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Crabs are a popular seafood item. However, they can harbor many microorganisms, heavy metals, radioactivity, and
benzo(a)pyrene, which are potential health risks to humans. The objective of this study was to assess the potential
of swimming crabs for use in foods such as Ganjang-gejang, by measuring their sanitary biological and chemical
properties. Viable microbial cell counts in swimming crab samples were 3.4x10?-6.7x10* CFU/g, but no coliform,
Escherichia coli, or pathogenic bacteria, such as Vibrio parahaemolyticus, Enterohemorrhagic E. coli, Listeria mono-
cytogenes, Staphylococcus aureus, or Salmonella spp., were detected. Heavy metal concentrations in swimming crab
samples were non-detectable to 0.112 mg/kg for total mercury, non-detectable to 0.435 mg/kg for lead, and 0.115-
0.836 mg/kg for cadmium. Benzo(a)pyrene concentrations ranged from 0.025-0.060 pg/kg, and the volatile basic
nitrogen content ranged from 8.7-15.6 mg/100 g. No radioactivity was detected in samples. These results suggest that
swimming crabs are viable for use in seafood products.
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N B2 - gheFo] ot gho] Hoju A T8 Wol AuAER Y
E] ASRka 9lo] IsA 0 R 943t Al F AR o|tH(Park et

ZA|(Portunus trituberculatus)y= A2 555, 7127, A2 al., 1995). o] & ¢lslo] A= o A Q] A F7 ZA g, 27
&, 273t &3l SFEsER A 20-30 mofl AA)8kar, b A 53 o] 7Pgolu A 5o Relg o & o] §Ee
of B mefd ol o] ATty who] B St wo) U, 322 A$- o] & a8 E oo A o R U
£ o= o SAGER 5ol 2-3o|H, AJ7o] w o] o} thefo] Y80 &2 =31 §l-& Wyto] ofy e}, St
ErH(Ariyama, 1992; Park et al., 2013). o]} -2 e 2 54 2 A& o] Frtole EE T 9o, AHJ A 7HA|7L ofF =

[e]
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O

& 7P #A= o] 3551, BRp-S(taurine) I 2 & T8 PARR T2 stk SHA|EE, eyt A A9
Aof oful Aty e, A&, ofel, 2E S S 1A, 2 22 101(2007-2016)7F AT 14,000-33,000 M/T W 9] 2
7R3 Agal 24d0] wom, ARG AFolor, GFH, A A 2 YAES] 16.5-30.6% H91E AAIBRAL QLo of
7715808 ofu)7t gl 328 AlEAAo|tNational Rural oA = B=310] thaf(12,000-25,000 M/T) 2] 5] 31 9l A

Resources Development Institute, 2007). #ato] o} 2}, Z24)
= ARE71(6-89)E Hlold 53 7kl SF ekt 22 utA

oI tHKOSIS, 2017). T, 4-4HE0] A4} Qi irk
Tt ARUEAT) okt QIHIE o7 75 ASke s AL

Ha = o
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et sl o] m g Eat -2 A=A 2
FTas, Mz 5 22 Sl =0l ot
3} 31 9ItH(Conti and Cecchetti, 2003). o] 2|3t s}k 71 o] A
AAlek= ZAE SIARE s EEE AFAe] ol gt &St
2 gl o]g}el4] s aglol EE L FAE o] HFH O o]
£ AFIok= A=A A7 el Gk mE 27 9l
oo g AgrEol AF Al I flalAdS Eelsta B g g e
o] A A15] 5= 1 9lrk(Son etal., 2012). &} 5k, 7F2H52] oF
ZAdof| st AL+ Vibrio parahaemolyticus®| S-3£Q} H2|t
2] dA5}H2] A7L(Ham et al., 2002), A4 2= & 7|70 u}
£ Alete] H3KLeeetal, 1997), a5 LU E T 9 fl8E7t
(Kim, 2014; Mok et al., 2014), t}8t}5F 2615} 47 (PHAS)
41 9 913158 7H(Jeong et al., 2010) 52 o] L7 Tho] X1y
H HEZE Q) skA|u, o] & At AL 7HE 2 f-5 2HE 7|
% T77j0] wshE o SeE Aol 4 SR R %
1550 g = o] Qlof, AEHA, 3leh4] ffsf .20 FAlel
A E S A AF=7F A A

