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H1E ML

T 3| MURo EFY AW = MN{H(2022H)
HZE THIOH(THY : o)
A .
=13
= 2018 2019 2020 2021 2022
g 65,947 66,720 67,663 69,977 70,342
ARz 213,089 209,638 226,413 230,478 240,504
oHx] 86,538 89,413 102,969 97,913 95,539
Z0[ex 33,418 27,963 26,752 29,308 27,352
A 398,992 393,734 423,797 427,676 433,737
ER| 1 AZOOFEOIMR, 2022 Al 50| AAAIK
FAAIY| : 2023-09-06
| E 4| HRo| SRE, A=E 5 YHH(2022')
LT MAZEY  E)
o
%} =2
2018 2019 2020 2021 2022
=g 16,259 20,068 22,423 24,996 21,176
i 23,304 23,358 24,472 23,857 24,163
L] 60,193 59,055 60,602 435511 57,828
Z0[efx 36,377 21,227 21,990 23,158 24,975
A 136,133 123,708 129,487 507,522 128,142
S 1 AIZOJOFEOIMR, 20221 Al SO| MAE]
ZAFAI7| 1 2023-09-25
[ E 5| HLQ| X o2, Aol LY HofE 3 THofY(2022'H)

o
A 21,176 60,451 ,869 17,777 70,342,626
MEEEA 12 261,558 12 276,622
SAEAA 874 2,308,021 741 1,783,160
CHE A 10 37,666 10 45,576
QIHEAN| 402 1,779,945 379 2,136,272
I 95 182,901 87 233,402
CHEHEAA 43 249,715 45 458,256
SN 848 1,616,105 797 1,982,388
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H1 | Rz SH710[=E]

Aol (M rR) ILHIZHE) LA (M 2H)

A7|E 617 2,063,753 572 2,688,338
SH8T 165 689,948 138 728,832
SHEE 3,282 18,186,522 3,109 21,913,534
FESE 450 2,536,367 434 3,026,849
Hafde 5,903 17,377,331 3,070 18,447,508
YT 1,679 3,865,150 1,524 4,204,845
AYEE 6,571 6,389,019 6,562 7,353,717
HFEEXR| = 29 223,456 24 220,741
LSRR = 296 2,684,412 273 4,842,536

A7 24,163 213,487,619 22,344 240,504,512
MESEA 43 966,866 43 1,291,190
SN 3,449 42,081,997 3,116 47,608,749
CHT-E A 2 3,000 1 4,700
QUHHAA| 1,978 21,557,908 1,893 22,281,039
FTEGA 3 26,546 3 32,509
CHEZAA 8 55,600 7 91,880
SAEAA| 790 1,955,801 778 2,224,536

AE 1,402 9,253,927 1,385 10,581,982
SHRE 91 607,423 82 623,364
Sy 1,698 13,602,456 1,649 16,390,493
Mapee 569 3,216,951 555 3,477,501
Metde 5,103 30,039,682 4,503 28,145,743
485k 775 8,264,651 597 6,333,997
ddEE 706 8,007,777 681 9,331,509

HFEEXR| = 167 2,267,499 140 2,509,785
Pars =1 NpNI 7,378 71,579,534 6,912 89,575,534

£71: MgolOIEOTIX, 202241 48 5 M
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016 KFR]| g=4597¢



H1E A

x0)

>

AA| 57,828 69,610,504 52,417 95,539,979 oz

BTN 458 734,857 308 868,995 N

CHTLZIAl 3 16,960 3 22,320 o
QITESA| 167 775,153 171 812,538
LTI 67 31,200 66 35,000
AN 15 145,184 15 165,795
I 632 1,842,812 623 2,344,689
A= 587 979,692 587 1,185,393
SHET 11 45,980 1 22,000
SHEE 27,145 28,752,512 26,088 40,371,526
MEIEE 6,646 9,288,478 6,102 17,383,305
MElHE 10,772 9,705,019 7,357 12,726,962
d=E 3,673 6,975,647 3,540 6,064,818
dd=ET 6,301 8,767,263 6,161 11,704,560
HFEEXIR| = 1,435 1,475,580 1,380 1,742,599
ZREEEXX| = 15 74,167 15 89,480

% | AIZOJOFZOIHA, 20221 AIZ 50| MAME

| E81 R0I4HO| I MAR, Aoy, 2L BiOf Y ZLY BHe4(20221)

IEsig

FLIEHIZHE) =7 LIy ot (B D2l
A 24,975 24,855 574 20,708 27,352,513
LA 53 532,321 50 484,482
QITMZAA| 133 426,081 130 421,876
ST 0 1,007 0 1,259
MNZEEXIXIA| 194 284,513 189 412,184
A= 2,609 1,425,603 2,604 1,640,857
ST 1,142 1,103,755 1,062 1,374,292
ST 9,092 9,814,447 6,899 10,838,052
MEEE 4,434 5,933,833 3,357 7,997,660
M= 1,883 903,223 1,178 1,194,138
AAEE 4513 3,869,516 4,507 2,467,552
GHEE 922 561,275 732 520,161
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H1 | Rz SH710[=E]

ME7ISYESA O M2 RES R0 OE FUS2E FEot1l UCH,
X|IZ0ICt BX|IR2 20184 9,013E0|A 2022'H 26,749E0|

H
E AT
GAHE HO 2 HAEN oHE HEETE YLUH0| Stot= FHE ERC.

2020 2021
A 65,652 80,328 75,682 68,753 82,489
E=PNEY 9,013 17,345 21,521 19,815 26,749
ARH 9,118 3,856 6,413 5,584 5,513
QFH 4,253 3,754 4,383 3,765 6,156
e 145 63 24 203 96
HME | o22H 397 316 385 628 735
AR 1 1 0 0 199
HaH 5,119 4,680 4,535 2,364 5,426
A2 1,776 1,278 2,148 1,963 2,213
ESIS[VEN] 107 164 102 101 142
7|Et 35,624 48,870 36,172 34,330 35,261

EX - oY, SMETIZUSH (2023)
ZAIA7| : 2023-09-02

< AZOAZTATMUAN LZtet AF H ASH/IE UEHNM =22 20138 2,914E0M
20143 3176222 S7t6tRALCL 11 0|2 FE5| Z4otH 2017HE0= 1,16722= ZA0HAC.
o] ZL, 2013101 $24,590,3722 A AL FE5| H4510 2017 =0= $9,995,8842

018 KFR]| g=45972¢



x0)

H1E A

| B 101 NZE $E38 (2013-20174)
8 = 203 | 204 | o2m5 | 2006 | 2017
A7 2,914 3,176 2,558 2,392 1,167 )
GlE 615 115 178 171 115 @
MAEHE) dERY 1,261 1,993 1,183 963 888 fg
o1 458 47 294 219 88
0| 578 596 902 1,036 69
Al 1 1 2 3 6
27 24590372 | 21573591 | 13,063,665 | 11,747,389 | 9,995.884
Xz 9,007,899 345,504 1,165,866 1,513,312 1,400,504
e QHAXIZt | 13833226 | 19446333 | 9,965,551 8,308,333 8,263,963
ot 744,526 771,707 412,630 322,619 157,243
ZOK | 994,676 1,001,708 1,506,479 1,588,845 139,972
Al 10,045 8,249 13,138 14,280 34,112
BH : ABOOIBOIK, A U MBEIIS MK
ESN H\|7| 2023-09-06
[E 11 MIBAUER £ 38 (2018-20214)
a5 | 2018 | 2019 | 2020 | 2021
e 73,015 80,587 114,183 82,488
2z 715,928,295 782,791,064 712,661,168 855,770,524
*HUBE EHE TA SU71EE YU4E UHOR HO61S
BH 1 ABOIOIBOR, A U ABEIIS AT
ZARA|7] 1 2023-09-06

< 20214 7|& 2L 4

MEHZE

ZATZ AIREH= HIES 31.7%0!

< AE MZEA MEE= SEE B HE

=
20154 1,634t E,

Al
=,

01
X4 =7
- o

- HUBOIN
70~90%, LA

Fol

42 50~70% &

20164 1,6512H &,
folR Lt 20201 1,805 LECE 2

xﬁ@%ﬂm”w*ﬂﬂﬁ'

MEZ2

= SOIZ|RACY.

20174 1,7162t E,
IAGIRACEZE 202114 11,8722 EQ 2 THA| S7ISIAC

LM HZYL0 St U= sF+

HO 2 UEMHCH2021E &

O ZAL ALY HIEY £

2E HYS

AE HEE 1,8720 0|0, 0|5

2 7|E, HIAE HQ).

N
o

N
i)
oz

2SO HHAZY

s
0
o
0
o
Ol

201241 1,504 =0i| 0]0f 2013 1,508 =, 2014 1,5652F

20184 1,787 £, 20194 1,8582 EC2

| 72



Hia | RER Y

LI7101=2el

- HYU

c LR AEEI=

=
HEROUM ML=

|_

FEMH

=)
H2
OEO
=

| E12| F5E IFLAE HIS(

T LHIS(%)

e x
A= [

9| B2 2020 ZAH|S 55.8%01M 20214 52.9%=2
=S 84.7%01M 2021 83.7%= ZASIULH.
Bz = 715 AFRE0| B

HUQO| 2N AIBHE 6,030E02 2 A

fAotAen, YHAE ER

Fo|HL

tEHIS

o=
A—!E'l'r

FEMEH I+

2020

0 11 Ar8%2 7,038=0|UC.
2 85.8%= &QIE|RACH

T LHIS(%)

IRI12 1,426 46.5 1,480 43.9

O (THH) 105 8.7 108 1.1
HUA 2,015 55.8 1,948 52.9

HHAZ 2,272 84.7 2,296 83.7
HEH(SEH, e 28 215 0.2 208 0.4
()0 307 487 296 436

A(#Ex) 174 100.0 185 100.0

orEd 318 100.0 320 100.0

Of=4 137 16.4 125 16.7
OIFRAZ(01710], &, LHE 5) 38 25.2 53 46.6

e 24 2o

AHIHE) | ASH(E) AFZHIZ(%) | MS HIS(%)
=3 937,369 1 0 1 0.0 100.0
g 338,658 102 102 0 100.0 0.0
Ohs (7toks 28 54,408 157 59 97 37.9 62.1
It 78,004 8 8 0 100.0 0.0
Z4 26,311 31 1 30 2.9 97.1
MY 97,294 7,038 6,039 999 85.8 14.2
HEH 44,926 166 0 166 0.0 100.0
@)z 93,675 6,487 6,261 226 96.5 3.5
PS)S | BN 171,464 1,405 881 523 62.7 37.3

EX : SEEPMAERESAL 2022 AZAt B AH| HENEAL
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H1E He

L0 HZo| S|ME 2M 2, & 7839 3ietE0| SYEYCH 0|5 YA 2 s1et=0| 31822
o octanol, 3-methyloctanol, 2,6-dimethyl-1-heptanol, (E)-5-
OF LEHO0| X2 2n|MHE20| 2A 7|05t= A= LIEISTE 0]

o
1
@D
5
N
|
o
oin
o
0o
oy
E
oln JRI
[
i =2

2020Db).
O Q70| K22 30Z0IM FEE MBS of 3-4%, 20T0M HEE MSS Of 7-8UNIK| R, WA

[=1 = [ |
Ot 52| S0IE FAIGIRCH 10=0M XMESt HE2 of 26UMA| S0IE |AIGIAUCHAESS 2., 1993).

