CHAPTER-1
INTRODUCTION

1. Potential health benefits of garden pea seeds and peel

Pea (Pisum sativum L.), a nutritious agricultural commodity belongs to the Leguminosae
family, has potential to withstand freezing temperature which is widely cultivated across
the globe. [47, 97]. In terms of productivity, India stands as the second largest producer

of green peas next to China and ranks ten among the vegetable crops.

The annual global production of green pea and dry pea seeds are approximately 14.5
million tons and 22 million tons, respectively (FAOSTAT, 2019, 60, 84]. Pea seeds are
well known for its pivotal nutrients that can be differentiated in mainly soluble and
insoluble fibers, proteins (tryptophan and lysine), complex carbohydrates, vitamin B,
folate, minerals viz., calcium, potassium, iron but low content of saturated fat,
cholesterol, and sodium (Fig 1.1). Fresh green pea seeds contain 17-22g carbohydrates,
20-50g starch, 14-26g dietary fiber, 6.2-6.5g protein, 0.4g fat, 1.0g ash per 100g with 9-
10mg calcium, 3-5mg sodium, 97-99mg potassium per 100g and vitamin contents are
0.7mg riboflavin, 5-6mg thiamine and folate 0.54mg per kg [59, 78, 31, 45, 19, 34]. It
possesses various health benefits by lessening the prevalence of colon cancer, upbringing
type-2 diabetes, coronary disease and LDL-cholesterol [47, 80]. Pea protein ranges from
244 to 275 g kg 'and starch content ranges from 440 to 462 g kg~! on dry basis [40]. In
various countries, processed peas are in high demand which is used after dehulling and
utilized as best source of dietary fiber and natural antioxidants. Chloroplast rich fractions
are also being isolated from pea vine haulm by physical fractionation method using
centrifugation [92]. Different processing methods viz., soaking, germination,
fermentation, pasteurization, and incorporating advance techniques like pulse electric
field or ultrasonication have shown remarkable impact on the efficiency by improving

nutritional quality and techno-functional properties of pea and its protein [50, 58].
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Fig 1.1 (a) Freshly obtained garden green peas, (b) Separation of green peas from its
peel, (c) Green pea seeds, (d) Green pea peel or pea peels
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1.1 Pea Peel

By-products defining something which has almost negligible use, may excreted out
during the processing and create undesirable environmental pollution. Here the peel, or
peel of the pea are considered as waste by-products which occupies 55% of the total
volume of green peas at the fresh harvested time, the majority of which is disposed as
waste and have not generally gained much attention intending to be used (Figure 1.1).
Peapeel are agro-industrial by-products emanating from food industries and represents
abundant source of natural food bioactive and phenolic antioxidants [33, 37]. Annually in
India, peapod waste is discarded in a large amount of almost 1 million ton. Many peapod
waste utilization has been reported for cellulolytic enzyme production, feed for the
animals and ruminants [101]. Various literatures also reported that peapeel obtained from
mature fresh green peas have remarkable amount of dietary fiber and protein and also
calcium as compared to broad bean pod and okra by-products. Biscuits have been
reported to be prepared with 20% peapod powder which was highly acceptable [28].
Literature also suggested that cake with 5% of pea pod flour is highly admissible and can
avoid the addition of synthetic colour as it gives natural green pistachio colour [4]. The
utilisation of the by-products is mainly of two reasons i.e., contribution to the diet
positively and lesser quantity of anti-nutritional factors [90]. They also contain phenolic

antioxidant which comes under bioactive non-nutrient compounds [95].

‘Functional foods’ are described as nutrients by addition which gives positive effects on
biological metabolic activities by improving general state of health [78]. Generally the
legume by-products possess higher dry matter digestibility, as a result it gives out more
energy for metabolism [90]. In recent times, peapod fortified foods are considered to be
functional foods as they contain a decent amount of fibers and essential minerals. Pea
peel have protein denaturing property that shows anti-cholinesterase activity and anti-
inflammatory effect and because of strong anti-diabetic properties of pea, it shows
shielding effects against various disorders like reproductive damages, alloxan-induced
hepatic and renal issues [57]. Thus, it enhances enzymatic antioxidant activity, anti-
inflammatory effects and inhibit lipid peroxidation which shows a positive effect on
health [57, 106]. Due to its seasonal and perishable nature, peas must be subjected to
preservation as it is a rich source of nutrition and highly beneficial for health [84]. and
thus it requires further processing. Pea and its by-product have much more positive

effects which influence human health. Because of the universal application and
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recommendation of pea as a nutritional food source, as well as being environmental
friendly crop, the objective of this review has been focused on nutritional composition,
the dietary recommendation for its consumption, effects of their consumption, and the

role of various biomolecules on chronic diseases.
2. Nutritional Compositions
2.1 Carbohydrates

Pea carbohydrate has unique stability to high range viscosity and temperature in contrast
to tuber starch or cereals [32]. Glucose, galactose, arabinose are present in pea’s
carbohydrate where stachyose and tetrasaccharide, are the most abundantly found
polysaccharides. Polysaccharide extraction from peapeel are also reported which contain
galactose, xylose, and arabinose as monosaccharides [5]. Glucose is derived from similar
polymers of starch. Cellulose belongs to the largest part of the carbohydrate whereas
other pectic polysaccharide derivatives are rhamnose, arabinose, galactose and uronic

acids. Peas have 3.73% total oligosaccharides of total solids [93].

Basically, starch has three forms on the basis of digestibility of glucose release and its
absorption into the gastrointestinal tract. They are rapidly digestible starch (RDS), slowly
digestible starch (SDS) and the third one, resistant starch (RS) [24, 86]. After ingestion,
there is a sudden hike of blood glucose quantity because of RDS fraction which is
present nearly 9.2% to 10.7% and SDS fraction from 23.3% to 26.5% which gets
digested completely but slowdown in small intestine. RS fraction changes its phase by
fermenting itself in large intestine but still 10.1% to 14.7% does not get digested in the
small intestine [16, 86]. The fractions of starch digested in the small intestine resulting to
low glycaemic index which directly impacts the metabolic rate of digestions [32]. Starch
is also composed of a linear glucan chain of amylose and highly branched molecular
chain of amylopectin. The ratio of both imparts digestibility and postprandial glucose
response. As pea contains 38.2+0.2% apparent amylase [14], which results in reduced
digestibility and low glucose release that contribute to low glycaemic index (Table 1.1).
A natural mutation in pea seeds improves the starch assembly and glucose homeostasis
[68]. a-Galactosides one of the oligosaccharides present in pea which may not get easily
digested in the gastrointestinal tract. The high fermentability of these oligosaccharides
leads to gas production which is responsible for digestive discomfort (Table 1.3). These

non-digestible oligosaccharide food components potentially to be identified as prebiotic
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agents and has positive impacts on consumer’s health.

Table 1.1 Studies related to the metabolic health benefits and functions of pea and its by-

products
Study type Pea constituents Result Reference
Glycemic response, Dietary fibers, Enhance glucose [16, 86, 57,
blood glucose and carbohydrates tolerance, 30]
insulin resistance No change in glycaemic
response,
Lower PP insulin.
Intestinal ~ microflora Pea proteins Help in homeostatis, [21]
and its fermentability (glycated), dietary improve gastrointestinal
fiber microbiota
Cardiovascular health Dietary fibers, Lessen cardiovascular [3,86, 87]
proteins and diseases, Reduce
polyphenols cholesterol level,
improve serum lipid
levels, reduce incidence
of chronic disease
a-Galactosidic effect / o—Galactosidase Normalising bowel [77, 86]
a-Galacto- functions, increasing
oligosaccharides lactobacilli and
bifidobacteria
Anti- Anti- Anti-diabetic, [57, 30]
acetylcholinesterase acetylcholinesterase,  antihyperlipidemic,
property (anti- AChE) antioxidants reduce the risk of
oxidative stress
evention Phenolic compound,  Anti-cancer activity, [86]
isoflavin, dietary DNA repair, reduce
fibers inflammations
anagement Dietary fibers, Increased stool weight [86]
resistant starch,
phytochemicals,
oligosaccharides and
many more
2.2 Protein

