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Abstract: Malic acid-catalyzed transformation has been developed to produce ginsenoside Rg3 which is increasingly in
demand as a functional ingredient. The optimization of the conversion of red ginseng saponin (RGS) to ginsenoside Rg3
by acid catalyzed transformation was carried out using Box-Behnken design (BBD) based on Response Surface Analysis
(RSM). The main independent variables were malic acid concentration, temperature, and reaction time. Conversion of
ginsenoside Rg3 was performed according to BBD model and optimization conditions were analyzed. The concentration
of the converted ginsenoside Rg3 ranged from 1.548 mg/L to 4.558 mg/L, and the highest production was obtained under
the condition of reacting 1% malic acid, 50 °C and 9h. Consequently, The independent variables affecting the production
of ginsenoside Rg3 were identified in the following order: malic acid concentration, reaction time and temperature. In
addition, it was confirmed that the interaction between malic acid concentration and reaction time had a greater influence
than the temperature.
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Table 1. Independent Variables Levels Used for BBD for RSM

. Level
X, Independent variables
-1 +1
X Malic acid concentration (%) 0.5 1.5
Xo Temperature (°C) 30 70
X; Reaction time (h) 6 12
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Figure 1. TLC analysis of elution process after RGE adsorption.
1. ginsenoside standard (Rbl, Rb2, Rc, Rd, F2, Ck), 2. red
ginseng extract, 3. D.W, 4. 10 wt% ethanol, 5. 30 wt% ethanol,
6. 50 wt% ethanol, 7. 70 wt% ethanol, 8. methanol.
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Figure 2. Deglycosylation pathway of Red ginseng ginsenosides to Rg3.
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Figure 3. Time coursed malic acid-catalyzed transformation to
ginsenoside Rg3 from RGS.

lane 1: RGS, lane 2 ~ 6: 2 ~ 24 h reaction time, lane 7:
ginsenoside standard mixture
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SAIZL 2704 7P w ] ZAeAR|E RBE AY

R oomaniion Temperature  Time SO0 ASlsick Si7HEa0] elgh A Design Expert ver
%, Wiw) O (b (me/L) 1205 ARESt] dl&sidint SAAEE o AFEuE

1 15 70 9 o111 HA5H a1 EARELA H(analysis of variance, ANOVAYS &
) 05 5 0 2671 alo] A2l Alg o] pvalueS Q151K Table 3).
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10 1 50 9 4.103 tf. ARAE FEO] Fvalues 27.940]%03, ¥R 259
11 1 50 9 4225 Fvalue:= 0.0930|910m, HFS- A|7FO] Fivalue:= 11252
12 0.5 30 9 1.548 AFRAES 0] 85T RGSEHE ZA|iAto]E Rg3Ee] A3t
13 L5 50 6 4.152 2|43} mdoflA 7P FFe mAlE 82 AR F
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Figure 4. HPLC analysis of representative transformation of RGS by malic acid for RSM.

(A) ginsenoside Rg3 standards, (B) RGS (N) reaction condition 2.
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Table 3. ANOVA of ginsenoside Rg3 for Response Surface Quadratic Model

Source Sum of squares DF Mean square F-value p-value
Model 15.62 9 1.74 45.19 < 0.0001 significant
A 1.07 1 1.07 27.94 0.0011
B 0.0036 1 0.0036 0.0930 0.7693
C 0.4320 1 0.4320 11.25 0.0122
AB 0.7056 1 0.7056 18.37 0.0036
AC 1.41 1 1.41 36.63 0.0005
BC 0.3187 1 0.3187 8.30 0.0236
A? 1.36 1 1.36 35.46 0.0006
B? 8.88 1 8.88 231.28 <0.0001
C? 0.6190 1 0.6190 16.12 0.0051
Residual 0.2688 7 0.00384
Lack of fit 0.1413 3 0.00471 1.48 0.3478 not significant
Pure error 0.1275 4 0.0319
Cor total 15.89 16
Std Dev 0.1960 R? 0.9831

A: Malic acid concentration, B: Temperature, C: Reaction time
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Figure 5. Diagnostics of testing model. (A) perturbation, (B) normal plot of residuals, (C) residuals vs run, (D) box-cox plot for power
transforms.
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B: Temperature (C)
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Figure 6. 3D response surface and contour plot as three variables. (A) malic acid concentration vs temperature; (B) malic acid
concentration vs time; (C) time vs temperature.
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