KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

gh5=2] 53(6), 861-869, 2020

A&t WEZ(Crassostrea gigas)2l ¢

- = A A1 2%
MRS - ZBR2 - MBI - {EIS - ZEIR2

NS SAMBMUS T|SXRME, 2EATET HSAELT)

oo

Original Article

Korean J Fish Aquat Sci 53(6),861-869,2020

0=
0
H
x
E
|

Safety Evaluation of Frozen Oyster Crassostrea gigas as a Raw Material

for Seafood Products

Sun Young Park!, Hye Jeong Cho?, Seok Min Lee?, Min Soo Heu'?, and Jin-Soo Kim'?*

Research Center for Industrial Development of Seafood, Gyeongsang National University, Togyeong 53064, Korea
*Department of Seafood and Aquaculture Science/Institute of Marine Industry, Gyeongsang National University, Tongyeong 53064, Korea
*Department of Food and Nutrition, Gyeongsang National University, Jinju 52828, Korea

This study was conducted to investigate the suitability of frozen oysters as a raw material for the preparation of
seafood products by measuring the concentrations of harmful microorganisms and chemicals in thawed flesh. The
microbial concentrations in thawed oysters were 2.3-5.0 log CFU/g for viable cell counts, not detected (ND)-1.0 log
CFU/g for coliform bacteria, and ND for Escherichia coli and pathogenic bacteria such as Staphylococcus aureus,
Salmonella spp., Listeria monocytogenes, Vibrio parahaemolyticus, Enterohemorrhagic Escherichia coli (EHEC),
and Clostridium perfringens. In frozen oysters, the heavy metal concentration for viable cell counts was ND-0.030
mg/kg, for lead was ND-0.393 mg/kg, and for cadmium was 0.021-0.597 mg/kg. Benzo(a)pyrene, shellfish poison
(paralytic shellfish and diarrhetic shellfish poisons), and radioactivity were not detected in the thawed oysters. These
results suggest that frozen oysters can be safely used as a raw material for the preparation of seafood products.

Keywords: Oyster, Shellfish, Shellfish sanitation

M B

22 2ol Al(lysine) S3} 22 Brofu| AL, 23} ofed 5
o A2 77142, =el 3 A(glycogen) S 22 Yol
=531 A EPA (eicosapentaenoic acid, 20:5n-3), DHA (doc-
osahexaenoic acid, 22:6n-3) 52| @M 7}-3 A®AHomega-3
fatty acid)a} 22 A7} 7154829 2447} =th(Park et al.,
1995). #nto] of g} Z-& gl Al A AJRo] FHstaL, =
23] 2RI FHA Bk 9-f HZs 7HA| AL glof of| =
el vitte] SG-2 S Stk =2 I 2 17 7150l ¢
ARHA] ] axB| Rl ofU el 9= AHAFEE A% skal
UL, A 7] dhdste] weh Aikol S, Ql=d Aok,
e, HlEW, Dejdo] ojo] AlA 6212018 % 7])E AHA]
Sl glowm, U ) AAKERe] 67.7% (20199 = 7))z A
Sl 1915 Aehi Qi S2utet 0 ok S4HE 5

1Lbo] CHMOF, 2020).

I, =2 tiEo] SA9F QI vitho A =2 AYAtE]
Atk FAE AL Qloj(Ha et al,, 2018), 1ol $1AI7 5444,
AR Sl A WSk fl2u |, S5 S 22 3k
O F YT} 7hE ARSA, 0] 5 AlBE Foll A A Sk URkAlES,
N, o, A=Al S -2 A= .ol 9f
sto] 9JAeHA] eh Aol Pk 7] s th(Hunter et al., 1999;
Mallin et al., 2001). o]} Z-2 Hit} 3H4 L2 o] 7}#] Q219
ojsto] 298131 9L, Bl Aol FIE Wiz -2, e,
o5 So] wieh gD} B E S0l £Re) i} Yot
o] nAel 2947 ofzteld 2.9jo] uhal ZE} olh
A& 702 d=Fr(Haetal, 2018; Kwon etal., 2019). 217+
o] ohfz} 22 R0l Lafol e §AE RO\ SAEED}
L= 9] ofilo] SHEOR Yorad HATOR Aslol 2%
A=A o Pt 3lekA e s Wol S5kl QlaL, 44
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Apgo] AHBls A8 Hg] gk 8 o]elo] g M9 4
2311 9lo] 1B UREA I A Trelol ofelgo] Eut
Hh(Rippey, 1994; Hold et al., 2001).

=& 10978 39712 9] 49 i Ffo] & AufollA] &
HI B QAL o] T A S A Yea S A e x2d, A
= oR 7hrEo] AR oA AHE AL tf Rl &
AL Qlek. whetbA o] = 7 At vl aLsto] n g EeHA
2 3kehA Qe aclolA 1 et o o gle e e 4 Hok
SEARE, =2) QA el thgh At AYAE s [Rl et
(Park et al., 2000), 732k (Park et al., 2010; Shin et al., 2017);
7K Ha et al., 2017), $HAHAATH Mok et al., 2016; Ha et
al., 2018), Aok A} 3 <l(Kwon et al., 2019), 11435t &)<
(Lee et al., 2016), 225 L2 %= 3|9 (Lee et al., 2018), 39t
(Kim et al., 2003)] $JA8sH] 9 553514 A4 Hrier 53
<& ol gk A, Al E[ A AW AR (Ham, 2002),
o} (Sho et al., 2000), A=t <=AFA| A (Jang et al., 2005)]2]
T o W uhH ol Fmas ol gk 2AFFof thgt o
7t Al A= ot o] =8 =0l 2ol gt
FolA et 22jaL, o] 5 A= =ofl Wik A4tk 2 st
A Qlaf aglow FAkEal gl wixa]dl, BANs (Park et
al., 2017)°] tistol= HEH vP7} itk

gHH, YeaS dE 25 T virtd g2stal sAstke]
A2 Al Folol Al AlF oo E A 7 3P 08 BRdh=
B AR EC R BREA 4 e R 2 2 o
o] A& ARt o] 2lek(Kim et al., 2018). whetA],
Ye= it AARkA] el 948 #ejrt daskal, o] #5548
oo A, A|&]=19] 7] A ol Aet f- e AEE o|oF 5L, o]
off thgt A= A9 gli= Aol

