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Optimization of extraction conditions of total flavonoids from
Zizyphus jujube by quadratic regression orthogonal rotating combination
ZHAI Long-fei, LI Tian-ye,LI Xue-dan, WANG Xiang-hong"

(College of Food Science and Technology , Agricultural University of Hebei; Agricultrual-Food Processing
and Engineering Technology Research Center of Hebei Province, Baoding 071001 , China)

Abstract: In this study,zizyphus jujube was used as the raw material to investigate the clearance rate of DPPH-and
the extraction rate of flavonoids by ultrasonic treatment. Effects of extraction temperature, extractant
concentration, solid - liquid ratio, extraction time, enzyme dose, pH value, ultrasonic power on preparation of
flavonoids with cellulase were studied by single factor analysis. The regression models were established with
factors and the indexes, including extraction efficiency and DPPH - clearance rateThe results showed that the
optimum values of temperature, extractant concentration, solid - liquid ratio, extraction time, enzyme dosage, pH
and ultrasonic power were 45°C,60% ,1:25,50min,0.6% ,4 and 180W.Under this condition,the extraction efficiency
was 0.537% ,the DPPH- clearance rate was 40.2 %.
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Table 1 The extraction conditions of four methods
FEROT WEE(C) BfAl(min)  $RBORIREE (%) DpR(W)  BREt pH Jnfg (% )
B FEEL 50 30 60 150 1:25 55 -
TR 50 30 60 - 1:25 5.5 -
7 Tl B B 50 30 60 150 1:25 55 0.55
K T B B E 50 30 60 - 1:25 5.5 0.55

LA {RETT AR R A T At 47 4k &
1ifF ( FifF 9% 14 =30000u/g)  Solarbio ZN®]; 25T i
VAR A BR 2 7] DPPH - Solarbio 23 /] 5 HiE
352571 =3 b/ B o T

UV-2008H FU4hn] DLAS6 6T g UNIC
ANFE];TGL-16G Bl R R =R 2 AR
STARTER 3C pH i} BZHMUERA R W ;DZWK-C
HEFEBEAKRG S JEEdiGIA EIFAAR) s HT -
300BQ U P2 I EY P T EIE S T IR
HBRLSE] 5 BS 214D B F 4347 K- Sartorius 23 o
1.2 ITEZRE

e Y

TR~ AT AL BT —’ﬁlf*" - KRB — B il ik - B R IR
1.3 SEFHE
1.3.1 £ FiAb By vk vk R M T
(60°C) = &, ¥y #¢, 1 30 H 7%, FH A7 il ik (30 ~
60°C) /KW [E AR 6h, ¥ T 77, oAb BRI 1 FF
JRA TR PR
1.3.2  EECHR S AT E B oE Bl 2R A9 2 - 45 S
W HCET T X RS AW 0,051,152 . 2.5mL B F
10mL ELZE B, il 5% V44 B2 BN 7 W FT 10% il iR
R4S 0.3mL, F24) , i B 6min, il 4% S A AL
W 4mL, F 60% 2 WeiE WG B 2 2 5, #250, ileE
15min, F 510nm A0 a2 W 63 (E , DLk C FI %
BEAE A FEFTERME MU, B0 T 3 WM BE 5 W6 3 1Y
FRifE Rl 22 o

FERE R TmL BT 10mL B3804, il 5% W
PR AN N 10% FS R R A W45 0.3mL, $25] i E
6min, il 4% S &AL W 4mL, F 60% 2, B 15 W
BEEZI 5], CE 15min, T 510nm 452 % 56 R

{HL, AR A o 1 207 5 3 SRR Ol U T S B ) o
F R AT S B ER  a

R i (o ) = PUBZEIEE IR 00
1.3.3 DPPH - BREE ST MM E B AE 54 % W 0. 1mL
i 1.9mL 60% Z, B R 5 2mL DPPH - %% (2 < 107
mol/L Jo/K ZBEH W) IR A, Y% ,25°C i 30min,
A 517nm AN . LAZEAR KA 2s 1 X BE, DUBE S i
¥ 0.1mL Jill 1.9mL60% Z, BE¥# 5 2mL JG/K 2 iR
BAES G, DATE R A & v P 2 Sk R A ) T 3
¥ T 2R TTE BR R

DPPH - 3552 (% ) = ¢~ (ZCL'A ) %100

A, Ad InRE e I RE AR, A7 Ul i I 2
fE, Ac: B DPPH - B 2 1

202 501452058

1.3.4 REHZERCCZW R SR oKigiE
T e 7 T BB K W B ER R 4 R vk 4y il
—RE ST X A A AT B A R R, R R R Ee 125 P9 4T
W 2 KRR 2 B AR R AR A pH (DL 1) , #2HL
30min Ji5 100°C K Jiff 10min, £ 4°C "N 8000r/min 25 .0>
30min 4 FIEWEFSE ZE 100mL 250 P, HUORE 5L Wk
) S e P B HRCFRT DPPH - 385 B %

