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Abstract

Project Code : MRG5480201

Project Title : Development of flow-base system for sequential analysis of sugar and

phosphate in the extracted sugar-cane juice

Investigator : Kamonthip Sereenonchai
Department of Chemistry, Faculty of Science and Technology, Thammasat

University

E-mail Address : ksereenonchai@hotmail.com

Project Period : 15 June 2011 — 14 June 2013 (2 years)

This work presents the simultaneous determination of sucrose and phosphate in
sugar-cane juice by using a spcectrophotometric sequential injection (Sl) system. A
single detection wavelength at 880 nm was applicably used for measuring these two key
constituents. Measurement of sucrose in Brix unit was carried out based on detection of
light refraction occurring at the liquid interface (the schlieren effect) between the sucrose
solution and water. Phosphate was measured from molybdenum blue method. With
careful design of the Sl system and the loading sequence, simultaneous detection of
sucrose and phosphate was accomplished with the simple spectrophotometer. Under the
optimum condition, linear calibrations from 0.5 to 5.0 Brix sucrose and from 20 to 200 mg
P,O. / L were obtained. Satisfactory throughput of 45 sample / h with good precision at
lower than 4%RSD (n = 10) were achieved. The developed Sl system has been
successfully applied in raw sugarcane juice with an acceptable recovery. The proposed
method could be able to use as an alternative method to conventional procedures for

quality control in cane sugar industry.

Keywords : Sugar-cane juice; Sucrose; Phosphate; Schlieren effect; Sequential injection
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Constituent Percent
Water 13-76
Solids 24-27
Fiber (dry) 11-16
Soluble solids 10-16
Juice constituents Percent of
soluble solids
Sugars 75-92
Sucrose 70-88
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Fructose 2-4
Salts (inorganic and organic acids) 3.0-75
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Uhinauhnaglasaluiiesiuuazems Tasn1svineusiudu on-line dialysis Lt
sample preparation wiiunaflelasuiinsnflazidufitenlunulesgiilusuy
routine analysis usistissnsiinaneiosiio Aldelunmslinsgiuagasizadnuiias
suinnunndlumslinnesiiineudnah
nMslATgEUsInumatlasalagordendnniamiauas Wy Polarimetric
method [20] a1ﬁ’ammmmmmmﬂfﬂmaegimaiumit,ﬁaaLuuismULLmeaﬂﬁ LAEs
refractive index [15, 18-19] @senfemsinumnasdaduanansivesas Smduia
pufnfidansdenldiueglutiogtu Wosnazmnuariianuilumsingevigs g
funsnsantalulsanugramnsnilasianizegiedsludunounsussifinsaidosnti
Tss9 Fedesmsmnugnisiazsaniilunmslinsgsiedidafioaniutiinmihnadii

Tuose
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3.2 nMsuUsunalaanasavsenaannni luundse

U

wiivaanssaazluldossusenaundnnilutiness uwaAdudadeniaiudsa

o

NNLUNY LRELRNIL D898l uIUNBUNSYINME [4-5, 7-8, 21] Talananibiluminudingy

o

v aa

LLazﬁmsuaqﬁigmLLé’aﬁ?u WANSUNUINATIBNIARLNE S UM IMUTUuaneSEl
ihdeevidairdeshulsiintn dameazazUldsad

- watialeeaulasunlang il [22-23]

- syuunsluanuulwadulaatu (FIA)  swudunisasaiauuu FTIR  [24]  wes
spectrophotometric detection [21, 25]

« STUULUNT (Batch) saufiunisasiadnkuvalalasinlawssn [7, 21]
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Y
=

N8 FUNAFIU LaznsauLUAnlulATINISIdel

4.1 szuviasizvnuulnaunuu Sequential Injection Analysis (SIA)
Tnssmsisediuwanalunsiaunisinszdusinaimasazeamnlused
et feszuunsiesziuuylvaria sequential injection analysis e SIA
Toszuy SIA Ty dadunsimunszuviiesgiuuulnaguil 2 ffmunsuuuudennain
5%UU flow injection analysis (FIA) lasn1suaueues Prof. J. Ruzicka way Prof. G.

Marshell Tul 1990 @358y SIA Aziigunsalaz JULUUNITINUNAIINTZUY FIA 69

uandlusui 4.1

JUN 4.1 nwnednaessyuy FIA Uag Seuu SIA

(IV: injection valve, SV: selection valve wag D: LASB9INTIVIN)

=

52U SIA tuagldluwuudndnen (syringe pump) F3in1s¥ieundensyuBngy

TunseauaudnsNisinavesansazateng 9 lussuu arsiegaiazansazaiesiolauy
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#1149 9 asgnAndiunluszuuwuududiu (sequent) HuNg selection valve &sluusas

U

999994 selection valve Hagiununanslunisidausnaludismunuatainaodnis tiaLden

U

A1AUVRIANTALANYFAIDE 1AL A TATANETLOUYINABINTT AItU anTavalsie 9 Avgn

14 U ¥
U U

aawinunintly holding coil Wurieudy q WelviAnufisenldAtuivisey vieensld
syringe purnp ranlUniraslunsHaLviouasazaNERng o aHuRlE 91ntuEwEn
asnanSTAntuiuluSuasemsatadell anmsvheusings vildssuu SIA §
YOANINNE LU

- ldUsnnaseuikazatsianatesas iesenlufinisivadedes
pasanatuilouluszuu FIA

- mnefuanSHouininaunsSelaudufivginiisyuy FIA

- USunaeadeiitoras delsuuseuu FIA

- Wuszuudnludd msvihaumugueulusunsumeuimes

- M55 IMalANNTEEINTT o NlidiNansENUNNITTATDY pump

tube TadiWaduesnsinansnItuyiin peristaltic

4
=

fathu Tassnstasaulafiestisvuu SIA- Feiidedvanausznisdananndnsiu un
W lidussuuiinngindanuduldlidlunaihlvldeulugaamnssu Wesain
AudNYMrYeITTUUTTluLANSEasn fannuamulazrituuuusnlu® Janngogi
Seflazthuniaunimiuiiessilvunga Wesesfunsinmeiviensavaoununm

FogendduIuNIn 9 19

4.2 Qe ANNAZIY LasnsaukuIAnlunsATIIdaUTInainaludey

v v
a v A

lassn193deiilaseaudsuiaiinaglasaniludiessluniie “usnd (Brix)”
= I | aa a - g v ) 2 a ¢ . &
WasanJunienfeulalunissiesudsunaiinialuiigee il F9usng (Brix) wUu

U8l UNISUBNUS LTINS DAIAIUMINTUNLAMUAL LN DUS DAL LAYUINUA LYU
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ansarateen 10 USnd nunefs ansazatsuuduiaiasy 10 nsuluui 90 nu [15] WJu

4

U

U

dmSunannisnawidell ladundssgndldnsiaiausuanimaglasaluiioeey

Ao 1inN13 Schlieren effect 38 lens effect UUszgnAnIUTIIamalugey &9
Schlieren effect #30 lens effect HulluUsINgNITAIMANIINAMULANAISYBIAG BTN

WISEIMINNT0FDUDIANTALANYADITUANLAAYUTNLULANAINA U AIUU WINLEILAUNI

NFREseNIARUTnYe 1T uALIAANSANIMTE T Aakanslugu 4.2

SUN 4.2 uanq anwEn19in Reflective index 18 ny: ARYHRNLHA
VOWINANA 1 ny: AR IANIMYDIRING1N 2 0,: yusnnsenu 0, yuvinm 0, yu

A¥NDU

ASHNLAVBILEUAAINNITNLENATDUNHIUAINANNTAMUNUILUUAIAY [DURE

= [y

Mlian1svastasuasulualy WalawAunIIuaIna1sd 1 AdARstinwm n, MU

U U

Fana199 2 NRAGINTW n, aziiulaanSedveanasmdnluludinaredn 2 duwanig

D

1 24 ! v

WasulUaNnLUISIEANNTENULAL LaRLAANISHNMIALA AU RRN 1 TAUagNINAUT
W 2 (ny < ny) agvilviyy 0, > 0, wazlunienduiu abadeiivinm 1 Zenunninavil

W 2 (ng > ny) agyilviyu 0, < 0,
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Usingmsainsinmvesuasiludnuaedanand annsadeduldlusyuunis
3Lﬂ’§’13ﬁLLUUVL‘Ma‘1;I’j\‘1 Flow injection analysis (FIA) wag Sequential injection analysis
(sIA) Fdas e iaduauninsinlafiwmes @auiu [15, 26] mnvieudegsiadel
FAANaINNSELERINN (Carrier) viseansavansToluyt uavnsnauiiniulifioseiioz
Ma1u508MaIENINVIDUYRIATT FevlRUTINg A ”ﬁgapmmi@mﬂﬁuuaq%u wii1viou
Tsuvesansiiogsuazansiolauviarlafid delimstinnsgandunaslusisidida Jdinns

=

Usingiiadeyaialla 9 windunuiindya1an1saanaulatinluduliewnanNaednIg

ANLAKEITULDY wazlsunUsINgN158iilidnn1siin Schilieren 3o len’s effect Aauandlu

AMTIFDUNANTAIFUN 4.3

SUN 4.3 Uanin13591aeamnn13ainisiia Schilieren Tuszuu FIA ag19d1e ingiainnae

WwInsaUnnsinlpdmes
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ANNSLADNILATIENMENENN1TAINEN v lRszuuTAT1ERUSuN ey
NIMTIVIAUUVAZDIA (Green chemistry) tilosantudiuilaglifinasldansiadla o Tu

ANTIATIZI

4.3 vQue) auNAgIu waznsaukulAnlunsasaiaUsunuesamaludes
Molybdenum blue method usnanazduddunsgiulunisinsiziusuim
Waawnluinlasuanulivusgraunsuareundawnt 1962 [27] aunseiidtulagdulad
n15113% molybdenum blue UluldiasgRUTuuneamalufeg19619 9 unune
Wesndwignianula (sensitivity) waziinuauisalunisidendng (selectivity)
GR
Y
Tulasen1513411138 molybdenum blue wnliasigiusununeannluuides
| (¥ % o aaa 3- U = a
wuiy lngeidunisviujisevesreamalessu (PO, ) Avarsazateueuluieuludy
a < a v . . dy gj a v
wnluan1znsn Haduasdstauyes molybdophosphoric acid U 9nUuaNSI3oU

14
aa & Y

TazanIadegaisarateInniiud (Ascorbic acid) nateiduasiedoudtnku AUy

U

¢ a o

Yp9a1SNARAUNAUNIUMARTUNIZLUSHUASINUUS U N ea e Al luf219819 Lay

4111509929 7A8LATeAUN RSN Tp e asNANe1AAY 880 nm 191



5.1 d@156A3

N1INAAaDN
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asadnltlunuidediluviia Analytical grade (AR grade) Mavaln ety W1nna

glasanduwuu Food grade (n157991 5.1) wazansazarennedagninsealutius

Usimannlessu (Barmnstead EASYpure II, USA)

A15199 5.1 Uanamedeasiall gasluana wagiunudmiig

ang

GURIGH gasluana AunuImLNY

Sucrose (Food grade) Cy,H,044 Mitr Phol, Thailand
Glucose CeH1,04 CARLO ERBA, Italy
Fructose CgH1204 CARLO ERBA, Italy
Disodium hydrogenphosphate Na,HPO4 Fluka, Switzerland

Ammonium heptamolybdate
tetrahydrate

Tartaric acid
Ascorbic acid

Potassium antimony tartrate

(N H4)6MO7OZ4°4H20

(CHOHCOOH),
CeHeOg

QReC, New Zealand

Fluka, Switzerland
Fisher, UK

Fluka, Switzerland
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Sodium metasilicate, anhydrous  Na,SiOs Fluka, Switzerland

Sulfuric acid H,SO, RCI Labscan, Thailand

5.2 NSLA3LUEITATANUINTFIY

ansazaneynvingnnsenludiuTansusmaintessu (Deionized water)

5.2.1 niswssuatsazatgdintaglasaidudy 50 usng (Stock  sucrose
solution)

