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Optimization of Fermentation Condition for Red Glnseng Wine Usm% Response Surface
Methodology. Seong Ho Kim, Bok Hee Kang', Sang Gyun Noh’, Jong Guk Kim®, Sang Han Lee* and
]m Man Lee'™*. Department of Bio and Food Science, Kyongbuk College of Sczence Chilgok 718-851, Korea,
'Center for Food Function and Safety, Hoseo University, Asan 336 795, Korea, “Department of Chemical
Engineering, Dong Yang University, Youngjou 750-711, Korea, Departments of Microbiology, Kyungpook
National University, Daegu 702-701, Korea, "Department of Food Science and Technology, Kyungpook National
University, Daegu 702-701, Korea, *Department of Food and Biotechnology & Basic Science Institute, Hoseo
University, Asan 336-795, Korea - Response surface methodology was used to monitor the optimization
of fermentation conditions for red ginseng wine. A central composite design was applied to inves-
tigate the effects of independent variables, fermentation temperature (Xi), fermentation time (X;) and
initial pH (X3) on dependent variables, physicochemical characteristics and effective ingredients.
Alcohol and total sugar content were significantly affected both by fermentation temperature and
time. Crude saponin content was greatly affected by fermentation time, and pH was significantly af-
fected by initial pH. Fermentation time and initial pH had a greater effect on ginsenoside content than
fermentation temperature. Ginsenoside content increased along with fermentation time and initial pH.
We elicited a regression formula for each variable, and superimposed the total optimum points of fer-
mentation conditions for physicochemical characteristics and the effective constituents. The predicted
values at the optimum fermentation conditions were at 21~27°C for 15~20 day in initial pH 4.6~5.2.
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Table 1. Level in fermentation condition of red ginseng wine

Fermentation conditions -2 -1 0 1 2

X1 Fermentation temp. ('C) 15 20 25 30 35
X2 Fermentation time (day) 5 10 15 20 25
X3 Initial pH 40 45 50 55 60
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ZAEY 32 &5 U THAOIS 2

NEFANY SEH BB 4F FHETeR 24
Y ¥Re 2ASAL, FAxAlE BAE HPLC
(Shimadzu LC-10AT, Japan)E ©]&-3lo SAstH o, 24

%71 Table 29} Zt}.

g ggt 53

W g of o] %332k phenol-sulfuric acid {02 &4 3}
Hct HA38) A5 A5 1 mlE FHs}o 5% phenol 1 mlE
7bet T HaSOs 5 mIE 7hsted A2l A 2083t Bh-a-Al A
Wz} & UV-1601PC spectrophotometer (Shimadzu Co.
Japan)E ©]-§-8}] 470 nmo A FFES FASIUT-

H =3
aoo] pHE pH meter (Metrohm Co., Swiss)& Al&-
3}0:] =435t
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Table 2. Operating conditions of HPLC for the analysis of
ginsenoside
Specification Conditions
Instrument Shimadzu LC-10AT
XTerra RP Cis
Column (3.0 mmx250 mm, pore size 5 pm,

Waters Co., US.A)
Column temp. 35°C
Mobile phase Acetonitrile:water=30:70
Flow rate 1.0 ml/min

Detector UV 203 nm
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Table 3. Experimental data on alcohol content, crude saponin content, total sugar content and final pH of red ginseng under dif-
ferent conditions based by response surface analysis on central composite design

Fermentation conditions
IET)(()% Temp. Time Initial ?;;(’zglftl s%ggiil s];?gtgi pH Eflﬂ;g) (nljb},/) (mR(i,/) (Hrfbg/) (Hllic}y) ginsTe?f(a)Lide

