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ABSTRACT

Fruits and vegetables contain a wide variety of phytochemicals including thousands of
bioactive compounds, many of which are implicated with health effects like protective
action against heart disease, hypertension, diabetes and some form of cancer. The present
study involved to estimate the content of vitamin C and total phenol and assessing the
antioxidant activity in the hydrophilic extracts from edible portions of five different fruits
and five vegetables commonly consumed by Bangladeshi people. The fruits analyzed
included a total of 11 varieties from Banana, Guava, Lemon, Mango and Pineapple, and
the vegetables covering a total of 17 varieties included Bottle Gourd, Brinjal, Pumpkin,
Radish and Tomato — all the varieties of a particular fruit or vegetable followed a
standard cultivation system in the research field of Bangladesh Agricultural Research
Institute (BARI). After collection, samples were prepared by washing (under running tap
water followed by distilled water), air-drying, dressing and weighting of refusal. A
portion of the edible parts of fresh sample was used for the analysis of Vitamin C content
employing the principles and techniques of High-Performance Liquid Chromatography
(HPLC). The remaining portion was freeze-dried at -180°C, weighed, ground and stored
in air tight package at -20°C until sequential extraction by Hexane: Dichloromethane
(1:1) followed by acetone: water: acetic acid (70:29.5:0.5) to get the hydrophilic extracts
for the estimation of Total Phenol Content (TPC) and Antioxidant Activity (AA)
according to the Folin-Ciocalteu method and 2, 2-diphenyl-1-1-picrylhydrazyl radical
scavenging assay (DPPH-RSA) respectively. Vitamin C content (mean+SD), expressed
as mg L-Ascorbic Acid (L-AA)/100 g fresh weight (FW), of different varieties of fruits
and vegetables respectively varied from 1.03+0.15 in Banana (BARI Kola-2) to
71.57+2.83 in Guava (BARI Peara-2) and 0.33+0.05 in Brinjal (BARI Hybrid Begun-3)
to 14.43+0.21 in Radish (BARI Mula-2: Pinky). For vegetables, TPC (mean+SD),
expressed as pg Galic Acid Equivalent (GAE)/100g FW, ranged from 0.07x10%+0.00 in
Radish (BARI Mula-3: Druti) to 3.23x10%+0.24 in Brinjal (BARI Begun-1: Uttara). For
fruits, TPC varied from 0.14x10%+0.01 in Pineapple (Justice) to 11.31x10*+0.11 in
Guava (BARI Kazi Peara). Among the fruits, the highest AA (mean = SD), 428.40+4.50
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MM Trolox Equivalent (TE)/100g FW was observed in Guava (BARI Peara-2) and the
lowest in Lemon (BARI Lebu-3) at a level of 6.41+0.0 uM TE/100g FW. In vegetables,
AA (meanzSD) ranged from 3.00+1.20 uM TE/100g FW in Bottle Gourd (BARI Lau-3)
to 107.00+£24.78 uM TE/100g FW in Brinjal (BARI Begun-8). In two varieties of Guava
(BARI Kazi Peara and BARI Peara-2), AA, TPC and Vitamin C were high of all the
values. The Vitamin C content of Lemon (BARI Lebu-3) was high although its AA was
negligible with TPC being below the detection level. BARI Aam-3, a variety of Mango
demonstrated high AA and Vitamin C while TPC was low. TPC was high in two varieties
of Banana (BARI Kola-1: BARI Sagar Kola, BARI Kola-2). Three varieties of Brinjal as
BARI Begun-1: Uttara, BARI Begun-4: Kajla and BARI Begun-8 showed AA and TPC,
and two varieties of Radish like BARI Mula-2: Druti and BARI Mula-3: Pinky
demonstrated Vitamin C in highest position among all studied vegetables. The findings of
the present study indicates that some of the selected varieties of fruits and vegetables
cultivated by BARI contain considerable amount of Vitamin C and Phenolic compounds
that may serve as a potential source of dietary antioxidants in order to help the balance of

body’s antioxidant defense system against oxidative stress.
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1.1 Background

An increasing number of evidence indicates the role of reactive oxygen species (ROS)
such as peroxyl radicals (ROO), hydroxyl radical (HO"), superoxide anion (O,*-) and
singlet oxygen (*O,) in the pathophysiology of aging and different degenerative diseases
such as cancer, cardiovascular diseases, Alzheimer’s disease and Parkinson’s
disease™.Living cells possess a protective system of antioxidants, which prevents the

formation and enables inactivation of ROS and reactive nitrogen species (RNS).

Oxygen, an element indispensable for life, can adversely affect the human body under
certain circumstances. Oxidation processes are very important to living organisms. Most
of the potentially harmful effects of oxygen are due to the formation of reactive oxygen
species (ROS). The uncontrolled production of ROS and the unbalanced mechanism of
antioxidant protection result in the onset of many diseases and accelerate ageing. ROS are
a class of highly reactive molecules formed during aerobic life in living organisms and
include superoxide anion radicals (Oze-), hydroxyl radicals (OH¢), and non free-radical
species, such as H,O, and singlet oxygen (*O,)°. There is a balance between the
generation of ROS and inactivation of ROS by the antioxidant system in organisms.
When there is imbalance between ROS and antioxidant defense mechanisms, ROS lead

to oxidative modification in cellular membranes or intracellular molecules®>.

In recent years there has been a remarkable progress in scientific studies dealing with
oxidative stress. Several reasons justify this trend: knowledge about reactive oxygen and
nitrogen involved in metabolism; definition of markers for oxidative damage; evidence
linking chronic diseases and oxidative stress; identification of flavonoids and other
dietary polyphenol antioxidants present in plant foods as bioactive molecules; and
epidemiological data supporting the idea that health benefits associated with fruits,
vegetables and red wine in the diet are probably linked to the polyphenol antioxidants

they contain.
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Most recent research findings and advanced knowledge in food biochemistry and
molecular biology strongly supports the hypothesis that food can modulate various
functions in the body in addition to supply the basic nutrients. Considerable interest has
been focused on dietary antioxidants with reference to their protective effect against

oxidative damage®’.

The majority of antioxidants taken with the diet are of plant origin. The richest sources of
antioxidants are fruits, vegetables, herbs, and grains. The compounds that are the most
significant for the antioxidant properties of these raw materials are polyphenols, vitamins
A, C, and E, carotenoids etc®. Vitamin C an electron donor and therefore a reducing agent
is called an antioxidant because, by donating its electrons, it prevents other compounds
from being oxidized. However, by the very nature of this reaction, vitamin C itself is
oxidized in the process. Again, there are hundreds of polyphenols with antioxidant
activity that are potential contributors to the antioxidant mechanisms in humans and
animals in general. These compounds are excellent candidates to explain the health
benefits of diets rich in fruits and vegetables, although there is still not enough
information on food composition data, bioavailability, interaction with other food

components and biological effects’.

Epidemiological studies have shown that diet rich in vegetables and fruits significantly
reduce the incidence of chronic diseases such as cancer and cardiovascular disease
1011and increasing their consumption is a practical approach for chronic diseases
prevention *2. Studies have confirmed the health benefits of consumption of high fruits
and vegetables, low intake of fruits and vegetables is estimated to cause about 19% of
gastrointestinal cancer, 31% of ischemic heart disease and 11% of stroke’®. The World
Health Organization and Food and Agricultural Organization (2003) recommended the
daily consumption of at least 400 g of fruit and vegetables for the prevention of heart
disease, cancer, type 2 diabetes and obesity™. The protective effects of vegetables and
fruit may be contributed by their antioxidant content™®. These antioxidants may help to

relieve oxidative stress, i.e. preventing free radicals from damaging biomolecules such as
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proteins, DNA, and lipids*’. Through additive and synergistic effects, the complex
mixture of phytochemicals in vegetables and fruit may provide better protection than a

12
I

single phytochemical™, one of the reasons why diet rich in fruits and vegetables from

different colour groups is recommended*®.

Establishing data on the antioxidant content of a wide range of vegetables and fruit would
be useful for epidemiological research and providing support for dietary guidelines. To
encourage fruit consumption among the population it is important to recognize which
fruits have the highest antioxidant activity and to promote their regular consumption.
Therefore, the main objective of the current work was to estimate the hydrophilic
antioxidant capacity, vitamin C and total phenol content of selected varieties of
commonly consumed fruits and vegetables of Bangladesh.

1.2 Rationale of the study

Significant number of epidemiological studies have indicated that the oxidative stress
imposed by Reactive Oxygen Species (ROS) plays an important role in many chronic and
degenerative diseases, such as cardiovascular diseases, cancer, diabetes mellitus,
neurodegenerative diseases and ageing™**%. The scavenging of ROS is thought to be an
effective measure to depress the level of oxidative stress in organisms for prevention and

treatment of some chronic and degenerative diseases 2.

Food can modulate various functions of the body, helps to scavenge free radicals owing
to the presence of antioxidant nutrients e.g. provitamins, vitamins, minerals as well as
non-nutrient bioactive compounds e.g. polyphenols. In recent times, polyphenol
compounds present in foods, drew the attention of researchers as a strong antioxidant, as
they help to neutralize the free radicals in human body and thus delay the ageing process

and also the oxidative damage of tissues, cells, DNA.

Fruits and vegetables are good sources of natural antioxidants, vitamins and minerals,
which can play roles to maintain the optimum level of free radical by scavenging ROS in

the body. Various studies have demonstrated that intakes of fruits and vegetables rich in
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antioxidants are inversely associated with the risk of many chronic diseases, such as
cardiovascular diseases and cancer %?°.Flavonoids, a large family of compounds with a
Cs-C3-Cs skeleton structure, are the most abundant polyphenols in human diets.
Polyphenols are regarded as basic to human health and have broad pharmacological
effects on human health, especially in prevention of age-related diseases®. Besides
phenolic and flavonoid compounds, ascorbic acid (vitamin C) is usually considered to be
one of the main reducing substances in fruits and vegetables. Following cereal foods,
fruits and vegetables played the second most important role in the traditional Bangladeshi
diet.

Due to life styles changes in Bangladesh, some chronic and degenerative diseases, such
as cardiovascular diseases, cancer, diabetes mellitus, neurodegenerative diseases and
ageing, have increased in both cities and countryside®’. For preventive management of
chronic disease, it is necessary to know the information about Antioxidant Activities in
commonly consumed fruits and vegetables. Reliable data on the bioactive compounds of
foods for human consumption are essential for many areas of endeavor including health
assessment, formulation of appropriate institutional and therapeutic diets, nutrition
education, food and nutrition training, epidemiological research on the relationship
between diet and diseases, plant breeding, food policy and regulation, and for a variety of

application in agriculture, trade, research and development.

In recent years, there has been a great deal of research on the antioxidant capacities of
fruits and vegetables in Bangladesh. Couple of research works already be done in INFS
with specific vegetables®®®, fruits*, medicinal plants®®, spices® and organic and
inorganic varieties of two vegetables®’. However, the samples of these studies were either
indigenous variety or composite mixture of food. But new high yielding varieties of fruits
and vegetables have been developed by utilization of modern technology of different
agricultural research institutes of Bangladesh. And it becomes necessary to determine and
compare the nutritive values of these new varieties and recommend varieties with highest

nutritive value for production, marketing and consumption.
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The present study takes an attempt to estimate and compare the Hydrophilic Antioxidant
activity (AA), Vitamin C and Total Phenol Content (TPC) of selected varieties of
commonly consumed fruits and vegetables of Bangladesh grown for Standard Cultivation
Practice by Bangladesh Agricultural Research Institute (BARI). The result of this study
will give valuable message and enrich not only nutritional area but also agricultural and
public health sector as well. No such study has been found conducted with this specific

issue in Bangladesh.
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1.3 Objective of the study

General objective

To estimate the hydrophilic Antioxidant Activity, Vitamin C and Total Phenol Content
(TPC) of selected varieties of commonly consumed fruits and vegetables of Bangladesh
grown for Standard Cultivation Practice by Bangladesh Agricultural Research Institute
(BARI).

Specific objectives

1. To determine the hydrophilic Antioxidant Activity (AA) of selected varieties of
commonly consumed fruits and vegetables.

2. To determine the varietal differences in hydrophilic Antioxidant Activity (AA) of
selected varieties of commonly consumed fruits and vegetables.

3. To determine the Total Phenol Content (TPC) of selected varieties of commonly
consumed fruits and vegetables.

4. To determine the varietal differences in Total Phenol Content (TPC) of selected
varieties of commonly consumed fruits and vegetables.

5. To estimate the amount of vitamin C (L-Ascorbic Acid) of selected varieties of
commonly consumed fruits and vegetables by HPLC method.

6. To determine the varietal differences in vitamin C (L-Ascorbic Acid) content of
selected varieties of commonly consumed fruits and vegetables.

7. To determine the correlation between hydrophilic Antioxidant Activity (AA) and
Total Phenol Content (TPC) of commonly consumed fruits and vegetables and

their varieties.
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2.1 Introduction to antioxidant

The biological antioxidants are compounds that protects biological systems against the
potentially harmful effects of processes or reactions that causes excessive oxidation.
Hydrophilic compounds, such as vitamin C, thiols and flavonoids, as well as lipophilic
compounds, such as Vitamin E, Vitamin A, Carotenoids and ubiquinols are the best
known natural antioxidants. Many of these compounds are of special interest due to their
ability to reduce the hazard caused by reactive oxygen and nitrogen species (ROS and

RNS). Some are free radicals, and havebeen associated with lowered risks of cardio

vascular®®?°,

2.1.1 Antioxidants and free radicals

Free radicals may naturally produce in human body and the antioxidants can neutralize
the damaging effect of free radicals. Most of the times, free radicals be more numerous
than the naturally occurring antioxidants. It is important to maintain the balance between
antioxidant and free radical in human body for obtaining the maximum benefits of
antioxidants. From the bloodstream, antioxidant helps to remove and neutralize free

radicals™.

Free radicals are unstable compounds in the body that will "do anything” to become
stable, which they do by stealing an electron from another molecule. In the process they
make the other molecule unstable, and by this method, they cause tissue damage, which
must be repaired to maintain health. Free radicals are chemically active atoms that have a
charge due to an excess or deficient number of electrons. Examples of free radicals are
the superoxide anion, hydroxyl radical, transition metals such as iron and copper, nitric

acid, and ozone*.
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Figure 2.1: Free radical creation and neutralization

[

The most biologically active free radicals is called reactive oxygen species (ROS)ROS
include the superoxide radicals and hydroxyl radical, with oxygen derivatives. The main
difference from ROS to hydrogen peroxide, singlet oxygen, hypochlorous acid is that
ROS do not have any unpaired electron. But ROS have one or more unpaired electrons.
For this reason they are extremely unsteady. They scavenge human body to take or
donate electrons, and then damage cell*®.

