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Abstract

Biogenic amines are synthesized by microbial decarboxylation for the putrefaction or fermentation of foods containing
protein. Although biogenic amines such as histamine, tyramine, and putrescine are required for many physiological functions
in humans and animals, consumption of high amounts of biogenic amines can cause toxicological effects, including serious
gastrointestinal, cutaneous, hemodynamic, and neurological symptoms. In this study, a novel amperometric biosensor was
developed to detect biogenic amines. The biosensor consisted of a working electrode, a reference electrode, a counter electrode,
an enzyme reactor with immobilized diamine oxidase, an injector, a peristaltic pump and a potentiostat. A working electrode
was fabricated with a glassy carbon electrode (GCE) by coating functionalized multi-walled carbon nanotubes (MWCNT-NH,)
and by electrodepositing Prussian blue (PB) to enhance electrical conductivity. A sensor system with PB/MWCNT-NH,/GCE
showed linearity in the range of 0.5 £M~100 £M hydrogen peroxide with a detection limit of 0.5 x£M. The responses for
tyramine, 2-phenylethylamine, and tryptamine were 95%, 75%, and 70% compared to that of histamine, respectively. These
results imply that the biosensor system can be applied to the quantitative measurement of biogenic amines.
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Biogenic amines(BAs)< %+ Al &l A ojn|i=ike] g4F
Gebik - e dls| sy AlEY] Heo] whgo o3 A4
He AR AAsRHES Dt 2H7e] BAsE ol
A AFA ZHE Ak 3, 7 2] whe} A= BAs(putres-
cine, cadaverine, agmatine, spermine, spermidine), "< BAs
(tyramine, phenylethylamine), &8 =12] BAs(histamine, tryp-
tamine) 522 /T F o, AW BAst T A 2
Fo| Huj X% EARZ 0|81 TiHalasz et al 1994). 2
= Zoll EA%k= BAseE T2 T A S 53 2] Fe] Hu
g - S ZPeA getat B4 G448 7R mAEo|
ol WA Ten et al 1990). 2=l e X =, 2A1A], <}
Ql, A T HE A F thEe] BAsvl HrEo] el

h=3
HuEal, sy = |94, 1, 44 3 F7 5o ¥E
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Aol v g AFET B2 BAs7F 5o o] Bl
5]910H(Shalaby AR 1996, Chae er al 2005, Eom et al 2006).
o] AEFo R A= dvrE]l 52 BAsTE Al
o ZA3F= mono-/di-amine oxidaseol] &Jdle] E&EA3} o
o] QIAlol =45 YehiR] o, o JAHA e 542
d 4= Q) A1E HJH 2 Q1% histamine 54 5739 -
o] ;Fout =], BA|, Hojg] o Ade AHHAE
U511 7] W] F-of histamine 412 ‘scombrotoxicosis’ &}
22| ™(Taylor & Eitenmiller 1986), 3|59} A&, d&, 4l
ol theFgt S48 YERAT] Tyramine2 AW 2 45 o]
norepinephrine®] #H| & A=3tn o FoS Fst=d,
7k ==, A
31-8-%9] tyramine
H 315 tHJoosten HMLJ 1988).

upebA] AA ek J4 882 et
<, Pl=¢] FDAE A9} 1150] 5 #d ofFoll gt his-

tamine2] 4] &84S 50 mg/100 g ©|3t= AH 8] =k,
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EUCA & ar5ojzhel ozt 5 2 Foll il 10 mg/100 g
olstE TrAlstaL loH, AWM= = o) F B o F AlF

o thall 200 mg/kg ©let= T8t QUrh wEH 01_@_0]]/\11—_
A& g 2 Fof U3t histamine 2 tyramine®] A7 714
‘BAEFE TPgsta ok 28y FeuEtelA = oF# BAs