1.3.5 MR AR RIEI L S I A
By op R 2R 5 e B At S 2F < G 2 R AL B S 19 A
3g, PEPBGRIURE 60% (i EE 50°C , pH5.5 , BlH Lk 1:25,
JInEf i 0.55% , $E B [E] 30min, T3 150W, $& B 4%
)5 100°C /K3 K i, 3500r/ min 250 15min, B4 -3
W 2 100mL Z5 5, FHAR R e B 1 O B2 45,
FEAI A B ImL AR S 2 D e B R R . 25 R R A
B PR R MR B . 30% 40% 50% 60% 70% .80% ;
YR .30 .40 .50 .60 70 .80°C ;pH:2 3 4.5 .6 .7 ; il
#:03% 0.4% 0.5% 0.6% 0.7% .0.8% ;FEHLH}[A]
10 .20 .30 .40 .50 .60min; B % :1:10.1:15 .1:20
1:25 1:30 1:35; 5% . 120 150 . 180 210 240 270W,
1.3.6  —=Jo_yRJiEdt =3 v oo A 8 7 ik g 4 Bl 4
WA SRAH SAS 8.1 JEF 788651, Xt s 46 5 P
BEAT 2T M 4347, A7 R Bl AR A 75 3]
TREIETTRE . BRI FE KPR LR 2,

2 TWRINEAIEASHE S 4 A SR U i1 K 2R /K- gt
Table 2 Factors and levels in

quadratic orthogonal rotation combination design

%
AT X BURIE IR e
(T) (%)
1.68179 60 0.9 1:35
1 54 0.78 1:31
0 45 0.6 1:25
-1 36 0.42 1:19
-1.68179 30 0.3 1:15

1.3.7 SEil4eMT  SRAH SAS 8.1 #4 i T — A £t
J7 255007, XS 22 F K 36 it B () 25 5, I 2 OROF
S p <0.05,
2 HR59H
21 ATRIERAEMZE

F REOP T R D 2R i 22 ) 7 YR AR B T OB R
MIPRAERT R, 25 R Kl 1 s,

HE TSR FE R . A =8.4514C—-0.001 , Hi2k
PEAISE R B R =0.999
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Fig.1 Standard curve of absorption capacity
of standard sample
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Table 3  Effect of extraction rate and clearance rate for

total flavones with different extraction conditions

o SR R DPPH - i B 2%
PEWOT I (%) (%)
B R 0.244 £0.011 28.77 +0.381
KR 0.197 £0.017 23.39 +0.507
P Tk B R 4R 0.546 +0.008 37.62 +0.318
IRV B B i 1 0.343 +£0.005 32.45 £0.433
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Fig.2 Effect of extraction rate and clearance rate

for total flavones with different ethanol concentration
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Fig.3 Effect of extraction rate and clearance rate for
total flavones with different solid-liquid ratio
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Fig. 4 Effect of extraction rate and clearance rate for
total flavones with different enzyme amount
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Fig.5 Effect of extraction rate and
clearance rate for total flavones with different pH
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Fig.6  Effect of extraction rate and clearance rate
for total flavones with different temperature
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Fig.7 Effect of extraction rate and clearance rate

for total flavones with different ultrasonic power
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E = HEZEBUE YL, DA% EE{E 1 DPPH - 5 R 3

204 501452058

45 06

40 0
=35 <
& 30 04 5
s =
- 03 mv
¥Z 20 —— DPPH 1% %% 7R
T =
S - AR 02 g
210 5
= 0.1

5

0 e 0

0 10 20 30 40 50 60 70
N [ (min)
P8 o )% BT B SR T B R A 5

Fig.8 Effect of extraction rate and clearance rate
for total flavones with different extraction time
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Table 4  Experimental results of quadratic regression

orthogonal rotation combination design

Y, JA#H Y, DPPH-

S X, X, X OREEOWRE

(%) (%)
1 -1 -1 -1 0.32 28.59
2 -1 -1 1 0.35 30.08
3 -1 1 -1 0.25 23.88
4 -1 1 1 0.27 25.12
5 1 -1 -1 0.26 23.49
6 1 -1 1 0.28 24.74
7 1 1 -1 0.21 20.64
8 1 1 1 0.24 22.26
9 -1.68179 0 0 0.29 25.54
10 1.68179 0 0 0.29 25.98
11 0 -1.68179 0 0.32 27.22
12 0 1.68179 0 0.33 27.84
13 0 0 -1.68179  0.20 20.15
14 0 0 1.68179 0.29 25.23
15 0 0 0 0.55 42.48
16 0 0 0 0.55 41.60
17 0 0 0 0.54 41.10
18 0 0 0 0.54 42.17
19 0 0 0 0.55 41.48
20 0 0 0 0.54 41.73
21 0 0 0 0.54 42.23
22 0 0 0 0.55 41.48
23 0 0 0 0.55 42.48

241 45 TN N TR A B ki B 4

WOCR A4 S2 86 B P HE 47 22 101 =X 8] )3 43 H7, @ 57 [B] )9 45
RUASE| R EH 7 2 .

