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ABSTRACT - This study was performed to analyze the microbial contamination levels of three non-heated rice
cake manufacturers in terms of seasonal manufacturing process and to investigate the effects of summertime soaking
on contamination levels and temperature-controlled soaking in water on reduction in microbial levels. The total aerobic
bacteria (TAB) ranged from 2.69 log CFU/g to 5.08 log CFU/g in the produce, but the microbial contamination increased
sharply during soaking. The levels of TAB and coliforms during summer soaking were 7.01 and 3.96 log CFU/g, respec-
tively, and this was significantly higher than those in other seasons. The contamination level was high in the subsequent
freezing, with the TAB level (6.24 log CFU/g) exceeding the legal standard. The temperature of soaking water in summer
increased from 19.1°C to 26.8°C after 12 h of soaking. The microbial contamination was significantly high commensurate
with increased soaking time, and the TAB level in the frozen process exceeded the legal standard from 9 h of soaking. The
use of ice packs to prevent the increase in temperature of the soaking water in summer resulted in maintenance of tempera-
ture at 20.1°C for up to 12 h. The average TAB value in the freezing process was 4.42 log CFU/g after 12 h of soaking, and
this is 1.77 log CFU/g lower than that before. Based on these results, it was determined that controlling the soaking time and
water temperature are essential for the production of a safe unheated frozen rice cake. The safety of the HACCP system
could be established by applying these preventive management standards.
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Fig. 1. Manufacturing processes of rice cakes.
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B BAEQ] &3 BAYA = 721 2.69-5.087 4.26-
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Table 1. Microbial contamination levels of raw materials from the manufacture

(Unit : log CFU/g)

Salmonella L. mono-

Material Comany TABY Coliforms E.coli 8. aureus perfi i};gens B. cereus Spp. cytogenes EHECY
A 3.64+0.15"  0.43+0.75 ND ND ND ND ND ND ND

Rice B 3.82+0.14 1.53+0.21 ND ND ND ND ND ND ND
C 3.61+0.10 1.16+0.28 ND ND ND ND ND ND ND

A 2.69+0.20 0.67+0.58 ND ND ND ND ND ND ND

Mugwort B 4.20+0.16 1.30+0.25 ND ND ND ND ND ND ND
C 5.08+0.15 1.00+£0.00 ND ND ND ND ND ND ND

A 4.36+0.14 1.48+0.19 ND ND ND ND ND ND ND
B"Ifihvrgz“a B 426+020  1.60+0.16 ND ND ND ND ND ND ND
C 4.63+0.17 1.78+0.15 ND ND ND ND ND ND ND

Black. A 3.81+0.14 1.18+0.28 ND ND ND ND ND ND ND
eyed B 3.76£0.15 1.10+0.17 ND ND ND ND ND ND ND
bean C 3.86+0.07 1.26+0.24 ND ND ND ND ND ND ND
A 2.94+0.17 ND? ND ND ND ND ND ND ND

Sesame B 2.99+0.17 1.78+0.14 ND ND ND ND ND ND ND
C 2.88+0.16 ND ND ND ND ND ND ND ND

A 4.55+0.19 1.50+0.17 ND ND ND ND ND ND ND

Prf((’)f;ssssfd B 3.91£0.12  120£0.17  ND ND ND ND ND ND ND
C 4.63+0.10 1.96+0.19 ND ND ND ND ND ND ND

Y MeanzStandard deviation (n=3).
IND : Not Detected <1.0 log CFU/g.
»TAB : Total aerobic bacteria.
YEHEC : Enterohemorrhagic E. coli.
% Processed foods : sugar, salt.
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Table 2. Microbial contamination levels of manufacturing processes for rice cake products

(Unit : log CFU/g)

