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Exposure Assessment of Biogenic Amines as a Chemical Hazard in
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Abstract: This study was conducted to evaluate the chemical hazards of 74 kinds of commercial anchovy fish sauce in Korea
by measuring their biogenic amine content. The biogenic amines detected in commercial anchovy fish sauce were tryptamine,
putrescine, cadaverine, tyramine, spermidine, spermine, and histamine. Among them, histamine content was the highest with
an average of 1,439.62+812.62 mg/kg. Excessive intake of histamine could result in chemical food poisoning characterized by
high blood pressure, headache, and diarrhea. Accordingly, by simulating histamine exposure (repetition=10,000 times) based
on the daily intake of 0.969 g of domestic anchovy fish sauce, we found that the estimated average histamine exposure was
24.49+55.48 pg/kg bw/day and that the margins of exposure (MOE) value were 139.18 at 1% and 66,141.07 at 95% of 10,000
simulations (9,500 times). As such, it was confirmed that 9,500 out of 10,000 simulations of MOE analysis significantly
exceeded MOE 10. Therefore, the risk of exposure to histamine from ingestion of commercial anchovy fish sauce is

approximately very low.

Key words: Anchovy, fish sauce, biogenic amines, histamine, exposure assessment

LA 2
;ﬁz—:}"% 01%, 71—7—]-1?[‘, deﬂ‘l'r 1;‘4 ":‘IL Oﬂ —7 UE 7]'8]'
of g A7 Ao 2 et ]:H_LX*]O] HE 2 gk
& Agels. %HMW zﬂzm e A AFS oF 1509

°l njj-¢- E} FSICH(Kim 2020).
z 25 952 kst
= tEARL ﬁ?a} W}. “574&*% ko 2 uiE 288 A

"These authors contributed equally to this work as co-first authors.

*Corresponding author: Sunhyun Park, Food Standard Research Center,
Korea Food Research Institute, 245 Nongsaengmyeong-ro, Wanju, Jeollabuk-
do 55365, Republic of Korea

Tel: +82-63-219-9166, Fax: +82-63-219-9333

E-mail: shpark@kfi.re.kr

2023 022 082 A4, 20239 062 262 FA=EES, 20234 062 262 9

d X 5o RAFEE ARSET HEX AR 7155 sHa e
Auks fJal AMgEE VSR S| o] 8F AL UTh(Kim
et al. 2011; Kim 2020). @23 Fx]o] 20% o]AH2F
15~30% W&])e] 219-S A7t gl oJgt At 48 o
nAl o] &gk el Zhgoll ofsl AlxEH, BXAE oY
~2 o) g B st AN AFES A o
A S A Z3ITHCho et al. 2000; Kim et al. 2000; Lim et
al. 2002; Lee et al. 2021). BX9] G &g A A
/\4541: oao]_u]\—/\]. x]m-/\]- su/\]- u_1 H]—?‘S]:/H /HH_Q_E o]
3 =53 FulE AYL Jon, wg oA AFE=
A HAefo|== kst g3 5 A 7es e E
A7 dHx JrhPark & Kim 2003; Kim 2008). ©]2]3k
Ao Qlal Ex|AMAlS thst aEjoA TS Y=
rx2] 9L sEAUTHKo ef al. 2017; Kwon et al. 2019).
LB HAE o Ao FlE do7A] ol EnlES
q3p7] flEME €4 s olde] Hol I5Fo|t). o]
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A AE 594 mAE Aol o S 7l
BR|MA 7 AEG | AETA flale ohh w2 Ao
ATHUm et al. 2018; Park et al. 2023). 2184 &
FE QAo el 98] Q491 histamineS XA
AFel mE A AP aRle =z EAgTE LS| vlo]
LAY o}l (biogenic amine)y daHEC] EAlsl= TSt T
AE FoAM HEE = gEka A (decarboxylase)ll 23l
g op|:=Ake] geilsls Sl FAE, L S histamine
2 %22 fAE Foll SA8K= histidine B A 23]
A== o2 d#A ATHKim et al. 2003; Lin et al.
2012). Histamine> %], ¥, Y% 59 7H A=
sl Edolr, AEsH o] Zsted =Fe] histamine
< AAste A5 B, AAL T, AARR Y 94 F
A& YUEE histamine 255S EAAZ F Ao
(Hungerford 2010; Feng et al. 2016; Chung 2019).

