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Abstract

In this study, it was investigated that the isolation and identification of spoilage bacteria from contaminated aseptic
packaged cooked rice, the potential for application of acidic electrolyzed saline solution (AESS) as water-for-cooked
rice and the microbiological safety of AESS-based cooked rice. Five strains of Bacillus subtilis and a B. cereus
strain among the total six isolates were partially identified by biochemical method and by Microbial Identification
System (MIS). The bactericidal effect of AESS was similar as 0.1% NaOCl and 70% ethanol solution, or better
than that. All of the test microorganisms except Bacillus spp. that were exposed to AESS for five seconds were
destructed. The effect of AESS against Bacillus spp. was much better than that of the two solutions and all of them
were destructed or inhibited on exposure for five minutes. The pH value of cooked rice prepared using AESS was
in the range of 3.6 to 4.3 and was not almost changed through the storage period. Various concentrations of cell
suspension of Bacillus isolates were inoculated to cooked rice, which were prepared with tap water and AESS, and
stored at 37°C for two weeks. The result was shown that the bacteria in tap water-based cooked rice appeared
normal cell growth, while they were completely repressed in AESS-based cooked rice.
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& No. 3349] 7% 1% B4 8224 glycerol- - A9
3} maltose$} sucrose, trehalose 48] A& AA)31edch.
o] Z5}= Bergey's Manual of Systematic Bacteriology 7]
Al B. cereusl|l §-AF8tH 3, Y x] 55= B. subtilis®}
fAbstd o, =jl v EEA 7l 2% WA 2k
¥4 Z 7= Table 200|419} o] F-2]F No. 123, 231
g 332¢ w9 AR AAE el o, #8]5 No.
112, 213 9 334 7z g8 3 A¢ By ¥
No. 1124 o= #E% X A|3FR] £8}9] 17, No. 2138
$-AFE (Similarity Index: SIZ} 0.3498 vf-$- Folel,
=3 F-2]5 No. 3349 79+4= 15:0 ISO (32.39%)%}
150 ANTEISO (470%)14] c}2 sl 2 e
2] AelE Heled, 13:0 ISO (15.42%)2} 17:0 1SO
(5.24%)5-2) Aupste] Solshi HAEHch o B

Table 1. Morphological and biochemical characteristics of microorganisms isolated from contaminated aseptic

packaged cooked rice

Isolate No.
Characteristics
112 123 213 231 332 334

Shape rod rod rod rod rod rod
Gram stain + + + + + +
Spore stain + + + + + +
Catalase test + + + + + +
Anaerobic growth - - - - - _
Voges-Proskauer test + + + + + +
Growth in Voges-Proskauer broth

at pH <6 + + + + + +

at pH >7 + + + + + +
Gas from glucose - - - - -
Citrate utilization - - ~
Growth at

pH 6.8 on nutrient broth + + + + + +

pH 5.7 on nutrient broth + + + + + +
Growth in NaCl

2% + + + + + +

5% + + + + + +

7% - - - - - +

10% - - - -
Growth at 5°C - - - - - _

10°C - - - - - -

30°C + + + + + +

40°C + + + + + +

50°C + + + + + +

55°C - - - - - -

65°C - - - — - ~
Oxidase test - -~ - - - -
Acid from Glycerol ~ - - - - _

Maltose - - - - - +

Sucrose - + + + + +

Trehalose - + - - - +
Identified Result BS" BS BS BS BS BC?
+: Doubtful

BS": Bacillus subtilis BC”: Bacillus cereus
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Table 2. Composition of fatty acids in spoilage bacteria isolated from aseptic packaged cooked rice

