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SYNOPSIS

Food security is a complex issue, linked to availability and access
to food, malnutrition in the population, economic development,
environment, and local and global trade. Malnutrition hinders healthy
growth and proper development of the human immune system affecting
neurological and cognitive development especially in children. Protein
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calorle malnutrition is a major nutritional problem in many developmg
countries. Considering the projected increase of world population to 9
billion by 2050, it is a huge challenge to meet the food and nutritional
security of the growing world. Grain legumes are an important part of
Afro-Asian diet and major providers of protein and calories in this
region. Grain legumes are considered to be a good source of protein,
carbohydrates, vitamins, minerals and other compounds that have
significant nutritional and health-related benefits which would very
effectively address both malnutrition and food insecurity problems.
Under the climate change scenario, there is an urgent need to diversify
the cropping pattern by promoting cultivation of grain legumes due to
their adaptation to different regions and climates. Important legumes
that form a part of our daily diet in various forms include peas, beans,
lentils, chickpea, pigeonpea, soybean, and groundnut. In this chapter
we have briefly highlighted the global trade and economics-related
aspects; and nutritional composition of important food legumes.

Keywords: Food security, malnutrition, grain legumes, nutritional
composition, anti-nutritional factors (ANFs), import & export of legumes,
production.

1. INTRODUCTION

“One billion hungry people, which is one out of every group of six
persons in the world, that is 105 million more than in 2008, and five
children dying every 30 seconds”, said Dr. Jacques Diouf, FAO Director-
General at the World Summit on Food Security in Rome (2009). The
issue of hunger and food security became a serious concern after the
“food riots” in 22 countries across the globe (in 2007 and 2008)that
threatened the foundations of governments, global peace and security.
The World Food Summit (1996) defined food security as “when all
people at all times have access to sufficient, safe, nutritious food to
maintain a healthy and active life”. However, food security is a complex

_issue, linked to malnutrition, economic development, environment, and
trade. Malnutrition refers generallyto “suboptimal food”, vis-a-vis the
required daily supply of 2500 kcal/day (Roy et al., 2006).Protein calorie
malnutrition (PCM) is considered to be the main nutritional problem in
manydeveloping nations. Infants and young children in several
developing countries suffer from PCM that includes a range of
pathological conditions due to lack of protein and calories in their daily
diet (Haider and Haider, 1984).About 170 million people, especially
preschool children and nursing mothers in south Asia and sub Saharan
Africa suffer from malnutrition (Igbal et al., 2006). Major provider of
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protein and calories in Afro-Asian dietinclude legumes. Legumes are
considered to be a good source of protein, due to high content and
bioavailability of protein.

The international commumty made a commitment (‘M111enmum
Declaration') at the turn of the millennium to reduce by half the
proportion of people living in extreme poverty and hunger by 2015
(Ahmad et al., 2007).The population of less developed regions of the
‘world, including large parts of sub-Saharan Africa and South Asia, is
projected to be 7.7 billion by 2050, while the world population would
be 9 billion during the same period (United Nations Report:
2004).Considering this increase it is a huge challenge to meet the food
and nutritional security of the growing population in the developing
world. Additionally, under the climate change scenario there is a need
to diversify the cropping pattern by promoting grain legumes. Legumes
are next only to Graminae in their importance to humans; and include
about 650-750 genera and about 19000 species (Graham and Vance 2003;
Polhill ef al., 1981) including important forage, agroforestry and gram
species. Important legumes that form a part of our daily diet in various
forms include peas, beans, lentils, chickpea, pigeonpea, soybean, and
groundnut. This chapter provides a comprehensive overview of the
potential role of grain legumes in addressing the food and nutritional
" in-securities in the developmg world. In ’ChlS chapter the term 'legume’
refers to grain legumes.

- 2. GLOBAL MALNUTRITION AND FOOD INSECURITY

_-Adequate nutrition during early childhood is a pre-requisite for
healthy growth and proper developmentof the immune, system that
impacts neurological and cognitive development. Malnutrition
manifests itself in various forms including stunting, and underweight.
Globally,165 million children under the age of five are stunted and about
101 million were underweight in 2011 (UNICEF-WHO-The World Bank
Report, 2012; Figs. 1A & 1B). Africa and Asia together accounted for
92% (152 million) and 95% (~95 million) of stunted and underweight
children respectively in 2011.The future projections predict a total of
- 154 million stunted and 93 million underweight in 2015 (Figs. 1A & 1B).
Overall the number of stunted and underwelght chlldren has decreased
51gmf1cantly since 1990 (by35%)
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Fig. 1: The present status and future prediction about the number of stunted (A),
underweight (B) and undernounshed (C) people in developing/developed coun-
tries and globally.

The State of Food Insecurity in the World 2012reports about 870
million people are undernourished in terms of daily dietary energy
supply in 2010-12, i.e., 12.5% of the world population (FAO, 2012).South
Asia and Sub-Saharan Africa together constitute about 540 million
underfed people. Though significant progress has been made in reducing
global hunger, it has slowed down and levelled off since 2007-08 (Fig.
1C). Globally, the food production has to increase by about 70% and in
the developing countries it has to double between now and 2050 (FAO

2009).
Why Legumes?

It is a well-established fact that legumes are nutritionally -
enriched(explained in detail below). Apart from this there are several
agronomic and economic reasons that strongly support the cultivation
of legumes. Major reasons for increasing their adoption include: (i)
suitability for human and animal consumption (pods/seeds, leaves and
stems); (ii) relatively easy to manage agronomically; (iii)suitable for
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intercropping/mixed cropping; (iv) fertilizer requirement is lower in
comparison to other crops;and (v) they can be grown in harsh
environments. In spite of these advantages legumes suffer from some
constraints restricting their expanding cultivation such as (i) inadequate
availability of quality seeds of improved varieties; (ii) difficulties in
harvesting leading to losses; (iii) highlabour requirement for value
addition; and (iv) lack of markets and volatility of prices.

Production, Import and Export of Legumes

Total legume production in the world and in developing countries
along with major producers is summarized in Table 1. Legumes are
produced on 12-15% of earth's arable land contributing to 30% of total
dietary protein requirement of the humans; and under subsistence
farming conditions their importance could be much higher (Graham and
Vance 2003). About 35% of the vegetable oil requirement of the world is
provided by soybean and groundnut (Graham and Vance 2003). South
and South-East Asia region is a major producer of chickpea and
pigeonpea with India alone producing 71% and 65% of these crops,
respectively. India, Myanmar and Brazil account for ~87% of total bean
(dry) production among the developing countries(FAOSTAT 2013). India
and Nigeria produce 57% (9.9 million tonnes, MTs)of total groundnut
produced in developing countries (excluding China). Cowpeais .
predominantly cultivated in Western Africa with Nigeria and Niger
producing 69% of world production (FAOSTAT, 2013; Table 1).

