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Preface

Postharvest technology is used to manage crops after harvest to maintain the 
quality of food. After harvesting, crops lose their self-protection systems, continue 
metabolism activities, and are prone to microbial attack; as a result, crops begin to 
spoil. Postharvest management includes processing, preserving, drying, storing, 
and protecting crops from pests and microorganisms. As such, postharvest manage-
ment supports food safety and security by reducing losses. There has been much 
research conducted worldwide on food and safety issues. This book, Postharvest 
Technology - Recent Advances, New Perspectives and Applications, addresses some 
important aspects of postharvest technologies of food products. It is organized into 
four sections containing eleven chapters.

The introductory section opens with the chapter “Challenges and Measures 
to Recapitalise Handling of Postharvest Crops in Developing Countries” by 
Dr. Ryusuke Oishi. The chapter is an introduction to the constraints and potential 
measurements of recapitalization of handling and postharvest for food storage, 
processing, and distribution. The chapter also describes long-term utilization of 
capital in postharvest handling to reduce losses. Postharvest loss in developing 
countries is mainly attributable to a lack of capital and technology for food storage, 
processing (i.e., threshing, drying, and packaging), and distribution. This chapter 
investigates the causes and potential measurements of postharvest losses in 
developing countries.

Section 2, “Postharvest Preservation Technology for Field Crops”, contains 
two chapters: Chapter 2, “Postharvest Preservation Technology of Cereals and 
Legumes” by Theophilus M. Ikegwu, Clement C. Ezegbe, Chioke A. Okolo and 
Chigozie E. Ofoedu, and Chapter 3, “Stored Grain Pests and Current Advances 
for Their Management” by Rayees Ahmad, Shafiya Hassan, Showkat Ahmad, 
Syed Nighat, Yendrambamb K. Devi, Kounser Javeed, Salma Usmani, Mohammad 
Javed Ansari, Sait Erturk, Mustafa Alkan, and Barkat Hussain. Both chapters 
address preservation technologies for cereal grains and legumes and describe 
management techniques for protecting stored grain from pest attack.

Section 3, “Postharvest Disease Management of Fruits and Vegetables,” includes 
Chapter 4, “Robotic Heat Treatments for Mango and Prickly Pear Increase Shelf 
Life and Reduce Pathogen Infection” by Federico Félix Hahn Schlam; Chapter 5, 
“Postharvest Diseases of Vegetable Crops and Their Management” by Atma Nand 
Tripathi, Shailesh Kumar Tiwari, and Tushar Kanti Behera; and Chapter 6, “Advances 
in Postharvest Disinfestation of Fruits and Vegetables Using Hot Water Treatment 
Technology-Updates from Africa” by Shepard Ndlela, Nelson L. Mwando, and 
Samira A. Mohamed. Postharvest diseases threaten food safety, quality, and security. 
Proper management of postharvest diseases is important for protecting crops. These 
three chapters identify postharvest diseases and describe remedies for lengthening 
the shelf life of selected fruits and vegetables.
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IV

Finally, Section 4, “Postharvest Processing and Packaging”, includes Chapter 7, 
“Advances in Postharvest Packaging Systems of Fruits and Vegetable” by Trina 
Adhikary and Durga Hemanth Kumar; Chapter 8, “Postharvest Technology of 
Tamarind” by P. Sudha, P. Rajkumar, A. Astina Joice, I.P. Sudagar, and R. Arulmari; 
Chapter 9, “Processing of Tree Nuts” by Chang Chen and Zhongli Pan; Chapter 10, 
“Edible Coating” by Kofi Owusu-Akyaw Oduro; and Chapter 11, “Postharvest 
Processing, Value Addition and Marketing of Mushrooms” by Mahesh Prasad Thakur, 
Harvinder K. Singh, and Chandra Shekhar Shukla. Developing food products from 
agricultural produce and then packaging and coating the products is important for 
shelf life and marketing. Chapters in this section discuss the processing technology, 
packaging, and  marketing of selected fruits and vegetables.

Overall, this book presents important information on postharvest technology from 
internationally reputed authors. It is designed for policy-makers, producers, food 
processors, industry workers, researchers, and other stakeholders. It is a useful 
resource for learning about the applications of postharvest technology for reduc-
ing losses and enhancing the shelf life of crops. It also serves as a guide to future 
researchers in the important area of postharvest technology.

Md Ahiduzzaman
Department of Agro-Processing,

Bangabandhu Sheikh Mujibur Rahman Agricultural University,
Gazipur, Bangladesh
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Chapter 1

Challenges and Measures to
Recapitalise Handling of
Postharvest Crops in Developing
Countries
Ryusuke Oishi

Abstract

Global population growth and environmental burdens have caused rising
concerns regarding future food security. Contradictorily, many crops are discarded
at postharvest stages without being consumed. Postharvest loss in developing
countries is mainly attributable to a lack of capital and technology for food storage,
processing (i.e. threshing, drying and packaging) and distribution. This study
endeavours to investigate the causes and the potential measurements of postharvest
losses in developing countries. Specifically, limited budgets in developing countries
cannot finance the cost of capital investment; therefore, reliance on third parties
such as international organisations is considered a realistic measurement. This
investigation establishes that in some cases, a lack of knowledge and skills can result
in a lack of full utilisation of the capital provided for handling post-harvest crops.
Supporters are discouraged from providing development assistance in circum-
stances in which whether sufficient results will be achieved is unclear. This study
emphasises that enabling the successful long-term utilisation of capital for
postharvest handling is critical to improving the rate of vital crop loss.

Keywords: postharvest technology, storage technology, recapitalisation,
development support, agricultural investment ratio, development flows to
agriculture

1. Introduction

Recent years have brought about increasing opportunities to explore approaches
for sustainability around the globe. With the ever-increasing global population and
ongoing effects of climate change, addressing future food security has become a
major challenge. This is also a major issue taken up by the United Nations. In
particular, Sustainable Development Goal (SDG) 2 of the Post-2015 Development
Agenda aims to ‘end hunger, achieve food security and improved nutrition and
promote sustainable agriculture’ [1]. SDG 2 emphasises the improvement of food
supplies in developing countries, stating, ‘Increase investment, including through
enhanced international cooperation, in rural infrastructure, agricultural research
and extension services, technology development and plant and livestock gene banks
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in order to enhance agricultural productive capacity in developing countries, in
particular least developed countries’ [1]. Improvement in food supplies tends to be
the focus of attention on ensuring food security; however, managing postharvest
crops is also a critical issue. This research focuses on postharvest crop handling,
analysing the current circumstances and proposing potential measures for
improvement.

In many countries, a large number of crops are discarded at the postharvest
stage. This occurs because many foods expire before being delivered to consumers.
This challenge is considered to be particularly serious in developing countries
mainly due to a lack of capital and technology for food storage, processing (i.e.
threshing, drying and packaging) and distribution. Improvements in storage and
processing technologies can delay spoilage, and efficient supply chain logistics can
enable faster delivery of postharvest crops. The achievement of such improvements
requires recapitalisation of postharvest technology; however, simply recapitalising
postharvest technology will not improve the situation because local people in many
developing countries often face difficulties with fully utilising modern postharvest
technologies due to a lack of knowledge and capability. Moreover, when successful
investment results (i.e. reduction in postharvest losses) are rarely realised, founda-
tion bodies (i.e. international organisations and investors) are discouraged from
providing funding in such countries. This analysis seeks to investigate and explain
the cause of the circumstances in which the capital for handling postharvest crops is
not fully utilised and how this affects foundation bodies’ decision-making on pro-
viding postharvest development support.

This chapter is organised into six sections. Section 2 presents an analysis of the
current circumstances of postharvest loss, and Section 3 investigates the process of
handling postharvest crops. In Section 4, the potential for improving the manage-
ment of postharvest crops through recapitalisation is considered. Section 5 presents
a theoretical analysis of capital investment for handling postharvest crops. In this
section, we also study three successful cases of agricultural development support in
developing countries. Section 6 analyses the agricultural investment and develop-
ment in the least developed countries and the G20 countries. Finally, Section 7
concludes this study.

2. The current circumstances of food loss at the postharvest stage

This section will analyse the current circumstances in which production is
discarded in the postharvest stage. To formally analyse this situation, defining first
the ultimate goal of global food security, as well as food loss and waste, is required.
The Food and Agriculture Organisation (FAO) of the United Nations indicates that
food security occurs when all people—at all times—have physical, social and eco-
nomic access to sufficient, safe and nutritious food that meets their dietary needs
and food preferences for an active and healthy life [2]. Two main issues arise for
securing food: improving the crop harvesting process and reducing postharvest loss.
The problem with postharvest loss is especially serious, a large number of
postharvest crops are discarded without being consumed. One study argues that
solutions for reducing postharvest losses require relatively modest investment and
can result in higher returns than increasing crop production to meet food demand
[3]. Postharvest loss is divided into food loss and food waste. ‘Food loss is the
decrease in the quantity or quality of food resulting from decisions and actions by
food suppliers in the chain, excluding retailers, food service providers and
consumers’ [4]. ‘Food waste refers to the decrease in the quantity or quality of
food resulting from decisions and actions by retailers, food service providers and
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consumers’ [4]. In other words, food loss refers to the discarding of food before
shipping, and food waste refers to discarding food after its shipping for reasons such
as being unsold. The status of postharvest loss differs by country. Tables 1 and 2
present the amount of cereal product and loss (in 1000 tonnes) in the world’s least
developed and G20 countries in 2019.1

Countries Maize
(product)

Rice
(product)

Wheat
(product)

Maize
(loss)

Rice
(loss)

Wheat
(loss)

Afghanistan 107 352 3,613 16 25 542

Angola 2,765 10 3 307 0 0

Bangladesh 3,288 54,416 1,099 250 3,104 238

Benin 1,510 459 0 378 115 0

Chad 438 260 2 36 10 0

Ethiopia 8,350 144 0 252 3 168

Madagascar 215 4,030 0 10 403 0

Malawi 2,698 112 6 529 5 0

Mali 3,625 3,168 1 218 127 21

Mauritania 16 232 29 1 7 22

Mozambique 1,250 134 7 75 5 1

Myanmar 1,984 27,574 21 90 861 24

Nepal 2,473 5,152 116 248 486 195

Niger 30 102 1,958 1 4 0

Rwanda 410 120 5 49 3 0

Senegal 264 763 11 33 30 6

Sierra Leone 23 920 0 1 120 0

Sudan 45 3 0 4 2 48

Uganda 2,773 145 0 175 5 20

United Republic of
Tanzania

6,273 246 23 738 30 3

Zambia 2,395 43 114 72 2 3

Source: FAOSTAT (http://www.fao.org/faostat/en/#data).

Table 1.
Food products and losses in the world’s least developed countries in 2019.

1 Since there are many types of food, typical crops (i.e. maize, wheat and rice) are used in this study. The

least developed countries in Table 1 are identified by the data source. Countries not reporting data for
any at least one of the three crops are omitted. The European Union (EU) is omitted in Table 2 because

the EU does not represent a single nation. The variables are identified in FAOSTAT for Product with the

Domain code FSB, Element code of 5511 and Item codes for maize–2514, rice–2807 and wheat–2511. Loss

is represented by Domain code FBS, Element code 5123 and Item codes for maize–2514, rice–2807 and

wheat–2511. The codes (other than area codes) of variables in Table 2 are identical to those in Table 1.
The area and year codes of the variables are not presented because they depend on the countries and

years selected. For more information about these codes, please refer the data source.
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As shown in Tables 1 and 2, food losses occur in both the least developed and
the G20 countries2; however, the causes of food loss differ between them. Specifi-
cally, the main cause of food loss in the least developed countries is inadequate
equipment and provisions for managing postharvest crops, whereas in G20 nations
food loss is likely due to consumers’ excessive demands for food quality and retail
stores’ sales strategies. For example, consumers in Japan demand excessively high
food quality (i.e. consumers prefer to purchase attractive produce without
pesticides); hence, much of the product that does not suit consumer preferences
(i.e. slightly damaged or of an undesirable size) is discarded [5]. There are a large
number of extremely competitive retail stores known as convenience stores in Japan
that often overstock foods because they do not want to lose customers due to
running out of food stock [5]. In contrast, due to insufficient capital for processing
and preserving food in developing countries, fresh foods are rarely delivered to
consumers. For example, most postharvest grains in developing countries are stored
in traditional storage structures that do not prevent insect infestation and mould
[3]. Although people try to make the best use of the food produced in developing
countries, a significant amount of production is lost in postharvest operations due to
a lack of knowledge, inadequate technology and/or poor storage infrastructure [3].

Section 2 analyses the contrasting circumstances of discarding postharvest
crops in developed and developing countries. Based on the data investigated, a
significant number of cereals are discarded in both developed and developing

Countries Maize
(product)

Rice
(product)

Wheat
(product)

Maize
(loss)

Rice
(loss)

Wheat
(loss)

Argentina 43,462 1,368 18,539 633 53 316

Australia 387 635 20,941 2 6 209

Brazil 82,288 11,749 5,422 8,321 1,181 247

China 257,349 214,079 131,690 11,806 8,624 2,901

France 12,667 73 35,798 112 3 326

India 27,820 172,580 99,700 2,785 4,654 5,987

Italy 6,179 1,512 6,933 11 34 49

Japan 0 9,728 766 4 190 163

Mexico 27,170 284 2,943 4,571 53 197

Republic of Korea 78 5,195 26 205 481 23

Russian Federation 11,419 1,038 72,136 115 21 433

Saudi Arabia 45 0 518 92 0 35

South Africa 12,510 3 1,900 569 0 85

Turkey 5,700 940 20,000 202 30 2,133

United States of
America

364,262 10,153 51,398 17,864 398 2,334

Source: FAOSTAT (http://www.fao.org/faostat/en/#data).

Table 2.
Food products and losses in the G20 countries in 2019.

2 According to FAOSTAT, production is reported at the farm level for crop and livestock products,

whereas loss represents wastage during the year at all stages at which production is recorded and the

household. As a result, in the case of some countries, loss exceeds production.
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countries; however, the reasons for discarding differ. Specifically, in developing
countries, cereals are likely to be discarded due to a lack of facilities for processing
postharvest crops, which is considered food loss. Conversely, in developed
countries, cereals are discarded due to consumers’ high-quality standards for
food and retailers’ business strategy (i.e. overstocking of food), which is also
considered to be food waste.

3. Process of handling postharvest crops

As discussed in the previous section, the discarding of food in developing and
developed countries is mainly due to food loss and food waste, respectively. This
section focuses on the case of food waste. Postharvest crop processing involves
several steps. First, the postharvest crops are cleaned.3 This process is usually
accomplished mechanically in developed countries, whereas the same processes are
done manually in developing countries. Consequently, the manual methods are less
efficient than the mechanical means and are only able to process smaller amounts of
postharvest crops. Manual work of threshing sometime causes postharvest crops to
be in incomplete or damaged conditions, rendering some processed crops to be
deemed inappropriate for sale. Second, many types of postharvest crops must be
dried, as they originally contain water and cannot be stored for a long time without
moulding unless the water content is reduced to an appropriate level. Similar to the
process of cleaning, in developing countries, the drying process is usually done
manually, whereas postharvest crop drying is mechanically processed in developed
countries. In developing countries, postharvest crops are usually dried in the sun,
whereas mechanical dryers are used in developed countries. Sun drying is easily
affected by weather conditions, takes time and the amount of crops that can be dried
at once is limited. Using mechanical dryers is a more efficient means to stably dry a
large number of crops. Third, postharvest crops are stored in facilities. Securing
postharvest crops in a storage facility is important for the stable delivery of large
quantities of crops to retailers. Nevertheless, many grain storage facilities in devel-
oping countries are simple structures made from building materials such as wood,
grass or straw. During storage, many stored crops are damaged by insects and mould,
as no accommodations such as pest, temperature and humidity control are available.
Finally, postharvest crops are delivered to retail stores. In developed countries,
transportation operations are exceptionally efficient; crops are collected at distribu-
tion bases, finely sorted and delivered to various locations by delivery vehicles
equipped with temperature and humidity control functions. Such crops are
delivered without degradation of quality. Furthermore, most roads in developed
countries are paved, making it easy for delivery vehicles to move smoothly and
expediently reach destinations. This prompt delivery system ensures that crops are
supplied to consumers in good condition. In contrast, the circumstances in develop-
ing countries differ widely from developed countries. The means of transportation
is not limited to vehicles, but also carried via motorcycles or livestock. Of course,
these means of transportation do not have temperature or humidity control func-
tions. In addition, many roads are unpaved, slowing delivery, and vibrations often
damage crops.

In addition to the above processes, studies also highlight the lack of market
supply chains in developing countries. If producers do not have a dependable,
expedient and equitable means of transporting crops to consumers, extensive losses

3 Some types of postharvest crops such as grains are threshed prior to being cleaned.
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can occur [6]. This circumstance is amplified by the lack of communication
between producers and consumers [6].

As the above has established, significant differences exist between developed
and developing countries in the process of handling postharvest crops. The ironic
circumstances of food waste in developing countries suffering from food insecurity
reveal that significant inefficiencies in postharvest processing in developing
countries are based on a lack of capital and infrastructure.

4. Improvement of postharvest technology in developing countries
through recapitalisation

As noted in the previous section, insufficient capital and technology in devel-
oping countries cause the wastage of many crops at postharvest stages. This
section considers various measures and attending challenges to improvement in
developing countries. Specifically, capital investments are essential to the
improvement of postharvest crop handling; however, such investments generally
require a large sum of money, and producers in many developing countries
cannot afford to cover such costs. Therefore, one of the most feasible approaches
relies on development support through foundation bodies (i.e. international orga-
nisations or wealthy countries). The logical concern of foundation bodies is
whether the expected result of support (i.e. reduction of postharvest loss in
developing countries) will be sufficient to cover investment costs. If such
development support does not adequately reduce the postharvest loss, the
foundation bodies will consider the development support to have been
unsuccessful. Some studies have noted that, although capital for handling
postharvest crops is available, sufficient reduction of postharvest loss is not
achieved. According to a study that conducted interviews with participants in
Egypt, Indonesia, Kenya, Ghana and India, the simpler the postharvest
technology, the better it’s chance of adoption, sustainability and long-term use,
and the opposite is also true [7]. This is mainly because local farmers cannot fully
utilise complicated postharvest technology that requires [7]. Moreover, extension
services for farmers are shown to be effective in reducing postharvest losses of
rice crops in Bangladesh [8].

It has also been reported that even if the capital is well equipped, the results
from support will vary depending on how the farmers grow their crops. In the
Ludhiana and Ferozepur district of Punjab, wheat harvesting losses are high
during late harvesting due to the shattering of grains; hence, it is asserted that
the farmers should be advised to undertake timely wheat crop harvesting to
minimise harvesting losses [9]. Moreover, a significant number of horticultural
crops in developing countries such as Ethiopia are wasted because most of these
crops are produced by small-scale farmers with limited knowledge and financial
sources [10].

In developing countries, crop prices are also volatile, and this volatility can affect
investment outcomes. When making a capital investment for storage, if a crop is
traded at a high price, the return on the investment exceeds its cost; however, if a
crop is traded at a low price, the opposite is true and the capital investment is
considered unsuccessful [11].

Some studies have argued that proper grading systems for postharvest food will
help to reduce postharvest losses. For example, one study argues that better han-
dling, packing and grading are needed to reduce postharvest grape losses in Paki-
stan, noting that if there are only grade ‘A’ grapes in a crate, the retailer will obtain
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much higher net revenue for the same price as multiple crates of poor grade grapes
[12]. A research survey revealed that a crate had 17% damaged grapes, on average;
out of which 11% was wastage [12]. Some studies have focused on crop packing to
reduce postharvest loss. For example, one study endeavoured to design modified
atmosphere packaging for postharvest mushroom storage [13]. The proposed pack-
aging alters the normal composition of air to provide an appropriate atmosphere to
decrease products’ respiration rate [13].

Some studies have attempted to reduce postharvest loss through supply chain
development. It was confirmed that rice production capacity in Nigeria significantly
improved to ensure food security; however, postharvest rice crops are not suffi-
ciently distributed to consumers due to a lack of a postharvest management system
[14]. The authors argue that technologies are available but are not in the hands of
farmers and other actors in the rice value chain; thus, the dissemination of existing
technologies for managing postharvest crops is required [14]. Another study argues
that management of temperature and humidity (i.e. refrigerated transportation,
cold storage at wholesale distribution centres, refrigerated retail display and cold
storage at home) are essential for reducing postharvest crop losses [15]. The authors
conclude that there are three steps to reduce postharvest losses: first, application of
current knowledge to improve the handling systems of horticultural perishables
(particularly packaging and cold chain maintenance); second, overcoming socio-
economic constraints, such as infrastructural inadequacies and poor marketing
systems; third, encouraging consolidation and vertical integration among producers
and marketers of horticultural crops [15].

As noted, postharvest losses in developing countries occur due to a lack of
capital investment for infrastructure to handle postharvest crops; however, simply
providing capital does not always reduce postharvest losses, as there are multiple
issues to consider. For example, if the installation accommodated by capital is not
fully utilised, reduction of postharvest loss will not be achieved. To do so, local
producers must be trained to make full use of the equipment and supply chain
improvement is also necessary.

5. Theoretical analysis of capital investment for handling
postharvest crops

This section presents the economic theoretical model illustrating the circum-
stances of capital investment for managing postharvest crops in developing
countries. Because many of this chapter’s readers are assumed to be unfamiliar with
these constructs, a simple theoretical model was formulated. As established, the
development of facilities with sufficient functions is necessary to reduce
postharvest losses; however, budget constraints render many developing countries
unable to afford the construction of such facilities. Subsequently, development
support from foundation bodies (i.e. international organisations and investors)
presents a realistic financing method. To encourage this development support,
sufficient outcomes (i.e. reduction of postharvest losses) are required; however, as
discussed in Section 4, some capital investments for managing postharvest crops in
developing countries are not achieving the expected results (i.e. postharvest loss has
not decreased as much as expected). Additionally, we also provide case studies of
agricultural development support from a government organisation, a non-
government organisation (NGO) and foreign direct investment to the developing
countries. The case studies are compared to the theoretical analysis to consider the
factors behind its successes.
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5.1 Illustration of circumstances in which invested capital is not fully utilised to
handle postharvest crops

This subsection introduces a theoretical illustration of the circumstances in
which invested capital is not fully utilised to reduce postharvest losses. This cir-
cumstance can be illustrated by the following setup.4

Y ¼ LαK1�α (1)

where Y is postharvest crops delivered to consumers without being discarded, L
represents the number of labourers handling postharvest crops, K is the capital
invested to handle postharvest crops and α measures the dependence on L to
produce Y.5 Eq. (1) indicates that postharvest crops are handled by L and K and a
higher Y indicates less postharvest losses.

By differentiating Y with respect to L results in the following equation:

∂Y
∂L

¼ α
K
L

� �1�α

(2)

Eq. (2) measures how much Y increases when 1 unit of L is added. This equation
has some notable features. According to Eq. (2), ∂Y

∂L is positively related with K
L; thus,

the larger the size of K and the smaller the size of L leads the larger the size of ∂Y
∂L.

This implies that when there is an insufficient number of labourers and substantial
capital, some capital will be unused. In such circumstances, additional labour will
significantly improve productivity. In contrast, if there is insufficient capital and a
large number of labourers, additional labourers will be unable to leverage capital to
produce Y. Furthermore, if the postharvest crop handling depends excessively on
labourers, α will be close to 1; hence, ∂Y

∂L becomes a larger value. Conversely, if the
postharvest crop handling depends excessively on capital, α becomes close to 0,
then ∂Y

∂L becomes close to 0.
By differentiating Y with respect to K, the following equation is generated.

∂Y
∂K

¼ 1� αð Þ L
K

� �α

(3)

According to Eq. (3), ∂Y
∂K is positively related with L

K; thus, a larger size of L and
smaller size of K leads to a larger size of ∂Y

∂K. Moreover, if α is close to 0, ∂Y
∂K becomes

the larger value. Conversely, if α is close to 1, ∂Y
∂K will become close to 0.

Considering the relationship between α, ∂Y
∂L and ∂Y

∂K, the production process
appears to depend excessively on one input (i.e. L or K), and adding a few depen-
dent inputs (i.e. L in the case of small α and K in the case of large α) does not
increase production as expected.

Due to lack of sufficient knowledge and skills, even if high-performance equip-
ment for managing post-harvest crops is installed, farmers are unable to fully utilise
it. This circumstance reflects a case of α almost equalling 1. As was demonstrated,
when α≈ 1, ∂Y

∂K becomes close to 0. Thus, capital investment for the management of
postharvest crops does not significantly improve the situation. To improve this
circumstance and sufficiently reduce the loss of postharvest crops with the capital

4 Eq. (1) takes form of Cobb–Douglas production function, which is often used by economists to express

output as a function of labour and capital.
5 We assume that the number of crops harvested is fixed.
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investment, production must be processed with a smaller value of α. This is only
possible when labour is capable of utilising the capital.

5.2 Funding Body possible when under outcome uncertainties from
development support for reducing postharvest losses

As illustrated in Subsection 5.1, if labourers are unable to utilise the capital for
handling postharvest crops, increased capital does not reduce postharvest losses.
This subsection analyses the process of the funding body vest crops with the capital
investments. An additional theoretical setup is introduced as a part of this analysis,
partially referring to the equations in the previous subsection. The setup assumes
two time periods (t ¼ 1 and 2Þ.6 The funding body expects the provision of devel-
opment support to increase K, which will cost C. If the support is provided at t ¼ 1,
K is enhanced at t ¼ 2; however, improvement of postharvest management depends
on how much the labour can utilise the invested capital, which is assumed by two
potential values of Y at t ¼ 2, represented by Y1 and Y2, which satisfy a condition of
Y2 <C<Y1. Y1 indicates that development support can sufficiently contribute to
reducing postharvest losses, whereas Y2 indicates that the cost of development
support exceeds its contribution. A chance of having Y1 is probability P where
0≤P≤ 1, and P is inversely related to α. Finally, the model uses a risk-free rate r to
discount the values at t ¼ 2 to t ¼ 1.7 This is illustrated below in Figure 1.

A present value of expected outcome E Oð Þ from the development support can be
calculated as follows.

E Oð Þ ¼ P� Y1 þ 1� Pð Þ � Y2

1þ r
(4)

As it is clear from Eq. (4), the size of E Oð Þ depends on, and P depends on α.
From the funding body’s perspective, development support is not worth providing
unless it can contribute to sufficiently reducing postharvest losses. To investigate
the decision to provide development support, this study uses the return on
investment (ROI) shown in Eq. (5).

Figure 1.
Outcome from development support for reducing postharvest losses.

6 In this setup, Eqs (1)–(3) are assumed at t ¼ 2.
7 Financial analysis generally considers that a future monetary value is lower than the corresponding

current monetary value (i.e. 1 dollar at t ¼ 2 is valued lower than 1 dollar at t ¼ 1). This is because money

at a current time can be invested, and an investment return can be realised at a future time.
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ROI ¼ E Oð Þ � C
C

(5)

The funding body decides to provide development support when ROI>0, and
the opposite is true in the case of ROI<0.8 As is clear from Eq. (5), ROI is positively
related to the size of E Oð Þ; hence, when α is sufficiently reduced, the development
support is provided.

Summing up the above analysis, if labour does not have enough capacity to
utilise the invested postharvest technology, the funding body forgoes development
support.

5.3 The case studies of capital investment for handling postharvest crops

In Subsections 5.1 and 5.2, we theoretically demonstrated the situation where
invested capital is not fully utilised to handle postharvest crops and the funding
body’s judgement under outcome uncertainties from development support for
reducing postharvest losses. In this subsection, we analyse the three successful cases
of agricultural development support from the government organisation, NGO and
foreign direct investment to the developing countries. We compare the cases and
the theoretical model to consider the factors behind the success of the cases.

5.3.1 Post-harvest handling and storage (PHHS) project in Rwanda

First, we try to consider the successful case of the government organisation (U.S.
Agency for International Development (USAID)).9 USAID is managing PHHS Pro-
ject carried out between September 2009 and August 2013, which budgeted 8.3
million US dollars [17]. The PHHS project is to integrate local farmers into com-
mercial marketing channels as a way of driving investment in postharvest technol-
ogy and process improvements for maize, beans and rice in Rwanda [17]. According
to the report, the agricultural products are fragmented in Rwanda due to a lack of
the farmers [17]. According to the report, the agricultural products are fragmented
in Rwanda due to lack of the farmers’ capital and know-how to efficiency harvest,
store and market their surplus yields [17]. This situation is reminiscent of the case of
having a high level of α and low level of K in Eq. (1) (i.e. there is a lack of capital,
however, because the production process is overly dependent on labours, increasing
capital cannot be expected to reduce the postharvest loss significantly). As was
demonstrated in Subsections 5.1 and 5.2, one of the measurements to overcome the
situation is reducing the value of α in Eq. (1) by improving the skill of local farmers.
The latter can be achieved by providing training for local farmers. As a part of the
PHHS project, the training for technical and business practices in postharvest han-
dling are provided [17]. The training can be considered to help the local farmers to
effectively utilise the capital to manage the postharvest products.

Additionally, we also pay attention to the funding process of this program.
PHHS set an objective to mobilise private investment and bank finance to develop
businesses that require storage infrastructure [17]. Such funding bodies are like the
one illustrated in Subsection 5.2, which dislikes uncertainty of outcomes. If there is
no intervention of PHHS, the private funding bodies would be discouraged to fund

8 The funding body can be considered indifferent regarding the choice to provide or not provide the

development support when ROI ¼ 0.
9 USAID is established in 1961 to lead the US government’s international development and humanitarian

efforts [16].
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the project, because they can hardly expect its succession. However, the interven-
tion of PHHS helps the private funding bodies to understand the project and expect
α in Eq. (1) to be reduced. This is to alleviate the asymmetry of information, which
is a barrier to undertaking financial transactions.

As a result of this project, 104 storage centres were constructed or rehabilitated
and over 60,000 farmers were trained in postharvest handling and storage best
practices [17].

5.3.2 Sasakawa Africa Association (SAA)’s Activity in Africa

In this subsection, we consider the case of the NGO called SAA that provides
agricultural development support in Africa.10 Although SAA is an NGO, they have a
large financial resource and can provide sufficient assistance for the agricultural
development in African countries [18]. SAA organises its operations under five key
themes, and one of them (i.e. Theme 2) is to promote postharvest handling and
agro-processing in African developing countries [18]. Their activity is diversified to
many countries. For example, SAA launched a project in Tanzania to promote
improved grain storage, both on the farm and also in the form of communal
storehouses [18]. Moreover, at several locations in Tanzania, organised farmer
groups were linked to credit institutions that would provide short-term loans
against grain held by the associations in bonded warehouses [18].

The projects of SAA and USAID is in common with emphasising human resource
development (training) in addition to providing financial support and capital con-
strictions between 1989 and 1995, about 1,000 of the country’s 5,000 government
extension workers received crop management training from Sasakawa-Global 2000
staff. Such training leads to lowering the value of α in Eq. (1).

In addition, rather than providing all the financial support, SAA and USAID tries
to act as a bridge for transactions with other financial institutions and makes efforts
to attract further investment.

Providing funding support to farmers in developing countries is accompanied by
the risk due to the lack of available information and the uncertainty of future out-
comes. If a prominent NGO like SAA act as a bridge, investors’ anxieties will be
alleviated and the problems shown in Subsection 5.2 will be resolved.

5.3.3 China’s overseas investment in agriculture

Unlike the case in Sub-subsections 5.3.1 and 5.3.2, some countries encourage
private investors to provide agricultural development support to the developing
countries for a purpose of meeting their own needs. For example, China has pro-
moted to increase overseas foreign direct investment (OFDI), and a large portion of
OFDI is devoted to agricultural support in developing countries [19].

China is one of the major producers of agricultural products in the world;
however, the contribution of agriculture to their GDP has dropped considerably
over the past three decades [19]. This is mainly due to China’s remarkable economic
growth that has led to industrialisation. As a result, China faces a challenge in
sustaining the self-sufficiency of agricultural products and increased import of
agricultural products from other countries [19]. Especially, in recent years, China
has emphasised ties with ASEAN, and OFDI to Cambodia, Myanmar and Laos is
increasing [19].

10 SAA is the NGO established in 1986 aiming to support the development of farming productivity and

the rural economic value chain [18].
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In Cambodia, many Chinese firms are directly involved in the development of
plantations [19]. As a result, the export of rice, cassava, sugar and cocoa from
Cambodia to China has significantly increased from 2012 to 2015 [19]. Similar to the
case of Cambodia, the export of maize, rice, beans and oilseeds and tea from Laos to
China has significantly increased [19].11

Similar to Sub-subsections 5.3.1 and 5.3.2, in this case, a large amount of capital
was injected into the agricultural industry in the developing countries through
OFDI from China. However, the report also points out some challenges in local
work sites. For example, communication and consultation with local people are
often challenging for foreign investors, and having lack of information flows causes
distrust between foreign investors and local people.

As can be seen from the case studies in this section, there are some successful
trials for providing agricultural development support to farmers in developing
countries. The trials are operated by many types of organisations (i.e. government
organisations, NGOs and private investors). One of the reasons for the success of
these trials is that they provide comprehensive support such as training local
farmers through agricultural development support. Moreover, by eliminating
information asymmetry between investors and local farmers causing concerns
about uncertainties of investment, the organisations help local farmers to obtain
loans from private financial institutions.

6. A comparison of agricultural investment ratio (AIR) and
development flows to agriculture (DFA) between least developed
and G20 countries

Section 5 theoretically demonstrated that even if the capital for handling
postharvest crops is increased, reduction of postharvest crops will not be achieved
unless local labourers can fully utilise it. In addition, we considered the cases that
succeeded the agricultural development support in the developing countries by
providing comprehensive support such as training local farmers. However, such
successful support is limited to the small number of cases, and many developing
countries do not receive effective support. This section presents a comparative
investigation of data regarding AIR and DFA to overview agricultural developing
support in developing countries around the world.

6.1 A comparison of AIR between least developed and G20 countries

This subsection comparatively analyses the AIR values in the least developed and
G20 countries. The AIR value is calculated by dividing the ‘Agriculture Gross Fixed
Capital Formation’ (Domain code CS, Element code 6110 and Item code 22030 in
FAOSTAT) in country i at time t by ‘Agricultural Value Added’ (Domain code MK,
Element code 6110 and Item code 22016 in FAOSTAT) in country i at time t.12 The
AIR value indicates how much of the total factor income is reinvested in new fixed
assets in the agricultural industry of the respective country [20]. Table 3
demonstrates the AIR value in the least developed countries in 2018 and 2019.13

11 Because the situation in Myanmar has changed drastically in recent years, we decided not to refer the

agricultural development in Myanmar.
12 The area and year codes of the variables are not shown because these depend on the countries and

years selected. For information on these associated codes, please refer the data source.
13 Since realisation of outcome from a capital investment takes time, Table 3 presents the AIR for both

2018 and 2019.
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Countries AIR (2018) AIR (2019)

Afghanistan 0.06 0.05

Angola 0.1 0.14

Bangladesh 0.09 0.1

Benin 0.04 0.04

Bhutan 0.11 0.13

Burkina Faso 0.07 0.08

Burundi 0.04 0.04

Cambodia 0.09 0.09

Central African Republic 0.04 0.02

Chad 0.06 0.07

Comoros 0.07 0.07

The Democratic Republic of the Congo 0.05 0.05

Djibouti 0.07 0.07

Eritrea 0.22 0.23

Ethiopia 0.07 0.07

Gambia 0.04 0.03

Guinea 0.12 0.13

Guinea-Bissau 0.05 0.04

Haiti 0.06 0.06

Kiribati 0.04 0.04

Lao People’s Democratic Republic 0.09 0.1

Lesotho 0.08 0.09

Liberia 0.04 0.05

Madagascar 0.05 0.05

Malawi 0.04 0.04

Mali 0.07 0.07

Mauritania 0.11 0.12

Mozambique 0.05 0.05

Myanmar 0.11 0.1

Nepal 0.06 0.06

Niger 0.02 0.02

Rwanda 0.07 0.07

São Tomé and Príncipe 0.05 0.04

Senegal 0.09 0.08

Sierra Leone 0.05 0.07

Solomon Islands 0.09 0.1

Somalia 0.05 0.05

Timor-Leste 0.11 0.11

Togo 0.04 0.04

Tuvalu 0.08 0.06
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Table 3 demonstrates that most AIR values in the least developed countries are
less than 10%. This low percentage of AIR indicates that a small portion of the
total factor income is reinvested in new fixed assets in the agricultural industry of
these countries. In addition, since no remarkable increase in the AIR is seen from
2018 to 2019, these countries are likely to continuously record low AIR. This
indicates that the agricultural capital in these countries is inadequately structured.
There are various possible causes for this situation; for example, in developing
countries, various areas other than agriculture (i.e. medical care and education) are
underdeveloped and are often prioritised, minimising the amount of funding
available for agriculture. Table 4 presents the AIR in G20 countries in 2018 and
2019.14

Countries AIR (2018) AIR (2019)

Uganda 0.08 0.08

United Republic of Tanzania 0.07 0.08

Vanuatu 0.13 0.13

Yemen 0.1 0.1

Zambia 0.11 0.08

Source: FAOSTAT (http://www.fao.org/faostat/en/#data).

Table 3.
AIR in the least developed Countries in 2018 and 2019.

Countries AIR (2018) AIR (2019)

Argentina 0.14 0.15

Australia 0.26 0.36

Brazil 0.15 0.15

Canada 0.21 0.2

China, mainland 0.13 0.14

France 0.29 0.29

Germany 0.44 0.36

India 0.13 0.12

Indonesia 0.16 0.15

Italy 0.23 0.2

Japan 0.24 0.25

Mexico 0.03 0.03

Republic of Korea 0.16 0.19

Russian Federation 0.22 0.19

Saudi Arabia 0.1 0.11

South Africa 0.21 0.25

14 The EU is omitted in Table 4 for the same reason as in Table 3. Moreover, due to the data availability,

data for China (mainland) is presented, rather than the whole of China.
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The data reported in Table 4 differs from that of Table 3. Specifically, all the
AIR values in Table 4 exceed 10% and some exceed 40%. The G20 countries
have strong national power and can invest large sums in agriculture. Moreover,
the existing facilities are far more substantial than the least developed countries.
Furthermore, many of the AIR values in 2019 do not differ largely from those
of 2018, indicating that these countries are constantly recording the high value
of AIR.

6.2 A comparison of DFA between the least developed and the G20 countries

The least developed countries do not have adequate funding for sufficient capital
investment in the agricultural sector. Agricultural capital investment in the least
developed countries relies on development support from funding bodies as one of
the most realistic means. Table 5 presents the DFA (in millions of US dollars) from
the international organisations to the least developed countries.15

Organisation (donors) DFA
(2018)

Number of recipient
countries (2018)

DFA
(2019)

Number of recipient
countries (2019)

Adaptation Fund 19.9 3

African Development Bank (AfDB) 322.6 11 426.8 18

Arab Bank for Economic
Development in Africa (BADEA)

19.3 2

Asian Development Bank (AsDB) 331.1 7 669.2 8

Climate Investment Funds (CIF) 14.6 1

European Union Institutions 409.5 11 127.6 8

Food and Agriculture Organization
of the United Nations (FAO)

15.9 46

Global Environment Facility (GEF) 42.1 8 45.6 17

Green Climate Fund 64.8 2 96.8 6

Inter-American Development Bank
(IDB)

0.8 1

Countries AIR (2018) AIR (2019)

Turkey 0.16 0.17

United Kingdom of Great Britain and Northern Ireland 0.4 0.42

United States of America 0.38 0.39

Source: FAOSTAT (http://www.fao.org/faostat/en/#data).

Table 4.
AIR in G20 countries in 2018 and 2019.

15 As this chapter does not afford enough space, detailed information on recipient countries is omitted in

Table 5. The DFA variable can be identified in FAOSTAT with Domain code EA, Element code 6110,

Item code 22041 and Purpose code 310. DFA value is rounded to the first decimal place. The Donor code,

Recipient code and Year code of the variables are not presented because these depend on the donors,

recipients and years selected. For the information on these codes, please refer to the data source.
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There are many international organisations in the world that support economic
progress in developing countries. Table 5 reveals that DFA is allocated by interna-
tional organisations to the least developed countries; however, there are differences
in the number of recipient countries, the size of DFA varies among international
organisations and the number of recipient countries and DFA size fluctuates from
year to year. Considering the lack of capital of postharvest management, DFA in
Table 5 is unlikely to be sufficient to improve the circumstances. Funding from
international organisations is also limited; hence, the provision of substantial DFA
to many developing countries is difficult. To improve this support limitation,
developing countries should apply strategies for the effective use of capital
provided by agricultural development support.

7. Conclusions

Global population growth and environmental burdens have caused rising con-
cerns regarding future food security worldwide. Despite these growing concerns,
many crops are discarded without being consumed at postharvest stages. In partic-
ular, the postharvest loss is experienced in many developing countries mainly due
to a lack of capital and technology for food storage, processing (i.e. threshing,
drying and packaging) and distribution. Investigating the existing literature and
FAOSTAT data, this study demonstrated that a significant amount of postharvest
loss is realised in the least developed countries. Moreover, a theoretical analysis
demonstrated that a lack of knowledge and skills among local labourers can result in
the lack of full utilisation of improved capabilities for handling postharvest crops,
and the postharvest loss is not reduced as expected. Theoretical analyses demon-
strated that funding bodies are discouraged from providing support to developing
countries in circumstances wherein the outcome of the support due to failing use of
capital is uncertain. The proportion of AIR in the least developed countries is
significantly lower than that in the G20 countries, which is consistent with the
theory of this study indicating the lack of capital for postharvest management in
developing countries. DFA to the least developed countries from the international

Organisation (donors) DFA
(2018)

Number of recipient
countries (2018)

DFA
(2019)

Number of recipient
countries (2019)

International Bank for
Reconstruction and Development
(IBRD)

1991 48

International Development
Association (IDA)

856.6 20

International Finance Corporation
(IFC)

62.4 6

International Fund for Agricultural
Development (IFAD)

859.8 36

Islamic Development Bank (IsDB) 364.4 14 201 8

OPEC Fund for International
Development (OFID)

105.7 6 164.8 8

United Nations Development
Programme (UNDP)

0.6 4 0.6 3

Source: FAOSTAT (http://www.fao.org/faostat/en/#data).

Table 5.
DFA to the least developed countries from international organisations.
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organisations also appeared to be insufficient for improving the current circum-
stances. Funding bodies also have limited funds, and it can be extremely difficult to
provide adequate support. Efforts to maximise the limited capital in developing
countries are critical to meaningful improvement.
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Chapter 2

Postharvest Preservation 
Technology of Cereals and 
Legumes
Theophilus M. Ikegwu, Clement C. Ezegbe, 
Chioke A. Okolo and Chigozie E. Ofoedu

Abstract

Cereals and legumes are prone to perishability and have very short shelf-life if 
not given proper treatment. During different handling and marketing operations, 
there is a huge postharvest loss of agricultural produce. The qualitative and quan-
titative losses incurred in cereals and legumes commodities between harvest and 
consumption are huge. Qualitative losses such as loss inedibility, nutritional quality, 
calorific value, and consumer acceptability of fresh produce are much more diffi-
cult to assess than are quantitative losses. The major cause of postharvest loss (PHL) 
is the availability of poor infrastructure for postharvest technology (PHT) and 
processing of commodities. These losses can only be minimized by proper handling, 
marketing, and processing of the agricultural commodities; as well as the use of 
modern preservation technologies such as irradiation, radio frequency heating, etc. 
The sufficient knowledge of pre-and post-harvest preservation technologies and 
the provision of adequate and sufficient storage facilities for cereals and legumes 
handling and distribution would help to mitigate the incidence of postharvest 
deterioration and therefore improve the availability of cereals and legumes in the 
market and subsequent reduction in malnutrition for increased food security. 
Postharvest preservation technology of cereals and legumes is very fundamental in 
reducing postharvest losses and increasing food security.

Keywords: postharvest, physiology, deterioration, losses, postharvest technology

1. Introduction

The cereals are monocotyledons while the legumes are dicots. The cereal 
belongs to the grass family with more than 300,000 species. Furthermore, more 
than 190,000 species are angiosperms that are economically viable horticultural 
plants; and there are approximately 50 different types cultivated throughout the 
world in which about 51 species are grown. However, cereal’s contribution to human 
nutrition cannot be overemphasized as it had been estimated that nearly 18 spe-
cies of cereals cultivated provide more than 91% of the food supply to the world 
population. The cereals cover about 74% of the total tilled land surface. It had been 
estimated that more than 50% of the protein needs of the world population are 
provided by cereals [1, 2]. Currently, France ranks first in the Export of cereals such 
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as wheat, rice, maize, and barley in Europe but 5th in the production of wheat in 
the world [1, 2]. Other cereals include millet, sorghum, rye, oats, etc. The major 
grains such as wheat, rice, and corn add up to make three-quarters of the world-
wide production of grain [1, 2]. Therefore, cereal grains remain the main source of 
dietary carbohydrates for the supply of vital food energy to the diet [1, 2]. Although 
cereal grains, such as maize, rice, millet, and wheat are mostly in higher demand 
for energy provision, other cereals also provide very important food uses while 
there are more researches to explore the underutilized ones [3]. When cereal crops 
are grown for the edibility of their fruits, they are referred to as grains (botanically 
called caryopsis).

Structurally, the cereal seed is composed mainly of two components; the endo-
sperm and the embryo (germ). The endosperm (more than 90% 0f the bulk seed) 
provides the energy. The pericarp (outer wall) develops from the ovary wall and 
encloses the endosperm. Beneath the pericarp is the testa (a selectively permeable 
layer) that borders the embryo which is a product of the inner reproductive gland 
(ovary wall). The permeability of testa to water is high and aids in seed germination 
but in the presence of salt, the testa may lose its vigor which would consequently 
lead to nongermination of seeds planted in soils with dissolved salts. The aleurone 
layer (with thick-walled cells) is free of starch and is the third important layer of 
cereal grain. Both testa and pericarp are called the bran. Conversely, legumes are 
flowering plants (dicotyledons) in the Leguminosae family and were derived from 
the latin word legere (to gather) and legumen (seeds harvested in pods) during the 
mid-17th Century. It includes chickpea, black gram, mung bean, and pigeon pea 
which have an estimated 16,000–19,000 species in 750 genera. Asia ranks first both 
in area harvested and in production capacity. India, on the other hand, accounts for 
75 and 96% of the total global production of chickpea and pigeon pea, respectively 
[4]. The expression food legumes usually mean the immature pods and seeds as 
well as mature dry seeds used as food by humans. Based on Food and Agricultural 
Organization (FAO) practice, the term legume is used for all leguminous plants. 
Legumes such as French bean, lima bean, alfafa, or others that contain a small 
amount of fat are termed pulses, and legumes that contain a higher amount of fat, 
such as soybean and peanuts, are termed leguminous oilseeds. Legumes represent an 
important source of food in developing countries. Soybean, groundnut, dry bean, 
pea, broad bean, chickpea, and lentil are the common legumes in most countries. 
In some countries, depending on the climatic condition and food habits, other 
legumes are grown. Legumes are next to cereals in terms of their economic and 
nutritional importance as human food sources [3]. They are cultivated not only for 
their protein and carbohydrate content but also because of the oil content of oilseed 
legumes such as soybeans.

Legumes are sources of protein and are relatively costlier economically 
compared to cereals with great food value; and are reasonable nutrients for the 
maintenance of the body, e.g., vitamins and minerals. The legume has almost 
the same energy value per unit weight compared to the cereal grains (4.2 kcal), 
albeit, they provide more calcium, iron, thiamine, riboflavin, pantothenic acid, 
among others than cereals. The utilization of legumes is highest in India and Latin 
America owing to religious restrictions and food attitudes. Legumes also contain 
some anti-nutritional factors, such as trypsin and chymotrypsin, phytate, lectins, 
polyphenols, flatulence-provoking and cyanogenic compounds, lathyrogens, 
estrogens, goitrogens, saponins, anti-vitamins, and allergens. However, heat 
treatment is known to destroy the anti-nutrients, such as protease inhibitors and 
lectins, although it also destroys vitamins and amino acids. Legumes are a good 
source of dietary fiber; the crude fiber, protein, and lipid components have a 
hypocholesterolemic effect.
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Healthy cereal grains and legumes are the demanding enterprises of the recent 
era for the production of high yield in the next season. The cereal grains and 
legumes must be properly stored for the maintenance of a high-yielding crop. 
Losses of high magnitude are encountered during storage that is due to biological 
and non-biological agents. The incidence of high losses of cereals and legumes after 
harvest in many countries of the world could account for the food security issues 
such as malnutrition, diabetes, and hunger which are counterproductive to miti-
gating efforts towards the improvement of food security. The effect of low yield, 
poor quality of produce, and the prevalence of chemical toxicants and mycotoxin 
contamination are significant problems that militate against the genuine and con-
certed efforts to improve postharvest losses (PHLs), provide appropriate handling 
and processing technologies for improved postharvest opportunities. In an attempt 
to maintain high-quality crops during postharvest operations (PHOs), care must be 
taken during harvesting to minimize damage and ensure appropriate postharvest 
handling techniques. Reliable methods for the assessment of postharvest losses 
should be developed while the use of the appropriate techniques to minimize loss 
and ensure the quality and safety of crops that meet quality standards are desired. 
In developing countries, Nigeria inclusive, cereals and legumes produced mainly by 
small-scale farmers are produced and stored on farms [4]. Biological and non-bio-
logical agents have been implicated in the postharvest losses of cereals and legumes 
(Figure 1) [5, 6].

There is a direct correlation between plentiful harvest and postharvest spoilage. 
In countries with huge harvests, postharvest losses are higher than in countries with 
less bumper harvests which may be a consequence of a lack of care arising from a 
short supply of laborers to preserve the excess grains. Consequently, farmers may 
be forced to sell their grains at a less reasonable price during the harvesting season 
to prevent possible postharvest losses. The glut in the price of cereals and legumes 
could lead to short supply leading to increased losses arising from insect pest 
attacks (Prostephanus truncates). However, the effect of bumper harvests on losses 
had not been measured, and overall; the effect would be minimal compared with 
the losses resulting from an unfavorable climate at harvest. Certainly, farmers are 
often supplied with sufficient storage capacity in developed countries so that at least 

Figure 1. 
Considerations for postharvest preservation technologies.
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good harvests can be accommodated in fixed stores; unlike in developing countries 
where less attention is paid to farming and facilities for storage are lacking. In such 
instances, farmers are content to store surplus cereals and legumes in sacks in their 
houses. In most cases, especially, in locations where subsistence farming is com-
mon, the use of bag storage rather than traditional structures is practiced.

It was strongly believed by the 1970s that postharvest losses (PHLs) at the 
farm level were high due to traditional practices. However, traditional practices 
are unlikely culprits as farmers have survived more difficult conditions over long 
periods by adapting their practices to the situational challenges [7]. Nonetheless, 
compelling losses do sometimes occur that could be due to agricultural develop-
ments for which the farmer is not versed due to nonavailability of extension agents. 
Among these agricultural developments is the introduction of high yielding variet-
ies that are more susceptible to pest damage, additional cropping seasons that result 
in the need for harvesting and drying when weather is damp or cloudy or farmers 
producing significant surplus grains, and because it is to be marketed rather than 
consumed by the household, the farmer failed to provide the necessary storage 
facilities for the preservation of the surplus grains.

2. Preservation

Theoretically, any method of food preservation should prevent all the above 
three (microbial, enzymatic, and proteolytic) types of spoilage. However, current 
industrial innovation methods have failed to meet these expectations as a whole. 
Most importantly, microbial spoilage must be prevented at all costs in whichever 
preservation method was employed, but the effectiveness of thermo-bacteriological 
treatment for microbial destruction varies to different degrees in the prevention 
of enzyme activities, proteolytic reactions, and the destruction of different micro-
organisms. Recent innovative preservation technologies such as ohmic heating, 
irradiation, infrared, pulse electric field, edible coating, radio frequency, and 
encapsulation lack the ability to forestall all the concerns posed by spoilage effects 
completely. These industrial methods employ distinct preservation principles aimed 
at arresting and or preventing food spoilage. In a nutshell, the industrial method of 
food preservation makes use of the following principles;

i. The ability to remove moisture through the use of drying/dehydration, 
evaporation/concentration, etc.

ii. The ability to remove heat from food products by lyophilization/freeze 
concentration, refrigeration/cold storage, freezing, etc.

iii. Heat addition - heat could be added to food products to destroy microorgan-
isms or inactivate their activities by canning, sterilization, pasteurization, 
thermization, etc.

iv. Addition of chemicals/preservatives – some chemicals called preservatives 
may be added to processed food to prevent contamination by the micro-
organism or forestall enzymatic/browning reactions. Examples of such 
chemical additives are sorbates, benzoates, etc.

v. Fermentation - during fermentation, secondary metabolites are produced by 
microorganism which preserves the food product.



29

Postharvest Preservation Technology of Cereals and Legumes
DOI: http://dx.doi.org/10.5772/intechopen.102739

vi. Controlled atmosphere storage – in controlled atmosphere storage, the food 
products’ environment is modified to prevent spoilage.