NA2 AHE2 RS UHOAM ZHESH HEIO|E SO| OID|-iCE 2oflEHM X[&HHO=E
SHO0| Hstet & UCH BXUH AXF2 AlZt, 2k S 08 M Z70IM SRELIM S 3012t
2 E 2R0| X|a™MoZ (10, 25, 35X)2 13 X&St MEQ s AL 21,

0z
o>
9'2
I\ ;9
kl
ro
|.|-|
g

hl =
XM2(10=)0AM 22kt BX|AXI0] ZES, S0|0M =2 H+E LU (Joung et al., 2018).

NEFE 28 52 s HES 7l 2 H =8 & 284 M= Helst 2t Mo H|3A0]
Moi=|0] LEHOZ GIHEMA 127X 7] MEO| 7+SSHt. Alshel F<2, Bt HZR0 HISHH
MY FYUF0| Hi SR} & Ea sdolH, fitd, 82 SO SA2E 26t R4 e £E4=
7P MM HSHO YYo= XZsh Aoti= 171 WQ|o| BEES 7Lt

AIB0 GS52! 61242 HAFC| IS ok Wot Zut, Uthd<-= B 4.8+1.4 log CFU/gR 2
517 HZ ZF0| HESEACH 7o E¢ YENZE 354 & 1740M A=A Mz
1620M= RF SHSEUCE A1F 20| 10% 0[5t MBXZ2| AL 33U & 14, 7IE AFe
A2 182 & UMM HEZZ0| ASEUCL AS=D &, a2 M2RA9 32 dEXZL 36
S 20, RE 16U S 2UNM B. cereus7t AEEIRLL, M M 334 S 194, 7I1Z MEYHH HZ

182 = 310N B. cereus?t HEEIATHEIMOL 2., 2018).

o

R, YENE, AR 102, FERZ 44874, Aoz 324)01l CHsl DIYSSH e Eot 2t

= =
Y72 A Al=2l 31.9%7F Z|ti 20,000 CFU/g O|Lie| HelZ BEEUCH FERZA

L ML OiH] HEE2 6, ZSZOAM 2817F FUCE UEH2 5 90U FERZNA LF0|UT

_—

=
o
=
FO




H1 | Rz SH710[=E]

L YT E0tE4

2 32 HOIRlE ZYS BUC ASSRO FMEELTRY
HoH|H2 RS BE A ARUA 2

=2 6

il o o

S5|X| QIUACHOMO| 21, 2008).

- M2t ALY 22 Bz Ha|7F FQoHH NG 29| 2 Lt Al ko RZRL Eliz

[=]
el g, 84, 78 1Y 32 FE &2|E Zelote{oretLt.

3) HIO| K| 0f2I(Biogenic amines)

026

- B2 ABO| 45 5 WASH= OLHIS 5 o] HIS0| BRISIE YOS YL Y2UCR
XZote S5 AES H2(513 0/0) XHF0] Hl0] SOIXQ! IgE SIS AAGH= 0] SR H SOk
S7|NHET ST} ZABIH0] SIAEIRI(Histamine) T 22 Y227| QY BS HHEGI0! HIHAX
A

|, N2 S SEEMMOZ HXst RO AR, wE U =4 T MAME HI0|2HH 0t2l(Biogenic
amines)0i| 25t sH7t 42 4= UCE HIO|RK|< O H|3|Hd ORISR O{FLE ZZHR | AR
MME|= SX0|0 cataverine, putrescine, spermidine, spermine, tyramine trytamine,
histamine S0| £3HRACt Ol= O1F = U2F0 eRE RE0H0|L0] DS §4 SO 25t

EiEkiH(decarboxylation) S0l o Meml= A= L AL

CHEXQI KZH0f|A{Q] HIO|QA|Y OFRICZ2E 5|AE|H(histidine)g HTLHIZ SH= HIO|QH ORIQl
SIAEFRIOICE. SIAEIRI2 I HFUS Z2, OFLS| 0|t XE0| M= HIFYH et H HY

Ol BtS S= LEILHA ET. R2|U20M = THA2| A0 OfSt S|AEID S= X 2A1d AF AR|7t
HUE P ACHIFE, 2016).

= Z S

%’3857 P S22 32 S|ART| SF T RA| LIEHTE
HXNZE MEY ER0= $2 2E(10=

o=
% SHGR=H 525 247t E 5= ACHLHOY 2, 2017).

WELL BXRZO FR, NEHO BEI} HE4E
o

=
Kell
=
>
ne
fol
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oz
=
N
rr
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=
ro
r
0x

< HY0| AHRE O MESEA 20N Zaoh 20, 35TC ZR20M S|AED HE0|
&

|RCH 25CTE HMelotil=s EE2T/t S7t245 AR S-0| S71otRAX| T,
o
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2M 2.0 g/kg 0I5
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OfL et

E=7t AEE M=

=yl

ASH 0[2]9] Ct

S),

off
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2

0|0, RZF2| HIH(

J

ofd

M= HARAHZ

S

Stof| CH

)l =2 0.10 g/kg Ol
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FOf-HE YN Z2I240] A
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COHRE XZI2 AGHRO| AIZQEES 20219 IREE| 2023 5EIIK| £Z6H0] EAGIALCY,
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=
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H1E He

oHxi= S

AT (/100 g) (@/100) | (mg/100g) | (g/100g) ME

(mg/100 g)

>
2 Mg folicabgma|  EmA ‘ﬂﬂgg P28 =
=
fo

2| | 67744158 | 5674031 | 2439149 |964%0+18100| 1294025 | 2047147628 |
oixy | (62.87~70.64) | (5.08~6.15) |(22.53~27.37) |(46357~13023)| (0.53~1.73) | (102.26~37332)
xojost | 67:38+9.03 | 5503039 | 2330189 |52179+10848 | 0.69+0.15 | 11657£6221 |,
=TITTA1(38.92~71.51) | (4.92~6.16) | (17.81~25.26) | (324.91~660.09) | (0.49~0.97) | (28.33~24535)
AAz | 09764334 | 5223043 | 2063+209 |36078+28954| 0.71+045 | 65367832 | |
ST 1 (64.37-73.12) | (4.57~5.81) | (18.25~24.15) | (97.45-95843) | (0.26~1.56) | (5.22~255.66)
T+ BEMAHEAZ-ERY
[ 217 | HAZ O|ME BMZ0t
o= 0jME 2M At (Log CFU/g)
S UL FS [k SMECATR | HE2|F Az
4.80+2.51
OHX
THt2|oH R (ND-5.50 ND ND ND 24
1.21+1.20
XO|OHX
ESI[EN] (ND-3.69) ND ND ND 12
1.35+1.03
AAR N "
- (ND~3.11) ND ND ND 9

Yo+ BEHRNEAZ-ZIHZ)

lfed OfD|icAtd EA | 3|2 HI|EA A2A
(g/100 g) (g/100 ) (mg/100 g) (mg/100 ) -
7t2|H|A 65.90 5.11 4,58 250.28 27.68 1
ZHR|A 53.03 12.79 10.48 748.91 109.27 1
L& 55.82+4.42 4.99+0.90 4.26+0.99 262.29+62.93 18.13+7.89 7
s (49.49~63.29) | (3.16~5.77) (2.40~5.44) | (172.49~339.49) (8.36~29.34)
S 66.23+2.93 5.17+0.65 4.48+0.58 345.13+69.35 15.66+3.29 13
S (60.95~70.54) | (4.27~6.37) (3.68~5.62) | (238.86~510.78) | (10.70~19.50)
of2[2xt 69.30+2.94 | 4.60+0.49 4.03+0.34 518.25+26.06 21524543 3
-~ (66.28~72.16) | (4.24~5.16) (3.78~4.41) | (493.37~545.34) | (17.59~27.72)
QX0 56.15+4.82 6.19+1.43 6.08+1.42 299.85+59.95 25.85+16.70 9
St (46.45~63.61) | (3.98~7.72) (3.86~7.72) | (228.37~385.42) | (10.85~57.69)
MR 59.54+4.53 5.88+1.20 5.35+1.28 261.04+80.06 18.70+7.92 5
SIEES (54.21~67.11) | (4.36~7.43) (3.7~7.22) | (181.02~396.56) | (7.89~27.48)
SR 61.21 23.95 20.89 266.86 42.93 1

TR+ BEUAEAYAIZY



H1d | RER SHoi01=2t

xzim | SE AL 1=y Afapht = SHHM ZiAt 3 ZOr2a A2
A=T | (mg/kg) | (mg/kg) | (mg/kg) | (ma/kg) | (mg/kg) | (mg/kg) | (ma/kg) | (ma/kg) | (mg/kg) H
Jb2HIA | 22.32 | 730.41 ND ND ND | 1,145.10 | 4,435.50 | 3,766.43 | 14.71 | 1
ZHX|X | 7574 | 86056 | ND |6,844.00| ND 558.38 | 2,823.71 | 3,492.20 | 18.70 | 1
59.80+ |1,377.89+ 132.87+ 1,693.24+ (2,158.40+ | 981.77+ | 22.10+
s | 2270 | 36888 |\ | 234.92 ND 65854 | 2.217.90 | 40604 | 455 |
A1 (30.68~ | (624.82~ (ND~ (673.86~ | (654.39~ | (677.42~ | (13.97
94.34) | 1,654.93) 577.59) 2,173.79) | 6,527.52) | 1,764.08) | ~25.46)
27.99+ | 188,66+ | 7.11+ | 962.50+ 1549269+ [1,891.32+ | 480.13+ | 59.84+
ojapxy | 1310 | 15094 | 2461 | 174521 | o | 524612 | 172872 | 673.28 | 12937 | .
S=A | 403~ | (ND~ | (ND~ | (ND~ (374322~ (ND~ (ND~ | (1.03
452) | 5436) | 85.27) |5,028.52) 22790.10)| 6,262.08) | 2,025.08) |~467.09)
27.65+ | 573.69+ | 0.38+ | 707.65+ |841.19+ |3,112.14+|2,290.39+ | 708.46+ | 7.20+
Ojzjzx| 386 | 20936 | 066 | 21093 | 77532 | 2586.81 | 293896 | 25691 | 508 | 4
1 (25.16 | (362.66~ | (ND~ | (49550~ | (ND~ | (656.19~ | (ND~ | (438.36~| (3.93
~32.00) | 781.34) | 1.14) | 917.34) |1,527.15)| 5,812.46) | 5,604.24) | 949.76) | ~13.06)
117.98+|2,618.21+ 1,580.96+ 3,011.82+| 517.87+ [1,230.55+ | 23.08+
183.19 | 3,409.63 1,389.98 2,281.00 | 27413 | 1,398.47 | 17.22
KIHX ’ ’ ’ f
LR 1230~ | o166~ | O | ‘o~ | O | (o043~ | (ND~ | (180.44~| (79 | °
563.7) | 10,310.46) 3,599.83) 7,094.26) | 804.28) |4,533.25) | ~65.01)
115.28+ |4,828.83+|101.29+ [5,117.46 + 1,829.41+ [10,601.39+ | 1,602.58+ | 22.01+
sipxy | 215.70 | 2869.03 | 157.90 | 147932 | o | 163276 | 1357253 | 1,60473 | 146 |
SEX 1 (17.04~ | (120192~ (ND~ | (321159~ (60.77~ | (664.15~ | (ND~ | 7(4.36
36.14) | 7,149.04) | 331.58) | 7,455.49) 4,673.38) [ 29,081.02) | 4,646.30) | ~41.20)
SIMOIM | 136 | 1482.06| ND | 344.90 | 506.01 |6,539.06| 21.00 | 361.92 | 037 1

