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Anmperonetric Biosensor for H stam ne Determ nation 1.
Technical Field of the Invention The present invention

WO edoatie®44 0 an anperonetric b| osensor for the PCT/MY2008/000019

determi nation of histamine, particularly in seafood
and fish tissues. 2. Background of the Invention

Seaf ood and fish products are _inportant for thei
nutriti onal AlRenemgtrie Blogensas for; t%ﬁm’ter;R@P’f%ﬂaé‘ﬁBI

trade and forei gn exchange earnings for a nunber of
countries in. the world. Unlike other animl products,

t he 1gual iTteghuicaki@aldaithadavdution products are nore
difficult to control due to their variations in

speci es, sex, age, habitats and the action of their

at ol yti c TeBZyERS: (YRAMERPRIates20 % - aﬂﬁ’b@oﬁa@ﬁfﬁ' §109<f,nsor for the
hi st am ne have been suggested as rapid seaf ood

f i sHetproideitiesoiiighmanpe pamidiledy or seafdvs] @de“tshaissqes 1996
Tonbel I'i and Mascini, 1998; Patange et al., 2005).

Hi stam ne was observed to accunulate in seafood and
.fisgh tig@@gﬁ@ﬂhgmfmgghﬁ@hﬁoﬁp0|Iage commenced duri ng
storage of products (Male et ah, 1996) w t hout.
altering the seafood and fish nornmal appearance and

e R

Hst Ak BS itth SEiafenaioafitrddesdhd FoRARC tschah e édinfbe &r a number
demand by the food jndustry in order to estimate the

pr odfiggruaitiasds fihe world-Datibarpher axiaal @rqc}ugtSeﬂreemab%gf seafood
bi nﬁdnﬁ%ﬂ oﬁroﬁﬁ&? B %8re%ﬂ%‘b%&t tb‘lc { e;ﬂlfe% [hattlglgs in species,

resplra cardiovascul ar, gas roln
haesem} ape Giabiadis endrtieodctigh edthedy sittelytiardzmes Qk'annga);ral 2002).
t he_cour se f al |l er nd causes reaction

hy pBRGFEPIs 9 ¥ bistinr %@ve %eatrsalﬁ% e%rﬁal’]idﬁﬁaéﬂa %égémiucfs

spoilage indicators (Male et al., 1996; Tombelli and Mascini, 1998; Patange et

al., 2005). Histamine was observed to accumulate in seafood and fish tissues
when bacteria spoilage commenced during storage of the products (Male ef al.,
1996) without aliering the seafood and fish normal appearance and odor
(Lehane and Olley, 2000). Therefore, simple and rapid techniques ‘for
determining the levels of histamine in seafood and fish products dre in great

demand by the food industry in order to estimate the products freshness.

Histamine exerts its effects by binding to receptors on cellular
membranes in the respiratory, cardiovascular, gastrointestinal and
haemotological immunological system and the skin in the course of allergic and -
causes reactions such as hypotension, flushing, diarrhea, vomiting and headache
(Lehane and Olley, 2000). The symptoms may vary between individuals
exposed to the same dose of histamine in contaminated seafood and fish
products (Bremer ef al., 2003). The US FDA international food safety
regulation has quoted 500 ppm as the hazardous level of histamine (FDA,
2001). However, histamine is generally not uniformly distributed in a



(Lehane and Al ey, 2000). The synptons may vary

bet ween i ndi vi dual s exposed to the sane dose of
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(Brenmer et al., 2003). The U5 FDA international food

safety regul ati on has quoted 500 ppm as the hazardous

| evel of histam ne (FDA, 2001). However, Mstamne is

generdecbyposed fish ((ehahey 2t OllleybR@G R adédonipbsetbre, guidance

fish _(Leh and | , 2000; DA, 2001)...Th f ,
gui GAHER. S u@ ot %@%Bﬁ*nsﬁfaﬁs She RO et ) end fish
H‘S?%B%gé ?P%(g gﬁzaléﬂf%ﬁtéﬁﬁle%) P98 - onkfse@tbPOMe seafood or fish

ne is in one section of the seafood or
fi sh tissssuthere ishey possibilith éhap otterr bedtiony malyaxcesdh®l0 ppm (Lehane

sections e 5 Lehane and | e 2000: . . .
Foa, 2802500, PL0S o adoBhd e ERTH SRIcES oot Wit histamine
hi st ambRetRPRYE! drbaloniiea ot BeiRb 6011 Bbt REndd @hshapheh (Gigirey
sold for human consunption (G girey et al, 1998).

Severeabl. nE¥Bdds have been proposed for histamnne
detection such as the routine chronmatography anal ysis,
whi ch includes gas chromat ography, thin layer liquid

chr omat ograaphil metvas Bek Rleapeoddsetifcd hiduralimidegaphyuch as the
l'iquid chromat o%r aphy with _pre-col unn, post-colum or

on- c PR SROMARATERY BrplYss hWhj&]aeiﬂalﬁéqu i2gh Presdggephy, thin

l'i qui : t i d+Bi {4 i .
10 o g6 1k ART SR AUt R g, RIS Shoprephy, lignid
Mas Cichiomat&@8phy Mdthe pes-coltines @osedohans drequicoRmn derivatisation
conplicated and. expensive instrunents i((o‘,ﬁl c reagrelgﬁg?mewsh

ti me ICHREIRPAE DighaPrasare i phyepatagranhy (CPAmettig

anal ¥§b6. Pk §0t 399&0@@’&?4?9@,%@&111 eall MAiAN%998). However,
requires a trainéd personnel to carry out such tesfs.

