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Abstract This study investigated optimal extraction conditions by monitoring ethanol extraction
conditions to maximize the functional component extraction of Taegeuk ginseng through response
surface analysis. The R? of soluble solid, total ginsenoside, and acidic polysaccharide model formula
of Taegeuk ginseng were 0.8894-0.9354 (p<0.05). The soluble solid and acidic polysaccharide of
Taegeuk ginseng, according to the extraction conditions, showed a high yield under low ethanol
content, but ginsenosides were well extracted under conditions with high ethanol concentration. The
optimum extraction conditions for soluble solids were 0.22% ethanol concentration, 68.96°C, and
the maximum extraction yield was 57.81%. The maximum extraction yield of total ginsenoside was
17.24 mg/g when Taegeuk ginseng was extracted at 77.03°C in 66.41% ethanol concentration. The
optimum extraction conditions for ginsenoside Rg;, Rb;, Rb, and Rb; were in the range of
68.00-78.69% ethanol concentration and 70.04-75.68°C, and at this time, the content of each
ginsenoside was all high in the range of 2.10-5.45 mg/g. Furthermore, the maximum extraction yield
of the acidic polysaccharide was 19.03 mg/g when extracted at 71.37°C in 0.38% ethanol
concentration. The extraction yield of Taegeuk ginseng functional components can simultaneously
increase the yield of ginsenoside and acidic polysaccharide when extracted with 30-50% ethanol.
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1. M2

giopAE Bo] A8 HI0] £ QRS A7 Bk i) ukoR Azslel WP A8Hol gto
UM 0S5 BB A she] MAlstel A7) Aol WAL k. S HESE oleie
242 st PHOR ABolt e AL ot 159 B2 59 F Azslel 717
B UL AL YrhLee, 2020; Nam 5, 2012). B FrotAlol AgolA F4)
7k F48) 78 A7lo] FAARAEE F40) Fol BEANAL WelA SEHFOR
A siehUangh Jeong, 2014). BHH410) A% 27lo QUHE Bo Wol 42 5 Axio] B
A2 Axstou, @A "S- ofe ¥ AL TEe 4t 4] AR fARSHA AR @7l
A 90-100°C WO 1219 A3 Bl HHoR AxSH A7 HrkLee, 2022).

IS B30 X RS SEAA BE ABOR, A4S F47 go] A 24 Y1
Ak, 4ol 77t E0|S AASH ok o7t TR} w2 g, Aok A Thelo] 952
Mo $2 §g 0|3 glo] F4T Aol Wrk(angs Jeong, 2014).
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B4 1319 99AE Ee SIS ARCEA
ginsenoside®] H3lo] YXE Uojd 4= 9O} ginsenoside T4
o] 719] W] F7H9m, FAFH FHEIE ginsenoside Res
= A9 YEYA] Z=tk(Hwang 5, 2005: Lee 5, 2013). 1
2L} Lee(2022)= $4hE ARG oA A 2 F5AZE &
ogx HAYA #Eo] Y= ginsenoside Rgs7l WEHEO]
ginsenoside Rgy7} 353t Bl=4hS A 23t vb Qi

QAS] ginsenoside®} AHITHEA| = &80l et &9
©7 A ThEEE ulE BFo b v FEsloRt S8
S} 310 8-S AL 4 Uth(Lee, 2023). S14H9] ginsenosides
L Burit 4802 8249l ethanolo] 2 SA/THNam,
1996), Qi AMITHG A= IRAZA ethanolt ofet &
N &7} Wop W2 2LoA ofx} A] gol AAEE 4
ol o, A Tl I HHERE 34t 4 59 AN
O AlE ARASHEHA =7t S7Fste] 2 m=Th(Lee,

2023).

il "4 S A Y FEHEE 95E AR 3
Eohe HEZQl WHo] F& AR E I ou, T ARIA
A& 70% ethanol 8N O & Z4hE F&06l= HHo] Wo] 2§
=1 Ark(Lee 5, 2013). A4F9] G FEoA = AITHEA
5 T84 AEo] "ol &9 £ glon, 8= &