of gk A& &18%Fo] A ] o A 318 =
A7t o2l 7k Amek 82490 BAs w4 R FHel &
THE

BAs 2ol = gas chromatography$} thin-layer chromato-

graphy, high performance liquid chromatography, capillary elec-
trophoretic method & TFU3l Wl o] o] 8511 9lv, AOAC
NA= Fol& w Ao g Fe]g vty o-phthalaldehyde
2 f=Al 3] FFAE7E A8 T (post column)
WhHol AFEE 31 9t} 121y chromatography= 4] 23}
7} Z &g v Algo] AAErF BRbeta 71 EAA 7] &
7] Wiz Zeole et AAR A& 24
s e 7HH‘6}71 A& A7} = 2 ) Hista-
mine®] 214 HAES 913 Tl A FEF o] 83 ELISA §

o] AF= 2 (Guesdon et al 1986), monoamine oxidase, pho-
spholipase D, choline oxidase 52 AU 4& 243 o] &
sto] BAsE TAIRt] HEsH7] 918 vho] 2414 7] o
3 AEo] B gick(Karube et al 1979, Karube et al 1980,
Botre et al 1993).

B oA += diamine oxidase©l 23| OLH]‘ET] =9} oy
o, ksl AR Ha)H = BAsE Bt A&t s
HAEsH] g8l A714 AxAo] s 740 &2 car-
bon nanotubes(CNTs)(Frank et al 1998)2 ©|-&3le] 2 A=

= xﬂZ} stslom, M52 Hes tS dAI717] flall CNTs
71%53kste] o] &38tAt}. w3t diamine oxidaseS 1174 3}a}
o] EaNk7IE ARl A= aaker], A7) AE71E
o]-g-g vlo] QAN Al 2~El-E FE3to] BAs7t el o A4
He L] weE 7Aoo R ST o 2N BAsY
TEE A s g vl 9Allx o] dejet Al aEle FEe)
RO (Fig. 1), & o|&3dt] WEF= BAs?! tyramine, phe-
nylethylamine®@} 38| Z3.2] BAs®] histamine, tryptamine2]
o s =335t

DI
{ )C

Fig. 1. The reaction of BAs in biosensor system.
(BAs : Biogenic amines, DAO : Diamine oxidase)
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1. AleF & 7|7

Ao Alg" MWCNTs(multi-walled carbon nanotubes,
C-tube 100)= CNT Co. LTD(Incheon, Korea)ol| 4] 1353

3, A AFo 2 o]8-H glassy carbon electrode(GCE, CHI
104)= CH Instruments (USA)Z5E TY3I12H, Ag/AgCl
reference electrode(K0260)< Princeton Applied Research(U.S.A.)
oAl YT} Histamine, tyramine, phenylethylamine, try-
ptamine, diamine oxidase(EC 1.4.3.6, from porcine kidney),
glutaraldehyde, glass aminopropyl(500 A, 200~400 mesh ave-
rage pore size), bovine serum albumin< Sigma(St. Louis.
Mo. USA)ellA U3t} FIA system 7-4-2 913} peristal-
tic pump(IPC-N-8)<} tygon tubing Ismatec Co.(Glattbrugg-
Ziirich, Switzerland)ol A T3l o™, A7) 38} w132 =
3t7]1 $J8lA] Potentiostat/galvanostat(model 273A, EG&G,
USA)E o &3t

2. MWCNTse| 7|=st 2 FT-IR &3

MWCNTs®] Add-& @dA1717] $lsted MWCNTsE 7]
3late] o] 83199tk MWCNTsS] 7]58H= Santhosh et al(2006)
S} Kim et al(2009)9] Y& gl Al DAl DA A

3HATh A DAl = 5.0 g2] MWCNTsE 100 mLe] 60%
nitric acid®} E3Falal 1A17F B9t 253 A elste] E4kAR
o2 60T 3T)oA 24417 873 F Aoz Wasta
polycarbonate membrane(0.2 #m pore size) 22 ]2}t
AV SRTE pHZF F790] 2 7R AlF e, 11E A
Z719llM 60T= 15413 Bt A2AIZTE F HA Sz
%% MWCNTs 1.2 g% thionyl chloride 20 mL$} £33
I 1A} R 2 S, o 33F TS tetrahydrofuran
(THF) .= o2 Zpe AlH g F Axsisit). vpAet DA =
0.14 g2| poly(ethylene glycol)bis(3-aminopropyl)= THF 30
mLe]l &3l3laL, o7]el] o] ©Al A 1xE MWCNTSs 0.5
g2 H7kste] 60Tl 24413 F1F SHF-gh tha o3, w2l
sto] 2 Ax7] Az MWCNTs®] 7|53k
Q57| 9J5ke] FT-IR(Spectrum GX & Autolmage, Perkin-El-
mer, USA)& o] &3l 2} TAA 71%57] 8¢ ¥sts =
stk

