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Optimization of microwave processing technology for carbonized Gardenia
jasminoides by Box-Behnken response surface methodology based on CRITIC
weighted evaluation

HUANG Xiao, LIU Jing, FU Xiao-mei, GUAN Zhi-yu, JIANG Shu-min, LI Qiao-ying
Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

Abstract: Objective To determine the index weight and optimize the microwave processing technology of carbonized Gardenia
jasminoides (CGJ). Methods The contents of geniposid and tannins in CGJ processed by traditional method were determined by
HPLC and used as comprehensive evaluation indexes, the weighting coefficient was determined by CRITIC method, and the
microwave processing technology of CGJ was optimized by Box-Behnken response surface methodology (BBRSM). The
pharmacological activity of CGJ processed by microwave was also evaluated. Results The weighting coefficients of geniposid and
tannins in CGJ processed by traditional method were 0.27 and 0.73. The optimal parameters of microwave processing technology were
as follows: microwave power of 600 W, microwave time of 6 min and medicines mass of 120 g, the contents of geniposidic and tannins
were 35.19 and 4.76 mg/g. The results of pharmacological evaluation showed that CGJ processed by microwave and traditional method
could shorten the bleeding time and clotting time of mice. There was no obvious difference between the two processed products.
Conclusion Microwave processing can be used as a processing method to enrich the traditional processing technology.
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RN, BAEHG B shae, sl soR S,
METFEG 25 75 LAGE RN, [R] 48 o Lk af i 2K
NG 1~ 2% it FH SRV 2 Fh H IREDY . B 1 9% 1A% 4t
J ) T ZRIOH], “IPm” RIOREBET “fEE”, A
25 1 DX ORI IR0 YR X 4G 1 (40 S ) 92 30 ) TG T A
2, B “UPIRAFEME” BIESRIEA G bsitE, T
BARTTVERAE T “IBIRAFE” WP o FE At 7 B3
BAAE (1 57 5 DA AE RO R DR PE, Feh BR )
Tk it J A VDR 3 “ARVE” VB, T R N
AR 0t “abafn” 4 F STk K

AR S50 1% PEME T 2k TR I ks SRS 2
B m R PRI R fa ki i 3 B R T
FXE, DMEG T IEMHINE TR 2 B & et
br, XA CRITIC iEHHTHRE I, FIH Box-
Behnken M 7 [ £ 11574 0Y, 25 S2HE T 0 it e il
(AR T2 2R, FEKG RO M i % 5 5 1% Ge M il ok
AT 2 LG, TR — PR e TR R B v
1 XEEHH

P70D20D HUGE N, |G AR BIH IR A
Hl; 1200P L AR (A RE A, 38 B2 B EAE A
UV-2100 BEEAM 06 AL, Bl RiE B A R
Al KQ-300 BUEAFYRAS, RS EA
PRAF]: YF-116 B4R b 250 0L, Wi LH 22 1
AT ZIHUAE BR AT s BS224S MHL 7R, b
HEZFWAR AT 5418 BLE.0HL, Eppendorf
AF].

HEFK VLA B A TR Sk, &y
PR 245K 5 24 5 B 0 B AR 384 26 R vt R RME 7B A
YINGF Gardenia jasminoides Ellis Ff) Tl A S 512,
H YL H 2D A R A BB HIAE TR . 58~
SR ECRIREE = A, FESHORT 98%;: WET
TR 5, 65 10306-201405, JHRE> % 98%, F
B IS AEMBEA IR AR JoKBREREN, Tabiik T
B ERAR; BEEA. WA, mMRREEe
EVIRIEE R AT, Tl OB 8. BREN
atkal, R RMFAF .

T RN, AR 18~22 g, HilFE 3
SRS A R AR M, SH%IES JZDWN2
2015-0153.

