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ABSTRACT

Wild grape (Ampelocissus martinii Planch.) is a local fruit, limited information
on relation between its phytochemicals and antioxidation activity study is available
reports. The aims of this work are 1) to find the most suitable solvent for extraction of
wild grape fruit to obtain the highest phytochemical contents and antioxidant activity
2) to determine antioxidation activities of the extracts and 3) to study the relation of
phytochemical contents and their antioxidant activity. Many solvents with different
polarity including ethanol, methanol and water were chosen as solvent extraction.

The wild grape extracts were then determined their phytochemicals; phenolic,
flavonoid, saponin, anthocyanin and proanthocyanidin. In addition, several methods
such as free radical scavenging activity of DPPH" (DPPH assay) and ABTS™

(ABTS assay), Trolox equivalent antioxidant capacity (TEAC assay), Ferric reducing
antioxidant potential (FRAP assay) and Cupric reducing antioxidant capacity (CUPRAC
assay) were selected for antioxidant activity determination. The results showed that the
methanolic extract had the highest contents of phenolic, flavonoid and anthocyanin with
significant difference (P<0.01), while saponin was the highest in ethanolic extract.
Proantho- cyanidin had similar contents comparison between methanolic and ethanolic
extracts. Moreover, all phytochemicals found in water extract showed the lower
contents than both solvents. The results of antioxidant activity indicated that the
different polarities of solvents affected on the antioxidant activity of wild grape extracts
with significant difference. Among the extracts, methanolic extract revealed the highest
antioxidant activity in all tested methods. However, the activity of wild grape extracted
had lower than standard compounds, except trolox and CUPRAC assay. Correlation

analysis of phytochemical content and antioxidant activity indicated that high
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correlation was obtained, especially flavonoid and anthocyanin. The results obtained
from this work suggested that wild grape fruit is a good source of phytochemicals which
composed of good biological activity. It is promissed that the wild grape fruit could
develop as nutritional food additives to support health benefits.

Keywords: anthocyanin, flavonoid, phenolic, proanthocyanidin, saponin
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CHAPTER 1

INTRODUCTION

1.1 Rationale and background

Free radical is molecular or ion that is not fully outermost electron pairs, incur
unstable molecules and oxidation reaction from adjacent molecules, resulting in
molecules that lack an electron into a free radical, called a chain reaction (Gilbert,
2000). Free radicals caused by metabolism process in the body and external
environment. The free radicals will affect to organs and leads degenerative symptoms
such as cancer, heart disease and related brain systems (Golden et al., 2002; McCarthy
and Shah, 2003; Valko et al., 2007; Pham-Huy et al., 2008). These diseases can be
prevented by substances called “antioxidation” or “antioxidant”. Antioxidants are
inhibiting the oxidation reaction of free radicals. They have several actions and behave
differently as radical scavenging, singlet oxygen quenching, metal chelation, chain-
breaking, synergism and enzyme inhibition (Yoshikawa et al, 2000). Antioxidants
generally found in vegetables, fruits and herbs (Hwang et al., 2006). The antioxidant
extracted from plants have a name “phytochemical” and could be divided into many
types including polyphenol, flavonoid, quinine, tannin, alkaloid, steroid, saponin and
anthocyanin (Fang et al., 2002; Cliff et al., 2007; Pezzuto, 2008; Alghazeer et al.,
2012). These compounds are useful for health treatment such as inhibitors of the
enzyme that can trigger cancer (Hasaniya et al., 1997), anti-inflammatory activity,
apoptotic induction effect, blood platelet aggregation (Hou, 2003) and bioactive
compounds to attract interest due to their safety and health benefits. Grapes are a
popular fruit for study of phytochemical and antioxidant activity. Many reports
indicated that phytochemical of grape extract shows excellent free radical protection
and also various diseases (Lima et al., 2014).

Wild grape (Ampelocissus martinii Planch.) is a local wild fruit, which has
a stem and fruit very similar to cultivated grape. Therefore, it might be composed of
phytochemical as like as compose in the grape. The wild grape is an herbaceous climber

and durable weather than grape, found in the North and Northeast of Thailand.
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CHAPTER 2

LTERATURE REVIEW

2.1 Degenerative diseases

The free radical species include regenerative oxygen-species (ROS), reactive
nitrogen species (RNS), carbon-centered radicals, and sulfer-centered radicals
(Miller et al., 1990). Among them, ROS represent the most important class generated in
living systems. The ROS is derived from the contradictory roles that oxygen plays in
metabolism (We et al., 2013). Excessive ROS may have detrimental effects by targeting
cellular components indiscriminately including DNA, proteins and lipids (Kohen and
Nyska, 2002). A result of an unfavourable critical balance between free radical and
antioxidant leading to term called “oxidative stress” (McCord, 2000; Rock et al., 2009).
The oxidative stress resulting in a series of events which deregulated the cellular
functions and play a major role in the development of chronic and degenerative diseases
for many organs as shown in Figure 2.1 (Sailaja et al., 2011). In addition, declines in the
overall proteolytic capacity of cell have been observed (Cuervo and Dice, 2000;
Keller et al., 2000; Bulteau et al., 2002). Usually, the native protein was degraded by
proteolysis. The proteolysis was also altered and misfolded forms of protein (DeMartino
and Slauhter, 1999; Shringarpure et al., 2001). It is an important step in cellular
processes as diverse as degradation of plasma membrane receptors and lumen proteins
(Strous et al., 1996), activation of gene transcription (Traenckner et al., 1995;
Cuervo et al., 1998), and induction/propagation of apoptosis (Deiss et al., 1996; Ferri
and Kroemer, 2001). The importance of proteolytic function in maintenance of cellular
viability is evident in numerous diseases, including Alzheimer’s disease (Nixon et al.,
2000), diabetes (Horie et al., 1997), atherosclerosis (Sparrow et al., 1989), and
ischemia/reperfusion injury (Keller et al., 2000), in which loss in cellular function
appears related to defects in cellular proteolytic systems. Basal changes in the activities
of these systems as a function of age might therefore contribute to the enhanced fragility
of cells from aged organisms relative to young and adult counterparts, potentially

through an altered ability to respond appropriately to (patho) physiological stimuli
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(Szweda et al., 2002). Oxygen free radical (OFR); ROS and RNS are products of
normal cellular metabolism. They are well recognized for playing a dual role as both

deleterious and beneficial to living systems (Wu and Cederbaum, 2003).

Brain
Alzheimer’s memory loss
- depression, parkinsons
Kidneys X Lungs
Renal failure Asthma, COPD, ARDS
Glomerulonephritis
Eyes .
Catarac}; retinal  |€ Oxidative > GL
disee;ses stress PUD, liver injury
Multi organ
v Cancer, DM,
Heart Inflammation

IHD, Hypertension, shock, Heart failure

Figure 2.1 Organs affected by oxidative damage (Sailaja et al., 2011).

2.2 Free radicals

2.2.1 What are free radicals

Free radicals are defined as molecules having an unpaired electron in the
outer orbit (Gilbert, 2000) with unstable and very reactive. Various free radicals are
reported such as superoxide, hydroxyl, peroxyl (RO,), alkoxyl (RO"), and hydroperoxyl
(HOy") radicals. Nitric oxide and nitrogen dioxide ('NO,) are two nitrogen free radicals
which are studied highly of their effect on health. Oxygen and nitrogen free radicals can
be converted to other non-radical reactive species, such as hydrogen peroxide,
hypochlorous acid (HOCI), hypobromous acid (HOBr), and peroxynitrite (ONOQO").
Reactive oxygen species (ROS), reactive nitrogen species (RNS), and reactive chlorine

species are produced in animals and humans under physiologic and pathologic
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conditions (Evans and Halliwll, 2001). Thus, ROS and RNS include radical and non-
radical species.
2.2.2 Biological roles of free radicals

Free radicals may play an important role in the origin of life and biological
evolution, implicating their beneficial effects on the organisms (McCord, 2000).
For example, oxygen radicals exert critical actions such as signal transduction, gene
transcription, and regulation of soluble guanylate cyclase activity in cells (Lander, 1997;
Zheng and Storz, 2000). Also, NO is one of the most wide spread signaling molecules
and participates in virtually every cellular and organ function in the body (Ignarro et al.,
1999). Physiologic levels of NO produced by endothelial cells are essential for
regulating the relaxation and proliferation of vascular smooth muscle cells, leukocyte
adhesion, platelet aggregation, angiogenesis, thrombosis, vascular tone, and
hemodynamics (Ignarro et al., 1999). In addition, NO produced by neurons serves as a
neurotransmitter, and NO generated by activated macrophages is an important mediator
of the immune response (Freidovich, 1999). However, as oxidants and inhibitors of
enzymes containing an iron-sulfur center, free radicals and other reactive species cause
the oxidation of biomolecules which leads to cell injury and death (Freidovich, 1999;
McCord, 2000). For example, radiation-induced ROS markedly alter the physical,
chemical, and immunologic properties of SOD (Fang, 1991), which further exacerbates
oxidative damage in cells. The cytotoxic effect of free radicals is deleterious to
mammalian cells and mediates the pathogenesis of many chronic diseases, but is
responsible for the killing of pathogens by activated macrophages and other phagocytes
in the immune system (McCord, 2000). Thus, there are “two faces” of free radicals in
biology in that they serve as signaling and regulatory molecules at physiologic levels
but as highly deleterious and cytotoxic oxidants at pathologic levels (Freidovich, 1999).

2.2.3 Production of free radicals

Oxygen is required for the generation of all ROS, RNS, and reactive
chlorine species (Freidovich, 1999). The major reactions for the production of oxygen
and nitrogen free radicals in the body is not formed from L-arginine by one of the three
NO synthase (NOS) isoforms: nNOS, iNOS and eNOS (Wu and Morris, 1998). All
NOS isoforms require oxygen, tetrahydrobiopterin, nicotinamide adenine dinucleotide

phosphate (NADPH), calmodulin, flavin adenine dinucleotide (oxidized; FAD), flavin
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mononucleotide (FMN), and heme for catalytic activity, whereas Ca®" is essential for
nNOS and eNOS activity (Wu and Morris, 1998). In contrast, superoxide is generated
from O, by multiple pathways: 1) NADPH oxidation by NADPH oxidase; 2) oxidation
of xanthine or hypoxanthine by xanthine oxidase; 3) oxidation of reducing equivalents
(e.g., nicotinamide adenine dinucleotide NADPH and FADH,) via the mitochondrial
electron transport system; 4) autoxidation of monoamines (e.g., dopamine, epinephrine,
and norepinephrine), flavins, and hemoglobin in the presence of trace amounts of
transition metals; 5) one-electron reduction of O, by cytochrome P-450; and 6) one-
electron reduction of O, by nNOS or eNOS when arginine or tetrahydrobiopterin is
deficient (Wu and Morris, 1998; Freidovich, 1999; Gilbert, 2000; Evans and Halliwll,
2001).

Superoxide dismutase converts O, to H,O,. Hydrogen peroxide is also
produced through two-electron reduction of O; by cytochrome P-450, D-amino acid
oxidase, acetyl coenzyme A oxidase, or uric acid oxidase (Fang, 2002; Evans and
Halliwll, 2001; Freidovich, 1999). Further, the oxidation of sarcosine in the pathway of
glycine metabolism leads to H,O, formation. In the presence of water and oxygen,
ionizing radiation results in the production of O,", HO,, and ‘OH, with ‘OH being the
major deleterious ROS (Fang, 1991). NO can react with O, or H,O, to form ONOO',
whose oxidant potential is greater than that of O," or H,O; alone (Freidovich, 1999;
McCord, 2000). As a strong oxidant, HOCI is generated from H,O, and CI” by
myeloperoxidase (a heme enzyme) particularly in immunologically activated
phagocytes.