Famaglasa 50.00 g adluy 50.00 ¢ wanlidiuIuImaazatevun

ansazany stock UanmnsaiuliNeamall 4°C Wuan 1 dam

5.2.2 nsmsguafsazaten1nsgunaawaidudy 1,000 ppm  (mgP,0/L)

(Stock phosphate solution)

A58 NayHPO(s) ﬁqmmﬁ 60°

U

C Wuan 2 talus waziAuiAlvduly
LaAnANNAY LaITIIN5TS Na,HPO, USunal 0.20x g meiaIestanailua 4 siums
aza18m8uIUIIAIIN1eeaU waUSUUSUIMSAUDAUanUSuInSTU volumetric  flask

YUIm 100 mL

5.23 nawdsussazainasgIunay dmaglasauazWasivin)
ANTaraNENInITIUNAN T IIaglasaLagHeama axgnldlunism
anmziunzaulunmmeasiuagnisaiansminsgiu Taevihnsesolvdananduty
9 9 fu dren19iieanemuanuimanzay (1nn1sAuaY) waglddimingnives

ansazaruunisinmin Feinlaediaisazaieuiniaann stock sucrose solution aslu
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dnnesaudintdnilaannnisAiwin Dieaisazateneainnain stock phosphate

solution aaly uaantlilaumlinansaunfeinIswIey

5.3 ANSHHTENANTAZANYTELRUNAINSUIATIZINELNA

5.3.1 A1SMIBNENITAZAT8NEN 9.7 M ammonium molybdate uaz 0.016 M
tartaric acid Tunsadansnidudu 0.6 M (R1)

asazane R1 & WiiteviliAnansidedaunes molybdophosphoric acid

(10 4.3) lasdl tartaric acid iy masking agent wieulaeds ammonium

heptamolybdate tetrahydrate 6.0 g adlufninesfid tartaric acid 1.2 g Lauﬁﬂaﬂlﬂ

Uszanad 300 mL waAunsadansniduty 16.0 mL asludn 9 Auauazangidniy waiiie

1998U1UNRWAUDNUSUINSIU volumetric flask ua 500 mL

5.3.2 N15M38UaI3azane 0.2 M ascorbic acid (R2)
arsavane ascobic  acdd  (R2)  WliJusiSAadarsifedeou
molybdophosphoric  acid Wasululuansidadeudnidy (molybdenum  blue
complex) ¥ilngazans ascorbic acid 3.52 ¢ luihusAanlessu udusuvsuasindy

100 mL Tu volumetric flask

5.3.3 A151A384 combined reagent WalYlun1snadeuaulylavesis

ansunaans

U

#158za18 combined reagent @unsawssnlaanasazany fell
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5.3.3.1 A15M38UE1582A18 ammonium molybdate
8¥a18 ammonium heptamolybdate tetrahydrate 40.00 ¢ Tu

Jnnasniluiusieanntessu 250 mL walrusuusumstu volumetric flask wu1@ 1000

mL UDIIRUSUINT

5.3.3.2 N15WIBUE1ATaNY ascorbic acid
avany ascorbic acid 1.76 ¢ luthusiaanlesaulszana 50 mL
WEUSusIRsEeauRsinuanUsInasly volumetric flask ¥ua 100 mL
5.3.3.3 A15M38UE15AZAY potassium antimony tartate
aea18 potassium antimony tartate 1.3715 ¢ iuﬁﬂﬂiﬁmm
lopouuszanal 200 mL wduduUsInasieinaudsdauenusunasly volumetric flask
UM 500 mL

5.3.3.4 mswsguasazatensadansnidudy 2.5 M

14 1
U

Wunsadaysndudy Usuies 35 mL asludninesniiuingu

Uszanal 200 mL UalfNEInaUINATU 250 mL

PrasazaneNeseulavnedu 99 5.3.3.1 — 5.3.3.4 UNANSIWAU ANUAINU

ae
=he

- aNTaraNeNIATAYEn ANUINTY 2.5 M USu1ns 50 mL
- @139¥818 potassium antimony tartate 5 mL

- d138¢878 ammonium molybdate 15 mL

- @198¥a18 ascorbic acid 30 mL

MNAERLAUAITazaelINUY Ing Combined reagent asidFsaaduas

iJa1gu1u 4 2114
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5.4 NSWMSENETITAZANENINTFTIUIWORNYINAYDIAITUNIU

5.4.1 MawIgNa1TarasInsgIulinanglas
nswSeuansazangiimaglasa 3 Uind 31uu 11 ¥ tngluudazuin
Tthihmanglaadudusing o fu fsil 0.00, 0.05, 0.07, 0.10, 0.20, 0.30, 0.40, 0.50, 1.00,

2.00 wag 3.00 USNY Muaeu

5.4.2 mseseua1saratguInsgIulinanialag
nswselasazatedimaglasa 3 USnd 91uiu 11 vn lagluudazuin
Tfldanangalaadudusing 9 fu st 0.00, 0.05, 0.07, 0.10, 0.20, 0.30, 0.40, 0.50,

1.00, 2.00 waz 3.00 USNG Auansu

5.4.3 NISASENAITLABNINITFINTRNALTNDY 5,000 ppm (MgSIO, / L)
MnsessuaITazatepaWaLiNTL 100 mgP,0s / L 97121 10 999 1o
Tunsiazuinliliansazare@ainantuang 9 Au fell 0, 20, 50, 100, 200, 500, 750,

1000, 1500 tag 2,000 ppm ANUEIAY

5.5 N15IA38UAIDE19UDDY

WvasAuannImiemlUluwansnnumuns Qﬂiﬁ&ﬂuﬁumﬂumﬁﬁﬂm LAY
A vy v = = v ° o a & Y] ° =
Winlilau1oaeila Us1Aa1nd wioud1nsunssuIUNISILATIEI LA NI1SLAT 8L
A79819UNDDYAUER FIT

- 9151399191190 8UN U AN lesauneUe Tudwsidu 1: 4 aglu

centrifuge tube lneilUTunsansazateans 20.00 mL

- RNRIEIY (WWIRBYNIALENNT1 40 um, Fluka, Switzerland) adluuszan 0.2 ¢
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- ihdeIesdusnemigudnans 91 3000 rpm WWuaan 20 Wi
- WaTaratudlIuuU (supernatant) NINTONULLINLUTUYHEA cellulose acetate
YUIM 0.45 um (Sartorius Stedim Biotech GmbH, Germany)

5.6 \A3nsliauazaUnsal

5.6.1 LAYD9Y9 (Satorius AG GOTTINGEN, Germany)

THd 1S USRS AL A E19RADANINITNAADIN

5.6.2 LﬂéaqﬂuLwéﬂawﬁ@uénaﬁa (Scanspeed 416B, Labogene, Denmark)

° o = o ' % v a a ¢ v
A1RIULNIYUNIDYIIUIDDYLNDNITAILATICUAIYISUU SIA

5.6.3 UV-Vis spectrophotometer (Model 8453, Agilent, Germany)
ﬁm%‘uL%Lﬂ%‘lmmmﬁ@ﬂ'wmi@mﬂﬁuuawmmiﬁaﬂﬂ Tnedanauenay
ﬁm%’uﬁ@mmﬂ%mmﬁﬂmas@maLL@%W@&LW@IW}I 880 nm nelureinaAIINUIIYNIE
flow-through cell wfiamede au1m 10 mm  AflUSuImsatelu 80 ul  (Hellma,

Germany)

5.6.4 $2UU sequential injection analysis (SIA)

U 5.1 uansnmnaszuu SIA - Aldlueided Uszneude syringe
pump (Kloehn Versa Pump 6, USA) Fousose syringe YU 5 mL (Kloehn, USA)
svuutenslvaadisann PTFE tube (Cole Parmer, USA) Ineviefiidousassuusaun
waz holding coil (HO) T4¥vie PTFE vwialduruaAudnatanigly 1.00 mm duvie PTFE

g1 mixing coil (MC) duvhanvieilvuatdurugudnalanigly 1.59 mm szuunis

o 1 a (3 ™, « é{ b4 a wva
aumuaNmglusunsuABNImas (LabVIEW 8.0 ) Mlsuduluiesiminis
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SUT 5.1 uansnmdnaesszuu SIA Aldlunislasenisi uazdrduresanslu HC
(SP: Syringe pump, MC: Mixing coil (813 100 cm), HC: Holding coil (813 33 cm), SV:
Selection valve, C: Carrier, S: Sample, A: air, W: Waste, R1 way R2: Reagentl uay

Regent2 Mud1Av)
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5.7 JUABUNITAATIZNAIYITUU SIA

M50 5.2 WARITUABUNITYINIUAIETEUY SIA Auansluguil 5.1 9115199 5.2

< V1 1% & o ] 3 o = <

uinuldinusznaumiedunaun1sinau 9 Yuneu laetunaunisvininun 1-7 asdunis
AnviauaNsiINT (C) a13679819 MouaINIALAANTaaIeIeUNLINIeEN holding coil
(HO) AnHuIsinsgaviouasazateavunly HC K1udngesensiadn wasluasenin
9g/#1 mixing coil (MC) @aunauilmineilyfinnuindyayiuaIn1snanaulaiiaain
Usingnisal Schlieren effect vastdmaglasawazul (Tunouil 8) Weosnn1sazla

b2
U

oy auniinan Schlieren MRt azApvinliTogdatenINUImIalUAI0ELAZNTZIE

o A a

9 (U1) danunudaiign Tufe n1snauinfulpeNgatiuies Nt vieuasazae

b2
U U

avuaegly MC Haggnuanidnginsensiainuazgnaueeng waste lufian (Yunoud

14

9) ludumaun 9 U dye1aun139aANauLasl Ut NN NOUANTTIIUAILATOINTIINBNATY

v Aa

lddmiuAnnuinAnisaandunairesansifetaurleamnduntu Weennlussuy

D

SIA azfinswanszniavisulyuiliftn msgavieuasianuadng MC Faduvoniivuin

v ¥
1 Y = o

Wurugudnansnslunlvgu asdgliiouansazangfananinauiulanvu vinlvuga

81 molybdenum blue tAnlaRvutiuLeg
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l-ﬂl gj o ﬂl o g o [ o 2
A15199N 5.2 LAAIYUADUNITNINIUVBITZUU SIA NMWAIUIVY JINTUNITATIAINUIUINU

naglasanazusanumaninnluilegiaindassin

Jumeu  HANIeNs Usunsg 2AIN1S Port  nszUAUMSAAATY YUAVDY
’Lwaejm‘%aa (uL) na no. 815
A5 (mL/min) WATITH
1 Flow in 2080 6.25 6 Aspiration of water
carrier (C)
2 Flow in 50 1.25 7 Aspiration  of 1"

sample plug (S;)

3 Flow in 55 1.25 1 Aspiration of air plug
(7-cm long in HO)

4 Flow in 104 1.25 4 Aspiration of R,

5 Flow in 20 1.25 7 Aspiration  of 2"
sample plug (S,)

6 Flow in 104 1.25 3 Aspiration of R;

7 Flow in 55 1.25 1 Aspiration of air plug
(7-cm long in HO)

8 Flow in 1700 3.00 6 Aspiration of water Sucrose
9 Flow out 4168 7.50 2 Dispense all liquid Phosphate
zones flowing out the
detector and waste

(W)

End of cycle with 80 s.
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NANISVNAABILAZIVITUNANITNAGD Y

6.1 N15ABNTIANLIIAAUTUNTIATIEN

U

Turuddeillfeenuuuszuuinseiliiindesnsaniadios 1 6 uagseimunls
aunsnRnauAINIgANAuLAs eI aLAE WA TiA AR R TULE (single
wavelength) ftiu afesinnimaaesifiomeusneduiivangaudmiunisie e
ansviaans

fieviinng scan awansuvesidesartiniiarmeniadu 400 - 1000 nm (3U7 6.1)
U Whdesataiiliannisitudeslnenssuasiidinisganduuasiiganaaniiaras 400 -