2 FES5ER

21 REFEMNEENE

2.1.1 355 F  Agilent Eclipse XDB Cg i 4E
(250 mmX4.6 mm, 5 um), s ZHE-0.2%mR

IRV, BB B : 0~10 min, 7% Z 0% 10~13 min,
7%~10%Zfi; 13~22 min, 10%ZAE; 22~28 min,
10%~20% . fi: 28~40 min, 20%Zfif: 40~50
min, 20%~30%ZJE; 50~65 min, 30%ZM5; 1k
FUAE 1 mL/min; #EAEE S pl; #1i& 30 'C; DAD
R 2% KA VG HE 195~700 nm, Al KN 238
nme. 508 FH 0 IR A R MR S ) HPLC B
LK 1.

| s rtr
A 1
VER e
B
10 20 30 40 50 60
t/min

B 1 REFEMRE A) METFHEESER B) B
HPLC
Fig. 1 HPLC of geniposide reference substance (A) and

microwave processed product of Gardeniae Fructus (B)

2,12 FB P HE I SIS RSO e
XS EE T 25 mL AR EEF, PL 80%LEEE
et e w2 ZIE, WS e FEREKRERN 0.6
/L [P0 BRI

2.1.3 (SIS E G R R R R
Jaid 40 H, KRB AR 0.2 g, MM 80% LI
25 mL, #7F 30 min, WA EREFRE, HRHE
PL 80% L BEAME, B0 JE B EIEHHE 0.22 pm flAL
JERE, RIS VA

2,14 BMERRFHE FRUeT-H 0 IS R R
% 80%- 60%- 40%- 20%- 10%MIEH, 4% “2.1.17
el 26, AR R BN AR (YD, &
WEEAREAANR (XD, 19 50)E IR S i 2k AL
LR 2N Y=6.155 9 X+20.372, R*=0.999 6,
L MEVE RN 60~600 pg/mL.

215 KEERE B FEXERER, %
“2.1.17 Tl ELHEE 6 Ik, fHRJE g
AL RSD N 0.314%, RECEFE % E R AT,
2.1.6 FaEMEIRLE % “2.1.37 WOTEH AR
W Qi RIS 2 SRR, A RIFE 04 44 8.
12, 24, 32h#% “2.1.17 WERERKERATIE, &



¥4

Chinese Traditional and Herbal Drugs 28 48 % %5 6 ¥ 2017 3 H

* 1135 ¢

AT IETH R RSD A 0.67%, F B s RE
32 h WEENE RIF.

2.1.7 EEMRE  PATHISASRIE TR 6t (1
RS 2 SRR, FFIE “2.1.17 DUR i 1
WE s e~ H g, tHEAR e FE AR ES
#0°8 40.93 mg/g, RSD {H N 0.62%, FKIHZIRL T
FEEERLT.

2.1.8  IFEEICREE  FEEARE 9 AR TR A
(22 SFERD, B3 0.1 g, 43 34% 50% (3 43
100% (3 173D F1 150% (3 40 A% H0 T HE i £
el “2.1.37 WUTEAT B & s, IF BA%
“2.1.17 UGS AT EATINE, THEREE. 15508
PP ER N 99.21%, RSD fE N 1.5%, I
FERISC A R AT, 92 2K,

22 BEREHMEENE

221 RMEXRRFE DL 80% LA 7B il i &
WEEH 100 pg/mL 3% TR R SEW . 53 ks
SR BB B TR R 0.2+ 0.34 0.4 0.5, 0.6+
0.7~ 0.8 mL - 10 mL &, 43 7%h/K 3.8. 3.7, 3.6+
3.5, 3.4, 33, 32mL, A 1 mL MR, #E5
JaFEE 5 min; FLL 10%BRIRENVAIE B2,
PEST, BEGHUE 90 min, P 80% LEEITRAEZS 4,
T 760 nm EAALMEROCE (4 6. LL A4 EH AN
AkR (Y), BB TERIRERE MY (XD, 24
PR 2R, #EATEMERE, 12 EEFE N Y=110.89
X+0.039 4, R*=0.999 4.

