inhibits the cell cycle pro‐
gression, as well as to influence the transcription factors that are involved in the expression
of stress response-related genes involved in programmed cell death [60,61]. Other nonhor‐
monal mechanisms by which isoflavones are believed to increase their anticarcinogenic ef‐
fects are via their anti-oxidant, anti-proliferative, anti-angiogenic and anti-inflammatory
properties [62].
On the other hand, soy proteins and peptides showed potential results in preventing the dif‐
ferent stages of cancer including initiation, promotion, and progression [63]. They noted that
Kunitz trypsin inhibitor (KTI), a protease inhibitor originally isolated from soybean, inhibit‐
ed carcinogenesis due to its ability to suppress invasion and metastasis of cancer cells. Also,
[64] found that soybean lectins and lunasin were able to possess cancer chemopreventive ac‐
tivity in vitro, in vivo (in human).
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Cell culture experiments have demonstrated that a novel soybean seed peptide (lunasin)
prevented mammalian cells transformation induced by chemical carcinogens without affect‐
ing morphology and proliferation of normal cells [65]. Lunasin purified from defatted soy‐
bean flour showed potent activity against human metastatic colon cancer cells. Lunasin
caused cytotoxicity in four different human colon cancer cell lines [66]. It has been also dem‐
onstrated that lunasin causes a dose-dependent inhibition of the growth of estrogen inde‐
pendent for human breast cancer [67].
4.1.2. Effect on hypercholesterolemia and cardiovascular diseases
Soy food and soybean protein containing isoflavones consumption lowered hypercholes‐
terolemia [68, 69, 70, 71]. Many studies reported that soybean protein consumption low‐
ered incidence of cardiovascular diseases [68]. Soy isoflavone suppress excessive stressinduced hyperactivity of the sympatho-adrenal system and thereby protect the
cardiovascular system [72].
Several studies reported a relation between soybean protein consumption and the reduction
in cardiovascular risk in laboratory animal's models by reducing plasma cholesterol levels
[68, 69]. Reduction in the incidence of hypercholesterolemia and cardiovascular diseases in
Asian countries depending on their diets rich in soy protein was reported [73]. Another
study found that the substitution of the animal protein with soybean protein resulted in a
significantly decrease in plasma cholesterol levels, mainly LDL (low-density lipoprotein)
cholesterol [74]. In the same way, [69] showed that after replacing animal protein with soy‐
bean protein consumption for hypercholesterolemia persons resulted in a significant de‐
crease of 9.3% of total plasma cholesterol, mainly 12.9% of LDL cholesterol level and 10.5%
of triglycerides. The health beneficial effect for replacing animal protein with soy protein
consumption showed the most effective in the highest hypercholesterolemic depend on the
initial plasma cholesterol levels [70, 71] without or with the lowest effects in normocholes‐
terolemic persons.
Several research attentions have been paid to the high dietary intake of isoflavones because
of their potentially beneficial effects associated with a reduction in the risk of developing
cardiovascular diseases. On the other hand, other studies conducted out to establish wheth‐
er soybean protein and/or isoflavones could be responsible for the hypocholesterolemic ef‐
fects of soybean diets and therefore their beneficial effects on cardiovascular disease. By
studying the effect of soy bean protein and isoflavones, [75] reported that these major com‐
ponents of soybean flour (soybean proteins and soybean isoflavones) independently de‐
creased serum cholesterol. Recent study reported that soybean protein containing
isoflavones significantly reduced serum total cholesterol, LDL cholesterol, and triacylglycer‐
ol and significantly increased HDL (high-density lipoprotein) cholesterol, but the changes
were related to the level and duration of intake, and gender and initial serum lipid concen‐
trations of the persons [76].
Some studies have shown that soybean oil effective in lowering the serum cholesterol and
LDL levels, and likely can be used as potential hypocholesterolemic agent if used as a diet‐
ary fat and ultimately help prevent atherosclerosis and heart diseases [77]. Soybean oil is a
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rich source of vitamin E, which is essential to protect the body fat from oxidation and to
scavenge the free radicals and therefore helps to prevent their potential effect upon chronic
diseases such as coronary heart diseases and cancer [78]. The FDA granted the following
health claim for soy: "25 grams of soy protein a day, as part of a diet low in saturated fat and
cholesterol, may reduce the risk of heart disease [79].
4.1.3. Effect on osteoporosis and menopause
Soy food and soybean isoflavones consumption lowered osteoporosis, improved bone
health and other bone health problems [80, 81, 82]. In addition, consumption of soy foods
may reduce the risk of osteoporosis and help alleviate hot flashes associated with meno‐
pausal symptoms which are major health concerns for women [83].
4.1.4. Hypotensive activity
Soy food kochujang extract consumption lowered hypertension [84]. The angiotensin I con‐
verting enzyme inhibitory peptide isolated from soybean hydrolysate and Korean soybean
paste enhanced anti-hypertensive activity in vivo [85], causing a fall in blood pressure com‐
pared with thiazide diuretics or beta-blockers for mild essential hypertension [86].
4.1.5. Effect on insulin secretion and energy metabolism
Increasing the insulin secretion followed by glucose challenge was recorded when male
monkeys fed soybean protein and isoflavones [87, 88]. Flavonoid genistein, tyrosine kinase
inhibitor, inhibited insulin signaling pathways [60]. Dietary isoflavones induced alteration
in energy metabolism in human [89]. They also noted an inhibition of glycolysis and a gen‐
eral shift in energy metabolism from carbohydrate to lipid metabolism due to isoflavone in‐
terference.
4.1.6. Effect on blood pressure and endothelial function
Reduction in the blood pressure via renin-angiotensin system activity (one of the most im‐
portant blood pressure control systems in mammals) was recorded by feeding rats on diet
containing commercial purified soybean saponin [90]. They found that soybean saponin in‐
hibited renin activity in vitro and that oral administration of soybean saponin at 80 mg/kg of
body weight daily to spontaneously hypertensive rats for 8 weeks significantly reduced
blood pressure. In addition, [91] studied the effects of dietary intake of soybean protein and
isoflavones on cardiovascular disease risk factors in high risk, 61 middle aged men in Scot‐
land. For five weeks, half the men fed diets containing at least 20 g of soybean protein and
80 mg of isoflavones daily. The effects of isoflavones on blood pressure, cholesterol levels,
and urinary excretion were measured, and then compared to those of the remaining men
who were fed placebo diet containing olive oil. Men that fed soybean in their diet showed
significant decrease in both diastolic and systolic blood pressure. In addition, [92] found that
feeding soy nut significantly decreased systolic and diastolic pressure in hypertensive post‐
menopausal women. On the other hand, [93] found no effect of soybean protein with isofla‐
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vones on blood pressure in hypertensive persons. Soy protein and soy isoflavones intake
improved endothelial function and the flow-induced dilatation in postmenopausal hyper‐
cholesterolemia women by raising the levels of endothelial nitric oxide synthase (eNOS), a
regulator of the cardiovascular function [94, 95, 96, 97]. Furthermore, chronic administration
of genistein increased the levels of NOS in spontaneously hypertensive rats [98, 99].
4.1.7. Effects on platelet aggregation and fibrinolytic activity
The effect of genistein, a protein tyrosine kinase inhibitor on platelet aggregation was exhib‐
ited [100,101]. Nattokinase, a strong fibrinolytic enzyme, in the vegetable cheese natto (a
popular soybean fermented Japanese food) showed approximately fourtimes stronger activ‐
ity than plasmin in the clot lysis assay [102]. However, intraduodenal administration natto‐
kinase decreased fibrinogen plasma levels in rats [103,104] and in humans [105]. In addition,
soybean protein and peptides exhibited anti-fatigue activity helping in performing exercise
and delaying fatigue [106], antioxidant [107,108], anti-aging, skin moisturizing, anti-solar,
cleansing, and hair-promoting agent [109].
The beneficial effect of Soy isoflavonne (daidzein) on human health extends to the preven‐
tion of cancer [110], cardiovascular disease [111]. Also, soybean isoflavones (genistein, daid‐
zein, and their beta glycoside conjugates) showed antitumor [112], estrogenic [113],
antifungal activities [114]. Soy isoflavonne (daidzein) stimulates catecholamine synthesis at
low concentrations [115]. However, daidzein at high concentrations (1-100 μM) inhibited
catecholamine synthesis and secretion induced by stress or emotional excitation. Recent
studies recoded an improvement in cognitive function, particularly verbal memory [116]
and in frontal lobe function [117] with the use of soy supplements. Glyceollins molecules are
also found in the soybean and exhibited an antifungal activity against Aspergillus sojae, the
fungal ferment used to produce soy sauce [118]. They are phytoalexins with an antiestrogen‐
ic activity [119].
4.2. Harmful effects
Despite the several beneficial effects documented of soybean consumption, there are some
controversial effects claimed in recent studies on animal and human health. Soybean con‐
tains several naturally occurring compounds that are toxic to humans and animals such as
the trypsin (a serine protease found in the digestive system) inhibitors, phytic acid, toxic
components such as lectins and hemagglutinins, some metalloprotein such as soyatoxin and
many more other biological of soyatoxin. Some studies reported high levels of protease or
trypsin inhibitors (1-5% of total protein) in legume seeds such as soybean [120]. In vivo stud‐
ies using rat, high levels of exposure to trypsin inhibitors isolated from raw soy flour cause
pancreatic cancer whereas moderate levels cause the rat pancreas to be more susceptible to
cancer-causing agents. However, the US FDA concluded that low levels of soybean protease
(trypsin) inhibitors cause no threat to human health. For human consumption, soybeans
must be cooked with "wet" heat to destroy the trypsin inhibitors (serine protease inhibitors).
Raw soybeans, including the immature green form, are toxic to humans, swine, chickens,
and in fact, all monogastric animals [121]. Tofu intake was associated with worse memory,
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but tempeh (a fermented soy product) intake was associated with better memory [122]. Iso‐
flavones might increase breast cancer risk in healthy women or worsen the prognosis of
breast cancer patients [123].
Soy compounds

Biological properties

Selected references

Genistein, daidzein,

Anticancer

[11, 47, 48,49,50, 51,52, 53,54,

lectins and lunasin

55,56,57,58,59,62,63, 65,66,67,110,113]

Isoflavones and oil

Hypercholesterolemia

[68,69,70,71,73,74,75,76,77]

Daidzein and oil

Cardiovascular diseases

[68,72,73,77,78,79,91, 111]

Isoflavones

Osteoporosis and menopause

[80,81,82,83]

Genistein

Hypertensive

[84,85,86,98,99]

Genistein

Insulin secretion and energy

[60,87,88,89]

metabolism
Saponin and genistein

Blood pressure and endothelial function [90,91,92,94,95,96,97,98,99]

Genistein

Plate aggregation and fibrinolyic activity [100,101,102,103,104,105]

Genistein

Antioxidant

[107,108]

Protein and peptides

Anti aging

[109]

Protein and peptides

Anti-fatigue

[106]

Genistein

Anti-flammation

[62]

Genistein, daidzein and Antifungal

[114,118]

Glyceollins
Genistein, daidzein and Estrogenic activity

[113,119]

Glyceollins
Daidzein

Catecholamine synthesis

[115]

Genistein

Anti-angiogenic

[62]

Table 3. Summarizes some beneficial effects of some soybean compounds on animal and human health

Phytic acid is also criticized for reducing vital minerals due to its chelating effect, especially
for diets already low in minerals [124]. Phytic acid present in soybean seeds binds to miner‐
als and metals to form phytate (chelated forms of phytic acid with magnesium, calcium,
iron, and zinc). Phytate is not digestible and impermeable molecules through cell mem‐
branes for humans or nonruminant animals. In addition, phytic acid prevents the body to
use many essential minerals such as magnesium, calcium, iron and especially zinc. Unfer‐
mented soy products contain high levels of lectins/hemagglutinins. Hemagglutinin makes
red blood cells unable to absorb oxygen. However, the soybean fermentation process deacti‐
vates soybean hemagglutinins and makes the amounts of lectins present in soybeans incon‐
siderable. However, some dried soybean products may still contain a large amount of active
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or toxic lectins. These lectins are believed to cause allergic in a human body. Recently, a met‐
alloprotein named soyatoxin exhibiting toxicity to mice (LD50 7-8 mg/kg mouse upon intra‐
peritoneal injection) was identified. Regardless of the beneficial effect of genistein, there are
some controversies about safety and harmful effect of soybean food supplementation rich in
genistein. Some studies reported that genistein is not safe and has harmful effects on human
health. Consumption of genistein-rich soy food and supplements during pregnancy has
been suggested to raise the risk of infant leukemias [125]. In addition, some researches
showing stimulatory effect of genistein on proliferation of some breast cancer cells lines in‐
crease the concerning problem about the safety of genistein intake for breast cancer women
[126]. Recent study reported that administration 56g soy protein powder daily caused a re‐
duction in serum testosterone up to 4% in four weeks in a test group of 12 healthy males
[127]. Finally, allergy to soy is common, and the food is listed with other foods. Only a few
reported studies have attempted to confirm allergy to soy by direct challenge with the food
under controlled conditions [127]. Table (3) shows several beneficial effects reported of some
soybean compounds on animal and human health.
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1. Introduction
In the present days, the export trade in soybean and its derivatives has a major impact on
the Brazilian agro-industrial system and economy. Brazil is the second largest producer, be‐
hind only the United States, and three states represent 63% of national production: Mato
Grosso, Paraná and Rio Grande do Sul. The 2010/2011 crop has maintained its growth mo‐
mentum, with higher volume than the previous one, with the climatic factor as primarily re‐
sponsible for these results.
Soybean has a high nutritional and functional value, is source of quality protein and some
essential nutrients to human diet. Due to this nutritional quality, high production, low cost
and variety of derivate products, the soybean grain is an alternative for feed [10]. The bene‐
fits of soybean have increased its consumption both in natura and processed. Studies have
shown the association between soy consumption and reduced incidence of esophageal,
lung, prostate, breast and colorectal cancer, cardiovascular disease, osteoporosis, diabetes,
Alzheimer's disease and menopausal symptoms. The joint action of high-quality protein and
polyunsaturated and saturated fats present in soybean helps reduce LDL [37, 28].
In Brazil, the consumption of soybean and its products is still not widespread, due to the
few options, exotic flavor to the Brazilian palate and presence of antinutritional factors in
the grain. Some of these factors, as the protease inhibitors and lipoxygenase enzymes, can be
reduced by suitable thermal processing. Coupled with this, the genetic breeding is responsi‐
ble by eliminate lipoxygenase enzymes, reducing the flavor which limits the acceptability of
the soy products [10, 28].
The soymilk is nutritive, lactose-free, contains no cholesterol and is highly digestible. Can be
sold in liquid or powder, pasteurized or sterilized, and commonly flavored, such as juices
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and vitamins. The extract can also be incorporated as ingredient in breads, cakes, biscuits,
chocolates and more.
The results of production, yield, chemical composition and nutritional value of soymilk de‐
pend directly on the soybean cultivar, and the quality of soymilk may also be interfered by
the water proportion and initial conditions of the grains. There are 316 soybean cultivars
currently available in Brazil, with different characteristics of productivity, production cycle,
grain size, adaptation to regional climate and lipoxygenase presence. Some are considered
commodities, and other cultivars have special purpose.
Cultivars specially developed for human consumption can contribute to the sensory quality
of the extract, which directly increases the acceptability of soy as a food, since the sensory
quality is decisive in the buying process. Even with important nutritional characteristics,
products with undesirable sensory aspects normally lose market to other similar foods.
Therefore, sensory evaluation is important to determine the consumer preference, in order
to provide support for research, manufacturing, marketing and quality control in new prod‐
uct development [15].

