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Determination of gamma-aminobutyric acid by sequential injection

with silver nanoparticle sensor
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Research Title: Determination of gamma-aminobutyric acid by sequential injection with silver
nanoparticle sensor

Researcher: Asst. Prof. Dr. Saowapak Teerasong

Faculty: Science Department: Chemistry

King Mongkut ’s Institute of Technology Ladkrabang

ABSTRACT

Gamma-aminobutyric acid (GABA) is an important inhibitory neurotransmitter in the
central nervous system. Some researcher found that this compound can reduce anxiety
symptoms and decrease a risk of Alzheimer’s disease. Today many food products have
added GABA to their ingredient, in order to improve a quality and value to the product.

In this work, a sequential injection (SI) was developed for quantitative analysis of GABA
based on citrate-capped silver nanoparticle (AgNPs) sensor. At pH ~3.8, GABA is positively
charged. This compound could thus induce the AgNPs to aggregate via electrostatic
interaction. This resulted in the degree of light scattering which can be monitored by a
spectrofluorometer.

In the method, acetate buffer, solution of GABA and AgNPs were subsequently
introduced into a holding coil of Sl After that the solution zone was transferred to ‘the
spectrofluorometer, set with excitation and detection wavelengths at 300 and 600 nm,
respectively. As results, the intensity of scattering light was proportional to the concentration
of GABA. Under optimal condition, the- calibration was linear in range of 50;200 mg/L.. GABA.
The coefficient of determination was 0.9956. The limit of detection was 19.80 mg/L and the
~ relative standard deviation was 0.5966%. The method was automated and rapid with a
sample throughput of 25 sample per hour.

Keywords : GABA, Light scattering, Sequential Injection, Spectrofluorometer, Silver nanoparticles
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1.1 anaudlunuasauddny

@131 (y -Aminobutyric Acid , GABA) Lﬂuawsﬁaﬁmmﬂmﬂixmwﬁﬁwﬁ’iy‘lusswﬂszmw
dhunans tvannmsdsdilsamusuden ommsiandna wielsaesen Jestuaruduladings
wazsufansunsusawaduaie (1] Tnsundasnuniniieglussuuussamarunansueanyud
agua ?z'iqmsmmmmmLﬁﬂ"ﬁvulé\'a1nns::mumivmﬁﬁum?\ﬁmﬁaua’ﬁﬂgﬂ%w (Glutamate)
Tuanssinarsduaisniun wazainndngiunieaudde wuinisuslaaduuniuiuaiiies
Jsvana 20-30 fadnduseufifismesenskousmornuaien saluiinsysriudanns
M3UUTEMUlAINUNE9 NSNS SNYR 1Y Turuiis Wwasu uzi@owna ANl 91Indawen
vienAnTsosIEsILasASeuEs iU Wusy (2] '

ﬂmuuwamnm‘nmmﬂaiwmmumwumumamaamm 1ﬂnmssuwsmmmuﬂu
HARAELI mmﬂummaan’lmwuﬂﬂﬂhLaanwamnmmuuq sahilunszuiunisaan Sedeeiitunou
ATATIVADULAZAIUANANNTNUDINA Ao Famadansamaiadessyiunu muily
wAnsnuirneg TutiqiuiivainvatedBitiu mealirdadnlasninns i [3] wasmalindiaaudvady
wAtuaruada (Sequential Injection, SI) [4] Tnevhaesmaiaiidaffe fauutiugs uildinarlu
mMsiasziing wagiimsvheuius vliiAededninlumyitasie

TuATe i sRauRs MRz iUl Tﬂamﬂamsmﬂgnsmsumwmm
fuaymeunludanef aeldszuuBinudsaduiandu (Seaquential Injection, SI) 91nUuAnR
msuJaaumJaamiﬂsvmLLawmaumﬂqufaana‘swLmswumsanummwu‘uwaqmmmmuaq‘w
Iﬂa'hsLﬂiaaamniwsWaaaT.sumas mamamﬁmsm’mﬂuﬂa ssuviimnufusaluffannsonsie
Sinseildeseeides fiumuadeiisenain wliitanatamuiiiiammsaiuasgndes
wsiugh

1.2 Yaquszadasanside

12.1 eWauiinsiemeinuinaniuilesldszuy S uasfioyniauludanesidu
AIRARNY

1.2.2 iehisnvantuluvssgndldlumsiiensinmuilusdadasiomnsiaiunun

1.3 YBULUATBINISIVY

1.3.1 Annnalansiiaufisenseriemuriveyniauiludaiies

1.3.2 Wamnszuu Sl deldlunisiasiedininiu

1.3.3 Anwanmeimzadlunsieseimniu aeldszuu S

1.3.4 Ussenase suvitanalunieswimmuilusdadusiemnaadunin
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1.4.2 l#szuu Sl ielflumsiiansiviniun
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unii 2
wuaRa Noeiuazeadfeiineados

2.1 U
2.1.1 doyaiialy
AU (Gamma aminobutyric acid, Y-Aminobutyric acid, 4-Aminobutyric acid,
GABA) Fensmesfiluvianieinuldlussuuuszamaiunansnosdniidsgniaoun uarsde
Usvamuszandud (inhibitory neurotransmitter) ¥uthiisnmaunaluanos vliAnnsHeu
pany uazdhnszdusionl e WiAnmsnansesluuiitrslumsidydulavie Sunlnsmeasluy
(Human growth hormone, HGH)

2.1.2 Aruanwe [5]

muniu nedamasdes Lifndu gasluiana CHNO, wnalutana wihiu 103.120
nfuralua ALY AL 1.120.1 nfusieliadiniy aLAen Javasuival 247.9 uas 203.7
pernaida sudady idssannuniivgiladdu 2 wy Ao wjmiuendan uaz wyjesiilu Jafid

AMSUANFMYBINA (pKa) 2 A1 TagAINISUANFITaINIAYBIM A UBNEan Wi 4.23 uagmyesdl
Tu winfiu 10.43

OH

H,N
JUN 2.1 grslaseainamaialinesniun

2.1.3 unasnny [2]
nuransanulamlulusmsausssuriivatsUssian Feemisusassinaswuni
< o [ [y ] P [ a [ ¢ St o Vet &
vlaluuSunauiianeiu daanslunisien 2.1 1Waanlundadiuainusssusalei iiuTunn
nmuibiwiusu wazeslitisswaderiudesnsnaziiiiananunguslaamanis Asiudadl
mMadunuIaluNERA UM TTLARY



A58 2.1 msnuassviunanuilundaiuniomssiiacneg [2)

TR - . .
- USunauniun @adnin/100 nsw)
Tuguns 100-200
UpLIaDU 74.5
ULYOINF 62.6
Aud 59.4
Fonlnuan 14.5
YMNNADNON 10.0
WANos 9.7
v 6.4

2.1.4 Uszlownd [1, 2]

rummiinsnwaugaluaues Tasmasudamanseduansioussamiinlidnlaiio
mMInszaunseny ssldiimnhudusnasulssaiieanninuaien mndanfinauarainis
wovliindu mdssanmiusulain Jeatulsadiu laenisaausunalasndweslsalusuuas
nssualden umunusladuos tefiausanssed  (Ethyl alcohol) uaz wedvindlas
(Acetaldehyde) fipnanimiuanssiuniu daevildmahaumesiuuaslafity dreduliaanns
wazde¥nwlsnandn uazeinisealsweslasndas USuranmuidilafuiielvivszansaan
(Effective dose) Lﬁam'auﬂmammm‘%’amagjﬁmzmm 20-305a8Nn3U LL_fsiaehﬂsﬁmu'luﬂﬂqﬂ’ué’a
LifinsivunfosasveslSunauniunfisranieaislasulunsaz i (% Daily Value) Favinliinns
Wun1uiasluemnsiasuuineng 500 dadnsy

2.2 aymauﬂu%ana? (Silver nanoparticles)
2.2.1 wnluenans (Nanoscience)
ulusansifumsfinuifetueyniareseznauvislianaiiuunneglussiuunly
wns (1 uluanswidy 1 luiud e vie 107w Wesymadivunadnunnlussduulu
udr asvilinnuaaiAsaqueseymadsuuadly

2.2.2 auiAnuas [6]
andimanaaduaudfanizivatlansuazlangeanlen audinuaseyniau
Tuganesawnsaaduiglisisusingnisal iweadine waraueu islauwuud (Surface  Plasmon
Resonance, SPR) 573&Lﬂuﬂ?{ummwumﬁu‘uaqﬂszqﬁLﬁﬂmnmié'waaﬁLﬁnmauﬁaiz Piidnwu
msdundeumdeeiu Wuusingnisaiiintuvinuinsesrevedansivaisiadn winigy
gwineymaduiuananieasazats Taofl wuia sesndu uazaunine vesalUnmIuwan
auowsleuuudvasouniafiieg 3xfuiy aunn JUs Ussianuesian uazanmuindouseus
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P v = & o a ' < - ; )
fawdoudy unuasdudduim sgnlstiaulanzdiulngias

[

U
a
g1

aumﬂuu E)Uﬂ"lﬂU"lIU‘ljﬁL’Jﬂi

m’mnLs‘[wuu‘daq'lu‘zm'lna%’a FFsbtjusnannaiuvesteumiueu

Electric field

Eractron cioud ”

sUl 2.2 msduwesmanaueu (Plasmon oscillation) lusynAnsanau

(ﬁm: http://ulbread? tistory.com/103)

iU‘Vl 22 NITUIUMIAUTBINATANDY LLam'l'vrmuminsvﬂmaqnauﬂs"amanmau
(Conduction election charge cloud) Suiusiuinedeasiolitutamonduwivgnliin fady
nqumanmauaasmsgﬂmumm‘lwmmmsauwaq Imammmaamsauuwagnu ALY
99981ann50u (Electron density) 1naduimssiannsou (Effective electron mass) 1A FUIN
Y93N13N58918989U5E9 (Charge distribution) :

2.2.3 synmaAuiudaias [7]

sunAuluTaies uJuaumﬂuuwaqmswuwuulwu‘ummLan’lusvo’nuuﬂumm i
aumﬂuﬂu‘daLdasuanummqmamwLLa-'maLﬂumLmﬂmxﬂ,ﬂmnaun'\ﬂuﬂwanasﬂﬂmwu
amswmus"m'}awuwmmaﬂsmmsawu ma‘lwmﬁmﬂﬂgnsmmmmu Wl lFaTy wasidd

wWasulupuauneynA mﬂifaﬂwnaﬂmm'lwmmsnﬂs::qns‘l'[‘uaqmﬂuﬂwaL’Jaﬂums
Taszinuaiilivainuay

2.2.4 midaaszioynaulu@aiias [7]
FausSeueymalavzunlu aunsawioulinaislasuwvaiuasuiingq loun
2241 wuuuasas (Top-Down) tumsasnaninszauuuasan 158910
gualngliduruiadn lnemsiaudainguuneingiidnamuiisssduuluumnsimeusaniguen
TngMinafiarneq WU LASER ablation w3 lon inadiation winuiisiidednfafe auauwue
wavgUinveteynia lhgn

2.2.4.2 uuvanduuu Bottom-up) Wums duaszilasiuiuainmaies
avpauudazasney  Usenautullueymeasuiivuinuniluims medsang  maadl uonde
winmsiauisedinduresansasans wesdudadesliidu 7 35 fie



1. n15UA (Grinding) 1uNTEUINNMSIASBUNIAZIBEAMENITAATUIANNNAYDY
sumavwalngflilivundnas 1 Msundesmegnuea fSUAYDBULLUGNNALTSAGS NSUA
goouuulan veawinssiansuaseile

