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Abstract
Vigna unguiculata (black- eyed bean) also known as cowpea, is a widely cultivated legume
in Asia, Central and South America, and Africa. It is a staple food that provides human
nutrition with large amounts of proteins, carbohydrates, dietary fibers, vitamins of the 3
complex, essential minerals, and a small quantity of lipids. High protein and carbohydrate
contents with relatively low-fat and a complementary amino acid pattern to cereal grains
make black- eyed bean an essential nutritional food in the human diet. The main aim of this
research work was to determine the effect of germination time on black- eyed bean’s anti-
nutritional and phytochemical properties. Black-eyed was bought from the local market of
Dharan, Nepal and then cleaned and steeped in water for 12 hours at 28 + 3°C, followed by
draining and germination for consecutive 5 days at ambient temperature (28 £ 3°C, 90%
RH). Then, the germinated legumes were dried in a cabinet dryer at 50 + 5°C for 16-18 hours,
and dried samples were then taken for quantitative analysis of different components (protein,
tannin, phytate, oxalate, flavonoid, total phenolic content and DPPH radical scavenging

activity).

The mean value of proximate composition of Black- eyed bean were found to be 27.0%,
0.86%, 3.41%, 4.42% and 64.25% on dry weight basis for protein, fat, ash, fiber and
carbohydrate content respectively. The mean value of phytate, oxalate, flavonoid and tannin
content in raw Black- eyed bean were found to be 819.8 mg/100g, 170.54 mg/100 g, 105.56
mg/100 g, and 199.9 mg/100 g based on dry weight respectively. Germination time showed
significant reduction (p< 0.05) in phytate, tannin and flavonoid content of black- eyed bean
for consecutive five days of germination. Germination time also showed a significant
reduction (p< 0.05) in oxalate content in the first 3 days of germination, but there was no
significant difference in oxalate content of black- eyed bean in third, fourth and fifth days of
germination. Significant reduction (p<0.05) of TPC in black- eyed bean i.e., by 72.26 % was
also found after consecutive five days of germination i.e., from 732.2 mg GAE/100g to 203.1
mg GAE /100g based on dry matter. The increase in germination time from day 1 to day 5
of black- eyed bean showed a significant increase (p< 0.05) in protein content from 27.03 to
39.54%. Germination time also showed significant increment (p<0.05) in DPPH radical
scavenging activity of black-eyed bean i.e., from 41.6% to 74.55% respectively. Hence,
germination was considered an effective method for reducing antinutritional factors and

increasing the antioxidant and nutritional properties.
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PART I

Introduction

1.1 General introduction

Vigna unguiculata (cowpea) is a widely cultivated legume in Asia, Central and South
America, and Africa. It is a staple food that provides human nutrition with large amounts of
proteins, carbohydrates, dietary fibers, vitamins of the B complex, essential minerals, and a
small quantity of lipids (Sombié et al., 2018). Cowpea is a legume which is eaten as a high-
quality plant protein in different parts of the world. High protein and carbohydrate contents
with relatively low-fat and a complementary amino acid pattern to cereal grains make
cowpea an essential nutritional food in the human diet. Cowpea has gained more attention
recently from consumers and researchers worldwide as a result of their exerted health-
beneficial properties, including anti-diabetic, anti-cancer, anti-hyperlipidemic, anti-
inflammatory, and anti-hypertensive (Jayathilake et al., 2018).

Germination is a complex process during which the seed should quickly recover
physically from maturation drying, resume a sustained intensity of metabolism process,
completes the critical cellular events to allow the embryo to emerge, and prepare for
subsequent seedling growth. Early following the start of imbibition of the dry seed, there is
a re-establishment of metabolism; restitution of the chemical and structural integrity of cells
requires the co-participation of synthetic and protective events. Protein synthesis and
respiratory activity initially involve components stored within the mature dry seed, although
transcription and translation 6 commence early during imbibition, as shown by transciptome

and metabolome analyses (Nonogaki et al., 2010).

Compounds or substances which act to reduce nutrient intake, digestion, absorption and
utilization and may produce other adverse effects are referred to as antinutrients or
antinutritional factors. Seeds of legumes and other plant sources contain in their raw state
wide varieties of antinutrients which are potentially toxic. The major antinutrients includes:
toxic amino acids, saponins, cyanogenic glycosides, tannins, phytic acid, gossypol, oxalates,
goitrogens, lectins (phytohemagglutinin), protease inhibitors, chlorogenic acid and amylase
inhibitors. These antinutrients pose a major constraint in the use of plant protein sources in
livestock feeds without adequate and effective processing. The level or concentration of
these anti- nutrients in plant protein sources vary with the species of plant, cultivar and post-

harvest treatments (processing methods) (Akande et al., 2010).



Phytochemical refers to every naturally occurring chemical present in plants. In plants,
phytochemicals act as a natural defense system for host plants and provide color, aroma, and
flavor. There is a wide distribution of biologically active constituents throughout the plant
11 kingdom, particularly in plants used for animal feeding and human nutrition.
Phytochemicals are present in various plants and are used as essential components of human
and animal diets. More than 4000 of these compounds have been discovered, and scientists
are expected to find out many more phytochemicals in plant foods such as fruits, vegetables,
legumes, cereals, herbs, and spice. Several phytochemicals are known, some of which
include: alkaloids, saponins, glycosides, anthraquinones, steroids, and terpenoids (Rowland,
1999).

1.2 Statement of the problem

Pulses are significant protein sources and other nutrients in our diet. Among legumes, a
black-eyed bean is generally consumed during illness in Nepal's present scenario. A diet
containing antinutritional factors impairs the absorption of nutrients like minerals and
reduces bioavailability. Reducing anti-nutritional factors has dual benefits, i.e., enhanced
mineral absorption and improved utilization. The sprouts of germinated pulses are a rich

source of vitamin C (Khyade and Jagtap, 2016).

Cowpeas are extensively grown in many countries worldwide since they are an essential
source of vegetable protein. The utilization of vegetable protein is gaining increasing
attention due to the world's need for more low-cost dietary proteins, particularly for low-
income countries. The high cost and limited availability of animal proteins in developing
countries have directed interest toward several seed and legume proteins as potential sources
of vegetable protein for food use. However, besides the nutritional components, cowpeas
contain anti-nutritional factors that must be removed or eliminated to improve their

nutritional quality and organoleptic acceptability (Wang et al., 1997).

Germination is the initial stage of a plant's growth, during which the primary root and
stem emerge. This process activates the seed's enzymatic system, leading to the mobilization
of reserve nutrients required for plant growth (Kumar et al., 2022). During germination, anti-
nutritional factors (ANFs) present in pulses are broken down. Proteases play a role in
inactivating proteinaceous ANFs such as enzyme inhibitors and lectins. Phytic acid, an
antinutrient that binds to essential minerals, is degraded by the enzyme phytase, leading to



increased availability of inorganic phosphorus, which is biologically accessible for plant
growth. As a result, the phytic acid content of germinated pulses decreases (Camacho et al.,
1992). Germination also modifies the phenolic composition of pulses. It leads to a reduction
in total cyanide content, enzyme inhibitors (trypsin, a-amylase, and chymotrypsin
inhibitors), and tannins. Additionally, polyphenol content decreases during germination,
which is attributed to the presence of polyphenol oxidase and enzymatic hydrolysis (R. Sinha
and Kawatra, 2003a).

This study mainly focuses on reducing the anti-nutritional factors in black-eyed beans by
varying germination days. Antinutrients are chemicals that have been evolved by plants for
their defense, among other biological functions, and reduce the maximum utilization of
nutrients, especially proteins, vitamins, and minerals, thus preventing optimal exploitation
of the nutrients present in food and decreasing the nutritive value (H. F. Gemede and Ratta,
2014). Antinutrients reduce nutrient intake, digestion, absorption, and utilization of nutrients
and may produce other adverse effects on health (Akande et al., 2010).

1.3 Objectives

1.3.1 General objectives
The general objective of the dissertation work was to study effect of germination time on

antinutrients and phytochemical properties of black- eyed bean (cowpea).

1.3.2 Specific objectives
The specific objectives of this dissertation work are:

a) To determine the proximate composition of black- eyed bean (cowpea).

b) To determine the antinutrients present in black eyed bean as tannin, phytate and
oxalate and phytochemical properties such as phenolic content and anti-oxidant
activities.

c) To determine the reduction pattern of anti- nutrients and effect on phytochemical

properties of germinated black- eyed bean.

1.4 Significance of the study
This study specifically determines the content of antinutrients and phytochemicals in black-
eyed beans and the effect of germination time on reducing those antinutrients. The results of

this study might help establish a practical and optimized way to use black-eyed beans at the



household and industrial levels. The metabolic changes during the different germination
stages influence the bioavailability of essential nutrients and improve the palatability,
digestibility, and availability of certain nutrients. During germination, several enzymes
become active; vitamins are increased, whereas there is a reduction in phytates and tannins
(P. M. Mehta and Bedi, 1993). Sprouting or controlled germination of legumes increases
protein and carbohydrate digestibility, enhances some of their vitamin contents, reduces
antinutritional factors, and improves their overall nutritional quality. As sprouting proceeds,
the ratio of essential to non-essential amino acids changes, providing more essential amino
acids. Sprouted seeds have more maltose, therefore, improving the digestibility of
carbohydrates (Uppal and Bains, 2012b).

1.5 Limitations of the study

The study has the following limitation:

1. Analysis of anti-nutrients like trypsin inhibitor, lectin, haemagglutinin etc. could not be

performed due to time constraints.



PART 11

Literature Review

2.1 Pulses

Legumes are plants or fruits of the Fabaceae family (Leguminosae). Legumes are grown
agriculturally, mainly for their grain seed called a pulse. Fruits of legumes are dry and
develop from simple carpels, dehiscing on both sides along a seam. Grain legumes are
cultivated for their seeds. Seeds are used primarily for human and animal consumption or
for the production of industrial oils. Grain legumes include beans, lentils, peas, and peanuts
(Baskota, 2019).

Legumes (also known as pulses) are generally regarded as a good source of proteins and
carbohydrates in the human diet and also a popular staple diet for a large group of the world
population. Legume seeds have almost twice the amount of proteins as cereals which are
five rich in all essential amino acids except sulfur-containing amino acids. Starch present in
legumes is slowly digestible, providing a longer-lasting source of energy (low glycemic
load) (Chaudhary et al., 2015).

Legumes are a major source of protein, dietary fiber, carbohydrates, and dietary minerals.
Like all other plant-based foods, pulses also contain no cholesterol and little fat or sodium.
Legumes are also a good source of resistant starch, which is broken down in the large
intestine by bacteria to make short-chain fatty acids (such as butyrate) which is used by
intestinal cells for food energy. Preliminary studies in humans showed the potential for
regular consumption of legumes in a vegetarian food diet to affect the metabolic syndrome.
There is evidence that a portion of pulses (roughly one cup daily) in a diet may help to reduce
blood pressure and reduce LDL cholesterol levels, though there is a concern about the quality
of the supporting data (Prasad et al., 2016).

2.2 Black-eyed bean

The cowpea alternatively known as cowpea, bachapin bean, black-eyed pea, southern,
crowder pea, china pea, and cow gram; in Afrikaans: akkerboon, swartbekboon, koertjie; in
Zulu: isihlumaya; in Venda: munawa (plant), nawa (fruits) imbumba, indumba; in Shangaan:
dinaba, munaoa, tinyawa (J. E. Smith et al., 1999). It is also known internationally as lubia,
niebe coupe, or frijol. However, they are all species of Vigna unguiculata (L) Walp., which

in older references may be identified as Vigna sinensis (L) (Nkaa et al., 2014).



The cowpeas Vigna unguiculata (L.) Walp. are an annual herbaceous legume grown for
its edible seeds or fodder. Cultivated cowpeas are herbaceous annuals that are either erect,
prostrate, or climbing annuals with a tap root, and virtually all are glabrous. They are mostly
grown for grain, but a small proportion (about 10%) are grown as green leafy vegetables and
fodder in Africa or as fresh pods in eastern Asia. It is an essential food source and is
estimated to be the main source of protein for more than 200 million population in sub-
Saharan Africa and is in the list of top ten fresh vegetables in the People’s Republic of China
(hereafter “China”) (Kpoviessi et al., 2019).

Taxonomy of black- eyed bean

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Fabales
Family: Fabaceae
Sub-family: Faboideae
Tribe: Phaseoleae
Sub-tribe: Phaseolinae
Genus: Vigna
Section: Catiang
Species: unguiculata

Botanical varieties: 1. Vigna unguiculata unguiculata var. unguiculata
2. Vigna unguiculata unguiculata var. spontanea

Source: (Maréchal, 1978)

2.2.1 Center of origin and diversity

Cowpeas (Vigna unguiculata (L.) Walp) are one of the most ancient food source of human
and has probably been used as a crop plant since Neolithic times. Some literature indicates
that cowpea was introduced to the Indian subcontinent from Africa approximately 2000 to
3500 years ago, while others state that before 300 BC, cowpeas reached Europe and possibly
North Africa from Asia. Cowpea is now cultivated throughout the tropics and subtropics and
has become a major part of the diet of about 110 million people. Cowpea is believed to have

first cultivated from by some workers in West Africa because both cultivated and wild



species abound in the region. Others believe that it originated in Southern Africa (Boukar et
al., 2015).

