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Preface

Throughout history, people have been interested in vegetables as food. The
consumption of vegetables has increased remarkably due to the determination
of their importance in human health as well as nutrition. Vegetables contain an
optimal blend of antioxidants such as vitamins C and E, polyphenols, and carot-
enoids, as well as carbohydrate complexes and fibers. In particular, antioxidant
vitamins (A, C, and E) and dietary fiber from vegetables play an important role in
human health. When consumed by humans, antioxidants cause different effects
by controlling substances that affect blood pressure or blood sugar or by acting
as anticarcinogenic, immune-supporting, antibacterial, antifungal, antiviral,
cholesterol-lowering, antithrombotic, and anti-inflammatory agents. Studies
have shown that a healthy nutrition strategy in which there is adequate fruit

and vegetable consumption plays an important role in the prevention of chronic
diseases such as heart disease, cancer, stroke, diabetes, Alzheimer’s, cataracts,
and age-related decline.

This book addresses the health benefits of vegetable crops, organic vegetable
growing, greenhouse management, and principles of irrigation management for
vegetable crops. Furthermore, it combines comprehensive investigations with
the latest technologies and challenges that affect vegetable growth to facilitate
sustainable, economic, and environmental vegetable production.

The book includes fourteen chapters. Chapters 1-6 examine the effect of vegetables
on human health and nutrition. Chapter 7 presents harnessing technologies for
vegetable cultivation. Chapter 8 deals with hydroponic technology and the growth
of moss. Chapters 9 and 10 discuss organic vegetable cultivation. Chapter 11 discusses
the advantages of growing vegetable crops in modern greenhouses. Chapter 12
reviews the National Framework for the Management of Drought (NFMD)

to enhance farmers’ vulnerability to drought in the Northern Cape province of
South Africa. Chapter 13 presents principles of irrigation management for veg-
etable crops. Chapter 14 discusses a CRISPR/Cas9-based approach to enhancing
agricultural crops.

Ertan Yildirim and Melek Ekinci
Faculty of Agriculture,

Atatiirk University,

Erzurum, Turkey
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Chapter1

Nutritional Values of Vegetables
Abosede Ebabhi and Raimot Adebayo

Abstract

The incidence of chronic and incurable diseases ravaging humanity today
has awakened a resolve for healthy eating and natural living. Mankind generally
cultivates diverse foodstuff for survival, multiplication, replenishment, and
commercial purposes. Vegetables are a variety of food that provide nourishment
of essential vitamins and minerals to the body. The various categories of vegeta-
bles cut across leafy, bulb, flower, seed, root, fruit to stem. The variety of colors
from different array of vegetables are evidence of the numerous phytochemicals
present in vegetables. These phytochemicals have been recorded to help the body
fight against diseases and reduce the incidence of occurrence. Metabolic activities
of the human body are enhanced when vegetables are consumed in large quanti-
ties. Vegetables can be eaten either raw or cooked and play an important role
in human nutrition. They are mostly low in fat and carbohydrates, but high in
vitamins, minerals, and dietary fiber. Due to the short shelf-life of many veg-
etables, it is pertinent to handle them in a most hygienic way to prevent the loss
of essential nutrients especially the easily volatile group like essential oil, vitamin
B, and vitamin C. Handling process of vegetables include canning, freezing,
dehydrating and blanching.

Keywords: health, nutrients, phytochemicals, shelf-life, vegetables

1. Introduction

The word vegetable is derived from Medieval Latin vegetabilis “growing, flourish-
ing” (i.e. of a plant), a semantic change from a Late Latin meaning “to be enlivening,
quickening” while the meaning of “vegetable” refers to as a “plant grown for food” [1].

Vegetables are known as the segments of plants that serve as food to humans
and other animals. It is often regarded collectively as edible plant matter, including
flowers, fruits, stems, leaves, roots, and seeds.

Vegetable gathering from the wild was done by hunter-gatherers. This evolved
to the cultivation of vegetables in several parts of the world during the period
10,000 BC to 7000 BC following the development of a new agricultural way of
life. Primarily, plants grown locally would have been cultivated. However, with
time, various exotic crops from other regions were introduced to the local market.
Presently, the production of most vegetables around the world is highly dependent
on the climate and crops may be cultivated as protection for the environments in
less appropriate areas. The level of vegetable production varies as a result of the
purpose, on the one hand, subsistence farmers supply the needs of their families for
food and on the other hand, supply agro-allied businesses.

3 IntechOpen
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Moreso, vegetables are edible when raw or cooked and serve an important role
in human nutrition because it has low fat and carbohydrates but high in vitamins,
minerals, and dietary fiber. Nutrition experts advised people to consume more fruit
and vegetable, also recommended five or more portions a day. Generally, vegetables
are rich sources of minerals- especially calcium and iron, and vitamins A and C.
while nearly all classes of vegetables are adequate as antioxidants and dietary

fiber [2].

1.1 Categories of vegetables

There are various descriptions on categories of vegetables namely:

a. Fruits of some other plants fall into the vegetable group. Such as cucumber,
okra, pepper, tomatoes, sweet corn, eggplant, squash.

b.Leafy vegetables such as brussels sprouts, waterleaf, cabbage, spinach,
pumpkin leaves, celery, jute plant, cassava leaves are common examples in

this group.

c.Root vegetables: these are plants whose underground parts are used as vegeta-
bles. Examples include beets, carrot, radish, sweet potato, turnips.

d.Seed vegetables: the seed vegetables are actually the legumes and pods such as

beans and peas.

e. Stem vegetables: these are plants where the shoot parts are considered.

Moreso, the Table 1 below indicate some examples of vegetable, description,

and nutritional value.

Cultivars type Description Nutritional value

Abelmoschus esculentus An edible green seed pod of the About 90% water in the raw stage. Also

(okra, ladies’ fingers) mallow family. contains thiamine, magnesium, folate, iron,
copper, niacin, phosphorus, dietary fiber,
vitamins C and K.

Allium ampeloprasum L. Leeks are a tasty vegetable Leek contains carbohydrate, fiber, sugar,

(leek, elephant garlic) that adds a lot of flavor when fat, protein, vitamin K1, vitamin A,

used in cooking. They are long,
with greenish-white stalks
reminiscent of green onions,
another member of the allium
family.

manganese, vitamin C, and folate.

Allium cepa (onion, spring, These are fleshy, hollow
scallion, shallot) cylindrical biennial bulb.

Contains carbohydrate, fiber and some
amount of vitamins like thiamine, vitamin
C, B6, niacin, riboflavin, and minerals like
Ca, Fe, Zn, K, Mn.

Allium sativum (garlic) A perennial flowering bulb.

Carbohydrate, fiber, protein, manganese,
vitamin B6, vitamin C, selenium, and
calcium.

Apium graveolens (celery) A biennial plant with pinnate
leaves. Consumption assist in
weight lose.

Has about 95% water, a very good source of
vitamin K with Zn, Na, K, P, Mg Fe, and Cu.
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Cultivars type Description Nutritional value
Asparagus officinalis A tall scaly leaves plant with Carbohydrate, fiber, sugar, fat, protein,
(asparagus) stout stems and feathery vitamin K1, A, B, folate, iron.

foliage. It maybe green, white,
or yellow in coloration.

Beta vulgaris (beetroot, sea
beet, Swiss chard, sugar
beet)

Nitrate helps to lower blood
pressure.

Contains a lot of nitrates, carbohydrate,
fiber, sugar, fat, protein, folate, manganese,
potassium, vitamin C, magnesium.

Brassica oleracea (kale)

A member of the cruciferous
family of vegetables, and it
shares some similarities to
cabbage and broccoli. Kale has
ashout for being one of the
healthiest vegetables.

It provides an enormous amount of vitamin
K1, beta-carotene, and vitamin C. Also
consist of carbohydrate, fiber, fat, protein,
manganese, and calcium.

Brassica oleracea var.
capitata (cabbage)

This is a leafy green, red-
purple, or pale green vegetable
crop.

This has about 96% water, low
carbohydrate, fiber, negligible fat, protein.
Rich in vitamins K1, C, and B, folate,
manganese.

Brassica oleracea var.
gemmifera (Brussels
Sprouts)

Resembles miniature cabbage.
The edible part is the bud and
the leaves.

Contains about 85% water with low
carbohydrate, fiber, sugar, fat, and protein
with vitamins K, C, and Be, manganese,
folate.

Brassica oleracea var. italica
(broccoli)

From the cabbage family.
The flowering head, leaves,
and stalk serve as a vegetable.
Particularly helpful in
preventing cancer.

Contains lots of calories. A rich source
of vitamins C and K. Also contains
carbohydrate, fiber, sugar, fat, protein,
folate, manganese.

Brassica rapa var. rapa
(turnip, Chinese cabbage,
napa cabbage, bokchoy)

Root vegetable cultivated for its
fleshy taproot.

Little quantity of carbohydrates and
protein. Contains 93% water and vitamins
K, A, and C. The boiled leaves contain
substantial lutein.

Capsicum annuum
(pepper, bell pepper, sweet
pepper)

This belongs to the nightingale
family and is cultivated for the
thick fruit.

Rich in vitamins C, carbohydrate, fiber,
sugar, fat, protein, vitamin B6, folate,
potassium, manganese.

Celosia argentea var.
argenta (Lagos spinach,
quail grass, soko, celosia or
feather cockscomb)

A broadleaf annual of the
Amaranth family.

This is a great source of vitamins A and C,
also good in protein, iron, and calcium.

Cichorium endivia endive
(chicory)

A leafy green vegetable that has
abitter, yet slightly sweet taste.
It belongs to the same family

of vegetables as radicchio and
curly endive.

High in calories, carbohydrates, fiber. Good
source of protein, vitamin K, vitamin A,
folate, manganese, vitamin C.

Corchorus olitorius (Jew’s
mallow, bush okra, nalta
jute, jute plant)

The jute plant is used as fiber
while the leaves and young
fruits serve as a vegetable.

A rich source of vitamin A and C, fiber,
zinc, and thiamine.

Cucumis sativus
(cucumber)

A creeping vine that bears
cylindrical fruits used as
vegetables.

Contains 95% of water with carbohydrates
and proteins, also minerals such as Ca, Fe,
Mg, Mn, K, P, Na, and Zn, with loads of
vitamins.

Cucurbita pepo (pumpkin.
squash, marrow, zucchini)

The plump nutritious orange
vegetable.

Rich in vitamin C, potassium, fiber. Super
rich in provitamin A beta-carotene and
vitamin A.
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Cultivars type

Description

Nutritional value

Cynara cardunculus var.
scolymus (artichoke)

A kind of thistle or prickly
flower plant with a cone
shape. The edible part is the
flower bud before the flower
blooms.

Rich source of fiber and reasonably high
in vitamins C and K1. Also contains
carbohydrate, sugar, fat, protein, folate,
magnesium, iron and manganese.

Daucus carota subsp.
sativus (carrot)

Root vegetables of typical
orange color. It’s a biennial
plant.

Carbohydrate, fiber, sugar, fat, protein,
vitamin A, K1, C, and B6, with diverse
minerals.

Dioscorea spp. (yam)

Tuberous starchy root. There
are a variety of forms.

Dietary values include K, Mn, vitamins Be
and C, thiamine, fiber.

Eruca vesicaria ssp. sativa
(arugula)

An annual rosette basal leafy
plant that grows close to the
ground.

Rich source of fibers and phytochemicals
but low in calories, sugar, carbohydrates,
and fat. Also contains a lot of vitamins
such as vitamins A, C K, folate, potassium,
calcium,

Gnetum africanum (eru,
African jointfir)

A perennial wild vine.
Belonging to the gymnosperm.

A good source of protein as well as essential
and non-essential amino acids.

Ipomoea batatas (sweet
potato)

Herbaceous vine with alternate
heart-shaped leaves.

Contains a substantial amount of
carbohydrate with negligible fat and rich
content of vitamins A, Bs, and C, Mn, and
K.

Lactuca sativa (lettuce,
celtuce)

An annual leafy vegetable of
the Aster family.

Contain substantial amount of
carbohydrate, fiber, protein, vitamin K1,
vitamin A, manganese, vitamin C, and
folate.

Manihot esculenta (cassava

A vegetable with long tapering

Contains vitamins B¢ and C, Fe, Ca, Mg.

leaves) root. The leaves are rich in leucine. While the
root is high in dietary fiber carbohydrate
and sugar.

Mushroom These are the flea-shy spore- Contains much water, carbohydrate,

producing fruiting structure of
edible fungi.

and proteins. Also rich in B vitamins and
minerals like Zn, P, and K.

Ocimum grassitimum (clove

basil)

An aromatic perennial herb.

Constituents include eugenol, Mg, and
essential oil.

Pachyrhizus erosus (jicama)

Jicama is a kind of bulb/root
vegetable which looks a little
bit like an onion, with a yellow
exterior and a white inner. In
terms of taste and texture, it is
sweet and crunchy.

This contains carbohydrates, fiber, sugar,
protein, vitamin C, potassium, magnesium,
manganese, and a negligible amount of fat.
Also, consist of a large amount of water.

Pastinaca sativa (parsnip)

This is a biennial plant with
arosette with roughly hairy
leaves that have a pungent odor
when crushed.

Contains a high amount of carbohydrate,
dietary fiber, potassium. Also vitamin C,
B6, iron, and magnesium.

Phaseolus vulgaris (green
bean, French bean runner
bean, haricot bean, lima
bean)

These are unripe young fruits
that are usually in enclosed
pods from different cultivars
of beans.

A rich source of folic acid fibers and
vitamins like A, C, and K. Also a good
source of Fe, Mg, P, Ca, and folate.

Piper guineense (uziza
leaves, Ashanti pepper
leaves, Benin pepper
leaves)

These are vines useful in
culinary. The leaves have a
peppery taste and the leaves are
green when fresh.

Contains a high level of vitamins C and E.
Also contains protein, dietary fiber, and
essential oils.
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Cultivars type

Description

Nutritional value

Pisum sativum (pea, snap
pea, snow pea, split pea)

A small spherical seed pod-
shaped vegetable.

Has a reasonable amount of carbohydrates,
protein, and fiber. Also vitamins A, C, K
and thiamine.

Raphanus sativus (radish,
daikon, seed pod varieties)

An annual or biennial swollen
taproot. The abundant
anthocyanin gives the
characteristic range of skin
colors.

High calories, with a low amount of vitamin
C, carbohydrate, and protein.

Solanum lycopersicum
(tomatoes)

Edible vines with berry.

A major source of antioxidants is lycopene.
Also contains 95% water, protein,
carbohydrate, fiber, K vitamins B and E.

Solanum melongena
(eggplant)

Belongs to the nightshade
family and is cultivated for its
purple spongy absorbent fruits.

Fiber, fat, protein, Mg, K, Cu, folate,
vitamin C and vitamin By,

Solanum tuberosum
(potato)

A herbaceous perennial tubers.

Contains phosphorus, calcium, magnesium,
zinc. Also a rich source of vitamin B6,
vitamin C, and fiber.

Spinacia oleracea (spinach)

An annual leafy vegetable.

The leaves are simple, oval to
triangular, alternate with broad
leaves on the lower part of the
stem thinning at the apex.

Rich source of vitamin A, vitamin C,
vitamin K, Mg, Mn, folate. Also a good
source of B vitamins, vitamin E, potassium,
calcium and dietary fiber.

Talinum fruticosum
(waterleaf, Florida
spinach, Lagos bologi,
sweetheart, potherb, fame
flower)

An erect plant with small,
broad, and fleshy leaves.

A very good source of vitamins A and C.
Also high in Feand Ca.

Taraxacum officinale
(dandelion green)

Leafy green with impressive
nutrient density. Often eaten
raw, and have a bitter and
slightly peppery taste. Like
many vegetables, they have
amore pleasant flavor after
cooking.

High in Ca and provide a rare source of
vitamin E. Also contains carbohydrate,
fiber, fat, protein, vitamin K1, A, C.

Vernonia amygdalina
(bitter leaf)

A shrub and member of the
daisy family with elliptical
leaves and rough bark. Grows
up to 20 cm long.

High protein content, crude fiber. Also
contains minerals like NA, Fe, Mg, Zn, Ca,
K.

Vicia faba (broad beans)

Member of the pea and bean
family. An erect annual plant
where the seeds in the pod
serve as a vegetable.

Carbohydrate, proteins, and fat. High in
dietary mineral-like Mg, Fe, Mn, P, folate,
and B vitamins.

Sources: [3, 4].

Table 1.

Some examples of vegetable, description, and nutritional value.

2. Common vegetables and parts used as food

Most vegetables as we all know are different across various continents. Table 2
shows common vegetables, parts used, cultivars, scientific names, and origin.
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Partused Cultivars Scientific name Origin
Bulbs Garlic Allium sativum Asia
Bulbs, leaves Onion, spring, Allium cepa Asiaand Africa

scallion, shallot

Fruits Pepper, bell pepper, Capsicum annuum North and South America,
sweet pepper Africa

Fruits Cucumber Cucumis sativus Southern Asia

Fruits Tomatoes Solanum lycopersicum South America

Fruits Eggplant Solanum melongena South and East Asia

Fruits, flowers Pumpkin. Squash, Cucurbita spp. Mesoamerica

marrow, zucchini,

Flower, bud Artichoke Cynava cardunculus var. Mediterranean area and
scolymus North Africa
Leaf sheath Leek, elephant garlic Allium ampeloprasum Europe and Middle East
Leaves Clove basil Ocimum gratissimum Africa and Southern Asia
Leaves Arugula Eruca vesicaria ssp. sativa Mediterranean and
Middle-East
Leaves Spinach Spinacia oleracea Central and Southwest Asia
Leaves Lagos spinach (also Celosia argentea var. Central and West Africa
known as quail grass, argentea
soko, celosia or feather
cockscomb)
Leaves Fluted gourd, fluted Telfairia occidentalis West Africa
pumpkin, ‘Ugwu’
Leaves Kale Brassica oleracea Eastern Mediterranean and
Asia
Leaves Bitter leaf Vernonia amygdalina Tropical Africa
Leaves Waterleaf, Florida Talinum fruticosum Central and South America,
spinach, Lagos bologi, Caribbean, West Africa
sweetheart, potherb,
fame flower
Leaves Uziza leaves, Ashanti Piper guineense West Africa
pepper leaves, Benin
pepper leaves
Leaves Eru, wild spinach Gnetum africanum Tropical Africa
Leaves, axillary Cabbage, Brussel Brassica oleracea Europe

buds, stems,
flower heads

sprouts, cauliflower,
broccoli, kale,
kohlrabi, collard
greens

Leaves, seed

Jute plant, Jew’s
mallow, buch okra,

nalta jute, jute mallow

Corchorus olitorius

Tropical Asia and Africa

Leaves, stem, Lettuce, celtuce Lactuca sativa Egypt

seed oil

Pods, seeds Green bean, French Phaseolus vulgaris, Central and South America
bean runner bean, Phaseolus coccineus,
haricot bean, lima Phaseolus lunatus
bean

Pods, seeds Broad beans Vicia faba Mediterranean and Middle

East
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Partused Cultivars Scientific name Origin
Pods, seeds, Pea, snap pea, snow Pisum sativum Mediterranean and Middle
sprout pea, split pea East
Root Parsnip Pastinaca sativa Eurasia
Root, leaves Beetroot, sea beet, Beta vulgaris Europe and Near East
Swiss chard, sugar
beet
Root, leaves Turnip, Chinese Brassica vapa Asia
cabbage, napa
cabbage, bokchoy
Root, leaves, Carrot Daucus carota Persia
stems
Seed pods, seed Radish, daikon, seed Raphanus sativus South Eastern Asia

oil, sprouting,
roots, leaves

pod varieties

Seed, pod Okra, ladies’ fingers Abelmoschus esculentus West Africa, South Asia,
and Ethiopia

Tubers Yam Dioscorea spp. Tropical Africa

Tubers Cassava Manuhot esculenta South America

Tubers Potato Solanum tuberosum South America

Tubers, leaves, Sweet potato Ipomoea batatas Central and South America

shoots

Sources: [4, 5].

Table 2.

Showing common vegetables.

2.1 Health benefit of vegetables

Some of the under listed health benefits of vegetables were mentioned by [6]

and they include:

* Vegetables act as suppliers of dietary fibers and are important sources of
essential vitamins, minerals, and trace elements.

* They also serve as antioxidants and loads of vitamins suchas A, C, and E. A
diet laden with vegetables leads to a reduction in the terminal incidence of

cancer, stroke, cardiovascular disease, and other chronic ailments.

* The fiber contents of vegetables can assist in keeping hunger in check because
it fills the stomach.

* Vegetables have a positive effect on the blood sugar of consumers.

* Consumption of vegetables also assists in the control of high cholesterol levels
and blood pressure in the body.

* Itaids to reduce inflammation and aid digestion.

* Generally, vegetables have a positive effect on the blood sugar of consumers.
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3. Description on therapeutic benefits of phytochemicals in vegetables

The words “Phytochemicals” often called secondary metabolites are non-
nutritive chemical compounds produced by plants via several chemical pathways.
Recent studies have demonstrated that a large number of phytochemicals can
be beneficial to the function of human cells. Several studies also indicate the
effects of phytochemical-rich foods on health. While phytochemicals can help to
improve health.

Also, phytochemical substances are found in plant-based foods such as fruits,
vegetables, whole grains, nuts, seeds, and legumes. They give plants their color, flavor,
and aroma. There are thousands of different phytochemicals in which scientists are
discovering the different roles they play in human health. Much of the current evidence
on the benefits of phytochemicals came from observing people who eat mainly plant-
based diets. These people have been shown to have significantly lower rates of certain
types of cancers and heart disease [7, 8]. Phytochemicals may have the potential to:

* Aid the function of the immune system

* Protect cells and DNA from damage that may lead to cancer

* Improve the health conditions

* Reduce inflammation

* Slow the growth rate of some cancer cells

* Help regulate hormones

You will find some examples of specific phytochemicals and their potential
benefits, along with some of the foods in which they are found in Table 3.

Each plant food has many different phytochemicals; for instance, there are
more than 100 phytochemicals in carrots alone. You may not find a single food item
with all the essential nutrients. There is a need to include a little portion of every

food in your diet for great health benefits. Different phytochemicals have different
functions in the body, and many of them complement one another. Evidence shows

Phytochemical Foods Potential benefit

Carotenoids (beta Cooked tomatoes, orange squash, May inhibit cancer cell growth, reduce

carotene, lycopene) carrots, sweet potatoes, and green risk of cardiovascular disease, and
plants, such as broccoli. boost immunity.

Flavonoids Berries, apples, citrus fruits, May fight inflammation, decrease
soybeans, coffee, tea, walnuts, damage to DNA, and reduce tumor
whole grains. growth.

Anthocyanins Berries It may help lower blood pressure.

Isothiocyanates Cruciferous vegetables, such as May protect against cancer and

(sulforaphane) broccoli, cauliflower, and kale. cardiovascular disease.

Lutein and zeaxanthin Dark, leafy greens, such as spinach May promote eye health.
and chard.

Sources: [7, 8].

Table 3.
Description of some vegetables and their nutritional values. Some extract.
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that taking phytochemicals in supplement form may not provide the same benefits
as eating whole plant foods, because phytochemicals in supplements may not be

as easily absorbed by the body as those from food sources. So the best way to have

a variety of phytochemicals and other essential nutrients in the diet is to eat a
rainbow of plant-based foods. The fruits and vegetables with deeper and brighter
colors or with stronger flavors are often the best sources of phytochemicals. Larger
concentrations of phytochemicals are also often found in the skins or peels of fruits
and vegetables [8].

3.1 Preparing vegetables for healthy living

Most essential nutrients in vegetables can easily be washed and bleached off
thorough preparatory procedures. Preparing food to preserve the nutrients for
maximum effect ensures healthy eating. Soluble nutrients such as vitamins B
and C can easily be lost during preparation [9, 10]. Following the required
preservative, methods to keep nutrients in food intact enable us to gain access
to the nutrients embedded in the vegetables. Useful tips to follow in preparing
vegetables include:

1. Handling is essential for keeping vegetables fresh and healthy for consumption.
Therefore, wash your hands before handling or preparing the vegetables for
consumption or commercial purposes.

2.Itis very important to wash vegetables before consuming them.

3. Use of healthy cooking methods like broiling, grilling, steaming, and roasting.
As much as it is possible deep frying should be avoided because it leads to the
destruction of the nutrients and addition of fats to the vegetable.

4.Ensure you cook vegetables at a safe temperature using a food thermometer.
To avoid contaminants, it is essential to refrigerate within 2 h of purchase or
harvest. You may as prepare.

5. Vegetables should be cooked in little water for a short period to prevent the
soluble nutrients from being washed off.

6. Avoid dicing or cutting into small chunks. This can lead to the wash off of the
nutrients such as the B and C vitamins.

7. Avoid using salt as flavor instead use a variety of spices.

8. Avoid packaged or processed vegetables because these are likely to contain salt,
sugar, and fats.

4. Methods of processing and preserving the vegetable

Due to the different growing and harvesting seasons of different vegetables at
different locations, the production, availability, and consumption of fresh veg-
etables are as diverse as there are different cultures and people in the different parts
of the world. The main reason for processing is to prolong the shelf life through
the prevention of microbial spoilage and natural physiological deterioration of the
plant cells [9, 11].

11
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According to [10] processing and preserving are essential keys for foods product
in order to avoid spoilage of such items. Some methods of processing and preserv-
ing vegetables can be:

* Freezing

* Canning

* Blanching

* Fermenting

* Packaging

* Dehydration

e Irradiation
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Abstract

Antioxidants are valuable ingredients present in vegetables. Vegetables are essen-
tial and crucial in human’s health and diet because of their minerals, antioxidant
vitamins, phytochemical compounds, and dietary fibre content. This is the reason
why an adequate consumption of vegetables has been linked with reduced risk and
protection against various chronic diseases. Notably, each vegetable belongs to a
group that contains a unique quantity of phytochemical compounds, which distin-
guish them from other groups and even within their group. The exact mechanisms
by which the consumption of vegetables protects against human diseases are yet
to be fully understood. However, the phytochemicals present in vegetables could
be responsible for attenuating some of them. These phytochemicals are strong
antioxidants that reduce the risk of chronic diseases by mounting resistance against
the generation of free radicals and their damage. They are also involved in the
modification of metabolic activation, detoxification of carcinogenic compounds, or
attack of tumour formation in cells. This review highlights the inherent antioxidant
potentials of vegetables, their roles as an excellent source of antioxidants and their
impact on human health and diseases. Information provided in this review will
provide more insight into the roles of antioxidants present in vegetables.

Keywords: antioxidant, vegetable, phytochemical, disease, free radical

1. Introduction

These days, the new trend of consumption of foods in our society is for the
“natural and healthy,” which includes vegetables and fruits in the diet. “Western”
type diets involve a high intake of food with much calories and animal protein with
low consumption of vegetables. The resultant effect of this type of diet with physi-
cal inactivity is the development of diseases such as diabetes, obesity and cancer [1].
Therefore, the search for vegetables continues to gain attention as they are known
to contain bioactive compounds with medicinal values that can offer healthy diet,
build up the body’s defences and help to prevent diseases [2].

Vegetables are large class of plants serving numerous purposes in the medicine,
food and beverage industry. Their leaves, stems, seeds and flowers are useful
for feeding, as flavours and colourants. They are plants of great importance in
our diet. They are protective foods that are of great benefit in maintaining good
health, building and repairing the body and preventing diseases because of the
large number of essential nutrients they contain. They are rich in antioxidants like
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carotenoids, ascorbic acid, flavonoids, folic acid and minerals like calcium, iron,
phosphorus, phenolic compounds, proanthocyanidins, vitamins and saponins [3].
These phytochemicals exhibit multiple biological effects such as antioxidant, anti-
inflammatory, antimicrobial and anti-cancer activities. Particularly, the antioxida-
tive activity of phenolic compounds is highly recognised and this is attributed

to their chain-breaking and free radical scavenging abilities, which remove free
radical intermediates, thereby offering protection against the production of reac-
tive oxygen species [3]. Excessive production of reactive oxygen species (ROS) can
cause oxidative damage to biological macromolecules such as nucleic acids and
proteins [4].

In rural areas, vegetables form an integral component of the food and nutri-
tion of the local population as they are traditionally reckoned for their medicinal,
therapeutic and nutritional values since time immemorial. They are either con-
sumed as raw or cooked as traditional delicacies and the sales from the surplus
of these vegetables serve as an additional income to many families. Moreover, to
this set of population, vegetable consumption gives variety to their food and add
flavours to the diet. It is rich in various nutritive elements and can make up for the
dietary shortfalls of vitamins and minerals necessary for the human diet. Generally,
malnutrition and food shortages are prevalent among the rural population. Thus,
the cultivation of vegetables will contribute to increased food production, balanced
nutrition, food and health security and poverty eradication for them.

Study revealed that before the nineteenth century, there has been a particular
interest in vegetables and herbs because of the beneficial effects of phytochemicals
present in them [5]. They were being used for therapeutic purposes until synthetic
drugs were developed. Their consumption has drawn great attention due to the
discovery of the fact that, their regular intake has an alliance with declined rates of
heart diseases, cancers, diabetes, and other degenerative diseases. Protection that
vegetable offer has been ascribed to the presence of antioxidative compounds such
as a- tocopherol, ascorbic acid [6] and phytochemicals like carotenoids, flavonoids,
lycopene, phenolics and p-carotene [7-9]. These compounds are free radical scav-
engers, hydrogen-donating compounds, metal ion chelators with ability to inhibit
generation of free radicals and reactive oxygen species (ROS) [10].

Thus, this review draws attention to the bioactive compounds present in our
vegetables, their biological importance and elucidation of their roles in disease
prevention and health.

2. Antioxidant potential of vegetables

Antioxidants are defined as substances which when present at low concentration
compared to those of an oxidizable substrate [11], significantly delay or prevent
the oxidation of that substrate. Some of the mechanisms of action of antioxidants
involve prevention of lipid peroxidation, oxidative damage to membranes, glycation
of proteins and inactivation of enzymes caused by free radicals. Oxidative stress
can arise due to the generation of ROS including free radicals and non-free radicals.
Evidences have shown that they have roles in the development of several diseased
conditions such as lipid peroxidation, protein oxidation, DNA damage and cellular
degeneration [12, 13].

Normally, during cellular metabolism, free radicals and other reactive oxygen
species are continuously released in the body. They can also be produced from
sources such as drugs, food, exhausts and other pollution from the environment.
Organisms are endued with endogenous and exogenous antioxidant defence
systems against free radical generation. However, when free radical produced in

16



Antioxidant-Rich Vegetables: Impact on Human Health
DOI: http://dx.doi.org/10.5772/intechopen.101126

the body overwhelms the antioxidant system, oxidative stress ensues. This has
implications in the aetiology of several pathological conditions [14]. This is the
reason for the special attention being given to the use of antioxidants especially of
natural origin.

Antioxidant phytochemicals have been recognised for the role they play in the
prevention and management of chronic diseases [15]. Phytochemicals are proven
to have antioxidant capacities in humans. Consumption of vegetables with high
contents of these compounds is liable to raise the antioxidant capacity of the body
system. For instance, serum total antioxidant capacity was found to be elevated sig-
nificantly following the consumption of spinach in elderly women [16]. Further, a
study has also supported a significant increase in antioxidant capacity caused by the
daily consumption of 10 servings of fruit and vegetables for a period of 15 days [17].

Given the growing prospect observed in these phytochemicals, there is a need to
identify and quantify them, elucidate their mechanisms of action and assess their
potential health benefits. This information could serve as a basis for intervention
strategies.

The phytochemical content of some vegetables like Broccoli, Brussels sprout,
green cabbage have been revealed [18]. a- and p-carotene are richly present in
brocceoli (1 and 779 mg/100 FW), carrot (4.6 and 8.8 mg/100 FW), tomato (112
and 393 mg/100 FW), pea (19 and 485 mg/100 FW), and sweet pepper (59 mg/100
FW). However, some factors such as level of growth, handling during post harvest-
ing, and processing could contribute to the significant variation that sometimes
occur in structure and function of phytochemicals from vegetable to vegetable [19].
Vegetables such as beans, broccoli, cabbage, cauliflower, cress, pea, spinach, spring
onion, and sweet peppers are reported to be rich in ascorbic acid [20]. Asparagus,
Brussels sprout, cabbage, carrot, cauliflower, kale, lettuce, spinach, sweet potato,
and turnip are abundant in vitamin E [18] while red pepper is high in vitamin C
content (144 mg/100 g) [21].

Furthermore, the structure can influence the antioxidant capability of a
phytochemical in vegetables. For instance, the antioxidant properties of flavonoids
depend on their C-ring structure. Flavonoids like rutin and luteolin with full
substituted C-ring and an ether bonded with three oxygen display superior free
radical scavenging capacity and higher reaction rate when compared to flavonoids
that lack one or more C ring structural elements. Also, individual phenolic units
in vegetables have been found to show better antioxidant activity than total
phenolics. Generally, the high scavenging property of vegetables with phenolic
content may be as a result of hydroxyl groups existing in the phenolic compounds’
chemical structure that can provide the needed component for radical scavenging
activity (Figure 1). The hydrogen atoms of the adjacent hydroxyl groups, situated
in various positions of the rings A, B and C, the double bonds of the benzene ring,
and the double bond of the oxo functional group (-C=0) of some flavonoids, offer
them their high antioxidant activity. These structural features are shown in the

R )
OH \_/ OH

7

OH

FI-OH F1-O°

Figure 1.
Free radical scavenging of flavonoids where R is the vadical and FI-OH is the flavonoid.
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benzene rings of flavonoids as shown in Figure 2. The antioxidant ability centre
of phenolic acids is in the phenolic hydroxyl group, such that the positioning of
phenolic hydroxyls is directly related to their antioxidant activity [22].

The impartation of colours is also an important factor in the antioxidative
activity of phytochemicals in vegetables (Table1). It is said to be directly related to
the pigment content such as carotene, phytoene, chlorophyll, lycopene and antho-
cyanin, and their relative quantities at different maturity stages. It is an important
trait that largely reflects quality, type of phytochemical as well as antioxidant
activity [30]. Jaganath and Crozier [31] inferred that colour difference as observed
in vegetables and fruits is an indication of accumulation of phytochemicals such as
flavonoids and carotenoids. Red pigment conferred on red bell peppers is linked to a
large content of lycopene, a member of the carotenoid family, localised in the pros-
tate gland. Lycopene is a powerful antioxidant that has a connection with lessened
risk of some cancers, especially prostate cancer [23], and protection against heart
attacks. The yellow or orange colouration noticed in vegetables such as spinach,
sweet potatoes and carrots represents produce rich in both a and p-carotene. They
are also members of the carotenoid family where p-carotene can be converted to
vitamin A in the body, a nutrient that plays a crucial role in vision. The mechanism
involves the cleavage of B-carotene into two molecules of vitamin A which is then

Figure 2.
Structural chavacteristics of flavonoids with high antioxidant activity; presence of hydroxyl groups and double
bonds (circled) in the benzene rings.

Vegetable colour Pigment/Phytochemical Health benefits References
content

Red (in red bell Lycopene Reduced risk of some cancers, [23]
peppers) anthocyanin especially prostate cancer

delays many diseases associated

with ageing
Yellow or orange a and p-carotene, plays a crucial role in vision, [24, 25]
(in spinach, sweet flavonoids improves immune function,
potatoes and improves skin and bone health,
carrots) prevents cancer
Green (asin Lutein Maintains good vision [26]
spinach, parsley)
Blue/purple (as in Anthocyanin and phenolics Reduced risk of ageing, cancers [27, 28]
eggplant) and heart disease
White, tan or brown Thiosulphides, Lowers blood pressure, regulate [29]

(as in onion, garlic,
potato)

cholesterol levels and lower the
risk of some types of cancers

Table 1.

Impartation of colours in vegetables and their health benefits.
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converted to II-cis-retinal and thereafter combines with opsin to form a protein
called rhodopsin. When light hits the rods, metarhodopsin is produced [24]. Beta-
carotenes in vegetables are also involved in improving immune function, skin and
bone health as well as prevention of cancer [25].

3. Mechanisms of antioxidative action of vegetable phytochemicals

Generally, the protective effect of vegetables has been credited to their antioxi-
dant components. Antioxidants prolong the onset of free radical generation due
to their capacity to supply hydrogen atoms or chelate metals implicated in ROS
formation [18]. The mode of operation by which antioxidants negate the influence
of free radicals involves various mechanisms among which is the termination of the
free radicals [32] and post-modification of resultant bioactive compounds during
metabolism [33].

Cells can respond to the effect of antioxidant phytochemicals by interacting with
receptors and enzymes involved in signal transduction, or through modification of
gene expressions that may affect the redox status of the cell and subsequent induc-
tion of series of redox-dependent reactions [34]. Reference [34] also presented
an evolving evidence that phytochemicals like flavonoids may participate in the
modulation of intracellular signalling cascades. Intracellular signalling pathways
serve as major avenues of connection between the plasma membrane and regulatory
targets in various intracellular compartments [35]. This signalling process also leads
to the activation of protein kinases by phosphorylation, and then affects the activity
of transcription factors that regulates gene expression [36]. Ruiz et al. [37] showed
that the signalling cascades enable the cells to regulate processes such as growth,
proliferation, and apoptosis. Phytochemicals can modulate effects in cells through
selective actions on different components of the signalling cascades.

One of the mechanisms utilised by carotenoids is inhibition of the oxidation ini-
tiated by singlet oxygen. Flavonoids possess antioxidant, anti-inflammatory, anti-
mutagenic and anti-carcinogenic properties. Apigenin is a flavone found in parsley
and celery. It prevents inflammation by hampering the production of proinflam-
matory cytokines and cyclooxygenase 2 (COX-2) expression through the inhibition
of nuclear factor-«B (NF-xB) (Figure 3), phosphoinositide-3-kinase (PI3K/Akt)
and activating transcription factor-3/cyclic adenosine monophosphate (ATF/cyclic
AMP) responsive element signalling pathways [38]. Kaempferol, a flavonol present
in broccoli suppresses the inflammatory activities of inducible nitric oxide synthase
(iNOS) and COX-2 by blocking signal transducer and activator of transcription 1
(STAT-1), NF-xB, and activator protein 1 (AP-1) signalling pathways as observed in
activated macrophages and human endothelial cells [39]. Quercetin, known to be
present in green leafy vegetables, onions and broccoli, exerts its potent antioxidant
and anti-inflammatory activities by inhibiting the expression of pro-inflammatory
cytokines [40] and suppressing (tumour necrosis factor) TNF-induced NF-«B
(Figure 3) [41]. Furthermore, it can also regulate lipid profile thereby reducing
glycaemia through the inhibition of 11B-hydroxysteroid dehydrogenase type 1 [42].

