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Abstract

Biofortification to enhance the bioavailability of micronutrients such

as iron, zinc, vitamin A, folic acid (vitamin B9), and cyanocobalamin

(vitamin B12) in staple food is the necessity of people living under

malnourished conditions. Almost half of the world population is suffering

from deficiency of iron, zinc, vitamin A, folic acid, etc. due to poor quality

of food they are consuming. They have either low access or no access for

these components of food. HarvestPlus has been working to enhance the

availability of these nutrients through improved varieties of food so as to

provide them health protection. Though the level of micronutrients in the

staple food is enhanced by conventional breeding or biotechnology, the

presence of antinutrients in food causes hurdle in absorption and bioavail-

ability of Fe, Zn, Ca, folates, etc. These antinutrients are phytates,

polyphenols and tannins, protease and α-amylase inhibitors, saponins,

lectins, and lathyrogens. Various processing techniques are adopted to

remove or reduce these antinutrients to enhance bioavailabilty of essential

nutrients of food. Processing techniques such as soaking, germination,

milling (dehusking), cooking, and autoclaving are effective in removal of

antinutrients, especially from food grains.
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24.1 Introduction

Biofortification is the breeding of crops to

enhance the nutritional value of food. This

is done either by conventional breeding or

through biotechnology. During the process of
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biofortification, the nutrients are enhanced by

changing the chemical composition of the food

by incorporation of gene responsible for biosyn-

thesis of targeted element or nutrient. It differs

from ordinary fortification, in which nutrients are

added during processing. The rural and poor

mass of society gets the advantage of biofortified

food as they are not able to afford the commer-

cially fortified food. It is more advantageous

especially in developing world for micronutrient

deficiencies such as iron, zinc, vitamin A, and

folates. As such, biofortification is seen as an

upcoming strategy for dealing with deficiencies

of micronutrients. Deficiencies of vitamin A,

iron, and zinc affect over one-half of the world’s

population, especially women and preschool

children. The biofortification is feasible without

compromising agronomic productivity. The

challenge is to get producers and consumers to

accept biofortified crops and increase their intake

of the target nutrients. The biofortification of

staple food crops is a new health approach to

control vitamin A, iron, and zinc deficiencies in

poor countries.

24.2 The Need for Biofortification

Biofortification is the development of micronu-

trient or vitamin-rich staple crops, especially

iron, zinc, vitamin A, and folates, using the best

breeding practices or modern biotechnology.

This approach has multiple advantages because

staple foods predominate in the diets of the poor,

and the poor people do not have access to other

food supplements which provide them all essen-

tial nutrients. Nutritionally improved varieties

are therefore required to be grown continuously

to feed these people. Biofortification provides a

feasible means of reaching undernourished

populations in relatively remote rural areas.

Biofortification and commercial fortification

therefore are highly complementary. Acceptance

of mineral-packed seeds among farmers is very

popular because these trace minerals provide

resistance against diseases and other environ-

mental stresses. Biofortification provides direct

benefit for better human health and enhances the

immune system by controlling the deficiency of

essential nutrients. This requires a multidisciplin-

ary research approach and ultimate dissemina-

tion of the biofortified seeds.

Deficiencies of various micronutrients such as

zinc and iron and vitamins like vitamin A and

folic acid are common in the developing world

and affect billions of people. These can lead to

higher incidence of blindness and a weaker

immune system. The poor, particularly the rural

poor, tend to subsist on a diet of staple crops such

as rice, wheat, and maize, which are low in these

micronutrients. Most of these rural people cannot

afford enough fruits, vegetables, or meat

products that are necessary to obtain healthy

levels of these nutrients. As such, increasing the

micronutrient levels in staple crops can prevent

and reduce the micronutrient deficiencies. In one

trial in Mozambique, eating sweet potatoes

biofortified with beta-carotene reduced the inci-

dence of vitamin A deficiency in children by

24 % (Van Jaarsveld et al. 2005). Golden Rice

is an example of a GM crop developed for its

nutritional value. The latest version of Golden

Rice contains genes from a common soil bacte-

rium Erwinia and maize and contains increased

levels of beta-carotene which can be converted

by the body into vitamin A. Golden Rice is

developed as a potential new way to address

vitamin A deficiency (Dawe et al. 2002;

Zimmermann and Qaim 2004; Paine

et al. 2005). The biofortified foods may also be

useful for increasing micronutrient uptake in

high-income countries. Researchers at the Uni-

versity of Warwick have been looking for ways

to boost the low selenium levels in British grains

and have been working to help develop a grain to

be used in making bread biofortified with sele-

nium (Wikipedia 2015).

The approach of biofortification may have

advantages over other health interventions such

as providing fortified foods after processing, or

providing supplements. Biofortification is also

fairly cost-effective, and the implementation

costs of growing biofortified foods are much

lower than supplementation which is compara-

tively expensive. The dietary diversification

might be one of the methods to reduce the
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prevalence of iron deficiency. Thus, bioforti-

fication (the use of traditional plant breeding

methods or genetic engineering to improve the

available iron content of staple food crops) holds

promise for the future (Nestel et al. 2006). It

would make it possible to deliver iron, zinc,

vitamin A, or any other desired nutrient to those

most in need. They often depend on subsistence

farming and have limited access to fortified foods.

More researches are needed to develop successful

crops with adequate bioavailable iron, zinc,

vitamin A, and folate (vitamin B9) content.

