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ABSTRACT

Changes in the quality of cake during storage such as microbial quality which are a major
problem in cake degradation, shorten the shelf life of the cake and it can be harmful to the health
of consumers because the microorganism cannot be seen with the naked eye. There is also a
change in the chemical and physical quality of cake such as water activity, which is an important
factor affecting the growth of microorganisms, and texture. The general measurement method is
the method that destroys the sample. This thesis used the near infrared hyperspectral imaging
(NIR-HSI) technique as a nondestructive method at the wavelength range of 935-1,720 nm. It was
used to predict water activity, hardness, and storage time of mamon cakes. The equations were
constructed using partial least squares regression (PLSR) method. In addition, NIR hyperspectral
imaging was used to classify the age of two groups of cakes, namely, non-expired cake groups
and expired cake groups. Classification equation using partial least squares discriminat analysis
(PLS-DA) was created. The results showed that the equation for predicting water activity with the
smoothing pretreament had a correlation coefficient (R) of 0.77 and the root mean square errors
of prediction (RMSEP) of 0.01. The equation for predicting hardness by using the smoothing
pretreatment obtained R of 0.45, RMSEP of 0.33 N. As well as the equation for predicting the
cake’s storage time obtained R of 0.84, RMSEP of 1.24 day. The equation for classifying expired

cakes from normal cakes with smoothing pretreatment obtained 91. 3% accuracy by testing

I



samples in the prediction set. Therefore, NIR hyperspectral imaging can be used to predict water
activity, storage time and sorting of mamoén cakes and also can be possible to apply as a quality

and safety inspection device in the manufacturing industry.
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Y 3’; 1 dy ‘ 4
Idtinanua 7 Aaeil (Fyansel, 2549)

5 I

2.6.2.1 fracturability AOANUIUTIZHIBDAIUATOUVIDINS Wunsanyaoasnved
é o Y v ) 3’;
n31 e valegrauanlumsnanseisn
< ~ 3
2.6.2.2 hardness ADAINLAIHT 8L INGIGANNNINAAS 5N
Y

2.6.2.3 cohesiveness ADNITINIZAA AITNAINITOVDINITINLSITUN 81U 01115

] o ' o 9 ¥l ) e
m"lﬂmﬂ’emswmuwuﬂﬂﬂﬁwmiﬂﬂmw 2 AUATIN 1 (area 2/area 1)

@

2.6.2.4 adhesiveness ADNTINIZAINUVDIDIHS uarAInsBaRnveIe MU gDy

Y

A Aq Y e a, ) ' A A Aqy A g ' )
vsenunldlunmsdaiaineennindledis Aediudldns i usianlunisnansasa

(area 3)

v [ 1

2.6.2.5 springiness ADAWAIWIT0V09011M15 TUMITAURINA DA TA IR Y NS 991N

U

v v v ' ' Y
NIINAATILLTN °‘§Q’Jﬂ%’1ﬂ5$ﬂg‘llﬂﬁﬂ5"lwcluﬂ']iﬂﬂﬂ'i\iﬁ 2 Liuﬁ}uﬂﬁuﬂ‘ﬁ'JﬂﬂﬁiJNﬁﬂ'Uﬁ’J’é)ElN

=2 A = . . a 5 1 o Iy
i]umi}ﬁﬂﬂnliﬂ’c:‘fﬂﬂ’cjﬂ springiness mmma‘ﬁuwmmawqu (elastlclty) ‘ll’eNﬂTi/TTivlﬂ@ﬂﬂ]EJ
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: A a0 q 9 & < s A ] A
2.62.6 gumminess Aoy i 1o msAsvesuiaunneonauieTunSoufiar iy
Y [ i
&0 InHagaue4 hardness FU cohesiveness
j A q v & Y : o
2627 chewiness AoussfililumsuameInms mldnnwagaues gumminess fu

springiness w‘?awaamﬁum hardness, cohesiveness LUaTspringiness

Force (g)
On; chew cycle (compression & with:drawal)
i Hardness : 1
/ (Peak force)
{ Area'l
Viodulus
(Slope) £
f
iArea 4 ¢ Area 5 H
} { Adbesivenses, |
: v \ A ¢ 3 ‘ Time (s)
Distance1 \rey- Distance2

MW 2.1 5 texture profile analysis

N3N: Wee et al. (2018)

