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Bacteriological and Chemical Hazard Analysis in Commercial Fish
Products Minimally Processed

Hyun-Jung Kim, Dong-Soo Lee, II-Hoe Kim, Young-Mog Kim' and I1-Shik Shin*

Department of Marine Food Science and Technology, Gangneung-Wonju National University, Gangneung 25457, Korea
'Department of Food Science and Technology, Pukyong National University, Busan 48513, Korea

The objective of this study was to analyze bacteriological and chemical hazards in minimally processed commercial
fish products, including Hwangtae (freeze-dried pollock), dried anchovy, fermented anchovy sauce, and salted and
dried yellow croaker. Escherichia coli counts from all samples were below the regulation limits of the Korean Minis-
try of Food and Drug Safety Standards on Quality of Seafood and Seafood Products (Food Code). However, the food
poisoning bacterium Staphylococcus aureus was detected at levels above 1.0x10? colony forming units (CFU)/g in
Hwangtae, dried anchovy, and salted and dried yellow croaker, which are commonly ingested without heating and
pose bacteriological hazards. The detection of S. aureus, an organism indicative of poor personal hygiene, which can
be introduced by employees and multiply during distribution, indicates the necessity of improving the sanitary con-
trol of minimally processed commercial fish products. Histamine was not detected from dried anchovy or salted and
dried yellow croaker, but was detected at some of the highest levels in fermented anchovy sauces. This result suggests
that efforts to reduce the amount of histamine in fermented anchovy sauces are required.
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AAH SR Ak A ol S718aL Sl Aol SFICHNSC, 2017). 2014 7]3= S-2|ubkal =49l 1919 917k 4=

o, g fAtof| A food and agriculture organization of the AE(o] T} 7o} 3| 257) 4B 58.9 kg O & S (4, WA, B
united nations (FAO)£} the state of world fisheries and aqua- ) axv]EFo] 51.8 kg2 7horet ) =& 42%]o]t}

culture (SOFIA)2] SAIE ¢1-&-8Fo] B3l Hato] wp=w 131 ljofrAl= A 4% OECD (FAIE 7171712k FAO (

2R A7F gt AH|ERS 19604 o of| = 9.9 kgol] 23} A7k Frell A s A7) 5 A A H R 3141 2017-2026 5 A (OECD/
2013W 5 E 2015\ 7HA] 37t Hat AH|EFR2 20.2 kg 7] = FAO, 2017)E 2183) ¢to 2 1087 A A|AQ] S=AHE YA

SRz 520 o4 S7IREE. ol A 50K BREAHF32%  Awlmefe] A4HOR Sk A0 HuHrky wr,
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E3] $ejubeh=2013-20154 7|5 190 AZF AHE 4k Hr} 15.2% (25609H2) S7He A 0= of| A=t
0] 584 kgO & 83 % 19]o] SFIATHMOE, 2017). =2 SAEVFTES EX2Y, 34, AAE, 207 BE 59 13}
9lo] 4=4HE91913| (Norwegian Seafood Council, NSC)°ll w72 44k WEE, A, GAE, 94E 59| therts
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T oF 76%
£ ZA|8FaL Qtk(Statistics Korea, 2017). 13y Ge7ka-<=
A0 79, 370 S E QA Bk of e AlF A 27
A SE=(A11) flo] A=A A A1 FollAl vl e =
& A AR o] Qlom, T1 fjslie] 7t vlE
AT WA S AR 23 2010201109 5
7 455 AAAES BHel, 34 4 9 2117 F ool
9 7 7ol AA 51%E AA|skAL lom AR = 1
$1(254/2703), EA2 = 2$](40578/7,2538)0 @ A=
2 =Tf(Statistics Korea, 2017). T3t Bahk (2009)2] ¢1+-0]| 4]
T AT R AR 0] Yl flollA 22 2419t
1192 =& 915 Yelsich