3. &inFel A
2} =2 GCE®ll 7158k MWCNTsE F-2A171 D}%
28} - 2 F3F vl 7| A 2 prussian blue(PB)E Z® 5l P

MWCNTs-NH,/GCEE- A|2}slit. MWCNTS-NHz/GCE‘:' A
Z¥ MWCNTs 10 mg¥} dimethylformamide 0.25 mLE &3}
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sto] 1AIRE B9t 25uk A & oA 2413 A= A
S Aol E4IA7] TR GCE E¥ol] 124 ARk 124]
Zb ol 1z - 1AAA A ZSIGIT PB 2 MWCNTSs-NH/
GCEE 2 mM potassium ferricyanide®} 2 mM iron chloride,
0.1 M potassium chlorideE 10 mM hydrochloric acidol -3
3k 8-dol] 0~1.2 V, scan rate 50 mVEZ 303] cyclic voltam-

metry A2]& 4714 FHPE ol g3t ATl ek

4. 228tE7|9| HIE}

F 29l diamine oxidaseE T2 HHOE glass beadsell
a3 sle] a4Hke7]E AZFsIAT). 0.1 M phosphate buffer
solution(PBS)(pH 7.2)& ©]|-8-3}d 5% glutaraldehydeE A 3=
3k U2 ©| & glass aminopropyl 0.5 g} Egalo] 2ol A
SAIZE Bet wukelTth 2F5h= glutaraldehyde S A A517] €
ot SR Ak AlAskaL, vl PBSE AHEE F 5 mL
PBSell ©7} 30% &<t W7l A A|A1Z ). Diamine oxidase
15 unitsZ- glass beadsol] 3 7}ake] 4T A 24217 FoF Wk
AlA}. §47F 1793 glass beadst 32 SHFZ 3
AZ sl tA] PBSE A H 3 th A2 %k glass beadsE tu-
bingol] |$-3L 0.1 M PBS(pH 7.0)= %213} & tubing®] &
E& A Fol9 nipple® Bol 420371 E AlF it
FAag7lE AMESl7] A7 4T W Basisich

5. Hio|2MIMe| T4

HEE 213 flow-through cell-> AHAFAZ A A2}t
PB/MWCNT-NH,/GCES 29 A=2.2 AR&-slal, Ag/AgCl
T} platinum(Pt) wireE 7| A5 4] AF5o=2 742} AL
S}t Flow-through cell 2HAl| A|2ksle] Al A=o] nzA|
A& F A= 2 248k om, cell Yol carrier’} 3 mL
FEoR B} FAEEE §52 2HsTh Alm 24S 9
S} flow through analysis(FIA) system-2 syringe roading injec-
tor, flow-through cell, diamine oxidase & AWHg-7], peristal-
tic pump, potentiostat(model 273A, EG&G, U.S.A)Z T4 F
Ao, Fig. 29} o] uix| =] et ¥k Hlo|E= Model 270/
250 research electrochemistry software 4.30 program< ©|&

sto] AUt

6. Hydrogen peroxide?t BAs A|Zof| CHel 242 M7
£3

BAs®} diamine oxidase”} ¥H3-3ted A== #HF 4AHEQ]
hydrogen peroxide®] HE%55 &<13}7] $I5le] hydrogen per-
oxideE FE=ER FYste] AYAT9 Jo& dFsIith
Carrier?] pHell W& 7+ HAFe] A715 =4dte] HA
pHE 3t BAs 3% &9 wEEE FYdte] o] of o}
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Fig. 2. Schematic diagram of the biogenic amines biosen-
sor with flow injection analysis system.
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1. MWCNTs2| 7|55}

CNTE =2 A7HTA, 38k A, il
A 7Y%=} Young’s modulus 5 S553F 42 E Q13
H ], st

A
2g

b3 Qe AaARA ), PR, wEd, 87 2 98
3 1%

7]