Overall, the global legume production has increased-by 1.7 times
between 1961 and 2011 and during the same per1od cereal production
has increased by 3 times (Fig. 2A). The yield per hectare of legumes has
increased only by 1.4 times, compared to 2.7 times in cereals (Fig. 2B).
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Table 1 : Production of important grain legumes in world and developing countries jn
2011 (Source; FAOSTAT)

Legume Latin name Production (MT) Major Producers
: (% of World
Production)
World | DC*
Chickpea Cicer arietinum 11.62 9.51 India (71)
_ ‘ Australia (4.4)
Pigeonpea Cajanus cajan . 4.40 354 [India (65)
, " | Myanmar (19)
Groundnut Arachis hypogaen With | 38.61 17.36 | China (41.7)
‘ shell India (17.9)
Lentil .| Lens culinaris 441 1.44 Canada (34.7)
India (21.4)
Beans Phaseolus Dry - | 23.25 13.36 | Brazil (51.8)
vulgaris and India (19.2)
Dolichos and Myanmar (16)
Vigna spp.
' Green | 20.39 1.09 | China (77)
Indonesia (4.4)
Field pea Pisum sativum Dry 9.55 144 | Canada (22.1)

‘ Russia (21.1)

Green | 1697 | 408 |China (60.5)

‘ ‘ India (21)

Cowpea | Vigna unguiculata | Dry 4.92 4.63 Nigeria (37.8)
Niger (30.9)

Soybean Glycine max 260.91 | 149.85 | USA (31.6)

[ Brazil (284)

Broad beans | Viciafaba Dry 4.03 0.85 China (38.5)

'| Ethiopia (17.3)

DC* - includes countries fromAfrica (East, West, South & Middle), South Asia and South
America.
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Fig. 2 : Global production (A) and yield trends {(B) of cereals and legumes

Though South and South-East Asia are major producers of legumes,
they also import large quantities to meet their daily requirements.
Among the developing regions of the world,South Asia is the largest
importer of legumes followed by South America in 2010 (Figs. 3A). The
import of legumes by south Asian countries increased by 3.7 times (by
volume) and 6.0 times (in value, US$) in 2010 compared to 2000 (Figs.
" 3A& 4A). The amount of legumes imported by South Asian countries is
2.25 times (in volume) and 1.75 (in value, US$) in comparison to all
other regions put together (Sub-Saharan Africa, South and Central
America, and South-East Asia). Overall, legumes imported by the
nations of sub-Saharan Africa (S5A), South/Central America (CSA), and
South/South-East Asia (SSEA) have increased from 2.3 million metric
tonnes (MMT) in 2000 to 5.7 MMT in 2010 (2.5 times hlgher) The value
of legume imports increased from US$ 867 million in 2000 to US$3.6
‘billion in 2010, ie., an increase of 76% (FAOSTAT 2013).In spite of
producing large quantities coupled with huge imports, south Asia still
has the largest number of malnourished people in the world.
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Fig. 3 : Quantity of import (A) and export (B) of legumes in different regions of the world
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~ The export of legumes by SSA, CSA and SSEA regions in 2010 wag
22 MMT compared to 1.9 MMT in 2000. SSA region recorded the highest
increase in exports from just 0.09 MMT in 2000 to 0.6 MMT in 2010 (Fig,
3B). Interestingly, during the same period SSEA region has recorded a
- steep decrease in exports from 1.3 MMT (2000) to 0.9 MMT. In terms of
value, SSA registered an increase of about 10 times in 2010 (US$ 370
million) compared to 2000 (US$ 39 million; Fig. 4B). But, the largest
exporter of legumes in value terms during 2010 was South-East Asia
(mostly Myanmar and Thailand) amounting to US$ 0.5 billion. The
overall value of legume exports from these developing regions of the
world was about US$ 1.8 billion in 2010 (FAOSTAT 2013).The per capita
production of legumes was 13.2 in 1961 and 9.2 kg/person/yr during
2009. Similarly, the average consumption in 1961 was 9.5 kg/person/
yr as compared to a low of 6.6 kg/person/yr during 2009 (FAOSTAT,
2013; Fig.5). To address these issues we need to understand the
1mp0rtance of nutritionalcontent of the legumes and the role they play
in upkeep of human health.
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Fig. 4 : Import (A) and export (B) values of legumes in different regions of the world
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decades , o

~ 3. GRAIN COMPOSITION OF IMPORTANT LEGUME CROPS

Protein Content

Infants, young children and nursing mothers in developing
countries are the most vulnerable groups to be affected by PCM.Legumes
form an integral part of Afro-Asian diet providing a major share of
protein and calories. Among the food legumes (excluding groundnut
and soybean)the protein content is in the range of 20-25%.The protein
content in legumes is significantly higher (19-36%; Table 2) compared
to major cereals like rice (5.8-7.7%; Champagne et al., 2004), wheat
(8-15% Shewry 2009), maize (9-11%; Zuber and Darrah 1987) and barley
(8-15% Shewry 1993).Protein quality is better in some legumes like
chickpea, compared to others such as urdbean [Vigna mungo L.],
‘mungbean| Vigna radiata L.] and pigeonpea [Cajanus cajan L.] (Kaur et
al.,2005). The. protein concentration in some legumes like chickpea,
mungbean, urdbean, lentils, and beans do not show significant
differences (Rehman and Shah, 2005). :
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Table 2 : Proximate composition of different legumes

Crop Carbo Fat® Protein® TDF®  TS®  Ash® Starch  Energy®

-hydrate® (g/100g) (g/100g) (g/100g) (g/100g) (g/100g) (keal/100g)

(s/100g) : ‘
Chickpea 60.7 6.0 193 74 107 25 41109 364.0
Pigeonpea 23.8 16 ° 217 51 3.0 35 484() 343.0
Groundnut 16.1 492 258 8.5 4.0 23 - 1150 567.0
Lentil 601 11 258 . 305 20 27 45.0 (8) 353.0
Bean 603 09 284 152 21 42 380(5 3330
Field pea 60.4 12 . 246 ' 255 8.0 27 46.0495(*) 3410
Cowpea 59.6 21 23.9 10.7 - 34 391-549(x) 3430 .
Soybean 302 20.0 365 93 73 49 0869(f) 4460

