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Microbiological Safety of Commercial Salt-fermented Shrimp
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Microbiological safety investigation of 36 commercial salt-fermented shrimps revealed presence of coliform and
Gram(+) cocci, whereas pathogenic bacteria such as Escherichia coli 026, Salmonella, Shigella, Staphylococcus
aureus, Vibrio parahaemolyticus, and V. cholerae were not detected. When pathogenic bacteria were inoculated
into 9, 18, and 27% salted shrimps, Salmonella sp., E. coli 026, and S. aureus were not detected up to 13, 80,
and 90 days of fermentation at 20°C, respectively, whereas up to 15 day in commercial salt-fermented shrimps.
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Table 1. List of purchased salt-fermented shrimp in traditional market
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Kind Producing nation Sample code Purchased place Purchased month
TO1 Daejeon, T August
K TO2 Kangkyung October
) orea TO3 Kwangchun April
Oh Jeot TO4 Daejeon, J April
Chi TOS Daejeon, N April
na TO6 Daejeon, N April
Yook Jeo? K TY1 Daejeon, O August
ook Jeo orea TY2 Kangkyung October
TAl Daegjeon, J August
TA2 Daejeon, D August
TA3 Daejeon, H August
K TA4 Daejeon, N August
orea TAS Daejeen, N August
TA6 Kangkyung October
TA7 Kangkyung October
TAS8 Kwangchun April
3) :
Chu Jeot TC1 Daejeon, N August
TC2 Daejeon, N August
. TC3 Kangkyung October
China . .
TC4 Daejeon, O April
TCS Dagjeon, O April
TC6 Daejeon, O April
Vi TV1 Daejeon, N August
letnam TV2 Daejeon, N April
Jaha Jeot Korea TI1 Daejeon, O August
Sacha Jeot Korea TS1 Kangkyung October
Borisewoo Jeot" Korea TB1 Daejeon, N April
Dongbakha Jeot” Korea TD1 Daejeon, N April

USalt-fermented shrimp caught in May.

DSalt-fermented shrimp caught in June.

9Salt-fermented shrimp caught in Autumn.

“Salt-fermented shrimp in winter.

ISalt-fermented Acetes japonicus (a kind of small shrimp).

Table 2. List of commercial salt-fermented shrimp sold by company

Kind Sample code Selling Co. code  Purchased time Valid thru. Composition marked on the side of a package
Oh Jeot" CO1 A 02-09-16 02-12-25 Shrimp 75%, Salt 25%
Yook Jeot” CY1 A 02-09-16 02-12-25 Shrimp 75%, Salt 25%
CAl B 02-08-09 02-11-16 Shrimp 80%, Salt 20%
CA2 C 02-08-08 Unmarked Shrimp 75%, Salt 25%
Chu Jeot® CA3 D 02-08-09 02-11-15 Shrimp 75%, Salt 25%
u Jeot CA4 E 02-08-09 03-06-26 Shrimp 75%, Salt 26%
CAS A 02-09-16 02-12-25 Shrimp 75%, Salt 25%
CA6 A 02-09-16 02-12-25 Shrimp 75%, Salt 25%

Salt-fermented shrimp caught in May.
DSalt-fermented shrimp caught in June.
3Salt-fermented shrimp caught in Autumn.
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oz sy or ARE dare} HiAelE NaCle 3%3H7t
8ttt 242 nurent argar(Difco, Co., Detroit, MI, USA)E,
ARE 10% tataric acid2 pHE 3.5 ZZ$ potato dextrose
agar(Difco, Co., Detroit, MI, USAYE, tAd#& eosin meth-
ylene blue agar(Difco, Co., Detroit, MI, USA)E, AR el
SS agar(Difco, Co., Detroit, MI, USA)E, 2¥ ¥4 T+

phenylethanol: agar(Difco, Co., Detroit, M1, USA)E, H|He|ew#
€ TCBS agar(Difco, Co., Detroit, MI, USAYE A&ux| 2 A}
g3t a9 A%, vHElede 30°CelAM 3U7E wiekst
dom, g drdent, 28 Y 7L 37°CM 2
A7+ widst & HEE ALE AE 1g2 colony forming
unit(CFU)®| 2|2 et

