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ABSTRACT

Food adulteration is a huge problem in food industry especially reducing cost and gaining
more profit. The food adulteration is difficult to detect by visual inspection. This study using
physicochemical properties (moisture content, water activity, bulk density, L*, a*, b*) to separate
between pure tapioca starch and adulterated tapioca starch that given the good result from some
properties but physicochemical properties cannot indicate adulterant percent in tapioca starch.
Therefore this study has been successful to classify with near infrared (NIR) hyperspectral imaging at
wavelengths in range of 935 to 1,720 nm as a nondestructive technique in qualitative and quantitative.
Pure tapioca starch was adulterated with dolomite at 0.5% intervals over the range of 0.0 to 100.0%
(wt/wt). Qualitatively, the samples (n=400) were divided into a calibration set (n=300) and a prediction
set (n=100). Spectra were preprocessed with Savitzky-Golay first derivative differentiation and using
partial least squares discriminant analysis (PLS-DA) to establish a classification model. The result
showed total accuracy of prediction for classification was 100%. Quantitatively, the samples (n=201)
were divided into a calibration set (n=140) and a prediction set (n=61). Partial least squares regression
(PLSR) was used to establish a calibration model for predictiong the concentration of dolomite. The
result showed correlation coefficient (R) of 0.996 and root mean square error of prediction (RMSEP) of
2.47%. Then, the model used to create the predictive images of pure tapioca starch, adulterated tapioca

starch and pure adulterant.

Keywords: nondestructive, adulterant, prediction, model, classification, quantitation
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lightness A

+b’

hue
or hue angle

-a

v Y H
31N 2.3 Wunvesd CIELAB

1301: Pathare et al. (2012)

1 d.gl; 9 as ] A a 9 [ . d Y
msmmﬂuummmm"lﬂ 2 ’J‘ﬁalﬁiy"] Ao msﬂizmumamw N NITAUANTISHAIY

1309310 (Pathare et al., 2012)

a < a v 1
2.7.1 madsziiudemwumsdsziiulavlseamdudanmeamoavesdnagon Tl

A A = 9 1y A ' ) Yy a
ﬂ‘i’eNiJmJuﬂEJJ‘Umcluﬂ”li‘VlﬂﬁE]‘U Ltﬁﬁﬂﬂuﬂﬁﬂ’mﬁ]uﬂ3111?(’31\‘1‘11mﬁ’é]ﬂ‘l/lﬂﬁﬂmmzﬂ‘ﬂdumS

o—

a a Aq Y A v ' A 9 A 2 =
1\1@\111@?[11’]@5;@']uVIGlTWIEJ‘Uﬂ‘Uﬂ3@81@1“ﬂTiWﬂﬁaULW@ﬂaﬂﬂUﬂ'ﬁﬂwmﬂﬁﬂJHHfJ Iﬂﬂﬂ”l%llﬂ’lﬁ

O

[ @

TR UANUUTUYDIFA D1 LAz nUaTINAzLLUvoITNoaus U ld

a d Y 2 A g a 5 A4 A v 9
292 ﬂ133lﬂ51$°ﬂﬂ?ﬂlﬂﬁ@QN@L‘Lluﬂ']'i‘V]ﬂﬁﬂ‘lllﬂﬂﬂluJﬂLWf]llf%ml"’llﬂ'JTNLUEJ\TLUUVI']Qﬂ']iﬁUi

U

malszamduiavosinadey 13y

]
=

2 <3| A Aa EY @ ~ A | 1
A. colorimeters (JutaTeaNlon1Flumsiauinigaiiosmininnuazaindems
U { o < 4 { o _of i 1 10 a o
lduazmsulannunnevesa@niala Taoslums oo iasadideruanunasnuiinsey
1 v 1 9 2’_, dfl} A g 1 3},
UAEIN1503aA1 lAnsasNu NNy
I d' A d' [ @ 1 ] A
%. spectrophotometers 1 1IAT 09BN IANITATZMAUNASUVDINITAIHIU W30 N5
Y o ] ] * 3 2 A A v W ]
ALNOUVDIAIDYN LaziaaIn1ily X, Y taz Z F9iuasoaloNa1usonsadeunas a1
Taluyuanen
S S| A A dAq Y 1 o @ 19y X oo
fl. computer vision system 1 utnsoeloN 1M Nuuug lun1sia uadosuunuam
Vo S v Ay PR Y A o A Yy ¥ S '
wuud1vetginsainllasmwiznane Nasuuuduazdead Tldane 1 1dnounsraanaas la

oo
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2.8 ANUHU MUY

o w ' g Y

] { Z J A o
ﬂ'ﬂiﬁ'iu'lLLuuﬁJﬂﬂ@'lﬁWi“ﬁ!l’uWﬁuuﬁﬂ]ﬂﬂfﬂﬂmﬁ@"ﬂ\?ﬂNﬂWNL?fﬁHﬂﬁTﬁ@ﬁLﬁﬂ]ﬂUﬂ'ﬁ

g

A a v Yy 1 a g A Y Y o ' v o
FOUVIYUDITUA Iﬂﬂﬁ']ﬂﬂ@\‘]ﬁﬁﬁuﬂ'ﬂuigUgvlﬂaﬁuﬂ1ﬂaquﬂj'lwﬂu“luuqq LAZATUNIT WA U
a @ I [ A

a o Jq9 9 1a £y Y 2 9 o Jd
N'C'W]ﬂﬂl"V]LﬂEJ'Jﬂ‘]Jﬂ']iLﬁﬂﬂ‘Uu”Iﬂ‘i_l55i!ﬂmcﬂclﬁﬁWNWiﬂqﬁﬁUﬂWnlﬂW@ﬂ AAAUNUUDIUITYINUN