24.3 Common Problems
of Biofortification

Although there is acceptance for biofortified food,

some people are against the genetically modified

(GM) crops such as Golden Rice. There are

difficulties in acceptance of biofortified foods, if

they have different characteristics to their unforti-

fied counterparts. For example, vitamin

A-enhanced foods are often dark yellow or orange

in color – this, for example, is problematic for

many in Africa, where white maize is eaten by

humans, whereas yellow maize is associated with

animal feed (McClafferty and Islam 2008), or

where white-fleshed sweet potato is preferred

than orange-fleshed counterpart (Nestel

et al. 2006). Some qualities may be relatively

simple to breed out of biofortified crops according

to consumer demand. Due care must be taken to

convince the local farmers and consumers that the

crop in question is worth growing and consuming.

This can be done through improving the cultiva-

tion qualities of the plant, for example, making the

orange sweet potato mature earlier than white-

fleshed sweet potato so that it can be taken to

market earlier. It is possible through public health

education, elaborating the benefits of eating

biofortified foods. While other micronutrients

such as zinc or iron can be added to crops without

noticeably changing their taste or appearance,

some of the consumers do not think that their

food has been altered and do not bother much

about the external appearance.

Some of the people did disapprove of the

biofortification programs, because bioforti-

fication is a strategy that aims to concentrate

more nutrients in few staple foods. The lack of

access to a diverse and balanced diet is the major

cause of malnutrition. The use of biofortification

as part of a larger strategy involving diversifica-

tion of foods in the developing world is necessary

to solve the problem of deficiency of certain

essential nutrients. The biofortification is

accepted as a long-term strategy. The diversity

in substantially increasing diet will take many

decades, and the biofortification will be an effec-

tive strategy to reduce the micronutrient

malnutrition.

24.4 Recompense of Biofortification

The biofortification strategy seeks to take advan-

tage of the consistent daily consumption of large

amounts of food staples by all family members,

including women and children who are most at

risk for micronutrient malnutrition. As a conse-

quence of the predominance of food staples in

the diets of the poor, this strategy implicitly

targets low-income households. After the

one-time investment is made to develop seeds

that fortify themselves, recurrent costs are low

and germplasm can be shared internationally.

The biofortified crops are highly sustainable,

and the nutritionally improved varieties will con-

tinue to be grown and consumed year after year.

Biofortification provides a truly feasible

means of reaching malnourished populations in

relatively remote rural areas, delivering naturally

fortified foods to people with limited access.

Breeding for higher trace mineral density in

seeds will not incur a yield penalty. In fact,

biofortification may have important effects for

increasing farm productivity in developing

countries in an environmentally beneficial way.

Recent researches have shown that trace mineral-

packed plants have high level of resistance

against diseases and other environmental

stresses. More seedlings survive and initial

growth is more rapid.
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24.4.1 Consequences of Micronutrient
Malnutrition

More than two billion people worldwide are iron

deficient (Stoltzfus 2001). Iron-deficiency ane-

mia is by far the most common micronutrient

deficiency in the world. Iron efficiency during

childhood and adolescence impairs physical

growth, mental development, and learning

capacity. In adults, iron-deficiency anemia

reduces the capacity to do physical labor. Iron

deficiency increases the risk of women dying

during delivery or in the postpartum period.

The zinc deficiencies have equally serious

consequences for health. For example, meta-

analyses of recent randomized controlled trials

show that zinc supplementation can reduce mor-

bidity from a number of common childhood

infections, especially diarrhea, pneumonia, and

possibly malaria, by one-third. In addition, zinc

deficiency is an important cause of stunting.

Billions of people are also at risk for zinc defi-

ciency. As for anemia, prevalence is highest for

South and Southeast Asia and Africa. Because

there is no widely accepted method for measur-

ing zinc deficiency, no estimates are available of

numbers of people who are zinc deficient.

Globally, approximately three million

preschool-age children have visible eye damage

owing to vitamin A deficiency. Annually, an

estimated 250,000–500,000 preschool children

go blind from this deficiency, and about

two-thirds of these children die within months

of going blind. Even more importantly, the last

two decades have brought an awareness that

vitamin A is essential for immune function.

Estimates of the prevalence of subclinical vita-

min A deficiency range between 100 million and

250 million for preschool children.

People with subclinical vitamin A deficiency

more often experience anemia, impaired linear

growth, and morbidity from common childhood

infections such as respiratory and diarrheal

diseases, measles, and malaria. Most impor-

tantly, a number of randomized controlled trials

in developing countries have shown that admin-

istration of vitamin A capsules among infants

and preschool children reduces mortality rates

from all causes by 23 %, and that administration

of capsules with vitamin A and beta-carotene

among women during childbearing years can

reduce maternal mortality related to pregnancy

by 40 % and 49 %, respectively. Prevalence of

vitamin A deficiencies by region is available only

for preschool children. Moreover, similar to iron

and zinc, prevalence is highest in South and

Southeast Asia and sub-Saharan Africa.

24.4.2 Underlying Causes
of Micronutrient Malnutrition

Billions of people in developing countries suffer

from an insidious form of hunger known as

micronutrient malnutrition. Even mild levels of

micronutrient malnutrition may damage cogni-

tive development, lower disease resistance in

children, and reduce the likelihood that mothers

survive childbirth. The costs of these deficiencies

in terms of lives lost and poor quality of life are

staggering (Graham et al. 2001). It is important

to identify who the malnourished are, where they

are located, and what they eat in order to develop

an effective strategy to reduce micronutrient

malnutrition. And they are mostly women and

children, who reside in developing countries

where dietary quality is often poor. In addition,

they have higher nutritional requirements due to

reproduction and rapid growth resulting in

malnutrition.