1000 nm  Fainanarugunazdvesundestuies usad1alsiny mnfiansanaAIng

14
=

AANAULATIUSINANETIAAY 800 nm AUl azuiuldindAinisganiunasfinindgas

'
1 =

ANEIRALEY wazuTnaRedtuliidugiiasdouneamndunduliainisganiu

waegegaluiy (UM 6.2) lngliAnisganfunasgeganusyain 880 nm

4.00 -
3.50 A
3.00 o
2.50 A
2.00 A
1.50 A
1.00 A
0.50 1
0.00

Absorbance

400 500 600 700 800 900 1000

wavelength (nm)
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5UN 6.1 uansalnnsuvesinegnigewainfivneninug1Inau 400 - 1000 nm

2.00 -
1.50 -

1.00 1

Absorbacne

0.50 +

0 .OO L] L] L] L] L] 1
400 500 600 700 800 900 1000

Wavelength (nm)

5UN 6.2 uansanasuvesansusenauledounoanndulinu

(molybdenum blue complex) fiv9rueTIARY 400 — 1000 nm

INUN 6.1 wae 6.2 aziulainaueniaiu 880 nm uaiuenpduiifiaany

[

Jululalunsanainasaulavisaesda Wewiniluamueneduiiasdounoangd
WRUIAINITNANAULEAIET LagAIAUYULATEYRIIINMIBE19NBEHNTAANAUNAINTY
92991 9 wrogslsiniy n1sesvinUsunaihaatu 9adenanng Schileren effect Tu

A15AnRN Faiduni1sasratenludanuanizlanzas (universal  detection)  #i9tiu 39

U

nduegeBinazfowinnmsidndiazanuguusaiied s e lidygyIun1InnnauLET

] CY]

A X g : y - Y
WNATULTUNARIN Schileren effect ¥99UIMNRAIY 9 U

6.2 NSUENIIENNUSHUA NS ULNSBUADENS

Ar9E19U19089NUNUMAAR UMM IS NIMUNE AN BN T8 UAI0E19lUN1TTAT I8N

v A

PANLNAUNLUNISIADNIDNITIATUUAIDEIVLNUIZ AN AD 918 dLAIN d1UISONITINALAY

v
o Y

AUYUVDIUI0ELAR Tn8LU1UN9RENEIUNITATHUAIDEIMUUAN 9 U1TARAINTS
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pAnuLasTl 880 nm thdssfinuninnieusesiuanzauasdadimnmaganduuasd
TndiAssiu blank vi3efiAnsganauuasiining1 0.001x
MsnTIsnawRENsegnihdesgnAnyidy 4 38 fo
1) msdevthdesse lushsdin 1: 4 uay 1: 10
2) nMsFeaungassen saufUNsHINSE 0.2 ¢
3) mMadevidesdeth sufunisnsessILUTLIIWIR 0.45 LM
8) MaFeastigedet SUNSRURIE LAY NTENIULLIUTUIWA 0.45
um

NaN1SANYNAR ARSI UA1SIN 6.1

A15199 6.1 LARIAINTTAANGULEAST 880 nm NNTIRENTAZAILUIBENRIUNTIATEY

F0E19P 004 9 (N = 3)

NITUIUNITAIDUAIDES AnsganauLEsil | dnuaznanienwYauindey
880 nm X SD
LidouAuan 1.0031 + 0.0066 | AUgI0UMEDS YuUIN
2.1999091: 4 0.2910 + 0.0104 | ATYIPUMHBIINET YU
Q9919 1: 10 01151 + 0.0041 | AdBIBNMEDIINA YU
3.199979 1 : 4 + LAUNSEIY 0.1973 % 0.0057 | @V
129979 1 : 10 + LANNIAY 0.0527 + 0.0030 | V1Y
41399709 11 4 + NULNLUTUY 0.0322 + 0.0021 | Awdssgeauas q Yuantey
199979 11 10 + NIULWILUTY 0.0121 + 0.0040 | Avinsseus q Juidntey
5.130979 1 : 4 + WAUNIAIU + RIUIUSY | 00013 + 00002 | @savansla ludd
199919 11 10 + NN + HUIWUSY | () 5007 + 0.0002 | F150zaela lailid




U

MNHANIMAABY WU Madeansiidesifivsegnuieatu ifisamefiaveing
uarANLeaNINes livn ma@mmd’mtﬁaﬁmU@ﬂ%’uﬁuazmmﬂuaaﬂmﬂﬁﬂé’aa
16 uifdsnsianmejuidn o visdmiliainisganduuasiinienin blank 0 dunis
AOIILLULUTY 0.5 pm Tuasndidvesaisazareinsesfiduniinsunseiu
fathy Tunsseuietsihdesfimnzaniosdinslindniiotisrinduaganumu
fwfunsosususuiiafinoyniadng fdosy Fieramnamiidesieanieain

[ 1
UNIALANT SUENB\IQQWUEJEJF]VL‘U

-] [ 1 v v gol P 1
dusudneanuntuvssUnanazNaaalglun15KuIan192n15NAa9ANY

q Tuun® 6 zaanldY29AMUTUIUNLELDUNIUNITINSIUAIDEN9IA28ITNLANZ HL

'
a

1% P o Y Y g v ' ) | A ¥
warunlglunsAner  UuAe AMUTNTURlgRnWIEA1IZA1e 9 azAnndBuaRTy

A29819939 4 Wi

6.3 N3PINUUUITEUU SIA UaTAIRUNITAATIDUATTaATY

A1509NKUUIEUU SIA e limunzanlunsinszdinnasaseannluauddeil
WWuanslilusud 6.3 nmsfnwagldansasarshanaglesadudu 4 vind arsazans
WoalWaLTuUu 100 ppm LLas’m3azmamamwdwﬁﬂmaﬁimaLLazWaaLWM Huda

nAdeU lnela1aun1sAnwaleseuy SIA JURUUANa 9 fadelull

6.3.1 53UV SIA uuUnh

=

n1sAnwilesdulaldszuy SIA - wuuun@nlinald (5UN 6.3(n) wnaes
neaauaulululilunsindsnanhnauaseamandoudu Tnefiddudunisgaveou
ansavangiauandlunsauduUsesy 6.3(n) wud Instddyarauimaglasavsiidnuuy

[ = (% P . a LY 1 1 90, (Y]
WU 2 A 9ULHL0IU191NKAY8e Schlieren  USiviauleulagmsviauleuiniany
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nsvwaveii [15, 26] nnsFouiun Wy IuaINa13 (SUN 6.3(v)) wuiriiadayeynasi
2 vosmasgiindunaLfgInuiudynauvesednaned fAeaziiudonndodlaain

NAF U IUVDIATAZAENANUIRA-WDELN A

(n)

(v)

UM 6.3 (n) wansszuu SIA wuunluagaiduvesvieuansazanely HC (S: sample 50
uL, R1 ay R2: Reagent 1 WAy Reagent 2 U3u1A30819a 104 pl) way (V) anuadsvos
SIA profiles NlAvNAITALAIBLINTFIVUINIATUTY 4 UG @15azaneuIngIundLe

WUTW 100 ppm wazasaralsNaNtinauazioaEe
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¥
6 o

Al TEUU SIA wuugUN 6.3(n) 1§ azlianunsaleseidinanazoae

Muiuegludieginivesls

6.3.2 53UU SIA nuuUn® wiauviauainie

¥
3 VA o =

W lausamsngriiisataznaanalusieg1slansaunu Hi3839lavin

e

nsiigunlasaidunisgavieusieda (JUT 6.4(n) lnenisidvieusiniaiveuuasiiegng
Ju 2 view view S1 dwiufiaaudSuaniina wazvieu S2 dmsuRnnuusunameds

IINHANTITNAGDI WU ATl 2 vesumadiaslirinisganfuLaIsunIy

]

n1sesevlsinaeanney lnsazdunmnulaaingun 6.4) uag (1) vinlwA1ns

14

AnnauLaveInanaluasazaeRau gy dwaliinauaaaadeunisuInty

AR AUSUULE NM9ALanNASUNIUTIAL ARV VB UNIIUD 8819 ST TIN1SNENTA

v v v
1 ¥ =

FUNDULINLATDINGINIA FINSLANUTEANS AT NANSNENTAATUNDULILATDINGIVIANY
ANNARDYIDUANTAYANUNINALUAIDEY LABLANILRENEY 8EINARBNNT sensitivity VB3

Feuayradlugaeilay S1 vesnnaiesme (e 15U 6.4())

6.3.3 32UV SIA LUU modify wiaaviauaneA
52UV SIA Wuu modify lngniiawedulunuided ieTensiaiagnéieun

1MelisEning syringe pump uae selection valve (3U7 6.4(v)) Inedsnsdinunisgm

b2
U U

A15aa18uLUUaUa N AIAULAY Larda1AUTUNDUNITYINIUAILAAIAISIN 5.2

HANSNARBINIAINTEUU modified  SIA & wudn ludunaunisan

U

a15azangaIn HC (UM 6.4(1) iun3eensiadnluty dygiavesiiniaasiiaiguain
A Lileeannvieusiegne 51 NagdathanatuineglnalaTemsiataun seeresening

ASZLARINIUILAZASATA18UIRNalUTNSNANLTE997n laminar flow  w1ntin Vil

U

sensitivity LNTW  wagiloNsandyayaved blank Tugun 6.4(3) agnuin reagent

v v
o ¥ !
= IS

blank Ya3naamnluge Flow in ((udunaunisnen 5.2) duanaastuidsilsesuiieu

AR} U
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ugUR 6.4(R) aE9uN SWlBINANHATLY refractive index Ua4 reagent blank 18 W

4
[y =

nladuandiiuaenndesiudyanuinania@uinlugie Flow in GHnswauinTum
(dispersion Uasu1n) IunNIzed19dNElTRAMINUSNIUUIRIaAIBWEaNNTS Schlieren

effect wngalsinu Wediansandnvargusidyarnvemaamailaainieudiegis

U U

52 lu¥as Flow in i aziiuinldwanzaudnlunisianldnsiatnusunameas
ilesanilinisgandunasmes reagent blank g (5U71 6.4(2) uazildnuazlnslvidues
Woawlnduiinsunn suieswnannisuauinldviwifuideutues

et WoriudszAnsnmnswanlinaiinufasen molybdenum blue

Ya9an F9999lAUAITAZAVINUATINIUDDNANNLATOINTIIA UL Flow in 1297

14

lUg mixing coil  (MO)  @svhanvienilvualugdu waziileviinisnanvieualsazane

b2
U

ManuaigaTeIns1aindnase (Flow out Tudumeui 9 m15719% 5.2) enudndnyuy

1 ¥
a v

Fyadvosneamaluglg Flow out AR sHannftu vinlnladygiuiiinuaiaus

¥
o

wazaIs (FUN 6.4(%) waz (1) TIuvsdyeyiod reagent blank vesvlaanianda
wuii (U 6.49) wag (R) naudulsy) duilaauwnanmsnauinduainnisiiy MC uay
NSHANYOUANITAZANYYIVUALUY 2 AANI9HUDY dudygavesiinanlaaindunou
Flow out tu (5U7 6.4a) wae () azliifianuandaues Wesinseedeseninaiinia
waznszuasminldnauiuAuInTu Jsldimnnznagldfinm

INWANITANYIAINA YIMATEUU SIA LU modify  Nfldndunisgavieu

1 % dl A 4 n:ll = dl 1 1

ansazangsng 9 Aaanslugun 6.4() gnidenldiefnyimantisiumangauludiusiig q

sk
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(n) ()

(m) )

@) @)

() (@)

(an) (av)

Ul 6.4 (#10) uansszuu SIA uuudnd Samdunislieserniaiieannaninuviaues
thaailusunaunsnsaianeas (120) LansszUU SIA wuuUFuUssinl (S1: samplel
50 pL, S2: sample2 20 pL, A: air plug 55 uL, R1 iag R2: Reagent 1 Wy Reagent 2