+ BFEHINEAZ~EIUZ)
ND, Not detected

030 KFR]| g=4597¢



H1E He

(Log CFU/g)
guzEyTE || A=e
IS 4.95 ND ND ND 1
255 5.71 ND ND ND 1
5.14+0.40 0.54+1.41
[H yb
Al (3.61~6.72) ND (ND~3.75) ND 7
3.56+0.06 0.13+0.50
Ha
CEA (1.20~6.97) ND (ND~1.81) ND 13
5.67+0.08 2.07+0.13
11 . . . .
ofi=R (4.58-6.93) ND (1.94~2.20) ND 3
5.21+0.05 1.68+0.85
RIHA
PR (4.55~5.73) ND (ND~2.87) ND 9
] 5.55+0.08 0.87+0.32
HK
CEES (5.23-6.07) ND (0.50~1.30) ND 6
05 5.01 ND 0.65 ND 1

B+ BEHANEAZ~ZI0Z)
ND, Not detected

R2U0fL=A (mg/1009) | ZH2iiz| 2R | wmm |
JEPS 1 1 7 13 3 9 6 1
o-Phosphoserine | oo | jgs | S47%127 | 3574137 | 1301285 | 378+316 | 366+13 | , o
(p-serine) : 81 Qo566 | (ND-558) | (1035-16.02) | (133-1151) | (1535.17) | *
375,88+ 11.34
. 112.98+42.49| 92231931 | 501134 666124950 | 201741233
Taurine 4838 1 5250 |57 78-157.80)| (62.40-127.13) (gg;‘g?) (14.14136.21)| (383-39.00) |
o-Phosphoethanolaming| o o, | oo | 18265777 | 187529 | 1152116 | 6765436 | 12874541 | oo
(PEA) : 1 722829 | (ND-870) | (ND-2320) | (1.68-1433) | (3.99-18.73) |
Urea 005 | onss | 420045167 | 20562116 20??-;‘3?‘;?‘3'54 107121560 | 1532374 | oo o
: | 14615215 | (Np-37.38) | 00 (ND-46.45) | (ND-9.15) |
2,607.08)
o 401642308 | 35251450 | 12805+35.95 | 43.15¢12.19 | 81.37+30.72
Asparticacid | 7118 | 12207 | 700.8050) | (ND6323) | (99.64-168.46) | (21.74-56.99) | 46.10-119.50)| 010
. 1468839 | 24714658 | 74.99+2866 | 18.05+6.05 | 32.71%17.94
Threonine $106 | 4301 (\pgs37) | (15.62-40.15) | (41.92-02.50) | (10.10-29.49) | (13.41-55.70) | B0
. 177941037 | 335741412 | 8046+20.12 | 17.46+13.02 | 38.9419.18
Serine BB | 308 | nNp-3012) | (ND5798) | (67300440 | (ND-37.98) | (19.02-6184) | X%

=
o
=
to




H1 | s g

AHAL7

tO1==t2!

S2A01At (mg/100g) | 72113

’E*i|ﬁ| YR |

530.07+166.10| 802.97+428.43 | 530.08+76.82 [530,06:+328.79| 594.07+311.14
Glutamicacid | 11755 | 40157 | @150 | (1205~ | (46236~ (ND- @0~ | 1208

6775 | 1572100 | 61359 | 90117 | 99807)
Sarcosine ND | 480 ‘(‘,3513132% ‘2651207%;‘ 3(N5D3*730§ ND ND 10.19
P R
e | o | s msanl mal woma o o
Menine | 8839 | 3388 | (' co | cncereran | (amo0-1m019) | 0040 (01072899 782!
S P N A N e
s 1420 0| (358 | 10 |y [ sman |
Vaine | 5862 | 18192 | et | WSl | eraeres) | (or080) | (ozsd | B9
Ostne | 105 | 872 | (%0 | pgsen | 6o | 000870 |0s6ram)| 250
|1 | s | 22 | e e e | g
Cysatrionine. | 363 | 600 | oS0l | AT | (reany | (arson | Goam | 5
wiomve | 10 || g | wiau | mmn 0o e
Loudne | 5475 | 31430 | (T | om0 | (8512600 | 1825050 | (15150079 | 11042
e | | n| s | v emn | e |
Phenylsenine | 34.25 | 15131 | 1T | (LR | ot | (0215019 | Gonst o8 | B8

032

KFR]| =487



H1E He

Q20 (mg/100g) | 2lei| 2R | wmm | mem | omEn | e
. 0724514 | 986348 | 496741882 | 333+113 | 4.49+159
BRI 590 | 933 | (5972068) | (194-15.18) | B584-71.17) | (130472) | B.07-7.32) | 27° .
3-Aminoisobutyric 2354105 | 370£260 | 3054086 | 141£091 | 0.89+1.00 o
acid 047 1 1384 | ({15.387) | (028-1038) | (215-313) | (049-355) | (ND-2.22) | 00 =
o
. o 1443+1453 | 1664240 | 273942633 | 6.15+271 | 9.23+4.12
A-Aminobutyricacid | | 4.12 | 10.77 | 6aq.4586) | (021-0.17) | (5.78-55.27) | (3.43-12.62) | (6.53~17.38) | 012
. 3764226 | 10224204 | 113426 | 403259 | 8.08+8.90
2-Aminoethanol | 6.73 | 701 | (6ag.737) | (7.17-1445) | (7.9216.09) | (1.55-830) | (1.8025.89) | OO
. . 3742697 | 12.04+262 | 23.18+3.10 | 2841+19.50 | 16331027
Ammonium Chloride | 37.52 | 22177 | 13g3.07 49) | (8.52-16.00) | (19.60+25.11) | (4.88-64.81) | (0.25-30.97) | 2%
. 038+022 | 038+0.08 | 057£036 | 0124014 | 051+1.00
Allo-g-hydroxylysine | 0.75 | 085 | (,07.060) | (017-048) | (016-078 | (ND-038) | (p-271) | °42
» 3B.03+1574 | 462¢167 | 1096+255 | 4484370 | 14362641
Ornithine 8282 | 11728 | 15.67-50.23)| (2.41-0.32) | (9.01-1385) | (1.00-1301) | (0.14-67.4) | 2123
. 30824073 | 4313+13 | 12663+34.12 | 35.00+16.06 | 29.89+23.58
e 7526 | 234.39 | (18.19-45.70) | (27.45-73.42) | (€735~148.95) | (19.0167.74)| (ND~65.35) | /-9
- 0124022 | 159+558 2.6+6.36
Methylhistidine 0.00 0.00 (ND~0.58) (ND~20.15) ND ND (ND~15.59) 0.00
- 6764167 | 11.16+449 | 41284959 | 14161125 | 6.71+7.43
Histidine 1483 | 3457 1 (154-890) | (ND-16.69) | (038-4844) | (ND-3462) | (ND-19.97) | 19%°
- 088077 | 0084024 | 1.25+2.40
3-Methylhistdine 0.51 5.10 ND ND (ND-1.44) (ND~0.72) | (ND~6.00) 0.36
. 2024634 | 523+805 | 26651148 | 565459 | 212329
ATEITD 0.00 | 6711 | (\p-1412) | (ND~2831) | (17883964 | (ND-1437) | (ND-6.54) | 209
. 010+024 | 107:108 | 1.23£279 | 209145122
Ll 0.00 | 2.24 ND (ND-072) | (D217 | (ND-826) | (ND-125.46) | *%°
» 704942536 | 36.18+10.15 | 10054+3282 | 55.43+24.28 | 52.16+31.36
g LD 590 | 36.60 |4 68:19146) | (23.33-62.39) | (@6.20-14687) | (0.21~86.00) | (ND-8954) | O
. 44941188 | 0024004 | 010£017 0.02:£0.04
Hydroxyproine | 0.00 | 222 | (o5t AROSE | ND Wbt | 000
558,75+
. 40154919 | 1936.85 | 13737412081 10.3125.25
HERS 5443 | 9599 167055737 |  (13.86~ | (ND-227.06) ND | wp-g186) | 2279
7,004.96)
1381.29% | 2,219.16% | 481629t | 1,186.15¢ | 1,410.83%
349.05 | 2385.54 | 165.80 379.86 | 414.67
Total 1110231338294 | (095 04~ | (675.24~ | (471852~ | (666.80~ | (725.00~ | 1730
1,857.80) | 10,069.83) | 5.007.83) | 1,750.07) | 1,840.90)

B+ BEHANEAZL-EI0)

ND, Not detected



H1d | RER SHoi01=2t

am Ny Of0| LAt =113
Q1009 | @109 | (/1009 o> sy
< : ¢ . . < (mg/100g) | (mg/100 g)
JEXtD] Al 66.89+3.99 464+1.87 3.60+0.90 236.80+96.00 | 25.38+12.17 1
- (59.52~72.11) (2.41~7.61) (1.53~4.54) (97.42~422.80) | (13.25~58.66)
HER Alsh 53.75+10.42 2.55+0.56 3.56+0.82 151.22+67.00 13.39+11.76 10
AL (44.37~71.82) (1.73~3.77) (2.60~5.17) (75.14~262.13) (6.28~44.20)
QEIO| AlsH 60.50+7.44 3.11+1.10 2.62+1.40 162.37+83.45 15.80+2.45 3
et (52.62~67.39) (2.42~4.38) (1.67~4.23) (109.63~258.58) | (12.98~17.47)
S5 Al 65.47+1.33 2.42+0.50 1.47+0.44 115.00+0.50 14.64+1.65 2
= (64.53~66.41) (2.07~2.77) (1.16~1.78) (114.6~115.32) | (13.47~15.81)

