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Rapid Detection Methods for Biogenic Amines in Foods

Jae-Ick Lee and Young-Wan Kim*
Department of Food & Biotechnology, Korea University

Abstract Biogenic amines have been used as chemical indicators to estimate bacterial spoilage of foods, particularly fish
and fish products, cheese, and fermented foods. So far many chromatography methods have been developed to detect
biogenic amines in foods. Although these instrumental analyses exhibit good sensitivity, they cannot be used as rapid
detection methods due to the chemical treatment of the samples and the time-consuming process involved. For the rapid
and simple detection of biogenic amines, enzyme linked immunosorbent assay kits are commercially available. In addition,
analytical systems with enzyme-based amperometric biosensor detection have been increasingly developed. The biosensors
used to detect the biogenic amines are based on the action of either amine oxidases or amine dehydrogenases that
catalyzes the oxidative deamination of biogenic amines to the corresponding aldehydes and ammonia. This review mainly
focused on the principle, development, and applications of the detection methods for rapid detection of biogenic amines

in foods.
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Hlo] @AYo}l (Biogenic amine, BAY o}v]i=ite] ©ekibz)
T gdste| =t Al ofn|esie} ofn7] Ho|ukge] <
3 F2 AAEE dAsgECIt(l). BAE oFFlLE9 el
w2} & =071 (monoamines), THO]oFTlF(diamines) 2 Zz]o}y]
F(polyamines)Z =731 (Fig. 1), 318 Fxo oJslA= AW
%3} 31&(putrescine(Put), cadaverine(Cad), spermine(Spm), spermi-
dine(Spd)), =383z (tyramine(TyrN), 2-phenylethylamine(PheN))
2 38 234318 (histamine(HisN), tryptamine(TrpN)E s 4
ATE BAS A2 el A2F2], 31 2 A a3 9%
< FPH©2), AHelA AEH R NAAGEARA &
Pz, dotxd 2 R/ 59 AgIAdE JFE nRITHQ). ol
A3 A FeddE Eata AAl] g BAY f3i/del
B Utk i FHoR aFod ofF HH Al A55H
418 2%l scombrotoxicosise] H2lo] F-E2GolA FA3H
Z7Fek HisNe| o} A3 w2l A= WeRAHA fHlAM=
HisN®| F=7} off AFY vAE FoAERE &85 Ut
4,5). °19} gEo] HPAHisN, Put, Cad), L MH(TyN), FF,
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o] E ZA}(nitrosamine)?] A-FEA R0 8 7hs/do] A7I=E A
th6,7). AES 53] A43" BAS A W 527 tAlES
B3l AEHE S AXER dubdo g aA AV HAE R=
Aog AHA JoukB), HFe] BAS HAAL, AdHe=
tAkgol sk gae] ikl FAZE AAY, &5 XEA
2l phenelzine?} 7+ BA tAlZA Ol #Hostes &40 B4 A
AAE B83he FAke] A= BA AFHE A8 Aol Azt
FES = 4 AUH9,10). BAY EALS FHU AEY F7d w
2 tEA BAEI 9o ma AFdHelA e AH
HisNe| AI3Fs=E 50-100 mgkgz TH831aL 2™ (11), Nout 5
£ TyiNe| AFFFE=Z 100-800 mg/kgl 2 A SFIATH12). o]}
722 BAY =422 I8 AF W BA 4S5 98 astdA =
ZrlE 12|99 (high pressure liquid chromatography, HPLC), 7|42
ZulE2¥ T (gas chromatography) % EA 37 7] 9 F(capillary
electrophoresis) 5= ©|&3dh= £AHo] AFHATKS,13,14). T
gk BA A% vl ES] Y 54 53 BA LEAE H 717
| digh A7 JPEHAeH olE upgo g ol A7stE
AF7F AYH I UTk(1,1516). FHME B, 253, A
4 9y 5 fEvete] A% dEEsiE Ul BA 09
| gk BAAEE JgE vp Qrh(17-20). @A BA ¥4
| 2 AM8-5= HPLCHS BAS A3 Bl BF 715
st WA =sE w9 Erhs Aol o, avke] AHE B
ok ot F&, AAT B BA7R] AlZe] 28 duvks &
Aol Qith wehr o3t HHES FHE HF
F9 AL AAelM AFS A EUEHS 95
&34 BAE A ¢ e HE7led Eael 83t BA
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Fig. 1. The structures of biogenic amines found in foods.
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Fig. 2. Detetion methods for biogenic amines using histamine-specific antibody. CD-ELISA kit (A) and Surface plasmon resonance
method (B) for measuring histamine content governing antigen-antibody interactions.