2. 913nAaw$a (Arc discharge) WumsieluiinszuanssmnaAsausEnInaum
Tanzanauris wwiliAnusenglmdeanusnanautusewiruvilansil aeldusseniaund
wienszirlusnaniiiuvsavan waé’wéﬁa‘lﬁaqmﬂu'ﬂwaﬂam:mw%nmna'm‘]'z'J'S'nJaQLwiq
Tane d1uN15AILANYIUIN awv‘h‘lﬁiﬁamsmuquqquﬁLLasﬂ'nuaﬁ“lLauamaqwa'\am

3. 8lnns A (Lithography)  LUSBuMilBUAUNSUALAEANIBNITIIALUULY
fuinveauds Funaluladdinnsmiduisnsuaniigniunldluisnisanamnssululas
SEnmsaiing uwdmiunisAnsmasAnermanisssuuluiy Suduiiedeatauiinisves
welulagalnnsmitiransaneadelaseadddussiuuluwnsld wee  dlnnsmiiflussdu
wluliannsalfuasiveandiulilumsians wasiifiaweneaueglutae 400-900 unluwms
Ingiifiundnlaseadassauuiiu) Fufudadinsiaunisnmsiieliisnsalnnsmilanunsoiasnin
Tassasrauntula ' »

4. Wadiawesosivatu (Pulsed laser ablation)  (HuiSnsilviadu
wimdnliih Aeuanawesiulanefidoanisiniemdusyniaunly ntuvdnnfavelansess
msmmnauwaqmuwmﬂnsmmummmmsauaqu,mumﬂﬂaauamusLﬂu“l.aﬂaﬂammnuumm
msm'uLLuuLUuaumﬂuﬂumaﬂaw fisemuimsmumiudusymaaansafialusinarsiiy
yaavaalan mumsmuqmmmmmsnm‘loﬁ’lmamsmuQumawaqmwamauamas siinveq
Fnaniiiiuseavan wieudnssvianuduturedelansAlduiivuavunaveteyniald

5. llaladians (Photochemistry) Lﬁuﬂﬂs'lﬁtl,mﬁﬁwé’qmuwaﬁﬁ'uwé’wm
wusvLwa'lvimﬂmsmmnauuawmamﬂummu mnuumsmmuwuwamuawu WNIYINIANTT
fundsaudruiuilunans s Fanildlutufonsifinugazeuadl Lsumlgnimum UfjAzenin
Twafinea (Photochemical reaction) dwiunisissesouniauiluvedlans 1y nedd vielu
Tnouiisetiinedaea wldmsillisidnaseuiiognasedustuas 1wu lanzeenlud lsloseu
vadlanzdiiaveantnduiiuvanviofuarsusenoulans W3udidnaseusnansidanta
nevduarauds vie dl¥Bidnasou (Electron donors)  udasuduezneuveslansiian
sendiaduidugud snuRsmamuutiniueympveslany

6. Sendumunil (Chemical reduction) Asnsmanifvieuanlossy
seslansisiiiaveandintuiiuuinviefuaisusenevlansiianunsoazarsludanarediiu
yoamamuazhiiinnssudrtuiueynia delessuvedlansldfudidnaseunindinadey
Wisudusznenvedlavgifiavesndinduugud mm’fmﬁﬂmsmumiuvfluaqmmaﬂaus
dunsmuauvsansaiislrensmusuissndulasluassnindiidiuansuseney
Tane wiinvesnimd uassinvesanilawes (Stabilizer)

7. Jluiafiand (Sonochemistry) luiansmaaiifinanlessuvedansia
aveendnduduvinviaiduansuseneulane 195udidnaseuain useilAa (Radicals) flawide
I¥esunensaiminlasuniusansilein ssviiliandu H wag OH radicals waslvBidnmsouun



]
ooy

losuvadlansudidsuduesneuvedlansifiaveandiaduBuaud nRanseauitiudy
aumﬂ'uaﬂam'luc?hnmqﬁtﬂu‘ummﬁ‘i

'lumuwauauﬂﬁmaumﬂuﬂwanasmmﬁ Seinduniatadl (Chemical reduction) lasnas
wsnasazawdaneilunse Mladeudinsaduandlaes nniddladoiulsleladidum
g

2.2.5 MInTradsUANANYzYslayAuludales

Luaw1naumﬂwwumﬂuﬂ,uLumﬂuamﬂmummﬂﬂmtJanm FafuTedosonde
néevganssmidinasau (Electron microscopes) Afifndsvenyge iy ndesganssaminuuded
WU (Transmission electron microscope, TEM) msﬂw 2.4 uanﬁmummmsn'lfmﬂsmauJﬂTms
TWinfined (Spectrophotometer) ipeymautuiiuuanivgazganduuasiimmenadurvii
wneunauTuivaAsly e e slanaranousleuudasylidvesmsasaniiou
wdniligandunasiinueneduiivaalhe

80 nm ¢ 100 nm

U

Hl ) a ed o ¢ 1 ]
U 2.3 ‘U‘LHGWI']\‘]‘]‘ll@ﬂﬁllgﬂ’]ﬂu’ﬂﬂ‘ﬁaL’JBSVIE‘IQF‘]?']:';‘VILJJBEENN’]U TEM
(MW": http://nanocomposix.com/pages/nanotoxicology-particle-selection)

2.2.6 nmsUszgnaiduiluaneddmiunsinnsiniaail

mswaumﬂm‘lu«ﬁanasmumar13~muu*ﬂumms m'lwuwuwmmaﬂsmmaq Wasu
Fmuvuavetoyma (INUsIngMsiwesinanataueulslauuud) matsqﬂgnsmmmmﬂmwu
mn*uaﬂmﬂanwﬂﬂuﬂwuulmumsmaumﬂuﬂumanaimﬂsvanm’l*ummumumumu
?Lﬂi'l VT LW'E]'JLﬂi')uWVi'\‘UUﬂ LLauﬂill']m‘UaQﬁ’ﬁ mmumwmaau DI LLavﬂ'ﬁLLW‘VIEJ



2.2.6.1 fudwindey (8]

J. Duan ua.,ﬂzu""lﬁv‘hﬂﬁmswi'ﬂﬂsaw'l%'nwéhumssmﬁdaumﬂu'ﬁ,u‘?sanas‘
vmﬂmummma 6-thioguanine Luaaumﬂm‘imsanasmﬂmﬁ’mmmumsaummvtﬂaaumna
wisuiughma mn'lumamauuwsawaa Usamu‘lﬂmmsmumsiwmnumaqaumﬂuﬂu
sdanas m'lv]msa"maLUaauﬁ]'mau'lmaLUuamam 'l,umm?aﬂummmmﬂmwﬂsmmﬂsaw‘lm
Fust 0-333 wiluluand Fndrindhgauesmsnsiainedi 4 wiluluans

2.2.6.2 AU M3 [9]

H. Ping wagangldiaIsnTsamatiieniumiy Guannmsidaluu
Ltaviﬂimuiﬂamsanﬂmammmwam‘uq naumsTumiveynmuludaleskdidveddaisasany
ﬂ“LUaau‘lﬂmmmmwnamaaamuaumLLammaumﬂmmmlwm‘uu wazasinmunisivdsunta
amagomﬂﬂ‘lmumas mmmnmmqmmmwﬂmm (LOD) Ae 2.32 lulastuans uazdasmudu
Wumsawindu 4.0-170.0 Tulasluans

2.2.6.3 Aunsuwnd [10]

). Ling uazang ldvinisasisiavasiveiu lelasaaslsd Insendans
WauwasditAnannissusfureseymeuniudaneslaefivesiveiudusaumilsni Ty
mATeiilEhmsFuay ﬁaumﬂm‘[u%ana%*?‘iﬁ%msmﬂuamﬁlaL%aiﬁw‘i’ﬂﬁamwﬁ’aaumﬂ@u
au muwasmasua}“uamwmumnm‘lwa'\msmwumm‘lwLﬂmmssaumnummaumﬂuﬂu‘aa
na‘%‘lm mammmisfmmﬂm m‘lmnmmimaauuﬂawmamﬂamaaﬂﬂLﬂuawmmaﬁ'\«mu
Puegfummudiiureauesivedy ntudnhluaseianmInszideuas finatenaadu 396
wiluwas wuianansansaaialaluge 0.05-0.4 lulasluans deisanananunsaviliieuasly
nanlunsiassitios Suiliainsavinisiswilaetiasims

2.3 Fipudsadulantu (Sequential Injection, SI)

2.3.1 ‘Uauam‘lﬂ [11]

mﬂuﬂmmuwaaauL’«Jﬂ*duLUuLmumwa'l‘uam'\amaEJ"NLLaumsaumamwumunau
melinseikuuesulayd Jumedaiifsadestunseuanisiva (Flow-based techniques) wadln
SiaaundsaduientussiiunisinaveanszualuassfianisiilisdeLiioatu (Bi-direction
discontinuous flow) Mslémaliatimudvadiandu ma’lwmsﬂgummumwu sz
sEUUdnlulf AugNfmgneuimnes Fumndmiumsdsefiogwiidesimanetuney Jof
goiERmuduasuandy Aeflauuiug wissledvuiadn vinaldasan masuazan
alddne Usendansldansed lideddusenulumsimionsinegne minzaudumslduenans was
msﬁﬂﬁa'ﬁazmaﬁmﬂmﬁuij’uqﬁ"u Snedanansafruanisinuvesiiegtldvainvane
Fodusdlduauiionlunisussgnaldiuanudinseidiusneg Wieedudu nsuwng indy
33U RAMNTIA Aaandon MINYAT UaLEUY



2.3.2 vanns [4, 12]
madaTimuTaduentu orfendnnisunsvesarsiuviesuriadn nelassuuns
na (Flow-base system) seuu Sl agnisuanansgy 2.4

‘nnzlsmamsﬁvé‘hﬁaﬁu &mzué’oum@lé\a?'mmufa

E
waste

d ] 1 1]
U 2.4 waaaszuu S| 9819918 Lagn1sUNIRsEsluszuy
(Mun: http://www.globalfia.com/)

carder pump  holding reagent sample rtact_l_on getector

S = = a o’ = =t '3 -:)o s v 1

Tuatiadimudsasuaadu fsvvudalussivusenaundfity 4 ssuulaun

1. svuuduiadeu (Propulsion system) yhlwiianislnavesnseuasian (Carier) W
[N ) J b 4 L el a‘ v o (2 y o tv
gdausnequesszuumdnsIntsinanah (rvaumslysunsunsuianes) lneldleTeAdn
(Syringe pump)

2. 52UUdn (Injection system) ldiladfidatuindd (Multi-selection valve) P9zl
- 4gq (Valve) asenanshwrhideusasyninduiudedus aniisnnuteaiu 4, 6 v3e 8 4os
deananilazrefuvisdmiugaansaraeanqdingszuu wasndnansidiginsensiada
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. ?.
31Jﬁ 2.5 1. uangUanwuzYes Syringe pump Uag . waRgUaNYYes
Multi-selection valve
(w7 http://www directindustry.com/)

3, syuunisHay (Mixing system) TussuumswanansazaisUsznausae leafsresn
(Holding coil) uag Andemen (Mixing coil) ‘“zfqa%'ﬁa"ﬁvumnm'iﬁ'wiawa"naanmwmL'ﬂmanau'Tﬂa
wdnnfiansazaneiethauas Soausgnaniu@idaduind Whunuasinlii Teafenssd sz
Tauvammuamiansnanfuluidesiu (Pre - mixing) Tnsn1sunsvesans devieuleu
maammﬁv’wmgﬂwé’nmuﬁn%maaﬁ wAamsranfunnty meslasUnd  dnderend udl
amnueannninlsaineed wazinsunte Musnnnitluleadress

UM 2.6 n. lgafsmosn uaz v. AnFamoun

(ﬁm: http://www.psanalytical.com/, http://www.indiamart.com/)
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4. 5vuUnTI990 (Detection system) 14Iangigad (Flow through cell) ussgasly
\30msa9Tn Iangiwad desfedigusndnvasmnsauivriiaveniomsaianly lasly
mAdsiildldimaliangeslsumiidumadialumnsaia

s 2.7 uanslwangiead ldluesemgenlsines
(Bu7: http://www.analytics-shop.com/)

