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Abstract

Pulses, including peas, have long been essential to the human diet due to their high carbohydrate, protein and other nutrientcontent.
Recently, there has been a lot of interest in pulse consumption's health benefits beyond nutrition. The systematic review foaises on the
established and potential health benefits of eating peas, Pisum sativum L. and specifically green and yellow cotyledon dry peas, often
known as smooth peas or field peas. Thus, the review regarding biochemical composition, nutritional aspects and health advantages of
pea will be beneficial for new researchers. The outer pod comprises around 3540 % of the pea's weight. Globally, considerable amounts
of pea residue are generated, the vast majority of which is used as animal feed. Pea pods not only offer an appropriate quality of dietary
fibre, but also supply a significant amount of proteins, carbohydrates and minerals. The pea pods contain significant amounts of
polyphenols, including phenolic acids such as 5-caffeoylquinic acid and flavanols such as catechin and epicatechin. Pea pods provide
pharmacological advantages, including antidiabetic, hepatoprotective, Reno protective, reproductive-protective, antimicrobial and a-
amylase inhibitory action. The trend towards a healthier lifestyle has raised concerns about a fibrerich diet. The review concludes that
pea pods have the potential for usage in the bakery and ready-to-eat product industries. When pea pod powder is added to food products,
it has been shown to improve nutritional value and structural integrity. Additionally, suggestions for improving pea use aregiven in order
to support the grain's growth into a useful and sustainable crop. Peas and their constituent parts can be improved further toprovide more
value and nourishing food materials. This study summarises the relevant literature and available data on the nutritional profle,
pharmacological advantages and application in functional meals. Pea pods' prospective applications outside of the food industry have
also been detailed. Despite extensive studies on the nutritional profile of garden peas, comprehensive evaluations linking specific
biochemical constituents to their health-promoting effects remain limited. Further research is needed to identify bioactive compounds
and elucidate their mechanisms for functional food and nutraceutical applications.
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Introduction found that pulses, particularly peas, can provide health
advantages in addition to meeting basic dietary requirements.
Bioactive components and nutrients in peas are directly linked to
their biological activity and health advantages (4).

The FAO defines pulses as legumes harvested only for seed, which
is consumed directly. The FAO list contains eleven basic pulses,
including peas, but excludes oilseed legumes and immature ] ) o
vegetables. In terms of production, India is the second-largest Peas are considered to be medium to low glycemic index
producer of green peas after China and ranks tenth among foods because their glycemic index ranges from 55 to 60. Garden
vegetable crops. The global yearly output of green and dry pea  P€@ (Pisum sativum L.) is a widely consumed legume known for its
seeds is roughly 14.5 Mt and 22 Mt, respectively (1-3). Peas have rich nutritional and bioactive profile. While several studies have
long been known as a low-cost, easily accessible source of protein, reported its protein, carl?ohydrate, \{itamin, m'ineral a'nd
complex carbs, vitamins and minerals. Peas are an importantfood ~ POlyphenol contents, there is a lack of integrated information
product due to their high nutrient density, which can cover the linking these biochemical constituents to specific health benefits
dietary needs of an estimated 1000 million undernourished such as antioxidant, anti-diabetic and cardio-protective effects. A
people worldwide. Only 7.9 % of adults in the US ingest the comprehensive review is therefore needed to synthesise current
required amount of dried beans or peas daily. Many studies have ~ knowledge on its bioactive compounds and health-promoting
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properties, identify research gaps and provide guidance for future
studies and the development of functional foods and
nutraceuticals. The objective of this paper is to give a complete
assessment of the proven and potential health advantages of
eating. The nutrient composition and phytochemical elements of
peas are explained in order to contextualise the putative
pathways for pea consumption's health advantages.

Biochemical components and their importance in garden
pea

Protein

Peas are a good source of protein and are employed as
functional ingredients in various food sectors. A kind of field pea
includes 14.5-28.5 % protein; most varieties fall within the range
ranging up to 24.4-27.4 % (5-8). Pea protein is described as a non
-allergic food ingredient with astonishing nutritional value which
do not require changes in its genetic composition (9). Primarily,
Pea protein is divided into four categories: globulin, albumin,
prolamin and glutelin. Globulin and albumin are the key storage
proteins, accounting for 55-65 % and 18-25 % respectively and
play a role in seed germination (Table 1). Globulin has been
divided into two types: legumin (hexameric protein, 320-400
kDa) and vicilin (trimeric protein, 150-180 kDa). Prolamin and
glutelin are found in minor quantities (Table 1), around 3-5 %
each (10). The crude protein of pea contains 10-15 % non-
protein nitrogen-containing compounds and the rest are
hormones, enzymes, enzyme inhibitors, storage proteins and a
few non-storage proteins which account for 70-80 % of crude
protein. The solubility and modification of pea protein have
been described utilising industrial-scale microfluidization, which
will encourage the food industry to employ pea protein without
introducing exogenous substances (11).

Carbohydrates

Unlike tuber starch or cereals, pea carbohydrate is uniquely
stable to high range viscosity and temperature (12). Pea
carbohydrates contain glucose, galactose and arabinose, with
stachyose and tetra saccharides being the most prevalent
polysaccharides. Polysaccharide extraction from peapods has
also been shown to contain galactose, xylose and arabinose as

Table 1. Nutritional composition of pea (44)

Nutritional components Composition (%) References
Total carbohydrate 17-22

Starch (g/100g) 20-50 (17, 28,35, 36)
Dietary fibre (g/100 g)

Total dietary fibre 14-26

Insoluble fibre 10-15 (25,37, 38, 39, 40)
Soluble fibre 2-9

Protein (%) 20.5-22.6

Globulin (%) 55-65

Albumin (%) 18-25 (6,10,12,20,41)
Prolamin (%) 4-5

Glutelin (%) 3-4

Crude Fat (%) 2-3

Ash (%) 3.2+0.004

Lipid (%) 1.75+0.001 (28,42)
Fibre (%) 2.5+0.003

Minerals (mg/100g)

Potassium 98 +0.021

Calcium 9.5+0.033 (6,28,43)
Sodium 3.5+0.001

Magnesium 5.5+0.005

Vitamins (mg/kg)

Thiamine (By) 5.3+0.8 (26)
Riboflavin (Bz) 0.7+0.1

Folate (Bs) 0.54+0.16
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monosaccharides (13). Glucose is produced from starch
polymers like amylose and amylopectin, which are chains of
glucose units linked by a-1,4 and o-1,6 bonds. Through
enzymatic hydrolysis (using amylases and glucoamylases) or
acid hydrolysis, these polymers are broken down into simpler
sugars and finally into glucose. This process is essential for
producing sweeteners, bioethanol and other industrial products.
Cellulose accounts for the majority of carbohydrates, whereas
additional pectic polysaccharide derivatives include rhamnose,
arabinose, galactose and uronic acids. Peas contain 3.73 % total
oligosaccharides in total solids (14).