Y, = 0.545225 — 0.013929X, — 0.016488X, +
0.016688X,-0.088668X,°-0.078592X,°~0.106169X,>

225 M5 22 AR IR, R E U Dy AR Y 1R 0 R
B, BRI A SC R R =98.34% , B[] )5
PRI A 30U R B A A R A T S e s . il |l
VAR AL A ) B IR IR R S & N IR
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45°C Nl 0.6% B LE 1:25 , A 2 28 i 41 H
Kk 0.546% .,
2.42 £ NEXF DPPH- RIS HERISZ I X 5
PR S0 R EAT 81U 5307, 4 57 [0 ) AR R A5 3] — ok
[ U3 77 e

Y, = 41.84799 — 1.15649X, — 1.022286X, +
1.034671X,-5.583162X,2-4.958432X,>~6.668221X,>

RS REEHRBCRI T 220 Mk
Table 5  Significant analysis of the

regression orthogonal rotation test

AR DF SS MS F Pr>F
X, 1 0.00265 0.00265 5.012251 0.043293
X, 1 0.003713 0.003713 7.023536 0.020004
X, 1 0.003803 0.003803 7.19474 0.018818
X,? 1 0.124922 0.124922 23631  0.0001
X, X, 1 0.000612 0.000612 1.158643 0.301318
X, X, 1 5E-7  5E-7 0.000946 0.975933
X,? 1 0.098143 0.098143 185.6528  0.0001
X, X, 1 5E-7  5E-7 0.000946 0.975933
X,? 1 0.179102 0.179102 338.8  0.0001
Model 9 0.407588 0.045288 85.66885 0.0001
Error 13 0.006872 0.000529
Total 22 0414461

2 6 J7 220 AW, B1E 07 AR A9 ]2 W 25 6,
ML RE R =97.88% , Ml JARE R 55541, HH
VEIASE TR A 20 35 B 5 B i B ZHL 5 O < Il JEE O 45°C TNl
1 0.6% KL L 1:25, e 9 DPPH - 3 BR 3 ik
#j41.8% ,

#* 6 DPPH-IFERFATT 20K

Table 6 Significant analysis of the clearance rate of DPPH -
AR DF Ss MS F Pr>F

X, 1 18.26562 18.26562 6.767587 0.021945
X, 1 14.27235 14.27235 5.288043 0.038689
X, 1 14.62025 14.62025 5.416944 0.036738
X, 1 495.2975 4952975 183.5125 0.0001
X, X, 1 235445 2.35445 0.872346 0.367331
X, X, 1 0.001922 0.001922 0.000712 0.979116
X,’ 1 390.656 390.656 144.7418 0.0001
X, X, 1 0.001922 0.001922 0.000712 0.979116
X,? 1 706.522 706.522 261.7732  0.0001
Model 9 1620.764 180.0848 66.72317 0.0001
Error 13 35.08681 2.698985

Total 22 1655.85

2.4.3  SZERZESREGUE AR =50 kBl UH IE 3T e
LS T A 435 L 08 vl S vk, SR 45 09 1 Ak &5 1 F
173 WFEAT L5, ST BRI 2 B9 8L % R H2 B R Ry
0.537% , S AH 5 HASEAH X R 228 1.6% 5 SR
159 DPPH « 75 54:5%40.2 % , S2BG (8 5 PG E AR X iR 22
N 3.8% , HIEHH B = 50 TR 81U TE 32 40 Ak 2 B s i
Bl & AT A 71 o

3 i

3.1 X PR R O 9 Y S B R 4R B3R A DPPH -
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SR DPPH ¥ B 3 7% [m] IR Y, n] LS = w5, % il
P i B3 R 9 o SR R A T AR A i T, A — 52 i 4R
3.3 i [l ) 52 86 35 A5 B 2 BCR A DPPH - 7 B
SR AL A AR — 350, v BB ph T o i 42 R
EORNEIPOE Y& LR =R A - A T E 2 i NS g =
] BBV, 38 FH R B SR A < B BRI MR 60% Tk
JE 45C JnigE 0.6% R Lk 1:25 pH4 7S o) 3
180W FRHHT [A] 50min, 7F b 45444 T HE HUE 5 1 B9
PR A 0.537% , DPPH - (1435 4 %8 4140.2% .
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