2.3.3 9of

1. fienndusaluifunty wasderenisiden wsgldiusunsureufinmeslunis
muauﬁy’mm

2. [dSunuansasansuaysiolauatioy Lﬁaqmnviaﬁ*’ummﬁﬂmn WAZENNTANAANT
TudSunauiesunla 7

3. RaniswauuldanslussuuInaduianduosunada insglussuudienuduadu
WwAtUTaDIT I ﬁa’{f\amscﬂﬂLLaz%’amsNé’ﬂ'lwmsﬁNaﬁuwﬂ%'uazmﬁ%aﬁtﬁaﬁamzmé’ntﬁ_m.
athaiien vieuleuvasasmeluvieSaRnmsunsdegid 2.4 |

2.4 aLﬂﬂTwswqaaIiﬁLﬂa§ (Spectrofluorometer) [13]
2.4.1 99AUsZNDY
sefUsvnauiiddeadesaalnangoslsiined fife

1. vasalWAuiiauas (light source) l¥vasmuuefiiaudugs (high pressure

mercury lamp) sdnnsavdesuasiiimudinnniirmennaiu 253.6, 280.4, 334.1, 43528,

546, 577 waz1,014 wluwnas islivaanueRa3ANRUAT (low pressure mercury lamp) &4

annsavsesnasiduinniinueniadu 254 urluias uwatouldvasndueu (xenon lamp) 110

ﬁqﬂLWi'wmmsaﬂfiaaﬂﬁuLLaaaanm‘lu‘zi'aanf’i'mwaLﬁmﬁm%umﬁmswsﬁmwhqq Tusae 190-

1,200 wnlutuns uspgralsfnuluse svaldfouldvasaawoiuiniuiissinduataesd

arugAdus W dvuiadniliansayssgndldauanizedis fhedradu ldonsneu

< a ¢ vet o P ¢ o Y 4 o
aasluniadinalelafiines (flow cytometer ) 1981aau-toau 1awwesd d1m5uUIAToIATUIATDY
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synialudu uasfiinsduelalendwuas (light emitting diode) unluumasiudiauas
Wesmnfivunadnaunsathliussgnildimduiedoiannashlid

2. FUBNUAIRNNIENU (excitation filter) fivsriaiiduinseauas (light filter) way
nseRe Tnthiinsosuas visuenauemaduLailidensldannssnuansiegeesn Tunsdl
Adunsedainegliresitgmlunsldo mmeaansosuunuamnnsenuldtuasliunuuasd
uav uilunsdnldmnsesuasdniusondenldinligndsumnzan wsizlfuauuas (band
width) firusenunniedszana 15 wilwuns madenldanddiimsiimnuniesuaunasiy
Feuvusnsouamdonasn (emission filter) INSIBLAIRANTENUTRILEONLNRINGINTDIAINN
nsENy 019vzHuiInsaasdessen ludilnasneg Yinliinanuduvesuatlagenindiads
waziiolinsTniaruilnnitan fuenuasmnnseny msTiduamnnssmuidanuduge way
msiiamusmeduiadndifesiuausmaiulaidunnuemaesliiiinua

3. Ay A dansinszuen waveindmaen Anrisiadmasuiny
wingaulunsldnumnnia Weswinaanisnszidesmamnnssny (light scattering) Téiunnnin
fvmiviianan Amiivhanmendausaldouldlugntae anueeduuassous 190 w1
Tuwasauly auds 2,700 wiluans Mansiiinainuiiviinuelsdding (borosiicate  glass)
annseldaldiilouasannsemuinnuenaauinnnii 320 wiluwestuly auds 2,500 wily
wes Annvinaddnausaldeulaluvisgieeiu Lwiéfmszi’amsﬁaﬁ'mLLaaﬁL’«Jaﬂuagj &
snavldiAnnnssumuluusenduresmsauas

4. fusnuasdeseen (emission filter) Sinssilafidumnseuas (light filter) uay
INSARY INTTIFALAITUNIUANGY (U Rayleigh scattering  Wa® Raman  scattering  ©@n
Uéaa‘lﬁmwwzmmanﬂ?{uﬁﬁmmsi’mw’mlﬂgiﬁﬂaLLE@

5. AanTBINad (optical filter) 1uLﬁ'%;aqi’®LLélqwaaaLsamueﬁmqLLUU’I%’&?\"JﬂsmLLmLﬁa
yamhitnsesrauuasivdessanunainsunuasldeosn LwaLaanﬂmmmmfmauuN%N‘vam
nssmuluas weiftediumasmnglumsalfnnty .

6. #alauas (light detector) fenlillasiadnareioaiing inseidramsinning
Faus 300-1,000 WlULLAT nazarursavsnedurulnnaulaidudiuauuin inlvuasngesisa
\udTideensn (emission light) Fsdausnniimnududosinn gnasneswoulineuliiuiniy
unesdidnnsedindanunsaialdetiagnsios uroealsimuluniasdiovnadnildlunaau
JuuldTnlnlaloansanarsieiidndusalonas iesndvunadnldnssualnidos und
Fosialunsldautne mszannsefamudureadifiodruidursuaniosfesssuliu
nan

7. MALREAINE danInIRANUITNYeLasenu UMY %T (transmittance) #5830
sonulumbsaududuluededlefisvuuAnanasnludd
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Cell

Source Excitation
monochromator

Emission
monochromator

Recorder F—Lﬁmpliﬁer'*r;:!;:r-‘

gﬂﬁ 2.8 wanshunmiwesssrusznauluaies Spectrofluorometer.
(M1u: http://www.il.mahidol.ac.th/e-media/color-light/paged 5.html)

2.5 yAtefiAeadas

2.5.1 uiTeiifentesfiuniun
w553 winvszya (4] Tevhnisfmundslunisesiniamuiuauniu 9nudade
s urliadauay zylauavYa Imamﬂamsmauwusmﬂ Vi hydroxy-l naphtaldehyne fA7¢
$UU S| LLau'e'ﬂ?IEJﬂ’J"IJJ‘iBUIUﬂ’]iLS\‘iUQﬂiEJ'] PmusseTandadausiiiatufie giaun
Tmumai nugreanuidudunseluyag 100-2,000 dadniusiodas, muwaamummmu
dusmsiviniu 0.17 LLa.,mmﬂﬂmaﬂ“lumsmamm Wiy 104 Tadniudoans '
HLRowley wazAmz [3] ldasiatamuunanseezilusindieg Tngldinada
sislasuninnsiuenlneorftaindoufindisnsdauasii (socratic elution) Saufun1snsiaia
maltit Fainlneriiiegavheyfusiu o-phthalaldehyde  Tnondnfasifiiniuasiinm
iafiesasnatios 5 Halus Faazuneanmnldifuddusall Ao serine, elycine, taurine, glutamate,
arginine, alanine UagGABA audwu Miarlunsezarseenanaodiniluduniewmsaniadu

namaNe 25 uiil

A. Hayat wasmaug [14) lannaiansununivikasladuluiusinuifaniu lag
Hnaiadaialasunnasil Taewugdniuiinisnsiainssdeiinisieyiusiu 2-
hydroxynaphtadehydemﬂ‘ifu%SﬁﬁmitwﬂiﬂﬂLﬂﬂﬁﬂaﬂaﬂiﬂiuﬂwm'}% aglgvieasuou-18 lu
¥UU Reverse phase Lﬂudauagiﬁ'uﬁ warldszuu gradient elution veaumusauazindudu
\wAoud Iﬂaﬁé’m'}mﬂwaag}ﬁos Naddnsnoun LﬁaLLsJﬂLa%%mm’fmﬁaag‘iamﬂimﬁma%
wungaanubudunsieglugig 3.83-34.58 uay 5.16-48.68 lulasniusieliadting vaaniun
uarlagumudndiu AR YevENsINASEILIADY Wity 0.998 wasiugdTiUTnunIuILaLled
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ugeigede $1andeq Faliviinamuiuasladuwiniy 4.1-6.58 uas 15.1-27.6 Tadnuria100n3
Ay

R. Horanni waganie [15] ldnsiatansaeziilu 19 sialurivsianig laserdons
vheywusiu 9-fluorenylmethyloxycabonyl chloride ( FMOC-C) udvvinsnsioinlagld
wAlia HPLC-UV Aldviennsuey 18 figamnfi 40 ssrwaidea uduiindiuasludniiedoui
LeWEMINN gradient 9849 0.1M sodium acetate buffer pH (5.8) fiusznaulusie 0.05% (VA)
triethylamine wag 80% acetonitrile-water Lﬁ"g)Lﬁﬂmiu,amzvi'lmsmw'ﬁ'mﬁmmmaﬂﬁu 262
uluims namshassinudilddn R© 2 0.999 Afpuasveimsiiasesiaundy recovery)
>91%  InsinA1gauaan1snsran(LoD) eglute 0.057-0534  lulasniusediaddns uay
Fashiaranuesn1siasizi(LOQ) aglutae 0.235-1.849 lilasniusediadang nsnesiiluih
msmmrialdmgaiigafomuazueawsidu fiegluniam Jsldaduedit 25 fadniuseniy

2.5.2 wAteiiendesfivaynaunly

H. Ping wagAne [9] I igasaiamaiivaninuiu Suenmsidnluiuas
Tsiulasnsafindeimgaduvesuds deunsusfiveynmauiludaneiuaidussansasaisay
Wasiluanidunndmdesiufunuansireynaiisuslngu wasazianunisiudsuwvasd
Frugdaunlnsiiaed Indriasgevesnisnsaade (LOD) Ae 232 lulastuand uazdreanudy
Wunsaviriu 4.0-170.0 lulastuans : ,

Jchun Qu uazane [10] ldvihnsasaeialwwilluy lnserdunisnsradanedme
indesaninsinlafined Fevinlgordonisifianssiudiuvedunuvedwiniluuiveyaau
Tudaneiiiftmsndonsay Waiamsnumiuashliiiamswasuadnnindedudud
uasudsdinagemnudnduredwniluuiiaunsonsaialdeglutag 1.0x10°-
3.5x10° Twan$ I RE winfu 0.9986 uaz 1Tndiasgalumansiatnie 2.4x10° uans 3438
ftannsanmatadladenanlaslifediedssdiofifismunddiBndae -

J. Ling uasamy [16) dvinisasiadauesiveiu lelaseaslsn lagendunng
Wasuulasdiiinanassuiatureseyniauludaneslasiivesiveiududumilonh lu
nATilsvhmsiuaneioymaunluBanesiidmsaduandlawesivilianmineynady
au duvesivetusslanmidunnifaunsomilenilfifenssmiiuressynaunluia
Lesld deiianissudsuasiliiAnmsdsuulaswesdondndeduiiudifenddinageas
Tusgfurmudutureavefivedu nfudniluasaiamsnsudaweuas fimnuenadu 396
uluas wudunsaasadalilug 0.05-0.4 lilesluand deidfnanannsavildiheuasly
nalumsiieszites Suihldamnsaimsinseildedunaga
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TurAdeildvauisinmsimuinuniu Messuudimuideadueatulag
smsTifueseynauludarssiimsmiuantliages Suhlianmiwessymauly
Fanoiifuay uasnuiitiaamiduuindlemunue pH Bty 3.8 Fehndid pka veam]
AISUBNTARA ?NLf‘mmsmﬁmﬁﬂﬁaumﬂuﬂu%ana%tﬁmmss’mﬁaﬁu%u INTUAARINNST
Wituuashemsssatanisnssiduashairisanninsvigestsines IneAmsnssdeuass
wUsiumssfuURInanU by



-uni 3
ad o o\ o o/
25ANUUNTIY
3.1 gsiaiiuazgunsal

3.1.1 asiadl

Tumsimadeillddamsonatsiall gunsel uaziaTesiioneq ierrluiniey
asavans  Mdlumavaaes vieldlunisduasizoynaunluiaiies dwiuanaiamuiinu
amududurasiun lagldssuudimuilvaduaady uazasninmomaliaannlnsvgeslsums
fatl

