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Optimization of Extraction Technology and Antioxidative Activity of
Ellagic Acid in Raspberry by Response Surface Methodology
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Abstract : The aim of this study was to determine the optimal extraction process of raspberry ellagic acid by microwave—assisted
extraction and study its antioxidant activity. Red raspberry was used as experimental material, ethanol extraction solvent was
used , and ellagic acid was extracted from red raspberry by microwave—assisted solvent method.The extraction process of ellagic
acid in red raspberry was optimized by single factor test and response surface test. The ellagic acid was analyzed by
chromatography (HPLC ) and its oxidation resistance was investigated. The results showed that the optimal extraction conditions
were as follows; extraction time 1.8 min, extraction temperature 60 °C , ethanol concentration 50% ,liquid—to—liquid ratio 19: 1,
microwave power 411 W the extraction amount of ellagic acid was(82.75 +1.05) mg/100 g under these conditions, which was
higher than that measured by the traditional hydrochloric acid hydrolysis method under the optimal extraction conditions. The
actual results were highly consistent with the theoretical predictions. Therefore, the optimal conditions obtained in this
experiment were accurate and reliable and have reference application value.The ability of ellagic acid to scavenge hydroxyl
radicals and scavenge DPPH free radicals by microwave assisted solvent method was significantly higher than that of hydroxy
acid scavenging ability of ellagic acid obtained by traditional hydrochloric acid hydrolysis method, and the ability to scavenge
DPPH free radicals, indicating microwave assisted solvent extraction.The method not only took a short extraction time, but also
used less extraction solvent, and better protected the antioxidant activity of raspberry ellagic acid, which could provide a
reference for the industrial production of raspberry ellagic acid.
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Fig.1  Chromatogram of ellagic acid standard
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Fig2 Effect of ethanol concentration
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2.2.2 PRI TR B AR L AL PR PR UL FOSE IR h
3R Y, SR A AE 1 ~2 min B, 32 BUR [E]
2 min I T A5 2] (9 AR 2 8 4 P 4 BB s T R AT 1]
D 1 min BTS20 AR RE R AL IR P O 5 >4 35 HUnS [a]
I 2 min W, R AL AE TR P2 R O B 0 (R
82.33 mg/100 g, [ifi & $1& U 0] 8 SiE 4, 22 Py 4 Ui
W FRE(p <0.05) , I g £ B HATHE K, Bl
PRI 18] Y SiE 1 2 B 0 A7 00T B AR, 50 i AE R
PRI AR, T LLRESE 2 min JEFT )5 S20T5E
223 REGREEXTELAERR SRR RO NI 4 W]
DU Y, 75 40~60 C I, A3 AL IR B Ui il 45 2 B
RS B Th i TG . 24 PR G B T F) 60 C I, A
HERRAETR P U IR 2115 {H 80.60 mg/100 g, B $2 HX
I AR SE T vy, B A R AE PR PR U B35 TR R (p <
0.05) , AT HESR: th T el JEE A ik B8 19 Jon o) B AE PR 1 45 4
T —EREIR BT LA S PR U 60 C
224 BOBHEEXTERAERR P ICR 2 AR S ml A

20194 50141 151



I@&sﬂ%ﬁ\

-t °
. 1 [%
Science and Technology of Food Industry A2 z ﬂz 1’
90 BEPRRRAER ™ | BT LSRRI D135k 400 W 3E BT,
80 - 90
8 —~
5, 70¢ 2 sof
E —
:E_f 60 - Eﬁ 70F
41 = i
B sor J; 60}
g 40+ 50k
b
30 1 Il ] % 40 B
1 2 . ) 3 4 | | | |
BRI 7l i) %00 300 400 500 600
N H- gpss = ./, /”r p I e < W
3 BRI R BB RSB R BRI
Fig.3 Effect of extraction time B 6 fk TR B A R P U A R
on the content of ellagic acid in raspberry Fig.6 Effect of microwave power
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Fig.4 Effect of extraction temperature
on the content of ellagic acid in raspberry