Y+ BEHRNEAZ-Z(H)

[ H 23] AT Z2m24 2440

Alsig | Z2M24 (mg/kg) | NERS
FIXtO] AlsH 57.39+20.72 (35.50~84.03) 8
BEA Aloh 38.89+19.18 (13.562~60.28) 10
0| Al 42.39+9.65 (35.57~49.21) 2
EX| Aol 62.53+27.56 (43.04~82.02) 2

034 KFR]| g=45974



H1E He

S | FOA | A | A | uRA | SHM | EA EM | EOEA
(mg/kg) | (mg/kg) | (mg/kg) | (mo/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/ko) - I
fobal
11.89+ |148.97+ 1272.94+ | 92850+ | 371.24+ |23679.11+ |3,499.42+ | 7.60+ =
JHR00 | 10.93 | 205.83 ND 527.90 | 683.79 | 209.97 | 10,203.61 | 1,095.91 5.01 1 %
AlSH | (3.96~ | (14.89~ (246.93~ | (ND~ | (129.92~ |(12,526.57~| (2,075.07~ | (0.40~
38.32) | 1.26) 2,411.24) | 1,900.81) | 735.04) | 47,581.67) | 4,988.85) | 412.55)
4181+ |1,25260+ | 113.30+ |1,849.25+ | 113.92+ |2,674.58+ |4,117.84+ |4,749.16+ | 8.47+
HEY | 23.17 | 678.76 | 358.30 | 859.83 | 170.04 | 1,310.19 | 8,186.42 | 2,402.84 | 8.47 10
AlSH | (17.71~ | (153.26~| (ND~ | (665.70~ | (ND~ | (313.75~ | (433.44~ |(1,867.07~| (1.93~
95.00) |2,502.27 |1,133.05)| 3,427.81) | 440.07) | 4,489.72) |26,701.81)| 8,296.97) | 30.26)
40.76+ | 923.12+ 2,083.02+ | 365.64+ |1,692.23+ |8,241.35+ | 7,356.40+
QFE0 | 2250 | 857.25 ND 544.66 | 52974 | 175324 | 6,973.53 | 1021896 | 3
Al | (22.42~ | (88.66~ (1,666.25~| (ND~ | (530.55~ | (480.09~ |(1,441.42~
65.87) |1,801.47) 2,699.17) | 973.15) | 3,708.93) [13,980.00)| 19,156.23)
8.67+ [1,304.64+ 1,888.74+ 54592+ |12,867.41+|2,259.98+ | 12.30+
=X 6.26 | 1061.78 | 633.27 ND 53.46 | 229730 | 153242 | 4.63 5
Al | (424~ | (553.86~ (1,440.95~ (508.12~ |(11,242.97~| (1,176.39~ | (9.02~
13.09) | 2,055.43) 2,336.53) 583.72) | 14,191.85) | 3,343.56) | 15.57)

Yo+ BEHRNEAZZIZ)

+
ND, Not detected

s s

7Hxt0] Alsh 33&8528) ND ND ND 1
] 6.10+1.33
THER AlS
S Aol (4.99-8.58) ND ND ND 10
+
oxoi e | S2EE ND ND ND 3
o 7.43+0.62
. 4320,
Saat (6.99~7.87) ND NP o ?

Yot + BEHRHEAZ~Z|THZD)
ND, Not detected



H1 | s g

Jlo|=2tel

22/0H[tc2t (mg/100g)

II=ES 1 10 3 2
o-Phosphoserine 3.19+0.95 2.13+0.84 4.06+0.13 4.27+0.93
(p-serine) (1.93~4.61) (1.27~3.96) (3.97~4.21) (3.61~4.92)
Taurine 14.10+6.43 15.20+7.34 27.69+10.73 30.00+4.52
(7.34~24.86) (5.10~29.51) (19.89~39.92) (26.81~33.20)
0-Phosphosthanolamine 7.34+5.74 5.83+3.62 14.03+4.53 19.11+0.09
(PEA) (1.23~18.85) (2.18~11.95) (8.96~17.68) (19.04~19.17)
Urea 209.97 +165.67 183.91+123.28 461.63+250.16 588.06+90.42
(61.95~547.43) (48.58~459.59) (172.77~608.07) (524.12~651.99)
Aspartic acid 25.19+20.35 30.78+16.03 25.71+20.14 31.84+14.03
p (1.02~59.35) (1.29~63.78) (6.03~46.28) (21.92~41.76)
Threonine 16.94+5.74 10.81+7.77 10.58+4.79 9.11+1.39
(6.84~27.52) (4.91~25.90) (7.05~16.04) (8.12~10.09)
Serine 13.19+3.93 11.50+8.55 11.59+7.02 11.34+2.59
(8.39~19.02) (4.97~31.83) (5.31~19.18) (9.50~13.17)
Glutamic acid 467.85+394.05 363.49+335.19 143.73+193.21 32.47+11.06
(21.03~1,137.83) (10.40~1,217.08) (25.02~366.67) (24.65~40.30)
. 0.17+0.53
Sarcosine ND (ND~1.69) ND ND
9 Aminoadioic acid 1.28+1.30 0.72+0.92 0.59+1.02 1.26+1.78
P (0.13~4.48) (ND~2.89) (ND~1.76) (ND~2.52)
Glycine 19.71+10.54 12.92+8.83 55.43+81.88 7.07+0.49
(7.67~46.09) (5.91~34.72) (7.27~149.98) (6.72~7.41)
Alanine 52.56+30.57 28.65+31.82 48.25+25.94 26.09+5.22
(25.41~126.77) (12.20~113.50) (26.80~77.08) (22.40~29.78)
Citruline 7.74+4.48 2.76+3.03 4.02+157 3.33+0.53
(1.05~14.74) (0.35~10.92) (2.98~5.83) (2.96~3.70)
9—Aminobutvric acid 7.32+8.79 4.34+1.43 6.02£2.12 7.23+1.88
1t (2.38~33.19) (2.16~6.04) (3.84~8.08) (5.90~8.56)
Valine 24.05+9.69 15.55+13.32 16.17+6.75 13.31+0.81
(9.71~45.83) (5.44~42.50) (12.16~23.96) (12.73~13.88)
Cystine 1.28+0.63 1.20+1.10 2.92+0.46 2.59+2.36
(0.51~2.36) (ND~3.37) (2.39~3.18) (0.92~4.26)
Methionine 11.13+5.68 8.07+8.45 6.76+7.05 3.59+1.45
(2.55~22.07) (2.48~25.20) (2.16~14.898) (2.57~4.61)
Ovstathionine 2.55+1.82 1.23+0.97 2.00+1.23 2.03+0.16
4 (0.08~7.30) (ND~3.18) (1.12~3.40) (1.92~2.14)
Isoleucine 12.44+4.72 10.92+9.93 9.51+6.26 7.37+1.01
(4.89~19.06) (3.44~29.95) (5.28~16.70) (6.66~8.09)
Loucine 24.10+9.73 19.47+18.32 15.29+12.32 10.47+3.97
(6.60~37.83) (6.97~58.94) (7.44~29.49) (7.66~13.28)
Torosine 6.04+4.67 6.32+5.02 7.77+4.63 6.66+0.05
Y (1.02~17.22) (1.12~18.65) (4.75~13.10) (6.62~6.70)

036 KFR]| g=4597¢



H1E He

Q20 (mg/100g) | ZHRHDI Al 2] Al
e 17.45+7.82 13.03+11.07 10.37+6.63 8.07+0.57
Y (5.12~34.19) (4.80~34.50) (5.76~17.96) (7.67~8.47) .
. 4354153 7.07+2.62 5.33+0.81 6.04+0.73 o3
(2.08~6.64) (3.94~12.00) (4.84~6.27) (5.53~6.56) "
3-Aminoisobutyric 67.6+192.11 2.84+1.96 1.60+0.79 2.06+0.16 =
acid (ND~641.67) (0.67~6.59) (0.75~2.32) (1.95~2.17)
AAminobutvricacid | 0-04+117.48 37.77+79.62 19.40+12.19 26.55+9.80
113 (10.72~420.42) (3.74~259.87) (7.47~31.84) (19.62~33.48)
> Aminosthanal 5.14%1.26 3.22+1.06 2.96+1.10 2.77+0.60
(2.90~6.81) (1.74~5.54) (2.19~4.22) (2.35~3.20)
Ammonium Chioride 21.85+13.97 9.43+6.68 13.26+1.94 13.26+1.44
(10.95~56.34) (5.11~26.75) (11.07~14.76) (12.24~14.28)
. 0.30+0.19 0.38+0.42 0.13£0.22
Sl R (ND~0.60) (ND~1.37) (ND~0.38) ND
I 20.20+10.30 2.08+1.32 13.37+11.48 21.13+0.89
(2.14~34.85) (0.84~5.44) (1.63~24.58) (20.50~21.76)
I 14.86+8.78 19.82+15.37 16.23+14.75 6.78+6.01
4 (3.08~33.99) (7.12~48.11) (7.49~33.26) (2.54~11.03)
N 0.26+0.24 5.09+2.65 0.3620.32 0.49+0.27
Y (ND~0.63) (1.59~9.79) (ND~0.59) (0.31~0.69)
T 6.22+2.88 237+153 7.33+0.37 3.76+0.47
(ND~9.59) (ND~5.65) (7.07~7.15) (3.43~4.09)
3-Methylhistdine &Bﬁ;’%’g (()rl?gj)(.)él()) ND ND
. 0.19+0.45 11.43+8.01
Anserine (ND~1.47) (ND~30.66) ND ND
) 0.32+0.46 0.73+0.99
Carnosine (ND~1.12) (ND~3.21) ND ND
Arginine 16.15+17.26 32.27+1.27 27.74+4527 3.26+4.27
0 (1.52~49.29) (4.32~72.12) (1.57~80.02) (0.24~6.28)
Hvdroaoroline 0.22+0.19 0.21+0.13 0.04+0.06 0.39+0.28
yaroxyp (ND~0.66) (ND~0.47) (ND~0.11) (0.20~0.59)
S 32.02+7.94 30.06+18.03 4817+9.26 27.94+4.63
(24.14~50.20) (13.60~65.49) (42.10~58.82) (24.67~31.21)
Total 1210.32+431.70 913.80+348.09 1,040.00+165.22 939.72+70.39

(802.20~2,148.28)

(440.99~1,561.29)

(932.51~1,230.25)

(889.95~989.50)

B2+ BEUAHEHAYL-SIHZ)

ND, Not detected
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Harvesting, processing, storage and distribution of fish and fishery
products at risk for scombrotoxin (histamine) formation

This Section complements other sections of the Code by providing detailed control recommendations
for the prevention of scombrotoxin fish poisoning (SFP). This Section only applies to specific
marine finfish species (e.g. Scombridae, Clupeidae, Engraulidae, Coryphaenidae, Pomatomidae,
Scomberesocidae) that present the greatest potential for developing hazardous levels of histamine.
This Section contains specific guidelines for preventing SFP; however, within the scope of this
Code, it is not possible to provide all the appropriate controls and alternatives that may apply to every
operation as these will vary with each particular operation.

