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Investigation of Microbial Contamination the Level in Fish Farms of Jeju East Coast. Yun-Beom
Kim, Young-Gun Moon, Jin-Hwan Ha, Chang-Hee Kang , Sang-Kyu Kam, Chun-Bok Song,
Myung-Cheol Oh and Moon-Soo Heo*. Faculty of Marine Science, Cheju National Umverszty Jeju
690-756, Korea, 'Dept. of Food Science and Technology, Cheju Natzomzl University, Jeju 690-756, Korea, Dept
of Chemistry, Cheju National University, Jeju 690-756, Korea, °Dept. of Tourism hotel Culinary Arts, Jeju col-

lege of Technology, Jeju 690-714, Korea - Level of microbial contamination was examined in four fish
farms of Jeju east coast for sanitary indication of bacterial contamination such as heterotrophic bac-
teria, Escherichia coli O157:H7, Salmonella spp., Vibrio parahaemolyticus, Staphylococcus aureus, Bacillus cer-
eus and total coliforms. The samples were collected and investigated from June to October in 2007.
Bacterial species of 5. aureus, B. cereus and Salmonella spp. were frequently detected from the seawater
of above fish farms. Salmonella spp., S. aureus, B. cereus were detected in the range of 0~4.3x10°, 0~
27x10%, 0~7.6x10° CFU/ml, respectively, from the fish feed used in all four selected farms.
Additionally, Salmonella spp., S. aureus, B. cereus were detected in oliver flounder (Paralichthys olivaceus)
of these farms, however total coliforms and E. coli O157:H7 were not detected during our ex-
perimental period. For the production of microbiologically safe and healthy oliver flounder, proper
quality control of feed, sanitation programs, and continuous monitoring of microorganism are essen-
tial practices, which required to include in the farm management system.

Key words : Microbial contamination, fish farms of Jeju east coast, seawater, fish feed, Paralichthys

oltvaceus
=

A - AAH o) Wislg AAF £Fo] dH o
2 Qs AF9] Ao A% L (well-being)E A3
e o R HIBIYE o] F AELE FAger
FEA - A7 A 02 A AEA HAY. &3 4bdo] nl
el FeElveel M e AR A EAY ZHd
150 Mg 29 A &S T He =
2 e Aot AN A ) ofg] |3
-9L°]°ﬂ 40}04 %L-/F— FA gl o ]

n‘.
2
Y
2
ol
ir

aHlAEe] 77 A kA A 9]
M Z8 AE Bbel FAEe] T AR LulAe
Y 29 0] G2 A4 Fopehs 2dA £ 4o)
aga & 4 gl

ATz ¢ 2R @ X (Paralichyhus olzvuceus)%— F A
AbojFog il o, RS uE v gojgoz ¥

*Corresponding author
Tel : +82-64-754-3473, Fax : +82-64-756-3493
E-mail : msheo@cheju.ackr

Ei glo] BE o’ FAvbEERT o f4HoE AN
gojol gk, ojd AF ALY LA} UiF HuA it
' 2 AARA, T FAE T BT, AAARAT
59 EXd g A77F Bo| A HQAvH1,4611,12]. 2
U osek 2 M4 s el tE A9t diREe AAAskaL
o] o7& FAEL e A BAY HAYARA Tl
AN AR[710] Sl g A= A9 sle 240l &

rﬂ{
l

4 R FolgolA F3 9 W Ay

Begol obrtvivy

st RAsta e AbgEol ﬂﬂ 2 2P ol A

4T & BoE 4K 2

e gg. SAw

olelg o) fFUA T F-59 A Az 6}7%1% zg & 4%

23} 9.0 g AFZo| Jojt 7}

e 28 2ol

&

e odne 2A,

TAKA

20079 64 H-H 108744 AFE T

=
35 99 AT ZEY T, 22

T4E g3 AT

AN 49 F



396 BB UK 2008, Vol. 18. No. 3

XA A2

A EFHF AT ARSE, WEF)E 11 23 45:H(Y &K,
KOREA)S AH&-sted BN 253, FojAER 2o]
£ w38 F A} 2 (expansion or extruded pellet, EP)<} uj
FALE (moist pellet, MP)& AZ 474 $]Al 9] Polyprolene
bag (DAIHAN, KOREA)E o] &3t ARt Tt HAME %
Aolfe A3 AREAE ez AFso 47
¥ Polyprolene bage] Hol &8 AL 2EZE £7)o] ¥
3, APAE g & BAAEE A3

