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ABSTRACT

Objectives: This study was conducted to estimate the related health risk by investigating the content of biogenic
amines (BAs) in commercial fermented alcoholic beverages.

Methods: Ninety-seven samples, including takjus (34), fruit wines (26), distilled liquors (20) and beers (17) were
purchased in Gangwon-do (Province) in 2019. The eight BAs (putrescine, cadaverine, spermine, spermidine,
tyramine, P-phenylethylamine, histamine, and tryptamine) were analyzed by high performance liquid
chromatograph (HPLC) after extraction (0.4 M HCIO,), pigment removal (carbon cartridge) and derivatization
(1% dansylchloride). The health risk of exposure to BAs due to ingestion of commercial fermented alcoholic
beverages was estimated as the margin of exposure (MOE).

Results: Various BAs were detected in takju, fruit wine, distilled liquor and beer. Putrescine (not detected (ND)-
12.60 mg/L), cadaverine (ND-5.45 mg/L), tyramine (ND-8.34 mg/L), B-phenylethylamine (ND-13.73 mg/L),
histamine (ND-7.96 mg/L), and tryptamine (ND-19.00 mg/L) were found in takju. Putrescine (ND-15.34 mg/L),
cadaverine (ND-7.90 mg/L), B-phenylethylamine (ND-3.06 mg/L), histamine (ND-9.68 mg/L), and tryptamine
(ND-14.06 mg/L) were identified in fruit wine. Putrescine (less than limit of detection (<LOD)-1.31 mg/L),
cadaverine (ND-4.21 mg/L), and tryptamine (ND-75.23 mg/L) were found in distilled liquor. Putrescine (ND-
11.42 mg/L), cadaverine (ND-12.66 mg/L), B-phenylethylamine (ND-6.26 mg/L), and tryptamine (ND-4.07 mg/
L) were detected in beer. On the other hand, spermine and spermidine were not detected in all samples. The risk
assessment results confirmed by MOE were all greater than ten (minimum: 92, maximum: 9,191), so the health
risk was deemed low.

Conclusions: The commercial fermented alcoholic beverages contained various BAs, and there was a difference
in BA species and detection amount according to type. The health risk was estimated to be low given that the
MOE was all greater than ten.
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sjeld x| we) A WEslelE (putrescine, cadaverine,
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phenylethylamine), 3]l €] 2 3. 2] 3} 3} & (histamine,
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ke 37 52 Awxe BAstt: FE% tiAH
o]FojR|A] gfo} 717kol FA A1 e RO

=9 Ao mEW ¥EF, W ke whg S
S|4 histamine, tyramine, putrescineZ} -2 BAs7}
AEHed E=F= 12 #E 34 (alcoholic
fermentation) 2. TF= 232} @8 3% (malolactic
fermentation)*|A] BAs7} AT W, W= LS00
Hja) Aol BAsE©] RaIA oA AAEE AL

2 oA ek

o
— 4

% do of

oo b

W
IU_l
oY

1>

Syt AHELS d2RE oy Uy e 3
ol 722 Frisle] arA wE g5y ols
SRl 22E FFS 5 SR &FE FA
AFsIATE e5de ol st AFFET ol F
Ae A3t Az A gt He| AL W
ofAZl Mool a1 TS5 Ho] AFAZ] W} 2
=, 582 5 S A8 Az S 5 o
st Y8 9 whg WAoo w Az FEE 583
T A HAY H2 U /7 49 gEHe 2%
o] thak o] FolxHA HTSFE Fol A
T 27 R Wgsle R AVEe F3 e
U 97k 582 ST o, &5 5 St
2 APRte] 7|57} gkl 2 skEHA Y

http://www.kseh.org/

WF A FRIE diiEe] HErkENN fFH
= Y WF HFo] Hap FTkslaL, AeF Eds
2 e A} o AHRES FAHOE RIS
Asshe 43S Holi UTh?