Starch is classified into three types based on the
digestion and absorption of glucose into the gastrointestinal
systemnamely quickly digestible (RDS), slow digestible (SDS)
and resistant starch (RS) (15, 16). After ingestion, there is a fast
increase in blood glucose levels due to the presence of the RDS
fraction, which ranges from 9.2 % to 10.7 % and the SDS fraction,
which ranges from 23.3 % to 26.5 % and is digested completely
but slowly in the small intestine. RS portion changes phase by
fermenting in the large intestine, while 10.1 % to 14.7 % is not
digested in the small intestine (4, 16). The percentages of starch
digested in the small intestine result in a low glycemic index,
which directly influences the metabolic rate of digestion (17).
Starch is likewise made up of a linear glucan chain of amylose
and a highly branched molecular chain of amylopectin. The ratio
of the two determines digestion and postprandial glucose
response. Pea contains 38.2 % * 0.2 % apparent amylase (18),
resulting in limited digestibility and minimal glucose release,
leading to a low glycemic index.

A spontaneous mutation in pea seeds enhances starch
synthesis and glucose regulation (19). Pea contains a-
galactosides, an oligosaccharide that may be difficult to digest in
the gastrointestinal tract. The high fermentability of these
oligosaccharides produces gas, which causes stomach pain.
These non-digestible oligosaccharide dietary components have
the potential to be identified as prebiotic agents with beneficial
effects on consumer health. The amount of essential amino acids
and their biocavailability define the nutritional profile of protein
processed by the organism. Pea seeds contain threonine, cysteine,
methionine, lysine, glycine, alanine, leucine and phenylalanine
amino acids (20). The protein content of pea seeds is high in lysine,
leucine and phenylalanine, but low in sulfur-containing amino
acids such as methionine and cysteine (10, 21). Protein content is
positively correlated with total a-galactosidase, verbascose,
arginine, glutamic and carotenoid pigment levels (8). One of the
proteins found in legumes, known as lectins or
phytohemagglutinins, can agglutinate the red blood cells found
in peas (20). A recent study found that pea protein hydrolysates
can suppress nitric oxide, a metabolic by-product that can cause
severe cell damage (10). Pasta-like sheets were created utilising
protein and dietary fibre fractions from yellow pea (22). Pea
protein isolates produced mixed sumiri gels by partially
substituting myofibrillar proteins (23). Fermentation with co-
cultured LAB and yeast may ameliorate sensory deficiencies in
pea protein-based products (24).

Vitamins and minerals

Peas and their peels are high in vitamins and minerals, providing
several health benefits (25, 26). Potassium is the most prominent
mineral element, accounting for 1.04 % of the dry and dehulled
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weight of peas, followed by phosphorus, magnesium and calcium
at 0.39 %, 0.10 % and 0.08 %, respectively and is particularly high
in vitamin B (4, 6). Extractions were used to isolate various
vitamins and minerals. The E group of vitamins is made up entirely
of B and y tocopherols (27). Field or garden pea seeds included
ranges of potassium (97-99 mg/100g), calcium (9-11 mg/100g),
magnesium (5-7 mg/100g), salt (3-4 mg/100g) and trace amounts
of copper, nickel, selenium, folate and boron (6, 28). Selenium and
folate, for example, could be utilised to prevent deficiency
illnesses, making them health-promoting minerals (29).

Low phytate lines have recently been created to
minimise phytate concentrations, which aid in mineral
absorption (30). Biofortification improves the nutritional profile
of pulse crops that lack micro-nutrients, including iron, zinc, folic
acid, B-carotene, carotenoids, folates, iodine and more by
genetic engineering, agronomic intervention and plant
breeding. Thus, peas are high in iron, zinc and manganese and
have naturally low phytic groups, making them suitable for
biofortification and a potential solution to nutrient-deficiency
hunger (30, 31). Pea seeds have been reported to be used as zinc
biofortification combined with selenium, which improves
biocavailability in food products (26, 32, 33), whereas phosphorus
biofortification has been done to increase the soil microbiome in
nutrients for higher pea production to combat micronutrient
malnutrition (34).

Dietary fibres

Dietary fibres (DF) are nondigestible carbohydrates that inhibit
enzymatic digestion (hydrolysis). They are divided into soluble
dietary fibre (SDF) and insoluble dietary fibre (IDF) depending on
their water solubility (Table 1). IDF consists of lignin, cellulose
and certain hemicelluloses, while SDF includes B-glucans,
galactomannans, pectin, inulin and other non-starch
polysaccharides (6, 13, 39). Soluble fibre has good prebiotic and
enhancer qualities that have the potential to reduce glucose
absorption in the small intestine and cholesterol levels, but
insoluble fibre increases faecal volume, water absorption and
intestinal control. Physiologically, water absorption is more
significant in the body because it improves laxative effects and
peristalsis. Insoluble fibre is primarily produced from grains,
whereas soluble fibre can be found in fruits and vegetables that
have been dissolved in water and fermented in the colon (45,
46).

Colonic bacteria fully break down pectin, a plentiful
partly methylated polysaccharide that is soluble in water. Due to
its gelling quality, pectin may slow down the emptying of the
stomach by affecting the small intestine's transit times,
indicating its hypoglycemic characteristics (47, 48). Pea contains
1.2-1.7 % pectin, 2.4 % cellulose, 1.0 % hemicellulose and 2.5 %
lignin (49). The dietary fibre in peapods is extracted using the
Association of Official Analytical Chemists (AOAC) enzymatic-
gravimetric hydrolysis techniques. The latter are plentiful in
xylose and glucose, as demonstrated by high-performance
liquid chromatography (HPLC) processing of the soluble sugars,
which produced glucose as a major component. Pea pods have
a ferric reducing antioxidant power of 25.9 pmol Trolox
equivalents/g and can scavenge 2,2-diphenyl-1-picrylhydrazyl
radical at a rate of 16.0 mg/mL (42).

Functional foods provide significant economic and
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health benefits. Dietary fibres have an exceptional ability to
thrive in the fibre-rich market. To meet this demand, numerous
sources have been found and efforts to extract it from fruits,
vegetables and wastes are currently underway. There have been
several research methods utilised in the past, such as dry
processing, alkali wet milling, conventional wet milling,
enzymatic-gravimetric, non-enzymatic gravimetric, microbial
and chemical treatments, but there is no standardised protocol
for fibre extraction (39). The most common procedures for TDF,
SDF and IDF are the enzymatic-gravimetric approach and the
ultrasound-assisted alkali extraction method (50). Other
methods for extracting soluble dietary fibre include acidic
extraction and cellulose-assisted alkaline extraction, which is
further improved using the Response Surface Methodology
(RSM) (51).