Yotz U &R ZT &

AL & AFHe A5 1 mle 3l 9mle] g
085% AejAgsol dAE FAste uAE HAlo AL
FHon, F oFe slAE HALE YA Y& £7F
SEHFE T F AT L T RS 1 g8 HAH 085%
A Ags 9 mlo Y3 AN F dAE A5y b
AE AAE AT 239 Fol AtaE 085% A s
A #AFA ] F ARAE o] &3t 3 F JHd 1
mie AEE BAHozZ HAsd NAEE FASSI,

Zk Aol i) det AFSl 7§ Marine agar (Difco, USA),
g9 ¢ Micriobiology Chromocult Coliformen agar
(Merck, Germany)E Al-&-3to] A z3)A 9] By o e} &4
skt

Escherichia coli 0157:H7 &3

T Fele 4 @A 84 HolF A]8E EC broth
(BD, USA)el) A% 3t} 37°CS] e Fzol A 24Ate] S
#AL AR T 5 A9, E. coli 0157:H7¢] Xd)
#]Z] Q1 MacConkey Sobitol agar (Difco, USA)dl| %3}
SUd F 37°Co A 247 wikd &, sorbitolL 2335
%3 white colony& 3t Ao AEsHon, gl
A3 & Eosin Methylene Blue agar (EMB agar; BBL, USA)
£ AHg-ste] g3ttt EMB agaro A 9JAHE #FE
Gram staining, Triple sugar iron (TS[; Difco) test, Indole,
Methyl red, Voges proskayer, citrate utilization (IMViC)
test, Lysine decarboxylase, Motility testE 2 A)5le] FA 3}
Aok A Eel® 7 API 20E kit (bioMerieux, France)2
AHESte HE 34 AgS AASAT-

Salmonella spp. §8

9] #2< Lee F[5], Moon 5[7]9] ¥ & §431 A
8 1 mlE Salmonella spp. B9 ¥ A¢1 MacConkey
agar (Difco, USA)o]| = 23}e] 35°Co A 2447 wjoksted 2}
B FAERS colonys AESIE FAA RS AT &

A8 & Triple Sugar Iron Agar (Difco, USA)E AMg-3to] 4
A&gon, API 20E kit2 4340t

Vibrio parahaemolyticus &3

V. parahaemolyticus®] B2)e BAEZ JNHAZ A8 E
alkaline peptone water (APW)oll H% 3t & 37°Col|A] 18-24
A Fd WFste] $R4 AHgstga, AguA <l TCBS
(Difco, USA)9) BZ 3l 37°Coll A 18-24A17F 2] w3t s
. A=A dd JEgs g2l & F Ao A P2 AAEHA
3, APl 0NES AHg-3te) BT

Staphylococcus aureus &8

AFE A8 1 mlE 10% NaClo] #H7l" Tryptic Soy
Broth (Difco, USA) 9 mls] HZ3 % 37°Co) A 447 27
kst EHo] AEIAATG. S aurensd) H¥ WA
Manitol salt agard] T=@ate] 37°Celj A 24417t wjg3 &
mannito] ¥350] I FN E5Y Jg7 TR 29%
W go] gl Fetol tsl B9 AL AAFYY. 28T
2l AlPoZ Gram EAE AAste] TxAY e s 2t
€ I8 ¥ FTS FAsdyt. ag3 Streptococcus spp.
9}e] L 93| catalase test, DNase testZ A A& 39
A TH2].

Bacillus cereus &3

B. cereus ol t)3t A]E-& MannitolS #3357 %3}
o ¥ZA colonyE AT EIF FFIY WS
(Lecithinase §H-3)oll 93t colony FH ol We)8l s PAsl=
Ae)E o] g3t AW A2 1 mE 2349 Mannitol Egg
yolk-Polymixin agar (OXOID, ENGLAND)¢| =23}d]
30°Cel| A 24212F wjokste] gelstgicth

Zn 3 D

A2 85 ZUEE

Table 1, 2, 3, 4, 5% 20074 69 5-E 109714 5% gt
AAT F VL FHRA ASEFE LR 8o niE
& AARE Adoltt. ZAL FAF ML BT dutseet Ast
e 8 ARSEFE AFES SlTh 1 G AL
59 wAE A Ad ZE HBEedd V. pan-
haemolyticus= 8YF-E 109742]9] A} A3} ALG59 v &
Zol A 4.0x10°~3.4x10° CFU/mi7} B Q). Salmonella
spp-£ 9, 1089 AH&5 9 v &5 M AEEAE ol F
2 EZRF MR EY A4FEGE, 9, g8, A F)d
e 2Fo] o] FoxTt. FYA FHF EUTE Mste
A7t e d o]z s YATE Aol foldq 2
g F oy FIYE 7)&ojof F Ao B RgAE