SHH ©heThs o] 7] 1A8EHA Qb Aol wet AtEE A
Bx|of Al uhE E 2] 9] o] 3lehA] Bl m| &S] S4d(Yoon et
al,, 2017), k& HA] 2A79] AlEbdwhe] 0157 (Hazard
analysis and critical control point, HACCP) 222 7i2H(Yoon et
al., 2016), Y= o] A7} ] HA 9] F4 2 Ak o] vl
A& A8H(Cho et al., 2015), A 1t2 A oJ(Clupea pallasi) X
ul2 HX|(Engraulis japonicus)2] 9138 E4 v|w @ Z27]&
A Al(Kang et al., 2015), 7] U A%} o] whE AZ HX| 9
o|g}stA 4l n]AEe4 44 (Kim, 2014a), "HE B A] Al 2
A79] HACCP system model 7HEH(Kim, 2014b) 5 2 H A
of I =E0 o QS B, Ik o7 SR8 F5Al
ol et 1A sHA Qb ol et A= A9 §l= Aol
ofof & Aol A= Aol FEEAL Sl D7k ol AlE
of| thet YAy sHA Qb SHE ffs e, vk EA, BA A
A, @] 52 W= AltelA 9 o}5h4] 9fsf a4 24}
£ 59l devhs AR P E SRt 72 R R EE-
ahia} g,
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Ao AHg T AR TTLE ol f Al B o] Bo.
of, 20)2HE0] A W 4 QU AE, Telm A%, W, o

HaE2 T AR
&5 SR 7 B9 o T AlES ARSI AR e

[Hwangtae, " €j( Theragra chalcogramma)], 1} E2|(Dried
anchovy, Engraulis japonicus), B X 244 [Fermented anchovy
sauce, " X|(Engraulis japonicas)], @4 = H|[Salted and dried
yellow croaker fish, 2+27](Larimichthys polyactis)| = (Table
1),2017¢1 1945-E 104 Alo]of on-line markety} 54| 24
9] nfE oA G918+ 2™, on-line marketol| A G- )3 o F A
F A SA] Aol Algst e, ntE A Rt of 7 Al
F2=AY Y Y5, ice box (5T)E AFAZ 24, 124]
7k ool AES X35kt

Ui, a2

ARHA o, ot E o =t9] 4
2016)9] LHHAEY 5 nld= AlER el
Y3t ol S48 fisto] e 25 gofl B
£-9(PBS, pH 7.2) 225 mLE- 7}5}%] Stomacher 440 (Seward
Medical, London, UK)©.& 230 rpmol|A] 157+ #2335t 5,
N 11 mLof| Et 9148 H(PBS, pH 7.2) 99 mLE 7+
Sof A2 0 2 ¢l 34510l AR S |2k Uub
= ZF A Al 2L plate count agar (PCA; Difco Labo-
ratories, Detroit, MI, USA)ol| %3131 35+ 17T of| A 48 £24]
ZHE ok 3 A E Hekeg 2 Al R o
A4S 2| 2H4=(Most probable number, MPN)H 0. 2 B35}

. FAAE 2] 74 lauryl sulfate tryptose (LST) broth (Difco
Laboratories), A E 2] -9 brilliant green lactose bile
(BGLB) 2% broth (Difco Laboratories)& AM-3}o] 37+ 1C,
24-48 A 7F v st i3 EC broth (Difco Laborato-
ries) 5 ARE-5F0] 44.5 1 1°C, 244X vl ool o m, ittt
Ao EA]of| ARR-El BGLB, EC Wi 2| 7} E kel 2] A v ik & 3
(durham tube)o]] 747} S AL A o= TgstaL, o] &
Z&=(MPN/100 g)= e 21
As=E AT

FARES] 28 ASE A9l Staphylococcus aureus®}
Clostridium botulinum 20| tjslo] B4 on A Z 27
(MFDS, 2016)2] A[glRo]l =38to] S. aureus= &< 5t
3L CL botulinum-- %3734 %-& 3t
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Table 1. The number of companies and samples on minimally processed fish products purchased from Korean fish retail outlets

Sample No. of company No. of samples  Sample type and package (No. of samples)
Hwangtae 18 23 Slice (8)', Shreds (10), Powder (3), Original form (2)
Dried anchovy 20 20 Small (6), Medium (12), Large (2)

Fermented anchovy sauce 17 17 Plastic container package (17)

