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Abstract In this study, the extraction yield, acidic polysaccharides and ginsenosides
of red and black ginseng were optimized by using the response surface
methodology in consideration of the ethanol concentration and temperature of the
extraction. The R? of the model formula for the yield, acidic polysaccharides and
ginsenosides was 0.8378-0.9679 (p<0.1). An optimal extraction yield of 5.29% was
reached for red ginseng soluble solids when 1.52% ethanol concentration was used
at a temperature of 67.27C. Additionally, the optimal extraction yield for black
ginseng soluble solid was 6.11% when 3.12% ethanol concentration was used at a
temperature of 66.13C. Furthermore, the optimal conditions for extracting acidic
polysaccharides from red ginseng were using an ethanol concentration of 4.03% at
a temperature of 69.61C; a yield of 1.86 mg/mL was obtained. The optimal
extraction yvield for acidic polysaccharides from black ginseng was 1.80 mg/mL when
extracted using a concentration of 24.67% of ethanol at a temperature of 71.14C.
An optimal extraction yield of 0.22 mg/mL was reached for ginsenoside Rg; from red
ginseng when 79.92% ethanol concentration was used at a temperature of 70.62TC.
The optimal extraction yield of ginsenoside Rgz from black ginseng was 0.31 mg/mL
when ethanol was used at a concentration of 75.70% at a temperature of 65.49C.
The ideal extraction conditions for obtaining the maximum yield of both acidic
polysaccharide and ginsenoside from red and black ginseng were using ethanol at
a concentration between 35 and 50% at an extraction temperature of 70TC.

Keywords red ginseng, black ginseng, ethanol extraction, acidic polysaccharides,

ginsenosides
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Seoul, Korea), carbazole(Sigma Chemical Co., St.
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USA), ginsenosides(Wako, Osaka, Japan) acetonitrile
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Table 1. Contents of yields, acidic polysaccharides and ginsenosides for response surface analysis of the extraction conditions of

red and black ginseng

Exp. Extraction conditions Yield Acidic polysaccharides Ginsenosides
No.' (%, g/100 mL) (mg/mL) (mg/mL)

Ethanol Temperature  Red Black Red Black Red ginseng Black ginseng

conc. (%) (C) ginseng ginseng ginseng ginseng Ra: b, Rby Ras
1 60 75 3.80+0.03” 3.9410.04  1.64:0.04 1.68+0.03 0.20:0.01 0.31:0.02  0.24#0.01 0.27+0.02
2 60 65 3.80:0.01 2.16£0.02  1.62+0.04  1.69+0.02 0.19:0.01 0.31:0.01  0.26£0.02 0.28+0.01
3 20 75 452+0.03 4.82#0.05  1.84+0.03 1.78+0.01 0.16:0.03 0.19+0.02  0.20£0.01 0.19£0.01
4 20 65 4.72+0.04 474#0.02  1.86:0.05 1.75:0.04 0.15:0.01 0.18+0.01  0.19£0.01 0.15£0.01
5 40 70 4.24+0.06  4.62+0.03 1.72£0.04  1.73+0.02 0.18+0.01  0.28%0.01 0.24£0.01  0.2520.02
6 40 70 4.26:0.04  4.5620.01 1.7410.02  1.72#0.02 0.19:0.02 0.28:0.01  0.24#0.02 0.27£0.01
7 80 70 2.96:0.04 3.32:#0.04  1.44+0.05 1.49+0.03 0.22:0.01 0.35:0.03  0.27#0.01 0.30£0.02
8 0 70 540£0.05 5.86+0.05 1.83t0.03 1.71x0.05 0.16:0.01 0.20:0.01  0.18#0.02 0.15£0.01
9 40 80 4.36:0.04 456£0.06  1.62+0.04 1.54:0.04 0.18:0.02 0.28t0.02  0.24£0.01 0.25+0.01
10 40 60 4.36:0.06 4.06£0.03  1.55+0.01  1.42:0.04 0.18:0.01 0.27#0.01  0.23+0.01 0.24+0.01
"The number of experimental conditions by central composite design.
Values are meantSD (n=3).
https://www.ekosfop.or.kr 859
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Table 2. Polynomial equations and F-value calculated by response surface methodology for yields, acidic polysaccharides and
ginsenosides of red and black ginseng