The primary underlying cause of micronutri-

ent malnutrition is poor quality diets,

characterized by high intakes of food staples,

but low consumption of animal and fish products,

fruits, and vegetables, which are rich sources of

bioavailable minerals and vitamins. As such,

most of the malnourished are those who cannot

afford to purchase high-quality, micronutrient-

rich foods or who cannot obtain these foods

from their own production.

What is perhaps most alarming, however, is

the upward trend in non-staple food prices.

Cereal prices have fallen by 40 % since the

early 1970s. The Green Revolution can rightly
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take credit for its crucial contribution to this

tremendous achievement. Falling cereal prices

have not only led to increased food security in

terms of energy, but also allowed greater

purchases of non-staples by freeing up cash.

Unfortunately, the rate of production of

non-staple foods (e.g., fruits, vegetables) has

not kept pace with demand, so that these

micronutrient-rich food sources have become

ever more expensive for the poor (Bouis 2003).

24.4.3 Role of Iron, Zinc, and Folate
in Human Beings

Iron is integral to the structure and function of

red blood cells, and its deficiency can result in

anemia. Anemia and iron deficiency during preg-

nancy can cause preterm birth and low birth

weight (Allen 2001). In non-anemic mothers,

iron supplementation may offer protection

against low birth weight (Palma et al. 2008).

Iron is also involved in myelination, neurotrans-

mitter function, various cellular and oxidative

processes, energy production, and thyroid hor-

mone metabolism. Iron deficiency has been

implicated in neurological and cognitive

disorders in the mother; these include major

depressive disorder, recognized to have health

consequences on both the mother and child

(Bodnar and Wisner 2005; Leung and Kaplan

2009).

The high prevalence of iron deficiency in

developing countries has on people’s well-being

and productivity. Physical work capacity is

reduced. Iron deficiency in pregnancy

contributes to the risk of severe anemia and

increased maternal morbidity and mortality

(Khan et al. 2006). Iron-deficiency anemia in

early pregnancy is associated with a higher risk

of preterm delivery (Scholl 2005). Iron supple-

mentation (usually in combination with folic

acid) in pregnancy has been reported to reduce

the risk of postpartum hemorrhage (Christian

et al. 2009a), improve birth weight (Cogswell

et al. 2003), and reduce early neonatal (Zeng

et al. 2008; Titaley et al. 2010) and childhood

mortality (Christian et al. 2009b).

Zinc is integral to DNA synthesis and neces-

sary for the structure and function of regulatory,

structural, and enzymatic proteins as well as cell

membranes. It is involved in neurological func-

tion and proper immune function (Fraker

et al. 2000; Huang 1997). Zinc deficiency is

also implicated in depressive disorders. More-

over, various studies have implicated zinc defi-

ciency in preterm and low birth weight, although

routine supplementation is not recommended

unless there is an identified deficiency (Ladipo

2000).

Folate is involved in the metabolism of

nucleic acids and amino acids and in neurologi-

cal functioning. While inadequate folate is

implicated in various birth defects and poor preg-

nancy outcomes, its role in neural tube defects

has received the most attention. In various

countries, women of childbearing age are

advised to take supplements. Folate deficiency

is also implicated in depressive disorders. Food

fortification policies are in effect in response to

the strong evidence of the importance of folic

acid intake in the very early stages of pregnancy

(Wilson et al. 2003).

The RDA is defined as the average daily die-

tary intake level that is sufficient to meet the

nutrient requirements of nearly all healthy

individuals in a particular life-stage and gender

group. For pregnant women, the RDA of iron and

zinc is 27 and 11 mg/day, respectively, while that

of folate as dietary folate equivalents (DFE) is

600 μg/day.

24.5 Role of Antinutrients
in Biofortification

Nutritional iron deficiency occurs when the diet

supplies inadequate bioavailable iron to meet the

body’s requirements for growth and pregnancy

and to replace iron lost from the gastrointestinal

tract and in the urine and through menstruation

(in women). The causes have been known for

over 50 years. The major factor is poverty. Sec-

ondly, the agricultural revolution replaced ani-

mal foods rich in bioavailable iron by cereals,

legumes, and plant-based diets (Cordain 1999).
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The classical iron balance study carried out by

Widdowson and McCance (1942) demonstrated

that less iron was absorbed from bread with high

bran content than from white bread. The inhibi-

tory role of an antinutrient called phytate was

suspected, because phytic acid was shown to

inhibit iron absorption (McCance et al. 1943).

Later on, a second major class of antinutrient

known as polyphenols was discovered (Disler

et al. 1975; Gillooly et al. 1983). This large

body of experimental work provided the basis

for predicting dietary bioavailability of iron

(Reddy et al. 2000; Hallberg and Hulthen 2000)

and designing efficacious strategies for

alleviating nutritional iron-deficiency anemia

(Hurrell 1999; Hurrell et al. 2010).

Wheat flour has been fortified with iron in

America since the 1940s, and the marked decline

in the prevalence of iron-deficiency anemia in

infants and young children in the United States

is generally attributed to the fortification of foods

(Miller et al. 1985; Fomon 2001). Iron is also

added to many processed foods, such as breakfast

cereals, in Western countries (Yip 2002). Despite

a relatively clear understanding of the physiology

of food iron absorption, iron deficiency is

estimated to affect as many as two billion people

(Zimmermann and Hurrell 2007). Developed

countries may have a mechanism to provide bio-

available micronutrient, but the poor mass of

developing countries depend on staple food

such as maize, rice, wheat, or grain legumes.