An artipse onghodscregyist eomphsdal anl sxreasive pnitnweants, toxic reagents,
el ectrodes woul d al | ow t he rg]g ct.ion of |Slr§pa]% to the complex
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sample treatment and requires a trained personnel to carry out such tests.

An amperometric system based on screen-printed electrodes would
allow the production of simple, inexpensive and portable devices for rapid
seafood and fish product freshness and spoilage determination. Amperometric
20 biosensors measure the electron flow of the oxidation or reduction of an electro-
_active species. The steady state current is proportional to the concentration of

the electro-active species. In the field of enzyme electrodes, the most widely use
enzymes are oxidases that produce electro-active hydrogen peroxide, which can
be measured by a current signal (Willner et al., 2000) or direct electrochemical
25 communication of a substrate with the enzyme. Amperometric biosensors have
been found to overcome most of the other types of biosensor disadvantages. The
amperometric biosensors can be operated in turbid media, have comparable
instrument sensitivity and are more amenable to miniaturization (Chaubey and

Malhotra, 2002).



seaf ood and fish product freshness and spoil age
determ nation. Anperonetric biosensors neasure the
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el ectroactive species. The steady state current is
proportional to the concentration of the

el ectro-active species. In the field of enzyne

el ect zodes, g\ lihgafPst M IdsLYiidise enzynes are oxi dases

t hat produce el gg?ro actlveuﬂidrogen per oxi de, which

can be nmeasured by a current signal (Wllner et ah,

2000) or d ect electr communi cati on of

substrate f he Pﬁ@%?&ﬁ& ‘grf]&‘f?‘ﬁéﬂr%gﬁ%& Wemi:ﬂno@e%&dg a simple and

have basd ahehdndilc WERAQTEWIRSH is taphhle RIREEMIYRE $hO reshness
blosensor di'sadvant ages. The anperonetric bi osensor's

can bendpraikigedt $qaquqlra@|dd"18h@m<i>@ctsrba«®t@mag &l levels of histamine
i nstrumen [ and are nore anmenable to

ni ni at ut aﬁéﬁ%gﬁf%éﬁ l%éy and Mal hotra, 2002). 3.

Sunmary of the Invention It is a primary object of the

present invention to provide a sinple and rapid
anper onet r s Blsegabisct ofifhe orespat m%mv@@néo pfovide a minjaturized and

Fi sh BPoTR iR A ARERER e AR R} ORRS b BRLAR AR tovels of
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the present invention to provide a mniaturized and
sensitive anperonetric biosensor, which is capabl e of

det er m ni ng Lhe, |o§j\é§t! §f et oﬂgés%hﬁmvgﬁw 1sst§ rGQiQe aahn&)nvement and

fish tissues under eration vo
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conve nt .and afe met hod, for determ ning the |evels
of hlg?g Q?RQH TB5E Hbaens “?%gﬁs@ﬁggﬁes that can be

performed in non-laboratory settings. These and ot her

objects of the present invention are achieved by,
These and other objects of the present invention are achieved by,

An amperometric biosensor for histamine determination comprising a
working electrode, a counter electrode and a reference electrode, wherein the
working electrode is a screen-printed electrode, characterized in that diamine

oxidase is immobilized on the surface of the screen-printed working electrode.

An amperometric biosensor for histamine deter.mination comprising a
working electrode, a counter electrode and a reference electrode, wherein all of
the electrodes are screen-printed onto a substrate, characterized in that diamine
oxidase and potassium hexacyanoferrate (III) are immobilized and

electrodeposited on the surface of the screen-printed working electrode.

A method for histamine determination, comprising the steps of applying’
a sample suspected to contain histamine to any one of the biosensors described
above and measuring the current to provide an output signal indicative of the

presence of histamine.
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electrode is a screen-printed el ectrode, characterized
in that diam ne oxidase is inmobilized on the surface
of the screen-printed working el ectrode. An

anper giret r iBxidP IRS &S9N d0the N cSbRAPhRENSDr@vihgAt | on
conprising a working el ectrode, a counter el ectrode
and a reference el ectrode, wherein all of the

el ectrodes gre ass%%%ecg {Bfﬁlﬁé nrﬁtrgs%np ?ﬁv%n@ons Ut eadv?rgﬁges will be

characteri zed if e oxi dase and potass
hexacypeahed raffee sthdyilg ahe detritleBi lidsegpticingn conjunction with the
el ectrodeposited on the surface of the screen-printed

wor ki #RFOBIPEBYIRS dEWIASHBIHEE: f or hi st ami ne

determi nation, conprising the steps of applying a

sanpl e suspected to contain histam ne to any one of

t he bi osenBguse desisr b bgdphbshoevian dtheeisear | mgpdidve range of the

current to provi.de an qutput: signal jindicative of the
pr s eHERETBFCHICSHIGIRIFY O ongPRbpdifREREH tB? PIGRCT R foREOD.
Accompanyi ng Drawi ngs Ot her aspects of the present

i nvention and their advantages will be discerned after
st.udyi ng tHReudet2aii$ ed goadhc shpringnthien cement ureatlings oliteined after

g R R TN i T e

anperonetri c bi osensor of one enbodi nent of the
present invention. Figure 2 is a graph show ng the

current reBigirgs isist girple dhewingrthe sHselceft PHleon the response of the

nmeasu nt. e performed with the sane bi osensor
Figur%ggﬁléégﬂgégg' showi ng the effect of pH on the
response of the devel oped bi osensor.

Figure 4 is a graph showing the correlation of histamine levels

determined by the biosensor embodying the invention and high performance
liquid chromatography (HPL.C).

