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ABSTRACT

In the food industry, the amount of hypoxanthine in meat is assessed for the
quality of freshness. Therefore, the objective of this research was to fabricate
a microfluidic paper-based analytical device (UPAD) for hypoxanthine detection using the
biosensor technique. The device fabrication was based on the reactions of hypoxanthine
with xanthine oxidase, horseradish peroxidase, and o-dianisidine, the brown solution was
obtained on the paper. The color intensity of this solution was measured with the Image
J program. The color intensities corresponded to the amount of hypoxanthine.

Firstly, the pPAD was fabricated by the screen printing technique using
polylactic acid solution. Fabrication of uPAD and analytical method for detection of
hypoxanthine were studied. Next, the conditions were optimized and performances of
MPAD were evaluated. The results were found that, pPAD provide precision, accuracy,
and specificity for detection of hypoxanthine. The concentrations were linear
in the range of 5-40 mg/L. Limit of detection and limit of quantitative were 1.8 and
6.1 mg/L, respectively. Then, the developed method was applied for detection of
hypoxanthine in meat and processed meat. The results showed that, the yPAD could
detect hypoxanthine for evaluation of meat freshness.

The developed analytical method for detection of hypoxanthine has

advantages such as high accuracy, ease of use, rapid method and low cost.

Keywords: hypoxanthine, microfluidic paper-based analytical device, biosensor, meat freshness
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NIANDALANAN

1.2.2 Wiefnwanmsfivansauvesnsanainlaluusuiivsendnnislulewuees
vugunsainsIviauuun Y

1.2.3 ioniuszaninmussnisasiadaleliusufiugrendnnislulewuwesuy
gUNIRINTIVIARUUNTEATY

1.2.4 diodlwnssimusunalaluwsuiivlufedieadesendnnislulowuwesuu

gunsalnTIviaLUUNSEANY

1.3 YDULUAYDINITIVY
1.3.1 Anwinisasieaunsalnsiadawuunseaulagldimalinnisiuiiiuaniueig
AN5araNgnNIANDFLAARN
13.1.1 Anwenududufinsauvesasazasnedwanfnwedadmsu
NUNNTLATYATUNLN
13.1.2 Anwenududuiinsauvesasasasnedwanfnuedadmsu
NUNATEANGATUNAS
13.2 Anwiannsiimunzauvesnisasainlaliusuiiugmendnnislulewuwesuy

gunsalnTIRdAlUUNTEATY
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1.3.2.1 Anw1USunnsuesansiaiiusiinsiess
1.3.2.2 Anw1USHNnsUe9ansAiiusan 330
1.3.2.3 Anw1ANNNTUYBIEITaAN8ULY U LD DNTLAE
1.3.2.4 AnwiAnuliuduresansaratggeasfvilaseanaing
1.3.25 @nwianudunse-wa vesansazansuwvuiiueending
1.3.2.6 #@nwianudunse-wa vesansazanegeasidvilaseanding
1.3.27 Anwatunisiiaufisenseninelelasdfaveslaluuauiiu
1.3.28 Anwalunsiiaufisensenindlalasiaudeseanladiuay
Tolnoddnu
1.3.2.9 #Anwianududuvesansavarslalnesianu
1.3.3 nageuuszansninvsinisnsiadaleluusuiiunenannisivlaloulgesuu
gUNIINTIRTALUUNTEAY
1.3.3.1 anuiieswesia (Precision)
1.3.3.2 ANUNABIYITT (Accuracy)
1.3.3.3 Yramnundudunss (Linear range)
1.3.3.4 Yad1nalun1snsiany (Limit of detection)
1.3.3.5 Fndndalun1sasianuidsusuia (Limit of quantitative)
1.3.3.6 ATNTUNIZLAZB9I0 (Selectivity)
134 anafnleluueuiiuluienniiisgunsainsaiauuunseasiivauty
Tnasheg1afild Toun Lﬂ‘f@é’miuazNﬁmﬁ’msmmigﬂmmﬁaﬁmi waziU3ouisunansvnaesiile

gunIalnTIdnkuUNIEATEiuNala NS saUninsalal
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1.4 NF9ULUIANYDINIUIY
wadalulowwwesilumaialunisasiatnasfienfendnnissuiuegresuniy
WzaskUUlingaugnnauasenisensiiaulafusaninm iliannsansitaansiiavle
IFogresumzianzas ilnavesiisuniu Jsanduneunisnisusaegraiiemdndasuniuy Tu
1uaTeissaulanisasaialeluusufiusromaialulowuweslaslduauiivosnding
wazgeaspvUaseanTnailutaninim lneusufiusendwadudusiujisenlelnsddaves

lelumuiiulindndneiiluuguiiu (Xanthine) faun1sit 1.1 Mnduieuiivaggnissufisedene

a

wrufiueendinalananduaidulalasiaueseanlen (Hydrogen peroxide : H,0,) Mg

aaa [ ana a s

1.2 lalasiaueseanlunniiniuazyinujisenivlelaesiaeu (o-dianisidine) Neglugusaadg
(Reduced) &1lsifd Inedlggaspudosoondwaludiissiizen uazlondnd i ulelnezidau
egluguoandlad (Oxidized) Fsazildsuldiluansazarediinia Asaun1si 1.3 anududu

YasansaratedinnaszUsiunsatuaNUutuaalaluauulusaen

XOD

Hypoxanthine + O, +H,O0 =~ ——>  Xanthine + H,0O (1.1)
Xanthine + O, + H,0  —2 5 Uric acid + H,0, (1.2)

. . LT HRP . i . ..
H,0, + Reduced o-dianisidine ~——>  Oxidized o-dianisidine + H,0 (1.3)
(laisid) (FEurma)
NUITHUTLUIANUAANIZHAMUINITASIVTA balUnr U uAewmada lula U s

- Y & addl < |y A 1 v ¢
Weliludsnie azainsinss 1190 wazlidedddinsasdiovuinlvg Ing nsldgunsal

(%
Y o 14

nsradanuunseawlun1TiaTe aunsalnsvdntuunszalunuideiinnisasiaveuin
Tumafiaufisemesens WnensassdunliveudiuugUnsalamainsieansasaeneduaninuedn
Y ada ¢ a o a ° 9 I Sy vy v ° a ¢
meIFRuiansu danmi 1.2 ilalagasisufonansudiulvillsunuumudesnisiasiin sium
ansazaneneduanfnuedaniugnguvesuionaniuludinszany asazanefigniuiazinfoud
wnsnmadludulewaglaauainszany wazillewnasidudiunlivevihvugunsalnsiainuuy

nsgay Inihinuusnalumsiinu)iseivesans
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«— NIEAY

| P .\ dawidliveuin
UaanNanNIu
-:-;nmw

l PLA Fusiunszany

| H
AIUNYDUUN

(4\ .',
PLA ! ‘ !

[
S SR
ﬂ‘i”ﬂ"ﬁ:} = ? ——— e E——

Al 1.1 wénmsahugunsalnnainnuunszmwingismsiuianiuseasazans
WOALAARNULDTA
solufutumeunsnmainlelunguiiudegunsainsatauuunsenuiiadetu Tag
ofendnmamilulawuwes Keauns 11 12 uas 13 UAATewnd e at wuududiveu
yosgunIninTianuunzaTy famd 1.2 UjAtonasBuiuidediunarasleluueuiiu (vio
asaraefnegn) asuuUInufied amsavansazedeuiilunudulowaglaavesnsyanug
U3t ntulivsasaraiousuiiueanding soanaveiesndinauarlelneridiu
AUTIUNTIITN Lﬁav‘fwﬁﬁ%ﬂﬂuamwﬁmmzﬁmzLﬁmﬁ]uawazmaﬁﬁwmamw?L’Jmm’mi’m
nsniuaunugUnsainsatauvunszauiieieiesauny e daaaanduddielusunsy
UszananadenIn Image J Arrududiildazuusiunsanuanududuveslaluuaudiu then

AuuEnlaluasansmanaspruielddniuinszinUsnalslusuiiubely

XOD + b J
UIUNT1I0 3 HRP +
Hx /l o-dianisidine
4
l><: ~ 1 - &
. ] % 2

UiufeEe o — 5 P

> S > S = — N /

A 1.2 Msasivinlaluusuniumemaiialulagugesuugunialnsiaiawuunseaiy
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1.5 Ussleviiiianadnaslésu
1.5.1 gansaimun3sieseiusinalsluueuiiumegunsalnmadniuunseany
1.5.2 laamziimngaunsnsainleluusuiiusegunsainmaiauuunszany
1.5.3 lamsiuusgdvanmuaanisnsivinlaluuauiiumenunsaingiainuuunseny
154 aunsodeneimyiinaleluusuilusesnadedniuasnanfsiusg

Pnilednimegunsalnsinianuunseauitaiay
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uni 2

255UNTTUVIDINUINLNYIVD

14
I o &

2.1 ABRUITAUEAAVDWUDENT

]

