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Inhibitory Effects of Temperature and Vinegar against Indicator
Organisms in Raw Fishes for Sushi ingredient during Chilled Storage
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Abstract

This work evaluates the indicator organisms (aerobic bacteria, coliforms, Escherichia coli, staphylococci)
in raw fishes(3 species: Tuna (Katsuwonus pelamis), Shrimp (Penaeus setifenus), Octopus (Octopus vul-
garis)) for Sushi ingredient under different temperature conditions and different acetic acid concentra-
tions. The results obtained were summarized as follows; Indicator organisms were increased promptly
without storage temperature in 2 days. By the way, there were no difference among the species. Organic
acid such as acetic acid used in the sauce for sliced raw fish meat. At low concentration lev-
els(1.0%~5.0%) of acetic acid exerted antibacterial activities toward the indicator organisms. Added ace-
tic acid raw fishes showed excellent microbiological quality. Acetic acid was effective for keeping the
microbiological qualities of stored raw fish up to 2days. By applying pretreatmeant method, such as
added vinegar, the levels of microbiological hazards were able to be controlled and lowered.
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Fig. 1. Growth of indicator organisms in samples during storage at different temperatures after 48 hrs.

acetic acid; Hl : 10°C without acetic acid.
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Table 1. Indicator organisms growth of Tuna (Katsuwonus pelamis) during storage at different temperatures and different
acetic acid treated for 10 seconds

Viable cell count (log CFU/ml)"
Aerobic bacteria Coliforms Escherichia coli Staphylococci

O Hr 24 Hrs 48 Hrs O Hr 24 Hrs 48 Hrs OHr 24 Hrs 48 Hrs

ND.¥ 2561025 2.65+0.02
3)
HOAc 0% 4.112£0.10° 4.21+0.09 4.27£0.02 ND. 1824003 196+0.02 ND. 1.53+0.02 1.72+0.03

ND. 1.98£0.12 2.2610.10
HOAc 1% 4.04£0.01 4.06:0.01 4.18+0.06 ND. 1594025 1714012 N.D. 1.3140.03 1.52+0.10

Conditions®

*e HOAc3% 3224019 3212008 3472013 D~ 10001 %1;‘1‘]—;8:8; ND. ND. 1424012
HOACS%  3.10:035 3.1940.10 3321003 O E:B: }:8%8:(1); ND. ND. 1242002
HOAC0% 411010 4274009 4542002 D 235003 g:?g“_fg:gg ND. 1524002 2.15+0.03

. HOA 1% 4045035 406:0.03 418:012 D~ 202010 g}gﬁg:g ND. 1324006 1.62+0.10

ND. 239+0.10 2.57+£0.08
HOAc3% 3214035 4.00+0.25 4.24+0.01 ND. 146£119 1824002 N.D. 1.46+0.01 1.5720.13
N.D. 2.07+0.02 2.2610.01

HOAc 5%  3.3240.10 3.68+0.06 3.8110.01 ND. 1'24;().01 1,76;0‘03 ND. 1244+0.09 1.48%0.19

"Microbial numbers are expressed as log colony forming unit (CFU) per ml of the homogenate.

PHOACc 0%: 0% acetic acid treatment, HOAc 1%: 1% acetic acid treatment, HOAc 3%: 3% acetic acid treatment, HOAc 5%: 5%
acetic acid treatment.

MeantStandard deviation of three replications.

“Not Detected(0 log CFU/ml).

Table 2. Indicator organisms growth of Shrimp (Penaeus setifenus) during storage at different temperatures and different
acetic acid treated for 10 seconds

Viable cell count (log CFU/ml)"
Conditions® Aerobic bacteria Coliforms Escherichia coli Staphylococci
0 Hr 24 Hrs 48 Hrs 0 Hr 24 Hrs 48 Hrs OHr 24 Hrs 48 Hrs
ND.? 238+0.01 2.38%0.03
3)
HOAc 0% 3.6110.15” 4.01+£0.09 4.22+0.01 ND. 1574020 2094001 N.D. 1.68+0.01 2.17+0.10
N.D. 2.17+0.06 2.35%0.25