Other methods are the application of high-frequency currents, irradiation, etc. 
Additionally, other technologies such as pyrolysis, gasification, combustion, and 
chemical and biochemical processing are used for the conversion of cereals and 
legumes by-products to chemicals, energy, and other value-added products in the 
food value chain.

3. Postharvest pest management

Pests pose a very big challenge during the postharvest storage of grain legumes, 
transportation as well as during distribution. The quality and quantity of grains are 
reduced by pests if not properly controlled. Pest infestation is a big source of worry 
for both farmers and food processors because of the losses in investment and profit 
depletion that come with it. Some of the grain pest control techniques conven-
tionally adopted are fumigation and controlled atmosphere of CO2 and N2. Novel 
techniques have also been developed to take care of some of the shortcomings of 
conventional pest management practices like fumigation that make use of chemi-
cals. Examples of some of the emerging technologies which have found use in pest 
management include irradiation, radio frequency, infrared, and microwaves [7]. 
Methyl bromide application and treatment with hot air on grain legumes storage 
facilities or systems is also a common practice for disinfection in the grain storage 
industry [4].

3.1 Irradiation (IR)

Food irradiation is a food preservation technique during which ionizing radia-
tion (0.1–50 KGy) is used to destroy target microorganisms in order to extend the 
shelf life of foods. During irradiation, microbial inactivation is achieved through 
free radical development which disrupts DNA and cell membrane integrity [7]. It 
has shown to be effective in sprout inhibition, elimination of parasites and insects, 
destruction of spoilage, and pathogenic microorganisms [8].

Radiation treatment at low and moderate doses has been recommended for the 
disinfestation of legumes [8]. The treatment has also been found to be effective for 
the reduction of flatulence-causing oligosaccharides as well as trypsin and chy-
motrypsin inhibitors. With these effects of irradiation on anti-nutritional factors 
in legumes, the nutritive quality of irradiated beans is thereby improved. Stored 
produces, especially grains have been successfully decontaminated with ionizing 
radiation as it affects the internal structure [8, 9]. Irradiation technology has been 
very effective in controlling the Aspergillus, Penicillium, Rhizopus, and Fusarium 
fungi infection in many grains and prolonging the shelf life over 6 months [10]. The 
source of radiation that is usually utilized is Co-60 and selenium.

3.2 Radio frequency (RF) heating

Radio frequencies (RF) are electromagnetic waves that are able to penetrate 
dielectric materials. They usually are characterized by a wavelength of about 11 m 
and with a frequency range of 1 to 300 MHz [11]. With this ability to penetrate 
dielectric materials like food grains, they are able to produce heat volumetrically. 
They are able to do this through ionic polarization or dipole rotation. With the 
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higher moisture content in food grains, their ability to act as dielectric materials is 
increased, allowing them to act as electric capacitors and resistors and useful in the 
storage and conversion and electrical to thermal energy. This can be possible within 
an electromagnetic field [11].

In comparison, the higher moisture content in insects and the consequent higher 
electrical conductivity would make them require higher lethal temperatures and 
higher lethal time. At a lethal temperature and time of 50°C for 29 minutes or 54°C 
for 5 minutes, it would be possible to completely destroy a wide range of insects. 
This process of higher heating rates and its application finds use in the disinfection 
of grains on an industrial scale [9, 11].

When insects feed directly on grains, they produce webs and feces on stored 
pulses thereby reducing grain quality and this represents a huge challenge during 
the storage, transportation, and distribution of grains. To mitigate this huge chal-
lenge, RF heating has been used in the disinfection of dried cereals and legumes. 
This was demonstrated using a 27 MHz and 6 kW RF unit where the RF proved 
superior to forced hot air with respect to heating time required (5–7 minutes as 
against 275 minutes) to heat 3 kg of legumes to 60°C. Good quality product and uni-
formity in temperature distribution across the surface and interior of the legumes 
was achieved in the legume samples by a combination of RF heating followed by 
a movement of forced hot air as grains move through conveyors at 0.56metres per 
minute. The final interior temperatures of the containments used were above 55.8°C 
while 57.3°C was recorded for the surfaces of all legumes tested with resultant low 
index values for uniformity of 0.014–0.016 (ratio of standard deviation to the aver-
age temperature rise) for the distribution of interior temperature and 0.061–0.078 
for the distribution of surface temperatures. Legumes treatment with RF in com-
bination with forced hot air (60°C) to retain the needed treatment temperature 
for 10 min followed by the rapid cooling of the air through a 1 cm product layer 
yielded products with high quality. There were no significant differences in weight, 
moisture, color, and germination when samples used for control were compared to 
treated ones [12].

3.3 Infrared

Infrared is a segment in the electromagnetic spectrum found in between the 
microwave region and the visible spectrum area characterized by a wavelength of 
about 0.5 to 100 μm [9]. The absorption of infrared rays produces vibrations in the 
molecules of water, with consequent heat generation. Infrared-based technologies 
have been found to be energy-efficient and eco-friendly when compared with other 
conventional methods. Infrared technology also has many other merits like short 
process duration, uniform effect on food material, low energy requirement, high 
rate of heat transfer, and enhanced quality of products [9]. As a result of some of 
the above-listed characteristics, infrared-based technologies have been used in very 
many food operations like boiling, heating, drying, peeling, recovery of polyphe-
nols and antioxidants, freeze-drying, roasting, microbiological inactivation, grains 
sterilization, juice and bread production, and cooking. The idea of the usage of 
infrared rays to disinfect/sanitize grains was established in the early 1960s and 
1970s. Based on its exceptionally effective microbial inactivation characteristics, 
grain industries usually adopt it as a preferred operation for grain disinfection 
against various chemical methods. Infrared operations involve three different 
mechanisms in destroying micro-organisms namely thermal inactivation, induction 
heating, and the distortion of DNA integrity. As documented by [9], the Infrared 
treatment of mung bean for 5 minutes at an intensity and temperature of 0.29 kWm 
and 70°C respectively resulted in the total inactivation of fungal growth. Since the 
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penetration rate of infrared is low, its effectiveness gets reduced with an increase in 
the depth of food. It is therefore recommended more for food surfaces sterilization 
than other processes. Catalytic-infrared emitters have also been developed and used 
for the control of weevils in rice, merchant grain beetle, and saw-toothed grain 
beetle. Generally, a little exposure of about 60 seconds is adequate to destroy insects 
that strive externally or internally in the grains kept in storage facilities [9].

3.4 Microwaves

Microwaves are electromagnetic radiations with short-wavelength; which has 
an excellent microbial destruction potential when compared to other conventional 
chemical methods. Microwave technology is now a highly adopted process by most 
grain industries for disinfection [8, 13]. They provide protection on grains from 
insects [10], storage fungi, and field fungi [12]. However, treatment with the use of 
microwave can induce several adverse effects on seed germination and can affect 
grain quality. These adverse effects of microwaves are due to variations in heating 
caused by the difference in cold and hot spot temperature [9].

3.5 Fumigation

Fumigation is a very active pest control technique. Phosphine gas for example 
is used to kill grain pests at every growth level of their life cycle; this is inclusive 
of pests with high resistance ability. Nonetheless, the phosphine gas application 
level needs to be up to 300 parts per million (ppm) and sustained at this level for a 
minimum of one week at 25°C or more. Alternatively, at a temperature of 25°C or 
less, a 200 ppm concentration of phosphine gas should be maintained for 10 days 
for effective and efficient destruction of pests that destroy legumes. Phosphine 
application exists in two forms; they include bag chains and tablets. There are also 
a number of ways with which each choice can be adopted effectively in a gas-proof 
secured silo. Bag chains are also considered a very safe system that assures one of 
not having any fumigant residue on the grain nor having the operator harmed in 
whatever way. The next form that phosphine exists in tablet form and is the most 
widely used and accepted. There exists a third approach in phosphine application 
which involves the use of a phosphine blanket and is mostly used for very large 
storages of above 600 tones. The application of phosphine and the concentrations 
to be used depend on the silo (which should be gas-tight and sealable) volume used 
for the fumigation. The phosphine concentration to be used is strictly determined 
based on the volume of the silo rather than the quantity of grain in the silo [13].

An airtight-covered silo especially one that passes the half-life pressure test 
must have to remain sealed through the entire fumigation period in other to attain a 
perfect fumigation result with the use of phosphine tablets and/or bag chains. In an 
airtight-sealed silo, fumigation is expected to last for 7 days with a temperature of 
above 25°C, and 10 days if the temperature falls between 15 and 25°C. Nonetheless, 
if the temperature in the silo is less than 15°C, pests particularly insects will be inac-
tive and phosphine is not usually effective at such low temperatures. Based on the 
ineffectiveness of phosphine at temperatures lower than 15°C, phosphine applica-
tion is not advisable at temperatures lower than 15°C. The silo must remain closed 
when fumigation is on and should only be accessed by personnel with suitable 
personal protective equipment (PPE) as it is dangerous for the operator. Constant 
opening of the silo is also detrimental to the effectiveness of the fumigation process 
considering the fact that the phosphine gas concentration and absorption rate 
would have been reduced below the lethal level recommended for pests’ destruc-
tion. Recommendations for the phosphine label came to be as a result of detailed 
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testing by the industry, in other words, making use of phosphine as indicated on 
the label will ensure perfect results [13]. Phosphine is rated high as a very reliable 
fumigant for the control of pests in grain storage facilities and other production 
enterprises [13]. Nevertheless, there has been a continuous misuse of fumigants 
with a resultant effect of poor pest control and the development of resistance in 
certain species of pests. More so, just as the continuous use of herbicides that has 
the same principle of action advances weeds being resistant, continuous use of 
phosphine could lead to grain pest resistance. Nonetheless, in the case of herbicides, 
the development of resistance by pests can yearly be circumvented by alternating 
the chemicals used. The same cannot be said for stored grain fumigation as options 
are limited and where available, they are not cost-effective [13]. In other words, it is 
best to avoid the resistance of phosphine by using it as instructed.

Other fumigants and a controlled atmosphere may be used for stored grain pests 
but they are often high in price. However, to prevent resistance of stored grain pests, 
phosphine sealed in a silo that is impermeable to gas should be used.

3.6 Controlled atmosphere

In spite of the fact that phosphine is the common most used gas fumigant, there 
exist other gas fumigants for controlling pests in stored grain. These alternatives 
are however more expensive than phosphine and still require a gas-tight, seal-
able silo but they offer other options for resistant pest species. Nitrogen (N2) and 
carbon dioxide (CO2) have the advantage of being nonchemical control alternatives. 
Because nitrogen and CO2 methods of control change the balance of natural atmo-
spheric gases to produce a toxic atmosphere, they are hence referred to as controlled 
atmosphere (CA) [13].

3.6.1 Carbon dioxide (CO2)

Treatment with CO2 involves displacing the air inside a gas-tight silo with CO2 at 
concentrations high enough to be toxic to grain pests. This requires a seal imperme-
able to gases, measured by a half-life pressure test of no less than five minutes. In 
order to eliminate all life stages of the main grain pests, CO2 must be retained at a 
minimum concentration of 35% for 15 days [14]. To achieve a 35% concentration 
level of CO2 for 15 days, 30 kg (size G) cylinder per 15 tones of storage capacity is 
required. CO2 is an odorless, colorless, non-flammable gas that is approximately 
one and a half times heavier than air. Food grade CO2 comes in form of a liquid in 
pressurized cylinders and when released from the cylinder, changes to a gas. Carbon 
dioxide is less effective at temperatures below 20°C. This is because insects are less 
active at this temperature, so the CO2 concentration must be maintained for an 
extended period.

3.6.2 Nitrogen

Grains stored in a nitrogen saturated environment ensure the control of insects 
and preserve product quality without the use of chemicals [13]. Nitrogen-based 
storage systems maintain the quality of canola and pulses through the inhibition of 
the respiration process that causes oxidation, which may result in the increase in free 
fatty acids, loss of color, and seed deterioration [13]. Grain treatment with nitrogen 
(for the purpose of pest control) is safe, environmentally friendly, and involves 
the usage of electricity for its major operations. Nitrogen produces no residues 
when used, so grains can be sold instantaneously whenever decided as against 
what is practiced for chemical fumigants which have recommendation period for 
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withholding after fumigation [13]. The use of nitrogen as an insect control technique 
involves the use of Pressure Swinging Adsorption (PSA) technology in adjusting the 
atmospheric composition of the grain storage system to expel other gases other than 
nitrogen, thus depriving the pests of the needed oxygen. The method of application 
entails purging the silo to its base with gas majorly composed of nitrogen. This is 
done in order to force out from the silo the oxygen-rich air through the top of the 
silo. Several hours of operation are required for PSA to build up about 99.5% pure 
nitrogen and before the air composition reduces to 2% oxygen. It is difficult for 
adult insects to thrive in 2% concentration of oxygen, provided this concentration 
is maintained for 21 days at 25°C or above for the temperature of the grain [14]. The 
inhibition of the different stages of the life cycle of insects (eggs, larvae, and pupae) 
will be difficult below these recommended temperatures and the number of days for 
grain storage. For grain temperatures below 25°C, this treatment duration should 
further be extended to a 28-day period. Additional purging of the silo may be needed 
to get rid of oxygen that has diffused from the grains and it must be re-evaluated 
24 hours after fumigation in order to achieve effective and efficient pest control.

4. Drying technologies

Scientists from all over the world continuously search for new and effective 
means and use of renewable sources of energy as a result of the continuous increase 
in the price of fossil fuels and increased levels of greenhouse gas emissions. The 
world’s energy intake is doubled every 20 years and this increase in energy consump-
tion, has resulted in fossil fuels causing many environmental problems and pollu-
tion [15]. Drying is a processing technique used for food product preservation and 
reducing food spoilage. About 3.62% of the world’s energy is used for the drying of 
agricultural products [16].

Presently, the requirement for new drying technology that promotes the higher 
quality product and efficient drying in shorter periods is the current need. And as 
a result, hybrid drying systems have emerged as an excellent technique for their 
versatile drying outcomes, with lower energy requirements and minimum envi-
ronmental impact. Lately, various hybrid solar dryers which are more efficient in 
conjunction with other sources for heating the air, hence reducing drying cost and 
energy consumption have been developed [17, 18].

Grain legumes are usually dried after harvesting before storage in storage 
facilities [17]. Drying grain legumes to a recommended safe moisture level is 
fundamental in achieving safe storage of grain legumes. However, too rapid dry-
ing of nuts can lead to hardening of the grain core with poor interior while very 
slow drying may result in microbial growth which will lead to quality deteriora-
tion. Recirculation of the solar drying air is thus employed to make efficient 
use of the heated air by giving a drying rate that provides acceptable product 
quality.

Drying of pulses is essential because they contain high moisture content 
of about 18–25% at the time of harvest and, for safe storage, the optimum 
moisture content need to be in the range of 9–12% to avoid mycotoxin produc-
tion. It is essential that the grain is dried to a safe moisture level as quickly as 
possible to avoid deterioration regardless of the drying system employed. There 
are several techniques of non-natural open-sun drying of grains with hot air. 
Some of these forms of drying include spouted-bed drying, fixed bed drying, 
moving bed drying, fluidized-bed drying, and thin-layer drying [19]. Apart 
from some of these specialized dryers used for grain drying, all-purpose grain 
drying systems can as well be used in the drying of grain legumes. Generally, as 
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documented by [20], dryers or drying systems are categorized depending on the 
following:

a. The flow of grain wherein the dryers are denoted as - batch, recirculating and 
continuous dryers,

b. The relative motion of the grains and the circulating air used for drying. 
Concurrent, counter-current, cross/mixed flow dryers are found in this 
category.

c. The source of heat: solar, propane, and electrical dryers are examples of dryers 
in this category.

Regardless of the type of dryer used in drying grains, the concurrent heat energy 
transfer and moisture loss principle/process is the same for the drying of grain 
legumes and equally for other grains [19]. The process of drying grains involves the 
loss of free moisture which involves the drying of the grain until its equilibrium 
moisture content is attained. The equilibrium moisture content of the grain implies 
the final moisture content attained by the grain at a pre-determined relative humidity 
and temperature. The cardinal factors that influence the drying rate of grain legumes 
are temperature, grain moisture content, relative humidity, and air velocity [19].

The use of solar dryers is also another medium for drying legumes. A lot of solar 
drying systems exist for grain drying such as direct, non-direct, and solar. Solar 
dryers have the problem of the dehydration process being stopped as a result of 
an absence of solar radiation and absence of radiation at night or low insulation, 
which decreases the quality of the grains. So far, there have been efforts to proffer 
solutions to the problems of solar systems, some of which include – the addition of 
thermal storage materials, phase change materials, and adding a variety of heating 
modes either direct or indirect [21]. This has led to the evolution of several types 
of solar dryers. Thermal storage materials have the ability to store thermal energy 
when there is solar radiation and then make use of this thermal energy when the 
sun is not available. Three main forms of solar dryers exist with varying sizes, 
designs, and magnitude [22].

4.1 Classification of solar dryer

The three major types of solar dryers with various sizes, capacities, and 
designs are:

i. Direct solar dryers

ii. Indirect solar dryers

iii. Mixed-mode solar dryers

4.1.1 Direct type solar dryer

This is a form of the solar dryer where the radiation from the sun is used directly 
incident on the grains to be drained. The dryers are quite simple in structure, less 
expensive, little or no maintenance needed, and also simple to use. It can be fabri-
cated with a wooden box with a glass cover and some holes for air entrance and exit 
also. After the usage of the direct type of solar dryers, the food products are usually 
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not very nice in appearance, color, texture, and with a reduced nutritional quality. 
In direct-type solar drying, produces to be dried are spread on the ground or mats 
exposed directly to the sun to absorb solar radiation. As noted by [23], sun-dried 
grains are prone to high crop losses due to:

i. Non-uniform moisture loss

ii. Attack by insects and rodents

iii. Inability to attain moisture levels that are safe for the safe storage of grains

iv. Proliferation of micro-organisms and possible toxin production.

These challenges have led to the development of other drying techniques like 
solar drying to overcome the aforementioned challenges. Solar dryers have faster 
rates, better efficiency, more hygienic with less crop losses when compared to sun 
drying [23].

4.1.1.1 Open sun drying

Here, food products are placed right under the sun, below solar radiation to 
get rid of their moisture properties. The difference in density in the air from the 
atmosphere allows for air movement. In other words, to get a product dried, they 
are usually spread in a large area under solar radiation. It is usually time-consuming 
till it is dry to a required level. All that is needed is a large surface ground done with 
concrete or a suitable soil area with products laid on them between ten to thirty 
days depending on a favorable weather situation. This form of drying technique 
consumes a lengthy time of sun subjection which can sometimes bring down the 
nutrition level of the products, like sapping off their vitamins.

Open solar drying is a good choice for food drying but comes with a lot of 
problems such as reduced product quality, adverse effects of rain, moist, wind, 
animal consumption, and dust [24]. The use of industrial drying comes in as 
another option which is very expensive. It would need a lot of fossil fuel which 
will result in air pollution. Nonetheless, the spread and adoption of solar energy 
is likely to take prominence in the coming years and is without negative environ-
mental effective factors [24].

4.1.1.2 Cabinet type solar dryer

The cabinet form of the dryer is advantageous for preserving smaller food 
products such as vegetables, pepper, and fruits. It has a roof that is transparent with 
covers that could be either single or two, made using a black-colored plate cover 
that serves as an absorbing entity for the storage of energy from the sun. Suitable 
perforated holes allow for the free flow of air and the removal of moisture.

4.1.2 Indirect mode solar dryer

When it comes to moisture removal and heat transfer, indirect sun dryers differ 
from direct solar dryers. This style of drier is utilized for quick drying. The atmo-
spheric air is heated in a solar air collector in this dryer, and then this hot air moves 
towards the drying cabin, where products are kept to dry, and the hot air absorbs 
some moisture from the drying products before exiting through the chimney.
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4.1.3 Mixed mode solar dryer

The term “mixed mode solar dryer” refers to a solar dryer that uses both direct and 
indirect heating methods. The inlet air is heated at the solar air collector before enter-
ing the drying chamber in a mixed mode solar dryer. Some of the drying chamber’s 
sides are composed of glass, which adds to the drying chamber’s overall warmth. The 
product is dried using a combination of hot air and direct sunlight in this procedure. 
In comparison to direct and indirect solar dryers, mixed mode solar dryers require less 
drying time. Biomass has been used in hybrid sun dryers as an auxiliary heat source to 
keep drying going all night. Cashews, for example, have been dried in these dryers [23].

4.1.3.1 Greenhouse solar dryer

Tent dryers are similar to greenhouse sun dryers. They have vent sizes that 
control airflow. Board glazing is used on all sides of this type of drying system. The 
greenhouse drying system provides a higher degree of control when used in con-
junction with the appropriate settings. The main benefit of a greenhouse solar dryer 
is that it can provide alternate heating with charcoal or briquette burners during 
inclement weather and can also be used at night.

Greenhouse solar dryers are a type of solar dryer that was developed to address 
some of the issues that open solar dryers face. The greenhouse solar dryer might be 
created out of polycarbonate sheets in parabolic shapes, with direct current blowers 
to help with airflow in the dryer, which has a floor area made out of concrete [24]. 
Solar radiation intensity was observed between 390 to 820 W/m2.

Greenhouse drying is one of the world’s oldest methods of crop preservation. It 
entails the phenomena of heat and mass transmission. The product’s thermal energy 
is used in two stages. The temperature of the product rises in the first step due to 
sensible heat, and the moisture in the product vaporizes in the second step due to 
the provision of latent heat of vaporization [25]. The greenhouse dryer provides 
a regulated environment in terms of relative humidity and temperature, which is 
better for crop drying and hence reduces drying time. The essential processes in the 
construction of a greenhouse system include vaporization. The greenhouse drier 
provides a regulated environment in terms of relative humidity and temperature, 
making crop drying more efficient [25].

a. Natural convection greenhouse dryer

b. Forced convection greenhouse dryer

4.1.3.1.1 Natural convection greenhouse dryer

Incident sun energy is passed through the canopy and used to heat the crops in a 
natural convection greenhouse dryer. The temperature of the crop rises as a result of 
solar radiation absorption. The thermosyphic effect is used to operate the natural con-
vection greenhouse drier. Humid air is vented through the dryer’s chimney or evacuated 
through an outlet on the top, while warm air is pumped through the crop by buoyancy 
forces. Natural convection mode refers to this type of airflow within the drying cham-
ber, and a natural convection greenhouse drier is one that works in this manner [25].

4.1.3.1.2 Forced convection greenhouse dryer

The forced convection greenhouse dryer was born out of a desire for increased 
air circulation and drying rates. To adjust temperature and moisture evaporation 
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according to the weather conditions, an optimal airflow should be given in the 
greenhouse drier during the drying process. An exhaust fan on the upper half of 
the west wall is used to evacuate humid air. Forced convection greenhouse dryers 
employ a fan or blower to control airflow [25].

The mixed mode solar dryer outperforms other types of solar dryers in terms 
of drying efficiency, drying time, and thermal efficiency. It has been discovered 
that a mixed mode solar dryer with a Phase-Change-Material is the best for drying 
grains with higher efficiency and shorter drying times, as well as being smaller, 
having fewer moving parts, and requiring less maintenance [19]. In a mixed mode 
solar dryers with 1.5 m/s air velocity, beans with up to 60% moisture content can be 
reduced down to 6% within six hours of drying [19]. The time required for drying 
depends on factors like solar radiation, ambient condition, and relative humidity 
while the solar collector efficiencies can be as high as 61.82% [21].

5. Storage of grain legumes

Cleaning of grains to remove extraneous materials and contaminants is very 
fundamental in achieving good and safe storage. It established that cleaning before 
storage of grains influences the quality of the grain [26]. Cleaning involves the 
removal of unwanted extraneous material (straws, sand, stone, etc.) from the grain. 
The storage of grain legumes is a very cardinal stage in the postharvest handling of 
legumes. Its importance is based on the fact that if the optimal conditions for their 
safe storage are not maintained a high level of postharvest losses could be incurred. 
Different microorganisms and pests have the ability to destroy grain legumes after 
their harvest, during storage, or transportation to various locations of interest. 
Depending on the prevailing intrinsic and external factors, postharvest losses of 
grain legumes are estimated to be about 9% for USA and 40–50% for many develop-
ing countries [27].

The rapid decline in color, oil quality and ability to germinate, and many other 
changes in the quality characteristics of grain legumes can be caused by increase 
in temperature and moisture. High moisture content and elevated temperature of 
grains can lead to the development of molds in the category of Aspergillus species, 
Fusarium species, and Penicillium species, and the production of some mycotoxins 
such as aflatoxins, ocharatoxin A, and patulin produced by molds. High moisture 
content and temperature above optimal levels also aid the infestation of different 
varieties of insects (granari weevil, grain borer, grain moth, grain beetle, etc.) 
which feed directly on the grains with a resultant effect of the decline in grain 
quality and quantity. Infestation of grains by fungi results in reduced nutritional 
quality, reduction in the quality of proteins that synthesize gluten, and the ability of 
grains to germinate. Other effects include free fatty acid elevation, lowered starch 
content, increase in total soluble solids, the decline of non-reducing disaccharides 
and oligosaccharides. The grains can also be charred due to hot spot development 
and the formation of mycotoxins may occur as a result of fungal contamination 
creating very big public health issues [7, 17]. Globally produced grains of about 25% 
are contaminated by toxins from molds – mycotoxins [28]. The aflatoxins with the 
greatest intoxicating effect, genotoxic and carcinogenic characteristics of greatest 
concern are B1, B2, G1, G2, and M1 aflatoxins (Table 1) [31].

During storage, grain legume pests are capable of destroying up to 33–50% of 
global produces [27]. This gives an insight on the seriousness of pest infestation 
and attack on grains if proper control measures are not put in place. The quality 
degradation which results in loss of the quantity of leguminous grains globally 
during storage can get up to 60% in some instances [27]. These losses are primarily 
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as a result of insect infestation, rodents attack, micro-organisms like mold as well 
as the breakdown in the normal physiology of grains. It’s a well-known fact that 
pathogenic micro-organisms, insects, rodents, and unwanted contaminants are 
capable of posing health hazards in grains when consumed. In storing grains from 
leguminous crops, the usage of suitable packaging and packaging materials is very 
crucial in achieving good results in postharvest management of leguminous grains. 
Packaging also serves a very key role during distribution and marketing (to main-
tain quality) [27].

In village areas of developing and even developed nations, grains including 
pulses are still kept in traditional storage facilities which are fabricated with natural 
materials or woven threads. Typical examples of some of the traditional storage 
structures used include underground pits, thatched roof storage, plastic containers, 
and basket silos. Though these local structures have a low construction and mainte-
nance cost, they are not very durable, easily invaded by insects and pests resulting 
in grain legume quality deterioration. Developing nations are currently adopting 
warehouse storage structures for storing their grains in very large quantities [17].

The materials used for the construction of storage facilities and structures have a 
direct influence on the moisture content and temperatures in the storage structures 
[17]. Wooden sticks, concrete blocks, cement, bamboo, and metals (aluminum or 
steel) are some of the very common materials used for the fabrication of storage 
structures for grains.

5.1 Silo

Silos are currently very common storage facilities for storing grain in many 
countries and constitute about 79% of all on-farm grain storage facilities in 
Australia. Silos are very ideal storage alternative for grain legumes (pulses) espe-
cially the cone-based variant which makes for very easy grain unloading/discharge 
with very low seed damage possibilities [15]. For long-term storage of above three 

Chemical 
fumigants 
(phosphine 
tablets and methyl 
bromide)

Compound/Mechanism Effect References

Chemical Fumigant Phosphine Tablets and methyl 
bromide

Toxic to living 
organisms and 
humans

[17]

Sensor-based 
vacuum hermetic 
fumigation and 
storage

Hermetic contaminant, very low 
oxygen concentration

No harmful effect to 
humans

[29]

Irradiation Ionizing irradiation (0.1–50 kGy) Effective in fungal 
destruction
Grain disinfection

[8]

Radio frequency 1–300 MHz up to 11 M wavelength, 
penetrate dielectric material and 
produce heat volumetrically

Destroy insects and 
disinfect dry grains

[30]

Infrared 0.5–100 μm Vibrations in 
molecules of water 
with heat generation

[30]

Table 1. 
Postharvest preservation technologies.
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months duration, there is a need for the incorporation of aeration cooling systems 
and the use of gas-tight sealable storage which are recommended for efficient and 
effective fumigation regimes in managing and achieving best quality control. Metal 
silos are fabricated by incorporating augers and ventilators for grain aeration in 
order to reduce the formation of hot spots. Metal silos with ventilators and augers 
are considered advanced grain storage systems as they have the ability to extend the 
shelf-life of grain legumes through controlled respiration and the development of 
unfavorable conditions for all sorts of grain legume pests [7, 17].

It is advisable to always fill and empty silos from apertures provided at the center 
of the silos. This is especially important with grains as most grains have a high bulk 
density and loading or unloading outside the central opening at the center will put 
an uneven load on the structure which may cause the silo to collapse [14].

Metal silos of different sorts, fabricated with galvanized iron or recycled oil 
drums have been developed as an economic, effective, and efficient containers-
storage option. These silos are suitable for a long duration of storage of cereals and 
grain legumes in a water-resistant and hermetically controlled environment. Grains 
stored in metal silos provide protection from rodents, insects, and water, and are 
thus very good storage systems for pulses [32]. However, there is a need to protect or 
shield silos from direct sun rays and other heating sources capable of increasing the 
temperature of the grains contained therein to avoid condensation. As an alterna-
tive, silos can be situated in well-ventilated areas with shade to avoid elevating the 
temperature of the silos [32]. It is worthy of note that metal silos are very efficient 
and effective for grain storage but they are also expensive [33].

If there is direct exposure of silos to sunlight or the external air is lower than 
that in the silos which contain the grains, there may be a formation of currents of 
convectional flow. As a result of the convectional air currents generated, the moist 
air is being blown pass through the grains. As the moist air travels and meets cooler 
surfaces like the silo walls, condensation of the moisture will take place and the 
grain within that area will get dampened. This dampening occurrence is a cardinal 
problem associated with grains stored in silos made of steel and particularly utilized 
for storage in hot areas with daily clear sky [28]. High day temperatures and cool 
night temperatures are a result of a clear sky. The problem of elevated temperatures 
can be mitigated in small silos by providing a shield in form of a roof or a hat, to 
prevent direct contact of sun rays with the surface of the silos. Solutions for larger 
silos may involve grain silo ventilation or transferring of the grains from the silo 
with a high temperature to another one that has a cool condition. Grain movement 
during the transfer of grains to another cool silo has the tendency to provide grains 
with more homogenous moisture content. In a case where the moisture content is 
too high, then there will be a need to dry the grains again [28].

5.2 Hermetic bags/cocoon

It’s still possible for foreign pests like Callosobruchus maculatus and Callosobruchus 
chinensis to be located in grain legumes storage systems during storage if appropri-
ate pest management regimes are not strictly adhered to. Grain legumes storage 
in hermetic bags/Cocoons has to a large extent aided farmers in many countries in 
storing and extending the shelf life of their produces as they await periods with bet-
ter produce value and pricing. This has resulted in better financial gains for farmers 
that make use of Hermetic bags/cocoons storage in extending the shelf life of their 
produces with the target of a better sales period [33]. The technique of using her-
metically sealed polyethylene silo bags is an effective alternative for the protection 
of stored grain legumes in commercial storage systems and is presently gaining more 
prominence for both on-farm sites and off-farm sites [34].
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6. Conclusion

Legumes are very important food crops that supply good amounts of plant 
source protein to our meals. Postharvest losses are incurred if grain legumes are not 
properly handled, prepared, and stored. Some of the notable postharvest handling 
practices adopted to preserve and extend the shelf life of legumes include drying, 
pest control, and storage.

Pest control in harvested grains can be achieved through emerging technologies 
like irradiation, radio frequency ionization, infra-red, and microwave technology. 
Pest management can also be done through the age-long chemical means of fumiga-
tion as well as controlled atmosphere technology as an alternative.

The drying of grain legumes through the traditional means openly spreading in 
the sun yields poor drying results. Drying of grain legumes is better done through 
artificial means with hot air dryers or solar dryers of different sorts. Solar dryers 
have evolved greatly as a result of the need to reduce the level of greenhouse gases 
emitted by non-solar dryers, high fuel prices to run non-solar dryers, and the need 
for a renewable type of energy, unlike the non-solar dryers.

Storage of grain legumes for bulk commercial purposes is done in silos while 
hermetic bag storages are utilized for small-scale storage in other to achieve a fairly 
optimal storage condition for grain legumes.
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of the Creative Commons Attribution License (http://creativecommons.org/licenses/
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Abstract

During the offseason, when fresh food is not available, humans have to consume 
stored grain food. Unfortunately, these stored grains are later infested with many 
pests. Foods stored in bags and bins are very much susceptible to infestation with 
several pests which can cause extensive post-harvest losses, spoilage, and less 
demand in markets, causing a huge economic crisis. Hence, successful management 
of stored grain pests becomes necessary to prevent these from insect pests. Current 
approaches for their management are one of the promising goals, as it includes 
preventive practices, monitoring, sanitation, and identification of main pathogens. 
Different management strategies of all the common stored grain pests viz. grain 
weevils, grain borers, grain moths, flour moths, mealworms, grain and flour 
beetles, booklice, mites, and parasites are enlisted here.

Keywords: stored grain insect pests, grain loss management, integrated pest 
management, economic loss management, pest classification

1. Introduction

Stored grains are heavily damaged by insect pests. These pests cause damage to 
stored grains resulting in both qualitative and quantitative losses. The main reason 
behind the occurrence of stored grain pests is the presence of favorable climates for 
their growth and survival. At various processing stages of grains, i.e., during the 
process of development and maturation of seeds, processing in threshing yards, 
during transmission of seeds, or storage large number of insect pests gain access to 
stored grains. Some pests start damaging the seeds at the ripening stage and continue 
during storage. Old bags, storage structures, old containers are the major source of 
infestation [1]. The dispersal and distribution of stored grain pests are caused by the 
movement of grains from one area to another area either by a passive or active flight 
of pests as some adult insects possess strong flight. Almost one thousand species 
are stored grain pests of different stored products all around the world. Undesirable 
smells and flavor. The majority of stored grain pests belong to two orders, i.e., 
Coleoptera and Lepidoptera [2].

Stored grain pests possess a serious threat to dried, stored, durable and, per-
ishable agricultural products and non-food derivatives of agricultural products 
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worldwide. Stored grain pests cause serious post-harvest losses, almost 9% in devel-
oped countries to almost 20% or more in developing countries [3], besides they 
also cause contamination of food products by the presence of various live insects, 
insect products like chemical excretions or silk, dead insects or some other storage 
structures. Almost 8–10%, i.e., 13 million tons of grains lost due to insects and 100 
million tons due to failure to store properly is estimated in stored food products all 
around the world. Pests such as various insects, pathogens, mites possess serious 
threats and cause severe damage to grains by producing certain enterotoxins and 
mycotoxins [4]. Approximately one-third of the world’s production, which values 
almost $100 billion has been destroyed by almost 20,000 species of field and stored 
grain pests [5]. The majority of stored grain pests belong to the order of Coleoptera 
and Lepidoptera that accounting for almost 60 and 10% respectively. Of all the 
stored grain pests [6]. Stored grain pests generally feed on grain, bore into the 
kernel and then destroy the germ portion, cause heat and then cause deterioration 
in-stored grain products thus resulting in huge losses mainly due to nutritional 
depletion and reduction in market value besides cause contamination by their 
excretory products, that can be extremely hazardous to human health who process 
and infest the grains so the loss caused by insect pests is not in terms of quantity 
but mostly in terms of quality. Qualitative loss in stored grain is caused by chemical 
changes in proteins, carbohydrates, amino acids which negatively affect the nutri-
tional value of grains.

2. Pre- and post-harvest losses by stored grain pests

Grains are generally attacked by several insect pests during all the stages of 
growth from seedlings to storage [7]. Insect pests possess a major threat to grain 
production and are also responsible for both direct and indirect losses of grain both 
in the field as well as in the storage [8]. Mihale et al. estimated that almost 15–100% 
pre-harvest losses and almost 10–60% post-harvest losses of stored grains are 
caused by stored grain pests in developing countries [9]. Two major insect groups, 
i.e., Coleoptera and Lepidoptera are economically important on stored grains. In the 
case of Lepidoptera, its larva causes the damage while in the case of Coleoptera both 
larva and adult causes damage.

Weevils and moths are the major stored grain pests that cause huge damage to 
maize and sorghum [10]. Most important stored grain pests include Angoumois 
grain moth (Sitotroga cerealella (Olivier, 1789) Lepidoptera: Gelechiidae), maize 
weevil (Sitophilus zeamais Motschulsky, 1855 Coleoptera: Curculionidae), the 
Indian meal moth (Plodia interpunctella (Hubner, 1813) Lepidoptera: Pyralidae), 
the almond moths, Ephestia cautella (Walker) (Pyralidae: Lepidoptera), flour 
beetles (Tribolium spp.), the flat bark beetles Cryptolestes spp. (Coleoptera: 
Laemophloeidae) and the sap beetles Carpophilus spp. Stephens, 1830 (Coleoptera: 
Nitidulidae) [11]. The maize weevil is a major pest mainly found in warm humid 
areas all around the world. It mainly damages a wide range of cereals and is well 
established in tropical countries.

Grains such as sorghum and maize are mainly attacked by pests in the field 
before their harvest. After one week of storage adults of S. zeamais were found on 
all maize portions of the cobs that indicating that cobs are already infested before 
their harvest. The level of damage to the grains in storage gives an idea about the 
extent of damage [12]. Maize weevil although commonly found on maize can also 
attack many cereal grains such as wheat, barley, sorghum, and rice. Although, 
maize weevil prefers whole grains it has been reported to feed on many processed 
grain products including pasta and pet food [13].
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Almost 10–20% losses have been reported in maize by S. zeamais after three 
months of storage [14]. Thus, millions of tons of maize are lost by stored grain pests 
due to inefficient storage technologies. More serious damage to maize grains is due 
to a larger number of adult weevils [15]. It is estimated that almost 63.85% of grain 
weight losses occurred due to three to six months of storage by stored grain pests.

Pulses are heavily damaged by weevils and beetles in the field and also dur-
ing storage time [16]. In the case of pulses, the adzuki bean weevil Callosobruchus 
chinensis (Linnaeus, 1758) (Coleoptera: Chrysomelidae) is found to be highly 
damaging as a stored grain pest. It is estimated that almost 50% of losses are found 
in important legumes such as chickpea field pea, faba bean by stored grain pests like 
C. chinensis [17]. Bruchids are found to be serious threats to faba bean and chickpea 
with an extent of damage sometimes reaching 90% after three months of storage.

3. Classification of pests

Stored insect pests are grouped into two types. This grouping is made according 
to the basis of the feeding ability of the insects in whole or previously damaged 
grain. They are classified as primary and secondary pests.

3.1 Primary insect pests

Primary insect pests cause damage to the previously undamaged kernel or 
new grain. Stored grain pests are classified as major and minor pests based on the 
damage they cause. These insects can be classified as external feeders and internal 
feeders based on their feeding behavior.

(i) External feeder: As the name indicates these pests feed on external or surface 
parts of the grains such as the outside part of germ and endosperm. These 
pests either feed on whole seeds or damage the germinal portion of seeds 
and also feed on those seeds which are already damaged or attacked by other 
pests or are mechanically broken. These pests are generally visible among the 
seeds such as rice weevil, pulse beetle, granary weevil, Angoumois moth, etc.

(ii) Internal feeders: As the name indicates these pests are usually found inside 
the seeds. These pests mostly lay eggs inside or on the surface of grains, 
then spend a part or entire larval and pupal life within the grains and 
emerge as an adult. These pests cause significant loss of germination that 
is not detected externally, e.g., rice weevil, pulse beetle, granary weevil, 
Angoumois moth, etc.

3.2 Secondary insect pests

Secondary feeders. As the name indicates these pests are secondary because 
these pests attack on already infested crops these generally feed on cut and broken 
seeds, molds, dead insects, animal wastes, e.g., common mites, cheese mites, etc. 
Damage caused by these pests results in loss of germination, contamination like ball 
formation, and webbing besides deterioration of grains. Damage caused by these 
pests results in fungal activity, moisture migration across the stored grains.

4. Stored grain pests

Some common stored grain pests found all over the world as described below:
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4.1 Grain weevils

Weevils or snout beetles (Coleoptera: Curculionidae) have long, elbowed anten-
nae with a special groove on the snout.

4.1.1  Granary weevil (Sitophilus granarius (Linnaeus, 1758) Coleoptera: 
Curculionidae)

Distribution: Being cosmopolitan in nature and it is found all around the world.
Host range: This pest mainly feeds voraciously on a large great variety of grains 

such as oats, wheat, rice, barley, or corn pest.
Bionomics: The granary weevil is the oldest, cosmopolitan, small, brownish 

or blackish beetle, moderately polished having a long slender snout with a pair 
of stout mandibles or jaws, and having chewing-type mouthparts [18]. Thorax is 
well marked with longitudinal punctures and has no wings under its wing cov-
ers (Figure 1). Larvae or grubs are legless and whitish in color. Adults, as well as 
larvae, are feeding voraciously on a large great variety of grains. Gravid females lay 
200–300 eggs in a small hole in the grain berry with her snout. After oviposition, 
the hole is covered with a protective gelatinous fluid. Eggs hatched inside holes and 
white fleshy, legless grubs are formed, which are later transformed into pupae and 
adults. A short life cycle is seen in summer seasons than in cold seasons.

Damage symptoms: It is one of the most serious pests of grains causing huge 
damage to the grain. It drastically reduces the crop yields by causing huge damage 
to harvested stored grains holes are created to the grains that are fed by the pest 
(Figure 2).

4.1.2  Rice weevil (Sitophilus oryzae (Linnaeus, 1763) Coleoptera: Curculionidae)

Distribution: The rice weevil is highly favored by the hot and humid climate. 
Being cosmopolitan in nature causes huge economic losses, both larva and adult 
cause severe damage.

Host range: Crops like paddy, wheat, millet, barley, maize, sorghum dried beans,  
cotton, nuts, cereals, wheat, corn, flour, pasta, dried flowers, decorative ornaments, 
stored clothes, dried plants, bread, and other cereals are highly infested by this pest. This 
pest results in both qualitative and quantitative loss of these crops during their storage.

Bionomics: Rice weevil or Black weevils are small snout beetles, dark brown 
having 4 distinct patches on the elytra, and prominent spots on the thorax and 
abdomen. Adults are similar to granary weevils but differ in color, markings, 
presence of wings beneath wing covers, and thorax with densely pitted with round 

Figure 1. 
Dorsal view of adult of Sitophilus granarius.
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punctures (Figure 3). Adults are tiny about 2.5 mm long and dark brown in color. 
Mostly both sexes are alike but in male’s rostrum is short and broader. Females lay 
about 300–400 eggs. Adults are strong fliers and fly from granaries to granaries and 
to the grain fields for direct infestation. During summer life cycle is very short as 
compared to winter. Under hot and humid weather eggs take 4–5 days to hatch but 
under cold conditions eggs take 6–9 days to hatch. The newly hatched larvae bore 
into the kernel of the grain. Grubs are white in color, curved with a yellow or brown 
head’s and hitting jaws. As grubs emerge from eggs they start feeding on the starchy 
material of the seeds, till it becomes fully grown and leaves behind only intact peri-
carp shell which is filled with grass. The grub stage mainly lasts for 19–34 days and 
then pupates to a non-feeding pupal stage after passing away prepupa for 2–3 days. 
The pupal stage mainly lasts for almost 1 week and after that adult emerges out of 
it and starts breeding. This pest completes its life cycle within a month. Most of the 
severely damaged crops resemble moldy grains.

Damage symptoms: Both larva and adult of this pest are extremely damaging 
larva enters inside the grain and then starts living and feeding inside the grain due 
to which irregular holes of about 1.5 mm diameter are produced on the grain. These 
pests cause extreme damage to stored grains.

4.1.3  Broad-nosed grain weevil (Caulophilus oryzae (Gyllenhal, 1838) 
Coleoptera: Curculionidae)

Distribution: Being cosmopolitan in nature, it is found all around the world.

Figure 2. 
Damage status of Sitophilus granarius on wheat.

Figure 3. 
Dorsal view of adult of Sitophilus oryzae.
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Host range: Corn is the main host of this pest. Both fields as well as stored ones 
are very much susceptible to infestation.

Bionomics: Broad-nosed grain weevil is a small, dark brown with short and broad 
snout, and similar with granary beetle. It damages soft or damaged seeds and not 
the dry, hard, and uninjured seeds. These are also strong fliers and can damage the 
crop fields especially cornfields before the harvesting season. Gravid females lay 
around 200–300 small whitish eggs inside broken and soft grains. These eggs are 
hatched in a few days into small, white footless grubs and later into whitish pupae. 
During summer seasons when environmental conditions are favorable, a very small 
life cycle can be seen than during harsh cold winter seasons.

Damage symptoms: It damages soft or damaged seeds and not the dry, hard, and 
uninjured seeds.

4.1.4  Coffee-bean weevil/nutmeg weevil (Araecerus fasciculatus (De Geer, 1775) 
Coleoptera: Curculionidae)

Distribution: The coffee-bean weevil (Coleoptera: Brenthidae) is cosmopolitan 
in nature.

Host range: Its main hosts are dried fruits, coffee, corn, cornstalks, seeds, and 
seed pods.

Bionomics: The coffee-bean weevil is very active, dark brown in color, with 
mottled light and dark-brown pubescence, robust beetle. It can be seen in cornfields 
where they fly here and there. They are usually seen inside soft seeds than hard 
seeds so they can damage a little to the stored grains gravid females lays eggs inside 
soft kernels of corn holes.

Damage symptoms: Coffee-Bean weevil can be seen flying in cornfields as well as 
both larvae and adults inside containers or bins containing grains.

Management of grain weevils:
Freezing is one traditional method in which stored grains are stored in freezing con-

ditions to increase their shelf life free from infestation. Vacuum cleaning is another tradi-
tional method in which any stage of any pest can be pulled from any surface with the 
vacuum cleaners by sucking all of them. Sun drying of grains is also beneficial. Cleaning, 
damp-proofing, and heating arrangements should be made possible before storing 
grains in storehouses or godowns. Corn and other husk-bearing crops should be stored 
in the shuck if the husk is tight, and covers the whole tip, but if all ears with loose, short, 
broken, damaged, or perforated husks should be shucked and stored separately in clean 
bins. Placing neem leaves inside grain containers is also recommended. Chemical control 
can be performed by applying 5% BHC at the rate of 0.15% by weight. Before storage 
of grains, godowns, containers, and bins should be sprayed with 0.02% Malathion or 
0.4% BHC or DDT. Fumigants such as methyl bromide, ethylene dibromide, phostoxin 
tablets, and HCN are also used for fumigation for 18 h in the closed godowns.

4.2 Grain borers

Grain borers can bore into almost anything such as fabrics, furniture, paper, 
seed kernels, and seeds.

4.2.1  Lesser grain borer (Rhyzopertha dominica (Fabricius, 1792) Coleoptera: 
Bostrichidae)

Distribution: This pest is originated in India but now this pest has spread all 
around the world. After rice weevil lesser grain borer is considered as second in 
importance as a destroyer of stored grains.
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Host range: Initially, it was mainly found to invest wheat packings but now 
it’s found to be a pest of all cereals. It’s mainly found in warmer areas of the 
world and damages mainly wheat, barley maize, paddy, sorghum, and other 
crops. It causes its damage by mainly boring into the wood in both larval and 
adult stages.

Bionomics: Lesser grain borer or Australian wheat weevil are cosmopolitan, 
small, cylindrical-shaped, dark brown or black in color, roughened surface bodied 
entities. The head of lesser grain borers are turned down under the thorax and are 
armed with powerful jaws for cutting and piercing the wood (Figure 4). Adults 
and larvae, both are causing serious damage in warm climates than in cold climatic 
conditions. Gravid females lay 300–500 eggs loosely or in clusters in the grains. 
After hatching small, whitish grubs are emerged and voraciously feed on the seeds. 
Inside grains, these larvae are transformed into pupae and later into adult beetles 
that came out of the grain through holes.

Damage symptoms: Both larvae and adults of this pest cause serious damage. 
Highly infested grains become completely hollow inside and only the outer thin 
shell remains intact. Almost four beetles can be present in bigger grains such as 
maize. Adults are mostly good fliers so they can easily migrate from one godown 
to other. Adults produce a considerable amount of frass, spoiling more than what 
they eat.

4.2.2  Larger grain borer (Prostephanus truncatus (Horn, 1878) Coleoptera: 
Bostrichidae)

Distribution: The larger grain borer is originated from India but now this pest is 
cosmopolitan in nature.

Host range: The main host is corn, wheat, rice, and millet.
Bionomics: A larger grain borer is a small, dark brown, cylindrical, with a smooth 

polished surface. Both larvae and adults feed on grain kernels and leave dust and 
thin brown shells. Females lay 2–30 eggs in clusters on kernels which are later trans-
formed into creamy colored C-shaped grubs with a small dark head that is partly 
retracted into the thorax, having three pairs of small legs. Adults are brown to black 
cylindrical bodied pests with numerous small pits on wing covers.

Damage symptoms: These are notorious for the emission of sweet, musty odor 
during an infestation.

Figure 4. 
Dorsal view of adult of Rhyzopertha dominica.



Postharvest Technology - Recent Advances, New Perspectives and Applications

52

Management of grain borers:
The most economical and efficient method of controlling this pest is the preven-

tion of crops. One such preventive method is fumigation. Corn and other husk-
bearing crops should be stored in the shuck if the husk is tight, and covers the whole 
tip, but if all ears with loose, short, broken, damaged, or perforated husks should 
be shucked and stored separately in clean bins. The application of insecticides is the 
rapidly controlling method for immediate results.

4.3 Grain moths

Grain moths are found to damage solid, sound, and unbroken stored grains. 
They reduce kernels as well as grains to powder and shells. Following pests are 
included in the moth category:

4.3.1  Angoumois grain moth (Sitotroga cerealella Olivier, 1789 Lepidoptera: 
Gelechiidae)

Distribution: The name Angoumois is given to this pest because it was first 
noticed as a pest in the Angoumois province of France in 1973.

Host range: It is mainly found in a warm temperate climate and attacks both 
stored as well as field grains. It causes huge damage to the grains of paddy, sorghum, 
bajra, wheat, etc.

Bionomics: The Angoumois grain moth is considered one of the most serious 
pests or internal feeders in stored grains. It is a small, yellow-brown moth that 
attacks all cereal grains directly in fields as well as stored ones in all parts of the 
world. Females lay on or inside grains, around 150–350 eggs, which are initially 
white and later turned into a reddish color. Eggs are hatched into white caterpillars 
that are voracious feeders and eat out a channel to the outside of the grain. Larva 
enters into the grains and starts eating and then turns about and spins a silken web 
over the opening from which it enters therefore it’s difficult to locate the pest. Only 
larvae are voracious feeders and they feed on kernels. Infestation cannot be assessed 
in the early stages. Germination is seriously affected after infestation. It is the most 
devastating pest out of all Lepidopteran storage pests. White larvae are transformed 
into reddish-brown pupae and later emerge as moths. Adults are usually good fliers. 
Infestation starts in maturing cereal crops right in the field.

Damage symptoms: The first infestation starts when the grain is in or passing 
through the milk stage in the field and when only a small percent of grains is 
infested. By the time grains are threshed or stored infestation increases quickly. 
When storing the grains infestation of these pests is restricted only to the upper 
surface. Early infestation is difficult to detect because a hole made by young is so 
small that it cannot be seen. The first indication of infestation of pests is given by 
the appearance of moths in the stores and round holes on the grains or sometimes 
grains get heated up in the bin. Infested grains are hollow insides and filled with 
excreta or webs of larva leaving a circular opening for moths’ emergence. If the pest 
is breeding in farm godowns, the moth is attracted by instinct to the nearby field in 
search of maturing grains to lay eggs.

4.3.2 Wolf moth (Manduca rustica (Fabricius, 1775) Lepidoptera: Sphingidae)

Distribution: The wolf moth is cosmopolitan in distribution.
Host range: It is mainly found in a warm temperate climate and attacks both 

stored as well as field grains. It causes huge damage to the grains of paddy, sorghum, 
bajra, wheat, etc.



53

Stored Grain Pests and Current Advances for Their Management
DOI: http://dx.doi.org/10.5772/intechopen.101503

Bionomics: Wolf moth is a small, creamy white and has a thickly mottled appear-
ance with brown color that distinguished it from the Angoumois grain moth.

Damage symptoms: Infestation can be assessed during early stages with the pres-
ence of creamy-colored grubs as well as brown-colored adults.

4.3.3 Pink cornworm (Helicoverpa zea (Boddie, 1850) Lepidoptera: Noctuidea)

Distribution: The pink cornworm is found all over the world especially in warmer 
regions.

Host range: They mainly feed on corn seeds, husk, and cob in both fields and 
storage ones.