9%y TF5A: Phenylethanol agarollX EEl® @& ¢
szl ZedTe] 548 FuE, a¥ G4, catalase
test, LA EAl, API system(BioMereux, Francey® £3lo] %
AYskz 1 AIE API system®] index®l Bergey's Manual of

Table 3. Microbiological characteristics of purchased salt-fermented shrimp in traditional market

Total viable Vibrios (Non-  Vibrios
Sample Salinity cells Lacrobacilli Yeasts Coliforms  Salmonella Gram (+) fermented  (Fermented
code? (%) (CFUlg) (CFU/g) (CFU/g) (CFU/g) (CFU/g) cocci (CFU/g)  sucrose) sucrose)
| g (CFU/g) (CFU/g)
TO1 23.0 6.7 nd? nd 43 nd nd nd nd
TO2 22.2 1.7 9.5 nd 14 nd 5.5 nd nd
TO3 24.3 1.7 nd 24 1.5 nd NT® NT NT
TO4 23.6 1.7 nd 1.3 1.7 nd NT NT NT
TOS 22.5 1.5 nd 30 nd nd NT NT NT
TO6 23.2 1.3 nd 6.7 9.5 nd NT NT NT
Mean (n=6)  23.1 3.6 1.6 1.7 2.8 nd 2.8 nd nd
TY1 212 2.8 nd ‘nd 2.3 nd 26 nd nd
TY2 22.8 84 1.3 nd 1.7 nd 31 49 nd
Mean (n=2) 19.3 14 6.5 nd 9.7 nd 1.7 nd nd
TAl 213 4.6 nd nd 8.8 nd 9.8 nd nd
TA2 19.3 4.0 nd nd 6.2 nd 7.8 nd nd
TA3 257 2.7 nd nd 1.4 nd 5.8 nd nd
TA4 20.7 37 nd nd 86 nd nd nd nd
TAS 219 24 nd 8.7 1.1 nd 19 1.7 nd
TAG6 25.2 10 1.2 nd 1.2 nd 24 nd nd
TA7 24.2 1.7 50 nd 2.8 nd 30 93 nd
TAS 223 1.6 nd 4.3 5.0 nd NT NT NT
Mean (n=8) 233 39 6.4 55 14 nd 8.1 14 nd
TC1 28.7 1.1 nd nd nd nd nd nd nd
TC2 24.8 2.6 nd nd 14 nd 38 nd nd
TC3 234 4.1 74 nd 1.6 nd 30 9.3 nd
TC4 24.0 2.1 nd 64 36 nd NT NT NT
TCS 25.1 38 nd 14 33 nd NT NT NT
TC6 26.2 42 nd 36 2.5 nd NT NT NT
TV1 23.9 1.2 nd nd 35 nd nd 6.5 nd
V2 242 37 nd 2.3 9.3 nd NT NT NT
Mean (n=8) 250 2.8 93 8.4 6.3 nd 7.6 25 nd
TI1 179 1.8 nd nd 8.2 nd nd nd nd
TS1 21.8 5.1 50 nd 2.1 nd 5.0 2.2 nd
TB1 222 2.7 nd 7.7 34 nd NT NT NT
TD1 237 7.7 nd 1.0 3.0 nd NT NT NT
Mean (n=4) 214 2.1 2.5 4.4 7.1 nd 2.5 1.1 nd
Toal mean o5 5 20 53 2.5 45 nd 1.0 13 nd
(n=28)

USee the Table 1.
Not dectected with the detection limit <10' CFU/g.
YNot tested.
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Table 4. Microbiological characteristics of commercial salt-fermented shrimp sold by company