Ao gig e AFRE Xk AR gE =
T XX FFUE ¥=FO] BAs THS AR A
7t =8, Martuscelli 5" Leitao 5,'” Anli 5
2 25 AR foug xfo] 7} FIAThAL &3
o1, Pineda 5'W& X% EFFWH {on|dk Aolr}
ATy ATt S Prete VL 729 IR F
FO 2 Axgt =T BAsS TS Hwe A
X FFO] BAs Aol Gl Atk 3,
Marques 5'99] AtAM = Z=Au] XA, FF
w2} BAsO] ol fen] gk xtol 7k kil skl
o} Gloria 572 Had Al w35 dhgnba]o
e} HEste] BAsS] $HES XARSHe] BHAEdlE
9l stout WollA4] tyramine?} tryptamine o] T}
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1. Al & METE

FAo] AMg-E EFEZQ] putrescine, cadaverine,
spermine, spermidine, tyramine, f-phenylethylamine,
histamine, tryptamine?} WH-E3E2<2 1,7-diamino-
heptane2 Sigma*H(USA), dansyl chloride= Wako
Al(Japan), perchloric acid= Junsei*}(Japan), methyl
alcohol2 J.T.BakerAH(USA) A|&FS FUsle] AL
stttk 2 9] Aut AJ2FQl sodium bicarbonate,
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ammonium acetate= SigmaAH(USA), ammonium
hydroxide, sodium hydroxide= WakoAt(Japan) #| &
2 FUskel AHBSIITE HPLC o574 8ol Al
2% acetonitrile J.T.BakerAHUSA) A& 743}

o] Abgsieict,

WaFE gl g,
AT, SHF 9FE AL e E Asllon,
20199 5€FH 129714 A= AQAAAM 5 F
ol B 344 WA, FF 267 (FUAL 67, S
Jat 2070), SFHF 20 FHWAE 87, FUAF 127)
I WF 17AGEWA 57, U4 122), F 971
HECA Fufste] A AEE AR

2. AlEEY
2.1. "lo] @AY oflF AX I
LEFOA BAs B4 A@WHHE 2 FooFEekd
B7rdeA w7keE TR0 RANE 918 A3l
A1 FlA(2017),% & BAs A1 8WHS
om AL v 2t 50 mL o
o A1 5mLe} 0.4 M2] HCIO, 5 mLE Yol
Z(5%, 2500 rpm)3+ & 2.5 mLE F3lo] m)g] gt
< 5mLe SHF SmLE 2HEE 8 @457
carbon 7}E&]|X](Agilent, Bond Elut Carbon, 500
mg, 6 mL)l| o] FEHS W, oM EVEY 5mL
£ ¥ fEHe 95 &3 ¥ 04Me] HCIO&
o]g3le] 10 mLE A-&¢ AS FEZNoF STt
o] F& | mLol| WH3EFEZ(1,7-diaminoheptane)
100 uL, EAFRAVES 300 uL, 2 M2 FABhE
F 200 uLE &3 ¥ 1% dansylchloride (¢}A]Eol
£3l) 1 mLE 2] 40°Col|A] 4587 A8} 515
o} F=A4 & Fol 2& dansylchlorideE A A3
el 25% FABIERE 50 uLE: Fristke] olFe
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FAAA 30 7F vl oK EYER R FHE5y]
7} smL7t HEE A e AL AFgdon ALg
stinh. 233k Al Al AEEH (limit of detection,
LOD) w9k 0.00 mg/LZ YER I,

2.2. HAAA
AT} SRFE ALY AL 7RI §lor o]
ot WAEL A5 A A A THEd= %

SBE AAT Z87t Uk Aagdie sl &
gz A2 AAsk=E AEP C 7IEZA
(Agilent, Bond Elut Cys, 1g, 6 mL)2} 204 #| A Al
dutd o 7 Melsl= carbon 7FEE|A] (Agilent Bond
Elut Carbon, 500 mg, 6 mL)E A}l&38le] 348
(recovery)S Hlxl HESIAT Cy 7IEBAE A
A& We Bt SHTIA histamine®] 3|4&
@+ 31.13, 50.38%)°] S}, carbon 7HER|A]
E AHEEE We AAHoE F53 e
(79.20~109.78%)S HS17] witell 2 ZAlA =
carbon 7FEE|A|E o] §ate] MAaE AASIAT