Bionomics: Pink corn worm is a small moth having banded fore wings with 
black, yellow, and brown bands. Hind wings are gray in color, cylindrical, and are 
edged with long fringes. Females are laying single or occasionally two or three eggs 
which are white in color. The larvae or caterpillars are pink with pale brown thorax 
and head.

Damage symptoms: The main indication of its presence in the formation of a 
large amount of frass that is loosely webbed together and fills the gaps between the 
kernels.

4.3.4 Rice moth (Corcyra cephalonica (Stainton, 1866) Lepidoptera: Pyralidae)

Distribution: The rice moth is mainly distributed in Africa, Asia, and Europe. It 
is one of the most important pests in both India and Pakistan in its larval stage.

Host range: Rice moth is a very serious pest of stored paddy, rice, and other 
cereals. It is widely distributed in all rice-growing areas. It grows well in humid and 
warm climates and also infests wheat, sorghum, maize, barley, oilseeds, and sweet 
products.

Bionomics: Rice moth is pale, grayish-brown in color, and is generally 11–12 mm 
long. Females are larger than males. Adult life is usually for a week. The Head is 
provided with tufts of hairs. Almost 200 eggs are laid by females which are small, 
oval, and are mostly laid on bags, walls. Larvae differ from the larvae of Indian meal 
moths in having variable color forms such as white, green, and slightly bluish-gray. 
Larvae feed on rice, biscuits, candies, cocoa, and other kitchen foods. Pupae are 
pink, elongated, cylindrical with dark spots on the apical side.

Damage symptoms: While feeding, larvae produce dense silken web structures 
that show their infestation. Besides these pests also pollute the environment with 
large quantities of frass and silken cocoons, webbing together the grains into large 
lumps occur.

4.3.5 Fig-almond moth (Cadra cautella (Walker, 1863) Lepidoptera: Pyralidae)

Distribution: The almond month is also known as fig moth. It is widely spread in 
the tropics and subtropical areas.

Host range: It causes severe damage to figs, rough rice, dry fruits, wheat, barley, 
sorghum, oilseeds, etc.

Bionomics: The fig-almond moth (Lepidoptera: Phycitidae) is small, grayish, 
with transverse spines on the outer wing margin. Nearly 200–250 eggs which are 
small, oval, whitish in color are deposited by gravid females inside cracks and 
crevices. Eggs are usually less than 1 mm and hatched around 4 days. Larvae are 
pinkish-white, living inside the spinning tubes, and later construct silken cocoons 
for pupation. The pupal period is 7–10 days, which are later emerging into the adult 
stage, commonly referred to as moths. Moths are generally more abundant during 
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rainy and humid seasons. In certain cases, they only use stored grain pests as their 
breeding sites and not for feeding purposes.

Damage symptoms: The presence of larvae is a sign of infestation. The larvae 
make tunnels inside the food grains. They can also block the machinery or mills 
with clot formation.

Management of grain moths:
Corn and other husk-bearing crops should be stored in the shuck if the husk is 

tight, and covers the whole tip, but if all ears with loose, short, broken, damaged, or 
perforated husks should be shucked and stored separately in clean bins.

4.4 Flour moths

The most common and most serious pests of stored grains are flour beetles and 
flour moths. They eat injured, broken grains, meals, and flour most commonly. 
Some common flour beetles are:

4.4.1  Indian meal moth (Plodia interpunctella (Hübner, 1813) Lepidoptera: 
Pyralidae)

Distribution: Indian meal moth is found all around the world especially in 
countries that have temperate climates.

Host range: They are mainly damaging dried fruits, nuts, cashew nuts, 
almonds, etc.

Bionomics: The Indian meal moth is a reddish-brown having peculiar markings 
on its forewings (Figure 5). Females lay 300–400 eggs on food grains either singly 
or in groups. Eggs, later on, hatched into whitish and sometimes into greenish or 
pinkish caterpillars that feed voraciously on stored grains, dried fruits, nuts, and 
many other foodstuffs. Larvae spin a silken cocoon and transform into a light brown 
pupa from which the moths emerge later on.

Damage symptoms: Full-grown larvae leave behind silken threads wherever they 
crawl, as well as the presence of greenish or pinkish caterpillars.

4.4.2  Mediterranean flour moth (Ephestia kuehniella Zeller, 1879 Lepidoptera: 
Pyralidae)

Distribution: Being cosmopolitan in nature, the Mediterranean flour moth 
(Lepidoptera: Pyralidae) is found all around the world especially in countries 

Figure 5. 
Dorsal view of adult of Plodia interpunctella.
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that have temperate climates. It mainly prefers warm temperatures for rapid 
development.

Host range: The larva of the Mediterranean flour moth mainly prefers flour meal, 
whole grain, and grain residues. This pest shows exception in a way of feeding on 
cereals rather than feeding on dried fruits.

Bionomics: The Mediterranean flour moth is one of the most serious pests of flour 
mills, storehouses, granaries, and bran mills that has pale leaden gray fore wings 
with transverse wavy black markings. Hind wings remain inside fore wings during 
rest and are white in color (Figure 6). They produce such dense webs with flour or 
meals that can eventually clog mills and the machinery have to shut down thorough 
cleaning processes. Females lay small whitish eggs in the accumulation of flour, 
kernel, meal, or waste and crushed grains. Larvae that emerged from these eggs 
are small, white, or pink in color with a few small black spots on the body. Reddish-
brown pupae are formed inside the silk cocoon formed by the full-grown larvae.

Damage symptoms: The infestation can be seen during the production of dense 
webs with flour or meals inside bins. These can eventually clog mills and the 
machinery have to shut down for thorough cleaning processes. This species particu-
larly enjoys inhabiting flour mills and bakeries due to the heat, which allows it to 
breed year-round.

4.4.3  Meal snout moth (Pyralis farinalis (Linnaeus, 1758) Lepidoptera: 
Pyralidae)

Distribution: Snout moths (Lepidoptera: Pyralidae), which are also called grass 
moths or pyralid moths are found throughout the world.

Host range: The meal snout moth is usually found in flour meals and cereals of 
all kinds.

Bionomics: The meal snout moth is brown, larger than the Indian meal moth with 
patterned fore wings. Larvae which are black and white when fully grown, usually 
feed on cereals of all kinds and spin their resting place of peculiar tubes made up 
of silk and food particles. Fully-grown larvae come out from these tubes, spin silk 
cocoons, and transform into pupae. During favorable conditions, pupae are trans-
formed into adult moths to start the new generation.

Figure 6. 
Dorsal view of adult of Ephestia kuehniella.
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Damage symptoms: Silk cocoons inside which pupae are resting are the main indi-
cation of this pest. Brown moths are seen flying through the windows of storerooms.

Management of flour moths:
Pest management professionals should be informed as soon as possible to 

identify the pest properly and to devise the best treatment to control the infestation 
of food grains. Stored grain containers should be thoroughly inspected for holes, 
rips, and other larvae or adult presence, before purchasing and after storage. Proper 
ventilation to prevent moisture build-up, make sure to thoroughly wipe, down, and 
dust storehouses, cabinets, cupboards, and pantry areas.

4.5 Mealworms

Mealworms (Coleoptera: Tenebrionidae) are dark brown or black or dull pitchy 
black beetles frequently found in grains especially corn and their larvae are con-
spicuous and are about an inch in length or as around like an earthworm. Following 
are some stored grain pests belonging to mealworms:

4.5.1  Yellow mealworm (Tenebrio molitor Linnaeus, 1758 Coleoptera: 
Tenebrionidae)

Distribution: The yellow mealworm is the largest of the insect species that attack 
stored grain and grain products and is cosmopolitan in nature.

Host range: It mainly shows preference to the decaying grains, milled cereals, and 
usually the foodstuffs which are moist and are going out of conditions. It also feeds 
on the meal, grain, brand, bread, and dead insects.

Bionomics: Yellow mealworm or darkling beetle is a polished black or dark-brown 
beetle with finely punctured thorax and with longitudinally striated or grooved fore 
wings. Females lay about 300–500 eggs, which are bean-shaped, white, and sticky 
that adhere to food materials with one. Larvae are long, cylindrical, and initially 
white but later on changed into yellow color. Some larvae are not transformed into 
adults but instead that they continue their feeding and start molting and undergo 
hibernation during harsh conditions. Later on, some are transformed into pupae 
from where adults emerge in the form of beetles.

Damage symptoms: The presence of long, cylindrical, white larvae, usually 
attached to food materials is the main symptom of an infestation.

4.5.2  Dark or black mealworm (Tenebrio obscurus Fabricius, 1792 Coleoptera: 
Tenebrionidae)

Distribution: Being cosmopolitan in nature this pest is found all around the 
world, especially across Canada.

Host range: The presence of long, cylindrical, white larvae, usually attached to 
food materials is the main symptom of an infestation.

Bionomics: Dark mealworm resembles a yellow mealworm but differs in being 
dull pitchy black in contrast to the shiny or polished dark brown or black color. 
Larvae are long, cylindrical, and initially black but later turned into a blackish color.

Damage symptoms: Larvae are voracious feeders and their presence shows 
maximum infestation.

Management of mealworms:
Screening and fanning are the best methods for their removal from grain ship-

ments. Good sanitation efforts, inspecting items, and keeping stored grain rooms 
fully ventilated can help to keep red flour beetles away from entering into food 
grains. The application of pesticides can be harmful because these pests are found 
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in our food supply. Hence contacting experts for pest solutions at the first sign of an 
infestation is an effective way to protect food items from red flour beetles. Chemical 
control can be performed by applying 5% BHC at the rate of 0.15% by weight. Before 
storage of grains, godowns, containers, and bins should be sprayed with 0.02% 
Malathion or 0.4% BHC or DDT. Fumigants such as methyl bromide, ethylene 
dibromide, and HCN are also used for fumigation for 18 h in the closed godowns.

4.6 Grain and flour beetles

The grain and flour beetles are very common stored grain pests feeding on 
almost all stored grains available throughout the world.

4.6.1  Cadelle (Tenebroides mauritanicus (Linnaeus, 1758) Coleoptera: 
Tenebrionidae)

Distribution: Cadelle is present in almost all parts of the world.
Host range: its main host is grain and grain products.
Bionomics: Cadelle is the longest-lived pests, frequently found in granaries, mills, 

storehouses containing grains, flour, meal, pulses, etc. These are elongated flat-
tened, oblong, black, or blackish beetle that resembles mealworms but, differ from 
them in size and body texture. These are smaller than mealworms and have loosely 
joined thorax and abdomen. Larvae are white, fleshy, long, with head, thoracic 
shield, having two black horny points on the abdomen, and are one of the largest of 
the stored grain pests. Both larvae and adults are very much destructive and move 
from grain to grain and devour the embryo.

Damage symptoms: It is a very serious pest of grains and bores inside wood for 
pupation. The presence of small holes in grains and in wood is the primary indica-
tion of its infestation.

4.6.2  Saw-toothed grain beetle (Oryzaephilus surinamensis (Linnaeus, 1758) 
Coleoptera: Silvanidae)

Distribution: The saw-toothed grain beetle is cosmopolitan in nature and is 
found in almost all places of the world.

Host range: The main host includes infesting grains, meals, flour, dried fruits, 
and many other seeds.

Bionomics: The saw-toothed grain beetle has six saw-like projections on each 
side of the thorax, with three-segmented antennae. It is cosmopolitan and has a 
long, slender, dark chocolate brown, much-flattened structure (Figure 7). Both 
larvae and adults are voracious feeders and are very active, hence do not spend their 
lives within a single grain but crawl as well as infest almost every grain. Larvae are 
white in color, with black markings, flatform, three pairs of legs, and an abdominal 
proleg. Larvae construct delicate cocoons by secreting silk-like secretory substances 
which bind food particles and grains with each other. Inside this cocoon, larvae are 
transformed into pupae and later into adult beetles.

Damage symptoms: Larvae, as well as cocoon formation, is the primary indication 
of this pest infestation.

4.6.3  Square-necked grain beetle (Cathartus quadricollis (Guérin-Méneville, 1844) 
Coleoptera: Silvanidae)

Distribution: Square-necked grain beetle, was initially found in South America, 
but now its status is worldwide.
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Host range: Being a stored grain pest it generally attacks the stored products such 
as cereals, grains, etc.

Bionomics: The square-necked grain beetle is a flattened, oblong, polished, 
reddish-brown, with thorax almost square-shaped. These are some of the most 
common beetles found in both cornfields as well as granaries. Usually, after three 
weeks eggs get converted into larva, the larva undergoes molting five times to 
become a pupa, pupa then again gets converted into adult [19]. Eggs are mainly oval 
in shape and are opaque white in color and are less than a millimeter long, 4 days 
eggs hatch into larva and the larva are the main predators [20]. The pupa is gener-
ally darker in color and then the pupa gradually transformed into adults.

Damage symptoms: Larval presence is the main symptom of infestation by 
this pest.

4.6.4  Foreign grain beetle (Ahasverus advena (Waltl, 1834) Coleoptera: 
Silvanidae)

Distribution: Foreign grain beetle mainly occurs in the tropics and sub-tropics. 
This pest can complete the development at temperatures between 20°C and 35°C.

Host range: This pest mainly attacks cereals, grains, oilseeds, spices, and 
dried fruits.

Bionomics: The foreign grain beetle is a small, cosmopolitan, reddish-brown 
beetle. It spends its most time on damp and moldy grains and less on clean grains. 
This pest mainly measures about 2 mm in length. It can be easily differentiated by 
the slight projections on each front corner of the pronotum and the antennae are 
club-shaped. The larvae are mainly cream-colored, worm-like, and almost 3 mm 
long before they start pupation into darker adults. Males and females are alike in 
form both as larva as well as adults.

Damage symptoms: Poor storage conditions and spoiled food is mainly indicated 
by the presence of the beetle.

4.6.5  Mexican bean beetle (Epilachna varivestis Mulsant, 1850 (Coleoptera: 
Coccinellidae)

Distribution: The Mexican bean beetle is mainly found in Mexico and the Eastern 
United States. It is largely found in wet and highly irrigated areas especially in the 
west of the Rocky Mountains. It cannot tolerate extremely dry conditions.

Figure 7. 
Dorsal view of adult of Oryzaephilus surinamensis.
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Host range: This pest is mainly feeding on flower, leaf, or pod tissues on beans 
and other legumes. The pest is generally found in different varieties of bean plants 
including thicket bean, cowpea, common bean, soybean. Besides it also feeds on 
other legumes such as alfalfa and many others.

Bionomics: The Mexican grain beetle is a deep brown, highly polished, long 
antennae, and usually breeds in grain and grain products. The adult is mainly oval 
shaped almost 6–7 mm in length it bears eight black spots on its elytron. The Color 
of the adult is highly variable ranges from bright red to rusty brown to golden 
yellow. Almost 1.3 mm long eggs are generally yellow and are glued in clusters on 
the underside of the leaves. The larvae are yellow in color. Almost 1.6 mm long when 
they first emerge but they grow almost a centimeter long before pupation.

Damage symptoms: Places wet and highly irrigated are the main infested regions 
by this pest.

4.6.6  Siamese grain beetle (Lophocateres pusillus (Klug, 1832) Coleoptera: 
Trogositidae)

Distribution: Siamese grain beetle is found in all regions where paddy and differ-
ent kinds of cereals are cultivated.

Host range: The main host is rice and cereals.
Bionomics: The Siamese grain beetle is reddish-brown, flattened, elongate, long 

beetle with a flattened margin of the thorax and wing cover. These are making holes 
in the rice and hence damage its quality as well as quantity.

Damage symptoms: Adults are seen actively walking on and around the 
food grains.

4.6.7  Flat grain beetle (Cryptolestes pusillus (Schoenherr, 1817) Coleoptera: 
Silvanidae)

Distribution: Flat grain beetle is commonly found all over the world.
Host range: Its main hosts are corn and wheat grains.
Bionomics: The flat grain beetle is cosmopolitan, small, oblong, flat, reddish-

brown beetle, with long antennae. Larvae woven cocoons by secreting sticky secre-
tions, adhering damaged grains with each other for pupal development.

Damage symptoms: Flat grain beetles have the property of secreting sticky 
secretions.

4.6.8  Confused flour beetle (Tribolium confusum Jaqcquelin du Val, 1868 
Coleoptera: Tenebrionidae)

Distribution: The confused flour beetle, is cosmopolitan, native to Africa, and 
commonly found in cooler places.

Host range: It is commonly found in flour mills, granaries, storehouses, wheat 
fields, dried flowers, seeds, or dried museum specimens [21].

Bionomics: The confused flour beetle is reddish-brown, shiny, long, oval, 
flattened, having four segmented antennae, with head and upper parts of thorax 
densely covered with small punctures and with ridges on wing covers  
(Figure 8). Eggs are small white in color, laid by gravid females inside boxes, 
barrels, and other food containers. These sticky secretions help them to adhere 
to the flour as well as with the walls of containers. Eggs are transformed into 
long, worm-like larvae which are cylindrical and wiry in appearance. The pupal 
stage is small, initially white and later yellow and brown, where adult beetles 
emerge shortly.
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Damage symptoms: Being secondary pests they do not directly attack the grain 
bur when the grain is already infested, they show their effect. These pests gener-
ally give an unpleasant odor and also due to their presence, the growth of mold is 
encouraged.

4.6.9  Rust-red flour beetle or red flour beetle (Tribolium castaneum (Herbst, 1797) 
Coleoptera: Tenebrionidae)

Distribution: Being cosmopolitan in nature red flour beetle, is mainly found all 
around the world.

Host range: It is a serious pest of cereal products, including grain, flour, porridge 
oats, and rice bran. Other products which may be attacked are oilseed, oil cake, 
nuts, dried fruit, spices, chocolate, and even bones of animals.

Bionomics: The rust-red flour beetle is cosmopolitan, shiny, reddish-brown, has 
antennae enlarged at the tip with the three-segmented club, head margins are con-
tinuous and not expanded and notched at the eyes (Figure 9). They are notorious 
for causing bad smells and tastes imparted to the food materials they infest. Their 
main hosts are maize, wheat, and other mills and granaries.

Damage symptoms: When present in abundance, this beetle makes the flour 
prone to molding and also turns the products into a gray color.

4.6.10  Long-headed flour beetle (Latheticus oryzae Waterhouse, 1880 Coleoptera: 
Tenebrionidae)

Distribution: This pest was first reported from India in Kolkata in 1880. Later it 
was reported from many other countries.

Host range: This mainly attacks broken grains, wheat, rice, corn, flour, barley, 
and many other granaries, grocery stores, and mills.

Bionomics: The long-headed flour beetle is cosmopolitan, pale yellow, slender, 
flattened beetle, with slightly bulged antennae, and the presence of canthus behind 
each eye. It has been reported from wheat, rice, corn, flour, barley, and many other 
granaries, grocery stores, and mills. It is mainly associated with T. castaneum, and 
its behavior and life cycle are very similar to flour beetle. Eggs are mostly smooth 
and translucent in color. Grubs are generally white in color with dark eyes. Larval 
body is covered by pale-colored hairs. The life cycle of the pest is completed in 
25–39 days.

Figure 8. 
Dorsal view of adult of Tribolium confusum.
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Damage symptoms: Milled products are fed by both grubs and adults as well. 
Occurs as secondary infestation in stored sorghum, wheat, etc.

4.6.11  Slender-horned flour beetle (Gnathocerus maxillosus (Fabricius, 1801) 
Coleoptera: Tenebrionidae)

Distribution: The slender-horned flour beetle is cosmopolitan in nature.
Host range: It is most commonly found in flour, meal, and a variety of grains.
Bionomics: The slender-horned flour beetle is cosmopolitan, flat, brown, with a 

pair of incurved horns on its mandibles of the male partner.
Damage symptoms: Being secondary pests they do not directly attack the grain 

bur when the grain is already infested, they show their effect. These pests generally 
give an unpleasant odor and also due to their presence mold growth is encouraged.

4.6.12  Broad-horned flour beetle (Gnatocerus cornutus (Fabricius, 1798) 
Coleoptera: Tenebrionidae)

Distribution: Broad-horned flour beetle is especially found in Canada and is 
distributed all over the world.

Host range: It is commonly found in granaries, mills, and many other 
stored grains.

Bionomics: The broad-horned flour beetle is slender, elongated beetle, with 
mandibular broad and stout horns in males. After mating female lays eggs either 
singly or in batches within the food source. From the eggs larva hatch and then they 
start feeding and gets converted into an adult again. This species primarily feeds 
dead insects besides feeding on protein sources. Adults show sexual dimorphism. 
Horns are absent in females but they are present in males.

Damage symptoms: The presence of dead insects inside grains is the prime indica-
tion of pest attack.

4.6.13  Small-eyed flour beetle (Palorus ratzeburgi (Wissmann, 1848) Coleoptera: 
Tenebrionidae)

Distribution: Small-eyed flour beetle is cosmopolitan in nature.
Host range: This pest generally prefers milled wheat, stored grain, oat products, 

flour mills. It also feeds on plant and dried animal products such as grain and cereal 
products. It is mainly a secondary pest, also feeds on fungus, and acts as a scavenger.

Figure 9. 
Dorsal view of adult of Tribolium castaneum.
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Bionomics: The small-eyed flour beetle is one of the smallest, flat, shiny, reddish-
brown, oblong flour beetles. It is cosmopolitan and is found in ground products 
where they feed and breed. Eggs laid by adult females are generally sticky due to 
which they become coated with flour or grain dust. The larva is highly active and 
moves freely among the foodstuffs. Adult ate usually 2–3 mm in length and are 
small reddish-brown in color. The larva is generally cylindrical in shape. This pest is 
considered as one of the smallest flour beetles and they are generally differentiated 
by the presence of the eye entirely and not incised by the margin of the head.

Damage symptoms: Although, damage cannot be assessed clearly, however,  
quality of stored grains is highly affected.

4.6.14  Tobacco beetle or Cigarette beetle (Lasioderma serricorne (Fabricius, 1792) 
Coleoptera: Anobiidae)

Distribution: Although, the Cigarette beetle is a cosmopolitan pest it generally 
prefers to be in warmer environmental conditions.

Host range: It feeds on a wide range of food materials from spices, chocolate, 
cocoa, and tobacco leaves. The other hosts are paprika, dry dog food, beans, dried 
fruits, biscuits, grains, peanuts, rice, and vegetables.

Bionomics: The cigarette beetles are light brown, oval-shaped beetle, having 
serrated antennae, strong humped appearance on the head and thorax. Egg-laying 
occurs either in folds or in crevices of food material. Eggs are mostly oval in shape 
and white in color but become opaque before hatching. Almost 100–110 eggs are 
laid by females that hatch in 5–6 days. The larval stage lasts for 20–25 days followed 
by the pupal stage. The larvae are smaller than the adults and are worm-like hence 
known as cigarette beetles, and tobacco beetle because of residing inside tobacco. 
The pest cause damage by making little gallerias. After 25–39 days of larval life, 
it makes smooth-lined cells under which the pest rests. The newly formed pupa 
is glossy white but gradually changes to reddish-brown in color after a few days. 
Females are mainly larger in size than males.

Damage symptoms: Both adults and grubs of this pest enter into the tobacco prod-
ucts viz., cigarettes, cheroots, and chewing tobacco. A typical symptom of attack 
of this pest is the presence of circular pin-sized boreholes on the processed tobacco. 
Besides this pest also damages cocoa, wheat, cotton seeds, etc.

4.6.15  Drug-store beetle (Stegobium paniceum (Linnaeus, 1758) Coleoptera: 
Anobiidae)

Distribution: Drug-store beetle is generally found in tropical, subtropical, and 
temperate regions.

Host range: It mainly infests turmeric, ginger, pepper, coriander seeds, cumin, 
seeds. Adults and grubs mainly attack the grains and seeds. It is frequently seen in 
drug stores where it can feed and breed. Stored grain foods, seeds, flours are the 
common hosts of this beetle.

Bionomics: The drug-store beetle is an elongate, cylindrical, light brown, with 
its body covered with fine silky hair. Females lay almost 50–80 eggs inside grains 
and other stored substances that are later transformed into small white grubs after 
8–10 days of hatching. The larval period lasts for 4–5 weeks which is followed by a 
pupal period of 6–10 days. Larvae then woven cocoons resulted in pupae that gave 
rise to adult beetles. Adults are pale brown and short-lived.

Damage symptoms: Damage caused by the pest is indicated by the presence 
of circular pinhead-sized boreholes on turmeric, coriander, dry vegetables, and 
animal matter.
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4.6.16  Black carpet beetle (Attagenus unicolor (Brahm, 1791) Coleoptera: 
Dermestidae)

Distribution: The Black carpet beetle is cosmopolitan in distribution.
Host range: Larva of this pest is a voracious feeder and it mainly feeds on natural 

fibers, or furniture or carpets, or even clothes.
Bionomics: The black carpet beetle is small, with its head and thorax black col-

ored, and wings either black or reddish-brown or golden brown, clothed with short 
hairs. Legs and antennae are yellowish in color. Mostly egg-laying occurs on a food 
source or sometimes females lay eggs in dark undisturbed areas where the larva 
starts feeding on carpets or clothes. Almost 5–20 days are taken by the eggs to hatch 
depending on external conditions like humidity, temperature. The larva is mostly 
1 mm long when they hatch from the eggs they will grow faster if food sources are 
abundant. Almost 10–15 molting a larva is usually taken by the larva to undergo 
molting. The larval phase is the longest phase and then the larva converts into a 
pupa. Initially, the pupa is creamy colors but they quickly then turn first yellow and 
then dark in color. Within 8–20 days the pupa transforms into adult beetles. Adult 
lives only to mate and then lay eggs and finally die. Since in the end, they are black 
colored that’s why they are commonly called black carpet beetle.

Damage symptoms: It is one of the serious pests of grains. Its larval stage is highly dam-
aging, as they are voracious feeders and their presence is the indication of an infestation.

4.6.17  Larger cabinet beetle (Trogoderma granarium Everts, 1898 Coleoptera: 
Dermestidae)

Distribution: Larger cabinet beetle is mainly found in tropics and subtropics. It 
prefers to live in humid and high-temperature areas.

Host range: Being an external feeder it is only found on the surface of the grain. It 
is the main pest of wheat but, can also destroy jowar, rice, maize, sorghum, oilseeds, 
and pulses. These are also commonly found in beans, pumpkin seeds, gourd seeds, 
and many other grains.

Bionomics: The larger cabinet beetle is small, egg-shaped, with a black body 
mottled with reddish-brown, presence of hairs having gray and light brown color. The 
adult is usually oval in shape with gray and pale brown markings. The Head is primar-
ily hidden under the hood like pronotum. Almost 100–120 eggs are laid by females 
after breeding. It takes 5–6 days for females to lay eggs after breeding. The larva is 
mainly brown in color, the whole body is covered by bundles of long, reddish-brown 
movable and erectile hair present on the posterior segments which form a sort of tail 
in the posterior end. First instar larva mainly feeds on broken grains and debris. The 
larval period persists up to 20–25 days, whereas the pupal period persists for 4–8 days. 
This pest is highly resistant to starvation. Although, this pest damages whole grain it 
primarily prefers germ portion due to which viability of seeds is lost long before any 
quantitative damage occurred. High infestation results in a reduction of whole grains 
to mere Fras. The larval stage is the devastating stage. Adults are non-feeders.

Damage symptoms: Only larvae are voracious feeders and feed on grain ker-
nels. Holes of almost 1 mm diameter are seen on the grains. This pest imparts an 
extremely unhealthy appearance and unpleasant smell. Mostly the upper layer of 
the heap is severely damaged.

4.6.18 Small cabinet beetle (Trogoderma sp. Coleoptera: Dermestidae)

Distribution: Small cabinet beetles are restricted to warmer regions as well as 
tropical regions.
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Host range: These are usually found in flour mills, granaries, and storehouses.
Bionomics: The small cabinet beetle differs from the larger cabinet beetle in size 

and color. These are usually small and black with yellowish-white scales on the 
body. Eggs, as well as larvae, are found inside piercing and broken grains.

Damage symptoms: Grains on keen inspection can be seen soft inside and broken 
because of its presence.

4.6.19  Museum beetle (Anthrenus museorum (Linnaeus, 1761) Coleoptera: 
Dermestidae)

Distribution: Museum beetle is mainly found in Palearctic areas including 
Europe, the Nearctic, and the Near East.

Host range: This pest mainly prefers flour, cheese, or cocoa.
Bionomics: The museum beetle is black, having yellowish and whitish scales 

on its body. Almost 50 eggs are oviposited inside grains and the larvae are mainly 
4.5 mm in length and bear active hairs, hence commonly referred to as a hairy 
grub. The dorsal surface of the prothorax is brown in color. It possesses 3 pairs of 
long antennae at its rear end. The adult is about 2–4 mm in length. It is round in 
shape. After mating females lay eggs in carpets, flooring, to hide the eggs and to 
provide food supply to the larva. They are found in stored grain containers but their 
damage-causing status is very poorly reported.

Damage symptoms: As far as the damage is concerned larva are highly damaging 
and they mainly destroy all forms of dry grains and flour.

4.6.20 Two-branded fungus beetle

Distribution: The two-branded fungus beetle (Coleoptera: Endomychidae) is 
cosmopolitan in distribution.

Host range: They mainly feed on fungus and molds and are also frequently found 
in mills, granaries, storehouses, etc.

Bionomics: The two-branded fungus beetle is small, cosmopolitan, reddish-
brown in color with two broad black bands across the wings. Although, feeding on 
fungi and molds but are also frequently found in mills, granaries, storehouses, etc. 
Eggs are commonly laid inside infested or damaged grains and the larvae are vora-
cious feeders and spoil grains and cereals.

Damage symptoms: The larvae are voracious feeders and spoil grains and cereals, 
reducing their quality and quantity status.

4.6.21  Black fungus beetle (Alphitobius laevigatus (Fabricius, 1781) Coleoptera: 
Tenebrionidae)

Distribution: Black fungus beetle is cosmopolitan in nature, found all around 
the world.

Host range: This pest feeds on a large variety of stored products and is also a 
fungal feeder. It is a secondary pest which means it enhances the damage caused by 
primary pests.

Bionomics: The black fungus beetle is small, with a black or reddish-brown 
colored body. They frequently feed and breed in damp moldy grains. Adults are 
almost 5–7 mm. Based on the lateral view of eyes; adults can be easily distinguished 
from lesser mealworms. Larval is cylinder-shaped and is yellowish-brown in color. 
The larva is active and moves quickly towards the food sources.

Damage symptoms: Being a secondary pest it does not directly attack the grains 
but causes damage in presence of the primary pest. Its presence indicates poor  
storage and poor sanitation conditions.
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4.6.22  Corn sap beetle (Carpophilus dimidiatus (Fabricius, 1792) Coleoptera: 
Nitidulidae)

Distribution: Corn sap beetle is cosmopolitan in distribution and mainly origi-
nated in the USA.

Host range: It feeds on rotten and decaying fruits and vegetables, corn, and 
solid grains.

Bionomics: The corn sap beetle is small, oblong or ovoid, dark-brown beetle with 
short and truncate fore wings with the uncovered abdominal tip.

Damage symptoms: These pests are notorious for the emission of foul smells.

4.6.23 Pulse beetle (C. chinensis (Linnaeus, 1758) Coleoptera: Chrysomelidae)

Distribution: Pulse beetle is distributed throughout the temperate regions of 
the world.

Host range: C. chinensis, is a frequent pest of all pulses, beans and grams.
Bionomics: Gravid females lay single eggs, glued to the surface of pods or grains. 

Eggs are translucent, orange, or cream colored, changing grayish to white later. Eggs 
hatch into fleshy, curved, creamy white larvae with black mouth parts. Pupae take 
place inside seed coats in pupal cells. Adults are short, active, brownish-gray, with 
characteristic spots near the middle of the dorsal side. Adults are not feeding on 
storage products and are short-lived.

Damage symptoms: Adult are seen emerging and wandering over the surface of 
the grain, and making exit holes. Grubs are responsible for the formation of cavities 
in seed kernels.

Management of grain and flour beetles:
Pest management professionals should be informed as soon as possible to 

identify the pest properly and to devise the best treatment to control the infestation 
of food grains. Stored grain containers should be thoroughly inspected for holes, 
rips, and other larvae or adult presence, before purchasing and after storage. Proper 
ventilation to prevent moisture build-up, make sure to thoroughly wipe, down, and 
dust storehouses, cabinets, cupboards, and pantry areas.

Infested products with cigarette beetles should be discarded as soon as possible. 
Stored grain products should be kept in glass sealed containers, plastic containers 
instead of their original packing. Cleaning and wiping down those areas commonly 
occupied with food debris.

Corn and other husk-bearing crops should be stored in the shuck if the husk is 
tight, and covers the whole tip, but if all ears with loose, short, broken, damaged, or 
perforated husks should be shucked and stored separately in clean bins.

Good sanitation efforts, inspecting items, and keeping stored grain rooms fully ven-
tilated can help to keep red flour beetles away from entering into food grains. The appli-
cation of pesticides can be harmful because these pests are found in our food supply. 
Hence contacting experts for pest solutions at the first sign of an infestation is an effec-
tive way to protect food items from red flour beetles. Chemical control can be performed 
by applying carbamates, malathion, organophosphates, organochlorines, etc. These 
pesticides are used against many stored grain pests. New practices such as ozonation and 
organic pesticides have ensured grain preservation without quality loss and residue accu-
mulation. Nitric oxide (NO), a newly discovered fumigant, has shown a great potential 
to control stored grain pests and has been described as a substitute for Methyl bromide.

4.7 Booklice (Psocoptera)

Distribution: Booklice (Psocoptera: Liposcelididae) is cosmopolitan in nature 
they are found all across the world, and mainly found in old books where they 
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feed on the paste that is used in binding. These are very frequently found in grains, 
granaries, cupboards, and other solid food substances.

Host range: This pest generally feeds upon algae, fungi, lichen, organic detritus in 
nature, but they are mostly considered as stored grain pests as they feed on grains, 
bookbinding, etc.

Bionomics: The booklice or psocids are small, pale, louse-like, soft-bodied 
insects, with long slender antennae. Eggs of the pest are mainly laid in crevices or 
on foliage. Nymphs undergo molt for 6 times to reach adulthood. Length of booklice 
ranges from 1 to 2 mm.

Damage symptoms: Besides damaging books, they also sometimes infest food 
storage areas, where they feed on dry, starchy materials. Although, some psocids 
feed on starchy household products, the majority of psocids are woodland insects 
with little to no contact with humans, therefore they are of little economic impor-
tance. Booklice are scavengers and usually do not bite humans.

Management of booklice:
Cleanliness is one the most successful solution against the attack of booklice. 

Old books should be placed in cooler conditions, free from moisture and high 
temperature. Naphthalene balls should be placed on shelves and cupboards. Neem 
leaves should be placed inside bins or containers, containing food grains and other 
products.

4.8 Cereal mites (Acarus siro Linnaeus, 1758 Sarcoptiformes: Acaridae)

Distribution: Mites are microscopic and are cosmopolitan in distribution.
Host range: They mainly attack stored grain pests and rapidly increase their 

number within a short duration. Almost all plant and animal materials are directly 
or indirectly affected by these mites.

Bionomics: Mites are soft-bodied creatures, pale-colored, microscopic entities. 
They mainly attack stored grain pests and rapidly increase their number within a 
short duration. They can infest the crops either directly or indirectly. Mites shed 
their skin and dead bodies accumulate in fluffy bright brown masses beneath the 
sacks of food grain.

Damage symptoms: Decolouration or fading is the prime symptom of any 
mite attack.

Management of mites:
Biological control is one of the eco-friendly controlling strategies in which some 

predatory mites usually attack these grain mites and kill them. Manual method: 
Screening and fanning of grains will reduce their population and check the infesta-
tion level.

5. Management of stored grain pests

Insects are notorious to cause enormous damage to grains, pulses, and many 
other substances either directly or indirectly by consuming the seeds or seed 
products or through the accretion of exuviae, cadavers, and webbing. Hence 
making the stored products unfit and unhygienic for human consumption due 
to the accumulation of insect detritus [22]. Stored grain pests can infest almost 
all grains stored inside bins or containers as well as outside the fields and cause 
extensive post-harvest damage and pose a great threat to the economy. Once an 
infestation happens, a suitable environment is created for the attraction of other 
invasive insects for further loss. The most consumed and the most common stored 
food products are pulses and food grains in the tropical and sub-tropical regions 
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of the world. In villages, about 70% of grains produced are stored in traditional 
objects such as earthen pots, steel drums, granaries, silos, gunny bags, baskets, and 
wooden buckets [23], such types of storage methods may often lead to loss of food 
grains and pulses [24]. Controlling strategy without synthetic pesticides requires 
an Integrated Pest Management (IPM) approach. The IPM approach is not based 
on a single component instead it is based on various components for the efficient 
management of insect pests. These components are described here.

5.1 Sampling

Sampling or pest monitoring is an important component of the IPM approach 
with which one can know the nature of pests in full detail so that suitable manage-
ment tactics should be made accordingly. With the help of sampling, one can show 
the status of a pest, whether the population is below or exceeds the economic 
thresh hold level, and accordingly, physical, biological, or chemical approaches can 
be recommended. Some methods used during sampling processes of stored grain 
pests are:

5.1.1 Sequential sampling method

Sampling should be performed frequently after fixed intervals for best observa-
tions, and to gather information about population changes from time to time. For 
example, those stored grain pests stored above 20°C should be visited after a gap of 
25–30 days. Grains held below 20°C permits sampling intervals to be longer than 
25–30 days.

5.1.2 Population density estimation method

i. Absolute estimation: In this method number of insects per kilogram of grain 
or the number of moths per square meter are estimated.

ii. Indirect estimation: Here pests are marked with a specific dye and then recap-
tured after releasing into the stored grains, hence commonly referred to as 
mark-release-recapture methods. It can be easily performed with the help of 
suitably designed traps with baits.

iii. Relative estimation: This method can be done by counting all the insects 
caught in a sticky trap, food baited trap or perforated probe trap.

5.1.3 Trapping method

Trapping is a convenient approach in small as well as in the larger volumes of 
grain containing granaries and fields as well. Sticky traps, food-baited traps, phero-
mone traps, or perforated probe traps are used for monitoring processes.

5.2 Preventive measures

Infestation can be entirely prevented when some precautionary measures should 
be taken such as when harvesting crops should be as soon as ripe, dry, and then 
placed in clean, and hygienic deep bins for long storage. Newly harvested small 
grains are very much susceptible to infestation if stored unthrashed for longer times. 
Fresh and clean grains should never be stored in uncleaned, old bins and granaries 
containing waste grains, until they have been thoroughly cleaned, freed from the 
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accumulation of waste materials and other substances harboring grain pests. The 
best storage places are solid, steel, concrete bins or containers for infestation-free 
and for longer storage. Traveling bags, bags used for transportation of grains, and 
any other products should be kept far away from the places where grains are stored.

5.3 Traditional practices

From time-to-time man has continuously developed various conventional 
methods to protect stored food grains from insect damage. Use of bamboo, wooden 
plank, straw, mud, bricks, cow dung, leaves of many plants, etc. is used by farm-
ers to protect the quality as well as the number of stored foods until for further 
consumption [25]. One of the most common methods used by farmers was the use 
of plant parts or plant extracts as natural insecticides and repellents. During the 
1850s, plants such as Nicotiana tabacum, Derris elliptica, Lonchocarpus spp., Juglans 
regia, Azadirachta indica, and Chrysanthemum cineraria folium was used for the 
plant extracts such as nicotine, derris dust, rotenone, Juglans, Azadirachtin, and 
pyrethrum respectively for controlling pests naturally [26]. The discovery of DDT 
by Paul Muller marked the advent of a new synthetic pesticide era since 1939.

5.4 Organic approach

The list of all usable, as well as prohibited controlling methods, are permissible 
in the national organic program (NOP). All the generic materials are enlisted under 
the national list of allowed and prohibited substances (NLAPS). It is mentioned in 
this that organic control should be the top priority, although synthetic insecticides 
can also be used upon specific approval. Certification to every producer, control-
ler, processor, and handler is mandatory for authorized permissible processes. To 
reduce the infestation of stored grain pests, we should not make ourselves victims 
of pesticides. For this wearing the appropriate protective clothing and equipment 
during pest control to avoid contact to eyes, lungs, skin, and nose. Some control 
materials allowed in organic stored grains are:

Bacillus thuringiensis: This bacterium is used to control and prevent pests espe-
cially the larvae of Indian-meal moth. B. thuringiensis damages the digestive tract of 
caterpillars and lastly kills them.

Pyrethrum: Botanicals based on pyrethrin obtained from the flowers of 
Chrysanthemum cinerariifolium are primarily an insecticide that penetrates rapidly 
inside insect coverings, especially moths and larvae [27]. Empty containers should 
be treated before they are filled with grains for best results. Pyrethrum is an insec-
ticide that is now universally accepted and is used to reduce pest damage in both 
tropical and temperate climatic conditions [28].

Diatomaceous earth: Aquatic organisms commonly referred to as diatoms have 
their skeletal system made of silica. The fossilized forms, having sharp edges of these 
diatoms are commonly referred to as diatomaceous earth. The sharp edges of diato-
maceous earth can cut the pest’s cuticle, resulting in death by injury and dehydration.

Grain surface protectant: Cleanliness is an essential factor to lower the damage 
rate. Containers and bins are filled only to the height of sidewalls, floors, and ceil-
ings, and then cleaned through the fan system. Topdressing or simply capping the 
stored grains will act as a protective barrier from migrating insects into the bin.

Grain rescue: Infested grains should be treated initially with some treatments 
such as appropriate cooling and warming before being used for food to humans or 
any other animal.

Detech and methyl eugenol: These are promising treatments for the control of 
stored grain pests such as S. granarius, S. zeamais, (Coleoptera: Curculionidae), 



69

Stored Grain Pests and Current Advances for Their Management
DOI: http://dx.doi.org/10.5772/intechopen.101503

Rhyzopertha dominica (Coleoptera: Bostrychidae), Tribolium confusum (Coleoptera: 
Tenebrionidae). ME is a benzene-derived component, potential, and effective 
plant-derived synthetic chemical insecticide, and has a high knockdown effect 
because of the presence of more methoxy groups in it [29]. A synergistic effect 
of the combination of Diatomaceous Earth and Methyl Eugenol on R. dominica, 
T. confusum, S granaries, and S. zeamais has been reported by Erturk in 2021) [30].

5.5 Physical methods

Once the stored grains are infested, some physical methods used for the manage-
ment of the stored grain pests are:

Physical exclusion: Fine perforated floors are made for the collection of dusty 
fines at the bottom that are susceptible to insect infestation.

Grain distribution: Grains inside granaries as well as inside bins and containers 
should be properly leveled. Improper leveling can create room for insect infesta-
tion and mold development due to the accumulation of moisture into the peaked-
grained mass. To prevent the stored grains, removing grains from the old bins and 
redistributing them to other containers are very helpful.

Temperature: Based on the nature of pests, the temperature can be set either 
at low or high degrees. As some pests like moist and cool places and some like 
hot and humid regions. Most pests require temperatures above 60–70°F to reach 
damaging populations. Hence maintaining a cool temperature can reduce the 
excess loss. In certain situations, maintenance of −4°C to 0°C can kill many stored 
grain pests. T. castaneum and Oryzaephilus mercator are highly susceptible to cold, 
whereas Trgoderma spp., Plodia interpunctella, and Ephestia spp. are cold-tolerant 
species. Maintenance of very high temperatures can also be recommended but 
it has certain drawbacks such as it can crack, harden, and make brittle grains 
inside bins.

Hermetic sealing: To maintain a very low oxygen level inside stored grain contain-
ers this method is used. Low oxygen level causes suffocation to the pests and hence 
has insecticidal property.

Aeration: Air flown at the rate of 0.1–0.5 cubic feet per minute per bushel are 
used to cool stored grains. This low-volume airflow is an important component 
of the management of the stored grain pests. Grains remain uniform and to some 
extent in dry conditions as some grains are susceptible to pest attack in moist 
climates.

Oxygen saturation: Insects perform aerobic respiration for their survival. 
Maintenance of low O2 atmosphere is blown at the base of the containers, bins, and 
other stored chambers, forcing out the existing O2 rich atmosphere is a convenient 
method for infestation control.

Sanitation: All bins, containers, granaries, and other stored places should be 
cleaned using shovels, brooms, vacuum cleaners to clear old grains, dust, spider 
web, and fines from all cracks and crevices, windows, doors, vents, fans, elevators, 
and floor. Even a small old grain or fines left in any place where new grains are to be 
stored can harbor insects that can infest the whole grain. A suitable dryer should be 
used to remove the moisture from bins. To improve storability, especially in the case 
of wet, damaged, or immature grains, grain cleaners can be used frequently. Some 
grain cleaners are:

i. Gravity screens, with which grains are passed over a screen during handling.

ii. Rotary screens, are very effective cleaners that tumble and separate fines 
from grains.
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iii. Perforated auger, is used to separate fines when the grain is conveyed over 
the auger.

iv. Aspirator pre-cleaner, removes all those materials which are lighter than 
grains such as dust, husk, awn, etc. by flowing air through it.

5.6 Conventional methods

Since the discovery of DDT, the use of synthetic insecticides was established 
as one of the most reliable and successful controlling agents worldwide [31]. 
No, any method is so rapid in action as synthetic chemicals are, hence farmers 
are indiscriminately using them without keeping any precautionary measures. 
Indiscriminate usage of synthetic insecticides has been characterized by several 
negative impacts such as resistance, toxicity, ozone depletion, adulteration, erratic 
supplies, and unavailability at critical periods [32].

Fumigation: Some most common fumigants used for treating stored grains in 
bulk are carbon tetrachloride, carbon disulphide, methyl bromide, phosphine, 
and hydrocyanic acid. However, methyl bromide is listed as an ozone-depleting 
compound in 1993 and has been phased out as the Montreal protocol [33]. Instead 
of methyl bromide, phosphine is used to protect the food grains as well as other 
products such as spices, cocoa beans, dried fruits, nuts, and even fresh fruits [34]. 
Fumigation is one of the convenient methods and the fumigants are heavier than 
the air and when applied on the top of the gas-tight bin of stored grains will pen-
etrate down through the grains, killing the pests of any stage and without any harm 
to the grains. Fumigation should be done under a precautionary setup as these gases 
are highly inflammable and will explode if a fire is brought near them.

The insecticides should not be sprayed directly on food grains. Instead, treat 
the walls, dunnage materials, and ceilings of empty godown with malathion 50 EC 
10 ml/L. Treatment of alleyways and gangways should be done with malathion 50 
EC 10 ml/L. Spraying of malathion 50 EC 10 ml/L with @ 3 L of spray fluid/100 
m2 over the bags and other containers. In the case of flying insects and insects on 
surfaces, cracks, and crevices, a spray of pyrethrum seems good in action. Before 
storage, seed protectants like pyrethrum dust, carbaryl dust to mix with grains 
should be used. Ampoules of EDB should be used at 3 ml/quintal for wheat and 
pulses and 5 ml/quintal for rice and paddy. One of the most crucial fumigants for 
the control of stored grain pests is Phosphine. However, it may raise human safety 
concerns as phosphine is a poisonous gas and is known to be adsorbed in grains 
during fumigation. Nanoencapsulation of 25 kDa cysteine protease obtained from 
Albizia procera (ApCp) could be a promising ecofriendly tool of insect pest control.

5.7 Biological control of stored grain pests

Biological control includes the use of some predatory insects or microbes to 
control pests. Some beneficial insects such as hymenopterous parasites are attack-
ing and killing many stored grain pests such as weevils, rusty grain beetle, maize 
weevil, confused flour beetle, lesser grain borer, Angoumois grain beetle, sawtooth 
grain beetle, and grain moths. Parasites are killing a large number of grain pests, 
but are not providing complete protection as the grains themselves have become 
very badly damaged. Small black wasp-like insects (Seenopinus fenestral) are also 
feeding and rearing on many stored grain pests and help to decrease their infesta-
tion. Larvae of a window-pane fly are thread-like white worm that does not harm 
grain but acts as predacious upon many grain pest larvae. Another parasitoid wasp 
Theocolax elegans, attacks primary grain pests whose immature stages are grown 
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inside seed kernels, including the lesser grain borer, weevils, the drug store beetle, 
cowpea weevils, and the Angoumois grain moth [35]. In Europe, Trichogramma spp. 
has been used against moths in groundnut, wheat, bakeries as well as in warehouses 
and retail shops [36]. Dinarmus spp. is a larval and pupal parasitoid of Bruchus 
spp., Callosobruchus spp., Bruchidius atrolineatus, and Acanthoscelides obtectus in 
legume seeds.

Although, biological control has a limited scope in stored grain management, 
it is becoming an important part of an IPM strategy. The main drawbacks of this 
method are it is very expensive and maintenance of culture is a must for insect pest 
control.

5.8 Botanicals

Keeping in view the discouraging aspects of synthetic pesticides such as toxicity, 
non-biodegradability, costlier, residual effects, and many other harmful effects on 
plants, humans, and other animals urged experts to look for an alternative powerful, 
economically viable, and eco-friendly approach. One such suitable method is the use 
of plant volatile organic compounds that possess insecticidal properties. Some plants 
are bestowed by nature with several bioactive organic chemicals or phytochemicals, 
having a defensive role against insect pests. These organic bioactive compounds 
provide an odor for the repellence of insects and are volatile in nature, hence com-
monly referred to as plant volatile organic compounds (PVOC). Plant volatiles is the 
most viable options for effective control measures against various pests, having no 
or fewer threats to the environment [37, 38]. Secondary metabolites of plants such 
as terpenoids, phenols, and alkaloids [39], act as attractants or repellents, influences 
the growth and development, ecdysis, fertility, behavior, mating, adult emergence, 
and plays an important role in crop protection [40]. Especially developing countries 
are using botanicals to reduce the infestation level [41]. Phytochemicals can be used 
in the form of aqueous or solvent extracts, powders, slurries, volatiles, and oils or 
shredded segments [38, 42]. Hence, botanicals hold promise as an alternative to 
synthetic insecticides to lessen the negative impact of the pesticide on the environ-
ment. Botanicals, as well as their active ingredients and the target pest upon which 
these are used, are listed in Table 1 as enlisted by Singh et al. [43].

Botanicals or phytochemicals have a different mode of action on insect pests 
and consist of aldehydes, ketones, alcohols, alkanes, and terpenoids. Their effect on 
pests in several manners are described below:

Growth and development regulators: Phytochemicals are known to change 
the physiology and behavior of insects by affecting the growth, development, 
and metamorphosis of insects. Reduction in weight of larvae, pupa, and adult, 
prolonged larval and pupal periods are also some irreversible changes caused by 
botanical extracts [44]. Growth and development inhibition of C. maculatus is 
happened on applying the essential oil extracted from the Cymbopogon schoenanthus 
of the Poaceae family [45]. Botanicals have such a power of action that they can also 
inhibit the development of eggs and other immature stages residing inside the grain 
kernels. Aqueous extract of Xanthium strumarium leaf was reported to show toxic-
ity, repellency, inhibition of fecundity and adult emergence of the pests, and grains 
as well as cereals protection against C. chinensis [46].

Hormone regulator: Plant volatiles has juvenile effects as well, i.e., they are 
playing an active role in the hormonal regulation of insect pests. Extracts of water 
hyacinth contain a juvenile hormone analog that changes the reproductive behav-
ior and causes abnormal molting and metamorphosis of stored grain pests [47]. 
Solasodine could inhibit molting and induce several morphogenic abnormalities in 
the larvae of T. confusum at the concentration of 1 μg/μl.
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Plant species Family Active ingredient Target pest

Acorus calamus Acoraceae β-Asarone Sitophilus zeamais

Aloysia citriodora Verbenaceae Citronellal and sabinene T. castaneum, T. 
confusum

A. polystachya Verbenaceae Carvone and limonene T. castaneum, T. 
confusum

Artemisia annua Asteraceae 1, 8-cineole T. castaneum

Baccharis salicifolia Asteraceae 3-Carene T. castaneum, S. 
zeamais

B. salicifolia Asteraceae β-Pinene T. castaneum, S. 
zeamais.

Brugmansia suaveolens Solanaceae β-Pinene Zabrotes subfasciatus

Carum carvi Apiaceae Carvone, Limonene, 
(E)-Anethole

Rhyzopertha 
dominica, S. oryzae, 
S. zeamais

Chamaecyparis obtusa Cupressaceae Bornyl acetate S. oryzae, C. chinensis

Chenopodium 
ambrosioides

Amaranthaceae Hexadecane T. castaneum, S. 
granarius

Cinnamomum 
aromaticum

Lauraceae Cinnamaldehyde T. castaneum, S. 
zeamais

Citrus Rutaceae Limonene Eugenol T. castaneum, S. 
oryzae

Colocasia esculenta Araceae 2, 3-Dimethylmaleic 
anhydride

S. oryzae, T. 
castaneum, C. 
chinensis

Convolvulus arvensis Convolvulaceae Hexadecanoic acid R. dominica, S. 
oryzae

Conyza dioscordis Asteraceae Dicotlyhexanedioate T. castaneum, S. 
granarius

Coriander sativum Apiaceae Linalool S. oryzae, R. 
dominica and C. 
pusillus

Cupressus lusitanica Cupressaceae Umbellulone and α-pinene T. castaneum, A. 
obtectus, S. cerealella 
and S. zeamais

Duguetia lanceolata Annonaceae 2,4,5-trimethoxystyrene Z. subfasciatus

Eucalyptus spp. Myrtaceae α-Terpinene; 1, 8-Cineole; 
α-pinene

S. oryzae

Eucalyptus saligna Myrtaceae p-Cymene T. castaneum, S. 
oryzae

Evodia ruticarpa Rutaceae Triterpenes T. castaneum, S. 
zeamais

Feoniculum vulgare Apiaceae Phenylpropenes 
(E)-anethole
Estragole (þ)-Fenchone

S. oryzae, Lasioderma 
serricorne

Juniperus foestidissima Cupressaceae Citronellol Trogoderma 
granarium

Lantana camara Verbanaceae Coumaran S. oryzae, T. 
castaneum, R. 
dominica
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Oviposition deterrent: Chemicals that prevent or simply avoid insects from the 
process of oviposition is referred to as oviposition deterrent. Oviposition deter-
rents help to reduce the infestation level and offer the first line of defense against 
insect pests. An illusion is created by the plant volatiles to the gravid female pests, 
as these are involved in partially or completely preventing oviposition as well as the 
emergence of larvae from the laid eggs on stored grains [48, 49]. Garlic oil [50], 
1,8 Cineole from Lamiaceae family [51], essential oils of Eucalyptus citriodora, E. 
globulus, E. stageriana [52], Trachyspermum Ammi, Antheum graveolens, Nigella 
sativa, are the oviposition deterrents, thereby reducing the viability of eggs and 
emergence of Zabrotes subfaciatus, T. castaneum, and C. maculatus. Finely powdered 
and dried leaves of Ocimum can completely suppress the oviposition of Zabrotes 
subfascial at 2%W/W, with an EC50, of 0.45% W/W [53]. The powdered form of 
Chenopodium ambrosioides, Tagetesminuta, A. indica, and C. lusitanica, applied at the 
rate of 1.5 kg/100 kg of Phaseolus vulgaris, was found to be the most effective in the 
mortality of Z. subfascial and A. objects [54]. Some phytochemicals obtained from 
Laurus nobilis and Rosmarinus officinale are causing egg mortality [55].

