[ v v Y & = 5 € a v a ¢
msvanfuiiteddadnaestureaneiniiudmiviiase
_\ ~\ ~ [ 4 4 _ s -\ 1 Q
wSaendu Gaiiuts) lundnnueadssnuasudndulagldsiuniunis
AATITIENISUTELIANANTNENY

DEVELOPMENT OF CURCUMIN DOUBLE-WALLED BEADS
COLORIMETRIC SENSOR FOR DETERMINATION OF PYRIDOXINE
(VITAMIN B6) IN FUNCTIONAL DRINKS WITH DETECTION
BY IMAGE PROCESSING

Ausnsal Juanl
SIRINYAKORN CHINNAWAT

a a cX & 1 = o
gtinusulludrunilwesnisfnsnnuvanans

Y

YSqeninereansumdudin arwiviafivssynd

mMAdvuall AuyInerans
anumelulaBnszasundndinnmsainnssds
W.fi. 2568

KMITL-2025-SC-M-012-046



DEVELOPMENT OF CURCUMIN DOUBLE-WALLED BEADS
COLORIMETRIC SENSOR FOR DETERMINATION OF PYRIDOXINE
(VITAMIN B6) IN FUNCTIONAL DRINKS WITH DETECTION
BY IMAGE PROCESSING

SIRINYAKORN CHINNAWAT

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT FOR THE
DEGREE OF MASTER OF SCIENCE IN APPLIED CHEMISTRY
DEPARTMENT OF CHEMISTRY SCHOOL OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2025
KMITL-2025-SC-M-012-046



| imae=T=Ten ',..‘..4‘1
SO Ty

&

)

2

COPYRIGHT 2025
SCHOOL OF SCIENCE

 KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG o
LE)ﬂﬁ'ﬁ‘UL‘U‘UL@ﬂﬁﬂiﬂﬁﬂ?ﬂl’)ﬁ’]‘ﬁiUﬂ’ﬁ VITULNDNITANYINIUY :umgzyﬂm wuwlﬂ%ﬂsﬂwumumim

Laidnsdilaensdu dnviwvnuiilvidaudadiiont wagdesdneddiadivedenarsynasaninisinluly



Wateaneniinug NIRRT UT 38l adnaesduvonnes Al udmsy
Tanegilnsaendu (Induds) lundndueiinIesdiuiasy

AniulngldsiuAUNSIATIEIRIENSUTEUIANANTINANE

Forwndnw WENETULNTA! TuTm
WiaUsedeh 66056082

U Wenmansum Ui (alluszend)
21T LAl

N.A. 2568

A = = 3 (3 a a
El’]i]WiE‘J‘VI‘lEﬂ‘d"I'JVIEJ"IUWUﬁ{ FDIAERTINITY AT.BIVEUIIA LUTIATILEIEY
o 1
unangs

FB15As1zARElnen1sunsFmndededinsunsnsialadausunavadnsaan

= a

Fu (n10uds, VB-6) luasesnuasuinndy nsuniswaulagnisiddininlalasaa 2 4

Y [

Ca(ll)-8a34us/ZnONPs iadnfinngluussgansazanewresaiin (CUR. goe) HNAI05997

a s

CURGy g A18N307 13Ul g edelng 1833 Saanlessiiadu tnenisussaddatduineiad

Y

[
v a

uneluEnindun 1 ¥e9 Ca(l)-daiiun wazipanutud 2 s18 ZnONPs/PDADMAC N15au
35U CURgysr0cel 9287 ABNMsBANZ AU SHIMII I N TaT0d. Feeiupauudansliun

dinTn Tnedaauudwseasdia 6.45 x 10% N/m wavdanudangu 1.01 x 10 N/m? 8n1is

v A @ 2

ansodetiunisaaiusiansdoansililowan Touuds 28 T4 CURK gl MNRLNTLLLG
Uszgnaldainsnenivsinaidnniinge udunsuseiianan1maninsfnsides n193A1es

YSuafdanfiudé agardenisiinufnzerdestiunou lneduwinnsnuesnagyinuisendu

a A a

Fanfiuds WnansUsenauladaulnsaandu-luseunlilid annduusiselassuilmasazyin

U a U 3 ¥ =

Ufnsenfuddatuinesaduaiisarsuseneulsleluedunddduuns Svesasazansazilaou

nadududindsudovsuianadute undy Geanuisaldiadsunaiaiuls lalaenis

(%
a

1801 wazIaAIANLELAe Aled wavdunRy (RGB) nan15insevivsinainniuis od

[

Tugas 10-125 fadnfusieding (R? = 0.9984) Hadniacgalunisnsiadn (LOD) uazdadinin
PanTAsIEils (LOQ) Wiy 2.93 war 9.77 Tadnsuredns MINa1AU KANTNAADUKARS
! k4 IS 1 o (% 2 a a A d‘ d‘ a a a

IINTAIN CURygrogel AU IUNMTATIInUTINAINNTINT6 TuinSesnuiaSuinniiy
lnediSosasn1sAundu 99.84% 9 103.03% wenantnanisngaianlaainis ildivaaeu

Agnaslagn1siUSe UL UiuIt1nSgIU HPLC wag UV-Vis Spectrophotometry @467



=Y

U a o o U e a a Aa v a a o A A
9]5'3"0'3@L%ﬂﬁiﬂﬂ@qﬂﬂimiﬂ‘www@ﬂ@LLﬁ@ﬁﬂi%aWﬁﬂq‘W‘ﬂﬂ 1Uﬂ73@]§3?ﬂ'§m'§mquu‘U6 IULﬁﬁaﬂﬂﬂJ

LESUINIHU

A : isesRuasIIndiu Isleloendiu Ssaaessiiadu Innduts suniAuiludwe

anles lalnsiaa



Thesis Title Development of Curcumin Double-Walled Beads Colorimetric
Sensor for Determination of Pyridoxine (Vitamin B6) In Functional

Drinks with Detection by Image Processing

Student Name Miss Sirinyakorn Chinnawat

Student ID 66056082

Degree Master of Science (Applied Chemistry)

Department Chemistry

Year 2025

Thesis Advisor Assoc. Prof. Dr. Arjnarong Mathaweesansurn
Abstract

A smartphone-based colorimetric method for quantitative detection of
pyridoxine (Vitamin B6, VVB-6) in functional drinks has been realized by developing a
double-layer “spherical Ca  (Il)-alginate/ZnONPs . hydrogel liquid-core curcumin
(CURLydrogel)  probe. The CURy g0l Was . readily fabricated by a molecular self-
assembly reverse spherification method, which loaded curcumin emulsions in the
1% layer of Ca (I)-alginate and the 2™ layer of ZnONPs/PDADMAC. Electrostatic
interaction initiates cross-linking and produces CUR\y 406 that displays high stiffness
of 6.45 x-10* N/m, strength of 1.01 x 10° N/m? and effectiveness in blocking
ultraviolet light of 28 days. The CUR e Probe was applied for detecting VB-6 via
a smartphone-based sensing platform. The colorimetric assay was based on a two-
step strategy involving initially the formation of the colorless pyridoxine-boron
complex by VB-6 and boric acid. Then, unreacted boric acid complexed with
curcumin emulsion to form a reddish orange rosocyanine. The color changes from
orange to yellowish of the rosocyanine depending on the VB-6 concentration. The
RGB values were assessed via a smartphone application, providing the linearity of
VB-6 detection of 10-125 mg L™ with a LOD and LOQ of 2.93 mg L™ and 9.77 mg L.
(R? = 0.9984) The fabricated CURyyarocel performed effectively in VB-6 determination
in functional drinks, with recoveries ranging from 99.84% to 103.03%. Particularly,

the results of this method were also validated by comparing with HPLC and UV-Vis



spectrophotometry to improve assay accuracy and dependability. The smartphone
RGB camera-based colorimetric sensor of CURyyqoeel has great potential application

prospects for detecting VB-6 in functional drink samples.

Keywords: Functional drinks, Rosocyanine, Reverse spherification, Vitamin B6, Zinc

oxide nanoparticles, Hydrogel
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2.1.8.1 Wuwsgudwmsviiaseiinniiuge
1) myAaswiinniiuié éae High Performance Liquid Chromatography (HPLC)
Hagtumeila HPLC SsradhAimanassudmsumsinsesiinfiude Snie
Igsunmsnaniiodiudszdnsamlunsdnssi annddeves CK. Markopoulou Whagmny
9] lgvhns@neiinsfiuuvaudnsunsinseidaniud 1 3adude waedmaud12 luen

i@suenfiulaely High Performance Liquid Chromatography (HPLC)

| Y a a a o _ v
M990 2.3 Lﬂ’e]ulslﬂumﬂLﬂi’]%%’s(ﬂ’muU6 M8 HPLC

Parameters Condition

Column Reversed-phase C-18

Column temperature 30 °C

Flow rate 1.5 mL/min

Injection volume 20 ul

Retention time 0.997 min

Mobile phase Solvent A: 0.015% triethylamine adjusted to pH 2.7

with sulfuric acid

Solvent B: Acetonitrile
Detector UV detector
Wavelength 280 nm

TunsfnwIiausadiasigsimusunanmiiuds §1038 HPLC Tnglddas
Anuludunsaludae 50-300 lulasnsunedadans (y = 92229402x + 659983) uay
Yaannlunasiasizi (LOD) wiIiY-0.005 hulasnsurediadans wagdndnfndsusuno
(LOQ) winfu 0.017 lulasnsuseiiaddns nailAn Coefficient of Determination (R2 =
0.9998) uanani a3t A feuay silufavesiniiude aglutas 97.6% - 102.8%

FIUWDIANULU UG LA AN TIGS

2)n1571A18Y T80 ud6 ey Liquid chromatography-tandem mass
spectrometry (LC-MS/MS) [10]

T. Bachmann tazanginn1sanen153as1znusunainiiiude fae Liquid
Chromatography-Mass Spectrometer (LC-MS/MS) Tagiialunnsiiasieiusunainnfiude
Juu71A5129A 28 HPLC $auAUN19IATIzMN1915090as wein1sldeulssautyninane
Uszms lunmsinunadaiiseimunismsinseiiniiuds Tneld LCMS/MS dmsunsnsia

USuanimndude
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| = a ¢a a o _ v
M15199 2.4 Saululunmsiesziinnfiuds ee LCMS/MS

Parameters

Condition

Column
Stationary Phase Temperature
Flow Rate

Binary Gradient System

Injection Volume

Nebulizing Gas Flow

Heating Gas Flow

Drying Gas Flow

Heat Block Temperature
Interface Temperature
Desolvation Line Temperature
Interface Voltage
Collision-Induced Dissociation
Gas Pressure

Retention Time

Shim-pack Velox PFPP (2.1x100 mm.)
30 °C

0.3 mL/min

0.1% Formic acid in Water (Solvent A) and
Methanol

1 pL

3 L/min

10 L/min

10 L/min

400 °C

300 °C

250 °C

4 kv

270 kPa. MS/ MS

2 min

19U T a1015031AS 18R UMIUT LN TA1TUT 6 AAIINAVDINITILATIZI

As1Elns pendy (Limit of Detection, LOD) v 0.018 dadnsumedlansy way Yndninved

A5ILATIEMLT AUS U8 (Limit of Quantitation, LOQ) 0.054 Aadnsusanlansy SesaznisaAu

nAU 92 D49 111% mmu@iu&jﬂumiﬁﬂmizwdﬂﬁua@wdw 0 D9 9% ANMULLUGITLIINIY

A9 4 D9 10% wazANULlugluNTAATEMINGTUALS 4 D9 10%
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3) mywaTwiInfiuds seafilaia [7]

H. Sadeghi wazAnEyhMsANINIE I umesInTwRiniuls drogrni
wazimalsl Tunsieszsiidaniiliiinlnevens Carbon Paste Electrode (CPE) @14 NiO-
CNTs/MOHFPE/CPE \isinszusoondiadunazidusausalunsiinsesiiandule 3U 2.2 uans
Thaunuluwnsuve3mfiude Aamududu 4 wiluluans 89 500 lulasluand Wethnssua
paNTntularANUILT U NIMALT6 WlanmUENTWSTudY axl y = 0.0574x + 1.2014
(R2 = 0.9956) § 41T a1 An153 A58 3 anfiud 6 windu 0.9 urluluais Tnenasld
NiO-CNTs/MOHFPE/CPE iJuduwesiunsinsigvianewaillaii

35 1

- v = 0.0574X+1.2014
R® =0.9959

a\\
._..Jl://: o '\*.\

_—

0.25 035 045 0.55 0.65 0.75
E/V

0 T T T T T d

0 100 200 300 400 500 600
C/uM

a v v = T & T 12 TEEed v v = ¢
E’J'ﬂ 2.2 AMUVUVUVDINTLHALNYUNUINUUUS NAMUINVU 4 99 500 "Llliﬂﬁiilaqﬁ [7]

nsadudueeslumsiessilsmasininde lusedrwiuasimall fe
75n157eA37129 T wuad T 1 Tawn1519™ NIO-CNTs/MOHFPE/CPE 91310 & N1 wudn
NIO-CNTs/MOHFPE/CPE annsauseufAzeniinsevikasdahmunizsuaeondindureiniiy
U6 logefiauszanas 25 Wi Iadninlumsinseivinny 0.9 wlulias uassosaznisAundy

Winu 97.33-103.86% @9anuns508usulaIna11nsans1ausunsimiuielanasa

4) NM3IATIERINNAUL6 fne Fluorescence Spectroscopy [22]
L. Garcia wazame vinn1s@neiadnaid uldlaveanisisasuaanuy
Synchronous fluorescence dmsumsiasziinfiufiazarenlé 3 via laun Inendu n
Snend wazlsluraniu lneld Bis-2-ethylhexysulfosuccinate sodium salt (AOT) 1uSie
LAUR gﬂﬁ 2.3 LLammiL‘U?ﬁ'EJuLLUaaﬁuaanaaLiamuﬁﬁmmvﬁwﬁu AOT fluanansiudngu

a a  a o a < v oA a a X s a a
FAIIERIANUUNIFTUYURN GU']ﬂETJQ%LWUI@'J"ILN@Ui@J'mJ AOT LWUUY WQ@@LiaL"?IUG]SUBQ’JW']NU
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FLUORESECENCE, a.u.

a

9

14

Neauviinazanas lnefiAnuduty 3 x 10* a1usaauaamgestsawudlagiian Tu

160

150

140 o

130

120

Vitamin Bé

110

0.005 0.015

[AOT], M

0.01
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a Y a ¢ al Y v PN I w
JUM 2.3 nymldussuaninsdsuiasemgeaisawiiiianududu AOT Auansdnaiu [22]

lumnlATennsiseuavesinorinegluyas 60-95 uiluns wazlslu
a17ued luY39-62-74 ululuns YN 2.4 wansadnasuveIInaduuuy Synchronous

Fluorescence #4IN13gNTUMUNITIATIZNURY AeluiNoUseansnmlunisiieseidsden

a L
ANFILAIILMLUU Synchronous Fluorescence

260

300
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700

500

300
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380 420

400

440

480

g‘dﬁ 2.4 aneiu Synchronous Fluorescence Yo fiudfl [AOT] = 3 x 107 [22]

0.025

AMNMIANYINUIINITIA Synchronous Fluorescence Ingly Bis-2-ethylhexy

sulfosuccinate sodium salt (AOT) W ustataud JUszansainlunisiasiziinniusile

avareinlaiduegned Tagdadudsniaudnenarsinsi8ininsid HPLC Jans1anlunis

Ieszvivattnendiu Gandudl) wsaendu Gandiude) wazlsiunatiu Gendud2) windu 12

10 kag 9 WlATNSUADANT LATAILNTOTILATIEAANANYANULTUTU
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2.1.8.2 WnTAnseidaddmiviiaseiinniude
1) MsAasreIngiuds e UV-Vis Spectrophotometry [23]

mMsmsziiandude Tneld UV-Vis Spectrophotometry feidudnunileisia
Auten lag Asma N. hazgamuy vnsAnein1siasziledegiedelunisianiiude Tuen
Tngenden1siinufisensenindiniuds fu Diazotized p-nitroaniline Wiinansistoui
44w 793 Cetyltrimethylammonium bromide (CTAB) wazlaif ua1g uaiumdudiigs
UFATEN (U7 2.27) Tnenanansazanelninend lalaseaelsd (nniuds) 0.2-24 adnfusie
&ns 9nwiin Diazotized p-nitroaniline (5 fiadluand) 1.5 Sadans uaz CTAB (1x107 Tu
a1%) 3 Jadans werduwanlidty MntuBtasazaeleieuniueiun (0.1 weida) 3
faddns Wutnaulilausines 25 fadans LLawﬁmii’maLﬂﬂm%’mmiamﬂﬁuumﬁ 480 W1
Tuins foguil 26 Mnsvazfulfiidadiumsdudy mnsganduuasiiduiutuden
Fuduresdndiuds Waiu 33maiwneiiniude lneanlnsimlafwed doidudidne
mmﬁa wazusiugn lneflAnnurasiedeudinivg 0.22 19 0.47% wazAndeauusnigiu

QJQJ

I +0.11 84 + 0.98% ‘(Nﬂ’m’ﬁﬂﬁi‘lﬂﬂ’l’nﬁﬂ’ﬁ‘uﬁ’]lﬂiﬁ’lLﬂi’] wUsunadaniuds Tuen

g1
S HC\ Y N N—QNOa —=—— Orange dye
H,OH

CH,OH

Diazatized p- nitroaniline
reagent

Vitamin Bg

A a aaa ! a a . . . . .
JUN 2.5 M3t NIBNTEINIANUUG AU Diazotized p-nitroaniline [23]

3 -
y = 0.0048x + 0.0459

2.5 >
R =0.9995

2

Absorbance
- 4]

©
13
L

o

T T T T T 1

0 100 200 300 400 500 600
Concentration of Vitamin B6 ,ug/25ml

P o = a v ' a a o« o . .
UM 2.6 AlUnaIuNIANAULANURIANTUTENOULT It BUTEWIN InHuT6 N Diazotized p-

nitroaniline [23]
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2) myanTeminiiuis Tngldeyniaunluves [12]
MAwengddmsunsiwaeiioniiuds argaladnmsiwszilaenisly
ounAuluMes K. Shrivas wazansy (152 ld@nwinisldvesieynauiluilindeuseglasa
(Sucrose-capped AUNPs) wiadugusesmaaiiuuud (Colorimetric Sensor) §1MSUNTATIIN
T3 ud6 wazin1dull ludieg19913 lnensldauaud@ Localized Surface Plasmon
Resonance (LSPR) 83 AuNPs fivilsifnnaidsunadanuyluduiifudelniiuds gn
diuadluluamsarans AuNPs wiadedlvarailuaranuusiugilumsTinsed Tnedidasa

[

Wdugadusiaus 50-1000 wlunFuAelaaans Aegun 2.7 uarlindnian1smsaadu (LOD) 11 15

lunsuseladans dmsuiniduds wadadilamIy 939157 wasmunzaudmsunsiaiu

98719919715 PEAINEINISAIUNNSATIVABUIAN LU ALLD UAAZL UEN

059 1@ | (el (o) (O] (d)e) 0y £ °%
] /*)1\\\_\4(5 (4:; ‘
bl -
0.4 1 ) A% gm]
(a) 50 ngmL-1 ‘.: W
: = (b)100 go.n».—, - e
8 0.3 s (€) 200 0 300 600 900 1200
% s 4 Concentration of
S —— (d) 500 Bs, ngmL-!
A = | — (e)700
3
< 0.2 -
0.1
0.0 — : 1 . — T . T ;

1
200 300 400 500 600 700 800
Wavelength, nm

< ) i a g { Y oy
JUN 2.7 awdneSuuanirnisganausaadisdutnadutusing o [12]

-\

2.2 1nasaliy

Y
2.2.1 feyaviluvennesniiu [24]
iiudu (Turmeric) fdaFonyinermansin Curcuma longa L. Fudulsiduaniia
pondwdsnarluning %qa&ﬂumzqa%ﬂ waranunsaasaivlaldalueiniadeuty Ine
afiutuiinsldeghaunsvanslumensumddmsudnwlsasns q @unainia 2,500 3 u

Usziawauniveide wazdusylovidmsvdosdulazineilsadnuiuuin a1sd1Agyves
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§ A

vuduiifigrslunisinvdndugiinanasifiddundesiidednaosaiu (Curcumin) @
Juens Lipophilic polyphenol Tnefiu3anas 2-5% vesansiemunlunsiiugu
a19.AesAdlU 3o Diferuloyl Methane 19 015 unalassad 1amaaiian 1.7-Bis (-
hydroxyl-3-methoxyphenyl) 1,6-Heptadiene-3, 5 Dione fluvaluianalvinfiu 368.28 nTusie
lua uazdansluianafe CuHy0s Lﬂai’@,ﬁuiﬂumiﬂdﬂwﬁﬂuaa waziluperusenaunan
Tuasndunesaiuuesd ddnuusduns vie ndnwwiadn Andesendu lilavareun ud
avangldmluneanosed exdlau Insiaulnanea (Propylene Glycol) nsmdaidudy uay
wudy Tnsazfidvinaunddutas pH fduva wazddmdeddudas pH fldunse 9ol
Wasuulasdfeaiien pH Uszanal 89 JyavapivaIUsvinnl 183 amuwallied uava1sines
afiu Sadumsisigrsmandyineidulsslonidequnmdnmning Weamsieedaiiulum
Aua1saunusdn 2 vila e Monodesmethoxycumin %38 Desmethoxy curcumin hag
Didesmethoxycurcumin %3 8 Bis-desmethoxy curcumin %zlﬂyﬁﬁﬂqlm Lﬂa{qﬁuaaa‘

(Curcuminoids)

