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Preface

Foods based on milk, as well as those containing milk, are important elements

in the human diet. Unfortunately, due to containing ingredients that may cause
intolerance or allergy, these products cannot be consumed by consumers suffer-
ing from hypersensitivity to lactose, galactose, or milk proteins. People suffering
from this dysfunction must often eliminate milk and dairy products from their
diet. Similar exclusions are made by people opting for veganism or other forms of
elimination diets with an ideological, ethical, or health background. The response
to this tendency and consumer expectations is the creation of new brands of veg
producers, as well as the introduction of plant variants to the offer of large com-
panies. It is influenced by the increasing nutritional awareness of people, more
affordable prices, and the increasing availability of ready-made vegan or vegetarian
products. At the same time, the number of people who consume a traditional diet
but willingly include plant dishes is increasing. This is explained by the desire to
diversify the nutritional and taste profile of the diet. The increasing tendency of
allergies to animal proteins, including milk proteins, as well as lactose intolerance,
is not without significance for expanding the availability of plant substitutes. In
connection with all of this, a serious challenge for the food industry is the develop-
ment of new, alternative products with attractive tastes and comparable nutritional
values to replace dairy products. More and more shops and restaurants are offering
plant-based equivalents of animal products.

Factors such as increasing pro-health awareness, more frequent occurrence of
allergies and lifestyle diseases, and an increasing number of vegan consumers have
contributed to the growing demand for alternative products. The dairy product
alternatives market began its development with dairy drinks as milk substitutes.
The plant beverages market is growing both in terms of the scale of production
and the variety of raw materials used in the production of beverages. Soybean was
one of the first raw materials used to produce vegetable drinks in the form of milk
substitutes. Its popularity within this product category is weakening in favor of
others, such as nuts (almonds, hazelnuts, cashews, ground almonds), grains (oats,
rice, quinoa, buckwheat, millet, corn, and kamut wheat, spelt) and hemp, sun-
flower or chia seeds as well as coconut or banana fruit. In addition, the raw materi-
als that diversify and enrich plant-based drinks provide taste, color, and aroma. It
is worth emphasizing that plant drinks are a source of fiber and other ingredients
such as vitamins D, B12, and B2, which are enriched in these types of products and
at the same time do not contain cholesterol and lactose. According to all forecasts,
the Polish market for plant drinks will develop dynamically. Its development will
be based on expanding the range of raw materials that meet gluten-free and high
nutritional values, based on natural ingredients, and originating from organic
farming. Currently, the most popular plant drinks are rice milk, which has a delicate
taste, and oat milk, which has a mild taste and contains naturally occurring prebi-
otic substances like beta-glucan. Oat milk can also be made gluten-free. Beverages
such as coconut, millet, and almond milk are extremely popular due to their char-
acteristic organoleptic feature. It is probably only a matter of time before beverages
from other previously unused sources appear on the market, for example, grains,
nuts, or other plant parts. The greatest technological difficulty in the plant-based



market is the stabilization of beverages. Stabilization of the fluid structure ensures
uniform dispersion of particles that will be durable regardless of the application.
In most cases, manufacturers do not declare stabilizing additives, and therefore the
consumer considers possible delamination. Stabilized drinks are characterized by a
smoother and more stable structure. In addition to plant-based drinks, the market
also offers plant-based creams, cheeses, butter, and fermented beverages based
mostly on prepared vegetable proteins as well as coconut fat or other vegetable fats.

The nutritional importance of protein is confirmed not only in the diet of humans
but also of animals. Nutritional problems on a global scale will force us to look for
new vegetable sources of protein for feed for farm animals, especially in developing
countries.

The increase in health problems, as well as the increased awareness of sustainable
development, direct the processing and fodder industries to wider use of proteins
of plant origin. The food industry should perceive the market of vegetable proteins
not as a competition, but rather as a source of innovation for its own products based
on cow, goat, or sheep milk. This takes advantage of the popularity of plant-based
proteins, especially as some studies show that one in three consumers prefer plant-
based over animal proteins. In addition, many plant-based protein products are
strongly associated with sustainability and rated as having a low carbon footprint.

Malgorzata Ziarno

Department of Food Technology and Assessment,
Institute of Food Sciences,

Warsaw University of Life Sciences SGGW-WULS,
Warsaw, Poland
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Chapter1

Plant-Based Milk Substitutes:
Factors to Lead to Its Use and
Benefits to Human Health

Lais Zandona, Cavoline Lima and Suzana Lannes

Abstract

The consumption of vegetable milk has grown in recent years. Medical reasons
are some reasons for the increase in the number of consumers of this type of drink.
Lactose intolerance and allergy to cow’s milk protein are the major factors that lead
to this consumption in addition to the option for a healthier lifestyle, there are also
consumers concerned with animal health and welfare who are adept at restrictive
diets like vegetarianism and veganism. Vegetable extracts are water-soluble extracts
from legumes, oilseeds, cereals, or pseudocereals that resemble bovine milk in
appearance, are considered substitutes for cow’s milk due to the similar chemical
composition and can also be used as substitutes for direct use or in some animal
milk-based preparations. In contrast, these substitutes have different sensory
characteristics, stability, and nutritional composition of cow’s milk. Plant extracts
have health-beneficial compounds, phenolic compounds, unsaturated fatty acids,
antioxidant activity and bioactive compounds such as phytosterols and isoflavones
making plant-based milk substitutes an interesting choice.

Keywords: functional food, lactose intolerance, cow protein milk allergy, veganism,
bioactive compounds

1. Introduction

The animal milk is already a highly consumed and appreciated by the human
being for many centuries. Its consumption may exist from 8000 BC to 10,000 BC
through the aurochs, ancestors of the actual cows, were domesticated and its milk
used for consumption [1].

Milk is a highly valued and important food for the human diet. Since birth,
this food can provide nutrients capable of transmitting not only energy but also
bioactive components and immune cells that are responsible for anti-inflammatory,
anti-infectious, and probiotic actions [2].

Since milk is a food that contains almost all the nutrients necessary for the
maintenance of our body, it is still widely consumed, even in adulthood. Nowadays,
use the term “milk” for the secreted fluid of the cow, and the secreted fluid of other
animals is called “animal name + milk”, for example, sheep’s milk, goat milk and
buffalo milk [3].

Milk consumption is very important, especially in underdeveloped countries, as
it is an important source of energy, protein and fat, being one of the most important
foods for consumption in malnourished children [4].

3 IntechOpen
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For several reasons, more consumers choose alternatives to plant-based milk.
The most common reasons are allergies to milk protein, lactose intolerance or
lifestyle choices, such as vegetarianism [5].

Because of this, currently an increase in research and development of plant-
based milks and their derivatives, such as yogurts, ice cream and fermented
beverages, has been carried out in order to bring more consumption options for
individuals who cannot or do not wish to consume animal milk. Thus, the objective
of this chapter is providing some information on types of milk substitutes and their
functionality in food formulations and in human health.

2. Animal milk: processing and composition

As anatural food, milk has a rapid multiplication of different microbial groups.
Therefore, both raw milk and dairy products, with the exception of some cheeses,
must go through a thermal process, such as pasteurization, thermization or ultra-
high temperature (UHT) so that pathogenic microorganisms are eliminated and so
the milk is safe for consumption [6].

The UHT process for milk is a technique that uses a heat treatment with tem-
perature between 135 and 150°C with pause times between 1 and 10 s. There are two
types of heating for this processing: direct and indirect heating. In direct heating,
the milk itself encounters a saturated steam. In indirect heating, an external heating
medium will indirectly heat milk by conduction and convection through a barrier
that acts as a heat exchanger. The indirect heating is the most used by industries [7].

As for milk pasteurization, the milk is heated to a specific temperature, keeping
the milk at this temperature for a specific length and successively a rapid cooling
step with a temperature below 7°C. The temperature and length of the pasteuriza-
tion process will depend on which microbial or chemical effects are desirable.
When submitting milk to the pasteurization process, one must think that the higher
the temperature and the longer the process, the drastic decrease in the number of
microorganisms will be possible, but there will also be a damage to the nutritional
constituents of milk [8].

As for the thermization technique, a temperature of 63°C is used for 15 s, being
milder than pasteurization; this process is used only to improve the quality of the
milk, since there is no effective elimination of pathogenic microorganisms that may
be present in the milk [8].

From whole milk, several by-products, such as cream, buttermilk, skimmed
milk, and derived by-products, such as caseins and whey protein can be produced
by the dairy industry. The processing of both whole milk and these by-products can
be seen in Figure 1 [9].

Milk is a complex biological fluid that contains fat, proteins, vitamins, minerals,
enzymes and sugar in its composition. Mammalian animals show similarities
regarding the nutritional composition of their milks however, the influence of
genetic factors, nutritional factors and environmental conditions can alter the
composition of milk, even in animals of the same species. Table 1 presents a general
composition of the milk of different mammals [11].

Milk plays a fundamental role in human nutrition and health, which is why the
intake of this food is so important to be consumed by both children and adults. The
milk consumed by humans comes mainly from the dairy cattle, but in some parts of
the world, there is the consumption of milk from other animal species, for example,
buffalo, goats, sheep, and camels. Cow’s milk protein consists of approximately
80% casein (w/w) and 20% of whey protein (w/w) [13].
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Figure 1.
Processing of whole milk and its by-products [10].

Species Water Proteins Fat Lactose Ash

Cow 87.2 35 37 4.9 0.72

Sheep 82.7 5.5 6.4 4.7 0.92

Goat 86.5 3.6 4.0 5.1 0.82

Camel 87.7 35 34 4.7 0.71
Table 1.

The composition of milk from different mammals in g/100 g milk [12].

In animal milk, exist four main caseins that are naturally present: asl, as2, B e k,
with casein k being the most relevant due to its importance in the stability of the
micelle and in the processing of various dairy derivatives [12].

As for whey protein, the main proteins are f-lactoglobulin, a-lactalbumin,
serum albumin, immunoglobulins (IgG1, IgG2, IgA and IgM) and lactoferrin.

This class of proteins is classified as high biological value since it presents essential
amino acids and branched chain amino acids (not synthesized by our organism).
With this has received a lot of attention for the food development industry, mainly
in sports nutrition, since that these amino acids are important for tissue growth and
repair [14].

Bovine milk fat has more than 400 fatty acids with different chemical composi-
tions. Its composition consists of triacylglycerol, diacylglycerol, free fatty acids, and
cholesterol [15].

The composition of milk fat will in fact depend on external factors to which
dairy cattle are subjected, such as factors related to food (feed offered to cattle) or
rumen microbial activity. In addition, other factors such as stage of lactation and
mastitis can also influence the final composition of milk fat [16].

Milk fat is the natural source that most presents short-chain fatty acids (C4:0 -
C8:0) and also contains a high amount of medium chain fatty acids (C10:0 — C14:0)
which causes that this food is almost exclusive to certain bioactive fatty acids
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considered beneficial to human health. An example of this is butyric acid (C4:0)
and conjugated linoleic acid that are not found in significant amounts in other foods
in our diet [17, 18].

Regarding carbohydrate, lactose is the main present in the composition of
milk. This compound if formed by the union of a D-galactose molecule with a
D-glucose molecule. Thus, lactose can be hydrolyzed through an enzymatic action
by B-galactosidase that will transform it into its constituent monosaccharides, i.e.,
galactose and glucose. This action is of great importance for the food industry, since
lactose, despite being a sugar, does not have a sweet taste, but its constituents have
such a sweet taste, in addition to being more soluble than lactose [12, 19].

In addition, when lactic acid bacteria meet with lactose, they hydrolyze it into
lactic acid, thus making milk a favorable medium for fermentation, since the pH of
the milk falls and coagulates, and it may then be possible to produce dairy prod-
ucts, like cheese and yogurts. However, this requires controlled fermentation, as
unwanted fermentation obviously results in the deterioration of milk [20].

Although lactose has many advantages for the food industry, this component of
milk is also responsible for making it impossible for many people around the world
to consume milk, since they have a lactose intolerance. The pathophysiological
aspects or lifestyles that remove the consumption of milk by the population will be
found in more detail in the next topic.

3. Adverse reactions to milk composition

Although milk is a good food source of compounds because it is associated with
the supply of several essential nutrients to our diet, there are several concerns that
must be taken into account for the consumption of this food, both in terms of dif-
ferent health problems and lifestyles that a person can manifest.

One of the adverse effects on human health is allergy to cow’s milk protein,
which occurs due to an adverse immune response to the cow’s milk dietary antigen.
The allergic process starts with casein, which makes up about 80% of milk proteins.
When these proteins are digested, they are converted into opioid compounds called
p-casomorphines that binds to the Al allele of p-casein, thus causing allergy to the
human body, especially in children and newborns, since your body does not yet
recognize some proteins of cow’s milk [21].

Another adverse cause that can be affected by the consumption of animal milk
is lactose intolerance. This condition occurs when a person is unable to digest and
absorb lactose from the diet. This is because there is a decline in lactase expression
after weaning, commonly called “lactase non-persistence” [22].

Among the symptoms that identify lactose intolerance are gastrointestinal
symptoms that can be presented with mild to moderate signs of indigestion,
flatulence, nausea, diarrhea, and abdominal cramps after consumption of milk and
dairy products [23].

Another factor that excludes animal milk from the diet, but that is not associated
with any disease but with lifestyle is the case of vegans. The basic principle of
vegetarianism is not consuming any type of red meat, chicken, or fish, but it may or
may not include products of animal origin, such as eggs, milk and their derivates.
Although it is often not very clear, veganism not only supports the exclusion of
animal foods from its diet due to the animal’s suffering, but also as a way of support-
ing the inclusion of plant foods produced by local producers that will present less
environmental impact [5, 24].

Therefore, such conditions point to the need for not only animal milk but also
its derivatives to obtain an alternative that is as healthy, so that people who cannot
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consume this food are also able to digest nutrients necessary for a good diet, in
addition to presenting other food alternatives that allow you to diversify eating
routines.

4, Plant-based milk alternatives

Currently, there are several researches for replacing milk using plant-based milk.
This type of milk-like is a water-soluble extract based from vegetables, legumes,
cereals, pseudocereals and nuts [25].

Vegetable milk processing can have several types of vegetable milk-like process-
ing that will depend on the raw material from which this vegetable milk-like will be
extracted. However, there are processing steps that are common to most vegetable
milks, such as pre-treatment of raw material, extraction of milk, incorporation of
additives, suspension, stabilization and adequate storage to improve shelf life of the
product, as can be seen in Figure 2 [26].

Asitis still a studied product, there is still no concrete definition and classifica-
tion in the literature of these plant-based milks. However, a general classification
of these milk alternatives is divided into 5 subcategories, which are: cereal based,
legume based, nut based, seed based and pseudocereal based [27].

In addition to providing lactose substitution, plant-based milks are also capable
of providing health benefits to the general population and not only to those who
should restrict lactose from the diet. This occurs because of the raw materials used
in the production of these plant-based milks, since they have compounds that bring
health benefits due to nutrients and micronutrients present in the composition of
these foods that allow such beneficial actions to the human body.

Legumes are an important category in the divisions of vegetable milk, and
chickpeas (Cicer arietinum) are rich in carbohydrates, proteins, vitamins, minerals,
and fiber. Chickpeas have a high content of unsaturated fatty acids, such as linoleic
acid (18:2) and oleic acid (18: 1), and also have an excellent source of phosphorus,
potassium, calcium, magnesium, sodium, iron, copper, manganese, and zinc [28].

8@ 0e@ 0

Vegetable Milk Milk Probiotic Optimized Refrigerated
material Extraction Clarification  Inoculation  fermentation storage
Vegetable Milk
m%ierial > Pre-treatment > > purification
Optimal ¢ Incorporation of
incubation < < additives

J

—

Figure 2.
Basic flow diagram to produce probiotic vegetable milk [26].
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In chickpeas, polysaccharide (starch) is the largest component followed by
fibers, contains monosaccharides (ribose, glucose, galactose, and fructose), disac-
charides (sucrose, maltose), oligosaccharides (stachyose, ciceritol, raffinose, and
verbascose) [29].

The fiber content of chickpeas in chickpeas is 18-22 g for every 100 g of raw
material, with 4-8 g of soluble fibers and 10-18 g of insoluble fibers that are major
players in cholesterol control total and LDL [30].

When chickpeas are cooked, they undergo ultrastructural changes that influence
their nutritional, physical, and functional properties with significant decreases in
antinutritional components and significant increases in dietary fibers and protein
digestibility [31].

Chickpeas are a source of carbohydrates and proteins and can be used to develop
products with greater added nutritional value, also, phytosterols present in the lipid
fraction of chickpeas have antioxidant properties even at high temperatures [30, 32].

Soy (Glycine max) is rich in carbohydrates, proteins, and lipids. Soy milk is a
good source of monounsaturated and polyunsaturated essential fatty acids, with
significant amounts of polyunsaturated fatty acids, such as linoleic (18: 2) and lino-
lenic acids (18: 3), has no cholesterol, and has a considerable content of vitamins and
minerals. Soy milk is a good source of monounsaturated and polyunsaturated essen-
tial fatty acids. Soy protein is composed of all essential amino acids, many of which
are present in quantities that correspond to those necessary for humans [5, 27].

Soy contains up to 35-45% protein and 20% fat and acts as an important source
of protein, especially in people who follow a vegetarian diet. Due to its nutritional
content, soy milk is used as a cow substitute for more than four decades. It also
appears that the total number of calories available is comparable to a balanced
nutritional profile [33].

Isoflavones appear to be the functionally active component responsible for
the beneficial effects of soy. Isoflavones are well known for their protective effect
against cancer, cardiovascular disease, and osteoporosis. Genistein is the most
abundant isoflavone in soy and is considered the most biologically active [27].

Soy germination is known to be beneficial in reducing antinutrients as a trypsin
inhibitor, phytic acid, flatulent, etc. Soy milk prepared by the traditional method
presents some problems, many works and researches are trying to improve the qual-
ity by eliminating the strange taste and beans, inhibiting anti-nutritional factors,
reducing the phytic acid content, improving the production of soy milk. All efforts
generally address one or two of the associated problems and use heat-intensive
methods to reduce antinutrients, thereby reducing the overall nutritional quality of
soy milk. Germination, which is a natural non-thermal and non-chemical process,
results in better quality processed products and soy germination would be an alter-
native to facilitate the development of products such as soy milk, which are usually
prepared by heat treatment and moist protein-causing denaturation [34].

The pea (Pisum sativum) contains proteins that are easily digestible and has a
high-quality amino acid profile, as well as a high content of lysine and arginine. Pea
proteins have a very particular amino acid profile, different from other plant pro-
teins. The amino acid profile of pea proteins is arginine, lysine, and branched-chain
amino acids (isoleucine, leucine, and valine), glutamine, and glutamic acid [35].

Pea protein is a rich source of starch, fiber, vitamins, and minerals and easy to
digest. Therefore, it can be used successfully as a substitute for animal protein in
dairy products. Total pea proteins are divided into two main groups of albumin and
globulins. However, pea’s main storage proteins are often called legumin, vicilin,
and convicilin, which make up the globulin fraction, which does not denature at
different temperatures [36].
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Lupine (Lupinus termis) is rich in alkaloids, amino acids, carbohydrates, and
proteins with moderate gelatin properties compared to soy proteins. Lupine is a
good source of nutrients, not just proteins, but also lipids, fibers, minerals, and
vitamins. Lupines contain phytochemicals with antioxidant capacities, such as
polyphenols, mainly tannins, and flavonoids [37].

With a high protein content of 25-40% can be used in milk-like products and
substitutes, there is a growing interest in the production of lupine, due to its poten-
tial as a protein source, or for pharmaceutical purposes due to the high alkaline
content, such as a natural component. Lupine milk-like plays a key role in meeting
demand as an alternative to cow or human milk [37, 38].

Plant-based milks elaborated from seeds contain proteins that, like bovine milk
proteins, tend to clot when they are acidified, heated, or enzymatically treated.
Herewith, this type of vegetable milk-like is also capable of forming many products
called “dairy products”, such as creams, yogurts, ice cream and cheeses [39].

The most common types of vegetable milk-like produced from the seed is
sesame milk. Sesame (Sesamum indicum) is a grain that contains high levels of phe-
nolic compounds in their composition, which are considered with high antioxidant
activity [40].

However, in sesame only a small amount of these components is present in
their free form, the remainder being linked to glucose in the form of mono/di/
tri-glucoside lignan, thus not exercising its antioxidant activity. However, when
fermenting sesame milk-like with a lactic acid B-glucosidase, the glycoside bonds
are broken resulting in a compound called aglycone, which increases the product’s
antioxidant activity [41].

Because of this, initially, only sesame milk-like may not be considered an
advantageous vegetable milk-like when compared to other plant-based milks, but in
application of yogurts and fermented beverages, this food can have great nutritional
advantages.

Another type of seed that can be used to elaborated vegetable milk is pumpkin
seed (Cucurbita maxima Linn). This seed is widely consumed in the form of snacks
in different regions of the word, but due to its nutritional advantages, it has been
thought about its use in the development of other types of products [42].

This seed is an important nutritional source, as it contains lipids (30.66%),
protein (33.48%) and carbohydrate (28.68%). Still, its extract proved to be effective
against diabetes and hypercholesterolemia due to the components present in its
composition [43].

Flaxseed is a food rich in all essential fatty acids, especially omega-3 that is
responsible for increased immunity and brain function. In addition, it has amino
acids that are responsible for maintaining proper cellular function through the
synthesis of protein. As a result, flaxseed has gained presence in research for the
development of vegetable milks-like since its use improves the nutritional quality of
the final product [44].

Another subcategory of plant-based milks is those obtained from pseudocere-
als, such as Quinoa (Chenopodium quinoa Willd.), a plant that belongs to the
Chenopodiaceae family. Because it has a high amount of protein and an adequate
balance of amino acids, this plant has been considered of great importance, espe-
cially for individuals who do not, or make little intake of foods rich in proteins and
amino acids such as meat, eggs and milk [45].

Despite its great nutritional advantages, quinoa is still not a widely used food for
developing new types of food products, as it has a high cost when compared to other
types of food available, especially in the case of the development of plant-based
milks-like [46].
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Cereals are another subcategory that can develop a vegetable milk-like. Although
there are countless cereals present around the word, the most common types of
vegetable milk-like obtained from cereals are rice and oats.

Oat (Avena sativa L.) is a specie of cereal grain rich in biological substances, such
as soluble dietary fiber, p-glucan, vitamin E and polyunsaturated fatty acids that
make the consumption of this food of great importance for human health in the
long term [47].

Among the components present in oats, 3-glucan is the most important since
this component has a prebiotic function in the gastrointestinal tract supporting the
growth of microorganisms beneficial to our body; In addition, p-glucan moderates
the glycemic response of the oat starch portion. In addition, this cereal contains
several bioactive phytochemical, such as, for example, phenolic acids, flavonoids,
carotenoids and phytosterols, in addition to the avenanthramides and steroidal
saponins, which are found exclusively in this food [48, 49].

Although rice is low in protein, it is still a food to be taken into account for
the production of plant-based milks, due to its underutilization and high nutri-
ent profile. A natural fermentation with lactic acid bacteria there is a break in
the antinutritional factors that cause an increase in the content of calcium, iron
and magnesium, causing the beneficial bacteria in our gastrointestinal tract to
collaborate in digestion and in the immunity of other internal organs [50].

Therefore, the use of isolated rice milk-like may not appear to be of any benefit,
but when subjected to a fermentation process, which occurs in the production of
many dairy products, this vegetable milk-like can have positive advantages for the
final product.

Another subcategory that can be found to produce vegetable milk are nuts.
Almond (Prunus dulcis) has as main components proteins, lipids, soluble sugars,
minerals, and fibers. Most almonds are fatty, between 35 and 52%, followed by
protein, 22 to 25%, with lipids mainly as unsaturated fatty acids and proteins as
essential amino acids. Also they are rich in nutrients such as calcium, magnesium,
selenium, potassium, zinc, phosphorus, and copper and, due to the presence of
arabinose, they have prebiotic properties [5].

Almonds are rich in monounsaturated fatty acids (MUFA), which are considered
useful for weight loss and control. There is also much convincing evidence that
MUFA helps to reduce the content of low-density lipoproteins (LDL) in the blood.
Almonds are also an essential source of various nutrients, including protein, fiber,
vitamin E, manganese, and antioxidants, and are therefore reflected in almond
milk-like. Its consumption has beneficial effects on human health, and it is espe-
cially related to the blood lipid profile and the risk of cardiovascular diseases [33].

Coconut (Cocos nucifera) milk-like can increase HDL (high-density lipoprotein)
levels, which helps to reduce harmful LDL (low-density lipoprotein). Coconut
fats have lauric fatty acid, which mainly contributes to increasing HDL cholesterol
levels, which helps to lower LDL cholesterol levels in the bloodstream [33].

Coconut milk-like is used as a milk substitute (cow’s milk) in dairy products
such as cheese, yoghurt, chocolate, and frozen dessert. In this way, coconut milk
is considered one of the most suitable substitutes for milk. Therefore, milk and
coconut milk can serve as substitutes for each other, depending on the purpose of
the substitution [51].

Young coconut milk contains carbohydrates (mainly sucrose and some starch),
lipids, and minerals, such as phosphorus, calcium, and potassium. Coconut protein
is rich in lysine, methionine, and tryptophan. Coconut water extracted from young
coconuts has a pleasant taste and balance of sodium, potassium, calcium, and
magnesium since many plant extracts are mixed with the water of the coconut itself

for yield and stability [52].
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Milk Subcategory Health benefits Author, year
alternative
Oat Milk Cereal It has an anti-carcinogenic component and reduces Paul; Kumar;
LDL cholesterol levels; Rich in fibers, antioxidants Sharma,
and polyphenols. 2019 [50]
Soy Milk Legume Source of essential fatty acids, considered good for Nawaz, et al.,
cardiovascular health; Therapeutic properties and 2020 [53]
protective roles against several age-related diseases.
Almond Nuts Rich in monounsaturated fatty acids, which help in Vanga, et al,,
Milk weight management and can lower LDL cholesterol 2020 [54]
Quinoa Pseudocereal Contains all essential amino acids and high quality Bianchi, et al.,
Milk fatty acids; Contains minerals and amino acids that 2014 [55]

help in memory and reducing anxiety in stressful
situations.

Table 2.
Examples of raw materials in vegetable milks-like and their health benefits.

A summary of health benefits provided by the different raw materials used in
the production of vegetable milk-like is presented in Table 2.

5. Use of milk substitutes in dairy products

Currently, there are not many researches focused on the use of plant-based
milks in the production of dairy products such as fermented beverages, ice cream,
yoghurt and cheese, for example. Despite this, the work that has been carried out in
this area produces results that help not only to improve previous research but also to
conduct new research and new products at the market.

