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Assessment of Microbiological Quality of Cooked Dried—Seafoods
in School Foodservice Operations

Heon - Kuk Park - Kyung Ryu)r
Dept. of Food & Nutrition, Dongnam Health College

ABSTRACT

This study was aimed to provide safety management guidance by evaluating the microbial quality of cooked
dried-seafoods in school foodservice operations. Nineteen seafood items were collected from six elementary schools,
those were dried-anchovy, dried-seaweed and dried-fish, which were classified as cooking process. The temperatures at
receiving and after cooking were measured and the analyses of cooking processes and microbial quality were
performed. The temperatures of all foods after cooking were higher than the temperature limit of 74°C. The number of
total aerobic bacteria and S. aureus in dried-anchovy over the limit of 10° and even the level of S. aureus
was found to be unsatisfactory. The count of total aerobic bacteria was 2.1x10° CFU/g and the number of
total aerobic bacteria after cooking was over the limit in one school. The level of E. coli (3.1x10° CFU/g)
was over the limit at one school and the number of S. aureus (1.2><104 CFU/g) was considered as
unacceptable. Dried- tangle and green laver were contaminated with total aerobic bacteria showing the over
the limit. The numbers of total aerobic bacteria in dried- filefish, pollack and squid were 4.3x106,
3.4x10°~3.9x10" and 4.6x10°~4.1x10" CFU/g, respectively, which were in acceptable or unsatisfactory level.
The E. coli in dried- filefish and pollack were over the limit. The total aerobic bacteria levels,
4.6x10°~1.5x10° CFU/g in dried-pollack and 8.0x10°~2.2x10" CFU/g in dried-squid, were over the limit after
cooking except dried-filefish. The E. coli levels, 4.3x10° CFU/g in dried-filefish and 2.5x107 CFU/g in
dried-pollack, were over the limit of 10% CFU/g. The numbers of Enterobacteriaceac were either acceptable
(3.3x103 CFU/g) or unsatisfactory (l.()XlO4 CFU/g) level in dried-pollack. S. aureus was unsatisfactory level
(6.5x10* CFU/g) in dried-filefish while unacceptable in dried-pollack both before and after cooking.
Unacceptable levels of S. aureus, 2.4x10* and 1.3x10° CFU/g were found from two schools, respectively.
These results suggest that the contamination of raw materials and the seasonings added after cooking should
be controlled to manage the microbial safety of cooked dried-seafoods.
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Table 1. Temperature and microbiological quality of dried-anchovy dishes in school foodservice opeations

Food temp. ApC" Coliforms E. coli Enterobacteriaceae S. aureus
Food items () (CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g)
Raw Cooked Raw Cooked Raw Cooked Raw  Cooked Raw Cooked Raw  Cooked
| 21 86 73x<107  44x10>  37x10  ND ND® ND  LIx10® ND  TNTC" 2.6x10°
Fried 2 19 8t 74x10°  44x10'  ND ND ND  ND ND ND  23x10° 1.2x10°
anchovy
3 15 81 72x10°  44x10  47x10  ND ND ND  LIx10® ND  TNTC 26x1¢°
! 16 85 372100 61x10° 3.0x10  1.6x10°  ND ND ND ND  4.0x10° 2.2x10°
Fried (with peanut)
anchovy 2 14 85 37x10° 40x10° 3.0x10  1.6x10° ND ND  2.0x10 Léx10° 3.7x10° 22x10°
. (with peanut)
with nut 3 . ,
. 21 82 20¢10°  5.5¢10 ND ND ND ND ND ND ND ND
(with almond)
Fried 1 22 86 45%10°  55x10°  3.1x10'  ND ND ND  3.1x10°  ND  1.2x10' ND
whitebait 2 15 86 21x10°  33x10°  ND ND ND ND ND ND ND ND
" APC : Aerobic plate count
*'ND : Not detected
¥ TNTC : Too numerous to count (>10° CFU/g)
o o N oy
of L dgre 27 e Ao wuE. wx  #49 Anode Zol Frd 2L oA
oy e o N o . -
of BFoly olEEE HUIStY H2 4 oA 71%t Aolet BerHTh WARS, BAGETHS
~ - 4 5 ~
Ae A% AUAY QWAZLE 31020x10° oA AL A4 ARG 2T LA BE
= 6 - = .
CFU/ge. 2 B% PHLS(16)9] 7|&AQ 10° o]t A HEEA Yot wE £29E ¥ 4 AT
< 4 4 - - - -
FHAEZOUT, 2 Tk 40x10%6Ix10'  AUHNRL BB ST WA AL A%
5 = 2
CFUgo.2 otiifZolgout tdAee aghs =2 9AY LIxI0’ CFURSR Jeh} & &
Llog uluhe] 242 A9 Uehx 9otch A% & 4§ 220 4SS L & Atk S awreus]
- ° 21 = - 5
AT Artetd e SAdA qAddE e S H¢EE "AA 100 CFU/g ool AY
2 3 -
g2 ALY 3x10 CFU/ge = 10°~10" CFU/g9] &9 ol21 %+, 71&7