Several hypotheses have been proposed for the domestication of cowpea in different parts
of sub-Saharan (Ba et al., 2004). . It is likely that cowpea was domesticated only once,
probably in West Africa about 2000 B.C., as stated by Padulosi* and Ng (1997), and that the
progenitor of cultivated cowpea was the wild cowpea V. unguiculata var. spontanae
(Pasquet, 1999). The greatest genetic diversity in wild relatives of cowpea has been found
in southern Africa in a region encompassing Namibia from the west, across Botswana,
Zambia, Zimbabwe, and Mozambique to the east, and South Africa and Swaziland to the
south. The South African Transvaal may have been the center of speciation of Vigna
unguiculata due to the presence there of the most primitive subspecies (Padulosi and Ng,
1997).

2.2.2 Distribution of cowpea

Cowpeas are grown as warm-season-adapted annuals in tropical and subtropical zones in all
countries in sub-Saharan Africa and in Asia, South America, Central America, the
Caribbean, the United States, and around the Mediterranean Sea. In subtropical zones,
temperatures are only suitable for cowpea in the summer, whereas temperatures are suitable
year-round in tropical zones (Hall, 2001). The vast majority of the world’s cowpea
production (over 95%) takes place in sub Saharan Africa (B. B. Singh and Matsui, 2002).
Asia is the second largest producing region, representing less than 3% of the global
production on average over the 1993-2014 period, most of it being cropped in Myanmar
(Nourhane and Amel, 2021).

In Africa, cowpea can be cultivated up to 1800 m altitude but is mainly grown in the
lowlands. The center of maximum diversity of cultivated cowpeas and landraces is found in
West Africa in a region comprising the Sudan savannah zone of Nigeria, central Burkina
Faso, Ghana, Togo, northern Benin, and the north-western part of Cameroon(Padulosi* and
Ng, 1997). Substantial cowpea cultivation also occurs in the semi-arid Sahelian zone, which
Is a transition zone between the Sahara desert in the north and the Sudan savannah zone in
the south. Significant cowpea production also occurs in the northern Guinea savannah zone,
and the forest and southern Guinea savannah zones of West Africa, the United Republic of

Tanzania, and Uganda, and some cowpeas are cultivated in central, southern, and north-



eastern Africa. The wild relatives of cowpea are widely distributed across sub-Saharan
Africa. They occupy a range of habitats to an elevation of 2600 m. Vigna monantha has been

found in Somalia on the coastal plain from Hobyo to Bender Bayla (OCDE, 2016).

In Asia, cowpea ranks as one of the top ten fresh vegetables. It is cultivated across a
broad geographic range, except for some permanently cold regions. According to FAO
statistics, Myanmar is the main cowpea producer in Asia (Nourhane and Amel, 2021). The
estimated annual cultivation area in Asia in total is 1 million ha, with China alone making
up roughly one-fifth of the world’s fresh pod production with over 1.5 million tonnes
(OCDE, 2016).

2.2.3 Structure of cowpea

The cowpea (Vigna unguiculata (L.) Walp.) is an annual herbaceous legume cultivated for
its edible seeds or for fodder. Cultivated cowpeas are herbaceous annuals that are either
erect, prostrate or climbing annuals with a tap root and virtually all are glabrous. They are
mostly grown for grain but a small proportion (about 10%) are grown as green leafy

vegetables and fodder in Africa or as fresh pods in eastern Asia (Kpoviessi et al., 2019).

¢ Root: cowpea has a strong taproot and many spreading lateral roots in surface soil
(Nourhane and Amel, 2021).

e Leaves: The first pair of leaves is basic and opposite while the rest are arranged
in an alternate patterns and are trifoliate. The leaves are usually dark green in
colour. Leaves exhibit considerable variation in size (6 to 16 x 4 to 11 cm) and
shape (linear- lanceolate to ovate). The leaf petiole is 5 to 25 cm long (Nourhane
and Amel, 2021)

e Stems: Striate, smooth or slightly hairy with some purple shades (Nourhane and
Amel, 2021).

¢ Inflorescence: Flowers are arranged in racemose or intermediate inflorescences
at the distal ends of 5 to 60 cm long peduncles. Flowers are borne in alternate
pairs, with usually only two to a few flowers per inflorescence. Flowers are
conspicuous, self-pollinating, borne on short pedicels and the corollas may be
white, dirty yellow, pink, pale blue or purple in colour. The flower is large

(standard is 2-3 cm in diameter), with a straight keel, diadelphous stamens (one



free and nine fused), a sessile ovary with many ovules, and a style that is bearded
along the inside and ends in an oblique stigma (Nourhane and Amel, 2021).

e Fruit and seeds: Seeds vary considerably in size, shape and colour. Pods occur
in pairs forming a V, mostly pending and vertical, but they can be erect. They are
cylindrical, 2-6 cm long and 3-12 mm broad and contain 8-20 seeds. Seeds can
be white, pink brown or black. The seeds are relatively large (2 to 12 mm long)
and weigh 5 to 30 g/100 seeds. The testa may be smooth or wrinkled; white, green,
buff, red, brown, black, speckled, blotched, eyed (hilum white, surrounded by a
dark ring) or mottled in colour. Fruit: pods that vary in size, shape, colour and
texture. They may be erect, crescent-shaped or coiled. Usually yellow when ripe,

but may also be brown or purple in colour (Nourhane and Amel, 2021).

Plumule Seed Cogy
Endosperm
Cotyledon

Radicle
Hilum
Sheot Apex (_ Hilum
Cotyledon
Testa

Fig.2.1 Structure of cowpea

2.2.4 Production of cowpea

It is estimated that the annual world cowpea crop is grown on 12.5 million ha, and the total
grain production is 3 million tons, although only a small proportion enters the international
trade. Central and West Africa is the leading region for producing cowpea in the world; this
area produces around 64% of the estimated 3 million tons of cowpea seed produced annually.
Brazil and Nigeria are the world's two top producers of cowpeas. Other countries in Africa,
e.g., Nigeria, West Africa, Senegal, Ghana, Mali, and Burkina Faso. Ghana, Niger, and
Cameroon are significant producers. The major production areas elsewhere in the world are

Asia (India, Myanmar) and the Americas (USA, Brazil, West Indies). Cowpea production is



widely distributed throughout the tropics. However, Central and West Africa account for
more than 64 % of the area with about 8 million ha, followed by about 2.4 million ha in
Central and South America, 1.3 million ha in Asia and 0. 80 million ha in East and Central
Africa. Cowpeas can be regarded as the fulcrum of sustainable farming in semiarid lands.
This applies to West and Central Africa (Siddiq and Uebersax, 2022).

In Nepal, Cowpea is given less importance among the grain legumes and is considered a
minor crop. Cowpea cultivation covers about 3657 ha with a production of 36321 t and
productivity of only 9.93 t ha-1 in Nepal (Chaulagain et al., 2023). The production scenario
of cowpea in developed countries is better than that of underdeveloped countries due to the
use of responsive input efficiency and production technology. The underdeveloped countries

have low production due to low input and labor-intensive production systems.

2.3 Chemical composition of Cowpea

Cowpea has been promoted as a high-quality protein constituent of the daily diet among
economically depressed societies in developing countries, with the aim of reducing the high
prevalence of protein and energy malnutrition (Animasaun et al., 2015; Elharadallou et al.,
2015; Santos and Boiteux, 2013). Nutritionally, cowpea grain is more or less same as other
pulses, with relatively low-fat content and high total protein concentration. Cowpea is
considered as a nutrient-dense food with low energy density (Khalid and Elharadallou, 2013;
Kirse and Karklina, 2015). The following Table 2.1 gives a general idea about the chemical

constituents of cowpea (whole):
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Table 2.1 Chemical constituents of cowpea

Constituents %
Moisture 13.4
Carbohydrate 54.5
Protein 24.1
Fat 1
Minerals 3.2
Fiber 3.8
Calcium 77(mQ)
Iron 12(mg)

(Source: DFTQC 2017)

2.4 Physical properties of black-eyed bean

2.4.1 Thousand kernel weight

The 1000 kernel weight is a proportion of seed size. It is the load in grams of 1,000 seeds.
Seed size and the thousand kernel weight can fluctuate starting with one harvest then onto
the next, between variety of a similar yield and even from one year to another or from one
field to another of a similar variety. As a result of this variety in seed size, the quantity of
seeds in plant is additionally exceptionally factors (Unal et al., 2008). By using the 1000
kernel weight, a producer can account for seed size variations when calculating seeding rates,
calibrating seed drills and estimating shattering and combine losses (Miller and McLelland,
2001).

2.4.2 1/b ratio
The 1/b ratio is defined as the ratio of length to breadth of the grain. It is used to determine
the shape of the individual grain. The value of I/b ratio above 3 is generally considered as

slender and below 3 is generally considered as bold (Rather et al., 2016).

2.4.3 Bulk density
Bulk density is defined as the weight per standard volume measured in a standard manner.
It is also known as ‘test weight’, ‘bushel weight’ or ‘specific weight’. The factor that affects

the bulk density are insect infestation, excessive foreign matter and moisture content. Bulk
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density is required for the design of storage, transport and separation systems. It has also
been used to determine the dielectric properties of cereal grains (Kruszelnicka, 2021).

2.5 Phytochemicals and antioxidant

2.5.1 Phytochemical

Phytochemical refers to every naturally occurring chemical present in plants. In plants,
phytochemicals act as a natural defense system for host plants and provide color, aroma, and
flavor. There is a wide distribution of biologically active constituents throughout the plant
kingdom, particularly in plants used for animal feeding and human nutrition. Phytochemicals
are present in various plants and are used as essential components of human and animal diets.
More than 4000 of these compounds have been discovered, and scientists are expected to
find out many more phytochemicals in plant foods such as fruits, vegetables, legumes,

cereals, herbs, and spice (Rowland, 1999).

Several phytochemicals are known, some of which include: alkaloids, saponins,
glycosides, anthraquinones, steroids, and terpenoids. They do not only protect the plant but
have enormous physiological activities in humans and animals. These include cancer
prevention, antibacterial, antifungal, antioxidative, hormonal action, and enzyme stimulation
(Doss and Anand, 2012). Phytochemicals can have profound physiological effects, act as
antioxidants, mimic body hormones, and suppress the development of diseases in the body
(Hayes, 2005).

2.5.2 Antioxidants

Any substance that is capable of delaying, retarding, or preventing the development of
rancidity or other flavors deterioration due to oxidation is called an antioxidant. Oxidation
reactions are chemical reactions which involves the transfer of electron from one substance
to an oxidizing agents. Antioxidants can slow these reactions either by reacting with
intermediates and breaking the oxidation reaction directly or by reacting with the oxidizing

agent and preventing the oxidation reaction from occurring (Pokorny, 2007).

A fast, inexpensive, and simple method to measure the antioxidant capacity of food
involves the use of the free radical, 2, 2-Diphenyl-1- picrylhydrazyl (DPPH), which is widely
used to test the ability of compounds to act as free radical scavengers or hydrogen atom
donors and to evaluate antioxidant activity (Leaves and Leaves, 2014).The DPPH assay

method is mainly based on the reduction of DPPH, a stable free radical.
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2.6 Anti- nutritional factors

Anti-nutritional factors (ANFs) are defined as biological components present in foods that
can reduce nutrient utilization or food uptake, which leads to impaired gastrointestinal
functions and metabolic performance (Nagraj et al., 2020). Anti-nutritional factors are
principally connected with mixtures or substances of the normal or engineered beginning,
which meddle with the absorption of nutrients, act to lessen nutrient intake, digestion, and
usage, and may create other antagonistic outcomes. Antinutrients are, as often as possible,
identified with plant-based, crude, or vegan diets and are normally integrated into plants
(Habtamu Fekadu Gemede et al., 2014). A portion of the normal manifestations displayed
by an enormous number of antinutrients in the body can be sickness, swelling, cerebral pains,
rashes, nutritional deficiencies, and so forth. Then again, such synthetic mixtures can be
obviously worthwhile to mankind when consumed admirably. In fact, plants, for their own

protection, essentially use antinutrients (Essack et al., 2017).

The sensitivity to antinutrients varies widely between individuals, but adequate food
processing is initially recommended to reduce these factors. A person cannot eliminate
antinutrients once they have been introduced to the body (K. O. Soetan and Oyewole, 2009).
Most of the secondary metabolites, acting as antinutrients, bring out very harmful biological
responses, while some of them are mostly applied in nutrition and as pharmacologically
active agents (K.O. Soetan, 2008). Most antinutrients are found in grains, beans, legumes,
and nuts, but they can also be found in leaves, roots, and fruits of certain varieties of plants.
The main antinutrients found in plant-based foods are phytates, tannins, lectins, oxalates,

polyphenols, saponins, etc. (Popova and Mihaylova, 2019).