Salmonella L. mono-

Material Company TAB? Coliforms E.coli  S. aureus perf i;zgens B. cereus spp. cytogenes EHEC*
A 373:0211)  1.48+0.18 ND? ND ND ND ND ND ND
Washing B 2.71£0.18  1.54+0.06 ND ND ND ND ND ND ND
C 336£0.10  1.54%0.10 ND ND ND ND ND ND ND
A 6.60£0.25  4.34+0.34 ND ND ND ND ND ND ND
Soaking B 6.63£0.16  4.41£0.11 ND ND ND ND ND ND ND
C 6.66£021  4.26+0.16 ND ND ND ND ND ND ND
A 6.78+0.13  4.48+0.18 ND ND ND ND ND ND ND
Grinding B 7534020  4.63%0.15 ND ND ND ND ND ND ND
C 748+0.14  4.97+0.18 ND ND ND ND ND ND ND
A 6.7120.16  4.30+0.14 ND ND ND ND ND ND ND
Mixing B 7.68£0.12  4.430.24 ND ND ND ND ND ND ND
C 7.46£0.17  4.7620.16 ND ND ND ND ND ND ND
A 730£0.11  3.90+0.12 ND ND ND ND ND ND ND
Molding B 7.8240.16  4.51%0.17 ND ND ND ND ND ND ND
C 743£0.12  4.9240.11 ND ND ND ND ND ND ND
. A 6.82+0.15  2.78+0.04 ND ND ND ND ND ND ND
Reirilog;ra' B 7.15+0.13  3.68+0.10 ND ND ND ND ND ND ND
C 7.00£0.12  3.66+0.25 ND ND ND ND ND ND ND

Y Mean+Standard deviation (n=3).

2 ND : Not Detected<1.0 log CFU/g.
% TAB : Total aerobic bacteria.

Y EHEC : Enterohemorrhagic E. coli.
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Table 3. Microbial contamination levels of equipments before and after disinfection

(Unit : log CFU/100 cm?)

Before disinfection

After disinfection

Equipment Company

TAB? Coliforms TAB Coliforms
A 3.40£0.09" 0.83+0.75 ND? ND
Rice washing B 3.7140.14 1.30+0.30 ND ND
machine
C 3364021 1.00+0.00 ND ND
A 3.1140.07 ND ND ND
Soaking tank B 4.08+0.14 ND 1.42+0.10 ND
C 4.41%0.18 1.10£0.17 ND ND
A 4.36=0.14 2.47+0.11 1.69+£0.21 ND
Grinder B 4.66+0.05 2.630.11 2.08+0.11 ND
machine
C 4.72+0.14 2.66:0.12 2.11+0.07 ND
A 3.05+0.08 1.49+0.20 1.00+£0.17 ND
Mixing B 4514018 1.59+0.29 1.000.00 ND
machine
C 3.41+0.08 1.69+0.09 1.30£0.30 ND
A 2.08+0.15 1.30+0.30 1.00+0.00 ND
Molding B 3.2040.17 0.83%0.75 1.30£0.00 ND
machine
C 3.28+0.27 1.500.17 1.49+0.20 ND
Y Mean=+Standard deviation (n=3).
2 ND : Not Detected<1.0 log CFU/100 cm?
3 TAB : Total aerobic bacteria.
CFU/100 cm®* #2222 UHA] YElSAI R, 3t A4S Sttt 53] oJEHe EY ¥ $22 26.5°CE FAE
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Table 4. Microbial contamination levels of manufacturing processes for rice cake products by season
(Unit : log CFU/g)

Process step Company Spring Summer Autumn Winter

TABY Coliforms TAB Coliforms TAB Coliforms TAB Coliforms
A 3.32+0.15" ND? 3.1140.22  1.00+0.00  3.58+0.11 ND 3.47+0.08  2.52+0.19