Uumseeg19ay 104 ulL
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6.4 NSUTBUTIBUSYYIMAINETNINTFIUAEINALETUNATFIUNAY
dieliuladszuuiildidenudaluzui 6.4() fanuwmnzaslunisasiatausuna
thamauazwoauaitfufuluiesnaldlpsunannnissuniufuies uasdauduius
FEUINANIAANAURANLAZAUTNTURUURUR ST ER38RlaRnwUSe Ui udyayal
MsQANAULATUAN YUY YBIN TN AT IUTE NN TINNTFIUR D ILALAN TUIATTILHE
Tngvinisinieuaisazatsuinsgiuiimaglasadudu 3 - 5 v3nd $1uau 1 9a
aarangNInTEIUNEANAUNTY 20 — 100 ppm WU 1 YA UALEITALAENANTENING
thmauazsleamlafierudutuiutugiulunuige
dufuthmaglasaalinisgandunasanntas Flow in lunsiamdenidu
N9 MNINTEIU wagldAInsaandunasaInyde Flow out Tunisiumdennsmannsgiu
yosansaraamsgurloan InenansAnuile isudannuainaisazansnnsguy

ilfuandlilusuil 6.5

SofinnsanIeuiiou sensitivity (91nAnd) seninsansazanetinnnaglasa
Fed (y = (00238 £ 0.0017x - (00554 £ 0.0070) Fuasazaneuinaglasaiii

weamnuuag (y = (0.0239 £ 0.0032)x - (0.0559 F 0.0132) wuiiasazanevisaesyail

U U

i sensitivity laduansnafuegnafitedfy warluiveadentu Wewdsudleu sensitivity
sEWinEsazanENIRsIUNEEALAEY (y = (0.0119 T 0.0001)x - (0.0209 £ 0.0055))

nuansag awmmmwlaammmamgj U‘fwma%ﬂma (y = (00121 X 0.0002)x -

U o QJ

(0.0125 & 0.0142)) Wurasazatevivaasyniidl sensitivity Luwanaeiuageliteda

o

Wiy Ay kan1sneaesifvaduayuanuduldlalunisldszuu SIA wuu modify wlm

a A [

tauetuiiedinszsiviinuimauaswoaedislogiauiuluiogianirdosduanld

RIRY



Signal profile

Sucrose

Sucrose in water

()
ANV i i (GU
standard . Flow profile of sucrose in water 0.07 1 y= (0.0238:!:0.020}7)X - (0.0554+0.0070)
' X E 06 rz=0.9948
- 3 Brix B
®  0.05 1
- 4 Brix 02 | ®
. £ 8 004
- 5 Brix S 3
5 o :
g 01 ‘ 2
£ < 0.02 A
; b~
o
2 0.01
< ‘ A_M | gaé
70 80 90 100 110 120 130 140 0 T T 1
0 2 4 6
-0.1 - .
Time (s) [sucrosel / Brix
Phosphate (@A) vas | )
standard c y = (0.0119+0.0001)x - (0.0209+0.0055)
c 147 r2=0.9999
- 20 ppm £ 8 1.2 1
g 0.95 1 el ]
- 50 ppm - ® 1
g @ 08 1
- 100 ppm 5 & 0.6 1
g 0.45 1 § 0.4 1
(2]
A~ k_‘\v_‘ d k fi 0'?) |
. EASSS=——S 0 50 100 150
70 80 90 100 110 120 130 140
Time (s)

[phosphate] / ppm

34
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Mixed standard

- 3 Brix + 20 ppm
- 4 Brix + 50 ppm
- 5 Brix + 100 ppm

@)

13 1
1.2 A
1.1 A

0.9 1
0.8 4
0.7 4
0.6 -
0.5 4
04 4
0.3 4
0.2 1
0.1 4

Absorbance at 880 nm

sugar 3-5% L/'

Flow profile of mix. std

phosphate 20-100 ppm
(aspirate to detector)

?f

!

phosphate 20-100 ppm
(flush out from
detector)

S

0172

==

100 110
Time (s)

120

=

130 140

(g) Sucrose in mix std.
0.07 7 y=(0.0239+0.0032)x - (0.0559+0.0132)
2=

g 0.06 - rz=0.9819
8
©
o 004 1
(8]
& 0.03 1
2
S 0.02 1
Qo
< 0.01 1

0 T T |

0 2 4 6
%(w/w) sucrose in mixed std.
P205 in mix std.
1.4 7 y=(0.0121+0.0002)x - (0.0125+0.0142)
£ r2=0.9997
[ 12 T
2
© 17
©
° 0.8 A
o
S 0.6 1
2
S 0.4
fe)
< 0.2 1
0 T T 1
0 50 100 150

ppm P205 in mixed std.

SUN 6.5 wans SIA profiles NlAnansaraeunsgIURgasNas (41e) wazkannsnunsgiuilaanasazangluudazyn (¥3)
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n1snaaositduni1sAneivsuinsimuzaud I unsuni1snsatndsuiinnna

glasa (S1) wazUSuamloan (52) Tnefiansanann sensitivity wazdiaaududunss

A15197 6.2 LARINATDIUSUINTAIDE1NLY

Sample volume (uL) Linear equation®

Linearity range

S; for Sucrose determination (S, was fixed at 20 pL)

2 y = (11.49£0.16)x10? x — (5.12£0.51)x102,
r’ =0.999

50 y = (19.340.18)x107 x — (4.79+0.54)x 107,
= 0.999

75 y = (28.7420.12)x10” x — (6.10+2.97)x107,
r’ =0.995

100 y = (28.46+0.14)x107 x — (1.8323.33)x107,
r =0.993

S, for phosphate determination (S; was fixed at 50 pL)

10 y = [(3.04x107)£(5.8x107)] x ~ [(3.39x107)(6.9x107)],
r’ =0.999

20 y=[(5.51x107)£(5.8x10%)] x — [(2.11x107)£(6.9x107)],
r* =0.999

> y = [(12.3x107)(1.62x10%)] x — [(2.41x107)(1.88x10?)],
r’ =0.999

100 y = [(18.01x107)£(6.20x10)] x — [(4.11x107)(5.65x107)],
r* = 0.996

0.5 - 5.0 Brix

0.5 - 5.0 Brix

0.5 - 4.0 Brix

0.5 - 4.0 Brix

20 —-200 ppm

20 — 200 ppm

20 — 200 ppm

20— 150 ppm

“obtained from slopes of calibration graphs within the their linear ranges

x and y are Brix and phosphate concentration and absorbance at 880 nm
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nnan1snaasslunisaf 6.2 nuin elduunsuesdiegne (S1 way S2)
it Rl sensitivity  sean1siassiiintudog winnududunsavesdianany
Fuduildlunmsiesgdesiiuwalduiianas dadu Wefinnsaniivuins st wuin
sensitivity YesmsAATziasiinTuLazsundiiusings 75 ul usegrdlsinu weldils
Frenududunsafiniredu Usuaes 50 b Fedulsunsiivmnzaudnsuldlunns
‘3meﬁﬂ%mmﬁ’1maﬁima

Tuhusafeatu ns@nwnsfinuiuns s2 - dmsufanulsunaeannili
wunlduReniu fe Usinasieghadiudiu Aviils sensitivity 1ty uazdwalidianay
Hudunssesmsiengiiiunliiuuavas 9nualunissi 6.2 §idulsidonyiumg 20
ul uvsunnsiildlunisimssivsunaeamaseld wii1Usuins 50 L 9ed

sensitivity  gandtuaziivisanududunsavinduinig eewindidedesnislissuy

BaszildUsunaingtesianinnzs dulula

6.6 dNIIN5INA

gnsn1stualduladenddynisvesnisinsizisiieszuuiinsiziwuuluad
o < £ o = P [ < Y] 1 . .
Jdudeainisine Wesrindnsinisivalludadzaiununisunsnszaiy (dispersion)
vavipulguasarany warauANliasnandugIvSoRI8E 10 AUN1EATRINTIVTAN Y
IAIMAINVINAUNNAT I ITENNN 50T IERUTUINTENIWNETUINTTIURAL A SAIBE N LG
RERNIEUIEY

TueuiTedazinn1sAne19nsInisluandfey 2 929 As 9ns1n1siralutunou
1ATIZHN 8 (15797 5.2) %30 ‘Flow in” Fuluduivieuarsazaregniugauiuiasos

% A a ¢ A goj = v gj = =

ATRiaielsEiUsnanaglasa wasAnwiansinisivalutuneui 9 (15199 5.2)
S , 2 ava & oa o = a v % a
%50 ‘Flow out’ FldidutuRnnudyyiunisannfuwairadasidadounaamnaiity

P & YR d{' v = &
LﬂJ@Qﬂ{jﬂJNaﬂN']‘L!Lﬂﬁ@ﬂ@ﬁ'}ﬂ'}ﬂ@ﬂﬂiﬂ
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6.6.1 dn3M13Ivavy ‘Flow in’
9n3IN5ratuge ‘Flow in” dmiunsiaindunanimaglasalagnng

Tugaa 1 -10mL / min  leeitnauseasmtun1sanunielilassuuimsig i

9

¥
6

sensitivity g4lun199533TUTHNIIMNG LHB99INYNANUTNTUNTIATIETIAELe

e

Tur9PuTNTUYsEI 2.5 — 4 Brix Iaetduainududuinuseunnaindiog 19n61uns

v YV

WSHUAIDEIUAT (HIUB 6.2) UBNAINT TEUUTATIENNLAIULNEIgILALIATIEYLA

'
o U IS4

@ @ R v} a 1 %
saslutated Ay Nae IR e
st TUN1TNAaRIAELUINITRANTUILTUN 2 d1U A NA1TUINAVDIBHT
nstaniinennuiies (reproducibility)  waganusilunsiwsey lagldasazane

° I . & W s a a Y] =
UNNALVUYY 3 Brix LUUWQLLWUIUﬂqiﬂﬂCH’] (m1579N 6.3) LLag‘W‘U']im']NaGU@Q@mi’]ﬂ’ﬁl‘mam

g0 sensitivity warANuTudunsIweInIsIATIE (RS9 6.4)

A15199 6.3 BVENAVBIBRTINITIAALUTL ‘Flow in’ A9AULTIEY (reproducible) ¥8s

thanaglesa 3 Brix (n = 10)

Flow rate (mL / min) %RSD Sample throughput (h™)
1 2.24 19
2 2.29 26
3 2.97 30
5 3.02 33

10 6.58 36
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A157197 6.4 BNTNAVDIBATINTIMAITU ‘Flow in” fa sensitivity wazALUuEUns

dmivinUunanhmaglasa

Flow rate (mL / min) Linear equation rl
1 Abs = (0.1560 £ 0.0080) Brix — (0.0407 + 0.0025) 0.989
2 Abs =(0.1772 £ 0.0112) Brix + (0.0056 £ 0.0341) 0.984
3 Abs =(0.1937 £ 0.0049) Brix — (0.0242 £ 0.0148) 0.998
5 Abs =(0.1650 £ 0.0045) Brix — (0.0845 £ 0.0137) 0.997

WU Viﬁmwmﬂwaqaﬁa 10 mL / min Y udfaziinnudlunsinsesd
Fragraldnanadognedotalug (115199 6.3) walduanishasiziilddainuiiies
(irreproducible) Swilesunananudululdlunisiinnisinauuu turbulent flow 7
9n5IN13IMAEa %w‘iﬂﬁﬂmﬁmLauészijfwma@maLLasmsLLaﬁ'gwmfwiaJmﬁ FOUHID
yoEsarareiaeiniunuuliadnane ilduasiinnnsznuuinasinanldedsll
avnauslusne vhlildnanidanisnszateves Toyeuaugs (SD ¢9) waziilevinisandns
nslwaas (Fam15197 6.3) nu Tishsnsinasmaddinaiidenuiioanniy uAngeyLde