Lycopene, a carotenoid present in tomatoes, diminishes inflammatory response
by reducing the gene expressions of iNOS and COX-2 [43] as well as IL-12 produc-
tion. This is achieved by obstructing mitogen-activated protein kinase (MAPK)
signalling and the activation of NF-«B [44]. Moreover, f-carotene in green-coloured
leafy vegetables prevents the genetic expressions of LPS-induced iNOS, COX-2, and
TNF-a by reducing phosphorylation and degradation of I-kappa B-related protein
(IxBR) and nuclear translocation of NF-«B in macrophages [45]. Lutein, known for
its yellow pigmentation in leafy vegetables such as spinach was discovered to have
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Inhibition of

inflammation

Suppression of iINOS, COX-2 and TNF-induced
NF-KB gene expressions

Figure 3.
Mechanism of inhibition of inflammation and oxidative stress by phytochemicals in vegetables.

the ability to repress LPS- and hydrogen peroxide-induced pro-inflammatory gene
expression by diminishing the activities of PI3K and NF-xB inducing kinase (NIK)
and phosphorylation of Akt [46].

4. Classification of vegetables

There are thousands of species of plants used as vegetables globally.
Classification of these species can be done by taking into considerations some
common features such as the part of the plant used for nutrition and the specific
nutritional value. A summary of the health benefits of vegetables described below
and their antioxidants content are displayed in Table 2.

4.1Leafy vegetables

4.1.1 Lettuce

Lettuce (Lactuca sativa L.) is from the Asteraceae (Compositae) family. Itisa
vegetable that is extensively cultivated globally, commonly consumed fresh and as
one of the salad ingredients owing to its health-promoting effects [68]. It comes in
different textures, colours, leaf shapes and in a wide variety of head formations.
According to Mou [69], it is classified into six major types which are butterhead,
Cos or Romaine, Crisphead, Leaf or Cutting, Stalk or Stem, and Latin. lettuce
is known to be a great source of flavonoids and vitamin B9. [70, 71] reported in
their studies that, its vitamin B9 and flavonoid contents were higher compared to
spinach, which is another popular green leafy vegetable that is widely consumed.
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Vegetables Antioxidants Content Health Functions References
Lettuce Vitamins C and E, reduction in the occurrence of cancers like lung, [47, 48]
carotene, lutein prostate, and colon, heart disease and vision
impairment, reduction in total cholesterol and
LDL levels
Watercress Vitamins C and E, prevention of various liver diseases, reduction in [49, 50]
quercetin, lutein, susceptibility to cancer of the colon and oxidative
B-carotene, anthocyanins  stress, prevention against type 2 diabetes and
cardiovascular diseases
Vernonia Luteolin Treatment of malaria, fever and cough, [51-53]
Amygdalina management of postpartum haemorrhage,
(Bitter Leaf) Reduction of plasma glucose and triglyceride/
cholesterol levels, inhibition of human breast
cancer cells’ growth.
Telfairia ascorbic acid Treatment of anaemia, malaria convulsion and [54-56]
Occidentalis gastrointestinal disorders, lowering of blood
(Fluted glucose level, elevation of haematological
Pumpkin) parameters, improvement of sperm quality,
management of infertility
Corchorus Vitamins C and E, Treatment of folic acid, iron shortage and [57, 58]
olitorius Carotenoids, quercetin anaemia, blood purification
(Jute Mallow)
Onion kaempferol, quercetin Regulation of fasting blood glucose levels, [59-61]
improvement of glucose tolerance, support
of growth of beneficial bacteria, decreased
incidence of stomach and intestine cancers
Carrot Vitamins Cand E, Inhibition of mutagenesis, lowering of blood [62]
carotenoid glucose level, function as immune enhancer,
anticarcinogen and antioxidant
Tomato Lycopene, carotene, Reduction in the development of stomach and [63-65]
tocopherols, lutein, rectal cancers, reduction in vulnerability to
ascorbic acid lipid peroxidation, reduction in prostate cancer
risk and an increased apoptotic cell death in
carcinomas, elevation of antioxidant defence
system
Eggplant lycopene, lutein, control of the level of high blood cholesterol [66, 67]
a-carotene, myricetin inhibition of type 2 diabetes and hypertension
and kaempferol
Table 2.

Summary of the vegetables and their health functions.

Variation with regards to quality/quantity of vitamins and phytochemicals depends
on some pre-harvest factors such as agricultural practices, maturity, genotype,
maturity and environmental circumstances [72].
However, genetic composition has a great influence on the determination of
synthesis and bioaccumulation of carotenoids, chlorophylls, vitamin E, phenolic
compounds, vitamin C and antioxidant molecules [73]. Vitamins are vital micro-
nutrients present in lettuce and have been implicated in the reduction of certain
diseases such as cardiovascular and degenerative diseases [74]. Variations in the

amount of vitamins found in lettuce may depend on leaf type, colouration and but-
terhead. Romaine lettuces have been particularly found to be good sources of folate
[70], with green lettuce having the highest vitamin C concentration [75].

Also, the content of carotenoids such as carotene and lutein and colours
across the 52 genotypes of lettuce was discovered to vary as assessed by [76] and
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categorised in the following order: Romaine and green leaf > red leaf > butterhead

> crisphead. Report given about these two carotenoids that they were remarkably
and positively correlated with chlorophyll a and b as well as with total chlorophyll
content was found to be quite contrary to the findings of [77] who argued that the
content of these carotenoids may not correlate with leaf green pigmentation, since
the contents of carotenoids seemed to be lower in green compared to red-pigmented
lettuce. This contradictory opinion may suggest that the content in carotenoids may
not be consistently and outrightly related to leaf pigmentation [78]. Nevertheless,
the frequent consumption of carotenoids-rich lettuce has been linked with a reduc-
tion in the occurrence of chronic diseases such as certain types of cancer (lung,
prostate, and colon), heart disease and vision impairment [47].

Further, many researchers also reported variation in the content of the second-
ary metabolites present in lettuce with respect to the genotypes and leaf colours
[79]. According to [80], red lettuce contains just a single anthocyanin, called
cyanidin-3-O-(6"-malonyl-_-glucopyranoside) which is further converted to two
cyanidin derivatives named as (cyanidin-3-O-(6"-malonyl-_-glucopyranoside
methyl ester) and cyanidin-3-O--glucopyranoside). These cyanidin derivatives pos-
sess antioxidant activities against lipid peroxidation and cyclooxygenase activity.

The significance of leaf pigmentation was further accentuated by [78] in their
study where leaf pigmentation was found to correlate with the concentration of
phenolic compounds such as flavonoids, and anthocyanins. For instance, the total
phenolic content in red butterhead, red leaf and red romaine lettuces was higher
than the green counterparts [81, 82]. The red colour of lettuce has been associated
with a high level of total phenolics, popular for imparting a higher antioxidant
activity than vitamins C and E [83]. The health benefits of red-pigmented lettuce
have been highlighted in an iz vivo study done by Lee et al. [48] on mice fed with
a high-fat diet and supplemented with red lettuce. The results indicated that total
cholesterol and low-density lipoprotein (LDL) were reduced, thus underscoring the
prospects of red-pigmented lettuce consumption against cardiovascular disease.
Similarly, a study carried out by [84] demonstrated that rats fed with red oak-leaf
lettuce reduced appreciably LDL and cholesterol levels. Also, the new cultivar
B-2 of red-pigmented lettuce, characterised by a high concentration of flavones,
anthocyanins and phenolic acids has been reported by [80] to contribute to decline
in diseases caused by oxidative stress, leading to anti-tumour activities against some
cancer cell lines.

Based on the above considerations, clinical studies have validated the inherent
benefits of frequent consumption of fresh lettuce, in particular the red-pigmented
varieties.

4.1.2 Brassica leafy vegetables

This category of vegetable was formerly referred to as cruciferous vegetables
and it includes a broad range of species with promising health-benefitting proper-
ties. These species include kale, pack Choi, mizuna, watercress, wild and salad
rocket DC and Eruca vesicaria [L.] Cav. Database has shown that, about 12% of the
vegetables grown globally belong to the Brassicaceae family. They are rich sources of
phytochemicals [49], vitamins C, E and K, carotenoids, and phenolic compounds.

Genetic factor has been considered as a factor that influences and modulates
the biosynthesis and accumulation of phytochemicals in Brassica leafy vegetables
[49]. Variations in the amount of phytochemicals have been observed in a compara-
tive study of antioxidant molecules involving four Brassica leafy vegetables [85].
Watercress showed the highest polyphenol and vitamin C content, while salad and
wild rocket showed high concentrations of kaempferol and quercetin derivatives.
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Mizuna displayed remarkable concentrations of isorhamnetin and sinapic acid [85].
The potential value of salad Brassica leafy vegetables as dietary sources of antioxi-
dants has been highlighted. Its positive effects against type 2 diabetes and cardiovas-
cular diseases have been affirmed.

Brassica leafy vegetables, in particular kale, are considered as a valuable source
of carotenoids such as lutein and p-carotene as well as chlorophyll a and b. During
the analysis to determine the concentrations of carotenoid of 33 kale cultivars,
zeaxanthin was the most abundant carotenoid in 21 cultivars. American and hybrid
cultivars were shown to have high concentrations of zeaxanthin, while German
landraces, German commercial varieties, Italian, and red-coloured kale varieties
exhibited high concentrations of chlorophyll a and b [86].

Coloured Brassica leafy vegetables like violet kale or pack Choi containing
anthocyanins have taken the attention of nutritionists and horticulturists. The
anthocyanins content could serve as a marker for differentiating between varieties/
cultivars. The phytochemical concentrations in pack Choi are dependent on the
particular colour. Aiyeloja and Bello [87] observed that red pack Choi produced
higher concentrations of total flavonoids, total phenolic compounds, glucosinolates,
carotenoids and anthocyanins than its green counterpart. Regular intake of leafy
vegetables containing anthocyanin could contribute to prevention of various liver
diseases, reduction in susceptibility to cancer of the colon and oxidative stress [50].

4.1.3 Bitter leaf (VA)

Vernonia amygdalina from Asteraceae family is popularly known as the bitter leaf
in English. Its petiolate leaves of are about 6 mm in diameter and elliptic in shape.
The green leaves have a characteristic bitter taste [88]. They are well distributed in
tropical Africa and Asia. The leaves of VA serve as condiments in soup after being
washed or boiled to remove the bitter taste. In folk medicine. It has a long history of
being used in the treatment of malaria fever and cough [51].

In traditional medicine, many practitioners make use of the different parts of
the plants for the treatment of antihelminth, antimalaria [89]. Many others use the
aqueous extract got from the leaves as a tonic, an appetiser and for wound healing
[90]. Traditional birth attendants from Malawia and Uganda find it useful in aiding
removal of the placenta after birth, post-pertum uterine contraction, induction of
breast milk production and management of postpartum haemorrhage.

The local use of VA in various parts of Africa for treatment of several ailments
and general well-being has been backed up scientifically. Antidiabetic potential of
the aqueous extract of VA in streptozotocin-induced diabetic rats has been reported
[52]. The finding showed that VA was capable of diminishing plasma glucose, levels
of triglyceride/LDL-cholesterol and malondialdehyde (an index of lipid peroxida-
tion). This can occur via scavenging of the reactive oxygen species or by promoting
the synthesis of antioxidant enzymes [91] which can subsequently lead to reduction
in oxidative stress.

Reference [88] described the antidiabetic effect of VA when combined with
another vegetable named Gongronema latifolium, on the pancreatic p — cells of rats
induced with streptozotocin. The animals administered with the extracts were
observed to gain body weight as compared to weight loss experienced in the diabetic
group. Further, blood glucose level significantly declined after 28 days of treat-
ment with the combined extracts. Regeneration of islets cells was believed to be the
explanation as this would induce a rise in insulin production and secretion [92].
Active ingredients such as flavonoids are believed to be present in VA [44] which may
be responsible for their potentials in altering pancreatic damage initiated by strep-
tozotocin or alloxan in experimental animals. In addition, the bitter principle of VA
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may also be responsible for insulin production, stimulation and release of pancreatic
islets from the beta-cells [93]. Likewise, tannin, flavonoids glycosides and phytos-
terols of this plant could also inhibit the action of alpha-glucosidase inhibitor which
may have contributed to the hypoglycemic effect being exhibited by this plant.

VA is increasingly becoming a powerful and strong challenger for cancer
management as coumarins, flavonoids, sesquiterpene lactones have been implicated
as the active principles in VA that may be responsible for its anticancer activity [94].
Aqueous extracts of VA was found to exhibit a cytostatic action on cultured human
breast tumour cells (MCF-7) growth in vitro implying its tumour stabilisation and
protective effects in vivo [94]. Its potential effects in inhibiting DNA synthesis even
at physiological concentrations have been demonstrated in cancer cells [95]. Its
hexane, chloroform, butanol and ethylacetate fractions were found to be capable of
inhibiting the growth of human breast cancer cells even at concentrations as low as
0.1 mg/ml to 1 mg/ml, with an inhibition rate as high as 98% [53].

Other findings have established the usefulness of VA and its biopeptides
(derived from the aqueous extracts of its leaves) against cancer via apoptotic
mitogen-activated protein kinases and signal transduction pathways [96].

4.1.4 Fluted pumpkin (Telfairia occidentalis)

T. occidentalis (TO) commonly called fluted pumpkin is from the family:
Cucurbitaceae. It is a popular vegetable that occurs in the forest zone of West and
Central Africa. It is a perennial vine, growing to 10 m or more in length with its stems
having branching tendrils and the leaves divided into 3-5 leaflets. The leaf is widely con-
sumed due to its diverse benefits. The young succulent shoots and leaves are consumed
as vegetables in the eastern part of Nigeria. Its herbal preparation has been applied in
treating anaemia, malaria convulsion, gastrointestinal disorders [54]. Also, in addition
to its nutritional value, this vegetable has agricultural and industrial importance [97].

Some scientific researchers have discovered its free radical scavenging and
antioxidant properties. The leaves are rich in ascorbic acid and phenols [97].
Utilisation of the leaves in folk medicine in the treatment of some diseases in which
the involvement of generation of free radicals have been implicated could be as a
result of the antioxidative and radical scavenging ability [98].

Kim et al. [55] reported that aqueous extract of TO leaves lowers blood glucose
level and elevates haematological parameters in rats. The chemical composition of TO
shows vitamin A and C as part of its constituents which are well-known antioxidants
and capable of scavenging free radicals [99]. They are well-established haemopoietic
factors that have a direct impact on blood production in the bone marrow. Amino acids
are also derived from TO and could also be useful in production of the globin compo-
nent of the haemoglobin, contributing to elevation in haemoglobin concentration.

The leaf extract has also been documented to have the ability to improve sperm
parameters which can assist in improving sperm quality [56]. Some of its active
ingredients possess spermatogenic activities. Therefore, the leaves may be very
applicable in the treatment and management of infertility especially those linked
with a reduction in sperm performance.

The anti-anaemic potentials of the aqueous extract of leaves against phenyl hydra-
zine-induced anaemia in rabbits have been investigated [100]. The finding revealed
that the leaves are notably rich in iron and play a major role in curing anaemia.

4.1.5 Basil (Ocimum)

Ocimum basilicum and Ocimum gratissimum are known for the management of
different diseases in Africa. They belong to the Lamiaceae family. The leaves can be
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petiolate or sessile and most times toothed at the margin. The presence of volatile
oil which contain up to 75% of thymol, gives them a characteristic pleasant aroma.
The leaf of O. gratissimum or even the whole plant is a well-known remedy for diar-
rhoea and other diseases [101].

In folklore medicine, O. basilicum (basil) is a medicinal plant used for various
ailments, such as cough, diarrhoea, headaches, constipation and kidney malfunc-
tion. Its oil commonly referred to as basil oil contains camphor with antibacterial
properties. The vapour of the boiling leaves can be inhaled by people with catarrh
and colds while the leaves may be rubbed between the palms and sniffed for treat-
ment of a cold.

4.1.6 Jute mallow (Corchorus olitorius)

C. olitorius (Linn) is a leafy vegetable belonging to the family Tiliaceae. It is
commonly called jute mallow in English and “ewedu” in south western Nigeria.
The plant is characterised by the viscosity of its leaves which usually forms a thick
viscous soup after being cooked and can be added to stew or soup. The leaves are
rich sources of vitamin and minerals.

In folklore medicine, the leaf extract is employed in the treatment of pain, fever,
gonorrhoea and tumour. It is rich in minerals, vitamins B1, B2, C and E, carot-
enoids, [57]. In some parts of Nigeria, the leaves’ decoction is used to treat short-
age of folic acid and iron, as well as anaemia. The leaves are also used as a blood
purifier [58] while the cold leaf extract infusion is consumed to restore appetite
and strength and the leaves are used for treating fever, tumours, gonorrhoea and
piles [102].

The hepatoprotective effect of the ethanolic extracts against carbontetrachlo-
ride-induced hepatotoxicity in rats has been studied [103]. The extracts produced a
significant hepatoprotective effect by reducing the levels of liver function enzymes
and lipid peroxidation. Some of the phenolic antioxidants in the leaves are 3,
5-dicaffeoylquinic acid, quercetin 3-galactoside, phenolic [5-caffeoylquinic acid
(chlorogenic acid), quercetin 3-(6-malonylglucoside), quercetin 3-glucoside, and
quercetin 3-(6-malonylgalactoside).

4.1.7 Amaranth globe (Gongronema latifolium)

Gongronema latifolium commonly known as the amaranth globe is from
Asclepiadaceae family. It is a tropical rainforest plant in Nigeria, used as spice and
vegetable in traditional folk medicine [104]. It has a sharp-bitter, sweet taste. Useful
in making sauces, preparation of salads and soup. In West Africa, it is widely used
for nutritional and medicinal purposes. The aerial parts can be prepared as an
infusion to treat malaria, intestinal worms, cough and dysentery. It can be taken
as a tonic to address the loss of appetite. The decoction made from its stem with
lime juice is taken to treat stomach-ache, diabetes and high blood pressure. Senegal
and Ghana believed that the leaves when rubbed on the joints of small children
could assist them to walk. The latex is applied to teeth affected by caries, used in
weight loss in lactating women and for general health management. A decoction of
the roots, combined with other plant species, is utilised in the treatment of sickle
cell anaemia. The leaves, when macerated in alcohol is used to treat bilharzia and
hepatitis [105].

Screening of Gongronema latifolium vegetable revealed the presence of phy-
tochemicals such as alkaloids, tannins, glycosides, polyphenols, saponins and
flavonoids [106]. Its antidiabetic properties have been revealed in streptozotocin-
induced diabetic rats during the oral administration of its aqueous and ethanolic
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extracts [104]. Its antibacterial activity and ability to maintain healthy blood
glucose level has been documented.

Gongronema latifolium is a vegetable with pool of antioxidants with capability
to prevent and treat many diseases.

4.2 Root, bulb and tuber vegetables

4.2.1 Alliums

Alliums vegetables belong to the Alliaceae family and they include garlic, onion,
leek, chive, welsh onion, among others. Alliums are very rich in thiosulphides,
which have an association with the reduction of various chronic diseases. Variations
in the total thiosulphide content among alliums, even when grown under identical
conditions have been reported [107]. The report revealed that, the total thiosulphide
contents in green onion leaves, chive, and onion bulbs were found to be 0.2, 0.72,
and 1.02 g/kg fresh weight, respectively. Even, the type of thiosulphides in these veg-
etables were found to also vary. For instance, onion bulbs contain 34% methiin, 5%
ethiin, 6% propiin, 5% alliin, and 49% isoalliin [107], while garlic cloves contained
about 92% alliin, 8% methiin, and trace amounts of ethiin, propiin, and isoalliin
[108]. Flavonoids such as anthocyanins and flavonols like quercetin and kaempferol
are found to be present in red onions and yellow fresh cultivars respectively.

Onion and garlic are rich and abundant sources of calcium, potassium and
manganese providing close to 10% of their daily requirements in humans. Onion
and garlic can acquire selenium if they are cultivated in soils rich in selenium, in the
form of selenocysteine and seleno-proteins. This led to the proposal by [109] that
selenium-enriched garlic and onion could provide a safe efficient delivery system of
selenium into the body for cancer prevention [110]. Onions are also good source of
chromium relevant in diabetes prevention. The mechanism appears to be through
the potentiation of insulin receptor kinases [29]. A lot of clinical studies have dem-
onstrated the ability of chromium to regulate fasting blood glucose levels, which
can lead to improved glucose tolerance, decreased insulin levels and improved lipid
profile levels in diabetic patients.

Onions are also rich source of dietary fibres like inulin with varying degrees of
health benefits [111]. Its prebiotic properties are reflected in its preference fer-
mentation by beneficial bowel bacteria like Lactobacilli and Bifidobacteria, thereby
changing the bacterial microflora of the intestine to make pathogenic, or disease-
causing bacteria less abundant [59]. Fructans are abundant in onions and they are
excellent supporters of the growth of beneficial bacteria [60]. In addition, fructans
facilitate absorption of calcium and this could serve a useful purpose in the preven-
tion of osteoporosis [112]. Diets high in fructans have also been associated with a
decrease in the levels of lipid and blood glucose profiles glucose [113]. Antidiabetic
potentials and antihyperglycemic effects of onions have been demonstrated [114].

The therapeutic merit and positive impact of onions, garlic and other Allium veg-
etables have been further confirmed in various epidemiological studies carried out
where their consumption has been found to delay the growth of a broad spectrum
of cancers. Consumption of onions has been linked to reduced incidence of stomach
and intestine cancers [61] and reduction in mortality due to prostate cancer [115].

Routine intake of garlic has been linked with a decline in the occurrence of
preneoplastic lesions in individuals infected by Helicobacter pylori [116]. It is also
involved in reduction in the risk for colorectal and prostate cancers. Presumably,
some garlic constituents can inhibit tumour initiation through deactivation and
elimination of pro-carcinogens [117]. Some studies presented the ability of onion
extracts to inhibit mutation [118], reduce multiplication process of cancer cells [119]
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Vegetable Phytochemicals present Antioxidant References
Broccoli Flavonoids: anthocyanins, « carotene,  carotene, o tocopherols, [121-127]
flavanols, flavonols Sitosterol, B-sitosterol, sitostanol,
Tetrapenoids: carotenoids, campesterol, brassicasterol, stigmasterol,
quinones cyanidin, catechin, luteolin, quercetin,
procyanidin Al, procyanidin B2
Brussels Tetrapenoids: a carotene, p carotene, a tocopherols, [122, 123,
sprout Carotenoids, campesterol, p sitosterol 128, 129]
triterpenoids: tocopherols,
tocotrienols, sterols
Eggplant Phenolic acids: Quercetin, apigenin, rutin, lutein, [1,130]
hydrocinnamic acid zeaxanthin, nasunin
Flavonoids: anthocyanin,
carotenoids
Onion Triterpenoids: sterols B-sitosterol, allicin, cyanidin, quercetin, [131]
Sulphur compounds: kaempferol
thiosulfinates
Flavonoids: anthocyanins,
flavonols
Lignans
Spinach Triterpenoids: Phenolic Vitamin E, a carotene, f} carotene, lycopene [131]
terpenes
Tetrapenoids: Carotenoids
Cabbage Glucosinolates: Aromatic Glucobrassicin, ferulic acid, chlorogenic acid [131]
glucosinolates, aliphatic
glucosinolates
Phenolic acids:
Hydrocinnamic acids
Lignans
Tetrapenoids: carotenoids
Table 3.

List of selected vegetables and their antioxidant-richness.

and risks for cardiovascular diseases [120], which are effects being attributed to the
presence of bioactive molecules such as quercetin (Table 3).
Carrot is an important root vegetable belonging to the family Apiaceae, rich in
flavonoids, carotenoids, vitamin C and vitamin E. It is a coloured vegetable with
a gold mine of antioxidants such as carotenoids, polyphenols and vitamins which

can function as antioxidants, anticarcinogens and immune enhancers. Carotenoids
especially the ones present in orange carrots, are potent antioxidants with capacity

to neutralise the toxic effect of free radicals, inhibit mutagenesis to decrease the risk
of some cancers. The importance of carotenoids in lowering blood glucose level has
been identified in a study where high blood glucose levels were observed in some
participants with low level of carotenoids. Carotenoid level can decrease in response
to severity of glucose intolerance. This suggests the impact that carrot and vitamin
A-rich carotenoids could have on diabetics in the management of their condition [62].

4.3 Solanaceous vegetables
4.3.1 Tomato
Tomato is a widely grown vegetable that is globally consumed. It can be

consumed fresh or in its processed forms. The phytochemical constituents in
tomatoes are carotenoids, lycopene, phytoene, neurosporene, and carotenes [132].
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Assessment of lycopene content based on fresh weight shows that tomato (on
average) contains about 35 mg/kg of lycopene, the red cultivars have an average of
90 mg/kg of lycopene while the yellow ones have just 5 mg/kg [133].

It has been revealed that tomatoes and tomato-enriched foods are the richest
sources of lycopene in the world. Dietary intake of lycopene shows that, about
25 mg is taken each day and 85% is obtained from fresh and processed products of
tomatoes [134]. Also, an appreciable amount of a-, 3-, -, J-carotene is found in
tomatoes [135]. Tomato is also a remarkable source of ascorbic acid, potassium [67],
lutein, tocopherols and flavonoids [63].

The cultivar and culture have been proved to have a great influence on the flavo-
noid content. For instance, cherry tomatoes notably have a flavonoid content that is
higher than standard tomato cultivars while the field-grown have higher flavonoid
content than the greenhouse-grown [136].

Several research investigations have been ongoing to determine the relationship
between dietary intake of tomato/lycopene and the risk of having cancer. Findings
on different cancers relative to lycopene and tomato intake showed a great reduc-
tion in prostate cancer risk and an increased apoptotic cell death in carcinomas
[64]. People subjected to diets rich in tomato and tomato-based products with high
lycopene content, were found to unlikely develop stomach and rectal cancers when
compared to those who consumed a lower amount of lycopene-rich vegetables [65].

The antioxidant properties of tomatoes have been described. Its daily consump-
tion for an average of 2-4 weeks elevates the antioxidant defence system and
reduces susceptibility to lipid peroxidation [137] as oxidative modification of low-
density lipoproteins is key to developing atherosclerosis. Comparative studies [138]
in healthy individuals and people with type 2 diabetes, showed reduced vulnerabil-
ity to lipid peroxidation [139] after daily intake of tomatoes or tomato juice.

Possible anti-inflammatory, anti-thrombotic and lipid-lowering effects of toma-
toes and their products have also been investigated where an aqueous extract from
tomatoes demonstrated antiplatelet activity iz vitro [140]. In humans, research
shows remarkable deductions in ex vivo platelet aggregation a few hours after
supplementation with tomato extract [140].

4.3.2 Sweet and hot peppers

Peppers are always available in a beautiful array of colours and shapes. They
contribute to the flavour and colourful appearances of our dishes. Fresh peppers
are excellent sources of vitamins (in form of C, K), carotenoids and flavonoids
(quercetin and luteolin) [141]. Vitamins A and C are involved in the prevention of
cancer, age-related diseases, reduction of inflammation and they support immune
function. Vitamin K improves blood clotting, bone formation, and protects the
cells against oxidative damage. Red peppers are rich in lycopene, a phytochemical
commonly known for preventing prostate cancer and cancers of the bladder, cervix,
and pancreas.

The nutrient content of bell peppers varies with colour as studies have shown
that red coloured bell peppers have significantly higher amount of nutrients than
the green counterpart. Their role in prevention of blood clot formation and reduc-
tion in the risk of heart attacks and strokes could probably be due to vitamin C,
capsaicin, and flavonoids content.

Hot peppers are known for their spiciness. The major phytochemicals identi-
fied in hot peppers are capsaicinoids. Capsaicin releases about 70% of the pungent
flavour in hot pepper, while dihydrocapsaicin constitutes the remaining 30%
[142]. The hotness or heat experienced in the taste bud from hot peppers comes
from capsaicin. It relays this sensation by acting on pain receptors in the mouth.
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Predominantly, capsaicin is located in the white membranes of peppers, imparting
its “heat” to seeds as well. It can lower blood cholesterol and triglycerides levels,
boost immunity, and reduce the risk of stomach ulcer. Capsaicin also possesses
analgesic, anti-bacterial, and anti- diabetic properties. Capsaicin is included in
many commercial formulations for the treatment of painful diabetic neuropathy,
rheumatoid-arthritis, muscle pains, aches in the tooth and gastric ulceration [143].

The levels of vitamins and minerals present in chilli hot peppers are amazingly
high. 100 g of chilli hot peppers provides 240% of vitamin C, 39% of vitamin B6
(pyridoxine), 32% of vitamin A, 13% of iron, 14% of copper and 7% of potassium
[144]. They are rich in vitamins such as niacin, pyridoxine (vitamin B6), riboflavin
and thiamin (vitamin B1) and minerals like manganese, iron, potassium, and
magnesium. It is pertinent to note that, potassium is an important component of
cell and body fluids, useful in controlling heart rate and blood pressure. Manganese
serves as a co-factor for superoxide dismutase.

Hot and sweet peppers contain substances that can stimulate the body’s heat
production and oxygen utilisation for about 20 minutes after eating. This experi-
ence can contribute to losing extra calories and weight loss.

4.3.3 Eggplant

Eggplant is a very common and popular vegetable grown in many countries. It is
grown in the subtropics, tropics and Mediterranean areas because of its demand for
along season of warm weather to produce good yields. Eggplant contains phenolic
compounds such as caffeic, chlorogenic acid and flavonoids. Chlorogenic acid
is a notable phenolic compound found in all eggplant cultivars with potent free
radical scavenging activity [145]. Some of the benefits attributed to chlorogenic
acid include antimicrobial, antiviral and anticancer activities. In addition to their
nutritional potentials, these phenolic acids found in eggplant are accountable for
the bitter taste that comes from the flesh when cut. Breeders have already started
working on the development of eggplant cultivars that will give and ensure a bal-
ance of optimal nutritional value and pleasant taste.

There are other antioxidants such as lycopene, lutein, a-carotene, myricetin and
kaempferol present in eggplant [146]. This is also depicted in Tables 2 and 3.

Eggplant is a good source of dietary fibre and bone-building manganese and
vitamin K that can support digestion and bone-building respectively. It is also an
excellent source of molybdenum and potassium, copper, vitamin C, vitamin B6,
folate, and niacin [147]. Studies have demonstrated the effectiveness of eggplant
in controlling the level of high blood cholesterol [66]. This was shown in a clinical
study, where volunteers were fed with eggplant powder and a significant decrease in
blood-lipid profile levels was observed [148]. Its relevance in inhibition of invasion
of human fibrosarcoma HT-180 cell, type 2 diabetes and hypertension has been
revealed [67].

5. Conclusion

Chronic diseases are the principal causes of death. Excessive production of
reactive oxygen species has been identified to be responsible for the pathogenesis
of many of these chronic diseases. Thus, antioxidant phytochemicals are consid-
ered as potential agents for the prevention/management of these diseases due to
their biological activities and health benefits such as free radical scavenging abili-
ties, anti-inflammatory action, anticancer and protective action against numerous
diseases.
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Regular intake of diet rich in vegetables has a favourable impact and indisput-
able positive effects on human health and offers the human body protection from
different chronic diseases. This review contributed to the body of evidence that
supported the biomedical importance of regular consumption of antioxidant-rich
vegetables. This antioxidant property of vegetables has been linked to the pres-
ence of phytochemical compounds contained in them. Therefore, the antioxidant
constituents may be responsible for the mechanism by which vegetables decrease
the risk of diseases by directly quenching free radicals, altering gene expressions
or indirectly participating in cellular signalling involved in redox balance. In order
to get all the health benefits inherent in diet-rich vegetables, it is recommended to
consume a great diversity of vegetables to ensure the delivery of a unique blend of
health-promoting phytonutriceuticals.
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Abstract

The growing world population demands more production of proteins for healthy
growth and prevention of protein-energy malnutrition. The animal proteins are
not sufficient to meet the requirement of daily proteins intake. Furthermore, due
to limited resources of animal number, land, water, environmental impact, the
demand for vegetable proteins and sustainability have been increasing tremen-
dously. This chapter will outline the demand scenarios of vegetable proteins, nutri-
tional aspects, and technological challenges in product development and consumer
acceptance. It will summarize the potential of vegetable proteins related to health
and existing diseases. The consumption of vegetable proteins, development of
product, economic, sustainability, and food safety aspects will be summarized.

Keywords: vegetable protein, malnutrition, sustainability, techno-nutrition
functionality, bioavailability

1. Introduction

Protein is a necessary nutrient, but not all protein-rich foods are equally rep-
resented, and you may no longer require as much as you believe. Protein, together
with carbs and fat, is one of the three essential crucial components. Protein is made
from more than 20 amino acids that assist create and repair muscle fiber, so that
it is known as the “building blocks” of your body. Adults should consume at least
0.8 g of protein per kg of body weight each day or little over 7 g every 20 Ib of body
weight. In 2005, it was projected that 20% of children under the age of five in the
lowlands were overweight [1]. Even though southern Asia has the biggest number
of children (74 million), East Africa and South East Asia have the highest stunting
rate [1]. When nations with a stunting frequency of at least 20% were included,
approximately 36 mainly consisted of 90% of all retarded young children [1].

According to various reports from Germany, the U.N, and French during the
previous century, acute malnutrition was more prevalent among the hospital-
ized pediatric patients in Germany, the United Kingdom, the United States,
and France [2-4]. Pawellek and colleagues discovered that 24% of children in a
German major government hospital were underweight (90th percentile weight
for height), with 17.9% mild malnutrition, 4.4% moderate malnutrition, and 1%
severe, using Waterlow’s criteria. Undernutrition was found in 40% of patients with

43 IntechOpen



Vegetable Crops - Health Benefits and Cultivation

chondrogenesis, 34% of patients with infection, and 33.3% of patients with cystic
fibrosis, 28.6% of patients with heart disease, 27.3% of patients with cancer treat-
ment, and 23.6% of patients with gastrointestinal disorders [3]. Protein is necessary
for proper growth and the avoidance of malnutrition.

The population of the world is predicted to double by 2063, from around 6.5 billion
currently to 13 billion. Because proteins are the only one of three macronutrients in our
diet (the others being carbohydrates and fats), ensuring that adequate protein is avail-
able to feed the world’s population is crucial. Proteins are made up of a variety of amino
acid residues that are required for tissue growth, repair, and replenishment. Protein
costs are rising as a result of societal shifts such as rising wages, increasing population,
and living standards, where the value of proteins in healthy aging is well recognized
[5, 6], as well as a growing recognition of the needs of protein in a healthy diet.
Economic urban development is generating significant population dynamics nutri-
tional status, particularly in moderate and high countries, with developing countries
accounting for the majority of global increases in demand for animal-based meals [5].

2. Vegetable protein

Vegetables are not only the most energy effective in the green house, but they are
also a major source of energy, nutrients, elements, protein, omega-3 fatty acids, and
widely accessible energy for global agricultural production. Over 3000 plant species
have been utilized for food by humans over history, with at least 50 species being
farmed for business reasons. Nevertheless, approximately 20 different vegetable
crops support the majority of the world’s population. Vegetables produce two-thirds
of all dietary protein on the planet. Table 1 shows that cereal crops, especially,
provide a significant amount of protein to the global protein supply. The data are
derived from FAO and Agro state sites [7].

Table 2 illustrates the amounts of necessary amino acids in various dietary
sources, with the most restricting amino acids in protein sources meals shown in
bold. The necessary protein lysine is significantly lower in vegetable-food protein
classes than in animal nutrition, as can be shown. Children can thrive as well as
recover from acute malnutrition if carefully prepared meals based exclusively on
vegetable food sources are supplied. As a consequence, vegetable meals can sup-
ply the critical components needed for optimal health and function in the correct
ratios and combinations. Protein sources meal combinations have the potential
to be nutrient dense. Despite the soybean’s reduced sulfur content, soya, peanut
and sesame flour, and cereal grains, for instance, are mostly poor in lysine. This

Protein (g) Protein (%) Energy (Kcal) Energy (%)
Total plant 46.1 65 2277 84
Cereals 337 47 1385 51
Pulses, nuts 6.0 8 109 4
Starchy roots 2.0 3 141 5
Other vegetables 25 4 46 2
Fruits 0.8 1 65 2
Total animal 25.0 35 433 16
Total 711 100 2710 100

Table 1.
Worldwide relative importance of various food groups and per capita intake.
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Food source Threonine Tryptophan Lysine Sulfur amino acids

mg/g protein

Legumes 38+3 12+4 64 +10 25+3

Cereals 32+4 12:2 31+10 37+5

Nuts, seeds 36+3 17 +3 45+ 14 46 + 17

Fruits 29:7 11+2 45+12 27+6

Animal foods 44+ 6 12+6 85+9 38+7
Table 2.

The presence of the amino acid content of different food protein source.

suggests that oil-seed proteins, especially soy proteins, might be used efficiently
for most cereal grains to enhance protein properties. Data from the FAO and the US
Department of Agriculture are included in Table 2 [8].

3. Protein requirement

This is entirely dependent on the individual’s age, exercise level, weight, medical
history, and desired outcomes. People who are sedentary have distinct needs, adults
have different requirements, and athletes possess different needs. Assessments
of protein requirements, as according to FAO/WHOIUNU [9], refer to metabolic
activities that last for a long duration. Though protein and amino acid requirements
are usually expressed as daily rates, this is not always the case, and this does not
mean that they must be ingested every day. To preserve muscle mass and func-
tion, as well as to fight osteoporosis, the aged require a larger protein consumption
than younger people [10, 11]. Although current guidelines recommend a protein
consumption of 0.8 grams per kilogram body weight per day (g/kg/d) [12], itis
been shown that fit and healthy seniors need a protein intake of 1.2 g/kg/d to avoid
age-related weight gain and function [13, 14]. There is presently no evidence on the
usual protein consumption of healthy and active older adults, including any poten-
tial differences between males and females, to our knowledge. Figure 1 shows how
protein requirements differ depending on the individual [15].

Suggested daily intake of protein

3.5
3
25
2
15 33
1 s
7 16
12
0.5 0.8
0 |
low preventable Adequate sadentary Adequate Active but  Adequate with High Healthy and
malnutrition overweight/obese  healthy weight or  Looking to change
body composition weight/body
composition

Maximam grams of Protein per kilogaram of body weight per day

Figure 1.
Protein intake requirements on a daily basis.
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Because our bodies are unable to manufacture critical amino acids, we must
obtain them from food. Some amino acids found in proteins could not be used by
our bodies. Figure 2 shows many forms of amino acids [15].

