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Abstract

The method for determination of Fe(lll) using complex formation reaction between the
extracted purple cabbage and Fe(lll) detected by smartphone was developed in this work. Adobe
Photoshop CS6 program for photos evaluation from the smartphone was used. The parameters
affecting the analytical results were studied for instant optimal conditions for extraction and photo
taking. The obtained results showed that distilled water was an optimal condition for purple
cabbage powder extraction. In addition, photography taken under the white sample holder with a
focusing distance of 10 cm in natural light on the scene was an optimal condition for photo taking.
Under the optimum conditions, linearity range was in the range of 100-900 uM with correlation
coefficient (r) of 0.9966 (linearity equation: y = 0.0001x + 0.0190) and limit of detection (3sd) was
73 UM. Moreover, the performance of the proposed method has been compared to that of UV-Vis
spectrophotometric method as a standard method. According to the paired t-test, the results of

the two methods are not significantly different at 95 % confidence (ty,: = 0.09, toiica = 3.18).
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method using photo  analysis

detected by smartphone.

2.5 @N12EN NUIEUFINSTUNITASTIIN

a v b4 1 I3
dsiBsdaunlen naIBINaNI SN TN

2.5.1 sunudslunsatasigRaInany
melusinsudszananin Adobe Photoshop CS6
NAAONTULA BN UT D 2.4 1ne

AALUAIIN WAU wazAuy [21] Aren1Tannidu
wsrSsmngesansazany (ine A) wagsumis
lumsinseianggazegauuu (top position)

wazA1UaN (lower position) YDILAULUIAINET

' '
=

(sUAWRLIMINELaY 1 Uag 2 AuEIRAY) Aslugui

2 e eann15as i auva AN AT unne Tu

AWANYNIAUUULALATUA VBRIV

NN

solution height

n " m

Figure 2 Position of photo analysis using Adobe
Photoshop CS6 program applied for
the proposed method.

2.5.2 AY89U8aNN9AIIN
NAADIIUALINUTD 2.4 neLUdeu
a < a a a & A
AV0IUADNINALIN (FUN 1) 91ndv1tdudnig 9
= a o a A a a 9(; a g a
Ao #an #1087 Aune wazdunldu nTUNITN
Wiguisuaannlilun1siasesi (sensitivity)
warduUsyaNoanduNuS
2.5.3 szazlniave9n1saen I
NAADIIUALINUTD 2.4 neLUdeu
srurlidavesnisdienin (U7 1) laun 10, 12
LAY 15 WURALLAS NTUNSUNUToULTIBUAN
anwhlunsiasgsikasduUssandandunus
2.5.4 WTgUIgUTENINNTZUUAIUAY
LASULAZLENTITUYR

NARBWIULAEINUTD 2.4 Inen15ane

1376



i 28 aviuii 8 §avinAu 2563

15815 Imermansiasinalulad

amansdstoumelundaimuguuasiiadstuin
(5U7 3) Tenaosmrvanuasazdvuialvgnin
gUNIldINTUNITLAIN LATATUUUYDING DY
muauuasaziivasdmiuldvassll (U 30 Lile
muAuuasliauduas 200, 250, 300, 350,
400 uaz 500 dn9 IneAuANANULTNLEIA Y
wonaladudndfines (Lux meter) Faduuendia
Fufinrilvaaldnianuennagalng] aniu
wasunUseumeuaanmlilunisieseiuas
FulsyAnsavduiug sevminsszuuiidinsdnenin
melanismuauuas uagnisarenmaeldsyuy

wasssuwd (Lildndesrunuuas) dslugui 1

(@)

55 cm.

55 cm.

Figure 3 (a) Photo of light control box. (b) Cross
section and (c) Top section photos of
light control box used in the proposed

method.

