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FARKLI MEYVE VE TOHUMLARINDA RESVERATROL TAYINi iLE UZUM
CEKIRDEKLERINDEN RESVERATROLUN iZOLASYONU

OZET

Resveratrol, bitkilerde bulunan biyolojik en 6nemli stilojen sinifi olarak siralanmigtir.
Resveratrol'iin antioksidan, antikanser, antiinflamatuar, damar gevsetici, anti-diyabetik,
yaslanmay1 geciktirici ve genel antimikrobiyal aktiviteleri oldugu kanitlanmistir. Bu
arastirmada, resveratroliin siyah iiziim ¢ekirdeginde izole edilerek, saflagtirilmasi i¢in ince
tabaka kromatografisinde (TLC) degisik ¢oziicii sistemleri kullanildi. TLC’de tercih edilen
¢oziicii sistemi kolon kromatografisi ve HPLC ile resveratroliin tayin edilmesinde kullanildi.
Elde ettigimiz sonuglarda resveratroliin, Vitis vinifera ({iziim) tohumunun ham ekstresinden
ayristirtlmasi i¢in en iyi mobil fazin, 9: 1: 1 oraninda kloroform: metanol: asetonitril oldugu,
ince tabaka (TLC) kromatografisi ile belirlendi. Kolon kromatografisinin optimizasyonu
icin, silika jel, aliimina, dowex katyon degistirici, dowex anyon degistirici ve florisil
adsorbanlarin hepsi, TLC analizinden olusturulan ayni en iyi mobil faz sistemini kullanarak,
alimina hari¢ ham ekstrakttan resveratrol ayirmak i¢in uygun oldugu belirlendi.
Resveratrolii izole etmek i¢in Silika jel > Florisil > Dowex katyon degistirici > Dowex anyon
degistirici, sirasiyla tercih edilebilir. Resvetrolii kaynagindan ¢ikarmak icin dnce heksan:
etilasetat (9: 1) ¢oziicii sistemi kullanildi ve daha sonra kloroform: metanol: asetonitril (9: 1:
1) ¢oziicli sistemi kullanilarak ham bitki 6ziinden resveratrol izole edildi. Cis ve trans
resveratrol'iin belirlenmesinde Agilent 5 TC-C18 kolonu (25.0 cm x 4.60 mm x 5.0 um)
kullanildi. Mobil faz olarak metanol: asetonitril: % 1.0 fosforik asit ¢ozeltisi (6: 1: 3 v /v),
1.0 mL/dak akis hizina tercih edildi. Cis resveratrol ve trans resveratroliin maksimum
absorbans yaptig1 dalga boyunun ise 308 nm oldugu gozlendi. Ayrica saflastirilan
resveratroliin NMR spektrumu da alinarak HPLC ile alinan sonuglar ve yapi tayini test
edilmis oldu. Optimize edilmis olan tiim bu sartlar uygulanarak cis ve trans formdaki
esveratroliin HPLC ile kantitatif tayini i¢in baz1 gida / meyve / bitki drneklerinden analizler

gergeklestirildi.

Anahtar Kelimeler : Resveratrol, HPLC, TLC, Kolon dolgu maddesi, Mobil faz



SUMMARY

Resveratrol has been ranked as the most biologically important class of stilbenoid found in
plants. It has been proven to have antioxidant, anticancer, anti - inflammatory, vasorelaxer,
anti-diabetic, anti-aging and general antimicrobial activities. This nobel molecule resveratrol
Is investigated in this research work, with a special interest in isolating and purifying this
molecule, in this end optimmization methods for TLC, column chromatography as well as
HPLC for resveratrol were investigated, at the same time presence of resveratrol
qualitatively and quantitatively from some samples of food/fruits/herbs ( twenty two of
them) exclusively obtained from Turkey were also investigated. Our results and finding
shows that the best mobile phase to seperate resveratrol from crude extract of Vitis vinifera
(grape) seed is chlorofaorm: methanol: acetonitrile with propotion ratio of 9:1:1, this is on
TLC plate coated with silica gel 60, for optimization of column chromatography, silica gel,
alumina, dowex cation exchanger, dowex anion exchanger and florisil adsorbents were all
found to separate resveratrol from crude extract with exception of alumina, using the same
best mobile phase system established from TLC analysis, the sequence by with these column
fillers can be use to isolate resveratrol is Silica gel > Florisil > Dowex cation exchanger >
Dowex anion exchanger, gardients elution using two sets of solvent system of
hexane:ethylacetate; 9:1, and then follows by chlorofaorm: methanol: acetonitrile 9:1:1 was
found to be the best way to isolate resveratrol from complex crude plant extract. Agilent 5
TC-C18 column (25.0 cm x 4.60 mm x 5.0 um) was used in the determination of cis
resveratrol and trans resveratrol. Methanol: Acetonitrile: 0.1% phosphoric acid solution
(6:1:3 v/v) used as a mobile phase with the flow rate of 1.0 mL/min. The maximum
absorbance of cis resveratrol and trans resveratrol was 308 nm. NMR analysis used in this
work shows a spectra which confirmed the presence and purity of extracted resveratrol. This
research work established presence of resveratrol from many foods/fruits/herbs which has
never been reported before and also established a better column chromatographic condition

to isolate resveratrol from any plant source.

Key words; Resveratrol, HPLC, TLC, Column filler, Mobile phase
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1. GENERAL INTRODUCTION

Fruit has been accepted as a noble source of vitamins and minerals, (these
compounds are very essential for the maintenance of balanced homeostasis) and for their
role in functioning as vitamins supplements and as well as treating deficiencies in Animals
(human inclusive). Including enough amount of fruits in one’s food improve the overall
health and also helps to prevent many different diseases (and diseases conditions). It has
been very well and accurately established that; fruits based diet is associated with lowering
dangers of developing so many chronic diseases, these include, cancer and cardiovascular
disease [1]. Adapting a consistent lifestyle with diet containing more proportion of
vegetables and fruits can decelerate the risks of many type of cancers, heart failure,
Alzheimer disease, cataracts, stroke, and some illnesses attacking peoples during old age [2].
In recent time from different class and walk of life consider fruit as part of their everyday
food, this make fruit to be at a very high position in many family’s menu worldwide, this is
because of their excellent nutritional, useful and therapeutic potentials [3]. Dietitians and
Nutritionists suggest that quantities of fruit/vegetables must be part well balance diet for
healthy life. Many compound found naturally occurring in fruit and/or vegetables, such as;
potassium, folate, vitamins, fiber, and other phenolic compounds are directly responsible for
most of the health benefits that fruits gives, and also these compound including vitamins and
antioxidants helps in slowing the attacks of decrease chronic diseases, (example. coronary
heart disease (CHD), by means of their protective activities for example, antioxidant against
free-radicals [4]. Resveratrol is one of compound found in fruits and maybe vegetables, it is
a phenolic phytochemical it is said to be a very important molecule found in fruits, and
plants’ parts in general. Results of many scientific researches confirmed presence of
resveratrol in many plans. Now more than 70 plant species distributed among 31 genera and
12 families containing resveratrol has been documented [5]. Large number of plants or fruits
that are part of human diet, for example, grapes, wine, grape juice, cranberries, peanut etc.
also contain some amount of resveratrol in them [6]. Based on the available scientific records
so far, grape fruits have very much more quantity of resveratrol and hence is considered to
be one of the most important human nutritional sources of resveratrol [7]. Both seeds and
skins parts of grape are labeled as very rich sources of phytochemicals such as garlic acid,
catechin, and epicatechin and (seed and skin of grape) are suitable raw materials for the
production of antioxidative dietary supplements. Although both seed and skin of grape are

source of antioxidative compound but there is difference in the number of phytochemicals
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they contained and also differences in amounts of shared similar compounds. The differences
in levels of the major monomeric flavanols and phenolic acids in seeds and skins from grapes
of Vitis vinifera varieties Merlot and Chardonnay and in seeds from grapes of Vitis vinifera
variety Muscadine were determined, and the antioxidant activities of these components were

assessed in one of previous work [8].