When a person consumes vegetable-based protein, their nutritional needs
are higher than when they consume animal protein. Figure 3 depicts the pro-
tein requirements for the plant. Vegetable-based proteins that include essential
amino acids and branched-chain amino acids include soy, pea, and rice. These are
complete proteins that are hypoallergenic and gluten free. Proteins are essential
components of human diets because they aid in the maintenance of muscle mass,
the regulation of immune responses, the healing of cells, and the enhancement of
communication. Proteins are important components in functional meals because
of their helpful activities in terms of delivering different proteins in the human
diet, such as stiffening and meshing capability, emulsion, fizzing, water retention,

and body fat [16, 17].

¥ Branched chain
amino acids

(BCAAs)

Figure 2.
Types of amino acids with their importance.

Proteins requirement from 100% vegetable proteins based diet

25

24
22
i atleast 10%animal
protein
15 14
1 11

1 0.8

= 100% planned based
0

Bare Minimum for Pregnant or age 65+ Physically active and
tissue repair and to Jor aiming for ideal
prevent malnutrition health

[¥]

in

Gram of protein per kilogram of body weight

Figure 3.
The protein requirements including essential amino acids and branched-chain amino acids.

46



Vegetable Proteins: Nutritional Value, Sustainability, and Future Perspectives
DOI: http://dx.doi.org/10.5772/intechopen.100236

4. Vegetable proteins and their quality

Figure 4 shows a wide range of vegetable-based proteins derived from several
sources. These can be extracted from low-cost and ecological sources such as agri-
cultural wastes and crop and oil industry by-products, which can help to achieve
food security [16].

Because of the varied metabolic requirements of certain tissues, rats, and
humans have varying amino acid requirements. The fact that the protein-energy
ratio of animal proteins (or a combination of proteins) does not reach its maximum
value but rises when methionine is added supports the notion that rodents have
a higher sulfur amino acid need than humans. The consumption of a protein in
people can be measured by monitoring the fecal matter and urine nitrogen (N)
losses; it is predicated on the nitrate adjustment study premise. These studies
indicated that some vegetable proteins, particularly beans and wheat, are underap-
preciated. Wheat’s net protein utilization was calculated to be 41% when compared
to egg protein. In humans, data show that most vegetable sources of protein have
true digestibility in the 80-90% range, with references having lower digestibility
(e.g., “rice, cereal”: 75% and “rice, polished”: 88%) and others having higher
digestibility (e.g., “wheat, refined”: 96%, “soy protein isolate”: 95%). When protein
percentage is purer, vegetable protein is much more digestive. Instead of looking at
total nitrogen levels, per specific amino acid’s digestion should be studied, as this
has been suggested for many years. Because some protein acids personal digestion
fluctuates or is lower than that of others for several reasons, average digestion is an
insufficient proxy with each protein bioavailability.

The digestibility of various dietary proteins was found to be between 89 and
95 % in investigations using advanced techniques. The findings were 89 %-92 % for
soy protein isolate, pea protein flour or isolate, wheat flour, and lupine flour, which
were close to those reported for eggs (91%) and meat (90 -94 %), but somewhat
lower than those published for milk protein isolate (95 %). When absorbed at a level
that fulfills the entire protein needs (e.g., 0.66 g/kg weight), a dietary protein with
an amino acid score offers precisely the exact quantities of proteins that satisfy met-
abolic requirements and at a ratio in which no amino acid limits utilization of others.
Lysine in grains and sulfur amino acids in beans typically emerge as restricted AAS
stands for Amino acid score of vegetable protein. A closer analysis of the literature
discloses that lysine rates are reduced or near zero in cereals such as sorghum,
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Figure 4.
Major plant-based protein sources.
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wheat, triticale (47, 49, and 62%), and rice (80%), and also low in few more both
these sources (walnuts and almonds: 60%). In contrast, it is high or extremely high
in other sources, notably legumes (e.g., pea: 168 %; fava bean: 152 %; soybean: 134
%) and animal proteins (milk: 168 %; beef: 193 %; egg: 160 %) [18].

5. Challenges for vegetable protein utilization

Vegetable proteins can also be used to generate bioactive peptides. Most
vegetable-based proteins, however, are insoluble in water due to their poor wet-
tability, intricacy, and vulnerability to pH, osmotic pressure, and temperature,
limiting their application. Flaxseed, soy, and pea proteins are examples of vegetable
proteins with varied percentages. The presence of antinutrients with in form of
individual plant residuals is a disadvantage of vegetable proteins. These compounds
are produced by vegetables and have biological functions such as protecting veg-
etables from bugs, infections, fungi, and other organisms. Some of these changes
can also assist to mitigate the negative effects of antinutrients [19]. Figure 5 shows
plant protein utilization issues and challenges. To overcome challenges of vegetable-
based proteins to date, modifications tactics have been used to circumvent these
difficulties. Protein modification is the process of changing a protein’s chemical
composition or a few chemical units using particular procedures to enhance its
techno-functionality and bioactivity. The advantages and disadvantages of each
of the physical techniques of protein change used yet for vegetable proteins will be
examined separately. Plant-based protein utilization and challenges are shown in
Figure 5.

6. Modification of vegetable proteins to improve digestibility and
quality

Heat is among the most common methods for significantly modifying the
structure and sensory attributes of vegetable proteins. Protein unwinding is aided
by a low-temperature environment, resulting in an intermediary molten globule
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Figure 5.
Plant-based protein utilization issue and challenges.
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state with improved functioning. Extreme heat stability, on the other hand, causes
permanent changes in protein structures, resulting in hydrolysis and aggregating
via various bonds such as disulfide, hydrophobic, and electrostatic, resulting in a
loss of functional characteristics [18]. Vegetable proteins have been shown to be an
effective technique of decreasing or eliminating anti-nutritional compounds using
heat [19]. In chickpeas and soybeans, heat treatment has been used to inactivate
trypsin inhibitors, and the combination of heating and met bisulfite as a reductant
eliminated the trypsin inhibition up to 99.4%. Trypsin inhibitors are among the
anti-nutritional factors limiting its use of lentils because they help prevent the
action of pancreatic trypsin and chymotrypsin in the gut, causing a range of issues
such as complicated digestive processes, poor protein intake, pancreatic expansion,
stunted growth, and muscle loss [19]. Heat treatment of vegetable proteins can also
enhance their digestion and nutritional properties. The digestibility is increased to
87.55% and the availability of essential amino acids is increased by heating the albu-
min protein isolate at 100°C for 30 min [20]. Ohmic heating can cause unfolding,
denaturation, and the creation of uniform-sized protein aggregates with different
techno-functional characteristics by delivering rapid and uniform heating as well
as electrical effects. As a consequence, standard heating methods could be replaced
with this electro-heating technology that has minimal negative impacts on protein
quality and amino acid concentration [21].

Microwave frequency is less than chemical bond rate [22], and the approach can
change the protein without disrupting its core structure, making it attractive as a
classification scheme before further physical methods. The microwave approach has
also been used to regulate the immune system of vegetable proteins. A significant
drop (24.7%) is found in soya mutagenicity by microwave heating at 600 W for
10 min [23]. The activity of chemicals released by dipolar and ionic movement in
the existence of an RF field impacts protein function. Radiofrequency (RF) like the
microwave is premised on heat production and impacts protein function via the
action of free radicals generated by dipolar and ionic flexibility in the presence of an
RF field. Both RF and microwave heating technologies can solve the issues of low-
heating rate impacts that are popular heating techniques due to their heat produc-
tion [22]. RF heating was discovered to have significant effects on the structure of
soy protein by breaking disulfide linkages and increasing surface hydrophobicity
[24]. High hydrostatic pressure (HPP) is a non-thermal technique that uses hydro-
static pressure varies from 100 to 800 MPa for a few seconds [25]. HHP treatment
influenced the denaturation, aggregation, and interactions of a variety of vegetable
proteins. HHP treatment frequently promotes muscle hydrophobicity and lowers
solubility, resulting in aggregation, thanks to its capability to expose hidden sulfhy-
dryl groups following unwinding and inhibition [26]. HHP was also investigated as
a means of increasing the nutritional value of vegetable proteins. When contrasted
to other treatments such as enhanced ultrasonic, microwaving, and elevated
homogenization, for example, H. HHP was shown as being the most efficient in
lowering the allergen concentration of soy isolate for use in newborn formula [23].
Sonication is a one-of-a-kind, ground-breaking, and lengthy strategy associated
with high electrical impulses (>16 kHz) that are imperceptible to the human ear
[27]. Sonication has been proposed as an approach for decreasing antinutrients and
increasing plant protein digestion in the literature [23]. The inhibitory activity of
soy protein was reduced by 18.9% using high-intensity ultrasound [28]. According
to the researchers, ultrasonic technique (25 kHz, 400 W, 1-16 min) decreased
soymilk protein ace inhibitory activity by 52% while boosting digestion [29]. The
combined components contribute to vigorous agitation and severe mechanical
forces induced by a huge rotating screw moving at peak pressures (1.5-30.0 MPa)
and heats (90-200 C) [30]. Extrusion could enable the molecules of vegetable
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Vegetable proteins Animal proteins

Adjustable for CKD patients Non-adjustable

Lower cholesterol Higher in cholesterol

Reduced blood pressure Increase blood pressure

Lower the obesity Increase risk of obesity
Table 3.

The utilization of vegetable and animal proteins in disease status.

protein to unfurl, denaturant, and realign, enhancing their techno-functionality
while also giving them a meat-like texture. As a result, these contoured vegetable
proteins could be used in place of meat in recipes [31].

It is the fourth form of matter could be generated at a wide range of tempera-
tures and tensions via a combination of heat, physical, radioactive, and elec-
tromagnetic sources of energy. Malnourishment is described as just a structural
mismatch in between availability of food and fuel as well as the body’s requirement
for any of them to ensure growth, repair, and certain activities, as per the World
Health Organization [32]. Other dietary deficits often occur with protein-energy
malnutrition. Malnourishment has also been linked to a reduction in the number
of cells, connections, dendritic arborizations, and myelinations, each of which
leads to a shrinking of the mind. Brain growth is retarded and the cerebral cortex
gets reduced. Protein-energy malnutrition has been linked to impairments in a
global function, brain function, and cognition, with newborns and babies, is now
the most vulnerable, considering the newborn brain’s adaptability [33]. As hunger
advances, development is slowed, resulting in stunted, and some other organs are
affected, including hairs, epidermis, fingernails, mucosa, as well as other organs.
Because poor nutrition, specifically vitamins and minerals inadequacies are wide-
spread in malnutrition individuals, most of them will show symptoms of them.
Malnourishment, micronutrient deficiency, kwashiorkor, and miasmic kwashiorkor
can all be aided by sufficient protein with correct modification. Decreased thoracic
lean muscle, a lower metabolic activity, and electrolyte imbalances can all lead to
areduction in respiratory rate, affecting the ventilator’s capacity to act to hypoxia.
The utilization of vegetable and animal proteins in disease status is presented in
Table 3.

7. Vegetable protein sustainability

The expected increase in the world population to 9 billion people (United
Nations Population Department, 2000, 2050—medium version) defines the growth
plan. As a result, not only does the quantity of food necessary change, and so will
the food groups required, as well as their major contributors to nutrition. Predicted
protein consumption seems to be of key significance, with forecasts that global
demand for animal protein will quadruple by 2050 [34], raising concerns about
food management and sustainable development. This is partial because it is widely
acknowledged that animal meals emit more greenhouse gasses than vegetables,
which are affected by temperature. The fact that rapid growth for animal protein is
likely to rise land stress due to the requirement to generate more animal feed adds to
the problem. As a result, the clearance of land, lakes, and natural grassland to farm-
ing land would rise, negatively impacting greenhouse gasses emissions, diversity,
and other essential natural ecosystems [35]. Excess supply of proteins is fueled
by social and economic developments including such rising incomes, increase in
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urbanization, and population growth, in which the importance of proteins to health
and longevity is commonly understood [5, 6], as well as awareness of the func-

tion of protein in a balanced diet. Economic growth and urbanization are causing
large shifts in demographic nutritional status in middle to low nations especially

in developing nations accounting for such bulk of worldwide increases in costs for
animal-based meals [6]. Protein isolate synthesis, on the other hand, has a smaller
impact on the environment but is a long-term alternative since it consumes less
fuel, produces less pollution, requires less land, and uses less water. Animals are

not efficient kilo converters of the proteins they ingest; thus, manufacturers should
provide vegetables to animals to make animal proteins. It is the typical switching
frequency of veggie to animal protein is 10 to 1, which indicates that 10 pounds of
feed protein is required to create 1 pound of animal protein. Foods high fiber and
low in fat are common in vegetable-based diets. A high-fiber, low-fat diet has been
demonstrated in multiple trials to reduce the risk of certain malignancies, including
colon, breast, and prostate cancers.

Our ever-increasing world population necessitates the availability of low-cost
protein. As per world population projections, we will have to deliver protein to
nearly nine billion by 2050. Accessibility to low-cost protein sources is critical for
sustaining the growing world population while reducing environmental harm.
Vegetable proteins have obvious health advantages. Vegetable proteins have been
shown to reduce our risk of cardiovascular disease. Incorporating soy protein into
your diet may also aid in the prevention of heart disease. Packaged beef should
be designated as a “human carcinogen,” according to a research published by the
International Agency for Research on Cancer. Meat, on the other side, has been
deemed “possibly carcinogenic to humans.” While the exact evidence is inconclu-
sive, iron absorption is assumed to play a key role in N-nitroso-compound process-
ing, the formation of lipid oxidation, and a probable cytotoxic impact. The demand
for agricultural production would likely be higher to population growth and the
moral imperative to provide enough, healthy, and inexpensive food for everyone. By
2050, simply supplying 2900 kcal mean food production with 50% of the proteins
coming from animal protein will roughly treble grain consumption. Furthermore,
economic expansion, coupled with someone who can afford its desire for an excess
of animal goods and poor eat conversion, may drive up prices even more. The
purposeful decrease of animal protein intake as well as the replacement of animal
proteins with protein sources could be used as a temporary fix to lessen the social
change caused by the existing agricultural system. The worldwide market for
protein foods is expected to be different combinations of that of the United States.
The industry for protein isolate components is growing due to a number of factors.
Food producers are reacting to the rising costs for meat-restricted, protein foods
among the wellness Boomer Generation and other consumers. Animal food prices
are high and variable, placing pressure on global food makers to come up with new
ways to reduce expenses.

Our world’s expanding population necessitates the availability of low-cost
protein. As per population projections, by 2050, we would be supplying protein to
roughly 9 billion individuals. The availability of low-cost protein sources is critical
for feeding the world’s growing population while reducing environmental stress.
Vegetables are popular on the market right now. As per market research firm Frost
& Sullivan, the U.S. protein-ingredients market alone is expected to produce about
$4.5 billion in sales in 2008 (43.3% vegetable proteins and 56.7% animal proteins)
and is expected to increase at an annual growth rate of nearly 5%. Barriers are there
in shifting from animals to vegetable protein. The transition from animal to veg-
etable meals is not without its challenges, or at least four have been identified [36].
Change is difficult because social factors oppose it beef has a high social position
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and that it is the average human’s wish to consume high up food given the correct
financial circumstances. Lobby groups inside the meat manufacturing chain are
significant, and economic concerns against reform are considerable. The advanced
technologies required to generate innovative protein sources foods are lacking.
Because the animal protein supply chain has been designed for using all by-products
for generations, eliminating meat on a broad scale might just have a significant
impact on linked production systems, perhaps canceling out most of the putative
environmental benefits.

8. Conclusion

Vegetable proteins are more long-lasting and sufficient to meet the demands
of arapidly growing population. Vegetable proteins are more adaptable and can
be altered in response to health issues than animal proteins. In this chapter, we
focused on vegetable protein because the consumption of protein is increasing
as the world’s population expands. The population of the globe is anticipated to
double by 2063, from 6.5 to 13 billion people. Rapid urbanization and rising protein
consumption have exacerbated the problem, leading to an increase in malnutrition
among children. As a result, we must meet our protein requirements in order to
develop healthy and combat malnutrition. We will underline that everyone’ protein
requirements, as well as the demands for vegetable and animal proteins, are unique.
Animal protein sources are not sustainable as the world’s population expands; thus,
we cannot meet our protein demands only from them. In this chapter, we reviewed
how vegetable protein sources are more stable and sufficient for meeting our pro-
tein requirements. Vegetable diets produce more greenhouse emissions than animal
meals because they are affected by temperature. The fact that rapid development of
animal protein production is expected to create land stress due to the requirement to
produce more animal feed exacerbates the problem. As a response, land, lakes, and
natural grassland conversion to farming land would rise, posing a threat to green-
house gas emissions, biodiversity, and other essential natural ecosystems. Vegetable
proteins are promoted as more sustainable, disease-adjustable, and cost-effective
than animal proteins. We made the switch from animal- to vegetable-based protein.
There are various challenges to overcome when it comes to employing vegetable
proteins. As a result, we looked at numerous methods for using vegetable protein
and its derivatives to meet amino acid deficiencies, including heating, ohmic heat-
ing, microwave, radiofrequency, and extrusion, among others.
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Chapter 4

The Health Benefits of Vegetables;

Preventive Implications for
Chronic Non-Communicable
Diseases

Gesessew Kibr

Abstract

Low vegetable consumption correlates to an increase in the prevalence of
noncommunicable diseases (NCDs) such as obesity, cardiovascular disease, and
cancer, which are the leading causes of mortality worldwide. As a result, the
purpose of this review was to consolidate present evidence on the health benefits of
vegetable consumption and their potential action of mechanism in NCDs preven-
tion. Low vegetable consumption is related to socio-economics, psychological
concerns, culture, environment, social support and vegetable practice. Vegetables
contain an antihistamine, anti-inflammatory, diuretic, and notably antioxidant
qualities, and they have been shown to help prevent and cure NCDs, cancer, and
heart disease. Vegetables are the best providers of vitamin A, a nutrient that is
essential for many metabolic processes in the body. In addition to being an anti-
oxidant, veggies include folate and potassium, which are proven to prevent birth
abnormalities, cancer, and heart disease. Several nations have created a broad
strategic effort for the prevention and management of NCDs and their related risk
factors. In order to accomplish the strategic plan’s goals successfully and efficiently,
a greater knowledge of the burden of dietary risk factors and their contribution to
NCDs is necessary.

Keywords: vegetables, consumption, chronic diseases, prevention, constraints

1. Introduction

Malnutrition is the highest percentage in South Asia (33%) and Sub-Saharan
Africa (21%) specifically, which is responsible for 60% of the 10.9 million deaths
annually among children under five years [1]. In addition to influencing health
and wellbeing, malnutrition causes physical and mental damage, resulting in poor
educational outcomes and negatively affecting their adult lives [2], suppressing the
body’s immune system, risk of non-infectious and transmissible diseases, reduction
of productivity, and other negative social and economic consequences for individu-
als, households, societies, and nations [3]. About 805 million people are estimated
to be chronically undernourished in 2012-2014, down more than 100 million over
the last decade and 209 million lower than in 1990-1992 [4].
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Consuming a diverse range of foods that provide all of the nutrients required to
sustain life is essential for a healthy human diet [5]. Vegetables, in particular, could
help prevent NCDs [6] and control micronutrient deficiencies in resource-poor
communities [7-10]. Since vegetables are rich in vitamins, minerals, dietary fiber,
and low in calories, they are required for the normal functioning of the human body
[11]. Sufficient intake of vegetables has been related epidemiologically to a reduced
risk of many non-communicable diseases [12-16].

Micronutrient deficiencies linked with malnutrition are the most common
nutritional deficiencies in the world, causing significant developmental difficul-
ties, and they are a key indication of poor nutrition and health [17]. Low birth
weight, sex, age, rural residency, infectious illness, malnutrition, poor wealth
status, and household food insecurity were all linked to it [18]. Iron, vitamin A,
zinc, and iodine are critical micronutrients for children’s growth, development,
and survival, making them critical in terms of global public health [19]. Both iron
deficiency anemia and iodine deficiency diseases have been shown to impair cogni-
tive development in children, resulting in reduced educational attainment and, as
aresult, a detrimental influence on economic growth [20]. Vitamin A deficiency
also affects immune function and leads to an increased risk of morbidity [21]. Zinc
deficiency may lead to growth failure and impaired immune function [22]. Both
vitamin A and zinc deficiencies increase the risk of mortality in children. Children
under five years of age are particularly vulnerable to micronutrient deficiencies
due to the relatively high requirements of micronutrients for rapid growth and
development [23]. Micronutrient deficiencies are currently being addressed by
strengthening nutrition information systems, monitoring, and evaluating mecha-
nisms [24] that conceptualize optimal nutrient intake using a variety of foods
across and within food groups [25]. Lately, the governments of developing coun-
tries have sought to promote diversification of production and exports away from
traditional commodities in order to accelerate economic growth, expand employ-
ment opportunities, and reduce rural poverty. Market-oriented production could
allow households to increase their income by producing output with higher returns
on land and labor and using the income generated from sales to purchase goods for
consumption [26].

NCDs account for the majority of the global disease burden, disproportionately
affecting low and lower-middle income countries [27]. According to recent esti-
mates, innovative, cost-effective, and feasible interventions could prevent 82% of
NCD-related premature deaths. CVDs, type 2 diabetes, cancer, and chronic obstruc-
tive pulmonary disease were the most common NCDs [27]. This rising burden adds
to the stress on already overburdened health systems, disproportionately hurting
the poorest people and impeding countries' social and economic growth. According
to the WHO, Ethiopia's annual mortality rate from NCDs was 34% in 2008 [28].
CVDs accounted for 15% of all deaths, followed by malignancies at 4%, respiratory
illness at 4%, diabetes at 2%, injuries at 9%, and other NCDs at 9%, according to
the research. Misganaw et al. [29] conducted a study in Addis Abeba that looked at
the cause of mortality (51%) due to NCDs. Another study found that among NCDs,
cardiovascular disease (CVD) was the leading cause of death (24%), followed by
malignant neoplasms (10%), respiratory tract diseases (9%), and diabetes (5%).
Furthermore, the study found a substantial increase in mortality from NCDs
between the ages of 44 and 74 years, with a large increase in death from NCDs
between the ages of 44 and 74 years. Another population-based survey in Jimma,
Ethiopia found that the total prevalence of NCDs was 8.9%, with 3.1% for diabetes,
9.3% for hypertension, 3.0% for CVDs, 1.5% for asthma, and 2.7% for mental
illness [30].
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2. Driving barriers to vegetable consumption

Many of the empirical literature reviews revealed that people consumed
few vegetables. Accordingly, the vegetable consumption trend was reported in
Ethiopia and Uganda studies with a prevalence of 20 and 12.7%, respectively
[31]. There is a variation in household consumption patterns, depending on
specific geographical and socio-cultural characteristics. A high percentage of
caloric consumption comes from cereals, and per capita intake of calories is
relatively higher in rural areas than in urban areas [32, 33]. In Ethiopia, cereals,
together with Kocho (Ensete), and vegetables, contribute 85% of the total food
intake per person per day [33]. A study conducted in the rural Sima area by
Kebebu [34] reported that there was negligible consumption of meat, fish, or
vitamin A-containing vegetables. Consumer preferences influence whether or
not they consume anything. Poor households have no choice but to rely on cheap
sources of energy such as grains and starchy staples until they meet physiological
demands to satisfy hunger. Households begin to expand their meals by incorpo-
rating animal food sources, dairy products, and vegetables once their fundamen-
tal energy demands have been met [35].

Due to several factors, nutrient-dense food crops such as pulses and vegetable
types are not consumed [34]. Most published research on the drivers of food
demand has always concentrated on the impact of income and prices throughout
the world [36, 37], while only a few have looked into the demand features (both
economic and noneconomic variables) of healthy foods like vegetables [37-41]. The
following variables were found in several systematic studies focused specifically on
factors affecting vegetable consumption [37, 39, 42-45]. Biological determinants,
such as gender, age and food properties; economic determinants, such as income
and price; physical determinants, such as time, cooking skills, accessibility, avail-
ability (production) and living area; social determinants, such as marital status,
having children, education, family, peers, cultural values, habits and meal pat-
terns and also other social factors (preparation, storage and handling of food).
Psychosocial factors at the consumer or individual levels, such as individual taste
preferences, consumer awareness, quality consciousness, intra-household deci-
sion making power, working status of women, social support, intention, attitudes,
beliefs, and traditions, as well as geographical and environmental stage of change,
motivation, and knowledge, all interact in a complex manner to shape dietary
consumption patterns of an individual and household.

2.1 The physical environment

Lack of time is frequently mentioned as a barrier to vegetable consumption, as
well as convenience and knowledge of how to prepare and cook vegetables [46].
According to the FAO, food availability is defined as the availability of sufficient
quantities of food of appropriate quality, supplied through domestic production
or imports. Accessibility is an important physical factor influencing food choice,
reflecting the fact that people's living environments have an impact [39, 47]. The
quantity of vegetables consumed by a population can vary depending on where
they live. In all 11 nations (Bangladesh, Congo, Ivory Coast, Ecuador, Kenya,
Paraguay, Philippines, Tunisia, Ukraine, and Zambia), those residing in urban
areas were more likely to have a poor vegetable intake [48]. Overall vegetable intake
was greater in urban regions compared to rural ones, according to a meta-analysis
of household spending surveys done in 10 Sub-Saharan African nations [49].
Similarly, rural Americans in the United States were less likely than their urban
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counterparts to consume the required number of daily vegetable servings [50]. A
research done in middle-income nations found no variations in vegetable intake
between urban and rural residents [51].

Furthermore, 42% of households did not produce any of the common vegetables,
respectively. It explained that while their own production of vegetables was sig-
nificantly better in rural areas, their market availability was significantly better in
urban areas [52]. Furthermore, Tadesse [35] conducted an analysis of changes in
food consumption patterns in urban Ethiopia, which confirms that urban household
consumption has begun to shift away from staple food grains and toward high-value
food products. The relative availability of vegetables has decreased in most countries
and is still well below the recommended level in both developed and developing
countries [53]. The proportion of households who reported having cultivated
vegetables in their gardens even once over the year is considered negligible [52]. Ina
study of Dutch adults, Kamphuis et al. [54] discovered that the availability of a wide
range of vegetables throughout the year was positively related to vegetable consump-
tion [39], especially among individuals with higher socioeconomic levels. Previous
research in high income nations found that the season had an influence on vegetable
intake. Indeed, decreased vegetable consumption was related to the winter season
[43]. The seasonal availability of several vegetables limits their use in low-income
SubSaharan African nations [49]. According to studies, having a vegetable garden
and eating veggies has a beneficial link. As a consequence, people with at least
one family member engaged in a community garden program were more likely to
consume more vegetables, according to research performed in the United States [55].

The proportion of households that produce adequate vegetables in their gardens
is negligible [52, 56]. Home gardening is increasingly being used as a strategy for
improving food quality, reducing food insecurity, saving money, and building a
more sustainable food system because it provides immediate access to fresh food
for households [57, 58]. The study in Ethiopia found that the majority of vegetable
producers' households have been found to be more food secure than their nonpro-
ducing counterparts [52, 56, 59]. A study also indicates that home gardens benefit
households by providing better access to a diversity of plant and animal food items,
leading to an overall increase in dietary intake [60] and improving the bioavail-
ability/absorption of essential nutrients [61]. More recently, a study conducted
amongst US older adults suggested that compared to non-gardeners, gardeners were
more likely to consume vegetables [62]. According to central statistics agency (CSA)
[63], the total area under vegetables is about 12,576 hectares, which is insignificant
as compared to other food crops; vegetables constitute 2.7% of the total area of all
crops. Production decisions are partly determined by consumption needs, and that
consumption partly depends on production opportunities [33, 49]. Vegetables are
highly perishable, so the cost of getting them to or from the market will be high for
households in remote rural areas [49, 64]. Thus, the consumption of some veg-
etables may be constrained by whether or not they can be grown by the household.
Access to water, seeds, and information on horticultural production methods may
limit both production and consumption of vegetables [33, 49]. Information from
the FAO [24] statistical database suggests that the total supply of fruit and vegeta-
blesavailable is 173 kg per person per year, which divided into 111.6 kg of vegetables.

2.2 Psychosocial aspects
2.2.1 Consciousness, desire, beliefs and attitudes, phases of change, and purpose

A review of studies on the psychosocial predictors of vegetable consumption
among adults, primarily conducted in Europe and the United States, found that

60



The Health Benefits of Vegetables; Preventive Implications for Chronic Non-Communicable...
DOI: http://dx.doi.org/10.5772/intechopen.101303

selfefficacy (also known as perceived behavioral control, which refers to people’s
perception of their ability to perform a given behavior) was the strongest predictor
of vegetable intake [39]. Other characteristics, including obstacles, attitudes and
beliefs, stage of change, and intention, according to research, might also influ-
ence vegetable intake, but to a lesser extent. Nonetheless, this was less consistent
among trials [45]. Recent studies, one on obese Canadian adults [65] and one on
US students [66], found that perceived behavioral control was a major predic-

tor of intention to consume vegetables. Furthermore, research of US males and
immigrants found that reduced perceived obstacles as well as an advanced stage

of transformation were related to increased vegetable intake [67]. The majority of
these psychosocial elements are often employed in psychosocial models such as the
Social Cognitive Theory, the Health Belief Model, the TransTheoritical Model, and
the Theory of Planned Behavior [42]. The goal of such models is to forecast either
the intention to consume vegetables or the intake of vegetables. Ajzen's Theory of
Planned Behavior is one of the most often utilized models (1991).

2.2.2 Sensory properties and preference

Taste is a key impact on food choice, and individual preferences typically deter-
mine consumer decisions about what they eat. In a study of older Irish individuals,
Appleton et al. [68] found that higher vegetable consumption was related to a higher
liking for vegetables in a study of older Irish individuals. A similar finding was
reached in young adults in the United States [69]. In a systematic review, Pollard et al.
[44] published data from two studies focused on the connection between flavor and
vegetable intake, one performed in the Netherlands and one in the United States.

2.2.3 Cultural and social support

The diet is based on locally available produce and local agricultural practices; it
goes beyond that to the extent that food habits are culturally defined. Food prefer-
ences are, in turn, strongly determined by culture and tradition because, generally,
what is acceptable as food is dictated to a large extent by cultural norms. A study based
on dietary habits learned during childhood seems to be predictive of vegetable intakes
in adulthood [54]. Therefore, individuals who ate a lot of vegetables during their
childhood usually remain good consumers in adulthood. Social support was signifi-
cantly associated with vegetable intake [39, 45, 70]. Moreover, there is a misconcep-
tion among most of the population that the monotonous diet is adequate and superior
to vegetables [33, 35, 52]. Eating at fast food restaurants was related to eating sig-
nificantly less vegetables [71]. Similarly, a study conducted among young Australian
adults reported that subjects eating takeaway food at least twice a week were less likely
to meet the dietary recommendations for vegetables [72]. Several research studies on
children and teenagers found that meal habits, particularly dining together as a family
and viewing TV during meals, were associated with vegetable consumption [73, 74].
These studies found that viewing television while eating was linked with lower
vegetable intakes in both children and adolescents, but dining together as a family was
associated with higher vegetable consumption [75].

The World Health Survey 2002-2003 conducted among adults reported that
gender-specific worldwide prevalence of low vegetable consumption, mainly in low
and middle-income countries, showed that 78.0% (77.6% of men and 78.4% of women)
consumed less than the minimum recommended five daily servings of vegetables.
Indeed, in five countries (Comoros, Dominican Republic, Guatemala, Morocco, and
Paraguay), women consume fewer vegetables than men, whereas in the remaining ten
countries (Czech Republic, Estonia, Hungary, Slovakia, Slovenia, Spain, Swaziland,
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Ukraine, Uruguay, and Vietnam), women consume more vegetables than men [48].
Hall et al. [48] found that Men’s low vegetable intake ranged from 36.6% (Ghana) to
99.2% (Pakistan), whereas women’s consumption ranged from 38.0% (Ghana) to
99.3% (Pakistan) [48].

But many studies specifically indicate that women consume more vegetables
than men [44]. Furthermore, most studies investigating the relationship between
vegetable consumption and age conclude that the amount of vegetables consumed
increases with age [50, 76], and in Canada among adults [65]. On the contrary, in
Iran, Esteghamati et al. [51] reported that older adults were more likely to be low
consumers. In Canada, a national representative survey reported that middleaged
adults consumed fewer vegetables compared to younger and older adults [77].

Low vegetable consumption was associated with age and tended to increase with
age and a decrease in prevalence from the 40-49 year age to the 50-59 year age. The
oldest age stratum had a higher risk of eating fewer vegetables compared to younger
adults in 26 countries, compared to one or more younger age groups in all countries.
But in Brazil and Uruguay, the youngest age group has a higher risk of low vegetable
consumption [48]. But in Nigeria, demand for vegetables is higher among house-
holds with younger members, compared to households with older members [78].
The World Health Organization Survey reported that Ethiopian women (64.1%) had
a higher risk of low vegetables than men (57.7%) [48]. Women are more concerned
about a healthy diet and more often classify foods according to the assumed nutrient
content than men, i.e. the share of products of vegetable origin is higher in women’s
diets [79]. The European Journal of Public Health published a survey report on gen-
der differences in the consumption of meat and vegetables from Western European
countries such as Finland and the Baltic countries, showing that men ate meat more
often while women ate vegetables [79]. Other studies done in diverse circumstances
found that women eat more vegetables than males in Europe [76, 80-82], Iran [51],
Canada [77], and the United States [50].

2.3 Economic access and the household’s income

Households’ ability to purchase food depends on the households’ income and the
price of food. Regardless of the source of food, households must have the means to
acquire appropriate foods, and economic access therefore refers to the affordability
of food for the consumer. In some of the lowest income countries, households may
spend as much as 60% of their income on food, versus 15% or less for households
in high-income countries [49, 64]. A meta analysis of 52 mainly low-and middle-
income countries showed that the prevalence of low vegetable consumption
decreased with increasing income. The poorest community had the highest preva-
lence of low vegetable consumption, whereas the richest community had the lowest
prevalence [48] (Burundi, Ethiopia, Ghana, Guinea, Kenya, Malawi, Mozambique,
Rwanda, Tanzania, and Uganda). From the study in sub-Saharan Africa, research-
ers investigated a positive trend of increasing consumption of vegetables as gross
domestic product per capita goes up, even if the trend is not fully linear [49].

Vegetables account for a small proportion of the food share budget, ranging
from less than 4.5% in Ethiopia to 15.6% in Rwanda [49]. In studies conducted in
several countries, such as Australia [83], Canada [77], Finland [84, 85], France
[76], and the United States, higher socioeconomic status was associated with
higher vegetable consumption. Several studies have found that those living in
higher-income neighborhoods tend to consume more vegetables, while people
living in the most disadvantaged regions tend to consume considerably fewer
vegetables than people living in the most advantaged areas [86]. Research from
the U.S. indicates that those in low-income households are less likely to meet the

62



The Health Benefits of Vegetables; Preventive Implications for Chronic Non-Communicable...
DOI: http://dx.doi.org/10.5772/intechopen.101303

U.S. Department of Agriculture guidelines for vegetable consumption [87]. Only
Kocho and vegetables cover 55% of the daily intake in the low income group,
whereas low (15%) in the high income group. The demand for high-value food
items (e.g. meat, milk, vegetables, and fruits) increases with income, which
implies that poor households are unlikely to access them [63]. Households with
income near to subsistence level consume large quantities of grains and starchy
staples and few fruits, vegetables, meat, milk, and milk products.

The most often mentioned impediment to vegetable intake is cost [44, 46]. As
aresult, the exorbitant cost is mostly related to a person’s income or socioeconomic
position, which is often based on income, education, and work; hence, income
and cost are inextricably intertwined and will not be handled independently. The
2002-2003 World Health Survey discovered a substantial link between vegetable
intake and income in 33 of 52 nations. With the exception of Ghana, the number of
poor vegetable eaters fell as wealth increased in all of these nations [48]. However,
a study conducted on the effect of distance and cost on vegetables Consumption in
Rural Texas revealed that neither access nor cost was related to vegetable consump-
tion among white respondents. Among blacks, the cost was also not associated with
rural consumption [88]. Only 15% of breastfeeding children aged 6-23 months
consumed vitamin A-rich vegetables or foods made from roots and tubers [63]. The
consumption patterns are determined by the combination of four main factors: the
production level in the community garden, income level, preferences of the house-
hold, and market prices. Accessibility and availability are core [39, 49, 89].

2.4 Social
2.4.1 Children and marital status

There is a compromise when it comes to marital status and vegetable consump-
tion, with married people being more likely to consume more vegetables. However,
this link is less obvious when it comes to having children. Indeed, numerous studies
[39, 43, 44] found that being married was linked with higher vegetable intakes than
being single in systematic reviews focused on a variety of factors of vegetable con-
sumption. Two European research studies found that married status was a greater
predictor of vegetable intake in males than in women [54, 81]. Having children has
mixed correlations, according to Kamphuis et al. [43]. Indeed, studies have found
a negative relationship between having children and vegetable consumption, i.e.
parents consume less vegetables [90]; others have found that this relationship var-
ies depending on ethnicity in the US population; and others conducted in the UK
concluded that median vegetable intakes were not significantly different between
women who had or did not have children under the age of 16 years [91].

2.4.2 Food knowledge and skills

People with a greater level of education consume substantially more veggies.
This connection is frequently influenced by income, as more education is gener-
ally associated with a larger salary. There is research that suggests a link between
education and vegetable intake. Positive associations between vegetable consump-
tion and education have also been reported for Irish adults [81], French adults [76],
US adults [50], Finnish adults [92], and Swedish adults [93]. Studies conducted
in Canada reported that higher education was associated with purchasing greater
amounts of vegetables [94] and with higher intakes of vegetables [77]. A study
that looked at the relationship between income and vegetable intake at different
levels of education found that Finnish people with low education reported greater
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vegetable intakes if their income was higher than individuals with intermediate or
high education [85]. A comprehensive analysis of the connection between food con-
sumption and dietary knowledge discovered that consumption of vegetables was
positively associated with knowledge among people living in highincome nations
[45]. Some studies, the majority of which were conducted in highincome countries,
found that a high level of nutrition knowledge, specifically knowledge about the
health benefits of high vegetable consumption and knowledge about the associa-
tions between diet and diseases, was associated with higher vegetable intakes [45,
67, 95-97]. The only study conducted in low- and middle-income countries discov-
ered the opposite, namely that there was no relationship between diet knowledge
and vegetable intake in South African Black adults [98].

