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ABSTRACT

Response surface methodology (RSM) was appliecethich optimum conditions for microwave-assistettaetion
of total flavonoids extraction from Coreopsis timih . A central composite design was used to motiite effect of
ratio of water to material, extraction time, micrave power on yield of total flavanoid. the optinexitraction
conditions were obtained as ration of water to mateof 70 mL/g, extraction time of 8 min and misave power
590 W. under this conditions, the average totaldtwids yield was of 9.95% which matched with tredigted
value of 9.99%. The extraction method was applietassfully to extract total flavonoids from Corsisgtinctoria.
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INTRODUCTION

Coreopsis tinctoriais an annual forb which is spread in Canada, Nagh Mexico, much of the United States,
especially the Great Plains and Southern stat@i [iLjs often called “calliopsis."Coreopsis tinctorigplants attain
heights of 12 to 40 inches. Leaves are pinnataliddd, glabrous and tending to thin at the tophef plant where
numerous 1 to 1.5 inches flowers sit atop slenttans. Flowers are brilliant yellow with maroon aoWwn centers
of various sizes which is rich in flavonoids [3,4].

Microwave assisted extraction utilized microwavedistroy rapidly cell wall to accelerate digestioinactive
ingredient and to get preferable dissolution fongnasoluble matters, thereby to be enhanced thedspnd yield
of extraction. Compared to conventional method][9\icrowave Assisted Extraction has high seletyiviast and
efficient, consumed fewer solvent, high yield ofiee ingredient, noiseless, suited to extract trelynunstable
substance. Be more availably development and afiitim Coreopsis tinctoria and more sufficientlyragt general
flavones from Coreopsis tinctoria, this article disesponse surface design processed the study abwave
Assisted Extraction so as to improve traditionatanting method.

EXPERIMENTAL SECTION

1.1 Materials
Coreopsis tinctoriavas provided from Guazhouyide biotechnology limitmpany in March 2012 and accredited
Compositae coreopsis by Dr. yanglin, School of ksiégéence and engineering, Lanzhou University ohfietogy.

1.2 Methods
1.2.1 Sample preparation
Paved Coreopsis tinctoria to a 5mm lamina, driedtl0C, smashed and overed 50 mesh, finally putteddtyer.
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1.2.2 Draw standard curve

Weighed precisely 20mg rutin standard, dissolved metered it volume to 100ml with 95%ethanol. Takbove
solution Oml, 0.5ml, 1.0ml, 2.0ml, 3.0ml, 4.0ml 1®ml volumetric flask, added 0.3ml 5% NahGhaken up,
injected 0.3ml 10% AI(NG); after sat for 6 min, shaken well and sat agairttelluin 4 ml 4% NaOH and
confirmed volume with 95%ethanol, sat for 12mineafshaken, employed colorimetric analysis at 5500ne
drawing is made with absorbance A as ordinate andentrationC as abscissas, matched regression equation: y=0.
0819x+0.0005 R*=0.9987.

1.2.3 Microwave assisted extraction

Weighed precisely 2.00g Coreopsis tinctoria powetd0ml conical flask, mixed ethanol of a certaiuwme and
concentration, under some kind of temperature miax@ processed a period of time. Filtered with uaesuction
while hot, the capacity to 100ml. Referred standemdve drawing method to determined the yield ohegal
flavones.

1.2.4 Appropriate level of variousfactors
The single factor experiment was used for detemmii proper value range among a ratio of wateawomaterial,
extraction time and microwave power, in order tested response surface design factor level.

1.2.4.1 a ratio of water to raw material

Under a ratio of water to raw material at 1:35,51:4:55, 1:65, 1:75, 1:85 respectively, microwaesver 500W,
extraction time 10min and extraction times 1 canditstudied the influence that a ratio of wateraw material to
the yield.

1.2.4.2 extraction time
Under extraction time 2, 4, 6, 8, 10, 12, 15mirpesdively, a ratio of water to raw material 1:55¢crmowave power
500W and extraction times 1 condition, studieditifieience that extraction time to the yield.