2 Aol A= et s A 5 A ARl 1915 AHA| 5t
1= S Y¥eaEY 7 A=A HAAE HESH AL
URA |, Nt o, A=Al 5 2= A=5H
L AT iz, Fu, PAbs T 2 3eHA 2 e
FER AT ESI, o] & S E 23 2t 9 7o) 7| 4

A3} w|ws}o] A A5}t
M= 2 g

NI

Al Y53 (Crassostrea gigas)< 20204 195 59 Alo]
of 30718 75to] ALgBTE. ol WE RS FAGA(T
), AT AYAI(1), HsllA@r), AAAIA), FFA
(77), AFRAAI(17), 23H(17)), AAEE FEAI(2A), B
FAA(14), T oM (1), 715 sheAl(d7d)ol A st
1 Q= HEaRME, ASAA, 22k 43E, 7l
A AF =], AR B2 A5 (MFDS, 2020) A|7. A 49
AF 2 FHFg ol whek AAISEITE &, AlEe @l A 23}

2GS WA 517] $J5ted ofo] AHMA(ice box) = A](5+3°C ©]
SHS FAISHHA 12A]7F o] jof] A g Al 2 Hlste] B4 of A
AL, JNE YIS Foto] Fufish Al 5= T2 FA] B4 of AF
A

o
AR, bt 9 o+t o] 42 913 HA D A=
£ AR th 019 25 g 24712 3704 FIshe] Whirl-Pak
(Nasco, Janesville, WI, USA)e| i1, o]2] 9ufj(v/iw)7} =
Har 4 A9(0.85%)E 7151o] Bag-Mixer400 stomacher (In-
terscience, St. Nom, France) 2 #+&3H15 30%)3t t}& thA|
Mo 2 s|4sfo] Al za}gct.

URbAltr= AA Y AR | mLE #2230 Tl 2| (plate
count agar, BD Difco, Sparks, MD, USA)o| &35}l Hj%F
(35£1°C, 48A17h%t & HE(colony)yS AIE3 L, AlS A2t
(colony)==oll 3]4] vj=5 55Fo] 4HE3E ThS log number of
colony forming unit/g (log CFU/g) 2.2 YelY Tt

YR W RS e e AR | mLE 3MA
(3M, St Paul, MN, USA)9| A<t X ZZ8A| I (Petri-
film™ CC, 3M Health Care, St Paul, MN, USA) %! tj&++ A
ZZE AT (Petrifilm™ EC, 3M Health Care, St Paul, MN,
USA)ell 42t HFs}aL, i (35+1°C, 24A17h3E 5, k=t
O] % 72 W0l 20 Sl 2149 FJ=k(red colony)<, T
At o] 7 7k ol 2ol Sl A9 1e(blue colony)
Hh AESHAAL, A5 A=k (colony)7=oll 314 wil~Z 5t
=53k
S=MT

2 AgtollA WEEo AFEAltel UEt HE= AESA
(MFDS, 2020)0ll 4 913t ¥l o 2 Ax|akel s, AlFE A
2 Staphylococcus aureus, Salmonella spp., Listeria monocy-
togenes, Vibrio parahaemolyticus, Enterohemorrhagic Esch-
erichia coli (EHEC), Clostridium perfiingens= XA743}o] =
53t

S. aureus®] HE A Y AR oA Audt AvAlRE
T 5788 AAY A& 1 mLE B+t QULFEE34Y 9 mLE
A A% A o= SRl S. aureus®] e I3k vl
- Baird-Parker $F 1 X] (Becton Dickinson GmBH, Heidel-
berg, Germany)°ll Ztz}F 3% of| 2] A|27F 1 mL7}F S A =
koL, wiA]of] £PA3] FE S 1027 Aol WAt 5
36£1°CollA] 48A17F B st S. aureus®] -2 ARt 7
2F R0 Frget Wl QLo WA, FEo] Qe HeM T A

N

>

b
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R
HOK(36+1°C, 244 7H)3t & 1)
o2 glsto] Al th, Bt Aol 3 4ulaE 3t

of N5t
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Salmonella spp.2] 2912 AAGAIEoZ AASHATE. Sal-
monella spp.2] S| FAL A7 (25 g)ol] FEA] GekFH
225 mLE 7}3le] Bag-Mixerd00 stomacher (Interscience)=
HASH2D)5te] FHB6+1C, 18-2447h5to] A £38H3iTt.
Salmonella spp.2] Zl%Fel 0.1 mLE 10 mL Rappaport-
Vassiliadis broth (Merck, Germany)ol] &3} 22} S<Ha[ %F
(41.5£1°C, 24A|17b)313AL). o]0l A, Samonella spp.2] 2| 4|
oF 1l 3}o]o Zfufjofol-S thA] XLD (xylose lysinen desoxy-
cholate) gHIufZ](Merck, Germany)2} BG (brilliant green)
Sulfa SHHHX|(Merck, Germany)ol Al =bslal wfoF
(36£1°C, 244]7h)5to] o4l == F2hE TSA (trypic soy agar;
BD Difco, Sparks, MD, USA)o]l &7 wlj%¥¢t tf-2- Spicer-Ed-
wards 5 22 H 24 E 470 EFE A 212 ARg-oto] &
FRkg-2 & gelskiich