2.6.1 Phytic acid
Phytic acid (known as inositol hexakisphosphate (IP6), inositol polyphosphate, or phytate in
salt form) is a saturated cyclic acid and the principal storage form of phosphorus in several

plant tissues, mainly bran and seeds. It can be found in grains and cereals (Baskota, 2019).

13



Fig.2.2 Structure of Phytic acid

Phytic acid, mostly as phytate, is found within the hulls of seeds, including nuts, grains,
and pulses. Simply cooking the food can decrease the phytic acid to some degree. More
effective methods include soaking in an acidic medium, Lactic acid fermentation, such as

sourdough, pickling, and sprouting (Fardet, 2010).

Phytic acid has a high binding affinity for essential minerals such as iron, calcium, and
zinc; however, the binding of calcium with phytic acid is pH-dependent (Dendougui and
Schwedt, 2004). The binding ability of phytic acid with iron is more complex, and although
there certainly is a strong binding affinity, other molecules like phenols and tannins also
influence the binding (Prom-u-thai et al., 2006). When zinc and iron bind to phytic acid, they
form insoluble precipitates that are less absorbable in our intestine. This process therefore
contributes to zinc and iron deficiencies in individuals whose diets rely on these foods for

their mineral intakes, such as those in developing countries and vegetarians (Baskota, 2019).

Phytic acid not only grabs onto or chelates essential minerals but also can inhibit enzymes
needed for food digestion, including pepsin, which is necessary for the protein breakdown
in the stomach, and amylase, which is needed for the starch breakdown into sugar. As
required for protein digestion in the small intestine, phytate also inhibits trypsin. Although
indigestible for many animals, phytic acid and its metabolites, as they occur in seeds and
grains, have various important roles for the seedling plant. Mostly, phytic acid functions as
a phosphorus store, an energy store, a source of cations, and a source of myoinositol (a cell
wall precursor). In plant seeds, phytic acid is the major form of phosphorus storage (Fardet,
2010).
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In animal cells, myoinositol polyphosphates are ubiquitous, and phytic acid (myoinositol
hexakisphosphate) is the most abundant, with its concentration ranging from 10 to 100 uM
in mammalian cells, depending on type of cell and developmental stage (Sasakawa et al.,
1995). Studies examining the effects of phytic acid show that it is essential for regulating
vital cellular functions. Both in vivo and in vitro experiments have shown striking anticancer
(preventive and therapeutic) effects of phytic acid. Research shows anticarcinogenic effects,
albeit to a lesser extent, and that it inhibits cancer. In addition to reducing cell proliferation,
phytic acid increases the differentiation of malignant cells, often resulting in reversion to the
normal phenotype (Shamsuddin, 2002). The phytate content present in black-eyed beans is
833 mg/100g (Deol and Bains, 2010).

2.6.2 Tannin

The word tannin is very old and reflects a traditional innovation. Tanning was the word
utilized in logical writing to describe the process of transforming raw animal hides or skins
into durable, non-putrescible leathers by utilizing plant extracts from various plant parts. The
tannins in plants are astringent, bitter polyphenolic compounds that bind protein and other
organic compounds, such as amino acids and alkaloids, which have molecular weights
ranging from 500 to 3000 (Habtamu Fekadu Gemede et al., 2014) .

Fig.2.3 Structure of tannin

Tannins are heat stable, and they diminish protein digestibility in animals and humans,
presumably by either making protein partially inaccessible or hindering digestive enzymes
and increasing fecal nitrogen (Ali et al., 2014). The tannin is widely distributed in several
species of plants, where it plays a role in protection from predation, perhaps also as
pesticides, and helps in regulating the growth of plant. Astringency from tannins is what

causes a dry, puckery sensation in the mouth after consuming unripe fruit, tea or red wine.
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Likewise, the modification or destruction of tannins with time plays an critical role when
determining harvesting times (McGee, 2007).

Most legumes contain tannins. Red-colored beans contain the most tannin, and white-
colored beans have the least. Condensed tannins inhibit digestion by binding to plant
proteins, making them unavailable to digest, and by interfering with protein absorption and
digestive enzymes. Tannins form insoluble complexes with proteins, carbohydrates, and
lipids, leading to a reduction in the digestibility of these nutrients. Many tannin-consuming
animals secrete a tannin-binding protein (mucin) in their saliva. The tannin-binding capacity
of salivary mucin is directly related to its proline content. Salivary proline-rich proteins
(PRPs) are sometimes used to inactivate tannins. One reason is that they inactivate tannins
to a greater extent than dietary proteins, resulting in reduced fecal nitrogen losses. PRPs
additionally contain non-specific nitrogen and non-essential amino acids, making them more

convenient than valuable dietary proteins (Shimada, 2006).

2.6.3 Flavonoid

Flavonoids are the largest group of phenolic compounds and have a basic skeleton composed
of three rings (C6-C3-C6). They are classified into six major classes according to their
substitution pattern in the B-and C- rings, which are flavan-3-ols, anthocyanins, flavones,
isoflavones, flavanones, and flavonols (Harborne and Baxter, 1999). The flavonoid polymers
are also known as proanthocyanidins. Flavonoids occur as plant secondary metabolites that
are involved in pigmentation, antioxidants, antimicrobials, anti-stressors, and UV irradiation
protection (Vaya and Aviram, 2001). There are more than 4000 flavonoids described so far
within plant parts that are normally consumed by humans, as well as 650 flavones and 1030
flavanols (Ghasemzadeh et al., 2010). Flavonoids are found in almost all plant-based food
and beverages, but the levels vary depending on the degree of ripeness of fruits, variety, and
processing. Most flavonoids enhance the potency of vitamin C (ascorbic acid) and function
as antioxidants. The antioxidant activity of flavonoids is believed to be due to their ability
to act as free radical acceptors and complex metal ions (Hertog et al., 1992).

16



OH

OH

HO. (@]

OH

OH O

Fig.2.4 Structure of flavonoid

Previous studies showed that the ingestion of flavonoids reduces the risk of
cardiovascular diseases, metabolic disorders, and certain types of cancer. Physiologically,
flavonoids reduce oxidative stress, inhibit low-density lipoproteins oxidation, and inhibit
platelet aggregation, as well as acting as vasodilators in the bloodstream. Free radicals are
constantly generated, resulting in extensive damage to tissues and leading to various disease
conditions such as cancer, Alzheimer's, renal diseases, cardiac abnormalities, etc. Medicinal
plants with antioxidant properties play a vital function in exhibiting beneficial effects and
are employed as an alternative source of medicine to mitigate the disease associated with
oxidative stress. Flavonoids have existed for over one billion years and possess a wide
spectrum of biological activities that might be able to influence processes that are
dysregulated in a disease (David et al., 2016).

2.6.4 Oxalate

Oxalate is dianion with the formula (C204) -2, also written as ((CO0)2) -2. Oxalates occur
in many plants where it is synthesized by incomplete oxidation of carbohydrate (Dean,
2012).

O

HO
OH

O

Fig.2.5 Structure of oxalate

Oxalate is an anti-nutrient that, under ordinary conditions, is restricted to isolate

compartments. However, when it is handled and additionally processed, it comes into contact
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with the nutrients in the gastrointestinal tract (Noonan and Savage, 1999). When released,
oxalic acid binds with nutrients, rendering them inaccessible to the body. If food with
excessive amounts of oxalic acid is consumed regularly, nutritional deficiencies are likely to
occur, as well as severe irritation to the lining of the gut. In ruminants, oxalic acid is of only
minor importance as an anti-nutritive factor since ruminal microflora can probably
metabolize soluble oxalates to less significantly insoluble calcium oxalate. While the
importance of the anti-nutritive activity of oxalic acid has been recognized for more than
fifty years, it might be a subject of interest to nutritionists in the future (Oladimeji et al.,
2000).

2.6.5 Polyphenol

Polyphenols, which include more than 8000 compounds, are a family of natural compounds
widely distributed in the outer layers of plant as suspected from their protective function in
the plants (Manach et al., 2004). Phenolic compounds are extensively dispensed bioactive
secondary metabolites existing in all higher plants that are primarily synthesized by means
of the shikimic acid, pentose phosphate and phenylpropanoid pathways (Balasundram et al.,
2006). It is assessed for that more than 8000 phenolic compounds have been isolated and
described in flora (Ouchemoukh et al., 2017). Phenolic compounds influence the sensory
properties of foods and tannins primarily contribute to the astringency of food sources
(Landete, 2012).

OH

Fig.2.6 Structure of phenol

Polyphenols occur in all plant foods and contribute to the beneficial health effects of
vegetables and fruit (Balch and Balch, 2000). They range from simple molecules, such as
phenolic acid, to highly polymerized compounds, such as tannins. Phenolic acids account
for about one-third of the total intake of polyphenols in the human diet. These compounds
are capable of removing free radicals, chelating, metal catalysts, active antioxidant enzymes,
reducing a-tocopherol radicals, and inhibiting oxidases (Oboh, 2006). As a result, they
neutralize free radicals formed during the normal physiological functioning of the human
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body (Burns et al., 2001). The antioxidant activity of phenols is due to their redox properties
through which they act as hydrogen donors, singlet oxygen quenchers, and reducing and
metal chelating agents. There is a highly positive relationship between total phenols and the

antioxidant activity of many plant materials (Gulgin et al., 2004).

In recent years, much attention has been paid by nutritionists to dietary polyphenols due
to their potent antioxidative effects and their credible effects in the prevention of various
oxidative stress associated diseases. The oxidation process is one of the most important ways
to produce free radicals in food and even in living systems. Free radicals cause many human
eight diseases like cancer, Alzheimer’s, cardiac, kidney, and liver diseases, fibrosis,
atherosclerosis, arthritis, neurodegenerative disorders, and aging (Halliwell and Gutteridge,
1990). The polyphenols content in black-eyed beans is 778 mg/100g (Punia, 2000).

2.7 Impact of anti -nutrients on health

Antinutritional factors have potential adverse effects on human health. As the legumes
contain wide range of antinutritional factors such as tannins, phytates, oxalates, saponin and
lectins. Phytate has negative impact on the bioavailability of minerals usually divalent and
trivalent ions of minerals such as Zn, Mg, Ca, Cu and Mn. Whenever higher level of phytate
consumption results in minerals deficiency (Habtamu Fekadu Gemede et al., 2014). Oxalate
is the salt of oxalic acid calcium oxalate mostly distributed in plants. Oxalic acid formed
strong bonds with minerals such as potassium, calcium and magnesium. Some oxalic salts
are soluble whereas others are insoluble the insoluble salts solidify in the urinary tract when
accumulate in kidney it forms kidney stones (Nachbar et al., 1980). When oxalic acid is
digested in gastrointestinal tract it comes in contact with nutrients (Bsc and Bsc, 1999)this
than bind the minerals and make them unavailable. Saponin is extremely toxic to cold
blooded animals. In dietary plants saponin impart a bitter taste and astringency when
consumed have bitter taste and irritate throat it also reduced the bioavailability of nutrients,
reduced the enzyme activity and affect digestibility of protein (Liener, 1974).Some studies
shown that saponin have inverse relationship with renal stone (Loewus, 2002).Beyond its
adverse effect on health recent researches shows it possesses anticarcinogenic,
immunostimulatory 13 and hypocholesterolemia properties. To inhibit dental carries saponin
diet be used it also used in the treatment of hypercaliuria and as an antidote of lead poisoning
(Habtamu Fekadu Gemede et al., 2014). Washing repeatedly by water reduce the adverse
effects and enhance the palatability by reducing the bitterness property (Katiyar et al., 1989).

19



2.8 Ways to reduce anti-nutrients in food

Nutrients in plants are not always easily digested. This is because plants may contain
antinutrients. These are plant compounds that reduce the absorption of nutrients from the
digestive system. They are of a particular concern in societies that base their diets largely on
grains and legumes (Savage and Klunklin, 2018). By using various methods alone or in
combinations, it is possible to reduce the level of anti-nutrients in foods (Reddy and Pierson,
1994).

There are several factors that affects the content of nutritional and antinutritional factors
present in legumes. The intrinsic factors includes varieties, cultivars, biotypes, etc. and
extrinsic factors includes soil, use of fertilizer, maturity at harvest, storage condition,
packaging and method used for processing, etc. that affects antinutritional factors present in
beans (Nikolopoulou and Grigorakis, 2008). Simple ways to reduce the amount of

antinutrients in foods are:

2.8.1 Soaking

Soaking is one of the processes used to remove soluble anti-nutritional factors, which can be
eliminated with the discarded soaking liquors, but some metabolic reactions can take place
during soaking affecting the content of some compounds (Vidal-Valverde et al., 1994) .
Soaking, is an integral part of traditional methods of processing, saving energy cost by
shortening cooking time, offers an additional advantage of rendering the grain nutritionally
superior by removing certain anti-nutritional factors like phytic acid, saponin and
polyphenols (Kataria et al., 1989). The decrease of these anti-nutrient contents during
soaking may be attributed to leaching out into soaking water under the influence of the

concentration gradient.

