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Agenda are 17 Goals, 169 associated targets and over 230 indicators that are 
reviewed annually. The vision envisaged in the implementation of the SDGs is 
centered on the five Ps: People, Planet, Prosperity, Peace and Partnership. This call 
for renewed focused efforts ensure we have a safe and healthy planet for current 
and future generations.
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SDG 2 on Zero Hunger, SDG 8 on Decent Work and Economic Growth, SDG 
10 on Reduced Inequalities, SDG 12 on Responsible Consumption and Pro-
duction, and SDG 17 Partnership for the Goals

2. Health and Wellbeing focusing on SDG 3 on Good Health and Wellbeing and 
SDG 6 on Clean Water and Sanitation

3. Inclusivity and Social Equality involving SDG 4 on Quality Education, SDG 5 
on Gender Equality, and SDG 16 on Peace, Justice and Strong Institutions

4. Climate Change and Environmental Sustainability comprising SDG 13 on 
Climate Action, SDG 14 on Life Below Water, and SDG 15 on Life on Land

5. Urban Planning and Environmental Management embracing SDG 7 on Af-
fordable Clean Energy, SDG 9 on Industry, Innovation and Infrastructure, and 
SDG 11 on Sustainable Cities and Communities.

The series also seeks to support the use of cross cutting SDGs, as many of the 
goals listed above, targets and indicators are all interconnected to impact our lives 
and the decisions we make on a daily basis, making them impossible to tie to a 
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Preface

Food is a basic necessity and thus everyone should have access to adequate amounts 
of safe and high-quality food. The concept of food security is of utmost importance 
for both developed and developing nations. Food availability, access, utilization, 
and stability are the pillars of food security. Today, these pillars are being negatively 
affected by natural disasters, poor agricultural and post-harvest practices, climate 
change, and poor manufacturing and marketing strategies. Food insecurity results 
in fear of hunger and starvation as well as in various chronic diseases due to reduced 
immunity, which in turn increases the economic burden on countries worldwide. This 
book discusses the challenges of food insecurity and their effects on quality of life, 
the environment, and more. It also discusses alternative means of food production 
and the development of genetically modified food to combat food security challenges. 
Finally, the book presents new trends and future prospectives.

Muhammad Haseeb Ahmad, Muhammad Imran  
and Muhammad Kamran Khan

Department of Food Science,
Government College University Faisalabad (GCUF),

Faisalabad, Pakistan
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Chapter 1

Introductory Chapter: Concept of 
Food Security and Its Overview
Muhammad Faizan Afzal, Muhammad Haseeb Ahmad, 
Muhammad Imran, Muhammad Kamran Khan, 
Muhammad Zubair, Sidra Akram  
and Muhammad Armghan Khalid

1. Introduction

Food security is a primary concern of significant interest to practitioners, academics, 
and policymakers all over the globe. Food insecurity is also imperative due to its practical 
influence on each aspect of social life [1]. Food security is significant as successive food 
shortages and the food price crisis from 2007 to 2008 brought attention to the substan-
tial importance of food security to ensure political constancy. The importance of food 
security to public health is incontestable due to the fact that 870 million people through-
out the world consume less amount of calories than their requirements, and a plethora 
of mental and physical health repercussions are associated with such deprivation [2]. 
Food insecurity assessments and projections determine government policy like Feed the 
Future Initiative and aid decisions that affect billions of people. Food security helps to 
maximize economic potential because a malnourished population is less productive. In 
2012, Barack Hussein Obama declared that food and nutrition security is an economic 
concern for the well-being of human beings. Thus, food security is also important 
from the moral viewpoint that everyone has the equal right to food, clothing, a place to 
live, and medical care that are good for their health and well-being as described in the 
Universal Declaration of Human Rights (article 25) [3].

Over the last few decades, the idea of food insecurity has developed and expanded 
in scope. Initially, the primary emphasis was on the availability and production of 
food [4]. Subsequently, the scope of the concept was broadened to incorporate not 
only the availability of food but also its production and availability from various ways 
like sociocultural, physical, and economic perspectives and the utilization of food. 
Finally, it was extended to incorporate the stability of these measurements [5].

The term “sustainable development” refers to an approach to economic growth 
that satisfies the requirements of the current situation without affecting the capacity 
of the next generations to satisfy their requirements [6]. It has been brought up in the 
context of international debates in order to introduce the concept of sustainability 
[7]. Sustainability involves a dynamic nature to prescribe the export-related issues 
occurred during social, economic, and environmental aspects.
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According to FAO, [8] food security states that when everyone has physical and 
economic access to enough, nutritious, and safe food to suit their food choices and 
dietary needs for a healthy life. Food security involves various factors like suitable 
food choices, fair prices, advancement in food safety, accessibility to open as well as 
competitive markets, healthy diets, and a more sustainable food supply chain [9]. 
Food security is a combination of various problems interlinked with food utilization, 
accessibility, and availability [1]. Various other issues like water pollution, economic 
collapse, currency fluctuations, HIV-AIDS, climate change, trade contracts, and 
political conflicts affect these factors. Some factors play a pivotal role in causing food 
insecurity, including poverty, low income, lack of education, high food prices, high 
unemployment rates, scarce property rights, and partial access to markets [10].

2. Food security terminology

Food security is a multidisciplinary and multisectoral approach; despite its impor-
tance, food security has many meanings and operationalization. In fact, a vast range 
of terminology has been used to debate, measure, and intervene in food security. A 
wide variety of academic fields like economics, nutrition, agriculture, anthropology, 
public policy, and sociology, as well as a large number of governmental and nongov-
ernmental as well as national and international agencies, have been actively involved 
within it. The concept of food security is stated in various contexts, each of which has 
been accompanied by its particular jargon. Hunger is also associated with food insecu-
rity; the concept of hunger is probably so emotionally intense [8].

The definition of food security is described in the World Food Summit, 1996, 
which is being commonly used. According to it, food security is accomplished when 
all people have economic and physical access to a safe, nutritious, and adequate 
amount of food to accomplish their dietary requirements as well as food choices for a 
healthy life [11]. According to the definition, food insecurity occurs when one or more 
of the above conditions are not met. Food insecurity is categorized into three types: 
chronic, seasonal, and temporary food insecurity. The most severe form is chronic 
food insecurity, whereas transitory food insecurity is the least severe [12].

People sometimes use the terms “food security” and “nutrition security” synony-
mously, but the definitions of each are much different. Food security is necessary for 
nutrition security, but it is not enough. Aside from food, nutrition security also looks 
at care, health, and hygiene practices. According to FAO, nutrition security is stated 
as when everyone in a household has easy access to a healthy, well-balanced diet, a 
clean environment, and good health services and care. This makes sure that everyone 
is healthy and able to live a good life [2].

3. Evolution concept of food security

The notion of food security started about 45 years ago when there were food 
shortages all over the world. At first, it focused on making sure that there was enough 
food and that the prices of basic foods were stable around the world and in each 
country. This happened because agricultural commodity prices were very unstable in 
the early 1970s. This was caused by a disarray in the monetary systems and financial 
marketplaces as well as various other unfavorable conditions. The attention to supply 
constraints was a result of the changing structure of the global food economy, which 
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is thought to be the cause of these economic problems. Hunger, food crises, and 
famine emphasized to develop the definition of food security that considers the most 
important needs and actions of people who might be affected [13, 14].

In 1994, UNDP Human Development Report examined human security in which 
seven key threats were recognized including food, economic, environmental, commu-
nal, political, personal, and health security [15]. Human rights entered the concerns 
about food security around this time [16].

Food insecurity is a problem that ranges from the household to the international 
level, despite the fact that it is primarily addressed at the national level by policy-
makers. At the household level, the measurements of food security occur in order 
to take into account individual dietary preferences; thus, it is considered that food 
insecurity is a problem that affects the whole world. By 1993, food security had 
nearly 200 definitions [17]. This unpredictable condition showed that food security 
studies depended on the technical opinions, context-specific and policy issues being 
considered.

The subsequent momentous occasion occurred when the World Bank published 
the foundational report entitled “Poverty and Hunger” in 1986 [18]. A difference 
between chronic food insecurity and temporary as well as acute food insecurity, 
which is associated with poverty and human-made or natural calamities, was 
observed, respectively. This resulted in the introduction of a temporal scale for mea-
suring food security. This was considered when expanding the idea of food security 
to include the following parameter: availability of sufficient, safe, and nutritious food 
to people at all times for a dynamic and healthy life [19]. The second edition of the 
notion took place in 1994, in response to the Human Development Report issued by 
the UN Development Program, which examined the prerequisites for human food 
security. In this situation, food security, which was part of the overarching concept of 
social security, involved the conversion of human rights.

After the World Food Summit (1996), a very well-organized and systematic work 
was endorsed in which the organization’s members tasked it with monitoring the 
progress toward decreasing the number of malnourished people in poor countries 
by 2015 [20]. In the middle of 1990, the term food security was replaced by nutrition 
security and food and nutrition security to elaborate on the current scenario [21]. The 
annual flagship report of FAO, entitled The State of Food Insecurity in the World, was 
published in 1998 and used to evaluate the whole monitoring process.

The statement of food security was improved by The State of Food Insecurity in 
the World 2001; according to this statement, food security is a discipline ensuring 
that all the people at the same place have equal rights to sufficient, hygienic, nutri-
tious, adequate, and safe food to fulfill their dietary needs as well as food choices with 
physical and economic access for a healthy life. Furthermore, improving poverty is 
mandatory in addressing food security but is insufficient [22, 23].

Various topics like investments in agriculture, social safety, food losses and waste, 
land tenure, biofuels, and price instability impacted the food security recognized by 
the Committee on World Food Security (CFS) in 2009 reforms. These topics were 
discussed in the sustainable concerns about fisheries, aquaculture, and food systems 
based on the High-Level Panel of Experts on Food Security and Nutrition (HLPE) 
discussion. At last, in 2014 and 2015, HLPE reports requested by CFS revealed pro-
gressive incorporation of sustainability into food and nutrition security [24].

It was acknowledged that eliminating poverty is crucial for achieving this goal 
but that doing so will not be adequate on its own [23]. During the World Summit on 
Food Security in 2009, the concept of food security received its most recent formal 
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revision, which included the addition of the fourth dimension of stability [5]. In more 
recent times, a fifth dimension has been also proposed, which would be sustainability, 
to be added in order to integrate the long-term sequential aspect [19].

4. Food security and its dimensions

According to the definition, there have been identified four different aspects of 
food security [12]. Availability of food is the first dimension of food security that 
deals with the production of food locally and bringing it in from other countries. 
Second is the accessibility of food to everybody. The consumer is able to pay for the 
food, and the food can reach the consumer.

Along with such financial and physical availability, sociocultural availability 
assures that the food is appropriate for the culture, and social safety networks are 
available to help those who are less fortunate. Utilization is the third dimension that 
describes that a person realizes his extraordinary potential and lives a successful as 
well as healthy life; they have sufficient amounts of food both in terms of quantity 
and quality. The ability of a nation, community, and a person to absorb the shocks 
of the system of the food chain, whether those stresses are generated by natural 
calamities like climate change and earthquakes or those that are man-made, also 
underlies the domain of stability, which describes specific topics like wars and 
economic crisis. Sustainability indicators at a global or local level include biodiver-
sity, climate change, and ecology in addition to socioeconomic and sociocultural 
variables [19].

5. Food security and sustainability

Sustainability is a generic notion applicable to food security as a whole, represent-
ing more than its particular dimensions. The idea of sustainability emphasizes that 
continuous healthy well-being across the lifetime and future generations is the objec-
tive of long-term food security [25]. Food insecurity can happen whenever there is an 
interruption at any step along the pathway from availability to use and consideration 
to stability because the four dimensions are linked and interdependent. However, 
the most significant complication and tragedy arise from these considerations. As 
can be seen from the definitions of each term, the concept of “sustainable diets” is 
an attempt to bridge the gap between “sustainability” and “food security” in order to 
create “holistic, sustainable food systems.” Diets are considered sustainable if they 
“have preventive aspects, reverential of biodiversity and ecosystems, socially desir-
able, available, economically sustainable, low-cost; nutritionally adequate, hygienic, 
and healthy; and enhancing human as well as natural resources” [23]. Whereas “a 
sustainable food system ensures Food Security and Nutrition for everyone in that way 
which does not hurt the social, environmental and economic bases for ensuring FSN 
for future generations” [26].

The widespread consensus among nations worldwide is that climate change 
poses a risk to the permanent viability of food security. However, the processes 
included in food systems are responsible for approximately (20–30%) all green-
house gas emissions related to human activity, and as a result, climate change occurs 
[27]. It was observed that a relationship that might be described as a “trade-off ” 
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exists between reducing human-caused greenhouse gas emissions and ensuring 
food security within the context of the food system that is already in place. As a 
result, a systematic and comprehensive method is required in order to satisfy the 
immediate and long lasting needs of food security while also reducing the adverse 
effects on the environment caused by greenhouse gas emissions caused by the 
activities involved in the food system itself. Our understanding is always expanding, 
despite the fact that it is not entirely obvious what sustainable food systems might 
look like in practice [28].

6. Concept of food insecurity

Food insecurity will happen when there are problems at any one level of the 
food production-consumption pathway. The FINS level upstream has a big effect 
on those downstream. Food insecurity is when adequate, safe, and nutritious foods 
are unavailable or when there is uncertainty about how to get acceptable foods in 
a socially acceptable way [29]. In the United States, food insecurity occurs when 
the access and availability of food for the future are uncertain, not enough food for 
a healthy lifestyle, or there is the need to adopt unethical methods to obtain food 
[30]. Food insecurity can occur for several reasons, the most common of which is 
a lack of financial resources; however, it can also occur when food is readily avail-
able and easy to obtain, but it is unable to be consumed due to physical limitations, 
like the partial physical functioning of the elderly and disabled individuals [30]. 
Despite this, given the current emphasis on health fairness, priority should be given 
to individuals living in the most precarious conditions. They are being put under 
pressure by a variety of calamities, both natural and artificial, like droughts, wars, 
floods, and conflicts. There is an imperative need for improved methods of manag-
ing the precarious state of food supply. In a perplexing turn of events, the popula-
tions with the highest levels of food insecurity, like immigrants, the homeless, and 
displaced persons, are typically excluded from food security surveys, which leads to 
an underestimation of the extent of the issue.

7. Measuring food security

7.1 Food security at national level estimates

Food security measures that are meant to be used at a national level often focus on 
how easy it is to get food. Food balance sheets, which are used to figure out how much 
food is available, have traditionally been based on national data on the total amount of 
food produced and imported (food supply) and the amount of food that is exported 
for many reasons, such as to be used as seed, to feed livestock, to process food and 
nonfood, or to be lost during storage and transportation [31]. The FAO’s main way 
to measure food security is by the number of people who are undernourished. These 
data are used to make that number.

Food supply and usage data are valuable for anticipating food shortages and 
surpluses, projecting future food demand, and setting agricultural output targets 
[31]. It was observed that the average dietary energy intake was equal to the mean 
value of calorie consumption of the whole population [2]. This is an unjustified and 
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inconsistent assumption. Despite the deficiency of comprehensive information on 
food distribution balance and losses, considerable differences were detected between 
these data and USDA estimates of food-insecure families [32]. The USDA uses income 
distribution statistics and aggregated food supply estimates to project the consump-
tion of calories for different income groups [33].

7.2 Global food security index

Food Security Index at the global level is another way to measure food security 
on a national level. It is based on a number of different factors. It was thought up 
and made by the Economist Intelligence Unit, which is one of the many parts of the 
Economist Group, a publicly traded multinational company. The project was paid 
for by the company DuPont. A total of 30 different variables were used to provide a 
standard for comparing the food security of different countries. These indicators are 
split into three groups: availability, affordability, and quality and safety, each of which 
has 10, 6, and 14 indicators [34].

The Global Food Security Index assesses the success of countries in accom-
plishing food security, much like other national-level metrics; however, it does 
so by utilizing quantitative and qualitative measures that represent not only food 
availability but also food access (for example, food intake as a proportion of total 
household expenditure and proportion of population living below or close to the 
global poverty line, food costs) and diet quality such as dietary availability of 
micronutrients. The GFSI is adjusted every quarter to account for changes in the 
data about food prices.

The Global Food Security Index is computed on a regular schedule in response 
to changes in the data on food prices. The GFSI uses data from the World Bank, the 
Food and Agriculture Organization of the United Nations, the World Food Program, 
the Economist Intelligence Unit, analysts and expert panels, and public as well as 
academic sectors. These experts give the subjective scores that are used to make 
many of the qualitative indicators that are used to make the index. They also decide 
which indicators will be in the index and how much weight each one will have. The 
reliance on consensus and expert opinion is different from the methods used by FAO 
and IFPRI. However, personal data interpretation is often used when making food 
security measures, as explained below. Because of the complexity of food security 
indicators and the need for context to understand them, some institutions focus on 
consultative methods when making the tools for measuring food security.

FAO, the World Food Program, and the International Fund for Agricultural 
Development have come up with signs for food security in the past few years [23]. 
Several indicators describe each aspect of food security. A lot of work is also being 
done to combine these indicators into indices. These were chosen from many different 
indicators based on how important they were, how easy they were to get, and how 
often they were measured.

7.3 Vulnerability analysis and mapping methodology

When conducting analyses on food security, the WFP makes use of various types 
of evaluations, collectively referred to as vulnerability investigation and mapping. 
The CFSVAs stand out as the most important of these evaluations. These studies are 
conducted in nations that are prone to crises and suffer from food insecurity in order 
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to evaluate the current state of food security and investigate the underlying causes of 
susceptibility [35].

They obtain primary data by surveying households and rely on secondary data 
analytics for their research. These surveys contain 13 basic food security evaluation 
systems, which exemplify the complexity of measuring food security. These modules 
include food consumption patterns, water sources, sanitation access, household 
assets, household composition, housing materials, sustainable income livelihood, 
education, credit availability, livestock, agriculture, external aid, shocks, and coping 
mechanisms [35]. WFP conducts a variety of methods like food security monitor-
ing ways, crop availability assessment operations, market assessment, emergency 
food security evaluation, and combined assessment operations as part of its goal to 
increase governments’ ability to decrease hunger [36].

7.4 Household measuring food access

Some of the more talked-about ways to measure food security only describe the 
national food supplies. But because they focus on estimates and trends at the national 
or regional level, they do not pay much attention to how households act and other 
factors that affect food access. At the household level, there are a number of tools 
that can be used to measure changes in food security between and within households. 
Because these measures use information from household surveys, they can measure 
the “access” part of food security more accurately than those measures that use infor-
mation from the whole country. But various methods used to measure food access 
actually measure how people get food or how much food they eat. Food access means 
being able to get food both physically and financially. However, numerous tools are 
used to measure food access to measure how much food is bought. It is a standard 
practice to use both terms interchangeably when referring to food access; nonetheless, 
it is vital to differentiate between the two for the sake of measurement [37].

7.5 Food security and dietary adequacy

The evaluation of a nation’s ability to ensure its own food supply has expanded 
beyond the simple assessment of the quantity of food available to encompass other 
evaluations of economic access. On the other hand, the same level of focus has not 
been placed on evaluating the quality of diets. If the data from HCESs are collected 
correctly, it may be possible to estimate the quality of the diets of a whole population. 
Some of the data collected to help make CSIs may also tell us about the quality of 
people’s diets. Most food security assessments do not use more severe measures of diet 
quality like 24-h dietary recall and food questionnaires because it takes a lot of time 
and money to collect and analyze these kinds of data.

Another component of food availability, that is, the embarrassment that comes 
along with acquiring food in methods glared upon by society, is noticeably inatten-
tive from the metrics examined here, in spite of the fact that social unacceptability 
has been established as a shared domain of food insecurity across a wide variety of 
cultural contexts [38, 39]. In point of fact, a query investigating it was included in the 
early development stages of the HFIAS; however, it was removed from the comple-
tion of the measure due to the delicate nature of the subject matter and the trouble in 
obtaining precise reports [40]. Limited surveys inquire about food acquisition accept-
ability; hence insignificant data is available to examine this food security section.
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Food safety is generally excluded from food security metrics despite growing 
issues about mycotoxin contamination, chemical pollutants, foodborne illness, and 
zoonotic disease [41].

7.6 Categorization of food insecurity

Determining acceptable parameters to employ both within a setting and when 
comparing results from other areas or countries is another challenge that must be 
overcome when attempting to quantify food security. Several different food security 
indicators clarify the plan of limitations for determining levels of food insecurity, 
which provide precise information on the topic.

The IPC provides precise classification standards since this classification directly 
defines the priority response objectives it strives to achieve. Food insecurity is classi-
fied into categorical groups that are not as significant for other measures, such as the 
CSI, FCS, and HFIAS, which provide quantitative scores. Instead, comparing values’ 
fluctuation across a specific population may be more helpful. It was observed that 
the persistent and present food insecurity complications are associated with severe 
and moderate food insecurity parameters. A variety of food insecurity conditions 
like chronic, moderate chronic, severe transitory, and transitory food insecurity are 
briefly described by Devereux [42]. It is essential to accomplish the limits, and the 
classification of food insecurity is described well, regardless of the approach used for 
measuring and categorizing food insecurity.

7.7 Future agenda for food security

In the next century, to measure global food security, we need to evaluate the 
effect of climate change in the food production capacities. A broader definition of 
food security increases the bar for success and gives numerous paths to achieve it. We 
should also talk about how income is shared, what people eat, and how much food is 
lost or wasted. Better education about health and nutrition will help people, families, 
and communities get more food. By making emergency response systems and other 
social safety nets stronger, we can reduce food insecurity and make society more 
resilient as a whole.

Overall, food delivery must expand to accommodate population expansion and 
improving diets. Long-term growth must match the past 50 years if the population 
doubles in 66 years. Food production efficiency could contribute to this growth. 
Ongoing discussions over the sustainability of historic growth rates bring such contin-
uous growth into question, especially in light of climate change. Without this growth, 
achieving global food security would be challenging. Even with the more extensive 
food availability and access and projected rises of 3 to 4 times in food production and 
four to six times in income, ensuring food security will need consolidating the human 
right to food, a much enlarged safety net, and an improving ability to adjust to sur-
prise. Social institutions, value changes, and increasing flexibility already exist.

8. Future prospects

If the amount of food that can be produced in the next 40 years needs to increase 
by 50 percent despite the amount of available land decreasing, then this will require 
a massive and ongoing investment of money, struggle, and time. Similar to the 
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historical achievements of global agriculture, which resulted in the “green revolu-
tion” and prevented millions of people from dying of starvation, a significant portion 
of the solution will need to originate from technological advancements. Thus, this 
advanced technology will aim to ensure safe, sufficient, and nutritious food to fulfill 
the dietary needs of the worldwide human population. Such technologies are ben-
eficial to produce, distribute, and process food at the market level for easy access of 
consumers. Therefore, the investment in the development of agriculture and long-
term neglected worldwide research should be double for the proper application of 
development of these technologies.

Any debate of food security is insufficient without addressing the trade and 
complicated network of sociopolitical and other challenges, which are more precise as 
compared to processing and production. The effects of plant diseases on food produc-
tion, quality, and safety were mainly mitigated by climate change. The overview of 
this chapter emphasizes plant protection professionals share their scientific knowl-
edge to inform policy debates. To boost productivity and quality, research must be 
communicated beyond the farm gate to policymakers and the public.

There has been limited experimental observation on plant diseases under field 
conditions that accurately imitate climate change, limiting opportunities to improve 
crop adaptability or disease management. In addition, through the use of models, a 
significant amount of information regarding the potential effects of global climate 
change has been acquired. Initial assessments are available for a select number of 
nations, regions, crops, and diseases. Thus, food security is a necessary measure to 
ensure safe, sufficient, and nutritious food for human beings all over the world.

Many climate change worrywarts assume a changing climate would make food 
security more challenging. If climate changes occur, they could affect food production 
and revenue. Climate change mitigation or adaptation may slow output growth or 
redirect funds from poverty or food insecurity relief. Adapting to climate change and 
making sure there is enough food can both help each other. As places build up their 
agricultural infrastructure over the next few decades, they may be able to take advan-
tage of their great growing conditions. Second, the fact that climate change affects 
the whole world encourages everyone to do their part and work together. During talks 
between rich and poor countries about possible preventative and adaptive actions, 
food security could be used as an example of a low-cost goal with a high return in 
terms of building international cooperation and creative skills. Food security for 
industrialized and developing countries will require proactive policies, programs, and 
institutions.

9. Conclusion

The importance of food security to public health is incontestable due to the fact 
that 870 million people throughout the world consume a smaller number of calories 
than their requirements. There is an imperative need for improved methods of 
managing the precarious state of food supply. Food access refers to economic as well 
as physical access to food; though numerous tools are used to measure food access 
to measure food procurement, food safety is generally excluded from food security 
metrics despite growing issues about mycotoxin contamination. Many climate change 
worrywarts assume a changing climate would make food security more challenging.
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Abstract

The study developed and tested the acceptability of key innovative value-added
products, including vegetable-fortified bread and pastry products (cookies and
chinchin), using each of these three indigenous vegetables, namely Telfairia
occidentalis Hook. F. (fluted pumpkin), Amaranthus virdis L. (local amaranth), and
Solanum macrocarpon L. (eggplant). The bread was fortified with each of the individ-
ual dried leafy vegetables at levels of 1%, 3%, and 5%. Ogi was also fortified with the
equivalent of the dried Telfaria occidentalis in the wet form at 1%, 3%, and 5%, while
pastry was fortified with the only extract obtained from amaranth leafy vegetable at
1%, 3%, and 5%. Results from the MicroVeg project showed that bread fortified with
3% (w/w) dried vegetable leaf powders had higher nutritional properties. Pastry
formulations that included 3% dried vegetable leaf powders had slightly lower con-
sumer acceptability in terms of taste and color; however, due to the associated poten-
tial health benefits, consumers were willing to buy the vegetable-fortified products as
replacements for the regular products. This chapter discusses the full details of the
nutrition and value addition aspects of MicroVeg with empirical examples of the
interventions and the potential contributions to dietary diversity and enhanced family
nutrition.