2. Brazilian soybean cultivars
Soybean is currently the most important source of edible oil and high-quality plant protein
for feeding both human and animals worldwide [43, 20, 40]. Originated from mid latitude
regions, these species are expanding in tropical areas as a result of the development of new
genotypes tolerant to the environmental adversities of these localities [9, 40]. One of the largest
soybean producers of the world is Brazil, a tropical country that comprises an extensive
ecological region with wide variation in the environmental conditions. In Brazil, soybean was
firstly grown in the South (in mid latitude areas) and more recently next to Equator line, in
the Northeastern region, owing to the development of genotypes with high productivity, well
adapted to photoperiod effect and resistant to local pathogens and pests [1, 40]. Presently, in
these places, soybean cultivation has great economic and social importance [40]
Water is the main factor changing soybean productivity in time and space [32, 19]. Water
use by soybeans varies with climatic conditions, management practices and the life cycle of
the cultivar. This crop’s response to photoperiod and temperature defines the areas to which
it is adapted. Water use by soybean crop increases as the crop grows and is maximal during
flowering and pod-fill [19].
Most soybean cultivars respond to photoperiod as quantitative short-day plants and are
adapted in a narrow band of latitudes. The soybean has a juvenile stage after emergence when
it is especially sensitive to temperature and insensitive to day length [23, 19]. Cultivars with
the genetically controlled long juvenile trait have wider adaptability and can be utilized over
a wider range of latitudes and planting dates than cultivars without these characteristics [19].
Soybean develops well under a wide range of temperatures, although regions in which the
warmest mean monthly temperature is below 20ºC are considered inappropriate for soy‐
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bean [7, 19]. Brown (1960) affirmed that vegetative growth is slow or nil at temperature 10ºC
or less and optimum at 30ºC, decreasing thereafter. Temperatures above 40ºC are known to
have adverse effects on growth rate, flower initiation and pod-set [19].
Nearly all soybean cultivars exhibit one of two possible growth habits. Cultivars with deter‐
minate growth habit have rather distinct vegetative and reproductive development periods.
In the other side, indeterminate cultivars have overlapping vegetative and reproductive
growth periods.
In recent years, the early planting date and harvest of soybeans, this ensures a lower use of
pesticides and makes possible the cultivation of winter maize, resulted in a growth of culti‐
vars of indeterminate habit, principal in South of Brazil. Now, they are dominating the mar‐
ket. Therefore, all breeding programs in Brazil have been working with the introduction of
the specific characteristics on indeterminate cultivars.
Embrapa Soybeans has a specific breeding program that develops cultivars with special
characteristics for human consumption. However there is still no one cultivar of indetermi‐
nate growth habit, but will be released in the near future. It is noteworthy that all cultivars
and genotypes that are part of the active Germplasm Bank that give rise to these are conven‐
tional. The main cultivars released to date by this program are:
Embrapa 48 – cultivar with more than 15 years on the market. It is knew to processing soy‐
milk with superior flavor when compared with other cultivars. However, due the market
need for early cultivars, the cycle has become very long. Regarding the productivity also
produces about 20% less than the current more productive cultivars.
BRS 213 – cultivar triple-null for lipoxigenase enzyme, which is responsible for a taste of the
"beany flavor" in the extract. This cultivar has light hilum, but almost no more seed on the
market, due to some fitossanitary problems and productivity. The cycle is also too long for
the demands of today's market.
BRS 216 – cultivar with very small seeds and high protein value but the productivity is at
least 30% less compared with the current cultivars. Mainly because of this very small size, a
higher loss in the harvest occurs. It is indicated to produced soybean sprouts, especially be‐
cause the high protein value and the small seed size.
BRS 257 – cultivar triple-null for lipoxigenase enzyme, with similar productivity with cur‐
rent cultivars. The soymilk and soybean flour industries are very interested in this cultivar.
BRS 258 – cultivar originated from an old Embrapa Soybean cultivar called BR 36. It also has
a long cycle for the current market requirements and a lower productivity, however the soy‐
milk and flour of this cultivar is well accepted.
BRS 267 – cultivar with very large seeds, sweet flavor and ideal for prepare soymilk and to‐
fu. Also ideal to be consumed as a vegetable soybeans. However the cycle is long and the
productivity at least 20% lower when compared with the current cultivars.
BRS 282 – cultivar originated from Embrapa 48 and was launched three years ago. This cul‐
tivar does have a cycle consistent with what the market wants today, but studies of the spe‐
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cial characteristics of this cultivar are still scarce. The productivity is similar with current
cultivars. The soymilk has excellent acceptance and is a cultivar that should be encouraged
to be cultivated.
Among the cultivars released by Embrapa, there is a cultivar that did not originate in the
program of special cultivars for human consumption but is suitable for this purpose, the
BRS 232 cultivar. It has a size large seed and light hilum, ideal characteristics for this pur‐
pose. It is always recommended for human consumption when there isn´t a special cultivar.
This cultivar has well accepted soymilk and flour when compared with current cultivars.

3. Characterization of eight brazilian soybean cultivars for human use
3.1. Chemical composition
The grains of cultivars EMBRAPA 48, BRS 213, BRS 216, BRS 232, BRS 257, BRS 258, BRS 267
and BRS 282, planted in various locations in the state of Paraná, Brazil, during the 2009/10
crop were characterized, and the average results of the composition are shown in Table 1.
The calculated values were similar to those reported by other authors [6, 31]. The highest
protein content was found for BRS 258 (44.37%), and differed significantly (p> 0.05) from
other grains.[ 36] have analyzed the same variety, in organic cultivation, and reported lower
levels (42.84%). [16] also reported lower contents, with values of 41.70%.
Cultivar

Moisture

Protein

Lipids

Ash

Carbohydrate

Embrapa 48

6.14 ± 0.95ª

40.11 ± 0.58bc

22.45 ± 1.31a

4.97 ± 0.10de

32.47

BRS 213

5.35 ± 0.19ª

39.50 ± 0.26

c

ab

21.86 ± 0.65

e

4.90 ± 0.30

33.74

BRS 216

5.61 ± 0.23ª

41.08 ± 0.54

bc

19.19 ± 1.32

cd

4.45 ± 0.15

e

35.28

BRS 232

5.69 ± 0.07ª

40.99 ± 0.51

bc

20.72 ± 0.71

abcd

5.47 ± 0.16

cd

32.82

BRS 257

5.67 ± 1.11ª

41.66 ± 1.38b

21.17 ± 0.70abc

6.60 ± 0.12a

30.57

BRS 258

6.63 ± 0.18ª

44.37 ± 0.06ª

18.76 ± 0.62d

5.86 ± 0.21bc

31.01

BRS 267

6.02 ± 0.16ª

39.41 ± 1.08c

20.03 ± 0.39bcd

6.45 ± 0.30a

34.11

BRS 282

6.16 ± 0.38ª

39.96 ± 0.27

20.70 ± 0.90

6.35 ± 0.13

32.99

bc

abcd

ab

Table 1. Centesimal composition of eight soybeans cultivars (g.100g-¹). Means followed by same letters in columns do
not differ by Tukey test (p ≤ 0.05). Means from three replicates on a dry basis. * Calculated by difference.

As reported by [11], the soybean features a unique high quality protein source. In general,
the industry focus is the production of soybean meal and soybean oil. Therefore, the cultivar
BRS 258, due to higher protein content, can be an interesting alternative to the industry,
which seeks yield and for high protein content in soybean meal.
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According with Embrapa Soja results, the average levels of protein from cultivars Embrapa
48, BRS 213, BRS 232, BRS 257, BRS 267 and BRS 282 are very similar to those found in this
study [16]. An exception was found for BRS 216, which presented values of 41.08%, lower
than those reported in the literature (43.06%) [17]. [25] has determined the composition of
different soybeans cultivars, and found a mean value of 38% in protein. [12] reports values
between 33% and 42%. In the present study, the cultivar which surpassed this variation was
BRS 258. BRS 216, BRS 232, BRS 257, BRS 258 and BRS 267 were analyzed by [6], and the
protein content varied between 38.47% and 39.61%.
Regarding lipids, Embrapa 48 had the highest content (22.45%), but did not differ significant‐
ly from BRS 213, BRS 232, BRS 257 and BRS 282. BRS 258 presented the lowest lipid content
(18.76%) and did not differ significantly (p ≤ 0.05) from BRS 216, BRS 232, BRS 267 and BRS 282.
In general, literature reports levels between 13 and 25% for lipids in soybean [6]. According
to [10], the oil content in soybeans (20%) provides enough calories, so the consumed protein
is metabolized for the synthesis of new tissues, and not converted into energy, as commonly
seen in diets with low caloric content. However, since industry has as main objective the
production of soy oil, cultivars Embrapa 48, BRS 213, BRS 232, BRS 257 and BRS 282 are the
best choice for this market.
Some authors report an inverse relation between lipids and protein in soybean [29, 41]. This
relation is confirmed by the results for BRS 258, with higher protein, and consequently, low‐
er lipids contents. The average results found in this study were lower compared to lipids
and higher for the protein, when compared to that reported in the literature [16, 36].
According to [3], increasing of the planting site temperatures directly affects the oil con‐
tent in the grains, increasing it. Woodrow and [31] studies about the harvest in 1999, a hot
and dry year, showed smaller grains with a reduction in protein concentration, when com‐
pared to the previous crop grains (1998). However, there was an increase in lipid content of
the grains. For the protein content, the temperature directly influences the composition of
amino acids. At higher temperatures, the proteins are rich in methionine, desirable for hu‐
man consumption.
The higher ash content was the BRS 257 (6.60%), but this did not differ significantly from
cultivars BRS 267 and BRS 282. The lowest content was the BRS 216 (4.45%), with no signifi‐
cant differences from the levels of BRS 213 and Embrapa 48. The mineral composition of
soybean has quantities that normally exceed the recommended daily dose, when consumed
100 grams of grain, with calcium as the less useful in the consuming of the whole grain [10,
37]. The highest content for total carbohydrates was found in BRS 216 (35.28%), and the low‐
est in grains of BRS 257 (30.57%).
It is noteworthy that the variations in results between the cultivars, and comparison with lit‐
erature data using the same varieties, are normal, since the planting site, year and climatic
conditions affect these values [29, 33, 31, 36].
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3.2. Trypsin inhibitor of soybean grains
Trypsin inhibitor is normally present in the soybean fresh grains, and considered an antinu‐
tritional factor. The average values found in literature goes up to 18 milligrams of inhibitor
per gram of soybean (HAFEZ, 1983 apud [2]). In this work, however, the average value for
BRS 232 (13.82) was lower than usually reported in the literature, and did not differ statisti‐
cally from BRS 216 (Table 2).
Cultivar

Trypsin Inhibitor(mg TI/g)

Embrapa 48

20.28 ± 0.35a

BRS 213

22.97 ± 2.42a

BRS 216

18.12 ± 1.63ab

BRS 232

13.82 ± 0.73b

BRS 257

21.02 ± 2.18a

BRS 258

19.61 ± 0.90ª

BRS 267

23.18 ± 1.64a

BRS 282

22.76 ± 1.92a

Table 2. Trypsin inhibitor in soybean grains for eight different cultivars. Means followed by same letters in columns do
not differ by Tukey test (p ≤ 0.05). Means from three replicates.

Although the soybean provides high quality protein, these biochemical agents (protease in‐
hibitors) cause a limitation in the biological utilization of the amino acids present in the
grains, and may reduce protein digestibility [28, 21], by the blockade of some proteases, in‐
cluding human digestive enzymes. Trypsin is an enzyme secreted by the pancreas, responsi‐
ble for digestion of proteins by peptide bonds break, and the presence of trypsin inhibitor
causes metabolic changes in the pancreas, since the inhibitor binds with the trypsin and in‐
hibits the digestion of proteins. With the protein concentration increasing, the pancreas is
stimulated to produce more trypsin, causing pancreatic hypertrophy. Most of these proteas‐
es inhibitors are inactivated or inhibited when suitable thermal treatments are applied [11,
21, 30, 35].
3.3. Soybean Isoflavones
The Isoflavones, present in soybean with greater concentration than in the other legumes,
belong to the class of phytoestrogens, and have the capacity to assist in the effects of meno‐
pause. Besides, the isoflavones are known as having anticancer properties, and antioxidant
action that neutralizes free radicals, contributing to reduce LDL (bad cholesterol). The main
isoflavones determined in soybean are genistein, daidzein and glycitein, which can be found
in the form of aglycones (unconjugated) and glycosylated (conjugated) [4, 18].
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In the present study, there was a large variation in the total isoflavones content for the stud‐
ied cultivars, (Tables 3 and 4), with the highest levels in the BRS 213 (386.60 mg.100g-¹) and
BRS 282 (364.56 mg.100 g-¹) and the lowest in BRS 258 (54.06 mg.100g-¹).
The soybean grain naturally presents the isoflavones in the aglycone and glycoside form.
The aglycones are absorbed directly, since they are not linked to a sugar, while the other
conjugated forms require a hydrolysis for their absorption [27, 18].
The isoflavones profiles for the studied cultivars were very similar, with higher levels of the
M-genistein form. However, daidzein, genistein and glycitein forms have been receiving
most of attention from researchers. According to [42], genistein has the potential effect of in‐
hibiting the growth of cancer cells at physiological concentrations, and daidzein has effect
only if combined with genistein. In the present study, BRS 213 presented the highest level of
genistein. Only BRS 267 and BRS 282 showed levels of glycitein, while, BRS 232 showed no
levels for the isoflavones highlighted.
The acetyl form was not found in any samples, proving that the soybean did not suffer
thermical treatment. According to [2], and [26], in the heat treated products the malonyl
form is unstable and may be transformed into the acetyl form. [28] also points out that the
processing parameters, the varieties and planting condition affect the composition and / or
the isoflavones profile in soy products.
Isoflavones

EMBRAPA 48

BRS 213

BRS 216

BRS 232

G-Daidzin

34.03 ± 1.44

78.26 ± 8.82

75.64 ± 3.38

13.06 ± 0.76

G-Glycitin

8.19 ± 1.05

11.35 ± 1.61

16.84 ± 1.17

4.65 ± 0.53

G-Genistin

22.94 ± 0.59

63.71 ± 5.28

50.03 ± 1.76

10.14 ± 0.20

M-Daidzin

88.91 ± 4.83

75.12 ± 7.81

73.08 ± 3.02

33.84 ± 1.42

M-Glycitin

21.69 ± 3.35

13.94 ± 1.33

20.74 ± 1.63

12.43 ± 1.20

M-Genistin

107.45 ± 2.70

111.46 ± 9.00

89.11 ± 3.34

48.89 ± 0.97

A-Daidzin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Glycitin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Genistin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

Daidzein

2.47 ± 0.21

19.03 ± 0.81

5.79 ± 0.43

0.00 ± 0.00

Glycitein

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

Genistein

1.87 ± 0.03

13.71 ± 0.65

3.63 ± 0.15

0.00 ± 0.00

TOTAL

287.57 ± 14.04

386.60 ± 33.66

334.86 ± 12.80

123.01 ± 2.74

Table 3. Isoflavones profile in soybean grains from the cultivars EMBRAPA 48, BRS 213, BRS 216 and BRS 232 (mg.
100g-¹).
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Isoflavones

BRS 257

BRS 258

BRS 267

BRS 282

G-Daidzin

39.34 ± 1.19

7.23 ± 0.32

29.82 ± 5.89

29.53 ± 2.96

G-Glycitin

10.38 ± 0.44

2.70 ± 0.32

10.55 ± 3.70

17.19 ± 1.62

G-Genistin

33.98 ± 0.94

4.09 ± 0.01

23.61 ± 1.47

35.43 ± 2.12

M-Daidzin

88.89 ± 2.35

18.31 ± 0.42

25.94 ± 6.95

69.78 ± 4.59

M-Glycitin

24.47 ± 1.41

5.97 ± 0.51

11.13 ± 4.66

31.91 ± 2.68

M-Genistin

134.59 ± 3.96

15.04 ± 0.35

35.82 ± 2.10

150.94 ± 4.97

A-Daidzin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Glycitin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Genistin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

Daidzein

2.05 ± 0.25

0.43 ± 0.12

4.77 ± 0.68

8.89 ± 2.08

Glycitein

0.00 ± 0.00

0.00 ± 0.00

3.08 ± 0.66

10.96 ± 2.30

Genistein

2.59 ± 0.09

0.30 ± 0.09

4.02 ± 0.13

9.93 ± 2.57

TOTAL

329.29 ± 6.24

54.06 ± 1.05

148.74 ± 25.69

364.56 ± 12.87

Table 4. Isoflavones profile in soybean grains from the cultivars BRS 257, BRS 258, BRS 267 and BRS 282 (mg.100g-¹).