2.6 anlnInsalntlendnddunlsusa

! e f = 4 { g 4
aulaTnsa o Indsunsise mear infrared spectroscopy) 1 unaauuaInunay
1 < { 4 1 [} a
meaﬂ"lWﬁwﬁﬁmmanﬂﬁu‘lumwm“lﬂﬁ’@u%limﬂ Uszuas 780-2,500 U1 TuiwaS
(Osborne, 2006) nanMIsAldDLE 1R 0819 navuYBInaNUTIIzgnaanau 13 Tae
@ [l { @ @ g I
TuLaQm;mmaammﬁ’:}ﬁﬂmﬂﬁﬂuuﬂmizﬂuwawmmﬂamazﬁu (ground state) 1111w
ANNILNTLAY (excited state) midiAansduvesiuszuosTumna luvazdertuuasueg
A ] < 1 ] 3 A a Y [
ﬂaumeaﬂ"lWﬁmnmum%mqmu (transmitted) H3OINANITATROUNRY (reflected)
mﬂﬂm"n‘ﬁ"lﬁ'immm“lugﬂmm@hms@ﬂﬂﬁuuazmmanﬂﬁu «Tﬁﬂ?mmmi@ﬂﬂﬁuumﬂz

I 4 ad 1 @ 4 4 ]
W ldamungueudios-uaudsn (Beer-Lambert) naMAeNdIUveIRAULauiorudn 11Ty

o 1 o A Y L4 =1 @ ] F) =
AIDYII NANITU ﬂzgﬂ@ﬂﬂﬁuul?IﬂEJ’ENﬂ‘]Jizﬂ?)‘lJ‘V]NLﬂiJGl‘HGI’J@EJN ANULIVNUDILUTIN an
v

@ﬂﬂﬁuTﬂaﬁﬂﬂwzﬂuﬁﬂdauTﬂﬂmaﬁuﬂ?mmmaaaﬁﬂs:ﬂaumqmﬁuu

(Osborne et al., 1993) Taviuszudnziuse u TumnazganAusIsANuena S uTiuand ey
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o A A

\ g ¢ ' 2
Wu‘ﬁzﬂﬂﬂﬁ@ﬂﬂﬁuuﬂﬂu‘lﬂﬂ NIR i)sfj'laTﬂmuazmmﬂumﬂﬂszﬂau %U O-H wu“lum
v

= g Y ) v a ) '
N-H wuluTdsu c-H wuluiiaiy (WIS, 2009) Funaiia NIR aunsnldSinsize 1§

ludalsua mu assnSaSinams uazidenmnin gy MINWUINGY

< o o a
2.7.1 ﬂ'liﬁu‘llﬁ]\ﬂlllﬁf!ﬁ mmmmuum‘ﬂu 2 EﬂLLUU (A INS UagaAe, 2560)
< [ o o o 1
2.7.1:1 ﬂ1§ﬁuuﬂﬂ§ﬂ°ﬁﬂ (Stretching) Lﬂumiﬁucluumuﬂuwuﬁz NUILIEHN I
A A o q Ya a o ' Y]
DEADUITYADDNUIDVIAMTULINU 1’]ﬂﬁlﬂﬂﬂ'ﬁll’ﬁﬂuLL‘].Iﬂ\?ﬂ'J']ilfJ"l'JﬂJ?JQ‘WH‘ﬁZ ﬁ']ll'lﬁﬂuﬂdllﬂ 2
ANHULABNITUANAUUUTUNIAT (symmetric stretching) agnIsdAN ALY D T auNIAS
(asymmetric stretching)
o A L A o ' =~ & ° '
2.7.1.2 MIFULUUUALD (bendlng) ﬂE]‘W“L!ﬁzi$W')'N'é]$ﬂ'E‘]?Jllﬂ?il‘]_lﬁﬂl!ﬁﬂlﬁuﬂ"lﬂ
o a o Y a P Y] ) [ d’l 1 Y
AMNUAUNUTSIAY 1/]ﬂ,ﬁLﬂﬂﬂTﬁLﬂaﬂullﬂﬁﬂi{ﬂ‘ﬂ@ﬁl‘lu‘ﬁg mﬁﬁuaﬂymzuumllmﬂu 2
anyazAemsiaselussuuideadu dsenaudremsduuny scissoring 148 rocking LLAZN1S

UAI0UDNILUIVYTSNOUAIY wagging A twisting AatiaaalunIng 2.2

—F
{ )
/ \ A
Symmetric stretching Asymmetric stretching Scissoring
22 + O+ + =
3
O ) O O
Rocking Wagging Twisting

i 2.2 JupumsduvesTuiana

i
NUL: VTINT Lagaue (2560)

272 M3daaumnaiia NIR a0 lénanouuy 1dun (FINNS, 2545)
[% ' ] S et o v W ] A ' @
2.7.2.1 MIIAUVUMIADINGQNIY (transmission) F145UA100197 159l TaeTa
Vsinawaeinggriueaninnndiegia
[ | o { @ o [
2.7.2.2 m3dauuumsasiou (reflection) (unisSauasiazRounduniningaeeh