ﬂm.{g
=2

S

= ginsenosidest= F& $&°] RTHLi 5, 2009).
B Q7oL B340] 154 AR 222 99 2289

9] ethanol F=9 & ko] W& 7HA 1FE I,

ginsenosides 8% % AT Bpe] WskE e e,

2 2A¢ A43e] 99 FHSRARAS S

2. Mg 2 diH

2.1. 88 W= L A%

A AR BS54 6l P4 ARES] ke EiSA
=2 Aol aAfshs SAUIIEOIA Fgste] ARESEA
2 % B4 ddo] AR8E A9k ginsenoside Rgi, Rby,
Re, Rb,, Rbs, Rhy, Rf(Wako, Osaka, Japan), D-(+)-galacturonic
acid monohydrate(Sigma Chemical Co, St. Louis, MO, USA),
acetonitrile(JT Baker, Philipsburg, PA, USA), H,SO4(Sigma
Chemical Co), methanol(JT Baker), carbazole(Sigma Chemical
Co.), ethanol(}Fd3}st, A&, tietil=) Soltt

N

o

& 9] 4= 244715 ©l-835to] 25 mesh ©]
o] FEATF 9.45%11 S F30] ARSI
i

/3 1FP+H, ginsenosides, AMITHIA| 5= FEH}. olnff
S22 APA Gl wet ethanol S 0-80%= AAsHL,
2Z on L 60-80°CE ZzF AAsto] =&t

2.3 ZAISHA Azl

SoHO 2o

2 AL "4 20 O A 13E T
ginsenosides &, AMITHEA| & 52 #HgkE RAFotA}
TS EHEA S AlPolitt. o AAAYL FHFSALH
(Park, 1991)0.2 HAISI oW, F4H APAYHoRE 4
A" 49 227 ethanol 88 9] ethanol &= (X;)2}
FE ZEXE A HARE F33K-2, -1, 0, 1, 2)5to] A¥
= UEHQItk(Table 1). 1811, o] gt 2] et ¥t
SHTES 33 §HE S7g5te] 1 Bt gk of-&sto] ¥R3HEH
2 SAS T2 7H(SAS Institute Inc, Cary, NC, USA)C.Z H
A5k

2.4, JI84 Os2 g3 =X
240 82 2H5luA; HFA 2E2E9] 7184 1Y

9 dFE S &, IS 7 710l FE= 50
mLE Y3l 105°C F27100M SLAXAZ F 11 FAE €%
on, H=49 7HA LB E 82 %E HET.

o9k

olN

2.5. Ginsenosides 2/t =&

Ginsenosides+= 7173715415541(2023)2] AIFHHE o]
$otol ABBAS 2Ast] 2oLt

AlP-LHBL 50 mL mass flasko] EJ=Z4AF 2294 5.0 mLE
Z3t TS 70% methanolZ 8-3[%t & 0.45 um 9} YE|Z of7}
sto] 4 FER A,

A& FAE FI8l Cis cartridgeol| methanol® F74
247t 5 mLsh 10 mLE <A S ohe A8 5
mLE EIA7 ABghe FHAAT. Aed] T2
cartridge®]] $542} 25% methanol 212} 25 mLe} 10 mL=
2-3 mL/ming] §&078 ELES AATH th2 methanol®
ginsenosidesE A7t o] &L 5 mL mass flasko]
Y methanol2 83 AS 558 AFLHCE 5|45}
Agstsi

el 24} ginsenosides 412 HPLC-UVD(2489UV, Waters,
Milford, MA, USA)& ARZ5FITh BAZ AL Xbridge C18
column(4.6x250 mm, 5 um, Merck, Darmstadt, Germany)©]|
AR 10 pLE FYst9 o, AE719 74| 203 nm, column
257} 30°Co| . o714 o5 A §HoE F/RTE, B
LHOZ jcetonitriles &3 LujE ARSI, 8<40] 1.0
mL/min, 0-55 min 5¢F BAL 20-50%=2 AA Z71A)7] o<,
55-75 min S9F 55-20%% FAA TAA|7|HA A5t
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Table 1. Contents of soluble solids, ginsenosides and acidic polysaccharides for response surface analysis of Taegeuk ginseng extraction

