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Sanitary Characterization of Alaska Pollock Theragra chalcogramma
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We investigated the sanitary characteristics of Alaska pollock Theragra chalcogramma roe as a raw material based
on the standards of several countries. The standards for raw materials of Alaska pollock roe for lead, total mercury,
34Cs+1¥Cs, and 'l were those of the South Korean Ministry of Food and Drug Safety; Staphylococcus aureus, Sal-
monella spp., Clostridium botulinum, methyl mercury, *Cs+'¥’Cs, 13'I, 2°Pu, and *°Sr were those of the United States
Food and Drug Administration; lead, methyl mercury, inorganic arsenic, chrome, '**Cs+'*"Cs, and "*'I were those of
the Ministry of Agriculture of China; nitrite ion, **Cs+"3’Cs, 2°Pu, and U were those of the Ministry of Health,
Labor and Welfare of Japan; **Cs+"37Cs, *'I, 2*Pu, and **Sr were those of Codex; and **Cs+'3"Cs, P'1, 2Py, > Am,
and *°Sr were those of the European Food Safety Authority. The results for the global standard items other than C.
botulinum (lead, total mercury, methyl mercury, inorganic arsenic, chrome, '**Cs+'*’Cs, and P'I, S. aureus, and Sal-
monella spp.) suggest that Alaska pollock roe is safe for use as a raw material.

Key words: Alaska pollock, Theragra chalcogramma, Roe, Alaska pollock roe

M E S ayato A= Aa o]2lE] 7] ¢kar 9lth(Chen et al., 2015).
o] ¢lalo] La|ueto Al 2o SAE A7)0l WHL &

Well= oA =R ejutetol A AH, FE Foluh, vhdxgt 2olaL, ek, et 53 22 B o b BRE
rhe], ofd] A& 7 xsto] vhE v, It E U Hol, 5 ul=r, Aol 9 A FOoRRE =¢stal Qitt o] & Wk
Ao g wel e 9 o] A T o' Thyste] EAM = AL & gkl AlZo]H A eicosapentaenoic acid (20:5n-3, EPA)
=E0]aL, o] o] AL FRkl Al ARk o] 8-ate] A 2} docosahexaenoic acid (22:6n-3, DHA)Q} 28 @m|7}-3

o] == 7hgsto] SA AL QAEH(Kim and Kim, 1990). © (omega-3) A4k HIERRIO] F-8hH, E-7-9] 227 7HA]
O} Z+e. o7 7}A] A FEE O] AR R 0] 8 E T Q) W= 11 ¢loj(Hintermeister et al., 2017) $-2|upetel P2 oA =
A4 4=20] 2-10°C i 9]olofA o] 25 FA ok T 53, SR, ek, ke v = Sk 22 vt A RS
L5 =6 S5, v e, defitol A3 Bejg kel A st AR o]--=| 3L ) th(Park et al., 2019).

ol A FH fstA AAstaL Al o, F 7% o) Wet= o, = A $ 3-492 Fasto] ofu] HEj} Eof
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S 8+ 4= ¢lth(Kim and Kim, 1990). 2] o]g] A]7]
LAk A A7)0l 19ERE )| 492 7HA] 9] A= g}/&r—&
3 A7)0l 692EE 10€92714] 9] A& BE UrolA|1L 9]
CH(Hintermeister et al., 2017) H}E}/ﬂ, ek A|Z Ao 0]3)]
Ei

B 27 E AARE AL QAL o] 52 ThAl AH A7), S Akt
71E 4 EU]:;EP%EPT,]-%E}Oiq_H‘S]—AOI—r,XE%
& o e KA 5+, KB 51, KC o522 728 4 3l
ou, gte T FAE FHoR L5E M 5E,S 57

128 5 522 E57} 7ls5Fch(Tsuyuki and Fuke, 1978;
Hazime and Mizuo, 2008; Balaban et al., 2012a; Chen et al.,
2016; Park et al, 2019). ]2} Zo] Wt =1} HA|okE 5
A o2 QHA7], AR E, o] BA| Foll whet o3 7HA] 5
O 8 FREo] 8 Ui} Fharo]] 551l QAL o] & o7
VA A0 o1l HA A0 S5 el (Chen.
al., 2016; Alaska Pollock Marketing Institute, 2017). ]2
sko] = Q] 7)ol A= rg el gt ohekRt 3ehA, Ul*ﬁ%@
% 713 2& A gl
3, rg2ke] 33t A5+ Chiou et al. (1989)2] UrAd o) 3+
3t 9191, Manabe et al. (1998)2} Fujioka et al. (1999)2] 2+ =
Zof| u}-2 upE o] W3} Hintermeister et al. (2017)2] 4 A
ZA}, Ueda et al. (2009)8] 4H] A} 7] &&= 2 A}, Balaswamy
etal. (2010)2] thFet 5= 9] A H-8H Ao wh& 224 &
A ZA}, Balaban et al. (2012a; 2012b)2] 55F 4 A o] 215 =
7} ZA}, Alaska Pollock Marketing Institute (2017)2] A=
AARE, & 9 42Q18F 5385, Bechtel et al. (2007)1} Rao
(2014)2] u]% jere] T o]§ et A% So] Qlrk. SR,
gk o] wl=rit} 2lAloboll A =i ar, A F = o] o
Fato] £148 ﬂrﬁ fl5to] ko] thgt = e] 7| 4 =
ARG o]0 dm S A AR tigt At Foke 7t
it
2 s B A FEE 9Rt 7 2ARE duA
gholl thgt i 9] 71 745 AL, o o] 5 35
tiote] Y Sae Dt igete] 28-ske] o]59 98 54
S A EST