X o sd o & L a % oA [
ﬂ’)’maWU@\‘iL‘L!EJ?IG]’WIU’]?LHLﬂU’J(ﬂQﬂUiua‘G}ﬂW%ﬂiiﬁJaﬂﬁﬁiLLU?EU UUIUAINUEAALY

a

atauNTalansienanmananiae lugnavnssuemsiadinslssidiuauanvesingsiu

q

o [

U PP =t = a & & &
avtinandintdlunsusiauanvisen1sidsuiUasnunmyeilodnd dnall
2.1.1 nsaanesvaalaswiaeiiuaonlas
Iaswiiatedusanles (Trimethylamine oxide) a@nusanulalulamsianas
doinlafinszgndunds Wuarsedunidnfiuaaluana [22-23] Tnifduaisdesiunis
dowan mvealusiulusiian sudedestunisgadeuneenainiileUan (Water logout) finwu
a a Ly [ [V 4 a al I3 a < a a
UINUSLIURINTY Lagunasandainneadinsuiaeiiveanlonaunsaldswdulaswiaedy
(Trimethylamine) Agtauleilasiuiiaduianiag (Trimethylamine reductase) 91nU#AzeN
Iandureauuaiiise 1wy Shewanella putrifaciens laswateiiufiiiaduariinaumndu fely
USunalnsiiialetiueanlenizanadiloseeeainaanisnievasdniuiniy Seaunsalidusi
1 ‘:’" ‘ﬂ’{j U v
UarAuanvasiladn il
2.1.2 asusznaululpsiaunssmglaviaun
a15Usgnevlulasiauiissinglanivun (Total Volatile Basic Nitrogen) 9%
Andunigluilednd lneledninmeaouluinedneludidnivienedluafunidasiuiiees
¢ \ A || & a = = % | ~
penUsynounteqesledninaziiniduaisussneululasiaunissivela 1y weuluily
(Ammonia) tadi i (Amine) lalasiaudalna (Hydrogen Sulphide) tufiatueuwaUinu

(Methylmercaptan) 8ulaa (Indole) wazasusznaululnsiauduy) Wesr821181ma9N15AY

Aaduassznoululasaufiuinniu fefuiddidussivedanuanvoniodns (221 3
USmadiintudauduiudfugunmnisUssamduia wu Suasndudeuly dedrady
avamglsy (EU) leimuaauainUatan sxdesfiuiuiuasusznevlulnsioudiszimels
soualsiiAu 35 fa8n3u/100 n¥u [24]
2.1.3 luledfiniediu (Biogenic amine)
luleddnieiu Ao uasUsznevdurisiitdminluanas inanufase,

ArSuBNTLatu (Decarboxylation) ¥esnsaegiily lagldiouleinzdlufnisuendiag (Amino
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aaa a s a

decarboxylase) n3etinanugise1tediiudu (Amination) wazUisemsiudiodiudy

A aa a ada

(Transamination) ¥949af LaANIBALAN A9LATIZILAAINATLUIUNISIULNDATUVD ALY AR

1A v 6 a 6

Town A dm7 wazadunsd Ysunuvedluledfdneiiuluaimsiniinainwuaiise tngazdng

q

NEWQQ%ULﬁE]E]@ﬂuﬁﬂTJBﬁLLUﬂﬁL%SLﬂ%iy,LaUImlﬁa iy Bacillus, Citrobacter, Klebsiella wag
Streptococcus tuladfinteduanusanulatusinisvaissila lasanizerwisudn wu 1
dlowitn wazormanzia Tnsanslule3dnefuddishnuluemsiéun Samiiu (Histamine)
n3UNEU (Tryptamine) avUasiiu (Spermine) 2-Wllatadatodiu (2-phenylethylamine) A0
1193U (Cadaverine) Tns1ilu (Tyramine) wazalasdau (Spermidine) [25]
idesuansluleddntefiuiinsranisazaeliiAatamavain Tneileuslaa
o sifiszduvesdaniiiugs axinaiilfiAinernsuifisenit anoulunondlada

Y]

(Scombrotoxicosis) dnazilanniseauld Ui diuwas welads wazanuaudonsn [26]

e

& v aa = ) v a1 A A o ¢ A o a 1%
Ll’e]ﬂ"\]Wﬂu&’llﬂ’iﬂi%ﬁ’lil‘UI@ﬁ]uﬂL@NULUUW%U‘U\TGUQMQ’IWﬂ’JWlIﬁWUENLuaﬂﬁliﬁiaﬁ(ﬁli}ﬂUlﬂ

'
=

Tnganizuarluisd Scombridae way Carpeidae Lasanvanwaildivsununinozdlugas

ho))}

fal aa a s a

A a X A A A v A A ad

ugs Waian1syuleunuafisenaiueulzddafinuinsuendiaa nsnesiludaisuazgn

a & a = P = a r.! aa a v ' ° v
Wagwdudanily uasillesigFaniuluarsifianuaies nuauseuas liaunsavily
aa18671a 3981015 nULA LUNAR A URN LI ALHIUNTZUIUNTLAAIUS D UL LT OLAD bTU

a £ 3 +| £y gfl iy o 6 +| & a [ 6 d’l’ [ fal 1a
nannuNUaInTzlsy asuunnuannunlaInszlasnIanannaLlsguaniuadnINysuiu
a ~ Y] o a v ow a X o sa ey °
ganiuluseiugs onvdullvpuladningiviledninldlunisudniinunimaiuansi [27]

2.1.4 A15aa18FY9E1sUsENauUlnAalalng
USunvesansusenauiinainnisaanesivesaisusenauiimalelnnaiunse

T Judwdusraunimaeaiednila lnendsindainvaisdsznouiandlolndaziianis
dangdd fannd 2.1 ISusuanezaludulasweanm (Adenosine triphosphate; ATP) gniign

1 I3 a ~ . ~ a =
miineane LUiluszdludulaeain (Adenosine diphosphate; ADP) karevdlugulaluneaima
(Adenosine monophosphate; AMP) m1dndu antuiianisndanajuesilaiily (Deamination)
Wenduansdludululuneains (Inosine monophosphate; IMP) lutuflagyinlnilodn ifisayd
11U vlasandludululuneamsiduansiiieinuninu ludusaun1sudsunlasusays luguy
lasneaaluidusludululurean dnifnasluniswasunladiaeeulsdiegludn @9
AnufAsenegesiniiuanintuegwanysainiely 3-5 Tu anuudludululuneaminge
wWasuluiludludu (nosine; Ino) tneldiouluiaingdunidlunisiinufisen wasdesaane

soluiinlulaluuruiiu lutunoutiazlunawulunisfiaufise
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[
[

e Wainutledndliuuasiivsunalaluwsufiuiiindy Jaduarsily
savy Woenanhulunateiulaluueuiivazgndesaaiesnemeusuiiueandinauaziinduy

WBUiIY (Xanthine; X) Wagnsng3a (Uric acid) a1y §161U [6-8, 28-30]

P,
N N
\> ; P, \>
] > N ) N
Ilih—@' @@ llih—@—@ llib—@
Adenosine triphosphate Adenosine diphosphate Adenosine monophosphate
H,0
AMP Deaminase
NH,
Ribose-1-P P, P, H,0
5 } N
k\ . N
N Nucleotide base N A
| by @
Inosine Inosine monophosphate

H,0+0, H,0,

A ;I =

Xanthine oxidase

Xanthine Uric acid

A 2.1 nsaanefiivesansusenauiaealatng [30]
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nsaangsivetansseneuiiirdlelndlaeldieuledangdunsdaugaimein
I~ a = Y & v a dy dy o M Y A 1 a
Qulaluuguiiu Feanunsaldiludvivsdaunimaiuanvesilodnila I51eauiivsunu
Talunruiuluiilodn Tiiutuniuseeziaini1siiv 8819b5An1u daiusazstalionsinisiiuty
va3USunalalUnauiiuananu sty Tunisusediuanuanlaeldusunalaldwsuiiuluiiadn
Junadiazdvegiurinuesdnd wu aruanveavan limmvualiduuna Teldusuiiulaii
1.5 - 2 lleslua/nsu [8]

[ £%
a1 oA A v 6

AA (K - value) Wusviusdinuninanuanvanidadn’ Inadun1sindndiu

q

MsasunUaswesansusenauiimalalng [6-9] Asaunsi (2.1)

% K - value = (Hx + Ino) x 100 (2.1)
(ATP + ADP + AMP + IMP + Hx + Ino)

weliosanaziludulnsveainaiuisaaatodog1ssiaslududluzu
Tuluneans detu 9iinasldeaale (Ki value) Falusndudoansivasulsunuosiludy

Tasneaws azmludulanaang wazasmludululunoain fsaun1si (2.2)

% Ki - value = (Hx + Ino) x 100 (2.2)

IMP + Hx + Ino

nsldaalaazanAILLUTUTIUANEY SUAAINANULANANYDITRAUDIER T

% 4‘ al gj U a a % 6 ‘&J .7 [ 3 . . . .
warUadeduq lunsgraimnssuiinisaarivesnisuiasnandueiiilodnd (Rejection limit)
wu nsufasvandldlunsvinduingfundanaiu 60% dmsuanaveslanilddmsusin
nARAMINUAAU (91T8) deelaitiu 20% [9] vistnisinuaaavesilodnilundazyiingg
unna19AY Lesandinstevaatslutunousgiuanaeiu waztladedus wu Tuneulunis

v o 6 1

Judniusiavein wazmaiuinwneunisulssugenunnenaiu [Wudu
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2.2 lalduwuiin (Hypoxanthine; Hx)

221 auvavhluvedleluurudiu

a

laluruiiudvolsenauanainiaiiusgnsiaziaiusesyndsenitalseine

9
=Y

(International Union of Pure and Applied Chemistry : [UPAC) fia 1H-purin-6(9H)-one 18u
asusznoviilusyiusvesiou Juduaisuszneudunddiiduruniu (Heterocyclic
aromatic) 3aiiFeSunihilu fie 6-lensendiadu (6-hydroxypurine) fignsluiana Ao CsHeN,O

wazdilasassluana Aanmi 2.2

N
% NH
<ﬁ [

ani 2.2 lassadisluanavedlaluuauiiu

audAlaginluvedlaluuaudiu 18ud figaifien 533 samieaidoa 7l 760
fladwnsusen yanasamal 250 ssAnga@ea In1uln 276 aer@aldud AULILLY
1.892 n¥usegnuiadiuims Yindnluana Ao 13611 n3u/dua wavannsaasaeluléiion
[30]

leluusuiiuiiazauegluiilodniifinannisaansivesarsuszneuianalolg

'
v

fannaniAlumive 2.1.4 lngnssuiunistagaalssivesdnsusenauiimilelnaazisudunie

13 I Y ' a

Y o & e & o = a
naandndnigas woulednegluilodniagiduiidesanveraludulnsnoann il
as b ¢ad a a o e o v o | ay
Sluguuauaneans anndueuledininainadunidavsiininilunisdesaaedluiuy
Llureawmdudludunazdovaaienaaulindndariulalunauiiuluian duiu leluuguiiu