Peas are beneficial protein sources used as functional ingredient for many food

industries. A variety of field pea contains 14.5-28.5 % protein where the range goes up to
24.4% to 27.4% [83, 59, 40, 76]. Pea protein is labelled as a non-allergic food substance

with remarkably high nutritional value without any modification in the genetic profile

[30]. Pea protein can broadly be classified into four major groups: globulin, albumin,

prolamin, and glutelin where the main storage protein is globulin and albumin which

accounts for 55-65% and 18-25%, respectively that help in seed germination (Table 1.2).
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Globulin is divided into two types viz., legumin (hexameric protein, 320-400 kDa) and
vicilin (trimeric protein, 150-180 kDa). Prolamin and glutelin are present in a small
amount (Table 1.1) nearly 3-5% each. In crude protein of pea, there are 10-15% of non-
protein nitrogen-containing materials and rest 70-80% of crude protein are hormones,
enzymes, enzyme inhibitors, storage protein and some non-storage proteins. Solubility
and modification of pea protein has been reported by using industry-scale
microfluidization that will promote food industry to use pea protein without involving
exogenous substances [38]. Quantities of essential amino acids and its bioavailability
determine the nutritional profile of protein which is digested by the organism. Pea seeds
are rich in threonine, cysteine, methionine, lysine, glycine, alanine, leucin and
phenylalanine amino acids [64]. The protein content of pea seeds have a high level of
lysine, leucine and phenylalanine but relatively less level of sulphur-containing amino
acid viz., metheonine and cysteine. Total a-galactosides, verbascose, arginine, glutamic,
carotenoid pigments have positive correlation with protein content [76]. One of the
proteins found in legume called lectins or phytohemagglutenin is able to agglutinate the
red blood cells which are found in the pea [64]. Recent study showed that pea protein
hydrolysates can inhibit the metabolic by-product, nitric oxide which could damage the
cell excessively.Pasta like sheets were developed using protein and dietary fiber fractions
from yellow pea [62]. Mixed sumiri gels also developed by pea protein isolates through
partial substitution of myofibrillar proteins [7]. Fermentation using co-culture of LAB

and yeast may improve the sensory defects in pea protein based products [23].



Table 1.2 Nutritional components of pea and pea peel

resistant starch,
phytochemicals,
oligosaccharides and
many more

Study type Pea constituents Result Reference
Glycemic response, Dietary fibers, Enhance glucose [16, 86, 57,
blood glucose and carbohydrates tolerance, 30]
insulin resistance No change in

glycaemic response,
Lower PP insulin.
Intestinal microflora Pea proteins Help in homeostatis, [21]
and its fermentability  (glycated), dietary improve
fiber gastrointestinal
microbiota
Cardiovascular Dietary fibers, Lessen cardiovascular  [3,86, 87]
health proteins and diseases, Reduce
polyphenols cholesterol level,
improve serum lipid
levels, reduce
incidence of chronic
disease
a-Galactosidic effect o—Galactosidase Normalising bowel [77, 86]
/ a-Galacto- functions, increasing
oligosaccharides lactobacilli and
bifidobacteria
Anti- Anti- Anti-diabetic, [57, 30]
acetylcholinesterase  acetylcholinesterase, antihyperlipidemic,
property (anti- antioxidants reduce the risk of
AChE) oxidative stress
Cancer prevention Phenolic compound,  Anti-cancer activity, [86]
isoflavin, dietary DNA repair, reduce
fibers inflammations
Weight management  Dietary fibers, Increased stool weight  [86]

2.3 Vitamins and minerals

Peas and its peel are rich in vitamins and minerals and have numerous health benefits
[78, 29]. Potassium, a most prominent major mineral element which contains 1.04% of
dry and dehulled weight of peas, followed by phosphorus, magnesium and calcium
which were 0.39%, 0.10%, 0.08%, respectively and also rich in vitamin B [16, 59].
Various extractions were performed to isolate different types of vitamins and minerals
where E group of vitamins entirely consists of B and y tocopherols [8]. Field or garden
pea seeds contained ranges of potassium (97-99mg/100g), calcium (9-11mg/100g),
magnesium (5-7mg/100g), sodium (3-4mg/100g) and trace amount of copper, nickel,



selenium, folate and boron [59, 57]. Among them selenium and folate may be used as
preventive measures against deficiency diseases thus it could be used as health
promoting minerals [36].

In recent past, low phytate lines have been developed to reduce the concentration of
phytate that are helpful in improving the mineral absorption [44]. Biofortification is an
advancing method to improve the nutritional profile of pulse crop which lacks in micro-
nutrients such as iron, zinc, folic acid, f-carotene, carotenoids, folates, iodine and many
more by genetic engineering, agronomic intervention and plant breeding .Thus peas are
rich in iron, zinc, manganese, and naturally low phytic groups, which can be used in
biofortification and can be a hidden solution for nutrient deficient hunger [44, 1]. Pea
seeds reported to be used as zinc biofortification combined with selenium which enhance
the bioavailability in food products [78, 75, 70, 71]. Whereas phosphorous
biofortification has been done to increase the soil microbiome in nutrient for higher pea

production to combat micronutrient malnutrition [72].
2.4 Dietary fibers

Dietary fibers (DF) are compounds which restrict digestion (hydrolysis) by enzymes and
consist of non-digestible carbohydrates. They are classified as soluble dietary fibre (SDF)
and insoluble dietary fibre (IDF) based on the water solubility (Table 1.1). Lignin,
cellulose, and some hemicelluloses come under the category of IDF whereas f-glucans,
galactomannans, pectin, inulin and other non-starch polysaccharides are part of SDF [51,
59].

Soluble fiber have excellent prebiotic and enhancer properties which have the potential
to lower down the glucose absorption in small intestine and cholesterol reduction
whereas the insoluble fiber are responsible for increasing faecal bulk, water absorption
and intestinal regulation. Physiologically, the water absorption is more important in the
body as it improves laxative effects and refines peristalsis. Mainly the insoluble fiber is
derived from cereals whereas the soluble fiber is available in fruits and vegetables that is

dissolved in water and fermented in the area of colon [77, 87].

Pectin is an abundant water-soluble partially methylated polysaccharide which is
completely digested by colonic bacteria. Pectin with its gelling property may reduce the

gastric emptying by influencing small intestinal transit moments which shows its



hypoglycemic properties [10, 46]. Investigation shows that pea contains 1.2- 1.7%
pectin, 2.4% cellulose, 1.0% hemicellulose, 2.5% lignin [20]. The AOAC enzymatic-
gravimetric hydrolysis methods are used for the extraction process of dietary fiber in
peapeel. The latter have abundant glucose and xylose which is proved when the soluble
sugars were processed under high-performance liquid chromatography (HPLC) that
resulted glucose as a prominent component. The ferric reducing antioxidant power in
peapod is 25.9 umolTrolox equivalents g ! and showed scavenging effect on 2, 2-
diphenyl-1-picrylhydrazyl radical as 16.0 mgmL ! were also measured [53].

The functional foods have a great economic impact as well as various health benefits.
Dietary fibers have an incredible property to flourish into the fiber rich market. To
satisfy this need, several sources have been identified and working for its extraction to be
recovered from fruits, vegetables as well as wastes are on-going. There are many
research methods used previously like dry processing, alkali wet milling, conventional
wet milling, enzymatic-gravimetric, non-enzymatic gravimetric, microbial, chemical
treatments, but there is no such standardized procedure for fiber extraction [51, Amongst
other methods, the most frequently used methods are enzymatic-gravimetric method and
ultrasound assisted alkali extraction method for TDF, SDF and IDF [89]. Acidic
extraction method and cellulose assisted alkaline extraction method are some other
procedures that are used to extract soluble dietary fiber and further optimized by

response surface methodology (RSM) technique [41].



Table 1.3 Pea nutritional bioactive constituents and their effects on human health

Nutritional Function References
components
Carbohydrate Resistant starch acts as pre biotic. Increases faecal  [86, 90]

bulk, reduces colonic pH, reduce post-prandial
glycemic response.
Dietary fiber Low glycemic response and insulin resistance. [16, 87]
Improve cardiovascular health, decrease blood
pressure, enhance serum lipid level, lower
indicator of inflamation

Protein Glycosylated protein may escape small intestine, [21]
help in haemostatis and improve gastrointestinal
microbiota.

