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Acidic Beverage Fermentation Using Citrus Juice and
Antimicrobial Activity of the Fermented Beverage
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Abstract

In this experiment, citrus juice was fermented by Gluconacetobacter hansenii TF-2, an isolate from tea
fungus to develop a new type of acidic beverage. The juice broth is made by fermenting of 11~17% (v/v)
juice and sweetened with sucrose (initial sucrose 10°Brix). The fermentation by G. hansenii TF-2 was initiated
by adding 5% (w/v) of seed gel (pellicle, tea fungus) which was previously cultured in the same medium
(fresh juice broth) and the fermentation was carried out in a dark incubator at 28~30°C for about 15 days.
During the fermentation a pellicle grew on the surface of the fermenting fluid and acids were produced.
Fermented fluid (beverage) was centrifuged at 7,000 rpm for 15 min for further analyses. The highest amount
of the other metabolites including organic acids were observed in 5 to 10 days. Major acids were acetic acid
(fermented citrus beverage, CB). After 15 days of fermentation, organic acid content such as acetic acid in
fermented beverage was measured to be 183.5~186.6 ppm. Free sugars content in CB were 56.8%, 35.1%, 40.7%
and 63.2% of unfermented sucrose, glucose, fructose and sorbitol, respectively. When the growth rate of
inhibitory effect of the fermented beverage was measured by using several species of food-related bacteria,
the beverage fermented with CB exhibited the strongest inhibition against gram-negative (E. coli and Sal.
Typhimurium). Its inhibition rate was between 71.9~94.0% at CB. Fermented beverage has shown effec-
tiveness for antimicrobial activity against some species of food-related bacteria.
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Table 1. Operating conditions of HPLC for quantitative analysis of organic acids and free sugars

Ttem Condition

Organic acid Free sugar
System Shimadzu LC-10AT Shimadzu LC-10AT
Detector UV detector 210 nm Refractive index
Flow rate 0.5 mL/min 1.0 mL/min
Solvent 0.1% H3PO,4 Acetonitrile/water (80/20, v/v)
Column n-Bondapak Cig Spherisorb Sip NH»

(4.6 X250 mm, Waters Co.) (4.6 x 250 mm, Waters Co., USA)

Column temp. 30°C 30°C
Injection volume 20 uL 20 uL
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Table 2. Bacterial strains and cultural conditions of the organisms used for determination of antimicrobial activity of fer—

mented beverage

Bacterial strains

Cultural conditions
Medium Temperature (°C)

Gram+
rod & coccus

Bacillus subtilis KCTC 1021

Staphylococcus aureus KCTC 1916

Nutriunt” (NT) 30
Micrococcus medium? 37

Gram— Escherichia coli ATCC 11105

NT 37

rod Salmonella Typhimurium KCTC 1925 NT 37

The medium was adjusted to pH 6.8 and sterilizer at 0.75 kg/cm for 15 minutes. Fill up to distilled water 1.0 liter.

DNutrient broth: peptone 5 g, beef extract 3 g.

“Micrococcus medium: peptone 5 g, beef extract 1.5 g, glucose 1 g, yeast extract 3 g.
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Fig. 1. Changes in image of fermentation bottle after acidic
fermentation by Gluconacetobacter hansenii TF-2.

Gels were produced by static culture of citrus juice for 15 days
at 30°C with inoculation of seed gel. Numbers at the top of bottles
in the plate indicate dilution time of the citrus juice.
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Fig. 2. Change in pH, total acidity and gel thickness of fermenting beverage during fermentation by tea fungus at 30°C

incubator for 15th day.
Symbols represent dilution times of the juice:

-@-, CBI11 (fermentation beverage of the citrus juice 9 dilution times);

-O-, CB17

(fermentation beverage of the citrus juice 6 dilution times). Values are mean of tree replication.
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Table 3. Amount of organic acids fermenting beverage before and after fermentation

Fermented time

Organic acids (ppm, x50 dilutions)

Juice content (%)

(days) Malic Acetic Citric Succinic Fumaric Total
0 21.9498 ND? 24.0896 ND 0.3444 46.3837
11% 5 ND 283.0784 11.4483 21.7058 0.3448 345.1005
(CB11Y) 10 ND 304.2873 13.9810 ND 0.3545 318.6228
cit 15 ND 1835013 11.8324 ND 0.3584 195.6921
1trus
0 21.8193 ND 33.6955 ND 0.3478 55.8620
17% 5 ND 201.5262 14.7169 ND 0.3510 2165941
(CB17?) 10 ND 213.1659 11.8987 ND 0.3472 2254118
15 ND 186.6345 13.7955 ND 0.3409 200.7790

Organic acid content in citrus juice were analysed by using a HPLC as described in the methods.