Polyphenols

Total phenolic content: Phenolics are considered one of the
most essential bioactive components in peas. Peas contain both
free and bound polyphenols. A recent study found that the
concentration of free phenolics (90.4-112 mg GAE/100 g DW) in
three pea genotypes was higher than that of bound phenolics
(58.5-83.9 mg GAE/100 g DW) (52). Furthermore, the total
polyphenols of 22 different pea genotypes, including maturities,
flower colours, seed coat colours and seed morphologies, were
comprehensively studied. The total phenolic content (TPC) of
peas varied across 22 genotypes, ranging from 12.6 to 128.6 mg
GAE/100 g FW and was found to be substantially linked with seed
coat colour and shape (53). The genotypes with greenish orange
seed coats had the highest TPC (128.6 mg GAE/100 g FW) of all
genotypes. However, genotypes with dimpled and round seed
coats had significantly higher TPC (=24.0 mg GAE/100 g FW) than
those with wrinkled seed coats (53). Furthermore, dark-colored
seeds had higher TPC than light-colored seeds (54).
Furthermore, the coloured hulls of pea seeds contained phenolic
chemicals (55). In vitro digestion revealed that the red hulls of
peas generated more TPC (31.54 + 0.69 mg GAE/g DW) than the
yellow hulls (14.88 + 0.27 mg GAE/g DW). Furthermore, TPC in
pea sprouts increased from 584.32 to 910.69 mg GAE/100 g DW
after seven days of germination, indicating that germination can
increase polyphenol content in peas (56).

Flavonoids: Various flavonoids, including flavonols, flavones,
isoflavones, flavanones, flavanols/flavan-3-ols and anthocyanins
(Table 2), have been determined in different parts of peas using
multiple techniques, such as liquid chromatography (LC), LC
coupled with mass spectrometry (LC-MS), LC coupled with
electrospray ionization-tandem mass spectrometry (LC-ESI-MS/
MS) and ultra-HPLC coupled with quadrupole orbitrap high-
resolution mass spectrometers (UHPLC-Q the total flavonoid
concentration (TFC) in peas ranged from 4.61 to 45.84 mg CE/100
g FW, with a nearly tenfold variance (53). Furthermore, soluble
flavonoids (52.2-60.3 mg CE/100 g DW) are more abundant than
bound flavonoids (8.42-20.3 mg CE/100 g DW) in pea seeds (52).
Interestingly, TFC levels in pea seeds were found to be
substantially linked with seed coat colour and shape (53). The
genotypes with dimpled and spherical seed coats had a higher
TFC (=9 mg CE/100 g FW), while those with greenish-orange seed
coats had the highest TFC among all evaluated genotypes (53).
Pea seeds with darker colours were found to have more TFC
than pea seeds with lighter colours (54). Furthermore, the

Plant Science Today, ISSN 2348-1900 (online)



UPADHYAY ET AL

Table 2. Bioactive compounds isolated from different pea raw materials and derived products, together with their identification methodology

(67)
Family Compounds Plant parts Methods References
Isorhamnetin 3-rutinoside, isorhamnetin glycoside, quercetin, quercetin 3-
galattoside, rutin, quercetin triglucoside, quercetin diglucoside, kaempferol
triglucoside, quercetin caffeoyl triglucoside, quercetin coumaroyl triglucoside,
quercetin sinapoy ltriglucoside, quercetin feruloyl triglucoside, isorhamnetin
glycoside, kaempferol glucoside, kaempferol coumaroyl, kaempferol,
dihydromyricetin, kaempferol 3-O-rutinoside-40-glucoside (C;3H,,0,,),
dihydroquercetin, myricetin 3-O-rhamnoside, kaempferol 3-O-glucoside,
kaempferolhexoside, kaempferol-7-O-glucoside, kaempferol-7-O-rutinoside, LC-MS, LC-ESI-MS,
kaempferol-3-O-rhamnoside, kaempferol dihexoside, isorhamnetin, _EQlL
| 0 dihydrokaempferol, kaempferol 3-O-glucopyranoside, fisetin, kaempferol 3-O- Seed, sezd LC-ESI I\CAS/I\SAS’
Flavonols neohesperidoside, kaempferol 3-O-sophorotrioside, kaempferol 3-0-(6'"'-0-  €0at, pod, UHPLC-MS, (28, 57-66)
trans-p-coumaroyl)-sophorotrioside, galangin, morin, quercetin 3-0-D- sprout, leaf  UHPLC-LTQ-MS,
glucopyranoside, quercetin 3-O-sophorotrioside, quercetin, 3-0-(6'"'-O-trans-p- UHPLC-Q-HRMS
coumaroyl)-sophorotrioside, quercetin, 3-O-(6'""'-O-trans-caffeoyl)-
sophorotrioside, quercetin, 3-0-(6""-O-trans-feruloyl)-sophorotrioside,
quercetin, 3-0-(6""'-O-trans-sinapoyl)-sophorotrioside, quercetin, 3-O-(6'"'-O-(4-
hydroxy)-trans-cinnamoyl) sophorotrioside, Pisumflflavonoside Il [quercetin 3-
0-(6'"-O-trans-p-coumaroyl)-sophorotrio-side
7-0-D-glucopyranoside], Pisumflflavonoside Il [quercetin 3-O-(6'"-O-trans-p-
coumaroyl)-sophorotrioside 7-O-D-glucopyranoside]
Phloretin, apigenin, luteolin-7-O-glucoside, eriodictyolglycoside, apigenin-7-O-  gooq seed LC-MS, LC-ESI-MS,
Flavones glucoside, luteolin, luteolin, 80-O-glucoside, vitexin, luteolin 30,7-di-O- ’ d LC-ESI-MS/MS, (28, 57-59, 61, 62, 64)
glucoside, apigenin-6.8-di-C-glucoside, luteolin-80-C-glucoside, tricin coat, po UHPLC-MS
LC-MS,
. . ) . . L ) Seed,seed  LC-ESI-MS/MS,
Flavanols Catechin, (epi) catechln,gallocatechll?,(epl) gallocatechin, fisetin, catechin coat, pod UHPLC-MS (28, 57, 58, 60, 62-65)
a ate el b bl bl b bl )
& sprout UHPLC-LTQ-MS,
UHPLC-Q-HRMS
LC-MS, LC-ESI-MS,
Eriodictyol, naringenin, naringin, hesperidin, melitidin, pinocembri seed,seed i c-uis
riodictyol, naringenin, naringin, hesperidin, melitidin, pinocembrin, -MS, )
Flavanones liquiritigenin, hesperetin coat, pcid, UHPLC-Q-HRMS, (57,59, 61-65)
SPTOUt yHpLC-LTQ-MS
Genistein, daidzein, cirsiliol, prunetin, afrormosina, formononetin Seed, seed LC-ESI-MS,
enistein, daidzein, cirsiliol, prunetin, afrormosina, ononetin, :
Isoflavones isoformononetin, pseudobaptigenina, sayanedin, coat, pod, UHPLC-MS, (57,58, 61,62, 65)
sprout UHPLC-LTQ-MS
Cyanidin 3-sambubioside-5-glucoside, cyanidin3-sophoroside-5-glucoside,
delphinidin, 3-sambubioside-5-glucoside, delphinidin, 3-sophoroside-5-
. glucoside, delphinidin 3-O-(2-O-B-D-xylopyranosyl-B-D-galactopyranoside)-5-O- Seed,seed :
Anthocyanins dglucopyranoside (Cs2H3s0%4), Delphinidin 3-0-(2-0-B-D-xylopyranosyl-D- coat, pod LC-MS, UHPLC-MS (57,62, 64)
galactopyranoside)-5-0-(6-O-acetyl)-B-D-glucopyranoside, pelargonadin 3-
glucoside, cyanidin 3,5-di-O-glucoside, malvidine-3-O-glucoside,
Gallic acid, vanillin, syringic acid, quinic acid, protocatechuic acid, chlorogenic
acid, 4-o-caffeoylquinic acid, p-coumaric acid,trans-ferulic acid, trans-cinnamic LC-MS
acid, p-hydroxybenzoic acid, dicaffeoylquinic acid, caffeic acid, 3,4- “
dihydroxybenzoic acid, 4-hydroxybenzoic acid, vanillin acid, ferulic acid, Seed,seed  LC-ESI-MS/MS,
Phenolic acids coumaroylquinic acid, 5-feruloylquinic acid, vanillic acid-4-B-D-glucoside, coat, pod, LC-ESI-MS, (28, 56, 57, 61-64, 66)
cinnamic acid, o-coumaric acid, 2,3-dihydroxybenzoic acid, 3,4- sprout UHPLC-MS,