. B 2.72+0.09 ND 4.09£0.21  2.15£0.07  4.09+0.19 ND 3.90+0.29 ND

Washing C 3.59+0.14 ND 4.14+0.23 1.4840.02  4.05+0.17 ND 3.74+0.10 ND
Average 3.21£0.13* NDA 3.78+0.22*  1.54+0.03*  3.91+0.16° ND* 3.71£0.16*  0.84+0.06*
A 5.80+0.14  3.11+0.11 7.01+£0.07  4.11+0.15  4.87+0.06  2.52+0.13  4.50+0.10  2.26+0.09
) B 5.52+0.21  2.34+0.06  6.99+0.15  3.96+0.23  4.96+0.11  2.94+0.02  4.54+0.06  2.15+0.06
Soaking C 5.01£0.26  2.20+£0.05  7.02+0.25  3.81x0.16  5.15+0.09  2.36+0.08  4.09+0.06  1.78+0.02
Average 5.44+020° 2.55£0.07° 7.01+0.16° 3.96+0.18" 4.99+0.08" 2.61+0.08% 4.38+0.07° 2.06+0.06°
A 5.70+£0.35  3.83+0.08  7.25+0.11 4.15¢0.20  5.11+0.16  3.53+0.14  4.13+0.05 1.30+0.06
o B 5.224+0.18  2.99+0.12  6.9740.09  3.87+0.16  4.92+0.06  3.15+£0.16  4.13£0.16  1.65+0.02
Grinding C 5.04+0.11 2.79+0.12  6.80+£0.15  3.87£0.20  4.85+0.12  2.75+0.07  3.99+0.19  1.85+0.10
Average 5.32+0.21° 3.20+0.11°  7.00+£0.12° 3.96£0.19* 4.96+0.11° 3.14+0.12® 4.08+0.13° 1.60+0.06°
A 5.29+0.22  3.98+0.21 7.22+0.16  4.08+0.21 5.10+£0.14  3.76+0.11 4.51£0.10  1.18+0.04
o B 5.30+0.11 3.52+0.15  7.20+£0.25  4.04+0.17  5.03£0.20  2.74+0.11  4.50+0.04  2.32+0.08
Mixing C 5.28+0.18  2.99+0.15  7.27+0.05  4.08+0.18  5.38+0.17  2.89+0.15  4.27+0.08 1.95+0.08
Average 5.29+0.17° 3.50£0.17° 7.23+0.15° 4.07£0.19* 5.17+0.17° 3.13+£0.12%¢ 4.43+0.07° 1.82+0.07°
A 5.2240.09  4.04+0.18  7.24+0.10  4.36+0.13  5.18+0.17  2.90+0.18  4.46+0.16  1.30+0.01
B 521+0.22  3.76+0.14  7.1740.12  4.04+0.21  4.98+0.11  3.52+0.14  4.58£0.08  2.27+0.10

Molding

¢ 530£021  3.04+020  7.45:0.13  4.15£0.18  541£0.07  3.1120.16  4.42+0.11  2.00£0.07
Average 5.24+0.17° 3.62+0.17°  7.2940.12° 4.18+0.17% 5.1940.12° 3.18£0.16° 4.49+0.11° 1.86+0.06°

A 479%0.17  1.70£0.04  6.17+0.12  2.48+0.10  4.53%021  1.70£0.06  3.82+0.07  1.00+0.00

Refrigera- B 476+0.10  2.1540.04  627+0.13  2.46£0.12  4.62+0.09  1.00£0.00  3.91£0.15  1.54+0.02
tion ¢ 486+0.10  2.04£0.09  630+£0.09  2.41£0.06  4.99+0.09  1.95+0.03  4.04£0.07  1.00+0.00
Average 4.80+0.12° 1.96+0.06"* 6.24+0.11° 2.45+0.09" 4.71+0.13" 1.55£0.03% 3.9240.10° 1.18+0.01¢

1)MeantStandard deviation (n=3).

2)ND : Not Detected<1.0 log CFU/g.

3)TAB : Total aerobic bacteria.

4)Different lower-case letters (a, b, ¢) in the same row (TAB) indicate a significant difference according to Duncan's multiple test (p<0.05).
5)Different upper-case letters (A, B, C, etc.) in the same row (coliforms) indicate a significant difference according to Duncan's multiple test
(p<0.05).