2.1.2 How Antioxidants work

The main work of Antioxidants to check the oxidation process in human body by
neutralizing free radicals. During neutralization antioxidants become oxidized.
Antioxidants work in two ways:

e Chain-breaking -Antioxidants nutrients like beta-carotene and vitamins C and E
usually follow this way to terminate the continuous chain forming process of free
radicals.

e Preventive - Some antioxidants like antioxidant enzymes (superoxide dismutase,
catalasse and glutathione peroxidases) can prevent oxidation by reducing the rate

of chain initiation®.
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Figure 2.2: Action of antioxidant

2.1.3 Types of Antioxidants

2.1.3.1 Antioxidant nutrients
Antioxidants from our diet appear to be of great importance in controlling damage by free

radicals. Each nutrient is unique in terms of its structure and antioxidant function®.

e Vitamin C: It scavenges free radicals that are in an aqueous (watery)
environment, such as inside our cells. Vitamin C works synergistically with
vitamin E to quench free radicals. Vitamin C also regenerates the reduced (stable)

form of vitamin E.

e Vitamin E: Alpha-tocopherol, the most widely available isomer, has the highest
biopotency or strongest effect in the body. Because it is fat-soluble (and
can only dissolve in fats), alpha-tocopherol is in a unique position to safeguard

cell membranes -- largely composed of fatty acids -- from damage by free


http://www.howstuffworks.com/fat-cell.htm
Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

radicals. Alpha-tocopherol also protects the fats in low-density lipoproteins
(LDLs, or the "bad™ cholesterol) from oxidation.

e Beta-carotene: There are 600 carotenoids identified. It is thought to be the best
quencher of singlet oxygen (an energized but uncharged form of oxygen that is
toxic to cells). Beta-carotene is also especially excellent at scavenging free
radicals in low oxygen concentration.

e Selenium It forms the active site of several antioxidant enzymes including

glutathione peroxidase.

ol Primary internal

Antioxidants complete the
/ Catalase \ defense system

Glutathione
Peroxidase
\
Glutathioe, CoQ10 \ Secondary
Dietary

Antioxidants play,
a Buffering role,

not are rapidly
/ Flavonoids, VitaminA,C \saturated
/ Minerals, Protein \ﬁ

Figure 2.3: Increasing protective effect of antioxidant nutrients and enzymes

Carotinoids, Vitamin E
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2.1.3.2 Antioxidant enzymes

Antioxidant Enzymes Superoxide dismutase (SOD), Catalase (CAT), Glutathione
peroxidase (GPx) serve as primary line of defense in destroying free radicals.

SOD first reduces (adds an electron to) the radical superoxide (O;) to form hydrogen

peroxide (H,0,) and oxygen (O,).

20, + 2H--SOD--> H,0, + O,

Catalase and GPx then work simultaneously with the protein glutathione to reduce

hydrogen peroxide and ultimately produce water (H20).

2H,0, -- CAT--> H,O0 + O,
H,0; + 2glutathione -- GPx--> oxidized glutathione + 2H,O

2.1.4 Health benefits of Antioxidants
Antioxidants benefit the health by scavenging free radicals in bloodstream. The health

benefits of antioxidants are:

e Antioxidants can support kidney function, immune and respiratory systemé& can
improve defense power of the body.

e They improve reproductive function, nervous system functioning and also quality
of sleep.

e They maintain good dental health and healthy vision.

e They protect liver and prevent digestive disorder.

e They can reduce obesity and have anti-ageing effect.

e They can even protect the skin from sun damage, and reduce the incidence of

sunburn.
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Although antioxidants aren't proven to treat any conditions, research has shown that
antioxidants have also been implicated in the prevention of a number of degenerative,

age-related diseases, including®:

e Cancer

e Cardiovascular disease
e Cognitive impairment
e Immune dysfunction

e Cataracts

e Macular degeneration

e Alzheimer's

2.1.5 RDAs for dietary antioxidants

Since the last publication of the RDAs in 1989, the Food and Nutrition Board (FNB) has
changed the criteria for establishing RDAs from prevention of deficiency diseases to
prevention of chronic diseases. Recently published revised RDAs by the FNB is based on
the prevention of deficiency symptoms has little difference from the previous one (based
on the prevention of chronic diseases)*®.

Table 2.1: The new and old RDA of the dietary antioxidants for the adults (19 years

and older)
Antioxidants The new RDA The old RDA

Men Women Men Women
Vitamin C 90 mg/day 75 mg/day 60 mg/day 60 mg/day
vitamin E 15 mg/day 15 mg/day 10 mg/day 8 mg/day
Selenium 55 p/day 55 p/day 70 p/day 55 p/day
beta-carotene and | No references | No references | No references | No references
other carotenoids
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2.1.6 Sources of Antioxidants in food

Plant foods are rich sources of antioxidants. They are most abundant in fruits and

vegetables, as well as other foods including nuts, whole grains and some meats, poultry
andfish*’.

Good sources of specific antioxidants include:

vitamin A — liver, sweet potatoes, carrots, milk, and egg yolks

vitamin C — oranges, blackcurrants, kiwifruit, mangoes, broccoli, spinach, capsicum
and strawberries

vitamin E — vegetable oils (such as wheat germ oil), avocados, nuts, seeds and whole
grains

beta-carotene — pumpkin, mangoes, apricots, carrots, spinach and parsley

ycopene — tomatoes, pink grapefruit and watermelon

cryptoxanthins — red capsicum, pumpkin and mangoes

selenium — seafood, offal, lean meat and whole grains

zinc — seafood, lean meat, milk and nuts

copper — seafood, lean meat, milk and nuts

manganese — seafood, lean meat, milk and nuts

polyphenols — thyme and oregano

flavonoids — tea, green tea, citrus fruits, red wine, onion and apples

isoflavonoids — soybeans, tofu, lentils, peas and milk

allium sulphur compounds — leeks, onions and garlic

anthocyanins — eggplant, grapes and berries

catechins — red wine and tea

indoles — cruciferous vegetables such as broccoli, cabbage and cauliflower

lignans — sesame seeds, bran, whole grains and vegetables

lutein — green, leafy vegetables like spinach, and corn

zoochemicals — red meat, offal and fish. Also derived from the plants that animals

eat.
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2.1.7 High-dose antioxidant supplements

High-dose vitamin E supplements are sometimes responsible for prostate cancer and
hemorrhagic stroke and may rise the risk of bleeding inhuman. Some research works
recommend that antioxidant supplementation is helpful during cancer treatment hence,

some studies suggested the opposite.

2.2 Introduction to phenolic compounds

Several hundreds of different polyphenols have been identified in foods. They comprise a
wide variety of molecules that have a polyphenol structure (i.e. several hydroxyl groups
on aromatic rings), but also molecules with one phenol ring, such as phenolic acids and
phenolic alcohols. All plant based foods have phenols, which affect their appearance,
taste, odor and oxidative stability. Polyphenols are divided into several classes; the main
groups of polyphenols are: flavonoids, phenolic acids, phenolic alcohols, stilbenes and

lignans*®4°.

2.2.1 Phenolic compounds

Several different routes are involved for the biosynthesis of phenolic compounds. The

two basic pathways are:

e Shikimic acid pathway- most of the plant phenolics are biosynthesized by this
pathway.
e Malonic acid pathway-important source of phenolic secondary products in lower

plants.

The general breakdown of plant-based phenols is given following page (Fig-2.4).
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Figure 2.4: The general breakdown of plant-based phenols
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2.2.2 Phenolic compounds and their sources

Flavonoids: Flavonoids share a common carbon skeleton of diphenyl propanes, two
benzene rings joined by a linear three carbon chain. The central three carbon chain may
form a closed pyran ring with one of the benzene rings. Flavonoids are themselves
distributed among several classes, depending on the oxidation state of the central pyral

ring: flavonols, flavones, flavanones, isoflavones, anthocyanidins and flavanols.
Flavonols: The common sources of flavonols are:

Onions

Broccoli
Blueberries

Tea and red wine

Flavones: They are the less common flavonoids. Only Parsley and celery are the

common sources of flavones.

Flavanones: High concentration of flavanones is present only in citrus fruit. But it is also

found in tomato and mint®°.

Isoflavones: Legumes are the exclusive source of isoflavones. They are present in

e Soybeans (contain between 140 and 1530 mg isoflavones/kg fresh wt) and
e Soya milk(contain between 12 and 130 mg/L51-52. isoflavones/kg fresh wt)

Anthocyanins: They occur primarily as glycosides of their respective aglycones form,
called anthocyanidins. They are widely distributed in human diet; such red wine, cereals,

vegetables but they are very common in fruit.

Flavanols: They are not glycosylated in foods. The main sources of flavanols are fruit

and tea.

Phenolic acids: One of the most common phenolic acids is caffeic acid, present in many

fruits and vegetables, most often esterified with quinic acid as in chlorogenic acid, which
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is the major phenolic compound in coffee. Another common phenolic acid is ferulic acid,

which is present in cereals and is esterified to hemicelluloses in the cell wall.

Phenolic alcohols: Tyrosol (4-hydroxy phenylethanol) and hydroxyl tyrosol (3,4-
dihydroxy phenylethanol) are the main phenolic alcohols.they are contained mainly in
extra virgin olive oil (40.2 and 3.8 mg/kg respectively). Tyrosol is also present in red and

white wines and beer>?,

Stilbenes: low quantities of stilbenes are present in the human diet and the main
representative is resveratrol. It has been detected in more than 70 plant species, including
grapes, berries and peanuts. The fresh skin of red grapes is particularly rich in resveratrol
(50-100 g/kg net weight) which contributes to a relatively high concentration of

resveratrol in red wine and grape juice

Lignans: linseed represents the main dietary source, containing up to 3.7g/kg dry wt of
secoisolariciresinol. Intestinal microflora metabolizes lignans to enterodiol and

enterolactone®.

Most of these compounds have received considerable attention as potentially protective
factors against human chronic diseases (cataract, muscular degeneration, diabetes

mellitus, cancer, and cardiovascular disease and neurodegenerative diseases).

Most recent screening of the Bangladeshi indigenous and commonly consumed foods for
their health beneficial role, that is, total polyphenol content, anti-oxidant, anti-
inflammatory and anti-allergic roles showed that significant number of foods has in vitro
anti-inflammatory and anti-allergic activity and also showed higher Oxygen Radical

Absorbance Capacity (ORAC) value, e.g. Tea, spices, fruits etc®
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2.2.3 Polyphenols: food sources and bioavailability®

Table 2.2: Polyphenols in foods

Name of Polyphenols | Source (serving Content of Polyphenol
present in foods size) i
By wt or vol | By serving
(mg/kg FW or | (mg/serving)
mg/L)
Hydroxybenzoic acid (2,6) | Blackberry(100g) 80-270 8-27
Hydroxycinnamic acid (2, | Blueberry (1009) 2000-2200 200-220
5-7)
Plum (200g) 140-1150 28-230
Coumaric acid )
Aubergine (200g) 600-660 120-132
Ferulic acid
Apple (200g) 50-600 10-120
Sinapic acid
Anthocyanins (8-10) Aubergine (200g) 7500 1500
Cyanidin Blackberry(100g) 1000-4000 100-400
Flavonols (11-18) Yellow onion (100g) | 350-1200 35-120
Quercetin Curly Kale (200g) 300-600 60-120
Kaempferol Leek (2009) 30-225 6-45
Myricetin Cherry Tomato (200g) | 15-200 3-40
Broccoli (2009) 40-100 8-20
Beans (2009) 10-50 2-10
Tomato (2009) 2-15 0.4-3.0
Flavones (11-12, 14, 18) Parsley (59) 240-1850 1.2-9.2
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Apigenin Celery (200g) 20-140 4-28
Flavanones (19-21) Orange juice | 215-685 40-140
(200mL)
Isoflavones (22-25) Soy flour (759) 800-1800 60-135
Daidzein Soybeans, boiled | 200-900 40-180
o (2009)
Genistein 250-900 25-90
Miso (100g)
Monomeric flavanols (6, 17, | Chocolate (509) 460-610 23-30
26, 27)
Beans (200g) 350-550 70-110
Catechin
Grape (2009) 30-175 6-35
Epicatechin
Blackberry (100g) 130 13
Apple (200g) 20-120 4-24
Green tea (200 mL) | 100-800 20-160
Black tea (200mL) 60-500 12-100

This table is adapted from the article Manach C, Scalbert A, Morand C, Rémésy C,
Jime'nez L. Polyphenols: food sources and bioavailability. Am J Clin Nutr. 2004; 79:
72747
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2.2.4 Protection by dietary polyphenols

Dietary polyphenols has protective factors against different diseases. They can scavenge

reactive oxygen species (ROS) because they have strong antioxidant properties’. They

can protect human prostate cells, colon cancer cells, hepatocytes, leukemia cells, breast

cancer cells, and oral epithelial cells®®. They have-

antioxidant effects,

cardio and hepatoprotective effects,
anticarcinogenic effects,

antimicrobial and antiviral effects, and

anti-inflammatory effects®>%,

Different biological processes in human body are affected by polyphenols, such as:

altered gene expression,

increased apoptosis,

decreased platelet aggregation,

increased blood vessel dilation,

modulated intercellular signaling,

P-glycoprotein activation, and

modulation of enzyme activities associated with carcinogen activation and

detoxification®..

Again, they work as chelating agent, ie, iron, decreasing their ability to promote ROS

formation through Fenton chemistry

62,63

2.2.5 Classification and structures of phenolic compounds

The general classification of phenolic compounds is presented in the following page:
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p-coumaric acid Protocatechuic acid
Caffeic acid Gallic acid
Ferulic acid Gentisic acid
Sinapic acid Syringic acid
Hydroxycinnamic acids Hydroxybenzoic acids Umbelliferone
£ T L] Esculetin
Scopoletin
Phenolic acids Coumarins
Simple phenols
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Phenolic compounds
Polyphenols
I
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¥l id Stilbenes Lignans Tannins
AVOonoids Resveratrol Secoisolariciresinol Proanthocyanidins
Piceid Matairesinol Gallotannins
Pinosylvin Pinoresinol Ellagitannins
Flavonols Flavones Isoflavones Flavanones Flavanols Anthocyanins Chalcones
Kaempferol Luteolin Daidzein Naringenin (Flavan-3-ols) Delphinidin Phloretin
Quercetin Apigenin Genistein Hesperetin Catechin Cyanidin Phloridzin
Myricetin Tangeretin Neohesperidin Epicatechin Pelargonidin Arbutin
Eriodictyol Epigallocatechin Petudinin
Gallocatechin Malvidin

plant polyphenol®>

Figure 2.5: Classification of phenolic compounds

Phenolic compounds, or polyphenols, constitute one of the most numerous and widely-
distributed groups of substances in the plant kingdom. More than 8,000 phenolic structures were
currently known. They produced from the secondary metabolism of plants. They have an
aromatic ring with one or more hydroxyl substituent. Table- 2.3 represents the major classes of
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Table 2.3: The major classes of phenolic compounds in plants®

Number of carbon Basic Class Examples
atoms skeleton
6 C6 Simple phenols Catechol, hydroquinone
Benzoquinones 2,6-Dimethoxybenzoquinone
7 C6-C1 Phenolic acids Gallic, salicylic
8 C6-C2 Acetophenones 3-Acetyl-6-
Tyrosine derivatives methoxybenzaldehyde
Phenylacetic acids Tyrosol
p-Hydroxyphenylacetic
9 C6-C3 Hydroxycinnamic acids Caffeic, ferulic
Phenylpropenes Myristicin, eugenol
Coumarins Umbelliferone, aesculetin
Isocoumarins Bergenon
Chromones Eugenin
10 C6-C4 Naphthoquinones Juglone, plumbagin
13 C6-C1-C6 Xanthones Mangiferin
14 C6-C2-C6 Stilbenes Resveratrol
Anthraguinones Emodin
15 C6-C3-C6 Flavonoids Quercetin, cyanidin
Isoflavonoids Genistein
18 (C6-C3)2 Lignans Pinoresinol
Neolignans Eusiderin
30 (C6-C3-C6)2 Biflavonoids Amentoflavone
n (C6-C3)n Lignins
(C6)n Catechol melanins
(C6-C3-C6)n Flavolans (Condensed

Tannins)
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Table 2.3 is adapted from the article -Harborne J B. Plant phenolics. In: Bell EA, Charlwood BV
(eds). Encyclopedia of Plant Physiology, volume 8. Secondary Plant Products, Springer-Verlag,
Berlin Heidelberg New York. 1980; 329-395

Figure 2.6 shows the basic structure and the system used for the carbon numbering of the
flavonoid nucleus. Structural variations within the rings subdivide the flavonoids into several
families: flavonols, flavones, flavanols, isoflavones, antocyanidins and others. These flavonoids
often occur as glycosides, glycosylation rendering the molecule more water-soluble and less
reactive toward free radicals. The sugar most commonly involved in glycoside formation is
glucose, although galactose, rhamnose, xylose and arabinose also occur, as well as disaccharides
such as rutinose. The flavonoid variants are all related by a common biosynthetic pathway,
incorporating precursors from both the shikimate and the acetate-malonate pathways®. Further
modification occurs at various stages, resulting in an alteration in the extent of hydroxylation,
methylation, isoprenylation, dimerization and glycosylation (producing O- or C-glycosides).
Phenolic compounds act as antioxidants with mechanisms involving both free radical scavenging

and metal chelation. They have ideal structural chemistry for free radical-scavenging activities®”’.