4. Soymilk production
The soymilk was produced at a 1:6 ratio [soybean (g): water volume (mL)], with the eight
characterized cultivars (Embrapa 48, BRS 213, BRS 216, BRS 232, BRS 257, BRS 258, BRS 267
and BRS 282). Initially, the beans were submitted to soaking for five minutes at 95°C in 1:3
ratio with boiling water, and then water was discarded. After this, the soybean was submit‐
ted to heat treatment at 95°C for ten minutes, at the proportion of 1:6 with water, and seeds
were ground for three minutes. The soymilk was separated from the wet okara by filtration,
in which it was applied a heat treatment for two minutes under boiling.
4.1. Efficiency of the soymilk process
The yield is an important processing variable for the food industry, and should be calculat‐
ed by the ratio between the mass of raw materials and final volume of extract. Thus, from
the volume of processed grain, the greater the volume obtained, the better the utilization of
production. According to [17], from 500 grams of grain and 4.5 liters of water, 1.5 liters of
soymilk are produced. Following the same method, the extraction was performed with 250g
of grains and 2.25 liters of water, splitted in 750 mL for maceration (which was discarded)
and 1500 mL for grinding. The extraction yields are calculated on the weight of macerated
grains, which absorbs water during this process, and the water used in grinding (Table 5).
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Cultivar

Weight after soaking (g)

Soymilk(mL)

Yield (%)

Embrapa 48

385

800

42.44

BRS 213

370

820

43.85

BRS 216

390

670

35.44

BRS 232

405

720

37.79

BRS 257

365

820

43.96

BRS 258

385

760

40.32

BRS 267

390

605

32.01

BRS 282

405

840

44.09

Table 5. Yield of the process for soymilk of eight different soybean cultivars.

In this study, it was found that the different soybean cultivars resulted in different yield for
the soymilk. The cultivar that showed the best results was BRS 282 (44.09%), higher than that
reported by [17]. BRS 213 and BRS 257 showed very similar yields, 43.85% and 43.96% respec‐
tively. And BRS 232 (37.79%), BRS 216 (35.44%) and BRS 267 (32.01%) had the lowest yields.
4.2. Soymilk characterization
4.2.1. Freeze-dried
In accordance with the results of fresh grains, the freeze-dried soymilk with the highest pro‐
tein content was the BRS 258 (42.25%) (Table 6). The lowest level was the extract of BRS 267
(35.34%), but did not differ significantly from extracts of BRS 282 and BRS 213.
Cultivar

Moisture

Protein

Lipids

Ash

Embrapa 48

3.52 ± 0.08

36.25 ± 0.40

18.34 ± 0.14

BRS 213

7.78 ± 0.16ª

36.02 ± 0.10de

BRS 216

7.95 ± 0.26ª

BRS 232
BRS 257
BRS 258

Carbohydrates*
c

8.37 ± 0.33

33.52

18.13 ± 0.22a

9.08 ± 0.24b

28.99

33.48 ± 0.54f

16.95 ± 0.89abc

9.19 ± 0.27b

32.43

7.49 ± 0.40ª

38.60 ± 0.39

7.88 ± 0.09ª

40.44 ± 0.12b

4.74 ± 0.02c

BRS 267
BRS 282

d

d

a

14.99 ± 0.89

8.69 ± 0.15

bc

30.23

17.73 ± 0.25ab

8.52 ± 0.02bc

25.43

42.45 ± 0.23ª

13.57 ± 0.24de

8.52 ± 0.30bc

30.72

5.31 ± 0.27bc

35.34 ± 0.22e

12.24 ± 0.48e

9.91 ± 0.30bc

37.20

5.91 ± 0.16

35.63 ± 0.19

10.07 ± 0.20

32.87

b

c

de

cd

15.52 ± 1.20

bcd

a

Table 6. Composition of freeze-dried soymilk from eight different soybeans cultivars (g.100g-¹). Means followed by
same letters in columns do not differ by Tukey test (p ≤ 0.05). Means from three replicates on a dry basis. * Calculated
by difference.

The higher lipid content was found in the soymilk of Embrapa 48 (18.35%), and did not dif‐
fer significantly from extracts of BRS 213, BRS 216 and BRS 257. The lowest level was the
soymilk of BRS 267 (12.24%), which did not differ from the extract of BRS 258. The soymilk
of BRS 267 showed the highest content of carbohydrate, 37.20%.
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4.2.2. In natura (Liquid)
The results for chemical composition of the fresh soymilk were determined indirectly,
through the results of total solids (Tables 7 and 8).
Cultivar

Moisture

Embrapa 48

Solids

92.16 ± 0.06

cd

7.84 ± 0.06cd

BRS 213

92.35 ± 0.06c

7.65 ± 0.06d

BRS 216

92.97 ± 0.06

7.03 ± 0.06e

BRS 232

89.00 ± 0.06f

11.00 ± 0.06a

BRS 257

91.85 ± 0.06de

8.15 ± 0.06bc

BRS 258

a

93.71 ± 0.06

6.29 ± 0.06f

BRS 267

93.68 ± 0.06a

6.32 ± 0.06f

BRS 282

91.67 ± 0.06

8.33 ± 0.06b

b

f

Table 7. Moisture and solids of the soymilk from eight different soybean cultivars (%). Means followed by same letters
in columns do not differ by Tukey test (p ≤ 0.05). Means from three replicates.

Cultivar

Protein

Lipids

Embrapa 48

5.49 ± 0.06

2.78 ± 0.02

BRS 213

5.08 ± 0.01d

2.56 ± 0.21b

1.28 ± 0.03c

6.38

BRS 216

4.33 ± 0.07e

2.19 ± 0.12c

1.19 ± 0.04de

6.35

BRS 232

7.86 ± 0.08a

3.05 ± 0.18a

1.77 ± 0.03a

9.32

BRS 257

6.07 ± 0.02

2.66 ± 0.04

1.28 ± 0.00

6.29

BRS 258

5.09 ± 0.03

BRS 267

4.23 ± 0.03e

BRS 282

5.59 ± 0.03

c

b
d

c

Ash
ab

b

Carbohydrates*

1.27 ± 0.05

cde

cd

6.14

1.63 ± 0.03

f

1.02 ± 0.04

4.84

1.46 ± 0.06d

1.19 ± 0.04e

5.76

2.43 ± 0.19

1.58 ± 0.03

7.06

d

bc

b

Table 8. Centesimal composition of soymilk from eight different soybeans cultivars (g.200mL-1). Means followed by
same letters in columns do not differ by Tukey test (p ≤ 0.05). Means from three replicates, wet basis. * Calculated by
difference.

A simple comparison between the composition of soybeans and their respective soymilk al‐
lows observing that the solubilization rate of compounds in aqueous solutions is critical to
the final results. The extract of BRS 232 showed the highest levels of soluble compounds
(11.01%) obtained during the processing, being superior to others in protein levels (7.86 g.
200mL-1). BRS 267 has presented high protein content in the grains (39.41%), but after proc‐
essing the content was reduced and the soymilk showed the lowest level (4.23 g.200mL-1),
when compared to the other extracts. This reduction indicates that the cultivar has a low
content of soluble proteins.
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4.2.3. Trypsin Inhibitor and Isoflavones in the soymilk
The results for soymilk confirmed that the heat treatment for 15 minutes at 100°C, per‐
formed during the processing, was enough for complete inactivation of the inhibitor, with
final values equal to zero. According to [35] and [28] when foods are submitted to appropri‐
ate heat treatment, the inhibitor is inactivated.
Regarding to the isoflavones in the freeze-dried soymilk, all cultivars were significantly dif‐
ferent, and the extract of BRS 213 had the highest average (421.61 mg.100g-¹). The lowest lev‐
el was found in the extract of BRS 258. For the liquid soymilk, the liquor obtained from BRS
213 maintained the highest isoflavones content (64.50 mg.200mL-¹). However, for the equiv‐
alent amount to one cup of drink, this did not differ from cultivar BRS 257 (62.01 mg.200mL¹). There was no significant difference between the BRS 216 (53.02 mg.200mL-¹) and BRS 282
(53.65 mg.200mL-¹) (Table 9).
Cultivar

Freeze-dried soymilk (mg.100g-¹)

Liquid soymilk (mg.200mL-¹)*

Embrapa 48

370.65 ± 0.88

b

58.12 ± 0.91b

BRS 213

421.61 ± 2.55a

64.50 ± 1.31a

BRS 216

377.18 ± 3.57

b

53.02 ± 0.50c

BRS 232

143.45 ± 3.70e

31.55 ± 0.81e

BRS 257

380.44 ± 3.51b

62.01 ± 1.25a

BRS 258

79.59 ± 0.55

10.01 ± 0.07f

BRS 267

279.91 ± 8.61d

39.58 ± 2.20d

BRS 282

322.03 ± 4.41

53.65 ± 0.74c

f

c

Table 9. Total isoflavones content of the soymilk produced from eight different cultivars. Means followed by same
letters in columns do not differ by Tukey test (p ≤ 0.05). Means values from three replicates. * Equivalent to a glass of
drink.

The isoflavones concentration reported in the literature, for soy beverages with original or
chocolate flavor, varies between 4 and 13 mg.200mL-¹ [8]. [13] reported 12.2 mg.200mL-¹, and
[22] found a content of 16.6 mg in 200mL. The isoflavones content and profile are also affect‐
ed by the processing, environment, and the soybean varieties [8]. In the present study, the
soymilk prepared with cultivars Embrapa 48, BRS 213, BRS 216, BRS 257 and BRS 282 showed
values over 50 mg.200mL-¹, which surpass the literature values in more than three times.
The isoflavones profile of soymilk was also determined (Tables 10 and 11), in order to verify
alterations after the processing. However, it was observed that the pasteurization did not
cause the appearance of acetyl form, as observed by [2] and [26]. According to them, malon‐
yl form in products that suffered heat treatment is unstable, and can be converted in the ace‐
tyl form.
M-genistein maintained its high concentration, and after processing the glycitein form was
found in all cultivars. The appearance of glycitein after soybean processing has already been
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reported by [24] who noted the absence of this form in raw soybean, with subsequent detec‐
tion in soy-based beverage.
Isoflavones

EMBRAPA 48

BRS 213

BRS 216

BRS 232

G-Daidzin

47.16 ± 2.61

89.45 ± 1.72

86.38 ± 1.26

15.28 ± 0.41

G-Glycitin

10.99 ± 0.86

12.22 ± 1.13

19.56 ± 0.68

5.63 ± 0.16

G-Genistin

29.47 ± 0.70

63.73 ± 1.43

49.32 ± 1.11

11.99 ± 0.31

M-Daidzin

116.17 ± 0.52

91.39 ± 2.87

90.35 ± 1.47

38.12 ± 0.89

M-Glycitin

27.55 ± 0.47

16.62 ± 0.63

26.11 ± 0.65

13.50 ± 0.45

M-Genistin

127.95 ± 2.14

121.76 ± 2.62

94.01 ± 1.43

50.38 ± 0.81

A-Daidzin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Glycitin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Genistin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

Daidzein

1.98 ± 0.09

9.78 ± 0.26

3.02 ± 0.26

1.13 ± 0.50

Glycitein

8.27 ± 0.89

9.77 ± 1.04

6.35 ± 0.96

7.07 ± 1.94

Genistein

1.12 ± 0.07

6.89 ± 0.13

2.03 ± 0.10

0.37 ± 0.07

TOTAL

370.65 ± 5.77

421.61 ± 8.59

377.14 ± 3.57

143.45 ± 3.69

Table 10. Isoflavones profile in the freeze-dried soymilk obtained from soybean cultivars EMBRAPA 48, BRS 213, BRS
216 and BRS 232 (mg.100g-¹).

Isoflavones

BRS 257

BRS 258

BRS 267

BRS 282

G-Daidzin

43.46 ± 0.41

8.33 ± 0.63

37.88 ± 1.27

38.99 ± 1.11

G-Glycitin

12.84 ± 0.84

3.35 ± 0.19

16.40 ± 0.95

18.30 ± 0.41

G-Genistin

36.41 ± 1.06

6.15 ± 0.47

32.63 ± 1.92

35.74 ± 1.01

M-Daidzin

100.23 ± 1.75

23.84 ± 0.23

60.07 ± 3.94

70.42 ± 0.89

M-Glycitin

29.21 ± 1.35

9.02 ± 0.38

25.78 ± 1.77

30.11 ± 0.58

M-Genistin

144.84 ± 6.87

18.43 ± 0.20

95.25 ± 7.09

116.37 ± 1.75

A-Daidzin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Glycitin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

A-Genistin

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

Daidzein

1.62 ± 0.53

0.44 ± 0.17

1.75 ± 0.03

1.66 ± 0.05

Glycitein

9.42 ± 1.63

9.63 ± 0.31

7.92 ± 0.56

8.69 ± 0.21

Genistein

1.76 ± 0.04

0.40 ± 0.12

1.84 ± 0.06

1.76 ± 0.09

TOTAL

380.44 ± 7.64

79.59 ± 0.54

279.91 ± 17.44

322.03 ± 4.41

Table 11. Isoflavones profile in the freeze-dried soymilk obtained from soybean cultivars BRS 257, BRS 258, BRS 267
and BRS 282 (mg.100g-¹).
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4.2.4. Sensory analysis of soymilk
Sensory analysis was performed in order to differentiate the studied cultivars, and to dis‐
cuss the best features of each one in the food industry. The panel consisted of 59 judges,
comprising 40% women and 60% men, aged between 16 and 54 years, and with good educa‐
tional level (82.24%), ranging from Superior Incomplete (32.25%), Superior (20.96%) and
Postgraduate (29.03%).
When asked about their consumption habits of soybeans "milk", 55% of the judges affirmed
to consume the commercial soymilk regularly. Of these, 68% consumed with the addition of
flavor, 11% consumed the original extract, and 21% affirmed to consume both (Figure 1).
Judges evaluated the samples, applying scores from 1 (dislike very much) to 10 (like very
much), with 5 as an intermediary, in the scale. The mean scores given varied between 4.14
and 6.75, close to "did not like, nor dislike."
Averages were very close between the attributes and cultivars, and this turned into one of
the difficulties of implementing the analysis. Judges accustomed to the consumption of com‐
mercial extract may have been hindered due to their lack of consumption habit of original
extract, with no sugar added (Table 12).

Figure 1. Type of soymilk normally consumed by the judges.

The evaluated attributes showed significant differences (p ≤ 0.05) only for the flavor and af‐
tertaste, with the extract of BRS 232 receiving the highest average in flavor. The highest
average for aftertaste was found in BRS 213, considered the preferred for this attribute. The
differences in the averages are directly linked to the composition of the grains and their ex‐
tracts, and it is important to notice the relationship between the presence of lipoxygenase
and the aftertaste of the extract. The soybean grain from BRS 213 has none of the lipoxyge‐
nases, which certainly contributed to achieving the highest score in the aftertaste attribute.
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Cultivar

Taste

Flavor

Aftertaste

Overall appearance

Embrapa 48

4.27 ± 2.52a

5.16 ± 2.50b

4.14 ± 2.28b

4.75 ± 2.39a

BRS 213

5.24 ± 2.44a

6.44 ± 2.05a

5.61 ± 2.08a

5.76 ± 2.11a

BRS 216

4.31 ± 2.36a

5.75 ± 2.00ab

4.71 ± 2.32ab

5.12 ± 2.22a

BRS 232

5.12 ± 2.84a

6.50 ± 2.33a

4.73 ± 2.78ab

5.82 ± 2.65a

BRS 257

5.26 ± 2.26a

6.05 ± 2.18ab

5.14 ± 2.27ab

5.90 ± 2.11a

BRS 258

5.17 ± 2.35a

5.87 ± 2.04ab

5.37 ± 2.37ab

5.78 ± 2.26a

BRS 267

4.74 ± 2.23a

5.80 ± 2.17ab

4.84 ± 2.11ab

5.34 ± 2.16a

BRS 282

4.97 ± 2.53a

5.98 ± 2.17ab

4.98 ± 2.51ab

5.51 ± 2.63a

Table 12. Points attributed to soymilk of eight different soybean cultivars. Means followed by same letters in columns
do not differ by Tukey test (p ≤ 0.05).

The lipoxygenase enzymes (L1, L2 and L3) can be considered the primarily responsible for
the undesirable taste of soybean in Brazil. The beany flavor is result of the three isoenzymes
present in the grain, which catalyze the lipids oxidation. The enzyme action only begins
with the breakdown and hydration of the grain, since the reaction substrate does not remain
exposed in the intact grain. N-hexanal is the volatile compound produced in greater quanti‐
ty, responsible for the characteristic flavor and taste [11, 29].
Although there was no significant difference between samples for the overall appearance and
taste, the extract of BRS 257 deserves special attention for the highest average in both attrib‐
utes. In other hand, the extract obtained from Embrapa 48 had the lowest average scores for
all attributes (flavor, taste, aftertaste and overall appearance). It is interesting to note the need
to produce an extract with sensory characteristics similar to the usual habits of consumption,
such as the addition of flavor and aroma, allowing a better sensory evaluation.