HO OH
OCHs H3CO

a

a o a s
FUN 2.8 Insaasumainiiveainesniiy

2.2.2 paudnunizvedAe iy
2.2.2.1 anuiafesvennesaiilumsazae
8

glusUwuuveenalniuas n (Tautomeric Form) ba 2

Y Y

BT Ad A5
sUwuu Juediivrilnvesiinagany fie lassasisweduanaluguiuuale (Keto Form) uae
auea (Enol Form) lngiianunsawdsundassiuulvanseninasisaesguuuuls danans
Tugun 2.9 lnenuinluansazaneifianmdunsauaznans nesglivazegluguresilauasiu

o I ¢ a = = s a & '
ansaraendanluiua inespiuavedluguvesduea [25] Aualiusveunesaliulziuey

fiuA pH Feiigaslaannnisidewdvesansavarewmesaiiu Tuyis pH e 9 Ined pH 1-7 a1s

< a =4

s _ a = = | ' I a a
avaroies Aliuasuansdifudndosasiluanadulvg ogluguuuuidunans a1 pH

& a § a

171017 8 @savanerasaiivazsildsudiduddunng [26] wnesaiiuilaseasen llyeutnga

Y Y

Usgnaumeaeesdrfinfidasnueslsiniinfnegisaesinu sgelsinny iangasdnifin

I |

(walslufia) wazrawmueslsunin (lansendauaziuneond) dnquilfneg@uililuanad
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flganudnludiaduiiosnitluamazarefidutr desnnesafiuinruaninsolunis
avaneluthifuldasnatludienn [27] venanimsaranetivaledinesafiuannsniaufisen
Fedouiu nIaUedn dwnse lias mnan uiazidetse Inunadounaelsd (KC) Tnunaidey
lalasuneana (KH,PO,) way tedeulumsusiun (NaHCO,) [28]

0 O OH O
T ] ﬂ NG N 0. At AL M\; < ~ I O
| ) e u
HO W ¥ \: ""O" H()-'/Lr/ = \()H
- Keto form N Enol form

U 2.9 Tassasnswoanosaiiui pH sina 4 [26]

2.2.2.2 pnuiatesveunesniiufouauAzAIITaU

nsgogaagsguaasaniaiunnIsnaasludanaislalelniniuea lng
wesaduszgnazaslulelalnsnusawavdudanuias fimaTuen3AaY 400-510 ululuns
Dunian 4 Falue nansmaif iaunisdesdatsazgniasisinssinaia Thin-Layer
Chromatography (TLC), High Resolution Mass Spectrometry (MS) wag Nuclear Magnetic
Resonance (NMR) K@ 89191nN158 08d@angnuIdosausenaunan Ae CiHis06 Lawd
Mass Spectrum uansArvaslaianaloseuil m/z = 366 (Lanalnezneuveslalnsiauans
Tuanagnavsenannlassaie) wandasindndléddidunamannssuiunslelaaedy a1n
M58 SeaReudLazansansduldrdnnsanessatosndn 15 undl uenaniidany
nAnsfaueiannIsgesaaedu 9 wu Vanilling Vanillic acid (VA), Ferulic aldehyde, Ferulic
acid (FA), ay 4-Vinylguaiacol LLazE']’qﬁmsﬁllﬂawmmszqié’%qﬁqmmﬁﬁa C5HgOq
uenanissdinsAnwduiinuiaaneiaiufiasanslusmusanisemuaiignaaliluiii

Tuasaadunal 120 $alus wuIianisaaedivesnase AlULAY NERTMNNIA1INNTERY
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ganelawn Vanillin, P-hydroxybenzaldehyde, Ferulic aldehyde, P-hydroxybenzoic acid,
Vanillic acid, uag Ferulic acid wenainfidamuinaeiaiulugluuuinsdanuaiesdenis

lPsULaAnLINNINETAzANY (gﬂﬁz.lo) [29, 30]

A cho CH=CHCOOH CH=CHCOCH, D o
H3COI>)J\
OH
HO
E OH CH3

JUl 2,10 ndndasiannnisaaigdaveassqiu (A) Viilin, () Ferulic acd, (C) Feruloyl
methane, (D) Vanillic - acid,  (E) Ferulic aldehyde, - (F) 4-Vinyl guaiacol, (G) P-
hydroxybenzaldehyde, (H) P-hydroxybenzoic acid [29]
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angluasaransumiusatayaaslave ity Woarsasaeinnsaiulumviaransi 4
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aflu wazanmsvaaeuAmaREsTigamMYs nuinaespiulinuaiiosiigamad 70 asm
wardvardunan 10 wifl Tasdsasnuadosléd uinngumaiasiu wesaiiuduaaies
uazfigaunad 100 ssmwadea nisameivennosaivasifiutumunisanasveaninis
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blank boron (100 mg L")

commercial

A B C curn-film curn-film (27 mM)
boton
(100 mg L")
0 ol 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
3 10 20 30 40 50 60 70 9 100

D Concentration of Boron (mg L)

| boron (100 mg L)

o ale s a o a A o saawy a ¢ s a
JUN 2.12 (1) Flauipesaiiuunteunanain (B) wandmsdnisannsmeaeuiauinesniuly
o ner s a a s a a P
mednniluasarmeinsigiiuiazansasargluseu (O) Rauaesaiuluannguniuaziile
Tdlunistaseilusew () dvesildumesaiunivasulllunsinsgiluseunanududy

919 9 wag (B) navesn1suaiauaesatuadluasazsaelusouniainneieiy [32]

2.3 NSAUDIN

2.3.1 feyavhluvesnsauein [33]

nsnuesniunsngou defien pka = 9.20 [34] 1uansla 1ifid Lifndu wnaluana
61.83 nfusialua gnslutana HyB0; IALABA 300 BIMNLTALTEE ANABUWAT 170 B3A1
waidva ddnuvuniuninuionsden vieduiunadielinn avarelddludues
woanesed warasldfseduluthieunasnfivesea nsnussinazszmelulevileliainm
$oufls 100 osrnwwaLioa avgnydstuazAes Wasuiumniueinueda gamgl 140 asm
wardua azdsudueasveinuedn uasiigumgiiqey szswdsudulusoulasesnles

(Boron Trioxide, BO,) nsaua3n (Boric Acid) ltiduanssinugadn (Antiseptic) 1uingiiude

wnansiluenasianulidmsunisldnuiionisdnyvintu lieygslnilUldusslesisunisén

Lidnnsdllagnsdu Snvsinudilvidaudaiion wazsesg1ediadvesenalsnnasaninisuntuly
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(Preservative) uazlfiudmgnganisiasgreutesituwtinidy Useniansenswasisaa
adufl 151 (w.a. 2536) esinginuldluemisnsavesniluingniuldlueims (Prohibit

=

Substances) 1 usuns18lue 1115 (Food Hazard) UsztAnsunsienieail (Chemical

v
a = v =2 o

Hazard) Niuakinduazninuasninuaudinisgady Mstuaewasivliintuadgaieiu

£
a A

nsnvesnyiglunisimdeudreuinaludadiuig o veaily d1inasnaull ivagladnunf

NIONEANITHITEYLFULH

OH

|
B
HO/ \OH

U7t 2.13 Tnssadiaweansnuein [33]

2.3.2 MSLANAIYBINSAVDIN [34]
nsaueinidunsefifidnvasansuaniiuanalainnsavhluludnvu ansiujasen

futhluanmeiil pH ey Tngdnunsouansaumsnisunnsalased

1) Tugn1ensa (pH s nanuesnagyufaserduiniievdes lelasiau
logau (H) way lolasuslsalooaw (H,B0;) 6‘3@%Lﬁ®ﬂ13LLmﬂﬁﬂu§ULLUU‘?Z HsBOs= H* +
H,BO5 Msumndadninedenisuaeslysnou (H*) Faapifinasfunseluiia

2) lanmziua (pH g9 Wensavesnegluaniziuanselussuuiidl OH 1n
fnazsiwiazendu lensenleflessu (OH) uagianisadne lusualosan (B0 uawi
(H,0) Au@n154 HyBOs+ OH = BO,” + H,0

3) nauanddviiiAnnrsdsundadulassailuanavesnsavein e

nsnvesngnyilinareilulesey BO 2 avilianuduudluaisazanegaiy

2.4 aynpuludedeanien

2.4.1 feyaluveseymeuiludsdeenles [35]

Fadvonlomiduiisdnluum manlud Fuduniwddudlunm Wusmsssuiain
AuusadisTolus (Smithsonite) uyudlidedeanledlunissnulsadudlugaddus Tusa
Fedoonles TanvundunseyneandenduniduasillddusuuniiSe (Anti-Bacteria) 1aif
audufivesnane uenaneuuefiFeudidsetostuuazsusinausavadvomuniiGe
emmratasreenlusiadunilduasiiddlunadunduuuaiiGe weesdensatioatu

%98 UVA waz UVB. sedunauduliiauseasd dsreanlanuily wWundasunlsainnssuiunis
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Wasunneeynedsdeenledlitvunadnaseglussiueynaunluns Tanvusduneynia
aniBon fownoynadnssdvuilumns fanuuiandas fdum Snisdsdoonledauns
Uoariusad UVA uag UVB dumuuuailise (Anti-bacteria) anunsaultldanannssusing 1
19 nszvIumsduasgieymaunlu@ifeantan (Synthesis of ZnO Nanoparticles) @131150%

Temaneds an Coprecipitation, Sol-Gel, Hydrothermal Wag Flame spray pyrolysis s

d 2 wa a L3 12
M99 2.5 Teyauarandivesdenoanis [36]

auUANINIENIN Uoya
gasluana Zno
Walana 81.4084 g/mol
anwaly NG
AU LY 5.606 g/cm’
ARG 1975 °C
01500 2360 °C
LOITNNEINU 337 eV

2.4.2 Taseas1avesdeneenlen

Ul 2.14 Tassasrevasdedenntad WU Wurtzite [35]

Tnssadwesdsdeenlas (Zn0) wuu Wurtzite \ulassasandnfiddnvasdunuuien
glnuea (Hexagonal) dslulpssadeil losousenles (0%) avdnSueisludnvamenalnuea
Fuue3n lnedas wilwosennnseinsea (Tetrahedral Sites) ﬁgmﬁmﬁmﬁwi@aau%aﬁ
(zn?) madaFesiaiivhld zn? egsinatunniian Taefsnadiusaiisewing zn? fu 0% i
0.25 vhlvilessu Zn?* gndenseudng 0% 1 4 flusumiunnsznsea JevinliiAaiusy
Fudusdulnseaded uonand walreesiudu (Coordination Number) vaslaseadne ZnO

WUU Wurtzite A9 4:4 FIU18ANUIMAAE Zn?" et auledny 0% 313U 4-67 wazlunig
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nauiy 0% Mzdieulesiu Zn? dauiu 4 dauiy [37] Asgui 2.14 Taseadeilil Zno §

AaaudRnliihuesuasivnzandmiunmsldnulugunsaldidnnsetinduasidumeseng ¢

TAs9ad1ananvesdmeantes (ZnO) M58n31 Zinc Blende Structure tulassasanil

) = |2

anwagtJunananuien

Y

(Cubic) alovaueenlad (0%) InSswirluzuuuuvedlassasiewdn

§ a Y v @

gnuiAnwlaninduia (Face-Centered Cubic, FCC) lnglaoau 0% avoglusunusnilu

Y

anuanffimiduaudnans (FCO) dalorauded (Zn?) avaseunaudenindluzuuuuees
TAssas19anansenledlukuumnsEnsea (Tetranedral Coordination) Inelulasias19i Zn2*

L0NABUTAUMEY OF 31U7U 4 frludnwaENSPNNUsy F9n15uTauledyinlrdavlnoass

Y

WU (Coordination Number) 9 4:4 #1894 wiae Zn?" agdauleany OF 91UIU 4 Fway

'
=

Tumanauiu 07 Aazdenleanu Zn2 19U 4 saguiu [37] Aeguil 2.15 Taseadawuy
Zinc Blende #ifianuatusguuazgnidlunaisgunsal wWu Wuweswaggunsaldidnnselind

4 wa =
e naaaudRvasliiuaswasimnzay.

g'dﬁ 2.15 laseas19vesdepeanlas Wy Zinc Blend [35]

2.4.3 Usslovivesdeneanles [36, 38-40]
2.4.3.1 suli
FaAoonlentvunei1ana9ulanense (3.37 ev) daruiadswanineg (Carrier
Effective Mass) 90418aiuSidnnsau fio 0.59 my waz 0.24 my AUEIRUNISLAR ouTives
318nm3au (Electron Mobility) findnFadeenledi@ufies (ZnO Single Crystal) sew3ne 100 &4
200 cn?/V wazdiananmea esvasnisiad suiiveslea (Hole mobility) Uszanas 180 cm?V i
3l Yszgnansldanuldedrsfidnaninlugunsaloedlndidnvsednd wu laleaawes

(Laser Diodes) Laziguigeas (Sensor) UoAA0iY03I1958 M NNGNIUIUIN N TINDIA1YD

WsnAIUNgsesnsaandyansunIuangunsalluiila

]
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2.4.3.2 AULATEE1919AS NN NN ULAR

aun1Auluderoantediivsednsaingslun1sdesiused UVA uag UVB

s
a a

uenniudailouniraziden fmnuuiandas wasvaeads mmnzauflazin U dudunan
Tuwdnsneiduuaadmivanieundesssd UV synauiludsdeanlediinuuasnieouas
pouloureseniy lnelasunisduduainaniiu Food and Drug Administration (FDA) 31
u 1 Tu 2 wlevesansiuuaniidudrunanlussavnansuriuaindeannsatastul g
UVA uag UVB

sumAUnfvesdsdeanlafasiidvridotumauin frfudsdesnlerill
fennldlunisdusiuviendaduiiuwaadmsuiia sgalsianu uludadesnledlisu
n1snaaaulay Australian Commonwealth Scientific & Industrial Research organization
CSIRO wuidsdeenlesfisineunieluszsivuily iievhnlidudunauveseiuriolat
funenazliduda Yuau Tisla uavlifdndaniiniasuuia suntauiludsdoanladis

a o < [y d" o
LMEJ’]ZV]‘\]%N’]EJ’]NET&ILUUﬂ’]‘JﬂULLWﬂIULﬂi@ﬂﬁWE}N

2.4.3.3 AuLEN
Fanlaseafraunluged oonludiautfmsuamiuasf siidifivesing
wdsnunianianifiesatlndvassansihlolanuazdafianusousniuld JaudAnis
arnduuas vionsiFeniaslugunnueadudy esnidosnanundsnuiinirdsh
Tidsasiinby symauludsdoenledfeleutilvaiwgunsaleeulndidnnsedng 1wy
FUaauasehuddiiu (Lisht Emitting Diodes  LED) uazfaitasiziuasdudansilalowan
(Ultraviolet Photodetector) fiusglegiuinlumsvinaigosndsugmialuuszendlaiu

¥

N15439Uf AT 3Lae laed ue
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2.4.3.4 pugnamnysud
adoonludifuastosiuliiinatn fsfinnuamisoduansieii nisidy
Fadoonlaslustuazannsnhulddesiulniihadiols sadsanunsondnd Joatused Uy 47
ansnsavheruazoiadedld uenaintunflugaamnssusniineslitedoonludlunslig
117 MNNsidunludeReenlesnuitanunsatisangaminisniesfinlivieifies 400 s
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2.4.3.5 Auadunsau
wiludsdeentymduarsiiannsaduluemslalaeiinnudasndegeaunse

a &

Ilavisluormsaunazornsdnd ilesansigdenzdidusigidndunasinie lneunf

9

[
= a a U

sumeglngifesnisdengdtuay 15 fadndu uazifivdudu 25 fadnsu Tuarsilviuayms
fedoonledfuraiuuna ann1sdniay wasduduuaiioldd Tnevanldidusnauuin
wardnulsafaidediiovidunsein wu lsaFeunns Tsafvdadudummwesnideuuaiise
Tsanannindeu ornstumufimiluasinszaneifes Tasidusiugudnanswesunludsdean
luddildazogUszanm 10 fs 20 wiluluns annsdunnaelindesidavsiegs wuindl

anwauzluroyninaziden Tauu3gndgs Jdvwagliubeud

2.4.4 nalnn1sdaafiuuas

[ 1

aslosfunadutiagulsignuvseeniduaosngu nguil 1 fie arstoeiuuasynamenin
%39 Physical Sunscreens ﬂ&jmﬁ 2 A9 a1vdeenunamIeLAiinge Chemical Sunscreens 1ngdl
nalnnsvieu 2 naln laud nasgadu (Absorption) n1sagviauilasnszlds (Reflection and
Scattering) Inedef oanler smduanstastusamisnionin & whaoulaenisazoussd
Sanalalewan InediuszavBnmdasiuisded UVA (320400 wiluiwns) way, UVB (290-320 11
Tuiing) Jogduiinsanvuineumevesdsdesnludlieglusziulilaswnsvieulumnsiie
indszans nmilunistlosiuuas [41, 42] aunaulutereanlenddngnwlunisnadu n1s
agiou waznsnsziiwesssddansnloleian Tunasan tesaineyniauludedesnles
anusaiannndusaasansllaian MlviBiEnnsoummmsngnisefuandunuauduas
lutuneudndu TneUfATendandnaansadosiunauaaldidossd uv ANNIENUBUN AN
TuBsdoonles wawuaTnuasansedudidnaselutuanand (Valence Band) Tinselanly

Faunaudndu (Conduction Band) WiliARY 9971981 8nasauluTuINaUS N1SNSZAULY

q

TmAnnNIsIAA o UNUe IBLANATOUIINTUINAUTLUTIT UADUS DU dINaLAARNITAZY DULAY

a v

MINszidavauas Fuihlised UV gnnseneeanluunuagiingiuiaiuly [43]
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e Reflection
e Absorption
e Scattering

A U a 6 6
UM 2.16 nalnnisdesiulasvesdsdoanlee [43]
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2.4.5.1 wyjpriuenda (-COOH)
NIV E. Tang havAny [44] in’wmiﬂ%’uﬁuﬁwmaumﬂuﬂu
Fefoanlan fae PMAA (Poly methacrylic acid) 6'?54611'3aiﬁﬁuﬁwaaaumﬂuﬂu%qﬁaaﬂlszjﬂ‘:ﬁ
myjasuenda (-COOH) annsaduiulinanafifiuszquan 1wu avaanau vie TWsdusa 9
msBuduranisusuiuRmhldlaenmamaaeunsnszaedilut Smuiheynauludsdesn
lasfldsunisusuiuiiangae PMAA finnsnszanedaluiildfnduansaeidlaldusuiiuig

wazgudunisusuuseituialamensimsesime FTIR lagn1susinguesiinianiugningu
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2.4.5.2 vyjiofiu (-NH,)
91N9UIT8VeI F. Grasset wazane [45] l9vinn1susuiuiiveseyniaulug
sroanlad A8 APTES (Aminopropyltriethoxysilane) @ v uansiafl 71 vy W an Turediy
(-NHp) n1sUsuiuiaivihlvnuiiveseunauludedeenlendvy feidu tedu (-NH,) 7
v o Sa su & = Ny va X 9 & o &
aunsaduivluananinyg deidudunsavseluananiivszaaulafdu n1susuusanuiag
annsaduduldlaenisld XRD (X-ray diffraction) Fawandiiuiianisidesuuveseuniauily
FeAvonlarndanisusuiuia Insaziuldainnisidsundasluaunasy XRD Jedudui
aunmAwIluGdeanleninyieiu (-NH,) iMgaguuiiuivessuniawlugeresnten 9NFUN
2.18 9x1iud XRD vosayn1aunlufsfsenladfiusunuiianig APTES wanafinnnsideiiuud
o oA A Y v PP s o = D) a % =
Auvleifgtesiumsiny lendu -NH, Faandvinufenswisuudasvedasiasimdn
Yotoun1AUIluTRvenleditinainnisivyfndulieg uuiiuiieynin uenainddauise
gudunisusuiuinlaannisivaguiiasenuduvesinfnnuuly 20 Y1aiunis Fauandds
av o ¢ ! IS a6 sal o ¥/ a 6
msUduiusseninaeiukaraunpulugneanlen i lilaswasiaveseun AuIlugsdoan
laaimswasuwdatli nsusunuiRanng APTES faqgiisdssdvsaanlunisdudaivluana
Fanw iy nsethradnuselusiu duilieuneauludedeanlannineaudmsunisldauly
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¥

2.4.5.3 wyflatia (-C=CH,)

91N91U338U83 N. Khurana wazag [46] taviinsusuiiuiiavesayniaunly
Fapponluneig Vinyltriethoxy silane (VTES) %aﬁumsmﬁﬁﬁmgﬂqﬁ%’u afla (-C=CH,) ¢
sUfl 2.19 fivhlsiuiveseuniruludsdeenledannsndufuluena wu naaihedsn nie
TusiuldaTu Tnensusuiiufiande VIES daglinisdusvaseynauiludedennlesiu
Tuana@aniweing 4 Tasfudumsusuiuiadannsaildlasnsiesegidag FTIR Sauan
Thhudsmsiasuulasmesiinlusumising q fiietestunmsdushves VIES vuitufinves
oynauludsdoonlad JUT 2.20 wandliifuaunndy FTIR veseymauludedennles
VTES LLazaqmﬂuﬂu%ﬂﬁaaﬂlﬁﬁfﬁlﬁﬁ’uﬁyuﬁaﬁw VTES Tnedfin? 2974, 2926, uay
2885 cm’! e?fu?{m%aﬂﬁ’umiﬁ’wawg CH, way CH, 11 VTES. uonaind Sanudindl 1600
cm™, 1390 cm?, 1166 cmt, 1105 eml, 959 cmt, way 781 cm'® Feannsoesurelaindu
msé{"umaa%yj ~C=CH,, CH; Bending, -C-O-C Asymmetric group wagiiuszuay Si-O— CH,
iy deFeudisuiuadnadi FTIR vessuntauiluddesnladiluiiiunisufuiuia
wuilueynauiludadeenlasfiusuiiufindae VIES findl 2885 cm! uag 1166 cm™ az
el 1osnnmsiAaiusses VTES funga —OH ‘1'7iagjuu‘ﬁuﬁwmaymﬂuﬂu%ﬂﬁaafﬂfm‘
nsUsuuiadae VTES SwitlviAedinluaifl 1409 cm uag 970 e’ eenansnasungléd
\Junsduues CH, Bending Uy Zn-0-Si Stretching mud1AU 91nn15WAday FTIR 33

anusoguduladn VTES ansaiuseiuiiuiazeseuniruiludifeonlen lidi5a
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QC-HE oy OH oH o1
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/ ] \ OH
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HO / 0

|
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OH Si——CH==CH,

OH
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U 2,19 nalnnsufuituinveseymauiludsdeonlasisng VTES [46]
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——(i) Zno —— (i) VTES