< A A @ Y v oA Yy 9
’i’Jllﬂﬂﬂﬁmﬂﬂmi’mi)ﬂ'iclﬁlﬁNW:,’ﬁiJﬂ‘]JﬁuﬂWﬂ?ﬂ

AN NUMUUUVDIDYNIARADINGAII1AIUTZH NIy MARUYT AT VY
% ] ' ! 4 % 1 1 ' <
oYMAL 1ABTMFDINNTEHINOYMANINUA FeAIveInHLILUYeIeYNAgALLINeDniTY

4 A1 1AuA (Sharma et al., 2012)

. compact density A9 A1AUUUIUUNAINNNLNTTANIAVDIHIAIBANUAUNIUTING,
USITUALINOU LAZUSINTZUNA
4 A 1 I A a A & v @ Y
Y. tap density A9 AIANNUULUUAAANAMTUASHTBTUMEIdan1IzAUgY 170191y
59T UNYANHULUDIUTNTZHINNTNITHE
% A U 1 d' 1
A. loose bulk density A® AANUIUUNAINIVoIOUMIANgNIMAd Tun Uz Tas ligauss
nszilaaae
4. acrated bulk density A9 AWHHIWHLTUANYAUEAG 1BV UK AIVDIDYNIN NA1IAD
a A 9 a & K Y a L oy
pUNIAIZYNIANDINANI DA IHINAMILIENAUYEIOYNIA FIIRIRAR MU LUTIaWTigaves

Y
UMM ATUY

4 2 ' ' I v o
1129m39U9 NN IMITHALIINITO TN A ugnlFiiudifmua
y ' %’ Y = dy a
ANUEINII0 TUMINTZDWAITNI D ULAZAITUNITAH UV ¥8aTATIad 19N T I INLaZ NURAD
a @ o’ 9)) A a @ P 9y Taefs, 1 5 [ dy a
YOIWAAN MU IMTOHAR N UINNILTG Taeaidana1IuegnudS mauiy, guvgiiveseinia
a A 9 = 1 (] g’; a
uazmaluladnldluni1sou (Martynenko, 2014) Faa1aur u v luemIsuuIAA1A
1 ~ 1Y U %’ o Y a @ Jd 3 Y 1
aulsznenvesemITiIINAUTEN I, 1A uazTaquie Tasmnrdaduaiifluveuisog

udrvzszaoulddelusdu, Tudu, mslulewmsa uazidn (Qiu et al., 2015)

%

a d’ d’ v
2.9 ITHIYNNYIVDN

A a 7 ' J o v v
Luaai]mmmmﬁwwﬂmaw'lazﬂaimﬂﬂmm’mmiamnﬁau%mmuammwuaz

(2

a o { @ a 4 1 I'd o L
YSuavesonms JdnuIssnenumsinszinwete lawesaalnasusal
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a d 1 4 o ' a
2.9.1 myAmsznamaelalesalnasulugidlnddursusameduguam

k%
f. UIGU04 Jia et al. (2018) a@nsousnmsduiouveutlwiinaiaeonain
I'd a 1 4 I'd a ] o 9
uilaandeesuniia iy utlat Ine, udsadsssuan, udsanlaneosuniiauazudaiuding
11U 210 A20814 (NN calibration 140 779819, NN prediction 70 #29819) TaglFanueIadU~
= =) 9 5 " 3 alxa 4
900 94 1,700 W luwas uagiinig 14 partial least squares regression (PLSR) WuAsNUATIZH Hans
NAADINDI AR the average cross-validation coefficient (R,) 111171 0.958 11AZAN the predicted
value (R*,) 191101 0.957
U. 914299 Laborde et al. (2019) #1315048NM5Ua0 U UYDIHINIATI9DNDIN
a yJ ad a
utdsenaludSunanisdaontu 0.02%, 0.5%, 1%, 2%, 5%, 10%, Waz 20% #2835 adaptive matched
subspace detector (AMSD) w1188 coefficient of determination (Rz) N 0.90, 0.90 itag 0.89
Y Y
1NNITNAABDING 3 9
fl. 91UV Zhao et al. (2018) A1NITALEANITUADNUUVDINIDITAINU K4
v Aa < 1 ~ (=~
tearandyuaann 180 luTaswaslundsand TudSinamsdu 0.01%, 0.05%, 0.1%, 0.5%,
Y A A = =\ 9 a o
1%, 3%, 5%, LAz 10% 1aelsn1ue1Inaun 936 a4 1,720 W1 Tumas uaziinis Imania SNV A
: < a % 3, 3 ada J ' ' 5 ca
1" derivative Wumaiia lumsusudsze aniuiimsld pLSR Wuishnsizd wunlda R sy
0.987 tiaz RMSEP 1M1 0.373%
a W d’l \ dy v
3. 91U UBY Zhao et al. (2020) awasanennisiasuduveaiio lnluiio 1910
Y 1 3’; (% ] dy 19 % 1 dy v 9 (% 1 g % A 211 1
A29819M91uA 11 679613 (e lndau 3 d90e19, e 39891 3 A0 uaziiio angaiile In
v ' \ L e s : ¥ g a
Jasudu 5 MI1DYIY) uazinigle Gaussian distribution of regression coefficients (GD-RC) 1Wlua%
v