When free radicals and other reactive species (e.g., OH, HOO’, ONOQO)
extract a hydrogen atom from an unsaturated fatty acyl chain [e.g., ®-6 polyunsaturated
fatty acid (PUFA)], a carbon centered lipid radical (L") is produced. This is followed by
the addition of oxygen to L’ to yield a lipid peroxyl radical (LOO"). LOO" further
propagates the peroxidation chain reaction by abstracting a hydrogen atom from a
nearby unsaturated fatty acid. The resulting lipid hydroperoxide (LOOH) can easily
decompose to form a lipid alkoxyl radical (LO"). This series of ROS-initiated lipid
peroxidation reactions with the production of lipid peroxyl and alkoxyl radicals,
collectively called chain propagation, occurs in mammalian cells, such that oxygen free

radicals may cause damage far in excess of their initial reaction products.




The mitochondrial electron transport system is a source of superoxide
(Freidovich, 1999). Because NADH, NADPH, and FADH, are produced almost
exclusively via the aerobic metabolism of protein, fat, and glucose, an increase in
dietary energy intake enhances mitochondrial free radical production, which results in
oxidative stress. Thus, calorie restriction reduces the generation of free radical species
and retards aging in animals (Sohal, 1996). Under physiologic conditions,
approximately 1% to 3% of the O, consumed by the body is converted into superoxide
and other ROS (Sohal, 1996). Throughout the lifecycle, any person may be at a risk of
oxidative stress induced by high rates of oxygen use (e.g., strenuous work and
competitive sports), the autoimmune activation of immune system cells (e.g.,
respiratory burst of polymorphonuclear and mononuclear cells), and environmental
factors (e.g., pollutants containing NO, nitro-gen dioxide, and hydroxyl radicals).
Prolonged exposure to free radicals, even at a low concentration, may result in the
damage of biologically important molecules and potentially lead to DNA mutation,
tissue injury, and disease (McCord, 2000; Freidovich, 1999). Thus, although molecular
oxygen is absolutely essential for aerobic life, it can be toxic under certain conditions.
This phenomenon has been termed the oxygen paradox (Gilbert, 2000). The example of
the free radicals is listed in Table 2.1.
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Table 2.1 Reactive oxygen and nitrogen species of biological interest

(Devasagayam et al., 2004)

Reactive species Symbol  Half Life o
Reactivity / Remarks

(in sec)

Reactive oxygen species :

Superoxide 02"~ 10%  Generated in mitochondria, in system

cardiovascular and others

Hydrogen H,0, stable Formed in our body by large peroxide
number of reactions and yields potent
species like ‘OH

Peroxyl radical ROO’s Reactive and formed from lipids,
proteins,

DNA, sugars etc. during oxidative
damage
Organic hydroperoxide ROOH stable Reacts with transient metal ions to yield

reactive species

Singlet oxygen '0, 10°s  Highly reactive, formed during
photosensitization and chemical reactions

Ozone (O} s  Present as an atmospheric pollutant, can

'0, react with various molecules, yielding

Reactive nitrogen species:

Neurotransmitter and blood pressure

Nitric oxide NO's
regulator, can yield potent oxidants
during
pathological states

Peroxynitrite ONOO™ 10°s  Formed from NO' and superoxide, highly
reactive

Peroxynitrous acid ONOOH fairly  Protonated form of ONOO

stable

Nitrogen NO; s  Formed during atmospheric dioxide

pollution

g
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== Mahasarakham University




i

\‘j
|
===’ Mahasarakham University

11

2.3 Antioxidants

Free radicals can be inhibited by substances called antioxidants. Research has
released antioxidants are substances that are beneficial to the body (Chattopadhyay
et al., 2008). Antioxidants help to decrease free radical change. In life protection cell
and tissue destruction of free radicals contains antioxidants of many types for different
functions. There are both enzymatic and non-enzymatic, the compound is soluble in
water and fat. The mechanics of it, there are many series such as radical scavenging,
singlet oxygen quenching, metal chelation, chain-breaking, synergism and enzyme
inhibition (Yoshikawa et al., 2000). The free radical scavengers are shows such

equation 2.1 and 2.2.

R® +AH — RH+A’ (equation 2.1)
RO'+AH — ROH+A’ (equation 2.2)

Antioxidants can be divided into two groups, synthetic and natural
antioxidants. Synthetic antioxidants caused by chemical synthesis as phenolic
compounds, such as propyl gallate, 2-butylated hydroxyl anisole, 3-butylate hydroxyl
anisole, butylated hydroxyl toluene (BHT) and tertiary butyl hydroquinone. These
compounds are commonly used in the food industry, to inhibit the oxidation of fat in
foods that cause odor, color and taste changes. They are stability more than natural
antioxidants. However, there are limitations on the safety of consumers (Pokorny et al.,
2001), while natural antioxidants found in both plants and animals such as vitamin C,
vitamin E, flavonoid, anthocyanin, carotenoids and ubiquinones, glutathione,
glutathione peroxidase (GPX), glutathione reductase, glutathione transferase (change
H,05 to O, and H,0) and superoxide dismutase (SOD) (change O," to H,O,) (Buran,
2013).

Under normal conditions, the body will prevent the formation of free radicals
by antioxidant enzyme was regulated in a state of equilibrium. Other antioxidants such
as vitamin, -carotene, carotenoid and polyphenol are derived from vegetable, fruit and

herb (Hwang et al., 2006). Figure 2.2 shows the structure of some natural antioxidants.
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Figure 2.2 Chemical structure of some natural antioxidants: (a) ascorbic acid,

(b) B -carotene, (c) flavonoid, (d) anthocyanin.

2.3.1 Phytochemicals
1) Introduction to phytochemicals

Phytochemicals are plant chemicals that have protective or disease
preventive properties. They are not required by the human body for sustaining life.
Several studies show that phytochemical has the ability to reduce free radicals in the
organism. In phenolic and polyphenol compounds found in plants have exhibited
excellent antioxidant such as flavonoid and catechin (Decker, 1995; Fang, 2002).
The literatures on the benefit of phenolic compounds in tea that scavenge free radical to
prevent and treat of diseases by increase red blood cell resistance to oxidative stress
(Fang et al., 1998), inhibit oxidative modification of low-density lipoprotein
(Voudin et al., 2000), decrease serum concentrations of total cholesterol and increase
serum concentrations of high density lipoprotein in humans (Fang et al., 1998), inhibit
the growth and induce apoptosis of several human cancer cell lines in vitro

(Fang et al, 1998; Yang et al., 1998) etc. have been published.
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2) Types of phytochemical

Among the causes of the major chronic health problems, harmful free
radicals and reactive oxygen species (ROS) have been found to play an important role
(German et al., 1998; Keher, 1993). Radicals and ROS such as the superoxide anion
(0,7), hydroxyl radical (OH") and peroxy radical (ROO") have been implicated as
mediators of degenerative and chronic deteriorative, inflammatory, and autoimmune
diseases (Nice and Yalpami, 1997; Heliovaara et al., 1994), diabetes, vascular disease
and hypertension (Gey, 1986; Harris, 1992), cancer and hyperplastic diseases
(Ames et al., 1993; Ferguson, 1994), cataract formation (Ames et al., 1993; Gershoff,
1993), emphysema (Rice-Evans and Diplock, 1993), arthritis, malaria, multiple
sclerosis, myocardial ischemia-reperfusion injury (Nice and Yalpami, 1997), immune
system decline, and brain dysfunction as well as the aging process (Ames et al., 1993).

Antioxidants such as vitamins C and E are essential for the protection
against ROS. However, the majority of the antioxidant activity of a fruit or vegetable
may be from compounds such as phenolic acids and flavonoids, rather than from
vitamin C, E or B-carotene (Bors et al., 1990). Intake of controlled diets richin fruits and
vegetables increased significantly the antioxidant capacity of plasma. This increase
could not be explained by the increase in the plasma a-tocopherol or carotenoid
concentration (Cao et al., 1998).

Antioxidant phytochemicals such as flavonoids are therefore the focus of
many recent studies. The antioxidant activity of these compounds is predominantly
determined by their structures, in particular the electron delocalization over an aromatic
nucleus, in those based on a phenolic structure. When these compounds react with a free
radical, it is the delocalization of the gained electron over the phenolic antioxidant,
and the stabilization by the resonance effect of the aromatic nucleus, that prevents the
continuation of the free radical chain reaction. This is often called radical scavenging,
but polyphenolic compounds inhibit oxidation through a variety of mechanisms
(Steinmetz and Potter, 1991; Stich and Rosin, 1984). Synthetic antioxidants such as
butylated hydroxyl anisole (BHA) and butylated hydroxyl toluene (BHT) only tend to
have one mode of action, i.e. via free radical scavenging, and are not able to sequester

metal ions through the metal catalyzed route (Nice and Yalpani, 1997). The anticancer
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activity of flavonoid has been attributed to a large variety of different mechanisms
(Huang et al., 1992).
3) Classification of phytochemicals

The classification of phytochemicals can be divided from their ring
structure and the number of carbon atoms substituting the ring and linking them
together.

Phenolic compounds

Phenolic compounds are the largest group of phytochemicals and the

most widely distributed in the plant kingdom. The phenolic compounds can be grouped
into 3 types such as flavonoids, phenolic acids, and polyphenols. Flavonoids are the
largest group of plant phenols and the most studied (Ozdal et al., 2013). Phenolic acids
are diverse groups which widely extended of hydroxybenzoic and hydroxycinnamic
acids. Furthermore, it is also found of polyphenolic such as tannins, are compounds of
high molecular weight.

Flavonoids

The flavonoids are members of a class of natural compounds that

recently has been the subject of considerable therapeutic interest. They play a major role
in successful medical treatments from the past up to recent. They are ubiquitous among
vascular plants and occur as aglycones, glucosides and methylated derivatives. Now
flavonoids have been described so far of more than 5,000 types from the parts of plants
normally consumed by humans and approximately 650 flavones and 1,030 flavonoids
are known (Pretorius, 2003). Some structures of phenolic compounds show in Figure

2.3.




P
2|

<S5 Mahasarakham University

)

15

CL, i
HO o _,\\\ OH \ OH

OH HO
OH OH

Catechin Caffeic acid
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Chlorogenic acid Quercetin

HO OH
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Gallic acid Kaempferol

Figure 2.3 The structure of various phenolic compounds (Ozdal et al., 2013)
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With previous reports, phytochemicals show various activities for

prevention many diseases by different mechanism of action as shown in Table 2.2.

Table 2.2 Activities and action mechanism of some phytochemicals.