SFP is a worldwide food safety challenge that, in some parts of the world, accounts for the largest
proportion of fish—-borne illness cases. Individuals suffering from SFP may show one or more
symptoms including flushing, swelling, rash, itching, headache, heart palpitations, abdominal
cramps, diarrhoea, and vomiting. In some cases, exacerbation of asthma and more serious cardiac
manifestations may occur. Symptoms typically develop rapidly (from 5 minutes to 2 hours after
ingestion of implicated fish), with a usual duration of 8-12 hours, although symptoms may persist
for up to several days. SFP is rarely fatal. Scombrotoxin poisoning is generally a mild disorder where
the symptoms disappear quickly after an anti—histamine treatment and where no known long—term
sequelae were reported.

Scombrotoxin fish poisoning is caused by the ingestion of certain species of marine fish that have
been subjected to conditions that are favourable for the multiplication of bacteria and development
of scombrotoxin, such as time—-temperature abuse. Generally, this takes place at a temperature of
more than 25°C over a period of more than six hours or for longer at lower temperatures.

Although detailed components of scombrotoxin have not been identified, it is generally accepted
that biogenic amines produced by spoilage bacteria, especially histamine, play an important role in
the pathogenesis of SFP. Other biogenic amines that are also produced during fish spoilage, such
as cadaverine and putrescine, are thought to increase the toxicity of histamine. However, in most
epidemiological studies, SFP is associated with high histamine levels in the implicated fish, and the
controls used to inhibit histamine—producing bacteria and enzymes are also expected to be effective
at preventing the formation of other biogenic amines. Therefore, histamine serves as a useful

indicator compound for scombrotoxin, and histamine is monitored for scombrotoxin control purposes.

Histamine is produced in fish and fishery products by spoilage bacteria that are part of the natural
microflora of the skin, gills, and gut of freshly caught fish. After the fish die, these bacteria migrate
into the previously sterile fish musculature where they multiply if time and temperature are not

082 KFR] g=45972¢
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controlled. When histamine—producing bacteria multiply in fish flesh, they produce histidine
decarboxylase (HDC) enzymes, that convert histidine (naturally present in muscle tissue flesh of at
risk fish) into the toxic metabolite histamine. Rapid multiplication of histamine—producing bacteria
can be prevented or de-layed by chilling fish immediately after death and maintaining the fish in a
chilled, or frozen state from harvest to consumption. However, once sufficient bacterial multiplication
has occurred to produce histidine decarboxylase, enzymatic activity can continue to produce

histamine slowly at refrigeration temperatures.

The following subsections contain technical guidance for the control of histamine formation at key
steps in the food chain (harvesting, receiving, transportation, and processing operations).

The relevant sections of the guidelines in this Section may also apply to aquacultured fish.

10.1 Harvest vessel operations

Fishers use many different harvesting methods throughout the world, employing hooks, nets,
and traps. In all cases, live retrieval or quick retrieval of dead fish, rapid chilling of the fish in a
timely manner, and maintenance of the fish at cold temperatures, are critical to prevent histamine
formation.

The fishing vessel and equipment, and the methods used, should be designed or adapted to prevent
histamine formation for the catch sizes, fish sizes, fish species, and air and water temperatures
encountered. Vessel crews should be trained in hygienic practices and temperature control methods
and understand their importance for histamine control. Where HACCP principles are used, persons
responsible for developing HACCP documentation should be trained in HACCP principles used to
control histamine formation.

Harvest vessel operations are considered primary productions and GMPs are sufficient to control
histamine at this level. However, in the absence of information to document on-vessel histamine
control, for example, records of temperature, the shore-based receiving establishment should
perform histamine testing on each vessel delivery to monitor and to document that the histamine
levels in the raw material received are acceptable. If vessel operations provide documented evidence
that histamine was controlled on the vessel, then the receiving establishment may choose to
examine the vessel monitoring records as an alternative to testing each lot. The control of fish time-
temperature exposure on harvest vessels and associated evidence of control provide more

10.1.1 Catching and handling fish before chilling

- Limits should be established for the time period between death of the fish and the start of chilling
that will effectively minimize histamine production.
The time period may be adjusted according to water and air temperatures, the size and species of
fish caught, and other relevant factors of the operation.
The types of histamine—producing bacteria present and how rapidly they produce histamine can
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also change, therefore established limits should take into account the worst-case scenario. The
FAO/WHO Expert Report (Section 6.1.1 Chilling)15 provides examples of time limits from fish
death to chilling for medium to large fish.

- Time of death of the fish may be the time slaughtered onboard, or where the actual time of death
is not observed or truly known, an estimated time based on an observable event, such as the time
of deployment of a longline when some of the fish are landed dead.

« The time period that nets or hooks are left in the water, and the number and rate of fish caught,
should be optimized to allow live landing of fish where practical.

« Fish should be removed from nets and hooks as quickly as possible to prevent death or to minimize
the period from death until chilling of the fish.

- If captured fish are held in the sea for too long following death, decomposition commences,
and histamine can begin to form. The warmer the seawater, the more rapid the decomposition
and the greater the risk of histamine formation. Dead fish that exhibit signs of decomposition,
consistent with exposure to time—temperature abuse, should not be retained on board the vessel,
or, if retained, should be segregated and identified to allow proper disposition when off-loaded.
In addition, the harvesting methods should be modified in a way that no dead fish with signs of
decomposition will be brought on board in the future.

« The rate or volume of catch should not exceed the ability of the crew to quickly initiate chilling and
should not exceed the capability of the vessel's chilling system to achieve and maintain established
limits.

 Rough handling, overcrowding and over stacking of fish should be avoided where practical because
crushing, bruising, and lacerations of the skin accelerate the spread of histamine—producing
bacteria from the gut, gills, and skin into the fish muscle.

- Before landing fish, the deck area and equipment should be hygienically cleaned to avoid

contamination of fish (see Section 3.4 Hygiene control programme), and the chilling medium
should be ready and at the target temperature.

10.1.2 Gutting and gilling (optional)

- Histamine—producing bacteria are universally present in the gut, gills, and skin of fish at the point of
capture. Rapid removal of guts and gills, and rinsing of the gut cavity, significantly delays histamine
formation in the muscle.

- For large fish, removing the gut aids chilling by allowing chilling media (e.g. ice, refrigerated

seawater) access to the visceral cavity, resulting in more rapid chilling of this bacteria-laden part of
the fish.

« Care should be taken and hygienic practices should be maintained during gutting and gilling in order
to minimize the spread of bacteria from
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10.1.3 Chilling and/or freezing

Rapid chilling as soon as possible after death is the most crucial aspect of histamine control because
bacterial growth and histamine formation accelerate exponentially with time under unrefrigerated
conditions. Few prolific histamine—producing bacteria will grow and multiply at refrigeration
temperatures, and the growth rates of those that do are greatly reduced.

- Temperature limits and monitoring frequencies should be established for the onboard chilling/
freezing process. For example, limits may be established for maximum loading volumes and rates,
and maximum starting temperature for refrigerated seawater (RSW) and/or brine tanks to ensure
an adequate chilling environment is maintained for each harvested set16 of fish.

- Sufficient ice to completely surround the fish, or preferably, ice/seawater slurries or RSW should
be used to bring the internal temperature of fish to below 4°C as quickly as possible after death to
slow bacterial growth and enzymatic activity. For fish used to produce fish sauce, refer to Section 18.

- Where ice is used, fishing vessels should have sufficient ice for the amount of fish that could be
caught and for the potential length of the fishing trip. For further information see FAO Fisheries
Technical Paper 436 (The use of ice on small fishing vessels).17

- For larger eviscerated fish, the belly cavity should be packed with ice, or other cooling media, for
more rapid chilling of this bacteria—laden part of the fish.

- Freezing fish is more effective in preventing histamine formation than chilling and maintaining fish
below 4°C. It is good practice to gut the fish before freezing. Freezing to =18 °C, or below, will halt
the growth of histamine—producing bacteria and will prevent any preformed histidine decarboxylase
enzymes from producing additional histamine.

- Note that freezing does not detoxify preformed histamine, nor does it effectively eliminate
histamine—producing bacteria and enzymes, which can become active when temperatures increase
again, such as during processing or meal preparation.

- Crew members responsible for chilling should provide feedback to the catching operation to ensure
that the rate or volume of incoming fish does not exceed the ability to rapidly chill the fish within
established time—temperature limits and maintain the fish in a chilled state.

- Care should be taken to manage the chilling of dead fish to ensure that none are inadvertently left
exposed on deck past the time limit established for the temperature conditions.

* Refrigeration and other chilling equipment should be in good repair and operated in a manner
that quickly chills fish without physical damage. For example, fish should be packed loosely in ice
slurries and brine tanks to allow good circulation and rapid cooling.
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10.1.4 Refrigerated and/or frozen storage (fishing vessel and transfer vessel)

- Refrigerated fish should be stored at a temperature as close as possible to 0°C. The storage
temperature should be kept below 4°C until off-loading. Storage at these temperatures will inhibit
or slow the growth and enzyme production for most histamine—producing bacteria.

* Ice, where used, should completely surround the stored fish and be regularly monitored throughout
the trip and replenished as necessary.

« Refrigerated seawater and/or brine temperature should be regularly monitored throughout the trip
and controlled in order to maintain inhibitory storage temperatures.

- Continuous temperature recording devices, or thermometers, should be used in refrigerated and
frozen storage compartments to ensure that inadequate holding conditions are identified, and
appropriate actions taken to minimize consumer risk.

10.1.5 Monitoring records

« Records of histamine control monitoring activities should be maintained so that they can be readily
retrieved for trace—back to possible causes if elevated levels of histamine are detected later.

- Records should be made available to the receiving establishment that offloads the fish from the
vessel to provide evidence that histamine controls were implemented effectively by the vessel.

« Vessel records should include documentation of actual observed activities pertinent to onboard
controls for all histamine—forming fish harvested from each fishing set on each fishing trip.

« The records of histamine control monitoring activities depend on the operation and may include:

- Dates and times of earliest fish death, and times to get fish into appropriate chilling media;

- Brine, RSW, or storage compartment refrigeration temperature monitoring records or checks for
adequacy of ice during the chilling operation and during storage of the fish for the duration of the
fishing trip; and

- Water and ambient temperature.

« A responsible crew member should review the monitoring records daily to confirm that limits were
met, and that appropriate corrective actions were taken when necessary.