Figwre 5 is a graph showing the linear response range of the

amperometric biosensor of another embodiment of the present invention.
5. Detailed Description of the Invention

The present invention provides an amperometric biosensor for
determining the level of histamine in a sample wherein immobilized diamine
oxidase is used as the bioreceptor. In the first embodiment of the present
invention, the biosensor comprises a screen-printed working electrode, a
counter electrode and a reference electrode. Preferably, the biosensor comprises
a carbon paste based screen-printed working electrode, a platinum rod counter

electrode and a silver/silver chloride (Ag/AgCl) reference electrode.



Figure 4 is a graph show ng the correlation of
hi stam ne | evel s determ ned by the bi osensor enbodyi ng
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chromat ography (HPLC). Figures5 is a graph show ng the

| i near response range of the anperonetric bi osensor of

anot her enbodi nent of the present invention. 5.

Det ai | ed Dd@ltamlm oritlage ist hﬁmbb\l‘hem lo@rthd hsﬁrf@éeﬁ&ﬁ filie screen-printed
|nvent|o metric Eﬁpsensor or

ot or TRIG Bl 3ty SRRy sgiapision eregiHEMA).
| mmb'Béfél%meh@Jﬂﬂh%oﬁX{hg %%E}g%é éé*&ﬁgol\?élf fnth(ﬁlM p]lghosgh%te buffer in a

bi oreceptor. In the first nent
i nventrﬁmm: oft s Brass érs b Sclomptt Sesomtinsamesi-ofri.fit BisbtoHEMA. is
nter el ectrode and ference

ki d
S ol cot PUHEThr s FABTYL DhelBY odBiis S EpY | GOl 2 TS uonyety

car bomdiaat@ateas eqUEMERN- Pi Nt 6T Ki fgmel echppder a, 2
platlnun1rod counter electrode and a silver/silver

chl or i efbm@fp}ngmlycqt@b@nm ONIPEYt Thid enbitawi in eshelxendastd all the
s i %*? o8 '% ur fge(angze %p%fggeggﬁ{yee&ﬂure 18 covered with

wor ki ng e

net haehmlaﬁxﬂ)foﬂ pﬂ@gmfﬁ%noca@ﬁpﬁ@ to B deloZRibi oMby UNElight. For
enz ng i s dirssolved.in 0.1M phosphate buffer in a

0 ange PisrTepwoR PisRIation. (25 appmwprigia Wltuﬁé G phptelEMA igfmixed with

Zoj\/or Eer s ( 2005%63302&&]%3?%%/@?}%&%5 ﬁjﬁ %8% a?r\l%O(lH%é}ﬁ)me oxidase

i s m xdution tih miked oiith tpheto®TENA according to the ratio of one part of
This mxture i

di met h { oph
C hakeHHES IoMRE e TBPPaGE S PYBIOEFMAN éhﬁbeﬁﬁ%se@hotoHEMA
phot O&ﬁ{&hﬁdta&nﬂ&m%&wﬁh katios QY arEdaM, d& ge ’Cfbllllmofpglbjco&];m of

and stored at 40C until use to avol gra atlon

151§ ght 1:1FdR apidol:3 sheprdoincprsyent atirent chamgeapﬁnmpmufﬁelent enzyme

20

vol un&at% oP P%S %Q&%eh%emcﬁgm%anges The homogenized mixture is then
drop-coated onto the surface of the working electrode and the electrode is
photo-cured in an UV-exposure unit under nitrogen gas flow for approximately
300 seconds. If the electrode is cured less than 300 seconds, it will dry
incompletely and may cause the enzyme to leach. While exposing the electrode

under UV for more than 300 seconds may decrease the enzyme activity.

The present biosensor detects histamine in a sample by the oxidation
deamination process of the histamine, forming imidazole acetaldehydes and

subsequently imidazole acetic acid as shown below: -



di am ne oxi dase solution. According to the present
i nvention, diam ne oxidase solution is mxed wth
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di am ne oxidase to four partg of photoHEVA (1:4). Less
phot oHEMA concentrated m xture with rati os of di am ne
oxi dase solution to photoHEMA of 1:1, 1:2 and 1:3
showed i nconsi stent current changes while insufficient
enzyme (ratio of 1:5) decreased the current changes.

The geni zed m xture i s Ahen drop-coated onto the
sur face t & wor Iégp ode and the electrode is

phot o-cureg/in an UV-gxposur e~ggni t. under nitrogen gas
flow for apgproximately 30&=eeonds. |If the el ectrode
is cured |e§s than 3QQ, secagnpds, it wll dry

i nconpl e y nxgm se“the enzyne to | each. Wile
expoBiEngaihe el ectrode unw for nore thaﬁ.d?’ogo
seconds nay decrease the enzymwe—aetd vity, Th [ esent
bi osensor detects hi st amié=ir-d=&dnpl e yar
oxi dati on deam nation procgss of the hi st ameRQ... agaect

form ng i m dazol e acet al dghyges and subsequentl|y

i m dazol e acetic acid as bel ow. - Ti HUaZol eacetic

add The activity between di an"fre—8%Hdase and hi st anmi ne

in the above reaction cal¥ése-#irtect el ectrochen ca
comuni cati on between the substrate and the enzyne.

The el ectron transfer mechani smoccurs via the

el ectrooxi dation of the forned product; im dazole
acet al dehyde, which is highly unstable and oxidized to

i m dazol eTél@eadﬁ(Vimcdeea'meﬁmmsewsidasehasi distespenmethe above
range_of. up_t I St ami The .line

e nasition Btsee 3tehf flehorberi O Siumigor Refedhe substrat

anal yhd GRE ehafpge. Qﬁzetélgct@noﬁﬁﬁ‘s?&f rdeBhatsrh QBBrsPP Bk electro-
hi stam ne. This covers the seafood and fish
oxidation of the formed product; imidazole acetaldehyde, which is highly

unstable and oxidized to imidazole acetic acid.