Salted and dried yellow croaker o 9o . Wrap package (3), Vacuum package (6)
Total 64 69

"Number in parenthesis is number of samples.
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70| S E floto] e 25 gofl Hat QARS8 (PBS,
pH 7.2) 225 mLE 7}l Stomacher 440 (Seward Medical,
London, UK)2.& 230 rpmof|A] 123 ot ASKeH &, ot 2y
11 mLoj| Bt Ql4kh5-8-2(PBS, pH 7.2) 99 mLE 7}a}o]
Ao A% Blajste] AR AZIIAT. BRI
Cho et al. (2005)2] HlHlo Z3te] AzP2w o A8t
+4), 3MAKMinnesota Mining and Manufacturing Company,
USA)Q] ARg-A g A of u}2} PYM (Petrifilm™ Yeast and mold
count plate)ol] A| 25 HE W wjoK23 2T oA 3-5¥)%t cf
2 chokg At 2 b Aeka T ol weks]
R S A Bl 2 Al

S|AEH 24

=]
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sl2ehule) ke B AR vl w, WA og,
=H|of| thste] AAISHS Cm, Kim et al. (2011)9] i o]l
o] 235I9eh & A& 5 goll 0.1 N 9425 mLE 7}5te] 42
oFstal o] Zle 424,000 g, 4°C, 152)3t §- o ashe] F
Sl 222 23] WHESto] A Ao AAkS 7hske] Al R
O 2 ARSI 1 % #EEH 9 AR 1 mLE 247 Al
Tof| Hgt &, YR =2 (1,7-diaminoheptane 32 7
T3] 2ot 0.1 N GAtel 0] 5 mg/mL= gk AHo] 0.1 N ¢
AFO 2 100 pg/mLE 3 A) 10 ul, Z3eHpEF-EN 0.5
mL, 1% @s}ctAlobA| =gl 0.8 mLE 7Fske] £33t &, ub
W& 8tef 45 Coll A TAIZE Rr=A8}staL, 10% 57 821 0.5
mL 2 o |2 5 mLZ 7tsko] 108+ Agska ASS st
of A4 553 H, oA EY EH(Acetonitrile, ACN) 1 mLE
7tk oj3st Z1& high performance liquid chromatograph
(HPLC, Agilent 1100, Agilent, Santa Clara, USA)Z 413}
o} B A Z AL Table 29} 201, Histamin 353 9] retention
time-& 14.195%5-0]QJTH(Fig. 1)
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Table 2. The HPLC conditions for histamine analysis

Parameter Conditions

Detector DAD

Column XDB-C18 (4.6x250 mm, 5 ym)

Column Temp 40°C

Flow rate 1 mL/min

Run time 30 min

Gradient elution (min) ACN (%) H,O (%)
0 55 45
10 65 35
15 80 20
20 90 10

Wave length 254 nm

DAD, Diode array detectors; ACN, Acetonitrile.
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300f T 5
250} & 3
200F Al
150f = I“ ©
100f 2o @ 3 5 | g
50F | & 8 S | I
0 \ N L = e A
-50F
-100 \ \ \ \ \ \ s \ \ ]
0 2 4 6 8 10 12 14 16 18 min
Retention time (min)
RT (min) Compound Peak area (%) Amount (ppm)
14.195 Histamine 1440.43311 20.53026
15.774 IS 1642.56482 193.39718