V. parahaemolyticus®] =78 4 4d& Hsto] =t
& IRt b Mol FAE A AT e,
V. parahaemolyticus2] 21L& $J5lo] A|&(25 g)ofl 225 mL
9] alkaline =45 7}5}%] Bag-Mixer400 stomacher (Inter-
science)Z A SH2E)SF &, o] & Ft vl UF(35-37°C, 18-244]
7hHstR A, SatuloFel-S wiFo]2 3 sle] TCBS (thiosulfate
citrate bile salt sucrose agar; BD Difco, Sparks, MD, USA) gt
8 A (Merck, Germany)©l| 4 =@sl 3 E2juljok(36+1°C,
24A1703FEE. V. parahaemolyticus®] 2012 H-2|ujoF Aw}
217 2-4 mm<l 540 At v|23] =hE TSI (triple sugar
iron agar) APHB|R|o] B4 =kl ok (36+1°C, 18-244]
7hgt & o)AlE]= -2 API Kit (API KIT 20E, Biomerieux,
Durham, NC, USA)E &3l &<15I31tt. V. parahaemolyticus
of Here. Siel ApolN AL B A2 S 104 T 514
shof S1490 2 §REo] TCBS A 34l & Aol
1 mL7} =4 =dstar, vjek(35-37°C, 18-24X17h3ksch V.
parahaemolyticus®] & e+= 5 O] A vlsf] ek Al
sto] sjulng B ok AT,

L. monocytogenes®| €312 AAAFOZ AASHTt L.
monocytogenes®] &S 93t S92 AJ=(25 g)ol Listeria
enrichment broth 225 mLE 7}3}¢] stomacher (Bag Mixer
400, Interscience, France)2 A SH2E )3t &, Sl %F(30°C,
48A|7h3to] AA T}, L. monocytogenes?] EHo1S- ZaiufjoF
oS Oxfrod Medium base (BD Difco, sparks, MD, USA) gt
Ao 4 £}, o]} A MlakB6E1"C, 48K 73 T,
Al 222 0.6% yeast extract’} 335 TSA (trypic soy
agar)oll HelHlSHG0°C, 48 A17h3k0], TAAS Bao] A4
ahaict.

EHECS] Siole 44302 A5t BHECS] 2ol
2 918 HEA1E0) ¥l A| 223 Template DNAS 3
=5}l o] & PCR kit®] AccuPower EHEC Taq PCR kit (Bi-
oneer, Daejeon, Korea)ol] £5531%] GeneAmp PCR system

9,700 (Applied Biosystems, Boston, MA, USA)S. 2 Z-Z3}
of AZ3SAch. EHECS] 21 S5 H54H20] w50 5 L
£ 2% agarose gel (Gibco, Gaithersburg, MD, USA)o|| ¢!
3o] 7] %9%(MINIS-150VS, Major Science, Saratoga, CA,
USA)S AlA|5LaL, o]o] A] o] SafeView (Applied Biological
Materials Inc., Richmond, Canada)2 @4gt t}2- UV (Im-
ageQuant 300, GE Healthcare Bio-Sciences, Piscataway, NJ,
USA)=Z DNA band= 3}%tt.

CI. perfiingens®] 12 AAAA GO 2 311t} CL perfiin-
gens®| A|F-GA-L A|R(25 g)ofl Hat A4 4= 225 mLE
7}sto] Bag-Mixer400 stomacher (Interscience)= w2 3H1-2
Hysto] A z3t & AJFLH 1 mLE 10 mL Cooked Meat Hj
Z](Cooked Meat Medium, BD Difco, sparks, MD, USA)of|
Foh1L, ZHUIHG6E1°C, 24A7HIACE KHapo] H7bE TSC
SHAu A (tryptose sulfite cycloserine agar; BD Difco, sparks,
MD, USA)el 814 el o, ol Blef(36:1°C, 24417h)
2 ohe, WA BER 288 1 Yol Me wED
Mool 4 murelol 7] UjRH36+1°C, 24417 9 5710
FB6EIC, 24170 FAlol AAlstel o, T7]ajok oo
vl 20l ffsto] AAISHTE olojAl, At dtiwt o=
ol 22 GAM (gifu anaerobic medium) B Z](Cooked
Meat Medium, BD Difco, sparks, MD, USA)oll %A ul%F
(36+1°C, 24417 & BTB-MR A|A|9FZ 7}8te] {20
wish A2 Aoz Shelstele.

= o|&A[benzo(a)pyrene]

Hlzu|@le] BAe AZILAMEDS, 2020)004 53 ot
o= AlY-gAS ARt v Supelguard LC-185 AZ2RE
Supelcosil LC-PAH (25 cm X 4.6 mm)©| 214 high perfor-
mance liquid chromatograph/fluorescence detector (HPLC/
FLD) (A-10 Solvent&Sample Module, PDA Detector, FL De-
tector, PerkinElmer, MA, USA)E A3t} 3T benzo(a)
pyrence] HAZL AR LEY A 35C, oA B
A} F5oh opEUER L] BRN2S), £459 A5 1 mL/
min, A7) T4-2] 49 o}7]5140] 204 nm, WETHo] 404
nme] 21,

e

W 2 =4 nlu| A 9l 2= A (paralytic shellfish poison, PSP)
9} AAMA 9| F5E 2 (diarrhetic shellfish poison, DSP)Z L=
o] AFEX(MFDS, 2020)01| 4 AIAIRH R o= A A|sk3iTh

nhel i REas 4] 2R fRe FE == R
o] M1 200 g o]e] HE=s &Aske] Al 2skleh AT E &
& A F2A(20 mesh)of] glo S ¢t &2 W 5 327
(Waring, Torrington CT 06790, USA)& 23} 5151t} b}y
3 dFEas EA] It AA e Alae AR A RE
0.1 N gito = 7he 353 F59 9] 5H o = 513t =9
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© ABUAL 1921 2] 31 ICRA) 0F9-2 B7go] ZJ5ha
AAAIZEO RIE kg AAGH) B8 Sommere] 9}
ube2s A% WA RS ol §5ke] I,