Baker and Wardle [80] found that older individuals with higher awareness of
the link between vegetables and illnesses ate considerably more vegetables, in both
men and women, in a study of older adults in England. Other authors who focused
on procedural nutrition knowledge, which is defined as knowledge of how to eat
a balanced diet, found that Swiss men who answered correctly consumed more
vegetables [99]. Other studies conducted in Africa with low income also showed
that the level of education attained and knowledge gained were positively correlated
with more consumption of vegetables [15, 49, 100, 101]. In this literature review, it
is also recognized that a level of education attained positive associated nutritional
value knowledge of vegetables. Knowledge alone will not ensure adequate health
intake practice. The appropriate practice of vegetable consumption was, however,
not as high as knowledge. The major reasons for this lower proportion of practice as
compared to knowledge are the cost of food items and seasonal availability [101].
Knowledge of the nutritional value of vegetables was found to be statistically associ-
ated with sex, with females having higher knowledge than their male peers [49, 101].
The only study conducted in low and middle-income countries found the opposite,
namely that there was no association between diet knowledge and vegetable intakes
in South African Black adults [98].

Furthermore, climate and weather conditions, harvesting and handling tech-
niques, packaging, storage and transportation facilities, market situation, diseases
and pests were identified as major causes of post-harvest [111] loss in Dirre Dewa,
Ethiopia, with post-harvest losses ranging from 20 to 50% between marketing
and consumption [102]. Seid et al. [103] found that the severe postharvest loss and
quality deterioration of vegetables mainly occurred during harvesting followed by
marketing, transporting and storage [103]. Another study done in Akaki, Ethiopia
showed that cabbage post-harvest loss in the supply chain was 58.9% [104]. This
might be due to storage/transportation temperature, mechanical damage during
transportation, disease infection, poor quality of irrigation water, poor storage
mechanisms. In 2015, postharvest loss of vegetables occurred at the retail level (56%
for bananas) due to rotting before reaching consumers in Ethiopia [105]. Besides,
postharvest loss assessment was conducted in Jimma town, Ethiopia and the result
indicated that the postharvest losses of mango and banana were 35.5% and 40.0%,
respectively [106].

3. Vegetable nutritional value and health mechanism

Based on the evidence of the role of vegetables in the prevention of many health
problems, the FAO and WHO have recommended that people eat at least 240 g of
vegetables per person per day, or alternatively, three servings a day. The standard
portion size is assumed to be 80 g and the studies reviewed showed that, on aver-
age, this is appropriate. Actual portions, on the other hand, tend to be lower for
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vegetables and higher for fruits: at least two servings (160 g) of fruits and three
servings (240 g) of vegetables, with at least one serving of vegetables involving dark
green and leafy or orange vegetables (nutrient-rich vegetables), or approximately
146 kg per capita (per person) per year of fruit and vegetables combined (exclud-
ing potatoes and other starchy tubers, cassava, and sugar). This recommendation
was based on a dose-response effect, which indicates an increased risk of disease at
<200 g/day; yet little benefit >240 g/day. This quantity is believed to provide 12suffi-
cient micronutrients and to reduce the risk of chronic diseases by ensuring adequate
supply, availability and consumption of vegetables around the world [107-109].
Also, they create opportunities for smallholder farmers, a source of a better life

for the economy as well as significant for improving feeding behavior for people
[24]. Low vegetable intake is the main contributor to micronutrient deficiencies in
the developing world, especially in populations with low intakes of nutrient-dense
animal source foods such as meat and dairy products, which are expensive for low-
income individuals [15, 40].

Accordingly, sufficient intake of vegetables has been related epidemiologically to
areduced risk of many non-communicable diseases [10, 28]. There are mainly three
arguments that explain the health benefits of vegetables. Firstly, the large contribu-
tion of vegetables to micronutrients (especially provitamin A carotenoids, vitamin
C and E, folate, and minerals, such as potassium or magnesium, which are probably
involved in beneficial health effects, i.e., a decreased risk of NCDs. Secondly, the
protective effect, due to certain antioxidants, such as vitamin C, carotenoids and
polyphenols, against NCDs such as cardiovascular diseases, neurodegenerative and
metabolic diseases and certain cancers. Five of the ten leading global disease burden
risk factors identified by the World Health Report [19] are among the major causes
of these diseases: high blood pressure, high cholesterol, obesity, physical inactivity,
and insufficient consumption of vegetables. Four factors in the epidemiology of
these diseases, such as poor diet and nutrition, physical inactivity, and tobacco and
alcohol use, are of devastating importance to public health [10]. Diet and nutrition
are recognized as key factors in the promotion and maintenance of good health
throughout the entire life course [53]. Dietary behaviors like intakes of diets low in
vegetables and high in sodium contribute significantly to the non-communicable
disease burden in Ethiopia [110]. Vegetables also contain minerals such as potas-
sium, magnesium, and, less importantly, iron and calcium, which are hard for the
body to absorb and use [109]. A cross-sectional study in Gilgel Gibe found that 9%
of the population is affected by chronic diseases [111]. The Ethiopian nationwide
study reported a strong association between nutritional impairment and the devel-
opment of chronic diseases such as cardiovascular diseases, cancer, and diabetes
[112]. The survey reported the prevalence of chronic disease and its risk factors in
the rural Jimma area of Ethiopia and found that the overall prevalence of chronic
disease was 8.9%, and 80% of the rural subjects studied had at least one risk factor
for chronic disease [111].

Recent research has shown that dietary calcium intake from vegetable consump-
tion aids in bone mass formation in children aged 8-20 years [113-115]. Many
studies have found that eating fewer vegetables than recommended is a risk factor
for edentulism [114, 115], which is the condition of having lost all of one’s natural
teeth [116]. Indeed, numerous studies have shown evidence that nonstarchy veggies
may lower the incidence of cancers of the mouth, larynx, pharynx, esophagus, and
stomach. Furthermore, some foods, such as allium vegetables, may help prevent
stomach cancer, and garlic may help prevent colon cancer [25]. A beneficial effect of
consumption of vegetable-origin food is based on the presence of nutrients and phy-
tochemicals including energy, fiber, B vitamins, vitamin C, antioxidants, potassium,
flavonoids, and other identified and unidentified food compounds that provide
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good health for both children and adults. Health benefits include antihistamine,
anti-inflammatory, diuretic, and especially antioxidant properties, and they have a
proven preventive role in cancer processes [117]. Much research has focused on the
possible mechanisms of action of phytochemicals in preventing or treating NCDs,
cancer, and heart disease [118, 119]. Phytochemicals treat cancer by neutralizing
free radicals, inhibiting enzymes that activate carcinogens, and activating enzymes
that detoxify carcinogens. They protect against cancer by blocking or suppress-

ing active carcinogens or tumor promoters from reaching target tissue [118-120].
The blocking actions could include activating enzymes that detoxify carcinogens,
trapping carcinogens, or inhibiting cellular events linked to tumor formation. Study
findings suggest that phytochemicals have also been promoted for the prevention
and treatment of heart disease and may reduce the risk of coronary heart disease by
preventing the oxidation of low-density lipoprotein (LDL) cholesterol, reducing the
synthesis or absorption of cholesterol, normalizing blood pressure and clotting, and
improving arterial elasticity [119, 120]. Some of these phytochemicals, such as phe-
nolic compounds and sulfides, are marked by a broad spectrum of health-promoting
functions [121] as cited by Charles et al. [118].

Dietary fiber (from fruits, vegetables, cereals, and pulses) has been shown to delay
the absorption of carbohydrates after a meal and thereby decrease the insulinemic
response to dietary carbohydrates [118, 119, 122, 123]. Since the water retention capac-
ity of fiber adds bulk to fecal bolus, solidifies feces, aids bowel movements and brings
beneficial physiological effects such as improving glucose intolerance, gastrointestinal
functioning through keeping water, lowering total and LDL in the blood cholesterol
level and prevention of some forms of cancer, especially colon cancer [12, 14-16, 122,
123]. Recent studies have concentrated on a specific kind of oligosaccharide: fructo-
oligosaccharides (FOS), which have appealing physiological features such as low
caloric values (approximately 2 kcal/gram), sweetness, limited potential for produc-
ing caries, and effects similar to those of dietary fiber. It is regarded as a prebiotic due
to its ability to modify colon flora by promoting the selective growth of groups or
individual species of bacteria that discourage the settlement of pathogenic bacteria.
Additionally, FOS fermentation acidifies the environment, thereby reducing car-
cinogen production [117, 122]. Fiber increases satiety, reduces hunger, and decreases
energy intake by reducing the absorption of carbohydrates, thus reducing possible
hyperglycemia and serum insulin levels from carbohydrate-rich foods and increasing
insulin sensitivity through which they might have a positive effect on preventing one
of the risks for type II diabetes, hypertension, and obesity. Because most vegetables
are low in energy density, due to high water and low fat content and usually being
fiber rich. Given that obesity is perhaps the most potent risk factor in the development
of type 2 diabetes, the evidence indicated that the effects of dietary fiber due to its role
in weight management were prevented by weight gain [118, 119]. According to the
WHO, raising individual vegetable consumption up to the theoretical minimum-risk
distribution may lower the global burden of disease for ischaemic heart disease by
30% for men and 31% for women and for ischemic strokes by 18% for men and 19%
for women. The possible reduction in illness attributed to an increase in vegetables
was 19% for stomach and esophageal cancers, and 19% for gastric cancer. Attributable
risk fractions were lower for lung and colorectal cancers, at 12% and 2%, respectively.
Overall, it is estimated that up to 2.7 million lives could potentially be saved each year
if vegetable consumption were sufficiently increased [107].

Vegetables are the most important sources of vitamin A, a nutrient important for
several metabolic activities in the body, in addition to its role as antioxidant; veg-
etables provide folate and potassium that are known to prevent birth defects, cancer,
heart disease, hypertension and stroke; vegetables are good sources of minerals such
as iron, zinc, calcium, potassium, and phosphorus [124-128]. Although concerns
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with respect to the bioavailability of vitamin A from green leafy vegetables have been
raised [129, 130], consumption of cooked and pureed green leafy vegetables was
shown to have a beneficial effect on improving vitamin A status [131-135]. Based on
World Health Organization [27] recommendations suggesting unavailability of dark
green leafy vegetables for more than six months in an area as indicative of increased
risk to Vitamin A deficient, Inadequate intake of foods containing vitamin A is basi-
cally due to lack of access to vitamin A rich foods, which is a function of inadequate
production, inadequate availability in the market or inability to purchase the foods.

4, Conclusion

Because of their high quantities of dietary fiber, vitamins, minerals, and phy-
tochemicals, vegetables are included in dietary guidelines. Vegetable intake can
protect against a number of serious and expensive NCDs, such as cardiovascular
disease, type II diabetes, some cancers, and obesity. Despite the various health
advantages of vegetables, impoverished nations frequently fail to reach the
240 g daily requirement for vegetable consumption. Efforts must be increased
to promote vegetable consumption and battle cost-effective and preventable
noncommunicable diseases. Furthermore, vegetable promotion is more likely to
be economically acceptable to governments and the food industry than policies
that restrict consumption of unhealthy foods. Despite the fact that the burden of
noncommunicable diseases is increasing, health systems and public health policies
have mostly focused on infection management and nutritional deficiencies. Low
vegetable consumption is related to economics, age, gender, psychological concerns,
family members, educational attainment, insufficient nutritional understanding,
culture, the environment, social and vegetable practice concerns, according to
this review. The presence of nutrients and phytochemicals, such as energy, fiber,

B vitamins, vitamin C, vitamin A, antioxidants, potassium, flavonoids, and other
recognized and undiscovered dietary components, contributes to the positive
effect of vegetable consumption in both children and adults. Phytochemicals fight
cancer by neutralizing free radicals, inhibiting enzymes that activate carcinogens,
activating enzymes that detoxify carcinogens, and preventing active carcinogens
or tumor promoters from reaching the target tissue. Some of these phytochemicals,
such as phenolic compounds and sulfides, have a diverse range of health-promoting
properties. Vegetables are essential for delaying carbohydrate absorption after a
meal and thereby lowering the insulinemic response to dietary carbs. Fiber’s water
retention capacity adds bulk to fecal bolus, solidifies feces, aids bowel movements,
and has beneficial physiological effects such as improving glucose intolerance,
gastrointestinal functioning by keeping water, lowering total and LDL in blood
cholesterol levels, and preventing some forms of cancer, particularly colon cancer.
Fiber promotes satiety. Fiber increases satiety, decreases hunger, and decreases
energy intake by reducing carbohydrate absorption, thereby lowering the possibil-
ity of hyperglycemia and serum insulin levels from carbohydrate-rich foods and
increasing insulin sensitivity, which may have a positive effect on preventing one
of the risks for type II diabetes, hypertension, and obesity. As a result, nutrition
education through multisectoral approaches should be enhanced to boost vegetable
consumption and prevent the incidence of NCDs.
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Chapter 5

Vegetable and Herbal Extracts:
A Way towards Preventive and
Therapeutics Regimen

Tanya Sharma, Vinika Tyagi and Megha Bansal

Abstract

The traditional and herbal medicines play significant role in the treatment of
several diseases. These medicines are the outcome of extensive research on thera-
peutic and preventive activity of various plant species and their specific parts.
Administration of various plant parts, vegetables, fruits and other herbal constitu-
ents have significant impact on reduction of clinical, carcinogenic and genotoxic
effects of various environmental toxicants. Various parts of plant such as wood,
bark, stem, leaf and pod are rich in antioxidants which are known for their free
radical scavenging activity. Currently, the treatment options rely significantly using
natural anti-oxidants which are extracted from plant products because these are
largely available, cost effective and non-toxic as compared to the synthetic drugs.
Some potent natural anti-oxidants include tocopherol, ascorbic acid, flavonoids,
quercetin, carotene, cinnamic acid, peptides and phenolic compounds which are
extensively available in various herbal extracts. The present chapter will focus upon
availability of various antioxidants in vegetables and other medicinal plants and
their potential activities against xenobiotics.

Keywords: vegetables, flavonoids, antioxidants, medicinal plants, therapeutic

1. Introduction

The traditional health care system of India known as Ayurveda, is considered
as the oldest medical system. Throughout history, plants (vegetables and fruits)
have been used as a medicine to treat and prevent diseases on both a traditional and
popular level. In India, Ayurveda has been practiced for decades as a natural method
of preventing and curing diseases, and plants have a significant role to play in this
process [1]. Ayurveda, the science of longevity is a collection of multiple therapeutic
measures and defines various conditions of illness and measures to combat them
with natural practices. It is estimated that traditional herbal medicines have existed
for at least 3000 years. The medicines or extracts prepared using whole plant or some
specific parts of the plant are usually termed as phytomedicines or phytoextracts.

These compounds possess potent antioxidant properties. Antioxidants are the mol-
ecules or compounds that delay the process of oxidation. The important constituents
present in plant products are flavonoids, alkaloids, terpenes, bisbenzyls and coumarins
that have potential medicinal value [2]. Nowadays a great attention has been focused
on natural anti-oxidants containing plant products due to their easy availability, cost
effective and non-toxic nature as compared to the synthetic drugs [3]. Various plants
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products are recommended for their antioxidative, anticarcinogenic, anti-tumori-
genic, healing and chelating property [4]. It has been shown that populations consume
food rich in natural antioxidants have a lower incidence of diseases related to oxidative
damage and cancer [5].

Various plant species have been studied with promising results. Many vitamins
and minerals are found in plant products. They are also naturally rich in anti-
oxidants, which protect the body against aging and illnesses such as cancer and
heart disease. Alkaloids, flavonoids, glycosides, lactones, resins, sterols, and sterol
derivatives are among the secondary metabolites that medicinal plants synthesize
naturally. A wide range of bioactive compounds have been identified in modern
science, allowing the development of new drugs from plants. Numerous plant
compounds have shown potential efficacy against life threatening diseases which
further requires study of mechanisms of action, pre-clinical research and clinical
trials. Around 80% of Africa’s population is dependent on these traditional medi-
cines for their health care. Research has shown utilization of medicinal plants in the
treatment and prevention of chronic diseases [6].

In this chapter, we have discussed the beneficial aspects of few medicinal plants
and their special parts. Medicinal plants and Ayurvedic medicines are becoming
increasingly popular due to the skyrocketing price of allopathic drugs [7]. The most
valuable part of aloe vera is its gel and latex of its leaves, whereas, in turmeric, the
rhizome shows most of the medicinal properties [8, 9]. The leaves of tea tree are
used, while the leaves, flowers and seeds of Ashwagandha plant are useful for medic-
inal purposes whereas the whole plant of Centella asiatica is useful and from Holy
Basil the leaves are found to be beneficial for treatment of many diseases [10-13]. In
Moringa oleifera, many phytoconstituents are found in its leaves, flower, seeds, roots
and stem bark [14]. The berries and seeds of Sea Buckthorn are very useful however,
in Amla, the fruit is most useful [15, 16]. Garlic is a bulbous plant whose bulb is very
useful. These plant parts can either directly be used as medicines or for the synthesis
of therapeutic compounds. Thus, present chapter focus on the use of herbal products
against adverse effects of various xenobiotics. It is essential to explore and identify
the importance of natural system of medicines and modify it as per the current need.

2. Aloe vera (Aloe barbadensis miller)

Aloe vera is a perennial succulent plant native to the plant family Asphodelaceae
(Figure 1). Ayurveda, Siddha, Unani, and homeopathy are just a few indigenous
systems of medicine that use homeopathic remedies. Among the 250 species of
Aloe, Aloe vera is one of the 250 species of Aloe barbadensis miller [17]. Aloes grow
in various climates, including deserts, grassland, coastal, and even alpine areas.
They are often thought to only increase in hot, dry climates.

Figure 1.
Aloe Vera.
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2.1 Phytochemistry

There are 75 active compounds in aloe vera which falls under vitamins, enzymes,
minerals, sugars, lignin, saponins, salicylic acids, and amino acids. It contains
antioxidant vitamins A, E and C. Furthermore, it contains folic acid, vitamin B,
and choline (Figure 2a and b).

The system includes eight enzymes: alkaline phosphatase, brady kinase, cata-
lase, carboxypeptidase, cellulase, amylase, lipase, and peroxidase [18]. Excessive
inflammation is reduced by topically applied brady kinase, whereas the others aid in
breakdown of sugars and fats.

It has high concentrations of various minerals as calcium, chromium, copper,
selenium, magnesium, manganese, potassium, sodium, and zinc [19, 20]. The plant
provides polysaccharides glucomannan and polymannose as well as monosaccha-
rides glucose and fructose. Mucopolysaccharides originate in the plant’s mucilage
layer. Monosaccharides that dominate are mannose-6-phosphate and glucoman-
nans [beta (1,4)-acetylated mannan] [20]. Aloe vera gel has been shown to contain
anti-inflammatory glycoprotein and a novel anti-allergic substance, C-glucosyl
chromone [19]. It comprises 12 anthraquinones, which are phenolic compounds
traditionally used as laxatives. Aloin and other hydroxy anthracene derivatives such
as emodin are responsible for the laxative effect of Aloe vera. It also contains four
fatty acids, cholesterol, campesterol, sitosterol and lupeol. Lupeol is also antiseptic,
and analgesic and all of these compounds have anti-inflammatory properties [20].

2.2 Medicinal and nutritional value

Aloe vera has long been used to treat burns, commonly known as the burn tree
and first aid plant. Aloe vera is anti-inflammatory, antibacterial, antiviral, increases
immune activity, and has a lower histamine activity than other organic compounds,
which accelerates burn wounds’ healing. The medicinal properties of Aloe vera

HCa CHs  HCs HC3
e e e, s OH
CHa
Vitamin A (a)
CH,
HO
CH, CH, CH,
H,C 0 CH
CH,

Vitamin E (b)

Figure 2.
Structure of potent vitamins. Vitamin A (a). Vitamin E (b).
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have led to its increased popularity. It contains amino acids essential to wound
healing [21]. Additionally, it contains several inorganic electrolytes, such as iron,
potassium, magnesium, chromium, copper, sodium, calcium, and zinc, essential
for wound healing [22]. By releasing growth factors, it produces antibodies and
promotes wound healing. Aloe vera gel, has anti-inflammatory properties, healing
effects, stimulation of mucus, and regulates gastric secretions, which can help pre-
vent and treat gastric ulcers [22]. As a result of the presence of anthraquinones and
chromone, aloe vera gel has strong anti-inflammatory properties [23]. Aloe vera
also relieves joint pain because it has an anti-inflammatory effect. Inflammation

is caused by the body’s response to various injuries, which produces bradykinin (a
mediator of inflammation). Aloe vera extracts stored for three to 10 days in the dark
produce active compounds prostanoids from the glycoprotein and polysaccharide
fractions. Chronic bronchial asthma can be effectively treated with these com-
pounds. Several types of cancer are non-resistant to the chemo-preventive power of
aloe vera due to its glycoproteins and polysaccharides [24]. These agents stimulate
the immune system to fight cancer [22]. Researchers examined the cytotoxicity of
barbarol, aloe-emodein, and aloesin extracted from Aloe vera against acute myeloid
leukemia (AML) and acute lymphocytic leukemia (ALL) [21].

3. Turmeric (Curcuma longa)

It is one of the most useful herbal medicinal plants which belongs to
Zingiberaceae family (Figure 3). It is known for its medicinal properties for
4000 years [25].

It is used widely as a spice all over the world but mostly in eastern region. It
is broadly cultivated in Asian countries like India and China. In ancient times, it
was used in many ways including its presence in ointments due to its great healing
properties, it is used to improve digestion, intestinal problems, to strengthen organs
such as gall bladder and liver [26]. In 1870s, chemists found that the yellow-orange
color of turmeric changes to reddish brown in alkaline medium. This led to the
formation of turmeric paper which is used to test alkalinity [9].

3.1 Phytochemistry

Turmeric powder contains 69.4% carbohydrates, 6.3% protein, 5.1% fat and 3.5%
minerals. The yellow color is due to the presence of curcumin (3-4%), which consists
of curcumin I (94%), curcumin II (6%) and curcumin III (0.3%) (Figure 4) [27].
Curcumin derivatives such as dimethoxy and bis-dimethoxy have also been isolated
from turmeric. Several substances occur in the rhizomes, including tumerone a,

Figure 3.
Turmeric.
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Figure 4.
Curcumin derivatives.

tumerone b, curzerenone, curdione, monoethoxycurcumin, and diethoxycurcumin.
Its essential oils are derived from its leaves [28].

Turmeric has been reported to contain multiple chemical compounds such as
linalool, caryophyllene, geraniol, sabinene, myrcene, and a-phellandrene.

3.2 Medicinal and nutritional value

Although turmeric has been around for thousands of years, it has recently
become popular due to its medicinal properties. Traditionally, turmeric was used
for its digestive and carminative properties [29]. Free radicals generated by oxygen
can be scavenged by curcumin. In terms of antioxidant activity, it is comparable
to vitamins C and E [30]. It prevents oxidative damage to lipids and hemoglo-
bin. Macrophages that are activated by it are significantly less likely to produce
reactive oxygen species such as H,0,, superoxide ions, and nitrite radicals [31].
Antioxidant properties are also present in its derivatives, bisdemethoxycurcumin
and demethoxycurcumin. Researchers have shown that curcumin pre-treatment
decreases the oxidative stress and improves ischemic conditions [32]. In an in vitro
study, curcumin was found to enhance cellular resistance to oxidative stress in
response to an inducible stress protein [33]. Researchers have found that turmeric
can treat a number of diseases, and it can also prevent certain forms of cancer [34].
Skin cancers and precancerous conditions can also be treated with turmeric [34].
Turmeric is antispasmodic and can reduce digestive cramps, menstrual cramps and
pains caused by osteoarthritis due to its ability to reduce pain and disability [35].
Curcumin shows strong potential for scavenging free radicals such as superoxide
radicals, hydrogen peroxide and nitric oxide [36]. It reduces iron complex and
inhibit lipid peroxidation [37].

Turmeric contains curcumin, a powerful anti-inflammatory ingredient that
works by inhibiting inflammatory molecules in the body [35]. Researchers have
shown that curcumin is beneficial to people suffering from conditions, including
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rheumatoid arthritis, inflammatory bowel disease. Several studies have suggested
applicability of curcumin against cancer of many organs [38]. It induces apoptosis,
inhibit progression of cell cycle and prevent growth of cancer cells [39]. curcumin
induces apoptosis in different cell types such as human bladder cancer cells and
arrests cancer cells [40]. It takes part in various signaling pathways and inhibit
signaling through NF-xB which regulates expression of many genes responsible for
malignancy [41]. Owing to its anti-inflammatory and anti-oxidant property it was
also used against Alzheimer’s disease [42]. It is also known to have metal chelating
properties thus may reduce amyloid aggregation and reduce oxidative neurotoxicity
[43]. Curcumin can be a future drug for the therapy of various neurological disor-
ders especially depression and diabetic neuropathy [44].

4, Garlic (Allium sativum)

Garlic (Fam. Liliaceae) is widely distributed and grown around the world
(Figure 5). It is considered to be a valuable preventive remedy, folk food and spice.
As the primary antidote to an epidemic, garlic has been used as a remedy through-
out history for typhus, dysentery, cholera and influenza [45].

Garlic has long been appreciated by physicians from different nations as a remedy
in the ancient and Middle Ages as well as during the modern period [46]. Garlic has
been used as a remedy in ancient China since 2700 BC. The ancient Indians used garlic
as a tonic, to treat cases of lack of appetite, skin problems, rheumatism, hemorrhoids,
and more. In addition to being known as Russian penicillin, garlic was also used for
years as a remedy for children with respiratory tract diseases via inhalation [47].

4.1 Phytochemistry

Garlic contains various sulfur compounds, vitamins (A, B;), enzymes and miner-
als (germanium, calcium, copper, iron, potassium, magnesium, and selenium). Total
17 amino acids are found in garlic, and major are glutamine, glycine, lysine, cysteine,
valine, methionine, isoleucine, leucine, tryptophan, and phenylalanine [48].

The pungent odor of garlic and many of its therapeutic effects are caused by the
high levels of sulfur compounds present in this species of Allium. Allicin (diallyl
thiosulfinate or diallyldisulfide) is a highly biologically active compound in garlic
(Figure 6) [49]. In fresh and dry garlic, alliin (S-allyl cysteine sulfoxide) is the
compound producing the highest levels of sulfur. Garlic is commonly prepared by
cutting, mincing, crushing, which disturbs S-allyl cysteine sulfoxide and exposes it
to the allinase enzymes, which then convert it into diallyl thiosulfinate, the aromatic
constituent [48]. Below a pH of 3.5 or upon heating, the allinase enzyme responsible
for diallyl thiosulfate conversion becomes inactive. Recent studies have shown that
other compounds may play a greater role in anti-oxidant function than allicin [50].

Figure 5.
Garlic.
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Figure 6.
Allicin.

4.2 Medicinal and nutritional value

There have been several studies showing possible cancer-preventive effects of
garlic preparations and their constituents in vitro and in vivo. In garlic, a number of
potent anticancer compounds have been found, including allylsulfide derivatives.
Different garlic derivatives are shown to modulate various cellular mechanisms for
promoting cancer, such as DNA adduct formation, mutagenesis, and free radical
scavenging. They may also contribute to angiogenesis [46]. A number of studies
have concluded that garlic protects liver cells from some toxic compounds [49].

Organosulfur compounds derived from garlic are known to inhibit cancer in
various animal models by modifying cytochrome P45 which is responsible for the
activation of nitrosamines, hydrazine and benzene [51]. The chemical present in
garlic extract diallyl sulfide and its oxidation products diallyl sulfoxide and diallyl
sulfone inhibit chemical carcinogenesis and mutagenesis [52]. These compounds
restrict development of chemically induced cancers by blocking the phase-1
enzymes. These organo sulfur compounds also induce phase-2 enzymes such as
glutathione S-transferase, quinone reductase and glucuronate transferase which
eventually regulate removal of toxic compounds. Garlic extract is also known to
modify -SH containing enzymes and increases their activity via formation of disul-
fide bond between protein thiol and thiol group of cysteine [53]. This type pf bond
formation with proteins is an effective redox method to regulate protein activity.

5. Sea Buckthorn (Hippophae rhamnoides L.)

A native plant of Asia and Europe, sea buckthorn is a hardy winter shrub that
flourishes throughout the year (Figure 7). This species is divided into eight subspe-
cies, which are economically valuable [54]. These subspecies are abundant and
commercially cultivated mainly in Asia, where sinensis and Mongolia are found.

In addition to drought, salinity and alkalinity, sea buckthorn can also withstand
extreme temperatures and salinity.

Figure 7.
Sea Buckthorn.
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5.1 Phytochemistry

The fatty acid content of sea-buckthorn fruit oil makes it unique compared to other
vegetable oils. This oil contains rare palmitoleic acid (omega-7), a component of skin
lipids that helps stimulate regenerative processes in skin cells and promotes wound
healing. Sea-buckthorn oil also contains numerous active substances, resulting in
multiple effects. There are exceptionally high vitamins A, C, E, F, P, and B complex
in the oil [55]. Its regenerative and anti-wrinkle properties are attributed to vitamin A
in carotenoids (200 mg/100 g). The vitamin C content of orange fruit (approximately
695 mg/100 g) is 15 times higher than in oranges. Vitamin C has antioxidative and
protective properties against ultraviolet A and UVB rays. The walls of capillary blood
vessels are strengthened by vitamin E, which is present in the form of tocopherols
(approximately 200-600 mg/100 g) and minerals [56]. It also contains sterols, fruit
acids (malic acid, citric acid), phenolic compounds, tannins, sugars, synthecanthins,
phospholipids, ascorbic acid, selenium, copper, and zinc mineral salts.

5.2 Medicinal and nutritional value

Sea Buckthorn contains important phytochemicals like flavonoids, carotenoids,
fatty acids etc. Studies have shown that sea buckthorn has high antioxidant activity.
This plant can be used as a natural remedy for cardiovascular diseases and in diseases
of skin, liver and stomach as well [56]. There are a lot of phytopharmaceuticals pres-
ent, mainly phenolic compounds such as curcumin, resveratrol and proanthocyani-
dins which are known for cancer chemoprevention [57]. It is found that the seed oil
of this plant enhances non-specific immunity and has anti-tumor effects. However,
clinical studies with Sea Buckthorn need to validate the effects and mechanism
on human cancer patients [15]. Sea Buckthorn helps in reducing cholesterol and
improve cardiovascular health. It increases the blood circulation and relaxes cardiac
muscle tissues which helps in restoring cardiac function [58]. To protect the cells
of immune system and balance the inflammation, antioxidants are very impor-
tant. There are a lot of antioxidants, isorhamnetin, quercetin, kaempferol in Sea
Buckthorn. It has carotenoids, vitamin C and E as well which makes this fruit rich in
anti-inflammatory properties as well [59]. Furthermore, it prevents gastrointestinal
ulcers as it reduces inflammation. Researches have also shown that Sea Buckthorn
helps in balancing liver enzymes and protects the liver from harmful effects of toxic
chemicals [60]. The oil of this fruit contains palmitoleic acid which is a component
of skin. It helps in the treatment of burns and healing of wounds. Sea Buckthorn oil
has UV- blocking and emollient properties which help in regeneration of tissues [60].

6. Tea tree (Melaleuca alternifolia)

Tea tree oil (TTO) is also known as Melaleuca alternifolia (Figure 8). The
volatile essential oil derived from the Australian native plant offers a variety of
medicinal properties. Many cutaneous infections are treated using TTO as its active
ingredient due to its antimicrobial properties. There are over-the-counter versions
of Melaleuca alternifolia available in Australia, Europe, and North America.

Herbal products and medicinal uses of this plant are very important [61]. To
treat sore throats and skin ailments, tea tree leaves infusions were made from the
leaves of the tea tree, which were also used for cough treatment. Traditional medi-
cine of the Aboriginal Bundjalung people of eastern Australia relies on Melaleuca
alternifolia leaves crushed and its oil to cure coughs, colds, and to treat wounds
[62]. After its anti-microbial properties were reported in a series of papers in the

86



Vegetable and Herbal Extracts: A Way towards Preventive and Therapeutics Regimen
DOI: http://dx.doi.org/10.5772/intechopen.101104

Figure 8.
Tea tree.

1920s and 1930s, Melaleuca alternifolia oil became widely known for its benefits. It
was Melaleuca alternifolia which was reported to be 11 times more potent than phe-
nol in its antimicrobial properties that led to tea tree oil being used in industry for
the first time. In the 1950s, the introduction of antibiotics prompted a decline in the
use of natural products in medicine, which had a negative effect on the production
of tea tree oil [63]. During the 1970s, there was a general renaissance of interests in
natural products such as tea tree oil. A large-scale production of consistent essential
oils was achieved through commercial plantations established in the 1970s and
1980s. Melaleuca alternifolia is typically used to extract tea tree oil commercially,
but Melaleuca dissitiflora and Melaleuca linariifolia can also be used to extract tea
tree oil [10]. Tea tree oil has been extensively studied for its antibacterial, antifungal
and antiviral properties.

6.1 Phytochemistry

The active ingredients in Melaleuca alternifolia are terpene hydrocarbons, which
comprise monoterpenes, sesquiterpenes, and their alcohols. Tea Tree Oil hasa
relative density of 0.885 to 0.906, and is soluble in water and insoluble in non-polar
solvents [64]. There is an international standard for tea tree oil that sets maximum
and minimum specifications for 14 components of the oil, one of which is terpinen-
4-ol (Figure9).

There are six varieties of M. alternifolia, each producing oil with a different
chemical composition [62]. There are four 1,8-cineole chemotypes as well as a
terpenen-4-ol chemotype and a terpinolene chemotype. Tea tree oil produced
commercially contains about 30 to 40% of the terpinen4-ol chemotype, which has
antimicrobial properties [63].

6.2 Medicinal and nutritional value

Tea Tree oil is added to many products including moisturizers, body lotions,
foot sprays, face cleansers, and shaving powders. It helps in treating dermal infec-
tions by inhibiting the growth of a fungi named Malassezia [62]. Tea tree oil shows
antiseptic and anti-inflammatory properties as well which helps in the treatment
of gingival infections. It kills the bacteria which causes dental problems. Hence, it
is used in mouthwashes as well. Tea tree oil is also used for the treatment of acne as
it reduces inflammation [64]. In cases of vaginal candidiasis, tea tree oil is found to
be a good alternative to be active against both gram positive and negative bacteria.
Similarly, it is also effective for the treatment of athlete’s foot which is again a fungal
infection [62]. Tea tree oil is an essential oil which has a lot of medicinal proper-
ties. However, it can be toxic if ingested. It can cause drowsiness, confusion, coma,
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Terpinen-4-ol.

blood cell abnormalities, diarrhea, severe rashes etc. High doses of tea tree oil can
also cause side effects. Hence, it should be used carefully [61].

7. Amla (Emblica officinalis)

The Amla fruit is a natural gift to humanity (Figure 10). Ayurveda and Unani
consider it an essential part of their systems with amazing medicinal properties.
It is known as Amalaki or Dhatriphala in Sanskrit. In the Ayurvedic literature
“Charak Sambhita” (500 BC), amla is perhaps the most frequently mentioned herb
[65]. Amlaki means sustainer of fruit, or the place where the Goddess of Prosperity
resides in Sanskrit.

As it provides so much nourishment to mankind that this tree is worshipped as
the Earth Mother in Hindu mythology. In addition to cultivated (gramya), there are

Figure 10.
Amla.
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wild (vanya) varieties of Amla. It is smaller and rougher in wild varieties, whereas
cultivated amla is bigger, smoother, and juicier. Its trunk is crooked and its branches
tend to spread out in a crooked pattern. It reaches heights of 8 to 18 m. Usually
deciduous, small branchlets are glabrous or finely pubescent, 10-20 cm long. It

has simple, tightly set leaves that resemble pinnate leaves, which are subsessile and
subsedile along branches [65]. Berry harvesting is done in autumn, when the berries
reach their mature stage. Despite its fibrous texture, Indian gooseberries have a
sharp and bitter flavor and are bitter and astringent [66].

7.1 Phytochemistry

Approximately 80% of the amla fruit’s chemical composition is water. Besides
protein, carbohydrate, fiber, and mineral contents, it also contains gallic acid,
which is an important polyphenol. Amla contains tannins, alkaloids, and phenols.
In the whole plant, 28% of the tannins are present in the fruits. Two of the tannins
in the fruit, Emblicanin A and B, when hydrolysed yield gallic acid, ellagic acid
and glucose. Phyllaemblic compounds, tannins, flavonoids, pectin, and vitamin C,
along with polyphenolic compounds, are abundant in this fruit [67]. Vitamin C is
reported to be 20 times as abundant in amla fruit as in orange juice.

Ascorbic acid concentration is 160 times higher in the amla fruit tissue than in
an apple. Minerals and amino acids are also found in higher concentrations in the
fruit than in apples. The ash from amla fruit contains chromium, zinc, and copper.
It has been demonstrated that a wide range of phytochemical components, includ-
ing terpenoids, alkaloids, flavonoids, and tannins, possess useful biological activity.
Tannins are abundant in the fruits, leaves, and bark. Ellagic acid and lupeol are
found in the root, and leucodelphinidin is found in the bark. Oil is extracted from
the seeds (16%) and is brownish-yellow in color. It contains Linolenic Acid (8.8%),
Linoleic Acid (44.0%), Oleic Acid (28.4%), Stearic Acid (2.15%), Palmitic Acid
(3.0%) and Myristic Acid (1.0%) (Figure 11) [68]. It contains a small amount of
essential oil, fixed oil, and phosphides in its seeds. It also contains gallic acid, ellagic
acid, chebulagic acid and chebulinic acid in their leaves. P. emblica roots provide
Phyllaemblic acid, a novel, highly oxygenated norbisabolane.

7.2 Medicinal and nutritional value

Every part of this plant is useful due to its medicinal properties. E. officinalis is
known to have antioxidant, anticancerous, anti-inflammatory, anti-diabetic and
antimicrobial properties [69]. The extract of its fruit prevents hyperlipidemia,

osteoporosis and several other disorders [70]. It shows strong antioxidant properties
similar to ascorbic acid due to the presence of various tannins such as emblicanin A,

Figure 11.
Linoleic acid. Oleic acid.
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emblicanin B, punigluconin, gallic acid [71]. It quenches various free radicals such
as hydroxyl, superoxide and reduces DPPH free radical by reducing Fe** ions [72].
The antioxidative effect of fruit extracts was investigated against alcohol induced
toxicity and it was suggested that the efficacy is due to the presence of polyphenols,
flavonoids, and other ascorbic acid related compounds [73]. It strengthens antioxi-
dant defense system by increasing level of GSH and various antioxidant enzymes
like superoxide dismutase, catalase, GSH peroxidase, GSH reductase and GSH
S-transferase [74]. The anti-diabetic or hypoglycemic potential involves inhibition
of a-amylase and glucosidase owing to the presence of high concentration of ellagic
acid, ascorbic acid and flavonoids in fruit extract [75]. Significant reduction in
serum glucose and triglyceride levels have been reported in STZ-induced diabetic
male Long-Evans rats [76]. These fruit extracts are also known to reduce signifi-
cantly total cholesterol, LDL and VLDL-cholesterol level [77]. It is also reported

to improve ischemia-reperfusion induced oxidative stress conditions by reducing
myocardial lipid peroxidation and augmenting antioxidant enzymes activity in rat
heart [78]. Stress related oxidative damage is a major factor in various physiologi-
cal disorders. Administration of E. officinalis extracts have been reported to lower
down oxidative stress conditions in brain frontal cortex and striatum due to certain
external shocks [79]. Its antidepressant activity is also reported due to inhibition
of brain biogenic amines, and affinity with serotonin receptors, dopaminergic
D2-receptor and GABA-B receptors [80]. Fruits extracts has antiviral properties
and also functions as an antibacterial and antifungal agent. Emblica significantly
reduced UV induced erythema, had excellent free-radical quenching capabilities
and chelating properties for iron and copper [68].