M= o

IIE

M=

HA| P2 FARFAA] 24 DARRSEE 2015-2017300 A
Fet 2AlopkE st ARSI o] Wl ] S
A Al Bro] 7] R eI, 850 Sua *}%OP
Atk = o5 U e AT 4F[L ST A=
A1 65-90 g), M S (]2 FAI=A 40-65 g), S S (2l
FARAM 25-40 g), 28 SH (T FAIRA 15-25 g)], Akt
3F[KATH(AHE H=7H10% Wl = 242 A), KB 55 (3
e Jr7t 20% Hej= 25l A), KC sH(EdE A7t
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30% )2 Be A, vl 156G Sol gt

o714 Alglo] AH8E RS AASEQOC telolA 124]
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124 (MFDS, 2018), ] FDA (U.S. Food Drug Ad-
ministration, 2019), 5= 5% 5-(China National Health and
Family Planning Commission, 2019), 2= 548 4 (Japan Min-
istry of Health, Labour and Welfare, 2019), Codex (CODEX
Alimentarius International Food Standards, 2019), EU -3 4]
2914 9] 3] (European Food Safety Authority, 2019)2] W&
= AlAlsEsTt.

=P

2
L2

AN FE&5E FH(FT2A HEsL), |, 25,
7lH]2xof tfsto] SAsIAT 4 T HEr2o R
o] AT T4 AEFFH(MFDS, 2018)0] A|A|
Sl Bkl vk sl ek oL 01 g8 okl

4] 7](DMA-80, Milestone, Milano, Italy)2 #4]3}%t}.
FAe BAL SeBA7lo) FAS FYsh, AZE0Co
A1 90%), E35}(650°Col| A 180%) W o} 73K amalgamation)
(850°CoflA] 122)5}o] AAISHTE. T2 A of gt =2
= easy-DOC3Z 2 713 (Easy-DOC3 for DMA, Ver. 3.30,
Milestone, USA)2- 0|-8-5}0] A=5}QIT) 242 B4 0] A3k
A Qe 2le 2215-E4 (Certified reference mate-
rial)?] DORM-4 (Fish protein; NRC-CNRC, Ottawa, Ontario,
Canada) 2! 1566b (Oyster; NIST, Gaithersburg, MD, USA)<-
Abgstel AAIsgch. o o $-eR 4]0 BA 2L Srg
1,000°C, detection=- dual-beam A.A. spectrophotometer, -4
£ 253.7 nm, =S 10-50 mg, absorption cellZ dual cell/
thermostat=®, carrier gasE 442 313t}

P22 AE3A(MFDS, 2018)0ll4 153t 1rgof uf
2k Al &8 A 23} th2 HR-Thermon-HG (0.53 mm x 15
m, Shinwa Chemical Industries, LTD., Kyoto, Japan) Z¥

o] A2 GC-ECD system (Gas chromatography-Electron
capture detector system; Agilent 7890A, Wilmington USA)L.

43519t o] uff mlE422] £4-2 injection} detection
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1. Raw material 2. Water 3. Supplementary material| |4. Packaging material
Frozen pollack roe Waterworks Salt, MSG, red pepper Polyethylene,
powder corrugated box

| 1-1. Entrance | | 2-1. Entrance | | 3-1. Entrance | | 4-1. Entrance |

|1-2. Storage (-18°C or less) ||2-2. Storage || 3-2. Storage || 4-2. Storage |
1 1

1-3. Unpacking [ 3-3. satt, MSG | [ 4-3. Polyethyiene |

1-4. Thawing

1-5. Washing

1-6. 1t Seasoning

-7. 1% Ripening

1-8. 15t Washing/
disinfecting

1-9. 1%t Dewatering

1-10. 2™ Seasoning

1-11. 2" Ripening 3-4. Red pepper powder

1-12. 2 Dewatering

1-13. Sorting

1-14. Weighing

4-4. Corrugated box

1-15. Topping

1-16. In packing

1-17. Metal detecting CCP-2P (Fe @1.5 mm, STS @2.0 mm or more metallic substances detected)

1-18. Out packing

‘_|:}‘_I‘_I‘_|:,|‘_|:}‘_I‘_IFIF{:|Q_IF I ‘_ I ‘_|:,|‘_ I ‘_I‘_I

1-19. Storing
(0-10°C/ -18°C or less)

|<_

1-20. Taking out

Fig. 1. Flow chart for processing of seasoned Alaska pollock
Theragra chalcogramma roe.

temperature S 212} 150-160°C ¥ 150-170°C2, column oven
temperatureE- 80°Col 4] 387 423 & 20°C/mine] £==2
130°C7HA] A5A1A F-A18F9 AL, carrier gasE F A= 31310
S 1 L2 Sk

o2 250 242 Kim (2014)0] 153 B ol whe} Al
3]-g-ole 4 %3t T} ICP-MS (ELAN DRC II, PerkinElmer,
Santa Clara, USA)= 3}t o] uf] & 320] BA2S 95t
RF power+= 1,400 watts, W= 242 8.0V, £57], Z&t=u}
W B 27|39 7pA B & = 7+7F0.97 L/min, 15 L/min @
1.275 L/min, dwell time-2 50 ms, scanning mode+= peek hop,
HHE 31~ 335], detector= dual 2 3519}

57]8) 24 A1EZAMEDS, 2018)0]4 At o] wheh
A A-GHS A Z2ohaL, EAof| ARE-SFAITE. F7]H| 4 418 Al