Responses Polynomial equations” R? 2 Significance F-value

Ethanol conc. Temperature

Yields Red ginseng  Y; = 12.975714 - 0.059381%; — 0.197333X, - 0.9679 0.0044 39.76™ 0.33
0.000034821%:X; + 0.0005%%, +
0.001243%,X;

Black ginseng Y, = 9.15381 - 0.341726X; + 0.027667X; +  0.8545 0.0795 7.07
0.000108XiX1 + 0.004256X:X, -
0.001071X%X,

Acidic Red ginseng Y3 = -6.11 — 0.006333X; + 0.229333X; — 0.9251 0.0227 14.58" 3.19
polysaccharides 0.000071875X:X; + 0.0001X:Xy -
0.00165X2X7

Black ginseng  Ys = -12.156905 + 0.012071X; + 0388333X; - 0.8378 0.0970 3.30 5.02°
0.0000946431X:X; - 0.0001X:Xz =
0.002714X2X;

Red ginseng Rgs Ys = 0.025476 + 0.00044%; + 0.003333X, +  0.8941 0.0440 11.00" 0.12
ginsenosides 0.000004911X:X; — 0.000021429%2X2

Rbs Ys = 0.244762 + 0.003863%; — 0.0035X%, + 0.8718 0.0629 9.04" 0.04
0.000002232X:%: — 0.000025%:X, +
0.000035714X%,X,

Black ginseng Rb, Y; = -0.118571 + 0.00703X; + 0.005169X, - 0.9378 0.0159 20.03™ 0.64
ginsenosides 0.000007143X:X; — 0.000075%:1X, -
0.000014286XX,

Rgs Yg = -0.660476 + 0.012268X; + 0.016833%; — 0.9105 0.0320 13.427 0.52
0.000017411%:%; — 0.0001256X:X, -
0.000078571X:X2

*

1.47

X, ethanol conc. (%); X, temperature (C).
YDetermination coefficients of polynomial equations.
Significant at 10% level, ~Significant at 5% level, ~ Significant at 1% level.

(A) (B)
5.61 6.96
& <
S ars = 489
= =
L S
5 =
3.89 279
80.00 7177 80.00
’ 7333 M 7333
302 eo 071 £ Qo
80.00 s223 6667 o™ 80.00 . 66.67 e
’ 26.67 > 26.67 &
0.00 60.00 @Q@* Ei 0.00 60.00 &
Eth lano . &
ano] concentratioy, %) <2 1 Concentratjop (%) &

Fig. 1. Response surfaces for yields of red ginseng (A) and black ginseng (B) depending on ethanol concentration and extraction
temperature.

202 4#A JoHKim &, 1991; Lee &, 1997; Park  1996; Nam &, 2012). AMgttgdAle TRAEHZA]
S, 2000), ginsenosideWrg ol AF=A] fftH(Nam,  ethanolithe = W02 & 5= 84 S42 7t
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Table 3. Predicted level of the optimum extraction conditions for yields, acidic polysaccharides and ginsenosides of red and black

ginseng by the ridge analysis of their response surfaces

Responses Extraction conditions Morphology
Ethanol conc. (%) Temperature (C) Estimated response
Maximum  Minimum Maximum  Minimum Maximum  Minimum
Yields (%) Red ginseng 1.52 79.75 67.27 63.88 5.29 3.07 Saddle point
Black ginseng 3.12 70.52 66.13 63.54 6.1 2.07 Saddle point
Acidic polysaccharides ~ Red ginseng 4.03 76.32 69.61 65.81 1.86 1.44 Maximum point
mg/mL
(mg/ml) Black ginseng 24.67 48.86 71.14 60.25 1.80 1.46 Maximum  point
Red ginseng Ror 79.92 1.1 70.62 67.67 0.22 0.15 Saddle point
ginsenosides (mg/mL) :
Rbs 79.94 0.50 69.46 68.42 0.36 0.17 Saddle point
Black ginseng Rbq 75.11 2.63 65.21 66.43 0.28 0.17 Saddle point
ginsenosides (mg/mL) }
Rgs 75.70 2.74 65.49 66.35 0.31 0.12 Saddle point

"The vields of the extracts obtained by adding 20 g of red and black ginseng to 200 mL of solvent.