Journal of Life Science 2008, Vol. 18. No. 3 397

Table 1. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm waters in June 2007 (CFU/ml)
Site Seawater Heterotrophic V. Salmonella B. S. E. coli Total
bacteria parahaemolyticus spp. cereys aureus 0517:H7 coliform
I 3.4x10° ND ND ND ND ND 1.0x10°
n B 3.5x10° ND ND ND ND ND ND
0 2.0x10° 1.0x10% ND ND ND ND ND
I 1.1x10° 3.0x10° ND ND ND ND ND
12 B 1.7x10° 2.0x10° ND ND 4.0x10 ND ND
0 4.0x10° ND 1.0x10° ND 2.0x10° ND ND
| 1.6x10° ND ND ND ND ND 1.0x10°
13 B 41x10° 6.0x10° 5.0x10> ND ND ND ND
0 8.7x10° 3.0x10% ND ND ND ND ND
[ 5.9x10° ND ND ND ND ND “ND
T4 B 3.0x10° 40x10° ND ND ND ND 1.0x10%
0 4.7x10° ND ND ND ND ND ND
"ILn seawater, B: Breeding sea water, O: Out sea water, ND: Not detected
Table 2. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm waters in July 2007 (CFU/ml)
Site Seawater Heterotrophic V. Salmonella B. S. E. coli Total
bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
I 1.0x10° ND ND ND ND ND ND
n B 23x10° ND ND 1.0x10 ND ND ND
0 1.5x10° ND ND 1.0x10? ND ND ND
I 1.2x10° ND ND 1.0x10 ND ND ND
12 B 2.0x10° ND ND ND ND ND ND
0 25x10° ND ND 1.0x10° ND ND ND
I 1.3x10° ND ND 2.0x10" 1.0x10% ND ND
1B B 2.8x10° ND ND ND ND ND ND
0 1.2x10° ND ND 2.0x10° ND ND ND
I 4.0x10° ND ND ND ND ND ND
J4 B 23x10° 2.0x102 ND ND ND ND ND
0 7.9x10° 1.0x10° ND ND ND ND ND
"L'In seawater, B: Breeding sea water, O: QOut sea water, ND: Not detected
Table 3. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm waters in August 2007 (CFU/ml)
Site Seawater Heterotrophic V. Salmonella B. S. E. coli Total
bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
| 4.0x10° ND ND ND ND ND ND
n B 3.8x10* 5.0x10° ND ND ND ND ND
0 58x10* 4.0x10% 2,0x10° ND ND 3.0x10% ND
I 1.0x10° ND ND ND ND ND ND
2 B 2.2x10* 1.5x10° 4.8x10° ND ND ND ND
0 5.4x10* 3.2x10° ND ND ND ND ND
I 5.9x10° 1.0x10° ND ND ND ND ND
13 B 2.5x10* ND ND 3.0x10% ND ND ND
0 3.7x10% ND ND 1.0x10° ND ND ND
I 0.5x10° ND ND ND ND ND ND
J4 B 1.2x10* 3.0x10° 1.5x10° ND ND ND ND
0 2.6x10* 8.0x10% 2.3x10° ND ND ND ND