H

0

O

Qo 1= g
B8 A2E 9Jstol Wt B2t 1 g2 HU) Do §7]0] H

ol
-

]
1% HNO, 89 5 mLE 7}81o] 90°Coll A 9087 dgt %
SATF. o] W 27 30+ 5-<F A=} 1% HNO, &Y o] 53]
O|E5 5-10:2 M 0 2 A 5t 5+ ¥ o471 =&

o X

|

o] 25 mL7} Bj7] 2 % 2 S35k 1087 YAEE|(3,000
QBT o] F AE ol Hga] Hstel thal 1083+ Aalie]
(3,000 g)staL 1 AL 0.45 pm membrane filter (What-
man International, Maidstone, Kent, UK)Z o] #}5}o] AJ8]-&
902 AbgStgich. F7Iul 4 BhoHE HAL AR NS ol
5o HPLC (high performance liquid chromatography)”} 2%}
% ICP-MS (Nexion 300D; Perkin-Elmer SCIEX, USA)= 4=
P35}t o] mf o] FAR 0.05% (v/v) HEH(Sigma-Aldrich
Co., St. Louis, MO, USA), 10 mM sodium 1-butane sulfonate
(Sigma-Aldrich Co., St. Louis, MO, USA), 4 mM malonic acid
(Sigma-Aldrich Co., St. Louis, MO, USA), 4 mM tetramethyl
ammonium hydroxide (TMAH) (Sigma-Aldrich Co., St. Lou-
is, MO, USA)E &&sto] 10% HNO,82(1.8 mL/L) > & pH
270 ol 2UT AL AFIAOH, BHE BHLE C,
MG (4.6 mm X 250 mm, 5 pm, Shiseido, Tokyo, Japan)S ©]-&
Shgom], 43 LEL 25C, 7L 1050 iLE A5,

OFEMO|Z

oFatol &2 AEFHMEDS, 2018)014 ¢ otz
sppo BAslgich obaAk oo HAS Sk A8

o] AxE $ste] wlAZekA=(200 mL)of Ptk 2t 10 gv}
AgeFo] 2745 Y9-S5 b4 0.5 N NaOH 10 mLe} 12%
ZnS0O, 10 mLE Y1 80°C 3-242(WB-20E, JEIO TECH,
Daejeon, Korea)ol| A 2057t 714 3}od 23] th2 ammonium
acetate buffer (pH 9.1) 20 mLE F 7|5l 7= 200 mL2
483 3 1027 A2 A A SFATE o] of Al ’EA] -g-ollE 4
Z+Eeta, 279} o 1% (Whatman International, Maid-
stone, Kent, UK, 5A, 110 mm ¢)2 oJu}slo] A|@ggoloz
3, R SH; 10 mLE TAIE 8902 A3l

opEitol 2 A4S 917t AlE8-l(Aa) X FAIE 8-A(Ab)
QoA A| 23t o] & & Z+zF 20 mLeof| sulfanilamide 84 1
mL, naphtylethylenediamine &9 1 mLE A& &2A3(25
mL)o]| 7}skal FRaeg F-8-3 ohd 2 Ee ol |20
)oke] WHAAIA 242 ARg-SESITE o] 714, T2 (Ac)y S5+
20 mLE 9jo} o] FAsHA 2253t oo A oA A
23 NS0 SFE(540 nm)E 247 S5, o] =R H
T4 A} [Aa-(Abt+AC)[E 3t th vl 2] 2 e A ol A
A -89 20 mL 9] oF&4t o] 27HA pg)ye ARSI 25
202 A& kg G obasl o] 2 3h(g) AR o7 RE 4HE
QF obAAE o] & (A pg)e o18-5to] tholl AJAIRE A4
O = HE AAbsiet.

oAl 2(NO,) (gkg)=
OVEAIl S FHAYNEEA20mML 1
A &0] FA|(g) 100
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EYNISS
A BLA2 A Z 2 H(MFDS, 2018)2] 114 %A 2ubs 7+
ksl ERE A7 o o5k Al oA gt W ol whet Ads)

Aot 9 —% ‘:'JH 7](HMF 36OOTG Haml Korea)i 7*0} o+
s

o] _T_’—’FE AZvkg % H21]— %—‘?’—@, 7 ](OCTEC GEM—60195-P,
Ortec, Tennessee, USA)Z A3}t SA oY A| HY+=0-2
MeVz 247 & 249-8-7] Wel A&7l AAIE Sl 3
2 SN 10,000%, 123 Al o HF-2 2 2 =(P)
SFAHH(MCsHICs) 0 2 B,

SRR TR

DAESH B4 A TAH QM RS, AR, o
)t 4155 Mlat(Salmonella spp., Staphylococcus aureus,
Vibrio parahaemolyticus, Listeria monocytogenes, Enterohe-
morrhagic Escherichia coli) .2 A5 X gkl 0] 2 AlZ a7
(MFDS, 2018)9] w| = Al ol dgEo] de=ioes &
3ldch. 29, L. monocytogenes= o] WA= digt
7|Z& Ao ZEE| o] Q)] eFgfot WA Zte] AL d& 7}
SHA] a1 A Fshs AlEololAl A2/ Aletell Higt kg e
SR E 9 AESIN A, Clostridium botulinume v|=+ FDA
713 2(U.S. Food Drug Administration, 2019)f] A A] o]
oM, B ATOIAL of ol E&Ao|xL, Br|4ololH &
A 7hsdol flolet F7gste] A skA] ekttt ol & vl
=2 B4 AE= Salmonella spp. ¥ EHEC+= HAAIEE, S.
aureus, V. parahaemolyticus ! L. monocytogenes= 33 A&
o2 e Bla ok, Wl FAR A Aoz 4
Eahir.