TDF - Total Dietary Fibre; TS-Total Sugars; ®USDA 2013;8-Wang &Daun 2004, g/
100g; (1)-Singh &Diwakar 1993, in percent (%);(*)-Wang et al. 2008, g/100g dry matter;
@ —Omue‘a& Singh 1987, g/100g; ()-Jeong et al. 2010, in percent (%)

In wtro Protein Dlgestlblllty

The in vitro protein digestibility (IVPD) of legumes also exhibits
wide variability. High IVPD values were recorded for various legumes:
chickpea [65.3-79.4%],pigeon pea, [60.4 to 74.4%], mungbean [67.2 to
72.2%], soybean [62.7 to 71.6%]. (Chitra et al., 1995), groundnut (73.4;
Embaby 2011) and lentil (92.3%; Awada et al., 2005). ‘Sangronis and
Machado (2005) have reported 76.3-77.9% IVPD for bean and 76.8% for
pigeonpea. The IVPD of Iegumés was found to increase by different
treatments like boiling, microwave cookmg, autoclavmg, and roastmg
(Awada et al. 2005; Embaby 2011)

Amino Acid Compo_s;tlon

- The amino acid composition of different legume seeds is presented
in Table 3. Methionine and cystine, the two sulfur-rich amino acids are
generally limiting in pulses. Commonly consumed food legumes are
low in these two amino acids(Jukanti et al., 2012), the exceptions being
cowpea and green pea which have higher values (Igbal et al., 2006).
Some minor variations are observed in the quantity of a few amino acids
such as phenylalamne,leucme,argnune, and glutamic acid. The amino
acid content of groundnut is lower in comparison to other legumes
(Table 3). Aspartic and glutamic acid are the two dominating amino
acids in majority of the legumes (Table 3). Cereals are rich in sulphur-
containing amino acids and could complement the amino acid
deficiencies in legumes (Haq et al., 2007). '
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Fat Content and Fatty Acid Profile

The total fat content of different food legumes along with two
oilseeds is presented in Table 2. Among the different legumes chickpea
has the highest fat content compared to others, the exceptions being the
two oilseed crops groundnut and soybean. The fat content in most of
the legumes (excluding chickpea, groundnut, and soybean) and in
cereals like wheat [1.70 g 100-g] and rice [0.60 g 100-g] is almost similar
(USDA 2013; Table 2). Polyunsaturated fatty acids (PUFA's) are the major
fatty acids (40-60%) followed by monounsaturated (MUFA's; 20-25%)
and saturated fatty acids (15%) among the different legumes (Table 4).
Chickpea, lentil, and soybean have high percentage of linoleic and
linolenic acid, while groundnut, chickpea and field pea are good sources
of oleic acid. Cowpea and lentil are rich sources of palmitic acid (Table
4). Overall, legumes are a good source of two nutritionally important
PUFA's (linoleic and linolenic acids) and oleic acid along with saturated
fatty acid, palmitic (Table 4). : ‘

Minerals

Legumes, apart from being a good source of essential vitamins and
minerals, also provide variety to the cereal-based diet (Cabrera et al.
2003; Duhan ef al., 1999). The different minerals present in important
legume crops is presented in Table 5. About 200 g of chickpea, lentil
and bean seed can meet recommended daily dietary requirement of

" calcim (1000 mg/ day in both men and women), whereas, 100 g of lentil,
bean, cowpea and chickpea could meet the rlecessary daily zinc
requirement (4.2mg/day for men and 3.0 mg/day for women; EAO
2002). Generally,most of the legumes (100 g) can provide the iron
requirement (1.05 mg/ day for men and 1.46 mg/day for women). The
recommended daily intake of magnesium for adults (260 mg/day for
male and 220 mg/day female) can be obtained from 100-150 g of bean,
soybean, pea, pigeon pea or chickpea. :
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Most of the legumes are a good souxce of calcium (>125 mg 100-g),
field pea and groundnut being the only exceptions (70-90 mg 100-g)
but, even these two legumes contain higher calcium in comparison to
cereals like wheat (45 mg 100-g; Plaza et al., 2003). Magnesium and
phosphorus content in legumes is similar to that in wheat (135 mg 100 g
and ~350 mg 100-g, respectively; Murphy et al., 2008). Legumes have
high quantities of manganese, zinc and also trace element like selenium
compared to wheat (~0.5 mg 100-g, ~0.3 mg 100-g and ~0.2 pg 100-g
respectively; Murphy et al., 2008).

Vitamins

Though vitamins are required in tiny quantities (e.g. Vitamin A),
deficiencies are common especially in SSA and SSEA regions of the
world. The vitamin content in different important food legumes is shown
in Table 6. Majority of the legumes are a good souxce of folic acid which
is important in prevention of neural tube defects, low birth weight, some
cancers and osteoporosis (Relton et al., 2005; Eichholzer et al., 2006). These
risks can be prevented by daily consumption of 100-200 mg of legumes
that meet the daily recommendation of 0.4 mg (Eichholzer ef al., 2006).
Legumes contain different types of Vitamin B (B, B,, B,, By, B; and B, )
along with good tocopherol (o and ) content (Table 6). Among the
legumes, groundnut is a good source of niacin (Vit B3) and tocopherols
(o and ).

Carbohydrates

Carbohydrates are classified into (i) available - enzymatically
digested in the small intestine, e.g. mono and disaccharides; and (ii)
umnavailable -- not digested in the small intestine, e.g.,. oligosaccharides,
resistant starch, non-cellulosic polysaccharides, pectins, hemicelluloses
and cellulose (Chibbar et al., 2004).The total carbohydrate content in
majority of the legumes is high (30-60%) except groundnut and pigeon
pea (Table 2). Legumes have: (i) monosaccharides- fructose, galactose,
glucose, ribose; (ii) disaccharides -maltose and sucrose, and (iii)
oligosaccharides -ciceritol, raffinose, stachyose, and verbascose (Han
and Baik, 2006). The amount of these various fractions is shown in Table
7.
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Mono-, Di-, and Oligosaccharides

Legumes contain important monosaccharides at varying
concentrations (Table 7). Maltose and sucrose are reported to be the
most abundant free disaccharides in legumes along with some minor
disaccharides like melbiose. Since humans lack a-galactosidase (which
degrades oligosaccharides; Han and Baik; 2006), oligosaccharides are
not hydrolyzed or absorbed in the large intestine of human digestive
system thereby accumulating in the intestine. Therefore, a-Galactosides

“undergo fermentation by colonic bacteria releasing gases that lead to
flatulence(Kozlowska et al., 2001).

a-Galactosides occur in two important groups in legumes: (i)
raffinose family of oligosaccharides (RFOs) such asraffinose
(trisaccharide), stachyose [tetrasaccharide], and verbascose
[pentasaccharide] (Frias et al., 1996, Sako et al., 1999, Gulewicz et al,
2000, and Peterbauer and Richter 2001);and (ii) galactosylcyclitols -
including ciceritol, that was isolated for the first time from chickpea
seeds by Quemener and Brillouet (1983). Ciceritol has also been isolated
from lentils (Frias e al., 1996, Peterbauer and Richter 2001). Compared
to other legumes gas production is higher in chickpea, due to higher
oligosaccharide content (Jaya et al., 1979; Rao and Belavady, 1978).