"L'In seawater, B: Breeding sea water, O: Out sea water, ND: Not detected
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Table 4. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm waters in September 2007 (CFU/ml)
Site Seawater Heterotrophic V. Salmonella B. S. E. coli Total
bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
I 1.2x10° ND ND 1.0x10° ND ND ND
n B 8.7x10* 25x10° 4.0x10° ND ND 3.0x10° ND
0 8.0x10* 3.4x10° 26x10° ND ND 2.2x10° ND
I 3.0x10° ND ND ND ND ND ND
12 B 2.6x10* 0.7x10° 3.7x10° ND ND ND ND
0 9.7x10° 1.5x10° 24x10° ND ND ND ND
I 4.9x10° ND ND ND 7.0x107 ND ND
13 B 96x10° 3.0x10° 1.0x10% ND 1.0x10? ND ND
0 1.8x10* 5.0x10° ND ND ND 3.0x107 ND
I 8.0x10° ND ND ND ND ND ND
J4 B 1.0x10* 2.3x10° 4.0x10° ND ND ND ND
0 1.5x10* 3.0x10° 2.4x10° ND ND ND ND
“I'In seawater, B: Breeding sea water, O: Out sea water, ND: Not detected
Table 5. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm waters in October 2007 (CFU/ml)
Site Seawater Heterotrophic V. Salmonella B. S. E. coli Total
bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
[ 7.0x10* ND ND ND ND ND ND
il B 1.6x10* 9.0x10% 2.7x10° ND 5.0x10° 2.6x10° ND
0 6.0x10* 33x10° 43x10° 1.0x10° ND 4.0x10° ND
I 1.0x10* ND ND ND 1.0x10° ND 2.0x10
2 B 2.8x10° ND 2.0x10° 1.0x10° ND ND ND
0 9.9x10° 6.0x10% ND ND ND 9.0x10% ND
I 1.0x10° ND ND ND ND ND ND
13 B 3.6x10° ND ND ND 1.0x10% ND ND
0 9.0x10° ND ND ND ND ND ND
I 7.0x10° ND ND ND 22x10° ND ND
J4 B 7.0x10° ND ND ND ND ND ND
0 1.1x10° ND 3.0x10° ND ND ND ND
"I In seawater, B: Breeding sea water, O: Out sea water, ND: Not detected
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Table 6. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm feed in June 2007 (CFU/ml)
. Heterotrophic V. Salmonella E. coli Total
S
te Feed bacteria parahaemolyticus spp. B. cereus 5. aureus 0517:H7 coliform
il EP 3.3x10° ND 1.0x10° 1.0x10° 6.0x10° ND 1.0x107
12 MP 14x10° ND ND ND 2.0x107 ND ND
J3 MP 29x10° ND ND ND 1.0x107 ND 4.0x107
J4 MP 3.7x10° ND ND ND 5.0x107 ND 1.0x10
MP: Moist pellet, EP: Extruded pellet, ND: Not detected
Table 7. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm feed in August 2007 (CFU/ml)
Site Feed Heterotrophic V. Salmonella B. S. E. coli Total
bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
n EP 7.2x10° ND ND ND ND ND ND
2 MP 1.9x10* ND 3.0x107 1.5x10° 7.0x107 ND ND
I3 MP 2.4x10* ND 43x10° 6.0x10” 1.6x10° ND ND
J4 MP 1.1x10° ND ND 9.0x10° 55x10° 3.4x10° ND
MP: Moist pellet, EP: Extruded pellet, ND: Not detected
Table 8. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm feed in September 2007  (CFU/ml)
Site Feed Heterotrophic V. Salmonella B. cereus S. E. coli Total
bacteria parahaemolyticus spp. ' aureus 0517:H7 coliform
n EP 1.0x10* ND ND ND 5.0x10° ND ND
]2 MP 2.0x10* ND 6.0x10” 7.6x10° 2.7x10* 1.0x107 3.1x10°
J3 MP 7.3x10° ND ND 1.5x10° 1.3x10° 6.0x107 3.0x10”
4 MP 7.8x10° ND ND 7.0x107 1.0x107 ND ND
MP: Moist pellet, EP: Extruded pellet, ND: Not detected
Table 9. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm feed in October 2007 (CFU/ml)
Site Feed Heterotrophic V. Salmonella B. S. E. coli Total
bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
J1 EP 7.8x10° ND ND ND ND ND ND
2 MP 2.8x10° ND ND ND 5.0x107 ND 1.0x107
I3 MP 6.8x10" ND 3.0x107 25x10° 1.0x10* 5.0x10° 4.0x107
J4 MP 9.1x10° ND ND 1.0x10° 1.0x102 ND ND

MP: Moist pellet, EP: Extruded pellet, ND: Not detected
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Table 10. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm in the Paralichyhus olivaceus June 2007

(CFU/ml)
Site Region Heterotrophic V. Salmonella B. S. E. coli Total
& bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
I kidey 2.2x10° ND ND ND ND ND ND
liver 22x10° ND ND ND ND ND ND
1 kidey 43x10° ND ND ND ND ND ND
liver 2.0x10° ND ND ND ND ND ND
3 kidey ND ND ND ND ND ND ND
liver 11x10° ND ND ND 2.0x107 ND ND
4 kidey 1.0x10° ND ND ND ND ND ND
liver 42x10° ND ND ND ND ND ND

ND: Not detected

Table 11. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm in the Paralichyhus olivaceus July 2007

(CFU/ml)
Site Region Heterotrophic V. Salmonella B. S. E. coli Total
&t bacteria arahaemolyticus sSpp. cereus aureus 0517:H7 coliform
p Y pp
I kidey ND ND ND 1.0x10? ND ND ND
liver 3.2x1¢0° ND ND ND ND ND ND
1 kidey ND ND ND 6.0x10% ND ND ND
liver 3.0x10% ND ND 2.0x10? ND ND ND
3 kidey 4.0x10" ND ND ND ND ND ND
liver 1.1x10° ND ND 1.0x10? ND ND ND
4 kidey 25x10° ND ND ND ND ND ND
liver 1.0x10° ND ND 1.0x10° ND ND ND