Soaking allows the water to spread in the protein fraction and starch granules allowing
protein denaturation and starch gelatinization to occur, softening the texture of beans (Siddiq
and Uebersax, 2022). Beans and other legumes are often soaked in water overnight to
improve their nutritional value (Fernandes et al., 2010). Most of the antinutrients in these
foods are found in the skin. Since many antinutrients are water-soluble, they simply dissolve
when foods are soaked. In legumes, soaking has been found to decrease phytate, protease
inhibitors, lectins, tannins and calcium oxalate. For example, a 12-hour soak reduced the

phytate content of peas by up to 9% (Bishnoi et al., 1994). Another study found that soaking
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pigeon peas for 6-18 hours decreased lectins by 38-50%, tannins by 13-25% and protease
inhibitors by 28-30% (Onwuka, 2006). However, the reduction of antinutrients may depend
on the type of legume. In kidney beans, soybeans and fava beans, soaking reduces protease
inhibitors only very slightly. Not only is soaking useful for legumes, leafy vegetables can
also be soaked to reduce some of their calcium oxalate. Soaking is typically used in
combination with other methods, such as sprouting, fermenting and cooking (R. R. Adhikari,
2021).

Phenolic content of cowpea was found to be 144.66 mg GAE/100 g which decreased to
69.54 mg GAE/100 g after soaking. Flavonoid content of cowpea flour showed a decrease
from 15.57 mg QE/100g to 13.13 mg QE/100g (Chipurura and Foods, 2018). The phytic
acid content of raw cowpea decreased from 836.0 mg/100g to 752.66 mg/100g during
soaking (R Sinha and Kawatra, 2003b). The soaking process caused a significant reduction
in soluble oxalates in peas (36.51 — 47.62%), lentils (26.66 — 48.79%), fava beans (45.34 —
45.82%), chickpeas (29.92— 35.53%), beans (36.56 — 39.65%) and soybean (56.29%) (Shi
etal., 2018).

2.8.2 Germination

Germination is the first stage of a plant's growth during which the primary root and stem
come out. In this stage, the reserve nutrients required for plant growth are mobilized by
hydrolyzing proteins and carbohydrates to obtain the required substrates for the seed
development. The seed enzymatic system is activated during its germination. It is considered
one of the most effective processing methods for improving the nutritional quality of pulses,
enhancing the digestibility of nutrients as protein and carbohydrates (Kumar et al., 2022).
For the breakdown of anti-nutritional chemicals in pulses, the germination process has been
widely researched. The degree of deterioration, on the other hand, is dependent on the type
of pulses, the type of ANFs, and the germination conditions. Proteases are thought to be
responsible for the inactivation of proteinaceous ANFs such enzyme inhibitors and lectins.
Phytic acid is digested by an endogenous enzyme called phytase during germination into
inorganic phosphorus, which is the biologically accessible form for plant growth and
development. As a result, the phytic acid in pulses transforms to a soluble form, and several
researchers have documented the drop in phytic acid content of germinated pulses as a result
of this occurrence (Camacho et al., 1992).
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The most effective method for reducing phytic acid in legumes is germination. Phytic
acid was degraded during germination, leading to an increase in inorganic phosphorus
availability (Virginia et al., 2012). The loss of phytic acid during germination may be caused
by hydrolytic activity of the enzyme phytase. A decrease in phytic acid content after
germination for lentils was reported by Vidal-Valverde et al. (2002), for fava bean by Alonso
et al. (2000), for black gram and mung bean by (Kataria et al., 1989). Because phytic acid's
chelating capacity is diminished, lowering its levels enhanced the availability of minerals in

the digestive system of animals (Akande and Fabiyi, 2010).

Germination modifies the quantitative and qualitative phenolic composition of pulses.
This process has shown up to 20.8% reduction in total cyanide content in kidney bean
(Yasmin et al., 2008). It also reduces the content of enzyme inhibitors such as trypsin
inhibitors, a-amylase inhibitors and chymotrypsin inhibitors in pulses (Alonso et al., 2000).
Phytic acid content of raw cowpeas was 836.0mg/100gm, which declined to 731.33, 620.00,
526.33 and 436.00 mg/100 g during 24, 48, 60 and 72 hours of germination, respectively.
Germination of cowpea seeds led to a significant decrease in polyphenol content; the
reduction was greater when germination was carried out for a longer time. Germination for
72 hours resulted in about a 32.5 percent reduction in the polyphenol content of cowpea
seeds. Decrease in polyphenol content during germination may have been a function of the
presence of polyphenol oxidase and enzymatic hydrolysis.(R Sinha and Kawatra, 2003b).
Germination caused a significant reduction in tannin contents and the percentages of
reduction were 12.63 and 25.82% after 24 and 48 h of germination, respectively (Ibrahim et
al., 2002).

2.8.3 Fermentation

Fermentation is a metabolic process that allows sugars to be metabolized for energy while
also improving mineral absorption from plant-based diets. Because cereals are difficult to
ingest in their natural/raw forms, fermentation is one of the processing processes used to
make cereal grains digestible while also improving the nutritional content and safety
elements of these foods (Galati et al., 2014).Although food that becomes fermented by
accident is most often considered spoiled, controlled fermentation is widely used in food
production. Food products that are processed by fermentation include yogurt, cheese, wine,
beer, coffee, cocoa and soy sauce. Another good example of fermented food is sourdough

bread. Making of sourdough effectively degrades antinutrients in the grains, leading to
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increased availability of nutrients (Leenhardt et al., 2005) . In fact, sourdough fermentation
is more effective at reducing antinutrients in grains than yeast fermentation in typical bread
(Lopez et al., 2003).

Fermentation is such an important process, which significantly lowers the content of anti-
nutrients such as phytic acid, tannins, and polyphenols of cereals (Simwaka et al., 2017).
Phytic acid generally forms complexes with metal cations such as iron, zinc, calcium, and
proteins in grains. Enzymes destroy these complexes, which necessitate a pH that is
maintained through fermentation. As a result, phytic acid concentration is reduced, and
soluble iron, zinc, and calcium are liberated, enhancing the nutritional value of dietary grains
(Gibson et al., 2010). As the fermentation (LAB) period of maize flour is increased, the
significant reductions in anti-nutrients, including tannin, polyphenol, phytate and trypsin

inhibitor activity were observed (Ogodo et al., 2019).

In various grains and legumes, fermentation effectively degrades phytate and lectins. For
example, fermenting pre-soaked brown beans for 48 hours caused an 88% reduction in
phytate (Gustafsson and Sandberg, 1995). The fermentation by microorganisms significantly
decreased the level of cyanide, tannins, phytate, oxalate and saponins by 86, 73, 72, 61, and

92%, respectively in the cassava products (Etsuyankpa et al., 2015).

2.8.4 Boiling

High heat, especially when boiling, can degrade antinutrients like lectins, tannins and
protease inhibitors (Egbe and Akinyele, 1990).0ne study showed that boiling pigeon peas
for 80 minutes reduced protease inhibitors by 70%, lectin by 79% and tannin by
69%.Additionally, calcium oxalate is reduced by 19-87% in boiled green leafy vegetables.
Steaming and baking are not as effective. In contrast, phytate is heat-resistant and not as
easily degraded with boiling. The cooking time required depends on the type of antinutrient,
food plant and the cooking method. Generally, a longer cooking time results in greater
reductions of antinutrients (R. R. Adhikari, 2021) .On boiling of cowpea, saponin, TPC,
flavonoid and tannin is reduced by 39.27%, 36.97%, 17.80% and 59.78% respectively
(Chipurura and Foods, 2018).

2.8.5 Roasting
Roasting is a cooking technique that uses dry heat to roast food evenly on all sides at
temperatures of at least 150°C from an open flame, oven, or other heat source. Protein
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digestibility can be improved by roasting. Bacteria and viruses can be killed or rendered
inactive by heat. The amount of aflatoxins produced by fungi is reduced when they are
roasted (Samarajeewa et al., 1990). The goal of roasting is to improve sensory qualities and
achieve inactivation of destructive enzymes which improves the storage and nutritional
quality of the product (Rackis et al., 1986). Legumes after roasting are used in a variety of
snacking recipes that are popular among the impoverished. According to studies, roasting
did not lead to a significant reduction in different amino acids When compared to the values
indicated by cooked horse gram, roasting improved the rats' growth rate and digestibility
(Rana, 2022).

A significant decrease of phytates and condensed tannin contents was recorded for
roasted varieties of lentils i.e., reduction up to 63.01% and 41.41% respectively for phytates
and condensed tannin contents at 140°C for 30 min (Attou et al., 2020).Similarly, reduction
in phytic acid and tannin of chickpea was reported up to 56% and 57% respectively
(Pokharel, 2022).Roasting of lima bean seeds helps in the reduction of phytic acid (40%),
tannin (30%) and trypsin inhibitor (98%) (EI-Gohery, 2021).Roasting of black bean seeds
reduce the polyphenols and saponin by 8% and 20% respectively (LE et al., 2021).

Roasting reduced the phytate content by up to 62.35% following the same trend of
reduction by boiling (68.43% at 60 min). The reduction in phytate by roasting may be due
to the heat labile nature of phytic acid. Roasting was equally effective in reducing
haemagglutinin content by 67.50% and the tannin content up to 75% at 120 min (Udensi et
al., 2007).

2.9 Health benefits of cowpea

Cowpea (Vigna unguiculata) is a legume consumed as a high-quality plant protein source in
many parts of the world. High protein and carbohydrate contents with relatively low fat
content and complementary amino acid pattern to that of cereal grains make cowpea an
important nutritional food in the human diet (Jayathilake et al., 2018). Cowpea is considered
as an incredible source of many other health-promoting components, such as soluble and
insoluble dietary fiber, phenolic compounds, minerals, and many other functional
compounds including B group vitamins (Mudryj et al., 2012). Thus, cowpea contributes a
lot in improving quality of human health by offering a number of health benefits. The
epidemiological evidences indicate that the consumption of cowpea provides protective

24



effects for several chronic diseases like, gastrointestinal disorders, cardiovascular diseases,
hypercholesterolemia, obesity, diabetes and several types of cancer (Barnes et al., 2015;
Chon, 2013; Frota et al., 2008; Jayanthakali et al., 2018; Trehan et al., 2015a).

In addition, literature evidences also show functional ingredients in cowpea to aid in
weight loss, improve digestion and strengthen blood circulation (Perera et al., 2016; Trehan
et al., 2015b). All these beneficial effects exerted by cowpea are attributed to the presence
of phytochemicals, resistant starch, dietary fiber and low fat content along with beneficial
unsaturated fatty acids. The low glycemic index of cowpea is attributed to the action of
resistant starch and dietary fiber which attenuate insulin responses and reduce hunger
(Liyanage, 2018).

2.10 Malting of cowpea

Malting is the controlled germination process followed by drying and terminating the growth
of the embryo, which activates the enzymes of the resting grains resulting the conversion of
cereal starch into fermentable sugar and other particles, partial hydrolysis of protein and
macromolecules into micro molecules (Rosentrater and Evers, 2017). Germination is done
for the purpose of developing an active enzyme content which will later convert starches in
the malted barley and in other cereals grains into sugars, which can be easily fermented
during fermentation step (R. R. Adhikari, 2021).

It was found that malting had significant effect on dry matter content, fat content, starch
content, total free amino acids content, ascorbic acid content and amylase activity except
protein in which it did not had significant effect (Shrestha, 1995). An increase in reducing
sugars during malting could be due to starch hydrolysis by hydrolytic enzymes such as a-
amylase (Traoré et al., 2004). This increased solubility could be as a result of the increase in
amount of soluble sugars which directly affect the water absorption capacity of malted flour
(Gernah et al., 2011). Both the smaller granular size and its higher amylase content formed
during the malting process is responsible for the slightly increase in gelatinization
temperature (Greenwood and Thomson, 1959).

2.10.1 Outline of Malting
Malting is controlled germination process which produces a complement of enzymes which

are able to convert cereal starches (endosperm) to fermentable sugars, to secure an adequate
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supply of amino acids and other minor nutrient for yeast and modify the quality of the micro
molecules (Evers and Rosentrater, 2018).

The maltster is concerned with both degradation of the endosperm and the accumulation
of the enzymes in the grains. But the growth of the germs of embryo is an incidental to
making of malt and leads to unwanted depletion of the endosperm material through
respiration of the embryo when degradation of the endosperm has progressed to only a
limited extent, the maltsters terminate the growth of embryo by drying the grain. In order
that the storage of malt is possible for long period in a stable period. It has been customary
for the maltsters to continue the drying, beyond that required arresting growth, by kilning
(Hough and Hough, 1991).

2.10.1.1 Malting operation

The sequence of operation in malting is as follows:

- The collection of stocks of suitable grains or legumes.
- The storage of the pulses until it is required.
- Steeping the pulses in water, germination of the pulses.

- Drying and curing on a kiln.