L4

Foansiadl gnsindl anutiEd  Bveuazustind
(%) DEN%G\

wnuu aedilulngisn us@n  CHoNO, > 99 Sigma-Aldrich,

(y-Aminobutyric acid) China

wdsululslalase NaBH, 99 Sigma-Aldrich,

(Sodium borohydride) Germany

NINDLTHN CH;COOH 99.5-105.0 Carlo Erba, UK

(Acetic acid) '

T TEHGELENY CH5COONa.3H,0 99.5 Rankem, India

(Sodium acetate

anhydrous)

Todsulansanlan NaOH 98 Rankem,, India

(Sodium hydroxide) )

Fanesluwmim AgNO; 99.88 Carlo Erba, UK

(Silver nitrate)

ToReudinsm CeHsNas07.2H,0 99 Sierna-Aldrich,

(Sodium citrate) Japan

3.1.2 gunsaluaziATansavin
. I IadIueg

. Onines

. UUn wae lulasthun

. ViADARYA

. NILUBARN

. dousnans

. IANAABILUUIH TR

~N o BN e
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8. oglillvuvlond
9. WLMIAUATS
10.-win1dunan
11. \3eauenans Vortex (Genie 2, USA)
12. 13asinfet (Metrohm, 827 pH Lab Meter, USA)
13. 1SpsmuwindniviimSauuvismuutdmdnlnii (Heidoph, MR 1000,
Germany)
14. Lﬂ‘%aqg‘i - Faaawninsinladwmes (Jasco V630, USA)
15. \dnsanlnswgeslsiines (Jasco FP-8000, USA)
16. gunsaldmivainssuvdimudeaduandu laun
16.1 8 —wosnlafdanduaria (HAMILTON, Serial MVP, Switzerland)
16.2 lwaganialwgfuiuas (HAMILTON, HVC ‘T" 3-2, Switzerland)
16.3 Wangiwaddwiuldiuisesyi-38deanlnsTnlniines (Hellma,
176.052-QS, USA)
16.4 Wavgwaddwilifuniesanlnsvgeelsiines (Hellma, 176.052
QS, USA)
16.5 PTFE tube vunaduiugugnananigly 1.0 adwns (Vici AG
Internationat, JR-T68 07-M, Switzerland)

3.2 NMSIAsENETIAT
msLﬂﬁﬁl%‘lumsmaauf}uﬁﬁmLnssﬁmiwsﬁ'(Analytical reagent grade ) WaznISLAIBY
asavanevanualithndulsirnlooau (Deionization water)
3.2.1 Mawsenaumauludaiies [17]
1. wSenansasanedaleslumamanudngy 0.64 fadluans Iﬂa%"ﬁapa% '
luimsn 0.0108 n3 asanefeinduusiaenlessu uavusuUSinasauasy 100.00 fiaddns
2. wspnasaraelafsudiesnamdudy 5 fadluans Inpdaledondingm 0.01
n%u azanomehnduUsrannlessy wasUiuliuasuAsy 100.00 fadans
3. dpnansazanladonlulslalased Sovay 0.1 (hwmindeusuins) Saladeu
Tulslelase 0.0250 n$u avanemetnduusiranlessy wasuUSnAsIuASU 25.00 fiadans
msdaaseivihlalae YWnansasansdareslumsmidudu 0.64 fadluats @inde 1)
USums 39.00 faddns lalutninesounn 600.00 Taddns inarsazateloRsudiasmdudu 5
fiadluand (aandedt 2) Uses 1.00 fieddns Junawduian 20 widt mndunenansazans
Tudeululslslassidudu $ovay 0.1 thnindeusuns @indeit 3) Tassswinamenansazarodang
fumueg amasaeasdeusnddniudvaeda wastiumudafunan 1 4l huansazans
Tugifugamndl 24 ssrniwaidea unm 2 Hlu deuhluldlumsneassisly
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3.2.2 Mawssuasacateardianiwines (anududu 0.5 Twans Wiew 3.80)

1. wisuansazansluisuardianaududu 05 Tuans lnedilufsnerdianlasle
1AsAIN 3.4020 ¥ azanuETuaTUUUSIIMSIuASY 250.00 Haddns

2. iwSguansazatensauadnnanututu 0.5 ais lasUilansauedsn 14.93
Haddns wasysuUSunsAUATU 500.00 Hadans

3. nuhansasaensnesdinanududu 0.5 lwars Ysunes 450.60 Haddns
(@nde 1) vwaufuansazalvansazansleifeussdiananududu 0.5 Tua1susuing 49.40
fadans @ne 2) wazuSumerlvivindu 3.80 Mmearsazarslafsulensenleamudutu 1y
a3

3.2.3 ASIATENEITAZAEERDNIATFIUNIUN

I3ENENSaYaIEARENINATEINATLY 500 TadnTusedns (Stock  solution) Tneda
AMun 0.0500 N3 azansuazUulsuasmeasavarsuedianininesditey 3.80 Uu 100.00
fiaddns wasifuiigamgivieadunan 12 Falus founsraia arsazatafenuinsgiunuTd
wssntuianilddmsusssasasansunnsgunuimmdudusagaely

3.3 Asauliun1sneaes
3.3.1 M999NLUVTTUUTIAIUITABUIDATY
szuvfimuidsaduatulunsiasisimuTNunUILUUsAILTR LanIRazun 3.1

Waste

Detector

Carrier

gﬂﬁ 3.1 uanIsEUUSEUUR M uandussunladadildoonuuy isludinsizvimuiine
AUUUSALUITR: Carrier: thndudsiaannlasoy, SP: l45edty, HC: violsansnaud,

MV: fTafdianduands, AgNPs: ansaratgeynAunludaiins, Buffer: ueBianiwines, GABA:
d13avaIEIIRTEIUNIUT, MC: vielinderneed, Detector: Lﬂ?maLUanstaaIsﬁLmai
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3.3.2 219UTUABUNTISIATITINIUSUINNIUY Tngandessuudiarudeaduiantu

1. gaansazangsiw (1hndudsimannlessu) Usuns 2200 lulasdasinglesedts
v [y =4 a I a ]
mednsusy 100 lulasdnsAeiunn

2. gaasazanguaBiandninesiiey 3.80 Uinns 90 lulasans mesnsusa 20
lulpsansAoiundl dhdssuulaaiiulinvielsafnesd

1 %4 a o ¢ o LY] LY = P2 v v v

mnews [uadeninimesidusiiusulsuing e lvanududuraiasazansniul
AUABANTT

3. gad1saratgafiennATFIuNUIAAENTY 500 Sadniusedns Yiuins 10

o v [v3 o 3 o = 1 %4 ] !In' 1 a
lulasans sednsuss 20 lasAnsaedundl hdssuulaefiuliivieleafresd
de’lj v v v = a I~

purung lunsiidasldmnududuvesasazarslulsuinssiu 100 lulasdns (Wu
50 Hiadnsusedng

4. ga3ieswdeyniauntudaied Usnns 100 lulasans sasnsniq 20 lulasdng
" a o ' val a
HOIUT L‘ﬁ'}@is’utﬂ.ﬂﬂLﬁulfmwa“[aammaé

Py [V o @ a ' e o A4 w0

5. udnansavaridrgszuunsiadn dwdniuss 20 lilasdnsseiund detadinis

nszdauas mersaaninsvgeslsiwes
o 9 - a Y) - a -

6. vgde 1-5 lagdsuuSuastmmasidu 80, 70 waz 60 lulasans wazviUdey
Usunmsansazanwademunasgiumuniu 20, 30 uaz 40 lulasdasdmsvarsazarsniuiani
Wudu 100, 150 waw200 dadniuredns pwawy

< a a o € o
A19197 3.1 waseUuinsvssansagagasueenUnieIies 3.80, arsavatuddenuinsgu
nurrududy 500 fadnsuneding uazayntAuiludaes Weaiwnsninigu

o v U3uns JSunsuang o
AULYUTY - YSU1nsHIn5aLe
d1582a7825TAN f158za18 . ~ U3uIng
YBeEsaLany | & RUABUANAUNLY |
- UniWeIwieY 3.80 | AIMIFIUNIUN 4 g 37 (pL)
(ppm) Faras (uL)
(L) ppm (uL)
0 100.00 0.00 100.00 200.00
50 90.00 10.00 100.00 200.00
100 80.00 20.00 100.00 200.00
150 70.00 30.00 100.00 _200.00
200 60.00 40.00 100.00 200.00

3.3.3 mMaAnwdasduviinasasazateansgiigaidluszuu S emanagi
IS HNABNITIATIEN

ymsAnwIevannesRvnsaudmiumMsIinTeinin mtatemameninuas
yuedl fanansademarensnsviduaemanSusiiiadu
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3.3.3.1 AnwdnSwavasdrnuluniniugite

vnsAnwdnsidileseindrdulunisiuiiseridmansaulalunns
Apset Insl¥mnuenvesiensay 150 wufuns fincandudy 200, 400, 600, 800 way 1000
findn3usedns lnsddulumsyinufiSeniidne duandugud 3.2

To Holding To Detector

31Jﬁ 3.2 Ltaméwﬁuviauhuﬁqmm’hm'luiaaﬁqﬂaﬂé Tauaw n, ¥, wag A Wudsunisyi
Ujiseuuu non-sandwich uagam 1 WudrdulunisyihUjisouuu sandwich
fmualil GABA A ansazawadieAnmsgumuIAmdudu 500 fadniudedns
AgNPs fip Slalaudoynauiludatias Buffer fis uadandwiwasiey 3.80
Tngluguidudnsdnlaeiunes (welimminmesfivafenvesnuideaymauiludanes) Wy 1:1

3.3.3.2 AinyBnswavaInNeNlindennoys ‘

MnsAnunavsiaiiesninauenifindedresd fdwadaszoziaalunig
Wauisemasanalilumsiesient lasldansazanennsgiuniuiddies 100 lulasaas (A
\udu 50 fadnfusedns e 200 adnsusiedng) uaviiudoynimunludanesUunes 100
lulasdns wasAnwiAnuenvesvionauiidende liflviesdy, 50, 100 waz150 wURLAS

3.3.3.3 AnwBavdSnavesdnsinsiva

vhnsfinavinaillasndnnislvaiideadenmsiiaufisen uavaailaly
MR laesnsimsivaiidendnwine 8n31luN15RA/NEN (10/10, 15/15, 20/20 uaz10/15
Tulasdnssadui)

3.3.3.4 AnwidvswavesizeziiarlunisusasazaisuinsgIunIuIAaulin
N1531A51ZN (incubation time)

WnsAnwdndnavesszesiiarlunisiivaisazaisafoauinsgruniun
(incubation time) ﬁ‘eiwiamnﬁmﬂﬁﬁ%m’lumﬁLﬂi'mv'r Tnsnarildlunisiinw 1dun 2, 6, 10, 12
way 24 2lu
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3.3.3.5 Anwdvsnaifiosnanududuveinadiandwiesiitey 3.80 #isl
NafaNSINAULRTEeN

Anwdvdnanruidudureauedianimeifios 3,80l lunmsifazed
damarerublumsiiaseilasanududuiifinw fe 0.01, 0.05, 0.1 wag 0.5 Tuas

3.3.3.6 Anwdvisnadiesnanududuvesiieudeynaunludanesi
fnaransiiaufiaen

nsfinwdnsnaaiduturesiiaisudeyninuludanesildlunisi
Ufisen Fasmasennulalunsiasiest Tasaududuiidnw dus 0.1, 0.2, 0.3, 0.4, wag 0.5
fiadluans