&2 histaminedl] th3t =] 7|F- 482 W ofF, 9%
o, X9, A% = A T v A A (elS, 2,
A= 5)ell sk 200 mg/kg ©]8H(Ministry of Food and
Drug Safety 2023), == $H44Fd E(Korea Standard; KS)
o] w2 HX]¢] histamine ¥+ 100 mg/kg ©]3H(Korea Standard
2023) o] ot = AF V1A T AE 2R A
2729 histamine 38t 7152 gle Aol s9le] Hg- =
A2 Z 14 93] (Codex  Alimentarius  International Food
Standards)= fish sauce®l]l tgt £2 7|5 % histamine 733t

k=

Lo

7155 400 mgkg® & Agkalal ATHCodex Alimentarius 2018).

2N 9] histamines A oI A-H(Cho et dl.
2006; Kim et al. 2011; Cho ef al. 2015)¢] L2 A2 A]
histamine &3] 400 mg/kgs Z38l= FoZE HIFF S
), o]l EAAA HFHo| 2§ histamine®] A2 213)/d
o] A& AR BRI Hx|AA L] vlo] oA ofvlFe]
sl H7F A+ A= vlHg Aol ofof] £ AtolA
= FXNA HHAZFYH T 7hsd b ffs) a4l
histamine®] 9|8 H71e] 7|2A &5 vlAstAF =) A9
B4R 0] vlo] oA offl BUHE 2A5E FHEIIL o]
£ Bl Y AFFS 7o HAAA HFHZ QIS =

) histamine =232 F4 3122} 31

II. 937 L= 3 2

1. A|22| ZH]

Ao ARg-g XL 2022 6€~129 A
A HFERE, TejAlg 2 2RInElE Sal o HXA
AB2R ] AF 745281t 375, AT 195, Falot
11E, A3liSt 78S FYate] F4 o] &3kt

2. H}O| 2= 0}2(biogenic amines) &4
AlE W vpo] oAl ofdl $he 2Ee] 7E 9 A (3

EZ374)e] W 2 Yoon er al(2015)2] HHES W sl
295} tH(Ministry of Food and Drug Safety 2023). Al
5¢ol 0.1N HCI 25 mLE 713l #ds)slar, o3 S ¢
#21(4,000xg, 4°C, 102)3+ ¥ 4595 Whatman paper
No. 4% o] Algefo® ARE-aIIth. A5} WHEE
£9(1, 7-diaminoheptane 100 pL/mL)S 21z} 1 mLS A|g
el Wi, 23} NaCO; 0.5mL, 1% FshadopyE8-9
08 mLE Wil ST 5, vl slo] 45°ColA 1A7E
TAsketaL, 10% ZEH €9 0.5 mLe}t JHZE SmLE 7}
sto] 1027 " 7, A5AE Fete] Aas53 5§ oA
EYUEH 500 uiLs gl o343k 218 HPLC (Jasco, Tokyo,
Japan)Z A3t}

HLPCE2]S 98] Capcell pak-C18 MG 1II (4.6 mmx
250 mm, 5 pm, Shiseido Co. Ltd., Tokyo, Japan)= A}8-3}
(A, o]FAE A: 0.1% formic acid in Acetonitrile, B:
0.1% formic acid in Water2 A -87]= Initial-55%, 15 min-
65%, 20 min-80%, 25 min-85%, 30 min-90%, 35 min-95%,
40 min-55%= H7181] 2% J&= FAAA HSAZAT o]
ko] H48 1.0 mL/min®| AL, AlFFYEE 20 ul, column
o] £EE 40°CE ARSI 0™ 254 nmollA] E-451T).