1.2.4.3 microwave power
Under microwave power 200, 300, 400, 500, 600W eethyely, a ratio of water to raw material 1:55fragtion
time 10min and extraction times 1 condition, stddige influence that microwave power to the yield.

1.2.5 Response surface analysis

According toBox-Behnken Central composite design principle syuethesize the results of single factor experiment
and choserextraction times 1 to desigsrlevel and 4-variable response surface experirffanthe three major
factors of influence the general flavones yieldGareopsis tinctoria. Levels and coding scheduleevegrown in
Tab.1.

Tab.1 Factorsand levels of RSM

level

Factor ﬁ
A microwave power(W) 500 550 600
B extraction time(min) 5 75 10

C a ratio of water to raw materidiml/g) 50 60 70

RESULTSAND DISCUSSION

2.1 Single factor design

2.1.1 Different microwave power s produced the influence to the general flavonesyield in Coreopsistinctoria
When a ratio of water to raw material at 1:35 artiaetion time 10min, we tested different microwgy@vers
(200-600W) produced the influence to the genewaldhes yield in Coreopsis tinctoria.Fig.1a showa tbsult.
Before 500W, it increase of the yield along witle thugment of microwave powers while decrease &fewV.
Hence, we selected microwave power at 500W.

2.1.2 Different extraction time produced the influenceto the general flavonesyield in Coreopsistinctoria

When a ratio of water to raw material at 1:35 andrawave power 500W, we tested different extractione

(2-15min) produced the influence to the generaldiees yield in Coreopsis tinctoria. The resultsevshown in
Fig.2b. The yield is increase as microwave radmtime extended at the beginning and arrive sulanitOmin.

Later the yield present downtrend. It is possitiiattmicrowave radiation time too long lead solvemtess
temperature which destroyed effective constituéi@areopsis tinctoria extractive and also high temapure makes
protein coagulation to difficult dissolving out flavones. Hence, we selected extraction time 10min
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2.1.3 Different a ratio of water to raw material produced the influence to the general flavones yield in
Coreopsistinctoria

When microwave power 500W and extraction time 1Qme tested different a ratio of water to raw miater
(1:35-1:85) produced the influence to the gendealoines yield in Coreopsis tinctoria. The resuleravshown in
Fig.3c. From Fig.3c, it is observed that the yialtplification larger with the aggrandize dosageerftracting
solution. The increase yield rate can be dividéd fwo phases: 1:35-1:45 is low yield stage, exivacefficiency is
larger; 1:45-1:55 is high yield stage, the yieldget to maximum at 1:55. The yield leveling out andraction
efficiency is very small when a ratio of water tow material exceed 1:55. Generally speaking, theeraaatio of
water to raw material and the more yield. But toachsolvent bring about difficult to subsequenpdie process
and increase the cost of production. To the extmaceffects premise, we should lessen solvent dosayl
evaporation concentrated load to the greatest extarmposited economic results and production mamagt, we
select a ratio of water to raw material 1:55.
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Fig. 1 Effects of different microwave power (A), extraction time (B), and W/M ratio (C) on extraction yields of flavones.

2.2 Optimized extraction conditions by Box-Behnken

2.2.1 Theresults of response surface design

Employed Design Expert7,0we will be a ratio of water to raw material, extran time and microwave power as
response variable and be the general flavones gldsponse value to deal with data in Fig.2. Namnib14 are
factorial experiment and 15-21 are centre experimBmenty test points were divided into factorialiqts and null
points. Thereinto, factorial points are three-disienal peak which were constituent by independanible at A,
B, C. And null points are regional centre pointeeThull experiment repeats six times so as to estiraxperiment
error. We carry out regression analysis for thaioled data by Design Expert7.0. The results weogvstin Tab.3.
We also carry out quadratic polynomial fitting ofntinear regression and the following predictiondeloare
obtained: R=— 102.91064+ 0.22740A+ 2.40285B+ 0.23775C+ 0.00137500AB— 0.000591667AC—
0.000983333BE-0.00263636A—0.0149458—0.000860606€
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Tab.2 Design and results of RSM