—— (i) ZnO-VTES (1) ——(iv) ZnO-VTES (2)
(v) ZnO-VTES (3) ——(vi) ZnO-VTES (4)

——(vil) ZnO-VTES (5) —— (viii) ZnO-VTES (6)
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3400 2900 2400 1900 1400 900 400
Wave Number (em')

4‘ U [ dy a a s & Y
JUN 2.20 annsy FTIR wanensusuussiuiaveseuniaunlugsdeeanlenag VTES [46]

2.4.6 miduanzieyninuludsdoenlen
2.4.6.1 Wnsmnezneu (Precipitation Method)

TWMIANAENDU ABNTEUIULENALAgINITE1TAnAZNaUENYIIINATTALANY
WalinnssiuasvinssdulviiinnIsanaznau nsuuNsiefen1s Uil UasdnInmnaall
! - aa o Y a A ' = a a ® ¢ = v
WU Maiusalniiiiiansiaeusdasan pH vsensiaasidninglas Geensedu
WiensaganeiiGadeginnnisanazneulledluuvesaunadsisentas nszuiunsiiinain
nMsUsuanIetansazaned i lieuniavesdaddvuneidniazaiuisaniuauliniunig

USugaumgiluagamundutu

91n338909 M.G. Kotresh Uazands [47] vinnsdunsizvieyniauilugedaen
lasn35nsanazneu laelddealunsaanaslawnsa (Zinc nitrate hexahydrate) wag
Twiealonsonles (Sodium hydroxide) mMsdaasiziisudulnonisazanededlumsnluyigs
AaUfAsefaauntsi (1) uasiiuansavanelaifeilansenled ioviliAnnsanagneuves
Faluzuvesdedlonsanlas (Zn(OH)) fsaunis (2) mniudsdlansenledazgnnsesuas
puwisfigangfl 160°C iftellédsdlensonlusiifanuuianias (3) mnduasioyneded
lansonludlusnlngldgampiivngay evnnsuusanmeynadudsdeenled faunis
(@) uag (5)
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Zn(NO3),-6H,0 (s) — Zn?*(aq) + 2NO5 (ag) + 6H,0 (1)
2NaOH (s) — 2Na* (aq) + 20H (aqg) (2)
Zn* (ag) + 20H (ag) + x H,0 — Zn(OH),xH,0 (s) (3)
Zn(OH),xH,0 (s) —> Zn(OH), (s) + x H,0 (g) (4)
Zn(OH), (s) — ZnO (s) + H,O (g) (5)

aun1Aulugdaanteniledauin 1,794 81 1,994 lalasiuns lnadiduniu
Augnalgade iy 1,907 lulaswns wazAdudsgdnsaiuudsusauesruia (CV) e

2.09% Han13daAsIzilagn Budunienisiniagt XRD (nugui 2.21) nsanuandliiiiug

Y

aunIautudInoantyn waadliiuiin XRD AFALUT sawnse (100),(002), (101), (102),
o‘ellﬁ

(110), (103), (200), (112) wag (201) Fayadaslaseairsvoseynadadeenlediinisdniiog

NAN WYY Hexagonal structure WAL A ULARULASLAUTIUT U A108199 LAl

AMANES 1 HANG Uag YUIRRUAIATIaLIDYA
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2.4.6.2 Flalasimeonsa (Hydrothermal Method)

ASn1slelasimesuea Ae nsldgungiivazanuduaddunisnsedunis
Aaufisemaeiluaisazaneded WeliiAansanagneuvienisainivlavesayniau
Tudsdeanled nsvuiunmsilivanmsgumniasuasaudugenelunwusiinudeaudy
wu nifelelasimesuea nslérufunazgamniiguaztielvidsinazarsegluansazaievi
Uiz funazanaznausidusumaifivunuily uarluvazifertuagyilieyaiauily
Fedoonludnlatianuiaiiosss uaziivuneiaed luannzunfdsdvidomsusznoudetouyes
Ferazazareluansazasld wiilloifiuanusounazanuduasunszuiunislslasimesuea
wiinnnsnsedunsnnpzneuvesdideenlediifvunidnuazinuaies lngfiaiun sa
AIUANYUIALAZ UMY UNALANUABIN1T NsAUALaiiLazAUiUlunsEUIUATT
fginalaonssonaaiauiviaveteynin uay anauiniinionIn iy U919 1un wa
AuaResvetounaiild Ssnsvunumsilifssuddislunisarseuntpruiauily uid
Paslunsdnsufovlassaiisveseymalviidnsasiifomis wu gusiweseynia 1un
oynA vie Aaadeslunsldonu Avsnganfumsiidluiusing 9 wu dueed s

A9UBUL WA Y38 AsUIUAN LAY

NIMATYYBY H. Soleimani waganss [48] lnhnsduasisieunauiluddonn
lanaeislalnsmesuea (Hydrothermal method) lnel3sminnisasaledeniuemsn (Zinc nitrate,

7nINQ,),) luansaratedi ddsunauvesiuazladieylonsonlas (Sodium hydroxide, NaOH)

% aaa

MNUUUTIaTaraetatlundelalasiesuea (Hydrothermal Autoclave) Wieansesuufisen

q

naedvig g iigeuasanudug dugae 160-180 asaaded [WuiaUseana 4-6 Talug
nsgvuMsilinifineuniAulLEeA N R deEIS DA UANTLIAKAENINTE LRIV UNA
IelpemsuSuaamaiinazanurdlunszuIaunis 91nM1sAs1ed SEM (U 2.22) wuineuniau
Tugsreenlanniduaseisianuamugunsnay wasllvunlnewieUssann 30 wiluues lng

Y 2 e I = v Ao ° = a ¢ o
wandbiiudsenulussidouiarasnszneindanugdaiousnant ns3wswy XRD &4
anansodudulassasamdnvesoynrulugreenlennle lnenuindaunasulaniseuunan
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< s < sl o PR
JUN 2:22 2w SEM wansaunipunludsneenleniidunsigvmeislalasinenen (48]

2.4.6.3 T5lwa-198 (Sol-Gel Method)

nsEUIUMIL9a-3a (Sol-Gel Process) tiunszunumamandinldlunisudn
FanuTu Tnolanzegrsbseunmauludsdsanlud (zno) Sefinmauifidusiuaauians
warnmsmvaNneynalietuiug Tngnsyviunsionswieudsazanslaslu
sUvasdsdluinsaviadeddain deazarslusriasats anadusinisinasnssdy 1wy
uwnaifoulosounienenlude 1 enszdunsidn Cross-inking syna1aluianadadly
a1sazany MbiiAnnsdniiedassairenielutazivasuanugainvesmanla (sol) lugis
204499 (Gel) g nvuzidulasavnoanudi@ nasidn Cross-linking ﬁﬁwmwﬁﬂﬁmiumﬁ
muAUNTAlATEsveseunAtuTeauulu[49] Tnedadeagraaamgll 131 wazAIAIY
WHunsa-ag (pH) azdinasonsiiulnLezmLET T VR AT AT G'z’fmmaﬁiaﬂmamﬁ’@maq
fedoonlesluduanting nszuiunslea-nadaduneiedfiussansnmadunisdunsiz
Fanuilufidesnsaudnvauziams kazannsailuszgndldlsvainvanglugmanmnssu

AN 9 1B 81 8179 tasaluladTinin

Y.T. Chung wagae [50] vinsAnwnsdaasizieuninuiludsdoanlen
me3laalagld Feresdimnlalawmsauaznsneanvrdntudisaiig duasneilnefadoy
Bumlalainsn 0.1 Tuand azanelulenuea 100 faddns Junufigumnd 60 esmisaiTes
Wunan 30 w1l wavnsmeenenan 0.1, 0.15 way 0.2 luais avarelueniuea 100 Aadans

Junuiioamall 60 esmwadua 1Wunal 30 w1l Mntunenaisazatensneanyidnadlu
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ansavanederesBianialawmse luraenduniuegiswiailies ludnduddesdnnlalansn
fanIMeanY1an 60/40, 50/50 way 40/60 antuduniusadn 90 w1 aulaasazaleduy
Ju \endeiaa Nseaaiilaluniainsetannuil auligamgll 60 ssrueadua unian
1 Au wazihdieSosnfigangll 400, 500 wag 600 asrnwadya Wunan 3 43l
Zn(CH,CO0),2H,0 + HyCr04-2H,0 — ZnC,04-2H,0 + 2CH,COOH + H,0O (1)

ZnC,04-2H,0 40C 7n0 + CO + CO, + 2H,0 2)

AN 2.6 onsndlunisasAsIzigaraanten

Process factors Levels

1 2 3

A Ratio of iZnc acetate to Oxalic acid Solution (mL) =~ 60/40  50/50  40/60
B Concentration of Oxalic acid (M) 0.1 0.15 0.2
C  Calcination Temperature (°C) 400 500 600

lunull@nwdadendwarevuinveseuniauiludersanlas lusuin 2.26 4

(%
[

vianun 9 n519l Feuansliviudmansenussninannazdodeny 3 szianndn laun
gnTndIusynItadsdezdinnialainsnsionsneangidn AINNTUT0INTADBNYIEN LaL
g IluNITN.

U 2.23 (@), (b) Uag (O wamsaLduiusseninemmtutuuazgamaily
maludnsnauasd wuindlesnsrdamdu 40 vumeyneuludsdoanledandudude
auiut RN 0148w 0.15 Tuan$ uazanaudniond 0.2 Wanf anvandnunan
UfAseitlianysaiflamnududutesnsneanraniuiiesmenionniiu wonandaunn
oumasafintuiiegamailumawifiudunin 400484 600 ssmwadua wiuualiiwes
usazdnsdainty wifishidn 50 nuhifivuneymaiidniian deuiseannsaagdls
Mnsdudunumddglun1sivuaruIneYNIA

uaﬂmﬂﬁéﬂﬁ 2.23 (d), (e) hay () WAAIAMUFUNUSTLNIND NS 1A IULAY
gumgilunsiniimnududuvesnsnooneidn 0.1, 0.15 uaz 0.2 waf auadu 91ngui
2.23 (d) twneymainisanasfisnsndiu 40 s 50 usiuruelug@uludnsndiu 60 way

WU UNYTNITINT NUIIVRIAVRIBYAIATUIRS W uT uanluade agelsfiau e

Wisuisuiuanuiduduvesnsneengidnd 0.15 wag 0.2 Tugui 2.23 (e) waz () aziuld
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Effect of ratio Effect of concentration Effect of calcination temperature
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Y lusreanlan [49]

MnnEATginRAyLuLsEond (XRD) WieBusuntuigniveseyniaul
Tugadoanlodiidanszsile UM 224 uamsiinuoseynaunludsdeanloddmivaniizns
naaosiionnga Ineflvanvimantdndasiaaiialeinnuioavasisieonlssd niniads
yosoumaulugireanlefnuinegi 20 + 2 ulusminigldianngnismnassiivinzauiian
A TEM Fauandluguil 2.25 a b nmimelfiiuinneymeaaisvessynauludsdoon
lafsulndidesiurunandn Tnefieuadoog 13 + 5 Wiluuns Mnuadwsiinannanladnng

guduianauanaiasianin SEM uandlugui 2.25 ¢
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o1y

(100)

Intensity (a.u)
(002)
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A tﬂy v a & 6 = a (3 & a 14
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5 lwa-19a [49]

w = %o Qoo = 7800 T @ 15 KV = 100  Mag = 160000 X

sa o o

U 2.25 Ao TEM uanseyniauiludsd senledididauens (A) 75,000 (B) 160,000x (C)

AMSEM wansaun1puiluiedoaniys [49]
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&' ~ A A . . .
L.a1sPugUdintnlnemaiiaiudnaifiessfiadu (Basic Spherification)
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2. nsvugUiininlnsmalindidsaaiiies3Wiadu (Reverse Spherification)
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2.6 IUYNNYIVDY

2.6.1 mainujisendedousenitwuaindulveniiu (Gmifiudl) uas Insaendu Gmfiude)
Boric acid complexes with Thiamine (vitamin B1) and Pyridoxine (Vitamin B6) [64]

31NUIT8Y09 D.A. Kose wazanzlavinn1s@nwuiisenseninsuesiniulneniiu

' v
a a =<

Andudl) waz nsaendu An1dude) Inedududiisenniintuniomaia FTIR uay
Thermal methods nalnn1siinUAsenseninansaveinuaziniduds lnwin Mono-
chelate Na[B(HP)OH),]wag Bis-chelate Na[B(HP),] Aulnsnandu LLﬁ@QﬁJQEUﬁIZ.36 R
Usenseninansaveinuaginnfiuds dudulasnis@nwivylendunlewmain Fourier
transform infrared (FTIR) 4aasfs5UR 2.37 a1nguudnsaiunasy FTIR vosansuseney
Fedousyminansavesnuarinfiude dewSsudlsutuanasuves HsP Base annawnasu
n13&ufl 3600-2600 cm® IAnANLANG T UBEaulddn Tng FTIR vesansUsznou
Wedausgnindlninendurasnsauesn Livsinguavgnves O-H vy ferduvesiluedn
LAYWEANBERY (3600-3200 cni!) Bnvanisdunvuinuas C-H Tuaylsudin (3100-3000
cm'!) uazerAviafin (2960-2800 cr™) AfinnsivAsuudasgusiauiy Tndaandudsingdin

N15dUVBY C=C/C=N Agulszurad 1,545 cm? walanun1siua suslasluannsueag

a1susEnNaULTtau

:1 a aaa a v 1 a a a a
Ui 2.36 nalnn1siinufisededauseninansnuasnuiasIsniiude [64]
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g‘dﬁ 2.37 an®31 FTIR 994 (@) HaP HCL, (b) Na[B(HPXOH),] Liag (c) Na[B(HP),] [64]
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30 p9AATYE WalgUiu HaP ANUARINIeANsauiinInI1wesensusenaudiesdeau Mono-
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(-). [64]
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2.6.2 nMsUszgndliidindvlunsiieseimand
2.8.2.1 uwesuuunnmidlalasalilasafiefdmiunmsniudlulasfluomsid
nafundvSwavewyisng Hydrogel Microsphere-Based Portable Sensor for Colorimetric
Detection of Nitrite in Food with Matrix Influence-Eliminated Effect [52]
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2.6.2.2 nmsudadiadlalasiwaunumailaesiifaaiflesiadu: nansenuresmsiia
wanegiirefuauiininigninuaznisuandassanwusianig Producing Liquid-Core
Hydrogel Beads by Reverse Spherification: Effect of Secondary Gelation on Physical
Properties and Release Characteristics [63]
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.

U 2,42 nszuunstugiidindn [63)
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'
=

fufnveufindudeufunaldausou (sUil 2.452) CAO uanslassairaduindaiifiniuus
Huusiu dmsuiluia CA0S wasCAlTdnunrrsnAndy Tnslaseains CA1 dnwmed
ANYTYTEIUAUINNAIT CAO5 nasInnIniuaelAmsfeudunan 30 uni (Al 2.48b
uay ©) nunsIATesiuAITauL Tufiagae A0 3 lmduindusugnihatedisaiu
Youngetalan wifl CAO5 uay CA1 Huiadidnuazioudoudundsnafivluaudou

dgaaliiuvindedniinansenisensgaduinundudaiinuiadanuseudeunnniy



62

©

| 1Y) 1 | ¥
UM 2.45 lassasvendednlunisifivluanuseu (a) fewAuluanuseu (b) 90 oeen

WwakRed (©) 100 a9Avamed [63]

2.6.2.3 nsiiaassmandalunLazlessu lons-induced Gelation of Alginate:
Mechanisms and Applications [65]
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winzauson s lUldUsleviunndnsiu Wy 883 walslasaaiiAnainnsriiujazen
$2uffu Ca?* (Ca-Alginate Gels) vsngauiiaztilUldlu gaanvnssuewns wu nsudnnalsl
Fuzl ednitugy loiisn wad wavinadn Wudy dusaiuslelaseaiinainnis
Ufjisesuniu Ba* (Ba-alginate gels) u S Uaansglunisuszynalilugnaivnssuen
wazsadiunlalasiaadiinannsiufAzen sy S (Sr-Alginate Gels) wingauiiaztinly

nandulandnmlunisadienszgn ns sdwunseugnaiewad [Wudu

wnanstduenansianulidmiunisidnuiionsfineingu ldeygyalihluldiussleviunis

Lidnnsdllagnsdu Snvsinudilvidaudaiion wazsesg1ediadvesenalsnnasaninisuntuly
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o = & I v a ] aa
A9 9N 2.8 ﬂ’liﬁﬂmm'ﬁ‘uutﬁ]aﬁzm’maaﬁ]LumLLazlaaauGlﬂﬂ i V]llﬂi%"ig'll’.]ﬂ

logau sUMUUNSIT0usiD AANwE (Characteristics)
nsiinanIuALlaen uazdadiunlalns
H* Carboxyl Protonation B
LALJULUU Inhomogeneous gel
wiude fdanulasaie waglmdu
Ca** Egg-Box Model
LR UU Non-toxic gel
fiafesnmitsanizi pH D nsauay
Ba®* Egg-Box Model )
Wunang
WHulopauniluse Affinity fu a@1e9adius
Cu? Egg-Box Model 5 : . .
launnninCa?t B 10 Wi
WU Non-toxic gel #iiliatiosnIn fe
Sret Egg-Box Model il ) »
a13edilags wasilumaidl
Wuwawuveeu liudwss way ldduidle
Zn** Egg-Box Model Y
theaiu
Fe?t Ego-Box Model Wwakifiiadesnan Weeondlaglnine
Mn?* Ege-Box Model walddiafiosnmn
i Three-Dimensional Valent Juandadosaimundusunsie
Al
binding Structure
\ Three-Dimensional Jueandiatesnnuwsides danelane
Fe?"
Interconnected Structure (15N

2.6.3 MyBATIIAMEAMNENILNUIReATA RGB

2.6.3.1 mMIsnaasun1sindnisnmatelaslinisinean RGB ludusvlwudmsiunis
A329AAMNLIALUMINU A Feasible Image-based Colorimetric Assay Using a Smartphone
RGB Camera for Point of Care Monitoring of Diabetes [66]

TT Wang uazaasAneinisitasigissiuinnalulaanglnglduaunaaey
nglagegsiglunmsiimszikasinniulsauinau egslsinugUislsauvudnuans
p1MIMsuesiudunnses Jsdamaliliaunsauenueziandld ddlilviesedmiviie
mfi']ﬁﬁ%dmwaizﬁuﬁ;ﬂmaﬂq‘lﬂﬂuﬂamazéhammm TurmAdeidnuiimseiusuna
voanglaatudaaniz lagld Horseradish peroxidase-hydrogen peroxide-3,3'5,5'-
tetramethylbenzidine (HRP-HZOZ-TMB)MﬂwﬁmswﬁﬁmmﬂqiﬂaLﬁ'aqmﬂﬁmm
wngaudmiunszuaunsiddang lnsAnwritunisisalfiten eandintuvesufieves

nalAaeanding F9vin1siaINTiaTendsdegndelaeueundinduinsisvdluauisy
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Iy 995399UANNTUVDIELAY W87 wazt3u (RGB) JUN2.46A dmitinuesanuidud RGB
YousarinwangsEning 0 fis 255 waznsuandwtniuand1aiuagyiiiiAeanseiy Wy

am1 (0, 0, 0), @v173 (255, 255, 255) warduLdu (0, 0, 255) vudu A1 RGB TunInaunse

(%
a

fvunldtinurenduasuasuanseenindoya (Uil 2.468) lusnuideidnmmnuduiusues
Umnangladluansazats Ssasavaouansaiduiinbu dafudddan 8 iduiiugnlums
munludndnaiudues RGB WumTiiAsizviatsazatenglaa 16 ANty As 0.000,
0.002, 0.039, 0.078, 0.156, 0.313, 0.625, 1.250, 1.880, 2.500, 3.750, 5.000, 10.000, 15.000,
20.000 wag 30.000 Hadnsusiedns 31nn1svaaeanuitUunanglaalanuduiusivives

ansazane Frziuliiienudadutenglaainndsdinudutiesas Fauanduzun2.a6c

7 : 0.000 0.002 0.039 0078 0.156 0313 0.625 1.250

= a \
W, ,‘/

BENNSSSN C 980 2500 3.750 5.000 10.000 15.00 20.000 30.000
B {0

UM 2.46 (A) §108193 RGB (B) Nsimiunsn RGB Huseniuas (C) Aussansavanefislusuna

nglaawansaiy [66]

o

naledlulaanisauisneendladiiiuninnglalstinlnsardujnseinalaaeen

aaa

Funa wazas1e H0x b0 andurauley Horseradish peroxidase (HRP) 9s133UfA3e1 H,0,

iooandlad 3,3'5,5"-Tetramethylbenzidine (TMB) AaneudusanA T EY (TMBox) 970

Ly

mMsveaamuIUinunglaalinnuduiusivdvesansazats Wedunanglaaun Feasiiu
ladrfianududuresnglaaundd llaadidudesas andunkuiduauddaldds lng

Wauinsdausnlnugnirluldlunsangamuasnisiiesiesiandlag RGB dmsunis

[
adaa

AnneiidaTinamenglaalulaaig lnedunounansiagui 2.47 5da1unsalinses
Usunanglaaludaazlalugiernududunsed 0.039 §s 10.000 fadnsusiedns Indin
M33AI2I 0.009 fadnsusedns 35nsideduisnsimunzdmsudiaslsauimuid

MINeARUAUNNTEY TAuudugga Auua1 wazaunsaainsziliegaieniy
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Colorimetic (blue absorbance)

0, Glucose
GOD
H,0, Glucuronic acid

ﬁp\ Smartphone %%%.‘..%b.