» Where onboard record keeping is impractical, such as for small artisanal day boats, the operation
receiving the fish may be able to monitor and record all the parameters necessary to ensure
histamine control (e.g. time of departure and return, air and water temperature, adequacy of ice
and fish internal temperature, etc.), and avoid the need to test histamine levels upon reception.

- If some of the fish on the vessel are determined — based on monitoring records - to be at risk for
unacceptable histamine levels, then these fish should be segregated and identified in order to allow
targeted testing and/or proper disposition at unloading.
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10.2 Receiving establishment operations(fish reception)

Fish reception (at the establishment where the fish are offloaded from the fishing or transfer
vessel) is an important control point for histamine. This is where 1) fish temperatures, 2) signs of
decomposition, and 3) histamine levels and/or vessel records are best monitored.

Reception controls may need to be specific to both the harvest vessels as well as to any collection/
transfer vessels that deliver the fish to the receiving establishment.

If deficiencies in vessel controls are found at reception, feedback should be provided to the vessel
operator, and the cause(s) of the problem should be evaluated and corrected before future deliveries
from the fishing vessel are considered. In addition, appropriate corrective actions regarding the
delivered fish should be taken and recorded.

During offloading of fish from the vessel (and at any point of transfer in the supply chain), care
should be taken that the cold chain is maintained. For example, fish should be offloaded quickly,
fish totes should not be left exposed to elevated temperatures, and fish should be re—iced or placed
under refrigeration in a timely manner. Frozen fish should be maintained in the frozen state.

10.2.1 Temperature monitoring

« Internal fish temperatures should be measured at reception to ensure reception temperature limits
are met, and to help provide confidence that fish were properly stored onboard the fishing and
transfer vessel.

- For fish stored in ice, the adequacy of ice surrounding the fish should be observed and recorded at the
time of offloading the fishing vessel, along with internal temperature measurements. More fish should
be monitored when the quantity or distribution of ice appears inadequate. Temperatures near the
surface of exposed un-iced portions should be measured, as well as deep core temperatures of the
fish, to ensure all edible portions of the fish are taken into consideration in the assessment.

- Sampling should be done randomly throughout the fishing vessel delivery lot. The number of fish
temperatures monitored and results recorded should be sufficient to provide reasonable assurance
that the temperatures appeared to be controlled by the vessel crew. Variations in species,
morphologies, and sizes of fish should be taken into account when taking samples.

« Fish on the vessel should have been stored at a temperature as close as possible to 0°C (4°C or below).
If an internal temperature in a sample fish exceeds 4°C (or the established temperature limit based on
elapsed time from death) then this indicates a lapse in histamine control. The cause of the deviation
should be determined and corrected, and histamine testing of the entire vessel delivery lot performed,
or the delivery rejected. For fish used for producing fish sauce, refer to Section 19.

 Higher temperatures usually correspond to higher histamine risk; however, higher deep core
temperatures may need to be allowed for in larger fish that have been delivered soon after harvest
and have not yet chilled to 4°C or below, despite implementation of appropriate chilling procedures.
Cooling curves based on studies applicable to the specific fishing sector are useful to establish
proper fish reception temperatures in these circumstances.
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10.2.2 Sensory evaluation

Sensory evaluation of fish at reception is a useful screening method to identify fishing vessel delivery
lots that have been mishandled or subjected to time—-temperature abuse and, hence, are at risk of
elevated histamine levels. Neither histamine formation nor decomposition occurs in the absence of
time—temperature abuse. However, the correlation between histamine level and sensory evidence
of decomposition is not absolute, and histamine formation often occurs without readily detectable
sensory indicators of decomposition. Therefore, sensory evaluation should not be used as the only or
final assurance that the histamine level is acceptable, and reliable vessel control records or histamine
testing, along with temperature monitoring, should be part of a complete receiving control system.

« Fish for sensory evaluation should be chosen randomly from throughout the vessel delivery lot.
Deliveries of multiple species with different compositions, morphologies, and sizes should be
taken into account in the sampling plan. It may be appropriate to select more fish from portions
of the delivery lot identified by vessel records or temperature examination to be at greater risk for
histamine formation.

* The number of fish examined should be sufficient to provide assurance that the vessel crew
appears to have been vigilant about time-temperature exposures of the fish. The number of
samples taken should be increased when conditions or fishing methods are more likely to introduce
variable time—temperature exposures of fish, e.g. longlining, unusually warm weather, unusually
large catch size, limited remaining ice, etc.

- Evidence of abuse that may be conducive to histamine formation is indicated when the fish
sensory attributes indicate marginal quality, not only when the sensory attributes show advanced
decomposition. See FAO “Sensory Assessment of Fish Quality”18 and Codex “Guidelines for the
Sensory Evaluation of Fish and Shellfish in Laboratories™ 19 for guidance on sensory evaluation of fish.

- If sensory evidence of decomposition is detected at reception, it indicates that controls on the
vessel may have been inadequate and that the entire vessel lot is at risk for elevated histamine.
The cause of the decomposition should be determined and the necessary procedural changes,
and improvement to facilities or equipment verified. It is justifiable to reject the entire delivery lot
based on evidence of inadequate time—temperature control; however, if further evaluation is used
to determine if some of the fish are suitable for human consumption, then intensified histamine
sampling and testing should be performed on the entire delivery lot. The testing should also include
the decomposed fish found to determine if the type of decomposition detected was conducive to
histamine formation.
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10.2.3 Review of vessel control records (receiving establishment)

If vessel operators monitor and document histamine control, review of vessel histamine control
records, when available, is an effective control method at reception to ensure that appropriate
procedures were followed on the vessel to minimize histamine formation in the fish while on the
fishing vessel and is more effective than routine histamine testing.

- Refer to Section 10.1.5 Monitoring records.

 Vessel records applicable to histamine control should be requested and reviewed by the receiving
personnel, unless the information is available by other means, to determine if they are complete
and reflect appropriate harvest and onboard handling practices, and that all applicable fishing vessel
limits were met.

- If vessel records are reviewed and found to be incomplete and the receiving establishment cannot
verify by other means, such as by intensified histamine sampling and testing, that the specific
delivery of fish was harvested, handled, and stored in a manner that prevents histamine formation,
the delivery should be rejected. (Refer to Section 10.2.4 Histamine testing).

- The impact of a limit deviation on the fishing vessel may be minimized if the records clearly show
that only part of a delivery was affected (e.g. one brine well or one specific fishing set) and the
affected fish were effectively segregated when the vessel was unloaded.

10.2.4 Histamine testing

When review of fishing vessel histamine control records is used as one of the histamine controls by a
receiving establishment, then histamine testing should be performed periodically as verification that the
control system is continuing to work effectively. If verification test results indicate elevated histamine
levels, then the vessel control system should be reviewed and corrected, and the frequency of testing
should be increased until testing results and other evidence suggest that the vessel control systems are
being effectively implemented (e.g. a series of consecutive problem—free deliveries).

When a fishing vessel operation uses GMPs but has not implemented a histamine control system
including monitoring and record keeping that provide documented evidence of control, then
histamine testing is an important monitoring procedure at the reception critical control point, rather
than a verification procedure, and testing should be applied to every vessel delivery lot. If histamine
levels exceed the established critical limit, the vessel should be notified, and the cause determined
and corrected. In addition, the affected fishing vessel delivery lot should be rejected.

Note that histamine testing can be less reliable than receipt of appropriate vessel control records
because histamine may be unevenly distributed within and between fish, and fish with high
histamine are difficult to identify using limited or small sample sizes. Sampling and testing that
is statistically meaningful in terms of appropriate consumer protection can be resource intensive.
Histamine testing at fishing vessel reception is therefore best used as verification of the effectiveness
of a properly implemented and documented histamine control system on the fishing vessel.
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The histamine testing guidance in this subsection can also be applied to intensified sampling or
periodic verification of histamine controls throughout the supply chain.

10.2.4.1 Histamine levels

In order to better use the test results, the receiving establishment should establish the acceptable
histamine level for incoming fish. To do so, the following information should be taken into account:

- Information on histamine level in freshly harvested fish.

- Elevated histamine levels could indicate poor implementation of hygienic processes and histamine
controls during harvest, chilling and/or on-vessel storage, and an elevated risk that some fish
in a lot will have unacceptable histamine levels. In addition, they could indicate that histidine
decarboxylase enzymes are present that can contribute to histamine formation during exposure
to elevated temperatures further along the food chain, even without growth of histamine—forming
bacteria.

- Additional increases in histamine levels are likely with time and exposure to non-refrigerated
temperatures during further processing and handling.

10.2.4.2 Histamine testing, sampling strategies

- Sampling plans for testing histamine levels should be selected based on statistical performance
parameters. Statistical tables and computer programs can provide the information needed to
design a sampling plan based on the histamine limits, the degree of protection, and the confidence
in results desired. The FAO/WHO Histamine Sampling Tool21 is an example of an application
designed for this purpose.

+ Because histamine is distributed unevenly in lots (has a high standard deviation), hazardous fish
are statistically difficult to find using small sample numbers. The FAO/WHO Expert Report (Section
6.2.2.2)22 suggests using histamine accept/reject levels (“value for m”) that are lower than the
acceptable limit in order to reduce the number of samples required to achieve a given level of
confidence in the testing results.

- More sample units should be tested whenever vessel records, sensory analysis, or fish
temperatures indicate possible lapses in time—temperature control that could result in elevated
histamine.

* It is best to sample the raw fish material upon arrival from the fishing vessels, where individual
loin sections can be identified for trace back to vessel lots. As the fish are processed into various
market products, or produce from different vessel lots is comingled, assessments of the suitability
and safety of the fish from the individual fishing vessels becomes more difficult and less effective.

- Samples taken should be representative of the lot.
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10.2.4.3 Histamine testing, analytical methods

- Several reliable test methods exist for determining histamine levels in fish. The FAO/WHO Expert
Report (Section 2.5 Analytical methods for histamine) 23 lists some of the available methods.

* The testing method used should be properly validated for the detection limits used. Staff
responsible for the sampling and for sample analysis should receive training in the procedures used.

» The part of the fish selected for testing can significantly affect the test results. Test portions
should be cut from the head-end of the lower loin near the gills because that area has the highest
probability of elevated histamine in raw fish at risk. Sufficient representation of fish muscle should
be collected to prepare for analysis (e.g. 100-250 g). The weight of the representative sample unit
may depend on the product and sampling strategy. For smaller fish, in addition to the lower anterior
loin portion, the upper anterior loin, and the mid—section of the lower loin, in that order, can also
be collected. For very small fish, multiple fish may need to be collected to acquire a representative
sample unit. The entire sample unit should be thoroughly combined so that the smaller aliquot used
for the analytical method is representative of the entire sample unit.

- To screen deliveries more economically, sample units from different fish can be optionally
combined (composite sample) to reduce the number of histamine analyses required, provided that
the histamine level critical limit is lowered proportionately.