(Kumar et al., 2010; Patel et al., 2010; Sutar et al., 2011)

Phytochemicals Activity Mechanism of action
Alkaloids Antimicrobial Intercalates into cell wall and DNA of
parasites
Coumarins Antiviral Interaction with eukaryotic DNA
Flavonoid Antimicrobial Complex with cell wall, binds to
adhesions
Antidiarrheal Inhibits release of autocoids and
prostaglandins, inhibits contraction
caused by spasmogens, stimulates
normalization of the deranged water
Glycosides Antidiarrheal transport across the mucosal cell, inhibits
Polyphenols and Antimicrobial GI release of actylcholine
Tannins Antidiarrheal Inhibits release of autocoids and
Anthelmintic prostaglandins
Quinones Antimicrobial Binds to adhesins, enzyme inhibition,
substrate deprivation, complex with cell
wall, membrane Interaction with
eukaryotic DNA
Saponins Antidiarrheal Bind to adhesins, complex with cell wall,
inactivates enzymes
Steroids Anthelmintic Inhibits histamine release in vitro
Antidiarrheal Possesses membrane permeabilizing
properties
Terpenoids Antimicrobial Enhance intestinal absorption of Na™ and
water, Membrane disruption
Tannins Antimicrobial Inhibits release of autocoids and

prostaglandins

g
.-| |

== Mahasarakham University




i

\‘j
|
===’ Mahasarakham University

17

2.3.2 Antioxidant activity determination
Quantitative analysis of antioxidant activity is analyzed to determine the

amount of antioxidants in the sample.

1) 2,2-Diphenyl-1-picrylhydrazyl radical scavenging capacity assay
(DPPH assay)

DPPH assay analysis using anti-oxidation ability by 2,2-diphenyl-1-

picrylhydrazyl as a reagent. 2,2-diphenyl-1-picrylhydrazyl is a stable radical in the
solvent methanol. This solution is purple and light absorption at a wavelength of 517

nm. The structure of DPPH radical shows in Figure 2.4.

L3

Ne

NO NO,

NO,

Figure 2.4 Structure of 2,2-diphenyl-1-picrylhydrazyl radical (DPPH radical)

The reaction mechanism of DPPH’ with antioxidant (AH) or radical

species (R’) is shown by the equation 2.3 and 2.4.

DPPH'+ AH —  DPPH-H+A’ (equation 2.3)
DPPH' +R° —>  DPPH-R (equation 2.4)

If the sample has a higher ability to resist oxidation, the intensity of
the purple solution is reduced. The results are reported as 50% inhibitory
concentration (ICsp), which represents the amount of antioxidants that cause the
concentration of DPPH remaining 50% (Lo and Cheung, 2005). The ICs, values
achieved by graphing the relationship between % inhibitions with concentration of

substances. The % inhibition content is calculated as follows:
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bs — Abs
control sample ) %100

A
Inhibition (%) =( Abs

control

Advantages of DPPH assay are quick, convenient, easy to analyze,
accuracy and high reproducibility. The disadvantage is the inability of the blood
antioxidant activity, because reactive protein precipitated in alcohol.

2) 2.2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) cation radical
scavenging (ABTS) assay

ABTS assay analysis using anti-oxidation ability by 2.2’-Azino-bis
(3-ethylbenzothia- zoline-6-sulfonic acid) diammonium salt as a reagent (Figure 2.5).

It is a stable radical in the aqueous solution. This solution is green and light absorption

at a wavelength of 734 nm. The structure of ABTS radical shows in Figure 2.5.

}115

Figure 2.5 Structure of 2.2°-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)

SO3H

diammonium salt.

There are many ways to cause ABTS cation radical.

1) The enzyme reaction for catalyzes oxidation of ABTS cation
radical as peroxidase and myoglobin etc.

2) The chemical reaction to cause ABTS -cation radical as
manganese dioxide, potassium persulfate and 2,2’-azo-bis-(2-amidinopropane) (ABAP)
etc.

Mechanism of ABTS™ and ABTS"" inhibition by antioxidant shown in
equation 2.5 and 2.6 respectively.

OH + ABTS — ABTS" +H,0 (equation 2.5)

ABTS"+AH ~— > ABTS+A’ (equation 2.6)
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If the sample has a higher ability to resist oxidation, the intensity of
the green solution is reduced. The results are similar to the DPPH reported as 1Csy.
Otherwise, inhibition of ABTS™" by trolox standard, called trolox equivalent antioxidant
capacity (TEAC). The results of this analysis are calculated as a fixed value relative to
the standard antioxidant Trolox (Zulueta et al., 2009).

3) Ferric reducing antioxidant power (FRAP assay)

FRAP assay is another method used to determine its ability to resist
oxidation by redox reaction. The principle is to track the changing colors of ferric
tripyridyltriazine (Fe*™-TPTZ) metal compounds. The Fe*™-TPTZ receives electrons
from antioxidants and then changed to ferrous tripyridyltriazine (Fe*"-TPTZ) in the

blue-violet (Benzie and Szeto, 1999). The mechanism of FRAP assay as shown in

Figure 2.6.
Z Z = | o [
=~ I N = | 3 N N
| x N | = N | =2 N | = N
N__N N / NN
/N\\ // +antioxidant 3 ) ;-f/
Fef—:-..__ s /FEH"“ -
N7Z N/ N~ e ik N~ |N N
| 2 N N =
N\‘ \N £ | < N | <
| . | e e =z

Figure 2.6 Mechanism of FRAP assay.

FRAP assay can track reactions by measuring the absorbance at 595
nm wavelength. Then study the ability of antioxidants in the sample by comparison to a
standard curve. The ferrous sulfate used as a standard curve and report experimental
results as FRAP value. This method has the advantage of low cost, convenient, fast and

simple experiments with reproducibility as well (Pulido et al., 2000).
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4) Cupric reducing antioxidant capacity (CUPRAC assay)

CUPRAC assay is another method used to determine its ability to
resist oxidation by redox reactions. This method is used to analyze copper (II)-
neocuproin (Cu(Nc),>") reagent as the chromogenic oxidant. This reagent is easy to use,
stable, inexpensive, and responds to both polar and non-polar antioxidants. The
antioxidant hydroxyls are change to the corresponding quinones in the CUPRAC redox
reaction, producing a chromogen of Cu(I)-neocuproine (Cu(Nc),") absorbing at 450 nm
wavelength (Apak et al., 2004). CUPRAC assay and FRAP assay is similar but different
reaction to the reaction of FRAP assay was born at pH3.6 but reaction of CUPRAC
assay born at pH7. The mechanism of CUPRAC assay as shown in Figure 2.7.

Copper (ll) complex Representative Copper () complex
antioxidant

Figure 2.7 Mechanism of CUPRAC assay.

2.4 Wild grape

Wild grape (Ampelocissus martinii Planch.) is generally found in Thailand. It is
a traditional herb ingredient and has been used for a long history. The stem and fruit of
wild grape are similar to cultivated grape (Figure 2.8). In addition, colors and stages of
fruit development also follow the same pattern. Therefore, the phytochemicals and their
activities of the wild grape fruits may be similar to those found in the cultivated grape.
Until now, information about some activities of wild grape phytochemicals are rare

available.
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Figure 2.8 Wild grape fruit

Ampelocissus is a genus of VITACEAE having 90 or more species found
variously in tropical Africa, Asia, Central America, and Oceania. The type species, A.
latifolia, was originally treated under its basionym, Vitislatifolia, and was collected
from the Indian subcontinent (Chen and Manchester, 2007). Species of Ampelocissus
are herbaceous or woody, hermaphroditic or polygamo-dioecious flowering plants with
tendrils for climbing. Fruits are grape-like berries having 1-4 seeds. Their diploid
chromosomal number is 40 (2n=40). Example of the plant is in a group Ampelocissus as
Alnusrugosa L., Ambrosia artemisiifolia L., Scutellariabarbata D. Don, Tabernaem-
ontana divaricate, Larreadivaricate, Prunus Africana and Uapacakirkiana etc.

The phytochemical and biological activity of the plants in this group are
reported including tannins, gallotannins and flavanols of Uapacakirkiana fruit”
(Muchuwet et al., 2006), “Prunusafricana and Warburgiaugandensis in asthma
treatment” (Karani et al., 2013), phenolic compound production in relation to
differentiation in cell and tissue cultures of Larreadivaricata (Cav.) (Palacio et al.,

2012) and carotenoids in Scutellariabarbata D. Don as detected by high performance

£ Mahasarakham University



i

\‘j
|
===’ Mahasarakham University

22

liquid chromatography-diode array detection-massspectrometry-atmospheric pressure

chemical ionization (Liu et al., 2014) etc.

2.5 Research related on antioxidant and phytochemicals

Recent interest in phytochemical on health benefits has been increasely
reported. Mejia et al., (2009) found that catechins of green tea can neuroprotection with
beneficial effects on vascular function and mental performance. Méakynen et al., (2013)
examined the antioxidant and antihyperlipidemic properties of 6 pomelo (Citrus grandis
L. Osbeck) cultivars in Thailand. The results suggest that pomelo provides significant
health benefits and may be used for developing functional foods. This was due to they
had antihyperlipidemic properties including the inhibition of pancreatic lipase and
cholesterol esterase, cholesterol micelle formation and bile acid binding.

The study of plant extracts about their antioxidant activities was gradually
increased due to people are starting to focus on health. Different assays have been
introduced to measure antioxidant capacity of foods and biological samples
(Floegel et al., 2011). The common widely of spectrophotometric assays has been
applied including DPPH assay, ABTS assay, ORAC assay and FRAP assay
(Kim et al., 2002; Thaipong et al., 2006; Bakar et al., 2009; Ma et al., 2013;

Nour et al., 2013; Sati et al., 2013; Vuong et al., 2013). Moreover, other approach such
as trolox equivalent antioxidant capacity assay (TEAC), hydroxyl radical scavenging
activity (HRSA), superoxide radical scavenging activity (SRSA) (Mékynen et al.,
(2013) and cupric reducing antioxidant capacity assay (CUPRAC) (Bektasoglu et al.,
2006) were also used for antioxidant of phytochemical assay.

In both synthetic and natural antioxidants are widely used in many food
products and concerning about the safety of the synthetic antioxidant in dietary, natural
antioxidant have attracted considerable attention of users and researchers (Ramalakshmi
et al., 2008). Several vegetable, fruit and medicinal plants are being viewed as an easily
available and potent source of antioxidant. It is well known that natural occurring
antioxidant could be significantly lost as a consequence of free radical processing
(Rababah et al., 2011). Many studies have shown that antioxidant phytochemicals

especially polyphenols are good resources of natural antioxidants, which could prevent
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the oxidative damage caused by free radical, as well as different health protective action
(Fang et al., 1998; Voudin et al., 2000; Fang et al., 2002; Pyo et al., 2004; Pierson

et al., 2012). The natural antioxidants that many researchers interested in study are
phenolic (Sati et al., 2013), flavonoid, proanthocyanidin (Pierson et al., 2012),
anthocyanin (Konczak and Zhang, 2004; Lule and Xia, 2005; Nichenametla et al.,
2006), and saponin (Man et al., 2010; Vuong et al., 2013).

Grapes are one of the most interested fruits since it contain large amounts of
phytochemical including anthocyanins and resveratrol, which offer health benefits
(Pezzuto, 2008). Grape phenolics are the major dietary sources of anthocyanins, which
are responsible for the colouring of black, red and purple, however they are lacking in
white grapes (Yang et al., 2009). The phenolic compounds of grapes are catechin,
epicatechin gallate, procyanidin B1, rutin, gallic acid, caffeic acid, p-coumaric acid,
pelargonidin-3-glucoside, cyanidin-3-glucoside, cyaniding-3,5-diglucoside and dolphin-

idin-3-glucoside (Lima et al., 2014).




i

N

Wild grape fruits generated during July to October and it is acid taste. In addition, it has
been used as a folk remedy for pox and reduce swelling. However, there is not much
available data reporting on their phytochemical and antioxidant activities of wild grape
fruits. This reason attractive interested in studies of phytochemical contents and their

correlation on antioxidant activities of wild grape fruit extract.