2 AFoA = AR E TS 2 A A Y] S Y Btet
A A A S S e dH o] AR YA (AL
T = Ah), A 75, B 7 o= gl Al ARbAletS,
= Al 3 e nA R 543 5
u

1 S04 St 22 Bk 5

M=

A|(Portunus trituberculatus)y= 545 A, A3 A, 21
FAA|, AEE AR, FBAL FHA 24 P T, A
A, JAEY, 7ol A = ARS8 )2 = A E = 94,
7|28 370)S WE FHE 64, ¥ 147), AT /5
= 167, At 47) 5o & de] Af3sto] Al 7= ARSI

UstEA, YRR © T

2 ol
18

At B i) S e AAE AlRe A
S USRI k2, 0| 212 344 Hstol Bisle] Y, AR
O] 9uli(viw)7} Eli= Eat A 84%(0.85%)E 7F5te] stomacher
(BagMixer 400, Interscience, France)2 wA3H28)3t & A
292 G402 s|4jsto] Azt AulEE A%
2] A|& 1 mLE PCA (plate count agar, Merck, Germany) vjj ]
o A3t HFGS L 1T, 48A17HT F WSE A= o
o, Hpzlekeel 44 Bolo] AEslach. dh RS
HA2) AR | mLE AL EuA|o] HEL, H3s £ 1T,
24481703 5 TR A9 B e F F9lol 7122
A A S AT vhe, ko) A9 Tk e 5 5

ASE M

2 AFolA ZAY AS= Aol digt dE= AEsA
(MEDS, 2016)°] whe} A5k AL, A% Alet-2 Enterohemor-
rhagic E. coli(EHEC), Salmonella spp., Listeria monocytogenes,
Staphylococcus aureus, Vibrio parahaecmolyticus= T35}t

EHECS] 81218 B 4N\ T22 HAI54ich. EHECO) 3]
2§18 H54HE 0] WSOl 7] 23 E] Template DNAS 2
=73}, o]& PCR kitQl AccuPower EHEC Taq PCR kit (Bi-
oneer, Daejeon, Korea)ol] £553}%] GeneAmp PCR system
9,700 (Applied Biosystems, Boston, USA) 0.2 3310 A=
slgich EHECS] S/Q10 23 2|21z 0] uhgo] 5 uLS 2%
agarose gel (Gibco, Gaithersburg, USA)oll =435l #7195
(MINIS-150VS, Major Science, USA)S A A|5}1L, 0]o]A] o]
= SafeView (Applied Biological Materials Inc., Richmond,
Canada)= GA3H T} 2% DNA bandE ©]83te] UV
(ImageQuant 300, GE Healthcare Bio-Sciences, USA)Z Al
Alalic.

Salmonella spp.2] 2912 g/ dAIAel ofate] AAlatoint.
Salmonella spp.2] St FH2 AA(25 g)ol BEAHLS
oY 225 mLE 7}3}¢] stomacher® - A3H15302)3H 3 vljoF
(36+1C, 18-2441703}, ©] ujekol 0.1 mL= 10 mL Rap-
paport-Vassiliadis broth (Merck, Germany)oll &3}o] S+t
HjH42£0.5C, 20-24X]7h)yste] A|£2313Et. o]0 A, Salmo-
nellaspp.o] ZQ1E F<tuoF ol thA] XLD g ul 2| (Merck,
Germany)2} BG Sulfa $H8[ 2| (Merck, Germany)ol] &A1 =
el 36+ 1T, 20-24417H)510] o4 ElL HJ2he TSA
(Merck, Germany)oll %7 8i%Fgt tF2 Spicer-Edwards 532}
e H 2R 0 EARE AHstol 30w A
Astsiek

