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ABSTRACT

In order to optimize the conditions for the microwave-assisted extraction
of resveratrol from Polygonum cuspidatum Sieb et Zucc, in basisof micro-
wave-assisted extraction time,solvent concentration , ratio of liquid to
solid, microwave power four single factor test, the optimum conditionsfor
the microwave-assisted extraction of resveratrol from Polygonum
cuspidatum Sieb et Zucc are determined by orthogona experiment. The
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optimum extraction conditions confirmed by theindex of extractionyield
were as follows : microwave-assisted extraction time 7 min, solvent con-
centration 80% (v/v)ethanol, ratio of liquid to solid 25:1 (ml:g),microwave
power 1.5 kw. The extraction yield of resveratrol was 1.76%. M ass spec-

trum analysis showed that extract was resveratrol.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Polygonum cuspidatum Sieb et Zucc, aChinese
traditiona herba medicine, isused for diminating Sa-
sisto activate blood circulation, relieving pain, expel-
ling phlegm and arresting coughing. The main compo-
nentsinit isresveratrol, piceid etcly. Resveratrol is
widely usedin medicine, hedth productsand cosmetic
industrieson account of itsvarious pharmaceutica prop-
erties such as anti-inflammatory, anticancer and
cardioprotectiveactivitied??. Microwaveactivation, an
unconventiond energy source, hasbecomeavery popu-
lar and useful technol ogy in organic chemistry. Micro-
wave-ass sted extractionshave gathered momentumin
recent years, mainly becauseof their degance, highyidd,
short time span, and ecofriendly conditions*”. Most
of theactiveingredientsin Chinese herba medicines
arewrapped withintheplant cdl wall, thusitisdifficult

to damagethecell wall with ageneral organic solvent
extraction and theextractionyieldislow. Studieshave
shown that microwaveenergy canloosecell walsand
reducethemasstransfer resistance and accel erate the
release of the activeingredient.

In this paper, microwave-assisted extraction was
applied to extract resveratrol from Polygonum
cuspidatum Sieb et Zucc with ethanol solution and mi-
crowave-ass sted extraction conditionswere optimized
by orthogond experiment.

MATERIALSAND METHODS

Chemicalsand materials

Dried root of Polygonum cuspidatum Sieb et Zucc
was obtained from Shengshengtang M edi cine Coop-
eration (Liaoyang,China),ground into powder and
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passed through a 100 mesh sieve. Resveratrol stan-
dard substance (purity> 98%) were purchased from
SigmaChemicd Co, stored at 4 °C Other reagentsare
of analytical grade.

Microwave-assisted extraction
Microwave-assisted extraction method

MDS-6 auto-frequency modulation microwavewith
digestion/extraction oven and temperature/pressure
control (Shanghai Sineo Microwave Chemistry Tech-
nology Co., Ltd. PR.China) wasused for microwave-
asssted extraction. After aseriadsof trids, thetempera
ture and time of oven were adjusted to aproper range
suitablefor Polygonum cuspidatum Sieb et Zucc. An
accuratel y-wei ghed Polygonum cuspidatum Sieb et
Zucctogether with ethanol ol ution (solvent) wereplaced
intheextraction vessel (made of polytetrafluoro ethyl-
ene), and thevessel was set on rotating pan of diges-
tion/extraction oven. After heating for 1~8 minutes, the
mixturewas centrifuged at 2000 rev/minfor 10 min-
utes. Absorbance values of the extract were mea-
sured by UV spectrophotometry. Thecdlibration curve
was drawn by absorbance val ues. The mass concen-
tration was cd culated by the calibration curveand the
yield of resveratrol wasa so calculated.

Analytical method
(D) Qualitativeanalysis

Thin-layer chromatography was used for qualita-
tiveanaysstest. Thinlayer plateisslicage platefor
20 cm x 10 cm and eluent is toluene : ethyl acetate :
aceticacid (15:3:1, v:v:v), and color isferric chloride-
potassium ferricyanide solution, and Rf values of ex-
tract were compared to that of standard sample.