The biosensor has a response range of up to 300 ppm of histamine. The
linear response range as shown in Figure 1 shows that the analytical range of the
biosensor is up to 60 ppm of histamine. This covers the seafood and fish
products spoilage indication level of 50 ppm of histamine as quoted by the
FDA, US. The linear response range of the biosensor is broader compared to
reports by Takagi and Shikata (2004); Frebort ef al. (2000); Carsol and Mascini
(1999); Draisi et al. (1998) and Chemnitius and Bilitewski (1996) using flow
injection method or Clark oxygen electrode. The sensitivity of the biosensor is
5.56 nA ppm™ with a limit of detection as low as 0.65 ppm of histamine,
calculated as three times of the standard deviation at the zero analyte response.
The stability of the biosensor also proved to be optimal since several analyses
can be performed with the same electrodes without significant decrease in the

current readings as shown in Figure 2.
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reports by Takagi and Shikata (2004); Frebort et al.

(2000); Carsol and Mascini (1999); Draisi et al.

(1998) and Chemnitius and Bilitewski (1996) using flow

i nj ection matned drhihaide i0%)%aplk astefaEied byR@plying the sample
sensitivity of the biosensor is 5.56 nAppml1l wth a

| i mi ttoofthgebweenseh axl [moesusny. ©8 spredf ohimitasighel, Histamine
cal cu ed t:hree. tii 0 I I @t

the za8b TR 2 EAT oEE: Shorby SRR GPT b UsFhont The
bi osesg@hual sReftiab ¥edhistnlige dpeirabtion nsiag Sevestilized enzyme is
anal yses can_be performed with the sanme_el ectrodes

Wi t hot®? Fiofinithe elspiron BapsdsBeshanispeatcQp? gpkt qoglgivigthe electro-
as sh [ Fgur T : [ ' '

aapl Saidh B G @rfed BbduEl Bnilolt #ATfaY Indtgs proposed by
bi oseKspdlleard]aread dtletalert (185Puimentole atgaitielsydgnahighly unstable

LRSS AT EE e A

pot entLgkt diahe BAEOABY, PB0OL IRE KiR@lti A8 8 developed biosensor is
i mmobi |1 zed enzyne is 0.35 volt. The el ectron transfer

mec haphl stependedt 35d vaht beodetaetsd it & pHerasge offr @dxtiod&éi dlowever,

of the formed.praduct iJm.d l,e acet al dehyd d as

or opcSHIHY SRAIE  8PSeRpH P30 e SROHER [¥iso) The oliffent output
i m daged encreRE abHeRt@ethie Srehétil Hmunstasligefrand 20Nietde@lsyand 50
to exist; therefore, it is able to be oxidized by

di ami geeorssiis theeoptiznp reactionstian sordngiaminedlptermamipn. Fpaccuracy
curre Qut pu . p ' ' H

depen%rfkfan 11 :1é é‘g%r%%%ggf\é%ngd&gt Hgg%ﬁ?lrﬁgsﬁaée&o& 6P 2118(1 to the
8. 4. ddawemiinal ajphi perforaahee lityidi shrobarpwety afHIE) 7méthod with
as shown in_Figure The current out put iflf‘%gs igncre_a

f ol | oW’Agorfidence detslohhs paelatiqm pf PisGppG dewnged by the
and 5Q,secanda esdbfified @iﬁ%@lﬁ%’cﬂo@@&éﬂo% hipig b ar

Mst am ne det erm nati on. € accuracy

In the second embodiment of the present invention, the three-electrode
system of the biosensor is miniaturized by screen-printing technology.
Miniaturized biosensor offers several advantages, such as only small amount of
enzyme is required for the fabrication of the biosensor, mass production of such
miniaturized biosensor is possible and consequently disposable-type of
biosensor may be realized. The present miniaturized biosensor comprises a
working electrode, a counter electrode and a reference electrode wherein all of
the electrodes are screen-printed oﬁto a substrate. Preferably, the biosensor
comprises carbon paste based screen-printed working and counter electrodes
and a silver chloride (AgCl) paste based screen-printed reference electrode. All

three electrodes are screen-printed onto a polyester substrate.

Diamine oxidase is immobilized on the surface of the screen-printed

working electrode by poly (2-hydroxyethyl methacrylate) (photoHEMA) as
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confi dence | evel. The correlation of Mtam ne | evels
determ ned by the biosensor and established HPLC

nmethod is shown in Figure 4. In the second enbodi nent

of 1 fa@sd%{b%a eRtnd PEERLE BRboditRnt e G ElBEbLOGROS¥ShEM ied from
of the biosensor is mniaturized by screen-printing

t echiiod pgeynousdynd@puba:dz bipstyisos bﬁéh@ ugd HE rp@taggvmr ]a@xacyanoferrate

adva ges h.as, onl anpun nz (e, |
FeautnOdes a Sl et s BTy B REH Oepady Potassiom
pr odyekd SAnerbrrad (I Misndledtkyde %@ﬁe@ ioRsBe %@ffactss oﬂﬂﬁ:%cbée@—prmted
and consequent |y disposabl e-type of biosensor

r eal vmhlngm@t@deévanwchp moétﬁmmetrerdmgﬁhgéeﬁb@ :ele@aﬁ%q isgycled at
ot SRR EHESH80E amab ' & p3LFP R HeBpumpogre a0

scr egfixsplvedtedeionized avmastorzawl wmanemgnme ibéified electrodes
bi osensor conprises carbon paste based screen-printed

wor k B¥egthen dvas nﬁ%mr@eéwﬂba &g ralunespl delenizer yaeyaud stored
(Ag ﬁb, #5tgﬂ g SehSaRPri nted reference el ectrode.

