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Abstract

This study investigated alcohol and acetic acid fermentation conditions for the quality control of pomegranate
vinegar. In the alcohol fermentation process, alcohol content was the highest at a pomegranate juice
concentration of 16°Brix, but suitable to fruit vinegar standards at a concentration of 12°Brix. In the
concentrated pomegranate juice alcohol fermentation free sugars, fructose and glucose were detected at the
beginning of fermentation; at day 4 of fermentation only glucose was detected and decreased as time passed.
Organic acids were also detected, including oxalic, lactic, acetic, and citric acid, and they did not change greatly
during the alcohol fermentation process. In the acetic acid fermentation process, total acidity increased from
1.56% to 5.54%, where acetic acid increased; however, oxalic, lactic, and citric acids changed only slightly.
In conclusion, pomegranate vinegar can undergo alcohol and acetic acid fermentation processes using

concentrated pomegranate juice of 12°Brix.
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Fig. 1. Comparison of alcohol and sugar concentration on
alcohol fermentation by different concentrated pomegranate
juice concentration.

Table 1. Comparison of free sugar content on alcohol
fermentation by different concentrated pomegranate juice
concentration (unit: mg%)
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Fig. 2. Comparison of pH and total acidity on alcohol
fermentation by different concentrated pomegranate juice
concentration.

Table 2. Comparison of brown color and Hunter’s color
value on alcohol fermentation by different concentrated
pomegranate juice concentration

Concentrated pomegranate juice

Physiochemical Concentrated pomegranate juice

Free sugar concentration (°Brix) i concentration (°Brix)

12 14 16 properties 12 14 16
FI'UCtOSS NDU 15738 16483 BI‘OWH CO]OI' 222 + 0.011) 256 + 003 274 + OOO
Glucose 32551 399.75 434.77 Hunter L 56222051 5054093 4658%0.18
Sucrose ND ND ND ‘f” ers a 3430+037 38474029 42.80+0.06
Maltose ND ND ND color b 3168+032 30.27+048 29.24+0.08

UNot detected.
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Fig. 3. Changes in alcohol and sugar concentration during
concentrated pomegranate juice alcohol fermentation.
Values are mean=SD (n=3).

Table 3. Changes in free sugar content during concentrated
pomegranate juice alcohol fermentation (unit: mg%)

Free Alcohol fermentation (days)

sugar 0 1 2 3 4 5

Fructose 549499 3,966.05 1,370.83 167.69 ND” ND
Glucose 4,617.84 213454 42452 32598 32551 325.50
Sucrose ND ND ND ND ND ND
Maltose ND ND ND ND ND ND

DNot detected.
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Fig. 4. Changes in pH and total acidity during concentrated
pomegranate juice alcohol fermentation.

Table 5. Changes in organic acid content during con-
centrated pomegranate juice alcohol fermentation
(unit: mg%)

Organic Alcohol fermentation (days)
acid 0 1 2 3 4 5

Oxalic 6750 6206 5792 5766 5742 5766
Tartaric ND”  ND ND ND ND ND
Lactic 46932 46221 46213 46974 46212 494.75
Acetic ND 11192 14112 14102 14151 14946
Citric  1,142.88 1,088.95 1,106.33 1,11584 1,101.18 1,116.08

"Not detected.
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Table 4. Changes in brown color and Hunter’s color value during concentrated pomegranate juice alcohol fermentation

Physiochemical Alcohol fermentation (days)
properties 0 1 2 3 4 5
Brown color 2.74+0.00" 2.30£0.01 2.20+0.01 2.23%0.01 2.22+0.01 2.25+0.02
Hunter's L 45.65+0.31 53.37+0.39 56.29%0.36 56.431+0.66 56.22+0.51 55.621+0.48
color a 40.31+0.17 37.43+0.22 33.96£0.10 33.78+0.25 34.30+0.37 33.93+0.17
b 27.27+0.22 30.09+0.20 31.21£0.22 31.66+0.31 31.68+0.32 31.66+0.23

YValues are mean+SD (n=3).
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Fig. 5. Changes in pH and total acidity during concentrated
pomegranate juice acetic acid fermentation.
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color value during concentrated pomegranate juice acetic acid