Keywords: MicroVeg project, indigenous vegetables, fortification, baked foods,
maize porridge

1. Introduction

As previously reported by World Health Organization [1–3], a low intake of vege-
tables puts people at the risk for micronutrient deficiencies. Appropriate intakes of
fruits and vegetables are known to reduce the risk of cardiovascular diseases and
cancer, which are the two most common causes of premature death worldwide and

19



that accounted collectively for 25.5 million deaths in 2013 [4]. The WHO (http://
www.who.int/dietphysicalactivity/fruit/en/index2.html) also reports that approxi-
mately 14% of gastrointestinal cancer deaths, 11% of ischemic heart disease deaths,
and 9% of stroke-related deaths, globally, are due to insufficient intakes of fruits and
vegetables. It is also estimated that up to 2.7 million lives could potentially be saved
each year if vegetable consumption was sufficiently increased. Given the overwhelm-
ing evidence supporting the role of vegetables in the sustenance of human health and
well-being, the WHO and Food and Agricultural Organization of the United Nations
recommend a minimum intake of 400 g per day of green vegetables [1, 5]. Therefore,
to promote and sustain the consumption of vegetables in various forms, a system of
including vegetables in the daily human diet is desirable, in form of food fortification
to enhance dietary diversity. Food fortification using vegetable products, especially in
dessert foods, juices, drinks, and daily flour-based products will constitute a major
strategy for making vegetables available for a wide spectrum of the human
population.

Over the past 80 years, food fortification, which is a cost-effective and sustainable
innovation, has played a vital role in the amelioration of several ailments worldwide
[6, 7] because it is a means of reducing the effects of deficiencies that are linked to
micronutrients and some macronutrients. The FAO/WHO [8] defined food fortifica-
tion as the addition of one or more essential nutrients to a food, whether or not it is
normally contained in the food, for the purpose of preventing or correcting a demon-
strated deficiency of one or more nutrients in the population or specific population
groups. Indeed, food fortification has been identified as one of the top four strategies
for decreasing micronutrient malnutrition at the global level [9]. Based on the 2017
data on the state of food insecurity in the world, an estimated 2 billion people suffer
from hidden hunger around the globe and over 25% of people living in sub-Saharan
Africa suffer from chronic hunger. These critical nutritional challenges may be ame-
liorated through the fortification of staple foods with appropriate nutrients.

Food fortification ensures dietary diversity, improved health, and nutrition, as
well as financial returns for small and big businesses [6]. As promising as food
fortification sounds, especially in relation to the sustenance of human health, there
have been a number of important lessons learned in the research on food fortification
processes [8] For example, the development of new combinations of fortificants and
vehicles are cost-intensive and time-consuming, while the fortificants must meet
quality criteria specifications including, chemical stability, appearance, bioavailabil-
ity, and homogeneity. Economic analysis indicated that food fortification is a high-
priority investment [10]. However, if traditional food vehicles are used to convey
these beneficial nutrients, there is potential for cost-saving when considered along
with the long-term impact. A major step in popularizing fortified foods is promotion
and awareness creation to test the acceptability of the foods.

The International Development Research Centre (IDRC) and Global Affairs Can-
ada (GAC) under the Canadian International Food Security Research Fund (CIFSRF)
recently provided research grants, which enabled activities of the indigenous vegeta-
bles project (MicroVeg). The MicroVeg project developed innovative systems of pro-
duction, utilization, and value addition options to enhance nutrition and economic
empowerment of the resource poor rural populations in Nairobi and Benin Republic,
mainly women. Specifically, the value addition and food fortification studies focused
on three indigenous vegetables, which are commonly consumed and of high promi-
nence in both the food chain and markets of the West Africa sub-region: local ama-
ranth (Amaranthus viridis), fluted pumpkin (Telfairia occidentalis) and African
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eggplant (Solanum macrocarpon). This approach was taken in order to encourage
vegetable consumption by using popular foods as a vehicle. The aim of this paper is to
describe the food fortification approach used by the MicroVeg project, with emphasis
on potential health benefits to the local population, especially women.

2. Key messages

2.1 Strategy for value addition studies and scale up

The value addition aspect of the work was conducted in the southwestern part of the
country. The major aim of the value addition studies was to scale up the various
innovations developed into adaptable forms for the poor resource populace. In achiev-
ing this aim, the project involved some Nigerian-based non-profit organizations, such as
the Green Generation Initiative and the Institute for Agricultural Research and Train-
ing. Through these organizations, the project was able to scale up the innovations and
delivered them to the rural end-users using an extension system called the innovation
platform (IP) model (Box 1), which is aimed at ensuring innovation delivery systems

• Vegetable leaf fortification led to the increased nutritional value of maize porridge (ogi), a popular
weaning food.

• Wheat bread fortified with vegetable leaves (green bread) had lower moisture content and higher
polyphenol content than unfortified white bread; the increased polyphenol content led to stronger
radical scavenging and metal chelating abilities.

• Economic analyses indicate profitability of the vegetable-fortified bread and pastries, with 3%
incorporations as the most promising.

• The MicroVeg project created awareness on the food value and affordable/simple value addition
technologies through daily radio jingles and direct training of 5466 persons on different aspects of
family nutrition and dietary diversity.

• Working with multiple actors for consensus building in vegetable value addition.

• Coordination and collaboration along the value addition chain, which is expected to result in more

• Efficient and equitable linkages of the actors in the vegetable value chain.

The IP is based on the thesis that improved interactions, through dialog along the value chain could help to
forge linkages among stakeholders, which could result in enhanced communication and information exchange
to address common challenges. This propels the adoption of innovation.

Box 1.
Innovation platform (IP) approach has the following activities:
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that quickly bring innovations to women and rural farmers, therefore making increased
adoption possible, notably through appropriate use of new information and communi-
cation technologies (Box 2). The recipes for the different formulations of vegetable
value-added products were designed by the Department of Food Science and Technol-
ogy, Obafemi Awolowo University, Ile-Ife, Nigeria. The University of Manitoba took
the lead and utilized its expertise in food chemistry, food processing food product
development, and food/nutritional quality evaluation to enhance product and nutri-
tional quality evaluation of vegetable-fortified products. The University of Manitoba
with state-of-the-art facilities was used to train food scientists who were involved in the
sensory studies of fortified food products in Nigeria (Box 3).

2.2 Fortification of local foods with vegetables

Most popular traditional foods, especially the starch-based local foods in Nigeria and
the Republic of Benin are not good suppliers of critical micronutrients, thus establishing
the need for food fortification, especially for foods targeted at growing children and

• Identification of target communities and women groups for training on value addition (41
communities).

• Identification of the other actors/stakeholders involved in the vegetable value chain.

• Development of value addition training materials in the local language (Yoruba).

• Series of visits to the communities and women groups for awareness creation.

• Training of project technical staff on value addition innovations and scaling up activities (12 technical
officers).

• Launching of the innovation platform at the selected locations.

• Training of 5466 persons (68% women) at 25 locations in value addition innovations.

• Training 100 bakery owners in southwest Nigeria on the production of vegetable-fortified bread.

Box 2.
Steps for establishing an innovation platform

1.Training of the technical officers on the sensory evaluation template (12 staff).

2. Identification the respondents (41 locations, 250 persons/location, total 10,250 panelists).

3. Sensory evaluation implementation.

4.Reporting.

Box 3.
Sensory evaluation of vegetable-fortified foods
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vulnerable populations. Newborn babies, especially in the rural areas (65% of the
population in Nigeria) are fed with a popular maize-based weaning food, called “ogi”.
In addition, some of the most cherished snacks and desserts, eaten by children and
adults, were considered for fortification. Thus, our project developed and tested key
innovative value-added products, including vegetable leaf-fortified bread and popular
local pastry products (cookies and Chinchin). The MicroVeg project conducted a series
of studies aimed at improving these traditional foods with each of the three leafy
vegetables (amaranth, fluted pumpkin, or African eggplant), including the sensory
evaluation and acceptability studies. Green leafy vegetables were chosen as a fortificant
because of the abundant bioactive components, polyphenols, that have the potential to
defend the human body against degenerative diseases [11, 12]. Ongoing studies by the
MicroVeg team have generated results that suggest food fortification with these vege-
tables could have a significant effect on lowering of blood pressure [13], as well as
increasing nutritional and antioxidative properties of the fortified foods [14, 15].

2.3 Fortification of Ogi, a local weaning food

Our first case study is on the fortification of a popular Nigerian weaning food
known as ogi (maize porridge) with a polyphenol-rich extract from leafy vegetables.
This study is justified by the state of malnutrition among the women, nursing
mothers, and children, in rural Nigeria where fortification of weaning as well as
convalescent foods became necessary. For example, UNICEF [16] estimated that 37%
of children in Nigeria are stunted (chronically malnourished or low height for age)
with more than half of them severely stunted. The same report also highlighted that
18% of children suffer from wasting (acutely malnourished or low weight for height)
and 20% of children are underweight (both acutely and chronically malnourished or
low weight for age). Several works have been done on the fortification of weaning
foods with plant products, such as cocoa solids [17], moringa leaf powder [18],
moringa seed [19], pawpaw [20], cowpea [21], melon [22], okra seed meal [23],
soybean [24], African yam bean [25], carrot [26] and many others. However, the
fortification of maize ogi with vegetable polyphenol-rich extract is a promising inno-
vation. The MicroVeg-optimized procedure for the production of vegetable leaf-
fortified ogi is simple and cost-effective. The maize ogi was prepared as a slurry and
later dried to produce a cake as shown in Figure 1. The vegetable polyphenol was
extracted by squeezing vegetable leaves in water at the ratio of 1:2. The extract was
filtered to remove vegetable particles and the filtrate was stored in the fridge at 4°C.
The ogi cake was first made into a slurry by dispersing the cake in water. Thereafter,
the polyphenolic filtrate and ogi slurry were mixed together at varying proportions
(10/100, 25/100, 50/100, 75/100, and 100/100 ml/g of filtrate to slurry) prior to
drying at 55°C in a hot air cabinet oven to produce vegetable leaf-fortified ogi flour
[27]. The vegetable leaf-fortified maize ogi powder was reconstituted by adding 1.5
parts of water to make a suspension. To the suspension, 100 ml of hot water was
added with continuous stirring to produce maize ogi hot porridge of desired consis-
tency. The fortified ogi samples were subjected to sensory evaluation, in terms of
acceptability of taste, color, flavor, texture, appearance, and overall acceptability.

2.4 Fortification of bread with indigenous vegetables

The development of enriched bakery products and pastries has recently increased
and is attracting much attention from researchers, especially in the optimization of
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nutritional values. This is because evidence from food consumption surveys in
many developing countries has revealed an astronomical rise in the consumption of
these floury products, due to changing eating habits, a steadily growing population,
and readiness to spend a large proportion of incomes on processed foods [28, 29].
The bread was chosen as a vehicle for vegetable consumption because it is a vital
food product that is cherished and consumed all over West Africa. The likeness of
bread is not in its nutritional profile but in its sensorial and textural properties,

Figure 1.
Process flowchart for the production of vegetable leaf-fortified ogi.
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and because it requires no further preparation before consumption. Being a wheat
flour product, it contributes greatly to the dietary energy of the population of
most West African countries due to its high carbohydrate content [30–32]. Never-
theless, this baked food product is not exceptionally rich in the nutrients that are
required for maintaining proper growth and good health, a phenomenon that is
attributable to the perceived loss of nutrients during the processing of wheat seeds
into flour [33].

As a result of this, research was embarked upon to improve the nutritional base of
bread through fortification or enrichment using vegetable-based products [34–37].
Judging from the reported increase in malnutrition and other cardiovascular diseases
in less privileged countries of the world, with an ever-increasing interest in the
consumption of bread, as a convenience food, there is no other time to improve the
nutrient of bread, than now [15]. Improving the nutrient base of bread involves
improvement in the protein content and mineral content. It also involves enhancing
the radical scavenging ability of the bread, thereby reducing the incidence of the
occurrence of some of these degenerative diseases. Therefore, for any material to act
as fortificant in bread it must be a good deposit of these nutrients [35, 38, 39].
However, some sensorial properties, such as color, texture, and taste of the fortified
bread, were affected by fortification, depending on the plant materials used [40–43].
One of the major challenges being faced in the quest by researchers to fortify bread
with these plant materials is the level of inclusion. There is a threshold at which these
plant materials can be added to wheat flour during bread making that would preserve
both the physical, sensory, and baking quality of the products [44]. Some successes
have been recorded with regard to the level at which these materials are included in
bread, but this varies with the type of plant materials.

Indigenous leafy vegetables have been shown to possess highly valuable nutritional
benefits as a result of the contents of fiber, vitamins, minerals, proteins, and some
phytochemicals. These vegetables have been shown to be readily affordable and
ready sources of food and nutrients for indigent families in many African countries
for a number of years. African population for centuries have been consuming
traditional leafy vegetables in large quantities in the preparation of soups and culinary
[45, 46]. Based on the information gathered from the literature, there is a dearth of
information on the use African leafy vegetables for bread fortification. However,
recent MicroVeg works have reported optimization of bread fortification with
indigenous African leafy vegetable polyphenolic extracts in addition to the chemical
composition and quality characteristics of wheat bread supplemented with
T. occidentalis, A. viridis, and S. macrocarpon [15, 27, 29].

The MicroVeg process for the production of vegetable leaf-fortified bread is simple
and easily adoptable for homemade bread and industrial purposes. The leafy vegetable
to be used for the bread fortification was processed as illustrated in Figure 2. The leafy
vegetables could be used in two forms: dried powder or as an aqueous slurry, both of
which are polyphenol-rich. For the vegetable powder fortified bread, a premix of the
wheat flour-vegetable powder was first made. The advantage of this premixing stage is
to ensure even distribution of the vegetable powder in the wheat flour. This was done
by replacing a known proportion of the wheat flour according to the proportions shown
in Table 1. After the premixing stage, the required amounts of other standard baking
ingredients were added step-wise. All other dry ingredients, such as sugar, salt, and
yeast, were added to the mixture. The fat and required quantity of water were added
and mixed. Water is a very crucial ingredient in bread baking as it determines the
overall quality of the baked product. However, the quantity of water and other
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standard ingredients needed during bread baking varies, due to differences in the water
absorption capacities of different wheat flours. But for vegetable-fortified bread, the
standard recipe inTables 1 and 2 resulted in good quality vegetable leaf-fortified bread.

For bread fortified with the vegetable leaf slurry, the process differs slightly from
that of the dried leaf powder described above. Based on the different levels of vegeta-
ble inclusion in the wheat flour (Table 2) the water content of the leaf slurry and the
balance of water required for blending were taken into consideration. After sorting

Figure 2.
Process scheme for the production of leafy vegetable dried powder or wet slurry.

Ingredient Quantity

Control 1% 3% 5%

Wheat flour (g) 100 99 97 95

Vegetable powder (g) — 1 3 5

Sugar (g) 5.00 5.00 5.00 5.00

Yeast (g) 2.00 2.00 2.00 2.00

Margarine (g) 4.00 4.00 4.00 4.00

Salt (g) 1.00 1.00 1.00 1.00

Water (ml) 60.00 60.00 60.00 60.00

Table 1.
Formulation of wheat-vegetable powder composite flour for bread fortification.
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the vegetable leaves, a slurry was prepared with the understanding that the moisture
content of fresh leaves is �86% (dry matter = 14%). Blending about 100 g of fresh
leafy vegetable requires 100 ml of water to obtain a smooth vegetable slurry (200 ml).
Of the 200 ml slurry, 186 ml is water, and the solid content is 14 g. With this
knowledge, the 1%, 3%, and 5% vegetable leaf slurry to be added during the prepara-
tion of bread translated to 14.3 g, 42.9 g, and 71.4 g, respectively. On the basis of 86%
(average moisture content of vegetables), �12.3, 36.9 and 61.4 ml water will be
present in 14.3 g (1%), 42.9 g (3%), and 71.4 g (5%) vegetable slurries, respectively.
Since water is required during the mixing stage to form an acceptable dough, the
quantity of water in the slurry was deducted from the water required. This is neces-
sary in order to establish a basis for comparing the nutritional values of dried vegeta-
ble leaf-fortified bread with slurry-fortified bread. In vegetable bread production, the
optimum mixing time and proofing time proposed by Famuwagun et al. [29] resulted
in good quality vegetable-fortified bread. The products were then baked according to
the conditions highlighted in Figure 3 and allowed to cool to room temperature before
packaging to ensure good quality vegetable-fortified bread as shown in figure.

2.5 Vegetable leaf-fortified pastry products

Consumption of pastry products, such as snacks (cookies, Chinchin), sandwiches,
and burgers, especially among children is on the rise in most West African countries
because they are affordable, ready-to-eat, attractive, and have long shelf life [46]. The
importance of these pastry products to humanity goes beyond convenience eating but
is sometimes used in various feeding programs for school children and areas where
there are natural disasters [47]. The MicroVeg project, therefore, concentrated a major
effort to develop the fortification of these pastry products as a means of improving
their nutritional qualities to meet the health-promoting needs of women and children.

Various plant products that are rich in micronutrients, vitamins, protein, and fiber
have been used by researchers to fortify these pastry products with a view to improv-
ing their nutritional qualities. Adegunwa et al. [48] improved the nutritional compo-
sition of Chinchin through the addition of millet flour. The authors showed that up to
30% wheat flour was replaced with millet flour without a pronounced effect on the
physical properties of the snack but with improved nutritional qualities. Shrestha and
Noomhorm [49] produced high-protein cookies using composite flours that contained

Ingredient Quantity

Control 1% 3% 5%

Wheat flour (g) 100.00 99.00 97.00 95.00

Vegetable slurry (g) — 14.28 42.90 71.43

Sugar (g) 5.00 5.00 5.00 5.00

Yeast (g) 2.00 2.00 2.00 2.00

Margarine (g) 4.00 4.00 4.00 4.00

Salt (g) 1.00 1.00 1.00 1.00

Water (ml) 60.00 48.00 24.00 —

Table 2.
Formulation of wheat-vegetable slurry composite flour for bread fortification.
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blends of wheat-soy flour, defatted peanut, and pea flour, replacing up to 30% of
wheat flour without any marked changes in the physical properties of the final prod-
ucts. Cowpea and peanuts flours have been reported to replace about 20% of wheat
flour in the production of highly nutritious cookies without any significant effects on
the physical characteristics of the products [46, 50, 51]. There are also reports of the
production of high-fiber cookies using sesame seeds and pigeon pea flours [52].
Therefore, fortification with indigenous vegetable leaf powder is one of the new
approaches aimed at improving the nutritional composition of pastry products.

Cookies and Chinchin were fortified with leafy vegetables. The major difference in
the production technique of these two commonly consumed pastries lies in the final
stage of production. While vegetable cookie doughs were baked, the Chinchin dough
was fried; therefore, the equipment used and their operating conditions vary. For the
two products, it is important to premix the wheat flour and the vegetable powder to be

Figure 3.
Process flowchart for the production of vegetable leaf-fortified bread.
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used in fortifying the product. This is to ensure the even distribution of the vegetable
powder in the wheat flour matrix. Other ingredients, such as salt, flavoring (nutmeg),
margarine, and baking powder (for cookies), can be added after the premixing stage
and properly mixed to fine particles without any lumps. Since vegetable-fortified
pastries differ from conventional pastries, due to the addition of vegetables, it is
important to have an accurate measurement of these ingredients to ensure good quality
of the final products. The sweetener (sucrose) was dissolved in the whipped egg (whole
egg for Chinchin, while only egg yolk is used for cookies) to ensure proper dissolution
before adding to the mixture [14]. Beaten eggs or whipped eggs are necessary in order
to give the dough a light and airy texture. Liquid milk can be added or in powdered
form (must be dissolved with water before use) and then the required amount of water
is added to ensure good consistency of the final products. After proper mixing of all the
ingredients, the dough was then kneaded. For cookies, the dough was allowed to rest
for about 20 min to allow the baking powder to release enough aerating gas before
shaping. The cookie dough was then properly shaped into desired sizes and baked for
20 min at 180°C, while the Chinchin dough was cut into desired pieces and fried 10 min
in hot (�180°C) vegetable oil. The fried Chinchinwas removed; oil was drained off and
the product was allowed to cool down to room temperature. The baked cookie and fried
Chinchin were separately packaged in air-tight containers.

3. Outcome of the studies

3.1 Sensory evaluation and acceptability of vegetable leaf-fortified bread

Sensory evaluation deals with human sensory perception and their effective
responses to food and its components. Sensory evaluation of food products is a function
of five major sense organs; the sense of sight, smell, taste, touch, and ear to answer
questions related to the preference of the food products under evaluation [53, 54]. In the
sensory test, panelists, who are familiar with the products under evaluation are given a
range of samples and asked to rate the samples by choosing a point on a scale ranging
from “dislike extremely” to “like extremely” for different attributes of the products. The
general sensory attribute of food products includes taste, flavor, aroma, texture, and
appearance. Taste is one of the main attributes for evaluating the sensory quality of
vegetable fortified bread since the addition of vegetables has the potential on changing
the nutritional bread. We evaluated the sensory attributes and acceptability of the
vegetable-fortified bread at 41 locations in Nigeria with 250 panelists per location, for a
total of 10,250 panelists. As we have reported, taste preference for the bread decreased
as the level of inclusion of vegetables increased in the bread [16]. The results suggest
that the vegetable taste could be masked by the sweet taste of sugar but this effect
diminishes as the vegetable fortification level increased from 1% to 3%.

Color of food products is one of the important attributes for acceptability of any
baked product, especially vegetable-fortified bread. Leafy vegetables are green and this
color becomes imparted on the dough as the fortification level is increased in the bread
formulations. The intensity of the green color on the vegetable-fortified bread depends
on the type of vegetable used (Figure 4). In the study by Odunlade et al. [16], vegetable
bread-fortified with fluted pumpkin leaf (Telfaria occidentalis) was preferred up to the
3% inclusion level, while bread-fortified with 1% Amaranthus vegetable was mostly
preferred compared with the higher level of inclusions (Table 3). This is an indication
that the likeness of vegetable-fortified bread also depends on the type of vegetable used.
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Studies have shown that consumer acceptance of a product can be enhanced through
additional information on potential health benefits or when the actual health benefits
have been proven [55, 56]. For the green bread, consumer acceptance improved when
potential health benefits, such as antioxidant effects, cardiovascular health, and blood
glucose control, were included in the information package.

3.2 Sensory evaluation and acceptability of vegetable leaf-fortified weaning food

The evaluated sensorial quality attributes were taste, color, flavor appearance, and
acceptability. We engaged 100 participants comprising nursing parents, elderly, and
university undergraduates who currently utilize maize porridge as weekly meals

Figure 4.
Sensory evaluation on bread with fluted pumpkin leaf slurry.

Taste Color Flavor Texture Appearance Overall
acceptability

99% WF: 1% TOL 7.5 � 0.45c 8.0 � 0.12b 6.0 � 0.14c 7.3 � 0.04b 7.2 � 0.16b 7.9 � 0.05b

98% WF: 2% TOL 6.4 � 0.05f 7.7 � 0.14c 5.5 � 0.07e 6.9 � 0.04d 6.7 � 0.05d 7.2 � 0.06c

97% WF: 3% TOL 6.2 � 0.11 g 5.0 � 0.10f 5.0 � 0.08 g 6.1 � 0.05 g 5.0 � 0.08 g 4.0 � 0.04j

99% WF: 1% AVL 7.7 � 0.08b 6.2 � 0.19d 5.9 � 0.02d 7.0 � 0.13c 7.0 � 0.03c 6.5 � 0.06d

98% WF: 2% AVL 6.9 � 0.09e 5.5 � 0.12e 5.4 � 0.04f 6.3 � 0.10f 6.2 � 0.06e 5.9 � 0.06 g

97% WF: 3% AVL 5.9 � 0.31 h 4.9 � 0.45 g 5.2 � 0.09 g 6.0 � 0.04 h 4.8 � 0.05i 4.4 � 0.05i

99% WF: 1% SML 7.2 � 0.21d 6.2 � 0.37d 6.2 � 0.03b 7.0 � 0.04c 6.6 � 0.03d 6.1 � 0.06e

98% WF: 2% SML 6.9 � 0.12e 5.4 � 0.12e 5.4 � 0.05e 6.7 � 0.10e 5.3 � 0.05f 6.0 � 0.05f

97% WF: 3% SML 5.1 � 0.22i 4.8 � 0.25 h 4.9 � 0.14 g 6.1 � 0.04 h 4.9 � 0.04 h 5.0 � 0.07 h

100% WF 8.2 � 0.12a 7.00 � 0.21a 8.5 � 0.31a 8.5 � 0.07a 7.5 � 0.07a 8.7 � 0.04a

Mean values along the same column with different superscripts are significantly different (P < 0.05); WF: heat flour;
TOL: T. occidentalis leaf powder; AVL: A. viridis leaf powder; SML: S. macrocarpon leaf powder.

Table 3.
Sensory properties of wheat bread fortified with green leafy vegetable powders.
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during the sensory evaluation of the cooked vegetable leaf-fortified weaning food. For
all the evaluated sensory parameters, the samples without the addition of leaf extracts
were the most acceptable. This was also observed by Aminigo and Akingbala [23] for
non-supplemented maize ogi samples. It was however observed that the preference for
the fortified ogi samples ranged from liked moderately to liked slightly. The maize
porridge samples with the inclusion of 10 ml vegetable leaf extract (10 ml of leaf
extract to 100 g of ogi slurry) were the most preferred among the fortified samples.

With increased inclusion of vegetable leaf extract to maize porridge from 10 to
100 ml, the preferences of the samples for taste, color, flavor, texture, appearance,
and general acceptance were observed to significantly (P < 0.05) reduce, though
within the acceptance range of hedonic scales for sensory analysis. This same trend
was reported by Abioye and Aka [18] for moringa fortified maize porridge and
Aminigo and Akingbala [18] for okra fortified maize porridge. There were however no
significant differences on all the evaluated sensory parameters between the inclusion
of 25, 50, and 75 ml of vegetable leaf extract in maize porridge samples. Based on all
the sensory parameters, it was further observed that the samples with the incorpora-
tion of 100 ml vegetable leaf extract to maize porridge were neither liked nor disliked
by the panelists. It is noteworthy that the addition of vegetable leaf extract to the
popular weaning food did not result in rejection of the products by the sensory
panelists. However, the better acceptability of the non-fortified product is suspected
to be due to the age-long preference and adaption to it, while the change in the color
and taste of the fortified products reduced the degree of acceptability. However, a
rigorous system of advocacy and awareness creation about the food value of the
vegetable leaf extract-fortified weaning food is expected to promote better adoption
and utilization of the products by the populace.