dihydroxybenzoic acid, ferulic acid, gentisic acid, m-hydroxybenzoic acid, p-
hydroxybenzoic acid, 4-hydroxy-3-methoxybenzoicacid, p-hydroxyphenylacetic
acid, rosmarinic acid, salicylic acid, sinapic acid, tannic acid, veratric acid

UHPLC-LTQ-MS

ESI: electrospray ionization; HRMS: high-resolution mass spectrometry; LC: liquid chromatography; LTQ: linearion-trap quadrupole; MS: mass
spectrometry; MS/MS: tandem mass spectrometry; Q: quadrupole; UHPLC: ultrahigh-performance liquid chromatography.

germination treatment increased the TFC in pea sprouts from
4.53 to 6.02 mg CE/100 g DW (56). Glycosylated flavonols are the
primary phenolic chemicals in peas (57). Many new flavonoid
compounds have also been identified in different parts of peas in
recent years (Table 2). For instance, several new flavonols, such as
quercetin  3-galattoside, quercetin  diglucoside, quercetin
triglucoside, quercetin caffeoyl triglucoside, quercetin coumaroyl
triglucoside, quercetin sinapoyltriglucoside, quercetin feruloyl
triglucoside, dihydrokaempferol, kaempferol-3-O-rhamnoside,
kaempferol-7-O-glucoside, kaempferol-7-O-rutinoside,
kaempferol triglucoside, kaempferol hexoside, kaempferol
dihexoside, kaempferol coumaroyl, myricetin 3-O-rhamnoside,
dihydromyricetin and isorhamnetin 3-rutinoside, have been
discovered in pea seeds, seed coats, pods, sprouts and leaves by
several different techniques, such as LC-MS, UHPLC-MS, UHPLC-Q-
HRMS and UHPLC-linear ion-trap quadrupole (LTQ)-OrbiTrap-MS
analysis (UPLC-LTQ-MS) (58-60). Several novel flavones have also

been identified in pea seeds and seed coats, including apigenin-7-
O-glucoside, luteolin 80-O-glucoside, luteolin 30,7-di-O-glucoside
and luteolin-80-C-glucoside (61-63). Pea seeds and seed coats
include three novel flavanones: naringin, melitidin and eriodictyol
(60-62). Flavan-3-ols (e.g., epigallocatechin and gallocatechin) and
flavonols (e.g., myricetin-3-O-rhamnoside and quercetin-3-O-
rhamnoside) were found in significantly higher concentrations
(1300-6100 times) in seed coats of the purple flower pea line
than in the white flower pea line (63). Some isoflavones,
including genistein, myricetin, prunetin, isoformononetin and
daidzein, have also been identified from pea pods, seeds and
seed coats (57, 58, 63). Furthermore, three novel anthocyanins,
pelargonadin 3-glucoside, cyanidin 3,5-di-O-glucoside and
malvidine-3-O-glucoside, have been discovered in pea seeds
and pods (28, 63). However, further precise structural
information on numerous glycosylated flavonols is needed.

Phenolic acids: Phenolic acids are the second largest type of
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polyphenols in peas, behind flavonoids (57). The coloured pea
seed coats had a higher phenolic acid content (78.53 g/g DW)
than the corresponding white pea seed coats (17.17 g/g DW),
with the coloured seed coats primarily containing vanillic acid,
gentisic acid and protocatechuic acid and the white seed coats
primarily containing ferulic acid and coumaric acid. Various new
phenolic acids, such as vanillin acid, quinic acid, coumaroyl
quinic acid, 5-feruloylquinic acid, 4-O-caffeoylquinic acid, trans-
ferulic acid, trans-cinnamic acid, p-hydroxybenzoic acid and 4-
hydroxybenzoic acid, have recently been identified in different
parts of peas (28, 61-64), which are listed in Table 2. Syringic acid
was discovered to be lacking in all of the seed coats; however,
gallic acid and caffeic acid were present in the seed coats of
purple flower lines (63). However, another study discovered
syringic acid in yellow pea shells (64). The total amount of
phenolic acids in the water-based extract of pea pods was 73.15
mg/100 g, with 5-caffeoylquinic acid having the greatest level in
the extract, with a mean value of 59.87 mg/100 g (58).
Furthermore, the levels of gallic acid, ferulic acid and syringic
acid in pea seeds are reported to be significantly high during
germination (56). In general, the types and concentrations of
phenolic acids in peas varied depending on the plant section,
colour and extraction process.