Polysaccharides

Polysaccharides are high molecular weightpolymers with atleast
20 monosaccharides; often contain 200-3000 monosaccharide units
(BeMiller 2007). Polysaccharides occur in legumes as storage
polysaccharides (starch, the major source of energy in germinating
seeds), as gums (galactomannans and glucomannans) and structural
polysaccharides (cellulose and hemicelluloses), that provide structural
integrity in plants (Chibbar et al., 2010). In legumes, starch is the main
storage carbon reserve in seeds (Chibbar et al., 2010). Starch is constituted
by two types of polymerized glucose molecules- amylose and
amylopectin.Amylose content in legume starches is relatively higher
(24-72%) in comparison to cereal crops like wheat and maize (22%). The
in vitro starch digestibility values (ISDV) of legumes in general are lower
than cereals due to higher amylose content (Madhusudhan and
Tharanathan, 1996).
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Dietary Fibre

Complex carbohydrates are classified into two groups: (i) available,
which is easily digested and absorbed by humans and animals, e.g.
starch; and (ii) unavailable/resistant carbohydratesthat are not
absorbed/assimilated in the intestines, e.g. cellulose, hemicellulose,
galactomannans, glucomannans and xylans (AACC 2001, Chibbar
etal., 2010). Unavailable/resistant carbohydrates are commonly referred
to as 'Dietary Fibre (DF)'. Based on solubility, total dietary fibre consists
of:(i) soluble fibre that gets digested slowly in the colon; and (ii) insoluble
fibre that is metabolically inert and aids in bowel movement (Tosh and
Yada, 2010). Total dietary fibre content (DFC) in most of the edible
legumes is 8-27.5%, which includes 3.3-13.8% of soluble fibres (Guillon
and Champ, 2002).

Anti-Nutritional Factors (ANFs)

Most of the legumes contain biologically active compounds
commonly referred to as 'anti-nutritional factors [ANFs]' (Singh 1988);
that are known to have both positive and negative impact on human/
animal health and nutrition (Jukanti et al., 2012). A list of ANFs present
in different legumes is given in Table 8.ANFs make the legume seeds
unpalatable when consumed in raw or unprocessed form and also affect
digestion (Domoney, 1999). In general, ANFs occur as protein and non-
protein ANFs (Duranti and Gius, 1997). Protein ANFs include lectins,
antifungal peptides, and two protease inhibitors (trypsin and
chymotrypsin inhibitors). Alkaloids, saponins, tannins, phytic acid and
phenolics are non-protein ANFs(Roy et al., 2010, Muzquiz and Wood,
2007). Protease inhibitors interfere with digestion by irreversibly binding
with trypsin and chymotrypsin in the human digestive tract (Jukanti
et al., 2012). But, most of the a-amylase inhibitors are active against
animal amylases (Champ, 2002).

Grain legumes are an important source of lectins/haemagglutinins.
Most bean species including Phaseolus vulgaris are good sources of
lectins. Lectins are specific sugar binding proteins that bind and clump
together red blood cells (Bond and Duc, 1993; Champ 2002). Phytates
and oxalates present in legume seed reduce the bioavailability of
minerals, therefore, they are considered to be ANF's (Table 8; Sandberg;
2002). Saponins are found in several legumes (Table 8) and give a bitter
taste and make them less preferable for human and animal consumption
(Birk and Peri, 1980).Tannins form insoluble complexes with both
protein and carbohydrates leading to astringency of tannin-rich foods
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(Champ, 2002). Though ANF's are considered to be lirrﬁﬁng factors in
legume consumption, their content can be reduced by processes such
as soaking, boiling, cooking, and autoclaving (Alajaji and El-Adawy,
2006).

4. CONCLUSIONS

Legumes have multitude of compounds that have significant
nutritional and health related benefits which could aid very effectively
in reducing malnutrition and food insecurity. It can be observed from
the above discussion that though the cereal production has almost
reached 2500 million tonnes [MT] in 2011, the legume production has
only marginally risen from 41 MT in 1971 to 68 MT in 2011. Since legumes
can fit into different cropping systems under varying environments
including tree/forest-based systems and cereal-based cropping systems,
they have a very high potential for large-scale cultivation. The data
presented in the paper unambiguously demonstrate the importance of
legumes in human nutrition and health, and the need for their increased
production in the near future, especially under the climate change
scenario to successfully feed nutritionally-rich food to the ever-growing
human population.



493

Contribution of Grain Legumes in Combating

piuoD
0'8€T-9'8C - S0'0-0°0 T0400 - - - 12°0-£0°0 (8-01 Bwr)
- - - - 20000 - - - URISIURE)
-8

- L69¢ - - | Bwyyse - - 070 ,
e 90 - - - - - - - supuodeg
- §'8-0°¢ ¢1-20 L9°S - '8 - (1-8 Bux)
A4 6'€9T v4TT G991 - SOFLPL - - proe B4y

- - - - - - | %-00181 gce -

31 _
- -l Swger - 01 - ¢81-0°¢ 01'9-G5'T sjouay
- 0991 ¢1-00 61T0 8¢ v 200 - (1-8 Bu)
-8 8w ¢ THIT A 0'ST - T0°0F60°0 2000 S90RIL], supue],
8TI-G¥ - 008 | 96T - 'L - - (1-8ur spuny)
- 0e8-1'9 0611’ [Ar4 - - - - msiwﬁmmmﬁ.mmm
- -l veorvL - - - - - (1v) xo3qryur
- -l 00807 - - ¥'5F9'T9 THE6TT 0'S1-0 ase[hwy
- o AR YA - - anN - - (1D) so3qryug
- - TO01L0 - - - 9¢-1T veLs | wsdinowdyd