3.3 Sensory evaluation and acceptability of vegetable leaf-fortified pastry
products

In sensory evaluations of vegetable-fortified pastry, the quality attributes of interest
are color, flavor, taste, texture, appearance, and acceptability. In the study conducted
by Fasogbon et al. [14] on the quality attributes of Chinchin and cookie enriched with
Telfaria occidentalis, Amaranthus viridis, and Solanum macrocarpon leaf powders, wheat
flours were substituted up to 10% with the vegetable powders. It was observed from
the studies that an increase in the level of inclusion of the leaf powders decreased the
level of acceptability of the products. Cookies and Chinchin fortified with 2% and 5%
leaf powder were not significantly different in taste when compared with non-fortified
equivalents. In a similar study conducted by Akindele [57], wheat flour was replaced
with 1%, 3%, and 5% Basella alba and Telfaria occidentalis leaf powders in the produc-
tion of high-quality and acceptable Chinchin and cookies. In the study, it was observed
that incorporation of the leaf powders did not affect the taste of the snacks when
compared with cookies and Chinchin produced with 100%wheat flour. Replacement of
wheat flour with vegetable leaf powders up to 5% did not affect flavor and texture of
the cookies and Chinchin [57]. Results from the MicroVeg project are superior to those
reported for Chinchin and cookies fortified with 5% soybean, which had very low
consumer acceptance in terms of flavor and taste [49]. The poor consumer acceptance
of the soybean-fortified pastries was attributed to the imparted beany flavor. The green
color of vegetable leaf-fortified pastry increased significantly as the inclusion level
increased. However, despite the green color, vegetable leaf-fortified pastries were
acceptable to consumers to the 5% level of incorporation [14, 57].
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3.4 Training of local population on vegetable fortification of foods

The MicroVeg value addition team with the support of the extension personnel
trained a total of 5466 persons (68%women) across 25 locations on the promising value
addition innovations between September 2016 and July 2017. The training focused on
various aspects of vegetable leaf drying, especially the use of a locally designed
charcoal-fired system and the production of vegetable-enriched products based on
practical demonstrations and video instructions. During the practical sessions, women
had hands-on experience producing some of the vegetable-fortified pastry products.
The team also trained 100 bakery owners in southwest Nigeria on the practical pro-
duction of vegetable fortified bread. A combination of video and practical demonstra-
tions of the entire process of vegetable fortification of baked products was used during
the training exercise. Participants at the different training sessions also participated in
sensory evaluation of the bread and pastry products. In order to create awareness on the
nutritional values of vegetables and vegetable-fortified products, the MicroVeg project
sponsored daily enlightenment programs on local radio stations. The radio programs
reached an estimated 5 million listeners every day in southwest Nigeria. For enhanced
technology transfer to the local population (especially women in rural areas), the
recipes for green bread and vegetable leaf-fortified snacks have been translated into the
local language (Yoruba), the main spoken language in Southwest Nigeria (Table 4).

4. Conclusions

Results from the value-addition component of the MicroVeg project have led to the
development of novel vegetable leaf-fortified bread and pastry formulation with
higher contents of nutrients and bioactive polyphenols. The work also produced a
vegetable leaf-enriched traditional maize-based breakfast hot cereal with superior
nutritional value than regular food. These vegetable-enriched products constitute an
important component of the diets of women and children in Nigeria. Therefore, the
availability of these vegetable-enriched food products could enhance maternal and
child nutrition through improved nutrient supply in addition to a healthier status due
to the free radical scavenging ability of the incorporated polyphenolic compounds.
Extension activities led to the training of rural thousands of women and local bakers
on the technology for the production of fortified food products. Additional activities

Sample Color Aroma Taste Mouth feel Acceptability

A 8.10 � 0.74a 7.10 � 0.57a 7.40 � 1.07a 6.60 � 1.07a 7.90 � 0.74a

B 7.20 � 1.40b 7.00 � 1.05a 7.40 � 0.70a 6.70 � 0.48a 7.30 � 1.49a

C 6.50 � 0.53b 7.10 � 0.57a 7.00 � 0.69ab 7.30 � 0.82a 6.90 � 0.74a

D 5.60 � 1.07c 6.80 � 1.22a 6.80 � 0.79ab 6.70 � 0.67a 5.70 � 1.34b

E 4.30 � 0.67d 6.70 � 1.49a 6.20 � 1.32b 6.80 � 0.92a 5.00 � 1.33b

The mean values along the same row with different superscripts are significantly different (P ˃ 0.05) using Duncan
multiple range test. A—100% wheat Chinchin; B—Chinchin enriched with 1% vegetable polyphenol; C—Chinchin
enriched with 2% vegetable polyphenol; D—Chinchin enriched with 3% vegetable polyphenol; E—Chinchin enriched
with 5% vegetable polyphenol.

Table 4.
Mean sensory score of chinchin enriched with polyphenol from Amaranthus viridis L.
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are underway to obtain regulatory approval for these vegetable-fortified food prod-
ucts with the aim of eventual commercialization of the respective technologies.
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Chapter 3

Role of Edible Insects as Food 
Source to Combat Food Security 
Challenges – Innovative  
and Traditional Approaches
Mahnoor Pervez and Farkhanda Manzoor

Abstract

World Food Security organization committee stated that food security exists 
when safe, healthy, and nutritious food is present to all human beings, to meet their 
dietary needs. There are four pillars of food security such as availability, access, 
utilization, and stability, while the nutritional dimension is considered integral to the 
concept of food security. Protein is an essential dietary component. It is required for 
the proper growth of individuals. Meat is an excellent source of protein. However, 
because of the increasing demand for meat and declining agricultural land. There is 
an urgent need to discover alternative ways to full fill public protein demand. Edible 
insects are the best alternative source of protein. They can be harvested in large 
amounts. Insect meals can replace scarce fishmeal as feed ingredients. Insects are not 
only a source of protein but also contained various nutrients and minerals such as 
iron, zinc, and selenium. People showed awareness of the importance of insects as 
an essential dietary element. Edible insect harvesting is a new emerging agriculture 
sector and needs the special attention of researchers and the government. Thus, 
insects require the use of commercial processing methods that will render the protein 
suitable for food/feed formulation, while maintaining the safety, nutritional and 
sensory quality of the final product.

Keywords: food security, food crisis, starvation, edible insects, cheap protein

1. Introduction

The term “food security” refers to the access to an adequate amount of food for 
meeting dietary energy needs that implies for many as self-sufficiency as producing 
required food domestically [1]. It is a basic right of a human being to have access to 
adequate production, availability, and food consumption to ensure adequate nutrients 
and food for all the people.

Food security ensures that all human beings have physical and economic acces-
sibility to healthy and nutritious food to meet their daily dietary requirements and 
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maintain an active healthy lifestyle. A country promises food security when it can 
ensure food availability balance between demand and supply to the nation, no matter 
what the price would be.

The five fundamental components of food security are availability, access, 
stability, nutritional status, and preference for food. All of them are prominently 
influenced by various factors such as political, physical, and economic within a 
community. Food availability and accessibility are two main aspects to ensure food 
security. Food security ensures an adequate amount of nutrients for every individual 
in the country. In many countries an adequate amount of food is available, but its 
availability is a real serious issue in some areas because of long droughts, politi-
cal issues, mismanagement of resources, and unfertile land. These issues are most 
 commonly observed in Asian countries.

The term accessibility refers to the capacity to produce and acquire an appro-
priate amount of healthy food for all individuals [2]. The availability of adequate 
food at the country/local level does not guarantee that all people have food acces-
sibility and are food secure. Because various aspects such as low income, lack of 
roads, and infrastructure could restrict the accessibility of basic foodstuff. Hence, 
both availability and accessibility are essential and inter-linked parts of food 
security [1].

Stability is another important aspect that refers to a consistent supply of nutritious 
food at the national level as well as stability in access to food at the household and 
individual levels. Stability is directly affected by agricultural practices. Stability is 
ensured by storing food and enhancing shelf life. However, in developing countries 
economic crises are critical and only a small amount of food is stored for the whole 
year. Therefore, besides production, food stability ensures by better management, the 
formation of new laws and rules, market integration, and trade [3].

So, the above discussion concluded that food security ensures by the conformity of 
various dimensions such as availability, accessibility, stability, nutritional status, and 
preferences. It highlights the detail that reaching food security is a tough, multifac-
eted, and challenging phenomenon.

2. Challenges

Challenges in reaching food security points are a hot topic globally, as the world 
population is expected to touch more than 9 billion by 2050. So, it is an urgent urge 
to address and recognized the issues associated with food security [4]. It is suggested 
that to ensure the food security to meet the food demand of the future population, 
food production will need to see an upward trend by at least 70% in agricultural 
production. It is studied that globalization and current global environmental changes 
have a great impact on food production and distribution. Challenges can be coped by 
addressing the following issues such as,

• Reviving agricultural productivity growth to feed Asia’s growing population.

• Ensure small-scale farmers with limited resources should be equipped with 
modern food technology practices.

• Addressing poor countries’ malnutrition challenges in a sustainable and efficient 
manner.



41

Role of Edible Insects as Food Source to Combat Food Security Challenges – Innovative…
DOI: http://dx.doi.org/10.5772/intechopen.106809

Furthermore, the recent vulnerable food crisis raises the question of whether 
existing food policies in this era are sufficient or not. Scientists and researchers argue 
that finding a reasonably efficient and politically acceptable set of policies regarding 
food crisis challenges showed be done. All these policies also decrease prices that 
encourage farmers to respond with supply responses 3w.

2.1 Climate change

Climate changes are greater threat to agriculture and smooth food supply. The 
rising intensity of rainfall in some areas, hot temperature with drought conditions in 
other areas, and climate-related disaster shows that alteration in climate conditions 
have quantifiable effects on agriculture in a wide range of economies, crops, and 
farming systems [5]. A wide range of edible food crops such as wheat, rice, and corn 
are grown only within a narrow temperature range, which varies according to devel-
opmental stage, and slight fluctuation in temperature extremely affects the quantity 
and quality of crops. Scientific evidence revealed that as average temperatures rise 
then short periods of extreme heat will become more frequent and have more severe 
impacts on yields [6].

Extreme heat will pose a more severe risk to crop end yield than the impacts 
of variations in rainfall associated. Similarly, the effect of extreme temperature is 
intensified under drought conditions.

2.1.1 Temperature variations

In order to study the effect of rising temperature on the yield of the crop, 
a graph has been plotted among both by obtaining the data of corn crops from 
US countries from 1950 to 2005, which shows nonlinear relation among them as 
shown in Figure 1.

Figure 1. 
Effect of rising temperature on crop yield.
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2.1.2 Ozone level

Increasing levels of ozone (O3) are another significant source of crop yield loss 
and an existing threat to Asian food security. In East Asia regions there is a significant 
increase in ozone level that has been recognized as a drastic factor on major crops and 
trees. Numerous studies document how global and regional yields of staple crops are 
being reduced by current O3 levels. Due to the increasing level of O3 in the US, the 
annual cost of edible crop production lost $4 billion to $2 billion [7]. Similarly, the 
total cost It has been estimated that the global loss of wheat, rice, corn, and soybean 
amounted to $14 billion–$26 billion in the year 2000, which is on a par with, and pos-
sibly higher than, crop losses presently caused by other aspects of climate change.

Tamburino et al. have discussed the approaches in the scientific literature on the 
vigorously debated problem of how to feed the world. There seems to be an increasing 
focus on food production by means of new innovative technologies [8].

2.2 Edible insects as protein source

Acheta domesticus, A. mellifera (honeybee), Bombyx mori (farmed silkworm), 
Imbrasia belina (mopane caterpillar), Tenebrio molitor (yellow meal worm), and 
Rhynchoporus phoenicis (African palm weevil) are the six most prevalent commercial 
edible insect species at the moment. The edible ratio of different orders is shown in 
Figure 2. Only the larvae of several species (R. phoenicis, T. molitor, and I. belina) are 
frequently ingested, as their rich lipids can produce a fascinating flavor. Because of 
its vigor, T. molitor production has been mechanized [9]. Only the adults of orthop-
terans, such as crickets, are commonly consumed. Swarming makes them extremely 
effortlessly harvest. Although, because they are common pests in most locations and 
are frequently exposed to pesticides throughout their lives, there is concern that may 
compromise food safety, which is the presence of latent pesticides.

Ingesting insects in a responsible and healthy manner has become a popular way to 
alleviate poverty. Insects that are edible play a vital part in a variety of food systems. 
In fact, in many underdeveloped countries, they have provided a critical supply of 

Figure 2. 
Edible insect ratio of different orders.
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essential nutrients. Insects have gained much attention in food sector because of their 
protein enrichment, high mineral, and vitamin content, and the unique ratio of poly-
unsaturated to saturated fatty acid value [10]. In most cases, edible insect proteins 
meet WHO essential amino acid content standards [9]. Furthermore, the digestive 
capacity of insect proteins is more than plant-based proteins like peanuts and lentils 
(53%), but less than animal-based proteins like beef and egg have 100% capacity.

Insect proteins are particularly appealing because they produce less greenhouse 
gas and ammonia, perhaps making them more environmentally benign [11]. 
Furthermore, because they are relatively quick, easy, and cheap to farm, they provide 
a new and accessible commercial potential for underdeveloped countries, making 
them the overall best alternative for ensuring food security with the world’s ever-
growing population [12]. Insect proteins offer a lot of good qualities, such as excellent 
nutritional content, and digestibility, and they are also environmentally beneficial. 
Furthermore, for including them in a variety of foods, their functional qualities must 
be properly evaluated at each stage of the development phase. In general, insects have 
apparent nutritional advantages. Their nutritional profiles are remarkably compara-
ble to that of traditional animal meals [13]. Not only for humans but also for poultry, 
they offer huge potential as a source of nutrients and active chemicals.

Animal protein is abundant in all phases of the life of insects. It has been proposed 
that insects are significantly more sustainable when compare with other sources of 
animal protein, thus alleviating the pressure on the environment and the planet fac-
ing the need to full fill the feed the worldwide population, constantly increasing [14]. 
Bioactive compounds such as antioxidant agents, insulin regulators, and anti-inflam-
matory peptides are high-value products that can be obtained from insects [15].

The amino acid profiles of edible insects vary, which is indicated in Table 1. 
Although their amino acid contents are usually similar, edible insects typically 
contain more crude protein than regular meat. They can deliver vital amino acids at 
an appropriate level as food, with a digestibility of 76 to 96 percent [20]. The World 
Health Organization has reported the amino acid composition of certain edible 
insects (WHO 2007). Methionine, cysteine, and tryptophan are all missing or present 
in extremely little amounts in some insects. If these insects make up the majority of 
a meal, the diet must be balanced. Aside from these species, insects generally meet 
the WHO’s amino acid recommendations. By ingesting a suitable variety of items, the 
majority of them can offer enough amounts of essential amino acids. With enough 
isoleucine, leucine, lysine, phenylalanine, threonine, valine, arginine, histidine, 
and tyrosine, all groups are qualified. When compared to other insects, Blattodea 
has the highest concentration of lysine, valine, methionine, arginine, and tyrosine. 
Coleoptera has a higher concentration of leucine than other protein sources, including 
animals. Similarly, Hemiptera has a higher concentration of phenylalanine than any 
other known protein source. Nymphs are usually the most plentiful source of nearly 
all sorts of amino acids when compared to edible insects at other stages [12]. They 
possess high arginine content that strengthens the immune system and enhances 
blood vessel and health function. Beef and pork are more prevalent in arginine as it is 
in cockroach nymphs i.e., Blatta lateralis.

Insects have a lot of lipids in them. The fatty acid content of several edible insects 
varies greatly. Aside from the acids indicated in Table 2, trace amounts of additional 
acids, such as odd-numbered fatty acids, even-numbered saturated fatty acids, and 
some unsaturated fatty acids, have been detected in some insects. These acids are 
thought to be insignificant. On a dry weight basis, the fat content of insects in embry-
onic stages ranges from 8 to 70%. Different sources of meat, including all groups of 
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insects, have identical fatty acid contents [23]. Lepidopteran and Heteropteran larvae 
have a higher fat content than other edible insects. When compared to insects at other 
stages, an excellent reservoir of fatty acid is larvae. Adults are generally slender, with 
a fat level of less than 20%. Triacylglycerol is the most common type of fat found in 
insects [16]. More than 80% of all fats are made up of saturated fatty acids (SFAs) and 
monounsaturated fatty acids (MUFAs). Palmitic acid and stearic acid make up the 
majority of SFAs in insects at various times. Adults’ SFA levels are often greater than 
MUFA levels, despite the latter being healthier for human diets. In insects, oleic acid, 
a prevalent monounsaturated fatty acid in the human diet, has the highest concentra-
tion of MUFAs. It aids in the reduction of blood pressure in humans and has significant 
potential in the treatment of inflammatory, immunological, and cardiovascular illnesses 
[24]. In contrast to pork, beef, and insects at previous stages, adult insects are the great-
est site of polyunsaturated fatty acids (PUFAs) with the risk of surpassing SFAs as food.

Insects are also excellent providers of vitamins and minerals. Biochemical sub-
stances such as vitamins A, B1–12, C, D, E, and K, which are required for normal 

Species Stage Crude 
protein 

%

Essential amino acids

lle leu lys Met Phe Thr Trp Val

C. barbatus Larvae 41.0 5.80 10.0 5.70 2.00 4.70 4.00 0.70 7.00

Tenebrio molitor Larvae 48.0 4.00 6.90 4.90 1.20 3.20 3.60 1.00 5.90

Hermetia 
illucens (Soldier 
fly)

Larva 49.0 4.00 6.60 5.60 1.40 3.80 3.60 1.10 5.60

M. domestica 
(House fly)

Pupa 62.0 3.50 5.30 5.20 2.60 4.20 3.20 3.40

M. domestica Larva 54.0 3.20 5.70 6.90 2.20 5.00 3.30 3.20 4.40

A. mellifera 
(honeybee)

Adult 51.0 5.60 9.60 6.60 0.90 5.50 0.00 6.90

A. mellifera Larva 42.0 6.00 9.40 7.00 0.80 6.10 0.00 6.20

Acheta 
domesticus 
(cricket)

Adult 62.0 2.60 4.50 3.50 0.90 1.40 2.20 0.40 3.70

S. histrio 
(grasshopper)

Adult 60.0 5.30 8.70 5.70 0.70 4.40 4.00 0.60 5.10

Beef 5.10 8.40 8.40 2.30 4.00 4.00

Pork 4.90 7.50 7.90 2.50 4.10 5.10

Chicken Broiler 
breast

4.20 6.90 7.80 2.10 2.50 3.70 4.60

Amino acid 
requirement 
in human 
nutrition

30.0 59.0 45.0 16.0 23.0 6.0 39.0

Ile Isoleucine, Leu Leucine, Lys Lysine, Met Methionine, Cys Cysteine, Phe Phenylalanine, Tyr Tyrosine, Thr Threonine, 
Trp Tryptophan, Val Valine, Arg Arginine, His Histidine.
The data were summarized by the following references: [9, 13, 16–19].

Table 1. 
Amino acid content of common edible insects (% in crude protein of dry weight).
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growth and health, could be provided by them [17]. Caterpillars, for example, are 
particularly high in B1, B2, and B6 [9]. Vitamins A and D are abundant in bee brood 
(pupae) [25]. Rhynchophorus ferrugineus, the red palm weevil, is high in vitamin E. 
[26]. Edible insects include a wide range of micronutrients, including iron, magne-
sium, manganese, phosphorus, potassium, selenium, sodium, and zinc [9]. Mineral 
elements are found in varying amounts in different insects. Most insects have a low 
calcium content (less than 100 mg/g dry matter), while larvae of house flies and 
adults of melon bugs have a high calcium content. Immature insects such as pupae 
and larvae are preferred as food sources because they are abundant in amino acids 
and fatty acids. These nutrients not only give high nutritious value but also provide a 
unique splendid flavor [27].

In addition to humans, edible insects also provide the best feed source for aquacul-
ture and livestock. Fowls fed on grains are less nutritional than the fowls that are fed on 
insects, which provide a good protein source [28]. Moreover, they can also be used as a 
feed source in areas where the vegetable feed is costly [29]. Soy diet feeding of farmed 
insects is extremely expensive, yet insect food can provide efficient nourishment 
at minimum cost. Proteins are more sustainable by recycling biomass during insect 
production [30]. Yellow mealworms have long been utilized as a source of food [31].

However, while edible insects have been marketed as an environmentally benign 
protein source in the West, eating insects is still seen as a sign of poverty in underde-
veloped countries where entomophagy is a traditional practice. This may be seen in 

Species Crude 
fat %

Saturated fatty acids Monosaturated 
Fatty acids

Polyunsaturated 
fatty acids

C14:0 C16:0 C18:0 C16:1 C18:1 C18:2 C18:3

Tenebrio molitor
Larvae

38.0 0.39 28.2 0.89 5.98 60.6 2.84 0.18

Hermetia illucens
Larva

26.0 99.8 13.2 2.02 4.08 12.8 13.9 0.52

M. domestica
Pupa

15.5 3.20 27.6 2.20 20.6 18.3 14.9 2.10

M. domestica
Larva

24.3 6.83 26.7 2.31 25.9 21.7 16.4 0.00

A. mellifera
Adult

12.3 0.60 14.4 9.30 2.6 45.2 7.80

Bombyx mori
pupa

35.0 0.10 24.2 4.50 1.7 26.0 7.30 36.3

Beef 32.2 0.77 16.7 18.8 36.10 6.16

Pork 41.0 3.43 16.7 43.0 2.93 7.29 1.71

Chicken 33.3 1.33 21.6 46.6 0.27 14.0 0.67

Amino acid 
requirement in 
human nutrition

26.9 22.6 30.8 14.95 1.50

SFA saturated fatty acids: C14:0, myristic acid; C16:0, palmitic acid; C18:0, stearic acid. MUFA: C16:1 n7 – 
palmitoleic acid; C18:1 n9 – oleic acid. PUFA: C18:2 n6 – linoleic acid; C18:3 n3 – α-linolenic acid.
The average data of each order are bold. The data were summarized by the following references: [9, 13, 16–18, 21, 22].

Table 2. 
Fat content (%) of common edible insects (% in crude fat of dry weight).
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many Asian nations, such as Mexico, where insect ingestion is popular in urban and 
tourist regions but outlawed in rural ones. Despite the high desire for edible insects, 
their planting and harvesting are still restricted because farmers fail to recognize their 
nutritional worth [32]. A successful plan must be considered to boost the inclusion of 
insects in everyday diets.

3. Edible insect farming

The rising demand for edible insects has generated a problem: how to produce 
more edible insects in a cost-effective, safe, and long-term manner [33]. Due to a 
shortage of availability, accessibility concerns arise, limiting prospects for increased 
trade [34]. This necessitates a technological shift from wild harvesting to indoor 
agriculture. Traditional and scientific understanding is necessary for the supply of 
insects through large-scale cultivation for this purpose [35].

Harvesting edible insect species at different phases from wild woods, fields, and 
waterways can provide huge diversity of edible bug species [36]. These cultivators 
have the knowledge and experience to determine the right timing, circumstances, and 
host vegetation to obtain precise culinary species while minimizing environmental 
impact [37]. Insects are primarily taken from fields for personal consumption, which 
has a minimum impact on the environment and helps keep insect populations stable 
over time. Practicing traditional insect harvesting has been done in Mexico prior to 
the pre-Hispanic period when insects were considered as an essential food source 
rather than pests, and more than 400 wild insect species were taken from terrestrial 
environments [38]. Harvesting varies by species and is dependent on the level of 
growth (eggs, pupae, larvae, or adults), season (rain or dry), and destination (for-
est, desert, or agricultural fields). For example, pupae of the ant species Limetopum 
apicuatum are gathered during the warm dry season (February to May) [39] and 
when the rainy season begins, grasshoppers of the species Sphenarium purpurascens 
(chapulines) are physically picked from fields [34].

Many edible insects are affected by agricultural intensification, owing to mecha-
nization, tree clearing, and pesticide use. Insect populations have declined worldwide 
as a result of pesticides, with a 67 percent reduction in invertebrate numbers in the 
previous 40 years [40]. If pesticide controls were removed, a specific grasshopper 
species’ potential production in Mexico would earn about US$350,000 in annual 
income and provide enough protein to feed nearly 9 million people [41].

Changes in the trophic chain are creating ecological degradation as a result 
of uncontrolled overharvesting [42]. Increased demand for a few insect species 
has resulted in more aggressive collecting tactics, with little regard for ensuring 
sustainable collection during reproductive periods—a practice that threatens to 
decrease or perhaps abolish native biodiversity [33]. Due to the extreme demands 
of honey ants and wood grubs, the adoption of energy approaches in agriculture 
could minimize or even eliminate the usage of pesticides, resulting in a positive 
environmental impact [32].

Because of the environmental and health dangers, more edible wild insect species 
are being semidomesticated in a more sustainable, less time-consuming, and consis-
tent manner, mostly in traditional consumer countries where the warm, wet weather 
is suitable for cultivation [43]. Outdoor farming involves breeding insects in old 
trees, sawdust, and forest wastes, which can provide a semi-confined habitat as well 
as a food source. Bamboo caterpillars in Thailand mate in nylon net cages suspended 
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across developing bamboo stalks. Bamboo caterpillars are commonly sold in local 
markets in plastic boxes [33]. Semidomesticated bees are raised in wooden hives, 
ancient tree trunks, and other containers in Africa and Asia.

Many edible insect species are partially cultivated, but some are fully cultivated 
for a variety of reasons, including:

• They have a short life cycle.

• They can be easily reared in small containers,

• Can be consume animal manure rather than grains.

4. Processing technologies

The edible insect industry is growing quickly, and supply of new goods is growing 
every day [44]. The manufacturing process begins with raw insect post-harvesting 
and finishes with the creation of foodstuffs and wastes, some of which have been 
retrieved and recovered as by-products [31]. Different methods are employed in 
the food edible industries, depending on the species used and the ultimate product 
desired; however, the majority of them may be classified under relatively modest 
operations such as blanching, drying, and storage.

4.1 Blanching

Blanching is the process in which food is immersed in boiling water for a short 
period of time, then removing it and placing them into ice water to stop the thermal 
process [45]. On the industrial and artisanal scale, it is utilized as a pre-treatment for 
inactive degradative enzymes and to lower bacterial counts that lead to food spoil-
age and food poisoning. Wynants and his friend submerged Alphitobius diaperinus 
(beetle) in a bath of water heated to 90 degrees celsius till the temperature reached 
88 degrees celsius (5 min). As an outcome, the total microbial count is reduced, and 
pathogens are missing [46].