Recently, a fermented beverage produced from lentil grains fermented with
Lactobacillus strain was evaluated in order to analyze its biochemical and nutri-
tional composition, in addition to the viable cell count during its storage time. The
work concluded through the obtained results that the protocol used showed to have
adequate potential for applications in other types of fermented beverages and with
the possibility of using other types of legumes [56].

Adding the nutritional value of the legumes, and their generated vegetable
extract, it can lead to the production of ice cream, with soy extract and soybean
protein, with functional properties, that also impose specific structural character-
istics of product. With the obtained results it is possible to conclude that the use
of soy for the preparation of gelato shows differentiating characteristics in terms
of protein content, solubility and viscosity of the final product, which is also well
accepted by consumers [57].

An alternative to soy milk-like was made by the production of fresh and fer-
mented chickpeas, producing plant-based beverages. The fresh chickpeas presents
a good result in the nutritional and organoleptic quality of the product, being a
potential substitute for soy in plant-based beverages, although further research is
necessary to minimize the syneresis of the elaborated product [58].

Texture properties are related to sensory acceptance by consumers. Vegetable
yogurts based on oats is possible, nevertheless the perception of the plant-based
yoghurt in the mouth has greater variation compared to traditional yoghurt, due to its
textural properties, such as thickness and creaminess inferior to the product elaborated
with animal milk. Therefore, to be acceptable by consumers, it is recommended that its
final texture properties be considered during the product development phase [59].
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Another oat base to produce a fermented product like the traditional yoghurt
can be used, leading to acceptable appearance and taste. However, is necessary to
evaluate the physical and nutritional quality of products [60].

Ice creams fermented with Lactobacillus acidophilus (Bb-12) and Bifidobacterium
bifidum (La-05) can be prepared from cow’s milk, soy, or coconut, as well as the
combination of cow’s milk or coconut milk (1 = 25%, 2 = 50% and 3 = 75%) with soy
milk (75%, 50%, and 25% respectively). The substitution of cow’s milk for soy and
coconut milk increase the probiotic growth of (Bb-12) and (La-05), thus show-
ing that soy and coconut vegetable milk-like ice creams provide a richer growth
in amino acids and sugars for Bb12- and La-05 than cow’s milk. Thus, ice creams
produced with plant extracts can be a good vehicle to deliver probiotic content [61].

Cow’s milk can be replaced by soy and coconut milk-like, and various combina-
tions with cow’s milk for producing ice creams. The addition of vegetable milk-like
increases the pH and decreased the melting rate, varying the viscosity and particle
size [62].

In the development of technological products based on vegetable milk-like, the
production of desserts with chocolate based on yams and rice, a difference on tex-
tural properties can be found. In comparison with products produced with animal
milk such as brigadeiro (typical Brazilian desert), a difference in flavor is observed,
due to the lack of some components of the plant extract, such as low-fat content.
Among the chocolate desserts, the rice based presents a mild starchy flavor, which
can end up providing less acceptance by consumers. The coconut-based dessert,
with rice milk-like and yam, can stood out for its flavor and characteristics [63].

Curd can be developed by substituting cow’s milk for different plant extracts
such as oats, rice, and almonds, adding Lactobacillus sp. Milk-like and curd from
almond can be highly acceptable, with adequate pH and nutritious values. Milk-like
and curd developed from plant sources may represent safe food as part of diet for
people with lactose intolerance [64].

Yoghurt is an excellent probiotic source and because of that, when using a plant-
based milk substitute for yoghurt production, it is interesting to consider whether
such beverages are capable of maintain the minimum required of the population that
are responsible for maintaining the probiotic characteristics of this type of product,
as it was analyzed in a developed work, in which yogurts were produced using a
vegetable beverages made from soy, rice and coconut. With the results achieved, it
was possible to conclude that not only fermented beverages, but also non-fermented
ones are able to supply and transport lactic acid bacteria and also other microorgan-
isms, even without the fermentation process and subjecting the products to storage
under refrigeration. Thus indicating that a yoghurt produced from a plant-based
beverage is also capable of promoting desirable characteristics for consumers for this
type of product, thus promoting a wider range of plant-based dairy derivatives also
for consumers who are unfit to consume dairy derivatives from animal sources [65].

The effect of syneresis on yoghurt is very important for evaluating the final
product. Because of this, it is very important to evaluate this property of a yoghurt
elaborated with plant extract. Therefore, a work evaluated the effect of storing a
yoghurt elaborated from a plant extract on the syneresis of yoghurt and concluded
that this property increased as the storage time passed and that the syneresis is
inversely related to the pH of the product, thus being in agreement with other
related works [66].

As noted, soy is the most used food and cited in research to replace milk and the
use of plant extracts. A work conducted a functional and physical analysis of a prod-
uct fermented using soy extract, fermented with a probiotic culture of kefir, and
with added soy fiber and the results concluded that the product elaborated with the
addition of fiber was firmer and with a lower syneresis value when compared to the
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product elaborated without the added fiber. With this, the product can be considered
as an alternative to the existing products on the market, since, in addition to present-
ing such advantages even at the end of the storage analysis period, it presented an
adequate probiotic culture count to be considered as a functional product [67].

Currently, a greater demand for symbiotic products, that is, those in which there
is a combination of probiotic and prebiotic means has been offered to consumers
in order to benefit human health. Therefore, several studies have developed prod-
ucts with symbiotic characteristics also for consumers who are unable to consume
animal milk, and therefore, they use plant extracts to produce such analogs.

A work developed a symbiotic oat-based beverage, produced with a probiotic
culture (L.plantarum) and prebiotic product (inulin) in order to evaluate its
physical-chemical properties and its probiotic survival. Therefore, the work con-
cluded that the probiotic culture of the product remained with adequate values for
food during its storage period and its physical-chemical analysis showed a product
with a low fat content and a high content of dietary fiber, being then a healthy
alternative to be presented to consumers [68].

6. Conclusions

Although animal milk is a very important food for the human diet due to its
supply of essential nutrients, which in some cases are not found in other foods, the
use of vegetable milk-like is a viable alternative to offer consumers who cannot or do
not choose to consume animal milk.

Therefore, plant-based milk substitutes have gained market share, as they are
beneficial to health due to the raw materials that are used in their production.
However, in the development field, much research must still be carried out for the
formulation its products, since there is still not much works mainly in the elabora-
tion of vegetable milk based dairy derivatives, improving the offer and the con-
sumption options for the population.
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Chapter2

Production and Consumer
Acceptance of Millet Beverages

Patrycja Cichoriska and Matgorzata Ziarno

Abstract

The use of millet for the production of plant-based beverages has beneficial
effects because it is healthy and gluten-free. In its raw form, millet is rich in dietary
fiber and polyphenols. Millet beverages are characterized by relatively low popular-
ity among the consumers of plant beverages. This is mainly due to the drawbacks,
namely the presence of plant flavors and “millet” smell. Constant market growth
requires new products to be developed in order to meet the consumers’ expecta-
tions. The acceptance of millet beverages significantly increases when these are
offered in various flavors. Furthermore, the addition of apple or banana puree to
millet recipes can increase their desirability. Stabilization of millet beverages is
important as they have the tendency to delaminate. This can be overcome by the use
of natural stabilizers such as pectin and agar-agar which seems to be an effective
option for these products.

Keywords: millet, plant-based beverages, recipe, consumer preferences,
milk analogues

1. Introduction

Plant-based beverages are a group of products that are continuously gaining
significant interest in the food market every year. These products are becoming
popular for many reasons. They are mostly used as a vegan substitute for cow’s milk
by consumers who restrict or exclude animal products in their diets. This is due to the
increasing awareness of the society about the impact of intensive animal husbandry
on the climate, as well as the health benefits of using plant-based diets. In addition,
beverages prepared from plants are consumed by people who have food allergies and
intolerances to specific milk components. They also add great variety to the daily diet.

One of the plant beverages less appreciated among consumers is the millet bev-
erage. Millet is a cereal that has a similar nutritional value as the most popular crops
such as wheat and rye. It is highly resistant to high temperatures, drought, and pest
activities. Millet products are gluten-free and hence suitable for consumption by
people suffering from gluten allergy or intolerance.

Millet is rich in health-promoting ingredients, such as fiber, polyphenols,
minerals (including copper, phosphorus, iron), and B vitamins. Consumption of
this product can have a positive effect on human health. Millet beverages are yet
to become popular among consumers because of their low sensory acceptability.
Constant growth of the assortment of plant-based beverages and their increased
availability has led to a need to develop new products and improve the existing ones
to meet consumers’ needs and expectations.
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2. Millet beverage and its consumer acceptance
2.1 Characteristics of millet and its products

Millet (Panicum L.) is a plant belonging to a family of grasses that consists of
several species of annual plants and perennials. It is one of the oldest cereal plants,
originating from the regions of India and Central Asia. The most cultivated millet
variety is common millet (Panicum miliaceum L.). Millet crops have been known
and used probably as early as 7000 or 6000 BC, and are therefore considered as
one of the earliest cultivated grain grasses. Since that time, their advantages such as
resistance to drought and a relatively short period of maturation have been known,
despite the high cultivation of their competitors, wheat and barley. Originally
grown in northern China or the Caucasus, millets have spread in all directions and
have even reached Europe. Millet is the major food for several people living in hot
and dry areas around the world. It is mainly grown in marginal agricultural areas
where there are low yields of major crops such as wheat and maize due to poor
rainfall. In addition, millet is an important source of carbohydrate and protein for
millions of people living in Africa. It is the sixth most cultivated cereal in terms of
global agricultural production. The largest producers of millet are India, Nigeria,
Niger, and China. Furthermore, millet is resistant to pests and has a short cultiva-
tion period compared to major cereals [1, 2].

Owing to its technological and health benefits, millet grains are gaining increas-
ing interest among food technologists and nutritionists every year. Millet-based
dishes, beverages, and snacks are known all over the world; however, the grain
still dominates only in African countries. Millet has a high nutritional value, which
is comparable to the macronutrient content in the seeds of major cereals such as
wheat, maize, or rice. Table 1 compares the nutritional values of different types of
cereal grains. These values vary depending on the cereal variety. Millet proteins are
a good source of essential amino acids, except for lysine and threonine; however,
they are relatively rich in methionine [1-3].

The distribution of macronutrients in millet is similar to that in major cereals;
therefore, millet is recognized as a suitable raw material for use in the industrial
production of snacks, dietary foods, or baby food. Millet grains require proper
processing before consumption. The most popular methods used for its processing
are hulling, grinding, flaking, polishing, fermentation, and soaking. These methods
improve the nutritional and sensory properties of millet, which includes an increase
in the bioavailability of micronutrients and a decrease in the content of antinutri-
tional substances, such as phytic acid. Table 2 shows a comparison of the average

Type of cereal Carbohydrates [g/100 g] Protein [g/100 g] Fat [g/100 g]
Starch and sugars Roughage
Wheat 60.0-75.0 2.0-3.0 10.0-25.0 2.0-26
Rye 65.0-73.2 16-27 7.2-16.0 15-23
Barley 68.0-78.0 4.5-72 10.5-16.3 19-26
Oat 31.1-51.0 77-19.2 9.0-19.0 31-6.6
Maize 68.0-78.0 2.0-3.0 9.0-13.0 4.0-6.0
Millet 58.0-82.0 3.2-114 9.8-172 1.9-4.8
Rice 65.0-80.0 78-12.5 7.0-10.8 1.2-2.5
Table 1.

Comparison of the nutritional value of cereal grains [2, 3].
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Type of product Carbohydrates [g/100 g] Protein [g/100 g] Fat [g/100 g]
Starch and sugars Roughage
Millet 70.0 73 13.5 33
Millet flour 78.7 59 121 36
Millet flakes 80.5 3.8 81 3.2
Millet groats 716 32 113 29
Table 2.

Comparison of the average nutritional value of millet and its products [3, 4].

nutritional value of millet and its products. However, industrial processing is not
effective, which often negatively affects the properties of this cereal (e.g. reduction
in the nutrient content of the product compared to its raw material) [2].

One of the millet processing methods is hulling. The millet grains are small in
size compared to other cereals; therefore, to facilitate hulling, millet is first sub-
jected to a hydrothermal treatment. This treatment contributes to the hardening
of its endosperm, the inner tissue of the seed containing nutrient reserves. Shelled
millet can be cooked to obtain a soft and edible structure in a short time. However,
hulling reduces some of the nutrients in the product, such as dietary fiber, minerals,
and polyphenols [1, 2].

In order to obtain millet flour, whole or previously dehulled millet grains are
subjected to a milling process. Earlier dehulling removes the bran, which simultane-
ously reduces the amount of fiber, minerals, and antioxidants in the flour, resulting
in an overall reduction in the nutritional value of the product. The use of whole
grains to produce flour is therefore more beneficial from a health perspective [2].

Millet flakes are another product obtained by processing. First, millet grains are
moistened and directed to the evaporator, where they are subjected to steam under
pressure for several minutes. After evaporation, the grains are left to mature and
then directed to the roller mill. The crusher reduces the grains to thin flakes with
certain moisture content (usually 17-18%). The obtained flakes are dried on a belt
dryer at a temperature of approximately 50 degrees Celsius. The dried flakes are
then cooled down and sorted properly [5].

To obtain groats from millet, the tegument is removed from the grain and then
the hulled grains are polished. Millet groats are known not only for their sensory
properties and wide range of use but also for their nutritional value. Groats are an
excellent source of energy (starch makes up 65% of the product’s weight), plant
proteins, magnesium, zinc, and B vitamins (mainly thiamine and riboflavin) [5, 6].

Fermentation is widely used in parts of Africa, mainly because of the low
popularity of the other methods of food preservation. This process not only extends
the shelf life of a product but also improves its nutritional value and increases the
range of products available. Fermented foods are consumed all over the world for
their health benefits, but unfortunately fermented millet products are not popu-
lar in Europe. Such foods are obtained by the colonization of plants by specific
bacterial microflora, whose enzymes (including amylases, proteases, lipases)
hydrolyze carbohydrates, proteins, and fats to nontoxic flavors and fragrances.
Fermentation improves the sensory properties of a product and enriches it with
beneficial microorganisms present in the gastrointestinal tract as well as with
bioactive substances produced by these microorganisms. In addition, fermentation
reduces the antinutritional substances in the product, such as phytates or protease
inhibitors. Consequently, the contents of lysine, tryptophan, and vitamin B2 and
the digestibility of the protein are increased. The increase in protein digestibility
is due to the degradation of tannins and phytic acid by the enzymes produced by
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microorganisms during fermentation. An example of a fermented millet product is
Saudi Arabian fermented bread known as lahoh. Although fermentation is a very
effective method of millet processing, its use on a commercial scale is limited as this
technology has so far been used only in home and laboratory conditions. Industrial
use of this millet processing technology requires adapting the equipment and defin-
ing appropriate process conditions [2, 7].

In addition to the previously described millet processing methods, the grains can
be prepared for consumption just by soaking it in water and subjecting it to thermal
treatment. Soaking leads to a reduction in the content of antinutritive compounds,
thereby increasing the bioavailability of the minerals present in the millet grains,
such as iron and zinc [2].

Millet is a gluten-free cereal, and thus, millet-based products are ideal for
consumers suffering from celiac disease or gluten intolerance. However, it is also
a limiting factor from the technological perspective. Gluten is a plant protein that
facilitates cereal products to absorb water and exhibit consistency, stickiness, and
elasticity. Therefore, the lack of this protein in millet decreases its application in the
baking industry, where it is usually combined with other cereals such as wheat as
aresult. However, millet can be used on a large scale for the production of plant-
based beverages or breakfast cereals and groats [2, 8].

2.2 Characteristics and technology of millet beverage production

Millet beverages are consumed in the largest quantities in traditional forms such
as fermented products. The fermentation process increases the nutritional value
of the beverage, as well as ensuring its microbiological safety, without the need for
additional preservatives. These types of products are a significant part of the diet
mainly in India and African countries because they are identified as highly nutri-
tious and safe food. For example, Jandh is one of the fermented millet beverages.

It is a type of beer obtained by fermentation using lactic acid bacteria, yeast, and
mold [9, 10].

The production of millet beverage without the fermentation process involves the
procedures used in the production of most types of plant beverages. It also includes
necessary elements based on the characteristics of the raw material. The stages
involved in the production of millet beverage are shown in Figure 1. The millet
beverage is usually obtained from whole millet grains or groats. When whole grains
are used, they are properly prepared by soaking for a minimum period of 12 hours,
followed by sprouting and drying. When using groats, the raw material is rinsed
thoroughly to eliminate the bitter aftertaste [9, 11, 12].

The properly prepared raw material should be boiled until it reaches a thin con-
sistency. After pretreatment, wet grinding is carried out. Soaking and water extrac-
tion allow preparing the raw material for further processing stages and facilitate the
release of nutrients. Exposure to water leads to the inactivation of some inhibitors
and a reduction in the amount of phytic acid, which consequently increases the
absorption and bioavailability of nutrients. The obtained fluid is additionally
heated to induce starch thermohydrolysis. At this stage, enzymes are also added
to induce hydrolysis of starch. An example of an enzyme used is alpha-amylase,
which hydrolyzes the a-1,4-glycosidic linkage of amylose and amylopectin in starch,
resulting in shorter-chain compounds, mainly in the form of dextrins. The use of
proteolytic enzymes increases protein digestibility and extraction efficiency, as well
as improving the stability of the suspension [9, 12, 13].

The next step in the production of millet beverage is the separation of the solid
fraction from the liquid fraction by filtration or centrifugation of the obtained
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Figure 1.
Stages in the production of millet beverage [author’s own study based on 9-11, 19].

suspension. As a result of the previous stages, the base of a plant beverage is
obtained. The obtained base is subjected to the standardization process to obtain
a product with the previously assumed composition. Standardization involves
the addition of water, vegetable oils, vitamins, and minerals, as well as sweeten-
ers, flavors, salts, and stabilizers. Vitamins and minerals are added to increase
the nutritional value of the beverage and make it more similar to cow’s milk. The
fortifying substances selected for the beverage are required to be highly bioavail-
able and stable, and not cause excessive changes in the quality of the final product
[9, 14, 15].

Millet beverages are characterized by low suspension stability due to the pres-
ence of solid particles, including protein, starch, fiber, and other residues of plant
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material. These particles have a higher density compared to water, and hence settle
at the bottom of the beverage, making the product unstable. In order to increase
the stability of millet beverages, homogenization process is carried out, which
involves simultaneous grinding and mixing of the particles of the dispersed phase,
while forcing the heterogeneous liquid system under high pressure (15-25 MPa)
through the homogenizing gap. This operation is done to reduce the diameter and
uniformity of the shape of the fat particles contained in the product. As a result, the
obtained product is characterized by increased creaminess and homogeneity com-
pared to nonhomogenized products. Homogenization is usually supported by the
use of stabilizers, thickeners, and emulsifiers (e.g. cellulose, tapioca, carrageenan,
pectin, locust bean gum, or lecithin), which increases the viscosity of the continu-
ous phase, resulting in a uniform structure of the product [9, 15].

In order to ensure microbiological safety and extend the shelf life of plant bever-
ages, thermal preservation methods are used, which mainly include pasteurization
and ultrahigh temperature (UHT) treatment. Pasteurization is carried out at a tem-
perature below 100°C, which results in a product with a shelf life of about 1 week at
refrigerated temperatures. Such treatment destroys pathogenic microorganisms and
inactivates the vegetative forms of other microorganisms. In UHT treatment, the
product is heated in flow to 135-150°C for a few seconds to obtain a commercially
sterile product. This process destroys the bacterial microflora, while maintaining
the taste and aroma of the product. The obtained microbiologically safe product is
poured into unit packages, stored, and finally distributed [9, 15].

2.3 Consumer acceptance of millet beverage in different forms

Consumers’ acceptance of food products is influenced by many factors, includ-
ing the characteristics of the offered product, consumer characteristics, and social
conditions. Features of a food product such as its price, convenience, taste, general
appearance, and health-promoting properties play an important role in its accep-
tance by consumers. Furthermore, consumer characteristics, such as the approach
to innovation, preferences in relation to specific food groups, or nutritional neopho-
bia determine the acceptance of food to a large extent. Food preferences vary among
consumers of different age groups, in terms of knowledge about food, views on the
health benefits of particular food groups, and attitudes toward food. Consumer
acceptance is also influenced by social conditions, such as the country’s economy,
political conditions, or generally accepted social norms. Cultural factors and the
origin of consumers are of great importance in the acceptance of a food product.
Another important factor is the general public confidence in the food industry, as
well as the existing differences in trust among consumers with regard to traditional
and innovative food [16-18].

The consumer acceptance of millet beverage was assessed through a sensory
analysis of the beverages produced in various types. The base of the millet bever-
age was obtained by combining 100 g of millet with 1000 g of tap water. The
dry millet was first rinsed with hot water to eliminate the bitter aftertaste, and
then added into boiling water and cooked covered for 40 minutes. After the set
time, the obtained groats were combined with water, baled into a smooth slurry,
and heated again for 5 minutes. The prepared suspension was sieved to obtain
1000 g of base millet beverage and 20 g of decoction. The base millet beverage
was characterized by a high density, which was then subjected to two dilutions to
prepare natural millet beverages: 1:2 (1 part base millet beverage was combined
with 2 parts water) and 1:3 (1 part base millet beverage was combined with 3 parts
water). Then, flavored millet beverages were prepared by combining with fruit
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purees (apple and banana), apple juice, and banana nectar. Thus, eight versions of
millet beverages in three types were used as research material:

* millet beverage in a dilution of 1:2,

* millet beverage in a dilution of 1:3,

* base millet beverage in combination with apple juice,

* base millet beverage in combination with banana nectar,

* millet beverage in a 1:2 dilution in combination with apple puree,

¢ millet beverage in a 1:3 dilution in combination with apple puree,

* millet beverage in a 1:2 dilution in combination with banana puree,

* millet beverage in a 1:3 dilution in combination with banana puree.

The sensory analysis of the obtained millet beverages was conducted using
an original questionnaire prepared for sensory evaluation. The evaluation was
performed by a group of 15 students of Dietetics, Faculty of Human Nutrition,
Warsaw University of Life Sciences (SGGW—WULS), who had previously declared
their will to consume plant-based beverages. The beverages were prepared 4 days
in advance and were cooled in a refrigerator at 8 degrees Celsius until evaluation.
The chilled beverages were served as 30 ml samples in coded disposable cups with
avolume of 200 cm3, in a random order for sensory evaluation. The Statistica 13.1
program was used for statistical analysis of the results. The statistical methods used
were analysis of variance—simple ANOVA sections and post hoc analysis—LSD test
(last significant differences) [19].

During the sensory evaluation of the tested millet beverages of various types,
their taste, smell, color, and consistency were tested. Each of the features was
assessed on a 5-point scale, where rating 5 meant that the beverage was very favor-
able whereas 1 meant that the beverage was very unfavorable. The millet beverage in
combination with apple juice (average rating 4.33), millet beverage in a dilution of
1:2 in combination with banana puree (average rating 4.53), and millet beverage in
a dilution of 1:3 in combination with banana puree (average rating 4.33) were rated
the most favorable in terms of taste. The natural millet beverage in a dilution of 1:2
was rated the least favorable in terms of taste. In terms of color, all the tested bever-
ages were rated at a similar level, and the average ratings were between 3 and 4.
Millet beverages in both dilutions in combination with banana puree were rated as
the most favorable flavored beverages (average rating 4.60). The millet beverages
in the natural form in the dilutions of 1:2 (average rating 2.53) and 1:3 (average
rating 2.73) were rated as the least favorable in terms of aroma. The millet bever-
age in combination with apple juice (average rating of 3.80), the millet beverage
in a dilution of 1:2 in combination with banana puree (average rating of 3.80), and
the millet beverage in a dilution of 1:3 in combination with banana puree (average
rating 3.87) were rated as the most favorable in terms of consistency. The results
of the analysis of variance for the mean values given for the sensory traits of the
assessed millet beverages of different types are presented as a sensory profile graph
in Figure 2 [19].
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Figure 2.

Sensory profiles of the evaluated millet beverages of different types [19]. Legend: [[] Color. Il Smell. [0 Taste.
W Consistency.1 - millet beverage in a dilution of 1:2, 2 - millet beverage in a dilution of 1:3, 3 - base millet
beverage in combination with apple juice, 4 - base millet beverage in combination with banana nectay,

5 - millet beverage in a 1:2 dilution in combination with apple puree, 6 - millet beverage in a 1:3 dilution in
combination with apple puree, 7 - millet beverage in a 1:2 dilution in combination with banana puree,

8 - millet beverage in a 1:3 dilution in combination with banana puree.

The LSD test was used to compare the results obtained from the sensory evalua-
tion of the tested millet beverages in pairs and to evaluate the statistical significance
of the calculated differences. The tested pairs were as follows:

* natural millet beverage in a 1:2 dilution and natural millet beverage in a 1:3
dilution,

* millet beverage in combination with apple juice and millet beverage in combi-
nation with banana nectar,

* millet beverage in a 1:2 dilution with apple puree and millet beverage in a 1:3
dilution with apple puree, and

* millet beverage in a 1:2 dilution with banana puree and millet beverage in a 1:3
dilution with banana puree.

In terms of taste, no significant differences were found between natural millet
beverages in both dilutions, millet beverages in combination with apple puree in
both dilutions, and millet beverages in combination with banana puree in both
dilutions. The millet beverage in combination with apple juice was assessed to be
significantly better than the millet beverage in combination with banana nectar.
The results of the LSD test for the trait “taste” of the evaluated millet beverages are
presented in Figure 3 [19].

In terms of color, significant differences were found only in the case of natural
millet beverages. The natural millet beverage in a 1:3 dilution was assessed to be
significantly better than the natural millet beverage in a 1:2 dilution. No statistically
significant differences were found between the remaining pairs of millet beverages.
The results of the LSD test for the trait “color” of the assessed millet beverages are
presented in Figure 4 [19].

In terms of smell, no statistically significant differences were found between the
compared pairs of beverages. The results of the LSD test for the trait “smell” of the
assessed millet beverages are presented in Figure 5 [19].

In terms of consistency, no statistically significant differences were found
between the compared pairs of beverages. The results of the LSD test for the trait
“consistency” of the evaluated millet beverages are presented in Figure 6 [19].
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Figure 3.
Categorized box—whisker chart for trait TASTE of the rated millet beverages [19]. The legend is the same as for
Figure 2.

In the conducted research, taste, smell, color, and consistency were considered
as some of the main characteristics that guide consumers in the purchase of food
products [20].

According to people who performed the sensory evaluation, the millet beverages
with apple and banana flavors were the best in terms of taste. Banana nectars and
purees are characterized by a high intensity of taste and sweetness, which could
have influenced the sensory assessors to positively evaluate the beverages contain-
ing them. The evaluators rated the natural millet beverage in a dilution of 1:2 as the
poorest in terms of taste. Such an assessment could have resulted from the plant
aftertaste of the beverages in its natural form, which may not be accepted by all
consumers, and also from its high turbidity caused by low dilution [19].