Physiochemical properties

Acetic acid fermentation (days)

0 1 2 3 4 5

Brown color 2.98+0.04" 2.28+0.02 2.31+0.02 2.33+0.03 2.34+0.02 2.38+0.03
Hunter's L 55.2340.70 54.50+0.44 52.05+0.24 51.16+0.21 51.22+0.25 50.46+0.47
color a 34.99+0.15 36.45+0.15 40.28+0.26 42.05+0.08 42.34+0.12 42.69+0.22

b 31.89+0.29 31.99+0.16 31.13+0.12 30.98+0.03 31.15+0.14 31.19%+0.19

Physiochemical properties 6 7 8 9 10

Brown color 2.41+0.01 2.44+0.02 2.44+0.01 2.45+0.01 2.45+0.01
Hunter's L 50.65+0.36 49.79+0.35 49.82+0.20 49.65+0.23 49.80+0.20
color a 42.531+0.20 42.36+0.22 42.30+0.01 42.79+0.18 42.82+0.05

b 31.61+013 31.35+0.07 31.48+0.06 31.30+0.12 31.37+0.04

YValues are mean+SD (n=3).

Table 7. Changes in organic acid content during concentrated pomegranate juice acetic acid fermentation (unit: mg%)

Acetic acid fermentation (days)

Organic acid

0 1 2 3 4 5 6 7 8 9 10
Oxalic 57.23 57.68 60.18 62.49 61.17 61.81 62.48 62.93 61.35 62.03 62.96
Tartaric NDV ND ND ND ND ND ND ND ND ND ND
Lactic 546.70 506.59 824.35 783.85 918.45 929.26 984.81 1,12753 109231 1,123.78 1,051.06
Acetic 362.67 50862 1,991.23 2,499.93 24958 262005 2,677.89 450222 436439 453503 4,348.82
Citric 1,13500 1,15497 113197 121931 127058 133531 137213 1,386.03 137211 141187 1,389.20

UNot detected.



1430 ARA - 1F A -3 -
2 FARE V)EL Feyd
=z @

10.

11.

12.

. Kim SH, Kim IH, Kang BH, Cha TY, Lee JH, Rim SO, Song

KS, Song BH, Kim ]G, Lee JM. 2005. Analysis of extraction
characteristics of phytoestrogen components from Punica
granatum L. J Korean Soc Appl Biol Chem 48: 352-357.

. Koh JH, Hwang MO, Moon JS, Hwang SY, Son JY. 2005.

Antioxidative and antimicrobial activities of pomegranate
seed extract. Korean J Food Cookery Sci 21: 171-179.

. Kim SH, Kim IH, Cha TY, Kang BH, Lee JH, Kim JM,

Song KS, Song BH, Kim JG, Lee JM. 2005. Optimization
of enzyme treatment condition for clarification of pome-
granate extract. J Korean Soc App! Biol Chem 48: 240-
245.

. Gil MI, Tomas-Barberan FA, Hess-Pierce B, Holcroft DM,

Kader AA. 2000. Antioxidant activity of pomegranate juice
and its relationship with phenolic composition and
processing. J Agric Food Chem 48: 4581-4589.

. Kim JY, Park GS. 2006. Quality characteristics and

shelf-life of Tofu coagulated by fruit juice of pomegranate.
Korean | Food Culture 21: 644-652.

. Choi OK, Chung KS, Cho GS, Hwang MO, Yoo YS. 2002.

Proximate compositions and selected phytoestrogens of
Iranian black pomegranate extract and its products. J
Korean Food Sci Nutr 15 119-125.

. Shim SM, Choi SW, Bae SJ. 2001. Effects of Punica gran—

atum L. fraction on quinone reductase induction and growth
inhibition on several cancer cells. J Korean Soc Food Sci
Nutr 30: 80-85.

. Lee SG, Park BS, Lee SE, Son JG, Lee HS. 2001. Toxicity

of various fruit tree extracts to five agricultural and four
stored-product anthropod pests. Korean J Pesticide Sci 5:
27-32.