23. 717184 =4

BAs 8% FAEAS S&l £417171= high
performance liquid chromatograph-photo diode array
(HPLC-PDA, Shiseido HPLC NASCA I, ThermoFisher
Scientific Accela PDAYS ARSIt 4 ZdHe
Cis Z'H(OSAKA SODA, CAPCELL PAK Ci,
UGI20, 3.0 mmx250 mm, 3 um), Z¥ Q8 2x:=
40°C, ¥4 0.25 mL/min, gt}o] L. =nj & (photo
diode array, PDA) AZ&7] &4 3742 254 nm, ©]
T3 0.1 MO oM EARIEF o EYEY &
NS o] g3le] (5:95)~(38:62) Alololl A FEFujE
251 tH(Table 1).

2.4, BN AF

EEe TFEE AT Hstd 04 Mo
HCIO 3o 1,000 pg/mLO g ZA ST A3
2 3 FEgAe I IS F ko
FEAE B wEl 2=Asl] HAE F=71 0.02~
6.00 pgmL7b H=5 st HAFdS Asion
HEA el AA A< (determination coefficient, R2)E
B 0999 o] dds FRISATHFig. 1). HESHI
(LOD)¢} A #38H| (limit of quantification, LOQ)E
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Table 1. HPLC conditions for determination of biogenic
amines in commercial fermented alcoholic

beverages

Instrument Shiseido HPLC, NASCA 1

Detector ThermoFisher Scientific Accela PDA

Column OSAKA SODA Capcell Pak C5, UG120,

3.0 mmx250 mm, 3 pm

Mobile Phase Tir.ne Arr?r:nloxum Acetonitrile
(min) Acetate (%) )
0.0 38 62
8.0 38 62
12.0 25 75
15.0 20 80
20.0 20 80
22.0 5 95
25.0 5 95
26.0 38 62
35.0 38 62

Injection Volume 5 uL

Wavelength 254 nm

Oven Temperature 40 °C

Flow Rate 0.25 mL/min

Run Time 35 min

AZnEIY ] BAs Fol| thate] AlstiH] F
H] 3uie}l 10uf = A4FeRITE LODE &4 0.03 mg/lL
(putrescine, cadaverine, spermine)?llA] Zth 0.17 mg/L
(spermidine), LOQ= # 2~ 0.09 mg/L (cadaverine)ol|
A Z] 0.56 mg/L (spermidine) HH AT &
(recovery)y> BAsS] ZTEF YA %(0.13~0.30 mM)
= AlFol H7keted 33] RbE A & H7F 5= o
v 3 328 YRS ANEiEeH, Ads
(precisiony= BAs 3|2 WA <] JETZHXH(% RSD)
2 YeRN UK Table 2).

25. S8l 81
=
e
M9 TELFY 2k 9 odx RUEHY B
=]l
AA

http://www.kseh.org/

Lol > rr

Tz
du Ay =
Ho oy
o °
& T
g
Y
g, 1
2y OF“r
tlo flo
Y nl;&
ofo M
Fu
B>
e
o2l
I
~

BAs =% (ug/kg b.w./day)
=(FEF 5 BAs9 = (ugmL)
<19 L& A3 F(gday)/ (B #F(kg)

A= FH2E M (European Food Safety
Authority, EFSA)AM Fi54d3 #ds4d B2
Sel= HrF o m Aue =& (Margin of
Exposure, MOE)2.2 &R135}3t} > MOE= FHUlF
5/J % (No Observed Adverse Effect Level, NOAEL)
oL} Wl x| vl=-8- 3 (Benchmark dose, BMD) 53 %+
o] FAo] HAHA] A& 7IEHUE EEFOE T
o] SJF=E Bls}. Histamined #1913t BAsE
Are ZAl7|E7ke] §1oH | histamined] $JafAlo]
7P Bol 4 A e g Este], BAsS] 54
71322 CODEXOl|A] A|$Fet histamine®] WIX|w}
3-8 23} 3FgH(benchmark dose lower confidence
limit, BMDL,()2] 36,920 ug/kg b.w./dayS 283}