FARE EEVEEREL EEE R P ETEN)
A2 9lofol A2t FBHE | g7} 90% vEhE 9 mLE 7}e}
11 WHI7](C-Mag HS 7, IKA, Staufen, Germany)E- ©]-&3}f
S S R $2T L, 0l Atk efaol 1 90% o]
B 10mLE 31 F LARLEI(L000 5 53kl A
t}. A AR o% % 2 mLE membrane filter (What-
man International, Maidstone, Kent, UK)E& o]|-8-5}a1, oJ1}3}
01 A Z5h9le}. 54 Ahu)= BEH C,, (2.1 100 mm, 1.7 um)
S A2k LC/MS/MS (Xevo TQ-S, Waters MA, USA)E A}
231901, AA 9l 3= 4 0] =B Q] okadaic acid$} dino-
physistoxin-12] .2 u}E T3 ALO] EA 0] 2 1| F1= 53-8
EAo]& 139 WELE A|7ky} B|WEte] Uz ofH = Sols)

Ye=d sas 7w H S2ol tiste] 245k
o, 7FEE B8 98t M A 2l Kim (2014)0] g8 1

2o A 25 I8t 98] vReE2 X
F5lo] g 22 23)7](teflon bomb)©]]
Ag 4% A4 10 mLE 718 ok

A|Z3}FGITE. o]ojA] A7 9] 2+
715 LHA ok 7HEHe R
@__—.;—_ }_E_%]-/i,l-g- U‘J‘— Eﬂ-o Q_ouo]
= j714] *‘A]ﬁ}‘ﬁt} A&l Hoff & HZE 2al7]9] a5
ol A AAT F F4E AT 100£5°Coll A FAto] 1 mL
A7t HE2 ZUA AT 81 | ZE Baf7)o 224 B
Mg 15w A 10 mLE ohA] 7kekar, AlRe] obd BEiE
QI gl 2 Baj7]o] W, 7HE(150+5°C, 40055} 114
S 3 o "rESkgIch g2 & 27| FAito] I mL AER
7 9] 451l u BelE 27511 2% (viv) A gdo g
A gafat o, o7 @ A-8(100 mL)ste] Azt o, 7}
Ego A& A E8HS 085k ICP-MS (ELAN DRCI,
PerkinElmer, Santa Clara, CA, USA)&Z A A]8}%111, ICP-MS
o] BA 2712 AlZFA(MFDS, 2020)0l A =0} 9= %7

Ja] .

fuA

o

1T <]

A~
T

o= AAsHITh

508 A ZFH(MFDS, 2020)014 2153t whof whet
FAS A2 0.1 g Hdto] 272 EA 7] (DMA-80, Mile-
stone, Milano, Ttaly)® HA45}gch 24 BAL 004
710 AlRE FY5kL, AZ(650°CollA 90%), H3l(650°Co
A1 180%) W opHrdHamalgamation) (850°CollA] 12%)3}¢]
AATHALE FL B4 Otk e A= easy-DOC3E
2 13(Easy-DOC3 for DMA, Ver. 3.30, Milestone, GitHub,
Inc, San Francisco, USA)2- ©0]-8-5}o] AH=351iTh 42 54
o] AzkA] W QA BFel2 w0155 (certified reference
material)9] DORM-4 (Fish protein; NRC-CNRC, Ottawa,
Ontario, Canada) 2 1566b (Oyster; NIST, Gaithersburg, MD
USA)Z AHg3tel A1xJskgick. ofu) 424719 24 2L
L5 1,000°C, detection2 dual-beam A.A. spectrophotom-
eter, IS 253.7 nm, FYHFS 10-50 mg, absorption cellS
dual cell/thermostat= carrier gasS ArA2 31Tt

IR

HAbs B2 A 353 A (MFDS, 2020)0f| A 9153 =5 of| wt
o S, WA A RIS A e A3l &
HZA(20 mesh)o]) ¢lo] 5E FoF 52wl & E4)7|(HMF-

380088 Hanilelec, Ulsan, Korea)i 7PO} Zﬂ_;_o]—?j\\:]—. PIARS
A2 marinelli H]o|A o] YiI oF | kg Hol Ugslo] i
= A 2ukg ksl EEA7](OCTEC GEM-60195-P, Ortec,
Tennessee, TN, USA)Z =43}t

2447 W= 02 MeVE 319, SAAS X
2~ 10,000%, 18]31 Al thAF 2l @ o (B9} Al
(P*Cs+7Cs) 0.2 39Tt

Zot 3 o
NERES S

YEEY BB BHL 2ABP] Slste] 059 Aub
455, WA LD 3, ASEAITH(S. aureus, Salmonella
spp., L. monocytogenes, V. parahaecmolyticus, EHEC, CI. per-
fringens)2] 5=+ Table 12} 2},

