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Abstract: Based on the traditional, ethanol heat réflux méthod to extract puerarin and flavone, the quadratic-orthogonal-rotation
-combination design was used to optimize the extraction of total flavonoids and puerarin from Rdix Puerariae. Regression models were
established for the yield of total flavonoid (y;) and the yield of puerarin (y,) with the other four test factors (including extraction temperature (x,),
reflux time (X,), ethanol concentration (x;) and-ratio-of 'material to liquid (x4), respectively. The regression model showed that, the most

important two factors that affe e total flavonoids yield and puerarin yield from Radix Puerariae were: extraction temperature (x;) and

hnical conditions were: extracting at 85 C for 55 min, reflux time 55 min, ethanol concentration of

atio of 1:17.5. Under these conditions, the extraction rate of total flavone from Radix Puerariae was 41.07 mg/g, the

in rate could be:16.50 mg/g, and the optimized extraction technology of Radix Puerariae was stable and feasible. The results
showed that the Rdix Puerariae extractive had a better effective in recovering serum catalase (CAT), Cu/Zn superoxide dismutase (SOD), and
phospholipid hydroperoxide glutathione peroxidase (GSH-px) levels as well as antioxidant capacity in colitis rats as compared with pure
puerarin.
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Table 1 Factors and levels of the tests
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Table 2 Quadratic rotary combination design and test results

K% RIBE(x) BREEK) CEREX) ARk BRI E(®,)/(ng/g)

1 1 1 1 1 35.4
2 0 2 0 0 36.5658
3 2 0 0 0 '34.7%
4 1 1 1 1 356316 14.1752
5 1 1 1 1 347626 13.5738
6 0 0 0 0 37.8820 16.8813
7 0 0 0 37.8820 16.8813
8 0 0 0 0 X.fszo 16.8813
9 -1 1 1 / 3467 16.9662
10 0 0 0 0 37.8820 16.8813
1 -1 B 1 1 347056 16.0186
12 1 1 1 39.6811 14.8443
13 1 B 1 38.4939 14.5688
14 1 1 1 39.2883 17.1935
15 0 0 0 37.8820 16.8813
16 1 1 1 1 373745 15.7708
17 1 1 1 1 36.1540 15.4074
18 1 1 1 332191 15.6336
19 1 1 1 40.6893 16.2084
20 1 1 1 38.4810 16.3407
21 \o 0 0 37.8820 16.8813
1 1 1 1 38.5787 16.6096
23 % W 0 2 0 35.0190 16.4425
2 2 0 0 0 413284 15.9311
25 0 0 0 2 357612 15.2690
26 B 1 1 -1 34.1011 16.2226
27 0 0 0 2 38.9037 14.9662
28 1 1 1 1 39.6208 14.9253
29 0 2 0 0 382754 15.1455
30 0 0 0 0 37.8820 16.8813
31 0 2 0 36.7083 13.1061
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Table 3 Variance analysis of y; and y»

. . Y1
EAR For e B s wAEAN P N EER
X1 98.2669 1 101.2760 0.9760 119.6427 0.0000
X, 5.4612 1 5.6679 0.5676 6.9207 0.0214
X3 7.7775 1 7.5599 -0.5988 9.1425 0.0090
X4 5.5333 1 5.6 0.559 6.6542 0.0243
X12 1.5822 1 1.5687 0.3353 1.8280 0.2029
X, 0.0532 1 0.0535 0.0667 0.0666 0.8346
X3 4.8463 1 4.6790 -0.5353 5.5262 0.0347
X42 1.0125 1 1.0058 0.2768 1.2245 0.3156
X1Xo 1.4718 1 03177 1.7220 0.2260
X1X3 0.2408 1 -0.1339 0.2855 0.6346
X1X4 0.1432 1 0.1099 0.1815 0.7158
X,X3 0.0297 1 0.0297 -0.0481 0.0354 0.8591
X,X4 0.2522 1 0.2456 0.1379 0.2951 0.6470
X3X4 .0942 1 0.0942 -0.0887 0.1132 0.8063
)2 16 15 94213 F2=10.60134 0.0000
.69 17 0.8616
2.7076 10 0.2708 F1=0.14735 1.0404
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X, 3.1581 1 3.0509 0.6543 93518 0.0083
X3 10.7943 1 10.9646 0.8896 32.4338 0.0000
X4 0.6586 1 0.6720 -0.3593 2.1890 0.1903
Xlz 7.8773 1 8.0566 -0.7902 242077 0.0002
X, 4.0844 1 4.1999 -0.7138 13.2567 0.0028
X3 10.6857 1 10.6857 -0.8961 34.9658 0.0000
R
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Table 4 Probability distribution of each relative variable of total flavonoids and puerarin