a J @ J 1 1 T 1 o v w
AATITH IUNITAALYA W‘U'J'l‘lﬁlﬂ'l R (NIAY 0.9831 1iag RMSEP 10U 0.0319% %ﬂ“ﬂ\iﬂﬂﬁ'ﬁﬂiﬂ

a5 mnsiuenisdasniulaonaie
= o ' o @ ' A A v
2,92 myamsgnmng lanfesanlnasulusisnnuenaaudumemuganv

. 11UIT0U0Y Verdd et al. (2016) @1u15aueAnIsYasnluveatinvg, 199 uag
9 aA o ] A a = I =%
uilat 1 Inaluutaadmihuiduvuulatdiumseun 180 sseadeailuna 35 uah lu
USunal 2.5%, 5%, 7.5% wag 10% tasldnwe1Inaui 400 59 1,000 w1 Twuas au'ldniwauia
a a Y a [ st i 2 I a [ Y a
1,312 x 1,082 #intwa uaziinsldimaiia SNV Ay 1* derivative tihumadinTunisdsuiye amiud
Y . . i e < asa 4 1
115 1% multivariate statistical process control (MSPC) 1J1353A312H Wueuisousnnsdaouiu
Y o A 4 A
18 TusgauanuareITun 99%
ao = 4
V. 91UIT0VD9 Barreto et al. (2018) ausausnmstasviuveutslusadan u

YTua 0.0055% 94 1.2705% Taaldn11ue1anaun 200 84 1,000 w1 Tumas 31n8uTn15 19 PLSR
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3 ada Jd 1 ! = 1 SRR ) 1w
Wu3TAT1Z1 WUIINGW calibration 1AA1 R* 117U 0.99915 Lag RMSECV 1174 0.3979% Lay
QY prediction 1AA1 R* 1A 0.8321 1iaz RMSEP A1 1.3515%
a o a Y A Y
A. IUITBVDL Wu et al. (2013) dwnsausnmsilasutuvoavarduluds ims ¥
= I ad a 4 [ 1 Shili 1
Least-squares support vector machines (LS-SVM) 11/ 435 3tA5124 Wy 31N Q U prediction 1aa1 R
(Y] =3 g.ll o Y o Yy 9
MIAY 0.965 BNNITIaINTaadanmmsinemstasuiuldandae
F 9
3. MUI8999 Kamruzzaman et al. (2016) 1aaausnnisiasuiuveaiiolnluiile
o a P 1 4 H ¥
7 TudSua 089 50% NTuRaz 2%) Tasldaiue1Inaun 400 59 1,000 w1 Tuwas 311U
14 asta o 1 o
ms 1% PLSR (Huisanneviie 1 Ididumalaasy 3 1du Ae iduvesmsazRoundy, iduvesnis
v
aAnAu LagiduKubelka-Munck W131nGW prediction 1HAT R> 49999 31§ WIMIAY 0.97, 0.97 itay

0.96 MUAAY Az 18A1 RMSEP 2.62%, 2.45% LAz 3.18% aua1ay
a 4 ] 4 @ 1 a
2.9.3 M3anernnae lanlesmlnasulusralnddsunsusanea S uia