Therefore, there is an urgent need to supply

biofortified food rich in these micronutrients.

Truly speaking, these biofortified foods contain

antinutrients like phytates and polyphenols,

which are required to be minimized by

processing such as soaking, germination, fermen-

tation, cooking, or autoclaving so as to make the

nutrient available to human beings.

In developing countries, screening for iron

deficiency is usually based solely on hemoglobin

(Hb) measurements. Sensitivity is low because

the overlap in Hb concentrations between healthy

and iron-deficient individuals is considerable,

especially if the cutoff values used to identify

anemia are not appropriately adjusted for age,

gender, pregnancy, ethnicity, and altitude.

Specificity is poor, because a multitude of

disorders other than iron deficiency can cause

anemia. They include other nutritional

deficiencies due to vitamins A, B12 (cyanocobal-

amin), and B9 (folic acid). Ferrous fumarate, a

less reactive yet bioavailable form of iron, is

recommended or used in many countries in Cen-

tral and South America. The use of encapsulation

technologies may provide a practical solution to

fortification with more reactive bioavailable

compounds. Condiments such as salt, soy sauce,

fish sauce, and curry may be an alternative for the

delivery of fortified iron. It will be essential to

keep legislators and program managers informed

about the necessity of providing iron in a bio-

available form and in sufficient quantities to meet

the needs of women, children, and adolescents at

highest risk.

Biofortification holds promise for the future.

It would make it possible to deliver iron to those

most in need. They often depend on subsistence

farming and have limited access to fortified

foods. A modest improvement in iron stores in

non-anemic Filipino women consuming iron-

biofortified rice was reported in one recent trial.

However, the meals provided an average of only

1.42 mg/d additional iron (Lynch 2011). More

research is needed to develop a crop/genotypes

with adequate improvements in bioavailable iron

content.

24.5.1 Processing to Minimize
Antinutrients

It is very necessary now to move from food

security to nutrition security and improve the

quality of foods both in macro- and

micronutrients in order to break the

transgenerational effects of malnutrition.

Enhancing food and nutrition security through

innovative diversified agriculture and dietary

practices, prevention and control of infection,

promotion of food safety, and fortification of

staples with appropriate attention on emerging

chronic disorders are essential (Krishnaswamy

2001). The low bioavailability of some key

micronutrients from foods, such as Fe and Zn,
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is substantially enhanced with the right food

combinations and with appropriate food

processing and preparation techniques. Simple

appropriate technology for the preservation of

micronutrient-rich foods would need further

development and promotion for their year-

round availability (Tontisirin et al. 2002). As

iron deficiency is the most common micronutri-

ent deficiency in the world, iron biofortification

is a preventative strategy that alleviates Fe defi-

ciency by improving the amount of absorbable

Fe in crops. High Fe-bioavailability maize

contains more bioavailable Fe than the low

Fe-bioavailability maize (Tako et al. 2013).

Maize shows promise for Fe biofortification;

therefore, human trials need to determine the

efficacy of consuming the high bioavailable Fe

maize to reduce Fe deficiency.

International research efforts, including those

funded by HarvestPlus, a challenge program of

the Consultative Group on International Agricul-

tural Research (CGIAR), are focusing on con-

ventional plant breeding to biofortify staple

crops such as maize, rice, cassava, beans,

wheat, sweet potatoes, and pearl millet to

increase the concentrations of micronutrients

that are commonly deficient in specific popula-

tion groups of developing countries (La Frano

et al. 2014). The bioavailability of micronutrients

in unfortified staple crops in developing regions

is typically low. Reducing the amounts of

antinutrients and food processing generally

increases the bioavailability of micronutrients.

In general, biofortified foods with relatively

higher micronutrient density have higher total

absorption rates than non-biofortified varieties.

There is a need to breed plants with increased

micronutrient concentrations in order to decrease

the influence of inhibitors and to offset losses

from processing.

24.5.2 Important Antinutrients in Food

The antinutrients have impact on lowering the

bioavailability of essential nutrients. There is a

need to summarize various antinutrients

influencing directly or indirectly the

bioavailability of these micronutrients. Most of

the cereals and legumes are rich in these

micronutrients; therefore, techniques to mini-

mize these antinutrients to enhance the bioavail-

ability of micronutrients are required to be

developed or brought to practice. Some of the

antinutrients influencing bioavailability of

micronutrients are summarized below.

24.5.2.1 Phytates
Phytic acid, myoinositol 1,2,3,4,5,6-hexakis

(dihydrogen phosphate), occurs abundantly in

most of the food legumes. It is a chelating agent

for cations as well as for phosphorus storage in

many seeds. Phytate rapidly accumulates in

seeds during the ripening period. Excessive

phytic acid in the diet can have a negative effect

on mineral balance because of the insoluble

complexes it forms with essential minerals

(Cu2þ, Zn2þ, Fe3þ, and Ca2þ), which cause

poor mineral bioavailability (Zhou and Erdman

1995; Urbano et al. 2000). The ability of phytic

acid to complex with proteins and particularly

with minerals (Ca, Fe, Zn) has been a subject of

investigation for several reasons. The interaction

between phytate and proteins leads to decreased

solubility of proteins and amino acid digestibil-

ity. The calcium ions also interact with proteins

and phytate and decrease the solubility of

proteins. The reduced solubility of proteins as a

result of protein phytate complex adversely

affects certain functional properties of protein

which are dependent of their hydration and solu-

bility. The ability of phytic acid to bind with

minerals, proteins, or starch, directly or indi-

rectly, may alter solubility, functionality, digest-

ibility, and absorption of these nutrients. In

addition, monogastric animals have a limited

ability to hydrolyse phytates and release phos-

phate for absorption due to a lack of intestinal

phytases (Zhou and Erdman 1995; Greiner and

Konietzny 1996a; Urbano et al. 2000). Phytic

acid is able to make complex with proteins also,

decreasing protein solubility. Therefore, phytates

have negative impact on enzyme activity, and

there is evidence of its negative effects on key

digestive enzymes like lipase, α-amylase, pepsin,

trypsin, and chymotrypsin (Thompson 1993;
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Greiner andKonietzny 1996b; Urbano et al. 2000).