5. Soybean products application in the food industry
Knowing the consumers profile is critical to the food industry. During the research and de‐
velopment of a new product, the industry focuses on knowing the market and its potential
consumers, and many industries apply the sensory analysis as a tool to start or even inno‐
vate their activities. The changing of habits related to consumption of soy products has been
essential for the growth of the sector [34].
[5] conducted a survey on consumer attitudes in relation to soybeans and their derivatives.
They interviewed 100 individuals, 50 men and 50 women, aged 18-40 years, and mostly be‐
tween 18 and 25, featuring a younger audience. When asked about soy products, tofu and
"milk" were the most remembered products, and 40% of the interviewed reported never
having consumed these products. A very small portion (8%) reported the consumption of
soybean "milk" at least once a week. The soymilk consumption has gradually increased over
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the years, by the addition of flavors capable to create a product of good flavor, which little
resembles with soybean flavor.
The link between chemical composition and sensory analysis must be directly connected to
yield, for the studied cultivar to become an industrial alternative. The extracts from eight
soybean cultivars differed significantly in their chemical composition, and the highest pro‐
tein content was found in BRS 232 (7.86 g.200mL-1). In the sensorial analysis, the samples dif‐
fered only in aroma and aftertaste, with the extract from BRS 232 achieving satisfactory
mean. In the aroma attribute, this same cultivar had the highest average, 6.50.
The highest yield was found in BRS 282 (44.90%), followed by the cultivars Embrapa 48
(42.44%), BRS 213 (43.85%), BRS 257 (43.96%) and BRS 258 (40.32%). These values allow the
use of all the studied cultivars, even those with lower yields, when considering the results of
chemical composition and sensory analysis. An example is BRS 232, which showed higher
levels for all compounds, but had a yield of 37.79%.

6. Final considerations
The soybean cultivars currently available in Brazil have different characteristics of produc‐
tivity, production cycle, grain size, climate adaptation, lipoxygenase activity, and others.
However, the Brazilian consumption of soybean as a food is still small, due to its exotic fla‐
vor to the palate, since it is an Asian grain and its development was based on the habits and
customs of the orientals. These exotic flavors can be assigned to the presence of lipoxyge‐
nase enzymes, saponins and phenolic compounds, responsible for rancid or beany flavors,
bitter and astringent, respectively.
A lot of products can be obtained from the soybean. However, the Brazilian food industry
had to adapt them to the consumers habits, like the soymilk applied in soy beverages, which
for a better acceptance is developed and commercialized with the addition of flavors or fruit
juice. This is the most popular and consumed soy derivative in Brazil.
Fortunately, with more information published about the benefits of soybean consumption,
its nutritional value and functional properties, this scenario is changing. After recognizing
the great importance of this legume, several studies on the development of cultivars with
better acceptability started, with the goal to insert soybean as an essential part of the human
food. To achieve this, however, in addition to the cultivar adaptation, it is also necessary to
check if this cultivar is interesting for industrialization.
The yield is a very important variable in the food industry, but cannot be considered an ex‐
clusion factor, since other important variables, such as composition, functional characteris‐
tics (isoflavones) and antinutritional compounds (trypsin inhibitor) should be observed for
the choice of a soybean cultivar. Therefore, the use of cultivars specially developed for soy‐
bean based products, directed to human consumption, may contribute to improve the senso‐
ry quality and increase the soybean acceptability as a food.
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1. Introduction
Soy bean trypsin inhibitor (SBTI) belongs to the family of serpins – serine protease inhibitors
widely distributed in the nature [Silverman G.A. et al., 2004; 21]. Serpins participate in the
regulation of proteopytic reactions underling very important physiological and pathological
processes such as digestion [16], blood clotting [3, 14, 17], immunity [44] apoptosis [36, 42],
inflammation [10], dystrophy [31], carcinogenesis [22, 11] and so on. Despite the apparent
importance of the correction of imbalances of the proteolysis in pathology, in fact only the
pancreatic trypsin inhibitor (aprotinin) is used more or less widely as a protease inhibitor
drug (Trasisol, Contrical, Gordox etc) in the treatment of some diseases [24, 13, 40]. Being
the animal protein aprotinin possesses substantial disadvantages [23, 12] and attempts to de‐
velop new drug on the base of plant or recombinant proteins or peptidomimetics are under‐
taken [35, 27]. SBTI is one of the candidates for such a role [34].
Among proteolytic processes hemostasis is of special importance because of the high fre‐
quency of it’s disturbances, accompanied many pathological processes and diseases [20, 18].
At first sight it looks strange to expect that plant protease inhibitor SBTI should influence
hemostasis in humans because blood clotting represents the cascade of proteolytic reactions
catalyzed by highly specific proteases [43]. However, results of the very early studies sup‐
port such possibility [26, 41]. The present study was aimed to investigate the influence of
SBTI and aprotinin on hemostasis using modern bioinformatics approach and classical in vi‐
tro methods. The concrete purposes of the study included:
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1.

To establish the extent of structural homology, compare functional activities and evalu‐
ate potential targets of SBTI and aprotinin among the human proteases by bioinformat‐
ics (in silico) methods.

2.

To investigate the influence of trypsin, SBTI and aprotinin on some indexes of blood
clotting, fibrilolysis and platelet aggregation as well as on the hemolytic activity of the
complement in vitro.

3.

To elucidate the possibility of the regulation of the total proteolytic and tripsin-inhibit‐
ing activity of blood plasma in vivo by the consumption of soy foods enriched with soy
protein isolate (SPI) possessing thermo-stable fraction of SBTI.

2. The study of aprotinin and SBTI in silico
In silico methods (bioinformatics) entails the creation and advancement of databases, algo‐
rithms, computational techniques to solve formal and practical problems arising from the
management and analysis of biological data. One of the potential areas for exploiting these
methods is computational drug design. We used in silico methods in our study for the com‐
parison of structural homology, functional activities and evaluation of the potential targets
of SBTI and aprotinin among the human proteases.
From fifty databases we had browsed in the INTRNET nine contained information on apro‐
tinin and SBTI (Table 1). From these PDB (Protein Data Bank) and UniProt/Swiss-Prot were
the most informative and we used these databases in our study.
Database

UniProt-Swiss-Prot
http://www.expasy.org
Blocks - most highly conserved regions of
proteins http://www.ebi.ac.uk

ID in the Database
Aprotinin

SBTI

BPT1_BOVIN (P00974)

ITRA_SOYBN (P01070)

P00974

IPR002160

Precursor P00974; NP_001001554;

-

btau0:ENSBTAG00000017328

?atha0:At1g17860.1

P00974/BPT1_BOVIN; PIRSF001621

-

COG - the database of Clusters of Ortologous
Groups of proteins
http://www.ncbi.nlm.nih.gov
GTOP - Genomes TO Protein structures and
functions http://spock.genes.nig.ac.jp
iProClass - an integrated, comprehensive and
annotated Protein Classification database
http://pir.georgetown.edu
LIGAND - LIGAND chemical database for

50059016; 3809839; bta:616039;

enzyme reactions

100156830; Bt.32343;BPT1_BOVIN

-
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Database

ID in the Database
Aprotinin

SBTI

P00974 (Precursor); 1QLQ0

1AVU

1OA6

1AVU; 1BA7

I02.001

I03.001

http://www.pasteur.fr
MMDB - Molecular Modeling Data Base
http://www.ncbi.nlm.nih.gov
PDB - Protein Data Bank
http://www.rcsb.org
MEROPS (peptidases)
http://merops.sanger.ac.uk

Table 1. Databases containing the information on aprotinin and SBTI.

2.1. The homology of the primary structures of SBTI and aprotinin
To investigate the homology of the primary structures of SBTI and aprotinin we used
BLAST (Basic Local Alignment Search Tool) algorithm, sequence alignment editor Bio Edit
5.0.9 and got information on these proteins from Protein Data Bank and Uni Prot using FAS‐
TA (Table 2), MOL and PDB format-files. The extent of homology of the total sequences of
SBTI and aprotinin, calculated by the method of the multiple paired alignment, makes up
10% (Figures 1 and 2). The low homology of the total sequences of should be attributed to
the different lengths of polypeptide chains these proteins – 58 amino acids in aprotinin [45]
and 181 in SBTI [39].
Traditional

Ala

Asn

Cys

Asp

Glu

Phe

Gly

His

Ile

Lis

Met

FASTA fromat

A

B

C

D

E

F

G

H

I

K

M

Traditional

Asn

Pro

Gln

Arg

Ser

Tre

Val

Trp

Tyr

Glu

*

N

P

Q

R

S

T

V

W

Y

Z

-

abbreviation

abbreviation
FASTA fromat

Table 2. Designation of aminoacids in FASTA format. *- symbol in FASTA format corresponds to the gap of unlimited
length

Comparison of the separate domains of SBTI and aprotinin reveals greater sequence similar‐
ity. Thus, the extent of homology of the N-terminal region of SBTI (5-60 amino acid resi‐
dues) and the sequence of aprotonin without last two amino acids makes up 21%. The
central region of SBTI (85-116 amino acid residues) and the region of aprotinin within 25-56
amino acids show 24% similarity. The highest extent of homology up to 35% is characteristic
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for C-terminal region of SBTI (132-181 amino acid residues) and aprotenin sequence without
six C-terminal amino acids.

Figure 1. The screen of the Bio Edit 5.0.9 with the results of calculation of homology of Aprotinin and SBTI. The identi‐
cal amino acids are marked with black and similar with gray. Amino acid sequence are represented in FASTA format.

Figure 2. Homological regions of Aprotinin and SBTI (according to Bio Edit 5.0.9). The identical amino acids are
marked with black and similar with gray.

2.2. Tertiary structures of SBTI and aprotinin
For the visualization of the 3D-structures of SBTI and aprotinin we used Chem Office 5.0
and Yasara 6.2.5 software. The files in MOL format, containing the information on the se‐
quences of these protease inhibitors, were imputed into Chem Office 5.0 software and con‐
verted in PDB format. The obtained PDB files were imputed into Yasara 6.2.5 software. The
results of the generation of the electronic 3D-structures of aprotinin and SBTI are presented
in Figure 3. Apparently there there is similarity of 3D-structures of these proteins.
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We failed to find molecular targets of SBTI and aprotinin because there was no necessary
software in free excess.

Figure 3. Electronic 3D-structures of SBTI and aprotinin. Left – model with the single surface (Chem Office 5.0). Rightribbon diagram (Yasara 6.2.5).

2.3. Spectra of biological activity of SBTI and aprotinin
The exploiting the PASS software shows four potential activities of aprotinin and three for
SBTI. Both SBTI and aprotinin may inhibit rennin as well as angiotensin- and endotheleinconverting enzymes according to the revealing of the possible biological activities of these
protease inhibitors by ISIS/Draw 2.4 and PASS Professional chemical structure drawing pro‐
grams (Figure 4). The possibility of exerting of such effects (drug-likeness) is nearly the
same in both protease inhibitors. Aprotinin may inhibit neutral endopeptidase, also. For all
the abovementioned activities probability of the activity (Pa) is higher than the probability of
the lack of activity (Pi). SBTI and aprotinin should not reveal serious toxicity, mutagenic,
carcinogenic and teratogenic effects according to in silico, in vitro and in vivo studies.
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Figure 4. Spectra of the biological activities of aprotinin and SBTI according to PASS software. Drug-Likeness – proba‐
bility of exerting the effect. Probability of the activity (Pa) and the lack of activity (Pi). The average accuracy of the prog‐
nosis makes up more than 85%.

3. The study of aprotinin and SBTI in vitro
In silico methods testify the common features in the primary structure, 3D-structures, func‐
tional activities of t SBTI and aprotinin and allow to propose that SBTI should influence
processes of hemostasis similar to aprotinin. To prove this assumption we studied the influ‐
ence of trypsin, SBTI and aprotinin on blood clottting, fibrilolysis and platelets aggregation
in vitro.
3.1. Trypsin-inhibitory activity of SBTI and aprotinin
We measured tyipsin-inhibitory activity of aprotinin, SBTI and low molecular weight pro‐
tease inhibitors (ε-aminocapronic acid and D-lysine) by their ability to inhibit BAEE-esterase
activity of the trypsin [33]. The results are presented in the table 3.
Trypsin inhibitor

Aprotinin

SBTI

ε-aminocapronic acid

D-lysine

Trypsin-inhibitory activity (IU/mg)

141±13

61±0,9

1,36±0,04

1,31±0,02

Trypsin-inhibitory activity

0,922±0,085

1,23±0,02

-

-

(IU/nmole)
Table 3. Trypsin-inhibitory activity of aprotinin, SBTI, ε-aminocapronic acid and D-lysine.

Trypsin-inhibitory activity aprotinin, SBTI, ε-aminocapronic acid and D-lysine was meas‐
ured as their ability to inhibit BAEE-esterase activity of trypsin.
Tyipsin-inhibitory activity, calculated per mg of inhibitor, decrease down in the order: apro‐
tinin > SBTI > aminocapronic acid > D-lysine. Thus, tyipsin-inhibitory activity of aprotinin is
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2-times higher than similar activity of SBTI. However, taking into account that molecular
weight of SBTI (20100) is 3-times higher than molecular weight of aprotinin (6514), it should
be concluded that the trypsine-inhibitory activity of SBTI, calculated per mole of the inhibi‐
tor, should be nearly 1,5-times higher than trypsine-inhibitory activity of aptotinin. Tryp‐
sine-inhibitory activity of ε-aminocapronic acid and D-lysine when calculated per mole of
the inhibitor is negligibly low because of the low molecular weight.
3.2. The influence of SBTI and aprotinin on coagulation hemostasis
The following indexes, characterizing mainly the first and the second phases of blood clot‐
ting, were measured: prothrombin time (reflects activity of coagulation factors YII, V, X and
II), activated partial thromboplastin time (reflects activity of coagulation factors YII and
VIII), activated clotting time (a measure of the anticoagulation affects of heparin) and throm‐
bin time (time of the formation of fibrin clot). Results are summarized in the table 4.
Time,sec
Indexes

Prothrombin time
Activated partial thromboplastin
time

Plasma

Plasma +

Plasma +

Plasma +

(control)

trypsin

aprotinin

SBTI

(1)

(2)

(3)

(4)

20±0,9

36±1,7

Thrombine time

16±0,9

Ativated clotting time

88±9,7

Euglobulin lysis time

400±34,7

13±0,9

21±0,9

31±0,9

Р1-2<0,0001

Р1-3"/0,05

Р1-4<0,0001

3±0,9

113±1,8

105±2,7

Р1-2<0,0001

Р1-3<0,0001

Р1-4<0,0001

2,5±0,5

24±0,9

Р1-2<0,0001

Р1-3<0,0001

∞

58±4,7

157±12

258±17

Р1-2<0.002

Р1-4<0.0001

Р1-4<0.001

No lysis of blood clot

No lysis of blood clot

182±7
Р1-2<0,0001

Table 4. The influence of trypsin, SBTI and aprotinin on the indexes of hemostasis in vitro. The final concentration of
trypsin in the incubation medium consisted of 0,01%, SBTI and aprotinin - 0,1%..

Prothrombin time decreases 33-35% in the presence of trypsin from 20±0,9 to 13±0,9 sec, in‐
creases insignificantly in the presence of aprotinin and increases 1,5-times up to 31±0,9 sec in
the presence of SBTI. Activated partial thromboplastin time sharply decreases by trypsin
from 36±1,7 sec in the control samples to 3,0+0,9 sec and increases 3-times by aprotinin
(113±1,8 sec) and SBTI (105±2,7 sec). The changes of the activated clotting time under the in‐
fluence of trypsin, aprotinin and SBTI are similar. Thrombin time decreases nearly 7-fold in
the presence of trypsin from 16±0,9 to 2,5±0.5 sec and increases on 50% by aprotinin to
24±0,9 sec. SBTI completely blocked the formation of fibrin clot at least within 10 min. Simi‐
lar effects trypsin and it’s inhibitors exerts on fibrinolysis. Euglobulin lysis time (factor XII–
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callicrein-dependent fibrinolysis) decreases 60% by trypsin from 400±35 to 182±7 sec. Aptoti‐
nin and SBTI in the abovementioned concentrations entirely inhibit the lysis of fibrin clot
(Table 4).