7 aAE S YT vH Al AV ¥ IHEE 2= F438] Sk, ol 2] Ha
2 Ee] VA 23EeE 9dY Aoz dHEn ol & FGAIEC Hl&l FFste] o F71e] 9IS
o] e Aoz wAgtdE,
olEH E2 AR UE UPIEYN 2 g BN AHFAANA DAl D g BHH o2 77t
53 B934 T nAE SEEE IAs] s 4.01 2 1.88 log CFU/g HEEAT. B 3A oA drkA|
of AHZA o] BPA 7 AxFA] wE AR 7S EF 3,6 © oAl ZH2 563, 630 2 7.23 log
A 2 5% nAEe] 9dx BAZAFAE Table 59 CFURE FolFoz F7isld o), 12417k 7.38 log
Fig. 20 vrepfiich. CFU/g2 A7+ o] &)1 Zpol & YEPHA] efsket. thd
27] B £ &5E 19°C AEPO, BA7ke] = Fato] A BE 3,6, 9 2 124 7F0A ZHzE 2,10, 2.86,
7VERE 37 QA B FUFEI A, 124017 Fole 25.6- 340 2 4.14 log CFU/g2 YER} E-gA7bo) mw*i

s 5
2 4CNA BA) e, B8] A 949 A9 2E 34 ggadre FAE foldos Zrleke AL SIG
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Table 5. Microbial contamination levels of manufacturing processes for rice cake products by summer soaking time
(Unit : log CFU/g)
3h 6h 9h 12h
TAB? Coliforms TAB Coliforms TAB Coliforms TAB Coliforms
A 3.9440.14Y  1.70+£0.23  3.94£0.14  1.70£0.23  3.94+0.14  1.70£0.23  3.94+0.14  1.70+0.23
4.60+0.16 2.48+0.06  4.60+0.16  2.48+0.06  4.60+0.16  2.48+0.06  4.60+£0.16  2.48+0.06

Process step Company

Washing
3.94+0.06 1.46+£0.19  3.94+0.06  1.46+0.19  3.94£0.06  1.46+0.19  3.94+0.06  1.46+0.19
Average 4.01+0.12 1.88+0.16  4.01+0.12  1.88+0.16  4.01+0.12  1.88+0.16  4.01+£0.12  1.88+0.16
A 5.65+0.21 2.3240.09  6.3840.19  3.00+£0.19  7.04+0.13  3.53+0.22  7.30+£0.25  5.26+0.18
. B 5.71+0.11 2.15+£0.16  6.20£0.24  2.94+0.23  7.36+0.11  3.69+0.18  7.38+0.20  4.15+0.10
Soaking C 5.54+0.17 1.84+0.13  6.32+0.19  2.65+0.16  7.28+0.35  2.99+0.14  7.45+£0.29  3.81+0.25
Average 5.63%0.16°" 2.10£0.13%”  6.30+0.21" 2.86+0.19°¢ 7.23£0.20° 3.40+0.18"®  7.38+0.25" 4.41+0.18"
A 5.80+0.11 2.18+£0.12  5.97+0.25  3.53+0.16  7.07+0.26  3.83+0.11  7.13£0.16  5.08+0.16
Lo B 5.60+0.30 1.65£0.20  6.25+0.31  3.15+0.32  7.06£0.37  3.77+0.16 ~ 7.06+0.18  3.78+0.23
Grinding C 5.60+0.28  2.00£0.20  6.27+0.34  2.75+0.12  7.11+0.15  3.04+£0.24  7.33+0.18  3.83+0.21
Average 5.67+£0.23°  1.94+0.17° 6.16+£0.30° 3.14+£0.20®  7.08+0.26° 3.55+£0.17°® 7.17+0.17° 4.23£0.20"
A 596+0.16  2.54+0.17  6.37+0.11  3.76+0.20  7.11+0.15  3.77+0.13  7.12+0.24  5.08+0.14
. B 591+0.19  2.32+0.09  6.08+0.26  2.84+0.18  7.12+0.17  3.84+0.20  7.13+0.11  4.11+0.17
Mixing C 5.87+0.18 1.95£0.10  6.36+0.20  3.45+0.26  7.26+0.16  2.85+0.10  7.46+£0.16  4.08+0.19
Average 5.91£0.18° 227+0.12° 6.27+0.19* 3.35£0.21%  7.16+£0.16" 3.49+£0.14®  7.24+0.17° 4.42+0.17*
A 5.96+0.34  2.70£0.18  6.56+0.18  2.90+0.09  7.16+0.17  4.04+£0.20  7.26+0.30  5.36+0.14
. B 5.96+0.14  2.72+0.15  6.11+£0.07  3.41£0.19  7.12+0.22  3.76+0.22  7.15+0.16  4.04+0.25
Molding