B WBOREEE D9 20 LIS I i 45 381 g AR 2 3 A6 1R 142 X
R T OB S 100 1Ry AT, 53 02 PR A R L i
DAY PABE R 50 5 Wk Y 42 fh 1rn AR, RE AR B 22 A R
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Fig.5 Effect of liquid to material ratio

on the content of ellagic acid in raspberry
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0.73BD-0.84BE-1.15CD—-1.00CE + 1.49DE—-4.79A* —
5.16B%> —11.80C* —5.55D* —8.49E’

2w N KA

Table 2 Response surface experiment design and results

®®HE A B C D %ﬁ%ﬁﬁjj
1 o 0 0 0 0 85.232
2 -1 0 0o 0 -l 70.345
3 o 1 1 0 0 66.678
4 o 0 1 10 63.563
5 10 0 -1 0 74.202
6 10 0o 1 0 66.231
7 11 0 0 0 75.200
8 o 1 0 0o -1 71.222
9 -1 -1 0 0 0 77.243
10 o 0 -1 0 -1 60.220
11 o o 1 0 1 66.001
12 0o 0 -1 1 0 66.212
13 o 0 -1 0 1 67.009
14 0o 0 -1 -1 0 65.788
15 o o 0o 1 1 73.016
16 o 0 0 0 0 84.211
17 o 1 0 1 0 72.229
18 10 0o 0 -1 68.290
19 0o -1 0 0 -l 65.087
20 o o o0 1 -1 65.888
21 0o 1 -1 0 0 66.200
22 10 0 0 1 70.212
23 o 1 0 0o 1 73.003
24 0o -1 0 1 0 74.260
5 -1 0 1 0 0 68.360
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) WA R i AR (R AL TR P R ) N7 A [l USSR i 2 A
WS A B e D B 00 mg) SRR =0.9505 M5 E AL R, =0.9092, 72 4R
26 0 0 0 0 0 84.878 B SEE 5 T E W) & R A4F, J< 48001 p > 0.05, R4S
27 0 ~1 1 0 0 67.000 W3 SRWIAS AT 205 17 PR 28 X a0 6 8 SR R R 5 i)
28 _1 0 0 1 0 76.590 i IS T 0 G0 T 238 X W A P2 2 e 1) 4 PR 2 i B
29 0 0 1 0 -1 63.206 # (p <0.01) , R} LU X 4 78 2 i Sk fid) £ 52 Wiy 2
30 0 0 0 0 82.769 F(p<0.05) , kI RERETE] REBUREE | L BEH
4 0 -1 0 1o 76 JE A L B 0 S A R B BBt 1
2 0 0 0 -1 -1 000 PR35 (p < 0.01) . A T AR I o, 35 50 i i 2 B
w1 0 1 o o esses HAIE B (p < 0.05) , BRI ] FVAORY LG B % (p <
5 0.05) . 2B 15 i o W) £ B, )T A 2
35 0 -1 0 0 1 70.228 PO 1 AT AT . B OF ORI ET T, SE 0 Y 1Y
e 1 0 1 0 o esso N U BT > LA > R EE > B
37 1 0 -1 0 0 67.111 WL > LML o
38 ~-1 1 0 0 0 75.116 232 HWEMXZEAEH SN FH Design — Expert
39 0 | 0 -1 0 72,038 7.0.0 FRARF YR (8] U 45 BY R AT BV 1 43 AT, T A E
o 0 o0 o o o som L 57 T 155 o 24 P AR e 52 1991 D8 5 14
00 ot 0 e P FH AR A R B R B
0 1 1 0 0 0 68.961 MNIEL 7 (B8 AT LATEAE N T At B 45 I R A2 HAE
43 -1 0 0 0 ! 72308 B4 I 87 TE 43 AT 465 S, DA rb AT DL DR B4 & H 4 BCEST [a]
44 0 0 0 1 ! 72059 FIHE EIR BE 0 AH BLAE P XT8R2 B e 3, 3R
45 1o 0 1 o 26,560 BRAE A v 2 P S A (B3 92 5 () I 2 JBCIS ] AR L
B AH EAE R X AL R A 2 B el s, b 2%
#3 UG R IABALY 7 22507
Table 3 Analysis of variance for the quadratic polynomial model
LSRR I FI ¥J5 F1H pia ENE
LR 1510.98 20 75.55 23.04 <0.0001 -
A 43.15 1 43.15 13.16 0.0013 *
B 1.20 1 1.20 0.37 0.5504
C 0.39 1 0.39 0.12 0.7321
D 20.91 1 20.91 6.38 0.0186 *
E 51.37 1 51.37 15.67 0.0006 ®
AB 17.50 1 17.50 5.34 0.0298 *
AC 0.37 1 0.37 0.11 0.7400
AD 15.97 1 15.97 4.87 0.0371 *
AE 4202 x107* 1 4202 x107* 1.282 x107* 0.9911
BC 0.26 1 0.26 0.079 0.7813
BD 2.12 1 2.12 0.65 0.4292
BE 2.82 1 2.82 0.86 0.3628
CD 5.27 1 5.27 1.61 0.2170
CE 3.99 1 3.99 1.22 0.2810
DE 8.94 1 8.94 2.73 0.1118
A? 186.54 1 186.54 56.89 <0.0001 ® %
B’ 216.48 1 216.48 66.02 <0.0001 ® 3
c? 1132.48 1 1132.48 345.38 <0.0001 * %
D? 250.73 1 250.73 76.47 <0.0001 ® %
E? 586.43 1 586.43 178.85 <0.0001 ®
RE 78.69 24 3.28
L= e 73.68 20 3.68 2.94 0.1525
w2z 5.01 4 1.25
Pyl 1589.68 44