Sl e FH T
MOE
=BMDL,, (ug/kg b.w./day)/BAs =2 (ug/kg b.w./day)

nm.ag

1. &45F & BAs EEF

BAse] F=/F¥ ZHAE ZA3+= Table 33 72t
Putrescine> B 23A|FFHT A& 237 mg/L,
AZE: 67.6%), JHF T X5 1AEFEF A
£ 5.69mg/L, AEE: 66.7%), T=F 9 JAF
HMEGHEAF A% 1.82mgl, AEE: 40.0%), =
FF HEET AEF 0,06 mg/L, AEE: 5.0%),
W [SAHECET HEH: 499 mg/L, AEE: 88.2%)
oM HEHNSHW BAs 5 HEE(56.7%)°] 7HF
=94t}

Cadaverine& &5
AZEE: 8.8%), I
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0.0 0.0
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Fig. 1. Calibration curve of biogenic amines. x-axis: standard solution concentration (ug/mL), y-axis: peak area ratio

2 145 mg/L, AEE: 28.6%), =5 9] FF 1
AZE@T A% 030mg/L, AEE: 20.0%), =F

ZF AFET AE%: 030mgL, AEE: 10.0%),
W AE@EF HEH: 084 mg/L, AEE: 11.8%)
A AZHAtt. TyramineS EF IAEET A=
025 mg/L, AEE: 2.9%)°04 AEHAT 4
T, ST, YFolre HEFA U
B-Phenylethylamine B~ SAIE(Hd A& 1.
mg/L, AEE: 14.7%), JHF T 2=F 3AF(

& AEH: 037mg/l, AEE: 143%), W+ 24

)
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@B HEF: 048 mg/L, HEE: 11.8%)0IA H=
HAL FHFFAME HEHA B4t} Histamine>
g5 AEEHT AE%: 040 mg/L, AEE: 5.9%),
AT F 2T HECETE AEF: 0.72mg/L, A
ZE: 19.0%), =5 9] AT HEEHT HEF

1521 mg/L, AEE: 80.0%)0A AEHJY =7/
o} W= AEEA] LU} Tryptamine> &
DAEFET AET: 3.84 mg/l, AEE: 64.7%),
A F EIET 10AFET AEF: 3.66 mg/L,
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Table 2. Precision and recovery of biogenic amines in the HPLC analysis by commercial fermented alcoholic beverages

Precision (%, RSD)

Recovery (%)

Biogenic amines Carbon cartridge Cyg cartridge

Takju fvlzlet Dlijjluoerd Beer Takju fvl:rlllet ]?:Ztllllfrd Beer Takju f::llet Dhlcsltlll]i)erd Beer
Putrescine 047 1.01 212 1.04 88.10 9563 89.72 9451 104.13 10297 93.11 98.99
Cadaverine 1.07 094 237 091 9489 109.78 82.74 9797 98.53 9382 8846 9527
Spermine 286 1.80 328 148 84.03 8044 7920 90.08 101.62 91.36 93.92 99.78
Spermidine 1.54 180 347 140 8036 9495 79.70 8831 98.07 9723 9436 101.43
Tyramine 048 020 191 099 8921 99.54 89.38 98.02 96.18 100.86 93.35 106.77
B-Phenylethylamine  1.05  1.12 212 1.89 88.82 106.74 89.94 9686 94.54 99.58 8842 12225
Histamine 023 055 199 282 90.19 99.09 93.59 96.61 31.13 98.15 50.38 95.63
Tryptamine 1.63 036 167 082 86.06 97.75 8469 96.81 9346 107.58 90.83 103.00