The color ratings of all the tested millet beverages remained at a similar level.
Each type of beverage had a specific color, which may have prompted the evaluators
to give similar ratings. The only significant difference in terms of color ratings was
found between the natural millet beverages. The natural millet beverage in a 1:3
dilution was rated better than that in a 1:2 dilution. Higher dilution gave the bever-
age a less “milky” color, which is more similar to the color of plant-based beverages
available on the market and could be the reason for the higher ratings obtained by
the high-diluted natural millet beverage [19].

The smell of the natural millet beverage turned out to be the least favorable to
the evaluators and was rated the lowest. The banana puree masked the “millet”
smell to the greatest extent, which, when combined with the millet beverage, gave it
a specific smell. The beverages in combination with banana purees, in both dilu-
tions, therefore turned out to be the most advantageous in terms of aroma for the
evaluators and hence were rated the highest [19].
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Categorized box—whisker chart for trait COLOR of the rated millet beverages [19]. The legend is the same as for
Figure 2.
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Categorized box—whisker chart for trait SMELL of the rated millet beverages [19]. The legend is the same as for
Figure 2.
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Figure 6.
Categorized box—whisker chart for trait CONSISTENCY of the rated millet beverages [19]. The legend is the
same as for Figure 2.

The most favorable results in terms of consistency were observed for the millet
beverage in combination with apple juice and the millet beverage in combination
with banana purees, in both dilutions. Millet beverage in combination with apple
juice and millet beverage in a dilution of 1:3 in combination with banana puree
showed a similar consistency, specific to refreshing beverages. High ratings given
for these types of beverages indicate the consumers’ interest in such alternatives
available on the market. Millet beverage in a 1:2 dilution in combination with a
banana puree with a smoothie consistency was also given high ratings [19].

3. Conclusions

Owing to the increase in the popularity of the plant-based diet and thus increas-
ing interest in plant-based beverages, there is a need to develop new products in this
category and improve the existing ones.

Millet and millet products are characterized by high nutritional value and
technological suitability and can therefore be included in the daily diet.

The structure of millet beverages is suitable for their use in the form of both
refreshing beverages (with more water) and smoothies (with less water).

Natural millet beverages have low consumer acceptance. However, the addition
of fruit juices and purees during their production can contribute to increasing their
sensory attractiveness.
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Stability Aspects of Non-Dairy
Milk Alternatives
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Abstract

In recent years, plant-based milk products, commonly called as non-dairy milk
alternatives have gained high popularity due to concerns associated with bovine
milk like lactose intolerance, allergies, hypercholesterolemia, and pesticide and
antibiotic residues. Important strategies for manufacture of non-dairy milk alterna-
tives involve disintegration of plant materials in aqueous medium; its homogeniza-
tion and addition of some additives to attain a consistency and appearance similar
to that of bovine milk. Different range of ingredients are added to non-dairy milk
alternatives such as oils, emulsifiers, thickeners, antioxidants, minerals etc. The
main problem associated with non-dairy milk alternatives is generally linked
with its stability. Stability is a crucial factor that governs the sensory properties
and overall acceptance of non-dairy milk alternatives. Differences in processing
parameters and molecular interaction mechanisms affect the stability of emulsions
as well as the stability of non-dairy milk manufactured thereof. Various treatments
like thermal treatment, non-thermal processing (ultra high pressure homogeniza-
tion, pulsed electric field, ultrasonication), addition of emulsifiers are effective in
achieving the stability of non-dairy milks. The present chapter aims to summarize
the various factors contributing to the physical stability of non-dairy milk alterna-
tives like appearance, consistency, emulsion stability, and the approaches required
to maintain it.

Keywords: non-dairy milk alternatives, emulsifiers, thickeners, ultra high pressure
homogenization, stability

1. Introduction

Food has served multitude of functions for humans since ages, such as satiat-
ing hunger, quenching the palate with different savory food products, promoting
well-being and socializing on one side of the equation, and providing the basis of
energy production for regulating physiological needs, acting as a source of health
promoting bioactive components, and antioxidants, on other. Among the foods,
animal based products like bovine milk and beef are by far the most commonly
consumed ones in the world. Apart from reasons of health and wellbeing, consum-
ers nowadays are interested in reducing their intake of animal products because of
moral and environmental reasons. Different issues underlying the negative attitude
towards the manufacture of animal based products include environmental pres-
sures from the vast amounts of agricultural produce and water essential for feeding
animals, habitat loss deforestation, animal exploitation, species extinction, and pol-
lution in production and transportation of the food until it reaches the consumer.
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Since in recent years the animal based diet is being negatively associated with the
individual’s health and the environment, people have started looking for other food
options [1]. Consequently, the plant based diet has become a favorite among people
because of its potential to promote health, to improve food security, and to decrease
pollution, land use, and water use [2].

Because of the increase in the global urban population, and with the consumers
having more purchasing power and health awareness nowadays, the demand for
healthier, tastier, and newer food products has risen tremendously. Furthermore,
research for various innovative and novel food product developments in the last
decade has been focused on meeting the emerging needs and adapting to existing
market demands by providing newer food choices and alternatives. Therefore, the
plant based diets like non-dairy milk alternatives, in particular, seem to have experi-
enced a surge in the market. Besides, there is increasing negative perception related to
the consumption of bovine milk among consumers as it has been linked adversely to
many diseases such as bovine milk allergy, lactose intolerance, anemia, and coronary
heart diseases for the past many years [3-5] and also due to issues that have raised
concern in recent years, like the presence of toxic chemicals, antibiotics, contami-
nants, and greenhouse gas emissions. Nondairy milk alternatives possess health
beneficial components, including antioxidant, antimicrobial, dietary fibers, unsatu-
rated fatty acids; and hence, are desirable among consumers [6-8]. Nonetheless, the
market for non-dairy milk alternatives is still emerging and currently, the range of
products available in the market include hazelnut, peanut, sesame, soy, almond, oat,
rice, hemp, and walnut milk; issues regarding the stability and nutritional value is
still a concern among consumers. For successful commercialization of non-dairy milk
alternatives, processors are often interested in the technological interventions and
ingredients that can help maintain the physical stability of the final product. Physical
stability refers to the maintenance of inherent attributes of suspension in relation to
its viscosity, appearance, consistency, color, and resistance to destabilization mecha-
nisms like sedimentation, phase separation, flocculation, creaming, etc. The general
manufacturing process involves soaking the raw material (nut, legume, cereals,
pseudocereal) in water, disintegrating moist material, separating oil bodies, adding
different additives, heating for killing the harmful microorganisms, homogenization,
and aseptic packaging [9]. Technological interventions are required to manufacture
milk substitutes equivalent to bovine milk in their appearance, flavor, stability, and
nutritional components. Most of these milks are unstable during manufacturing and
storage; they tend to undergo phase separation and spoilage on long term storage.

For these reasons, various methods have been employed to achieve stability in these
non-dairy milks, for instance, by incorporation of different types of additives, such
as gums, thickeners, emulsifiers, and by application of new technologies, like ultra-
high-pressure homogenization, ultrasound, and pulsed electric fields. Therefore,
while formulating non-dairy milk alternatives, it is necessary to endeavor towards
utilizing the beneficial properties of plant materials and employing appropriate tech-
nologies for manufacturing non-dairy milks such that they are stable, display func-
tional characteristics and sensory attributes similar to those of bovine milk. The aim
of this chapter is to discuss the processing steps, mechanisms underlying the physical
instability and to explore possible solutions with regard to use of different additives
and advanced technological interventions in manufacture of non-dairy milks.

2. Need for stability of non-dairy milk alternatives

Bovine milk is nature’s most complete food [10] with different components
present in heterogeneous mixture like carbohydrates, whey proteins and minerals
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in solution; fat globules in emulsion while casein micelles and some minerals are
distributed in colloidal phase, giving the bovine milk its typical composition and
structure [11]. Being a rich source of nutrients, bovine milk is a perishable food item
and is often subjected to heat treatments, like pasteurization to extend shelf life for
aweek on refrigeration; UHT for shelf life extension to several months at ambient
temperature [12]. In general, different processing operations, like heat treatment
and homogenization are greatly influenced by the structural design of bovine milk
components conferring it suitability for use in different food systems [13]. However,
in case of the plant-based milk alternatives, sales trend suggest that the customers
are hesitant to buy them because they display undesirable behavior when served hot
or on blending with the hot drinks.

Therefore, the beneficial qualities of the bovine milk must be closely reproduced
by plant based milks, if they are to be perceived better than or equal to them.
During the formulation of plant-based milk substitutes, it is essential to adopt
effective technologies and suitable ingredients to achieve the stability to overcome
the problems of unacceptable flavor and phase separation on storage, commonly
associated with the beverages. Different novel technologies that have been applied
for achieving stabilization involve reduction in particle size, decrease in viscosity,
and decrease in microbial count [14-19].

It has been demonstrated that size of dispersed phase particles in plant-based
milks is one of the important factors governing their stability [15, 20, 21]. Plant-
based milks are colloidal dispersions consisting of wide range of components such
as fat globules, ground raw material, proteins and carbohydrates etc. They often
contribute to unstable product on storage as they tend to exhibit phenomena like
creaming, sedimentation and phase separation. Besides, non-dairy milks are often
associated with sandy, gritty or chalky mouthfeel and tend to develop off flavors
during storage [22, 23]. Also, during formulation of non-dairy milk substitutes,
bovine milk fat globule is an ideal candidate that needs to be simulated due to its
significant contribution to the creaminess, texture and flavor of dairy products. To
develop non-dairy milk alternatives, fat phase is incorporated either through addi-
tion of oil bodies [24] or fabrication of fat globules from plant sources [25].

It is essential to take different aspects in account, such as kind of raw material,
shelf stability, processing operations and various electrostatic interactions underly-
ing phase destabilization (creaming, flocculation, sedimentation, coalescence)
while manufacturing non-dairy milks. With regard to stability of non-dairy milk
alternatives, one fundamental attribute that is relevant to most of the products is
their colloidal nature since other features like composition, and structure often vary
markedly among different brands. Therefore, different characteristics that need to
be monitored accurately in non-dairy milks, include properties of colloidal par-
ticles such as their size, charge density, surface charge, and surface properties, the
nature of the continuous aqueous phase (the pH, ionic concentration, components,
density, and viscosity), and the extent of exposure to external environment during
its shelf life (storage temperature and time). Plant based milks not only undergo
objectionable changes in physicochemical properties but also show signs of micro-
bial spoilage on long term storage. Some of the necessary ingredients, processing
techniques, and phenomena governing the physical stability of plant-based milks
during manufacture and storage have been discussed below.

3. Processing steps for manufacturing non-dairy milk alternatives

During the manufacture of non-dairy milk alternatives, they are often subjected
to various preprocessing treatments like dehulling, soaking, sprouting, blanching

37



Milk Substitutes - Selected Aspects

etc., to assist in subsequent processing. In general, the processing of milk from
plants involves two main methods, namely, wet and dry. Otherwise, product is
formulated by reconstitution using protein isolates or concentrates, water and
other ingredients like oils, sugars, salts and stabilizers [26]. In the wet process,
plant based raw material is soaked and ground with the water into a slurry, while
in the dry method, the plant based material is ground into flour and then extracted
with water. Such material is then subjected to filtration to remove insoluble or
coarse particles to obtain aqueous phase. Afterwards, the processing steps followed
include the addition of ingredients like oil, sugar, salts, colors, flavors, and stabiliz-
ers; homogenization and thermal processing treatments to yield non-dairy milk
alternatives with desirable attributes.

3.1 Preliminary processing treatments
3.1.1 Dehulling

Dehulling operation involves the mechanical breaking of thick and hard seed coats
of plant based raw materials before soaking to facilitate hydration. The strength of
binding of the hull to endosperm governs the time required for dehulling procedure.
Since the hull has a hydrophobic nature due to its association with hemicellulose and
pentosans, it tends to lower down the hydration capacity of plant material. The poly-
saccharides present in the hull often lead to off-flavor, and foaming during processing,
hence, their removal improves the processing operation and organoleptic properties
of product. Also, microorganisms and enzymic activity associated with hulls reduces
on dehulling. The traditional method includes initially exposing the raw material
to the sun for drying and then dehulling with mortar and pestle. Alternatively, they
are dehulled using the mills, and may also be milled using splitting machine, which
employs both splitting and dehulling simultaneously. The milk prepared from dehu-
lled raw material allows for production of a shelf stable and appealing final product.

3.1.2 Roasting

Roasting is a thermal process encompassing dehydration of raw material [27] for
its improved flavor, aroma, and milling properties. Decrease in protein, starch con-
tent and improved extraction yield of roasted pulses and grains have been reported
by many authors [28, 29]. Studies have shown that roasting leads to improved
protein digestibility, and reduction in antinutritional compounds found in raw
pulses and nuts. The decrease in protein content has been ascribed to the partial loss
of amino acids, as well as of some nitrogenous compounds, and the reduction in
starch to the solubilization of starch during the thermal process. Also, roasting has
been shown to increase the water absorption capacity and water absorption index.
An increase in WAC and WALI is related to the denaturation of proteins and starch
gelatinization, which contribute to enhanced water imbibition [30]. Therefore, the
flours with higher WAC are likely to result in the more viscous non-dairy alterna-
tive compared to untreated ones. Thermal processing during roasting results in
partial disruption of the raw material [31, 32], thereby facilitating efficient particle
size reduction required for stable suspension of non-dairy milk alternatives. For
manufacturing milk from nuts and seeds, which contain high levels of unsaturated
fatty acids, roasting should be carried out in controlled conditions of time and
temperature to improve their nutritional properties and for prevention of off flavor
development due to oxidation of unsaturated fatty acids. Inactivation of lipoxygen-
ase during the process improves the flavor of non-dairy alternatives like soy milk,
peanut milk, melon milk, sesame milk [33-37]. Roasted plant material becomes
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drier and brittle, and the non-dairy alternatives obtained from them are likely
less-creamy [36]. In the study for manufacture of sesame milk, it was studied that
the roasting process decreased acidity, total solids content and improved sensory
profile by decreasing bitterness and a chalky taste associated with the milk [37]. The
product obtained upon roasting has improved nutritional and sensory properties.

3.1.3 Sprouting

Sprouting refers to the soaking of seeds in water for specified time (1-14 hours)
depending on the kind (variety, size, shape) of food grains in order to hydrate
them for breaking their dormancy. The soaked grains are subsequently drained and
rinsed at regular intervals to enable sprouting. Sprouting results in the initiation
of series of metabolic changes in seeds (legumes, cereals, nuts & oilseeds) that
improves the nutritional quality by inactivating the anti-nutritional factors such
as trypsin inhibitor and phytic acid [38]. The improvement in nutritional value
occurs due to enhanced activities of hydrolytic enzymes, which cause the conver-
sion of stored chemical compounds, such as protein, starch and lipids into simple
compounds; thereby, increasing the levels of total proteins, fat, certain essential
amino acids, total sugars, B-group vitamins and decreasing the levels of starch.
Therefore, the sprouting of raw material assists in the development of non-dairy
milk alternatives, which are generally prepared using the heat treatment to decrease
anti nutrient factors. Because sprouting is a natural biochemical process involving
enzymatic activity, the treatment yields the improved quality of final product in
terms of the nutrient and sensory value. Such a treatment decreases the intensity
of heat treatment required for the manufacture of the product. Sprouting ensues
improved protein solubility and reduced fat content for raw materials, which
decreases the viscosity of non-dairy milk alternatives [38, 39]. Also, improvement
in sensory properties takes place due to absence of beany flavor.

3.1.4 Blanching

Blanching with hot water is employed to inactivate enzymes like lipoxygenase
and trypsin inhibitors for improvement of the flavor and nutritional value of the
non-dairy milk alternatives [40]. Such a treatment has been reported to be effec-
tive in diminishing the beany, grassy, bitter, and rancid flavor; it also prevents
suspension instability and chalkiness in non-dairy milks prepared from peanuts,
soybean, almonds etc. [41-45]. Blanching with hot water (85-100 °C for 2-5 min)
is commonly used for skin removal of raw materials and overcoming off flavors in
non-dairy milk alternatives. Like roasting, blanching inactivates enzymes, reduces
possible microbial contamination, and aids in deskinning in processing by wet or
dry methods [46]. Pressure blanching (at 121 °C, 15 psi for 3 min) has been found to
be effective for developing peanut milk with desirable sensory and physicochemi-
cal properties [47]. The treatment yields the milk with pleasing sensory attributes
because blanching treatment for suitable time decreases the total solids and nutty
flavor associated with peanut milk. The treated milk has improved consistency as
well as decreased soaking time.

3.2 Wet processing
3.2.1 Soaking

The process for manufacturing of non-dairy milk alternatives involves the
soaking of raw material in the proper volume of water contained in large stainless
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steel containers. Soaking is done to hydrate the raw material (cereals, legumes, nuts,
or seeds) for grinding and further processing. Time required for soaking depends
on the nature of raw material and temperature of the soaking water. At an ambi-
ent temperature, soaking requires longer time, and souring may take place due to
bacterial growth, whereas if the temperature is raised up to 50-80 °C, soaking time
is decreased, and hydration is accelerated. It has been demonstrated that during

the soaking of lentils at different temperatures (20, 50, and 80 °C), rate of hydra-
tion at 50 and 80 °C was four to six fold higher than at 20 °C [48]. Softening due to
soaking at higher temperatures could be related to the heat-induced modification in
biomolecules, including starch, pectin, and protein, and the moisture for making
the biomolecules susceptible to the changes. Different processes for preparation

of non-dairy milks like peanut, soy, almond milk include soaking the raw material
for 12 to 18 h before grinding it either in the mixer grinder or in colloidal mill [45].
Soaking facilitates the inactivation of enzyme inhibitors, improves digestibility and
bioavailability of nutrients [49]. In case of pulses and grains, soaking step reduces
the polyphenols and eliminates the alkaloids (e.g., in lupin) present in some of
them; decreases the cooking time; improves the protein bioavailability and assists in
peeling or dehulling [50, 51]. Soaking in acidic or basic solution is done to facilitate
peeling of walnuts, almonds, tiger nuts, Brazilian nuts etc. Studies have shown

that basic solution (1-2% NaOH) is suitable for peeling of walnuts and Brazil nuts
[52-53] while citric acid is effective for peeling tiger nuts [54].

3.2.2 Wet milling or grinding

The procedure involves the grinding or milling of the plant material with the
use of water for the split opening of the exterior hull. Wet grinding consists of
grinding of fresh raw materials with the water to result in a suspension. The wet
grinding method tends to produce finer particle size of the ground material [55]
that results in more stability of non-dairy milk alternatives, and therefore, is more
commonly used for their manufacture. In general, a colloid mill is used for reduc-
ing the particle size of raw material in suspension. Initially, the coarse grinding of
raw material is done, which is followed by fine grinding. During the wet milling
with the colloid mill, the rotor generates a substantial amount of stress by the
rotation of the rotary stirrer, which can effectively accomplish the creation of sub-
micron particles. In addition to disintegration, the colloid milling performs broad
spectrum of functions like mixing, blending, and homogenizing effects [56]. In
the manufacturing of the non-dairy milk alternative, this technique is mostly used
for homogenization and emulsification [57]. The optimization of colloidal milling
process parameters improves the physical stability of non-dairy milk alternatives
by efficiently reducing the size of dispersed particles [58]. Different studies have
shown that the amount of water added for wet milling depends on the kind of raw
material, for instance, almond milk (1:9; almond & water), Sesame (1:5; sesame
& water), Peanut (1:9; Peanut: water), soybean (1:5; soy: water) [15, 36, 37, 59].
Wet milling contributes the formulation of stable product where different factors
like rotor speed, temperature, ratio of raw material and water can be fine-tuned to
achieve any kind of non-dairy milk alternative.

3.3 Dry processing
The dry process comprises drying the raw materials and milling them into

flours. For improving the efficiency of dry grinding, the raw material should be
dried to minimum water content. The flour may be subsequently treated to yield
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different fractions: the protein, the starch and fiber. The protein concentrate
or isolate, afterwards, is often utilized in formulation of non-dairy beverage.
Therefore, dry processing mostly leads to development of product with higher
protein contents.

3.3.1 Dry milling or grinding

The dry milling is mostly employed to reduce the particle size of the dried
raw materials into their respective powder forms. The ground material is then
mixed with water to form paste. However, during the manufacturing of the
non-dairy alternative from pastes, solids tend to settle out down in the container,
thereby resulting in the incomplete transfer of the content to the homogenizer
and its wastage as well. For ensuring the efficient fuctioning of the dry grinding
process, the important factors to be considered are the particle stiffness and feed
size. Although the dry grinding decreases water wastage and energy consump-
tion, yields a product with higher quality of protein, carbohydrates, fat, and
minerals, it is less popular due to handling problems, like dust and wastage of
raw material.

3.4 Extraction

For manufacturing the non-dairy milk alternative, the raw material, once
it has been subjected to preliminary processing treatments, is extracted with
water. The extraction efficiency can be improved by variation of pH or enzymatic
treatment.

3.4.1 Extraction by variation of pH

The pH during extraction dictates the efficiency of protein extraction and sta-
bility of emulsion in non-dairy milk. Globulins comprise a major fraction of plant
proteins, while albumins represent a minor fraction [60-62]. The pI for globulins is
near pH 4.5, whereas the pI of albumins is around pH 6. The pl for different plant
proteins lies between these values. Different studies have also demonstrated that
plant proteins like pea, lentil, chickpea, soy etc. have a low net charge around pH 5
[63]. The plant proteins are mostly stable to pH changes at all pH values except at
pH 5, which is around the pI where the droplets carry no charge and tend to display
phase destabilization phenomena like aggregation and flocculation. During extrac-
tion, proteins should a have a high net charge at pH values well above or below their
isoelectric point, which solubilizes them to increase the yield. Extraction in alkaline
pH exhibits improved protein extraction yield, which may then be followed by neu-
tralization step. For achieving the higher yield of the process, the efficiency of this
step may be improved by alkalization of the medium using bicarbonate or NaOH.

3.4.2 Extraction using enzymatic treatment

Enzymatic treatment for hydrolysis of proteins and polysaccharides is mostly
employed to improve the extraction yields. Disruption of plant cell wall components
like cellulose, hemicelluloses, and pectin is facilitated by enzymes to improve the
yield. The efficiency of protein and oil extraction is closely related with cell wall
disruption of plant based material [64]. Studies have shown that cell wall degrad-
ing enzymes with pectinolytic activity like polygalacturonase, pectate lyaese, or
pectin methyl esterase enhance the extractability of protein, fat, and antioxidant
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activity [65-67]. Also, upon application of cell wall degrading enzymes (cellulase,
hemicellulase, pectinase) after homogenization step helps reduce the particle size,
thereby facilitating suspension stability [68]. Because of the reduced particle size of
suspended material, the enzyme treated non-dairy milks exhibit improved physical
stability and flavor. Rosenthal et al. [68] reported that enzymatic treatment (1.2%
of Celluclast) decreased the tendency of soymilk to undergo sedimentation on
storage and improved sensorial attributes in terms of improved viscosity and lack of
chalkiness. Proteolytic enzymes tend to improve the extraction yield and suspension
stability [69]. A high solubility is required for the proteins because it governs their
functional properties, for instance, emulsification, which subsequently affects the
colloidal stability of the emulsion. The extraction of protein also increases due to
improved solubility of proteins. Other enzymatic treatments involving the use of
carbohydrate degrading enzymes like amyloglucosidase, amylases etc. have been
demonstrated to improve the carbohydrate recovery and stability of non-dairy

milk alternatives. Depending upon the plant based material containing appreciable
amount of starch, for instance, in case of cereals & pseudocereals, liquefaction with
a-and B-amylases is done for starch hydrolysis [70-72]. Upon heating, starch gelati-
nizes to set as thick gel during heating, and hence enzymatic treatment is required
to maintain the non-dairy milk in the liquid state. The liquefaction treatment
increases the yield due to hydrolysis of starch into maltodextrin, thereby improving
the viscosity for the non-dairy milk alternative. Since it facilitates the filtration, the
enzyme treatment is often employed during or before filtration; however, it might
also be used after filtration, subject to the conditions. Studies have shown that starch
liquefaction using amylases generally improves the viscosity and overall acceptabil-
ity in non-dairy milk alternatives like oat milk, quinoa milk, rice milk, [72-74].

3.5 Filtration

Following the extraction step, removal of okara (the water-insoluble portion)
from the slurry is done to obtain aqueous portion for manufacturing non-dairy
milk alternative. The separation step is achieved by employing either batch process
using filter cloth or continuous process like centrifugation [75, 76]. In general,
two stage centrifugation is carried out to improve the efficiency of separation. In
two stage clarification, separation of okara is carried out in first stage while fine
particles are separated in second stage. Efficient filtration enables the retention
of fine particles in the aqueous phase which assists in achieving the suspension
stability. Different studies have shown that filtration treatment through a decanter
or continuous filtration system (20-80 pm) during the manufacturing process
of non-dairy milks improves the physical stability of milk because of removal of
suspended particles [68, 77]. These days membrane separation is becoming popu-
lar as it allows for efficient separation of aqueous portion from okara. In case of
manufacturing milk from fat rich raw material, the surplus fat is separated using a
separator as is done in dairy processing with cream separator.

3.6 Addition of ingredients

Once aqueous phase or base material is obtained upon extraction and filtration,
other ingredients are blended in the aqueous phase in optimum levels for success-
ful manufacturing of non-dairy milk alternatives. These ingredients include fat,
vitamins, sugar, flavorings, salt, oils and stabilizers etc. Since physical poses a chal-
lenge for the successful development of any non-dairy milk alternative, different
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range of additives (emulsifiers and stabilizers) have been explored for their use in
the milks. Various emulsifying agents such as alginates, gelatin, xanthan gum, gum
Arabic, locust bean gum, and gellan gum in a range of 0.5 to 1% by weight dem-
onstrate improved emulsion stability. The destabilization due to settling of solid
particles in the emulsion may be overcome by addition of alkalizing agents, such
as disodium phosphate or sodium bicarbonate. Maghsoudlou et al. [16] achieved
stability of almond milk by using lecithin, modified starch and agar at 0.09%,
1.31% and 0.15% levels respectively. Nor (2012) suggested that addition of lecithin
(0.03% w/w) at the time of the milling during manufacture of almond milk was
beneficial for its stability. Hinds et al. [78] reported good results with the use of
0.02-0.04% carrageenan as stabilizer in peanut milk. Bernat et al. [20] established
that addition of 0.05 g/100 mL xanthan gum before the heat processing was suit-
able for developing hazelnut milk substitute as it causes thickening of the hazelnut
milk substitute and enhances the colloidal stability of the final product. Processing
operations should be performed carefully, since non-dairy milk alternatives are
fortified with minerals and vitamins which may compromise the stability of
emulsion. This is because vitamins are known to exhibit instability in relation to
environmental conditions like high temperature, light and exposure to oxygen.