(z#) A :
L'STSLL @8¥%<e| (n8L¥S @96 (or (zoQN @) V6L @)0'ST-0'T (11) To3qmrpuy
anSLT | @ 08C-0sT| @psorco | (P oqr (o) ¥'8 < TFE'9T a8 @)9FI-L9 ursd4ag,
ueaqhog vadmop| wead prang ueag mus1 | nupunorn eaduoalig eado1yD

SANV

salnBaj urelB Juasayip ul Jusjuoo Jojok) [BUOHLINU-HUY : 8 BlqeL



The Basics of Human Civilization - Food, Agriculture and Humanity - ||

494

INA %-utuodes “‘686T 0313 d8eALG~(q,) ‘N 3 /SW-11, 9661 ‘11 12 9193 ped-(zy) 3 /SIUN-11, ‘GO0T Te 30 AWaYs-H

-3 001 /Bw-uruodes 3 (01 /3w-1, ‘210z '1¢ 92 19e[oMO~(g) “Sur /syun-11, ‘Z10¢ *Jv #2 dunsaeD-(1) N %-2verexo ‘3 /syun-1y “Sur /spun-1o
/1172007 dwreyd-¢y) ‘B /symn-1v /1D /119661 1v #2 TIP3seD-(T}) JNA %-21erexo ‘8 /spun-1y “Bur /syun-1D /11, 2002 dwrey-;5'3 /.0 TXIN.L
-L1 ‘2661 prewngmewedurered-. 5 {4661 10 12 1AV -(gs) ‘INA %-2¥e[exo ‘3 /syun-1y “Bur /syrun-1D /11, ‘200¢ dureyDr45)'3 001./3-9%e1ex0 ‘1107
CARISEALIS 29 3[eBU]-(5 ‘8 (01 /Sw-sutue], ‘3 /syum-Ty “Sur /syun-11, GO0z 12 42 MBI~ (153w /STUm-11, $00¢ OA0TO- () “3 /uu-sjousy ] ‘3 /syum
IV ‘8w /syun-10 /11, ‘886 T Y3UIS~(;y) ‘8 /symun-10 “Buu /syun-11, '200g dureyD-,) ‘8 /Swr-spousy 8 /syum-1y “Sur /syn-10 /11, ‘8861 USUIS~(,)

0611-6'1C

=

Bw 91T
-

Sw 0'1-90

40

G0°0-0'0

£0°0

<0100

910

10°0-0°0

[4\

3-001 3 ¥sT

£00

61'0-10°0

ajerexQO
(3-001 3w)
uRzZpre(]



Contribution of Grain Legumes in Combating 495

REFERENCES

Aguilera Y, Esteban RM, Benitez V,Esperanza MA, Martin-Cabrejas MA (2009) Starch,
functional properties, and microstructural characteristics in chickpea and lentil
as affected by thermal processing. . Agric. Food Chem. 57: 10682-10688.

Ahmed AU, Hill RV, Smith LC, Wiesmann DM, Frankenberger T (2007) The World's
most deprived: Characteristics and causes of extreme poverty and hunger.2020
Discussion Paper 43, International Food Policy Research Institute, Washington
DC, USA.

Akande KE, Abubakar MM, Adegbola TA, Bogoro SE, Doma UD (2010) Chemical
evaluation of the nutritive quality of pigeon pea [Cajanus cajan (L.) Millsp.].
International Journal of Poultry Science 9 (1): 63-65.

Akpinar N, Akpinar MA, Tiirkoglu (2001) Total lipid contentand fatty acid composition
of the seeds of some Vicia L. species. Food Chemistry 74: 449-453.

Alajaji SA, El-Adawy TA (2006) Nutritional composition of chickpea (Cice rarietinum L.)
as affected by microwave cooking and other traditional cooking methods. ] Food
Composition and Analysis 19:806-812.

Alayande LB, Mustapha KB,Dabak JD, Ubom GA (2012) Comparison of nutritional
values of brown and white beans in Jos North Local Government markets. African
Journal of Biotechnology 11(43): 10135-10140.

Aman P (1979) Carbohydrates in raw and germinated seeds from mung bean and
chickpea. J. Sci. Food Agri. 30: 869-875.

American Association of Cereal Chemists [AACC] (2001) The definition of dietary fibre.
(Report of the Dietary Fibre Definition Committee to the Board of Directors of the
AACC). Cereal Foods World 46: 112-126.

Andersen PC, Hill K, Gorbet DW, Brodbeck BV (1998) Fatty acid and amino acid profiles
of selected peanut cultivars and breeding lines. J. Food Composition and Analysis
11(2): 100-111.

Apata DF, Ologhobo AD (1994) Biochemical evaluation of some Nigerian legume seeds.
Food Chemistry 49: 333-338.

Atasie VN, Akinhanmi TF, Ojiodu JJ (2009) Proximate analysis and physico-chemical
of ground nut (Arachis hypogaea 1.). Pakistan ]. Nutrition 8(2): 194-197.

Awada SH, Hady A, Hassan AB, Ali MI, Babiker EE (2005) Antinutritional factors content
and availability of protein, starch and mineral of maize (Zea mays L.) and lentils
(Lens culinaris) as influenced by domestic processing. | Food Technol. 3(4): 523-528.

Ayet G, Burbano C, Cuadrado C, Pedrosa MM, Robredo LM, Muzquiz M, de la Cuadra
C, Castarjo A, Osagie A (1997) Effect of germination under different environmental
conditions, on saponins, phytic acid and tannins in lentils (Lens culinaris). ] Sci.
Food Agric. 74: 273-279.

Aykroyd WR, Doughty J(1982) Legumes in human nutrition. Food and Agriculture
Organization of th= United Nations. FAO Food Nutr Pap. 20: 27-34.

Barampama Z, Simard RE (1993) Nutrient composition, protein quality and
antinutritional factors of some varieties of drybeans (Phaseolus vulgaris) grown in
Burundi. Food Chem. 47 (2): 159-167.

BeMiller, J. N (2007). Carbohydrate chemistry for food scientists. AACC International:
St. Paul, MN.



496 The Basics of Human Civilization - Food, Agriculture and Humanity - ||

Birk Y, Peri I (1980) Saponins. In Toxic Constituents of Plant Foodstuff, pp. 161-182 [IE
Liener, Ed.]. New York: Academic Press.