8. Conclusion

There are several studies to support medicinal properties of plant derived phyto-
chemicals. These plant extracts are extensively utilized to prevent serious ailments
and as a constituent of heath care regimen. There are multifaceted advantages with
herbal products, in addition to being non-toxic they offer affordability as well. It
is evident that plant derived chemicals possess various properties thus research is
needed to have combination of desired phytochemicals to address complex issues of
healthcare. Incorporation of herbal ingredients in the diet will offer longevity and
prevention against threatening xenobiotics.
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Chapter 6

How Can Flaxseed be Utilized
as Functional Food

Shama Kakkayr, Runjhun Tandon and Nitin Tandon

Abstract

Although vegetables and fruits are unquestionably important components of
food, incorporating herbs and spices into one’s diet has become a must to improve
one’s health in today’s world. Due to rising popularity among health-conscious
consumers, studies on functional foods such as herbs are a growing field in food
science. Flaxseed (Linum Usitatissimum L.), which comes from the flax plant, an
annual herb, is gaining interest as a functional food ingredient due to its high levels
of alpha-linolenic acid (ALA), lignans, and fiber. Flaxseed consumption in the diet
helps to prevent serious illnesses such as heart disease, cancer, diabetes, obesity,
gastrointestinal, renal, and bone problems. Type II diabetes, in particular, is one
of the great healthcare challenges of the twenty-first century, as it has engulfed
children, adolescents, and young adults alike. While standard risk factors for type
II diabetes are genetics, living style, and behavioral aspects, this article focuses on
preventing or controlling the disease through dietary changes. To the best of our
knowledge, review articles on the commercial use of flaxseed in the formulation of
numerous food products with low glycemic index and their impact on diabetes are
hardly available. The data from the previous 5 years is used to compile this report.

Keywords: bioactive compounds, diabetes, flaxseeds, functional foods,
human nutrition

1. Introduction

Flaxseed, also known as linseed, is the seed of the flax plant, which is an
annual herb that grows to about 2 feet tall and belongs to the Linaceae family.
Linumusitatissimum is the Latin name for flaxseed, which means “most useful”
and it is of two types: brown and yellow or golden. It’s usually eaten in one of three
ways: whole seed, ground powder, or oil. It was most probably first cultivated in
Egypt, but it is now grown all over the world particularly in India, China, United
States, Ethiopia, and Canada. Commercially, it was used in the manufacture of
papers as well as clothes such as linen until the 1990s, though flaxseed oil and its
by-products were utilized in livestock feeds [1]. Flaxseed has been consumed by
humans since the dawn of time. However, it has sparked renewed attention in the
areas of dietary intake and disease investigation over the last 30 years, owing to the
significant health benefits associated with some of its bioactive components [2]. It
contains about 40-50% oil, which is mostly made up of beneficial polyunsaturated
fatty acids. It is high in omega-3 fatty acids, soluble and insoluble fibers, phytoes-
trogenic lignans, proteins, and antioxidants, among other nutrients. In the diet of
vegetarians, it is a potential source of alpha-linolenic acid [3]. Flaxseeds contain
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fats (41%), and dietary fibers (28%) as well as proteins (20%), water (8%), and
ash content (3%). Flaxseed has a lipid content of 37 to 45 g/100 g and carbohydrate
content of 25 to 30 g/100 g. Glutamine, Arginine, Valine, Leucine, Tyrosine, and
Phenylalanine, Insoluble fiber constituents such as Cellulose, Hemicellulose, and
Lignin are abundant in flaxseed, its meals, and isolated protein, while soluble fiber
is made up of mucilage gums [4]. Flaxseed mucilage, which is mainly comprised

of water-soluble polysaccharides, has greater water holding capacity and physico-
chemical characteristics comparable to guar gum [5]. Flaxseeds contain three kinds
of phenolic compounds: Phenolic acids, Flavonoids, as well as Lignans. The main
phenolic acids found in defatted flaxseed are Ferulic acid, Chlorogenic acid, and
Gallic acid. Flavone C- and Flavone O-glycosides are the most common Flavonoids
found in flaxseeds. Secoisolariciresinol diglycoside is the main lignan found in flax-
seed. Alpha-linolenic acid accounts for 53% of all lipids, with linoleic acid account-
ing for 17%, oleic acid for 19%, stearic acid for 3%, and palmitic acid for 5%, Asa
result, the n-6 and n-3 fatty acid ratio is usually 0.3:1 in flaxseeds [6]. Additionally,
it contains minerals and vitamins, especially Phosphorus (K), Magnesium (Mg),
Calcium (Ca), Iron (Fe), Zinc (Zn), and low concentration of Sodium (Na), as
well as Vitamin A, C, Thiamine, Riboflavin, Niacin, B6, and E [7]. Figure 1 shows
the detailed picture of the nutritional profile of flaxseeds. It contains anti-nutrient
compounds like phytic acid, linatine, and cyanogenic glycosides in addition to ben-
eficial phytochemicals. Furthermore, this plant’s ability to absorb and accumulate
cadmium from the soil, which forms chelates with thiol-containing plant proteins,
is a serious issue. Fortunately, no harmful impacts, such as food poisoning, have
been reported in the literature as a result of Flaxseed consumption [2, 3].
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Figure 1.
Nutrient profile of flaxseeds.
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Flax seeds contain numerous biologically active elements that help to prevent
and treat a variety of physiological conditions and non-communicable diseases,
including dyslipidemia, obesity, diabetes mellitus, a variety of cancers, kidney
and renal failure, irritable bowels, immune function, and more. Their omega-3
fats, Lignans, and Fiber content are primarily responsible for their health benefits.
Plant-based ALA fatty acids have been linked to a lower risk of stroke and have
been shown to improve heart health. Lignans, which are rich in antioxidants and
estrogen, may aid in the prevention of diabetes, breast and prostate cancer, as
well as other cancers [8]. Figure 2 demonstrates major health benefits provided
by phytochemicals present in flaxseeds. Seed mucilage consumption via the oro-
gastro-intestinal route has been linked to a variety of health benefits, including
postprandial glycemic and insulinemic response modulation, hyperlipidemia
prevention, satiety enhancement, and gut microbiota function regulation [9].

Diabetes Mellitus, also known as diabetes, is a metabolic condition character-
ized by raised blood sugar levels. A Hormone called insulin that transports sugar
from the bloodstream into cells to be stored or used for energy, is responsible for
diabetes. In diabetes, the body either does not produce enough insulin or does not
use it effectively. Over the last 50 years, the number of diabetics and obese people
has risen considerably in both developed and developing countries [10]. Both
the International Diabetes Federation (IDF) and the World Health Organization
(WHO) have made significant efforts to keep figures or global predictions of a
sharp rise in the number of people with diabetes up to date. According to the IDF,
382 million people had diabetes in 2013, and by 2035, that number will have risen
to nearly 600 million. Figure 3 shows the International Diabetes Federation’s
global distribution of people with types 1 and 2 diabetes (ranked by country) [11].
Diabetes mellitus is linked to abnormalities in carbohydrate, protein, and lipid
metabolism, which can lead to secondary complications. It can harm the heart,
blood vessels, eyes, kidneys, and nerves over time. It raises the chances of having
a heart attack or a stroke in adults by two to three times. Neuropathy (nerve dam-
age) in the feet, when combined with reduced blood flow, increases the risk of foot
ulcers, infection, and eventual limb amputation. Diabetic retinopathy is a common
cause of blindness that develops as a result of long-term damage to the retina’s small
blood vessels. Diabetic nephropathy is one of the most common causes of kidney
failure [12]. Basic lifestyle modifications have been shown to restrict the risk of
type II diabetes or delay its onset. To aid in the prevention of type II diabetes and its

-
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Health benefits of flaxseeds.
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Global Prediction of Diabetics, 2035
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Figure 3.
Prediction of growth of diabetic patients, 2035.

complications, individuals should: attain and maintain healthy body weight; par-
ticipate in physical activity; consume a nutritious sugar and saturated fat-free diet,
and refrain from smoking. Because of the importance of lifestyle prevention, it’s
critical to look into the protective effects of healthy nutrients and foods. Numerous
studies have shown that nutritional therapy plays an important role in preventing or
delaying the advancement of these secondary complexities [13].

A diabetic diet focuses on a general dietary pattern including functional foods
such as whole grains, nuts, fruits, leafy green vegetables, herbs, spices, legumes, and
seeds that can help in managing blood glucose levels [14, 15]. Functional foods,
which can boost health and lower the risk of developing many chronic diseases, have
received a lot of attention over the last two decades. The concept “functional foods”
was coined to describe foods that have been scientifically proven to have medical
benefits [14]. Researchers have been focusing on the characteristics of bioactive sub-
stances found in functional foods in the management of multiple facets of diabetes
mellitus in recent years; some of the therapeutic potentials of these bioactive sub-
stances and food sources have been studied in vitro and in vivo, and numerous ana-
lytical studies have even verified the benefits in people with diabetes. Hypoglycemic
and Hypolipidemic properties have been discovered in a variety of functional foods
[15]. Flaxseeds one of the functional food have been shown in studies to have hypo-
glycemic and hypolipemic properties, causing foods to have a lower glycemic index.
It is high in dietary fibers, omega-3 fatty acids, and antioxidants, as well as being low
in carbohydrates, making it an anti-diabetic food. Therefore, incorporating flaxseed
into various food products causes positive changes in diabetics’ biochemical profiles,
thereby improving their metabolic profile [16]. This review summarizes data on
flaxseed-infused foods and their importance in diabetes that has been published in
the literature for the past five years.

2. Value-added food products prepared by incorporating flaxseeds

After centuries of use as natural medicine, Flaxseed has resurfaced in the func-
tional foods arena as a potential future functional ingredient with a wide variety of
clinical benefits. Flaxseed-supplemented food products are becoming increasingly
trendy due to their high levels of unsaturated fatty acids, protein, soluble fiber, and
phytonutrients. It can be used as roasted and ground seeds, and its oil can be used in
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a variety of food formulations as vegetable oils, stable emulsions, and micro-encap-
sulated powder. Tables 1 and 2 highlights the specifics of flaxseed-supplemented
foods. Their impact on the glycemic index is also briefly discussed. The entire infor-
mation on functional foods is divided into two categories: paper-based information
and patent-based information.

2.1Paper-based information

Published researches that include the food formulation containing flaxseeds
have been included in this category.

Lifestyle choices, such as energy-dense foods and low levels of physical activity,
significantly raise obesity rates and adipose tissue stores, leading to an increased risk
of Type II Diabetes. Lifestyle changes, such as dietary changes, can help to reduce the
risk of T2D. Flaxseed and its byproducts are becoming more popular as functional
ingredients in low-glycemic-index foods as a result of their numerous health benefits.
Until now, many efforts have been made to ensure the functionality of a wide range
of cereal-based products, including bread, pasta, muffins, biscuits, and cakes. In
this context, flaxseed hulls were investigated as a functional supplement for wheat
bread enrichment and their relationship with the Glycemic Index. Furthermore, the
antioxidant capacity, nutritional value, and consumer satisfaction all were investi-
gated in 1-5% flaxseed hull (FH) supplemented wheat bread. Supplementation with
5% FH increased phenolic content by 93 percent, radical scavenging ability by 176
percent, and reducing power by 220 percent when compared to control. It was seen
that fortification reduced in vitro starch digestibility slightly but had no effect on the
expected glycemic index (eGI); however, it resulted in a reduction in relative protein
digestibility of up to 8%. The addition of fortification reduced the volume of the loaf
while enhancing the firmness of the crumb. The sensory evaluation results showed
that the addition of FH particularly at higher doses had a slightly adverse impact
on bread sensory properties but assure satisfactory customer acceptability [17].
According to these findings, flaxseed hulls might be a useful functional food in terms
of nutrition, but they were not beneficial to diabetics.

Improving the content of soluble dietary fiber (SDF) in carbohydrate-rich foods
is one strategy for lowering the risk of T2D. However, more research is needed
into the glycemic response to specific soluble DFs, particularly the role of soluble
DF-induced viscosity. Using a randomized, double-blind, crossover design, the
acute postprandial glycemic response of puddings containing soluble DF derived
from yellow mustard mucilage (YMM), fenugreek gum (FG), and flaxseed
mucilage (FM), in 15 people (10 male and 5 female; age 55.1 + 12.0 years; BMI
29.5 + 3.4 kg/ m2) who were at extremely high risk of developing T2D was inves-
tigated. The nutritional composition of the puddings confirmed that the prepared
puddings contained more energy and less fat. YMM incorporated pudding had the
highest total dietary fiber content, while FG incorporated pudding had the lowest.
Results revealed that all soluble DF puddings significantly reduced blood glucose
and plasma insulin at maximum concentration and definite time points when
compared to a control pudding, but not differed from one another [18]. This study
showed that using viscosity-matched single DF in a pudding matrix can lower acute
postprandial peak glucose and insulin levels, as well as the risk of T2D.

Another study looked into the use of oat (OB), flax (FB), and apple (AB)
as dietary fiber (DF) fortifiers in wheat bread (WB). In this, wheat bread was
compared to flax, oat, and apple bread. The fatty acid profiles were significantly
altered when oat and flax fibers were added to bread. Oleic acid (33.83 percent of
lipids) and linoleic acid were the most abundant in OB (24.31 percent of lipids).
Only FB had a significant amount of Linolenic fatty acid with 18.32 percent. The
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S. No. Author and Year Functional Flaxseed Amount of Reference
of Publication Food Form Supplementation
1. Seczyk etal., 2017 Wheat Bread Flaxseed 1-5% [17]
Hulls
2. Kay etal., 2017 Pudding Flaxseed 228 wt% [18]
Mucilage
3. Kurek et al., 2018 Wheat Bread Flax dietary 10.8% [19]
Fiber
4, Zhu & Li, 2018 Steamed Flaxseed 2.5-20% [20]
Bread Flour
5. Zhu & Li, 2018 Noodles Flaxseed 25gm- 200gm [21]
Flour
6. Wandersleben et Bread Flaxseed 10.6% [22]
al.,, 2018 Flour
7 Soltanian & Cookies Flaxseed 10g [23]
Janghorbani, 2018 Flour
8. Soltanian & Cookies Flaxseed 10g [24]
Janghorbani, 2018 Flour
9. Yuksel, 2019 Noodles Flaxseed 10-20g [25]
Flour
10. Hasaniani et al., Yogurt Ground 30g [26]
2019 Flaxseed
11. de Oliveira Giarola Sherbet Golden 1-3% [27]
etal.,, 2019 Flaxseed
Flour
12. Tobias-Espinoza et Extruded Flaxseed 6.6-9.3% [28]
al,, 2019 products Flour
13. Wirkijowska et al., Bread Flaxseed 5-15% [29]
2019 flour &
Marc
14. Geetha et al., 2020 Food Mix Flaxseed — [30]
Flour
15. Sevostyanova etal., Bread Flaxseed — [31]
2020 Flour
16. Almehmadi et al., Muffins Flaxseed 30g [32]
2020 Flour
17. Campidelli et al., Ice-cream Flaxseed 1% [33]
2020 meal Flour
18. Vieira et al., 2021 Liquid Flaxseed 0.6-1.5% [34]
Thickener Gum
Table 1.

Information of Flaxseed incorporated functional foods, published since 2017.

bioaccessibility trials disclosed that the DF reduced saturated fatty acid intake. In
the range of fatty acids, polyunsaturated fatty acids (PUFA) were the least bioacces-
sible (72 percent in OB to 87 percent in FB). In terms of glycemic load, the com-

mercial bread had the highest value (80.5), which was markedly greater than the
values for OB, FB, and AB. The addition of OB, FB, and AB resulted in low glycemic
value. In addition, AB had the highest overall phenolic value (897.2 mg/kg), while
FB had the least (541.2 mg/kg). In this study, AB had the only significant reduction
in caloric values [19].
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S.No. Inventor/s Title of Patent Amount of Patent Application Reference
incorporation = Number
of Flaxseeds
1. Vadakkemuri Jolly Optimized Flaxseed oil, US2017/0360073A1, [35]
Mathew Nutrient 4.2-5.8 Liter 2017
Fatty Acid
Composition
2. Haijia Chen, Xiaohu One kind is Flaxseed 0il, 4 ~ CN107373642A, 2017 [36]
Ge, Fei Wang, Yifei for diabetes B parts by weight
Wang, Jianqiang patient’s diet
Cheng, Xiaoyan Wang  and foodstuffs
and preparation
method thereof
3. Xiping Li, Xiao Han, A kind of Flaxseeds CN106266429A, 2017 [37]
YiminGao compositions powder, 5-30 g
being applicable
to diabetes
patient and diet
therapy soup
thereof and
Ppreparation
method
4, Jyoti Shirodkar Food Products — AU2017/100571A4, [38]
and Processes 2017
for Preparation
Thereof
5. Muhua Wang, Peiping A kind of — CN107136183A, 2017 [39]
Pan, Wei Song, Zhan red yeast rice
Deng, Yuhong King, Flaxseed cake
Binnan Su, YinghulCai, fermentate and
Xuxia Li, Xiaoxia Lu, its application
Junfeng Gong
6. Chun xiao Li, Hongyu Diabetes full Flaxseed meal, = CN108522970A, 2018 [40]
Luo nutrition 1% by weight
formula food
and preparation
method thereof
made of a kind
of seaweeds raw
material
7 Tae Wan Kim Method of Flaxseeds, KR101850955B1, [41]
producing 54.5-71.5%by 2018
afood for weight
preventing
and improving
diabetes
8. Weiyi Wang Akind of 3 sour Flaxseed CN104542974B, 2018 [42]
milk powder oil powder,
of omega and 15-25% by
its preparation weight
process
9. Yingyan Chen Akind of 3 Flaxseed CN108685006A, [43]
solid beverage oil powder, 2018
of omega 60-90% by
weight
10. Vadakkemuri Jolly Optimized Flaxseeds, US2019/0335796A1, [44]
Mathew, Paul Nutrient Food 40-50 g 2019
Thomson Kochery
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S.No. Inventor/s

Title of Patent

Amount of
incorporation
of Flaxseeds

Patent Application
Number

Reference

11. Kewei Fang, Haijie
Zheng, Yanbing Wu

Low-sugar
mooncake

high in fatand
preparation
method thereof

CN110384123A, 2019

[45]

12. J. Murray Hockings

Method for
treating and
reversing Type
2 diabetes

Flaxseed oil,
500 mg

US10765318B2, 2020

[46]

13. Jianzhang Lu, Shuang
Li, Xuli Wu

Low-
carbohydrate
flaxseed nut
wafer and
preparation
method thereof

Flaxseeds,
40-80 parts by
weight

CN111466425A,
2020

[471

14. Scott Anderson, John
Hall, Mark Yoho

Human dietary
supplement
and method
for treating
digestive
system and

immune-related

disorders

W02020081417A1,
2020

[48]

15. Shiddalingesh
Salimath

Enteral or oral
nutritional
composition

W02020039277A1,
2020

[49]

16. Jinho Pyo

Preparing
method of
noodle for
improving
diabetes, and
the noodle
obtained
thereby

Flaxseeds, 5-30
parts by weight

KR20210012287A,
2021

[50]

Table 2.

Information about Flaxseed supplemented Functional Foods, patented since 2017.

Chinese steamed bread (CSB) is a fermented basic food popular in China and
Asia. Because of the widespread usage and low cost of CSB, there are many chances to
create ‘nutritious’ CSB with added natural products to combat the rising prevalence
of chronic illnesses such as diabetes and cancer among the population. Development
of CSB fortified with ground flaxseeds at a fortification level of up to 20% was
investigated [20]. The resulting CSB was studied for its physicochemical, nutritional,
and sensory properties. According to findings, Flaxseed addition reduced the specific
volume and spread ratio of CSB while boosting unsaturated lipids, dietary fiber, phe-
nolic content, and hardness in a dose-dependent manner. Flaxseed additions of up to
15% had a slight impact on the total acceptability of CSB. In terms of nutrition, adding
flaxseed to CSB increased in vitro antioxidant activities while lowering in vitro starch
digestibility and glycemic index from 117 to 97, and the glycemic load from 50 t0 32.9 g.

In another study, fresh salted noodles with ground flaxseed flour that replaced
wheat flour up to 200 g/kg were formulated. It was noticed that Flaxseed supple-
mentation increased in vitro antioxidant activities while reducing the expected
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glycemic index of cooked noodles in different dosages. The inclusion of flaxseed
increased cooking loss whereas lowered the hardness and thickness of cooked
noodles. According to kinetic analysis, adding 200 g/kg flax seed to noodles
reduced the eGI from 60 to 52. Flaxseed replacement reduced the glycemic load
of the noodles significantly, from 13.4 g in control noodles to 8.5 g in noodles with
200 g/kg flax seed addition in a dose-dependent manner. The noodles developed
in this study were found to be beneficial to people suffering from chronic diseases
such as diabetes and stroke [21].

Soluble fiber, protein, and resistant starch-rich foods aid digestion and may
improve blood sugar response after meals. In this instance, three ingredients in
bread production strike equilibrium between nutrition and palatability: lupine grit
flour which consists of 60 percent protein, lupine hulls flour, and flaxseed expeller
flour which is an excellent source of dietary fiber all were tested for their medical
benefits. A customer acceptability test was also conducted on 259 volunteers using
the bread deemed best by its balance of sensory and nutritional value. Compared
to the control bread the final bread had 125 percent more fiber and 55 percent more
protein. In all aspects surveyed, the bread was rated as acceptable by more than 90%
of those polled. It was discovered that lupine can replace animal protein very well,
and in addition, flaxseed supplemented bread had hypoglycemic properties [22].

In 53 constipated T2D patients, the effects of baked flaxseed cookies versus
placebo cookies on constipation symptom scores, body mass, blood glucose, and
lipid control were compared. Constipated T2D patients with BMI 20.5-48.9 kg/
m2 were randomly assigned to either 10 g of flaxseed cookies two times a day or
placebo cookies, for twelve weeks in a single-blind, randomized controlled trial.
Participants in the control group were given sugarless orange-flavored maltodex-
trin cookies as a placebo. Constipation symptom rating, BMI, fasting blood sugar,
glycosylated hemoglobin (HbA1lc), and lipid level were measured at the start and
end of four, eight, and twelve weeks. A stool diary was used to assess constipation.
It was observed that the flaxseed group’s constipation symptom scores (2.46),
weight (3.8 kg), BMI (1.5 kg/m2), FPG (26.7 mg/dl), cholesterol (37.3 mg/dl),
triglycerides (10.4 mg/dl), LDLC (21.0 mg/dl), HDLC (4.7 mg/dl), and cholesterol/
HDLC ratio (1.4 mg/dl) all decreased significantly from reference point after the
12-week intervention. The differences in absolute change between the flaxseed
and placebo groups in all of the studied profiles were statistically significant.

This study found that eating 10 g of flaxseed baked into cookies every day for

12 weeks improved constipation symptoms, glycemic and lipid control, BMI, and
body weight [23]. Following this study, the effects of baked flaxseed or psyllium
versus placebo on constipation symptoms, weight, glycemia, and lipid levels in
T2D patients were also compared. Psyllium is a soluble, viscous, gel-forming
non-fermented fiber supplement that contains pentoses, hexoses, anduronic acids.
It has previously been shown to reduce constipation signs, body fat, glycemic, and
lipid profile. In constipated T2D patients, no medical study had done to compare
the effects of flaxseed and psyllium on lowering constipation symptoms, mass,
glycemic, and lipid status. As a result, 77 patients participated in this clinical trial.
77 constipated T2D patients were randomly assigned to three groups in a single-
blinded, randomized controlled trial. For a total of 12 weeks, patients were given
either 10 g flaxseed or psyllium supplemented cookies or placebo cookies twice a
day. Constipation symptoms (P 1/4 0.002), stool consistency (P 0.001), weight

(P 0.001), BMI (P 0.001), FPG (P 1/4 0.004), cholesterol (P 1/4 0.010), LDLC (P
1/4 0.031), and cholesterol/HDLC ratio (P 1/4 0.019) all improved significantly in
the flaxseed and psyllium groups compared to the placebo group. It was observed
that although both flaxseed and psyllium could help with constipation, weight loss,
glycemic control, and lipid levels, flaxseed appears to be better than psyllium [24].

105



Vegetable Crops - Health Benefits and Cultivation

Raw flaxseed-enriched noodles were prepared and their physical properties such
as Resistant Starch (RS), Total Starch, Total Dietary Fiber (TDF) content, estimated
glycemic index (eGI) value, and nutrient composition of the resultant product was
investigated. Flaxseed was added to the noodle blend in 3 different amounts (10, 15,
and 20 g/100 g). According to findings, the RS content of the samples was found
to be in the range of 0.61-2.14 g/100 g, with the sample containing 10% flaxseed
having the highest RS. The noodle sample enriched with 20% flaxseed had a
maximum TDF value of 8.28 percent, while the control had a value of 1.68 percent.
The flaxseed addition did not affect the estimated eGI of the samples, but it showed
very little impact on the mineral content of the noodle samples. Sodium, potassium,
magnesium, and phosphorus were the most common mineral compounds found in
the samples [25]. It could be concluded that a 10% flaxseed supplemented noodle
would be a healthy and nutritious effective alternative to consume, but it would be
less effective to diabetics.

An investigation was done to see how flaxseed enriched yogurt affected the
elevated glucose and lipid levels, along with hypertension in T2D patients. On 57
patients with T2D, a randomized, open-label, controlled clinical trial was performed.
For 2 months, participants were given either 200 g 2.5 percent fat yogurt with 30 g
flaxseed or plain yogurt. At the start and end of the study, anthropometric and bio-
chemical parameters were assessed. The findings revealed that Hemoglobin Alc levels
in the treatment group were significantly lower than in the control group after 2
months of supplementation. At the end of the trial, there were substantial variations
in triglyceride and total cholesterol (p = 0.04 and p = 0.01), systolic blood pressure,
and diastolic blood pressure (p = 0.02 and p = 0.002, respectively) seen between
flaxseed enriched yogurt and control groups. Fasting blood sugar levels were also
reduced. Moreover, no differences in low- as well as high-density lipoprotein, body
mass, or waist size were found between the two groups [26].

Sherbet is a frozen dessert just like ice cream, but it is made with more fruit pulp
and has a more acidic flavor. In addition to glycemic load, two major parameters that
should be considered for good quality ice cream, sherbet, or sorbet are sugar crystal-
lization and ice recrystallization. The unwanted mechanism of ice recrystallization
occurs during the processing and storage of ice creams and sherbets. In this context,
analysis of the effects of different concentrations of golden flaxseed flour (GFF) on
the glycemic index and ice recrystallization in uvaia (Eugenia pyriformis Cambess.)
diet sherbets fortified with iron was studied. In the study, samples were moved
from a freezer designed to perform 14 temperature fluctuation phases ranging from
20 °C/12 h to 10 °C/12 h from storage (25 °C) (each cycle, 48 h). Before the tempera-
ture cycles, the chemical structure, acidity, and physical parameters such as overrun,
rheology of static and transient shear, firmness, thermal properties, and crystallite
sizes were evaluated. An optimized descriptive profile was used to evaluate the
sensory attributes. The findings revealed that the glycemic load decreased as GFF
concentration increased, while the ash content and pH values increased significantly.
GFF addition was found to be a viable option for the preparation of an iron-fortified
uvaia diet sherbet with a reduced glycemic load and smaller ice crystal sizes. Asa
result, to obtain a high-quality diet product with improved rheological, thermal, and
microstructural properties, GFF should be added at a rate of 1 to 2% [27].

Regardless of the potential benefits of amaranth and flaxseed, there is little
information on their combined effect on the physicochemical and functional
properties of extruded products. Extrusion of six mixtures in a twin extruder was
done with different proportions of amaranth (18.7-33.1%), flaxseed (6.6-9.3%),
maize grits (55.6-67.3%), and minor ingredients (4.7%) for the production of
extrudates. According to the study, the amount of amaranth and flaxseed used
in the development of extruded products had major effects on their functional
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and physicochemical properties. Extrudates with higher proportions of amaranth
and flaxseed had higher insoluble and soluble fiber content. The highest flaxseed
proportion had the highest soluble fiber content (1.9 percent). The protein content
of the extruded products was high (>12%), which was significantly high than that
of commercial breakfast cereals. Aside from these attributes, the extruded products
obtained had a healthy caloric density (<5%). Extruded products containing low
amounts of starch and high levels of fiber produced extrudates with a low expan-
sion index and more hardness. As a result, extruded products containing amaranth
(18.7-22.9 percent), flaxseed (8.6-9.3 percent), and maize grits (63.8—67.3 percent)
had acceptable physicochemical and functional properties [28].

Flaxseed is a vital oil crop. By-products of flaxseed oil extraction have a high
nutritional value. Therefore, the effectiveness of flaxseed industry by-products
(flour (FF) and marc (FM)) as functional raw materials in bread production was
highlighted in one study. Flaxseed by-products were added to wheat bread in
amounts of 5, 10, and 15%. The effect of adding FF and FM to bread on its quality,
chemical composition, and consumer acceptance was studied. According to the
outcome of the research, adding FF and FM increased bread yield by 146.6 and
148.4 percent, respectively, for samples with 15% FF and FM addition, compared to
the control bread (13.5%). According to texture analysis, Both by-products changed
the average values of hardness, chewiness, and firmness, as well as the color of the
crumb. Flaxseed by-products improved crumb water content but showed a nega-
tive impact on specific volume and pore size distribution, whereas FM has a lesser
impact. The introduction of 5% flax components increased the bread’s nutritional
value while lowering its calorie content thus being beneficial for diabetics.
According to the findings, adding 10% flaxseed marc to bread results in bread with
high nutritional quality and satisfactory sensory attributes [29].

Diabetes management relies heavily on nutrition, and foods with a low glycemic
index are becoming increasingly popular because they slow the release of glucose
into the bloodstream. It’s critical to create a low-glycemic food mix using locally
available ingredients for daily diets. Therefore, an investigation of the glycemic
index of traditional recipes (dosa, mudde, and roti) made from developed millet-
based food mix, as well as their impact on pre-diabetic subjects was conducted
in research. Finger millet, little millet, defatted soy flour, whole green gram,
fenugreek seeds, flax seeds, curry leaves, bitter gourd, and skimmed milk powder
were used to make a millet-based food mix. Protein (19.41 g/100 g) and dietary
fiber (21.11 g/100 g) both were present in the developed millet-based food mix.
With a glycemic load of 11.05, 18.43, and 18.09, the glycemic index of dosa, mudde,
and roti was found to be 37, 48, and 53, respectively. All three developed products,
however, had a lower glycemic index (<55), as well as a reasonable glycemic load of
(<20). Moreover, dietary supplementation on pre-diabetic subjects revealed a sig-
nificant decrease in FBS (120.50 + 18.73 to 97.81 + 20.00) and HbAlc (6.14 + 0.30 to
5.67 + 0.40), indicating that they were a wiser choice for diabetes management [30].

The previous studies discovered the impact of diet and various nutrients on
metabolism, including the use of low-carb food in the treatment of cardiovascular
disease, diabetes, and metabolic syndrome. In this frame of reference, an optimal
combination of ingredients for the development of bread, which could be used to
improve the course of these diseases, as well as to be consumed by groups of indi-
viduals with gluten, milk, and sugar intolerances was studied. Two bread formula-
tions containing flaxseed flour, eggs, vegetable oil, baking soda, salt, and natural
apple cider vinegar were formulated and evaluated during the project. The liquid
component was represented by oat milk in the first sample and hazelnut drink in
the second. The resulting bread was compared to commercially available analogs.
The quality analysis revealed that the resultant bread met the quality standards.
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Both samples had lower calorie (18%), carbohydrate (37.5%), and higher protein
content (13.5%). It was discovered that adjusting the nutritional value allowed the
product to be integrated into a low-carb diet, which was particularly essential for
people with diabetes and metabolic syndrome [31].

Flaxseed has been found to help lower and stabilize blood glucose levels in
various investigations. While one study was conducted to investigate whether
flaxseed could reduce blood glucose response more successfully when consumed as
a single 30 g portion or as a split portion thrice a day. It was a cross-over study with
arandomized, repeated measures design. 15 healthy members were provided one of
three options: (1) 3 flaxseed muffins containing a total of 30 g flaxseed consumed
once in the early hours, (2) 3 flaxseed muffins consumed at 3 distinct time intervals
throughout the day (10 g flaxseed per muffin), or (3) 3 control muffins consumed
at 3 distinct time intervals throughout the day (0 g flaxseed per muffin). A continu-
ous glucose monitor was used to assess the 24-hour blood glucose reaction. Muffins
made were high in crude protein, fatty acids, energy, and fiber profile while low in
carbohydrates. The findings showed that flaxseed muffins given thrice a day were
more effective than control muffins at reducing and sustaining blood glucose levels
over 24 hours. It was observed that Flaxseeds should be consumed in small amounts
throughout the day, not all at once [32].

Analysis of the impact of varying sugar, fat, and prebiotic fiber levels in powder
preparations used to make mangaba ice cream was studied in one research. P1, P2,
and P3 were the first three simple powder mixes for ice creams, and they were also
known as powder preparation. Cream milk powder, light milk powder, flaxseed
meal powder, corn syrup powder, inulin, FOS, and stabilizers (at different con-
centrations) were among the ingredients that were required for the production of
ice cream. The powdered preparations were tested for solubility, hygroscopicity,
water content, and microscopic characteristics. The physicochemical proper-
ties, quality attributes, overrun, nutrient profile, mineral absorption simulation
in vitro, rheological characteristics, fructooligosaccharide quantitative analysis,
and sensory acceptability of the ice cream produced by these mixtures were all
examined. As it was discovered that the ice cream mangaba is a source of vitamin
C (17-25 mg.100 g-1), dietary fiber (4.9-8.6 g.100 g-1), and prebiotic (FOS con-
tent: 3.06-5.68 g.100 g-1), calcium (3.38-3.64 g/kg-1), and contains low sodium
(0.48-0.60 g/kg-1) the study concluded that the incorporation of prebiotic fibers
and the reduction of sugar and fat levels can provide nutritional benefits. Inulin
and FOS, on the other hand, were likely accountable for the increase in solubility
(64.22 percent, 71.67 percent, and 79.73 percent) and reduction in hygroscopicity
(6.06, 4.23, and 3.14 g/100 g) of powdered ice cream preparations. It was concluded
based on findings that incorporating ingredients such as mangaba pulp, flaxseed,
prebiotic fibers (inulin and FOS), and lowering sugar and fat levels can strengthen
the technological and nutritional characteristics of ice cream [33].

Oropharyngeal dysphagia is a serious type of dysphagia, which refers to dif-
ficulty swallowing — moving food from the mouth to the stomach, requires more
effort than usual. This mechanical disorder has been linked to aging, neurological
issues, brain and neck cancer, cerebral palsy, Parkinson’s disease, and benign esoph-
ageal stricture, among other things. Oropharyngeal dysphagia patients are given a
viscosity-modified diet with thickeners to avoid swallowing problems. Although
most commercial products contain xanthan and starch, flaxseed gum (FG) isa
potential thickener for liquid foods that also has health benefits. Concerning the
use of flaxseed gum (FG) in thickening methodologies for dysphagia patients, one
investigation was done to check the relationship between the rheological properties
of thickeners and their advantages in terms of nutrition such as enhancing fibers,
and phenolic content while reducing glucose absorption. FG was combined with
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modified starch (MS) and Xanthan gum (XG), with the concentrations of the bio-
polymers varied according to a central composite rotational design, with the evalu-
ated responses being rheological and color properties in water. Furthermore, the
amount of glucose released following in vitro digestion was assessed and compared
to a commercial MS-based thickener. It was observed that the shear time-indepen-
dent and shear-thinning behavior of all formulations was primarily influenced by
the concentrations of XG and MS. The formulations exhibited a predominant elastic
character in oscillatory measurements, which was attributed to MS and primarily

to XG, which, despite its lower concentration, imposed a similar influence on this
rheological property. The most significant factor influencing viscosity, however,
was the increase in FG concentration. Surprisingly, the commercial formulation had
a significantly higher glucose release than the suggested FG/MS/XG-based formula-
tions. Hence, FG-based thickened beverages could have an advantage over those
based on MS in this due consideration, enhancing the quality of life of dysphagia
patients and lowering the amount of glucose released in vitro after digestion [34].

2.2 Patent based information

Patented inventions that include the food formulation containing flaxseeds have
been included in this category, and it was also investigated whether these foods can
be included in the diabetic patient’s diet in the information.

Over the last century, human dietary habits have changed dramatically due to
the advancement of civilization & industrialization. The dietary intake of linoleic
acid, an essential fatty acid of the omega 6 fatty acid group, increased as the
production and consumption of oil seeds and oil rose. This resulted in a shift in
the omega 6:3 fatty acid ratio in human diets from around 1:1 to 10-40:1. This shift
plays a critical role in the treatment of so-called “lifestyle diseases,” such as cardio-
vascular disease, hypertension, type 2 diabetes, and viral infections. In this context,
one research was conducted and patented under application number, US0360073A1.
The primary goal of this invention was to develop an optimized nutrient fatty acid
composition that can be used to resolve a dietary imbalance in essential fatty acid
consumption in human beings in a simple, safe, practical, and cost-effective man-
ner. Oil seeds with omega 6 to 3 fatty acid ratios of 1:1 to 1: 1.25 were used to make
optimized nutrient fatty acid compositions, which were stabilized with vitamin
E 0.8-4 mg/ml. After cleaning, drying, and dehydrating the ingredients, oil was
extracted from soybeans, flaxseed, walnut, perilla seed, rice bran, sunflower seed,
evening primrose seed, high GLA safflower seed, garden cress seed, sachainchi
beans, and green algae using conventional methods. After the final product for-
mulation, 10 patients with metabolic syndrome (high blood pressure, abdominal
obesity, increased fasting glucose, elevated fasting triglyceride, and low HDL) were
chosen for the study. The patients were divided into two groups after their physical
examination. Both groups were told to keep taking their medications and to follow
a low-calorie, low-fat, low-carbohydrate diet with moderate exercise. In addition,
the second group was instructed to consume 25 mL of optimized nutrient oil as
cooking oil daily. When compared to the first group, the second group on opti-
mized nutrient oil had a considerable reduction in weight, abdominal girth, blood
pressure, sugar levels, CRP, SGPT, and triglyceride, as well as an increase in HDL.
Furthermore, the optimized fatty acid composition could be used as food, beauty
products, and a delivery vehicle for drugs and nutrients [35].