In addition, mineral fortification might result in destabilization of emulsion;
therefore, their fortification is accompanied with the addition of chelators like
citricand EDTA. Based on the dispersibility and solubility of mineral sources, the
salts that are commonly used for the mineral fortification include ferric gluconate,
ferric ammonium citrate and ferric pyrophosphate as iron sources and calcium
citrate, tricalcium phosphate and calcium carbonate as calcium sources [79, 80].

3.7 Homogenization

Homogenization is employed for size reduction of the dispersed phase com-
ponents in the range of 0.5-30 pm by application of shear forces. The particles
of the dispersed phase like protein, starch, fiber, and other cellular materials
tend to sediment at the bottom when allowed to stand for some time; however,
with the contribution of size reduction due to homogenization and addition of
emulsifying agents or hydrocolloids, the stabilization of suspension is achieved
during manufacturing of non-dairy milk alternatives. For carrying out homog-
enization, a pressure range of 20-60 MPa has been employed to improve the
suspension stability during manufacture of non-dairy milk alternatives like rice,
hemp, coconut milk [81-83]. The process assists in subdivision of fat globules to
prevent phase separation and facilitates development of creamier and homog-
enized product.

3.8 Heat treatment

High temperature treatments like pasteurization, sterilization or UHT are
employed to increase the shelf life of non-dairy milks by destruction of microor-
ganisms. Several studies have reported application of sterilization treatments at
121 °C for 15-30 min in various non- dairy milks like almond, soy and peanut milks
[20, 81, 84, 85]. Also, UHT treatment in range of 134-140 °C for 2 to 20 seconds has
been applied in different non-dairy milks like peanut, coconut and almond milk
[69, 86]. However, high temperature treatments have been reported to destabilize
non-dairy milk alternative by resulting in coagulation of proteins. This is because
proteins at high temperatures unfold to expose nonpolar amino acid residues,
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which participate in protein-protein interactions and consequently, exhibit aggre-
gation, sedimentation, or gelling phenomena. Homogenization treatment after heat
processing improves suspension stability by disruption of aggregates and reduction
of particle size distribution [87]. The gelling and thickening of non-dairy milks

due to presence of starch is addressed by enzymatic treatment for hydrolyzing the
carbohydrate. Apart from enhancing physical stability, these heat treatments cause
simultaneous destruction of pathogenic microbes in plant based milk alternatives
resulting in increased storage stability of these beverages. Maria et al. [88] reported
that the pasteurization treatment improved the quality characteristics of almond
milk. Likewise, Khodke et al. [89] evaluated the effect of sterilization on shelf life
of soymilk. It was observed that sterilized samples were acceptable up to 90 days

at ambient storage while at refrigerated storage, the shelf life of milk samples
increased up to 170 days. In another study, the effect of ultra-high temperature
treatment on quality attributes of soymilk was investigated. It was concluded that
single step UHT process (143 °C/60 s) can result into a commercially sterile soymilk
with thiamin retention up to 93%, reduced trypsin inhibitor activity and improved
acceptable sensory properties [90].

3.9 Aseptic packaging

Aseptic packaging of non-dairy milk alternative into sterile packaging material
is done to increase the shelf life of the product.

4. Influence of ingredients on the stability of non-dairy milk
alternatives

4.1 Important ingredients
4.1.1 Fat phase

In formulation of nondairy milks, fats are standardized in products either as oil
bodies obtained from plants or are fabricated synthetically through homogeniza-
tion. Oil bodies consist of a fatty acid core made up of triacylglycerol and a sur-
rounding monolayer of phospholipids and unique proteins (oleosins), thus which
imparts a structure composition similar to that of milk fat globule [91]. Extraction
of oil bodies from plant seeds is generally achieved by employing physical pro-
cesses, like soaking and crushing to enable their separation from adjacent tissues
[9]. Oleosins play important role in stabilization of oil bodies by preventing their
coalescence [92], preventing their hydrolysis by phospholipases [20] and by bal-
ancing of PUFA to MUFA ratio [93]. Even though plant based milks are similar to
bovine milk, they may exhibit a distinct flavor, perceptible as nutty or beany, and
may not be as desirable compared to flavor of milk [24] which is mild and unique
owing to its typical aroma and taste profile [94].

Owing to differences between the dispersed and continuous phases in colloidal
dispersions, there is a net movement of particles between two phases under the
influence of gravitational force; creaming occurs if density of particles in dispersed
phase is lower compared to dispersion medium whereas sedimentation is evident, if
the case is otherwise. Both these phenomena tend to destabilize a colloidal disper-
sion. With respect to non-dairy milks, oil bodies tend to exhibit upward movement,
while raw material fractions and being heavier, tend to settle down at bottom
resulting in sedimentation, and is usually overcome by homogenization. Besides,
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simulated fat may also be stabilized by use of emulsifiers and homogenization,
thereby imparting to non-dairy milk alternatives the characteristics similar to those
of bovine milk in terms of consistency, appearance, flavor, and mouthfeel [95].

Fat phase in plant based milks is derived from different oil sources like coconut,
palm, sesame, flaxseed, sunflower, olive, and soybean which contribute to different
attributes like solid fat index, melting/crystallization pattern, viscosity, sensory
and physicochemical properties. These features have important implications on
processing of non-dairy milk alternatives such as presence of molten state of fat
prior to homogenization and subsequently size of oil droplets created. However,
presence of unsaturated fatty acids in lipid phase of these milks renders them more
prone to lipid oxidation and rancidity. In case the ratio of unsaturated to saturated
fatty acids is high, it contributes positively to human health. Numerous studies over
the years have associated the consumption of plant-based oils with beneficial health
effects, such as anticarcinogenic, anti-inflammatory, anti-dyslipidemia, antioxi-
dant and in particular, improved cardiac health status has been attributed to intake
of unsaturated fatty acids [96, 97].

Because of the density difference that exists between the dispersed phase and
continuous phase, gravitational separation is a phenomenon commonly observed
in non-dairy milk alternatives. In order to overcome phase separation, the den-
sity difference may be diminished either by incorporating in the milk alterna-
tives the fat with the higher solid fat index or by adding some weighting agents,
surfactants, and biopolymers that can hold onto the oil bodies by completely
surrounding them. Creaming is controlled either by formation of tenacious
films by proteins on oil droplets or by increase of viscosity of the medium, for
instance by addition of thickening agents like hydrocolloids and polysaccharides
to the dispersion medium. It is because when there is incomplete coverage of the
oil body, partial coalescence may take place, and aggregation occurs in the fat
bodies in such cases. In general, the difference between the density of the aque-
ous and fat phase may be adjusted by the use of weighting agent like brominated
vegetable oil. However, brominated oil is not commonly used in food emulsions
since it has been shown to negatively affect the fat metabolism in rats [98].
Addition of brominated vegetable oil to regular vegetable oil at 25 wt% level
diminishes the density difference between oil phase and aqueous phase [99].
Therefore, in order to achieve stability in milk alternatives, it is essential that
lipid bodies may be designed either using fats with proper solid proportion to
increase the density of dispersed phase or using suitable biopolymers for ensur-
ing efficient coverage.

Flocculation is a phenomenon that involves the weak association of oil droplets
due to net attractive forces resulting in formation of flocks. The characteristics of
the flocks vary with the extent of the net force of attraction between the droplets
and the oil volume fraction. In the cases when the net attractive forces are not
strong, weak flocculation occurs, while large aggregates formation takes place due
to strong attractive forces in the non-dairy milk alternatives. Flocculation of oil
droplets leading to instability of the milk substitutes is governed by non-covalent
interactions which may be either attractive (van der Waals forces) or repulsive
(electrostatic forces and steric forces) and can be manipulated by using appropri-
ate surfactant or biopolymer. The additive should present the properties capable
of generating stronger repulsive forces compared to attractive forces to overcome
aggregation. Surfactants, cationic or anionic in nature, upon formation of films,
generate electrostatic forces, which stabilize the oil droplets against aggregation
due to net repulsive forces. However, proteins are quite effective in stabilization
against aggregation owing to strong steric repulsive forces associated with them.
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Adsorption of fat droplets by proteins, causes overlap of the outer portion, which
entails an osmotic pressure gradient; thereby, generating the repulsive forces
which prevent droplet aggregation. This leads to decrease in entropy and overall
stabilization of non-dairy milk.

4.1.2 Emulsion stabilizer

Since non-dairy milk alternatives are typically oil in water emulsions present
in complex multi-component systems entailing fats, proteins and polysaccharides,
additives, water, sugars, flavors, other small molecular-weight compounds, and are
inherently unstable exhibiting phenomena like aggregation, creaming, coalescence,
sedimentation. Therefore, it is essential to select relevant emulsion stabilizer (surfac-
tants, emulsifiers and hydrocolloids) for improvising the stability of milk substitutes.

4.1.3 Different types of emulsifiers

Emulsifiers are usually surface active molecules that act by adsorbing to
the surfaces of the droplets of dispersed phase by creating a protective coating
around them to prevent their aggregation. They may be categorized in different
forms like, low molecular weight compounds: synthetic (monoglycerides, poly-
glycerol esters) or natural (phospholipids) and high molecular weight biopoly-
mers (proteins and polysaccharides) [100-102]. As to the stability of emulsions
imparted by emulsifiers, it is mainly related to formation of viscoelastic films
around dispersed droplets. Several studies have suggested that the main cause of
stabilization of emulsions is related to the capacity of emulsifiers to efficiently
adsorb on dispersed droplets, size of the droplets, concentration of emulsifier,
and generation of repulsive forces as well as considerable reduction of surface
tension [95, 103, 104].

4.1.4 Low molecular weight surfactants

Food industry has always shown interest in use of suitable emulsifiers in differ-
ent formulations as various features of food are influenced like stability, mouthfeel,
color, flavor, appearance, texture and shelf life of food. Low molecular weight
surfactants (phospholipids, monoacylglycerol) are more efficient than proteins
in reducing the interfacial tension between two phases of an emulsion because of
their property of quick diffusion and adsorption to interface [105-114]. Proteins
on account of being bulky are slow to diffuse to interface and hence, exhibit lower
surface activity [105]. This might be attributed to the complex structure of a
protein consisting of both hydrophobic and hydrophilic groups present variably
throughout its primary structure, and as separate patches in tertiary structures with
no clearly defined head and tail region, which, are essentially distinct in case of
small surfactants. Moreover, due to the absence of conformational constraints for
rearrangement at the interface, low molecular weight surfactants, at sufficiently
high concentrations, are more successful than proteins prevent adsorption to oil
droplets. In the case of emulsions, when the protein to surfactant ratio is low,
protein displacement into the continuous phase takes place due to the surfactant
molecule, based on the orogenic mechanism [102]. The mechanism suggests that
the protein molecules are unable to pack completely, and adsorb homogeneously on
the interface because of steric hindrance, thereby creating a void space. The void
spaces are primarily occupied by the surfactant domains, which enlarge gradually
creating pressures, that compress the nearby protein film, and finally resulting in its
desorption in the continuous phase [113].
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4.1.5 Proteins

Proteins adsorb to oil droplets by undergoing partial denaturation to posi-
tion themselves such that buried hydrophobic residues are exposed to the oil
phase while hydrophilic residues align towards the aqueous phase [13]. On
diffusing to the interface, proteins form tenacious viscoelastic films which are
not apparent with the surfactants. The films are able to withstand mechani-
cal stress and impart electrostatic as well as steric stabilization corresponding
to type of protein and solvent conditions [115]. In these emulsions, stabil-
ity may also be attributed to presence of “loops and trains” in protein chain
conformation [116-118].

Among the natural class of emulsifiers, proteins represent very interesting emul-
sifiers due to their film forming ability and amphipathic nature [119]. Generally,
animal proteins have been popular in food industry due to their excellent emulsify-
ing abilities. These include bovine milk and egg proteins such as casein, whey pro-
tein isolate, bovine serum albumin, ovalbumin, ovotransferrin [120-128]. However,
during recent years, plant proteins have experienced increasing popularity among
manufacturers because of their association with several beneficial properties such
as stability, sustainability non-allergenicity, non-toxicity, low-cost, biodegrad-
ability, functional properties, and consumer acceptance due to the clean label status
ascribed to them [129, 130]. Different plant proteins that have gained acceptance
as emulsifier in various emulsion based food systems include soy proteins, chick-
pea, lentil, cowpea, pea proteins wheat gluten, rice glutelin and flaxseed protein
[131-134]. In order to stabilize emulsions successfully, it is necessary that emulsi-
fiers should not only prevent droplet aggregation but also be stable to exterior
stresses like temperature, pH, salt concentrations, sugars, etc. Biopolymers such as
proteins and polysaccharides vary in stability with respect to external conditions.
Plant proteins (pea, legume, faba bean) lack stability at pH close to their pl, high
temperature and high salt concentrations [135], whereas polysaccharides exhibit
stability under similar conditions [136, 137].

Plant proteins are generally globular, like soy, pea, chickpea and cereal protein
which undergo entropy changes on adsorption at interface through structural
rearrangement in secondary and tertiary changes [138]. Likewise, in bovine milk,
the whey proteins are globular in nature. f-lactoglobulin usually has much the
unordered structure and a-lactalbumin helical structure. In contrast, the com-
plex globular proteins from plant sources have ordered structure. For instance,
the legume proteins such as glycinin and legumin have well-ordered and greatly
conserved structure due to their rigid quaternary conformation. The quaternary
structure undergoes conformational deformation at tertiary and secondary
configuration on getting adsorbed at the interface. Proteins that have inherently
disordered structures show better surface activity compared with ordered proteins.
Unstructured proteins like casein, which have open random coil structure, exhibits
conformational rearrangement as an emulsifier causing fast changes compared to
globular proteins. Studies have shown that the competitive adsorption of proteins
takes place at the oil-water interface in non-dairy milks, and among the mixture
of proteins, some proteins adsorb more effectively compared to others based on
their structure and the partitioning of hydrophobic and hydrophilic residues.
Moreover, as plant proteins are globular, the exposed hydrophobic groups tend to
adsorb to nonpolar groups of oil droplets in non-dairy alternatives, ensuing strong
and long-range hydrophobic attractive forces, which overcome the repulsive forces,
so that the net effect is particle aggregation. Therefore, the important aspect for
control, in the viewpoint of the manufacturers to ensure the stability, is hydropho-
bicity, which is the inherent characteristic of the globular proteins, and besides,
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it becomes more pronounced due to thermal or surface denaturation. In order

to prevent hydrophobic flocculation, it is necessary to select suitable proteins,
which are less hydrophobic, and to avoid the processing procedures that encourage
protein denaturation.

Therefore, to achieve stability in plant based milks, certain protein modification
strategies may be applied. As discussed above, globular proteins are susceptible to
denaturation, their surface activity and solubility may be altered during processing
of non-dairy alternatives [139]. Physical, chemical and enzymatic modifications
can be used to enhance the functional properties of proteins. In physical modifica-
tion, proteins are subjected to controlled heating and shear conditions that lead to
unfolding or partial denaturation of these macromolecules [140, 141]. Chemical
modification involves acylation, sulfitolysis, phosphorylation and alkylation,
which alters the secondary, tertiary and quaternary structure of proteins alongwith
their hydrophilicity-hydrophobicity balance [142-144]. Enzymatic modification
is an effective approach to enhance the functionality of proteins by means of
hydrolysis and polymerization reactions catalyzed by proteases (pepsin, chymo-
trypsin & trypsin) and transglutaminases. The controlled hydrolysis generates
smaller oil droplets than intact proteins and also increases the emulsifying activity
index [145, 146].

4.1.6 Hydrocolloids

For achieving stability in the non-dairy milk alternatives, the addition of
hydrocolloids like guar gum, locust bean gum, Gum Arabic, carrageenan, xanthan
gum, and so on, is often carried out to prevent creaming and phase separation
[147-149]. The charge on polysaccharides impacts their ability to inhibit the
aggregation of oil bodies or fat droplets as well as of proteins by the formation of a
protective coating around them. For instance, carrageenan, an anionic hydrocol-
loid, adsorbs to cationic regions on surfaces of aggregating proteins and hence,
prevents aggregation near their isoelectric point by creating strong electrostatic
or steric repulsive forces [150]. However, studies suggest that while hydrocolloids
are capable of promoting stability at high concentrations, they tend to create
instability in emulsions at low concentrations. Different mechanisms have been
hypothesized to elucidate this phenomenon. When two droplets covered with a
surfactant are in close vicinity, a link between the droplets develops which creates
a connection between droplets [151, 152]. Development of numerous contacts
of this type tend to encourage flocculation and increase the creaming rate. This
is generally identified as “bridging flocculation,” and it is more common when
the hydrocolloid is a weak emulsifier [153]. Therefore, the success of emulsion
stabilization depends on the choice of proper biopolymers that lack the attraction
to the dispersed phase droplets.

Other mechanism, proposed as “depletion flocculation,” was initially suggested
by Asakura and Oosawa [154, 155] and was supported by many scientists later on
[156-158]. According to mechanism, upon addition of any nonadsorbing hydrocol-
loid to a reasonably concentrated emulsion, elimination of the hydrocolloid might
occur in the area between droplets, because of its hydrodynamic size, and thereby
leads to development of local osmotic pressure gradient. The osmotic force results
in the aggregation of oil droplets. The extent of the attractive force is related to the
molecular weight and conformation of the hydrocolloid and varies proportionally
with the concentration of the nonadsorbing hydrocolloid. Such kind of instability
may be prevented by mixing the polysaccharide in less quantity so that aggregation
does not occur.
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4.2 Advanced processing techniques in relation to stability of non-dairy milk
alternatives

4.2.1 Ultra high pressure homogenization (UHPH)

Ultra high pressure homogenization is an emerging technology which can be
utilized to enhance the stability of plant based milk alternatives by reducing the
colloidal particles. UHPH produces more uniform sized particles and improves the
physicochemical characteristics of food products without affecting their nutritional
properties [159]. Apart from reducing the particle size, this technique can also
be applied to improve the shelf life of plant based milk alternatives by means of
simultaneous destruction of microorganism [160]. UHPH involves the use of high
pressure in the range of 200-600 MPa and temperatures between 30 and 85 °C
[161]. The use of UHPH also displays an important role in reduction of allergenic
character of plant-based milk alternatives. Briviba et al. [21] investigated the effect
of UHPH treatment (350 MPa at 80 °C) on physicochemical properties of almond
milk. No significant reduction in vitamin B; and B, contents was reported while the
mean particle size increased threefold. A reduction (99.8%) in almond protein anti-
gens response was also observed. The effect of UHPH treatment (300 MPa at 80 °C)
and UHT treatment (142 °C, 6 s) on microbiological, physical and sensorial proper-
ties of soymilk was evaluated [162]. The study showed a reduction in hydroperoxide
index and microbial growth throughout the storage period for both treatments.
Slight differences in sensory characteristics were observed between treatments;
however, panelists did not consider these differences to compare treatments.

4.2.2 Pulsed electric field (PFF)

Pulsed electric field is another promising technology that involves the use of
short electricity pulses to inactivate microorganisms in food products while causing
minimal changes in color, flavor, taste and nutritional components [163]. In this
technology, food is placed between two electrodes and electric fields (5-50 KV/Cm)
are generated with the help of short high voltage pulses (microseconds) between the
electrodes. The voltage range can be used for development of non-dairy milk alterna-
tives according to the requirements of size reduction. The experiment carried out by
Xiang [164] investigated the effect of pulsed electric field treatments with different
electric field intensities and number of pulses on structural modification and rheo-
logical properties of soymilk. Pulse electric field treatments at electric field intensi-
ties (18, 20 and 22 kV/cm) and number of pulses (25, 59, 75 and 100) increased the
apparent viscosity of soymilk (6.62 to 7.46) as compared to control (not treated).

The changes were attributed to the PEF induced coagulation of the soy protein and
reduction in size of fat globules and their distribution in soy milk. Similarly, Cortes
et al. [165] explored the impact of treatment time (100-475 ps) and electric field
intensity (20-35 kV/cm) on the quality attributes of horchata (a Spanish vegetable
beverage) during 5 days at refrigerated storage (24 °C). The study revealed that PEF
treatment significantly decreased the peroxidase activity and a negative correlation
was found among peroxidase activity and pH. The increase in pH was proportional
to increasing treatment time in the same electric field intensity.

4.2.3 Ultrasound processing

Ultrasound processing is an effective non-thermal technology applied for
processing and preservation of foods. Ultrasound processing is based on the
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phenomenon of acoustic cavitation i.e. rapid expansion and contraction of bubbles
of gas/vapors. This generates intense local heating and high pressures that causes
disintegration of microbial cells and reduces the size of colloidal particles as well.

In the study conducted by Iswarin and Permadi [166], the effect of ultrasound on
droplet diameter of coconut milk was evaluated. The beverage was subjected to dif-
ferent combinations of power levels (2.5 to 7.0 W) and exposure times (5 to 25 min-
utes) and a reduction in particle size of coconut-based milk was observed as the US
power and time increased. Similarly, Maghsoudlou et al. [19] studied the effect of
ultrasonication treatment on physical stability of almond milk when applied ata
power level of 300 W for the time periods of 0, 2.5 and 5 min. It was revealed that
exposure time for 5 minutes was sufficient to manufacture a desirable product.

The study demonstrated a decrease in sedimentation tendency of milk as well as
decreased viscosity of almond milk. The improved stability has been attributed to
cavitation induced fragmentation of colloidal polysaccharide molecules into smaller
size particles. Size reduction of plant cellular material keeps them in suspension and
hence, aids in improved stability.

5. Future prospect and conclusion

Being a fast-growing segment of food market, the plant-based milk substitutes
need to be extensively explored by using advanced processing and innovative
technologies to produce a nutritionally complete beverage with high overall
acceptability. Plant-based milk substitutes lack cholesterol, milk allergens, lactose,
antibiotics, and saturated fatty acids that make them convenient to be considered
nutritious, economical, health promoting, palatable dairy-free beverage. To meet
consumer’s needs, it is essential to produce high quality beverages having good
physical stability and desirable sensory attributes. Addition of stabilizers and
processing are crucial steps in determining the stability and shelf life of plant-
based milk alternatives. Manufacturers and consumers are more interested in
clean label options for use as additives. Since synthetic stabilizers are generally
added for improving the stability of milk substitutes, the natural substitutes
could present a plausible solution to consumers. Some advanced food processing
techniques including ultra-high pressure homogenization, pulsed electric field
processing, ultrasound processing and high pressure processing can be employed
to overcome instability factors responsible for limiting success of these beverages.
Progressive efforts are required for improving product quality through research and
development activities.
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Abstract

Kenaf (Hibiscus cannabinus L.) seed is rich in protein, fat, fiber, and other
essential nutrients. Kenaf seed comprises of high protein (22-31%) and oil
(22-25%) contents which suggested its high potential food application. This
chapter discusses the potential and early development of kenaf-based plant-milk
and tofu. The step-by-step processes involved in preparation of kenaf-based
milk and kenaf-based tofu at laboratory-scale are illustrated. Soaking conditions
(temperature and time) of kenaf seed as pretreatment in preparation of kenaf seed
milk were highlighted. Hydration of kenaf seed were found to be faster at elevated
temperature, however higher soaking temperature and prolonged soaking time
causes some losses of protein (%) and solid content (%) which are unfavorable for
production of highly nutritious plant-based milk. Furthermore, in preparation of
kenaf-based tofu, soaking temperature of seed also affected the properties of the
tofu. As the soaking temperature was increased from 25-65°C, the yield, hard-
ness, and chewiness of kenaf tofu decreased. It was recommended that soaking of
kenaf seed at 25°C and the use of aluminum potassium salt at 1.00 g% as coagulant
produces kenaf-based tofu with optimum quality.

Keywords: kenaf seed, soaking temperature, milky extract, hydration,
physicochemical quality, chemical composition, kenaf-based tofu

1. Introduction

Kenaf (Hibiscus cannabinus L.) is one of the most important fiber crops,
belonging to the family of Malvaceae. Kenaf is cultivated in more than 20
countries where it is widely grown in China, India, and Thailand [1]. Kenaf is
a useful multi-purpose crop with various industrial applications from paper
to furniture and from biofuel to textile. Besides being a cordage crop it has
substantial role in the construction and automotive industry. Kenaf plant has a
significant economic value since all parts of the plant including the stem, leaves,
flowers, and seeds can be used to the full advantage for mankind. In the recent
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years, considerable attention and research has been carried out on the potential
application of kenaf seeds in the food industry. Kenaf seed is reported as rich in
fat, protein, dietary fibers, and a good source of raw material for production of
edible oil, flour, protein concentrate, as well as potential ingredient for nutraceu-
ticals and functional foods [2-4].

2. Chemical composition

The proximate composition of different varieties of kenaf seed is presented in
Table 1. The kenaf seed cultivars QP3, V36, and KB6 were cultivated in Malaysia
while the seed cultivar C14 was cultivated in Korea, originated from Italy [2, 5, 6]. The
seed varieties possess different chemical composition due to variation in agronomic
conditions such as soil type, environmental variation, agriculture input (such as
fertilizer application), planting season, maturity stage, harvesting period, and post-
harvest treatments such as drying and storage conditions [2]. In general, kenaf seed
is high in protein and fat content which comprises of 21.9-30.5% and 22.1-24.8%,
respectively. Kenaf seed was also reported to have a considerable amount of carbohy-
drate (18.7-24.4%) and fibers (10.6-18.7%).

The fatty acid composition of kenaf milk was not affected by processing. Both the
kenaf seed and the milk contain high concentration of hexadecanoic acid (palmitic
acid), 9-octadecenoic acid (oleic acid) and 9,12-octadecadienoic acid (linoleic acid)
(Table 2). These saturated and unsaturated fatty acids had been reported as the
major fatty acids in other kenaf seed cultivars [7-9]. The kenaf seed and its milk
were not significantly different in their saturated, mono- and poly-unsaturated
fatty acids composition. Based on the 9-octadecenoic and 9,12-octadecadienoic acid
contents, the oil from the kenaf seed and kenaf milk are less prone to rancidity and
might be used as edible healthier oils. Oleic acid is suggested to show a protective
effect on Alzheimer’ disease and other neurological disorders. A study on mouse
model supplemented with oleic acid and restricted cholesterol intake had reduced
the Alzheimer’s disease-type neuropathology [10]. Linoleic acid plays an important
role in reducing the total cholesterol level. It was found that the presence of high
linoleic acid (33.6%) in kenaf seed extract exhibited an anti-hypercholesterolemic
effect [11]. The presence of these beneficial bioactive compounds suggested the
potential nutraceutical properties of the kenaf seed and kenaf seed milk.