C 5.94+0.05 2.12+£0.09  6.41+0.18  3.11+0.18  7.33+0.11  3.52+0.18  7.51+0.14  4.52+0.14

Average 5.95+0.18°  2.5420.14°  6.3620.14" 3.14+0.15%¢ 7.20+£0.17° 3.77£0.20° 7.31£0.20" 4.64+0.18*

A 5.40+0.18 1.20+£0.12  5.59+£0.10  1.70+0.14  6.16+£0.22  2.32+0.15  6.29+0.19  2.48+0.10

Refrigera- B 5.64+0.17 1.54+£0.06  5.49+£0.16  1.30+0.14  5.98+0.13  2.15+0.18  6.01+£0.15  2.61+0.17
tion C 5.64+0.30 1.00£0.00  5.79+0.14 1.95+0.12  6.10+£0.08  2.04+£0.10  6.28+0.19  2.60+0.18
Average 5.56+0.22°  1.25+0.06® 5.62+0.13° 1.65+0.13®  6.08+0.14" 2.17+0.14* 6.19+0.18" 2.56+0.15"

Y Mean+Standard deviation (n=3).

? TAB : Total aerobic bacteria.

? Different lower-case letters (a, b, ¢) in the same row (TAB) indicate a significant difference according to Duncan's multiple test (P<0.05).

4 Different upper-case letters (A, B, C, etc.) in the same row (coliforms) indicate a significant difference according to Duncan's multiple test
(P<0.05).

¥ i, 2% 2 AITHIA Dl 2 e B
O 25 ¥ 3,6,9 % 200914 BHTH 0GEG fAE 2
o 23 G Ueigleh WETYS) A5, dubdFe 2 o
g ’1 T2 &9 33 6AlZFelA 22 556 E 1.25 log CFU/gS}
3 562 2 1.65 log CFU/g2 723k, 991 1241 7Ho M &
g - 747} 6,08 2 2.17 log CFU/g®} 6.19 2 2.56 log CFU/g
517t 2 3% 6Azbel WE] foF o E=A el
§ 5 L olte] Az 2w, ofgH BTN 37 o
ol , , . | 29 749 WE olFol Uukdlol WEAFES] WA
. R . R b Nee zaeE 9 AZAANN @8] 48 s
3 EY 7 2537 209 Ao R dAddr
Soaking time (h)
Fig. 2. Change of water temperature according to soaking time in =X 2E A 0= XX R
summer. A, B, C ; Rice cake company. The data represents the CIEE =8 + 25X IE UPdEYH 29k 24
meanSD (n=3). H71E ¥Ed Axzdgos B8 ¢ 227 Fobds
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Table 6. Microbial contamination levels of manufacturing processes for rice cake products by summer soaking temperature control

(Unit : log CFU/g)