3.3 The influence of SBTI and aprotinin on platelet aggregation
Results of the study of the influence of SBTI and aprotinin on platelets aggregation are pre‐
sented in the table 5 and Figures 5-8.
Plasma

Plasma +

Plasma +

Plasma + trypsin

(control)

aprotinin

SBTI

(4)

(1)

(2)

(3)

Reversible (ADP)

22±1,8

14±0,9 Р1-2<0,01

15±0,9 Р1-3<0,01

34±0,9 Р1-4<0,01

ТМА

55±4,7

55±4,7

55±4,7

65±15

Two-phase (ADP):
Fist phase
МА

48±1,8

35±0,9 Р1-2<0,01

34±1 Р1-3<0,01

57±3 Р1-4<0,01

ТМА

85±4,7

68±10,5

70±9

80±10

МА

70±2

56±2 Р1-2<0,02

58±1 Р1-3<0,05

99±1 Р1-4<0,02

ТМА

350±9,2

325±9,2

320±9,3

310±9,2

Second phase

Irreversible (ADP)
МА

49±0,9

33±0,9 Р1-2<0,02

29±0,9 Р1-3<0,02

100 Р1-4<0,001

ТМА

400±18

410±9,3

410±9,3

210±26,4of

Two-phase (adrenalin):
Fist phase
МА

23±0,9

16±1,8 Р1-2<0,02

16±1,8 Р1-3<0,02

32±0,9 Р1-4<0,01

ТМА

110±9,3

125±13,1

125±13,1

130±9,3

МА

47±2,4

44±2 Р1-2"/0,05

44±1,8 Р1-3"/0,05

55±0,9 Р1-4<0,02

ТМА

390±9,3

430±18

430±18

435±16,2

Second phase

Table 5. The effects of aprotinin, SBTI and trypsin on the aggregation of platelets initiated by ADP (reversible, twophase and irreversible aggregation) and adrenalin (two-phase aggregation). MA – maximum aggregation
(transmittance, %), ТМА – time of accomplishment of maximum aggregation (sec).

The effects of trypsin, SBTI and aprotinin on the aggregation of platelets initiated by ADP
(reversible, two-phase and irreversible aggregation) and adrenalin (two-phase aggregation)
are similar to their effects on blood coagulation and fibrinolysis. Trypsin increases platelet
aggregation (the increase of the maximum of all types of aggregation and decrease of maxi‐
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mum aggregation time of irreversible ADP-initiated aggregation). SBTI and aprotinin re‐
veals anti-aggregation effect manifested by the decrease of maximum aggregation.

Figure 5. ADP-initiated reversible aggregation of platelets in the presence of aptotinin, SBTI and trypsin in vitro. The
platelet aggregation was initiated by the addition of the 5 mkM ADP. 1 – controle; 2 – aprotinin - 1%; 3 – SBTI - 1%; 4
– trypsin – 0,1%.

Figure 6. ADP-initiated two-phase aggregation of platelets in the presence of aptotinin, SBTI and trypsin in vitro. The
platelet aggregation was initiated by the addition of the 5 mkM ADP. 1 – controle; 2 – aprotinin - 1%; 3 – SBTI - 1%; 4
– trypsin – 0,1%.
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Figure 7. ADP-initiated irreversible aggregation of platelets in the presence of aptotinin, SBTI and trypsin in vitro. The
platelet aggregation was initiated by the addition of the 25 mkM ADP. 1 – controle; 2 – aprotinin - 1%; 3 – SBTI - 1%; 4
– trypsin – 0,1%.

Figure 8. Adrenalin-initiated two-phase aggregation of platelets in the presence of trypsin, aptotinin and SBTI in vitro.
The platelet aggregation was initiated by the addition of the 25 mkM adrenalin. 1 – controle; 2 – trypsin - 0,1%; 3 –
aprotinin - 1%; 4 – SBTI - 1%.

So, the results of in vitro experiments proves the ability of SBTI to influence the hemostatsis
predicted by the in silico studies.
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3.4. The influence of SBTI and aprotinin on the hemolytic activity of the complement
Limited cascade proteolysis underlies the activation of the complement system, which in‐
cludes nearly 20 individual proteins [30, 37]. Majority of these proteins belongs to the serine
protease family (subunits C1r and C1s, С3/С5-cinvertase of the classical way of activation,
factors I and D) [15]. While complement system does not have direct relation to hemostasis
and targeted on alien cells and microorganisms, in some conditions complement system
may play a role in the disruption of intrinsic cells of the organism and among them blood
cells [15, 37]. Because of this we investigated the influence of trypsin, SBTI and aprotinin on
the hemolytic activity of the complement assuming that SBTI and aprotinin may retard he‐
molysis of red blood cells by inhibiting activation of some components of the complement
system. Results are presented in the table 6 and Figures 9-10.

Lag-phase (min)

Total time of hemolysis, including lagphase (min)

Control (1)

3,5±0,5

8,5±1,5

Aprotinin (1%) (2)

3,2±0,15 Р1-2"/0,05

7,25±0,25 Р1-2"/0,05

SBNI (1%) (3)

3,2±0,15 Р1-3"/0,05

7,25±0,25 Р1-3"/0,05

Trypsin(0,01%) (4)

4,25±0,25 Р1-4<0,02

15,5±0,5 Р1-4<0,02

Table 6. The influence of aprotinin, SBTI and trypsin on the hemolytic activity of complement in vitro

Figure 9. The hemolytic activity of the complement in the presence of aprotinin, SBTI and trypsin in vitro. The lagphase is not shown. 1 – controle; 2 – aprotinin - 1%; 3 – SBTI - 1%; 4 – trypsin – 0,1%.
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Figure 10. The hemolytic activity of the complement in the presence of different concentrations of trypsin in vitro. The
lag-phase is not shown.

SBTI and aprotinin in the final concentrations 0,001-0,1% do not influence hemolysis time
and the only statistically insignificant effect consists of small decrease of lag-phase from
3,5±0,3 to 3,2±0,15 min (p>0,05) and total time of hemolysis from 8,5±1,5 to 7,25±0,15 min
(p>0,05). Trypsin suppresses the hemolytic activity of the complement in the concentrationdependent manner. In the presence of 0.0001% and 0,001% trypsin the lag-phase of the he‐
molysis increases to 4,25±0,25 min (p<0,02) and total time of hemolysis to 11,5±0,5 min
(p<0,02) and 15,5±1,6 min (p<0,01), respectively. 0,01% trypsin entirely blocks the hemolysis.
The inhibiting effect of trypsin should be attributed to the disruption of С3 component of
the complement system.
Thus, the results obtained show that aprotinin and SBTI in the abovementiioned concentra‐
tions do not influence the hemolytic activity of the complement.

4. The influence of the consumption of soy priotein isolate by healthy
persons on the indexes of proteolysis in the blood serum
Soya is cultivated as a foodstuff, having favorable effect on human health, more than 3000
years [28]. Within the last decades soy foods have started to be used in Europe, USA and in
Russia as dietotherapy means at a number of diseases [6, 29]. In particular, we have shown
the cholesterol-lowering effect of soy protein, resulting from the consumption of SPI en‐
riched cookies by persons with modern hypelipidemia [7, 9]. The consumption of soy foods
is followed by the antioxidant effect [Santana et al., 2008, 8, 9] due to the high antioxidant
content in these foods [2, 9]. Antioxidant effect is important for the treatment of diseases fol‐
lowed by the development of the oxidative stress [1, 38].
The other possible use of soy foods in dietotherapy may be the correction of disturbances of
proteolytic processes. Activation of the tissue proteolysis accompanies different diseases
and pathological processes [34]. Soy protein foods contain Bouman-Birk type trypsin inhibi‐
tor – SBTI [4]. This protease inhibitor has been officially recognized as a component of food‐
stuff [25]. There are data showing the possibility of absorbtion of SBTI in the intestin after
the consumption of soy protein foods [22]. So, it seams reasonable to assume that the con‐
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sumption of soy foods will follow anti-proteolytic effect. Because of this it was interesting to
elucidate whether prolonged consumption of the cookies enriched with soy protein isolate
(SPI) will influence total proteolytic and trypsin-inhibiting activity of the blood plasma in
humans or not?
4.1. Tripsin-inhibiting activity of SPI
According to the characteristics, specified by manufacturer, protein content of SPI consists
of 90%. From this 10% belongs to protease inhibitors [32]. Within the processing of soy
beans into SPI the former are expoused to high temperatures, which inactivates the major
part of soy proteins. However, about 5-20 % of SBTI are represented by the thermostable
fraction [19, 22]. The measurement of the trypsin-inhibiting activity of SPI shows that tryp‐
sin-inhibiting activity of SPI consists of 1,4±0,1 IU/mg of SPI. For example 1 mg of pure SBTI
possesses activity equal nearby 60 IU. Thus, the active SBTI makes up 2,7% from SPI mass.
4.2. The influence of the consumption of SPI by healthy persons on the total proteolytic
and trypsin inhibiting activity of blood serum
30 adult people aged 35-67 years without the expressed signs of chronic diseases consumed
cookies, enriched with SPI (30% protein content), for two months [7]. Fasting blood samples
were drawn before and after the dietary treatment. Serum samples were frozen and ana‐
lyzed for total proteolytic (BAEE-esterase activity) and tripsin-inhibiting activity [33]. Daily
intake of 100g of cookies corresponds to consumption of 30g of SPI and about 0,85g of the
active SBTI (nearly 52 00 IU). The total consumption of SPI for two months consists of 1,8 kg
or 50 g of an active SBTI. Twenty-eight participants (19 females and 9 males) could complete
the trial. Results are presented in the table 7.
Total proteolytic activity
(relative units)
Before the
consumption
After the
consumption

Trypsin-inhibitory activity (IU/ml)

0,343±0,010

113±3,6

0,282±0,008

137±5,3

р<0,05

р<0,01

Table 7. Total proteolytic and trypsin-inhibitory activity of blood serum of healthy persons before and after two
months consumption of soy protein isolate.

Total proteolytic activity of blood serum was measures as serum BAEE-esterase activity and
trypsin-inhibitory activity by inhibiting by serum of BAEE-esterase activity of trypsin.
Two months long SPI consumption was followed by 18% decrease of total proteolytic activi‐
ty of blood serum from 0,343±0,010 to 0,282±0,008 relative units (р<0,05) and by 21% increase
of trypsin-inhibiting activity from 113±3,6 to 137±5,3 IU/ml ( р<0,01). The results obtained
show possibility of the regulation of proteolysis in vivo by the consumption of soy foods.
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5. Discussion
The disturbances of the hemostasis accompany many pathological processes and diseases
[20, 18]. Both blood clotting and fibrinolysis represents the cascade of proteolytic reactions
catalyzed by highly specific proteases [43]. To correct disturbances of the fibrinolysis as well
as imbalances of the other proteolytic processes the animal trypsin inhibitor aprotinin is
used as a drug (Trasisol, Contrical, Gordox etc) [24, 13, 40]. The effectiveness of the aprotinin
in the treatment of some diseases has been questioned recently because of it’s substantial
disadvantages [23, 12]. Following consultation with the German Federal Institute for Drugs
and Medical Devices, the U.S. Food and Drug Administration, Health Canada, and other
health authorities, the producer of Trasilol - Bayer announced in 2007 that it has elected to
temporarily suspend worldwide marketing of Trasylol® (aprotinin injection) until final re‐
sults from the Canadian BARTtrial can be compiled, received and evaluated. Information re‐
garding the decision has been posted to Bayer’s websites [5]. Because of this attempts to
develop new protease inhibitor drug are undertaken [35, 27]. One of the candidates for such
a role is plant protease inhibitor - SBTI.
In the present study we exploited the advantages of the modern bioinformatics for establish‐
ing the extent of structural homology, comparing functional activities and evaluating poten‐
tial targets of SBTI and aprotinin among the human proteases. The results of in silico study
testifies apparent homology of SBTI and aprotinin manifested by the common features in
the primary structure, 3D-structures, functional activities of these proteins and allow us to
propose that SBTI should influence processes of hemostasis similar to aprotinin. The investi‐
gation of the influence of SBTI and aprotinin on coagulation and thrombocyte hemostasis by
in vitro methods prove this assumption and show that both proteins inhibit blood clotting,
fibrinolusis and platelet aggregation which is evident from the increase of prothrombin
time, activated partial thromboplastin time, activated clotting time, thrombin time and in‐
hibition of fibrinolysis. We investigated the influence of SBTI and aprotinin on the hemolytic
activity of the complement assuming that SBTI and aprotinin may retard hemolysis of red
blood cells by inhibiting activation of some components of the complement system. Howev‐
er, both inhibitors do not influence hemolysis time.
While the major part of SBTI is disrupted by heating, nearly 20% of inhibitor are thermosta‐
ble and remains active in soy foods [19]. Part of the consumed SBTI are absorbed in the intestine
after the consumption of soy foods [22]. Because of this we elucidated whether prolonged
consumption of the cookies, enriched with SPI, will influence total proteolytic and trypsininhibiting activity of the blood plasma in humans or not? Daily intake of 100g of cookies
corresponds to consumption of about 0,85g of the active SBTI. The total consumption of SBTI
for the study period consists of 50 g of an active inhibitor. The consumption of 100 g of cookies
daily for two months was followed by 18% decrease of total proteolytic activity of blood serum
and by 21% increase of trypsin-inhibiting activity. The results obtained testify possibility of
the soft regulation of proteolysis in vivo by the consumption of soy foods.
At first, the ability of SBTI to inhibit blood clotting was shown more than half a centaury ago
[26, 41]. However, these results had no any practical consequences and in fact were forgot‐
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ten for a long time. Our study represent new attempt to revive interest to SBTI as possible
protease inhibiting drug.
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1. Introduction
Protein-energy malnutrition (PEM) results from prolonged deprivation of essential amino
acids and total nitrogen and/or energy substrates. Growth which is a continuous process re‐
sults from the complex interaction between inheritance and environment. Protein-energy
malnutrition (PEM) also results from food insufficiency as well as from poor social and eco‐
nomic conditions [6, 20]. Malnutrition originates from a cellular imbalance between nu‐
trient/energy supply and the body's demand to ensure growth and maintenance [22].
Dietary energy and protein deficiencies usually occur together, although one sometimes
predominates the other and if severe enough, may lead to the clinical syndrome of kwa‐
shiorkor (predominant protein deficiency) or marasmus (mainly energy deficiency).
The origin of PEM can be primary, when it is the result of inadequate food intake, or secon‐
dary, when it is the result of other diseases that lead to low food ingestion, inadequate nu‐
trient absorption or utilization, increased nutritional requirements and/or increased nutrient
losses [13]. In as much as protein-energy malnutrition applies to a group of related disorders
that develop in children and adults whose consumption of protein and energy is insufficient
to satisfy the bodies nutritional needs, about one third of children worldwide suffer from
malnutrition [8]. This continues to be an important problem mostly in developing countries.
One way to curb the global menace of PEM is through food fortification of plant origin.
Food fortification is broadly aimed to allow all people to obtain from their diet all the ener‐
gy, macro- and micronutrients they need to enjoy a healthy and productive life [3].
Legumes are one of the world’s most important sources of food supply especially in the de‐
veloping countries in terms of food, energy as well as nutrients. It has been recognized as
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an important source of protein and in some cases oil. As a legume, soybeans are an impor‐
tant global crop that provides oil and protein for users. It is the richest sources of protein
among the plant foods. Features that motivate researchers to explore its utility in a wide
range include the good quality and functionality of its proteins, surplus availability and low
cost. Soybeans in the form of full fat flour, concentrate, isolate and texturised proteins have
been used in a wide range of food products. These attributes made soybeans to be consid‐
ered as an ideal food for meeting the protein needs of the population.
The objective of this chapter is to briefly describe the quality attributes of soybean and the
potential use of its flour in food fortification.

2. Soybeans
Soybeans (Glycine max) belonging to the family leguminosae constitute one of the oldest culti‐
vated crops of the tropics and sub-tropical regions, and one of the world’s most important
sources of protein and oil. Soybeans are probably the most important oil seed legume which
has its origin in Eastern Asia, mainly China. The cultivar Glycine max is thought to be de‐
rived from Glycine ussuriensis and Glycine tomentosa which grow wild in China, and can be
found in great quantities in Asian countries such as Japan and Indonesia [16].
The seeds vary in shape and colour depending on the cultivar. In shape, they can be spheri‐
cal to flatten while the colour varies from white, yellow and brown to black. Also, the chem‐
ical composition of each variety of soybeans differs from each other. Due to the long and
tedious processing technique of soybeans, Japan which is one of the largest suppliers of soy‐
bean has developed highly advanced processing technologies in the processing and manu‐
facturing of highly acceptable and palatable soya products [14]. As a result of high protein
content in soybean, it can be used as a substitute for expensive meat and meat products [5].
Soybean is particularly very unique for different reason and hence classify as a valuable
and economical agricultural commodity. In the first instance, it possesses agronomic char‐
acteristics with its ability to adapt to a wide range of soil and climate; and its nitrogen fixing
ability. This makes it to be a good rotational crop for use with high nitrogen – consuming
crops such as corn and rice. Secondly, soybean unique chemical composition on an aver‐
age dry matter basis is about 40% of protein and 20% of oil. This composition makes it to
rank highest in terms of protein content among all food crops and second in terms of oil
content after peanut (48%) among all food legumes. Furthermore, soybean is a very nutri‐
tious food crop.