2005), CNTE W13 A17] =2 ©]-8-3lo] dopamine, ascorbic
acid, uric acid 5 18] 7] 4EE A&E3] A3 AT
o] B1% At} (Zhang et al 2005a, Zhang et al 2005b, Ru-
bianes & Rivas 2003). & AToIA % 7] dEAo] 43}
o Y Aol £ MWONTsE 2l 2 A3S Alzteision,
MWCNTs®| A5+ HS EA717] $18te ol & 7538k
A A&t MWCNTsS] 715538k FT-IR 32 £3)¢]
stk Al dAS] Az g S Bl MWCNTsel| ofrl
717F ===, A A= A E 3 MWCNTZ}
absl - AA S AXA Fk 4abAE] Al MWCNTsS] &
ol 3lebd o 7 2kslE A —COOH2| 7]%57]7F =95 o
carboxylated MWCNT(MWCNT —COOH)Z 92 4= 21tHDues-
berg et al 1998). FT-IR 5785 53l MWCNTe] 2kxg] Al
1,730 cm ' oA F5 ~HEH ] 537} Z7EE Ao
Z Yeht} —~COOH 71%5717F EUE NS & & dlon,
3,400 cm ' GelA = O-H Aol <3t v=e] A 27}
£ = T UUthFig. 3). F HA 2 x= MWCNT-COOH
ol thionyl chlorideE A 2|3le] 7}28-247]9] slo|=E417]
£ —CIZ 2 gksl=t], o] 2L amide A3 =517 $3l
AR SAIE MWCNT-COCIe] @AET) Al Haj whA|ol| A
MWCNT-COCIel| oFR1715 gk Aok A 2fahd Z2AalEol
ol1717} =<1% o] amine-functionalized MWCNT(MWCNT-
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(a) bare MWCNT,  (b) MWCNT- COOH, (¢) MWCNT-NH,.

=

o 2
s 4=

NH,) 4 9tk FT-IR 232 %3] MWCNT-COCIe]l
poly (ethylene glycol)-bis-(3-aminopropyl)E *2| A] Fig. 39]
(€)1 <F o] 1,107 cm '3} 1,051 em ' G oA C-N stre-
ching vibration®l] €%} peak7} UERE A 22 Hol MWCNTSs

o oh717k EYHNEE FAG F A

2. GCE2} MWCNT-NH,/GCE, PB/MWCNT-NH,/GCE
of gtE Hluw

frelea A=(GCE)# 1710l MWCNTE &< A2t
Z(MWCNT-NH,/GCE), MWCNT-NH, 9} PBE %% 9]
=(PB/MWCNT-NH»/GCE)9] cyclovoltammetry RHg-2
ste] o5 AT A5 vl walth PBE I 553 cubic
T-Z& 9l3te] 91FHQl peroxidase® B T EFH o7
Fikstriae] BellE Suidto s Hot wE AR7e Wt
& =3sk=d 83tk Fig 49 2= U SR E B3l
zF A=5e] Hd A8t AR7E vebde Ad 21%1€F 0.1 mM
o] Fikstras 791 Al vehe AR B F s JeEhd
ok Al =0 Ho Akst AR7F vehve Ak A4 g2

oy T
SRS

(]

Al vebskom], Zhzte] Sl A9 0.1 mMe] Hakse
% 39 A, GCEE #3107k oF 9 nAS oFg A
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Fig. 4. Cyclic voltammogram with successive addition of
0.1 mM hydrogen peroxide.

(a) bare GCE, (b)MWCNT-NH,/GCE, (c) PBIMWCNT-
NH,/GCE.
Z712 JeElI9l o U, MWONT-NH, S £4]3F A=e 3

°F 150 nAS] 215 5718 BlaL, PB A2lE & PBIMWCNT-
NH, A=& 2F 300 nA 522 GCEl Hla) 308) o4 =
& el T4 ARe} A2 A vk el B3,

PB/MWCNT-NH, A=-& #3229 A5 5204 GCE H]

LM W
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& 758 ©]de AF A=E HAt)h ulgbA PB/MWCNT-
NH/GCE A=o] AR S 7P Agss 421 5 3
Atk

