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Optimization of Extraction Technology of Total Polyphenols and Total Flavonoids in Gardenia jasminoides
by Response Surface Method

HUANG Xiao, LIU Jing, PENG Shuimei, LIU Dehong, FU Xiaomei, PEI Jianguo, WU Zhigui(School of Pharma-
cy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China)

ABSTRACT OBIJECTIVE: To optimize the extraction technology of total polyphenol and total, flavonoid ‘in“Gardenia jasminoi-
des. METHODS: Plackett-burman (PB) design was used to select the ethanol volumefraction,liquid-solid ratio, particle size, ex-
traction time and extraction temperature to determine the key factor affectinggthe ‘extraction of total polyphenol and total flavonoids
in G. jasminoides. Then central composite design (CCD) was combined-with\ response surface method to optimize the extraction
technology, and verification test was conducted. RESULTS: The'|optimal extraction conditions of total polyphenol were 40% etha-
nol, particle size of 0.20 mm, extractionstemperature of 60 °C\, Tiquid-solid ratio of 20, and extraction time of 20 min; the optimal
extraction conditions of total flavoneids, were 40% “ethanol, particle size of 0.20 mm, extraction temperature of 30 “C, liquid-solid

ratio of 20, and extraction time of 20 min. In verification test, the contents of total polyphenol and total flavonoids in G. jasminoi-
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des were 1.70% (RSD=1.43% , n=3), 3.23% (RSD=3.72% , n=3), with relative error of 1.80% , 8.75% with predicted val-
ues, respectively. CONCLUSIONS: The response surface method based on PB and CCD is simple, reasonable and feasible to opti-

mize the extraction technology of total polyphenol and total flavonoids in G. jasminoides. The method can provide reference for its

industrial extraction.

KEYWORDS Gardenia jasminoides; Polyphenol; Flavonoid; Plackett-burman design; Central composite design; Response sur-

face method; Extraction technology; Optimization

WEF AR YINE T (Gardenia jasminoides Ellis)
() T AR AR AR S, i D W E 25 W . NS
MAEF-HR & B T 3T 80 /™ ¥ i 2 Je 2 By R4k 5 0, i
X2 BB Y 2T KR RIR AR TR T
KNG F X — VL VG 18 M 2541 , A 528K Placket-burman
(PB)-A 15,1511 (Central composite design, CCD) , i i3 1]
INE AT A AT LA AE - o5 R 2 S 2 B 2 A& W ) $ L
T2, AR T AR SRR AR A

1 7
1.1 {88

KQ-250 # 7 iE Pk (R 1 iy B A AN AT BN 7D ) 5
HH-4 508 5 iR K 758 (AR 24T BR S F] ) s BS224S L
TR (B[ FE Z RN F]) 5 116 PR ML CHT T 3
G A T 2GR UAT BRA F] ) s UV-2100 4N 66 T
(B ETE R A PR AFD
1.2 ZH R mRSIXH

HEF (W B VL PO AR AR R 55 a8 25 0k A7 BR 2 A L it
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YR U A 24 R g I 5 S 1R 2 Sk
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2.1 WEFREZSEHHNESE

2.1.1 WEFRIRMEML S HIRFHLE B RIOL
BB NI 5 5.0 mg, B T 50 mL &, F 80% & i
TR 2, 43 RS % 5 0.3.,0.4,0.5.0.6,0.7.0.8 mL
F 10 mL &, K E 4.0 mL, FEIIA 2 mL f@ AR B
F LA, HE 5 ming FIA 10% MR PRAM A 2 mL, ]
KRR 20 $25], G AUE 120 min, F 764 nm K
S WG RE S DA SRS AR () B PR o it
WL ARE AR AR () , 22 bR eI R A5 I R Ry .y =
0.095x—0.103 (R*=0.998 0) , 2 BH B¢ £ 1R S K60 okt
e B LRV Bl R 3~8 ng/mL., $AHC )y deop 87 vk
BRAE R R 08 o I O 1 RSD=0.09% (n=6) ; f2
A8 PRI AR A R R IR CE 8 h 5 2 RSD=0.29%
(n=6) ;53 3¥% 80% . 100 % . 120 % A& % Il A e % & F
TR ) RE it AR ot V5 TR 1 1 18 [l 232 93 331 28 98.94 %
97.83% .98.90% (RSD=2.24% ,n=3) ., | iRi{In%E
PR ARG I T A B IR