Phenolic compounds Antioxidant protect against disease such as cancer [52, 57,
and various inflamatory 30, 25]

Isoflavin Anti-cancer activity, DNA repair, induction of [6]
apoptosis, cell proliferation migration and invasion

Lectin Cytotoxic or tumor inhibition

Saponin Bind cholesterol and bile acid which may have [52]
hypocholesterolaemic effects

Oligosaccharide Normalising bowel function, increasing [77]

(a-galactosidase) Lactobacilli and Bifidobacteria

Polyphenol Antioxidant and reduce incidence of chronic [25, 77]
diseases

2.5 Phytochemicals and Antioxidants

Antioxidants are bioactive molecules having inhibitory function that reduced the damage
caused by free radicals reactive species [30, 11, 86]. Many bioactive compounds
combined together like phenolics, antioxidants and other phytochemicals which are non-
nutritive elements present in pea by-products, whereas tannin found to be the essential
natural antioxidants (Table 1.2). The metabolism of green pea hull phenolics, their
absorption and in vivo antioxidant activities were also studied [33]. Concentration of
phenolics present in seed coat of pea depends on the variety of seeds [25]. Numerous
active phytochemicals determined in pea-like flavonoids along with daidzein, genistein,
asparaginase, apigenin,lectin, kaempferol and several phenolic compounds include
catechin, coumaric acids, caffeic acids,vanillic acids, ferulic, pisatin, protocatechuic,

proanthocyanidin, steroid phytohormone and tannins [6]. Pea genotypes with different
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maturity level and seed coat colour showed prominent phenolics, total flavonoids along
with high antioxidant activities [18, 107]. Presence of techno-functional properties and
phytochemical compositions in pea protein isolates could be used as value added
ingredient in formulated foods [66]. Pea residues are considered to be a potential source
of bioactive molecules that have been certified to exert a beneficial impact on human
health [90]. Exploration of pea germplasm with high polyphenol content is helpful for
pea breeding cultivars [43].

Oxidative injury can be inhibited by the antioxidative substances which have an active
quenching effect against free radicals or damages (Table 1.3) caused by them [85, 35].
Antioxidant properties were determined from tannin crude extract from the seed coat of
pea by phosphatidylcholine (PC) liposome system. Condensed tannins of coloured seed
coat of pea were found to be 1560mg of catechin equivalent/100g [85]. Pro-
anthocyanidines, condensed tannins present in seed coats (hulls) are also found in the
legume seeds. There was a marked difference in the sum of free phenolic acids extracted
from soluble esters and glycosides of coloured seed coat and the white seed coat that was
78.53g/g and 17.17g/g dry matter, respectively. The hydroxycinnamic acids, coumaric
and ferulic were present in white seed coat and phenolic acids like vanillic, benzoic

acids, protocatechuic, and gentisic were found in coloured seed coat [96].

The seed coat of peas has high concentration of glycosides, in particular luteolin,
quercetin and apigenin and its cotyledon possesses hydroxycinnamic and
hydroxybenzoic which have flavonol and flavone glycosides. Cotyledon also has
conjugated compounds of malic acids which was p-hydroxybenzoyl-malic acid and trans
p-coumaroyl-malic acid whereas seed coat has stilbene trans-resveratrol-3-glucoside
compound only. Scientists investigated the bioactive compounds in different varieties of
legume that grown in the cool season including pea using advance methods like UAE
[69, 22, 105]. Phenols acts as a proficient agents that aid in chelating metal catalysts,
eliminating free radicals, start-up antioxidant enzymes and impeding oxidases [39]. TPC
(Total polyphenol content) concentration also differs in the colour of pea e.g, yellow pea
had 0.85mg to 1.14mg whereas green pea had 0.65mg to 0.99mg of TPC. Flavonoids are
known to be the secondary metabolites of plants, thus TFC (Total flavonoid content) in
yellow pea and green pea were 0.09mg to 0.17mg and 0.05 mg to 0.15 mg, respectively
(Table 1.4). Simple phenolic condensed to form tannins that show variation in molecular

configuration and those phenolic split into hydrolysable and condensed pro-
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anthocyanidins (polymers of flavan-3-ols). Condensed tannin content (CTC) was almost
similar in yellow pea and green pea that was 0.22mg to 0.59mg and 0.23mg to 0.61mg,
respectively (Table 1.4). Diphenylpicryhydrazyl (DPPH) free radical scavenging is a
trusted method for screening antioxidant which is important to prevent the detrimental

effect of free radicals involved in different types of diseases, including cancer.

FRAP (Ferric reducing antioxidant power) analysis is used to find out the antioxidant
property that prohibits the cell damage caused by the free radicals [105]. In recent
advances through diet, due to increase in phytochemical, there is scope of enhancement
of functional or designer food which would help in prevention of numerous diseases [9].
Green pea pod polysaccharide (GPPP) was extracted through an ultrasound extraction
technique that showed an appreciable amount of scavenging activity (91.03%) by the
free radicals obtained from DPPH assay [42]. It has a reducing power of 63% and also
contains ferric reducing antioxidant power of 0.34 mmol/L which is obtained from a total
amount of 0.9mg/mL. Different processing condition may reduce the level of antioxidant
such as trypsin inhibitors, phytic acid and saponins thus improve the bioavailability of

nutrients in pea [27].

Table 1.4 Phytochemicals and antioxidants content of pea and pea peel

Phytochemical and antioxidant Pea Pea peel References
TPC (mg GAE/g extract) 1.53 32+1 [57,25, 33]
TFC (mg QE/g extract) 0.08 22 +1

CT (ug CE/g extract) 0.26 48 £1

DPPH (IC50 pg/mL) 0.91 1430 + 10

ABTS (IC50 pg/mL) - 1700 + 20

FRAP ( uM TE/mg extract) 1.06 755
Phosphomolybdenium (ugAsA E/g - 45+ 4

extract)

Anti-AChE (%) - 32+1

Inhibition of protein denaturation (%) - 88+ 3

2.6 Invitro Digestibility

The amount of enzyme digestibility differed significantly among species which sub-
divided in rapid digestible starch (RDS), slow digestible starch (SDS), and the third
component resistant starch (RS) [15]. The in vitro digestibility of protein in raw pea is

reported in some literature where, because of protease inhibitor, the digestibility reduced
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whereas it was higher in soybean and several other pulses [49, 91, 80, 16]. The rate of
hydrolysis between the native starches in pea was found to be 90% in 3 h which showed
a significant affinity of the digestibility of starches in the short period [13]. The starch
that present in the native form may not be able to provide a functional attribute. The
experimental evidence based on enzyme hydrolysis of pea showed that amount of RDS,
SDS and RS were found to be 27.0%, 62.9%, 10.0%, respectively, where, in case of
gelatinized starch, the RDS, SDS and RS were 94.2%, 0.6%, 5.2%, respectively [14].
The value of RDS changed in gelatinized starch which was much higher than the

previous value.
2.7 Anti-nutritional factor

Anti-nutritional compounds (ANCs) are those molecules that disrupt the digestion
process. ANCs are generally non-fibrous natural substances causing negative effects on
health in humans as well as in animals which affect growth along with the metabolic
activity.

ANCs further systematized into two categories viz., protein associated ANCs and non-
protein associated ANCs. Non-protein ANCs include alkaloid, phytic acid, phenolic
compounds whereas the protein associated ANCs have lectins, chymotrypsin inhibitor,
trypsin inhibitors, anti-fungal peptide and ribosome-inactivating proteins. The correct
proportion of anti-nutrients to nutrients can break down the negative impacts on
digestibility and perform a key role in cellular operation including antioxidant and anti-
inflammatory activities [59]. Mild hydrothermal treatment has significant reduction in
the level of a-galactosides, trypin inhibitors and phytic acid and enhances the digestion

of pea protein utilization [98].

Recent evidences have shown that there are some health benefits from protein anti-
nutritional compounds present in the pea seeds like lectins and protease inhibitors which
have the positive impact on immune deficiency by providing vitamins and minerals. The
non-anti-nutritional compounds like angiotensin I-converting enzyme (ACE) inhibitor
relaxes the veins and arteries to treat blood pressure. Lectins own the ability to bring
down the effect of certain types of cancers by improving innate defence mechanisms and
obesity. Trypsin and chymotrypsin which are protease inhibitors also showed the best
result in preventing some cancers along with formidable anti-inflammatory properties.