The amino acid profile of kenaf seed has not been well studied. The non-essential
amino acids composition of kenaf seed were significantly higher than the kenaf milk
except for the proline content (Table 3). Also, kenaf seed was significantly higher

Composition (%) Kenaf QP3 Kenaf V36 Kenaf KB6 Kenaf C14
Moisture 8.5 84 9.0 83
Crude protein® 305 29.8 219 275
Crude fat 24.8 226 24.7 221
Crude fiber 12.5 11.5 18.7 10.6
Ash 4.5 4.5 6.2 5.8
Total carbohydrate® 19.2 23.2 187 244

ACrude protein = N (%) x 6.25.

BBy difference.

Table 1.

Proximate composition of several kenaf seed varieties [2, 5, 6].
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Chemical name Molecular Kenaf seed area (%) Kenaf milk area (%)
formula

Methyl tetradecanoate (15:0) C1sH300, 0.03: 0.01° 0.05 + 0.01*
Hexadecanoic acid (16:0) Ci6H3,0, 26.71+ 0.22° 2611+ 0.57
9-Hexadecenoic acid (16:1) Cy6H300, 0.40 + 0.02° 0.28 + 0.01°
Heptadecanoic acid (17:0) C7H3,0, 0.04 + 0.00" 0.05 + 0.00°
Octadecanoic acid (18:0) C1gH360, 317 + 0.47° 2.94 + 0.05°
9-Octadecenoic acid (18:1) C1gH3,0, 33.80 + 2.39° 4041+ 1.22°
9,12-Octadecadienoic acid (18:2) C1gH3,0, 30.59 + 0.62° 28.62 + 0.86"
10-Nonadecenoic acid (20:1) CyoH350, 0.55+ 0.04° 0.74 + 0.01°
Methyl 18-methylnonadecanoate CyHy0, 0.31+0.01° 046 + 0.18*
(21:0)

Docosanoic acid (22:0) CyH440, 0.15+0.01* 0.19 + 0.01°*
Tetracosanoic acid (24:0) Cy4Hy0, 0.10 + 0.01° 0.13 +0.02*
Saturated 30.51+0.73* 29.93 + 0.84°
Monounsaturated 34.75 + 2.45° 4112 +1.24°
Polyunsaturated 30.59 + 0.62° 2862 + 0.86"

The values within the same row with different superscripts letters ave significantly different at P < 0.05.

Table 2.
Composition and amount (%) of saturated and unsaturated fatty acids of kenaf seed KB6 variety.

Amino acids Kenaf seed (mg/g) Kenaf seed milk (mg/g)
Asp 114.39 + 429* 94.21+0.01°
Ser 8797 + 5.92° 3514+ 0.01°
Glu 12437 + 2.87 58.77 + 0.01°
Arg 178.72 + 0.89° 70.79 £ 1.61°
Gly 62.21+225 2379+ 0.01°
Ala 46,61+ 433 14.70 + 0.01°
Pro 3569 +2.75° 54.31+ 0.01
Tyr 3415+ 0.46° 11.04 £ 0.00°
Non-essential 684.11° 362.75°
His 39.67 + 2.35° 1779 + 0.01°
Thr 54.65 + 2.31* 1914 + 0.01°
Lys 59.87 + 147" 56.81+0.02°
Val 64.11+2.14° 2824+ 0.01°
Met 28.09 + 0.79* 12.00 + 0.00°
Ile 54.07 + 0.36° 9550 + 1.35*
Leu 9132+ 0.62° 129.59 + 0.04*
Phe 71.01 £ 0.51° 128.34 + 0.04*
Essential 462.79° 48741°

The values within the same row with different superscripts letters ave significantly different at P < 0.05.

Table 3.

Amino acid profiles of KB6 kenaf seed and kenaf seed milk.
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than the milk in terms of the essential amino acids such as histidine, threonine,
valine and methionine. These indicated that the processes of extraction of the kenaf
milk affected the amino acid content of the milk. However, the total essential amino
acids of the seed and the milk were not significantly different.

3. Seed hydration

Soaking is commonly used in processing of grains, to soften and hydrate the
seed before proceeding to other stages such as cooking, extraction, fermentation,
germination and malting [12]. In preparation of a plant-based milk alternative,
an initial soaking of the plant seed is a prerequisite before extraction of the milk
constituent by wet milling. Soaking of seeds reduced the hard-to-cook nature by
softening the texture of the seeds which in turn facilitates subsequent processes
and reduces the cooking time. Soaking is a batch process which can take an average
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Figure 1.
Moisture content (%) (d.b.) of kenaf seed soaked at different time and temperature.

Figure 2.

Effect of soaking temperatures on the scanning electron microscopy images of kenaf seeds. Note: A = unsoaked
kenaf seed, B = kenaf seed soaked at 25°C, C = kenaf seed soaked at 45°C, D = kenaf seed soaked at

65°C, mw = magjor entvance of water, ca = caruncle, cty = cotyledon, end = endosperm, sc = seed coat,

ins = intracellular spaces (adapted from [5]).
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of 12 to 24 h at room temperature (25 + 2°C) and uses a substantial quantity of
water. However, numerous ways to accelerate the process have been proposed which
include soaking at elevated temperatures, high-power ultrasound, and high hydro-
static pressure [13].

Hydration at higher temperature is one of the most frequently used techniques
in enhancing the hydration rate of plant seeds. Figure 1 shows the water absorption
rate of kenaf seed as a function of soaking temperature and time (unpublished
data). It was observed that the highest water absorption rate of kenaf seed was
recorded at the highest soaking temperature (80°C). Higher soaking temperature
causes reduction in the soaking medium viscosity which improves the capillary flow
and dilatation of the tissues and pores, hence increases the water absorption rate
[14]. At the beginning of soaking, water absorption rate was high, and it gradually
slowed down towards the end of soaking process. The former action was due to
the predominant of capillarity flow of seed hydration mechanism while the latter
was due to diffusion process [13]. The effectiveness of using higher temperature in
increasing the absorption rate was also reported in other studies [15-18]. Further
investigation on the effect of kenaf seed hydration towards its microstructure was
studied using the scanning electron microscopy and is presented in Figure 2. It was
observed that kenaf seed soaked at 25°C (Figure 2B) had a more visible intracel-
lular spaces than the seed soaked at 45°C (Figure 2C), and 65°C (Figure 2D). The
intracellular spaces inside the seeds soaked at 45°C and 65°C were filled with water
and both the endosperm and cotyledon segment appeared expanded. Therefore, it
is evident that hydration rate of seed soaked at higher temperature increased and
causes further improvement in the capillarity flow and dilatation of the tissues and
pores of kenaf seed.

4. Effect of soaking condition on nutritional quality of kenaf
seed milky extract

Although the use of high soaking temperature acts as a steeping factor for the
soaking process, it generates a notable loss of solids from seeds such as protein
(%) and solid content (%). Therefore, in preparation of kenaf seed milk, selection
of suitable soaking conditions (temperature and time) need to be considered in
minimizing the solid loss during soaking process.

Figures 3 and 4 show the effect of soaking temperature towards the subsequent
protein content (%) and solid content (%) (expressed in °Brix) of the kenaf seed
milky extract, respectively (unpublished data). From Figure 3, the protein content of
kenaf seed milky extract were found to be increased with prolonged soaking time at
lower soaking temperatures (28°C and 40°C) and decreased throughout the soaking
period after the first hour of soaking at higher temperature (50°C, 60°C, 80°C). This
result may be due to the release of some seed component including proteins into the
soaking medium which is enhanced by the higher soaking temperature and time.
Soaking at higher temperature causes the loose of seed coat structure and thus the
seed storage proteins (7S and 118 proteins) that are protected by the seed coat were
released into the soaking medium by the force of concentration difference [19]. Other
than proteins, the leaching of the seed component may include carbohydrates [20].
The release of soluble solids from the seed were found to increase at higher soaking
temperature due to the extended seed wall rupture. Based on Figure 4, the solid
content of kenaf seed milky extract increased with longer soaking time of kenaf seed
at lower temperatures (28°C and 40°C), and decreased at higher temperature (50°C,
60°C, 80°C) of soaking. The increased of solid loss upon higher temperature of soaking
were also reported by other researchers [18, 20, 21].
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Figure 3.
Protein content (%) of kenaf seed milky extract obtained from different soaking condition (time and
temperature) of kenaf seed.
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Figure 4.
Solid content (°brix) of kenaf seed milky extract obtained using different soaking condition (time and
temperature) of kenaf seed.

5. Kenaf seed milk

Figure 5 shows the procedures for the preparation of kenaf seed milk. Kenaf
seed milk appears to be similar in appearance and texture to soymilk with creamy
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(60 bar) of KSME extract (KSME) seed milky extract
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Cooling

Storage at 4°C

Figure .
Processes in preparation of kenaf seed milk.

Compositions Kenaf seed Soymilk Almond milk Hemp milk
milk [22,23] [22,23] [24,25]
Moisture (%) 91.04 88.12-91.00 72.00-93.40 91.60
Protein (%) 1.93-2.48 3.82-3.98 1.90-2.50 0.83-4.00
Fat content (%) 2.10-2.60 3.10-4.30 3.20-3.60 1.25-3.00
Carbohydrate (%) 1.82 4.64-4.92 4.30-4.70 2.50-20.00
Ash content (%) 311 0.84-0.81 0.09-3.04 047
Table 4.

The proximate composition of kenaf seed milk (seed variety V36) and several commercially available plant-
based milk alternatives.

white in color. The taste of the unflavored kenaf seed milk is described as thin with
a hint of earthy flavor. Table 4 shows the proximate composition of kenaf milk in
comparison to several commercially available plant-based milk alternatives. Kenaf
seed milk contains 1.93-2.48% of protein and 2.10-2.60% fat which is comparable
to almond milk in terms of the protein and fat contents, respectively.

6. Processing of value-added kenaf based tofu derived
from kenaf seed milk
Tofu is a popular and important protein source in most countries such as Asian,
Western and African countries [26, 27]. Over the years, soybean has been the most

commonly used legume for tofu production. However, several researchers have
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produced tofu from other grains such as peanut [28], lupin seed [29], sesame [30],
chickpea and mung bean [31]; in most cases the selection of these grains were based
on their high protein content and good functional properties. Kenaf seed have

been reported to contain 21.4 to 30.5% protein on dry basis [6, 32] and protein has
been known as one of the factors that affect tofu quality [29, 33, 34]. The general
processing of soybean tofu involves soaking of the seed, grinding with water, boiling
of the slurry, followed by separation of the milk from the residue (kenaf seed
okara), cooking of the milk to 95°C, coagulating the cooked milk and molding [35].
Recently, we have produced kenaf-based tofu from kenaf seed milk and the effect
of processing variables such as soaking temperature of kenaf seed, coagulant types
and concentrations were investigated [5]. The outcomes of our research indicated
that the yield, hardness, and chewiness of the kenaf-based tofu decreased as the
soaking temperature increased from 25-65°C. Besides, the interaction among the
processing variables such as coagulant type*coagulant concentration, coagulant
type*soaking temperature and coagulant concentrations*soaking temperature
affected the yield, hardness, and chewiness of the kenaf-based tofu (Figure 6). It
was discovered that soaking of kenaf seed at 25°C and using aluminum potassium
salt as coagulant at concentration of 1.00 g% were recommended as the processing
variables for optimum kenaf-based tofu production.

The procedure for kenaf-based tofu preparation slightly differs from the
processing for soybean tofu whereby the kenaf seed slurry is not heated prior to
extraction. Additionally, 1:5 to 1:8 soybean-to-water ratios were often used in the
extraction of soybean milk for tofu production. However, in the case of kenaf-based
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Figure 6.

Surface plots of interactions of coagulant types, coagulant concentrations, and soaking temperature of seed on
yield, hardness, and chewiness of kenaf-based tofu. Note: a, b, ¢ = surface plots of yield; d, e, f = surface plots of
havdness; g, h, i = surface plots of chewiness (adapted from [5]).
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Figure7.
Procedures for production of kenaf seed tofu (adapted from [5]).

tofu it was discovered that the most suitable ratio of kenaf seed to water for the
extraction of the milk during tofu production was 1:3, based on the lower total
soluble solids content of kenaf milk (unpublished data). The procedure for the
production of kenaf-based tofu is presented in Figure 7, the kenaf seed was soaked
at 25°C for 10 h and the soaked seed was ground at low speed using 1:3 kenaf
seed-to-water ratio for 2-3 min. The slurry obtained was then filtered using muslin
cloth to separate the kenaf seed residue from the milk. The milk obtained (400 ml)
from 100 g of kenaf seed was heated until the temperature of the milk reached 95°C
and the temperature was hold at this temperature for 2-3 min. Then, the milk was
allowed to cool to 80°C at room temperature (25 + 2°C) and the specified coagulant
was added to form the kenaf seed curd. The curd was then transferred to a wooden
mold lined with muslin cloth and pressed with a load of 5 kg for 5 min to remove
excess water. A solid curd-like product known as kenaf seed tofu is formed and is
ready to be used or consumed.

7. Other potential uses of kenaf seed

Several other potential food applications of kenaf seed have been postulated
based on the functional characteristics of its protein concentrate [36]. The
authors have proposed the use of kenaf seed as an ingredient in the production
of vegetable-based protein substitute such as tempeh and texturized vegetable
protein. Tempeh is a fermented vegetable meat substitute produced by inoculating
pre-cooked legumes such as soybean, lentils and common bean with Rhizopus oli-
gosporus [37, 38]. Similarly, pre-cooked kenaf seed can be fermented with Rhizopus
oligosporus to produce kenaf-based tempeh based on its high protein content and
emulsifying property (unpublished data). Additionally, kenaf seed protein con-
centrate has been reported to have high thermal stability [2]. Thus, protein con-
centrate from kenaf seed can be extruded into slices, crumbles, flakes and chunks
to produce a meat-like chewy texture similar to texturized soy protein [39]. Also,
kenaf seed has been used in the form of defatted meal or flour for the production of
noodles and pasta [40].
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8. Conclusion

Kenaf seed is a highly nutritious plant seed that should be further exploited in
innovation of non-conventional plant-based milk alternative and other food uses.
In this chapter, the soaking conditions (temperature and time) of kenaf seed were
studied. Higher soaking temperature and prolonged soaking time of kenaf seed
were not recommended as they caused the loss of protein (%) and soluble solids
(%) of the seed milky extract. Higher soaking temperature was also found to reduce
the physical properties (yield, hardness, and chewiness) of kenaf-based tofu. It is
recommended to use a lower temperature (25°C and 40°C) of soaking to preserve
the nutritional value and quality of the subsequent products. Further and more
thorough research ought to be done to produce a highly nutritious and highest
quality of plant-based milk and tofu from kenaf seed that are comparable to the
established soymilk and soy tofu, respectively.
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Chapter 5

The Possibility of Obtaining
Buckwheat Beverages Fermented
with Lactic Acid Bacteria and
Bifidobacteria

Ewa Kowalska and Matgorzata Ziarno

Abstract

In this study, we aimed to examine the effect of four different industrial starter
cultures containing lactic acid bacteria and bifidobacteria on the selected character-
istics of beverages prepared from buckwheat and stored at 4°C for 28 days. We esti-
mated the pH of the beverages during fermentation and storage under refrigerated
conditions. We also determined the number of lactic acid bacteria and bifidobacte-
ria and performed a chromatographic analysis of the carbohydrates. According to
the results, the tested starter cultures effectively fermented the buckwheat bever-
age. The viable cell count of the starter microflora was sufficient to demonstrate the
health-promoting properties of buckwheat. The pH of beverages was stable during
the refrigerated storage. However, the carbohydrate content of the stored beverages
changed, which indicates a constant biochemical activity of the microflora.

Keywords: buckwheat, health, lactic acid bacteria, lactic acid fermentation,
bifidobacteria, probiotics

1. Introduction

In recent years, the eating habits of people have changed dramatically due to
various reasons. One such reason is consumer awareness of the impact of food on
human health. Products that have a natural composition, that are unprocessed,
and are nongenetically modified are preferred the most by the consumers. Another
important factor, which determines people’s eating habits, is food allergies and
intolerances, which eliminate the possibility of consumption of a particular food
product. Food allergies and metabolic disorders have led to an increased demand
for allergen-free food products that meet the daily requirements for protein and
other nutrients. For example, in the case of gluten intolerance, it is impossible to eat
food products containing gluten. For such individuals, an alternative food product
is, among others, buckwheat, which, as a gluten-free pseudocereal, can be used as
groats, flour in baking bread or cakes.

Buckwheat has a rich composition and high nutritional value and can be an ideal
base for products that are enriched with lactic acid bacteria (LAB), including probi-
otics. They are defined as a functional food because when they are administered in
adequate amounts, they confer specific health benefits to the consumer. Consuming
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functional foods helps to reduce the risk of developing diseases of affluence, such

as diabetes, obesity, or cancer. Buckwheat beverage enriched with LAB and bifido-
bacterial is one such functional food. Its unique taste and nutritional value might be
utilized to develop a new product dedicated to people with disorders of the digestive
system, as well as for people who want to stay healthy.

Fermented plant-based products represent a better way to substitute dairy
products that cannot be consumed by people with food allergies or intolerance. The
plant-based products gain a pro-health value after the process of fermentation and
at the same time, they require minimal processing. Furthermore, the probiotic LAB
have a positive effect on human health by regulating the functions of the intestinal
microbiota. They keep the digestive system healthy and increase immunity. They
have anticarcinogenic and antiallergenic effects [1]. Food intolerances are not
related to the immune system; they are caused by sensitivity to certain food ingre-
dients, e.g. gluten [2]. At present, approximately 20% of the population is affected
due to food intolerance [3]. So far, the detailed mechanism of food intolerance is not
known, but it may be related to the neuroendocrine system of the digestive system
[4]. In the case of treatment available for gluten intolerance, elimination of gluten
from the diet is reccommended. Any amount of gluten might be harmful to individu-
als who are gluten-intolerant. According to the literature, more than 50-100 mg of
gluten per day can prove to be harmful to such individuals [5].

2. Plant-based beverages as an alternative for dairy-based probiotic
beverages

Buckwheat is a dicotyledonous plant and is referred to as a pseudocereal. It is
classified as a secondary plant. It has a tap root system, which is 1 meter long, and
has a straight stem, 60-90 cm high, and brown in color; it bears pink or white
flowers. Different products are made from different parts of the plant. The grains
are used to produce buckwheat flour and buckwheat, while straw, after thresh-
ing the seeds, is added to various types of fodder. During the flowering season,
buckwheat provides nectar to the bees [6, 7]. Buckwheat kernels contain gluten-
free protein and have well-balanced amino acid profile. The flour is a rich source
of minerals such as copper, zinc, manganese, potassium, magnesium, phospho-
rus, and potassium. It is also rich in polyphenols such as rutin, orientin, vitexin,
quercetin, isovitoxin, and isoorientin. Among the aforementioned polyphenols,
rutin shows the strongest anti-inflammatory, anticancer, and protective effect.
In terms of flavonoid content, tartar buckwheat seeds contain approximately
40 mg/g, whereas common buckwheat seeds contain 10 mg/g [8-10]. A previous
study [11] reported that sucrose is the predominant sugar in buckwheat, whereas
xylose, glucose, arabinose, and melibiose are present in much smaller quanti-
ties. According to a previous study [12], sucrose accumulates in large quantities
when the dry matter content is increased. It mainly occurs in the central part of
the ovule and the seed coat. Buckwheat also contains R-tocopherol, which shows
vitamin E activity [13]. In addition, the ethanolic extract of buckwheat contains
four catechins: epicatechin, catechin 7-O-p-D-glucopyranoside, (—)-epicatechin
3-O-p-hydroxybenzoate, and (—)-epicatechin-3-0-(3,4-di-O) gallate-methyl
[13]. It should be noted that the content of individual components in the plant
may change depending on the environmental factors such as temperature, UV
radiation, and damage caused by pests. Genetic factors are also of great impor-
tance, and the influence of the height of cultivation to sea level has been recently
demonstrated [14].
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The word “probiotic” was borrowed from Greek, wherein “probios” means
“for life.” Probiotics are mainly bacterial strains from the genera Lactobacillus and
Bifidobacterium. However, before a strain is considered a probiotic, clinical trials
must be conducted to prove its health-promoting properties [15, 16]. There should
be mutual benefit between the human body and the probiotic bacteria (on the basis
of symbiosis). The intestines are one of the most important organs in maintaining
the body’s normal immunity. About 70% of the entire population of immune cells
is associated with intestinal mucosa [1]. Literature shows that probiotics regulate
the functioning of the bacterial microflora in the intestines through certain mecha-
nisms [17]; for example, they compete with the pathogenic bacteria for the same
receptors and nutrients; they produce lactic acid and acetic acid, which lower the
pH of the environment and inhibit the colonization of pathogenic microorganisms;
they produce mucus; and finally, they synthesize B vitamins.

Growing consumer needs have increased the demand for functional food, which
means that the food industry introduces more and more interesting and a variety
of products. Currently, Europe, Japan, and the United States are the largest markets
for functional products [18]. Functional foods must contain one or more com-
pounds that trigger specific changes in the body. In particular, they should help to
reduce the risk of civilization diseases, which are the greatest threat to society; for
example, cancer, diabetes, heart disease, osteoporosis, neurodegenerative diseases,
and hypertension [19]. It is noteworthy that functional foods help to optimize the
physiological functions of the body so that it is possible to initiate repair processes
and maintain health. It cannot be treated as a drug in specific disease entities, but
only as a support in therapy [20]. Compounds that can be used in functional foods
are polyphenols, sterols, carotenoids, probiotics, and prebiotics [21].

There are different categories of functional foods. The simplest ones are unpro-
cessed conventional foods, for example, tomatoes, kale, raspberries, and broccoli.
These foods contain a high content of ellagic acid and lycopene. is the next category
is modified foods—this category contains foods that are modified by enrichment
with specific ingredients. For example, orange juice with added calcium to support
bone health, bread supplemented with folic acid, which is especially dedicated to
pregnant women, and margarine enriched with plant stanols. The third category
of functional food is a medical food, which is used in specific disease cases and
can only be administered under the supervision of a doctor. These foods include
supplements for phenylketonuria and diabetes and kidney and liver disease. The
latter type is special-purpose food, which includes infant formulas, gluten-free
foods, lactose-free foods, and foods used in a slimming diet. Therefore, it may be
one of the food products that provides the necessary nutrients. In the case of some
categories of food, for example gluten-free food, some components of the material
are removed to avoid the aggravation of the disease [22].

Fermented foods are grouped as functional foods. Since the beginning of human
civilization, fermented foods formed the basis of food, and although people were
not aware of it back then, they had a positive effect on their health [23]. Fermented
foods can be obtained by the spontaneous or controlled growth of microorganisms
and the enzymatic conversion of their main components. Currently, fermented
foods can be produced very fast, which allows for the production of thousands of
various products [24]. The fermentation process of some food products gives them
new health properties and features that were not present in the starting material.
Furthermore, recent clinical trials have shown an existing relationship between the
consumption of fermented milk products and maintaining a healthy body weight
[25]. Other studies have shown that regular consumption of fermented foods such
as yogurt reduces the risk of heart disease and type 2 diabetes [26, 27].
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3. Buckwheat beverages fermented with industrial probiotic cultures

In this study, we aimed to investigate the effect of four different bacterial
cultures containing LAB and bifidobacteria on the selected features of buckwheat
beverage. With regard to this, we performed fermentation of the selected cultures
with buckwheat beverages and evaluated the parameters.

Fermented plant beverages are very popular in Asia and Africa, for example,
boza, togwa, mahewu, makgeolli, or hardalie. The most popular plant-based fer-
mented beverage in Poland and throughout Eastern Europe is kvass. It is a product
of milk-alcohol fermentation of wholemeal bread with the addition of yeast, water,
and a small amount of sugar. The microorganisms present in kvass are Lactobacillus
casei, Leuconostoc mesenteroides, and Saccharomyces cerevisiae [28].

In recent years, many studies have reported the properties of plant-based
fermented beverages. The most important feature of this type of product is the
ability of LAB to carry out effective fermentation, and the pH value of the resulting
product is an important parameter, which indicates the effectiveness of the fermen-
tation process. In this study, this parameter was checked both during the fermenta-
tion process and after its completion (28 days).

Kowalska [29] used four yogurt starter cultures to ferment the buckwheat bever-
age: YO-MIX 207, YO-MIX 205, ABY-3, and VEGE 033. The microbial composition
of the starters was as follows:

a.ABY-3 (Chr. Hansen, Denmark)—Streptococcus thermophilus, Lactobacillus

delbrueckii subsp. bulgaricus, Lactobacillus acidophilus La-5, Bifidobacterium
animalis subsp. lactis BB-12,

b.YO-MIX 207 (DuPont Danisco, Denmark)—S. thermophilus, L. delbrueckii
subsp. bulgaricus, L. acidophilus, Bifidobacterium lactis,

¢. YO-MIX 205 LYO (DuPont Danisco, Denmark)—S. thermophilus, L.
delbrueckii subsp. bulgaricus, L. acidophilus, B. lactis,

d.VEGE 033 LYO (DuPont Danisco, Denmark)—S. thermophilus, L. delbrueckii
subsp. bulgaricus, L. acidophilus NCFM, B. lactis HN019.

Buckwheat beverage was prepared with 200 g of boiled buckwheat and blended
with 3000 mL of drinking water. Prior to the process of sterilization, the beverage
was strained through a fine sieve to get rid of the groats. The strained beverage was
sterilized at 121°C for 15 min [30]. Based on the recipe of the buckwheat beverage,
which was obtained by mixing the buckwheat in water in the proportion 1:15, the
nutritional value of 100 g of buckwheat beverage was calculated [29]:

* Fat—0.16 g (including 0.04 g of saturated acids)

* Carbohydrates—4.69 g (including 0.16 g of sugars)

* Proteins—0.75g.

The average water content of buckwheat beverage was 87.9% [30].

Kowalska [29] reported that the initial pH of buckwheat (beverage before fermen-

tation at 37°C for 5 h) was on an average 6.550 for the samples intended for fermenta-
tion with YO-MIX 207, YO-MIX 205, and ABY-3 cultures, and 6.400 for the samples
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intended for fermentation with VEGE 033 culture (Table 1). The most effective
fermentation process was observed in the case of beverage fermented with YO-MIX
207 culture, followed by the beverage fermented with YO-MIX 205. Within 1-2 h of
fermentation, both beverages reached an average pH value of 4.8, which was statisti-
cally significantly from that of before fermentation (Table1). ABY3 and VEGE 033
cultures were less efficient in terms of acidification, in which case, the pH value did
not increase until 3-4 h of the fermentation process. After fermentation for 5 h, all of
the beverages reached a pH of 4.5-4.9, which means that all the bacteria carried out
the fermentation process efficiently [29]. A previous study [31] also reported similar
results for soybean beverage fermented with S. thermophilus. However, a previous
study [32] conducted on barley malt fermented with Lactobacillus plantarum (NCIMB
8826) and L. acidophilus (NCIMB 8821) recorded a pH value of approximately 4.0.
This difference in pH value might be because of the specificity of plant matrices, as
well as the use of various bacterial cultures for fermentation (Table 2).