Repellent activity: Chemicals that protect stored grains, plants, or other products 
from insect damage by making the grains unattractive, offensive, or unpalatable to 
pests are commonly referred to as repellents. Repellents are especially more func-
tional against various types of beetles, causing them to flee from the treated stored 
products. Compounds such as germacrol, pulegol, and α-terpineol isolated from 
Baccharis salicifolia and ar-turmerone isolated from Curcuma longa are potent repel-
lents against T. castaneum and S. zeamais [56, 57]. Infestation by T. castaneum can be 
effectively controlled by different solvent extracts, acting as repellents, obtained 

Plant species Family Active ingredient Target pest

Melaleuca cajuputi Myrtaceae Terpine-4-ol Terpiniolene
γ-Terpinene

T. castaneum, S. 
oryzae, E. kuehniella, 
R. dominica

Mentha citrate Lamiaceae Carvone, menthol, linalool, 
linalyl acetate

T. castaneum, C. 
maculatus

Nardostachys jatamansi Caprifoliaceae Aristolone T. castaneum, S. 
oryzae

Ocimum canum Lamiaceae Linalool T. castaneum, S. 
granarius

Ocimum 
kilimandscharium

Lamiaceae Camphor S. oryzae

Pimenta racemose Myrtaceae Linalool S. zeamais

Rosmarinus officinalis Lamiaceae Camphor S. oryzae

Spent hops Lamiaceae Xanthohumol S. granarius L., T. 
confusum and T. 
granarium

Tagetes filifolia Asteraceae (E)-anethole and estragole T. castaneum

Thespesia populnea Malvaceae Phenol C. maculatus

Zingiber officinale Zingiberaceae 1, 8-cineole T. castaneum, S. 
zeamais

Z. officinale Zingiberaceae β-Zingiberene T. castaneum

Source: Singh et al. [43].

Table 1. 
Plant volatile organic compounds used against stored grain pests.
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from Sphaeranthus indicus, Tephrosia purpurea, Prosopis juliflora, Cymbopogon flexu-
ous, Cymbopogon winterianus, and C. martini. Ethanolic extract of Acorus calamus is 
an active constituent Z-asarone, which acts as a strong repellent against S. zeamais 
[58]. Repellent used against C. chinensis is an essential oil obtained from Callistemon 
lanceolatus [59].

Antifeedant: Chemical substance that disrupts the feeding behavior of insect 
pests by making the treated stored grains unpalatable are referred to as antifeedant. 
The presence of certain chemicals in plants acts as a defensive mechanism to them. 
Antifeedants are eco-friendly, without ever disturbing the ecological balance, and 
do not kill the target but only prevent them from infestation. The deleterious effect 
of azadirachtin and neem seed extracts of A. indica, in antifeedant against various 
pests, is highly appreciable. Some essential oils acting as antifeedants are obtained 
from Gaultheria procumbens, against S. oryzae and R. dominica [60]. Some flavonoid 
compounds acting as antifeedants are Isoglabratephrin, −glabratephrin, tephroa-
pollin-F, and lanceolatin-A, isolated from Tephrosia apollinea, against T. castaneum, 
S. oryzae, and R. dominica.

Ovicidal effects: Substances having the potential to kill eggs are considered to 
have ovicidal effects. This ovicidal property is also present in certain plants and is 
of great importance in the management of insect pests [61]. Plant volatiles sprayed 
on the stored grains could tremendously reduce the number of adult emergences 
because of toxicity or due to change in surface tension within the eggs [62]. 
Flavonoids isolated from Calotropis Procera provide 100% progeny suppression to 
the eggs of C. chinensis at 10 mg/ml concentration. An essential oil obtained from 
Anethum Sowa also shows ovicidal effects on eggs of C. maculatus [63]. From 
Mentha ravens, Cinnamomum zeylanicum, Elettaria cardamomum, Syzygium aromati-
cum, and A. indica, essential oils are extracted which has also ovicidal activity on 
the eggs of T. castaneum [64].

Chemosterilents: Substances that deprive insects of their ability to reproduce are 
known as Chemosterilents. Chemosterilents produce irreversible sterility without 
affecting the behavior of pests. These chemicals affect almost all stages of insect pests 
where eggs may not be oviposited, eggs not hatching, no pupation of larvae, and 
no adult emergence from these pupae [59]. Compounds possessing chemosterilent 
properties are asarone and 1,3,7-trimethylxanthine used against C. chinensis [65].

Behavioral disturbance: Behavioral changes are also induced by the plant vola-
tiles, which can either stimulate or reduce insect mobility, and other physiological 
changes [66]. Some essential oils are known to inhibit acetylcholinesterase enzymes 
on insects’ nervous system and also GABAergic is disrupted [67]. Essential oils of 
clove and Cinnamomum used on S. zeamais effects their locomotory and respiratory 
processes [68].

5.9 Pheromonal approach

Pheromones are ectohormones released by either male or female partners to 
change each other’s behavior. Pheromones are now commercially available for 
around 20 species of stored grain pests [69]. Pheromones for P. interpunctella, 
Lasioderma serricorne, T. castaneum, T. confusum, Trogoderma variabile, are used 
frequently. These pheromones are placed inside suitable traps for their smooth 
release and maximum attraction as well as trapping processes. Proper installation 
of pheromone baited sticky traps within a building, granaries, and other flat land-
ing sites plays an important role in the efficacy of pheromones used [70]. Sticky 
traps are placed on the sides of containers or the flat surface to capture crawling 
insects especially beetles, that eventually become stuck to the trapping surface. 
A trap with horizontal layers of corrugated cardboard was developed by [71] for 
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beetles that walked through the tunnels of corrugations to reach a cup of oil into 
which they fell and suffocated.

6. Health and environmental hazards of pest control

Chemical insecticides are still considered as entomological weapons for the 
foreseeable future because of their wide host range, quick knockdown effects, easily 
availability to consumers. Their use in stored grain insect pests is still restricted 
as they pose threat to the health hazards and other environmental issues. Most of 
the chemical insecticides are carcinogenic and other health disorders [72]. The 
repeated application of insecticides leads to insecticide residues, secondary pest 
outbreaks. Recently the application of green synthesized nanoparticles is quite good 
and demonstrated satisfactory control against pulse beetle [73]. To overcome the 
issues of health and environmental hazards posed by chemical insecticides, work-
ers are widely used other methods for their management. The satisfactory control 
has been observed when the product is not bulk and is being stored by physical and 
other methods which have been already discussed briefly in the chapter. Though, lot 
of botanicals have been applied to control a vast number of stored grain pests but 
satisfactory results are still wanted in large godowns especially in under-developed 
and developing countries. The villagers in these countries are still using the con-
ventional methods and the damage levels are alarming and threatening. They even 
threaten the harvest which has been already harvested from different crops grown 
in the field and even protected conditions.

7. Conclusion

About 70% of stored grains are stored in villages in traditional methods. This 
creates an attractive atmosphere for the invasive pests to flourish. Especially 
developing countries have suffered a lot due to insect infestation. Integrated pest 
management is the best way to minimize the infestation status. Food supply to all 
human population, inhabiting any region of the world, seems less possible due to 
the alarming infestation rate of stored grains. IPM approach has many merits as it 
is the only method with which the quality as well as the number of stored products 
like grains, cereals, etc. are maintained to increase their economic value, as well as 
to provide nutritious food to even starved people.
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Robotic Heat Treatments for 
Mango and Prickly Pear Increase 
Shelf Life and Reduce Pathogen 
Infection
Federico Félix Hahn Schlam

Abstract

Mexico is the main exporter of mango fruits and prickly pears, so new postharvest 
techniques to increase shelf life are studied. Thermal treatments on both fruits can 
affect their cuticle so it was reviewed. When mango latex remains within the fruits, 
it avoids sap burn and decreases anthracnose and stem end rot infestation, so two 
systems were developed to minimize latex de-sapping. A gripper cuts stems 0.5 cm 
long and cauterizes them with a hot knife implement. A heating gun applied paraffin 
wax to mangoes without the stem end and protected them better against anthracnose 
lesions. Physicochemical analysis of several mango varieties was carried out after 
harvesting, at market place and after pedicel cutting and cauterizing. Keitt mangoes 
showed the lower quantity of total soluble solids (TSSs) and total acidity (TA). When 
the pedicel was cauterized, TSS dropped. Two grippers were developed to cryo-
cauterize prickly pears as this system is more energy-efficient than hot cauterization. 
A six-finger gripper moved over a pneumatic actuator toward a dry ice chamber to 
optimize pear cryo-cauterization. Gripper’s strong grasping damaged the fruits due to 
excessive compression. TSS and TA of cryo-cauterized fruit remained constant during 
the three months of fruit storage.

Keywords: mango fruits, anthracnose, grippers, prickly pear, paraffin wax,  
cryo-cauterization, total soluble solid concentration, stem end rot

1. Introduction

Every country develops studies for their main fruit chains to determine main 
losses and provide solutions for reducing them. When fruit shelf life cannot be 
increased, processing will avoid fruit spoilage. Food losses and waste are estimated 
globally in 1.3 billion tons annually. Commercialization loss was estimated in 9.5 
tons/week in Salvador, Brazil, in highly perishable fruits such as banana, papaya, 
and tomato [1]. The annual loss of fruits during postharvest operation represents in 
Sri Lanka about 210,000 metric tons of fruit, which corresponds to 30–40% of the 
harvest, representing a loss of US$90 million [2]. Mexico is the leading producer of 
prickly pear plants with 230,000 hectares, being 67,000 for fruit production [3]. 
Mexico is also the world leader in exporting fresh mangoes in 2019 [4]. Postharvest 
losses of fresh mango fruits in Pakistan were reported to average 69% [5] but 
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sometimes reach 100% under disease-favorable environments. In the 2014 season, 
an increase in mango stem end rot (SER) at Israel caused a 30–40% loss of the 
harvested fruit [6]. This disease occurs in mango, avocado, and citrus fruit [7].

The rind or exocarp includes the hard cases of nuts or the shell of water-
melon. The peel forms the pericarp, meanwhile the pulp or edible portion of 
the fruit is the endocarp [8]. Fruit or vegetable peel or rind appears as its outer 
protective layer. Watermelon, a round fruit, has a firm outer rind that surrounds 
a white inner rind layer. The interior edible pulp of red or yellow color is the 
endocarp. The outer walls of the epidermal cells of all plant organs are coated 
with a cuticular membrane [9]. Physical properties and chemical composition of 
the fruit cuticle change markedly during its development [10]. During early fruit 
development, maximum cuticle deposition rates per unit area appear increasing 
cuticle thickness. Cuticle composition changes after depositions of wax, pheno-
lic compounds, and polysaccharides [11].

Fleshy fruit cuticles and vegetative organs have similar compounds, but fruit 
cuticles are thicker [12, 13]. The hydrophobic nature of fruit cuticle makes it an 
effective barrier to reduce water loss. Cuticle permeance differs between mango fruits 
receiving sunshine and those growing under the canopy shade [14]. In addition, 
intracuticular waxes limit movement of surface water into the fruit and reduce tran-
spiration. Cuticular wax load increases during fruit development leading to a thicker 
mango cuticle at maturity [15].

The fruit cuticle provides an important physical barrier against pathogens [16] 
avoiding fungal colonization on sweet oranges [17]. Industrial food wastes such as 
peels from juice production provide raw material for obtaining wax compounds 
[18]. The cuticle also provides protection against environmental conditions, where 
excessive solar radiation produces physiological disorders such as sunscald [19]. 
Cuticle strength and rigidity decrease as it becomes warmer [20]. The cuticle inner 
surface is fully hydrated, meanwhile the cuticle outer surface in contact with the 
atmosphere is less hydrated. Although waxes are present in both sides of the cuticle, 
water absorption takes place [10]. Cuticle swelling and softening alter its mechani-
cal properties. Fruit cracking is triggered by cuticle breaking, linked to rainwater 
and high humidity [21, 22].

Handling fruits up to 15 days after harvest has a profound effect on its final 
quality because fruits are still alive and vulnerable to adverse conditions [23]. 
Throughout fruit ripening, softening results from the modification of polymers 
within the primary cell wall [24]. Cuticle and wax deposition increased during the 
first 15 days of postharvest shelf life in mango fruits of cultivars “Kent,” “Tommy 
Atkins,” and “Ataúlfo” [25]. Mango fruits with higher wax deposition in their cuticle 
were more resistant to fruit fly attack [26]; also fruits presented lower transpiration 
and deterioration. Pectin solubilization during fruit ripening is directly related with 
the ripe fruit texture [27]. Fruits showing a melting texture, such as avocado, kiwi-
fruit, tomato, and peach, soften in a short time [28]. Fruits having a crispy texture 
during maturation, such as apple or watermelon, present low pectin solubilization 
[29]. The simplest postharvest procedure to increase fruits shelf life consists of stor-
ing them under controlled temperature and humidity conditions. However, rheo-
logical and mechanical properties of fruit cuticles are affected [20]. Peach firmness 
dropped after being stored at low temperatures. It was associated to a reduction of 
covalently bound pectins [30]. Apricot controlled-atmosphere treatments showed 
also pectin degradation [31].

Mango fruit pedicel (Figure 1a) presents an internal network of resin ducts, and 
the latex is kept under plant turgor pressure [32]. When the pedicel is broken or cut, a 
secretion of milky-viscous sap leaves the fruit [33]. This latex contains oily antifungal 
resorcinol [34]. The contact of the fruit surface with the sap exudate (Figure 1c) can 
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lead to skin injury (sap burn) and develop under-skin browning [32]. This injury 
decreases mango quality after damaging seriously its skin, and if the fruit contacts 
the soil, it can be easily infected. These fruits are rejected at the entrance of fresh fruit 
packinghouses [35]. Lenticels also appear after sap exudation showing symptoms of 
early sap burn injury [36]. A delay in the appearance of stem end rot was noted by 
keeping a short pedicel at harvest [6, 34]. Mango fruits harvested with stems have 
more sap and less incidence of anthracnose [37].

Opuntia species present fleshy edible fruits (tunas) with thick rinds and rela-
tively large round seeds. Prickly pear fruits are consumed in the local Mexican mar-
ket and exported to the United States, Canada, Japan, and Europe [38, 39]. Edible 
prickly pear fruits and cladodes are used as food for livestock [40]. Fruit pulp and 
peel present a high quantity of carotenoids, betalain content, polyphenolic content, 
and ascorbic acid [41, 42]. Those pigments have revalorized prickly pear production 
for agro industries and pharmaceutical use [3, 43]. The fruit is perishable, and after 
being stored for nine days at room temperature, it starts rotting [44]. Ready-to-eat 
(RTE) fruit storage includes controlled atmosphere storage of minimally processed 
cactus pear fruits at 2°C reducing browning content [45]. Cactus pear peeled 
and stored within passive-modified atmosphere at low temperature limited fruit 
decay [46].

Heat transfer within fruits stored at a cold storage warehouse after harvesting 
has been studied before long-term shipping [47–49]. Harvested fruits are treated 
with different technologies to delay ripening, preventing physiological and patho-
logical disorders [49]. Producers sometimes target distant markets, so they must 
harvest their tomatoes in a mature green state to allow longer ripening and senes-
cence periods [50]. Excessive field heat increases fruit metabolic activity, so imme-
diate cooling after harvest is recommended [51]. Low and high temperatures lead 
to the denaturation of enzymes, modifying fruit’s respiration rate [52]. Stone fruits 
such as plums and mangoes have a seed inside and present different thermophysical 
parameters within the pulp [53, 54]. The contact surface between the seed and the 
pulp is the deepest point that can be reached in the fruit and becomes a thermal 
center. The finite element method can simulate heat transfer within food products 
that present irregular geometries [55].

Hot water immersion and hot air treatments at temperatures between 40 and 
60°C from seconds to several hours control pathogens in apples, pears, citrus, 
and melons [56]. Postharvest quality of apples improved after being heated with 
air during one day at 40°C [57]. Heat treatment caused important changes in 

Figure 1. 
Mango fruit (a) pedicel, (b) washing, and (c) showing latex in the peel.
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epicuticular wax altering microcrack structure. Mandarins were immersed in 
hydrothermal treatments, maintaining the fruit surface temperature at 50°C for 
2.5 min [58]. Once the mandarin peel heats up, thermal energy transfers by conduc-
tion to subsequent layers toward the center. Heat transfer stops after reaching an 
equilibrium condition [59]. Thermally treated mandarins present higher TSS (total 
soluble solids), lower maturity index, and similar citric acid content.

Mango fruit must be treated to ensure that it is free of fruit flies, so that import-
ing markets allow their acceptance [60]. Small mango fruits weighing less than 
375 g require 65 min of immersion in hot water at 46.1°C [61]. A thermocouple was 
inserted at the surface of the endocarp and another in the center of the mango fruit 
to record temperature changes during hot water immersion. The temperature at the 
center of the fruit continued increasing for 10 min after removing the fruit from 
the hot water bath [61]. Although the hot water treatment reduces fruit firmness, 
it influences positively in oxidative processes, cell wall changes, and steady-state 
levels of protein [62].

2. Mango treatment

Thermal treatment application maintains mango fruit quality and produces 
higher economic returns. Cauterization is a very useful technique that can close 
any tissue after applying heat. After harvesting, all the wounds of the fruit that 
were cauterized and sealed hermetically avoiding transpiration and increasing 
shelf life.

2.1 Mango after farm harvest

Postharvest mango quality depends on proper harvesting and even better 
production practices. Mangoes are generally handpicked or retrieved with poles 
adapted with a cutting blade and a bag [63]. The blade end breaks the pedicel and 
latex covers the fruit peel (Figure 1c). Although de-sapping after harvest avoids 
peel sap burn, it reduces fruit protection against anthracnose and stem end rot. 
The main cause of mango sap burn is attributed to a deposit of volatile compounds 
such as terpinolene and car-3-ene through the lenticels [64]. Stem trim cutting 
results in latex stains deposited on the fruit surface. The sap stored in the fruit 
ducts under high pressure falls on the peel of mango fruit [65]. Delatexing can 
be done by inverting freshly de-stemmed fruits on plastic or steel mesh racks for 
30 min. Another technique is to dip freshly de-stemmed fruits in 1% alum solution 
(one-half kg powdered alum per 50 L of water) for 1 min; fruits should dry before 
packing [65]. The contact of latex with mango skin induces lenticel discoloration, 
resulting in red spots caused by the synthesis of anthocyanins [66]; these spots can 
also be induced by chilling injury [64]. Resorcinols and gallotannins are inhibitory 
to major postharvest pathogens including anthracnose [67].

If a 1 cm long pedicel remains attached to the fruit after harvest, latex will not 
leave the fruit avoiding sap burn. More than 80% of sap flow was observed within 
the first minute of stalk removal [37]. Sap pH varies between 4.43 and 4.6, and 
the ratio of nonaqueous fluid (oil) to aqueous fluid is of 1:6.5 [37]. The best hour 
for harvesting mango fruits was just after midday [68]. Early morning harvesting 
causes a rapid flow of sap from the pedicel end. High solar radiation and vapor 
pressure deficit increased stem water flow within mature fruit during the morn-
ing and decreased after midday [69]. Pedicel cutting place does not affect sap 
output flow. If stem is cut at the abscission zone, delayed ripening of mango fruit 
results [68].
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2.2 Mango diseases

Two of the main diseases of mango fruits are anthracnose and stem end rot. 
Anthracnose caused by the Colletotrichum gloeosporioides at the green stage can-
not be perceived, and the infection is noted when the mango ripens. Anthracnose 
produces the enzymes polygalacturonase and pectolyase, which degrade the cell 
wall [70]. If mango fruit is healthy, the polyphenol oxidase (PPO) enzyme is found 
within chloroplasts and the phenolic compounds in vacuoles, both being separated, 
avoiding any reaction.

Stem end rot (SER) is a disease caused by Lasiodiplodia theobromae. At the 
beginning, it appears as a small dark-brown area in the peel around the base of the 
fruit stem end, progressing into soft decay at the stem end [6]. Ethylene, a phyto-
hormone, controls most of the ripening events linked with climacteric fruits. Small 
amounts of ethylene maintain fruit resistance to pathogens [71].

2.3 Mango pedicel treatment

If latex is retained within the fruit at harvest, it reduces anthracnose and stem 
end rot (SER) development during ripening. Fruit ripening parameters are not 
affected by pedicel length, and substantially less number of diseases appear com-
pared with fruits harvested without stems. Anthracnose lesions decrease when 
mango fruit is harvested with a long stem [33]. SER onset in fruits with short pedi-
cel was later than in fruit without stems [6]. Latex aqueous phase having chitinase 
contributes to fruit resistance against SER [67]. Two systems were developed to 
minimize latex de-sapping:

1. Cut stems 0.5 cm long and cauterize them with a hot knife implement.

2. If harvest brings fruits without stems, fruits are washed, dried and a wax is 
applied at the stem end.

Automatic fruit harvesting follows different picking patterns including bending, 
lifting, twisting, and pulling [72]. Modern soft grippers employ soft and flexible 
materials for holding the fruits [73]. Mechanical cutting devices for fruits consist 
of knifes [74, 75], scissors [76], and hot wires [77]. Knives used to cut stems have 
to be continuously immersed in skimmed milk. This action avoids virus invasion 
and should take place before contacting each plant. Therefore, it is not practical for 
automated processes [74]. A scissor employed to cut tomato stalks was articulated 
by a finger phalanx, but could also be fixed to the gripper palm [76].

Nichrome wire electrodes were mounted at a thermal cutting end effector. A 
high voltage of 300 V cuts 1 mm sweet pepper stems in 2 s [77]. As the diameter 
doubled, the cutting period increased to 5 s after applying the same voltage between 
electrodes [77]. Thermal stem cut ceased fungal or bacterial infestation, increasing 
pepper shelf life over 15 days. Peppers harvested by normal scissors showed physi-
cal changes after the fifth day and perished after nine days. Mechanical cutting is 
suitable for cucumbers where peduncle direction is uniform [74]. Laser cutting of 
variable-diameter tomato peduncles (1.5–5 mm) was studied [78]. It became impos-
sible to cut off a peduncle directly by focusing a laser beam on it, as the focusing 
spot is smaller than the peduncle size. After tomato peduncle drilling, laser cut a 
5 mm diameter stem in 15.2 s [78].

A harvesting robot requires a transmission system to drive the end effector [79]. 
A robot gripper with four pneumatic fingers has been used with mango fruits. The 
gripper can handle various shapes and sizes and has been used to determine fruit 
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Figure 2. 
Robotic gripper (a) with mango pedicel, (b) without mango pedicel and having wounds, (c) cauterizer knife 
machine.

firmness [79]. A gripper was also developed to handle mango fruits and estimate 
their ripeness. This robot integrated accelerometers and optical sensors and worked 
without contacting the fruit [80]. Two robots were used for tomato grafting, cut-
ting 240 plants per hour. The graft is accomplished when both plants are placed in 
intimate contact between them, and a clip is pressed against them [81].

Mango fruits collected at the Mexican Pacific coast were green, firm, and starting 
to ripe. The developed gripper to hold the fruit presented integrated soft cushions 
(Figure 3(a and b)) to protect the fruit and move it for cutting the stem. Two linear 
knifes were used by the trimmer equipment. One knife was fixed, meanwhile the 
other was ejected by a 24 VDC (direct current voltage) linear actuator. Preliminary 
tests show successful results in stem cutting with only one movement. The mango 
enters the transporting system, but not all the fruits have attached pedicels. Those 
having the pedicel were cut by a warm knife having a temperature of 35°C. An image 
of the mango peduncle or abscission zone was obtained with a X800 digital micro-
scope. The effect of anthracnose infestation was analyzed after fruit matured.

Wax was applied to mango fruits without the stem end. Paraffin was warmed up 
in the interior of a conventional gun (Figure 3a) and applied to the mango abscis-
sion orifice to avoid fungal or bacteria infestation. The manual gun uses paraffin 
sticks that melt after being heated by an electric resistance. When the trigger is 
squeezed, liquid wax leaves the gun through an output nozzle. Better results are 
obtained after applying pressure with a conical stamp over the liquid wax placed at 
the fruit peduncle orifice (Figures 1a and 2b). An industrial wax application gun 
pressurizes the hot fluid with a pneumatic system (Figure 3b). A camera at the 
top provides information of whether the fruit has a 1 cm long stem and would only 
apply wax when there is no pedicel.

2.4 Mango pedicel and abscission microscope images

Large latex channel openings were seen at and below the abscission zone close to 
the fruit. High volume of latex spurts out through these channels after detaching the 
pedicel from the fruit [82]. Latex canals are seen as large perforations in the fruit 
peel reaching the outer pulp [34, 82]. After cutting the Keitt mango pedicel 2 cm 
away from the abscission zone, it was cauterized at 35°C, showing latex channels 
(Figure 4a). Cauterization at 35°C does not heat mango peel tissue (Figure 4b). 
If the stalk was cauterized at 45°C, the cells surrounding the channels were burnt 
and reduced in size (Figure 4c). Latex channels are clearly observed within red 
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circles in the green tissue just after removing the pedicel (Figure 5a). If the stem 
gets cauterized, latex channels are still present after cutting the pedicel with a razor 
blade, 0.5 cm toward the fruit abscission end (Figure 5b). If honey covers the green 
tissue, it will enclose the latex channels (Figure 5c).

3. Prickly pear treatments and measurements

Cactus pear (Opuntia ficus-indica L.) is an important fruit, but its consumption 
is limited by the presence of spines and glochids on its surface. Fresh-cut, ready-to-
eat (RTE) cactus pears have higher preference than the whole fruits [83]. Actually, 
cactus pear at the green-yellow ripening stage is processed as a ready-to-eat fruit 
and stored for nine days in modified atmosphere packaging at 4°C [84]. Green yel-
low fruits present intermediate peel thickness and pulp softness, which is suited for 
peeling and for RTE fruits [85].

Cauterization prototypes were developed to increase prickly pear shelf life and 
decrease fruit diseases. A review on cauterization techniques including high-tem-
perature contact and cryo-cauterization was presented [38]; both of these systems 
are patented [86, 87]. A cauterizer for harvested fruits applied 100 kPa of pressure 
at 200°C during 30 s [88]. Cactus pears subjected to a cauterization treatment 
were cut at the top-peduncle section, leaving a sealing area of 13 cm2. The system 
is efficient in controlling postharvest diseases, but its excessive heat application 

Figure 4. 
Transverse section of Keitt mango fruit stem, showing the latex canals after cauterization at (a) 35°C on the 
abscission zone, (b) 35°C on the pedicel, and (c) 45°C on the pedicel.

Figure 3. 
Robotic arms handling a mango fruit for (a) manual, and (b) industrial wax application.
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results in expensive energy consumption [88]. Pulp temperature increased to 86°C 
after heating the fruit at 200°C for 45 s [88].

Prickly pear and their cladodes have natural polymers, and several eco-friendly 
materials are under development [89]. Cactus mucilage can be used as gelling, stabiliz-
ing, or encapsulating agent. The use of this bio-polymer material opens new opportu-
nities in the food packaging. It is also used as a flocculating agent for heavy metals in 
water [90]. All these properties open new economic opportunities for cactus produce.

3.1 Prickly pear automatic cold cauterization

Several mechanisms have been developed for detaching the fruit from the cladode 
[91] and for fruit cold cauterization [92]. A harvesting arm with four degrees of 
freedom is used as hydraulic piston to collect prickly pears [91]. Cryo-cauterization 
results from pressing the fruit sliced area against a dry ice wall. The thermal shock 
maintained cactus pear over 120 days without further cooling [44]. Energy consump-
tion of cryo-cauterization was minimum as no resistance was used; meanwhile the 
cauterizer working at 200°C employed 13 W per fruit [88]. The first automatic fruit 
cauterizer uses sensors and mechanisms to detect when the prickly pear is present 
within the metal container, rotate it 90° counterclockwise, displace it against the dry 
ice wall and deposit it again into the original band. The processing of 1000 fruits took 
a little more than 500 min [92]. Further development to simplify the system used 
a two-finger gripper that picks the fruit (Figure 6a). The most significant features 
to select a gripper include its opening range, its maximum applied force, its type of 
movement (angular, parallel or self-centered), and the grasp strategy (external or 
internal grasp). The robotic end effector uses two fingers to press the thick fruit peel 
without damaging it. The mechanism rotates the fruit by180° until it touches the ice 
pad (Figure 6b). However, dry ice melts in 5 h and has to be replaced in both systems. 
The last prototype has a gripper that grasps the fruit more efficiently with six fingers 
(Figure 6c). The gripper moves horizontally toward the dry ice chamber by sliding 
on pneumatic actuators. In the slider actuators, the gripper is mounted to the car-
riage. Precise slicing of the top-peduncle section is done by means of a circular blade. 
Once the fruit is sliced, it moves further to the left until it presses the dry ice chamber. 
With additional volume of dry ice within the chamber, it can last more than one day.

3.2 Prickly pear temperature measurements

Thermocouple sensors are being used for monitoring temperature within the 
fruit. Sensors were added below mesocarp and in the center of the fruit to study 
fruit changes during hot water treatments [58]. Three thermocouples of type J were 

Figure 5. 
Transverse section of Keitt mango showing the latex canals after (a) removing the pedicel, (b) cauterizing, and 
(c) removing the stem and adding honey.
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inserted in the flat prickly pear surface to study variations during cauterization. 
As well after keeping the fruits for nine and 15 days at ambient storage, 10 prickly 
pears were cut nearby the sealed surface and in the middle of the fruit to measure 
TSS changes. Fruits stored for nine and 15 days at ambient storage were cut nearby 
the sealed surface and in the middle of the fruit to measure TSS and acidity changes.

4. Mango physicochemical analyses

Mango cuticle is thin and does not resist the high thermal gradient required by 
cauterization operations. Therefore, thermal treatments have to be applied carefully, 
mainly in the mango fruit abscission-pedicel interface.

Average biochemical maturity properties of fruits at early harvest for Haden, 
Kent, and Keitt were analyzed. These properties include pH, total soluble solids 
(TSS, °Brix), ascorbic acid (mg.100 g−1), moisture content (%), and dry matter 
content DM (%). Kent and Keitt late varieties were harvested 137 and 148 days 
after fruit set, respectively. These results are similar with those obtained at Ghana 
plantations [93]. Mango trees with higher fertilization delayed fruit firmness decay. 
At the moment of harvest, fruits were green and firm for all varieties and fertiliza-
tion regimes. After nine days of storage at 25°C, firmness decreased to 16.93 N for 
Kent fruits and remained firmer for Keitt mangoes. Chemical composition changes 
result from physiological and biochemical events controlled during fruit ripening 
[94]. Pectins are responsible for fruit texture and rise in the fifth week of mango 
fruit setting until the stone is formed. Pectins are responsible for fruit texture and 
rise five weeks after mango fruit setting until the stone is formed. Afterward, pectin 
content decreases, and fruit starts softening due to enzymatic degradation [64].

Fruits were harvested at a very green stage showing low TSS, acidity, and pH 
values (Table 1). As fruits mature nine days after, firmness decreased to 25.73, 
16.93, and 32.91 N for Haden, Kent, and Keitt fruit, respectively (Table 2). After 
mango harvest, quality losses occur, affecting the content of nutritional compo-
nents at different points during the handling chain [65].

Kent mangoes show a rapid decrease in firmness during ripening [95]. Kent 
mango trees with normal fertilization level produce fruits with high respira-
tory activity, lower ascorbic acid concentration, and fruit firmness drop [95]. 

Figure 6. 
Rotating gripper (a) picking the fruit, (b) contacting the heating surface, and (c) over a linear mechanism 
sliding toward the dry ice chamber.
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Lower content of potassium within tissues is related to higher acidity, while lower 
pulp pH responds to the fertilization regime [96]. Keitt mangoes showed the lower 
quantity of total soluble solids (15.72°Brix) and a low acidity of 0.18 (Table 2). On 
the other hand, Ca applications increased citric acid content in “Haden” mango 
fruits [97]; meanwhile pulp pH jumped to 5.12. Keitt mango showed higher vitamin 
C content than Kent and Haden fruits in their ripe phases, because of the inhibition 
of polyphenol oxidase (PPO). This mango variety provides better color and flavor 
retention during processing [98]. Mango refrigerated at 4°C tends to maintain 
the same TSS and TA during nine days of storage (Figure 7a and b). If the pedicel 
gets cauterized, mango TSS drops. Titratable acidity (Figure 7b) was significantly 
affected by fruit respiration, consuming organic acid.

4.1 Mango latex and diseases

Fruit fly control and removal of surface fungal diseases can be carried out 
by hot water immersion [99] and by hot air application. Hot water immersion is 
relatively easy to use, economic, and can provide accurate monitoring of fruit and 
water temperature. Mango fruits immersed in hot water at 52°C for 5 min elimi-
nated anthracnose fungal infection [60]. Anthracnose infestation was not present 
after storing the fruit for 15 days at ambient temperature [100]. The effect of hot 
water treatment on pulp TSS was insignificant and mango visual quality remained 
outstanding. If green mature fruits are dipped for 20 min in water heated to 53°C, it 
will control both anthracnose and SER. If water is heated below 52°C, it is not effec-
tive to control anthracnose, and at 5 degrees warmer, it will scald the peel [101]. Hot 
water immersion without waxing affects the natural wax layer of the fruit surface, 
enhancing its senescence. Fruits coated with wax delay the ripening and extend 
their shelf life [102]. Keitt and Tommy Atkins mango fruits develop yellow pig-
ments in the skin after hot water immersion [60]. TSS content of fruits immersed 
in hot water increased to 20°Brix, meanwhile untreated fruits remained at 17° Brix. 

Variety Pulp pH TSS (°Brix) TA (% citric acid) DM (%) Firmness N

18.32/ 0.24/ 19.20/ 25.73/

Haden 5.12 17.56* 0.33* 18.86* 32.42*

17.98/ 0.21/ 18.96/ 16.93/

Kent 4.43 17.18* 0.31* 18.09* 22.42*

15.72/ 0.18/ 18.55/ 32.91/

Keitt 5.67 15.03* 0.27* 17.96 35.72*

*Measurements of fruits without latex removal.

Table 2. 
Physicochemical analyses of different mango varieties considering pulp pH, TSS (total soluble solids), TA 
(Titratable acidity), DM (dry matter), and firmness in the market place.

Variety Pulp pH TSS (°Brix) TA (% citric acid) DM (%) Firmness N

Haden 3.81 9.72 2.11 16.27 113.27

Kent 3.98 6.42 1.45 17.84 122.42

Keitt 3.66 7.63 2.43 17.85 121.05

Table 1. 
Physicochemical analyses of different mango varieties considering pulp pH, TSS (total soluble solids), TA 
(Titratable acidity), DM (dry matter), and firmness of just harvested fruit.
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In mangoes infected with SER, immersed in hot water and stored for 13 days, TSS 
content reached 19°Brix; fruits remained in 14°Brix if they were untreated [103].

At immature stage, anthracnose is not perceived, and the infection appears 
when mango ripens. Mango latex contains antifungal resorcinols and chitinase, so 
its retention during harvest will protect fruits against anthracnose and stem end 
rot [67]. Stem trimming deposits latex stains on the fruit surface, as pressurized 
sap stored in mango ducts falls on the fruit peel [65, 104]. Keitt mango fruit that 
preserved latex at harvest developed slightly smaller anthracnose lesions than 
fruits in which latex was drained (Figure 8). Keitt mango lesion area increases to 
200 mm2 after 10 days when fruits do not have latex (Figure 8a). Mango lesion 

Figure 7. 
Keitt mango (a) total soluble solid (TSS) concentration, and (b) Titratable acidity (TA) during the nine days 
of storage at 4 and 20°C with and without pedicel cauterization.

Figure 8. 
Keitt mango anthracnose lesion area after several days of harvest (a) with and without latex, and (b) after 
petiole trimming.

Figure 9. 
Anthracnose lesion area several days of harvest for fruits cauterized and for mangoes after wax application.
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Figure 10. 
Fruit firmness vs. compression for prickly pears having different slice diameter.

corresponds to the black spot area growing on the fruit peel. When latex is present, 
the lesion only increases to 50 mm2. The size of the remaining stem is correlated to 
the lesion area (Figure 8a). As it is longer and cauterized, less sap leaves the fruit, 
and it is more protected against pathogen infections. Higher anthracnose infection 
was noted in Keitt trees when more nitrogen was applied during fruit development 
[105]. This result was also found after analyzing “Willard” mango fruits [34].

When Keitt mango fruit stems were cauterized or their peduncle orifice covered 
with wax just after harvest, latex fluid remained within the fruit. Average anthrac-
nose lesion was 38 and 54% smaller for wax and cauterization treatments, respec-
tively, with respect to the control treatment after 11 days (Figure 9); no stem, wax, 
and latex were present on control fruits.

5. Prickly pear grippers and deformation experiments

Gripper suction cups grasp products by means of pressure difference [106, 107]. 
These grippers can be joined with other mechanisms easily, but are impractical 
for high-temperature grasping [108]. Modern granular-material grippers align 
themselves in malleable shapes to grasp the end product [108–110]. The prickly pear 
gripper used a grasping force of 40 N with a holding time of 30 s. The cauterizer 
robot (Figure 6a) presents a gripper moved by a mechanism containing two DC 
motors. One of the gripper fingers´ remains static during grasping, meanwhile the 
opposite finger presses the fruit; this finger moves using a DC motor. The second 
prototype used a pneumatic actuator. The slide actuator (Figure 6b) transports the 
six-finger gripper until a sensor detects its contact against the dry ice wall. A timer 
ensures that the fruit surface contacts the dry ice block during the right period. The 
pneumatic slider returns the fruit back to the pick and place area; this process takes 
25 s. The end effector damaged the prickly pear during grasping and cauteriza-
tion, when the fingers did not allow fruit movement. Fruit compression plotted in 
the vertical axis of Figure 10 corresponds to the prickly pear deflection caused by 
finger pressing.

Prickly pears were sliced and cauterized by the robotic systems. Large prickly 
pears present an average diameter of 15 mm at the sliced section; smaller pears 
present a larger slice diameter ranging between 30 and 35 mm. Two clusters appear 
after plotting fruit firmness against pear compression (Figure 10). The black marks 
within the red circle show big fruits having firmness within 13 and 16 Ncm−2. Fruit 
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damage during processing decreased for pears compressed less than 3 mm. Orange 
markers show fruits with higher firmness (17.5–21.5 Ncm−2), where the slicing 
area rises.

Prickly pear is a desert fruit with a thick peel. Pear firmness decreases once it is 
sliced (Table 3), and the fruit is destroyed when compression overpasses 5.2 mm. 
Red data in Table 3 shows prickly pear values suffering some kind of damage. As 
the cauterizing diameter (ϱ) increases, fruit firmness drops and a lower pressure 
should be applied to avoid its destruction. Yellow fruits are softer and their tissue 
compresses easily. Therefore, yellow fruits are unable to withstand the cauterizing 
force (Table 3). As the prickly pear sliced area receives an orthogonal force, the 
airspaces within the pulp fill up. Pulp deformation takes place, growing sideways 
until the peel cannot withstand the pressure and explodes.

5.1 Prickly pear physicochemical analyses and measurements

Temperature measurements 2 mm within the pulp sliced area and at the middle 
of the prickly pear differ (Figure 11). The thermocouple placed 2 mm away from 
the sliced area reached only −4°C after 50 s, being hotter than the temperature of 
the dry ice block (−78°C). For the rotating robot (Figure 6a), fruit temperature 
decays after 50 s once the gripper contacts the dry ice surface, reaching its mini-
mum temperature 10 s later. The green area in Figure 11 shows negative pear tem-
perature values in the sliced area during fruit cauterization contact. The complete 
temperature signal within the prickly pear during the cauterization cycle is shown 
in Figure 11. Fruit cauterization ended 125 s later, arriving to 17.4°C 145 s after; At 
this moment the slide system returned the pear back. Pulp temperature measure-
ments acquired 15 mm below the sliced area were almost constant during the 6 min 
(Figure 11, dot line). Tissue temperature returns quicker to its natural thermal state 
(17.4°C) with the sliding system as shown by the red line, Figure 11. Cell walls have 
a more rigid contact when touching the dry ice chamber surface. Similar results 
were achieved by prickly pears that contacted the dry ice for 25 s.

TTS and total acidity (TA) were measured every 15 days after cutting three fruits 
at the center. TSS and TA monitoring was repeated in fruits stored for three months. 
Total soluble solids (TSS) concentration estimates the sugar content in the fruit 
and determines its degree of sweetness [111]. TSS concentration of prickly pears 
of cultivar “Blanca Cristalina” just after cryo-cauterization remained in 13.5°Brix. 
Measurements taken one, two, and three months later showed values of 13.4, 13.3, 
and 13.2°Brix, respectively. TSS minimum variations show that cryo-cauterization 
preserves fruit quality. Blanca Cristalina and Esmeralda fruits present 13.6 and 

Diameter (mm) Color Firmness (Ncm−2) Compression (mm) Damage (%)

Min Max Min Max

<15 green 16.12 16.82 2.5 3.2 0

15 < ϱ < 25 green 15.28 15.94 2.8 4.1 0

25 < ϱ < 35 green 14.47 15.35 4.2 5.5 50

<15 yellow 14.21 14.72 4.9 5.5 100

15 < ϱ < 25 yellow 13.73 14.15 5.1 5.5 100

25 < ϱ < 35 yellow 13.04 13.57 5.3 5.5 100

Table 3. 
Green and yellow prickly pear firmness and compression having different slice diameters.
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Figure 11. 
Prickly pear pulp temperature monitored 2 mm and 15 mm away from the sliced surface during cauterization.

14°Brix at harvest, respectively [112]. Twenty-eight days later, TSS concentration 
was of 11.4 and 12° Brix for Blanca Cristalina and Esmeralda pears [112]. Cactus 
pears from the “Orito” cultivar presented 14.9°Brix after harvest and 14°Brix 
after 28 days later [111]. Blanca Cristalina TA values remained constant at 0.25% 
during the three months, so fruits remain acid and fruit acceptance high [111]. 
Blanca Cristalina and Esmeralda presented 0.27 and 0.29% of citric acid at harvest, 
respectively. After four weeks, it decreased to 0.18% in Blanca Cristalina [112]. 
For all the varieties, pulp citric acid decreased during ripening [113]. Although in 
these experiments cuticle thickness was not measured after heat treatments. Cuticle 
thickness reduction on some varieties was due to the effect of heat treatments [114]. 
The resistance provided by the cuticle against mechanical damage depends on the 
cuticle structure [115].

6. Conclusions

An increase in the quality and shelf life of mango fruit and prickly pear will 
increase their marketing worldwide. The first step to increase mango quality is to 
reduce fungal diseases such as anthracnose and stem end rot that appear due to 
environmental changes. Thermal treatments on mango fruits preserve their quality 
and reduce postharvest fruit disease infestation. Mango fruits must be harvested 
with care as mechanical damage of the stem end can start rotting in the fruit. Latex 
de-sapping after field harvest will reduce fruit sap burn.

Mango latex that contains antifungal resorcinols and chitinase should remain 
within the fruit to decrease anthracnose and stem end rot infestation. Stem channel 
thickness where latex flows can decrease after cauterization or by applying liquid 
paraffin. Two systems were developed to maintain latex after harvesting.

In the first system, a gripper grabbed the mango fruit and proceeded to 
cut the stem by means of two hot knifes maintained at 45°C. The cauterized 
pedicel presented burnt cells at the surface and reduced in size toward the stem 
end. This technique decreased anthracnose infestation by 50% after 11 days of 
storage when compared with de-sapped mango fruits. TSS concentration drops 
after pedicel cauterization. In the second equipment, warm paraffin wax was 
applied by a conventional gun to mango fruits without the stem end. Average 
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anthracnose lesion was 38% smaller for paraffin application after 11 storage days 
than in untreated infested mangoes.

Prickly pears are native fruits from Mexico that grow in arid zones and have very 
important nutritional properties. Cauterization increased prickly pear fruits’ shelf 
life over two months. Hot and cold cauterizer equipment extended shelf life without 
pathogen damage as the treatment seals the fruit and avoids dehydration. Two grip-
pers were developed to cryo-cauterize prickly pears as this system is more energy-
efficient than hot cauterization. The first gripper uses two fingers to press the thick 
fruit peel without damaging it. In this robotic system, the biggest disadvantage is 
the reduced dry ice pad duration. Warm air moves around the dry ice pad and melts 
in 5 h, so it has to be replaced. The second robotic system was more efficient as the 
dry ice block was within a chamber isolated from the air. Dry ice lasted for more 
than one day. This system used a six-finger gripper that moved over a pneumatic 
actuator, cryo-cauterizing a pear every 25 s. When the gripper contacted the dry 
ice wall, the temperature inside the fruit 2 mm away from the fruit sliced area was 
of −4°C. The temperature was measured with a thermocouple inserted in the fruit. 
Another temperature measurement was taken inside the pear 15 mm away from 
the sliced zone and the colder temperature was of 16°C. Gripper grasping damaged 
yellow fruits and its compression should be limited to 3 mm in green fruits. TSS 
and TA remained constant in cryo-cauterized fruit during the three months of fruit 
storage.
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Postharvest Diseases of Vegetable 
Crops and Their Management
Atma Nand Tripathi, Shailesh Kumar Tiwari  
and Tushar Kanti Behera

Abstract

Vegetable crops have an important role in food and nutrition and maintain 
the health of soil. India is the second-largest producer of vegetables in the world 
with a 16% (191.77 MT) share of global vegetable production. Every year, diseases 
cause postharvest losses (40–60%) in vegetable crops due to their perishable 
nature under field (15–20%), packaging and storage (15–20%), and transport 
(30–40%). Profiling, detection, and diagnosis of postharvest vegetable pathogens 
(diseases) are essential for better understanding of pathogen and formulation of 
safe management of postharvest spoilage of vegetables. The vegetable produce is 
spoiled by postharvest pathogens and makes them unfit for human consumption 
and market due to the production of mycotoxins and other potential human health 
risks. Genera of fungal pathogens viz. Alternaria, Aschochyta, Colletotrichum, 
Didymella, Phoma, Phytophthora, Pythium, Rhizoctonia, Sclerotinia, Sclerotium, and 
bacterial pathogens viz. Erwinia spp., Pseudomonas spp., Ralstonia solanacearum, 
Xanthomonas euvesictoria were recorded as postharvest pathogens on vegetable 
crops. Fruit rot incidence of several post-harvest pathogens viz. Alternaria solani 
(30%), Phytophthora infestans (15%), Rhophitulus solani (30%), Sclerotium rolfsii 
(30%) fruit rot and X. euvesictoria (5%) canker on tomato; Colletotrichum dema-
tium fruit rot (20%) on chili; Phomopsis vexans (60%) fruit rot on brinjal was 
recorded. Didymella black rot and Colletotrichum anthracnose were recorded on 
fruits of bottle gourd, pumpkin, ash gourd, and watermelon. Important legumi-
nous vegetable crops are infected by postharvest pathogens viz. Ascochyta pisi, 
Colletotrichum lindemuthianum (Anthracnose), Sclerotinia sclerotiorum (white rot) 
and Pseudomonas syringae pv. phaseolicola (blight), Sclerotinia white rot, Alternaria 
blight. However, Xanthomonas black rot (10%) on cabbage and Pectinovora 
(Erwinia) soft rot (19%) were recorded as emerging post-harvest pathogens on 
cauliflower.

Keywords: vegetable diseases, plant pathogens, diseases management, seed-borne, 
soil-borne diseases

1. Introduction

India is the second-largest producer of vegetables in the world after China, and 
shares about 16% of global vegetable production [1]. Processed vegetables have 
been exported at a compounded annual growth rate in the volume of 16% and in 
value of 25% [2, 3]. Vegetables have a significant role in enhancing farm income, 
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sustainable global food as well as nutritional security. Vegetables suffer from several 
fungal and bacterial postharvest diseases [4–6]. Postharvest losses in vegetables are 
reported up to 30–40% owing to poor postharvest practices [7].

Fungicide is commonly applied for post-harvest disease control. Hot air, cur-
ing and hot-water brushing reduces disease incidence and increases the efficacy 
of antagonists. Biocontrol agents and botanicals may also reduce the amount of 
fungicide frequently used in postharvest disease management. Biocontrol of 
postharvest diseases of vegetable crops has great potential under storage conditions 
and biological products/biopesticides are available in the market. The biopesticides 
Ecogen US (Aspire™), Azotobactor (Bio-Save™), and Anchor (Yield Plus™) are 
involved to combine products with a low level of fungicide and salt solutions (cal-
cium chloride or sodium bicarbonate @ 1–2%) and other food additives to improve 
efficacy against postharvest diseases. EcoSMART formulation based on rosemary 
oil, viz. EcoTrol™, Sporan™ (fungicide) and eugenol oil formulation Mataran™ 
(weedicides) are recognized as safe plant protectants. Therefore, the postharvest 
application of eco-friendly control methods may be exploited to manage the disease 
of vegetables.

2. Economical and health impact of postharvest diseases of vegetables

Postharvest diseases cause qualitative and quantitative losses of vegetables 
and make them unfit for human consumption due to potential health risks. A 
large number of postharvest diseases are caused by black, white, and yellow 
fungi-derived carcinogenic mycotoxins and mutagenic secondary metabolites [8]. 
Losses due to postharvest disease may occur during the handling of produce from 
harvest to consumption. Primary and secondary agricultural practices are also 
important and costs such as harvesting, packaging, and transport must be taken 
into account when estimating the value of the produce lost as a result of post-
harvest wastage. Fresh vegetables are highly perishable, and they have relatively 
short shelf lives. Fresh vegetables are living, respiring tissues that start senescing 
immediately after harvest. They are mostly comprised of water, with most having 
90–95% moisture content. Because of the perishable nature of vegetables, special 
skills are required for postharvest handling. Aspergillus flavus is a saprophytic soil 
inhabitant fungus that infects postharvest vegetables and produces carcinogenic 
secondary metabolite aflatoxin in tropical, subtropical, and temperate geographic 
regions of the world. It also causes animal and human diseases (causing aflatoxi-
cosis and/or liver cancer) due to consumption of contaminated food and feed and 
through invasive growth (causing aspergillosis), which is often fatal to humans 
who are immunocompromised [9]. A holistic approach is needed for regulat-
ing aflatoxins under the trade/export market with biosecurity including bio-
warfare, biodiversity, and biosafety for liberalized trade under the World Trade 
Organization (WTO) [10].

3. Challenges of postharvest losses in vegetable crops

Application of good postharvest management practices which are supported 
by good technologies and also improving postharvest systems will maintain the 
quality of vegetables and reduce quantitative losses. Losses in vegetables are 
the result of (i) poor knowledge about the right harvesting index; thus, a large 
proportion of the harvested beans are usually over-mature (ii) poor handling 
practices, such as the use of plastic sacks for bulk packaging and transportation 
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which results in mechanical damage that serves as entry points for disease-caus-
ing organisms leading to rotting of the pods (iii) poor transport practices such as 
the use of trucks that have no cover, thus exposing the produce to direct sunlight 
and high temperature (iv) the absence of low-temperature storage facilities and 
transport systems, and (v) rough handling practices during distribution in retail 
markets.