ACE inhibitor may also help in the reduction in hypertension [80].
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3. Health benefits
3.1 Glycemic response, blood glucose and insulin resistance

The glycemic index (Gl) is a comparative ranking arrangement that provides a relative
analysis of carbohydrate levels in food models by measuring blood glucose levels.
Carbohydrates having lower Gl values (55 or less) are slow in digestion and absorption.
The slow metabolism thus leads to lower hike in the absorption of blood glucose level;
consequently decreasing insulin resistance. Pea is established on a lower rank on the
glycemic index table having a Gl value of 22. There is a scientific relation between blood
sugar, insulin and glycemic index. The two key enzymes which are involved in
breakdown of starch and intestinal glucose absorption are a-amylase and a-glucosidase,
whose inhibition process have been recorded to slow down the transit period of
carbohydrates that flows into the bloodstream [9]. The fiber and protein constituents of
pea help in the process of slow digestion which, reversibly helps to smooth out the blood
sugar level after eating. Excessive sugar intake is the reason to promote various diseases
like obesity, diabetes and other heart relating diseases, and now the current research has
evinced to unhealthy cholesterol and triglyceride level. The soluble fiber in food lowers
the LDL cholesterol which is also known as bad cholesterol and keeps the blood glucose
level steady (Table 1.1). Reduction in triglyceride level in blood plasma and in liver after
ingestion of pea fiber supplementation is reported. Starches in the pea with low GI might
be treated as an advantageous tool for well-being and distinctly for the elimination of
diseases associated with the resistance of insulin [32]. It is also been reported that pea
polysaccharides is potential in ameliorating diabetes-induced injury to pancreatic tissues
[106].

3.2 Intestinal microflora and its fermentability

The microfloras that are present in the gut play an indispensable character in the process
of food digestion, enhancing immunity, and other metabolic activities (Table 1.5).
Dietary fiber is contemplated as one of the leading sources for energy utilization by
microbes aggregating in the generation of different fermented outcomes; where short-
chain fatty acids are treated as principal metabolite having neuroactive properties [52].
Apart from dietary fiber pea protein modulates both metabolic as well as the adhesive
potential of intestinal bacteria to the cell lining and exert a health promoting effects on

the local environments [30]. Gut luminal environment undoubtedly impacts the starch
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structure by modulating its morphology which later on slows down the glucose
availability that eventually lower the post prandial glucose (PPG) level [68].

Uncontrolled immune response of intestinal microbiome leads to prevalence of chronic
intestinal inflammation which is termed as inflammatory bowel disease (IBD). The
severe inflammatory area includes both the intestine and gives rise to serious chronic
diseases: ulcerative colitis and Crohn’s disease [46]. The dietary fibers restore balance in

the gut microbiota and influence the homeostasis directly in it.

Along with the pea seed, pea hull fiber has also been associated with modulation of gut
microbiota, especially bifidobacteria [16]. Low-phytate biofortified pea varieties have
positive effects on bioavailability of dietary iron, intestinal gut microbiome and improves
brush border membrane (BBM) functionality [104]. Bifidobacteria shows beneficial
health benefits in the gut by preventing enteric infections, and suppression of pathogenic
bacteria which enhances the immune system of the host [73]. The non-digestible
oligosaccharides, particularly fructo-oligosaccharide, activate the extension of
bifidobacteria, which later on alter the composition of the colonic microbiota notably
(Table 1.1). Although the prebiotic effect have been demonstrated widely in the field of
oligofructose, fructo-oligosaccharides including inulin [32]. Pea fiber affected the gut
microbiota along with a high protein diet. There are also some results shown by some

group of scientists regarding the fermentability and digestibility of the pea hull fiber.

Table 1.5 Functional properties of pea peel

Functional properties Constituents References
Bulk density (g/mL) 0.8 £0.04

Least gelation concentration (%) 12+0.6 [4, 37]
Oil retention capacity (ORC) (g/g) 1.14 + 0.06

Water retention capacity (WRC) (g/g) 3.69+£0.18

Swelling capacity (SC) (mL/g) 5+0.25

Foaming capacity (FC) (%) 23 +1.15

Emulsifying activity index (EAI) (m?/g) 14.45 £ 0.72

Emulsion stability index (ESI) (min) 52.38 + 2.62
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3.3 Cardiovascular health

Recently cardiovascular disease (CVD) is a prominent cause for increasing rates of death
in the developing countries. Hypertension is directly linked with expansion of
cardiovascular disease by enhancing blood pressure level [30]. Higher risk with 72%
coronary heart disease (CHD) has been reported due to overweight and found prominent
in obese women. Hypercholesterolemia is a major risk factor for CHD which is
preventable through lifestyle measures [2]. Higher consumption of dietary fiber is
associated with fewer cardiovascular diseases [88]. Experimental data demonstrated that
higher intake of dietary fiber may lead to slowing down the process of low-density
lipoprotein cholesterol (LDL-C) absorption as well as in fasting glucose concentration
and decline possibilities of CHD (Table 1.1). Particularly, the water-soluble varieties of
dietary fiber have highlighted in reducing the probability of cardiovascular disease [3].
The average dietary fiber intake was found to be around 29g per day. Person who
consumed DF less than 29 g per day was found to have 38% of inflated risks for
hypercholesterolemia and 43%increase in LDL cholesterol as compared to those
consume more than the average DF intake [63]. Green peas are naturally packed with
flavonols, carotenoids, vitamin C and antioxidants which lessen the chances of heart
stroke by modifying cardiometabolic risks and various diseases related to heart because

of their ability to protect the cells from damage [ 67, 103, 65].

3.4 a-Galactosidic / a-Galacto-oligosaccharides effects

a-Galactosides are important constituents obtained from sucrose having several units (1-
3) of galactose conjugated by a-1,6 bonds. They have the properties of high solubility
and rapid fermentation that were observed in colonic microflora (Table 1.1). They are
considered as the ultimate source for energy required by plants but not utilised properly
during the time of germination. Various types of gases (e.g. CO2, Hz, CH4) are released
due to high fermentability that is responsible for digestive discomfort and flatulence
caused by indigestible oligosaccharides. This non-digestible oligosaccharide which is
soluble carbohydrates having low molecular weight is identified as prebiotic agents [87].
The oligosaccharides belong to the raffinose family creating interest in pulse research
where raffinose, stachyose, and verbascose are treated as a broad base for
experimentations. They are fermented in colonic flora that stimulates bifidobacteria

which carries several beneficial health benefits having potential preservative effect
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shows against colorectal cancer and infectious bowel diseases. Result showed improved
carbohydrate and lipid metabolism as oligofructosaccharide cause suppression of hepatic
triacylglycerol. The biosynthesis of these o-galacto-oligosaccharides are reported in
some literature [32, 99].

3.5 Anti-acetylcholinesterase (anti-AChE) and antioxidant properties

The in vitro and in vivo studies have revealed that 32% of anti-acetylcholinesterase (anti-
AChE) was found in peapod. Some antioxidants and protein denaturing properties were
performed by in vitro whereas antidiabetic, cytoprotective and antihyperlipidemic
properties were done by in vivo. The pea peel are rich in nutrients as it contains 24.34%
carbohydrates, 13.37% crude protein, 51% fiber, 4.5% lipids and 4.5% ash (Table 1.1).
The imbalance of free radicals is defined as oxidative stress that is closely associated
with hyperlipidemia [48]. The profile of fatty acid (FA) of pea has mainly linoleic,
linolenic and palmitic acids component which showed a promising anti-hyperlipidemic
effect in reducing the risk of diabetes including the oxidative stress level and preventing
organ damageviz., liver, kidney and testis [57, 30] (Table 1.1). These are essential fatty

acids for human consumption that should be recommended in the diets.