13,56 mg/L, AEE: 60.0%), =75 12A1EEHT 4
£ 21.22mg/L, ZAEE: 60.0%), WF 4AEEFHT
AZ%: 0.74 mg/L, AEE: 23.5%)00H AZHATH

o]& A2l3hH putrescine> W, B, XEF,

H

Xz
T3 FAF F{HF =0 F | cadaverineS LT
FEFe] HAF, WF F/HRF, G35 £oE, B-
phenylethylamine> ®F, XT3 W3 Fo =2,
histamine> XE=F9| A3 IT-FE B £O07
tryptamine> B, XEF9| AT, FHF, IEF,
W FO0F 2 HEES HYth Uyl spermine

sl
=2
X
UM
i
o
X
=)
o
I,
Lﬁ

7} spermidine> EE A

3

IAFAARE AZEA
XM= FZ putrescine,
HZ =™, histamine, B-
phenylethylamine, tyramineS d4- A|Eol|A] &=
o] FYEE HEEE BAse FHF ol xolzt
ATk HEE BAse| HaFd g 2jo)E 9l
StaLA} t-test} PYPHIX] AHEA] (one-way analysis
of varianceys 3T FoF 0.05, 95% A=+
ZH(confidence interval, CI)ollA] putrescine> B2}
FF(95% CI=0.3838~4.7678, p=0.01), 59} =
F(95% CI=0.1227~5.1213, p=0.04), F2F9} Z
F(95% CI=-7.3829~ -2.3779, p<0.00), 57+
WZE(95% CI=2.1510~7.7022, p<0.00)°lA &<jn]
gk ghaF 2po] 7} UL, tryptamined B9} SHF
(95% CI=10.2523~26.6224, p<0.00), 2} =7
3(95% CI=9.9945-27.2721, p<0.00), ZFF<}t =
3(95% CI=-31.1153~ -11.9521, p<0.00)°l14] <]

HEFJIL tyramine
th &, & A A% 2R

gl

cadaverine, tryptamine®]
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v gel Aolsk Aot o) ¢ HEE BAse
8 P Aol FAHOR folvlsha 29k

o} 54 £42 R (version 3.6.2) ZZ13-S ALE-

FAZ A% BAse] Qi FAHS
=Z%7 MOEE AHEsiSith. =& Al ALg
B LgFe] I dFHEe A4 3R] HeE A
FER E5 761.42 g, AT 7220 g, TFF 29191 g,
W 699.42 g& AMESIATE o ol ® A} A
ol wrg 3 7ztzhe] BAs AUl TS A48l =&
2 AAFSEATE A BAs 5 histamine2 A1) 3}
AE 5A71Ewe] A E] A ol CODEXO
2] AFet histamine] S47153L(BMDL,,, 36,920
ug’kg b.w./day)S histamine®] BAsol% 283}
MOEZ ARt MOE AA d3k= A4 92 &
79 tryptamine)oll Al FHth 9,191 FAFE B-
phenylethylamine)® WEPGTE dnbd o2 {54
o] itk =l EF 5 <Al JA A &

AF EA/EGE BT A m2AHe] 10 o]
KU

.-

sl g7 Yok Basie g 99
102 F A TH(Table 4). £ ZARlA
| A&7} 2] Ges dgrd
Ase] Az A dHAe) Ha HAHH
lo] QEl=E F4eNoEE BAsY AE
3 A= Ft AFHFE AL8H wE P
ol flEide o wA FHECh

i
N

I ox oX r
5
rlo
3

N ﬂHN' ﬁ rlo ok
Il
"
o
o
"

12
(¢
o

i)
D o

o o Y

M
)

e

] Environ Health Sci 2020; 46(3): 324-334



% X sl . x4 o= S
330 HHEDI - AMQIE - o] & - 0|3} - A2 - AFF - oUts] - FHAEH - FEF
@
c
k]
o
2
(A) 2
£
ot
a
?
Lyt
-
2 e
£ g ®
> o > E - 5 £
@ £ £ s £ 2 £ s
< 2 4 o 2 H s &
T z o I § &
8- 2 5,
o o E
” N E ] /\ j\
l/\l T T I\ .
12 14 16 18 20 2 24 26 28 30 32
o
c
©
2
o
@
-
[=]
(B) £
£
g
a
?
~
=