1.2 Objectives of the research

1.2.1 To find the suitable solvent for extraction of wild grape fruits with high
phytochemical contents and antioxidant activities

1.2.2 To determine antioxidant activities of the wild grape fruit extracts

1.2.3 To study the correlation of phytochemical contents and antioxidant
activities of the wild grape fruit extracts

1.3 Scope of the research

The wild grape (Ampelocissus martinii Planch.) fruits were collected, dried and
grounded before extraction by different polarity solvents; water, methanol and ethanol.
The crude extracts were then evaporated by rotary evaporator. All of extracts were
determined for their phytochemical contents such as total phenolic, total flavonoid, total
anthocyanin and total saponin. The antioxidation activities of each extracts were then
evaluated by DPPH, ABTS, TEAC, FRAP and CUPRAC assays, after that comparison
with standard solution as trolox, vitamin C and BHA. Finally, correlation of
phytochemical contents and antioxidation activities of the wild grape fruit extracts was

performed.

> Mahasarakham University



1.4 Expected results of the research

1.4.1 Find the suitable solvent used for extraction of wild grape fruits to obtain
high phytochemical contents and antioxidant activities

1.4.2 Obtain the basic data of antioxidant activities of the wild grape fruit

extracts

1.4.3 Correlation of the phytochemical contents on antioxidant activities of

wild grape fruit extracts would be obtained

1.5 Definition of terms

Anthocyanin

Antioxidant

Correlation

Crude extract

Extraction

Free radical

1Cs0

% Inhibition

Oxidation reaction

Phenolic

Phytochemical

Saponin

/\‘\
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pigment compound with phenol group in structure
a molecule which can inhibited oxidation reaction
of radical substances

relation between phytochemical contents and
antioxidant activities analyzed by statistic method
first extracts obtained from extraction process
separation process of phytochemical from wild grape
fruits using polar solvents

atom or molecule which composed of an unpaired
electron

concentration of an inhibitor where the response is
reduced by half

concentration percentage of substance to inhibit
free radicals

a reaction involved in electron donating
compounds which composed of phenol group in
structure

chemical compound that occur naturally in plants
compound composed of glycoside group in

structure



i

N
e |
===’ Mahasarakham University

CHAPTER 3
RESEARCH METHODOLOGY

3.1 Materials

Wild grape (Ampelocissus martinii Planch.) fruits were collected from Roi-Et
province, Thailand during July to October, 2014. They were then dried at 40 °C for 3
days to remain their moisture less than 5 % of fresh weights in an oven. The dried wild
grape fruits were then grounded into powder using pestle and mortar.
3.2 Chemicals

All chemicals used in this research shown in Table 3.1.

Table 3.1 Chemicals used in the research.

Name Formula Grade Company

2, 2’-azino-bis (3-ethylbenzthiazoline-6- CigH;sN4O¢S4 AR Sigma-Aldrich
sulphonic acid) (ABTS)

2, 2-diphenyl-1-picrylhydrazyl CisH12N506 AR Sigma-Aldrich
2,4, 6-Tri (2-pyridyl)-s-triazine (TPTZ) C;sH2Ng AR Acros organics
3, 4, 5-hydroxly-benzoic acid C,H¢Os AR Acros organics
Acetic acid glacial C,H40, AR Merck

Aescin Cs5HggOo4 AR Sigma-Aldrich
Aluminium chloride AlCl; AR Merck
Ammonium acetate C,H,NO, AR Merck
Butylatedhydroxyanisole (BHA) C11H60; AR Sigma-Aldrich
Catechin Ci5H140¢ AR Sigma-Aldrich
Copper (II) chloride CuCl, AR Merck

Ethanol C,HsOH AR Merck

Ferric chloride hexahydrate FeCl;.6H,O AR Carlo Erba




Table 3.1 Chemicals used in the research (Continued).
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Name Formula Grade Company
Folin-Ciocalteu’s Reagent - AR Carlo Erba
Hydrochloric acid HCI AR Merck
L-Ascorbic acid CeHgOg AR Univar
Methanol CH;OH AR Merck
Neocuproine Ci4H1oN, AR Sigma-Aldrich
Potassium persulfate K5S,04 AR Merck
Quercetin Ci5H1007 AR Sigma-Aldrich
Sodium acetate C,H3;NaO, AR Merck
Sodium carbonate Na,COs3 AR Merck
Sodium hydroxide NaOH AR Merck
Sodium nitrite NaNO, AR Acros organics
Sulfuric acid H,SO, AR Merck
Trolox C14H304 AR Sigma-Aldrich
Vanillin CgHgOs3 AR Sigma-Aldrich
Distilled water H,O - -
3.3 Instruments
Instruments used in the research shown in Table 3.2.
Table 3.2 Instruments used in the research.
Instruments Model
Shaker, PSU-20 Platform Shaker

Perkin Elmer

Buchi Rotavapor R-210

UV-Vis spectrophotometer

Vacuum rotary evaporator

i
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3.4 Methods

3.4.1 Wild grape extraction
The extraction is followed the method of Vuong et al., (2013) with some

modifications. Briefly, the 25 g of dried wild grape powder was extracted with 250 mL
of solvents; methanol and ethanol at room temperature for 3 h, while water extraction
was performed at 70°C for 20 min. The extraction was 3 repeats and all solution extracts
of each solvent were pool together. The extracts were filtered using thin white cloth and
following by Whatman No.1 filter paper to remove the residue. The extract solution was
evaporated the solvents by rotary evaporator at 40°C under vacuum for 30 min.
The dried crude extracts of wild grape fruit were then stored at 4°C. The extraction steps

are shown in Figure 3.1.

g
‘,I |
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Wild grape powder

l

Extracted for 3 repeats

(Organic solvent: at room temperature for 3 h) (Water: at 70 °C for 20 min)

l

Crude extracts

l

Filtered (thin white cloth, filter paper)

l

Crude extracts solution

!

Evaporated of solvent (Rotary evaporator at 40 °C)

l

Dried of crude extracts

Figure 3.1 Diagram shows the step to prepare crude extracts of wild grape fruit.

3.4.2 Phytochemical determination
1) Total phenolic content
The total phenolic content (TPC) was determined using a modified
colourimetric method (Skerget et al., 2005). A 0.2 mL of crude extract solution was
mixed with 1 mL of 10% Folin-Ciocalteu reagent, before incubating at room
temperature for 5 min. After that, 0.8 mL of 7.5% of Na,COs solution was added into
the mixture solution before standing at room temperature for 30 min. Then, the mixture

solution was measured at 765 nm using UV-Vis spectrophotometer. Gallic acid was

> Mahasarakham University
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used as standard for a calibration curve. The total phenolic contents were indicated as
mg gallic acid equivalent (GAE)/g of crude extract. The process for TPC determination

was shown in Figure 3.2.

0.2 mL of extract solution

l Mixed

1 mL of 10% Folin-Ciocalteu reagent

l

Stand for 5 min at room temperature

Adde
Mixture solution <« | 0.8 mL 7.5% of Na,CO3

l

Room temperature for 30 min
l Measured

Absorbance at 765 nm

lCalculated

Total phenolic content (mg GAE/g crude extract)

Figure 3.2 Diagram shows the step of total phenolic content analysis.

2) Total flavonoid content
The total flavonoid content (TFC) of the wild grape was measured using
a modified method of Zhishen et al., (1999). Briefly, 0.5 mL of wild grape extracts were
mixed with 0.2 mL of distilled water and 0.1 mL of 5% NaNO; was subsequently
added. The mixture was then incubated at room temperature for 6 min before adding 0.2
mL of 10% AICls, then standing for 5 min. The mixture solution was then mixed with
0.5 mL of 1 M NaOH and leaving for 15 min at room temperature. The absorbance at

510 nm was measured using UV-Vis spectrophotometer. Quercetin was used as

> Mahasarakham University
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standard for a calibration curve. The total flavonoid contents were indicated as mg

quercetin equivalent (QE)/g of crude extract. The process for TFC determination was

shown in Figure 3.3.

29

0.5 mL of extract solution

Mixed

0.2 mL of distilled water

!

Mixture

Added
solution <«— | 0.1 mL of 5% NaNO,

Incubated for 6 min at room temperature

Added

Mixture

solution |<+—| 0.2 mL of 10% AICI;

v

Stand for 5 min
lMixed

0.5 mL of 1 M NaOH

Incubate for 15 min at room temperature

l Measured

Absorbance at 510 nm

Calculated

A

4

Total flavonoid content (mg QE/g crude extract)

Figure 3.3 Diagram shows the process for total flavonoid content determination.

3) Total anthocyanin content

Total anthocyanin content (TAC) was performed using the method of

Boyles and Wrolstad (1993). The extract solution was mixed with 0.025 M KCl buffer

pH 1 at 1:2 ratio of extract to buffer. On the other hand, the extract solution was mixed

with a sodium acetate buffer pH 4.5 at the same ratio. The absorbance was measured at

510 and 700 nm using UV-Vis spectrophotometer. Total anthocyanin content was
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calculated by comparison with total monomeric anthocyanin mg/kg cyanidin 3-

glucoside equivalent (C3GE) as followed formula;

Total anthocyanin (mg/100g) = AAx MW x Df x1000/(¢x1)
AA = (A - A700)pH1.0 = (A — A'700)pH4A5

Where Asg is the absorbance of the extract mixed with KCI buffer, A7qo
is the absorbance of the extract mixed sodium acetate buffer, MW is a molecular weight
of cyaniding 3-glucoside, Df is a dilution factor of sample, ¢ is an absorbtivity of
cyaniding 3-glucoside and | is a path length in cm of cuvette. The process for TAC

determination was shown in Figure 3.4.

1 mL of extract solution 1 mL of extract solution
l Mixed l Mixed
2 mL of KCl buffer pH 1 2 mL of acetate buffer pH 4.5

‘ Measured Measured

—| Absorbance at 510 nm and 700 nm

l Calculated

Total monomeric anthocyanin

(mg C3GE/kg)

Figure 3.4 Diagram shows the process for total anthocyanin content determination.
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4) Total saponin content

The total saponin content (TSC) was assessed as described by Hiai et al.,

1976). Briefly, 0.5 mL of extract solution was mixed with 0.5 mL of 8% of vanillin.
( y

The mixture solution was mixed with 5 mL concentrated HSO4 (72%) before

incubation in a water bath at 60 °C for 15 min and then cooled on ice to room

temperature. The mixture solution was measured of absorbance at 560 nm. Aescin was
used as standard for a calibration curve and the results were expressed as mg of aescin

equivalents per gram of dried wild grape (mg Aes/g crude extract). The process for TSC

determination was shown in Figure 3.5.

0.5 mL of extract solution

Mixed

0.5 mL of & % vanillin

Mixture solution

Added
<«——| 5mL of 72% H,SO4

v

- Incubated for 15 min at 60°C
- Cooled on ice to room temperature

Absorbance at 560 nm

v

Calculated

Total saponin content (mg Aes/g crude extract)

Figure 3.5 Diagram shows the process for total saponin content determination.
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5) Total proanthocyanidin content

The content of proanthocyanidin was performed with the method of

Lietal., (2006). 0.25 mL of sample was mixed with 1.5 mL of 4% vanillin followed by

0.75 mL concentration HCI and incubation at room temperature for 15 min before

measuring at 500 nm. Calibration curve was used catechin as the standard and the

results were expressed as mg of catechin equivalents per gram of sample (mg CE/g of

32

crude extract). The process for total proanthocyanidin content determination was shown

in Figure 3.6.