4. Causes of postharvest diseases

In general, postharvest diseases and losses of vegetables are incited by fungi 
and bacteria. Postharvest diseases are often classified on the basis of the infection 
as “quiescent”or “latent”, where the pathogen infects before harvest in the field. 
Examples of postharvest diseases arising from quiescent infections include anthrac-
nose of various vegetables caused by Colletotrichum spp. and gray mold rot caused 
by Botrytis cinerea. Some pathogens infect vegetables after harvest during storage 
and transport, which is called postharvest infection e.g. nesting disease of pea 
caused by Pythium species or Rhizopus species. Microbes infect horticultural pro-
duce and spread rapidly due to a lack of natural defense mechanisms in the tissues 
of the produce. Management of postharvest spoilage is becoming a very difficult 
task because the pesticides/chemicals available are rapidly declining with consumer 
concern for food safety.

5. Detection of postharvest pathogens

Pathogens were isolated on agar medium and identified on the basis of  
macroscopic and microscopic analysis of colony and conidia/spore morphology by 
Microscopy, Sero-diagnostics (ELISA, Dot-blot assays), and nucleic acid (PCR) 
based methods.

Why do we need, want, or should detect emerging postharvest pathogens 
(diseases) in vegetable crops?

• Determine presence and quantity of the pathogen (s) for quarantine 
legislation.

• Assess the effectiveness of Integrated Disease Management (IDM) modules.

• Issuing of Sanitary and Phytosanitary (SPS) certificate vegetable produce for 
safe export/transboundary movement under trade.

• Quantify spatial and temporal pathogen populations in a specific location.

• Quantify pathogen populations in relation with regional and seasonal 
yield losses.

6. Postharvest fungal diseases

Common postharvest diseases resulting from wound infections initiated during 
and after harvest includes blue and green mold (Penicillium spp.) and transit rot 
(Rhizopus stolonifer). Important fungal genera of anamorphic postharvest patho-
gens include Penicillium, Aspergillus, Geotrichum, Botrytis, Fusarium, Alternaria, 
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Colletotrichum, Phomopsis, Rhizoctonia, Sclerotium, and Sclerotinia. The most 
important pathosystem of postharvest vegetables are gray mold (Botrytis spp.), 
white mold and watery soft rot (Sclerotinia spp.), cottony leak (Pythium spp.) and 
Sclerotium rot (Sclerotium rolfsii) [6].

6.1 Sclerotinia: rot

White mold (Sclerotinia sclerotiorum) appears in warm and moist weather 
(>95% relative humidity) and favors fungal growth on infected pods which 
develops as a white, fluffy mycelial mat often with large, irregular, black-colored 
sclerotia, typical of S. sclerotiorum [11–13]. Within the superficial mycelium, 
initially white but later hard dark black sclerotia are formed. Infected pods show 
brown discoloration and soft rot. The isolated fungus was identified as S. sclero-
tiorum based on morphological and cultural characteristics of the mycelia and 
sclerotia (Figure 1) [14].

6.2 Ascochyta: blight

Ascochyta blight (Ascochyta pisi) black spot symptoms on pods result in the pro-
duction of round tan-colored sunken spots bearing dark margins. Pycnidia develop 
in the centers of such spots on pods (Table 1).

6.3 Phytophthora: late blight

Tomato (Solanum lycopersicum, solanaceae) is one of the most important 
vegetable crops. In the last couple of the years, the disease has become one of the 
most devastating threats to the cultivation of tomatoes in eastern Uttar Pradesh 
[15, 16]. Initial disease symptoms appeared in the form of irregular; water-soaked 
and light brown lesions on leaves which are normally covered with white cot-
tony mycelial growth on the lower side of leaves. Water-soaked brown lesions 
expanded rapidly on stem and green fruits. Infected green fruits of tomato usually 
developed olivaceous, brown-colored leathery, and hard structures. All infected 
fruits eventually fall of from the plants and they were neither fit for market-
ing nor human consumption. Microscopic studies of the colonized pathogen 
on potato slices revealed hyaline, coenocytic, branched hyphae, and aseptate 
sporangiophores with lemon-shaped, papillate sporangia. Sporangia dimensions 
were 32 ± 6.3 × 20 ± 4.9 μm, with a length to width ratio of 1.6. On the basis of 
morphological characteristics and sporangia size, the pathogen was confirmed as 
P. infestans (Figure 2) [17].

6.4 Colletotrichum: fruit rot

Chili (Capsicum annum, solanaceae) is an economically important spice crop, 
widely grown in India. Colletotrichum sp. is an anamorphic fungal genera ranked 
in 8th position among top 10 fungal plant pathogens in the world. Infected fruits 
showing typical anthracnose symptoms of sunken necrotic lesions with a black dot 
like acervuli in concentric rings collected and collected fruit samples were exam-
ined under a light transmission microscope. Anthracnose (Colletotrichum lindemu-
thianum, C. orbiculare) symptoms appear on immature pods. Sunken cankers with 
lighter or gray central areas of about 5–7 mm size are seen. The spots on vegetable 
pods are enlarged and produce tiny black acervuli in the centers which in humid 
conditions ooze viscous droplets consisting of a mass of pinkish spores. Pure culture 
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Pathogen Disease Symptom

Sclerotinia sclerotiorum Watery soft rot or 
white stem rot

Disease symptom initially appears in the form of 
water-soaked lesions on pods and stems. Later, 
infected tissues become whitish and covered with 
white mycelia mats and black-colored sclerotia.

Colletotrichum 
lindemuthianum

Anthracnose Disease symptoms appear in the form of brown to 
black sunken spots and lesions on leaves, stems, and 
pods. The center of anthracnose lesions on pods is 
covered with numerous black dot-like acervuli.

Ascochyta pisi Ascochyta blight Black spot symptoms on pods result in the production 
of round tan-colored sunken spots bearing dark 
margins with pycnidia on pods.

Macrophomina phaseolina 
(Rhizoctonia solani)

Charcoal rot or 
ashy stem blight

Disease symptoms appear in the form of dark brown 
to black charcoal-colored lesions covered with black 
dot-like fruiting bodies (resting microsclerotia and 
pycnidia) on pods.

Sclerotiorum rolfsii Sclerotiorum rot Whitish growth with mustard-like sclerotia on pods.

Pythium spp. Cottony leak White mycelial growth on pods.

Table 1. 
Postharvest diseases/pathosystem of leguminous vegetable crops.

Figure 1. 
Typical symptoms of Sclerotinia white rot and culture plate. (A) Indian bean, (B) Indian bean, (C) French 
bean, (D) pea, (E) pea, (F) brinjal, (G) tomato, (H) bottle gourd, (I) PDA culture plate.
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of the pathogen isolate was established on PDA by the hyphal tip method. Under 
the light microscope, one-celled, smooth-walled hyaline falcate, tapered ended 
conidia (16–26 × 3–4 μm) and acervuli with numerous setae (15–27 × 2–5 μm), were 
recorded. In this respect, this documentation will play an important role for better 
understanding of the pathogen and formulation of disease management strate-
gies for the prevention of pre and postharvest crop losses under changing climatic 
scenarios (Figure 3).

6.5 Didymella: blight/rot

Gummy stem blight (GSB) is caused by Stagonosporopsis cucurbitacearum 
(syn. Didymella bryoniae). S. cucurbitacearum is an airborne, seed-borne and 
soil-borne facultative necrotrophic plant pathogen. A black dot like pycnidia is 
observed on the infected fruits. Its incidence was recorded on cucurbits such 
as cucumber, bottle gourd, ash gourd, watermelon, etc. in the field and poly-
house. Inoculated PDA plates were produced white mycelium after 4 weeks of 
incubation at 24°C. Conidia were cylindrical non-septate to monoseptate and 

Figure 2. 
Typical Symptom of Phytophthora blight on tomato fruits and Sporangia. (A) Tomato, (B) sporangia.

(c)

Figure 3. 
Typical symptoms of Colletotrichum fruit rot (anthracnose), culture, and conidia. (A) Chili, (B) cowpea,  
(C) bottle gourd, (D) bottle gourd.
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60 × 40 μm in size. Based on the morphological and microscopic characteristics, 
the pathogen was identified as Stagonosporopsis cucurbitacearum (syn. Didymella 
bryoniae) (Figure 4 and Table 2).

6.6 Phomopsis: blight

Brinjal (Solanum melongena, Solanacae) is one of the most important vegetables 
worldwide. Phomopsis vexans is one of the notorious seed-borne fungal pathogens 
that causes destructive Phomopsis blight which ranked second topmost disease of 
brinjal in India (Table 3). Brinjal fruit rot due to the incidence of this disease has 
been estimated up to 60%. The pathogen was identified on the basis of colony 
morphology and size of conidia (20–40 × 40 μ) (Figures 5 and 6).

Figure 4. 
Didymella black rot, culture plate, and conidia. (A) Bottle gourd, (B) PDA culture plate, (C) conidia.

Disease Pathogen Incidence (%)

Black rot Didymella bryoniae 50

Fruit spot Colletotrichum laginarium 18–23

Sclerotinia rot Sclerotinia sclerotiorum 10

Blossom blight Choanephora infundibulifera 30

Table 2. 
Postharvest diseases/pathosystems of cucurbitaceous vegetable crops.

Disease Pathogen Crop Incidence (%)

Phomopsis fruit blight Phomopsis vexans Brinjal 40–60

Sclerotinia fruit blight Scletrotinia sclerotiorum Brinjal 5–10

Fruit blight Phytophthora infestans Tomato 15

Sclerotinia rot Sclerotinia sclerotiotrum Tomato 30

Rhizoctonia rot Rhizoctonia solanaii Tomato 30

Alternaria rot Alternaria solani Tomato 30

Colletotrichum fruit rot Colletotrichum dematium Chili 20

Table 3. 
Postharvest diseases/pathosystems of solanaceous vegetable crops.
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7. Postharvest bacterial diseases

Phytopathogenic bacteria cause postharvest diseases of economically important 
vegetables. Different species of bacteria belonging to top ten genera viz. Pseudomonas; 
Ralstonia; Agrobacterium; Xanthomonas; Xanthomonas; Xanthomonas; Erwinia; Xylella; 
Dickeya (dadantii and solani); Pectobacterium are devastating plant pathogens [18, 19]. 
They are unable to penetrate directly into plant tissue; however, they enter through 
wounds or natural plant openings. Wounds can be caused by insects and tools during 
operations like pruning and picking of the produce. The bacteria only become more 
active and cause infection when factors are conducive. Factors conducive to infection 

Figure 5. 
Typical symptom of Phomopsis, culture plate, and conidia. (A–B) brinjal, (Brinjal), (C) brinjal, (D) PDA 
cultutre plate, (E) conidia.

Figure 6. 
Alternaria fruit rot (A–C) and Sclerotinia rot, cultutre and sclerotia. (A) Tomato, (B) tomato,  
(C) cauliflower, (D) tomato, (E) PDA culture plate, (F) sclerotia.



117

Postharvest Diseases of Vegetable Crops and Their Management
DOI: http://dx.doi.org/10.5772/intechopen.101852

are high humidity, crowding, poor air circulation, plant stress caused by overwatering, 
under watering, or irregular watering, poor soil health, and deficient or excess nutri-
ents. The bacteria multiply quickly when free moisture and moderate temperatures are 
available. The major causal agents of bacterial soft rots are various species of Erwinia, 
Pseudomonas, Bacillus, Lactobacillus, and Xanthomonas. Psuedomonas syringae pv. 
syringae, P. syringae pv. pisi and P. syringae pv. phaseolicola causes diseases in vegetables 
[20]. The symptoms appear as water-soaked spots on pods that become sunken and 
dark-brown in color with distinctive reddish-brown margins.

Biological (culture media, diagnostic hosts, bacteriophages (phage typing); 
biochemical (based on properties of the bacteria in culture (gram stain, bacterial 
cell size, flagella), metabolic fingerprinting (API/BIOLOG system), thin layer 
chromatography, gel electrophoresis, conductance assays, isozyme analysis); 
immunoassays (agglutination, gel diffusion, ELISA, dot blot assays, immunofluo-
rescence, flow cytometry); nucleic acid (hybridization, RFLPs, PCR, ICAN, DNA 
arrays, multilocus sequence typing) were used for reliable and accurate detection of 
plant pathogens for their effective management.

7.1 Xanthomonas: blight

X. campestris pv. vesicatoria now reclassified as X. euvesicatoria, the causal agent 
of bacterial spot of tomato. The disease is prevalent in warm, humid, and temperate 
regions of the world. The genus Xanthomonas comprises 20 different species [21] 
with many pathovars causing economically important diseases on different vegeta-
ble crops [22]. Xanthomonas is a rod-shaped, gram-negative bacterium. It produces 
a yellow soluble pigment, called xanthomonadin, and extracellular polysaccharide 
(EPS). EPS is an important pathogenicity factor of bacteria that protect from desic-
cation and for the attenuation of wind- and rain-borne dispersal (Figure 7).

7.2 Pseudomonas: blight

The disease is caused by pathogen, Pseudomonas syringae pv. pisi. Another 
bacterium, P. syringae pv. syringae has also been reported to infect vegetable 
pea in a temperate region. Tender pods are chocolate brown, thin, twisted, and 

Figure 7. 
Xanthomonas blight (A and B) and Pectobacterium soft rot (C) and culture plate of Xanthomonas  
(D and E) and Pectobacterium sp. (A) Xanthomonas tomato speck, (B) Xanthomonas blight on kale,  
(C) Pectobacterium soft rot on cauliflower, (D) Xanthomonas NA culture plate, (E) Xanthomonas NA 
culture plate, (F) Pectobacterium NA culture plate.
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shriveled. Lesions are large on older pods and they become thin, twisted, and 
dry. Seeds become discolored and shriveled. Dried bacterial ooze makes the pod 
surface glossy.

7.3 Pectobacterium: soft rot

Pectobacterium carotovorum and Pectobacterium atrosepticum (formerly Erwinia 
carotovora subspecies carotovora and subspecies atroseptica) causes huge losses 
of economically important fleshy vegetables worldwide. P. atrosepticum was the 
first genomically sequenced plant bacterial pathogen that is taxonomically related 
to animal pathogens. Genomic information is now available for P. carotovorum 
strains and other “former Erwinia” species now reclassified in the genus Dickeya. 
Geographically, P. carotovorum is widely distributed and causes soft rot diseases 
of several vegetable crops. However, P. atrosepticum is an economically important 
pathogen of blackleg disease of potato and restricted into the temperate region of 
the world (Table 4) [23].

8. Postharvest disease management

Postharvest losses in vegetables are found due to fungal and bacterial infection 
worldwide. New challenges are faced under trade liberalization and globalization, 
and serious efforts are needed to reduce these losses in vegetables.

8.1 Chemical control

Chemical fungicides are commonly used for the management of postharvest 
disease in vegetables. For postharvest pathogens which infect produce before 
harvest, the fungicides should be applied at field level during the crop season, 
and/or strategically applied as systemic fungicides. At the postharvest level, the 
fungicides are often applied to reduce infections already established in the surface 
tissues of produce or they may protect against infections occurring during storage 
and handling. Fungicides used during postharvest are actually fungistatic rather 
than fungicidal under normal usage. The fungicides are applied on the produce as 
dips, sprays, fumigants, treated wraps, and box liners or in waxes and coatings. 
Dip and spray methods are very common in postharvest treatments. The fungicides 

Crop Disease Pathogen Incidence (%)

Tomato Soft rot Pectinovora (Erwinia) carotovora pv. carotovora 5

Bacterial 
speck

Xanthomona sp. 5

Chili Soft rot Pectinovora (Erwinia) carotovora pv. carotovora 2

Beans Soft rot Pectinovora (Erwinia), Pseudomonas, Bacillus, 
Lactobacillus and Xanthomona sp.

5

Cabbage Black rot X. campestris pv. campestris 10

Cauliflower Soft rot Pectinovora (Erwinia) carotovora pv. carotovora 19

Summer 
squash

Soft rot Pectinovora (Erwinia) carotovora pv. carotovora 5–10

Table 4. 
Postharvest bacterial diseases/pathosystem of vegetable crops.
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generally applied as a dip or spray method are benzimidazoles (e.g. benomyl and 
thiabendazole) against anthracnose, and triazoles (e.g. prochloraz and imazalil) 
and fumigants, such as sulfur dioxide, for the control of gray mold used for 
postharvest disease control [24, 25]. Dipping in hot water (at 50°C for 5–10 min, 
depending on the size of produce in combination with the fungicide) is also used 
for effective control of the disease. Sodium hypochlorite as a disinfectant is used to 
kill spores of pathogens present on the surface of the vegetable produce.

8.2 Biological control

International markets reject produce containing unauthorized pesticides, with 
pesticide residues exceeding permissible limits, and with inadequate labeling and 
packaging. Hence, biological control of postharvest diseases has great potential 
because postharvest environmental conditions like temperature and humidity can 
be strictly controlled to suit the needs of the biocontrol agent. Much information 
has been provided in relation to postharvest biocontrol and the problems faced 
by the development of commercial products [26, 27]. Biological control is used 
through microbes such as fungi, bacteria, actinomycetes, and viruses (bacterio-
phages) to control the postharvest disease of vegetables [1, 28–31]. The degree 
of disease control or disease suppression achieved with these bioagents can be 
comparable to that achieved with chemicals. As per estimates, the market of Indian 
bioagents is equivalent to 2.89% of the overall pesticide market in India with the 
worth of rupees 690 crores. It is expected to show an annual growth rate of about 
2.3% in the coming years [32, 33]. In India, so far only 18 types of bio-pesticides 
have been registered under the Insecticide Act of 1968. Among agriculturally 
important microbes, Trichoderma viride, T. harzianum, Pseudomonas fluorescens, 
and Bacillus subtilis are the most potential bio-agents which as act as producers 
of biologically active metabolites like antibiotics and bacteriocin, elicitors and 
inducers of systemic resistance in plants. Biocontrol mediated pathogen inhibi-
tion is found to be more effective when the antagonist is applied prior to infection 
taking place. Antagonists which act against postharvest pathogens of vegetables 
by competitive inhibition at wound sites include the yeasts Pichia and Debaryomces 
species. Chitosan, for example, is not only an elicitor of host defense responses 
but also has direct fungicidal action against a range of postharvest pathogens. 
Trichoderma has potent antifungal activity against Botrytis cinerea, S. sclerotiorum, 
Cortictum rolfsi, and other important biotic stresses. Microbial pesticide active 
ingredients of Streptomyces griseoviridis K61 against bacterial soft rot, gray mold, 
Phytophthora; Gliocladium catenulatum against gray mold; Candida oleophila strain 
against postharvest diseases; Coniothyrium minitans against Sclerotinia sclerotiorum, 
Sclerotinia minor; Trichoderma aspellerum (formerly T. harzianum) against Pythium, 
Phytophthera, Botrytis, Rhizoctonia; Trichoderma atroviridae against B. cinerea and 
B. subtilis against Botrytis spp. is the most commonly used biocontrol agents for 
postharvest diseases.

Antagonistic yeast forms a biofilm to stick pathogen and parasitize on the 
hyphae of the pathogen. Bar-Shimon et al. [34] reported that biocontrol efficacy 
of yeast correlates with the production of lytic enzymes and their ability to toler-
ate high concentrations of salts. Further, molecular approaches were used to 
examine the role of glucanases in the biocontrol activity of the yeast C. oleophila 
and biocontrol activity was enhanced by overexpression of antimicrobial peptides. 
By early 2000, three postharvest biological products, Aspire™ (the USA and 
Israel), Bio-Save™ (the USA), and Yield Plus™ (South Africa) were available in 
the market. However, Aspire was initially involved to combine the product with a 
low concentration of postharvest fungicide [35] or salt solutions (1–2%) of calcium 
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chloride or sodium bicarbonate and also with other additives which are commonly 
used in the food industry [36]. These products were also combined with physi-
cal treatments like hot air, curing, hot-water brushing, and combinations of the 
above with pressure infiltration of calcium for improvement of efficacy [37]. To 
increase bio-efficacy, the antagonists can also be combined with a sugar analogue 
(2-deoxy-D-glucose).

An effort has been made to develop two new products based on yeast antago-
nist Candida saitoana and a derivative of either chitosan (Biocoat) or lysozyme 
(Biocure). These products had been evaluated worldwide. They showed strong 
eradicative activity. The two commercial products based on the use of a heat-
tolerant strain of Metschnikowia fructicola also contain other additives such as 
sodium bicarbonate. The additives are found highly effective to increase biocontrol 
efficacy to levels equivalent to those found with available postharvest fungicides. 
The product is marketed under the name ProYeast-ST and ProYeast-ORG in Israel 
by the company AgroGreen and found effective against rots incited by Botrytis, 
Penicillium, Rhizopus, and Aspergillus.

8.3 Plant essential oils

Botanical pesticides cause no adverse effects on non-target biota with biodegrad-
ability. It should be noted that most of the crops sprayed with botanical pesticides 
are quite safe for consumption after a short period after spraying. A large number of 
defensive of rich chemicals such as terpenoids, alkaloids, phenols, tannins, cou-
marins, flavonoids, etc. are present in plants which cause physiological effects on 
pathogens. These compounds have already been identified in the extracts/exudates 
of many plants. They have antimicrobial activities and are used for postharvest 
disease control.

The use of natural botanical products would be a supplement or an alterna-
tive to synthetic fungicide. Examples include 1,8-cineole, the major constituent 
of oils from rosemary (Rosmarinus officinale) and eucalyptus (Eucalyptus globus), 
eugenol from clove oil (Syzygium aromaticum), thymol from garden thyme (Thymus 
vulgaris), and menthol from various species of mint (Mentha species). The major-
ity of research is progressing in this regard to develop plant oil-based pesticides. 
Therefore, essential oil-based formulations have great scope in the future to use as 
green pesticides as plant protectants in the integrated pest and disease management 
of value-added agriculture and horticulture crops.

Many exhaustive studies have been carried out on the utility of neem oil against 
various fungal pathogens. Its efficacy has been evaluated against fungal pathogens 
and found to be on par with the fungicide hymexazole in the control of the soil 
pathogens Fusarium oxysporum, Fusarium ciceri, R. solani, S. rolfsii and S. sclero-
tiorum. Researchers have reported in-vitro inhibition of 16 aromatic compounds 
against five major seed-borne fungal pathogens in the concentration range of 
100–8000 ppm and the minimum inhibitory concentration (MIC) value for all the 
test fungi was 270–1704 ppm. Essential oils under commerce used as biopesticides 
have many problems, such as non-tariff barrier, scarcity of natural resources, need 
of quality control, and difficulties of registration. Some plant products have been 
commercialized. SPIC Science Foundation has developed a fungistatic product 
“Wanis” which has a single monoterpene as an ingredient and it is reportedly very 
effective in controlling more than 30 different types of phytopathogenic fungi. It 
is non-toxic to human beings and livestock. Recently, an antifungal agent by the 
name “TALENT”, containing carvone as the active ingredient, derived from the 
essential oil of Carumcarvii, was commercialized. Mycotech Corporation product 
Cinnamite™, based on cinnamon oil, has been developed as a fungicide/miticide for 
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glasshouse and horticultural crops. World-leading essential oil-based pesticide pro-
ducing EcoSMART technologies developed EcoPCORR under the name Bioganic™ 
as insecticide and miticide for nursery crops, horticultural crops, and value-added 
crops under glasshouse conditions. The EcoSMART formulation is based on rose-
mary oil, viz. EcoTrol™ (insecticide/miticide), Sporan™ (fungicide) and eugenol 
oil formulation Mataran™ (weedicides) were classify as generally recognized as safe 
(GRAS). The search for antifungal agents of plant origin is important, which can 
further broaden the arsenal for disease management and can be used as alternatives 
or complementary to synthetic fungicides. These chemicals of biological origin are 
safe to use, and in a few cases can even be produced by farmers and rural communi-
ties. Thus plant essential oils are safe to the user and the environment and have a 
good potential as crop protectants and integrated pest management under organic 
farming and value-added agricultural and horticultural crops [38].

9. Postharvest handling operations of vegetable crops

Maintenance of hygiene in all stages of postharvest handling is critical to mini-
mize the source of primary inoculum for postharvest diseases [39]. Produce should 
be harvested during the day instead of early morning. Field containers should be 
smoothed. Containers should be cleaned. Sterilized packing and grading equip-
ment, particularly brushes and rollers, are used. Chlorinated water @ 100 ppm is 
commonly used for washing vegetables. This can be done with chlorine gas or with 
either liquid hypochlorite (pH 6.0–7.0). Containers should not be overfilled, which 
causes severe damage during stacking. Management of temperature is the most 
important factor to extend the shelf life of fresh vegetables after harvest. It begins 
with rapid removal of the field heat by using any of the following cooling methods: 
hydro-cooling, in-package ice, top icing, evaporative cooling, room cooling, forced 
air cooling, serpentine forced air cooling, vacuum cooling, and hydro-vacuum cool-
ing. The relative humidity during storage should be maintained at about 85–95% for 
most fruits and 95–98% for vegetables. Transport vehicles should always be cleaned 
and sanitized before loading.

10. Conclusion

For postharvest disease management, various strategies such as postharvest han-
dling systems, sanitation, and integration of botanicals/plant essential oil, micro-
bial bioagents, and safe chemicals need to be integrated and develop integrated 
postharvest diseases management techniques under World Trade Organization 
(WTO) regime. Among them, it is expected that the knowledge of biocontrol will 
lead to new, innovative approaches to minimize postharvest decay of the product 
and it presents the best hope for the future of postharvest disease management of 
vegetable produce. Future research in this field will include a better understand-
ing of the molecular basis of variability in the pathogen, pathogenesis, accurate 
and reliable diagnostic of the disease and to engineer novel and durable protection 
strategies against devastating postharvest diseases of vegetable crops.
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Advances in Postharvest 
Disinfestation of Fruits and 
Vegetables Using Hot Water 
Treatment Technology-Updates 
from Africa
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Abstract

Hot Water Treatment (HWT) provides adequate phytosanitary assurance that 
treated fruits and vegetables exported abroad are free from devastating quarantine 
pests. Two systems for HWT are currently available for commercial use namely the 
batch/jacuzzi and the continuous flow system depending on user  requirements. 
Several protocols have been developed the world over and a few in Africa, but 
adoption has been lagging because of various factors chief among them lack of 
large scale validations of experiments to guide application at the commercial level. 
Mango, Bell pepper, avocado, and French beans play an important role in the 
livelihoods of people in Africa. However, their export is constrained by pests such 
as the invasive Oriental fruit fly, the false codling moth, and thrips. To circumvent 
this issue, disinfestation HWT protocols have been developed which seek to provide 
quarantine assurance to lucrative export markets. Hot Water Treatment  technology 
has several advantages over other conventional phytosanitary treatments. It 
 provides a triple function of cleaning, disinfesting, and disinfecting and is friendly 
to users, consumers of the treated commodities, and the environment. We discuss 
HWT in the context of its future and applicability in Africa. It is the future of 
postharvest treatments.

Keywords: Export, Mango, Preharvest, physiologically mature, Sap,  
Lucrative export markets, Interceptions, Quarantine, Phytosanitary, Biochemical, 
Physical parameters

1. Introduction

Fruits and vegetables contain important nutrients which make them vital 
components of a balanced diet essential for healthy living [1]. Several studies 
have been conducted worldwide, on the diseases and deaths occurring as a result 
of lack of vegetable and fruit consumption [2, 3]. Health and nutrition constitute 
an impending global catastrophe if clear action steps are not taken to contain the 
threat. The FAO reports that a staggering 38% of the world’s population cannot 
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afford the cheapest healthy meal, and for those able to at least access a healthy meal, 
19% consume meals with inadequate nutrients [4].

Fruits are important sources of nutrients, minerals, and antioxidants necessary 
for energy, body repair, and growth as well as regulation of physiological processes 
[5]. The demand for fruits and vegetables is increasing globally, especially in the 
developed countries due to the increased push for healthy diets than just quantities 
[6]. The developed world has a huge deficit of fruit and vegetable supply and must 
supplement this with imports from the developing world such as Asia and Africa. It 
is estimated that the developing world produces 98% of the world’s fruit production 
and the high-income countries in the west import over 80% of this quantity [4]. On 
a positive note, fruit production is rising steadily in Africa, with millions of growers 
at the smallholder level contributing significantly to national yield [7, 8]. Africa is 
endowed with a variety of indigenous fruits and imported exotic varieties cultivated 
for both the local and export markets [9]. However, the export of these fruits and 
vegetables is constrained by stringent export requirements mainly by the USA and 
European Union (EU). These requirements safeguard the possible entry and spread 
of harmful pests into areas where they are absent and will cause devastating effects 
once established. Upon being received at ports of entry, most fruits and vegetables 
are expected to be accompanied by a relevant certification from the exporting coun-
try and are then subjected to phytosanitary inspections. If the exported commodity 
is found to be infested by insect pests considered to be quarantine or regulated in 
nature, the consignment is rejected and destroyed at the exporter’s cost.

The EU has major regulations that govern imports against quarantine and 
regulated pests such as the Regulation (EU) 2016/2031 and the Commission 
Implementing Regulation (EU) 2019/2072 [10, 11] among various other amend-
ments and directives. The USA is a major player in the import of fruits and vegeta-
bles and has several federal orders and directives issued under the Plant Protection 
Act −7U.S.C. 7701 et seq- [12] to protect against the entry of foreign injurious pests. 
In addition, all countries through their National Plant Protection Organizations 
(NPPOs) are bound by various international standards for phytosanitary mea-
sures to abide by fair practices when exporting commodities e.g. ISPM 20 offers 
 guidelines for an import regulatory system [13].

Though effective pre-harvest management techniques for pests of fruits and veg-
etables are widely available, they are unable to confer 100% freedom from infestation. 
In this regard, postharvest treatment technologies can provide quarantine assurance 
and allow exporters to meet export requirements and satisfy the growing interna-
tional demand for fresh fruits and vegetables [14]. Various postharvest treatment 
technologies are available for adoption in providing quarantine assurance that fruits 
and vegetables are free from devastating pests not found in importing countries. 
These include controlled atmospheres [15], irradiation [16] Vapor Heat Treatment 
(VHT) [17], cold treatment [18], and immersion Hot Water Treatment (HWT) [19, 
20] among others. Though the treatments may achieve the objective of disinfecting 
and disinfesting fruits and vegetables, they are also known to affect the physical and 
chemical properties of treated commodities [21]. This chapter explores HWT with a 
specific focus on Africa and applications aimed at satisfying requirements by lucrative 
export markets such as the USA and the EU. Prospects for commercial application of 
HWT on mango, avocado, bell pepper, and French beans are discussed.

2. Constraints to export necessitating HWT technology

Data on the loss of export earnings in most African countries is scarce due to poor 
coordination, lack of financial resources to conduct systematic studies, and lack of 
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standard indicators for measurement of loss in mixed production cropping systems 
and value chains. Currently, most African countries are not exporting or are export-
ing under fear of interceptions. Following the invasion of Africa by the devastating 
polyphagous fruit fly Bactrocera dorsalis (Hendel) (Diptera: Tephritidae), [22] the 
USA through an emergence Federal order restricted the movement into the USA of 
fruits and vegetables deemed to be hosts of the pest [23]. The fruits and vegetables 
were only to be granted entry if they were originating from a country free from B. 
dorsalis, grown under a structure that excludes pests as certified by the USA systems 
approach 7CFR319.56, or having been subjected to an approved treatment [23]. 
The list of hosts was updated in 2015 through another Federal order DA-2015-2054, 
making exports nearly impossible for African countries where the pest continues 
to spread rapidly. Recently the EU announced new regulations on mango imports, 
through directive (EU) 2019/523 of 21 March 2019 which largely affects developing 
countries particularly from Africa where both pre-and post-harvest systems are 
absent or poorly developed. The directive stipulates that for mangoes to be accepted 
in the EU, the consignment must originate from a country free from quarantine fruit 
flies, a pest-free area, or a pest-free production site or show empirical data that is 
effective postharvest treatment has been administered [24].

To this effect, several countries have suffered losses in potential export earnings 
due to the unavailability of postharvest treatments that would allow them to export 
mango, either regionally or internationally. For example, as a way of protecting 
the vast fruit production industry in South Africa, from the B. dorsalis menace at 
the height of the incursion, the government halted the importation of fruits from 
Mozambique resulting in the former Portuguese colony suffering a USD 2.5 million 
revenue loss [25]. A single export company in Mozambique reported losses of USD 
1.5 million per year due to restrictions on exports of fruits and vegetables from 
Mozambique [26]. Kenya similarly lost USD 1.9 million worth of export earnings 
due to an import ban imposed by South Africa [27]. In West Africa, potential export 
losses due to B dorsalis are estimated at USD 220 billion per annum [28]. This is huge 
considering that millions of families derive their livelihoods from the various value 
chains in the fruit and vegetable production sector.

The recent insurgency by the native invasive False codling moth (FCM), 
Thaumatotibia leucotreta (Meyrick) (Lepidoptera: Tortricidae) has also resulted in 
thinning of export markets due to quarantine restrictions [29]. The pest threatens 
the production of avocadoes, capsicum, citrus, and various solanaceous crops. The 
FCM is highly polyphagous, and is native to Africa but is known to occur in Israel 
[30, 31]. Interception of commodities at ports of entry is on the rise with pests 
having been intercepted several times in the USA but with no record of establish-
ment [32]. There are also fears that it could invade Europe, thus restrictions have 
been heightened by the EU [33]. Through the European Commission Implementing 
Directive 2017/1279, the new regulations require that capsicum be exported from 
pest-free areas or be subjected to an effective treatment before export. A systems 
approach of managing these devastating pests is not sustainable in fragmented 
production systems as has been mentioned afore, and similarly, growing these crops 
under protected environments is expensive and beyond the reach of resource-poor 
smallholder growers in Africa, leaving the option of postharvest treatment as the 
most feasible and efficient approach because it can be done by medium to large scale 
commercial enterprises.

2.1 Hot water treatment technology

Hot Water Treatment technology particularly immersion, involves subjecting 
fruits or vegetables to hot water at a specified temperature and duration beyond the 
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thermal limits tolerated by the various stages of development for pests of interest. 
The temperature and duration used are often that which kills the most thermotoler-
ant stage of development. The preference for HWT emanates from the fact that it is 
an efficient system in heat transfer to treated commodities than for example air due 
to its capacity to conduct heat [34]. It may not need specialized structures except for 
temperature regulation, water circulation, and a simple vessel to hold water during 
treatment which makes it ideal even for small-scale applications [21]. Furthermore, 
HWT performs a dual function of disinfecting and disinfecting in one treatment.

Immersion HWT is not new in phytosanitary treatment spheres. Historically 
it was mainly used in killing pathogens on fruits but has since found new applica-
tions in killing insect eggs and larvae on or in fruits [35]. Protocols to disinfect and 
disinfest different commodities of economic value have been developed in various 
countries worldwide [28, 36]. Some of the protocols developed for mango, bell 
pepper, and avocado at the international level (Table 1) have been instrumental in 
guiding similar research in Africa where the three commodities have the potential 
to boost foreign earnings significantly if exported to lucrative markets. The HWT 
technique has become an integral alternative for postharvest treatments due to the 
demand for non-chemical treatments against pestiferous insects and pathogens 
[35]. Consumers are increasingly becoming aware of their health and progressively 
seek alternatives for treatments whose effects are presumably unknown at pres-
ent, or are shrouded in mystery and conspiracy theories. The technique is equally 
important as a forerunner of other treatments for example HWT has been shown 
to decrease the effects of cold treatment on fruit and vegetables [54]. Commodities 
which are mostly exported in refrigerated containers overseas for long periods are 
sometimes susceptible to cold injury, hence short periods of immersion in HWT 
induce some level of tolerance to cold and increases quality and shelf life [59]. In 
bell pepper, heat treatment increases the levels of polyamines which are responsible 
for reducing cold injury and decay, thus allowing the capsicum to be stored for 
longer periods than would be possible when subjected to cold treatment alone [54].

The ecotoxicological effects [both known and unknown] of various chemicals 
used in postharvest treatments or their excessive use at preharvest meant to produce 
clean fruits without the need for postharvest treatments have also caused a renewed 
interest in HWT. Some chemicals from treatment effluent or evaporation are 
known to stress ecological systems leading to irreversible damage [60]. At the body 
level, exposure and effect regarding the endocrine, reproductive and other systems 
are known to be current concerns and emerging issues [61]. Hot Water Treatment 
technology offers a non-chemical system of treating fruits and vegetables which is 
friendly to the users, consumers, and the environment.

Treatments aimed at disinfecting, by cleaning with pure water, fungicide, 
bleaching liquids, or some generally recognized as safe (GRAS) compounds are 
often for short periods [62, 63]. Those aimed at disinfecting or assuring freedom 
from quarantine or regulated insect pests take long periods usually up to one hour 
or more [35, 64].

2.2 Requirements for HWT

In most countries where HWT is practiced, the design of the treatment machine 
and the entire facility is chosen by the individual or company wishing to treat fruits 
and vegetables. The current technology uses the batch/jacuzzi system, the continu-
ous flow system (CFS) [65], and the drainage system [66]. The continuous flow 
system is mostly used in the disinfecting system due to the short periods that fruits 
have in contact with water, while the jacuzzi system allows fruits to be submerged 
in hot water for long periods making it ideal for disinfecting purposes. In the batch 
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system, fruits are lowered into large tanks containing circulating hot water either 
manually or by hydraulics. They have only removed the same way when treat-
ment duration has been completed. On the other hand, the drainage system uses 
hot water which wets fruits from above as they move on a stainless steel conveyor 
belt [66]. This is also ideal for disinfecting fruits and vegetables. Due to the large 

Commodity Treatment protocol Target Reference

Mango 46.1–46.7 °C for 45–65 min Anastrepha suspensa1 [37]

46.1–46.7°C for 54 min A. suspensa [38]

46.1°C for 90 min Anastrepha ludens2, 
Anastrepha obliqua3

[39]

46.1–46.7°C for 60–65 min A. obliqua, A. suspensa [40]

46.1–46.7°C for 90 min. A. suspensa [40]

46°C for 60 min; 46°C for 90 min; 
49°C for 120 min

A. suspensa [41]

48°C for 7.5–30 min Quality test [34]

48°C for up to 90 minutes Bactrocera [Dacus] aquilonis4 [42]

47°C for up to 2 hr. [core temperature] Quality control [43]

46.1–46.7°C for 20–60 min. A. obliqua [44]

50°C for 30 min Quality control [45]

45°C for 75 min Quality control [46]

44°C for 25 min [core temperature] A. suspensa [47]

48°C for 60–75 min. Bactrocera dorsalis5 [48]

46.5°C for 90 min through phased hot 
water

Quality control [49]

Avocado 41°C for 25–30 min, or 42°C for 25 min 
after cold treatment

Fruit flies [50]

38 °C for 1 hr.; 50°C for 1-10 min 
[pretreatment]

Quality control [51]

38 °C for 60 min [pretreatment] Quality control [52]

38 °C for up to 120 min pretreatment 
for 50°C for 10 min

Quality control [52]

Bell pepper 45°C for 15 min, 53°C for 4 min Fungus [53]

53°C for 4 min Quality control [54]

55± 1°C for 12 ± 2 s. Fungus [55]

40, 50, 60°C for 2 mins Fungus [56]

53°C, 1 to 3 mins Quality control [57]

55°C for 15 sec Quality control [58]

1–5 Are fruit flies [Diptera: Tephritidae].1The Caribbean fruit fly: A quarantine pest of various fruits including 
mango, citrus, guava, Annona.
2The Mexican fruit fly: invasive pest, polyphagous attacking mango and citrus among other host plants.
3West Indian fruit fly: Invasive pest attacking a wide range of fruits among them mango.
4Very destructive fruit fly with a very broad host range.
5Oriental fruit fly-devastating invasive fruit fly first reported in Africa in 2003, attacks a wide range of fruits and 
vegetables.

Table 1. 
Some immersion hot water treatment protocols for disinfesting and disinfecting mango, bell pepper, and 
avocado developed worldwide.
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volumes of treated fruit required at commercial scale [in both treatments for disin-
fecting or disinfesting], the jacuzzi system is slow hence the preference for the CFS 
which is automated. An ideal HWT treatment equipment must be equipped with a 
heating mechanism that supplies continuous uniform heat, temperature sensors for 
temperature regulation, uniform circulation of heated water.

Hot water treatment of fruits is largely dependent on the variety, shape, size 
and, physiological maturity of fruits. This makes it a garbage in, garbage out 
(GIGO) process. We strongly opine that most quality challenges in treated com-
modities emanate from poor selection and handling during harvesting, treatment, 
and post-treatment. The desire to have fruits last long periods during transit often 
forces fruit growers to harvest physiologically immature mangoes, which however 
fail to tolerate heat leading to affected esthetics and physiological internal quality.

2.3 Protocols for HWT developed in Africa

Various protocols particularly for disinfecting and disinfesting mangoes, bell 
pepper, and avocadoes have been developed in Africa (Table 2) but their applica-
bility in real commercial entities is restricted due to various reasons ranging from 
effects on quality, ease of application, set up cost, and commitment from relevant 
sectors. Between 2014 and 2019, approximately 29 million tonnes of mango were 
produced by the top five counties in Africa (Table 3), and most of this produce was 
consumed locally or found its way to less stringent markets such as the Middle East, 
which are sadly less lucrative.

No commercial HWT facilities are established except for miniature systems 
used for experimentation in the top twenty producers of mango making it difficult 
to export to the USA or EU without risking costly interceptions. There are reports 

Commodity Treatment protocol Target Reference

Mango 46.1 °C for 81.47 min [95% CL 75.77–
87.18 min], with 68 mins equally effective

Bactrocera dorsalis [19]

46.1°C for 86.7 min [95% CL 77.830–
99.880 min] with

B. dorsalis [20]

52°C for 5 minutes anthracnose [67]

Fruit core temperature of 46.5°C B. dorsalis [68]

Avocado 38°C for 15–30 min pathogens and external 
chilling injury

[69]

46°C for 5 min Quality control [70]

40°-42°C for 20–30 minutes. Quality control [71]

38 °C for 30 minutes, 42°C for 25 minutes 
and 46°C for 20 minutes

Quality control [72]

38 °C for 5 minutes, Quality control [73]

Bell pepper 50°C for 3 min plus Controlled atmosphere 
packaging

Quality control [74]

French bean 50 °C for at least 5 min Frankliniella occidentalis* [75]
*Frankliniella occidentalis: Commonly called the Western Flower Thrips, highly polyphagous and invasive [it is a 
quarantine pest]. Due to insecticide resistance, it is difficult to control through preharvest management options, 
hence post-harvest through HWT is very effective.

Table 2. 
Some protocols for disinfecting, disinfesting, and enhancing the quality of mango, avocado French bean, and 
bell pepper in Africa.
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that Mozambique subjects its mangoes for export to South Africa, to HWT at 47°C 
for 12 minutes, [77] but it is unlikely that this treatment is adequate to disinfest any 
fruit fly or insect pest of mango. It has been demonstrated that at 46.1°C for dura-
tions less than 68 minutes, B. dorsalis larvae can still survive in apple mango variety 
weighing up to 500 g [19]. The most thermotolerant stage of development of this 
pest was only killed by continuous exposure to hot water treatment for a minimum 
of 68 minutes.

2.4 HWT protocols for mango

Malawi, Nigeria, Sudan, Kenya, Mali, Tanzania lead in mango production and 
all are struggling to satisfy requirements for the USA and EU market. Systems 
approach centering on preharvest management of pests often fails due to the nature 
of production in Africa. The systems approach works best when area-wide-IPM is 
practiced. Sudan does not use immersion HWT but has been exporting mangoes 
subjected to Vapor Heat Treatment (VHT) [78] for the past eight years now. The 
Sudanese Center for Sterilization of Horticultural Exports [SCS] was established 
in 2013 specifically to offer VHT services to the horticulture sector. The Centre is 
unique in that it is the first institution in Africa and the Middle East to offer such 

County Mango production [metric 
tonnes]ǂ

Country Avocado production [metric 
tonnes]†

Malawi 8,985,332 Kenya 1,347,713

Nigeria 5,522,388 South Africa 562,589

Sudan 4,962,904 Malawi 557,444

Kenya 4,777,695 Cameroon 444,066

Mali 4,400,374 DRC 360,374

Tanzania 2,215,309 Ethiopia 339,854

Madagascar 1,483,336 Côte d’Ivoire 185,628

DRC 1,242,251 Madagascar 158,828

Niger 1,065,111 Eswatini 56,979

Guinea 1,064,577 Ghana 54,665

Senegal 781,636 Congo 48,411

South Africa 544,177 Rwanda 47,847

Ethiopia 510,148 CAR 44,624

Ghana 509,639 Zimbabwe 15,532

Côte d’Ivoire 471,680 Zambia 3,941

Uganda 451,357 Réunion 3,531

Congo 182,075 Eritrea 954

Mozambique 175,803 Seychelles 65

Chad 174,792

Sierra Leone 143,996
ǂHigh production of mango.
†Avocado which could be exported to lucrative export markets if hot water treatment facilities were readily 
available. DRC: Democratic Republic of Congo; Congo: Congo Brazzaville; CAR: Central African republic.

Table 3. 
Top twenty producers of mango and avocado in Africa between 2014 and 2019 [76].
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services. Mangoes are subjected to 95% Relative Humidity (RH) to achieve pulp 
temperature of 46–48°C for 30 minutes.

Hot Water Treatment experiments conducted in Ghana on the Keitt mango culti-
var at 52°C for 5 minutes was effective in controlling anthracnose for 21 days in stor-
age [67]. The treatment did not affect total soluble solids, titratable acidity, pH, and 
firmness thus was deemed adequate for adoption by the private sector. However, 
only 70 mangoes were used in the trial, and the equipment used was not mentioned. 
This has been the problem with some protocols because temperature regulation and 
water circulation are key yet they are not mentioned in the experimental design.

Similar experiments were also conducted in Benin on Kent cultivar at various 
temperature and duration regimes, but the authors recommended a treatment that 
results in a core temperature of 46.5°C as the most effective to provide quarantine 
security against B. dorsalis in export mango [68]. They also proposed a lower 
temperature between 42.0°C and 46.5°C as being similarly effective and preferable 
as it would result in reduced energy costs to implementers. Their treatment protocol 
resulted in some effects on fruit quality, and they proposed pre-conditioning fruits 
by subjecting them to heat before treatment and, hydro cooling the fruits after 
treatment to ameliorate quality challenges.

Further trials were conducted in Kenya on Apple mango at a temperature 
of 46.1°C for 81.47min with 95% confidence limits set at 75.77–87.18 min [19]. 
However, efficacy data consistently showed that 68 mins were equally effective in 
disinfesting mangoes of up to 500 g against the devastating B. dorsalis. This work 
also reported thermal tolerances for the various stages of development viz. eggs, 
first, second and third instars, with the third instars being the most heat tolerant 
stage of development. The protocol has since been submitted to the EU by the 
Kenya Plant Health Inspectorate Service (KEPHIS), the National Plant Protection 
Organization responsible for the regulation in Kenya, and duly recognized as an 
effective treatment. A pilot mango consignment treated at 46.1°C for 68 min was 
shipped to Italy in July 2021 by a renowned exporter Fresco Freshpro Limited and 
passed all phytosanitary requirements as well as quality concerns with consumers.

Recently, another protocol was developed for the disinfestation of B. dorsalis in 
Tommy Atkins mango cultivar in Uganda [20]. The temperature was set at 46.1°C 
and mangoes used weighed between 500 and 700 g. The ideal treatment duration 
was determined at 86.7min with 95% confidence limits at 77.830–99.880 min. The 
most heat tolerant stage was the third instar and the egg was the least tolerant just as 
in the study conducted on apple mango in Kenya.

These protocols provide an ideal alternative to postharvest treatments and may 
be adopted by countries wishing to use HWT for disinfestation and disinfection.

2.5 HWT protocols for avocado

Kenya and South Africa lead in the production of avocado (Table 3), however 
cold treatment in transit (commercial shipping temperature of approx. 5.5°C for up 
to 28 days) is mostly used or in some instances, the fruits are ripened, peeled, and 
frozen before export. Most South African Avocadoes are exported to Europe under 
the SADC/EU Economic Partnership Agreement and the Southern African coun-
try is making efforts to secure markets in the USA, India, Japan, and China [79]. 
Though cold treatment in transit offers adequate phytosanitary assurance against 
quarantine pests, it affects the quality of the fruits through chilling injury [71]. 
Several investigations have been conducted to ameliorate cold injury through the 
use of various treatments which include short exposures to HWT. However, there 
are many views regarding the efficacy and applicability of HWT in avocado [69] 
and trials are still being conducted to date [72].
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At the peak of the B. dorsalis incursion in Africa, experiments were conducted 
to determine a cold treatment protocol to disinfest avocado from the devastating 
quarantine pest. Results indicated that a temperature of 1.5°C or lower, applied 
continuously for 18 days was adequate to kill all stages of development of B. dorsalis 
and offer phytosanitary security against the risk of introducing the pest in new 
territories [18]. Though these findings were in agreement with similar protocols 
requiring avocado to be subjected to temperatures of 1°C for 20 days [80] or 
1.1–2.2°C for 14–18 days as was prescribed by USDA then, issues of fruit quality due 
to chilling injury remained unaddressed. Attempts to validate the 1.5°C for 18 days 
protocol at the Horticultural Crops Directorate (HCD) center in Kenya yielded 
mixed results as fruits were damaged by cold injury. Opinion has it that avocadoes 
must not be subjected to temperatures lower than 5°C or greater than 10°C after 
harvest [81]. However, this could be a major challenge considering the production 
system in Africa outside South Africa, where temperature-controlled systems are 
poorly developed. The commercial shipping temperature in South Africa is 5.5°C for 
28 days, thus it could be possible that temperatures lower than this threshold may 
be detrimental to avocado quality.

Several studies in South Africa, have confirmed that HWT for shorter periods may 
confer some tolerance to cold and result in less injury than what is currently expe-
rienced and additionally disinfect the fruits against major pathogens (Table 2). For 
example, a 40°-42°C for 20–30 minutes HWT regime was found adequate to reduce 
chilling injury but specific protocols were required for each variety and also tested at 
various levels of maturity [71]. Inconsistencies in findings have largely contributed to 
a reluctance to adopt some protocols. For example, HWT at 46°C for 5 min produced 
inconsistent results in two tested varieties namely Hass and Fuerte [70]. The same 
treatment had given promising results in Australia, with positive physical appearance 
qualities after treatment and storage at 1°C for 16 days. The treatment also adequately 
disinfested the fruits from the Queensland fruit fly Bactrocera tryoni [82].

Experiments conducted at 38°C for 15–30 min yielded inconclusive results and 
still required further tests though the regime reduced the severity and occurrence 
of pathogens, and also cold injury [69]. Hot water treatment at 38°C for 5 minutes 
also promises to deliver the required quality but only when accompanied by waxing, 
special packaging using low-density polyethylene, and stepping down storage tem-
perature from the conventional 5.5°C to 4.5°C [73]. The chilling injury was reduced 
and uniform ripening improved when HWT was conducted at 38°C for 30 minutes, 
42°C for 25 minutes, and 46°C for 20 minutes [72]. The treatments outlined above 
require harmonization and validation for specific varieties at various levels of matu-
rity. This will enable a holistic approach to the attainment of export quality through 
both disinfection and disinfestation. Avocadoes are susceptible to pathogens and 
pests like the false codling moth. They are bulky thus cannot be exported by air due 
to the cost connotations thus export by sea is the most feasible and cost-effective 
way. A sharp balance that guarantees freedom from pathogens and insects at the 
same time ensuring that avocadoes reach their destination without physical dam-
age and deterioration in esthetic value must be struck if Africa is to compete at the 
world stage. This looks possible if correct HWT parameters are established, vali-
dated, and adopted.

2.6 HWT protocols for bell pepper

Not so many references are available in the literature for either disinfection of 
pathogens or disinfestation of insects in bell pepper in Africa most probably due to 
its susceptibility to heat and poor equipment to conduct such delicate work. At the 
world stage a couple of references are available notably on enhancing quality before 
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cold treatment or disinfection [51–57]. In the African context, bell pepper was 
subjected to HWT at 50°C for 3 min before being stored in controlled atmosphere 
packaging [74]. This was adequate to kill pathogens, slow down weight loss, and loss 
of carotenoids and ascorbic acid.

More research is being conducted in Kenya to develop protocols for providing 
phytosanitary security against the devastating native invasive pest the false codling 
moth T. leucotreta. Results are promising and the private sector is eagerly waiting 
(Mwando et al. unpublished data a).

2.7 HWT protocols for French beans

French beans are mostly exported fresh and the western flower thrips F. occidentalis 
pose a great risk of being transported to new areas where they could potentially cause 
huge damage. This is so because the pest has developed resistance to major classes of 
insecticides thus preharvest management techniques alone are inadequate [83]. The 
pest poses a double not only causes direct damage but also vectors deadly viruses which 
are a huge threat to the horticulture industry [84]. A pilot trial to disinfest French 
beans using HWT was conducted at 50°C for 5 min and was found effective in caus-
ing 100% mortality of thrips eggs. The treatment did not affect the quality of French 
beans. Further validation has been conducted to establish a feasible protocol that can 
be adopted by the private sector (Mwando et al. unpublished data b).