08
0000008 0000000 e %%%%‘..o

APP
Linear Regression Green readmg
o -
v EPPRE P
0 EPRPREr ™
P BREP PP
g R
-~ EESEC Colorspace
r'd EEecccCC conversion
ERPPRF
> BEPPPRT
| S — - FEROCYC
¥ & 3 by 2 CEEE - ittt
titati L
Quantitative EEEAr!
Analysis

A o 6 1 a 6 1 = o (-]
UM 2.47 Ansiaus nlnululdlunisaien nwasnisitaI g AIE LAy RGB @115 Uns
b

W mgaUTavenglaalulaans (6]

2.6.3.2 m3naneyidadedniglunmuinaiauya lagnsiiessinmdann
ausnlviy A Simple Methods for Determination of Methylene Blue using Smartphone-
Based as Digital Image Colorimetry [67]

M.D. Permana waganz Man1sanen1snauIn1sinsisiledesnsitelunig
Ui uya lnen1sienginindainasnsnlng f1ulusinsy image J gondus
1.52a Tnghnsiennuidunesduns 1o wazinidu (RGB) Geilasiwst 0 81 255 1uddeild
Bsuesgiu 2 3 AeTfunsgiunigueniasmafiuinaBnngiu Mylesziadiade
294 R, G wag B lagltwenawis image J 1.52a ﬁ'ﬂmamstﬁaﬂﬁuﬁﬁﬁé’mﬂ'mﬁu%’auuamm
ud waznauansdn R, G wag B (3U2.48) Tngitufivesnmilvinsiden 1 aan azdszneu
TUghevaneiufinea mildazuanseonuiiuaiads msed 2.9 udnsiadsnnudud R,
G uae B vesdiduyalududusing q feerfildindrdannsoiiluaansvinasgun

Wud RGB 19 Ineldnguendes-waudsades avaunissoludl

ARGB)
| rap =LOg
AS(R,G,B)

Irep = Log (Aorce/Asrce) (D
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lrcp) PO

[y

auds

@
o

a a v =

ANIAIULVYNUDIE

Agrcp) POANLRANAVDILUARA

Arop POANLRAUATDIAIOES

‘ Square area
|

MAYIVDY

[

Fle Edt Image Process Analyze] Plugns] Window Help
4 n-.i_/ sl

B olclo| /4l

NAHA

File Edt Fort Results
Laoe:

RGB Result
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gﬂﬁ 2.48 msideniuiiniwiiiediasizeinn RGB Tneldganduas Imase J 1.52a [66]

'
a

a ' P a A v v
M1TMN 2.9 AANULILNE RGB Laﬁﬂ‘uaflLMVIaUUQVlmmmwﬂuﬁm )

Concentration of

Average color value

Effective intensity

methylene blue (ladnsusio

2io) Ar Ac Ap R (g h

0 154.5 156.5 149.3 0 0 0
1 142.2 153.0 152.2 -~ 0.0359 0.0099 -0.0084
2 126.0 150.2 1533~ 0.0884  0.0179 -0.0115
3 103.9 142.9 1534 0.1725 0.0294 -0.0118
4 95.2 140.1 155.6  0.2103 0.0482 -0.0178
5 83.0 137.1 1571 0.2700 0.0574 -0.0219
6 73.9 134.3 158.4 0.3205 0.0666 -0.0256

N15USZIIUAMILAIUEIUDIDATIEN

1. T/MTUNTFIUNEUBN (External standard method)
mﬂgﬂ‘ﬁ" 2.49A me’ﬁmmmiasmaLuﬁﬁuuq‘ﬁ'mwm%’mﬁu 1.0-6.0 dadnsunodng

NTUUILATINTINLINTFIUTENINANUINE RGB AUANUTNTUYRUUNAUY

NMSUSULBUNAEANS v = ax + b 1aa?l y Lansiieansiiuvosdung oo uag

Y
(%

a f9aglansn

YIEUY A1 X AD

AMULTUTUYRUUTAUYG (JUT 2.49D) laensduns 1Wed uazd1iTuuaniAAudui

0.0554; 0.0116 uay —0.0039 uansloiisiudne R, G waz B faruduidunsefiaslanfian
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duuszdndandunius (R aind 0.9 uasduwasdian R?=0.9928 Fuduefiagafian Faauisn

q

(%
[ Y ] o

asUlahdunadianubilunmsiesevgeaadisiSouiisuiuiileuasduntu daudmg

msAakuUiUie dunsazgnldidusammunseiuiiedng

(a)

Oppm 1ppm 2ppm 3ppm 4ppm 5ppm 6ppm

0.4
= (b) y = 0.0554x - 0.0094
R'=0.9928 .
= 0.3 S
> %’
£ L
= <
c 3
€ 02 G ¥
- i
< } i v =0.0116x- 0.0006
X’ R*=0.9836
‘g 0.1 e §
e} il A ¥ ®
§ /,1* —~ack Y1177 y =-0:0039x - 0.0020
«eZzZ R’=0.9629
T 0e | e 8-l gy =" PR *
0.1 T T T \ ] T
0 1 2 3 4 5 6 7

Concentration (ppm)

aa v a

a a = ~ D v P ~
JUM 2.49 (a) pwAdviavemnduugiaadudusiie 9 (b) dunisdunsadIeudisuniy

Y
v

¥ = IS o Aa Yaal
bUHUBNEALLAN LYY LLAEUTINY I@ﬂi%?ﬁﬂ’]ﬁﬁi?ﬂﬂ’lﬂuaﬂ [66]

wenannIsATasuUliLUsHED lunsdnwil asfusamdudues
grnaeulagl#istdaestios anusdiude lunsdiliinmsdmaideninansenures
Mwls 3 77 R, G uag B siamnuiduduvasufiiuug n150nnsedaudusg1991eA1uinnieg
Excel 2019 Wagadvaunndunssumaiuieuiisuiinsgulaslduadndainiaies UV-Vis
Spectrophotometry tunanduiu frdsaestasfianuisduiiAalagldvendus
Minitab 19 1Ju3BasAnnaiianii Tasfieindeya ReBATuwUUMAIERILYT Fedamalvifn
nsonneedudulnl Seuansluainis (2)
[Methylene Blue] = 0.14 + 26.00 & = 65.00 4 —23.00 /5 (2)

2. F/MIANAITUINTFIU
lagUnAvadisnisuinAmunsguagldiienidndasuniu Tunsfinwivinsidivans
wnsguativluaslinsziuaziioadiivsuinswindy anuuagyhnsiiunaansvedya

RGB waziwailaluasiadunisannse Tnauni y ADN1SAoUAUDI0E LaZIAU X TUAAS

'
a a ¥ v

lusUvesdsuinsarsaraguInsguuAfuugiAudly (GUN 2.50a) Lanin nwadiaves

[
a a o I a (

ArogdlunsiintasazateInIgIuufiauug 3 Tadnsusiedng (3UN 2.50b) 38n15iagly

Y Y
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ANUTLTRIA LA DRDUALDIRBNISIINTOIE TAZANENINTTILLTIAUUG egelsAnuAY

duussdnSanduiug (R?) vedisnsiuasuinsguila1osninisuinsgiunieuen

(a)
0mL 2mL 4 mL 6 mL 8 mL 10 mL

0.12
- (b) {
x
i =0.0053x - 0.0259
& 0.09+ B i 0.)(6184
‘@
=
[7]
g 0.06 —
g
; »
@ 0.03 - { ¢
b= /
w

0 T T T T
-6 -3 0 3 6 9 12

Standard volume added (mL)

a o Y

d a ! a a a a U ! a
5UM 2.50 (A) amAdviavesdaeg 1wlunsiivunsgaulaiauyg 3 dadnsudedns (B) n1s

DANDULTILAUAMTUNINDUAUBIELAI [66]

ANPLLUSTN IR LA BT UAININALABIAUTEING A1Y9US U IR la Ry
ANMLTIATI N13ANYIATTNUINGINNIBDINTTU T UAIURANEIRATAINYNABIVBINIT
AAseniiions3adeuANgNABIasIsnIsIEue TunsfnwiddiunisunasinisAunay
YDIAIDE 19D T,m81%3%u1m3§1uﬂ'18uaﬂLLazﬁ%‘msLﬁumsmmgm ﬂmmvﬁ’wﬁumamﬁ%uuq
ANMMUARINANUINVDIFUAINNAUNTEIUA TN TFIUN BTN (5UT 2.49) dmTusuds
= £ 74 4 = a a = 901 a o U Y aa
UILALAUNIS(2) NSITAMNTLUDIFLAY AT HazAUIRY dusunagfLkUslngdsns
WNAITUINTFIY

igldlAsas UV-Vis Spectrophotometry #U1aUnnsunsganaunaduasiud
duugegi 665 wluwAT(FUN 2.51a) INUUIMEYaMNNTIRAINTAANGLLEITIAIY
dudusing o wadansrunesgiuneuen (U 2.51b) dmsuisnmsiinansuinsgiu naen
FENINNTAINITYANTULAILAUTUINTANTUINTFIU (GUN 2.510) TnsHan1snaaauAly
wauganalily 915199 2.10 AreuwtugAwInlaeltannis (3) wag (4) wWeriwiandu
1 dl' U v} 6 1 1 o d! = 1 v 1 o d' Y a
ANPANMLAADUFUINNS (RE) hazAIAMULIUEN T4 RE Aantiginainukiugildasuieniny

walug oIeuliiguAIAIaLNgITeNITIATIEA U UL aANILIR S

RE (%) = (Ctrue-Cobs)/Ctruex100 % (3)
Precision (%) = Cobs/Ctruex100 % (@)
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1A87 Cype DALY UTUVBUUTAUUR T IAT1UININNGAT DI UV-Vis

Spectrophotometry kag Cops ABAIIINTUVRLLTRUURAWIIAETTNNATIR

d 1 o aa
ATTMN 2.10 HNANITNAFDUAMULUUEIVBIITNNT

Coic Smartphone Cuvvis Spectrophotometry
Method ({aan5usa Hadniunodng) RE (%)  Precision (%)
ans)

Univariate = Red

External standard 84.1 +1.2 921 8.8 91.2
Standard addition~ 953 + 2.5 87.2 9.3 109.3
Multivariate

External standard 91.2+ 0.5 92.1 1.0 99.0

310353 IndlaglinmAdnianans 35 Univariate 3ounsgunieuanilaiig
LUUE 91 % warisnasiiuasuInsgIulin I LLLuENR e 109 % NaGNSIUATNLARIINNIN

7391897791492 A5 LUTAULANENNAULNNEN. WaNITNTNATNETAN8RALUS IARIIULL U 99

4
-6 mg/L
1 (@) ——5 mg/L
AT - amg/L
@ 0.84 L THN —3 mg/L
2 NN A W ——2mg/L
= 0.6 g NIy — 1 mg/t

s T -y T
620 640 660 680 700 720
Wavelength (nm)
12 04
c
14 (b) | (c)
0.3 =
o 0.8 e ]
E e g
g 0.6 o v-o.;}af;;‘nqoxﬂ g 07
<] . S
2 044 e z
< i
0.2 A 0.1
= /
T T T T T T 0 T 5§ T T
0 1 2 3 4 5 6 7 -6 -3 0 3 6 9 12

Concentration (mg/L) Standard volume added (mL)

d v a e a
UM 2.51 (@ avdnasuveauiauug (b) ns1vinsusuiieuresifuinsgiunisuen

(0) LEUNTINITONNBEVRINTSIALUATANTaTANEFIULTGULQ 3 Hadnusedng (6]
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=

Mezaldedising Tlunsmstnauiduyalagldausinudeduis
flazan Tan151 91alaiung ndeslolifimududeu fanuutiudigs Inedanuusiugais
90% TuN1IATILNINAIDEN LALNITIATIEAINLUUTIRWA1EMILUTENTUTTUINIIU
AN8UBNTAMNUL USITS 99 % 1T a1 s U UA LA 91nn13TAIALAT 89 UV-Vis

Spectrophotometry
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unfl 3
Bn1saiiuauIve

¥
a v d\l&l 1

ATl UunaunsALiu Uy 5 @1 Al

= o

1. Anwanmzimunzauluniswieudiatunesaiv neld Tween 80 Faluaistizanuss

faRy udhduansinwiaiosninveunasgiiu

san

2. Anwisnsuavanngfiwinnzanlunistugldadnmemetinaflessindu saudaany

EN

188590 0IATN CURL g 05 1% AIMEMNIELUNTTRINsaaN8f 0B atwnesaliuniy

Y

a

=

lessddanslalowan eamnlivavansaraneildlunisifiusne wazrnuudusweuiind

3. Anwnalnuazanizimuizadlunisiesenuiinainiiuis 1aen1sld CUR o

4. AinwRuanvuzeddiwssi tun daeemdudunss anablunisimsiei

ANNTWNITVRIIBINTIAATIEN kaslindindiaatunisnsiain

5. Uszgnanisasiendsunainndude luasosmuasuinndiu 1nenasld CURY g o 333U

nsUsERanawalgaIninsAwiilene lusiegiumsosmuiasiniiy wasfnwirmiugnaes
aa a = a I3 aa a o & o aa .

Y9935 InelUT e U BUNANISTLATIEN 1N TARAUIT UAUIT wInsgIu UV-Vis

Spectrophotometry e HPLC

3.1 inilfueiuazgunsal

3.1.1 d@5.adl

d -
M990 3.1 @15tA

asiadl gnsluiana/detie UTENHER
Curcumin Cy1Hp006 ACROS
Tween80 CgaH1205 Thermo Scientific
Boric acid HsBO; Fisher Scientific
Sodium hydroxide NaOH Carlo Erba
Alginic acid sodium salt CeHsOp Sigma-Aldrich
Calcium chloride CaCl, Carlo Erba
Zinc acetate dihydrate C4H¢O4Zne2H,0 Loba Chemie
Oxalic acid H,C,04 J.T.Baker
Ethanol C2H60 Merck
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asiell gniluana/dete UISVEHER
Poly diallyl dimethyl ammonium chloride  CgH;¢NCLl Sigma-Aldrich
(PDADMACQ)
Pyridoxine (Vitamin B6) CgHiiNO5 Germany
Thiamine (Vitamin B1) Cy,H17N4OS Sigma-Aldrich
Riboflavin (Vitamin B2) Cy7H50N,06 ACROS
Niacinamide (Vitamin B3) CgHgN,O My Skin Recipes
Pantothenate (Vitamin B5) CoHy7NOs My Skin Recipes
Biotin (Vitamin B7) CioH16N,05S My Skin Recipes
Cobalamin (Vitamin B12) Ce3HgsCONyaO1P - My Skin Recipes
Ascorbic acid (Vitamin C) CgHgO4 Sigma-Aldrich
Glucose CsH1206 Sigma-Aldrich
Sodium chloride NaCl Carlo Erba
Potassium chloride KCL Carlo Erba
Magnesium sulfate MgSO, Carlo Erba

3.1.2 gUnnl
1) 91U FuUsNINg
2)Onines
3) KeaNNAADY
) lulastun
5) HOUANANT
6) WURNNTINAY

7) N3eA1yNsDY

8) Mauilnas -Toledo AG 8603 Switzerland

9) UV-Vis Spectrophotometry - SHIMADZU UV-1900i, JAPAN

10) 131‘03’1?1?]’1?11@@@‘14 - ZENEER UP 900, Human

11) Auauds gaumnll -40 s iwaidea
12) dou

13) LN UNATES
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3.2 NMINAa|

3.2.1 Ainwnswieuansasanediotuineaiiu
3.2.1.1 Anwmnududu Tween80 Awanzaslumsvaaes
Gz'}"mas’qﬁu 10 fadndy Mntunansazats Tweens0 Wadu 0.50, 1.00, 1.50,
2.00, 2.50 wag 3.00%v/v asludnines Junau 650 sou/unit Iieusouiignmgil 60 oam
waidea Wunm 10 wiit mnduiasnageanduuasiinuemai 425 wiluies Tag UV-Vis

Sectrophotometer

3.2.1.2 Annmnuduiuveseedafuiimngay
Gfi"ma%@ﬁu 1,5, 10, 15 Way 20 fiadn3y anthunansazans Tweens0 Wadu
2.00%v/v adlulnines dunau 650 sou/ui lfmmideuiionmgil 60 esmiwaldea iduna
10 U7 2901 uFad 13 ANA uLAT ANB1IAE U 425 unluluns Ty UV-Vis

Spectrophotometry

3.2.1.3 Anwgamgifivnzanlunsazanoiae faiiu
Fawaosadiu 10 Safniu Mntumaisasans Tweeng0 it 2.00%v/ aslu
Jnwnes Junu 650 sevand Theaouiigamad 25, 45,60, 70-uax 90 ssrniwadea 1Ju
a1 10 1 Aniutaaanisgandutasdialiue1andu 425 uiluwes Iy UV-Vis

Spectrophotometry

3.2.1.4 Anwrszezailumstunuilivinsa
Faiposafiu 10 fadnsu Mndumasagans Tweens0 i 2.009%v/v adlu
Jnnes duniu 650 se0/AnT Whanudeunigamgil 60 esmwaidea Wunan 1, 3, 5, 10, 15
way 20 Wit andutaenisganduuasiiniine1iady 425 urluuns Ty UV-Vis

Spectrophotometry

4
3.3 Anwimsauguuiain

3.3.1 AnwdBnstuguisiaiv
3.3.1.1 mstuguidinivineBuanafeifindu
wesasazanelafiensadiun 3.00%w/v adluasazaneiaeiaiiy 100 Jadans
untu 450 sou/T WHuan 10 wiit nduliunansasansinesaiiu-Tndsudadiund

w3eule 1 Jaddns aduwifiuvinsinavwuin 1.50 faddes duwdfaillugidulugamall 40
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psAnwalded [Wuaan 45 w1 antuunzdinansazangeanatnudfiun dhansazaneluase

Tuasazarswaaounanlss Wuty 2.00%w/v audadusindinNidnvasasswazddia

InaleluiuBBlutiusiaannlessu

3.3.1.2 mMatugUistadvlned8Afamiledifindy
Uinansavareimesaiu 1.00 faddns adduudinvinsenauwuin 1.50 1adans
tusifisluut fulugamnfl -0 esmwaidea WWuna 45 uifl ndudiunansazany
ueaiBesraslsiidudu 2.00%wAr USH93 0.50 Tiadans aslluwifinsiuazudiduiigamad -
40 peraiBea 5n.45 uifl niuiudeasaraeilduudadduasaraeladoudadiun

Wty 3.00%w/v AuiadulsinOniddnwasasinazindadnaldlunuliludiusieain

lonau

k4
<

a & o a
3.3.2 Anwrangimuzanlunistusudatveun 1 Caln-dadiun

v

a 4
3.3.2.1 finninmspespiiuiivanzadlunistugudain

Uinansagangimasediu 0.50, 0.75, 1.00, 1.50 iaddns adbunifiuvinsanay
dndRnilugigulugumgil -40 ssrngadod 10waal 45 unil ndulinansazans
ueaiBesnaelsdidady 3.00%w/v U3inas 0.50 adams adllumifaritavurifuiigumad -
40 sapnwaldoa 0 45 il Mnduddeasarareilalundadduansazaislniousasiun
At 3.00%wA auda s adniifdnsalvasdn dadednilaluiuliluiidsiaann
lopou anindinasayasveiselosay Wudu 10,25, 50, 70, 90, 100 Wag 125 fadny
Aadng Usuans 2 daffasuevianzidainmesefiuliasazarvaclulunasnavnass nay
ansazanslidfudnasadentomanarsagatendung 10 3l uasdarinisganduuasd
ANEIARY 530 WIlULLAT 1Ag UV-Vis Spectrophotometry

3.3.2.2 Anwmamndutuvesuaaideunaslsfianealumstuguidiain

Yinansaganemesaiu 1.00 Hadans addukifiuinsnauvuin 1.50 1addns
dwifnldugidulugamgdl -40 esrnewadeod WWuan 45 unil MnutudiUnansazane
waalsumaslsAldudy 0.50, 1.00, 1.50, 2.00, 3.00, 4.00 kag 5.00%w/v Usu1as 0.50
faddns aduluwifisiuasudifuigungd 40 ssewaidoa 8n 45 widt andududa
a1sazaneilaldudaduasazarslaionsadiun Wutu 2.00%wA auiadudadndia
Snwazasuazidiednildluiuiluiusenlessunas faruudsweadndnge
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Spectrophotometry #1A3e1IAA YW 530 WlULAT NMTIASIEadunsingn1sUIf1981
= = a a a a o a a a A a2