. 1U99999 Su & Sun (2017) d1w1so1d5uamstasuiuveauiadriilna,
Y] o [ 4 a )
uileadsssuan wazudaiudzudslundsadossuniia Dvelunisvasutu 3% 89 75% Tay
T¥n2081InaUN 900 B9 1,700 WIS LAzTIN1T1F 2™ derivative PU SNV Wnaiinlunis
[ 2 Y @ ] ; I axa J ' '
U5u1/39 91910uiin151% PLSR M principal component regression (PCR) 11Ju353A512 ¥ W10 g
§ 4 a U 5 1w ]
prediction voautlataInafidaeutulunilsaasesuniia 1da1 R M1 0.973 uaz 1dn1 RMSEP
1w 1 ] ST v o o A = 4 a Y1 2
1M1 0.036% AN prediction vowuthiiudlsnasndasutuluniamdossuniia 1da1 R
A 0.986 LAz 1AA1 RMSEP 1A 0.026% (1a2N g4l prediction vosutlaandsssuan daouilu
4 a 1 ) [ [ " v
Tuudlaaaeesuniia 18a1 R2 191 0.971 taz laa1 RMSEP (118U 0.038%
V. 1UIVYVDY Zhao et al. (2019) @1W15aHIUT MM IUaontuvesnsnrdasly
=Y o s r 5 3| a
utlead Tasldsaunamsdasudu 0.01 84 10% wazdins1d SNV AU 1% derivative 15umaiialy
Y
[ v A - N 2 - @ I a
ﬂTi‘lJi‘]Jlng mnuuumﬂ%’ competitive adaptive reweighted sampling (CARS) N1 PLSR 13U
a 4 1 ag o Y 1 i Y1 2 1 o 9 1 Y
ANTIEN WUITT CARS 1119 nqu prediction 1471 R* M1AD 0.993 uaz'lda1 RMSEP 1111y

0.251% 91 35 PLSR v11#ngu prediction 1am1 R* 1A 0.991 uag 1da1 RMSEP 111i 0.285%

. N1UIV6UDI Fu et al. (2014) a1w1savmdSuiamstasutuvoswattiuluuumg

nfsuamsdasndutesnin 1% TaglildimatialunisUsuilss T34 spectral angle measure

s 1 . I ad a '

(SAM), spectral correlation measure (SCM) 0% Euclidian distance measure (EDM) WuiIsInI1e 9
1 Y Y = o ' ~ v =

wu31”lﬂmwsummimzmammmaumﬂmamun18114613@&11&1!uwwgﬂﬂaauﬂummmmuiu

SEAUANNANTUA)
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av : L a2 Jd
4. 9114799 Forchetti & Poppi (2017) d1115an1d5uanisdasuduveavennd,
F - § = =) =® 1 = =} d.
utls, gl wazwantiu Tunums TS 5% 89 30% druwariiuilSinamsdasuiuf 0.05%
< @ a I'd 2 ’ = o Jda
Wuduly waunu3I3AA 124 multivariate curve resolution (MCR) 94 l@HagwiRa1m1sans19dow

suavesastaovduldanin s%
a J ' o @ ' A A 9
2.9.3 myunszvinmens lanlesalnasulusisanuenndudunediualS i

. 91U98U09 Lohumi et al. (2019) 1@ 1Fmatiasuu-awnlasalalalne 114
)
lumsastamdSuimvesasiuidlon 3 wila 18uA benzoyl peroxide, alloxan monohydrate, L-
cysteine LAZUUUHTN (9RT16IU benzoyl peroxide 1.5 A0 alloxan monohydrate 1.65 Ao L-cysteine
Y ' v

1.6) Tuuitlemd USunamstuilen 0.05 84 1.5% Tasldanuemadud 360 i 1,800 w1 Tuwns 18
1 1w =\ g‘z o/ 9 o YA
AR N1 0.985, 0.985 LA 0.987 DANIGIAINITATZ 19N LS nanisdasnyuldsn

v
78
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UNN 3
aA o a\ a v
B UHUNTIFIVEY
3.1 MISIASUNAIDENS

' Y
3.1.1 dagavnldluaiveiilsznou lude
[y o [ a d‘ ) 1 9 a 9 g =
n. utlaiudnlenas (@s1iunsa) ¥ 120 mesh Himtheluisassndudiing
Mg I, eIy, NTUNNUMIUAT FIURBUNTAIAN W.A. 2563
4 == ~ o ] 9 [ 1] d
v. Talalun (a51i#i0) ¥110 500 mesh #1110 1udusninyas, esasny,

UATUIEN FIUADUNTNYIAN WA, 2563

3.1.2 gunsainlFluanuidetitszaon ludae
| 4 v 7 : 5
. 130 lailesalnasiy (Specim Fx17, Spectral Imaging Ltd, Oulu, Finland)

VIAT0IIAN I 1YY U (Mettler Toledo MJ33, Mettler-Toledo AG., Greifensee,

Switzerland)

A nSeetardsura s a sy (Water activity Aqua lab 4TE, Meter Group,
Inc., WA, USA)

3. Lﬂdi' SRRLE (CR-400 Chroma Meter, Konica Minolta Sensing Americas, Inc., NJ,
USA)

2. ASTUBNAIY 100 AAANT

R, ATDIFIUIHIUN

3.1.3 Tsunsuiilfluanidseiitsyaoulgae
. microsoft office excel (Microsoft, USA)
. the Unscrambler program Ver 9.8 (CAMO, Oslo, Norway)
fl. the UmBio Evince hyperspectral image analysis software (Prediktera Evince,
Sweden)

4. statistical package for the social sciences software (IBM, United States)

ad o A a v
3.2 IEMINVUHNUIVY

3.2.1 wieuaestantaiudilendanluimsvasudunazudaiudidevsanan

QU

Y
Yasududlelalalunaeil
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a. uilwiud)endan uimsdasudusiuau 200 freeha:

' o

quihudaiudrdendanlifinisdaenduiignussylunassesniinasiaz 1 ga T

q
9

° a 5 ' ) 2 < e
azae T luySuim 6% (solution) neuii ld 1daudeusuntlagaudfaI¥idu aniiu
Wieumesudnvaznnenmwvesilignnualediavesutlaiudlendan luiinsdasuilu e

A 1 £ o v @ 1 [P=| =Ll 1 1 \ % ) 1 A
guduudaiudilendsdsnan liimsdasuilu maudegaiidunyulilamideuaasid

msdasuu induhuussyldgeezgiiifiouesaniid/den (PET12/ALU7/ LLDPES0) Fuiily

U
]

@ 9 Y =} (2 oA A ' <
msﬂmﬂu"hflwﬂmnmmmcﬂaamqmﬂaUuuﬂmamqmms’;

@

v, utfaiudlzndshgniasutludisTalaluisiuay 200 Areea:

a ) 1 o A a
Tanmsdasuiuludsuadas 0.5 89 100% WelaTla'lun) Taeiin1smiuysuianis
g ¥ 1 o 1 [ 1 -
Yaowuvulunn 0.5% wsenmsdasulusisas 1 29619 YSumdiediaaz 100 n5Y (0.5%, 1%,
% Ly o [ Sa
1.5%, 2%, ..., 99%, 99.5% uaz 100% (w/iw)) ¥4 1aimswauntluiudidensaslalaluy neu
v Y N 9y v
msFahmipawlSinanmnianumanuIn a.1 Tugana1e@n polypropylene Y1 6 x 9 717 4
v
AQUAITHAN IR 1IN Y RAN19lUNITIVEIAILHLINNY X 31U 40 AT AD RANI19AI
o 3‘/ 3’/ o 1 Aa A dA A A ()
HUAAU y 1WA 40 AT ULy lageesgiitisuWesanlizdden (PET12/ALUT/

&2 g @ 19 Y1 =) @ ] ~ Py 1 <
LLDPES0) CINLl’uﬂﬁ‘ﬂf’NﬂuhliJGlﬁﬂ'WlNLﬂiJ"UENG!'J@ﬁJ'N?JHJaEJHLL']JENGEJNSDQLTJ

3.2.2 msuiidoya

o w ] 1 4 o 4 @
ded 1wt uNeai wauns luasiineaisdaoutuveslala lun luudleiy
o o vy S o T Aa o a %
d1lznas Tasmsudeteyaseniludiuay 2 ngu NmanszaearvestFunansdasududae
oy @
Talalunmigiu Ae
n. Yoyangu calibration d11 5y 14a319aun15 e (F1uIudI0 1010 70%
L 3
VDIAIDYNNIHUA)
yJ

' 3 % o o o { éj
V. 193angH prediction T35V lFnaaeuaunisiiuishignadaiuinnndoya

y
QY calibration (ﬂ"m'mmamqmmu 30% VONAIDYNNINUA)

¥ o v Ay v Y, 5 ao Any v o
ﬂ’lﬂuu‘l‘!’]‘ﬂ'ﬂlla‘ﬂqﬂif]ﬁi’mﬁﬂﬂ’liiuﬂ’ﬁﬂ’]u’lﬂ Iﬂﬂﬁ'lu?ﬂﬂullﬂﬁﬁ’l\‘]ﬁ“ﬂ’]iiﬂﬂ’]ﬁmwu‘lﬂ

Y

y
Y A

MINUA 2 7UNIT 7D

n. aumsiiemsdaeuduveslalaludluuiduiudzuda: 19deyann

Y H [
A10619NIM 1A 400 AI8819 Taslidoyavosdiodiantnnldlunmsadaaumsmuaand 3.1
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H 1 aa 'L 1 . J o 1 e o [
M99 3.1 Ameadavean gy Ta Ta lulunqu calibration AUNAN prediction d1MTNS

a¥eaumsvhuemstasutuveslalalunluudaiudidevas

e ﬂtju calibration ﬂtjll prediction
TUIUAIDYN 300 100
5990YA 0.0 — 100.0% 0.0—99.5%
Aunde 25.0% 25.5%
Adeanunasgn 32.3% 32.8%

. aumsmmedSuaveslalalunndasudulunduind e vnss: 195ouanin

U

y H H
A29819N911UA 201 A10619 Taelidoyavesdaediaiinldlumsadsaumsmunsiai 3.2

Y 1 aa J 1 o ' ° @
M99 3.2 Aneadavesnatudulala lunlungw calibration fUAGY prediction A115UAS
4 E
afeaumsviinoFainan nudy, Suanhdass, a1d L a*, b*, anunuuiiy

s uazalSunalala lun

YOI ﬂtju calibration ﬂ’sj%J prediction
TUIUAIDYN 140 61
B900Ya 0.0 — 100.0% 2.5-98.5%
Amdy 49.8% 50.5%
Aufeannina sy 29.2% 28.5%

o w ] a 4 U 4 @ 1 ya a 4
3233 UWI'JE)EJNJJ'I')L?]TWWﬂTWﬂ'IEJVLE‘L‘lJ’f]ﬁﬁlﬂﬂﬂiﬂiu%ﬂﬂiﬂﬁﬂuﬂiuiﬂ Hag UNITISH