2.1.2 HETFERZWMMNE KERBIETMA0SL g, B

HEZED; 2017 45 28 5 28 1

T 100 mL #EFEH R, RS 26 A 20 mL 80% £ BRI, 48
FERE 20 min (% . 40 kHz, D% 250 W), BUH il =
2, B0 20 min(3 000 r/min, B5.0>2F42 4 6.5 cm) . B
FVEWCE T 10 mL R, 7K 2 4.0 mL, SEhA 2 mL
TRAREAFH], B25T , #E 5 min; FEAILA 2 mL 10 % i FR
WL K E B B 20 F25) B UE. 120 min, T 764
nm A G B MR i I T IR AR U Hh £k AR
TR o, MR T 3K,
22 T EEENNEFE
221 PTHRMEML S LSS RS RBUS T X
HE i 6.2 mg, B F 25 mL &, F 80% & Ifas % 2 %
B ARSI 1.3.1.6.1.9.2.1.2.4.28 mL & F 10
mL SH (A2 2.4 mLE MK ZE 2.4 mL) , Jehin Abg .
FAREMIAR 0.4 mL, $245], FHE 6 min; SR 5L 09 SR
FRYAWE 0.4 mL, ¥%4] , 8 6 min; IG5 A 4.3% 2 A4k
B 4.0 mL, FKFG REZE 208, #8257, ## & 15 min, T
508 nm P K ABMERTEES. DI AR (p)
TSR EE R fAs bR (x) , 2l bR e 2 AR m AR R
y=12,056x—0.148 5(R*=0.999 6) , F& B} T Kl ot -4k
BELEVETE I 32.24~69.44 png/mL. $R Iy e %4
J7 AR RS % 50 O B Y RSD=0.12% (n=
6) 5 e M TP A S A I = IR S 8 h B i RSD=
0.35% (n="6) ; 43 %1% 80% .100% 120 % ¥ % il A &
JETOKE A R VA TR T2 T3 4 SR 98.12%
97.93% .98.45% (RSD=2.09% ,n=3), | iRIXL %5 H
PR AT T T RS RO I R
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W AH PR ENE R 0.4 mL, $£ 5], B E 6 min; FEITA 10% fif§
FRADVR IR 0.4 mL, &4, B E 6 min; fie 5 A 4.3% 2R
AN 4 mL, FIKER R, $25), iE 10~15
min, 508 nm KA TR AR T bR v 2R
THANE T B Y 5, AU AT 3 IR
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2.3.2 PBixIl  ABUSCHR[7-8], 430l B & AR
BX) RN () 2R kAR (X)) BB R] (X)) M 4
BUR R (XG5 N E N ZE . AEFnA i R 230 Hh A A
RRHFLET 5K R RIS R, 1584
] 25 14 BRI Y05 L X2 40 % ~80 % , X, : 10~ 30 £% [ Jin i
B (mL) : 48 7 Jf & (g)], X:: 0.20~1.45 mm, X;: 10~30
min, X;:30~70 C. PAEZE & 5 [TPC, B G2 it &
(g)/HEF i (g) x 100 % | Ko o ¥ il 35 [ TFC, BV R 25 i
i (g)/ME T 5 (g) x100% 1 A8 F% , F Design Expert
7.0 B A IR I AT B Ab HE ., PB iR I R 5K
FOLER 1 IS T SR LR 2, I A AR WL 3.

#1 PBIREMEZRSKE
Tab 1 Factors and levels in PB test

KE
& i 1 (-1) 0 B(+1)
LR, % X 40 60 80
Tkt mL/g X 10 2 30
Bk mm X 020 085 145
SO min X 10 2 30
FIRE, C X; 30 50 70