\SRIRLLESIANIY 4 ¥ila WvihnswitansaratensgIuvednndiude Tuusinm 10, 50 wae

100 fiadnsusoding 91NUUINN1SAILIN %Recovery haglUIaUTEUNAGNSAUITUINTF UG

USEEI UMMM UE VDI DNISNNRIUNUY

| = a ¢a a o _ v
M15199 3.3 Heullunsiwseiianduls ane HPLC 9]

Parameters Condition
Column Reversed-phase C-18
Column Temperature 30 °C
Flow Rate 1.5 mL/min
Injection Volume 20 pL
Retention Time 0.997 min
Mobile Phase Solvent A: 0.015% Triethylamine-adjusted to pH 2.7

with Sulfuric acid

Solvent B: Acetonitrile
Detector UV Detector
Wavelength 280 nm
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Curcumin emulsion

W 7

\ B HO
TR —— 1stiayer Ca (D/alginate P LS
N \wl
|_| = Tween80 < n
N = .
- = ZnONPs y

2nd Jayer CURH_\-drogel

a

JUT 4.1 ununmmsaiadindninesgiuaastu (Ca (0)-6a31un/ZnONPs ineluussaansaraediaduineiniu



84

4.1 AinwimawIsuansazaredliatuiresaiy

a o

msimwdugeslunsiinsziddedsdelaenisld CURY ol Pifluszavs nndmsu
MeeneRiniule msAnmanngimnzandmiunses sudsadunesaiufoidudsi
Sududuedramnn Wesananuannsolumsazansuwesnesaiusi (Solubility = 06
lulasn3usiodng) W alfiuewanunsalunisaransveunesqiy duiuaoiafiuuniliiae

v v Y

aTUNIY Tween80

4.1.1 Anweududy Tween80 Avmnzesilunisnaass
vhmsAnwlnewstuansavaneiaeseiiu 0.3 fadluans uasnaudy Tweens0 Faduans
anusaitsia fimnududuos, 1.0, 15,20, 2.5 4ay 3.0 %v/v MARANTIAABIRITUT 4.2A
wuhanuanmsalunsaraeretaeialufisdudiarudduues Tweenso fisain 0.5 fs
1.5 % v/v hazasilidlefis 2.0 % VA msiisnnudiuti Tweens0 Heifiudiunduianavesans
anusifsin duilinesaduiadulisadidninty dwaliifnaisdtatuldfity nedau
lalaslndn voe Tween80 Fz8nniziulAeialiuk UL ILADIIRE Waviudiulalasiidnean
i ylusazlinanaves Tweenso Husslelasiidnuazisasumenadiviglinosgiiunszane
sldeuminansneluszuudiatunaesdostulilfinesaiunnnzneudsivanududy

Y3Tween80 7 2.0 %v/As Jgnifentdluniswienansddatunesgiiusaly

L4 ¢ a o
4.1.2 Anwpnududuveanesafiunvnsay

= = Y v s a A & ! = A a
ﬂ’ﬁﬂﬂﬁ&ﬂﬂqﬂﬂ'ﬁﬂﬂ‘t‘ﬂﬂ'ﬂ”lllL%@J%u%@%ﬂ@ﬁ@ﬂu%L‘Vﬁngaﬂ #aL6-0.03 89 0.50 llaaiil

815 NUIIMILHNANUDNTUNL AR AT UAHA LTAINIAANAULAITI AN TIAGY 425 Ul

s a =

WA NTY FeU ¥ I TaratevetnesAduATuile s nuTinuluianavesae safiuly

Y

§ a =

ATazansiuIu agelsAmIiauAMUITLTUY AR AN LAY 0.30 Hadluals wuIiAInIg

Y

'
@ 1 a

AANFULALTUAIN LanItegndumivedrialiuluaniIdedng1n wasdSunumiuundain

9

De @

a a

faglianunsoazangladndely daandlusun 4.28 Asluanududuvednesaiuilvanyay

Y

ignfe 0.30 fadluans

QA a
4.1.3 Anwgamginmunzaslunisazareinesgiiu

'
o w

gaumniidutedudrdgiidmasenisazateveanespiu lnananisfnenuiinisiiy
QAUNANYILLNUN1TAA18980ABT AN LT 8IRINNAIIUAIINT OUN LW 1T YLy
AUANNNTALUNNTNTENUAVDY Tween80 Tuin vinlransaratedanuninanastsadana b

LY (% s

n15iNnddaduves Tweens0 wavineiAliulinlaadu 31nn1IMAaedlasAnyInIsinT gy



85

a

ansavangneiAliuNangil 25, 45, 60, 70 Wag 90 peFwALTEd NUTNTDQUUTLNLTUAS

Y

2 s

60 samiwalfea nsinddatuveunesaiuazisuni dwanslugun 4.2C dsiuiuden

aa = [ aa
JEUNNUN 60 DIALYALYEH LU‘L!QM‘VIQMVIW]@J’W?ISJ

4.1.4 Anwszeznanlunstumuiimnzan
mstumuidudniladeitieiiunisararevenasiaiu esantisannissnsiives
Tuanauagyiliansazaeiinnisuaudiasiniaue sansdnwnuiinstunaudung 5w
daaliAnnisganduuansi dsuanedanisidngaunanaznisiuniuaisazareifiaiy
n¥aniazlidisiunisazaedndoly duandusud 4.20 fafusseznailunisniud

A I
VANNEEUAR 5 U



86

1.0 1.0
%0 v v
=3 i |
150 S v
0.8 - ~-2.00 Yev iy 08 4
—2%0%n | E
: 300 Seviy “ "’---...-----4
- P
8661 = 06 1 P
§ T I
| 4 L o
0.4 - , i 0l
j —_— 5 /
< s /
0.2 1 0.2 4 l‘
'l
’I
0.0 4 . ; 00
300 400 S00 600 700 0 1 2 1
Wavekagth (om) Coacentration of TweeaS$0 (%v/v)
o m .03 mmol L AR
0,10 mmol L}
0.8 - =030 mmol LY . 0000 e .
oA mear?| & « e -
; 1,50 mmol L' - | ',_—'
: o =
‘;’M % 0.6 1 g
2
*E i \ é 4
Y | g 0.4 4 2
Z % Y
- | = 'o'
1 .
02 od -
LY B el ~ WA A N e Y \
) o a2 ves. 04 o0s
Waveleagth (om) o e (ration (mmiol L 1)
|
0% Adad 4 !“.-.--“‘
"y e
H TR I ANAT of
£.0.6 4 ROIAC 3
’,
é ’ : : /
A : - //
- e m — = —e o
0.2 1 0.2 4
0on v . 0 5 ~
300 400 00 600 70 " 30 60 %0
Wavelength (wm) - ture (°C)

g SR

—sosia ,Q-a----..---....- ...... y
- 10 min 08 e
3 —1smin | E »
’: e 20 min & ”o
g - 0.6 J
& el
£os -
2 R {3
) ]
—
M L 20 min 0.2
00 = ' ' '
0 400 00 600 o 0 g " 2 ~
Waveleagth (nm) b

JUN 4.2 alnafumsganfulasuaznsniansdinsazatevesdiatuimesniui 425 uily

wns (A1-A2) Aduduras Tween80 (B1-B2) Amnuidiuduvaunasaiu (C1-C2) gaungili
llunsweuasazaty (01-D2) anlunistuniu

s 2 = ¥ o [ v = =2 & ! Y o v ¢ v v

enansiiluenansianulidwiunisidanuionisfinyvingu ey mlihlldusyloviaunisan

Laidnsdilaensdu Snvwvnuiilvinaudadiien wagdesdneddisdiveaenaisynasandnsluly



87

X
4.2 mwugﬂtﬁﬂﬁw (Bead Formation)

a 4 <

4.2.1 AnwnIBMsTuguiiindn
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(Calcium chloride) lngn15a3s 19 usEsEYINaLAaLTeY (Ca () wazdadiun LAnd uniy
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4.2.3 Anwannsimunzanlunisfuguialadndud 2 ves Call)-8adiun/znoNPs
(CURLydrogel)
4.2.3.1 mydaassieyninuiludedoanles
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nsAnwFUTILazILInYRteuNAUIluddeanlenlavininulagldndas
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HANveIRUNIANNIUTIAD BN LU (g‘d‘ﬁ 4.6 (A6)) wuiifinnnsazvioudt 26 leun 31.77° (100),
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4.2.3.2 Anweoududu PDADMAC mnzandwiunsnssaeaveseymaunly

roenlud

Fndnduil 1 Ca ()-8adiun grindeudisoymauluddosnlediiletosftu
msaaevesdiatuiaesaiu Wesmnoymauludsieenleslaiiiuszqvislaiannsntniy
SUSIATN CURy gope 18 IMEMSS datiuFadionhnsuiudgaiuinvaseumauluddoonias
18 PDADMAC (Poly-Diallyl-Dimethyl-Ammonium-Chloride) %ﬂﬁﬂi%@ﬂ’m WieliAnn1sEn
imzfudoussiapamsliiiadiad fudud 1 ves Ca ()-8afiun Afivszqau angud 4.7
uansanasuLAnIDIAINIgANALLaRseyn e B sAsenludinszanedlumsarane
PDADMAC a1nnsiuandlififiuddinisgandusansuasounmauludsdoonladifiutu e
finanaduduresansarats PDADMAC Ganandliiiudneyaiauludsdesnledausn
nsvaesiléAuINTU PDADMAC ifluansfifivssquan amsnsoduiveumauiludadoonladiid
Uszgaulsipgaiiuszansam Insmsdainngfusmeussnsiiiiaing 15lo PDADMAC Saanu
dutugetu dmaleymauiuisdasnledaimanssaiafaluamsaraislddtuuazia
afpsnmenniu- dasanmsnadiiveseyniuazfiunisnaseag1esiiawe uazAInTs
panauuas uasfiianduduses PDADMAC wady 10 #adluans uaziilovinnisine
Andlniia Zeta potential wudwnanmzmsvnassliategluyis +42.2 fis +47.0 ¥adla (3U
7l 4.8) Fandliiuinoumeauiludsdosnlandiidanssdls Taaefiosaansanszaeiey
Tuansavansld Kasuannnenavaaoenud PDADMAC finmuidud 10 fiadluans danu

Wigauiae luNSINSgNaNIaTanglYIuaDY PDADMAC-ZNONPS

1.0 1.0
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QJ o /.
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4.4.2 Anwandles (Precision) wazauwiiugh (Accuracy) T30 3ATeiUsnadaniu
U6 TaelY CURyqrogel

ASANYIAMITIBIeII NI sEUSnadaniiuds Tnansld CURygrogel 338U
NMSUSENIAHANINANENITIATILRAMUTUVDIETLT (G Intensity) Ingyin1sIAsIzwinndiuy
J6 Wudu 10, 50 waz 100 Jadnsudedns Anudusuar 10 ads ldnasmisnedt 4.5 a9n
MsANYAIENTIATERInniude Aldiamuntuiiauainsalunisinsieianlan Tneden
Weddudideauuinnsgiudining (%RSD) dmiumsiinszsiviinainiude Anrandudy
10, 50 waz 100 dadndusreansinfu 0.20%, 0.27% way 0.24% MuEIFU uananiFSes
azmaﬁuné’u?ﬁLLam5@mwugjmﬁawaﬁ%nwmmi’wwua@jiusdaq 100.52-102.82% Fauana
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Methods Standard added ~ Found value Accuracy Precision
(mg LY (Mean+SD, mg L™) (%) (%RSD)
Colorimetric 10 10.214, B=6.20 102.10 0.20
Sensor 50 50.26  +£0.41 100.52 0.27
100 102.84  +0.40 102.84 0.24

4.4.3 AnwTadaiaAigalun1ingaain (Limit of Detection, LOD) uavdnsrinmigalunts
AT9EA (Limit of Quantitation, LOQ)

‘Lumiﬁﬂmm%f\ﬁﬁ’mm‘;wqmiumimwi’m (LOD) LLaS%W\TWﬁ/@@éWQGﬂuﬂﬁaLﬁi’wﬁ
(LOQ) Idinsnsaa nansazaIouaeiasauat 10 ass aintudiunuansa LOD uas

LOQ Tneldaunisnal

3 SD of Blank
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10 SD of Blank

LOQ=
Slope of calibration (G Intensity)
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4.4.5 pravdevaldldvesisivauutunisiinseiviunaiaiuls feBumsgu
UV-Vis Spectrophotometry liag HPLC
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WIsuiguiuTsunsgu UV-Vis Spectrophotometry wag HPLC

Smartphone RGB Camera-Based

UV-Vis Spectrophotometry HPLC
Functional Colorimetric Sensor of CUR ygrogel
Drink Sample Added Found Recovery - Found Recovery Found Recovery
(mg L) (%) (mg L) (%) (mg L) (%)
Brand 1 0 4.29 +0.30 5 4.37 +2.45 = 4.79 +0.61 -
10 14.28 +0.06 99.90 14.82 +0.50 104.50 15.15 +2.13 103.60
50 54.30 +0.47 100.02 55.89 +1.09 103.04 54.08 +3.78 98.58
100 104.27 +0.59 99.98 106.37 +0.31 101.97 100.22 +0.93 95.25
Brand 2 0 0.84 +0.76 s 0.94 +0.06 g 0.96 +0.10
10 11.06 +1.05 102.20 10.85 +0.86 99.10 11.24 +1.52 102.80
50 50.95 +0.16 100.22 51.38 +2.60 100.88 52.75 +2.06 103.58
100 101.05 +0.69 100.21 101.08 +0.13 100.14 97.83 +3.63 96.87
Brand 3 0 3.42 +0.52 % 1.87 +0.79 = 269 +0.53
10 13.65 +0.59 102.30 12.35 +1.06 104.80 12.88 +0.42 103.10
50 53.41 +1.10 99.98 51.18 +2.26 98.62 52.62 +4.45 100.10
100 103.26 +0.47 99.84 103.1 +2.98 101.23 102.35 +3.79 99.87
Brand 4 0 - - - - - - - -
10 10.24 +1.19 100.40 10.45 +1.25 103.30 10.35 +0.52 103.50
50 50.15 +0.72 99.90 50.85 +2.62 101.46 54.04 +0.53 99.68
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Smartphone RGB Camera-Based

UV-Vis Spectrophotometry HPLC
Functional Colorimetric Sensor of CURygrogel
Added
Drink Sample Found Recovery  Found Recovery Found Recovery
(mg L) (%) (mg L?) (%) (mg L) (%)

100 100.23 +1.22 103.03 101.22 +0.07 101.10 100.47 +2.02 100.47
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a = a aa a ¢ 1a a a a v
A1 4.7 Anova test vaan1sTeUIBuITNITIATIERUSIaaNTuT6 1aen15lY CURY bl

WisuisuiuiBuinsguas UV-Vis Spectrophotometry wag HPLC

SUMMARY

Groups Count Sum Average Variance

HPLC 16 3292 20575 3.56318

UV-Vis Spectrophotometry 16 32.287  2.017938 3.293995

Smartphone RGB Camera- 16 31.615 . .1.975938 3.103464

Based Colorimetric Sensor

of Double-Layer Spherical

Ca (I-alginate/ZnONPs

Hydrogel Liquid-Core

Curcumin Emulsion

Source of Variation =3 arf MS Fotat PRY Feri
Between Groups 0.05324 = 2 0.026618  0.008017 0.992017 3.20431
Within Groups 149.41 45 3.320213

Total

149.462
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Materials / Method Samples Linear Range Detection Analysis  Testing Site Ref.
(mg L) Limit Time
(mg L™ (min) Onsite  In-lab
NiO-CNTs-MOHFPE-CPE/Electrochemical Method Water and Juice 0.00068-85.2 0.00015 - No Yes (7]
Sucrose Functionalized AuNPs/Colorimetric Method Brown and White 0.02-81.3 0.006 - No Yes [71]
Rice Food
Graphite-AgNPs-PLA Electrode/Electrochemical Method Pharmaceutical 0.017-67.68 5.1%x107° 5 Yes Yes [12]
Formulations
Boron-Doped Diamond (BDD) Electrode/Electrochemical Pharmaceutical 1.16-7.81 0.63 - No Yes [72]
Method Tablets
Zinc-Based Metal-Organic Framework/Fluorescence Biological Samples ~ 0.14-17 0.106 - No Yes [73]
Spectrometry
Poly(2-aminothiazole) Decorated with Platinum Nanoparticles/ Vitamin B6 Tablets — 0.00085 - 13.62 .~ 0.0092 - No Yes [74]
Electrochemical Method
Double-Layer Spherical Ca (Il)-Alginate-ZnONPs Hydrogel Functional Drinks 10-125 293 6 Yes Yes This
Liquid-Core Curcumin Emulsion/ RGB Camera-Based work

Colorimetric Method
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AARNUIN N

NS EUEITAZA8EINSUNSANEN

arsazaneynyiaduinsndnsnzid (Analytical reagent grade) uazin3aulnenislai

Usaanleseuiiléanedes ZENEER UP 900 (% human corporation, Ussinenma)

1. NM5A3ENE15azaN8Tween80 WUUY 0.5, 1.0, 1.5, 2.0, 2.5 wag 3.0 %v/v
YiunasarangTween80 0.5, 1.0, 1.5, 2.0, 2.5 4oy 3.0 1aaans adbuinnasannuy
aransTweens0 d181u1Us 1A NleaaUlE Y08 WAIVAITaZa18 Tween80 adluuinin

U3u1msun 100 Naddns Usudsuinstiasy 100 fadans meunusiAantessu

2. NsTeNEITaTaNEUBLSAlana WUTUE 150 Nadnsunaans
AraNuNIAUDSN 0.015 NTU Aet1lsImIIntesausnuldndey wannldvindn

USunasuune 100 Hadans Ysuusuinsiiesu 100 faaans algunusieainteoau

3. N15MSNANSATAI8UaLSAlaRaw [ NYY 10, 25, 50, 70, 90, 100 waz 125 Aaansuse
ang

Yipasavareuasnlosau Wudy 150 daansuneans i1 1.6, 4.16, 8.3, 11.6, 15,
16.6 uag 20.83 faaans ldadlurnUsudsinnsann 25 Tadans ogsazan antuusu
Usinmsteindsirannleosusunsy 25 Sadans axlaasazansueisalossi Wadu 10, 25,

50, 70, 90, 100 way 125 1aansusaeans auainu

4. nswwsenasazalafeylansenlyn Wudu 1 Tuans
azanelafounasnlse 1 N5Y frsuIvsIEmIINleesuT I uIUANT Y Lannlduinda

USumsvum 25 aaans Usudsuinshiasu 25 Tadans ameuiusiAantossu

5. N9LATENA1T8TA8NINTFININAUT6 (Wudu 200 Tadnsusiadng
aza1wa1sazasuInsgIwinnfiude 0.02 nfu sreurusimnlessuduIwAnlay
wanldvaninusuinsvuin 100 faddns Ysuusuesiiasu 100 faddns meuiusiain

lonau
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6. MM BUAITAZABNINTFININEAUT6 Wudu 10, 25, 50, 70, 90, 100, 125 waz 150
fadnsusodng

Ywnansazaten1nsgnuindule Wudu 200 dadnsudadns un 1.25, 3.13, 6.25,
8.75, 11.25, 12.5, 15.63 way 18.75 Naaans tdadtuvinusuusuinsauin 25 1aaans a9

Az MNUUUSUUSIIRIMeUUIAIInlesauIuAsU 25 Tadans sgliasazaleuinggiu

ANRUTU6 WwUIU 10, 25, 50, 70, 90, 100, 125 wag 150 Aaansumsans AUanU

7. N15A38UE5AZAN8BLALNDAVLUN LUUTU 3%W/V
avaelofoudadiug 12.5 nSu eeuiusIanlessus I uIwanties wawmldvinin

USunmsuune 250 fadans USuUsSunashiasu 250 faaans aaguiusidantanau

8. NMsinsgud1sazatglviReudaldun 1ty 0.5, 1.0, 1.5, 2.0, 3.0 Uag 4.0%w/v
Ynansazansluhausadium Wy 5.0%w/A 40 10, 20, 30, 40, 60 way 80 lanans ld

adurnaUsudsnasuin 100 feaans sdsasvan ntuUSuINAsRe U Aanleseuau

ASU 100 Jaddns aglnarsazatenraiaumanlse WUy 0.5, 1.0, 1.5, 2.0, 3.0 kay 4.0%w/A

AUAINU

9. ﬂ"liLﬁ%ﬂllﬂ"liﬂZ’d']‘c’JLLﬂaL‘?iEJllﬂaE]‘l’iﬁt RPN 5%w/v
= -’ U b % o [ %4 ¥ 1 %
azmmmamamaalim 12.5 n3u meiUsiAannlessudsuauanies uaamlduinin

USuesuune 250 fadans YsuUsunsiiasu 250 faaans aginusiaaintaasu

10. NsIMsENENSATateLAaLTauAaalsn Wudu 0.5, 1.0, 1.5, 2.0, 3.0 Uas 4.0%w/v
Yinansazansumaldeumaalse WUTY 5.0%w/v 1710, 20, 30, 40, 60 way 80 HaaanS

TdadurnUsuusinnsaunn 100 Taaans o8 19eeuIn antuUiudsimsaetusranlooou

UASU 100 Haaans azlaansavanewmaideunaslsa Wity 0.5, 1.0, 1.5, 2.0, 3.0 way 4.0%w/v