WA, PR W PRl S suEos

o]-ﬁ F]F ml
5 flo

o

Atk &, dutdld, i E dit S $ist dAf
A& a4 *lﬂ AR F5}o] Hdwl(Whirl Pack Co.,
USA)ell Wit o] 2] 9ulj(viw)7} == et A1 A42(0.85%)F 7t

3}o] stomacher (Bag Mixer 400, Interscience, France)2 #1&
(14 302)%t E}O A A0z s]Aske] Al x5}k qint

AU A AA e A RS F28H kil A (plate count
agar, PCA, leco Labortories USA)e|| H=3s}al HljeF(35°C,
A8AZhRE 3 HekeE AIST ths log number of colony
forming unit (log CFU/g) 2 L}E}LH qlct.

YA A U A AxdEH o7 =A59ch dut
At = 0% et A X{E] A&E 3MAK3M, Maplewood,
USA)9| AZx"E EC (Petrifilm™, E. coli/coliform count
plate)f é ﬂi HiOK(35°C, 48A17hEE &, i Abato] 749 7t
2ol 29] e BM Z2Y(blue colony)E, H w2
7S 7k o] £of 9l A4 ZZ1(red colony) S A&}
o] 212} log CFU/g2-= YERY it

Salmonella spp.2] W% 2 S+ viF2 thal ol AA|

oh.
=

o YA EA 337
SHTE &, AR5 g)oll HEA FAF 225 mLE 7}t

stomacher (Bag Mixer 400, Interscicence, France)2 23}
(&3 T HiFB6 L 1°C, 18-4417h)3H31aL, olofA Hjekale
0.1 mLE 10 mL Rappaport-Vassiliadis broth (Merck, Ger-
many)°]l E3te] SHHI(42+0.5°C, 24A17h3H3ITt. o] of
A, Salmonella spp.2] &1 St Fol-& thA] XLD (xylose
lysine deoxycholate) $HAulj 2] (Merc, Germany)2} BG (bril-
liant green) Sulfa $HAH A (Merch, Germany)ol] &4 =3}
AL HRFGB6 £ 1°C, 2441 7hy3ke] S E= F=k2 TSA (trypti-
case soy agar; Merck, Germany)of| &7 83t t}-2- Spicer-
Edwards 53} 2+ H 23837 O T3 YL AMalo] &
Aukeoz AAlskITh

S. aureus®] 578& fJoto]| UvbAlt S48 AT A7
I mLE it e 494 9 mLo] FHstel e 548 3,
Baird-Parker ¢F41l 2] (Baird-Parker Agar; Becton Dickinson
GmBH, Heidelberg, Germany)2] Z} 34+f 0.3 mL, 0.3 mL,
0.4 mL¥ % HEHo| | mL7} =7 wuksto] wjok36+1°C,
24A1ZH)HATE S. aureus®] 4hE2- AR 2t o] £
g7k QlemA, Felo] Sl A2 T A 5 571 o1
Aol AL MEslo] HESHA bR Hook(36+ IOC 24
AR 5 13 Y i, congulase S35 55 2hels)
oA e B ol k5 ol Aol

V. parahaemolyticus®] 2F91-& J51o] HA(25 g)oll 225 mL
9] alkaline =45 7}s}o] stomacher (Bag Mixer 400, In-
terscience, France)Z w23H2E)3t &, FStuld36+1°C,
24AZHEILTL, 0]9] Zit HlealS wigolS Fatol TCBS
(thiosulfate citrate bile salts sucrose agar) $HAH2](Merch,
Germeny)©l &4 =23t & 236+ 1°C, 24417513
t}. V. parahaemolyticus®] 212 v F A1} 217 2-4 mm<l A
S 0] A vl F 22 TSI (triple sugar iron) AFHEH] ]|
34 =St 36 L 1°C, 24410 - Bl 72 0,3,
8, 10% NaCl 713t alkaline - E<=0] o]t Y94 AL &
3 sl AlAEkAT)

L. monocytogenes®] 2212 AA(25 g)oll Listeria enrich-
ment broth 225 mLE 7}5}9] stomacher (Bag Mixer 400, In-
terscience, France)= #ASH2E)SE &, S 9K(30°C, 484
Zhstaiet. o014 L. monocytogenes®] 2312 Ft B o<
PALCAM FH i 2] o] 241 =2ab9i L, uloH(30°C, 484175t
of, A2 RS 0.6% yeast extract”} Z3HH TSA (trypic
soy agar)°ll 22| F30°C, 48A17hste], T AN & IS
Aoz o}elE Aysteh AlgS AASHILT,

Enterohemorrhagic E. coli (EHEC)S] &1 HA| 25 g&
F|8to] 225 mL mTSBHlA]]| 7Fsko] 36+ 1°CollA] 2441k
SRt = g HS tFO = template DNAE 55}
a1, o] & PCR kit?l AccuPower EHEC Taq PCR kit (Bioneer,
Daejeon, Korea)ol #5510 GeneAmp PCR system 9,700
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(Applied Biosystems, Boston, USA)S.22 FZ3slo] A x5}
%tk EHECO| 2191 53 2F AF=9] vE-9 5 uLE 2%
agarose gel (Gibco, Gaithersburg, USA)of| =5t H7|%
% (MINIS-150VS, Major Science, USA)S A A|3F3 AL, 0]0]
A] 0]& Safe View (Applied Biological Materials Inc., Rich-
mond, Canada)Z @43t th2- G4%H DNA band= UV (Im-
ageQuant 300, GE Healthcare Bio-Sciences, USA)E ©]-8-3}
o] verotoxin - A FE ERlsH3IT