Fig. 1. Chromatogram of standard histamine by HPLC. IS, Internal
standard.
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187h ALl A A 23k Aol -8 521 el 2371E 4l 5tk
Al @ A= s Z2ARE A7H= Table 33} et AR 75
= S o) YutAld A& s <15-1.8 X 10° colony form-
ing unit (CFU)/g, tiAta A< 9]+ <18-180 MPN/100 g,
o AEH9E <18-68 MPN/100 go 2 yehyict. whet
A, B3P Al Ea A 27 tid+t 3187154 Q n=5, c=2,
m=0, M=10 (MFDS, 2017) o|5}2 H-A]E]o] $J85H4] 14
L oL Aoz AlgdHr) a8y 2= Alw+2l S. aureus7}
237 A& Z 167] AEol|A] 1.2 x10-6.0 % 10° CFU/go] A&
ook e AlE= 9%, =, A, 2 ez A2k o,
olof gt 2ol = AR Lhieh A AESHd HEF
O] P Akt 81871 A 7F glo] AR S T 4 gle
U, H|5gE 200|255 3]87] R (Zu] A o ol ghst
S. aureus®] 73$- n=5, c=1, m=10, M=100)%} H| 3}
35 olA |7} WQst Aoz Alggrt Sl dulroz
7taste] AT et ol A sa 4o 4 e (1
ug)e] =g A5 gk e A ot
10° CFU/g o 2 Hark]a1 §lo] fAetA o 2= FAI7L gle A
6 2 At ETtH(Ward et al., 1997; Doan and Davidson, 1999,
Fox et al., 2000, Leggett et al., 2012).

=30]9] 749 A& 9= <15-4.4 < 10° CFU/go] 1L 237)
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n=5, c=2, m=0, M=10 (MFDS, 2017) WFZ3}l= 2 © & e}
L 91A8sH ZA= gl A o= AeE e e U AlS5 A
% CL botulinume- AE=|A] &2} S. aureus7t 2074 A
E Z 117] AlEo) A 2.0x 10%-3.8 X 10° CFU/go] HZ= 9t
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Table 3. Bacterial and mold count in Hwangtae purchased from Korean fish retail outlets

Viable cell count

Coliform group (MPN?/100 g) Staphylococcus aureus

Sample. Sample type (CFU'/qg) Total coliform  Escherichia coli (CFU/g) Mold (CFUIg)
A Sliced <15 <18 <18 <15 <15
B Sliced 4.9x10°% 68 <18 2.8x10° 7.0x10?
C Sliced 7.6%x10% 68 <18 3.0x10? 3.0x102
D Sliced 1.8x108 <18 <18 5.0x10° <15
E Sliced 1.2x10° 20 <18 7.0x10" <15
F Sliced 1.4x10° 68 20 2.5%10? 3.0x10?
G Sliced 2.0x10" <18 <18 <15 <15
H Sliced 6.0x10? 45 <18 1.2x102 4.0x10?
| Shreds 6.9x10* 110 <18 1.6x10°% <15

J Shreds 7.0x10* 20 <18 1.5%102 <15
K Shreds 1.6x102 <18 <18 <15 <15

L Shreds 3.8x10° 110 68 2.1x10? <15
M Shreds 1.2x10% 20 <18 1.6x10? 3.0x10?
N Shreds 2.0x10% <18 <18 8.0x10’ <15
(0] Shreds 1.0x10% 20 <18 6.0x10’ <15
P Shreds 4.0x10% 110 20 1.5%x102 8.0x10?
Q Shreds 2.8x10°% 45 <18 1.8x102 5.0x10?
R Shreds 2.0x10° <18 <18 6.0x10°% <15
S Powder 8.9x10* 68 <18 3.9x10°8 <15
T Powder 5.1x10°% 170 20 3.5x10° 4.4x108
U Powder 2.5x10* 180 <18 2.0x102 <15
\Y Original form 6.0x10' <18 <18 <15 <15
W Original form 3.2x10? 45 <18 2.0x10? 3.0x10?

ICFU, Colony forming unit; 2MPN, Most probable number.
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(Jﬂ;} 0.72£0.31), 39 0.04-1.64 mg/kg (B 0.66+0.35),

A 0.24-1.23 mg/kg (4t 0.67+0.27)2.2 FDA 71221 50
mg/kg |5}, A AE++2 919 3](CODEX) #2421 100 mg/
kg olsh, f-ejuhet AFFH A SAkEol digh 5874l
200 mg/kg ©]sko] W] Woll AATkar Bt vt gl 2 4
Fo] At o] o} FARGE S e At
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olA, Zu|HAL A 9], n=5, c=1, m=0, M=10, MFDS, 2017)
o H| Bt wf, $JAYEH 02 FA7E Gl A O AR EHLE

S| AEFTIO] -, 177] Al 25 A8 CODEX A 2] 514
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Table 4. Bacterial count and histamine level in dried anchovy purchased from Korean fish retail outlets