Kowalska [29] also measured the pH of buckwheat beverage during 28 days
of refrigerated storage. During refrigerated storage, the most stable pH value was
recorded for buckwheat beverage fermented with VEGE 033, ABY-3, and YO-MIX
205 cultures. However, the beverage fermented with YO-MIX 207 culture showed
variation in pH value during refrigerated storage.

Table 1 shows the pH value of buckwheat beverage before and after fermenta-
tion with cultures tested by Kowalska [29]. Similar results were obtained by Ziarno
etal. [33]. They reported the change in pH value of bean beverage (initial pH of
6.58) after fermentation, which was 4.47 and 4.45 when fermented with YO-MIX
205 and ABY-3 cultures, respectively. At 6°C, the pH value of beverages fermented
with YO-MIX 205 and ABY-3 cultures respectively decreased to 4.40 and 4.39 on
day 7, 4.34 and 4.29 on day 21, and 4.33 and 4.27 on day 28 [33]. This shows that
LAB continued the process of fermentation during the entire storage period, which
was not observed in the research conducted by Kowalska [29].

Bacterial cell count is a very important parameter in determining the quality
of the product and its health properties [34]. Manufacturers frequently check this
parameter in fermented beverages. The minimum acceptable number of live LAB
cells that should be present in fermented beverages is 7 log(CFU/mL) and at least
6 log(CFU/mL) for strains with probiotic properties, including probiotics of the
genus Bifidobacterium [35].

Kowalska [29] found that the changes in the number of live LAB and bifidobac-
teria in beverages fermented with the YO-MIX 205 and YO-MIX 207 cultures were

Fermentation Buckwheat beverages fermented by:

time [h] YO-MIX 207 YO-MIX 205 ABY-3 VEGE 033

0 6.550 + 0.212° 6.550 + 0.212° 6.550 + 0.212° 6400 + 0.000°
1 5.185 + 0.481° 5.020 + 0.389" 5610 + 0.721° 5.770 + 0.000™
2 4.840 + 0.226 4.805 + 0.163° 5.085 + 0.262° 5170 + 0.000°
3 4730 + 0.127° 4675+ 0163 4.860 + 0.085° 4910 + 0.000°
4 4,640 £ 0.057° 4600 + 0.212° 4.825 + 0.106" 4.880 + 0.000
5 4590 + 0.127° 4.595 + 0.276" 4790 + 0.156" 4950 + 0.000"

Note: “*—values in columns with the same letter do not differ statistically significantly for « = 0.05.

Table 1.
pH values of buckwheat beverage during the fermentation process (mean * standard deviation)
(based on [29]).
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Storage Buckwheat beverage fermented by:

time [day] YO-MIX 207 YO-MIX 207 YO-MIX 207 YO-MIX 207
0 4590 + 0.127° 4595 + 0.276* 4790 + 0.156* 4950 + 0.000°
7 4750 + 0.071% 4750 + 0.071° 4850 + 0.071° 4900 + 0.000°
21 4875+ 0.035% 4.850 + 0.071° 4.850 + 0.071° 5.000 + 0.000°
28 4,920 + 0.028° 4,935 1 0.049° 4925+ 0.035° 5.000 £ 0.000°

Note: “*—values in columns with the same letter do not differ statistically significantly for « = 0.05.

Table 2.
pH values of buckwheat beverage fermented with different starter cultures (mean values and standard
deviations) (based on [29]).

very similar. Interestingly, after fermentation, there was a slight reduction in the
number of viable bacterial cells compared to the state before fermentation. In addi-
tion, during the refrigerated storage of the fermented beverage, there were fluctua-
tions in the number of LAB cells, both lactobacilli and lactic streptococci, as well

as bifidobacteria. The number of viable cells of lactobacilli, lactic streptococci, and
bifidobacteria on day 28 was over 7 log(CFU/mL), which indicated the potential
health-promoting properties of the tested beverages fermented with the YO-MIX
207 and YO-MIX 205 cultures.

The smallest variation in the population of lactobacilli, lactic streptococci, and
bifidobacteria was recorded for beverages fermented with ABY-3 culture (Table 3)
[29]. Contrary to buckwheat beverages fermented with the YO-MIX 207 (Table 4)
and YO-MIX 205 (Table 5), there were no such significant changes in the number
of bacterial cells. After fermentation, the number of bifidobacterial cells decreased
the most. After 7 days of refrigerated storage (4°C), there was a slight change in
the number of lactobacilli, lactic streptococci, and bifidobacteria. After 28 days
of storage, the average bacterial cell count was 8.0 log(CFU/mL) for lactobacilli,

7.8 log(CFU/mL) for lactic streptococci, and 8.0 log(CFU/mL) for bifidobacteria.
The number of viable cells of lactobacilli, lactic streptococci, and bifidobacteria

on day 28 was over 7 log(CFU/mL), which indicated the potentially health-
promoting properties of the tested buckwheat beverages fermented with the ABY-3
culture [29].

According to Kowalska [29], in the case of buckwheat beverage fermented with
VEGE 033 (Table 6), the greatest proportion in the population of bacterial cells
prior to fermentation were lactic streptococci [29]. In the beverages fermented with
the VEGE 033 culture, the lower number of bifidobacterial cells was found (during
the entire period of cooling storage) compared to the buckwheat beverage fer-
mented with ABY-3 culture. On the 7th day of storage of the samples of buckwheat
beverages fermented with the VEGE 033 culture, the number of streptococcal cells
was on average 8.2 log(CFU/mL). The number of viable lactobacilli, lactic strepto-
cocci, and bifidobacteria cells in the beverage fermented with VEGE 033 culture on
day 28 was over 7 log(CFU/mL) [29].

A previous study conducted on rice beverage reported low counts of bacte-
rial cells [36]. Prior to fermentation, the number of bacterial cells in rice beverage
was lower than that observed for buckwheat beverage in the research conducted
by Kowalska [29] - the population of LAB was 5.0 log(CFU/mL). However, after
16-hour fermentation process, the bacterial population increased to 8.1 log(CFU/mL)
and remained at this level until the end of the fermentation process [29]. However,
the previous study [37] reported that after fermentation of corn or rice-based bever-
ages, the microbial cell population was at the level of 7-8 log(CFU/mL). This number
indicates that the product has probiotic properties [38].
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Determination Number of Number of Number of lactic

time lactobacilli bifidobacteria streptococci
[log(CFU/mL)] [log(CFU/mL)] [log(CFU/mL)]

Before 82+0.2° 8.2+ 04° 8.2+ 04°

fermentation

After fermentation 79+ 0.3 77+01° 8.0:0.3

7 day of storage 81+0.3° 82+ 02% 8.0+0.2°

28 days of storage 8.0+0.2° 8.0+ 0.2% 78+ 0.1°

Note: “*—values in columns with the same letter do not differ statistically significantly for « = 0.05.

Table 3.
The population of live cells of lactic acid bacteria and bifidobacteria in buckwheat beverage fermented with
ABY-3 culture and stored for 28 days under refrigevated condition (mean + standard deviation) (based on [29]).

Determination Number of Number of Number of lactic

time lactobacilli bifidobacteria streptococci
[log(CFU/mL)] [log(CFU/mL)] [log(CFU/mL)]

Before 87+0.3% 8.5+0.2° 84 +11°

fermentation

After fermentation 78+ 0.2 72+0.1° 79+0.3°

7 day of storage 8.0+0.3° 81+ 03® 8.0 £ 0.4°

28 days of storage 78+ 0.0° 77+0.1° 77+0.3"

Note: ““—values in columns with the same letter do not differ statistically significantly for a = 0.05.

Table 4.

The population of live cells of lactic acid bacteria and bifidobacteria in buckwheat beverage fermented with
YO-MIX 207 culture and stored for 28 days under refrigerated condition (mean + standard deviation)
(based on [29]).

Determination Number of Number of Number of lactic

time lactobacilli bifidobacteria streptococci
[log(CFU/mL)] [log(CFU/mL)] [log(CFU/mL)]

Before 79:0.8° 78 + 0.7 84 +0.8°

fermentation

After fermentation 76+0.2° 7.0+02° 78 +0.5°

7 day of storage 79+ 06" 76 + 0.7 81+05"

28 days of storage 76 +0.1° 75+0.3" 78+0.2°

Note: “—values in columns with the same letter do not differ statistically significantly for « = 0.05.

Table 5.
The population of live cells of lactic acid bacteria and bifidobacteria in buckwheat beverage fermented with

YO-MIX 205 culture and stored for 28 days under refrigevated conditions (mean + standard deviation)
(based on [29]).

However, another group of researchers [39] used different strains of LAB for
fermentation of soy milk, including L. delbrueckii subsp. bulgaricus and L. aci-
dophilus, which were also used in this study. The cell population of all cultures was 8
log(CFU/mL), which is similar to the results of this study with buckwheat. In each
bacterial culture, L. delbrueckii subsp. bulgaricus and L. acidophilus were present,
but their strain was different.

Kowalska [29] found that in all plant-based products, there were similarities in
the population of LAB, despite the diversity of the Lactobacillus strains used. The
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Determination Number of Number of Number of lactic

time lactobacilli bifidobacteria streptococci
[log(CFU/mL)] [log(CFU/mL)] [log(CFU/mL)]

Before 8.7+0.0° 71+01° 9.0 +0.1°

fermentation

After fermentation 71+ 014 73+0.0° 79+ 0.0°

7 day of storage 81:01° 821+ 0.2° 82+ 0.1°

28 days of storage 77 £ 0.0° 74+ 0.1° 75+0.0¢

Note: “*—values in columns with the same letter do not differ statistically significantly for o = 0.05.

Table 6.

The population of live cells of lactic acid bacteria and bifidobacteria in buckwheat beverage fermented with
VEGE 033 culture and stored for 28 days under refrigerated condition (mean + standard deviation)

(based on [29]).

good growth of LAB in plant-based beverages can be explained by the high amounts
of mono and disaccharides in the plant media.

A previous study performed fermentation of bean beverages with ABY-3 culture
[33]. Prior to fermentation, the number of viable lactobacilli was 7.7 log(CFU/mL),
which gradually decreased during the cold storage. On days 7 and 28 of storage, the
population of lactobacilli was 7.5 log(CFU/mL) and 6.9 log(CFU/mL), respectively.
According to a previous study [30], the observed lower bacterial cells after the cold
storage period may result from antimicrobial compounds produced by bacteria,

e.g. hydrogen peroxide, bacteriocins, or organic acids. In contrast, in the research
conducted by Kowalska [29], the number of viable lactobacilli in the buckwheat
beverage fermented with ABY-3 culture was slightly higher. Prior to fermentation,
on days 7 and 28 of storage, the number of viable lactobacilli was 8.2 log(CFU/mL)
and 8.0 log(CFU/mL), respectively. The better growth on buckwheat substrate
might be due to higher sugar content and availability in plant media.

Kowalska [29] verified the content of carbohydrates using high-performance
liquid chromatography. The results showed the presence of 7 carbohydrates: xylose,
melibiose, fructose, arabinose, glucose, sucrose, and maltose. The initial (before
fermentation) content of carbohydrate in the fermented buckwheat beverage was
4.598 g in 100 g of the product. The chromatographic analysis includes only a few
selected carbohydrates, whereas the calculated value of carbohydrate content takes
into account all such compounds, including starch. Therefore, it can be concluded
that as a result of the cooking and sterilization of buckwheat beverage in an aqueous
solution, some complex carbohydrates or polysaccharides might be released, which
were determined by chromatography [29].

Immediately after the end of fermentation of buckwheat beverages, the highest
total carbohydrate content was found in the beverage fermented with the ABY-3
culture (Table 7), whereas the lowest was found in the beverage fermented with the
YO-MIX 207 culture (Table 8). It should be noted that both the ABY-3 culture and
the YO-MIX 207 culture had a rich microbiological composition, which not only
included LAB but also included bifidobacteria of different strains [29].

In the case of beverage fermented with YO-MIX 205 culture (Table 9), we
obtained statistically significant differences in terms of carbohydrate content before
and after fermentation and during cold storage.

Contrary to the buckwheat beverages fermented with the YO-MIX 205
and YO-MIX 207 cultures, the beverage fermented with VEGE 033 culture
(Table 10) contained a low amount of xylose after fermentation. In this case,
the xylose content decreased slightly. As in the beverages fermented with the
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Carbohydrates Before After After7 days After28 days
[g/100 gbeverage] fermentation fermentation of storage of storage
Xylose 0.000° 0.129° 0.065° 0193
Fructose 0.096" 0.322° 0.132° 0.000°
Arabinose 0.000° 0.241° 0.294° 0.000°
Glucose 2.958* 0.280° 0.251 0.152°
Melibiose 0.000° 0.000f 0318 0.153¢
Sucrose 1.544° 2.300* 1.591* 0.698*
Maltose 0.218° 0.000° 0.0008 0.000°

All 4.598 3.273 2.650 1.196

Note: ““—values in columns with the same letter do not differ statistically significantly for a = 0.05.

Table7.
Content of carbohydrates in buckwheat beverages fermented with ABY-3 culture (based on [29]).

Carbohydrates Before After After7 days After28 days
everage ermentation ermentation of storage of storage
[g/100 gb ge] f i f i f g f g
Xylose 0.000° 0.000° 0.000° 0.143°
Fructose 0.096¢ 0.115° 0.076* 0.164°
Arabinose 0.000° 0.069¢ 0.086° 0.0008
Glucose 2,958 0.204° 0.186° 0.102¢
Melibiose 0.000° 0.000¢ 0.000f 0.087
Sucrose 1.544° 1436 1.388* 0.751*
Maltose 0.218° 0.000f 0.000f 0.000f
All 4.598 1.824 1.736 1.247

Note: “*—values in columns with the same letter do not differ statistically significantly for a = 0.05.

Table 8.
Content of carbohydrates in buckwheat beverages fermented with YO-MIX 207 culture (based on [29] ).

YO-MIX 205 and YO-MIX 207 cultures, the content of sucrose, glucose, and
maltose also decreased, and the content of arabinose increased. The chro-
matographic analysis also did not detect the presence of melibiose. Statistical
analysis showed significant differences in the results of carbohydrate content
during cold storage of the samples.

Our results show differences in the fermentation abilities of the tested starter
cultures, resulting from different biochemical activities (mainly saccharolytic and
fermentation) of the strains present in the tested cultures [29].

It can be assumed that the changes in the content of carbohydrates during refrig-
erated storage were due to the changes taking place in the analyzed samples; for
example, the biochemical activity of LAB and bifidobacteria, as well as enzymatic
changes [29]. Due to the lack of information, it is difficult to compare the results of
this study with that of others.

A previous study [40] reported contradictory results with respect to sugar con-
tent in the cooked buckwheat wort. According to the result of the aforementioned
study, glucose was present in the highest quantities. However, in this study, sucrose
was found to be the highest after fermentation and after the storage period, which
was most likely the result of starch decomposition.
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Carbohydrates Before After After7 days After28 days
[g/100 gbeverage] fermentation fermentation of storage of storage
Xylose 0.000° 0.000° 0.042° 0.233°
Fructose 0.096% 0.099¢ 0.093¢ 0.244°
Arabinose 0.000° 0.152° 0.873° 0.000f
Glucose 2,958 0.000° 0.000° 0.123¢
Melibiose 0.000° 0.286" 0.188° 0.075°
Sucrose 1.544° 1.514* 1.763 0.595°
Maltose 0.218° 0.000° 0.000f 0.000f
All 4598 2.051 2.959 1.270

Note: “I—values in columns with the same letter do not differ statistically significantly for a = 0.05.

Table 9.

Content of carbohydrates in buckwheat beverages fermented with YO-MIX 205 culture (based on [29]).

Carbohydrates Before After After7 days After28 days
[g/100 gbeverage] fermentation fermentation of storage of storage
Xylose 0.000° 0.080° 0.625° 0.705*
Fructose 0.096¢ 0.094¢ 0.000° 0.000°
Arabinose 0.000° 0.741° 1.299° 0.264°
Glucose 2.958° 0.237 0.328¢ 0.106*
Melibiose 0.000° 0.000f 0.000° 0.000°
Sucrose 1.544° 1.237 1.598* 0.338"
Maltose 0.218° 0.000f 0.000° 0.000°
All 4.598 2389 3.851 1.413

Note: “7—values in columns with the same letter do not differ statistically significantly for a = 0.05.

Table 10.

Content of carbohydrates in buckwheat beverages fermented by VEGE 033 culture (based on [29]).

A previous study [41] reported that sucrose was the predominant carbohydrate,
whereas xylose, glucose, arabinose, and melibiose were present in much smaller
quantities. Another study [42] reported that with an increasing amount of water
and lengthening heating time, the content of glucose increases.

According to the literature [43], fermentation of buckwheat beverages with the
use of Propionibacterium freudenreichii subsp. shermanii resulted in a significant
increase in the content of fructose, glucose, and galactose. In addition, there was a

significant increase in sucrose content.

4. Conclusion

The results of this study indicate a high potential of fermented buckwheat
beverage as a probiotic product with pro-health properties. The demand for
gluten-free cereal beverages is growing among people suffering from celiac disease
and food intolerance. Good bacterial survival during the storage period allows
achieving a therapeutic effect similar to that caused by consuming fermented milk
products, such as kefir, buttermilk, or yoghurt. In addition, an additional advantage
of the product is the lack of allergenic milk proteins. More and more people are
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experiencing side effects after drinking milk and other dairy products such as gas,
indigestion, and diarrhea, which are causing them to be excluded from their diet.
In such a case, dietary supplements containing probiotic strains are often used to
supplement the intestinal microflora and increase the body’s immunity. Fermented
buckwheat beverages can replace these types of supplements and provide other
essential nutrients for the body. The product is dedicated not only to people suffer-
ing from disorders of the digestive system but also to healthy people who care about
a balanced diet and want to have a healthy lifestyle. In addition to LAB and bifido-
bacteria, the base of the buckwheat beverage is important, as it is also a medium
necessary for the growth of the bacterial population used for fermentation. Our
results show that buckwheat can be successfully fermented by LAB and bifidobac-
teria. Its proven health properties mean that the beverage can be used to prevent
civilization diseases such as diabetes, obesity, or cancer.
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Chapter 6

Functional Fermented Beverage
Prepared from Germinated White
Kidney Beans (Phaseolus vulgaris L.)

Anna Veber, Dovota Zar¢ba and Maigorzata Ziarno

Abstract

The current demand for plant-based food indicates that the food market is
providing alternatives for products that are currently commercially available. This
chapter discusses the possible use of germinated bean seeds as a raw material in
the production of substitutes for dairy products, including fermented ones. Beans
are a valuable source of easily digestible protein, carbohydrates, minerals, and
various vitamins (e.g., B vitamin group). They also contain significant amounts
of fiber which affects the proper functioning of the digestive system and antioxi-
dant compounds. The fat content is low and is estimated to be around only 1-2%.
However, it is mainly (about 70%) constituted by unsaturated fatty acids, including
the polyunsaturated ones such as linoleic acid or linolenic acid, which are desirable
in the human diet for the prevention of cardiovascular diseases or cancer. Biological
processes such as germination or fermentation may improve the nutritional value
of bean seeds (by increasing the content, digestibility, and bioavailability of some
nutrients and by eliminating undesirable components) and deliver live cells of
prohealth bacteria (lactic acid bacteria, propionic acid bacteria, or bifidobacteria).

Keywords: bean-based beverages, white kidney beans, germination, fermentation,
lactic acid bacteria, bifidobacteria

1. Introduction

Common bean (Phaseolus vulgaris L.) is an annual angiosperm belonging to
the Fabaceae family. It originates from Central and South America, where it was
cultivated as early as 7000 years ago. Due to their ability to self-pollinate, beans
can produce seeds after pollination with pollen from their own flower [1]. There
are about 200 species identified so far, of which the first known were green pods
with dark seeds. Based on the evolutionary rate, organisms of the genus Phaseolus
are estimated to be about six million years old, which suggests that it is a relatively
young group of plants [2, 3]. Currently, most varieties of beans are cultivated for
food, on all continents and in various climatic zones [1].

Bean varieties are classified into two main groups: dwarf and tic. In the case
of dwarf varieties, a poorly developed stem reaches 60 cm, whereas in climbing
varieties, the stem can grow up to 200-300 cm. Features such as shape, color, and
size of the pods are related to the variety. There is a relationship between the shape
of the seeds and the shape of the pod. Elongated and cylindrical seeds are found in
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round and long pods, while flattened seeds are found in flat pods. The bean fruit is
an elongated pod, which varies in color, shape, and fiber content, depending on the
variety.

Beans are one of the most important plants that are directly consumed in the
world. Due to their nutritional and health benefits, they are used in many dishes
and are also consumed by people following vegan and vegetarian diets as a valuable
source of vegetable protein. In some regions, such as South and Central American
and African countries, beans are a staple in the daily diet and usually consumed
after soaking and cooking.

Consuming the seeds of legumes, which include beans, can result in many
physiological and health benefits, including the prevention of cardiovascular
disease, diabetes, and cancer. Beans are high-fiber, high-protein vegetables that
contain a less amount of fats. They are valuable sources of not only easily digestible
protein but also minerals and various vitamins (e.g., B vitamins). Furthermore,
they contain a wide range of phytochemical and antioxidant compounds, including
flavonoids, such as anthocyanins, flavonols, phenolic acids, and isoflavones, which
are compounds regulating the expression of genes responsible for the processes of
p-fat oxidation, lithogenesis, and hepatic gluconeogenesis. Beans are also rich in
oligosaccharides, lectins, saponins, phytates, and polyphenolic compounds, the
main classes of which are tannins, phenolic acids, and flavonoids. Phenolic extracts
from various types of beans exhibit antioxidant properties [4]. The polyphenolic
components present in beans are mainly concentrated in the seed coat and give the
seeds their color. Legume seeds also have a lower glycemic index compared to other
starchy foods such as cereals and potatoes. When added in the daily diet, legumes
can exert many beneficial physiological effects and prevent common metabolic
diseases such as diabetes, coronary artery disease, and cancer [5-7]. They are effec-
tive in lowering blood pressure, normalizing body weight and lipid metabolism,
reducing insulin resistance, and thus regulating the components of the metabolic
syndrome and are therefore recommended for its prevention and treatment [8].

Use of the germination of bean seeds and then the fermentation process of
beverages obtained from the germinated bean seeds allow to increase the health
and nutritional values of these beverages. This chapter presents various studies
about technology, quality, and nutritional value of fermented bean-based beverages
prepared from germinated white kidney beans (Phaseolus vulgaris L.).

2. Preparation of beverages from beans

Plant milk substitutes are obtained mainly by water extraction of selected
plant material. The production process is of different types, depending on the raw
material used (legumes, cereals, vegetables, nuts, seeds), but all the variants have a
common outline. Generally, the preparation process involves the following stages:
selection of the raw material, soaking and wet or dry grinding of the raw material,
water extraction of the raw material, heating, separation of the solid fraction,
cooling, standardization, homogenization, thermal fixation, aseptic packaging, and
storage [9-12].

In some cases, additional blanching or roasting of the raw material is carried
out prior to soaking and grinding. Blanching is usually done in boiling water for
1-5 minutes, for example, to inactivate trypsin and lipoxygenase inhibitors in the
case of soybean beverages. Moreover, it prevents the formation of foam during the
technological process. Roasting is carried out at a temperature above 100°C, in hot
air, and its duration is determined by the type of the raw material and the tempera-
ture of the process. This process is used to improve the taste and aroma of the final
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product; however, it may reduce the protein solubility and extraction efficiency
[9]. In the case of bean-based beverages, before soaking and grinding the seeds, it is
advisable to carry out germination [10, 12].

Soaking and grinding (or only grinding) of the raw material are employed for
further processing steps and to facilitate the release of nutrients contained in it.
Water inactivates some of the inhibitors and reduces the amount of phytic acid,
which increases the absorption of nutrients and their bioavailability [9-14]. In the
case of beans, wet grinding is performed after thermal treatment of the seeds to
induce starch thermohydrolysis. For some plant materials, enzymes are also added
at this stage to induce enzymatic hydrolysis of starch or the polysaccharides present.
An example of an enzyme used is alpha-amylase, which catalyzes the hydrolysis
of the a-1,4-glycosidic linkage of amylose and amylopectin present in starch
and results in the formation of shorter-chain compounds, mainly in the form of
dextrins. Proteolytic enzymes are also used for increasing the protein digestibility
and extraction efficiency, as well as for improving the suspension stability [9, 15].
Beans can also be subjected to such a process. Alternatively, initial dry grinding of
the raw material can be employed, followed by its aqueous extraction at an elevated
temperature [9].

The next step in the production of plant-based beverages is the separation of
the solid from the liquid fraction, by filtration or centrifugation of the obtained
suspension. The resulting plant-based beverage may undergo the standardiza-
tion process in order to obtain a product with a previously assumed composition,
enriched with vitamins or minerals. In the case of bean seeds, subsequent additional
heating is carried out to a particular temperature depending on the specificity of the
raw material [9, 10, 12].

Usually, ultrahigh temperature (UHT) treatment is applied, where the product is
heated in flow to 135-150°C for a few seconds to obtain a commercially sterile one.
This process degrades and converts the vegetative forms into microorganisms, while
maintaining the taste and aroma of the product. The obtained, microbiologically
safe product is poured into unit packages, stored, and distributed [9, 10, 12].

Plant-based beverages exhibit low suspension stability due to the presence of
solid particles (e.g., protein, starch, fiber, and other solid residues of plant mate-
rial). To increase the stability of cow milk substitutes, hydrocolloids of plant origin
are added before the final thermal run. Alternatively, the resulting suspension is
subjected to homogenization and micronization, which leads to an increase in the
stability of the system without the addition of hydrocolloids. This process involves
simultaneous grinding and mixing of the particles of the dispersed phase, while
forcing the liquid heterogeneous system under high pressure (15-25 MPa) through
the homogenizing gap. After micronization, the particle size usually ranges from
0.5 pm to 10 pm. Consequently, the obtained product will have greater creaminess
and homogeneity compared to the beverage subjected only to the homogenization
process [9, 12].

3. Fermentation of bean-based beverages using lactic acid bacteria
and propionic acid bacteria

For many years, attempts have been made to obtain fermented plant-based
beverages with the same amount of lactic acid bacteria as in the fermented dairy
beverages [16-18]. Several biotechnology companies offer starter cultures for the
fermentation of plant products. The addition of these cultures is aimed at obtaining
vegan fermented beverages, which are substitutes for milk yogurts. These products
most often contain microorganisms that are used for the fermentation of milk,
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including lactic acid bacteria and bifidobacteria such as Streptococcus thermophilus,
Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus acidophilus, Lactobacillus
paracasei, Bifidobacterium animalis, and Bifidobacterium lactis [19]. Furthermore,
Wajcht’s research [14] proves the possibility of using Propionibacterium freuden-
reichii subsp. shermanii for the production of fermented bean-based beverages
(obtained from germinated adzuki bean and mung bean seeds). After 24-hour
fermentation of bean beverages at 37°C, the pH was in the range of 4.3-4.7, and the
population of propionibacteria was not lower than 7 logl0 CFU/mL [14]. Which
proves that Propionibacterium freudenreichii subsp. shermanii show the ability to
grow and ferment sugars contained in bean-based beverages to an extent no worse
than the lactic acid bacteria do.