Z eHEA] 7]%E(real-time polymerase chain reaction method)S- AL o] g3ste] Ao} e A A=E AFHow A3}
Hgsle] 2F U BA At nAES BYS e A7t 13 t}. A|Z7HA] ELISA 7|4t 2 BAS A&sh= 83}

iy %
lo 2

o N,
rjz
n}l r
o

= tH21,22). ©l#d #% dz}—lﬂ 71¥ke] HZE7]142 HPLC HisNell tjgt A& 7]1E7F fdslth23). ELISA 714t

o ]
oL

ol Hlal B2 o] AEE A& BHE F e S e ofe] 7] W Ee] g, HisN 5% 9
7, FARTHE ¥ %iofjrxé% &% F7H4Ql BAX o gstE diF-Ee 7Ex AAH HAHaLWY FAH
Al QAL O = = Attt AT BAS 2H Al v (competitive direct enzyme linked immunosorbent assay, CD-
o] ol EE AZ ARG BALS RUEHHE 7] 98 7] ELISA)S 7|¥te g 3l3 QIthFig. 2A). HisNS 33k 2|89
saE 2hgach Heh B 2He 34 BE 549 2o A e Fo] HRP7F HEE HisNE 41 §F, 2ste g ofe
2218 olgale] AF W] BAREE Akal BAT 4 JE AWA AWL fmsle] A% ARHl JE HRPY F2Y
NEAEY 2 ol oA AT FFS BAT, =4¢ Fol AriHo AR W HiNe P EFFHo=R
Tohe WOz ARe] HiNG w7t ¥25E PG} AT

XIS o|SEt BAHE 1= HRPHZHE HisNe| go] 7] Wizl Fo% e Zol5r, &

FHAL AFEY 7 L/\J—.—/ﬁ(exponen'ual decay curve)2 ERH

S4ZE HYEE EMHES 0I88 BA HE V= t}H24). CD-ELISA 7]Wre] HisN & 71EE &30 thge] Al
\:l

A= 52 248 4 domF HisNe| 9 BAQl A Fof st
I HAIE e fFEsitos). et HNel F8 2gdlel opd

A BA AES FeiA AE3td AEHENS 24aHY
24 (enzyme-linked immunosorbent assay, ELISA)°] TiEZo
ELISAT® &9 e Ao &4, T2 3ol FHfigh 7 21E] ALeAY AF Wl F BAd gt A w4 2o
L-AlH| o] Z(horseradish peroxidase, HRP)S S A7l &, 8§49 B7Fssith 8o B33 HisNS A& HAEE = 7P



o] @AYol A& E 143
Table 1. List of biogenic amine-degrading enzymes

Type® Source Cofactors” Substrate specificity® Ref.
Escherichia coli TPQ, Cu** TyrN > PheN > TrpN >> HisN 30)
Arthrobactor sp. TPQ, Cu** PheN > TyrN >> HisN @31
CuAO Arthrobactor globiformis TPQ, Cu** HisN > PheN > TyrN > TrpN > Put (32)
x Arthrobacter crystallopoietes TPQ, Cu** HisN > PheN > TyrN > TrpN 33)
Lathyrus sativus (Pea) TPQ, Cu* Cad > Put > Spd > HisN  Spm (34)
Soybean seeding TPQ, Cu* Cad > Put > Spm (35)
Rhizobium. sp FMN HisN (37
AmDH Norcardioides simplex FMN HisN >> Put (38)
Panacoccus denitrificans TTQ, Cu** Methylamine >> TyrN >> HisN 39)
Alcaligenes faecalis TTQ, Cu** na’ (40)