3. Challenges affecting hot water treatment technology

Though various protocols have been developed in Africa and elsewhere, 
adoption by the private sector has been slow and absent in many parts of Africa. 
Protocols have remained on shelves unused. Most of these protocols have been 
developed used using water baths using very small sample sizes which can hardly 
be extrapolated to commercial scales. In some cases, the studies are silent on the 
equipment used and how heating, water circulation, and temperature regulation 
were achieved yet these are vital components of any HWT system. The stage of 
maturity of fruits is another factor that largely affects the quality of treated fruits. 
Most often, immature fruits are harvested by growers in a bid to ensure that they 
stay longer on the shelf. Maturity indices are also lacking and growers rely on visual 
characteristics which are not always accurate. The aspect of maturity is bound to 
be the sticking point because avocadoes and mangoes are bulky and are likely to 
be exported by sea to reduce transport costs, thus fruits are bound to be harvested 
earlier before reaching full physiological maturity to withstand the long voyage to 
Europe, America, India or China.

Resources are a limiting factor in adopting HWT in Africa with various small 
to medium scale enterprises unable to gather adequate startup capital. However, in 
our experience, we have noticed that some private sector partners have misplaced 
expectations, and require out-of-this-world automated facilities yet the HWT itself 
is simple and affordable. We opine that it is far much cheaper and easier to run 
and maintain than a VHT facility of similar size and capacity. Hot water treatment 
protocols for disinfecting fruits and vegetables usually prescribe a longer treatment 
duration which may be put off to potential users. The insistence of probit 9 as the 
required quarantine efficacy level frequently overestimates treatment times. This 
can be evaded by adopting other statistical analyses which equally show how effec-
tive a treatment is.

The emergence of less stringent markets in the Middle East has also provided 
local fruit growers and exporters with alternative markets where they send 
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their products with less hustle. Thus investing in HWT equipment is seen as an 
expensive venture.

The lack of holistic protocols validated at a large scale has also been another 
impediment. There is a need to validate the most promising protocols and seek buy-
in from major industry players if HWT is to be fully adopted at a commercial scale. 
Poor circulation of water and regulation of temperature also impact the quality of 
fruit. Hot water treatment requires a sizeable investment into good probes, data 
loggers, and automated controls. Too much fluctuation of temperature during treat-
ment can be detrimental to the final product. Combination treatments are poorly 
developed or are simply expensive to implement. In cases where HWT cannot be a 
stand-alone treatment due to the susceptibility of the commodity to heat, combina-
tion treatments may then be used to circumvent the challenge. If there is a mismatch 
in heat tolerance between the commodity and pest, for example in instances where 
the pest is tolerant to higher levels of heat which cannot be tolerated by the fruit or 
vegetable, then HWT will not be feasible [85]. Thus the above suggestion may work.

4. Benefits of HWT

The biggest benefit of HWT is that it has a triple function of cleaning, disinfect-
ing [86], and disinfesting [19, 20, 37]. During the treatment process, dirt, debris, 
and any extraneous material are removed which could potentially affect fruit or 
vegetable quality. Most systems incorporate a hot water brushing and rinsing sta-
tion where fruits are scrubbed and rinsed dry by cool air [87]. This stage is absent 
for example in VHT and fungicides are easily applied if need be at this stage. The 
technology is relatively uncomplicated, uses clean water from conventional water 
sources, and is purely a non-chemical postharvest disinfestation process [88]. The 
cost of setting up a HWT facility is considered far much less (10%) than setting 
a similar VHT facility [89]. Treatment by VHT often causes scalding if vapor is 
not uniformly distributed, while a simple water pump can easily distribute heat 
uniformly in immersion HWT. Compared to irradiation and chemical treatments, 
HWT does not use chemicals, hence leaves no residues on treated commodities 
([88] and references thein). When chemicals are used in the disinfestation of fruits 
e.g. the use of methyl bromide fumigation, residues are left on the fruits which 
pose health risks to consumers. Consumerism is increasing all over the world and 
consumers are becoming aware of their rights and continuously demand to be 
served healthy food.

Hot water treatment slows down ripening in fruits thus increasing shelf life [90]. 
Shelf life is very important as fruits and vegetables are perishable [74]. From harvest 
to consumption there is a huge lag that requires that fruits be kept in good quality 
to enable transportation and storage before reaching consumer tables. Experiments 
have also shown that HWT can confer tolerance of low temperature (chilling 
injury) in some fruits such as avocado [72]. Short treatments of fruits before cold 
treatment have been shown to reduce injury caused by excessive cold. Subjecting 
fruits to HWT before the actual treatment (particularly cold) is becoming more 
applicable because of the positive benefits.

5. Prospects

Hot water treatment may be the future of sustainable postharvest treatment of 
fruits and vegetables in Africa. Thus more investment into precision equipment 
is required. Equipment with state-of-the-art sensors, heating, and circulation 
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apparatus. This will ensure that research is conducted in commercial facilities 
allowing large-scale validations to be performed. Many deformities, injuries, 
and effects on sensory parameters are results of poor equipment being used. 
Research at the molecular level is required to determine heat regimes that are not 
detrimental to finer qualities at the micro and macro protein levels. Combination 
treatments must be explored especially for heat susceptible fruits and vegetables. 
The combination treatments must be relatively affordable. With the wider accep-
tance of insects for food, the use of chitin in coating to increase shelf life must be 
explored [91].

It is imperative to develop specific protocols that consider variety, size, maturity, 
and other factors than use blanket treatments that produce horrible results. This 
may be costly initially but very profitable in the long run. Standards will eventually 
have to be developed, so that uniformity in operations is maintained. The whole 
system requires a Multi-stakeholder approach than lone attempts in such a global 
village. In such a case, customization and harmonization of protocols become fea-
sible resulting in cost-saving especially in instances where fruit varieties/cultivars 
are similar and there are no significant differences in size and other physical and 
physiological characteristics.

6. Conclusions

Hot water treatment is the future of postharvest treatment of fruits and vegeta-
bles in Africa. Africa is a potential giant to feed the world with fruits and vegetables 
considering the favorable climatic conditions favoring production. However, the 
huge threat posed by devastating invasive pests hinders Africa from exporting to 
lucrative exports markets such as the USA and Europe. Several protocols have been 
developed for disinfestation and disinfection of commodities by their adoption far 
lags. Besides providing phytosanitary security, HWT can also enhance fruit quality 
by activating polyamines and heat shock proteins that enrich fruit and vegetable 
shelf life. Africa is indeed on the rise, to implement HWT technology and export 
large volumes of fruits and vegetables thereby increasing her foreign currency 
earnings.
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Advances in Postharvest 
Packaging Systems of Fruits 
and Vegetable
Trina Adhikary and Durga Hemanth Kumar

Abstract

The production of vegetables and fruits is at a high rate but the major  
challenging task is the postharvest handling and processing of the products. 
Approximately 20–30% of the production is being wasted due to a lack of proper 
postharvest management. Many developments were made to reduce this wastage 
such as cold chain development, different storage structures, some drying methodol-
ogies to promote the shelf life of produce. But all these systems need to be improved 
and utilized commercially. The losses still occur due to a lack of sound knowledge on 
the chemical nature of products and different management techniques (e.g., drying, 
cooling, blanching). Therefore, the successful design of the cooling, packing, storage 
transport, and drying processes of fresh food requires linking materials sciences, 
fluid dynamics, mechanical deformation, food chemistry, and process control.

Keywords: packing, advanced packing systems, bio-degradable packing, shelf life

1. Introduction

Fruits and vegetables are highly perishable and have a very short shelf-life. 
During different handling and marketing operations, there is a huge postharvest 
loss of agricultural produce. Both qualitative and quantitative losses occur in 
horticultural commodities between harvest and consumption. Qualitative losses 
like loss inedibility, nutritional quality, calorific value, and consumer acceptability 
of fresh produce are much more difficult to assess than are quantitative losses [1]. 
Quantitative post-harvest losses in India estimated by different committees ranged 
between 25 and 33% depending upon the crop. The major cause of postharvest loss 
is the lack of proper infrastructure for processing and packing. These losses can 
only be minimized to some extent by proper marketing, handling, and processing 
of agricultural commodities. According to a national level study conducted under 
the All India Coordinated Research Project (AICRP) on Postharvest technology of 
the Indian Council of Agricultural Research (ICAR) the post-harvest losses during 
different farm handling operations like harvesting, sorting, grading, and pack-
ing accounts for about 13%, during farm storage about 6% and during storage at 
going down, wholesale and retail level about 12% of the produce goes waste. Thus, 
on average, about one-third of horticulture produce never reaches the ultimate 
consumer. This results in a considerable gap between gross food production and net 
availability [2]. Insufficient knowledge of pre and post-harvest operations and lack 
of proper facilities for handling like pre-cooling, grading, packaging, transport, 
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storage, processing, and marketing all together compound the post-harvest losses 
and wastage which in value terms accounts for more than 6,720,000.00 US dollars.

Keeping the huge postharvest losses in mind, there is an urgent need to reduce 
the postharvest losses of fresh commodities and increase the level of processing 
as a reduction in post-harvest losses is a complementary means of production [3]. 
The important strategies for loss prevention include the development of varieties 
(genotypes) that have longer postharvest life, use of integrated crop management 
system, and development of cost-effective adaptable technologies for post-harvest 
handling, value addition, and by-product waste utilization [4]. The value chain in 
post-harvest management of horticultural crops mainly comprises pre-harvest fac-
tors, harvesting, market preparation (pre-cooling, sorting, grading, packaging, and 
on-farm storage), transportation, storage, value addition, and by-product waste 
management. The status of R&D carried out pertaining to postharvest manage-
ment (PHM) and processing in the country by different ICAR institutes like Central 
Institute of Post Harvest Technology (CIPHET) (Ludhiana) and State Agricultural 
University (SAUs) on different aspects of post-harvest management and processing 
of horticultural crops is given ahead. Depending upon the status report, research 
scientists can find out the gap/missing links in the available technology to suggest 
future priorities in the area of R&D.

Maturity is the state where the product is ready for picking. Proper identifica-
tion of maturity of produce is essential so that the product is less prone to various 
physiological disorders and diseases [5]. Maturity indices have been developed for 
various fruits such as mango, pomegranate, apple, grapes, ber, aonla, Nagpur man-
darin, etc. Technique to determine the maturity of mango on the tree (CIPHET) 
and non-destructive method for the maturity of Grand Naine banana (NRCB, 
Trichur) need to be popularized.

In recent years, rapid industrialization, population growth, and changed lifestyle 
led to increased demand for processed and packed foods. Currently, ready to eat 
packed food industry is growing very fast. Packaging is considered as the science, 
art, and technology of protecting the products during transportation, distribution, 
storage, sale, and use. Further, the packaging ensures safe and efficient delivery of 
the commodity to the consumer in good condition. Good packaging attracts the 
customer to buy the product. It also plays a vital role in reducing the security risks 
during shipment. Packaged products are easy in displaying, handling, storing, 
distributing, opening, reclosing, and reusing. Packaging performs four important 
functions, such as containment, protection, convenience, and communication. A 
wide variety of materials, such as cane baskets, wooden boxes, clay vessels, metal 
cans, China pots, paper bags, and plastics containers are still used for packaging 
the products in many areas of the world. The packaging material should not cause 
any environmental pollution. Hence, there is a need to undertake detailed studies to 
assess the impact of food packaging on the environment.

In this context, Paine and Paine [6] concluded that packaging contains, protects, 
and preserves as well as informs to create convenience to consumers. It is stated that 
many companies apply packaging to create values beyond the basic components 
of containing, protecting, preserving, and informing [7]. Recent progress in food 
packaging is resulting from the rising need for mild processed but with better shelf-
life food products by the consumers. An important reason for innovative packaging 
is the emergence of food-borne microbial outbreaks that demand packaging with 
anti-microbial products to ascertain quality and safety. No hazardous components 
must touch the food within the packaging, and the flavor of the food should not 
get affected. The food must not change its original appearance and taste. In addi-
tion, the food should not cause any discoloring in the packaging. It is pertinent to 
mention that high-quality films serve to protect a product during transportation, 
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distribution, and use. It seems that the public health impact of unhygienic pack-
aging of food is not well studied. The new food packaging techniques, such as 
intelligent packaging, bio-active packaging, and active packaging, which engage 
deliberate contact with the food or its surroundings and influence on consumer’s 
health have been the most important innovations in the field of packaging technol-
ogy [8]. Therefore, the main objective of this article is to present an overview of the 
innovations in food packaging technology.

2. Functions of packaging

It is essential to minimize physical damage to fresh produce to obtain optimal 
shelf-life. The use of suitable packaging is vital in this respect [9]. The most fre-
quently used one is the fibreboard carton, however, they may vary depending on 
the product and its physical nature, for example, tissue paper wraps, trays, cups or 
pads, are required to reduce damage from abrasion. Individual packing of the prod-
uct is most suitable as it ensures its microenvironment and also reduces physical 
contact with others which improves its texture and nature and prevents the spread 
of disease-causing pathogens. Molded trays may be used which physically separate 
the individual piece of produce. Packing plays a crucial role in enhancing the post-
harvest life of produce and ideal packing material should possess some characters:

• Readily available

• Easy to handle i.e., less weight

• Cost-effective

• Provide adequate ventilation for produce

• Eco friendly

When packaging is required at the source or when an extended storage life is 
desired, the packaging film should have high gas permeability and anti-fog properties.

The most commonly used packing material at local markets or for retail purposes is 
polyethylene (PE) bags. The packaging of fresh vegetables and fruit provides the larg-
est single use of printed PE bags. But they do not have their presence in long-distance 
transport as they are not firm enough and may cause destruction to the product that 
results in decay and economic loss to the marketer. During packing the principal factor 
to be taken into consideration is free movement of air so that the temperature within 
the enclosure does not increase and shelf life is not affected. Light does not seem to be 
an essential factor for packing, however, some green leafy vegetables perform pho-
tosynthesis by absorbing carbon dioxide and release oxygen upon exposure to light. 
Vibrations and shock may cause damage to cells that leads to increased respiration rate 
and enzymes to be released that cause browning reaction to getting started.

3. Requirements of efficient food packaging process

The important requirements of food packages are given as follows (ICAR online 
e-courses).

• It should protect from physical damage.
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• It should safeguard from contamination.

• It should protect from bad smells and external toxicants.

• It should be nontoxic.

• It should not affect the food packaging.

• It should be easy to open.

• It should act as a barrier for moisture and oxygen ingress.

• It should filter harmful ultraviolet light.

• It should meet the required physical requirements.

• It should be transparent and resistant or tamper.

• It should have appearance and printability features.

• It should be of low cost.

• I should have handling features.

• It should be disposed of easily.

4. Different types of packing systems

4.1 Modified atmosphere packaging (MAP)

Polymeric films are regularly used because of their advantages and their avail-
ability, the chief factor in their control of movement and concentration of gasses 
by lowering the oxygen concentration and raising carbon dioxide concentration 
that abridges the respiration rate and promotes produce shelf-life (controlled 
atmospheric (CA) packing). Temperature control plays a crucial role in modified 
atmosphere packaging (MAP) packing as it directly influences respiration rate that 
shows an effect on the shelf life of produce. The major drawback of MAP packing 
is that the concentration of O2 is reduced to a greater extent that may result in the 
fermentation of tissues producing undesirable off-flavors.

MAP can be done in 2 ways:

1. Active: it involves creating a vacuum within the product and replacing it with 
desired gaseous concentration. Some absorbers may also be used to control gas 
concentration (Tables 1 and 2).

2. Passive: the atmosphere within the product is attained because its respiration, 
final equilibrium depends on the characters of the commodity.

However, the packing material used may not satisfy all the properties required, 
so they are combined to provide a wide range of characters by lamination and 
co-extrusion. The concentration of gasses accumulated depends on many variables 
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Film Permeability (cm3/m2 day atm) for 
25 μm film at 25°C

WTR (g/m2/day/atm) 
at 38°C, 90% RH

O2 N2 CO2

Ethylene-vinyl alcohol (EVAL) 3–5 — — 16–18

Polyvinylidenechloride (PVdC)-
PVC copolymer (Saran)

9–15 — 20–30 —

Low-density polythene (PE-LD) 7800 2800 42,000 18

High-density polyethylene 
(PE-HD)

2600 650 7600 7–10

Polypropylene cast (PPcast) 3700 680 10,000 10–12

Polypropylene, oriented (OPP) 250,000 400 8000 6–7

Polypropylene, oriented, PVdC 
coated (OPP/PVdC)

10–20 8–13 35–50 4–5

Rigid poly (vinyl chloride) PVC 150–350 60–150 450–1000 30–40

Plasticized poly(vinyl chloride) 
(PVC-P)

500–
30,000

300–
10,000

1500–
46,000

15–40

Ethylene-vinyl acetate (EVAC) 12,500 4900 50,000 40–60

Polystyrene, oriented (OPS) 5000 800 18,000 100–125

Polyurethane (PUR) 800–1500 600–1200 7000–
25,000

400–600

PVdC-PVC copolymer (Saran) 8–25 2–2.6 50–150 1.5–5.0

Polyamide (Nylon-6), (PA) 40 14 150–190 84–3100
[10–15].

Table 1. 
Gas permeability and water transmission rate (WTR) of polymeric film available for packaging of MAP produce.

Fruits O2 (%) CO2 (%) N2 (%) Vegetables O2 (%) CO2 (%) N2 (%)

Apple 1–2 1–3 95–98 Artichoke 2–3 2–3 94–96

Apricot 2–3 2–3 94–96 Beans, snap 2–3 5–10 87–93

Avocado 2–5 3–10 85–95 Broccoli 1–2 5–10 88–94

Banana 2–5 2–5 90–96 Brussels sprouts 1–2 5–7 91–94

Grape 2–5 1–3 92–97 Cabbage 2–3 3–6 81–95

Grapefruit 3–10 5–10 80–92 Carrot 5 3–4 91–95

Kiwifruit 1–2 3–5 93–96 Cauliflower 2–5 2–5 90–96

Lemon 5–10 0–10 80–95 Chili peppers 3 5 92

Mango 3–7 5–8 85–92 Corn, sweet 2–4 10–20 76–88

Orange 5–10 0–5 85–95 Cucumber 3–5 0 95–97

Papaya 2–5 5–8 87–93 Lettuce (leaf) 1–3 0 97–99

Peach 1–2 3–5 93–96 Mushrooms 3–21 5–15 65–92

Pear 2–3 0–1 96–98 Spinach Air 10–20 —

Pineapple 2–5 5–10 85–93 Tomatoes 3–5 0 95–97

Strawberry 5–10 15–20 70–80 Onion 1–2 0 98–99

[2, 11, 16].

Table 2. 
Recommended gas mixtures for MAP.
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such as the chemical composition of products, packing material permeability, 
product respiration, and the influence of temperature on them. A lot of commercial 
interest has been focused on developing packing materials with high gas transmis-
sion rates. For major polythene films have more permeability to CO2 than O2, thus 
aid in maintaining a proper gaseous ratio. Thus, packaging film of the correct per-
meability must be chosen to realize the full benefits of MAP of fresh produce [17].

Typical packing material should have a 2–10% O2/CO2 ratio to maintain the 
freshness of produce and enhance its shelf life. Highly respiring produce must 
not be loaded in traditional packing material such as poly(vinyl chloride) (PVC), 
low-density polythene (PE-LD), polypropylene, oriented (OPP), instead kept in 
the highly permeable micro-perforated film so that the gaseous concentration is 
maintained. Ceramic films have high oxygen, carbon dioxide, ethylene perme-
ability [18]. Films that have high gas permeability are usually a mixture of two or 
more non-numeric units each contributing a specific character such as strength, 
transmission, durability, permeability, etc. Furthermore, films can be laminated to 
achieve desired traits Films using micro-perforations can attain very high rates of 
gas transmission [19]. Films with micro-perforations are preferred, generally, the 
size ranges from 40 to 200 μm, and by making modifications to them we can regu-
late the gaseous concentration to meet product requirements. Based on the release 
of gasses from perforations of film, suitable packing materials have been identified 
for mushrooms. Perforated packing materials also proved good to store nectarines, 
apples, asparagus, etc. Macro perforated material can also be used to pack some 
strawberries and raspberries. Micro-perforated material is expensive and may also 
allow entry of some pathogens during wet handling conditions [17].

The most effective and efficient way for packing high respiring produce is by 
combining high O2 MAP and low O2 MAP, because of high oxygen concentration 
there is the prevention of off-flavors and odd odors that result due to fermentation 
[11, 17]. Macro perforated material can also be used to pack some strawberries and 
raspberries. Micro-perforated material is expensive and may also allow entry of 
some pathogens during wet handling conditions [17].

The most effective and efficient way for packing high respiring produce is by com-
bining high O2 MAP and low O2 MAP, because of high oxygen concentration there is 
the prevention of off-flavors and odd odors that result due to fermentation [11, 17].

• Proper movement of air must be ensured for enhancing the shelf life of produce 
and also increase resistance to gas diffusion. Ethylene is known as a natural ripen-
ing hormone and is active at trace concentrations, it is observed that its activity is 
reduced at oxygen levels of 2–10%, thus low oxygen enhances shelf life.

• Biological reactions increase by 2–3 times for every 10°C rises in temperature, 
film permeability also increases with fluctuations in temperature hence tem-
perature control is crucial for successful MAP, temperature fluctuations may 
result in browning of tissues, loss of firmness, increased ethanol content, all in 
combination deteriorate the quality of produce packed.

• Relative humidity (RH) also has to affect produce packed, more RH invites 
disease-causing pathogens thus reduces the quality of produce, whereas low RH 
increases transpiration damage and leads to desiccation. A mathematical model 
was developed for estimating the changes in the atmosphere and humidity 
within perforated packages of fresh produce [18, 20, 21]. This model depends on 
the concentrations of O2, CO2, N2, and H2O vapors in the package. A different 
procedure was developed to maintain the concentrations of O2 and CO2 inside 
packages that are exposed to different environmental conditions [22].
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• Cucumbers that are not packaged experienced severe chilling injury compared 
to those packed in 31.75 μm PE-LD when they are stored at 5°C and 90–95% 
RH [3]. The influence of MAP on the sensory characteristics and shelf life of 
shiitake mushrooms (Lentinula edodes) was also studied using PE-LD, polypro-
pylene (PP), and macro perforated film.

• Some fresh vegetable shelf life has been enhanced by packing them with 
nitrogen gas.

4.2 Edible coatings and films

Increased use of synthetic packing material poses an environmental threat during 
its disposal, hence some coating techniques evolved that satisfy both the product shelf 
life and less threat to nature (Table 3). The materials used or coating must full fill 
some features such as acceptable sensorial characteristics, appropriate barrier proper-
ties, good mechanical strength, reasonable microbial, biochemical, and physicochem-
ical stability, safety, low cost, and simple technology for their production [23].

Mostly used coating materials are polysaccharides of starch, proteins, the cel-
lulose that does not pose any harm to human health. Carboxymethylcellulose is one 
of the materials that gained attention because of its wide applications. The materials 
used may be extracted from plants such as (corn zein, wheat protein, soy protein) 
or from animals (casein, whey protein). Pullulan, produced by Aureobasidium pul-
lulans, is capable of forming edible films but it is been largely exploited as a coating 
material, because of its high water solubility. One example of pullulan used as a 
coating hydrocolloid was for strawberries and kiwifruit [23].

Film Thickness (mm) Permeability at 0% RH 
(10−15 l/m2 s Pa)

Permeability ratio (CO2/O2)

O2 CO2

Corn-zein 0.12–0.31 0.36
30°C

2.67
21°C

7.5

Wheat gluten 0.23–0.42 0.20
30°C

2.13
21°C

9.5

Methyl cellulose low 
level (MC (L))

0.04–0.07 2.17
30°C

69.00
21°C

31.6

Hydroxypropylcellulose 
low level (HPC (L))

0.05 3.57
30°C

143.99
21°C

40.6

HPC/lipids 0.15 3.44
30°C

81.75
21°C

23.7

Cozeen 0.09 0.89
37.8°C

5.25
22.8°C

5.9

Wheat gluten 0.14 0.09
37.8°C

0.03
22.8°C

0.3

Corn-zein 0.08 0.16
25°C

— —

Wheat gluten 0.15 0.08
25°C

— —

[10].

Table 3. 
Oxygen and carbon dioxide permeabilities of edible films.
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4.3 Antimicrobial packaging

It’s the combination of edible packing material with some antimicrobial 
agents that aid in inhibiting the growth of microbes. There are several categories 
of antimicrobials that include, organic acids (acetic, benzoic, lactic, propionic, 
sorbic), fatty acid esters (glyceryl monolaurate), polypeptides (lysozyme, per-
oxidase, lactoferrin, nisin), plant essential oils (cinnamon, oregano, lemongrass), 
nitrites and sulfites, among others [24]. But their use is limited in fresh-cut fruits, 
only organic acids, and plant essential oils are used. The drawback is that fruits are 
losing their natural flavor and aroma due to the usage of essential oils. To confer 
antimicrobial activity, antimicrobial agents may be coated, incorporated, immobi-
lized, or surface modified onto package materials [25].

Antimicrobial films are of 2 types: (a) mobile-which includes an antimicrobial 
agent that migrates on the surface of produce and prevents pathogenic growth 
(b) static that does not migrate and inhibits pathogen growth on the surface of 
produce. Packing materials with grapefruit seed extract in combination with a 
polyamide binder had an impact on microbial activity compared to grapefruit 
seed extract (GFSE) alone. When only GFSE is used it should antimicrobial activ-
ity against few microbes, but when used in association with a binder it is found 
effective against several microbes. But these when used alone may not be much 
effective, hence must be combined with other techniques such as pulsed light, 
high pressure, and irradiation could reduce the risk of pathogen contamination 
and extend the shelf-life of perishable food products.

4.4 Active packaging

It is the most efficient technique for packing products that had a dual purpose of 
maintaining quality and also reduced pathogen damage. It is based on the technique 
of modifying the internal gas environment by removing or adding gasses to the 
headspace inside the package. It is done through various ways such as:

• Ethylene scavenging: ethylene is known as a ripening hormone and in very 
minor concentrations it shows its action, so by eliminating ethylene from 
packing material we can avoid the further maturation of produce and prevent 
enzyme action that results in extended shelf life.

• Oxygen scavenging: the presence of oxygen enhances aerobic microbial growth 
and also enzymatic action. It also results in nutrient loss, off flavor develop-
ment. Mostly it is used to check mold growth.

• Carbon dioxide release: higher concentrations of carbon dioxide check micro-
bial growth, hence it is essential to maintain it at the needed level, and it is 
more permeable to plastic films than oxygen, so it must be regulated timely to 
get quality produce.

• Sulfur dioxide: most commonly used for the packing of grapes, grapes packed 
in the carton are intermittently fumigated with sulfur dioxide, it must be 
properly regulated to prevent excess accumulation of sulfur dioxide. Flexible 
packaging materials such as PE-LD and linear low-density polyethylene 
(PE-LLD) when impregnated with potassium permanganate and cinnamic 
acid, respectively become ethylene scavengers.
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4.5 Biodegradable packaging

Many biobased polymers are available in the market, like certain kinds of 
polyester, polyvinyl alcohol, polyesteramides, which are mainly used as films or 
moldings (Table 4). Polyhydroxy acid is very expensive as it is produced in limited 
quantities at the commercial level. Polylactic acid (PLA) is gaining importance in 
recent times as it performed better than many synthetic ones. There is always a 
great demand in searching for biodegradable packing material that serves the dual 
purpose of being ecofriendly and also less damage to the products stored in it.

The preference of these bio-based packing materials is for those products that 
need short time storage such as fruits and vegetables. To achieving in this platform 
the packing material must meet the quality and safety standards of products and 
also promote its shelf life and fetch good market price to justify the additional costs 
incurred.

4.6 Application of nanocomposites

They are the nanoscale structures the improve the macro properties of food. Some 
of the nanocomposites used are silica nano clay and polymer clay nano clay. Silver 
nano clay have good interactions with other particles and also provides a large surface 
area to volume ratio, enhanced bacterial activity control, whereas polymer nano clay 
provide more strength and stiffness, smaller cell size, and is a flame retardant.

Polymer nano clay has recently emerged due to its wide-ranging properties 
such as providing mechanical strength, less shocking treatments, etc. The proper-
ties of biopolymer-based coatings were shown to act as hurdles for gas and solutes 
thereby increasing the shelf life of produce. But they showed poor performance in 
mechanical resistance and water vapor exchange. To achieve these characters hybrid 
materials were developed consisting of bio-based polymer and layered silicates such 
as montmorillonite (MMT). These exhibited great and good results in the chemical, 
physical and physiological aspects of the product in comparison to the pure one [27].

Nanocomposite constituents are composed of a nanoscale structure that 
enhances the macroscopic properties of food products. Polymer clay nano clay and 
silica nanocomposites of nanosilver are the two common nanocomposites utilized 
in the food packaging industry. Increased stiffness, strength, nucleating agent in 
foams, smaller cell size, higher cell density, and flame retardant are the impacts of 
nano clay in polymers. Nanosilver has great antibacterial characteristics which are 
made out of de-ionized water suspended in silver. Silver nanoparticles have a large 
surface area relative to volume, so, they interact well with other particles, increas-
ing their antibacterial efficiency. As a result, they are widely utilized in the food 

Material Film preparation Moisture barrier Oxygen barrier Mechanical properties

Starch/polyvinyl 
alcohol (PVAL)

Extrusion − + +

Polyhydroxybutyrate/
valerate (PHB/V)

Extrusion + + +/−

Polylactic acid (PLA) Extrusion +/− − +

[26].

Table 4. 
Properties of some biodegradable plastics [26].
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packaging business. Although the application of nanotechnology in the food indus-
try was initiated later than other industries, many nanoscientists and technologists 
have recognized the immense potential of food nanotechnology, particularly in the 
areas of increasing food quality and ensuring food safety [4].

Polymer/clay nanocomposites are one of the potential applications of nano-
technology in food packaging; they have recently emerged due to their capacity 
for improving mechanical, barrier, and chemical properties of packaging materi-
als with a small amount of nano clays reinforcement (less than 5% by weight). 
However major work done on clay polymers concentrated on synthetic polymers 
majorly. Biopolymers act as a hurdle to solute and gas thereby enhancing the shelf 
life of produce However, due to their hydrophilic qualities, these films do not retain 
good mechanical and water vapor barrier capabilities. To overcome these issues, an 
innovative approach has been developed, by using hybrid materials consisting of 
polymers and layered silicates such as montmorillonite (MMT) clay mineral, result 
from the stacked arrangement of negatively charged silicate layers and contain a 
platelet thickness of about 1 nm with a high aspect ratio (ratio of length to thick-
ness) [28]. The layered silicate filled polymer composites exhibit extraordinary 
enhancement of mechanical, thermal, and physicochemical properties at a low level 
of filler concentration when compared to pure polymer and conventional micro 
composites [27].

In specific, these nanocomposites offer good barrier characteristics, because, the 
presence of clay layers inhibits the diffusing molecule pathway due to tortuosity  
[29, 30]. Some of the works done with biopolymer-based nanocomposites were based 
on starch or polysaccharides, such as chitosan [31, 32], thermoplastic starch and 
wheat and maize starch. A few studies on protein-based nanocomposites have been 
available, including whey protein soy protein [31], and wheat gluten. Nanocomposites 
along with biopolymers exhibited a greater impact when compared nanocomposites 
alone. The most popular biopolymer is whey protein that has gained popularity due 
to its transparent coating and effective oxygen barrier. Unlike chitosan film, whey 
protein films have not shown any antimicrobial activity; therefore, incorporation of 
antimicrobial agents, such as lysozyme, sorbic acid, and p-aminobenzoic acid and 
is desirable to induce this feature. Rhim et al., reported that cloister 30R and some 
chitosan-based nanocomposites showed action against gram-positive bacteria.

4.7 Smart or intelligent packaging

It is of two types: the one which incorporates integrated circuits and the one 
that does not (chipless smart packing). The type of packing that includes diagnostic 
indicators also falls under this umbrella. They can be used for some functions such 
as humidity, light, heat, mechanical shock, biological agents such as bacteria or 
viruses as they come in contact.

The conventional packing material use Is limited to only some fresh produce and 
it can not come up with tolerating the high rates of respiration of fresh produce, 
however, some breathable polymer films were in use for cut vegetables and fruits. 
Packing films with acrylic side chains is more beneficial as the side chains melt 
which results in increased gas permeability and also ensures proper carbon dioxide 
to oxygen ratio that usually varies with the product. In this way, packing becomes 
smart as the concentrations of gasses are controlled automatically around the prod-
uct during storage and transportation and provide the products with high quality to 
the consumers.

Intelligent packaging technique indicates the freshness of produce by changing 
colors, so the consumer can know its quality and can check it if any deterioration 
occurred during the transit. Time-temperature integrators (TTI’s) are instruments 
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that display irreversible changes in characters such as shape or color. They work 
based on different principles such as physical, chemical, and biological. The first 
two types are based on the response towards time, temperature, melting, polymer-
ization, etc… The latter depends on the activity of biological organisms.

Fresh-Check®Life Lines integrator is available as self-adhesive labels, that are 
attached to the packing material of perishable produce to assure the quality of 
products to customers. It is based on the principle of color change, which is due to a 
polymer that has diacetylene monomeric units. It includes a small ring of polymer 
surrounded by another ring for color reference, the rate of change of color depends 
on the rate of food quality loss. The color changes from light to dark as the tempera-
ture increases.

Vitsab® indicator is based on enzymatic reactions. It has two compartments, 
one for enzyme plus a dye and the other for substrate (primarily triglycerides). It 
consists of a bubble-like dot and it is activated by applying pressure, which results 
in the compartments getting mixed. Because of the reaction between enzyme and 
substrate, there will be a change in pH and also a change in color. Initially, the dot is 
in green color and slowly changes to yellow as the product reaches the end of shelf 
life. The reaction is irreversible and the rate of reaction is directly proportional to 

Food/treatment Packaging materials/methods Shelf life

Peach, cauliflower, truffle Tray: PP;
Cover: PE-LD/polyethylene terephthalate (PET) (40 μm), 
0–14 microperforated package, all wrapped in PE

4 days at 4°C

Strawberry Stretch PVC 8 days at 1°C

Minimally processed fruits 
(kiwi, banana and prickly pear)

1. PE/Al/PET 4–12 days at 
5°C2. Coex. polyolefinic high permeable film

Sweet cherry 5% O2 + 10% CO2 80 days at 1°C

PE: 13–18% O2 + 2–4% CO2 40 days at 1°C

70% O2 + 0% CO2 20 days at 1°C

Air 30 days at 1°C

Cactus pear fruits Cryovac MY 15
Plastic box

9 days at 4°C

Carrots, minimally processed PP + cPP/OPP in:

5% O2/10% CO2/85% N2 2 days at 4°C

80% O2/10% CO2/10% N2 7 days at 4°C

Cabbage, shredded OPP (30 μm) 9–10 days at 
3°C

Cabbage, shredded Glass jar; PE (30 μm); PP (30 μm) in: 7 days at 0 and 
10°CAir

100% N2,

MAP 1: 100% N2,

MAP 2: 5% O2/95% N2,

MAP 3:10% O2/90%

MAP 4: 70% O2/30% N2 and 100% O2

[12].

Table 5. 
Packaging materials and methods effect on the shelf life of fruits and vegetables.
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the temperature. Single dot tags are used at consumer level packing for monitoring 
pallets and cartoons. ripeSense is the world’s first intelligent ripeness indicator.

The Institute of Food Technologists in the United States has defined shelf life as 
“The period between the manufacture and the retail purchase of a food product, 
during which time the product is in a state of satisfactory quality in terms of nutri-
tional value, taste, texture, and appearance”. Various factors affecting shelf life are 
product characteristics, which include intrinsic factors, such as water activity, pH, 
microflora, availability of oxygen, reduction potential; and extrinsic factors, such as 
temperature, rainfall, humidity, light, etc., enzymic reactions, chemical reactions, 
and non-enzymic reactions (Table 5).

There are various chemical, biochemical and physical reactions that lead to food 
quality deterioration. These include enzymic and non-enzymic browning, fat oxi-
dation, hydrolysis, lipolysis, and proteolysis that change the physical and chemical 
composition of food [33].

5. Conclusion

Recently, the food packaging process, biotechnology, sensor science, informa-
tion technology, nanotechnology, and other scientific disciplines are coming 
together to develop a breakthrough in postharvest packaging systems. These 
improved postharvest handling techniques are continuously getting advanced by 
creating new opportunities in food industries to utilize technologies in the future 
Proper and good packing is essential in providing quality products to customers. It 
is the connecting link between producers and consumers, so it must be done so per-
fectly to retain the product quality and also customer confidence. The food packag-
ing industry gets highly competitive due to consumer’s desire for tasty and slightly 
processed food products with longer shelf life at a lower cost than their existing 
packaging. The recent trend in the change of lifestyle leads the food industry well 
aware of consumer’s needs, and therefore, the packaging industry must innovate or 
stagnate. This condition has posed a great challenge for the food packaging sector 
to innovate new food packaging techniques. Consumers will often actively seek the 
freshness of the product with the longest remaining shelf life. Nowadays, novel food 
packaging technologies, such as active packaging, aseptic packaging, intelligent 
packaging, nano-packaging, and bioactive packaging intentionally associated with 
food products have proved to be the best technological research areas. Advances in 
packaging technology may prevent food spoilage by retarding water penetration, 
ultraviolet interactions, oxygenation, and ripeness. It is predicted that the future 
packing material includes radio frequency identification tags. Radio-frequency 
identification (RFID) tags are advanced forms that can trace and identify a product. 
Therefore, continuous innovations in active and intelligent packaging systems are 
expected to secure food quality, safety, and stability and to satisfy the ever-growing 
need of consumers.
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Chapter 8

Postharvest Technology of
Tamarind
P. Sudha, P. Rajkumar, A. Astina Joice, I.P. Sudagar
and R. Arulmari

Abstract

Tamarind is a multi-purpose long-lived tree with heavy drooping branches and
thick foliage. The entire fruit consists of 55% pulp, 34% seeds, and 11% hull and
fibers. The tamarind tree produces numerous elongated fruit pods in a season that
encompasses its branches in myriad. Brittleness in shell, changes in testa color, and
a hollow sound from fruit when finger pressed signify matured fruit of the tree.
Postharvest operations involved in Tamarind are drying, dehulling, defining,
deseeding, pressing into cake, and storage. These operations are carried out by
traditional and mechanical methods. Tamarind dehullers and deseeder were devel-
oped with efficiencies of around 94% and 83% respectively to minimize the losses
involved in manual handling. The intrinsic value of raw tamarind may be further-
more desirable through processing into value-added products.

Keywords: tamarind, drought conditions, fruit pods, harvesting, intrinsic value,
processing

1. Introduction

Tamarind (Tamarindus indica L.) is a commercially important tree that can be
found in many Asian, African, and South American nations. The tree can reach its
full potential with a crown diameter of 12 m and a height of 25 m. It is perfect for
dry and semi-arid climates, particularly in drought-prone locations that lasts for a
long time. The tamarind tree is a low-maintenance tree that is easy to grow. It is
largely devoid of major pests and illnesses, and it has a long life expectancy. It can
live up to 80–200 years and produce 150–500 kg of pods [1]. Each pod has a firm
outer shell that surrounds a deep brown mushy pulp that encases two to ten hard
dark-brown seeds. The pulp is sticky, as it is highly hygroscopic. The tamarind pulp
is high in sugar, ranging from 21% to 30%, and its hygroscopicity increases as the
relative humidity rises at room temperature.

India is the world’s greatest producer of tamarind, with 300,000 t projected to
be produced each year. It’s especially common in states like Madhya Pradesh, Bihar,
and Andhra Pradesh, Karnataka, Tamil Nadu, and West Bengal. Thailand is the
second greatest producer, with 150,000 t recorded in 1995, with the sweet variety
accounting for the majority of tamarind [2]. Mexico is also on the list commercially
produces tamarind to a volume of approximately 29,600 t per year (Figure 1).
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2. Postharvest handling practices

2.1 Harvest operations

The yield of pods stabilizes about 15 years and can last up to 50 or 60 years.
When tamarind fruits are finger pressed, a hollow and loose sound is generated,
indicating that the pulp has shrunk with maturity and the fruit is ready for
harvesting. Brittleness develops in the shell. Additionally, a change in testa color
could signify matured fruit of the tree [3]. Individual fruits on the same tree mature
at different periods, making it difficult to select the right one for which harvesting is
required. Pods are picked at various stages of ripeness, depending on their intended
purpose. The sour tamarind mature fruits are commonly sold in most nations. It can
be obtained by shaking trees and gathering up fallen fruits. The fruits are usually
allowed to ripe on the tree before being harvested, reducing the moisture content to
around 20% [4]. If left unharvested, the pods can stay on the tree for over a year
after flowering, and will inevitably descend. Fruits for immediate processing are
frequently harvested by separating the pod from the stalk, leaving longitudinal
fibers connected. Fungi and beetles in humid conditions, ripe fruit is more easily
attacked, thus they should be harvested before they have reached full ripeness.

Trunk shakers and branch shakers are the few mechanical advancements in
harvesting fruit bunches. Trunk shakers are best suited for trees that have soft
trunks and branch shakers are best suited for trees that have hard trunks like
tamarind. Nowadays, branch shakers are available at a 2.5 kW power level. A two-
stroke petrol engine drives the shaker. This commercial branch shaker is similar to a
brush cutter with a 2 m long hooked pipe at the end to hold the branches intact and
the reciprocal action of the engine imitates the shaking action [5].

3. Engineering properties of tamarind

The understanding of physical and mechanical qualities aids in the analysis of its
behavior during handling and the design of process equipment. The average value
of properties such as moisture content, size, shape, bulk density, true density,

Figure 1.
Tamarind tree, India.

168

Postharvest Technology - Recent Advances, New Perspectives and Applications



porosity, angle of repose, surface area, and coefficient of friction was determined
for whole and dehulled tamarind (Table 1) [6].

4. The traditional method of tamarind processing

In general, tamarind processing is done using both wet and dry processes.
Tamarind is usually processed in a dry manner, with the process of drying (the
whole tamarind to avoid pulp sticking to the hull), dehulling, defining, deseeding,
pressing into cakes, and storage being the most prevalent process. The dehulling of
tamarind entails sun drying the harvested entire tamarind and then pounding the
hull away from the pulp with sticks (Figure 2).

It is necessary to remove the seeds and it’s one of the most essential and labor-
intensive processes (Figure 3). In the northern region of Tamil Nadu, the current
method of deseeding tamarinds is by the manual pounding of the vertically aligned
fruits with a hammer or wooden mallet by female laborers (Figure 4). Tamarind is
deseeded by hand pounding, where a stone mortar is coated with oil, usually castor
oil, and a wooden pestle is used to exert impact stress. A knife or a long sharp needle
is also used to remove the seeds. The traditional approaches are rough, unhygienic,
labor intensive, and time-consuming. As a result, to make tamarind processing
easier, state agricultural universities created and released machinery for the benefit
of processors and to ensure hygienic practices in processing (Figure 5).

Engineering properties Whole tamarind Dehulled tamarind

Geometric mean diameter 33.87 mm 26.21 mm

Sphericity 0.33 0.28

Surface area 3000.18 mm2 1904.98 mm2

Bulk density 240.39 kg/m3 612.24 kg/m3

True density 469.59 kg/m3 1182.41 kg/m3

Porosity 48.80% 48.22%

Angle of repose 35.4̊° 39.4°

Table 1.
Engineering properties of whole and dehulled tamarind fruit.

Figure 2.
Labors beating the dried whole tamarind as part of dehulling.
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Figure 3.
Women workers are deseeding tamarind.

Figure 4.
Defibering action.

Figure 5.
Pressing action of deseeded tamarind into rubber ring to form cake.
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5. Drying of whole and dehulled tamarind

Dehulling and deseeding are the significant tasks in tamarind processing for which
tamarind is exposed to drying to moderate the tenacity with physical and mechanical
parts. A local variety of tamarind dried under the sun as shown (Figure 6) followed
by plate drying at temperatures of 50, 60, and 70°C. Mechanical drying of tamarind
at 70°C had a higher dampness expulsion rate followed by drying at 60°C and 50°C.
The drying data for sun drying of tamarind was well fitted with Midilli et al. model.

6. Mechanization

6.1 Tamarind dehuller

A dehuller for tamarind was developed at Tamil Nadu Agricultural University
(TNAU), Coimbatore, India (Figures 7 and 8). It has a capacity of 100 kg/h with
dehulling productivity of 94%. The impact force and sieve shaking mechanism were
used to develop the Tamarind dehuller. The impact force from the rotating beaters
was applied to the dried tamarind fruit fed through the feed hopper. The outlet
received the dehulled, un-hulled, and hulled fruits. The system includes sharp “L”
shaped pegs made up of 15 � 3 mm size gentle steel level mounted on the focal shaft
that encased with 20 � 5 mm mild steel oblong sieve [7].

6.2 Tamarind deseeder

A tamarind deseeder developed at Tamil Nadu Agricultural University with the
principle of impact and simultaneous shear (Figure 9) is used widely in Krishnagiri
and Dharmapuri districts of Tamil Nadu to deseed small-sized tamarinds. The
deseeding efficiency of the machine is 83% and the cost is Rs. 20,000/� [6].

A hammer-type tamarind deseeder was created and evaluated at Kumulur,
Tamil Nadu Agricultural University comprises a feeding roller with rubber lining,
hammering mechanism, motor, and power transmission framework and casing to

Figure 6.
Sun drying of the whole tamarind.
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help the mechanism. The machine work on the standard of impact and deseeding
proficiency of the machine is discovered to be 79% at 5 rpm (0.06 m/s); the
peripheral speed of feeding roller to deseed the tamarind at the moisture content of
22.5% on a dry basis gives minimal mechanical harm to seed (0.3%) and pulp
(14.94%). The equipment suits the large-sized fruits with multiple seeds. Feeding of
small-sized fruits with single and two-seeded fruits in the feeding roller is
troublesome due to the variation in shape.

6.3 Hammering mechanism

Link mechanism was used to imitate hammering action over tamarind fruit.
400 mm long and 25.4 mm diameter polished rod was mounted with lateral frame
utilizing 25.4 mm diameter bearing block over the lateral frame. One end of the

Figure 7.
Tamarind dehuller developed at Tamil Nadu Agricultural University, Coimbatore.

Figure 8.
Tamarind dehuller developed at Tamil Nadu Agricultural University, Coimbatore.
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polished rod was fitted with FPS 100 pump bearing which touches the round flange
to transmit reciprocating motion. A mild steel flat of 40 � 12 mmwas spring-loaded
and mounted on the shaft within the space between the bearing block to imitate
hammering action and the height of the flat was 300 mm. The top end of the flat
was screwed with a wooden portion to imitate a wooden hammer (Figure 10) [8].

Figure 9.
Tamarind deseeder developed at Tamil Nadu Agricultural University, Coimbatore.

Figure 10.
A hammer-type tamarind deseeder is available at Tamil Nadu Agricultural University.
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7. Value addition and by-products

7.1 Tamarind pulp

The most important and generally utilized part of the tamarind tree is its natural
product pulp. It establishes 30–50% of the ripe fruit, the shell and fiber represent
11–30%, and the seed around 25–40% [9]. Pulp is rich in pectin and reducing sugars
and contains critical measures of organic acids, 98% of which is tartaric acid. It is a
unique plant acid that is generated from the principal carbohydrate products of
photosynthesis and is not utilized metabolically by the plant once formed. The
primary flavor compound of the pulp is 2-acetyl furan. The quantity of tartaric acid
does not diminish as the fruit ripens, implying that it is stable, in the development
of fruit. Reducing sugars grow to 30–40% during this stage of fruit development,
giving the sour fruit a sweeter taste.

Tamarind pulp was assessed based on its physicochemical properties such as
crude protein, crude fiber, fat, ash, moisture content, water activity (Aw), particle
shape, particle size distribution, and density (Figure 11 and Table 2) [10].

8. Processed products from tamarind pulp

8.1 Tamarind beverage

The tamarind fruit pulp is used for the preparation of beverages. It can be used
to make high-quality ready-to-serve beverages, syrups, and concentrates with a six-
month shelf life when stored at room temperature [11]. On a small scale, the fruit
pulp is dissolved in water and squeezed by hand to make a delightful drink. Water is
added to dilute the drink after the extraneous substance is removed. Tamarind pulp
is a delightful drink in southern and central America, as well as Asia. Arnold [12]

Figure 11.
Tamarind fruit pulp.

S. no. Proximate analysis (%) Tamarind pulp +10% w/v maltodextrin

1. Moisture content 5.15 � 0.15

2. Crude protein 0.43 � 0.02

3. Crude fiber 79.92 � 0.85

4. Ash 17.80 � 2.59

5. Fat 0.43 � 0.18

6. Water activity (Aw) 0.69 � 0.01

Table 2.
Proximate analysis of tamarind pulp.
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studied the physicochemical properties of natural tamarind beverages under four
different formulations (Tables 3 and 4).

8.2 Tamarind syrup

Tamarind syrup is created by softening immature fruit pulp and straining it
through a cheesecloth. The pulping process involves breaking the shells by hand and
agitating the pulp and seeds in water to separate the pulp and seeds. A half-teaspoon
of baking soda is poured into a cup of juice. The mixture is reduced to one-half of its
original volume while also eliminating the scum that has risen to the surface. The
juice is strained once more. A quarter cup of sugar is added to every cup collected.
After 20 min, the mixture is boiled once more. The cooled syrup is poured into the
container bottles that have been sterilized and sealed. The suggested tamarind pulp
content in syrup is 20–24% to make a beverage with distinct flavor and acidity. This
syrup comprises 56.7% total solids and 43.8% reducing sugar tartaric acid a total
acidity of 1.11% as tartaric acid.

9. Tamarind juice concentrate

Tamarind concentrate is an acid pulp concentrate made from tamarind pulp that
is free of skin, seed, fibers, and other impurities. The pulp from the tamarind pods is
collected, and the juice is extracted from the pulp. The shells are broken by hand
and agitated in water during the pulping process. The suggested tamarind pulp
content in syrup is 20–24% to make a beverage with a distinct flavor and acidity
[13]. By adding gelatine to clarified tamarind juice, the structural and colloidal
phases are fully eliminated. The juice is translucent and retains its color and flavor.
Under vacuum, insoluble particles are removed and soluble extracts are concen-
trated (Figure 12).

Deepika [14] studied Spray Drying of Tamarind Juice Concentrate and Powder
Characteristics, the results are shown in Table 5.

9.1 Tamarind pulp powder

Tamarind pulp powder (TPP) is a convenience food manufactured from tama-
rind pulp that has been concentrated, dried, and milled into a powder. TPP is made

Parameter F1 F2 F3 F4

pH 2.73 � 0.08 2.88 � 0.02 2.84 � 0.01 2.83 � 0.01

TSS (̊ Bx) 12.36 � 0.39 10.83 � 0.06 9.70 � 0.10 10.73 � 0.15

Table 4.
Results of pH and total solids of the natural beverage of tamarind before pasteurizing.

Component F1 (g) F2 (g) F3 (g) F4 (g)

Tamarind pulp 100 120 80 80

Sugar 40 30 30 40

Purified water (mL) 500 500 500 500

Table 3.
Design of formulations to prepare the natural tamarind beverage.
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by concentrating, drying, and grinding tamarind pulp into a fine powder. In many
Indian recipes and sauces, tamarind powder is used as a condiment/adjunct and
souring ingredient. It has a large market potential as a convenient product.

9.2 Foam mat dried tamarind pulp powder

Liquid foods are whipped into stable foams and then air-dried using the foam
mat drying process. Lower drying temperatures and faster drying times are the key
benefits of foam-mat drying processes. The larger surface area exposed to the
drying air, which speeds up the drying process, is responsible for these advantages.

The lack of foam stability throughout the heating cycle, however, should be
taken into account. Cellular breakdown occurs when the foam does not remain
stable, presenting major problems during the drying process. This drawback can be
overcome by using a film stabilizer, such as polymeric material. Vernon-Carter et al.

Figure 12.
Processing of tamarind juice concentrate.

Parameters Mean value

Moisture content (wb) 30.13

Water activity, aw 0.836

pH 1.63

Bulk density (g/cm3) 0.905

Color L 2.04

a 1.78

b 1.77

Tartaric acid (%) 13.07

Total sugars (%) 41.2

Protein (%) 2.1

Crude fiber (%) 2.0

Table 5.
Physicochemical properties of tamarind juice concentrate.
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[15] reported drying tamarind pulp using foam mat drying with various foaming
agents. Mesquite gum, ovalbumin, and a low molecular weight surface active blend
were hydrated to 50% (w/w) solutions and applied to the samples single or in
combination (Figure 13).

9.3 Spray-dried tamarind juice concentrate (TJC) powder

See Figure 14 and Table 6.

9.4 Drum drying of tamarind pulp

Weerachet et al. [16] studied the production of tamarind powder by drum dryer
using Maltodextrin (MD) and Arabic gum (AG) as adjuncts (Figures 15 and 16 and
Table 7).