(2) Quantitativeanalysis

UV spectrophotometry was used for quantitative
analysistest. Absorbance value A of the extract is
directly proportional to the concentration of extract ¢
according to Beer’s law (A =puxbxc)when the coeffi-
cient of molar absorptionuand the thickness of cuvette
bisnot changed. The absorbance value at the maxi-
mum absorptionwavelength of activeingredientismea:
sured with the UV spectrophotometer and the absor-
bancevaueisproportiona to extracted amount. There
has the maximum absorption value at 306 nm for
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resveratrol. The mass concentration of resveratrol was
cdculated by thecdibration curve, thereby extract yidd
was also cal cul ated when the extract wasrefined and
UV absorbance va ue was measured.

M ass spectrum

ESI/M Swas used to determine the molecul ar weight
of thesample. Electrospray ionization ESI, Conevolt-
age 25V, degassing temperature 340 °C, capillary volt-
age 3.0kV, desolvation gasvelocity 600 L/h, quaity
scanning range (mv/z) 0 ~ 400 was detection conditions.

RESULTSAND DISCUSSION

Drawingresveratrol calibration curveand calcu-
lating extraction yield

Establishing resveratrol cdibration curveequation:
the standard resveratrol 5 mg was precisely weighed
and was placed in a50 ml volumetric flask. Methanol
wasused to dissolvethestandard resveratrol intheflask
and 0.10 mg/ml standard resveratrol solutionwasob-
tained.0.15, 0.25, 0.55, 0.75, 1.0, 1.25, 1.50, 1.75,
2.0,2.25,2.50 and the 3.0 ml were precisely removed
and placed ina25 ml volumetric flask, then weredi-
|uted to scal e with methanol respectively. 0.6, 1.4, 2.2,
3,4,5,6,7,8,9,10,12 g/ml resveratrol standard
solution were achieved and the absorbancevaues at
wavelength of 306 nm was measured, respectively.
Clibration curve graph was obtai ned when the absor-
bance va uewas absci ssaand concentration was ordi-
nate. The curve equation wasasfollow:

y =0.04019+ 29.8988x R?=0.99985
y-absorbance val ue x- mass concentration Y4g/ml

Determination resveratrol content: supernatant was
diluted to an gppropriate multiplesand bsorbancevaue
wasmeasured at thewave ength of 306 nm. Resveratrol
extraction yield was calcul ated.

resveratrol mass(g)
polygonumcuspidatummass(g)

x100%

Extractionyield (%) =

Singlefactor experiment and analysis
Theeffect of microwavetimeon extraction yield

4.000g Polygonum cuspidatum Sieb et Zucc were
taken and 80% (v/v)ethanol solution 80ml were ex-
tractant, and the effect of microwavetimeon extraction
yield whenthe extract timewere 1,2,3,4,5,6,7,8 min
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respectively wasshowninFigure 1.
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Figurel: Theeffect of microwavetimeon extraction yield

Figure 1 showsthat extractionyieldsincreasewith
increased extractiontimeand reach maximumwhenthe
extractiontimeis7 min. Extractionyieldsbeginto de-
clinewhen microwave-ass sted extraction time contin-
uestoincrease. The extract may be decomposed with
timeincreasing, which resultsin extractionyieldsre-
duction. Therefore, extractiontime7 minischosen as
theoptimal time.
Theeffect of liquid -solid ratioon extraction yield

4.000g Polygonum cuspidatum Sieb et Zucc were
taken and 80% (v/v) ethanol solution 80ml were ex-
tractant ,and the effect of ratio of liquid to solid on ex-

tractionyiddwhentheextract timewas7 minwasshown
inFigure?2.
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Figure?2: Theeffect of liquid -solid ratio on extraction yield

Weinvestigated theeffect of liquid to solid ratio at
different ratio of 10:1, 15:1, 20:1, 25:1, 30:1

(ml:g),respectively. Figure2 showsthat extractionyidds
increasewithincreased liquid to solidratio and reach
itsmaximumwhentheliquidtosolidratiois25:1(ml:g).
Hence, 25:1(ml:g) is selected asthe optimum ratio of
liquidtosolid.