With the constant intensification of the rhythm of real-life and work, people’s
spirits are constantly in a state of high pressure, overload, causing a rise in blood
sugar, if things continue like this, easily cause some people to develop diabetes.
Which affects their standard of living. A good eating style is needed to prevent
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and treat the serious problems associated with diabetes. Therefore, CN107373642A
disclosed a kind of diabetic special food formula including; whey separated protein
powder with a precise weight of 15,30 parts by weight of plant fat powders (includ-
ing 18 parts by weight of medium-chain triglycerides) 8 parts by weight sunflower
oil powders, 4 parts by weight flaxseed oil), 10 parts by weight dietary fibers, 45
parts by weight carbon water compound, 2 parts by weight soybean phosphatide,
0.2 parts by weight phytosterol, 0.3 part by weight of vitamin, 0.3 parts by weight
mineral matter. Following the formulation of the food product, a functional test on
30 diabetic patients was performed. Patients were told to keep taking foodstuff on
daily basis. Evaluation at the end of the test discovered that the diabetic patient’s
symptoms had significantly improved [36].

In another patent CN106266429A, formulation of preparation of a kind of diet
therapy soup including; Radix Puerariae 20-50 parts, Fructus Lycii 10-30 parts,
Flaxseeds 5-30 parts, Rhizoma Dioscoreae 10-30 parts, leaf of Moringa 5-20 parts
was Described. It was a powdered formulation that could reconstitute in boiling
water, all ingredients of diet therapy soup worked together in harmony to treat
diabetes and improve the immune system of Susceptible people by lowering blood
glucose levels. Each ingredient, such as Radix Puerariae, Rhizoma Dioscoreae,
Fructus Lycii, and Flaxseeds, was cleaned, pulverized, and concentrated to form
a thick paste, which was then pulverized and dried to form a powder. All of the
powders were combined, resulting in a uniform dry soup mix. Furthermore, this
composition can be used to make beverages, food, medicine, and so on, and it is
relatively suitable for diabetic patients, as it has the potential to have a blood sugar
lowering function [37].

Regardless of the type of diabetes, keeping blood glucose levels within a healthy
range is critical. Along with seeds, cereals have an important role in the diet of a
diabetic patient. Barley is a cereal grain that has traditionally been referred to as
“gluten grains.” Barley is high in dietary fiber, beta-glucan, molybdenum, man-
ganese, and selenium. Barley is also high in copper, vitamin B1, chromium, phos-
phorus, magnesium, and niacin. However, because whole grain barley is not easily
palatable, it is not widely consumed as a staple food. As a result, there is a need for
a technique of processing whole-grain barley that is palatable while retaining the
grain’s nutrients. The technique of formulation of barley-based compositions com-
prising barley, other cereals, pulses, spices, dry fruits, and flavoring agents was dis-
closed in patent application AU100571A4. The pre-mixed barley-based composition
was made up of barley in the 45-75 wt percent range; wheat in the 20-40 wt percent
range; and soybean in the 5-20 wt percent range. Whole green gram, broken green
gram, whole Bengal gram, broken Bengal gram, whole lentil, and broken lentil were
among the pulses. Coriander, cumin, carom, flaxseed, fenugreek, red chili, tur-
meric, asafetida, and salt were among the spices used. The steps for preparing the
pre-mixed barley-based composition included cleaning the raw materials, option-
ally roasting the cleaned raw materials, mixing the cleaned and optionally roasted
material to obtain a mixture, grinding the mixture to obtain a fine flour or powder,
and packaging the flour or powder. Resultant Pre-mixed barley-based compositions
could be used to make a variety of food products (flat bread, roti, chapatti, paratha,
khakra, thalipeeth, cutlet, pancake, health drink) that could be consumed by both
healthy people and people suffering from obesity, dyslipidemia, diabetes, and other
conditions. Another advantage of this technique was powder formulation was free
from chemical preservatives [38].

Flaxseed cake is a byproduct of flaxseed de-oiling that contains lignan, flaxseed
gum, and cyanogenic glycoside. After consumption, cyanogenic glycosides can
decompose in vivo into hydrogen cyanide, causing poisoning in the human body
and death. The presence of cyanogenic glycoside in flaxseed limits the use of
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flaxseed and its byproducts in the food industry. To broaden the use of flaxseed
in the food industry, The inventors revealed a type of red yeast rice Flaxseed cake
fermentate and its application in the field of food processing technology in patent
CN107136183A The following steps were taken to prepare the product: The first
step involved the detoxification of the Flaxseed cake, in which the water content
of the Flaxseed cake was controlled at 170-200 g/kg and the detoxification was
performed using a microwave power of 800 W for 8 minutes. The Flaxseed cake
was fermented and detoxified further in the second step by activating the Monascus
slant 3-4 times and accessing the seed culture medium. Then, after accessing the
fermentation medium, concentration was done at 30 degrees Celcius for 3 days.
The total incubation period was 5-7 days. As cyanogenic glycoside is unable to
meet food safety requirements due to the limitations of traditional Flaxseed cake
detoxification mode, so, flaxseed cake is never used as raw food material, but the
main advantage of this invention was that it used microwave detoxification and
secondary microbial fermentation to remove the mode of poison so that cyanogenic
glycoside reaches below 0.015 mg/kg. Another advantage was that the entire process
was inexpensive. In the functional test, Red yeast rice Flaxseed cake fermentate was
used to make biscuits. 2 L Flax seed oil was used in the preparation of the biscuits.
Wheat flour, egg, white granulated sugar, edible salt, ammonium hydrogen carbon-
ate, sodium bicarbonate, and water were also used. The made biscuits were found to
be free of cyanogenic glycosides. In addition, Both red yeast rice and flaxseeds can
help with hypotension, blood glucose control, and cholesterol reduction. Flaxseeds
have antitumor, anti-aging, and anti-renal failure properties. Therefore, Red yeast
rice Flaxseed cake fermentate was beneficial to diabetic patients, aged women who
lack nutrition, and people suffering from obesity [39].

We all know about the benefits of flaxseed, but such ingredients should be
used in conjunction with flaxseed, which can make a significant contribution to
the treatment of diabetes, so such food cannot be considered anything less than a
boon. Edible seaweed is high in sugar, terpene, alkaloid, and polyphenols; these
active materials have a variety of benefits including hypoglycemic, decompression,
antibacterial, and anti-oxidant properties. Kelp is a rich source of dietary fiber,
nutrients like vegetable protein, and has a high nutritive value, is extremely benefi-
cial for the auxiliary treatment of diabetes. In this context, patent CN108522970A
disclosed a full nutrition formula food made of a type of seaweed raw material
for diabetic patients. Kelp powder, Buckwheat, soybean powder, Peanut powder,
Walnut powder, Flaxseed meal, Kudzu-vine root powder, and Tomato powder
were used in a 3:15:8:4:1:1:8:2 ratio, along with a small amount of nutrition fortifier.
Preparation methods included polishing, mixing, homogeneous, and freeze-drying.
The formula food produced could effectively control blood glucose and replace
staple food to provide sufficient daily nutrition demand for diabetes patients and
also cost was relatively low. Furthermore, because it is made entirely of natural food
ingredients, it retains a wide range of natural sugar-reducing substances [40].

The process for preparing a mixture by mixing two types of ingredients was
disclosed in Patent KR101850955B1. The type 1 ingredient was 54.5-71.5 percent
by weight of flax, 8.0-11.5 percent by weight of acid, 4.5-7.4 percent by weight
of onion, 1.5-2.5 percent by weight of pine needle, 1.5-2.5 percent by weight of
Angelica keiskei, 1.5-2.5 percent by weight of blackberry, and type 2 ingredient was
50-54% by weight of the upper leaves and 46-50% by weight of the oak. The leaves
were extracted for 2 to 3 hours at a temperature of 70 to 80 °C using hot water.
The extract was then filtered to obtain filtrate, which was concentrated until it
reached 23 Brix or higher, after which the mixture of type 1 ingredients and extract
concentrate of type 2 ingredients was mixed in a ratio of 1: 0.4-0.6. The final food
produced could be used to prevent or treat diabetes [41].
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Omega-3 fatty acids can be found in a variety of foods, including fish and
flaxseed, as well as dietary supplements like fish oil. Alpha-linolenic acid (ALA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) are the three main
omega-3 fatty acids. Plant oils such as flaxseed, soybean, and canola oils are high in
ALA. Fish and other seafood contain DHA and EPA. Omega-3 fatty acid-rich diets
may help diabetics lower their insulin resistance. Omega-3 fatty acid-rich diets may
lower the risk of heart attacks, strokes, macular degeneration, and certain cancers.
Many types of research have been conducted to create omega-rich foods. A type
of —3 sour milk powder preparation was discovered in one of these studies, and
it was patented under the number CN104542974B. It was made up of 15-25 parts
of flaxseed oil microcapsule powder, 70-83 parts of milk powder, and 25% parts
of probiotic powder in weight proportions. Each component material was mixed
in equal increments, and the resulting powder was packed in a vacuum nitrogen
filling packing machine with a sterile aluminum foil bag. Omega-3 supplemented
sour milk powder could be stored at room temperature and had a long shelf life.

It had numerous health benefits; it was easily soluble in water, could be dispersed
into yogurt liquid, and could be reconstituted with 30-37 °C warm water to make
instant drinks. It was found to be beneficial in the improvement of intestinal canal
function, nutrient absorption, immunity, brain cell, intelligence, and optic nerve
systematic growth, memory, and could prevent and improve chronic diseases like
cardiovascular and cerebrovascular disease, cancer, and diabetes [42]. Another
study, Patented in 2018 under application number CN108685006A disclosed the
preparation of omega-3 solid beverage comprised of 60-96 parts by weight of
linseed oil microcapsule powder, 0.02-0.1 parts by weight of probiotics, 3-10

parts by weight of compound fruit, and vegetable ferment, 3-20 parts by weight

of bamboo-leaves flavones, 1-10 parts by weight of inulin. Bifidobacteriumlongum,
Lactobacillus paracasei, and Lactobacillus rhamnosus were used as probiotics in the
invention. Pawpaw, pineapple, berries, blackcurrant, melon, walnut, 10 parts black
fungus, banana, grape, apple, lemon, longan, mango, radish, mushroom, cucum-
ber, pumpkin, wild rice stem, tomato, and green cucumber were the main veg-
etables and fruits used in the vegetable and fruit ferment. Probiotics and linseed oil
microcapsule powder were first pressed and uniformly mixed, then compound fruit
and vegetable ferment was added and uniformly mixed, after that bamboo-leaves
flavone were added and uniformly mixed, and finally plus inulin was uniformly
mixed using the equal increments method. The resulting solid beverage was found
to be effective in preventing and treating diabetes, as well as slowing diseases like
kidney disease, cancer, and gastrointestinal function weakness, as well as promot-
ing nutrient absorption [43].

US0335796A1 described the preparation of a low-calorie optimized nutrient food
that contained all of the essential and non-essential nutrients in the proper propor-
tions for optimization of body systems and, as a result, maintaining health, prevent-
ing diseases such as hypertension, heart diseases, cancer and diabetes, and delaying
aging, with a calorie count of about 650. More specifically, the optimized nutrient
food contained a 1:1 ratio of omega 3 to omega 6 fatty acids; high dietary fiber
content; high protein with complete amino acids; and vitamins and minerals opti-
mized according to FDA daily value recommendations, capable of providing about
650 calories per 150 g, but free of cholesterol, trans fat, preservatives, and artificial
flavorants and colorants. Protein source was obtained from soya beans, goa beans,
watermelon seeds, flaxseed, perilla seed, hemp seed, sachainchi seed, sunflower seed,
safflower seed, almond, garden cress seed, oats, gingili seed, fenugreek, pumpkin
seeds, pistachio, corn seed, rapeseed, poppy seed, sesame seed, black gram, Bengal
gram, and green gram. Flaxseed, perilla seed, garden cress seed, mustard seed, canola
seed, chia seed, sachainchi, hemp seed, walnut, clary sage seed were chosen as omega

112



How Can Flaxseed be Utilized as Functional Food
DOI: http://dx.doi.org/10.5772/intechopen.100201

3 sources, and gingili seed, sunflower seed, safflower seed, watermelon seed, corn
seed, almond, cashew nut, groundnut, pumpkin seed, hemp seed, black currant
seed, poppy seed, rapeseed, borage seed, were chosen as omega 6 sources. Oats bran,
rice bran, fenugreek seed, soya beans, flaxseed, garden cress seed, rice bran, chicory
root, aniseed, sun root, perilla seed, and safflower seed were chosen as dietary fiber
sources. The functional test included 30 patients between the ages of 25 and 40 who
were diabetics with fertility issues who were planning a pregnancy. Two groups of
patients were created. Metformin 500 mg twice daily was given to all patients, along
with dietary advice. Other standard modern medical treatment for their fertility
issues was also given to them. All of the patients in the first group were instructed to
cut back on fat, starch, and sugar in their diets, as well as engage in light to moderate
exercise. The second group was told to eat 100 grams of optimized nutrient food
every day for 2 months, along with low-calorie vegetables and fruits, and to avoid eat-
ing anything else. It was observed that both groups improved their blood sugar levels
for 30 days, but the second group, which followed an optimized nutrient food diet,
had significantly better blood sugar control. Both groups had improved blood sugar
and HbA1C levels at the end of the 60 days. However, 80% of the first group had not
achieved adequate blood sugar control before conception, necessitating the use of
insulin. Due to exhaustion, the patients in the first group were unable to restrict their
carbohydrate intake. Those on a nutrient-dense food diet, on the other hand, saw sig-
nificant improvements in blood sugar and HbA1C. With an optimized nutrient food
diet, even overweight and obese diabetic patients improved significantly, and none of
them required insulin before conception. As a result, Optimized nutrient food having
about 650 calorie optimal nutrition was the simple, safe, and economic answer to the
prevention of lifestyle-related diseases [44].

CN110384123A disclosed the preparation method of Low-sugar high-fat
mooncakes. Ketobodies are produced by a high-fat diet, which regulates glucose
metabolism, reduce carbohydrate intake, block the energy source of tumor cells,
reduce intracellular active oxygen ROS (reactive oxygen species), and thus including
high-fat diet on daily basis can protect the human body against diabetes, Alzheimer’s
disease, and Parkinson’s disease. In the invention, Mooncake wrapper 33 g and fillings
17 g were used to make a low-sugar, high-fat mooncake, with a fat: protein+sugar
mass ratio of 1.0-10: 1-0.1. The moon cake wrapper was made of the following
materials in the following mass percents: fatty microcapsule powder 26-48 percent,
resistant starch 21-35 percent, sugar alcohol 4-7%, resistant dextrin 9-20 percent,
polydextrose 3-6%, phosphatidase 2-6%, dried hen egg yolk 2-10%, egg liquid 11-18
percent. The material used for fillings were taken in the following mass percents: fat
meat 11-22 percent, veterinary antibiotics or nut powder 19-33 percent, yolk 30-47
percent, calcium caseinate 2-6%, grease 1-5%, sugar alcohol 0.5-3%, resistant starch
3-11 percent. Antierythrite, D-sorbate, maltitol, xylitol, isomalt, lactitol, and one or
more mannitol were among the sugar alcohols used. In the filling for grease, coconut
oil, palm kernel oil, medium-chain triglyceride, peanut oil, rapeseed oil, olive oil, tea
oil, high oleic sunflower oil, rice oil, pine-seed oil, soybean oil, corn oil, flaxseed oil,
cottonseed oil, sesame oil, walnut oil, perilla herb oil, docosahexaenoic acid DHA
algal oil, arachidonic acid ARA oil, fish oil, pig One or more of oil, chicken fat, and
sheep oil were used. Ovum Anas Domestica yolk, egg yolk, goose egg yolk, turkey
yolk, pigeon yolk, ostrich yolk, quail One or more of quail egg and emu egg were
among the fillings’ yolks. Filling vegetables included pumpkin, wax gourd, purple
sweet potato, sweet potato, taro, Chinese chestnut, carrot, potato, water chestnut,
corn, cassava, and lotus rhizome dry product; fruit included pawpaw, apple, pear,
coconut, orange, lemon, strawberry, blueberry, and blackberry dry product; and nut
powder included pine nut, walnut, and peanut powder. Furthermore, technical issues
were resolved to make it low in sugar but still palatable [45].
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US10765318B2 disclosed a regimen that included a meal plan, exercise, and specific
supplements for cleansing, overcoming bodily deficiencies, and reversing Type II
diabetes. In the invention, nutritional supplement preparation was described. Vitamins
A,C,D,E, K, K2, B1, B2, B3, B6, B9, B12, B7, B5, Minerals Calcium, Iron, Magnesium,
Zinc, Selenium, Copper, Manganese, Chromium, Molybdenum, Potassium, and
stabilized fatty acid blend consisting of Borage Oil, Flax Seed Oil, and Algae Oil was
included in the recommended supplement. Aside from that, the supplement con-
tained an organic vegetable and fruit blend that included Garlic, Jerusalem Artichoke,
Cinnamon Verum, Raspberry Ketones, Rhodiola Crenulated and Glucomannanase,
Turmeric, CoQ10 Ubiquinol, Black Strap Molasses, Kelp, and Probiotics like
Lactobacillus, Acidophilus, L-Plantarum, Bulgaricus, Streptococcus, Thermophilus
and Enterococcus Faecium. Furthermore, the meal plan and mild to moderate exercise
were also advised in the disclosure. A case study was carried out on 20 patients who
had Type 2 Diabetes and were taking diabetic medication. The study’s patients all have
Alc levels ranging from 6.0 to 12.5. All patients were advised to take supplements in
addition to a healthy diet and exercise. It was discovered that everyone who used the
invention reduced or eliminated their diabetic medications, lost weight, or had
personally expressed having more energy [46].

CN111466425A revealed a method of making a low-carbohydrate flaxseed nut
wafer. The wafer was made up of the following raw materials in weight order: 40-80
parts flaxseed, 5-30 parts nut grains, 0-0.06 part sweetening agent, 0-0.5 part
psyllium husk powder, 15-30 parts sugar substitute powder, 2-6 parts thickening
powder, 3-5 parts edible oil, 1-5 parts tackifying powder, 0-1 part yeast extract and
80-100 parts of water. Material preparation, dissolution, whipping, soaking, quan-
titative squeezing, trowelling and forming, and baking were all used to make the
wafer. The low-carbohydrate nutritional wafer was high in protein and dietary fiber,
and it was also high in Omega-3 and other minerals. It had a thin, sweet, delicious,
and crispy mouthfeel and was suitable for people of all ages. It could be used as a
fat-reducing meal replacement for obese people, diabetes patients, polycystic ovary
syndrome patients, hyperlipidemia, and hypertension patients, and it could also be
used as a leisure breakfast or nutritional meal for constipation sufferers [47].

In WO02020081417A1, a dietary supplement formulation for the treatment or
prevention of digestive and immune-related disorders was disclosed. The dietary
supplement could be compounded in a solid form (such as bars, wafers, or pills), a
paste form, a granular form, a powder form, or a liquid form, and it could be taken
orally. The ingredients of the dietary supplement include L-glutamine, mucogenic
amino acid, both produced by vegan bacterial fermentation of sugar beets; lecithin
derived from soy oil, oat oil, sunflower oil, safflower oil, com oil; fructooligosac-
charides derived from yacon root, chicory root, Jerusalem artichoke, blue agave;
beta-glucan derived from oats, barley, mushrooms, seaweed, algae, yeast cell wall;
A oligosaccharide derived from the bran tissues of wheat, oats, barley, rice, millet,
psyllium, flax, rye; RS-4 starch derived from oats, yacon root, chicory root, flax,
acacia, com. Emulsifiers and nutricine, (that bind to and eliminates pathogenic
bacteria in the digestive tract), were also included in the formulation. The dietary
supplement was said to reduce systemic inflammation, which is the cause of most
chronic diseases like diabetes, cardiovascular disease, and cancers, by increasing
the impermeability of the gut lining and balancing the bacteria components of the
microbiota [48].

An enteral or oral nutritional composition comprised of whole food compo-
nents, herbs or spices blend, fat, carbohydrates, protein source, fiber source, and
micronutrients was described in W02020039277A1. Cereals, fruits, and vegetables
were included in the whole food supplement. Fruits included banana, apple,
guava, orange, grapes, mango, pomegranate, and chickoo; vegetables included
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beetroot, tomato, carrot, radish, onion, and spinach; and cereals included wheat,
rice, soybean, and chickpea were utilized in the supplement. For fatty acids
supplementation a-linolenic acid, docosahexaenoic acid, eicosapentaenoic acid,
flaxseed, walnuts, almonds, algae, krill, were used. All of the ingredients were
cooked for 10-30 minutes at 60-80 degrees Celsius, then blended and homog-
enized into a powder that could be reconstituted with water or juice. It was noticed
that the invention of enteral/oral nutritional composition satisfied the specific
nutritional needs of patients with various illnesses, such as cancer, diabetes,
kidney, and liver diseases, as well as patients who had undergone surgery [49].

In KR20210012287A, meat powder and antidiabetic ingredients were mixed
with whole wheat flour, rye flour, and wheat flour used to make noodles for
diabetic patients. Based on a total of 100 parts by weight of nutritional noodles, the
meat powder was 5 to 30 parts by weight and the antidiabetic material powder was
5 to 30 parts by weight. Broccoli, onion, eggplant, garlic, arbor, deodeok, burdock,
purple pork potato, bitter gourd, flaxseed, nuts, brown rice, and barley were among
the anti-diabetic ingredients. The noodles were cooked at a low temperature, which
has the advantage of reducing nutrient loss by minimizing nutrient destruction.
The meat powder was made using beef, pork, chicken, lamb, and duck. The result-
ing noodles were low in calories, high in protein, high in vitamins and minerals, and
low in cholesterol, making them an ideal diabetic food [50].

3. Statistics of publications

The purpose of this review is to cover the most relevant papers and patent
applications that attempt to provide a clear picture of flaxseeds used in various food
products and how these food products can benefit diabetics. This review included
34 kinds of research, 18 of which were paper publications and 16 of which were pat-
ent applications. These studies are classified into five major categories based on the
end product. Figure 4 depicted the percentage breakdown of the various categories
covered in the review. Out of the 34 reviewed studies, 12 were bakery products, so
this category took first place with 35.29 percent and contributed the most to the
literature review. The remaining 64.71 percent was distributed as follows: 26.47
percent of extruded snacks and beverages secured second place with 9 researchers,
17.64 percent of nutritional supplements secured third place with 6, With 4, 11.76
percent of dairy products secured fourth place, and 8.82 percent of food mixes
secured fifth place with 3 studies. Out of 16 applications, six have been taken by

Flaxseeds Supplemented Foods Reviewed Under Each
Category (% wise)

W Bakery Product

O Extuded snacks &

Bverages
@ Nutritional

supplements
M Dairy products

Figure 4.
Types (in percentage) of food reviewed under each category.
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companies and two have been taken by research institutes, and the remaining eight
applications are still not commercially available. Seven different inventors enjoy
50% of the total share with 8 patent applications out of a total of 16 patents covered
in this review. One inventor, V.M Jolly captured 2 patents. These patents are not still
claimed by any company, lab, or institute therefore not commercially available.

Six different patents were captured by 4 different companies that enjoy 37.5% of
the total share. Hangzhou Tianlong health products Co. Ltd. captured 3 patents
and enjoys an 18.75% share of 37.5%. Shenzhen Jielikang biological Tech. Co. Ltd.,
Hockings consulting Inc., Guangzhou Saliai stemcell Science and Tech. Co. Ltd.,
each availed 6.25% of 37.5% with 3 patents. Two other research institutes Shanxi
biological institutes and Zhejiang Ocean University captured a collective share of
12.5% as they claimed 1 patent each. Figure 5 represented the distribution of differ-
ent patent applications claimed by companies, institutes & inventors as assignees.

4. Challenge faced by flaxseeds

Humans across the region are adopting healthier lifestyles, which is one of the
major factors driving demand for flaxseeds, which is linked to a variety of health ben-
efits. Even so, the flaxseeds must face some obstacles that cannot be overlooked. Chia
seeds are one of the flaxseed substitutes in the market. These are a close substitute for
flaxseeds due to their nutrient content and health benefits. Both flax and chia seeds
are high in nutrients and have been linked to health benefits such as lower blood sugar,
a healthier heart, and cancer prevention. When compared to flaxseeds, chia seeds aid
in the reduction of food cravings while also being high in fiber [51]. In this context,

a study was conducted in which three separate occasions, 15 healthy participants

(5 Males and 10 Females having age between 23 to 27 years; BMI: 22.2 + 0.8 kg/m2)
were randomized to receive a 50 g glucose challenge alone or with either 25 g ground
Salba-chia or 31.5 g flax. At fasting and 2-hours postprandially, blood glucose samples
and satiety scores were collected and investigated. According to findings in compari-
son to glucose control, Salba-chia reduced blood glucose area under the curve more
(82.5 + 19.7 mmol ™ P0.001) than flax which reduced the area by 60.0 + 19.7 mmol™
(P = 0.014), over 120 minutes. When compared to flaxseeds, Salba-chia significantly
reduced mean ratings of the urge to eat, prospective consumption, and total appetite
score [52]. They also have a competitive advantage over flaxseeds in that they do not
go rancid and do not require grinding due to their smaller size [53]. As a result, high
competition from chia seeds has created a difficult situation for flaxseed.

116



How Can Flaxseed be Utilized as Functional Food
DOI: http://dx.doi.org/10.5772/intechopen.100201

5. Future directions

The oil and fibrous plant flax (Linum Usitatissimum L.) has been used by for over
600 decades and it was one of the first plants to be domesticated. However, because
of its high nutritional value, flaxseed is becoming more popular in the nutraceutical
segment as people become more aware of its health benefits and applications in the
food industry. There are some aspects of this field that have yet to be explored. An
attempt has been made in this article to shed some light on those points as well.

* People today are well aware of the significant relationship between diet and
health. They believe in letting the food, rather than medicine, be your medi-
cine. Therefore, as the demand for functional foods grows, so does the amount
of waste produced by them. If this waste is not properly disposed of, it can
harm the environment, as well as the nutrition and economy. As a result, this
aspect must also be considered. However, the presence of anti-nutritional
compounds, particularly cyanogenic glycosides, which are an essential compo-
nent of flax, present in the flaxseed meal left after oil extraction has limited its
applications in food and feed. Many techniques for reducing cyanogenic com-
pounds in flaxseed meals on a lab scale, such as boiling in water, microwave
roasting, wet autoclaving, acid treatment, and extrusion cooking, can be used
to successfully reduce or eliminate anti-nutritional components in flaxseed
meal [54]. However, these methods have a significant impact on beneficial
polar compounds like lignans. Cold-pressed flaxseed meal can be a good choice
for removing the cyanide while retaining the beneficial nutrients, protein, fat,
fiber, and lignans at the same level as untreated flaxseed meal. One research
was conducted using the cold pressing method of the by-product left over after
extracting oil from flaxseed as a fat-replacer in low-fat salad dressing formula-
tion, which is an excellent waste-to-wealth strategy [55].

* Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are not pro-
duced by the human; they must be consumed or formed through metabolic
processes of -3 fatty acids, such as linolenic acid. Current eating habits have
resulted in a significant reduction in daily w-3 fatty acid intake, which is now
below the recommended levels, necessitating the need to supplement food
with ©-3 fatty acids. One of the current strategies for staying healthy is to
incorporate Omega-3 fatty acids into new products in the medical and health
food fields. However, there is a problem with ALA, it is strongly heat-sensitive,
reactive towards oxygen, and metal ions, and during processing and storage, it
produces rancid flavors compounds. Flaxseed oil’s nature restricts its use in the
food and dairy industries. Several authors have recently worked on flaxseed oil
stabilization using various technologies such as ultrasonication and microen-
capsulation, as well as developing emulsion and microcapsules. One significant
disadvantage is that the encapsulation process could cost more than twice as
much as the 0-3 ingredient. Furthermore, due to storage, the ALA content is
also easily reduced [53, 56]. As a result, more work is needed to improve its
stability and quantification after it has been fortified in food products.

6. Conclusion

The goal of this study was to summarize the use of flaxseed to enrich a variety of
products, including baked, dairy, extruded, and snack foods, as well as their impact
on diabetic patients. Flaxseed can help encourage the development of healthy
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alternatives by strengthening the nutritive value of foods by lowering salt, sugar,
and saturated fat content while improving the content of omega-3 fatty acids and
other bioactive components that may help diabetic patients manage their condition.
More research is required to develop environmentally friendly and budget-friendly
technologies for extracting bioactive from flaxseed by-products. Stability practices
for ALA in the development of value-added flax seed enriched products will also
prove to be a ray of hope for the food industry.
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Abstract

Vegetable plays a key role in food and nutrition security in Ghana as the
country’s food system shifts from food quantity to diet quality and health
benefits. This chapter looks at the role vegetables play in the diets of humans in
ensuring food and nutrition security. Traditional locally available underutilized
vegetable crops as well as exotic vegetable crops could be utilized to improve
nutrition and health. One of the strategies for promoting vegetable production
is the development and adoption of innovative and modern technologies to
address major challenges impeding the advancement of vegetable production
in Ghana. These challenges include lack of improved varieties, nonfunctional
seed systems, poor infrastructure for storage and processing, uncontrolled use
of agrochemicals, etc. Genetic manipulation, soil and water management as well
as integrated pest and disease management have been harnessed with significant
achievement to boost vegetable production. Other emerging, including nursery
management, controlled environment (such as a greenhouse), grafting, post-
harvest handling, digital marketing, information and extension services can
also be promoted. Greenhouse production increases vegetable crop quality and
productivity, which results in higher economic returns. Finally, the chapter
highlights the enormous prospects and contributions of vegetable production
towards reducing rural poverty and unemployment.

Keywords: vegetable farming, food security, prospects, technologies
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1. Introduction

Today's agriculture regularly uses sophisticated technologies such as robots,
temperature and moisture sensors, aerial images, and GPS technology. These
advanced devices and precision agriculture and robotic systems allow businesses
to be more profitable, efficient, safer, and more environmentally friendly. Farmers
who aim to increase their yields must have an efficient irrigation system at hand.
Providing plants with the appropriate amount of water directly improves the
development of the plants and, consequently, the crop yields. In the past, agri-
cultural production in Ghana has been heavily reliant on rainfall, while fertilizers
and pesticides have been inappropriately used, partly due to a lack of extension
services. Overall, farmers struggled with their farm operations and adoption of
improved technologies due to the huge gap between technology development and
information access to information on them. But now, Ghana is facing a bright
future following the intervention of science, technology, and innovation in
agricultural production. Agriculture is becoming a profitable venture and using
suitable scientific approaches, Ghanaian farmers are beginning to reap the benefits
of their efforts.

Vegetable growers face a variety of challenges, including pests and diseases,
labor shortages, and climate change. Most vegetable production in Ghana is car-
ried out by smallholder farmers who use basic farm implements on their farms.
Production takes place predominantly on raised beds, ridges, or bare ground in open
fields. Furthermore, cultivation is often under a rainfed system which only allows
for production within two seasons or even one season of the year depending on the
location of the farm within the country. Supplementary irrigation may be provided
at the nursery and early field establishment stage using either watering cans, buckets,
knapsack sprayers, and sometimes small motorized pumps or various combinations
of these methods. Over-reliance on rainfall for vegetable production and the erratic
nature of rainfall patterns in recent years, a consequence of climate change, often
results in severe losses due to poor yield in the event of drought or long dry spells.

In the last few decades, several “smart” technologies have been developed for the
vegetable production and processing of vegetables. Some of which include nursery
management technology, protected or screenhouse vegetable cultivation, grafting
technology, and information technology in vegetable production. Nevertheless,
vegetable growers are confronted with a variety of challenges when considering
adopting new technology or adjusting existing technology. Growers are being
offered solutions that might not work in their specific production system or might
not be economically feasible. This chapter presents examples of state-of-the-art
technologies that may be used in vegetable production today or in the near future. It
further looks at the vegetable production trends in Ghana and the challenges associ-
ated with vegetable cultivation. In addition, it discusses the emerging technologies
of vegetables and gives a description of advanced technologies in vegetable produc-
tion in Ghana based on genetic improvement, Soil fertility improvement, irrigation
as well as pest and diseases management practices. It also shows the characteristics
of research and farmers’ involvement in advanced technologies in vegetable produc-
tion. Finally, it describes the prospects of vegetable production to food and nutri-
tion security in Ghana.

2. Vegetable production trends in Ghana

In this section general vegetable production practices in Ghana are enumer-
ated with emphasis on conventional practices, urban and peri-urban vegetable
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production. Although some emerging technologies such as cultivation in screen
houses are becoming common in Ghana, these will be dealt with in a separate sec-
tion and thus will not be the focus here.

2.1 Types of vegetables grown in Ghana

Ghana has a tropical climate and for that reason, most of the vegetables cultivated
in Ghana are those that have a tropical origin. Notwithstanding, some subtropical and
temperate vegetables that can thrive in tropical climates are also grown, although the
yields are often lower compared to those grown in their ideal climates. Vegetables
grown in Ghana can be classified as either exotic or local/traditional depending
on their origin. The types of vegetables (both local and exotic) grown in a specific
region in the country often depend on a number of factors including but not limited
to the demand in that area and the suitability of the micro-climatic conditions for
that specific vegetable crop. However, for most rural areas, the former factor isnota
major consideration since in most cases the produce is transported to urban centers
to be sold. In the case of those targeted for the export market, proximity to ports
is a major factor in the choice of area for cultivation. Whereas some of the exotic
and local vegetables are consumed by Ghanaians and expatriates, some of them
are exported to generate foreign revenue for the country. In addition, some local
vegetables are also exported. Major local vegetables cultivated in Ghana include
tomato (Solanum lypersicum), pepper (Capsicum annuum — cayenne, chilli), scotch
bonnet pepper (Capsicum chinense), onion (Allium cepa), shallot (Allium cepa var.
aggregatum), garden eggs (Solanum melongena), and okra (Abelmoschus esculentus).
Other vegetables that may be important in certain areas of the country but often
classified as underutilized include leafy vegetables such as local spinach (Amaranthus
spp), Jew’s mallow (Corchorus spp), gboma (Solanum macrocarpon), sweet potato
leaves (Ipomea batatas), cocoyam leaves (Xanthosoma sagittifolium), roselle (Hibiscus
sabdariffa), among others.

Exotic vegetables grown in Ghana include cabbage (Brassica oleracea var.
capitata), lettuce (Lactuca sativa), carrot (Daucus carrota), cucumber (Cucumis
sativus), spring onion (Allium fistulosum), garlic (Allium sativum), cauliflower
(Brassica oleracea var. botrytis), French beans (Phaseolus vulgaris), beetroot (Beta
vulgaris subsp. vulgaris Conditiva), radish (Raphanus sativus), bell/sweet pepper
(Capsicum annuum), squash (Cucurbita spp), and pumpkin (Cucurbita spp).
Asian vegetables such as yard long bean (Vigna unguiculata subsp. sesquipedalis)
and Chinese cabbage (Brassica rapa subsp. pekinensis) are also cultivated mostly
for the export market.

2.2 Conventional approach to vegetable production

Most vegetable production in Ghana is carried out by smallholder farmers who
use basic farm implements on their farms. Production takes place predominantly on
raised beds, ridges, or bare ground in open fields. Nursery establishment for those
vegetables that do not need to be planted at stake is mostly on nursery beds created
close to the site of cultivation. The vegetables are often cultivated on a piece of land
owned or rented by these farmers as is mostly the case. Manual labor is used for most
farm activities by the farmer with the help of family members or hired farm hands.
For example, weeding is by use of hoe, cutlass, and/or spraying of chemicals using
knapsack sprayers. However, in recent times some farmers who have larger farms
are incorporating some level of mechanization such as the use of tractor-drawn tools
(plough and harrow) for land preparation. Nevertheless, most of the other practices
such as seeding, weeding, and harvesting are still carried out manually.
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Furthermore, cultivation is often under the rainfed system which only allows
for production within two seasons or even one season of the year depending on the
agroecology within which the farm is located in the country. Supplementary irriga-
tion may be provided at the nursery and early field establishment stage using either
watering cans, buckets, knapsack sprayers, and sometimes small motorized pumps
or various combinations of these methods. Over-reliance on rainfall for vegetable
production and the erratic nature of rainfall patterns in recent years, a consequence
of climate change, often results in severe economic losses due to poor yields in the
event of drought or long dry spells. In addition, depending on the crop and the
timing of the rains, too much rain can also cause yield losses due to the high inci-
dence of diseases and other physiological disorders such as fruit cracking. And there
is also the glut associated with seasonal cultivation, which often results in a poor
price for the produce based on the economic principle of demand and supply. Most
farmers incur huge losses during these periods due to the low prices or rotting of
the produce as a result of buyers being overwhelmed with produce. These problems
have been exacerbated due to poor knowledge of appropriate postharvest handling
techniques and low to minimal processing practiced by farmers.

2.3 Urban and peri-urban vegetable farming

Urban and peri-urban vegetable farming generally refers to vegetable produc-
tion in open spaces or fields mostly within and along the outskirts of major urban
areas. Urban vegetable cultivation is considered to have originated with the arrival
of the Europeans who created gardens around castles and forts in the country from
the sixteenth century [1]. In addition, due to urbanization, there have been a rise in
commercial urban and peri-urban farming to meet the needs of the ever-increasing
population within the urban centers. Nevertheless, the actual number of farming
sites keeps fluctuating due to the loss of some farming sites as a result of develop-
ment projects and the establishment of new or previously unidentified areas [2].
Most of the farmers in these urban and peri-urban sites cultivate different crops and
vegetables all year round. This is due to the ability to find ways of providing supple-
mentary irrigation in the absence of rain with the aid of watering cans, buckets, small
motorized pumps, and occasionally furrow and sprinkler systems [3]. This ensures
an almost regular supply of vegetables to consumers all year long. Nevertheless, with
most being small-scale farmers, production is not sufficient to prevent the shortage of
particular vegetables during certain times of the year. Most of the vegetables grown by
farmers involved in peri-urban and urban farming in the southern part of the country
are exotic vegetables such as cabbage, lettuce, carrot, spring onions, and bell pepper.
Other exotic vegetables such as cauliflower, radish, and traditional vegetables includ-
ing okra, tomato, hot pepper, garden eggs, local spinach, and Jew’s mallow (ayoyo) are
also cultivated, although, these may be to a lesser extent in certain areas. In cities in
the northern part of the country such as Tamale, local leafy vegetables, okra, toma-
toes, and pepper are the pre-dominant vegetables (Figure 1) [4].