M

ik

_,_
\a

nl

MBI 2 - 9 71F 72

Hetol| tiek Ul 9] 71 74 AlE3 A (MFDS, 2018), 1
=+ FDA (U.S. Food Drug Administration, 2019), &= 553
(China National Health and Family Planning Commission,
2019), U& S A8A(Japan Ministry of Health, Labour and
Welfare, 2019), Codex (CODEX Alimentarius International
Food Standards, 2019), EU -+H4]&2H $¥3](European
Food Safety Authority, 2019)0] 4] A|AI$F Y-8-2 Eci = A =]

3k Ai}b= Table 137} 2k ggte] tigh = 7] 42 v
A=A 7)20] 271(YEAltE, tidt), 3Hek4 7]Eo] 4
(e, T2, MCstCs, Pi)o] A|A o] e}, eho]| ek =+
W 71 54 5 mAE 715 A GRS B9 n=5, e=2,
m=10°, M=5x 10° (CFU/g), t&++2] 7% n=5, ¢=2, m=0,
M=10 (CFU/g)o.= A|AJ=]of QlaL, 3}8H4 7]& 4 4S S
9] 7% o] 0.5 mg/kg, 5201 0.5 mg/kg, A2 75
Cs+3Cs0] 370 B/kg, P'10] 300 Be/kg 02 A A5 o] Qi

geto] tigt vl= FDA 7] 7442 u|d=e4] 7]&0] 37
(S. aureus, Salmonella spp., Cl. botulinum), 3}3+4 7|2£0] 54
(=, P*Cs+7Cs, 'L, *°Pu, *'Sr)o] A|A = of Q). et
ol thgt ml=9] 7| 4 5 n| A=A 7| 142 S. aureus
9] 7% 10* MPN/g, Salmonella spp.2] 7% 273, CI botuli-
num®| 739~ AP Bl =47} glofof Rkl A|A & o] 911,
slehd 7] A2 v E42-9] 739 1.0 mg/kg, AR 2 75
B4Cs+13Cs0] 1,200 Bg/kg, *'To] 170 Bg/kg, *’Pu’} 2 Bg/kg,
wsro] 160 Bkg®.2 A4 0] ek,

geto] et 52 7] 4 n|AgEEE 7o) A E
o] QA oFar, 3}8HA] 7]l 671(H, Mid 2, F7IH]4, A

)

Table 1. Domestic and international microbiological and chemical standards of fish roe

) Domestic International
Standard items :
MFDS US.A. China Japan CODEX EU
) n=5, c=2, m=10°, 6
veblecellont WSk T T
Escherichia coli n=5, C=_2’ m=0, - - Negative - -
..................................................................... Lok
Biological ~ Staphylococcus aureus 104, For enterotoxin, : ) _
(CFUIG)  (MPNIG) . MOQAUVE e
SaIMONGHASPD. | s, Negative e S T T
VIbrio parah@emolylicus " e QO AMPNIG) e T
Clostridium botulinum - Spore formatlon, - - - -
No toxins
Nitrite (NO)(OKG) e 000 e
Heavy-metal
(mg/kg)
Chemical

Radio-activity ™! ... 300 70 A0 R 100 2000 .
(Barkg) 2 (2Pu) 1(®Pu) 10 (2°Pu) 80 (***Pu,**'Am)
The others _ H ST O buet U util SOt Nuihut U SOOI SO eioh o

160 (*°Sr) 100 (*°U) 100 (*°Sr) 750 (*°Sr)

Source: China National Health and Family Planning Commission (2019), CODEX Alimentarius International Food Standards (2019), Eu-
ropean Food Safety Authority (2019), Japan Ministry of Health, Labour and Welfare (2019), MFDS (Ministry of Food and Drug Safety)
(2019), U.S. Food Drug Administration (2019), EU (European Food Safety Authority) (2019).



&, MCs+Cs, PRE A|A =] o] Ql}. Eete] tiet S=9f 3t
A 7% A4 Ta5e B gol 1.0 mgkg, HE 20|
0.5 mg/kg, 7-718] 47} 0.5 mg/kg, 2] 2.0 mgkg .2 AJA]
w0} 91, WAls-9] -9 MCs+YCso| 800 Bg/kg, *'I7F 470
Ba/kg 2= A A E o] Qlt.

geto] thet Yt o) 7| 142 n| A=A 7ol 37 (YRt
M|k, th7t, V. parahaemolyticus), 31814 7]5E0] 471014
AFol2, MCsHITCs, 2Py, 25U)o] A A Elo] ek, et dhat
A2 7|E 74 T nA =S 7] 42 YubAIe] A
3% 10° CFU/g, t+t2] 74524, V. parahaemolyticus®] 73
- 100 MPN/g= A A= o] Qa1 3}8H4] 7] 548 opdAbo]
£.0] 720,005 g/kg, HARS2] -2 14Cs+9Cso] 100 B/kg,
ZPuo] 1 Bg/kg, #°U°] 100 Bg/kg .= A| A= o] Qltt.