Total viable

Vibrios (Non- Vibrios (Fer-

Sample code” Salinity cells Lactobacilli Yeasts Coliforms  Salmonella Gram(+)cocci fermented mented
p (%) (CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g) sucrose) sucrose)
g (CFU/g) (CFU/g)
CO1 243 24 1.4 nd? 1.0 nd 1.0 27 7.0
CYl 246 1.1 14 nd nd nd 1.8 1.0 3.0
CAl 24.0 1.6 nd nd nd nd nd nd nd
CA2 252 9.1 nd nd 4.5 nd 17 nd nd
CA3 22.1 75 nd 37 52 nd 1.7 1.6 nd
CA4 22.3 8.0 nd nd 33 nd 12 nd nd
CAS 26.0 1.7 25 nd nd nd 1.0 1.3 2.0
CA6 257 1.3 29 nd 4.0 nd 39 1.1 nd
Mean (n=6) 242 6.6 8.3 6.2 6.2 nd 7.3 43 33
Mean (n=8) 243 1.1 1.1 37 4.0 nd 8.0 8.2 22
"See the Table 1.

YNot dectected with the detection limit <10' CFU/g.

Systematic Bacteriology(12)ell £3ted &4 FA 3T
thA3g- F4: Eosin methylene blue agarcllr #28 & 5
W2 iEE FH Jg & AL g v 35
Ag He 59 Y FE Tryptic soy agar(Difco, Co,
USAYIX & Eelsiar 2 s dAjst] 2334 Fol
24 tE #8R1% & st 43S AM API 20E kits &
slod ZAL8kE 2 AIE API system®] index$} Bergey’s Man-
ual of Systematic Bacteriology(12)0ll &3l #4 &4 3%t
HlBE LT F4: TCBS agardid H2l¥ & & vwjHgle
L0 2 oiEE e A3l Tryptic soy agar(Difco, Co.,
USAPIAM <= 2elstal Askst 498 714 API 20E kitZ
B3l ZAMSlE 1 AAE API system®] index®} Bergey’s
Manual of Systematic Bacteriology(12°1 &3l =9 FA4sIit).
H= # /8 NE & 2HFE 9 o8 e dswit
Az F LAYRY: AA AzAH T HUA 8 1l
AES] edRPEEX ARG Al 7] dR0, 18 ¥ 27%)E
A28k ol Salmonella sp., Escherichia coli 026, Staphylo-
coccus aureuss ZVZF 1.8X10% 8.5X10%, 53X10" CFU/g 4
HES 3 200ColM sANTIRAN ASAEE 247} SS agar,
eosin methylene blue agar, phenylethanol agarS AHE-3te] 7A]
Aoz A7kt
5 A% T 29 Ed: AR 7% A% F HId A
& PdE 29 RYUREA &40 gEE AEdA AlEEHE
AL st 4719 Zo) Q8] vAE 3FE A HE
T 20°CellM AFsPEA AAA o2 HEAHEE BT

AR

AFA] Ao datas FAZEZ Q) SAS(Statistic Analysis
System)(13)2 ©]-8-3l] Duncan’s multiple range testZ A& 7F
freld-g FAgstart

a3 OE
AlE MSHe| D[UEeE S

Al A9 B 542 Table 3 2 40 YehARICH
= 2 FFE5: A9A FFTE 10-10° CFUg 22 A

Fobct ettt 719 A9 Fde 10-10° CFU/g, A
g A3 10-10° CFU/g o] FF22 Yyt £ a2
oA A3 HEe 17.925.7%2 UebdEd, ol o] &
(143} 3 5159 ITFERANME Al A9 H=r) bzt
21.3-23.5%, 272%% & A vlsh] EEdnt o)
FolA A FEFE 42 3.1X10° CFUML, 10-10°
CFU/g 22 BIEo], & AFAANAM A thE AT AJ$-
Aol ek ArAet FA AdE GRS ey, A
A9 FREE B o, ZgMEARL va v ugE
E yepd v, Al A AFEE vAEST Okl
o} e o A7) 2 Q4K WE u]AE o] Xols B
o|2] ettt & F(15)°] AT 7Y it MaEre 9=
7t FUFEE A4S RAY Rud A e 2 A
TAFM e 7t FHRE STt 243 &8A UE
ged oA AT Ale-AY 4717 /5 2 MAEAY
mE zjolof] 7IQlEE Aoz AztEy.