Blanching diminishes quantities of mesophilic bacteria, yeast, and molds con-
siderably; nevertheless, it is unsuccessful at removing or even reducing mesophilic 
bacterial spores. Blanching has also been shown to lower lactic acid bacteria levels 
and total psychrotrophic bacteria counts [47]. Chemical composition variations take 
longer to notice, owing to the leaching of soluble elements that might impact protein 
levels [48]. Some proteins go through structural changes during the boiling process, 
including denaturation, crosslinking, and associations with lipids and carbohydrates. 
As a response, the proportion of hydrophilic sites available for water binding might 
well be reduced, and sorption properties may be changed, necessitating a more 
detailed protein study [49].

To minimize the quality loss and reduce the antimicrobial effects, each bug species 
must be treated with a blanching procedure. Blanching edible insects should lessen 
the microbiological dangers connected with their intake, and it might be augmented 
with ways to diminish bacterial spores quantity [50]. However, in order to suit the 
needs of customers and the processing industry, these treatments must preserve the 
nutritional value of the food as well as other crucial quality characteristics including 
texture and color.
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4.2 Drying

The most extensively utilized technology for extending the shelf life of foods is 
drying. Traditional processes (such as roasting, frying, and sun-drying) are used in 
modern ways (for example, freeze-drying and microwave-assisted drying). Drying 
can lower total water content and, as a result, the amount of water available for 
metabolizing activities, such as enzymatic reactions and responses triggered by spoil-
age bacteria. Water action has a direct impact on microbial proliferation (aw). At aw 
0.65, the vast majority of bacteria remain dormant. When aw is low, microorganisms 
slow down their development, but when water conditions improve, they can resume 
their progress [51, 52]. Reducing free water enhances dry matter concentration 
without harming tissues or the physical look of foods and is a key stage in the recovery 
of food products [53].

Solar, freeze-drying, and oven-drying are the popular techniques for drying 
entire edible insects, whereas freeze-drying, oven-drying, and nontraditional 
drying methods are mostly utilized for insect flours and powders. One of the 
chosen strategies for boosting human consumption of insects, mostly in Western 
countries, is drying and grinding whole, clearly recognized food insects into 
unrecognizable powders [54]. Drying extends the life of a product during distribu-
tion and storage.

Sun drying, one of the oldest drying methods, avoids microbiological contamina-
tion and even decreases or eliminates hazardous substances like neurotoxins; it also 
enhances the product’s overall nutritional quality by inhibiting the enzyme protease 
inhibitors [55]. Furthermore, smoking is a curative and heating procedure that is 
regarded as one of the oldest methods for preserving all types of meat. The raw 
material is subjected to smoke created by wood pyrolysis. Insects are smoked in a dry 
environment, and a curing implementation is carried out concurrently with drying. 
The combined action of enzymes and heat promotes protein and lipid modifications 
during the process [56].

Irrespective of the blanching and drying techniques used on insects, they 
must be reheated prior to eating to remove any remaining bacteria. Total bacteria, 
Enterobacteriaceae, Staphylococcus, Bacillus, yeasts, and molds have all been 
reported to be eliminated by boiling dried insects for 30 minutes [47].

5. Production and processing of edible insect protein

Protein-enriched ingredients of edible insects have been obtained by using a 
procedure that has five basic steps which are:

• Initial treatment

• Defatting

• Solubilization and recovery of protein

• Purification of protein

• Drying
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5.1 Initial treatment

The preliminary developmental stage is very contingent on the source product, 
in which entire insects are freeze-dried or roasted in the oven, pulverized, and mesh 
sieve to generate a fine powder that enhances protein solvent interaction in the 
subsequent steps [57].

5.2 Defatting

The form and substance of the precursor material have a big impact on the defat-
ting process. For a few existing low-fat items, this step may simply be skipped [58]. 
The protein recovery and purity of the final product are directly affected by eliminat-
ing fat from the sample. Protein-lipid interactions restrict protein solubility due to the 
hydrophobic nature of lipids [59]. At the laboratory scale, the defatting procedure also 
increased insect protein output [60]. T. molitor and Hermetia illucens, for example, 
had their protein content increased from 57.8 ± 1.2 percent to 64.6 ± 0.3 percent and 
34.7 ± 0.2 percent to 44.9 ± 1.4 percent, accordingly, due to hexane defatting process 
[61]. Defatting is an important step in making insect-based protein-enriched foods, 
given these findings and the high-fat content of most edible insects [62].

5.3 Solubilization and recovery of protein

To adjust protein solubility, the pH and ionic strength of the solubilization media 
are frequently changed to extract proteins from either constituent of defatted wheat. 
Because most food materials, including legumes and insects, have an isoelectric point 
(pI) of between 4 and 5, excessive pH values cause the protein surface to become 
charged, enhancing both electrostatic repulsion between proteins and protein-
water associations [63–65]. To increase protein solubility, ionic strength can also be 
changed. Salt ions operate as a “shield” for proteins with opposing surface charges 
at low ionic strength (0.5–1 M), enhancing protein-water association and water 
solubility [66]. This method is known as salting in. The protein solution is normally 
centrifuged or gently eluted to complete the solubilization process. Proteins and other 
water-soluble constituents are retrieved from the supernatant, whereas water-insol-
uble polysaccharides and other minor components are eliminated from the pellet [54].

5.4 Purification of protein

Purifying specific proteins from an isolate or concentrate using chromatographic 
techniques is a helpful technique. Ion exchange, reversed-phase, and affinity chroma-
tography rely on the variable affinity of proteins for the immobile stage [62, 67], and 
gel filtration chromatography isolates proteins by molecular weight [63]. Although 
chromatographic purification technologies have yet to be utilized on insects for food. 
For example, ion exchange chromatography was used to partially purify arginine 
kinase from yellow mealworms [68].

5.5 Drying

Drying can be used as the first step in the creation of insect flour and even the 
final step in the production of protein concentrates or isolates. Oven drying, fluidized 
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bed drying, and microwave drying, for example, can all be utilized to dry solid 
samples and are thus utilized to make flour from whole insects prior to grinding. 
Depending on the study, the experimental setup and parameters may vary greatly. For 
example, it was found that oven-drying parameters for various insects ranged from 
40 to 80°C for 7 to 48 hours, or till consistent weight was achieved [69]. Microwaves 
were used to dry T. molitor or H. illucens in a few articles comparing various drying 
processes. Depending on the experimental setup, microwave drying parameters 
ranged from 0.5 to 2 kW for 30 seconds or up to 20 minutes [70]. Fluidized bed 
drying, however less widespread, has been recorded as an alternate drying method for 
insect flour manufacture [18].

6. Contribution of insects to food and feed security

The contribution of edible insects in augmenting food supply is unpredictable. 
There is an extreme need to increase the traditional animal feed such as soy, grains, 
and fishmeal by using alternative sources. It is estimated that by 2030, over nine bil-
lion people and billions of animals will need to be fed. Furthermore, massive livestock 
production can cause land and water pollution and their overgrazing can also cause 
forest degradation that imparts a negative impact on our climate and damage our 
environment more rapidly. In order to reduce this rapidly destroying environment, 
alternative ways to feed livestock must be explored in which the consumption of 
edible insect provide innovation. For addressing food and feed security, insect farm-
ing is always the best option. Insects are ubiquitous, have high and rapid growth rates, 
and impart less environmental imprint throughout their lifecycle. They have high 
nutritional value, can be raised on a variety of different waste streams, and do not 
require any specific land for cultivation. In the coming decade, the usage of insects as 
poultry and aquaculture fodder is projected to be more common.

The usage of insects for feeding purpose is beneficial for us from health, environ-
mental, and social perspective [71] which are described as follow:

6.1 Health benefits

Insect nutrition is determined by their life stage (metamorphic stage), habitat, and 
feed. It is commonly agreed, however, that:

• As insects possess high-quality protein and have high nutritional value so they 
are extremely useful for undernourished children as a food supplement. It has 
been indicated that insects have high fat content and they are also abundant in 
micronutrients.

• Insects have a lesser tendency of spreading zoonotic diseases, such as H1N1 (bird 
flu) and BSE (bovine spongiform encephalopathy) (mad cow disease).

6.2 Environmental benefits

• Because insects are cold-blooded, they have high feed to meal conversion rates. 
The estimated feed to meal conversion rate of insects is 2:1 as compared to calves 
whose estimated conversion ratio is 8:1.
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• Most insects are likely to produce fewer greenhouse gases than typical animals. 
Pigs, for example, create 10–100 times the amount of greenhouse emissions per 
kilogram of body weight as mealworms.

• Insect farming requires less area than traditional animal husbandry.

6.3 Social benefits

• Harvesting and rearing technology is inexpensive, thus collecting insects and 
growing them require little technical or capital investment.

• Gathering insects from the wild, cultivating them, and selling them as street 
food can be a source of income for the lowest people of society.

• In industrialized, transitional, and developing economies, insect gathering, and 
farming can provide entrepreneurship prospects.

• Insects are reasonably easy to process for food and feed. Some species can be 
eaten in their entirety. Insects can also be ground into meals or made into pastes, 
and their proteins recovered.

7. Challenges and perspectives in insect food

One of the highly efficient protein sources is considered to be edible insects, which 
provide a chief source of protein for the future. The biggest challenge for consuming 
insect food is the neophobia that is associated with insect food [72]. Besides these, 
various other challenges are also present in consuming insects that have discussed 
below.

7.1 Aversion to insect consumption

Neophobia and disgust associated with trying insect is the biggest challenge to 
their integration into the food industry [73]. Studies showed that the two major bar-
riers to consuming insects are neophobia and disgust, however, disgust plays a major 
role in comparison to neophobia [74]. In order to resolve this, scientists suggested it is 
more beneficial to enhance the quality, taste, and appearance of food.

7.2 Processing

Harvestation of insects has been done on a larger scale primarily for human 
consumption or pet and livestock feed [75]. As the utilization of insects has 
been increasing day by day so it is necessary to use more advanced and efficient 
processing methods to extract protein. Information about processing methods 
for yielding pure insect protein remains scarce and mainly performed at the 
laboratory level [76]. However, the purity and the quantity of insect protein solely 
depend on insect species, processing techniques, and rearing methods used. This 
future study emphasizes for extracting more insect protein by using optimal 
processes.
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7.3 Allergenicity

Another main issue associated with edible insects is allergy. Anaphylactic reac-
tions have been found in several studies after eating edible insects; these reactions 
may have been triggered by the existing link between insects and arthropods (such 
as shrimps and dust mites). Purines are made up of hydrogen, carbon, and nitrogen, 
as well as adenine and guanine, and are found in proteins. Uric acid is just another 
product of purine metabolism in humans that can be hazardous to gout sufferers. 
Undeniably cross allergic reactions to crustaceans and house dust mite protein have 
been associated with various insects. Co sensitivity and cross-reactivity between 
crustaceans, house dust mite, and edible insects have been studied and it was found 
that tropomyosin and arginine kinase are the major proteins responsible for allergic 
reactions [77]. Broekman et al. studied allergic reactions corresponding to insect 
consumption [78]. Different methods such as enzymatic hydrolysis and thermal treat-
ment have been used to reduce the intensity of various allergens in various studies 
that are somehow effective [21].

7.4 Microbial hazards

One of the most serious challenges is the microbial hazards that are associated 
with edible insects. It has been found that total account of mesophilic aerobes 
is very high approx. to 7–8 Log10 CFU per gram in some edible insects parallel 
to that present in vegetables and fresh herbs [22]. Moreover, another serious 
hygienic concern is Enterobacteriaceae and found at the level of 106–1012 CFU/g 
[79], which is extremely high. To decrease the level, scientists suggest that prior to 
eating insect have been fasted for a day or it also greatly depend on food process-
ing and rearing conditions [76]. Furthermore, edible insects might also possess a 
wide range of pathogens and spoilage bacteria that can be reduced by the  
processing step.

7.5 Environment

In using edible insects as a source of novel protein studies have been conducted by 
many scientists from an environmental point of view as environmental pollution is 
a serious issue [80]. Additionally, life cycle assessment of different insects provides 
lower environmental impact as compared to broiler but shows high environmental 
effect in contrast to plants [81].

7.6 Religious view about entomophagy

Food practices are influenced by culture and religious beliefs. The practice of 
eating insects is cited throughout religious literature in the Christian, Jewish and 
Islamic faiths. The consumption of insects depends on religion and ethnicity. It is a 
taboo among Muslims [82]. In the sacred books of the Christian, Jewish, and Islamic 
religions, there are different fragments related to entomophagy. Entomophagy in 
ancient times is a noted in the New Testament of the Bible with reference to John 
the Baptist, who appeared totally depended for his food on locusts and honey. In the 
Holy Bible use of locusts, crickets, and grasshoppers as food is mentioned as well as 
crickets and grasshoppers (Leviticus 11:22). In Islamic traditions, evidence of the 
use of insects as food extends to locusts and bees. In Judaism four species of locusts 
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are recognized as kosher; that is, permitted for use as food [12, 83]. Entomophagy is 
also present in Jewish literature. Eating certain species of kosher locusts was largely 
accepted in ancient times.

7.7 Future directions

People should be educated about the importance of insects. The proper industry 
should be developed. A comparative analysis of the nutritional value of insects and 
red meat found that, in general, the value in regard to protein content, essential 
amino acids, and unsaturated fatty acids was similar [84]. People should have aware-
ness that insects may prevent micronutrient deficiencies and play a role in the man-
agement of chronic diseases, such as cardiovascular disease, diabetes, and cancer [85].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Genetic modification is a technology that allows incorporating beneficial 
genes from other organisms. One of the major challenges of current era is feeding 
the consisting growing population of the world. Reduced cultivatable land and 
climate change have made it even more challenging. Through genetic engineering 
technology it is possible to develop high yielding, disease resistance and climate 
resilient crop varieties within shorter period of time than the conventional ways. 
Current global status of GM crop cultivation and production has already proved 
that GM crops have the potential to achieve food security for the future world. 
However, in most of the countries, public has misperception of its risks on human 
health and environment. Due to such misconception most of the countries have 
not adopted GM crops yet which could make it difficult to utilize GM crops to 
achieve food security. Therefore, in this book chapter we discussed on how geneti-
cally modified crops are developed, what beneficial traits are usually incorpo-
rated, how they are assessed for human health risks and regulations for selling 
genetically modified foods in the market. Such discussion would help common 
people to understand how this technology can help us ensuring food security of 
the world.

Keywords: genetically modified organisms (GMOs), genetically modified foods 
(GMF), food security, safety assessment, biosafety

1. Introduction

The growth of the human population will increase day by day and create 
significant challenges for agricultural production. Now a days food security is 
one of the major concerns for the growing global population. Nearly 870 mil-
lion people suffer from malnutrition; most of them are living in the developing 
countries of Africa, Asia, and South America [1]. Additionally, climate change 
and environmental deterioration are currently reducing the available agricultural 
land, creating additional challenges to fill the increasing food demand [2]. The 
use of modern biotechnology, including genetic modification techniques, has 
been proposed as a way to reduce the environmental footprint, by improving food 
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quality and increasing productivity [3]. Genetically Modified Food (GMF) means 
any food containing or derived from a genetically engineered organism [4]. The 
majority of the biotech crops available on the global market have been genetically 
manipulated to express one of these basic traits: resistance to insects or viruses, 
tolerance to certain herbicides and nutritionally enhanced quality. In 2019, the 
24th year of commercialization of biotech crops, 190.4 million hectares of biotech 
crops were planted by up to 17 million farmers in 29 countries. From the initial 
planting of 1.7 million hectares in 1996 when the first biotech crop was com-
mercialized, the 2019 planting indicates ~112-fold increase Thus, biotech crops 
are considered as the fastest adopted crop technology in the history of modern 
agriculture [5]. Major producers of GM crops include USA, Argentina, Canada, 
and China. In the US, about 80% of maize, cotton and soya are biotech varieties 
[6]. Several safety issues are considered for the release or commercialization of 
genetically modified crops such as safety issues for human health, toxicity analy-
sis, allergenicity analysis and biosafety assessment of genetically modified foods. 
This book chapter discusses the overall process for developing of genetically 
modified crops, brief history of global adoption of genetically modified crops, 
main agricultural traits and current status of the approved genetically modified 
crops and its role in food Security.

2. The overall process for developing of genetically modified crops

The crop plants developed through modification of genetic composition using 
genetic engineering techniques are referred to as genetically modified (GM) crops, 
transgenic crops or genetically engineered (GE) crops. The overall process for devel-
oping of genetically modified crops illustrated in (Figure 1) [7]. Different steps are 
involved in the genetic transformation work like Identification and isolation of gene 
of interest (transgene), cloning into suitable plasmid vector and transformation 
of desired gene into the plant cells, confirmation of transformation by molecular 
techniques.

Figure 1. 
The overall process for developing of genetically modified crops.
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2.1 Identification and isolation of the target genes

To produce a GM plant, scientists first identify the desired trait missing in the 
cultivar, such as resistance to biotic and abiotic factors (salt, cold, drought, herbi-
cides, pesticides, insects, nutritional quality etc.). Then, by using existing knowledge 
they find an organism (plant, animal, or microorganism) processing the desired trait. 
Finally, the desired genes are isolated using suitable molecular tools.

2.2  Molecular cloning of target gene and development of plant transformation 
vector

A proper gene construct is crucial for the success of producing ideal transgenic 
line. A vector is a DNA molecule that has the ability to replicate inside the host to 
which the desired gene has integrated for cloning. A vector acts as a vehicle that 
transports the gene of interest into a target cell for replication and expression [8]. 
Common vector consists of three components: an origin of replication, multiple 
cloning site or recombination site and selectable marker gene. The common vectors 
include-plasmids, cosmids, bacteriophages, bacterial artificial chromosome (BAC), 
yeast artificial chromosome (YAC), etc. which is used for the production of geneti-
cally modified crops [9]. The most commonly used plant transformation vectors are 
Ti plasmid binary vectors of Agrobacterium tumefaciens.

2.3 Transformation of desired gene into the plant cells

Transformation of transgenes into the plant cells can be carried out through 
indirect or direct gene transfer methods. An indirect gene transfer (vector-mediated) 
method involves the introduction of exogenous DNA into the plant genome via 
biological vectors, whereas direct gene transfer methods involve the introduction of 
exogenous DNA directly into plant genome through physical or chemical reactions. 
The important physical and chemical gene transfer methods are electroporation, 
microinjection, particle bombardment, Polyethylene glycol and Liposome mediated 
gene transfer. Agrobacterium-mediated transformation is the most common technique 
used in plant transformation as it is efficient and effective in a wide range of plants 
[10]. This method had successfully transformed a broad variety of plants such as rice, 
maize, barley, and tobacco. Among the physical methods particle bombardment biolis-
tic is the most common one used in plant transformation [11]. Currently, transient and 
stable transformation can be achieved through the Agrobacterium-mediated and biolis-
tic methods. In the Agrobacterium-mediated method, the T-DNA region is inserted into 
the plant genome forming a stable transformant, whereas the non-integrated T-DNA 
plasmid expresses the transgene transiently. In the biolistic method or other direct 
gene transfer methods such as electroporation, transient and stable expression of the 
transgenes are usually dependent on the plasmid or transgene constructs.

2.4 Confirmation of transgene integration by molecular techniques

Confirmation of transgene integration has to be done through an appropriate 
method based on the transgene constructs, selectable marker, and reporter gene used. 
The antibiotic resistance genes are screened by the addition of herbicides or antibiotics 
to the growing media to distinguish transformed plant cells from the non-transformed 
plant cells. However, this method requires a large quantity of antibiotics and herbicides 
that are expensive and worsen by the risk of horizontal gene transfer to other bacteria. 
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An alternative screening method such as polymerase chain reaction (PCR) and reporter 
gene expression are used for the identification of transgenic plants. Some reporter genes 
such as the GFP, GUS, CAT, LacZ and Luc are used for the expression of these genes 
could be observed visually or directly under microscopy [12]. The GUS expression can 
also be detected through histochemical assay in which the localization of the transgene 
can be observed. Southern blotting is a molecular method which is generally used to 
identify the number of transgenes (copy number) inserted into the host genome as well 
as for the detection of transgene integrity and transgene rearrangement [13]. The poly-
merase chain reaction (PCR) method is one of the most sensitive and easiest methods 
among all the molecular techniques employed for the verification of the transgene. The 
PCR is generally done with primers specific to the site of plasmid constructs and gene 
of interest used for development of the transgenic plants. Successful amplification of 
the DNA fragment with expected band indicates the possible presence of transgene, 
and this DNA fragment is further confirmed through DNA sequencing. A real-time 
PCR provides fast, sensitive, and high-throughput molecular PCR–based analysis com-
pared to the traditional Southern blot analysis especially in the area of transgene copy 
number and zygosity detection in transgenic plants [14]. In recent years, the availability 
of NGS tools and bioinformatics resources facilitates the study of genome and molecu-
lar characterization of complex traits. Hence, NGS approach provides an alternative 
high-resolution analysis tool for transgenes insertion in GM crops [15].

2.5 Regeneration of the whole plant from the transformed cells

Expression of transgene and production of functional protein is important for 
development of genetically modified foods. Successful genetic engineering of plants 
often requires the regeneration of whole plants from transformed plant cells. Plant 
regeneration usually involves culturing plant tissue in the presence of specific plant 
hormones under sterile conditions.

3. Brief history of global adoption of genetically modified crops

The history of GM crop in agriculture started with Flavr Savr™ Tomato, the 
first ever GM crop approved for human consumption in 1994 by the Food and Drug 
administration, USA [16]. This GM tomato was developed by former Monsanto 
Company (currently Bayer Crop Science) with a longer shelf life. Later on, in 1995 
Mexico and Canada adopted this GM tomato for consumption. Till then many coun-
tries started to adopt GM crops and according to ISAAA, in 2019, a total of 71 coun-
tries have adopted GM crops among which 29 countries directly cultivated different 
types of GM crops including cereal, vegetables, oilseed, fruits, and flowers, whereas 
rest of the countries imported GM food [17]. Most crops have been genetically modi-
fied for herbicide tolerance and insect resistance [18], however, several crops have 
been also targeted for modified quality, for example, modified flower color, modified 
nutrient quality, longer shelf life and so on [19].

4. Commercially approved GM crops and their commercial traits

The commercially approved GM crops around the world and their desired traits 
according to the reports of ISAAA are described below [17].
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4.1 Cereal crops

Some important cereal crops such as maize, rice and wheat are approved for their 
commercial traits. Maize is the second most cultivated GM crop in the world and USA 
is the major cultivator and producer of GM corns. Maize has been genetically modi-
fied mainly for herbicide tolerance and insect resistance. Several commercial GM 
corns are stacked with the aforementioned traits, for instance, Agrisure® Duracade™ 
5222 by Syngenta. Few are modified for better quality, such as, Enogen™, that 
contains a synthetic gene derived from Thermococcales spp.

Like maize, rice has also been genetically modified for herbicide tolerance and 
insect resistance. Liberty Link™ rice developed by Bayer Crop Science is a herbicide 
tolerance variety containing a gene (bar) from Streptomyces hygroscopicus. It was first 
approved in the USA in 2000 and later on other countries have also approved. Till 
date, 9 more countries including Canada, Argentina, Australia, Colombia, Honduras, 
Mexico, New Zealand, Philippines, Russia and South Africa have approved this GM 
rice. The commercially available insect tolerant GM rice is BT Shanyou 63 that was 
only approved by China in 2009. Another GM rice of similar trait is Huahui-1 that was 
approved in the USA in 2018. The most famous GM rice would be the Golden Rice. It 
is adopted for cultivation in Philippines in 2018, however, in 2017-2018, USA, Canada, 
Australia and New Zealand have also approved this as food and feed.

Roundup Ready™ wheat, a glyphosate herbicide resistant variety is the only GM 
wheat in the world developed by Monsanto Company. Initially, in 2004, 4 countries 
including Australia, Colombia, New Zealand, and the United States approved this for 
direct use and processing as food, however, Monsanto reportedly stopped pursuing 
the regulatory process and other countries also have withdrawn.

4.2 Oilseeds crops

Among the oilseed crops soybean, canola and sunflower are more important. 
Soybean is the most adopted and most produced GM crop in the whole world. The 
herbicide tolerant varieties Liberty Link® soybean and Contrivance were developed 
by BASF group. It is approved to be used as food and feed in more than 20 coun-
tries. Some other herbicide tolerant varieties are Liberty Link® GT27™, Roundup 
Ready™ soybean, Genuity® Roundup Ready™ 2 Xtend™, Genuity® Roundup Ready 
2 Yield™, and Optimum GAT™. Apart from these, Conkesta Enlist E3™ Soybean 
and Intacta™ Roundup Ready™ 2 Pro, developed by Dow AgroSciences LLC and 
Monsanto Company, respectively, are stacked with herbicide tolerance and insect 
resistance capacity. The Vistive Gold™ developed by Monsanto Company and the 
Plenish™, developed by DuPont (Pioneer Hi-Bred International Inc.) are stacked 
with herbicide tolerance and enhanced oleic acid content. These are approved in more 
than 15 countries. Lastly, the Verdeca HB4 Soybean is an abiotic stress tolerant GM 
soybean developed by Verdeca. It is currently approved in 6 countries for food and 
feed purposes.

The genetic modification in Argentine Canola (Brassica napus) is more focused on 
herbicide tolerance. To name a few herbicides tolerant GM canola varieties would be 
Optimum® Gly canola, Roundup Ready™ Canola, Liberty Link™ Independence™, 
InVigor™ Canola, Navigator™ Canola, etc. Though there is no insect resistant 
GM canola available few have been genetically modified for improved quality. For 
example, Laurical™ Canola developed by Monsanto Company has increased levels 
of a triglyceride, lauric acid. However, it is only adopted for cultivation in the USA 
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and Canada. There is only one GM Polish Canola (Brassica rapa) is available named 
Hysyn 101 RR Roundup-Ready™. It was developed by the University of Florida and 
only adopted for cultivation and approved for use in Canada (1997). GM safflower 
is adopted for cultivation only in Australia and it was approved in 2018 for food and 
feed purposes. This has a down regulated expression of fatB and fad2.2 genes for 
lowering the fat content.