3.6 Cancer prevention

The inclination of population towards the western diet which includes high fat, animal
protein and refined carbohydrate effectively lowers their immune system and is prone to
carcinogenic effects. Although diet is not considered to be carcinogenic agent, it may
provoke the cancer causing elements [102]. The extracts of pea have proven to be
pharmacologically active along with its anticancer activity [6, 81, 61]. Peas are usually a
rich source of biologically active compound, which may have impactful effects that bring
down the tumor risk when consumed at certain levels [55]. Generally, the yellow peas
are excellent source for having isoflavones: genistein (dimerized) and daidzein (deoxydi-
glycosidic), that belongs to phytoestrogens which possess several important functions,
including anti-carcinogenic effects. Genistein evinced the anti-proliferative out-turns on
cell growth stimulated by mitogen of breast cancer cells in humans. This is a potential
agent to be demonstrated in the field of reduction of breast cancer [56]. Besides there are
several pieces of evidences which evinced that pulses which are rich in dietary fiber
seem to contribute to lessening the effects of certain type of cancer especially colorectal

and rectal cancer (Table 1.1). Other bioactive compounds found in pulses may have a
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defensive role against cancer, those are resistant starch, non-starch polysaccharides,
oligosaccharides, folate, selenium, zinc, saponins, lectins [56]. The presence of several
bioactive micronutrients and phytochemicals in pea makes it a contributor towards a
healthy diet and lessen the risk of cancer.

3.7 Weight management

Pulse consumption significantly reduced body weight under negative energy balance as
well as neutral energy balance conditions [100, 61]. Fibers are known for their low
caloric constituents which not only have nutritional attributes but also numerous
functional benefits during digestion and assimilation inside the human body (Table 1.1).
Pea fiber binds about 3 times water, however shows lower viscosity compared to wheat
and potato fibers. Higher ingestion of fiber is been associated to lower the body weight
[88]. Pea protein hydrolysates showed beneficial effects on obesity associated disorders.
The pea ingredients are collectively responsible for body weight management having
irrespective functions [82].

Furthermore, long term consumption of pea and its by-products are not adequately
addressed and the nutritional values of peas and its peel has not been explored by genetic
variation much to its full extent as some genetic traits are still unknown. In future,
supplementation and incorporation of pea seeds and its pod could fulfill the emerging
popularity of vegan, or flexitarian diet [78, 74]. Also it can enhance the infant food by
supplementing with fiber rich prebiotic oligosaccharide properties as well as improve the

efficacy and safety of crop biofortification and mineral bioavailability approach.
4. Modification of dietary fiber

There are various techniques used in order to modify the DF constituents such as
chemical (alkali and acid method), physical (such as ultrahigh pressure, extrusion
technology and ultrafine pulverization) and using biotechnology (mostly enzymatic
method) that break the glycosidic bonds of IDF by lowering the degree of
polymerization. The modification leads to the breakdown of pectic polysaccharide or the
degradation of partial cellulose and hemicellulose into simple saccharide structure. Ash
and pectine content also greatly reduced by the modification. The IDF microstructure
linked together with bloc and platy shape where it possesses a dense structure having no

pores. The modification removed the protein around the DF showing a spongy structure
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having more porous structure exposed to hydroxyl groups. Biological and physical
methods are highly recommended to modify DF where the enzymolysis modification can
enhance the extraction yield and considered to an effective method for reducing the
particle size because of their high efficiency, high specificity [106, 107]. In the colonic
fermentation, the role of DF is significantly correlated with the digestive health.
Research on prebiotic DF has evidenced that it modifies the specific gastrointestinal taxa
by modulating the colonic bacteria (Bifidobacterium) [110]. So collectively prebiotic is
the fermented ingredient conferring health benefits by altering the colonic micro-flora.
As a result the intestinal transit improved by increase faecal bulk. Prebiotic stimulates no
carcinogenic or genetic material but the decrease in pH and increase in SCFA (short
chain fatty acids) production indicate the fiber fermentation which suggests a potential
prebiotic effect. Modification of IDF showed smaller particle size, specific large surface
area as well as the roughness on fiber that contribute to structural changes of dietary fiber
to simple matrix enhances the fermentability that convey prebiotic effects on appropriate
general health, as well as in technical aspects such as growth properties and industrial

processing in functional food formulations.

5. CONCLUSION

The pea which is virtually grown worldwide for its edible seeds is nutritionally very rich
and in addition it is ladened with high dietary fiber, antioxidants, numerous important
biomolecules and having low glycemic index and is extremely useful in curing diabetes,
cardio problems, certain cancers and many degenerative diseases. The current review
provides the nutritional information of peas and its underexploited by-products
particularly its peel and focussing primarily on their impact on health and various
functional properties. The desirable functionality of pea and its waste make them
potentially suitable for food industry. Incorporation of dietary fiber in food model may
change and improve the consistency, rheological behaviour, texture, and sensory
properties of foods as well as the health directly. Yogurt is contemplated as symbiotic
functional food because of its prebiotics and probiotics properties that provides
therapeutic, nutritional implications to human health. The effect of different
modifications in physicochemical, functional, and structural properties of pea peel
dietary fiber has not been explored and also, limited studies have been carried out on the

digestibility of pea peel insoluble dietary fiber and about its prebiotic potential.
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Moreover, there is scanty of research on lactose free yogurt with modified pea peel

insoluble dietary fiber. So the use of DF as functional food with low cost, rich in

bioactive compounds and promising therapeutic effects without compromising its quality

parameters enrich with prebiotic compounds can be obtained.

In the light of the above background and its importance, the following objectives have

been undertaken in the proposed research work:

Objectives

To study the effect of various extraction methods on dietary fiber from pea peel

and its process optimization

Study and optimization of conventional, ultrasound and ultrasound assisted

alkaline extraction

. Separation of insoluble dietary fiber (IDF) and soluble dietary fiber (SDF) and

study of physicochemical, functional, morphology and rheological properties of
extracted IDF.

Modification of extracted insoluble dietary fiber and evaluation of its prebiotic
potential and gastrointestinal effect
Modification of extracted optimized insoluble dietary fiber using enzymatic and

extrusion based method

. Study of in vitro gastrointestinal effect and prebiotic potential of extracted

insoluble dietary fiber

Combination of extracted insoluble dietary fiber with yogurt for development of
functional food

Effects of the level of dietary fiber on microbiota in yogurt

Development of yogurt with varying dietary fiber during storage and its

rheological properties

20



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Amarakoon, D., McPhee, K., & Thavarajah, P. Iron-, zinc-, and magnesium-rich
field peas (Pisum sativum L.) with naturally low phytic acid: A potential food-
based solution to global micronutrient malnutrition. Journal of Food
Composition and Analysis, 27(1), 8-13, 2012.

Anderson, J. W., & Major, A. W. Pulses and lipaemia, short-and long-term
effect: potential in the prevention of cardiovascular disease. British Journal of
Nutrition, 88(S3), 263-271, 2002

Bazzano, L. A. Effects of soluble dietary fiber on low-density lipoprotein
cholesterol and coronary heart disease risk. Current Atherosclerosis
Reports, 10(6), 473-477, 2008.

Belghith-Fendri, L., Chaari, F., Kallel, F., Zouari-Ellouzi, S., Ghorbel, R.,
Besbes, S., & Ghribi-Aydi, D. Pea and broad bean peel as a natural source of
dietary fiber: the impact on texture and sensory properties of cake. Journal of
Food Science, 81(10), C2360-C2366, 2016.

Belghith-Fendri, L., Chaari, F., Jeddou, K. B., Kallel, F., Bouaziz, F., Helbert,
C. B., & Ghribi-Aydi, D. Identification of polysaccharides extracted from pea
pod by-products and evaluation of their biological and functional
properties. International Journal of Biological Macromolecules, 116, 947-954,
2018.

Bello, O. A., Ayanda, O. I., Aworunse, O. S., Olukanmi, B. I., Soladoye, M. O.,
Esan, E. B., & Obembe, O. O. Solaneciobiafrae: An underutilized
nutraceutically-important ~ African indigenous vegetable. Pharmacognosy
Reviews, 12(23), 128-132, 2018.

Borderias, A. J., Tovar, C. A., Dominguez-Timon, F., Diaz, M. T., Pedrosa, M.
M., & Moreno, H. M. Characterization of healthier mixed surimi gels obtained
through partial substitution of myofibrillar proteins by pea protein isolates. Food
Hydrocolloids, 105976, 2020.

Boschin, G., &Arnoldi, A. Legumes are valuable sources of tocopherols. Food

21



9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Chemistry, 127(3), 1199-1203, 2011.

Burguieres, E., Mccue, P., Kwon, Y. |., &Shetty, K. Health-related functionality
of phenolic-enriched pea sprouts in relation to diabetes and hypertension

management. Journal of Food Biochemistry, 32(1), 3-14, 2008.