conditions
Exp. Extraction conditions Soluble solids Ginsenosides (mg/g) Acidic
No."” (%, g/100g) polysaccharides
Ethanol conc. Temperature Rg; Rb,; Re Rb, Rb; Rhy Total (mg/g)
(%) O
1 60 75 42.79” 4.04 5.67 1.40 2.36 2.14 2.26 18.71 17.51
2 60 65 38.42 3.91 5.60 1.31 2.10 1.77 1.81 17.20 16.90
3 20 75 46.01 3.20 3.21 1.20 1.42 1.10 1.30 12.03 18.40
4 20 65 45.78 2.92 3.21 1.02 1.37 1.10 1.02 11.24 17.82
5 40 70 41.22 3.18 4.40 1.08 1.91 1.63 1.90 14.66 17.71
6 40 70 42.03 3.18 4.20 1.12 1.92 1.60 1.81 14.44 17.63
7 80 70 32.44 3.64 5.04 1.23 224 1.84 0.43 15.26 15.14
8 0 70 60.58 1.60 1.91 0.72 0.70 0.60 0.81 6.34 19.10
9 40 80 44.61 3.00 4.26 1.01 1.80 1.46 2.33 14.48 15.91
10 40 60 40.63 2.88 4.10 0.90 1.71 1.41 1.42 13.02 13.93

UThe number of experimental conditions by central composite design.

YAl values are mean (n=3) of soluble solid, ginsenoside and acidic polysaccharide contents in Taegeuk ginseng.

2.6. MECISH 2t5f FE

B 4F AHJTHEA 9] &2 Cho 5(2008)9] WHOR 15
mL falcon tubed] EjZAF &M} 2855 242 1 mL, 10
mL YL thS 80°C, 15 min E9t 3ZHS kA5 S AIH
th 58 295 100 mL mass flasko]] 21 HAIZIA] SF4E
A& & 3,000 rpm, 15 min 9t YAEE](Micro 12, Hanil
Sci. Inc., Incheon, Korea)E 3§t & AFAJM-S 0.45 mL 9 T
& ojsiolrt o]FA ¥ oS Y FEE F]A5to] Hi=
A AMITrEA 9 Aol ARESHIH

B =40 AMITha Al A AMJTha A &9, carbazole,
sulfuric acidE ZZ} 0.5 mL, 0.25 mL, 3 mLE &AHZE €11
Z535] S35ttt A= carbazole T4l ethanol 0.25
mLE 21 sulfuric acid 3 mLE A 7}5F9c} 85°Co|A] 587+
8204 42a TS 15 min 7 FLOIA HH T UV
spectrophotometer(SpcetraMax ABS, Molecular Devices Co,
St. San Jose, CA, USA)E 0]-&3}0] 525 nmoj|A] O.D.& &7
53t} o|u galacturonic acid monohydrateE HEEZAE A}
&5kl

3. Zn ¥ o

~

31. 784
g2ie] 25 88 2ARIA 479 22208 718
4 IR FFe STt 22240 e

JZE9 Higf
2~
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A PR FFES 32.44-60.58 g/100 go]QItH(Table 1). o]=
SARLEPoH, g4 7184 TPR nd4 RS
0.8894(p<0.05)% EAH 0= $-l5lTHTable 2). Lee(2023)
= ST Y & FES RASHY] S4o] oA WA &
A= QO B4 S4H9] ethanol -8 & 59 Alol= 2
A o= A0 & Hskginh ey 34 S0 5 80]
22-54%= B Eo] B4 ethanol &Y & &°] A
Ao &2 AL IRIT & AU olT g2 Hi=4to]
dHdos A7 AA dojuhal FEIFIA 7HEA 1L
FEo| AA A7) fEoE oA