=2 I3 al' 1 dyd d,‘, 4
FuTuasnusrternuanvaniauaile
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a v

fisne1uidenvsualaliuruivludedn iindunuszeziiainisiiy
11398989 Rooma davi kazany [31] lansiaiamusunalsluusuivluiednd loun levy
Weln levan wazilleth wudn Weliulledndnenanlingungivies Usunalslywguiiuiiy

PULTDYY) MADATTEZLIA 30 TU AININT 2.3

0.25 -

Hypoxanthine(mM)

Days after storage

a

awi 2.3 Yunalsluwuiivludedadnmuszoznamanisiuine Mgamgdl 30 + 5

Y

aarwaed (F = WWoUan C = ol P = ey B = \{le 1) [31]

PnauvRvelalungununaunsaazanslutnladesunn detudlod lalukyuiiy

= A

ogluilodniozdrseanldonn wasiflesnnleluusuiiuiaaiongs nsuussuiilodntieg
mnufeusghifinasonisivAsuuvamwesUSunalaluuruiiu Isilileluuruiiudinmnddly
dodn it fedu drivdsemuidedniivudeulsluusuiiuagyinly insazanlsluusuiiueg
Tusrane wuileluueuiiufieglusrsmeanusaifinufAzensondintusmeusuiiuesndinayh
Tanusaaaeflinandng Ao usuily deazaarsfirelufiousuiiuveandinauazld
wanfouat Ao nsngin FsuTunansngdniuniiuluazfudunsiedesianie aunsoviilias
amiznsaginluidengauaziinlsaindld 1osnnsnyinluazanegmudesiisquessiianie de

zdudunTIenas1aneld [32]
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as o

2.2.2 Fmludmsumsiesizimusunalaluuguiu

Wi ludmiumsimsgimuinalaluwsuiiu léiun 33esgsinng
Iﬂiuﬂﬁ/ﬁﬂiﬁ\lammuzgﬂ (High Performance Liquid Chromatography ; HPLC) [33-36]

91191U398v04 Don Farthing kagamy [34] ladiasievivsuiudludunay
leluuguiiluiegiaindeanionatau (Plasma) Inslfmedialesunlnnsilaussauzgs Ta
\fuseganenmatnsgiiguamudause wazandironguiifinnmidssdenisialsaila
Madonsadsundu lutunounisadsugiedns vnldlaethiedradenilaludumies
delusndu andunsenfioifivansazarefifudimvmarauudiunieszifeados
lasunlansflaussouras lngldan1ivlunisneaes Ae Aeduil iy dns1N1sinavesans 1.0
fadans/unit uarlilandoud Ae nanlasvigeslseddn (Trifluoroacitic acid) uaziMIUDa
wadialumsinmegitlianmududunsed 0.25-5 nfu/fadans Adulszansduiusunn
N1 09990 Fadrilunisariany Ae 100 uilundu/Aeddns sddeindmliiumedalasula-
niflaussnuzaedl annsoinsesilaluusuiiulfasanuarnns annsadiunszgndldly
nMevszidiudUasgnidvludunsunsussdudnenimaesansdlianafidalsn Biomarken)
watiadinseilaluuguniuenarigludinresnisiauvesynainsiuviowniduvedsmeiuia
Tannsonmaaeudesiuldodvnni deftisanduiifonaiunienudlifiviauwads
91ain e lavaien [34]

miaseitsiudumsieseileluusuiiuddivsslovimafunsunmg
Tumsifadelsaseg dmsunmstiengimuimalalvusuiivludodnifonnadeunmain
Amanveniednd annsoldmadalasunianifanssouzgalunisiaseldgusy
A8819L9Y mﬁmeﬁmim?wuﬂammmwmmﬁaﬂmﬁa [35) InednsneiUsunasesAlugu
Insvleawin wazansildnnmssareiuesesdludulaswoainn Ssusznoudeleluuauiiu vi
meredlagldimadalannlannilaussnuzg funeuniseieudioiaiovaniuainii
dovanlmduidowertuselaludludiens (Homogenizer) Tnenauidevar 5 n¥u funsa
wWoseasinmnudiudiu 0.6 lwans Usanns 25 fladans fgamail 0 ssrnwadea Wuna 1 uni
niuiumied 900 rom Wuan 10 il wenansavaediila 10 Jadans wduumiios
Awarsazanslnunaideulansenlan (Potassium hydroxide) Anududy 1 luais lael
floveylurig 6.5-6.8 Wionnnzney waiiufigamgdl 0 ssrmiwadea 1unan 30 ud 3anses
dierdnngneusendiensenunses iudogsiiatalafigumgd -70 esruadea aniut

megslviinneilagdndiegauiunms 5 lulasdnsdidniedasuntanslaussauvas Ingld
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=

@t RPCIS stainless-steel 1A 25 LwuRluns x 3.9 Jaduns lngldandoud fe
avazanvlnunai@onlalalasiauneann (Potassium dihydrogen phosphate) A2 UL LU
0.04 Tuan$ ey 7.0 igamndl 30 ssrnwaliua wazdnsninmaindeuiveaslandoui (Flow
rate) Wity 0.5 Tadans/unil nanismaaesnuitdieaieuadaiitunmaaediniuan
otfunn Wlosnileuaiinsiiviinadludulalureangs e 5 laleaslua/ndy wagasiata
anuitutuvesleluusuiunagludulsifies 0.11 uay 0.17 lulaslua/n3u auddu Jeoglu
nausifisansuld TneUsalaluusuiuludovaivenliildganie 1.5-2 llasTua/ndu (6]
wazifioduinm % Kvalue wuinilavatandansiien % Kvalue fidnogio 2.50 % wanain
shetnaaiiadinsanuanogiilesann wmsgIuAM BN taUmanfvualTA1 % Kvalue
L3iiAin 60%

nstiessimyinalsluueuiiuifiensininauninanuanveiednd
uananasaialuiiodnianudrfsanunsansaataleluueuiiuldlunde fusifnusguan

o

Wodnd iensrraeudounduisaunimauanvesingauntiiuiulssy Weswnanuieuluy

1% (%
Y o v

AsEUIUNISHAN llanusaaasUSunalaluuwsuiiveananniadnile aeiy Usunalaluwauiu

negluilodnilundndnrinuusyuudrnzindifesiudsnalaldusuiiuiegludodninlddu

e

L)

mpAufeunITuUsIU Fsaunsansiadeudaunauld wu nseszvimusunalalyusuiiuly
HAnduggsHanilieuan [36]) msmvsuialallueuiiulundndue g3iilavanienns
> Y aAa o a a > a I~
ayIvEeUdaundugunnANNanvsUailuingau aansaleseilalagldinadialasinlans i
A135AUge nIzvIuMSgIiisuanduilevaruaisiunisarait ieidnledy uag
3 - Sy oA T vy & ¢ a A A aa

aeAusEnouNaza1eile wu lusAuniazateuila Wind toulwdl wazdudevuduy g3l
i & A A A a = a o °
wANF9INLilaUa1uAsTINAT Ao Hd17 lllinduand uwaslinuaunsaiialeais @ansei
g3ilUndnlundndugiduqlasn 1wy Yda gnau wleduiien Wudu [36] Tunsiasied

Usnadaldusuiivililaegsiniulineamall 20 esmwadea wadn Tnedaiiegiaun

9 U

a

55U waudvatsazatensallesnaesn (Perchloric acid) A21ULTUTY 7.5% USu1ms 40
fiaddns mnuulvluneadielinnazneu Neamall 4 esmwadea WWuan 5 wiil nseuiie
Wuasavarediula uwardrliideanslaeusuliuinsilu 50 faddns fmea1sazanense
WosAaeINAMULTNTY 7.5% ntulAnasazay Neutralizing buffer AUty 0.6 Tuans
Tudnsidu 1:1 lneU3uns wasinuaamgl 4 esrwadod Wuian 10 widl Fahuinses
Y I3 | A o a ¢ v A a =
AIBNTEAIENTeY wastnuatTazatvdiulaiieuluiimsiginisiaiosmaiialasuilans il

aussauzas lnedndieg1auuing 10 lulasdns wonaisaigaeautl Hypersil BDS C18 wid
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wdeud iun asazanslnunadenlalslnsiaunoainn anududu 0.02 luand fednainis
Iviafl 1 fladdns/unit Wunan 10 und aseialeluusuiiuiiauenadu 250 uiluwns uang
anvsinalleluueuiiulumie Tulaslua/100 nfudedns ainmeaesuhiesngiinnde
Janfivailaluusuuiintunuszesnamaivinniigamgd 20 ssriwadea sueiud
17 wazanashuiudl 27 Fansududey3ad 7 i’uagjmmmaﬂaguimﬂﬁ?ulfémmLﬁﬂiuﬁfuﬁ 12 uay
whdsgunsadlougdailiau 17 fu

faudnmsiesgvimusualeluusuniumewmaialasuilansiaussousgs

IS 1% ada 6

Duidinseindided Ao Trnugndesiuduasiianuliimsiziias egalsinig 38hnsen
AananiinswieudiegengeniiemMIndIsunIumigeg Ianududeunaisdunou Juilily
nalumsTiaTEiaIug inseliaiasenlsnaune Bnneldauesedletuddadinnug
L'

o % I3 A v o a f= Y Y o A oA 2 ca
LLagll‘I/lﬂHSﬂ’]{leN']uL"LJ‘LJQEI']\T@ ﬂﬁ]ﬁ]‘UUUﬂ’JW‘Uqﬁqﬁ@Tﬂﬂ@W@JuqLﬂiaﬂN@ﬁi@QUﬂﬁM'ﬁLﬂiW%V

