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Abstract

Biogenic amines have been used as chemical indicators of fermented foods. So far, several chromatography
methods have been developed to detect biogenic amines in foods. However, few methods have identified
these compound in domestic cheese. We analyzed the biogenic amines (histamine dihydrochloride,
tyramine hydrochloride, B-phenylethylamine hydrochloride, putrescine dihydrochloride, cadaverine,
spermidine, tryptamine hydrochloride, ethanolamine hydrochloride and butylamine) in cheese by using
HPLC. The calibration curves of the biogenic amines were found to be linear over the concentration range
of 10-50 ppm with a correlation coefficient of above 0.99. The limit of detection (LOD) and limit of
quantitation (LOQ) of the biogenic amines in the given order were 3.7 and 11.3 ppm, 3.4 and 10.4ppm,
3.4 and 10.3 ppm, 4.0 and 12.2 ppm, 3.4 and 10.4 ppm, 3.4 and 10.5 ppm, 3.5 and 10.7 ppm, 4.1 and
12.5 ppm, and 3.4 and 10.4 ppm, respectively. Recovery rates of the biogenic amines in the given order
were 112, 104, 93, 108, 91, 102, 101, and 92%, respectively. The findings of this study suggest that HPLC
is a suitable method for the determination of biogenic amines, thereby indicating its potential application
in the quality control of aging cheese.
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ME
o] @AY oll(Biogenic amine, BA} OF|icAte] BERARARE. = Qtslo] =9} A EQ] ofuli-gle} of
u]=7] Holukgo] o3 F2 PAEE A4sletE(Halasz, 19942, oFl1E9] 7l4o] ukel Hi-oluls
(monoamnin), tteloMlF{diamine) ¥ E&]oMIF polyamine)& #53lt}. 3FoHd 200 osiA= 4]
HEE SISHE9] petrescine, cadaverine, spermine, spermidine?} ®¥35& 3RHE21 histamine, trypramine
02 UE 4 9t} Gerner®t Meyskens(2004)0l w2 Hio| QA ofqle AL oA A4l F3}
2 o] Fa% ITe ST HISIGIL, Igarashi 5(2001) AUlolA AHHA s AAAE
EA2A Zgota, EURd 9 EF 59 A8 9T vdta Barskoirt.

Ao JFH Hlo]oAY ofgl2 A E4AF A S AX EH4EH0] distle AR djA glof
URHE o2 FA EA} HA] ghou, Tero] vlo] @AY ofnlE T AU fHH 0 Hlo] oA oyl
< tAfehs A Ao EAIZE 9k A, UA Azst H3E Foha B E|T Qe T3 phenelzine
-5 ABAR, olE E&oh= Aol Hlo|AY oS A% HHT APolw A et BAE

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.orgllicenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © Korean Society of Dairy Science and Technology. All rights reserved. | 187



Dyr

of7|5HA HtHBodmer et al,, 1999; Caston et al, 2002; Lee et
al, 2012).

FAANRE Z £ARL o] Th0 & Histamine 50| @o] 1
e, £9 AA olHlF= histamine, tyramine, cadaverine,
putrescine, trytamine, phenylethylamine 5°| 1°™, £3] tyramine
2 2| ZHFS{cheese reaction)°]2t1 EE]ojA|= Yol E42 EHS
SZ5lo] 1YL stk Busky Yok Youdim, 1995). 88
Y A= Az Axl=2 vpol oAy ol S A3t op7] A%t
A7F e NPEIL Lo, = A=A Hio] @AY of
qlo] gt At mlEst Aotk F HiolAY ofgle] thgk ¢
T2 FE AR AE] gk vlo] oA oyl 24 9 #7135l
i3t A7 F2 oA Qlol(Halasz, 1994; Mah er al, 2008:
Naila et al, 2010), AFAXZ F &4 20| tist vlo] QAY §=F
o thet A+t L3 Aot

A 2 ks SUiat 5492 29] Hio] A offl g 442 9
3t 71275 HPLC A48 o83t 4% 29 vlo| oAy 3
S AESI

e

Of

Mz A A

1. ZCHX[= HIxE

B dFo| ARgE A ZE PFlora Danica 50(Chr. Hansen,
Denmark)Z starter® AR&3lo] A 235110H, offjo] 4 5=
Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp.
diacetylactis, Lactococcus lactis subsp. lactis, Leuconostoc
mesenteroides subsp. cremoris® T/3%°] It} PG A% 1

WS Fig. 10 YERAI.