The binding of phytic acid to these enzymes

reduces nutrient digestibility. Phytic acid also

binds with starch through phosphate linkages

(Lajolo et al. 2004). Efforts made in developing

high-iron and zinc-biofortified crops remain unuti-

lized due to reduced bioavailability; therefore,

technology to remove phytates from the grains is

required to be developed to enhance the bioavail-

ability of these micronutrients (Table 24.1).

Phytate-mineral complexes are well

documented. The nutritionally important

minerals such as Ca, Mg, Cu, Fe, and others

form complexes with phytic acid, resulting in

reduced solubility of the metals (Biehl

et al. 1995). Low iron availability due to iron-

phytate complexes is also of concern. As most of

us consume enough minerals in common foods

which enable us to meet more than our require-

ment, and small amounts of these micronutrients

might be tied up by phytates. The phytate-

associated deficiencies of iron and zinc do

occur in some third-world countries where peo-

ple mostly eat grains.

The bioavailability of iron and zinc can be

increased by combination of processing

techniques of grain, viz., soaking in water, ger-

mination, fermentation, cooking, pressure

cooking, etc. As far as food legumes are

concerned, they are generally consumed after

processing. The purpose behind these processing

is to remove or minimize the antinutrients pres-

ent in the grain. Routine processing such as

soaking of grain and discarding the soaking

water and then cooking or germination and fer-

mentation reduces phytic acid content of food to

an extent of up to 50–70 % (Iyer et al. 1980,

1989; Reddy et al. 1982). Soaking in yogurt,

buttermilk, or water combined with lemon juice

or vinegar is also much helpful to enhance this

breakdown (Table 24.2).

Soaking of seed can eliminate up to 69.6 % of

phytate in beans (Iyer et al. 1980), whereas germi-

nation can reduce phytate content to an extent of

Table 24.1 Phytic acid (mg g�1) during soaking and germination

Crop Soakinga Germinationb

Seed Soaked %Reduction Seed Germinated %Reduction

Chickpea – – – 4.40 2.59 41.1

Pigeon pea – – – 1.24 0.99 20.2

Lentil – – – 3.09 1.46 52.7

Mung bean – – – 3.12 1.28 59.0

Urd bean – – – 14.56 7.10 51.2

Peas – – – 3.23 0.99 69.3

French bean – – – 11.48 2.59 77.4

Kidney beans 5.8 2.8 51.7 – – –

Pinto beans 5.5 2.6 52.7 – – –

Northern beans 4.6 1.4 69.6 – – –

Source: aIyer et al. (1980); bReddy et al. (1982)

Table 24.2 Phytic acid (mg g�1) during processing

Crop Seed Germinated Fermented Autoclaved Roasted

Chickpea 9.2 3.3 5.6 5.9 7.0

Pigeon pea 11.7 4.0 5.4 7.2 7.8

Mung bean 14.8 9.3 10.9 12.2 11.6

Urd bean 13.8 8.2 9.6 10.8 9.6

Soybean 39.9 24.4 27.0 27.9 33.1

Source: Chitra et al. (1996)
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77.4 % in seeds of various food legumes (Reddy

et al. 1982). Highest reduction in phytate content

of different food legumes was reported during

germination, followed by fermentation,

autoclaving, and roasting (Chitra et al. 1996). Ger-

mination (24–96 h) of seeds of Vigna unguiculata
has been found to eliminate 38–95 % of total

phytates, whereas germination followed by

autoclaving removed 96–100 % of total phytates

(Kalpanadevi and Mohan 2013). They also

reported that soaking of seeds in water for 12 h

followed by cooking or autoclaving removed

68–71 % of phytates. Soaking of seed in distilled

water or 2 % sodium carbonate solution or 1 %

citric acid solution followed by cooking

eliminates 45.1–73.4 % of phytates in soybean

(Sharma et al. 2013). Removal of phytates

enhances the bioavailability of iron, zinc, and

other minerals. The phytate has some health

benefits, including anti-inflammatory effects. In

laboratory research, phytate has helped normalize

cell growth and stopped the proliferation of cancer

cells. They also may help prevent cardiovascular

disease and lower a food’s glycemic load. Some

myoinositol phosphates, including IP6 from soy-

bean, have been suggested to have beneficial

health effects, such as amelioration of heart dis-

ease by controlling hypercholesterolemia and ath-

erosclerosis, prevention of kidney stone

formation, and a reduced risk of colon cancer

(Greiner et al. 2002).

24.5.2.2 Polyphenols
The polyphenols or tannins are one of the most

important antinutrient of food legumes and found

in the range of 0.45–20.00 mg g�1 grain. Among

the food legumes, urd bean, mung bean, kidney

beans, faba beans, and pigeon peas contain

higher content of tannins. The tannin content in

pulses varies with the color of the seed coat or

testa. The white- or light-colored seeds generally

have low tannins than dark-colored (red, brown,

bronze, black) varieties. The polyphenol content

of seed changes during seed maturation, and it

reduces generally during maturation of seed due

to polymerization of polyphenolic compounds to

high molecular weight insoluble polymers such

as lignins.