OH

Figure 2.6: Basic structure of Flavonoids (C6-C3-C6)

The starting point for all products is 4-hydroxy-cinnamic acid (p-coumaric acid) which

derives from phenylalanine; 4-hydroxycynnamic acid may be further substituted in the 3
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and 5 positions by hydroxyl or methoxyl groups to yield caffeic, ferulic and sinapic
acids- compounds ubiquitous in plant tissues. A variety of compounds, such as benzoic
acid and derivatives, styrenes, acetophones and gingerols, are formed from
hydroxycynnamic acid by chain shortening or lengthening without ring formation. Higher
molecular weight compounds are formed either by a radical driven coupling of
hydroxycynnamy! units to form the lignins, or by series of condensation reactions with

malonyl residues to give the xanthones, stillbenes and flavonoids.

2.2.6 Flavonoids and other phenolic compounds

These are found in fruits, vegetables, coffee, tea and alcoholic beverages. Over 2000
individual flavonoids have been described. The class includes flavones, flavonols and
flavonones; most occur in nature as glycosides. Quercetin, kaemferol and myricetin are
flavonls widely distributed in berries, tomatoes, potatoes, broad beans, broccoli, squash

1. Flavonoids act as

and onions; radishes, kale and endive are rich in kaemfero
antioxidants and metal chelators. By protecting low density lipoprotein (LDL) cholesterol
from oxidation and by inhibiting platelet aggregation, flavonoids may protect against
heart disease. Unlike plant alkaloids, flavonoids are generally considered to be non-toxic.
Phenolic compounds are also involved in the induction of detoxification systems, and
some inhibit N-nitrosation reactions by trapping nitrate to C-nitrosophenolic compounds.
Important simple phenolic molecules, found in freshly harvested vegetables and fruits

and in teas, wines, caffeic, ellagic and ferrulic acids and their respective glycosides®.
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Figure 2.7: Classification and chemical structure of major classes of dietary polyphenols.

As a chemical family, polyphenols can be divided into at least 10 different classes
depending on their basic chemical structure (Figure 2.7). The most common and
important low molecular weight phenolic compounds are simple phenolic derivatives and

flavonoids.
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2.2.6.1 Quercitin
Quercitin is a flavonoid and, to be more specific, a flavonol. It is the glycone form of a
number of other flavonoid glycosides, such as rutin and quercitrin, found in citrus fruit,

buck wheat and onions. It helps to prevent cancer ®.

Figure 2.8: Quercitin

2.2.6.2 Epicathecin

Cocoa, the major ingredients of dark chocolate, contains relatively high amount of
epicatechin and has been found to have nearly twice the antioxidant content of red wine
and up to three times that of green tea. Epicatechin improves blood flow and thus seems

good for cardiac health™.

HO o

OH

Figure 2.9: Epicatechin
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2.2.6.3. Tannins

Proanthocyanidins extracts demonstrate a wide range of pharmacological activity. Their
effects include increasing intracellular vitamin C levels, decreasing capillary permeability
and fragility, scavenging oxidants and free radicals and inhibiting destruction of collagen,

the most abundant protein in the body".

Figure 2.10: Tannins

2.2.6.4. Chalcone

Chalcone is an aromatic ketone that forms the central core for a variety of important
biological compounds, which are known collectively as chalcone. They show
antibacterial, antifungal, antitumor and anti-inflammatory properties. Some chalcones
demonstrated the ability to block voltage dependent potassium channels. They are also
intermediates in the biosynthesis of

flavonoid™ "°.

HsC._CHs

oH
HOOH ‘
I

H30’O °
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Figure 2.11: Chalcone
2.2.7 Phenolic acids

Phenolic acids are derivatives of benzoic and cinnamic acids and are present in all
cereals, freshly harvested vegetables, fruits, tea and in wines. There are two classes of
phenolic acids: hydroxybenzoic acids and hydroxylcinnamic acids. Hydroxybenzoic acid
contains Gallic acids, p-hydroxybenzoic, vanillin, syringic, and protocathechic acids.

The major phenolic acids are ferrulic and p-coumeric acids>".

2.2.8. Avenanthramides

Aventhramides consist of an anthranilic acid derivative linked to a hydrixycynnamin acid
derivative. Its level range from 40-132 pg/g in the grain; they are heat stable during
processing®. These compounds are bioavailable, and they have anti-inflammatory, anti-

antherogenic and antioxidant properties ®°

R>
R4« E o
H
HO N0 OR,
d R R

Compound . : Ry R
AV-A OH H H H
AV-B OH H OCH, H
AV-C OH H OH H
Tranilast™ H H OCH3 CH3

Figure 2.12: Aventhramides

2.2.9 Lignans
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They mainly found in flax seed. They work as antioxidants. The plant lignans identified
are seciisolarciresinol and matairesinol. When ingested these two are converted into the

mammalian lignans known as enterodiol and enterolactonr’ by intestinal bacteria.
2.2.10 Catechins

Tea (camellia sinensis) extracts are rich in phenolics related to catechins. In green tea,
made from fresh leaves, epicatechin and epigallocatechins predominate. In black teas the
catechins are oxidized in theaflavins and water insoluble thearubigens. Both green and
black teas are claimed to have antihypertensive effects. Tea poly phenols inhibit the
action of angiotensis I-converting enzyme, preventing the formation of the

vasoconstriction angiotensin I1.™%,

ot
&
o O

Figure 2.13: Catechin

0 ® & ox

2.2.11 Gingerol

Ginger has traditionally been used medicinally as carminative (to relieve flatulence) and
stimulant. In recent studies it has been shown that ginger ameliorates symptoms of pain

and swelling in musculoskeletal disorders’.
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Figure 2.14: Gingerol
2.2.12 Coumerins

These have a variety of anti-coagulatory and anti-inflammatory properties. They are
found in vegetables, citrus fruits and some herbs. Dicoumerol inhibit the synthesis of
other vitamin-K dependent coagulation factors. A small numbers of experimental studies
show that it inhibits chemically induced cancer of stomach and breast .

Figure 2.15: Coumerin
2.2.13 Dietary intake of plant polyphenols

Plant polyphenols are commonly consumed mostly from fruits, vegetables, legumes,
wine and tea. Although widespread in the food supply, the quantification of dietary
polyphenol content and estimated dietary intake has been complicated by several factors.
Besides plant variety, many other factors are important in determining polyphenol
concentrations of specific food products in the food supply, including production method

(organic/conventional), annual climatic variations, and post-harvest processing and
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storage’. The cooking method can also affect the polyphenol content of foods since
polyphenols are present in plant vacuoles and apoplasts, cellular structures that require
softening during the cooking process to maximize polyphenol release™. Although dietary
consumption of polyphenols is high, the risk of toxicity from the food supply is relatively
low, largely due to poor absorption. However, concentrations of dietary bioactive agents
can be significantly increased, and presumably absorption as well, through food-based
polyphenol enrichment, alterations in bioavailability, and supplementation with purified
agents or mixtures rendering polyphenol consumption potentially problematic.

2.2.14 Bioavailability of polyphenol compounds

The critical importance of bioavailability in conferring additional benefit or toxicity
depends on increased absorption of polyphenols. This has fostered categorization of
polyphenols as readily absorbed or not, alternately defined as extractable or non-
extractable”. Extractable polyphenols are low to intermediate molecular weight
phenolics, which can be extracted with different, commonly used solvents such as water
or methanol. Non extractable polyphenols are high molecular weight compounds that can
bind dietary fiber or protein and remain insoluble in the aforementioned solvents. As
such, they tend to be relatively resistant to intestinal digestion and/or absorption and are
readily excreted in feces. An additional consideration is that degradation and absorption
of polyphenols within the gastrointestinal tract depend on the intestinal micro flora and

gut enzymes, which may significantly change bioavailability.
2.2.15 Intestinal absorption and metabolism
In foods, all flavonoids except flavanols are found in glycosylated forms which can help

the absorption of food. But their actual work ion stomach is yet unknown. They and

glycosylation influences absorption. Some flavonoids, such as quercetin and daidzein, but

not for their glycosides’""®.

2.2.16 Metabolism by the gut micro flora
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In human stomach unabsorbed polyphenol is carried to the colon in the form of small
bowl (Fig 2.16). Some intestinal micro flora involved in its physiological process. In
addition, polyphenols that are absorbed, metabolized in the liver and excreted in the bile
or directly from the enterocyte back to the small intestine will also reach the colon but in

a different chemical form, such as a glucuronide’*®°.

Dietary polyphenols

10T 8 &

Tissues

- Small _ |
bile - Kidney

. Colon -

" Urine

Feces:-;,

Figure 2.16: Possible routes for consumed polyphenols in humans
2.2.17 Plasma transport and partitioning into lipid structures

During Polyphenol metabolism in the blood, some components are involved, such as
e Plasma proteins (99% for concentrations up to 15 pumol/L),
e VLDL (<0.5%).
¢ Albumin-binding material. Structure of polyphenol may differ with the affinity to

Albumin. eg..ferulic and coumaric acids, have a low affinity®*
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e Some polyphenols penetrate the lipophilic membrane indifferent amount®®.

LDL, a very small quantity of plasma polyphenols are associated with the
LDL®"®8 Some polyphenols have ionic interactions with charged residues on the

surface of the particles.

2.2.18 Plasma concentrations

According to the nature of the polyphenol and the food source, plasma concentrations
may vary after polyphenol consumption. eg. Polyphenosl come from the green tea,

apples, onions, cocoa, red wine are quickly dissolved in plasma® .

2.2.19 Tissue uptake

It is important to determine the actual bioavailability of polyphenol metabolites in tissues.
Different studies have conducted to estimate actual bioavailability of polyphenol
metabolites in tissue by HPLC analysis in different tissues in mice and rats, including

929 " endothelial cells™, heart, kidney, spleen, pancreas, prostate, uterus, ovary,

brain
mammary gland, testes, bladder, bone, and skin®*>®. The concentrations obtained in
these tissues ranged from 30 to 3000 ng aglycone equivalents/g tissue depending on the
dose administered and the tissue considered. Youdim et.al®® showed that the uptake of
flavanone glucuronides by rat and mouse brain endothelial cultured cells is much lower

than that of their corresponding aglycones.
2.2.20 Elimination
There are 2 pathways of excretion of the metabolites of polyphenols. They are

1. The biliary route (Large, extensively conjugated metabolites are excreted)

2. The urinary route (Small conjugates such as mono sulfates are preferentially excreted).
100-101
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There is a correlation between the total amount of metabolites excreted in urine and
maximum plasma concentrations. High excretion is also depend on amount food source.

High excretion for flavanones from citrus fruit (4-30% of intake), for naringenin from
grapefruit juice'®®, for isoflavones: the percentages excreted are 16— 66% for daidzein

and 10-24% for genistein'®"*,

2.2.21 Protection by dietary polyphenols

Using diverse in vitro cellular models, polyphenols exhibit powerful antioxidant activities
and have been consistently protective through scavenging numerous diverse reactive
oxygen species (ROS) including hydroxyl radical, peroxyl radical, hypochlorous acid,
superoxide anion, and peroxynitrite™?*3. Examples of cell models previously used
include human prostate cells, colon cancer cells, hepatocytes, leukemia cells, breast

114 Mechanisms of action have included antioxidant

cancer cells, and oral epithelial cells
effects, cardio- and hepatoprotective effects, anticarcinogenic effects, antimicrobial and
antiviral effects, and anti-inflammatory effects**> *°. Although the most frequently
reported benefit of polyphenols involves their antioxidant activity, there are numerous
other biological processes that are affected by polyphenols. For example such processes
include; altered gene expression, increased apoptosis, decreased platelet aggregation,
increased blood vessel dilation, modulated intercellular signaling, P-glycoprotein
activation, and the modulation of enzyme activities associated with carcinogen activation
and detoxification'!”. Additionally, polyphenols can chelate transition metals, ie, iron,

decreasing their ability to promote ROS formation through Fenton chemistry™8.

2.2.22 Antioxidant properties of polyphenols

Antioxidants present in food can help limit this damage by acting directly on ROS or by
stimulating endogenous defense systems. The phenolic groups in polyphenols can accept
an electron to form relatively stable phenoxyl radicals, thereby disrupting chain oxidation

reactions in cellular components?.
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2.2.23 Polyphenols and Human Diseases

Diabetes

Cancer

Aging

s A

Protection fiom
Hypertension <‘_‘: Polyphenols |:> C.V.Ds

Infections

Asthma

Others

Figure 2.17 Pleiotropic health beneficial effects of dietary plant polyphenols

Polyphenols are naturally occurring compounds found largely in the fruits, vegetables,
cereals and beverages. Researchers have explored that these molecules are very good
antioxidants and may neutralize the destructive reactivity of undesired reactive
oxygen/nitrogen species produced as byproduct during metabolic processes in the body.
Many epidemiological studies have shown that polyphenols have major protective
function against the development of the following diseases:

e Cardiovascular diseases

e Cancer,
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e Diabetes,
e Infections,
e Aging,

e Asthma etc.

Polyphenol-rich foods and beverages may increase plasma antioxidant capacity. A Study
revealed that Polyphenol-rich foods and beverages indicating the protective effects of

polyphenols™?*.