Agol] A}2-3} histamine ¥FE2 HPLCE-2Z histamine
(59964, Sigma-Aldrich Co., St. Louis, MO, USA)E A&
S22 H, histamines 9|3 Hio]eAlY ofwle] -
tryptamine (76706, Sigma-Aldrich Co.), putrescine (51799,
Sigma-Aldrich Co.), cadaverine (52063, Sigma-Aldrich
Co.), tyramine (80345, Sigma-Aldrich Co.), spermidine
(49761, Sigma-Aldrich Co.), spermine (49761, Supelco,
Bellefonte, PA, USA)S AFE-3I

w2 i Ao

3. WX A ME|2F A}
Hxjalxo] A HF HF e Ao FUATS

ZAHThe Korea Disease Control and Prevention Agency
2021) FARFER] 2477 3PP o3 AFAFHE =AM
= SAS software (ver. 9.3; SAS Institute, Cary, NC,
USA)E o|-&ste] Bx|9Ae] A HIAHFS FEste] 4
stk 49l Bt AT =FNA7FYFEAHThe Korea
Disease Control and Prevention Agency 2021)2] A1 A =
% A% tlolgol 71¥ksle] Uniform distribution (40, 80y
ARE-SFAT

4, == -@J}

P2 HBA] AHFHE 53 histamine =% 412 98] U
A3 F5Z0049] histamine 29 E ¥ H
o|E]Z @RISK program (Palisade Corporation, Ithaca,
NY, USA)E ©]&ste HA g2z rd s A=sisitt. ¢
X NA HF o - histamine =233 =Z9FA S (Margin
of Exposure, MOE) ofej¢] 2le] 7]uk3leq, histamine &
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Table 1. Simulation model and formulas in Microsoft Excel spreadsheet used to estimate the risk of histamine in commercial anchovy fish sauce

Input model Unit Formula
Histamine content mg/kg =RiskPert (-127.23, 1095.1, 4391, Risk Truncate (0, 3800))
Daily intake g/day =RiskLognorm (1.017, 2.2256, Risk Shift (-0.0064406), RiskTruncate (0, 40))
Body weight (b.w.) Kg b.w. =Risk Uniform (40, 80)
Histamine dosage ng/kg b.w./day =Histamin content *Daily intake/b.w.
MOE =36,920 (ug/kg b.w./day)/Histamine dosage

%9 Q%) AQUERERDE 483 RISK ABHo]
A (iteration=10,000)2 T3l FAHETh<Table 1>. FFH L
2 "x9% MOEZ AXFelal, MOE 3fol 108tk 2 7
T flEidel Aokal s th(European Food  Safety
Authority 2005; Ministry of Food and Drug Safety 2019).

Al A AA vlo] QA olRl A 7 =2 g

WP histamine £418t& @RISK Z233E& 53 9
EEY rdS FA3 A7} histamine TFS 4 0.00
mg/kg, N 3,711.62 mgkg, H 1,439.62+812.62 mg/k:
o7 FelEAom, Pert distributiono] HHFEEEE e}
Soh<Fig. 1> Al X312 histamine 781.10~2,058.50
mg/kg T7HNA 40719] HE HIEE 3915194, CODEX

o

<

Histamine =% % (ug/kg b.w./day)

_ histamine®] ¥ (ug/kg)xL Y A F F(g/day)
Hat AS (kg b.w)

BMDL,, (ng’kg b.w./day)

MOE=
histamine =% (ug/kg b.w./day)