7H-& Y=o dubAlataol] tigt B+t s 9 Hele 4
ZF 1.9x10* CFU/g 2 1.9x10*-1.0x 10° CFU/ge] it} 3

-

Table 1. Results on the biological sanitation properties of frozen oyster Crassostrea gigas

Microbiological property n Mean (Range), CFU/g Microbiological property n Mean (Range), CFU/g
Viable cell count 30 1.940%(1.9x10%1.040°)  Salmonellaspp. 30 Negative .
Coliform group 230 0:2x10ND=-1.0x10) Listeria monocytogenes 30 Negative
E. coli B0 ND .Vibrio parahaemolyticus 30 Negative .
Staphylococcus aureus 30 ND Clostridium perfringens 30 Negative .
EHECP 30 Negative

*ND, Not detected. (EHEC, Enterohemorrhagic Escherichia coli.
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H, Ys=9 dithldtae Al 5 e 2 Ao AA7)
Kwon et al. (2017)2] 2Kt} Wol=t], o]= ¥& A=2] Yt
Alt=7F FUAW, 71 5 A C= A 2= 7] wfZolet
FAE T g, Ys=o] dutAletaol tigt =W 9] 71 o
AL (AEEH)] A9 n=5, =2, m=1,000,000 CFU/g,
M=5,000,000 CFU/g® &, WEe] A< 1.0x10° CFU/ge.
2 A= o QlaL, v, Ziukeh, EU, Y42, Bj=1, =1, CODEX
O] 7% AlA= o] A gt wEkA, We=e] Sle] 7+
AR ujFo] Hol 2 A-toflA HAR AREEH Al ¥E
=2 BF e BE V&S S5kl oE Ento] oy}
U AAE 29 7|% F4(n=5, =2, m=100,000 CFU/g,
M=500,000 CFU/g)= 53l 9lo], Uutalt2Ql Ho
A A o & QbdsHA el = Sirkar ek glet dukE o
B2 PRAES Al o2 Awg wHgsk= 4 10° CFU/g ©|
515 A4S Z o2 As1al Ql=t|(Park et al., 1995), & ¢
TollA HAZ ARESH Al WEae B o] Helol glof AlA
ok Ao wethe i)

-2 35°Coll Al 4817 o] ujof] vl 7|7k & Ado] 2
a0 &fsto] kAt 4bE st ST, IHSA
o] sz, s ¢, Snto] of et 28 5= v EA =
HHAE A Q1= v E 59] shvto]ti(Hamdan et al., 2008). ©]
2 Qlste] it w9] HES EHIe HE5S dAlste] eE
O] bA/ Aol =2 o8 E AL e 7 28 s o
Ao Bt w9 W9 7k71 2.0 CFU/g 2 ND-1.0% 10
CFU/go| i, &4 A 307 5 6719to] HEE| }let g,
=Y U= Aol tiet it U= a9 2] Alo] <18-
5,400 MPN/100 g #19](Lee et al., 2018), ‘a2t 7Azlgke] 2
0] <18-5,400 MPN/100 g ¥ <|(Shin et al., 2017), A-ehqk A}2f
I 3| 9] A o] <18-790 MPN/100 g (Kwon et al., 2019), 1143
Tko] o] <18-13,000 MPN/100 g (Lee et al., 2016), B2l o]
A RYARGE Zo] AJARR] of| 4] <3-1,100 MPN/g H 9], sthuf| 2] of 4]
<3->1,100 MPN/g Y 9](Pereira et al., 2006), F% 5= L
WEao] 7h3 4 % 7H2F 20-1,300 MPN/100 g #¢] 9l 130-
35,000 MPN/100 g ®9]|(Kwon et al., 2017), o] 52| 4% =
Z¥7} 20-470 MPN/100 g 2 130-790 MPN/100 g (Kim et al.,
2018)0]¢lekar Hargt uirh Qlek. gk, Wa=o] tiwttell
gk 71 42 W= =EolaL, =, AUt EU, 92, 5
=, ®B=t, Wl Ed, CODEX oA A A =]o] 917 ¢hr}. o] 4t
O] Ayt E u|Fo] Hol 2 Ao HEH Al Ys=e o
A= B AR HA B Wl ols A= HehE Gl

-2 372 QS ShRsty| fIeh oA Q] A&
n] o] aL, o] 2 ¢I5to] €] of 2] vhef & 7)ol A] 7] 5
Ao & AAJ8tL QthKwon et al., 2019). 7} 2418 W%
O+t e EHEE U B3, 2 it e ARt
Tk AREE O] Zl o] <20-170 MPN/100 g (Kwon et al., 2019), 7+
Zqke] Z o] <20-80 MPN/100 g ¥1<¢](Shin et al., 2017), e

7hakate] A o] <18-220 MPN/100 g (Ha et al., 2017), e 3t
Ab-AARES] o] <18-230 MPN/100 g H${(Ha et al., 2018),
45 59 Ao Z+2F <18-40 MPN/100 g ¥ <18-45 MPN/100
g0 A THKim et al., 2018). 3+, Ws=2] tiAtol tist 7]
& 4L FWe] 4 n=5, =2, m=0, M=10 CFU/g, 7L}t
the] 9 n=5, c=1, m=230/100 g, M=330/100 g/ n=5, c=2,
m=4/g, M=40/g, CODEX2] %% n=5, c=1, m=230, M=700
MPN/100 g, HIEE9] -9 10> CFU/g 2.2 AJA| o] Qla1, u
=, EU, €&, =, Bl= Soll A= Al A = o] A gh. whebAd,
Yeao] g€ 7] 14 0 & u|Fo] Hof 2 - tofA] A
Z ARG Al WEEe B U9 B V]SS S5 QL
< Euko] opufzh, 24 W ol A Ato] 7} Qlof FAlH o=
at7]oll= kgt ol glou, thA| = Kwon et al. (2017)2] o
et s B AR 29 U 71 H4A(0=S, e=1, m= 230,
M=700 MPN/100 g)°i| ¥]s}of e WO 2|2} 37 = it