ANUEIAU

11. mMswwssuasazaneBndenezdian lalawmse lwenuea 0.1 Tuans

aranuTnTerosdan alawmsn 2.19 n5u Tuteniuea 100 Jaddns a1nduy Juniu

350 59U/ Ngangi 60 asrwallea 1Wuian 30undl

9
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12. MsM3ENENSAZANENIARRINDYIAN WNdY 0.1, 0.5, 1, 2.5 uaz 5 luans
azanensneenaan 1.26, 6.30, 12.60, 3152, 63.04 N3y FaetenueasLILE et

wdamldrniausunsuunn 100 faaans USulsunslviasu 100 Aaddns aleleyuea azla

ansaTaNenIAReNTIAN Wiy 0.1, 05, 1, 25 way 5 Tuansmuddu ntumansazanefimiey

al

Ieasludnnes Junu 350 seu/undl Ngamgil 60 ssmwalua [Wunan 30u7l

13. NMswssud1sazanenad laedalawiiateuluiiounaslss 15 dadluans
Ywnarsazarenwed aeaatauiakauluieumnaslsa 0.6 Hadans nuU1UIARIN

199audUIULENTY LA UNIEdVIATAYSHINSIUIN 50 Hadans USuuSuinstinasu 50

Taaans sneuUsEInlossu

14. n1sWsNEITazaewaa eaabauiasaxlaieunaalsa 0.5, 1, 2.5, 5 way 10 Jadly
I3
ans

YUnarsazarened laedabaunawouluieunaslss 15 Jadluans w1 0.83, 1.6,

4.16, 8.3 4av 16.6 Haaans l@aslurInusuUsuInsvung 25 1aaans ag19agyin 3Nnuu

USulsunnsmednusidainlasauauasu 25 Haaans aelnaisazalenedtatedalauiawau

lulguraalse WUy 0.5, 1, 2.5, 5 4ay 10 Jadluansauaisy
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NMANUIN U

ANINANTSNAGDY LUNISANEILAZENIIZTANNZENAS )

1. Anenmsiseaasazangdtiatuinasaiiy
1.1 AnwIANUINTUTWeen80 NvidnzaNlun1sNAaag

M1319 V.1 uansAn1saanaulasesdlatuaeiaiiulagldTweensonauL TNt U TY

AMUTUTUYD I Tween80 (%v/V) A425
0.50 0.035680
1.00 0.030250
1.50 0.034452
2.00 0.014600
2.50 0.045200
3.00 0.022200

1.2 AnwiAdnuidutuvarpsaiuimNIzEy

M131991 9.2 UansrinIsganauuasesalatulnesniulasldinesatunanududusineiy

ANt UYadABIATY (YoW/V) A425
0.03 0.231903
0.10 0.541931
0.30 0.738007
0.40 0.782028
0.50 0.842102

1.3 Anwrgamainuanzaslunisazateinasniiy

M19197 .3 wansrn1sganaulasesdlatuneialiulngldaamgiilunsnseusineiy

gauugil (°0) A425
25 0.260239
45 0.565247
60 0.730179
70 0.746750
90 0.753571
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M1319 0.4 Lansrn1sganaukaediatunesaiiulagldszeviianlunistuniusineiu

szpzaanlunstunay (min) A425
1 0.545410
3 0.768036
5 0.826813
10 0.847488
15 0.863007
20 0.876205

2. ﬁnmam'wﬁmm:aaﬂumﬁugﬂLﬁﬂﬁwﬁ’uﬁ 1 Ca(in-9a31un

2.1 AnwUsiasiasaiiuimanzaulunisaugudiadn

a ' - S, a a v W ¢
M1319N 3.3 LLE’W’Nf’nﬂ']iﬂﬂﬂaULLﬁQSU@QIﬁigﬂ‘l%EJ’]uum 530 quULﬂJmﬁéUaﬂﬂiﬂquiaﬂJaGUULﬂai@

HULAANNAY
AMUTUTUVBINTAVDIN Usunsvesdliadunasaiiu (mL)
(mg L) 0.50 0.75 1.00 1.50
0 0.006195 0.005951 0.005951 0.005951
10 0.012100 0.136414 0.048477 0.103531
25 0.071747 0.202011 0.219910 0.328064
50 0.171616 0.325760 0.454346 0.532196
70 0.218658 0.415024 0.639008 0.718582
90 0.250336 0.478073 0.776947 0.902206

2.2 Anwanudaduvesnadeunaalsnuazlufeuaaduaimiinzailumsvugude

on

%

a 3 @& o % I a I
MN1919N V.4 LLﬁ@Qﬁ'ﬂWNLLG(NLLiQGUE]\?LlI@UVWWJUEU@'JEJFI'J'WNLGUNGUUGUENLLﬂaLGUEJ?,JﬂaE]VLi@LLag

1L AUUDATUALANAIAU

d15azane AU sIvaesinTn (N)
0.5 1.0 1.5 2.0 3.0 4.0 5.0
upadeLAanlsa 0.00 | 1452 |33.81 |46.58 |5586 |57.02 |58.02
ToLAsNSATLUN 438 | 2359 |41.45 |5588 | 7357 |75.38 | 7691
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3. Anwannaziangaulunisvugudlnntui 2 Call)-8a31un/ZnONPs (CURygroge)
3.1 AnwrUsunas PDADMAC fimangasilunisnszaneiivasauniaulugenaanlan

M1319 9.5 wanIAINIIAANAULAUBIBABanlynlngldmnututuves PDADMAC e

AMNLTNTUYEY PDADMAC (mmol L™) A376
1 0.559601
3 0.646988
5 0.728745
10 0.787567
15 0.820923
20 0.848251

3.2 Anwszeznatmvanzaulunsudidatnlug1sazane PDADMAC-ZNONPs

A1519 2.6 N13AUINUSNNLRIRRaN YR NRgULN LRI IEaTN AT Izl ICP

o) 4 ailé 3o . ZnO #du7a
. DRITHIEE ( daglunsn ..
i 979 10 1 | %10 (mg/L) Tudiadn
au (mg) 20 mL
(me/L) (%)
0 [23.1 0 0 0 0
3 41.7 0.59099 5.9099 0.118198 0.14712379
10 45.1 0.88696 8.8696 0.177392 0.22080393
20 32.5 0.69537 6.9537 0.139074 0.17310863
30 31.4 0.6768 6.768 0.13536 0.16848573
60 30.98 0.6828 6.828 0.13656 0.16997939
90 30.03 0.67362 6.7362 0.134724 0.16769408
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4.1 fnwraruainnsalunisdesiuasvesaumaunludfeanladnndouuu

49, a < =
NWUNIVDIUAUN

M99 0.7 wanen1silSeuiisuainisgandunasediatuaesaiiulagldidndniiviings

wiovaumauludseanleduazlivhnisiedou lnensnuidadn 49 Tu

szaziaan (Au)

A425

WindnTAAaauZnONPs

WindnfludmAauZnONPs

0 0.921814 0.921814
1 0.91513 0.264841
7 0.901299 0.158264
14 0.883140 0.109746
21 0.857480 0.094135
28 0.839157 0.084961
35 0.736597 0.077362
42 0.386597 0.068771
a9 0.201126 0.062363

4.2 ANWIENIATALAZQUN

Y

adnladlunasinudiaUnilmsnzay

M1319 V.8 uanAIN1sRANaLLaNesdlatuiAesaliun 425 wilmunn TagnsiAuindnly

asaganguarenunIfuanAeiy

wnuLiiain
szazan () iusaeanlasau (°0) nsAuasn (°C)
-18 4 25 -18 4 25
0 0.911000 | 0.911000 | 0.911000 | 0.911000 | 0.911000 | 0.911000
7 0.901276 | 0.877228 | 0.660583 | 0.888611 | 0.820724 | 0.580215
14 0.900543 | 0.849991 | 0.546524 | 0.888168 | 0.775406 | 0.543900
21 0.900284 | 0.822083 | 0.464417 | 0.882584 | 0.702393 | 0.488861
28 0.901245 | 0.792114 | 0.367050 | 0.883530 | 0.659317 | 0.427933
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4.3 AnwAn1santirveaiinln (Swelling capacity)

A1379 2.9 wansminveadadn Wnensiiudadvluasasarsuazaamalinunneiaiu

dhuinveadindn (g) finsiiuiindn
szazan (1) dsrannlessu (°C) nsAuasn (°C)
q 25 q 25
0 0.0000 0.0000 0.0000 0.0000
7 8.5596 0.9620 9.3683 1.5804
14 12.3274 1.9162 12.5511 2.9453
21 155627 2.8003 15.2753 4.3875
28 18.7705 3.6337 17.7725 5.6805

= < <
4.4 ANYIAINULLYILLIIVBUNAUN
I 1 A a v W s a A
$1319 9.10 LLﬁfﬂQﬂ’NiJLL“UQLLNLLayﬂWﬂWiﬂﬂﬂﬁuuﬂﬂ%@ﬂ@mﬁ%um@i@uu% 425 ululing lay

o & o a A < o
‘LﬂLN@‘UV]{]UL‘WQENV]ﬂ'J'W@JLi']i@‘U@'NﬂU

A213t5759U (rpm) ANULTeusevaLsindn (N) A425
0 138.49 0.895691
500 124.62 0.868546
1,000 117.59 0.857376
5,000 96.30 0.837845
10,000 85.61 0.834793
15,000 64.49 0.820831

5. Anwan1azimanzanlunisiasendanadule 10eld CUR o
5.1 finw1 pH YaIUBINIMUUIZE

M13199 .11 wansAnIsganauuasvedstglogiun 530 uiluumsiagldnsaue3ni pH

$iN9rU
AULTUTUVDINTAVDIN pH VBINTAUDIN
(mg L) pH 7 pH 8 pH 9 pH 10
0 0.008484 0.008484 0.008484 0.008484
10 0.009003 0.011642 0.048477 0.031464
25 0.009903 0.01738 0.217972 0.337646
50 0.010315 0.041748 0.454346 0.793915
70 0.011429 0.075287 0.639008 1.146027
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ANMULINTUVBINTAUDSN

pH ¥84n3AUDIN

(mg L) pH 7 pH 8 pH 9 pH 10
90 0.012726 0.093719 0.776947 1.295227
125 0.01532 0.116974 0.803131 1.606323

5.2 AnwUSUInsINNAUT6 Nurunzau

A9

M13199 .12 wansAnnsganduuasvedlsleleendun 530 uluwnslagldSunsinduls

AMULINTUVBINTAUDIN

Y3u195910UU6 (ML)

(mg L™ 1.0 1.5 2.0 3.0

0 0.415024 0.351547 0.320892 0.166687
10 0.385300 0.316406 0.295761 0.145981
25 0330093 0.279770 0.244095 0.112790
50 0.258255 0.234100 0.191971 0.083771
70 0.209686 0.200302 0.149887 0.055695
90 0.164337 0.145416 0.103790 0.041367
125 0.078812 0.054367 0.039200 0.009384

5.3 Anwaaniimanzanlunisvinufisenszndnensnuainuazinndiude

UA5e15enInensauesnuasInniiude Muansaeiu

M15199 ©.13 wansAnisganaunasvesislgleeiui 530 unluuaslegldsgugiiailunisiy

52821781 (min)

AnUduIUYaIniude (mg L™

10 50 100
0.00 0.000000 0.000000 0.000000
0.25 0.380859 0.29314 0.18926
0.50 0.374252 0.27919 0.18266
1.00 0.349991 0.26308 0.16736
3.00 0.344254 0.25905 0.16519
5.00 0.338638 0.25836 0.16469
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5.4 fnwnaannmunzanlun1sinuisensenineuaisnleaauimaaua CURLyqrogel
M19197 .14 uansrmsaandunasedlsigleentun 530 wiluunsiagldssugiailunisi

Ufe1senInnsauesnuasinniiule Muansneiu

AMUTNTUYINAuG6 (mg L™)
32821281 (min)
10 50 100
0.0 0.000000 0.000000 0.000000
1.0 0.294220 0.219330 0.140762
3.0 0.310013 0.233871 0.161911
5.0 0.337250 0.252331 0.172394
10.0 0.306625 0.221558 0.139450
15.0 0.302368 0.219452 0.135605

6. Anwranududunss
a i ] = A ad a ¢ |a
A15797 V.15 LEAIAIANULTLYDIF LAY AL gatazdundu (RGB) 989n15736AS 18 US U8l

a a = -'-NI 1 U
ANTUUUE NLLANHNU

AMULN UV IINNUT6 AIAINLTNE

(mg L™ dung GG ARy

0 192.151 136.13 26.622

10 195.785 140.521 29.706

25 197.995 145.44 30.068

50 200.211 152.578 31.978

70 201.31 158.534 32.298

90 201.755 164.118 33.082

125 202.2 175.429 33.324

M13197 .16 uansAnisaandusasvedlslaleniiui 530 uiluueslaenislasesivsunu

a A o A i 1Y)
NUUUE NLHNH1NAU

AMNTNTUVDINAUT6 (mg L™) A530
0 0.352142
10 0.324570
25 0.280731
50 0.231812
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AMududuvasInniuds (mg L™ A530
70 0.173386
90 0.130890
125 0.058029
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AUNASUNANISNAADI LUNITNAIUINITALATIZIRUS U0

ANUUU6

a o =1 P
1. AnerUsunsnespfiuiivunzaulun1stuguliadn

L0 7 —0mgL!
| —10 mg L
—25 mg L!
0.8 =50 mg Lt
-~ —70 mg L!
El — -1
3 —125mg L
=
53
2
S 04
2
=
0.2
0.0 S v T T
450 510 570 630 690
Wavelength (nm)
1.0
(/S 0 mg L!
W™ 10 mg Lt
038 - ~-25 mg L
3 ~50 mg L!
s 70 mg L
§).6 - ~—90 mg L
= —125 mg L}
2
-
S
D4 1
02 1
0.0 T + — -1
460 520 580 640 700
‘Wavelength (nm)

sUN A.1 awlnasuiansrInisganaukasvedlsigleerulngldusuinsdiatuinesniiy

Y

1.0

| T"I“J‘“J'v\" e g L-
0.8 - i 'm’l —25 mg L
= o I — 50 mg Lt
3 e U, e L
-
@ —90 mg
g, 061 —125 mg L1
2
-
2
= 0.4 4
0.2 1
0.0 T v T T
450 510 570 630 690
Wavelength (nm)
1.0 = s
DN Tl 0 mg L
| ‘”’* 3{ —10 mg L1
0.8 - [ —=25 mg L1
3 S M
g —70 mg L!
8 0.6 - \ —90 mg L1
g —125mgL-
2
-
2
% 041
0.2 1
0.0 7 T r
460 520 580 640 700

Wavelength (nm)

A19NU (A) 0.50 fadans (B) 0.75 dadans (C) 1.00 dadans (D) 1.50 dadans

Ly
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2 An¥1AULADEIVBY CURMygrogel

2.1 Anwansazaneuazaamginldlunsinulainiivanzau

1.0 1.0 1.0
—Day 0 “ —Day 0 n ~—Day 0
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ARTICLE INFO ABSTRACT

Keywords: A portable smartphone-based RGB colorimetric sensor was developed for the quantitative detection of pyridoxine
Reverse spherification (vitamin B6, VB-6) in functional beverages, employing a novel core-shell hydrogel probe (CURmydroge1), €ngi-
Hydr’_)gd . . neered with a calcium alginate matrix encapsulating a liquid-phase curcumin emulsion and externally layered by
\C/(i)tl:l:ige];r;c detection poly(diallyl dimethyl ammonium chloride)-functionalized ZnO nanoparticles (ZnONPs/PDADMAC). The CUR-

Hydrogel SPheres were fabricated via a molecular self-assembly reverse spherification and demonstrated high
mechanical stability (stiffness: 6.45 x 10* N/m, compressive strength: 1.01 x 10° N/m?) along with excellent
UV-blocking photostability for up to 28 days. The CURpydrogel probe was applied for detecting VB-6 via a
smartphone-based sensing platform. The colorimetric assay was based on a two-step strategy involving initially
the formation of the colorless pyridoxine-boron complex by VB-6 and boric acid, after which the remaining boric
acid binds with curcumin to produce a red rosocyanine dye. A higher VB-6 concentration yields less rosocyanine
and a discernible color shift from orange to yellow, which is quantified via smartphone RGB analysis. The RGB
values were assessed via a smartphone application, providing the linearity of VB-6 detection of 10-125 mg L™
with LOD and LOQ of 2.93 mg L~! and 9.77 mg L7L. The CURpydroge! exhibited excellent precision with relative
standard deviations (RSDs) ranging from 0.20 to 0.27 %, while recoveries ranged from 99.84 % to 103.03 %.
Particularly, the results of this method were also validated by comparing with HPLC and UV-vis spectropho-
tometry. The smartphone RGB camera-based colorimetric sensor of CURHydrogel has great potential application
prospects for detecting VB-6 in functional beverage samples.

Zinc oxide nanoparticles
Functional beverages

indirectly by taking micronutrients in the form of tablets or functional
beverages. The European Food Safety Authority (EFSA) regulation has

1. Introduction

The essentiality of pyridoxine, or vitamin B6 (VB-6), for human
health, has been established nearly a century ago [1], and there is now
considerable evidence that VB-6 may also be essential for the release of
neurotransmitters serotonin and norepinephrine [2-4], which are
important for controlling mood, thoughts, behavior, and cardiac
vascular stimulation. Many people have therefore increasingly seen the
importance of consuming VB-6, either directly consuming macronutri-
ents containing VB-6, such as salmon, avocado, and banana, or

prescribed a tolerable upper intake level of VB-6 at 25 mg/day [5].
Nevertheless, VB-6 intakes over 200 mg/day are not considered safe due
to being the cause of nerve damage, loss of coordination, and gastroin-
testinal issues [6-8].

VB-6 supplements are widely formulated as tablets or incorporated
into functional beverages, which are increasingly popular due to their
convenience, palatability, and health-focused appeal. These vitamin-
fortified drinks have become a common source of micronutrients,
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particularly among consumers seeking accessible nutritional support in
daily life. As VB-6 intake must be carefully regulated to avoid both
deficiency and excessive exposure, the ability to rapidly and accurately
quantify VB-6 in these commercial products is crucial. Reliable detection
methods are essential not only to ensure labeling compliance and
maintain product quality but also to safeguard consumer health by
preventing under- or over-supplementation. Among analytical methods,
electrochemical analysis has been extensively used for the determina-
tion of VB-6. H. Sadeghi et al. [9] established a carbon paste electrode
amplified with NiO-CNTs nanocomposite and 1-methyl-3-octylimidazo-
lium hexafluorophosphate (MOHFPE) for detecting VB-6 in water and
juice samples. The electrochemical sensor provided high linearity in the
range of 0.04 umol L™'-500 umol L. G. Chen et al. [10] used capillary
electrophoresis with electrochemical detection for the separation and
determination of melatonin and pyridoxine in pharmaceutical prepa-
rations. The method showed good linearity in the range of 2.5-1000
pmol L™! for melatonin and 5.0-1000 ymol L™" for pyridoxine. Despite
their high specificity, these approaches are complex and necessitate
specialized knowledge. Given the limitations of these techniques, High-
performance liquid chromatography (HPLC) equipped with various
detectors such as photodiode array (PDA) [11-15], mass spectrometer
[16,171, and fluorescence detector [18-21] have drawn interest for
detecting VB-6. These provide excellent sensitivity, selectivity, accu-
racy, and reproducibility results. However, their application is generally
confined to laboratory settings due to their reliance on expensive, so-
phisticated, and often delicate instrumentation, which limits their
feasibility for on-site or field testing. Recently, spectrophotometric-
based colorimetric sensor strategies showed more advantages
compared to other instrumentations, due to their low cost, rapid
response time, high sensitivity, and ease of detection. To maximize the
potential of spectrophotometric-based colorimetric sensors, researchers
have investigated various strategies for improving colorimetric perfor-
mances, such as color intensity and uniformity. More recently, func-
tionalized gold nanoparticles (AuNPs) have shown potential for
colorimetric responses. The sensing is based on the color change fol-
lowed by a bathochromic shift in localized surface plasmon resonance
(LSPR) of NPs in the visible region (380 nm to 780 nm). K. Shrivas et al.
[22] synthesized the sucrose stabilized AuNPs as a colorimetric sensor
for detecting VB-1 and VB-6. The detection mechanism was based on the
aggregation of AuNPs. When VB-1 or VB-6 were present, the color of
solution changed from red to blue due to the aggregation of AuNPs.
However, the major drawbacks of NPs-based colorimetric detection are
selectivity, stability and environmental sensitivity of NPs, as they tend to
aggregate easily, leading to color changes in the solution and potentially
affecting measurement accuracy. Moreover, among those methods
amenable to the development of portable field test kits are even more
sparse.

To address these challenges, this work proposes a novel, smartphone-
assisted colorimetric method for the quantitative detection of VB-6 in
functional drinks. The method is based on the borate-mediated forma-
tion of a rosocyanine complex with curcumin emulsion, where the de-
gree of color change (from orange to yellow) corresponds to the VB-6
concentration. VB-6 is first reacted with boric acid to form pyridoxine-
boron complexes. The remaining borate ions are subsequently reacted
with curcumin emulsion to form a rosocyanine complex. This colori-
metric shift is captured using a smartphone RGB camera, enabling field-
deployable analysis without the need for complex instrumentation. To
enhance stability, zinc oxide nanoparticles (ZnONPs) have been
considered effective UV-blocking agents due to their excellent ultravi-
olet shielding properties. Incorporating ZnONPs into coatings has been
shown to significantly inhibit UV-induced chemical degradation.
Therefore, curcumin emulsion is encapsulated within a double-layer
calcium (I)-alginate/ZnO nanoparticle (ZnONPs) hydrogel (CURpy.
drogel)- This encapsulation not only improves mechanical robustness but
also prevents premature curcumin degradation by UV light. Compared
to existing- methods, - this- approach - combines - the -portability: and
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simplicity of visual detection, making it a compelling alternative for the
determination of VB-6 in commercial functional drinks.