Phytochemicals and antioxidant properties

Antioxidants are bioactive chemicals that limit the damage
induced by free radical reactive species (16, 61, 68). Many
bioactive compounds, such as phenolics, antioxidants and other
phytochemicals, are non-nutritive substances found in pea
byproducts, but tannin has been identified as a vital natural
antioxidant (Table 3). The metabolism of green pea hull phenolics,
their absorption and in vivo antioxidant activity were also
investigated (69). The concentration of phenolics in pea seed coats
varies depending on the variety (57). Catechin, coumaric acids,
caffeic acids, vanillic acids, ferulic, pisatin, protocatechuic,
proanthocyanidin, steroid phytohormone and tannins are among
the many active phytochemicals found in pea-like flavonoids,
along with daidzein, genistein, asparaginase, apigenin, lectin,
kaempferol and several phenolic compounds (70). Pea genotypes
with varying maturity levels and seed coat colour exhibited
significant levels of phenolics, total flavonoids and antioxidant
activity (53, 54). The presence of techno-functional capabilities
and phytochemical compositions in pea protein isolates suggests
that they could be used as a value-added ingredient in prepared
foods. Pea residues are thought to be a possible source of

Table 3. Phytochemicals and antioxidant content of pea and pea
pod (44)

Phytochemical and antioxidant Pea Peapod References

TPC (mg GAE/g extract) 153 32z*1
TFC (mg QE/g extract) 0.08 22+1
CT (pg CE/g extract) 0.26 48z*1

DPPH (ICso pg/mL) 0.91 1430+ 10

ABTS (ICso pg/mL) 170020 5 o7 g0
FRAP (uM TE/mg extract) 1.06 75%5
Phosphomolybdenium (ugAsA E/g 45+4

extract)

Anti-AChE (%) 32+1

Inhibition of protein denaturation (%) 88+3

bioactive compounds that have been proven to improve human
health (71). Exploration of pea germplasm with high polyphenol
content benefits pea breeding cultivars (64).

Antioxidative compounds with an active quenching
effect against free radicals or their damage (Table 3) can reduce
oxidative injury (72, 73). The antioxidant activities of tannin
crude extract from the seed coat of pea were investigated using
the phosphatidylcholine (PC) liposome method. The condensed
tannins in the coloured seed coat of peas contained 1560 mg of
catechin equivalent per 100 g. Legumes also include pro-
anthocyanidines, which are condensed tannins found in seed
coats (hulls). The sum of free phenolic acids extracted from
soluble esters and glycosides of coloured seed coat and white
seed coat was 78.53 and 17.17 g/g dry matter, respectively,
indicating a significant difference. The white seed coat contained
hydroxycinnamic acids, coumaric and ferulic acids, whilst the
coloured seed coat contained phenolic acids such as vanillic,
benzoic acids, protocatechuic and gentisic acids (74).

The seed coat of peas contains a significant concentration
of glycosides, particularly luteolin, quercetin and apigenin, while
the cotyledon contains hydroxycinnamic and hydroxybenzoic
acids, both of which contain flavonol and flavone glycosides.
Cotyledon contains conjugated malic acid molecules such as p-
hydroxybenzoyl-malic acid and trans p-coumaroyl-malic acid,
whereas the seed coat contains just stilbene trans-resveratrol-3-
glucoside. Scientists studied the bioactive chemicals in many
types of cool-season legumes, including pea, employing advanced
technologies such as UAE (75-77). Phenols are an effective agent
for chelating metal catalysts, removing free radicals, initiating
antioxidant enzymes and inhibiting oxidases (78). TPC (Total
polyphenol content) concentration varies with the colour of the
pea; for example, the yellow pea had 0.85 to 1.14 mg of TPC, but
the green pea had 0.65 to 0.99 mg. Flavonoids are known to be
secondary metabolites of plants; hence, TFC (Total flavonoid
content) in yellow pea and green pea were 0.09 to 0.17 mg and
0.05 to 0.15 mg, respectively (Table 3). Simple phenolics
condensed to create tannins with varying molecular
configurations, which then split into hydrolysable and condensed
pro-anthocyanidins (polymers of flavan-3-ols). Yellow and green
peas had nearly identical condensed tannin content (CTC) of 0.22
t00.59 mg and 0.23 to 0.61 mg, respectively (Table 3).

Diphenylpicryhydrazyl (DPPH) free radical scavenging is
a reliable approach for screening antioxidants, which are vital in
preventing the harmful effects of free radicals involved in a
variety of disorders, including cancer. The FRAP (Ferric reducing
antioxidant power) analysis is used to determine the antioxidant
properties that prevent cell damage induced by free radicals
(77). Recent developments in nutrition, due to a rise in
phytochemicals, allow for the enhancement of functional or
designer foods that would aid in the prevention of a variety of
ailments (79). Green pea pod polysaccharide (GPPP) was
extracted using an acoustic extraction approach and
demonstrated significant scavenging ability (91.03 %) against
free radicals as measured by the DPPH assay (80). It has a
reducing power of 63 % and a ferric reducing antioxidant power
of 0.34 mmol/L, calculated from a total of 0.9 mg/mL. Different
processing conditions may reduce the quantity of antioxidants
such as trypsin inhibitors, phytic acid and saponins, hence
improving the bioavailability of nutrients in peas (81).
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Anti-nutritional factor

Anti-nutritional compounds (ANCs) are chemicals that inhibit
digestion. ANCs are non-fibrous natural compounds that have a
deleterious impact on human and animal health, affecting both
growth and metabolic function. ANCs are further divided into
two categories: protein-associated ANCs and non-protein-
associated ANCs. Non-protein ANCs include alkaloids, phytic
acid and phenolic compounds, while protein-associated ANCs
include lectins, chymotrypsin inhibitors, trypsin inhibitors,
antifungal peptides and ribosome-inactivating proteins. The
proper ratio of anti-nutrients to nutrients can mitigate the
detrimental effects on digestibility and play an important role in
cellular function, including antioxidant and anti-inflammatory
actions (6). Mild hydrothermal treatment reduces a-
galactosides, trypsin inhibitors and phytic acid levels while
improving pea protein digestion and utilisation (83).

Recent research has demonstrated that protein anti-
nutritional substances found in pea seeds, such as lectins and
protease inhibitors, can help prevent immunological insufficiency by
delivering vitamins and minerals. Non-nutritional substances, such as
angiotensin l-converting enzyme (ACE) inhibitors, relax the veins and
arteries to lower blood pressure. Lectins have the potential to reduce
the impact of certain types of malignancies by enhancing innate
defence mechanisms and obesity. Trypsin and chymotrypsin, which
are protease inhibitors, also demonstrated the highest results in
avoiding various malignancies and have powerful antiinflammatory
effects. ACE inhibitors may also help reduce hypertension (84).