AU three e ectr es are screen-printed onto a

pol yester substrate. D am ne oxidase is |nnobllized on

bory” (2! e Shered Ty eSS R el 2% o

anegpﬁkQﬁghﬁﬂr&QQOQ&Q%kRMS enbodi ment. The present
bi osensor 1s nodified fromthe previously described

bi osensor by the use of potassi um hexacyanoferrate
(I'l'l) as a nediator to increase the sensitivity of the
bi osensor. Pot§§ﬁ3un1hexacyanoferrate (I11)uis
el ectrodeposi t bn the Bb¥Gace qof, t he scr -prlnted
wor ki ng el ectro by cyclic ol The
electrodi “ﬁ cycl e at | east\fyfteen
sol uti onf M pbt assi um hgxacyanofigrrat e EE!I&W&

D e o
» .-

Ex
M o )

Potassium hexacyanoferrate (III) is employed as a mediator for the
biosensor due to its excellent bioelectrochemical properties. [Fe(CN)I> is
easily reduced to [Fe(CN)s]". This property allows the deposition of both
oxidized [Fe(CN)6]3' and reduced [Fe(CN)6]4' on the surface of the screen-
printed working electrode. Hydrogen peroxide is produced on the surface of the
electrode when immobilized diamine oxidase reacts with histamine as shown in

equation 1 below: -



di ssol ved in deionized water at 0.2 vs"1 with
stirring. The nodified el ectrodes are then washed and
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stored dry at roomtenperatuge until use. The present

bi osensor detects Mstarnine in a sanple by the

el ectron flow of the nediator as shown bel ow. -

Pot assi um hexacyanoferrate (111) is enployed as a

nedi ator for the biosgnsor due to its excellent

bi oel Bistarpioherfizcial: i bnidapdlegeerd]debyde + NEas Q. (1)
reduced to [Fe(CN) ]4 - This property allows the
deposition of both oxidized [Fe(CN) 6] 3 and reduced

[ Fe( 054 rCHilE ssurf-ace—ob b hBOSED Fermu)ht ed @)
wor ki ng el ectrode. Hydrogen peroxide is produced on
the surface of the el ectrode when i mmobilized di am ne

oxi d\;afee@hﬁgqg Wi t hy g{,g(@'%ge as shown in equation 1 3)

bel o tam ne + O PAQ

I m dazol eacet al dehyde + NH3 + H2O2 (1) H2Q2 + 2

Fe(CN)6 4 + 2 H+ .. 2 H2O + 2 Fe(CN)6 3- (2) Fe(CN) 6 3.

+ e . Fe( Ry fllqvane mrecesy (PBIRIRG Dr 0e¥sSs diedaathe offpehility of
OCCUr 3. UR:d QudnNgs SRR la&feéto‘i’g tﬂ%gﬂa%g lthe %’(ﬁﬂ%i@ﬁ of oxygen fo
el ectron acceptors to catalyze the reduction of oxyge

to hyididoogn perdds. Ghe [FAEN)FE (M) Bdiced tit §fe(CRYs] el shown in
to | Fequlgtl}gn% fc?rsregs%.om 'n

The present biosensor has a response‘ range of up to 200 ppm of
histamine. The linear response range as-shown in Figure 5 shdws that the
biosensor detects a broader range of histamine of up to 80 ppm compared to the
previous embodiment. The sensitivity of the biosensor is 5.31 nA ppm™. The
operation condition of the biosensor is as described in the previous embodiment
where the potential range is from 0.30 volt to 0.50 volt, preferably at 0.35 volt;
the pH range is from 6.4 to 8.4, preferably pH 7.4; and the reaction time starts
from 20 seconds with 50 seconds as the optimum reaction time for histamine

determination.

The following examplés are intended only to further illustrate the
invention and are not intended to limit the scope of the invention, which is

defined by the claims.

Real Samples Analysis

Tiger prawns (Penaeus monodon) were exposed at 30°C + 2°C from 0
to 5 hours and samples were collected every hour. The prawn’s shell, head and
tail were removed and approximately 10 g of the prawn’s body region was

blended with 100 ml of phosphate buffer, 0.1 M, pH 7.4. The samples were then



equation 3 for reuse. The present biosensor has a
response range of up to 200 ppm of histam ne. The

WO Rovsarsonesponse range as- shown in Figure 5 sPOISIY20@Es1000019
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the biosensor detects a broggder range of histam ne of
up to 80 ppm conpared to the previous enbodi nent. The
sensitivity of the biosensor is 5.31 nA ppm1 . The
oper ainblyPed 0sidg tHealevelopédBiobér3sNFieHouk %ﬁﬁreﬁ%@t@idnb@ﬂextraeﬁon
in the preV| ous enbodi nent where the potential ran
i s f sk Meagugyppts fropaonmst wsing aa faralsh Y GRIAGT 3% otentiostat
voI t

4 TR PR AS bl Bpdetel 70 4 BT BRblefipr tosted
50 senahdﬂcasomthmngophospmw Baftdri 00M, lpHs7.11.or hi st am ne
determination. The follow ng exanples are intended

only to further i I I ustrate the invention and are not
def i ned by ?he cI a| s Rg)z?ﬁ ynples Ana s?rgp | g?ﬁcbsmeth‘)d

pr awmeguied riaé@mm@owobh)wtvmeei ﬁf&lpdhed;ampleg aQ0Esci2®@ by Mopper

fromO.t0. 5 .hour Ie wer e ct.ed ever i
hour eadhigiegr it $1 80 T e el meifidmd dined
and am&m?wai &l Yarld off e tehBadtr VIS RAFNzdIC KB wa%) The
bl ended wi th 100 ml of phosphate buffer, 0.1 M pH