° v W ' { g I 5]
ledmsudosaniduvoauds ne viosa
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[ [ ] Y . S| v R
2.7.23 MIWUUUNTADINIUTEZNOU (transflection) Lﬂumimmmm transmission

v
o

: o v W oA g Y R < A ao
1uag reflection 1MUITAMIVAWINNTUVOUH AT NIUBAUITI H30D3Ta%
: 3 ax Y b | @ o ~ 9y @
2.7.2.4 interactance U355 19%a18 fiber optic Lﬂummuﬁwazmuaaﬂmmmﬂq
Tldaunseensrasu
lunisasivindlemaiia NIR Toyavzlugdvesalnasuvesdinisganduuas
A A a I ad a do o
(absorbance) LA¥ANYINAU (wavelength; nm) 1HBIAMNANA NIR 1HUITM5 IR 1V a1aY
§ a, 4 I a
# 2 (secondary method) 75@ﬁ’aad%yamn%wﬁaummgmLﬁmﬂu%’ay‘agwqm (Osborne,

= a a J

3090UNTY LA NINITIA

Qq

o w ] a d a 1
2006) TngazAnahdaedie 13ins1Haae38a199 Memenin i 1
P
Arumatia NIR vnuudeyaminafuiazanndtinasinazgninnadeauns uagyi
A4 A o (1 ) A o 1000 ey Y
NINATDUIWDYUYIUANUUUUIUDITUNIT lLﬁ'J‘L!'l’ﬂiJﬂTiVlblgﬂﬂVI'lu"lﬂﬂ1ﬁNG]ﬂJ@QW'JE)EJ'N‘VN

v v Y
MuganmiazSina sy fanladaey West & anwd T stu luiiy

2.7 madamsaamnssalnasa

a U a o I a { 1
MAUANISOWNNFIAIUNATY (hyperspectral imaging, HSI) SlunAiiafis 13 g1an 19

wagmailaalninsalnil dumaia Bl ez lddoyanmaionasdeyaiFeanlnny

v
=

' 3 J aa 1 = an
Tasn ez ladoyaluninaie 3 1R Sond1 hypercube 1sznon ldredoyaiFeiiud 2 53

HaAININANBNNANUNIuAazA e IITUT LU AN a 1L NNy X uazuny Y

MY LazamaislutAazAUEIAAL (Lny ) Fluudasinaravesmmndigziidoya

o A @ v dao J @ ] { a
ﬁLlJﬂG]ill‘Vlﬁﬂ'J'liJﬁiJWUﬁ °U’6Nﬂ‘1J§$ﬂﬂﬂmﬂﬁﬂ3®ﬂﬁﬂﬁﬁ,®ﬂﬂ15ﬁﬂ‘ﬂ1 MAaUA HSI 94101959
a 4 g’/ a a Y 9 é 9 % a 1 a
”JLﬂ'3'I$ﬁﬂﬁiﬂl%ﬂl@uWﬂ!Lm%Wﬁﬂﬂ!ﬂ?Wvlﬂ UNITATWNAUNTYIANYAVNAUA NIR LeINAL A

Y A v Y o ° ' ' A o = i
HSI ﬂ%ﬂ@ﬁhﬂﬁﬁﬂﬂmﬂgﬁﬁmﬂﬂﬁllﬂ'lﬂﬂ'lwﬁuﬂsll@\iﬂ"l‘WEﬂEJ Tﬂmaaﬂmtmmmu% (region

7 zs' Iyn ¥ @ d' ] d' 1 g’/ = o
of interest, ROI) LW@ELHllﬂﬁLﬂﬂﬂiiJlﬂﬂﬂalu‘l)"N NMUYNINAUVDINITDIYNIW TN HUIIUN
v J

fl
9 v A FY @ [ A 9 ad d§ Y [
ﬂl@yjaﬁlﬂﬂﬁiﬂwl’lﬂll"n’i1ﬂ31ﬂﬁﬂJWu‘ﬁﬂﬂﬂ’lﬂvlﬂ%'lﬂ'JﬁﬂJWGWlij'lu DA T WNAUNITNIUNY

(UNANAT1, 2560)
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[ ' v [
2.8 mydSuunsdoyamilnnsu
1 o a d 9 @ a o [ 1 9 ad
noUMINTuATIZHvoyaalnaTuaziinis i 1USuuas (pretreatment) 8263315019
a Jd 1 A ' kY o A Y o~ ' o 43! A
AuAmansneuie e vaumshineiadalinnuuudminiu tazannnunaianaeu
[ [ a dy < 9 @ @ Aa '
0 ifa98A197 151 viaveeynIn gungil Ay Hudy (Fywiys, 2555) fikaso
[ % o a o [ a [ 1 [
foyamalnaiulifovas Fa35mendamandildruanuionlumslfudeann
Y
18un
g 3 ad A @ ' o
2.9.1 smoothmguluaﬁwmaaﬂﬂiywwadmytywmmmmmuqmmmﬂﬂmnmi
A o q ¥ v = 2 = : & A
ganauuazih anlnasulianuBeuninau Tagiluudazanuenaaumiganauuaey

1 1 { 1 1 4 { 4 1
gmmumﬁ’aammﬁﬂmmm@@ﬂﬁugmﬂuqmmmanﬂﬁuﬁﬁﬂqﬂg{uaﬂmwmmamman

A o = A o
AAUAITINUIANDNLUNUN (mgwu‘ﬁ, 2545)