2.2.23.1 Cardio-Protective Effect

Polyphenols have cardio-protective effects and can limit the following diseases:
e Incidence of coronary heart diseases'?**%,
e Development of atherosclerosis'®.

e Disruption of atherosclerotic plaques*

Polyphenols may also exert antithrombotic effects by means of inhibiting platelet
aggregation. Resveratrol, an active compound in red wine is attributed for “French
Paradox”, the low incidence of CVD despite the intake of high-fat diet and smoking

among French'?"*%,
2.2.23.2 Anti-Cancer Effect

Polyphenols work on human cancer cell lines can protect reduction the number of tumors
or their growth developed in different sites of human body like mouth, stomach,
duodenum, colon, liver, lung, mammary gland or skin'®®. These effects have been
observed at various sites, including. Many polyphenols, such as quercetin, catechins,
isoflavones, lignans, flavanones, ellagic acid, red wine polyphenols, resveratrol and

curcumin have anti-cancer effect*®.
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Multiple mechanisms are involved to inhibit the development of carcinogenesis by

dietary polyphenols (Fig. 2.18). Tea polyphenols plays important role in inhibition of cell

growth and induction of apoptosis Tea consumption and genistein demonstrated anti

angiogenic activity in NNK-induced lung adenoma **! and Lewis lung xenograft %

mouse models, respectively.

It is evident the role of tea polyphenols and curcumin in inhibition of arachidonic acid

metabolism *334**  this action may play role in inhibition of carcinogenesis.

Growth Factors
AP-1 actvation Aberrant Arachidonic MMPS
MAP kinases Acid Metabolism VEGF

'l— POLYPHENOLS == ' POLYPHENOLS —1'

| Increased Proliferation  Decreased Apoptosis | | Increased Angiogenesis/invasion/Metastasis

|
f/

.Carcinogenesis

Figure 2.18: Proposed mechanistic scheme for the prevention of cancer by dietary

polyphenols

2.2.23.3 Anti-Diabetic Effect
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Many reports conclude that many polyphenols especially tea catechins contain
antidiabetic effects **>'*® polyphenols may affect glycemia by maintaining the following
different mechanisms:
e Inhibition of glucose absorption in the gut
e Inhibition of its uptake by peripheral tissues.
e Inhibition of intestinal glycosidases and glucose transporter **’.
e Some individual polyphenols decrease S-Glut-1 mediated intestinal transport of
glucose.
e Saponins can play role in delaying the transfer of glucose from stomach to the
small intestine’*®,
e Onion polyphenols, especially Quercetin significantly protected the lipid

peroxidation and inhibition antioxidant system in diabetics™*.

2.2.23.4 Anti-Aging Effect

Free radical/oxidative stress theory is one of the most accepted theories **°

to explain the
mechanism of aging. Polyphenol compounds found in fruits and vegetables may show
efficacy as anti-aging compound***!*?, It is reported that the dietary supplementations
(for 8 weeks) with spinach, strawberry or blueberry extracts in a control diet were also

effective in reversing age-related deficits in brain and behavioral function in aged rats'**.

A recent study demonstrates that the tea catechins carry strong anti-aging activity™*

2.2.23.5 Neuro-Protective Effects

Alzheimer’s disease is one of the most common diseases in the world and antioxidant
properties of polyphenols are already well documented and consumption of polyphenols
may provide protection in neurological diseases®' like Alzheimer’s discase™.
Polyphenols from fruits and vegetables can influence and modulate several cellular
processes such as signaling, proliferation, apoptosis, redox balance and differentiation*’.
Polyphenols, play important role in Alzheimer’s disease by its antioxidant and anti-

inflammatory properties*.
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2.2.23.6 Polyphenols and osteoporosis

Isoflavones with weak estrogen-like activity have attracted much attention as a possible
alternative treatment to prevent osteoporosis**®. Their osteoprotective effects have been
evaluated in mice or rats in which an estrogen deficiency has been induced by
ovariectomy. Feeding soy proteins with either normal or reduced isoflavone content to
ovariectomized rats also suggested that the osteoprotective effects of soy proteins were

due to their isoflavones®™.

2.2.24 Risks associated to polyphenol consumption
The acute toxicity of polyphenols have been reported specially diet rich in tannins®.
Many research predict that a high consumption of polyphenols could increase the risk of

152, 153

some diseases like cancers particularly breast cancer ** *°. Flavonoids may also

influence the thyroid function and have goitrogenic effects. A reduction of thyroid

peroxidase activity was observed in rats fed a diet supplemented with genistein™>®**°,

2.3 Introduction to Vitamin C

Vitamin C (ascorbic acid) is a six-carbon lactone. It is synthesized from glucose in the
liver of most mammalian species. But humans, non-human primates and guinea pigs
cannot synthesized in their body. Because, for the synthesis of vitamin C, enzyme
gulonolactone oxidase is necessary which is absent in these species which is essential for
the synthesis of the ascorbic acid immediate precursor 2-keto-I-gulonolactone. The DNA
encoding for gulonolactone oxidase has undergone substantial mutation, resulting in the

absence of a functional enzyme *°°*°*,

2.3.1 Nomenclature and structure
The designation of the compound 2-oxo-L-threo-hexono-1,4-lactone 2,3-ene-diol or
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Vitamin C was changed to ascorbic acid or L-ascorbic acid in 1965 by the IUPAC-IUB
commission on biochemical nomenclature’®® Furthermore, the names L-xyloascorbic
acid, 3-oxo-L-gulofuranolactone (enol form) and L-3-ketothreohexuronic acid lactone are
listed in the Merck Index®.

The molecule has an almost planer five-member ring. The two chiral centers at positions
4 and 5 determine the four stereoisomers. Besides L-ascorbic acid only erythorbic acid
shows a limited level of vitamin C activity. The stereo chemical assignment of ascorbic
acid to the L-series was confirmed by the thesis from L-xylose '®*. The structures of

isomers of ascorbic acid are given below:

A f,-'fHEDH (I:H20H

HO— (IZ— H
CH.0OH
L-Ascortie acid D-Ascorbic acid O-Isoascorkic acid  L-Isoascorhic acid
(L-AAD iD-A A0 F12-IAM) (L-TAaA)

Figure 2.19: Structures of isomers of ascorbic acid

2.3.2 Vitamin C is an electron donor and therefore a reducing agent

All known physiological and biochemical actions of vitamin C are due to its action as an
electron donor. Ascorbic acid donates two electrons from a double bond between the
second and third carbons of the 6-carbon molecule. Vitamin C is called an antioxidant
because, by donating its electrons, it prevents other compounds from being oxidized.

However, by the very nature of this reaction, vitamin C itself is oxidized in the process.
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Vitamin C donates electrons sequentially. At first, when it loss one electron, a free radical
may form which is called semi dehydroascorbic acid or ascorbyl radical. This radical is
with a half-life of 10015 seconds and is fairly unreactive and comparatively stable. When
a reactive and possibly harmful free radical can interact with ascorbate then the reactive
free radical is reduced, and a less reactive ascorbyl radical formed in its place. Reduction
of a reactive free radical with formation of a less reactive compound is sometimes called

free radical scavenging or quenching. For its chemical properties 1¢°1%°

Ascorbate is a good free radical scavenger. When Ascorbyl radical loss its second
electron, then a compound named dehydroascorbic acid is formed. The stability of

Dehydroascorbic acid depends on the following factors, such as:

e temperature and
e pH,and

o time'®.

Dehydroascorbic acid may exist in one of several different structural forms*®®. Formation
of both ascorbyl radical and dehydroascorbic acid is arbitrated by extensive variety of
oxidants in biological systems including molecular oxygen, superoxide, hydroxyl radical,
hypochlorous acid, reactive nitrogen species and the trace metals iron and copper.

o =Il§: _ . o= I‘.ll' —_— Oo=C—0H
C—0OH -IH C=0 + HzO C=—=0 COO0H
I o —'-"E | o —> | d"L
ti--{:H +IH ‘Tm& =0 O0H
Ao— B | H-C—H
I | ]
HO-C-H HO—C-H HO-C-H
I | |
CH2O0H CH20H CH:0H
— Debydradro- 2,3, Piketo-
L-Ascerbic acd I-ascorbic eatonic acid
acid

Figure 2.20: Vitamin C, an electron donor and consequently a reducing agent
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If dehydroascorbic acid is not reduced back to ascorbic acid, it is hydrolyzed irreversibly
to 2, 3 diketogulonic acid. This compound is formed by irreversible rupture of the lactone
ring structure that is a part of ascorbic acid, ascorbyl radical, and dehydroascorbic acid.
2,3-diketogulonic acid is further metabolized into xylose, xylonate, lyxonate and oxalate
10 The formation of oxalate has clinical significance because hyperoxaluria (over

excretion of oxalate) can result in oxalate kidney stones in some people™®.

2.3.3 Enzymology of Vitamin C

For the action of eight different enzymes Vitamin C acts as an electron donor *"in
human. At least for some of the enzymes, ascorbate adds electrons sequentially, with
formation of the ascorbyl radical intermediate. These eight enzymes participate in
different reactions like,

e Three of eight are involve in collagen hydroxylation* "> 1",

175,176

e Two are necessary for synthesis of carnitine (which is essential for the

transport of fatty acids into mitochondria for ATP generation).
e One produces nor epinephrine from dopamine!’” 8,

179,180’ and

e )ne adds amide groups to peptide hormones, to increase stability

e One modulates tyrosine metabolism 882,

The enzymes with which ascorbic acid acts function as either monooxygenases or

dioxygenases *"*.

2.3.4 Vitamin C as an Antioxidant in Human Biology

The oxidation of vitamin C by many species that have potential to be involved in human
diseases'®*'#* The relevant species, which receive electrons and are reduced by vitamin

C, can be divided into several classes:

e Compounds with unpaired electrons (radicals) such as oxygen related radicals
(superoxide, hydroxyl radical, peroxyl radicals), sulphur radicals and nitrogen-

oxygen radicals.
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e Compounds that are reactive but are not radicals, including hypochlorous acid,
nitrosamines and other nitrosating compounds, nitrous acid related compounds
and ozone.

e Compounds that are formed by reaction with either of the first two classes and
then react with vitamin C. An example is formation of the alpha tocopheroxyl
radical'®,

e Transition metal-mediated reactions involving iron and copper. For example,
some involved in Fenton chemistry'®, some reduced iron may be the ideal form

for intestinal absorption %719,

2.3.5 Detection of Vitamin C Action as an Antioxidant: Biomarkers of Oxidative

Reactions

The oxidants just described can react with three general classes of biomolecules. We have
categorized them roughly in the order in which they are found, from the outer envelope of
the cell, to the interior of the cell: lipid, protein and DNA. If ascorbate is present, it can
modify the reactions and their products. For each biomolecule class we will discuss here
principles of the oxidant-mediated reactions and reaction products that can be measured
and the potential effects of ascorbate. In a subsequent section we will discuss applications
of the measurements to in vitro and in vivo experiments and the limitations of the

measurements.

For lipids, membrane lipids and lipids in circulating lipoproteins such as low-density
lipoprotein (LDL) can interact with reactive oxygen species resulting in lipid
peroxidation. Once lipid peroxides form, they can react with oxygen to form highly
reactive peroxyl radicals. Continued formation of lipid hydroperoxides can result, a
process termed radical propagation. Ascorbate can reduce the initiating reactive oxygen
species so that initial or continued lipid peroxidation is inhibited. Markers of lipid
peroxidation include measurement of thiobarituric acid reactive substances (TBARS) and

F2-isoprostanes and their metabolites. TBARS are believed to represent production of
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malondialdehyde, a peroxidation product of polyunsaturated fatty acids. F2-isoprostanes
and their metabolites are relatively stable products of radical mediated peroxidation of

arachidonic acid and may be the most reliable markers of lipid peroxidation*®.

A related means to assess lipid oxidation is ex vivo oxidation of LDL. The principles
supporting use of this measurement are those of the oxidative modification hypothesis
190191192~ This hypothesis, although unproven, is a widely accepted model of a
therogenesis in humans and is based on oxidative modification of LDL as an initiating
event in atherosclerosis. The major carrier of cholesterol and triglycerides in plasma is
low-density lipoprotein (LDL). LDL can infiltrate the intimal layer of arteries and
undergo oxidation locally, although the mechanism of oxidation is not fully understood.
Oxidized LDL activates adhesion factor expression in endothelial cells. This induces
monocytes to adhere to endothelium, where they are activated to differentiate into
macrophages, in part via cytokines also induced by oxidized LDL. Macrophages
accumulate oxidized LDL and remain in the vascular wall, developing into foam cells
and subsequently into fatty streaks, the telltale lesion of atherosclerosis. In theory, the
susceptibility of LDL to oxidation in vivo can be ascertained by ex vivo oxidation, in
which LDL isolated from animals or humans is oxidized in vitro by added oxidants. If
ascorbate reduces either initiating oxidants or oxidized intermediates, LDL oxidation

should be decreased.

Proteins also undergo oxidation by several mechanisms'**%. A peptide chain can be
cleaved by oxidants, or specific amino acids can be oxidized. The two amino acids most
prone to oxidative attack are probably cysteine and methionine. Other amino acids
involved include arginine, proline, threonine, tyrosine, histidine, tryptophan, valine and
lysine. As occurs in lipids, radical propagation can occur in proteins, with formation of
additional reactive species'®®. By reducing the radical initiators, ascorbate can prevent
protein or amino acid oxidation and radical propagation. Protein oxidation most
commonly is measured by detection of modified groups (carbonyl groups) or the oxidized

amino acids themselves. Sugars and their oxidized products can also react with lysine
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moieties to form advanced glycation end products, although other substrates contribute to
these products, such as amino groups on phospholipids. Ascorbate itself is proposed to be
a substrate for some advanced glycation end products via oxidation and glyoxal

formation, especially in the aging lens™®.

Oxidative processes can affect DNA indirectly through protein oxidation or lipid
oxidation or directly by oxidation of DNA™*19"1%8 ndirect mechanisms leading to DNA
damage include protein oxidation, which could alter repair enzymes and DNA
polymerases. When reactive oxygen species interact with lipids, resulting lipid
peroxidation products might then subsequently react with DNA, inducing mutations™.
Similarly, reactive nitrogen species can also damage proteins needed for oxidant defense
or DNA repair or induce lipid peroxidation resulting in further cell damage to lipids,
protein or DNA 22! The most important mechanisms of DNA damage, however, are
believed to involve direct attack of oxidants on individual nucleotides in DNA'.
Guanine is the DNA base most susceptible to oxidative attack. When this occurs, there is
formation of the nucleotide oxidation product 8 hydroxyguanine (abbreviated 80OHG or
8-0x0G) and its nucleoside derivative 8-hydroxy-2[]-deoxyguanosine (abbreviated
80HdG or 8-oxodG). Both of these compounds can be measured directly or by
derivatization'®’. DNA can also be damaged by reactive nitrogen species, some of which
can be derived from nitrosamines?®®®". For example, nitric oxide radicals and related
compounds can cause DNA strand breaks and point mutations®®?°*2%2 Ascorbate should
be able to diminish DNA damage by reducing radical species directly, decreasing
formation of reactive species such as lipid hydroperoxides or preventing radical attack on
proteins that repair DNA. Ascorbate as an antioxidant can prevent nitrosamine formation,
so subsequent formation of some reactive nitrogen species is prevented. Once
nitrosamines give rise to reactive nitrogen species, prevention of mutagenic activity by

ascorbate is less effective in prevention of DNA damage®”.