2.5.5 USEMERAnauN vl
NPaIULAEINUTD 2.4 InenslY

au13nlruanUIENHARs1aiY fedl Vivo V5

1377

Plus, Wiko Lenny 2 Wa g Huawei P10 InTu
AosalSeuiisuataninlalunisiesieiuay
Sulszavisanduius

2.6 AMENYULNITIATIEN

4

91 (analytical

[
o

AMANYULNITILATY
performance) dwiumaiafifmutulunuide
7 Jased Anwr Iaun gremnudwdunss
(linearity range) A1duUsyansanduius Tanau

inA1galun13nI9in (imit of detection) ag

4

% (precision) §4n15ANw"

Y a

pildun1sAneseuunis

AN galuNISIAs Y

o
o

auiieslun1sing
Taszilutulfeadu (intraday) waz3iasizi
381197 (interday)
2.7 NMTIATITHA20ES

n1smS U089 : et 197 Ly
ATedl Ao sufaaiusindn (fruau 2
F19819 : S1 kay S2) Lavse8 19 uATIZIIIUIY
2 #2987 (artificial sample: $3, S4) Tagf9819

gndatasusininannaasslaen aulasan

%
v <

Jaikrajang hazAg [4] AU : URBLITAAIDES

'
o

U

o '

Fruuegeas 10 1Wia 91ntudsiegseniin
0.300 N3y azarelut 50 Jadans udadunsa
Tun3nidudu (conc. HNO,) U3uns 2 fiadans
ihlgesansazaresienuiouiigumgdl 110
psAnwaldoa 1uan 30 uri 7 aliLgudl
aUNANY B NT0IAITALANYAILNTEATUNTEY
(Whatman® No. 1) U§uUsunsanetindulid
Usumsidu 100 faddns Diunarsazansiileun
10 fiaddns aslurindnusung 50 dadans WHy
lalasiaueseanlan 0.5 Jadans USuUsSuIng

fgunNau

3. HANTSIYWALIR5AL



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 8 August 2020

3.1 an12zf munsaNamMSunsanaans
woulnlwenduainuensraiUdsag
AsAnwviauesivinaraiglarAu
\@desvesansatawoulnleeiuainuinzsnaud
129 wuirndudaviavareiiamnsaadnans
woulnlweniudiign esanliAinisganduas
gefian Ae 1.2268 fiAuenIAdy 545 ululuns
s?faLﬁummmmﬁuﬁ@mﬂﬁuumqﬂqm (Ana) e

WisuiguiuAnsganfulaesansanauauln

[
v

rupati wazAng [22] adnwsizweulnlegdua
analaanuengraUdtisiuegluuues laend
A (cyanidin) WagnINATUNININGATIATIATIS

vaslgendau (UN 5) udraeiuinduluanaid

1% =2

41989 F9aunsnazanelulen [22]

U
v

RN

ANNTIABU

o
LYY

AU WU

v
- °

donundududivinazaned
Wisngaua nsunsanaanskaulnlee1duainwe
nena1Ufaig uenanagliaIN1TgAndunasn

gegauds Wndudadusionudiidanuvasnde

a v o -:4' -:4' = v = .:4' v
16218Wuumﬂm’g‘vmasawau (E‘U‘V] 4a) FIFADAAADY LLasmwmwgﬂma
L a o .
AUUIdeu8s Khaodee Lazamy [3] Lag Chigu-
(@ (b)
14000 1) 2768 = 0.0003 1.8000 -
2 1.2000 - 4 1.0515 £0.0004 16000 |y o
€ 10000 - <& = 1.4000 - Fo 5
1 * x®
Iy 0.7330 £ 0.0015 £ 12000 | = 5 x "
‘Tj 08000 1 o £ o000 | 'S Ol *
§ 0.6000 - '§ 0.8000
'g 0.4000 - E 0.6000
a | G 04000 - & extract new
< 02000 0.0033 £0.0001 2 02000 4
0.0000 B ’ ‘ . ‘ x Exlhact keep .
o 20 50 80 ° 5 10 15 20 25 30
Concentration of ethanol (%6v/v) time (day)
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Fe(ll)-anthocyanin extract.
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Figure 8 (a) Spectrum of the Fe(lll)-anthocyanin extract complexes with different concentration of

Fe(lll) and (b) Calibration plot of the complexes using UV-Visible spectrophotometry (c)

Photos of the complexes detected by the proposed method and (d) Calibration plot

between the absorbance of red color in RGB system and various concentrations of Fe(lll)

for the proposed method.
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Table 1 Study results of the photo analysis
position using Adobe Photoshop CS6
program affected on sensitivity and
correlation coefficient using white

color of cuvette holder.