The seed coat is having the major amount of

polyphenols, and the process of dehulling or

dehusking reduces the polyphenols of seed dras-

tically (Table 24.3). Reducing the polyphenolic

compounds from the grain helps in enhancing the

bioavailability of minerals such as iron and zinc

and protein. Indian diet is composed of several

ingredients (rice, wheat, maize, sorghum,

dehulled beans, leafy and other vegetables,

roots and tubers, eggs, fish, meat, sugar, and

oil), and about daily intake of 10 % of tannins

is derived from food legumes.

The polyphenolic compounds cause

decreased secretion of digestive enzymes, toxic-

ity of absorbed tannins, increased excretion of

endogenous protein, and formation of tannin

complexes with dietary protein and other food

components. The greater tendency of tannins to

form complexes with proteins rather than

carbohydrates and other food polymers is

attributed to the strong hydrogen bond affinity

of the carboxyl oxygen of the peptide group. One

tannin molecule binds two or more carboxyl

oxygen of peptide group with possible formation

of cross-links between the protein chains. It is

also reported that tannin-protein complexes are

responsible for growth depression, low protein

digestibility, decreased amino acid availability,

and decreased fecal nitrogen (Reddy et al. 1985).

Tannins also reduce the bioavailability of iron

and form tannin-iron complexes. Low tannin

varieties have higher bioavailability of

micronutrients (Fe, Zn), and processing such as

soaking in water or other solutions removes

major part of tannins. Other processing such as

germination, soaking before cooking, or

Table 24.3 Tannins (mg g�1) in important food legumes

Crop Seed Dehusked seed

Chickpea 0.8–2.7 0.16–0.38

Pigeon pea 3.8–17.1 0.22–0.43

Mung bean 4.4–8.0 0.21–0.39

Urd bean 5.4–12.0 0.16–0.33

Lentil 3.5–4.9 0.45–0.59

Field pea 5.0–10.5 0.46–0.58

Kidney beans 10.24 0.73

Cowpea 1.75–5.90 0.28–0.48

Source: Reddy et al. (1985)
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autoclaving is a boon to reduce tannins and ulti-

mately higher iron and zinc bioavailability

(Table 24.4).

The polyphenols can be removed by

processing technique such as dehulling, soaking,

cooking, germination, fermentation, etc. How-

ever, breeding approach is more effective in

breeding varieties with lower tannins. Bioforti-

fication is therefore finding valuable importance

in lowering down the tannin content of seed.

Processing of grain before consumption is

equally effective in removing tannins to enhance

the bioavailability of iron and zinc. Dehulling

eliminates about 74–98 % of tannins in beans

(Reddy et al. 1985). Dehulling also helps in

improving in vitro protein digestibility and ion-

izable iron absorption. Soaking of grain in water

removes 18–74 % of tannins of legumes, whereas

soaking in sodium carbonate solution (2 %) for

12 h causes a reduction of 67.2–90.9 % of

tannins. Cooking of grain of legumes reduces

37.5–77.0 % of tannins (Reddy et al. 1985),

whereas germination of seed for 24–48 h

removes 36–64 % of total tannins of seed (Rao

and Deostale 1982). Germination of seeds is very

effective in removing tannins (32–76 %),

whereas soaking followed by cooking or

autoclaving remove 79–84 % of total tannins

(Kalpanadevi and Mohan 2013). Soaking of soy-

bean seeds in water or 1 % citric acid solution

followed by cooking removed 42.5–60.4 % of

tannins (Sharma et al. 2013). It is, therefore,

established that soaking, germination, and

cooking or autoclaving of seed help in removing

major amount of tannins. Removal of tannins

from seed ultimately enhances the bioavailability

of iron, zinc, and protein. Therefore, biofortified

grains must be consumed after conventional

processing to enhance the bioavailability of

micronutrients (iron and zinc).

24.5.2.3 Lectins
Lectins are proteinaceous compounds commonly

found in leguminous plants. In 1908, it was

reported that the seeds of edible species of

some common legumes such as lentils, navy

beans, and garden peas contained phytohemag-

glutinins. Extracts of many edible crude legume

seeds agglutinated red blood cells, although

hemagglutinating activity has been detected in

over 800 different plant species, of which over

600 are from the family Leguminosae. The

lectins have molecular weight ranging from

100,000 to 150,000. Some of the lectins some-

times exhibit toxicity. Most of the lectins contain

4–10 % carbohydrates. Concanavalin A of jack

beans and peanut lectins are devoid of

carbohydrates.

The purified lectins from beans are toxic and

sometime cause death of young rats. The lectins

from immature seeds of soybean, cowpea, lima

beans, pigeon pea, and rice beans when injected

in young rats produced liver damage and death.

However, lectins from mung bean have been

Table 24.4 Reduction (%) in tannin content of various food legumes on processing

Crop Soaking in watera Soaking in sodium carbonateb Germinationa Dehullingc Cookingc

Chickpea 53 – 59–64 74.5–92.6 77.0

Pigeon pea 48 – 52–59 94.2–98.0 58.4

Mung bean 28 – 46–52 92.6–97.4 71.9

Urd bean 22 – 36–53 96.1–98.2 69.4

Pinto beans 21.2–73.6 90.9 – – –

Viva Pink 18.1–40.2 77.9 – – –

Cranberry 12.2–33.2 67.2 – – –

Peas – – – 90.8–94.5 –

Kidney beans – – – 92.9 –

Cowpea – – – 84.0–91.9 –

Winged beans – – – – 60.8

Horse gram – – – – 37.5

Source: aRao and Deosthale (1982); bDeshpande and Cheryan (1983); b, cReddy et al. (1985)
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reported to be nontoxic. Traditionally, lectins

have been measured by their hemagglutinating

activity (Grant 1991). However, when possible,

enzyme-linked immunosorbent assay (ELISA)-

based immunological methods that recognize

specific antibodies are being increasingly used

due to their higher specificity (Hajos

et al. 1996; Muzquiz et al. 2001). Grant

et al. (1983) found that among the 15 legumes

they studied, chickpea seeds had the lowest hem-

agglutinin activities and were nontoxic.