Theeffect of ethanol concentration on extraction
yield

4.000g Polygonum cuspidatum Sieb et Zucc were
taken and ratio of liquid to solid was 25:1(ml:g) ,and
the effect of ethanol concentration on extractionyield
when the extract timewas 7 minwasshownin Fgures.
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Figure 3: Theeffect of ethanol concentration on extraction
yidd

Weinvestigated the effect of ethanol concentration
at different ratio 20%,40%,60%,80%,100%(v/
v),respectively. Figure 3 showsthat extractionyields
increase with ethanol concentrationincreasing. The
resveratrol extraction yieldschangelittlewhen ethanol
concentration is more than 80% (v/v). Solubility of
resveratrol in 80% (v/v) ethanol solution may reach a
maximum, whichresultsinresveratrol extractionyields
few changeafter ethanol concentration achieved 80%
(V).

Theeffect of microwave power onresveratrol ex-
tractionyidldwasa soinvestigated.

Orthogonal L ((3*)test analyses

Themicrowaveheating isdifferent fromthetradi-
tional heating method. It can penetratethe container,
solvent and sampleabsorb directly microwave heating
to achievetheeffect of the hot extraction. According to
snglefactor experimentsanaysesunder themicrowave-
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assisted extraction conditions, the main factors affect-
ing extraction wereratio of liquidtosolid, extraction
time, ethanol concentration, and microwaveirradiation
power. Microwave-ass sted extraction conditionswere
optimized by orthogonal experimental methodsand an
orthogonal L (3*)test design was used. Inthisstudy,
nineextraction testswere performed and theextraction
conditionsweregivenin TABLE 1. Theresultsof the
orthogonal test and analysesare shownin TABLE 2
and TABLE 3. Variance analysis was performed by
datistical method.

TABLE 1: Factorsand levelsfor orthogonal test

A B C D
No. Microwave microwave-asssted ethand Ratio of liquid
power (kw) timeg(min) concentration (v/v) tosdid (ml:g)
1 15 7 60% 251
10 8 80% 301
05 9 100% 351

TABLE 2: Orthogonal L, (3*)test resultsanalysis

No. A B C D Extraction yield(%)
1 1 1 1 1 1.63
2 1 2 2 2 171
3 1 3 3 3 1.58
4 2 1 2 3 1.80
5 2 2 3 1 1.55
6 2 3 1 2 1.52
7 3 1 3 2 1.39
8 3 2 1 3 1.27
9 3 3 2 1 1.57

Ki 492 481 442 474

K, 4.87 453 508 4.62

Kz 422 467 451 4.65
k, 164 160 147 158
k. 162 151 169 154
ks 141 156 150 155
R 023 009 022 0.04

Theextraction processwas potentialy affected by
variousfactors, but microwaveirradiation power, ex-
traction time, ethanol concentration and theratio of lig-
uid to solid were generaly considered to bethe most
important. Extractswere obtained from each specific
test and extraction yieldswere calculated. Theresults
of experimentsareshownin TABLE 2. The order of
A>C>B>D was determined for microwave-assisted
extraction. According to TABLE 2, the optimum ex-
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traction conditionsareA, B, C,D, and supplementary
testresultsarelistedin TABLE 4.