2.4 Source of water for irrigation and health implications

The proximity of urban and peri-urban farms to a near-permanent source of
water allows for intensive cultivation. However, the quality of the source of water
for most of these farms has been a major cause of concern for many, especially in
recent times. With the exception of some major sites that are close to un-polluted
riverine bodies or formal irrigation sites and those that have dug out wells or tap
water for irrigation, most farmers, particularly those in the urban centers, use water
from river bodies or streams that are polluted with untreated municipal wastewater.
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Figure 1.
A typical urban vegetable farm A typical urban vegetable farm Source [2].

Some even go to the extent of using water directly from drains for irrigation. These
pose a health risk to both farmers and consumers since produce are often contami-
nated with fecal coliforms, helminths eggs, and heavy metals at levels higher than
globally accepted [5].

2.5 Towards improving livelihoods of peri-urban farmers

A recent project funded by the Japan Social Development Fund and coordinated
by the Ghana Commercial Agriculture Project, the Ghana Peri-urban Vegetables
Value Chain Project (GPVVCP) is seeking to develop urban and peri-urban agri-
culture to improve on the livelihood of farmers as well as the safety of produce for
consumers. To this end, select sites within the Greater Accra, Volta, and Ashanti
regions have been targeted to pilot such a venture. The project involves setting up
farmer-managed irrigation systems including the use of solar pumps and construc-
tion of washrooms and packhouses for farmers. The latter is to facilitate cleaning
and value addition to produce in order to improve farmers’ incomes.

2.6 Production in-home and backyard gardens

Vegetable production in-home and backyard gardens has a long history in Ghana,
although much attention was given to it as a result of the Operation Feed Yourself
(OFY) policy initiated by the Acheampong government in the 1970s. Many people
established farms in any space they could lay their hands on, including spaces in
their homes [6]. Following the end of the government, some people still maintained
their farms whereas others went on to start their own gardens when they got the
opportunity. The tradition and idea of the home or backyard garden have remained
with many Ghanaians who still establish their own gardens when they get the oppor-
tunity. Obuobie et al. [7] estimate that in the city of Accra alone, between 50-70 ha
of land distributed among 80,000 homes (about 60% of houses in the city) are used
for home gardens. Nevertheless, this figure includes land used for cultivating other
crops and livestock. Following concerns about the safety of vegetables produced by
some commercial farmers in the urban and peri-urban centers, more people with the
wherewithal in terms of space and time have started their own backyard gardens.
There are many social media groups such as the Facebook group, home gardening,
Ghana where people with no farming experience can get technical knowledge about
growing certain vegetables and crops in general in their backyard. Vegetables grown
in the home and backyard gardens are often for home consumption, although in
some cases some produce may be sold when there is excess.
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2.7 Seasonal and off-season production at formal irrigation sites or banks
of rivers

Attempts by the Government of Ghana and other private entities to prevent
the over-reliance of agriculture on rain have led to the development of irrigation
sites to enable off-season or nearly all-year-round cultivation of vegetables and
other important agricultural commodities. The capacity of these irrigation schemes
ranges from a few hectares to hundreds and even thousands of hectares, making
use of rivers, lakes, and existing or newly created dams. A typical example of such
sites is the Tono dam located in the Kassena-Nankana District and managed by the
Irrigation Company of Upper Region Ltd. This dam spanning about 2.5 miles serves
close to 2500 ha of land used for the cultivation of various vegetables and crops.
With general oversight and development by the Ghana Irrigation Development
Authority in collaboration with key stakeholders and management by Scheme
Management Entities, a total of 57 schemes spread across the entire country exist
to provide irrigation for the production of different vegetables and crops over a
total area 16175 ha [8]. These sites may be located in rural areas or within urban
centers depending on the source of water for irrigation. Invariably, those within
the urban centers play a key role in urban vegetable production. More recently, the
Government of Ghana under the leadership of His Excellency, Nana Addo Dankwah
Akuffo-Addo rolled out a policy named ‘One Village One Dam’ (1V1D) which sought
to create small earth dams in certain villages to serve as sources of water for agri-
culture (both crops and livestock). A total of 439 dams were planned, 375 of which
were in various stages of completion, with 64 of them were between 90-100%
completed as at October 2020 [9]. Each dam was constructed to provide irrigation
water for at least 5 ha of farmland. Nevertheless, recent evidence from Sore [10]
of the MyJoyOnline team shows that some of the dams were poorly constructed
and almost dried up during the dry season and as such, they were only used asa
source of drinking water for livestock but not for the production of vegetables or
other crops.

Regardless, the prospects look good for access to irrigation by farmers for
vegetable production throughout the country with the proposed development
of an additional 8 irrigation sites by Ghana Irrigation Development Authority
(GIDA) with funding from the Export Development and Agricultural Investment
Fund (EDAIF) [8]. These new projects will cover over 12,000 ha spread between 7
regions within the country. Moreover, farmers in the Upper East Region will have an
additional boost for vegetable production from the impending construction of the
Pwalugu Multipurpose Irrigation Project in the Talensi District which will supply
irrigation water for about 25,000 ha of land and benefit 15,000 people.

3. Challenges associated with vegetable production in Ghana
3.1 Limited number of varieties

Vegetables continue to play important role in the diet of most Ghanaian house-
holds. These vegetables are eaten raw or cooked, serving as a major source of plant
protein. There are two major sources namely local and exotic. Examples of the local
vegetables are kontomire (cocoa yam leaves), cassava leaves, pepper, bokorbokor,
alefu and many others. Examples of exotic vegetables are cabbage, carrot, lettuce,
French beans, common beans (Phaseolus vulgaris), cowpea (Vigna unguiculata)
among others. Compared to other food crops such as the root and tubers, and cere-
als, vegetable growers face the challenge of a limited number of improved varieties.
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The majority of the local vegetable have not been improved or new varieties
released to replace the old ones leading to reduced productivity due to low climate
adaptation. The number of vegetables consumed in Ghana has decreased due to the
continual selection and domestication of just few crops. People acquire a preference
for specific vegetable types. As a result, they go for just those vegetables, which
also inform farmers to grow only those vegetables. They reuse their stored seeds for
successive planting, resulting in the extinction of other kinds [11]. Imported seeds
are used by other farmers who grow exotic crops like cabbage, carrots, lettuce, and
so on. Their preferences inform seed importers on which kinds to bring to market,
resulting in a reduction in the number of types of those vegetables available. The
exotic vegetables on the other hand are also limited due to the fact that breeding is
not done in country due to the climatic requirement needed for the reproductive
phase of the crop. Farmers, therefore, rely on only a few tried and tested varieties
that have been introduced over the years leading to low productivity as a result of
diseases and pest build-up. Most of the breeding programs have centered on the
cereals, root and tubers, and the legumes to the neglect of the vegetables.

3.2 Scarcity of seeds

Another constraint is inadequate access to high-quality improved vegetable seed
cultivars. Vegetable farmers in Ghana and other countries in sub-Saharan Africa are
constrained by factors such as poor quality and availability of seeds. For the local
vegetables, farmers rely on farmer-saved seeds from previous harvests, local mar-
kets, or from friends whiles others also buy seedlings from the local markets. These
sources are normally unreliable, seeds are sometimes of poor quality (physical and
genetic) leading to low productivity and high cost of production. The imported seeds
also have problems with acclimatization as most of them come from the temperate
regions and when they are exposed immediately to tropical conditions lose viability
quickly. Improper storage condition at the retail shops also affects the quality.

In Ghana, it is difficult to find vegetable seed growers, unlike staple crops. The
Grains and Legumes Development Board (GLDB) not only lacks the capacity to
absorb all breeder seeds generated by research institutions, but it also lacks the
capacity to create sufficient amounts of foundation seed to fulfill the demands of
seed businesses and seed producers. When research institutions are unable to sell
all of their breeder seeds generated in a given year, they have difficulty producing
the next year. The situation has worsened due to a lack of gene banks dedicated to
preserving these long-forgotten indigenous crop types. These vegetables, on the
other hand, are rich in genes that are both tolerant of abiotic and resistant to biotic
stimuli. Because the majority of them have become extinct, intentional efforts are
undertaken to bring those kinds from outside of Ghana whenever they are required
for improvement.

3.3 Absence of a functional vegetable seed system

Two main seed systems operate in Ghana namely: formal and informal (tradi-
tional) [12]. However, in certain farmer-based organizations and community seed
production, a combination of these two major seed systems has been used [13]. The
formal seed system, which is governed by state legislation and overseen by Research
Institutes, Universities, and the Ministry of Food and Agriculture (MOFA), is
controlled. By providing stakeholders with knowledge and samples to work with,
these institutes reinforce the relevance of seed certification. MOFA is in charge of
approximately 80% of the operations (registration of seed growers, cleaning, sort-
ing and grading of seeds, seed inspection and certification, and packaging for sales
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only at the regional capitals). Bureaucracy at this level causes delays in providing
services to seed firms, resulting in a loss of production. A weak distribution system
exists from the stage of approved seed production to farmers, as well as annual
supply failing to satisfy farmer demand. In contrast to vegetables, crops such as
maize, rice sorghum, millet, peanuts, and cowpea have recently garnered increased
financial focus in varietal development and release. Few crops, such as tomato,
pepper, and okra, have been developed, but because of a poor seed distribution
method, they have a low adoption rate [12].

3.4 Overreliance on imported seeds of common vegetables

Since only a few locally improved varieties are available for only a crop like
pepper and non-existent for the other vegetables [14], vegetable growers have to
rely on imported seeds for cultivation. Imported vegetable seeds are mostly avail-
able at various agro-input dealers throughout the country and mainly deal in crops
such as tomato, pepper, garden eggs, and onions [15]. Since farmers in most remote
communities’ lack access to agro-input dealers who sell vegetable seeds, they often
fall victim to poor-quality seeds that may be obtained from uncertified sources.
Variability in the timing and distribution of rainfall is also preventing farmers from
purchasing certified seeds because they are frightened of accruing big debts if their
crops fail completely due to bad weather [12]. In comparison, most development
programs concentrate on staples like maize, cassava, and rice, with little attention
paid to vegetables. The problem may also be attributed to a lack of research into
our indigenous vegetables, which makes them unable to compete with already-
improved imported crops, making it harder for farmers to choose and reproduce
them. As aresult, they are unable to exhibit their entire potential. Because of these
qualities, farmers often accept exotic vegetables that have been enhanced to farm-
ers, influencing food and nutritional security in the country.

3.5 Infrastructure challenges (irrigation and processing facilities)

Improved infrastructure in the areas of irrigation, roads, transport, process-
ing, and storage are needed for enhanced vegetable production. About 80-90% of
agriculture in sub-Saharan Africa relies on rainfall for cultivation and Ghana is no
exception. The major and minor planting seasons have been erratic over the years
[16]. Rainfall variability over time as a result of global warming and climate change
has posed a danger to vegetable productivity and food security [17]. Crops that
require less water, such as cassava and maize, can thrive during these times [16].
Vegetables, on the other hand, are succulent crops that contain around 90% water
[18], necessitating a continual supply of water during their growth cycle. Vegetable
production is mainly under rain-fed or irrigation depending on the season and
location. Water shortages can impact the output of vegetables like tomatoes, garden
eggs, and notably exotic ones like cabbage, carrot, and lettuce at any stage of their
development. To facilitate access to water, most vegetables in Ghana are grown near
awater source. Where available, irrigation facilities offer great opportunities for
vegetable growers. However, these are not available in most countries in adequate
amounts to meet the needs of farmers in all communities. According to the World
Bank [19] irrigated agriculture represents only 20 percent of the total cultivated land
and contributes 40 percent of the total food produced worldwide. Due to this inad-
equacy, most vegetable growers especially in urban and peri-urban areas use other
alternative water sources for the growing of vegetables. Quansah et al. [20] reported
that 70% of vegetable growers in Ghana use waste drain water for irrigation, result-
ing in poor microbiological quality. Another challenge of vegetable production is

132



Harnessing Technologies for Vegetable Cultivation: A Panacea for Food and Nutrition Insecurity...
DOI: http://dx.doi.org/10.5772/intechopen.101877

poor road infrastructure. The perishable nature of most of the vegetables requires
that they reach the markets and consumers in time to reduce post-harvest losses. The
majority of the vegetable production takes place in the rural areas characterized by
poor road network infrastructure making it difficult for farmers to get their produce
to the market centers. Farmers in rural areas experience high post-harvest losses due
to the poor nature of the road as the middle women who buy these vegetables find

it difficult to reach the farmers [21, 22]. Linked to the poor road network is the high
cost of transport and inappropriate means of transport.

Lack of or low mechanization equipment needed for seedbed preparation also
poses a challenge in vegetable production [23]. Manual vegetable production is
labor intensive. Besides, lack of handheld or small machines affects the timely
undertaking of certain activities such as weeding, pests, and diseases control. Lack
of or inappropriate storage conditions contribute to post-harvest losses in vegetable
production. Apart from a few supermarkets that are located in urban areas, most of
the vegetables are sold in the open market where they are exposed to harsh weather
conditions. The humid tropical condition in Ghana predisposes these vegetables to
deterioration in storage. Such storage conditions also make it easy for insects and
rodents to attack [21].

Another challenge with vegetable production is glut which occurs at peak
harvest due to the fact that most farmers cultivate their vegetables at the same
time when the rains set in. This simultaneous harvesting of vegetables and glut are
complicated with the absence of processing facilities for these vegetables. Most pro-
cessing facilities in the country are for cereals, grains, legumes, cassava, and a few
vegetables with extended storage life, such as pepper. Due to a lack of storage facili-
ties for perishable food like vegetables, seed growers are forced to sell their products
at alow price in order to not incur more cost for having to dispose them off.

3.6 Contamination from abuse and misuse of agrochemicals in vegetable
cultivation

In Ghana, chemical pesticides are frequently used to control pests and diseases
in vegetable cultivation. According to [24], pesticides are used by 87% of vegetable
producers in Ghana. However, concerns about the negative impacts of this usage on
public health and the environment are increasing. Agrochemical handling and stor-
age, application, and disposal procedures were investigated in other research, and
severe abuse and misuse of agrochemicals were discovered [25]. It was discovered
that certain agrochemical manufacturers do not protect their products from direct
or indirect sunlight, causing them to lose their effectiveness in controlling insects
or pests. Most farmers do not use the prescribed dosage of agrochemicals during
application and also do not wear Personal Protective Equipment (PPE). Over 80%
of tomato growers in Ghana's northern region do not use personal protective equip-
ment (PPE) [26]. Some farmers utilize agrochemicals that are outdated, prohibited,
or unlicensed. The most significant problem occurs when farmers use agrochemi-
cals too close to harvesting time, causing the preharvest period to be missed before
the crop is harvested for sale. Some farmers dumped leftover pesticides in bodies of
water, while others poured them onto their fields. Empty containers are dumped on
the ground, while others are used as drinking containers [27].

Another challenge associated with vegetable production in Ghana is contaminants
found on harvested produce. Heavy metals such as copper (Cu), zinc (Zn), lead (Pb),
nickel (Ni), chromium (Cr), cadmium (Cd), and cobalt (Co) have been reported
on some vegetables [28, 29]. These contaminants come from the use of waste water
for irrigation, inappropriate use of chemical fertilizers, weedicides, pesticides, and
insecticides application [28, 30]. In assessing the level of pesticide contamination on
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vegetables sold in markets in some selected regional capitals, [31] reports that 78% of
the samples had chlorpyrifos residue on them. Non-adherence to harvest interval on
the labels of these chemicals is a major cause of such chemical residues reported to be
above the minimum recommended levels [29].

4. Emerging technologies for vegetable cultivation
4.1 Nursery management technology

A nursery is a place or an establishment where seedlings of crop plants particu-
larly vegetables and fruit trees are raised before transplanting onto the main or
permanent field [32]. Nurseries are essential in vegetable production because most
of the vegetable crops cannot be directly seeded in the open field. This is because
most vegetable crops require special attention during their early growth which can-
not be guaranteed in the open field [33]. Secondly, most vegetable crops in nature
have very small seeds that make direct seeding in the field impractical. Due to the
above reasons, nurseries are set up to provide favorable environmental conditions
for germination and seedling growth. Additionally, nurseries offer the opportunity
to provide better care for the seedlings during their early growth [34].

4.2 Characteristics of a good nursery

A good nursery is characterized by the following;

* The soil or growth media should be well-drained;

* There should be adequate sunlight;

* Availability of clean water for irrigation and;

* The nursery should be easily accessible and secure.
4.3 Types of nurseries

There are three types of nurseries in vegetable cultivation. These are the nursery
bed (seed bed), seed box (containers) and the plug trays (V-type nursery) [35]. The
nursery bed is the commonest method of raising seedlings at the nursery [32]. In this
method, seeds of vegetable crops are nursed on either raised or sunken beds depend-
ing on the season. Raised beds are used during the rainy season to prevent water-
logging whiles sunken beds are preferred in the dry season to conserve moisture.
Vegetable nurseries can also be set up in seed boxes or containers. The advantage of
using seed boxes is that they can be moved to a safer place in the event of unfavorable
weather conditions. The last type of nursery is the use of plug trays. The plug trays
are specially designed plastic trays for raising seedlings of vegetable crops [34, 35].
With the plug tray, each seedling occupies a cell (hole) which reduces competition
and ensures uniformity among the batch seedlings. They can also be used for com-
mercial production of seedlings of vegetable crops that are not normally nursed for
example the Cucurbits. This is possible because the rooting system of the seedling is
not disturbed during transplanting. Plug trays come in different sizes with the differ-
ent number of cells (holes). The type of tray to use depends on the vegetable crop.
Vegetable crops with small-sized seedlings should be raised in trays with smaller cells
while large seedlings should be raised in trays with larger cells [34].
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4.4 Sterilization of growth media

To produce healthy vegetable seedlings, the growth media (soil or soilless media)
should be sterilized to kill or reduce the population disease-causing pathogens. The
growth media can be sterilized using heat from fire (conventional method), heat
from steam, solar radiation, and chemicals (fumigants). In seed bed nurseries, the
commonest method of sterilizing the soil is through heat sterilization by burning dry
grass on the beds. The solarization method is mostly practiced in greenhouse nurser-
ies. However, it can be used to sterilize the main field. In the method, the nursery
bed is moistened and covered with transparent plastic sheets which allows sunlight
to pass through and heat up the moistened soil. The steam sterilization method
is mostly used in sterilizing growth media for seed boxes and plug tray nurseries.
Chemical sterilizers (fumigants) are also used in sterilizing the nursery bed but their
use is limited due to the non-availability and high cost of the fumigants.

4.5 Types of growth media

Seeds of vegetable crops can be nursed in soil or soilless media such as cocopeat
(coconut husk), decarbonized rice husk, saw dust, vermiculite, perlite, peat soil
[32]. Most of these soilless media do not contain plant nutrients and therefore
should be mixed with well-decomposed manure or compost to supply nutrients to
the seedlings.

4.6 Good nursery management practices

Irrigation or moisture management: This is very crucial at the nursery since
inadequate moisture supply may cause the death of seedlings while the excess of it
will create conducive conditions for the spread of diseases. Insect pest and diseases
management: The use of recommended insecticides and fungicides have been
the commonest method of controlling insect pests and pathogen at the nursery.
Recently, the use of colored sticky pads have proven to be effective in controlling
flying insects such as whiteflies and aphids at the nursery.

Weed management: Weeds are good competitors for productive resources such
as water, sunlight, and nutrients, and for this reason they must be controlled at
the nursery. In the case of seed beds, manual hand weeding can be done to control
weeds. Pre-emergence herbicides can be used to control weeds before sowing seeds.
However, care must be taken to avoid the residual effect of the herbicides on the
vegetable seeds. In the case of seed boxes and plug trays, effective sterilization will
kill most of the weed seeds. Hand-picking can be done to get rid of weed seeds.
Pricking out: Overcrowded seedlings in seed beds and seed boxes should be pricked
out to reduce competition for productive resources. Pricking out is not required in
plug trays since each seedling occupies a cell. Hardening off: It is one of the most
important agronomic practices at the nursery. It refers to a gradual process of expos-
ing seedlings to conditions in the field where they will be transplanted. It involves a
gradual withdrawal of water and exposure of the seedlings to sunlight with the aim
of reducing transplanting shock and increasing percentage seedling survival.

5. Protected/screenhouse vegetable cultivation
This refers to growing vegetable crops in protected structures such as poly-

houses, greenhouses, net houses, shade houses, net tunnels [32]. Protected veg-
etable cultivation technology became necessary due to the challenges associated
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with vegetable cultivation in the open field [36]. The protective structures serve

as a mechanical barrier to biotic stresses such as insect pests and disease-causing
organisms and rodents [37]. The structures also protect the vegetables from harsh
environmental conditions such as rainstorms, scorching sunlight, sandstorm, high
winds, etc. These protected structures differ in the level of control or automation of
the growing conditions such as temperature and relative humidity. The commonest
protective structures in Ghana are net houses mostly without temperature control-
ling devices. The increasing demand for the use of protective structures for vegeta-
ble cultivation is the high yield and improved quality of the product obtained under
protected cultivation compared to open field cultivation [37, 38]. Additionally,
certain vegetable crops are vulnerable to high rainfall or windy conditions and
therefore only perform better when grown under protected structures. Growing
vegetables in protected structures can extend the growing season and ensure all-
year-round production and supply of vegetables since climatic and growing condi-
tions can be optimized in the protected structures [36]. Protected structures such
as greenhouses can double as a commercial nursery where high-quality disease-free
seedlings of vegetable crops could be produced and supplied to farmers to boost
vegetable production. The production of true-to-type (genetically pure) seeds of
cross-pollinated vegetable crops is challenging during the main cropping season.
However, vegetable seed production in protected structures helps maintain genetic
purity without worrying about isolation distances.

6. Grafting technology

Grafting refers to the union between two plant parts (scion and rootstock) to
produce a single plant [32]. it is an environmentally friendly method of controlling
soil-borne pathogens and improving the yield of susceptible vegetable cultivars
[39]. Grafting technology was first deployed in Asia by grafting watermelon
scions onto squash rootstocks [40]. Grafting technology was developed to curb the
indiscriminate use of insecticides and fungicides by farmers in vegetable cultiva-
tion. Farmers controlled biotics stress in vegetable cultivation by spraying pesticides
which raised health concerns. However, the use of resistant grafted varieties offers
the best solution to biotic and abiotic stresses [41]. The rootstock is usually an
adapted cultivar that is tolerant or resistant to either biotic or abiotic stresses and
develops into the rooting system of the grafted plant. The scion which develops into
the shoot of the grafted plant is most susceptible to the biotic and abiotic stresses
and is selected for its desirable fruit characteristics and quality. Grafting, there-
fore, offers the opportunity to combine the desirable traits of the two plants into a
superior grafted plant with resistance to biotic and abiotic stresses and increased
yield [42]. Grafting technology was first adopted in vegetable production to control
soil-borne diseases such as Fusarium wilt in the Cucurbitaceae and Bacterial wilt
in the Solanaceae families [43]. However, grafting technology has been deployed
to produce drought tolerant, nematode resistant, low temperature tolerant, heavy
metal tolerant, high salt-tolerant, and nutrient efficient vegetable varieties [44-46].
Notwithstanding the opportunities grafted technology offers, there are challenges
associated with the technology. Some of the challenges include;

* Grafting requires skilled personnel and is labor intensive.
» Difficulty in the selection of compatible scion and rootstock.

* Grafting can affect the quality of vegetable fruits.
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* Increased exposure of the grafted plants to disease infection.
* Grafting can cause excessive vegetative growth.

* There is an increased incidence of physiological disorders.

* Symptoms of incompatibility may show at later stages.

* Higher prices of grafted seedlings.

Several methods of grafting the scion onto the rootstock are available. However,
the technique to use depends on the crop, size, and age of the seedling and the com-
patibility between the two plants [43]. A careful selection of the rootstock and scion
is imperative in obtaining successfully grafted plants. Some of the techniques in
grafting include cleft grafting, tube grafting, hole insertion grafting, and approach
grafting [47, 48]. After grafting, the seedlings are allowed to heal and harden before
being planted in the field. For successful healing, the grafted seedlings are kept in a
dark place with high relative humidity. These conditions in the healing environment
promote early healing and survival of the seedlings. Grafting technology has proven
to be a reliable control method for biotic and abiotic stresses in vegetable cultivation
and can be adopted as a control method to manage the challenges posed by these
stresses to the vegetable sector in Ghana.

7. Information technology in vegetable production in Ghana

The rapid evolution of information technology (IT) is revolutionizing agricul-
ture in a way that appreciably reduces risks associated with vegetable cultivation.
Areas of IT application include diseases and pests’ surveillance and management;
soil water, irrigation, and fertility; weather alerts and forecasting; marketing;
training and agricultural extension; transport and storage among others. Although
great strides have been made there in some of these areas, others are still at the
explorative phase and accuracy might not be as expected. For example, the accuracy
of mobile applications for detecting many insect pest species are very low to be reli-
ably used by an ordinary farmer. Plant symptoms, however, reliably give the type
of group of pests and recommend good intervention. The identification of diseases
with mobile phone and computer applications is more precise.

711T in climate smart vegetable production systems

Climate change resulting in a change in weather pattern from what has been
established as the norm for centuries greatly influences agricultural productiv-
ity, especially vegetables. This is because the majority of vegetables are less hardy
hence have less tolerance to drought and high temperatures. For this reason, the
use of IT tools helps mitigate some of these adverse effects. There are a number of
IT platforms that forecast the weather for specific locations. These platforms can
forecast rainfall, relative humidity, temperature, ultraviolet index, wind speeds for
about 2 weeks ahead of time. This weather information can assist in planning and
determining the appropriate planting time over the stipulated period. The Ghana
Meteorological Agency (GMet) also provides a yearly forecast for the onset of
rain after the dry season, rainy months, intensity, and abatement for all the major
ecological zones. With these information, farmers can schedule when to plant a
particular vegetable under rain-fed conditions. Some radio stations and television
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stations also provide daily rainfall and temperature in the mornings or evenings.
These help in daily farm schedules.

There are also automated systems for greenhouse vegetable production. Soil
moisture, ambiance humidity, and temperature are remotely assessed and adjusted
appropriately for optimal growth of crops. This efficiently mitigates against unpre-
dictable climate variability, thereby facilitating vegetable production at all times.

Climate change also has the propensity of changing pests and diseases phenol-
ogy [49] which may come at the blind side of the vegetable grower. Certain pest
populations and diseases are known to surge at specific months of the year due to
their accompanying rainfall and humidity patterns [50]. However, erratic rainfall
patterns can disrupt these established times thereby shifting pests and diseases
dynamics. For example, thrips and spider mites’ outbreaks in vegetables are associ-
ated with droughts [51]. On the other hand, the surge in fungal diseases such as leaf
blight and anthracnose are associated with high rains [52]. Based on these premises,
deductions from weather forecasts help predict what pests and diseases to expect at
any stage of vegetable cultivation. This foreknowledge allows the vegetable grower
to scout and implements interventions as early as possible in order to reduce crop
losses and also cut down the cost of management.

7.2 Pests and diseases identification and management tools

According to [53] estimated 20-40% of global crop production is lost to pests
and crop diseases cost about $220 billion. At the local level pests and diseases has
the potential to cause substantial loss and in extreme cases absolute loss, depending
on the type of pest or disease, tolerance level of crop variety, and stage of infesta-
tion. Traditionally, several approaches have been used to identify and manage
pests and diseases. These include experiential knowledge by the farmer as the crop
is cultivated over time, acquaintance with the experienced farmer, agricultural
extension, and farmer-researcher interactions. The digital space now offers a novel
strategy to complement these traditional strategies. There are a number of mobile
phone and portable computer applications that allow vegetable growers to identify
plants, diseases, and pests as well as possible management options. A user takes and
uploads a close-up photo of the pest or plant with signs of pest or disease infestation.
The application matches the uploaded photo with a repository for the best match. It
must be emphasized that identifications by these applications are not absolute and
their accuracy is still being enhanced. For some applications, however, the user has
the option of manually searching after the application has automatically filtered
out unlikely candidates. When there are no search matches or the user deemed the
results as inaccurate, some applications further allow the photo to be forwarded to a
pool of experts. Experts then give feedback when correctly identified.

Drones or unmanned aerial vehicles (UAVs) are gradually being used in pests,
diseases, and weeds’ surveillance as well as water stress monitoring in agricultural
production in recent times. Multispectral cameras attached to the drone scan the
cropped field and based on color reflectance due to crop response to stress, such as
pest or disease infestation, are able to identify these stresses. The advantage of this
over traditional scouting is that infestation or stress can be detected way before they
become visible to the naked eye. These IT systems facilitate early intervention and
are also cost-effective [54, 55].

Another IT pest predictive and advisory IT platform is based on established
degree-days of specific insect pests — rates of development of insects and many
organisms are dictated by temperature, and require a fixed amount of heat to
develop from one stage to another. This physiological development time is quantified
into degree-day, and this is used to make predictions and recommend management
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actions [56]. This is well-patronized platform in many of the developed countries.
The user key in some basic information such as type of crop, planting date, and loca-
tion, and the system will generate pest management timelines to follow. In Africa,
the degree-day model for pest management is being piloted on selected pests includ-
ing the American tomato leaf miner (Tuta absoluta) in Kenya, Ghana, and Zambia
under the Pest Risk Information SErvice (PRISE) (www.prise.org). The development
of such IT tools to cover more vegetables and their associated pests will help rational-
ize the use of insecticides leading to minimizing residues in the produce.

7.3 Extension services

It is important in raising agricultural productivity, improving food security and
nutrition as well as reducing poverty among the poor. Agricultural extension medi-
ates these by extending research advancements and new knowledge in agriculture
to end-users, particularly farmers. Although agricultural extension has been in
existence in Ghana for over a century, its expected impact on vegetable production
is still lagging. This is due to the high extension officer to farmer ratio, low funding,
and poor farm accessibility. Vegetable production is, however, a sector that requires
constant information exchange among the actors. It is also through a good extension
system that new IT tools that enhance vegetable productivity can be introduced to
farmers. Traditionally, extension practitioners physically interact with farmers and
thus are restricted by time and space. This is where the e-agricultural system, which
is more versatile is very helpful. E-extensions involve using the power of online
networks, computer communications, and digital interactive multi-media to facili-
tate the dissemination of agricultural technology. There are a number of tools and
techniques available for e-extension and they include personal computers/laptops,
mobile phones, USSD technologies, call centers, Twitter interactive white boards,
Facebook, WhatsApp, interactive voice response systems, TV, radio, SMS, etc. The
current wide usage of mobile phones has made it the most preferred medium for
the transfer of new agricultural technology to farmers. Through WhatsApp groups,
for instance, an extension officer can connect with several farmers and other value
chain actors for the exchange of information.

Scientific Animation Without Borders (SAWBO) is a digital animation platform
that uses animation in addressing constraints and teaching good agricultural prac-
tices. It allows experts to design video animation to address a defined constraint,
including pests and diseases. It can also be designed to target a specific audience,
and thus audio could be in any dialect (https://sawbo-animations.org). SAWBO
is a handy IT platform for the easy delivery of agricultural extension services to
vegetable producers.

7.4 Postharvest handling technologies of vegetables

Majority of vegetables physically deteriorates quickly after harvesting due to
the inherent rapid breakdown of tissues, physiological changes such as respira-
tion, transpiration, etc. Good postharvest management practices and facilities are
required to increase the shelf life of vegetables. Facilities such as harvesting and
collection tools, containers and packing, rapid and cold chain transportation, and
commercial storage are key to a successful vegetable postharvest value chain. Some
companies are leveraging on IT solutions to address some of these postharvest
management nodes such as offering cold transportation and storage for a network
of farmers (Table1).

High temperatures and sometimes low humidity in the markets hasten the
deterioration of vegetables. Some tropical countries have successfully used low-cost
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zero-energy cool chambers for temporary storage, pending sales, to prolong the
shelf life of vegetables [58]. Piloting this technology in the traditional vegetable
markets should be considered.

7.5 Digital marketing and use of social media to enhance the visibility of
vegetable producers

Digital marketing, according to [59] is the use of the internet, mobile devices,
social media, search engines, and other channels to reach consumers. It is consid-
ered a new means of marketing products and services through understanding and
keeping abreast of customer behavior, which tends to be different from traditional
marketing. Digital marketing is generally interactive and customers can give
feedbacks. Customers are attracted via email, content marketing, search platforms,
social media among others. The focus here is social media since little skills are
required, cheap, and easy to use, which is more likely to be easily acceptable to the
majority of Ghanaian or African farmers.

Many social media users in Ghana and many countries in sub-Saharan Africa
tend to focus on the entertainment aspect of these powerful electronic tool. Statuses
of millions of users on Facebook, WhatsApp, Snapchat, etc. are flooded with funny
media, selfies, and all manner of commentaries. Considering that there are about
2.5 million agricultural households in Ghana with a population of 11.3 million and
55% mobile phone adoption, leveraging on social media can improve productivity
along the agricultural value chain. In terms of marketing in the food chain, only the
fast-food subsector has taken advantage of social media in marketing their prod-
ucts, especially in the urban areas. However, vegetable sales and consumption are
steadily increasing because many people are actively increasing vegetable propor-
tion in their diet because of their health benefits. This means the vegetable supply
chain covering agro-input selling, labor services, transportation, and marketing
needs to explore social media. This could be simple advertisements on Facebook
wall, Instagram, statuses of other social media handles, and more importantly
social media group platforms, which come at practically no cost. Social media group
platforms such as that of the old school, church, clubs, etc. may have celebrities or
influential persons. These personalities may agree to freely share advertisements on
their private social media handles to catch the attention of their huge followers. The
pay services by these social media outlets are also available to market vegetables.

Many consumers are skeptical about sources of vegetables consumed because
of practices such as the misapplication of pesticides and the use of contaminated
water. To allay fears of consumers, vegetable producers can set themselves apart
by following the best practices outlined in this book and making short videos of
their production practices. These videos could be shared on YouTube, Facebook,
WhatsApp, etc. Agro input (seeds and fertilizer) tracking to authenticate their
genuineness, effectiveness with the aid of IT is provided by some IT companies.
Similar tracking of source and production information of agro produce is also
available (Table 1). These give credibility and consumer satisfaction to the agro
produce, giving it an edge over others. The national e-agriculture and other private
IT platforms that vegetable growers can benefit from are listed in Table 1.

8. Advancement of technologies in vegetable production in Ghana
This section gives a description of advancement technologies in vegetable

production in Ghana based on genetic improvement, soil fertility improvement,
Irrigation as well as pest and diseases management practices. It also shows the
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IT platform/service provider Available services IT services formats Link

AcquahMeyer Drone Tech Agricultural https://amdronetech.
drone services for com
pests & diseases
management

Digital Agricultural Innovation 4-in-1 portals/ Mobile App (Agritech  http://technologies.

Hub (DAIH)

hubs on marketing,
extension, scientific
article repository
and technological
repository

Advisor), web portal

csirgh.com, http://
csirspace.csirgh.com
, http://kuafo.csirgh.
com, http://agritech.
csirgh.com

Agroseal

Commodity
trading/marketing
and training for
smallholder farmers

Web portal

https://agroseal.com

AgroCenta

Marketing, produce
transportation

IVR, SMS

https://agrocenta.com

CABI Plantwise

E-resources and
MoFA extension
staff field visits

Mobile app, Web
portal, plant
doctor services in
collaboration with
MoFA

https://plantwise.org

CRITV

Dissemination of
CSIR developed
agro packages

Web portal, online
TV channel

https://critivgh.com

Complete Farmer

Crowd farming,
Marketing

IoT

https://completefarmer.
com

Coologi-Green Tech

Cold storage

https://coologi.com

CSIR Soil Information

Soil profile data
(physical, chemical,
suitability, fertility)
for all locations in
Ghana

Web portal

www.csirsoilinfo.org

DigiExt

Remote sensing/
drone for pest

& disease
management,
marketing, agric
machinery rentals

SMS, call service

https://digiext.com

ESOKO

Vodafone farmer’s
club: farming
advice, weather
updates, market
price and free
calls between
members (only
Club’s dedicated
Vodafone SIM);
data collection

& digitization;
biometric profiling;
analytics

Call center,
Interactive Voice
Response System
(IVR)

https://esoko.com

Farmerline

Input distribution,
farmer training,
weather updates,
and market prices

SMS, Android, voice
messaging

https://farmerline.co
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IT platform/service provider Available services IT services formats Link
FarmCap Provides access to IoT, Web portal https://farmcap.co
land, funds, agro
inputs, weather &
farm data
Farm Cure Pest surveillance & Mobile app, web https://farmcuregh.
management portal com
FarmKklass Solar irrigation Web portal https://farmklass.com
Ghalani Agro data Mobile app, web https://ghalani.com
management tool portal
such as costs &
revenue
KaraAgro Al Diseases, pests, Mobile app, web https://karaagro.com
nutrient & water portal, drone services
deficiency diagnosis
and management
Khalmax Robotics Robots for Web portal https://khalmax
automation of softwaresystems.com
farming activities,
training
Kwidex Crowdfunding for Web portal https://kwidex.com
agro projects
Ministry of Food and Up-to-date Farmer audio https://e-agriculture.
Agriculture E-agriculture information on library/IVR, E-field gov.gh
crop and animal extension where

production,
market prices,
farm management
techniques and
practices, and
traceability in

the Ghanaian

officer collects field
data for upload
(toll-free 1848 and
30037), E-learning

and resource center

agriculture

Okuafo Foundation Diseases Mobile app https://
surveillance, okuafofoundation.org
identification, and
management

QualiTrace Agro input & Mobile app https://qualitracegh.
produce tracing and com
anti-counterfeiting

Techshelta Greenhouse Web portal, IoT https://techshelta.com
automation &
management,
marketing, training

TrusteeFarm Agro produce Blockchain, QR/ https://trusteefarm.
traceability, USSD codes) com
marketing

Trotro Tractor Connect farmers to SMS, Web portal https://trotrotractor.
tractor operators com

Source: Palmer and Darabian [57]; http://www.fao.org/e-agriculture/news/ghana-e-agriculture-programme-
ministry-food-and-agriculture-vepublic-ghana; hitps://startupfacility.com; https://csivgh.com/

Table 1.
Information technology agricultural platforms available to vegetable growers in Ghana.
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characteristics of research and farmers’ involvement in advanced technologies in
vegetable production.