*Type: CuAOx, copper containing amine oxidase; AmDH, amine dehydrogenase
"Cofactors: TPQ, 2,4,5-trihydroxyphenylalanine quinine; FMN, flavin mononucleotide; TTQ, tryptophan tryptophylqyinone
“Substrate: HisN, histamine; TyrN, tyramine; Cad, cadeverine; Put, putrescine; Spm, spermine; Spd, spermidine

dnot available

TEH BA 29YE T delEE, HisNe| YoZHE 2F Ul
& U= AeF BRItk Kim 52 HPLC
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EM Z2XE 3Y HYHUEE 0|88 BA HE V=
ELISA o]9]e] gAgA|7te] 5 A3e-& TAshs e
2 F& urete] g dojue HETh=E Y (surface

)

A
plasmon resonance, SPR) &2 ©]8-5l= W Al/ (immunosens-
ing) 71<°l AU

T gl L
A3 FHO YA Fe] RALET}
o WslE = EHSHREFYZ), surface plasmon resonance
angle)s SHTOEN F AAEAE] AL sk ol
thFig. 2B). Li 5 histamineS AA ol 24 3}8l32, HisN &
o] T} (polyclonal antibody)ys &&15-HA] #2418 A7} 3 ppb
o] AEIAE Lo 10mM HCIE o83 A3 AYS
8 wrEARRo] stk B Elth(28). ELISAS B3] &
AX= HEIAZE 1-10 ppm FELS AASHA <F 1,00000 7HF
o] A& TS olFAe, vkl SPR AHIE 278,
AEE AXF 2gsleflor sl W o 2F A=H U
g AEAZE V|2 e FA S

BA =

kOl

LE 0|88t BAHE VI

BA 254

e uAES H|FEle] FAEELS AlelE] dopenkdS §
14 BAE 3llste] Aoy AAYoE ARE-SITH29). ©]F
St BA #3la4d] vhSAHE £A418 59l 71EE AMSE BAE
Ay ENsks A7 AL BA B EAES 28 WA

Ul wet F e 2522 v ti(Table 1). 3 152 71&
S ASIAITIHA BojRl KA FEAEA AMAE o]§3l= of
QA+l 4 (amine oxidase)©|TF. ©FFIAFSI G 4= tyrosine %719
Arbso] AR F diAFAAAH S AXHA FAAE 245-
trihydroxyphenylalanine quinone(TPQ)E HZJALZ ©|&3t= T
go] gf o}rlAkS}E A (copper-containing  amine oxidase,
CuAOx)7} thE-E-0]m (30-35), Cu*& TPQ AL 913+ whuldy
A7 Zujnkeel S8t 7158 FASTHE6). PIAEANA f
Yt CuAOx= TyrN E PheN} 752 monoaminedl| So]/dS X
©]+= monoamine oxidase (MAO)(30,31)¢} & 22 HisNell of
3l gdo] 733k histamine oxidase (HOx)7} 1.2 (32,33), 2] &4
o Feld Ehe Cadolut Putt 2+ diamined] ths 494
Hol& diamine oxidase (DAO)’} tHF-o]th(34,35). ThE 172
2E AAE ARFEAR AMEIA G olRlEr4E 4 (amine
dehydrogenase, AmDH)Z4] Cys Z7]oll FH24%E ZTHIE:
FEEEF]=(flavin mononucleotide, FMN)S R Z21z}E o]-&-3}
= ALB738)% F 7M€l tryptophan F717F S AA @
3% tryptophan tryptophyl quinone(TTQ)E HZRIAZ o]&-3l=
AGe] a4(39-41)7F &7]e EgHrl CuAOx®} AmDH E5F
Absky dobn] w3 Sufjatm 13} ofwl S drste]=e} R
Yoz Eadttl. CuAOxE A4S HAAFEAZ o] &sle] it
34 (H,0,)8 F7HHER A4 shK(Scheme 1-a), AmDH= 4F
2F o]&3A] XIE=E H,0,5 AP Xl Th W I
AgtEo] & HEQIZAHFMN & TTQY} Bf3shk= A=} th
& AXFEAE ddEojof H|2A o2 AT (Scheme
1-b).