L. monocytogenes®| 2912 AR 2Jsto] HAIHA
t}. L. monocytogenes®] Sl FA-2 HA(25 g)ofl Listeria
enrichment broth 225 mLE 7}5}¢] stomacher® w2A3H1
i 302) ¢ &, SHiRG0T, 484175kl Ak L.
monocytogenes®] Q1 Ol E = o] ghato] Sl
o2 Palcam SHA Ao &A1 =W5FaL, HjF(B0TC, 24-484
7h3gk oL, A A 0l 322 0.6% yeast extract”| 3 TSA
(tryptic soy agar)ol] E-2]89H30°C, 24-48A|17H%E ML
Falo] SRIATL A5

S. aureus®] 242 AA A RS A sle] [ Blg o2,
S.

(T
)
2l
-
N\
op
=

A % 2] Al& 1 mLof &
ot $1AREEB A 9 mLE THAME 2 3|43t 5, Baird-Parker
Sl x| (Becton Dickinson GmBH, Heidelberg, Germany)2}
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Baird Parker (RPF) 341l %] (Becton Dickinson GmBH, Hei-
delberg, Germany) 7} 37l & &N o] | mL7} &A =2s}
o] 9K (35-37C, 18-24A17H3}5itt. S. aureus?] A2 3%
gk et o Byt Wt QlowA, FEo] e M 5
o A=t 5 570 o] AP A Hee Addste] HEghul
Z] o Wi 9H(35-37°C, 18-24 X171t T 1R 14t coagulase
A S 52 Slelo] At ke, W dekaeo] 34
Fatol AAstotct.

V. parahaemolyticus®| Z732 73/ 82 AdYsto] A
sRelg ohg, Heto] WA 29 AA
parahaemolyticus®] 221
mL9] alkaline F|=~E 7}5}¢] stomacher= w2ASH2E)sH
&, St HiH(35-37TC, 18-24A17h313laL, o] 2] F=t vt
& 19i0] 28lo] TCBS BHIH A (Merck, Germany)el] 2141
=R & ZEHl(35-37C, 18-2447h5ko] HAISHRIH:. V.
parahaemolyticus®] Q12 wjF AT} A7 2-4 mm?] A=A
O] A vl kS TSI AP A of] 2] A =afal vl GF(35-
37T, 18-24A17h)3t & oAl == 20, 3, 8, 10% NaClS 7+
3t alkaline =] I3 1914 AIE-S o) AAISHICE 2
ol Aol A ARERE SURE HA 108 THA| 3] 482 vh5o
TCBS 2HulA] 37 & HEHol 1 mL7} = A =dshal v
¥(35-37C, 18-24A17h3k AL, =M A vl &l ks
Alpsto] 2] Al rsto] Altstlt)
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2 AFolA SE5el tiet LAY == T, WL HEES
FLE S5to] A Helth S22 S AR 2R 0.1 g
S Forr oz 34254 7](DMA-80, Milestone, Mi-
lano, Italy)2 E45}¢111, = A= Easy-DOC3 2215
(Easy-DOC3 for DMA, Ver. 3.30, Milestone, USA)S ©|-8-3}
of AFESIItE T2 Al LR UM A Se5CtEs, H)2
Kim (2014)0] At jpof wheh 32123t A& 1 g2 HIZ
& ol g2} 23l 71 (teflon bomb) 2 4] 2]t thZ ICP-MS
(ELAN DRC II, PerkinElmer, Santa Clara, USA)Z o]-8-5}¢]
AL, T A FET O R FAISHI

$As B4 AE3A(MEDS, 2016)°] wheh A5k
WAk 4 Alae 22 AlA 9 24 3 22472 okt
3 A3 RS oF 1 kg marinelli H]o] A o] Y11 W5 5
2nkg oS E A 7] (HPGe, ORTEC Advanced
Measurement Technology Inc, TN, USA)Z AA|5}%t} &4
oLz M= 0-2 MeVE 243 & 287] Yjo] HA&7|9
AAE LA, o ZANTE 10,0002, A8 haralse
_9_25(1311)9]_ A1]€_(134CS+137CS).9_E —6—]_()5\]:]_

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

=z

Z23]719] 42 253 (MFDS, 2016)0f] wHeh Al 9d-8-f
S A %3 2 Supelguard LC-18& 23t Supelcosil LC-
PAH (25 cm x 4.6 mm)o] A2 HPLC/fluorescence detec-
tor, HPLC/FLD (A-10 Solvent & Sample Module, PDA De-
tector, FL Detector, PerkinElmer, Messachusetts, USA)E A}
43}o] AA5HCE E3E benzo(a)pyrene?] A4S A 2w
O] - 35TE, o5 A% 32t THGe o EHEL
ERl2:8) 0.8, §42 | mLming, A%57] 142 o)7] 5
A9] 739 294 nm, Y] B 404 nme| 27102 AA]
shoiet.