" PC) (day) pH (B (B (%) %) UMgR) - AMER) WMER) MER) T (mg)
1 30 20 5.5 111 0.93 197 448 21997 2641 28.47 55.25 15.79 345.89
2 30 20 4.5 9.8 0.95 2.50 424 17421 2482 25.19 53.92 15.21 293.35
3 30 10 5.5 14.9 0.91 147 449 15746  22.00 19.41 37.69 10.11 246.67
4 30 10 4.5 15.8 0.89 149 417 13835  19.00 20.88 50.71 11.97 240.91
5 20 20 5.5 14.5 1.02 1.40 463 23946  28.36 30.94 57.15 17.10 373.01
6 20 20 4.5 14.0 0.99 1.85 426 18224  23.03 22.82 51.46 12.01 291.56
7 20 10 4.5 14.9 0.90 1.95 417 17026  18.01 19.86 47.76 10.35 264.24
8 20 10 4.5 14.8 0.90 1.95 417 17026  18.01 17.86 47.76 10.35 264.24
9 25 15 5.0 14.6 0.98 1.61 446 24622  28.88 30.94 68.87 16.99 391.90
10 25 15 5.0 14.5 0.98 1.61 446 24622  28.88 30.94 68.87 16.99 391.90
11 35 15 5.0 98 0.95 211 449 21457  27.22 31.26 56.55 15.97 345.57
12 15 15 5.0 15.6 0.94 152 447 15396 1987 19.67 47.54 11.05 252.09
13 25 25 5.0 12.2 1.05 1.81 442 18327 2315 24.02 51.30 10.89 292.63
14 25 5 5.0 14.8 0.85 1.55 429 13294  16.54 16.01 38.30 11.53 215.32
15 25 15 6.0 14.0 0.96 1.80 473 16895 2137 18.94 49.09 13.00 271.35
16 25 15 4.0 13.8 0.93 187 393 13938  20.56 17.99 60.65 10.01 248.59

The number of experimental condition by central composite design.

pHE 393~47322 Yeytth(Table 3). Ann F[1]¢] 2=
Aol Bg dFolM s A T2 & @3 Uas
oA Ha%e 42 105~215 mg/mlEZ YEIoH, &
22 HFAZIA 39 F 29 3 § 79 sucrased] &5
2 $UEQ SFIL 2 TREEQAR HHHSY B
1A Min §[19]0) oJshd of &5 wg Fo| 29 3
of 27~44%2 HAZ Yeht} B A vlwstHE w) 2%
A & gFS BAh

Han 5[5]9 ¢Jstd #HE wihdade 734 pHIE 312,
Fidade pH 40302 Bu3tgom, Ann S[1]& 4
7} oiAtuto g wtE A RE wE 3UA 9 35~4.0 Alo]2
7438 27 & 35 AxedA Halrt v st &
3h 2 7}A] o gFo] HaEAd Ag AF[19]A Ea F

%101] °k§-F9 pH7} 3.44~3.629] HHAE YEh) E 4F
A}t vlwdlg S W, F4F9 pHL 4 =& AES Y
1238 Peg=3

AEaZXA |E AT ol3EE SAd g v
H 3 A4 Table 49 Jetlidlon ¢=&8F ZAIEW
&% 29 2 pHA 9 3A4E R:= 09309, 0.8880,
0.8816 = 097780]t. €¢=Z-&5# 4 pHe 1% o Ul #
AT FoAdo] dAHAOH, FAIET 9 79
Fe 5% oy FoFFoAA el AFHU.

EX2A0| ME BAFO| RAME B sl
T #azxd HAYE ZUEY 87 A3 FAEA
H 7

AYHE o] §5te) WELE, WEYIT L %7 pHY Wi

zAd o} TA2E AZIYY. FELE 15~35°C, WA
717t 5~259 2 27] pH 4.0~602.8 A3 2E3 £
A9 RetRgs, Rby, Re, Rby, Rd % Total ginsenoside 41
ARE A oldston, dAFH FAFY w7
£4%0 WAL 9TE Gohr] 98 A28 Bd4 )
2} 0 2 Mathematica program o} &3}o] 4319 ¥l HE
A AT