®2 PBIRXIIRITSER
Tab 2 PB test design and results

Xof Wi S ARLAS AN HAT 135 520

LRI CEHATUN R 2 RR AR BRI X
3B ER RN R BT R s AR A
If X 2 A EE 3 R AR — 20k, T B R ] PB
BRI 0 K-, BIS350 20 6% .20 min.
2.3.3  BAEIT AR PBIRER L, R AT, B H L R
FUTEC(X) (2R RLAS (Xs) (R IBURE (X;) 5 4878
PLTPC . TFC Ry d b5 , ifE— 2R AL s 8 x i 732
T2 o R A0 HE 12 07 L6 A 3 4 Huist
(iR %) . fER AT EA R AKF, U
[—1,0, 11267 5 I Hho s b AT W T 4BL &, 759 307 52
IR ) R 5 AR s S B % R R R 20N I AE B
RUONE, B e —E /KB LA SR e (e . BTt
MR 57K 4, B kit 545 R I35,

x4 ERRITHWERSKE
Tab 4 Factor and levels in CCD test

F
i} o = ; "
LR, % X 40 60 80
ki mm ) 020 085 145
TR, C X, 30 50 70

xb BERRITEHER
Tab 5 CCD test design.and results

REs X )8 X, X, X TPC,%  TFC,%
1 -1 1 | -1 1 1.07 21
2 -1 -1 -1 1 -1 128 245
3 -1 -1 -1 -1 -1 1.06 231
4 1 -1 | 1 1 0.92 1:65
5 1 1 -1 -1 -1 11§ 209
6 -1 -1 | -1 1 1.07 1.81
7 1 -1 -1 -1 | 138 220
8 1 -1 | | -1 0.62 083
9 -1 | 1 | -1 0.95 2.16

10 | 1 | -1 -1 042 075

1l 1 1 -1 1 1 143 27

1 -1 1 -1 1 1 152 3.04

®3 PBRBRAESNER

Tab 3 Results of variance analysis of PB test

7k HEETIH i ik F P

F ™C  TEC “ O TCc TREC TPC TEC  TRC  TEC
i 108 48 5 02 097 163 188 0002 0.001
b¢ 000 107 | 009 107 691 208 0039  0.004
X 001 023 1 001 023 031 444 0597 0079
b 065 256 | 065 256 492 500 000  0.001
X 003 02 | 002 074 209 437 0198 0081
X 031 074 | 003 074 233 145 0003 0.009

6

VET 008 031
Jgil 1.16 5.13 11

M 3 ATAI, & K % TEC 511 K /N R X > X, >
X:>X,> X5 X TPC 5 W0 KN K - Xi>X>X > X > X,
XF 5 AR ZEHEA T 11 U 43 B Rk B0 A5 : Xe X X5 TPC
TFC M 7 {F 35 HAG TE AR S 5 X0 X3 2 4~ F8 s 114 1) 17 (L
Y ELAG A 35 R 5 X G R (B B B 5 X X

0.01 0.05
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RES X P X, TPC, % TEC, %
| 1 0 0 095 1.68
7 0 1 0 112 185
3 0 -1 0 161 258
4 0 0 0 075 1.90
5 0 0 0 131 218
6 -1 -1 1 17 192
7 0 0 1 130 228
8 | -1 -1 1.40 25
9 0 0 0 137 228

10 -1 -1 -1 1.67 311

1l 1 | -1 00 1.06

12 -1 0 0 135 287

13 1 1 1 095 174

14 0 0 -1 1.01 175

15 0 0 0 129 226

16 -1 1 | 125 279

17 1 -1 1 1.56 264

18 -1 1 -1 1.00 207

19 1 0 0 127 277

2 1 0 0 126 223

I3 1] Design Expert 7.0 4% Bdfs #4722 oo a7
2G5, 552 M DR 28 X6 45 i) 1o {7 52 i ] (] )
)5 2 8 (Y 8 TPC, Y, 4 TFC) : ¥1=1.22 — 0.17X, —
0.32X; + 0.13X; — 0.041X.X; + 0.032X.X; + 0.055X:X; —
0.055X,°+0.15X," — 0.055X;" (R,"=0.846 5) ; ¥,=2.19 —
0.36X, — 0.28X;+0.09X; — 0.27X.X;+0.22X.X:+0.25 XX+
0.12X,"4+0.049X,"—0.14X:"(R,"=0.865 7) ,