10.2.5 Monitoring records (receiving establishment)

« Histamine control records should be maintained at the receiving establishment for trace—back to
possible causes if elevated histamine level is discovered further along the distribution chain.

* Receiving establishment monitoring records may include, but are not limited to:

» Relevant information about vessel delivery lot (e.g. vessel name and type, captain’s name, date/
time of offloading, type and volume (weight) of fish off-loaded);

« Sensory evaluation results;

* Internal temperatures at the time of offloading;

- Histamine test results, when applicable; and

« Copies of the fishing vessel's monitoring records reviewed, when applicable.

- A responsible person should examine, as a part of verification activity, the monitoring records
before product release, to confirm that critical limits were maintained, and that appropriate
corrective actions were taken when necessary.
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Amines from Fish and Fishery Products, July 2012, Rome (Section 2.5 Analytical methods for
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10.3 Transportation
- Refer to Section 21 (Transportation).
- Refer to Section 10.1.4 (Refrigerated and/or frozen storage (fishing vessel and transfer vessel)).

- Transport vehicles or vessels should be adequately equipped to keep fish cold by mechanical
refrigeration or by completely surrounding the fish with ice or other cooling media.

* Vehicles or vessels should be pre—chilled before loading fish where applicable.

- Refrigerated compartment temperatures, or cooling media such as ice slurries, should be monitored
during transportation between locations (e.g. receiving establishment, processing establishment,
distributor, market) using continuous temperature recording devices, where practical, and the
receiving establishment should review the temperature record from the device. Devices should be
periodically calibrated for accuracy.

- At delivery, internal temperatures of a representative sample of fish, and adequacy of ice or other
cooling media when applicable, should be monitored by receiving personnel as described in Section
10.2.1 Temperature monitoring.

- If established fish reception or vehicle compartment temperature control limits are exceeded, the
cause of the problem should be identified and corrected by the operator of the vehicle or vessel. If
evidence indicates that temperature abuse leading to elevated histamine could have occurred, the
affected lot may be rejected by the receiving personnel, or the receiver may perform intensified
histamine analysis on representative fish collected throughout the lot, and the lot rejected if any
fish exceed the established histamine limit.

10.4 Processing operations

This section applies to processing on land or at sea (e.qg. factory vessel, mother ship).

10.4.1 Reception (processing establishment)
- If fish are delivered directly from the fishing vessel to the processing establishment, then also refer
to Section 10.2 Receiving establishment operation (fish reception).

- If fish are delivered by transport vehicle or vessel, then also refer to Section 10.3 Transportation.

« If the processing establishment is a secondary processor receiving product from a primary
processor (e.g. receiving establishment or factory vessel), then the secondary processor should
confirm that the primary processor uses a HACCP system designed to prevent formation of
unacceptable levels of histamine.

- When it is impractical for the initial receiving establishment to conduct all the necessary histamine
controls listed in subsection 10.2 (i.e. temperature monitoring, sensory evaluation, vessel records
review, and/or histamine testing), then the processing establishment should conduct these activi-
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ties, and should ensure that, where practical, the controls and decisions are applied to intact fishing
vessel lots that are not comingled with other lots. Note, however, that fish internal temperatures
(and adequacy of ice, where applicable) should always be monitored at vessel delivery by the
receiving establishment (to evaluate vessel control), as well as at reception by the processing
establishment (to evaluate land-transportation control). If lots are comingled and there may be
unacceptable levels of histamine in fish, the entire lot should be considered when making decisions
on disposition.

10.4.2 Processing time and temperature control

When fish undergo processing (e.g. thawing, cutting, re—chilling, salting, drying, pickling, cooking,
smoking, canning), it is important that they are not subjected to time-temperature conditions where
histamine—producing bacteria can grow and produce histamine to unacceptable levels.

- Scientific studies and microbial growth models24 may be used to estimate the exposure times and
temperatures that result in elevated histamine levels.

- Histamine formation is quite variable and strongly depends on the previous handling of the raw
material and the different species of histamine—producing bacteria that are present; therefore, the
worst—case scenario should be considered when establishing critical limits.

- The acceptable maximum histamine level used to establish processing time—-temperature critical
limits should take into consideration the point in the supply chain and any further handling,
processing, storage, and preparation that may lead to further histamine formation before
consumption.

* The measure used for time-temperature critical limits should be the cumulative product non-
refrigerated time—temperature exposure over all processing steps.

- Processing room temperature should be maintained as cool as practical during processing
operations, and product exposure times should be minimized. For example, fish should be iced, or
returned to refrigerated storage, during production breaks or production flow slow-downs.

« Controlled product flow and batch monitoring is an effective strategy to ensure product is not
subjected to unacceptable time—temperature exposures. For example, periodically measure the
ambient temperature and the time for a marked batch to begin and complete the processing step.

- Air thawing of raw material should occur at refrigerated temperatures to prevent excessive warming
of the surface of the fish. Immersion in circulating cold water or spraying with cold water may be
used to shorten thawing time. For re—chilling and refreezing, see Section 10.1.3.

- When time-temperature critical limits are exceeded, the cause should be determined and
corrected. In addition, intensified histamine testing should be performed (see Section 10.2.4.2)
before releasing the affected product for human consumption. Alternatively, the product should be
rejected.
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10.4.3 Heat processing

- Adequate heat treatment (e.g. cooking, hot smoking) can kill histamine—producing bacteria and
inactivate histidine decarboxylase enzymes. Morganella morganii is probably the most heat resistant
of the histamine—producing bacteria, and in Arripis trutta at temperatures between 58°C and 62°C,
the D-values for eliminating these bacteria and their associated HDC enzymes were between 15
and 1.5 minutes (FAO/WHO 2012).

» Once formed, however, histamine itself is heat stable and is not destroyed by heat. Therefore,
histamine controls during harvesting, and during other steps prior to thermal processing, are critical
to minimize the presence of histamine in the finished product.

- If the product is exposed to bacterial contamination and temperature abuse after initial heating,
histamine formation may start again. Thus, for products such as hot smoked fish, care should be
taken to avoid contamination after smoking. Additionally, refrigerated storage is essential unless
the water activity is sufficiently reduced or some other means is used to prevent bacterial growth.

« For commercially sterile canned or pouched products, the container protects the product
from bacterial recontamination, and no further histamine is produced when stored at ambient
temperatures. However, once the product package is opened, histamine formation can occur again
if the product is re-contaminated in the absence of preventative time—temperature controls.

10.4.4 Processing, other technological measures

Time and temperature control is the recommended method for preventing histamine formation in
fresh, frozen, and refrigerated processed fish products.

Some products and processes (e.g. fermenting, smoking, salting, drying, pickling, acidifying,
preserving, modified atmosphere packaging) introduce other technological factors that may inhibit
the introduction and/or growth of histamine—producing bacteria. The interaction of these factors
is complex and often unpredictable. For example, increased salt content, or increased acidity, may
decrease or increase histamine production, depending on conditions.

Thorough scientific studies, and proper establishment and validation of control parameters for
each specific process and product, are imperative to ensure the safe manufacture of foods that
incorporate other technological measures as an element of histamine control. (See Guidelines for the
Validation of Food Safety Control Measures, (CXG 69-2008)).

The success of these treatments is dependent on the rapid chilling and maintenance of chilled
temperatures of the raw fish from the time of death until the inhibitory effects from the treatments
are achieved. In addition, depending on the treatment, the finished product may need to remain
chilled until consumed to ensure safety.

10.4.5 Refrigerated and frozen storage (processing establishment)
+ Refer to Section 10.1.4 Refrigerated and/or frozen storage (fishing vessel and transfer vessel).

« For products whose preparation does not include a heating step or other means to eliminate
histamine—producing bacteria and their enzymes, refrigerated storage will continue to be a critical
control point to prevent histamine formation throughout the shelf-life of the products.
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10.4.6 Monitoring records (processing establishment)

* Processing establishment monitoring records may include, but are not limited to:

- Transport vehicle or vessel temperature records or adequacy of ice, and fish internal temperatures;
- Temperatures and exposure times of product during unrefrigerated processing steps;

» Critical control point monitoring records for other validated methods used to control histamine
formation in processed fish; and

- Refrigerated storage temperature logs.

« A responsible person should examine the monitoring records before product release to confirm that
critical limits were maintained, and that appropriate corrective actions were taken when necessary.

« The processing facility should use histamine testing to periodically verify that histamine controls are
working properly (Refer to Section 10.2.4 Histamine testing).

Processing of fish sauce

This Section has been developed primarily for use as a guideline to improve the processing practices of fish
sauce to meet international requirements. The application of good manufacturing practice (GMP)36 and Hazard
Analysis Critical Control Point (HACCP) and defect action point (DAP) analysis for this traditional product should
be promoted to ensure consumer health and safety as well as fish sauce quality. Fish sauce is a translucent,
not turbid liquid product with salty taste and fish flavour obtained from the fermentation of a mixture of fish and
salt at an appropriate ratio, and the optional addition of other ingredients. In general, the size of fish used as raw
material in fish sauce processing is small, not greater than 12 ¢cm in length. Traditional fish sauce fermentation
relies on endogenous enzymes and indigenous bacteria of raw materials. For non—traditional fermentation, parts
of fish (by—product) and other ingredients may be used in the fermentation process. Raw fish and parts of fish
shall be in a good condition, suitable for human consumption.

Salt is an essential ingredient in fish sauce production in order to support the growth of halophilic
microorganisms that produce effective fermentation and prevent growth of bacterial pathogens and other
undesirable microbial activity, yielding a high quality, safe fish sauce product. This Section addresses the
general processing steps and technical guidance to be employed by fish sauce manufacturers, which may vary
by country. Potential hazards and defects at each processing step, starting from the reception of raw material
and ending with final product distribution, are identified. In addition, each processing step includes technical
guidance for controlling the identified hazards and defects that help ensure consumer safety and product
quality. Nevertheless, consistent with HACCP principles, each processor should conduct a hazard analysis of its
own operations and product to ensure all hazards are identified and properly controlled.
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General considerations of hazards and defects

Hazards

The raw material used in the fermentation to make fish sauce may include both freshwater and
marine fish. Some marine fish, such as mackerel, sardines or anchovies, pose a risk of scombrotoxin
formation: for these it is necessary to refer to Section 10 of this Code. Fish may be contaminated
with undesirable microorganisms, including pathogenic bacteria, thus it is necessary to control raw
material on the harvest vessel in compliance with Sections 3, 4 and 10 of this Code.

Icing or refrigeration shortly after death of the fish is a common means of preventing undesirable
microbial growth and activity on harvest vessels and prior to achieving adequate salt penetration
and concentration in the fish at the processing facility. However, immediate salting of fish on board
the harvest vessel along with icing or refrigeration may be used for the control of microbiological
contamination and decomposition.

A large amount of salt is used in fish sauce processing. Water Phase Salt concentrations of 20
percent or higher should be achieved and maintained throughout the fermentation to prevent growth
and activity of undesirable microorganisms, including pathogens.