Steeping an arranged so that sufficient moisture outers the grain to initiate germination.
The moisture content of 42-46 % (Wet weight basic) that is eventually achieved is sufficient
to support growth and biochemical alteration in the grains during the malting period, without,
however, allowing excessive growth. Since growth, results in the production of largely
unwanted rootlets and loses in dry weight due to grain respiration. A balance must be struck
between achieving sufficient growth to adequately alter the barley into malt but without
excessive growth that would reduce the quality of malt eventually produced. In newer
malting processes, the wetted grain may be drained and aerated at intervals and germination
may commence before the grain contains sufficient to malt adequately. Thus, the steeping

and germination tend to merge (Hough et al., 2012)

Germination traditionally carried out in darkness at relatively low temperature 12- 15°C
for choice but this could not be easily controlled. Originally it was processed in autumn,
winter and spring to take advantage of the cool weather but never malting have temperature

controlled atmosphere. Regulating the moisture and temperature of the grain controls the 17
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intensity of germination process. The changes occurring in germination that are essential in
converting barley into malt are collectively termed as “modification” and may be
summarized as follows. First may hydrolytic enzymes appear and increase in amount, adding
to those that are already present in the barley. These enzymes began to catalyze the
hydrolytic degradation of the reserve substances at the starchy and endosperm and in the
particular cell wall are partially or completely degraded resulting in loss of storage.
Consequently, simple roller may readily crush dry malt in contrast to dry barley. Gummy
polysaccharides are also degraded during malting so that the work derived from malt has a
low viscosity compared with extracts of raw barley. Simple water-soluble product of
hydrolysis accumulates in the grain during malting (R. R. Adhikari, 2021).

Kilning, the hot air drying and cooking stages, terminates germination and produces a
dry, easily milled products from which the dry, brittle, rootlets or “coolness” are easily
separated. The pored products belling dry, can be stored for long periods, in addition to
drying, kilning removes a raw flavor from the green malt and imparts other flavors and colors
to the products, at the same time, the chemical composition of the malt is modified in
particular enzyme content is reduced (Hough and Hough, 1991). Thus, formed malt is dried
in a cabinet drier at 50+5°C for 16-18 hours.

Cabinet drier consist of an insulated cabinet fitted with shallow mesh or perforated trays,
each of which carries a thin layer of food. Hot air is circulated through the cabinet tray. A
system of duct and baffles is used to direct air, over and/ or through each tray, to promote
uniform air distribution either horizontally between the trays of food materials or vertically
through the trays and food (Fellows, 2009). Air heaters may be direct gas burners, steam coil
exchangers or electrical resistance heaters. The air is blown past the heaters and thus heated
air is used for dying. It is relatively cheap to build and maintain, flexible in design, and
produces variable product quality due to relatively poor control. It is used singly or in groups,
mainly for small- scale production (1-20 ton/day) of dried fruits and vegetables (B. G. Smith
et al., 2007).

2.10.2 Chemical changes during germination

The percentage of starch decreases and the composition of the remaining starch alter. The
proportion of amylase increases. The overall pentosans content of starchy endosperm
declines while that of husk remain unchanged. The partial hydrolysis of the insoluble
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hemicellulose appears to give rise to the soluble gum, which in turn, when hydrolyzed, 18
further provides mono-saccharides. The quantity of simple sugars alters dramatically, those
produced by the hydrolysis of polysaccharides on the one hand and those consumed by the
living parts of the grains on the other hand. The amount of sugar declines during kilning but
the sucrose often increases in amount. Maltose is also increased. The grain as the first
respiratory substrate uses up raffinose before other sugars is mobilized to support the growth
of embryo (Shrestha, 1995). Total free amino acid content was significantly affected

(p>0.05) by germination time and watering regime (B. Adhikari and Rai, 2021).

During malting the reduction in phytate content as well as increase in a- amylase activity
and the sweetness in the malt flours occurs (B. Adhikari and Rai, 2021). The complex
organic phosphates of aleurone layer and starchy endosperm are hydrolyzed to yield
inorganic phosphates and ultimate product of hydrolysis of phytic acid, are known to
increase. Vitamins like riboflavin, pantothenic acid, pyridoxine, pyridoxal, and
pyridoxamine group increases in the malting while others do not. Ascorbic acid also alters
during germination but is completely destroyed during kilning. There is reduction in the
quantity of inorganic materials during malting because the materials move to the roots and
some is lost by leaching in the steep liquor (Shrestha, 1995). The statistical analysis done by
(Friend et al., 1995) shows there is no significant effect of malting of grain on the acidity.

2.10.2.1 Changes in nutritional composition during germination

There is significant effects of sprouting time (germination), using distilled water under room
conditions, on moisture, mineral matter (ash), crude protein, crude fat, crude fiber. Initial
moisture content of the seeds was 6.9% did not differ significantly. However, the absorption
pattern was significantly different (p < 0.05). The moisture content of seeds was 58.1, 61.4,
80.2 and 87.2% with sprouting time of 24, 48, 72 and 96 h respectively. Effect of
soaking/germination was also significant on the moisture contents of the seeds, exhibiting
an upward trend with increase in sprouting time (Shah et al., 2011). As germination
proceeds, seed took up water from the surrounding in order for the metabolic process to start.
Dry legumes absorb water rapidly, influenced by the structure of the legume. The increase
in water uptake with time is due to the increasing number of cells within the seed becoming
hydrated (Nonogaki et al., 2010).
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F.N. Ehirim et al. (2018a) reported increase in moisture content of cowpea from 5.63 to
6.72 % after 5 days of germination. After entry of water in seed coat, seed swelling starts
and initiates sprouting. During sprouting, the water intake of seed varies. The percent
increase was highest in 120h. According to (Murugkar and Jha, 2009) their was an increase
in moisture 54 to 56.1 % after 48 h of sprouting in soybean. Likewise (Uwaegbute et al.,
2000) also observed that the moisture increased from 15.6 to 17.6 % after sprouting cowpea.
Usually during sprouting, seeds absorb water by a process called imbibitions (Nonogaki et
al., 2010).

Ash contents, calculated on moisture free basis, increased with increase in sprouting time.
The ash content slightly decreased with 24 h germination and thereafter with 48 and 72 h
germination it become at par with control. After 96 h germination the ash content reaches

maximum level (Shah et al., 2011).

El-Adawy et al. (2003) reported significant increase in ash content during sprouting in
mungbean, pea and lentil seed. The decrease in crude fat and carbohydrate contents during
sprouting may have led to the apparent increase observed in ash and other chemical
components. Ash contents, calculated on moisture free basis, increased with increase in
sprouting time. The ash content slightly increased but were not significantly difference
(p<0.05). After 120h germination the ash content reaches maximum level (F.N. Ehirim et
al., 2018a) .

Increase in protein content was also noted by during germination of beans, lentils,
chickpea and pea’s seeds (Camacho et al., 1992). Ohtsubo et al. (2005) found an increment
in crude protein of germinated brown rice. Obizoba (1991) who reported increase in %
moisture, % crude protein and % ash. According to him, total nitrogen, total non-protein
nitrogen; protein nitrogen, true protein nitrogen also increased with sprouting.
Parameswaran and Sadasivam (1994), Urbano et al. (2005), Ghavidel and Prakash (2007),
Khatoon and Prakash (2006) and Kaushik et al. (2010) also noted increase in the percent
protein in germinated grains. Bau et al. (1997) assumed that the increase was due to synthesis
of enzyme proteins (for example, proteases) by germinating seed or a compositional change
following the degradation of other constituents. A further explanation was done where they
noted that protein synthesis occurred during imbibitions and that hormonal changes play an
important role in achieving the completion of germination (Nonogaki et al., 2010).
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M. B. Mehta et al. (2007) have found that there is increase in protein content of cowpea
after 28h of sprouting. Uppal and Bains (2012a) observed crude protein increase from 8 to
11% after sprouting. This increase in protein content may be attributed to loss in dry matter,

particularly carbohydrate through respiration.

Chaudhary et al. (2015) reported the significant loss of lipid during the germination
period.Badshah et al. (1991) and Chung et al. (1989) also noted significant losses in lipid
content during canola sprouting. The crude fat concentration decreased with sprouting time
in cowpea. It decreased from 3.02% to 1.51% (F. N. Ehirim et al., 2018b). The decrease in
fat content of seed could be due to total solid loss during soaking prior to germination as
mentioned by Wang et al. (1997) or use of fat as an energy source in sprouting process (El-
Adawy et al., 2003).

Chung et al. (1989)reported that in barley (but not in canola) sprouting was associated
with significant increase in crude fiber from 3.75% in unsprouted barley to 6% in 5 days
sprouts due to synthesis of structural carbohydrates such as cellulose and hemicellulose, a
major constituent of cell walls. Crude fibre content was significantly increased (p<0.05). The
values increased from 4.14% to 5.08 in cowpea (F. N. Ehirim et al., 2018b). This increment

may be due to emergence of plumule and radical during germination (Berry et al., 1988).

F.N. Ehirim et al. (2018a) reported that the carbohydrate content of sprouted cowpea
decreased from 64.01 to 47.87%.Uppal and Bains (2012a) also reported 5.6 % decrease and
Jirapa et al. (2001) reported 2.34 % decrease in carbohydrate content after 24 h of sprouting
in cowpea. Vidal-Valverde et al. (2002) explained that during sprouting, carbohydrate was
used as source of energy for embryonic growth which could explain the changes of
carbohydrate content after sprouting.

2.10.2.2 Change in antioxidant activity during germination

Khyade and Jagtap (2016) reported the increase in DPPH radical scavenging activity of black
gram, chickpea, cowpea and yellow mustard by 9.5%, 11.23%, 8.33% and 14.81% from raw
value with 48 hours of germination. Mekky et al. (2020) found the noticeable increase in
DPPH radical scavenging activity of sprouts of various cultivar of fava beans than raw seeds
and Okumura et al. (2016) also showed the same type of results. Gujral et al. (2011) reported
the increase in DPPH radical scavenging activity by 18.75% and 32.15% with 12 h and 24
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h of germination in moth. Fouad and Rehab (2015) reported the higher DPPH radical
scavenging activity in germinated lentils (49.26-62.19%) than raw lentil seeds (40.76%).

Germination enhances the antioxidant capacity of the soluble extracts in germinated
edible seeds and sprouts when compared with raw seeds. This effect could be attributed to
the increase of certain antioxidant compounds such as antioxidant vitamins and phenolics
(Ganetal., 2017)

2.10.3 Physical changes during malting

During steeping, the grains swell and increase its volume by about a quarter. Space is
allowed in the steep tanks to accommodate the swollen grain. The first microscopic
indication of germination after casting is the appearance of the ‘chit’. The white coleorhizae
or root-sheath that breaks through the pericarp and testa and produce from the base of the
corn. In time seminal roots also called rootlets, culms, cooms, or malt sprouts bursts, through
root sheath and form a tough at end of the grain, at the same time the first ‘leaf- seat’ or
coleoptiles. Variously called by maltsters the ‘acrospires’, ‘spire’, ‘blade’, penetrates the
apex between pericarp and the husk. In conventional malting practice, the malt is kilned and
growth terminated before the acrospires grows beyond the end of the grain (Hough and
Hough, 1991).

Starch appears in small amounts in the embryonic structures after the onset of germination.
Coincident with the appearance of this starch the first sign of the breakdown of the starchy
endosperm are seen as an enzyme’s partial dissolution of some cell walls. This process,
cytolysis, begins in the compressed layer, adjacent to the scutellum and progressively
spreads through the starchy endosperm towards the apex of the grains (Acharya and Karki,
2008).

As these hydrolytic breakdown processes precede alterations may be detected in protoplasm
of cells of the aleuronic layer of columnar cells between the compressed cells endosperm
and the scutellum. The products of the hydrolysis of endosperm are absorbed into the
scutellum. The products of the hydrolysis of endosperm are absorbed into the scutellum
epithelium and are transported through the scutellum into the embryo to provide necessary
nutrients. As germination, proceeds the cells of epithelium tend to separate and elongate so

forming a ‘pile’ which projects into the solubilized part of the endosperm. This alteration in
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similar form greatly increases the surface area of the cells and makes the epithelium a more
efficient absorptive organ (Hough and Hough, 1991).

The softening of endosperm that occurs during malting is easily and conveniently detected
by ‘rubbing out’ the green malt by hand. Chewing grains to see that they are ‘crunchy’ and
devoid of hard tips may check the degree of modification of finished malt (Hough and
Hough, 1991)
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PART 111

Materials and Methods
3.1 Materials
3.1.1 Cowpea
Cowpea (Vigna uniguiculata) of uniguiculata( bundle lobia) variety was purchased from

the local market of Dharan, Nepal.

3.1.2 Equipment and Chemicals
The following equipment and chemicals used were available in Central Campus of
Technology (CCT). The list of chemicals and equipment used for the analysis is shown in

Table 3.1 and Table 3.2 respectively.