HOAc 1% 3.54+0.11 3.89+0.35 3.98%0.10 ND. 1514002 1664019 N.D. 1.62+0.02 1.96+0.06

e HOAc 3% 249:030 297:0.03 349025 'O f:ggig:ég iiéi(o)é(l) ND. 1412003 159+035
HOAc 5% 233019 301002 3326001 N1 }:ggﬁg:gé %éiigz?g ND. 130£0.02 139+0.10
HOAc0% 361£0.15 435:001 4274003 N 5200000 ;:ggig:g; ND. 1724001 226+0.10

e HOAc 1% 3.59£035 4.18:0.13 419:010 D 24700 %:g_jgg; ND. 1624003 2.17%0.13

ND. 2214035 2.3840.12
HOAc 3% 248%0.19 3.28+0.08 3.70+0.01 ND. 1314008 1974003 ND. 1494003 1.64+0.02

ND. 206+0.03 2.2440.19

HOAc 5% 2.33+0.06 3.06£0.02 3.35+0.10 ND. 1 2540.14 1.9240.10 N.D. 1.3940.05 151£0.10

YMicrobial numbers are expressed as log colony forming unit (CFU) per ml of the homogenate.

YHOAc 0%: 0% acetic acid treatment, HOAc 1%: 1% acetic acid treatment, HOAc 3%: 3% acetic acid treatment, HOAc 5%: 5%
acetic acid treatment.

¥Mean*Standard deviation of three replications.

“Not Detected(0 log CFU/ml).
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Table 3. Indicator organisms growth of Octopus (Octopus vulgaris) during storage at different temperatures and different

acetic acid treated for 10 seconds

Viable cell count (log CFU/ml)"

Conditions? Aerobic bacteria Coliforms Escherichia coli Staphylococci
Ofir  24Trs 48Hs  OHr  24Hms  48Hs  OHr 24Hrs 48 Hss
HOAC 0% 4.36+0.15" 4.42+0.03 4.69£0.01 I\;j%?) A ND. 150:001 1.730.10
» HOAC 19 4213006 430£0.10 433:0.11 N f:igﬁg:gﬁ fg}iggg ND. 1424001 1.68+0.01
HOAC3% 273:0.10 3476025 3686002 N f:ggﬁg:gf 0y ND. 130:0.19 1532030
HOACS% 2.64+0.11 3142001 359019 1D ?é‘gigég }:?jig;?g ND. ND. 1124009
HOAC 0% 4.36:0.15 449£0.03 476:001 N f:ggig}g g:?;ig:?é ND. 1.6740.05 1.98+0.02
. HOAc 1% 428001 433£025 4412010 D' f:ggi’gg ;:?;ig:(l)% ND. 153003 1724003
HOAc 3% 273035 376:0.11 4278019 N fjéigz?(]) f:?;ig:?g ND. 147+0.10 1.65+0.02
HOACS% 266+0.10 3548002 3795011 \o 22003 2358006 gy Np 1252001

"Microbial numbers are expressed as log colony forming unit (CFU) per ml of the homogenate.
YHOAc 0%: 0% acetic acid treatment, HOAc 1%: 1% acetic acid treatment, HOAc 3%: 3% acetic acid treatment, HOAc 5%: 5%

acetic acid treatment.
YMeantStandard deviation of three replications.
“Not Detected(0 log CFU/ml).

4°Co} 10°CAIA] 48A17HE < A ASIHA A2 o
29 AzAed gt S HAFA 7]
3t AE vERd Zlojth
ol it Aze] AMAlgel ek =7
Hg =43 4o, 7] 4.11£0.10 log CFU/ml
I A7 1.0%, 3.0%, 50%2] 2%
3 4.04+0.01, 3.2240.25, 321+0.23 log CFU/
RS 7F 1.8%, 21.7%, 219
olth, Al%-2] 7%, £7] 3.6140.15 log CFU/ml
o) AubHlFR7) 3.5740.23, 2.49+0.25, 2.33%
0.13 log CFUmIZ 7HAstglom, 7hago 747}
1.1%, 31.0%, 35.5%°]th. &ole Z7] 4.3610.17
log CFU/ml 5°58] AWkAl<77} 4.2540.03, 2.73+
0.23, 2.65£0.10 log CFU/mMIZ 74307 24ago-
Z¥7} 2.5%, 37.4%, 39.2%%Z VFERGTH