1.1. RESVERATROL

Resveratrol has been ranked as the most biologically important class or compounds
stilbenoid. Resveratrol; (with chemical name 3, 5, 4'-trihydroxy-trans-stilbene) can be call
as polyphenol phytochemical, naturally synthesized by some species of plants in response to
injury or stress, this can be seen as plant’s own way of inflammatory response agent,
antimalarial and antioxidant properties has been attributed to resveratrol. [9]. Available
record indicated that; it was around the year nineteen ninety (1990s) that resveratrol was first
time was discovered, red wine is the first sample in which presence of resveratrol was
confirmed.

From that time (1990s) till today, a lot of investments has been made for interest in studying
resveratrol and also trying to find its effect on health. Some important postulations suggested
that; consumption of resveratrol from red wine might help explain the fact that French people
have a comparatively low occurrence of coronary heart disease (CHD), ironically these
people eat too much of high in saturated fat in their regular diets, a occurrence is what is
termed as the “French Paradox” [10]. The plant biochemical pathway that lead to the
anabolism of Resveratrol is known, in this pathway malonyl CoA and coumaroyl CoA are
use as substrate in a reaction catalyze by an enzyme called resveratrol synthase, this process
usually take place in response of an attack against resveratrol producing plant by disease
causing microbes (otherwise called pathogens) [11]. Resveratrol dissolves easily in alcohols
(eg ethanol or methanol) compound of resveratrol can exist in both trans and cis molecular
configurations. Below is an illustration of the perceived pathway for resveratrol production

in plants (Figure 1.1).
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trans-Resveratrol cis-Resveratrol

Figure 1.2. Isomers of resveratrol

1.1.1. Physical properties of Resveratrol

Resveratrol (with the chemical structure as depicted above) have a chemical or
molecular formula of C14H1203 and molecular weight or molecular mass (MM) of 228.24
g-mol %, the density of resveratrol is found to be exactly 1.359 g/cm?, ultrapure crystalized
dried resveratrol is use to be off-white to tan powder in color (white powder with slight
yellow cast). Flash Point and Refractive index of resveratrol are 222.3°C and 1.762
respectively, other physical characteristics of resveratrol are boiling point 449.1 °C at 760
mmHg, resveratrol also start melting when heated at temperature between 261 to 263°C (502
to 505 F; 534 to 536 K) [12]. Although resveratrol can proportionally dissolve in many
solvents both polar and non-polar, but its solubility in the following seem much more
relevant to its physical properties that is; 0.03 g/L in water, 16 g/L in DMSO and in ethanol.
According to many literatures the maximum absorption wavelength of resveratrol is at UV-
Vis light with 304nm for trans-resveratrol, and 286 nm for cis-resveratrol, both in water
(Figure 1. 2) [13].

1.2. BIOACTIVITIES/IMPORTANCE OF RESVERATROL

A lot of in vivo and in vitro research work has been conducted and many more are under
way to ascertain the all significant biological roles and properties of resveratrol, however,
most of these investigations has been carried out using culture cells in test tubes (in vitro),
and with relatively less number of studies conducted in animal subjects. Some of the latest

publication on this issue is a paper review title “Resveratrol and clinical trials: the crossroad
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from in vitro studies to human evidence” by Tomé-Carneiro et al, in which many related
studies on biological activities of resveratrol was evaluated [14]. Recently, most of efforts
and increasing interests on phenolic compounds found in grapes have focus on how these
compound really affect biological activities, which can be of human benefits more especially
on health and general wellbeing, this include their antioxidant properties, how do they
protect cardiac problems/failures, how true is their anticancer properties (as widely
reported), anti-inflammation effect, their ability to reduce or retard antiaging and other
general antimicrobial properties [15].

Some major biological activity of resveratrol as widely reported are:-

Inhibition of lipid peroxidation; Chelation of copper; Free radical scavenging; Alteration of
eicosanoid synthesis; Inhibition of platelet aggregation; Anti-inflammatory activity; vaso-
relaxing activity; Modulation of lipid metabolism; Anticancer activity; Estrogenic activity
[16].

1.2.1. Resveratrol as antioxidant

Vitamins and polyphenols are natural antioxidants that plays an important function in the
prevention of diseases associated with free radicals. Resveratrol is found to reduces the rate
of cytochrome c¢ oxidation by hydroxyl radicals, produced as a result of the UV irradiation
of hydrogen peroxide (H202), with an ICso = 33 uM. Resveratrol is also very effective in
scavenging hydroxyl radicals in an ethanolic solution of B-carotene [17]. Resveratrol
contained in red wine has been confirmed as an antioxidant agent that prevent the
development of heart-related illnesses, it has notable antioxidant and anti-inflammatory
activities which have been considered to be responsible for the beneficial effects of red wine
consumption on coronary heart disease, the evidence is based on observed less risk of
developing cardiovascular diseases with people drinking red wine in their eating habits [18].
The effect of resveratrol on MMPs' activity was evaluated using gelatin zymography.
Western blot analysis and RT-PCR assay were used to determine the effect of resveratrol on
the expression level of MMP-9, MAPK and SIRT1 proteins and genes, respectively [19].
Some scientists believed that resveratrol activates or enhance the catalytic activities of some
antioxidant enzymes, these are superoxide dismutase (SOD), thioredoxin, glutathione
peroxidase-1, heme oxygenase-1, and catalase, and/or maybe is also responsible for the

inhibition or blocking of reactive oxygen species (ROS) produce by nicotinamide adenine



dinucleotide phosphate (NADPH) oxidases (NOX) [20]. Although the reported biological
information indicate that resveratrol is a highly promising cardiovascular protective agent,
more researches are required to establish its bioavailability and in vivo cardio-protective

effects, more especially in vivo and also in human subjects.