X ~ v a & a a P 1 o a ¢
Juyialianunsainsignusunalalduesuiiulainedy duns watdalulowuwas

2.3 watalulawwuieas

a f < a 9 ¥ o U a s & a a a
waialulawuwes Wumelianlddmiviiaseiasnadanunniasgalsnnulag

LY |

DIFIUANNITNIUYDITINAUVBIDIAUTZND U AUEDIEIU AININT 2.4 D3AUTZNIUEIULTA

fio TanTann (Biological element) vwididufduiuansidesn1sinsieyt (Analyte) i
oulesl (Enzyme) waufuei (Antbody) nsaiianddn (Nucleic add) kaznsaaoendlsluianiadn
(Deoxyribonucleic acid; DNA) Wufu @157f84n5AsIzinanIsIuiueg 193 nnziagasiv
FanTanw wdaannisiiaufisenfinnswisuwlaniotu 1w indidnaseu inansydalum
a o v a a & v & ¢ | P

NANTUASULUAININAINUTOU Lasn1TUasuLUaIn1ed tuaY 3NNUUIAUIENDUEIUNEDS

Ao M Tndyiad (Detector) agyimtnlunisasiainnisilasuuvasiiinlulazuuaadu

FoyaddwiiieUszunana
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dianasoU
a

e yaal

3

v
&5 5 &
AT
33343

ANUSToU

e
N4

AIN31230 ‘ glaady um‘l‘

{ o a ¢ o
b = @15NA0INTIATIEH ‘ e ‘ = ATUNIU

2NN 2.4 9pUsEnaUvRLNATAlUlaLYULYDS

Weowmnawmaialulowuiwesilumaianenfenann153uiueg1931Ln121918 9
seniedan@anmiuansifesnsiasiey asludisuniuniaiegluansitegne Falifinase
a [ v = a ) a [ a € A 1 1
n153as1e9 Jagduiadinsdwnatalulewuigesunldlun1siassnusunnansane agng
aINuae WU ATIATIERUTINaNglaa [37] MsiATgimuTunugSe [38] 59U89N1S

Anszrusunadlaluunsudiu [31, 39-42)
wailalulewwwasuuseenlilu 2 UssianauiinueaTandanmdld laun

[ a

wenAdAlulotwuLes (Affinity biosensor) lnsarfunoufvemiluiandininlunisiuiu

wouflau wazazayladnlulowuies (Catalytic biosensor) o1 SanTanmivimiiilunnsg
euizen taun wuley [42-43]
2.3.1 ezagladnlulawuiwes
avazlafnlulowumes Wunedealulowuwesuszavmils Tngldouleidy

L 1 o

TanTin imtnlun1siseU)ise1e9a15i98enTIn s Ieiog 1931124 Leufisen

2 (% '
a = v Y =

JurtliAnanisisuulas annsafinniuniswasuslasiiAauanansisiuiignlsll vie
AnnuInuAnSusiiAaty [43]

wulsl (Enzyme) iuanstaluanafiaitulaeddidin Slusiudussdiuszneu
véndaiilassairstudounaziluanavuelvg Tassaisveseuleiuszneumensnoziilusie
fuduanelggnvidenadmulng (Polypeptide) vimhitlunisissufisommaaiivinlisns it

[
aaa [

lun1siinUfAseniru Tnenisaandssunssguniendsunedudud Junoulunisiss
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UfAsemeneulysd fanndl 2.5 Taserdanssiasiu (Substrate) Wludufuieulssiiusianuss
(Active site) Tuuuinasimesaizas arsdeiuasididuiuldweffuuinaiisvesoules
willeuusinayuaiugnnaua ﬁﬂﬁlﬁmﬂg‘jﬁ‘%mﬁuaﬂwimL%aLLazLﬁma'ﬁmamﬁ’mﬁlmﬁu dlonns
AnUfATendugaas arsseiurzngnoaninuinaseseules vilheuleinduaiegly
anilneilassairslifinmaudsuuvas uazanunsndnouludndusnldlunisisal jisels
i [44-a8]

Enzyme changes shape
Substrate slightly as substrate binds

( /Active site
=

‘Products A
x [

=

Substrate entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme

A 2.5 FusauniIsvinaueaeulyy [49]

2.3.2 wulwiwruiuaandma
= a h i I3 fal o v Al ] aaa
wyuiuean@iaa (Xanthine oxidase) tutoulasinviminiilunisissugisen
a [ a Y a I~ a | aaa a 9 a Y a I~
sanTatuveslaluuruiulinindunsuiu wazissujisersendnduvssweuiiuliiindunse

§3n [40] Flsaunnsil (2.3) uag (2.9)

XOD

Hypoxanthine + O, + H,O ———> Xanthine + H,0 (2.3)
XOD

Xanthine + O, + H,O —> Uric acid + H,0, (2.4)

o

luanaveuyuiiueendinaiiesduseneuiiddey As lWaUATN 2 oznou Lay
< a av & s s a ! ¢ = & Y
wian 8 exmay lageznauvesludvatilulaunninesegnusasvaeuled Fududinis
o w ! aaa a U d a = a < ¢l
drdgylunisiselfiseneendinduveswsuiiveendinauguiiueandinauieulednilluiang

o (% s

wualvg) Tuwdnluana 270 Alanadu nuusuiueendindlaluiivwazdnd dmiuuyuday
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o I

nszwagludiudiaquessine neanizegragddudlduarludu wenaintifmueglulen

GEARNE S ALTMIS U

2.4 nsesiznnvsunaulalduasuiiuaremaialulauies

o

nyinsgvmUsinalaluwsuiivludagduisldnataluleugesuas Indayay o

T

[
= [ Y

AAnTufesnsiaiamaaiilni Electrochemical Biosensors) Ingo1fenisissufizenves
wrufiuganding \Hunsiengiinalelueuivludonyiensiataeuan [49] Tasth
faograileny 5 n¥u wuaaziBeauagyinlfidifuivaisazarensaloinaednudiu
Anududu 0.6 Tuans Usunns 15 fadans InetluaziBoniieamal 4 ssmwaidoa Wunan

4 uil ntunsewavUsuarsasareliidunarslnedfiievedlutig 6.5-7 lnsfuaisazany

TnunaiBeuaisusiun (Potassium carbonate) wagieliiluian 30 unil Tusnslimauidu
ntuthfegsluinsed Tnoiuaisazatousuiiuoandnadsuins 10 lulasans (0.017
unit) asluansazanslepsuneamnUines (Sodium phosphas buffer) Auiugy 50 dadluans
U3u1ns 900 lulasdns vinniseawduiian 45 undl mﬂﬁfmaumaazmséhaehuﬁww%

a1sazateunsgulaluusuiiulsunng 100 lulasdns add laglvnatlunisfinufisen 190

aaa a

il UfAsenasiineganysal Iinsindygrunietusiomaianiaadlnii lne

o/ o ¥ LY a a = a aaa a Y aada e“:‘l’d
dyaaninlizanasduiusivesndiauiianauiiesnniiaufiseeendindu 53mseiid
ANHYNERY AdUUTEAVTAUTUS = 0.992 AMdlyuUUNINTFINEINS = 2.29

(% |

nAdeAnanlinudumiziazatlunisnsialaluueuiiugs Weswinidunis

sala o

Mauveseuleininiuswnizianzasnu weidunisasiadalaaldiouleidaseiaiuise

A AV oy o U a v & ¢ ) P’ 9 ) ) Ny
waeuile delagtuievldoulainsegulunisnsiain lnensueuledlivuiansesdulaeiiven
Ao arunsadweulwdnduunlddnle vinnisesweuiiuesndaalindludn wwu Tl nes
TAlASL Dl wwe ity Wudu [50] Tunsiasierialeistaiunsavinlalaea1dunisvia

Ujnsewedlaliusuiiuiuusuiiveendinadldindaduaidunsnginuaslslasnudesoanled

a a o o

ndulidngluiruntaluinelvlalasiaueieanlediinuiiseteandindu vinliian

1%
a a® = 1%

Slanasouduluaisazane feauni1syn (2.5) (2.6) wag (2.7) In8L8nAToUNAnTUAI8LATNR

v al

dyaaumaaiilni [51-52]
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XOD

Hypoxanthine + O, + H,O ——— s Uric acid + H,0, (2.5)
0, AndbbiL o o, 4 2e (2.6)
2¢¢ —>  Electrode (2.7)

wedalulowuesildmanatamaaiiniid mivinsgimusinaleluusiiu
wiseonauisasiataniaailluile 2 Ussian Toun wewmweslsiumsnlulowulyes
(Amperometric biosensor) kag Twnutlawninlulowuiwes (Potentiometric biosensor)

