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Abstract

The alcohol fermentation of apple juice was optimized as a preliminary study for the production of natural apple
cider vinegar. To gain an optimal fermentation yield, a central composite design was used to investigate the effects
of the independent variables [initial Brix (12/14/16/18/20, X;), fermentation time(48/54/60/66/72h, X,), and
fermentation temperature(24/26/28/30/32°C, X3)] on the dependent variables (alcohol content, reducing sugar, Brix,
acidity). The alcohol content was 3.4-6.4%, the reducing sugar was 1.93-6.24%, and the Brix was 6.1-13.8°. The
alcohol content was mainly affected by the fermentation temperature and increased along with the fermentation
time and temperature. The amount of the reducing sugar was significantly affected by the initial Brix and fermentation
temperature. The optimal conditions for the alcohol content were found to be 15.22 initial Brix, 64.97 h fermentation
time, and 31.56C temperature.
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AFLHLEFE Y3 AlF FZH(50 °Brix)S WA ES
FEAPs2FoRE TR0, 4Tl WAEY
shAA ARSI T
Fx 9 gag ws

AdzeutgE 93 ars AU AE A HATA

oA BHIFQl Saccharomyces cerevisiae 56455 AHE-3F3)
o #F v%S YPD broth (Yeast extract 1.0%, bacto
peptone 2%, glucose 2%)°lA1 ZFIBHI7|(JSR, Rotary,

jssi-100C, Korea)S AH&-3Fe] 30°C, 150 rpmollA] 48A|7F
AT ¢FELEE A3 FEE AMRF2d(14
°Brix)oll B 75 wjdS wado)] ety 5% HES
o] 30Tl A 150 tpm, 48417+ W} 3t AL-E-ak5iTh 27
G 232 AlEE A (50 °Brix) S 5 5'¥(12~20 °Brix)
2 8|43t ARSI o, WEAIZH48~72 hr) B HEL2
T 27024~320)0) we} ZLHFEE AAE G

ALY gEs W =
AZH19)0l olsf AP, v-EE AL 9
3l SAS (statistical analysis system) program version 8.1 (19)
& AHSisle 2] 9, WA 8 UALES SYu
2 433t 22} se = yEakskgon, FA T

4 919 T 19 2] 1) 210 B A 2
£ AAIBIATE At GRS Ea A osetd EAJw)
#AAE FHUF(Yn)EAN IS, YT T, 25,
H 2 =8 XA g3 axdo] Alss o o
gl VX e S AHEY] 93] oS mdAS
H}EFO 2 mathmatica program version 2.0 (20)2 ©]-8-35}¢]
421 HES AR At

g

=

Table 1. Level in fermentation condition of apple juice

2 -1 0 1 2
X, Initial soluble solid (°Brix) 12 14 16 18 20
X, Fermentation time (hr) 48 54 60 66 72

X3 Fermentation temperature ('C) 24 26 28 30 32

gl 100 —%%— 15c01W FAAE o] &3}
=439

Iq4% Q’%]: 3,5-dinitrosalicylic acidell <]+ H] 2% (22)
25 Al(Cary No, 100, Varian, Palo Alto, CA, USA)
£ o) 0}04 540 i FBEE S93IATE AU E
1FE T2 =AY A (Master-10T/Master-
20T, Atago Co, Ltd, Tokyo, Japan)E ©]-8-3}] SA3FH ).

pHe} M
A2 GFEEa N 9] pHE pH I E|(PB-20, Sartorius,

Germany)E ©]-8-3t S74319om, 2F=+= 0.1 N NaOHE
o]&-3loy pH7} 8.271 € wW7lA] FIHHHES o] 835}
% S O]‘%“:]'.
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gof| sl Hh-gEHEAH o) Has A Ay g 7|7te] dx 257} A% HEY YollA
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Shagol] T3t ﬁ?%% Table 33} 2-01, 1% oJollA #<] 7] 9% 1522, & 64.97 hr, T ELE 31.56C0| NS
do] A= oH, o] mf R°= 0.8436°. 2 YEINITE &Ha dFg ko] ol 6.4%2 ASFHof, o]e} 2
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Table 2. Experimental data on alcohol content, reducing sugar, brix, pH and acidity of apple juice under different conditions by response