1.2.2. Resveratrol as Cardio-protection agent

Many studies conducted on disease prevention and control has it to say that; nutritional
factors, as well as red wine consumption, can decrease the risk of developing many heart-
related diseases, at least, this is partly because of the existence of polyphenols (resveratrol
inclusive) in many food more especially fruit-based diet [21, 22]. Suggestion for cardio-
protection of alcoholic drinks usually because of their polyphenols contents has been widely
reported and established in many scientific literatures [19]. Studies suggest that resveratrol
modulates vascular cell function, inhibits low density lipoprotein metabolism (oxidation in
this case), suppresses platelet aggregation and reduces myocardial damage during ischemia-
reperfusion, although the reported biological data indicate that resveratrol is a highly
promising cardiovascular protective [19]. Resveratrol has been found to exert a number of
protective properties on the cardiovascular system in vitro, including inhibition of both
platelet activation and aggregation, but as always reported earlier, there is need for full in
vivo research on all the claimed made on cardio-protective nature or resveratrol this must be
now or in very near future [23-25]. Al least for over twenty years now, scientists and
researchers alike have studied the function of resveratrol in preventing, protecting or
reversing the development of abnormalities which causes heart disease and heart failure. The
most recent results from animal studies have been positive, and very recently, this knowledge
has been translated into examining the efficacy of resveratrol in humans with heart

disease/failure [26]

1.2.3. Resveratrol in cancer prevention

Resveratrol (RES) has many pharmacological activities in extending longevity and treatment
of cardiovascular disease, it also links to treating diabetes and cancer [27]. Resveratrol has
been suspected to be very good agent in prevention of the variety of human tumor cell lines,

including those from breast, prostate, stomach, colon, pancreatic, and thyroid cancers [28],



many other in vitro and clinical studies have been conducted involving anticancer activity
of resveratrol through many physiological and biochemical pathways [29, 30]. Resveratrol
has been confirmed to increased reactive oxygen species (ROS) production [31-35], using
an experimental animals rat specifically, different route of administration applied such as
systemic (oral and injection), local (topical) in both cases the growth of chemically-induced
tumor has been repressed by resveratrol at many sites, including stomach/intestine, hepatic
organ, dermal, breast, prostate, and lungs [35, 36]. In one of the several research works
conducted it has been demonstrated that M2 polarization of human monocyte derived
macrophage (HMDMSs) induced by the lung cancer cells conditioned medium was inhibited
by Resveratrol. Additionally, Resveratrol exhibited inhibitory function in lung cancer cells
co-cultured with human macrophages. The activity of signal transducer and activator of
transcription 3 (STAT3) was significantly decreased by Resveratrol. Moreover, in a mouse
lung cancer xenograft model, Resveratrol significantly repressed the tumor growth, which
was associated with inhibition of cell proliferation and decreased expression of p-STAT3 in
tumor tissues [27]. Resveratrol anti-cancer effects have been well documented in and this

include variety of cancers, whereby it regulated cell division, and growth.

1.2.4. Anti-inflammation Activities of Resveratrol

Resveratrol in grapes, especially in grape seeds, have shown significant anti-inflammation
activities this mostly demonstrated on rats, mice and even human being [37, 38], a reliable
data show for the first time that in cytokine-challenged cells, cyanidin-3-glucoside and
resveratrol induced Nrf2 activation, increased hemoxygenase-1 and glutamate cysteine
ligase mMRNA expression, enhanced reduced glutathione to oxidized glutathione ratio and
inhibited reactive species production, at much lower concentrations than 5-ASA. Unlike
cyanidin-3-glucoside, resveratrol and 5-ASA also increased nuclear levels of PPAR-y in
cytokine-stimulated cells. In conclusion, both polyphenols might be interesting as
nutraceuticals, giving complementary benefits to conventional drugs against intestinal
inflammation, typically present in patients with inflammatory bowel disease [39], another
research conducted by; Sae Im Jeonga,et al [40], showed that resveratrol counteracted
inflammation in visceral adipose tissue and in the brain and reduced stroke-induced brain

injury and peripheral inflammation in aged female mice. Therefore, resveratrol



administration can be a valuable strategy for the prevention of age-associated and disease-

provoked inflammation in postmenopausal women.

1.2.5. Resveratrol and diabetes

Diabetes mellitus is a common metabolic illness that is characterize by high amount of blood
glucose above normal level as a result of the lack of insulin or the presence of insulin
resistance in peripheral tissues or both. In animal studies, resveratrol has been shown to
improve insulin recognition by cells, glucose tolerance, and lipid profiles in obese and/or
metabolically abnormal animals [41], another present study suggested that oral
supplementation of resveratrol might be a potential therapeutic strategy for the treatment
and/or prevention of diabetic encephalopathy [42]. Resveratrol has also been found improves
diabetes-associated erectile dysfunction (ED) in laboratory animals. Combination
medication with resveratrol and sildenafil have been found to of synergistic effect in
reversing ED. The mechanisms might be attributed to its anti-oxidative properties and NO—

cGMP signaling pathway upregulation [43].

1.2.6. Resveratrol as Antimicrobial agent

Many research works established that red wine and resveratrol showed antimicrobial effect
against foodborne pathogens. Staphylococcus aureus and Escherichia coli, were susceptible
to wine treatment [44], Resveratrol also prevents the adherence of Salmonella typhimurium,
E. coli, and Listeria monocytogenes to human colonic cells [45]. Derivatives of resveratrol
(2-chloro-resveratrol and 2-bromo-resveratrol), have been reported as very effective
antimicrobial agent, inhibiting the growth of Gram-positive bacteria, Gram-negative bacteria
and fungi [46], another finding suggest that red wine and resveratrol can affect the foodborne
viral surrogates at an early stage of infection. Red wine and resveratrol have the potential to
be developed for control of norovirus-mediated foodborne disease [47], many other

scientific investigations have reported inhibitory properties of resveratrol on viruses [48].



1.2.7. Anti-aging property of Resveratrol

It has been establish that polyphenolics existing in foods can be of beneficial effect in
reversing aging. This is because of their outstanding antioxidant activity, such as scavenging
free radical, they could prevent organs and tissues from oxidative damage, and change the
body negative mechanism of oxidation-reduction status. Resveratrol activates Sirtuin 1
(Sirtl), an NAD*-dependent protein deacetylase that is a key regulator of lifespan in several
model organisms under metabolic stress [49]. Moreover, resveratrol demonstrates an anti-
aging property by modulating various transcriptional factors, such as activating transcription
factor 3 (ATF3) and activator protein 1 (AP-1), which typically form a complex involved in

regulating cell apoptosis and survival [50].