Ua AP A2
71249 10 mlite 2 FAR fEolgloy, 2

AEHA @k

YT obEEg FAaoAM oY IAETE

AL ZYPstaz gt dee HRT FE2

2, WAFEFE 23 12 log F7tets A4
g fgdze =9

|
10' CFU/g o] 4He E4852F 44 A852)d
o.990] Lojup7

o
AL 79 Wallsi} Scatt(19)

39 4 9 1.2x10°

CFUg ol4fo] Hm ¥y 4zs 245 fug

4 Q& FojEt AREHEE AR Hst F
23he

Wol £ Fha|% HZT ol FeFoldHE

SRR 459 golzmos 22

#7t Ag
45x10%, 2.1x10° CFU/g& et o} PHLS(16)9] 7]
T Hustd 424 8 fET B
Uehf gk 22 Zo® 5.5x10°, 3.3x10° CFU/g
o WS Yol 7124 1008 238 e,
33x10° CFU/gE UEd Alm o 49 29l %4
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Table 2. Temperature and microbiological quality of dried—seaweed dishes in school foodservice opeations

b

Food Temp. APC

Food items () (CFU/g)

S. aureus

(CFU/g)

Enterobacteriaceae

(CFU/g)

Coliforms E. coli

(CFU/g) (CFU/g)

Raw  Cooked Raw Cooked

Raw Cooked Raw  Cooked Raw  Cooked Raw  Cooked

1 16 96 9.8x10"  1.1x10°  ND” ND ND ND ND ND ND ND
Fried tangle
2 15 95 48x10°  36x10 97x10 ND  ND  ND [4x10) ND 8£7x10 ND

Fried green (dcep_f; ety 8  37xi0*  10x10'  ND ND ND ND ND ND ND ND

laver Afried) 17 34 12x10°  4.1x10  ND ND ND ND ND ND ND ND
" APC : Aerobic plate count
? ND : Not detected
o] 6.1x10°¢ UElH A& = wu(data not shown) T3 ko] 6.0x10° CFU/g2. 2 (data not shown)
71EA] olstolnz Hrbet okge FFE A ojof ot 2ol Yl Aoz HolBZE Hitst
‘%E}‘* Lz Hojxg deth dWAdEE 1 < H2 A9 Y A S8 Bosit A

T wolzo|A 3.1x10° CFUgo = tugA9 29t a8y, AgddEAL dubAFsolA o
ShA7IEQl 10°¢ 23 ALs yeEgoy, 85T A71%Q 10° CFUg7tx @38 Z713 497t 3
ojFes 7143 Folle AEHA ot ¢AA Aoy gt HEHA Fob (AT $Eo
o A ‘%‘01:&1%01] Argshs Wol2 9 7 At ArhAjorel AutfolN A HEHA
£ L0 CFURS2 248 2R HB4 22T RUAZS ZHAUA L0’ CFUge
2)9e Bojz u} B A7ARE Lee 5@ 2 $84202 dey AL Agdsns Az
Az 9 AZ AU F4E 12x10° CFU/g, z8 & AYAFS AEHA GSkch S aureuss
Y AF2 1LIx10* CFUgR B8 ATt bt 2703 F 17RALoA] 8.7x10 CFU/go. 2 et %
AU B £ o2 FAdGA A A8 e e AL Adst U A=}
b Eede ¢ 9191? S awreus’= 12¢10° 23 ¥ $A2 BE &g gt $E0|9nh

r o
o
>
=
4

N

™
=
=
=
o
4

Uk F4rt 4.8x10°~9.8x10°
CFUlg, HAZ257 A&5A gAY 9.7x10°
CFU/gg u|AE4 7% Hstq & ff 2F §
$l W] A 2ol AU vhAFR S 95,
96T, AdFHA 84, 86TE HU T 1A thAl
upE[Zo] QuEbAF47t LIx10°2 2 UERG ThHA]
ob Hzte] ze] & Hrbste FEA A 479