Other beneficial components

Peas include several useful chemicals, including 3-carotene and
zeaxanthin. A comparative investigation indicated that the
concentrations of total carotenoids varied substantially in
different pea varieties, ranging from 16.72 to 59.39 mg [3-
carotene/kg DW (85). In addition, the number of carotenoids in
green cotyledons of peas was found to be 10-27 pg/g DW, which
was slightly greater than that in yellow cotyledons (5-17 g/g DW).
The average amounts of lutein, B-carotene, zeaxanthin and
violaxanthin in 94 pea accessions were 11.2 pg/g, 0.5 pg/g, 0.3
pg/gand 0.3 pg/g, respectively (86).

Health benefits

Glycemic response, blood glucose and insulin resistance

The glycemic index (Gl) is a grading system that compares the
carbohydrate content in food models based on blood glucose
levels. Carbohydrates with a lower Gl rating (55 or less) digest

and absorb more slowly. As a result of the slow metabolism,
blood glucose absorption increases less, lowering insulin
resistance. Pea is ranked lower on the glycemic index table, with
a Gl value of 22. There is a scientific link between blood sugar,
insulin and glycemic index.

The two key enzymes involved in the breakdown of
starch and intestinal glucose absorption are a-amylase and o-
glucosidase, whose inhibition process has been recorded to slow
down the transit period of carbohydrates that flow into the
bloodstream (79). The fibre and protein elements of the pea aid
in the process of delayed digestion, which reversibly helps to
balance blood sugar levels after consumption. Excessive sugar
consumption promotes a variety of ailments such as obesity,
diabetes and other heart-related diseases and a recent study has
linked harmful cholesterol and triglyceride levels. Soluble fibre in
the diet decreases LDL cholesterol, generally known as bad
cholesterol and keeps blood glucose levels stable (Table 4). It
has been found that pea fibre supplementation reduces
triglyceride levels in both plasma and liver. Starches in the pea
with a low Gl may be used as a favourable tool for well-being,
particularly for the eradication of disorders related to insulin
resistance (12). It has also been observed that pea
polysaccharides have the capacity to reduce diabetes-induced
pancreatic tissue injury (87).

Cardiovascular health

Cardiovascular disease (CVD) has recently emerged as a major
cause of increased mortality in emerging countries. Hypertension
isintimately linked to the progression of cardiovascular disease by
increasing blood pressure (68). Obesity has been linked to a 72 %
increased risk of coronary heart disease (CHD), which is especially
prevalent among obese women. Hypercholesterolemia is a
significant risk factor for CHD that can be avoided with lifestyle
changes (92). Consuming more dietary fibre is connected with
fewer cardiovascular illnesses (90). Experimental studies showed
that increasing dietary fibre consumption may slow down the
process of low-density lipoprotein cholesterol (LDL-C) absorption
as well as fasting glucose concentration (91), lowering the risk of
CHD (Table 3). Water-soluble dietary fibre, in particular, has been
linked to a lower risk of cardiovascular disease (89). The average
dietary fibre intake was determined to be approximately 29 g per
day. People who consumed less than 29 g of DF per day had 38 %
higher risks of hypercholesterolemia and a 43 % increase in LDL
cholesterol when compared to those who consumed more than
the usual DF consumption (93). Green peas are naturally high in
flavonols, carotenoids, vitamin C and antioxidants, which reduce

Table 4. Studies related to the metabolic health benefits and functions of the pea

Study type Pea constituents Results Reference
Glycaemic response, blood - ] Enhance glucose tolerance, No change in glycaemic
glucose and insulin resistance Dietary fibres, carbohydrates response, Lower PP insulin. (4, 16, 28, 68)
Intestinal microflora and its . . . Help in homeostasis, improve gastrointestinal
fermentability Pea proteins (glycated), dietary fibre microbiota. (88)
Lessen cardiovascular diseases, reduce cholesterol level,
Cardiovascular health Dietary fibres, proteins and polyphenols improve serum lipid levels and reduce the incidence of (16, 89, 90)
chronic disease.
a-Galactosidic effect/a- . Normalising bowel functions, increasing lactobacilliand (16, 45)
Galactooligosaccharides a-Galactosidase bifidobacteria.
Anti-acetylcholinesterase Anti-acetylcholinesterase, Anti-diabetic, antihyperlipidemic, (28, 68)
property (anti-AChE) antioxidants reduce the risk of oxidative stress. ’
: Phenolic compound, isoflavin, Anti-cancer activity, DNA repair and reducing (16)
Cancer prevention dietary fibres inflammation
Dietary fibres, resistant starch, (16, 91)

Weight management phytochemicals, oligosaccharides

and many more

Increased stool weight
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the risk of heart stroke by modifying cardiometabolic risks and
various heart diseases due to their ability to protect cells from
damage (94-96).

a-Galactosidic/a-Galacto-oligosaccharides effects

o-Galactosides, derived from sucrose, contain 1-3 galactose
units conjugated by a-1,6 links. They exhibit the traits of high
solubility and quick fermentation found in colonic microbiota
(Table 3). They are regarded as the ultimate source of energy
necessary to obtain from plants, but are not fully exploited
throughout the germination process. Due to the high
fermentability, a variety of gases (e.g., COz, Hz, CHs) are generated,
which causes digestive discomfort and flatulence caused by
indigestible oligosaccharides. Prebiotics are non-digestible
oligosaccharides that are soluble carbohydrates with a low
molecular weight (90). The oligosaccharides are from the raffinose
family, which has sparked interest in pulse research, where
raffinose, stachyose and verbascose serve as a broad foundation
for experiments. They are fermented in the colonic flora, which
increases bifidobacteria, which have various health benefits,
including a potential preservative action against colorectal cancer
and infectious bowel illnesses. The results demonstrated
improved  carbohydrate and lipid metabolism, as
oligofructosaccharides suppressed hepatic triacylglycerol levels.
Some studies have reported on the formation of a-
galactooligosaccharides (12, 97).

Anti-acetylcholinesterase (anti-AChE) and antioxidant properties

Invitro and in vivo research demonstrated that peapods contain
32 % antiacetylcholinesterase (anti-AChE). Some antioxidant
and protein denaturing capabilities were tested in vitro, while
antidiabetic, cytoprotective and antihyperlipidemic effects were
tested in vivo. The pea pods are high in nutrients, with 24.34 %
carbs, 13.37 % crude protein, 51 % fibre, 4.5 % fats and 4.5 % ash
(Table 1). Oxidative stress is characterised as an imbalance of
free radicals, which is closely connected with hyperlipidemia
(98). The fatty acid (FA) profile of pea consists primarily of
linoleic, linolenic and palmitic acids, which have shown a
promising anti-hyperlipidaemic effect in lowering the risk of
diabetes, including oxidative stress and preventing organ
damage, specifically liver, kidney and testis (28, 68) (Table 4).
These are necessary fatty acids for human consumption and
should be included in diets.