Thus ascorbate reduces a variety of oxidant species; reactions giving rise to these species

might occur in many cell compartments influencing lipids, proteins and DNA, and some
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of these reaction products can be quantities, with and without ascorbate. The range of
ascorbate concentrations achieved in humans, the influence of the relevant ascorbate
concentrations on relevant biomarker measurements as determined by experiments in
vitro in animals and in humans, whether biomarker measurements are related to outcome

and whether ascorbate influences outcomes predicted by biomarkers.

2.3.6 Dietary Availability

Human cannot synthesize ascorbic acid in the body. So, dietary intake of ascorbic acid is
necessary for human. So Human should know the food source of ascorbic acid. Fruits and
vegetables are the main source of Vitamin C ?*. Kale, mustard greens, pepper (red or
green), plantains, potatoes, snow peas, sweet potatoes and tomatoes and tomato juices.
Variables that affect vitamin C content of fruits and vegetables are harvesting season,

duration of transport to the market place, period of storage and cooking practices.

As a supplement, vitamin C is available in tablet and powder forms in many doses. In
addition, vitamin C is included in many multi-vitamin formulations. Vitamin C is
commonly combined with other selected vitamins and the resulting complex is

collectively sold as an “antioxidant” supplement.

2.3.7 Recommendation for Vitamin C consumption

United States Department of Agriculture and National Cancer Institute guidelines

recommend the ingestion of at least five fruits and vegetables daily®®2%.

According to The third U.S. National Health and Nutrition Examination Survey,
(NHANES 111 Part 1 1988-91) adult males and females should take 84 mg and 73 mg
dietary Vitamin C daily, respectively?®. In children, 25% of them take below the
RDA.?. A survey of Latino children indicated that 85% did not meet the daily

recommended intake of fruits and vegetables®®. These studies did not consider the
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supplementary dose of Vitamin C supplements®'!. One study reported that half of the
USA population does not ingest supplements®*’. And a considerable portion of the

population still ingests vitamin C at or below the Recommended Dietary Allowance **2.

Table 2.4. Food Sources of Vitamin C?'?

| Source (Portion Size) Vitamin C, mg |
Fruit

Cantaloupe (1/4 Medium) 60
Fresh grapefruit (1/2 fruit) 40
Honeydew Melon (1/8 Medium) 40
Kiwi (1 Medium) 75
Mango (1 Cup, sliced) 45
Orange (1 Medium) 70
Papaya (1 Cup, cubes) 85
Strawberries (1 Cup, sliced) 95
Tangerines or tangelos (1 Medium) 25
Watermelon (1 Cup) 15
Juice

Grapefruit (1/2 Cup) 35
Orange (1/2 Cup) 50
Fortified Juice

Apple (1/2 Cup) 50
Cranberry juice cocktail (1/2 Cup) 45
Grape (1/2 Cup) 120
Vegetables

Asparagus, cooked (1/2 Cup) 10
Broccoli, cooked (1/2 Cup) 60
Brussels sprouts, cooked (1/2 Cup) 50
Cabbage

Red, raw, chopped (1/2 Cup) 20
Red, cooked (1/2 Cup) 25
Raw, chopped (1/2 Cup) 10
Cooked (1/2 Cup) 15
Cauliflower, raw or cooked (1/2 Cup) 25
Kale, cooked (1 cup) 55
Mustard greens, cooked (1 cup) 35
Pepper, red or green

Raw (1/2 Cup) 65
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Cooked (1/2 Cup)

Plantains, sliced, cooked (1 Cup)
Potato, baked (1 Medium)
Snow peas

Fresh, cooked (1/2 Cup)
Frozen, cooked (1/2 Cup)
Sweet potato

Baked (1 Medium)

Vacuum Can (1 Cup)

Canned, syrup-pack (1 Cup) 20
Tomato

Raw (1/2 Cup)

Canned (1/2 Cup)

Juice (6 fluid 0z)

Dhaka University Institutional Repository

50
15
25

40
20

30
50

15
35
35

Table 2.4 is adapted from the article - Levine M, Rumsey SC, Daruwala R, Park JB,
Wang Y: Criteria and recommendations for vitamin C intake. JAMA 281:1415-1423,

1999.

2.4 Recent research works on Antioxidant Activities, Vitamin C and

Total Phenol Content

In recent years, there has been a great deal of research on the Antioxidant Activities,

vitamin C and Total Phenol content of fruits and vegetables in the world. A good number

of journal articles were reviewed to gather knowledge on studies conducted on the

specific issue. Different samples and different methods were used in different studies.

Some of them have been discussed as follows:

A study®® aimed to determine the Total Phenol Content (TPC) of different varieties of

Brinjal and Potato growing in Bangladesh. This study found that different varieties of
Brinjal varied from 3.16+0.04 to 7.86+0.33 mg GAE/g of fresh weight (FW). They
revealed that BARI Begun-8 is the high yielding varieties of Brinjal and Potato with peel

are good sources of polyphenols.

48


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Another study conducted to determine the Antioxidant Capacity (AC) and Total Phenolic
Content (TPC) of selected commonly consumed Bangladeshi vegetables and herbs. Ten
vegetables and two herbs were analyzed. TPC and Antioxidant capacity (AC) were
determined spectrophotometrically according to the Folin-Ciocalteau method and DPPH
Free Radical Scavenging Assay respectively. AC varied from 8328.80+29.15 to
0.61£0.19 pumol Trolox Equivalent (TE)/g of FW. Antioxidant capacity of the assayed
samples correlated significantly and positively with total phenolic content (R%=0.814,
p<0.01)*,

In 2012, a study was on hydrophilic antioxidant capacities and total phenol content of
seasonal fruits of Bangladesh conducted using DPPH Free Radical Scavenging Assay and
Folin-Ciocalteau method. TPC ranged from 0.6£0.01 to 0.01+0 mg Gallic acid equivalent
(GAE)/g of fresh weight (FW). Antioxidant capacity varied from 4.882 +0 to 0.113+0.03

micromol Trolox Equivalents (TE)/g of FW3*,

Recently another study in Bangladesh conducted to determine antioxidant capacity and
total phenol contents in hydrophilic extracts of selected Bangladeshi medicinal plants.
Folin-Ciocalteau and DPPH radical scavenging assays were employed to determine TPC
and AC, respectively. TPC (meanSD), varied from 0.04+£0.01 (Amaranthus spinosus) to
6.01£0.04 (Zanthoxylum rhetsa) mg gallic acid equivalent/g Fresh weight. AC
(meanzSD), from 0.14+0.00 (Alternanthera philoxeroides) t07.54+0.00 (Zanthoxylum

rhetsa) pmol trolox equivalent/g fresh Weight35.

The antioxidant activity of the fruits available in the Aizawl market of Mizoram, India
was estimated in a study. A total of 20 fruits were evaluated for their antioxidant activity.

The highest antioxidant activity was observed in Amla and least in coconut water?-.
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In order to investigate antioxidant activities in 110 fruits and vegetables, DPPH, FRAP,
ABTSTRP assays were used in a study conducted in China. They found Phenolics and
flavonoids, rather than vitamin C, contributed to antioxidant potential in most fruits and
vegetables?',

A review article on the antioxidant effect of certain fruits, published in 2013. This review
presents some information about the antioxidant/ and their role in our body and also their
presence in a few fruits selected for the study. These fruits namely are pomegranate,
guava, papaya and watermelon. The fruits described in this review indicate the
importance of antioxidants and their nutritional importance. Researchers are being
conducted in this field to know more about these antioxidative fruits and their
contribution in preventing early onset of disorders like myocardial infarction, hypoxic

ischaemia, coronary heart disease, atherosclerosis, erectile dysfunction in males®*®.

Sixty-six types of commonly consumed vegetables in Singapore were analyzed in a study
published in 2009 for their hydrophilic oxygen radical absorbance capacity (H-ORAC),
total phenolic content (TPC), ascorbic acid (AA) and various lipophilic antioxidants.
They conclude that dark green leafy and brightly-coloured vegetables contain high

antioxidants?*®.

Similar type of study applying similar method conducted also in Singapore with thirty-
eight types of commonly consumed Singaporean fruits. They found different antioxidant
composition and concentration in different fruits. They found that sapodilla (Manilkara
zapota) had the highest H-ORAC and TPC whilst guava had the highest ascorbic acid per

gram fresh weight®*'.
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A study conducted in Iran with 14 different varieties of date palm to estimate the
antioxidant activity and total phenolic compounds. They found a significant correlation
between the total phenolic content and antioxidant activity (R? = 0.791, P < 0.001) of the
one variety of date palm, which can indicates that polyphenols are the main

antioxidants®*®.

In 1998, a study conducted in Canada, to estimate TPC using the Folin—Ciocalteu method
and AA of methanolic extract evaluated according to the B-carotene bleaching method of
28 plant products. They found statistically significant correlation between TPC and
AAZE,

Regularly consumed fruit and vegetables of mixed varieties available on the UK market
were analyzed for the composition of the major individual phenolic components, AA and
the total phenol content. Vitamin C levels were also determined. They found highest AA

in strawberry??.
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3.1 Collection of samples

To estimate the antioxidant activity, Vitamin C and Total Phenol Content, eleven
varieties of five fruits and seventeen varieties of five vegetables were selected by BARI.
BARI selected their latest varieties for analysis. In the middle of the harvesting seasons,
sample was collected in amount of about 0.5 kg/sample item from the research field of
BARI grown for standard cultivation practice. All samples were collected as fresh as

possible and processed in INFS laboratory for analysis.

3.2 Sample identification & characterization

Collected vegetables were identified and characterized by an expert member (scientific
officer) of BARI (Bangladesh Agriculture Research Institute). The taxonomical

identification details are given following pages:
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3.2.1 Sample details

Dhaka University Institutional Repository

Fruits sample
Banana

Selected varieties of Banana
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Kingdom: | Plantae
Division: | Magnoliophyta
Class: Liliopsida
Order: Zingiberales
Family: Mucaceae
Genus: Musa

Species: M. acuminata

BARI Kola-1

Binomial Name

(BARI Sagar Kola)

Musa acuminata

Taxonomical Classification

BARI Kola-3
(BARI Champa Kola)

Fruits sample
Guava

Selected varieties of Guava

54


Anis-pc
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Myrtales
Family: Myrtaceae
Species: P. guajana

Binomial Name

Psidium guajana

BARI Peara -2

Fruits Sample

Lemon

Taxonomical Classification Selected variety of Lamon
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Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Sapindales
Eamily: Rutaceae
Species: C. limon

Binomial Name

Citrus limon

Taxonomical Classification

Dhaka University Institutional Repository

BARI Lemon -3

Fruits Sample
Mango

Selected varieties of Mango
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Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Sapindales
Family: Anacardiaceae
Genus: Mangifera
Species: M. indica
Binomial Name
Mangifera indica

BARI Aam-4

Fruits sample
Pineapple

Taxonomical Classification Selected varieties of Pineapple
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Kingdom: Plantae
Division: Magnoliophyta
Class: Liliopsida
Order: Bromeliales
Family: Bromeliaceae
Genus: Ananas
Species: A COmosus

Binomial name

ANoNUs COMOSUS

Hone ueen

Vegetables Sample
Brinjal

Taxonomical Classification Selected varieties of Brinjal
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Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Solanales
Family: Solanaceae
Genus: Solanum
Species: S. melongena

Binomial Name

Solanum melongena

Dhaka University Institutional Repository

OB i

BARI Begun-4 (kajla)

BARI Begun -5 (Nayantara)
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Vegetables Sample

Brinjal

Taxonomical Classification
Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida
Order: Solanales
Family: Solanaceae
Genus: Solanum
Species: S. melongena

Binomial Name

Solanum melongena

Selected Varieties of Brinjal

BARI Begun-10
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Vegetables Sample
Pumpkin

Selected varieties of Pumpkin

Taxonomical Classification
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Cucurbitales
Family: Cucurbitaceae
Genus: Cucurbita
Species: C. pepo

BARI Mistikumra-1

Binomial Name

Cucurbita pepo

BARI Mistikumra-2
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Vegetables Sample

Radish
Taxonomical Classification Selected Varieties of Radish
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Brassicales
Family: Brassicaceae
Genus: Raphanus
Species: R sativus
Binomial Name
Raphanus sativus

BARI Mula-3 (Druti)
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Veget
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ables Sample

Taxonomical Classification

Tomato
Selected Varieties of Tomato

Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Solanales
Family: Solanaeae
Genus: Solanum
Species: S. lycopersicum

Binomial Name

Solanum lycopersicum

BARI Tomato-15
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3.3 Sample preparation

After collection, samples were weighed, washed under running tap water followed by
distilled water and then air dried. After proper dressing refusal of the samples were
weighted. Then the edible portion of the samples was divided into 2 parts. One part for
extraction of fresh sample for vitamin C estimation and another part for freeze drying for
the extraction of TPC and AA.

Edible portion which facilitates freeze drying was cut into small pieces to increase the
surface area. Then the samples were weighed again and freeze dried at -180°C until the
samples were completely free of moisture. After that, the freeze dried samples were
weighed again and grinded finely in a grinder. The ground samples were stored in ziplock
bag at -20°C in a refrigerator until analysis.

3.4 Estimation of moisture

Moisture is determined by air oven®’. The method is used for the quantitative
determination of moisture in food samples.

Moisture content was determined by using the following formula:

% of moisture = Initial weight (g) — Final weight (g)
x 100

Weight of fresh sample (g)

Where,
Initial weight = Weight of samples before heating.

Final weight = Weight of samples after heating
3.5 Principle of estimation of Vitamin C

The sample was homogenized in 3% metaphosphoric acid. The sample extract, obtained
after filtering the homogenate, was chromatographed without preliminary clean-up on an
RP C18 column by means of HPLC. Evaluation was carried out by comparing the peak

area against an ascorbic acid standard®%.
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3.6 Extraction of fresh sample for Vitamin C estimation
3.6.1 Reagents

e Metaphosphoric acid, rods, (60+2% HPO3; 36x£1% NaPOs)
e Potassium dihydrogen phosphate
e Ortho-phosphoric acid

e L (+)—Ascorbic acid (vitamin C) AR grade chemicals and biochemical purposes.
3.6.2 Preparation of metaphosphoric acid stock solution

3% dissolve 30g of metaphosphoric acid in water, make up to 2000 ml. It was stored ¢ for

7-10 days in frozen codition.