< a ¢ o w
ﬂ’J’]ZLILi’ﬂ‘l&ﬂ’ﬁ'ﬂLﬂi’]%ﬂﬁﬁlﬂﬁl’ma’]ﬁﬂ

b2
U U

At msInnstviadl 1 - 5 mL / min Jsgnihandne1dnass lnefiansanis

AN UULEURTILAE sensitivity UBINTTIATIZITNULS 0.5 — 5 Brix 1udunulunis@nu
PMNA519 6.4 WU Wesnsinsinanteaniulilutie 1 wag 2 mL / min WUIINs
epe . 1 <3 (% ° Py =1 [ v A . =
sensitivity  azaeauiludunssansiias Weaisududnsinisivafn 3 mL / min @9
dutivgrulaindnsinisluaiidiuluvinliiAnnisnszaieda (dispersion)  senINgviau
UnanaznTELadInIvesn lauINTUABUNLTLAT0IR 530 FevinlrsosoTEnINeviau
asavangviaeslifinnudaiau dwaly sensitivity anasfinad1n @usnsinisinan 5

mL / min wi3nagligasnnududunssia (115199 6.4) wasll sample throughput g9

N1 (M19797 6.3) WAl sensitivity AKNN18RIINTIMA 3 ML / min 89 1.2 i
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¥
U U

f9til 9951015 3 mL / min 3adusnsinisivanumuizauilalunisia

AINTTAANGULEIRIN Schlieren effect vasma

6.6.2 sasnsiwati ‘Flow out’

Lﬁaqmﬂﬂ%uwmm}awﬂmﬁﬁﬁbﬂﬂluﬁaasmfflé’aﬂagﬂuﬁzm 300 — 400 ppm
Fsdoindulnaigannnefiaunsninszsildfeuiasen molybdenum blue faiiu
Taguszasalunsfnwdnsnistualuyie ‘Flow out’ dmsunsivinUsunamoans 39
lLaigieadiedia sensitivity lumisiasievineamnuintin usetslsfinn Tunsdnwnile
WYILUAANAAINITAANTULAIVBY reagent blank dmiuliangvivsinameainnaimie
Thoglutasiligaiuly wazldjaduinmnszvuliianusiniilunisnsafnie s
funusegnrionsinsziniglu 1 9lus (sample throughput) Asniiansie

nsMAaesiawhnsAnTNavessasINsva ‘Flow out’ lutae 2.5 - 12.5

mL / min 7ideAIN1IRANALLEAIYY reagent blank fauandlusuil 6.6 uavnaves

sample throughput §4915197 6.5 e

2.5 mL / min : 5.0 mL / min : 7.5 mL/ min : 12.5 mL / min

1 | 1
1 | 1
I I I
1 | 1
1 | |
1 | 1
I I I

1 | | ¢
1 | |
1 | 1
-«— 1 «—
— : I I
] 1 ]

Time /s

SUM 6.6 Lansdya1uAINIIAANAULAIVEY reagent blank (Funignastuana)lugis

Y

nTeTzRUTInueamnAEgnIINITIva ‘Flow out’ g 9
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23U 6.6 nud1 ledammislvaiiatuain 2.5 mL / min u 12,5 mL /
min naudaliAIN1TAANGULEIUD reagent blank qq%ulﬂﬁw Ao 0.1233, 0.1670,
0.1798 uay 0.4391 a.u. MudFU e1aidleanandninsivaginieansiaiamiuiuly
linsuanfussninaieuleudiernurianas 1ieswnann axial dispersion fianadsening
mstAunsliiaieansaada Felkainsgandunasduiiiewnainainuuandisued
refractive index meluftatauvinas blank (F1du blank unumloaumn) figedu vl
dasnslva 125 mL / min Biwanganfiazld wiiazlianusilumsiiesesigaans
(52 fegnasiadalie)

Fofisanlulssifiuresauidilunisiieses fn1sed 6.5 w1 8nen
nslvaisnzaudmivliidu ‘Flow out’ ileTinevinoan Ae dasinislva 7.5 mL

/ min tHaanlAAIN1TaANauLEIIad reagent blank Mlaigauiuld (N1 0.2 a.u) e

Y 1 < a 6 o 1 3 LY 1 a 1
‘ENI‘VIWJ’]ZLIL'i’ﬂ‘LJﬂ’]'i’JLﬂi’]%ﬁﬁ’l@ﬂ’]ﬂlﬂﬂﬂ 45 AIgN / VU.DNNIY

o a a v 5 ¢ 5 1 1= a 4 [
M1379N 6.5 amwamaqamwmﬂmaluw Flow out G]’e]ﬂ’)']ﬂJLi’ﬂUﬂ’]i’JLﬂi']%% (A1UU

Mvgesatilu) Ingldarsazatsuinsgiuneamnduty 100 ppm (n = 3) Tun1sfnw

Flow rate (mL / min) Sample throughput (h™)
2.5 21
5.0 30
7.5 45
12.5 52

6.7 AMUYIIVDIVIBUBINTA (air plug)

Wesanarsazatsuiniadanuniaasutiewin wdagidugeanududusi 9

Y

(9 3 Brix)  Anu vinlidwinevesieulyuiinalidyyinunisgandunasiudou

¥
U

ALMIAIA A TUFY I TRANAULANEIEAvesE St urlaamndu&uede vinlv
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¥
6 o

godldviouorniadiluifieduszninanisimsziiaasefiedgisley 51 wasneawn
shesegislen S2 Tadsmsdnnsiumiaeiewmaialnl (Ui 6.4@) Wlefdanans
sUMUINaT Fatu ANEMveioua NATlAlUSE U (MudunounTiessyd 3 uas
7 Tum5197 5.2) ReagNAN® YeALeWiBUeINAlY HC Plddnwn @0 1, 3, 5, 7 uay
10 9. MINAIAY

IINAITVINADS WU AMLETeBUeIN AT lavnsAnw lldemaronnudaly
11531AsE 09Tz UULINT A (1151971 6.6) uRndudinaneauLiesoIn1TIATIL
11NN NMInaaesnuin Weldanuenvesieusneduy (1 was 3 wa) wWilulussuy
3meﬁmmgﬂﬁ 6.4() azviliAnayninesenniauaniduniewdan q lussuu dewane
mmLﬁawmmmi@mﬂﬁuumﬁ 880 nm lumsiasizsiainanauazvloan (n15199
6.6) Faldmnziiasldiiuanzlvngay wregsls maldveusiniafisnniull oz
damalinnuslunsinsesireniiedsanasiuse (1n5197 6.6) Fa AINETIVDS
Viouone 7 vy, samnzanfiezldlunisiasziaely

v
¢ o

A15199 6.6 BYBNAVDIANULIVIBUDINANARDNITIATIZTRUINaLaE NOALNE

%RSD (n = 7)

Length of air plug Sample throughput

(cm) Sucrose 2 Brix Phosphate 75 ppm ()
1 10.0 25.5 30
3 19.2 6.8 30
5 3.4 3.6 30
7 1.9 3.6 30

10 1.5 2.8 29
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6.8 Aududuvassoluiiunsfiaufizen molybdenum blue
n5eszvlsinaeaaludingrainoeslusnuidell andendnnisrinujnzen

aTszrIaeames losau fuatsazatswanluiieuluduenluaniiensa etfaiduans

4
%4

Wagauluaulaneanesnedn @UN1S 6.1) kA3 ATESITIGDUNAILTAITI LOLAUN L

nsauaarasun Tiasduaisusznauldsdounaandunctu (@unis 6.2) Insluauiduil

sglalfinslduounlud (Sb) Tumstiessuisenusdedsla FsUasen 6.1 uag 6.2

PO, + 12Mo0,” + 26H = [PMo,04]" + 12H,0-—(6.1)
molybdophosphoric acid
[PM0;,045]” + CeHsO4 = Molybdenum blue + CeHeOg — (6.2)

ascorbic acid dehydroascorbic acid

N

b2
VK'Y

PNUU

[y

398 19YINN1SNABDIVNAN N ANMUUUTUVDITLOLAUN R1 wag R2 Lialvle

e3>

JEUUAATILINI sensitivity ANgawuulalddussufizen (Sb) wiimananalainusuiu

[~

Woamavwumlluindesarin (300 - 400 ppm) agliluguassalunisnsiainianu us

N1INAUITTUUIATIEALAT sensitivity  N1ANga geauiluiideanisuinluaiudiuedl

14 4
6 cal o = |

a = ada 3, ¢ o v a L
WATIEA LWHBIINITAT RN UL et TuUse ey mimiﬂwmummnwiu

Aeg1edu o NllUsIunaames o 1

6.8.1 AMUUIUNSAlUaIsTazanawaulutisn luauantunsa (R1)

a IS

st seuludulen teeautudeuinseuluaisazatunsadansn lned

9

S789UNITNARDIANWITNTIEIUTL IR UYUVDINTALAL AU UYUVD I LUAULAN
2- v a v 2- U 1
Toau ((H'] / [MoO, 1) WBlwenanssnsdevanewan [28] 1591 [H'] / [MoO,” ] Tudnsiaiu

50 - 80 Wugnniianumuizaulunisiinufisedian ueanainid nasiiaufizen

molybdenum blue luanniznsa adudniSnilaniauisaannanissuniuaindanale
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Tuszdunilesne [29] WesmniliuiAsensinansdsdoudiituvesddinaiadini
wWoalne [30]

Tumsfinwnil §3deldvintstuunarududuresuenludon Tuauianl
Asfl (9.7 mM) usiinsAsuutaseududuresnsndanindaud 05 - 1.2 M viefn
Hu H / [MoO,” ] §nandam 51 — 124 arwardu dauamududunsadansnsininiihy
ladlgvhmsfnunlufil iesninnisdudunssunssunuenansdnsds (28] ldmeaulii
winansaihiutuewdldfinoawnluuifsen Wewnannisiin self reduction vadla

AULAVILDY

(51) (62)
(72)

(93)

(124)

JUN 6.7 n3mluansdninavessioaun R1 Nl sensitivity (Fatavluiaduuans

Fas1d1UTENINg [H'] / [!\/\0042’])

U i 1 U 1 1 2'
INHANITNARBINIFUN 6.7 Ui dnsdusening [H']/ MoO, 1 +0u 51
WA 62 FUNTEUIINNTATANININTY 0.5 Uag 0.6 M muawutiu I sensitivity Avian
v gj a v dy Y A a = a 14 14
Aetiu Tuenddeilladenwisuansavaneueludenluduanduty 9.7 mM luansazany

nsndansnidndu 0.6 M {ugisimunzay
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6.8.2 ANLTNTUTBINIALDEADIUN (R2)
& a o D] v aa ) VY a < a v a 901 a
nsaueanasiniutMludsaglnanduasdsdounoannduntu
%139 molybdenum blue complex (@1n15%1 6.2) Fwilwn1sasraiameauninsiulaw
Pl sensitivity @9¥u fatiy ANUTNTUYRtENsaranenIakaanasUn (R2) Tuyae 0.02 -
0.3 M legnAnw aeuandlilugui 6.8 wudi Waiuarududuvesninieanasinagyin
Tle sensitivity WinwSlugiausn wagmAne 9 Windusgredn q lugdisanududu 0.1 -

0.3 M At ARudunsakeanasdn 0.2 M Faudutiansinats o 71 sensitivity 1S3

nswdguwiatesignidenty

JUN 6.8 N3 mluansdviznavesnsaueanaiin (R2) Nilsie sensitivity
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6.9 NTANYINAVBIRITUNIY
NSANYINATDIFITUNINAL TN iU TELITNANAINTAANFULAIVBIRITUNIUTLA
1 P a ! I H = < ¢
ANNTAANAULALAY 35D vesAInsganauLasniiaaylasa wseneaniluinouei
Andu 1nefied11AINIRANAULEdIgUAY 35D YodanTazateNInIgIUYlATa Vseealn