4.3 Vegetables and fruits

Commercially important vegetables and fruits are potato, tomato, eggplant, 
common bean, squash, apple, papaya, plum and pineapple. Primary potato trait that 
was focused for GM potatoes is modified product quality, such as, Starch potato, 
Amflora™, for reduced amylose and increased amylopectin content; Innate®, 
Cultivate, Innate® Generate, Innate® Accelerate, and Innate® Invigorate for lower 
reducing sugar. Several modified product quality GM potatoes are stacked with dis-
ease resistance capacity against blight (Innate® Acclimate, Simplot Innate) and potato 
virus Y (Hi-Lite NewLeaf™ Y potato). Commercially available coleopteran insect 
resistant GM potatoes are Superior NewLeaf™ potato, Elizaveta plus, Lugovskoi plus, 
Atlantic NewLeaf™ potato, etc.

According to ISAAA, 11 GM tomatoes have been developed so far for commercial 
purposes and 9 of them are for a single trait, that is, delayed fruit ripening or delayed 
fruit softening for longer shelf life. FLAVR SAVR™ by Monsanto Company and three 
others developed by Zeneca Plant Science and Petoseed Company followed the same 
strategy for delayed fruit softening. These four are only cultivated in the USA, how-
ever, Canada and Mexico have approved these for food purposes around 1995–1996. 
Some other GM varieties were developed by targeting the genes that are responsible 
for ethylene production, the fruit ripening hormone. This one was adopted and 
approved as food and feed in the USA in 1996. China approved 2 GM tomato variet-
ies for cultivation and domestic uses with delayed ripening in 1997 and 1999 that 
was developed by the Huazhong Agricultural University (China) and Institute of 
Microbiology, CAS (China), respectively. The DNA Plant Technology Corporation 
(USA) developed another GM tomato by reducing the expression of ACC synthase 
gene resulting in reduced ethylene production, thus, delayed fruit ripening. Monsanto 
Company developed another one with resistance capacity against lepidopteran insects 
using cry1Ac gene and was approved in 1998 and in 2000 for Canada.

The only available GM eggplant is BARI bt Begun developed by Maharashtra 
Hybrid Seed Company (MAHYCO). It mainly contains cry1Ac gene from Bacillus 
thuringiensis subsp. Kurstaki strain HD73 that confers resistance against lepidopteran 
insects by selectively damaging their midgut lining. Bangladesh is the only country 
that approved the cultivation of this GM eggplant in 2013. Recently, Philippines 
approved it for food and feed uses but did not adopt for cultivation. In Bangladesh it is 
only approved for direct use or processing as food only.

BRS FC401 RMD is the only commercially available GM common bean (Phaseolus 
vulgaris). It was developed by EMBRAPA (Brazil) and is resistant against Bean Golden 
Mosaic Virus (BGMV). It inhibits the replication of viral protein. Brazil is the only 
country to cultivate and use this GM crop as food and feed. Seminis Vegetable Seeds 
(Canada) and Monsanto Company (Asgrow) developed the GM squash that is stacked 
with resistance capacity against three plant viruses, e.g., Cucumber mosaic cucu-
movirus (CMV), Zucchini yellow mosaic Potyvirus (ZYMV) and Watermelon mosaic 
potyvirus 2 (WMV2). Cultivation of this variety was stared in 1996 in the USA and 
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approved for food and feed usage in 1997. No other country has approved this one yet. 
Canada approved it food use in 1998.

Fruits.
Apple: Arctic™, Arctic™ “Golden Delicious” Apple, and Arctic™ Fuji Apple, 

all these 3 GM apple varieties has been developed for non-browning phenotype by 
Okanagan Specialty Fruits Incorporated. Arctic™ Fuji Apple was first adopted in 
Canada in 2018 and then in the USA in 2019. The other 2 are also approved only in 
these 2 countries and their cultivation started in 2015.

Papaya ringspot virus is the greatest concern of papaya cultivation. Therefore, all 
the GM papayas are aimed to disease resistance trait. Pathogen derived resistance 
mechanism is used in these GM papayas to check the viral infection. The USA and 
Japan started cultivation in 1996 and 2011, respectively. Canada only approved its 
use for food purposes in 2003. Another commercially available one is Huanong No. 
1 developed by South China Agricultural University for the same disease resistance 
purpose. China is the only country that started its cultivation in 2006.

The only GM pineapple is Rosé, developed by Del Monte Fresh Produce Company. 
It has traits of delayed ripening, modified fruit color, and increased level of lycopene 
and beta-carotene. It is approved only in the USA (2016) and Canada (2021).

4.4 Sugar crops

Brazil and Indonesia are the only 2 countries to cultivate GM sugarcane. Brazil 
started the cultivation insect resistant GM sugarcane and approved its usage for food 
and feed purposes from 2017. It was developed by Centro de Tecnologia Canavieira 
(CTC) that contains cry1Ab gene for conferring resistance against lepidopteran 
insects. Canada and United States have approved its usage as food. On the other hand, 
Indonesia adopted the cultivation of drought resistant GM sugarcane and approved 
to be used as food and processing food products from 2011. It contains EcBetA gene 
catalyzes the production of the osmoprotectant compound glycine betaine conferring 
tolerance to water stress. Only 3 countries adopted the cultivation of GM sugar beet, 
Roundup Ready™ sugar beet. Australia and the USA approved in 2005 and Japan in 
2007. However, Australia, Canada, China, Colombia, European Union, Japan, Mexico, 
New Zealand, Philippines, Russia, Singapore, South Korea, Taiwan and USA have 
approved its use as direct food or processed food. This GM sugar beet was developed 
by Monsanto Company. There are two more commercially available GM sugar beet 
plants are present, they are InVigor™ sugar beet developed by Novartis Seeds and 
Monsanto Company and Liberty Link™ sugar beet developed by Bayer CropSciene.

4.5 Others

Monsanto Company and Forage Genetics International have jointly developed GM 
alfalfa plants for herbicide tolerance (Roundup Ready™ Alfalfa) and reduced content 
of guaiacyl (G) lignin (HarvXtra™). These are approved in Australia, Canada, Japan, 
Mexico, New Zealand, Philippines, Singapore, South Korea and the United States of 
America in the years ranging from 2004 to 2008. Sweet peppers Approved for cultiva-
tion in China in 1998, developed by Beijing University. The GM sweet pepper confers 
resistance against the Cucumber Mosaic Virus (CMV) through pathogen derived 
resistance mechanism. Tobacco has been genetically modified for cultivation purposes 
targeting 2 commercial traits. First one by SEITA S.A. (France) for oxynil herbicide 
tolerance and the second one for reduce nicotine content developed by Vector Tobacco 
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Inc. (USA). The first one was approved in 1994 for the European Union and the latter 
one in 2002 for the United States.

5. Worldwide production and consumption of genetically modified foods

In 2019, According to ISAAA, 29 countries cultivated GM crops among which the 
USA is the largest producer of the GM crops covering 37.9% of the total GM crop area 
in the world [5]. USA has adopted the highest number of biotech crops (Table 1). 
Canada is another major GM crop grower that has reached 95% adoption rate of GM 
canola. In Latin America, 10 countries cultivate biotech crops, they are, Mexico, Costa 
Rica, Honduras, Columbia, Chile, Bolivia, Argentina, Uruguay, Paraguay, and Brazil. 
Brazil is the top biotech crop cultivator developing country. In Europe, only two 
countries adopted the cultivation of GM crop, Spain, and Portugal. These 2 countries 
only cultivate GM Maize. Whereas, in Africa, most of the countries cultivate GM 
cotton, like, Nigeria, Sudan, Ethiopia, Malawi, and Eswatini. South Africa cultivates 
three different GM crops, they are soybean, maize, and cotton. In Asia, Pakistan, 
India, Myanmar cultivates GM cotton. Bangladesh is the only country to cultivate BT 
Brinjal in the whole world. Indonesia only cultivates GM sugarcane, whereas Vietnam 
and Philippines are only focused on the cultivation of GM maize. China cultivates 
GM papaya and GM cotton. In Oceania, Australia is the only country to cultivate GM 
crops, like GM cotton, GM alfalfa and GM safflower. Australia is the exclusive grower 

Country Total area cultivated 
(Million hectares)

GM crops

USA 71.5 Maize, soybeans, cotton, alfalfa, canola, sugar beets, 
potatoes, papaya, squash, apples

Brazil 52.8 Soybeans, maize, cotton, sugarcane

Argentina 24.0 Soybeans, maize, cotton, alfalfa

Canada 12.5 Canola, soybeans, maize, sugar beets, alfalfa, potatoes

India 11.9 Cotton

Paraguay 4.1 Soybeans, maize, cotton

China 3.2 Cotton, papaya

South Africa 2.7 Maize, soybeans, cotton

Pakistan 2.5 Cotton

Bolivia 1.4 Soybeans

Uruguay 1.2 Soybeans, maize

Philippines 0.9 Maize

Australia 0.6 Cotton, canola, safflower

Myanmar 0.3 Cotton

Sudan 0.2 Cotton

Mexico 0.2 Cotton

Spain 0.1 Maize

Colombia 0.1 Cotton, maize
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of the GM safflower. Since 1996, a total of 2.7 billion hectares of biotech crops are 
planted. In India, 6 million farmers planted Bt cotton in 11.9 million hectares in 2019. 
Malawi, Ethiopia, and Nigeria are comparatively new GM crop growers, started from 
2019. Interestingly, Japan has approved the cultivation of GM crops, but they have not 
planted any yet [5]. The top 5 countries to plant biotech crops are USA- 71.5 million 
hectares (95% adoption), Brazil-52.8 million hectares (94% adoption), Argentina-24 
million hectares (~100% adoption), Canada- 12.5 million hectares (90% adoption) 
and India −11.9 million hectares (94% adoption). According to the report of ISAAA 
in 2019, biotech soybean is the most cultivated GM crop with 48.2% coverage of the 
whole biotech crop land, followed by biotech maize (32%), biotech cotton (13.5%), 
Biotech canola (5.3%) and all other biotech crops cover around 1% of the total biotech 
crop land [20].

6. Human health risk and safety assessment of genetically modified crops

General people consider foods obtained from conventionally developed 
crops are safe and GM crops possess risks to human health and the environment. 
Previously risk assessment used to be carried out based on some common prin-
ciples that were introduced in 1993 [20]. Later on, an international body called ‘Ad 
Hoc Intergovernmental Task Force on Foods Derived from Biotechnology of the 
Codex Alimentarius Commission’, jointly established by the Food and Agriculture 
Organization (FAO) and World Health Organization (WHO) and developed a guide-
line for help the national authorities to assess the human health risk of GM foods. 
The three main concerns for human health from GM foods are (i) allergenicity—the 
transgene should not be allergenic (currently no allergic effect was recorded), (ii) 
gene transfer—from GM food to the body cells or to the bacteria of gut microbi-
ome; particularly concerning if antibiotic resistant genes are used. Therefore, any 
technique used in GM crop development that involves antibiotic resistant genes are 

Country Total area cultivated 
(Million hectares)

GM crops

Vietnam 0.1 Maize

Honduras <0.0.5 Maize

Chile <0.05 Maize, canola

Malawi <0.05 Cotton

Portugal <0.05 Maize

Indonesia <0.05 Sugarcane

Bangladesh <0.05 Brinjal

Nigeria <0.05 Cotton

Eswatini <0.05 Cotton

Ethiopia <0.05 Cotton

Costa Rica <0.05 Cotton, pineapple

Total 190.4

Table 1. 
List of GM crops grown in different countries with total biotech crop area [5].
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discouraged, and (iii) outcrossing—several cases have been reported where transgene 
from GM crops approved for animal feed or industrial purposes [21]. According to the 
Codex Alimentarius, the human health risk assessment of GM crops is based on the 
principle that a newly developed GM crop should be compared with the conventional 
counterpart with a history of safe use [22]. The whole idea is that the newly developed 
GM crop is not compositionally different than its conventional counterpart except the 
newly introduce gene product/s [23].

According to the studies of National Cancer Institute, from 1975 to 2011, some 
specific types of cancer incidence has increased and some other has decreased in the 
USA. No absolute pattern was observed in the incensement or reduction of cancer 
incidence. If GM foods were a factor to increase cancer incidence in human, then 
there supposed to be a substantial increase in cancer incidence from 1995 when USA 
introduced GM crops in the market [24]. Another study published data on cancer 
incidence worldwide from 1980 to 2010 on breast and cervical cancer. This report 
showed that the incidence of these 2 cancers has increased in a similar pattern in the 
USA, Canada, and Europe. Interestingly, GM crops are not generally consumed in 
the European Union [25]. Epidemiological data was examined in the USA to find out 
the correlation between GM foods and chronic kidney disease (CKD). The preva-
lence of all stages CKD in the USA has increased 2% between 1994 and 2004. After 
that the prevalence did not increase significantly. Therefore, this increase is not cor-
related with the consumption of GM foods [26]. Similarly, no relationship was found 
between obesity and type-II diabetes with the consumption of GM foods. Similar 
conclusion was also made for gastrointestinal tract diseases, celiac disease, and food 
allergy and autism. Spectrum disorder [27].

The consumption of genetically modified foods direct human health safety 
assessment is considered as it is safe or unsafe. Many organizations such as the 
U.S. Environmental Protection Agency (EPA), the U.S. Department of Agriculture 
(USDA), and the U.S. Food and Drug Administration (FDA) other agencies in 
other countries or by companies, nongovernmental organizations (NGOs), and 
academic institutions conducted several research for human health safety assess-
ment. American Association for the Advancement of Science says crop improve-
ment by the modern molecular techniques of biotechnology is safe [28]. Genetically 
modified foods currently available on the international market have passed safety 
assessments and are not likely to present risks for human health World Health 
Organization [21]. All the available GM crops in the market did not show any kind 
of major human health risks till now. Also, newly developed GM crops must go 
through proper risk and safety assessments for better acceptability. It suggests the 
necessity of labeling GM food so that consumers can make their own choice [29].

7. Safety assessment process to register or import GM products

Delivering GM products to market requires time and investment to ensure safety. 
Use of genetically modified crops as human food and animal feed several studies 
are required for registration or import into the country. Many countries have very 
strict rules and regulations for release of GM crops and also a trade barrier in some 
situations. Hence introduction of GM crops and their products as human food and 
animal feed some reliable methods such as molecular analysis, safety assessment, 
toxicological test, nutritional quality analysis, genotoxicity analysis, allergenicity etc. 
are essential for import or release of new genetically modified crops.
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A detailed molecular characterization is a common study in the safety assessment 
of GM crops.

7.1 Molecular analysis

GM crops can be tested by several molecular levels such as at DNA, mRNA 
and protein level. Polymerase Chain Reaction (PCR) is the primary method for 
screening of GM crops at DNA level. This method has found very broad and wide 
applications in GMO detection and in this method target gene multiplied to mil-
lions or billions by using gene specific primers [30]. Southern blotting is another 
important method for the identification of specific DNA fragments transformed 
into the genome of transgenic plants or its products which was described by 
Southern in 1975 [31]. This is very reliable method that provides the molecular 
evidence of the transgene integration and also estimates the copy number of 
introduced gene into the host genome. DNA microarray is another method used 
to identify the expression of more than one gene in a single test. This test method 
has been used in GMO screening as a method for simultaneous detection of more 
than 250,000 targets in single assay/chip [32]. In case of RNA based methods 
real-time PCR, northern blotting techniques etc. are used to monitor and study 
the gene expression in GM crops. RT-PCR method is based on reverse transcrip-
tion of mRNA and synthesis of complementary DNA (cDNA) which is then used 
as template in PCR amplification of target gene. In real-time assay of transgene 
in GMOs, the amplification and detection occur simultaneously [33]. In northern 
blotting also requires mRNA as tested material from GMOs. This is a standard 
method for the analysis of size and level of target RNA in a complex GMO sample. 
It gives comparative amount of gene expression at the RNA level. Protein based 
test methods enzyme linked immune sorbent assay (ELISA) and western blot 
methods have been used for the protein analysis in GMOs. In this assay protein 
specific antibody coated multi-well plate is used to identify and quantify the 
specific protein [34].

7.2 Toxicological studies

All toxicity assessment for GM material should be performed based on a case-by-
case approach, considering the toxicological profile of new introduced substances 
[35]. The purpose of toxicological studies is to characterize intended changes and 
detect active substances or compounds that could have unexpected toxic effects 
for non-targeted organisms [36]. The assessment of toxicity analysis in animal 
new strategies have been identify for GM feed and foods. Research on the in-planta 
metabolism pathway, such as “-omics” techniques that may generate a better under-
standing of the complex pleotropic effects of new plant cultivars [37]. Additionally, 
in vitro assays with gastric enzymes, cultured cell lines, receptor proteins, and 
in vivo animal studies can be performed [36]. When performing in vivo studies, 
toxicology acute (14 days studies), subacute (28 days studies), chronic (90 days 
studies), or specific toxicity (reproductive, mutagenicity, etc.) assessment can be 
considered [38]. In long term studies (>100 days), no toxic effects were found in 
cattle and chickens fed with Bt maize. The toxicological evaluation of proteins intro-
duced into GM crops must be carried out for introduced or release of GMO crops 
and carefully assess the modification of amino acid sequences that make a non-toxic 
protein to toxic protein [39].
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7.3 Nutritional studies of GMO crops

It is important to assess the nutritional quality of genetically modified foods that 
consumed in human and animal feed. Assessment of nutritional quality composi-
tion of transgenic wheat (Triticum durum L.), corn (Zea mays L.), and tomato 
(Lycopersicum esculentum Mill.) were done compare with the non-transgenic control 
with a similar genetic background. No significant differences were observed for 
qualitative traits analyzed in wheat and corn samples [40]. Many studies have also 
been carried out with feed derived from GM plants with agronomic input traits in 
target animal species to assess the nutritive value of the feed and their performance 
potential. Studies in sheep, pigs, broilers, lactating dairy cows, and fish, comparing 
the in vivo bioavailability of nutrients from a range of GM plants with their near 
isogenic counterpart and commercial varieties, showed that they were comparable 
with those for near isogenic non-GM lines and commercial varieties [41]. In case 
of proteomic analysis creation of respective databases and algorithms of plant 
proteomic analysis is among the most important avenues of fundamental science 
aimed to predict the functions of genes and the properties of the products encoded 
by them [42].

7.4 Assessment of potential genotoxicity

Assessment of potential genotoxicity of the foods obtained from GM crops 
for human health safety assessment is important. Genotoxic studies include the 
assessment of genetic material at various stages of DNA, chromosomes etc. [43]. 
Accordance with the “Food Additive Risk Assessment Guidelines” of the Japan Food 
Safety Commission were assessed the genotoxicity of 30 food-flavoring chemicals in 
GM crops. Of the 30 food-flavoring chemicals, three yielded a positive result in both 
Ames and CA tests [44]. Another 11 chemicals yielded positive results in the CA test. 
However, none of the chemicals yielding positive in vitro test results yielded positive 
results in the in vivo tests. These findings indicate no genotoxicity concerns of the 
food-flavoring chemicals belonging to the above mentioned 18 chemical classes used 
in Japan unless there are other structural modifications.

7.5 Assessment of potential allergenicity

The assessment of allergenicity reaction is important to release a GMO crop. 
A variety of factors considered for an overall assessment of allergenic potential is 
conducted. This assessment includes a safety of the genes source, protein structure 
(e.g. amino acid sequence identity to human allergens) and stability of the protein 
to pepsin digestion in vitro, heat stability of the protein, glycosylation status, and 
specific IgE binding studies with sera from relevant clinically allergic subjects [45]. 
Since GM crops were first commercialized over 20 years ago, there is no proof that 
the introduced novel protein(s) in any commercialized GM food crop has caused food 
allergy. The process by which allergy assessment has been conducted since the 1990s 
has involved guidance from several expert scientific bodies, including the FAO/WHO 
[46], and Codex [22]. However, several animal models are important for investigating 
the etiology of food allergy as well as evaluating advances in immunotherapy tech-
niques to induce desensitization and ultimately, tolerance to food allergic reactions 
[47]. Now days, Bioinformatics tools has led to advances in predicting the allergenic-
ity of novel proteins.
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7.6 Analysis of sensitive biomarkers

Some marker genes are introduced into the gene construct for identification of 
transgenic plants. So, it is necessary to assess the effect of biomarker in human or 
other plants. A machine learning methodology would enable the identification of 
potential biomarkers associated with the potential adverse health effects related to 
GMO exposure. This broad approach will allow for the collection and analysis of vast 
quantities of data for biomarker identification. Researchers were not successful in 
their search for biomarkers cause any health effects [48].

8. Methods of identification and detection of GMO

The number and diversity of genetically modified organisms (GMOs) for the food 
and feed market is increasing day by day. So, it is important to efficient identifica-
tion and detection of GMO in food and feed products. Several strategies have been 
developed to detect GMO in food/feed samples by using different technologies. In 
case of the protein-based approaches, ELISA technique and mass spectrometry-based 
technology are used to characterize GM crops [49, 50]. Protein based detection 
method is not applicable if the genetic modification has no impact at the protein level. 
Currently, Many DNA based GMO detection methods have been developed such as 
quantitative PCR (qPCR), loopmediated isothermal amplification (LAMP), PCR 
capillary gel electrophoresis (CGE), microarray, Luminex, digital PCR (dPCR), DNA 
walking and Next Generation Sequencing (NGS).

8.1 qPCR technology

Event-specific PCR detection technology is commonly employed for GMO testing due 
to its ability to specifically detect each transgenic event simply by targeting their unique 
junction between the host genome and the transgenic cassette [51]. Currently, different 
event-specific qPCR (quantitative) technology has been designed for transgene detection 
from GM Corn, Cotton, Canola, Rapeseed, and rest of the crops [52]. The qPCR system, 
which is the most common strategy, allows detecting, identifying, and quantifying 
GMO via the SYBR Green or TaqMan chemistries in agricultural and food products [53]. 
Though, the (qPCR) methods have more reliable, accuracy and greater sensitivity but its 
success largely relies on various factors, e.g., its throughput strategy is often restricted to 
one marker per reaction. Due to continuous growth in GMO production, new/additional 
detection markers (for specific detection of new transgene) are required to be designed 
continuously and used to completely cover their identification. In case of multiplex PCR-
based methods, several DNA targets can be detected in a single reaction.

8.2 Capillary gel electrophoresis (CGE)

CGE technique was developed by Heide et al. to identify various transgenic events 
in one reaction [54]. The basic principle of this technique is to carry out multiple PCR 
reaction using forward primers which are fluorescently labeled and discrimination of 
amplimer of similar magnitude by executing CGE. As compared to the electrophore-
sis gel, CGE system has higher resolution power to clearly detect PCR products from a 
multiplex assay. Using the CGE system, eight GM maize were identified via a nona-
plex PCR including event-specific, construct-specific, and taxon-specific methods 
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[55]. Similarly, one pentaplex PCR and two hexaplex PCR were also developed to 
detect specifically four GM maize and five GM cotton [56]. However, CGE has some 
disadvantages as it requires extensive labor for designing of primer as well as the 
optimization when performing the analyses for detection of a new event. Its imple-
mentation also requires specialized apparatus which may not always be available.

8.3 Loop mediated isothermal amplification (LAMP)

Loop mediated isothermal amplification (LAMP) is an emerging technology 
which was developed an easy detection of the transgenic event in a given sample 
[57]. The main idea is the amplification and identification of the desired nucleic acid 
sequences at a steady temperature and at some specific stage of the experiment. This 
novel approach of GMO detection involves the utilization of four distinct primers 
which identify at least six different segments of the desired DNA. Varieties of LAMP 
markers were designed for quantitative detection of transgenic GM events [58]. The 
advantage of this study is simplicity, time-efficiency, and ability to withstand differ-
ent PCR inhibitors, for instance, acidic polysaccharides. However, this technique has 
some limitations, e.g., designing four primers per sequence and detection of different 
GM events employing multiplex approach is also a problem.

8.4 Digital PCR (dPCR)

Digital PCR technology (dPCR) is one of the most reliable techniques among 
the currently used technology for GMO quantification. The process is accomplished 
through dividing the mixture of PCR into a sizeable number of distinct reactions which 
include null, single or least target DNA copies. After completion of PCR, the positive 
(i.e., observed replicated desired segments) and negative (i.e., observed non-replicated 
segments) samples are analyzed and then the total copy number of the desired gene in 
an original sample is determined by the application of binomial Poisson statistics [59]. 
Most recently, duplex assays, including one GMO specific marker with one soybean, 
maize, or rice taxon specific marker, were performed by using the dPCR system to 
quantify 12 GM soybean, 16 GM maize, and two GM rice events [60].

8.5 Microarray technology

A microarrays technique (DNA chips or biochips) is an advanced technology for 
high-throughput detection of GMO. It can evolve together with the growing number 
of newly developed GMO in the food and feed markets. With the microarray tech-
nology applied to GMO detection, GM targets are amplified by PCR, using target-
specific and/or universal primers, prior to being hybridized on the array, allowing 
the simultaneous detection of more than 250,000 targets in one assay [61]. DNA chip 
technology coupled with multiplex PCR can be used in the identification of different 
transgenic events from GMOs by employing multiplex PCR approaches. Nucleic acid 
array in combination with multiplex PCR has been used successfully for identification 
of different types of events from GM crops like corn and cotton [32].

8.6 Next generation sequencing (NGS)

Next generation sequencing (NGS) is a promising technology with the detection of 
transgenic events that allows for massively parallel DNA segment sequencing resulting 
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in millions of sequencing reads [62]. NGS is an efficient tool for transgenic events 
detection even in the absence of sequence information of such events. NGS is being 
efficiently employed for characterization of site addition, flanking regions, acciden-
tal addition as well as the determination of transgene copy number [63]. Two main 
approaches are (targeted sequencing strategy) or (whole genome sequencing (WGS) 
strategy), for samples sequencing which has been enriched previously with desire 
sequence regions have been identified [64]. Molecular analyses of transgenic varieties 
from GM soy and GM rice have successfully been achieved using this strategy [65]. An 
approach based on initial enrichment of the targets using DNA walking starting from 
transgenic elements covering a large spectrum of GMO has been proposed to character-
ize unknown sequences including the transgenic inserts and junctions [66]. DNA walk-
ing technology will become more sensitive and more suitable and that could provide a 
more promising solution for the recent challenges of GMO analysis in the near future.