EEE7EA o

E)

31Uk 7] A A4 kS Conway unitS: ARE5lo] m]eshAk
H(Kapute et al., 2012) 0.2 27435} AAFSIIT)

M

gt 2 oFE

¥

PSS

=

im
0x

A AlatsH] @Y A A% A 9 4SS ool
o9 F2.3 Apzolt), o]zt Aol A EAle] Ankilz, o
Atk B A S Al sEet 22 nAETH] e Y® AL
£ AAgH Z3b= Table 13} 2tk 2419] dutAlota—= 9
7} 3.4 x10%-6.7 x 10* CFU/go| %112, H+Fo] 1.7 x 10* CFU/g
ol ltt. ghd, 27| o] UukAlt<=of| thste] Kim etal. (1997)
A2 2745 0710l 4] ikl o] 5 EE A= AT et
1.5x10*1.0x 107 CFU/go] 1 1L, Hato] 4.7 x 10° CFU/go| 31
ohal Bk ukz) QI $1H, Roh et al. (1997)2 {2724
g u| &L Balslo] 543 A3} Enterobacter cloacae (25)
@} Enterobacter sakazakii (155)7} 22 = lcta 2113t vf Q)
of whehA], ARbAlt = 2 Atoll A HERF 24|17 Kimet al.
(1997)0] HERF Al ZH2h7ofl Blgto] W2 5o jlTh

Z2A9] dubAltol tiet w9 71w 4 SH(AES
Aol A4$ W5 29 skete] 10° CFU/g, EUS| ¢ n=5,
¢=2, m=10,000 CFU/g, M=100,000 CFU/g, HIE2] 2%
10° CFU/go.= AA= o] QlaL, vl=, S=, Y+, CODEX?]
A5 A= AA] TH(Kim, 2016). whepA], 2 1RoflA] Al
B2 HES 2A207)] drthlatr= = 7% 49 A
¢ 525910}, EU 71 29 49 mo] thstel 7A(35%)
Mol tiste] 071 o] Z2aagiet. Aol A thigatto] HEE
Ohe A2 AN B A0 R QIS0 B el Aloes
& QOB AFEYA T 0o At o] gt fmof| A 3=
A et i s s A E A0 2R EHEEH
o}, 3HA, AZE5EA A AelA RS A8k
Attt gitE A= A3} Kim etal. (1997)2 242 &
%-4.7x10°CFU/g #$] (Bt 5.8 10°CFU/g) W 25 &
Zo|rha RSk uk 913, Roh et al. (1998)2 10742 4=

o

O gy iy
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Table 1. Biological properties on sanitary of swimming crab Portunus trituberculatus
(CFU/g)

Biological hazard N Monitored result Biological hazard N Monitored result

) 1.7x10 L ]
Viable cell counts 20 (3.4x10%-6.7x10) Listeria monocytogenes 20 ND
Coliform group 20 ND Staphylococcus aureus 20 ND
Escherichia coli 20 ND Salmonella spp. 20 ND
Enterohemorrhagic E. coli 20 ND Vibrio parahaemolyticus 20 ND

'ND, Not detected.

o HES A3} 717F 87 W 371¢], Ham and Jin (2003)- 212
A& Akl HES A1} 10710, Ham (2002)-2 208712 4=
7sto] HERN A 18710] HEH lrkar Hargh uprk Qlek

2] thAttol] tigt = 9] 71 4 Sl (AHEE4)
o] B¢ dE EAl gHste 10 MPN/100 g & 2 AA] = o] QlA]
ok, u)=t, S5k, 9B CODEX, HIEY, EUSF e 9] =+2] 79
AA =] o] QLA EXAL, et W EE o] 10> CFU/g n=5,
¢=2, m=1 CFU/g, M=10 CFU/go.2 AA|= o] a1, (4]
F374) wato] ofuet U 2] ol=(v|=, F=1, Y2, CODEX,
EU)NA & 7] 7142 AlASEAL U4 dth(Kim, 2016). whet
A, 2 Aol A Al &= HES 2A 9] tid<t<t 9 i+t 5
== W o) 71 o) B Aakelalct.