Table 3.1 List of chemicals

Chemical Specification Supplier/ Manufacturer Other

Specification

Sodium Hydroxide Thermo Fisher Scientific India Pvt. Ltd. Pellets, AR grade,
(NaOH) 98%

Hydrochloric Acid Thermo Fisher Scientific India Pvt. Ltd. 36%, LR grade
(HCI)

Sulphuric acid (H2SO4)  Thermo Fisher Scientific India Pvt. Ltd. 97%, LR grade
Boric acid Merck (India) Limited Amorphous
Potassium Permanganate Avantor Performance Materials Ltd. 99% Assay

Potassium Thiocyanate ~ Thermo Fisher Scientific India Pvt. Ltd. 97% Assay

Tannic acid Avarice Laboratories Pvt. Ltd. Analytical Reagent
Nitric acid Fisher Scientific India Pvt. Ltd. 68-75% Assay
DPPH Hi Media Laboratories Pvt. Ltd

Quercetin Avarice Laboratories Pvt. Ltd. Analytical Reagent

Gallic acid Avarice Laboratories Pvt. Ltd. Analytical Reagent




Table 3.2 List of equipment used

Physical Apparatus Specification

Electric balance Phoneix instruments, India
Spectrophotometer Labtronics, India
Soxhlet apparatus Y.P. scientific glass work
Hot air oven Victolab, India

Incubator Y.P. scientific glass work
Muffle furnace Accumax, India

Cabinet dryer Alset YDL-2000
Colorimeter Jenway Ltd., UK
Centrifuge Y.P. scientific glass work
Heating mantle Y.P. scientific glass work
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3.2 Method
3.2.1 Flow chart for Malting Cowpea

Cowpea

Cleaning by winnowing and hand picking

Steeping in potable water at ambient temperature for 12 h at 28 + 3 °C

Draining

Spreading (2cm

bed thickness)

Germination at room temperature (28 = 3 °C, 90% RH) for 1, 2, 3, 4 and 5th days

respectively

Drying/ Kilning (50

+ 5 °C for 16-18 h)

Malted cowpea
Milling
Analysis
TPC Tannin Phytate Oxalate TFC DPPH Protein

Fig.3.1 Flow diagram of experimental work
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3.2.2 Cleaning

The naked cowpea seed samples were first cleaned screening to remove impurities such as
stones, strings, weed seeds, broken corn etc. and then by winnowing with nanglo (flat round
woven bamboo tray) to remove dusts, husk, immature grains and other light particles. Then

shifting, hand picking.

3.2.3 Steeping
Cleaned seeds were transferred to the plastic containers and water was added 3 times that of
beans. The grain was steeped for 12 h at room temperature (28 + 3°C) and drained to remove

the excess water.

3.2.4 Germination

The steeped cowpea seeds were first collected in a muslin cloth and swirled in order to drain
excess water and then kept for germination at ambient temperature of average 28°C. The
drying out of grains is prevented by moistening muslin cloth and spraying the potable water
at the interval of every 24 h. The pulses bed was turned and mixed from time to time to
aerate the mass and to equalize the temperature and moisture during germination. The first
test sample was taken after 24 h of germination. After that other samples were taken at an
interval of 24 h for upto 120 h to determine DPPH radical scavenging activity, phytate,

tannin, oxalate, phenols and flavonoid.

3.2.5 Drying/kilning
Different samples of germinating cowpea were taken and were dried to stop further
germination. Drying was carried out in a cabinet drier at 50 + 5°C for 16-18 h until the

constant weight was obtained.

After drying, the prepared malt was packed in airtight containers.
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3.3 Experimental procedure
3.3.1 Proximate analysis

3.3.1.1 Determination of moisture content

The moisture content was determined by using hot air oven method. 5 g of sample was
weighted and heated in an insulated oven at 110°C to constant weight. The difference in
weight was the water that has evaporated as per Ranganna (1986). The results were
expressed in terms of percentage.

3.3.1.2 Determination of crude protein

Crude protein was determined by the Kjeldahl method, total protein was calculated by
multiplying the nitrogen content by a factor of 6.25 as per Ranganna (1986). The calculated
data were presented per 100 g on dry basis.

(sample titer-blank titer)xnormality of Hclx14x100
(wt of samplex100)

Nitrogen%=

3.3.1.3 Determination of ash content

The ash content was determined by incinerating the seeds (5 g) in a muffle furnace at 525°C
for 4-6 hours as per Ranganna (1986). The calculated data were presented as g/100 g on dry
basis.

3.3.1.4 Determination of crude fat
The fat content of the samples was determined by solvent extraction process as described in

Ranganna (1986). The calculated data were presented as gram per 100 g on dry basis.

wt. of ether soluble materialx100

%o crude fat= wt. of sample
3.3.1.5 Determination of crude fiber
Crude fiber was determined by using chemical process, the sample was treated with boiling
dilute Sulphuric acid, boiling sodium hydroxide and then with alcohol as standard method
of Ranganna (1986). The calculated data were presented as g/100 g on dry basis.

loss in wt noted
% crude fiber=

wt. of sample taken
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3.3.1.6 Determination of carbohydrate
Total carbohydrate content of the samples was determined by difference method as

mentioned in Ranganna (1986).
Carbohydrate (%) = 100 — [sum of protein, total ash, fiber and fat].

3.3.2 Ultimate analysis

3.3.2.1 Determination of iron

Iron in the sample was determined by converting all the iron into ferric form using oxidizing
agents like potassium per sulphate or hydrogen per oxide and treating thereafter with
potassium thiocynate to form a red ferric thiocynate which was measured calorimetrically at
480 nm as described in Ranganna (1986).

mg ) absorbance of samplex0.1xtotal volume of ash solutionx100

Iron(100g =

~ (absorbance of standardx5xwt. of sample taken for ashing)

3.3.2.2 Determination of calcium

Calcium was precipitated as calcium oxalate. The precipitate was dissolved in hot dilute
sulphuric and titrated with standard potassium permanganate as described in Ranganna
(1986).

titerx(0.2xtotal volume of ash solutionx100

m

Caleium (IOOg) - (volume taken for estimation xwt. of sample taken for ashing)

3.4 Preparation of extract

Plant materials were extracted as per Ahmad et al. (2014) with slight modification.10 g of
powdered samples were steeped in 80% methanol (100 ml) for 12 h at room temperature.
They were then filtered using Whatman No.1 filter paper. Finally, extracts were transferred
to brown coloured glass bottles, sealed by using bottle caps and stored at 4 + 2°C until
analysis. The extract concentration was determined by evaporating in rotary vacuum

evaporator.
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3.5 Determination of physical properties

3.5.1 Thousand kernel weight

The 1000 kernel weight of cowpea was determined by measuring the weight of 1000 kernels
of cowpea seeds after selecting the appropriate sample size by quartering method (Imran et
al., 2016) .

3.5.2 Bulk density

The bulk density was measured by pouring the seeds into the funnel-shaped hopper, the
hopper was centered over the measuring bushel, the hopper valve was opened quickly, and
the grains were allowed to flow freely into the measuring bushel. After the bushel was filled,
the excess material was leveled off with gentle zigzag strokes using the standard seedburo
striking stick. The filled measuring bushel was then weighed, and the mass of grains in the
bushel was determined by subtracting the mass of the measuring bushel itself (Clementson
etal., 2010).

3.5.3 Length by breadth ratio
Length by breadth ratio of cowpea seed was determined as per (Isik et al., 2008).

3.6 Qualitative Analysis for Phytochemicals
The plant extracts were screened for the presence of the phytochemical classes by using the

standard following methods (Jaradat et al., 2015).
a) Test for protein

e Ninhydrin test: Boil 2 ml of 0.2% Ninhydrin solution with the entire plant
crude extract, appeared violet color indicate the presence of proteins and

amino acids.
b) Test for carbohydrates

e lodine test: 2 ml of iodine solution mixed with crude plant extract. Purple or

dark blue colors prove the presence of the carbohydrate.
c) Test for Phenols and Tannins

e Two milliliters of 2% solution of FeCI3 mixed with crude extract Black or

blue-green color indicated the presence of tannins and phenols.
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d) Test for Flavonoids

o Alkaline reagent test: 2 ml of 2% NaOH solution was mixed with plant crude
extract, intensive yellow color was formed, which turned into colorless when
added 2 drops of diluted acid to solution, this result indicated the presence of

flavonoids.

3.7 Quantitative Analysis of Phytochemicals
3.7.1 Total phenolic content

TPC was determined using the Folin—Ciocalteu method with slight modifications (Singleton
et al., 1999). The reaction mixture was prepared by mixing 0.5 ml of plant extract solution,
2.5 ml of 10% Folin- Ciocalteu’s reagent dissolved in water and 2.5 ml of 7.5% of Na2CO3
aqueous solution. The samples were thereafter incubated in a thermostat at 45°C for 45 min.
The absorbance was determined using spectrophotometer at wave length=765nm. The
samples were prepared in triplicate for each analysis and the mean value of absorbance was
obtained. The same procedure was repeated for the standard solution of gallic acid and the
calibration line was construed. Based on the measured absorbance, the concentration of

gallic acid equivalent expressed in terms of (mg of GAE/ 100 g of dry sample).

3.7.2 Total flavonoid content

Total flavonoid content was determined using a modified aluminum chloride assay method
as described by (Barek et al., 2015). 2 ml of solution was pipette out in a test tube in which
0.2 ml of 5% Sodium Nitrate (NaNO3) was mixed and stand for5 minutes. 0.2 ml of 5%
Aluminum Chloride (AICI3) was pipetted out, mixed in the tube and allowed to stand for 5
minutes. This followed addition of 2 ml of 1N Sodium Hydroxide (NaOH) in the tube and
finally volume was made up to 5ml. The absorbance was measured after 15 minutes at
510nm against a reagent blank. The total flavonoid content is expressed as mg QE/ 100g of

dry weight.

3.7.3 Total tannin content

The tannins were determined by Folin-Ciocalteu method. About 0.1 ml of the sample extract
was added to a volumetric flask (10 ml) containing 7.5 ml of distilled water and 0.5 ml of
Folin-Ciocalteu phenol reagent, 1 ml of 35% Na2CO3solution and dilute to 10 ml with
distilled water. The mixture was shaken well and kept at room temperature for 30 min.

Absorbance for test and standard solutions were measured against the blank at 725 nm with
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an UV/ Visible spectrophotometer. The tannin content was expressed in terms of mg of TAE
/ 100g of extract (Miean and Mohamed, 2001; Ribarova et al., 2005; R. Singh et al., 1970).

3.7.4 Oxalate

The oxalate content was determined by the method of Day and underwood (Day and
Underwood, 1991). All 7 samples of cowpea powder (1g from each sample) was mixed with
75 ml of 3M sulphuric acid (H2SO4) in a conical flask and stirred for 1 hour using a magnetic
stirrer. The mixture was allowed filtering and a 25 ml of aliquots of the filtrate was titrated
against 0.05M Potassium Permanganate (KMnO4) solution until violent color persisted at
least for 30 seconds. The oxalate content of the sample was determined using the following
equation.

1 ml 0.05 KMnO4 = 2.2 mg oxalate

3.7.5 Free Radical Scavenging Activity Using (DPPH)

Extract(100uL) were dissolved in 3.9 mL freshly prepared methanolic solution of DPPH (1
mM, 0.5mL). The mixture was vortexed for 15 seconds and then left to stand at room
temperature for 30 min in the dark. The absorbance of the resulting solution was read
spectrophotometrically (UV/ VI'S spectrometer) at 517 nm. The percentage inhibition of the
radicals due to the antioxidant activity of leaf extracts was calculated using the following
formula (Hatano et al., 1988).

(Acontrol 'Asample)

%of inhibition= %100

Acontrol

A onirol 18 the absorbance of the DPPH solution with nothing added (control).

[%=percentage of inhibition
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3.7.6 Phytate

The sample weighing 0.2 g was placed in a 250 ml conical flask. It was soaked in 100 ml of
20% concentrated HCI for 3 h, the sample was then filtered. 50 ml of the filtrate was placed
in a 250 ml beaker and 100 ml distilled water was added to the sample. Then, 10 ml of 0.3%
ammonium thiocyanate solution was added as indicator and titrated with standard iron (111)

chloride solution which contained 0.00195 g iron per 1 ml (Emmanuel and Deborah, 2018).

titer valuex0.00195x1.19x100
2

% phytic acid=
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PART IV

Results and Discussion
The cowpea was purchased from local market of Dharan, Sunsari. It was handpicked,
winnowed and then washed. The sample was steeped for 12 h and then germinated at 28 +
3°C for 1%, 2", 3 4™ and 5™ days respectively. Thus, germinated samples were dried at
50+5 °C in cabinet dryer for 16-18 h. The sample was used for further quantitative analysis

of protein, tannin, phytate, oxalate, TFC, TPC and DPPH scavenging activity.

4.1 Proximate composition
The proximate composition of raw black- eyed bean was determined. The results obtained

are given in Table 4.1.

Table 4.1 The proximate composition of cowpea

Parameters Values (%)
Crude protein (dry basis) 27.07£0.12
Crude fat (dry basis) 0.86 £ 0.05
Ash content (dry basis) 3.41+0.15
Crude fibre (dry basis) 442 £0.15
Carbohydrate (dry basis) 64.25 +0.35
Moisture 13.06 + 0.05

Values presented are the average of triplicates determination + standard deviation.