g3ET R ARdek: AT AeAA tAFES FEH
A AV 10-10° CFU/g o 522 HAEFAC A A5
12 AR 287 AF T 2N AFo] gl AEHA] &
%, 10'-10° CFU/g 552] AZo] 1171, 10*-10* CFU/g o5
o] AFo] 144G v, 719 AR AA o AFE F 3
N AFel dwto]l AEHA LU 10'-10* CFU/g 559
AFe] 47l, 10° CFU/g o AFel M. HAFES HFE
23 PIAESQl Escherichia coli®lo\ Citrobacter, Klebsiella, Enter-
obacter 52 WA (Enterobacteriaceae)®t 3 27 AA)
e Aeromonas 59 dF°) X¥E Aolth Ed diFFLE
AdAlE de] BXdhe AR A AREIEYs 3
A9 T g LEANEFLE B Ao] Bgsith B A9
NM HEE NAETF F Escherichia coliz FEEE 529
FEA4 B S Yehlle JEe AEHA Ut EFE Saimo-
nella®. A1 QAN AEHA Uyt

23 A 7o Al A=A lA] Gram positive coccie H
A 2570 AFE F N AEL AEEA BT, HR] Ao
e 10-10° CFU/g #5202 PE5AUrh

#H2&%l & 5 phenylethanol agarolA] £2]5 2 catalase®Ad <)
TE& StaphylococcusEF; MicrococcusS 2.2 8311 o] F,
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Table 5. Characteristics of Gram positive isolated from
commercial salt-fermented shrimp

Isolates
Ca3
+
+

Characteristics

Cal Cad

+
+

Gram stain
Catalase
Acid from glucose
Aerobically
Anaerobicaily
Gas from glucose -
API 20 STAPH assay
Glucose
Fructose
Mannose
Maltose
Lactose - -
Trehalose
Mannitol
Xylitol - -
Melibiose - - -
Nitrate reduction
Alkaline phosphatase
Voges-Proskauer - - -
Raffinose - - -
Xylose
Saccharose
o-methyl-D-glucoside
N-acetyl-glucosamine
Arginine dihydrolase - - -
Urea + - -
Lysostaphin resistance -

+
'
+

+ 4+ + 4+
1]
ot o+ 4 4+

+ +
1
Mo+

+ 4+

H o

Tentative identification Staph. xylosus ~ Mic. sp. Staph. sciuri

713 27ANME glooseE 71HE & A dFE
Staphylococcus%: 2.2, 3717 ZHANNT 4 A s 2578
MicrococcusZ 2.2 2319 SGAR2 T8E Saphylococcus
5= API system3} Bergey’s Mannual of Systematic Bacteriol-
ogy(12)°ll 381 Staphylococcus xylosus, Staphylococcus sciuri=.
A4 BAHUKTable 5). ole & F(15)°0] AT APelA 12
Fo] Xeidr-agao] 228 T S lenus 57, S. xylosus 3
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2, S. auricularis 25 1831 S, epidermidis R S. haemolyticus
2kzb 137 el EAcke A Aaeh fARE Feltt

HIEZ o AW A9AodlA vHe a2 HA 2570 AF
F 100 AFMe AEHA IR, WA AFAdAM = 10'-
10° CFU/g 2.2 A& 394 Gram 4 Al H]
Eleue sigae s fgdx Er}h AghelA] Bol £
=3 B3] gerst slert EREE AskrelM wel FeldEnt
x| WEI eFEL oF 4009Fo] BRI Ao V. vulnificus,
V. parahaemolyticus, V. cholerae 5 10°8°] HUHOE HIE
of ook 2y} B dAFAdelr Eeld vlEe|ede AP
systems E3 A4S A3} viHAXNA V fluvialis7t 2 EH A
thoole § S04l A Aelx EElE 85 HEzeH
& F V. alginolyticus 55, V. fluvialis?} 3% B2l=Uthe A
FrAre Afolt)