o] & AtollA HA= AR Al Ws= 30710] et
YA A (LR, gt Hld ) 9] bz v Fof
Hop i Al Y= A48 =2 Sl 9] LRbAltr (A
34 n=5, ¢c=2, m=10°, M=5.0 X 10° CFU/g) 4 )&t 715
A(AE5d =4, 7tk 230 MPN/100 g ©]5}, CODEX ]
7230 MPN/100 g o3}, B E 10° CFU/g) & 731 9l
of, S| A o] 9] BE 7] 77 el glof vz st
2 914y wolA] Qb sleh Tk o,

7Hs A8 We=e] AlFS5dS. aureus, Salmonella spp.,
L. monocytogenes, V. parahaemolyticus, EHEC 4 CI. per-
fringens] % S. aureus} CI. perfiingens®] 73-%- &4 <0131,
Salmonella spp., L. monocytogenes, V. parahaemolyticus 2
EHECY] 7%~ 24013t} 31, Kwon et al. (2017)2 Y5
7878 33HA, B B C)llA 71 5 AF=AIRLS. aureus,
Salmonella spp., L. monocytogenes, V. parahaemolyticus X
EHEC] 5&2 78 2] 5-9F 2% Aol tste] AL, 71
A 1) 8 2159 H$- S. aureus?} V. parahacmolyticus
7} 3.5 <1.18 log CFU/g, Salmonella spp., L. monocytogenes
4 EHEC7} 25 B E0]911L, 2) 2|F AlE2] %5 S. aureus
7} <1.18-2.57 log CFU/g %], Salmonella spp., L. monocy-
togenes ¥ EHEC7} %= &%, V. parahaemolyticus7} &
5 <1.18 log CFU/go| ¥ithar B atshgict 12|41, Kim et al.
(2018)2 Al WE= 14719] tisto] AF=Alat= AR 2
3} S. aureus?} 1.7-2.7 log CFU/go| 131, L 2] 45:-9] A 5=
At Salmonella spp., L. monocytogenes, V. parahaemolyti-
cus 9! EHEC]o| W57 =& lthal Halgtk ui7 Qi /t
H, Yoz As=ARtl tigt 71 42 v=9] 4% S.
aureus 10* MPN/100 g@ 2, 7iutte] %9 Staphylococcus
aureus n=5, ¢=2, m=10°* CFU/g, M=10* CFU/g, Salmonella
spp. 73, Clostridium perfiingens n=5, ¢=0, m=10*> CFU/g
© &, CODEX®| %% Salmonella spp. 27, HIEE2] 7%
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S. aureus, V. parahaemolyticus 2 CI. perfiingens ™5 10°
CFU/g, Salmonella spp. /4 2.2, EU2| 73-¢- Salmonella spp.
n=5, c=0, m=0/25 g© 2 AA|=|o] ¢l11, =i, CODEX, 5=,
U2, =] 7B A= o] AA| ek whEbA, AFEAlE 65
o] A3 Az n|Fo] Hof & Aol A HA= AREEE 30F
o Y= AL SA=el Eoh= AEHTE 7=
AZ g5 A7 ASHA A E Aoz 4

o] YA EAN A=At Higt A, 12]a 7]
T4 5ol st 2§ Ant 5o2 n|Fo] Kol 2 AofA
FAR W= 3052 YA o= B QPISHA| 7 AL QL
Au FEEIL o] TS Ee rEd 2rEd YRR o
G3tof e nAESHA QA HollA AE EAI7F fleelet 5
FE

sfats 91 S

Ysz=o| sheha] EAS 2ARSH] ffste] ol59] Wixul
[benzo(a)pyrene], T} 7-54x(RHH] ] o724 W AAAMY ol 7=
%), FRHERS, & 7HEE) L AR L CsHCy)
9] ‘&= Table 22} 2t} Benzo(a)pyrene-> -4 o1& = 2]
= Y H7lEe] 9 Aol A== #A e ok
A N7t A chebakEatelead 3t FRE, QAo 4
T A% A R7I7k] A, 215 G B o) S ek 3
A2 d=2oltk(Jeongetal., 2010). 0| 2 15| AP A FA
[TARC (International Agency for Research on Cancer), 2017]
+ Benzo(a)pyrenes Group 12] 2HQ1H QA A =2 (carci-
nogenic to humans)2 A|A|staL Qith M2 oAl 2 HH 3+
of leZH A ofufj 7 Sl HE 2 4 & EHololA W
F=ol thsto] EAR Avt S S FRIE Sl ghd, BHel
52 2] benzo(a)pyrene 57} S| 95 2917|204
AFet Alo] 0.57 pg/kg (Jeong et al., 2010), AFEHE S
ol Al A3t 5710] 0.4-1.7 ug/kg ¢ (Mclntosh et al., 2006),
BT YA FRA, el debd e g, defd e

A AL Al FAPelA A FIRE Zo] 0.280-0.880 ng/kg

> N

Table 2. Results on the biological sanitation properties of frozen
oyster Crassostrea gigas

Chemical property n Mean (Range)

Benzo(a)pyrene (ug/kg) 30 ND'

Shelffish poison  Paralytic 30 ND

toxin (mg/kg)  Diarrhetic 30 ND
PO 30 0.124£0.025(ND-0.393)

oA 30 0.255:0.006(0.021-0.597)
TotalHg 30 0.007+0.003(ND-0.030)

Rasioactivity ™ 30 ND o

(Ba/kg) 14Cs+137Cs 30 ND

'ND, Not detected.