NUITBY8I Rooma Devi azandz Tul 2013 [53] lodtasizvimusnialelyusuiiu
diensaouamnmauanuaniodniineg Wi vy ieta ilold wesiilovan femeda
woumeslswndnlulowuies lnonisassuiiveandnaasuutalufiwnslng (Graphite
electrode; PG) Favhnisusuugsiiavihdalwiunslwddounisesusufivoantinalneniu
nszurunsazaudaelwil (Electrodeposition) 1l e yniaurlutndniiiadounes
(Ag@FeNPs) in1zinasundalniiunsing Tneldmadalenanlaaunuwnd Cyclic voltam metry)
ynsgudalaihunsiidadduasazaredidnlvsladifioynauluminiindounssuasli
Fngliliilunszuiunisindieslswdy (Polymerization) 7i 20 50U Tugas -0.6 89 +0.6 Taad
Tsishsnisauny (Scan rate) 50 fiadlaad/Aunit aglddalnihunslndiifoynaunlumani
\Eouvas (AueFeNPs/PG) Intutitaliifliiunisusul e aiaueuituoonding
a1fenyfleiduneans duesuallniidlavelsiin (4-mercapto-phenylboronic acid) tJu
fndeu Tasldnylansenda (-COOH) Lousesiuselataud funyoziluvesioulesd
nszvaunseiaeuleiildlae dudalnihadumsezasusuiiveantinafung 12 $2lus 7
4 peradea axldinliifieules] (XOD-Au@FeNPs/PG) fand 2.6 Faldidutalnitnshau
Tumsimseivsinalalduauiiu [l Agascl Hudaliitmands uagldunmathu
Allihde nmsieseidemadaleadnlaunmund Tnsgudalwiinhauadduasazas
Budnnslad Widnaluiilugag -0.2 89 +0.6 Taad Widnsnisaunuil 50 fadlaad Aut e

WAnuARsevusyililanssualiin
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JHN~ ¢ [-NH,

'

E./HN‘ XI-NH; .
5 0
HOOCA D ~COCH

0
\oocl\n 00K

Au@FeNPsPG electrode ¥OD-Au@FeNPyPG electrode

A 2.6 nszuIuNseSaeulasiuuRINT WA WS b [53]

v
ad a 1

a 3 a a v a 3 ! <
nan153As e USHNalal Uuaguuae8Unu I @111503LAS1E%0E1959L57 1

a =

\RnUfATenauysalil 3 Junit feamadl 30 esrmwaldea lriranududunsseglugag 0.05-
150 lulaslua/ndu fdnsrdalunisasaanud 0.05 lulasTua/ndu ndurhdalaihdilgly
n9rniamuUTinaleluusuiiilufognesie Wi ony et wilold uandlovan woulesiien
Aanssuanas 50% LieldvinuFATen 200 At wazanusaiuialuieuledldunnndy 100 Su
figamndl ¢ esmiwalTa
nsinseUsinaleluueuiiumematanlulowuwessauiuianandlning

LY [y

9D MNUTUNILLAILIE wrog1elsAnudlivasrdaluSeweinnududaulunisinsei

e

AldI1ege insesllenldivuinlvg) wazdiiasienavdesilivinuelunisldiniesile Uaglu
U a s A dy o

YnINeAan SN sWAILI IS NV US ST UNITIATIE I US U ETT taztdu Dnudlaniaden

o (% a 6 a a A= L3 [
aﬂﬂi‘Uﬂqi’JLﬂi?%%‘iﬁ’]ﬂi‘&l?mlﬁiﬂLL"'ZJ‘IJ‘VI‘L! UUAD Qﬂﬂimmi'ﬂﬁ]'ﬂﬂLLUUﬂigﬂ’]‘H

-4 Y
2.5 QUﬂﬁmﬂiQQ?ﬂLLUUﬂﬁgﬂq‘H
2,51 EnnN39eegUnIningTIndinluunssay

nsesgmUsaasdulngasyiluieslfuinig gmvinnsiiasisvses
Judifianuannse Senuslunisldinsedienniznie Muaiu sianlumsiiesgiauay
IdansUsuannnlunsiinsieyt dningrmansdsiaunnaiaiinsgituiieantadninding
Tngandemaluladvesluagania (Microfluidic technology) [54] twmaluladiondunislva
YosansavaensevenaUTinateglunuviovuingania (Microchannel) Wuviefifiawie
[ - ! U 2w v O = v ] @ a S|
Wnunuagwensievhiaiy dwudddarsazarslunisivaimiessedululasins wmalulagves
Inaganiagnitmuinaziunlfidudnuiiamadend msunisiesieniuiuas welinis

AATIPMANTUNNTURBUUUAINTIITANEITURET L58nT1 gUnsalnsIadavesinagania
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(Microfluidic device) aunsalngivindayldarsiaiiuazarsitegrslulSuuntes 151A19n

[

aunsanaznnmluldlunisnsiainanslunirauuls dmiuiannteyldlugunsaingiain
TouA WA (SI0,) TaRoU Nanadn waznsea1y
gunsalnsivianuunszaunsegunsainsivinvedlnaganialuunseniy

(Microfluidic paper-based analytical devices; uPAD) fin1stdnunUssgnaldluauiiasenunn
d’g 4{ a =] 1 1 v a wa =l 1 % 6
Tu FeUIeulaiiounstediuieaufURn1TAa0@UUNTEANEILHY 1aNN15Ye3UNTal

o X ) A ~ v P a =
ninllonfenisindeuiivesarsararslumudulowaglaavesnseauiiousualaais
(Capillary action) waziinuisenuungauiellnuaudiveuin (Hydrophilic) lngaiiauiianu
MIADAMUATNANIIT DVBURIA L UNSARBUNVDIANTATAY A1UN50YNIALABNTISARNTEAIYANY
aIna1eNfeIn1s wian1susuwiInszauliinaanURliveuin (Hydrophobic)

2.5.2 35as19voununaUnsaingIvinwuun ey
1BN9E59RUUALLEUNTAATITINNTEATBUBNIINITNITAALEY F1UITONN

Ialagusunsanszauliiinuantilivouun Faiina1eis loun welianisiinsisewas (Photo
lithography) virlalagnisatsuasdansilalotas (UV light) Hnuniiuvasuunsen1wiitniou

Aad a aaa ' =N a I a I = =& o
answnlimAnufazelsenas arseltasildsudunefiwesiazsiduainaieuunsenny dad
AavandRnligeuln n1susuunnuautfvesnszawmemalinnisiuisely (Wax printing)
M lalaen1sinnily (Solid wax) FaeLAToIRUNBIAENANBaZI9aIna"e wanaIndddlinadia
DU LTU N15USUANINARELAaLYeS (Laser treatment) n15USua@n wa8naaul (Plasma
treatment) N1SANNPELATDINADMMBS (Plotter) Wazn1TRNNA8uIIN N1sas19d1ulivau
memalinfinaiuiavatiadedldtunouLazATaleNEeIn WU LASIRNLLET LATBIANY

s < e R\ T  Hep = S o a A e a X
LALYDS LATDINABALMDS LASDINUNDIALIN WUAL F9TN1TRRIUINISMATANTRUARIUENT LTY
Tngadranluuunseudenansu (Screen block) Fusn felua1uideues Dungchai LavAmy
‘:l' ¥ L3 U VYad a ! a ¥ . .
Panusaaiegunsainsiaiawuunseanulegldisnuicuaniumely (Wax screen printing)
= o o <@ a & o . <@ a
Foilalagirvdenanuinauunseany 310wl (Solid wax) u1guuudenaniy lvazgn
FEUEaUURINTveInsEaulagiugnguresudenansuluainatenuiieanuuull 91ntu
dnseawlilviaufeunioumgll 100 esewadea Uwaan 1 ui lvazagatowasdudn

3 ! Ay - o o 14 ] PN ' Y aa & 1 a v
ﬂ’?‘EJSL'L!GU’ENﬂi%@’]HLUUﬁ’JUWVLQHI@UUW mmumiaswmumlmaummmﬁwuwmuamuimaiﬁn

Tvazanalivunaunisivninusauvinlvlvazatsuunseany
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tagudilifiinidelafadguasainnaiauvunszanulagl s Rusianiu
fheasavatonednaninuedn Jeilanuiiaula esnidunsarsneBiuianiulaglsl
foddrnuieu wazidownonuandivesoduaninuedn dedaasesilinningiumadinm
Tnerunszuaunsntnuaznedweslawdu Iniunedwes Sanaudailiavareh uned
wosTiiniuldfuanstinm ansadesaanslilusssuwd Wullnsiudunaden feonuauta
fanam Famnziumshainldadnildvevihvugunsaiana fauuunszany

Mnnmsmumnsianssudilifiinuddslaiinnaindmivanaialaluuuiiu
lusheghadedaiuasnansusiussunnidednasldgunsalnnaiauuunszay deulunu

Wetldsaulanvimuigunsalnsiainwuunseaiysiuiumaialulowuiwes waznsiadn

' (% '
a a = =

o Iun19@NAATY F99gasiunIalnsIvTnwuunsEAYaEATALUUTRNNANI UMY
a a a d' ¥ o U a & 1a = % 1 1 dy
ansazarenadwaniaweda tialid1usuimsiziusunalalyweuiiulaagnsinedu azaan
< (7 Y} v P = [ a '3 ) a 6
57 1A1gn Mdewinueuazldiaesdiovualnglunisinsent uaganunsahlulasends

Aeauule
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uni 3

A5ALUN15IY

3.1 @15Adl

3.1.1 leluuaudiu (Hypoxanthine, Sigma-Aldrich, St. Louis, MO, USA)

3.1.2 uyuiuesn@died (Xanthine oxidase from bovin milk, EC 1.17.3.2, grade lll,
1.0-2.0 units/mg, Sigma-Aldrich, St. Louis, MO, USA)

3.1.3 goasaviuaieanding (Peroxidase from horseradish, EC 1.11.1.7, type VI,
250-330 units/mg, Sigma-Aldrich, St. Louis, MO, USA)

