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Abstract
Background and Objectives : From the problem of pork found in Thai barbecue restaurants which phosphate
is used in marinating to make the meat absorb water well, maintain softness, maintain flavor, and is likely to be
widely used. Most consumers are concerned that phosphates will enter the body from residues in pork and cause
harmful to the body. Therefore, in this research work, the developed method for preparing processed pork samples
using UV light digestion was utilized before analyzing the phosphate content by complexing with the coloring
forming solution. The color of the complexes solution was then analyzed by the digital image colorimetry (DIC) by
capturing in a light-controlled box with the camera of a smart mobile phone and measuring the red, green and blue
(RGB) color value with an application and compared the results obtained from the developed technique with an
advanced technique which is UV-visible spectrophotometry.
Methodology : Pork samples were weighed approximately 0.1 g then mixing it with the mixtures of concentrated
nitric acid (65%) and hydrogen peroxide (30%) (2:1 v/v). Next, the mixture was irradiated by UV light until the
solution dried followed by the addition of deionized water then forming complex compounds with chromogenic
reagent followed by digital image colorimetry compared with UV-visible spectrophotometry.
Main Results : The color of the complex was blue and subsequently analyzed with a digital image colorimetry.
The linear range was found in the range of 0.10 — 0.50 mg L™ with a correlation coefficient of 0.996. The percentage
recoveries were in the range of 87.2 — 100. The limit of detection (LOD) and limit of quantification (LOQ) were 0.09
and 0.30 mg L respectively.
Conclusions : From the results of the experiment, it was concluded that the analysis of the phosphate content in
the pork samples was done with chromogenic reagent followed by digital image colorimetry which is accurate,

convenient, fast, and environmentally friendly. When comparing with the UV-visible spectrophotometry to confirm
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the correctness of the method, it was found that the results were not significantly different at the 95% confidence
level by paired t-test.
Keywords : smartphone-based digital image colorimeter ; UV-visible spectrophotometer ; phosphate ;

chromogenic reagent ; UV digestion
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Figure 1 Diagram of preparation of pork samples for phosphate determination.

858



MIATINEANERTYINT T 29 (ATUT 2) NEAIAN — BN WAL 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May — August 2024 UNANNIRY

NANT53AE

1. N1eMAN9E Nz aN [N 791A L FN 1 eI Wa AN

=2 a a v ' A o Y a oo P
ﬂq?ﬂﬂﬂ’]ﬂfl?lﬂﬂ@q?ﬂﬁzﬂ@uLmqeﬁ’ﬂuﬁ‘zﬁ')q\ﬂ@’]?ﬂz@qﬁl‘wmqiﬁLﬂﬂ@ﬂu@qiﬁzﬂqﬂﬂqmiﬁqu%l@@me AN

o

pradnlng ldnAlARANABNNAAALAETNAT WU ReANENLENIRII09d 38 a e YN ARG Ianasa Figure 2 [A] -

ﬁ
O

=
20

sagiiuladnAr A nduaesdiLng (slope of R Value) tiudlAunnign detisuanaanula (sensitivity) Tunnsasaadn

o

Panga AeiuadanldAnduns (R value) iluaArildlunisuffunuaasieamnsall TneiFunsaesaisazaanin

THMAAATIMNNTANAD 1.60 NAAAMT WAAIAY Figure 2 [E] wATWLINTNIATI8IANTATAENYNERLUANTIINIZANAD

' £
aa

25 {adans uansd Figure 3 [A] uazoanluniafiadjisenlianstsyneuidsiaunfdu Suimanzanse 10 Wi

o

LAAIAY Figure 3 [B]
dl o . . o ¥ a [
ANANEMNIZANAS Figure 2 Waz Figure 3 dmnadananninsgulunisiinszimnlsunumesivn
TnanatinRaTaBNINAAALAETINES LARIAY Figure 4 [A] wazinatingR-381da anlnTnsTnlawss uands Figure 4 [B]
Tnadannniunisganauuaseesanssznauidetaun s uaness Figure 4 [C] @9ann Figure 4 [A] nsanuimnsgiwlu

