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A microbiological Investigation of
Barley Drink During Storage
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Abstract

Quality deterioration of barley drink during storage was examined by measuring viable
count, titratable acidity (TA), turbidity and pH of barley drinks with or without barley
particles stored at temperatures of 20, 25, 30, and 35°C. Qualitative analysis of organic acids in
spoiled barley drink was also performed. TA of barley drink during storage increased to 0.009,
0.0095, 0.0097 and 0.020% at 20, 25, 30 and 35C, restectively. TA reached the mixima between
7 and 10 days of storage and reduced from then on. pH values followed the exactly reverse trend
of TA. The rate of bacterial spoilage of barley drinks was faster when it was stored at higher
temperatures. The numbers of bacteria were in the range between 9.0 X 10°—8.0X 10® cells/ml
depending on the storage temperatures and the different brands. Those samples with higher
bacterial growths showed higher optical densities. Volatile organic acids such as acetic, formic,
propionic, isobutyric, isovaleric acids were detected in addition to ethyl alcohol. Non-volatile
organic acids such as pyruvic, lactic, oxalacetic, succinic, fumaric acids were detected. Among
them, acetic and lactic acids were most important in their quantities. Five different kinds of
spoilage bacteria were isolated and identified as Bacillus licheniformis, Bacillus coagulans,
Badillus cirulans, Bacillus steavothermophilus and Bacillus brevis, all of which were found to

form endospores.
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Table 1. Conditions of gas chromatography analysis

Chromatography : Hewlett Packard 5790A, USA
10% sp—1000/1% H,PO, S S.column

Detector : FID
Detector flame : H,, Air
Conditions :
Volatiles Oven Temp. 150°C
Injector Temp. 190°C
Detector Temp. 220°C
Carrier gas (N, ) flow rate 50/ml/min
RANGE 1 ATT,t 4
ATTENUATIONS8 CHTSP 1.0
PD WK 0.04
THRSH 5
Non-volatiles Oven Temp. 110°C
Injector Temp. 190°C
Detector Temp. 220°C

Carrier gas (N, ) flow rate 86ml/min

RANGE 1 ATT,t 4

ATTENUATION 4  CHTSP 1.0
PD WK 0,04
THRSH 5




Vol. 6, No. 2 (1990)

5. §I14t

A
=

5ol wisel welate| f7]4HS Table 12 72
2714 gas chromatography (GCO)Z #43t%l+h ol
a A fU4 IFEAEE

propionic, isobutyric, butyric, isovaleric, valeric,

acetic, formic,
isocaproic, caproic, heptanoic acids- #31, ©]3]2H4]
F714te g8+ pyruvic, lactic, oxalic, oxalacetic,
methymalonic, furmaric, malonic, succinic acid &
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wlof & Abe 7} F7beba pHAF gash =m 4k =]
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Fig. 1. Time course changes of titratable acidities and
pH of barley drinks with and without barley
particles incubated at 4C. O @ ; brand 1, []
M ;brand 2, AA ;brand 3, open; without
barley particles, closed; with barley particles.
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Fig. 2. Time course changes of titratable acidities, pH, optical densities, viable cell counts of barley drinks with
and without barley particles incubated at different temperatures.
O@ :brand 1, CJ M : brand 2, A A ; brand 3, open; without barley particles, closed; with barley particles.
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F71Ake] AAEA Al 3ury] §r)ale 2 = acetic,
formic, propionic, isobutyric, isovaleric acid?} 7%

ar, gH o 2= ethanole] Weo| A& =9l (Fig.
4), 3 {714F FoAAE acetic acide] AZEsko] 7}
A ekt 1 ok 31wkl BAo) oF 10~23%7 A&
Ak, ko BTVl dlo] 4 wf] et Aoz ¥
3¢ butyric acide HEE A %2 Ho| Sol3|ch

ul gk Grlabe 2 &= pyruvic, lactic, oxalacetic,
succinic, fumaric acid’} HEH o2 AZ =T A
Z lactic acid®} succinic acid’t %e <k AZ=Ack
(Fig. 4).
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Table 2. Morphological and physiological characteristics of bacterial isofates from spoiled barley drinks

Culture No. 1 2 3 4 5 6 7
Colony charac- Irregular Circular Circular Circular Circular Circul_ar Circular
teristics on TSA  cream-colored cream-colored cream-colored cream-colored cream-colored:Creag:)lbred cream-colored
Cell size {g#m}, (2.0-3.0) (2.5-3.0) (2.5-3.0) (1.5-3.0) (3.0-3.5) (1.5-2.0) (1.5-2.0)
x(0.8—-1.0) x(0.5—0.8) x(0.5—1.0) x(0.8-1.0) x(1.0—1.2) x(1.0-1.2) x{1.0-1.2)
Shape Rods Rods Rods Rods Rods Rods Rods
Spore + + + + + + +
Gram stain + ES 4 — — — -
Anaerobic growth + + + + — —_ —
Motility + + + + + + +
Catalase + + + + + + +

Growth at 4°C - — — — — - -

Growth at 50°C + + + + + + +
Casein hydrolysis + + + - + + +
Starch hydrolysis + + + + — — -
Esculin hydrolysis + + + + — — -
Dextran formation + — - — - - -
Sabouraud Dextrose + + + - + + +
_Agar
Yeast Glucose Lit- + + + + + * —
mas Milk Agar
Mannitol Salt Agar + - — — — - .
Growth -4,5% + + — + — — -
on NaCl 7% + — — - — — _
Pro'ducts of Acid + + + + - — -
Eg:ltu"c)(r::s:e?n Gas R — — — _ _ -
Nitrate reduced + + + + — - _
ta Nitrite
Glucose + + + + + — —
Methyl Galactose - + + + * + +
red Maltose + + + + — — -
test Sucrose + + + + — _ _
Lactose - + + + — — -
Sorbitol - S - 3 — - +
Ribose + + + + + + +
Raffinose E3 + + 3 - — -
Trehalose + + £ E3 — — -
Salicin + + + + — — -
Mannose + + + _ _ _ ~
Manitol t + + 3 t + ES
Identi fi;:at;on B. licheni- B, coagu-  B. circulans  B. stearother- B, brevis

formis lans mophilus
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Fig. 3. Chromatograms of standard organic acids and
ethanol.
A; non-volatile organic acids, B; volatile
organic acids, C; ethanol.
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Fig. 4. Chromatograms of organic acid and ethanol of
barley drinks during storage.
a; non-volatile organic acids, b;
organic acids and ethanol.
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