iS 1.0
KF Xj X) X3 X4
P e R ik PESE T Kk ik

2 0 0.0000 43 0.1697 59 0.2298 44 0.1697

1 1 0.0041 49 0.1913 68 0.2655 46 0.1913

0 36 0.1318 55 0.2098 63 0.2430 55 0.2172

1 102 0.4222 59 0.2309 54 0.2042 59 102210

2 127 0.5073 66 0.2552 29 0.1126 67 0.2552
AR )4 1.3919 0.2294 -0.2857 0.2194

IR E 0.0455 0.0909 0.0839 0.09(
95% E A% X I9] 1.245~1.419 0.042~0.383 -0.427~- 42~0.383
o X %2 s
PE'e mE PES it Fde IS Nk St

-2 0 0.0000 0 0.0000 0 0.0000 0 0.0000

-1 13 0.1708 13 0.1722 4 0.0569 22 0.2994

0 30 0.4251 25 417 3 0.4738 34 0.4684

1 31 0.4192 25 .3443 & 0.4591 22 0.2847

2 4 0.0592 13 0.1670 4 0.0557 0 0.0000
AR H4E 0.3590 0.5125 0.3590 0.5125
IR E 0.1012 0.0885 0.1012 0.0885

95% B 1z X 9] 0.145~0.522 341~0.659 0.145~0.522 0.341~0.659

2.5 thALEAE
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Fig.3 The main flavonoids in the extract of Radix Puerariae

27 KRMEfLEHT AN A (CAT) KF

a ok
] ok T
ok
12
E‘:_
£g°
;i
g3
0 I |
A
-;gg\.@-% 5 '&"‘“\ %g&%’\\ \;wfﬂl“
b % )
P=0.087
1.2 -
B Eoot ’
gE | [
g é‘;u.é L T /
#2203}
S~
0.0 N \
3&‘.@-@\ w-ﬁﬁl{\’\ %%%A\ ﬁ%;_‘&lml\
T e
FRIERLE N*:F
els of serum and colon in colitis rats
p *, 015 *% %, p<0.001,
Ny M5 CAT 7K 230 B R) 22
Tt *Hisc?iE Wi s, ERAAER+ERRHE

L EARINTE CAT K, HiEHH 5iER+ SR R4
IR b S IR ML CAT K
TR SR TS (49275 /) AEARH, R
st IPaE T . AHEMLE CAT /KPS, 45 CAT
PRI RANZER (K 4b), NFEERA ik
Wi+ B AR P R BB 2 5, HAE GRS
RAE5EH+ERENMANBGE —EERME

(P=0.087). VtEHTERZ ML M 2 0 FERN B RS

124

BV IIE RS CAT 7T IR THA B2 i et
YERL, TR ATER N B R AR 20 s R T H IS AN S5 CAT
U RTE (SN

2.8 KR & fn sk i B A 4B B (SOD)

K

W Sa Frs, B R 2 A0 B8 AR HU35 %5 137 SOD
KA BERTHER . EHAE @&ze ﬁ*ﬁh%ﬂfﬁﬁ
A s SOD /KF &% & T B+ il R 4