7. 4. Puthﬁcaémmmfelgstmﬂ@ Wh%mmqa;az@idmﬁsnsrrgpmmi hbeW@leomxu Gloria

bi os n retr at men

ot op Eheb i utve oAl 5GP MR ey P4 oAivsfgne actection
PGSTAT bdizoytdien hh@sdt a;sh 1§ﬁ| (FRoSsilat 199D SERESiGObE bR ylated
operated at 0.35 volt. The sanples were tested in a

beak BISTEHRE 4735 Hetieth 64l b deockiier isversedipivse P C gising a Waters
Ve ang@d rr%tbrh%c}@h@ 9&11?)%5@%01-? 6 4o %Q'ﬁt@@ C(‘?IBH%, partlcle size

( HPL
5 pm, at which histamine was detected spectrophotometrically at 254 nm with a

Water Model 2487 Dual A Absorbance Detector.
Fabrication of Miniaturized Biosensor

Thick film technology was applied in the construction of the
miniaturized biosensor because it permits construction of solid-state,
mechanically robust and planar sensors. This is achieved through the sequential
deposition of thick films on a substrate by screen printing process. The
configuration of the biosensor comprises layers of paste deposited sequentially
onto an insulating support or substrate. The present miniaturized biosensor was
manufactured by a multi-stage screen-printing process using a semi-automated
DEK-J202RS thick film printer. High modulus mesh of monofilament polyester
(SEFAR® PET 1000) stencil (specification of 90-48 W) was designed as a
straight, short and wide conductor parallel with square pads confirmed to the
screen mesh. This provides better conductivity compared to designs with curved
and narrow conductor with circular pads. The stainless steel screen mesh (78

pm fabric thickness) was mounted at 45° to the print stroke with an emulsion



required histam ne to be extracted fromthe sanples as

descri bed by Mopper and Sciacchitano (1994). The
waamplie4ner e bl ended wit h net hanol and di | ut eBCT/MY2008/000019

according to a ratio of one gxtract to ten deionized

water (1:10). The purification of histam ne was then

carried out as reported by Vale and doria (1997).

Fi nal thickidese ofXRrasted ]fﬂ@l'f@ll 88 pmrt@i fendsy The 2Bde telectrodes were

i ncrease the detection benzoyl ated ring at 254 nm

(FausEHErPITog 7o e pafiaeivs R BHeBeq) oy ParEa. REsr anfieprinting

was c d

2 Wt JSCE%S 618::” ol %’séésr %ét%kxg‘fe Eﬁye% e[ﬂe Bgé?m%]t ;ﬁz' lf§1l gglours to

LD. C&:&nd (shmumlnllg phthei foll @using eu‘tﬁeqmanaheammgcsinsﬁal E:i(ﬁmmﬁmg cycle

was det spect r gphotonetrical Iy

5 \aterP Fed REEERBLERCE e&{rg%qsowf’gh cs}lﬂr%on paste (Screen
Fabr i ?@éﬂn‘a{b 9 Bdm u@@)ucvb%ﬁg% Bhasensfs: diBitdiek Ielnan \silver chloride
technol ogy was appl i in the construction of
m ni atAgCh edstbi(Duperd.oBldoafssmct elepeods ¢rsa (smgkt pla«zﬁt ofopolyester

of soli.d:state han al | st and anar

sensotwsIAf & filve ﬁi ‘F‘%r%ﬁgﬁ WaSPTE, &t ¢ bgpal track layer to
deposircidake Bk obﬁdhfdﬁvfty baich 2 @R s D B Fadte® oRYhS §ib8@Mke. The pastes
printi n@séyrocess The confjiguration of the biosensor

10 conpr weeesdrieghiarthe gyenpddi 8 @e\‘p@éﬂtﬂ@@u’r@é glierachilaygr oas printed to
an in a t or substrate. The present
n1n|a@H%|égE@%$g§%%£or was manufactured by a
mul ti-stage screen-printing process using a

sem - aut omat ed DEK-J202RS thick film prl nter,
modul us me¥ilst PRERRA learhoingst yisthe l"ﬂsE}fAF?("Fl}U(FE'haVG been

1000) t fg
e e
squarmofiddstiesnbithersubj¢cd ittvatisr caebe medh w1’ﬂHmus departing from the

5 provi des bﬂh er c ndu ti Vi t&éegorrpar ed. ttgedem

15 cur vetgope of the invenfion. 1s nte to cover, in appen: ed? clalms all such

modifications that are within the scope of this invention.



and narrow conductor with circul ar pads. The stainless
steel screen nesh (78 mm fabric thickness) was nounted

w@eoogs130e4 t he print stroke with an enul si ont hi BRI/®B20@87000019
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12 m 2 mmfor the printed J¥astes. The three

el ectrodes were screen-printed onto the pol yester
substrate (50 x 60 mm). Prior to the printing process,
t he polyester sheets were baked in the oven at 130 0OC

for gg{‘}g 1v0|d shrinking of the foil during
subs it © ﬂggi hg steps. Each printing cycle produced
three mniaturized screen-printed el ectrodes with

carbon paste (Screen Technol ofg BBI  440) wor ki ng and
count-er émeeﬂp@a@@t%@l@pwer OF Hiiplemine Crgeninapes (emprising a