27| 9] A F-E4H(E. coliO157:H7, L. monocytogenes, S. au-
reus, Salmonella spp., V. parahaemolyticus)®] 5=+ 255
9 Firoll A Glo] HF B E0]3it). gHH, Pagadala et al.
(2012)2 7l(blue crab, Callimectus sapidus) 71557 73501
A A= AL} 7FE A ] &-9] Listeria spp.2} L. monocytogenes
of i 2. Y= AR A3 098 L dne] A9 A7
4.2-38% WSI(BT 19.5%, 4887 2 9571) & 0-14% H(
Bt 4.5%, 488715 227)019) 11, o] & 7FH A |(10-15 psiE
AT A 115-121C HoIA 6882 7 S| 29 k2t
3.6-21% HA(HE 1%, 4887 % 9571) & 0-1.3% H ) (H++
0.2%, 624715 17) 2 7FaA|2] a7t 23] Q1A= ek
¥ 313} vp )tk 18] 31, Lee et al. (1995)2 712HE 397402
YLE| Vibrio spp.= #-2|3t A3} V. parahaemolyticus®] 735 4
7(10.3%), V. alginolyticus2] 7% 271(5.1%)0] Ee] =] ¢lctaL
HsHH} Q1AL Lee et al. (1996, 1997)2 13215+ 242 1194
U 213402 RE V. parahaemolyticuss 2|5+ A3} 242} 4
A g 7A0] Eejr|o] 212 3.4% 9 3.3%2] Bel&-S RS
o, Lee et al. (2004)> AZ-FE stliAbl =¢j4to 2 He
5}o] V. parahaemolyticusS £-2|5t A3} 212F 144 S 474 4
5571 % 13710] Hej=] o] 7+7} 28.6% Y 23.6%2] #ElE&S
EP gt W skl gk,

29| AFEate] tigt =9 7% 4 FH(AHEETA)
9] 9 L. monocytogenes X Salmonella spp.7} 25 =4, S.
aureus®} V. parahaemolyticus7} %5 100 CFU/g, 1]=+2] 7%

Salmonella spp.7} 24, S. aureus?} 10,000 MPN/100 g©]#
L} enterotoxin®] 24, Clostridium botulinum?} A} 234 2
E4 24, HEYY 3¢ Salmonella spp.7} 244, S. aureus
7} 10> CFU/g, V. parahaemolyticus?} 10> CFU/g, EU2] 7%
Salmonella spp.7} &/ 2.2 AA =] o] QL Y2 7HF=
8l <l) 9 BI(CODEX)®] 4 ul4kE e} 7% 22 Al
Eo] A FUTHKim, 2016). whebA, 2 AofA A2 4
B3t 27| 9] A 5= (Enterohemorrhagic E. coli, L. monocy-
togenes, S. aureus, Salmonella spp., V. parahaemolyticus)=-
=W, vl= W Eol A AAISEAL = w2 715 Aol thst
o FAHZ A7t glo] B whEShe ol ST

o] o] Algt ZA| 9] n|AYEeHA Autel o] o HWjeQ] 7% 4
Aol H|WsHR S o) 7hs A=A EAl= ohdet pl e o

