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Optimization of the Vinegar Fermentation Using Concentrated Apple Juice
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Dept. of Fermented Food, Kyongbule College of Science, Chilkok 718-850, Korea
*Dept. of Food Science and Technology, Keimyung University, Taegu 704-701, Korea

Abstract

To prepare vinegar using concentrated apple juice, response surface methodology (RSM) was applied to opti-
mize and monitor the vinegar fermentation properties by two stage fermentation. In the first stage, the optimum
conditions for maximum alcohol contents were 18.56 “Brix of initial sugar concentration, 61.96 rpm of agilation
rate and 67.32 hr of fermentation time. The optimum condition for maximum acidily in the second stage (vinegar
fermentation) were 201.53 rpm of agitation rale and 179.42 hr of fermentation time. Malic acid content was the
highest and its contenl little changed during acetic acid fermentation. Lactic acid content increased a liille
during alcohol fermenlation. Acetic acid content apparcntly increased during acetic acid fermentation.
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Table 1. Levels of alcohol fermentation condilions in exper-
imental design

.. -, Levels
R T'ermentalion conditions = 1 0 1 5
Xy  Tnitial sugar conc. ("Brix} 9 1 13 18 21
Xz Aputabon rate (pm) 0 50 100 130 200
Xz Fermentation tme (hr) a3 72 95 120 144

Table 2. Levels ol acetic acid fermentation conditions in ex—
perimental design

¥ Fermentation Levels
o conditions -2 -1 0 1 2
Al Agitation rate {rpm) 50 100 150 200 250

¥,  Fermentation ame {(hr} 96 120 144 168 192

Gaede] 243 451

EM
org 9 A EL] Ea B4 o2 ZAh2 01 N NaOH
4ol o m ZaiaAste] 2o ghabslglh{l3),

F7AL BAL feong F(250] Wy e ala) Al S
hexane® 2 #| A A 2L A Al 0,45 Um membrane filter
2} Sep-pak Cis2 H-A49) ghulal AR-S A ste] HPLC
(Shimadzu 104, Japan) 2 ¥4 stgcl ol £45271-2 5
Bondapak Cis columm3 02 M EXLPOE o] 27 (flow rate
08 mi/mn) 22 UV detector® o]-2sld.on Balgh 24
FHo R RFEo Huk-ZgL 2 sle] 2

syl

o

z
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do :
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T % pH &3

2 =% hand refractometer{model 307-1, Brix 0~32%;,
Nippon optical worls Co., Japan) & o] &-dfo] &3] ol 2=,
pH¥= pH meter{Methrom, model 681, Swiss)-& ¢|&5hd
== ghsdch
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Table 3. Experimenlal data for alcohol conlents and acidity
under differenl conditions of sugar concentralion, agitalion
rate and [ermentation Lime ol apple juice

Fermentation conditions

Lx Inutial Agiation Fermenta-  Alcohol  Acidily
no,  ooear rale ton time  contenl (%)
Sf’“‘“' (rpm) (hr) 24)
{"Brix) _
1 12 -1 50 (-1, T2 (-1} 2.8 0.24
212 (-1) 850 (-1} 120( 1) 58 0.30
3 1261 ooy 72 (-1} a7 0.28
4 12 -1y 150 (1) 120 ¢ L 5.5 .30
5 18( 1) 50 (1) 72 (-1} 1.6 0.42
5] 181 30 (-1} 120 € 1) 8.0 018
7 BN 150 (1) 72 (~1) 38 (.44
8 18(1) 101y 120001 9G 048
9 15(M 100 0 96 ( 0¥ 48 (.40
W0 150 100 C0) a6 ¢ O 479 0.38
11 2102 100{ O 96 ( 0} 58 0.52
12 9 -2 100 (M 95 () 4.0 (.30
13 16(0Q 200C2) 9500 47 038
4 10D 0 (-2 96 ¢ 0} 5.2 038
15 1500y 100 (00 144 (2 73 042
16 1500 10000 48 (-1 26 036
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Tablc 4. Experimental data for acidity under different con-
ditions of agitation rate and fermentation time of apple wine