RCHNH, + H,0 + O,—~ RCHO + NH, + H,0, (@)
RCHNH, + H,0 + A — RCHO + NH, + AH, (b)

Scheme 1. Oxidation reaction of amines catalyzed by CuAOx
(a) and AmDH (b)

BA Ealigastdol HMEME S8t BA HE

BA £33l E4E o83 BA AL TaHe-S F8l AT
= 43y AxgFEA, & CuAoxel 9% H,0, =& 433
AmDH W 28 BH217e] S SHTo=A Alg Y
& AR ol Q8 AsiEenke-S B dAEE

hud

ofh
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(A) (B)
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Fig. 3. Assay to determine biogenic amines in food using amine oxidase (A) and amine dehydrogenase (B).

Table 2. Biosensors equipped with biogenic amine-degrading enzymes

Potential Linear Detection
Type® Enzyme" Electrode  (vs Ag/AgCl) range limit Analytes® Ref.
[mV] [mM] [mM]

AO Pt +500 0.5-10 0.2 Put, Cad, Spd, Spm (46)

AO Pt +200 10-100 2.7 HisN, TyrN, Spd (50)

DET DAO Pt +700 0.7-20¢ 0.2¢ Total BA (34)
DAO Pt +650 1-50 0.5 HisN, Put, Cad, TyrN, Spd (48)

PO Pt +500 0.5-300 0.5 Put (47)

AO Pt +200 10-200 4.5 HisN (50)

MET MADH Gold +250 25-500 25 HisN (56)
HOx Graphite +50 0.1-0.96 0.07 HisN (49)

AO Carbon 0.00 0.1-100 0.1 HIsN (52)

HET MAO Carbon +250 04-24 0.4 HisN (53)
DAO Carbon +250 0.2-1.6 0.18 HisN, Cad, Put, TyrN, Spd, Spm (53)

*Biosensor type: DET, direct electron transfer; MET, mediated electron transfer; HET, HRP-mediated electron transfer

"Enzyme: AO, amine oxidase; MAO, monoamine oxidase; DAO, diamine oxidase; HOx, histamine oxidase; PO, putrescine oxidase; MADH,
methylamine dehydrogenase from P. denitrificans

‘Analytes: HisN, histamine; TyrN, tyramine; Cad, cadeverine; Put, putrescine; Spm, spermine; Spd, spermidine

4Unit for these values is mg/kg (ppm).

2belEdnkeT) g o] Fo] RhEAIZI o 2N HE= dRE o] & 05mM o5t E2 WIZEE JER o™, HPLC ¥ CD-

£3te] wkg ) HAHEE BIFEAR S5 HAEA ELISA #447¢} 5% w¥re] xjo]& eIt ¥ Yeh &
(colorimetric analysisyS AFE-3HTH42,43). CuAOxS] 7%+ ol °] DAOE °l&st 4 AHAEE £4¢ A3} CD-ELISA kit
—iyrﬁ AGE H,0,8 FE 5793171 918 HRP9F 82 ©]F 2 BA%E HisN g3l w8 5-12807F W& o9l ghafo] &g

< 24579HE o183, HRP W3l oJ3f 4F5hE 4-aminoan- ATH44). ©]= HisNol&Jo] th& BA°ﬂ M= E9S JERK
tlpyrmeol ¥ =54 (phenol, hydroxybenzonate, vanillic acid %)} = DAOY Y2 713 2"EZHO= Q5] AlE U ‘:}—E— oRIE
9 S Bl BAsE H249 quinoneimine 39 42 = o] Fego] EA AR IS L loltt, wEha] 578 ool
AetHFig. 3A). WM AmDHE H0,& AthsHA] @geu=, |- st Soldo] mlg #2 Eave e T 0}”12 i
methoxy-5-methyl phenaziniummethylsulfate®} 72 Z7F Az F oy g oftle tiside HEe] E7Fss ©dol