getol| thgk Codex @] 7|5 22 n| &84 7]zl A Al E]
0_] %Z] ?5]‘—1; §]_—§i‘]_;_(:]' 7]%\{[‘]_ 471:1(134CS+137CS, 1311’ 239Pu, 9OSr)
o] A|AE]o] Qlct. Weto] gt Codex2] 3eh2 7| 42
B3Cs+3Cs0] 1,000 Bg/kg, B'10] 100 Bg/kg, 2Pu®] 10 Bg/
kg, *°Sro] 100 Bg/kg 22 A| A= o] it}

gkl thgt EU -8 415 2bd 9191 8] o) 7] & w42 n) g =38t
2 710l AXE o] AR 9FaL, 3FekA] 7Rt 57 (Cs+Cs,
B #Pu, **'Am, *Sr)o] A[A|Efo] Qict. Wetol| tiet EU
g4I AS|o] B15HA 7] FAL MCsHICso] 1,250
Bg/kg, ¥'1¢] 2,000 Bg/kg, #°Pu¢| 80 Bg/kg, *!Amo] 80 Bq/
kg, Sro] 750 Bg/kg 2. & A A= o] glrt.
Ol3fEH 9 S

ek 8F[ AT 4F(L, M, S, 28), Ateh 3F(KA, KB, KC)
A ulsEh 15 (G)]9] o|3kehs] 98 542 =9 71 ++4
off AIAIE o] Q= B8l T2, mlE 2, d, 25 9 7714
4 S 2 S o, ok Atol 2 oF W AR (HCs+Cs

o] A R Qrar, 71 A= Table 29} 2t}

ECNEEER

ol

o] 914 B4 339
Y 850] T P $4-29] 7% trace-0.003 mg/kg ¥

Rom, Jip 279 A B EA 7 (trace) &= HEE Th
webA, ek 8F0] TS EHE-EAT oloA YR
Sooll YA A3 UErl A &83tth 21, Lee et al. (2006)
S Al A Qb E A o] o] e Alge 91t el
A Bl B0 Bl 49 041 mgke, ol 49 2
S, T80 49 0.35 mg/kgol2tal HaIgh Bz 913, Ha
and Kim (2005) A 22] P/ A+ 53kl et Aol A
WeZel 54 werel ol 49 BUzEtT Bug
w7 ol

ole} 28 et 8] A3, o] dhgt =
e Fa< 71 4 9 gRt AE e S kol it A+
X 31 (Lee, 2006; Ha and Kim, 2005)2 1] Fo] Hol A =
ofl 5215151 gl Weke] 49 AR Sl WAl FREA
ol Wl A= Qhdstthar setE| gl o, ekl 73 5 %
F4e] 2.9 89l0] ek wekelo] ole] 7ksh wiol g
aRlo] A4 I sheet HetE ot

g5k 859 opatol 2 TS Ui Tl TAIR ]
AolH EdEE 0] ¥ Saol we B UL, I 54
AJ(Japan Ministry of Health, Labour and Welfare, 2019)2] 7]
T4 91 0.005 g/kgHieh Hol, A =of] 4= =L Q= EehE
g S0l BAglo] obiATol e FHepAel Mol A ohdsict
7 geE|gieh, 2, bl Aol 22 T-2414¢] myoglobin
ol A4 9] hemoglobini} 2-8-5}¢] nitromyoglobin} nitroso-
hemoglobin& 443111, 24142 13k} AEAE G251
a1, At = 7FA) A Fokar A QJthHam et al., 2004).

ke WAk 71 140 A Eo] Sl HCsHICse]
Are A9E 212t BA It yAd ol L, 1] an, Pl BAlo|H, 0] 59
HH7IE Cse) 9304, MCse] 79 24, 1] 59 82l
AOR delA Ut} o & Y4 F AlE(Ce)> HEFO|Y Z&

"=
RPN

Table 2. Heavy metal, nitrite contents and radioactivity of Alaska pollock Theragra chalcogramma roe from Russia as affected by raw

material grade

Heavy metal (mg/kg) Radioactivity (Bg/kg)
Grade Ho Pb Cr Inorganic As Nitrte (g/ko) 1¥4Cs+¥Cs 1)
Total Methyl
Lo......0003£0.001 NDS Trace .. Trace ... ND ] ND ] ND . ND .
M. 000240.001 ND o Trace ... Trace .. ND ] ND ] ND o ND .
S ........0000£0.001 ND Trace ... Trace ... ND ] ND ] ND ND .
28 o TEce ND o Trace ... Trace .. ND ] ND ] ND o ND .
KA .....0002£0.000 ND Trace . Trace . ND o ND o ND ND ..
KB® ......0001£0.000 ND Trace . Trace . ND o ND o ND o ND ..
KC ......0002t0.001 ND Trace . Trace . ND o ND o ND ND ..
G8 0.002+0.001 ND Trace Trace ND ND ND ND

IL, large. M, medium. 3S, small. “2S, smallsmall. °KA, kireko A. °KB, kireko B. ’KC, kireko C. #G, gamuko. °ND, Not detected.