3.1.4 lolnofi@Au (o-Dianisidine, Sigma-Aldrich, St. Louis, MO, USA)

3.1.5 lenoulalalasiausesinneamn (Sodium di-hydrogen orthophosphase,
Ajex Finechem, Seven Hills, New South Wales, Australia)

3.1.6 lalgneulalasiaueasiuneaws (di-Sodium hydrogen orthophosphase,
Ajex Finechem, Seven Hills, New South Wales, Australia)

3.1.7 woalamrALadn (Polylactic acid, Nature Work, Blair, NE, USA)

3.1.8 lamaslsiimu (Dichloromethane, RCI Labscan, Pathumwan, Bangkok,

Thailand)

3.2 gunsnl uaziATasile

321 LS OIALNY ’S‘Ju Canoscan lide 120 (Canon, Ha Noi, Vietnam)

3.2.2 nszawlasulngng il (chromatography paper) Whatman No. 4
(25 x25 cm pure cellulose paper) (GE Healthcare Little,
Buckinghamshire, UK)

3.2.3 vAenan3u (Patterned screening block) veuldiuun 25 x25 @,
PamTamernlndieamaszngu 100 mesh (Chaiyaboon Brothers Co., Ltd.,
Lam Luk Ka, Pathum Thani, Thailand)

3.2.4 Lﬂ%ﬂﬁ—%a@aamﬂimﬂvﬂmﬁLma'§ (UV-visible spectrophotometer)
U UV-1601 (SHIMATSU, Japan)
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335 IA3BUnaziBunseALigs (Ultrasonic homogenizer)

i:u VCX 130 PB Vibra-cell (Sonics & Materials Inc., Newtown, CT, USA)
3.2.6 \A3esilotaruliunsa-a1e (pH meter) §u Model UB-10

(Denver Instrument, USA)
327 wdesdslniiuuvaziBun naduy 4 sunis (Analytical balance)

U AZ series (SARTORIUS Instrument, USA)
3.2.8 1A393AUANAZY (Sonicator) §u Transonic Digital S WARlABUTEM (Elma)
3.2.9 lulasiwunsiadiay (Microcentrifuges tubes) Uun 1 wag 2 Jadans

(Molecular Bio Product)
3.2.10 lulastiua (Micropipette) vum 100 Hag 1,000 lulasdns

(Brand, Germany)
3.2.11 1A30919E15U VORTEX-GENIE 2 (Scientific Industries, USA)
3.2.12 Lﬂ%wgulﬁmmmﬂau (Centrifuge) 1 30106889 (Jouan, UK)
3.2.13 1A30INIULIWAN Magnetic Bar U9 10 U@L (IKA RH basic 1,

Germany)

3.3 N1INnNaag
33.1 mMsafegunsalnsinialuunseany
3.3.1.1 Fnsasigunsalnsindauuunseany

n1sasigunsalnsdauuunseaviemalinnisiunaniulagly
asazaneweAunaRnueda ftusoussil

fufi 1 ganuuusUlu (Pattern) ¥e3gUnsalnsadauuunszn1ueIg
Tusunsu Adobe illustrator §a3Ui 3.1 (n) a$1sveurnlunsiinuiisevesansiagliiidiy
Youth wagdutuitlivouti duflvouiiazutssenduuinuiiegeiififiui 50 n1sns

[
a A

uRLNT waruinanaTniiuil 05 msasuiiums dsuuuildiivaieudenaniulag
Hhwodioamesnlignguuunn 100 mesh Fsuuanlsisheanufs 10ty

fuil 2 aregunsainmatauuunsznulagiinsfinineduania
LOTARIVUATUNTIUAEAUNAIVRINTEAWLATININATIT n1sRuia Utz ldIsnsfiusinu
an3u ldlneansudenaniufladadulivunszavlasuinnsflounn 25 x 25 wufiuns

(% d‘ gj a a a a g o IS a aa
AININN 3.1 () PnUURNESaranenedLaniaLadalusiviaranglanaslsilnu 10 adans
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% < a a a a = [ = 1 I3 a
AIPUVUTBIVADNANS Y Unansazatenadwandnkadaluniameinulvduniuuaenansu
TUdanszanelasuinns i 19 TAwAIF U AU NA1 LRSS

g d‘ o a & vV Y] d‘ % GIJ = e 1 QII
JUA 3 INsRURAUa et eI UNSSITUvesansATluduNvaU
11 i lalagnismansazatenednaninwadnluiyinazatulanaslsimy 10 1adans aquu

nszaulasHlnnsaunaalalagnss i 3.1 (A) MnduUIeaITazaIeneduanRALeTn
Tumadigafulimudy Aelilvwiedadnundn agldgunsalnsiainuuunseaivauin 3.5 x 3.5

wuRles damsuldlunisnsiadalalluwasuiiusiald

f
NN
. —
-— ufnagng

HYFRRHENIT

«—N3ZATY

llﬁu PLA

I3 =}
™ — I
PGP <+—N3ZATE
lPLA Fueunszae

druitlivauii

K PLA

v
NITAY
\_>

ANSHUNHUENTY
ATUNUN
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This research is the development of paper-based analytical device by screen printing method using polylactic acid for
application in the determination of hypoxanthine that indicator of meat freshness. Frist step, the paper-based device was
designed to create hydrophobic and hydrophilic area. Then, this pattern was used for screen block fabrication. The
polylactic acid solution was applied over chromatography paper to create hydrophobic zone. The optimization conditions
for fabrication of paper-based device were studied such as polylactic acid concentration for front printing ranging 1 to 20%
w/v and polylactic acid concentration for back printing ranging 5 to 25% w/v. The results were found that, optimal of
polylactic acid concentration for front and back printing were 10 and 20 % w/v, respectively. In addition, the optimization
conditions of reagent volume on paper-based analytical device were studied including reagent volume on sample zone
ranging 10 to 30 pL and reagent volume on detection zone ranging 1 to 5 pL. The results were found that, the optimal
volumes of reagent on sample and detection zone were 25 pL and 3 pL, respectively. This paper-based device was applied for
analysis of hypoxanthine based on the reaction between xanthine oxidase, horseradish peroxidase and o-dianisidine. When
the reaction was occurred the brown solution were performed. The advantages of this paper-based device by screen printing
method using polylactic acid were simple, rapid and low cost.
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The advantages of this paper-
based device by screen printing method using polylactic acid —— - — gl
were simple, rapid and low cost. This paper-based device was

applied for hypoxanthine detection.
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ABSTRACT

This research is the development of paper-based analytical device by screen printing method
using polylactic acid for application in the determination of hypoxanthine that indicator of meat freshness. Frist
step, the paper-based device was designed to create hydrophobic and hydrophilic area. Then, this pattern was used
for screen block fabrication. The polylactic acid solution was applied over chromatography paper to create
hydrophobic zone. The optimization conditions for fabrication of paper-based device were studied such as
polylactic acid concentration for front printing ranging 1 to 20% w/v and polylactic acid concentration for back
printing ranging 5 to 25% wiv. The results were found that, optimal of polylactic acid concentration for front and
back printing were 10 and 20 % w/v, respectively. In addition, the optimization conditions of reagent volume on
paper-based analytical device were studied including reagent volume on sample zone ranging 10 to 30 pL and
reagent volume on detection zone ranging 1 to 5 pL. The results were found that, the optimal volumes of reagent
on sample and detection zone were 25 pL and 3 pL. respectively. This paper-based device was applied for
analysis of hypoxanthine based on the reaction between xanthine oxidase, horseradish peroxidase and eo-
dianisidine. When the reaction was occurred the brown solution were performed. The advantages of this paper-

based device by screen printing method using polylactic acid were simple, rapid and low cost.

Keyword: paper-based analytical device, screen printing method, polylactic acid, hypoxanthine
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Abstract

In this paper, we combined lab-on-paper technology with biosensor techniques to fabricate a new analytical tool for hypoxanthine
detection. The combination of these two technologies produces a quick, selective, and cost-effective analytical metrology for
detection of hypoxanthine in meat samples. The paper-based colorimetric biosensor was developed based on dienzyme catalytic
reactions. In presence of hypoxanthine, xanthine oxidase (XOD) catalyzes to form hydrogen peroxide (H>0O,). Then H,O,
couples with o-dianisidine in the presence of horseradish peroxidase (HRP), resulting in a brown color. The color intensity of
the detection zone on the paper was imaged using a scanner. For quantitative analysis of hypoxanthine, the images of the
colorimetric results were analyzed with ImageJ software using a blue histogram. Under optimum conditions, the developed
paper-based biosensor was found to detect hypoxanthine with a detection limit of 1.8 mg L ™" and a quantitative limit of
6.1 mg L™, The proposed assay exhibited a linear dynamic in the range of 540 mg L™". The analysis time was 5 min for
triplicate measurement. This method was further evaluated by measuring the recovery of hypoxanthine added to meat samples.
Finally, this method was applied to detect hypoxanthine in fresh and processed meat samples, and the results were validated
against spectrophotometric detection, showing good accuracy. This simple method is cost-effective and requires no advanced
instruments, offering an alternative to conventional methods.