3.6.3 Preparation of 3 M potassium dihydrogen phosphate in 0.35% (v/v) orthro-

phosphoric acid
0.408 g KH,PO,4was dissolved in 1 L of 0.35% (v/v) ortho-phosphoric acid.
3.6.4 Preparation of ascorbic acid standard solution

100 mg ascorbic acid was dissolved in 3% metaphosphoric acid and made up to 100 ml in
a volumetric flask to prepare stock solution (Img/ml). For working standard, 0.25, 0.5, 1,
2, and 3 ml of stock solution were diluted in 4 different 100 ml volumetric flasks with 3%
metaphosphoric acid and mixed properly. The concentrations of ascorbic acid standard

solution were 2.5, 5.0, 10, 20 and 30 ug per ml respectively.
3.6.5 Instruments and glass ware

e Usual basic laboratory equipment

e \ortex mixer

e Analytical balance

e Volumetric flask 100 ml

e Glass filter funnel, 15-20 cm diameter

e Filter paper
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e HPLC consisting of :
o Pump e.g. Waters model 510
o Injector 20 pl
o Column 5 um Lichrocard Lichrospher 100 RP 18, 125 x 4 mm, Merck U
V detector:248 nm

o Integrator

3.6.6 Chromatographic conditions

e Stationary phase: 5 um Lichrocard Lichrospher 100 RP1 8 Merck

e Mobile phase: 0.3 potassium dihydrogen phosphate in 0.35% (v/v) ortho-
phosphoric acid.

e Flow rate: 0.5 ml/min.

e Detection: by means of the retention time for ascorbic acid and / or co-eluted
added reference ascorbic acid, at A =248 nm

e Integrator: data module
e Peak evaluation: by peak area

3.7 Procedure

3.7.1 Sample preparation

About 2.5 g of sample is homogenized in 100 ml volumetric flask with a suitable volume
of 3% metaphosphoric acid. After shaking for 2 minutes vigorously, the sample extract
was made up to the mark with 3% metaphosphoric acid then filter through Whatman # 4
filter paper and further pass through membrane filter 0.45um. The sample was then

transferred into a vial and analyzed by HPLC.

3.7.2 Analysis

The sample extract was then transferred into a vial and analyzed by HPLC.
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3.8 Calculation, Unit of expression and test report

Standard test values for the ascorbic acid standard concentrations of ascorbic acid per ml
was plotted or calculated by the leaner regression.

The values of sample in micrograms of ascorbic acid per ml was read off the standard

calibration curve or calculated.

uv
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Figure 3.1: Peak area of standard solution

Ascorbic acid content in 100g of the sample material was calculated.
Vitamin C (mg/100g) = A2x Cl1 x V

Alx 10 x W
Al= peak area of standard solution
C1= concentration of standard solution (ug/mil)
A2 = peak area of sample
V = final area of sample (ml)
W = weight of sample (g). The result of the determination is in mg/100g
sample
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3.9 Extraction of freeze dried sample for TPC and AA estimation
3.9.1 Reagents

e n-Hexane (Merck, Germany)
e Dichloromethane (Merck, Germany)
e Acetone (Merck, Germany)

e Acetic acid (Merck, Germany)
3.9.2 Equipment

e Shaker [controlled environmental incubator shaker (New Brunswick Scientific
Co; INC; Edition- N.J. U.S.A)]

e Centrifuge machine (Hettich Universal 11, Germany)

e Sonicator (ULTRASONS MEDI-II)

e UV-VIS Spectrophotometer ( UV-1800, Shimadzu, Japan)

3.9.3 Solvents for extraction

e Hexane: Dichloromethane (1:1)
e AWA- Acetone: Water: Acetic acid (70: 29.5: 0.5).

3.9.4 Procedure

1 g of ground freeze dried sample was taken. Then 25 ml of Hexane: Dichloromethane
(1:1) solvent was added and allowed to shake for overnight in a shaker at the rate of 100
rpm. After completion of shaking the mixture was centrifuged at 1000g for 15 minutes.
Then the supernatant was discarded and the precipitate was dried at 60°C until
evaporation of the remaining solvents. To the precipitate 25 ml of AWA was added and
sonicated for 15 minutes for disrupting the cell matrix of the samples to facilitate the
maximum extraction of phenolic compounds from the samples. After sonication the

samples were again centrifuged at 1000g for 15 minutes. The supernatant was then
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separated and poured in a 25 ml volumetric flask. AWA was added to make the final

volume 25 ml. this sample extract then stored in a refrigerator at -20°C until analysis.

3.10 Principle of estimation of TPC

Total phenol was estimated by Folin-Ciocalteu method®?. Solutions of various types of
phenol behave as weak reducing agent and be oxidized to quinine type compounds by
many oxidizing agents like Folin-Ciocalteu. Folin-Ciocalteu oxidizes phenolic
compounds under alkaline condition and is reduced from its initial golden yellow colour
to a deep blue. This reagent is used to measure the phenolic compounds. The absorbance

is measured spectrophotometrically at 750 nm wavelength.
3.10.1 Reagents

e Gallic acid (TIC, Japan)
e 2% Sodium Carbonate (w/v) solution

e Folin-Ciocalteu Reagent (FCR) (Merck, Germany)

3.10.2 Preparation of gallic acid standard solution

Stock-1: 1g of gallic acid was dissolved in 10 ml of ethanol and the volume was made up

to 100 ml with distilled water in a 100 ml volumetric flask.
Stock-11: An aliquot of 5 ml stock solution was added to 5 ml of AWA to make stock-II.
Working standard solution: 1 ml of stock-1I solution was mixed with 9 ml of AWA.

Finally, from the working standard solution, 50 pl, 100 pl, 200ul, 300 pl, 400 pl and 500
pl was taken and the final volume of each of these was made 1 ml with AWA. From
each of these 1 ml standard solutions, 100 pl was taken for the preparation of standard

curve.
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3.10.3 Procedure of Total Phenol estimation

For each sample, 100 pl of sample extracts instead of 100 pl standard solution were taken
into 3 vials. Then, 600 pl of distilled water was added to all the vials. To these, 150 pl of
2 times diluted FCR were added and let stand for 5 minutes at room temperature. Then,
750 pl of 2% sodium carbonate solution was added to the mixture and let stand for 15
minutes at room temperature. Finally absorbance was measured at 750 nm in UV-VIS

Spectrophotometer.
3.10.4 Calculation

A standard curve was constructed by plotting gallic acid concentration on abscissa and
absorbance on ordinate. The concentration of total phenol in sample was calculated from

standard curve.

e B
Standard Curve for Total Phenol Estimation

O Series1, 250, 1.295

y =0.0047x + 0.1134
R2=0.9972

Absorbance at 750 nm

Figure 3.2: Standard curve for Total Phenol estimation
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3.11 Estimation of Antioxidant Activity by DPPH (RSA)

Antioxidant activity of AWA extracts of the samples were estimated by DPPH radical
scavenging assay method of Brand-Williams et.al®**.

3.11.1 Reagents

e 200 mM MES Buffer (pH 6.0) (Dojindo, Japan)
o 42.65g MES was dissolved into miliQ water. After adjusting pH to 6.0 by
saturated NaOH solution. Up to 1L water was added.
e 400 uM DPPH (Wako, Japan)
o 100 ml ethanol was added to 15.76 mg DPPH using brown bottle. Mixed
30 min. DPPH was made every day and used it within 2hrs after making.
e 2.0 mM Trolox stock solution (ALDRICH, Denmark)
o 12.51 mg of Trolox was dissolved by 50% ethanol and adjusted to 25.0
ml. After preparation solution was subdivided 200 ul using vial and
stocked in -40 C.
e 100 uM Trolox Working standard solution
e Ethanol (Merck, Germany)

3.11.2 Procedure
3.11.2.1 Trolox dilution for working standard
First 200 pL of Trolox solution were added with 3.8 ml of 50% acetone.

e 0,200, 400, 600, 800 pL of 100uM Trolox working standard solution were taken
into 5 vials.
e 1000, 800, 600, 400, 200 uL of 50% acetone were added to the vials respectively.

3.11.2.2 Sample preparation

Sample extracts were mixed with same volume of 30% acetone. If necessary, diluted with

50% acetone.
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e 200, 400, 800 pL of samples were put into 3 vials.

e 800, 600, 200 pL of 50% acetone were added to the vials respectively.

e 500 pL of MES buffer was added to all the standards and samples.

e 500 pL of 400 uM DPPH solution was then added to all the vials of standards and
samples (one by one at same interval).

3.11.2.3 Blank preparation

e For sample blank, 200, 400 & 800 pL of samples were put into the vials.
e 800, 600, 200 pL of 50% acetone were added to the vials respectively.

e 500 pL of 200 mM MES buffer was added to all Blank vials.

e Instead of DPPH solution, 500 pL of Ethanol was added to all Blanks.

After 20 minutes (room temperature) absorbance was measured at 520 nm in UV-VIS

Spectrophotometer
3.11.3 Calculation

A standard curve was constructed by plotting Trolox concentration on abscissa and
absorbance on ordinate. The antioxidant capacity of sample was calculated from standard

curve.

4 )
Standard Curve for Antioxidant Activity Estimation

Q H 1 faWilaWaYaYel
SertesT; U7 U990

y =-0.0105x + 1.016¢
R=* =0.9948

Series]l20-0-81

OCHCOL, U9 0L

Seriesl, 40,0619

y:-ﬂﬂ10'§x+1ﬂi

R2=0.9948 ® Sériesl, 80,0.15

Absorbance (abs)at 520 nm

Concentration (nM/ul)

Figure 3.3: Standard curve for antioxidant activity estimation
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3.12 Statistical analysis

Mean and standard deviation of the results were calculated. Statistical analysis was done
by SPSS 12 and Microsoft Excel 2003.
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Numerous epidemiological studies have shown that diet rich in vegetables and fruits
significantly reduce the incidence of chronic diseases such as cancer and cardiovascular
disease and adequate consumption is a practical approach for chronic diseases prevention.
Fruits and vegetables are the abundant source of antioxidants, such as polyphenols,
vitamins A, C, and E, carotenoids etc. These compounds are excellent candidates to
explain the health benefits of diets rich in fruits and vegetables, although limited
information on Polyphenol composition data, bioavailability, interaction with other food

components and biological effects are accessible.

4.1 Vitamin C (L-Ascorbic Acid) content

Vitamin C being an electron donor and therefore a reducing agent, acts as an antioxidants
I.e. it prevents other compounds from being oxidized

Table 4.1: Vitamin C (L-Ascorbic Acid) content in selected varieties of commonly
consumed fruits of Bangladesh (mg L-AA/100 g FW¥)

English name Variety L- Ascorbic Acid content
(mg L-AA/100 g FW*)
Banana BARI Kola -1 3.27+£0.38
(BARI Sagar Kola)
BARI Kola-2 1.03+£0.15
BARI Kola -3 1.27+0.64
(BARI Champa Kola)
Guava BARI Kazi Peara 40.30+4.66
BARI Peara-2 71.57+2.83
Lemon BARI Lebu-3 37.61+0.00
Mango BARI Aam -2 2.79+0.21
BARI Aam -3 22.50+0.32
BARI Aam -4 36.12+3.61
Pineapple Justice 5.83+£0.40
Honey Queen 13.53+0.80

*=Fresh weight

Table 4.1 represents Vitamin C (L-Ascorbic Acid) content (mean+SD), expressed as mg of L-
AA/100g FW of selected varieties of Banana, Pineapple, Mango, Lemon, & Guava collected
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from BARI cultivation field. Amount of L-Ascorbic Acid in analyzed fruits varied from
1.03+0.15 (BARI Kola-2) to 71.57+2.83 (BARI Peara-2) mg/100g FW of the EP. Guava showed
highest amount of L-Ascorbic Acid as compared to rest of the four selected fruits. Highest
amount of L-Ascorbic Acid was found in BARI Peara-2 (71.57+2.83) and second highest in
BARI Kazi Peara (40.30 +4.66). Third highest content of L-Ascorbic Acid was found in BARI
Lebu-3 (37.61+0.80). Among three selected varieties of Mango from BARI, lowest amount was
determined in BARI Mango-2 (2.79+0.21) whereas; BARI Mango-4 (36.12+3.61) had almost 18
times higher amount than BARI Mango-2. Among three selected varieties of Banana, highest L-
Ascorbic Acid content was found in BARI Kola-1 (3.27+0.38) and lowest in BARI Kola-2
(1.03+0.15). On the other hand, 13.53+0.80 and 5.83+0.40 mg of L-Ascorbic Acid were found
in two varieties of Pineapple: Honey Queen and Justice respectively. Amount of L-Ascorbic
Acid in selected varieties of five different fruits are shown as descending order: BARI Peara-2 >
BARI Kazi Peara > BARI Lebu-3 > BARI Aam-4> BARI Aam-3 > Honey Queen> Justice >
BARI Kola-1 (BARI Sagar Kola) > BARI Aam-2> BARI Kola -3 (BARI Champa Kola) > BARI
Kola-2.

Table 4.2: Vitamin C (L-Ascorbic Acid) content in selected varieties of commonly
consumed vegetables of Bangladesh (mg L-AA/100 g FW¥)

English name Variety (L- Ascorbic Acid) content
(mg L-AA/100 g FW*)
Bottle Gourd BARI Lau-1 5.17+0.50
BARI Lau-2 5.77+0.35
BARI Lau-3 6.37+0.32
BARI Lau-4 6.13+0.72
Brinjal BARI Begun-1 (Uttara) 0.93+0.06
BARI Hybrid Begun-3 0.33+0.05
BARI Begun-4 (Kajla) 1.07+0.15
BARI Begun-5(Nayantara) 0.77+0.21
BARI Begun-6 1.40+0.26
BARI Begun-8 1.77+0.42
BARI Begun-10 1.87+0.38
Pumpkin BARI Mistikumra-1 11.27+0.56
BARI Mistikumra-2 9.40+0.66
Radish BARI Mula-2 (Pinky) 14.43+0.21
BARI Mula-3 (Druti) 13.87+1.02
Tomato BARI Tomato-14 12.71+2.45
BARI Tomato-15 12.87+0.32

*=Fresh weight
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Table 4.2 reveals that Vitamin C (L-Ascorbic Acid) content (mean£SD) expressed as mg
L-AA/100 g of selected varieties of Bottle Gourd, Brinjal, Pumpkin, Radish & Tomato
ranged from 0.33+0.05 to 14.43+0.21 mg L-AA/100g of EP. Radish contained highest L-
Ascorbic Acid as compared to rest of the four commonly consumed vegetables. Highest
L-Ascorbic Acid was found in the variety of BARI Mula-2 (14.43+0.21), then second
highest amount in BARI Mula-3 (13.87+1.02). Among the four selected varieties of
Bottle gourd, highest L-Ascorbic Acid was found in BARI Lau-3 (6.37+0.32) and lowest
in BARI Lau-1 (5.17£0.50). Among seven selected varieties of Brinjal, highest amount of
L-Ascorbic Acid was found in BARI Begun-10 (1.87+0.38) and lowest in BARI Hybrid
Begun-3 (0.33%0.05). Similarly, 11.27+0.56 and 9.40+0.66 mg of L-Ascorbic acid were
found in BARI Mistikumra-1 and BARI Mistikumra-2 respectively. Almost same content
was found in two selected varieties of Tomato, 12.87+0.32mg was found in BARI
Tomato-15 and 12.71+2.45mg in BARI Tomato-14. Comparatively higher to lower L-
Ascorbic Acid of selected varieties of vegetables were as follows: BARI Mula-2 (Pinky)
> BARI Mula-3 (Druti) > BARI Tomato-15 > BARI Tomato-14 > BARI Mistikimra-1 >
BARI Mistikumra-2 > BARI Lau-3 > BARI Lau-4 > BARI Lau-2 > BARI Lau-1 > BARI
Begun-10 > BARI Begun-8 > BARI Begun-6 > BARI Begun-4 (Kajla) > BARI Begun-1
(Uttara) > BARI Begun-5 (Nayantara) > BARI Hybrid Begun-3