. Jang SY, Yoon KY, Jeong Y]J. 2006. Effect of quality prop-

erties of pomegranate concentrate by sterilization con-
ditions during storage. Korean J Food Preserv 13:
445-449.

Singh R, Murthy KC, Jayaprakasha G. 2002. Studies on the
antioxidant activity of pomegranate (P. granatum) peel and
seed extract using in vitro models. J Agric Food Chem
50: 81-86.

Schubert SY, Lansky EP, Neeman I 1999. Antioxidant and
eicosanoid enzyme inhibition properties of pomegranate
seed oil and fermented juice flavonoids. J Ethnopharmacol
66: 11-17.

Fuhrman B, Volkova N, Dornfeld L, Rosenblat M, Kaplan
M, Hayek T, Presser D, Aviram M. 2000. Pomegranate juice
consumption reduces oxidative stress and low density lip—
oprotein atherogenic modifications: Studies in the athero—

AAG - vl - A 4A

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

sclerotic apolipoprotein E deficient mice and in humans.
Atherosclerosis 151: 111.

. The Financial News. 2006. http://www.fanews.com
. Horiuchi JI, Kanno T, Kobayashi M. 2000. Effective onion

vinegar production by a two-step fermentation system. J
Biosci Bioeng 90: 289-293.

Kim ML, Choi KH. 2005. Sensory characteristics of citrus
vinegar fermented by Glucoacetobacter hansenii CV1.
Korean J Food Cookery Sci 21: 263-269.

Shin JS, Lee OS, Jeong Y]. 2002. Changes in the compo—
nents of onion vinegars by two stages fermentation.
Korean | Food Sci Technol 34: 1079-1084.

Kim DH. 1999. Studies on the production of vinegar from
fig. J Korean Soc Food Sci Nutr 28: 53-60.

Jeong Y], Seo JH, Jung SH, Shin SR, Kim KS. 1998. The
quality comparison of uncleaned rice vinegar by two stages
fermentation with commercial uncleaned rice vinegar.
Korean J Food Preserv 5: 374-379.

Moon SY, Chung HC, Yoon HN. 1997. Comparative analy—
sis of commercial vinegars in physicochemical properties,
minor components and organoleptic tastes. Korean J Food
Sci Technol 29: 663-670.

Jang SB. 2006. Effects of television programs on viewers’
perception of vinegar. Korean J Food Preserv 13. 102-107.
Korea Food Information Imstitute. 2007. http:.//www.
foodi.com

Food Code. 2002. Korea Food Industry Association. p 32.
Woo SM, Kim OM, Choi IW, Kim YS, Choi HD, Jeong Y]J.
2007. Condition of acetic acid fermentation and effect of oli-
gosaccharide addition on kiwi vinegar. Korean J Food
Preserv 14: 100-104.

Jeong Y], Lee GD, Kim KS. 1998. Optimization for the fer—
mentation condition of persimmon vinegar using response
surface methodology. Korean J Food Sci Technol 30:
1203-1208.

Jung GT, Ju IO, Choi DG. 2005. Quality characteristics and
manufacture of mulberry wine. Korean J Food Preserv 12:
90-94.

Food Code. 2002. Korea Food Industry Association. p 389—
390.

Jeong Y], Lee MH, Seo KI, Kim JN, Lee YS. 1998. The
quality comparison of grape vinegar by two stages fermen-
tation with traditional grape vinegar. J East Asian Soc
Dietary Life 8. 462-468.

Koh KH, Chan WY, 1998. Changes of chemical components
during Seibel white grape must fermentation by different
veast strains. Korean J Food Sci Technol 30: 487-493.
Rhim JW, Kim DH, Jung ST. 1997. Production of fermented
honey wine. Korean J Food Sci Technol 29: 337-342.
Jeong Y], Seo JH, Lee GD, Park NY, Choi TH. 1999. The
quality comparison of apple vinegar by two stages fermen-—
tation with commercial apple vinegar. J Korean Soc Food
Sci Nutr 28 353-358.

(20079 79 279 A< 20074 119 13 H=D)



