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and appearance characteristics. as evaluation indexes, the fermentation time, fermentation temperature and relative humidity (RH)
during processing were investigated, and the weight coefficients of each index were determined by AHP-CRITIC hybrid weighting
method. Combined with single factor experiment and Box-Behnken design-response surface method, the comprehensive score was
used as the evaluation index to optimize the fermentation process parameters. Results The weight coefficients of hesperidin,
naringenin, hesperetin and alcohol soluble extract, glucoamylase activity and appearance traits determined by AHP-CRITIC
comprehensive weighting method were 0.070 2, 0.107 1, 0.078 0, 0.058 5, 0.235 4 and 0.450 8, respectively. The optimal fermentation
process of Jianqu was as follows: the fine powder of traditional Chinese medicine, wheat bran and flour paste in the prescription were
evenly kneaded and pressed into blocks, and then placed in a fermentation box for continuous fermentation for 23 h at fermentation
temperature of 35 “C and fermentation humidity of RH 80%. The average comprehensive score of three parallel verification tests was
87.889, the relative deviation from the predicted value was 1.07%, and the RSD of each quality index was less than 3.0%. Conclusion
The model established by response surface method is scientific and accurate, and the optimized fermentation process of Jianqu is stable
and feasible, which can provide reference for standardized production and quality standard improvement of fermented Chinese
medicines represented by Jianqu.
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Table 3 Investigation results of fermentation time

KEERT iR #(mgg™)  BEIGER BEIEMER SN Sh

A/h BEHT MER BER (Ug) ¥ Kt ¥
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3 N R{E, KA BBD-RSM, #IH Design Expert
13 RT3 I3 3 KF 17 MRS SRt 15
B 17 BT R 5 GA TR ILE 6.

272 HMMESTT %M FIH Design Expert
13 AR 6 WIS 4T 2 o HHI G, 15 20[E
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5 FE: 25 1F9 Y=289.400—3.050 X1 —2.810 Xo—
0.597 9 X3+0.039 8 X;.X>— 1.140 X1.X3—2.900 X>X3—

24.060 X12—6.590 X>*>—8.850 X%,
T EAMERNE 7. BRI EIEMREE F=

#* 6 BBD-RSM iIG it R4R

Table 6 Experimental design and results of BBD-RSM experiment

55.890, P<<0.000 1, KT F=1.970, P=0.2607>
0.05, FIMTTREM AR E RiF, BASH
B RIVITUAE 2, 1R 52 21 A J1 R 2K IR 520 5
/No #EAY RN 0.968 6, Rpred® 9 0.8604, FHH 7 HE

- Yu/h Yol C Xal% Bt #(mgg™) WEICRE  EEIETER ﬂf%‘ré é?é.\
BEE MR EEER (Ugh) B RN N
1 12 (-1) 30(-1) 80(0) 59207 0.150 3 0.1152 41.48 28.81 4.8 63.17
2 36 (+1) 30 80 6.784 2 0.396 2 0.203 2 85.67 2291 2.4 58.50
3 12 40 (+1) 80 6.159 9 0.1928 0.1340 37.95 28.83 3.6 58.92
4 36 40 80 6.719 2 0.4253 0.222 4 73.08 23.21 14 54.42
5 12 35 (0) 70(-1) 6.9749 0.1802 0.128 8 43.28 28.58 4.0 61.31
6 36 35 70 6.690 8 0.404 5 0.200 4 79.85 23.20 19 55.95
7 12 35 90 (+1) 6.380 2 0.180 7 0.1329 42.29 27.95 3.8 59.31
8 36 35 90 7.146 5 0.436 2 0.226 3 58.82 22.50 0.5 4941
9 24 (0) 30 70 6.658 8 0.254 5 0.1335 91.73 26.36 6.0 73.66
10 24 40 70 6.587 1 0.284 3 0.154 7 85.62 27.15 54 72.38
11 24 30 90 6.7351 0.3440 0.1745 94.37 24.96 7.0 81.34
12 24 40 90 6.062 2 0.3581 0.206 5 76.02 26.53 4.2 68.45
13 24 35 80 5.950 7 0.2528 0.1525 114.43 28.14 9.0 91.22
14 24 35 80 5.8430 0.266 5 0.1471 111.88 27.65 8.8 89.73
15 24 35 80 6.350 0 0.260 6 0.1453 113.37 27.92 8.8 90.32
16 24 35 80 58594  0.2599 0.1495 114.25 28.02 8.8 90.09
17 24 35 80 6.399 6 0.264 3 0.146 4 110.38 27.08 8.0 85.65
£7 BAEERREHSENNER
Table 7 ANOVA results for fitting regression equations
HERE PR ARE BE F 1l PIE | HZERIE CFUM Bl ¥HE FE Pl
it 3348.31 9 372.03 55.8900 <0.0001| Xo? 182.97 1 182.97 274900 0.0012
X1 74.53 1 7435 11.2000 0.0123 | Xg? 329.60 1 329.60 49.5200 0.0002
X2 63.30 1 63.30 9.5100 0.0177| %k 46.59 7 6.66
X3 2.86 1 2.86 0.4297 0.5331| =Y 27.78 3 926 19700 0.2607
X1X2 0.01 1 0.01 0.0010 09762 | 4iiR%E 18.81 4 4.70
X1Xs 516 1 516 07747  04080| &E5% 339491 16
X2X3 33.69 1 33.69 5.0600 0.0592| R? 0.99
X12 2 436.63 1 2436.63 366.0800 <<0.0001| Rad? 0.97