TABLE 3: Varianceanalysisof the orthogonal test

Variationsources SS Df MS F P
A 0100 2 0.050 1245 <0.05
B 0.013 2
C 0086 2 0043 1065 <0.05
D 0.003 2

Error(B+D) 0.016 4 0.004

TABLE 4: Supplementary test results

No. A B C D extractionyield
(kw)  (min)  (viv) (ml/g) (%)
1 15 7 80% 25:1 1.76
2 2.0 7 80% 25:1 1.77
3 15 6 80% 25:1 1.65
4 15 7 80% 20:1 161

Compared with the other parameters, microwave
irradiation power playsanimportant rolein microwave-
assisted extraction. Different microwaveirradiation
power wereinvestigated from 0.5 to 1.5kw on extrac-
tionion conditionsar GB yid ds, and reached itsmaxi-
mum at1.5kw. Thisisrelated to microwave energy pen-
etrate materia sand produce avolumetrically distrib-
uted heat source by molecular friction, resulting from
dipolar rotation of polar solventsand from the conduc-
tivemigration of dissolved ions. Extractionimproves
extraction yields when the microwave power isin-
creased from0.5to 1.5 kw. However, extractionyields
are not significantly increased from 1.5 to 2.0 kw.
TABLE 2 and TABLE 4 also show that there is no
obviousincrease of extraction yieldswith themicro-
waveirradiation power increasing. Thehigher micro-
waveirradiation power may destroy resveratrol mo-
lecular structure, which leadsto littlechangein extrac-
tionyields. Therefore, 1.5 kw is selected asthe opti-
mum irradiation power. Theeffect of theextractiontime
from7to 9 minon extraction yieldswereinvestigated.
Thereisno sgnificant difference between 7 and 9 min.
Hence, 7 minissdected astheoptimum extractiontime.
Weinvestigated theeffect of liquidto solidratio at dif-
ferent ratio of 25:1,30:1,35:1, (ml:g), respectively.
TABLE 2 showsthat extractionyid dschangelittlewith
increased liquid to solid ratio. Therefore, 25:1(ml:g)is
chosen astheoptimal ratio of liquid to solid. Theeffect
of ethanol concentration on extractionyieldswereex-
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amined. Theextractionyieldsincreasewithincreasing
ethanol concentration Theextractionyie dschangelittle
when the ethanol concentrationincreasesto 80%(v/v).
Thereason may bethat the solubility of resveratrol in
ethanol reaches saturation when theethanol concentra-
tion reachesacertain value. In genera, microwaveir-
radiation power, extractiontime, ethanol concentration
andratioof liquidto solid, are 1.5 kw, 7 min, 80%(v/
V), and 25:1(ml:g),respectively.

Orthogonal test analyses show that thefactors af-
fectingtheextractionyieldsare asfollows: microwave
irradiation power>ethanol concentration>extraction
time>ratio of ratio of liquid to solid withthemost sig-
nificant factor being microwaveirradiation power. Vari-
ance analysisasoindicatesthat theeffect of extraction
microwaveirradiation power isprominent.

To study the stability of the optimum conditions, the
optimum experimentswererepeated threetimes. The
resultsindicatethat thereisgood repeatability.

M ass Spectrometry analysis

Extract mass spectrogram was shown infigure 4.
[M-H] -ion peak was at 227.8,which was consistent
with resveratrol molecular weight of 228.2. Theresult

showed that the extraction of the samples was
resverarol.
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Figure4: Extract massspectrogram

CONCLUSION

In the present study, microwave-assisted extrac-
tion technol ogy was used to extraction resveratrol from
Polygonum Cuspidatum Sieb et Zucc and the extrac-
tion conditionswereoptimized. Optimized extraction
conditionsisthemicrowaveirradiation power of 1.5kw,

theliquid - solid ratio of 25:1 (ml:g), ethanol concentra-
tion of 80%(v/v), extractiontime7 min. Thismethodis
environmentally friendly. Microwave-assisted extrac-
tion resveratrol from Polygonum Cuspidatum Sieb et
Zuccisnot only theoretical significance, but the pros-
pectsforindustria gpplications.
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