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Abstract

A central composite design was used to optimize extraction of propolis materials using ethanol. The independent
variables in extraction experiments were ethanol concentration (50, 60, 70, 80, 90%, v/v) and extraction time (1,
2, 3, 4, and 5 h). Higher ethanol concentration and shorter extraction time increased total polyphenol content, but
total polyphenol concentration began to decrease when ethanol concentration was higher than 80% (v/v). Ethanol
concentration was more important than extraction time in optimization of total polyphenol content in propolis extracts.
Electron-donating ability increased with ethanol concentration and shorter extraction time, with ethanol concentration
being of greater significance. Antioxidant ability in extracts was optimal at an ethanol concentration of 65 - 75%
and with an extraction time of 2.2 - 3.6 h. Nitrite-scavenging ability was increased with use of higher ethanol
concentration and shorter extraction time. Total flavonoid content was maximized with an ethanol concentration
of 68 - 82% and an extraction time of 2.4 - 3.7 h. Total flavonoid content was affected by both ethanol concentration
and extraction time. By superimposition of contour plots, an ethanol concentration of 72 - 82% and an extraction
time of 2.2 - 3.3 h were optimal for preparation of propolis extracts.
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£ Ao XM= 9k EH-A]H (response surface methodology,
RSM)(14)& o]&3le] F220) WE F259] o]}t
45 ZUHYSA A FE2208 A5 23X

AR 15)°] o
sted  AAIEIH S, WREREUEAHS  fsiAe= SAS
(statistical analysis system) 213 (16)S A3t Th
AFAA G EHHFEXn)E AHLY 27 a8
o] FFo]l =S ALE oS5 HAZA &EE 55
0~90%, X)) 2 FZAI7H1~5 hr, X)) 0.2 A7gste] A3A

AWML o] 88 T2 ZAY ek 2227 HAH 909

8o 2,-1,0, 1,22 SHAZ 15345190 tHTable 1). TEZ
Y& FEE o|gehz EAd ddd FEATF(YnEE
% =4 3= FRHY), AATAS(Y)), oHEAAAA
5(Y3), $48b5(Ys), quercetin(Ys), t-cinamic acid(Ye),
kaempferol(Y7), isorrhamnetin(Ys), chrysin(Ys), acacetin(Y o),
total flavonoid(Y) TS AAsIPon, F&xAHE =
22l gk SuHlE 10 mLgo 2 3l 55 A
S,

Table 1. Experimental design of ethanol extraction conditions for
propolis

Extraction condition 2 -1 0 1 2

X, Ethanol concentration (%) 50 60 70 80 90
X, Time (hrs) 1 2 3 4 5

=y sietse s 53
% d=4 3= -2 Folin-Denis¥(17)0 whe} v 4
AFsldnk 72t AlFEAS dHsHA 543 71l 2 mLoll
Folin-Ciocalteu #]%F 2 mLE 7}ste] &8}, 3% §- 10%
Na,COs 2 mLE ¥ o] F&stal 1A7F Ao 4] x| s}
700 nmell A FHES SsIglo, EF=HEE tannic
acidE 5~50 ngmLo] FE== A8t HgFade] 2ol
AH&-8FA T
HAZo{s X
Aggd o] HMAF 52 DPPHE AHE3H WHo g
121th(18). DPPH A]2F 12 mg2- o §H2 100 mLoll &
SH 100 mLE 7}kl 50% ol ghe f4S FAY
314 517 nmolA] DPPH §99] $34=5 oF 1002
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A-C
N = (1- A
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A1 mM oFIEFNaNO,) 0 A8 37t
o 1AZF BAAZ +9f 2=
B : oFAIEFNaNO,) &) FR=
C: AR F3=

)x 100
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o] &iksls-& RancitometerS ©
&3l 3 Zm J3FH o™, M = % (conductivity) 7} F 25}

7HEE MRS frE7IREeR Astete] d4tst Aes
2439 }h & 2k} R] 43 (antioxidant index, A= 2+ F
=S W ARTY FE7IE FH7Y %57]7}
o7 E o7 Tk 23 218 AR
Z(reaction Vessel)oﬂ —.40}51 ‘“%—T‘% =7 Z(measuring
vessel)ol ¥ A& S (air flow
rate) 20 L/hr= 0}0% *Jﬁr HAS Hlsky

o{}l

JP

EolH0|E M2 24

T2 EYE FEEY E SRl R4S
&l A 52 vk 12l High-Performance Liquid Chromatography,
HPLO)E o|83t et iFEdd AA="
(quercetin), t-A] =] 2Kt-cinnamic acid), 7S (kaempferol),
o] A2 El(isorhamnetin), ©}7}H4El(acacetin) L =g]4l

(chrysin)&- A Z1eFAkSigma Co., US.A)A FU3ke] AL
3tgom o] W AgE HPLCY H4 2712 Table 29}
2t}