Fermentation conditions

Exp Apitation rate Fermentanon Acidity (%4}
1o {rpm) time (hr)
1 20001 120¢-1) 6.22
2 2000 1) 1668 (¢ 1) 7.18
3 100 (-1) 120 (-1} 5.32
4 100 (-1) 163¢ 1) 5.98
5 1500 M Idd (O 7.4
B 150 ¢ O 1440 O 7.30
7 2500 2) 144 1 Q) 712
8 a0 (-2) 1440 Q) 440
9 150 ¢ 0) 1920 2) 746
10 150 ¢ O 96 (-2) 5.44
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Fig. 1. Response surface on alcohol content in alcohol fermen—
tation of apple juice al consianl values (alcohol content (%)
1 2.5-4.0-5.5-7.0) as a Tunction of sugar conceniration, agi-
tation rate and lermentalion time.
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9.54 “Brix, INFEE 4375 rpm @ WRE A 2} 40.45 hrE L) E)

Table 5. Polynomial equations calculated by RSM program f[or alcohol and acelic acid fermentation conditions for the

fermentation of apple vinegar

Responses Polynomual equations” K Significance
Alcohol content Y1 = 9.293750-0.585417%,-0 0122092 %,
- in aleohol -0.178646X 3+ Q.OOl 389X1)’*O.000417X1X2 0.0367
fermcen tatian +0 00DC5555X "+ 0.017014}1]}}@ OHTS7 '
+0.000243X Xz~ 0.000347%5"
Yo = 0.018750+0.005417%, 4+ 0 001875X,
Aridity in alechaol +0.001771X3-F0.000656X%,° ‘ 00100
fermentation -0.000027778X, X2~ 0000002778 X 09227
+0.000069444X, X3-0.0000208333 X5
Agdity i acetic acid Ya = -4.410893 +0.047045K:+ 0.105188X3 s 0.0%51
[ermentaticn -0 000145X £ +0,0000625 X5 X3-0.000535,” 0.9211 '

“X,* lial sugar concentration (“Briv), Xs: agitation rate (rpm), Xs: lermentation time (hr).
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Table 7. Changes in sugar and alcohol contents during alco—
hol fermeniation of apple juice

Fermentation period (day)

Components

0 1 2 3 4
Sugar comtent {"Brix) 14,00 1000 810 560 530
Alcchol content (%) - 230 540 T80 7.80

Table 8. Changes in pH and acidity during acetic acid fer—
mentalion of apple wine

Trermentabion period (day)

Components
1 2 3 4 5 6 7 8
pH 360 266 350 332 3.25 315 310 310 3.09
Acidity (%) 1.10 165 300 417 552 625 690 779 778

Table 9. Changes in organic acid content during alcohol

{ermenialion of applc juice (mg%)
Organic Fermenlarion period (day)
acid 0 1 2 3 4
Oxalic acid 1517 1800 2293 2724 291
Malic acid 31918 32005 33649 36212 363.18
Lactic acd 5012 11362 19008 26275 32800
Acehr acid 1618 2052 2360 39017 4362
Citric acid 518 230 6.09 623 6.20
Succinie acid 6.72 9.33 1217 1314 1500

sle], & 752 malic acd T2 23} w54 LH “ﬂ A §]
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2, A 7ke] Z3hgof whel jactic acid?} E7balel Tl oAbt

& #A ollA = acetie acidrl F728) Z7abe 2w, malic acid
Pk A2l Wl elsich

Table 10. Changes in organic acid conlent during acelic acid fermentation of apple wine (mg )
Organic acid Fermentation period (day)
© 0 1 2 3 ‘4 5 6 7 8

Oxalic acid 3012 33.23 3802 1216 19.72 o(.02 5219 55 40 53.72
Malic acid 36316 363.23 370 10 37585 376,11 3765 37312 33110 380.08
Lactic acid 316 28 152,18 49317 526.28 059.10 558 10 371.10 F72.58 57519
Acelie acid 497,17 837.13 1906.31 3037.45 422648 5021.62 2760.03 0528.27  6017.66
Citric acid (.58 7.93 8.03 8.06 810 812 8.13 908 9.12
Succinic acid 1502 1903 20.13 2015 2216 23.72 25,43 2592 25,80
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