XoF [0 05 5 R R0 7 R 4% R A 707 25000, A5 R L
%6,
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®6 MAARMNEBEZERBSAESNER
Tab 6 Results of significance test of the regression

equation and variance analysis

BEEE BEETIA - % : F P

TPC TFC TPC TFC TPC TFC TPC TEC
i) 157 369 9 0170 0410 613 716 00045 00025
X 028 128 I 0280 1280 997 2232 00102 0.0008
X 100078 I 1010 0780 3547 1366 00001 00041
X 0.16 008 I 0160 0082 554 143 00404 02598
XX, 001 057 I 0140 0570 047 989 05065 0.0104
XX 001 038 [ 0008 0380 028 662 06076 00278
XX 002 050 I 004 03500 08 88 03810 00140
X 001 004 [ 0008 004 029 071 06009 04192
x 006 001 I 0060 0006 200 01l 01791 07426
)& 001 005 I 0007 0053 024 092 0630 03598

PEM 020 057 10029  0.057
SAE 002 046 5 0004 0093 008 428 09927 00682

s 026 011 50003 002
B 185 426 19

M4 7 22 50 BT 245 SR AR 0, BT Ty FE PR/ T
0.01, RIZRIIFEARE S A AR S i Z o0 R OC R B 2
HABUEIA B2 (P>0.05) , Z2 B I0AH X T 4lii5 2%
ANEAT B Bl . DR e] LUR T LBy B XHAE
T B R SR BGIE TR

XFF TPC BRI J5 8, FE R,*=0.846 5, W ¥, 7 B4
A LT (RAE>0.7 RA iz B LGB ) . IF AL
M 2245 R BB, X X XX TPC HA &5 (P<
0.05) , {H J& 4% A & 2 [a] i1 28 B/ F %2 i AS BH 5 (P>
0.05).

Xf TRC A7 7 fit, H R =0.865 7, 28] Yoy Fedbl &
TEOLELT o H H N7 2285 3 rh R X LG WX XX DL
Je X X% TFC HA i 52 mi( P<<0.05)

2.3.4 W TG, | RUFH Design Expert 7.0 BCAAE H 4
PRI 28 2] B S PR 1 46 e 2 1 B o o T T, DAL IST 1 L] 2,

AT AT, 4R 20 TPC B S0 R/ IMR YR R X >
X > X, RGNy B kAR 380 £ AR R B0 T
WG, #6A] {5 TPC i W AR N . 34~ &R W55 4ot
WA B mRER L, HOe g BAE

FH &1 2 AT, 6 TRC A R2 IR K/ MR R X > X > X,
Xo XS m g kam TR, O E A L EAEH . M X
5 5 A 50 °C X815 A 20 15 | X, [ 72 7E 40 % ~80 % 15 [l
HAE— (BT, X 7E 0.20~1.45 mm i P, Bl 45 kL
PRV TRC WG . [, 27 Ho At SRR [ 2, 1T X
{HAE 40% ~80 % Yu [l N , B %5 X, 09 T+ i1 , TFC i Ly {EL %
s .

2.3.5 MU Z KR BRI E G 2 De-
sign Expert 7.0 B8 /0 T 40 (445 10 [T DAY, S0 i 5 22
W3 AR T 2450« LR R 8L 40% , 2ipH A%
0.20 mm . $2 BB 57.87 °C, FHMAE T TPC M 1.67%
2 18 E 0 0 AT EAEE R R BUR B LR 60 G
B ) B LRI T2 25 R - SRR 840 % 244
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Fig 1 Contours plots and response surfaces of each
factor on TPC

42 0.20 mm FREGERE 30 °C. THIMNEFTFC M 2.97%.

J T MR PEATIAIE , 7E VA F R RIS N AT
IO UFIRES , I T 3 UCOPA TR . KPR 500 g Rifs Ny
0.20 mm HIHE FHIAR , A 40 % Z VA, WORHEE Sy 20
5, PEEBUK IR R 60 °C , #8A H2 I 20 min, 25 AT T
TPC EH4{H 7 1.70% (RSD=1.43% ,n=3) . 1% FRHL
500 g 442>~ 0.20 mm FIHE T-H3 K , A 40% L BEE I,
TOREEE A 20 £, 38 BOUK TR A 30 °C, 8 A L H 20
min, 45 % TEC V- 3418 Hy 3.23% (RSD=3.72% ,n=3) .
TS ME A AR 2253 5N 1.80% .8.75% , i
SR PR B R E AT
3 iTie