G, —0.1~0.1 V F-Zol|A Iibslreaao] Aol 4hsbd R/
7F Yl 2 Ao E —0.1 Ve AL E o] &35
etrEa S Al IsEAe] AkskE flaE nH Y E A
L3 H=d), 0.6 V o]kl A QoA+ ascorbic acid £
Edo] o] slem FAld AsE dojut AR/ Sl
WS = ¢ 9B F(Karyakin ef al 1994), ¥ A |A =
A8t H9E —0.1 VE B3o] el E49] Aksld oJg &

4 AR RARTE FoluA Sk

it

3. BUTTo| BMSSL0f Che UST 24

BAs ARl T3 Whe Z4o] A AF 2% o B4
Q) ThtEde] Ui Aol 764 B4 Bajel Ael
1% F5HE BSA FRFLE FEER FYs
92w Vet 45 ARe] A9 Fig 5ol Vehigih 3

oA oF 7=0.999] ¥ AL YEen, HE e
0.5 ptMZ Z4= 2t} Phthalocyanines= 3}8H% o2 W3}
AlA HFE voltammetric electrodeS 7| %2 3}o] BAsES =%
3t Rodriguez-Méndez et al(2009)2] AToA = A& AL
3k carbon paste electrode(CPE)®} screen-printed electrode
(SPE) electrode®] A% A7} 242}t 4x10™* mol/L9} 5x10°°
mol/L& UEhY, & dAFollA ARES H=2] A= AV Y
T Ao 82 UERsiT o] At H]Fo] & uf 2 A
A AERE A2 BAsE S46H7] $1& nlo] oAl o] A=
712 AMgSl]ol| FEe o ik

350
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Fig. 5. Response current of hydrogen peroxide to prepared
electrode.
Experimental condition: applied potential, —0.1 V; flow rate, 2.0 mL/
min; background electrolyte, 0.1 M phosphate buffer (pH 7.0).
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4. Carrier2| pHoll 2 2 ®

PBS7} diamine oxidasefoll 7 &
AH(Padiglia et al, 1991)°]] wal, 2 A& = carrier £
dloZ 0.1 M2 PBSE AH&3519aL, A2l pHE &7 9138}
o] PBSS| pHE H3}A|71H 2339t} pHY}F ©}2 PBSY|
247} 5 pMO] histamines TH3AE W YEhbE /S 7]
F9 =2 319 tyramine, phenylethylamine, tryptamine= <3}
S W AR = A AR/ 2715 ¥ w3 thFig.
6). %+9§ diamine oxidaseol|A4] pH 7.2, 37ClA] 1M pu-
trescine= AFSHAI7| = A0 g 1 wnitZ A ]3tal 3l%o]
diamine oxidase2] 2 pHE S 7t} 23y PBE 7]
22 3 A5 i SAHET @S pHollA g Ado] ¢
581 YR 9Joi(Li et al 2007, O’Halloran er al 2001),
Fao] HA pH HF9] HA pHE I elste] whgol
ARS8 carrier?] pHE 27 stolof gt & Aol & A
2 5 ¢M histamineol] tH3t H=9] W2 pH 7.0114 oF 24
nAR SHEAIL, pH 6.6°14 = pHRI 729 AR =54l
°F 19 nAR UElstom, pH7} o Yol A Fopd 45 vk
9] A=e gobxrh o] 2= diamine oxidaseE ©]-8-3F
o] @ AlA 9] AT A Botre ef al(1993)°] H.udk 2 pH
ol 6.0~7.03} Wimmerova$} Macholan(1999)°] X 113+ 2|4
pHS! 7.0~8.03} A 2L, Yano et al(1996)°l] 2]&l X
3" 22 pHS! 9.03 oFzte] AtolE YERl=T, ol A
=] Azt o] &H Edoly Alg ol wE zto] w7l
Aog AtmnHH, & Afdie 4 % A59 S
A el sted pH 7.09] 0.1 M PBSE carrier® AM&-37] 2
A7tk

H| @

sittn B3 A3y

o

-

o

o I

¢

Current {na)
=

h2 [k 7 T4 kL)
pH of 01 M potassium phosphate buffer

Fig. 6. Response current according to pH of background
electrolyte (0.1 M potassium phosphate buffer) with injec-
tion of 5 M histamine standard solution.