Keywords Microfluidic paper-based analytical device - Biosensor - Hypoxanthine - Meat sample

detection has been used to evaluate fish freshness in the
food industry. The quantification of hypoxanthine in food

Introduction

Meat freshness is an indicator of product quality. After fish
die, adenosine triphosphate degrades into adenosine di-
phosphate, adenosine 5’ phosphate, inosine 5' phosphate,
inosine, hypoxanthine, xanthine, and uric acid, respectively
(Andrade et al. 2014; Lougovois et al. 2003; Mora et al.
2010). Hypoxanthine imparts a bitter “off” taste, and this
compound increases with prolonged storage (Devi et al.
2013; Heméndez-Cézares et al. 2010; Lawal and Adeloju
2012a). When hypoxanthine concentration exceeds
102 mg kg ', the fish begins to deteriorate, and when it
exceeds 144 mg kg ", the fish is completely deteriorated
(Chen et al. 2017). Thus, hypoxanthine concentration

4 Siriwan Teepoo
siriwan @mail rmutt.ac.th

Department of Chemistry, Faculty of Science and Technology,
Rajamangala University of Technology Thanyaburi, Pathum
Thani 12110, Thailand

Published online: 22 August 2019

samples is mainly performed using complex instruments,
such as high-performance liguid chromatography
(Czauderna and Kowalczyk 2000; Farthing et al. 2007;
Mei et al. 1996), spectrophotometric (Roberts et al. 1991;
Giacomello and Salernot 1977; Johnson et al. 1997), and
electrochemistry techniques (Hu et al. 2000; Si et al. 2018;
Wang et al. 2012). Classical high-performance liquid
chromatography has been widely used to detect hypoxan-
thine concentration in various types of food samples.
Although high-performance liguid chromatography pro-
vides high sensitivity, it requires expensive instruments, is
time consuming, requires sample pretreatment, and relies
on highly skilled personnel. Such equipments constitute
major disadvantages. A simple, cost-effective, and selec-
tive hypoxanthine detection method has considerable value
to control the quality of meat. Biosensor techniques offer a
rapid, selective, and cost-effective analytical method
(Caygill et al. 2010; Mehrotra 2016; Roda et al. 2016).
Biosensors have been developed for various uses in

Q) Springer
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diagnostic (Metkar and Girigoswami 2019; Rebelo et al.
2019), the food industry (Lv et al. 20118; Ye et al. 2019),
and the environment {Zai-Hui et al. 2018; He et al. 2018;
Peng et al. 2019). In recent years, biosensors have been
used extensively to monitor hypoxanthine for meat quantity
evaluation. The most significant electrochemical platforms
used for hypoxanthine detection include the voltammetric
(Pierini et al. 2018), amperometric (Gonzalez et al. 1991),
and potentiometric (Lawal and Adeloju 2012b) types. Until
now, there have been few reports about colerimetric
biosensors that can achieve hypoxanthine detection, such
as those based on the etching of gold nanorods in the pres-
ence of xanthine oxidase (XOD) and Fe* (Chen et al.
2017), which results in a color change, that can be observed
with the naked eye. Lab-on-paper or microfluidic paper-
based analytical devices (UPADs) offer great potential for
analytical tools due to their low cost, low sample and re-
agent consumption, easy fabrication, and good probity
(Granica et al. 2018; Zhu et al. 2019). To date, there have
been no reports about the use of WPADs for hypoxanthine
analysis in meat samples.

For this reason, this work presents a new paper-based bio-
sensor {LPAD biosensor) for hypoxanthine detection in meat
samples (Fig. 1). The concept for the design of colorimetric
UPAD biosensor for hypoxanthine analysis is based on the
catalysis of hypoxanthine by XOD into hydrogen peroxide
(H;0) as shown in Eq. 1.

Hypoxanthine + Oy + H0 % Uric acid + H20; (1)

The product of the first reaction, H;O, reacts with o-
dianisidine by horseradish peroxidase (HRP) in the second
reaction to produce a brown color (Eq. 2).

Hy04 + Reduced o — dianisidine ~ Oxidized o-dianisidine + Hy0(2)

{Colorless) (Brown color)

The color reaction of hypoxanthine is introduced on the
uPAD biosensor. The resulting change in colot on the
UPAD biosensor is subsequently imaged using a scanner,
followed by analysis with ImageJ software using a blue
histogram to get mean color intensity. The uPAD biosen-
sor’s characteristics, including precision, accuracy, sensi-
tivity, linear range, detection limit (LOD), quantification
limit (LOQ), selectivity, and stability, are then studied.
Finally, the developed wPAD biosensor is used to detect
hypoxanthine concentrations in meat samples, and the an-
alytical results are compared with a reference method,
such as a spectrophotometry assay.

4 Springer

Experiment
Reagents and Materials

All chemicals used in this study were of analytical grade.
Hypoxanthine, XOD (EC 1.17.3.2, 1.0-2.0 units/mg), HRP
(EC 1.11.1.7, 250-330 units/mg), and o-dianisidine were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). Sodium
dihydrogen orthophosphate and disodium hydrogen ortho-
phosphate were obtained from Ajax Finechem (Seven Hills,
New South Wales, Australia). Polylactic acid was supplied by
Nature Work (Blair, NE, USA). Dichloromethane was pur-
chased from RCI Labscan (Pathumwan, Bangkok,
Thailand). Patterned screening block was obtained from
Chaiyaboon Brothers Co., Ltd. (Lam Luk Ka, Pathum
Thani, Thailand). Whatman chromatography paper No. 4
(25 % 25 cm pure cellulose paper) was purchased from GE
Healthcare (Little, Buckinghamshire, UK).

Apparatus

A Canoscan lide 120 scanner was supplied by Canon (Ha Noi,
Vietnam), and a UV-1601 UV-visible spectrophotometer was
obtained from Shimadzu (Kyoto, Japan). A VCX 130 PB
Vibra-cell ultrasonic homogenizer was purchased from
Sonics & Materials Inc. (Newtown, CT, USA).

Fabrication of the pPAD Biosensor

The fabrication process of the uPAD biosensor is shown
in Fig. 1. The pattern was first designed using Adobe
[ustrator. Figure 1 a shows a paper-based pattern. The
device is tree shaped and consists of two separate zones: a
sample zone and a detection zone in triplicate, which was
used to create the patterned screen. The screen was made
from a 100-mesh polyester fabric on a wooden frame. The
patterned screen was placed onto a sheet of chromatogra-
phy paper. After that, 10 mL of 10% (w/v) polylactic acid
solution was applied over the sereen. The patterned paper
was ready to use after drying.

Colorimetric Assay of Hypoxanthine on the pPAD
Biosensor

The colorimetric assay of hypoxanthine on the (PAD bio-
sensor is shown in Fig. 1b. Hypoxanthine was measured
with the created (PAD biosensor. Briefly, 25 ul of stan-
dard solution or sample was dropped onto the sample zone
of the UPAD biosensor. After that, 3 uL of 0.5 mg mL™"
XOD was dropped onto the detection zone to react with
hypoxanthine for 2 min. Next, 3 uL of a mixed solution of
containing 0.01 mg mL ' of HRP and 3 mM of o-
dianisidine (1:1) was dropped onto the detection zone and
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Fig. 1 a Schematic diagram of
screen-printing for fabrication of

1PAD biosensor and b schematic .
diagram of colorimetric assay of € RILRON
hypoxanthine on a uPAD -« ple zone
biosensor e
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Scanning

incubated for 3 min. Subsequently, a brown solution was
obtained on the detection zone. The color changes on the
paper were measured by a scanner and analyzed using
ImagelJ to obtain intensity value. Briefly, (PADs were
scanned and the image was 2550 ¥ 3507 pixels and was
saved as a TIFF image. Then the JPEG image was opened
with Image] software. Then the second step was done by
selecting a circular icon for selecting the reader area of
detection zone on the tPAD which set the specific position
in circular (90 width # 90 height). Next step, the cropped
images were analyzed to obtain the RGB channel intensi-
ties. The mean value in blue channel of histogram was
measured. The mean intensity value of each detection zone
was obtained by subtracting the intensity from that of the
background. Then these values were used for construction
of calibration standard curve or caleulation of hypoxan-
thine concentration in real samples.

Optimization of Hypoxanthine pPAD Biosensor

To evaluate the optimum conditions of the PAD biosensor,
XOD and HRP concentration, pH value of XOD and HRP,
reaction time, and concentration of o-dianisidine were studied
to obtain high analytical signals. Only the investigated param-
eter was vatied; all other parameters were fixed for detection
of hypoxanthine 100 mg L™".

Evaluation of Analytical Performance of pPAD
Biosensor

The following parameters were studied to evaluate the (PAD
biosensor’s performance: precision, accuracy, linear range,
detection limit, limit of quantification, selectivity, and stability
of the WPAD biosensor.
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Analysis of Hypoxanthine in Meat Samples

To validate the proposed method, the developed WPAD
biosensor was used to detect hypoxanthine in nine meat
samples including fresh and processed meat such as pork,
chicken, fish meat, and fish sauce. The extraction method
was carried out according to the procedure described in
Devi et al. (2013). All solid meat samples (1 g of each
sample) were minced, mixed with 3 mL of chilled dis-
tilled water, and homogenized using an ultrasonic homog-
enizer for 10 min. The homogenous mixture was diluted
with 7 mL chilled distilled water. The solution was then
centrifuged, and supernatant was filtered using 0.45 pm
of filter paper for further analysis of hypoxanthine using
the pPAD biosensor. In the case of fish sauce, the sample
was only diluted with 0.1 M phosphate buffer with a pH
of 7.00.

Colorimetric Assay of Hypoxanthine Using
Spectrophotometric Method as a Reference Method

To detect hypoxanthine using the colorimetric spectrophoto-
metric method, 30 ul. of extracted sample solution was added
to a microcentrifuge tube. Then, a mixture of 30 uL of
0.5 mg mL™' XOD, 15 uL of 0.01 mg mL™' HRP, and
15 L of 3 mM o-dianisidine was added to the above solution
and incubated for 3 min. The absorption of this solution was
then measured at 430 nm wavelength using a UV-visible
spectrophotometer.