Bond DA, Duc G (1993) Plant breeding as a means of reducing anti-nutritional factors
of grain legumes. In : Recent advances of research in anti-nutritional factors in
legume seeds, Proceedings of the 2nd International Workshop on 'Antinutritional
factors (ANFs) inlegume seeds, Wageningen, The Netherlands, December, EAAP
Publication No. 70, pp. 379-396 [AFB Van der Poel, ] Huisman and HS Saini,
editors]. Wageningen, The Netherlands: Wageningen Press.

Brand TS, Brandt DA,Cruywagen CW (2004) Chemical composition, true metabolisable
energy content and amino-acid availability of grain legumes for poultry. South
African Journal of Animal Science 34 (2): 116-122.

Cabrera C, Lloris F, Giménez R, Olalla M, Lépez MC (2003) Mineral content in legumes
and nuts: contribution to the Spanish dietary intake. The Science of the Total
Environment 308: 1-14.

Carvalho AFU, de Sousa NM, Farias DF, da Rocha-Bezerra LCB, da Silva RMP, Viana
MP, Gouveia ST, Sampaio SS, de Sousa MB, de Lima GPG, de Morais SM, Barros
CC, Filho FRF (2012) Nutritional ranking of 30 Brazilian genotypes of cowpeas
‘including determination of antioxidant capacity and vitamins. J. Food Composition
and Analysis 26: 81-88.

Castell AG, Guenter W, Igbasan FA (1996) Nutritive value of peas for non-ruminant
diets. Animal Feed Science Technology 60: 209-227.

Celestine AA, Onwuchekwa O, UdulA, ChuksEO, Patrick AM (2012) Characterization
of cowpea cultivars for variations in seed contents of some anitnutritional factors
(ANFs). Continental ]. Food Science and Technology 6 (1): 25 - 34.

Champ MJM (2002) Non-nutrient bioactive substances of pulses. Br. [.Nutr 88: 5307-
S319.

Champagne ET, Wood DF, Juliano BO, Bechtel DB (2004). Therice grain and its gross
composition. In: Champagne, E.T. (Ed.), Rice: Chemistry and Technology, 3rd (ed.)
AACC, st. Paul, MN,pp. 77-107.

Chibbar RN, Ambigaipalan P, Hoover R (2010) Molecular diversity in pulse seed starch
and complex carbohydrates and its role in humarn nutrition and health. Cereal
Chem. 87: 342-352.

Chibbar RN, Baga M, Ganeshan S, Khandelwal RL.(2004) Carbohydrate metabolism.In
Encyclopedia of grain science, pp. 168-179 [C Wrigley, H Corke and CE Walker,
-editors]. London: Elsevier.

Chitra U, Vimala V, Singh U, Geervani P(1995) Variability in phytic acid content and
protein digestibility of grain legumes. Plant Foods for Hum.Nutr. 47: 163-172.

Ciftci H, Ozkaya A, Cevrimli BS,Bakoglu A (2010) Levels of Fat-Soluble Vitamins in
Some Foods. Asian | Chem 22: 1251-1256.

Cobb WY, Johnson BR (1973) Physico-chemical properties of peanuts. In : Peanuts:
Culture and Uses. Amer. Peanut Res. Edu.& Assoc.; Stillwater, OK, USA.

Domoney C (1999) Inhibitor of legume seeds.In Seed protein, pp. 635-655[PR Shewry
and R Casey, editors]. Kluwer Academic Publishers, Amsterdam.

Duhan A, Khetarpaul N,Bishnoi S (1999) In starch digestibility (in vitro) of various
pigeon pea cultivars through processing and cooking. Ecology of Food and Nutr.
37: 557-568.

Duranti M,Gius C (1997) Legume seeds: Protein content and nutritional valtue. ] of Field
Crop Research 53: 31-45.



Contribution of Grain Legumes in Combating 497

Egounlety M, Aworh OC (2003) Effect of soaking, dehulling, cookirig and fermentation
with Rhizopus oligosporus on the oligosaccharides, trypsin inhibitor, phytic acid
and tannins of soybean (Glycine max Merr.), cowpea (Vigna unguiculata L. Walp)
and groundbean(Macrotyloma geocarpa Harms).]. Food Engineering 56: 249-254.

Eichholzer M, Ténz O, Zimmermann R (2006)Folic acid: a public-health challenge. Lancet
367: 1352-61.

EjiguiJ, Savoie L, Marin ], Desrosiers T (2005) Influence of traditional processing methods
on nutritional composition and anti-nutritional factors of red peanuts (Arachis
hypogaea) and small red kidney beans (Phaseolus vulgaris). ]. Biological Sciences 5(5):
597-605.

El-Shemy H, Abdel-Rahim E, Shaban O, Ragab A, Carnovale E, Fujita K Comparison of
nutritional and anti-nutritional factors in soybean and fababean seeds with or
without cortex. Soil Science and Plant Nutrition 46(2): 515-524.

Embaby HES (2011) Effect of heat treatments-on certain antinutrients and.in vitro protein
digestibility of peanut and sesame. Food Sci. Technol. Res. 17(1): 31-38.

FAOSTAT (2013) http://faostat3.fao.org/home/index html#VISUALIZE(Accessed
May 2013).

FAO, WFP, [FAD (2012) The State of Food Insecurity in the World. Economic growth is
necessary but not sufficient to accelerate reduction of hunger and malnutrition.
FAO, Rome, Italy. '

FAO (2009) High level expert forum - How to feed the World in 2050.FAO, Rome, Italy.

FAO (2002) Human vitamin and mineral requirement. Report of a joint FAO/WHO
expert consultation, Bangkok, Thailand. http://www.fao.org/DOCREP/004/
Y2809E /y2809e00.hitml

Frias J, Vidal-Valverde C, Kozlowska H, Tabera J, Honke J,Hedley CL-(1996) Natural

" fermentation of lentils: influence of time, flour concentration, and temperature on
the kinetics of monosaccharides,disaccharides, and a-galactosides. J. Agric. Food
Chem. 44:579-584.

Gharibzahedi SMT, Mousavi SM, Jafari SM, Faraji K '(2012)”Pro>'<imate‘ composition,
mineral content, and fatty acid profile of two varieties of lentil seeds cultivated in
Tran. Chemistry of Natural Compounds 47(6): 976-978.

Graham PH, Vance CP (2003) Legumes: Importance and constraints to greater use. Plant
Physiol. 131:872-877.