Bl=4re] 7HAd 1wl gt ethanol 528t 5 =9
FFE 2AHIAL FREZ Lo QLo w(Table 2), &8l
ethanol FE2] FZlo] 10.32(p<0.05)Z ethanol L7} Ej=4-
9] 7HA AR FE0 & ITFE AL AeY, ==
2529 P2 Wouth 181 SAEAE Bof g 2 i
FE2AE BA6] Hotom(Table 3), ¥H-EHHL 2HL
A9 Fe9om, ethanol B% 0.22%, 2% & 68.96°CO]
A TFE9] 4280] 57.81%= 7} E O, ethanol =&
72.18%, 3% L% 64.06°Co|A 1 PE9] $80] 32.99%F
a7t =} o] Hi=4t &9 XA FE271< ethanol
BT 022%9 3% L% 68.96°CE ElFAl9] 5 AHo]
& 7H88 ARCE deZEths 204 o & 2257 4
2oZ oAAH, ethanol L7} WY1 &% 7} oF 67°CQl
34 2 349 22 3 2AWE 2 o7t AUTH(Lee,
2023). ES4H9] 1P T ethanol?] 7t HESE A
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Table 2. Polynomial equations and F-values calculated by response surface methodology for soluble solids, ginsenosides and acidic
polysaccharides of 7Taegeuk ginseng

Responses Polynomial equations” R Significance F-value

Ethanol conc. Temperature

Soluble solids Y, = 118.609286 - 1.245119X; - 1.535667X, + 0.8894% 0.0477 10.32” 0.47
0.003025X;X; + 0.01035X;X, + 0.009507X>X,
Ginsenosides Rg Y; = -19.304762 + 0.086554X; + 0.576833X; 0.8361 0.0986 6.74" 0.39
- 0.000446X,X; - 0.0003755X;X,
- 0.003936X:X>
Rb, Ys = -9.141667 + 0.080417X; + 0.311X, - 0.00058X;X; 0.9330 0.0183 18.43™ 0.11
+ 0.000175X,X, - 0.002225X,X,
Re Ys = -10.326119 + 0.031149X; + 0.300167X; - 0.7323 0.2340 3.13 0.89
0.000114X,X; - 0.000225X,X, - 0.0020213,X,
Rb, Y6 = -6.931905 - 0.005988X; + 0.230667X, - 0.9924 0.0003 171.88™ 5.06*
0.000287X;X; + 0.000525X:X; - 0.001739X,X,
Rbs Y; = -7.028095 - 0.026738X; + 0.245333X, - 0.9649 0.0052 36.22"" 2.00
0.000257X;X; - 0.000925X:X; - 0.001961X:X,
Rhy Ys = -0.984286 + 0.036786X; - 0.016X; - 0.00078X;X; 0.7808 0.1660 2.95 0.95
+ 0.00042505X,X, + 0.000067857X>X>
Total Yo = -51.49 + 0.20825X; + 1.688X, - 0.002591X,X; 0.9354 0.0172 18.65™ 0.76
+ 0.0018X,X; - 0.01195X,X,
Acidic polysaccharide Y, = -132.94952 - 0.006685X; + 4.257833X; - 0.8929 0.0449 476" 6.39"

0.000075X:X; - 0.029821X,X,

DX, ethanol concentration (%); X,, temperature (°C).
YR?, determination coefficients of polynomial equations.
“Significant at 10% level: “"Significant at 5% level: ~Significant at 1% level.

Table 3. The optimum extraction conditions for soluble solids, ginsenosides and acidic polysaccharides of Taegeuk ginseng by the
ridge analysis of their response surfaces

Responses Extraction conditions Estimated responses” Morphology
Ethanol conc. (%) Temperature (°C)
Maximum Minimum Maximum Minimum Maximum Minimum
Soluble solids (%, g/100 g) 0.22 72.18 68.96 64.06 57.81 32.99 Minimum point
Ginsenosides Rgi 68.00 0.48 70.04 68.46 3.83 1.77 Maximum point
(mg'e) Rb, 78.69 0.00 72.54 70.02 5.45 173 Maximum point
Re 67.93 5.73 70.48 64.84 1.30 0.73 Maximum point
Rb, 73.97 0.17 75.28 70.92 2.37 0.69 Maximum point
Rbs 72.92 1.06 75.68 72.28 2.10 0.50 Maximum point
Rhy 44.52 0.19 79.94 69.04 2.33 0.46 Saddle point
Total ginsenosides (mg/g) 66.41 0.00 77.03 69.86 17.24 6.11 Maximum point
Acidic polysaccharides (mg/g)  0.38 52.42 71.37 60.49 19.03 14.04 Maximum point

DContents of soluble solids, ginsenosides and acidic polysaccharides in Taegeuk ginseng.