(p<0.01). {HIEZ M, SFHRAL IE B2 FEA 55
FREEEIZLIA]) SOD 7K-T-3) i

B+ B 4L1145 3, SOD 7@7&
a :

ok

P=0.053

*
120
i 110
ad - .
3£ 100 . *
=27 90
80 = .
g Jﬁr“/. o, Y e G L 2
5 ) Mﬂk& & %Wx\— gt L)
G
b .
*%
%
100 -
H- E 80+ T =
x -— F
a g
o5 60f
= E
o 40r
20 i B A e
LRl G g iy LU
Sy o 4%‘?&% ﬁ&*ﬂm
‘ﬁlﬁ}‘ '{E‘L _,j’%

& 5 KERIMEFNLERS SOD 7kF
Fig.5 SOD levels of serum and colon in colitis rats
E: ¥, p<0.05; **, p<0.01; ***, p<0.001.

2.9 KR o o 4 i A B H BRI A TG 4 B

(GSH-Px) 4K

HH ] 6a AT, IEBLALARE T IR 41 1E GSH-px
KPR R, A S B B AR SR B (5 17
GSH-px /KPR E R 7 1IEH /KF. @k 6b For, 9z
PERT R N 45 GSH-px 7K FIo R &5, EaE s
EARE G 45 GSH-px /K TE AT FRF, (i 2R
RS IEE H T R



MR BRI

Modern Food Science and Technology

2017, Vol.33, No.10

a . 1)

ok

1200

1000

1§ GSH-px 7K
/ (U/ml)
(3] oo
s 8
HH
H

400

S *ﬁwﬁ&%wﬁﬁm&
b *

2
=
1

£ HGSH-px 7K
/(U / mg proteim)
£y (=3 oo 5
S & & &
H
i

R .
‘ﬁlﬁ}‘ ke w‘@#%ﬁ&'
"

& 6 XRILEFLERD GSH-px 7K
Fig.6 GSH-px levels of serum and colon in colitis rats
dE: ¥, p<0.05; **, p<0.01.

210 KRmFMLEHH —8 (MDA) X-F

a n.s.

(=23
T

H
H

MDA AT
/ (mmol/mL)
Fey
T

= (%]
T

wB
¥ ‘:‘(i}a . g‘}a&g}‘
15 ol

=
1

ZE MDA KT
/ (mmol/mg proteim)
(=] — (5] (%]
T T T
—
=

3 ﬁ’f(iﬁ, _\.im%y&
W e
& 7 KR IEFLERA MDA 7K
Fig.7 MDA levels of serum and colon in colitis rats
E: ns, AREMER.
B 7 vl 0, DULH A IS FIZ5 1 MDA /K570

WEVEESR, RYTBUHIEL I KO KA A g A
TR RN, 1 SRR AT E ARSI I35 AN S i
MDA )& B4 To B M .

3 it

3.0 ARSI T2 R SL B0 AE 5 A B 7R AH [F) L
B NI AYI G, R SL AR B A
BT, ARSI L AR AT .

32 BRFEMERERY L éﬁgﬁéﬁﬁmﬁ
CAT F1 SOD #& 1 Z IEH 7K-FEE Sk e HARFIE
o%Td%%*EﬁExWﬂEﬁﬁﬂxﬁ%ﬂﬁm?d%
BN E*Eﬁﬁi%ﬂiﬁ% '

ERILE %M Ko B B

Jo 908 K S AR R 5 ATe s, [
BRI RS B IR S S A 2R T

EAEH.

BT 2, IR AR BT 45 K

L S AR T B AR A X — B — ) R =
REEIRAIEPE LS KK BRI CAT. SOD

FLGSH-px KF-_ A B LFHIfE .