Bush, R. S, Jenkin, R. D., Allt, W. E., Beale, F. A., Bean, H., Dembo, A. J., &
Pringle, J. F. Definitive evidence for hypoxic cells influencing cure in cancer
therapy. The British Journal of Cancer Supplement, 3, 302, 1978.

Chahbani, A., Fakhfakh, N., Balti, M. A., Mabrouk, M., El-Hatmi, H., Zouari,
N., & Kechaou, N. Microwave drying effects on drying kinetics, bioactive
compounds and antioxidant activity of green peas (Pisum sativum L.). Food
Bioscience, 25, 32-38, 2018.

Champ, M. M. J. Non-nutrient bioactive substances of pulses. British Journal of
Nutrition, 88(S3), 307-319, 2002.

Chung, H. J, Liu, Q., & Hoover, R. Impact of annealing and heat-moisture
treatment on rapidly digestible, slowly digestible and resistant starch levels in
native and gelatinized corn, pea and lentil starches. Carbohydrate
Polymers, 75(3), 436-447, 2009.

Chung, H. J., Liu, Q., & Hoover, R. Effect of single and dual hydrothermal
treatments on the crystalline structure, thermal properties, and nutritional
fractions of pea, lentil, and navy bean starches. Food Research
International, 43(2), 501-508, 2010.

Chung, H. J., Liu, Q., Hoover, R., Warkentin, T. D., & Vandenberg, B. In vitro
starch digestibility, expected glycemic index, and thermal and pasting properties
of flours from pea, lentil and chickpea cultivars. Food Chemistry, 111(2), 316-
321, 2008.

Dahl, W. J., Foster, L. M., & Tyler, R. T. Review of the health benefits of peas
(Pisum sativum L.). British Journal of Nutrition, 108(S1), S3-S10, 2012.

Dalgetty, D. D., & Baik, B. K. Isolation and characterization of cotyledon fibers

22



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

from peas, lentils, and chickpeas. Cereal Chemistry, 80(3), 310-315, 2003.

Devi, J.,, Sanwal, S. K., Koley, T. K., Mishra, G. P., Karmakar, P., Singh, P. M.,
& Singh, B. Variations in the total phenolics and antioxidant activities among
garden pea (Pisum sativum L.) genotypes differing for maturity duration, seed
and flower traits and their association with the vyield. Scientia
Horticulturae, 244, 141-150, 2019.

Dhaliwal, M. S. Legume Vegetables. Handbook of Vegetable Crops, 228-278,
2017.

Dhingra, D., Michael, M., Rajput, H., & Patil, R. T. Dietary fiber in foods: a
review. Journal of Food Science and Technology, 49(3), 255-266, 2012.

Dominika, S., Arjan, N., Karyn, R. P., & Henryk, K. The study on the impact of
glycated pea proteins on human intestinal bacteria. International Journal of Food
Microbiology, 145(1), 267-272, 2011.

Duenas, M., Estrella, 1., & Hernandez, T. Occurrence of phenolic compounds in
the seed coat and the cotyledon of peas (Pisum sativum L.). European Food
Research and Technology, 219(2), 116-123, 2004.

El Youssef, C., Bonnarme, P., Fraud, S., Péron, A. C., Helinck, S., & Landaud,
S. Sensory Improvement of a Pea Protein-Based Product Using Microbial Co-
Cultures of Lactic Acid Bacteria and Yeasts. Foods, 9(3), 349, 2020.

Englyst, H. N., Quigley, M. E., Hudson, G. J, & Cummings, J. H.
Determination of dietary fiber as non-starch polysaccharides by gas-liquid
chromatography. Analyst, 117(11), 1707-1714, 1992.

Fahim, J. R., Attia, E. Z., &Kamel, M. S. The phenolic profile of pea (Pisum
sativum): A phytochemical and pharmacological overview. Phytochemistry
Reviews, 18(1), 173-198, 2019.

FAOSTAT. http://www.fao.org/faostat/en/#data/QC, 2019.

Ganzon-Naret, E. S. Evaluation of different processing methods on the

nutritional composition and certain anti-nutritional factors in peas Pisum

23


http://www.fao.org/faostat/en/%23data/QC

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

sativum. Animal Biology and Animal Husbandry Bioflux, 10(1), 18-26, 2018.

Garg, M. Nutritional evaluation and utilization of pea pod powder for
preparation of jaggery biscuits. Journal of Food Processing and
Technology, 6(12), 10-13, 2015.

Gawalko, E., Garrett, R. G., Warkentin, T., Wang, N., & Richter, A. Trace
elements in Canadian field peas: a grain safety assurance perspective. Food
Additives and Contaminants, 26(7), 1002-1012, 2009.

Ge, J,, Sun, C. X,, Corke, H., Gul, K., Gan, R. Y., & Fang, Y. The health
benefits, functional properties, modifications, and applications of pea (Pisum
sativum L.) protein: Current status, challenges, and
perspectives. Comprehensive Reviews in Food Science and Food Safety, 19(4),
1835-1876, 2020.

Goswami, K., & Shukla, P. Evaluation of improved varieties of field pea (Pisum
sativum) for nutritional and functional quality. International Journal of Chemical
Studies, 7(5), 2260-2266, 2019.

Guillon, F., & Champ, M. J. Carbohydrate fractions of legumes: uses in human
nutrition and potential for health. British Journal of Nutrition, 88(S3), 293-306,
2002.

Guo, F., Xiong, H., Wang, X., Jiang, L., Yu, N., Hu, Z., & Tsao, R. Phenolics of
Green Pea (Pisum sativum L.) Hulls, Their Plasma and Urinary Metabolites,
Bioavailability, and in Vivo Antioxidant Activities in a Rat Model. Journal of
Agricultural and Food Chemistry, 67(43), 11955-11968, 2019.

Hall, C., Hillen, C., & Garden Robinson, J. Composition, nutritional value, and
health benefits of pulses. Cereal Chemistry, 94(1), 11-31, 2017.

Halliwell, B., & Gutteridge, J. M. Lipid peroxidation in brain homogenates: the
role of iron and hydroxyl radicals. Journal of Neurochemistry, 69(3), 1330-
1330, 1997.

Han, J. Y., & Tyler, R. T. Determination of folate concentrations in pulses by a

24



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

microbiological method employing trienzyme extraction. Journal of Agricultural
and Food Chemistry, 51(18), 5315-5318, 2003.

Hanan, E., Rudra, S. G., Sagar, V. R., & Sharma, V. Utilization of pea pod
powder for formulation of instant pea soup powder. Journal of Food Processing
and Preservation, 14888, 2020.

He, X., Chen, J., He, X., Feng, Z., Li, C., Liu, W.,& Liu, C. Industry-scale
microfluidization as a potential technique to improve solubility and modify
structure of pea protein. Innovative Food Science & Emerging
Technologies, 67, 102582, 2020.

Heim, K. E., Tagliaferro, A. R., & Bobilya, D. J. Flavonoid antioxidants:
chemistry, metabolism and structure-activity relationships. The Journal of
Nutritional Biochemistry, 13(10), 572-584, 2002.

Hood-Niefer, S. D., Warkentin, T. D., Chibbar, R. N., Vandenberg, A., & Tyler,
R. T. Effect of genotype and environment on the concentrations of starch and
protein in, and the physicochemical properties of starch from, field pea and
fababean. Journal of the Science of Food and Agriculture, 92(1), 141-150, 2012.

Hu, H., & Zhao, Q. Optimization extraction and functional properties of soluble
dietary fiber from pineapple pomace obtained by shear homogenization-assisted
extraction. Royal Society of Chemistry Advances, 8(72), 41117-41130, 2018.

JaliliSafaryan, M., Ganjloo, A., Bimakr, M., & Zarringhalami, S. Optimization
of ultrasound-assisted extraction, preliminary characterization and in vitro
antioxidant activity of polysaccharides from green pea peel. Foods, 5(4), 78,
2016.

Jha, A. B., Purves, R. W., Elessawy, F. M., Zhang, H., Vandenberg, A., &
Warkentin, T. D. Polyphenolic profile of seed components of white and purple
flower pea lines. Crop Science, 59(6), 2711-2719, 2019.