1.3 Main Aims and Objectives of This Research Work

To obtain some selected fruits e.g.: Black grape, Blackberry, Mulberry, Figs, Cherry (sweet
and sour) etc.
-To process/treat the sample, using a standard homogenization method.
- To prepare column using different column fillers (silica gel, alumina, Dowex cation
exchanger, Dowex anion exchanger and Florisil)
- To formulate different mobile phase for separation/purification
- To carryout column chromatographic isolation/purification of resveratrol from the
samples
- To carry out high performance liquid chromatography (HPLC) in determining
quality, quantity and purity grade of the resveratrol using standard, against standard
resveratrol HPLC chromatogram
- To make calculations, data analysis, result presentations and recommendations.
-To isolate resveratrol from different fruits and their seeds
-To purify the isolated resveratrol
- To investigate the quality and quantity for isolated/purified resveratrol
-To elucidate the most suitable column filler (matrix) and/or mobile phase for isolation
and purification of resveratrol
-To compare/contrast quality and quantity resveratrol from edible part of each fruit and
its seed.
-To evaluate better optimum condition for both isolation and purification of resveratrol
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material selected as samples for resveratrol determination

Pea nut, Hazel nut, Rosehip, Walnut, Almond kernel, Apricot kernel, Cherry seed, Garlic,
pistachios, Red cherry, Black Cherry, Plum, Mountain fig, Dried plum, Goat horn, Sour
cherry, Lentil, Hackberry, Sumac, Quince, Apple seed, Date fruit seed, Black carrot, Ginger,
Black pepper, Red beet, Donut, Turmeric powder, Onion, Black grape seed, white grape
seed, Pomegranate. All of these sample where obtained randomly from local market within

Turkey,

10



2. MATERIALS AND METHOD
2.1. Materials

High performance liquid chromatograph (HPLC) auto sampler, rotary evaporator water bath,
vortex mixer. Silica Gel G, for adsorption chromatography, florisil for adsorption
chromatography, Dowex cation exchanger, Dowex anion exchanger and Alumina (all these
are for stationary phase of column chromatography). Ethanol (analytical grade), ethyl acetate
(analytical grade), acetone, n-Hexane, Chloroform, (analytical grade), methanol (analytical
grade), acetonitrile (analytical grade), methanol (HPLC grade), Diethyl ether (analytical
grade), Petroleum ether (analytical grade) and standard resveratrol (cis and trans) Sigma
99% will be used in the experiments. Other ancillary apparatus includes; Glass column for
preparative chromatography, calibrated/standard pipettes, 10, 25, 50, 100, 150 and 250 mL
conical flasks, funnels, beakers, automatic pipettes, Buchner flask/funnel, mortar and pestle.

2.1.1. Equipment and Chemicals

trans-Resveratrol and cis-resveratrol standards were purchased from Cayman Chemical
Company (Ann Arbor, MI). Emodin and quercetin standards were purchased from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA). HPLC-grade methanol and formic acid were
purchased from Fisher Scientific Canada. Ultrapure water (18.2 MQ cm) was obtained using
a Millipore Milli-Q 10 water system for the preparation of the buffer solution (Billerica,
MA). Standard. The working solution was prepared by diluting the stock solution to obtain
appropriate concentrations for calibration curves. The chemicals and reagents used in this
work were of analytical grade and purchased from Sigma Chemical Co. (Darmstadt,
Germany). All glassware was acid washed and rinsed with doubly distilled deionized water
(ddH20).

HPLC was performed with the Shimadzu Prominence-i LC-2030C 3D Model with PDA
detector.

Other materials for sampling are: Hazel nut (Corylus), Rosehip (Rosa canina), Almond
(Prunus dulcis) kernel, Apricot (Prunus armeniaca) kernel, Garlic (Allium sativum),
pistachios (Pistacia vera), Red cherry (Prunus avium), Black Cherry, Plum (Prunus
domestica), Goat horn (Ceratonia siliqua), Lentil (Lens culinaris), Hackberry  (Celtis
australis) Sumac (Rhus), Quince (Cydonia oblonga), Date fruit (Phoenix dactylifera) seed,
Black pepper (Piper nigrum), Red beet (Beta vulgaris), Black seed (Nigella sativa),

Turmeric powder (Curcuma longa), Strawberry (Fragaria * ananassa), Cinnamon
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(Cinnamomum verum). Samples were collected between February-March 2018. Samples
collected were identified by Dr. Semsettin CIVELEK faculty member, Biology department

Firat University.

2.2. Method
2.2.1. Sample preparation for resveratrol extraction and Isolation

The treatment of sample prior to analysis will comprise of several stages that include drying,
homogenization, sieving, extraction, and then concentrating the extract [56], for the purpose
of this research all edible fruit sample should be homogenize directly using a standard
homogenizing machine coffee miller with mortar and pestle

Drying seeds is carried out inside hot air ovum, the ovum is set at temperature of 65°C after
thoroughly washing the sample with clean water, it is then transferred into ovum and allow
to stand for 3-6 hours depending on the moisture contents of the sample to be dried, after
been well dried, sample are then keep refrigerated and away from direct sun light for onward
procedure. All condition for stability of resveratrol (pH, temperature and light) should be
maintained as according to previous literature [64]. The first activity conducted after
obtaining grape seed is washing it with water, drying it in oven at a temperature of 65 “C for
3-6 hours is to use mortar and pestle in grounding the dried seeds into fine powder, sieving
is also involve to obtained a relatively more finer granules, this is to increase the available

surface area for better extraction.

2.2.2. Extraction of resveratrol

Extraction is the most important and critical stage in isolation/purification of natural
products find in plants, this is to make sure that most if not all the target compound is within
the extracting medium, several very important reason for these are: in order to obtain a
maximum vyield, also to know exact level in w/w, w/v or v/iw of the target compound from
the whole sample, again this would enable comparison with other work/research possible.

Many work conducted on resveratrol has suggested several extraction method for resveratrol
among with are supercritical extraction method [58], by Kinetics and modeling [68] multi-

stage counter current extraction [69]
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2.2.3. Extraction of resveratrol for HPLC analysis cis/trans resveratrol contents of
from fruit/seeds sample

Sample of any of the material used for this study were first dried in hot air oven at
temperature of 75 °C for 2 to 5 hours (according to the sample nature), a dried material is
the was mad into powder by grinding with mortar and pestle, 0.5-1.5 g powder of each
sample was measured into test tube, three milliliter (3 mL) of 80% ethanol (96% ethanol:
distilled water; 8.5:1.5) was added into the test tube this is then mix using vortex mixer for
one minute after which all the test tube containing respective sample are transferred into
water bath and stand for ten minutes at temperature of 60°C, after removal from water bath,
one milliliters (1 mL) of n-hexane is then added to the test tube another mixing with vortex
mixer is then follow for one minute again, this extraction mixer is the transferred into
centrifuge machine set at 4500 rpm and allowed to run for ten minutes, when the machine
stopped, all test tube are removed and two layers aqueous ethanol and n-hexane are formed,
the n-hexane layer is removed by the use of micropipette. One milliliter of the ethanolic
extract is the measured into HPLC vials, and leveled against each sample, this is then read
by HPLC auto sampler machine, and the area under retention time of both cis and trans
resveratrol is then recorded for onward calculations. Mobile phase for HPLC runs was
prepared by mixing Methanol, Acetonitrile and 0.1% phosphoric acid solution at the ratio of
6:1:3.

2.2.4. Soxhlet Extraction Method for Resveratrol

For the isolation of resveratrol from grape seed, the extraction method used is soxhlet this is
in order to obtain an appreciable quantity of extract, several methods of extraction has been
carried out to extract stilbene (resveratrol inclusive) in one of these researches [70], soxhlet
prove to yield good quantity of resveratrol. Polyphenols especially resveratrol has also been
extracted via soxhlet extraction method on this work [71] extract resveratrol particularly
from grape seed, similar to this work.