3.3.3.7 AnwdvSnavastTuasaynaunTudane fidnadenisiiaUfize)

Ynsfinwdvsnaveaiinmsiiauseunauludane ildlunsijiten
fidwmaromsilansit lnsuSumsveseymauiludaiiosdnw lid 25, 50, 100 uaz 200
lulasdng

3.3.3.8 AnwIANEIAAULET YN YU

° o - - < v o

nsenwmNgAduLdimzarnlglunisnseunaANeAfY 225,
250, 275, 300, 325 uay 350 UILUAT

3.3.4 msadnsmunasgitldanaanasivancas

dleldanmeimnzandmiumsinssinusinanuinuusaludd tegldssuu sl
ud FeldvhnsadensvinasguiodiassimuTinunu Tagwaen nsaseiraunu x
Aanududurstasazatsmsgunuaildtvualinas unu y f‘?ﬁpﬂué’mapmﬁlﬁmnms

ASIENANAUAITBILUAIDNLAT Feaglans nuInsgumunaeInIs  UarAuIudnsnig
Aasizisaagsedalug

3.3.5 Usziflunmuanwsaisiauyesis e
< . . Aada [
3.3.5.1 A2M4LAIES (precision) Y8435 31AT1EN
TumMsmAuABeds RsaNNNATEEaYYRIEIUTBAUUNIASE Y
s Tnemslinssiansazarsunnsgiunun feududu 100 fadniudedns 1Wuduou 5
a5e nfusintumdulsnuunasgduing augasesil

SD
% RSD = 5 x100

9 Anlssuuinnsgiu
+ A
9 ALRAY
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3.3.5.2 Yadrfiaengalun1sniaadn (Limit of detection, LOD)
TuduihdumsmIasiamaalunsnsirineedds sadmnalanugnnil

LOD = 3SD of signal/slope

o SDofblank Ao ANDBAUUNIASTFINTBIFYYIN
Slope Ao eeudunldanasminnsgu



unn 4
NafNsIenazanUsIeNa

AT dWmusruudimudeaduaadulumsiuiisesswineynna wuly
FanosfumuuusiludAitenuiniuniun enfendnnsnnssinsiveseynia uluda
nasvmnmummmammmmmuﬂu'lwuame'svmﬂuU’m LLa’mmmwsammUimmmﬂm
msm'"mLLaamULﬂﬁaqaLUﬂIwiWaaaIsumas Taoilonuniivsinaanndy '«J"Lnﬂmimumm
aumﬂuﬂwana%'lmnﬂmﬁwmﬂumnw ﬂa"l,nmsLnﬂﬂgnimuammsﬂw 4.1 Fadumnas
ns.,muaaﬁlm.,uﬂwumqnuﬂsmmmm mﬂvraﬂmsmamumlmmmsﬂnmmamaswmmvau
YaINATIEN AUAAINANITNAGEY u,awnﬂswmamimammaqmu

y = oumAuiludained

o]

= Lo~ A (M)

: a aan ar a =t P o v
Ui 4.1 uamnalnmaifnufisemsnusveeymeunludaneiggvniisanhmeniu
nmuauiitegliiivssaduuan

4.1 wamsAneMIEAILImINEEIYe 3T Aas1zv
4.1.1 wan1sanedvndnavasadulunsiufizen
yhnsAnwdnsnavesdiulunmevhuiatoiidmasianuililunisiinsedt Tagvh
nsadudduvesasazarslusruuiiieidandfuiiliaaiuly (ensitivity) geiian Taslu a3
ynassiaglfiatosi-Aadaaninsilafiveflunsnsatn Iinamsmaassiegud 4.2
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o HrUszavisns
aouluvoulow aun1sidunss
andula (RY)
0.3
0.2 09781 'y =0.0005x + 0.0138
T 02
[
§ 0.1 0.9927 y = 0.0003x + 0.0010
% 0.1
005 09750 Y = -9E-05x +0.0736

0 100 200 300 400 500

Concentration of GABA (ppm) UWIUASasaeUIATIIUNAIU

uwnuansavaasTianUines filat 3.8

1 unweymeunludanes

d' o o 1 : A 1] 1 U -~
5Ufl 4.2 uanamavesdiduluvieulzilafnegdfidmasiornisganiulaeaynn
uludanes (AAbs : HARRYBIATNMIPANTUIETEWINWUAATVATALATY
UINTFILANDUTUAN )

mmdamswmaaawuiﬁLﬁa'l{;'ﬁwﬁm'ﬁv‘iﬁﬂﬁﬁ%mLLU'U(Bffer/Std GABA/AGNPs)  uas
WU (Std.GABA/ Buffer/ AgNPs) agliimnalilumsiiesigiganimnuudulasfinnsanainamuty
LuaqmnmmumamLmumﬂ'nwau‘lnamaqnu usiileRansaniiaduuszaniansinaulanui
a'muu:uu (Std.GABA/ Buffer/ ANPs) Ifenduseavsnssinaulafiangi Ae 0.9927 Fudendrdu
i mvnm‘:ﬂﬂma'mumsmﬂgﬂsmLLU'U sandwich Wag non-sandwich ma‘LUTmmﬂamsaq

awnlnsvgoslsliwes lumsfamuAinsnssaua



25

e va Huuseaninng .
devluvieulou » dunsidunss
anduls (R
0.3 1
0.2 0.9781 y = 0.0005x + 0.0138
0.2 ]
% 0.1 09927 'y =0.0003x + 0.0010
0.1 1
0.05 1
¥ 0.9750 y = -9E-05x + 0.0736

0 100 200 300 400 500

Concentration of GABA (ppm) WIUANSATANEINASIUNIUN
B vuasosansesfevmiviad o 3.8

ET wveymeunlusanes

sUf 4.3 uansravesddiumsviniienwuu sandwich uaz non-sandwich Tuvieula
: ca 4 ' ' a a N '
ToanppedfidwmaneAnsnsziuasrasoyniAluganes (Als : HaRIUaa
MINTEIRWUAITEWINUUAIARUETTALAENATTINA I TUTURN )

91n3UR 4.3 ssidlaFaaudanisihuiisenuuy non-sandwich Wiaalalunis
AneinasidulsyavsnsiadulafiinginsiuARteuuy sandwich iswinasiufasen
WuU sandwich AamsiheaymaunludanesiusenuisninvioulauyesasasaisuinsgIiunuIiy
asavarzerdianivives dilveuntauiludanesiidafuaisavars tiineidriugatendu
msasmuu'\‘mgjumuﬂﬁmn‘ﬁu FaRnufAseldliA aulilunisiiasizsiSssingauuy non-
sandwich faudadendifun1svufAteaiuy non-sandwich (Std.GABA/ Buffer/ ‘AgNPs) an
¥nsinuiladedugsdely

4.1.2 Han1sANENBNSWaA21U81TNNT AR

VnisAnedndnavesausnindinssdnislussuy Hdamanenlnuialunns
a ¢ = a a (el' a o
SiAs1EvUSHNuNIUT Inefinwiaingnvesindemasan 0, 50, 100, ey 150 LGURALLAILARINGA
JUNn 4.4 HaEANS N 4.1
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- — MC 0 cm.
>0 - MC 50 cm.
3400 ' — MC 100 cm.
<300 1 — MC 150 cm.
200
100
0

0 50 100 150 200 250 300

Concentration of GABA (ppm)

< a a o a
UM 4.4 uanwavemMIMENUBINTIABLAN 0, 50, 100, Waz 150 1BuALNS
FadenarernsnszidwsuaataunAuIlugalasiiledl
AUAIuA g A umINEau (MC : findsfrosd)

a‘ : = b 73 U al a 3 o o d: 2V a -
A15199 4.1 as_ﬂaun'rsml,aumaLtazmaws:ammsmauhLua'lm'nua'maaun‘mﬂaaé'lu
sgUU S| dnsunisitasigvivinUsnanIun

ANBIVRLNTY D AduUSEANS  9ATINISIATIEY
. | AUNSLEUAT J ~ e o~ I
Apyd (LWURLUAS) msenaule RS (Bregny/aalug)
0 y = 1.5447x + 75.243 R2 = 0.698 13
50 . y = 0.8734x + 90.959 R2 = 0.959 14
100 y = 1.0973x + 27.432 R? = 0.939 13
150 y = 0.5827x + 86.568 R? = 0.923 13

InAsAnEIMUI T e AN NYesTindasudifinty dewmaldszesiaanlunis
Lﬁng‘j‘ﬁ‘%mszmwmsazmammsgwummﬁ’uaumﬂuﬂu%ana%u'm%u definnsandrmnul
wasAdulseaninsenaule wud fruem 50 way 100 WwuRAS ﬁﬁﬂﬁﬁ'ﬁqm wazlnalAsanu
winsldtinSereudiinuen 50 wufwes awinliszesnanlumsivneitssniinsidiinga
AotaTAINET 100 Wudwas sulumATeiadenaueafindenesdii 50 iwufiuns

4.1.3 Nan1sANEBNINATLIBATINS VA

yamsnwsmsmsivavesansazaemsluievnsgaaisaraeidigleansnesduas
HENATUIGTLUUNINTING T.msJé’msqmslﬂa?iﬁﬁmsﬁnwwmz@,ﬂLLazmé’ﬂmsazmﬂvﬁ’wgﬁsuu
Toun 10:10, 15:15, 20:20 Uaz10:15 MuEGU NANSVIAABALAAIFIA1ST 4.2
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q' . a 1 1w - ¢ o o dl' ) 4.3 d' 3 a
A5 4.2 ﬁ?l]ﬂllﬂ'ﬁL‘U\‘lLﬂuﬂi\‘lLLﬂt’,ﬂ’laNUﬂ;’ﬁYlﬁﬂ'ﬁﬁﬂ?ﬂﬂ%Lll'ﬂ‘l‘ﬁim3'1ﬂ'15v|.‘1’lﬂ'VILLﬁﬂGH\1ﬂu

fasnsiva C e e . - .
P e a o+ Ardudseansnis DAITMNITANAIEN
(ansondn, Lulasansee AUNMSIAUNTY o 2 v . e
v o fnduls R GeRRAVARLTE)
)

10 % 10 y = 0.4143x + 14 R? = 0.9991 8

10 #id 15 y = 0.46x + 30 R? = 0.8758 11

1569 15 y = 0.2957% + 2 R? = 0.9643 11

20 60 20 y = 0.3971x + 28 Rz = 0.9725 14

InHanIMARaImUi Sudidasimsiva (andn) 7 10:10 lulasdnssotunit ali
alnasinduUsraninsradulena waneasinsivaiasilisnsnisiinseifet e
’U'ﬂmmwaﬂ 29 8 fathretalie duiuitelnieseiiilising Judenldsasnisivad
20:20 lulasansaodui esmsnsivaisdlrenuhuasArdulssaninisdnaulaildld aansa
Srsewlass 14 fregetilueii Judeansnsinisivait 20:20 lilasanssedunitunfinuiide
Buqdaly

4.1.4 HaMSANYIBNINAVBITTUZIIAN LUNITUNENTRLANENIUN

iHosnnmuvndunseesilurianisdasznoumenyaiivendan wavwyesiily
Fratfun1uniel pka 267 fie 4.23 uay 10.43 ARy luenAdeil desmslimunegluannsil
Uszuluuan Fsdudusesnuny fievvosansazarelvididsinit pKa, neidenldansazaiuesd
wvivuies Mew 3.8 lumsihnsvaaes InevhnsiaSeassazateniul wazUsulsnnseegans
asanstiasdangnn Mntudindifussosnan 2, 6, 12, uaz 24 Falusdewbhunldluans
YIAABIFLTTUU S| UARINARS JUT 4.5

290 |
240 |

190 |
«w 140 |
- ~ 200 ppm.
90 | //4/"}\

- 100

a0 ] - pPm
0 ' .~ 0 ppm (Blank)

Al

- 3

"t

0 2 q 12 24
Time (hr.)