. 213 0F

Table 2= Al GX|AA A5 9] ulo] AlH oIRE &
At HE kel HA, gk 2 Baaks vekd 2
Fot}, ulo] A opvl e ThA S Shishe 4Fe] Hu
T 0y g 4 FolA oprike] g4 gyHEAsE
T grstel= 9 AEe] A ofn]=slof] o3 A4 E]
™ (Karovi¢ova & Kohajdova 2005; Kim et al. 2020), &
F2FoM= vle] A ol F = histamine, tyramine,
putrescine, cadaverine, tryptamine, spermidine®] 2§73 ==
o= AFAJYTHLI & Lu 2020). AFE2] vlo] Q@AY o}
qle S5, AE 9 AEY] giAy 2 A sl 25
Zo|A|uk, A ulo] oA ofvlE HF sk A ¥
&, AAFR], FF, AR, AAF 53 e 54 a9t
e, A 79 APl ol F B E(Suzzi &
Torriani 2015; Lim 2020) A5l F2]7} D a.3jr}.

i)

9] VW HEE % fish sauce 7|5 400 mg/kgdt Hlnsle]
] 9.3u] =& FX]olt}. Lee et al(2013)2 8&F2] Al H
2| HA 9] histamines w218k A2} 434.2~797.3 mg/100 dL
FEORE AFE £ A7 histamine A& ¥ 919k W
S 4§ 52 5= HAEHUY, & 97(Um ef dl.
2018)0lM = =l Al BAIAA 1259 vte| Al ofl&
218k A3} histamine®] H TR 813.48 mg/kg®l AL,

e

Sk WOE 372.32~2,111.61 mgkg 5082 B A7e} H)
528 A Hole Zo 7 Yehth

=71 717399 %A H(The Korea Disease Control and Prevention
Agency 2021)°] AAREE FA et HX A A HH
g EEE <Fig. 220l AXABITE 24407 31ES 538l =
AR AF T Ex|dAlo] X3 AES 143000 57
73, = AT 2217, v TR 634, v - £
T 6671, AR -A-o] - AR - AU/ 4837, AA - PF -
F 197)01 o, o] & nigo R ALkt HAHAe] dY
AFHE FH 4 0.00217 g/day, H) 37.667 g/day, B+ 0.969
g/day® UERITH @RISK programs E3f HAExrde
RiskLognorm (1.017,2.2256,RiskShift (—-0.0064406)2. 2 =
SHAT<Fig. 2> 2021 ARG FRA ] A
A4l At AFTL 60kgol o™, o]& RiskUniform (40,

Table 2. Analysis of biogenic amine contents in commercial anchovy fish sauce

Detection range

Biogenic amines ?(mg/kg)

(n=74) TRP PUT CAD Sp SPM HIS Total BAs
Min-Max  NDY~2.75036 ND~534129 ND~1407.17 ND-3653.13 ND<38.15  ND~1604 ND-3711.62 ND~19,163.77
913.03+ 905.83+ 33177+ 1,157.62+ 1439.626  7.19549+
1) B . . N K . N .
Mean+SD 570.19 1.277.01 26751 17.77£1061  3.44%5.31 812.62 416237

DYMean+Standard deviation.

ITRP: Tryptamine, PUT: Putrescine, CAD: Cadaverine, TYM: Tyramine, SP: Spermidine, SPM: Spermine, HIS: Histamine

3ND: Not detected.
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Fig. 1. Distribution of histamine content in domestic commercial anchovy fish sauce
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Fig. 2. Distribution of daily intake of anchovy fish sauce in Korea
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HXNA AF 2 213} histamine =2 histamine 2
=, A% 9 AT dlolgE &8¢ AlE# o] (iteration=
10,0000 3l FA3IA o AEHIHS Tl =EH
histamine =% %2 ¥ 24.49+55.48 pg/kg b.w./day, ZTh
1,336.53 ng/kg bw./day?]l A2 FHETh<Fig. 3> FHF
Ao HXNA 9| histamine =& B7Fs $1dl MOEE 7
2R Adb<Table 3>, AlEdlold A3 1% 7714 MOE
ol 139.18%, sl w7121 MOE 105 Z23sh= A

o= vepsdth B3 10,0002] AlEH A F 95%0) Bl
Sk 9,5001¢] AxtellA] MOE 7154121 6,6148 1 a3t
= 66,141.072 Yeht}, XA HFH=Z 23 histamine2
=E fEigS ule- WS BloE FHE IS E MOE
108 2Fsl= A 2AS Aside] stk wdelal Sle
] (Ministry of Food and Drug Safety 2019), HX]el3le
histamine®] MOE #4 A3} 10,00081] A& o]