2. BE8N =A|

Hlo] 9.4 obfl HEELS SigmaiHSt. Louis, MO, USA)9] His-
tamine dihydrochloride(99%), Tyramine hydrochloride(98%),
B-Phenylethylamine hydrochloride(98%), Putrescine dihydro-
chloride(98%), Cadaverine(95%), Spermidine(99%), Tryptamine
hydrochloride(99%), Ethanolamine hydrochloride(99%) & Buty-
lamine(99.5%)= U5l ARESHITE 2179 Hio] @AY offl #
FE2 0.1 N HClofl =] 9F 1,000 mg/L7F =% 3t AL 558
Ho= iyt

3. Z5y
Hjol@ Al ofl HEEAL 0.1 N HCLS ol8sle] 2ws] 5|45}
Y EEONS AET ke, W3 WA 1S Falo] APHE A4
ST, ApEl AR ORRE A4 ATARTIE £=0.99 o]
g F3le] AL ARSI
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Fig. 1. The manufacturing process of Gouda cheese

4, Z4ESH|(LOD) ¥ HZFSHA(LOQ)
AFAO A4 WPl Lo BES o] g3slo] T} 2 AL ol

o] AZ3A(LOD), AFHA(LOQE AFEaIALt.

il

[¢]

A& = 3.3x0/8 (8/N=3)
A = 10x0/S (S/N=10)

ol o= dHe] FFREFHEACH, Se 712719 B Snett

5. AlEo| Hxz| iy

Hlo] @AY oyl B4 $I3t Al7 WA El= Garcia-Garcia 5(2009)
9] Hral AEABAIEHY B3 Fufoltl A 4 Lee 5
(2009)9] W+ sl ARSI &, A 5 g2 BYs] Foto
15 mL9 0.1 N HClZ 7fsto] #aslstal, o]Z2e A4=e](4,000 %
g, 15 min)et th ASHE floto] 33] HHEste] A A5 3
A1, 0.1 N GARE 73] 50 mLZ 3t A2 A8 0 19t} o]
|9 1 mLE F5t9] 0.5 mL9] Z3} Na,COs, 1 mL9] 1% dansyl



HPLCS 0[3et SHXIZZRE BI0|QAS OfZ 2A 4L

chloride acetone solutiong 7Fsto] 45CAA] 1A17FEt R A8}
£ A oS, 1 mLY 10% proline 84 A7) TF9] F=A|
3} AJokg AASIT. oj=tbol 5 mLO] etherg 7Folo] 387+ FIget
T TS Flsto] ATIAE o]83te] AFAZ]AL, acetonitrile 2
mlE 7}t ¥, 0.45 pm syringe filter® oj@st =S HPLC
(€2695, Waters Co., USA)Z EA53ict.

6. HPLC 24 =%

Hlo| @AY ofdl B4 HPLC(e2695, Waters Co., USA)E 0183
of EM6I9 Y, 702 oh3at At E48 B8 A2 CapcellPak
C18 Column(4.6x250 mm, 5 mm, Shiseido Co., Tokyo, Japan)
< AMgsIlen, UV 254 nmolA HEs3it HPLC 3242 2
g 2L 40T o549 552 1 mL/minollA 253,
FAFE 10 plZ, olsi2 AE 0.1% glacial acetic acid in
water, B 0.1% glacial acetic acid in acetonitrileZ 3%, O]
B4 B sTTlE 55%2 108, 65%Z 5%, 80%Z 10, 90%=

Djr

15802

o

4087E Al

st

o

7. sk A3
Hlo] QA ofgl EEEMAS A& 100 gofl 4 mL Arlsle] AR
Q=TT 40 ppmO] EHEE Aot ZAsH9Tt.

Fo o 1%
1. =

Hlo] @AY ollQl Histamine dihydrochloride, Tyramine hydro-
chloride, 8-Phenylethylamine hydrochloride, Putrescine dihydro-
chloride, Cadaverine, Spermidine, Tryptamine hydrochloride,
Ethanolamine hydrochloride ¥ Butylamine 952 #&89
1,000 ppmo& 24 thg, 429] == 10, 25, 50 % 75 ppm
SEZ A£3lo] HPLCE 245100 ol 92 12 HAS Y52
2, B2 5 X502 sto] HFAde 2Aste] HERIIHFig.
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Fig. 2. Calibration curve of biogenic amines standard solution. A: Histamine dihydrochloride; B: Tyramine hydrochloride; C: A3-Phenylethylamine
hydrochloride; D: Putrescine dihydrochloride; E: Cadaverine; F: Spermidine; G: Tryptamine hydrochloride; H: Ethanolamine hydrochloride; I:
Butylamine
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2). oluf] A=A A& Histamine dihydrochloride=Y = 2,724x x
B + 829.1 (=0.998), Tyramine hydrochloride® Y = 6,760x
x &% - 1,710 (r= 0.999), B-phenylethylamine hydrochloride
EY =5494x x & + 462.5 (r=0.999), Putrescine dihydro-
chloride® Y = 6,539x X B= + 1,919 (= 0.998), Cadaverine=
Y = 4,949x x 5% + 4,828 (r=0.999), Spermidine=Y = 4,570x
X &% + 3,961 (r=0.999), Tryptamine hydrochloride= Y =
4,386x x &% + 1,082 (r = 0.999), Ethanolamine hydrochloride
=Y =3,947x X 5% + 828 (r = 0.998) ¥ Butylamine= Y =
4,049x x &% - 2,038 (= 0.999)F Ueht} B5 535t 4=F0]qir