9. GM crops for food security

With the current population growth, it is expected that the world population will 
reach 9 billion by 2050 and current food production rate is not sufficient to feed the 
future population [67]. On top of that, 40% of the total arable land of the world is 
lost over the last 40 years because of erosion and pollution. Heavy utilization of ara-
ble lands reduces organic matter and nutrients from the soil; therefore, farmers need 
to rely on heavy fertilizer input to reintroduce nutrients in the soil for better crop 
yield [68]. In addition to heavy input of synthetic fertilizers, farmers also need to rely 
on insecticides and pesticides as every year farmers face 20–30% due to insects, ani-
mals, and weeds [69, 70]. Therefore, the most sustainable way to ensure food security 
is to develop high yielding, enhanced product quality, disease resistance and climate 
resilient crop varieties. Plant breeders try to develop new superior plant varieties; 
however, it is limited by the huge number of crosses needed to be done, prolonged 
and labor intense selection process, transfer of undesired genes with the desired ones, 
random combination of genes from two parents and so on [71]. In contrast, GM crops 
are developed by incorporating only the desired gene/s in the target crop, even from 
a distantly related organism, in a shorter period of time and in more precise man-
ner. GM crops have a lot more to offer than the conventionally developed varieties. 
Biotech crops are already proven to be more economically beneficial as it requires less 
chemical input such as herbicide tolerant and insect tolerant GM crops. GM crops are 
the fastest adopting technology in the world. If farmers have not decided to cultivate 
GM crops, in order to obtain present day crop yield, we would have needed an addi-
tional 13 million hectares of land [72]. This amount of land would come at the cost 
of destroying rainforests which would eventually increase carbon emission. Most of 
the biotech crops are cost saving and some are with higher yield capacity. As a result, 
the farmers are getting more return from the GM crops [73]. GM crops have all the 
potential to achieve food security, however, lack of societal acceptance of GM crops is 
the major obstacle as many farmers fear that if they grow GM crops then consumers 
may not buy it. Also, most of the people mistrusts the benefits of GM crops because 
they think GM crops are actually harmful, but developers of new GM technologies 
and GM varieties hides for profit [68]. In real life, this is not the case. Thousands of 
studies are present that showed GM crops are not harmful at all. It is the duty of the 
scientific community to make general people understand the science and safety of the 
GM crops in an easier and clearer manner.
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10. Bio-safety assessments of genetically modified food

Biosafety refers to the safe management of living organisms and genetic mate-
rial, including pathogens and genetically modified organisms. Under international 
environmental law and policy, biosafety refers to the need to protect the environment 
and human health from the possible adverse effects of genetically modified organisms 
(GMOs) and products resulting from modern biotechnology. Currently, at the core 
of the international regime on biosafety is the 2000 Cartagena Protocol on Biosafety, 
adopted under the Convention on Biological Diversity (CBD). Now a days dozens of 
genetically modified (GM) food crops and animals have been developed and com-
mercialized in different countries. That’s why several biosafety concerns like- risk to 
human health, risk to environment, ecological concern has been raised after the rapid 
commercialization of GM crops every year across the world. So strict biosafety guide-
line must be followed before introducing a GM crop into the market. According to 
Cartagena Protocol on Biosafety (CPB) take appropriate measures to regulate, manage 
or control the risks that may arise due to use and handling of living modified organ-
isms (LMOs) that may pose some threats to biological and to ensure the safe handling, 
transport, and use of LMOs. Different countries and organizations developed their 
own biosafety guidelines for safety assessment of genetically modified foods. The 
safety assessment is undertaken in accordance with internationally established 
scientific principles and guidelines developed through the work of the Organization 
for Economic Cooperation and Development (OECD), Food and Agriculture 
Organization (FAO) of the United Nations, World Health Organization (WHO) and 
the Codex Alimentarius Commission. Risk assessment must be completed on the basis 
of scientific evidence to identify and evaluate the possible impacts of GMO on the 
conservation and sustainable use of biodiversity as well as risks to human health [74]. 
Risk assessment identifies potential hazards and/or adverse impacts of GM crops or 
derived product on non-target organisms and/or environment. This involves a number 
of coordinated steps like risk identification, risk characterization and risk categoriza-
tion. Risk management involves strategic techniques to reduce the adverse effect of 
GM crops and associated products on non-target species or environment and also to 
reduce the chances of development of resistance in target pest population [75]. Risk 
management is a follow-up to the implementation of a risk assessment that includes 
the establishment of appropriate mechanisms, steps, and strategies for managing and 
controlling the risks identified in the risk assessment. The obligation arising from the 
application of risk management to these parties is to establish and implement a regula-
tory system with sufficient capacity to manage and control these risks. Regulation of 
GMO handling, transport, packaging, and utilization is part of efforts to ensure the 
safety of GMO development in accordance with the requirements of relevant inter-
national standards. In case of USA, the U.S. Food and Drug Administration (FDA), 
U.S. Environmental Protection Agency (EPA), and U.S. Department of Agriculture 
(USDA) ensure that GMOs are safe for human, plant, and animal health [76]. Safety 
assessment of GM foods should be carried out on a case-by-case basis comparing the 
properties of new food with those of conventional counterpart.

11. Conclusion

Genetic modified crops have all the potential for ensuring food security. There is a 
misconception present surrounding the GM crops that it is harmful for the nature and 
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GM food brings harms to human health including cancer. This is due to total igno-
rance towards the scientific proofs that GM crops do not possess any of these threats 
under proper guidelines. The organic foods do not require synthetic fertilizer or 
insecticides or herbicides, but it is limited by the low productivity. It is easily under-
standable that organic farming cannot meet the required crops yield. High yielding 
varieties developed through conventional breeding methods, most of the time require 
heavy synthetic chemical inputs, including herbicides, pesticides, fertilizers. The 
harms that are brought to the environment through the heavy application of such 
synthetic chemicals is far more harmful. In recent years, GM crops with stacked traits 
has become more popular. In conventional ways, it requires a lot of time to develop 
a variety with multiple desired characteristics. That means GM crops can prepare us 
for future food security challenges. The GM crops need to be gone through proper 
regulations before being introduced in the market including health and environmen-
tal risk assessments. By far no GM crops available in the market for commercial use 
showed any signs of harm to human health. GM foods coming from GM crops are 
also properly regulated and labeled. The scientific community must work hard to 
make general people understand about this technology and its benefits to eradicate 
the misconceptions about GM crops and foods, whereas regulatory bodies should 
work through proper guidelines to gain people’s trust so they can be attracted to GM 
crops or GM foods. Therefore, it can be concluded that with proper social acceptance, 
genetic modified crops can ensure food security for the future world.
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Chapter 5

Phosphate Solubilization 
Improvement for Plant Uptake 
from Phosphate Rock and 
Phosphate Solubilizing Microbes 
Consortium: Impact on Food 
Security
Zainab Muhammad Bello, Sanusi Muhammad,  
Adamu Aliyu Aliero, Adamou Rabani  
and Ibrahim Aliyu Dabai

Abstract

Poverty alleviation in Sub-Saharan Africa is proportionally dependent on soil 
management. Low crop productivity has been linked to hunger and poverty as soil 
degradation is undeniably the cause. This chapter gives a general overview from major 
findings on how microbes could improve phosphate (P) levels in soils by enhancing 
its solubility. A cross-sectional study was under taken to highlight the role played by 
phosphate-solubilizing microbes—arbuscular mycorhizal fungi (AMF) and phos-
phate-solubilizing bacteria (PSB) in improving phosphate solubility. About 30–50% 
of phosphorus is organic which the plants could readily assimilate, while 50–70% is 
inorganic and inaccessible to plants. There are several mechanisms the plants utilize to 
optimize nutrient uptake from the root hairs to various parts of the plant to maximize 
crop production. The utilization of readily available minerals such as phosphate rock 
is known to play vital role in plant ecology and evolution, in checking drought stress, 
heavy metal toxicity, nutritional imbalances, plant pathogens, and salinity. Therefore, 
soil improvement using rock phosphate could potentially act in synergy with the 
phosphate-solubilizing microbes to boost phosphate levels in the soil. This could be a 
welcome development in low-income economies in the sub-Saharan Africa (SSA) to 
boost yield for profit maximization.

Keywords: phosphate rock, phosphate-solubilizing microbes, sub-Saharan Africa, food 
security, plant uptake
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1. Introduction

Food production is crucial for our existence and every other life on earth. The rate 
at which phosphorus (P), a critical ingredient in growing food, is declining is alarm-
ing. It was estimated that existing rock phosphate reserves could be exhausted in the 
next 50–100 years [1–3]. Phosphorus is the second most likely nutrient deficient in 
the soils after nitrogen [3]. It is one of the most important nutrients for crop produc-
tion. P availability is usually low in soils around the globe. Moreover, the low efficacy 
of P fertilizers in acidic and calcareous soils restricts P availability [4]. Recently, it 
has become increasingly difficult for small-scale farmers in developing countries to 
purchase chemical P fertilizers.

Rock phosphate is a sedimentary rock that contains high amounts of phosphorus. 
The rock is mined and in it contains clay and limestone [5]. Rock phosphate had 
a long history and had been used as organic fertilizer for gardens. It’s known for 
keeping plants healthy and encouraging new growth [5]. Rock phosphate can be used 
as crude phosphatic fertilizer by direct application to field soil. It was established 
that double application of RP and phosphate-solubilizing fungi/bacteria improve 
P content in soil [6]. Moreover, the farmers in sub-Saharan Africa (SSA) are facing 
high prices of phosphate fertilizers because of the low solubility of the African RPs. 
Therefore, an affordable P fertilizer supply from local low-grade phosphate rocks 
would strengthen crop production in SSA and improve farmers’ income.

Fungi play fundamental roles in regulating key ecosystem processes such as 
decomposition of organic matter and plant–soil relationship [7]. Arbuscular mycor-
rhizal fungi (AMF) on the other hand are widespread obligate plant symbionts that 
can colonize the roots of most land plants. They also assist in obtaining nutrients and 
protection against environmental stresses [8]. It was similarly reported that AMF 
symbiosis improves plant stress resistance and soil stability, making it a promising 
addition to sustainable agricultural practices [9]. It’s crucial to develop a method to 
enhance P solubility in African degraded soils. There have been significant positive 
reports on application of partially acidulated RPs on crop cultivation including pearl 
millet, sorghum, cowpea and maize. It’s well known that calcination of RP with Na 
carbonate increases its solubility, but this method is a classical option, which has been 
employed for ages in solubilizing low-graded RPs. It’s well known that calcination 
with Na carbonate increases its solubility but proven difficult due to high content of 
impurities such as silicates [10].

There is need to develop knowledge on natural biological agents that may sus-
tainably improve crop performance and lessen our reliance on technology [11]. AMF 
symbiosis may be optimized to improve the sustainability of agricultural systems 
by increasing the ability of crops to absorb soil P, resist pathogens, and tolerate 
drought stress [12]. AMF are among the microbial groups that could solubilize 
mineral phosphates and improve plant phosphorus nutrition. AMF inoculation was 
also reported to induce spectacular stimulations of the plant growth and phosphorus 
foliar content [13].

2.  Contributions of phosphate-solubilizing bacteria (PSB) and arbuscular 
mycorrhizal fungi (AMF) in improving P availability

A better understanding of how the beneficial microbes (PSB and AMF) and 
phosphate rock interact is crucial to preserving the soil fertility and improving the 
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economic and environmental sustainability of crop production in P-deficient soils 
[14]. Previous studies have reported that SiO2 is not the major constituent of RP but 
CaO (51.23%) [15] and could increase plant uptake of P. Combining Si and micro-
organisms application has been proposed to effectively induce and improve plant 
growth and nutrition [16–18]. It was earlier observed that AMF and Si (from SiO2—a 
constituent of RP) work together to improve plant growth regardless of stress condi-
tions. Similarly, PBS and SiO2 synergistically help plants better uptake P [19, 20]. 
Another study indicates that SiO2 contained in the rock phosphate is a quasi-essential 
nutrient and is beneficial to plants, especially when under different stresses such as 
drought, heavy metal toxicity, nutritional imbalance, plant pathogens, and salinity 
[21]. Si fertilization increases P levels in different crops and improves plant growth 
by enhancing P availability for plants [22]. PBS generally have the ability to weather 
silicates, likely because basic metabolic activities such as organic acids production and 
respiration can cause the weathering of minerals [23].

3. Phosphate solubilization sources and mechanism of action

Phosphate-solubilizing microorganisms technology improves saline-alkaline soil 
fertility and agricultural use without causing any environmental or deleterious health 
implication that accompanies the continuous use of synthetic fertilizers [24]. The 
phenomenon of P desorption by PSM usually occurs along with the drop of pH [25]. 
The ability of PSM to convert insoluble organic and inorganic phosphorus depends 
on the nutritional richness of the soil and the physiological and growth status of the 
organism. PSM isolated from saline-alkaline soils–soils with a high level of nutrient 
deficiency, or soils from extreme temperature environments, have the tendency to 
solubilize more phosphate than PSM of soils from moderate conditions [14].

P solubilization has been reported to be secretion of organic acids (e.g., oxalic 
acid, citric acid, acetic acid, succinic acid, etc.) produced by phosphate-solubilizing 
microbes to solubilize insoluble P by lowering of pH. The hydroxyl and carboxyl 
groups present in the organic acids chelating the cations (mainly calcium) bound to 
phosphate, leading to increased solubility and availability of mineral phosphates, 
to ensure the microbial growth, organic acid production, and RP solubilization of 
metabolizable carbon compounds [26–30].

Mechanism of action of P solubilization could be observed when a phosphate-
solubilizing microbe is grown in a specialized highly alkaline medium known as 
Pikovskaya medium. These phosphate-solubilizing microbes are then incubated at 
30°C for six days. There has been a conflicting report on the influence of tempera-
ture on phosphorus solubilization by microbes. White et al. [31] found 20–25°C as 
the optimum temperature for maximum microbial phosphorus solubilization while 
28°C was reported by [32, 33]. In addition, others including [34–37] have recorded 
30°C as the best temperature for P solubilization. [36, 38] reported P solubilization 
at extreme temperature of 45°C in desert soil while [39] reported solubilization at 
a low temperature of 10°C. The ability of these phosphate-solubilizing microbes to 
form halo zones when cultured on the PVK medium is a clear indication that the 
organism can solubilize phosphate. Later, the PSB/AMF could then be centrifuged 
at 5000 rpm for 10 min [40]. Supernatant of blended cultures was filtered through 
0.20-μm syringe filters (cellulose acetate), and the organic acid could then be 
detected using HPLC (shimadzu SPD-M20A) with PDA detector by using metha-
nol 5% and 0.1% TFA 95% as mobile phase with flow rate of 1 ml per minute with 
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column particle size 5 μm, length 25 cm, and column diameter 4.6 mm (Merck C18 
column). The extent of P solubilization by the fungal strain could then be deter-
mined by measuring the clear zone (in mm) around the colonies by taking the halo 
zone formation into consideration [25, 41–44].

4.  Role of rock phosphates and phosphate-solubilizing microbes in food 
security

Food security is heavily dependent on phosphorus availability—an essential 
component of the mined phosphate rock [45]. The fertilizer industry is aware of the 
fact that the quality of RP reserve is declining and the extraction, processing, and 
shipping of phosphate rock are highly expensive [46–48]. With the current global 
population boom, coupled with insecurity challenges in mines posed by armed ban-
ditry herdsmen, Boko haram, and the Islamic State in West Africa Province (ISWAP) 
in this part of the world, optimizing food security is essential in curbing poverty and 
hunger management.

Emphasis on this chapter is not limited to improving RP solubility alone but 
also how to ensure food security under diminishing P resources due to injudi-
cious use of P fertilizers [47]. This is made possible by application of phosphate-
solubilizing microbes/biofertilzers in addition to the RP. This could be a more 
promising approach for safer and sustainable agriculture. PSM include bacteria 
(Pseudomonas sp., Agrobacterium sp., Bacillus sp., Actinobacteria etc), fungi 
(Achrothcium, Alternaria, Arthrobotrys, Aspergillus, etc.), and Arbuscular mycorrhi-
zae (Funneliformis mosseae, Rhizophagus irregularis, etc). [12, 17, 48].

Therefore, inoculation of soil with PSMs was reported to be a widely accepted 
environmentally friendly approach for increasing soil soluble P concentrations and 
agricultural productivity [48]. It was established that bioavailable P content in soil is 
an important element that improves plant P uptake, which in turn results in higher 
crop yields [14, 24]; most studies have considered PSM as a promising inoculant/
biofertilizer for raising the productivity of agronomic crops in agroecological niches 
[49–51]. Soil microorganisms improve plant nutrient acquisition. They are involved 
in an extensive range of biological processes as well as the conversion of insoluble 
soil nutrients [34]. A number of these soil microbes are capable of solubilizing and 
mineralizing insoluble soil phosphorus for the growth of plants. To this end, applica-
tion of phosphate PSMs as biofertilizers will bring favorable effects on plant growth 
and reduce the cost of production, which may likely enhance the farmers’ income in 
sub-Saharan Africa.

5. Conclusion

Based on previous studies, we could conclude that AMF, PBS, and RP consortium 
could synergistically act to more effectively increase the plant uptake of P, improving 
the growth of different plant more than when each was solely applied as soil amend-
ment. These in turn boost yield and generate income of poor Sahelian subsistent 
farmers. In order to avoid a future food-related crisis, phosphorus scarcity needs 
to be recognized and addressed in contemporary discussions on global environ-
mental change and food security. This review has shown that phosphate rocks and 
phosphate-solubilizing microbes have great potential as biofertilizers, improving soil 
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inorganic phosphate levels and increasing its bioavailability for plant use. This will 
no doubt promote sustainable agriculture, improve the fertility of the soil, and hence 
increase crop productivity.

6. Future prospects

There is great potential in formulation of biofertilizer using RP and phosphate-
solubilizing microbe. This could potentially overcome abiotic stress such as drought 
and salinity, which could improve crop yield. AMF, PSB, and RP interaction to 
affect P availability is poorly understood [35], thus a better understanding of 
AMF and PSB and RP would allow growers to rely less on chemical P fertilizers 
and instead utilize biological processes to maintain fertility and enhance plant 
growth. AMF and PBS could work together to yield sustainable plant growth in 
malnourished environments. Combinations of AMF and PSB are commonly used to 
increase crop yields, improve fruits quality, boost phytoremediation, enhance the 
fertilizer nutrient use efficiency, lower chemical fertilization application require-
ments, and increase salinity tolerance [52, 53]. The use of silicon (Si) fertilizer has 
also been proposed as an environmentally friendly, ecologically compatible method 
of improving plant growth and the resistance to multiple environmental stresses 
including nutritional imbalances. Previous studies have reported that Si increases 
plant uptake of P [21, 54, 55]. Combining Si and microorganism applications has 
been proposed to efficiently improve plant growth and nourishment. Previous stud-
ies have observed that AMF, PBS, R, and Si could work together to improve plant 
growth regardless of the stress conditions [56–61].
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Chapter 6

Taking Stock of Local Land Rush 
and Their Development Benefits 
for Women Farmers and Rural 
Livelihoods in Cameroon
Christiana V. Abonge

Abstract

Land is a major resource for rural women who are largely dependent on agriculture as 
a major source of livelihood. The rise in large scale land acquisition by local investors has 
made land scarcer, affecting the livelihoods of women and the rural population. Because 
the poor and women are less likely to own land independently, they are more vulnerable 
and become landless with limited livelihood options and bear disproportionate costs of 
land deals. The study intends through the use of a survey, interviews and focus group 
discussions, to investigate the effects of local large scale land deals on women’s liveli-
hoods in North Western Cameroon and how this affects household food security in these 
communities. Drawing on empirical evidence from the study, women who are mainly 
responsible for subsistence food crop production, have very limited access to and owner-
ship rights to land. While local investors promise employment opportunities and local 
development in rural areas, women are also particularly deprived of farmland, which is 
a major source of livelihood and household subsistence. Thus, local land acquisition fails 
to trickle down to social and infrastructural development and is more likely to restrict 
women’s ability to meet the basic food needs of their households.

Keywords: rural livelihoods, local investors, social development, women farmers, 
Cameroon farmers

1. Introduction

The dearth of employment and industrial activity in most rural areas make 
agriculture a predominant economic activity particularly for rural peoples, especially 
women and the poor. Women in Cameroon provide the backbone of the agricultural 
sector as a greater majority of economically active female labour force is employed in 
agriculture [1–6]. Extensive evidence shows that rural women in Cameroon make up 
a majority of the active labour force in the food crop sector producing about 90% of 
food crops in the country [7, 8]. As food crop producers and processors, women play 
a crucial role in ensuring family survival and safeguarding national food security. 
Women grow food to feed their families, making subsistence food production one of 
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the major agricultural and livelihood activities of women. While men may migrate to 
urban areas in search of work and other income earning opportunities, women who 
are compelled to be heads of households rely on subsistence food crop production for 
household survival [9].

The place of women’s subsistence agricultural production also calls to mind the 
significance of women’s access, use and control over production resources particularly 
land, for agricultural production. This has met with increased efforts to enhance 
small holder (women) farmer’s access to and control over land. The efforts to increase 
subsistence agricultural productivity however fall short of meeting the growing needs 
and demands of agricultural producers in general and rural and female subsistence pro-
ducers in particular. Despite the predominant role of women in food crop production, 
they have limited access to and control over land. They lack ownership and inheritance 
rights though they can acquire use rights to cultivable land through male relatives. This 
limitation of increasing women’s access to and control over land is exacerbated by land 
grabbing that has been observed in parts of Sub-Saharan Africa including Cameroon 
[10]. The social construction of gender that gives women traditional roles within 
African families as house-keepers only deprive women’s access and control over com-
munity land making them more vulnerable and most affected by land grabbing [11–13].

In the process, women and the poor are more vulnerable and become landless with 
limited livelihood options and bear disproportionate costs of large-scale land deals. 
While displacement of community members often ignores women’s role of subsis-
tence food crop production, the process also increases pressure on women’s tenure. On 
the other hand, women are often left out and are not equally represented in decisions 
concerning land transactions; either because of women’s low levels of education and 
their lack of information for any informed decision or their lack of legal resources 
to defend land claims [14, 15]. Also, women are usually marginalized and ignored 
with respect to the sharing of benefits associated to large scale land deals. Benefits, 
which can either be in the form of compensation, income generation opportunities or 
employment, target title holders who are usually men, hence leaving out women who 
may only benefit as casual labourers in precarious part time work with low wages.

Despite women’s role in food crop production and household subsistence, custom-
ary and cultural limitations and negative practices related to property ownership 
and equal rights to land most often hinder women’s agrarian activities [16]. Similarly, 
other factors including growing large scale land acquisition (LSLA) also tend to make 
land a very scarce resource particularly for women and the poor. The LSLA phenom-
enon, which involves different groups of actors (investors/MNC/TNC, state/govern-
ments, communities and community leaders, men, women, etc) has greatly affected 
the livelihoods of the populations involved.

It has been observed that the effects of these land deals are different on different 
communities as well as different members of the community. The process usually has 
differential impacts on members of the community and while some may benefit from 
the process, it is likely that others do lose. Most often, ignoring the gender impacts of 
large-scale land transactions is a common practice that overlooks the impact of land 
deals on women and other vulnerable members of the community. The process and 
involvement in LSLA including the impact and benefit of these transactions is defined 
by several factors including how land is acquired and tenure rights, the composition 
of the teams responsible for or executing the transaction, and the impact of land deals 
on community members [17–19].

Another major criticism of large scale land deals is the issue of poor land gover-
nance and corrupt and unaccountable decision making including the weak protection 
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and sidelining of the poor and vulnerable members of the community. Research on 
LSLA confirms that decisions on land transactions rarely involve those who use the 
land but are made by and large by community leaders including state and government 
officials [16, 20]. The process of decision making related to land deals consequently 
raises concerns about the impact (gendered) of land acquisition processes on the 
livelihood options of members of the community in general and women in particular.

2. Land tenure in Cameroon

Access to land can in part be defined by customary land rights and practices which 
are not often secured by law [18, 21]. Rooted in the colonial legacy that enhanced 
patriarchal norms and structures, land management structures in Cameroon in 
general and the North West Region in particular usually render women’s access to 
land difficult by promoting men’s access and control over land. This also defines the 
right to control and use land giving men more power and authority over land than 
women [22, 23]. Understanding women’s access to and control over land requires an 
analysis of various land tenure systems in general and women’s land tenure patterns in 
particular.

Land tenure according to [24] refers to the terms and conditions associated with 
holding, using and transacting land, while land rights refer to the right to occupy and 
use land for various purposes with the ability to make improvements on the piece of 
land. Land rights also give owners the right to give, lease, rent and/or donate a piece 
of land [19–21]. This indicates that having more rights to land can be associated with 
more sustainable livelihoods for those with more rights to land than the landless and 
those with limited rights to land. In addition to helping land owners build an asset 
base that may lead to sustainable livelihood, having land rights may provide a source 
of power, prestige and a basis to recover from shocks and stress, as well as a means 
of economic production and other activities for a living [14, 19, 21, 24]. Land rights 
for women increase their bargaining power within the household with a resulting 
increase to household welfare [15]. Thus, secure land rights are very instrumental to 
economic development and a catalyst for economic activity.

The formal and customary land tenure systems have been identified as two main 
frameworks and/or institutions governing ownership and access to land [15, 18, 21]. 
It is important to note that because of the importance attached to customs, civil law 
protections are often not respected. Even though many laws recognize and protect 
the rights of women to land (property and land ownership rights, equal inheritance 
rights and marital property rights), enforcement of these laws is quite irregular and 
difficult. For example, Cameroon’s 1996 Constitution gives all citizens the right to 
own property individually or in association with others, where ownership is defined 
by the right to use, enjoy and transfer property. On the other hand local restrictions 
and customary practices against women’s ownership of land most often supersedes 
written law and therefore determine which rights to land can or cannot be exercised. 
The difficulty in implementing these laws could be as a result of conflicting legisla-
tion, institutional weaknesses and gender bias. The interest of this research is to note 
the convergence of customary laws and practices, institutions and traditional struc-
tures and formal laws to entrench and reinforce the already unequal balance of gender 
power relations and gender inequality within the community.