UG BT, BTN RE K4, ] N AR ok
TF R 5 43 prtel, —RIT X1 X2 I P {EI/NT
0.05, Hxfaph ARz T 2H BEMLM, Py<Pxy,<

PX3’ %%EU%%%E\:XTJ

L

PSP IR X0 > x>

Xz, BVREERS A > R EFRE >RH; 32 HI XX,
XiXa XoXG 1 P AEYI KT 0.05, i 3 &2 A%
HAEHBALE, R X2 X2 X321 P AR/

T 0.01, AREENE
T HAEFH M B Design Expert 13 44

2.7.3

AL

2t RIS ) L R IR B2 A R 28 LA PR 22
KRG T ZEEEVE 2 3D e S ], 285 5 0L 1
20 JE I e S T 3D BEHBUREEE AT AR SE O Wi 8
ERSERRERE, BRI RS, I P& 22 BLAE AR
v FEAREMEAER RN R B
%, BRAERIWHNELZHERARE, 2 MHE
AR LR R WK 2 PATUEE X 5
X X5 T EAERERES, X5 XGHKEH
EFA R,
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Fig.2 Analysis graphics of interaction response surface of each factor

274 EAERE T 200G IIE LR E TR
B KE RIS AT, IRIEHAA SR, 1920
) i FE R BE T 208 K I 1] 23.236 h, KB
33.929 ‘C,RH 80.051%, Zi &P or B {H N 89.796.
GRS, B A E R R 2N R IR T
23h, KIFIRE 35 C, RH80%. fEILEAT FiFtsT
3 HIGUFRG, 4550 W3R 8. 3 RIGIERIG 1 T 145
E1F5r N 87.889, 5 TRINME AR X i 24 1.07%,
Sy R gEE, H&mM RSD /8T
3.0%, UtEHRTEE LA B R, pidk
(% il & B T 2R e il AT
£8 WiFABER
Table 8 Verify test results

s JRES B (mg:g)  HEALEG BEIATER SN LiA

PR MEER BER (Ug) B% RFD T
1 7.08280.2804 0.1501 103.27 27.01 8.6 89.42
2 6.78150.27010.1471 10581 26.97 84 87.87

3 6.80160.2669 0.1420 104.39 26.75 8.2 86.38
RSD/% 245 258 2.80 1.22 0.52 238 173

3 it

AR EESRE, SR A A M R Y
AL RAER, (23R, PA RS, W
PRBEFEETETE  ys ANTT A B3 8 24 240 H 07,

R ATIARE T I, e R R rh R R BB
KRB B R BT B A RIS BT
CIN=Ev PR bR e =X e S 4 Y )= v
BN, A H A S R A AR . BT
FEHIUS-10, g {7 R R R h BB AR I 2 R AN
FE R s, B R R AR vt &
W g, R LRI 1 R, fehg
7 AR R AR B B, PR RN BRI Aspergillus
niger TC-01 77 A5 [ Bz 1 Bl ) R Ay iz 1 25 0 2L
2R R R K201, RR Aspergillus niger CP-2 F=AE 1Y)
e Y il PR 2 R R A AR R 3R -7-0-H
BIREERIRE e R 2Y, BOLE R T, BEE R B2 E
HER, FIREH T2t h BB I Z AR R
FER NS, HEMrr-isae AR, Bk N

TR R IIEALRE /T IZ W T, 18 B & 8 AR
— R BB E 5.

BB S, R AT D)
o HEEHERINN, MRS R AE ) R A R
DR, Bk, AR PR _E AT DU B AR
M PHARAE A0VRYT, A 35 R g e PRI
S, b S AR . R B K
BRER. MR, R BEREZ ML
GyRaB), i M, i P AORE R . Rl
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. BERSELAE BFHES, JEE o8+
TrEREN 3 NS, HAHEER S D8R
ORI o 6 B A T U Y P g i A R L R 2
1 (Perilipin 1, PLINI) H:FFIARO. 38 2tk F 450
P17 Al Rz 25 AT RARC I R8T, et 75 o 4 P Py 6
% JBE M 2 (matrix metalloproteinase 2, MMP-2)
J MMP-9 [1)5R1%, ERIPURMIERR. 8RR
R e I TR P S50 I P B A 90300, ) e 3
FEBU, s, i AR o A e B e
. BEALEGSEIHACEE, 75 RS AT ORI S 1
At EA, SGE T B DRER.

A 231 3 1Y PR R B 2% AT AN S T P4, S R 5
I UE 2500, PR N R EIS S
U0 R v L A A5, T A 24 = AR 5 Mz
HAMIMR AN E & B 2R G TR E - AHP LK TRIK
T 250 T LR A A%, CRITIC V22
SE AR R A B JE P T AT R 2E VPN R 2 WAL
%, AHP-CRITIC 1F4522 5 30 5 % MIT A AH 45
£, BERS IR A B AV S e b . AHTEAT
DIRG B2 M3 PR3 3 Bl A0 5 Rl FH
WIS . FERE 7. SPUEERPE )i
Efebr, KA AHP-CRITIC £33 040 2 ih &
Bom R RS, FEEFM R, BRIEIRS
T VPR o

ER ARG IR -, 454 BBD-RSM ik
M REE T Z, RATE I BEREE L2
W7 R &2 Ak . FER S TR ML A 3509
G, BRI, 7ERFARE 35 C. RH80%
RH 21 F#ESE R 23 he SiRIHE, Z LR
JERIAT, A i g v gt ot %) I e o R Y A o
PRESR AR 22 AR -
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