Coliform group (MPN%100 g)

Food-borne bacteria (CFU/g)

Sample Sample Viable ceI1I count Staphylococcus Clostridium Histamine
type CFU'/ i ichia coli mg/k
yp ( g) Total coliform  Escherichia coli aureus botulinum (mg/kg)

A Small 1.5x10° 330 <18 3.8x10° ND? ND

B Small 1.7x10° <18 <18 1.0x10° ND ND

C Small 1.3x10° 110 <18 2.0x10? ND ND

D Small 2.8x10? <18 <18 <15 ND ND

E Small 4.0x10? <18 <18 <15 ND ND

F Small 1.5x10° 20 <18 4.0x10? ND ND

G Medium 1.0x10? <18 <18 <15 ND ND

H Medium 2.0x10* <18 <18 <15 ND ND

| Medium 4.0x10? <18 <18 <15 ND ND

J Medium 3.0x10° <18 <18 2.1x10° ND ND

K Medium 2.7x10° <18 <18 <15 ND ND

L Medium 2.0x10? <18 <18 <15 ND ND

M Medium 4.6x10° <18 <18 2.0x10? ND ND

N Medium 5.0x10° 20 <18 4.7%x10? ND ND

0 Medium 1.1x10° <18 <18 <15 ND ND

P Medium 2.6x10° <18 <18 8.0x10° ND ND

Q Medium 3.0x10° 45 <18 6.0x10° ND ND

R Medium 9.0x10? <18 <18 1.0x10? ND ND

S Large 1.2x10° <18 <18 2.0x10° ND ND

T Large 1.5x10* <18 <18 7.0x10° ND ND

ICFU, Colony forming unit; 2MPN, Most probable number; ND, Not detected.
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Table 5. Bacterial count and histamine level in fermented anchovy sauce purchased from Korean fish retail outlets
Sample  Viable cell count (CFU/mL) CO|if0".’ﬂ group (MPN2/190 Tnl-) __ Staphylococeus aureus Histamine
Total coliform  Escherichia coli (CFU/mL) (mg/kg)
A 3.6x102 <1.8 <1.8 <15 38.9
B 7.5x10° <1.8 <1.8 <15 27.3
C 1.3x10? <1.8 <1.8 <15 19.6
D 1.0x10° <1.8 <1.8 <15 394.8
E 1.6x10? <1.8 <1.8 <15 269.5
F 3.5%x10° <1.8 <1.8 <15 149.5
G 1.3%102 <1.8 <1.8 <15 231.2
H <15 <1.8 <1.8 <15 375.2
I <15 <1.8 <1.8 <15 355.9
J <15 <1.8 <1.8 <15 370.7
K 4.6%102 <1.8 <1.8 <15 352.3
L 2.1x10? <1.8 <1.8 <15 203.4
M <15 <1.8 <1.8 <15 99.9
N <15 <1.8 <1.8 <15 53.4
0} <15 <1.8 <1.8 <15 215.6
P 2.2x10? <1.8 <1.8 <15 186.9
Q 2.0x10? <1.8 <1.8 <15 268.4
ICFU, Colony forming unit; 2MPN, Most probable number.
Table 6. Bacterial count and histamine level in salted and dried yellow croaker purchased from Korean fish retail outlets
Viable cell count Coliform group (MPN?/100 g) Staphylococcus aureus Histamine
Sample Package (CFU'g) ol colforn_ Escheriacal . (CFUIg) (mglkg)
A Wrap 2.7x10* <18 <18 <15 ND3
B Wrap 3.1x10* <18 <18 <15 ND
C Wrap 1.6x10* <18 <18 9.0x10° ND
D Vacuum 3.0x10* <18 <18 8.0x10? ND
E Vacuum 2.8x10° <18 <18 <15 ND
F Vacuum 3.6x10° <18 <18 <15 ND
G Vacuum 3.2x10* <18 <18 <15 ND
H Vacuum 8.0x10° <18 <18 <15 ND
I Vacuum 8.8x10° <18 <18 <15 ND

ICFU, Colony forming unit; 2MPN, Most probable number; *ND, Not detected.
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