Adaxde & F4AFY FAAE FF &4 2%
RetRg19] #HaFo] 132.94~246.22 mg%, Rb1216.54~28.88
mg%, Ree 16.01~30.94 mg%, Rbo] Fako] 37.69~68.87
mg%, Rde 10.01~17.10 mg% % Total ginsenoside7}
215.32~391.90 mg% = JElton, 459 J)E ginseno-
side @ total ginsenoside?] 3% W3l= WA x| wat §
gl o]z} e ALE Yelydti(Table 3).
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gram< o|8-3t| )AL X A= Table 33 2. 3| 7AE
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o] R*& Re+Rg; 0.8591, Rb; 0.8973, Rc 0.9036, Rb, 0.8504,
Rd 0.8162 % Total ginsenoside 0.8692% U}eElWt}. Rby, Re
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Table 4. Polynomical equations calculated by RSM program of alcohol content, crude saponin content, total sugar content and

pH and ginsenosides in fermentation conditions of red ginseng wine

Response

Second order Polynomicals

R2

Significance

Yac=
Alcohol content

Crude saponin

Total sugar

pH

-8.516667+1.260417X1+0.453750X,+3.133333X5-0.018500X>
-0.047833X:X,-0.010500X,2+0.033333X;X35+0.173333X,Xs
-0.650000X52

-0.751827+0.031365X,+0.033327X,+0.404615X3-0.000350X,2
-0.000546X1X2-0.000300X,>0.001462X,X3-0.000462XX 5
-0.035000X 5>

10.047468-0.257910X:-0.072385X,-1.829744X5+0.002050X4>
+0.010997X,X2+0.000700X,°+0.001641 X, X3-0.041359X,X;
+0.225000X5°

-2.796058+0.047837X:+0.074183X,+2.068462X5+0.000200X 2
-0.000135X:X2-0.001050X,%-0.011846 X1 X3-0.006846 XX
-0.130000X5>

0.9309

0.8880

0.8816

0.9778

0.0073

0.0278

0.0321

0.0003

YRERGS

Re+Rg1

YRro1=
Rb,

R¢

Yre2=
Rb,

Rd

Y1oc=
Total ginsenoside

-2276.003077+25.10699X,+4.079202X,+834.824615X,
-0.8815X,>+834.824615X1X-0.88115X,°+1.227538X: X5
+5.038538X,X3-92.055X3°

-265.133205+3.928849X,+3.192163X,+84.055641X
-0.053350X:%-0.014406X,X>-0.090350X,2-0.165897X:X;3
+0.067103XX3-7.915000X5>

-369.516090+5.113676X;+1.333298X,+125.428718X3
-0.054750X,-0.022737X:X>-0.109250X,2-0.338205X, X
+0.620795X2X3-12.475000X;>

-471.371122+12.750516X;+2.632413X,+143.588974X
-0.168250X,°+0.017660X:X-0.240700X,>-0.881564X: X3
+0.989436X,X3-14.000000X,”

-214.483141+4,187670X:+0.541433X2+67.215128X3-0.034800X,°

+0.020199X,X,-0.057800X,2-0.526179X,X5+0.168821 XX
-5.485000X3>

-3596.506635+51.087702X,+11.778510X,+1255.113077Xs
-0.930700X,24+0.032719X:X-1.379250X,2-0.684308X: X5
+6.884692X,X3-131.930000X5”

0.8591

0.8973

0.9036

0.8504

0.8162

0.8692

0.0509

0.0220

0.0185

0.0595

0.0998

0.0419

Table 5. Regression analysis for regression model of alcohol content, crude saponin content, total sugar content and pH and ginse-
nosides in fermentation conditions of red ginseng wine

F-Ratio
Fermentation
it Alcohol Crudfe Total Re+Rg Rb Re Rb, Rd _ Total.
condrtions content saponin  sugar pH (mg%) (mg%) (mg%) (mg%) (mg%) ginsenoside

(%) (%) (%) 6 5 5 (mg%)

X1 Fermentation temp. (°C) 13.19°  1.35 766 107 1.98 286 300 295 239 2.33
X, Fermentation time (hr) 11.02° 9617 7010 276 629 901" 824 7220 330 7.46"
X3 Initial pH 067 058 243 5556 554 426 638 286 384 518"

