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Study on processing technology of Gardeniae Fructus processed with ginger juice
based on Box-Behnken design-response surface methodology and electronic eye
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School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective The changes of appearance character and contents of some substances in Zhizi (Gardeniae Fructus, GF)
during processing with ginger juice were objectively quantified to optimize the processing technology of GF. Methods Box-
Behnken design-response surface methodology (BBD-RSM) was established to investigate the effects of processing firepower, frying
time and the amount of ginger juice on the processing. The color changes of GF after processing with ginger juice were determined
by CM-5 spectrophotometer (electronic eye), combined with the comprehensive score of the odor changes and selected as the external
angle. The changes of contents of geniposide and crocin | were selected as the internal index, combined with the change of alcohol-
soluble extract, and the score was taken as the response value. On this basis, the best processing technology was selected and verified.
Results The best processing technology was 400 W of processing frying power, 4.5 min of frying time, 10% ginger juice, color
value range of the best processing technology was L*: 44.600—45.500, a*: 21.800—22.700, b*: 23.500—23.700, Ea»": 55.300—
56.600. The results showed that the contents of geniposide and genipin-1-f-D-gentiobioside increased, while the contents of crocin |
and crocin Il decreased significantly after being processed with ginger juice. Conclusion In this experiment, the external and
internal quantitative standard of the processing technology of GF processed with ginger juice were successfully optimized, and the
color changes during processing with ginger juice were studied by bionic technology, which would provide a reference for the
research of traditional Chinese medicine processing based on appearance characters.
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Fig.1 HPLC of mixed reference substances (254 nm, A; 440
nm, B) and Gardeniae Fructus processed with ginger juice
(254 nm, C; 440 nm, D)
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Table 1 Design and results of BBD-RSM
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Lz a’ b Ew % 11% 1% AR
1 300(-1) 3(-1) 10(0) 5 44.637 22.697 23.610 55.362 59621 6.4592 18.37 10 (5+5) 86.136 7
2 500(+1) 3(-1) 10(0) 4 47987 23.723 28.127 60.470 4.8824 4.1995 20.11 8(4+4) 69.262 4
3 300(-1) 7(+1) 10(0) 3 45.100 19.437 23.213 54.320 4.8287 3.606 2 21.89 7(33+4) 67.780 4
4 500 (+1) 7(+1) 10(0) 1 38.037 11.077 11.563 41.270 4.5568 3.599 6 23.23 4 (1+3) 59.8917
5 300(-1) 5(0) 8(-1) 4 46.537 23.437 26.960 58.667 6.5250 5.4132 24.33 8(4+4) 84.163 9
6 500(+1) 5(0) 8(-1) 2 41.613 16.887 18.127 45110 85027 45287  19.19 6(2+4) 78.8084
7 300(-1) 5(0) 12(+1) 4 46577 23.813 25957 58.397 7.3252 53241  22.05 6(4+2) 80.6993
8 500(+1) 5(0) 12(+1) 3 44.633 18.840 22.053 53.230 5.7013 3.9985 19.17 6 (3+3) 66.445 4
9 400(0) 3(-1) 8(-1) 3 46.987 23.537 26.543 52.804 6.0264 5.4484 21.99 7(33+4) 80.642 8
10 400(0) 7(+1) 8(-1) 3 43.750 17.460 20.913 47.327 59372 35378  22.78 4(3+1) 681203
11 400(0) 3(-1) 12 (+1) 4 46.173 22.803 24.987 57.239 7.3039 55532  23.90 4(2+2) 792102
12 400(0) 7(+1) 12(+1) 2 40.850 14.327 15.200 45.881 7.2125 3.5671 20.23 4(2+2) 66.645 1
13 400(0) 5(0) 10(0) 5 45.420 21.837 23.500 55.606 8.0024 6.0021 18.69 10 (5-+5) 91.4759
14 400(0) 5(0) 10(0) 5 45397 21.837 23500 55.588 8.0000 6.0000  17.83 10 (5+5) 90.748 7
15 400(0) 5(0) 10(0) 5 45377 21.850 23.537 55.592 8.0003 6.0033 18.27 10 (5+5) 91.1253
16 400(0) 5(0) 10(0) 5 45.360 21.857 23.537 55.581 8.0279 6.0206 18.98 10 (5+5) 91.890 9
17 400(0) 5(0) 10(0) 5 45340 21.867 23547 55573 8.0397 6.0183 2016 10 (5+5) 92.8939
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Table 3 Color rating range of Gardeniae Fructus processed with ginger juice
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I L a”
5 44.600~45.500 21.800~22.700
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3 43.700~46.100 17.400~23.500
2 40.700~41.600 14.300~16.900
1 38.000 & LLF 11.100 X LLAF