(Dupont, r%f’% ulg &de€ Qcc%’&ﬁ%e? & ec&gﬁ agrglr 4 (@?&%‘c@ efé'él?&?e, lwherem

of pol yest e rat e silver pont,
) was prihetwestkag dediagielista aﬂkeﬂ—pzyﬁed tefectrode, admencteltieed in that
conductivity and, adhesi.on nth

ast es .
subst r at Faminge oxidageds %éi]ﬁegdo § h B rPlather seregroprinted
for ek each layer was printed to
drive- o?\}vﬂ&ﬁ? é({vents Wil e particul ar enbodi nents
of the subject invention have been described, it wll

Vi Q 0 those..skil he art that, variou
chartpes. LirDRGUR ChoiRond: FHetoH, e bfeCm IR NPT Sgrirode is
be rrade Wb daOpHstedRB& t i ng from the scope of the
invention. It is intended to cover, in the appended

clains, all such nodifications that are within the

sco of t hi.s i nvention. Wh Lo Ang .
o onelhe B BEERTR it i AL plsProckis At rod
conpr|5|ng a wor ki ng eIectrode a counter eIectrode

and a reference el ectrode, wherein the wor

el ed r odBhg Bogenses efeglaigt L rivherem ’@étr?f@fféwe EW&‘F%‘& i glyvgr/silver
in that éﬂlé}m W%lg%é@@%fec{ré é mobi | i zed on the surface

of the screen I ng el ectrode.

5. The biosensor of claim 1, wherein diamine oxidase is immobilized by the
following steps :-
a) mixing diamine oxidase solution with poly (2-hydroxyethyl
methacrylate) (photoHEMA);
b) diop-coating the mixture onto the surface of the screen-printed
working electrode; and

c)  photo-curing the electrode.

6. The biosensor of claim 5, wherein diamine oxidase is dissolved in
phosphate buffer before mixing with poly (2-hydroxyethyl methacrylate)
(photoHEMA).

7. The biosensor of claim 5 or claim 6, wherein diamine oxidase solution is
mixed with poly (2-hydroxyethyl methacrylate) (photoHEMA) according to
the ratio of 1:4.



2. The biosensor of claim1, wherein the
screen-printed working electrode is carbon paste

whawsd1s034 The bi osensor of claim1, wherein tPE€I/MY2008/000019
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counter electrode is a plati¥3umrod. 4. The bi osensor

of claim1l, wherein the reference electrode is a
silver/silver chloride (Ag/AgCl) electrode. 5. The

bi 0s®nsoThebios¢rsonascondiag to anydinerafreéaiogisdask Wherein the electrode

i mobi lize the foll.omi ng steps..:- .a 1 Xi n
i ani ne. BRSSO PR Rt nahy Al g flow for 300
nmet hacr yéeabeds. (phot oHEMA) ; b) drop-coating the m xture

onto the surface of the screen-printed working
el ectrode; and c) photo-curing the el ectrode. 6. The

i oo voh ot Rl R BE Bl A, oL BOS6E defhs ot
(2- hydr oxyet hyplyimgt haanplt aispictédivotontdmBystantine Ththe biosensor of

bi osensor of cl ai mf5 or claim6, wherein dianm ne
oxi dase sol uerBAe &f deimsd R4 Abol y ( 2- hydr oxyet hyl

et nacT YAt o) BASOHENRACRORGIDE ol G Snflative of the

1:4.8. e biosens accor to any on cl al ms
to 7 wher ei nptdsena cdditisiooigei s photo-cured in a

UV- exposure unit under nitrogen gas flow for 300
seconds. 9. A nethod for histam ne determ nation,

conpypl, Si gk gl eps Qhinr 92) wabRIY It Fole@BPlfge for histamine
suspected to contain histamne to the bi osensor of
determination is from 0.30 volt to 0.50 voli.

11.  The method of claim 10, wherein the voltage for histamine determination is-

preferably 0.35 volt.

12.  The method according to any one of claims 9 to 11, wherein the pH rahge

for histamine determination is from 6.4 to 8.4.

13. The method of claim 12, wherein the pH for histamine determination is

preferably 7.4.

14. The method according to any one of claims 9 to 13, wherein the reaction

time for histamine determination is from 20 seconds.

15. The method of claim 14, wherein the reaction time for histamine

determination is preferably 50 seconds.

16. An amperometric biosensor for histamine determination comprising a
working electrode, a counter electrode and a reference electrode, wherein

all of the electrodes are screen-printed onto a substrate, characterized in



any one of clainms 1 to 4; and b) measuring the current
to provide an output signal indicative of the presence

wobtooRitsioadri ne. 10. The net hod of claim9, whereCTYMY2808/000019
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vol tage range for histamiid4determ nation is from

0.30 volt to 0.50 volt. 11. The nethod of claim 10,

wherein the voltage for Mstam ne determ nation is | .
pr ef er abilyat Gia88ns oiflase pad pTlassiwmtheseryareforaiedf I @e dmgpobilized

(Izingt g];ri %%&ﬁcggﬂ%ﬁ?g%%%ﬂlmﬁ% rSfeuil;fgcfﬁt %ethg ?zgeregp&%tfig{wo%ﬂneg electrode.

met hod of claim 12, wherein the pH for histam ne

determ nation is preferably 7.4. 14. The net hod_|,

accdidi rbpe josengorgrelasm 18, Hrhgtsin thegonegn-pimisder prkingeand counter
reaction,fti for hi ] termnation is from 20
seconds.eli%rg‘aﬁageﬁg{bﬁ%gg%gg%ﬁ%gi m 14, wherein the

reaction tinme for Mstam ne determnation is preferably

50 seconds. 16. An anperarnetrijc_bi osensqr for .
hi stldni nEheddpspprnpdclagn 1oowpeieH tﬁ@ S‘ge%ﬂﬂﬁﬁ@ reference electrode is

R e R T e S

screen-printed onto a substrate, characterized inthat
di ani_ne oxi dase an ot as gvgurén hexacyanoferrate

[
ar e 1P nmobia Boeased © 15538 GRdesae §ﬁﬁﬁfgl§8]é‘}1¥ﬁd onto a

the scregficdfck Blgdpor ki ng el ectrode. 17. The
bi osensor o@ ecﬁlg?asmaw, wherein the screen-printed

wor ki ng and counter el ectrodes are carbon paste based.