222 HHAMIEEIR AR fE I 40 H T, B
0.2 g A HE NN 25 mL 80% L FE VAW, AL 30 C
NHAE SRR 30 min, BUHBOAERRE R, DL 80%
AN R BUR R, B EIE, SRRy pER
-

223 WENE BZMmEERENE: B E
W& ET 10 mL 2, II7KZE 4.0 mL, JEhiA 1
mL #MRFA], $EE), $E S min, FLL 10%6KEREA
WIBERZBZEE, #5), BOLBCE 90 min, PG
e AE, MERLE 760 nm PKALK 4 14, %
“2.2.1 VIR AE I B T BRI AE i A 22 T ) o
FE, UHEE TR AR B e
i PR RE R, % 0.05 g/mL FIIMAT
f&%, 30 ‘C/K¥S 30 min, NIHRIE. /KIBJEE O
eI, RN E s, DI TR R
FUWEZS 4L, WA 760 nm PKALK 4 5. %
“2.2.1 VIR AE I 22 T B BTINARE d R AN B R B 2 1

JREIREE, B35 RN 2, TR
BE=REZHE AR EZ5HhE.
2.2.4 FEEEALS RS IR (R T
R 2 SHEMD 015 mL, KA “2.2.37 Ty vk
SE AMH, 46K, RSD N 0.49%, R IIFGE
R AT
225 FRE AL AR AR (o R T
W F 2 SR 0.15 mL, % “2.2.37 Wk T
30, 60+ 90+ 120, 150+ 180 min MI5E A 1, 180 min
W A HECNFRE, RSD A 1.93%.
22,6 FEEMAK B SE (e S T
W F 2 SEEMD 0.15mL, % “2.2.37 Wiy kil E
BmmaE, SPATRER 6 IR, 153 RSD N 1.32%, *
WZ i EE M R AT
2.2.7  FEREISGRES S EFREUNE TR AR (AR
RG22 SFEMD 9, &3 0.1 g, 7 Hld%ke i
MEZWER 50% (3 43). 100% (3 43) F1150% (3
9D, FEEIMAEE TR . % “2.2.37 Wbk
MEEETTRE. BEETRTFYHEIER
100.19%, RSD 4 2.4%, 28 IIAERISCR K 4.
2.3 CRITIC it ENE

CRITIC AN —Fh & W A E R B V5, A
BT E B CERE A ARG, R AT
35K CRITIC VEXH AL GG T R R 43 = AT
BCETE, IF LA B M HiI b 7 R A FE i

A TR 10 4, B 120 g, TESE
THN LR 2 B IR E H, WK
KR, R T JE RIAE G R EINE TR, Be
SRR E B E S5 R AR 1, PR 1 Bz
H8 CRITIC VX5 a1 ¢ Hh it Jé - A o () Sk AT
BCEAMEC, B iz bR AR = (Z0R 50 — i
56 foe/IMELY GRB8 e K AE — 36 fe /IME) X B kAT
FriEfl, 153 2X10 HFE, RJEHIE, ro=Yx—X)

R EGESHHRTRDIRBEENGRNE
Table 1

traditional method

Carbonized Gradeniae Fructus processed by

werHs B/ W, B/
(mgg") (mgg™) (mgg") (mgg)
1 36.19 436 6 3522 4.40
2 38.01 430 7 35.11 4.83
3 3491 4.90 8 34.80 5.01
4 35.69 436 9 34.83 5.02
5 35.35 438 10 32.23 5.11
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= Y= X P(y— y )17 1R85 AR R EE
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W JE TR R B A R BN 0.27. 073,
MOk MRS o AR E N Y=L B PR/ e
e K i) X 0.27 X 100 4 (§5 i & /9 i B ki) X
0.73X100.

1 —0.751
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2.4 Box-Behnken N5z A AL UK M T2

241 RIEE AR DR, DL 1~1.5 cm

JE P T e T, R Design-Expert 8.0 %

% >k Fl Box-Behnken M 37 [ /7 v HHEAT R0 56 ¥ 1,

EHUHE T2 (X)) BT 1] (XD BRI & (XG)

RNEZRE, -1, 0. 1K, F. & 3 KP4,

PLJe P Sk o Y InAAS 4y Jama B4R, e deit

REARNER 2.