}’CBlli fermentation beverage of the citrus juice 9 dilution times.
?CBI17: fermentation beverage of the citrus juice 6 dilution times.

YND: Not detected.
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Table 4. Amount of free sugars fermenting beverage before and after fermentation
Jui tent (%) Fermented time Free sugars (mg/mL, x50 dilutions)
wiee content 1% (days) Fructose Glucose Sorbitol Sucrose Maltose Lactose Total
0 ND? ND ND 1956.3453 ND ND 1956.3453
11% 5 397.3782 438.8867  403.2000 ND ND ND 1239.4469
(CB11") 10 4565810 303.8211 ND ND ND ND 760.4021
Cit 15 407.2454 350.9621 ND 568.3096 ND ND 1326.5170
itrus
0 ND ND ND 1798.3230 ND ND 1798.3230
17% 5 382.8051 357.2091 ND 548.0258 ND ND 1288.0399
(CB17?) 10 507.8016 ND ND ND ND ND 507.8016
15 ND ND 631.7000 ND ND ND 631.7288

Sugar content in citrus juice were analysed by using a HPLC as described in the methods.
DCB11: fermentation beverage of the citrus juice 9 dilution times.
YCBI17: fermentation beverage of the citrus juice 6 dilution times.

IND: Not detected.
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Table 5. pH and acidity of fermented beverage using anti-
microbial activity of citrus beverage

Fermented time (days)

Beverage Chemical
0 15
CB11 pH 397+0.00 296+0.12
Titratable acidity (%) 0.06+0.05 0.35+0.05

Fermentation beverage was fermentation at 29+1°C for 15th
day. "CBL11: fermentation beverage of the citrus juice 9 dilution
times.

Table 6. Diameter of inhibitory zone of food-related bac-
teria formed by fermented beverage without neutralization

(unit: mm)
Bacterial strains CB11"
Gram-+ B. subtilis 6.1+0.1
S. aureus 70+0.1
Gram — E. coli o 8.0+0.2
Sal. Typhimurium 85%0.1

Fermentation beverage was fermentation at 29+1°C for 15th
day. Clear zone formation by fermented beverage. Food-related
bacteria were inoculated by dipping the paper disc in liquid
culture. Inoculated disc was incubated for 48 hour at 30°C and
37°C. "CB11: fermentation beverage of the citrus juice 9 dilu-
tion times.
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Fig. 3. Comparison of inhibitory
effects of fermented beverage on
the survival of B. subtilis and S.
aureus of gram positive.

Symbols are -@-: control, —-[-:
CB" 20%, -&-: CB 50%, -A-: CB

100%. YCB: fermentation beverage
of the citrus juice 9 dilution times.
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Fig. 4. Comparison of inhibitory
effects of fermented beverage
on the survival of E. coli and
Sal. Typhimurium of gram neg-
ative.
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CB" 20%, -#-: CB 50%, -a—: CB
100%. YCB: fermentation beverage
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Table 7. Changes in inhibition rate of food-related bacteria
formed by the addition of fermented beverage

Fermented  Growth
Bacterial strains beverage ~_inhibition (%)
content (%) cB11”
B. subtilis Zg gilg(z)
(KCTC 1021) 100 71.91
Gram +
S. aureus - e
- aure 50 88.89
(KCTC 1916) 100 81.11
_ 20 91.00
E. coli
50 92.00
(ATCC 11105) 100 94.00
Gram— 20 82.35
Sal. Typhimurium 50 88.24
(KCTC 1925) 100 91.60

Fermentation beverage was fermentation at 30°C for 15th day.
YCB11: fermented beverage of the citrus juice 9 dilution times.

of the citrus juice 9 dilution times.

Cultivation time (hr)
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