Figure 13.
Tamarind pulp powder.

Figure 14.
Flow chart for the preparation of spray-dried TJC powder.
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9.5 Fruit leather

Fruit leather prepared from the dried sheets of tamarind fruit pulp will have a
soft, rubbery texture and a sweet taste (Figure 17) [17]. Ghada et al. [18]
studied the effect of different drying methods (cabinet drier (70°C) and solar drier
(54 � 4°C)) on the quality and consumer acceptability of tamarind leathers
(Figure 18). Results showed that drying methods influence the color changes of
tamarind leather. Effect of drying on quality characteristics are shown in Table 8.

9.6 Tamarind candy

Tamarind candy is one of the most liked products by consumers because of its
natural sour-sweet blend. Candies are prepared after boiling tamarind pulp with a
sufficient amount of sugar and cooking it with a very little amount of water. Arghya

S. no Quality attributes Spray-dried TJC powder

Storage period (days)

1 30 60 90

1. Moisture content (w.b) 2.14 2.86 3.29 3.89

2. Water activity, aw 0.263 0.298 0.329 0.399

3. Bulk density, g/cm3 0.492 0.522 0.586 0.602

4. Tartaric acid (%) 9.87 10.84 11.85 13.91

5. Solubility (%) 88.3 83.21 78.75 72.83

6. Wettability (s) 76 91 125 154

7. Dispersibility (%) 80.16 74.65 69.00 62.34

8. Color value

Redness (‘a’ value) 15.84 13.20 10.89 7.99

Yellowness (‘b’ value) 24.07 22.15 21.32 19.56

Table 6.
Quality changes in spray-dried TJC powder during storage packed in Aluminum foil pouches [14].

Figure 15.
Schematic diagram of drum dryer.
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Figure 16.
The processing flow chart for drum drying of tamarind pulp.

Drying condition Bulk density
(g/ml)

Moisture
content (%

wb)

Water activity Solubility
(second)

No. Drying
aid

Drying
temperature

(°C)

Ratio of
tamarind
juice and
drying
aid

1 MD 120 1:1.4 0.816a � 0.066 3.46a � 0.03 0.260a � 0.003 83a,b � 2

2 MD 140 1:0.8 0.781a � 0.045 3.38b � 0.03 0.326b � 0.006 98a � 18

3 MD 140 1:1.4 0.478b � 0.063 3.11c � 0.04 0.342c � 0.001 8c � 1

4 AG 120 1:0.4 0.731a,c � 0.038 3.20d � 0.04 0.306d � 0.007 79a,b � 18

5 AG 120 1:0.8 0.790a � 0.037 3.62c � 0.04 0.265a,c � 0.006 73b � 8

6 AG 140 1:0.4 0.648c � 0.032 3.09c � 0.02 0.276c � 0.002 140d � 8

7 AG 140 1:0.8 0.783a � 0.094 3.41a,b � 0.03 0.263a � 0.012 16c � 2

Note: Bulk density, color, moisture content, water activity and solubility values are mean � standard deviation (n = 3).
Means with the same superscript within same column are insignificant different (P > 0.05).

Table 7.
Bulk density, moisture content, water activity, and solubility of tamarind powders.

Figure 17.
Process flow chart for developing tamarind fruit leather.

179

Postharvest Technology of Tamarind
DOI: http://dx.doi.org/10.5772/intechopen.101096



Mani et al. [19] standardized the recipe for the preparation of Tamarind candy
(Figures 19 and 20).

9.7 Tamarind pickle

To make tamarind pickle, the commercially available pulp is used. Pickles are
hot, spicy, and salty-sour in flavor, and they can be stored for months. The inclusion
of salt, enhanced acidity, and spices aid in preservation (Figures 21 and 22).

Figure 18.
Tamarind fruit leather.

Parameter Cabinet drier Solar drier S.E LSD (5%)

Texture 3.29 � 0.31 2.52 � 0.36 0.336 0.762

Color 0.138 � 0.01 0.043 � 0.03 0.010 0.022

Rehydration ratio 1.44 � 0.16 1.78 � 0.26 0.214 0.484

Drying ratio 3.50 � 0.00 3.25 � 0.06 0.039 0.088

pH-value 2.78 � 0.03 2.81 � 0.03 0.029 0.067

Titratable acidity 6.86 � 0.03 7.83 � 0.39 0.274 0.622

Table 8.
Effect of different drying methods on quality characteristics of tamarind leathers.

Figure 19.
Flow chart for tamarind candy preparation.
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9.8 Tamarind ketchup

Clean the tamarind pulp, then boil it in freshwater to extract the tamarind puree.
Cook on medium heat with 10% sugar and 1% salt. Then take it off the fire and
combine it with the spices. Boil the edible oil in a saucepan and put sliced ginger,
small bits of garlic, and chili along with the product and cool down the product
before packing (Figure 23).

9.9 Champoy

Tamarind fruits can also be made into balls, or “champoy,” a popular tamarind
snack in the Philippines. Two cups of boiled and mashed sweet potato, two cups of

Figure 20.
Tamarind candy.

Figure 21.
Flow chart for tamarind pickle preparation.

Figure 22.
Tamarind pickle.
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sugar, a one-eighth cup of salt, and one cup of water are added to one cup of pulp
with seeds. The mixture is heated over low heat, stirring constantly, until it thickens
and can be molded into balls (Figures 24 and 25).

9.10 Tamarind ade

This is a delicious tamarind drink made in the Philippines and several tropical
American countries by blending ripe pulp with sugar and water until it reaches the
desired taste. Making Ade at home is as simple as shelling the fruits, placing them in
2–3 L of water, allowing it to stand for a brief time, then adding a tablespoon of
sugar and vigorously shaking Spices like cloves, cinnamon, ginger, pepper, or lime
slices are sometimes added to increase the flavor [20].

Figure 23.
Tamarind ketchup.

Figure 24.
Tamarind balls.
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10. By-products of tamarind

10.1 Tamarind seed oil

Tamarind seed kernels produce an amber-colored oil that is odorless and sweet
in flavor, similar to linseed oil. It is used in varnishes, paints, and lamp oil [2, 20],
but it is also considered to be pleasant and of culinary quality [2, 20]. Tamarind
oil has an iodine content of less than 100 mg/100 g, making it a non-drying oil
(Figure 26).

10.2 Fruit shell

Tamarind shell is used as the carbon precursor for generating the activated
carbon (AC) and the resultant AC materials utilized for water purification and
supercapacitor applications. Vengatesan et al. [21] studied the tamarind shell-
derived N-doped carbon for capacitive deionization (CDI) (Figure 27).

N-doping is proposed to be an effective method in not only improving the
electrical conductivity and wettability of the carbon but also played a crucial role in

Figure 25.
Tamarind Ade.

Figure 26.
Tamarind seed oil.
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enhancing the electro-sorption performance. As such, the low-cost biomass waste
tamarind shell derived N-doped carbon nanosheets developed offer a promising
electrode material for conventional high-performance symmetric CDI applications.

10.3 Bark

Tamarind barks and leaves contain a yellowish or brownish bitter-tasting
organic substance called Tannin. The bark has 70% of tannin and found a great
place for its usage in the tanning industry. Bark tannins are utilized in the produc-
tion of ink and the fixation of colors in Zambia [2]. Many other African countries
use the bark to manufacture ink. Tamarind twigs are used as “chewsticks,” while
the bark is utilized as a “chewing gum” masticatory, either alone or as a lime
replacement in betel nut [2]. Hordenine is an alkaloid found in the bark [20].

Lac: Tamarind tree is a host for lac insect that deposits a resin on the twigs. This
product should be harvested and sold as a stick lac, but it is not considered an
important source.

10.4 Tamarind seed gum

Tamarind gum is obtained from the endosperm of seeds of the tamarind tree,
which is a seed gum with potential industrial applications [22]. Tamarind gum is
having applications in paper, food, textile industry, etc. The composition of tama-
rind kernel, the source of gum, resembles the cereals. With 15.4% to 12.7% protein,
3–7.5% oil, 7–8.2% crude fiber, 61–72.2% non-fiber carbohydrates, 2.45–3.3% ash
(d.b) [23].

11. Conclusion

Tamarind is a crop that can be eaten as a fruit or used as a condiment. The fruit
has a delectable sour-sweet flavor. It’s full of vitamins and minerals, as well as
antioxidants. Due to increased knowledge of Good Manufacturing Practices (GMP)
and labor scarcity, mechanized tamarind processing without human intervention is
expected [24]. To make tamarind processing easier, state agricultural universities
developed and distributed machinery for the advantage of processors and to assure
hygienic processing techniques. Tamarind can be used to produce many values
added and by-products so that it fetches more market price to the producers
Physicochemical, thermal, structural changes take place during value addition of
tamarind. Research in these areas is carried out to optimize changes in properties.

Figure 27.
Schematic representation of the formation of NTC-800.
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Chapter 9

Processing of Tree Nuts
Chang Chen and Zhongli Pan

Abstract

Tree nuts are consumed as healthy snacks worldwide and are important 
 economic crops. In this chapter, post-harvest processing technologies of tree nuts 
are discussed, with focus on the drying, disinfection, disinfestation, and down-
stream processing technologies (blanching, kernel peeling and roasting) for the 
control and preservation of product quality and safety. Almonds, walnuts, and 
pistachios are selected as the representative crops for the discussion. Current status, 
recent advances, and challenges in the scientific research, as well as in the industrial 
productions are summarized. Some new perspectives and applications of tree nut 
processing waste and byproducts (such as shells and hulls) are also introduced. 
The contents presented in this chapter will help both scientists and stakeholders to 
better understand the tree nut processing and provide technological recommenda-
tions to improve the throughput, efficiency, and sustainability of the processes, and 
preserve the quality and safety of the products.

Keywords: tree nuts, drying, disinfection, disinfestation, food safety, food quality, 
energy, sustainability

1. Introduction

Tree nuts have high nutrient contents, including oils, proteins, and carbohy-
drates [1]. Due to their high pleasant flavor and various benefits for human health, 
tree nuts have gained increasing popularities worldwide, and are consumed as 
healthy snacks or food ingredients for cooking [2]. The global market of tree nuts 
was reported at US$88.8 billion in 2020, and it is expected to grow continuously 
to US$103 billion by 2027 [3]. Commonly consumed tree nuts include almonds, 
walnuts, pistachios, pecans, macadamia nuts, hazelnuts, and cashews, etc. Among 
them, almonds, walnuts, and pistachios are the most popular types, accounting for 
almost 70% of total tree nuts production in the world [4]. The global production 
mass of almonds, walnuts, and pistachios in 2020 were: 1,700,000, 2,300,000 and 
985,000 metric tons, respectively, which increased 15%, 20% and 37%, respec-
tively, compared to the 2019 harvest season [5].

Tree nuts are usually harvested in a relative short harvest season (about 
1–2 months from late summer to early fall). The harvested nuts need to fulfill the 
year-round consumption. Almost all tree nuts are composed of a thick and wet 
hull that wraps the shell and kernel inside at harvest (Figure 1). As the result, 
freshly harvested tree nuts usually have high initial moisture contents (IMCs) and 
water activity. Such characteristics make fresh tree nuts vulnerable to spoilage and 
quality deterioration after harvesting [7, 8]. Therefore, artificial drying is critical 
to preserve the quality and safety of the nuts. Meanwhile, since tree nuts are rich 
in unsaturated fatty acids [9, 10], their oil quality is sensitive to the thermal drying 
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process [11–13]. Thus, tree nuts need to be dried appropriately and efficiently after 
harvesting to ensure the quality, safety, and market value of dried products [14–18].

Prior to harvest, plants usually have very good natural defense mechanisms 
against microbial spoilage. After harvesting, the high moisture contents (MCs) and 
nutrient contents make them vulnerable to microbial spoilages. Any food safety 
problems associated with the regional tree nuts production could cause interna-
tional outbreaks and significantly impact the human health [19–21]. Drying alone 
usually cannot achieve adequate disinfection and disinfestation. Therefore, further 
disinfection and disinfestation are critical for extending the shelf life and safety of 
the dried products [22, 23]. Depending on the type of the final products, further 
processing, such as roasting, blanching and kernel peeling, may also be needed to 
produce desired products for consumption.

In addition, thermal and chemical processing of tree nuts are energy intensive 
and cause significant environmental impacts [24, 25]. It is worthy of noticing 
that the food production sector is responsible for one-quarter of the world’s total 
greenhouse gas emissions [26] and consumed 200 EJ energy per year [27]. The fast-
growing population, increasing production volume and market demands for food 
production will put more pressure and challenges on the industries for higher pro-
cessing throughput and efficiency [28]. In the 2021 United Nations Climate Change 
Conference (COP 26), the world leading countries have committed to achieve ‘net 
zero’ carbon neutrality goals by 2050 [29, 30], which needs contributions from all 
sectors, including the postharvest processing of tree nuts.

In the following sections, the current status, recent advances, and challenges in 
the postharvest processing technologies are summarized using walnuts, almonds 
and pistachios as examples.

2. Conventional harvest and postharvest processing methods

Due to similar hull-shell-kernel multiplayer structures (Figure 1), the post-
harvest processing operations, including cleaning, dehulling and drying, etc. are 
similar for different types of tree nuts. Meanwhile, due to the differences in the shell 
conditions, MCs and lipid compositions, the processes have some differences.

In California and Australia, almonds are shaken off trees when they are mature 
and dried on-ground in orchards (Figure 2), taking advantage of the hot and dry 

Figure 1. 
The photos of walnut, almond and pistachio at different stages of drying (in-hull, in-shell, unpeeled kernel, 
and peeled kernel) [6].
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weather during the harvest season [31, 32]. Conventional drying process takes 
7–14 days depending on the weather condition, until the overall MC of whole 
almonds achieved about 12% on wet basis (while the kernel moisture reaches about 
6%). Dried almonds are swept together into windrows and picked up by machiner-
ies, which are then stockpiled outdoor for temporary storage. The stockpiles are 
aerated, which allows the product moisture to equilibrate before mechanically 
cleaned and de-hulled with abrasive huller [33]. Currently, two major problems 
with this procedure are: (1) the sweeping and picking up generate large amount of 
dust, which spreads away in the air and causes pollution [34]; (2) almonds contact 
the soil directly while drying on-ground, which induces severe insect damage 
and microbial spoilage [35, 36]. In Europe (mainly Spain), almonds are harvested 
off-ground and de-hulled in-field, which are then dried in silo dryers with air [31]. 
Recently, the Almond Board of California (ABC) and Almond Board of Australia 
are also supporting research in developing off-ground harvesting technology to 
mitigate the problems of conventional harvesting [37]. Meanwhile, it brings up 
critical needs to dry the high-moisture almonds artificially and efficiently and to 
handle the large volume of production in the short harvest season for product qual-
ity and safety.

The harvesting method of walnuts are similar to almonds. However, since 
walnut shell is harder and thicker than that of the almond, natural drying is not 
efficient enough to dry the inside of them. If the walnuts stay too long on the 
ground, microbial spoilage becomes significant. Therefore, after drying on the 
orchard floors for several days, the walnuts are mechanically swept and transferred 
for washing, mechanical de-hulling and artificial drying of in-shell walnuts with 
hot air (HA) heating [38]. Typically, walnuts are dried at around 43°C (110°F) 
until the MC of the walnuts are below 8% (w.b.) in the bin dryers (Figure 3). 

Figure 2. 
Harvesting and post-harvest processing of almonds: (A) almond shaking; (B) on-ground drying; (C) stockpiling; 
(D) off-ground harvester (figures obtained from industrial partner or taken by the author’s lab).
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This process can take as long as 24 h [39]. This conventional heated air drying 
method has the advantages of large processing capacity and relatively low operat-
ing cost [2]. Currently, there are three major concerns with this process: (1) the 
efficiency and throughput of the current drying method may not fulfill the grow-
ing production volume, resulting in significant product loss due to insufficient or 
inappropriate drying [5]; (2) walnut drying is very energy-intensive [2, 40] and 
causes large amount of carbon emission, thus efficient drying methods are needed 
to improve the sustainability; (3) freshly harvested walnuts have wide distribution 
of IMCs [41]. Drying the walnuts with different MCs together leads to over-dried 
or under-dried products, causing quality deterioration, food safety risk, and energy 
waste [42]. Therefore, it is desirable to sort the walnuts with different MCs first 
based on MCs and conduct the drying separately to improve moisture uniformity in 
products and avoid problems from current drying methods.

Pistachios are commonly harvested off-ground and dried artificially (Figure 4). 
Pistachio nuts have hard and naturally enclosed shell, which significantly restrict 
the moisture transfer rate, and natural drying is not popular [44]. In a typical 
process, pistachios are firstly de-hulled, washed, and dried with HA to pop-open 
the shells. A second hulling process is then used to remove the remaining hulls to 
obtain the in-shell pistachios. After that, the open-shell nuts and closed-shell nuts 
are separated with a rotating sieve [45]. After removing the remaining foreign 

Figure 4. 
Harvesting and post-harvest processing of pistachios in California: (A) off-ground harvesting [43];  
(B) mechanical dehulling; (C) cylindrical hot air drying.

Figure 3. 
Typical harvesting and postharvest processing of walnuts: (A) walnut shaking; (B) hulling and washing 
section; (C) hot air drying bins.



193

Processing of Tree Nuts
DOI: http://dx.doi.org/10.5772/intechopen.102623

materials, defected or stained nuts, the pistachios may be further dried in batch or 
continuous dryers with HA the kernel reaches 5% MC to ensure the safety of the 
dried nuts [46–48].

3. Drying technologies

Current drying methods have drawn increasing concerns due to low efficiency, 
high energy consumption, large carbon footprint and risks of causing quality and 
safety deterioration. As the results, the tree nut industries are under the pressure 
to develop more efficient and sustainable drying technologies that can preserve 
the quality and safety of dried products. In recent years, research works have been 
conducted mainly in two aspects: (1) to improve or optimize the operating condi-
tions of the current HA drying practice; (2) to develop novel drying technologies 
based on thermal and non-thermal methods.

3.1 Improve the hot air drying process

Elevating the drying temperature is a potential approach to reduce the drying 
time and improve the efficiency of the current HA drying practices. However, keep-
ing the nuts at high temperatures for long times is not desirable, as it may induce sig-
nificant quality deterioration to nuts, such as lipid oxidation and  browning [23, 49]. 
Enhancing the drying rates by intensifying the heat and moisture transfer during 
the drying while maintaining the product qualities has become the key approach. 
Since the hull and shell have much higher IMCs than the kernel [2, 42], most ther-
mal energy in the heated air is consumed for raising the temperature and evaporat-
ing moisture in the hull and shell, particularly in initial drying stages [50, 51]. As 
the results, the temperature increase in kernels is significantly slowed down, and 
the moisture removal from kernel to the environment is greatly restricted due to the 
reverse moisture gradient from the hull to the kernel [50]. Based on these character-
istics, Chen [15] developed a new drying strategy by using high temperature heating 
in the beginning of drying to quickly heat up and partially dry the hull and shell; at 
the same time, due to the relatively low thermal conductivity of the kernel and shell, 
the kernels should not be over-heated; then before kernels reached a temperature 
that was high enough to cause significant oil quality deterioration, drying tempera-
ture was decreased to finish the drying. With the aids of experimental studies and 
mathematical modeling of the heat and moisture transfer (Figure 5) during the dry-
ing, the feasibility of this new drying strategy was verified [51, 52]. Drying in-shell 
walnuts by HA with step-down temperatures reduced the drying time and energy 
consumption by up to 40% and 24%, respectively, and obtained similar oil qual-
ity and kernel color in the dried products compared to the conventional practice. 
Similarly, using HA drying with step-down temperature and tempering for in-hull 
almonds significantly reduced the drying time and did not affect the quality of the 
dried almonds in terms of oil quality or incidence of concealed damage [13].

Sorting the nuts into different groups based on IMCs first and then drying 
them separately is another strategy of improving the drying efficiency, moisture 
uniformity and product quality. Khir et al. [42] studied the correlation between 
the MCs of walnuts and terminal velocities and developed a sorting method called 
the ‘air knife’. The walnuts were separated into low and high MC groups and dried 
separately, which resulted in 18–28% energy saving compared to without sorting. 
Meanwhile, the uniformity of moisture in the dried products was greatly improved. 
This technology has been commercialized and installed in-line in walnut hulling 
and drying facilities in California (Figure 6). Similarly, the correlations between 
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terminal velocities of pistachios and almonds with their MCs have also been studied 
[44, 53]. Chen et al. [13, 54] have shown that in-hull almonds, in-shell almonds and 
loose hulls at harvest could be separated based on the thickness and terminal veloci-
ties of different groups, and suggested sorting and removing almond hulls prior to 
drying benefited the improvement of moisture uniformity and energy saving.

3.2 Novel thermal and non-thermal drying technologies

Infrared (IR) heating has the advantage of high heating intensity compared 
to convective heating. IR radiation could penetrate 2–5 mm depth into food sur-
face [55], which matches the typical thickness of the nut hull and shell. Therefore, IR 
heating was an ideal technology to pre-dry the tree nuts. A commercial-scale sequen-
tial infrared and hot air (SIRHA) drying technology (Figure 6) was developed by 
Chen [15] and Atungulu et al. [40], which had 14.2 ton/h throughput and achieved 
13.6–26.5% drying time reduction and 10–20% energy savings, respectively. 
Venkitasamy et al. [22, 23] used SIRHA drying for pistachios and almonds, and 

Figure 6. 
Photo of the (A) ‘air knife’ sorter and (B) SIRHA dryer for walnuts.

Figure 5. 
Modeling results showing: (A) schematic diagram of pilot-scale column dryer; (B) mesh grid of the modeled 
system; (C) distribution of moisture and (D) temperature profile within the column and within single walnuts 
the moisture and temperature distribution within single walnut located in a pilot-scale column dryer [51, 52].
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achieved 9% and 40%, respectively, compared with HA drying only. Additionally, 
research has shown that the percentage of shell splitting for pistachios increased with 
drying rates, and thus spray-rinsing with water and then IR drying could effectively 
improve the shell splitting [56].

Heat pump drying utilizes the thermal energy in the air flowing out of the dryer 
by dehumidifying and condensing the water vapor containing in the outflow air, 
retrieving the enthalpy of heat evaporation, then circulating the heat back to the 
dryer inlet [57]. HA heat pump drying was used for walnuts and higher drying 
efficiency was achieved without affecting the product quality [58, 59]. IR-assisted 
heat pump drying for walnuts reduced 20% drying time and 10% energy consump-
tion compared to HA drying [60]. Solar heat pump drying reduced the drying time 
and increased the energy utilization ratio of pistachios [61, 62].

Dielectric heating such as microwave (MW, wavelength range: 300 MHz–
300 GHz) and radiofrequency (RF, wavelength range: 3 kHz–300 MHz) can pen-
etrate the foods. The electromagnetic wave activates the water molecules through 
dipole rotation and/or ionic polarization, generating heat volumetrically within 
foods, while non-polar molecules are not affected [63]. HA drying at 50°C assisted 
with RF heating at 27.12 MHz and 6 kW reduced 58.3% drying time of walnuts 
compared to HA drying only [64]. Intermittent MW drying could be used to dry 
pistachios without affecting the nut quality [65].

Some non-thermal technologies have also been studied as assistance to con-
ventional drying processes. For example, high-power ultrasound treatments 
improved the drying rate and energy efficiency of pistachios [66]. The drying time 
of almonds was reduced by 58.33% with 40 min ultrasound treatment [67]. Such 
phenomena should be attributed to the enhancement of moisture transfer by the 
molecule vibrations induced by ultrasonic field. Under vacuum, the boiling point 
of water and vapor pressure in the drying chamber were significantly lower, and 
thus increase the driving force of moisture transfer during the drying process [12]. 
Vacuum drying was able to dry walnuts in a shorter time compared with conven-
tional practice [68]. IR- and MW-assisted vacuum drying improved the drying 
efficiency of almonds [69].

4. Food safety processing: disinfection and disinfestation

Tree nuts are vulnerable to contamination by pathogenic microbes, such as 
Salmonella species, Escherichia coli strains and Aspergillus flavus, as well as molds 
and mildew [70, 71]. Two severe worldwide outbreaks of Salmonella occurred in 
2001 and 2004 that were traced back to California almonds, which caused more 
than 200 illness cases in more than 15 US states or countries [72]. In response, ABC 
and United States Department of Agriculture (USDA) required all raw almonds 
to be pasteurized with at least 4-log reduction in the Salmonella population [73]. 
Additionally, aflatoxins are usually generated associated with the mold growth, 
which cause even more severe food safety risks. Insect damages (webbing, cast 
skins, frass, etc.) by field pests, such as Codling moth, (Cydia pomonella [L.]), navel 
orange worm (Amyelois transitella [Walker]), and storage pests, such as Red flour 
beetle and Indianmeal moth (Plodia interpunctella [Hübner]) have raised additional 
food safety concerns [74]. For example, navel orange worms lay eggs while the 
almonds are on tree, and hatch while they are dried on-ground. The insects could 
hide in dried nuts for a long time. In recent years, damaged nuts and live insects 
have been found in dried nuts or nut-containing products [35]. Insect infestation is 
also favorable for mold growth [75]. Although drying reduces water activity of nuts 
and can inhibit the microbial growth, drying alone is not enough to sufficiently 
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disinfect and disinfest the tree nuts [13]. Thus, additional disinfection processing is 
needed to ensure the microbial safety of the products.

4.1 Conventional disinfection and disinfestation technologies

Conventionally disinfection and disinfestation technologies can be classified 
into chemical and thermal treatments, which are similar for different tree nuts. 
Chemical treatments refer to fumigation. The commonly used disinfectants and 
pesticides for fumigation of tree nuts include sulfuryl fluoride, aluminum phos-
phide and magnesium phosphide [74, 76]. Nowadays, there are increasing concerns 
of the chemical residues on tree nuts after fumigation as they are classified as ‘prob-
ably carcinogenic to human’, and excessive chemical use is not desired for the clean 
labeling of the products.

Thermal treatment is another type of disinfection and disinfestation method 
for tree nuts. High temperature heating kills the pathogenic microorganisms by 
denaturing their proteins and nucleic acids. For example, hot water blanching at 
88°C for 1.6 min reduced 4-log Salmonella levels on the surface of almond kernels 
[73]. Oil roasting at 127°C for 53 s reduced 4-log Salmonella level on almonds and 
achieved effective disinfection of pistachios and walnuts [77].

4.2 Emerging disinfection and disinfestation technologies

In recent years, many emerging technologies have been studied and developed 
to improve the safety of tree nuts. It is generally agreed that ‘moist heating’ at high 
temperature and humidity conditions are effective for pasteurizing foods due to the 
high heat capacity and penetration depth. In addition, since ‘moist heating’ does 
not use harmful chemicals, it is more environmentally friendly and considered 
safer [78, 79]. Chen et al. [13, 37] applied step-down temperature HA heating with 
tempering for the simultaneous drying and disinfection of in-hull almonds that 
were harvested off-ground. When the average processing temperature was higher 
than 50°C, the insect eggs in the almonds were completely killed as no new larva 
was observed during the incubation and storage of dried nuts.

Radiative heating technologies have been proven to effectively pasteurize and 
disinfest the nuts. For example, IR preheating followed by temperature holding 
achieved 7.5-log reduction of Salmonella enterica on almonds owing to the intensive 
thermal effects [80]. SIRHA heating pasteurized pistachios and almonds with up to 
6.1 and 4.7 log CFU/nut reductions in Salmonella level, respectively [22, 23]. MW 
and RF heating can penetrate the nuts and achieve rapid volumetric heating. As the 
results, 2–4 min of RF treatment was able to reduce 5-log Salmonella in the almonds 
[81]. RF heating could also kill the larvae of Ceraphron cephalonica and rice moth in 
walnuts [82], and Indianmeal moth in pistachios [83]. Nonetheless, due to the high 
temperature, thermal processing may damage the quality and reduce the shelf life 
of tree nuts, particularly causing lipid oxidation. Therefore, non-thermal disinfec-
tion technologies are gaining increasing interests.

Irradiation technologies have been used for disinfection for tree nuts. Ultraviolet 
(UV) illumination destructs the DNA structure of microorganisms and degrades 
the toxins. Particularly, Aflatoxin B1 (AFB1) absorbs UV radiation strongly at wave-
lengths of 362 nm and degrades rapidly under acidic (pH < 3) or alkaline (pH > 10) 
conditions [84]. Pulsed light treatment illuminates high intensity UV and/or visible 
light to target foods, which can also destruct the DNA structure in microbials and 
leads to effective disinfection [85]. Electron beam irradiation and Gamma irradia-
tions have also been applied to disinfect tree nuts effectively [73, 86]. Low pressure 
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cold plasma can generate UV radiation and reactive chemical species that destroy 
the protein and DNA structure within bacteria and fungi that infect the nuts [87]. 
However, it has also been reported that increased irradiation dose caused decrease 
in the nutrient contents in tree nuts, such as α-tocopherol [88, 89]. Therefore, these 
irradiation disinfection technologies need further investigation to maintain both the 
safety and quality of tree nuts.

Some other emerging technologies, such as nanoparticles (NPs), electro-
lyzed oxidized water (EOW) and ozone treatments have also been researched. 
Photocatalytic NPs can be used as a disinfectant alone or combined with other 
materials due to the oxidative stress arising from reactive oxygen species (ROS) that 
are generated under visible or UV lights [90]. Among which, silver NPs show anti-
microbial properties against several bacteria including Escherichia, Pseudomonas, 
Salmonella, Bacillus, Clostridium, Enterococcus, Listeria, and Streptococcus [91], and 
different fungus, including Aspergillus niger, Candida albicans, and Saccharomyces 
cerevisiae [92, 93]. Some metal oxide photocatalytic NPs, such as titanium dioxide 
(TiO2), also show potential disinfection functions [94, 95]. However, excessive use 
of NPs has raised concerns for their accumulation in foods that may cause toxicity.

EOW is normally obtained by passing the saltwater solution through an 
electrolysis system containing a cathode, an anode and a selective-permeable 
membrane [96]. The electrolysis of saltwater generates oxidizing species, such as 
O2 and Cl2 gases, and HOCl, at the anode. The redox potential of the EOW solu-
tion ranged from +700 to +800 mV with a pH of 4, which indicates high oxidizing 
ability [97]. These oxidizing species damage the cell wall and the metabolic process 
of a variety of pathogenic bacteria, such as E. coli O157:H7, Listeria monocyto-
genes, Bacillus cereus, and Salmonella typhimurium [98, 99]. Although EOWs are 
accepted as an antiseptic agent in food production, their toxicity needs further 
investigation.

Ozone is another ROS that has been used for food safety improvement. As a 
strong oxidant, ozone destructs cell wall, cell membrane and other cell constitu-
tions in microorganisms [100, 101]. Ozone could also effectively degrade mycotox-
ins and aflatoxins in foods by reacting with the alkene double bonds [102]. Ozone 
is relatively unstable, and can spontaneously decompose into oxygen, thus do not 
generate hazardous residues in foods [101]. However, ozone is a greenhouse gas with 
strong global warming potential, and thus its application and emission may need 
to be regulated. Although not yet reported, these emerging technologies also show 
potentials to be used for the disinfection of tree nuts, and thus more research works 
are needed.

5. Further processing

Depending on the types of final products, ‘raw nuts’ (dried and disinfested) may 
be sold directly or further processed with the methods of blanching, kernel peeling 
and roasting.

5.1 Blanching and kernel peeling

Tree nut kernels with bright and white color are appealing to the  consumers 
and are typically required for producing meals or milk, or consuming raw in 
salads [103]. For this purpose, blanching and peeling of kernels are usually needed. 
The peel on the kernel surface, also known as ‘pellicle’, has dark color and usually 
has high contents of natural antioxidants, such as tannins, phenolics and flavonoids 
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[104]. They protect the kernel from natural oxidations and show good antibacte-
rial activities [105]. However, due to the abundant antioxidants and fiber, pellicles 
usually have bitter taste, high chewiness, and low solubility in drinks, which lowers 
the sensory satisfaction and affect the palatability [106]. Kernel peeling is mainly 
accomplished by physical or chemical methods.

Physical peeling involves blanching and mechanical abrasive peeling [107] and is 
the recommended method in the almond industry [108]. However, abrasive peel-
ing is not recommended for walnut kernels since walnut kernel has irregular shape 
and abrasion may also result in significant loss of nut flesh. During blanching, nut 
kernels are subjected to either water soaking or steaming at high temperatures, 
which cause the pellicle to swell and crack [109]. After blanched, the tree nuts go 
through soft rubber rollers to mechanically peel off the pellicle by abrasion [106]. 
Besides, blanching also showed the capability to protect the color of the tree nut 
kernels [110], and control the cross-contamination of aflatoxins in almonds [111]. 
The disadvantages of blanching include the increase of MCs, softening of the nut 
flesh and leakage of polyphenols into the water [112], which brings up the need to 
further dry the kernels after peeling and loss of antioxidant activities. The large 
water consumption is another concern for the sustainability, particularly in the 
drought regions.

Chemical peeling usually refers to the hot lye peeling by NaOH, Na2CO3, and 
Ca(OH)2, etc. [113, 114]. In a typical process, nut kernels are soaked in hot lye 
solutions for several minutes to corrode the pellicles, then rinsed with water 
[109]. Factors, such as alkali type, concentration, temperature, and soaking time, 
are important for the peeling performance [115]. Although lye peeling is efficient 
and effective, it may cause significant quality deteriorations, such as texture soft-
ening, surface browning, loss of crude protein and fat, decrease of antioxidant 
activities, and increased oxidation [113]. If the rinsing of peeled nuts was not 
performed adequately, the chemical residues on the nut surface cause additional 
food safety concerns. More importantly, disposal of the wastewater from lye 
peeling requires excessive use of chemicals and may cause severe environmental 
impacts.

For these reasons, novel and safe peeling methods have been studied and 
developed. IR radiation can penetrate the pellicle and heat up the kernel, which 
cause moisture evaporation and accumulation of vapor pressure under the pellicle. 
Meanwhile, IR heating may cause pyrolysis of pectin substances. When the vapor 
pressure reaches a critical level, the pellicles crack and can be peeled [109, 116]. 
Zhao et al. [117] developed a cryogenic peeling system for walnuts, in which the 
walnuts were held at −160°C by cold gas/liquid N2 and moved dynamically down-
wards, and the shrinking pellicles were removed by upflowed air. Studies have 
shown that walnuts and almonds with their pellicles peeled off had shorter shelf life 
compared to the unpeeled ones [106, 118]. Therefore, applications of edible coat-
ings containing antioxidant substances, such as Mastic gum, chitosan incorporated 
with green tea extract, walnut phenolic extracts, and mango kernel starch, etc. are 
popular research topics in recent years [118–121]. Meanwhile, the sensory quality of 
the nuts with edible coatings should not be compromised.

5.2 Roasting

Roasting is a commonly used processing to improve the palatability of tree 
nuts, which is usually done at a temperature higher than 90°C [122]. Maillard 
reaction between the carbonyl group of reducing sugars and the amino groups of 
proteins in the nuts is responsible for the nonenzymatic browning and formation 
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of substances with desired ‘roasted aroma and flavor’ (e.g., pyrazines, furans, 
and pyrroles) [123–125]. During roasting, nuts are further dried and are subjected 
to some change in texture properties, which gives rise to the crunchy mouthfeel. 
The texture properties of tree nuts (hardness, fracture force, firmness, etc.) are 
significantly affected by the roasting temperatures [126, 127]. Meanwhile, roasting 
is also an effective measure to reduce the aflatoxin contents in tree nuts [128].

Conventionally, tree nuts are roasted by HA or oil [129]. HA roasting is usually 
performed at a temperature ranging from 100 to 180°C for up to 60 min [130]. 
The main problems with this method are the long processing time, high energy 
consumption and non-uniform roasting, which should be attributed to the slow 
convective and conductive heat transfer with HA heating. During oil roasting, 
tree nuts are immersed and fried in a vegetable oil at a temperature near 180°C for 
7–8 min, followed by drying to remove the oil from surface [131]. Although the 
roasting process do not significantly reduce the contents of macronutrients, it also 
has some disadvantages. The major concern associated with roasting are the severe 
oxidation of polyunsaturated fatty acids that give rise to ‘off-flavor’ and the risk of 
toxin generation over the smoke point under the high temperature processing [132]. 
Some main chemical reactions related to the quality change during tree nut roast-
ing are shown in Figure 7. In addition, oil roasting results in high oil intake in the 
products. Therefore, new roasting technologies need to be more efficient and cost 
effective, while not compromising the product quality and safety.

Formation of acrylamide, a group 2a carcinogen by WHO, from the free aspara-
gine and reducing sugars in the nuts arises another food safety concern. Asadi et al. 
[133] found IR roasting caused the highest acrylamide content in pistachios, and 
MW roasting led to the lowest. Increasing the roasting temperature and time, and 
MW power facilitated acrylamide formation, since the formation rate of acrylamide 
increased with temperature [134]. Milczarek et al. [135] suggested that MW roast-
ing was a promising method to replace the conventional HA roasting for almonds. 
Adding of salt during roasting can mitigate the acrylamide formation in tree 
nuts, which should be due to the prevention of intermediate (such as Schiff base) 
formation under the inhibition of cations [136]. In response, ABC [137] suggested 
that almonds should be roasted at the lowest possible temperature to minimize 
the acrylamide formation. Corradini and Peleg [138] found that using a step-
down temperature heating may reduce the acrylamide contents in baked goods. 
Bagheri [139] suggested that use of IR heating together with HA or MW heating 
reduced the roasting time while obtaining similar product quality. Future research 

Figure 7. 
Main chemical reactions related to quality change of nuts during roasting.
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in tree nut roasting should focus on the development of novel roasting methods 
that combine the advantage of different heating methods, optimization of roasting 
parameters (using stepwise temperature roasting strategy) and addition of appro-
priate food-safe additives to preserve product quality, reduce acrylamide formation, 
and improve microbial safety and energy efficiency.

6. Utilization of tree nut processing wastes for value-added byproducts

Besides kernels, a large amount of waste materials, mainly the shells and hulls, 
is generated during tree nut processing and production. In fact, the tree nut hulls 
and shells account for 70% of the harvested weight [140], but currently have low 
economic values. Utilization of these wastes for producing value-added byproducts 
or bioenergy should benefit the stakeholders economically and reduce the environ-
mental impacts of tree nut processing industry.

Hulls usually have high contents of natural antioxidants, such as tannins and 
phenolics [141]. Extraction of these antioxidants and then adding them as func-
tional additives to other foods may improve the economic value of the crop [142]. 
Extracts from walnut and pistachio hulls exhibit good antibacterial and anti-
inflammatory properties [143]. Walnut hull also contains juglone, a compound with 
high pharmaceutical value, which can be extracted and used in medicines [144]. 
Almond hulls weights over 60% at harvest and are conventionally used as cattle 
feed in California and Australia [145]. However, they are normally sold at a very 
low price. In addition, hulling and shelling of almonds cost about $0.30/kg, being 
one of the most expensive operations in the almond industry. Therefore, these 
processes need to be optimized to reduce the processing cost. Besides, off-ground 
harvested almonds have much higher MCs in the hulls at the time of harvest [54]. 
Wet dehulling of the almonds will be needed, as drying the hulls consumes more 

Source Valuable substance Application Reference

Walnut husk Juglone and antioxidant Enhance antioxidant and 
antimicrobial properties of ketchup

[141, 142]

Pistachio hull Phenolic compound Improve antibacterial and anti-
inflammation properties

[143, 144]

Almond hull Soluble sugar Culture and produce edible fungi 
for foods

[148, 150]

Almond hull Soluble sugar Culture microorganisms that produce 
biodegradable plastics

[149]

Pistachio shell Woody biomass Biogas production [146]

Almond hull Soluble sugar and 
polysaccharides

Bioenergy production [147]

Walnut and 
pistachio shell

Woody biomass Biogas production [152, 153]

Walnut shell Cellulose Reinforcement for biodegradable 
packaging

[154]

Pistachio 
processing waste

Starch, fiber and bioactive 
compounds

Biodegradable packaging for foods, 
active packaging

[155]

Table 1. 
Valuable substances and potential applications of wastes and byproducts from tree nut processing.
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than half of the total drying energy and leads to extra drying time and costs [24]. 
Meanwhile, since the high moisture hulls have high sugar contents, they can be used 
for fermentation and bioenergy production, and culturing certain microorganisms 
for producing value-added foods or biodegradable plastics without the need of 
drying [146–150]. Tree nut shells are mainly composed of cellulose, hemicellulose, 
and lignin [151], and thus can be used as woody biomass for biogas production 
through combustion or pyrolysis [152, 153]. The natural biopolymers from the tree 
nut production wastes and byproducts, such as polysaccharides, fibers, and proteins 
could also be utilized and manufactured into thin films as biodegradable packaging 
for foods [154]. The natural bioactive compounds in the hulls can be added into the 
packaging to improve the antioxidative and antimicrobial functions [155]. Table 1 
provides a summary of the potential values and applications of tree nut production 
wastes and byproducts.

7. Conclusion

Tree nuts are healthy foods with significant economic values. Postharvest 
processing technologies are essential in preserving the quality and safety of tree 
nuts. In this chapter, the status, recent advances, and challenges of drying, disin-
fection, disinfestation, blanching, peeling, and roasting of almonds, walnuts, and 
pistachios in scientific research, as well as in industrial productions are summa-
rized. Current processing practices can be improved by optimizing the operating 
parameters. Novel thermal and non-thermal drying technologies, such as IR, 
MW, RF, ultrasound, vacuum, etc. and combined technologies, have shown great 
potential to improve the drying efficiency and safety of nuts without compro-
mising the nut quality. It was noted that the postharvest processing methods of 
different tree nuts share some similarities but are also different due to the differ-
ences in physical properties and chemical compositions. Each processing practice 
has significant impacts on the quality and safety of the final products, such as 
lipid oxidation, loss of nutrients and formation of acrylamide. Therefore, suit-
able processing technologies and operating conditions must be carefully selected. 
Additionally, processing wastes of tree nuts, such as hulls and shells, have poten-
tial to be utilized as high value bioresources for producing value-added products. 
Being important economic crops with large market size, improvements in the 
postharvest processing technologies of tree nuts could translate into  significant 
global influence in reducing the energy consumption and environmental impacts 
for improved sustainability, economic values, and competitiveness of tree nut 
industry.
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Chapter 10

Edible Coating
Kofi Owusu-Akyaw Oduro

Abstract

Postharvest losses are rampant due to lack of proper storage conditions and 
handling of the fresh food products. The perishable nature of fruits and vegetables 
makes their shelf life limited due to some extrinsic factors such as some environ-
mental conditions and preservation conditions as well as some intrinsic factors 
such as respiration rate, ethylene production and transpiration. Among the other 
postharvest technologies available, edible coatings seems to be one novel method 
which has been verified to have a positive and safe approach to extending the shelf 
life of products. This type of packaging is made from various natural resources 
like polysaccharide, protein and lipid materials. Edible packaging materials can be 
divided into two main groups including edible coatings and edible films. It has so 
many benefits such as serving as a moisture barrier, oxygen scavenger, ethylene 
scavenger, antimicrobial properties among others. Different methods of application 
of the edible coating on the food materials include; dipping, spraying, brushing, 
layer by layer among others. There have been several verifications of the positive 
impact of edible coatings/films on pome fruits, Citrus fruits, Stone fruits, tropical 
and exotic fruits, berries, melon, tomatoes and others.

Keywords: postharvest technology, edible coating/films, water loss, shelf life

1. Introduction

The global production of fruits keep increasing as a result of the rise in the popu-
lation demand, elevation in the living quality standard and the increase in health 
awareness of fresh food products especially fruits and vegetables. This is because 
fruits and vegetables play vital roles in healthy nutrition due to their vitamins, 
minerals, antioxidant content among others. According to FAOSTAT [1], within 
about 10 years, the production of fruits which include drupes, berries, pome fruits, 
melons and tomatoes increased from 2,587,570 in 2007 to 34,622,004 metric tonnes 
in 2017. However food production has been reported by Alexandratos and Bruinsma 
[2] that it should be increased by 60% in 2050. Thus the increase in production is 
needed in parallel with the growth of the global population. However, postharvest 
losses which result in the degradation of quantity and quality of the fruits after 
harvest constitute a serious challenge.

Though these fruits have very high nutritional values, they are highly perishable 
due to their high moisture content and nutritional value leading to the develop-
ment of undesirable characteristics as well as issues of food safety. These fresh food 
products are susceptible to dehydration, mechanical injury, environmental stress, 
pathological breakdown and enzymatic attacks which leads to some nutritional, 
functional and sensorial losses and production of off flavour and also posing a level 
of threat in terms of possessing a level of toxicity. There is a level of reduction of the 
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edible quality of the food products due to biochemical changes, physiological ageing 
and microbial infections during storage and transportation.

Therefore the gas composition greatly affects the shelf life of the products. 
Extension of the supply time of fruits and vegetables besides preserving their qual-
ity would have economic profits [3]. In this regard, post-harvest practices aiming to 
maintain the physicochemical composition during storage must be adopted.

Fruits are either climacteric or unclimacteric. The latter cannot ripen once 
removed from the plant but the former can ripen after being picked and produce 
more ethylene which makes them more susceptible to spoilage. Thus to inhibit the 
rate of deterioration of these fruits, these is a need to alter the gaseous environment 
or control it. For instance making use of packaging materials with low water vapour 
and oxygen permeability to reduce respiration but not too low oxygenated environ-
ment which can lead to anaerobic respiration which can also produce off-flavours.

Although MAP and CA technologies can be regarded as the most effective 
methods with extensive and successful applications, they are quite expensive 
and chemical treatments on the other hand have potential levels of toxicity. Low 
temperature storage might also lead to chilling injury and heat treatment also leads 
to nutrient losses, decreased weight, flavour and vitamin losses [4]. One novel 
postharvest technology to circumvent these limitations is the use of edible coating 
which can control and inhibit the deteriorative changes as well as increasing the 
shelf life of the products. Edible coating/films is a good candidate to help solve the 
cases of postharvest losses since it has mechanical, thermal, antimicrobial and even 
antioxidant properties.

Edible coating or films are biopolymers that are hugely being investigated for 
the packaging and preservation of food. Edible packaging materials are a type of 
packaging that could be eaten and have the biodegradable ability also provides a 
barrier against moisture, gases and solute movement. Edible coatings are usually 
made from biodegradable materials such as Lipid-, Protein- or Polysaccharide-
based materials. This packaging material is either used via a film or using coating. 
The latter is usually in liquid form whiles the former usually forming a thin layer 
around the food product. Edible coatings can be defined as a thin layer of edible and 
environmentally friendly materials that could be consumed and provide a barrier to 
gases, microbes and moisture to food products. Application of these films is simple, 
eco-friendly, highly safe and low priced which makes it promising for preserving 
food products.

There has been several research works on the impact of edible coating on the 
physiological and microbial stability of some fresh produce. For instance, Li et al. 
[5] verifies that application of Cinnamaldehyde as an edible coating on banana 
showed a significant decrease in the weight loss and ripening rate of the banana. 
Also, application of protein isolate with organo-clay MMT on minimally processed 
papaya sliced also demonstrated a lower microbial growth and lower mass loss [6]. 
An increasing interest in edible films/coatings is an outcome of growing consumer 
awareness on healthy foods, and also due to negative impacts of non-biodegradable 
synthetic packaging materials on the environment.

Edible coatings/films helps to improve the appearance of horticultural produce by 
giving shine, hiding scars, suppressing decay and physiological disorder developments 
[7]. Edible coatings can be generally classified into three main groups; Protein-based 
edible coatings, Polysaccharide-based coatings and lipid-based coatings. The choice of 
active agents depends on the characteristics of the product and the type of polymeric 
matrix in the coatings. Active or functional compounds; Antioxidants, antimicrobi-
als, nutrients, vitamins, anti-browning agents, enzymes and probiotics that could be 
applied into coating matrix to help preserving products quality.
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2. Classes of edible coating

2.1 Coatings based on Polysaccahrides

Polysaccharides are natural polymers used extensively to produce edible coating 
or films. Examples of polysaccharides used in the production of these films include; 
Pectin, cellulose, starch, chitosan, alginates and pullulan. Polysaccharides are the 
basic coatings that are considered to be an effective blocker of oxygen because of its 
ordered structure including a hydrogen network. However, polysaccharides form a 
poor barrier against water vapour because of its hydrophilic nature. They are usu-
ally used to improve the shelf life of meat products, vegetables, fruitc.

2.1.1 Starch

Starch is a polysaccharide that is composed of two different molecules which 
are amylose which is a linear polymer and amylopectin which is a highly branched 
polymer. Starch is widely used in coatings for food materials since it is abundant 
in nature and has a low cost. Several studies have been carried out to improve 
physicochemical and optical properties of starch-based edible films using Aloe 
Vera. Coatings based on starch are odourless and colourless. They possess less 
oxygen permeability and have an oil-free appearance. They can make an important 
contribution to decrease in the respiration rate for the fresh fruits and vegetables.
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2.1.2 Chitosan

Natural chitin can go through a process called deacetylation to form Chitosan 
which is a polysaccharide that can be used in edible coating of food materials [8]. 
Chitosan is mostly used in coating materials for fruits and vegetables because 
of its antioxidative and antimicrobial properties. It is non-toxic, biodegradable, 
biocompatible and microbe-resistant, chitosan is currently attracting considerable 
attention and its scientific testing at a large scale is in progress to explore its possible 
applications in different fields [9]. Chitosan are partial permeable coatings and 
films, which can control the interior structure by diminishing transpiration rates 
and retarding ripening in foods and vegetables [10].

2.1.3 Alginate

Alginate is an unbranched polysaccharide and is composed of sodium salt of 
alginic acid that is derived from some species of brown algae. Alginates are indigest-
ible natural polysaccharides acquired from seaweed and have been reported to be a 
stabilising and thickening in the food market. It has good film forming properties 
as it can form gels through crosslinking with divalent cations like Ca2+. For this 
reason, alginate finds interesting application for coating fresh and processed food 
items [11].

2.1.4 Gellan gum

Gellan gum consists of repetitive units of tetrasaccharides, and it is a well-
recognised biopolymer due to its functional properties, eg) good hardness, high 
transparency, smooth surfaces and reduced water vapour permeability.

2.2 Pullulan-based coatings

Pullulan is a polysaccharide which is usually a thickener that may form effective 
films. The use of pullulan edible films and coatings in combination with chitooligo-
saccharide which has antibacterial properties and glutathione which is also a power-
ful reducing agent. This makes it effective in increasing the shelf life of various food 
products.

2.2.1 Cellulose

Cellulose is also a linear chain polysaccharide which is a major component of 
plant cell wall which has a large number of intra-molecular hydrogen bonds causing 
its water insolubility with highly associated crystalline structure [12]. The native 
cellulose has very low water solubility properties and is a less suitable film forming 
material. However, various chemically modified forms of cellulose like carboxy-
methyl cellulose, methylcellulose, hydroxypropyl cellulose and hydroxypropyl-
methyl cellulose are quite suitable for film and coating applications.

2.2.2 Carboxymethyl cellulose

An anionic linear and long chain compound that consists of glucopyronosyl 
units with high molecular weight providing strength and structural integrity in 
edible coatings. They exhibit excellent oxygen, aroma, and oil barrier and anti-
senescence properties.
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2.2.3 Pectin

Pectin, main compound of plant cell walls found in middle lamella of plant cells. 
They are complex heteropolymers made up of D-galacturonic acid units that may 
present variations in composition, structure and molecular weight [13].

2.3 Protein-based coatings

Proteins generally occur in the form of globular proteins or fibrous proteins. Fibrous 
proteins are insoluble in water and generally play the role of a basic structural element 
of animal tissues, they are also soluble in aqueous solutions of salt, bases or acids and 
perform different activities in living systems. Various types of globular proteins such as 
corn zein, whey protein, wheat gluten and soy protein are involved in edible coatings/
films. A dispersion or protein solution is taken into consideration to create coatings and 
films, and the solvent that is taken into consideration for playing this role is generally 
restricted to ethanol water combinations, or simply water or ethanol.

Protein-based coatings which include the use of casein, gluten and soy protein 
serve as good oxygen blockers and thus help preserve the food products from any 
deteriorative reactions. Proteins are reported to impart good mechanical properties 
and gas barrier properties.

2.4 Corn zein-based films and coatings

Corn is a major source of zein which is a prolamin protein that can be dis-
solved in 70–80% ethanol and hydrophobic in nature. Edible coating made from 
zein shows very good film properties. They are good moisture blockers than 
other films.

2.5 Gelatin-based coatings and films

Gelatin is a hydrophobic protein usually found in wheat which is also a globular 
protein and also used in some edible coatings/films due to its low cost and avail-
ability. Gelatin coatings usually depict good transparency, mechanical and barrier 
properties and can be manufactured via an extrusion or casting process. The nature 
of the gluten has significant impact on its filming properties.



Postharvest Technology - Recent Advances, New Perspectives and Applications

220

2.6 Lipid-based coatings and films

Lipids are naturally hydrophobic in nature making them very good materials to be 
used in edible coating since they can help resolve moisture migration into the fresh 
food product which can cause some significant deteriorative changes in the food mate-
rial. Some example of lipids used in edible coatings include wax and paraffin [14].