AUAVTAMAATNIIN TN

1 4 v 1 ya 9 [ P
a. amoe lanlesmnasulurialnddursusa lnuadz Hounay N¥19A 1017
A = an
ABY 935 D9 1,720 W TUINAT ITAIUAANUIN 1.1
a 4 %’ a an
V. MIUATEHYTINANBATE IBAUNANUIN 0.2
a 4 dy any
A, MIAATITHUTIUA MUY ITAUNANUEIN 0.3
3. MSAATIZANUHUMUUAIY Caliskan & Dirim (2016) IFAIUNANUIN .4

a d
2. ﬂ'lﬁ'l]m51$ﬂﬂ1% CIE L*, a*, b* 3%@]']1!2’]1?1“1&3?! .5
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a d aa wa
324 ﬂ'lﬁ'llﬂ'ﬂ%?‘iNEWI'Nﬁﬂﬁﬂ]@ﬁﬂﬂ!ﬂhﬂﬂﬂNlﬂﬁﬂWﬂﬂ?W

a 4 1 =) 4 a 3.{ a 1
INTITHANVIANA YT ayalSuIMANuFY, USuianidase, A LY, a*, b* uay
4 v
AUHUIUY YBIAI0819 6 529 719A0 1111 32875 Duncan's new multiple range test (DMR) N3zl

AT 95% 11 T151nTY statistical package for the social sciences software

a. utlafudlends

'
v A

v, utfaiudnlzndshgnlasuludlelala'lus 0.5% - 25.0%

[

a. utlaiudilzndshgniasuiudloTala'lus 25.5% - 50.0%

[

1. udaiudnlznasngnlasutudlslala’lusi 50.5% - 75.0%
2. uflaiudzndengniasududiolalaluy 75.5% - 99.5%
n. welalalun
a d [ o wa a [ ' v o [
AInszianudunusvesgaauiamuniimeanuazanlaadus e nudaiudiznd
wazuiladudi)enasngniasudud21833 principal component analysis 11115105 the

Unscrambler program

Y
3.2.5 @5 auMsnnenaaunsinnemsdasuduvedlalaluy luudlaiudalev s

wazaumsvnuielsuaveslalaluindasuduluudeiudide ua

. gumsmuenisdasviuveslalaluiluuduiudidends:

o .. /9

ihieyamunaiumaslungu calibration Tua19A2 1181903 935 - 1,720 U T1mas W
[ dy o A v A 19 = Yy a (3 ! Y A
avdaiuvesnuvdsesniie 1M maouddeyanunas1993@196198201U511ATY the UmBio
Evince hyperspectral image analysis software AIAUNITN 3.1 T1H LANINUMIA 640 x 490 WNLHa
Y
vinuuideya 1141015 pretreatment @28 the Unscrambler program #d3i1ua9aunslunisea
nennmsdaentu Taeld3s partial least squares discriminant analysis (PLS-DA) ol ldaunslu
o aAa a a a A a A Jd 3 4 [ ~ Y
msaauenn1sdasndunilszd@nsnmmanga vnmsnonsanfanlesiduanisyiiuienla
gega e ldauns calibration udr I ldviutedaedretoyalungu prediction iNenadeoy

ANNULUGIVDIANNT calibration 7114

v. aumsyuelsuaveslalaluvindaeudulundessiudlenga:

ideyami)nasumaslunqy calibration M1a¥19aunisiiuissuindsuia lala

J o o = ' 3 L ' 4
lun Tasnisihdeyaaulnasumaslungu calibration Tug9a1u81IAAY 935 - 1,720 W1 TUIWAT
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Y i1 [
Ry wavalaFuvesiurdieeniveliinidouadoyanuiase (R) voar10613870T151ATY the
UmBio Evince hyperspectral image analysis software A48Un159 3.1 (Zhao et al, 2018)
Ro—Rp
R= 22> (3.1)
Rw—Rp
A ~ Y o v o J
e R =nmuiazReunduinduning
R, = mwiazioundumindalaldud 1y
Ry, = 79 13910 white reference