e A

LR

27|9] 3lekH @ A= 9l Falmof theh Ak Al A o
ol w9 523 Agolch o]gt UMM EAY T,
Ao 9 g A7 AL g 22 3k o 9 i
3= £AF ATH= Table 29F At} 27|19 S5 42 4471
of thsto] A5Gt ZA Y] T4 & WLl HotS T
2.9 A9 747} B71%-0.112 mgkg Y 0.034+0.031 mg/kg
0]9laL, gl A$ 747t BA2-0.435 mgkg 2 0.219+0.134
mg/kgo] 9o, 7FEE9] - 47t =71%-0.836 mgkg %
0.191£0.168 mg/kgo| Att. SHH, AAIY AR ol A H
TEE AR 68 TS5 S0l doto] AHE An
Ham (2002)& &2 &&= H9l9F Hato] 242 546%-0.09
mg/kg X 0.026 mgkg, & 5= B¢ 9 FHto] 77 24
2-0.44 mg/kg ¥ 0.144 mg/kgo] iThal B asku7E 911l Cha
et al. (2001)2 & 5= ¥ 9Ie} Hato] 22t 0.006-0.510 mg/
kg 2 0.109 mgkg, 71=5 S= Wole}l Hato] Zkz} 0.002-
1.113 mg/kg 2 0.079 mg/kgo|QThil ¥ st v} 9lc}. 1g
AL, S-ejupet o] 2R Fad 5 el HakS AT
& A3} Cho (2016) (A 2 A, 6470)2 S22 49 7+
7+0.001-0.114 mg/kg 2 0.028 +0.025 mg/kg, ‘32| -9 7217}
0.020-0.569 mg/kg 2 0.160 +0.139 mg/kg, 7F=E-2] 4% 7}

I~
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Table 2. Chemical properties on sanitary of swimming crab Portu-
nus trituberculatus

Chemical hazard N Range Mean

TotalHg 44 ND'™-0.112  0.034+0.0312
Heavy metal

Pb 44 ND-0.435 0.219+0.134
(mg/kg)

Cd 44 ND-0.836 0.191+0.168
Benzo(a)pyrene (ug/kg) 20  0.025-0.060 0.041+0.017
Volatile basic nitrogen 20 8.7-15.6 115421

(mg/100 g)
ND, Not detected; >Values are means+standard deviations.

£71%-0.836 mgkg 2 0.122+0.147 mg/kg, Choi (2011)
F2=00] A9 747+(0.011-0.180 mg/kg 2 0.096 mg/kg, &
17k B72.0.278 mg/kg 2 0.046 mg/kg, 7H=E-0] 7
E71%-0.054 mg/kg 2 0.030 mg/kg S = B35k v}E QL
a1, Mok et al. (2010) 9] 73-$- 2424 0.017-0.391 mg/kg 2
0.126+0.094 mg/kg, 7F=5-2] A0 717k BHZ%.0.550 mg/
kg ¥ 0.207+0.204 mg/kgo. @ R 13t v} Qlct, kA, T2
AFAEY A7 Su5 Hat sl vlste] & A4 4
B3 EA9 F55 Bt vEE 7Y 49 0.034+0.031
mg/kg S 2 Ham (2002)2] 0.026 mg/kge} Cho (2016)2]
0.028 +0.025 mg/kgoll H]3}oJ+= =2k, Choi (2011)2] 0.096
mg/kgoll Hlatolis ko, o] %9 0.219+0.134 mgkg
©& Ham (2002)¢] 0.144 mg/kg, Cha et al. (2001)¢] 0.109
meg/kg, Cho et al. (2016)2] 0.160+0.139 mg/kge] v]5}]
= E%31, Choi (2011)9] 0.046 mg/kg, Mok et al. (2010)
9] 0.126+0.094 mg/kgol Hlato] ZQron, s=Ro] Ao
0.191+0.168 mg/kg .2 Cha et al. (2001)2] 0.079 mg/ke,
Cho etal. (2016)2] 0.122 +0.147 mg/kg, Choi (2011)2] 0.030
mg/kgol H|3Fo] &= =3ka1, Mok et al. (2010)¢] 0.207 +0.204
mg/kgel H|stol= Wit
o, =AY Sl tiet =l ] 71 A4S SH(AES
Z1)9] 79 ol thato] 0.5 mgkg 7FEFO| tiste] BE 1.0
mg/kg (5, YA £52] 49 5.0 mg/kg), w20 79 ol of
3o 1.5 me/ke, 7H=80] ekl 3.0 me/ke, 7]EF S50 o
slo] 21wk (e 42 1.0 mg/kg, ¥4 76 mg/kg, 1= 12 mg/
kg, U7 70 mgke), S 45 o, 7H=w, 771814 H e
2ol Histe] 7 0.5 mgkg, MIEES] 49 W, 2, 7t
ZEof tfste] % 0.5 mg/kg, F714] 40 thsle] 2.0 mg/kg,
EU9 %o, 72 9 7F=gol tiste] 2% 0.5 mgkg®.
2 AABEIL QIIL(Kim, 2016), 27 CODEX®] 7Z-9- A A5}
AL QIR odtk whebA, 2 Aol M HERE ZA S a4 T
L 2400 A0 BA2.0.112 mgkgl &, HEHT EUS] 7]
= AT 0.5 mgkg)Hrh W¥okan, wo] 49 3 E-0435
mg/kgo 2, SU[AE3A: 1.0 mg/kg (F, WA 323224 2.0