2. Experimental
2.1. Chemicals, reagents, and apparatus

Curcumin (C;2H200¢), Tween80 (CgqH124026), boric acid (H3BO3),
poly(diallyl dimethyl ammonium chloride) (PDADMAC, CgHi¢NCl),
oxalic acid (H2C204), sodium alginate (CcHyNaOg), thiamine (VB-1,
C12H17N40S), niacinamide (VB-3, CgHgN3O), pantothenate (VB-5,
C9H17N05), Pyridoxine (VB-6, C8H11N03), biotin (VB-7, C10H16N203S),
and cobalamin (VB-12, Cg3HggCoN14014P), ascorbic acid (Vitamin C,
CeHgOg), and glucose (CgH1206) were purchased from Sigma-Aldrich,
USA. Zinc acetate dihydrate (C4HgO4Zn-2H;0) was obtained from
Loba Chem, India. Riboflavin (VB-2, C17H3N4Og) was acquired from
ACROS. Sodium hydroxide (NaOH), calcium chloride (CaCly), sodium
chloride (NaCl), potassium chloride (KCl), and magnesium sulfate
(MgSO4) were obtained from Carlo Erba, USA. All chemicals used were
of analytical reagent grade (AR grade). Deionized distilled water (DI
water), with a resistivity of 18.2 MQ-cm at 25 °C, was prepared using a
Milli-Q® system (Millipore) and was used throughout all experimental
procedures.

The colorimetric responses of VB-6 with CURhydrogel Were measured
by a smartphone RGB camera-based colorimetric platform and UV-vi-
sible spectrophotometer (UV-1800, Shimadzu, Japan). The digital im-
ages were acquired using an iPhone 16 Pro Max (Apple Inc., USA)
equipped with a 48-megapixel rear camera (24 mm, f/1.78 aperture).
These parameters were selected to ensure uniform image quality,
minimize chromatic noise, and reduce fluctuations in exposure. For
consistent lighting and to eliminate ambient interference, the sensing
platform was placed inside a custom-fabricated imaging box (15 x 15 x
15 cm) equipped with fixed-position natural indoor light (InGaN LED
combined with a phosphor converter, 400-700 nm). All images were
captured under identical conditions throughout the experiments to
maintain reproducibility in RGB-based colorimetric analysis, and the
RGB intensities were subsequently processed using the ImageJ appli-
cation based on the colors captured by the smartphone camera. The
chemical and physical characteristics of the as-synthesized ZnONPs and
CURHydrogel Were identified by Transmission electron microscope (TEM,
JEM-2010 model, JEOL, Japan), X-ray diffraction analysis (XRD, Rikagu
smart lab, Japan), and inductively coupled plasma optical emission
spectrometer (ICP-OES, Avio 560 Max, PerkinElmer, USA). Field emis-
sion scanning electron microscopy (FESEM, Hitachi SU8030 model,
Japan) and texture analyzer (TA-XT Plus, Stable Micro Systems Ltd.,
England) were used to observe the topography and hardness of CUR-
Hydrogel» Tespectively. To further confirm the successful fabrication of
CURpydrogel, FT-IR spectroscopy (IRTracer-100, Shimadzu, Japan) was
employed to investigate its composition and structural integrity.

2.2. A molecular self-assembly reverse spherification of curcumin
emulsion loading in double-layer hydrogel

The curcumin emulsion encapsulated within a double-layer hydrogel
was prepared by the reverse spherification method (Fig. S1). Firstly, 10
mg of curcumin was dispersed in 98 mL of DI water containing 2 % v/v
of Tween80 at 60 °C under continuous stirring for 5 min. 1 mL of cur-
cumin emulsion was loaded in 1.5 mL (I.D. 1.8 mm) of spherical mold,
then cooled down in the freezer to —40 °C for 45 min. The 1st layer of
spherical curcumin emulsions was then constructed by accurately
pipetting 0.5 mL of 3 % w/v CaCl, into a spherical mold containing
frozen curcumin emulsion, followed by cooling down to —40 °C for 45
min. The obtained spherical frozen curcumin emulsion was soaked in 3
% w/w sodium alginate solution for 1 min. The result of the 1st layer of
Ca (II)/alginate containing a curcumin emulsion was soaked in DI water
for; 30,5 to/ remove unbonded: excess ‘sodium alginate: The-2nd layer of
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spherical curcumin emulsion was prepared by coating with ZnONPs. The
ZnONPs were prepared according to the previous report with slight
modifications [23]. In a typical synthesis, 10.98 g of zinc acetate dihy-
drate (C4HgO4Zn-2H,0) was dissolved in 100 mL of ethanol under
continuous stirring at 60 °C for 30 min. The 100 mL of 0.5 mol L™! of
oxalic acid (H2C204) was added dropwise to prepare the zinc acetate
dihydrate solution. The combined solution underwent continuous stir-
ring at a rate of 500 rpm at 60 °C for 90 min. Eventually, the suspension
was filtered using a vacuum pump filter. Finally, the product was dried
at 60 °C overnight. Calcination was conducted in an electrical furnace at
600 °C for 3 h under an air atmosphere. The white-colored ZnONPs
product was collected and ground into powder for further use. ZnONPs
have been deposited on the 1st layer of spherical curcumin emulsion to
prevent the degradation of curcumin using the Layer-by-Layer (LbL)
technique. The positively charged ZnONPs were prepared by a non-
covalent surface modification method. A 0.5 g of ZnONPs was dispersed
in 25 mL of 10 mmol L' of PDADMAC using a high-power ultra-
sonicator (VCX 130, Vibra-Cell™, USA) for 5 min. By taking advantage
of electrostatic interaction, the negative charge of 1st layer of Ca (II)/
alginate containing a curcumin emulsion was loaded in ZnONPs/
PDADMALC for 20 sec and washed with DI water to obtain the white
spherical curcumin bead. Finally, the white 2nd layer of spherical cur-
cumin bead was soaked in 3 % w/v sodium alginate for 3 min to induce
tight adhesion of CURpydrogel. The obtained CURpydrogel Was stored in DI
water at 4 °C in the refrigerator.

The physical and mechanical characteristics of CURpydrogel Were
assessed. The hardness, ultraviolet light stability (UV LED lamps, 20 W,
365-395 nm), storage time (7, 14, 21, and 28 day), and swelling ca-
pacity (SC) in DI water and 90 mg L~ of boric acid (pH 9) were also
investigated, and the experiment procedures are shown in the Sup-
porting Information section.

2.3. Procedure for detection of pyridoxine (VB-6) using CURpydrogel

The measurement is started from taking an aliquot of 2 mL of 90 mg
L~ ! boric acid (pH 9) with different target VB-6 concentrations of
10-125 mg L ! into a 6-well painting palette (3.3 cm LD. and 7.5 cm
depth). The solutions are mixed by softly shaking and incubated for 1
min. Afterward, a double-layer spherical hydrogels liquid-core curcumin
are placed in the mixed solutions and punctured with a needle. The 6-
well painting palette is gently shaken and kept standing. The colori-
metric reaction was carried out for 5 min, during which a distinct color
change from yellow to varying intensities of orange was observed, cor-
responding to the concentration of VB-6. The colorimetric response of
the mixed solution was photographed with a mobile phone camera. The
obtained smartphone images of the color formed in the colorimetric
reaction can be converted to their RGB numerical by ImageJ software.
Each experiment was performed in triplicate, and the results were re-
ported as the mean value with the standard deviation (SD).

To enhance the detection sensitivity of VB-6 using the proposed
CURHydrogel System, several experimental parameters were optimized,
including the pH of boric acid (ranging from 7 to 10), the volume of VB-6
(0.5,1.0, 1.5, 2.0, and 3.0 mL), the reaction time between boric acid and
VB-6 (0.25, 0.5, 1.0, 3.0, and 5.0 min), and the reaction time between
the pyridoxine-boron complex and CURpydrogel (1, 3, 5, 10, and 15 min).
Each condition was optimized by varying one parameter at a time while
keeping the others constant. The optimal value for each parameter was
determined based on the absorbance measurements obtained using a
UV-vis spectrophotometer.

2.4. Method performances and validation

The analytical performance of CURnydrogel for VB-6 quantification
was investigated in terms of linearity, the limit of detection (LOD), the
limit of quantitation (LOQ), precision, and accuracy. The effectiveness
and reliability of the proposed method were assessed:-by-comparing the
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results obtained from the smartphone-based colorimetric analyzer with
CURHydrogel for VB-6 quantification to the High-Performance Liquid
Chromatography (HPLC) and UV-vis spectrophotometric standard
method. For the sample preparation procedure, each functional drink
sample was treated by filtering through a Whatman No. 42 filter paper
(CHM™, Barcelona, Spain) and a 0.22 pm nylon membrane filter (CNW
Technologies, China), respectively. For the spiked samples, a specific
volume of a standard solution of VB-6 concentration of 10, 50, and 100
mg L~! was added to 10.0 mL of each functional drink sample.

Chromatographic analysis (HPLC) of VB-6 in the spiked functional
drink samples was performed using a Shimadzu RF-20A (HPLC-Promi-
nence LC-20 series, Shimadzu, Kyoto, Japan), equipped with a C18
capillary column (4.6 mm x 150 mm x 5 pm particle size, GL Sciences,
Japan). A photodiode array detector (PDA, SPD-M20A, Shimadzu Co.,
Ltd, Kyoto, Japan) operating at a wavelength of 280 nm was used for VB-
6 detection. For a conventional separation, the column was eluted using
a linear gradient of 0.015 % triethylamine (pH 2.7) for 3 min and 75:25
v/v of 0.015 % triethylamine/acetonitrile for 3 min. The column was
equilibrated at 25 °C with a flow rate of 1.0 mL min~!. Data were ac-
quired and processed using LabSolutions software (version 5.92).

UV-vis spectrophotometric analysis was performed using Shimadzu
UV-1800a (Kyoto, Japan). A 2 mL of 90 mg L' boric acid (pH 9) was
mixed with 10 mL of different concentrations of VB-6 (0-125 mg L’l)
spiked functional drink samples. Then, 1 mL of curcumin emulsion was
added to the mixture under continuous stirring. The absorbance of the
mixture solution was measured at 450 to 600 nm intervals.

2.5. Analysis of real functional drink samples

Four different functional drink samples were purchased from a pre-
mium supermarket in Bangkok, Thailand. Each functional drink samples
were filtered sequentially using Whatman No. 42 filter paper (CHM™,
Barcelona, Spain), followed by a 0.22 pm nylon membrane filter (CNW
Technologies, China). Varied quantities of VB-6 of 10, 50, and 100 mg
L~! standard solutions were added to each functional drink sample. The
colorimetric detection was carried out by using the procedure described
in Section (273!

3. Results and discussion
3.1. Formation and characterization of the prepared CURpydrogel

CURpydrogel Was prepared by the reverse spherification method. The
curcumin emulsion was encapsulated with the 1st layer of Ca (II)/algi-
nate. The cross-linked Ca (II)/alginate was formed through Ca (II) co-
ordination and chelation-binding chain structures (egg-box model of
cross-linking), resulting in a strong gel structure for encapsulating cur-
cumin emulsion (Fig. 1A). Sodium alginate is a linear biopolymer con-
sisting of p-D-mannuronic acid (M) and a-L-guluronic acid (G) residues,
which are connected through (1 — 4) glycosidic linkages. When calcium
chloride (CaCly) is added to a sodium alginate solution, Ca (II) binds
with the carboxyl (-COO™) groups at the C1 and C4 positions of the
guluronic acid (G-blocks). This interaction follows the egg-box model,
where divalent Ca (II) coordinates with -COO™, facilitating crosslinking
between adjacent alginate chains [24-26]. The structured alignment of
guluronic acid residues allows multiple Ca (II) ions to bridge the poly-
mer chains, creating a strong gel network that efficiently entraps the
curcumin emulsion. The diameter (I.D.) of the curcumin emulsion
encapsulated with the 1st layer of Ca (II)/alginate bead was shown to be
between 1.0 and 1.3 cm. Moreover, the surface charges of the curcumin
emulsion encapsulated with the 1st layer of Ca (II)/alginate bead were
shown to have a negative charge potential due to the carboxylate
functional groups of sodium alginate, which partially ionize at neutral
pH (pKa of sodium alginate = 3.2-4.4). Subsequently, the 2nd layer of
the curcumin emulsion bead was coated with positively charged
ZnONPs using the Layer-by-Layer {(LbL) technique: By taking advantage
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Fig. 1. Schematic illustration of (A) double-layer spherical Ca (II)-alginate/ZnONPs hydrogel liquid-core curcumin emulsion, (B) colorimetric response mechanism,
and (C) determination of VB-6 in actual samples of functional drinks by using the smartphone RGB camera-based colorimetric sensor.

of the electrostatic interaction between positively charged ZnONPs and
negatively charged 1st layer of Ca (II)/alginate beads, the CURHydrogel
was formed. The physical characteristic of the 1st layer of Ca (II)/algi-
nate bead was changed from transparent yellow to cloudy yellow,
indicating the successful formation of ZnONPs onto the 1st layer of Ca
(II)/alginate bead. The LD. of the bead after the 2nd layer forming
increased to 1.5 cm. Finally, the 2nd layer of the curcumin emulsion
bead was coated with negatively charged sodium alginate to strengthen
the CURpydrogel network.

To obtain an efficient CURpydrogel colorimetric sensor for VB-6
detection, it is desirable to investigate the optimal conditions for cur-
cumin emulsion preparation. Low water solubility (0.6 ug mL™!) of

curcumin is one of the major problems for sensing behavior. Therefore,
to enhance the solubility of curcumin, a Tween80-based emulsion sys-
tem was employed for the dispersion of curcumin. Firstly, we explored
curcumin emulsion preparation by the component combination of cur-
cumin (0.3 mmol L™1) and varying Tween80 concentrations of 0.5 to 3.0
% v/v. As shown in Fig. S2A, the solubility of curcumin was found to
increase when the Tween80 concentration increased from 0.5 to 1.5 %
v/v and reached equilibrium at 2.0 % v/v. Increasing the concentration
of Tween80 raises the availability of surfactant molecules, facilitating
their interaction with curcumin emulsion through hydrophobic and
electrostatic forces. This enhances the uniform distribution of curcumin
within the.emulsion system and inhibits its precipitation. Most curcumin
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adheres to the surface of oil droplets within the emulsion, which are
stabilized by the protective layer of Tween80. As a result, 2.0 % v/v of
Tween80 was selected for use in the dispersion of curcumin. To enhance
the solubility of curcumin, a number of solubility efficiency parameters
such as curcumin concentrations (0.03, 0.10, 0.30, 0.40, and 0.50 mmol
L’l), heating temperatures of 25, 45, 60, 70, and 90 °C, and homoge-
nization time of 1, 3, 5, 10, 15, and 20 min were tuned to improve the
solubility efficiency. The conditions were optimized by varying one
parameter while keeping others constant. Following the optimization
process (Fig. S2B-D), the optimal curcumin concentrations were found
to be 0.3 mmol L™}, with a heating temperature of 60 °C, and a ho-
mogenization time of 5 min.

The prepared curcumin emulsion was encapsulated with the 1st layer
of Ca (II)/alginate. The factors influencing the encapsulation are the
volume of curcumin emulsion, CaCl; concentration, and sodium alginate
concentration. To attain a high sensing response of VB-6, it was
imperative to utilize an appropriate volume of curcumin emulsion to
form CURpydrogel- The volume of curcumin emulsion of 0.5, 0.75, 1.00,
and 1.50 mL were used to investigate the sensing performance. The
CURpydrogel Was fabricated into a spherical shape by controlling the
concentrations of both CaCl, and sodium alginate to 2 % w/v. Different
volumes of curcumin emulsion were evaluated through a reaction with
boric acid at concentrations of 10, 25, 50, 70, and 90 mg L’l, while
monitoring the formation of rosocyanine complexes. As a result, shown
in Fig. 2A, the obtained rosocyanine complexes gradually increased with
the enhancement of curcumin emulsion volume. It is seen that 1.50 mL
of curcumin emulsion volume allowed the complete formation of roso-
cyanine complexes. It is noteworthy that 1.00 mL of curcumin emulsion
volume does not show significantly different results from 1.50 mL. Thus,
1.00 mL of curcumin emulsion volume was chosen as the appropriate
volume for encapsulation with the 1st layer of Ca (II)/alginate. The ef-
fect of Ca (II) cross-linking with sodium alginate on the properties and
structure of CURpydrogel Was investigated by varying the concentrations
of Ca (II), ranging from 0.5 to 5.0 % w/v, and sodium alginate
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concentration of 0.5 to 5.0 % w/v. The conditions were fine-tuned by
adjusting one parameter at a time while keeping the others unchanged.
The hardness of the 1st layer of Ca (II)/alginate was assessed. Hardness
reflects the maximum force required to deform the gel or the strength of
the gel network. As shown in Fig. 2B, the hardness of CURpydrogel
gradually increased with increasing Ca (II) concentration from 0.5 to
3.0 % w/v. The gelation process of the 1st layer of Ca (II)/alginate
evolved with the increase of CaCl, concentration, which resulted in
different crosslinking densities and entanglement of CURpydrogel- At
equilibrium, at approximately 3.0 % w/v Ca (II) concentration, the
plateau hardness of the 1st layer of Ca (II)-alginate was approximately
55.86 N. Additionally, the sodium alginate concentration for gelation
was found to be 3.0 % w/v (Fig. 2B), which showed a hardness of 73.57
N. The digital images of the 1st layer of Ca (II)/alginate bead with
studied Ca (II) and sodium alginate are shown in Fig. S3.

The 1st layer of Ca (II)/alginate was coated with ZnONPs to prevent
the degradation of curcumin emulsion. ZnONPs were synthesized via the
sol-gel method using zinc acetate dihydrate (Zn(CH3COO)»-2H50) as a
precursor, and the mixture of ethanol/oxalic acid (CoHsOH/CyH204)
was used as a solvent. A highly crystalline ZnONPs was successfully
obtained after calcination of the zinc oxalate product at 600 °C. The
chemical properties of ZnONPs are presented and discussed in Fig. S4.
Generally, ZnONPs are highly insoluble in water, which will affect the
adhesion on the surface of the 1st layer of Ca (II)/alginate. Functional-
ized ZnONPs with positively charged PDADMAC showed remarkably
strong electrostatic interaction with the negatively charged 1st layer of
Ca (II)/alginate. The ZnONPs were effectively dispersed in a 10 mmol
L' PDADMAC solution. (Fig. S5). Zeta potential measurements were
performed to evaluate the charge potential and dispersion stability of
ZnONPs. Fig. S6 shows zeta potential in the range of (+) 42.2 to (+)
47.0 mV, with different PDADMAC dispersion concentrations of 1-20
mmol L. The positive zeta potential indicates the successful func-
tionalization of ZnONPs with PDADMAC. The positively charged
ZnONPs were then deposited onto the 1st layer of Ca (II)/alginate.
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Fig. 2. Formation, optimization, and characterizations of double-layer spherical Ca (II)-alginate/ZnONPs hydrogel liquid-core curcumin emulsion (A) Curcumin
emulsion volume, (B) calcium chloride and sodium alginate concentration, (C) ZnONPs loading, (D-E) FeSEM image and EDS spectra of 2nd layer spherical hydrogel,
(F) FeSEM image 1st layer spherical hydrogel.
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Fig. 2C shows the deposition efficiency of positively charged ZnONPs on
the surfaces of the 1st layer of Ca (II)/alginate. ICP-OES was used to
investigate the Zn content on the bead surfaces. Under immersion of the
1st layer of Ca (II)/alginate into positively charged ZnONPs for 20 sec,
the 2nd layer CURpydrogel Was formed. The Zn content increased from
0.59 to 0.67 mg L™! with prolonged immersion time (5-20 s). After 20 s
of immersion, Zn content exhibited a constant significant. The FESEM
image (Fig. 2D) confirmed the successful deposition of ZnONPs onto the
1st layer of Ca (II)/alginate, revealing agglomerated spherical forma-
tions on the surfaces. As confirmed by FESEM-EDS mapping (Fig. 2E), Zn
exists in 15.3 %. Compared to the 1st layer of Ca (II)/alginate, FESEM
image (Fig. 2F) reveals a rough and irregular surface morphology with
an absence of ZnONPs distribution. Finally, the 2nd layer of the curcu-
min emulsion bead was coated with negatively charged sodium alginate,
resulting in an increased hardness of the CURpydrogel to 138.49 N.
Moreover, the stiffness and strength of CURpydrogel were found to be
6.45 x 10*N/m and 1.01 x 10°N/m? respectively.

To further confirm the successful fabrication of CURpnydrogel, FT-IR
spectroscopy was employed to investigate its composition and struc-
tural integrity. (Fig. S7). The FT-IR spectrum of the 1st layer of Ca (II)/
alginate (Fig. S7A) exhibited a broad O-H stretching band around 3411
em ™Y indicating the presence of hydroxyl groups. Peaks at 1595 cm*
and 1415 ecm ™! were assigned to asymmetric and symmetric stretching
of carboxylate groups (COO"), respectively, suggesting successful ionic
crosslinking between alginate and Ca (II). A distinct peak at 1022 cm ™!
corresponds to C-O-C stretching vibrations within the polysaccharide
backbone. These features confirm the formation of a stable calcium
alginate network. The 2nd layer, composed of ZnONPs incorporated into
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a PDADMAC matrix, was successfully coated over the 1st layer of Ca
(I)/alginate hydrogel, as shown in Fig. S7B. The presence of positively
charged ZnONPs/PDADMAC facilitated electrostatic interactions with
the negatively charged 1st layer of Ca (II)/alginate, promoting uniform
coating and enhancing the stability of the CURpydrogel. The FT-IR spec-
trum of the ZnONPs/PDADMA coating layer exhibited a broad O-H
stretching vibration around 3405-3150 cm™, indicative of surface hy-
droxyl groups on ZnONPs. Peaks at 2950 cm ™! were assigned to C-H
stretching of aliphatic PDADMAC. A prominent Zn-O stretching vibra-
tion appeared around 435-468 cm™?, validating the successful incor-
poration of ZnONPs. These spectral features collectively support the
formation of a stable ZnONPs/PDADMAC layer on the Ca (II)/alginate
hydrogel surface.