Table 4.1 shows the proximate composition of cowpea according to which the protein, fat,
ash, fiber and carbohydrate content of the cowpea were 27.0%, 0.86%, 3.41%, 4.42% and
64.25% respectively on dry weight basis. Similar data was found by Uriyo (2001) in which
ash and fat content were found to be 3.2% and 0.7% while carbohydrate and protein content
were 57.2% and 20.6% which are lower than the data obtained in this research. Meanwhile,
the data also differed with studies done by F.N. Ehirim et al. (2018a) in case of protein
content and fat content were protein and fat content were found to be 20.16% and 3.02%
while ash, crude fiber and carbohydrate were found to be 3.07, 4.14 and 64.01% which is
similar to the data obtained in this research. However, the composition of sample may vary
according to genus, species, growing conditions and many more factors (Fried et al.,

2008).So, this composition may be agreeable.



4.2 Mineral composition of cowpea

Table 4.2 Mineral composition of cowpea

Minerals Values (mg/100g dry basis)
Iron 10.86 + 0.30
Calcium 76.2+£1.21

[Values presented are the average of triplicates determination * standard deviation.]

The iron content in raw cowpea was found to be 10.86 mg/100g and calcium content was
found to be 76.2 mg/ 100g which is similar to the data obtained by DFTQC (2017) i.e. 12
and 77 mg/100g. Similar data was obtained by (Omenna et al., 2016) in which iron content
in cowpea was found to be 10.51 mg/100g. According to (F. N. Ehirim et al., 2018b) calcium
content in cowpea was found to be 30.30 mg/100g which is much lower than the data
obtained in this study. The amount of calcium and iron content was found in the range of
(105.99- 138.18) mg/ 100g and (4.85- 6.75) mg/ 100 g in different varieties of cowpea (Devi
et al., 2015). (Ghavidel and Prakash, 2007) found 6.5 mg/100g iron which is lower than the
data obtained in this study and 87 mg/ 100g calcium in cowpea which is higher than the data
obtained in this study.

4.3 Physical properties of cowpea
The physical properties of cowpea were determined. The results obtained are presented in
Table 4.3.

Table 4.3 Physical properties of cowpea

Physical properties Cowpea seed
I/b ratio 1.43£0.07
Bulk density (kg/hl) 77.52+0.19
1000 kernel weight (g) 96.1+0.74

[\Values presented are the average of triplicates determination * standard deviation.]

(Hamid et al., 2016) found that the thousand kernel weight of cowpea seeds was 98.82g in
which our data was comparable to their findings. The value of I/b ratio of raw cowpea seed
was found to be 1.43 which is similar to their findings while bulk density of cowpea was
found to be 77.52 kg/hl which is slightly less than their findings. The bulk density of a
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material depends on the solids density and the geometry, size and surface properties of the
individual particles (Wani et al., 2017).

Knowledge of physical properties is imperative for the design of equipments which are
used for processing of seeds in the industries which involves harvesting, threshing, cleaning,
separation, transportation and packaging. The dimensions of cowpea beans and their 1000-

seed weight give indication of the space the flour would occupy as well as their bulkiness
(Hamid et al., 2016).

4.4 Effect of germination in protein content of cowpea
The cowpea was germinated for five days. The change in protein content was analyzed in

each day of germinated sample as well as in raw sample. The increment in protein content
is demonstrated in Fig. 4.1.
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Fig.4.1 Effect of germination time in protein content

The mean value of protein content in raw cowpea was found to be 27.07+0.12% on the
basis of dry matter. Protein content was increased on the progressive days of germination.
The mean value of progressive days of germination was 29.89+0.53%, 32.11+0.83%,
34.23+0.58%, 37.83+0.53% and 39.55+1.05% on the basis of dry matter on 1%, 2", 3, 4
and 5™ days of germination i.e. from 27.07% - 39.55% respectively. The analysis of variance
(Appendix B) showed that there was significant difference between protein content in the
different days of germinated samples (p < 0.05).
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Results showed substantial increase in the protein content of cowpea seeds processed by
germination and are in agreement with the earlier studies. These results are higher with those
of F.N. Ehirim et al. (2018a) who reported increase in protein content of cowpea from 20.16
- 34.05% respectively. M. B. Mehta et al. (2007) have found that there is increase in protein
content of cowpea after 28h of sprouting. Uppal and Bains (2012a) observed crude protein
increase from 8 to 11% after sprouting. Germination increased the protein content by 26.2
and 33.4% in two varieties of cowpea as reported by (Akinlosotu and Akinyele, 1991).
Opuku et al. (1981) reported an increase in protein content on sprouting ranging from 14 to
40%.

The increase in protein content may be attributed to loss in dry matter, particularly
carbohydrate through respiration (Uppal and Bains, 2012a). Also, Bau et al. (1997) assumed
that the increased was due to synthesis of enzyme proteins (for example, proteases) by
germinating seed or other constituents. A further explanation was done by Nonogaki et al.
(2010) where they noted that protein synthesis occurred during inhibitions and that hormonal

changes play an important role in achieving the completion of germination.

Jimenez et al. (1985) revealed that the protein digestibility increased as the germination
period advanced and obtained better values when autoclaved. Punia (2000) and Trugo et al.
(2000) observed a progressive increase in protein digestibility as the germination advanced.

4.5 Effect of germination in phytochemicals of cowpea

4.5.1 Effect of gemination in total phenolic content

The cowpea was germinated for five days. The change in total phenolic content was analyzed
in each day of germinated sample as well as in raw sample. The reduction in Total phenolic

content is shown in Fig. 4.2.
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Fig.4.2 Effect of germination in Total phenol content

The mean value of TPC in raw cowpea was observed 732.2+1.08 mg GAE/ 100g on the
basis of dry matter. The mean value of progressive days of germination was 422.9+1.15 mg
GAE/100g, 352.2+0.45 mg GAE/ 100g, 293.0+0.77 mg GAE/ 100g, 229.01+1.77 mg GAE/
100g and 203.1+1.53 mg GAE/ 100g on the basis of dry matter on 1%, 2", 3 4™ and 5™
days of germination respectively. The analysis of variance (Appendix B) showed that there
was significant difference between total phenol content in different days of germinated

samples (p < 0.05).

Results showed substantial decrease in the concentration of TPC in the seeds
processed by germination and are in agreement with the earlier studies. Our results are well
in agreement with those of (Sorour et al., 2018) according to which TPC content in cowpea
decreased from 763.42+1.66 mg GAE/ 100g to 328.55+0.51mg GAE/ 100 g(56.9%) on 72
hours of germination. According to research conducted by Preet and Punia (2000), TPC
content of cowpea seeds was reduced by 65% after 48 hours of germination which is higher
than the data obtained by our research. The reduction in phenolic compounds content during
germination may have been a function of the presence of polyphenol oxidase and enzymatic

hydrolysis (Jood et al., 1987; Paramjyothi and Mulimani, 1996).

Sorour et al. (2018) also reported decrease in TPC content of soyabean, chickpea and
faba bean by 25.2%, 43% and 21.4% after 72 hours of germination which is lower than the

data obtained by our research. According to research conducted by Jood et al. (1987), they
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found that the polyphenol content of asha cultivar of mung bean seeds was reduced by 32%
after germination for 48 hours which is lower than the data obtained by our research.

4.5.2 Effect of germination in DPPH free radical scavenging activity of cowpea
The cowpea was germinated for five days. The change in DPPH radical scavenging activity
was analyzed in each day of germinated sample as well as in raw sample. The increment in

DPPH radical scavenging activity is demonstrated in Fig. 4.3.
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Fig.4.3 Effect of germination time on DPPH radical scavenging activity

The mean value of DPPH scavenging activity in raw cowpea was observed 41.6+1.56 %
on the basis of dry matter. The mean value of progressive days of germination was
48.13+0.39 %, 53.19+0.91 %, 63.44+1.33%, 70.59+0.88% and 74.55+1.57% on 1%, 2", 39,
4" and 5% days of germination respectively. The analysis of variance (Appendix B), showed
that significance difference (p < 0.05) in DPPH scavenging activity in each day of
germinated samples. DPPH scavenging activity was directly proportional to number of days

of germination.

The result was in accordance to Khyade and Jagtap (2016) , the value of DPPH radical
scavenging activity of cowpea was increased by 8.33% raw value with 48 hours of
germination i.e. from 40.09£3.63 to 49.837+0.34. Likewise, the % DPPH inhibition of
yellow mustard was increased by 14.81 % on sprouting. The increase in % DPPH inhibition
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by chickpea sprouts was 11.23 % and black gram by 9.5%. This signifies the importance of
sprouting as a convenient method to improve the antioxidant activity of seeds.

Abderrahim et al. (2012) reported the increase in antioxidant activity is due to many
metabolic changes during germination such as increase in the activity of the endogenous
hydrolytic enzymes during germination. Khyade and Jagtap (2016) also observed that seeds
on sprouting showed an increase in % DPPH inhibition which implies that the ability of the
components in sprouts (antioxidants) to scavenge free radicals increases after the
germination process, thus giving sprouts a significant physiological role to help quench free
radicals and ward off degenerative diseases. Germination enhances the antioxidant capacity
of the soluble extracts in germinated edible seeds and sprouts when compared with raw
seeds. This effect could be attributed to the increase of certain antioxidant compounds such

as antioxidant and vitamins (Gan et al., 2017).

4.6 Effect of germination on tannin content
The cowpea was germinated for five days. The change in tannin content was analyzed in
each day of germinated sample as well as in raw sample. The reduction in tannin content is

shown in Fig. 4.4.

220
200
180
160

140

Tannin (mg TAE/1009)

120

Germination day

Fig.4.4 Effect of germination time on Tannin content

The mean value of tannin content in raw cowpea was found to be 199.9+1.69 mg/100 g

on the basis of dry matter. Tannin content was reduced on the progressive days of
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germination. The mean value of progressive days of germination was 174.1+0.767 mg/100g,
146.9£0.08 mg/ 100g, 133.0+£0.75 mg/ 100g, 125.6+£0.27 mg/100g and 121.0+0.53 mg/ 100g
on the basis of dry matter after 1°t, 2", 3 4" and 5" days of germination i.e.,12.9%, 26.51%,
33.46%, 37.16% and 39.46% respectively. The analysis of variance (Appendix B) showed
that there was significant difference between tannin content in the different days of
germinated samples (p < 0.05).

(Ibrahim et al., 2002) reported reduction in tannin contents from 210.17 mg/100g to
183.63 mg/100g and 155.91 mg/100g i.e., by 12.63% and 25.82% after 24 and 48 h of
germination in cowpea which is similar to the data obtained in this study. (Ghavidel and
Prakash, 2007) reported the loss of tannin content by 27.65% after 24 hours of germination
which is greater than the data obtained in this study. Similarly (Sorour et al., 2018) found
that there was 48.4, 61.7, and 64.8% reduction of tannin in 24, 48 and 72 hours of
germination which was higher than the data obtained by our research. A reduction of 32%,
66%, 71% and 76% in 24, 48, 72, and 96 hours in cowpea was found by (Kalpanadevi and
Mohan, 2013) which is higher than thus study. Increased activity of polyphenol oxidase and
other catabolic enzymes may be responsible for the reduction in tannin content of pulses
after germination. Activated enzymes cause the hydrolysis of different components during
germination. Enzymatic hydrolysis could be blame for the decrement in tannin content
following germination(Deshpande et al., 1986; Khandelwal et al., 2010).

4.7 Effect of germination on phytate content

The cowpea was germinated for five days. The change in phytate content was analyzed in
each day of germinated sample as well as in raw sample. The reduction in phytate content is
demonstrated in Fig. 4.5.
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Fig.4.5 Effect of germination time on phytic acid content

The mean value of phytate content in raw cowpea was found to be 819.8 + 3.06 mg/100
g on the basis of dry matter. Phytate content was reduced on the progressive days of
germination. The mean value of progressive days of germination was 612.9 + 1.91 mg/100
g, 536.1 + 1.70 mg/100 g, 446.2 + 2.13 mg/100 g, 372.2 £ 2.81 mg/100 g and 343.8 + 2.53
mg/100g on the basis of dry matter on 1%, 2", 3 4™ and 5 days of germination i.e., by
25.23%, 34.6%, 45.57%, 54.59% and 58.06% respectively. The analysis of variance
(Appendix B) showed that there was significant difference between phytate content in the
different days of germinated samples (p < 0.05).

Our results showed substantial decrease in the concentration of phytic acid in the seeds
processed by germination and are in agreement with the earlier studies. Our results are well
comparable with R. Sinha and Kawatra (2003a) , which showed 47.8% reduction in phytate
content after 72 hours of germination. lbrahim et al. (2002) also reported reduction of
phytate content and the reduction level increased from 17.4 to 22.9%, as the germination
time increased from 24 to 48 h which is lower than the data obtained from our study.
Kalpanadevi and Mohan (2013) also reported decrease in phytate content of cowpea by 38%,
79%, 86% and 95% after 24, 48, 72 and 96 hours of germination which is too much greater
than the data obtained in this research. According to Sorour et al. (2018), reduction in phytate

concentration ranged from (37.8-54.6)% in cowpea during various germination period.
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Uppal and Bains (2012a) also observed 43.19 % decrease in phytic acid in cowpea after
sprouting for 24 h which is greater than the value obtained in this research.