ND: Not detected

Table 12. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm in the Paralichyhus olivaceus August 2007

(CFU/ml)
Site Resion Heterotrophic V. Salmonella B. S. E. coli Total
& bacteria parahaemolyticus spp. cereus aureus 0517:H7 coliform
n kidey 3.0x10° ND ND 1.0x10° ND ND ND
liver 2.6x10° ND ND ND ND ND ND
1 kidey 2.0x10* ND 3.2x10° ND ND ND ND
liver 2.8x10* ND ND ND 6.2x10° ND ND
3 kidey 1.3x10° ND ND ND ND ND ND
liver 21x10° ND ND ND ND ND ND
4 kidey 1.0x10° ND 3.8x10° ND 9.0x10° ND ND
liver 1.0x10* ND ND ND ND ND ND

ND: Not detected

J4l M += Salmonella spp., S. aureus, B. cereus7} Z1Z5 Q).
B3 39 M= S. aureus, B. cereus7} AEH YT} 42 9] k4
29 YR AZE9 S. aureus, B. cereus®] 7S WA rE
GeAsel Agat AR Fo) % ol J2ET SN 2
E A9d o2 AZE Y, ¢4 AR U nE BEe A
ol mls] §e Aol #do] A& Aoz dadT)

Salmonella spp. 2 79 F439 AAEAH F37
A3 1A} ol o3 F2 Holz} HH, Ats Fol HAd
A Zdare B2 AR FY AleTE 2G5 o8 4ol
she dAoA Hutz A Ao Algdn. oW A} o
FE AR Fol2 g8 AEEdTT g3 Fe glony,
¢ o] E 7beAol gleng APAEL S £

ol o
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Table 13. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm in the Paralichyhus olivaceus September

2007 (CFU/ml)
Site Reeion Heterotrophic V. Salmonella B. cereus S aureus E. coli Total
g bacteria parahaemolyticus spp. ' ' 0517:H7 coliform
I kidey 22x10° ND ND ND ND ND ND
liver 9.0x10* ND ND ND ND ND ND
P kidey 3.2x10° ND ND ND ND ND ND
liver 1.1x10° ND ND ND ND ND ND
B kidey 7.0x10* ND ND ND ND ND ND
liver 1.9x10° ND ND ND ND ND ND
4 kidey 43x10° ND ND ND ND ND ND
liver 22x10° ND ND ND ND ND ND

ND: Not detected

Table 14. Cell number of heterotrophic and pathogenic bacteria isolated in the fish farm in the Paralichyhus olivaceus October 2007

(CFU/ml)

. . Heterotrophic V. Salmonella B. S. E. coli Total

Site Region . . ;
bacteria puruhuemolytlcus spp. cereus aureus 0517:H7 coliform

I kidey 3.0x10% ND ND ND ND ND ND

liver 1.0x10% ND ND ND ND ND ND

1 kidey 1.8x10° ND ND 1.0x10? ND ND ND

liver 5.0x10% ND ND ND ND ND ND

3 kidey 8.0x10* ND ND 1.0x10° ND ND ND

liver 3.0x10* ND ND ND 1.0x107 ND ND

4 kidey 1.9x10° ND ND ND 1.0x10° ND ND

liver 4.0x10° ND ND ND ND ND ND

ND: Not detected

B30 AT 23 A7) A4 FUE Ve B
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2 «
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Ak ol AFE FHFE T FEAGL AFHA 5%
2 Q8 AdRT 400 mm o] g W FeFS Ve
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spp., S. aureus, B. cereus7} RIS A AZH YT, ko] Alg
o A% Salmonella spp, S. aureus, B. cereus= 7ztz} (0~
43x10° CFU/ml, 0~2.7x10* CFU/ml, 0~7.6x10° CFU/ml
AE AT £ 4 A9 nAE AA A B Go)

|t Salmonella spp., S. aureus, B. cereus7t AEHYM, &
WAdEH E coli O157:H7S ASE A gt

o8l 2A} A%Z Wo} [ ABHY A R2E BAH
A4 BAoly T B4 F9 8§44 a0 A Fgshe
Aeg AtgHH, F43Y A48T FYgAES FE
71& o & Ao AztET. o g o9} FHdle A8
AA A3 F 9 AAAYD A2dE £Y3te] F g3
FAEANA ob7|HE FAAEC] AH] AFEY FA
BA=9 o|m & U 24N 4 o, ¢Asn AR
& FAHES Aito] JMeE Aog AZHE.

#Ae =

2 AP “2006d F4F HACCP 724 924" o) 93}
A9 A4
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