Ao F FHolA, FHA, M| Aol zg
A9 = %59} FAHE 2 FAF z2g&A
3l AIE Table 3o A A3+
Aubq F4o A HolA L 43x10° CFU/E, T HH
L 34x10°-39x10"  CFU/g, ZueAojL
4.6x10°~4.1x10" CFU/go 2 e} o 8wl
Ao Y& Astie ZF PHLSY o
9 10°¢ 2I5e £4 £F Te BUS
of o]2i 9iqich. o] At Bae 5(13)0]
g WHeE AR A% HoAe
1.2x10°~8.2x10° CFU/g, 2401 = 2.2x10*~3.3x10°
CFU/g 02 Yetd ZBET o & S48

Py I
S o4 4o

ELJ HNF

i 12E
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BoEth Lee S(8) ALAAAE 5.6x10°
CFU/g, Chang® Choi(9)+= HElE 3.3x10
HAEE 21x10° CFUGO 2 AXFY AL oddt
Ad57E 55 10~10°¢0 A7 gk &
2 d4d7e olirt w2 HYE HY
Ao it Hert BagE ¢ ¢ U
F34E Holdl  1.6x10'  CFU/g,
3.0x10°~1.6x10" CFU/go2 RBE @49

}‘O:LOH.'
irLQé

g 71&9 10°S 208t 9d 28y, a9
A= 3 o] 85x10°2 2 Y} 7|E2AS 23}
3 AL AYstur 2E EHEH Azuig

=
B Aozt 98¢ ¢ £ AT ol Bue 5

(13l HoAHS dAdZ7t

1.0x10°~3.4x10"
CFU/go. 2 Hst A7 GAE 430]914, Ser
52000 AT AR gHIFFEETL

2.0x10~2.4x10° CFU/gojety R I8 7 Hu} =&
TEOR Uy suagAldae dfge oY
=7t 22 £EYE BT 24 EL UL
A% 2E7F 14-92TE st HYE wolu
Aou stugale gz & V&Y 4
WEA 7= pEIY 7
Hoj7t 44x10° CFUge 2 Ysh}
_,_‘:40/\1 7]201 IOEE]- u-o OF%j—/,\—
A 4.6x10~15x10° CFU/g, #u]
8.0x10°~2.2x10" CFU/go.2 W% 7]2%]
FEolynh olgd A= 7tEx
AS nEAZoY FHYLFZES A& A
AnESo] o4 2708 B & #2434
o, WA RAESY ddol  dubAd et
3.9x10° CFU/g, Au|dELol okdo]l 4.1x10°
23x10° CFU/g@ & (data not shown) ©]23 ZAx}
b HF 2de4Y nAEd 4 9L £
Aoz Hod dAFZFdAE dAEE Fof
A, B, 98 Mol A o)A} 3.0x10~1.6x10"
CFU/ge 2 otd 71230l 10°S 273a7,
a]ﬂ zso]]‘— 6}- _:—,J D—itgxnﬂ. ﬂo] oh;].l EHZo
#ol 6.0x10" CFU/ge. @ 7123 ojAtoz U

1o ¢ir ot ¥© pR =m

o
ox
it
I
Er

o f{N o

=

N

(data not shown) o] 93t @ Ho] FAE gt
ol2dt A= Yoo F(21)0] FolH - dut
Ao ddd7t 25 &4 454 9
FAANE 22t FANN AFEHA @3

£ Aold o] Yol 3 AuetE i

>~ :10
2 ot mju

1

O

22 ¢ 4 Ay, ¥ A3 BF & oA
o2 zYH7I Y Eolth Ser 5(20)9 Ao A
T QA ESLE °‘HH1H%T 6.2x10°~1.2x10°

CFU/g7tAl & Aol& UYBl= R2E Hof UYF
7b B Ae® #HutEdded, ol 2AolF
Y9 AREY, eARY HAHL £E 2
E, 449 21101%11 S F5 - EE A YA
Al #e7t doz FyHAL.