3} AR HRL A3 qlol 5o, 8.9 E (I B
242 RArE] AL %45)7] 4ick(Kang et al., 2017). 2 85:2)
WARs R A(HCsHTCs W O] S5 W el 5
wAglol BE AAH Basol Sl v 4L ¢lo
. ]2} 22 Rk 83-0] HpAS(HCsHTCs B 1) S5 ek
Ajol gete] YAk ol dhat Fe] /1% 72
of Wot @A Fhhol |1 Gl Heke AR HF
o] WAk 5 Rol Al QT A0 2 BiElglch

O

ofX

B 8F AT 4F(L, M, S, 28), ket 3F(KA, KB, KC)
(G)]2) B3 S B S U

=)
B
2
oy

3 AubAlatr, it
&+ 9 h A} AEE Nt 5F(Salmonella spp., S. aureus,
V. parahaemolyticus, L. monocytogenes, Enterohemorrhagic
E. coli)l| thsto] AFwfH.Qfa1, 71 Avk= Table 33+ ). gt
852 BEsh o 54 § YAt AT 459 7
$ L 55°] 9.3x10* CFU/g (8.1 x 10*1.1 x 10> CFU/g), M
S=°l 1.9x10° CFU/g (9.3 x10*-5.4%x 10° CFU/g), S 54
o] 2.0x10° CFU/g (1.2x10*-5.1 x10° CFU/g), 2S 5&°]
2.8x10° CFU/g (5.1 x10*4.2x10°* CFU/g)°|al, Adzt
329 AL KA 530°] 3.7x10° CFU/g (9.9 x 10%-7.1 X 10°
CFU/g), KB 5g°] 45x10° CFU/g (2.3x10%1.1x10*
CFU/g), KC 5go°] 3.7x10° CFU/g (7.7x10*-8.1 x 10°
CFU/g)olglom, m<ekol G 559 49 5.0x10* CFU/g
(4.8x10*-8.7x10* CFU/g)°|Art. wheba], ghe] dubA|t

:
~

C 5= AlefRthd & S0l Roldas 5718t
Fe et glet. o, ERke] dubAlatarol digh =
= 4E SEuErY] AlESH(MFDS, 2018)1F Y& &
(Japan Ministry of Health, Labour and Welfare, 2019)°]]
Z¥ZF n=5, ¢=2, m=10° M=5 x 10° CFU/g ¥ 3 x 10° CFU/g<&
2 AN = o] Qirt. o] oF 72 Rt 859 UubAldtas F ol
oF U E R Aot reko] dRtAlata Fof thet =9 7]
&ALz n]Fo] Hol FA ol Q) ¥l Sl e
& Saol ¥Aglo]l ArbAlat F=A1Q1 Hofl A gt Ao
2 2FE

NEA thgtite] EE ke e A B 71y
2 olZo] Hilo] oodEl Aow B 4 9loma AES
1 9J9j7} ek olefat Qo)A AT R Yk 85| i
2 S53 KB 5] 24+2F5.0x 10 CFU/g (3.0 X 10-7.0x 10
CFU/g) ¥ 6.0 x 10 CFU/g (2.0x 10-9.0x 10 CFU/g)>. = #
SH UL, YA 65 Bt A9 Sk e, it
O] thatwtoll thet =i @] 71 A& AR 713 glck

ek 8FY] i+t T B Y& ool #Agle] =
T EdEolqlh o Rk S Sl Ve AL
2 AL A 71w )% FAL SHuete] 48T
(MFDS, 2018)0l|4] n=5, c=2, m=0, M=10°2.2, ¢} x4
(Japan Ministry of Health, Labour and Welfare, 2019)0{| 4] 3
/g0l k. o]&F -2 vt 8% it ol et By E
Avfel Q] 7% 14 0.2 n| o] Hof FA o] =9l
AL Sl RS HE Sl WALl thd=t H = Q] HellA

7
7]
P
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Table 3. Viable cells, coliform bacteria, Escherichia coli, foodborne bacteria (Salmonella spp., Staphylococcus aureus, Vibrio parahaemo-
Iyticus, Listeria monocytogenes) of Alaska pollock Theragra chalcogramma roe from Russia as affected by grade

(CFU/g)
i Foodborne bacteria
Grade Viable cells colform £ coli ,
acteria Salmonella spp. S. aureus V. parahae molyticus L. monocy togenes

2

L 8 138:11 q x10%) <15 <15 Negative <15 Negative Negative

) 1.9x10° . . .
M (9.3x10%-5.4x10°) <15 <15 Negative <15 Negative Negative
.............................. 20x103 50x101 B B
3

S (2x051x09 @oxo-7oxoy <1 MNesalve =T teaetve Neaatie
3

284 (5.1 x%g;_j%x 109) <15 <15 Negative <15 Negative Negative

.............................. B e

KA® © Qx:?|-072).(;01 x10%) <15 <15 Negative <15 Negative Negative

.............................. 45)(103 60x101 S B

6

B @3x0x0) @oxoteoxoy S0 Mesatve < Negatve tegatve
3

KC? 7 7;;"5;_(;(1 x10%) <15 <15 Negative <15 Negative Negative

.............................. b e

G8 (4 SX?'()Q:_(;(;X 10) <15 <15 Negative <15 Negative Negative

'L, Large. *M, Medium. 3S, Small. “2S, Smallsmall. °KA, Kireko A. °’KB, Kireko B. ’KC, Kireko C. *G, Gamuko.
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et 850 A% AM|ut(Salmonella spp., S. aureus, V. para-
haemolyticus, L. monocytogenes, Enterohemorrhagic E. coll)
e WY dE SH AR SRl BAglel R &
HEol Ut THH gehe] AF5tol tiet sl 9] 7|E AL
2 AAIE}AL Q1= 7132 u]=k FDA (U.S. Food Drug Adminis-
tration, 2019)2] 739 S. aureus 10* CFU/g, Salmonella spp. &
Ao g AASEAL Qlal, Y& S AYA(Japan Ministry of Health,
Labour and Welfare, 2019)%] 73-¢- V. parahaemolyticus 100
MPN/go.2 AAJstaL glov, Seuel A&37(MFDS,
2018)1} 5= ‘5 F-(China National Health and Family Plan-
ning Commission, 2019), CODEX (CODEX Alimentarius
International Food Standards, 2019), EU -8 4]&2H ¢ 3]
(European Food Safety Authority, 2019)2} 2o 47 7|32] 7
2715 2% AAISH g gl

olo} L& ek 850] 455 Al 5] gt muE 2
sfo} izte] 155 Al o] o 29 7% 740 vl
o] Hot @A ol 29T gl Wk AR Sl ¥
Qo] A55 Ale] =41 RolA] Shsheka e .