3.2. Stability studies

Curcumin was significantly less stable under UV radiation due to its
structure with two hydroxy methoxyphenyl rings linked by two
B-diketone groups (Fig. S8). The C-H bonds are expected to be highly
weak due to the delocalization of the unpaired electron across the two
neighboring oxygen atoms [27]. The active position in curcumin,
therefore, is the central hydrogens in the p-diketone moiety, which have
two labile hydrogens. Fig. 3A shows the UV stability of curcumin
emulsion in a single layer of Ca (II)/alginate and a double layer of Ca
(I)/alginate coated with ZnONPs. The results showed that curcumin
emulsion encapsulated with a double-layer of Ca (II)/alginate (II) coated
with ZnONPs had good stability during storage for 28 days. Compared to
curcumin emulsion encapsulated in a single layer of Ca (II)/alginate,
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Fig. 3. Stability of spherical hydrogel (A) UV irradiation with the single-layer Ca (II)-alginate hydrogel and double-layer CURpydrogel, (B) permeabilities efficiency in
deionized water and boric acid in temperature of —18 °C, 4 °C, and 25 °C, (C) swelling efficiency.in deionized water and boric acid in temperature of 4 °C and 25 °C,
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curcumin emulsion was decomposed within 1 day. This strength can be
overcome by two main mechanisms of the absorption and reflection of
UV light by ZnONPs. By absorbing UV light, ZnONPs convert the energy
absorbed into harmless infrared light, while they also reflect UV light
[28].

CURpydrogel are three-dimensional macroscopic network comprising
curcumin emulsion encapsulated in a double-layer of Ca (II)/alginate
coated with ZnONPs. Generally, hydrogels can absorb and retain a large
volume of water due to the presence of hydrophilic groups in their
polymer chains. Keeping CURpydrogel Stable and safe for storage and
transportation is a challenge. Fig. 3B shows the storage conditions of
CURHydrogel in DI water and 90 mg L lin pH 9 of borate for different
temperatures of —18, 4, and 25 °C. The % penetration of CURpydrogel in
different media conditions was calculated by curcumin emulsion
quantification in the release medium. Results showed that the % pene-
tration of CURHydrogel in DI water storage at —18 and 4 °C exhibited low
permeability, while the % penetration of CURydrogel in 90 mg L7Yin pH
9 of borate at 4 and 25 °C showed high permeability, which was affected
by the color change of curcumin emulsion in CURgydrogel. Therefore,
CURpydrogel Stored at 4 °C and particularly DI water formulations were
shown to be more suitable for our purposes.

Moreover, the swelling effect of CURpydrogel at different storage
media, such as DI water and 90 mg L™ in pH 9 of borate for different
temperatures of 4 and 25 °C was also investigated (Fig. 3C). The CUR-
Hydrogel Was dramatically swelled either by DI water or 90 mg L=tin pHO
of borate at 25 °C. The gradual decrease of water absorbency and
swelling rate when the CURpydrogel is at 4 °G, either in DI water or 90 mg
L~ in pH 9 of borate. Although stored in 90 mg L= in pH 9 of borate at
4 °C showed a low permeation, the interaction between curcumin
emulsion and borate led to a color change from yellow to red.

The compressive strength of CURpydrogel Was investigated by high-
and low-rotational-speed centrifuge (3,000-15,000 rpm) of CURpydrogel
in 4 °C of DI water. Centrifugation with an increasing number of revo-
lutions causes the hydrogel beads to shrink and change shape (Fig. 3D),
while the hardness of the CURpydrogel also decreases. Surprisingly,
increasing revolutions of centrifuge rpm did not cause the curcumin
emulsion to escape into the media.

3.3. Detection principle

The sensing mechanism is shown in Fig. 1B and is based on a
sequential reaction involving borate ions, VB-6, and curcumin emulsion.
In the initial step, pyridoxine reacts with borate ions under alkaline
conditions (pH 9) to form a colorless pyridoxine-boron complex. This
complex results from the combination of one borate ion with two pyri-
doxine molecules, thereby reducing the concentration of free borate ions
in the solution. Subsequently, CURpyqrogel is added to the system. The
unreacted borate ions then interact with the curcumin emulsion to
generate a rosocyanine complex. This reaction induces a visible color
change from yellowish to orange, which is characteristic of the roso-
cyanine complex. Crucially, the degree of this color change is inversely
proportional to the concentration of VB-6. At higher VB-6 concentra-
tions, a greater proportion of borate ions are complexed with pyridox-
ine, leaving fewer borate ions available to react with curcumin.
Consequently, less rosocyanine is formed, and the observed color
gradually shifts from orange to yellowish. This correlation provides a
reliable basis for the quantitative detection of VB-6 via smartphone-
based RGB analysis.

The proposed sensing mechanism was further supported by FT-IR
spectroscopy (Fig. S9), which provided molecular-level evidence for
the sequential formation of pyridoxine-boron and rosocyanine com-
plexes. Upon reacting pyridoxine with borate under alkaline conditions
(pH 9), the FT-IR spectrum (Fig. S9A) of the resulting pyridoxine-boron
complex exhibited broad O-H and N-H stretching bands around 3392
cm ™Y, consistent with the coordination of these donor groups to boron.
An additienalsabsorption: band -appeared in-theiregion-of)1367-1427
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cm ™}, attributed to B-O asymmetric stretching, along with a shoulder
near 1010 cm™! corresponding to B-O-C vibrations, both confirming the
formation of the pyridoxine-boron chelate. Subsequently, the FT-IR
spectrum of the CURpydrogel after borate addition revealed distinct
spectral changes consistent with the formation of a boron-curcumin
complex (rosocyanine) (Fig. S9B). Specifically, the C=0 stretching vi-
bration of rosocyanine near 1734 cm™! shifted in intensity, indicating
chelation with borate via the f-diketone moiety. Concurrently, new
peaks emerged around 1352-1450 cm ™!, corresponding to B-O bonds
within the rosocyanine complex. The prominent absorption bands were
observed at 2922 and 2862 cm™!, which are attributed to the asym-
metric and symmetric stretching vibrations of aliphatic C-H bonds,
respectively. These bands originate from the methyl (-CHs) and meth-
ylene (-CHy-) groups present in the curcumin backbone. These spectral
features collectively confirm the molecular interactions underlying the
stepwise sensing mechanism and highlight the utility of FT-IR in
tracking complexation events central to VB-6 detection. Similar trends
have been reported in the literature for pyridoxine-boron [29] and
rosocyanine complexes [30,31].

3.4. Optimization of working parameters

Having obtained the optimal detection system, some working pa-
rameters such as the pH effect of boric acid, the volume of VB-6, reaction
time for boric acid and VB-6, and reaction time for boric acid-VB-6
complexes and CURpnydrogel Were investigated to obtain the best test
performance of the assay. For the optimization of pH, the boric solution
was adjusted pH value in the range of 7 — 10 (Fig. 4A). At a pH value
lower than 9, the reaction between boric acid and curcumin did not
occur because the boric acid (pK, = 9.2) is still in non-dissociated boric
acid form (H3BOg3) [32]. As a result, the slope of linear curves plotting
between boric acid concentration and the absorbance at pH 7 and 8 were
very low, while the red color of rosocyanine product solutions was not
observed (Fig. STOA-B). At pH 9 and 10, boric acid was turned to the
dissociated borate form (B(OH)4 ). The reaction between borate ion and
curcumin to form rosocyanine complex occurred. It resulted in a change
of solution color from yellow to orange (Fig. S10C-D). The high sensi-
tivities in terms of slope of calibration curves were also obtained.
However, the linearity (R?) of the calibration curve at pH 10 was lower
than at pH 9, primarily because the reaction between boric acid and
curcumin at pH 10 was rapid and complete, particularly at higher con-
centrations of boric acid. At these elevated concentrations, the rela-
tionship - between boric acid and absorbance values became
disproportionate. The pH 9 was therefore selected as a suitable pH.

The appropriate volume of VB-6 (1.0, 1.5, 2.0, and 3.0) solution was
investigated. According to the reaction in Section 3.3, when the VB-6
solution was added to the borate solution, the borate-VB-6 complex
was obtained. This interrupted the reaction between borate and curcu-
min, leading to a decrease in absorbance at 530 nm as the concentration
of VB-6 increased. Because raising the volume of VB-6 solution is com-
parable to increasing the number of moles of VB-6, this has an impact on
the slope of a standard curve. As the results in Fig. 4B, the slope
decreased when the volume of VB-6 solution was increased. The 1.0 mL
of VB-6 solution provided high sensitivity and linearity. This volume
was therefore considered as an appropriate volume.

Fig. 4C shows the optimal incubation time of borate and VB-6,
different VB-6 concentrations of 10, 50, and 100 mg L}, and different
incubation times of 0.25, 0.5, 1.0, 3.0, and 5.0 min, by fixing 90 mg Lt
of pH 9 borate, are applied to perform the assay. When adding CURyy.
drogel to the reaction system, the absorbance intensity at 530 nm was
evaluated. The absorbance intensity at 530 nm of the test system (borate
and VB-6) reached the maximum at 0.25 min, indicating that the borate-
VB6 formation reaction was incomplete. The large amount of borate
interacted with curcumin emulsion, resulting in the formation of large
rosocyanine. Borate complexation with VB-6 was completed within 1.0
min, and; thereafter; the remaining boric| acid further reacted with
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different VB-6 concentration ranging from 0 to 125 mg L™,

curcumin.

Similarly, Fig. 4D shows that the optimal incubation time of
remaining borate and curcumin emulsion in CURHydrogel Was 5 min, and
there was no significant difference by varying VB-6 concentrations of 10,
50, and 100 mg L.

3.5. Smartphone RGB camera-based colorimetric platform of CURpydrogel
for VB-6 quantification

The strong enrichment effect of CURpydrogel 00 the VB-6 colorimetric
response allowed for clear visualization of color changes (red, green, and
blue (RGB) intensities), which were recorded using a smartphone RGB
camera (Fig. 1C). The value of RGB in the images can be determined
through the Image J application and as data output. The VB-6 concen-
trations ranging from 10 to 125 mg L™! were used to investigate the
colorimetric responses with CURpydrogel- As shown in Fig. 4E1, the G
intensity of VB-6 with CURpydrogel Wwas found to be the most dominant
among all B and R values (Fig. 4E2), demonstrating good linearity and a
well-defined slope. The linear regression equation was G intensity =
0.3062 [VB-6, mg L™11 4 137.06 (R% = 0.9984). The LOD (8S.D./slope of
G intensity calibration) and LOQ (10S.D./slope of G intensity calibra-
tion) were found to be 2.93 mg L™! and 9.77 mg L™}, respectively. The
results of accuracy and precision were summarized in Table S1. The
CURpydrogel-based smartphone RGB camera colorimetric sensor with G
intensity responses exhibited good reproducibility with relative stan-
dard deviations (RSD) of 0.20 % (10 mg L™1), 0.27 % (50 mg L™1), and
0.24 % (100 mg Lh. Moreover, the accuracy for the present system was
found in the range of 100.50-102.82 %.

Having) obtained ‘the optimaldetection system of ‘the smartphone

RGB camera-based colorimetric platform of CURpydrogel, We then eval-
uated the colorimetric responses of VB-6 using the UV-vis spectrometry
approach. As shown in Fig. S11, when VB-6 was raised from 0 to 125 mg
L7}, the red color of the solution changed to yellowish, and the UV-vis
spectra revealed increasing absorbance intensity with bathochromic
shifts. The developed CURpyqrogel-based sensing probe, when coupled
with UV-vis spectrophotometric detection, exhibited a linear detection
range of 0-125 mg L’l, with a limit of detection (LOD) and limit of
quantification (LOQ) as low as 1.39 mg L' and 4.56 mg L1 L’l,
respectively. Although the LOD and LOQ of the smartphone RGB
camera-based colorimetric sensor of CURpydroget Were higher, the
sensitivity of this approach was still acceptable for VB-6 quantification
in functional drink samples.

3.6. Selectivity of CURRydrogel

To investigate the selectivity of CURpydrogel for VB-6, other VB
complexes in functional drinks including thiamine (VB-1), riboflavin
(VB-2), niacinamide (VB-3), pantothenate (VB-5), biotin (VB-7), cobal-
amin (VB-12), ascorbic acid (vitamin C), glucose, as well as various
anions and cations potentially present in functional drinks, such as Na™,
K*, Ca®", Zn?t, Mg?*, and Fe?" were chosen to introduce into CURgy.-
drogel colorimetric system. The G intensity in the RGB system of roso-
cyanine in the presence of various VB complexes, anions, and cations
was vividly shown in Fig. S12. Only VB-3, VB-7, and Zn* could cause a
significant color change at a concentration 50 times (6,250 mg L™1) the
maximum detectable VB-6 concentration. Other VB-1, VB-2, VB-5, VB-
12, ascorbic acid (vitamin C), glucose, Na™, K*, Ca?*, Mg?*, and Fe?*
almost/had|no color:change at a concentrationi100 times: (12,500 mg
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L) than the maximum detectable limit for VB-6. The results indicate
that the CURpydqrogel-based sensor has good selectivity for detecting VB-
6, implying its feasibility for use in actual samples.

3.7. Actual sample detection and method validation

Table 1 summarizes the comparative analysis of VB-6 concentrations
in four commercial functional beverage samples using three distinct
analytical approaches, including a smartphone-based RGB colorimetric
sensor utilizing CURpydrogel, conventional UV-visible spectrophotom-
etry, and high-performance liquid chromatography (HPLC). Four func-
tional beverage samples, obtained from a premium supermarket in
Bangkok, Thailand, were spiked with VB-6 concentrations of 10, 50, and
100 mg L7! to assess the accuracy and recovery efficiency of the
developed analytical techniques. For all examined brands and spiking
concentrations (10, 50, and 100 mg L’l), the CURRydrogel-based colori-
metric sensor exhibited satisfactory recovery values ranging from 95.25
% to 104.27 %, closely aligning with those achieved by UV-visible
spectrophotometry (98.62 %-104.80 %) and HPLC (95.25 %-103.60
%). Additionally, the precision (relative standard deviation, %RSD) of
the smartphone RGB camera-based colorimetric sensor of CURpydrogel
for VB-6 was calculated to be in the range of 0.06-1.22 %. The precision
values obtained for the CURpydrogel-based colorimetric sensor were
consistent with the acceptable variability thresholds observed across all
analytical platforms, thereby highlighting the high reproducibility and
operational reliability of the method under varied experimental condi-
tions. Furthermore, a comparison of the VB-6 contents in the eight
functional drink bands (16 samples) (Table. S2) obtained through the
CURpydrogel-based smartphone RGB camera colorimetric sensor and
those acquired using the validating standard UV-vis spectrophotometry
and HPLC method demonstrated no significant differences based on the
ANOVA test (Fgae = 8.02 x 1072 and Fajt = 3.20). Accordingly, the
fabricated CURpydrogei-based smartphone RGB camera colorimetric
sensor exhibited excellent sensitivity and accuracy in detecting VB-6.

The smartphone RGB camera-based colorimetric platform utilizing
CURpydrogel for VB-6 quantification was compared with conventional
analytical techniques, as summarized in Table 2. This method demon-
strates clear novelty and differentiates itself from existing VB-6 detec-
tion strategies by offering a broader detection range and suitability for
both in-field and laboratory-based applications. Although its sensitivity
is slightly lower than that of previously reported methods, the platform
delivers satisfactory analytical performance for the determination of VB-
6 in functional beverage matrices. Notably, colorimetric methods for
VB-6 analysis remain limited in the literature. The CURpydrogel-based
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system offers an alternative approach characterized by operational
simplicity, portability, and cost-effectiveness, highlighting its potential
as a field-deployable test kit for rapid VB-6 screening.

4. Conclusions

To overcome the limitations of conventional VB-6 detection
methods, namely their reliance on costly, non-portable instruments and
laborious procedures, we successfully developed a CURpydrogel-based
smartphone-integrated RGB colorimetric sensor for rapid and selective
quantification of VB-6 in functional beverages. The hydrogel platform
was fabricated via a molecular self-assembly reverse spherification
method and designed with a double-layer structure comprising a Ca (II)-
alginate core encapsulating a curcumin emulsion and a ZnONPs-based
outer layer. This architecture promoted the stable and efficient forma-
tion of rosocyanine complexes with boric acid, enabling colorimetric
detection correlated with VB-6 concentration. The sensor achieved a
detection limit (LOD) and quantification limit (LOQ) of 2.93 mg L 'and
9.77 mg L, respectively, with excellent precision (RSD: 0.20-0.27 %)
and recovery (99.84 %-103.03 %). Validation against HPLC and UV-vis
spectrophotometry confirmed the method’s accuracy, with no statisti-
cally significant differences observed. Furthermore, the CURpydrogel
demonstrated superior photostability, maintaining curcumin integrity
under UV exposure for up to 28 days, and exhibited notable mechanical
strength. This work highlights the practical potential of CURpnydrogel-
based smartphone RGB camera colorimetric sensor as a field-
deployable, low-cost, and instrument-free platform for real-time moni-
toring of VB-6 in commercial functional drinks, offering a novel and
efficient alternative to current analytical techniques.

Looking forward, the developed CURphydrogel platform could be
adapted for the detection of other micronutrients such as folic acid,
niacin, or riboflavin, or bioactive compounds including polyphenols,
flavonoids, or curcuminoids, by tailoring the sensing chemistry to spe-
cific analytes. Moreover, with appropriate design adjustments, the sys-
tem holds potential for integration into portable testing kits aimed at
supporting nutritional screening and on-site analysis, particularly in
settings where access to centralized laboratories is limited. Such ex-
tensions would contribute to the broader applicability of this approach
in food quality control, health-related monitoring, and routine testing
scenarios, thereby reinforcing its practical value in real-world
applications.

Table 1
Determination of VB-6 in functional drink samples using the smartphone RGB camera-based colorimetric sensor of CURyydrogel, UV-Vis spectrophotometry, and HPLC
method.
Functional drink sample =~ Added  Smartphone RGB camera-based colorimetric sensor of UV-vis spectrophotometry HPLC
CURpydrogel
Found (mg LhH Recovery (%) Found (mg LhH Recovery (%) Found (mg LH Recovery (%)
Brand 1 0 4.29 +0.30 - 4.37 +2.45 - 4.79 +0.61 -
10 14.28 +0.06 99.90 14.82 +0.50 104.50 15.15 +2.13 103.60
50 54.30 +0.47 100.02 55.89 +1.09 103.04 54.08 +3.78 98.58
100 104.27 +0.59 99.98 106.37 +0.31 101.97 100.22 +0.93 95.25
Brand 2 0 0.84 +0.76 - 0.94 +0.06 - 0.96 +0.10 -
10 11.06 +1.05 102.20 10.85 +0.86 99.10 11.24 +1.52 102.80
50 50.95 +0.16 100.22 51.38 +2.60 100.88 52.75 +2.06 103.58
100 101.05 +0.69 100.21 101.08 +0.13 100.14 97.83 +3.63 96.87
Brand 3 0 3.42 +0.52 - 1.87 +0.79 - 2.57 +0.53 .
10 13.65 +0.59 102.30 12.35 +1.06 104.80 12.88 +0.42 103.10
50 53.41 +1.10 99.98 51.18 +2.26 98.62 52.62 +4.45 100.10
100 103.26 +0.47 99.84 103.1 +2.98 101.23 102.35 +3.79 99.87
Brand 4 0 — - - - — — - - -
10 10.24 +1.19 100.40 10.45 +1.25 103.30 10.35 +0.52 103.50
50 50.15 +0.72 99.90 50.85 +2.62 101.46 54.04 +0.53 99.68
100 100.23 +1:22 103.03 101:22 +0.07 101:10 100.47 +2.02 100.47
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Table 2
Comparison of detection performances of the recently developed VB-6 assay and smartphone RGB camera-based colorimetric sensor of CURpydrogel-
Materials/Method Samples Linear range Detection Analysis Sophistication of the Testing site Ref.
(mg L’l) limit time (min) instrumentation
= R
(mg L) Onsite In-
lab
NiO-CNTs-MOHFPE-CPE/Electrochemical Water and juice 0.00068-85.2 0.00015 — Yes No Yes [9]
method
Sucrose functionalized AuNPs/Colorimetric Brown and white rice 0.02-81.3 0.006 - No No Yes [22]
method food
Graphite-AgNPs-PLA electrode/ Pharmaceutical 0.017-67.68 0.0051 5 Yes Yes Yes [33]
Electrochemical method formulations
Boron-doped diamond (BDD) electrode/ Pharmaceutical tablets 1.16-7.81 0.63 - Yes No Yes [34]
Electrochemical method and urine samples
Zinc-based metal-organic framework/ Biological samples 0.14-17 0.106 - Yes No Yes [35]
Fluorescence spectrometry
Poly(2-aminothiazole) decorated with Vitamin B6 tablets and 0.00085-13.62  0.0092 — Yes No Yes [36]
platinum nanoparticles/ Electrochemical dried palm date fruits
method
Double-layer spherical Ca (II)-alginate-ZnONPs  Functional beverages 10-125 2.93 6 No Yes Yes This
hydrogel liquid-core curcumin emulsion/ work
RGB camera-based colorimetric method
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