Table 2. Operating condition of HPLC for analysis of flavonoids

Specification Condition
Instrument Shimadzu LC-10AT, Co.
Column Shim-pack ODS _
(4.6 mm * 250 mm, pore size 5 pm, Shimadzu Co.)
Column temperature 35T
Mobile phase Acetic acid : Methanol : Water = 5 : 75 : 65 (v}v)
Flow rate 1 mL/min
Detector UV 254 nm
Ao 18
& H=d 3EE g2 st FEx29 JE
FEeol e & A=A e FF2 Table 3°]

at3)7) A168 A6F (2009)

Yehig o, vhs-EH S Fg. 1] JehIth & w54
33HE FaFol ek FHE9] 571249 R*E 0883802
10% frofrEollAl Foido] A=A 5% XW%‘JQ
HAHoZ Aok 2.58%= ﬂlzﬂM_fﬁ o] wjo]

ZAL qES F5 7391% L FEA|7H 3.08A]{P°l?il’+
(Table 6). & #=74 St T2 odehe o7t 2555
S7FetH7E 80% ol 3ol = adhs AR YEhgor
(Fig. 1), Table 72} #o] FEJAITRTE ofghE w59
o 2 TS e 22 UERIT Jeong 5(20)2] Al
Ae Z2Zg29] ZF SujEelehe F5 0, 50, 75, 95%)

Table 3. Experimental data on polyphenol content, electron
donating ability, antioxidant, nitrite-scavenging ability(pH 1.2) of
propolis ethanol extract by contral composite design for response
surface methodology

Extraction condition
Total  Electron Antioxidant Nitrite-scavenging

Exp. polyphenol ~ donating ability
. Bihanol - pyacion content  ability abilty (in pH 12)

T e ngn @ W %
1800 4@ 23 MB® 239 9759
200 2¢) 22 7% 257 9861
3606 40 205 B 23 9.7
4 0E)  2¢) 210 T8 246 962
500 30 262 M5l 288 9761
6 @O 30 26 M5l 288 9761
700 30 220 7629 209 %00
§ 0@ 30 121 6645 214 9583
9 MO 50 216 619 229 91.12
0 00 1) 192 030 23 9684

80,
2.4
70}
04
60,
1915
i 3

Extraction time(hr)

Ethanol concentration(%)

Total phenolics content(%)

76.67

63.33

&
Ethanol concentr; ration(9) 50.00 1.00

Fig. 1. Response surface plot for total polyphenol content in ethanol
extraction condition of propolis.
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™, 100 pg HA7FFE 9 60~90% = A 2ol we} o2
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Ethanol concentration(%)

Extraction time(hr)

78.31

72.01

65.72

Electron donating ability(mg%)

59.42
90.00

63.33
%) : &

. X
thano/ concentrs!ion(

Fig. 2. Response surface plot for electron donating ability in
ethanol extraction condition of propolis.
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ZY2 deE FEEY oMY AA%S AR A
93~83.24%E YRRty Bty er o]#3h g4
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o

80

&

Ethanol concentration(%)

1.882
670

1 2 3 4 5
Extraction time(hr)

Antioxidant abllity(Al)

&
90.00 233 &

76.67 63.33
Etf )
thano| concentration(ss)

&
50.00 1.00 &

Fig. 3. Response surface plot for antioxidant ability in ethanol
extraction condition of propolis.
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Fig. 4. Response surface plot for nitrite scavenging ability in
ethanol extraction condition of propolis.

Table. 4. Experimental data on quercetin, t-cinamic acid,
kaempferol, isorrhamnetin, chrysin, acacetin and total flavonoid
content of propolis ethanol extract by contral composite design for
response surface methodology

4st ov), 3)ARA Az} zke] Sehuieols YR
= AH

HES3EHo] fFAFSHAl LEh & Sk ol = Aol et
RS 3] ARAS AAEY e UTkFg. 5. Z2F
G20 7} ZEkeols HEEQ] 7S BF o] 2
FEE F E}FLLOF TS AR 3] A2
R*E 0.8849% ool A o] Ado] 214 % 2] O W (Table
5, d== Xé*&’é% Hulgoz JMJ%A% 478.83 mg%°]

o o] wjo] FEXAL JdESFE
37 R d=EQck & ——gﬂ‘ri‘- =
He HH e JeE Uehflon, ok
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THTable 7). Jeong 5(20)<] 04—_#01]/\1 zg