JUN 4.5 uanrnnnIny muawaaaumﬂuﬂmjaL'Jasvmnmummmamsauma
sunpsgumuniesoluansazaiesBianivives fives 3.8 fliTiaan 2, 6, 12 uag 24 4l
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mﬂsﬂmamsv\ﬂamw 4.4 YETWUINTNBMIUNAITNIUT AR 9 T 13 'ﬁ'ﬂuwasi'm
SN mms"mwam'iavmﬂmmmummmmwmu 100 waz200 fadnsureiadans ooy

[
UU

vy veanvasd sgliauswesdygioanngs 3hnmsusansas aromsgrununu
naseann 12 99l feutymsitasielaeseuy Si

4.1.5 uansaneavswavesaududuvasarsazarsivives

ynsanwdvEnasssrnudutuvesansasatvesTianUWiWes Wiet 3.8 wans
\AnUfATeN FAnududu 0.01, 0.05, 0.1, 0.5 wayl luans lumsimdsuansazaBuIATEIUNIU
wazUFuUSinmasansiuszuu Sl Wwamsmamﬁ'mam'lugﬂﬁ 4.6

500 }
400
9 300
< 200 e 200 PPM.
100 == 100 ppm
0 — g/ L : — 0 ppm (Blank)

0 0102 03 04 05 06 07 08 09 10

Concentration of acetate buffer (M)

U7 4.6 wansmMsnssiaseseynauiudanesignnisnhhsmsarareinasgunuiy
ansazangesBiavinines pH 3.8 fimantudu 0,01, 0.05, 0.1, 0.5 war 1 a3
Hasuitdmanonisiinnmssufimeseynauiuianesivaiseyn ilduwiue
AIANNLTIVRIUSE] (ionic strength) nnmdfeteuvthiinuin manszaiesvesoyna uily
Faneslusnansiddiansiwsnszgge whbiifansudifuesaseynma  wiluda
85 (self-aggregration) [16] PMnuamINAasUitasavarstiresianadudus (0.01-0.1
fednsusedns) muildidviwamnweiissmilonhliiAanissudveseymauiudaiesis
Tusnsfiansazanevimedmaudidu 0.5 fadnsuroans FuduAmuuswsusyfimnzay
ylvoymauTudanemiouiazifinnissausaiu Lﬁmaummm'\m%uiuﬁha‘]aﬂﬂﬁﬂﬁﬁmms'
iwmﬂu‘uaaaumﬂuﬂwanasmuﬂsmmmmL‘uufuu*uaqmm pgslsfinuansasare e
AtuTUEe (1 Tadiniusedns) aympuludanesaunsaianisnuiaitueddilewnand
mmuswawsxqwaa Foilimsmndatueeseynia wlidanesliduiummdudursiniun
sfuilunadeiftadenaududuresarsazarstmnesimududu 05 fadniusedns
desnnlinsnszsifauaiiuusmumduduveanu
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4.1.6 wamsanwandudusaseynmauludalies

ynsfinwdninassthiududureseyninainludaneddensiinujizend
pududu 0.2, 0.3, 0.4 uaz0.5 Nadluadi vufiseniuansazanemnasgunun lananis
vaosauandlugui 4.7

250 7
200 1
150 1 _
| = 200 ppm.
< 100
— 100 ppm
50
= 0 ppm (Blank)
O & " 4 # 2 3
0.2 0.3 0.4 0.5

Concentration of AgNPs (mM)

f
'U‘VI 4.7 LLﬂﬂ\?ﬂ"lﬂﬁiﬂiuLﬁNLLa\‘l‘UEN'E]Uﬂ'IﬂU’IIU‘UaL’)‘ﬂiﬂ’)"lm‘ﬂu‘ﬂu 0.2, 0.3, 0.4 uaz0.5

fedluanifigniilsnhsheansasaeinesgunuiluasasatgosdeminives
pH 3.8 A midndu 0.5 Tuans

 JmmamversseymauluBanesiimumdndu 0.4 fedluand Srnuuandteves
mnsensvdaaunniian Wewiniirududu 0.2 uaz0.3 fadluans U‘%mmmaumﬂm‘lu%a
wesluansazaretion ‘NLﬂﬂﬂ'ﬁi’lll(ﬂ’lﬂu1.ﬂu08ﬂ’\1ﬂﬂ’]ﬂ’ﬁﬂi~LRNLLENG\'I wsiirn 0.5 fad
Tuansiiu. Uimmaaaumﬂuﬂwzjamﬂumsavmamnauwﬂw Luamﬂmsﬂumnu'nu WA
aymelimalvgauiansusuadiinssdaddiniemsaein AnInszdanasierinas daduda
Gonmudiduvasoumauiludanesi 0.4 fadlums

4.1.7 nan1sAnwUSnesvesayMAIn lugaa i fite
AnwniSiasveseynaunludaiiesi 50, 75, 100 uaz125 Lilasdnsidyiugiten
fuansasarsuasgunun Iekanisveassiuandluguh 4.8
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1000
~— 200 ppm.
800
600 == 100 ppm.
4
<
40 /——/* — —50ppm
200
0 + —= 0 ppm (Blank}
50 75 100 125

Volume of AgNPs (pb)

sUT 4.8 uamaAnnsnszidauaseteyniauniudanedamiududu 0.4 fadluansnvsunms 50, 75,
= a‘ o v = s (3
100 uaz 125 lulasdns gnndlenivheasazasnasgumuiluasasargesdaviivies
oy 3.8 Ayt 0.5 wans

mnNamsmamLﬁaLﬁuﬂ?mmmadaumﬂuﬂu%ﬂna%ﬁgmsi 50 fla 100 lulps@ng
uazd 125 lulasdasenisnspdsianiun Wesnuduasvesoynin wludaiied
Wty lrARnsTudafildnni uiamsnsaduasnnty ﬁ'qﬁv'uﬁqLﬁaﬂﬁ‘%mmmamqmﬂm
Tudanesi 100 lulasansuvihnisAnuluidedsly

4.1.8 wansAnmABIAAULAI NS Au

Anvimuemeduiinvauiiidlunisnsedunazmsnsiiafiliauuansnaye
msassdaanndiga Wellenududusesarsazarsuanaaiuloy vhmsfnwamiuemaduly
msnsss’jw?‘i 225, 250, 275, 300, 325 war350 wlulung WUi'lﬁmmm'sﬂ?{uﬁ'l'ﬁ‘lumsnssﬁu
fanann %'LﬁﬁhminssﬁaLLaqqqqﬂﬁm'mmaﬂﬁu.450, 500, 550, 600, 650 wag 700 ululumS
AN P2

3007 (600)

550)
250 {700)

200
150

{650)

~ 200 ppm
100 1

Al s (max emission)

50 {mem
. 450 500} ~— 0 ppm (Blank)

225 250 275 300 325 350

Excitation wavelength (nm)

Uil 4.9 uamsrimsnIzduasveseymauiudane iU fideivasazarsnasgiunu
Toelduasnssduitmnuenaiiu 225, 250, 275, 300, 325 Wag350 wilulins
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J Ly A o i U o ) 1 3 1 4
Wewe AnsnssRauasindenluzun 4.8 1WuAnsnsuluasganiildnnurasaueniadu
nlnseau

Mnuansmaasadisldanueniaiu 300 unluwesiuuaslunisnszdu wudnng
- v ﬂ' [ d' ) a 4 L 24 1 24
nszidauasgeda Tianuearaugadun 600 wlumns Ansnssilsuanaududy 0 uas 200
= - o/ t -~ 1 l p g ﬂ. ol :’I =t d‘ 4
fiadn3usiodns NAuananduuinigs fauudadenanueaaun 300 wiluuesiuwadlunig
nILHU '

PnansAnvImansivinzadlunfauisnninusinunuidmgsynian
Tuganeinulassuudimuldsaduntuldanisivinsausiasulunsm 4.3

a139dl 4.3 agunisfnwmanngfivanzanlunsiiasgyimuinniu mesyniauiluda
nesmeldssuuiimuiivaduiaadu

Uadundnes arfden
adulunsyifise Buffer/ Std.GABA/ AgNPs
AMNENITBIEINTIADYA 50 | GURLIAS
fnsIMsiva 20-20 Lilpsansdaiund
syezalunsUNalsarane L
12l
AU
ANUTLNTUYDIEITAE A ETAN i
4 e \ 0.5 luans
Unines Wev 3.8
AN TUTRIBUNA ) .
- > 0.4 fiadluans
nludanes
Usinauwaseyniminiudaines 100 llaséns

AMUYIAAY 300 1 luling
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4.2 nsmanasgruildnaniisinansas

nMsAnsansivngaud IR nsimUTnanuhseymauly. 3anes
melassuudinnudeaduandu lasensmiinaspudmiviinssidauanddugui 4.10 wassud
4.11

100ppm  150ppm 200ppm
50ppm 75ppm X

4300 fia:; 5 —

3800 -

3300

Iy

2800

i

L

2300

1800 — =\ , - b ,
0 500 1000 1500 2000 2500 3000

time (sec)

JUN 4.10 uassdgananliannmsitanzvarsazaieesgiuniunaadudy
50-200 daanIumedng

500 -
400 - y = 1.8626x + 93:796
R2 = 0.9956

300 -
2]
¢ 200 -

100 -

0 H 1 * 1
0 50 100 150 200

Concentration of GABA (ppm)

n

JUT 4.11 UWannTIMINATIIUYedaNTazagnATEIUNIU TugaeAundy
50-200 daaniusiadng

MNNsANEIIFIATIEIUTInumuIFsaymauiludaneiniolfszuuioalefinauniu
ansenssivsinunulalugisendududaus 50-200 fadniusedns Tasslaunsidunse
AUANUEURUSFD Als=1.8626[GABA] + 93.796 (y = 1.8626x + 93.796) uaziimduussanins
Fadula (RY) whiu 0.9956 wazldisnsimsiassivindu 25 Mogreadalug
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4.3 UYsaiiuAuanuusauYeaIisiaTe
PR acia ¢
4.3.1 ANUWIEBITTIUATIEN
AMULNEITDIBIATIBRRTUIINAI T BA s d DB UNNIASEINENRNS
(9%RSD) ¥NMSIASIERANsAZANBNNASEIUNUT T MITNTY 100 Siadnsusedns S1uau 5 AR

(n=5) 9 ndumAriosazvasdulsuuuINAsEINENINS wudldAwindu 0.5966 Jediolainis
AATWHULIAIITIBINE

< Xi—X)?2
e SD = _2_:(__1__._)__
N-1
Z(Xi—X)?
N—1
\j (2077—-2060.8)2+(2070~2060.8)2+ ... +(2047—2060.8)2
5-1

2
-
3
W
o
I

604.8

0 ~ SD =12.2963

31N %RSD = % % 100

_12.2963

4.3.2 Aadrfmnigelunisnsaadn

Fnsinsiaalunsnsaain (Limit of Detection, LOD) ludaudifiunsni@adnia
Aaalunisnganda vnmsilessiansazaisansgiuniun Annududy 100 fadniudedns
1 5 ads (n=5)maﬁ%‘%qﬁwmm‘lﬁmuqmﬁ'

LOD = 3SD of signal/slope
e SD Wity 12.2963 fatiy LOD = (3 X 12.2963)/1.8626

LOD = 19.8052 fadnsunodns

mtudadnfinsgaiasiviald Javinvdu 19.8052 fadniusedng



unil 5
#7UNaN15I38

Al

v
=8

s

AUITEUUIZUY S e?m%u‘iLﬂswﬁmﬂ‘%mmﬂ'\mﬁaaaqmﬂuﬂu%a
[ 4 d' [ ol o o' A o j Y a a (Y] 1 a ] [
1es Tneszuuiiaundull lesriniganasivinlane 1980 fiadniudedng ¥aen1uuiu
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An automated sequential injection (SI) with second order light scattering (SQS) detection for
determination of gamma-aminobutyric acid (GABA) was developed. Quantitation is based on
electrostatic interaction between GABA and citrate-capped silver nanoparticles (AgNPs). In acetate
buffer at pH 3.8, the positively charged GABA induces the nanoparticles to aggregate. This results in a
change of light scattering monitored using a spectrofluorometer. In this work, working standard
solutions of GABA were prepared in-line by the SI system pumping appropriate volumes of a stock
solution of GABA and acetate buffer into a holding coil. Solution of AgNPs was subsequently drawn into
the coil. The reaction zone was then transferred to the spectrofluorometer, set with excitation and
detection wavelengths at 300 and 600 nm, respectively. Under optimised condition, the SOS intensity was
proportional to the concentration of GABA. As a result, a linear curve was obtained in the range of 100-
400mg L~ GABA, with a lower limit of detection of 39.6 mg L. Good precision of analysis was achieved,
with 0.6 and 3.3% relative standard deviation (RSD) for external calibration (n =5} and standard addition

. (n=3), respectively. The developed method was successfully applied for quantification of GABA in dietary

supplements (2 samples) and samples of instant green tea (2 samples). )
© 2016 Elsevier Inc. All rights reserved.