FHojqet HHANA z28 A RFFS 44
43x103, 2.5x10° CFU/go. 82 But® Sz 71239
ojdol i, = AEFFAN)ANA Y zuA
01:&011 gt 71%& SRAE HutEe R0
Bae F(13)9] AFAD FHolAolA XA 123
% 3XAA HEEHSG 3 AngE fAbetA
o ol AYet ARt 2 AFoAAE A

574 %ot
AUPAFe 22 YABRNME FHAA 6.7x10°
CFU/g 08 28 22 ddlL 16x10° 3.3x10°

CFU/go 2 28222 10%~10', Butx 22 10' o
Aol 7)o H 3 4

Folglh. Hu] oA oA
2o A 4.6x10° CFU/g, 1.1x10° CFU/gO. 2 U}el
b 44 sdeed NS fEoE 4hEY
ey, vez 2 f&ﬂ% AEHA g =
A T AYAEe Ao YR Lixlo]
CFU/gol 9l 797} 53x10' CFU/go 2 W&4z
of ol2A =, yuAr H&F EHEE w
L L

S aureuss Ho|AL= 6.5x10" CFUgez £t
%9 71324 10~10° Hgle) Ao, 28 ¥
o= 53x10' CFU/go & 7]Z29 2x10'~1x10°
CFU/gel §lo] & &0 Hth FgA+: =
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Table 3. Temperature and microbiological quality of shredded dried—fish dishes in school foodservice opeations

Food temp. APC" Coliforms E. coli Enterobacteriaceae S. aureus
Food items () (CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g)
Raw Cooked Raw Cooked Raw Cooked Raw  Cooked Raw Cooked Raw  Cooked
Fried dried filefish 16 92 43x10°  11x10°  44x10°  ND¥  43x10° ND  67x10° ND  65x10* 53x10
1 6 5 4 4 2 «10° 3 <10°
Fried dried  (with burdock) 17 83 34x10°  4.6x10°  16x10' 6.0x10' 25x10> ND  1.6x10° ND  TNTC 1.Ix10
pollack 2 18 77 3.9x10"  15x10°  3.0x10°  ND ND ND 33x10’ ND  TNTC TNTC
1 16 86 46x10°  8.0x10° ND ND ND ND  46x10° ND  24x10° 7.6x10°
6 6 5
Fried dried 2 14 77 2.4x10 1.3%10 ND ND ND ND ND ND  13x10° ND
squid 3 15 76 41x10"  2.0x10°  85x10*  ND ND ND  LIx10° 53x10  ND ND
R 22 74 NA® 2.2¢10’ NA ND ND ND ND ND ND ND
(with dumpling)
" APC : Aerobic plate count
Y ND: Not detected
* TNTC : Too numerous to count (>105 CFU/g)
Y NA : Not attained
T 10’ oAt W9YH, 2eE TR BT 10 AE FFYE Table 4o AAstgtt AEBAF
& zitety BE B4g 229 ZAH HRe &ﬂﬂ%%lgﬁim,%ﬂ%%%-ﬁglﬂ Lt
ZEA 2 9tk Aue Ao FASE 47 g M3 S aureus, ZBAEY S aureus7t YHE
% 2@ A 24x10% 1.3x10° CFU/ge2 Yehy THEAL, 1 92 AR 2gE & & 4
4 = - -
BE 248 2209t o] 3 AR} 24100 oh WAFF E: BAGBSRIS ABAY S
CFU/go.R A&HUY AL 27 3 7.6x10° aureus 29, 719 Zo| AFTLI S aureus
CFUge 2 EUE ££08 YeygEd, ot # 9 2HE wof YAEY Hg 2 & HAt
ol FdFY S aurens A 13x10° CFU/gQ] u] A gt gau odel mevt Zasgn Wolxp
Eol &9 Z(data not shown)o] 7|23 72 ol&= WolxZ o] UutA|H, FAFo] 7|&E3] o4
Helrh o& A3 UmA= BF HEHA ¢ o8 HAEHY HdE #FHUL, 27 Tz
of IE £EO02 XAEITH Bae F(13)0] Fof At AWAAY ed=7 A4 UEd 9
Ao A 2 F 23, oAl 139 G440 Aedee 22 & HA7tEe F99 7 B
A %‘%ﬂ‘ﬂﬁ}ﬂ o AR AEE&ol ¥4 U 83
Bt + Kwak(22)o] gngAol d&H 4 A8z2F 2AEL Y89 Ul*g%x—‘l =4