Guillon F, Champ MM (2002) Carbohydrate fractions of legumes: uses in human
nutrition and potential for health. Br. ] Nutr. 88: 5293-306. .

Gulewicz P, Ciesiolka D, Frias J, Vidal-Valverde C, Frejnagel S, Trojanowska K, Gulewicz
K (2000) Simple method of isolation and purification of o~galactosides from
legumes. . Agric. Food Chem. 48:3120-3123.

Haider M &Haider S (1984) Assessment of protein-calorie malnutrition. Clin. Chem.30:
1286-1299.

Han IH,Baik B K (2006) Oligosaccharide content and composition of legumes and their
reduction by soaking, cooking, ultrasound and high hydrostatic pressure. Cereal
Chem. 83: 428-433. '

Haq MZ, Igbal S, Ahmad S, Imran M, Niaz A, Bhanger MI (2007) Nutritional and
compositional study of desi chickpea(Cicer arietinum L.) cultivars grown in Punjab,
Pakistan. Food Chemistry 105: 1357-1363.


http://faostat3.fao.org/home/index.html%23VISUALIZE(Accessed
http://www.fao.org/DOCREP/004/

498 The Basics of Human Civilization - Food, Agriculture and Humanity - 1|

Hernandez JL, Gonzalez-Castro MJ, Alba IN, de la Cruz Garcia C (1998) High-
Performance Liquid chromatographic determination of mono- and
oligosaccharides in vegetables with evaporative light-scattering detection and
refractive index detection. | Chromatographic Science 36: 293-298

Holt NW, Sosulski FW (1979) Amino acid composition and protein quality of field peas.
Can. ]. Plant Sci. 59: 653-660.

Ibafiez MV, Rinch F, Amaro M, Martinez B (1998) Intrinsic variability of mineral
composition of chickpea (Cicer arietinum L.). Food Chem 63: 55-60.

Ingale S, Shrivastava SK (2011) Chemical, nutritional and antinutritionalstudy of new
varieties of oilseedsfromsunflower, safflower and groundnut. International Journal
of Biotechnological Applications. 3(4) 118-129.

Igbal A, Khalil 1A, Ateeq N, Khan MS(2006) Nutritional quality of important food
legumes. Food Chem.97: 331-335.

Islam S, Carvajal RRC, James Jr. OG (2010) Physiological and biochemical variations in
seed germination of cowpea (Vigna unguiculata L. Walp) cultivars. American |.
Plant Physiol. 5(1): 22-30.

Jaya TV, Naik HS, Venkataraman LV (1979) Effect of germinated legumes on the rate of
in-vitro gas production by clostridium perfringens. Nutr. Rep. Int. 20: 393-401.

Jeong WH, Harada K, Yamada T, Abe J, Kitamura K (2010) Establishment of new method
for analysis of starch contents and varietaldifferences in soybean seeds. Breeding
Science 60:160-163.

Jukanti AK, Gaur PM, Gowda CLL, Chibbar RN (2012) Nutritional quahty and health
benefits of chickpea (Cicer arietinum L.): A review. 108: 511-526.

Kaur M, Singh N, Sodhi NS (2005) Physico-chemical, cooking, textural and roasting
- characteristics of chickpea (Cicer arietinum L.) cultivars. | Food Eng. 69: 511-517.

Khan MA, Rana IA, Ullah I, Jaffery S (1987) Physmo-chenucal characters and nutrient
- composition of some improved lines of lentils grown in Pak1stan J. Food
Composition and Analysis 1: 65-70.

Kozlowska H, Aranda P, Dostalova J, Frias J, Lopez-Jurado M, Kozlowska H, Pokorny
J, Urbano G, Vidal-Valverde C, Zdyunczyk Z (2001) Nutrition. In Carbohydrates
in grain legume seeds: Improving nutritional quality and agronomic characters.

~ Oxon, UK: CAB International.

Madhusudhan B, Tharanathan RN (1996) Structural studies of Imear and branched
fractions of chickpea and finger millet starches. Carbohydrate Res. 184:101-109.

Murphy KM, Reeves PG, Jones SS (2008) Relationship between yield and mineral nutrient
concentrations in historical and modern spring wheat cultivars. Euphytica 163:
381-390 '

Muzquiz M, Wood JA (2007) Antinutritional factors. In Chickpea Breeding and
Management, pp. 143-166 [SS Yadav, B Redden, W Chen and B Sharma, editors].
Wallingford, UK: CAB International.

Numair KSA, Ahmed SEB, Al-Assaf AH, Alamri MS (2009) Hydrochloric acid extractable
minerals and phytate and polyphenol contents of sprouted faba and white bean
cultivars. Food Chemistry 113: 997-1002.

Obendorf RL, Zimmerman AD, Ortiz PA, Taylor AG, Schnebly SR (2008) Imbibitional
chilling sensitivity and soluble carbohydrate composition of low: raffinose, low
stachyose soybean seed. Crop Science 48 (6): 2396-2403.

Oboh HA, Muzquiz M, Burbano C, Cuadrado C,Pedrosa MM, Ayet G, Osagie U (2000)
Effect of soaking, cooking and germination on the oligosaccharide content of
selected Nigerian legume seeds. Plant Foods for Human Nutrition 55: 97-110.



Contribution of Grain Legumes in Combating 499

Olaleke AM, Olorunfemi O, Emmanuel AT (2006) A comparative study on the chemical
and amino acid composition of some Nigerian under-utilized legume flours.
Pakistan Journal of Nutrition 5 (1): 34-38.

Oloyo RA (2004) Chemical and nutritional quality changes in germinating seeds of
Cajanus cajan L. Food Chem. 85: 497-502.

Omueti O, Singh BB(1987) Nutritional attributes of improved varieties of cowpea (Vigna
unguiculata[L.] Walp.). Food Sciences and Nutrition 41: 103-112.

Oupadissakoon C, Young CT, Mozingo RW (1980) Evaluation of free amino and free
sugar contents in five lines of Virginia peanuts at four locations. Peanut Sci. 7: 55-
60. '

Owolabi AO, Ndidi US, James BD,Amune FA (2012) Proximate, antinutrient and mineral
composition of five varieties (improved and local) of cowpea, Vigna unguiculata,
commonly consumed in Samaru community, Zaria-Nigeria. Asian J. Food Sci.
Technol. 4(2): 70-72

Padgette SR, Taylor NB, Nida DL, Bailey MR, MacDonald J,Holden LR, Fuchs RL (1996).