The population size of these microorganisms throughout the shelf life of such
beverages is an important factor. It is one of the indicators of the quality and
health-promoting properties of these products. The minimum number of cells in
such products should be at least 7 1ogl0 CFU/mL or g for starter bacteria and at least
6 logl0 CFU/mL or g for additional microorganisms (e.g., probiotics) [20]. It has
already been established that the selection of bacteria used for fermentation and
the composition and acidity of the product have a significant impact on the viability
of the starter and prebiotic bacteria, as well as on the maintenance of the required
bacterial population [18, 21]. Ziarno et al. [10] used two commercially available
industrial yogurt starter cultures, namely Yo-Mix 205 LYO (DuPont Danisco;
consisting of S. thermophilus, L. delbrueckii subsp. bulgaricus, L. acidophilus, and
B. lactis with sacharose and maltodextrins as carriers) and ABY-3 Probio-Tec (Chr.
Hansen; consisting of S. thermophilus, L. delbrueckii subsp. bulgaricus, and docu-
mented probiotic strains L. acidophilus La-5 and B. animalis subsp. lactis BB-12),
for the fermentation of bean-based beverages obtained from germinated bean seeds
of the “Piekny Ja$ Kartowy” variety. In the fermented beverages thus obtained, the
level of bacteria of the starter culture and additional microorganisms was, respec-
tively, at least 7 log1l0 CFU/mL and at least 6 logl0 CFU/mL. During 28 days of stor-
age at 6°C, there was a significant reduction in the population of S. thermophilus,

L. acidophilus, and Bifidobacterium in the beverages; however, the levels of micro-
organisms were not below 7 logl0 CFU/mL and 6 logl0 CFU/mL, respectively.
Maciejak [12] noted that the population of starter microorganisms was at the level
of 8.11ogl0 CFU/mL in the bean beverage fermented with the industrial starter
culture ABY-3. Zareba and Ziarno [18] showed that the fermentation of plant-based
beverage matrices (soy, rice, and coconut beverages) is more conducive to the
development and survival of streptococci compared to lactobacilli. However, the
survival rate of both lactobacilli and lactobacilli depends on the type of plant-based
beverages and the starter culture used, as well as the degree of fermentation of the
beverage (final pH). Therefore, the starter culture should be carefully selected for
the specific type of plant beverage, and the storage temperature of the final product
should also be adjusted.

4. Nutritional and health value of bean seeds and bean-based beverages

Depending on the variety, white bean seeds contain approximately 21-23 g
of total proteins, approximately 0.8-1.6 g of fat, approximately 60-63 g of total
carbohydrates, including approximately 40 g of starch and approximately 15-24 g
of dietary fiber per 100 g [22-26].

The nutritional and health value of bean beverages depends on the recipe com-
position and the amount of bean seeds in the product [10, 12, 14, 19, 27]. Ziarno
etal. [10] obtained a bean-based beverage by blending 100 g of presoaked white

94



Functional Fermented Beverage Prepared from Germinated White Kidney Beans...
DOI: http://dx.doi.org/10.5772/intechopen.95818

bean seeds of the “Piekny Jas Karlowy” variety with 900 g of drinking water. Then,
the homogenate was boiled to gelatinize the starch contained in the beans. The
obtained mixture was filtered through a sieve and sterilized at 121°C for 20 min-
utes. Among other components, the protein content of the beverage obtained was
estimated at 2.3 g/100 g. The study by Jeske et al. [28] reported that commercial
plant-based beverages have a comparable protein content.

The main types of proteins found in legume seeds, including bean seeds, are
globulins and albumin, which account for 50-70% and 20% of all proteins, respec-
tively [25]. Globulins, which are the dominant fraction of proteins, are referred to
as storage proteins. These are stored in membrane-bound organelles, vacuole stores,
or protein bodies. In parenchymal cells, globulins survive drying out during seed
maturation and undergo proteolysis during germination, providing free amino
acids [7, 24, 29, 30].

The storage proteins of bean seeds, like other legumes, have a relatively low
content of methionine (approximately 0.1-0.37 g/100 g), cysteine and cystine
(0.23-0.25 g/100 g), and also tryptophan (0.25-0.27 g/100 g); however, they are
rich in lysine (1.4-1.6 g/100 g), which is the limiting amino acid [26]. Consuming
legumes and cereals together in a ratio of 35:65 significantly improves the quality of
the supplied protein, making the meal wholesome with a favorable composition of
amino acids [7, 24, 29-31].

Most legume seeds, including the white bean ones, contain a maximum of about
5% fat in dry matter (DM), except chickpeas and soybeans, which contain approxi-
mately 15% and 47% of fat, respectively [32]. However, in the fermented bean-
based beverages prepared by Maciejak [12], the total fat content was 0.16 g/100 g.
The fat level in commercial plant beverages is usually regulated (and increased), for
example, by the addition of vegetable oils [19]. According to the research of Jeske
etal. [28], commercial plant-based beverages have a comparable fat content as the
bean-based beverages prepared by Maciejak [12].

The main lipid components of bean seeds are triacylglycerols (TAGs) and
phospholipids [33]. The lipid fraction is rich in mono- and polyunsaturated fatty
acids (PUFA) (approximately 0.07-0.10 g/100 g and 0.36-0.51 g/100 g, respec-
tively), which constitute approximately 60% of all fatty acids [26, 34]. In some
legumes, PUFA are present in the form of linoleic acid (C18:2, included in the
omega-6 acid fraction) and a-linolenic acid (C18:3, included in the omega-3 acid
fraction). These acids cannot be synthesized by the human body, so they must be
constantly supplied in the diet [31]. Among the unsaturated fatty acids, linoleic
acid dominates (0.19-0.27 g/100 g), accounting for 21-53% of all fatty acids in
beans [24, 29]. The content of linolenic acid is in the range of 026.16-0.23 g/100 g or
accounts for 4-22% of the total pool of fatty acids. The seeds of all types of legumes
are characterized by a very low content of trans fatty acids, constituting less than
1% [26, 35]. The fat present in legumes does not contain cholesterol [34]. While
examining the lipid profile of white bean seeds of the “Piekny Jas Kartowy” variety,
Ziarno et al. [36] showed that the dominant fatty acid was linolenic acid (C18:2
n-6¢), amounting to 39.23% of the total pool. Other unsaturated acids present in
significant amounts were a-linolenic acid (23.23% of all fatty acids) and oleic acid
(17.58% of all fatty acids). The most abundant saturated acids were palmitic acid
(12.78% of all fatty acids) and stearic acid (3.68% of all fatty acids). Overall, all
unsaturated and saturated acids, respectively, amounted to 81.87% and 18.13% of
the total pool of fatty acids. The remaining acids present were about 0.5% or less of
all fatty acids. For comparison, Ryan et al. [37] estimated the share of a-linolenic,
linoleic, and oleic acid in kidney beans, which amounted to 45.69%, 26.04%, and
11.97% of all fatty acids, respectively. Palmitic acid and stearic acid, respectively,
amounted to 14.2% and 1.3% of the total pool. The proportion of unsaturated fatty
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acids was 83.8% and that of saturated fatty acids was 16.5%. In another work [38],
the fatty acid profile was determined for beans (P. vulgaris) and other legumes. For
common beans, the content of linoleic acid, a-linolenic acid, and oleic acid (C18:1
n-9) was, respectively, 43.1%, 12.4%, and 13.9% of all fatty acids. The following
saturated fatty acids were found in the highest content: palmitic C16:0 (16.8% of all
fatty acids) and stearic acids C18:0 (3.5% of all fatty acids). In Adzuki bean seeds,
the dominant fatty acids were palmitic, stearic, oleic, linoleic, and a-linolenic acids.
Of these, unsaturated fatty acids, mainly linoleic, a-linolenic, and oleic acids, were
found in large proportions, which constituted from 70.6% to 73.8% of the total
content of fatty acids depending on the variety [34]. Another type of legume seeds
studied were mung bean seeds, in which the total amount of lipids was 1.2-1.56%
of dry weight depending on the cultivar. As in the previous case, the dominant
fatty acid was linoleic acid, which was in the range of 340.5-465.7 mg/100 g of dry
weight, while there were significant amounts of palmitic, oleic, a-linolenic, and
stearic acids as well [39].

In addition, the positional distribution of fatty acids in the TAG molecules
has found interest in increasing research works. Significant differences have been
observed in the distribution of fatty acids in TAGs depending on the variety of
beans and other legume seeds [33, 37, 38, 40, 41]. In his diploma thesis, Ziarno
etal. [36] described the positional distribution of fatty acids in the TAG molecules
in the lipids of bean seeds of the “Piekny Ja$ Kartowy” variety (Table 1). Ryan et al.
[37] determined the content of a-linolenic, linoleic, and oleic acids in kidney beans
to be, respectively, 45.69%, 26.04%, and 11.97% of all fatty acids. Palmitic acid and
stearic acid, respectively, amounted to 14.2% and 1.3% of the total pool of fatty
acids. Unsaturated fatty acids amounted to 83.8% of all fatty acids, and saturated
acids to 16.5%. In another study, Grela and Gunter [38] determined the fatty acid
profile for beans (P, vulgaris) and other legumes. In common beans, linoleic acid,
a-linolenic acid, and oleic acid amounted to 43.1%, 12.4%, and 13.9% of all fatty
acids, respectively. Among the saturated fatty acids, palmitic (16.8% of all fatty
acids) and stearic (3.5% of all fatty acids) acids were found in the highest content.

For comparison, in Adzuki bean seeds, most of the unsaturated fatty acids
(>96% of fatty acids) were accumulated in the sn-2 position of the TAG molecules.
Saturated acids were accumulated in the sn-1 and sn-3 positions, except oleic acid,
which was accumulated evenly in all three positions [34]. As for the positional
distribution of the TAG molecules in broad bean seeds, similarly to Adzuki beans, a
significant amount of unsaturated fatty acids (>95% of fatty acids) were accumu-
lated in the sn-2 position. Only oleic acid was found to be almost evenly occupying
the sn-1, sn-2, and sn-3 positions. Saturated acids, such as palmitic and stearic

Type of fatty acid TAG content of Content of fatty acid [% of Content of fatty acid
fatty acid [% of fatty acids] in position in the sn-2 position
fatty acids] an2 n-13 [% of fatty acids]
Palmitic (C16:0) 12.78 8.68 14.83 2263
Stearic (C18:0) 3.68 216 444 19.55
Oleic (C18:1 n-9¢c) 17.58 16.79 1797 31.83
Linoleic (C18:2 n-6¢) 39.23 46.52 35.59 39.53
a-Linolenic (C18:3 n-3c) 2323 2267 23.51 3253
Table 1.

Positional distribution of fatty acids in triacylglycerol (TAG) molecules in the lipids of the white bean seeds of
the “Piekny Ja$ Kartowy” variety (based on [36] ).
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acids, were accumulated in the sn-1 and sn-3 positions. An almost identical distri-
bution was noted in peas, where more than 90% of unsaturated fatty acids were
accumulated in the sn-2 position, while saturated acids were mainly accumulated in
the sn-1 and sn-3 positions [33, 40, 41].

The carbohydrates contained in legume seeds, including bean seeds, are mainly
composed of starch, fiber, nonstarch polysaccharides, and nondigestible oligosac-
charides, which together constitute 30-40% of the dry weight of seeds in the case of
species with a high protein content (e.g., lupines and soybeans) or 50-65% of DM
in those containing less protein in seeds [25, 42]. However, in the obtained unfer-
mented bean beverages, Cichoniska [19] determined a total carbohydrate content of
1.8-3.7 g/100 g depending on the production recipe used.

Bean seeds contain more than 40% of starch and 10-25% of dietary fiber [26].
They are also rich in the resistant fraction of starch, which is not hydrolyzed in the
small intestine but is fermented by colonic microorganisms at different rates [7].
The ratio of soluble fiber to insoluble fiber is similar to that found in cereals, which
is approximately 1:3 [35]. Consumption of bean fiber is associated with many health
and physiological benefits, including improvement in the metabolism of glucose
and lipids [24, 43]. When resistant starch in beans is fermented, short-chain fatty
acids (such as acetic, butyric, and propionic acid) are produced, the concentration
and distribution of which depend on the microorganisms and the carbohydrate
content in the gut. Therefore, resistant starch is often considered a prebiotic
component as it can regulate the amount and activity of the intestinal flora. It is
a precursor of butyrates, which are known for their anti-inflammatory and anti-
cancer properties [44]. In addition, resistant starch binds with bile acids, lowers
the absorption of cholesterol and fat, and reduces the absorption of glucose. It also
influences the acceleration and regulation of intestinal peristalsis, prevents consti-
pation, and supports the development of beneficial microflora in the large intestine.
Furthermore, it reduces hunger and increases satiety after a meal, as it swells in the
stomach [24, 43].

Consuming legume seeds, including bean seeds, can cause gas production due
to bacterial fermentation, including undigested leftovers. The main oligosaccharide
found in legumes is raffinose, which is attributed to the properties of a prebiotic
(fermented by probiotic bacteria to short-chain fatty acids); thus, legumes can
improve colon health and reduce the risk of colon cancer [31].

Proper preparation of bean beverages can reduce the content of nonenzymati-
cally decomposed ingredients in the human digestive tract [10, 13, 14]. Studies have
shown that when lactic acid bacteria are used for the fermentation of legume seeds,
the level of stachyose is reduced, which in turn reduces digestive discomfort and
flatulence [45-49]. Maciejak [12] obtained fermented and unfermented bean bever-
ages from the germinated white bean seeds of the “Piekny Jas Karlowy” variety
(Table 2). Their data showed a significant reduction in the content of all analyzed
saccharides. For instance, the content of sucrose was reduced by 82.46%, and
raffinose content reached 82.84%. The content of stachyose after the fermentation
process was reduced by 68.64%, while the smallest change, amounting to 60.61%,
was recorded for verbascose.

Of all the seeds of legumes, beans have the highest content of minerals. They
can act as an important source of iron (7-11 mg/100 g), zinc (3—4 mg/100 g),
copper (0.6-1.0 mg/100 g), phosphorus (300-450 mg/100 g), and potassium
(1500-1800 mg/100 g) in the daily diet [23, 24, 26, 50, 51]. Although the content
of minerals varies depending on the variety of beans [23, 24], the seeds of white
beans are identified as a source of calcium (170-240 mg/100 g) and magnesium
(180-190 mg/100 g) [26, 44]. In bean-based beverages, the content of minerals is
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Bean beverages Sacharose Raffinose Stachyose Verbascose
[mg/g] [mg/g] (mg/g] [mg/g]

Nonfermented 1.725 £ 0.601 0425+ 0.177 2.725+0.015 0.15+ 0.071

Fermented with 0.303 + 0.086 0.073 + 0.019 0.855+0.219 0.059 + 0.058

lactic acid bacteria

Table 2.
Content of selected carbohydrates in the bean-based beverage obtained from the germinated white bean seeds of
the “Piekny Ja$ Kartowy” variety (based on [12]).

determined by the recipe composition, especially the amount of bean seeds in the
products.

Legume seeds, including beans, are also a good source of water-soluble
vitamins, such as B vitamins [10, 26, 52]. White bean seeds contain thiamine
(0.4-0.7 mg/100 g), riboflavin (0.1-0.2 mg/100 g), niacin (0.5-1.4 mg/100 g), and
acid folic (370-390 pg/100 g) [26, 52]. Similar to minerals, the content of vitamins
varies depending on the variety of beans [23, 24]. Legume seeds, including bean
seeds, are deficient in fat-soluble vitamins and vitamin C [26]. The vitamin content
of bean-based beverages is also determined by the recipe composition, in particular
the amount of bean seeds in such products, as well as by the thermal (pasteuriza-
tion, sterilization) and enzymatic (germination, fermentation) treatments used.
Although, Zhang et al. [53] showed that in fortified oat beverages subjected to
UHT treatment by direct steam injection, the content of vitamins A, D3, K, B6,
B12, thiamine, riboflavin, niacin, and folic acid was not influenced by the thermal
process. In addition, the UHT sterilization of the bean-based beverage had a similar
effect on the vitamins mentioned. Ziarno et al. [10] showed that the unfermented
bean-based beverages obtained from bean seeds of the “Piekny Ja$ Kartowy” variety
contained 0.69 mg/kg thiamine, 0.20 mg/kg riboflavin, 2.34 mg/kg niacin, and
0.55 mg/kg pyridoxine.

An interesting group of compounds present in legume seeds, including bean
seeds, are active biological substances, such as phytochemicals and antioxidants.
These include polyphenols, lignans, isoflavonoids, protease inhibitors, trypsin and
chymotrypsin inhibitors, saponins, alkaloids, phytoestrogens, and phytates
[31, 53-55]. Most of them are referred to as antinutritional ingredients. Although
they are nontoxic substances, they can cause physiological side effects affecting the
digestion of proteins or the bioavailability of certain minerals. However, many of
them show a different, positive biological activity [31, 53]. The polyphenol content
in beans depends, among others, on the species, cultivar, and agrotechnical and
climatic conditions of cultivation [30, 56]. Due to the high content of polyphenolic
compounds, such as tannins, flavonoids, isoflavonoids, phenolic acids, phytates,
or lignans, legume seeds, including bean seeds, are known for their anticancer
properties [24, 29, 30, 50, 57]. These properties of beans are especially related to
the presence of protease inhibitors, which help to naturally regulate the levels of
inhibitors found in the human body. Antioxidant components also influence the
anticarcinogenic properties of beans. A proper diet, including bean seeds, helps to
prevent cancer, while in people with advanced-stage cancer, it can support oncologi-
cal therapy. Furthermore, beans have a high content of hemagglutinins and lectins
that direct atypical cells to the apoptotic pathway [30, 57, 58]. The content of these
bioactive substances in bean seeds also depends, among others, on species, cultivar,
and agrotechnical and climatic conditions of cultivation [56]. In the case of bean-
based beverages, the polyphenol content is influenced by many factors, mainly the
recipe composition and technological activities used in the production process
[19, 59]. In addition, the content of these bioactive substances in beverages is
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influenced by the various technological processes used during the initial processing
of bean seeds and the processing of the prepared product (germination, blending,
mixing, homogenization, pasteurization or sterilization, oxygenation) [59-61].

Legume seeds, including bean seeds, are characterized by a low glycemic index
(<55), and can therefore limit hyperglycemia [52]. They can contribute to reducing
the risk of type 2 diabetes and control the levels of sugars and lipids in the human
body [24, 29, 35, 50]. In people with type 2 diabetes, increased consumption of
beans can reduce tissue insulin similarity [30, 62]. Consuming legumes four times a
week or more may also reduce the risk of coronary heart disease by 22%. Increased
consumption of legume seeds contributes to lowering the levels of total cholesterol
and low-density lipoprotein cholesterol [42]. Moreover, bioactive compounds, such
as isoflavonoids or lignans, present in legumes may play a role in the prevention of
osteoporosis [44].

5. Influence of germination on the quality of bean-based beverages

Legumes contain many antinutritional ingredients, such as trypsin inhibitors,
phytic acid, or a-galactosides, as well as indigestible carbohydrates; therefore,
they must be subjected to appropriate treatments before consumption [11, 63].
Methods such as dehulling, heating, germination, fermentation, soaking, or
partial hydrolysis using proteolytic enzymes can be applied. These improve the
quality of seeds and increase their nutritional quality [64-66]. The optimal time
of these processes is determined as 3-5 days, and they should be performed at
room temperature [10, 12, 67].

Germination is one of the most important and effective processes that can
improve the nutritional value of seeds, by increasing the content of certain nutrients
(e.g., proteins or polyphenols) or eliminating undesirable components (e.g., trypsin
inhibitors, stachyose, raffinose) [10, 12, 36, 68]. During this process, all lipolytic,
amylolytic, and proteolytic enzymes are activated, which catalyze the breakdown of
storage substances, respiratory processes, and the synthesis of macromolecular com-
pounds needed for the growing parts of the embryo [69]. Germinated bean seeds
are characterized by a lower level of stachyose and raffinose but a higher content of
polyphenols and protein [64, 65, 70]. Proteolytic enzymes help in the breakdown of
endosperm proteins, while dipeptides, tripeptides, and new embryonic proteins are
synthesized simultaneously [69].

The lipid content and fatty acid profile of legume seeds, including bean seeds,
also change during the germination process [36, 71, 72]. Frias et al. [68] found that
the germination process carried out for 9 days led to an increase in the inhibition of
lipid oxidation. On the other hand, Ziarno et al. [36] showed that in the bean seeds
of the “Piekny Ja$ Kartowy” variety, the germination process significantly reduced
the oxidative stability of the fat isolated from the seeds. Compared to raw beans,
the researcher recorded an almost fourfold reduction in the time of oxidation. The
maximum oxidation time of raw beans was 44.93 minutes, while for a beverage
made from the germinated bean seeds, the oxidation time was only 11.82 minutes.

Moreover, during the germination process of legume seeds, including bean
seeds, the content of phenolic compounds [69] has been found to be significantly
increased. In the research on lupine seeds, the germination process was found
to increase the content of a-tocopherol (from 0.19 mg/100 g DM in the control
to 3.91 mg/100 g DM after 9 days of germination) and decrease the content
of y-tocopherol (from 20.1 mg/100 g DM in the control to 13.4 mg/100 g DM
after 9 days of germination), but it did not significantly affect the content of
8-tocopherol (0.22 mg/100 g DM in the control compared to 0.25 mg/100 g DM
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after 9 days of germination). Additionally, a significant increase in the content
of vitamin C was found (from 6.48 mg/100 g DM in the control to 56.1 mg/100 g
DM after 9 days of germination). Germinated lentil or chickpea seeds were also
characterized by an increase in the bioavailability of calcium (respectively 29.3%
and 19.3% in the control and 46.5% and 32.9% in germinated seeds) and iron
(respectively 10.2% and 11.3% in the control and 18.5% and 18.6% in germinated
seeds) [73].

The use of various technological and biological procedures (e.g., soaking,
cooking, germination, fermentation) also greatly influences the fatty acid profile of
legume seeds, including bean seeds [36, 74, 75]. Germination increases the avail-
ability of free amino acids and vitamins. It also improves the content and digestibil-
ity of proteins as well as the content of crude fiber [76]. Furthermore, germination
of legume seeds, including bean seeds, partially minimizes the activity of trypsin
inhibitors, and eliminates flatulence caused by oligosaccharides from the raffinose
family [11]. This contributes not only to significant biochemical and nutritional
changes but also to sensory changes in legumes [10, 12, 14, 59, 63, 77].

The influence of germination on other substances such as bioactive compounds
and antinutritional ingredients has also been investigated [10, 67, 69, 78]. The
antinutritional ingredients present in materials of plant origin include e.g., protease
inhibitors, phytates, glucosinolates, saponins tannins, lectins, oligosaccharides and
non-starch polysaccharides, phytoestrogens, alkaloids, antigenic compounds, gos-
sypols, cyanogens, cyclopropenoid fatty acids, and antivitamins. Meanwhile, the
identified bioactive compounds can be divided into six categories, namely flavo-
noids, phenolic acids, saponins, alkaloids, polysaccharides and others (i.e., (e.g.,
terpenoids, stilbene glycosides, coumarins). Valdes et al. [56] showed that bean
germination may affect the accumulation of polyphenols in black bean sprouts. The
researchers observed a 1.54-fold increase in polyphenol content in bean sprouts
after 6 days of bean fermentation. Other studies [64, 65] indicated that after 5 days
of bean seed germination, the content of polyphenols increased from 2.28 mg/g
DM to 2.95 mg/g DM, whereas there was a reduction in the content of raffinose
(from 5.90 mg/g DM to 1.98 mg/g DM) and stachyose (from 60.28 mg/g DM to
5.87 mg/g DM).

Some researchers reported that the germination process influenced the level of B
vitamins in legume seeds [53]. The direction of these changes was dependent on the
cultures and processing parameters [10, 79-81]. El-Adawy [82] showed a significant
increase in riboflavin content (from 1.733 g/kg DM to 2.013 g/kg DM) and a slightly
lower increase in pyridoxine content (from 4.663 g/kg DM to 4.830 g/kg DM) after
3 days of germination of chickpea seeds. In addition, there was a significant reduc-
tion in the content of thiamine (from 4.533 g/kg DM to 2.833 g/kg DM) and niacin
(from 16.027 g/kg DM to 15.186 g/kg DM). Ziarno et al. [10] observed a significant
reduction in the content of riboflavin, niacin, and pyridoxine in bean-based bever-
ages fermented with yogurt bacteria.

6. Effect of fermentation on the quality of bean-based beverages

Another process that can improve the nutritional value of legumes, includ-
ing bean seeds, is fermentation. A wide range of microorganisms can be
involved in the fermentation of legume seeds as follows: lactic acid bacteria of
the genera Lactobacillus, Leuconostoc, Pediococcus, and Enterococcus; molds of the
genera Rhizopus, Aspergillus, and Mucor; yeasts of the genera Saccharomyces and
Zygosaccharomyces; or bacteria of the genus Bacillus [12, 14, 18, 83, 84]. Fermentation
reduces the level of antinutritional substances, increases digestibility, and enhances
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the level of valuable nutrients [10, 12, 14, 59, 77, 85-92]. Spontaneous fermentation
is quite widespread, especially in developing countries. However, this technol-

ogy has disadvantages such as low efficiency, variable product quality, and safety
drawbacks [89]. One of the alternatives is controlled fermentation with the use of
lactic acid bacteria, which can be used for different raw materials, not only legumes
but also cereals and root crops [18, 93-95].

Lactic acid fermentation has been used for years for obtaining fermented bever-
ages. For the production of fermented foods, starter cultures of known composition
are used, which allows reproducibility of the process [83, 91, 96]. Moreover, such
products become a source of bioactive substances and prebiotic substances, which
are extremely important for health (B-glucan, oligosaccharides, and resistant starch),
as well as live cells of lactic acid bacteria and probiotic strains. This also applies to
nondairy fermented beverages [12, 14, 18, 90-92]. The most popular types of bacteria
used for fermentation purposes, which also exhibit probiotic properties, are lactic
acid bacteria Lactobacillus, Bifidobacterium and Propionibacterium [12, 14, 97, 98].

