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A Study on the Utilization of By-products from Honeyed Red Ginseng:
Optimization of Total Ginsenoside Extraction Using
Response Surface Methodology

Eui-Seok Lee, Kwan-Mo You, Sun-Young Kim, Ka-Soon Lee!, Soo-Jin Park?,
Byeong-Seon Jeon®, Jong-Tae Park, and Soon-Taek Hong'

Dept. of Food Science and Technology, College of Agriculture and Life Science Chungnam National University
'Ginseng and Medicinal Plant Research Institute, CNARES
*Dept. of Oriental Medical Food and Nutrition, Semyung University
3R&D Reasearch Center, Daedong Korea Ginseng Co. Ltd.

Abstract

This study was carried out to extract ginsenosides in by-products from honeyed red ginseng. Response surface meth-
odology (RSM) was used to optimize the extraction conditions. Based on D-optimal design, independent variables
were ethanol (extraction solvent) concentration (30-90%, v/v), extraction temperature (25-70°C), and extraction time
(5-11 h). Extraction yield (Y1) and total ginsenosides (Y2) in the extract were analyzed as dependent variables.
Results found that extraction yield increased with increasing extraction temperature and time, whereas it was
decreased with increasing ethanol concentration. Similar trends were found for the content of ginsenosides in the
extracts, except for ethanol concentration, which was increased with increasing ethanol concentration. Regression
equations derived from RSM were suggested to coincide well with the results from the experiments. The optimal
extraction conditions for extraction yield and total ginsenosides were an extraction temperature of 56.94°C, ethanol
concentration of 57.90%, and extraction time of 11 h. Under these conditions, extraction yield and total ginsenoside
contents were predicted to be 84.52% and 9.54 mg/g, respectively.
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Table 1. Experimental combinations according to codes of

experimental design at various extraction conditions of solvent
concentration, reaction temperature, and time

Concen- Temper- Time

Treat. tration (%) ature (°C) (hr) Actual parameters

ment Concen- Temper- Time

X Xo X5 ation (%) ature (°C) (hr)
1 q S 30 2 5
2 1 a0 90 25 5
3000333 0333 -1 70 55 5
4 1 1 30 70 5
5 1 1 90 70 5
6  -0333 -1 0333 50 25 7
7 B 0333 -0333 30 0 7
8 1 0333 -0333 90 55 7
9 1 0333 0333 90 0 9
10 0333 10333 70 70 9
11 . B 1 30 23511
12 1 1 1 90 23511
13 0333 0333 1 70 0 11
14 0333 0333 1 50 5511
15 B 1 1 30 70 11
16 1 1 1 90 70 11
17 1 1 1 90 70 11
18 1 1 1 90 70 11
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Table 2. Extraction yield and total ginsenoside contents data
according to the extraction conditions for response surface
analysis

Extraction conditions Responses

Treat- Concen- Tempera- Total ginsenoside

ment  tration ture F?hnrl)e Yield (%) contents
(%) O (mg/g)

1 30 25 5 80.59+1.49®  3.56£1.06"%2
2 90 25 5 25.79+1.70 1.89+0.33¢
3 70 55 5 74.43+£524 7.42+1.24%¢
4 30 70 5 81.14+2.66® 6.21£0.12%
5 90 70 5 56.46+0.44° 5.40+2.64%
6 50 25 7 76.56+0.45 7.15+0.24%¢
7 30 40 7 82.74+5.62® 5.88+0.59%
8 90 55 7 47.89+2.54% 8.95+0.38%
9 90 40 9 40.99+11.318"  6.21+1.42%
10 70 70 9 70.17£12.53%  9.62+0.94*
11 30 25 11 87.58+1.66"  3.65+0.53"
12 90 25 11 32.03+7.66" 8.96+2.23%®
13 70 40 11 75.04+5.68™  10.07+0.24°
14 50 55 11 81.76+1.84®  8.35+1.53%F
15 30 70 11  87.91+4.18* 6.16+0.36%¢
16 90 70 11 62.67+1.05% 6.97+0.68%
17 90 70 11 59.93+6.46° 9.29+1.71%
18 90 70 11 60.34+5.94% 9.72+1.25°