Experimental condition: applied potential, —0.1 V; flow rate, 2.0 mL/
min.
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5. BAs AlZ0f| CHE M=o &8 R/

ko)
tamineS FY3H S Wl SHE HAFE Fig. 70 YA
BAsl thgh d=29] w22 BAs® o
B ghel 71Ave] Bke AIZE G40 &8, 55 3 A
AE Il 34 Aol kS W] ufjitol] Uukz)
2 INEFAE EYA 3 & T
o] §hg-& Hol=d|, & AN x 7]Hof gt vhg-2 ik
Shrazel] tigh Whg-E ot B et MWCNTsE o] 8¢

o
il
N
2
e
i
=)
e
i)
W
lo
_l
M fo

Current {na)

ﬂHistamine c%ncentrationS(uM)

25,00

20,00

0.00

0 20 A0 60 20 100 120
Histamine concentration (k)

Fig. 7. Response current of histamine measured with the
working electrode.
Experimental condition: applied potential, —0.1 V; flow rate, 2.0 mL/
min; background electrolyte, 0.1 M phosphate buffer (pH 7.0).
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BAs &4 vlo] 2AlA ol tigt ds A57F ALl glo] A
£ Hlwaly] olfHa, dFolu AMEE B4 T 2ol &
2 AulF Q] vl ws E7Fs3HAI R Carelli er al(2007)2] AT+
oAl FIA system©l|A] histamineS 100 MZ FU3AS
wl °F 14 nA 79| ¥kgo] YElgtia BaEo] & A3
A Az who] @ AlM 9] 7R (eF 22 nA)7F F T =S A
o2 Yepydth AF AV YEhve = H9E EH A
Fxol 1~10 sMI} AR o2 3%%EC] 10~1000 £Mo
A ABAAF7E 242 0,949 1.000. 2 YERGT Horseradish
peroxidaseE 117 3}3} 1L saturated calomel electrode(SCE)<}
Pt A& o] 83}] BAsE =733} Castilho er al(2005)2] A
Tl A= 40 to 470 ng/mLoA] AFHAE Ao, A= 3

A= 17 ngmL2 JERY, 2 AelA] Abgal e] el
A7L E We WA Uehtn A% $5a How

Holxih

BAs & % tyramine¥} phenylethylamine, tryptamine<> his-
tamine BT} Fojd oz e FFEo] s YRt
(Table 1). Tyramine©| histamine ¥F-8-2] <F 95% H == 717
=7 S ER e, BAse Fol wet tha 2po] S BEojth
Phenylethylamine-> histamine®l] ¥|3ll 67.9~88.6%2] *JthZ]

0] 7H$ =2 WY, tryptamineS 65.6~83.1%2] ZthA <l 7+

o

ol g} o] BAsel 7} 71 8ol whak 7H-8o 2ol 7}
Hastgich AAHoR B o B Ajelx AWdH
o|% olg3le] A wlo] QAN Awle] e HE A

o (2 %0
44 do
P o

=

e 579 WS FEE Uehiel A%sa A BAs
g P& o188 F 9 Ao JuHd ¥ a7

M= BAsE S48t7] flsl 7= 0] $F MWCNT

o olI71E =dat] 7idsta PB - 98 A% A5

Table 1. Response current of histamine and current and relative response of other BAs (tyramine, phenylethylamine, and

tryptamine) to histamine

Standard solution  Current for Tyramine Phenylethylamine Tryptamine

concentration histamine Current  Relative response Current  Relative response Current  Relative response
(M) (nA) (nA)  to histamine (%) (nA)  to histamine (%) (nA)  to histamine (%)

4 8.62 8.49 98.5 5.92 68.7 5.37 62.3

8 11.27 10.55 93.6 7.96 70.7 8.89 78.9

20 13.38 13.01 97.3 11.85 88.6 11.12 83.1

60 18.00 16.99 94.4 13.79 76.6 12.77 70.9

100 22.56 21.51 95.3 15.33 67.9 14.81 65.6
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AzstRom, E48 nysteto] EaNtT|E Ao

A Bl LAY Aelsh A zElE TR, AlxEe] 7]
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