9,900 °o]/e] A4 MOE 108 93| Z3ste] "x
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Fig. 3. Probability of daily intake of histamine exposure

Table 3. Probability of histamine exposure (MOE) caused by commercial anchovy fish sauce consumption

Probability of Histamine exposure/ 1% 5% 30%

50% 70% 95% 99% Mean

Person/day 139.18 379.69

1,963.38

426461 9,63836 66,141.07  289,931.27 22,782.69

(o

histamine ‘=2 3 Yl == 713 AE(Kim er al.

2020004 EAE T3 BE S2HE-2] MOE 3ol 10 ©]
Fo g FAHE HFAR QS ulo] A ofnle] s ¢l

= Ao BT

B Aol FAA A59] histamine> H+F 1,439.62
mg/kgO = a2]e] 7IFEX|HT} 3u) o wout, P HA A}
A& Aok &3 o AFe FAE 2 ZHEE H7t
wo] Al HF sk Fol HaL, waba FxAA A3l o
g+ histamine 2552 fleiAo] WS AR FFHG o
Tk, X HA €] histamine A3 FAE A4 Joung &
Min(2018y> BA|HA Az £ 10, 25, 35°CollA 11d 5<F
BF3RL, AY =7t E&4EFE U] =2 histamine
(89.7~116.8 mg/100 mL)°] HEE Ao E Hisle] g 2
%7} histamine®] A FE YIS vIAE HAO0E F53)
ATk B, EAe 2F o] ofshal, AprhAasta ol ofs) A
T Aaprt wEA e, g4o] & a4t ke
SAshs =R Q8] AL Eal 2 Wi RalE 3
AlA BR]A ] T2 histamineS A E 4= U TH(Stratton
et al. 1991; Kim et al. 2004; Yoon et al. 2017). °]= &
2|9] Mrrt BXNA A|Z Al histamineS Z3HgH Hlo] QA
Y ofle] Ao G WA= AR Bt webA,
BAR|AA A ] histamine B8-S Aosh] 28l AR
o] M= #e), | 9 A & AAo] ed ZoF 4
A, 7= oA WA 7 Foupake] AAIA o8-S
913l histamine $HegFell digh )7t o A ket

B ATFeA] Fg Al FA AR L] vlo] QA oRIF

4 9 B 9 HAF 713 Be =5 37t 2

I BE A HANA ] HFH ] €3 histamine $J31 %=
e ASE UERiTE ey EXAe] AF 29 AE
To] uloleAlY ol o3t 515 93 AE Alofs]
Hslo] S5 MAF-O] histamine 715 AL nfEEk] A&
o] Aak Al flaflane] #AE7F o Ao Bl

I

Iv. 22f S HE
et @e) 718 zrlaw 84
4 Sal 24g U] 8] Al

o thgk o] oAl opRlF M-S 43
Q

£ @959 8}
A5 747) AR

o
iRov, 53 5

ol yg

2 gHozHE 2y 753 98 849 histamined] Tdk
=F WIS etk @A 9Ale] Y HA TIEeE A

I A AA AFH | 23} histamine == H7} 23, BE
2195 AF-S MOE 71€34(10)S Z3ate] AF el o)
histamine $3l= w-$- H& Ao = T ol Zug
E47% At es e HHFOR st Yehd 3=
e}, xR0 A9 histamine o] B =71 fish
sauce 7|5t 7+4 thH] WA A UERt Zlo = kel of
SRS WA & Hx|AA9] histamine 2|7 RS Ao
z AlzEch

e e

A =

o] =S 20224, 2023 H |G HEAIE APoz
St E Al o] XS ol AFE RS (E0211400-02,
E0211400-03) ©]ol] 7A=Yt}
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