"Values are Mean+S.D., n=2
P*iMeans followed by the same letter in column are not significantly
different (p<0.05)
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Fig. 1. Contour plots for yield of extraction saponins with respect to the extraction condition.
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Fig. 2. Response prediction plot for the effect of ethanol concentration, temperature, and time on the extraction yield.
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Table 3. Total ginsenoside contents according to the extraction conditions for response surface analysis

Extraction conditions

Ginsenoside contents (mg/g)

Treat-
ment C(ﬁ/r:)c Tgfé‘f‘ T(E?)e Rel Re Rf Rbl Re Re2 Rh1 Rb2 Rb3 Rd
1 30 25 5 0.013+0.000° 0.013+0.000° 0.057+0.016¢ 0.174+0.042¢ 0.089+0.019° 0.069+0.020° 0.121+0.031°* 0.062+0.014° 0.133+0.030°¢ 0.038+0.000%
2 90 25 5 0.014£0.000° 0.021+0.000° 0.030+0.006¢ 0.240+0.0012*¢0.156+0.007%° 0.027+0.007° 0.049+0.013%  0.102+0.006® 0.069+0.016°¢ 0.038+0.000°*
3 70 55 5 0.023+0.000° 0.021+0.000° 0.099+0.005% 0.409+0.104%>40.2320.084%° 0.108+0.004° 0.184+0.013%% 0.170+0.070®° 0.209+0.015" 0.041+0.000%%
4 30 70 5 0.022+0.000° 0.022+0.000° 0.105+0.002¢ 0.422+0.022%¢ 0.266+0.028%° 0.122+0.003° 0.195+0.007°* 0.162+0.013° 0.201+0.006¢ 0.052+0.000%
5 90 70 5 0.018+0.000* 0.018+0.000* 0.070:£0.0442>¢0.317+0.096%>¢0.182+0.034 0.082+0.058" 0.138+0.097°*% 0.112+0.031®® 0.1560.102%10.075+0.040
6 50 25 7 0.017+0.000° 0.016+0.000* 0.097+0.001% 0.346+0.018"¢ 0.190+0.014 0.109+0.003° 0.189+0.004°* 0.127+0.009° 0.199+0.003% 0.074:£0.007°*
7 30 40 7 0.026+0.000° 0.027+0.000° 0.107+0.027°40.438+0.103%*¢0.252:0.055% 0.117+0.034° 0.1910.052%% 0.169+0.031® 0.19420.055"¢ 0.128+0.03 1>
8 90 55 7 0.050£0.007* 0.069+0.030" 0.121+£0.009™* 0.543+0.188% 0.092+0.000° 0.246+0.119* 0.166+0.064"*% 0.280+0.153* 0.233£0.019* 0.161+0.070°
9 90 40 9 0.022+0.000* 0.021%0.000° 0.089+0.035%¢0.360+0.062°¢ 0.194+0.022%* 0.094:£0.046° 0.162+0.073%>% 0.133+£0.017%® 0.172+0.082* 0.08620.015%
10 70 70 9 0.038£0.000° 0.033+0.000° 0.124+0.028" 0.520+0.046* 0.306£0.033%® 0.138+0.041® 0.230+0.063®  0.190+0.001®° 0.244:+0.058* 0.146+0.002%
11 30 25 11 0.023£0.000° 0.019+0.000° 0.073£0.026% 0.256+0.072°¢ 0.1500.030™ 0.145+0.087%° 0.074+0.002¢  0.141£0.068 0.068+0.001¢ 0.031=0.000%*
12 90 25 11 0.052+£0.015° 0.058+0.026* 0.127+0.048* 0.526+0.245% 0.290+0.168® 0.133+0.045%® 0.235+0.066°  0.194+0.110® 0.244+0.045* 0.136+0.057*
13 70 40 11 0.027+£0.000* 0.027+0.000° 0.132+0.007%¢ 0.525+0.050%*10.295+0.039% 0.153+0.004® 0.246+0.001°*¢ 0.187+0.025® 0.228+0.003* 0.133+0.013¢
14 50 55 11 0.025£0.000° 0.025+0.000* 0.108+0.029%¢ 0.399:0.093%*¢ 0.240+0.051%® 0.122+0.043% 0.209+0.064°>* 0.147+0.036® 0.202:+0.055% 0.112+0.0322¢
15 30 70 11 0.020+£0.000° 0.019+0.000* 0.086+0.019°¢ 0.313+0.0912°¢0.182+0.049®® 0.093+0.022° 0.164+0.038"% 0.128+0.033° 0.164:+0.040% 0.101+0.032%%
16 90 70 11 0.023£0.000° 0.022+0.000° 0.093+0.010% 0.4710.073%4 0.234:£0.027% 0.118+0.031* 0.165+0.014*% 0.180+£0.024%° 0.165£0.019"> 0.116+0.0212>%
17 90 70 11 0.036£0.000* 0.036+0.000° 0.121+0.045® 0.558+0.184* 0.293+0.122% 0.148+0.038" 0.220+£0.081°  0.197+0.075% 0.212+0.070%* 0.129+0.045%
18 90 70 11 0.04620.000° 0.054£0.000° 0.131£0.045* 0.565+0.251* 0.309+0.175* 0.155£0.032%° 0.230+0.066*  0.214£0.097 0.226=0.060°> 0.150+0.062%