3h 6h 9h 12h

Process step Company - - - -
TAB? Coliforms TAB Coliforms TAB Coliforms TAB Coliforms
A 3.61£0.11"  2.01+0.26 3.61+0.11 2.01£0.26 3.61+0.11 2.01£0.26 3.61+0.11 2.01+0.26
Washing 3.49+0.07 1.45+0.16 3.49+0.07 1.45+0.16 3.49+0.07 1.45+0.16 3.49+0.07 1.45+0.16
3.72+0.14 1.00+£0.19 3.72+0.14 1.00+£0.19 3.72+0.14 1.00+0.19 3.72+0.14 1.00+£0.19
Average 3.61%0.11 1.49+0.20 3.61+0.11 1.49+0.20 3.61+0.11 1.49+0.20 3.61+0.11 1.49+0.20
A 4.91+0.12 2.54£0.15 5.04+0.19 2.64+0.08 5.83+0.30 3.15+0.10 5.61+0.15 3.59+0.14
. B 4.83+0.19 1.78+0.13 5.11+0.17 2.12+0.14 5.60+0.23 2.66+0.22 5.58+0.13 2.94+0.17
Soaking C 4.93+0.20 1.63+0.18 5.20+0.08 2.00+0.12 5.32+0.22 2.21+£0.10 5.59+0.10 2.30+0.14
Average 4.89+0.17°Y 1.98+0.15 5.12+0.15° 225+0.11* 5.58£0.25* 2.67+0.14* 5.59+0.13" 2.94+0.15%
A 3.87+0.17 2.82+0.20 4.04+0.14 2.43+0.18 4.63+0.18 2.60+0.11 4.58+0.21 3.76+0.13
Lo B 4.53£0.11 1.65+0.15 4.99+0.12 2.01+0.26 5.15+0.27 2.65+0.24 5.23+0.16 3.10+0.12
Grinding C 4.88+0.12 1.52+0.20 5.15+0.25 2.26+0.10 5.28+0.14 2.12+0.21 5.45+0.12 2.57+0.19
Average 4.43+0.13*  2.00+£0.18°% 4.73+£0.17*° 2.23+0.18"® 5.02£0.20*° 2.46+0.19*® 5.09+0.16" 3.14+0.15"
A 5.05+0.10 2.86+0.17 5.32+0.11 2.95+0.14 5.74+0.20 3.77£0.18 5.63+0.19 3.83+0.10
. B 5.23+0.16 2.00+£0.19 5.41+£0.17 2.60£0.19 5.60+0.06 3.05+0.18 5.61+0.21 3.15+0.19
Mixing C 5.26+0.15 1.94+0.18 5.40+0.12 2.62+0.24 5.46+0.19 2.64+0.14 5.61+£0.20 2.72+0.12
Average 5.18+0.14° 2.27+0.15% 538+0.13" 2.72+0.19* 5.60+£0.15* 3.15+0.17* 5.62+0.20° 3.23+0.14*
A 5.20+0.13 3.02+0.14 5.46+0.18 3.26+0.21 5.77+£0.28 3.98+0.15 5.84+0.24 4.08+0.19
Molding B 5.36x0.13 2.62+0.15 5.53+0.20 2.75+0.14 5.83+0.14 3.42+0.13 5.71+£0.19 3.50+0.25
C 5.3240.12 2.224+0.10 5.51+£0.19 3.00+0.16 5.57+£0.30 2.68+0.16 5.86+£0.25 3.01+0.14
Average 5.30+0.13°  2.62+£0.13*  5.50+0.19° 3.00+0.17* 5.72+0.24* 3.36+0.15* 5.80+0.23" 3.53+0.19*
A 4.65+0.16 1.70+£0.12 4.66+0.07 1.95+0.15 4.83+0.14 2.04+0.20 4.63+0.17 2.15+0.18
Refrigera- B 4.04+0.15 1.30+0.14 4.08+0.10 1.95+0.18 4.18+0.12 2.00£0.12 4.11+0.11 1.95+0.14
tion C 4.20£0.16 1.10+0.17 4.15+0.13 1.60+0.12 4.45+0.10 1.64+0.15 4.51+0.14 1.82+0.16
Average 4.30+0.16*  1.37£0.14® 4.30+0.10* 1.83£0.15* 4.49+£0.12* 1.89+0.16" 4.42+0.14* 1.97+0.16"

Y Mean=+Standard deviation (n=3).
2 TAB : Total aerobic bacteria.

? Different lower-case letters (a, b, ¢) in the same row (TAB) indicate a significant difference according to Duncan's multiple test (P<0.05).
9 Different upper-case letters (A, B, C, etc.) in the same row (coliforms) indicate a significant difference according to Duncan's multiple

test (P<0.05).
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