1. Introduction

sleeplessness (Okada et al., 2000). It was recently suggested that
GABA may promote long-term memory and improved brain

Gamma-aminobutyric acid (GABA) is a non-protein amino acid
found in certain foods, such as green tea and germinated brown
rice, among others. GABA has been described as a ‘health
promoting substance’. It is claimed that it can diminish anxiety
and promote relaxation (Abdou et al, 2006). There have been
reports indicating that an intake of 80mg GABA per day can
significantly reduce blood pressure in humans (Matsubara et al,,
2002). Continual use of GABA-enriched food is said to reduce

* Corresponding author at: Department of Chemistry and Applied Analytical
Chemistry Research Unit, Faculty of Science, King Mongkut's Institute of Technology
Ladkrabang, Bangkok 10520, Thailand.

E-mail address: saowapak.te@kmitlac.th (S. Teerasong).

“hitp:ljdx.dol.orgi 1010164 jfca. 2016.06,013
0889-1575/® 2016 Elsevier inc. All rights reserved.

function (Thanapreedawat et al., 2013). In view of these purported
health benefits, GABA has received interest by the food industry.
Presently, GABA is fortified in some food products and purified
GABA sold as a dietary supplement.

Various techniques have been used for measuring GABA
concentration. These include liquid chromatography with pre-
column derivatization (Khuhawar and Rajper, 2003), spectropho-
tometry (Li et al., 2010; Tanpramoon and Choengchan, 2014) and
enzymatic assay (Zhang and Bown, 1997). These techniques are
based on UV-vis detection. However, determination of GABA in
food samples can be challenging. Many foods are coloured which
may significantly interfere with UV-vis detection. Sample pre-
treatment is therefore necessary to remove color pigments before
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analysis. Alternative methods for GABA detection have been
proposed, such as electrochemical detection (Niwa et al.. 1998) and
acoustic impedance biosensor (Zhou and Muthuswamy, 2004).

Light scattering is a phenomenon that can be employed as an
analytical technique. A common scattering mode is resonance
Rayleigh scattering (RRS). In an RRS system, the wavelength of
scattered light is the same as the wavelength of its excitation
(Arrs=Agx). In 1993, RRS was first utilised for detection of
porphyrin on DNA (Pasternack et al., 1993) and was shown to be
simple and sensitive. Later, an RRS-based method was developed
for measurement of other species (Kong et al., 2014; Zhu et ai,
2014). When a grating monochromator is employed there is also
transmission of light at twice the wavelength of the selected
wavelength. This is known as second-order diffraction or second-
order light scattering (SOS), Asos=2Aex (Lakowicz, 2006; Sun,
2008). SOS was considered as interference in spectrofluorometric
measurements of weakly fluorescing system. However in 1995,
Liw’s group demonstrated application of SOS for quantitative
analysis (Liu et al, 1995a)b). It has been proposed as a novel
analytical technique for trace analyses (Ding et al.. 2005; Li et al.,
2007).

Noble metal nanoparticles possess unique optical properties,
such as surface plasmon resonance and strong light scattering. As a
result, they are widely used in the fields of chemical and
biomedical analysis as sensors. In recent years, silver nanoparticles
(AgNPs) have been used as probes for determination of quinolones
(Ding et al., 2006), ciprofloxacin (Zhao et al.,, 2008) and nitrate
(wang et al., 2009). These works employed measurement of
second order scattering to measure analytes at the nanomolar level
(Ding et al., 2006 Zhao et al., 2008).

Sequential injection (SI) (Ruzicka and Marshall, 1990) is one
type of flow-based technique (Ruzicka and Hansen, 1988). Its
essential feature is minimising of reagent consumption and waste
production. The SI method is also superior in terms of robustness,
reliability and high sample throughput. The method is amenable to
computer control. Due to these advantages, the SImethod has been
used in a wide variety of applications, including environmental
monitoring (Kaewwonglom and Jakmunee, 2015), quality control
(Teerasong et al., 2010) and clinical diagnosis (Economou et al.,
2007). Construction of calibration curves is necessary for
quantitative analysis. Construction of the curve involves laborious
preparation of a series of standard solutions. SI can use in-line
preparation of standard solutions from a single stock standard
solution (Marcelo et al., 2002). The approach is based on aspiration

b. standard addition

«—y Todetsctor .

A -3 Todetector ’
buffer sample S1d.GABA AgNPs

:

of variable volumes of the standard solution and solvent into a
holding coil of the system, under a programmable computer
controller. In-line preparation of solutions by a SI system can be
used for either external calibration or standard addition method
(Fernandes et al., 2001; Marcelo et al.. 2002), as well as for sample
dilution (Themelis et al., 2004).

This work aimed to develop a sequential injection incorporated
with second order scattering (SOS) detection for determination of
GABA concentrations. The detection relies on the electrostatic
attraction between positively charged GABA and negatively
charged citrate-capped silver nanoparticles in acetate buffer in
which the nanoparticles are readily aggregated. When the particle
size increases, SOS intensity is enhanced. The concentration of
GABA can be quantified by monitoring the relative change in SOS
intensity using a spectrofluorometer. Unlike UV-vis detection,
sample colour poses no difficulty in analyses using SOS detection.
The proposed method was applied to quantitation of GABA in a
food supplement and a green tea powder.

2. Materials and methods
2.1. Preparation of GABA solution

All solutions used in this work were prepared from analytical
grade chemicals and deionized (DI) water (Zeneer Up 900, Human
Corporation, Seoul, Korea).

A0.5M acetate buffer at pH of 3.8 was prepared from acetic acid
(Carlo Erba, Rodano, Ml) and sodium acetate trihydrate (Sigma-
Aldrich, St. Louis, MO). A 50 mL volume of 0.5M sodium acetate
and 450mL of 0.5M acetic acid were mixed. The mixture was
adjusted to pH 3.8 by addition of 1.0 M NaOH.

A stock solution of 500mgL~' of GABA was obtained by
weighing 0.05g of gamma-aminobutyric acid (>99%) (Sigma-
Aldrich) and dissolving in 100.0 mL of 0.5 M acetate buffer.

2.2. Synthesis of AgNP colioidal solution

The AgNP solution was prepared following a published method
(Qu et al, 2012) with minor modification. A 0.64mM AgNO;
solution (Carlo Erba) was used as the precursor. 1% w/v NaBH, and
5mM sodium citrate (both Sigma-Aldrich) were used as reducing
and capping agents, respectively. A 1.0-mL aliquot of sodium citrate
was added to 39.0mL of AgNOs precursor. This solution was
vigorously stirred for 20 min. Then 10.0mL of NaBH, was added

Fig.1. A configuration of sequential injection with second order light scattering for determination of GABA. SP: syringe pump, HC: holding coil (1 mm i.d. x 50 cm length), SV:
eight-port selection valve, MC: mixing coil (1 mm i.d. x 50cm length) and D: spectrofluorometer (Agx=300 nm, Asos =600 nm).
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dropwise to the solution. Stirring was continued for an hour, after
which it was allowed to stand for 2h before use. The particles
remained well dispersed in suspension for a month when stored in
the dark at ~4°C.

The concentration of the AgNP suspension, calculated based on
the final concentration of AgNO; precursor, was 0.5 mM. This
suspension was diluted to 0.4 mM prior to use in the SI method.

2.3. Sample preparation

The powder in one capsule (~0.75 g) of GABA supplement was
weighed. Then 100.0mL of DI water was added to dissolve the
powder. The solution was filtered through Whatman No.1 filter
paper and then a 0.22 wm nylon membrane. Appropriate dilution
(~50 times) was made by addition of buffer to obtain a GABA
concentration within the calibration range. This sample was clear
and colourless.

Green tea powder (3 g) was weighed and dissolved in 50.0 mL of
hot DI water (~70°C). The solution was centrifuged at 6000 rpm
for 20 min. The supernatant was filtered through filter paper and a
0.22 wm nylon membrane. Buffer was used to dilute the sample
(~1.5 times) before analysis. The green tea sample was pale yellow-
green in appearance.

In this work, 2 dietary supplements and 2 samples of instant
green tea were analyzed. Supplements were purchased from local
drug stores. Green tea samples were products of Japan, which
purchased from the Internet.

2.4. Assembly of the SI system

Fig. 1 illustrates the SI configuration. It comprises a syringe
pump (SP) (Hamilton Company, Reno, NV) equipped with a 5-mL
syringe and an eight-port selection vatve (SV) (Hamilton Compa-
ny). A holding coil (HC) made of polytetrafluoroethylene (PTFE)
tubing (1.0 mm i.d. x 50cm) is connected to the pump and the
centre port of the SV. Another 50 cm of the same size tubing is used
as a mixing coil (MC). A Jasco FP-8200 spectrofluorometer (Jasco
Corporation, Tokyo, Japan) with a Hellma 176.052QS flow-through
cell (Hellma Analytics, Miillheim, Germany) is employed to detect
the SOS. The excitation wavelength (\gx) was set at 300 nm and the
SOS intensity was recorded at 600 nm {Nsos)-

2.5. Operation of the SI system

For determination of the GABA concentration in the supple-
ment, an external calibration method was used. Working standard
solutions were prepared in-line by loading different volumes of
500 mgL~" GABA, viz., 0, 20, 30, 40, 60 and 80 p.L, into the HC (via
port Fof SV, see Fig. 1). Buffer solution was pumped into the HC coil
(via port D) to adjust the final volume to 100 pL The final GABA
concentrations were 0, 100, 150, 200, 300 and 400mglL~’,
respectively. -

The green tea sample contained several compounds that can
interfere with the analysis. To eliminate this problem, standard
addition method was used. A 10 p.L volume of the green tea sample
was drawn into the HC (via port E). Various volumes of the stock
GABA solution and buffer were aspirated into the coil to bring the
total volume in the coil to 100 L.

In this work a 100 p.L volume of AgNP solution was used for the
reaction. The flow rate for transferring solution (both aspiration
and dispensing) was fixed at 20 pLs~". Table 1 shows the operation
steps of the Sl system for the standard addition method. The
external calibration method employs the same steps as in Table 1,
but omitting step 3 of the operation.

2.6. Comparison of methods

An HPLC method (Khuhawar and Rajper, 2003) was employed

for comparison purpose. A 1.0mL aliquot of GABA solution was

added into 0.6 mL borax buffer (pH ~8) followed by addition of
1.0mL of 2-hydroxynapthaldehyde (0.3% w/v in methanol). The
mixture was heated on a water bath at 80°C for 10 min. This
solution was allowed to cool then adjusted to a final volume of 5 mL
with methanol. Then, 5 LL of solution was injected into the HPLC
system. HiQ si™ C18 column (4.6mm id.x150mm; KYA
Technologies Corporation, Tokyo, Japan) was used as stationary
phase and a mixture of methanol:water (62:38v/v) was used as
mobile phase. Flow rate of the system, controlled by Waters 515
pump (Waters Corporation, Milford, MA), was fixed at 1 mLmin~",
Column temperature was set at 25°C. The UV detector was set at
330 nm. In the HPLC method, a calibration curve in the range of 25—
125mgL~" GABA was constructed.