YValues are Mean+S.D., n=2
23~ ¢Means followed by the same letter in column are not significantly different (p < 0.05)
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Table 4. Total ginsenoside contents according to the extraction conditions for response surface analysis

](::())(rtlfialg(l)(r)g Ginsenoside contents (mg/g)
Treat
ment Conc. Temp. Time
_ Rg6 F4 Rh4 Rg3-S Rg3 Rg3-R Rk1 Rg5 C-K Rh2 Total
(o) (C) (hr)

1 30 25 5 0.051£0.018  0.074+0.014° 0.736+0.120° 0.412+0.086"°  0.177+£0.021¢  0.335+£0.074° 0.158+0.027° 0.805+0.122° N.D.? 0.043+0.000" 3.56+1.06"
2 90 25 5 0.024+0.009°  0.025+0.010° 0.253+0.103¢ 0.153+0.058"  0.107+£0.041¢  0.146+0.056° 0.081+0.031° 0.327+0.156* N.D. 0.025+0.000" 1.89+0.33¢
3 70 55 5 0.114+0.007°%0.119+0.008" 1.178+0.049°*10.827+0.039°°%(0.412+£0.007%%0.54420.045>¢ 0.443+0.023°%72.255+£0.091* 0.021£0.001" 0.008+0.024" 7.42+1.24%°
4 30 70 5 0.122+0.002%  0.122+0.002° 1.193+0.004* 0.631+0.025¢ 0.306+£0.01128  0.466+0.003¢ 0.285+£0.012°" 1.517+0.049° N.D. N.D. 6.21£0.12%4
5 9 70 5 0.087+0.066"%0.085:+0.064° 0.834:£0.622°°(0.588+0.452%%1 (0. 306+0.225°" 0.463+0.339%>¢ 0.318+0.246°1,527+1.193* 0.011£0.000® 0.016+0.000° 5.40+2.64%
6 50 25 7 0.1204£0.002° 0.123+0.002° 1.187+0.001°°*40.818+0.015" 0.392+0.011*"% 0.569+0.009°! 0.430+0.009°*" 2.097+0.024* 0.053+0.005® N.D. 7.1540.24%4
7 30 40 7 0.115£0.036™% 0.1160.035" 1.0850.317°*0.655+0.263"%" 0.257+£0.097°®  0.479+0.175*¢ 0.262+0.119%" 1.227+0.495* 0.007£0.000 0.026+0.000" 5.88+0.59°*
8 90 55 7 0.1452£0.003¢ 0.149+0.006° 1.431£0.046™ 0.969+0.026™  0.484+0.020° 0.700+£0.069®° 0.521£0.015* 2.553+0.098* 0.022+0.004* 0.013+0.003* 8.95+0.38*
9 90 40 9 0.108+0.031%4°(,0940.053 0.979+0.392°%°40.592+0.344%1(0.422+£0.110™¢ 0.548+0.257*> 0.375+0.149°%71,732+£0.691 0.008+0.000 0.018+0.001* 6.21%1.42¢
10 70 70 9 0.178+0.020™ 0.137+0.047° 1.514+0.264™ 0.934+0.405™ 0.611+0.064*  0.702+0.194" 0.587+0.147° 2.910+£0.642* 0.028+0.004™ 0.000+0.017* 9.62+0.94°
11 30 25 11 0.066+0.026% 0.086+0.026" 0.766+0.255>¢ 0.381+0.184% 0.198+0.0438  0.362+0.130¢ 0.330:+0.203°*" 0.480+0.009* N.D. N.D. 3.65+0.53%¢