9 U

A v Jdouw ) @

4 5 ] Y ac G Y ~
2.9.2 derivative amﬁm!,m"lmﬂuﬁammaauwuﬁ U mmumazmgwm UAUNATDY

q

&2 an o o Y, ] v @ ~ . ' o w
GIN'J‘EE]U'WU‘E%8‘51‘]511!ﬂ’lﬁl!mmﬁigﬂWﬂ’ﬁ”ﬂﬂu%ﬂﬂuSU’?)QWﬂ (overlappmg) UAZTIYNIIANITYN

q

@ v

9. o/ . [ 2 - a 4 @ { : I
Ao UFUAIAATY (base line shift) (Nicola et al., 2007) SEouUETuFuTN H9z1Tun1sya

% v o o &%

1 % 1] [ A, I'd H { ]
AMANUFUVOITINATY TIUTToU usouAuNdoIznINTasunlasvesn Ny $uaa

q

a v W

d' v A 2 ds! 1 4‘! 4'91
‘]jﬂJuﬁ']‘V]ﬁlﬂﬂ@lﬁJll‘UU'IﬂLWN‘U‘Llﬂﬂ'Elﬂ"If’J\‘iﬂ’J'lllEJ']’JﬂﬁL!G]"lmm'Juﬂu y HAZHINNANTDUNUNU

@ v W

o @ 1 J ~ : 1 @ v W 1 1Y
Teanuiniu ldFanundeyiussusuini widumlan sz d e gd uas siushy
(N3350, 2555)

3 ' { o ¥
2.9.3 multiplicative scattering correction (MSC) iWlun15vIAuRAsvesadnasuranug

Vgl

WOAANANTENUVINAITNTZIRIVOU T (Li et al., 2018) Tnoael4Tunsi/Sundedoya

o A Y v Y A 1 1 @ 1 R an dyd
ﬁlﬂﬂﬂih‘ﬂ‘lﬂﬂ1ﬂﬂ153@£&ﬂﬂﬂﬁﬁ$‘ﬂ@ﬂﬁi@LL“U‘UﬂTiﬁﬂ\WWQNTHGU@QS;ITJ@EJN PIIDUUNIT
Wmunﬁaaﬂwaiumumﬂmiﬂﬁz@wmum (Varmuza and Filzmoser, 2009)

; 2 Y o an A v A a
2.9.4 standard normal variate (SNV) ¥A210A2 190 UIF MSC ﬂE]%fﬂﬂNﬁ‘ﬂLﬂﬂiﬂﬂﬂ”li
a = 1 v A 1 v d' Y [ [
NTTLAIVDILLEY Lmllﬂ’J?illlﬂﬂﬂ'l@ﬂﬂﬂ’ﬂﬂgulilalclfﬂuﬂﬁfJ‘U@\i‘UE]lJJﬁﬁlﬂﬂﬁiﬂ%']ﬂfﬂﬂﬂﬂiﬂ

Y
%

Y
NINuA “161’1'waﬁ’mgamﬂﬂmmmzmﬂﬂmummu (Huang et al., 2018)
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a ¢y (Y
2.9 ﬂ]i?!ﬂ51$ﬂﬂlﬂﬂﬁﬂ1ﬂﬁ!ﬂﬂﬂiu

U

a d Y o Y T I U A J Y o
msuaTEnveyaminesy Joyaszgnuieenilu 2 nqu ADNQAUATNAUNITHIUIY
(calibration set) HBEAFUNATDUANUUNUTIUDIAUMS (prediction set) Fasuudedradoya
maaﬂtjua%’waumsi)xcﬁ’mﬁfu"mauéh'e)fhmmﬂim’cjumﬁauﬁwmi (Teerachaichayut and
Vv
Ho, 2017)Tﬂﬂmumumm%’wmumiﬂzﬁmiﬁn’%msmqaamnﬂ%’“lumm%’naumiﬁmw
1 a ' 5 = 3 I a aa
1aun N1IATIENNITOADDYLDY multiple linear regression (MLR) 1 UAT NI N19a DR 1M
o o d 1 o a @ o @ a 1 % Y
ANUTNNUT IR s sznazdnlsa Taverdudndssaseunnimiesaluns
o @ a 4 1 [
MU18A5AW (Peter et al., 2019) A5 N5 MTnRnos Tasldd1udsznounsn 1ie
s L < a ¢ Y Ao DR A o
principal components regression (PCR) 1l umsdinszndeyaitinisaiediuilsznounioess
uilsIna nSeniSena principal components analysis (PCA) ﬂ1ﬂﬂdh%ﬂdﬁ)&!ﬂi§ﬁizﬁﬁ
@ v Jdo ° @ s o ad a 4
anFuiuEAY Ld R unmenudRLT AuAIul ML Haz3ENs T M 090 eELLL