Anti-inflammatory effect

Pea and its components have amazing antiinflammatory
properties. For example, a recent study found that polyphenols
released from green pea hulls during in vitro digestion could
reduce LPS-induced inflammation in Caco-2/RAW264.7
coculture cell models (82). Pea hull polyphenols can reduce the
release of nitric oxide (NO), interleukin-6 (IL-6) and tumour
necrosis factor a (TNF-a) from Caco-2/RAW264.7 coculture cells,
as well as the mRNA expression of COX-2 and iNOS. In addition,
pea protein hydrolysates from yellow field pea seeds also
exhibited a remarkable in vitro anti-inflammatory effect, which
could inhibit the secretion of NO, IL-6 and TNF-a from LPS/IFN-
activated RAW264.7 macrophages (99). In animal studies, green
pea flour supplementation could reduce the severity of dextran
sulphate sodium (DSS)-induced colitis in C57BL/6J female mice,
which was associated with inflammation suppression, mucin
depletion and endoplasmic reticulum stress in the colon (100).
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Furthermore, polyphenols extracted from green pea hulls could
improve colitis in C57BL/6 male mice by activating the Kelch-like
ECH-associated protein 1 (Keapl)-NF-E2-related factor 2 (Nrf2)-
antioxidant responsive element (ARE) signalling pathway,
regulating gut microbiota and increasing short-chain fatty acid
(SCFA) levels. UHPLC-LTQ-MS was used to identify the major
components in the polyphenolic extract of green pea hulls as
quercetin, kaempferol, catechin and their derivatives (64).
Furthermore, albumin extracts from pea seeds show anti-
inflammatory properties in DSS-induced colitis in C57BL/6J male
mice (101). It was discovered that two pea seed albumin
extracts, including pea seed extract (PSE) containing an albumin
fraction and a non-starch polysaccharide fraction, as well as the
albumin fraction from PSE, could reduce microscopic
histological damage in comparison to untreated colitis mice and
improve colonic mRNA expression of various pro-inflammatory
markers. Overall, this research found that pea flours,
polyphenols, proteins and non-starch polysaccharides have
outstanding anti-inflammatory properties.

Regulation of metabolic syndrome

The metabolic syndrome (MS) is a collection of clinical conditions
characterised by hypertension, dyslipidemia, obesity and
hyperglycemia. Peptides produced from pea protein hydrolysates
were discovered to have exceptional antihypertensive effects, as
evidenced by suppressing the enzymatic activities of angjotensin
converting enzyme (ACE) and renin (102-104). Furthermore, a
tripeptide LRW (Leu-Arg-Trp) generated from the pea protein
legumin was discovered to have antihypertensive properties by
inhibiting  angiotensin  Il-induced superoxide generation,
inflammation and proliferation in vascular smooth muscle cells.
Anti-hypertensive activity involves improving the ACE2-Ang-(1-7)-
MasR axis and modulating the nuclear factor-kB (NF-kB) pathway
(105). Furthermore, animal research revealed that pea protein
hydrolysates have potential antihypertensive characteristics
(102, 104). For example, long-term oral administration of pea
protein hydrolysates (1 % casein substitution in the diet) in
spontaneously hypertensive rats reduced systolic blood
pressure by up to -36 mmHg after three weeks (104). Overall, our
findings indicate that pea and pea protein hydrolysates can be
turned into health products to prevent hypertension.

Pea and its bioactive components have hypolipidemic
effects both in vitro and in vivo. It was discovered that eating peas
regularly might considerably restore blood total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C), as well as ameliorate liver lesions
in rats fed a high-fat diet (98). Furthermore, the effect of
autoclaved extract (AE) of pea pods (mostly polyphenols and
dietary fibre) on lipid profiles in rats with high-sucrose diet-
induced hyperlipidemia was investigated (106). AE was observed
to significantly reduce blood triglyceride (TG) and TC levels in rats
on a high-sucrose diet. Furthermore, AE may greatly increase the
proliferation of Bifidobacteria in the cecum. Furthermore, research
found that pea protein isolates significantly reduced blood TC and
TG levels in rats, which appeared to alter cellular lipid homeostasis
by enhancing hepatic cholesterol absorption genes while lowering
fatty acid synthesis genes (107). Peas can be combined to create
health products that help avoid hyperlipidemia.

Obesity is a severe, obvious, but often overlooked global
health issue. Promoting adipocyte differentiation may help to
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alleviate obesity-related metabolic problems. Recently, the
effect of pea protein hydrolysates on adipocyte development
was studied using 3T3-L1 murine pre-adipocytes (108). It was
discovered that pea vicilin hydrolysate (PVH) might increase
mRNA expression of the adipocyte fatty acid-binding protein
while decreasing that of preadipocyte factor-1, hence encouraging
adipocyte development. Furthermore, PVH has the potential to
increase adiponectin and insulin-responsive glucose transporter 4
expression, as well as glucose uptake. Peroxisome proliferator
activated receptor gamma (PPAR) levels increased during
adipocyte development. Overall, this study found that PVH could
promote adipocyte differentiation by partially increasing PPAR
expression and ligand activity (108). Furthermore, pea proteins and
hydrolysates, as well as pea dietary fibre, are useful in the treatment
of obesity. It was discovered that pea seed flours may reduce weight
gain in diet-induced obese rats and pea dietary fibre and pea flours
could significantly reduce the final % body fat compared to the
control (109). On the other hand, pea dietary fibre may reduce the
Firmicutes/Bacteroidetes ratio and the abundance of Clostridium
leptum, which is higher in obese people. A 12-week clinic trial with
53 obese or overweight people was also conducted to further
understand the effects of pea dietary fibre on the regulation of the
microbiota-host metabolic axis in obesity (110). It was discovered
that supplementing the diet with pea fibre could prevent negative
changes in the metabolic profile, which could be due to a minor
change in the gut microbial profile, resulting in changes in short
chain fatty acids (SCFAs), bile acids (BAs) and ketone bodies, which
are key signalling molecules linked to obesity (110).