As observed by [25], land in Cameroon can be considered as a community resource 
in terms of space inherited from the ancestors. As a community resource, land is 
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managed by community representatives who can either be chiefs or traditional rulers 
and it is commonplace for land (community) to be inherited and transmitted from 
one generation to the other. Based on the pre-colonial conception of the ownership of 
means of production, land was conceived during this period as collective property for 
collective use and management. This however changed with the advent of colonialism 
that adopted a Eurocentric view of land as individual resource and thus the infiltra-
tion of individual property rights, highlighting the colonialist intension to control 
and manage land. Thus, it is important to note that the Cameroonian land law is a 
derivative of this European principle of individual ownership of land [21]. Based on 
this principle, the land ordinance of 1974 supports and promotes private ownership 
and the commercialization of land. According to this law, it is imperative for privately 
owned land to be registered and titled, without which such untitled and unregistered 
land is classified as national land [25, 26]. It is only when land is registered and titled 
that the land holder can be associated with ownership rights Rural communities can 
also title their customary land, and titles are the only protection against state appro-
priation. Given the difficult, long and expensive process registering land, it is difficult 
for customary land owners to register and secure communal land. Thus, such com-
munities enjoy only usufruct rights to their land. This reinforces insecure tenure for 
most communities and individuals as a greater majority of farmland and communal 
land held under customary law is classified as national land. Generally, while land in 
rural areas is predominantly subject to customary law where traditional leaders (Fons, 
chiefs or Lamidos) administer and manage these lands, individual families may 
receive the rights to use land which are heritable through male kin [19, 21, 26, 27].

Cameroon’s land tenure regime is therefore based on this and subsequent laws, 
emphasizing land registration and titling. Nonetheless, most land is still managed 
informally through local arrangements, whose flexible rules may create uncertainty, 
foster land conflicts, and hamper local development. Even though land reforms 
in 2005 simplified land titling by reducing the number of steps and departments 
involved, and cut the time needed to obtain a land title from several years to less than 
one, it failed to address significant hurdles including contradictory laws, poor record 
keeping, and reliance on traditional authorities to allocate land rights [19, 21].

Land registration seems to be more of an urban phenomenon given that rural 
communal land is more agricultural and is hardly registered. Notwithstanding, an 
estimated 80% of plots in urban and peri-urban areas are held under customary law. 
Plots are obtained through renting or purchase on the informal market [28–31]. The 
gaps in the land administration processes and infrastructure account in part to the 
slow transition from customary property rights to private ownership of property, 
increasing rather than diminishing land tenure insecurity. Cases of multiple sales of 
the same land, false land certificates, and inaccuracies in boundary definitions are 
commonplace, giving rise to frequent conflicts and disputes, also demonstrating that 
the registration process does not improve tenure security.

3.  Large scale land deals and the socio-cultural context in the north west 
region

Large scale land deals commonly referred to as land grabs is characterized by the 
acquisition of large portions of land mostly by foreign and or local investors. These 
land deals are often negotiated and assisted by national elites and governments on the 
one hand and local councils or elites longing for foreign investment [16, 18]. While 
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investors may consider land grabbing as a means of providing development to the 
locals in terms of better and improved access to better roads and social services such 
as health centres, access to potable water and electricity, such land deals are charac-
terized by the violation of human rights, are not based on free, prior and informed 
consent of the land users, and usually ignore the social, economic and environmental 
impacts including the way the process is gendered [16, 22]. There is increasing 
concern about the positive and negative impacts of these land deals on the livelihoods 
of men and women who are those who are usually displaced.

The North West Region (NWR) is characterized by various ethnic groups reflect-
ing widespread ethnic diversity also observed in the country [6, 32]. The major ethnic 
groups (otherwise considered indigenes) in the province include the Bali, Widekum, 
Nso, Mbembe and the Aghem. Another population group (minority) in the province 
constituting about 5–10% of the total population is the Mbororo; a group of pasto-
ralists and Muslim migrants from Northern Cameroon. Deriving from the ethnic 
diversity is a number of centralized villages and chiefdoms, which are autonomous 
with similar economic and socio-political structures and are by and large culturally 
and linguistically heterogeneous [6, 33, 34].

Although there are various forms of religious practices (Christianity, Islam, and 
traditional beliefs), the people of the NWR are predominantly Christians with the 
minority Mbororo mainly Muslims [33, 34]. The diverse ethnic background is charac-
teristic of variations in traditional norms and practices (purdah and female seclusion, 
age and forms of marriage, etc). Whilst adherence to these practices may also define 
the extent of gender inequality, which does vary by ethnic group, purdah and female 
seclusion is common amongst the Mbororo and Muslims [32, 33]. There are plau-
sible ways through which these practices can influence women’s position within the 
household. Pelican [32] suggests an association between polygamy, religious practice 
and ethnicity. Polygamy, which is widespread amongst Muslims and those observing 
traditional religious practices (than amongst Christians), reinforces negative social 
standing and limited access to resources for women [6, 32, 33]. For instance, male 
financial support may be limited in polygamous homes due to greater competition 
for resources [32], exacerbating the burden of household subsistence on women and 
greater constraints with access to health care, education and other basic needs for 
children in such homes. Whilst this may raise concerns as to the changing position 
of women, it also highlights the role of socio-cultural factors in defining the avail-
ability and accessibility of production resources including land to women within the 
household.

4.  Assessing the benefits and impact of land deals: the need and the 
challenge

Large scale land deals are usually associated with positive development justifying the 
positive response and acceptance from local populations. Multinational Corporations 
(MNCs) and local investors involved in the process make promises to local com-
munity members in the form of providing social amenities and infra-structure 
(health centers, schools, roads and bridges, water and electricity and employment) 
as benefits that will accrue to local communities in exchange for their land [17]. The 
multi-national companies involved and the state define access to these social services 
and amenities as positive development that justifies the displacement of community 
members from cultivable land and livelihood sources. This suggests that while most 
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MNCs and local investors value and emphasize on meeting their goals and objec-
tives and their own development, they fail to recognize the capability and livelihood 
security of the people [17, 22]. There is evidence that the poor and rural population in 
general and women in particular are deprived of their assets, capabilities and activi-
ties that provided them with a source of living. There have been diverse implications 
of land deals on community members registered in different localities ranging from 
land access, income generating and livelihood options. The nexus between land ten-
ure rights, land grabbing and food insecurity is very prominent and critical in achiev-
ing food security in Cameroon. While insecure tenure has attracted the rampant 
acquisition of large-scale land by foreign and local investors, this has also contributed 
to the scarcity of farmlands and the shortage of land for indigenous people destroying 
the natural ecosystem that the local people depended on for their livelihood and also 
affecting the availability of food crops.

5. Methodology and area of study

The research is descriptive and exploratory and targets women farmers and house-
holds in selected communities in the region that have been affected by large scale 
land deals. It draws on field research carried out in the North West Region (NWR) of 
Cameroon and employed a quantitative methodological approach that provided an in-
depth understanding of the experiences of members of the community studied. The 
study examines underlying connections between large scale land deals and livelihood 
activities in general and women’s livelihoods in particular including the link to house-
hold food security. Data for this study was gathered using both primary and second-
ary sources. Primary data, which constituted the principal source of information 
for the study was elicited using multiple data collection methods. Through a survey 
and in-depth interviews, the study provides an account of respondents’ views and 
perceptions of the effects of local large-scale land deals on rural livelihood options 
by exploring the meanings women themselves and the rural population give to these 
issues. Information was also sought from respondents on the various actors involved 
in the process and the effects of land deals on rural livelihoods and household food 
security. Meanwhile, the survey and interview also collected data on the gender roles 
and livelihood options or choices of respondents, the land tenure arrangements in the 
community and how this affects the access and control profile of men and women 
with respect to land in the selected communities. Data generated for the study was 
analyzed using themes identified both from literature and interviews, which were 
also guided and captured by the objectives of the study.

6. Findings

6.1 Women as subsistence food crop farmers

As confirmed by the study, subsistence agriculture remains a major source of 
employment and economic activity for the population of the North West Region espe-
cially women. According to field evidence, an overwhelming majority of rural women 
in the region are farmers even though there are some women who diversify their 
income earning opportunities by combining subsistence agriculture with informal 
business activities as a livelihood option. The dearth of industrial activity in the region 
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makes agriculture and self-employment predominant economic activities particularly 
for the rural population, women and the poor. In the region and the country in general, 
women provide the backbone to the agricultural sector as a greater majority of eco-
nomically active female labour force is employed in agriculture (Table 1).

While most of the women who engaged in the study (46.6%) are between 41 and 
50 years old, it was observed that close to three quarters (70.8%) of the women have 
only primary education. This confirms the predominance of women in the agricul-
tural sector that requires little or no education and any specialized skills for employ-
ment in the sector in general and the subsistence food crop sector in particular. 
Meanwhile, about two thirds (63.9%) of the study population are married suggesting 
that this population are likely to have use rights to land through their spouses.

Women in Cameroon can be linked with various socio-economic roles, which 
cut across a wide range of activities including farming, trading and working in paid 
labour force. They make up about 38.2% of the total labour force in the country and 
are a significant part of the labour force in the agricultural sector playing indispens-
able roles in the production, processing, and marketing of food crops [6, 35, 36]. 
Approximately 83% of economically active female labour force is employed in agri-
culture. Extensive evidence observes that women in rural areas make up a majority of 

Age of women

Age (years) Frequency Percent

≤20
21–30
31–40
41–50
51–60
Above 60

0
19
30
107
51
23

0
8.3

13.04
46.6
22.1
8.7

Total 230 100

Marital Status Frequency Percentage

Married
Singe
Widow
Divorced

147
31
45
7

63.9
13.5
19.6

3

Total 230 100

Level of Education

No formal Education
Primary
Secondary
High School

61
102
58
09

26.5
44.3
25.2
3.09

Total 230 100

Occupation

Farming 217 94.3

Business 10 4.4

Others 3 1.4

Source: Generated from field data.

Table 1. 
Demographic characteristics of women in the study area.
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the active labour force in the food crop sector producing about 90% of all food crops 
in the country. Women grow food to feed the family, making subsistence food pro-
duction one of the major agricultural activities of women [32, 37–39].

As shown on Table 2, women are responsible for the cultivation of food crops; 
as such, in the most part, food crop production is principally an activity of (rural) 
women, who combine the production, processing and marketing of food crops. They 
produce, process and market food crops such as vegetables, maize, beans, cassava, 
coco-yams, and irish-potatoes. As food crop producers, women continue to play a cru-
cial role in ensuring family survival and safeguarding national food security. Women 
from urban centres also act as main food crop distributors, commonly referred to as 
‘buyam sellams’, ensuring that food produced in rural areas are transported to urban 
towns and cities [4, 6, 14]. As buyam sellams, women are able to guarantee the avail-
ability of food to urban centres.

Despite women’s predominant role in the agricultural sector as food crop produc-
ers, they have limited access to and control over production resources. The limitation 
of accessing and controlling production resources poses a significant difficulty not 
only for their productivity but for their ability to meet their family basic food needs. 
For example, women’s ownership and control over land, labour and capital is very 
limited. Women lack ownership and inheritance rights to land, but maybe able to 
acquire use rights to cultivable land through male relatives. Consequently, with small 
landholdings comes the challenge of raising agricultural productivity for subsistence 
and generating surplus for the market.

6.2 Factors attracting land grabbing by local Investors in the Region

It is important to note that the study lays emphasis on the acquisition of large-scale 
land by local investors including elites in the local communities. In the North West 
Region, local investors have acquired great portions of land for the cultivation of 
agricultural plantations [10] including tea and palm plantations. One key common 
phenomenon that is also responsible for the acquisition of large-scale land in the 
region is the advent and presence of cattle grazers who are also responsible for grab-
bing large portions of cultivable land in the region. Land grabbing by cattle grazers, 
it is observed, is commonplace in all the Divisions in the Region and raises critical 
challenges with food crop production particularly with women, who are mainly 
responsible for subsistence food crop production. As confirmed by the interviews, a 

Crops cultivated by women Frequency Percentage (%)

Cocoyams 190 82.6

Cassava 176 76.5

Yams 185 80.4

Vegetables 195 84.7

Beans 202 87.8

Irish Potatoes 200 87

Maize 210 91.3

Source: Generated by Field Data.

Table 2. 
Distribution of women by crops cultivated.
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number of reasons were reported as responsible for the presence of local investors in 
the region. While the main local investor (Cameroon Tea Estate – CTE) acquires land 
for the purpose of cultivating tea, the major justification for interest in the region is 
associated with the weather and climate of parts of the region which is suitable for the 
cultivation of tea. The mountainous nature of the greater part of the region and the 
cold weather and climate in these areas particularly in Bui and Donga and Mantung 
Divisions is one of the major factors associated with the cultivation of tea in parts of 
these localities. In other divisions such as Momo, local investors are more interested 
in the production of palm oil given the suitability of the climate for the production of 
oil palm plantations. Some key informants also observed that one of the main reasons 
attracting small holding local investors is the availability of land in some of these vil-
lages. In relation to cattle grazing activities, land for grazing is by and large acquired 
through the authorization and permission of traditional rulers who are considered 
as custodians of village land. Meanwhile, the presence of and availability of cheap 
labour also significantly attracted local investors to acquire large portions of land for 
investment purposes and opportunities [17, 19, 21].

6.3 Community response to the phenomenon of LSLA by local investors

There has been diverse reactions from members of the community to the phe-
nomenon as shown in other areas in the country; from youths, traditional rulers/
chiefs, elites, human rights activists. There have been some responses from women’s 
secret society as well. There is evidence that the land rights of women are threatened 
by the privatization and commoditization of land. Women are however responding 
to the limitations on land by accessing land through church membership and NGO-
supported cooperatives [26, 27]. On the other hand, in some cases, women have also 
been reported to access land and improve their tenure security by way of resistance to 
some cases of land deals.

Some examples of these women’s secret society include: the takembeng, fombuen 
and Anlu. I wish to reiterate here that these women’s secret society in this part of the 
country can be seen as a base of power and agency for women. These secret societies 
have in the past been used as mechanisms for resistance and have been instrumental 
in safeguarding women’s voice and access to resources especially access to farm land 
[40, 41].

The rush for land by local grabbers has taken over huge portions of farm land from 
farmers. The villagers especially women are of the opinion that the land grabs and 
rampant purchase of land has caused a reduction in cultivable land used by women 
for subsistence food crop production. Meanwhile, the villagers in general and women 
farmers in particular have been displaced from their farm lands making them to relo-
cate further into the villages in search of new and free patches of cultivable land. This 
also meant that women farmers had to trek long distances or incur additional costs 
to travel to their farms. In addition, farmers are bound to change farms and pieces of 
land cultivated given that land becomes scarcer and getting a piece of cultivable land 
has become more difficult. Given that women farmers have relocated to new pieces 
of farmland, these are more likely to be abandoned land which is less productive with 
lower yields justifying one of the reasons for moving and changing plots of farmland. 
On the other hand, women’s limited and lack of ownership rights to land also accounts 
for limitations and challenges of getting permanent farm land for the production of 
food crops either for subsistence or sale. According to evidence from the FGDs, some 
women farmers observe that they are bound to move further into the hinterlands 
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looking for cultivable land in part to avoid land grabbers in case they are in need and 
in search for more land to purchase. This only confirms the difficulty for women to 
access farmland given the presence of agricultural plantations on the one hand and 
the associated effects of a fall and reductions in the production and availability of 
food crops for household consumption.

6.4 Land acquisition, local development and food security

As evidenced in the study, women are predominantly involved in subsistence food 
crop production while men concentrate on farming cash crops (coffee, oil palm), 
underlying women’s frontline role in ensuring household subsistence and their 
contribution in the supply of household food needs and the maintenance of food 
availability. Thus, the contribution of women to food security cannot be undermined 
as women contribute more than 70% of the available food in the household and in the 
market. Women farmers confirmed the centrality of subsistence food crop production 
first as a major livelihood option and secondly in promoting household food security 
as they argued that even though men’s cash crops are a source of income, providing 
for household subsistence and food needs is predominantly done by women as men 
are less concerned about food supply but concentrate on other children’s needs such as 
paying school fees.

The findings speak to extant evidence about food security by showing that 
women’s contributions to household food security is more than one might expect. We 
find that while women are at the forefront of ensuring household food security and 
care more about providing for and ensuring the availability of basic household food 
needs, men are more concerned with cash crop production. The evidence from the 
interviews observed that.

“…women in this community are the ones who struggle to provide food for the family; 
whether children eat or not is a major preoccupation of women and not men, who 
concentrate on their coffee and/or oil palm plantations, whose proceeds are often used 
to pay for the children’s school fees”.

Despite promises of providing social amenities to the communities by local 
investors, this was scarcely fulfilled as confirmed by the findings. Local investors 
though reaping a lot of benefits from the communities where large scales of land were 
acquired did not provide any significant infrastructural development and investments 
in the communities. While some local investors promised to create employment, 
provide drinking water and electricity, farm to market roads, health centers, build 
schools and offer scholarships to the children of villagers, this was shelved and did not 
generate any meaningful development in these communities. The evidence from the 
survey and interviews show that local investors have made little or no contribution to 
improve on the health of villagers, neither have they provided farm to market roads 
and schools to the communities. Some of the villagers argue that “roads constructed by 
local investors lead mainly to their plantations, while the hospitals provide free consulta-
tions only to staff and family members of staff ”. The villagers also concord that “when 
we fall sick, we consult with the integrated health centres in our communities or buy medi-
cation from medicine stores; our children attend mainly government and private schools 
with very few one time and irregular scholarships provided by local investors”. The lack 
of commitment by local investors in providing social amenities and infrastructural 
development to these communities is compounded by lack of accountability where 
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according to [42, 43], the local investors are not made answerable to rural women and 
the villagers for breach of any development promises made prior to the acquisition. 
While noting that local investors created employment for villagers, it was argued 
that employment was mainly menial with very low wages and no social security. 
According to [17] some key functions and positions are often occupied by expatriates 
who meet the specific expertise and qualifications for the positions. Meanwhile, given 
women’s low levels of education, they were by and large left out of the employment 
schemes of local investors.

The acquisition of large pieces of land for the cultivation of tea and palm oil in 
parts of the region, has taken huge amounts of village land with women affected 
disproportionately. Women lack ownership and inheritance rights though they can 
acquire use rights to cultivable land through male relatives [19, 21, 42, 43]. This 
limitation of increasing women’s access to and control over land is exacerbated by 
the expansion of land grabbing phenomenon that has been observed in parts of 
Cameroon. This also places especially the rural women who scarcely enjoy security 
of tenure in a very precarious position as the least pressure on land as a result of high 
demand affects them as subsistence farmers. Women have experienced a reduction in 
cultivable land used for the production of food crops (vegetables, cassava, etc) and 
displacement from farmlands; thus, they have to walk for long distances very far into 
the villages in search of patches of available land for food crop production. In this 
regard, the land rush situation is more advantageous and beneficial to the investors 
leaving the communities and villages including the rural women (whose livelihood 
is highly dependent on land) in a worse off situation, notwithstanding the assumed 
benefits of socio-economic development and employment that such could bring  
[17, 43]. It is worth noting that land deals by and large miss the point that deals may 
to a large extent lead to landless peasants cum agricultural wage labourers [43] who 
may not be able to provide for basic household food needs, highlighting the conse-
quences of deals on rural livelihoods and food security. The emerging evidence is that 
considering the meaning of food security as noted by [10], LSLA by local investors 
constraints the availability and access components of food security caused mainly 
by the displacement of women from cultivable farmlands. It also displaces the rural 
population in general and women in particular form their main livelihood options. 
From this perspective, local land grabs hinder and exacerbate women’s limited access 
to land whose direct impact is a reduction in food crop production, a fall in women’s 
farm related income, and a plausible shortage in the availability and access to basic 
household food needs.

7. Conclusion

In Cameroon, extensive evidence confirms the centrality of women in the agri-
cultural sector in general and in subsistence food crop production in particular. They 
make up a majority of the active labour force in the food crop sector and as food crop 
producers and processors, women play a crucial role in ensuring family survival and 
safeguarding national food security. Although women play a crucial role in ensur-
ing household food survival and food security, they lack access to and control over 
land, have limited ownership and inheritance rights to land with only use rights to 
land. This gender-based constraint serves as a critical limitation restricting women’s 
access and control over resources, lesser livelihood options and their active participa-
tion in generating income for household sustenance. The expansion of large-scale 
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land acquisition in the country only intensifies the scarcity of land, which is a major 
productive resource for women. As have others, this study argues that women bear 
the brunt of land deals particularly given limitations and challenges in relation to 
their control and ownership of land. While land acquisition by local investors dis-
places women from cultivable land, the land deals also deprive women of subsistence 
food crop production, a major source of livelihood for rural women. One is likely to 
conclude that the large-scale land deals by local investors including the promises of 
employment, social amenities and infrastructural development failed to trickledown 
to infrastructural and social development and more incomes for the local population 
with no positive effects on food security.
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Abstract

Food security is a condition where people at all times have physical, economic, 
and social access to sufficient, safe, and nutritious food. Even though the world 
produces enough food for all humans, we have people with low access to food due 
to several socioeconomic variables, and this lack of food access affects their lives 
and health in return. On regular days, physical access to food outlets is limited by 
several variables and that creates categories in food access areas. In extreme weather 
events, the accessibility becomes more limited due to the impact on mobility, and 
interruption to electricity or transportation systems. These weather events increase 
due to climate change, and the future is highly unpredictable. The cumulative effect 
of climate change and pandemics increases the risk of complicated circumstances for 
food security. COVID-19 pandemic is considered the largest epidemic, and the onset 
of these large-scale future epidemics is predicted to be inevitable. This chapter will 
describe the extent of food access categories in Guilford county of North Carolina 
pre-COVID-19, and the influence of climate change and the COVID-19 pandemic on 
the food-access distribution.

Keywords: food security, food access, health issues, chronic diseases, climate change, 
natural disasters, pandemic, COVID-19

1. Introduction

It is ongoing research on how the food system influences safe and healthy diets and 
in turn helps toward maintaining a sustainable and resilient environment. The food 
system includes production, processing, packaging, distribution, marketing, purchas-
ing, consumption, and waste food [1]. The food system addresses food security, food 
safety, and food quality. Food safety is food protection from food-borne illnesses, 
covers, handling, preparation, and storage of food. The quality of food provides 
nutritional benefits to the people. Food security includes food access during all times 
and under any condition. Food access becomes critical under severe climate events, 
natural disasters, pandemics, and political stress. These events influence access 
negatively which results in food insecurity.



Food Security Challenges and Approaches

118

2. Food security

According to The United Nation Food and Agriculture Organization (FAO), the 
definition of food security includes four dimensions: (i) the availability of sufficient 
quantity and quality food; (ii) the access by people to nutritious food; (iii) support-
ing well-being systems with freshwater and health care; and (iv) stable food sources 
[2]. Stability is the ability to access food and the availability of food at all times. Food 
security is a current global concern for the next 50 years and more. Food security is 
unequally distributed and areas such as sub-Saharan Africa and South Asia are suffering 
the most from food insecurity. Food securities also include food availability, affordabil-
ity, food quality, and food access. Food availability also is dependent on the production, 
distribution, amount, and types available for purchase at stores. Food affordability is 
the economic cost affordability of an item. Food quality is acceptable nutrition. People’s 
food access is influenced by their income levels, access to resources, physical environ-
ment, social environment, cost of food, their government, and trade policies.

Food security is affected by policy, environment, socioeconomic, and culture. The 
socioeconomic factors mean low-income neighborhoods, low access to public transpor-
tation, and a low number of food sources. Increasing the food security in a region or a 
county would need a collaboration of policies, investments, human resources develop-
ment, agriculture research, rural infrastructure, water resources, farm infrastructure, 
and natural resources management. Over the 7 billion population, we have 2 billion in 
food-insecure because they meet one or more of the FAO’s definitions of food security 
[3]. The population would reach between 8.3 and 10.9 billion people by 2050 and that 
makes food security challenges due to the current starving and undernourished rates. 
This hunger and lack of access to food vary in different tier-level countries, such as 
developed countries it is 5%, the developing countries reached 13%, African countries 
reached 20%, and 13% in Asian countries. Concerning the increasing population, 
the world will need to double or increase by 70% of the food production by the year 
2050. Ten percent of the world is undernourished, i.e. 821 million in 2018. This 10% is 
distributed in three continents, where Asia is ranked as the highest with 514 million, 
Africa with 256 million, and South America and the Caribbean with 42.5 million.

Vulnerable areas to food security are also defined as “Hot Spots” [4]:

1. Vulnerable areas affected by war are facing difficulties in logistics and  
distribution during pandemics and normal conditions.

2. Vulnerable areas are affected by extreme weather events and pests that affect 
crop yield.

3. Vulnerable poor communities were 821 million people already facing food  
insecurity before the pandemic of COVID-19.

4. Vulnerability to food cost. These countries face major currency depreciation and 
that decreases their ability to import food items.

3. Food access

People’s ability to access food physically and financially has an important impact 
on their lives. Measuring food access can be done by several methods and on several 
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levels. At the individual level in the United States, the National Food Stamp Survey 
in 1996–1997 documents people’s answers about their food outlets’ distance to their 
homes [5]. More surveys were developed in 2011 as a food security supplement survey 
asking if they had enough food in their homes [5]. Another measure that investi-
gates the indirect impact is the distance to food outlets by the Economic Research 
Service (ERS) 2012 [5]. Further measure at the individual level is the Retail Food 
Environment Index (RFEI). It is a survey method about people’s access to food outlets 
and their options [5]. Another method of measuring access to food is by the area 
category location of food outlets and related variables in a neighborhood [5]. In the 
area category location method, the access to food can be measured by the distance 
to food outlets, income, poverty rates, and transportation access [5]. These factors 
categorize tracts or districts from the poorest in healthy options to the most nutritious 
area. These areas are as follows:

Food desert: This phrase was firstly used in Scotland in the 1990s to define low 
access to food outlets due to low income [6]. After that, researchers around the world 
adopted the definition and applied more classifications. It is defined as areas with 
more than one mile to grocery stores. People living in food desert areas or tracts have 
limited healthy options with higher prices and limited access to public transporta-
tion [7]. The area’s residents rely on small stores more than supermarkets because of 
location availability [7]. These small stores tend to have smaller quantities and higher 
prices, and fewer fresh options [7].

Food swamp: These areas or tracts have more unhealthy food outlets than healthy 
food options [8]. These neighborhoods are more likely to be minority and low-income 
[9]. Several studies proved that fast-food restaurants are concentrated in racial-ethnic 
minorities’ neighborhoods [10].

Food oases: These areas have people with high socioeconomic status and an abun-
dance of healthy food outlets such as supermarkets, grocery stores, farmers’ markets, 
and community gardens [11]. This food access condition is the ideal goal for food 
access development where people have more options for healthy food.