3. Methods of application of edible coating/films

3.1 Dipping

This technique is the oldest commercial technique but still relevant until now. 
The concept of dipping technique is by immersing the fresh food produce into the 
coating solution to allow complete wetting of the surface of the food material. After 
that the coating solution is drained out to remove excess coating from the food 
surface. Finally the fruit is dried to form a well intact coating with the food surface. 
This can be applied to a wide range of viscous coating solutions.
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3.2 Layer by layer method

Layer by layer method is based on alternate deposition of oppositely charged 
polyelectrolytes that result in a more effective control of the coating properties and 
functionality. This method leads to the production of several layers of the films 
which can help to improve the effectiveness of the edible coating.

3.3 Vacuum impregnation technique

Vacuum impregnation technique is a further advancement of the dipping method. 
The difference is having a vacuum environment during fruit dipping. That is, instead 
of dipping the food material in a normal dipping tank, the fresh food is submerged in 
an airtight vacuum application. The food material is subjected to atmospheric restora-
tion while it remains immersed in the coating solution under atmospheric pressure.
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3.4 Spraying method

Spraying method is more suitable for less viscous coating solutions which can be 
sprayed at high pressure. Formation of polymeric coating using spraying system is 
affected by drying time and temperature. The advantage of applying the spraying 
technique is, the surface area of the liquid coating increase through the formation of 
droplets and distribution over the fruit surface.

3.5 Foaming and dripping method

Foaming and dripping method are considered as traditional methods in coating 
application. These methods are now gaining low popularity among researchers and 
industrial practitioners in fruit industries. With the dripping technique, the coating 
is being applied directly to the fruit surface using brushes However with the foam 
application, a foaming agent is added to the coating. Then, compressed air is blown 
into the air of applicator tank. Extensive tumbling action is applied to break the 
foam for uniform distribution.
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4. Benefits of edible coatings/films

4.1 Moisture barrier

These films prevent moisture loss, aroma loss or water uptake by the food 
material or even penetration of oxygen which produces a good storability condi-
tion for these food products, Edible coating enhance the texture and improves the 
product appearance and prolong the shelf life by creating semi-permeable barriers. 
Emamifar and Bavaisi [15] developed a bio-nanocomposite coating with sodium 
alginate and nano-ZnO and applied it on strawberry. The results revealed a sig-
nificant weight retention than those without the films. Again Titanium and silver 
nanocomposite packaging displayed same results on mangoes [16].

4.2 Oxygen scavengers

The presence of oxygen can have considerable detrimental effects on some 
packaged fresh food products. Some edible films have been found to contain some 
oxygen scavengers and humidity control systems which play an important role in 
reducing gases contributing to the spoilage of fruits and vegetables. Resende  
et al. [17] indicated that the coating of chitosan/cellulose nonofibril minimises the 
oxygen diffusion, decreases respiration and delays strawberry oxidation by ascorbic 
acid reaction.

4.3 Ethylene scavenger

Ethylene control in storage time plays a significant role in extending the shelf life 
of the fresh produce. Kaewklin et al. [18] determined the ethylene control activ-
ity of chitosan-TiO2 nanocomposites on tomato showed lower levels of ethylene 
concentration.

4.4 Antimicrobial properties

One of the main contamination reasons for fruit and vegetable is the lack of 
proper packaging. An antimicrobial active packaging system loaded with antimicro-
bial agents can be applied to minimise the spoilage of fresh produce to control their 
microbial growth. Some studies also proved this as strawberries coated with 1.5% 
sodium alginate and nano ZnO showed the lowest growth of micro-organisms. The 
Antimicrobials in the edible coatings enhance the shelf life and safety of fruits and 
vegetables by preventing microbial growth and damages [19]. Some of the antimi-
crobial substances include organic acids such as citric acid and lactic acid, Microbial 
bacteriocins like Lactic acid bacteria and some polypeptides such as lysozymes [20].

4.5 Antibrowning and antioxidant properties

Enzymatic browning in minimally-processed fruits and vegetables is linked to 
discoloration and discoloration of phenolic compounds catalysed by polyphenol 
oxidase (PPO) enzyme, which converts polyphenolic substrates to dark pigments in 
the presence of oxygen. Edible coating especially incorporated with antibrowning 
substances can control PPO activity, and in the other hand, can provide a strong 
barrier for oxygen. The antibrowning substances mostly used are ascorbic acid, 
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thiol-containing compounds (cysteine and glutathione), carboxylic acids (citric and 
oxalic acid), phenolic acids and resorcinols. These reduce o-quinones resulted from 
the action of PPO enzymes, back to their phenolic substrates [21].

5. Texture modifiers for inhibition of physical damages

Pectolytic enzymes leads to the loss of firmness in fruit tissues and so any 
attempt to inhibit this enzyme’s activity will result in firmness retention. 
Application of edible coatings containing active substances called texture enhanc-
ers could minimise the textural softening of fruits and vegetables during storage. 
These compounds retard plygalacturonase activity and preserve structural integrity 
of membrane. To control softening phenomena in fresh-cut fruits calcium salts are 
commonly used and considered as firmness retainers.

6. Nutraceuticals for preservation of nutritional quality

Nutraceuticals enhance the nutritional profile of low-micronutrient products; 
Minerals, vitamins and bioactive compounds are potential Nutraceuticals com-
pounds that can be incorporated in formulation of active coatings to enhance the 
nutritional value of some fruits and vegetables, where these micronutrients are 
present in low quantities [22].

7. Application of edible coating/films on some selected food products

7.1 Apple

Apple which is a Pome fruit has undergone various research studies which proves 
the effectiveness of edible coating in the preservation of this fruit. For instance a 
research finding by Guerreiro et al. [23] showed a significant reduction of microbial 
load on the food product and resulted in a prolonged shelf life.

7.2 Citrus

FAOSTAT [1] reported that citrus is one of the main crops in the world with a 
total production of 18.9 million tonnes in 2017. Similar to the other fresh produce, 
postharvest losses are the major problem in the citrus production chain. Arnon et al. 
[24] developed a by-layer polysaccharides-based edible coating for mandarins using 
CMC as the internal layer whiles the chitosan was used as the external layer. The 
result demonstrated that the quality of the citrus fruits such as the gradient of the 
glossiness and peel colour were evenly improved.

7.3 Mango

Mango which is also a drupe fruit along with cherries and peaches have shown some 
significant improvement in terms of its shelf life upon the addition of edible coating/
film materials n it. Though Mango is most preferred due to its appealine organoleptic 
properties it has been shown to undergo rapid deterioration after harvest.

Paladines et al. [25] investigated the impact of roseship oil with aloe vera gel 
von deferring ripening and preserving the postharvest quality of a number of stone 
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fruits. The results indicated that the aloe Vera coating inhibited the formation of 
ethylene, decreased the respiration rate and delayed the changes the fruit colour 
and firmness. Again studies using guar gum and ginseng extract on sweet cherry 
showed a significant delay in the production of malondialdehyde [26].

7.4 Berries

Berry fruits such as blackberry are commonly used in the human diet either 
fresh or in processed form. Berries are small fruits that contain high antioxidant 
benefits. Several studies have been on the integrity of edible nano-coatings of 
curcumin and limonene liposomes integrated with methyl cellulose and its impact 
on the quality of strawberries and this showed the coating was found to be effective 
in regulating fungal decay in strawberries [27].

7.5 Melon

Carvalho et al. [28] stated that most of the cultivated melons are eaten as value 
added particularly fruits, especially for fresh-cut products. Though these food 
products have been found to deteriorate quite easily due to various biochemical 
processes, a lot of research has proven the effectiveness of edible coating in inhibit-
ing the deteriorative changes [29].

7.6 Tomatoes

Tomatoes are one of the most vulnerable food products in the world due to 
their delicate structure. This obviously makes storage of these food products quite 
difficult since they even undergo rapid deteriorative changes after harvesting. There 
have been some successful findings on the positive impact of edible coatings on the 
shelf life of Tomato (Table 1).

Coating material Food product Impact on product References

Alginate and chitosan Guava Improved shelf life Arroyo et al. [30]; 
S. Panahirad et al. [31]

Glycerol and 
carnauba wax with 
aloe vera

Mango • Delayed loss of firmness and weight

• Less changes in colour, pH and 
Brix value

• Controlled rate of respiration

Peres et al. [32]; Maan  
et al. [33]

Pectin Tomatoes • Weight loss retention

• Delay in ripening index

Abebe et al. [34]; 
B. Manringgal et al. [35]

Carboxyl 
methylcellulose

Avocado • Firmness and weight loss retention

• Reduce the respiration rate

• Antimicrobial

• Increase the shelf life

Tesfay et al. [36]; 
Manringgal et al. [35]

Gelatin, Guar, 
Chitosan

Barhi date Extended the shelf life of Barhi date fruits in 
comparison with the control sample

Abu-Shama et al. [37]; 
N.A. Al-Tayyar et al. [38]

Beewax, Chitosan Strawberries • Prevention of fungal infection, reduced 
weight loss and respiration rate

Velickova et al. [39]; N.A. 
Al-Tayyar et al. [38]

Table 1. 
Impact of edible coating materials on food products.
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Application of edible coatings have demonstrated a positive result in terms of 
improving the shelf life and preserving the quality of tropical fruit. Edible coatings 
have been added to pitaya [40], soursop [41], pineapple [42], papaya [43], banana 
[44], longan [45], and guava [46].

8. Conclusion

Edible coating is a very interesting field of study that could revolutionise the 
postharvest industry as we know it. These materials are biodegradable, eco-friendly 
and has less to no negative impact on the food product. There has been so many 
proven evidences on the positive impact of edible coatings and films on some food 
products.
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Postharvest Processing, Value
Addition and Marketing of
Mushrooms
Mahesh Prasad Thakur, Harvinder K. Singh and
Chandra Shekhar Shukla

Abstract

Mushrooms are macrofungi having a higher content of water (80–90%) and
multinutrients. The presence of various phytochemicals, enzymes, primary metab-
olites and secondary mycometabolites results in poor shelf-life, quick deterioration,
and huge postharvest losses (30–35%). Fresh mushrooms are short lived (1–8 days).
Value chain management is thus necessary from the production to its harvest to
meet the food and nutritional requirements. Every effort was made to extend the
shelf-life of mushrooms for either short period or long period of storage. Washing
or pretreatment, packaging, transport and marketing were some of the important
standardized techniques for short-term storage of mushroom. On the other hand,
drying, pickling and steeping preservation methods were some other techniques to
extend the shelf-life of mushroom for a longer period of time during storage.
Value addition of mushroom enhanced the quality and addressed the demand for
ready-made or ready-to-make food products. Fresh/dry oyster mushroom in vari-
ous proportions (5–10%) was used to prepare mushroom paratha, mushroom suji,
mushroom sandwich, mushroom chakli, mushroom seb, mushroom-based
biofortified wheat flour, mushroom-based papad, nuggets, mushroom bijoura,
biscuits, etc. Several mushroom-based, value-added products like Royal Oyster
Capsules were prepared by Self Help Groups women at Kapadah (Kabirdham).

Keywords: post harvest, mushroom processing, preservation, value addition,
shelf life Pleurotus flabellatus, sporophores, steeping solutions

1. Introduction

Mushrooms are highly perishable in nature and subjected to change in ways
that make them unacceptable for human consumption. It has high water content
(85–95%), which is lost rapidly by evaporation and transpiration making mushroom
discolored, disfigured and unfit for consumption. The rate of water loss depends on
mushroom structures, relative humidity, temperature, air movement and atmo-
spheric pressure during storage. Mushrooms represent one of the most perishable
commodities, being so delicate by nature and hence need special postharvest treat-
ments. A number of physiological processes take place in freshly cut mushrooms
when it is stored (pileus and veil opening, stipe elongation, browning, etc.)
resulting in maturation, senesce, and decrease in commercial and nutritional values
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[1, 2]. Burton et al. [3] found varying changes in color, size, clearness, firmness,
maturity stage, blemish-free, flavor, nutritional value and safety by pre-harvest
treatments, postharvest processing and storage conditions. The major limitations in
mushroom marketing include wilting and shriveling due to rapid water loss, which
render them unfit for marketing and consumption [4]. The shelf life of mushroom
can often be extended by pretreatments and/or storage at chilling temperatures
(above freezing and below 0°C), chemical preservation, and drying processes.
Adsule et al. [5] reported the preservation of Pleurotus sajor-caju fruit bodies in
steeping solution containing 5% salt, 0.20% citric acid and 0.1% potassium
metabisulphite (KMS) up to three months without losing much of its organoleptic
quality. Pleurotus sajor-caju and Volvariella volvacea (24 days) fruit bodies were
successfully stored without spoilage at room temperature in chemical solutions
consisted of salt, sugars, acids and preservatives [6, 7]. Water blanched white
button mushroom can be successfully stored from 2 to 5 weeks to 3 months by
preserving in steeping solutions of various concentrations of salt, sugars, acids and
preservatives [8, 9]. Gormley and O‘ Riordain [10] reported the storage of
Pleurotus ostreatus fruit bodies for 3 months at �30°C. Storage of Pleurotus
flabellatus, P. sapidus and P. ostreatus fruit bodies up to 15 days in different thickness
of polyethylene films were reported by several workers [11–13]. Spoilage of mush-
rooms during storage was associated with the presence of microorganisms domi-
nated by bacteria, fungi and enzymes which strongly influenced the physiology and
shelf life. Mushrooms need to be properly processed in order to extend their shelf
life so that they can be used during off-season and also add value to the product.
Value addition of mushroom with several traditional recipes can be achieved by
adopting appropriate postharvest technology to process surplus mushrooms into
various value-added products (soup powder, pickles, chips, paste and ketchup,
pâté, noodles and pasta, biscuits, and nuggets), mushroom-based flavor enhancers
or as additives in beverages and beauty products [14, 15]. The value-added products
are the urgent need for the mushroom growers not only to reduce the losses, but
also to enhance the income by value-addition and boosting mushroom consumption
[16]. Biofortification or value addition of mushroom in present days is becoming
very common to enhance quality, shelf life, alleviate under or malnutrition and
reaching among various sections of the society [15]. Keeping these in view, efforts
were made to enhance the shelf life of button mushrooms and its varieties by
dipping them in the solutions of ethylene diamine tetra-acetic acid (EDTA) at differ-
ent concentrations. Effect of packaging materials (thickness) on shelf life of button
mushrooms and its varieties with respect to the quality parameters under both ambi-
ent/refrigerated conditions was studied. Similarly, studies were conducted on
methods of drying of oyster mushroom (Pleurotus florida) on weight loss and other
quality parameters. It was attempted to examine the shelf life and quality parameters
of P. flabellatus in further dilutions and different combinations of steeping solutions.
Efforts on processing and value addition was also attempted to extend the shelf life
and prepare different mushroom based value added products.

2. Enhancement of shelf life of button mushroom

Effect of dipping treatment on the quality and shelf life of the button mushroom
(Agaricus bisporus) was studied at Mushroom Research Laboratory (AICRP on
Mushroom) of the Department of Plant Pathology, Indira Gandhi Krishi
Vishwavidyalaya (IGKV), Raipur for two years. The fresh fruiting body of four
varieties of button mushroom, S 649, SSI 4035, Pant 31 and NCS 100 of size
25 � 2 cm or available size fruit bodies were washed in solutions containing EDTA
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at 75, 125, 200 ppm & 0.05% of potassium meta bisulfate (KMS) concentration.
Thereafter, the fruit bodies were taken out, put in blotter paper to remove moisture
and stored at ambient temperature and refrigerated temperature for different
durations after packaging in 100 gauge polypropylene bags.

2.1 Shelf life extension of button mushroom varieties/strains

Effect of dipping treatment in different concentrations of EDTA solutions and
KMS was studied on weight loss and other quality parameters and shelf life of four
varieties/strains of A. bisporus viz., S 649, SSI 4035, Pant 31 and NCS 100.

Loss in weight of fruit bodies of A. bisporus in cv. S 649 was considerably more
under both ambient temperature and refrigerated conditions when it was kept in
EDTA between 75 and 125 ppm concentrations. However, it was considerably less
when the fruit bodies were subjected to EDTA 500 and 200 ppm under both the
conditions. Fruit bodies under refrigerated conditions could be well preserved for
longer period of time (11–13 days) and loses less weight (0.58 g) without being
much influence on whiteness, texture and opening of the gills. However, there was
considerable reduction in weight of fruit bodies (0.96 g), period of storage (3.50–
4.50 days) and other quality parameters when the fruiting bodies were preserved
under ambient temperature conditions (Table 1). Short shelf-life (1–3 days) of
mushrooms at ambient temperatures (ca. 22°C) was reported by Burton and
Twyning [17] and Wakchaure [18] while longer shelf-life (for about 7–9 days) was
reported by Gormley [19] at lower or refrigerated temperature (0–1°C) which are in
agreement with the present findings.

The fruiting bodies of A. bisporus cv. NCS 100 could be well preserved for little
longer period of time (13–16 days) and loses less weight (0.64 g) under refrigerated
conditions without being much influence on whiteness, texture and opening of the
gills. On the other hand, there was considerable reduction in weight of fruit bodies
(0.99 g) and period of storage (3–5 days) influencing whiteness, texture and gill
opening under ambient temperature conditions (Table 2). Under ambient temper-
ature conditions, the rate of water loss was more resulting in shorter shelf life and
change of mushroom structures which are also influenced by relative humidity,
temperature, air movement and atmospheric pressure of the storage environment.
It ultimately affect the shelf life, quality and had adverse effect on mushroom
marketing mainly due to wilting and shriveling rendering mushrooms unfit for
marketing and consumption [4].

Effect of dipping treatment with different concentration of EDTA (75, 125,
200 ppm) and KMS (500 ppm) was studied on weight loss and other quality
parameters in strain SSI 4035 of A. bisporus (Table 3). It was noticed that the
weight loss (0.94 g) in fruiting bodies preserved under ambient temperature con-
ditions in different concentrations of EDTA and KMS was more during 2–3 days of
storage period with no much effect on whiteness (Table 4) and texture (Table 5)
but gill opening (Table 6) and condensation (Table 7) was greatly influenced. On
the contrary, weight loss in fruiting bodies (0.53 g) was less when preserved in
different concentrations of EDTA and KMS for 6–10 days of storage under refrig-
erated conditions with no effect on whiteness and texture but gill opening and
condensation was considerably influenced. Pretreatments of mushrooms with
(chlorinated) water, dipping in citric acid, sodium chloride, or KMS, blanching in
hot water, blanching followed with soaking in whey and curd fermentation, or
steam blanching followed by sulfiting and citric acid were used by several workers
before drying to stabilize color, flavor enhancement and texture retention [20–23].
The earlier findings also corroborates the present results in stabilizing the whiteness
and retention of texture of fruiting bodies of A. bisporus.
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Effect of dipping treatment with different concentration of EDTA (75–
200 ppm) and KMS (500 ppm) was studied on quality parameters of Agaricus
bisporus cv. Pant 31 under ambient as well as refrigerated conditions (Tables 8–11).
It was noticed that the fruiting bodies remained well up to 14–16 days under
refrigerated conditions with least effect on whiteness, texture, condensation and
opening of the gills of fruiting body whereas, the fruiting bodies remained well up
to only 03 days under ambient temperature conditions with least effect on white-
ness (Table 8), texture (Table 9), condensation (Table 10) and opening of the gills
of fruiting body (Table 11). It was surprising to note that the weight loss in fruiting
bodies preserved in different concentrations of EDTA (75–200 ppm) and KMS
(500 ppm) for 14–16 days of storage were almost same under refrigerated condi-
tions (0.54 g) and 03 days of storage under ambient temperature conditions
(0.51 g). Washing of mushroom in different types of washing treatments (0.5%

Treatment Whiteness of fruiting bodies days after storage

Initial 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ambient temperature

EDTA 75 ppm 1 1 1 1 1 2 4 — — — — — — — — — — — — — —

EDTA 125 ppm 1 1 1 1 1 1 2 3 4 — — — — — — — — — — — —

EDTA 200 ppm 1 1 1 1 1 1 2 2 2 3 4 — — — — — — — — — —

KMS 500 ppm 1 1 1 2 3 3 4 — — — — — — — — — — — — — —

Refrigerated

EDTA 75 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2

EDTA 125 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

EDTA 200 ppm 1 1 1 1 1 1 1 1 2 2 2 3 3 3 4 — — — — — —

KMS 500 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2

Table 8.
Effect of dipping treatments on whiteness of Agaricus bisporus fruit bodies CV. Pant 31.

Treatment Texture after days of storage

Initial 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ambient temperature

EDTA 75 ppm 1 1 1 1 1 1 1 — — — — — — — — — — — — — —

EDTA 125 ppm 1 1 1 1 1 1 1 1 — — — — — — — — — — — — —

EDTA 200 ppm 1 1 1 1 1 1 1 1 1 1 — — — — — — — — — — —

KMS 500 ppm 1 1 2 2 2 2 2 — — — — — — — — — — — — — —

Refrigerated temperature

EDTA 75 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

EDTA 125 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

EDTA 200 ppm 1 1 1 1 1 1 1 1 1 2 2 3 4 4 4 5 — — — — —

KMS 500 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 9.
Effect of dipping treatments on texture of Agaricus bisporus fruit bodies CV. Pant 31.
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calcium chloride and 0.5% citric acid, combination wash with 50 ppm chlorine
dioxide, 0.1% sodium erythrobate and 0.05% calcium chloride, and 0.5–1.5%
potassium metabisulphite) was also examined by others with fairly good results
[4, 24, 25] to reduce postharvest spoilage of mushrooms.

2.2 Effect of packaging thickness on quality parameters of button mushroom

2.2.1 Effect of packaging thickness on quality of cv. S 649 of A. bisporus

Effect of packaging thickness on quality parameters of two button mushroom
cv. S 649 and cv. NCS 100 was studied under ambient temperature and refrigerated
conditions at Mushroom Research Laboratory of the Department of Plant Pathol-
ogy, IGKV, Raipur. Transparent polyethylene bags of three thickness (75,100 and

Treatment Condensation days after storage

Initial 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ambient temperature

EDTA 75 ppm 1 1 1 2 2 2 3 — — — — — — — — — — — — — —

EDTA 125 ppm 1 1 1 2 2 3 3 3 — — — — — — — — — — — — —

EDTA 200 ppm 1 1 1 2 2 3 3 3 3 3 — — — — — — — — — — —

KMS 500 ppm 1 1 1 2 2 2 2 — — — — — — — — — — — — — —

Refrigerated temperature

EDTA 75 ppm 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3

EDTA 125 ppm 1 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

EDTA 200 ppm 1 1 2 2 2 2 2 2 2 — — — — — — — — — — — —

KMS 500 ppm 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3

Table 10.
Effect of dipping treatments on condensation of Agaricus bisporus fruit bodies CV. Pant 31.

Treatment Gill opening days after storage

Initial 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ambient temperature

EDTA 75 ppm 1 1 1 1 1 1 1 — — — — — — — — — — — — — —

EDTA 125 ppm 1 1 1 1 2 2 3 5 — — — — — — — — — — — — —

EDTA 200 ppm 1 1 1 1 1 1 1 1 1 1 1 — — — — — — — — — —

KMS 500 ppm 1 1 1 1 1 1 1 — — — — — — — — — — — — — —

Refrigerated temperature

EDTA 75 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2

EDTA 125 ppm 1 1 1 1 1 1 1 1 1 1 1 2 3 4 5 — — — — — —

EDTA 200 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

KMS 500 ppm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 11.
Effect of dipping treatments on gill opening of Agaricus bisporus fruit bodies CV. Pant 31.
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125 gauge) along with one control (100 PE) was used. The fruiting bodies of
25 � 2 cm or available size fruit bodies of cv. S 649 of A. bisporus were first washed
for 10 min in washing solution containing 0.05% KMS and stored at ambient
temperature and refrigerated temperature conditions for different durations.

The effect of packing thickness on weight loss, veil opening and color of the fruit
bodies of cv. S 649 of A. bisporus was studied at ambient temperature and the results
are presented in Table 12. At Ambient temperature, the weight loss in fruiting bodies
of strain cv. S 649 of A. bisporus varied from 0.20 to 0.86% in varying thickness of
polyethylene bags. The weight loss was maximum (0.86%) in 125 gauge thickness
while, it was minimum (0.2%) in 100 gauge of thickness after 24 h of storage. The
color became dull yellow and veil opening was also noticed in all the treatments after
24 h. The maximumweight loss (98.08%) in the untreated oyster mushroom was also
recorded at the 7th day of storage by Das et al. [4]. However, the lowest weight loss
(33.62%) was observed in oyster mushrooms when it was wrapped in unperforated
plastic bag. Similarly, quality parameters like protein content was found to be higher
(28.98%) in oyster mushrooms wrapped with unperforated plastic bag followed by
perforated plastic bag (25.00%) at the 5th day of storage.

At refrigerated temperature conditions, maximum weight loss (6.78%) in fruit
bodies of strain cv. S 649 was recorded in 75 gauge pp. bags and minimum weight
loss (2.72%) was noticed in 125 gauge after 5 days of storage (Table 13). In general,
weight loss in fruiting bodies of A. bisporus was less under refrigerated conditions
and more under ambient temperature conditions but the trend here was just
reversed which is difficult to explain under same set of conditions. The fruit bodies
of A. bisporus retained absolute white color up to 24 h in all the treatments. The
color was then changed from absolute white to dull white after 48 h in all the
treatments except 100 gauge pp. bags. Dull white color was consistently retained up
to 5 days in all the treatments. Veil opening was not noticed in any of the treatments
up to 24 h except control. Thereafter, veil opening was observed up to 25% in 75 and
125 gauge PP bags whereas 50% veil opening was observed in 100 gauge pp. bags
and control up to 5 days of storage. The storage of oyster mushrooms in modified
atmosphere packaging (MAP) was found by Das et al. [4] to be very effective in
reducing moisture loss. It may be mainly due to storing perishables in MAP which
regulates gaseous exchange, reduces weight loss, spoilage, and maintains quality of
mushrooms during postharvest handling.

S. no. Treatments At ambient temperature

Weight (% weight
loss)

Veil opening Color

Initial After 24 h Initial After
24 h

After
48 h

Initial After
24 h

After
48 h

1 75 Gauge 34.63 34.50 (0.37) + ++ +++ + +++ ++++

2 100 Gauge 39.16 39.08 (0.20) + ++ +++ + +++ ++++

3 125 Gauge 45.00 44.61 (0.86) + ++ +++ + +++ ++++

4 100 PE
(control)

38.56 38.29 (0.70) + ++ +++ + +++ ++++

For color �+: absolute white, ++: dull white, +++: dull yellow, ++++: not acceptable.
For veil opening – +: intact fruit body, ++: veil opening up to 25%, +++: veil opening up to 50%, ++++: veil opening up
to 100%.

Table 12.
Packaging for button mushroom cv. S 649 (washed 0.05% KMS).

243

Postharvest Processing, Value Addition and Marketing of Mushrooms
DOI: http://dx.doi.org/10.5772/intechopen.101168



S.
no

.
T
re
at
m
en

ts
A
t
re
fr
ig
er
at
ed

te
m
pe

ra
tu
re

W
ei
gh

t
(%

w
ei
gh

t
lo
ss
)
af
te
r
ho

ur
s

C
ol
or

af
te
r
ho

ur
s

V
ei
lo

pe
ni
ng

af
te
r
ho

ur
s

In
it
ia
l

24
48

72
96

12
0

In
it
ia
l

24
48

72
96

12
0

In
it
ia
l

24
48

72
96

12
0

1
75

G
au

ge
PP

34
.5
0

33
.2
6
(2
.5
0)

33
.0
6
(4
.1
7)

32
.8
0
(4
.9
2)

32
.6
3
(5
.4
2)

32
.1
6
(6
.7
8)

+
+

++
++

++
++

+
+

++
++

++
++

2
10

0
G
au

ge
PP

38
.0
0

37
.8
1
(0

.5
0)

37
.6
3
(0

.9
7)

37
.1
9
(2
.1
3)

36
.9
8
(2
.9
2)

36
.7
8
(3
.2
1)

+
+

+
++

++
++

+
+

++
++

++
++

+

3
12
5
G
au

ge
PP

51
.4
0

51
.0
8
(0

.6
2)

50
.7
5
(1
.2
6)

50
.3
8
(1
.9
8)

50
.1
3
(2
.4
7)

50
.0
0
(2
.7
2)

+
+

++
++

++
++

+
+

++
++

++
++

4
10

0
PE

(c
on

tr
ol
)

38
.6
3

38
.5
0
(0

.3
3)

38
.1
0
(1
.3
7)

37
.7
6
(2
.5
2)

37
.1
8
(3
.7
5)

36
.9
3
(4
.4
0)

+
+

++
++

++
++

+
++

++
++

++
+

++
+

Fo
r
co
lo
r
�+

:a
bs
ol
ut
e
w
hi
te
,+

+:
du

ll
w
hi
te
,+

++
:d

ul
ly
el
lo
w
,+

++
+:

no
ta

cc
ep
ta
bl
e.

Fo
r
ve
il
op
en
in
g
–
+:

in
ta
ct
fr
ui
tb

od
y,
++

:v
ei
lo

pe
ni
ng

up
to

25
%
,+

++
:v
ei
lo
pe
ni
ng

up
to

50
%
,+

++
+:

ve
il
op
en
in
g
up

to
10
0%

.

T
ab

le
13

.
Pa

ck
ag
in
g
fo
r
bu

tt
on

m
us
hr
oo
m

(A
ga
ri
cu

s
bi
sp
or
us

cv
.S

64
9)

(w
as
he
d
0.
05

%
K
M
S)
.

244

Postharvest Technology - Recent Advances, New Perspectives and Applications



2.2.2 Effect of packaging thickness on quality strain cv. NCS 100 of A. bisporus

Effect of packaging thickness on weight loss, color and veil opening of the
fruiting bodies of strain cv. NCS 100 of A. bisporus was studied at ambient temper-
ature and refrigerated conditions (Table 14). At room temperature, maximum
weight loss (3.30%) was recorded in 100 gauge pp. bags while, it was minimum
(1.91%) in control but the extent of losses in cv. NCS 100 was more compared to cv.
S 649. The fruit bodies of A. bisporus retained absolute white color up to 24 h in all
treatments. Thereafter, they were not acceptable. No veil opening was observed up
to 24 h in all the treatments. However, 25% veil opening was noticed in 75 and 100
gauge and it was 50% in 125 gauge and control after 48 h. The quality parameters in
cv. NCS 100 were better compared to the cv. S 649 except weight loss of the fruiting
bodies.

At refrigerated temperature, maximum weight loss (1.39%) in cv. NCS 100 was
recorded in 75 gauge pp. bags and minimum weight loss (1.05%) was noticed in
control after 5 days of storage (Table 15) which was remarkably less compared to the
fruit bodies of cv. S 649. The fruit bodies of cv. NCS 100 of A. bisporus retained
absolute white color up to 4 days in 125 gauge pp. bags while 2 days in other
treatments. Thereafter, the fruit bodies changed to dull white color in 125 gauge on
5th day and other treatments from 3 to 4 days. The color was further changed to dull
yellow in other treatments on 5th day. Veil opening was not at all noticed in any of
the treatments up to 5 days of storage. In all the quality parameters, the fruiting
bodies of cv. NCS 100 was far better than cv. S 649. Thus, it can be very well said that
the fruiting bodies of cv. NCS 100 can be very well preserved up to 5 days under
refrigerated conditions with least influence on different quality parameters compared
to cv. S 649. Longer shelf life of fruiting bodies of cv. S 649 might be due to slow
respiration rate under refrigerated conditions noticed during present investigation.

2.3 Evaluation of different methods to enhance the shelf life of oyster
mushroom

Drying is one of most broadly-practiced and oldest methods for preserving
agricultural products to maintain the quality against decaying. It is done mainly in
warmer areas such as the kitchen, near the stove or fireplace. These are used as heat
sources and often drying is completed in the sun [26]. Three methods of oyster

Treatments At room temperature

Weight (% weight loss) Color Veil Opening

Initial After 24 h After 48 h Initial After
24 h

After
48 h

Initial After
24 h

After
48 h

75 Gauge 33.4 32.89 (1.52) 32.54 (2.57) + + ++++ + + ++

100 Gauge 44.77 43.91 (1.92) 43.29 (3.30) + + ++++ + + ++

125 Gauge 39.36 38.89 (1.19) 38.55 (2.05) + + ++++ + + +++

100 PE
(control)

41.8 41.33 (1.12) 41.00 (1.91) + + ++++ + + +++

For color: +: absolute white, ++: dull white, +++: dull yellow, ++++: not acceptable.
For veil opening: +: intact fruit body, ++: veil opening up to 25%, +++: veil opening up to 50%, ++++: veil opening up
to 100%.

Table 14.
Packaging for button mushroom cv. NCS 100 washed with KMS (0.05%).
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mushroom preservation/drying were evaluated under farmers conditions. The oys-
ter mushroom (200 g) were first blanched at 75°C for 2 min in water. Thereafter, it
was kept in two steeping solutions of 5% salt, 0.2% citric acid, 0.15% potassium
meta bisulfite (KMS). In the second treatment, the same quantity of mushroom was
dried using mechanical dryer at 45–50°C for 8 h. In third treatment, the same
quantity of oyster mushroom was blanched and sun dried. Blanching with the use of
hot water or steam is an important treatment applied after washing to inhibit tissue
browning by inactivation of polyphenol oxidase and production of off flavors. It
also removes trapped air and decreases weight losses to induce mushroom shrinkage
[27]. These were then observed for color, texture and overall acceptability. In
another experiment, freshly harvested fruiting body (500 g) of oyster mushroom
(Pleurotus florida) was wrapped in muslin cloth and blanched in chemical solution
(0.2% salt and 0.1% citric acid) at 75°C for 2 min. The fruiting bodies so obtained
were sun dried and also dried in cabinet dryer at 60°C for 6.30 h. The freshly
harvested fruiting body were also immerged in plain water and dried by sun as well
as by cabinet dryer and the results are presented in Table 16.

Of three treatments assessed, the fresh oyster mushroom steeped in solutions of
above chemicals with or without blanching were of good quality for the period of
105 days without much loss in color, texture and acceptability. Mushroom dried in a
mechanical dryer at 45–50°C for 8 h. With blanching though changed in to blackish
color but the loss in weight, brittleness and quality of the fruiting body remained
least influenced followed by without blanching which were of excellent quality even
up to 3 months of storage. The sun dried product when dipped in plain water and
kept in pp. bags after 55 days at ambient temperature lost maximum weight of the
fruiting body (3.12%) than any other treatment. The fruiting body became soft and
developed brown color. Thus, it can be said that the oyster mushroom steeped in
solutions of above chemicals and mechanically dried can be very well preserved for
the period of 105 days without much influence on quality parameters. The increase
in the drying temperature though helped to accelerate the drying rate but, high
temperatures (70°C) are not generally recommended because, it causes browning in
the samples and deteriorates the quality which are important from customer’s
viewpoint [28]. In another experiment conducted at AICMIP, Raipur center on
different methods of drying of oyster mushroom exhibited drying by cabinet dryer

S. no. Treatments Weight gain /loss Change
in Color

Brittle
ness*

Quality
parameters
(3 months)**Initial After

3 months
(% wt. loss)

1. Sun drying with blanching (0.2%
salt +0.1% CA for 2 min)

29.63 29.0 (2.12) Blackish + ++

2. Sun drying without blanching
(0.2% salt +0.1% CA for 2 min)

37.07 36.03 (2.80) Light
Brown

++ +

3. Cabinet drying with blanching 33.11 32.75 (1.08) Blackish + +

4. Cabinet drying without blanching 32.07 31.44 (1.96) Yellowish + +

5. Dipping in plain water followed by
sun drying (Control)

36.50 35.36 (3.12) Light
Brown

++ +

NB. There was no rottage and insect attack within the storage period of 3 months.
*+ Brittle, ++ Soft,
**Quality parameters: + Pleasant flavor ++ Off flavor.

Table 16.
Studies on methods of drying of oyster mushroom (Pleurotus florida) on weight loss and other quality
parameters.
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with and without blanching to be excellent as there was minimum reduction in
weight, color was retained, fruit body was brittle and pleasant flavor was noticed
within the period of 3 months of storage (Table 16). Other methods of drying were
not that much effective as the per cent reduction in weight was more, fruit body
started turning yellowish in color, became soft and developed off flavor. The results
obtained on the preservation method had significant effects on the nutrient and
mineral compositions of the mushroom samples [29]. In contrast to present inves-
tigation, the lowest weight values were obtained from the sundried mushroom
samples while the highest value was obtained from the fresh samples by Jonathan
et al. [30] which is difficult to be explained.

2.4 Post harvest treatments and its effect on shelf life of Pleurotus flabellatus

In order to study the quality and storage, the sporophores of P. flabellatuswith and
without blanching were steeped in solutions of different chemicals (Tables 17–20).
The fresh sporophores (150 g) were blanched at 98°C for 2 min. Using double layer of

Treatment **Color of sporophores in 1–5 scale
at different time intervals (days)

Number Treatment details* 1 5 25 50 75 100 125 150 175

T-1 5% salt, 0.2% C.A., 0.1% KMS (WOB) 1 4 5

T-2 5% salt, 0.2% C.A., 0.1% KMS (WB) 1 3 5

T-3 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WB) 1 3 5

T-4 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WOB) 1 3 5

T-5 2.5% salt, 0.1% A.A., 0.2% C.A.,0.1% S.B.
0.1% KMS (WB)

1 1 1 1 2 2 2 3 3

T-6 2.5% salt, 0.1% A.A., 0.2% C.A., 0.1% S.B.
0.1% KMS (WOB)

1 3 5

T-7 0.2% A.A., 0.2% C.A., 0.2% KMS (WB) 1 1 1 1 2 2 2 3 3

T-8 0.2% A.A., 0.2% C.A., 0.2% KMS (WOB) 1 3 5

T-9 0.5% C.A. (WB) 1 4 5

T-10 Simple boiled water (WB) 1 4 5

T-11 0.1% A.A., 0.2% P.A., 0.1% KMS (WB) 1 1 1 1 1 1 2 3

T-12 5% salt, 0.2% C.A., 0.1% KMS (WB) 1 1 1 1 1 1 2 2 3

T-13 0.1% A.A., 0.3% C.A., 0.1% KMS, 1% ASA (WB) 1 2 3 4

T-14 1% salt, 0.1% A.A., 0.1% C.A., 0.05% S.B.
0.05% KMS (WB)

1 1 1 1 1 1 2 2 3

T-15 0.1% A.A., 0.1% C.A., 0.1% KMS (WB) 1 1 1 1 1 1 2 3

T-16 1% Salt, 0.1% C.A., 0.05% KMS (WB) 1 3 4

T-17 0.1% KMS, 0.2%, A.A. (WB) 1 2 4

T-18 0. 3% A.A. (W.B.) 2 4 5

T-19 0.2% KMS (WB) 2 4 5
*SB—sodium benzoate, ASA—ascorbic acid, C.A.—citric acid, KMS—potassium metabisulphide.
**Scale white—1, like white—2, slight dull—3, A.A.—acitic acid, P.A.—propionic acid, W.B.—with blanch, WOB
—without blanch, light brown—4, dark brown—5.

Table 17.
Effect of different steeping solution on color and storage of the sporophores of Pleurotus flabellatus.
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muslin cloth. Thereafter, the sporophores were transferred in the steeping solutions
prepared from various chemicals and their concentrations forming sum of 19 treat-
ments. The steeping solution of 500 ml was taken in a plastic container of 1 L capacity
and lid was screwed. These containers were then stored at room temperature and
observations on colors, texture, appearance and overall acceptability (in days) were
recorded following different scales at different time intervals.

2.4.1 Effect of steeping solution on color

The observations of the study indicated that the treatments, T12 and T14 can
retain good color (2) of the sporophores of P. flabellatus till 150 days (Table 17).
Thereafter, it became slight dull (3) but it was too acceptable up to 175 days. It was
followed by T5, T7, T11 and T15 which could equally preserve the sporophores till
125 days and up to the acceptable color by 150 days. In remaining treatments, the
acceptable color of the sporophores could not be maintained even up to 5 days. The
sporophores kept under these treatments started quick deterioration. The steeping

Treatment

**Texture of sporophoresin 1–7 scale
at different time intervals (days)

Number Treatment details* 1 5 25 50 75 100 125 150 175

T-1 5% salt, 0.2% C.A., 0.1% KMS (WOB) 1 7

T-2 5% salt, 0.2% C.A., 0.1% KMS (WB) 1 5

T-3 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WB) 1 5

T-4 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WOB) 1 5

T-5 2.5% salt, 0.1% A.A., 0.2% C.A.,0.1% S.B.
0.1% KMS (WB)

1 1 2 2 2 2 2 3 3

T-6 2.5% salt, 0.1% A.A., 0.2% C.A., 0.1% S.B.
0.1% KMS (WOB)

1 4

T-7 0.2% A.A., 0.2% C.A., 0.2% KMS (WB) 1 1 2 2 2 2 2 3 3

T-8 0.2% A.A., 0.2% C.A., 0.2% KMS (WOB) 1 4

T-9 0.5% C.A. (WB) 1 7

T-10 Simple boiled water (WB) 1 7

T-11 0.1% A.A., 0.2% P.A., 0.1% KMS (WB) 1 2 2 2 2 2 3 3

T-12 5% Salt, 0.2% C.A., 0.1% KMS (WB) 1 2 2 2 2 2 2 3 3

T-13 0.1% A.A., 0.3% C.A., 0.1% KMS, 1% ASA (WB) 1 2 2 4

T-14 1% salt, 0.1% A.A., 0.1% C.A., 0.05% S.B.
0.05% KMS (WB)

1 2 2 2 2 2 2 3 3

T-15 0.1% A.A., 0.1% C.A., 0.1% KMS (WB) 1 2 2 2 2 2 3 3

T-16 1% salt, 0.1% C.A., 0.05% KMS (WB) 1 5

T-17 0.1% KMS, 0.2%, A.A. (WB) 1 2 4

T-18 0. 3% A.A. (W.B.) 1 7

T-19 0.2% KMS (WB) 1 7
*SB—sodium benzoate, ASA—ascorbic acid, C.A.—citric acid, KMS—potassium metabisulphide.
**Scale fresh—1, like fresh—2, less sogy—3, more sogy—4, A.A.—acetic acid, P.A—propionic acid, W.B—with
blanch, WOB—without blanch, coarse—5, rotting—6, leathery—7.

Table 18.
Effect of different steeping solution on texture and storage of the sporophores of Pleurotus flabellatus.
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solutions became turgid, less transparent and profuse growth of the fungal contami-
nants occurred on the top of the steeping solution. It was observed that the sporo-
phores kept after blanching could better retain the color in comparison to without
blanched sporophores. It was also noticed that the lower concentration of the steeping
solutions (T15) worked equally well compared to that of higher concentration (T7).

2.4.2 Effect of steeping solutions on texture

The texture of the sporophores preserved in steeping solutions of T12 and T14
was almost fresh (2) up to 125 days and was acceptable (3) up to 175 days
(Table 18). In T11 and T15, the sporophores were like fresh (2) till 100 days and up
to the acceptable period of 150 days. In rest of the treatments, the sporophores
preserved in steeping solutions of different chemicals showed more sogginess (4),
rotted (6) leathery (7) and became unacceptable for consumption within 5 to
25 days. In T2, T9, T10, T18, T19, the sporophores of P. flabellatus exhibited fast

Treatment **Appearance of sporophores in 1–6
scale at different time intervals

(days)

Number Treatment details* 1 5 25 50 75 100 125 150 175

T-1 5% salt, 0.2% C.A., 0.1% KMS (WOB) 2 6

T-2 5% salt, 0.2% C.A., 0.1% KMS (WB) 2 4

T-3 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WB) 2 4

T-4 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WOB) 2 4

T-5 2.5% salt, 0.1% A.A., 0.2% C.A., 0.1% S.B.
0.1% KMS (WB)

1 2 2 2 2 2 3 3 3

T-6 2.5% salt, 0.1% A.A., 0.2% C.A., 0.1% S.B.
0.1% KMS (WOB)

2 4

T-7 0.2% A.A., 0.2% C.A., 0.2% KMS (WB) 1 2 2 2 2 2 3 3 3

T-8 0.2% A.A., 0.2% C.A., 0.2% KMS (WOB) 2 4

T-9 0.5% C.A. (WB) 2 6

T-10 Simple boiled water (WB) 2 6

T-11 0.1% A.A., 0.2% P.A., 0.1% KMS (WB) 1 2 2 2 2 2 3 3

T-12 5% salt, 0.2% C.A., 0.1% KMS (WB) 1 2 2 2 2 2 3 3 3

T-13 0.1% A.A., 0.3% C.A., 0.1% KMS, 1% ASA (WB) 1 2 2 6

T-14 1% salt, 0.1% A.A., 0.1% C.A., 0.05% S.B.
0.05% KMS (WB)

1 2 2 2 2 2 3 3 3

T-15 0.1% A.A., 0.1% C.A., 0.1% KMS (WB) 1 2 2 2 2 2 3 3

T-16 1% Salt, 0.1% C.A., 0.05% KMS (WB) 2 4

T-17 0.1% KMS, 0.2%, A.A. (WB) 2 2 6

T-18 0. 3% A.A. (W.B.) 2 6

T-19 0.2% KMS (WB) 2 6
*SB—sodium benzoate, ASA—ascorbic acid, C.A.—citric acid, KMS—potassium metabisulphide,
**Scale fresh—1, very good—2, good—3, fair—4, A.A.—acitic acid, P.A—propionic acid, W.B—with blanch, WOB
—without blanch, slight fermented smell—5, unacceptable—6.

Table 19.
Effect of different steeping solution on appearance and storage of the sporophores of Pleurotus flabellatus.
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deterioration starting from 2 to 3 days. The part of the sporophores get rotted and
dissolved in steeping solutions.

2.4.3 Effect of steeping solution on appearance of sporophorus

Sporophores of P. flabellatus preserved in steeping solutions of T5, T7, T11, T12,
T14 and T15 appeared well (2) up to 100 days and were good up to 150–175 days of
storage period (Table 19). In other treatments, the sporophores kept with and
without blanching and steeped in solutions of different chemicals seemed to be fair
(4) and became unacceptable (6) in appearance within 5–25 days of storage. The
appearance of the sporophores after blanching and steeping in lower concentrations
of the chemical was extremely good.

2.4.4 Effect of steeping solutions on quality and shelf life during storage

It is evident from Table 20 that T5, T7, T12 and T14 preserved the mushroom
(P. flabellatus) up to 165–175 days (5.5 months) followed by T-11 and T-15

Treatments Treatment details* Storage period of quality
sporophores (days)

T-1 5% salt, 0.2% C.A., 0.1% KMS (WOB) 3–4

T-2 5% salt, 0.2% C.A., 0.1% KMS (WB) 4–5

T-3 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WB) 4–5

T-4 2% salt, 1% sugar, 0.3% C.A., 0.1% KMS (WOB) 4–5

T-5 2.5% salt, 0.1% A.A., 0.2% C.A.,0.1% S.B.0.1%
KMS (WB)

165–175

T-6 2.5% salt, 0.1% A.A., 0.2% C.A., 0.1% S.B. 0.1%
KMS (WOB)

5–6

T-7 0.2% A.A., 0.2% C.A., 0.2% KMS (WB) 165–175

T-8 0.2% A.A., 0.2% C.A., 0.2% KMS (WOB) 5–6

T-9 0.5% C.A. (WB) 2–3

T-10 Simple boiled water (WB) 2

T-11 0.1% A.A., 0.2%P.A., 0.1% KMS (WB) 150–155

T-12 5% Salt, 0.2% C.A., 0.1% KMS (WB) 165–175

T-13 0.1% A.A., 0.3% C.A., 0.1% KMS, 1% ASA (WB) 45–48

T-14 1% salt, 0.1% A.A., 0.1% C.A., 0.05% S.B. 0.05%
KMS (WB)

165–175

T-15 0.1% A.A., 0.1% C.A., 0.1% KMS (WB) 150–155

T-16 1% Salt, 0.1% C.A., 0.05% KMS (WB) 5–6

T-17 0.1% KMS, 0.2%, A.A. (WB) 20–21

T-18 0. 3% A.A. (W.B.) 2

T-19 0.2% KMS (WB) 2

*SB—sodium benzoate, ASA—ascorbic acid, C.A.—citric acid, KMS—potassium metabisulphide. A.A.—acetic acid,
P.A—propionic acid, W.B—with blanch, WOB—without blanch.

Table 20.
Effect of steeping solution on storage and quality of sporophores of Pleurotus flabellatus.
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(150–155 days) without any adverse effect in color, texture, appearance and overall
acceptability.

Mushroom preservation was reported to be of great importance due to off-
season household consumption among geographically spread groups of the society
[31]. The shelf life of P. flabellatus fruit bodies were almost doubled and that too
with lower concentration of chemical solutions and without much change in color,
texture appearance and acceptability (5.5 months). It may possibly be due to more
toughness, leatheryness and bigger size of P. flabellatus fruit bodies which might
have sustained the effect of chemicals for longer period of time as against the fruit
body of P. sajor-caju which remained comparatively smaller, thinner and less leath-
ery due to which it could have preserved well only up to 3 months [5]. The present
results are also in contradiction with the work of earlier scientists who reported
higher shelf life (24 days) of paddy straw mushroom with higher concentration of
chemicals and lower shelf life (13 days) with lower concentration of chemicals [32].
In T 13, the fruit bodies of P. flabellatus were well preserved for 45–48 days which is
in agreement with the findings of Sethi et al. [8] and Pruthi et al. [9]. Blanching of
oyster mushroom in present investigation was found to be the most important
process in avoiding the microbial and other deteriorations which was also reported
by Absule et al. [5] and Bano and Singh [33] with respect to oyster and white button
mushrooms respectively.

2.5 Mushroom processing and value addition

The rural women were very well aware with the naturally growing edible mush-
rooms which they do collect during monsoon season. In the villages, it is a common
practice to dehydrate naturally growing mushroom in a local Bhatti and use it in a
season when it is not available. With this background, the interested women were
selected for training programme on Mushroom Processing Technology. Before
selection, they were interviewed for necessity of such training programs. They
emphasized that the fresh mushroom is not being sold many a times and it becomes
difficult for them to preserve it. Oyster mushroom which were cultivated by them
was sun dried as per our directives.

Seventy-six women from Tarra, Dondekhurd and Matia villages were selected
for the training on Mushroom Processing Technology. For establishment of
processing units at Tarra and Dondekhurd, solar dryers and mechanical tray dryers
for drying of mushrooms were procured which are used by the women for drying of
edible mushrooms. Oyster mushroom after dehydration was grind into powder,
sieved and added @ 10–25% in preparation of various mushroom processed prod-
ucts. Mushroom powder was added in preparation of some of the local products like
murku, bijoura, chakli etc. by Thakur [14, 15]. The training programs on Mushroom
Processing Technology was mainly imparted to the women in preparation of
Mushroom Mung Papad, Mushroom Urd Papad, Steamed Rice Mushroom Papad,
Mushroom Badi, Mushroom Soup, Mushroom Bijora, Mushroom Murku, Mush-
room Chakli, Mushroom Biscuits, Mushroom Pickles. The women of all the villages
very much liked the training on this aspect. The mushroom dishes prepared by the
women were highly appreciated during Peer Review Team. They were willing to
sale the processed mushroom products in the local market. Mushroom pickle,
mushroom badi and mushroom papad became very much popular among the
women and they see very good future of these products in Chhattisgarh Market.

An attempt was made to establish the linkages with the mushroom entrepre-
neurs working in different parts of Chhattisgarh. The persons involved in this
business were called at the villages, samples were given to them and they assured
the disposal of their fresh and processed mushroom products. It has also been tried
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to display their products in Business Counseling Centers to be established by Swa
Shakti Project in the rural areas.

2.6 Conclusion

It was found that the button mushrooms and their varieties when steeped in
solutions of different chemicals (EDTA and KMS) and packaging materials (thick-
ness) were able to sufficiently enhance the shelf life under both ambient and
refrigerated conditions. Similarly, drying methods particularly cabinet drying at 45–
60°C with blanching or without blanching did play an important role in extension
of shelf life of oyster mushroom for 3 months under ambient conditions without
much influence on quality parameters. Oyster mushroom when preserved in dif-
ferent chemical solutions of lower concentrations, it was found to prolong the shelf
life of fresh oyster mushroom up to 6 months without much influencing the quality
parameters. Similarly, the shelf life of dried oyster mushroom was also enhanced for
105 days even preserving at ambient temperature conditions. Processing of mush-
room and their value addition in preparing various local or traditional dishes incor-
porating mushrooms had a great role to play in extending the shelf life and
minimizing the existing problem of under nourishment and mal nourishment
prevailing in several states of India particularly in weaker section of the society.
Thus, there is an urgent need to promote mushroom processed products like royal
oyster capsule, mushroom fortified wheat flour, mushroom based mung/urd nug-
gets, mushroom based mug/urd papad, mushroom rice papad, mushroom instant
soup, mushroom pickle, mushroom powder, mushroom soup etc. so as to popular-
ize them among the mankind and promote marketing of these products.
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