4 Springer

Results and Discussion

Response of the pPAD Biosensor
During Hypoxanthine Detection

Hypoxanthine detection was performed using the pPAD
biosensor. The hypoxanthine standard solution was
dropped onto the sample zone and reached the detection
zone by capillary penetration, resulting in enzymatic reac-
tions. In the presence of water and oxygen, hypoxanthine
reacts with XOD to product H;0O; in the detection zone.
The H,0O, then reduces eo-dianisidine to oxidized o-
dianisidine by reacting with HRP, resulting in a color
change in the detection zone from colorless to brown
within 3 min. As can be seen in Fig. 2a, the gradual
inerease in color intensity corresponds to the increasing
hypoxanthine concentration. Figure 2b shows the results
of RGB values. It is seen that the blue intensity analysis
was the best sensitive among the RGB color. Thus, a blue
histogram was used for analysis of color intensity value.

Optimum Hypoxanthine Detection Conditions Using
the pPAD Biosensor

Effects of XOD and HRP Concentrations

Because XOD and HRP concentrations may affect biosensor
performance, the effects of XOD and HRP were examined in
the range of 0.001 to 4 mg mL ™" and 0.0001 to 2 mg mL ™",
respectively. As seen in Fig. 3a, when XOD concentration
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increased from 0.001 to 0.5 mg L', the biosensor’s response
increased due to increasing enzymatic reactions. However,
XOD concentration higher than 0.5 mg L™ yielded no signif-
icant response change because all substrate molecules were
bound to enzymes. As such, an optimized XOD concentration
of (.5 mg mL ! was selected to achieve the best response. The
optimization of HRP concentration was also investigated, and
the results are shown in Fig. 3b. Color intensity increased with
increased HRP concentration, but no significant change was

obtained when the concentration of HRP exceeded
0.01 mg mL ™", Hence, the concentration of 0.01 mg mL™
HRP was chosen as optimal.

Effects of pH Value of XOD and HRP
The value of pH affects the function of the enzyme. Therefore,

the pH value of XOD was investigated by using 0.1 M phos-
phate buffer ranging from 5.00 to 8.50. The results shown in
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Fig. 4 Calibration curve for
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Fig. 3¢ indicate that color intensity decreases from pH 7.00 to
8.50. Thus, pH 7.00 was used as the optimal pH value for
hypoxanthine detection. The effect of pH value on HRP ac-
tivity was also optimized by investigating pH ranges from
5.00 to 8.50 in 0.1 M phosphate buffer. As shown in Fig.
3d, the intensity increased with increased pH value. The color
intensity reached peak value at pH 6.50. Hence, the pH of
HRP was set at 6.50.

Reaction Time

Reaction time 1s an important factor that influences the reac-
tion of Egs. 1 and 2. Therefore, reaction times were studied.
Figure 3e shows the results of reaction time during the hydro-
lysis of hypoxanthine when catalyzed by XOD to generate
H;0,, the substrate of the second reaction. Color intensity
increased as the reaction time inereased from 1 to 2 min and
decreased as the reaction time increased from 2 to 9 min.
Thus, 2 min was chosen as the optimum reaction time between
hypoxanthine and XOD. The H,0, generated from the first
reaction is used to oxidize o-dianisidine in secondary reaction
with HRP, resulting in a color change to brown. Therefore, the

reaction time of this reaction was optimized. In Fig. 3f, color
intensity reached maximum at 3 min and remained constant
from 3 to 13 min. Thus, 3 min was selected as the reaction
time for the catalysis reaction of HRP, as shown in Eq. 2.

Concentration of o-Dianisidine

The concentration of e-dianisidine has a significant influence
on color reaction. Thus, the concentration of e-dianisidine was
optimized, and the results are shown in Fig. 3g. From Fig. 3g,
it is observed that the highest color signal was obtained at
3 mM. Therefore, 3 mM of o-dianisidine was used for the next
experiment.

Analytical Perfermance of the pPAD Biosensor

The performance of the (PAD biosensor was verified
using optimum conditions based on the above parameters.
The developed WPAD biosensor exhibited a linear range of
5-40 mg L7', as shown in Fig. 4. The linear regression
equation was ¥ =0.3869x + 1.749 with a correlation coef-
ficient of 0.9957. A low detection limit of 1.8 mg L™! was

Table 1 Recovery of

hypoxanthine in meat samples Sample Concentration of hypoxanthine (mg L") Recovery (%}
using the uWPAT) biosensor B
Original Spiked Found
Pork 845+0.11 15 22924037 965425
20 27.05+0.50 93.0+£25
Nile tilapia fish Q 15 15.71£065 1047443
20 2041 +£0.75 102.0+3.8
Chicken 10.23+0.38 15 25.24+050 100.1+£33
20 29.16+0.96 946+48
Fish sance 6.22+0.88 15 20.55+0.356 955+3.8
20 24.06 038 892+19
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Fig.5 Selectivity test with urc acid. histamine, and tyramine (50 mg L
using the developed LPAD biosensor

evaluated using a signal-to-noise ratio of 3, which was
corresponding to 18 mg kg™ in the meat sample (Nardo
et al. 2016). The quantification limit was 6.1 mg L™" with
an acceptable precision (% RSD =4.75) and accuracy (%
recovery = 95.8) (Taverniers et al. 2004). To evaluate the
precision of the WPAD biosensor, intra-uPAD biosensor
repeatability and inter-uPAD biosensor reproducibility
were studied using the same concentration of hypoxanthine
(50 mg LﬂJ expressed as RSD (n=7). The results showed
that % RSD repeatability and reproducibility were 3.5 and
4.1, respectively, indicating good precision (Tavemiers
et al. 2004). The accuracy of the uPAD biosensor was
evaluated through a recovery test. Four real samples (pork,
fish, chicken, and fish sauce) were spiked with three dif-
ferent concentrations of hypoxanthine. As shown in
Table 1, recovery values ranged between 89.2 and
104.7%, indicating good accuracy of the developed
UPAD biosensor (Taverniers et al. 2004). These results
showed the capability of the developed uPAD biosensor
to detect hypoxanthine in real samples without clean-up
and pre-concentration sample steps.
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Fig. 6 Correlation curve between hypoxanthine concentrations as
detected by standard spectrophotometric (X-axis} method and the
present PPAD biosensor r (Faxis)

The Selectivity and Stability of the yPAD Biosensor

The selectivity of the uPAD biosensor toward hypoxan-
thine was studied by testing with uric acid, histamine,
and tyramine in the same concentration as hypoxanthine
(50 mg L"), Minimal color intensity was observed with
uric acid, histamine, and tyramine, but significant color
intensity was shown with hypoxanthine (Fig. 5). These
results indicated very good selectivity for the analytical
device even in the presence of other compounds in real
samples. The long-time stability of uPAD biosensor was
also studied. The HPAD biosensor was stored at 4 °C ina
reftigerator and tested every week by measuring the re-
sponse to 50 mg L~ hypoxanthine. The long-term stability
of this WPAD biosensor showed that the response yielded
about 96% of the initial response after 2 weeks. The reduc-
tion in response may be caused to the loss of enzyme ac-
tivity of XOD. After 4 wecks, the uPAD biosensor re-
sponse still retains 89% which may due to the short life
time of XOD (Albelda et al. 2017).

Detection of Hypoxanthine in Meat Samples

To test the performance of tPAD biosensor in real sample
applications, nine meat samples were chosen and analytical
results were compared with that spectrophotometric meth-
od. All analytical results of two methods were tested with a
linear regression and statistic ¢ test. Figure 6 shows the
results that an excellent correlation coefficient (v =
0.9983) was obtained between the hypoxanthine concen-
trations by these two methods. The mean values of the two
methods were also compared using a statistic / test at 95%
confidence. The results showed that calculated ¢t values for
all samples were less than the ¢ critical value, so it can be
concluded that there is no statistically significant
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Fig. 7 Detection of hypoxanthine in Nile tilapia fish sample during
storage for 20 h at room temperature
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difference between the methodologies. These observations
expressed accuracy of the present uPAD biosensor.
Moreover, Nile tilapia fish (Oreochromis niloticus) was
chosen as the sample to test the performance of the devel-
oped uPAD biosensor for monitoring fish freshness. After
the death of the fish, the amount of hypoxanthine in-
creased, affecting the quality of the fish. Thus, the devel-
oped HPAD biosensor was used to detect hypoxanthine
concentration in Nile tilapia fish at various times ranging
from 1 to 20 h after death. Hypoxanthine level increased as
the storage time increased, as shown in Fig. 7. After 20 h,
hypoxanthine concentration was very high, meaning that
the Nile tilapia was completely deteriorated. These results
showed that the developed WPAD biosensor has potential
applications for evaluating meat freshness.

Conclusion

In conclusion, we have successfully developed a new col-
orimetric biosensor method and microfluidic paper-based
analytical device to create a simple, selective, and cost-
effective WPAD biosensor for hypoxanthine detection in
meat samples. This colorimetric WPAD biosensor was
based on multienzyme reactions on paper that produced
a brown color. Color intensity was recorded using a scan-
ner and exported to Image) software to create average
intensity. The uPAD biosensor was found to be highly
selective toward hypoxanthine and shows 89.2-104.7%
recovery of hypoxanthine from meat samples. The limit
of detection of the proposed ((PAD biosensor for hypo-
xanthine detection was 1.8 mg L', which is lower than
the previous works (Nguyen and Luong 1993). A test
using our (PAD biosensor, which can measure hypoxan-
thine samples, requires just 5 min to complete and re-
quires no special equipment. Thus, this PAD biosensor
provides a rapid, cheap, and simple method of w analysis.
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