The influence of food access on people’s health and behavior is investigated, and 
it varies based on income, urbanism, population density, and people’s ethnicity. 
Furthermore, low access to food causes several negative effects on people’s health such 
as delayed childhood development, diet-related diseases, and malnutrition or hyper-
nutrition. These food access areas show different records and impacts on people’s lives 
and health [12]. Factors such as car access and income are the most critical variables 
in people’s access to food [13]. A study in Australia found that financial aid or allow-
ance improved people’s access to food [14]. For that, government financial aid and 
food credits can support people’s access to healthy food. People’s access to transporta-
tion such as busses stations or personal cars improves their nutritional choices. In 
addition, walking to food outlets is not feasible in different seasons, summer limits 
food access due to the heat during the day, and winter limits food access due to the 
extremely cold climate [15]. Lack of access to adequate food is a key factor in some 
diseases such as obesity, diabetes, hypertension, cancer, and high mortality rates [6]. 
A study conducted in the United States proved that food swamps can predict obesity 
more than food deserts, and its prediction becomes more accurate when it is com-
bined with income inequality and low transportation access [9]. Moreover, a study 
conducted in Australia proved the same hypothesis that access to transportation is 
more affected by people’s access to food than their location in food desert areas [16].

Inadequate distribution of food outlets in urban areas influences people’s well-
being negatively. People’s health and wellness are proven to show a negative impact 
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on food access in several studies in the United States and around the world. Several 
studies found that people with more access to fast food also indicate having higher 
body mass [17]. A study conducted in Philadelphia, a city ranked as the highest in 
food scarcity, in the surrounding area by 2 miles of fast-food restaurants, found out 
that the low access to fresh food sources is associated with a higher rate of health 
issues such as diabetes, heart diseases, and cancer [18]. A study in California illus-
trates obesity variation to correlate with food access, but the variation in obesity 
could be because of people’s characteristics and diets [19]. A study compared people 
in the food desert and found out that people in the food desert showed more chronic 
kidney disease and hypertension [20]. Moreover, a recent study is conducted by our 
team in Guilford County in North Carolina on the correlation between accessing food 
and health issues [12]. Their results illustrate that food deserts show higher mortality 
rates and higher rates of health issues such as obesity, high cholesterol, and high blood 
pressure [12]. More studies on the correlation between food distribution and people’s 
health proved a strong correlation with illnesses such as tuberculosis [21].

Furthermore, it is documented that there is a connection between food deserts, 
low income, low access to transportation, and diabetes [22]. Food and physical activ-
ity have a significant impact on predicting children’s obesity [23].

More variables or factors influence food access such as ethnicity. In the United 
States, low access to food areas is in low-income and colored communities [24]. A 
study illustrated the investigation of people’s ethnicity and their food access and 
choices [24]. The survey results show variation in food access based on ethnicity [24]: 
less healthy food was consumed more by African Americans; Latino communities 
have better access to healthy food; and immigrants consumed more fruit, rice, and 
beans [25].

3.1 Food access and climate change

The earth’s climate is changing, and this change has influenced people and the 
environment. Influences such as population growth, migration, need for water, 
shelter, and livelihood have a major influence on changing the earth’s equilibrium. 
That leads to changes in the environment such as deforestation, biodiversity loss, 
habitat loss, desertification, and scarcity [1]. Most of these changes are made by 
humans to urbanize their cities. Regarding man-made activities, there is evidence 
that burning fossil fuels and land use changes made cumulative effects on these 
events. As defined by Paul Crutzen and Eugene Stoermer, the era when human 
activities affect the earth, and the environment is the Anthropocene Epoch [1]. The 
most obvious sign of this era is climate change. These climate changes are caused by 
human activities on natural elements such as the increase of greenhouse gas (GHG) 
emissions, carbon dioxide, and methane. Carbon dioxide has been increasing from 
284 ppm in 1832 to 397 ppm in 2013 [3]. Methane is a strong gas and increased 
from 340 ppm in 1980 to more than 420 ppm in 2022. It is about the changes in the 
atmospheric temperature that influences more changes. This greenhouse gas (GHG) 
emission increases and changes to land use are the main cause of climate change 
[15]. Earth temperature has been increasing since the nineteenth century. Since the 
1850s, the temperature increased by 0.8°C according to documented temperature 
increases in oceans and lands [3]. The temperature is expected to increase by 1.8°C 
which is higher than in previous centuries. More recently, a report by the National 
Center For Environmental Information, NOAA, illustrated the temperature for 
more than 143 years from 1880 to 2022 [26]. The monitoring of temperature in 
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March over the years found that this year’s temperature is 0.95°C (1.71°F) above the 
twenty-first century average (March 2022).

Climate change effects are direct and indirect and could affect some places more 
severely than others [27]. Climate change influences food security in six aspects 
[3]: 1—The impact is greater in high hunger countries; 2—it will increase undernutri-
tion and malnutrition; 3—it will increase food inequalities on all scales global and 
local; 4—people in vulnerable conditions to extreme weather events will suffer more 
because of the severity of climate change; 5—the climate change effects will continue 
affecting the earth in the next 20–30 years because of the past carbon emissions; and 
6—severe weather events will increase in severity and its future is unpredictable.

As climate change is becoming more severe sources such as clean water, air quality, 
low pathogen exposure, and the ability to raise, gather, harvest, and gather crops, 
animals, seafood, and wild food will be threatened [28]. These threats to food avail-
ability will negatively affect all human nutritional status [28]. Climate change affects 
food security by affecting crop production, storage, and transportation [1]. It influ-
ences the food supply chain, demand, and access on a local scale.

Since the 1990s, decreases in food security, commodity prices increase, and the 
decrease in per capita cultivated are documented [29]. Climate changes affect the 
availability of food items specifically fruit and vegetables, and it is predicted to be 
between 5 million to 175 million by 2080 [2]. For instance, 30% of farmers in develop-
ing countries are food-insecure [30]. In tropical and worming environments, climate 
change would severely increase rainfall, and it will cause pests and disease to the 
crops and livestock [31]. Regions such as African Sahara are influenced by biophysi-
cal, political, and socioeconomic variables, which make them more vulnerable to 
climate change [32]. One of the climate change impacts is the loss of cropland, and the 
sub-Sahara in Africa is expected to lose more than 10–20% of its crop and West Africa 
by 20–50% by 2050 [32]. These changes and droughts influence rain pattern changes, 
which has been estimated that East Africa is likely to become wetter and Southeast 
Africa to become drier [32]. The complexity of environmental tension with lack of 
food access raises the stress on vulnerable communities.

Based on climate forecasting models for the next 100 years, the land temperature 
will be increasing and result in lowering the crop yield in dry regions and increasing the 
short-term yield in high-latitude regions. These changes have a consequence on provid-
ing food, water, and shelter for humans. These affect climate changes such as tempera-
ture increases and changes in rainfall. Climate changes may influence hunger, but they 
could be controlled by feeding people during crises and investigations into new agri-
cultural techniques that increase yields. Moreover, monitoring and predicting systems 
can be used by the government for early warning [30]. Insurance cover crops depend 
on remote sensing to cover the needed crops in case of drought years [30]. Investment 
in modified seed has more ability to survive [30]. More local policies protect local 
production [30]. The temperature increases are likely to impact crops negatively in the 
next two decades and affect corn wheat, rice, and other primary crops [30]. One of the 
expected effects of climate change in Mali is a hunger increase from 34% to 44% [33].

3.1.1 Food access and natural disasters

Climate change influences severe events such as natural disasters, scarcity, low air 
quality, unequal food distribution, and conflict over natural sources. Natural disasters 
hit the world differently and in some regions the effects are severe. Each natural 
disaster impacts several environmental elements.



Food Security Challenges and Approaches

122

Drought: It is the decrease of rainfall rates more than usual per season or year. 
Drought can be in several forms such as meteorology drought known as precipita-
tion shortage, agriculture drought as soil moisture, and socioeconomic drought as 
influenced by other drought types [34]. The increases in drought events influence 
food security negatively because of water scarcity and lower agriculture yield, which 
affects their availability in food outlets and results in a lack of food access. Moreover, 
it influences the availability of food, which increases its prices because of scarcity 
[34]. The drought in 2007–2008 combined with increased energy prices caused a 
food crisis, where food prices increased more than double [35]. In the Middle East, 
the hydrological drought peak was in 2009 as 50% of the area faced extreme drought. 
Meteorological drought was documented in the early 1970s, and 2000s, and 60% 
drought in the period between 2008 and 2012. These drought events affected food 
security, especially in 2010.

Hurricane: During severe rain and hurricane events, life sectors got affected 
at different levels. The hurricane may affect electricity and streets. The electricity 
damage stops all activities dependent on it such as food refrigeration. Damages to 
trees and falling on roads may stop people from accessing essential needs such as food 
outlets. Regardless of the effect on all stores, large food outlets such as supermarkets 
seem to be more resilient. Natural disasters such as hurricanes can affect food sources 
and that results in low food availability. For instance, in Puerto Rico, 69% of farmers 
were experiencing food insecurity after hurricane Maria in 2017, and 38% of them 
were experiencing food insecurity for 3 months or more [36].

Flooding: It is when water overflows or soaks in an area that is not a river or a 
lake. A natural disaster like flooding has several impacts on the food system. Floods 
impact agriculture negatively and that affects the food available for purchase. Crops 
were damaged by the water overflow. In Bangladesh, the flood damaged 12% of 
their rice yield in 2007 [37]. In Pakistan, the flood of 2010 resulted in a crop loss 
of approximately 19% [37]. Some countries’ experiences with floods and other 
natural disasters encouraged them to make an impact such as what governments 
of the Philippines, Malaysia, and ideas planned [36]. In the United States, severe 
events such as floods and hurricanes are documented between 2004 and 2014, and 
the country recorded 24 natural disasters with effect on 1.90 million people. These 
events affect people’s access by damaging infrastructure which limits people’s access 
to food [38].

3.1.2 Adapting to climate change in the food sector

Despite the fact that climate change effects are expected to increase in the next 
40 years, food production needs to be increased by 50% to face the land shrinking 
and to provide necessary food [26]. Although we are adopting the current changes, 
preparedness for unexpected future changes is also highly critical. Some countries 
started adapting to climate change effects. For instance, Ghana adapted to the drought 
and rainfall changes by planning and installing early-maturing, drought-resistant 
crops, and applying agrochemicals [32]. In Burkina Faso, West Africa, they planned 
dry season crops and installed micro water harvesting systems. Several considerations 
are to be taken in dealing with climate change to protect food [32].

Several recommendations related to policies are identified as follows [4]:

1. Merging food security and sustainable agriculture into global and national  
policies.
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2. Increasing the global investment in sustainable agriculture and food system in 
the next decade.

3. Reducing the greenhouse gas emission and negative impacts while shifting  
agriculture production to more sustainable productions.

4. Programs and policies targeting vulnerable communities to climate change and 
food insecurity.

5. Reshaping people’s access to food and their consumption patterns for better  
nutrition, healthier, and sustainable eating pattern.

6. Reducing waste in all food systems: infrastructure, farming practice, processing, 
distribution, and household habits.

7. Establish a system including human and ecological sectors that share, integrate, 
and comprehensively all information.

3.2 Food access during pandemic

Throughout history, mankind has been exposed to several pandemics and epidem-
ics that affected their health and life. In history, humanity faced several epidemics 
such as the Spanish Flu, Asian Flu, Hong Kong Flu, HIV/AIDS, SARS, Ebola, and 
Swine Flu [4]. In the last centuries, humans faced Bubonic Plague in the 1300s, small-
pox in the 1500s, Spanish Influenza in 1918, and HIV/AIDS in the 1980s. Recently, 
humans faced SARS in 2002, Bird Flu in 2003, Swine Flu in 2009, MERS in 2012, 
Ebola in 2012, and Zika in 2015 [39].

A pandemic affects all human activities, and one of them is agriculture and farm-
ing production. Limiting people working in these production areas results in food 
shortages in stores. The limited quantities in food stores and outlets will increase food 
scarcity. The food items scarcity would increase their prices and add more burden to 
access. Furthermore, the pandemic spread would require people to be quarantined to 
protect themselves and that would limit their visits to stores.

A recent pandemic is COVID-19 which is caused by a respiratory disease [18]. 
The first COViD-19 cases were discovered in Wuhan, China, on January 18, 2020 
[40]. After the spread of cases in several countries, the World Health Organization 
declared COVID-19 as a global pandemic on March 11, 2020 [41]. Based on sequenc-
ing technology on the COVID-19 virus, it was found 96.2% of bats as a possible source 
of SARA-CoV2 [42]. When the pandemic started, the United Nations World Food 
Program warned the world that by the end of 2020 approximately 265 million people 
would suffer food insecurity, which is more than 135 million people in food insecurity 
conditions before the pandemic.

Countries such as the United States announced restrictions on traveling and 
interactions [43]. Firstly, face masks were mandated mostly in every country and 
social distancing was highly encouraged [43]. Moreover, negative COVID-19 tests 
were required in emergencies, 24 hours before travel, to limit the spread in destination 
countries [43]. Schools were shut down and students adapted to online education for 
the first time in history. Some countries enforced curfews to limit people’s interactions 
and the spread of the virus. The goal of these restrictions was to contain the pandemic 
spread, but they had a negative psychological influence on communities.
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At the beginning of the pandemic, India had only 36 COVID-19 cases and 7 death 
cases. On April 5, 2020, the cases were 3577 and 83 deaths but rose rapidly to 508,953 
cases and 15,685 deaths by Jun 28, 2020. The government took actions to control the 
spread by restricting traveling and imposing a lockdown effectively from March 
24, 2020, to May 24, 2020, at different levels. In the United States, the first case was 
documented on January 20, 2020 [44].

In India, the pandemic changed people’s consumption patterns [45]. In rural 
areas, people’s income was affected by the lockdown, and people in villages con-
sumed lower-quality food during the pandemic [45]. In Australia, according to a 
survey study, households’ food security decreased because of the pandemic, and that 
affected people’s habits and cooking.

In the beginning phase of the pandemic, people panicked and started buying 
excess food and household goods. That led to limitations on people’s access to suf-
ficient food and changed their food habits and cooking. The lockdown restriction 
impacted the supply chain through a labor shortage and that affected food availability 
and access. The pandemic reduced 25% of labor. Moreover, the pandemic affected 
food availability in poor countries and with low national security. Consumer shop-
ping patterns have changed due to the pandemic increases. The pandemic encouraged 
businesses and farmers to change their business models and use online ordering, 
pickup, and delivery.

The FAO admitted the huge loss of food and agriculture by the pandemic. Dealing 
with the pandemic influence, the FAO advised countries to focus on food require-
ments for vulnerable communities, supporting social safety programs and supporting 
small local farmers. The food index documents food prices monthly and during the 
pandemic in 2020 prices of cereals, oilseeds, dairy products, meat, and sugar had the 
lowest point since December 2018. For example, palm oil production in Indonesia 
and Malaysia was affected by the pandemic labor shortage which resulted in restric-
tions on exporting palm oil from January 2022 through March of the same year [46]. 
Moreover, according to the FAO, the pandemic affected small farmers and fisher-
men, who had declined in their supplies and that declined their ability to cover their 
finances.

The COVID-19 pandemic affected the supply chain strongly and affected food 
security, especially for vulnerable communities, and they have less food storage to 
last during the pandemic. There are 10 countries with 103.3 million people suffering 
from a food crisis [47]. In countries like India, the demand increased for long shelf 
life vegetables such as onion and potato but decreased for short shelf life vegetables 
such as fruits and grapes. Developed countries were affected, but their dependence 
on technologies helped them subsidize the labor work, and developing countries 
were affected severely because of their independence from human labor. The fear 
of contracting the disease is strong on people’s mental health as a secondary effect 
of the pandemic, and it was proven that mental disorders are higher in communities 
with food insecurity [48]. The restricted lockdown affected people’s mental health 
which increased depression and that increased people’s food consumption and panic 
buying [48]. Furthermore, vulnerable people to contract the virus are people facing 
chronic health conditions such as cardiovascular disease, diabetes, chronic respiratory 
disease, hypertension, and cancer.

This pandemic caused an international food emergency. In Europe, the pandemic 
increased the food demand by more than 50% with the lockdown [49]. In Europe, 
food supply stores were banned from exporting without warning to deal with the 
pandemic uncertainty [49]. In Europe, food consumption increased due to the 
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lockdowns and remote working [17]. Spain took similar restrictions with the world 
and declared a state of emergency on March 14, 2020 [17]. In Spain and Italy, the 
pandemic restrictions encouraged people to adopt healthier diets [17]. In Spain, 
people were experiencing food shortages in stores by 64%. Then pandemic people 
started stockpiling nonperishable food items and buying extra items every trip to 
avoid the shortage [17]. In turn, it caused a change to buy food from local farms and 
organic sources [17]. In Spain, younger people less than 40 years of age increased 
their food consumption more than people over 40 and 50 years old during the 
pandemic [17]. In Germany, Denmark, and Slovenia, people consumed longer shelf 
life food and less fresh food. In the United States, because of the pandemic, people 
changed their food source and where they eat. Since the beginning of the pandemic 
to January 2021, the United States had more than 21 million infection cases and 
350,000 deaths, which count as 20% of the global total cases. Since the pandemic 
onset, the unemployment rate increased to 7.9% in September 2020, a level not seen 
since the Great Depression. By December, 14% of adults were not having enough 
food across the United States.

Before the pandemic in 2017, three Arab countries were importing 100% of their 
cereals, namely Qatar, Kuwait, and Bahrain, and the United Arab Emirates at 99% 
[50]. Moreover, seven Arab countries import approximately 90% of their grains, 
namely Jordan, Amman, Palestine, Yemen, Saudi Arabia, Libya, and Lebanon [50]. 
Algeria is also at high risk of food crisis depending on importing 79% of its grains 
[50]. Countries like Tunisia, Mauritania, and Iraq import more than 55% of their 
grains. Egypt imports 44% of its [50]. The least dependent Arab countries are 
importing 40–33% of their grain in Morocco and Sudan [50]. In Algeria, products 
like semolina, flour, dry grains, and pasta became unavailable because of the demand 
increase and that led to prices increase, and the government took the lead to secure 
food sources and control monopoly and speculation [50].

The responses to the current pandemic may change the environment, and it is an 
opportunity to create a multidisciplinary solution for human livelihood and future 
generations. The Avian Influenza (H5N1) pandemic in 1997 in Hong Kong led them 
to create “One Health” to predict, control, and minimize future outbreaks [51]. The 
One Health is a multidisciplinary work in local, national, and global stakeholders [51]. 
Some considerations to lower the pandemic effect on different regions such as Africa: 
1—develop the health system capacity by the public fund in Africa; 2—financial aid 
needs to be distributed among individuals, entrepreneurs, and corporations, so they 
contribute to lowering the negative impact of the pandemic; 3—during the pandemic 
and lockdowns, employees should be given incentives and; 4—central banks in 
African countries need to support domestic banks to save credit and liquidity. One 
of the consequences of COVID-19 in Africa is putting approximately 29 million 
people under the extreme poverty line as expected by the United Nations Economic 
Commission for Africa (ECA).

Because of the land use change and more human interaction with animals and 
the environment, more transmittable diseases are emerging. Changes in climate and 
people activities and land use changes cause habitat disruption and lead to pathogen 
movement [47]. Emerging infectious diseases (MIDs) are increasing with climate 
change and make a dangerous nexus. These diseases are increasing the food cost and 
lowering production which limits access to food. By 2030, poor counties are expected 
to import their food by 2%. Support from the framework is needed for these accruing 
matters. A framework called Document Assess Monitor Act (DAMA) is applied to 
deal with these issues.
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1. Document: by identifying pathogens based on the current information avail-
able and their occurrence location before. Then, document the pathogen and its 
incident by time and place and consequences.

2. Assess: to detect related microbes, place them under the monitor. This phase 
includes two steps: A) phylogenetic triage and studying the pathogen. When it 
discovers a chance of disease spread, it will be reported to the authorities, and 
B) analyzing these concerning pathogens and connecting them to old diseases to 
estimate a prediction of spread location.

3. Monitoring: by resampling these potential threats regularly and investigating 
vulnerable areas to the spread.

4. Act: after the invention of the current situation, the management plan forms to 
formulate an action plan to act on a specific situation.

Following are the important issues recommended in the pandemic era:

1. Consumers are changing their food habits to a healthier diet. Foods rich in vita-
mins and nutrition support the immune system such as vitamin C. Foods rich in 
vitamins such as carrot and spinach are known for their ability to fight suscepti-
bility to infections.

2. Safety from the virus spread on products. Food items can carry the SARS-CoV-1 
virus and people after touching it and touching their face can catch the virus. 
For that, carrying bags of food items needs to be followed by intensive hand 
washing. Studies documented that the COVID-19 virus can live up to 2 years in a 
frozen state.

3. Food security due to the lockdown. Food shortages during a pandemic affect 
people’s health and increase hunger. For that, the government should maintain 
emergency plans to keep all food supplies going.

4. Food sustainability. Fighting hunger by supporting food security is in the United 
Nation for sustainable development. Sustainable food sources contribute to 
healthy lives and well-being.

Future recommended actions to deal with future pandemics are given as  
follows [52]:

1. Additional support to the sustainable development goals, and assistance to local 
and small producer communities and backyard gardens in low middle-income 
countries.

2. More engagement and understanding between consumers and producers to  
support the food system’s resilience to pandemics.

3. Identifying sequences and legislation to deal with it.

4. Identifying future risks and setting up risk management plans.
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5. More support and funding for scientists to do research development and training 
in food systems.

6. Support the perspective of “One Health” to encourage all countries to work to-
gether on mitigating pandemics’ effects on people’s health around the world.

3.3 Food access during war

Food access becomes extremely critical when a country is under political stress. 
War is one of the events that create ripple effects on different countries outside the 
war scene. It demoralizes humanity that it could happen to any ordinary person in 
this situation. When a war happens in a country, its residents and business lose their 
ability to export and import food, which leads to low access to food for people in the 
war country, its neighbors, and importers. However, a war in one country can affect 
the whole world by affecting its food production as is the current case with Ukraine 
and the Russian war.

According to the world health organization, the Syria war that started on March 
15, 2011, is the worst humanitarian crisis in the twenty-first century [53]. However, 
even before the war, people of Syria were having difficulties accessing freshwater 93% 
in urban areas and 86% in rural areas [53]. This war impacted people’s lives, educa-
tion, and health. The war complicated the access to food and water. It is documented 
that 90% of people of Syrians were having difficulties accessing food [53]. Moreover, 
one in seven children is not fed regularly [53]. Documented studies illustrate that 
32% of children had signs of malnutrition [53]. Furthermore, approximately 62% of 
infants did not have access to the best substitute feeding [53].

The war between Eritrea and Ethiopia from 1998 to 2000 caused a food crisis in 
both countries [54]. These two countries are among the vulnerable countries to food 
security [54]. Before the war started, the world health organization warned that more 
than 16 million people are starving because of the drought, 50% in Ethiopia and the 
rest in Kenya, Somalia, and Uganda [54]. Moreover, 40% of Ethiopian farm house-
holds were in chronic food insecurity [54]. After the war started, food items prices 
increased, and that affected people’s access [54]. Moreover, food was weaponized 
by soldiers, and farmers were stopped from harvesting their crops which led to food 
unavailability for people to access [55].

The recent food crisis is going on in the whole world in 2022. Because Russia 
invaded Ukraine on February 24, 2022, the country was not able to export its yield to 
its regular customers [56]. This limitation on exporting affected food security, fertil-
izer prices, and energy globally [57]. The FAO report on food cruises because of the 
war in 2022. In March 2022, food prices were higher than average by 29.8% compared 
to the previous year in 2021. Countries started hoarding food in fear of inflation and 
food crises. The effect of the war on food is greater in countries facing food insecurity, 
especially with the rise of people suffering insecurity from 768 million in 2020 to 869 
million in 2022. Countries that export most of their wheat from Russia and Ukraine 
such as Egypt, Lebanon, and Yemen are affected severely by the food shortage [34]. 
Moreover, countries were facing food insecurity and drought such as Ethiopia, Kenya, 
and Somalia [34]. Even before the war started, Ukraine and other countries were 
having high prices. Ukraine wheat prices were historically high because of energy and 
oil prices, drought, and the effect of the COVID-19 pandemic.

During the Russian and Ukraine war, both countries announced they are unable to 
export grains. Their announcement led to some panic buying and country hoarding. 
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Countries started to ban exporting their crops to protect their markets and make 
them available to their residents at controlled prices [58, 59]. For instance, India 
limited its wheat to deal with the loss of 15–20% of its crop because of the heat wave 
[34]. India is the second largest wheat producer, and Indonesia which produces 60% 
of the world’s palm oil restricted limitations on these food goods [56]. Argentina 
banned beef, soybean, and soybean meal [57]. Russia banned sunflower seeds, wheat 
flour, and pasta [57]. Ghana banned the exportation of maize, rice, and soybean [56]. 
Algeria banned pasta, wheat, and vegetable oil [56]. Egypt banned vegetable oil, corn, 
wheat, wheat flour, and pasta [57]. Serbia banned wheat, corn, and wheat flour [57]. 
Kuwait banned grains and vegetable oil [57]. Other countries followed suit such as 
India, and they stopped their grain imports. Countries like Kazakhstan announced 
their limitation on flour and wheat on April 1, 2022, for 6 months [57]. Wheat 
producer countries in the black sea region have 30% of the wheat in storage to feed 
the world [34]. The loss of wheat from Ukraine could be filed by countries including 
India, Argentina, Australia, and Canada, but shipping prices are high due to energy 
prices [34].

4. Conclusion

Food security and equality are about the availability and safe access to nutritional 
food. These characteristics of food security influence people’s health and their 
chronic conditions. Unequal access to healthy food impacts people’s health nega-
tively. People’s access to food may be limited by their lack of transportation access 
and low income. Improving these conditions would improve people’s access to health 
and fresh food. Food insecurity is influenced by several conditions such as environ-
mental changes, pandemics, and wars. These conditions show a severe impact on 
vulnerable countries’ food security. The combination of more than one condition 
increases the risk of food insecurity. The combination of the COVID-19 pandemic 
with the Russian invasion of Ukraine increased the food crisis globally and food 
importation. The impact of these food access areas can be improved over time. 
Several considerations can be applied in future to improve the food access condi-
tions, and they are government support by adding more public transportation stops, 
supporting low-income communities through policies and financial aid, increase 
young people’s nutritional awareness in schools, increasing the percentage of fresh 
fruit and vegetables in convenient stores, improving the healthy food options in food 
swamps.
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