0.25 mL of extract solution

Mixed

l

1.5 mL of 4% vanillin

Added

Mixture solution

<+— 0.75 mL of conc. HCI

l
l

Incubated at room temperature for 15 min

Absorbance at 500 nm

l

Total proanthocyanidin (mg CE/g crude extract)

Figure 3.6 Diagram shows the process for total proanthocyanidin content determination.
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3.4.3 Antioxidant assays
1) 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
DPPH assay is carried out to measure the free radical scavenging activity
as described by Thaipong et al., (2006), with some modifications. Crude extracts were
concentrated in methanol followed by mixing with methanol solution of DPPH. After
30 min incubation period at room temperature in the dark covered with aluminum foil,
the absorbance was read at 517 nm. Butylated hydroxyl anisol (BHA), vitamin C and
trolox were used as positive control for comparison and solvent mixed with 0.1 mM
DPPH solution was taken as control. The percent scavenging was calculated by

following formula;

Inhibition (%) = [(As;7 of control — As;7 of sample)/ As;7 of control] x 100

Where A.onirol 1S the absorbance of the solvent mixed with DPPH solution
and Agmple 1S the absorbance of the extract solution. Extract concentration providing
50% scavenging (ICsp) is calculated from the graph-plotted inhibition percentage

against extract concentration. The diagram of DPPH assay was showed in Figure 3.7.

0.5 mL of extract solution

l Mixed

1 mL of 0.1 mM DPPH solution

!

Incubated at room temperature in the dark for 30 min

l Measured

Absorbance at 517 nm

l Calculated

% Radical scavenging

Figure 3.7 Diagram shows the process of DPPH assay.
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2) 2,2’-azino-bis-(3-ethylbenzothiazoline sulphonate) (ABTS) assay

The ABTS assay is performed following the method of Zuleata et al.,
(2009). The stock solution includes a 7 mM ABTS and 2.45 mM potassiumpersulphate
(K5S,05) solutions. The working solution was then prepared by adding 10 mL K,S,0g
to 10 mL ABTS solution. The two solutions were mixed well and allowed to react for
16 h at room temperature in the dark. Butylated hydroxyl anisol (BHA), vitamin C and
trolox were used as positive control for comparison. Crude sample extracts (0.5 mL)
were allowed to react with 1 mL ABTS in the dark at room temperature for 5 min then
the absorbance was measured at 734 nm using UV-Vis spectrophotometer. The results
were expressed as concentration providing 50% scavenging (ICsg). The diagram of

ABTS assay was showed in Figure 3.8.

i
10 mL of 7 mM ABTS ixed 10 mL of 2.45 mM K»S,0s

Reacted for 16 h at room temperature
in the dark

Added X
Working solution | <+——| 0.5 mL of extract solution

|

Incubated at room temperature in the dark for 5 min

l Measured

Absorbance at 734 nm

l Calculated

% Radical scavenging

Figure 3.8 Diagram shows the process of ABTS assay.
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3) Trolox equivalent antioxidant capacity (TEAC) assay

The standard TEAC assay described by Berg et al., (1999) is used with
minor modifies for determination of the TEAC value. This assay evaluated the total
radical scavenging capacity based on the ability of a compound to scavenge the stable
ABTS radical (ABTS™) in 5 min. The blue-green ABTS™ was produced through the
reaction between 7 mM ABTS and 2.45 mm potassium persulfate in water. This
solution was stored in the dark for 16 h before use. The concentrated ABTS solution
was diluted to a final absorbance of 0.70+0.02 at 734 nm at 37 °C. Stock solutions of
trolox were prepared in ethanol. Crude sample extracts (0.5 mL) were allowed to react
with 1 mL ABTS in the dark at room temperature for 5 min then the absorbance was
measured at 734 nm using UV-Vis spectrophotometer. The TEAC was calculated by
relating the decrease absorbance of a trolox solution. The results were expressed as mg
of trolox equivalent per g of dried weight.

4) Ferric reducing antioxidant potential (FRAP) assay

The FRAP assay was conducted according to Zhang et al., (2013).
The working solution is prepared by mixing 25 mL of acetate buffer pH 3.6 (3.1 g of
CH3;COONa.3H,0 and 16 mL of CH;COOH), 2.5 mL TPTZ solution (10 mM TPTZ in
40 mM HCI) and 2.5 mL of 20 mM FeCl;.6H,0 solution and incubating at 37 °C before
use. Crude extracts as samples or distilled water as blank (200 pL) were allowed to
react with 2.8 mL of the working solution for 30 min in dark at 37°C. Absorbance was
measured at 593 nm using UV-Vis spectrophotometer. FeSO4 was used as standard to
establish a standard curve. The FRAP antioxidant activity was expressed as mmol of
Fe®" equivalents per g of crude extract of sample. The diagram of FRAP assay was

shown in Figure 3.9.
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25 mL of acetate 2.5mL of TPTZ 2.5mL of 20 mM
buffer pH 3.6 solution FeCl5.6H,0

| | |

Incubated at 37 °C

Working |Added | Mixture Added | Extract

solution > 8mL | solution m solution

Incubated at 37°C (dark for 30 min)

l Measured

Absorbance at 593 nm

l Calculated

Antioxidant activity

(mmol Fe*'/ g crude extract)

Figure 3.9 Diagram shows the process of FRAP assay.

5) Cupric reducing antioxidant capacity (CUPRAC) assay
The CUPRAC assay was explained by Apak et al., (2004). Briefly, 1 mL
of CuCl,, 1 mL of neocuproin, 1 mL NHsAc pH 7 and 1.1 mL of extract were mixed in
a test tube. The mixture solution was incubated at 37°C for 30 min. The absorbance at
450 nm was then measured. Trolox was used as standard for calibration curve. The data
were indicated as mg of trolox equivalent (TE)/g of crude extract. The diagram of

CUPRAC assay was shown in Figure 3.10.
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Mixture solution

l

Incubated for 30 min at 37°C

l Measured

Absorbance at 450 nm

l

Cupric reducing capacity

(mg TE / g crude extract)

1 mL of 1 mL of 1 mL of 1.1 mL of
CuCl, Neocuproin NH4Ac pH 7 extract solution
4 v . v v
Mixed

Figure 3.10 Diagram shows the process of CUPRAC assay.

3.4.4 Statistical analysis

Statistical analyses are performed using Excel software (Microsorft Office

2010) for calculating the means and the standard error of the mean. Results are

expressed as the mean + standard deviation (SD). Determination of f-test (one-way

ANOVA) and correlation on phytochemical and antioxidant activity is analyzed by

using SPSS software for Windows (version 19).
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Effect of solvent extraction on phytochemical content

The most common method used for extraction many compounds in fruits is
solvent extraction. In addition, the sample used for extraction must be prepared in
powder by grinding, drying or lyophilizing before soaking in solvent (Merken and
Beecher, 2000). In this work, the three solvent extracts of wild grape (Ampelocissus
martinii Planch.) fruits; water, methanol and ethanol were chosen. Phytochemicals
composed in the extracts were determined as shown in Table 4.1.

Generally, all of phytochemicals revealed high level content in methanolic
extract, except total saponin which was the highest content in ethanolic extract.

The concentrations of total phenolics (2.19%0.01 mg/g gallic acid equivalent);
flavonoids (17.65 % 0.03 mg/g quercetin equivalent); anthocyanins (15.36 % 0.04 mg/kg
cyanidin 3-glucoside equivalent); saponins (8.18 % 0.03 mg/g aescin equivalent) and
proanthocyanidins (2.22 % 0.03 mg/g catechin equivalent), were obtained from
methanolic extract while that of ethanolic extract was phenolics (1.73£0.01 mg/g gallic
acid equivalent), flavonoids (15.65+ 0.02 mg/g quercetin equivalent), anthocyanins
(12.48 £ 0.02 mg/kg cyanidin 3-glucoside equivalent), saponins (9.79+ 0.01 mg/g aescin
equivalent) and proanthocyanidins (2.18 = 0.03 mg/g catechin equivalent), respectively.

Among the solvent extracts used, distilled water showed the lowest
concentration of phenolics (0.38+ 0.01 mg/g gallic acid equivalent), flavonoids
(4.40£0.01 mg/g quercetin equivalent), anthocyanins (2.41+ 0.01 mg/kg cyanidin 3-
glucoside equivalent), saponins (1.46+ 0.01 mg/g aescin equivalent) and
proanthocyanidin (0.21+0.01 mg/g catechin equivalent) contents. The phytochemicals
found in water extract were very low when compared with other solvents. With
methanolic extract, flavonoids were the highest level content and slightly higher than
that of anthocyanin. Moreover, the phenolics and proanthocyanidins contents showed
vary similar concentration. The obtained results are similar tendency of ethanolic

extract. However, the ethanolic extract showed that flavonoids are the highest
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concentration and slightly higher than that of anthocyanin. Proanthocyanidins found
slightly higher content than phenolic and both were lower contents than found in
methanolic extract.

Methanol and ethanol are the most common solvents used for extraction
phytochemicals (Cacace and Mazza, 2003; Awika et al., 2005; Amr and Al-Tamimi,
2007). Methanol is the most efficient for extraction which confirmed with previous
reports (Kapasakalidis et al., 2006; Castanieda-Ovande et al., 2009). However, ethanol is
preferred for extraction due to its low toxicity than that methanol. Water extraction of
wild grape fruits under difference condition of methanol and ethanol was performed and
determined its phytochemicals. The highest phytochemical content was flavonoids
followed by anthocyanin and saponin. In generally, the phytochemicals found in water
extract were similar trend in comparison with other solvents. However, all amounts of
phytochemicals were about 5-fold lower that of methanolic extract. The multiple
comparison test base on Duncan’s and Scheffe’s methods indicated that methanolic
extract was the most effective solvent than ethanol and water with significant difference

(p<0.01) almost phytochemicals, except proanthocyanidins.

Table 4.1 Effect of solvent extraction on various phytochemical contents.

_ Distilled
Phytochemical Ethanol Methanol
water

Total phenolic content (mg GAE/g) 1.73+£0.01° 2.19£0.01°  0.38+0.01°

Total flavonoid content (mg QE/g) 15.65+0.02° 17.65%£0.03°  4.40+0.01°
Total anthocyanin (mg C3GE/kg) 12.48+£0.02°  15.3610.04° 2.41£0.01°
Total saponin (mg Aes/g) 9.79+0.01° 8.1810.03° 1.46+0.01°
Total proanthocyanidin (mg CE/g) 2.18+£0.03" 2.22%0.03*  0.21£0.01°

The values are mean T standard deviations for part three extractions and those in the same row not

sharing the same superscript letter are significantly different from each other (P<0.01)

With previous report, phytochemical contents were significantly influenced by
solvent polarity. In this work, the solvent using for extraction was different dielectric
constant (g) as water €=80, methanol €=33 and ethanol €=24.55 in room temperature

(Vuong et al., 2013). The obtained results indicated that chemical structure of each
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phytochemicals should be related on yield extraction as well as the solvent
characteristic. Therefore, the extraction using different solvent systems might be

influenced on the biological activity, especially antioxidant activities.