Processing such as soaking, germination,

cooking, or autoclaving helps in removing most

of the lectins (Kalpanadevi and Mohan 2013;

Vasishtha 2011; Srivastava and Vasishtha

2013a, b and 2014; Vasishtha et al. 2012 and

2014; Vasishtha et al. 2012). Autoclaving for

5–30 min removes entire lectins of grain,

depending on the type of legume. Detoxification

of beans can be achieved by ordinary process of

cooking (Table 24.5).

Nutritionally, dietary lectins vary consider-

ably in the nature and extent of their

antinutritional effects. Lectins can be toxic;

they can interfere with hormone balance and

deplete nutrient reserves leading to severe

growth depression and a high incidence of

deaths. However, lectins could be also useful as

it stimulates gut function, limits tumor growth,

and ameliorates obesity (Pusztai et al. 2004).

24.5.2.4 Protease Inhibitors
Several substances which have the ability to

inhibit the proteolytic activity of certain enzymes

are found in food grains. Trypsin inhibitors

belong to a broad class of proteins (protease

inhibitors) that inhibit proteolytic enzymes.

Trypsin and chymotrypsin inhibitors are of

much importance. Trypsin inhibitor activity

increases as seed maturity progresses. Most of

the plant protease inhibitors are destroyed by

heat resulting in enhancement of nutritive value

of protein. Heating is employed for cooking of

grains under moist condition. Moisture content,

time, temperature, and pressure are the major

factors that influence cooking rates, inactivation

of trypsin inhibitor, and subsequent increase in

nutritive value. Moist heat has been shown to be

effective in destroying trypsin inhibitor activity

in food grains especially food legumes. Germi-

nation also influences the trypsin inhibitor

activity.

Over the last two decades, it was observed that

protease inhibitors have been linked to health-

promoting properties (Champ 2002) and are con-

sidered as natural bioactive substances (Hill

2004). Protease inhibitors may act as

anticarcinogenic agents (Clemente et al. 2004).

It also reduced the incidence and frequency of

colon tumors in dimethylhydrazine-treated rats.

However, this effect was not observed with

autoclaved Bowman-Birk inhibitors (BBI),

suggesting that protease inhibitor activity was

necessary for anticarcinogenic activity (Kennedy

et al. 2002).

24.5.2.5 a-Amylase Inhibitors
α-Amylases (α-1,4-glucan-4-glucanohydrolases)
are endoamylases that catalyze the hydrolysis of

α-D-(1,4) glycosidic linkages, which occur in

starch and related compounds. They play a

major role in the carbohydrate metabolism of

animals and humans by providing them glucose

as an energy source and as a building block for

synthesis of other sugars. Among α-amylase

inhibitors (α-AIs) found in plants, legume

α-AIs, especially α-AIs from beans, have

received considerable attention (Whitaker

1988). Jaffe et al. (1973) screened 95 legume

cultivars for α-AI levels and found that lima

Table 24.5 Lectins (HU g�1) during processing

Crop Seed Soaked Germinated Dehusked Cooked Autoclaved

Chickpea 1275 – 131 – 214 7

Pigeon pea 1273 – – 1289 231 00

Lentil 585 – – 575 35 00

French bean 2685 2507 – – 230 00

Source: Srivastava and Vasishtha (2013a, b, 2014; Vasishtha and Srivastava (2011, 2014)
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beans (Phaseolus lunatus), mung beans

(Phaseolus aureus), and horse gram (Dolichos

biflorus L.) had the highest levels of inhibitory

activity. Although little is known about the

screening of αAIs in chickpea, Mulimani

et al. (1994) determined the α-AI activity of

28 varieties of chickpea and found variations

ranging from 11.6 to 51.4 inhibitory units g�1.

Singh et al. (1982) observed that the amylase

inhibitor activity on pancreatic amylase of chick-

pea cultivars ranged from 7.8 to 10.5 units g�1

(desi) and 5.6 to 10.0 units g�1 (kabuli), with
substantial variations among these cultivars. A

similar variation but of lower magnitude was

observed using salivary amylase. A comparison

under similar assay conditions indicated that the

amylase inhibitor activity had a stronger influ-

ence on pancreatic amylase than salivary amy-

lase for both desi and kabuli cultivars. Jaffe

et al. (1973) reported that the partially purified

kidney bean inhibited the salivary amylase more

than the pancreatic amylase. This shows that

amylase inhibitors from different legume seeds

may exhibit unequal activity against different

enzymes.

α-AIs reduce amylase activity and starch

digestion in the gut when given orally to humans

(Singh et al. 1982). As a result, they lower post-

prandial increases in circulating glucose and

insulin. These inhibitors may therefore prove to

be useful in the treatments of obesity or diabetes

mellitus.