Aoz Biskgon, erol uslel e S8 WSe 4 Ul 104 ok S Fie 1), ol wgeel o
P2 08 AYOL, ethanol SEA L FAMIG 2% LE WS FAIIS 1509 Ageke 4ol F5IYOA 7He

910 https://doi.org/10.11002/fsp.2025.32.5.907
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Fig. 1. Response surface for soluble solids of 7aegeuk ginseng
depending on ethanol concentration and extraction temperature.

4 19
29
@

Hu:

94 AAlo ] Aouwg _QJLEE]. A}ﬂ]z—l oz 7].3_/&3
< 20| A UE oy FEuE 349 ¥k
I} SAlS} Mq-(Lee, 2023).

| ofl oXx

rm -{N'

3.2. GinsenosidesS His}

E AloA= gj=24F9] ginsenoside Rgj, Rb;, Re, Rby,
Rbs, Rhy 31k A5 RS HHEA-S E5f ginsenosides Z1Z¢
9] gF H3lel & ginsenoside 3 WSS LYEIGOIT &=
ZA0] w2 gl=4+9] ginsenoside $FH(Table 1)} glnsenos1de
Rg; 1.60-4.04 mg/g, Rb; 1.90-5.67 mg/g, Re 0.72-1.40 mg/g,
Rb, 0.70-2.36 mg/g, Rbs 0.60-2.14 mg/g, Rhs 0.81-2.33 mg/g
T18]3 & ginsenoside 6.34-18.71 mg/g?] HOZ YERGTH
(Table 1).

Ej =4} ginsenosides©] t3t 3] #+£4] 21} ginsenoside Rg;,
Rb, Rby, Rbyo]l tfgh me4]o] R*2 7k} 0.8361(p<0.10),
0.9330(p<0.05), 0.9924(p<0.01), 0.9649(p<0.01)2 A2 0
2 951 o, ginsenoside Re, Rhy 52 F-9/do] Q14 =%]
orofth. 18]1 & ginsenosideo] That HEA19] R*= 0.9354
(p<0.05)% 9-0]u]5}gTHTable 2).

2] JIFS Lot Al F ginsenoside®] FELZ
S| QO ™ (Table 2), ethanol 5L 2] FZko] 18.65(p<0.01)Z
ginsenoside &0 & JF= A= AR YEHOU =&
29 JgF2 A9 AATE Ginsenoside Rg;, Rby, Re, Rby,
Rbs, Rhy8] FZF ESH & ginsenoside] Fgt 2 A}o|7} g3}
CH(Table 2). o]2]3F A¥}t= 419 ethanol §H 35 A|
B 2% 2T HT}E ethanol 559 JFS F=2 vH k=
Lee(2023)9] A+Axel FARE Aol

Ej=4+9] ethanol 89 F&0] WE F ginsenoside?] Y-S
HHLZ ethanol L7} FATE B H 02 HAsh= A

https://www.ekosfop.or.kr
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Fig. 2. Response surface for total ginsenosides of Taegeuk ginseng
depending on ethanol concentration and extraction temperature.

S YEMYATH(Fig. 2). 229 ginsenosideQ! Rg;, Rb;, Rby,
Rb;2] UM HHE ESH & ginsenoside?] ¥HSEHI} Zo|
cthanol 57} FAT4E MAHOR 240 TS Hol
A9] 2|7} ¢Aith(Fig. 3). 7HaA —r—a-a_t;;z)r AT 2
£ JBo] wouZ ethanol Tefo] W ZXA0A 80| &=
A YLA4t, ginsenosides= EX T} ethanol 53—’6]]/H o] §-<=3}
o] ethanol =7} &2 274 & FEHE= AR AHA
Qltk(Nam, 1996).