Hx % RE XNE § 2fE Sy oldEe] 4sut
AzHE 3 L92d: I55g galstd Az A3l
Az A Zl Salmonella sp., Escherichia coli 026 2 Staphylo-
coccus aureus®E 77t JFES 20°CAAH SAAIZIEAM 1 A
SALE #38 A= Fg 133 2tk Table 691 242ke] 9
& vlAEE HE §F 3 50% APdshes |H7EAl Ad 71ZHLD,)
& eSS, Salmonella spe -3 HE 3 A5E 9%
AME 4 1380, 9EE 18 B 27%0M e £4 1Y ¥
5% APHEATHEig. 1). Escherichia coli 026 2% F &4
204744 10-10° CFU/g ] +&2.8 d743] 74d ¥ 9%
= 9 % 18%°Ae &4 80Y9], HEx 27%0A = 7090
5 AV THFig. 2). Staphylococcus aureuss [F F &4
10871R] 105107 CFU/g ¢ $Fo 2 #4d ¥ d%% 9 ¥
1% &4 80del, AFE 18%AME 4 90Yel BF
ArdalthFig. 3). Zt7He] #3] wet ded mE A e
7} g2 Yehgted ole olEe] WgAdel tEy] giEer
Holt}l, drkroz o] 7Rt el 7sta #eA
& AguUlAde] it M TS 8-9% AFFENA, En
APEE 1520%2] HFsEelA o] ARErkie). & 2
B\ A Escherichia coli 0263} Staphylococcus aureus®] V871
7] thE YEEAMELD 18% A-FANA fejHoeg Fvt
st =l (Table 6), ol A8 AzA B4 Frlshe 95k
¢l 20%5} 18%0A mlAEe] B 2 KT B §(17)
o] Al 7He AR HAY 2, HgAe] 48 Salmonella
sp.2k= €l Escherichia coli 0263} Staphylococcus aureus

10 10 r
18% 27%
89 R
2
> 6 r 6
(79
(&]
4 4 4
S
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0 »—! T 0 ¢
0 10 20 30 0 10 20 30 0 10 20 30
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Fig. 1. Survival curves of inoculated Salmonella sp. in salt-fermented shrimp at 9, 18, and 27% salt level during fermentation at 20°C.
Saimonella sp. was inoculated at the level of 1.8 X 10° CFU/g into salted shrimps at 0-day of manufacture.
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Fig. 2. Survival curves of inoculated Escherichia coli 026 in salt-fermented shrimp at 9; 18, and 27% salt level during fermentation at

20°C.

Escherichia coli 026 was inoculated at the level of 8.5 X 10 CFU/g into salted shrimps at 0-day of manufacture.
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Fig. 3. Survival curves of inoculated Staphylococcus aureus in salted and fermented shrimp at 9, 18, and 27% salt level during

fermentation at 20°C.

Staphylococcus aureus was inoculated at the level of 5.3 X 10" CFU/g into salted shrimps at 0-day of manufacture.
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Fig. 4. Survival curves of inoculated pathogenic bacteria in commercial salt-fermented shrimp at traditional market during storage at

20°C.

Salt-fermented shrimp was purchased in the market and salt level was 21.9%. Salmonella sp. (A), Escherichia coli O26 (B) and Staphylococcus
aureus (C) were inoculated into salt-fermented shrimps at the level of 1.8 X 10% 8.5 X 10%, and 5.3 X 10'° CFU/g, respectively.