o o dr
AN o

o

N

N
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mg/kg)], P=(1.5 mgkg), 5=, HIEH, EU (25 0.5 mg/kg)
9] 7]& AR Woko, £4H5-0.836 mgkgo =, 7w
O] 74%- = Ui[AE54: 1.0 mg/kg (o, ¥ 323+ 27| 5.0 mg/
kg)l, 7= (3.0 mgkg)®] 7| 4 B S5 o, U
A 71 qtA o] AAE o e =, HlEE, EUY 7] H4(
W5 0.5 mg/kg)oll vlstel=2710] Z2atsheltt. wheba], A=
&S A RA SaESol tiek Al HolA 24 9
A groke, S, HEY W EU 5ol &2 1Lefshs 45
7EEgol tiet A7 FHHARE A A 8] shofof 5}al, 55| 24
THrES B0, 09 YA BAE flsto] YR ¢

B Alojstojof o A © 2 et giot.

ZA| o] Aol gt 5 €] 71 Aol AEEH AL e
A E91 A0k o] F 9 AR YTCs, MCs 2 pAI Ly AL, BT
I} 28r& BAL, #Pus= aklo]aL, o] 58] W7 ] = W1Cs o A5
309, Cs9] 792, PO - 8¢, *Sre] - 29, #°Pu
9] Z$- 29 olt}. o] Yh F AlE(Cs)= HEFo|IU Z
B AR RS 7HAAL QlojA] soll, 8 =)= MY
Aofl, AEZF(Sr)E Zwat o] fAlsto] Mo, SR Ew
(Pu)&- ol 2+t X2;-52 =] 7] e Aol Wolz o] Xl WAL
3 =HZ Sro A A | o] Rzbsto] viEE 7] of2E Ak
AL PTCs} Zho] vl w4 ©h7| kol tiAZ} B o] 0% 5O & g
7 o] v A =)= A QIth(Choi, 2012). 0] 2|3+ AHoj| A 227
O PAFs 412 62710 tiste] A A8k, 09w A
(HCs+7Cs2} P9 FHoll ARl BF BHERE YEY
ch(Elof el uAA). FHE, A S FollA FAISHL Q=
Al Am 5 AR B9 o|Qfglo] B EER Hals)
Utk webs, ZAE 23 4RO AN LA e AT
WL, o] 5 A & sho] A2t A 7HE 5 A ] A
29| 92 Hege =k

b, ZA1 9] WAsol tigh W9 7| 742 *Cs+Cs
oF BI7F 9] 7-9- 242} 370 Ba/kg % 300 Ba/kg, 521 73
© 7}7} 800 B/kg 2 470 Bg/kg, 22-2] 7<% 7F7} 100 Bo/kg
41 2,000 Bq/kg, EU2] 75 7+2} 1,250 Bg/kg 2 2,000 Bg/kg,
W=l A9 77t v 214 2 100 Bykes 4=} 97, 1]
=3} CODEX 9| 739~ u]/d7g & o] QArh(Kim, 2016). ZA1&] %
Abgoll tigk 5 €] 7| A 0= o5 7] 74 ol 9ol
=, B, EUY 79 thFstA| o A= o] ok, whebA], £
Aol thet HARs AE AR 9 Q] 7|E A o= w|Fo
Hol ZAl= YAFs S 27 E 94 ko] S E o] qlrkar
wetE] Siek