1] .- 3|4
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HQ(Park et al., 2017), =] 770 A AANA =73 Ao] &
AZ(MFDS, 2009), th & a=H[HFEO|| A =77F Z10] 2.592 pg/
kg (Shin, 2010)°]{ttal HaskGiek, whepA] & A-tolA =
o] benzo(a)pyrene B2 AJE 2| eFEHA A (MEDS, 2009)¢]
Ao} Fdst4ar, 7|l 72K Melntosh et al., 2006; Jeong
etal., 2010; Shin, 2010; Park et al., 2017)2] Ax}o] H]s}o] B
ket 3%9] benzo(a)pyrene]| thet 7] 42 =W 9] 75
10.0 pg/kg= A|A=o] Qlovt, vl=, Fiut), =1, Y+, CO-
DEX, g=, HlE, EU 53 22 =9 7|52 ob&] A A7} =]
ol QIA| ¢dtt. o)/Fe] =ofl tgt benzo(a)pyrene 4 AHE
F1j ) 5}59] benzo(a)pyrene 71 #e] A4513< 1 o]
2 233k o] glof AESIA SRl ehistch gt
et

WELL W5 HE
A& sto] AU A== A
Aes 34 4ol A
etal, 2017a). °|5 T FE4E IA AAEo] =& AAA &
Al=ol upH|Al 9| 7= (paralytic shellfish poison, PSP), A}
A} 5= (diarrheic shellfish poison, DSP), 7| A4 w7
%= (amnesic shellfish poison, ASP), 41734 3|5F=(neurotoxic
shellfish poison, NSP) 5-0] &2 4] 2IthTamao, 1983; Cho et
al., 2012; Park et al., 2017). o]& HFE4 5 &3] dHAsl=
W FE 4 Alexandrium sp., Gymnodinium sp., Pyrodinium
$p. S} 7L A2 B Eel B AR A ohul g
9| 7542 (Hall et al., 1990; Bricelj and Shumway, 1998)} A
A T Fsdholnt. o] gt Yo A & AtollA AR AR
ot Y=o A st AV diFsas B2 4
Zo|qlth. 3, B AFAEY] Fof gk vhelg afiFs4aet
ARG sl FEae] tigt 24 Axbe thea At 5, Haetal.
(2017)> 2012\ 7E 2016 7HA] 7Fatet s 4t = 7770 5 2+
ZF BE HAoA 245 9 17 HE(okadaic acid 22 pg/kg)
2., Shin etal. (20172 3ot 2ol 4] 1-62o] A4kt 2
257 %, 712]31, Lee et al. (2018)& 113 U2 = | AL = 24
A% 259 547k BE BAE etk Bl o)
}. E3T, Kimetal. (2012)-2 Al = 28%-3 249 510] 271 0] A]
AAG 1)) 7= (okadaic acid) 7} 72(0.001-0.004 pg/g FH$)
%] 9JCH(Kim et al., 2012) 3 2 115+ H}7} 911, Park et al. (2000)
Supuly sS4 FRAIE Ay Aelare] A9 29
AlAFsto] 49 Fof 24715, 1AL, 6ol 5] AT
sk g, o) uhl g 9 ALY Rl o
3 =2l W 7] 712 2.8 3, 55, CODEX} 217
0.8 mg/kg 2 0.16 mg/kg . &, 7it}7} 2H2F 0.8 mg/kg 2 0.2
mgkgC &, F=1 3 Yio] 774 MU/g 9 0.05 MU/g, Bi=
o] = u]AA], W|Eto] 27} 0.8 mgkg @ -S4, EU7} 217}
0.8 mg/kg 2 0.16 (OA+DTW+PTX, Azaspiracids) mg/kg; 1
(Yessotoxin) mg/kg 522 A A|SFAL itk whaha], & o5t

o,
U
‘
o
=)
o
fu
ol
B
)
=
2
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A AAZ AR WEsaS dEo] nhhlA s Fsaeh AL
4 W FEaT A 2 Ao = Al st W €] 7%
Zof| L= Aeket A o2 ekt