Fig. 2& ¥4 A, A5, £918 0.0%, 1.0%,
3.0%, 5.0% 2% A7 F, 4°Co 10°CoA 484]7F
Agst 7o) LAA A Wats veRd Flojn,
Fig 3& tags

4CoAM 0.0%, 1.0%, 3.0%, 50% Hel&
g T4 HA, A, Fo)E 4847 AAEEA 9
HAEAF] WS ZAg A3, A ASeA

S

4.112010, 4.0440.01, 3.2240.19, 3.10035 log CFU/
ml 50| QT AWM 7} 4847 ) 4.27+0.02,
4.18£0.06, 3.47+0.13, 3.3240.03 log CFU/mIE '}
Blytom 7HAage 1.0%, 3.0%, 5.0%94 2.1%,
18.7%, 222%°1R0.2™, g2 A8, 270
AEER] FAA T 48417 AR T 2.65+0.02,
2.2610.10, 2.14+0.01, 1.0940.07 log CFU/mIE ‘}
Ebt, el g & ATEW 14.8%, 19.2%,
589%% 77} ZAetich A 270 HE

7] &YW Fo] 48417 - AZHUT Az AE
ol ol 12.8%, 33.2%, 48.5%% ZtAsisich X%
At g iAol A Bl A
st AAZ 11.6%, 174%, 27.9%% 7+t A
-9 Fol ABAME A AlgY fAME AFE
AL = Adn) A9 AL 3612015, 3.54+0.11,
2.49+0.30, 2.3340.19 log CFU/ml F30]3d Lyl
A4 7F 4871 7F F 4.2240.09, 3.98+0.10, 3.49+
0.25, 3.3240.01 log CFU/mIZ uehton, 7ag
2 1.0%, 3.0%, 5.0%NA 5.7%, 17.3%, 21.3%°)
Aok AEEY Ag-, 27)dE AEHA 9%y,
48217y A FZ 23840.03, 2.3540.25, 2.21+0.11,

2.1530.08 log CFU/mMIZ uEePdth #4509 7Hag
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Fig. 2. Growth of indicator organisms in samples during storage at different temperatures and different acetic acid

treated after 48 hrs. [ : 4°C
B : 10°C without acetic acid;

L 1.3%, 7.1%, 9.7%% ZasiHon, g4 =
71 AEHA @A Ao] 8A7F 3, HEEUL
Az Ao sl 20.6%, 30.1%, 40.7%% Zr4as)
Fot. Tt aT A gl Bl &
A FARE AFE 9.7%, 26.7%, 35.9%% 7HAE)
Ak #ole] AL 4361015, 4.2130.06, 2.73+0.10,
2.6440.11 log CFU/ml F=Eol™ UnbAls+7} 48
Al7ZF F, 4691001, 4.33+0.11, 3.68+0.02, 3.59+
0.19 log CFUmMIZ YEeRton, 482 1.0%, 3.0
%, 5.0%N4 7.7%, 21.5%, 23.5%°12H, tha+
o] 739 48X7F AF T, 2.86+0.01, 2.71+0.02,
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Fig. 3. Survival of indicator organisms in samples during storage at different temperatures and different acetic acid
treated after 48hrs (a: Coliform group, b: Escherichia coli, c: Aerobic bacteria, d: Staphylococci). [ ] : 4°C without acetic
acid; 74 : 4°C, 1% acetic acid; 5 : 4°C, 3% acetic acid; N : 4°C, 5% acetic acid; l : 10°C without acetic acid; & : 10°C, 1%
acetic acid; # : 10°C, 3% acetic acid; [ : 10°C, 5% acetic acid.
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