4.2 Effect of solvent extraction on antioxidant activity

It is well known that fruits and vegetables are rich sources of polyphenolic
compounds. The benefits to health on human body of such polyphenolic compounds
have been previously reported (Kubola and Siriamornpun, 2011; Pierson et al., 2012;
Mikynen et al., 2013; Sati et al., 2013). The main biological property of the
phytochemicals is an antioxidant which played a vital role in the prevention and
treatment of many types of diseases (Mékynen et al., 2013; Sati et al., 2013; Vuong
et al., 2013). In this work, different methods have been used for determination of
antioxidant activity of wild grape fruits solvent extracts including 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay, 2,2’-azino-bis-(3-ethybenzo-thiazoline sulphonate)
(ABTS) assay, trolox equivalent antioxidant capacity (TEAC) assay, ferric reducing
antioxidant potential (FRAP) assay and cupric reducing antioxidant capacity

(CUPRAC) assay. The results were shown in Table 4.2.

Table 4.2 Antioxidant activity of different wild grape fruit extracts.

o Distilled
Determination methods Ethanol Methanol
water
DPPH assay (ICso pg/mL) 63.08+1.92°  41.50+0.31°  255.13+8.60°
ABTS assay (ICso pg/mL) 28.42+£0.94"  18.96£0.18°  156.80+0.32°
TEAC assay (mg TE/g) 13.28+0.02°  20.94+0.01° 2.23+0.01°
FRAP assay (mmol Fe2+/g) 12.00+0.01* 15.76+0.01° 1.54+0.01°¢
CUPRAC assay (mg TE/g) 17.13+0.02°  29.16+0.01° 2.33£0.01°

The values are mean T standard deviations for part three extractions and those in the same row not

sharing the same superscript letter are significantly different from each other (P<0.01)

g
.-| |

== Mahasarakham University




i

\‘j
|
===’ Mahasarakham University

41

4.2.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
DPPH assay was used to determine antioxidant activity and is one of the
most employed methods. This was due to it is simple, efficient and inexpensive. It is
widely used as a reference point (Bondet et al., 1997; Chen et al., 2013). The result of
DPPH assay was presented by 50% inhibitory concentration (ICsp), which means the
amount of antioxidants that can be removed the DPPH' radicals concentration by 50%
(Lo and Cheung, 2005; Molyneux, 2004; Kedare and Singh, 2011). As shown in Table
4.2, the 1Csy of methanolic extract showed the lowest value (41.50+0.31 pg/mL)
followed by ethanolic extract (63.08+1.92 pg/mL) and water extract (255.13+8.60
ug/mL). The results revealed that the DPPH’ radical scavenging of wild grape extracts
varied by solvent use. In addition, the I1Csy values were significantly differed (P<0.01)
by solvent use as well. DPPH" is a stable free radical and can accept an electron or a
hydrogen atom from antioxidant molecule.
4.2.2 2,2’-azino-bis-(3-ethylbenzothiazoline sulphonate) (ABTS) assay
The ABTS assay was used to determine the scavenging cation of ABTS™
radicals. As shown in Table 4.2, the solvent extracts were able to inhibit ABTS™"
radicals with similar trend of DPPH’ radicals. The percentage inhibition of ABTS™
radicals by the wild grape fruit extracts was varied by solvent application. The results
showed that methanolic extract had the lowest value of ICsy (18.96+0.18 pg/mL), then
ethanolic extract (28.424+0.94 pg/mL) and water extract (156.80+0.32 ng/mL),
respectively. This result might be concluded that the methanol should be most effective
solvent to extract high concentration of phytochemical and more helping in quenching
free radical (Ligangli et al., 2002).
4.2.3 Trolox equivalent antioxidant capacity (TEAC) assay
In the TEAC assay as shown in Table 4.2, the antioxidant capacity ranged
from 2.23+0.01 - 20.94+0.01 mg Trolox/g. The TEAC values showed that the
methanolic extract of wild grape fruit had the highest (20.94+0.01 mg Trolox/g), then
ethanolic extract (13.28+0.02 mg Trolox/g), and the lowest of water extract (2.23+0.01
mg Trolox/g), respectively. The obtained results indicated that the TEAC values were

significant difference at P<0.01 depending on the solvent extraction used.
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4.2.4 Ferric reducing antioxidant potential (FRAP) assay
The FRAP assay is generally used to determine the antioxidant ability on
Fe®" - Fe*' reduction (Benzie and Strain, 1996). The Fe**- TPTZ complex (Fe**
tripyridyltriazine) was formed and indicated in blue color. This complex was changed
into violet of ferrous tripyridyltriazine (Fe*'- TPTZ) by antioxidant (Benzie and Szeto,
1999; Kubola and Siriamornpun, 2011). The FRAP values of the wild grape fruit
extracts are shown in Table 4.2. The results indicated that the methanolic extract
(15.76+0.01 mmol Fe**/g) had the greatest reducing power, followed by ethanolic
extract (12.00+0.01 mmol Fe*"/g) and then water extract (1.544+0.01 mmol Fe*/g),
respectively. The results showed similar trend as each extracts were significant
difference at P<(.01.
4.2.5 Cupric reducing antioxidant capacity (CUPRAC) assay
The CUPRAC assay is commonly used to test the reduction power of
antioxidant as same as FRAP assay. However, the metal in reaction was Cu>" which
instead of Fe*". The Cu*'- neocuproin [Cu(Nc),* ] was changed to Cu'- neocuproin
[Cu(Nc),'] by antioxidant. The CUPRAC values of the wild grape fruit extracts are
shown in Table 4.2. The methanolic extract showed the highest reducing ability
(29.16+0.01 mg Trolox/g), followed by ethanolic extract (17.13+0.02 mg Trolox/g) and
water extract (2.33+0.01 mg Trolox/g). The obtained CUPRAC values were different

significant depending on solvent extraction at P<0.01.
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4.3 Comparison of antioxidant activity between wild grape extracts and standard

compound

To know the antioxidant potential of wild grape solvent extracts, comparison of
antioxidant activity was performed by comparing to standard compounds; butylated
hydroxytoluene (BHA), Vitamin C and Trolox. As shown in Figure 4.1, the ICs, values
of the wild grape extracts obtained from DPPH and ABTS assays were higher than that
of all standard compounds. However, ABTS assay showed lower value than DPPH.

As previous known, all of antioxidant standards; vitamin C, trolox and BHA are usually
used in many products. The results showed that vitamin C had antioxidant capacity
higher than the extract about 5.25 and 2 folds by DPPH and ABTS assays, respectively.
Trolox had higher antioxidant capacity than the extracts about 3.23 and 1.40 folds while
BHA was about 2.50 and 3 folds by DPPH and ABTS assays. The results indicated that
the wild grape extracts should be further purified to obtain the phytochemical
specifically reacted to free radicals in order to increase their antioxidant activities. The
crude extracts might be composed of other substances which can prevent of the extracts

and free radicals interaction.

45 - HWild grape extract
40 - ® Vitamin C

35 - u Trolox

30 - EBHA

Antioxidant activity (ICg, pg/mL)

DPPH ABTS

Figure 4.1 Comparison of ICs, values of wild grape extract and standard compounds

using DPPH and ABTS assay.
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Figure 4.2 showed the antioxidant activity of wild grape extracts comparison
with standard compounds obtained by TEAC assay. The results indicated that BHA had
the highest antioxidant activity (36.50 mg TE/g), followed by vitamin C (31.25 mg
TE/g) while the antioxidant activity of wild grape extract (20.94 mg TE/g) was similar
potential with Trolox (19.75 mg TE/g). It should be suggested that the structure and
functional groups of substances are the main factor on antioxidant activity. By previous
reports, the type of functional groups like hydroxy (-OH) and methoxy (-OHCH3) as
well as their position are affected on the activity (Mariod et al., 2009). Moreover,
methoxy group which found in BHA showed high potential antioxidant than hydroxyl

or carboxyl group.

40 ~ H Wild grape extract

35 H Vitamin C

30 | i Trolox

EBHA
25

15 4

10 -

Antioxidant activity (mg TE/g)

TEAC

Figure 4.2 Comparison of antioxidant activity of wild grape extract and standard

compounds using TEAC assay.
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Figure 4.3 showed the reducing power of the wild grape extract comparison to
standards compounds by FRAP assay. The results indicated that the wild grape extract
had the lowest reducing power. With the same concentration, the wild grape extract had
about 2 folds lower activities than standard used. This results suggested that the wild
grape extract is not good activity for reducing power on free radicals which induced by
metal. However, this is result from only FRAP assay that may have other factors

involved in the reaction such as purity of the extract or solvent used to extract.

45 ~ HWild grape extract
40 -+ ® Vitamin C

u Trolox

30 EBHA
20 A

15

Antioxidant activity (pmol Fe?'/g)

FRAP

Figure 4.3 Comparison of antioxidant activity of wild grape extract and standard

compounds using FRAP assay.
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Figure 4.4 showed the total antioxidant activity of the wild grape extract and
standard obtained by CUPRAC assay. The antioxidant activity of the extract was higher
than Trolox and slightly lower than vitamin C. With this assay, the antioxidant activity
of the BHA showed the highest value than other assay. Among the standard compounds,
different potential was also observed. This result might be suggested that the action of
these compounds on each free radical should be varied depending on chemical structure
and components as well as the oxidative mechanism. It is slightly varied data which
obtained from FRAP assay as shown in Figure 4.3 since activity of the wild grape
extract was similar to vitamin C, but higher than trolox. This result confirmed that the
active compounds in the extract are varied both in types and functions as well as

chemical structures.

60 - #Wild grape extract
H Vitamin C

Df;n 50 A
= u Trolox
)
= 40 uBHA
ey
=
= 30 -
2
'g 20
-g !
S
=]
g .

0 A

CUPRAC

Figure 4.4 Comparison of antioxidant activity of wild grape extract and standard

compounds using CUPRAC assay.
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4.4 Correlation between phytochemical contents and antioxidation activity

The phytochemical linked health benefits including antioxidant has been
reported (Visioli et al., 2011; Kubola and Siriamornpun, 2011; Vuong, 2012; Vuong et
al., 2013; Sati et al., 2013; Mékynen et al., 2013). The antioxidant properties of
phytochemicals can be neutralized free radicals by their redox reaction. Many
mechanism of antioxidant has been reported, however, radical scavenging by donating
an electron to free radicals is a commonly explaination theory (Tsao, 2010; Visioli et
al., 2011). Moreover, reduction rate of the Fenton reaction, preventing oxidation caused
by some reactive radicals were also purposed (Tsao, 2010).

A correlation analysis was performed to determine the contribution of
phytochemicals in wild grape fruit extract on free radical scavenging capacity, reducing
power and total antioxidant activity. The results shown in Table 4.3. With DPPH assay,
all phytochemicals presented negative correlation antioxidant activity. The presentation
of phytochemicals resulted to decrease the ICsy values. This means that the free radicals
were scavenged by phytochemicals, which directly increased according to the
phytochemicals increase. It is supposed that the DPPH assay was high correlated with
the phytochemicals in ordered; flavonoid > proanthocyanidin > anthocyanin > phenolic
> saponin, respectively. The negative correlation between phytochemicals and
antioxidant activity was also found by ABTS assay. The correlation was in odered,
proanthocyanidin > flavonoid > anthocyanin > phenolic > saponin, respectively.