A Microwave power B Extraction time R Yield
NO. W) (min) CWM (mUg) (g5
1 500.00 5.00 50.00 9.57
2 600.00 5.00 50.00 9.52
3 500.00 10.00 50.00 9.62
4 600.00 10.00 50.00 9.73
5 500.00 5.00 70.00 9.69
6 600.00 5.00 70.00 9.75
7 500.00 10.00 70.00 9.82
8 600.00 10.00 70.00 9.88
9 500.00 7.50 60.00 9.86
10 600.00 7.50 60.00 9.89
11 550.00 5.00 60.00 9.88
12 550.00 10.00 60.00 9.94
13 550.00 7.50 50.00 9.92
14 550.00 7.50 70.00 10.08
15 550.00 7.50 60.00 10.06
16 550.00 7.50 60.00 10.01
17 550.00 7.50 60.00 10.09
18 550.00 7.50 60.00 10.04
19 550.00 7.50 60.00 10.06
20 550.00 7.50 60.00 10.02
Tab.3 Analysisof variancefor fitted quadratic polynomial model
Term Quadraticsum df Mean square F value Pvalue gnifgiance

model 0.58 9 0.064 66.29 < 0.0001 **

A 0.004410 1 0.004410 4.55 0.0587

B 0.034 1 0.034 34.72 0.0002 **

C 0.074 1 0.074 76.34 < 0.0001 **

AB 0.0032 1 0.0032 3.30 0.0992

AC 0.00045 1 0.00045 0.46 0.5110

BC 0.000 1 0.000 0.000 1.0000

A? 0.079 1 0.079 81.59 < 0.0001 b

B? 0.050 1 0.050 51.38 < 0.0001 x*

c? 0.005457 1 0.005457 5.63 0.0391

Residual 0.009688 10 0.009688

Lack of fit 0.005355 5 0.001071 1.24 0.4110

Net error 0.004333 5 0.0008667

Total devition 0.59 19

R’=0.9835 Rxy=0.9687
“**" indicate highly significant (P<0.01) , “*"indicate significant (0.01<P<0.05)

It is show that this model is regress significand dack of fit is not significant from Tab.3.%80.9835
RAd1~2=O.9687 illustrate the model is better fitting withactical experiment. Linear relation is signifitdetween
response variable and response value. Therefaendidel can be used for prediction of Microwaveigtssl extract
general flavones in Coreopsis tinctoria.

2.2.2 Theinfluence of the interaction among with factors

As can be from Tab.3, Model first term B, C anddyasic term A, B?impact highly significant to response value R
(P<0.01). ¢ ,too(P<0.05). Interaction term impact on the yield wasvehadn Fig.4; we combine with these data
from Tab.3 and conclude that interaction term isgignificant to R. It is well known that the mdFfevalue and the
more significant which the factor influence on tlesponse value. According to F value in Tab.3, are get know
the influence extent of three factors which infloerMicrowave Assisted extract general flavones are@psis
tinctoria : a ratio of water to raw mateffaéxtraction time>microwave power.
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Fig.2 Response surface of factorsand interactions on the content of total Flavones

2.2.3 Optimization for processvariables and verification

In order to confirm further optimum point and sééet model concentration range as start, used Kasgrto
optimize and got preferred plan: a ratio of wateraw material 70 ml/g, extraction time 8.2min, roizave power
592.90W. On this condition, the flavones yield 183 4%. we take into consideration actual operatmmvenience
and extraction conditionsa ratio of water to raw material 70ml/g, extractitme 8min, microwave power 590W.
With the test result of the above conditions forificate, we repeat experiment three times andestioe flavones
yield respectively 9.87%, 10.01%, 9.97%, averagédyd.95%. Compared with theory predict value, Wweam the

relative error about 0.60%and that state the regresequation have certain practical guiding sigaiice after
optimized extraction conditions by Box-Behnken.

CONCLUSION

By single factor experimenand response surface analysis, we determine optitaafmology parameter of
Microwave assisted extract general flavones fi@areopsis tinctoriaa ratio of water to raw material 70 ml/g,
extraction time 8min, microwave power 590 W andrage flavones yield 9.95% .
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