EZE ol gato] 3UY GARFE HFHAAGTEAR tetrazolium W 71" 2MERoe] Y §40] Aee e F4S B
salt2 AAE Adste] S formazan dyed] Fe AT AEF W F ofFl e tigk ARE AS & IAR, EAHAEE
M BaddE S4E IrhFig 3B). RAEES o839 HAE of gk AFEAL EVFssith wEtd Ao HHd gies
A2 7]7]1EA 9 H] 3 AMEE /R A i Aol H| e GAF AAsteo gt o}F 7R olelgh EF o e
WA 75t 96 well plate = 384 well plates ©|-8-3t & aao] R AHHOR ulg AgHolt. wEbA A&EH &
2 Fo AEE FA AT F de Al AUk NS Tl st BA Eallase] sfdo] g yHTh

Sato 52 Rhizobium sp.olA4] HisNel| thdl Eo]AJo] 931
histamine dehydrogenaseZ #2|3}aL, tetrazolium salts ©]-&3l= ol EiE4AE 0|88t BA HEE Hjo|2
SR o R 2] AF Wl HisNe| &S 24183 th43). 3% ol oAM= 54 dide A4
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Fig. 4. Schemes of electron flow through biosensors. (A) direct electron transfer mechanism using CuAOx, (B) mediated electron
transfer mechanism using CuAOx, (C) HRP-mediated electron transfer mechanism using CuAOx, and (D) mediated electron transfer

mechanism using AmDH.

(biological elements)E ©]-&3t] A, 3 H71H s 53 72
o] Q12 7hsg AER E"‘i%/\]ﬁ—f“:‘ /‘V\Eﬂo dA=rh4s). vt
o] AlIA | o] &EE AlsRS W2 oF 7IX]7t AN BA
S48 vho] QAN 9 @*‘13—‘5 WHo = BAR AT S)
sh= Ats sl ke 358 F4sk= A
?ri—‘@‘?i(amperometry)o] FE o|ETH(34,46-53). %

2AXME 'L} J—ﬂﬂ'ﬂ‘ﬂ o)A whAl ek A

Tr'; g2] ulo]

£ WSk 3

A S (working electrode), HA12HE &7 3}7] Héﬂ' ==
(reference electrode) 2! ﬂ%“défoﬂ"i Hsks ARSAS A%

o= (counter electrode)> 2 FAAL. AF AAZ= &, W
=, S(Ag/AgChS FE ARSI HZole 2 3o] E(graphite)
EE gaveRE 5% ARSRITH4S). Hlo] oAk ] Bl
g whalo] whet A AR Dk (direct electron  transfer
mechanism), "j7]Ao]& HAA D2 (mediated electron transfer
mechanism) 2 HRP ulj7] A7 252 (HRP-mediated electron
transfer mechanism)2.2 U th(Table 2).

A ARG S vho] QAIM ] 9, CuAOx7t 314 o]
UE Hom FHEHO e AT AEE FEAIHE &4
HEgell o H,0,7F A=A, AFHSH A= Atelo] 2
2 500-700mV Ao g <l H0,7t 0,8 AstEwA Axprt
AR A5 B AAE SA] WolEo|dA ARE
ZA k= W2olH(Fig. 4A), 7P HEAHog HEHT lE W
o] Th(34,46-48,50,51). F= 2 EA| oA &g DAOE °| &3}
o] HisN, Put, Cad AZEsl=t ol&EIon, E3d et

AEP 9= zelE EolARE, & mMolA| 8 mM 5714

t:O

BAS] AZ°] 7ksdhd, AETEE 053 mM 0] A THTable
2). oA wES njel 7o CuAOXA 735 o2l BACl Wi &
S JeiZIE AT, 54 ofle E3skA] Rghth whEhA
Azt AA FEo AA 2849 5 Aok olHS ¢HE S5
3171 18 Lange$} Wittmana N]i T2 7|dEoHE Hol:
Al FFe CuAOXE ZV7] T2 A= J—%ﬁ}ﬂ 5, Al 7H«] &l
=& SOl ARgete] B Agshl F BA & % 543
enzyme sensor arraye 7I'W3lal X|=, ’\/\] A, X F U] BA &
Aol A83FtH(51). < Di Fusco 5 ‘:H-‘vj—lﬂ_-f] BA°] s
Al fAre 84S Bole Lathyrus sativus(E-2 A1E) 19
DAOE °l-&3}o] 0.7-20 mgkge] HAEH 1t 02 ppme] HE=
£ 7= v A E AFtslslen, o]F o]&g W
W ZF opdl ] EAA7e} GC-MSE °8-3 & 0}“]
AAHTY A GATHE BAEATH34).