Positions of Sensitivity | Correlation

photo analysis (uM™) coefficients
Top® 8.00x10” 0.9899
Lower® 7.00x10° 0.9856

(a) No. 1 in Figure 2; (b) No. 2 in Figure 2
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Table 2 Study results of cuvette holder color
using Adobe Photoshop CS6 program
affected on the sensitivity and

correlation coefficient.

enlduseniedmdvindudfivnsaudmsy Cuvette holder | Sensitivity | Correlation
1Flunsneassraly colors (um™) coefficients
() sraglnAanisatenin Liegan red 7.00%10° 0.9610
A19A18AINIUTEUUNITIATIERAR U UL v — 700x10° 0.9857
nsanennlagludinisiagntnaeausninuie -
) } blue 7.00%10° 0.9734
Wunsusuladanimaie dedulunisd@nwila : =
o o L white 8.00x 10 0.9899
Jrutda auizmi‘Wﬂamimamwmaqizmw
o . - 44 black 9.00%x 107 0.9779
AU s nIvlukaz AWM (5UN 1) T
(b) 12 cm. (c) 15cm.

(a) 10 cm.

LT

LU

Figure 9 Photos of Fe(lll)-anthocyanin extract complexes with various concentrations of Fe(lll) at

different focusing distance of (a) 10 cm (b) 12 cm and (c) 15 cm.
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Table 3 Study results of the focusing distance

affected on the sensitivity and

correlation coefficient.

Focusing Sensitivity Correlation
distances (cm) (uM™) coefficients
10 1.00x 10 0.9966
12 7.00x10” 0.9527
15 9.00x 107 0.9975

(1) NS HUTBUTENINITEUY
AIUANLAILATILAISTTUYIR wasllndud1Anyse
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Usz2a07W Adobe Photoshop CS6 et usu
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fifinnsauauuasifanuduuas 300 dnd Toian
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v
2N

Tuans) anneAdy

a v

anAY (

UsgAnsavduiusssdandlng
1aniian = 0.9808) uaziiiofia1san
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M3 0UAISTINYIA WuIrA1AHTuLaluyn
Fandaanudunatindifes 300 and alu
m13197 4 uenanidsliaaninlilunsiinse
uazAduUszansavdusiusiisialndiAssiuluyn
Faan saiulunsmaaesiiadenldszuuuas
53508 1l psanausnfindsgunsalldine
azenn wavTInig Sntedsanunsonaaesléiaiy

(st 08:30-16:00 1) §

Table 4 Study results of the proposed method with and without light controlled system affected

on the sensitivity and correlation coefficient.

Light systems Brightness (lux) | Sensitivity (uM™) | Correlation coefficients

200 5.00x 107 0.8990
250 5.00%10° 0.9260
With controlled system 300 9.00x 107 0.9808
350 4.00x 107 0.9276
400 4.00x 107 0.9140

Without controlled system?®
08:30-10:30 AM 285 1.00x 10" 0.9733
10:30-12:00 AM 296 1.00x10™ 0.9819
13:00-14:00 PM 290 1.00x 10 0.9929
14:00-16:00 PM 255 1.00x 10" 0.9793

a: without light controlled system or nature light
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Table 5 Study results of various companies of smartphone affected on the sensitivity and

correlation coefficient.

Smart phone companies | Pixel numbers (megapixels) | Sensitivity (uM™) | Correlation coefficients
Vivo V5 Plus 16 1.00x 10" 0.9936
Wiko lenny 2 5 1.00%x 10" 0.9951
Huawei p10 20 1.00x 10" 0.9914

(a) Vivo v5plus

(b) Wiko lenny 2

1384

Figure 10 Photos of Fe(lll)-anthocyanin extract

complexes detected by various
smartphone companies of (a) Vivo
v5plus  (b) Wiko lenny 2 and (c)

Huawei p10
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Table 6 analytical performance

Analytical performance Obtained result
Linearity range (UM) 100-900
Example of linearity equation | y = 0.0001x + 0.0190
Correlation coefficient 0.9966
Limits of detection (uM) 73
Precision (% RSD, n = 10)

Intraday 3.09

Interday 8.57

Table 7 Quantitative analysis of Fe(lll) in samples using UV-visible spectrophotometry (standard

method) and the proposed method.

Concentrations of Fe(lll) (M)
Samples
Labelled [UV-visible spectrophotometry (standard method)| The proposed method
S1 7.06 7.86+0.008 7.41+0.39
S2 6.67 6.69+0.092 6.32+0.22
S3 15.10 15.50+0.04 16.29+0.79
sS4 18.50 19.78+0.06 19.91+0.34

The paired t-test, the results of the two method are not significantly different at 95 % confidence

(tstat =0.09, toitica = 3.18)
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