2.4.2 WIS R 4 Design-Expert 8.0
Fz2 MWEEREEITRER

Table 2 Design and results of response surface

. ) Y ER VAN 9TV
F5  Xi/W  Xo/min - Xs/g
(mgg™) (mgg)
1 400(-1) 7(+1) 120(0) 4558 378 79.70

2 550(0) 5(0) 120 4169 427 8701
3550 7 160 (+1)  36.19 447 8581
4700 (+1) 7 80(~1) 1892 488 80.70
5700 7 120 2795 488 8633
6 550 3(-1) 120 4279 386 8275
7 550 3 160 4358 375 7811
8 700 3 120 4342 381 8237
9 550 7 80 2346 496 86.41
10 700 5 160 39.12 428 86.16
11700 5 80 2174 494 86.14
12 400 5 160 47.22 3.6 79.98
13550 7 120 3423 472 89.04
14 400 3 120 4713 314 73.16
15 550 5 120 3869 432 86.59
16 400 5 80 4366 382 8119
17 550 3 80 4257 409 84.54

PEHT Xiv Xov X355 Y 2O GEN Y=
87.8543.16 X1+2.47 X,—0.81 X;—1.07 X1.X>+0.73
XiX;+1.88 XoX3—4.16 X1°—3.19 X2>—0.84 X32,
R*=0.933 2,

Wi 7[RI 485 SR K 75 22 o A LR 3, 2 P<<0.05
BEI. P<0.01 NWEED, MR 3 7TLLEHH]
WL EHEMN 3 AEE Y, MkhZE (XD, [
) (X)) R 2 100, P AR 4> 514 0.001 A1 0.002 3,
BERE X >X, g O AANERED, P=
0.209 7; 2 I, Xi2 (P=0.002) Ak IE T,
X2 (P=0.010 6) JNEIET, R FTIE K 2 5w
EHAER LR, THI XXy XX XiXs
BIANRE, RPSHEEZIMZTERAHE. B
AR BA B2 (P=0.003 8), [AiF 240U
FEARE (P=0.124 1), KRB EOEELT b R
W IIR (XD, R (o). FREE (X
e E AR M InAS 4 () AR R,
e FH SR X M 1~ i M 1) T 238047 2 A AN T

EC TR = R b5 ) B N 5 N TN = )
1958 TAE R OG-0 M) T 252 ma i) 3D i B
T 20 AR5 e TR B i s B ) T2
NI # 600.82 W, Tl 8] 5.69 min, Ff &5
& 12191 g, MBAS 3 E N 88.79,

243 LZZRBAE KBRS HRREGR,

®3 HESH

Table 3 Analysis of variance

kIR CPxm AmE BEF O FME Pl
it 246.10 9 27.34 935 0.003 8"
Xi 84.19 1 84.19 28.79 0.0010™
X 63.42 1 6342 21.69 0.0023"
X 5.58 1 558 191 0.2097
XXz 5.11 1 511 175 02278
XX 2.40 1 240 0.82 03953
XoXs 15.81 1 1581 541 0.0530
X2 67.55 1 67.55 23.10 0.002 0™
pez 34.87 1 3487 1193 0.0106
X2 2.73 1 273 094 03658
W7 20.47 7 2.92
AT 20.38 6 340 37.68 0.124 1
a7 0.09 1 0.09
KIEEA 266.57 16

*P<0.05 NRFET, “P<0.01 AR ET

“P < 0.05 significant difference, “"P < 0.01 more significant difference
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Fig. 2 3D response surface of microwave power (X1), microwave time (X2), and mass of medicines (X3) for their mutual

interaction

FESEBRIEAE, KNG T 0 M) i 2R e
I 600 W, fHIEIIA] 6 min, FEAIE 120 g, %
WWTEAMFEL 3 WK, LR RIE 4, B
JE T4 =40 BON 35.20 mg/g, RSD N 2.56%:
T4 Ry B0 4.78 mg/g, RSD N 1.53%; #x
ZNBUE 14454554 90.21, RSD A 0.67%, 57
M2E R ZEZN 1.59%.