The procedure of soxhlet is as follows; 20 g dried powder of grape seed is measured into
thimble (specially made from a thick filter paper), the thimble containing sample is placed
in the soxhlet extractor chamber, about 150 mL of 96 % ethanol is measured into round
bottom flask, the extractor is put fitted at the mouth of the flask and the flask is then mounted
onto a heating mantle apparatus (as shown in the figure 2.1), the setup is now completed by
attaching a condenser to it.
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Figure 2.1. Showing soxhlet extraction setup used for solid liquid extraction of resveratrol from powdered

grape seed.
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Two are three cycles of extraction are carried out per 20 g sample, this is because according
to [70] after two cycle of extraction resveratrol amount that may still be present in the residue
is very negligible. After collecting all the ethanolic extract, the solvent (ethanol) is then
removed using rotary evaporator, the remaining what appear to be a very sticky powder is
the washed/dissolved in methanol, liquid-liquid extraction is then conducted with n-Hexane,
the n-hexane layer is separated from the methanol layer (resveratrol is not soluble in hexane),
the hexane layer now removed any hydrophobic contaminants including oils and greases,
the methanol phase is then dried at 60°C in an oven to dryness, after which the leftover

powder is collected for onward process.

2.2.5. Hydrolysis and Liquid-Liquid extraction of resveratrol

The collected powder from the extraction process is dissolved in distilled water and pH is
adjusted to 1 using hydrochloric acid, this is then heated under reflux at 57°C for 8hours, this
is to enable any dimer or trimer and also glycosides of resveratrol to hydrolyzed, after the
hydrolysis an extracting solvent made by mixture of ethyl acetate: ether is used to extract
resveratrol from the aqueous hydrolyzing solution by liquid-liquid extraction in a separation
funnel (pH adjusted to 7 using sodium carbonate before liquid-liquid extraction). The extract

obtained here is used for TLC analysis as well as Column chromatography analysis.

2.2.6. TLC for the determination of best mobile phase for extract

Thin layer chromatography was conducted using several mixture/ratio of solvents, this is to
determine the best solvent system(s) that can be used to separate resveratrol by column
chromatography from our extract (found in 2.2.3 above) according to literature some TLC
system of resveratrol has been developed [72] in this an attempt is made to randomly select
different solvent mixture and run TLC plate (silica gel coated, aluminum) then the best
system that gives better separation and highest number of visible spots will be chosen, some
of this solvent system are modification of some previous work e.qg. [73].

The different ratio/combinations of solvent screened for this work has been tabulated below,
total of 43 solvent systems was developed (Table 2. 1).
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Table 2. 1: Showing list of solvent mixer/ratio carried out against TLC for best solvent system determination

TLC plate number | Solvent System / Mixture Solvent ratio
1 Chloroform: Ethanol 4:1
2 Chloroform: Ethanol 2:1
3 Chloroform: Methanol 7:3
4 Chloroform: Methanol 4:1
5 Chloroform: Ethanol 7:2
6 Chloroform: Ethanol 7:3
7 n-Hexane: Ethyl-acetate 4:1
8 n-Hexane: Ethyl-acetate 2:1
9 Chloroform: Ethanol 7:1
10 Chloroform: Methanol 31
11 n-Hexane: Ethyl acetate 9:1
12 Chloroform: Methanol : 7:1.5
13 n-Hexane: Ethyl-acetate 3:1
14 n-Hexane: Ethyl-acetate 3.5:1
15 n-Hexane: Ethyl-acetate 5:1
16 n-Hexane: Ethyl-acetate 9:1
17 n-Hexane: Ethyl-acetate: Acetonitrile 9:1:1
18 n-Hexane: Ethyl-acetate: Acetonitrile 7:2:1
19 Chloroform: Methanol: Acetonitrile 9:1:1
20 n-Hexane: Ethyl-acetate: Acetonitrile 9:2:1
21 n-Hexane: Ethyl-acetate: Acetonitrile 8:2:1
22 n-Hexane: Ethyl-acetate: Acetonitrile 8:1:2
23 n-Hexane: Ethyl-acetate: Acetonitrile 10:1:1
24 n-Hexane: Ethyl-acetate: Acetonitrile 10:1:2
25 n-Hexane: Ethyl-acetate: Acetonitrile 10:2:1
26 n-Hexane: Ethyl-acetate: Methanol 10:2:1
27 n-Hexane: Ethyl-acetate 6:1
28 n-Hexane: Ethyl-acetate 4:1
29 n-Hexane: Ethyl-acetate 4:15
30 n-Hexane: Ethyl-acetate 45:1
31 n-Hexane: Ethyl-acetate 5:1
32 Chloroform: Methanol 7:25
33 Chloroform: Methanol 7:15
34 Chloroform: Methanol 1:1
35 n-Hexane: Ethyl-acetate: Ethanol 9:2:1
36 n-Hexane: Ethyl-acetate: Ethanol 9:1:2
37 n-Hexane: Ethyl-acetate: Ethanol 9:2:2
38 n-Hexane: Ethyl-acetate: Ethanol 7:2:1
39 n-Hexane: Ethyl-acetate: Ethanol 7:1:2
40 n-Hexane: Ethyl-acetate: Methanol 9:2:2
41 n-Hexane: Ethyl-acetate: Methanol 9:3:2
42 n-Hexane: Ethyl-acetate: Ethanol 45:1:.05
43 n-Hexane: Ethyl-acetate: Ethanol 45:1:15
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After running these several tests, result was obtained, the figure below depicted some of
TLC chromatogram, the best solvent system can easily be identified with many number of

spots and also with better resolution,

2.2.7. Preparation of column using different column fillers (stationary phase).

2.2.7.1. Silica Gel

40 g of Silica Gel G was measured, and it then heated at 105°C for 30 min, then is was
activated by continuous heating for another 30 min at 180°C in a drying oven. The prepared
Silica Gel G will be pack into chromatographic column using wet packing method [74]. The
column is loaded with 0.2-0.5 g of ethanolic extract of grape seed, gradient elution using two
type of mobile phase (solvent system is used) these are; n-Hexane: Ethyl-acetate:
Acetonitrile (9:1:1) and Chloroform: Ethanol (7:2) at a rate of 5 mL/min, collecting the
eluate 10 mL/bottle. The eluates are then vaporized, the remainder was dissolved in 10 mL
methanol, then the samples were taken for HPLC analysis, in this total of 10 eluates was
collected from first mobile phase system hexane: ethyl acetate: acetonitrile and total of thirty

eluates was collected from chloroform: Ethanol mobile phase (Figure 2.2).