1281, & ginsenosided] 2% F&£XAS ‘?—__?0]' A} 54
EH& o]gsto] B4 HQFoH(Table 3), & gmsenomde-/]

S o

T2 22 Hgd JE 0, ethanol =& 66.41%, 3=
£ 2% 77.03°CE 3% A] & ginsenoside $F0| 17.24 mg/g
o7 71 l"—ﬂ] UEE O™, ethanol 5% 0.00%, & 2%
69.86°CE &£& A] & glnsen0s1de4 stFo| 6.11 mg/gC & 7}
Z A L‘rE}‘;,flq-. Z}Z}9] ginsenoside®] Rg;, Rb;, Rby, Rbs2]
WHSERY BYL BE Hrhd FehS LERRLoH, cthanol
5 68.00-78.69%C1 A 70.04-75.68°C2] HollA & 7
2 ginsenosides 0] 2.10-5.45 mg/gQ] HY WA 2% =
7ﬂ L]']ﬂ'}&o ™, ethanol 5% 0.00-1.06%C°]| 4] 68.46-72.28°CZE

& A FEE9] ginsenosides &5F0] 0.50-1.77 mg/g2] H
i TE A Yegth

j17)

3.3. MECISHS Bigf
Lee} Do(2006) 212 Q7o) BArEhe T ele 4%

FarEre] AR S80] SISO 18] 204 TR

S0 STk B APl AE B4 AR &

42 2ASIIA cthanol 529} $% 20 Halo] B

A e 248 Bl

2270 Wsjo] B Bate] ATk dere

At —lN'

2 e AL o

XA

L

o]

13.93-

X

911



Extraction characteristics of Taegeuk ginseng functional components
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Fig. 3. Response surfaces for ginsenoside Rg; (A), Rb; (B), Rb, (C), and Rb; (D) of Taegeuk ginseng depending on ethanol concentration

and extraction temperature.

19.10 mg/gC &2 == ITH(Table 1). o] AE I AEAN Hk
o, g24ke] BElA] R2L (.8929(p<0.05)004] BAH 0 &
B8-9159ith(Table 2).
2AMFEY JFS Lot 1A T4t AMITFA Y Fat
S 3 E QO (Table 2), ethanol BE2] FZEo] 4.76(p<0.05)
02 ethanol 57} AMJTHEA Q] &) ojw AL gL 1]
How, & 219 FFto] 6.39(p<0.05)& AHATHEA9] 58
of ethanol®] =R tha A FFE PIX|IL QAT oA
ginsenosides2] &0 A 2h= A== ZIE A, ginsenosides
7} ethanol §3/8°0] o1 3 ol g0l F3] W W
9, S5S AA ARASH Ha4 AT Als A
o7 129 ofekg gHo] gt gofido] tha glom F4o
T & &o57] o oA
23, AHRAY] XA 222 AS Yot 1At &
AE HAISH oM (Table 3), AMJTHEA|9] WHEHH &
A4 PP oM, ethanol = 0.38%, & 2% 71.
B2 32Z A AIHEAY gkl 19.03 mg/g o R TP =
= = X

912

FA7} 14.04 mg/gl 2 7P ket

Bj=S49] ethanol &4 F& A AMQYTGA HHSEHES
ethanol FLE7t WY v A0z 71513101, 70°C7HA|
© 7% 257 7SS SRS 70°C o dellAE F
& 257t S71ESE Hadhs e YEHIth(Fig. 4).

olHg B AHTGATT F& 259 JF2 Lol =
50| S7FSHAIRE, Bl Mt FAFSHAl 70°C o]4d9] al2of
e ARt FEAE AHIATT AR EfEo] 4
qiioz I o] WolAls Aoz AL (Lee, 2023).

E L S HHEAS Edlo] 7184 THE ginsenosides
4 ATEA HA 22 24 BUELT = eH, &
24e A3} 4 9l9ich. 283, 2AMS F ethanol HE7}
18/ 1B E, ginsenosides Y AMJTEA| 2] BHEIHHO| 2

|

N

[e]
S TIAT YLL BT F A

g4 7184 T EIF AMTEAlE A5 JEo] B
OB 2 ethanol TFo] W2 XA =&o] A UFAT,
ginsenosides+= =T} ethanol €-3]4J0] =014 ethanol 5%

7F w2 2A9A & FEHU

o ox I
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Fig. 4. Response surface for acidic polysaccharides of Taegeuk
ginseng depending on ethanol concentration and extraction
temperature.
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