Jha, A. B., & Warkentin, T. D. Biofortification of pulse crops: Status and future
perspectives. Plants, 9(1), 73, 2020.

25



[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Kaiser, A. C., Barber, N., Manthey, F., & Hall Ill, C. Physicochemical
properties of hammer-milled yellow split pea (Pisum Sativum L.). Cereal
Chemistry, 96(2), 313-323, 2019.

Khan, S., Karmokar, A., Howells, L., Thomas, A. L., Bayliss, R., Gescher, A.,
& Brown, K. Targeting cancer stem-like cells using dietary-derived agents—
Where are we now? Molecular Nutrition & Food Research, 60(6), 1295-1309,
2016.

Kour, J., Nayik, G. A, ul Hag, R., Anand, N., Alam, M. S., Ramaiyan, B., &
Banerjee, S. Pea. In Antioxidants in Vegetables and Nuts-Properties and Health

Benefits (pp. 3-17). Springer, Singapore, 2020.

Liu, D., Guan, X., Huang, K., Li, S., Liu, J., Yu, W., & Duan, R. Protective
effects of mung bean (Vigna radiata L.) and pea (Pisum sativum L.) against
high-fat-induced oxidative stress. Food Science and Nutrition, 7(12), 4063-
4075, 2019.

Ma, Z., Boye, J. I., & Hu, X. In vitro digestibility, protein composition and
techno-functional properties of Saskatchewan grown yellow field peas (Pisum
sativum L.) as affected by processing. Food Research International, 92, 64-78,
2017.

Ma, Z., Boye, J. I., & Hu, X. Nutritional quality and techno-functional changes
in raw, germinated and fermented yellow field pea (Pisum sativum L.) upon
pasteurization. LWT-Food Science and Technology, 92, 147-154, 2018.

Maphosa, Y., & Jideani, V. A. Dietary fiber extraction for human nutrition-A
review. Food Reviews International, 32(1), 98-115, 2016.

Martens, L. G., Nilsen, M. M., & Provan, F. Pea hull fiber: Novel and
sustainable fiber with important health and functional properties. EC
Nutrition, 10, 139-148, 2017.

Mateos-Aparicio, I., Redondo-Cuenca, A., & Villanueva-Suarez, M. J. Broad
bean and pea by-products as sources of fiber-rich ingredients: potential

antioxidant activity measured in vitro. Journal of the Science of Food and

26



[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Agriculture, 92(3), 697-703, 2012.

Mateos-Aparicio, |., Redondo-Cuenca, A., Villanueva-Suérez, M. J., Zapata-
Revilla, M. A., & Tenorio-Sanz, M. D. Pea pod, broad bean pod and okara,
potential sources of functional compounds. LWT-Food Science and
Technology, 43(9), 1467-1470, 2010.

Mathers, J. C. Pulses and carcinogenesis: potential for the prevention of colon,
breast and other cancers. British Journal of Nutrition, 88(S3), 273-279, 2002.

Matscheski, A., Richter, D. U., Hartmann, A. M., Effmert, U., Jeschke, U.,
Kupka, M. S., & Piechulla, B. Effects of phytoestrogen extracts isolated from
rye, green and yellow pea seeds on hormone production and proliferation of
trophoblast tumor cells Jeg3. Hormone Research in Paediatrics, 65(6), 276-288,
20086.

Mejri, F., Khoud, H. B., Njim, L., Baati, T., Selmi, S., Martins, A., & Hosni, K.
In vitro and in vivo biological properties of pea peel (Pisum sativum L.). Food
Bioscience, 32, 100482, 2019.

Melchior, S., Calligaris, S., Bisson, G., & Manzocco, L. Understanding the
impact of moderate-intensity pulsed electric fields (MIPEF) on structural and
functional characteristics of pea, rice and gluten concentrates. Food and
Bioprocess Technology, 13(12), 2145-2155, 2020.

Millar, K. A., Gallagher, E., Burke, R., McCarthy, S., & Barry-Ryan, C.
Proximate composition and anti-nutritional factors of fava-bean (Vicia faba),
green-pea and yellow-pea (Pisum sativum) flour. Journal of Food Composition
and Analysis, 82, 103233, 20109.

Mondor, M. Pea. In Pulses, Springer, Cham, 245-273, 2020.

Mudryj, A. N., Yu, N., & Aukema, H. M. Nutritional and health benefits of
pulses. Applied Physiology, Nutrition, and Metabolism, 39(11), 1197-1204,
(2014).

Muneer, F., Johansson, E., Hedengvist, M. S., Plivelic, T. S., Markedal, K. E.,

27



[63]

[64]

[65]

[66]

[67]

[68]

[69]

Petersen, I. L., & Kuktaite, R. The impact of newly produced protein and
dietary fiber rich fractions of yellow pea (Pisum sativum L.) on the structure and
mechanical properties of pasta-like sheets. Food Research International, 106,
607-618, 2018.

Narayan, S., Lakshmipriya, N., Vaidya, R., Bai, M. R., Sudha, V.,
Krishnaswamy, K., & Mohan, V. Association of dietary fiber intake with serum
total cholesterol and low-density lipoprotein cholesterol levels in Urban Asian-
Indian adults with type 2 diabetes. Indian Journal of Endocrinology and
Metabolism, 18(5), 624, 2014.

Owusu-Ansah, Y. J., & McCurdy, S. M. Pea proteins: a review of chemistry,
technology of production, and utilization. Food Reviews International, 7(1),
103-134. 1991.

Papandreou, C., Becerra-Tomas, N., Bulld, M., Martinez-Gonzéalez, M. A.,
Corella, D., Estruch, R., & Serra-Majem, L. Legume consumption and risk of
all-cause, cardiovascular, and cancer mortality in the PREDIMED
study. Clinical Nutrition, 38(1), 348-356, 2019.

Pedrosa, M. M., Varela, A., Dominguez-Timon, F., Tovar, C. A., Moreno, H.
M., Borderias, A. J., & Diaz, M. T. Comparison of Bioactive Compounds
Content and Techno-Functional Properties of Pea and Bean Flours and their

Protein Isolates. Plant Foods for Human Nutrition, 1-9, 2020.

Perez-Vizcaino, F., & Duarte, J. Flavonols and cardiovascular
disease. Molecular Aspects of Medicine, 31(6), 478-494. 2010.

Petropoulou, K., Salt, L. J., Edwards, C. H., Warren, F. J., Garcia-Perez, 1.,
Chambers, E. S., & Kellingray, L. A natural mutation in Pisum sativum L.(pea)
alters starch assembly and improves glucose homeostasis in humans. Nature
Food, 1-12, 2020.

Pinchao-Pinchao, Y. A., Ordofiez-Santos, L. E., & Osorio-Mora, O. Evaluation
of the effect of different factors on the ultrasound assisted extraction of phenolic
compounds of the pea pod. DYNA, 86(210), 211-215, 2019.

28



[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Poblaciones, M. J., & Rengel, Z. Soil and foliar zinc biofortification in field pea
(Pisum sativum L.): Grain accumulation and bioavailability in raw and cooked
grains. Food Chemistry, 212, 427-433, 2016.

Poblaciones, M. J., & Rengel, Z. Combined foliar selenium and zinc
biofortification in field pea (Pisum sativum): accumulation and bioavailability in
raw and cooked grains. Crop and Pasture Science, 68(3), 265-271, 2017.

Powers, S. E., & Thavarajah, D. Checking Agriculture’s Pulse: Field Pea
(Pisum Sativum L.), Sustainability, and Phosphorus Use Efficiency. Frontiers in
Plant Science, 10, 1489, 20109.

Priyadarshini, R., & Mishra, A. A. Microwave drying characteristics of green
peas and its quality evaluation. International Journal of Agriculture and Food
Science Technology, 4(5), 445-452, 2013.

Rasskazova, I., & Kirse-Ozolina, A. Field pea Pisum sativum L. as a perspective
ingredient for vegan foods: A review. Research for Rural Development, 35,
2020.

Rehman, H. M., Cooper, J. W., Lam, H. M., & Yang, S. H. Legume
biofortification is an underexploited strategy for combatting hidden
hunger. Plant, Cell & Environment, 42(1), 52-70, 2019.