Content (%) in Isolates

Fatty acid

112 123 213 231 332 334
13:0 ISO - - - - - 15.42
13:0 ANTEISO - - - - - 2.03
14:0 1SO 2.61 1.63 - 1.48 1.51 6.63
14:0 2.25 - - - - -
15:0 ISO 19.55 23.94 22.12 20.69 19.93 32.39
15:0 ANTEISO 35.11 40.09 41.02 42.03 39.87 4.07
16:0 ISO 3.20 2.36 - 2.70 2.62 6.10
16:0 15.01 5.56 8.08 5.40 5.30 2.69
16:1 w7c - - - - 0.79 -
16:1 wllc 7.96 3.95 6.70 4.02 442 -
17:0 1ISO - - - -~ - 5.24
17:0 ANTEISO 7.88 10.47 11.30 11.05 11.43 -
17:0 6.43 10.33 10.78 9.86 10.36 -
ISO 17:1 wSsc¢ - - - - -~ 3.37
ISO 17:1 w10c - 1.68 - 1.60 1.89 3.15
Identified Result - BS" BS BS BS BC®
SI - 0.659 0.349 0.601 0.594 0.522

BS": Bacillus subtilis BC?: Bacillus cereus

MISe] #3 data base2} B % A3} 2|5 No. 334
B. cereus®} SI gto] 05222 71 fAbslela, Hej5
No. 123, 231 ¥ 332%= B. subtilis®} 2}7} 0.659, 0.601 %=
0.5942] SI 3t-& 2o o] F&o)l 74 FARE Ao o}
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whlel] 93 Atz ye AT B subtlis? FH
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Fig. 1. Chromatographic profile of fatty acid composition
of isolate No. 123.
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Table 3. Bactericidal effect of AESS, 0.1% NaOCI and
70% ethanol solution on various microorgani

0.1% 70%

Test microorganism AESS NaOCl  Ethanol

<5 min <5 min  >5 min
<5 min  <§ min  >5 min

Bacillus anthracis
Bacillus subtilis

Enterobacter aerogenes <5 sec <5 sec <5 sec
Enterococcus feacium <5 sec <5 sec <5 sec
Escherichia coli <5 sec <5 sec <5 sec
Escherichia coli 0157:H7 <5 sec <5 sec <5 sec
Listeria monocytogenes <5 sec <5 sec <5 sec
Pseudomonas aeruginosa <5 sec <5 sec <5 sec
Salmonella choleraesuis <5 sec <5 sec <S5 sec
Salmonella enteritidis <5 sec <5 sec <5 sec
Salmonella typhimurium <5 sec <5 sec <5 sec
Shigella dysenteriae <5 sec <5 sec <5 sec
Staphylococcus aureus <5 sec <5 sec <5 sec
Yersinia enterocolitica <5 sec <5 sec <5 sec

TEY A2 2] AAH52 Abgsld wede)
29E Solud AU Aow ks e} w
Bacillus 759} A3 3 #| pHE 4.5~4.92 gex] 2l
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57 F83] F& pHY| 93-S A2F 4 Qli=x &
alsb iz} skedce}.
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A o] dAE A = Aot o 10y
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Table 4. Comparision of organoleptic properties of AESS-
based cooked rice with tap water-based cooked rice

Cooked rice

Characteristics
AESS-based Tap water-based
pH < 43 > 6.5
L" 76.22 L 77.86
Color a” -1.93 a -1.68
b¥ -1.56 b -0.79
Reducing sugar 1.20 g/kg 1.22 g/kg
chlorous odor
Odor recognizable normal
for 10 minutes
Taste almost normal normal

L1 htness, +a”: red, — a: green, +b”: ellow, ~b: blue
8 g y
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Fig. 2. Change of viable cell count. The isolate No. 213 of
different cell concentration was inoculated in cooked rice
prepared with tap water or acidic electrolyzed saline
solution. ®—@: AESS, inoculated 10'/mL, O—O: ta
water, inoculated 1()]/mL, V—W: AESS, inoculated 10/
mL, 7—7: tap water, inoculated 10*/mL, B—M: AESS,
inoculated 103/mL, [3—{: tap water, inoculated 10°/mL
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Fig. 3. Change of viable cell count. The isolate No. 334 of
different cell concentrate was inoculated in cooked rice
prepared with tap water or acidic electrolyzed saline
solution. @—@: AESS inoculated 10'/mL, O—O: tAP
water, inoculated 10/mL, w—W: AESS inoculated 107/
mL, V—<7: tap water, inoculated 10”/mL, B—M: AESS,
inoculated 10*%mL, CH1: tap water, inoculated 10*/mL
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