. The composition of glyphosate-tolerant soybean seeds equivalent to that of
conventional soybean. ] Nutr. 126(3):702-16.

Peterbauer T, and Richter A (2001) Biochemistry and physiology ofraffinose
familyoligosaccharides and galactosylcyclitols in seeds. Seed Sci. Res. 11:185-197.

Pirman T, Stibilj V, Stekar JMA, Combe E (2001) Amino acid composition of beans and
lentil. Zb. Bioteh. Fak. Univ. Ljubl, Kmet. Zooteh., 78(1): 57-68.

Plaza L, de Ancos B, Cano MP (2003) Nutritional and health-related compounds
insprouts and seedsof soybean (Glycine max), wheat (Triticum aestioum L.) and
alfalfa(Medicago sativa) treated by a new drying method. Eur. Food Res. Technol.
216:138-144.

Polhlll RM, Raven PH Stirton CH (1981) Evolution and systematics of theleguminosae.
In: RM Polhill, PH Raven, eds, Advances in Legume Systematics Part 1. Royal
Botanic Gardens, Kew, UK, pp 1-26.

Quemenér B, Brillouet JM (1983) Ciceritol, a pinitoldigalactoside from seeds of chlckpea,
lentil and white lupin. Phytochem. 22:1745-1751.

Rao PU, Belavady B (1978) Oligosaccharides in pulses: Varietal differences and effects
of cooking and germination. J Agri. Food Chem. 26: 316-319.

Rehman Z, Shah WH (2005) Thermal heat processing effects on antinutrients, protein
and starch digestibility of food legumes. Food Chem. 91:327-331.

Relton CL, Pearce MS, Parker 1. (2005)The influence of erythrocyte folate and serum
vitamin B12 status on birth weight. Br. | Nutr. :93:593-99.

Roy F, Boye IJ, Simpson BK (2010) Bioactive proteins and peptides in pulse crops: Pea,
chickpea and lentil.Food Res. International 43:432-442.

Roy RN, Finck A, Blair GJ, Tandon HLS (2006) Plant nutrition for food security. FAO
Fertilizer and Plant Nutrition Bulletin, 16. FAO, Rome.

Sako T, Matsumoto K, Tanaka R (1999)Recent progress on research and applications of
non-digestible galacto-oligosaccharides. Int. Dairy ]. 9:69-80.

Sanchez-Mata MC, Pefiuela-Teruel MJ, Camara-Hurtado M, Diéz-Marqués C, Torija-
Isasa ME (1998) Determination of Mono-, di-, and oligosaccharides in legumes

_ by high-performance liquid chromatography using an amino-bonded silica
column. J. Agric. Food Chem. 46:3648-3652.

Sandberg AS (2002) Bioavailability of minerals in legumes. Br. J. Nutr. 88(S3): 5281-

5285.



500 - The Basics of Human Civilization - Food, Agriculture and Humanity - ||

Savage GP,Deo S (1989) The nutritional value of peas (Pisum sativum). A literature review.
Nutrition Abstracts and Reviews (Series A) 59: 66-83.

Shewry PR (1993) Barley seed proteins. In: MacGregor AW, Bhatty RS (Eds.), Barley:

- Chemistry and Technology. AACC, St. Paul, MN,pp. 131-197.

Shewry PR (1993) Wheat. ]. Exp. Bot. 60(6): 1537-1553.

Singh F, Diwakar B (1993) Nutritive value and uses of pigeon pea and groundnut.
InSkill Development Series no. 14, ICRISAT: Indija; available at http://
dspace.icrisat.ac.in/ dspace/bitstream/123456789/1464/1/Nutritive-Value-Uses-
Pigeon pea-Groundnut.pdf

Singh U (1988) Anti-nutritional factors of chickpea and pigeon pea and their removal
by processing. Plant Fds. Hum.Nutr. 38: 251-261.

Singh U, Jain KC, Jambunathan R, Faris OG (1984) Nutritional quality of vegetable

- pigeoripeas [Cajanus cajan (L.)Millsp.]: Dry matter accumulation, carbohydrates
and proteins. J. Food Sci. 49(3):799-802

Solis MIV, Patel A, OrsatV, Singh J, Lefsrud M (2013) Fatty acid profling of the seed oils
of some varieties of field peas (Pisum sativum) by RP-LC/ESI-MS/MS: Towards
the development of an oilseed pea. Food Chem. 139: 986-993.

Som MHZ (1984) Chemical composition and flavour of Virginia-type peanuts. MS thesis
submitted to NCSU, North Carolina, USA.

Tosh SM,Yada S (2010) Dietary fibres in pulse seeds and-fractions: Characterization,
functional attributes, and applications. Food Res.Internl. 43: 450-460.

United Natioris Children's Fund, World Health Organization, The World Bank (2012).
UNICEF-WHO-World Bank's Joint child malnutrition estimates. (UNICEF, New
York; WHO, Geneva; The World Bank, Washington, DC.

United States Department of Agriculture (2013) USDA National Nutment Database for
Standard Reference, Release 25 (2009). hitp:/ /www.ars. usda.gov/SP2UserFiles
(accessed 18/04/2013).

Wang N, Hatcher DW, Gawalko EJ (2008) Effect of variety and processing on nutrients
and certain anti-nutrients in field peas (Pisum sativum). Food Chemistry 111: 132-
138.

Wang N,Daun JK (2004) The Chemical Composition and Nutritive Value of Canadian
Pulses. Canadian Grain Commissjon Report 19-29.

World Summit on Food Security (2009) Opening statement of FAO Director-General,
Dr. Jacques Diouf.16-18 November,Rome, Italy.Pp 1-7.

Zia-ul-Haq M, Ahmad'S, Shad MA, Igbal S, Qayum M, Ahmad A, Luthria DL,
Amarowicz R (2011) Compositional studies of lentil (Lens culinaris Medik.)
cultivars commonly grown in Pakistan. Pak. J. Bot. 43(3): 1563-1567.

Zla-Ul -Haq M, Igbal S,Ahmad S, Imran M, Niaz A, Bhanger MI (2007) Nutritional and
compositional study of Desi chickpea(Cicer arietinum L.) cultivars grown in Punjab,
Pakistan. Food Chem. 105: 1357-1363.

Zuber MS,Darrah LL (1987) Breeding, genetics and seed cornproduction. In: Watson,
S.A., Ramstad, P.E. (Eds.), Corn: Chemistryand Technology. AACC, St. Paul, MN,
pp- 31-51.

] m


http://www.ars.usda.gov/SP2UserFiles