The radical scavenging activity from the wild grape extracts might be caused from
phytochemicals compounds that are capable of donating hydrogen to a free radical to
remove abnormal electron. The ability of the wild grape extracts to scavenge DPPH
could also inhibit of ABTS™ formation (Igbinosa et al., 2011). The result can be implied
that flavonoid and proanthocyanidin was strongly correlated with scavenging activity by
DPPH and ABTS assays. This study was similar result with previous reports (Bakar et
al., 2009; Igbinosa et al., 2011).
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The TEAC, FRAP and CUPRAC assays are antioxidant methods by reducing
power of phytochemicals on metal ion. With this principle, the ability of
phytochemicals to transfer electron is a major indicator of their potential as an
antioxidant (Meir et al., 1995). The correlation analysis between reducing power of the
wild grape extract by antioxidant assays as shown in Table 4.3. All of phytochemicals
showed positives correlation on TEAC, FRAP and CUPRAC assays. Among the assay,
FRAP showed the highest values of correlation, followed by TEAC and CUPRAC,
respectively. Besides the phytochemicals, phenolic showed the highest reducing power
and followed in ordered; anthocyanin > flavonoid > proanthocyanidin > saponin,

respectively.

Table 4.3 Correlation between phytochemical content and antioxidant activities

DPPH ABTS TEAC FRAP CUPRAC
Total phenolic content ~ -0.987**  -0.983**  0.985**  1.000**  0.976**
Total flavonoid content  -0.998**  -0.997**  0.961**  0.993**  (.948**

Anthocyanin -0.992#*  -0.988**  0.979**  0.999**  0.969**
Saponin -0.961**  -0.970**  0.824**  0.904**  (0.798**
Proanthocyanidin -0.996**  -0.999**  0.920*%*  0.971**  0.902**

** Correlation is significant at the 0.01 level (2-tailed)

The reducing power is concerned with the concentration of the phytochemicals,
which use their action by flouting the free radical chain through donating hydrogen
atom compounds (Chu et al., 2000). Phenolic compounds have been widely studied
about their oxidative processes (Siquet et al., 2006; Barreira et al., 2008). It is well
known that phenolic compounds can act in a structure — dependent manner and chelate
transition metals (Barreira et al., 2008; Fresco et al., 2006). Several studied exhibited
high correlation between the total phenolic content and antioxidant activity of plant
extracts (Butsat et al., 2009), especially by FRAP assay (Bukar et al., 2009).

In addition, the free radical scavenging activity was strongly correlated with total

flavonoid content (Buka et al., 2009).
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Plant phenolic compounds are major substances acting as primary free radical
inhibition alone or synergistic system (Shahidi et al, 1994). However, the mechanism of
actions was unclear. The previous study showed that many mechanism such as absorb
and neutralize free radicals, quench active oxygen species and decompose radicals
might be involved (Duh et al., 1999).

Flavonoids are one of major phenolic compounds. They can trap ROS and
inhibit free radicals by direct scavenging activity. This was due to the phenolic hydroxyl
groups in the structure that allow donating electrons to make the more stable and less
reactive of the free radicals (Nijveldt et al., 2001).

Saponins have been reported as health benefits phytochemical which can
prevent and reduce various diseases risk (Guclu - Ustundag and Mazza, 2007; Wang et
al., 2012). This work found that saponin had the lowest content as well as both
antioxidant activities and correlation analysis. The reason might be explained that wild
grape fruit are similar cultivated grape. Its fruit had sour taste like citrus fruits,
therefore, the saponin should not be main phytochemical in wild grape.

Anthocyanins are the most important pigments of the vascular plants. These
pigments are responsible of the shiny orange, pink, red, violet and blue colours in the
flowers and fruits of some plants (Castafieda - Ovando et al., 2009). There are reports
that natural anthocyanins are healthy pigments, especially degenerative diseases
protection (Kong et al., 2003; Konczak and Zhang, 2004; Stintzing and Carle, 2004;
Lule and Xia, 2005; Nichenametla et al., 2006). The obtained results by this work
showed that the wild grape fruit extracts have high content of anthocyanins as well as
their antioxidant activities. This should be supposed that the anthocyanins content might
be related to the color of wild grape fruit since its color has green, red, violet and black.

All of results indicated that good correlations between radical scavenging
activities, reducing power and phytochemical contents of the wild grape extracts was
obtained. This work suggests that the wild grape extract composed of several active
compounds which could be donated electron to free radicals and stable those of their

chain reactions.




i

N

CHAPTER 5

CONCLUSIONS

The data on wild grape fruit extracts indicated that the wild grape fruit is a
good source of phytochemicals, with moderate levels of total phenolic, flavonoid,
anthocyanin, saponin and proanthocyanidin. All of phytochemicals found in this work
showed high scavenging activity and reducing power on free radical. Among the solvent
extraction, methanol is a suitable solvent for extraction of wild grape fruit since it had
the highest both of phytochemicals and antioxidant activity. The results indicated that
the different solvent extraction of the wild grape fruit had different activities of
antioxidant capacity. The negative correlation between ICs, values and scavenging
activity of the wild grape fruit extracts means that increasing of phytochemicals resulted
in a decrease of free radical contents. On the other hand, the positive correlation
revealed the reduction power of wild grape extracts on the power reactive processing of
free radicals. This work indicated that wild grape fruit is an effective source of natural
antioxidants. The data obtained by this study provide a valuable information for
developing wild grape fruit as nutritional food additives to enhance health benefits via

their phytochemicals and antioxidant activity.
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1. Preparation of reagents for total phenolic content

1.1 Preparation of 10% Folin-Ciocalteu reagent
A 10% Folin-Ciocalteu reagent was prepared by dilution 10 mL of Folin-
Ciocalteu reagent in 90 mL of distilled water.
1.2 Preparation of 7.5% sodium carbonate
A 7.5% sodium carbonate solution was prepared by dissolving 7.5002 g of
Na,COs in 100 mL of distilled water.
1.3 Preparation of stock standard (1,000 mg/L) gallic acid
Stock standard solution of gallic acid was prepared by dissolving 0.1012 g

of gallic acid and made up to volume with distilled water in 100 mL volumetric flask.

2. Preparation of reagents for total flavonoid content

2.1 Preparation of 5% sodium nitrite solution
A 5% sodium nitrite solution was prepared by dissolving 5.0025 g of
NaNO, in 100 mL of distilled water.
2.2 Preparation of 10% aluminium chloride solution
A 10% aluminium chloride solution was prepared by dissolving 10.0200 g
of AICI; in 100 mL of distilled water.
2.3 Preparation of stock standard (100 mg/L) quercetin
Stock standard solution quercetin was prepared by dissolving 0.0103 g of

quercetin and made up to volume with distilled water in 100 mL volumetric flask.

3. Preparation of reagents for total saponin content

3.1 Preparation of 8% vanillin
A 8% vanillin solution was prepared by dissolving 8.0025 g of vanillin in
100 mL of distilled water.
3.2 Preparation of stock standard (0.5 mg/mL) B-aescin
Stock standard solution B-aescin was prepared by dissolving 0.0125 g of

-aescin and made up to volume with methanol in 25 mL volumetric flask.
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4. Preparation of reagents for total anthocyanin content

4.1 Preparation of 0.025 M potassium chloride buffer pH 1
A 0.025 M potassium chloride buffer pH 1 was prepared by dissolving
0.0932 g of KCI in 50 mL of distilled water. HCI was use as balance to obtain pH 1.
4.2 Preparation of 0.025 M sodium acetate buffer pH 4.5
A 0.025 M sodium acetate buffer pH 4.5 was prepared by dissolving 0.1701
g of CH3COONa in 50 mL of distilled water. CH;COOH was use as balance to obtain
pH 4.5.

5. Preparation of reagents for total proanthocyanidin content

5.1 Preparation of 4% vanillin
A 4% vanillin solution was prepared by dissolving 4.1004g of vanillin in
100 mL of distilled water.
5.2 Preparation of stock standard (1 mg/mL) catechin
Stock standard solution catechin was prepared by dissolving 0.0251 g of

catechin and made up to volume with distilled water in 25 mL volumetric flask.

6. Preparation of reagents for 2,2-diphenyl-1-picrylhydrazyl assay (DPPH)

6.1 Preparation of 0.1 mM DPPH radical
A 0.1 mM DPPH radical was prepared by dissolving 0.0232 g of DPPH in
500 mL of methanol and left in dark room.
6.2 Preparation of stock standard 2 mg/mL trolox
Stock standard solution of trolox was prepared by dissolving 0.0550 g of
trolox and made up to volume with distilled water in 25 mL volumetric flask.
6.3 Preparation of stock standard 2 mg/mL BHA
Stock standard solution of BHA was prepared by dissolving 0.0510 g of

BHA and made up to volume with ethanol in 25 mL volumetric flask.
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6.4 Preparation of stock standard 2 mg/mL Vitamin C
Stock standard solution of vitamin C was prepared by dissolving 0.0510 g of

vitamin C and made up to volume with distilled water in 25 mL volumetric flask.

7. Preparation of reagents for 2,2’-azino-bis-(3-ethybenzothiazoline sulphonate)
assay (ABTS)

7.1 Preparation of 7 mM ABTS™
A 7 mM ABTS was prepared by dissolving 0.0380 g of ABTS in 10 mL of
distilled water.
7.2 Preparation of K,S,0g solution
A 2.45 mM of K;,S,0¢ was prepared by dissolving 0.0330 g of K»S,0g in 50

mL of distilled water.

8. Preparation of reagents for ferric reducing antioxidant power assay (FRAP)

8.1 Preparation of 300 mM sodium acetate buffer, pH 3.6
A 0.025 M sodium acetate buffer (pH 3.6) solution was prepared by
dissolving 24.624 g of CH3COONa-3H,0 in 500 mL of deionized water. The pH value
of 0.3 M of the solution was adjusted using CH;COOH and made up to volume with
deionized water in a 1000 mL volumetric flask.
8.2 Preparation of 10 mM TPTZ
A 10 mM TPTZ solution was prepared by dissolving 0.0789 g of TPTZ in
25 mL and made up to volume with 40 mM HCI in 25 mL volumetric flask.
8.3 Preparation of 20 mM ferric chloride solution
A 20 mM ferric chloride solution was prepared by dissolving 0.1655 g of
FeCl; in 50 mL and made up to volume with deionized water in 50 mL volumetric flask.
8.4 Preparation of 40 mM hydrochloric acid
A 40 mM hydrochloric acid was prepared by dilute 3.30 mL of 37% HCI in

1000 mL and made up to volume with deionized water in 1000 mL volumetric flask.
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8.5 Preparation of 10 mM Ferrous sulphate solution
Stock standard solution of 10 mM FeSO4 was prepared by dissolving 0.0140

g of FeSO4-7H,0 in 5 mL and made up to volume with methanol in 5 mL volumetric
flask.