; gr & E_Gp’&i« Slg%%g%foglfpg]‘ffégl%gyv gliegr\'gg% %hcgseﬁs%% further comprises a silver

layer printed as a basal track layer.

21.  The biosensor of claim 16, wherein diamine oxidase is immobilized by the
following steps :-
a) mixing diamine oxidase solution with poly (2-hydroxyethyl
methacrylate) (photoHEMA);
b)  drop-coating the mixture onto the surface of the screen-printed
working electrode; and
c) photo-curing the electrode.

22. The biosensor of claim 21, wherein diamine oxidase is dissolved in
phosphate buffer before mixing with poly (2-hydroxyethyl methacrylate)
(photoHEMA).

23.  The biosensor of claim 21 or claim 22, wherein diamine oxidase solution is
mixed with poly (2-hydroxyethyl methacrylate) (photoHEMA) according to
the ratio of 1:4.
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a silver chloride (AgC) paste based screen-printed

el ectrode. 19. The biosensor of claim 16, wherein the
we@b@stitvdes are screen-printed onto a pol yest ePCT/MY2008/000019
substrate. 20. The bi osensorjsof claim 16, wherein the

bi osensor further conprises a silver layer printed as

a basal

track layer. 2 1. The biosensor of claim 16,

wherdi n Theabidensoxiatasdingstd anp ik G:fédlah;&s tMeto 23, wherein the

foll ow n
wi th pol

st c-a) mxi i am ne oxi e sol utlon
35 Juhty @mghm ﬁg(‘g%l??ﬂuéft Byt wffé%%)gas flow for

b) drop- qk& sthe mxture onto the surface of the
screen- prlnt morklng el ectrode; and c) photo-curing
the el ectrode. 22. The blosensor of claim 21, wherein

di : | ho h t e buf f
bt Ge. b PGSR oG Yoy ReiR B he R ATRy P ey (D is
( phot oHEMAY o d&sbsitdd eoybbfbﬁ% nﬁ%n&ﬁe@ AleMod] c@ﬂip%!siﬁ%r@he step of

22, wherein diam ne Oxidase solution is mxed w i
poI y (2- dyyldmg)ﬂyeesmq:n—pemhéomzkmgeglec(tmd@tJ@HEmyutlon of potassium

accordi
accordi

to th f. 1. 4. 24. The bi
Tt GebiGraf B i 2 1 (o 25 wherei n the

el ectrode is photo-cured in a UV-exposure unit under
nitrogen gas flow for 300 seconds. 25. The. bi osensaor

of ebai rhediosmerrerinclpist absiarrinaha clpstiedeisratcled(atilyast fifteen
s el ecqﬁe%%ﬁoséolﬁgbrp%{f 6. Y%'p%tééghfnal%ﬁ&%of@}a@é)ﬁﬂ) dissolved in

conprising t

27.

28.

29.

30.

31.

deionized water at 0.2 vs™ with stirring.

A method for histamine determination, comprising the steps of:-

a)  applying a sample suspected to contain histamine to the biosensor of
any one of claims 16 to 20; and

b)  measuring the current to provide an output signal indicative of the

presence of histamine.

The method of claim 27, wherein the voltage range for histamine

determination is from 0.30 volt to 0.50 volt.

The method of claim 28, wherein the voltage for histamine determination is

preferably 0.35 volt.

The method according to any one of claims 27 to 29, wherein the pH range

for histamine determination is from 6.4 to 8.4.

The method of claim 30, wherein the pH for histamine determination is

preferably 7.4.



cycling the screen-printed working electrode in a

sol ution of potassi um hexacyanoferrate (I111) with
wa@risnijegs 26. The bi osensor of claim25, whereBCTIMY2808/000019

el ectrode is cycled at |leastsfifteen tines in a

solution of 0.1 M potassium hexacyanoferrate (I11)

di ssol ved in deionized water at 0.2 vs 1 with

sti32.i nghe2dethdd aebdhiing fooanyhiret @dlaimsdit ter3ti, vdteream the reactlon

conprising the steps of:- a) applyi sanmpl e

suspect 88% Tg@ﬁf%ﬁ%dﬁ?%ﬁ%%ﬁ%sg@n%ﬂgseﬁ%fgensor of any

one of clains 16 to 20; and b) neasuring the current

to provide an output signal indicative of the presence

of 3d.st dhe nmeth28. off hadaimetIrpdwhérenl dhan 2agtionhémes fot Hestamine
voltage for. his e mnation is fromO0. 30 '
volt tod gg‘“@%‘?rtmpﬁ ore %ﬁ%ﬁ%@ of claim 28, wherein

t he voltage for Hstarnine deternination is preferably

0.35 volt. 30. The nmethod according to any one of

clainms 27 to 29, wherein the pH range for histam ne
determination is from6.4 to 8.4. 31. The nethod of

clai m 30, wherein the pH for histam ne determn nation

is preferably 7.4.32. The nethod according to any one

of clainms 27 to 31, wherein the reaction tune for

hi stam ne determ nation is from 20 seconds. 33. The

met hod of claim 32, wherein the reaction tinme for

hi stam ne determ nation is preferably 50 seconds.