x4 TEZWIE

Table 4 Process validation

F5 we P (mgg) ¥E)5/(mg-g™") Y
1 35.33 4.73 89.76
2 34.24 4.85 90.89
3 36.02 4.76 89.97

2.5 URIBHINE TR B9 253 e

251 FEmfE BXRUmE R THE LA A H I A
W L EHI &N T ) S-S IR HIE T %, 4>
AILL 80% L FEHEFS 30 min, JEIATRIER, HEE
PEJE A IR, B O BER % HE TR TIRE, B
0.5% CMC-Na fill % Fl IR 27K -

252 SHS%Y BURRE 18~22 g MEME R/
o BENL NS E BHEXT IR A+

AL HINE R4 4 4, A 10 1, ZEEALE
K12 h &, BHEEXT R ig 45 T =~ B 1 25(0.35 g/kg),
T HINE 7 IR 20 SIS HINE T R 4 ig 45 T HH L2454
(3.5g/kg), BFREZ 1K, HEES5d,
253 LB EE TS RG4 1 hE, 852k
SR 3 mm, MM TR, R 10 s A
gt 1k, HEEAREHRIMmM AL, NEH
I B 7] R Ay 4 H i 452 b B i g B )
254 BESEE TS RGZ 1 hE, Moh
BRUFIR A BK S 7 Ik N DA BRI B A EF N, IRFELY A
5mm, MR BANE N IFE TR, EE &
B P CT sm E, AERE 30 Fb 4T T B4 20 5 mm,
HGA8 m) Je A T, ST T A A2 15 A I gt 22 B,
HE I I 5 22 B i) B Sy 8 i BT[] o
255 ZREGIESS R DL SPSS 20.0 X H A
[F)\ B I A ) B 3E1T one-way ANOVA 43#7, %I
UL X £5 Fon, GERIEK 5. 45 FRIPIR S
T IR 5 KOG - 2 35 e 05 i A /0N BRUPRY L LR 7] A g
M), —HABMHEZESR (P>0.05).
3 g

TN IE RAR B FAE Ge kb 5 1%, B T RE
AP R AT BRI SR AL A, AR A B A

*x5 KESRHMAEESEMATEEEE (X £5,n=10)

Table 5 Comparison on bleeding time and clotting time of mice (X Ls, n = 10)

ZH 51 7/ (gkg™) H I ) /s dIGANES
T H — 416.84+11.59 127.38+7.42
IS Es] 0.35 155.12+ 9.17* 70.1244.09*
T RIbE T 2% 3.50 233.01+10.37* 94.65+5.22"
JOHIAE T IR 3.50 247.27410.20* 98.20+5.30"

HEAA L "P<0.01
"*P <0.01 vs blank group
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SR BH S D) T AL G il i, 0% Ge sl it () o1

SR DA AN IE FH TG0 M i b B VP A o 25 Rk

DA, AR SEEG DAAR 1) I A2 1) B o AR AR NPT 48 A5,

R WA B CRITIC INAUE: AL i kb i 4G

TR ) B R e E AR AR RE, I

DA A'E D9 Tint Je 1) it £ P B o
Wi S T 34T P 45 SR Il inle ) 20 B Al I T 0t

L) it RSO3 AT S RO, TR SRR A o B0

TR FE R, Sy iR W] RS DARAS . FEALE KN

F AR A B R ECEUNIY T A R A

/N, CBIM AT 1) 25 32 TR FE A ORI, R A 7

YR R B A BRI A, WO D) R

(PR R T SR AR 2, 1T 5 ) 25 20 % i fin #4

S JLF-mT L2, A SCRERRE ! YRR 2 R

FEAE O ] T2 MR AR, R H TR

DA 3 B3 2 J3 BN OB M A R 2 e AN B3 o Tl Me

H B TR AT BRI SR OL A, DR AT

PME RN B L g T2 —Fh B 7%

S 30k
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