ad o o { - a, @ a g
InMdeaeadosfiqan19dan (partial least squares, PLS) 92335 M3 R etuns 319512 vin1s
' v A A 9 @ ' U v a adg Yo @
aanosdIudszneuraneinsad1eduls mivnnguaausase 358 19 mSuns
a Jd @ 4 o o J ' o ' @
uﬂﬁwwwmamuﬂaxﬁaﬁ%’mfmmsmemmfmwuﬁs:mwmuﬂimmmzﬂqumuﬂs

v Y
oasz lagorsanlsTmifiadelin (uwma uazienns, 2560)

v
aa s

2.10 mramaaaaniynosanlumsaieaums

v v
1umumaumsa%’waumswﬁmmﬁeﬂﬁumﬁﬁmmzﬁuz’?miu“l%”lumsﬁmw
a Y 1 aa % t;l
ANIONNITAN IRNIAANA DA A35)
1 [ a £ @ @ 4 = A I~ Ve @
2111 Aduilsz@nTanduWus (correlation coefficient; R) 1 uaNuaaeseay
[ ik are 1 % a o Y Y =R Ao o Wi
ANNTNNUTIZH NI ATEUATAMI AN §1AT R IAD +1 seminetadin nudusiug
a [ l 1 5kas =% [ @ d a o 1
I¥UIN TINAT R 3TN -1 Hu18D9lANUFURUTITIAY (Sharma, 2005) N15AILIBIAN

@ &t o Jd o
ﬂuﬂi:ﬁmﬁﬁﬁauwuﬁﬂm’Jm"lﬁ}mu’qm 2.3 (Asuero, 2006) Llﬁ$ﬁ’lﬂJ'ﬁﬂLﬂJﬁﬂ'ﬂNﬁlﬂﬂ"Uﬂﬁ

' Y] a
AR Tdaun1s1en 2.4

2xi—X)(i-y)

R=— 253
VEx=%)2(yi-y)? @)
LERE) X = Aundovesds x

y=aunasuosdunls y
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VniNﬁ 2.4 ﬂ'lill’i.lﬁﬂ’ﬂlﬁ‘ill'lﬂ%ﬂﬂf’h R

R ANUHUIY

YounIuminy 0.5 Tiausaldau'ldlu NIR calibration

0.51-0.70 ANuFULS LA AsAnmumMgwa

v 9 o % v A =&
0.71-0.80 sousulddmiumsdadenuuunenumni e

[ Yo [ v A 1
0.81-0.90 vouiy lddwmsunsdadenuazszmnaauunney

o () o I ' 1
0.91-0.95 I¥alddwnnuszinsz e dmsumsiszendlddung swdaas
Y
o [ L J ] v

0.96-0.98 I¥olddmsunalszgnalddoulng samdanisdsssuqunm

' Y { o
MANWNIAY 099 Aen 19 1dnnmsilszgnald

N11: Williams (2019)

2.11.2 ﬂ'm’nuﬂamLﬂﬁaummgmﬂummia%’naumi (standard error of calibration,

I 1 A v 1 A Y a 9 ad 9 a VA o 9

SEC) L‘]Juﬂ’liﬂ&lﬂl‘].luu’lﬁiiﬁ’]uﬁgﬁ'J'NﬂTVI'Jﬂulﬂ%ﬁ\?ﬂ')ﬂ]ﬁlﬂﬂiﬁ']uE]TQ@QLLZ‘]%?H'VW]”IU'IE”@

YoINGUABE NN 1Fe519eM 5 (Mark and Workman, 1991) duaun s deq09uamsaii
., e y ;

@ UNIT (root mean square error of the calibration, RMSEC) Wunissavan SEC il ¢ bias

AIWITONIAT root mean square error (RMSE) ‘lﬁlmﬂ’QGﬁ 2.4 (Williams, 2019)

RMSE = |ECnyn)]] 2.4)

Y ) ¥

MU X, = V0Y081909AA 1 T4 N

Y o g’/ ] =
Yn = VOYAMUIIAUA 1 DI N

2.11.3 ﬂ"lﬂTlllﬂﬁ’lmﬂﬁ@uiJM’iﬁWWUENﬂﬁﬁ1u1EJ (standard error of prediction, SEP)

I~ e 1 1 a A 9 v Y a9 a oA o 9 Vit

L‘Lluﬂ"ILUENL’UuﬁJ"IG]ﬁi']Uﬁzﬁ'Zﬂ\jﬂ"li]i\ﬂ/lllﬂi]’]ﬂﬂ'li?ﬂﬂ'JEJ'Jﬁ'E]'N'E)\?LLa?Jﬂ11/]1/]']1J'lﬂvlﬂ"llﬂﬂﬂﬁj‘3JVl
4 [ 1 e I 1 { o w

ldnamou (Mark and Workman, 1991) il 590501 bias 92 1815 uA 1R R0/ 1S 1003104015

YUY (root mean square of the prediction, RMSEP)
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2.114 ﬂ'"umummﬂmﬁaummgmmmms cross validation (standard error of cross
: i < A A 1% 1 : s I
validation, SECV) Lﬂuﬂmmmuﬂum SEP Tﬂﬂfﬂ‘i cross validation L‘]Juﬂﬁﬂﬂﬁﬂllﬂ’ﬂll