2. ZAS3H(LOD)2} HHSHAH(LOQ)

7 A xAo] L2 HE-S 0]835}o] Histamine dihydrochloride,
Tyramine hydrochloride, 8-phenylethylamine hydrochloride,
Putrescine dihydrochloride, Cadaverine, Spermidine, Tryptamine

Table 1. The limit of detection (LOD) and limit of quantitation (LOQ)
for the determination of biogenic amines

Standard LOD (ppm) LOQ (ppm)
Histamine dihydrochloride 3.7 11.3
Tyramine hydrochloride 34 10.4
B-Phenylethylamine hydrochloride 34 10.3
Putrescine dihydrochloride 4.0 12.2
Cadaverine 34 10.4
Spermidine 34 10.5
Tryptamine hydrochloride 35 10.7
Ethanolamine hydrochloride 4.1 12.5
Butylamine 34 10.4

Table 2. Recovery rate of biogenic amine in Gouda cheese

oo

(5 Ol - 254y - QX8 - 718

1
o

hydrochloride, Ethanolamine hydrochloride @ Butylamine 2]
AETHAIRL HHHAE Fo1o] Table 10 UeRHQIT). &, Histamine
dihydrochloride®] H&%H 4 A = 42 3.7 2 113
ppm, Tyramine hydrochloride= 22+ 3.4 ¥ 10.4 ppm, 8-
Phenylethylamine hydrochloride= Z¥ZF 3.4 ¥ 10.3 ppm,
Putrescine dihydrochloride®= Z¥2} 4.0 ¥ 12.2 ppm, Cadaverine
=27+ 3.4 9 10.4 ppm, Spermidine= Z+2F 3.4 @ 10.5 ppm,
Tryptamine hydrochloride:= Z¥2+ 3.5 ¥ 10.7 ppm, Ethanolamine
hydrochloride= 27+ 4.1 ¥ 12.5 ppm ¥ Butylamine= 2%
3.4 % 10.4 ppmO & YeRTE

3. g8

Hpo] @A offle] HPLC #41% fIste] Z42+9] Hle| oAl oMl
TR 29 spikingdtd] #F 5L 40 ppmlE 2G5, olE
HPLCZ E43t A¥}= Table 20 YERASICE Histamine dihydro-
chlorides= 112%, Tyramine hydrochloride®= 104%, A-Phenyl-
ethylamine hydrochlorides= 93%, Putrescine dihydrochloride
+= 108%, Cadaverines= 91%, Spermidine= 102%, Tryptamine
hydrochloridex 90%, Ethanolamine hydrochloride= 101% %
Butylamine:= 92%° & UERgTh

ZEZ 0= Hlo] A ofql 9Fo] it A4, A&, A ¢
g SU% 23 B UEATR 9E Yehflon], /g3 29
Hlo] QA offlo] thgt 7|2ARE ARSE 4 US AoE 7]tk

f
)
rir
1
=
2]

)
oL
ﬁl‘
[N

2 of vol 9] obel Tk £4S 91 7]
Q72 HPLC £APHE 0]8% 44029 Hlol oAl ofl 3
.]

ol rglg

LAY

Spiked concentration

Sample concentration Recovery rate

standard (ppm) (ppm) (%)
Histamine dihydrochloride 40 448 112
Tyramine hydrochloride 40 416 104
B-Phenylethylamine hydrochloride 40 37.2 93
Putrescine dihydrochloride 40 433 108
Cadaverine 40 36.4 91
Spermidine 40 415 102
Tryptamine hydrochloride 40 35.9 90
Ethanolamine hydrochloride 40 40.2 101
Butylamine 40 36.6 92

" Recovery rate : (sample concentration/spiked concentration)x100

190 | J. Mik Sci. Biotechnol. 2016;34(3):187-191



HPLCS 0[3et SHXIZZRE BI0|QAS OfZ 2A 4L

2 ollA AkEH Hlo]AY olfl9] FF= Histamine dihydro-
chloride, Tyramine hydrochloride, 8-Phenylethylamine hydrochloride,
Putrescine dihydrochloride, Cadaverine, Spermidine, Tryptamine
hydrochloride, Ethanolamine hydrochloride ¥ Butylamine®
F 9%olgloH, EAREL A4, HETA|, A 9 g2
St 2719] Hio] @AY ofvlo] AR B = 0.99 ol
S8 ZAEo] Yoo EHHUL, AEMAE A2 3.7, 3.4, 3.4,
4.0, 3.4, 3.4, 3.5, 4.1 9 3.4 ppm, A= 11.3, 10.4, 10.3,
12.2, 104, 10.5, 10.7, 12.5 € 10.4 ppmO 2 YER}OH, 3¢=&
2 112, 104, 93, 108, 91, 102, 101 & 92%= Yergrt. waba
2 AFE Boto] He| A ofgl 9Fof gt 244, HETA, 3
oA & 38 24T A, B UEAHS ANE YEe
o, &A% 20 Hio] @AY ofdlof| tiet 7|xAlRR AME & U
Aoz 7t

Al =2

B d7e AdS AR A7 ER8 ol Askes AR
ARl SdARIc R 3 AU (AR A011300349)

J%
s
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