A ot W ¢ ginsenosideE F&017] fldf At
Aol A& ethanol SH o2 wo] &3} Qlet. wehA 3
AT BArS) APYTHEA Sk BUE RS B Sk
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lq-\ﬂ-zﬂ ’cﬂ-E]:-—- _‘fl_/ﬂo]- ﬁ_l,]‘ _Q./\d‘ =i _‘é’ﬁ 9,] stk o 7k7)
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UEtHIcHTable 1). o1& 3|H&EASE 23 34 2 SAt]
gt Eﬂ‘élﬁﬂ R*= 247+ 0.9251, 0.83792 F4Hp(0. 05)
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g0l ”Wﬂoi It Table 2).

APITrA] gefol| thgh F-valueE ol Z3HTable 2),
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= ’&"é‘ﬂr‘%}xﬂ o] A JF= AL oY =
(F-value 3.19)9] ¥3F At 549 H-9-ol= ethanol
SE7t F-value 3.300.2 AMJThA] ol v|2]= JF
o] @etou}t 2= 9] F-value 5.02(p<0.DE AMITFBA
Zol ethanol F=RHY thd: &2 JF2 1AL YU
4 2 5419 ethanol &Y F&o] WE AMIHEA 2
WS HHS 34 9 54 BT ethanol &7 B24E
Hg Ao g2 F7tstlon 4 sS4 vhRERHZ FA
o AdE U Atk (Fig. 2). 181

3
hl
=z

LABAS E5) A

2
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oA Y 2242 49 & Z3HTable 3), &F
SHHO E—%O 4 2 A BF FU FHE UE
Hlor, 42 ethanol 5% 76.32%°14 65.81CT=Z &
=35 4 /\]—/K‘h:]-ﬂxﬂ %I-F’J:O] 1.44 mg/mLE 7]-2]— A ]
"}E}ﬁ'&‘/}, ethanol &% 4.03%°14 69.61CE F& A
AVITHEA 3ol 1.86 mg/mLE 7} =4 Uetddth &
A ESE FARE Ao E YERJAL U ethanol SEoA]
tta zZolE YERARICH, ethanol &% 48.86%C14
60.25C 2 5T 3$ AJhdA gl 1.46 mg/mL=
71 @A YeEPE oY, ethanol &% 24.67%A14 71.14TC
3% 7‘1“—/] TR gFe] 1.80 mg/mLE 7F
& =A UEre e AT 34 AT A S A9
2ol 7} Il om, AT A| 9] Haluie E]F A [ARE
A= & 5 A S AITBA S FE004 229 9
SHT= ethanol &9 93RS Wo| Hh= A2 ApArict
A9 ethanol °HE7} W1 g4 8 & == 86154
HZo 2 o AZIT, 4k AHdthdAl= ethanol &9
= & &3=A] ot ethanol & Al B2 ¥o] 4 H—Toﬂ
Ao HEE 4t 2 Y AMUFATE =2 5

3 Iti(Chang 5, 2007; Lee®} Do, 2002). &L} Zl]
9l Slg7t B2 S Ao Al S AT
Aot G2 Az A E AEASEHA &=t st
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A)

1.86

1.69

1.51

80.00

Acidic polysaccharide (mg/mL)

134 /

Q'
80.00 6667 o~

>332 26.67 4
: 000 60.00 Qe@

Ethang] Concentratjop ( ¥
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1.65

144
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Acidic polysaccharide (mg/mL)

/7 73.33
122 / \Q_O
66.67
8000 53.33 &
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Fig. 2. Response surfaces for acidic polysaccharides of red ginseng (A) and black ginseng (B) depending on ethanol concentration

and extraction temperature.

o Az

3.3 TMHEAO[E BtEr9 Hisf
MR 71572 ginsenosides?] 23t 11 Tegof| 7]
& 51 UthNam, 1996). £3] ginsenoside Rgy
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