Izho Iy IuvIeAINISAANAukaIuiiAuvINg NsiUSeulsuanyuziingy q AU

'
o U o

nsbitleuvelndnfiniiantean1insiadn Ndedmnanudutulelidyyiniaindd
35D @89 blank agfieindudyera (Wld noise) wavmududutuazidu Limit of

detection V8958 UULULDY

6.9.1 MIIUNIUMTIATIILINNEYLATAINUINIALULANALAYY

¥
v =

Uniiundeeazivinaglasadussduseneuiuiniign waziiuinialuana

¥

Wwerdmnnglaawasiimaninlaalusgieluliunanantes IneAndudndiuiimnia

glasafiunnnifeszana 10 windusdrades (15197 1.1) 1wy Tnevhlvaziiiinia
glasang 10 - 16 u3nd Umianglaauseanm 0.28 - 0.98 U3nd uaswgnlnaUszann
0.31 - 0.70 U3nd [31]  usieddlsfinny thananglaauaswgnlnaiivueg fanuisaly
fynaunsganduuassuiiosnusngnisal Schlieren 1¢
diefnynanissunauvestimanglaauasgnlng Tunisnaaesidaldin

nsnaaedlagnIswIsNasazatednanglaawasnnlaanauiulilaauduanssing o

53U Aawe 0.00 - 6.00 UsnG luansazanetnnaglasaidudy 3.00 Usndg
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0.80 -
0.75 -
0.70 - )

0.65 - 3o o
0.60 T = -‘I)- '6 - ?Q ---------------------
0.55 & ]-BSD

050 £~ """ T T TTT T TS o oSS mssoomsoomo—momoooe-
0.45 -
0.40 -
0.35 -

0-30 1 1 1 1 1 1 1 1 1
0.0 02 04 06 08 10 12 14 1.6 1.8 2.0 22 24 2.6 2.8 3.0

Absorbance at 880 nm

[glucose + fructose] / Brix

UM 6.9 LansrINIsganaukasilaanaIsazatedmanglaatasnnlag \uty 0.00 -

a

6.00 Usngnilsipansazangiiniaglasadudu 3.00 USNG (Mu1ek19 MIAYAULTUTUTN

wanaduauidutureainanglaaua ngnlnasIniy egasi 9 i)

IMNNANTNARBIRIFUN 6.9 nuIUTIanhmanglaauaziinlnanilsiunuy

A 0.6 usndazisulirinisganduasisuniunisiesiznusunuglasadudy 3.00

A A

Uind wsefalu 2.4 uind Tutheaglasa 12.0 Usnd FadudSunanuinnitanudy
339310 At Feaguladnieniaudulunwideidluaiuisaldnsiaiauiunainia

¥

glasalusinegindes NlUmanglaaLasNInlnaNaNegnNsITUYIRLA

6.9.2 NIIUNIUNITIATIZUNDAWAIINTALNA

o U

FsunIudAgylunITIlATIzRUsIIUNENRA18795 molybdenum  blue
method fifie #aine Tuudeenuirvelivsina@dinaegunnimeamniiaussunn 2 v
(4-5) el N1SLANENSaTaY making agent LU Tartaric acid (32) WeUssiun1ssunIu

aa =% & aa 1 a
ANYALNAINUUNUYUDYI9EY
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[fleAnwiauiduturesdaing laziusuniuAin1sgaAnauLasUesans
Fedoureanndinty asavarsdainmdudusaus 0 — 2000 ppm (MeSio, / L) 399N
wisnluansazarewawnIugy 100 ppm (meP,Os / L) LLaﬂﬁmamwmaaaﬁquﬁ 6.10
Fawandlifiuinsessifinmunduianunsatlestunissuniuvesdanaldae 1000
ppm S?fQL?Juﬂ%mmﬁqﬂﬂinaaLWGﬁq 10 wih yilwisanunsaldi sz vusunuoainaly

indesmunAtTanaUueggni1 2 winla

UM 6.10 LaneAIN139ANaULaIlaaInaIsazae@ang \uty 0 — 2000 ppm  Nillsie

asazangaawmILTL 100 ppm

¢ w ¥

6.10 @FUANIENIMUILENVIIITAUATILNNAIUIYU

1307 6.7 1unsaguan1isimanzauilaannnsfnenviaiun
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M19197 6.7 LanasunIsAnwannenvizanveTlaiemimauazieanludiegmiouiu Iagseuu SIA 3U 6.4(%)

Sucrose analysis Phosphate analysis

Parameters
Studied Selected Studied Selected

1.Sample preparation < Required >
2. Sample size per analysis (uL) 25-100 50 10-100 20
3. Flow rate (mL / min) 1.0 -10.0 3.0 25-12.5 7.5
4. Length of air plugs (cm) 1-10 7 1-10 7
5. Concentration of H,SOy4 in R1 (M) <«— Not applicable —— 05-1.2 0.6
6. Concentration of ascorbic acid in R2 (M) <+— Not applicable —>  0.02-0.3 0.2

7. Masking reagent <«+— Not applicable — - Tartaric acid




AbsbEbABSRES o, (23:(R)uU.)
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3 [ ¥

6.11 mssqam@mé’nwmamw%mmwﬁ AU (Analytical performance)

dothanngfmngauilddnynfuunuinsageunaudn vurreasr Uy
Anseiiinanty slldszuuiieseidnlufuo SIA (U 6.4@) fauaudiluns
AanuinuTuaihniaglasawagreamaldnioutulusiegns Kuansnadnvuzves

szuulilumnsnan 6.8

]
=

JUT 6.11 anaiiegna SI profiles waznsmuInsgIuvesdImawazlean ala

INTPUU SIA §UT 6.40) luannzvanzaunlafinyinaivesnisaassil

1.2
2.0 7 0.8
200 mg P,0, L 5 04 y = (0.191+(1.15x10°3)) x —
_ -~ -2 p2-
15 . 150 mg P205 Lt g 0.0 (5.59 i0.34):>(10 , r2=0.999
i'g 2’f" 100 mg P,0, L1 g 0 1 2 3 4 5
rix (] H
N 75 P,O. L? Q [Sucrose], Brix
1.0 13.08rix me 205 . £
2.0 Brix 50 mg P,05 L £ 1.2
0.5 1.0 Brix 20 mg P,0; L! 2 08
0.5 Brix 0mg P,0; L <
0 Brix \ 0.4 y = ((5.61+0.22)103) x +
0.0 ' _ - 0.0 (3.36+2.54)x1072, r2=0.994
50 70 90 110 130 150 170 0 50 100 150 200

Time (s) [Phosphate], mg P,0; L

rl

1
=

7 6.11 wansanuaie SIA profiles LaENIMUINTFIUNLAIINAITALAIHUINTHANTEWIN

mnaglasauayreain Nan11znImMeRINmINZEN (WiazAULNTINAUIATFIUAADIN

AN92AYT 3 AS9)



M19197 6.8 LARIASNYULYDITEUUTATIEVRUY SIA NNy dmsuieserivsinanhnaglasauazneamnluiiagiamsouiu

Feature Performance
Sucrose Phosphate
Working range 0.5 - 5.0 Brix 20 - 200 ppm
Example calibration and Absggonm = (0.191 + (1.15 x 107)) Brix Absggonm = ((5.61 £ 0.22) x 10™) ppm
correlation coefficient -(5.59 + 0.34) x 107, > = 0.999 +(3.36 +2.54) x 1072, 1* = 0.994
Limit of detection 0.2° 5.4°
Precision (%RSD)* 3.2 2.7
Recovery (%) 84-105 87-122
Throughput (samples h™) 45 >

ddefined as 3S/N.

°defined as 3SD of blank/slope.

“obtained from 10 replicated injections of mixed standard solution of 3 Brix sucrose and 100 mg P,Os L.

51
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6.12 mMsieszriviniainnaglasatasasnaludtagieindaesin

) | ¥ o P Sy v Y b} N ° | Y

freg19un0eeNlglun1seassll leannnisuisesruanniea e lulunais
ABUYINNISAATIZAUSUIULADIUIUNDDYUINIUNTZUIUNITLATHUAIDENS A9 baFnwld
Tuide 6.2 Welilsundesiusaainduazarugu annduiiieidunisiesgiuiunaly
#1989 naznaaauANUlElAve S ANMUITUL (method validation) fia9819uFazFea

1 [~3 1 1 d! a % d' v} dy a v dy a 1 d!
rgnuUeanilu 2 g drumildnsgimessuy SIA Mimunduluaidell ndiunils
PlUAaszrusuninnnaneasadsunsalaimassiannn daduisndeulduinly

15991ugna1uns L kagdiasigiuTuiureann1uduinsgruluukundues

molybdenum blue fauanslunnseil 6.9

A15197 6.9 NFIATILAUIUIUUIDD8ENANIETZUU SIA ANaIUNTULTIB U Uconventional

method
Sucrose (Brix) Phosphate (mg P,Os L™)
Sample
Sl-analyzer Refractometry? Sl-analyzer Spectrophotometry®
S1 144+0.8 14.0+0.3 311.7+ 143 3085+11.4
S2 14.9+0.8 15.2+0.7 321.2+14.9 317.7+ 6.4
S3 14.0+0.6 13.8+£0.3 309.3+14.9 308.2+10.3
S4 13.3+0.1 13.8£0.6 359.7+18.9 358.8 £ 14.6
S5 13.7+£0.2 14.6 £ 0.7 366.9+ 124 362.1 £11.9
S6 143+0.1 13.9+0.6 3526+ 14.3 3478+ 124
S7 14.3 £0.1 14.0 £0.3 357.3+18.0 356.6 £ 18.3
S8 14.1£0.2 13.7+0.6 340.7+10.9 341.6 + 16.1
S9 154+£0.2 14.8 £ 0.1 359.7+14.3 368.1 + 8.4

*Refractometer 30PX/GS, Mettler Toledo, USA.

1. °See ref. [8].
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HadiasziUsnaninaglasaluiigeens 9 degs dusunaniasglugig 13

a 6 2

~ 15 USnd Faduvsuruntsssunfinlitazil wazdUunameamnmuzanluyniiegis
dy d' o 1% qdd‘ (% dy = (% .

14anand WevinnsnaasuAulglavadsAwmuITuAsuiU conventional method

ABNITATUIUNEDALUU Pair t-test NTLAUANULTDNU 95% [33] WU ISNNMUITU

Winansinsgivsinaimaglasauasean liumnng190e 90085185 (GATE: topserve

= 0.38, tone = 2.31 WASWOAWNA: t e = 0.80, tune = 2.31) 9 ARaNTSIARUALE

F3n1snanfuanaliiiuan BMFeTeilsinadnaglasauazealauuun euiu

AE85EUU SIA NUNENN HANUWIUSILAZIANUULTDND
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d3UNanIINAaDY

X
U U

lusAdeilaiauisieseidsinadinaglasasasneaualansouiu Tnely

syuvATIEiuUUlnaviin sequential injection analysis (SIA) NHA1SUSULURBUALIAUS

YBIATDINTIVTANANSTEUU SIA - M lUednisiausun Farinlilaseuuinsig i

¥

AMUSIALET (LAsIzaAlang 45 dregresadilue lnsdiasizsiuiniauazweaaalansouiu)

1WUszUUdalUITANTAUDLUNUSEEIA d11U1503LASIERa1Ta09vlaNSouA U oL

6

AnszilalaeludeslSullasuszuu N5 ASIEANTaNLLueg (A15agazn1sAunay

TndiAes 100) wazianaiileags (%RSD Andn 4%)

' ¥
a a =

wonand FAdelaidaiunisfidiusanlunisandiuiuvendeiiintuainnis

U

AWnszat Jadundslumlaveaaiidilon (green chemistry) Tusuidelidadenlduas

'
=i

WUNSZUUAATIZY SIA TAlgUS U agndazasatlun1sitAsziueNan tnaldines

o

v

278 pL - lumsasiesilaiadinaglasauavnoaindeniiieg 1ty 9089013

Uszgndldusingnised Schlieren effect %30 lens effect dmsudnsgrusunaniina
glasa vlidiureinsinsgiinmaiidunsliesziuuuisemnnasaiisniie uaz

1 14
v 6

Inuan1sUssiliuaNultlaveianimuidu (method validation) Tinan153LA1Eh#
Y o asoy o a4 o« a saa v

#annReiuITTnUIAIaIInATasSuIsAlawasntsuldlulssnuananinssy wazlvna

Aezivsunasamnildunndisainisuinsgiu iWunstuduanuindeliovesis

Wardulumiudsedladusgned vlmsaesizniausiianudululatunt sualdle

JuisnmadeunasmiuauaunNaniadilugnainssuiaaandessaty
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This work presents the simultaneous determination of sucrose and phosphate by using sequential
injection (SI) system with a low cost paired emitter-detector diode (PEDD) light sensor. The PEDD uses
two 890 nm LEDs. Measurement of sucrose in Brix unit was carried out based on the detection of light
refraction occurring at the liquid interface (the schlieren effect) between the sucrose solution and water.
Phosphate was measured from the formation of calcium phosphate with turbidimetric detection. With
careful design of the loading sequence and volume (sample-precipitating reagent-sample), simulta-
neous detection of sucrose and phosphate was accomplished with the single PEDD detector. At the
optimized condition, linear calibrations from 1 to 7 Brix sucrose and from 50 to 200 mg PO,>~ L™! were
obtained. Good precision at lower than 2% RSD (n=10) for both analytes with satisfactory throughput of
21 injections h™! was achieved. The method was successfully applied for the determination of sucrose
and phosphate in cola drinks. The proposed method is readily applicable for automation and is found to
be an alternative method to conventional procedures for on-line quality control process in cola drink

industry.