et o]y g A dzﬁﬂ‘é}“ﬂﬂqz—J 45 A8 ol okx
FH xHascorbic acid), & 2]FH (bilirubin) 2 2AH(uric acid)ZF 7+
o] Aksle7] & E’é"] EAHE F847e S FA 2
ok AAE opdAtg 9 7‘“”7]‘— 7c}§}9} WMl nitrosamine
o] A AsE 8] ok=IBske Hul 500 mgkgZHA H7FE
T A AR AT O}UJ"‘_@}PL/\ 719k vlo] 2 AIA A BA
FaEel B vk Qths1). ol2fgk FAIH-2 wi7iA] (mediator)
ARt AR e HSkRlelA H0.5 ER AT
HJ'N_E oﬁﬁal- 2= o] . UH7HZ'ﬂ§:C

phenoxaines <

E A= A

E Z

=z

ﬂ‘

1o

&

e 2 4

ferrocenef+=A|, prussian
AHE-E| ™ (45,54,55), $H
17194 Akstd & A5

blue, ferrocyanides 2!

o] wjAlE HOZ
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S 2HH ﬁx}% WOwHA ThA] 3He] Fo =
o BAse AREFS S5l BATHS SATH(Fig. 4B) uf
MAE O]Q‘O}% 9 L75E AAAE AHA
2pde w2l Bs) ‘%L#EE AE Y SAsks 29 2tslo)
ot BA A& HEHE &Y F AUThS4). ol HEoA
oAbl AR HE] AAHE HZOZ% 7142 AMEsh= HRP9} %
< o|F & olFaAA Y HES PTG 2] Hio] Q AlA
LFEE AEST AGAST Akl AYAEE 50mV ©lstE
2 Ath49). H0,9] e Sk 28ty HRP= wi7HA|
o] o3 PR AL, vAE AFL2ZRE HAE W
olEo|HA AFE HAAZITH(Fig. 40).

AmDH®] 74 H,0,5 A4sA ¢dornz, BASl 2tshikeS
Zn3l 31y aAE A5y 3315:% A8ks7] S8 HAAEA
2 A1y miAE ARSsh, SheldE UH7HZﬂ7]' Al ksl 24

oA Mzt AFom AGHEA HFE FAATHFig 4D).
AmDH®] A& o= Paracoccus denitrificans $312] methylamine
dehydrogenase(MADH)7} 4319, 4ksla wi7RAQ1 ferrocyanide
E AHEEE Hlo| A E B3l h1stam1ne°“~— S48 Th56). L
2L} MADH®] HisNell that =& K, 7k(. 6mM)_E 18] The
Hlo] QAIAEol| M]3l 2 T ]"1 AEHIE e o,
N 7]
9

=otes =i, o

O

o] <lsfl A 2% Wl HisN A=l 1430}71011 HAIZE A
t}h o33t @S FEE) Yl HisNell tidt K, 7ke] 4008}

olstz s}zl WolAl HAE ALSLET) o)F o] LA

A-g3te] 7]& MADH Z-8Ax0) gl of 3u) 7lke] A&
ZAE TEIITHSS).

e oF

BAZ Xz, ¢l A, &AA], B4 T FAE o3 LR
A& AXE 2FET oyt AAF, Y, SFeF 22 v
B AFFNE EAE AF W BA 294 dig #YE &
Ao g AzFH P FeHgolr A& thFe AEE B4
stal Aol dist A TYEH 7ol 2HL) ol ¢l BA
EolgA 9 BA HIEAE o]83sh= BA HE 2 A 7]|&o]
=3 AT HisN §o] & 0|83 ELISA 7|1Ex 83}
Hom theFst 2)Fo 14%311 AT 2kshA golnwenkg-S
Erfjete ofRlitslE A= aﬂlﬂt&&ﬂ ELISA *4011 H] ‘H cheF

3 BA B4 AHgH 3
o) sladiige] ofs) @—61% CaE aages ool g
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