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Optimization of the preparation process of ginsenoside Rgs based on
orthogonal test and Box-Behnken response surface method
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[ Abstract] Objective To explore the best technology for preparing ginsenoside Rg by
citric acid hydrolysis from total ginsenoside of ginseng stem and leaf. Methods The orthogonal
test and Box-Behnken response surface method were used to optimize the solid-liquid ratio, citric
acid concentration, reaction time and reaction temperature. The quadratic mathematical model of
ginsenoside Rg; preparation process by citric acid hydrolysis was established and its reliability was
verified. Results After the optimization of orthogonal test and Box-Behnken response surface, the
optimal process was as follows: the solid-liquid ratio was 1:21, the citric acid concentration was 30%,
the reaction time was 3 h, the reaction temperature was 95 °C. Under these conditions, the average
yield of ginsenoside Rg; was 9.64%. Conclusion The process conditions optimized by orthogonal
test and Box-Behnken response surface method being applied to ginsenoside Rg; preparation
process had higher conversion efficiency, which provided data support for the development and

utilization of rare ginsenoside components.
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Table 1. Design table of factor levels for response
surface experiments
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Figure 1. Chromatogram of high performance liquid
chromatography
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Table 2. Design and results of the L9 (3*) orthogonal test

BHELE (giml)  FPBRRIREE (%) ROSME (h)

FGREE (C)

NS AR (%)

P
A B C D G w=I0) Giv-10) EVEI6)
1 1 1 1 1 7.28 752 7.58
2 1 2 2 2 8.95 8.69 8.70
3 1 3 3 3 9.22 8.89 9.13
4 2 1 2 3 8.97 9.52 9.38
5 2 2 3 1 8.49 8.92 8.63
6 2 3 1 2 7.82 7.48 752
7 3 1 3 2 8.62 8.59 8.89
8 3 2 1 3 8.74 8.82 9.08
9 3 3 2 1 8.18 7.89 8.05
K1 75.96 76.35 71.84 72.54
K2 76.73 79.02 7833 75.26
K3 76.86 74.18 79.38 81.75
k1 8.44 8.48 7.98 8.06
k2 8.53 8.78 8.70 8.36
k3 8.54 8.24 8.82 9.08
W 2R 0.10 0.54 0.84 1.02
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Table 3. Results of ANOVA of the orthogonal test

8 SRR SFJr A Fl B2 ¥y FlE PfE
X 4H 10.040 7 8 12551 352627 <0.001
BRI L 0.0526 2 0.026 3 0.738 7 0.492
Friam e i 1.306 1 2 0.653 0 18.347 2 <0.001
SN [R] 3.706 5 2 1.8532 52.067 7 <0.001
SN T 49757 2 24878 69.897 3 <0.001
R 0.640 7 18 0.0356 - -

R4 MR EFRIEITRESR
Table 4. Design and results of the response surface experiments

5 BRELE (g:mL) PRI (%) SSEREE Ch) RBHREE (C)  AZEHRgHE (%)
1 15 25 2.5 90 8.33
2 25 25 2.5 90 8.18
3 15 35 2.5 90 8.05
4 25 35 2.5 90 8.01
5 20 30 2.0 85 7.50
6 20 30 3.0 85 8.68
7 20 30 2.0 95 9.04
8 20 30 3.0 95 9.47
9 15 30 2.5 85 8.06
10 25 30 2.5 85 8.19
11 15 30 2.5 95 9.15
12 25 30 2.5 95 9.52
13 20 25 2.0 90 7.92
14 20 35 2.0 90 7.62
15 20 25 3.0 90 9.34
16 20 35 3.0 90 8.98
17 15 30 2.0 90 7.87
18 25 30 2.0 90 7.64
19 15 30 3.0 90 8.72
20 25 30 3.0 90 8.65
21 20 25 2.5 85 7.85
22 20 35 2.5 85 7.42
23 20 25 2.5 95 9.34
24 20 35 2.5 95 9.04
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Table 5. Results of ANOVA of the response surface experiments