2.2.7.2. Alumina

50 g of basic alumina was measured, this alumina is then packed into chromatographic
column using wet packing method (Figure 2.3), this method is also modification of [74]. The
column is loaded with 0.2-0.5 g of ethanolic extract of grape seed, gradient elution using two
type of mobile phase (solvent system is used) these are; n-Hexane: Ethyl-acetate:
Acetonitrile (9:1:1) and Chloroform: Ethanol (7:2) at a rate of 5 mL/min, collecting the
eluate 10 mL/bottle. The eluates are then vaporized, the remainder was dissolved in 10 ml
methanol, then the samples were taken for HPLC analysis, in this total of 10 eluates was
collected from first mobile phase system hexane: ethyl acetate: acetonitrile and total of thirty

eluates was collected from chloroform: Ethanol mobile phase.
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Figure 2.2. Showing silica gel column chromatographic set-up
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Figure 2.3. Showing Alumina column chromatographic set-up

2.2.7.3. DOWEX (cation exchange)

The concentrated extract obtained from grape seed was loaded onto column to be
chromatographed over a cation-exchange resin column (DOWEX, Sigma-Aldrich), the
column is prepared by measuring 30 g of DOWEX resin into a beaker and packed to a
column using wet packing method (Figure 2.4), the column if firstly washed with distilled
water to remove any trace of sugars and other water soluble substances, and the finally

eluted with 75 % (v/v) aqueous ethanol, only the ethanolic eluates are collected, as water
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eluate prove not to elute resveratrol from Dowex column [75] total of twenty eluates were
collected, and 1mL of each is transferred into HPLC vial for analysis of resveratrol.

Figure 2.4. Showing Dowex cation exchange chromatographic set-up

2.2.7.4. DOWEX (anion exchange)

The concentrated extract obtained from grape seed was loaded onto column to be
chromatographed over a anion-exchange resin column (DOWEX, Sigma-Aldrich), the
column is prepared by measuring 30 g of DOWEX resin into a beaker and packed to a
column using wet packing method (Figure 2.5), the column if firstly washed with distilled
water to removed any trace of sugars and other water solubale ubstances, and the finally
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eluted with 75 % (v/v) aqueous ethanol, only the ethanolic eluates are collected, as water
eluate prove not to elute resveratrol from Dowex column, the same way as it was conducted

with cation Dowex [75] total of twenty eluates were collected and 1 mL of each is transfered
into HPLC vial for analysis of resveratrol.

Figure 2.5. Showing Dowex anion exchange column chromatographic set-up
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2.2.7.5. Florisil column preparation

Florisil column is prepared by weighing exactly 30g of the adsorbent into column (it was
packed according to wet method (Figure 2.6), the column if prepared using hexane: ethyl
acetate (9:1) mobile phase, the column is then loaded with the crude extract obtained from
grape seed, the column is washed with this mobile phase, the eluates are collected at 10mL
per bottle, after collecting 15 eluates from this mobile phase, new mobile phase is then
introduce this is chloroform: methanol, in this also 15 eluates was collected at 10mL per

bottle, the eluates from both mobile phases are then taken for HPLC analysis of resveratrol.
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Figure 2.6. Showing Florisil column chromatographic set-up
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2.2.8. HPLC method for the determination of resveratrol

The amount of resveratrol in the eluents is to be determine using high-performance liquid
chromatography (HPLC) according to Zhao’s method [76]. 1mL of the ethanolic extract was
measured into HPLC vial for analysis. The Agilent 5 TC-C18 (2) column (25.0 cm x 4.60
mm x 5.0 pm) was used in the determination of cis resveratrol and trans resveratrol.
Methanol: Acetonitrile: 0.1% phosphoric acid solution (6:1:3 v/v) and methanol: water
(98:2) are used as a mobile phase with the flow rate of 1.0 mL/min and also 1.5mL/min, also
PDA detector was used for cis- resveratrol and trans resveratrol at 308 nm. Preparation.
Stock solutions of each standard (trans-/ cis-resveratrol) were prepared by dissolving each
analyte (1.0 mg/mL) in pure 96 % ethanol. The working solution was prepared by diluting
the stock solution to obtain appropriate concentrations for calibration curves (see figiire 3.1
and 3.2). To plot a standard calibration curve, 0.02 g of standard resveratrol sample will
weigh and then place in a 50 mL brown volumetric flask, methanol (other mobile phase)
solution will be added to scale, followed by regular shaking, then got the storing liquid to be
400 mg/L; diluting the stock solution to 16 (ug/mL) ppm, 32 ppm, 48ppm, 64 ppm (see
figtire 3.4) and 96 ppm for cis resveratrol standard solutions, then 18 ppm, 36 ppm, 54 ppm,
72 ppm (see figiire 3.3) and 90 ppm for trans resveratrol, The injection volume from HPLC
auto sampler is 20 pL. A standard curve is drawn where the ordinate represents the peak
area, and the abscissa represents the mass concentration of resveratrol. To determine
resveratrol in the samples. Resveratrol identification is to be made by comparing the relative
retention times of sample peaks with standards. And the calibration curve will be use in
determining amount of resveratrol in each and every sample. The following equations were
used to calculate the amounts of cis and trans resveratrol in each sample. The calculations
for all concentrations of cis and trans resveratrol were con ducted using standard calibration
curves. The right equations deducted from result section is (Figure 3.6 and Figure 3.7 given
in the results section)

Trans resveratrol determination used this formula y= 89425x — 65612 R?= 0,9955
Cis resveratrol determination used this formula y= 1458.5x + 2172.7 R?=0,9965
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2.2.9. Statistical analysis

All measurements were triplicated. The statistical analysis of results obtained was performed
the PC running on Windows 10 with SPSS 10.0 and for the variance analysis and LSD,

multiple. comparison tests were performed in between p<0.05 to p<0.005 level.
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3. RESULT

Below are samples of chromatograms obtained from various stages of our investigations, as
the main aim of this project suggested we need to established an optimum condition both,
Column and HPLC seperation of resveratrol, here samples of chromatograms from two
differents mobile phase is presented, and thereby discussed.
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Figure 3.1. 72 ppm Trans resveratrol chromatogram (Retention time 3.1 -3.4 minutes ranged) : Mobil Phase
Methanol :Water (98:2 v/v)) ; Flow rate :1.5 mL/min Wavelenght : 308 nm
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Figure 3.2. 96 ppm Cis resveratrol chromatogram ( Retention time 3.1 -3.4 minutes ranged) Mobil Phase
Methanol :Water (98:2 v/v)) ; Flow rate :1.5 mL/min Wavelenght : 308 nm
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Figure 3.3. 72 ppm Trans resveratrol chromatogram. Retention time ranged between 3.42 -3.72 minutes.
Mobil Phase; Methanol: Acetonitrile: 0.1% Phosphoric acid (60:30:10 v/v)) Flow rate :1.5 mL/min
Wavelenght : 308 nm
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Figure 3.4. 64 ppm Cis resveratrol chromatogram. Retention time ranged between 3.82 -4.05 minutes. Mobil
Phase; Methanol: Acetonitrile: 0.1% Phosphoric acid (60:30:10 v/v)) Flow rate :1.5 mL/min Wavelenght :
308 nm.
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Figure 3.5a. 36 ppm trans Resveratrol. Retention time 2.7 minutes, Mobile phase methanol: water (98:2),
Flow rate:1.0 mL/min Wavelenght : 308 nm
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Figure 3.5b. 32 ppm trans Resveratrol. Retention time 2.8 minutes, Mobile phase methanol: water (98:2),