2 $3)9] % flavonoid 3RS 50% ol e Ti“ 1 660%
2 7P wol e 9}912131 70% AEE FEE
6.46%, 100% &S F5F 641% L & F55 074%2
RHuslgth 225829 FaEZQ] SR olE i
= BRH0 R FE] fiME dEEEsE B FEA
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Exoggcittii:; Total flavonoid Table 6. Predicted levels of optimum conditions for experimental
Exp. Blanol Toal condition of ethanol extract of propolis
N(I)).. conoe(r)l Bxirct Quercetin ¢ aid Kaempfero sonametin Chrysin Acacetin . 5 > i
- fime  content content content  content  content Responses X X; Maximum  Morphology
oW mem OO meh  meh ) g e
(%) (mgf) (mg?) Polyphenol content (mg%) 7391  3.08 258 Maximum
I % 4 U3 BN U7 045 25414 09T 40004 ) B )
20 2 u¥ DY DA KB MR L9 46 Hlecciron donafing ability (%) 8782 209 7831  Maximum
360 4 2054 805 2976 408 23678 4095 40594 Antioxidant ability(AT) 7037 2.80 2.80 Maximum
460 2 2615 %X B4 B0 M6 HBD 40 N S
51 3 38 UM N 458 2608 4110 45195 Nlmteéﬁ"ﬁ‘?“%)abﬂ“y 8944 253 9912 Saddle point
6 10 3 6168 2172 3019 4518 27608 4710 45795 ’
70 3 Ul B U4 D WH B W6 Total flavonoid content 4399 300 47883 Maximum
850 3 a8 189 ¢S bR 1706 250 2028 (mg?)
9 M 3 BB 276 24 10059 2% 3401 X, : Ethanol concentration (%), X, : Extraction time (hr).
0 70 1 2461 298 1965 207 14951 3604 29179
Table 5. Polynominal equations calculated by RSM program for ethanol extraction conditions of propolis
Response Second order polynomials R Significance
Polyphenol content Yec = - 11.027381 + 0.329292X; + 0916369)(2 - 0.002201X;” - 0.001000X X, 0.8838 00524
- 0.136339X,"
. " Yepa = - 16. 045476 + 1.813708X; +13. 619107X2
Elecctron donating ability ~ 0009153X,” - 0.09275X,X, - 132518X,’ 0.8925 0.0453
Antioxidant ability Yaa = - 6989524 + 0.251917X; + 0659643X2 - 0.001816X,” + 0.001250X,X; 0.8843 0,0519
- 0.131607X,"
Nitrite-scavenging ability Yxsa = 90.063095 + 0.075958X; + 1213512Xz + 0.000296X,” - 0.011750X,X; 09155 00286
(pH 1.2) - 0.079196X," ) ’
Total flavonoid content - 2216.75690 + 61.21845X; + 288518512X2 - 0.398754X,” - 0.7805X,X; 0.8849 00514

- 38.14169X,"
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FZA7F 22~324]7 0.2 ¢ =5 I TH(Table 8).

80
457.80
70

60 94.77

Ethanol concentration(%)

331.74

42.64 268.7
205,
\7&1\ 05.57

1 2 3 4 5

Extraction time(hr)

Total flavonoid content(mg%)

59
80.00
76.67

63.33

Ethano,
! concentration(%) ¢

Fig. 5. Response surface plot for total flavonoid content in ethanol
extraction condition of propolis.

Table 7. Regression analysis for regression model of total
polyphenol content, electron donating ability, antioxidant activity,
nitrite-scavenging ability(pH 1.2) and total flavonoid content in
propolis ethanol extract

F-Ratio

Extraction i ;
Total  Elecctron Anfioxidant Nitrite-scavenging Total

conditions : b
polyphenol  donating - ability .
cotient abiliy activity (o 12) flavonoid
XI Lid Eid ik ok ek
Ethanol 990 879 9.13 1398 845
concentration(%)
XZ * k3
Extraction time 263 n 5.4 042 552
(br)

“Significant at 10% level, ~ Significant at 5% level ; = Significant at 1% level.

Table 8. Optimization of ethanol extraction condition for response
variables by superimposing contour maps

Extraction conditions Range of predicted condition

Ethanol concentration(%) 2~82

Extraction time (hrs) 22~32

o eh-g FE55(50, 60, 70, 80, 90%) S} FEA| 7ol w2
sk, EetR ol 59 FAEAAS ZARIEH &
HEA SI3E g2 e s 2555 Ukt
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s ek o o & IS e Ao E Yehth
FE2E ARFATL dEe Tt =

o] HSFE AT Aol TR, FEANEGE
et sro] o & JF¢2 e Aoz Yehdt) ks
0] 7MY =& HelE oAEe T= 65~75%, FEAIZE
223677 FEE9] oA EAATE dEEE
57} =555 FUkRIlAL, 24
7A%S YeERQITE & ZeR ol 5
68~82% L FZA|7F 24~37A17F oA Hu) 3k
Yeifiglon, ogts s% 2 FEAIZF BT JaFS vt
= 32 YEyit: g = = i
-2 superimposingdte] V& T2 EZE|~9] HH FE2ZA
o] M9 dEE F% 72-82%, F=AI7F 22-3347
A AS= YERsE
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