8.1 Genetic improvement

Crop genetic improvement target is by using diversity collections to identify
new genes and gene combinations that can be introduced into crops, in a natural
way using conventional breeding techniques without using Genetic Modification. It
aims at increasing the frequency of desirable genes and decreasing the frequency of
undesirable genes in a human perspective. Vegetables are a key component of every
meal in Ghanaian and significantly contribute to improving the livelihood of its
growers. In spite of the significance of vegetables in Ghana, past breeding programs
have been disorganized and few developments of new varieties that meet the needs
of consumers as well as environmental stresses have been done. Also, there has been
advancement in a few vegetables such as tomatoes, garden eggs, Okra, and peppers.
Generally, there are advances in areas of vegetable production constraints in Ghana,
which mainly focused on the collection, evaluation, and screening of germplasm
against biotic and abiotic stresses as well as morphological and agronomic charac-
terization. The established variability and the outcomes of the evaluations against
the various biotic and abiotic stresses have not been fully utilized in the develop-
ment of new varieties.

8.2 Soil fertility improvement

Soil fertility constraints to crop production are now recognized as the major
obstacles to food security and agro-ecosystem sustainability in Sub-Saharan Africa
of which Ghana cannot be excluded [60]. There is therefore the need for improve-
ment in soil organic matter for sustainable cropping. Fallowing is the oldest method
of restoring soil fertility and productivity in traditional cropping systems. The longer
the fallow period, the higher the level of fertility generated. However, population
pressure and land fragmentation have led to a shortening of the fallow periods in
several parts of the country [61]. According to [62], farmers fallowed farmlands
for 1-3 years and only about 12.3% of the farmers maintain some fallow with the
fallow duration skewed towards the lower limit of 1-2 years. However, due to the
rapid growth of population, there is a scarcity of cultivated land for this practice.
Currently, the use of both organic and inorganic fertilizers is generally adopted by
vegetable farmers’ during production. However, conservation agriculture has been
one of the techniques introduced to help mitigate depletion of soil nutrients, con-
serve water, minimize soil erosion, reduce land degradation and boost farm pro-
ductivity [63]. Fundamentally, Conservation agriculture includes minimum tillage,
crop rotation, and organic soil cover [64]. Minimum tillage decreases the risk of land
degradation and retains the soil structure by reducing the intensity of soil distur-
bance and this has been adapted by many vegetable growers in Ghana. [62] Indicated
that the adoption of sustainable agricultural technologies remains the route through
which developing nations could combat poverty and attain food security.

8.3 Irrigation

Ghanaian farmers traditionally rely on rainfed cultivation to grow their crops.
However, between the 1960s and the year 1980, growth of irrigation started
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and a total of approximately 19,000 ha of irrigated land had been developed

and in 2007 the area in irrigation had expanded to 33,800 ha. Irrigation systems
observed in Ghana are mainly initiated and developed by the Ghanaian govern-
ment or various nongovernmental organizations (NGOs), and emerging systems,
which are initiated and developed by private entrepreneurs and farmers. Ghana
Irrigation Development Authority (GIDA), controlled by the Ministry of Food

and Agriculture manages irritation and is the only public organization connected
directly to irrigation development and management in the country. GIDA has
developed 22 irrigation project districts of varying sizes covering a total area of
8,800 ha across the country. Since its establishment, GIDA has developed and man-
aged public irrigation systems utilizing government subsidies, and public funds to
cover staff costs. As part of structural adjustment, GIDAs budget was dramatically
reduced and that resulted in difficulties in managing all the 22 public irrigation
districts sustainably [65]. However, in order to maintain irrigation activities, a
“Participatory Irrigation Management (PIM)” was introduced, whereby beneficiary
farmers and others could manage the irrigation facilities during their vegetable and
other crop production. Generally, the watering cans, buckets, motorized pumps
with hosepipe, surface, and sprinkler irrigation methods, are mostly being used by
farmers in the vegetable production areas in the country [7, 66]

8.4 Organic farming technology

The Ghana Government accepts the premise that national food security can only
be realized through the wide-scale introduction of modern commercial agriculture
and that such modernization will spearhead the development of the economy [67].
Health concerns with respect to vegetable production have meant that organic farming
is gaining popularity in many countries, including Ghana. The factors influencing the
adoption of organic vegetable technology in the country are based on extension contacts
and farmers’ engagement in training workshops, formation of farmer-based organiza-
tions (FBO), and farming experience over the past years. Organic vegetable farming can
be used as a strategy to improve food production and reduce poverty in the country.

8.5 Pest management

The advent of synthetic insecticides revolutionized how insect pests were man-
aged through a leap from suppression to “kill them all”. Increasing reports of insect
pests building resistance to these insecticides prompted the adoption and promo-
tion of all available management measures through careful planning. These comple-
mentary options include natural enemies, microbials, botanicals, cultural practices,
and synthetic insecticides. Similarly, the management of diseases solely based on
synthetic chemicals has shifted to the adoption of complementary approaches.
Thus, current pests and diseases management strategies involve the adoption of a
multifaceted approach; integrated management. The high vulnerability of vegeta-
bles to pests and diseases makes this aspect of the production very critical. For this
reason, developing new complementary pests and diseases management technolo-
gies is crucial for the sustainable yield of vegetables. Some of these technologies
accessible to the Ghanaian vegetable farmer are discussed below:

Microbial pesticides: They contain one or more microorganisms (e.g., fungus,
bacterium, virus, nematode, or protozoan) as active ingredients. They may be
target-specific or broad-spectrum and tend to be environmentally friendly since
they are naturally occurring. Common microbial pesticide formulations available
for vegetables include Bacillus thuringiensis, Metarhigium anisopliae, Beauveria bassi-
ana. Plant-incorporated protectants which involve incorporating genetic material
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into a plant (i.e. Genetically Modified Organism) to offer insecticidal property are
not yet approved for use in Ghana.

Botanical pesticides: A number of plants-derived products have exhibited
insecticidal activity against a number of pests of vegetables. The most popular are
the neem products with Azadirachtin as the active ingredients. [68] Provided an
exhaustive list of plants with insecticidal properties, including those suitable for
vegetables.

Natural enemies: Pests are normally perceived by many as inimical organisms
that just increase in number without any natural check. On the contrary, pests
are not completely immune from the adverse effects of other animals. There are
a good number of animals, predators and parasitoids, that attack and kill pests in
every vegetable production system. Predators seize and kill pests while parasitoids
normally inoculate their immature forms into different developmental stages (eggs,
larvae, pupae, or adult) of pests. All these help suppress pest populations below the
economic threshold to maintain a balanced production system. Although naturally,
pest populations may surge up irrespective of the natural enemies, anthropogenic
disturbances such as the use of synthetic insecticides, monocropping, etc. are the
main sources of pest outbreaks. Strategies to boost natural enemy populations and
their attendant services include intercropping, mixed cropping, crop rotation, and
leaving strips of flowering or natural vegetation along boundaries of vegetable fields.

Pheromone lures: This employs the use of pests’ own chemical communication
against them. The most commonly communication chemicals used in agriculture
are sex pheromones. Although a wide array has been developed, particularly for
monitoring and decision making, only a few are available in Ghana. The common
pheromone lures for vegetables in Ghana, mostly used at the research level are that
of a tomato leaf miner (Tuta absoluta) and diamondback moth for tomato and cab-
bage respectively. Nevertheless, there is a great prospect for mass adoption.

Sticky traps: These are color, mainly yellow, flexible plastic cards with the sticky
surface to trap flight-capable insect pests. They are relatively costly since they are
scarce locally. However, homemade sticky traps can easily be created by cutting
yellow plastic strips (10 x 25cm) smeared with grease or petroleum jelly. Traps are
hung on a pole just above the height of the crop. Traps can be reused by scrapping
off trapped insects when the surface is almost filled up. A number of the above
strategies can be combined to suppress pests in vegetables, and the inclusion of
synthetic insecticides is always considered as the last resort.

8.6 Diseases management

Many vegetables are prone to diseases and their impact on production can
be dire. Causative agents of diseases range from fungi, bacteria, and viruses.
Understanding of disease triangle which consists of the host, the pathogen, and
the environmental condition is important in managing these problems. A break in
the link of the triangle truncates the perpetuation of the disease [69]. Thus, effec-
tive management of diseases in vegetables involves the use of disease-free seeds
and varieties that are tolerant/resistant to the major diseases that are prevalent in
the production enclave. Although general climatic factors are beyond the control
of the vegetable grower, a micro climate that reduces the survival of the causative
pathogen can be provided. An example is using well-drained soil and avoiding weed
growth on the cropped field. In situations where a vector is involved in the trans-
mission of the disease, it is important to manage the pest. A typical example is white
flies, which transmit viral diseases.

Other intervention, which has also become popular among growers is the use of
pesticides such as fungicides, bactericides, etc. These may be applied as preventative
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or curative depending on the active ingredient and thus the time of application is
very crucial.

9. Contribution/prospects of vegetable production to food and nutrition
security in Ghana

In Ghana, the promotion of food security has been centered on starch-based
staple crops such as maize, rice, cassava, yam, sweet potato, plantain, etc. which
are mainly dietary sources of energy. However, in recent times, the introduction
and addition of the term “nutrition security” has reshaped the concept and cre-
ated awareness on the dietary importance of vegetables [70]. Intake of a diverse
range of food categories in the right proportions is required for a healthy living.
Food and nutrition security can, therefore, never be achieved without realizing
and acknowledging the roles of vegetables in our diets. Their rich source of water,
protein, minerals, vitamins, and other important phytochemicals champions the
need for dietary diversity for good health, protecting us from heart disease, stroke,
cancer, and diabetes [71]. Thus, vegetable intake is one of the affordable approaches
to achieve both food and nutrition security.

In Ghana, the vegetable sector has recently recorded a spike in production [72]
and consumption [73] of both indigenous and exotic vegetable crops. This typically
shows the roles of vegetable production in improving the livelihoods of people
involved in its value chain. It creates important economic opportunities for small-
holder farmers particularly in the rural communities as well as fragmented areas in
urban and peri-urban and thus, offering opportunities for poverty reduction [19]. It
is worth noting that, income generated from the vegetable sales helps these farmers
to purchase other foodstuffs which are equally important in achieving a healthy
diet. Farmers can explore and adopt a mixed cropping system, thereby, integrating
vegetable crops into the cultivation of the major staple crops or shifting to solely
vegetable production to maintain economic or financial stability [70]. Vegetable
production may offer a profitable business opportunity. The recent introduction
of vegetable production under controlled environments such as greenhouses has
improved the availability of vegetables as a result of year-round production, as
well as the quality. Although the initial cost of production is high, farmers who go
into greenhouse production with good management practices and associated high
yields increase their returns per unit area of production compared with those into
open-field production [74]. This system has offered an alternative attractive source
of employments for the youths who previously disregarded farming. For instance,
graduates with engineering backgrounds can explore areas such as design, construc-
tion, and installation of greenhouses and accessories. Others with pre-requisite
training in greenhouse vegetable production can take managerial roles. In addi-
tion, vegetable production offers huge cash income for market-oriented vegetable
farmers particularly women who are the largest group of beneficiaries. There is also
a huge opportunity in the export of vegetables. The greenhouse cultivation offers
this opportunity to farmers to enable them to meet the strict export requirements
of vegetables and leverage to maximize the profit margin of the farmers as well as
foreign exchange for the economic growth of the country. Production of vegetables
under greenhouse conditions limits and/or avoids the uncontrolled use of agro-
chemicals which pose serious threats to food safety and security [75]. The vegetable
production under controlled conditions has contributed to introducing the new
scope of research and teaching in the tertiary levels. For instance, some universities
have already revised their course contents or curriculum and mounted an entire
course and program at undergraduate and postgraduate levels. This is the surest
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way of promoting sustainable vegetable production and the indirect approach of
ensuring sustainable food and nutrition security. Thus, students who successfully
attain training in diverse areas in vegetable production become the main actors

in the vegetable value chains such as the vegetable farmers, managers, exporters,
policymakers, and researchers, etc.

Moreover, vegetable production could serve as a feedstock for various industrial pro-
ductions. Unfortunately, the opportunities associated with vegetable production have
not been utilized adequately. There are so many recipes of vegetable juices that can be
developed and commercialized in Ghana as done in developed countries. Improved pro-
cessing and packaging with excellent hygienic conditions will ease in preparation and
consumption of vegetables. Vegetables such as cabbage, lettuce, carrots, spring onions
can be chopped and packaged and made available in groceries. Industrialized vegetable
production, processing, and marketing could offer huge employment opportunities to
the youth. In addition, this will eventually promote vegetable availability, accessibility,
and utilization thereby contributing to food and nutrition security.

In Ghana, there are underutilized vegetable species such as Turkey berries
(Solanum torvum) which are being used for the preparation of local delicacies as
well as medicinal purposes, especially in rural and peri-urban areas. Such vegetables
may be rich in essential secondary metabolites which could be harnessed to promote
daily consumption thereby addressing or improving food and nutrition security
[76]. However, there is little, or no research works on these vegetables which are
growing distinct whiles others are scattered in various localities and highly exposed/
endangered to destruction by mechanical weeding, herbicide applications, and pest
infestations. Therefore, considering their nutritional and medicinal properties,
these underutilized vegetables could be scientifically explored and promoted to
improve the livelihoods of the local dwellers using them as food or medicines [76,
77]. In addition, advanced research could lead to the commercialization and indus-
trialization of these vegetable crops contributing to various economic benefits.

10. Conclusion

The chapter looked at state-of-the-art technologies in vegetable production, the
trends, and the challenges associated with the production. It discussed the types
of vegetables and the emerging technologies for vegetable production in Ghana.

It also describes advanced technologies in vegetable production in Ghana based

on genetic improvement, soil fertility improvement, irrigation as well as pest and
diseases management practices. Production is characterized by the use of manual
labor for most farm activities though recently some farmers who have larger farms
are incorporating some level of mechanization. Cultivation is often under rainfed
system which only allows for production within two seasons or one season of the
year depending on the location of the farm within the country. Over-reliance on
rainfall for vegetable production and the erratic nature of rainfall patterns in recent
years due to climate change results in poor yield. Small scale production is not suf-
ficient to prevent the shortage of particular vegetables during certain times of the
year. Overcoming the over-dependence of agriculture on rain has led to the devel-
opment of irrigation sites to enable off-season or nearly all-year-round cultivation
of vegetables.

Challenges associated with vegetable production in Ghana include a limited
number of varieties due to the extinction of local varieties. Lack of a functional
vegetable seed system unlike other crops affects the availability of quality seeds.
Overreliance on imported seeds of common vegetables is attributed to a lack
of research into the indigenous vegetables. Infrastructure challenges especially
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irrigation and processing facilities, and poor roads hinder the growth of the sec-
tor. The perishable nature of most vegetables requires that they reach the markets
and consumers in time to reduce post-harvest losses. Contamination from abuse
and misuse of agrochemicals in vegetable cultivation is another challenge associ-
ated with vegetable production in Ghana. Emerging technologies for vegetable
cultivation include nursery management technology for example sterilization of
growth media and grafting technology, use of protected/screenhouse in vegetable
cultivation. Another is the use of information technology in vegetable production in
Ghana. The rapid evolution of information technology in climate-smart vegetable
production systems, drone or an unmanned aerial vehicle is gradually being used in
pests and diseases and weeds surveillance. Digital marketing and the use of social
media to enhance the visibility of vegetable producers and postharvest handling
technologies of vegetables are also gathering momentum. It is obvious from this
chapter that, abundant agro-techniques exist that have the potential to transform
Ghana’s vegetable industry. However, the proper transformational mechanisms and
enabling environment should also be created for the adoption of these technologies.
Technology is a vehicle for rapid development; therefore, improved technologies
tailored for agriculture must be harnessed appropriately. This will not only ensure
food security but will go a long way to improve the livelihood of smallholder farm-
ers who have embraced vegetable production as their mainstay of life.
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Chapter 8

The Effect of Mosses on the
Hydraulic Media of Vegetable
Plants in Cirebon, West Java,
Indonesia

Retno Widyani, Dein Iftitah and Mus Nilamcaya

Abstract

It’s time to eat healthy vegetables. One of the ways to get healthy vegetables is
to growthem hydroponically to avoid various environmental pollution. However,
it turns out that even hydroponic cultivation still has itsown downside, namely the
growth of moss. This is because the conditions for moss to growhavebeen metsuch
asthe supply of water whish is rich in nutrients and oxygen, and enough sunlight
for grow. Usually, in hydroponic systems, we often find moss attached to rock
wool and gutter planting media. This begins when the rock wool is submerged in
water and the gutterarefed by water that containing nutrients and also exposed to
sunlight. Is there an effect of moss on the productivity of hydroponic plantsand
how to overcomeit? This research was conducted to find out how overcome moss so
as not to interfere with the production of vegetable crops in ahydroponic mainte-
nance system. Based on our observations, the growth of mosscertainly affectedthe
development of plants. With minimal moss, the growth of kale seemedto be the
mostoptimal, with wider leaves and dense stem condition. On the other hand, the
spinach thatwas investedwith mossdidn’t growas optimal as our kale, with thinner
leaves and sparse.

Keywords: Mosses, hydraulic media, vegetable plants, Cirebon, Indonesia

1. Introduction

Indonesia is one of several countries in the world that has abundant diversity.
Geographically, Indonesia is located between two continents, namely Asia and
Australia. This strategic geographical location is one of the factors so that Indonesia
becomes one of the centers of diversity in the world and is known as a mega bio-
diversity country [1]. Each region grows moss with different types. Research on
mosses in forest areas has been carried out by Putri et al. [2], in Waterfalls by Cut
Raihan etal. [1], in watersheds by Jumiati [3], the Leuser ecosystem area by Zahara
[4], and in the UGM campus environment by Sujatmiko and Vitara [5].

The moss is very useful for the preservation of nature both in forests, moun-
tains, waterfalls, campus environments, and the environment around us. But,
the moss can also be detrimental if it grows in the same place as the plants we are
cultivating. For example, moss grows in hydroponics.
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In hydroponic planting systems, moss is often seen. If you do not do prevention
and care, the growth of moss will be more and more fertile. How not, all the things
that moss needs to grow and develop are in a hydroponic system, such as water that
is rich in nutrients, oxygen and sufficient sunlight for its growth.

Horticulture is one source of human nutrition to meet the needs of vitamins and
minerals as well as fiber. Horticulture consists of various vegetables such as mustard
greens, spinach, chaise. Vegetables are used to complement the daily diet. Growing
horticulture in the ground requires a large area of land and a larger workforce and
the results are often unsatisfactory due to pests and diseases. Therefore, there was
an innovation in vegetable production using hydroponics.

Hydroponic technology has many advantages compared to traditional farming,
namely environmentally friendly, hygienically produced products, faster plant
growth, maintained vegetable quality, increased quantity, and healthier because it
is free from soil pollution, both by heavy metals and plastic waste.

2. The hydraulic media of vegetable plants

Increasing vegetable production needs to be supported by various efforts,
one of which is extensification with increasing use of non-agricultural land and
agricultural intensification [6].

Hydroponics is a way of cultivating plants by utilizing water without using soil
as a planting medium, so hydroponics is very important in meeting plant nutrients.
In the hydroponic method, the function of the soil replacement medium is to
support the plant and the most important thing is water which functions to dissolve
nutrients that will be absorbed by plant roots.

Hydroponics requires less water and is more efficient than plants with soil media
(conventional), so it is very good if applied to areas that have a limited water supply.
This system does not require a large area of land, it is enough to use the yard of the
house or narrow places in urban areas.

Rockwool or often also called mineral wool is an inorganic material made
by blowing air or steam into melted rock. The result of this method is a type of
fiber that has cavities with diameters between 6 and 10 micrometers. Rockwool
can hold water and air in good amounts to support the development of plant
roots [7].

Another advantage of planting with the hydroponic method is:

1. Eco-friendly.

2.Safe from pesticides.

3. More innovative.

4.Vegetables are fresher.

5.Harvest can be arranged.

6. Plants grow faster.

7.Free from nuisance plants/weeds.

8. Easy to harvest results.
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3. Bryophyta on the hydraulic media

Moss (Bryophyta) is a group of lower plants that grow widely on land. Moss is a
small plant that grows attached to the substrate (stones, trees, wood, and soil). The
life of moss is influenced by environmental factors such as temperature, humidity
and light [3].

Moss has green leaves and contains chlorophyll so that with the help of sunlight
it can carry out the process of photosynthesis [4]. Leaf moss (musci) is an expan-
seof leaf moss consists of one leaf moss plant that grows tightly and densely in
groups to strengthen and support each other (Figure 1). This moss is not attached
to its substrate but has rhizoids attached to its body. The body is generally erect, in
the form of a thallus, leaves like scales that are dense, dense, and flattened or piled
up. Moss forms a thallus in the form of a pillow or thick, and on the forest, the soil
is often a layer resembling a velvet [8]. Leaf moss (moss) is the most famous moss
plant. Leaf mosses consist of dense groups of mosses, which support each other.
Each plant incorporated in the bed is attached to the substrate by elongated cells or
cellular filaments called rhizoids. Unfortunately, in this paper, the identification of
mosses has not been carried out.

Figure 1.
Moss on Hydrophonic Media in Cirebon, West Java, Indonesia.

4. The effect of mosses on the hydraulic media

In conditions with minimal moss, vegetable growth looks very optimal, with
indications of wider leaves and dense stem conditions. On the other hand, in con-
ditions where there is quite a lot of moss growth, the growth of kale plants looks
not optimal, with indications of thinner leaves and poor stem conditions. Solid
(Figure 2). The appearance of moss in a hydroponic system will be very difficult to
prevent. Farmers cannot avoid the factors that lead to the appearance of moss, even
at the beginning of growing seedlings.

The reason moss is not good for hydroponic plants

1. Growing moss needs nutrients, so moss will consume the nutrients available to
plants. Thus the plants we plant will competefor nutrients with moss.

2. Moss can reduce the level of acidity in water. Plants absorb nutrients well in
a hydroponic system at a water ph level (water acidity) of 5.8 to 6.5. So in the
presence of moss, the acidity of the water will be reduced. This will interfere
with the plant’s ability to absorb nutrients.
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Figure 2.
Moss in the pipe of Hidvophonic instrument.

| . |
Figure 3.

The death of the vegetable that grows together with the moss.

3.Lichens will consume oxygen in nutrient solutions at night and produce toxic
products. This will interfere with plant growth.

4.Moss can produce an unpleasant odor. The vegetables we grow will smell less
fresh (Figure 3)

5. Overcoming moss in hydroponic plants

What must be done is to minimize or suppress the growth of moss. Things
that can be done include cleaning gutters after each harvest. Cleaning the nursery
gutters every time the seedlings move to the gutters (if the seedlings are growing
using gutters). Drain and provide shade or cover on the reservoir. Using reservoirs
and hoses that do not penetrate the sun. Minimize the gaps where sunlight enters
the gutter.

Here we share tips that we do in our garden:

1. Make sure to clean the gully/bucket that we use until it’s completely clean at
EVERY HARVEST. Because even if there is only a small amount of algae left
in the installation, it will spur the growth of more moss in the next planting
and so on.

2.Make sure to periodically clean the installation pipelines (inlet and outlet

installation networks) to avoid moss interference from inside. Usually, we do it
every 6 months to 1 year (depending on the form of each system).
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3. At the time of seeding, make sure that the sides of the rock wool are exposed to
the sun as little as possible (but for plants you MUST get full sun).

4. We do this by making the Rockwool arrangement neatly lined up in our
seedling installation. In this way, there are at least some sides of the Rockwool
that are not disturbed by moss.

5.Make sure the root growth is faster than the growth of algae so that the roots
are not covered by moss and disturbed the absorption process.

6.1f it is already covered with moss, you can spray the roots with water with low
pressure and be very careful. The moss will fall off by itself.

7.Close the reservoir. The nutrient liquid in the reservoir, which is full of
nutrients, will be the right stimulus for the growth of moss on the walls of the
reservoir.

8. Use a black hose. Just like the reservoir, the nutrient liquid flowing down the
hose will stimulate the growth of moss on the hose wall. By using a black hose,
the sun’s rays cannot penetrate.

Another part that likes to be overgrown with moss is in the paragon pipes around
the plant roots. The sun’s rays penetrate the gaps between the net pot and the PVC
pipe, stimulating the growth of moss. For this one, the growth of moss can be
overcome by doing regular cleaning.

To overcome the problem of moss growth in Cirebon, West Java, we use H,0,.
The benefit of this H,O, is an anti-microbial that is safe from the recommendations
of the FDA (United States Food and Drug Administration).

Some of the benefits of H,0, for hydroponic plants:

1. prevent root rot.

2. Plant pest control.

3. Care for seeds before planting.

4.Sprayed on the stems and leaves to eradicate the fungus.
5.Treating wounds or damaged parts of plants.

H,0,can supply extra oxygen to plant roots, so the absorption of nutrients to the
roots will be maximized, when plants get enough nutrients, growth will be faster,
healthier, and also stronger against pests. In water for hydroponics, you can use
the dose of 2 ml H,0,/liter water, first while looking at the condition of the plants
because if there are too many hydroponic plants, they can wither.

The second way to deal with moss we use an ultraviolet lamp (Figure 4).

The benefit of UV light, the nutrients needed by hydroponic plants are main-
tained and get enough light for a full 24 hours so that plants grow more optimally.
The rapid growth of 24-hour plants will beat the growth of moss so that moss
disturbances can be overcome using an ultraviolet lamp. With a stable irrigation
system and lighting with UV lamps, organic vegetables can be harvested in just
30-35 days, faster than the normal 45 days. In terms of weight, it can reach 200-250
grams for each plant stem. Certainly heavier than ordinary hydroponics which
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Figure 4.
Ultraviolet light.

Figures.
Vegetable grows healthy without moss.

usually only reaches 150 grams per plant stem. In terms of quality, plants that use a
hydroponic system with a UV light have brighter leaves, bright white roots. This is
an indicator that the plant is growing healthily. (Figure 5)

6. Conclusion

The Conclusion of this research is the growth of moss certainly affected the
development of plants. With minimal moss, the growth of kale seemed to be the
most optimal, with wider leaves and dense stem condition. On the other hand,
the spinach that was invested with moss did not grow as optimal as our kale, with
thinner leaves and sparse.
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Abstract

Present day agricultural practices are posing a serious threat to the human
population due to unscrupulous use of chemical fertilizers and pesticides.
Conventional agricultural practices wherein large quantities and unscrupulous use
of chemical fertilizers and pesticides are no longer safer as it directly enter the food
chain. Hence, organic cultivation of vegetables is gaining momentum among the
growing population. Organic practices rely on crop rotations, crop residues, plant
and animal manures, growing of legume and green manure crops and biological
control of pests and diseases. It aims to combine tradition, innovation and science
in a balanced proportion to utilize the environment in safer manner and maintain
ecological balance. Organic cultivation assures protection of the environment and
plays a major role on the economy of a nation. Sustainable production of organic
vegetables needs to be ensured to fetch premium price in the domestic as well as
international markets. Organic farming has shown expansion in the recent years in
the European countries offering scope for a better price in the international market.

Keywords: organic farming, sustainability, feasibility, certification

1. Introduction

In the recent past, organic cultivation of vegetables is gaining increasing
importance due to increased awareness among the growing population on the food
safety and quality. This may be attributed to the fact that conventional agricultural
practices wherein large quantities and unscrupulous use of chemical fertilizers and
pesticides are no longer safer as it directly enter the food chain. There are innumer-
able health hazards posed by the conventionally grown crops due to the presence
of higher pesticide residues, heavy metals and also genetically modified organisms.
In cereals and pulses where the moisture level is maintained around eight per cent,
the presence of pesticide residue is very minimum and has been found to disappear
over a period of time due to storage, whereas in the case of vegetables and fruits the
moisture level is more than 90 per cent and the availability of pesticide residue is
maximum and the produce is to be consumed within a reasonable time because of
the perishable nature. Organic cultivation besides protecting the environment, has a
greater socio economic impact on a nation. However, the true impact lies necessarily
on the sustainable food production which can go a long way on the environmental
stability and economic vulnerability of a nation. The International Federation of
Organic Agriculture and Movements (IFOAM) has suggested principles to enhance
biological cycles in the farming system, enhance soil fertility, reduce pollution,
evade the application of chemical fertilizers and pesticides, conserve genetic diver-
sity, consider socio-economic impact of food production and produce high quality
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food in sufficient quantity [1]. The National Organic Programme implemented
by USDA Organic Food Production Act (OFPA, 1990) has specified guidelines on
cultivation of crops organically to be acceptable as organic.

Organically produced vegetables contribute more than 20% of the total share
of vegetables in some of the European countries. On the contrary, the market share
of organic vegetables is meager in tropical and subtropical countries and hence is
exported. Due to increasing awareness of organically grown vegetables, countries
like Brazil, Argentina and China have turned towards organic farming.

2. Importance of organic farming

Vegetable crops when grown organically produce lesser yield. However due to
its nutritive quality and storage attributes they are valued well than conventionally
grown vegetables. Organoleptic studies have shown that vegetables like tomato and
potato tastes better when grown organically. Likewise, the fruits had a better taste,
flavor, texture and juicier when compared to conventionally grown ones. Similarly,
organically grown okra and carrots were found to possess better quality attributes
like taste, flavor and sugar content than those grown conventionally.

Excessive nitrate intake is posing a serious threat to human health. Leafy
vegetables, in particular, accumulate more nitrates followed by root vegetables and
potato. Studies have confirmed that organically produced vegetables like potato,
carrot, cabbage beetroot, celery, leak, parsley and lettuce contain lesser levels of
nitrates and higher levels of vitamin C content when compared to conventionally
grown vegetable crops. Similarly, it has been found in studies that organically grown
vegetables accumulate higher content of total sugars, minerals like phosphorous
and magnesium and phenolic compounds in vegetables like carrot, potato, spinach,
brinjal, lettuce and cabbage. Organically grown vegetables like sweet pepper and
brinjal exhibited higher levels of phenolic compounds, peroxidase and capsidol
activity offering resistance to diseases.

3. Status of organic vegetable production

During the past few decades, there is increasing concern on the food safety
which in turn is drawing attention of the farmers, researchers and policy makers
on the alternate production systems like organic cultivation. Organic farming is
estimated to be growing at a rate of 30% a year worldwide in response to the market
needs [2]. The demand for certified organic produce, particularly vegetables is
presently exceeding the supply, thus fetching premium market price. Globally, the
agricultural production system is undergoing a rapid transformation since there is
arise in demand for healthier and environmentally safer food. A larger proportion
of growers are now shifting to organic production practices to meet the increasing
consumer demands.

Organic cultivation has a significant role to play in maintaining the soil fertility
by boosting the microbial flora of the soil. This can substantially lead to increase in
yield, plant composition as well as nutritional quality.

Organic treatments resulted in higher carrot root production compared to
conventional treatments [3]. The yield of cabbage and tomato grown under organic
practices yielded better than that grown under conventional system [4]. Similar
results were obtained in cucumber [5]. Better results in terms of fruit yield in
vegetables could be attributed to the fact that organic amendments of soil changed
the soil dynamics as well as the plant composition and nutritional quality. Organic
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inputs can proportionately increase the microflora which in turn facilitates produc-
tion of substances such as citrate and lactate which combine with soil minerals to
increase the availability of mineral nutrition to the plant roots [6].

Besides increasing the soil fertility status, the nutritional quality of organi-
cally grown vegetables has been found to be appreciable. Higher levels of iron and
magnesium were recorded in vegetable crops like carrot, beetroot, lettuce, kale,
leek, turnip, onion, celery and tomato when grown organically [7]. Vitamin C holds
an important place in the daily recommended diet due to its higher antioxidant
properties. Hence, the focus of many research experiments has been on the vitamin
C content in organically grown vegetables.

Experiments on tomato, celery and kale have shown higher vitamin C content
when they are grown under organic practices than when grown under traditional
systems of cultivation [7]. On an average, the vitamin C content of organically
grown vegetables is 27% more when compared to the conventionally grown vegeta-
bles [6]. Likewise, the vitamin C content in organically grown leafy vegetables was
found to be higher compared to that grown with chemical inputs [8]. Plant system
responds to chemical fertilizer by increasing the production of proteins rather than
carbohydrates since chemical fertilizers are rich sources of nitrogen. However,
vitamin C production is the outcome of carbohydrate production and hence more
quantum of vitamin C is expected to be produced with increased quantities of
organic manures which have lesser nitrogen content and thereby lesser protein
production and more of carbohydrate production.

4. Feasibility of organic practices

Organic farming implies application of composted plant residues and animal
manures and growing legume crops as cover crop to meet the nutrient requirement
of the crop. Soil fertility status is also enhanced by adopting practices like crop
rotation, sequential cropping and also by minimizing the plowing activities. These
techniques have a profound impact in maximizing the carbon sequestration in lands
where organic practices are followed. On the contrary, in lands where conventional
farming practices are adopted increased tillage operations lead to depletion in the
organic matter accompanied by greater loss in mineral composition of the soil. The
annual sequestration rate has been found to increase substantially by upto 3.2tons
of CO,/ha/year by organic farming practices [9] which has a direct implication in
reducing the green house gases.

With the unpredictable climatic condition in the present day, organic farming
which can increase soil water retention capacity can go a long way in fighting the
drought situation. Increased carbon retention in the soil helps in withstanding
climatic challenges as well as soil erosion.

Organic farming requires 28-32% lesser energy compared to the traditional farm-
ing practices as this cuts down the cost on fertilizers, pesticides and machinery [10].

Organic agriculture can potentially lower the green house gas emission [11].
The estimated quantum of green house gas emission due application of chemical
fertilizers is 1000 million tonnes annually. Organic farming can by and large reduce
the Green House Gas emission by sequestering carbon into soil.

5. Sustainability of organic farming

The global human population is projected to expand to 9.3 billion by 2050.
Hence, sustainable production needs to be addressed to meet the increasing food
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requirements of the human population. Sustainable agriculture provides a potential
solution to enable agricultural systems to feed a growing population within the
changing environmental conditions. For successful organic farming maintaining
soil health by addition of organic residues is imperative. However, it may not be
feasible because of continuous sourcing of the crop residues/organic matter which
has become scanty in recent times. Soil health is not only maintaining the carbon
content in the soil but also maintaining a balance between carbon and nitrogen
which is the most important factor that determines the nutrient availability besides
the population dynamics of the microflora in the soil. Unlike conventional agricul-
ture which involves usage of harmful chemical fertilizers and pesticides, organic
farming sustains, maintains and enhances the quality of ecosystem. Though the
plant absorbs nutrient in the simpler forms of nutrients similar to inorganic fertil-
izers, the source of nutrients is important factor to be considered in any organic
farming practices. In the global market, vegetables grown organically fetch higher
price because of its quality consideration and long term storability compared to
inorganic green vegetables.

6. Organic certification

The body, CODEX Alimentarius of the Food and Agriculture Organization of
the United Nations aims to protect the health of the consumers and ensure fair
prices in the international market. Internationally, organic certification is underway
to facilitate international trade between countries. One such body is International
Federation of Organic Agriculture Movement (IFOAM).

USDA organic certification confirms that the farm complies with USDA organic
regulations. Farms are certified by State or Private entities which have been accred-
ited by USDA. Any farm that produces over $5000 annually through organic sales
needs to be certified.

Land utilized for organic vegetable production must not have used chemical
fertilizers, pesticides, Genetically Modified Organisms (GMO’s) for atleast 3 years
prior to growing for organic purpose. Whole farm or part of a farm can be certified
as organic. It is particularly important for vegetable growers to document the last
date of application of prohibited chemicals, particularly when crops like, Lettuce or
Spinach is grown.

7. Organic certification in India

Organic farming in India is showing steady increase. Farmers involved in organic
farming are of three categories viz., farmers of low input zones, traditionally doing
organic farming, farmers who have shifted to organic farming as a result of real-
izing the ill effects of conventional farming and farmers who have ventured into
organic practices to fetch premium price for their produce. In India, the National
Programme on Organic Production (NPOP) has provided the regulatory framework
while National Project on Organic Farming (NPOF) is involved in providing support
for expanding the area under certified organic production [12].

8. Regulatory mechanism

The National Programme on Organic Production (NPOP) offers regula-
tory mechanism to acts for domestic and export markets. NPOP under Foreign
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Trade Development and Regulation Act (FTDR) caters the export requirement
and has been acclaimed by European Union, Sweden and USDA. Hence, any
organic product certified by NPOP can be exported to Europe, Sweden and USA.
Similarly, to meet the domestic demands, NPOP notified under Agriculture
Produce Grading, Marketing and Certification Act (APGMC) comes to play lead
role. Regulatory body of NPOP under FTDR is Agricultural and Processed Foods
Export Development Authority (APEDA) under Ministry of Commerce and NPOP
under APGMC Act is Agricultural Marketing Advisor (AMA) under Ministry

of Agriculture. Accreditation of Certification and Inspection Agencies is being
granted by a common National Accreditation Body (NAB) [12].

9. Need for certification

Certification ensures quality produce. “Certified Organic” serves as a product
assurance to consumers. Certification necessarily aims to regulate and facilitate the
sale of organic vegetables to consumers.

10. Certification process

In order to ensure certification by any agency, the producer has to satisfy the
following criteria:

* Adherence of the organic standards as prescribed by the certification authority.

* The production practices and farm facilities have to comply with the norms
and standards.

* Detailed documentation of the entire farming procedures adopted and farm
facilities is required.

* Periodical inspection by the authorities concerned.

11. Product labeling

Organic legislation defines three levels of organic labelling in many countries.
Products are given a “100% organic” label when the products are made entirely
with certified organic ingredients. Products with the label “Organic” indicate 95%
organic ingredients being used. The third label “made with organic ingredients”
shows that a minimum of 70% of organic ingredients has been used.

12. Prospects and constraints of organic vegetable production

There is immense scope for organic production of vegetable crops in India since
the agricultural sector has enormous organic resources like crop residues, livestock
and other bio-products from agro industries. Organic farming is growing at a rapid
pace among Indian farmers and entrepreneurs, particularly in rainfed and hilly
areas where fertilizer consumption is less than 25 kg/ha/year [13].

Market development, particularly domestic sector continues to be one of the
biggest challenges in organic farming. Lack of infrastructural facilities for post
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production practices also poses a challenge as it sets a constraint in meeting the
organic standards. Similarly the cost involved in certification process and the
extensive documentation procedure is a major setback.

13. Conclusion

Organic agriculture is growing in many countries where there is self sufficiency
in vegetable production. On the contrary in economically backward and developing
world, feeding the population with adequate growing of vegetable assumes first
priority.

The impediment to adopting organic cultivation practices in vegetable crops is
the higher input cost. However, considering the environmental concerns and long-
term sustainability of organic farming, the worthiness of the added costs has to be
educated among the producers and entrepreneurs.
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