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Abstract

Citrus juice, a concentrate manufactured by the Jeju Provincial Corporation, was converted into vinegar
orderly by alcohol and acetate fermentation. The juice with 6 folds dilution by distilled water was used as the
sole nutrient source through out experiments. Diluted juice contained 12.96°Brix of total sugar, 0.632% of total
acid and 20.23 pg/ml of hesperidin. Naringin was not detected from the juice. Citrus wine having 5.6~6.3%
alcohol was produced from diluted juice by 3 days of fermentation at 28°C. A kind of malomelo yeast
CMY-28 was used for wine fermentation. The wine was succeedingly fermented for 8 days at 307C after
inoculation of seed vinegar which contained active cells of acid producing bacteria CV1. Inoculum size of seed
vinegar was controlled to 10%(v/v) of citrus wine. The wine converted into vinegar by the fermentation. Citrus
vinegar, the final product of fermentation, was colored with very thin radish-yellow and transparent. It’s acidity
ranged between 5.8~6.2% as acetic acid. The vinegar got the best score by sensory test among several natural
fruit vinegars. It was clear from the results that citrus vinegar in high quality could be produced from
concentrated citrus juice, however fermentation conditions should be improved to reduce the amount of reducing
alcohol.
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Table 1. HPLC operation conditions for analysis of sugar, organic acid, hesperidin and naringin

Hesperidin & Naringin F Sugars | Organic_acids
Instrument LC-10AT, Shimadzu Co.
Solvent 0.0IN-HSO4 0.1% H:PO, 2.5% acetic acid/MeOH/acetonitrile
(35:5:10)
Shin-pack CLC-ODS(M) p-Bondapak C18 Spherisorb S10 NH;
Column 250mmx4.6um 4.6x250 mm 4.6x250 mm
(Shimadzu Co.) (Waters Co.) (Waters Co.)
Detector Uv210 Uv210 Uv280
Injection vol. 20 uf 20 i 20 1
Flow rate 0.7 mi/min 0.5 ml/min 0.8 ml/min
Column temp. 35C 30C 35C
2 %A (ATC-1E, Atago, Japam) 2 &SR X G 2 A FFo] H &g AGS YeEpAAT Eas HFA
e FFE 9B HPLCE 2339tk Naingint  F9) F2 93¢ 012 + At ¥ /M0 448 #
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Table 2. Comparition of some components of citrus juices
which can affect on the quality of vinegar

Concentrated” | Fresh squeezedz)
citrus juice citrus juice
pH 4.89+0.03 3.76+0.04
Total sugar (°Brix) 12.96+0.56 11.60+1.54
Acidity (%, acetic acid) 0.632+0.01 0.98+0.06
Naringin (¢g/mé) 0 0
Hesperidin (ug/mf) 20.23+2.05 40.37+3.66

1) The juice, purchased from Jeju Provincial Development
Corporation, was diluted by 6 times before assay.
2) The juice was prepared by squeezing of mashed citrus flesh
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Table 3. Content of free sugar and organic acid in
diluted-citrus juice

Free sugars Organic acids
Sugar Content{mag/ml) Acid Content(mg/ml)
Glycerol 0.66 (0.3%)  Acetic 0.12
Fructose 46.28 (25.1) Ascorbic 0.54
Glucose 39.62 (21.5) Citric 19.88(76.8%)
Sorbitol 0 Formic 1.88 (7.3)
Lactose 0 Lactic 0.16 (6.6)
Sucrose 83.74 (45.4) Malic 1.72
Maltose 4.10 (2.2) Oxalic 0.24
Succinic 0.08
Tartaric 1.28 (4.9)
Total 184.40 (100%) 25.90 (100%)

Sugar and organic acid content in citrus juice were analysed
by using a HPLC as described in the Methods. Citrus juice
were diluted and filtered before analysis as described in Table 2
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Fig. 1. Procedure of citrus vinegar fermentation by
Gluconacetobacter sp. CV1