N1 B NN A IANATIARATI AR NINAAALABFLNFT WUI1AN R Value HAnAu e lun1snsaadnnangn

a 9

G uaz B Value LH83a1nAN slope 994 R Value HAun7gn uaziiAduisz@nsanduiusuiniign Tnendulianu

wann13remnHanssdnn (Complementary Colors) wazainaitnaiulu Figure 4 [C] B4WLA1ANNNIAANAUUANEIZA

1
1=l

= = o = o T = g 9 o Aad o &
BEUNAITNENTIANU 893 quuLNmiaﬁ\?mﬁ\iﬂU@LLﬂ\i ANUUAT R value ’Qﬂuﬂmﬂ'ﬂummmmmwqumimﬂu%ﬂu

U

2. N19ANIAANALIGAT89IN19617923A UBATEIEE (Limit of Detection; LOD

wae Limit of Quantitation: LOQ)

o v a

NsInaninsgarednIIRsadatesTasiiatnatiansazae v liang (Luadd) nmsadasanmatl

a

AATaaNINAAALAETNAT LaTmARALR-IAA AllnTnaINIRNeT Y9rin 25 A5 WLINNATARATIABNLNA AALABILNAF

U
|
¥ ' o o o o o

Tunistnan ndsesanstszneuidieiou HANTAANTARNEA109N1909933R LATHANTAANTARIGATEIN1TATIZAT

a a

YFannavinriu 0.09 uaz 0.30 Hadninsiedns wazilieldinatingd-3dida ailnmsinmess Adaaninsgaeenis

U

|
°

33 LATHANTAANTAAN4AT8INITALATITTANLENUMNAL 0.0013 waz 0.0043 Ha@niNsaAns AINAIAL

a o o

3. N19ANHIARTNIUIBNITBATIZY [ael 1T iNATAARYIADNINAAALADTLNAT

nasasadaneaialuiaatieiu IaonudulllddTanzau azanunsnsunaunisiindvesansiszney
- . doaye o Y N R T ¥ o
\deteuszideansazaraninliiiaduazeaa ld wesainsediailanyninunAnsduilensyseuseneinunis
inAnenay seatlgesa uazan (Puljic et al., 2019) awasinIImaasiNanadalanssuniy laslanaassiulany
3a9%a laun Na', K uaz Mg® fe1anula ludaednaninuinaaes wranlalaaniniulanzsuniuasluansazans
wnsgunaan Aronnidudu 10 Hadniusedns Usuns 0.50 Hadans arsazateiniliiing 1.60 Aaaans

TwanrRsaRlsldpududuaasasazane Tanysunauluanududy 1 win waz 10 win Iaealunisvinnauidudu

859



MIATINEANERTYINT T 29 (ATUT 2) NEAIAN — BN WAL 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May — August 2024 UNANNIRY
(Al [B]
300.0 - y=11x+249.57 300.0 - y=12.5x+247.18
2 -(0.9973 R?=0.9745
250.0 4 & R: —l 250.0 4 — = —o
& 5650 y =-55.5x+169.72 S 3560 | y =-60x + 168.33
© R*=0.9747 w© R?=0.9677
: 150.0 4 : 150.0 - .\..%.
(U] - y =-77x+170.57 (U] J
& 0.0 e & 1000 y =-70x+ 165.93
R*=0.9711
50.0 50.0 - R? =0.9829
0-0 T ] 1 o.o T T 1
0 0.2 0.4 0.6 0 0.2 0.4 0.6
Concentration of Phosphate (mg L?) Concentration of Phosphate (mg L?)
[C] (D]
300.0 + y =7x+250.5 300.0 - y=10x+247.8
0.y R? =0.9709
250.0 A ® ® = 201'83 250.0 A o g ®
y=- X+ ’ =-
$ 200.0 - ;- $ 200.0 S i
= =(0.9988 - 2 _
© © R*=0.9946
> 150.0 > 150.0 - L e
o —— y =-93.5x+202.18 ] — b 2k 2°7
@ - R? = 0.9984 @ o s
50.0 1 50.0 - R®=0.9955
0.0 T T \ 0.0 T T \
0 0.2 0.4 0.6 0 0.2 0.4 0.6
Concentration of Phosphate[fing L) Concentration of Phosphate (mg L?)
100.00 - N
! ]
2 80.00 - -
g 8o
S
b 60.00 -
Y
©
o 40.00 A
Qo
5]
o 20.00 A
0-m T T T T 1