(2 ]

v Y
nuudvesaunsiadiiulaslddoyadiodranguadoaunisuimagon (Mark and
Workman, 1991)
U 4' I\ A 1 ' £ 1A 1A o
2115 AIMNUAMIAARDY (bias) ABANUIANAINTTHIeTDYARBINqUADAITITIIY

"lﬁ’uaxﬁw?aﬁfiﬂ"lﬁ' (Mark and Workman, 1991)

e

a d'd' ¥
2.11 U8 NNIVBY

Ay ' = 9 a J 9y =
MﬂummswwfmJﬂTm'iﬁTmJmmmhmmaammmm'iwwmumﬂmw 1
a 4 ] I o @ 3
uazyaunsd amnsouieldidy 2 dpumszdde 1]
a o a
2.12.1° MIATIVIATIENOINISITIAUNIN (qualification)
Y v X a
Yuan llagaae (2011) Tadaien sodium hydroxymethanesulfonate 1111373913 300
Y
AIDYIY ﬁﬂ'l‘iﬂi’)‘ﬂﬁ’f)‘uQWI’JE]EJ’N"liJﬁﬂﬁ sodium hydroxymethanesulfonate 919 1 1 W&
g 1 T % 1
sodium hydroxymethanesulfonate (MNUUIGNTUINANII 99%) HUUFY 150 0819 TudSuw
HANAINAY LAY 1A15TARI8mATiA NIR spectroscopy 1A 1ME1IAAY 12,500-4,000
a " a J 2 o < & . .
FUANAT LAagIAIT I #1833 partial least squares discriminant analysis (PLS-DA) i@ ¥
least squares support vector machine (LS-SVM) ﬁﬂ'm’,lmuliu511Uﬂ15ﬁﬂLLﬂﬂLﬁWﬁU 90% tiag
100% MuaIAY
@ 4 a Jd
Brito tagAm e (2013) lddauendizoavisarualssinnie uuudng uyylay
4 a { 1 a @ S 4 1
(WevSmmunasinioasermsdesniwiasusinia e et 25%) wazuyy laea
§ o a 4 a =
(lisiglasaniengaa) Taold NIR spectroscopy LAz H1N153A512 4 Toyaf1077% linear
discriminant analysis (LDA)/successive projection algorithm (SPA), linear discriminant analysis
(LDA)/Genetic Algorithm (GA) 118¢ linear discriminant analysis (LDA)/stepwise (SW) @1 19819
g’/ a % 1 14 @ 1 o 1 ° 1 Y o o
Nanua (Und 44 0619, Tavi 42 d0019 wazlaen 35 A20819) WIualazseu 1al1i liia
1 @ 4 4 a = g’/ ° a o
AIMIANAUNAINULAINAINIIATY 10,000-4,000 I UAWAS" 3100155105125

Y

Toyanu I5 LDA/SW Tanuiudrlumsyinme 61%, 55 LDA/SPA 81% 1az53 1 DA/GA
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90% uanalifiugd1 NIR spectroscopy Hamundu i) 1glunssauenais vansdamulszinn
29NINAY
Yo 9y Y ; . =
Shao unzAmz (2018) ldaausnmsiaeuuluuiadrevhadae yperspectral imaging 7
ANWEIINAY 865-1,711 w1 Tuwas §e61 4 ngu'ldun udsdravihg, utlanumaes, utledn
hainauudedaumdos 15% wazuledraiefinauudedunios 25% nquas 180 F1061s
o a J . * o A d' &
111131A 5129 e hyperspectral imaging 1ANIRANAUUAINAMVB1INAY 865-1,711 U1 T
AT 4319auN158289%F least squares support vector machine (LS-SVM) 1q ‘c’Jﬁl"]sfj‘ﬁ}Elgaﬂﬁ
A A g’/ A A Ya b 7
AANALVBINNUYIINAUNINUA LAY NNITIAAUEEN11AN S 1935 principal component
analysis (PCA) (935, 968, 1,011, 1,117, 1,207, 1,297, 1,416, 1,567 4 111 13 @ 5 ), successive
projection algorithm (SPA) (1,084, 1,130, 1,207, 1,230, 1,330, 1,426, 1,552 U 1TU LY AT ),
competitive adaptive reweighted sampling (CARS) (1,184, 1,204, 1,323, 1,393, 1,420, 1,479,
9 ! Ay v v A
1,479, 1,556 W Tuwas) Tunisadrsauniswuaunisi 1800015 19a e ma aus anua

ag = 1 o o £y 1
1agIs CARS llﬂ’ﬂmllluEJﬂ‘Llﬂﬁﬂm!.ﬂﬂﬂﬁ‘l_lﬂﬂﬂﬂuﬂl@ﬂl!ﬂﬁ"’lﬂ]‘l’\hﬁ 100%

a Jd a
2.12.2 MIASIIAATIEHO1MI591/5 0701 (quantification)
L § Y o 4 2 g
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3.3.1.2 lysozyme broth (Himedia, USA)