A 7S f1et YE HEe n e T S Al

F 7t slee]et 2ot ol2et Ul A Fig. 19 A4t
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AE[LREATE, W, it 9 2155 Alt(Salmonella
spp., S. aureus, V. parahaemolyticus, L. monocytogenes, En-
terohemorrhagic E. coli)] A H3-E A5 2 Ail= Table 42}
2t we ] 71 B4 5 ulaEAel sk AR W
oflA thdtto] HEHA S R L5 4S9 S 5+
o gHystel FESTt. W ALE F ok HF LY S
UubA|t= 242 3.1 % 10° CFU/g 9 8.1 x 10° CFU/go] %}
o} ]9} e A ke B ste] Yok A0S AEsTA 8
o) 54 B oA B vn)gk AmelA) xjzto] Hglont, &
n] ol A= B S7Fshe Ake UEtl sl 2% AlEl
A 23} Zu] 2 Aol H]sto] | HEeA F7hsRe Aol
AT whehA], Pt 2 F A2 dubAleta=2] Aol & flstol=
WREA] U8 Weke] ANbHlEA ST} e 21 Apgslolo}
g Ao = ghhE] Qi)

W AL U E WA S 53 thgEE sut
8.0 10 CFU/gol 911, o] 322 7H35t7] §lste] 4], 1
2} 0] 7 Fol |ulsHA] FAH0m, o) F 25 B
SHOR A2 o] F HF AFAA SA40lck weh, HE
AES] o 25 240 skl FH3] Aloi7t Hi A

o ettt
YU A2E AR A YA L5 U S 5T 455 AR

(S. aureus, V. parahaemolyticus, Salmonella spp., L. monocy-

Table 4. Change in microbiological properties of seasoned Alaska pollock Theragra chalcogramma roe during processing

iorobi Roe after Process .
Grade Microbiology . - — - Final Product
Thawing Washing 1%t Seasoned Disinsfecting 2™ Seasoned
3.1x10% 9.3x10? 1.1x10* 8.9x10? 6.0x10° 8.9x10?
Viable cell count (2.7x10%- (7.1x10% (8.8x10°- (5.5%10% (5.6x10% (5.4x10%-
4.1x10%) 1.1x10%). .. 3Ax10%. . .9.9x10%) . 8.2x10%) . 2.0x10%) .
Coliform group <15 <15 <15 <15 <H5 S5
E. coli <15 <15 <15 <15 S S5
L S.aureus <15 <15 <15 <15 <5 S5
V. parahaemolyticus Negative Negative Negative Negative Negative  Negative
Salmonella spp. Negative Negative Negative Negative Negative  Negative
L. monocytogenes Negative Negative Negative Negative Negative  Negative
Enterohemorrhagic E. coli Negative Negative Negative Negative Negative Negative
8.1x10° 2.0x10° 1.7x10* 5.9x10? 3.8x10° 7.3x10°
Viable cell count (4.4x10%- (9.4x10%- (8.7x10°- (2.1x10% (1.2%10°- (4.4x10%-
1 6,&.1.0‘?1) B .5.,824‘103.1) B .2,024‘1.0‘?1) . 8.4%102) 5.7x10%) ... 9.6x10%) .
8.0x10 5.0x10 4.2x10
Coliform group (2.0x10'- (4.0x10'- (3.0x10'- <15 <15 <15
9.0x10") 7.0x10") 7.0%10") . e
S E. coli <15 <15 <15 <15 <5 S1s
S. aureus <15 <15 <15 <15 S S5
V. parahaemolyticus Negative Negative Negative Negative Negative ~ Negative
Sa/monglla spp. Negative Negative Negative Negative Negative ~ Negative
L. monocytogenes ~Negative Negative Negative Negative Negative ~ Negative
Enterohemorrhagic E. coli Negative Negative Negative Negative Negative Negative
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togenes, Enterohemorrhagic E. coliy2 Q= 5¥ 2|5 AlE7}
Al F7olA =dE= o webA, )= FDA (U.S. Food
Drug Administration, 2019) 7|<& 2| A|A=lo] Q= CI
botulinums A 2IFHerd 9142 vt A2 72 fiek €
= RO AF 5 Alatol digt e dof| gt -2 gk
3HH, Lee et al. (2008)2 A2l 419] SIEAIE m|A=

3 A HYE RS 3 v]EA oM AlRR
WAL 5005 AFske] ]S EA4S HES 23
HhAlate] HE Hie B Babses 220 1071(20%) % 2.1
log(CFU/g), thd=t=t2] Rl 9 Hatg e 242 17(2%) 2
SAE, AUl Fat s 5.2 log (CFU/R L2 HEE
A SRS g g L

Az S0 T2 geke] sjeby 543 gAY B4 o
ot S HEMIA] o, W Qb sietar shekE Ak
SHARE Wete] duthlate= KC 5= AlefRittd 9= 5
Hol Roldas S7Ishe i HE itk

A AL
o] =22 201841 S FrAl T Al o= skttt e Rl

210] 2] 91& wrop 53]

=
AZFBAE A 2 A E
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