3. Nutritional content of soybean
Soybean (Glycine max) first emerged as a domesticated crop in the eastern half of North Chi‐
na around the 11th century B.C of Zhou Dynasty. It is easy to grow and has adaptability to a
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wide range of soils and climate. Because it contains high amount of protein and oil, the soy‐
bean was considered one of the five sacred grains along with rice, wheat, barley and millet
[4]. The protein and oil component of soybean are not only high in terms of quantity but al‐
so in quality. For instance, soy oil has a highest proportion of unsaturated fatty acids such as
linoleic and linolenic acid making it a healthy oil to use. Soybeans are known to be typical of
such crops that contain all three of the macro-nutrients required particularly for human nu‐
trition. They also contain protein which provides all the essential amino acids in the
amounts needed for human health. Most of the essential amino acid present in soybean is
available in an amount that is close to those required by animals and humans. The protein –
digestibility – correlated amino acid score is close to 1, a rating that is the same for animal
proteins such as an egg white and casein. The profile of various nutrients in raw matured
seeds of soybeans as highlighted in USDA Nutrient database is as indicated in Table 1 be‐
low. Additionally, soybean contains phytochemicals which have been shown to offer unique
health benefit. Soybean also has versatile end uses which include human food, animal feed
and industrial materials [10].

4. Utilization of soybeans
Soybean can be processed to give soy milk, a valuable protein supplement in infant feeding,
soycurds and cheese [23]. It is also used to produce soysauce used extensively in cooking
and as a sauce. Soybeans are also used for making candies and ice cream and soybean flour
which could be mixed with wheat flour to produce a wide variety of baked goods such as
bread and biscuits [16]. Soybean oil is used for edible purposes, particularly as a cooking,
and salad oil and, for manufacture of margarine [16]. The oil can also be used industrially in
the processing of paints, soap, oil, cloth and printing inks. The meal and soybean proteins
are used in the manufacture of synthetic fibre (artificial wool) adhesives and textile [14].
Soybeans could be made into such products as tempeh, miso and natto which may include
other sub-products [16].
Soybean protein fibre has been reportedly produced from bean dregs that are produced
when extracting oil [14]. From these, globular protein is extracted, made into a spinning sol‐
ution of a consistent concentration with the addition of a functional auxiliary, and spun into
yarn by the wet method [21]. Effect of fermentation on soybean has the tendency of altering
the features of the arising dregs when oil is so extracted from soybean. This thus has tenden‐
cy of either skewing up or otherwise the various arrays of benefits known to accrue from the
development of soybean fiber blends with other fibers [21]. [7] has also reported on the
chemical composition and total digestible nutrients (TDN) of fermented soybean paste resi‐
due. This is usually exploited for the utilization of such residues in livestock rations. Fur‐
thermore, [9] had suggested the likelihood of the use of fermented soybean paste residue for
livestock feed in the near future as a form of turning waste to wealth and thus serving as
anchor for many other accruing benefits.
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Nutrient

value per 100g

Energy

1,866kJ (446kcal)

Carbohydrates

30.16g

Sugars

7.33g

Dietary fiber

9.3g

Fat

19.94g

Saturated

2.884g

Monounsaturated

4.404g

Polyunsaturated

11.255g

Protein

36.49g

Tryptophan

0.591g

Threonine

1.766g

Isoleucine

1.971g

Leucine

3.309g

Lysine

2.706g

Methionine

0.547g

Phenylalanine

2.122g

Tyrosine

1.539g

Valine

2.029g

Arginine

3.153g

Histidine

1.097g

Alanine

1.915g

Aspartic acid

5.112g

Glutamic acid

7.874g

Glycine

1.880g

Proline

2.379g

Serine

2.357g

Water

8.54g

Vitamin A equiv.

1μg (0%)

Vitamin B6

0.377mg (29%)

Vitamin B12

0μg (0%)

Vitamin C

6.0 mg (10%)

Vitamin K

47 μg (45%)

Calcium

277mg (28%)

Iron

15.70 mg (126%)

Magnesium

280 mg (76%)

Phosphorus

704 mg (101%)

Potasium

1797 mg (38%)

Sodium

2 mg (0%)

Zinc

4.89 mg (49%)

Table 1. Source: USDA Nutrient database, Percentage relative to US recommendations for adultsNutritional content
of raw mature seeds of soybean
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5. Antinutritional factors in soybeans
Flatulence is characterized by stomach cramps, nausea, diarrhoea, intestinal and gastric dis‐
comfort resulting from the production of large amounts of gas in the gastrointestinal tract.
Although all the causative factors in flatulence formation are still unknown, it has been sug‐
gested and generally accepted that low-molecular weight oligosaccharides, primarily raffi‐
nose, stachyose and verbascose present in most legume seeds are linked to flatulence [2].
Researchers have suggested practical procedures for the reduction of flatulence in cooked
and processed soybeans. These include fermentation, removal of seed coat prior to cooking
or processing, soaking in water, germination and cooking with a mixture of sodium carbo‐
nate and bicarbonate [11]. Oligosaccharides can also be reduced through fermentation there‐
by leading to elimination of flatulence.

6. Soybean in food fortification
In many developing nations, cereal based foods are widely utilized as food and as dietary
staples for adults and weaning foods for infants including Africa where it accounts for up to
77% of total caloric consumption. The major cereal based foods in these regions are derived
mainly from maize, sorghum, millet, rice, or wheat. Oilseeds are the largest single source for
production of protein concentrates. Of these, soybeans, in terms of tonnage produced, are
the most important source. Properly defatted soybean flour will contain 50% or more of pro‐
tein. By removing soluble carbohydrates and minerals, concentrates containing up to 70%
protein can be prepared, and dispersible isolates containing 90% or more of protein are be‐
ing made. The isolates are of interest as highly concentrated fortification media and also as
bases for a variety of high-protein beverages, desserts, and similar products. Soybean con‐
centrates have the virtue of low cost and good nutritive value. Fortification of staple cereals
with soybean can help improves their nutritive value and may aid in alleviating malnutri‐
tion in developing countries [17].
[12] determined the effect of germination and drying on the functional and nutritional prop‐
erties of common red bean flour and evaluated the effect of incorporating different levels of
cowpea and a constant level of soybean into red bean flour on the functional properties of
the composite. Incorporation of soybean and cowpea flour into germinated bean flour at lev‐
els of 10 and 30%, respectively, produced a composite with higher functional properties. [15]
studied the effect of fermentation with Rhizopus oligosporus on some physico-chemical prop‐
erties of starch extracts from soybean flour. Their study revealed that the length of fermenta‐
tion with R. oligosporus within the period of 0–72 h on soybean (G. max) affected many
physico-chemical properties of starch extract as well as pasting characteristics of extracted
starch. The physico-chemical attributes of starch ‘extract’ from fermented soybean flour re‐
vealed that water binding capacity, water absorption capacity, swelling capacity and solu‐
bility power decreased slightly with increases in fermentation period. Also, while the starch
yield and amylose content decreased and amylopectin contents increased with fermentation
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period. The pasting characteristics of starch ‘extract’ from the fermented soybean flour re‐
vealed the potential use of the flours in weaning food formulation due to reduce viscosity
trend as fermentation period increased.
[1] also worked on the effect of soybean substitution on some physical, compositional and
sensory properties of kokoro (a local maize snack). Kokoro which is a finger-shaped snack
made from maize is widely acceptable and consumed by children and adults, especially in
the southwestern part of Nigeria in the Oyo and Ogun states. Soybean (Glycine max), which
has high quality protein with high contents of sulphur-containing amino acids, is a good
supplement in maize products. Because Snacks provide an avenue for introducing plant
proteins such as soybeans to people who normally resist trying any unfamiliar food, kokoro
was prepared from maize–soybean flour mixtures in ratios of 100:0, 90:10, 80:20, 70:30, 60:40
and 50:50. The physical, compositional, and sensory characteristics of kokoro were evaluat‐
ed. Protein and fat contents increased, while carbohydrate content decreased as the soy flour
proportion of the flour mixture used in the kokoro was increased.
The bulk density and water-holding capacity increased with increasing proportion of soy‐
bean flour, while the swelling capacity was found to decrease. High soy-substitution signifi‐
cantly reduced the sensory acceptance of kokoro. Sensory evaluation indicated that
maize:soybean
flour mixture ratios of 100:0 and 90:0 were the most acceptable to the panellists. Several
studies have been conducted to improve the protein quality of food products by fortification
with plant proteins such as soybean, which is less expensive. Amino acid fortification was
suggested by [18]. [19] also determined the acceptability of fermented maize meal fortified
with defatted soy-flour in traditional Ghanaian foods.

7. Conclusion
Soybean flour has huge potentials of being used to enrich foods in order to provide ade‐
quate nutrients for individuals not meeting daily needs. Based on the available information
on the nutrients profile of soybean including the amino profiles, human consumption of
soybean flour can be promoted because of its positive effect on nutritional enhancement on
different fortified food products. However, more efforts need to be directed at addressing
associated technological issue which is flatulence to further increase effective utilization of
the food product in food fortification.
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1. Introduction
Botanically, soybean belongs to the order Rosaceae, family Leguminosae or Papillonaceae or Fa‐
baceae, subfamily Papilionoidae, the genus Glycine and the cultivar Glycine max. It is an annu‐
al plant that measures up to 1.5 m tall, with pubescent leaves and pods; the stems are erect
and rigid. In its primary and secondary roots, are located a variable number of nodes. One
of the characteristics of the root system development is its sensitivity to variations in the
supply and distribution of inorganic nutrients in the soil. The root system has a main root
which can reach a meter deep, with an average being between 40 and 50 centimeters [1].
The soybean is a traditional oriental food, a leguminous plant native to eastern Asia, espe‐
cially in China. Soybean is cultivated worldwide, the United States is the country that grows
more than 50% of the world production of this important food, which has been utilized in
the diet of humans around the world, due to its high content of essential amino acids (Table
1) and calcium. It is consumed as cooked beans, soy sauce, soymilk and tofu (soybean curd).
Also, a vegetable oil is obtained from soybeans, rich in polyunsaturated fatty acids [2].
Soybean is an annual plant, whose seeds are the edible organ. Soybean grains are rich in
protein, and also a good source of various phytochemicals such as isoflavones and lignans,
molecules with antioxidant and antiplatelet activities, among other effects; also may help
fight and prevent various diseases, so constitute a useful source of food. For these reasons,
these compounds have been intensively studied at basic and clinical level [3].
Soybean consumption benefits, especially in several chronic diseases, have been related to
its important protein content, high levels of essential fatty acids, vitamins and minerals.
Consequently, the present chapter aimed at the comprehensive characterization of the anti‐
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oxidant and antiplatelet activities of bioactive compounds, of soybean and its derivatives,
and the extent to which soybean is a health-promoting food.
Amino acid

g/16 g Nitrogen

Isoleucine

4.54

Leucine

7.78

Lysine

6.38

Methionine

1.26

Cysteine

1.33

Phenylalanine

4.94

Tyrosine

3.14

Threonine

3.86

Tryptophan

1.28

Valine

4.80

Arginine

7.23

Histidine

2.53

Alanine

4.26

Aspartic acid

11.70

Glutamic acid

18.70

Glycine

4.18

Proline

5.49

Serine

5.12

Table 1. Amino acid composition of soybeans seeds. Source: Adapted by authors from FAO (1970) and FAO/WHO
(1973).

2. Soybean: foods and bioactive compounds
Soybeans are consumed as cooked beans, which previously should be boiled for at least
three hours. With these grains are prepared meals, salads and soups, which in turn, are a
source of preparation of other foods. From soybean grains also is possible to obtain soy
sauce, which is used especially in oriental foods, such as sushi. The soy sauce is usually
made by fermenting soya grains with cracked roasted wheat, which are arranged in blocks
and immersed in a cold salt water, the process takes about a year in pots mud, sometimes
dried mushrooms are added as mushrooms. In Japan, it is illegal to produce or import artifi‐
cial soy sauce and therefore all Japanese soy sauces are made by the traditional way [4].
Another food derived from soy is tofu, which is a widely used food in the East as well as
vegetarian meals around the world. Required for preparing tofu soybeans are water and a
coagulant. Initially, you get the coagulated soymilk, then is pressed and separated the liquid
portion from the solid. Tofu has a firm texture similar to cheese milk; the color is cream and
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served in buckets. Also, from soybeans is possible to obtain vegetable oil, which is character‐
ized by high polyunsaturated fatty acids [5].
Soy is a source not only of proteins, vitamins and minerals, but also of many bioactive com‐
pounds, such as isoflavones, protease inhibitors, saponins, and phytates. The great impor‐
tance of these compounds is based on their biochemical activity, which results in health
promotion and disease prevention, by their antioxidant, and antiplatelet activities.
Antioxidant Activity
Soybeans contain a variety of bioactive phytochemicals such as phenolic acids, flavonoids,
isoflavones, saponins, phytosterols and sphingolipids; being the phenolic compounds with
the highest antioxidant capacity. The key benefits of soy are related to their excellent protein
content, its high content of essential fatty acids, numerous vitamins and minerals, their iso‐
flavones and their higher fiber content.
Polyphenolic compounds are a class of secondary metabolites biosynthesized by the vegetal
kingdom [6] and involve a wide range of substances that possess one or more aromatic rings
with at least one hydroxyl group. Among them, can be mentioned flavonoids, isoflavones,
anthraquinones, anthocyanins, xanthones, phenols, hydroxycinnamic acids, lignin and others.
All of them act as scavengers or stabilizers of free radicals, and can produce chelation of metals,
those having carboxyl groups at its end. Works have also been reported that its antioxidant
action can be attributed to the inhibition of prooxidants enzymes as lipoxygenase [7].
A study by Xu (2008) in 30 samples of soybean from different regions of North Dakota, Min‐
nnesota (USA), found that some cultivars of black soybean had a higher antioxidant capacity
measured as ORAC, FRAP and DPPH than yellow soybeans and that the phenolic acid con‐
tent, isoflavones and antiochians was different, suggesting that some selected cultivars can
be used as producers of high quality soy, because it provides a high content of phenolic phy‐
tochemicals and antioxidant properties [8].
Isoflavones and equol. Of all plants, soybean contains the highest amount of different isofla‐
vones, a variety of phytoestrogens that have a structure similar to estrogen (figure 1). The
interest in soybean isoflavones has gained importance since the 90's to today, there are a lot
of evidence that these phytoestrogens possess a powerful and wide range of biological activ‐
ities. Isoflavones are not a steroid structure, however, has a phenolic ring than is capable of
binding to the estrogen receptor (ER) and according to Makela (1995) can act as either an
agonist or an antagonist [9].
The discovery of high concentrations of isoflavones in urine of adults who consume soy pro‐
tein, in addition to the evidence supporting its biological action, elevate the soybean to the
category of functional food. The FDA in 1999 gave approval to give foods containing 6.25 g
of soy protein the seal of protector of cardiovascular health, increasing significantly the sales
of foods fortified with soy and isoflavone constituent.
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Figure 1. Comparison between the structure of the derivative of Isoflavone (genistein) and estrogen (estradiol), which
shows the similarities between the two molecules.