3.3.1.3 mannitol egg yolk polymyxin (MYP) agar (Himedia, USA)
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3.3.1.6 nitrate broth (Himedia, USA)
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3.3.1.11 trypticase soy-sheep blood agar (Himedia, USA)
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3.3.2.1 enzymatic digest of casein (Himedia, USA)

3.3.2.2 nitrate detection reagents (Becton Dickinson USA)

3.3.2.3 polymyxin B solution, 0.1% (Himedia, USA)

3.3.2.4 potassium dihydrogen phosphate (KH2PO4) (Merck, Germany)
3.3.2.5 sodium chloride (NaCl) (Merck, Germany)

3.3.2.6 sodium hydroxide (NaOH) (Merck, Germany)

3.3.2.7 TB carbolfuchsin ZN stain (Difco, USA)

3.3.2.8 Voges-Proskauer test reagents (Becton Dickinson USA)
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nageuANUIiueIvesaunIslunqunagouaun1snuI11dR1 R = 0,77, RMSEP = 0.01
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sample set number range average standard deviation
calibration set 119 0.84-0.93 0.90 0.02
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original 119 5 0.42 0.02
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1" derivative 119 4 0.63 0.02
2™ derivative 119 5 0.53 0.02
MSC 119 3 0.33 0.02
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smoothing +2 derivative 119 4 0.58 0.02
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spectral factor calibration set prediction set
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sample set number range (ﬁf)ﬁl U) average standard deviation
calibration set 119 3.87-5.54 4.67 0.39
prediction set 59 3.81-5.37 4.71 0.37
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Abstract. Water activity in foods can result in detrimental microbial activity during storage. The
usual methods of water aetivity measurement involve destruction of the sample. Near infrared (NIR)
hyperspectral imaging has previously been successfully used as a non-destructive method to
determine various physical and chemical characteristics of a variety of foods. Therefore, this method
was tested to determine whether it could be used to measure water activity of mamén cakes, a popular
sponge cake developed in the Philippines. Individual samples (n = 178) were divided into a calibration
set (n=119) and a prediction set (n=59). These samples were tested using NIR hyperspectral imaging
(935-1720 nm) with a smoothing spectral pretreatment selected for developing the calibration model.
Partial least squares regression was used to establish the model in order to predict the water activity.
The results showed the aceuracy of the calibration model in prediction that gave a correlation
coefficient of 0.767 and the root mean square error of prediction of 0.0130. Tt was therefore concluded
that NIR hyperspectral imaging has a potential for use and application for measurin g the water activity
of mamén cakes.

Introduction

Mamon are popular traditional sponge cakes that were developed in the Philippines that have a
soft, light and fluffy texture and are commonly made in the size of cupcakes, In their review Smith et
al. [1] reported that microbiological spoilage, including bacteria, yeast and mold, is the major problem
in bakery products that can cause economic loss to bakery manufacturers as well as rendering them
unsafe to consumers. They reported that water activity was one of the most important parameters
influencing microbiologieal spoilage of bakery products and as a consequence their shelf life.

Near infrared (NIR) is widely used technique for qualitative and quantitative analysis of foods.
Itis a non-invasive, non-destructive, rapid, accurate and reliable method. NIR hyperspectral imaging
technique can be used to obtain both spatial and spectral information simultaneously from an object
and data are saved ina 3D “hypercube” comprising of two spatial and one wavelength dimension [2].
For quantitative analysis, NIR hyperspectral imaging has been used to determine levels of starch in
adulterated fresh cheese [3], determination of freshness of hens' eggs [4], determination of total
soluble solids, titratable acidity and maturity index of limes [5], determination of texture and total
soluble solids in jelly [6], determination of acidity and total soluble solids in guavas [7], determining
the level of moisture, color and pH in cooked, pre-sliced turkey hams [8]

Mamén are traditional Filipino chiffon or sponge cakes, typically baked in distinctive cupcake-
like molds, which are made in several other countries includin g Thailand. They have a soft, light and
fluffy texture and can have a restricted shelf-life. Hence, the overall aim of this study was to test NIR
hyperspectral imaging in order to determine water activity in mamén cakes in order to assess the shelf
life of individual cakes.

All rights reserved. Ko parl of contents of this paper may be repreduced or transmilled in any form or by any maeans without the witten permission of Trans
Trch Publications Lid, www.sizentific.net (#54268B181-11709/20 0389101
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Experiment Details

Mamoén cake samples. Mamoén cakes (N=178) were produced in a single lot at a local bakery
(Mamon Bakery, Lad Prao, Bangkok, Thailand) and each cake weighed 35-45 g and was
approximately 3.5 cm high and 7 em in diameter. The samples were divided into 8 groups of 38, 30,
35, 39,9, 8,9, 10, stored in an air-conditioned room at 25°C and taken for analysis after 0, 1, 2, 3, 4,
3, 6, and 7 days respectively after baking.