*Signjﬁcant at 10% level ; **Signiﬁcant at 5% level ; *”Significant at 1% level
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Fig. 1. Response surface for alcohol content of red ginseng
wine at constant values (alcohol content: 11, 12, 13%)
as conditions of fermentation temperature, time and
initia] pH.
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Fig. 2. Response surface for crude saponin of red ginseng
wine at constant values (crude saponin: 0.6, 0.7, 0.8%)
as conditions of fermentation temperature, time and
initial pH.
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Fig. 3. Response surface for total sugar of red ginseng wine at
constant values (total sugar: 1.7, 2.0, 23%) as con-
ditions of fermentation temperature, time and initial

Fig. 4. I{esponse surface for pH of red ginseng wine at con-
stant values (pH: 4.2, 4.3, 4.4) as conditions of fermen-
tation temperature, time and initial pH.
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Table 6. Predicted level of fermentation conditions for the maximum responses of variables by the ridge analysis

Responses Xi X2 X3 Maximum Morphology
Alcohol content (%) 28.13 6.20 4.64 16.24 Saddle point
Crude saponin (%) 20.18 23.70 5.10 1.05 Maximum
Total sugar (%) - 31.77 21.58 4.67 2.66 Saddle point
pH 19.31 15.05 5.82 4.74 Saddle point

Ret+Rg: (mg) 25.74 17.36 5.16 250.41 Maximum

Rb1 (mg%) 26.48 17.39 5.10 2941 Maximum

Re (mg) 27.51 17.92 511 31.82 Maximum

Rb, (mg%) 25.90 16.46 4.89 67.02 Maximum

Rd (mg%) 26.76 17.09 5.12 17.30 Maximum

Total ginsenoside (mg%) 25.87 17.46 5.15 394.83 Maximum
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Fig. 5. Response surface for Re+Rg: of red ginseng wine at
constant values (Re+Rg;: 100, 150, 200 mg%) as con-
ditions of fermentation temperature, time and initial
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Fig. 6. Response surface for Rb; of red ginseng wine at con-
stant values (Rby: 15, 20, 25 mg%) as conditions of fer-
mentation temperature, time and initial pH.

initial pH

Z e
0 LT H TR ARSI

47
7

%

2RI,
i’c}%‘\ ?”, X
i
MY

et

i

- 77
(7 "" ?"’}’/’ /;,/ 7

‘. e
X

2
" .

il

”#‘1

Fig. 7. Response surface for Rc of red ginseng wine at con-

stant values (Rc: 15, 18, 23 mg%) as conditions of fer-
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Fig. 8. Response surface for Rby of red ginseng wine at con-

stant values (Rby: 30, 40, 50 mg%) as conditions of fer-
mentation temperature, time and initial pH.
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Fig. 9. Response surface for Rd of red ginseng wine at con-
stant values (Rd: 6, 10, 14 mg%) as conditions of fer-
mentation temperature, time and initial pH.
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Fig. 10. Response surface for total ginsenoside of red ginseng
wine at constant values (total ginsenoside: 200, 250,
300 mg%) as conditions of fermentation temperature,
time and initial pH.
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20 A atsla-g[19] 2 3= B4[30]0] 9+ Rb, &
Fe FE GaU T 93-S 23 e Ao veton,
La7|ZF oF 10~20 Aleld o) FFo] wA el
FAFo Rd FEFe HE2E 2676, a7 17.09Y, 2
7] pH 512% o} 17.30 mg% 2 714 ¥4 velsdthTable 6).
dazdd s AT Rd e 2577t 2 27 pH
B qlglen, g 2w YIPME AT A9
Hl S 2 ey tHTable 5). Rd &) oj gt T4t
Aazxde dargio]l 4, 27) pHe 43 o)A Y o =4
Uetth wad oE Z49] Total ginsenoside $HEFS
ZARGE A3 g R AU e dFger 2587, vty
T 17469 B %71 pH 5150]91eH, ojmje] Hujgte
394.83 mgk%o]|¢lt{Table 6). &4FFoll 72 Total ginse-
nosidec 2 Wg7|7F & 27] pHe gL i Y= A
o2 JeyttlTable 5). Yang S[29]9] waw QA9
Panaxadiol saponin®] pH tJA& ZAMeH A3} pH 5.0~
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