23.500~23.700
25.000~28.200
20.900~26.500
15.200~18.200
11.600 & LAF

55.300~56.600
57.200~60.500
47.300~54.300
45.100~46.900
41.300 & LAR

54
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Fig. 2 Different processing degrees of Gardeniae Fructus processed with ginger juice
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#F 4 Box-Behnken ElVAERI S ES EEMENHT
Table 4 Analysis of variance and significance of Box-Behnken regression model
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Fig. 3 Response and contour surface plots of processing firepower (X1), frying time (Xz2) and the amount of ginger juice (Xs)

three factors to composite score



PER 2024448 H55% H7H  Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 7

= 2181 -

BRSO, BRE R B R, ¥
BIX 2 R3O0 22Tl T 255 GV e maisch
BE, ZEREHEMNER .

IR R A AT R T P N, ZEAE TR SR
H T E bk 1 368.543 W, Il It [E] 4.459 min,
LITHE 9.677%, ZR& 1PN 92.805 4. 456k
Prifef, Wi T 2B IERDHIK T 400 W, 1B
18 4.5 min, 22712 10%.
24 EXRTEIERE

SHit, HEHR. HAPHERNE 5, 4K
B ASHIE 72 A3 HE B 220G T ) T 280 vT AT -
25 WMTFERABULERSTTWL

B “1.2” TURBEHE 1 (ZP01~ZP16);
FLHRALIE T2 &2 ik (JZP01~JZP16),
% “2.27 WUR 7 TIE, HESES SR, K
AR INE 6. PR aEXEH ek
JEXURELE . WE T H IS BHAE BT et 1L N
& BB E RS, TR | S2 FFRANE

I IR T 2% 3 e, AR R 2
#5 WIEABRAR

Table 5 Results of verification test

=, P TEIEREZN 46%.

[ ras) W7 1/% VHZLAETT 1% RY1% RNy LREVEII) T fE RSD/%

1 8.0175 6.1010 20.110 2 10 93.156 0

2 8.0357 6.009 5 20.008 6 10 92,711 3 93.0131 0.281

3 8.008 7 6.126 4 20.024 1 10 93.1720

#x6 16 #HEFIRAMERFIRAHERS 4 FHETESENE (n=23)
Table 6 Contents of four compounds in Gardeniae Fructus samples (n = 3)
i e~ R RH BB 1% BT H/% PEZLAETT 1% PEZLAEE 11/%
G METOT TETHOT TR BT RETRA EBRETRA O RETRT EZETRA
01 21354 2.554 3 7.5122 8.050 4 7.124 5 6.1111 2.2186 1.2433
02 21253 2.766 5 7.5252 8.0433 7.2355 6.124 3 2.2265 12122
03 21184 24333 75411 8.027 6 7.3312 6.109 8 22377 1.2020
04 21321 2.656 4 7.6213 8.042 2 7.365 4 6.134 2 22115 12213
05 21331 2.686 9 7.662 2 8.064 1 7.2876 6.009 8 24433 1.204 5
06 21377 2.706 8 7.5677 8.052 3 7.434 4 6.095 2 22481 1.2138
07 2.126 5 2.664 3 7.593 2 8.042 2 75521 6.1054 22215 12214
08 21332 2.688 7 7.5812 8.0655 7.4677 6.104 3 2.2432 1.2209
09 2.128 8 2.7322 7.508 1 8.082 1 7.166 2 6.1354 2.2388 1.209 6
10 2126 3 2.768 5 7.523 3 8.054 4 7.242 3 6.1515 23513 1.2378
11 21677 28213 7.8911 8.1214 7.3971 6.213 3 24333 1.256 2
12 21704 28381 7.9321 8.116 5 7.548 8 6.221 4 25361 1.244 4
13 2.1533 25123 7.786 5 8.126 5 7.5122 6.083 4 2.3766 12213
14 21592 24422 7.6571 8.0821 7.2541 6.114 2 22861 1.2107
15 2.148 6 23531 7.576 3 8.064 2 7.143 8 6.020 1 2.2350 1.2013
16 21392 23219 7.7514 8.0577 7.0721 6.065 5 21012 1.2003
3 wWie HEAT B
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