(1] BEATR R AR, 7 S R L B 5 AR S S P 7 i
I 25 g L T RS A 5 TR T N S (0], o 2 2 g
#.,2015,50(1):51-57
HUANG Ren-shu, HU Xiao-meng, HE Hui-li. Optimization

of ultrasonic-assisted extraction techniques of isoflavones
from Pueraria lobate (wild) ohwi in Dabie mountain by
response surface methodology and reducing power
measurement [J]. Chin. Pharm. J, 2015, 50(1): 51-57

2] FREIE 5 A &, S 055 M IR 5 B AR E N E TR
RIS IR E R [0]. B i AH7:,2015,36(13):223-228
CHENG Yuan-du, YI You-jin, YI Chuan-zhu, et al. Study on
the effect of weight reducing of phytosterol ester and puerarin
in nutritionally obese mouses [J]. Food Science, 2015, 36(13):
223-228

[3] Han R M, Tian Y X, Becker E M, et al. Puerarin and
conjugate bases as radical scavengers and antioxidants:
molecular mechanism and synergism with f-carotene [J].
Journal of Agricultural & Food Chemistry, 2007, 55(6):
2384-2391

[4] HsuF L, Liul M, Kuo D H, et al. Antihyperglycemic effect

of puerarin in streptozotocin-induced diabetic rats [J]. Journal

125



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.10

(5]

[11]

[13]

126

of Natural Products, 2003, 66(6): 788-92

Zhou Y X, Zhang H, Peng C. Puerarin: a review of
pharmacological effects [J]. Phytotherapy Research, 2014,
28(7): 961-975

Zhang F, Wang Z, Li M, et al. Puerarin attenuates smoke
inhalation injury by regulation of Th1/Th2 expression and
inhibition of Thl17 in rats [J].
Immunopharmacology, 2015, 28(1): 546-553

cells International
Xiong F L, Sun X H, Gan L, et al. Puerarin protects rat
pancreatic islets from damage by hydrogen peroxide [J].
European Journal of Pharmacology, 2006, 529(1-3): 1-7
PESE JE e RE B P SRS 4 R E B ARSI L S5
P B[] 24 2,2012,24(12):79-80

PANG lJie, ZHOU Xiao-xia. Comparison of four kinds of
new methods of ultrasonic extraction in the extraction of
Pueraria lobata [J]. Strait Pharmacy J, 2012, 24(12): 79-80
SRR SRR, — B e S W A AR AT IR T
2] H%5#4,2010,33(6):991-994

PENG Xiao-xia, ZHANG Zhen-wei. Quadratic-orthogonal-
rotation-combination design for optimization of ethanol
extraction craft from Radix Paeoniae Rubra [J]. Journal of
Chinese Medicinal Materials, 2010, 33(6): 991-994

AR AR b SRR SRR AL S B BN E (). A AR IR
FHAEM TR, 2015,37(4):57-60

ZHAO Yong. Extraction and determination
flavonoids from puerarin [J]. Amino Acids
Resources, 2015, 37(4): 57-60

DROK AL HSE, R S5 AR R B A IR I T E
PEAE B FE Pt 4 A0 i R A 7T [0 [ B a2 32015,
15(2):104-110

IONG Jian-hua, et al. Study

t activity of isoflavones
obata[J]. Journal of Chinese Institute of Food
echnology, 2015,.15(2): 104-110

Wong K'I:I, Li G Q, Li KM, et al. Kudzu root: Traditional
uses” and potential medicinal benefits in diabetes and
cardiovascular diseases [J]. Journal of Ethnopharmacology,
2011, 134(3): 584-607

Zhang Z, Lam T N, Zuo Z. Radix Puerariae: an overview of
its chemistry, pharmacology, pharmacokinetics, and clinical
use [J]. Journal of Clinical Pharmacology, 2013, 53(8):
787-811

Zheng G D, Lin L Z, Zhong S S, et al. Effects of puerarin on
lipid accumulation and metabolism in high-fat diet-fed mice

[J]. Plos One, 2015, 10(3): €0122925

[15]

[16]

[17]

(18]