24.5.2.6 Saponins
Saponins are secondary plant metabolites present

in many of the food grains. It contains a carbohy-

drate moiety (mono or oligosaccharide) attached

to an aglycone, which may be steroidal or

triterpenoid in structure. The complexity of the

saponin structure depends on the variability of

the aglycone structure, the attachment position of

the glycosidic moieties, and the nature of these

glycosides. Aglycones are generally linked to

D-galactose, L-rhamnose, D-glucose, D-xylose,

D-mannose, and D-glucuronic acids, some of

which may be acetylated (Fenwick et al. 1991).

All legumes have triterpene-type saponins.

The chemical composition of soybean

(G. max) saponins has been extensively

investigated. They are triterpene saponins

(known as soyasaponins), of which more than

ten types have been isolated (Shibuya

et al. 2006). Soyasapogenol B was identified as

the aglycone in saponins from different legume

species (Price et al. 1987, 1988; Ayet et al. 1996).

Tava et al. (1993) found 17.7 and 21.9 g kg�1 of

soyasapogenol B in desi and kabuli types, respec-

tively. Ruiz et al. (1996, 1997) showed the pres-

ence of soyasaponin VI, a conjugated form of

soyasaponin I, in many legumes and was the

only saponin detected in the seeds of chickpea.

Soyasaponin VI may have an important physio-

logical role in preventing lipid peroxidation of

DNA and proteins by free radical attack.

The saponins are now considered beneficial

because of their cholesterol-lowering property

and antioxidant and cancer protective effect. The

saponins undergo degradation during cooking and

pressure cooking. Soaking and germination

reduce saponins to some extent. Saponins of

food legumes undergo certain changes during

soaking, germination, cooking, and autoclaving

(Srivastava and Vasishtha 2012 and 2014;

Vasishtha and Srivastava 2011 and 2014).

Potential benefits from the consumption of

food saponins include a reduced risk of cardiovas-

cular disease and some cancers. Dietary saponins

have been repeatedly shown to lower plasma cho-

lesterol in animals. However, their hypocholes-

terolemic effect in humans is more speculative.

They may also have anticarcinogenic properties,

as suggested by a recent rodent study in which

feeding a saponin-containing diet inhibited the

development of preneoplastic lesions in the

colon (Koratkar and Rao 1997). Kerem

et al. (2005) found that the major saponin in

chickpea seeds possesses antifungal properties.

In addition, some saponins have been reported to

inhibit in vivo human immunodeficiency virus

(HIV) infectivity (Thompson 1993).

24.5.2.7 Lathyrogens
Lathyrogens are natural toxins present in seeds

of lathyrus. The seeds of lathyrus contain a

neurotoxic compound commonly called BOAA
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(β-N-oxalyl amino alanine) or ODAP (β-N-
oxalyl L-α, β-diamino propionic acid). This com-

pound is responsible to cause neurolathyrism in

human beings. Neurolathyrism is the condition

which involves degeneration of part of the spinal

cord, affecting lower limbs and infects disability

in locomotion. The central nervous system is

affected. Neurological lesions of spinal cord

degeneration result in weakness and spastic paral-

ysis of the legs, convulsions, and death in extreme

cases (Striepler et al. 1978; Attal et al. 1978). The

disease is irreversible, though drugs may give

temporary relief from muscular rigidity. Lathyrus

is prevalent especially during the period of famines

when it is cultivated as an alternative to other

crops, and the poor sections of society depend

mainly on lathyrus as their staple food for several

months. Epidemiological surveys have indicated

that young men between the age of 15 and 45 are

most severely affected by lathyrism. A survey

conducted by ICMR (1964) revealed that a diet

consisting of about 25 % lathyrus for a period of

2–6 months produces lathyrism.

The neurotoxin present in lathyrus is BOAA,

which exists in alpha and beta isomeric forms.

Both forms yield oxalic acid and α, β-diamino

propionic acid on hydrolysis. Of the two forms,

β-isomer is predominant and accounts for

95–96 % of total BOAA content in different

varieties of lathyrus. The BOAA in seed of

lathyrus is found in the range of 0.05–0.3 %.

Certain varieties are having very low BOAA

and considered not harmful from the health

point of view if consumed judiciously after

proper processing. Soaking of dehusked grain in

water for 6–12 h removes almost 1/3rd of neuro-

toxin (Srivastava and Srivastava 2002). Soaking

of dehusked grain in acidic solution of pH 4.0 or

alkaline solution of pH 9.2 for 30–60 min at

80–100 �C helps in removing major amount of

BOAA (Srivastava and Singh 2013). Heating the

dehusked grain at 120–150 �C for 2 h also

removes about 40 % of total BOAA (Srivastava

and Singh 2013). The BOAA content of less than

0.1 % has been considered to be safer from the

neurotoxicity point of view (Siddiq 1995).

Firstly, consumption of lathyrus should be

advocated after necessary processing so as to

minimize the neurotoxin content from the health

point of view. Secondly, the genotypes having

reasonably low BOAA should be encouraged for

human consumption.

24.6 Conclusion

Biofortification enhances the bioavailability of

micronutrients such as iron, zinc, vitamin A,

folic acid, and cyanocobalamin in staple foods.

Almost half of the world population is suffering

from these deficiencies as they have either low

access or no access for these quality foods. The

presence of antinutrients such as phytates,

polyphenols and tannins, protease and

α-amylase inhibitors, saponins, lectins, and

lathyrogens in food causes hurdle in absorption

and bioavailability of Fe, Zn, Ca, folates, etc.

Various processing techniques like soaking, ger-

mination, milling (dehusking), cooking, and

autoclaving are effective in removal of these

antinutrients.
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