Antimicrobial effect

Several studies have shown that pea and its by-products have
remarkable antimicrobial activities, such as pea peptides, pea
lectins, polyphenols derived from pea peels and soluble
polysaccharides derived from pea pods (13, 111-113). 11S pea
globulin inhibits both Gram-positive and Gram-negative bacteria,
with MICs ranging from 120 to 160 and 145 to 190 pg/mL,
respectively. However, 11S pea globulin can significantly suppress
the growth of fungi, with MICs ranging from 55 to 80 pg/mL (111).
Pea lectins can suppress the growth of many bacteria, including
Klebsiella  pneumonia,  Pseudomonas  aeruginosa  and
Staphylococcus aureus, with MICs ranging from 62.5 to 125 pg/mL
(112). Furthermore, at a concentration of 50 mg/mL, soluble
polysaccharides produced from pea pods showed clear inhibitory
effects against Gram-negative and Gram-positive bacteria (13).
Furthermore, the ethyl acetate extract of pea peels was found to
be more effective than the methanolic and water extracts in

inhibiting a variety of microorganisms (including Staphylococcus
aureus, Salmonella enterica, Escherichia coli, Pseudomonas
aeruginosa, Aspergillus niger and Candida albicans). For example,
the aqueous extract of pea peels had no inhibitory impact on
these bacteria (113). Finally, these investigations show that peas
and their components have antibacterial properties and could be
employed as antimicrobial agents in the food industry.

Anti-renal fibrosis effect

Renal fibrosis typically causes glomerulosclerosis and interstitial
fibrosis, which can progress to long-term renal disease (114). The
protein hydrolysate of green peas degraded by bromelain
(PHGPB) was observed to stimulate the proliferation of SV40
MES 13 mesangial cells induced by high glucose levels (115).
PHGPB has been shown to lower fibronectin (FN) and
transforming growth factor- 1 (TGF-1) levels in mesangial cell
lines of diabetic glomerulosclerosis, indicating promise for
antifibrosis in chronic kidney disease (115). Furthermore, a prior
study found that PHGPB plays a role in TGF/SMAD signalling to
prevent renal fibrosis (116). PHGPB was reported to reduce TGF-
1 levels in high-glucose-induced SV40 MES 13 cells. Furthermore,
PHGPB could reduce the expression of SMAD 2, SMAD 3 and
SMAD 4 genes while increasing the expression of SMAD 7 (116).
Peas have shown therapeutic results in the treatment of renal
fibrosis, but the relevant research is still incomplete and future
clinical investigations must cover the gaps.

Cancer prevention

The population's preference for a Western diet rich in fat, animal
protein and refined carbohydrates effectively weakens their
immune system and makes them more susceptible to
carcinogenic consequences. Although nutrition is not thought to
be a carcinogenic agent, it can trigger cancer-causing
components (117). Pea extracts are both pharmacologically
active and anticancer (70, 118). Peas are often high in
biologically active compounds, which may have beneficial
effects in lowering cancer risk when taken at specific amounts
(119). In general, yellow peas are an excellent source of
isoflavones, specifically genistein (dimerised) and daidzein
(deoxydi-glycosidic), which are phytoestrogens with a variety of
significant functions, including anti-carcinogenic properties.
Genistein demonstrated anti-proliferative effects on cell growth
driven by mitogens in breast cancer cells in people. This is a
promising drug for reducing breast cancer (120). Furthermore,
multiple pieces of data suggest that pulses high in dietary fibre
may help to reduce the effects of certain types of cancer,
particularly colon and rectal cancer (Table 5). Other bioactive

Table 5. Pea nutritional bioactive constituents and their effects on human health (44)

Nutritional components Function References
Resistant starch acts as a prebiotic. Increases faecal bulk, reduces colonic pH and reduces post- (16,71)
Carbohydrate prandial glycaemic response
Dietary fibre Low glycaemic response and insulin resistance. Improve cardiovascular health, decrease blood (4,46)
y pressure, enhance serum lipid levels and lower the indicator of inflammation
Protein Glycosylated protein may escape the small intestine, help in haemostasis and improve (88)
gastrointestinal microbiota

Phenolic compounds Antioxidants protect against diseases such as cancer and various inflammatory conditions (9,28,57,121)
Isoflavin Anti-cancer activity, DNA repair, induction of apoptosis, cell proliferation, migration and invasion (70)
Lectin Cytotoxic or tumour inhibition (70)
Saponin Bind cholesterol and bile acid, which may have hypocholesterolaemic effects (121)
Oligosaccharide

& . Normalising bowel function, increasing Lactobacilli and Bifidobacteria (45)
(a-galactosidase)
Polyphenol Antioxidants and reduce the incidence of chronic diseases (45, 57)
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chemicals found in pulses may have a cancer-fighting impact,
including resistant starch, non-starch polysaccharides,
oligosaccharides, folate, selenium, zinc, saponins and lectins
(120). The presence of numerous bioactive micronutrients and
phytochemicals in peas contributes to a balanced diet and
reduces therisk of cancer.

Other beneficial effects

Pea and its bioactive components have additional health
benefits. For example, the bioactive tripeptide LRW (Leu-Arg-
Trp) derived from pea protein has been shown to positively
regulate osteoblast activity via the Akt/Runx2 pathway, implying
its potential for osteoporosis prevention (122). Furthermore,
aqueous extracts from pea seed coatings showed cytotoxicity
against several cancer cell lines, including LS174, MDAMB-453,
A594 and K562 (123). Meanwhile, lectins from pea seeds showed
clear inhibitory effects on Ehrlich ascites carcinoma cells in vitro
and in vivo, halting the cell cycle during the G2/M phase (124).
Furthermore, peptides derived from pea protein hydrolysates
were found to have immunomodulatory effects in vivo, which
could increase macrophage phagocytic activity, stimulate the
gut mucosa immune response and increase IL-6 production via
the simulation of toll-like receptor-2 (TLR2) and TLR4 (99).
Furthermore, the anti-fatigue properties of pea peptides were
investigated. Pea peptides have been shown to increase
glycogen content in muscle and liver, reduce lactic acid build-up,
suppress free radical oxidation in the body and promote
immunological function (125).

Conclusion

The pea, which is virtually grown worldwide for its edible seeds,
is nutritionally very rich. It is also high in dietary fibre,
antioxidants, numerous important biomolecules and has a low
glycaemic index, making it extremely useful in the treatment of
diabetes, cardiovascular disease, certain cancers and many
degenerative diseases. The current review discusses the
nutritional value of peas and their underutilised by-products,
particularly their pods, with an emphasis on their health benefits
and varied functional qualities. Peas and their waste have
desirable functionality, making them potentially appropriate for
the food sector. Garden pea is a nutritionally rich legume with
diverse biochemical constituents, including proteins, vitamins,
minerals, polyphenols and other bioactive compounds. These
compounds confer multiple health-promoting properties, such
as antioxidant, anti-diabetic, anti-inflammatory and cardio-
protective effects. Despite growing evidence of its functional
benefits, further research is needed to clarify mechanisms of
action, optimise bioavailability and explore its potential in
functional foods and nutraceutical development. Overall,
garden pea represents a valuable dietary resource with
significant implications for human health and nutrition. Overall,
the authors intended to provide current research information on
peas and their by-products, which are thought to have
enormous potential in terms of various nutrients and
biomolecules with high credentials to support our various health
-related diseases and alleviate them on a global scale.
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