4.2 Total Phenol Content (TPC)

Phenolic compounds are a large, diverse group of secondary plant metabolites that are
widespread in the plant kingdom and include phenolic acids, flavonoids and tannins .
The obtained results of total polyphenol analysis of selected samples are given in Table-

4.3. Wide range of polyphenol contents were found in the samples of present study.
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Table 4.3: Total Phenol Content (TPC) in selected varieties of commonly consumed
fruits of Bangladesh (ug GAE/100g FW¥*)

English name Variety TPC (ugGAE/g TPC (ugGAE/100g
DW**) FW*)
Banana BARI Kola -1 0.04x10*+0.00 1.16x10*+0.11
(BARI Sagar Kola)
BARI Kola-2 0.04x10*+0.00 1.20x10%+0.04
BARI Kola -3 0.03x10*+0.00 0.92x10+0.13
(BARI Champa Kola)
Guava BARI Kazi Peara 0.77x10*+0.00 11.31x10%+0.11
BARI Peara-2 0.36x10%+0.00 3.93x10%+0.04
Lemon BARI Lebu-3 N.D N.D
Mango BARI Aam -2 0.06x10*+0.00 1.15x10%+0.20
BARI Aam -3 0.04x10%+0.00 0.62x10%+0.00
BARI Aam -4 0.07x10*+0.00 0.83x10+0.03
Pineapple Justice 0.01x10+0.00 0.14x10%+0.01
Honey Queen 0.05x10"+0.00 0.86x10°+0.04

** =Dry weight
*=Fresh weight
N.D = Below detection level

Table 4.3 showed the TPC (mean+SD) of hydrophilic extracts of Banana, Pineapple,
Mango, Lemon, & Guava with selected varieties collected from BARI cultivation
system.TPC were varied from 0.14x10%+0.01 (Justice) to 11.31x10+0.11 ug GAE/100g
FW (BARI Kazi Peara). Among three analyzed varieties of Banana, highest TPC was
estimated in BARI Kola-2(1.20x10%+0.04) and lowest in BARI Kola-3 (0.92x10"+0.13).
Comparison between two varieties of Pineapple showed that Honey Queen had highest
(0.86x10%+0.04 pg GAE/100g FW) TP content whereas, only 0.14x10+0.01ug
GAE/100g FW TPC was found in Justice. Highest TPC was in BARI Aam-2
(1.15x10*+0.20pg GAE/100g FW) and lowest in BARI Aam-3 (0.62x10%+0.00ug
GAE/100g FW) among three selected varieties of Mango. TPC was not detected in BARI
Lebu-3. Between two varieties of Guava, around 4 times higher TPC was found in BARI
Kazi Peara (11.31x10*+0.11ug GAE/100g FW) than BARI Peara-2 (3.93x10%+0.04ug
GAE/100g FW). TPC of analyzed varieties of fruits are shown as descending order:
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BARI Kazi Peara > BARI Peara-2 > BARI Kola-1 (BARI Sagar Kola) > BARI Kola-2 >
BARI Aam-2 > BARI Kola-3 (BARI Champa Kola) > Honey Queen > BARI Aam-4 >
BARI Aam-3 > Justice.

Table 4.4: Total Phenol Content (TPC) in selected varieties of commonly consumed

vegetables of Bangladesh (ug GAE/100g FW¥*)

English Variety TPC (ugGAE/g TPC (1g
name DW**) GAE/100g FW¥*)
Bottle Gourd BARI Lau-1 0.06x10%+0.00 0.33x10%+0.01
BARI Lau-2 0.05x10%+0.00 0.19x10%+0.00
BARI Lau-3 0.04x10%+0.00 0.19x10%+0.00
BARI Lau-4 0.05x10%+0.00 0.22x10%+0.00
Brinjal BARI Begun-1 (Uttara) 0.27x10%.£0.00 3.23x10"+0.24
BARI Hybrid Begun-3 0.02x10"+0.00 0.30x10"+0.01
BARI Begun-4 (Kajla) 0.18x10"+0.00 2.10x10%+0.19
BARI Begun-5 (Nayantara) 0.06x10"+0.00 0.36x10"+0.03
BARI Begun-6 0.06x10%+0.00 0.43x10%+0.03
BARI Begun-8 0.27x10%+0.00 2.83x10%+0.28
BARI Begun-10 0.12x10%+0.00 0.99x10%+0.01
Pumpkin BARI Mistikumra-1 0.02x10%+0.00 0.19x10*+0.01
BARI Mistikumra-2 0.02x10%+0.00 0.21x10*+0.02
Radish BARI Mula-2 (Pinky) 0.03x10"+0.00 0.12x10"+0.01
BARI Mula-3 (Druti) 0.02x10"+0.00 0.07x10%+0.00
Tomato BARI Tomato-14 0.18x10%+0.00 0.80x10%+0.00
BARI Tomato-15 0.12x10%+0.00 0.51x10*+0.02

** =Dry weight
*=Fresh weight

TPC (meanzSD) expressed as pug GAE/100g FW of hydrophilic extracts of Bottle Gourd,
Brinjal, Pumpkin, Radish & Tomato, ranged from 0.07x10%+0.00 pg GAE/100g FW
(BARI Mula-3) to 3.23x10%+0.24x10*ug GAE/100g FW (BARI Begun-1) are presented
in Table 4.4. Among the four selected varieties of Bottle Groud, highest TPC was found
in BARI Lau-1 (0.33x10%+0.01pug GAE/100g FW) and lowest in BARI Lau-2 and BARI
Lau-3. Equal amount of TPC was found in BARI LAU-2 and BARI LAU-3
(0.19x104+0.00 ng GAE/100g FW). Among the seven varieties of Brinjal, have been
analyzed for present study, highest TPC was found in BARI Begun-1 (3.23x10%+0.24pg
GAE/100g FW) and lowest in BARI Begun-3 (0.30x10°+0.01ug GAE/100g FW).
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Comparison between two selected varieties of Pumpkin showed that 0.19x10%+0.01pg
GAE/100g FW TPC was found in BARI Mistikumra-1 and 0.21x10%+0.02pug GAE/100g
FW in BARI Mistikumra-2. Very narrow range of TPC was found between two varieties
of Radish. Comparison between two varieties of Tomato showed that higher TPC was
found in BARI Tomato-14 (0.80x10%+0.00ug GAE/100g FW) than BARI Tomato-15
(0.51x10%+0.02ug GAE/100g FW). TPC of five commonly consumed vegetables with
selected varieties of vegetables are shown as descending order : BARI Begun-1 (Uttara)
> BARI Begun-8 > BARI Begun-4 (Kajla) > BARI Begun-10 > BARI Tomato-14 >
BARI Tomato-15 > BARI Begun-6> BARI Begun-5 (Nayantara) > BARI Lau-1 > BARI
Hybrid Begun-3 > BARI Mistikumra-1 > BARI Lau-4 > BARI Lau-2 = BARI Lau-3=
BARI Mistikumra-2 > BARI Mula-2(Pinky) > BARI Mula-3 (Druti).

4.3 Antioxidant Activity (AA) by DPPH Radical Scavenging Assay

DPPH is a stable free radical and accepts an electron or hydrogen radical to become a
stable diamagnetic molecule. The reaction of specific compounds (extracts) with DPPH
in ethanol solution. In the presence of hydrogen donors, DPPH is reduced and a free
radical is formed from scavenger. The reaction of DPPH is monitored by the decrease of
the absorbance of its radical at 570 nm, but upon reduction by an antioxidant, the
absorption disappears. All the vegetables studied showed appreciable free radical

scavenging activities.
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Table 4.5: Antioxidant Activity (AA) in selected varieties of commonly consumed
fruits of Bangladesh by DPPH Radical scavenging assay (UM TE/100g FW¥*)

English Variety DPPH (UM TE/g DPPH (uM
name DW™) TE/100g FW*)
Banana BARI Kola-1 2.81+0 78.00£8.46
(BARI Sagar Kola)
BARI Kola-2 2.65+0 65.00£0.00
BARI Kola-3 1.75+0 44.00£7.73
(BARI Champa Kola)
Guava BARI Kazi Peara 75.00+01 109.50+0.00
BARI Peara-2 40.00£0 428.40+4.50
Lemon BARI Lebu-3 0.5+0 6.41+0.00
Mango BARI Aam-2 7.5+0 127.85+1.79
BARI Aam-3 5.80+0 82.53+6.16
BARI Aam-4 4.76£0.01 55.66+6.16
Pineapple Justice 4.21+0 52.12+6.92
Honey Queen 1.58+0 26.48+0.00

** =Dry weight

*=Fresh weight

Antioxidant Activity (AA) by DPPH radical scavenging assay (mean+SD) expressed as
MM TE/100g FW of selected varieties of Banana, Pineapple, Mango, Lemon & Guava are
presented in Table 4.5. AA of the five commonly consumed fruits were varied from
6.41+0.00 uM TE/100g FW ((BARI Lebu-3) to 428.40+4.50 uM TE/100g FW (BARI
Peara-2). Among the three selected varieties of Banana, highest AA was in BARI Kola-1
(78+8.46uM TE/100g FW) and lowest in BARI Kola-3 (44+£7.73 uM TE/100g FW).
Comparison between two varieties of Pineapple, Justice showed the highest
(52.12+6.92uM TE/100g FW) AA than Honey Queen (26.48+0.00 pM TE/100g FW).
Highest AA was found in BARI Aam-2 (127.85+1.79 uM TE/100g FW) and lowest in
BARI Aam-4 (55.66+6.16uM TE/100g FW) among three selected varieties of Mango
from BARI cultivation system. AA was 6.41+0.00uM TE/100g FW in BARI Lebu-3.
Comparison between two varieties of Guava showed that, around 4 times higher AA was
found in BARI Peara-2 (428.40+4.50pM TE/100g FW) than BARI Kazi Peara
(109.50£0.00uM TE/100g FW). Comparatively higher to lower AA of selected varieties
of fruits were as follows: BARI Peara-2 > BARI Aam-2 > BARI Kazi Peara > BARI
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Aam-3 > BARI Kola -1 (BARI Sagar Kola) > BARI Kola-2 > BARI Aam-4 > Justice >
BARI Kola-3 (BARI Champa Kola) > Honey Queen > BARI Lebu-3

Table 4.6: Antioxidant Activity (AA) in selected varieties of commonly consumed
vegetables of Bangladesh by DPPH Radical scavenging assay (UM TE/100g FW¥*)

English Variety DPPH (UM DPPH (UM
name TE/gDW") TE/100g FW*)
Bottle Gourd BARI Lau-1 1.90+0.05 10.00£4.20
BARI Lau-2 1.00+0.01 4.00+0.00
BARI Lau-3 0.63+0.00
BARI Lau-4 2.38+0.00 9.00+0.00
Brinjal BARI Begun-1 (Uttara) 5.70+0.00 68.22+0.00
BARI Hybrid Begun-3 2.15+0.00 28.00+0.00
BARI Begun-4 (Kajla) 9.52+0.05 106.00+0.00
BARI Begun-5 (Nayantara) 3.50+0.00 20.33+2.30
BARI Begun-6 1.28+0.00 14.00+£2.92
BARI Begun-8 10.48+0.00
BARI Begun-10 3.01+0.00 24.78+2.44
Pumpkin BARI Mistikumra-1 N.D N.D
BARI Mistikumra-2 N.D N.D
Radish BARI Mula-2 (Pinky) 3.17+0.00 12.00+3.62
BARI Mula-3 (Druti) 2.86+0.00 9.18+1.53
Tomato BARI Tomato-14 14.28+0.00 61.29+0.26
BARI Tomato-15 4.44+0.05 19.00£0.48

** =Dry weight
*=Fresh weight
N.D = Below detection level

Table 4.6 represents that AA (meanzSD) expressed as UM TE/100g FW of selected
varieties Bottle Gourd, Brinjal, Pumpkin, Radish and Tomato, ranged from 3.00+1.20
UM TE/100 g FW (BARI Lau-3) to 107.00£0.00 uM TE/100 g FW (BARI Begun-8).
Among the four selected varieties of Bottle gourd, highest AA was in BARI Lau-1
(10.00+4.20 uM TE/100g FW) and lowest in BARI Lau-3 (3.00+1.20 uM TE/100g FW).
Among seven selected varieties of Brinjal, highest AA was in BARI Begun-8
(107.00£0.00uM TE/100g FW) and lowest in BARI Begun-6 (14.00+2.92uM TE/100g
FW). AA of two different varieties of Pumpkin was found below detection limit.
Comparative AA of two selected varieties of Radish showed that, 12.00£3.62uM
TE/100g FW AA was found in BARI Mula-2 and 9.18+1.53 in BARI Mula-3. Around 3
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times higher AA was found in BARI Tomato-14 (61.29+0.62uM TE/100g FW) than
BARI Tomato-15 (19.00+£0.48uM TE/100g FW). Comparatively higher to lower AA of
selected varieties of five commonly consumed vegetables collected from BARI
cultivation system were as follows: BARI Begun-8 > BARI Begun-4 (Kajla) > BARI
Begun-1(Uttara) > BARI Tomato-14 > BARI Hybrid Begun-3 > BARI Begun-10 >
BARI Begun-5 (Nayantara) > BARI Tomato-15 > BARI Begun-6 > BARI Mula-2
(Pinky) > BARI Lau-1 > BARI Mula -3 (Druti) > BARI Lau-4 > BARI Lau-2 > BARI
Lau- 3.

4.4. Correlation between Total Phenol Content (TPC) and Antioxidant
Activity (AA) by DPPH Radical Scavenging Assay (RSA)

Correlation between TPC and AA

120

100 ~

. / y = 0.0031x + 5.1495
20 Py D2 N-70090

0 5000 10000 15000 20000 25000 30000 35000

TPC

Figure: 4.1: Correlation between TPC and AA among the selected vegetables

A fairly strong positive correlation is found between TPC and AA among the studied
vegetables (R°= 0.77). As indicated by the best fitting trend line in the figure 4.1, certain
extend of AA in the studied vegetables might due to other bioactive compounds rather
than TPC.
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Figure 4.2: Correlation between TPC and AA among the selected fruits

A weak positive correlation is found between TPC and AA among the selected fruits. (R
=0.11). As indicated by the best fitting trend line in the figure 4.2, certain extend of AA

in the selected fruits was due to other bioactive compounds rather than TPC.

6000
5000
4000
3000

AA

2000
1000

Correlation between AA and TPC

y = 0.6468x - 20.641_.