Reichert, R. D., & MacKenzie, S. L. Composition of peas (Pisum sativum)
varying widely in protein content. Journal of Agricultural and Food
Chemistry, 30(2), 312-317, 1982.

Roberfroid, M., & Slavin, J. Nondigestible oligosaccharides. Critical Reviews in
Food Science and Nutrition., 40(6), 461-480, 2000.

Robinson, G. H. J., Balk, J., & Domoney, C. Improving pulse crops as a source
of protein, starch and micronutrients. Nutrition Bulletin, 44(3), 202-215, 2019.

Rodriguez, R., Jimenez, A., Fernandez-Bolanos, J., Guillen, R., & Heredia, A.
Dietary fiber from vegetable products as source of functional
ingredients. Trends in Food Science & Technology, 17(1), 3-15, 2006.

29



[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

Roy, F., Boye, J. ., & Simpson, B. K. Bioactive proteins and peptides in pulse
crops: Pea, chickpea and lentil. Food Research International, 43(2), 432-442,
2010.

Rungruangmaitree, R., & Jiraungkoorskul, W. Pea, Pisum sativum, and its
anticancer activity. Pharmacognosy Reviews, 11(21), 39, 2017.

Ruiz, R., Olias, R., Clemente, A., & Rubio, L. A. A Pea (Pisum sativum L.)
Seed Vicilins Hydrolysate Exhibits PPARy Ligand Activity and Modulates
Adipocyte Differentiation in a 3T3-L1 Cell Culture Model. Foods, 9(6), 793,
2020.

Santos, C. S., Carbas, B., Castanho, A., Vasconcelos, M. W., Vaz Patto, M. C.,
Domoney, C., & Brites, C. Variation in pea (Pisum sativum L.) seed quality
traits defined by physicochemical functional properties. Foods, 8(11), 570,
20109.

Senapati, A. K., Varshney, A. K., & Sharma, K. V. Dehydration of green peas:
A review. International Journal of Chemical Studies, 7(2), 1088-1091, 2019.

Sies, H. Oxidative stress: oxidants and antioxidants. Experimental Physiology:
Translation and Integration, 82(2), 291-295, 1997.

Singh, B., Singh, J. P., Shevkani, K., Singh, N., &Kaur, A. Bioactive
constituents in pulses and their health benefits. Journal of Food Science and
Technology, 54(4), 858-870, 2017.

Slavin, J. Impact of the proposed definition of dietary fiber on nutrient
databases. Journal of Food Composition and Analysis, 16(3), 287-291, 2003.

Slavin, J. Fiber and prebiotics: mechanisms and health benefits. Nutrients, 5(4),
1417-1435, 2013.

Sun, J., Zhang, Z., Xiao, F., Wei, Q., & Jing, Z. Ultrasound-assisted alkali
extraction of insoluble dietary fiber from soybean residues. In IOP Conference

Series: Materials Science and Engineering (Vol. 392), 2018.
Tassoni, A., Tedeschi, T., Zurlini, C., Cigognini, I. M., Petrusan, J. I.,

30



[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Rodriguez, O., & Signori, F. State-of-the-Art Production Chains for Peas, Beans
and Chickpeas-Valorization of Agro-Industrial Residues and Applications of
Derived Extracts. Molecules, 25(6), 1383, 2020.

Tomoskozi, S., Lasztity, R., Haraszi, R., &Baticz, O. Isolation and study of the
functional properties of pea proteins. Food/Nahrung, 45(6), 399-401, 2001.

Torcello-Gémez, A., Gedi, M. A., Ibbett, R., Husain, K. N., Briars, R., & Gray,
D. Chloroplast-rich material from the physical fractionation of pea vine (Pisum
sativum) postharvest field residue (Haulm). Food Chemistry, 272, 18-25, 2019.

Tosh, S. M., Farnworth, E. R., Brummer, Y., Duncan, A. M., Wright, A. J.,
Boye, J. I., & Benali, M. Nutritional profile and carbohydrate characterization
of spray-dried lentil, pea and chickpea ingredients. Foods, 2(3), 338-349, 2013.

Tosh, S. M., & Yada, S. Dietary fibers in pulse seeds and fractions:
Characterization, functional attributes, and applications. Food Research
International, 43(2), 450-460, 2010.

Troszynska, A., & Ciska, E. Phenolic compounds of seed coats of white and
coloured varieties of pea (Pisum sativum L.) and their total antioxidant
activity. Czech Journal of Food Sciences, 20(1), 15-22, 2002.

Troszynska, A., Estrella, 1., Lopez-Amores, M. L., & Hernandez, T. Antioxidant
activity of pea (Pisum sativum L.) seed coat acetone extract. LWT-Food Science
and Technology, 35(2), 158-164, 2002.

Tulbek, M. C., Lam, R. S. H., Asavajaru, P., & Lam, A. Pea: A sustainable
vegetable protein crop. Sustainable Protein Sources (pp. 145-164). Academic
Press, 2017.

Urbano, G., Aranda, P., Gbmez-Villalva, E., Frejnagel, S., Porres, J. M., Frias,
J., & Lopez-Jurado, M. Nutritional evaluation of pea (Pisum sativum L.) protein
diets after mild hydrothermal treatment and with and without added
phytase. Journal of Agricultural and Food Chemistry, 51(8), 2415-2420, 2003.

Veenstra, J. M., Duncan, A. M., Cryne, C. N., Deschambault, B. R., Boye, J. I.,

31



Benali, M., & Wright, A. J. Effect of pulse consumption on perceived flatulence
and gastrointestinal ~ function in  healthy males. Food Research
International, 43(2), 553-559, 2010.

[100] Venkidasamy, B., Selvaraj, D., Nile, A. S., Ramalingam, S., Kai, G., & Nile, S.
H. Indian pulses: A review on nutritional, functional and biochemical properties
with future perspectives. Trends in Food Science & Technology, 88, 228-242,
2019.

[101] Vinay, D. Nutritional evaluation of pea peel and pea peel extracted byproducts.

International Journal of Food Science and Nutrition, 65-67, 2018.

[102] Vohra, K., Dureja, H., &Garg, V. An insight of pulses: From food to cancer
treatment. Journal of Pharmacognosy and Natural Products, 1(108), 2472-0992,
2015.

[103] Voutilainen, S., Nurmi, T., Mursu, J., &Rissanen, T. H. Carotenoids and
cardiovascular health. The American Journal of Clinical Nutrition, 83(6), 1265-
1271, 2006.

[104] Warkentin, T., Kolba, N., & Tako, E. Low Phytate Peas (Pisum sativum L.)
Improve Iron Status, Gut Microbiome, and Brush Border Membrane
Functionality In Vivo (Gallus gallus). Nutrients, 12(9), 2563.

[105] Xu, B. J., Yuan, S. H., & Chang, S. K. C. Comparative analyses of phenolic
composition, antioxidant capacity, and color of cool season legumes and other
selected food legumes. Journal of Food Science, 72(2), S167-S177, 2007.

[106] Yang, Y. Y., Ma, S., Wang, X. X., and Zheng, X. L. Modification and
application of dietary fiber in foods. Journal of Chemistry, 2017.

[107] Yu, G., Bei, J., Zhao, J., Li, Q., and Cheng, C. Modification of carrot
(Daucuscarota Linn. var.SativaHoffm.) pomace insoluble dietary fiber with
complex enzyme method, ultrafine comminution, and high hydrostatic
pressure. Food Chemistry, 257, 333-340, 2018.

[108] Zhang, S. J., Hu, T. T., Chen, Y. Y., Wang, S., & Kang, Y. F. Analysis of the

32



polysaccharide fractions isolated from pea (Pisum sativum L.) at different levels
of purification. Journal of Food Biochemistry, 44(8), e13248, 2020.

[109] Zhao, T., Su, W., Qin, Y., Wang, L., & Kang, Y. Phenotypic diversity of pea
(Pisum sativum L.) varieties and the polyphenols, flavonoids, and antioxidant

activity of their seeds. Ciencia Rural, 50, 2020.

[110] Zheng, Y., Wang, Q., Huang, J., Fang, D., Zhuang, W., Luo, X., and Cao, H.
Hypoglycemic effect of dietary fibers from bamboo shoot shell: An in vitro and
in vivo study. Food and Chemical Toxicology, 127, 120-126, 2019

33



	05_chapter 1