The decrease in phytic acid in pulses revealed that an increase in phytate hydrolysis
during germination resulted in the liberation of inorganic phosphates from organic
phosphorus containing compounds for plant growth (phytate). Phytic acid degradation
during germination could be related to an increase in endogenous phytase activity for its
usage as a source of inorganic phosphate during germination (Egli et al., 2002; Eskin and
Wiebe, 1983; Tabekhia and Luh, 1980). Since phytic acid has been considered to be one of
the factors responsible for reducing minerals bioavailability, its reduction during
germination may enhance the nutritional quality of beans. Because phytic acid is thought to
be one of the reasons that reduce mineral bioavailability, decreasing it during germination

could improve the nutritional quality of beans.

4.8 Effect of germination on flavonoid content
The cowpea was germinated for five days. The change in flavonoid content was analyzed in
each day of germinated sample as well as in raw sample. The reduction in flavonoid content

is demonstrated in Fig.4.6.
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Fig.4.6 Effect of germination time on Flavonoid content

The mean value of flavonoid content in raw cowpea was found to be 105.56+3.31 mg

QE/100 g on the basis of dry matter. Flavonoid content was reduced on the progressive days
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of germination. The mean value of progressive days of germination was 73.97+2.54 mg
QE/100 g, 66.92+1.88 mg QE/100 g, 53.82+2.52 mg QE/100 9,45.94+2.65 mg QE/100 ¢
and 38.01+1.61 mg QE/100 g on the basis of dry matter on 1%, 2", 3" 4™ and 5" days of
germination i.e., by 29.92%, 36.60%, 49.01%, 56.47% and 63.99% respectively. The
analysis of variance (Appendix B) showed that there was significant difference between
flavonoid content in the different days of germinated samples (p < 0.05).

Our results showed substantial decrease in the concentration of flavonoid in the seeds
processed by germination and are in agreement with the earlier studies. (Parvez et al., 2019)
also reported reduction in flavonoid content upto 38-61% in 24, 48 and 72 hours which is
higher than the data obtained in this study.(James et al., 2020) also reported reduction in
flavonoid content of cowpea by 24.57% in 96 hours of germination which is lower than the
data obtained in this study. This reduction might have originated from diffusion of phenolic
content into water during soaking. Observed that germination of heated cowpea seeds at 12
hours, 24hours, 36 hours and 48 hours caused reduction ranged from 8.52 -53.97%. (Parvez
et al., 2019). F.N. Ehirim et al. (2018a) reported reduction in flavonoid content of cowpea
by upto 91% after 120 hours of germination which is much greater than the data obtained in

this study.

4.9 Effect of germination on oxalate content
The cowpea was germinated for five days. The change in oxalate content was analyzed in
each day of germinated sample as well as in raw sample. The reduction in oxalate content is

demonstrated in Fig. 4.7.
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Fig.4.7 Effect of germination time on oxalate content

The mean value of oxalate content of raw cowpea was observed 170.54 + 4.3 mg/100 g
on the basis of dry matter. Oxalate content was reduced as the days of germination was
increased. The mean value of progressive days of germination was 133.48 + 5.08 mg/100 g,
110.13 + 6.1 mg/100 g, 96.6 + 5.36 mg/100 g, 88.12 + 4.76 mg/100 g and 82.36% 4.3 on the
basis of dry matter on 1%, 2", 3™ 4™ and 5™ days of germination respectively. The analysis
of variance (Appendix B) showed that there was significant difference between oxalate
content in the first three days of germinated samples (p < 0.05) while there was no significant
difference between third, fourth and fifth germination days.

Our results showed substantial decrease in the concentration of oxalate content in the
seeds processed by germination and are in agreement with the earlier studies. Our results are
well in agreement with those of (Oloyo, 2004), oxalate content decreased significantly(p<
0.05) from 15.4 to 2.06 g/100 g with 5 days of germination in pigeon pea. (Mittal et al.,
2012) reported the reduction of oxalate content by 58.97 % in chickpea with germination.
Handa et al. (2017) also reported the 36.75 % reduction of oxalate content in horsegram by

24 h of germination time.

Decrease in oxalate during germination could be as a result of the activation of oxalate
oxidase which breakdown oxalic acid into carbon dioxide and hydrogen peroxide and

consequently releasing calcium (Pal et al., 2016).
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PART V

Conclusions and Recommendation

5.1 Conclusions

On the basis of this study following conclusions were drawn.

Cowpea is a nutritious legume that contains moisture, crude protein, crude fat, ash,

crude fiber, and carbohydrates. It also provides iron and calcium.

During the germination process, certain components in cowpea changed. Tannin
content, phytate content, flavonoid content, and oxalate content decreased. Total
phenolic content was also reduced. On the other hand, the protein content increased

after germination.

Additionally, the DPPH radical scavenging activity, which indicates antioxidant
potential, increased as the germination time progressed.

Thus, germination affects the composition of cowpea, with reductions in certain

compounds and an increase in protein content and antioxidant activity.

5.2 Recommendations

The following recommendation can be drawn from conclusion:

Germination of cowpea upto 5 days bring desirable change in protein content thus
increasing the nutritional quality of cowpea providing better food source for
consumption on the daily basis.

Research can be done on the effect of germination time to reduce other antinutrients
like trypsin inhibitor, hemagglutinin, lectin etc. as well as on amylase activity,

minerals and vitamin ¢ content of cowpea.



PART VI

Summary
Malting is the process comprising of steeping, germination and kilning. Steeping is one of
the process that improve the nutritional value of mung bean by the breakdown of several
complex components into simpler compounds which alter the texture and flavor.
Germination is another process which improve the nutrition of cowpea as it helps in reducing
starch component into simple sugars by the action of amylases, induces hydrolytic enzyme
synthesis such as phytates and tannins. Tannins and phytate are known to reduce the
availability of proteins, carbohydrates and minerals by forming indigestible complexes with
the nutrients. The reduced tannin, phytate and flavonoid levels due to germination could
improve the availability of nutrients in the seed. The observed reduction in tannin content
after germination might result from formation of hydrophobic association of tannins with
seed proteins and enzymes. The last process is kilning which helps to stop germination of

cowpea and reduces the grain moisture content to desirable limit.

For this study the cowpea was bought from the local market of Dharan. The cowpea
legumes were soaked for 12 hours at room temperature (28 £ 3°C), germinated at different
time i.e., upto 5 days. After germination the cowpeas were dried at 50 + 5°C for (16-18) h
to obtain the desired final moisture content. The prepared cowpea malt samples were then
taken for analysis. Analysis of chemical and functional properties were carried out for all

samples.

The phytate content were found to be decreased from 819.8 t0 612.9, 536.1, 446.2, 372.2,
and 343.8 mg /100g on consecutive days of germination. Tannin content were found to be
decreased from 199.9 to 174.1, 146.9, 133.0, 125.6 and 121.0 mg tannic acid/100g on
consecutive days of germination. Oxalate content were found to be decreased from 170.54
to 133.48, 110.13, 96.6, 88.12 mg/100g and 82.6 mg/ 100g on consecutive days of
germination. Flavonoid content were found to be decreased from 105.56 to 73.97, 66.92,
53.82, 45.94 and 38.01 mg QE/100g on consecutive days of germination. While protein
content was increased from 27.02 to 29.89, 32.11, 34.23, 37.83 and 39.55 % on consecutive
days of germination. DPPH radical scavenging activity was found to be increased from 41.6
to 48.13, 53.19, 63.44, 70.59 and 74.55 % on consecutive days of germination. So,

germination improved the nutritional quality of cowpea.
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Appendices
Appendix A

1. Standard curve for total phenol content
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Fig. A.1 Standard curve of gallic acid for total phenol content



2.Standard curve for tannin content
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Fig. A.2 Standard curve of tannic acid for tannin content
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3.Standard curve for total flavonoid content
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Fig. A.3 Standard curve of quercetin for total flavonoid content
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Appendix B

Table B.1 ANOVA for protein content

Source of Degree of Sum of Mean Variance F probability
variation freedom square square ratio

No of days 5 338.4139 67.6828 <.001
Residual 12 5.4661 0.4555

Total 17 343.8801

Since p< 0.05, there is a significant difference between the samples in different germination

days so LSD testing is necessary.

Table B.2 LSD of means for protein

No of days Mean Column A l.s.d d. f
Raw” 27.02+0.12 A 1.201 12
D1* 29.89+0.53 B

D2* 32.11+0.83 C

D3* 34.23+0.58 D

D4* 37.83+0.53 E

D5* 39.55+1.05 F

(*= significantly different)
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Table B.3 ANOVA for TPC content

Source of Degree of  Sum of Mean of Variance  F probability
variation freedom square square ratio ratio
Noofdays 5 565610.019 113122.004 20463.75 <.001
Residual 12 66.335 5.523

Total 17 565676.345

Since p<0.05, there is a significant difference between the samples in soaking and different

germination days. So, LSD testing is necessary.

Table B.4 LSD of means for TPC content

No of days Mean Column A L.s.d d. f
D5" 203.1+1.53 A 4.183 12
D4* 229.01£1.77 B

D3* 293.0+0.77 C

D2* 352.2+0.45 D

D1* 422.9+1.15 E

Raw* 732.2+1.08 F

(* = significantly different)
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Table B.5 ANOVA table for DPPH

Source of Degree of Sum of Mean Variance F probability
variation freedom squares square ratio ratio

No of days 5 2541.209 508.242 359.69 <.001
Residual 12 16.956 1.413

Total 17 2558.165

Since p<0.05, there is a significant difference between the samples in different germination

days. So, LSD testing is necessary.

Table B.6 LSD of mean for DPPH

No of days Mean Column A L.s.d d. f
Raw” 41.67+1.56 A 2.115 12
D1* 48.13+0.39 B

D2* 53.19+0.91 C

D3* 63.44+1.33 D

D4* 70.59+0.88 E

D5* 74.55+1.57 F

(*= significantly different)
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Table B.7 ANOVA table for Tannin

Source of Degree of Sum of Mean Variance  F probability
variation freedom square square ratio ratio

No of days 5 14425.8761 2885.1752 3931.23 <.001
Residual 12 8.8069 0.7339

Total 17 14434.6830

Since p<0.05, there is a significant difference between the samples in different germination

days so LSD is necessary.

Table B.8 LSD of means for Tannin

Treatment Mean Column A L.s.d d.f
D5" 121.0+0.53 A 1.524 12
D4* 125.6x0.27 B

D3* 133.0+0.75 C

D2* 146.9+0.08 D

D1* 174.1+0.76 E

Raw* 199.9+1.69 F

(*= significantly different)
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Table B.9 ANOVA for Phytic acid

Source of Degree of Sum of Mean Variance  F probability
variation freedom square square ratio ratio

No of days 5 471102.382 94220.476 16327.30  <.001
Residual 12 69.249 5.771

Total 17 471171.631

Since p< 0.05, there is a significant difference between the samples in different germination

days so LSD testing is necessary.

Table B.10 LSD for means of phytic acid

No of days Mean Column A L.s.d d. f
D5" 343.8+2.53 A 4.274 12
D4* 372.2+2.81 B

D3* 446.2+2.13 C

D2* 536.1+1.70 D

D1* 612.9+1.91 E

Raw* 819.8+3.02 F

(*= significantly different)
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Table B.11 ANOVA for flavonoid content

Source of Degree of Sum of Mean Variance F probability
variation freedom square squares ratio ratio
Treatment 5 8821.750 1764.350 284.92 <.001
Residual 12 74.310 6.193

Total 17 8896.060

Since p<0.05, there is a significant difference between the samples in different germination

days so LSD testing is necessary.

Table B.12 LSD for means of flavonoid

Treatment Mean Column A l.s.d d.f.
D5* 38.01+1.61 A 4.427 12
D4* 45.94+2.65 B

D3* 53.82+2.52 C

D2* 66.92+1.88 D

D1* 73.97+2.54 E

Raw* 105.56+3.31 F

(*= significantly different)
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Table B.13 ANOVA for oxalate

Source of Degree of Sum of Mean Variance F probability
variation freedom squares square ratio ratio

No of days 5 16645.94 3329.19 131.91 <.001
Residual 12 302.86 25.24

Total 17 16948.80

Since p< 0.05, there is significant difference between the samples in different germination

days so LSD is necessary.

Table B.14 LSD of means for oxalate

No of days Mean Column A L.s.d d.f.
D5 82.6+4.3 A 8.94 12
D4 88.1+ 5.08 AB

D3* 96.6+ 6.1 B

D2" 110.1+5.36 C

D1* 133.5+ 4.76 D

Raw* 170.5£ 4.30 E

(*= significantly different)
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List of Plates

P1 Spectrophotometric determination of P2 Titration for oxalate determination
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