On the other hand, traditional foods in the East, such as extracts and broth of rice and soy‐
beans fermented with microorganisms for 21 days, were reported as antioxidants by Yen
(2003) [10] and Yang (2000) [11]. The authors attributed the antioxidant power at the content
of polyphenol and the presence of reductons that only occur during the fermentation proc‐
ess. The antioxidant supplements or foods containing antioxidants may be used to reduce
the oxidative damage related to age and diseases such as artherosclerosis, diabetes, cancer,
cirrhosis, among other [12].
For 10 to 15 years, has been a strong interest in the use of products of botanical origin for the
protection, whitening and skin aging. According Baunmann (2009) the mechanism of action
of botanical products has been known given the use of advanced technologies applied to re‐
search, this is how there are several reports showing that soy components play an important
role in the extracellular matrix of the dermis [13].
Moreover, it is accepted that isoflavones act through different mechanisms such as modula‐
tion of cell growth and proliferation, extracellular matrix synthesis, inhibition of inflamma‐
tion and oxidative stress. The isoflavones reduced renal injury by decreasing the
concentration of lipoproteins in plasma and acting as an antioxidant reducing the lipid per‐
oxidation [14].
The Equol, whose structure corresponds to 7-hydroxy-3-(4'-hydroxyphenyl)-chroman, is a
nonesteroidal estrogen, which was discovered in the early 80's in the urine of adults who
consumed soy foods [15]. It has been shown to be a metabolite of daidzein, one of the major
isoflavones present in foods containing soy, which is formed after hydrolysis of the isofla‐
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vone glycoside [16] at intestinal level and subsequent bacterial biotransformation in the co‐
lon [17], leaving an intermediary called dihydro-equol [18-20].
Equol does not originate in plants, but is the product of degradation of the isoflavone glyco‐
side in the intestine [21], situation that was confirmed in infants of 4 months who were fed
with formulations containing soy [22, 23]. All mammals can biotransform isoflavone glyco‐
side permanently, except the man who for reasons still unexplained, only 20-35% of adults
produces equol after eating foods made from soybeans or that have been enriched with pure
isoflavones [17, 24, 25].
Several studies have suggested that those mammals who are equol producers show a great‐
er response to isoflavone-enriched diets, leading to the conclusion that equol is a more po‐
tent isoflavone than genistein and is the only one that has a chiral carbon at position 3 of the
furan ring, making two enantiomeric forms, S and R that differ significantly in their confor‐
mational structure [26].
Gopaul (2012) investigated the effect of equol on gene expression of proteins in the skin, us‐
ing a cellular model of human dermis and found that equol significantly increased gene ex‐
pression of collagen, elastin (ELN), and tissue factor inhibitor of metalloproteinases and
decreased metalloproteinases (MMPs), causing positive changes in the skin's antioxidant
and anti-aging genes. The same occurred in cultured human fibroblasts (hMFC), in which
equol significantly increased type I collagen (COL1A1), while 5a-dihydrotestosterone (5aDHT) significantly decreased cell viability. These findings suggest that equol has great po‐
tential for topical applications to the skin, for the treatment and prevention of aging of the
skin by increasing the extracellular matrix components [27].
Has been found that Equol have affinity for the estrogen receptor beta, which is abundant in
keratinocytes of the epidermis and dermal fibroblasts [28-30]. On the other hand, equol is a
selective androgen modulator and has the ability to bind to 5a-dihydrotestosterone (5aDHT) and inhibit its potent action on the skin [31]. In this sense, we can quote the opposite
effect that have androgens and estrogens, the former producing an injury to the skin by in‐
creasing MMPs, while the latter have a positive effect on the aging of the skin by increasing
collagen, elastin and decreasing MMPs [13, 32-35].
In turn, Muñoz (2009) studied the inhibitory effect of soy isoflavones and the metabolite
equol derived from daidzein, an agonist that has biological effects attributed to an antago‐
nism of the thromboxane A2 receptor (TXA2R), which helps explain the beneficial effects of
dietary isoflavones in the prevention of thrombotic events [36].
Recent works by Ronis (2012) studied the effect of mice fed with extracts of soy protein or
isoflavones finding that can reduced the metabolic syndrome in rats via activation of peroxi‐
some proliferation activated receptor (PPAR), liver X receptor (LXR) and decreased signal‐
ing protein binding to the sterol regulatory element binding proteins (SREBP) [37].
Anthocyanins. The anthocyanins are known to have antioxidant effects and play an impor‐
tant role in preventing various degenerative diseases. Structurally, this are a suitable chemi‐
cal structure to act as antioxidants, since they can donate hydrogens or electrons to free
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radicals or catch and move them in its aromatic structure. There are about 300 anthocyanins
in nature, with different glycosidic substitutions in the basic structure of the ion 2-phenylbenzopirilio or flavilio [38].
Paik (2012) examined the effect of anthocyanin extracts from the cover of black soybean in
an animal model of retinal degeneration (RD), the leading cause of death of the photorecep‐
tor cells that lead to blindness and noted that extracts of anthocyanins may protect retinal
neurons from damage induced by degenerative agents such as N-methyl-N-nitrosourea
(MNU) at a dose of (50mg/kg), which acts as a methylating agent that causes DNA damage
to the photoreceptors [39].
In general, bioactive compounds from soybean are many, but still exists wide variety of in‐
formation of the beneficial effects and also adverse effects of isoflavones and anthocyanins,
so likewise it is necessary to study more thoroughly this compound and its relation to
chronic diseases through scientific studies with larger number of patients and longer study
periods, in order to clarify all the diffuse concepts, labile or poorly sustained, so as to give
the isoflavones, a clear place in the diet therapy.
Antiplatelet Activity
There has been much recent interest in the cardiovascular benefits of dietary soybean on
potential anti-thrombogenic and anti-atherogenic effects [40]. Extracts containing isofla‐
vones and soy saponins inhibit the platelet aggregation ex vivo induced by ADP and colla‐
gen in diabetic rats [41]. Moreover, black soybean extracts inhibited platelet aggregation
induced by collagen in vitro and ex vivo, and attenuates the release of serotonin and P-selec‐
tin expression [42].
The effects of soybean products on platelet aggregation were initially described for genistein
[43]. In these reports, genistein was able to inhibit platelet activation induced by collagen
and thromboxane A2 analog (TXA2), but not by thrombin. Genistein (10 mg/kg) in mouse
significantly prolonged the thrombotic occlusion time and significantly inhibited ex vivo and
in vitro (30 μM) platelet aggregation induced by collagen [44]. Genistein is a well-known in‐
hibitor of protein tyrosine kinases, however, on platelet functions in vitro genistein inhibits
activation of phospholipase C in stimulated platelets, apparently independent of its effects
on tyrosine kinases. These results suggest that dietary supplementation of soy may prevent
the progression of thrombosis and atherosclerosis [45]. Daidzein, another soy flavonoid that
lacks tyrosine kinase inhibitory activity also inhibited the response to collagen and TXA2,
suggesting that these flavonoids inhibit platelet aggregation by competition for the throm‐
boxane A2 receptor (TXA2R) rather than through tyrosine kinase inhibition. Genistein and
daidzein have effect on platelets, macrophages and endothelial cells: inhibited collagen-in‐
duced platelet aggregation in a dose-dependent manner and in macrophage cell line activat‐
ed with interferon γ, plus lipopolysaccharide inhibit tumoral necrosis factor α (TNF-α)
secretion, dose-dependently. Both isoflavones also dose-dependently decreased monocyte
chemoattractant protein-1 secretion induced by TNF-α in human umbilical vein endothelial
cells [40].
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Equol is more active than soy isoflavone itself to compete for binding to TXA2R in human
platelets (in the range of micromoles / L), so that inhibits the platelet aggregation and secre‐
tion induced by U46619 [36]. Under equilibrium conditions, the following order of the rela‐
tive affinity in inhibiting [(3)H]-SQ29585 binding was: equol > genistein > daidzein >
glycitein > genistin > daidzin > glycitin [36]. Guerrero and colleagues suggested that this
competitive binding was due to structural features of these flavonoids such as the presence
of a double bond in C2-C3 and a keto group in C4 [36].
From a extraction of soy sauce, two kinds of components with anti-platelet activity were iso‐
lated and structurally identified: 1-methyl-1,2,3,4-tetrahydro-β-carboline (MTBC) and 1methyl-β-carboline (MBC). MTBC shows IC50 ranging from 2.3 to 65.8 μg/mL for aggregation
response induced by epinephrine, platelet-activating factor (PAF), collagen, ADP and
thrombin [46]. Membrane fluidity regulates the platelet function and various membrane-flu‐
idizing agents are known to inhibit platelet aggregation [47]. Certain β-carbolines influence
the fluidity of model membranes. The alteration of membrane fluidity may be involved in
the antiplatelet effects of MTBC and MBC [48].
Soybean protein inhibits platelet aggregation induced by thrombin, collagen and ADP, and
prolongs the clotting time [49]. Also was observed that most fractions obtained of soy pro‐
tein hydrolysates (gel filtration chromatography, reverse-phase HPLC and cation exchange
HPLC) inhibited rat platelet aggregation induced by ADP, which suggests that most pepti‐
des have some degree of antiplatelet effect. From the inhibitory fractions, two new peptides
were identified, SSGE and DEE, and at concentrations of 480 and 460 μM, respectively, in‐
hibited in 50% platelet aggregation [50].
The diet may be the most important factor influencing the risk of cardiovascular disease.
Soybean derivatives can be denominated as functional ingredients as they contain bioactive
compounds that inhibit platelet aggregation, which gives a preventive effect on thrombus
formation [51].

3. Functional Food
Soybean is a very rich source of essential nutrients and one of the most versatile foodstuffs.
It possesses good quality protein and highly digestible (92–100%) and contains all the essen‐
tial amino acids. Soybean-protein products also contain a high concentration of isoflavones
(1 g/kg) [52]. Therefore, consumption of soy-based foods has been associated with multiple
health benefits [53, 54]. Among a variety of soybeans, black soybean is known to display di‐
verse biological activities superior to those of yellow and green soybeans, such as antioxi‐
dant, anti-inflammatory and anticancer activities [42].
Soy food intake has been shown to have beneficial effects on cardiovascular disease risk fac‐
tors. Data directly linking soy food intake to clinical outcomes of cardiovascular disease, evi‐
dence that soy food consumption may reduce the risk of coronary heart disease in women
and may be protective against the development of subarachnoid hemorrhage [54, 55]. Based
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on that 1% reduction in cholesterol values is associated with an approximate 2-3% reduction
in the risk of coronary heart disease, it can be assumed that a daily intake of 20-50 grams of
isolated soy protein could result in a 20- 30% reduction in heart disease risk [56, 57].
Several components associated with soy protein have been implicated in lowering cholester‐
ol: trypsin inhibitors, phytic acid, saponins, isoflavins, fiber and proteins [58]. Apparently,
there is a synergy among the components of intact soy protein, which provides the maxi‐
mum hypocholesterolemic benefit. A variety of clinical trials have demonstrated that con‐
suming 25 to 50 g/daily of soy protein is both safe and effective in reducing LDL cholesterol
by ≈4% to 8% [58]. Therefore, maturation of SREBP and induction of SRE-regulated genes
produce an increase in surface LDL receptor expression that increases the clearance of plas‐
ma cholesterol, thus decreasing plasma cholesterol levels [59]. However, other results
present direct evidence for the existence of LDL receptor and plasma lipoprotein-independ‐
ent pathways by which dietary soy protein isolate inhibits atherosclerosis [60, 61].
The addition of soy protein in diet or replacing animal protein in the diet with soy, lowers
blood cholesterol. Moreover, defatted soy flour is a widely used in these applications as a partial
replacement for nonfat dry milk [62-64]. Soy protein can increase protein content and its used
in compounded foods (breads, crackers, doughnuts, and cakes) for their functional proper‐
ties, including water and fat absorption, emulsification, aeration (whipping), heat setting, and
for increasing total protein content and improving the essential amino acids profile [65].
The low breast cancer mortality rates in Asian countries and the putative anti-estrogenic effects
of isoflavones have fueled speculation that soyfood intake reduces breast cancer risk [66]. Soy
sauce promotes digestion, because the consumption of a cup of clear soup containing soy sauce
enhances gastric juice secretion in humans. The feeding of a diet containing 10% soy sauce to
male mice for 13 months also reduces the frequency and multiplicity of spontaneous liver
tumors [67]. Over the past decades, enormous research efforts have been made to identify
bioactive components in soy [68]. The Health effects of soy dietary are variable depending on
individuals’ metabolism and in particular to their ability to convert daidzein to equol that seems
to be restricted to approximately 1/3 of the population. Equol production has been indeed
linked to a decreased on arterial stiffness and antiatherosclerotic effects via nitric oxide pro‐
duction [69]. Despite being a biotransformation product of daidzein, the equol at low dosage
can prevent skeletal muscle cell damage induced by H2O2 [70] and possesses anticancer activ‐
ity via apoptosis induction in mammary gland tumors of rats [71].
Hydroponic cultivation improved the nutritional quality of soybean seeds with regard to
fats and dietary fiber. This suggest that specific cultivars should be selected to obtain the de‐
sired nutritional features of the soybean raw material [72]. Irrigation enhanced the isofla‐
vone content of both early- and late-planted soybeans as much as 2.5-fold. Accumulation of
individual isoflavones, daidzein and genistein, are also elevated by irrigation [53].
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4. Digestion and Absorption
A number of factors including the amount consumed, chemical speciation, interactions with
other ingredients, physiological state (e.g., gender, ethnicity, age, health status) and intesti‐
nal microflora influence the absorption of dietary isoflavonoids by the gastrointestinal tract
[73]. Additionally, the absorption and disposition of isoflavones (daidzein and genistein)
appears to be independent of age, menopausal status and probiotic or prebiotic consump‐
tion [74, 75].
After absorption, isoflavones are reconjugated predominantly to glucuronic acid and to a
lesser extent to sulphuric acid. Only a small portion of the free aglycone has been detected in
blood, demonstrating that the rate of conjugation is high [76]. The isoflavone aglycones are
absorbed faster and in greater amounts than glucosides in humans, dependent on the initial
concentrations. Thus, products rich on aglycone can be more effective in the prevention of
chronic diseases [77]. Concentrations of isoflavones and their gut microflora metabolites in
the plasma, urine, and feces are significantly higher in the subjects who consume a high-soy
diet than in those who consume a low-soy diet [78].
Bioavailability of isoflavone glycosides (daidzein and genistein) as pure compounds or in a
soyfood matrix (soymilk) requires initial hydrolysis of the sugar moiety by intestinal β-glu‐
cosidases for the uptake to the peripheral circulation [16]. Twenty-four hours after dosing,
both plasma and urine isoflavone concentrations were nearly null [79]. The genistein com‐
pound is absorbed from the lumen partly unhydrolyzed and transported directly (by an un‐
known transporter or diffusion) to the vascular side [80]. Conjugates of daidzein are more
bioavailable than those of genistein. Thus, after oral administration of soy extract in rats pro‐
viding 74 micromol of genistein and 77 micromol of daidzein / kg (as Conjugates), were
found that plasma concentration of daidzein was maximal at 2 h and it was almost double
that of genistein. Since about 50% of the genistein dose is excreted as 4-ethyl phenol (the
main end product from genistein) [81]. The end product of the biotransformation of the phy‐
toestrogen daidzein, is the equol, that is not produced in all healthy adults in response to
dietary challenge with soy or daidzein [21]. However, plasma genistein concentrations are
consistently higher than daidzein when equal amounts of the two isoflavones are adminis‐
tered, and this is accounted for by the more extensive distribution of daidzein (236 L) com‐
pared with genistein (161 L). In addition to the conjugated state, the chemical structures of
isoflavones play a major role in its pharmacokinetics with marked qualitative and quantita‐
tive differences depending on the type of supplement ingested [82-84].

5. Health
Functional food may act as an adjunctive therapy/alternative treatment of different patholo‐
gies, and scientific studies are appearing more frequently demonstrating that this hypothe‐
sis is, indeed, a reality. Soybean containing isoflavone and protein is considered a functional
food item [85].
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Epidemiological studies suggest that soybean consumption is associated, at least in part,
with lower incidences of a number of chronic diseases. The lower rates of several chronic
diseases in Asia, including type 2 diabetes, certain types of cancer and cardiovascular dis‐
eases, between others, have been partly attributed to consumption of large quantities of soy
foods (figure 2) [86].

Figure 2. Biological activities from soy food products and its effect on health.

a) Soybean and type 2 diabetes. Type 2 diabetes mellitus is a multifactorial metabolic disorder
disease, which results from defects in both insulin secretion and insulin action. Insulin stim‐
ulates uptake, utilization and storage of glucose in cells throughout the body by inducing
multiple signaling pathways in the tissues that express the transmembrane insulin receptor
[87], especially in skeletal muscle that accounts for 75% of whole-body insulin-stimulated
glucose uptake. The reduced responsiveness of cells to insulin is due to defective intracellu‐
lar signaling processes [88, 89]. Millions of people have been diagnosed with type 2 diabetes,
and many more are unaware they are at high risk [90]. Obesity is the major risk factor for
diabetes and accounts for ≈70% of the variance in the prevalence of this common disease
[91]. Dry beans and soyfoods offer benefits in the prevention of diabetes and in the clinical
management of established diabetes, soybeans, in particular, have a low glycemic index.