Ry = 77 14917 dark reference

v Y
1 Y a Y o 9 o
A0 Uz 1ANIMIUIA 640 x 490 WALwa 111U Te1a 1141115 pretreatment @1 the
d.d a [ 1 dy
Unscrambler program Numatinaane 11l
- original
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Abstract. Tapioca starch adulterated with dolomite is sold in markets, but this adulteration cannot be
identified by normal visual inspection. Near infrared (NIR) hyperspectral imaging has been
successfully used as a non-destructive method of identifying various characteristics of food, therefore
it was tested to identify dolomite adulteration. Adulterated tapioca starch samples were prepared by
adding dolomite in the range of 0.5-100% (wt/wi). Samples (N=400) of pure tapioca starch (0) and
adulterated tapioca starch (1) were divided into calibration set (N=300) and a prediction set (N=100).
All samples were scanned using NIR hyperspectral imaging (935-1720 nm) and spectra were pre-
processed using SavitzKy-Golay first derivative differentiation pretreatment in order to obtain the
optimal conditions for establishing a classification model. Partial least squares-discriminant analysis
was carried out to evaluate the accuracy of elassification tapioca starch adulterated with dolomite.
The results showed the total accuracy of prediction for classification was 100%. Therefore, NIR
hyperspectral imaging was demounstrated to have a potential for use in detecting adulteration of
tapioca starch with dolomite.

Introduction

Starch, extracted from the roots of the tapioca plant (Manihot esculenta), is used in the food
industry as a texture improver, humectant, gelling agent, thickener and in the bakery industry as a
supplement or replacement of wheat flour [1]. Adulteration of tapioca starch occurs [2], mostly by
adding dolomite because dolomite is cheaper. Also, dolomite is similar to tapioca starch since tapioca
starch is off white to light vellow in color and dolomite is creamy to gray-white in color [3 4],
Dolomite (CaMg(COs3 )2} is a type of sedimentary rock that naturally occurs on earth, and is commonly
used to reduce soil acidity and to remove heavy metals from aqueous solutions [3]. In the food and
medicinal industries, dolomite is used as a source of caleium and magnesium supplement, especially
in the cosmetie, skincare and dentistry industry and increasing bone mass [6].

Adulterated tapioca starch can’t be identified by normal visual inspection. However, near infrared
hyperspectral imaging has been successfully used for non-destructive qualitative and quantitative
analysis of various food products [7]. For qualitative analysis, it has been used to determine
contamination of peanut powder in wheat flour |7 &]. walnut powder in wheat flour [7], contamination
with borax in pork meatballs [9] and classify sweetness of fongan fruit [10]. For quantitative analysis,
it has successfully been used to determine the amount of peanut powder in wheat flour [11], level of
acidity and total soluble solids in guava fruit [12]. texture and total soluble solids in jelly [13], total
soluble solids, titratable acidity and maturity index of limes [14] and levels of borax in pork meatballs
91

‘There are no simple effective methods of testing tapioca flour for adulteration with dolomite
therefore the aim of this work was to test whether using hyperspectral imaging could be used to detect
dolomite contamination in tapioca flour.
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Experimental
The proceedures used it the experiment are illustrated in Figures 1. '

Samples Preparation. Pure tapioca starch was purchased from a trusted reliable manufacturer in
Bangkok, Thailand. This starch was divided into 400 x 100g samples. 200 were adulterated by adding
dolomite every 0.5% (wt/wt) from 0.5 to 100%, while the other 200 samples were left as unadulterated
tapioca starch samples and were used as control (Niow=400). All samples were weighed and packed
in aluminum foil bags (PET12/ALU7/ LLDPES0) in order to avoid effects on their moisture content.
Samples were divided into 2 groups with equal numbers of pure tapioca starch and adulterated tapioca
starch. The first group (N=300) was used for developing the classification model and the second
group (N=100) was used for testing the model. The dolomite concentration of adulterated tapioca
starch samples were selected for both groups in order to control for similar deviation.

Hyperspectral Imaging. All samples with similar weight were scanned by reflectance near
infrared hyperspectral imaging (Specim Fx17, Spectral Imaging Ltd. Oulu, Finland) with a spectral
wavelength of 935-1720 nm at a scanning speed of 22.97 mn/s and the scanning positioning speed
was 20 mm/s. Samples were stored in an air conditioned room at 25°C for about 24 hours before
measurement.

Data Analysis. Samples of pure tapioca starch were defined as 0 while samples of adulterated
tapioca starch were defined as 1. PLS-DA was used in this study. Samples in the first group
(calibration set) were used for developing the classification model and samples in the second group
(prediction set) was used for testing the classification model. Spectral pretreatment methods, such as
smoothing, 1% derivative, 2" derivative. standard normal variate (SNV). multiplicative scatter
correction (MSC) and combined methods. were investigated in the calibration set in order to obtain
the best conditions for establishing the classification model by considering the best accuracy of cross
validation. Results were analyzed statistically using the UmBio Evince hyperspectral image analysis
software (Prediktera Evince, version 2.7.5, Sweden) and Unscramble program (CAMO. Oslo.
Norway).

Scan samplea Establish the Select the Establish the Test the
classification best model classification classification
hypyrspwtml model by from spectral Hoddl model by the
1maging PLS-DA pretreatments prediction set

Fig. 1. Process flow chart used in the experiments
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Fig. 2. The average absorbance spectra of all samples.
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The spectra of the samples were selected and spectra of the background were removed before
analysis using the spectra of the sample and background of each image (640 x 490 pixel). The average
absorbance spectrum of each sample was used as a representative. All samples (N=400) were grouped
for the calibration set (N=300) and the prediction set (N=100). The spectra of all samples are shown
in Fig. 2. The range. mean and standard deviation of each dolomite concentration in the calibration
set and prediction set are presented in Table 1. which shows that the standard deviation of each set
were similar.