Flow rate:1.0 mL/min Wavelenght
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Figure 3.6. Standard curve for trans-resveratrol standard solution
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Figure 3.7. Standard curve for cis-resveratrol standard solution
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Figure 3.8. Black pepper chromatogram showing cis and trans resveratrol peak, showing both trans ans cis
Resveratrol peak, Retention time ranged between 3.42 -3.72 minutes and 3.82 -4.05 minutes for trans and cis
resveratrol respectively, Mobil Phase; Methanol: Acetonitrile: 0.1% Phosphoric acid (60:30:10 v/v)) Flow
rate :1.5 mL/min Wavelenght : 308 nm.
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Figure 3.9. Clove sample resveratrol chromatogram( Retention time 3.1 -3.4 minutes ranged), Mobil Phase
Methanol :Water (98:2 v/v)) ; Flow rate :1.5 mL/min Wavelenght : 308 nm
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Table 3.1. The amounts of Cis and Trans Resveratrol in some foods

Food sample Trans Resveratrol (ng/g) @ Cis Resveratrol (ng/g)
Hazelnut (Corylus) 2395+ 1.16 903.52 + 7.29
Rosehip (Rosa canina) 42.84+1.18

Almond kernel (Prunus dulcis) 03.92+0.12

Apricot kernel  (Prunus armeniaca) 02.71 £ 0.09

Sumac (Rhus) 9.97+0.79 642.99 +13.43
Cherry black (Prunus avium) 30.34 £2.47

Pistachios  (Pistacia vera) 236.18 £9.98
Cherry red (Prunus avium) 30.35+0.79

Red beet (Beta vulgaris) 15.07 £4.50
Plum (Prunus domestica) 20.77 £ 1.50

Lentil  (Lens culinaris) 277.22 +33.69
Black pepper (Piper nigrum) 374.75 +3.40 164.01 +2.67
Quince kernel (Cydonia oblonga) 2.58 £ 0.085
Garlic (Allium sativum) 271.67 +12.71
Goat horn (Ceratonia siliqua) 141.79 £ 3.38
Hackberry (Celtis australis) 281.62 £ 8.07
Cinnamon  (Cinnamomum verum) 7.06 £+ 0.04

Date fruit seed (Phoenix dactylifera) 04.71+ 0.50

Donut (Nigella sativa) 174.12 £ 4.05
Turmeric powder (Curcuma longa) 384.32 +7.89

Strawberry (Fragaria ananassa) 45.67 +2.33

Clove (Dianthus chinensis) 443,66 +9.12 321.81+5.24
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Figure 3.9.1. Showing pictures of silica gel coated TLC for determination of best solvent system for separation

of resveratrol from crude mixer.
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Table 3.2. Collected eluates from Silica gel, Chloroform: Methanol mobile phase

Eluent
number

Presence of
resveratrol

Eluent

16 | 17 |18 |19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
number

Presence of
resveratrol

Eluent

31 3233343536 |37 |38 |39 | 40| 41|42 43| 44|45
number

Presence of
resveratrol | * | *

Eluent

46 | 47 | 48 | 49 |50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60
number

Presence of
resveratrol

MAU(x100)
8,0

70°
6,0;
5,0—?
4,0%
3,0%
z,oé

1,0

0,0

T B B B B B B B e B By By By By B B B
0,0 10 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 min

Figure 3.9.2. Showing chromatogram of purified resveratrol collected from silica gel column. Mobil Phase;
Methanol: Acetonitrile: 0.1% Phosphoric acid (60:30:10 v/v)) Flow rate :1.5 mL/min Wavelength: 308 nm.
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Table 3.3: Collected eluates from Dowex (Cation exchange column), 70% ethanol mobile phase

Eluent 1415130 4|5/6/7/8/ 9| 10 |12 |12 |13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
number

Presence

of res- +

veratol | | || T[ [ LT T T R

Figure 3.9.3. Dowex cation exchanger Column eluate chromatogram, Retention time 6.8-7.3minutes.
Methanol: Acetonitrile: 0.1% Phosphoric acid (60:30:10 v/v), Flow rate:1.0 mL/min Wavelenght : 308 nm

Table 3.4. Collected eluates from Dowex (anion exchange column), 70% ethanol mobile phase

Eluent
number

Presence of
resveratrol | | ~| ||| |1 | | | 1YY
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Figure 3.9.4.

[
4,0

Dowex anion exchanger column eluate chromatogram, Retention time 6.8-7.3minutes.

Methanol: Acetonitrile: 0.1% Phosphoric acid (60:30:10 v/v), Flow rate:1.0 mL/min Wavelenght : 308 nm

Table 3.5: Collected eluates from Florisil column chloroform/methanol mobile phase

Eluent 1121345 7|8 10 (11|12 | 13 | 14 15 (16 | 17 | 18 19 20
number
Presence of
resveratrol | _| _| _| _| |- + |+ £ + + + |+ + ] = _ _

Figure 3.9.5. Florosil column eluate chromatogram, Retention time 6.8-7.3minutes

Analyisis condition; Methanol: Acetonitrile: 0.1% Phosphoric acid (60:30:10 v/v), Flow rate:1.0 mL/min

Wavelenght : 308 nm
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Table 3.6: Collected eluates from Florisil column 70% ethanol mobile phase

Eluent
number

12

13

14

15

16

17

18

19

20

Presence of
resveratrol | *| *| | —| | =| =| 7| 7| ~ -

Table 3.7: Collected eluates from Alumina column chloroform/methanol mobile phase

Eluent
number

10

11

12

13

14

15

Presence of
resveratrol

number

Eleent | 1 | 2 | 3|4 |5 |6] 7

10

11

12

13

14

15

Presence of
resveratrol
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Figure 3.9.6 Resveretrol (400 MHz- DMSO-ds) *H-NMR spectra, purified from black grape seed by column

chromatography.

The peaks at 2.56 and 3.30 ppm belong to proton residues in the solvent. Olefinic and
aromatic proton peaks were observed at 6.80-7.40 ppm while the peak belonging to phenolic
OH protons were observed at 9.18 and 9.51 ppm.
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4. DISCUSSION
4.1. Amounts of resveratrol in some selected foods/fruits/herbs samples