UIZHQF BHAANA ol EHET 27 log, B
WA#L 2.5 loge 3.9 log, S. aureus’t EHET
At @ AFuGE GO £ Qd4E
ol

¢

LEg e 84
Az AN Qae 4, EAYHRL

< Hay fIsiglou, 7tEze § AvtEHe

FEFo s dbAEeTt Aoz FEEHA @

Aoy 7 2AES FHoid, WgH, AujoA
oo ol YA, AFRE, HEE B
YA, S aurens 59 LF=7) EoF Qe
YastAr, 29 T FHAYL A= o
AFEI S aureus® QFYE7} Eo} tAzY T
Wb e Best Waw Aoz ey
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Table 4. Hazard identification and control masures of dried-seafood dishes in school foodservice operations

Identified hazards"

Food items Causes Control methods
Raw Cooked
. vl
Fried APC S. aureus Contaminated ingredients/ Ingredient control at receivin
anchovy S. aureus 8 g &
Dried-anch : ; : ;
dish Fried coliform Contaminated ingredients/ Ingredient control/
ovy dishes anchovy S. aureus S qureus Contamination by seasonings after ~ Use of sanitary seasonings or cooking
with nut” ' ’ cooking after addition of seasonings
. coliform,
slrl:?tdebail Emerolﬁlggriaceae Enterobacteriaceae, Contaminated ingredients Ingredient control
S. aureus
. - ; Use of sanitary seasonings or cooking
Fried tangle APC Contamination by seasonings after addition of seasonings
Dried-seaw
eed dishes  Fried green APC Contamination by seasonings after ~ Use of sanitary seasonings or cooking
laver cooking after addition of seasonings
. . APC, coliform
Erlffflishdr'ed E. coli Contaminated ingredients Ingredient control
S. aureus
Sheredded Fried dried APCE C(C)(l)lliorm, APC Contaminated ingredients/ Ingredient control/Use of sanitary
dried-fish ollack Enterobacteriaceae coliform Contamination by seasonings after seasonings or cooking after addition
dishes P S aureus S. aureus cooking of seasonings
: : APC, coliform APC PR : Ingredient control/Use of sanitary
?Lei?i dried  phrerobacteriaceac coliform Comam|natmncol:))imsleasomngs after seasonings or cooking after addition
q S. aureus, S. aureus g of seasonings

" Identified hazards were assessed according to the microbial levels which are unsatisfactory and unacceptable, and over the limit.
P .
¥ APC means aerobic plate count.

Bac S(13)& Aol w2 Qut#49 7 JE LE o4ez g%t otz x|
2 HEE gx7] 10-10° CFUg o4, AR 297 & A% 7134 oz gags ¢
A2 ALt AL 10~10° CFUg, A AT #719  omz AYa9 AL BRes] H8 Fog
A% 10 CFUg A% Zastda stk 2y, AdAg st ;_ssm. 2y, AR suo
2 dFolA 2AE BE AZE 2YAEL B A A5BANAY AN uPE BAL o
AY g7 zEude At 2e7|E LE AZo|nz AoE{HY FEF AxUAY A4
ol 74T oo JHAEHE(1T) 2PFAL AL AAY FEQAA gE Besh /s YRE
st 9oy g T ulAgEA Ehol A AA LG deiAL A AEFA4)0] 2u)A
A gtk 2 THANE FARY FERFE oJEFo) YT ARHLR AT Y= 1]
77t sbdat 3 sgtete oA, T 3 osbdets AE /2SO doER fME g 3
GAE AL Qenz @F SRS Fa A &3 WS AAstn, Yoz HACCP 8| 1A
AL WA AW zYAEOR TALPNZ  EEI O Auo| tstH HACCP A& w8}
29 299 &, 87 BE 7|ERY dF oo & Aotk GEWANAN £go] Hastg
29 H5AL ol Y8l dAAA A st 5 YEE B&H oM SE 999 GELR 9
oj4e] AR}E AR HA FRFANM RS A AR @ HFd gF yge £F
HACCPS 7122 & Awe A2doA 49 N Ak & Ro|tk
o ol oo g el e ke Zo] 3 B4, 7t9ze T s Fasgictn
A A ANE gokd 4 ok Hate 27 T 79 %3 HAHAY Y
AR, A2 AEEE FdR 27 o suete 2EF JFeEE 2YHA 2E o
©7b ol Aotk stdze FAL AMgstel  Fol v 2ol BAXENUCh FAzoA A
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