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Occurrence of Off-Odor and Distribution of Thermophilic Bacteria from Rice and
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Abstract

The distribution of mesophilic and thermophilic bacteria in milled rice was not different according to growing land and
variety of rice. However, The number of these bacteria were abundant in milled rice of lower milling degree or longer
storage period. The growth of thermophilic bacteria in cooked rice of electric rice cooker was rapidly increased during
storage of lower temperature below 75°C. Thermophilic bacteria were not appeared just after cooking. After cooked rice was
stored for 18~24 hours, thermophilic bacterial growth was rapidly increased by changing spore to vegetative cell. The
positive relation between cell number of thermophilic bacteria and occurrence of off-odor was slightly observed. The number
of thermophilic bacteria in upper cooked rice of oven and was higher than those in inner and lower cooked rice. Major
volatile compound of milled rice cooked and stored in electric rice cooker was hexanal oriented from rice. After long storage,
it was confirmed that furan was major volatile compound as off-odor.
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Table 1. Distribution of mesophilic bacteria in various rice

grains (CFU/g rice)
Ttems Variety 25C 37T Remarks
Ganchuck rice A 43 X 100 34 x 10’ Chonmam
Ganchick rice B 31 X 100 25 x 10° Chonnam
Milled rice A 27 X 100 23 x 10’ Chonnam
Milled rice B 38 X 100 31 X 100 Chonbuk
land  Milled rice C 32 X 100 22 X 100 Chmgbuk
Milled rice D 21 X 100 16 X 100 Gyeongnam
Milled rice E 12 Xx 100 09 x 10° Chonnam
Milled rice F 29 X 100 17 x 10° Gyeonggi
Brown rice A 32 X 100 48 x 10° Chomam
_ Brown rice B 59 X 100 32 X 100 Gyeongbuk
gg";g 70% Dehulled fice A 35 X 10 33 x 10 Chonnam
%% Dehulled rice B 27 X 10° 2.1 X 10' Chonnam
Liquwr brewing rice 25 x 10° 1.8 x 10°  Chonnam
Storage  New rice 32 x 10° 20 X 10° Gyeongnam
perid  Old rice 53 X 10° 44 X 10° Gyeongnam
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Table 2. Distribution of thermophilic bacteria in various rice

grains (CFU/g rice)
Ttems Variety 50T 0T Remarks
Ganchuck rice A 43 X 10° 02 X 10°  Chonnam
Ganchick rice B 31 X 10 01 X 10° Chonnam
Milled rice A 27 X 100 03 X 1 Chonnam
ing Milled rice B 32 x 10 01 x 10° Chonbuk
land  Milled rice C L1 x 10 - Chungbuk
Milled rice D 03 x 10 - Gyeongnam
Milled rice E 27 X 10 05 X 10°  Chonmam
Milled rice F 19 X 1 04 x 10° Gyeonggi
Brown rice A 74 x 100 14 x 10’  Chonnam
 Brown rice B 98 X 10 09 X 10° Gyeongbuk
ﬁ‘;g 70% Dehilled rice 44 X 100 05 X 1 Chonnam
90% Dehulled rice 3.1 X 10° 02 X 1¢¢  Chonnam
Liquor brewing rice 23 X 10° 0.1 X 10°  Chomnam
Storage  New rice 35 X 10° 02 X 10° Gyeongnam
period  Old rice 51 X 10¢ 03 X 10¢ Gyeongnam
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Table 3. Changes in thermophilic bacteria of cooked rice
stored for 48 hrs in electric rice cooker

(CFU/g cooked rice)

Storage Storage time ()
temp.
() 6 12 18 24 36 48

55 132x10' 286x10° 397x10° 509%x10° 767x10° L13X1Q
60 131X10' 270x10° 334x10° 402x10" 678x10° 094x10°
65 124Xx10' 249x10° 291x10° 335x10° 4.13x10° 589x1¢°
70 073Xx10' 13MxI0° 186X10° 309x10° 3.64x10° 475x10°
75 026X10° 046X10° 129x10F 2.4x10° 32x10° 380x10°
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Table 4. Changes in thermophilic bacteria and off-odor of
cooked rice stored for 48 hrs in electric rice cooker

(CFU/g cooked rice)

Electric Storage time (hr)

ker
N 6 18 % % 4
A 02x10' 04X107 54X10° 71X10° 54%10° 8.3><10:
Cll B 1 15%10° 13x10° 22%10° 36x10° 87x10;
gowt’  C 02x10! 2310 25x10] 4610} 3110 52x10
D 07x10' 08x10* 12x10° 28%10° 37x10° 32x10°
A - - + + ++ ++
5 B - + + ++ ++
Offodor” (. ) - ; . |
D - - - + + +

" Cooked rice(5 g) was mixed with 10 mL sterile saline solution and
diluted to 10 fold. This solution(100 pf) was streaked on nutrient
agar slant containing 1% soluble starch. The plate was incubated at
65°C and shown as CFU/g cooked rice.

» Intensity of off-odor : - not detected, = doubtful, + slight, ++ much
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Table 5. Distribution of thermophilic bacteria from cooker
and cooked rice stored for 48 hrs in electric rice cooker

Storage time (hr)
6 12 18 % 36 48
Cooked  Upper 21100 18X107 14x107 3710 68x10] 54x10}

5 Midde - 06x10° LIXIO® 25x10° 42x10° 32x10°
Bottom - - 07X10°

Items Site

nee 22x10° 37x10° 38x10°

o Cap - - - - - 1X1¢°
Cooker™ et - - - - - -

1)CFU/g cooked rice ; 2)CFU/cmz surface

Table 6. Volatile compounds of milled rice cooked in
electric rice cooker

Retenti
Pﬁf‘ men Aath Compounds
1 e 158 2,46 Trimethyldecane-1,3,10-tiol
2 619 22 Cydotisiloxane
3 890 SB  Glycine, Ntrimethylsilyl-oxy
4 1046 13 Benzenamine, 3odo-
s 114 29 Houml
6 175 39 Disiso-propylphosphine
7 ug 606 4 7-Methano-IF-indene
§ 18 80  23Dinitrophenol
9 125 174 Eihere
0 r7m 288 11H-Dibonzo(1 4)-diazepin

1 13.68 212 Thiazesim
12 14.19 698 Furan
13 20.83 245 Benzaldehyde

Table 7. Volatile compounds of milled rice cooked and
stored for 48 hrs in electric rice cooker

Pek  Retention Area% Compounds

No.  time(min)
1 6.26 208 Pyrimidine derivative

2 9.05 620 Glycine

3 1099 12 6-Indole-1,2-hexadiene

4 11.18 124 cis-Chlordane

5 11.34 1.44 Disulfide, dimethyl

6 11.55 241 4-Amino pyrimidine

7 1176 1.64 N2’ 4’6" Tribromopheny!)-2-Hydr
8 11.96 323 2 5-Dicarbomethoxy-N-carbomethoxyn
9 12.11 202 3-Bromo-4-hydroxy-2’,3-dimethyl
10 1229 529 Morellinol

11 12.39 148 Chloromethylvinyl Borane

12 1243 1.79 Spirohexane-5-one

13 12.81 871 Benzoic acid, 2-trimethylsilyl

14 1373 1.58 Pentanal

15 14.26 16.81 Furan

16 1597 390 5,6-ex0-Xpoxy-N-phenyl-1-trimethyl
17 1690 1.53 Decane or Cyclopropane

18 1720 471 1,2-Benzoquinone

19 1839 457 1-Hexene-3-0l

20 2087 2.1 Benzaldehyde
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