2o R A EdolHA de7tsEdE 2R
717ko] A1, =40 7}ste] CODEX % JECFA (Joint FAO/
WHO Expert Committee on Food Additives)2] $1a14d H71=
et A 9] HEf| 235k T AR I E4o] a9l
t}. o]9] Uzt o & A AL A[TARC (International Agency
for Research on Cancer), 2006]+= 2| ¥l 23] A2 Group 12
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QlAF=4 (carcinogenic to humans)=
vl Qlet. iz u]Hl2 @ o] uf-- theFsi
s Aol A vk Qlof A vilE 7k B AbE
A ujE7hA S 22 S e d o= Qg ofuf 7 5o
T S B opUeh Al e 2, T A AlE F
0l ghpdhe, T, A Fol EafjEof o] 7hsst
THHeu et al., 2005). 27 ¢] Wlzuldll &= W 91ef Hate 2t
Z}0.025-0.060 mg/kg % 0.041 +0.017 mg/kgo] ATt $HH, o
< QA 2A Hxafd fhE AE 2 oRE P A (Kim,
2009)¢} Jeong et al. (2010)2] Z-$- E71&, Shin (2010)2] 75
0.631 pg/kgol §1ek T 5 35t v7k Ik, whebal, 2 2] W)
gl Frs 2 A Aake] 9 Ao oFE e A (Kim, 2009)
9} Jeong et al. (2010)9] At H5}o}= 3=8ka1, Shin (2010)
O] Auto] v]sto] = ottt Ao Wizl gt 52 7]
& A2 =y Tl 5.0 ugkg olstE AlA = o )len, vl
%7, Y&, CODEX, HIEW, EU 51 -2 59| 7] of4]
AA =] AL QA ghet. whaba], Hiz w2 AIE S 279
2T Hl 7] Aol A8kl o o] sk Ao §lof
2= M Sl A P sfrtar whekE Sl

27| 20719] A7 L T H} Bt 247} 8.7-
15.6 mg/100 g 2 11.5+2.1 mg/100 go|gic}. durdgos
A7 AE gy ols F2 SHHA|, trimethylamine
(TMA), dimethylamine (DMA) 522 A5 o] Ql&=t], o
g 2] %ol adenosine monophosphate (AMP)&] grofa] vt
3ol w2 oo A o =2 gheFo] 53] mlgfolut Al A]
)2} 317 trimethylamine oxide (TMAQ)2] £-3]jo]] 2]3t TMA
L DMAS] A4, ofn| At 5-9f ehaAx3lehaof #afof ot
efmuol 9l 7g ol 7o) A 082 A7 Frteke] 449
A= gl de o]-8= L Jltk(Park et al., 1995). $14/4
71384 g ofgt A= 53] Al pARES] A5 5-10
mg/100 g, 15 A1 5= 4HE0] A9 15-25 mg/100 g, 27| -9}
AR 2] 7F-30-40 mg/100 g, F3f 4HE0] -9 50 mg/100
go & WAL 91, Y7 A=) A H R 20 mg/100
go 2 H&3skal itk $HH, Ninlanon and Tangkrock-Olan
(2008)> A% % mud crab®] FA W3}l TRt Aol A S
A7 84 o] 8 2719] 45 3.98 mg/100 go| 1AL, A
2} % phosphorylase, pyruvate kinase, phosphofructokinase -
I 2 s B 9 ArRaska sl ofste] 2afjE o] 16
mg/100 g0 2717] Z7}ete B9 TR0 Jgt 27w
7F QIR E HAekar Bk up qlek A O] A A7 - A o
of thgt 2] 7] 42 A F=7r0] 25 mg/kg O & A|A|
w]of 9Q1ar, v 2] =, w]=, Y42, CODEX, HIE, EU 52t
22 9] 712 oFA] AAIE AL QIA] ekttt whebA, HE
27 2072 A A7 E A Holl A B F=r0] 7| 4
el glo] Al sirar s Qi

o] Fe] ZAlof thek ngEeHA 9 o|3}shA 948 540 o
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