Crown Copyright © 2013 Published by Elsevier B.V. All rights reserved.

1. Introduction

Light emitting diodes (LEDs) are commonly used as a light
source for portable spectrometers due to the low power consump-
tion and brightness [1]. Their emission spectra are rather narrow
(about + 40 nm), allowing specific selection of wavelengths with-
out an expensive monochromator or filter. However, LEDs can also
be used as a light detector [2,3]. Paired emitter-detector diode
(PEDD) is an inexpensive optical sensor that consists of a pair of
LEDs where one LED is used as a light emitter (LED emitter) and
the other LED as a light detector (LED detector). Use of PEDD as
detector of light is attractive in terms of costs, size and broad range
of wavelengths from UV to near-infrared region (ca. 380-900 nm).
Unfortunately, LED as detector generates very small photocurrent.
Diamond's group [4-6] demonstrated the accurate and precise
measurement of the photocurrent using a threshold detector and
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Thailand. Tel./fax: +66 2 2015127.

E-mail addresses: duangjai.nac@mahidol.ac.th,
dnacapricha@gmail.com (D. Nacapricha).

timer circuit. The principle is based on measurement of the time
taken for the photon-induced current to discharge the reverse-
biased LED from an initial 5 V to 1.7 V. Later, another approach was
proposed by using direct measurement of the voltage generated at
the LED detector [7,8]. This method is very simple and convenient
employing a common pH-meter or a digital multimeter with high
input impedance.

The use of PEDD for absorbance measurement has been
reported as early as 2004 when Diamond et al. employed the
device as optical sensor for colorimetric analysis of dyes for pH
measurement [4]. Since then, application of PEDD detector has
been broaden to environmental field such as detection of heavy
metals [9] and phosphate [10] in water samples as well as to
bioanalytical field, such as detection of hemoglobin [11] and
alkaline phosphatase activity [12-14]. PEDD has also been adopted
as a detector in post column HPLC [15] and IC [16,17]. Recently,
PEDD compatible with optosensing films has been developed for
sequential injection (SI) system [18,19]. Prussian Blue film was
used as a model optical chemoreceptor to detect hydrogen
peroxide [18]. Determination of glucose in serum was demon-
strated for this application [19]. With different configurations, the
PEDD can also be used for fluorescence detection. The first report
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of LED as fluorescence detector was in 2010 for the determination
of quinine in beverage drinks [20]. Another application of fluoro-
metric PEDD was the detection of calcium using complexation
reaction with calcein [21,22].

The phenomena of light refraction and light scattering are
alternative detection methods useful in analytical practice, especially
with colored sample. This is because they can employ wavelengths at
which that the colored solution does not absorb the light. Detection
of light refraction at the liquid interface (the schlieren effect) was
employed as detection in liquid chromatography using deflection of a
laser beam [23] and in capillary electrophoresis [24]. In addition, the
schlieren effect was also applied to flow analysis for quantitation of
sucrose [25,26], alcohol [27] and glycol [28]. Another approach for
analysis of colored sample is detection based on light scattering of
colloidal particles (turbidimetry) [29] has been widely used through
the formation of solid particles using suitable precipitating reagents.
With coupling to flow-based system, it provides automation for
several applications such as in environmental [30], biological [31]
and food [32] samples.

In this work, implementation of PEDD for detection of the
schlieren effect and the turbidity in liquid-flow system is pre-
sented. We selected sucrose and phosphate as model analytes to
demonstrate this application for possible quality control in cola
drink industry. The work used a sequential injection (SI) system
[33]. With optimized selection of the loading sequence, simulta-
neous detection of the two analyte is carried out with one PEDD
detector. The system is thus simple and compact.

2. Experimental

2.1. Chemicals and reagents

All solutions were prepared in deionized water (Barnstead
EASYpure II, USA). The sucrose standard used in this work was

commercial grade sugar (Mitr Phol, Thailand). A 50 Brix (Bx) stock
sucrose solution was prepared by dissolving exactly 50.00 g of
solid sucrose in 50.00 g of deionized water with stirring on a
magnetic stirrer until the solid has completely dissolved. The stock
solution was stored at 4 °C and used within one week.

A 5000 mg PO,>" L1 stock phosphate solution was prepared by
dissolving 0.7157 g of potassium dihydrogenphosphate (Fluka,
Switzerland), previously dried at 60 °C for 2h and kept in a
desiccator, in 100.00 mL with deionized water. Working standard
solutions used for calibration were mixed standards of sucrose and
phosphate, prepared in deionized water by appropriate dilution of
the stock solutions.

The precipitating reagent (R in Fig. 1) was a solution of
0.08 mol L™! CaCl, in 0.1% (w/v) polyvinyl alcohol (PVA). This
solution was prepared by weighing 0.888 g of calcium chloride
(Merck, USA) and 0.10g of PVA (Merck, USA), dissolving in
approximately 90 mL of 0.3 mol L™! ammonium buffer pH 10 and
heating on a hot plate with magnetic stirring until all solids
dissolved. After cooling to room temperature, ammonium buffer
was added to make 100.0 mL. The buffer was prepared by dissolving
0.1338 g of ammonium chloride (Ajax Finechem, New Zealand) and
0.9 mL of 30%(w/w) ammonia (density 0.892 g L™!, Panreac, Spain)
in deionized water to give 100 mL.

2.2. Sample preparation

Regular and sugar-free cola drink samples were purchased
from supermarkets in Bangkok, Thailand. All samples were
degassed in an ultrasonic bath for 15 min. Dilutions of samples
with water (1:1) were carried out prior to analysis. Five synthetic
samples were also analyzed. These samples were prepared by
dissolving analytical grade sucrose (UNIVAR, Australia) and potas-
sium dihydrogenphosphate (Fluka, Switzerland) in deionized
water (Table 2).

Fig. 1. Schematic diagram of the SI-PEDD system for simultaneous determination of sucrose and phosphate in cola drinks: S, 1st aspirated sample zone; R, precipitating
reagent 0.08 mol L™ CaCl, with 0.1%(w/v) PVA in ammonium buffer pH 10; S,, 2nd aspirated sample zone; W, waste; SP, syringe pump; SV, selection valve; HC, 4.6-mL
holding coil (i.d. 1 mm, 588 cm long); MC, mixing coil (i.d. 1 mm, 144 cm long); inset (a), sequence of the detection zone in HC; inset (b), signal profile of a mixed standard of

sucrose and phosphate.
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Table 1

The steps in the SI-PEDD operation for simultaneous determination of sucrose and phosphate in cola drinks.

Step Mode of syringe pump Volume (mL) Flow rate (mL min™") Port no. Action Duration (s)
1 Aspirate 4.00 4.0 3 Aspiration of water carrier 60

2 Aspirate 0.50 40 7 Aspiration of 1st sample zone (S;) 7.5

3 Aspirate 0.10 4.0 4 Aspiration of precipitating reagent (R) 1.5

4 Aspirate 1.75 4.0 7 Aspiration of 2nd sample zone (S;) 26

5 Dispense 6.35 5.0 2 Dispense of all zones to detector and waste (W5) 76

Total analysis time is 171 s.

Table 2

Comparison of accuracy obtained from analysis of synthetic samples by using the developed and conventional methods. The numbers in parenthesis are %RSD for six

replicate injections.

Nominal values of synthetic sample Sugar (Brix)

Phosphate (mg PO, L)

Our method

Refractometric method*

Our method Spectrophotometric method®

5 Brix+200 mg PO,>" L™!
7 Brix+200 mg PO, L™}
10 Brix+300 mg PO, L™!
10 Brix+300 mg PO,>" L™!
12 Brix+300 mg PO,>" L™!

516 +0.14 (2.7)
6.42 +0.12 (1.9)
9.79 + 0.14 (1.4)
1044+ 022 (2.1)
11.95 + 0.24 (2.0)

5.16 +0.05 (1.0)
6.47 +0.07 (1.1)
9.94 +0.10 (1.0)
10.27 +0.10 (1.0)
1231+ 0.14 (1.1)

197.7+3.0 (1.5)
200.0+25 (1.3)
300.7 + 2.5 (0.8)
299.9+3.9 (13)
300.7 +3.3 (1.1)

202.7 +2.1 (1.0)
199.0+2.1 (1.1)
296.3 + 2.6 (0.9)
303.9+3.0 (1.0)
306.4+4.3 (14)

2 Refractometer 30PX/GS. Mettler Toledo, USA.
b See Ref. [35].

2.3. The SI-PEDD system and its operation

2.3.1. The SI-PEDD system

The SI system, shown in Fig. 1, consisted of a syringe pump (SP)
equipped with an eight-port selection valve (SV) (Kloehn Versa
Pump 6, USA). A 10-mL zero dead volume syringe (Kloehn, USA)
was fitted to the pump. PTFE tubings with 1.0 mm i.d. (Cole
Parmer, USA) were used as holding coil (HC) and mixing coil
(MC). The syringe pump and selection valve were computer
controlled by means of an in-house software written using Lab-
VIEW 8.0™. The simple paired emitter-detector diode (PEDD) was
made of two gallium-aluminium arsenide NIR-LEDs (890 nm,
Model OP291, OPTEK Technology Inc., USA). A dc power supply
(Model PS-1502DD, BEST, China) was used to supply the 5V to the
LED emitter. A 100 Q resistor was used as a current-limiting load
to the LED emitter. A 6-digit digital multimeter with 10" Q
impedance (Model 8845A, Fluke, USA) was used to measure
voltage signal from the LED detector. Data was recorded and
stored on a computer via RS-232 port with in-house software
written using LabVIEW 8.0™. A 10-mm path length, 18-pL volume,
quartz flow-through cell (PerkinElmer, USA) was placed in a
cuvette holder between the two LEDs.

2.3.2. System operation

A water carrier plug (4.0 mL) was introduced into the holding
coil (HC in Fig. 1) followed by plugs of sample and reagent (1st
aspirated sample zone (S;), reagent (R) and 2nd aspirated sample
zone (S,)). These detection zones are finally driven forward to the
PEDD detector to give a sequence of signal peaks. Details of the
operation steps are given in Table 1.

2.4. Data analysis

For a PEDD, the LED detector generates a voltage, which is
linearly proportional to the logarithm of the intensity of light
illuminating on the LED. When there is alteration in light intensity
due to light refraction or light scattering, such as in this work, the
monitored voltage is changed accordingly. Thus a plot between the

voltage measured versus time is obtained, as the sample zone
passes through the flow-through cell. Example of signal profile is
shown in Fig. 1b.

The baseline signal is obtained when water carrier flows
passing through the PEDD. The signal for sucrose is the difference
of the voltage between the apex of peak and baseline (‘A’ in
Fig. 1b). The signal for phosphate is the difference of the voltage
between the baseline and the minimum of the second peak (‘B’ in
Fig. 1b). Two calibration curves were constructed by plotting the
values of A and B against the analyte concentrations.