Table 1. Characteristics of dolomite concentration in the calibration set and the prediction set.

Items Calibration set Prediction set
Number of samples 300 100
Range 0-100% 0-99.5%
Mean 25.0% 25.5%
Standard deviation 32.3% 32.8%
[ Adultated tapioca stanch
030 s Py dolcarite
D topiocastach |

900 | 1000 1100 1200 1300, 114001 1500 | 1600 1700
Wavelength(ran)
Fig. 3. The average absorbance spectra of adulterated tapioca starch
with dolomite compared to pure tapioca starch and absorbance spectra of pure dolomite.

The average absorbance spectrum of pure tapioca starch, the average spectrum of adulterated
tapioca starch with dolomite and the average spectrum of pure dolomite powder are shown in Fig. 3.
There were peaks at 1,200 nm The average absorbance spectrum of pure tapioca starch and the peak
of the average spectrums of adulterated tapioca starch with dolomite were 1.400-1.600 nm while the
peak of the average spectrum of pure dolomite powder was 1390-1450 nm. These peaks correspond
to the peaks of the first overtones of water [15] and the peak at 1,200 nm correspond to the second
overtone of C-H bonding (methylene and methyl) [7]. The peaks at 1,400 nm to 1.600 nm are the
first overtone of the starch content and O-H bonding (hydroxyl group) [16]. The different absorbance
spectra for tapioca starch and dolomite clearly reflect their different chemical compositions.

Table 2. Results of various spectra pretreatments
from the calibration set by Partial least squares - diseriminant analysis.
Pure Adulterated

Pretreatment N tapioca starch tapioca starch :ﬁ:ﬁ:?‘l’
Correct  Incorrect Correct Incorrect i
Original 300 150 0 147 3 99.00
Smoothing 300 150 0 147 3 99.00
1% Derivative 300 150 0 148 2 99.33
2" Derivative 300 150 0 146 4 98.67
MSC 300 150 0 139 11 96.33
SNV 300 150 0 143 7 97.67
Smoothing+1% Derivative 300 150 0 147 3 99.00

N = number of samples, Smoothing = Savitzky-Golay smoothing, 1% derivative = Savitzky-Golay
first derivative differentiation, MSC = multiplicative scatter correction, 2" derivative - Savitzky-
Golay second derivative differentiation. SNV = standard normal variate transformation.
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Results of spectral pretreatments and the total accuracy of validation by the classification models
are shown in Table 2. The cut off value of p = 0.05 was used for decision of correct or incorrect
prediction. If the predicted value was less than p = 0.03, it indicated that was pure tapioca starch,
while if the predicted value was equal or higher than p = 0.03, it indicated that was tapioca starch
adulterated with dolomite. The result showed that the first derivative spectral pretreatment gave the
highest total accuracy of validation (99.33%). Therefore the first derivative spectral pretreatment was
used for establishing the classification model. In Fig. 4, the scatter plots are shown between actual
value (X axis) and predicted value (Y axis) of the pure tapioca starch (0) and the tapioca starch
adulterated with dolomite (1). The cut off value of p = 0.05 was shown for both the correct and

incorrect classification.
= Pure tapioca garch

0= Pyre tapica starch 12 1= Adulterated tapoca Sach

12 1= Adulterated tapioca starch
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Fig. 4. Scatter plots of values from the classification model for pure tapioca starch
and adulterated tapioca starch: (a) in the calibration set and (b) in the prediction set.

The results of PLS-DA by the classification model for the pure tapioca starch and the tapioca starch
adulterated with dolomite in the calibration set and the prediction set are shown in Table 3. The
calibration set’s total accuracy is 99.33% and prediction set’s total accuracy is 100%.

Table 3. Results of the classification accuracy by the classification model,
Pure Adulterated

Sample set N tapioca starch tapioca starch :ﬁ:;::::
Correct Incorrect Correct Incorrect ‘

calibration 300 150 0 148 2 99.33

Prediction 100 30 0 30 0 100.00

N = number of samples

Conclusions

The classification model in this study was established to detect adulteration of tapioca starch with
dolomite using partial least squares - diseriminant analysis. The Savitzky-Golay first derivative
differentiation spectral pretreatment was used for developing the classification model. The results
showed that the accuracy of calibration was over 99% and the accuracy of prediction was 100%. It
can therefore be concluded that this technique can be suceessful used for detecting whether or not
tapioca starch was adulterated with dolomite. This test is non-destructive, fast, acurate and reliable
and uses no chemicals; all characteristic that makes it superior to the routine analytical method
currently used. Additionally. near infrared hyperspectral imaging can be adapted and applied in on-
line systems for routine inspection of adulteration of tapioca starch before processing.
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