1290 25 11 0.176+0.085" 0.313£0.179* 1.082+0.89591.011£0.273®  0.551£0.076™ 0.850£0.190° 0.918+0.257* 2.036+1.427" 0.019+0.007" 0.015+0.000° 8.96+2.23™
1370 40 11 0.167£0.009°%0.165+0.009" 1.609+0.105%1.165+0.073°% 0.519+0.006™% 0.702+0.010%°¢ 0.635+0.046>¢ 3.109+0.200* 0.028+0.006® 0.018+0.003* 10.07+0.24°
14 50 55 11 0.133£0.040°%0.141+0.032° 1.391+0.295%¢0.966+0.288%¢ 0.43620.137°*% 0.596+0.175 0.513£0.149*¢ 2.551+0.727* 0.011£0.002% 0.020+0.000° 8.35+1.53%*°
15 30 70 11 0.097+0.015°° 0.104+0.010" 1.070£0.116™0.6860.087°*" 0.357+0.062*% 0.451£0.050¢ 0.302+0.031%" 1.756+0.216" 0.018+0.001™ 0.048+0.008" 6.16+0.36"
16 90 70 11 0.107£0.013®0.112+£0.019° 1.093+0.223%90.761£0.096™ 0.362+0.034°°*10.464+0.008"* 0.413+0.066°% 2.053+0.359* 0.015+0.014% N.D. 6.97+0.68%
17 90 70 11 0.141£0.051°*¢ 0.149+0.039° 1.464+0.356® 1.011+0.328>  0.508+0.181° 0.686+0.311* 0.561+0.188" 2.786+0.861* 0.024+0.001** 0.025+0.000* 9.29+1.71°
18 90 70 11 0.148+0.040™ 0.159+0.027° 1.556£0.247* 1.058+0.247*  0.522+0.141"™ 0.693+0.240™ 0.576+0.127° 2.887+0.589" 0.027+0.001* 0.024+0.000° 9.72+1.25"

D Values are Mean+S.D., n=2, ? N. D. Not detected
9a~¢ Means followed by the same letter in column are not significantly different (p<0.05)
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Fig. 4. Response prediction plot for the effect of ethanol concentration, temperature, and time on the total saponins.
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Table 5. Second order polynomial equation calculated by response surface methodology program on yield and total ginsenosides

Responses

Polynomial equation

R*>  Significance Lack of fit

Y,=71.5013 - 19.5166X, + 7.12453X, + 1.96518X, - 7.85676X> + 5.20266X X,

Yield (%, Y1) -2.93469X2+ 1.53743X X, - 0.865563X,X, + 3.62642X 0971 0.000 0.072

Total ginsenosides Y,=9.6602-0.0236685X, + 0.688243X, + 0.84433X, - 1.75861X? 0846 0018 0.664
(mglg, Y,) - 0.00852562X, X, - 0.498489X2 + 0.889431X, X, - 0.30844X,X; - 0.30844X>
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