For validation of the method, the results were compared to
measurements obtained from refractometric method for sucrose
[34] and spectrophotometric method based on molybdenum blue
reaction [35] for phosphate, respectively.

3. Results and discussion
3.1. System design and its signal profile

A simple SI system, shown in Fig. 1, was employed to study the
use of the PEDD detector for simultaneous detection of the schlieren
and turbid effect within one cycle of operation. The system starts
by aspirating the detection zone, with the precipitating reagent
(Rin Fig. 1a) inserted in the middle of the mixed standard solution
containing sucrose and phosphate (S; and S, in Fig. 1a), into the
HC, followed by dispensing to the PEDD detector. As the laminar
flow is driven towards the PEDD detector, this right hand end of S,
(Fig. 1a) becomes the leading parabolic interface between sample
and water, which is responsible for the schlieren signal. Positive
signal profile in Fig. 1b demonstrates this phenomenon. After the
zone head has moved through the PEDD, the middle zone contain-
ing suspension of the calcium phosphate precipitate enters the
flow cell. These calcium phosphate particles scatter light, giving
rise to a decrease in the signal. If there is appreciable inhomo-
geneity within the zone, small negative signal is observed when
the zone tail travels through the light path. Normally this negative
signal is only observed at sucrose concentration greater than
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5 Brix. The complete signal profile obtained for one sample is
shown in Fig. 1b.

The observed schlieren effect has been explained in great
details [26]. To summarize, the interface of the carrier and sugar
solution forms a lens. In this case, where nsampie > Ncarrier
(n=refractive index), we may expect a significant population of
light rays to bend towards the LED light sensor. As a result,
the absorbance decreases. Thus, the signal voltage from the LED
light sensor increases with decreasing absorbance. So the signal
profile increases with the passage of the sugar zone (the signal
change ‘A’ in Fig. 1b), which is the inverse of the regular signal
profile using photodiode as light sensor with log amplifier (see Ref.
[26] for example). For the turbidity profile, suspending particle
causes light scattering away from the LED light sensor. Therefore
there is an increase in absorbance which for our LED light sensor
means a decrease in the signal profile (the signal change ‘B’ in
Fig. 1b).

3.1.1. Interference between sucrose and phosphate measurements

In this study, the concentrations of phosphate were varied up
to 200 mg PO,>" L' whereas the concentration of sucrose was
fixed at 7 Brix. We found no effect of phosphate concentration on
the sucrose measurement. Thus the refractive index (RI) of
standard/sample depends mainly on the concentration of sucrose
with no contribution from the concentration of phosphate.

On the other hand, sucrose had a significant negative effect on
the phosphate measurement at aspirated volumes of S;:R:S, of
0.5:0.1:0.5 mL (see data in Fig. 2 for S,=0.5 mL). This might be
from inhomogenity in the calcium phosphate zone due to the
viscosity of sucrose (7 Brix). Normally, increasing the mixing coil
length of the SI system improves mixing. But for our system which
requires efficient mixing only in the mid-zone, but not at the
leading zone, this is not a suitable choice. Therefore, enhancement
of the mid-zone dispersion was investigated by increasing the
aspirated volume of the second sample segment, S,. In this way,
mixing of the reagent and sample zones is promoted by increasing
the longitudinal dispersion along the tube. The results are shown
in Fig. 2. The signal height for phosphate in pure water increased
with increasing volume of S, from 0.5 to 0.75 mL indicating more
precipitation had occurred. With larger volume dilution effect
dominated and signal decreased drastically. For phosphate dis-
solved with sucrose, the same trend was found but with smaller
signals for segment volume of S, between 0.5 and 1.5 mL.
However equal signals for solution using pure water and sucrose
solution were found for volume of 1.75 mL and larger. Therefore, in
order to eliminate the interference effect of sucrose, the volume of
segment S, of 1.75 mL was selected.

Fig. 2. Effect of volume of S, on signal height of 200 mg PO,>" L™! in water (¢) and
in 7 Brix sucrose (O). Each point is the result from triplicate injections for volumes
of Sq:R fixed at 0.5:0.1 mL.

3.1.2. Light source and sensor for PEDD detector

Cola drink has a dark brown color and the wavelength of the
detector must be carefully chosen to ensure that only the schlieren
and turbidity effects are observed. The visible absorption spectrum
of these drinks were measured and found to have absorbance only
in the wavelength range of 350-700 nm. Therefore, NIR LED
emitter with wavelength of 890 nm was selected as the light
source. The same LED was employed as detector for maximum
response. A stable output voltage at 0.8V was found for water.
Signal changes in the range of + 0.05 V were observed for samples
containing sucrose and phosphate.

Flow cell with small volume (18 uL) was used for our experi-
ment since it provided sharper schlieren signal than the normal
80 pL-flow cell. The larger i.d. of the 80 pL-flow cell produces
greater dispersion of the sample zone, which is not suitable for
measurement based on the schlieren effect.

3.2. Optimization

3.2.1. Flow rate

Flow rate is an important parameter which affects the sensi-
tivity and sample throughput. The flow rate in the final step for
driving all the liquid zones to the PEDD detector was varied from
1 to 10 mL min~". It was observed that at lower flow rate higher
sensitivity was achieved for both phosphate and sucrose measure-
ments. A flow rate at 5mlmin~' was chosen as compromise
between sensitivity and throughput.

3.2.2. Parameters for calcium phosphate precipitation process

The effect of various concentrations of CaCl, was studied using
concentration range from 0.04 to 0.12 mol L. Results are shown
in Fig. 3a. The signal B (Fig. 1b) increased with increasing
concentration of CaCl,, reaching a plateau value for concentrations
greater than 0.06 mol L™!. The concentration of 0.08 mol L™! CaCl,
was chosen to ensure excess Ca®* jon for production of the
Ca3(P0O,), precipitate.

Buffer concentrations ranging from 0.2 to 6.5mol L' were
investigated. The results in Fig. 3b showed that buffer concentra-
tion of 0.3 mol L™! gave the highest sensitivity. At buffer concen-
tration lower than 0.3 molL™!, the buffer capacity was not
sufficient to neutralize the acid in the sample. High concentration
of buffer has large ionic strength, resulting in less precipitation
[36]. In this work 0.3 mol L™ buffer was chosen. The pH of buffer
solution was also investigated (Fig. 3c). The sensitivity significantly
increased to pH 10 and then decreased. Therefore a pH 10 buffer
was selected for maximum sensitivity.

Generally, turbidity measurement requires addition of a stabi-
lizer to control uniformity of the particle size for reproducibility.
In this work, PVA was used and the effect of PVA concentration in
the range of 0.02-0.30%(w/v) was studied. The results in Fig. 3d
showed that 0.10%(w/v) PVA provided the highest sensitivity
which decreased significantly when concentration of PVA was
more than 0.1%(w/v) because increasing concentration of PVA can
cause decreased number of nucleation sites of Caz(PO4),, and
hence lower number of scattering particles [37]. Hence the
concentration of PVA of 0.1%(w/v) was selected as optimum
condition.

The volume of the calcium chloride solution (R) was also
investigated in the range of 50-200 pL. It was found that sensitiv-
ity increased, with increasing volume, to maximum value at
100 pL. Therefore, the volume of 100 pL was selected because it
offered highest sensitivity with least reagent.
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Fig. 3. Effect of the precipitating reagent on the sensitivity of phosphate analysis. Triplicate injections for each point in the graph.

Fig. 4. Example of signal profiles obtained from mixed standards of sucrose and
phosphate at (i) 1 Brix+50 mg PO,>" L' (ii) 3 Brix+100 mg PO,>" L™! (iii) 5 Brix
+150 mg PO,>~ L™! (iv) 7 Brix+200 mg PO,>" L™!, using the developed system, and
calibration plots for sucrose and phosphate. Each point in the calibrations was from
triplicate injections.

3.3. Analytical features and application to cola drink samples

Using the optimum condition, representative SI-signal profiles
and calibration plots are shown in Fig. 4. Calibration curve is linear
in the range of 1-7 Brix sucrose ((signal height, mVy.)=
(3.14 + 0.03)[Brix]+(0.14 + 0.13), r?=0.999) and of 50-200 mg
PO, L' ((signal height, mV4.)=((1.85 + 0.04) x 10 ")[mg PO,>" L™']-
(1.96 + 0.51), r2=0.999). Detection limits (3S/N) at 0.5 Brix sucrose
and 20 mg PO,>" L™ were obtained. Ten replicate injections of the
mixed standard of 5 Brix sucrose and 150 mg PO,>"L™! were
carried out to provide system precision of 0.9% and 1.7% (RSD),
respectively. Reasonable throughput of 21 injectionsh™' was
achieved.

Five synthetic samples were prepared and analyzed by our
method and reference methods (Table 2). Analysis of sucrose and
phosphate was compared with refractometric method and the

conventional molybdenum blue method, respectively. The results
show that the precision of our methods are comparable with the
reference methods. The developed SI-PEDD system was subse-
quently applied to regular and sugar-free cola drinks (Table 3).
According to the paired t-test, the results in Table 3 show
significant agreement between the proposed method and the
conventional methods for all the samples (sugar: tobservea=1.285,
teritical=2.306 at P=0.05; phosphate: topservea=0.005, tcitical=
2.178 at P=0.05) [38].

4. Conclusions

In this work, the PEDD sensor was employed as a single flow-
based detector for measuring the schlieren effect and turbidity of
sample in a SI system for automation of liquid handling. It was
shown that the SI-PEDD flow system had sufficient sensitivity to
detect light refraction at interface of sucrose and water or so-
called the schlieren effect, as well as the light scattering of the
colloidal particles of calcium phosphate, when the output of the
LED detector was monitored by a high-impedance digital
multimeter.

Simultaneous analysis of sucrose and phosphate in cola drinks
was selected to demonstrate this application. With two fold
sample dilution, the measurements were carried out using NIR-
PEDD (890 nm) sensor without sample pretreatment to remove
the color. At the optimum condition, the observed signal com-
prised one positive peak for sucrose and a second negative peak
for phosphate. These two signals are well separated. Thus the
contents of sucrose and phosphate were successfully determined
with no interference. The developed SI-PEDD flow system has
advantages in terms of simplicity, robustness and costs. Moreover,
the system is environmentally friendly since only small amounts
of non-toxic CaCl, in ammonium buffer solution were used. The SI-
PEDD system was successfully applied to the measurement of
sucrose and phosphate in commercial cola drinks and is also
suitable for on-line quality control processing plants.
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Table 3
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Analysis of cola drinks by SI-PEDD system as compared with conventional methods. The numbers in parenthesis are %RSD for six replicate injections.

Sample Sugar (Brix) Phosphate (mg PO, L")
Our method Refractometric method? Our method Spectrophotometric method”
Cola 1 9.55+0.11 (1.2) 9.75 + 0.05 (0.5) 3415+ 6.1 (1.8) 342.4+3.6 (11)
Cola 2 9.09 +0.09 (1.0) 9.14 + 0.06 (0.7) 3382+ 1.7 (0.5) 347.6 + 5.6 (1.6)
Cola 3 9.96 +0.13 (1.3) 9.82 +0.10 (1.0) 340.5+7.0 (21) 330.0+3.1 (0.9)
Cola 4 9.73 +0.14 (14) 9.84 +0.10 (1.0) 377.7 + 1.8 (0.5) 375.8 + 4.4 (1.2)

Sugar-free cola 1

nd

nd

Sugar-free cola 2 nd nd
Sugar-free cola 3 nd nd
Sugar-free cola 4 nd nd

348.0+5.3 (1.5)
3433493 (2.7)
356.0 + 6.1 (1.7)
3425473 (21)

351.7 + 1.4 (0.4)
332.7+5.3 (1.6)
3474+ 6.0 (1.7)
351.3 +3.6 (1.0)

nd: not detected.

@ Refractometer 30PX/GS. Mettler Toledo, USA.
b See Ref. [35].
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