19]

[20]

(21]

[22]

(23]

Xu X, Ni Z, Chen Z, et al. Puerarin, isolated from Pueraria
lobata (Willd.), protects against diabetic nephropathy by
attenuating oxidative stress [J]. Gene, 2016, 591(2): 411-416
KB, A S s A S\ I E A ROAE B
WEFE[D].F at: g AU R 24K 5,2014

ZHANG Wei. Interaction studies between flavanone
glycosides and isoflavone glycosides with human intestinal
bacteria [D].
Medicine, 2014 [ 4

EFA BRI EKR, S5 AR i AR AR R R
P Rl [ ] B 22 ] P [ 24,2008, 19(1):132-133

WANG Yan-cai, DUAN Jin-ao, HUA

Nanjing: Nanjing University of Chinese

Determination o
Pueraria lobate [J].
Research, 20'08,‘@): 1
GB/T 22251-2008, (R8¢ i g AR K 1132 [S]

GB/T 22251<2008; Determination of puerarin in health food
[S]

W, 0y A, SR B TR I A P 4R B 2 e

ERRILZI HRARAEE2015,42(4):60-66
CHEN Sh WANG Hui-zhu, XUE Jian-fei, et al.

Optimization process of ultrasonic-assisted extraction of
puerarin from the stem of Pueraria lobate by response
surface methodology [J]. Journal of Guangdong Agricultural
Sciences, 2015, 42(4): 60-66

1,25 A0, I, S5 AR SR R IS AR S 0] B
FA1ET,2015,44(9):1691-1693

LI Yang, LI Meng-yao, YUAN Sheng, et al. Study on the
extraction and purification of total flavones from kudzu root
[J]. Applied Chemical Industry, 2015, 44(9): 1691-1693
NG IR S H B AR SR IBCE AR R A AT 47
[71].4REZ18M,2015,13(12):159-161

SUN Xia. Feasibility analysis of extraction of puerarin from
ginkgo root by water bath extraction [J]. Contemporary
Medicine Forum, 2015, 44(9): 1691-1693

Guerra M C, Speroni E, Broccoli M, et al. Comparison
between chinese medical herb Pueraria lobata crude extract
and its main isoflavone puerarin antioxidant properties and
effects on rat liver CYP-catalysed drug metabolism [J]. Life
Sciences, 2000, 67(24): 2997-3006

PRl AR, 3, LR HTR S B IR A e
,2014,39(11):229-232

GUO Hai-dong, JIANG Yan, SHANGGUAN Xin-chen, et al.

PERFFE[T]. B Rt

Stability study of puerarin [J]. Food Science and Technology,
2014, 39(11): 229-232



	1  材料与方法
	1.1  材料与试剂
	1.2  仪器与设备
	1.3  实验方法
	1.3.1  总黄酮的测定
	1.3.2  葛根素的测定
	1.3.3  单因素试验
	1.3.4  二次回归旋转组合设计
	1.3.5  葛根提取物中主要黄酮类成分的测定
	1.3.6  动物分组及样品处理
	1.3.7  体内抗氧化指标测定
	1.3.8  统计学分析


	2  结果与分析
	2.1  葛根素的液相色谱法检测
	2.2  单因素实验
	2.3  正交旋转回归法确定葛根总黄酮和葛根素提取工艺
	2.3.1  数学模型
	2.3.2  模型显著性检验及方差分析
	2.4  效应分析
	2.4.1  主要因素效应分析
	2.4.2  交互效应分析
	2.5  优化验证
	2.6  葛根中主要的黄酮类成分
	2.7  大鼠血清和结肠过氧化氢酶（CAT）水平
	2.8  大鼠血清和结肠超氧化物歧化酶（SOD）水平
	2.9  大鼠血清和结肠谷胱甘肽过氧化物酶（GSH-Px）水平
	2.10  大鼠血清和结肠丙二醛（MDA）水平

	3  结论
	参考文献