W= S/ Hithe] o] 7HA] e g o L HH Y S
AES oA F BE o= Aok B AA W a7t
T Aeke o]Fof HiEo] A kol AE="sF(bioaccumula-
tion) 2} o] o] Fo] A tH(Mason et al., 1995; Kim et al., 2003).
TEES Aol e AA A4S Uetlle =4 v
2ER, fEA Ao R 2, W, 7HEw 5ol Atk 22
A7) =EEHU ¥, A T3 e S5 A O F4 E o 417
e dorm, At QlAlel ot g eFe nlal 4= 91a1(Choi,
2011), ‘g2 417 Aol ¢} &) & =2 Hl(hemoglobin) o] 2]k ¥1E
= FEEH(WHO, 1997), 7= ofefojoletog oz &
R SEECR FE A 5SS o7 v 75 %
of, e, MY EA, T &4, 71 A Bl B4 52 de
Z1tH(Chung et al., 2000). & Lol A] HA| = ARE-RE Y529
o5 s= B Hele 722 75 242 0.007+0.003 mg/
kg 9 E74%-0.030 mg/kgo] 1L, Hol AL 212} 0.124+0.025
mg/kg 9 =4%-0.393 mg/kgolom, 7EERF2 - 22
0.255+0.006 mg/kg 2 0.021-0.597 mg/kgo| I} g, 22
Tud & M2 Hatoll thste] Kim et al. (2003)2 2|1t
eh dafiet 117 97 FAH(RE 238, 3H 33, e 4L, ©f
T 535, W7 63, S8 T35, ERE 93, AREE 103, S4F 16,
SR 1722, 25 1831)0llA AFI_E 727d0] T2 A% 2
7} 0.008 mg/kg 2 0.004-0.015 mg/kg, 39 4% 242 0.220
mg/kg 9 E21%-0.864 mg/kg, 7F=-2] 4% 212+ 0.519 mg/
kg 2 0.030-1.198 mg/kg©. 2, Mok et al. (2014)-2 A =
AF11700] 24229 A2 717} 0.014+0.003 mg/kg 2 0.010-
0.021 mg/kg, ‘22 73-%- 242 0.117+0.066 mg/kg 0.018-0.201
mg/kg, 7FEE2] < 0.600£0.0156 mgkg 2 0.397-0.951
mg/kg O 2, Park et al. (2017)2 Al A= 58-757490] 42
9] 74 0.021+0.023 mg/kg X E#5-0.239 mgkg, 92| 7
- 0.156+0.195 mg/kg % =41E-1.091 mgkg, 7H=+-2] 737
0.352+ 0.259 mg/kg 4 E75-0.968 mg/kg .2, Chouvelon
et al. (2009)-2 32k~ 0] New Caledonia®]| 4] X33t 5710] z+
7} F4-2-2] 749 0.111£0.015 mg/kg % 0.092-0.105 mg/kg,
da Silva Carneiro et al. (2013)2 2214 Silva Sepetibatof|
A A FIRE 86719] F=20] Z42F 0.052+0.025 mg/kg 9 0.01-
0.09 mg/kg© 2 1713k ul7} I}, mehA, B Aol 4 A2
HES Y29 T4 T2 Kim et al. (2003)2] $-2]uf}
afiok 1] 35 oF Aol 4] A21e 2, Mok et al. (2014)2]
Ak = jAF 1174 =, da Silva Carneiro et al. (2013)2] Hepd
Silva Sepetiba Ftoj A 2 3|3t 8674 Hr} =1L}, Park et al.
(2017)%] Al A= 58-7573} Chouvelon et al. (2009)2] =
2> New Caledoniao| Al 23t 5] H|sto] Wt & <
TollA AA = HESH ¥E=o F o Kim et al. (2003)2]

Ok
]
=

Seiuyel wafe 117) 5t SFAIolA] 3 2, Park et al,
(2017)2] A3k A2 58-7571 5T} LFFoLE Mok et al. (2014)
O Al = iAF 117 ZEof =30t E3h & koA AAl=
HES Y529 7I=H T3-S Kim et al. (2003)2] $-2]u}
et 1170 w7 FA1Aoll A AFH S 2, Mok et al. (2014)2]
Al =W A 114 2, Park et al. (2017)2] A3+ A= 58-7574 5
oF SEokek o, 2] el et w9 71 42 = ul(
AEZA) ] A 242 0.5 mgkg, i FEH BE 2.0 mg/
kg, 1]=9] B9 W@ 1.0 mgkg, S0 4% & 1.5 mg/
kg, 7FES (U Al 7 ofl gHeh) 2.0 mg/kg, @23 7] 8] 4
15 0.5 mgkg, IE 2.0 mgkgQ &, Qo] AL 250 04
mgkg 3 vE5-2 0.3 mgke, WEHO] 4% $4-2 0.5 my
kg, & 1.5 mg/kg, 7F=+ 1.0 mgkgO =, B2 3¢ T2
0.5 mg/kg, & 1.0 mg/kg, F7]8]4 2.0 mg/kg, 54 250 mg/
kg, 78] 20 mg/kg, o+ 100 mg/kg, EUS] 74-¢- 1.5 mg/kg,
7}=8 1.0 mgkg, 7Lickel CODEXe] %9 of® At 4|4 5]
o] 917 k. mbA, B ATolA FAR FES UEES 3
T2 H W7 EET S Saol gk 48 oA o] ShiE
o SleaL T it
Yezol st Ak 54T 23 2 E4E2 YE
t}. $HH, Park et al. (2017)2 Al A 29749 dfjs}of wWFA}
se ST 23 BF EHEE Ueth =9 WAksol o
T 8] 71% AL MCsHICssE M Shje] A9
100 Bg/kg, 5=2] 3% Z1Z}F 800 Bg/kg ¥ 470 Bg/kg, EU
o] Ao 77} 1,250 Bg/kg @ 2,000 Bg/kg, B E 4 CODEX
o] A% 247+ 1,000 Bg/kg = 100 Bg/kgo = A7 Eof qlal,
ulko] 7% 1200 Bakg 2 170 Bke, 7ol 49 we
1,000 Bg/kg, EUS] -9 242+ 1,250 Bg/kg 2 2,000 Bg/kgo|
A ok wheba], & Aol A AA = AR W 29702 "HAL
S(HCsHCso} BDe T 9] 715 el mi A5l
of upARol Tk 914y Qo) S Elo] olea TerElglct,
SHAR, kA 0 2 Te7kE SRl St YR e s
A A L AH - AR 34 5 23] 2 [benzo(a)pyrene],
FELEA AREs W ALY HRER), SREES
&, 7R, F71HIE) WO AP HCs+Cs) 59 A
o7} E7Fs o] dE Yar GA oA AA R wel7) E e st
1wk g,

P

o

Al AL

O] :=F-2- 20204 SUARE Ao 2 S| telr| &
T A UL ol e Ad(H Y AALERA] gl 4
S THASE AR E ).
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