0.00 0.50 1.00 1.50 2.00 2.50

Volume of Chromogenic reagent (mL)

Figure 2 Graph plots between RGB (red, green and blue) value and concentration of phosphate at difference
volume of chromogenic reagent 0.80 [A], 1.20 [B], 1.60 [C] and 2.00 [D] mL, respectively and [E] Graph

plots between slope of R value and volume of chromogenic reagent
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Figure 3 [A] Graph plots between slope of R value and volume of digested sample solution and [B] Graph plots

between slope of R value and reaction time

861



MIATINEANERTYINT T 29 (ATUT 2) NEAIAN — BN WAL 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May — August 2024 UNANNISE
Bl
A ; Bl o4,
300.0 - V-Rfi-‘ixo’fgzgfz)t-zz 0.4 y = 0.6891x - 0.0035
=VU. - 2 _
250.0 - . 0.35 R?=0.999 %
y =-80.8x + 201.92 . 0.3 - ity
g 2000 1 — R =0.9928 © 0.25 A
= 1500 — % 02 1 o
o® y =-93.2x + 203.52 I i .
£ 100.0 - R2 = 0.9959 g0 -
0.1 -
50.0 - -
0.05 - ¢
0.0 T T T T T 1 0 T T T T T 1
000 0.10 020 030 0.40 050 0.60 000 010 020 030 040 050 0.60
Concentration of Phosphate (mg L?) Concentration of Phosphate (mg L2)
[C]
0.4 - A... =893 nm
0.35 -
0.3
§ 0.25 1 = 0.10 ppm
S 02 - ———0.20 ppm
[o]
%)
'2 0.15 4 0.30 ppm
0.1
0.40 ppm
0.05
0 = 0.50 ppm

400 500 600 700 800 900 1000
Wavelength (nm)

Figure 4 [A] Graph plots between RGB (red, green and blue) value and concentration of phosphate, [B] Graph plots
between absorbance at the wavelength of 893 nm and concentration of phosphate and [C] absorption spectrum

of the complex between phosphate and chromogenic reagent
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Figure 5 [A] Color images of the complexes between various concentrations of phosphate and the chromogenic
reagent, [B] Graph plots between R value of the complexes and concentration of phosphate, [C] Color
images of the complexes with the addition of three interfering metals in a ratio of 1:1 to 1:10 and [D] R

value measured when three interfering metals were added in a ratio of 1:1 to 1:10 into the complexes
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Table 1 The detected phosphate content and %recovery obtained by digital image colorimetry and UV-visible

spectrophotometry
Spiked Detected phosphate content % Recovery = SD
Pork sample phosphate (mg/L),n=3 (n=3)
from (mg/L) Digital image UV-visible Digital image UV-visible
colorimetry spectrophotometry colorimetry spectrophotometry
0 0.62 0.65 0 0
Lada Moo 0.10 0.71 0.76 90.0£1.0 11015.7
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0 0.45 0.36 0 0
Jim Jum 0.10 0.54 0.49 90.0+£3.5 96.0£5.7
Mum Tuek 0.30 0.75 0.64 100+1.1 94.0+1.7
0.50 0.95 0.91 102+0.6 102441
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Table 2 The detected phosphate content obtained by digital image colorimetry and

UV-visible spectrophotometry

Detected phosphate content

Pork sample (mg/g),n=3
from Digital image colorimetry UV-visible
spectrophotometry
Lada Moo Kratha 0.051+0.0020 0.046+0.0005
SK Interfood 0.072+0.0015 0.067+0.0006
Jim Jum Mum Tuek 0.045+0.0021 0.033+0.0005
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