Putrescine

- Tryptamine
=

N

16 18 20

22

24 26 28 30

Fig. 2. HPLC chromatograms of standard (A) and sample (B)
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2o Zge Uukro® HPLCOA ARRElE Z
HET WA S YA 2717F 2R A (3.0 mm,
3 um)S ARESIATE U7 4.6 mm, A 4R 2
7] 5 umE AL wrTh BAs ZHzke] ¥]a B
Fol FFENLH, AL o]F4 AME-(0.25 mL/min)
oz 7:]qu;<40 T,t_’_ 7}%:—3].5\)11;].‘28)

=

i%‘

_1_4.,

H A= B8 7
¥ BAsO| T
. Nam 5& #F 0.16 ppm, 27~
ppm, MEEF)X 0.07 ppmel histamine®] 7
AT FPEY|, B RAE BF AFE

3t ZHF) A+ histamine®] AEHA| LU,
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oA Eit 0.72 mg/L7F AE=HAT. Cho 579
W 2ol A putrescine (3.0-12.9 mg/kg), cadaverine
(0.4-3.0 mg/kg), spermidine (0.5-3.6 mg/kg), spermine
(ND-1.4 mg/kg), histamine (ND-3.3 mg/kg), tyramine
(1.1-3.3 mg/kg)©]l, EE=FA] putrescine (2.1-30.0
mg/kg), cadaverine (0.7-3.9 mg/kg), spermidine (ND-
2.8 mg/kg), (0.4-2.3 mg/kg),
(0.5-8.5 mg/kg), tyramine (ND-7.7 mg/kg)el A&
1AL, tryptamine¥} B-phenylethylamines W59} 3

EFolM BE AEEHA ¥ sisled], B =
Alol| A= @A spermine, spermidine, tyramine,
histamine©], ZX=Fo A= spermine, spermidine,
tyramine®] BHE E= AEIA TN, B-
phenylethylamine¥} tryptamine2 W}FollA] ZFz} 274,
4710, TeFE 22 37, 10710] AEHUT
Preti 522 ol&rg]o} H X =04 histamine (ND-
1.02 mg/L), PB-phenylethylamine (0.22-1.07 mg/L),
putrescine (3.76-11.13 mg/L), cadaverine (0.49-1.58
mg/L), tyramine (0.67-1.97 mg/L), spermidine (Not
quantified-0.67 mg/L), spermine (ND-1.07 mg/L),
agmatine (ND-1.08 mg/L), methylamine (ND-1.41
mg/L), ethylamine (0.67-1.87 mg/L)°] HZH®c} 3}

%32, Martuscelli 5'"2 o]€z]o} Abruzzo A%<
2] L=l A putrescine (7.88 mg/L(ET4))), cadaverine
(0.11 mg/L), histamine (2.91 mg/L), tyramine (5.22
mg/L)°] AZF]%2, B-phenylethylamine, spermidine,
spermineS A&EA] i 1T

0|9} o] WaFIN AFHE BAse] ER B
Tol7h WAsRe U9 Az B, AT 9 A
27, 23 % Befeke v
F57} H27] BE90 R A7HAT. Marques 59
s A 15 S F ol
T4 8 ol ©} BAs e Ajol7} vhei,
Fo| dtA 2= 3 392} AZFH 5 malolactic
Werol s e Aol BA] BAs B0l Ho}
Aok stk Comuzzo 57" 4 H=(5Y
Q2Ewjo}, 2], Zaks, ogloheld f7)%
OF AnjE X5 YEE S XF ZAPA =
7PEZ BAs (histamine, putrescine, tyramine)e]
F atolE gRletar 1 Ao R A 7% 2
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spermine histamine
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