T 2R SFr R Fl H B2 ¥or F1{H P{E
[ 10.370 0 14 0.740 6 16.670 0 < 0.001
A 0.000 2 1 0.000 2 0.004 7 0.946
B 0.258 1 1 0.258 1 5.8100 0.030
C 3.1200 1 3.1200 70.240 0 < 0.001
D 5.140 0 1 5.140 0 115.5700 < 0.001
AB 0.003 0 1 0.003 0 0.068 1 0.798
AC 0.006 4 1 0.006 4 0.144 0 0.710
AD 0.0225 1 0.0225 0.506 4 0.488
BC 0.000 6 1 0.000 6 0.014 1 0.907
BD 0.0009 1 0.0009 0.020 3 0.889
CD 0.140 6 1 0.140 6 3.160 0 0.097
A? 0.766 1 1 0.766 1 17.240 0 < 0.001
B’ 0.9362 1 0.936 2 21.070 0 < 0.001
: 03137 1 03137 7.060 0 0.019
D’ 0.004 5 1 0.004 5 0.1012 0.755
bk 0.622 1 14 0.044 4
PR 22 0.5610 10 0.056 1 3.6700 0.111
gl 0.061 1 4 0.0153
SR 10.990 0 28

E: R RHR=0.943 4; KR HKR,,=0.886 8,

https://slyyx.whuznhmedj.com/



254

HIBEZFZE 2025 4 4 A% 38 55 4 ) J.Math.Med. Apr. 2025, Vol. 38, No.4

HIWARZE (P>005) , WML (A) .
FAAEBRUCRE (B) . FWAHE (C) . FOWIREE (D)

4 AR PR R B S B IO NS AT Res 13385200

=S 7A
o

WARBE (P> 005) , 4R R KA IR
MAXEX. i FEA, RVEE (D) >R
A (C) >FriEmRWE (B) >k (A)
J#A AAE T NS BAT Res FR AT
243 v EAR S T 5T 5L

AR R K A S 250 BTl s A SR
1 Regs T AL, 754 MR £, BoLh
QAR RAEX A Y Bh, DISERIEZH, RHA
Design Expert 13 B H R L HEAEHAS R
H Res 19520 1) 2 55 i 26 (1 15— 4t iy v &
S S = i AT DL DU g BLAE
X NS BAF Res 19 RN MARE . SRR migRk
FUAAR 2 B B A R 2, IR AR LR
N SRR Ao NTE A 1 A =

B (o
150 RefH% (%)

32.5

B: W (%)

275

25.0 4=

15.0 17.5 20.0 22.5

A: BRELE (g:ml)

25.0

Resft (%)

U A F 22 (8] ) 5 EL S I k) T I T A
W T S Wz R R NS AT Res 192385210 (1) 58
SRR 0 B, i TETRBE , R R A,
kA AT e

mE 2 iR, ER—BRRAHT, Mg
PRV B N 25%~30%, Bl i vk BE (3 m, - A
Z A R R B m; ZJabEE BRI B
B, NS RAT Res MR TR, A IR R B
PR 7 ) A5 1 4 %% P R AL AR BRI EE T T AR AL R
K, ULEHFFEE MRV X NS AT Res 19 5R 11 5210
KFERE L.

WK 3 prs, ER—RHR AT, RN
BHE] 2.0~3.0 h N, BEE OB ISR, AS 58
1 Res MR B TR, I HAE RIS B J7 ) NS
BAF Rgs 19 R8I0 IR BB, 156 BH 5O B ) %
Z BT Rgs MR M52 M K TRRE L .

WE 4 s, FEFR—BHR AT, RN R

B: WK (%) 275 175 A: BHEL (g:imL)

250 150

E2 RikitfirEBRkEREEEERAN ASEH RoB[ENMEES TR ESLE
Figure 2. Response surface analysis and contour map of solid-liquid ratio, citric acid concentration and their interaction
on the yield of ginsenoside Rgs
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Figure 3. Response surface analysis and contour map of solid-liquid ratio, reaction time and their interaction on the
yield of ginsenoside Rgs
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Figure 4. Response surface analysis and contour map of solid-liquid ratio, reaction temperature and their interaction on
the yield of ginsenoside Rgs
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