Food, Nutrition and Health
http://dx.doi.org/10.5772/52601

They are rich in phytates, soluble fiber, and tannins, all of which correlate inversely with
carbohydrate digestion and glycemic response [62, 92].
Soybean and its natural bioactive products have been studied as an antidiabetic potential.
Studies have been conducted to examine the therapeutic effect of different bioactive com‐
pounds such as aglycin, phenolic-rich extract and glyceollins, all derivates of soybean. Soy‐
bean peptides have been widely used as a natural health food and supplement. It should
be good for preventing obesity and diabetes because long-term feeding of soy peptide
induced weight loss in obese mice [93]. In healthy and diabetic animal models, soybean
peptides decreased blood glucose by increasing insulin sensitivity and improving glucose
tolerance [89, 94].
Aglycin, a natural bioactive peptide isolated from soybean, structurally, it has a high stabil‐
ity with six cysteines embedded in three disulfide bonds. It is also resistant to digestion by
trypsin, pepsin, Glu-C and bovine rumen fluid and has an antidiabetic potential [95, 96], at
this respect, Lu J (2012), studied the effect of aglycin administration on the glucose homeo‐
stasis. For this, the diabetes was induced in BALB/c mice fed with a high-fat diet and a
single intraperitoneal injection of streptozotocin. With onset of diabetes, the mice were
administered daily with aglycin (50 mg/kg/d) for 4 weeks, blood glucose was monitored
once a week [89]. The administration of aglycin restored insulin-signaling transduction by
maintaining the insulin receptor (IR) and the insulin receptor substrate 1 (IRS1) expres‐
sion at both the mRNA and protein levels, as well as elevating the expression of p-IR, pIRS1, p-Akt and membrane GLUT4 protein. The results hence demonstrate that oral
administration of aglycin can potentially attenuate or prevent hyperglycemia by increas‐
ing insulin receptor signaling pathway in the skeletal muscle of streptozotocin/high-fat-dietinduced diabetic mice [89].
Complex polysaccharides are hydrolyzed by α-amylase to oligosaccharides that are further
hydrolyzed to liberate glucose by intestinal α-glucosidase before being absorbed into the in‐
testinal epithelium and entering blood circulation. Therefore, α-amylase and α-glucosidase
inhibitors may help to reduce postprandial hyperglycemia by inhibiting the enzymatic hy‐
drolysis of carbohydrates, and hence may delay the absorption of glucose [97]. Therefore,
effort has been directed in finding a natural and safer α-amylase and α-glucosidase inhibi‐
tors. Phytochemicals such as phenolics with strong antioxidant properties has been reported
to be good inhibitors of these enzymes [98]. The phenolic compounds of soybean have also
been studied, Ademiluyi (2011) [99] assessed the inhibitory activities of different phenolicrich extracts from soybean on key-enzyme linked to type 2 diabetes (α-amylase and α-gluco‐
sidase) [99]. Their results shown that the different phenolic-rich extracts used inhibited αamylase, α-glucosidase activities in a dose dependent pattern and the free phenolic extract
had higher α-glucosidase inhibitory activity when compared to that of α-amylase; this prop‐
erty confer an advantage on soybean phenolic-rich extracts over commercial antidiabetic
drugs with little or no side effect [99].
In turn, the flavonoid family of phytochemicals, particularly those derived from soy, has re‐
ceived attention regarding their estrogenic activity as well as their effects on human health
and disease. In addition to these flavonoids other phytochemicals, including phytostilbene,
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enterolactone, and lignans, possess endocrine activity; the health benefits of soy-based foods
may, therefore, be dependent upon the amounts of the various hormonally active phyto‐
chemicals within these foods, especial attention have recieved the isoflavonoid phytoalexin
compounds, glyceollins, in soy plants grown under stressed conditions [100]. A glyceollincontaining fermented soybeans was assessed by Park S (2012), where diabetic mice, induced
by intraperitoneal injections of streptozotocin (20 mg/kg bw), were administered a high fat
diet with no soybeans (control), 10% unfermented soybeans and 10% fermented soybeans
containing glyceollins (FSG), respectively, for 8 weeks; among the diabetic mice, FSG-treated
mice exhibited the lowest peak for blood glucose levels with an elevation of serum insulin
levels during the first part of oral glucose tolerance testing. FSG also made blood glucose
levels drop quickly after the peak and it decreased blood glucose levels more than the con‐
trol during insulin tolerance testing [101]. The enhancement of glucose homeostasis was
comparable to the effect induced by rosiglitazone, a commercial peroxisome proliferator-ac‐
tivated receptor-γ agonist, but it did not match the level of glucose homeostasis in the nondiabetic mice [101].
In vitro studies suggest that isoflavones have antidiabetic properties such as the inhibition of
the intestinal brush border uptake of glucose, α-glucosidase inhibitor actions, and tyrosine
kinase inhibitory properties [102]. Animal studies have indicated that soy protein or isofla‐
vones improve glycemic control, lower insulin requirement, and increase insulin sensitivity
[96, 103]. Several observational studies have also suggested that soy intake was associated
with improved glycemic control or lowered risk of diabetes [104, 105].
Nevertheless, data from human clinical trials that evaluated the possible beneficial effects of
isoflavone-rich soy products on glycemic control and insulin sensitivity have generated
mixed findings. Some studies showed that soy products and foods significantly improve
glycemic control [106-108], whereas others observed no significant effect [109-111]. This in‐
consistency could be due to a number of possible reasons. A wide variety of soy products,
such as traditional soy foods, isolated soy protein, soy extracts, or purified isoflavones, and
a variety of controls have been used [112]. Varied amounts and compositions of protein and
isoflavones in soy products and the menopausal status of participants, study duration, base‐
line health status of participants, intervention adherence, and degree to which dietary intake
is controlled may have contributed to variations in studies [113].
b) Soybean and cancer. For a long time has been described the effect of soy on human health,
this legume present since ancient times in the Oriental diet is now present all over the
world. The eastern population has low rates of various cancers, among these; breast cancer
is undoubtedly a classic example.
Liener and Seto in 1955, described an in vivo effect in rats inoculated with Walker tumor.
Daily injection of a soy extract at 25 mg / kg in these animals results in a decrease in tumor
size and weight at the end of the period. This effect was observed only in animals that were
treated from the time of inoculation of the tumor and not in those treated after tumor estab‐
lishment [114]. From Liener investigations have been reported countless works that charac‐
terize the effect of soy on tumor growth.
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Since 1996, it has been reported the use of extracts rich in soy isoflavones in human clinical
studies. Has recently been published the results of a clinical study of soy isoflavones used in
women at high risk of breast cancer, the results at 6 months of intervention is that soy isofla‐
vones decrease epithelial proliferation in women with risk, modulating the expression of a
large number of genes involved in carcinogenesis [115]. One of the markers associated with
risk of breast cancer is the IGF-1 (Insulin-like growth factor 1), this growth factor is involved
in various processes that stand between growth and cell development. The increase in plas‐
ma concentration is associated with up to seven times greater risk of developing this malig‐
nancy. However, high intake of soy in American women produces a slight increase in the
concentration of IGF-1, these data are extremely complex to interpret. Eating a diet high in
soy and algae produce a decrease of up to 40% of the levels of IGF-1 [116].
There is a wide range of cancers in which have been found some degree of association with
soy consumption. Recently, a meta-analysis has shown that high-soy intake determined a low
risk of lung cancer [117]. In this context, researchers have demonstrated in vivo, in nude mice
(immune compromised) that were intravenously injected human tumor cell line A549, these
cells generate tumor nodules in the lungs of these animals. By analyzing histologically the
tissues of mice that received a treatment of 1 mg / day for 30 days orally soybeans, it was
determined that the tumor cells were more sensitive to radiation therapy in addition to reduc‐
ing vascular damage, inflammation and fibrosis caused by radiation on healthy tissue [118].
The relationship between breast cancer and the presence of estrogen receptor in these tumor
cells is a fact and is related primarily to the aggressiveness of the tumor and its size. The
non-steroidal phytoestrogens chemical compounds present in plants and especially in soy
and structurally resemble human estrogen, may play a central role in the effect on the risk of
breast cancer in postmenopausal women. This effect, albeit has been reported, is still not en‐
tirely clear, while some studies are very conclusive as that conducted by Zaineddin et al in
2012, recently, over 3000 cases and over 5000 controls in a case-control study in German
women, the results did show a relationship between the consumption of phytoestrogens in‐
cluding soy and reduced the relative risk of breast cancer in postmenopausal women [119].
Genistein a predominant isoflavonoid in soybeans has long shown a beneficial effect on the
prevention and treatment of some cancers. Has been studied this soy isoflavone and the
mechanisms that may be associated with its antitumor effect. Among the mechanisms de‐
scribed is the inhibition of nuclear factor NFkappa B a key molecule in tumor cell survival,
in 2011 a group of researchers reported that genistein inhibited the proliferation and in‐
duced apoptosis in the BGC-823 cell line, a cell line of human gastric cancer, in a dose and
time dependent. The mechanism by which this isoflavonoid is capable of producing this ef‐
fect is by decreasing cyclooxygenase 2 (COX-2), through inhibition of the transcriptional ac‐
tivation of NFkB [120]. Recently another research group reported that genistein is capable of
reducing the growth of the cell line of breast cancer MDA-MB -231 inhibit NFkB transcrip‐
tional activity through a mechanism dependent signaling pathway Notch-1 [121], These re‐
searchers found that genistein negatively regulates the expression of cyclin B1, Bcl-2 and
Bcl-xl. Genistein has proven to be a potentiating agent of other compounds with anticarcino‐
genic effect, a recent example is the reported effect on the cell line A549 lung cancer, where
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genistein potentiates the apoptotic effect of Trichostatin A, the mechanism involved in this
effect would be enhancing the positive regulation of the expression of mRNA encoding the
tumor necrosis factor receptor 1(TNFR-1), which play a role of death receptor and therefore
may at least partly explain this phenomenon [122]. One line of research to elucidate the
mechanisms associated with the anti tumor effect of genistein is the ability of this molecule
to inhibit the progression of tumor stem cells, in this context, Zhang et al 2012 have found
that genistein has an effect until now not reported to prevent carcinogenesis in a model of
early colon cancer using as markers of this process the signaling pathway WNT / beta-cate‐
nin, some of the genes that are under the control of this pathway are: cyclin D1 and c-myc,
being genistein and an extract of soy protein capable of inhibiting various genes involved in
the WNT pathway including the mentioned Wnt5a, sFRP1, sFRP2 and Sfrp5 [123]. It has al‐
so been shown that genistein could also exert its effect by regulating the immune system, is
how Iranian researchers showed that genistein is capable of protecting carcinogenesis in a
mouse model of cervical cancer by an immune modulatory mechanism [124].
In summary, it appears that soy consumption is a protective agent in carcinogenesis of vari‐
ous cancers. The mechanisms involved in this process are still a mystery although there are
efforts to discover them. One of the molecules characterized in this protective effect is genis‐
tein, a soy isoflavone, to which today have described multiple benefits and is now the thera‐
peutic target for the generation of other molecules with structural similarity to her and that
enhance its effects in vivo.
c) Soybean and cardiovascular disease. Another major concern in today's world is cardiovascu‐
lar disease, in which the nutritional properties of soybean proteins are well known. Within
the past 25 years, numerous studies have reported inverse associations between soy protein
intake and plasma cholesterol concentrations; this association is particularly evident in hy‐
per-cholesterolemic men and women [125-127].
Several studies comparing isoflavone-rich soy diets with isoflavone-free soy diets have been
performed in experimental animals and humans. Soy consumption could reduce the cardio‐
vascular disease risk factors through its beneficial components, including complex carbohy‐
drates, unsaturated fatty acids, vegetable protein, soluble fiber, oligosaccharides, vitamins,
minerals, inositol-derived substances such as lipintol and pinitol, and phytoestrogens, par‐
ticularly the isoflavones genistein, diadzein, and glycitein [128, 129].
Different studies have been carried out to assess the influence of soy-protein on serum con‐
centrations of total cholesterol, LDL cholesterol, triacylglycerol, and apoB-100. Beneficial re‐
sults have also been seen among subjects with different types of diseases [130, 131].
Beneficial effects of soy consumption on blood lipids were the most consistently reported
findings by Azadbakht (2007) [108]. In turn, Anderson (1995), showed significant reductions
in total cholesterol (9%), LDL cholesterol (13%), and triacylglycerol’s (11%) with the con‐
sumption, on average, of 47 g soy-protein/daily [125].
For its part, Jenkins (2002) studied the effects of high- and low-isoflavone soy-protein foods
on both lipid and nonlipid risk factors for coronary artery disease. They found that com‐
pared with the control diet, however, both soy diets resulted in significantly lower total cho‐
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lesterol, estimated CAD risk, and ratios of total to HDL cholesterol, LDL to HDL cholesterol,
and apolipoprotein B to A-I [132]. No significant sex differences were observed, except for
systolic blood pressure, which in men was significantly lower after the soy diets than after
the control diet. On the basis of blood lipid and blood pressure changes, the calculated CAD
risk was significantly lower with the soy diets, by 10.1 ± 2.7% [132].
Other group reported that monkeys fed isoflavone-rich soy-protein-isolate diets had signifi‐
cantly better serum lipid values (lower total cholesterol and higher HDL-cholesterol concen‐
trations) than monkeys fed isoflavone-poor soy-protein-isolate diets. Whereas the
administration of the antiestrogen tamoxifen is accompanied by an increase in serum triacyl‐
glycerol concentrations, soy-protein administration is associated with a decrease in serum
triacylglycerol concentrations [133].
Other cardiac benefits of soy intake, independent of cholesterol reduction, have been identi‐
fied and investigated. Clarkson (1994) [134] used monkeys with experimental atherosclero‐
sis as a model to examine the effects of estrogen administration on vascular dilatation in
vivo. Using a similar animal model they also showed that an isoflavone-rich soy-protein-iso‐
late diet has a favorable effect on dilatation of coronary arteries similar to that of estrogen
administration [62, 135].
The amount of soy protein that should be recommended for use to achieve “therapeutic ef‐
fects” is unknown. Also, further research is required to determine the safety of isoflavones
in pharmaceutical doses. Animal studies suggest that small amounts of isoflavones have fa‐
vorable effects on lipoprotein oxidation and cholesterol reduction. Much more work is re‐
quired to determine the minimum amount needed to have a specific beneficial health effect.

6. Conclusion
Epidemiological studies suggest that soybean consumption is associated, at least in part,
with lower incidences of a number of chronic diseases, including type 2 diabetes, certain
types of cancer and cardiovascular diseases, between others, mainly due antioxidant and an‐
tiplatelet activities.
Soybean derivatives can be denominated as functional ingredients as they contain bioactive
compounds that inhibit platelet aggregation, which gives a preventive effect on thrombus
formation. Also soybeans contain a variety of bioactive phytochemicals such as phenolic
acids, flavonoids, isoflavones, saponins, phytosterols and sphingolipids; being the phenolic
compounds with the highest antioxidant capacity. The key benefits of soy are related to their
excellent protein content, its high content of essential fatty acids, numerous vitamins and
minerals, their isoflavones and their higher fiber content. The experimental evidences relat‐
ed soy protein more than soy isoflavones as responsible by effects observed. At the present
is not possible to discard another component present in soy as responsible by the effects.
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Functional food may act as an adjunctive therapy/alternative treatment of different patholo‐
gies, and scientific studies are appearing more frequently demonstrating that this hypothe‐
sis is, indeed, a reality.
These evidences were considered by FDA, that published claims that recommended soy
protein extract as an alternative to reduce blood cholesterol concentrations and prevent can‐
cer, diabetes and increase protection cardiovascular.
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Legumes are important for the diet of a significant part of the world’s population; they
are a good source of protein, carbohydrates, minerals and vitamins. The “importance
of soybean” lies in the overall agriculture and trade and in its contribution to
food supply. Soybean contains the highest protein content and has no cholesterol
in comparison with conventional legume and animal food sources. Furthermore,
soybean is a cheap source of food, and at the same time medicinal due to its genistein,
photochemical, isoflavones content. Soybean has been found to be extremely helpful
in the fight against heart disease, cancer and diabetes, among others. Soybean protein
and calories are presently being used to prevent body wasting often associated with
HIV. The importance of soybean nutrition intervention is amplified where medications
are unavailable. Its economic potential inherent in a wide range of industrial uses can
be harnessed to the benefit of smallholder soybean producers.
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