PB B e — il i NGRS n] IR B 2 K=
N— 18 E (N—Bh 4 BIRSEO 19 2 7K 158y 12
T8 T DA AR 22 19 25 52 DR 28 v PR A 2 i a2 ) e ol
BRI ZE e — S . AREE R A PB i
DX AT S 2y B R I 5 MR R RN 2
PR TR B BORHEL 2 AR BT (7] K 32 BGRB8 E
ATt , PR HB Ak 3 A B i 5% i R 26 R 2 AR
Oy 2Rk BRBGRE , iy CCD- M 3 1 v Y fe fe 4R
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Fig 2 Contours plots and response surfaces of.each
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e , A CCD-mi 1 VA D A e 44 BT 2250,
FAT B O B R IBUSERY , Sl 4 J5 R E T B 2 W LA
B ) ol BRI A B A T

Z B IS M IS S P BT A AL GEBR A H2E 3T
T FRILAR (B ML (R UM PR R e PR
PURAEAE Y B PR AT SR T 7y
2,6- U T REXS T gy GRCT RS R g DR B R T B
PR, R, AR 4R 22 4 RAR P4

- 3968 - China Pharmacy 2017 Vol. 28 No. 28

AT TR o AT ST 45 RO HE 70T KRR
PP SR AL T — S AORR 7 BE , Dy At VPG 3 H 2
FHE T BEURA 0 I SR TF R B85E 1 A0

SEZ Bk

(1] sk&or, Z2 WL HESE , 5 He 1 rh A B2 1L 27 ni o3
S F B £ A 4 E,2013,19(4) : 79-81.

[2] Nishizawa M, Izuhara R, Kaneko K, ef al. 5-Lipoxygen-
ase inhibitors isolated from Gardeniae Fructus[J]. Chem
Pharm Bull ,1988,36(1) :87-95.

[3] W, M. IR B2 BB XAk A Ry
MHFERAD] = s Rk K2 5 4R,2014,29(1):131-134.

(4] 857, &4, NT07, 5 AR RS AL A iR
WEPERTTE[0] T dy Tk K 5 23R (8 RS 0R), 2013, 34
(6):69-72.

[5] 3K%, 2711, i, 5. Folin-Ciocalteu Fb 2,32l Sk
W2 SR IO A F R, 2012,21(2) :131-135.

[6] Abve, £RUF, 6K, F AT B S YRS
FREGE] RN R RAKFFM(A KAFR), 2012,
27(5):530-532.

[7] IR, 3k & 5. Box-Behnken Wi 1 1 L AL RS A4 T
SR PRI Z [ s 25, 20164,38((9),: 2063-
2066.

[81 HEVKIE, XUHHT , £ Hrkb, % . Box-Belnken Wi i i {1k
KFrMEE BN 209 B2 5, 2017,28(1) : 103-106.

[ 9 ] AT, 2ok i, X , 4. HPLC ¥4 [F] Bl o HE 12 24 44
L0 AR SEA ORI 1 S R[] B o AT A &, 2014, 34
(4):615-621.

[10] ki, BRAKE, THEF, 3 ARG IR AR SHE T A
A R RNt I R 2 ) o R BRI S W [, AR R S AR
2017,33(4):181-188.

[11] ARy, B, 255, 3 SRS Ul 5 AR R IR % 2 1k
[0].7F B =5 M 5 4 &,2013,19(15) : 43-45.

[12]  Ajay M, Cheng M, Mustafa AM, et al. A comparative
study on antioxidant activity of flavonoids: structure-activ-
ity relationship[J]. Malays J Sci,2005,24(1) :187-190.

[13] Singh M, Bhui K, Singh R, ef al. Tea polyphenols enhance
cisplatin chemosensitivity in cervical cancer cells via in-
duction of apoptosis[J]. Life Sci,2013,93(1):7-16.

[14] Latruffe N, Rifler JP. Bioactive polyphenols from grapes
and wine emphasized with resveratrol[J]. Curr Pharm
Des,2013,19(34) :6053-6063.

[15] Hu W,Shen W, Wang M, et al. Free radical scavenging ac-
tivity and protective ability of methanolic extract from
Duchenea indica against protein oxidation and DNA dam-
age[J]. J Food Sci Nutr,2009,14(4) :277-282.

(i H #1:2017-03-10 &[0 H#:2017-05-22)
(Gt X1 )

tPEZG G 2017455 28 4545 28 1