= 27 W3 (p <0.05), == ZFPWE(p <0.01).

20194 50141 153



I@.‘%tﬂ@}‘&

TEHM

Science and Technology of Food Industry

70.000

65.000

©)

BB (

2.500

2.000 3.000

A:HEEU A (min)

1.500

H(mg/100 g)

0

41

LA

P74 B TA) A0 S B B8 AR LA PGS A 5 B A P 1 R Py i [ 1 -5 25 e 2 1

Fig.7 Response surface and contour map manifesting the interactive results of extraction time

and temperature on the extraction amount of raspberry ellagic acid
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Fig.8 Response surface and contour map manifesting the interactive results of

extraction time and liquid to material ratio on the extraction amount of raspberry ellagic acid

233 SGUERES AR N S AT A e T
A AR EETE] 1.84 min , $REUEE 59.81 C, ZHE
WeBE 50% BOELLL 19.38: 1 8 D)% 410.08 W, I 5447
T ERAERR $2 WUl 84.26 mg/100 g, Jfy T8 T 5246
PR, $E B F o SR ECAT1E] 1.8 min, 35 BV B
60 °C, W BE 50% R 19: 1, S o 38411 W,
TEMLAAF T AT 3 4 PAT 05, SR AE R S B &
(82.75 £1.05) mg/100 g, H FHEIEIR () R IR IE M, &
A A AR A E L, A 2E T 4% 1.80% , 5
rgd S5 FLS T Wy A BE AR =, B AR S 56 A5 3 Y
S HE AT S8 =% N AN E. BHEC T E1E
PR B I 52 7 A B2 ANy 6 Y A B AN
VR BRI S A AR S0 SR FH ) 1R SRR A 1 i vk
(HPLC) ELA VR 22 435 05, dnfay B bRkt iz =7, 2=
- Il ) R v R R 3 A 3 1) e
BRAETR R B A 43531 2 223 mg/kg Fl1 43.5 mg/g, 5
AL G IRAFAE 225, v REJE B D P A 5%
Pl A S5 AN R 3 B 1 o
2.4 ARERNAZFZREBRENESHENFTHELER
TR s B i 7 B BB R R TR TR B 2R T 5
FRIR K fAR P BUTTAS $2 BUEE (p < 0.05) , THCIR 4 B i 571
PRI BEREAE R 14 (82.75 £ 1.05) mg/100 g, #2755
T2042% (1 9) . HHIES ARFEZERRNELER
X, MR E 3kt 2], At IEE KRR R A AR R
L, Nt — 4 F R H AR I RE 7 \DPPH. [ i 3k
FIE 1 f 3 A T R BE 1 a5 R UL IE 10 BT, ki 4
By 30 B 42 B2 o A BE R AE TR X 72 H i &L . DPPH H
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