Citrus  vinegar was fermented from cittus wine for
designated time at 30C. Inoclulum size of the seed vinegar
was 10%(v/v) of citrus wine.
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Table 4. Content of organic acids and hesperidin at every
step from juice to vinegar
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A2 A 71E T2 YUl Araki(1992)o] w=d
Z29 F8 flavonoid2 AFA g 2FL
A % hesperidin®] F¥FL 100 mg% DI 1 HIF
R, fuku(1975)5F Kim(1996)s% & FFA o
gt AolE= ot} 100 mg%o] 42l hesperidino] -5
of e ALE BARoY, B Agxe 43S
AAGT ZEeE2AEL 95 ALgsgers 1 ¢
o] YorthAraki 1992, Ifuku 5 1975, Kim S 1996).
f714 242 Az Fue] HEH 4TS A=
Hh, Moon 5(1997)& %9 #7143 243 715599

hd

ABBAE BA5 lactic acid7} Ax9] Zu|E 71E
A &7 Rewr BiusgthMoon 51997).
Lactic acid= 929 d g A o dAFl sty &
NHoz Bgs= BERARA Acetobacter sp.o) A=
=7 ol AL °‘EW Ae=wk CVIY) 27 2
3 JFe F7MEH9 HEE e sk gtk

59} o] Lizk(lightness)o] 92.660.2 ZA|3t
7Va EkT agk(redness) 2
stanh gEAzrt a9 ?H% A g% BTk
bzk(yellowness)2 18152 TE 2% =
tek.

2) F5AA: AEARE T8 FAx @A &
S4AIE AAG 27 Table 63 Zo] Mo ZE= ¥
EAz7 7FF wdoy A9 Tske AEARv)
427072 FA® AR F 7HE ol UF Xg MY
B} 223 448 HMsse Aoz Yeigen g7
o Fvboll Ax wvwd 5% Aoz FrHEAG A

it gy A ABEANE RARE A ST A=
Organic acids  Citrus juice  Citrus wine  Citrus vinegar BrtE Aoy, A dA 2ot 20, 2EFE 3
Acetic 223 305 60,245
Ascorbic 144 128 147
Citric 12,328 12,183 16,610 Table 5. Hunter’s color value of several fruit vinegars
Lactic 0 276 0 Vinegars L a b
Malic 1,397 1,457 1,482 Citrus 92.66+0.05 -2.82+0.01 18.15+0.01
Oxalic 226 62 221 Apple 89.42+0.05 -2.14+0.02 23.73+£0.01
Succinic 784 1,316 1,307 Grape 76.09:0.03 6.21+0.03 35.13+£0.03
Tartaric 543 980 1,239 Mume 89.73+0.03 -3.01£0.01 21.58+0.01
Hesperidin 20.2312.05 24.28+1.46 23.38+0.87 Persimmon 85.05+0.03  -1.59+0.02 31.3620.02
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Table 6. Comparition of sensory properties of citrus vinegar and other commercial vinegars.

Vinegars F-value

Citrus Apple Grape Mume Persimmon

Color intensity 2.420.84° 3.4+0.52° 4.8+0.42° 3.0+0.82° 3.6+0.70° 201"
Color preference 4.2+0.92° 3.120.57° 1.8+0.42° 2.8+1.05° 2.8+0.92 10827 "
Sour odor intensity 2.6+0.97" 3.4+097° 3.5+0.97° 2.5+0.79" 2.9+1.10° 243"
Background odor intensity 2.7+0.82% 3.1£1.10™ 3.5+1.08" 4.1%1.10° 3.2+1.03" 325"
Odor preference 3.0+0.99 2910.74" 2.3+0.82° 4.8:0.42° 2.8+0.79% 975" "
Sour taste intensity 3.4+0.97 3.6+0.84 3.6+1.08 3.040.82 3.5+0.85 0.78
Background taste intensity 2.9+0.99 3.3+0.67 3.3+1.06 3.7+0.82 2.6+0.97 1.33®
Taste preference 3.11.10° 3.120.86™ 2.3+0.82" 3.9+1.00° 2.9+0.88° 275"
Overall preference 3.1+0.99 2.9+0.74° 2.3+0.82° 4.0+0.95° 2.7+0.81° 544”7
Values are mean+S.D. Values with different subscripts are significantly different at the level of *: p<0.05, ** : p<0.01 and

**+ 1 p<0.001.
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