Fermentation does not significantly affect the protein content of bean seeds,
although an increase in the content of exogenous amino acids has been noted after
the process, especially in leucine (from 7.98 mg/g to 16.68 mg/g), threonine (from
4.16 mg/g to 7.31 mg/g), and isoleucine (from 4.26 mg/g to 6.39 mg/g) [64, 65, 99].
Similar observations were made with regard to other legume seeds. In broad
bean seeds, fermentation with the use of a Lactobacillus plantarum strain caused
an increase in the content of free amino acids (from 7.10 g/kg to 17.66 g/kg),
mainly essential amino acids and y-aminobutyric acid. The protein digestibility
improved to a small but statistically significant extent (from 75.1% to 76.6%)
[100]. Furthermore, protein digestibility improved in vivo (3.5%) as well as in
vitro (12.55%) [48]. Similarly, Czarnecka et al. [101] used L. plantarum for the
fermentation of bean seeds and found a significant improvement in the in vitro
digestibility of protein (from 59.1% to 72.2%).

A slight reduction in fat content was also observed in fermented bean seeds,
probably due to the hydrolysis of fatty acids [64-66]. This is evidenced by the
effect of fermentation using different bacterial cultures of S. thermophilus and
L. delbrueckii subsp. bulgaricus on the fatty acid profile [36, 72, 102]. Ziarno et al.
[36] showed in the white bean seeds of the “Piekny Jas Karlowy” variety that the
combined processes of germination and fermentation with lactic acid bacteria of
the genus Lactobacillus contributed to an increase in the amounts of saturated acids
(palmitic and stearic) and oleic acid in fatty acid profile compared to raw beans.
However, the direction of changes depended on the selection of the Lactobacillus
strain for fermentation of the bean-based beverage. The dominant fatty acid in the
fatty acid profile of raw bean seeds was linolenic acid, which constituted 39.23% of
the total fatty acid pool. Other unsaturated acids that were present in a significant
amount were a-linolenic (23.23% in fatty acid profile) and oleic (17.58% in fatty
acid profile) acids. The most abundant saturated acids were palmitic acid (12.78%
in fatty acid profile) and stearic acid (3.68% in fatty acid profile). Overall, the total
amount of all unsaturated acids was 81.87% in the fatty acid profile of raw bean
seeds, and that of saturated acids was 18.13%. The remaining acids were present at
about 0.5% or less in the total pool. On the other hand, in bean-based beverages fer-
mented by variants of the Lactobacillus genus, an increase in the content of palmitic
acid (except for the beverage fermented by a strain of L. plantarum) and stearic
acid, compared to raw beans, was noted. Moreover, in fermented bean-based bever-
ages, an increase in the content of oleic acid and a decrease in the content of PUFA
(i.e., linoleic acid and a-linolenic acid) were observed. However, Barampama and
Simard [103] obtained contrasting results in their work. They used L. plantarum to
ferment beans. After 16 hours of fermentation at 37°C, they observed a reduction
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in the content of stearic acid (from 12.20 mg/100 g to 120.6 mg/100 g), palmitic
acid (from 124.22 mg/100 g to 118.57 mg/100 g), oleic acid (from 56.39 mg/100 g
to 52.39 mg/100 g), linoleic acid (from 130.97 mg/100 g to 113.26 mg/100 g), and
linolenic acid (from 137.69 mg/100 g to 110.34 mg/100 g).

The combination of the germination and fermentation processes also affects
the positional distribution of fatty acids in the middle (sn-2) and external (sn-1,3)
positions in bean seeds. The differences in the amount of individual fatty acids
in the middle position (sn-2) were found to be statistically insignificant [36]. In
the current literature, there is only limited information on the impact of various
biological and technological processes on the positional distribution of fatty acids
in the TAG molecules present in legume seeds, including bean seeds. One study
assessed the effect of microwave heating on the distribution of fatty acids in the
hypocotyl TAGs of two soybean seeds. It was found that after 12 minutes or more of
heating, there were minor but statistically significant changes in the distribution of
fatty acids. These changes were manifested, inter alia, as an increase in the percent-
age of palmitic acid in the sn-1 and sn-3 positions and a reduction in the percentage
of linoleic acid in the sn-2 position [104].

In the fermented bean seeds, changes in the content of complex carbohydrates,
such as stachyose, raffinose, and verbascose, were found, but the degree of reduction
in their concentration depended on the type of microorganisms used in the process
[48, 64, 65, 101]. Germination and fermentation by lactic acid bacteria (LAB) or bifi-
dobacteria increased the amount of simple sugars in the beans, while they induced the
breakdown of raffinose and stachyose into galactose, glucose, sucrose, and fructose
[13]. Ziarno et al. [10] showed that the fermented beverages produced from germi-
nated white bean seeds of the “Pickny Ja$ Karlowy” variety using two yogurt starter
cultures contained about 31% and 17% of stachyose and raffinose, respectively, com-
pared to those before the fermentation (2.73 mg/kg and 0.43 mg/kg, respectively), but
the reduction in verbascose was not significant. As a result of germination, maltose
was released from complex carbohydrates contained in beans [69, 105]. Granito and
Alvarez [48] showed an increase in the content of resistant starch by about 13% and
in the content of available starch by about 35%, as well as a decrease in the content of
soluble (by over 63%) and insoluble fiber (by 39%). Czarnecka et al. [101] showed an
improvement in in vitro starch digestibility in beans by 55-58% after germination.

Fermentation with LAB and bifidobacteria may also change the content of B
vitamin group, but the direction of these changes is dependent on the cultures and
processing parameters that influence the biosynthesis of these vitamins
[10, 79-81, 106, 107]. In addition, fermentation contributes to the reduction of
antinutritional components. The content of polyphenols was also shown to be
increased by 43.4%, whereas the content of non-nutrients such as tannins was
reduced (by approximately 84%) [64, 65]. Fermentation with the fungus Rhizopus
oligosporus was found to cause an almost threefold increase in the content of polyphenols
and a twofold increase in their antioxidant activity [99]. In the bean seeds fermented
with the fungus of the genus Rhizopus, an increase in the content of polyphenols by
43.4% and a reduction in the content of non-nutrients such as tannins (by approxi-
mately 84%) were found [64, 65]. In broad beans fermented with L. plantarum bacteria,
areduction in the activity of trypsin inhibitors by approximately 56% and a reduction in
the content of condensed tannins by approximately 50% were found [100].

7. Conclusions

Use of the germination and fermentation processes in combination in the
production of fermented beverages from the seeds of ordinary beans has not been
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discussed in the scientific literature so far. This chapter presents various studies
proving that it is possible to obtain fermented bean-based beverages using these
processes together, and the health and nutritional values of these beverages are
higher than that of raw bean seeds. The most promising results were reported for
the lactic acid fermentation of bean-based beverages, which yields wholesome
nondairy products with similar quality as their dairy counterparts. The use of
lactic acid bacteria has a positive effect on the digestibility of fermented beverages,
owing to the reduction of oligosaccharides that cause digestive discomfort. Most
importantly, the obtained fermented bean-based beverages are ideal for the survival
of the starter bacterial cells during both fermentation and refrigerated storage,
and therefore, they can be considered as functional products acting as a carrier for
probiotics.
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Use of Soy Milk in Lamb Feeding

Youssouf Toukourou and Abdoulaye Moubarack

Abstract

Soy milk was administered to Djallonké Lambs in pre weaning. Three groups
of 20 animals, all from a traditional farming, were performed. Group 1 (control)
was deprived of soy milk. In the 2nd and 3rd group lambs received 50 and 100 ml
soy milk respectively per head. Food supplementation with soy milk began a week
after the lambs’ birth. Soy milk was administered daily at the same time in one
meal using a suckling bottle before leaving to the pasture. The results showed a
significant delay of growth of the control group compared to the other groups. At
the end of the 2nd week, the body weight difference was in average 0.32and 0.42 kg
respectively for the control and the two other groups. At the end of the 12th week
this difference became 2.55 and 3.22 kg respectively for the control and the two
other groups. No significant differences were observed between the live weights’
mean in the 2nd and 3rd group.

Keywords: growth, soy milk, food, Djallonké lambs, Benin

1. Introduction

The nutritional importance of animal protein in the diet is well established.
However, it is becoming increasingly difficult to make this food in sufficient
quantity available to the populations, especially in developing countries. Yet these
countries have sufficient local resources that can be better harnessed to meet the
food and nutritional needs of their populations. The transformation, by animals, of
primary plant resources into animal proteins with high nutritional value for humans
remains the most effective means of ensuring populations a healthy and balanced
diet. To this end, small ruminants, sheep and goats, represent a real opportunity
for poor rural populations to improve the availability of food resources of animal
origin. Indeed, these animal species are relatively easy to breed and therefore easily
adapt to the socio-economic conditions of rural households. Despite these adaptive
qualities and a strong aptitude for reproduction (view video in annex) (precocious
puberty, good prolificacy, non-seasonal sexual cycle) [1], the milk yield of local
breeds of small ruminants and in particular that of sheep in Benin remains low. This
yield is estimated at 57.44 kg and 86.44 kg, for a lactation period of 105 days and
112 days, respectively for ewes with one and two lambs [2]. By crossing this level
of milk production of ewes with the nutritional need for maintenance of lambs,
which is estimated at 421 kj/kg of metabolizable weight [3], it is clearly seen that
the lambs are being fed well below their physiological requirements. Indeed, such
milk performance, obviously, does not adequately cover the nutritional needs of
two, sometimes three lambs per birth, during the lactation period. Due to the low
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milk production of females, young animals in pre-weaning fail to fully express their
growth potential [4]. This results in sometimes chronic undernourishment leading
to difficulties in the growth of young animals and a predisposition to diseases. The
high mortality of lambs is therefore the main factor in the drop in productivity and
varies according to the authors between 20 to 48% [3-6] and decreases (5 to 20%)
after weaning and in adult animals [7]. To obtain better growth performance from
young lambs during the suckling period, it is essential that the nutritional require-
ments at this stage of life are sufficiently covered. The ideal feed for this, at least
during the first two weeks of lambs life, is sufficient natural sheep’s milk. Other
sources of milk, such as cow’s milk or formula made from specific plant material
can be used. Various plant products are used for the manufacture of milk drinks.
These milk drinks represent for most people, an alternative to natural animal milk,
because they do not support lactose, a sugar naturally contained in the milk of
mammals. Plant milks also have the advantage of being rich in vitamins and miner-
als. These milks also contain unsaturated fats, which is more beneficial for health,
as they do not contain cholesterol, like the saturated fats found in animal milk.
Plant milks produced from legumes, such as soybeans, also contain essential amino
acids that are essential for growth. Plant milks are rarely used in animal feed. In
developed countries, where cows produce enough milk, its use in animal feed is very
widespread. [8] investigated the possibility of raising lambs with milk replacer from
cow’s milk. [9] used soy milk to supplement pre-weaning lambs. The choice of using
cow’s milk to supplement the feed of pre-weaning lambs nevertheless poses the
problem of availability and accessibility of this foodstuff under farming conditions
in Benin. This milk comes mainly from extensive traditional breeding characterized
by very low production [10]). This small quantity of milk is usually shared between
man and calf which, as a result, cannot adequately cover its nutritional needs and
therefore does not manage to fully express its growth potential. To mitigate the
consequences of low local milk production, Benin regularly resorts to the massive
importation of milk and dairy products. This strategy is proving too costly for a
very low income country. Multiple livestock development projects involving the
importation of reputed dairy breeds have not made it possible to permanently
resolve this problem. However, Benin has diversified natural resources that can be
developed. This is the case, among other things, with soy, which is a legume whose
food and nutritional properties are highly appreciated [11]. This crop, well adapted
to the climatic conditions of Benin, is widely practiced by agro-pastoralists. Rural
households use soybeans for making cheese [12] which is perfectly anchored in the
eating habits of the populations. Soy is also used in many countries for the manu-
facture of various foods and drinks commonly known as soy milk [13, 14]. It also
finds wide use in animal feed, especially in the manufacture of feeds for monogas-
trics. Soybeans transformed into milk can be used as an alternative for this purpose
to remedy the nutritional deficit of young animals during the lactogenic phase and
at the same time contribute to freeing part of the milked milk for human consump-
tion. The research question that emerges from this reflection is whether soy milk
can enable Djallonké lambs to fill the food and nutritional deficit caused by the low
milk production of the ewes during the suckling period.

2. Material and methods
2.1 Study environment

The animal material, object of the present study, is located in Tourou, a
city district of the commune of Parakou located in the center of Benin between
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19° 21 ‘North latitude and 2° 36’ East longitude. With an average altitude of

350 m, it extends over an area of 441 km? of which about 30 km? are urbanized.
There is a Sudano-Guinean type climate with an average annual rainfall that var-
ies between 1000 mm and 1500 mm and two seasons which alternate as follows:
a rainy season which extends from mid-April to mid-October, and a dry season
from mid-October to mid-April. Temperatures in this part of Benin oscillate
between 28 and 35° C. The vegetation cover observed in Parakou is dominated
by wooded and grassy savannah. Vegetation is abundant during the rainy season
and good quality fodder resources are thus available for animal feed.

2.2 Period and duration of the test

The trial was conducted during the rainy season for a period of 3 months. The
vegetation cover at that time was luxuriant and offered ruminants an abundant
forage availability.

2.3 Preparation and administration of soy milk

The preparation of the soya milk administered to the lambs was carried out from
seeds cultivated and marketed in Ouaké, a locality in Benin located about 172 km
north of the study site. The soy milk used was obtained by mixing 1 kg of whole
soya beans, previously cleaned, with 8 liters of water. After 24 hours of soaking,
the seeds, once rinsed, are poured into two liters of water and then mixed using
a kitchen Moulinex. The resulting mixture was mixed with six liters of water and
then boiled for 30 minutes. After cooking, the resulting porridge was filtered using
a very fine mesh sieve to separate the soy milk from the residual mass. Soymilk was
fed to the lambs at a temperature of 38° C every morning at the same time as a single
meal using suckling bottles.

2.4 Animal material

The animal material used in the present study consists of 60 lambs (27 males
and 33 females) of the Djallonké breed from 47 ewes, most of them multiparous.
The animals, of which 34 were from a single birth and 26 from a double birth, came
from ewes in traditional extensive herds (Figure 1). The animals are left to stray
during the day and are tied to stakes in the evening when they return from pasture.
By the age of 1 month all the lambs had received prophylactic treatment with
Oxycline 20%, anti-diarrheal treatment and a vitamin complex by intramuscular
injection. Three batches of lambs distributed at random were made. Lot 1 (control)
is deprived of soy milk. The lambs of batches 2 and 3 received, from one week of
age, respectively a supplement of 50 ml and 100 ml of soy milk.

2.5 Measurement and data collection

The data collected, recorded and analyzed during the present study focused
mainly on the nutritional quality of soy milk, the quantity of soy milk served,
refused and consumed, as well as on the live weight of the lambs. A sample of 500 g
of soy milk was taken every four weeks and analyzed (Table 1). These analyzes
made it possible to determine the chemical composition of soy milk according to
official methods approved by the AOAC [5]. The measurement of the total amount
of carbohydrate was estimated by subtracting the various nutrients: water, total
nitrogen, fat, and crude ash from the original substance. The estimation of the gross
energy of soy milk was carried out by considering that 1 g of carbohydrate and
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Figure 1.
Djallonké sheep herd in Benin.

Nutrients Soy milk during the test period Ewe’§
1st month 2nd month 3rd month milk
Dry matter (%) 919 +1.11 9.02+1.26 943 +1.09 16.47
Total Nitrogenous Matter (%) 593 +1.16 5.90 + 1.39 5.88 + 1.06 5.37
Fat (%) 2.38+0.77 216 +0.32 2.70 + 0.62 6.02
Crude ash (%) 0.38 +0.07 0.47+0.10 041+0.10 0.77
Carbohydrate (%) 0.50 + 0.02 0.49 + 0.01 044 +0.01 —
Gross energy (kcal /100 g) 48.02+6.13 45.86 + 6.47 50.48 + 6.66 108

*Source: [2].

Table 1.
Nutritional value of soy milk during the test period compared to whole sheep milk.

protein respectively release 4.1 kcal and that 1 g of fat releases 9.1 kcal [5]. The soy
milk was administered individually every morning at the same time between 8 and
10 a.m. before leaving for the pasture. Likewise, individual weighing are carried
out weekly on an empty stomach on the lambs and the corresponding weights are
recorded on individual monitoring sheets.

3. Results
3.1 Chemical composition and nutritional value of soy milk

The nutritional values of soya milk, compared to that of sheep’s milk, are shown
in Table 1. These values show that the soymilk manufacturing process remained
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broadly unchanged throughout the test. However, it emerges from this comparison
that the soya milk used in the present study had a much lower dry extract, fat and
crude ash content than ewe’s milk. The total nitrogen content was slightly higher
in soy milk than in ewe’s milk [6]. Therefore, soy milk has a gross energy between
45.86 kcal and 50.48 kcal per 100 g of product. It was found to be significantly less
energetic than sheep’s milk estimated at 108 kcal (Table1).

3.2 Lamb weight growth

The body live weights of the lambs during the test period are shown in Table 2.

At the end of the first week of testing, the lambs displayed an average body live
weight of 2.34 kg, 2.40 kg and 2.36 kg respectively for lots 1, 2 and 3. At the end
of the first week of testing, the lambs displayed an average live weight of 2.34 kg,
2.40 kg and 2.36 kg respectively for lots 1, 2 and 3. At the second week, the lambs
of the control group, deprived of soya milk, displayed an average live weight of
0.32 and 0.42 kg significantly (p < 0.001) lower than those of groups 2 and 3
supplemented respectively with 50 ml and 100 ml of soy milk. The difference in
live weight between the lambs in lots 2 and 3 was not significant (p > 0.05). This
difference in weight growth between the batch of control animals and the two other
batches was significantly (p < 0.001) accentuated and was located at 1.28 kg and
1.65 kg respectively for batches 2 and 3 at the 6th week. At the end of the experi-
ment, at thirteen weeks of age, i.e. twelve weeks of soy milk treatment, the animals
averaged a live weight of 6.01 kg, 8.56 kg and 9.23 kg respectively for lots 1 (control),
2 and 3 with a significant difference (p < 0.001) between lot 1 and the others. No
significant difference (p > 0.05) could be noted between lots 2 and 3 throughout the
experiment.

Apart from the level of soy milk consumption, other variables involved in the
statistical analysis model had a more or less significant influence on the weight

Trial Treatments (Soy milk consumption)
period Lot1 (control: 0 ml) Lot 2 (50 ml) Lot 3 (100 ml)
(weeks) o) control: U m. 0 m) o) m

N p (kg) SE N p (kg) SE N u (kg) SE
1 20 2347 0.04 20 240° 0.04 20 236 0,04
2 20 278 0.10 20 3.10° 0.10 20 3.20° 0,09
3 20 3.14° 0.11 20 3.74° 0.12 20 3.84° 0,11
4 20 342° 0.14 20 428 0.15 20 4.40° 0,14
5 20 367 0.17 20 3.80° 018 20 5.03 0,16
6 20 4.02° 0.18 20 5.30° 0.19 20 567° 0,18
7 20 437° 0.21 20 578 022 20 6.16" 0,20
8 20 461° 0.22 20 6.26° 0.23 20 6.74° 0,21
9 20 495 0.23 20 6.77° 0.24 20 734° 0,22
10 20 529* 0.24 20 733 0.24 20 797° 023
11 20 561° 0.25 20 793 0.26 20 8.55° 0,24
12 20 6.01° 0.26 20 8.56" 0.27 20 923 0,25

Values with the same letters superscript on the same line are not significantly diffevent at the 5% level.

Table 2.
Live weight of Djallonké lambs supplemented with soy milk in pre weaning.
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growth of the lambs during the study. Thus, sex significantly (p < 0.001) influenced
the mean live weight of lambs at the very start of the experiment. Its influence
resulted in higher weights in males than in females after a week of testing. Thus,
for all the lambs, the average live weight at one week of testing was 2.46 kg for the
males and 2.27 kg for the females. Mode of birth as well as birth weight also had a
significant influence (p < 0.05) on the weight growth of lambs. While the signifi-
cant influence (p < 0.001) of birth weight was already evident from the start of the
experiment, that of mode of birth began a little later in the second week, especially
in lambs born from a simple birth, and persisted until the end of the experiment.
The results obtained and presented in Table 3 showed that at the end of the
first week of testing, the supplementation of soy milk had no significant effect
(p > 0.05) on the live weights of the lambs whatever the mode of birth. The sig-
nificant effect of supplementing soymilk was evident from the second week of the
test. At this time, single born control lambs, with an average live weight of 2.71 kg,
showed on average a significant growth retardation (p < 0.001) of 0.48 and 0.67 kg
respectively vis-a-vis lambs born single from lots 2 and 3. This growth retardation
was only 0.17 kg between the twin control lambs and those from the other two lots
from the same birth mode during the same period. After four weeks of testing,
the weight loss in single born control lambs was 0.89 kg and 1.17 kg, respectively,
compared to single born lambs in lots 2 and 3. In twin lambs, this delay from the
control batch, although significant, was less pronounced and amounted to 0.84 kg
and 0.80 kg respectively compared to batches 2 and 3. At the end of the experiment
at twelve weeks of testing, this difference in live weight amounted to 2.69 kg and
3.78 kg respectively for the simple birth mode and to 2.4 kg and 2.66 kg for the
double birth mode.

3.3 Average daily gain of lambs

The results of the average daily gains are shown in Table 4. Overall, consumption
of soy milk resulted in average daily gains (ADG) in lambs directly proportional to
the level of consumption of soy milk.

After one month of testing, the animals displayed ADGs of 59.76 g, 90.84 g and
95.25 g respectively for batches 1, 2 and 3. Lambs from the control group had a
significantly lower average daily growth (p < 0.001) than those from groups 2 and
3. Supplementation of 100 ml of soy milk in the lambs from batch 3 did not induce
a significantly (p > 0.05) more accelerated growth rate compared to their congeners
from batch 2 who received 50 ml. At weaning at 3 months, the ADG of the lambs
was 50 g, 83 g and 89 g respectively for lots 1, 2 and 3. The difference in ADG
between the control batch, which did not receive soy milk, and the other batches
was still significant (P < 0.05).

Trial period Treatments (Soy milk consumption)
(month)
Lot 1 (control: 0 ml) Lot2 (50 ml) Lot 3 (100 ml)
N (g SE N (g SE N (g SE
1 20 59.76° 499 20 90.84° 5.29 20 95.25° 4,90
2 20 42.50* 4.75 20 71.21° 5.03 20 83.86" 4,66
3 20 50.05 395 20 82.83 418 20 89.40 3,88

Values with the same letters superscript on the same line are not significantly diffevent at the 5% level.

Table 4.
Average daily gain of Djallonké lambs supplemented with soy milk during the suckling period.
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3.4 Lamb mortality

No case of mortality was recorded, neither among the control lambs nor among
those which benefited from a feed supplement with soya milk, throughout the
trial. The sanitary arrangements made at the start of the experiment, namely a
prophylactic treatment based on Oxycline 20%, an anti-diarrheal treatment and an
intramuscular injection of vitamin complex certainly contributed to obtaining such
aresult.

4. Discussion

Soy milk as a feed supplement was accepted by Djallonkés lambs in pre-weaning
from the second week of life. Soymilk as a dietary supplement at the start of
the breastfeeding period could not differentiate between the live weights of the
Djallonkés lambs who benefited from it and those who did not. Obviously, natural
ewe’s milk has proven at this stage of the animals’ life to be a food perfectly suited
to their physiological needs. Studies have shown that sufficient ewe’s milk is neces-
sary to ensure rapid and steady growth in lambs during lactation [14]. The chemical
composition of ewe’s milk with particularly high dry matter, protein, fat and lactose
contents, compared to goat’s and cow’s milk [15], clearly illustrates its nutritional
quality for pre-weaning lambs. The early introduction of formula milk, such as soy
milk, was ineffective in improving the weight growth of Djallonke lambs. However,
it should be noted that the chemical composition of the soy milk administered to
the lambs in the present study is far from meeting their nutritional requirements.
Compared to sheep’s milk, soy milk in the present study is clearly deficient in
energy, particularly in protein and fat, two nutrients which contribute to the energy
coverage of lambs. Improving the nutritional quality of soymilk could allow lambs
to better express their growth potential. A special formulation of soymilk that takes
into account the nutritional requirements of lambs can improve its effectiveness for
this purpose. As the lambs got older, the effect of supplementation with soy milk
became noticeable on their weight growth, especially between the lambs from the
control lot (lot 1) on one side and those from the lots 2 and 3, with 50 ml and 100 ml
respectively, on the other. Lambs from the control group, which did not receive soy
milk as a feed supplement, were significantly retarded in their growth, compared
to their congeners from lots 2 and 3. However, it emerges from the shape of weight
growth curve, that from the sixth week, the weight difference between the animals
in groups 2 and 3 became more and more visible although not significant (p > 0.05).
The 50 ml difference in soy milk consumption between lots 2 and 3 was probably
not enough to induce a substantial difference in their average live weight. [16]
cited by [2] obtained for its part an average live weight of Djallonké lambs located
between 6.61 and 7.13 kg at twelve weeks of age at the Okpara Farm, located in the
Commune of Kika, 15 km from the city of Parakou, Benin. Tests carried out in the
station also enabled [6] to determine live weights of 5.1 and 10.9 kg respectively
on the 30th and 90th day in Djallonké lambs. These results are slightly higher
than those obtained during the present study for the lambs of the control group.
This is most certainly explained by the fact that animals reared in stations have
benefited from better breeding conditions than their counterparts reared in a real
environment.

For the same amount of soy milk consumed, lambs from a single birth tend to
grow faster than those from a double birth. The difference in weight between lambs
in lots 2 and 3, although not significant (p > 0.05), is more marked in singles than
in twins. This suggests that lambs born single tend to benefit more from soy milk
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than their double born counterparts. [3] confirmed that insufficient milk feeding in
Djallonké lamb could retard the weight growth of lambs from a double birth.

At the end of the eighth week of the trial, a slight decrease in ADG was
recorded in all batches of animals, regardless of feed level. Lambs at this stage
of life are probably out of the accelerated phase of their growth. [17] observed a
similar evolution in station in Djallonkés lambs in pre-weaning. The trend between
the different lots remained nevertheless maintained with a slightly more accentu-
ated gap between lots 2 and 3. The soymilk rationing imposed on lambs in the
present study, combined with an eight-week pre-weaning limitation period, partly
explains the average weight growth performance recorded. It is not excluded that
an ad libitum supplementation based on soy milk over a regularly breastfeeding
period of twelve weeks, improves the weight performance recorded.

5. Conclusion

The use of soy milk as a dietary supplement during the pre-weaning period has
proved to be a promising strategy to improve the weight performance of Djallonkés
lambs in the commune of Parakou in Benin. The consumption of soy milk allowed
the Djallonkés lambs to better express their growth potential. A quantity of 50 ml
of soy milk in addition to natural sheep’s milk was sufficient for the Djallonkés
lambs to significantly improve their growth performance. Beyond this quantity, the
Djallonkés lambs continued to improve their growth performance, although not
significant.
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