surface analysis on central composite design

No. I;](j)ﬁ?ll (S%rlilil)e Fermentation fime Fennentati(()% t)emperature Alcoht()%ontent Reduci%g) sugar °Brix oH A?;(()i;ty
1 14 (-1) 54 (-1) 26( -1) 3.6 340 9.4 381 041
2 14 (-1) 54 (-1) 30( 1) 47 267 8.7 383 045
3 14 (-1) 66 (1) 26( -1) 44 296 8.6 378 0.39
4 14 (1) 66 (1) 30( 1) 53 1.93 73 378 0.40
5 18 (1) 54 (-1 26( -1) 338 592 131 3.76 049
6 18 (1) 54 (-1 30( 1) 42 494 123 379 0.51
7 18 (1) 66 (1) 26( -1) 39 6.65 126 3.76 051
8 18 (1) 66 (1) 30( 1) 5.1 444 113 379 0.50
9 16 (0) 60 (0) 28( 0) 44 4.63 102 377 045
10 16 (0) 60 (0) 28( 0) 50 345 95 379 044
11 12 (2) 60 ( 0) 28( 0) 48 110 6.1 378 032
12 20 () 60 (0) 28( 0) 49 6.24 13.8 378 057
13 16 (0) 48 () 28( 0) 34 448 11.7 3.80 043
14 16 (0) 7 (2 28( 0) 56 297 8.8 382 043
15 16 (0) 60 (0) 2(-2) 42 421 8.7 378 044
16 16 (0) 60 (0) 32(2) 6.4 199 8.5 382 043

"The number of experimental condition by central composite design.

Table 3. Polynomical equations calculated by RSM program of alcohol content, reducing sugar, brix, pH and acidity in fermentation

conditions of apple extract

Response Second order polynomicals 'S Significance
Alcohol Yac=2L843750+0.450000K 00708332 43750X,#0.009375X -0 Q4167 X. 0836 00067
content - 0.001389X,%-0.018750X X+0.008333X,X;+0.037500X:" : :

Reducing Yis=B6.636250+1.TTAG88X 40432396 X,+4.55963K-0.023125X 40014688, Xo 09480 0003

sugar  0,002188X,7-0.044688X X-0.015938X-X-0.0568 75X : :
. Yi=-58.550000+0.409375,-0.228125K,+4 97875 +0.006250, +.007292X X,
Soluble solid + 0.002778X,7-0.003125X X:-0.01 1458X,X5-0.078125X;" 09502 0.0029
. Y=6.452500-0.088 125X -0.032917X-0.072500K+0.0008335, X+0.0000208%: 07150 -
P + 0.001250X:Xs-0.000208X,X5+0.001250X, ' :
iy Yada=L 6481254001 187X, 0016042, +0.093750X:+0.000833K, X-0.000 104X 09360 00059

- 0.001250X,X;-0.000625X,X:-0.000625X”
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Fig. 1. Response surface for alcohol content of apple juice at
constant values.

(Alcohol content : 4, 5, 6) as fermentation conditions.
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Fig. 2. Response surface for reducing sugar of apple juice at
constant values.

(Reducing sugar : 1, 3, 5) as fermentation conditions.
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Table 4. Regression analysis for regression model of alcohol content, reducing sugar, brix, pH and acidity in fermentation conditions of

apple extract
Fermentation F-Ratio
conditions Alcohol Content (%) Reducing sugar (%) °Brix pH Acidity
X, Initial soluble solid (°Brix) 0.13 2162 238" 130 2143
X, Fermentation time (hr) 3.07 122 249 148 0.77
X3 Fermentation temperature( C) 476" . 123 1.80 0.39

“Significant at 10% level ; ~Significant at 5% level; ~ Significant at 1% level
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Table 5. Predicted levels of optimum conditions for fermentation conditions of apple wine by the ridge analysis

Fermentation ~ temperature

Responses Initial soluble soild Fermentation time (hr) (0) Estimated responses Morphology
1553 48.58 2687 3.33(Min) )
Alcohol content (%) i Saddle point
1522 64.97 31.56 6.41(Mix)
) 1277 64.93 29.69 0.84(Min) )
Reducing Sugar (%) Saddle point
19.57 61.67 2629 7.03(Max)
1254 63.96 2952 6.09(Min)
°Brix Saddle point
19.87 57.04 271711 14.29(Max)
1927 56.19 26.08 3.74(Min) .
pH Saddle point
14.35 50.13 29.57 3.83(Max)
o 12.33 64.64 27.60 0.34(Min) )
Acidity Saddle point
19.85 62.75 2741 0.57(Max)

ynitial brix )

S(b’J

Fig. 3. Response surface for brix of apple juice at constant values.

Brix : 7, 10, 13) as fermentation conditions.
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Fig. 4. Response surface for pH of apple juice at constant values.
(H : 3.76, 3.79, 3.82) as fermentation conditions.
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Fig. 5. Response surface for acidity of apple juice at constant
values.

(Acidity : 0.43, 0.50, 0.57) as fermentation conditions.
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