HeErt UF ol Bajap] A8 5= 9% M5-3leid 4
537] o8& 27%el X Bt 18%A A&o] w3t

% A% T 29 2d: A453e /5 A% T EeA 9
3 PidEe] o RdeA AldEe AeRE TAsk AR
A3 el v BE 35Szt HES F 20°celM Ags)
BA AAHeR WEYEE Tetsld Fg 49 dERiRITH
Table 60l Z}zke] ) vIBES HF & F 50% APEske H
7IR] A& 717HLD, S BRI Salmonella sp., Escherichia

coli 026 & Staphylococcus aureus= 74zt 74 104, 124 2
12¢0e] 25 APBEET. AR thE AR vlE)] HEEE
7v 7] W&ol AGAAE vAE T4 dAERE 7] o
ol 22 vAE T8 YT F, 4F9 28 doA
v Eel dagh S AT 4F IAEGeE o
FE BEE doA ASo] Ml =3 L7 el 9
& AAEE diolee FAL o Rzt Ase o2 ¢
HA QUth2). T3 AL TE NFOE LEPAEY o)
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Table 6. LDy, of pathogenic bacteria in salt-fermented shrimps at different storages of contamination (day)

. Kinds of pathogenic bacteria
Contamination stage Salt level (%)
Salmonella sp.V Escherichia coli 026 Staphylococcus aureus
, 9 56" 294 37.0°
Manufactiing & 18 35.6° 4500
27 219" 36.7°
Distribution 219 7.2 7.8

USalmonella sp., Escherichia coli 026 and Staphylococcus aureus were inoculated into salt-fermented shrimps at the level of 1.8 X 10%, 8.5 X108,

and 5.3X 10" CFU/g, respectively.

PMeans in the same column followed by the same superscripts are not significantly different (p<0.05) by Duncan's multiple range test.

A3E dEl) el o Fu B A Alde) Aol A
e 2oz BHATKI8). w2t A%, K7 Foll Hsivd
Eo] estizts A3 o B FALEA 23 159 9
W =25 Apggria @< ok a2y B AgdA HEE 0|
g 7= Al AR AEE 79 HAle 2ol B
As 102 FFolonz dAze APEEd die Al
Zhe 1598 o w2} AgzEnh B3, # d7EFelA
S40] g5d A3l A3 HAES HETHAUE W) A%
A Aee AR ARHFE & 4 Hol v]dEL HES
o, SEAAE d Boh 21 AEo] B AsfEATHTable 6). ©)
Ze Ave 79 4 8 nAEe] B8] v 9 B v
ol £z gel MAE LFEAET o3 rYES] A%
ol Asj7] HEoE BTt

ole] AMERE Ne-3le AzFAY Fol| LHE PE
2 90% ool =3 AF #F Fol 2¥E HH vAES
158 ool AlEE e uEIAoR sl ¢
18 Wh=A] $447]700] 90 o) a7En ¥ 4 ok

2 %

Al A nAERE B4S Hrke A9 Fage 7]
g A A AR el zhzt 10-10° CFU/g, 10'-10° CFU/
g 22 Yesth AlBASACA tiddee AEEHA e
AE, 1010 CFU/g, 10°-10* CFU/g 52| A|Eo] ) A%
A AA 28AF F 2 v, &, giHeH, 719 AR
AA 8AE F ztzt 370, HH, ) AFeldct. vEe
e AA 2570 AF 5 100 AN HEHA %z, Y
w2 AFAME 10-10° CFUg 522 HAZHJAT) o &
A9 v|AEL A8 EA43 AP system? E8 Y
A WY vAEe FEEA osich T, Al A
FEEE 9, 18, 27%E BElst] AR M-Al Salmonella
sp., Escherichia coli Q26, Staphylococcus aureus® 3F381d A
%2 Hrksk As Alo] ggEol AlHEHE A3 HEs
HE Aol 159 ool BF Algson, Az A% &
A=7) Aol BESARE HF9ole 54717021 904 o] =
T Apgsict

o ro

HAtel &

B QA7E 20024 AEolokEekdd SvAE saE A
79 Uiz Qo] A=y
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