The results obtained by the SI method were compared with
results from the HPLC method using a paired t-test.

3. Results and discussion
3.1. Characteristics df AgNPs

The as-prepared AgNP suspension was yellow with maximum
absorption at 390 nm, consistent with literature reports (Qu et al.,

2012). Using transmission électron microscope (TEM) (Tecnai G?
20; FEI Company, Hillsboro, OR), the particles were found to be

spherical with a mean diameter of 17 +4nm.

3.2, Interaction of GABA and AgNPs

Positively charged compounds can induce negatively charged
stabilised nanoparticles to agglomerate. This interaction has
therefore been applied for detection of many positively charged
species (Gao et al., 2014: Gobel et al,, 2016; Ling et al.. 2008). In the
current study, GABA was prepared with positive charge by
adjusting the pH of the solution. GABA possesses an isoelectric
point of 7.30 (Greenstein and Winitz, 1961). If the pH of solution is

Table 1
Operational sequences of sequential injection for determination of GABA by standard addition method with in-line standard solution preparation.
Step Direction of piston of SP SV position Action Volume {pL)
1 down - aspirate deionised water into syringe pump 2200
2 down D aspirate buffer solution into holding coil varied”
3 down E aspirate sample containing GABA into holding coil - 10
4 down F aspirate 500 mglL~"of GABA standard solution into holding coil varied®
5 down G aspirate AgNPs suspension into holding coil 100
6 up C dispense the mixture in holding coil towards detector 2400

3 The volumes of the GABA stock solution were aspirated into the holding coil as 0, 20, 30, 40, 60 and 80 L, respectively.
b The volume of buffer was varied to adjust the total volume 6f GABA solution in the holding coil to 100 pL.
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e

Fig. 2. TEM images of silver nanoparticles with (a) absence and (b) presence of
300mgL~! GABA in acetate buffer. Insets show the corresponding absorption
spectra and color of the suspension. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

lower than 7.30, GABA will be cationic. In this work, GABA was
prepared in 0.5 M acetate buffer with a pH of 3.8. The aggregating
reaction was observed when the pH-controlled GABA solution was
pipetted into the AgNP suspension. The celour of the colloidal
solution changed from yellow to blue-green (Fig. 2). The
absorption band at 390 nm also noticeably decreased.

3.3. SOS characteristics

The SOS spectra of GABA, AgNPs and a mixture of GABA and
AgNPs solutions were measured using a batch experiment.
Excitation was set at 300nm and the emission spectra of the
solutions recorded over the wavelength 450-750 nm. The results
(Fig. 3) showed that the SOS intensity at 600nm of the GABA
solution was very weak. The AgNP suspension showed a more
intense SOS scattering. The SOS intensity improved significantly
after addition of GABA. Based on this finding, it is possible to use

6000 »

s AgNPS with 200 mgL-1 GABA
- e AGNPS
>
: e -1
< 4000 200 mgt-? GABA
z e,
g o
£ AN
v 20001 y, "‘\" [
2 Rl
e
0 v ” y
450 550 650 750
Scattering wavelength (nm)

Fig. 3. Emission spectra of solutions of GABA, AgNPs, and mixture of GABA and
AgNPs, with excitation wavelength at 300 nm.

the AgNPs as a probe for detection of GABA based on SOS
measurements.

3.4. Optimisation of the SI method

A suijtable wavelength for excitation was first examined. The
excitation wavelength was varied from 225 to 350 nm. Intensity of
the second order scattering (SOS) was measured at the corre-
sponding double wavelength of excitation, i.e. Asos=2Agx. It was
found that the maximum SOS intensity was achieved when the
excitation wavelength was 300 nm (Fig. 4a). Thus, 300 and 600 nm

— 200
5 /
<
8
-
< 100 ~&~ 400 mgL'! GABA
0 & e .
225 250 '275- 7 300 325 350
Excitation wavelength (nm)
Vi
200{ (b
El
2 ]
8
3 100 ~e~ 200 mgL'} GABA
0 . . )
0.2 0.3 0.4 05
Concentration of AgNP solution (mM)
800 )
Fad
¥ (4
3
<
= 400
g
3 =+~ 400 mgL™* GABA
0 v v .
50 75 100 125

Aspiration volume of AgNP solution (uL)

Fig. 4. Effects of (a) excitation wavelength, with emission intensity at Asos=2Agx.
(b) concentration and (¢) volume of AgNP suspension on the SOS intensity
(Asos =600 nm). Alsgs is the difference in the SOS intensity with and without GABA.
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Fig. 5. Examples of signal profiles obtained by the sequential injection in Fig. 1 for
exterpal calibration.

were employed as the excitation and SOS detection wavelengths,
respectively.

The next parameter investigated was the aspiration sequence.
The following sequences were tested: (i) buffer-GABA-AgNPs,
(ii) GABA-buffer-AgNPs and (iii) GABA-AgNPs-buffer. Sequence (i)
gave the greatest reproducibility of the SOS signal. Hence, buffer-
GABA-AgNPs was the aspiration sequence chosen for the final
protocol.

The flow rate for dispensing the solution through the detector
was studied. Flow rates of 10 and 20uLs™! were compared.
Detection signals using these two flow rates were not significantly
different. Flow rates above 20 pLs™! were also tested. However, air
bubbles sometimes were observed in the system at these higher
flow rates and caused irreproducible signals. The flow rate of
20 L s~ was selected since it leads to higher sample throughput.

Different lengths of mixing coil were examined, i.e., 50,100 and
150 cm. Shorter mixing coils provided larger signal. Longer mixing
coil may lead to more longitudinal dispersion of reaction zone
thereby lowering the sensitivity. For this reason, the 50-cm length
of coil was used for the final system.

Buffer concentration is a parameter that greatly affects the
stability of nanoparticles. Therefore, the effect of the concentration
of acetate buffer was investigated over the concentration range of
0.01-1.0M. It was found that 0.01=0.1.M buffers were insufficient
to induce AgNP aggregation even in the presence of GABA.
Alternatively, when using 1.0 M buffer, clusters of particle readily
formed without addition of GABA. In a high concentration of buffer,
the particle surfaces are surrounded with large numbers of ionic
species. These ions can decrease the electrostatic repulsion among
particles, causing aggregation even without the target analyte
(Trieu et al., 2014). In this work, the optimal buffer concentration
for supporting AgNP aggregation in the presence of GABA was
found to be 0.5 M. At this buffer concentration, the SOS intensity
increased proportionally with the concentration of GABA.

Concentration and volume of the AgNP reagent could affect SOS
intensity. Effects of these parameters were thus studied. Concen-
trations of AgNPs were varied from 0.2 to 0.5 mM. The SOS signal
was progressively enhanced when AgNP concentration was
increased from 0.2 to 0.4mM (Fig.-4b). The degree of particle
agglomeration is generally related to the number of particles in a
unit volume (Ding et al.. 2006; Guo et al.. 2007; Zhao et al., 2008).
With larger numbers of particles, agglomeration was easier to
initiate, However, it was surprisingly observed that the SOS signal
declined when AgNP concentration was increased to 0.5 mM. With
a large excess of AgNPs, the ratio of analyte to particles is small.
This makes it difficult to initiate particle agglomeration (Guo et al.,
2007). Therefore, 0.4mM AgNP solution was used for the final
method. The volume of AgNP reagent loaded into the system was
varied from 50 to 125 pL. In Fig. 4c, an AgNP solution of 100 pL
gave the highest SOS intensity. Consequently this volume was
adopted for the method.

3.5. System performance

Using the system in Fig. 1 under optimised conditions, well-
defined signal profiles were achieved (Fig. 5). External calibration
was performed and a calibration curve was constructed, plotting
the change in SOS intensity (Alsos) against GABA concentration. A
linear relationship was found for the concentration range of 100-
400mgL~!' GABA. The regression equation was Alsgs=(0.931
+0.035)[{GABA, mgL~1] +(93.7 £ 9.08), with regression coefficient
(r*)=0.995. The limit of detection (LOD) and limit of quantitation
(LOQ) were defined as 3 and 10 times the standard deviation of
signal generated by 200 mgL~! GABA (5 replicates). The LOD and
LOQ were 39.6 and 132.0mgL~" GABA, respectively. Reproducibil-
ity of the method was evaluated from the relative standard
deviation (RSD) (Skoog et al., 2004) at 200 mgL~! GABA signal (5
replicates). A%RSD of 0.6% was obtained, indicating that the
method provided good reproducibility of measurement. The
throughput of analysis was found to be 25h™ for external
calibration.

Standard addition method was carried out using the same
concentration range of standard solution as for the external
calibration. The r? of individual standard addition lines was >0.99.
Acceptable precision of "analysis was achieved (RSD=3.3%, 3
replicates). A comparison of GABA detection methods is shown in
Table 2.

3.6. Evaluation of GABA contents in samples

The developed method was applied to the determination of
GABA in dietary supplements and instant green tea samples. In the
supplements; GABA is a major component of the formulation and
thus categorized as a low matrix sample. External calibration was
employed for analysis. Green tea sample contains many ingre-
dients and thus standard addition method was employed. The

Table 2
Comparison of GABA detection methods.
Technique Detection LOD %RSD Sample Reference
HPLC UV-vis absorption 0.56 mgL™! 24 cerebral spinaf fluid Khuhawa and Rajper, 2003
HPLC UV-vis absorption - 1.57 rice wine Liv et al. 2015¢
spectrophotometry UV-vis absorption 0.27mglL™! <2 dietary supplement Tanpramoon and Choengcehan, 2014
biosensor cyclic voltammetry 0.01 mgL™! - cultured nerve cells Niwa et al, 1998
biosensor acoustic impedance 3.92mglL™? - - hou and Muthuswamy, 2004
this work scattering 39.6mglL! 0.6,3.3 dietary supplement, green tea -

LOD = limit of detection.
RSD =relative standard deviation.

[y
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Table 3 :

Comparison of GABA contents determined by the developed sequential injection (SI} and HPLC methods.
Sample Analytical GABA (mg) per capsule or sachet

approach .
Labelled Sl method HPLC method
(n=3) (n=3)

Dietary supplement 1 External calibration 750 771.3+71 781.5+10.2
Dietary supplement 2 External calibration 750 753.4£45 7364 2.5
Instant green tea 1 Standard addition 20 19.6+6.9 211x19
Instant green tea 2 Standard addition 20 251423 21.0%24

n=number of replicates.

analytical results are summarised in Table 3. Good agreement
between two sets of results was attained at a 95% confidence level
(tobserved=0.96, teriricat =4.30). Recoveries were measured by
spiking 100mgL~! GABA into samples prior to analysis. Satisfac-
tory recoveries were obtained in the range of 93.1-97.5% for the
supplements and 99.4-102.2% for green teas samples.

The advantage of this method is that it can be applied for
quantification of GABA in coloured food samples. This SI method is
rapid, automated and reliable. Moreover, the analysis consumed
low volumes of sample and AgNP reagent, with reduced waste
production.

4. Conclusions

A new sequential injection (SI) method with second order light
scattering (SOS) was developed for evaluation of GABA in food
products. The SI systern allowed automated preparation of working
standard solutions, which significantly reduced manual labour. In
the reaction, GABA induced AgNPs to aggregate, causing an
increase in the intensity of second order light scattering. The SOS
intensity increased proportionally with the concentration of GABA.
Use of light scattering detection has the potential to analyse GABA
directly in coloured samples. The developed method is reproduc-
ible, rapid and sensitive. Therefore, it may be an alternative
method for quality control in the manufacture of GABA in foods
and beverages.
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