Resveratrol has been proven by different and diverse scientific researches and investigation
to have a very good biological activity [8]. This research tries to investigate the presence of
resveratrol in some food/fruits grown in Turkey, several samples were screened for presence
of resveratrol qualitatively and quantitatively (almost 50 different samples) at the end total
of twenty-two samples were confirmed to have presence of resveratrol in them, both cis and
trans-resveratrol levels was determined. In comparison base on our result it can be noted
that; Black pepper, Hazelnut, Sumac and clove are the only samples containing both trans
and cis isomers of resveratrol with levels of trans/cis isomers of 374.75 + 3.40 pgg™ /164.01
+2.67 nggt, 23.95+ 1.16 ugg™ /903.52 = 7.29 pgg?, 9.97 £ 0.79 ngg’ / 642.99 + 13.43
nggt and 443.66 £ 9.12 ngg?/ 321.81 + 5.24 ngg? for Black pepper (see figure 3.8),
Hazelnut, Sumac and clove (see figure 3.9) respectively (Table 3.1), this is in compatibility
with many finding that not all the two isomers are usually found in single source [77]. Also,
it was discovered that samples with cis isomer happened to have large store of resveratrol.
Samples that were found to contained only trans resveratrol in our studies are: Rosehip 42.8
4+1.18 pgg?!, Almond kernel 03.92 +0.12 pgg?, Cherry black 30.34 +2.47 ugg*, Cherry
red 30.35 £ 0.79 pgg?, Plum 20.77 + 1.50 pugg?, Cinnamon 7.06 + 0.04 ugg?, Date fruit
seed 4.71% 0.50 pgg™, Turmeric powder 384.32 + 7.89 ugg™ and Strawberry 45.67 + 2.33
nggt. And samples that were found to contained cis resveratrol only are: Pistachios 236.18
+9.98 pggt, Red beet 15.07 + 4.50 pgg™, Lentil 277.22 + 33.69 pgg™, Quince kernel 2.58
+0.085 ngg?, Garlic 271.67 + 12.71 ugg™, Goat horn 141.79 + 3.38 ugg™, Donut 174.12 +
4,05 pgg, and Donut 174.12 + 4.05 pgg™. Many works from previous literature presented
resveratrol of some fruit/vegetable/food for example resveratrol has been reported with
concentration of 18.4 + 1.6 pgg™ [78] which is very lower than some of our findings (e.g.
Black pepper374.75 + 3.40 pgg™) and also higher than some (e.g. Apricot kernel 02.71 +
0.09 pgg?). Trans-resveratrol reported to be detected blueberry and bilberry samples, with
level of 140.0 £29.9 pmol/g and 71.0 +15.0 pmol/g for blueberry and bilberry from Poland
respectively [79] this is really different with our finding by comparing a sister fruit
strawberry with content of 45.67 + 2.33 pgg? also like other berries only trans-isomer
detected. Another different worked found resveratrol in strawberry to be 1.87 £0.08 pgg™
[80] a very low compare to this our work. Looking at our result presented here it can be
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easily said that; a major finding as far as resveratrol is concern has been obtained, and a
relatively high amount of this molecule is established because throughout literature only one
sample we came across to have high resveratrol content close to some of our finding here
the said finding reported that Polygonum cuspidatum Sied. et Zucc. Contained 1.556mg/g
and Zijin capsule with 75.93 mg/g [81] but these are resveratrol supplement capsule, the
former is within the range of our finding but the latter is very higher with average results of
our work. Another similar work try to assess level of resveratrol in different species of berry
fruits [82] but none of the amounts found there are higher than our average finding. Highest
amount of resveratrol reported in Japanese Plum is 6.2 ugg™ [83] which lower than our
finding of 20.77 + 1.50 nugg™, based on our investigation resveratrol has not been reported
in Hazel nut but here we find it to contain an appreciable amount of 23.95 + 1.16 pgg™ (trans
only), also resveratrol has not been directly reported in Rose hip, Almond kernel, Apricot
kernel, Sumac, cherry, Red beet, Lentil, Black pepper, Quince kernel, Garlic, Goat horn,
Hackberry, Cinnamon, Date fruit seed, Donut as well as in Turmeric. In a research pistachio
contained 0.09—1.67 ngg™* (av = 1.15 ngg) of resveratrol [84] where as in our finding this
nut contains 30.35 + 0.79 pgg™ also of trans-resveratrol. While other samples screened in
this has no resveratrol content also has no reported resveratrol from literature, only pea nut
was reported to have resveratrol in it, some of this literature work had it that pea nut level of
resveratrol can be 5.138 £2.849 ngg™ [85] but our finding here contradicts this report as we

cannot establish presence of resveratrol in pea nut.

4.2. Findings on Best mobile phase determination for resveratrol separation using
TLC

The aim of this section of our research is to verify and/or establish a very good solvent
systems that can best separate resveratrol from column chromatography, some previous
work used dichloromethane on silica gel 60 coated TLC [86], others also try to find
dissolution coefficient of resveratrol and other stilbenes using different mixers of solvents
[87], running more than 40 TLC plate and alternating solvent composition and ratios we
found some solvent system to give a better resolution and separation of resveratrol from
crude ethanolic extract containing this compound, the best developed plates here as can be
seen from TLC chromatogram pictures above are: plate number 16,17,18,19 and 20 (see

figure 3.9.1 for wvarious TLC chromatogram pictures). Although mixture of
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Chloroform/methanol and n-hexane/ethyl acetate are both found to separate our crude extract
but only chloroform/methanol elute our target molecule (resveratrol), the former solvent
system removed many fractions without moving the target molecule, this is evident when a
standard resveratrol spot is run together on TLC plate with crude extract sample. Also for
HPLC different mobile phase and HPLC condition were tried to get the best separation (see
figure 3.5a and figure 3.5b)

4.3. Findings on Best column filler (stationary phase) for separation of resveratrol
from crude extract.

Several type of column fillers/stationary phase against mobile phase are used by analytical
scientist to isolate natural products and organic compounds [88]. Several researchers for
decades has been trying to isolate resveratrol form different plant’s sources but yet the
isolation and absolute purification of this compound is still a subject of researches, some of
these early attempt can be seen in [86]. From our result and finding in this research four of
the combination (stationary phase/mobile phase) used in this research prove to have an
average reliability in separation of resveratrol from crude extract of plants source, but from
our HPLC chromatogram; silica gel has the best separation power for this compound, this is
because only silica gel HPLC chromatogram, shows relatively pure resveratrol presence
although two other peak appear but suspected to be resveratrol glycoside and viniferin, (see
figure 3.9.2 ) similar result is obtained from previous literature[64] Another column filler
with much resveratrol resolution is Dowex (cation exchange) this according to [75] appear
to hold resveratrol after eluting with water, it can then be recover by using aqueous ethanolic
solution as mobile phase (see figure 3.9.3), anion exchange of Dowex also prove to separate
resveratrol but the recovery is much less than that of the cation counterpart (see figure 3.9.4).
Florisil although not been tried before by in isolation of resveratrol, according to our
literature survey, but also we have found it to be good adsorbent to isolate resveratrol and its
family, but as it was notice with eluents results of florisil column from HPLC chromatogram
(see figure 3.9.5), has a rather tailing properties in separation, but can also resolute between
trans and cis isomers of resveratrol, this is a very good quality noticed with florisil that other
column filler did not demonstrate even the better silica gel (see figure 3.9.1). According to
our finding here in this research, alumina column is totally negative as regard to isolation of

resveratrol, this is because all the resveratrol has been almost permanently (maybe
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covalently) adsorbed by the alumina as any attempt to alter the polarity of our mobile phase
in order to recover resveratrol proved abortive. The confirmation of isolated and purified
resveratrol is established using both HPLC and NMR spectra as can be seen (Figure 3.9.6)
after hydrolysis and silica gel column chromatogram from black grape seed shows that the

purification of resveratrol has been successful.
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