/

/

/

2000 4000 6000 8000 10000

TPC

Figure 4.3: Correlation between TPC and AA between two varieties of Tomato

Figure 4.3represents a perfect positive correlation between TPC and AA between two

varieties of Tomato (R°= 1)
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Figure 4.4: Correlation between TPC and AA between two varieties of Radish

Figure 4.4 represents a perfect positive correlation between TPC and AA between two
varieties of Radish (R?= 1)
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4.5 Visual relationship between Total Phenol Content (TPC) and
Antioxidant Activity (AA)

Relationship between TPC and AA
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Figure 4.5: Relationship between Total Phenol Content (TPC) and Antioxidant
Activity of selected varieties of commonly consumed fruits

Figure 4.5 shows the visual relationship between TPC and AA of selected varieties of
Banana, Pineapple, Mango, Lemon and Guava. Blue bar and red line indicate the TPC
and AA respectively. This figure revealed that AA of all analyzed samples was not solely
corresponding to the TPC. This figure also explained that not all polyphenolic
compounds have antioxidant potential. This visual relationship indicates AA of Honey

Queen is only well associated with their corresponding phenolic contents.
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Figure 4.6: Visual relationship between Total Phenol Content (TPC) and
Antioxidant Activity of selected varieties of commonly consumed vegetables

Figure 4.6 shows the visual relationship between TPC and AA of selected varieties of Bottle
Gourd, Brinjal, Pumpkin, Radish and Tomato. Blue bar and red line indicate the TPC and AA
respectively. The Antioxidant activities demonstrated by BARI Lau-1, BARI Lau-4, BARI

Begun-6 and BARI Tomato-15 are well matched with their corresponding phenolic contents.
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Free radicals are unstable compounds in the body responsible for tissue damage.
Antioxidants play a key role in maintaining good health either by counteracting or by
preventing these free radicals. Fruits and vegetables, being the potential sources for a
range of antioxidants in addition to their culinary properties, have attracted the attention
of researchers to evaluate the commonly consumed foods with their varieties as natural
potent antioxidants like polyphenols. The mechanisms behind the antioxidant activity of
phenolic compounds are thought to involve breakdown of oxidative and nitrosative
cascade function at cellular levels. These functions enable them to interact and modulate
enzymatic activities and, thereby, regulate signal for cell survival and death®”. As the
substances with comparatively higher antioxidant activity in vitro are assumed to show
higher antioxidant activity in vivo, several in vitro techniques are commonly employed

for rapid screening of the plants extracts based on their antioxidants activity %2°.

Fruits and vegetables contain a wide variety of phytochemicals including thousands of
bioactive compounds, many of which are implicated with health effects like protective
action against heart disease, hypertension, diabetes and some form of cancer. The present
study was undertaken to determine Vitamin C and Total Phenol Content (TPC) of
hydrophilic extracts and their corresponding Antioxidant Activity (AA) in selected
varieties of commonly consumed fruits and vegetables from BARI cultivation field. The
findings of present study are a significant addition to the field of food and nutrition

research as well as agriculture sector of Bangladesh.

Five fruits and five vegetables have been analyzed for present study with their different
varieties, grown in similar cultivation system practiced by BARI. BARI is the largest
multi-crop research institute which is conducting research on a wide variety of crops.
Besides development of varieties, this institute carries out research on production rate,
texture, variation of colour, post-harvest handling and processing, and socio-economic
studies related to production, processing, marketing and consumption etc. However,

insignificant number of studies was conducted to assess nutrient contents and their
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antioxidant activity of newly developed vegetables and fruits by BARI. Therefore,
present study was undertaken to assess vitamin C content, one of the most important
antioxidant nutrient as well as TPC and their corresponding antioxidant activity of
selected recent varieties of fruits and vegetables from BARI.

Vegetables and fruits are important contributors of various vitamins, minerals, and fibers
for every day diet of humans. Consequently, fruits are rich in various antioxidant
nutrients, including ascorbic acid, beta-carotene and also other bioactive compounds
including phenolic compounds. Number of studies demonstrated that the antioxidant
bioactive compounds present in certain fruits and vegetables are bioavailable?®>?’.
Therefore, these fruits and vegetables can be considered as an ideal source of natural
antioxidants. It is credible to speculate that increasing consumption of these fruits will
increase the natural antioxidants in diet, which in the long run, may prevent the chronic
diseases as well as aging process by protecting oxidative damage of tissues, protein,

DNA etc.

In present study, Vitamin C, Total Phenol Content (TPC) and Antioxidant Activity (AA)
of different samples were estimated by HPLC, Folin-Ciocalteu method and DPPH radical
scavenging assay respectively. The HPLC is a rapid, sensitive, accurate, and reproducible
method of determining vitamin C?®. Folin-Ciocalteu method is simple, rapid and most
popular. This method is an electron transfer based assay, and gives reducing capacity
which has normally been expressed as phenolic contents. Phenolics are regarded as the
molecules with the highest potential to neutralize free radicals. Therefore, their
quantification is a common practice in different areas of food research®3*#%27 |n the
present study, TPC of the analyzed variety of lemon was below detection level and it
showed low AA. However, moderate amount of Vitamin C was found in Lemon. This
condition arise might be due to the deactivation of Vitamin C during the sequential
extraction of hydrophilic extract. This is the strong evidence that DPPH antioxidant

activity contributed by TPC.
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Many local sour fruits are rich sources of vitamin C in the Bangladeshi diet whereas
vegetables provide comparatively lower amount of the vitamin C. In present study,
Vitamin C content (mean£SD) expressed as mg L-Ascorbic Acid (L-AA)/100 g FW of
edible portion. The range of Vitamin C content in different varieties of fruits varied from
1.03+0.15 to 71.57+2.83 mg L-AA/100 g FW. Highest Vitamin C was found in Guava
(BARI Peara-2) and lowest in Banana (BARI Kola-2). Moderate amount (13.53+0.8083
mg L-AA/100 g FW) of Vitamin C was estimated in Pineapple (Honey Queen). The
range of Vitamin C content among all varieties of vegetables was varied from 0.33+0.05
to 14.43+0.21 mg L-AA/100 g FW. Highest vitamin C was observed in Brinjal (BARI
Hybrid Begun-3) and lowest in Radish (BARI Mula-2: Pinky). Moderate amount (5.77+
0.35 mg L-AA/100 g FW) was found in BARI LAU-2. Negligible amount of vitamin C
was found in all 3 varieties of Banana (Table-4.1). A wide range (2.79 to 36.12 mg/100
FW) of Vitamin C content was observed in 3 varieties of Mango. BARI Aam-2 contained
extremely low amount of vitamin C (2.79 mg/100 g) and this finding was ‘quite
exceptional from other studies?®® .
BARI Aam-4 contained highest amount of vitamin C (36.12mg/100 g) which is

Among the three selected varieties of Mango,

comparable to Fazli variety (34.7 mg/100 g of vitamin C) reported in FCT?® for
Bangladesh. Another popular variety “Langra” contained 103 mg/100 g of vitamin C 2
Comparatively lower amount (17.33 mg/100 g) of Vitamin C was found in Mango in a

study conducted in Singapore?”. Above mentioned study?*’

also reported 70 mg/100 g,
0.22 mg/100 g, and 13.8 mg/100 g of Vitamin C in Guava, Banana and pineapple

respectively which are lower than the present findings.

Content of Vitamin C in Bottle Gourd (8.7 mg/100 g), Pumpkin (21.1 mg/100 g) and
Radish (17.3 mg/100 g) was higher in FCT for Bangladesh?”® compare with the present
findings (Table-4.2). The estimated amount of vitamin C in fruits and vegetables of
present study is much lower than the values reported in USDA database®®. One of the
possible reasons of this comparatively lower value of Vitamin C is due to the HPLC

method employed in this study. This method can estimate only L-ascorbic acid but not
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dehydroascorbic acid. Other databases like USDA database reports total ascorbic acid by

estimating both of L-ascorbic acid and dehydroascorbic acid.

In the present study, the content of total phenol in analyzed fruits is comparable to the
value reported in FCT for Bangladesh?® however; present findings do not match with
Singaporean study?'’. According to FCT for Bangladesh, TPC in Banana, Mango and
Pineapple are 1mg GAE/100g, 12 mg GAE/100g and 3 mg GAE/100 g respectively.
Total Phenol Content was below detectable limit in BARI Lebu-3 in present study even, a
study conducted in Mizoram, India**>. A mentionable amount (25.23 mg GAE/100g FW)
of TPC is reported in this Indian study. Again, that particular study reported that 115.35
mg GAE/100 g FW, 28.15 mg GAE/100 g FW, 19.01 mg GAE/100 g FW TPC in Guava,
Mango and pineapple respectively. These values are higher than the present study

findings.

TPC of all varieties of Brinjal was found relatively low in present study, as compared to
another study conducted on common vegetables of Singapore**®. Reported value was
0.82mg GAE/g FW. Variation in TPC of different study, probably due to the use of
different solvent system for extraction or varietal differences, cultivation practices used
for production and also differences in environmental factors. Previously, a study®® was
conducted on different varieties of Brinjal developed by BARI, reported that 4.24 + 0.07,
4.09 + 0.07 and 7.86 + 0.33 mg GAE/g FW TPC was in BARI Begun-1, BARI Begun-6
and BARI Begun-8 respectively which were higher than present study. A review article
reported that environmental factors have an effect on polyphenolic content includes soil
type, sun exposure, rainfall, greenhouse or field, biological culture, hydroponic culture,
fruits yield from tree, degree of ripeness etc?'. In addition, another review article on
bioactive compound reported that Brinjal has anthocyanin, a flavonoid in nature is
responsible for violet colour as well as, act as potent antioxidant®*2. The colour intensity
of violet leads differences in amount of anthocyanin content as well as structural

dissimilarity.
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AA of analyzed vegetables samples of the present study (presented in table 4.5 and 4.6)
was not comparable with the value reported in FCT for Bangladesh?®®. Reported values of
FCT were 90, 1292, 277, 2435 uM TE/100g of AA in Brinjal, Radish, Tomato, Bottle
Gourd respectively. On the other hand, AA found in Banana (76 pmol TE)/100g), Mango
(108 pmol TE)/100g) and Pineapple (21 pumol TE)/100g) in FCT for Bangladesh were
almost similar to BARI Sagar Kola (a variety of Banana), BARI Aam-4 (a variety of Mango)
and Honey Queen (a variety of Pineapple) of present study. Diverse environmental factors,
cultivation system, varietal difference may be the possible reason behind the variation in

obtained results.

Among the five fruits and vegetables with different varieties, estimated values of Vitamin
C (L-ascorbic acid) and TPC and AA was more in BARI Peara-2 and BARI Kazi Peara,
which is comparable with another study reported by Thaipong®*. This report concluded
that both white and pink flesh guavas fruits had high hydrophilic antioxidant activity,
vitamin C and Total phenol content. Phenolic compound and vitamin C are the better
contributors to the antioxidant activity of guava fruits, compared to the contribution of
carotenoids. These antioxidants may be involved in scavenging free radicals to inhibit
chain initiation and break chain propagation which is attributed to its high total phenolic
compounds. Thus the guava fruit can be harnessed either its protective or preventive roles

against diseases caused by oxidative stress.

The AA demonstrated by BARI Lau-1, BARI Lau-4, BARI Begun-6, BARI Tomato-15
and Honey Queen are well associated with their corresponding phenolic contents (Figure
4.5 and 4.6). These figures revealed that AA of all the samples can’t not be solely
explained by the TPC and not all polyphenolic compounds are antioxidant potential.
Antioxidant Activity might be due to other bioactive compounds rather than polyphenols.

234
|3

Furthermore, Mia Isabelle et al*™, explained that vitamin C content of fruits was found to

correlate poorly with either total phenolic content or Antioxidant Activity. Other than
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vitamin C, there are various other compounds which may contribute more significantly to

antioxidant capacities of these fruits.

In present study, recently developed varieties of commonly consumed fruits and
vegetables of Bangladesh have been analyzed. From the study findings it might be
possible to evaluate varietal difference of Vitamin C, TPC and AA of the analyzed five
fruits and vegetables. Obtained result would be helpful for the Agriculture experts for
further development of the suitable variety, which will supply adequate amount of
micronutrients including Vitamin C as well as other potential sources of antioxidant in

every day diet to prevent the chronic diseases and ensure the proper health.
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In the present study, AA, TPC and Vitamin C of selected 28 varieties of fruits and

vegetables were significantly distributed in four groups using quartiles. 1% to 4™ quartiles

represent poor, fair, moderate and rich sources of Vitamin C, TPC and AA.

Among all analyzed fruits

Sources of vitamin C:

Rich sources- BARI Peara-2, BARI Kazi Peara, BARI Lebu-3, BARI Aam-3,
BARI Aam-4

Moderate source- Honey Queen

Fair sources- BARI Kola-1, BARI Aam-2, Justice

Poor sources- BARI Kola-2 and BARI Kola-3

Sources of TPC:

Rich sources- BARI Peara-2, BARI Kazi Peara, BARI Aam-2, BARI Kola-1,
BARI Kola-2

Moderate source- BARI Kola-3

Fair sources- BARI Aam-3, BARI Aam-4, Honey Queen

Poor source- Justice

Sources of AA:

Rich sources- BARI Peara-2, BARI Kazi Peara, BARI Aam-2, BARI Aam-3
Moderate sources- BARI Kola-1, BARI Kola-2, BARI Kola-3, BARI Aam-4,
Justice

Fair sources- Honey Queen

Poor source- BARI Lebu-3
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Among all analyzed vegetables

Sources of vitamin C:
e Rich sources- BARI Mula-2, BARI Mula-3
e Moderate sources- BARI Lau-3, BARI Lau-4, BARI Tomato-14, BARI Tomato-
15, BARI Mistikumra-2, BARI Mistikumra-3
e Fair sources- BARI Lau-1, BARI Lau-2, BARI Begun-8, BARI Begun-10
e Poor sources- BARI Begun-3, BARI Begun-4, BARI Begun-5, BARI Begun-6

Sources of TPC:
e Rich sources- BARI Begun-1, BARI Begun-4, BARI Begun-8
e Moderate source- BARI Begun-10, BARI Tomato-14
e Fair sources- BARI Begun-3, BARI Begun-5, BARI Begun-6, BARI Lau-1, BARI
Lau-4
e Poor sources- BARI Lau-2, BARI Lau3, BARI Mula-2, BARI Mula-3, BARI
Mistikumra-2, BARI Mistikumra-3

Sources of AA:
e Rich sources- BARI Begun-4, BARI Begun-8
e Moderate sources- BARI Begun-1, BARI Tomato-14
e Fair sources- BARI Begun-3, BARI Begun-5, BARI Begun-6, BARI Begun-10.
BARI Lau-1, BARI Tomato-15, BARI Mula-2
e Poor source- BARI Lau-2, BARI Lau-3, BARI Lau-4, BARI Mula-3.

The findings of the present study indicate some of the selected varieties of fruits and
vegetables cultivated by BARI contain considerable amount of Vitamin C and Phenolic
compounds that may serve as a potential source of dietary antioxidants in order to tip the

balance of body’s antioxidant defense system against oxidative stress.
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1. In the present study, functional groups could not be estimated due to the time

constrains.

2. Other methods of AA were not employed due to unavailability of sophisticated

instruments and other logistic supports.
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