Defects

The odour and taste of fish sauce depends on the free amino acids generated from the fermentation
process and the optional addition of extracts that contain water with fewer amino acids. The level of
free amino acids generated from the fermentation process varies according to type of fish used, ratio
of fish to salt, temperature during fermentation, and fermentation time. Controls of these factors and
proper blending of brine extracts and other ingredients are therefore necessary to obtain fish sauce
products with desirable odour and taste.

19.1 Reception of raw materials
19.1.1 Fish

Potential hazards: scombrotoxin (histamine), microbiological contamination, biotoxins, chemical
contamination (including pesticides and veterinary drug residues), physical
contamination

Potential defects: decomposition, physical contamination

Technical guidance:

- Raw materials receiving controls should include the following characteristics where applicable to
the identified hazards and defects:
= For the control of microbial pathogens, scombrotoxin fish poisoning and decomposition;

« As appropriate, harvest vessel, transportation and storage records documenting that the fish were
chilled and maintained at 3°C or below; or
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- As appropriate, harvest vessel and transportation records documenting that the fish were chilled
and maintained between 3°C and 10°C with the combination of mixing with salt to ensure water
phase salt at 10 percent or higher;

— Histamine analysis;

- Histamine verification sampling should be periodically performed using a sample size large enough
to provide some assurance (other than documentary records) that harvest vessel cooling and/or
salting controls are effective;

- Organoleptic characteristics, (e.g. appearance, odour, texture) and chemical criteria (e.g. total
volatile basic nitrogen (TVBN));

» Chemical contaminant criteria (e.g. heavy metals, pesticide residues and nitrates);

» Microbiological criteria (to prevent the processing of raw material containing microbiological toxins)
for fish with risk;

= Veterinary drug residues criteria (when the raw fish material is from aquaculture); and
« Foreign matter.

- Skills should be acquired by fish handlers and appropriate personnel in sensory evaluation
technigues to ensure that raw fish meet essential quality provisions of the relevant Codex standard
and sorting of fish species that pose a risk of biotoxins, such as ciguatoxin in large carnivorous
tropical and subtropical reef fish.

* To control the Clostridium botulinum hazard, in addition to the chilling or salting controls above,
uneviscerated fish greater than 12cm in length that have not been gutted on the harvest vessel,
should be gutted upon arrival at the processing facility:

- Fish should be gutted efficiently, without delay and with care to avoid contamination;
- Gutting is considered complete when the intestinal tract and internal organs have been removed; and
- Clean seawater or potable water should be used.

- After reception, raw material should remain chilled until salted.

- Fish should be rejected if there is evidence that they may contain harmful, decomposed or
extraneous substances unable to be reduced or eliminated to an acceptable level by normal
procedures of sorting or preparation.

« Information about the harvesting area should be recorded.

19.1.2 Salt handling and requirements

Potential hazards: chemical and physical contamination
Potential defects: incorrect composition
Technical guidance:

» Salt used should be food grade, in accordance with the Standard for Food Grade Salt (CXS 150-1985).
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- The composition of salt differs according to the origin. Mine salt and solar salt of marine origin contain
several other salts such as calcium sulphate, magnesium sulphate and chloride as impurities. Solar
salt may be stored at least two months before using to obtain a good taste of fish sauce.

- Salt used should be inspected to ensure that it is clean, not previously used, and free of foreign
matter or crystals, and that it shows no visible signs of contamination with dirt, oil, bilge or other
extraneous materials.

* The size of the salt granules used should be carefully considered. Medium—sized salt crystals should
be used. If the crystal size used is too small, the outer skin of fish will rapidly lose moisture and salt
burn can occur, which will prevent salt penetration into the fish; consequently, the inside of the fish
can undergo decomposition. If the crystal size is too large, salt will penetrate too slowly and the fish
may undergo decomposition before the preservative effect of salt takes effect.

« Salt should be transported and stored dry and hygienically covered in salt bins, storerooms,
containers or plastic sacks.

19.2 Mixing of fish and salt

Potential hazards: scombrotoxin (histamine), microbiological contamination (Clostridium botulinum
and Staphylococcus aureus toxins), metal inclusion

Potential defects: decomposition, physical contamination

Technical guidance:

« Fish and salt should be mixed thoroughly by trained personnel or machines to ensure the proper contact
between salt and fish to prevent the growth of pathogens and decomposition during fermentation.

« All the apparatus used to mix fish and salt should be easy to clean, rustfree and resistant to salt.
Mechanical mixers should not introduce unapproved substances or metal fragments.

- To prevent spoilage and growth of pathogenic bacteria, the concentration of salt should not be less
than 20 percent by weight. The common ratios of fish to salt by weight are 3:1, 5:2 and 3:2.

« Fish should attain 20 percent water phase salt, or < 0.85 water activity in the centre of the largest
fish within the appropriate time period for the target pathogen and at ambient temperature.

« Refer to Section 13 for further information about salting fish.

19.3 Fermenting

Potential hazards: physical and chemical contamination(including heavy metals)
Potential defects: undesirable odour and taste, incomplete fermentation
Technical guidance:

« Care should be taken to ensure the cleanliness of the fermentation area and tanks.

« Fermentation tanks should be designed and constructed to permit easy cleaning and disinfection
before each use.
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- Fermenting tanks should be made from non—hazardous material and be able to prevent product
contamination, such as by being resistant to rust and corrosion due to salt that may cause heavy
metal contamination.

- Fermentation period at ambient or controlled temperature typically ranges from 6 to 18 months to
attain good quality fish sauce from natural fermentation in a tropical region. When fermentation aids
are used, the period may be shorter.

» Colour, clarity, aroma (odour) and taste criteria, along with chemical criteria, may be monitored to
determine the end of the fermentation process.

19.4 First separation

Potential hazards: unlikely
Potential defects: incorrect separation (e.g. objectionable matter, turbidity)
Technical guidance:

- Liquid and solid (fish residue) should be completely separated.

» The extract (liquid) should be translucent, not turbid.

19.5 Brine preparation

Potential hazards: unlikely
Potential defects: undesirable odour and taste
Technical guidance:

- Brine used for brine extractions of fish residues should be freshly prepared from potable water and
food grade salt and should be saturated.

19.6 Succeeding extraction

Potential hazards: unlikely
Potential defects: undesirable odour and taste
Technical guidance:

« Succeeding brine extraction of the fish residues may be carried on as long as requirements in the
Standard for Fish Sauce (CXS 302-2011) are fulfilled.

19.7 Separation
- Refer to Section 18.4.
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19.8 Blending

Potential hazards: microbiological contamination, scombrotoxin (histamine), unsafe unauthorized
additives, allergens

Potential defects: ingredient measurement errors, unauthorized food additives, incorrect pH,

incorrect labelling.

Technical guidance:

- Total nitrogen (TN) of fermentation and extract batches should be analysed before blending. TN,
amino acid nitrogen content and pH in the final product must be in compliance with the Standard
for Fish Sauce (CXS 302-2011).

- To obtain good quality fish sauce, ingredients should meet the required characteristics and
appropriate concentrations.

= All utensils should be clean.

» Food additives and levels used need to be in compliance with the Standard for Fish Sauce (CXS 302-
2011). Food additives used need to be identified with names and identification numbers that comply
with Class Names and the International Numbering System for Food Additives (CXG 36-1989).

- Before blending, chemical properties, essential quality factors and histamine should be monitored
according to the Standard for Fish Sauce (CXS 302-2011), and the results should be recorded.
Batches exceeding histamine requirements should be discarded.

- Care should be taken to ensure that labelling is in accordance with Section 4.2 of the General
Standard for the Labelling of Prepackaged Foods (CXS1-1985), especially for known allergens.

19.9 Filtering

Potential hazards: unlikely
Potential defects: foreign matter and turbidity.
Technical guidance:

+ An appropriate filtering system should be checked regularly and properly maintained.

19.10 Storage

Potential hazards: physical and chemical contamination
Potential defects: foreign matter
Technical guidance:

- Storage tanks should have lids and be easy to clean and disinfect, resistant to rust and salt, and
located in an appropriate area.

* The product should be kept away from any source of contamination.

* The batches or lots in storage should be identified for tracing purposes.
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19.11 Filling of containers

Potential hazards: residual chemical cleaning agent, physical contamination such as glass fragments.
Potential defects: foreign matter, incorrect volume, defective and unclean bottles and containers
Technical guidance:

« Filling machines should be kept clean to prevent contamination.
- Filling machines should be regularly checked to prevent failure in the filling of container.

« Defective containers should not be used.

19.12 Capping

Potential hazards: unlikely
Potential defects: loose plastic matter, broken caps, foreign matter, leaking containers
Technical guidance:

- After capping containers should be checked for proper seal and leakage.

19.13 Labelling/packaging

Potential hazards: allergens
Potential defects: incorrect labelling
Technical guidance:

- Refer to Sections 9.2.3

« Care should be taken to ensure that labelling is in accordance with Section 4.2 of the General
Standard for the Labelling of Prepackaged Foods (CXS1-1985), especially for known allergens.

19.14 Transportation/distribution

Potential hazards: unlikely.
Potential defects: contaminated and damaged containers and cartons
Technical guidance:

« Cartons should be clean, dry, durable and suitable for the intended use; damage to the packaging
materials should be avoided.

- Cartons should be used to avoid the damage of containers.

« Also refer to Section 21.4.

19.15 Application of fermentation aids (optional)

Potential hazards: microbiological contamination
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Potential defects: improper fermentation, undesirable flavour/odour
Technical guidance:

- Fermentation aids should be stored at appropriate temperature in order to avoid deactivation of
fermentation aids. Cartons should be used to avoid the damage of containers.

* When enzymes and bacterial cultures are used as fermentation aids, they should be handled to
minimize microbiological contamination.

19.16 Heating (optional)

Potential hazards: unlikely
Potential defects: over-heating
Technical guidance:

+ Adequate temperature and time combination should be applied.

19.17 Ingredients and additives reception and storage (optional)

Potential hazards: microbiological contamination
Potential defects: loss of quality characteristics
Technical guidance:

« Refer to Sections 9.5.1 and 9.5.2.

19.18 Packaging materials reception and storage

Potential hazards: chemical and physical contamination
Potential defects: misdescription, loss of packaging integrity
Technical guidance:

« Refer to Sections 9.5.1 and 9.5.2

« Labels should be verified to ensure that all information declared meets, where applicable, the
General Standard for the Labelling of Prepackaged Foods (CXS 1-1985) and labelling provisions of
the Standard for Fish Sauce (CXS 302-2011).

- Containers should be made of material that is resistant to high salt content and will not release any
substances harmful to human health.

- Packaging materials including caps should be randomly and regularly checked for defects and
cleanliness.

« Packaging materials should be stored in a dry and clean place under hygienic conditions.
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