9. Preparation of reagents for cupric reducing antioxidant capacity (CUPRAC)
assay
9.1 Preparation of 0.01 M CaCl,
A 0.01 M CaCl, was prepared by dissolving 0.0852 g of CaCl, in 50 mL of
distilled water.
9.2 Preparation of ammonium acetate buffer pH 7
Ammonium acetate buffer pH 7 was prepared by dissolving 3.8540 g of
CH;COONHyjy in 50 mL of distilled water and CH;COOH or NH; was use as balance to
obtain pH 7.
9.3 Preparation of 0.0075 M neocuproin
A 0.0075 M of neocuproin was prepared by dissolving 0.0780 g of

neocuproin in 50 mL of ethanol.
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Figure B.1 Calibration curve of standard gallic acid.
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Figure B.2 Calibration curve of standard quercetin.
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Figure B.3 Calibration curve of standard aescin.
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Figure B.4 Calibration curve of standard catechin.
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Figure B.5 Calibration curve of standard trolox (ABTS assay).
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Figure B.7 Calibration curve of standard trolox (CUPRAC assay).
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Wild grape (Ampelocissus martinii Planch.)

fruit extracts: Phytochemical and antioxidant activities

Surisa Srisuwan, Ansaya Thonpho and Prasong Srihanam

Department of Chemistry Faculty of Science, Mahasarakham University,
Kantharawichai District, Maha Sarakham 44150, Thailand

Cancer

Yy ==
Cardiovascular diseases

Neurological diseases

Phytochemicals Bioactive of phytochemicals P . ; Wild grape is a wild fiuit,

— 2 b which have a stem and
Antioxidants L ; fruit very similar to
Reduce the incidence of cancer [ & : cultivated grape.
Immunity . 1
Control the action of hormones
Antibacterial

z 5 % Antimicrobia Found in plants, especially in fruits, vegetables
or disease preventive properties Antidiarrheal and helps. Grapes are a popular fruit for study of
Anthelmintic phytochemical and antioxidant activity.

Polyphenolic

* chemical compounds that occur
naturally in plants

* bioactive non-nutrient chemical
compounds and have protective

1. To find the suitable solvent for extraction of wild grape fruit with high phytochemical content and antioxidant activities

2. To determine antioxidant activity of the wild grape fruit extracts

3. To study the correlation of phytochemical contents and antioxidant activities of the wild grape fruit extracts

g | G- O - @ -5 ph- T - ||| [
HO  EOH MeOH v L J

Freshfits  Dried fnits  Powder Crude cxtracts Rowry cvoporator Vi gape extracts DPPH assay
Phytochemical contents am Z—\ -~ Z'H
. feu's ] e |
Total Phenolic Exfracts solution | == f OT? (mﬁ? = Na,CO. - —
‘ LR 2 Absorbance 765 nm ABTS assay

Total Flavonoid | Extracts solution ‘ = | NaNO, | = ‘ Alck, ‘ -O‘ Sz ‘-b ‘.3 g

Absorbance $10nm URNRARARE ]

I Result and Discusstion > Table 1 Total phenolic and total flavonoid contents in [ FRAPassay | Fe-+H,0, —Pc™+OH + OFF
wild grape extracts. CUPRAC assay
";5 Sh';’w]:l ‘&;ble ]"fm‘:;lh°d;x“11?t o Total phenolics Total flavonoids
showed the est of total phenolic vents (mg GAE/a DW) (mg QE/gDW)
(TPC) and flavonoid (TFC) sriaie L o—
of 222.34 mg GAE/g DW and 604.56 Methanol 222.37+0.010* 604.56=0.03*
mg QE/g DW, respectively. The Ethanol 176.27+0.015° 536.52+0.02°
ethanol extract is second most of . Table 3 The correlation coefficient (r) values of

TPC and TFC and the water extract. | Distilled Water 38.64=0.010¢ 75.57+0.006¢ phytochemicals and antioxidant activity regression analysis.
The different TPC and TFC might be
caused from the polarity of solvent.  This results indicated that the polarity of phenolic and fzsay
flavonoid might be similar or close up to methanol

TPC TFC DPPH ABTS" FRAP | CUPRAC

1 0.992 0.758 0.973 0.998" 0.976

Table 2 Antioxidation activity of wild grape fruit extracts 0.992 1 0671 0837 0.982

7
by DPPH, ABTS*, FRAP and CUPRAC assays. Aalehonnd in ) Chlc B2 E T 0.758 1 0.888 0.800

DPPH- ABTS* FRAP CUPRAC | antioxidant activities are varied
Extracts | 0 (ug/nl) | ICx (ue/miy| M FeSO/ | (e TE/e | by different solvent extracts.
gDW) DW) | The antioxidation activities of ooes | osss | osoo | ooss §

T ; :
Methanolic | 13.836:0.102 | 632120062 | 3s0:0014 | ' 0-0*00] the extract are the highest in
1 hanol all of total method CUPRAC | 0976 | 0.841 0.882 1.000" | 00988 1

Ethanolic | 21.05120.639 | 94540311 | 2.5320.004 | 625.0:002 | and then ethanol and water, z = e
Ao respectively. This might be Table 3 showed the relation of phytochemicals and antioxidant

§5.18242.866 | 52.248+0.105 | 0.40320.006 | 84.620.01 | yalated selected from the  Activities. The results indicated that phytochemicals and

water e antioxidant activities are directly related in all of tested

Trolox 4039£0.064 | 4.260£0.082 | 6.07:0.027 fent of prytochomical s methods. This means the antioxidant activities i when
tract the s

the content of phytochemical increased.

D

| Acknowledgements > s iGil Ofl ghemistr)lr, fF party Of:dm“;iulhawa“]m _Unive_rlsjty and | Mothanol is a suitable solvent for wild grape extract to
ex‘ésact_ e, Wanguacgl ot suigetion, and. help dn. proprain. st gape obtain the highest phytochemicals and antioxidant activities.

0973 0.937 0.888 1 0.986

Vitamin C | 2.629:0.034 | 2.368+0.035 | 1.93:0.018 highest TPC and TFC

3 3 e T = ; The wild grape extract showed similar antioxidant activitics
Yang #o?:;:;ﬁs&l&)};ﬁﬁ;};-}JQ fhtsend cEivdieib i g comparison to trolox and vitamin C. Both phenolic and
Vitong QY Eiria S, Roash PD, Bidwyer M. Phillips BASScariets (I Elieal o S rections flavonoid contents are directly related on their antioxidant
condition on total phenolic compmpounds and antioxidant s of Carica Papaya leaf activities
aqueous extracts, Journal of herbal medicine 2013;3:104-111
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Wild Grape (Ampelocissus martinii Planch.) Fruit Extracts: Phytochemical

and Antioxidant Activities
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Abstract

This work was aimed to extract wild grape (Ampelocissus Martinii Planch.) fruits with 3 solvents;
ethanol, methanol and distilled water. The solvent was then evaporated by using rotary evaporator.
Total phenolic and flavonoid contents were investigated by using Folin-Ciocalteu and colorimetric
aluminum chloride assays, respectively. The results showed that methanol extract obtained
significantly higher total phenolic and flavonoid contents than ethanol and distilled water extracts. In
addition, the methanol extracts had higher antioxidant activities than other extracts when measured
by DPPH (ICs, = 13.8 pg/mL), ABTS (ICs, = 6.3 pg/mL), FRAP (3.5 mM FeSO,/g) and CUPRAC
(1065 pg TE/g). The positive correlation coefficients were observed (r = 0.998) between total
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phenolic content and FRAP values. In conclusion, the wild grape fruits should be a novel source of

phytochemicals with good bioactivity.

Keywords: extracts, flavonoid, free radical, phenolic, solvent
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Table 1 Total phenolic and total flavonoid

contents in wild grape extracts.

Total Total
Solvents phenolics flavonoids

(mg GAE/g DW) (mg QE/g DW)
Methanol ~ 222.3740.010° 604.56+0.03"
Ethanol 176.27£0.015° | 536.5240.02"
Distilled . .

38.64:0.010°  75.57+0.006
Water

Superscripts with different letters are significantly
different at p < 0.05 within the same column.
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Table 2 Antioxidation activity of wild grape fruit extracts by DPPH, ABTS+, FRAP and CUPRAC

86

assays.
— DPPH ABTS"™ FRAP CUPRAC
ICsp (Hg/mL) ICs, (pg/mL) (mM FeSO,/g DW) (ug TE/g DW)
Methanolic 13.83640.102° 6.32140.062° 3.50£0.014" 1065.0£0.01°
Ethanolic 21.051£0.639" 9.45410.311" 2.53£0.004° 625.0£0.02"
Distilled water 85.182+2.866" 52.248+0.105° 0.403+0.006" 84.6£0.01°
Trolox 4.039:0.064° 4.260+0.082" 6.0740.027" ’
Vitamin C 2.629+0.034° 2.368+0.035° 1.9310.018"° .

Superscripts with different letters are significantly different at p < 0.05 within the same column.
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Table 3 The correlation coefficient (r) values of phytochemicals and antioxidant activity regression

analysis.
DPPH ABTS'
TPC TFC |c o FRAP CUPRAC
Assay (mg GAElg (mg QEfg = (”gl (mM  FeSO,g (ug  TE/g
m m
DwW) DW) ey DW) DW)
L) L)
TPC .
1 0.992 0758 0973 0.998 0.976
(mg GAE/g DW)
TFC
0.992 1 0671 |0.937 |o0.982 0.941
(mg QE/g DW)
DPPH
0.758 0.671 1 0.888  0.800 0.882
IC50 (ng/mL)
ABTS -
0.973 0.937 0888 |1 0.986 1.000
ICso (ug/mL)
FRAP
(MM FeSO,g 0.998 0.982 0.800 0986 1 0.988
DW)
CUPRAC 1.000
0.976 0.941 0882 |. 0.988 1
(ug TE/g DW)

"Correlation Is significant at the 0.05 level (2-tailed).
“Correlation is significant at the 0.01 level (2-tailed)
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Table 1 Total phenolic and total flavonoid

contents in wild grape extracts.

Total Total
Solvents phenolics flavonoids

(mg GAE/g DW) (mg QE/g DW)
Methanol ~ 222.3740.010° 604.56+0.03"
Ethanol 176.27£0.015° | 536.5240.02"
Distilled . .

38.64:0.010°  75.57+0.006
Water

Superscripts with different letters are significantly
different at p < 0.05 within the same column.
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Table 2 Antioxidation activity of wild grape fruit extracts by DPPH, ABTS+, FRAP and CUPRAC

assays.
— DPPH ABTS"™ FRAP CUPRAC
ICsp (Hg/mL) ICs, (pg/mL) (mM FeSO,/g DW) (ug TE/g DW)
Methanolic 13.83640.102° 6.32140.062° 3.50£0.014" 1065.0£0.01°
Ethanolic 21.051£0.639" 9.45410.311" 2.53£0.004° 625.0£0.02"
Distilled water 85.182+2.866" 52.248+0.105° 0.403+0.006" 84.6£0.01°
Trolox 4.039:0.064° 4.260+0.082" 6.0740.027" ’
Vitamin C 2.629+0.034° 2.368+0.035° 1.9310.018"° .

Superscripts with different letters are significantly different at p < 0.05 within the same column.
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Table 3 The correlation coefficient (r) values of phytochemicals and antioxidant activity regression

analysis.
DPPH ABTS'
TPC TFC |c o FRAP CUPRAC
Assay (mg GAElg (mg QEfg = (”gl (mM  FeSO,g (ug  TE/g
m m
DwW) DW) ey DW) DW)
L) L)
TPC .
1 0.992 0758 0973 0.998 0.976
(mg GAE/g DW)
TFC
0.992 1 0671 |0.937 |o0.982 0.941
(mg QE/g DW)
DPPH
0.758 0.671 1 0.888  0.800 0.882
IC50 (ng/mL)
ABTS -
0.973 0.937 0888 |1 0.986 1.000
ICso (ug/mL)
FRAP
(MM FeSO,g 0.998 0.982 0.800 0986 1 0.988
DW)
CUPRAC 1.000
0.976 0.941 0882 |. 0.988 1
(ug TE/g DW)

"Correlation Is significant at the 0.05 level (2-tailed).
“Correlation is significant at the 0.01 level (2-tailed)
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