NIR Spectral Acquisition. Each cake was scanned using a hyperspectral camera (Specim Fx17,
Spectral Imaging Ltd, Oulu, Finland) within the wavelength range of 900 to 1700 nm. The speciral
bands were 224 and the spectral resolution was 8 nm. Each cake was placed on a translation stage
and moved by a stepper motor through a field of view of the camera that adjusted the position speed
at 20 mmy/s at a scanning speed at 22.97 mm/s. At each scanning, two references were taken after
the image of the cake; the dark reference image that was obtained by turning off the light source and
covering the camera lens with a black cap and the white reference image that was obtained from a
white Teflon tile.

Water Activity. After scanning, each sample was crumbled and 2 g were used to determine its
water activity at 25°C using a water activity meter (Aqualab 4TE, Decagon Device, Inc., Pullman,
WA, USA).

Data pre-processing and NIR Spectroscopy Modeling. NIR spectra from the hyperspectral
image of both the sample and background of each sample were acquired, but only the actual size of
each sample along its edge was the region of interest (ROI), which was achieved by removing the
background, was used for analysis. The averaged spectrum of each sample was used for analysis.
Samples were divided into two sets as a calibration set (N=119) and a prediction set (N=59). The
ratio of the calibration set to the prediction set was 70:30. From the calibration set, spectral data were
preprocessed using pretreatment methods including Savitzky-Golay smoothing, Savitzky-Golay first
derivative differentiation, Savitzky-Golay second derivative differentiation multiplicative scatter
correction (MSC) and standard normal variate transformation (SNV). In order to obtain the best
conditions for establishing the model the highest correlation coefficient (R) and the lowest root mean
square error of cross validation (RMSECV) were used. The calibration model for predicting water
activity was developed using partial least squares regression (PLSR) and then validated. From the
prediction set, the accuracy of the calibration model was evaluated in terms of R and RMSEP. UmBio
Evince hyperspectral image analysis software (Prediktera Evince, version 2.7.5, Sweden) and The
Unscrambler software (CAMO, Osla, Norway) were used for statistical analysis.

Results and Discussion

The averaged original spectra of the samples of mamén cakes from ROI, excluding spectra of the
background in the wavelength of 935 nm to 1720 nm, are shown in Fig. 1 (a). He e f. [9] reported
that the intensive absorption peak at around 1450 nm is related to water absorption, corresponding to
the first overtones of O-H stretching and, in these samples, water molecules contained most of the O-
H bonds, which can absorb NIR clectromagnetic waves. The changes in absorbance peak of the water
using hyperspeetral imaging of the mamon cakes during storage would therefore be mainly due to
water loss. Deng et al. [10] also reported that the water loss, including both non-binding and binding
water molecules, required less energy absorbed from clectromagnetic waves, reflecting more encrgy
back into the lens of the hyperspectral camera. In order ta observe the individual peaks of components
in mamén cakes, their average second derivative spectrum was created as shown in Fig. 1 (b), which
shows absorption bands at 1161, 1214, 1425 and 1464 nm. As reported above, the wavelength range
0f 1390- 1450 nm is associated with O-H first overtones of water [11]. In addition, the characteristic
absorption bands at 1300-1450 nmare also due to the overtones of O-H, corresponding to the moisture
content in the samples [12]. The O-H functional group was also shown to be related to starch, which
was found at 1464 nm [13]. The main absorbance wavelength region for fats is 1151-1248 nm in the
near infrared area [12] and several peaks were identified from 1150 tol1235 nm that associated with
C-H stretching second overtone [14].
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Fig. 1 The average original spectra from ROI of mamén cakes (N=1 78) (a). The average second
derivative spectrum of mamon cakes (b).

Table 1 Characteristics of water activity in the calibration set and the prediction set for establishing
the calibration model.

Item Calibration set Prediction set
Number of samples 119 59
Range 0.84-0.93 0.84-0.92
Mean 0.90 0.89
Standard deviation 0.02 0.02

Table 2 The results of spectral pretreatments by cross validation in the calibration set.

Pretreatment N F R RMSECV
Original 178 5 0.420 0.0149
Smoothing 178 8 0.663 0.0146
1* Derivative 178 4 0.627 0.0152
2" Derivative ' 178 5 0.525 0.0168
MSC 178 3 0.330 0.0185
SNV 178 3 0.340 0.0184
Smoothing +1* Derivative 178 7 0.639 0.0152
Smoothing +2* Derivative 178 4 0.581 0.0159

N = number of samples, F = factors, R = correlation coefficient, RMSECV = root mean square error of cross validation, 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.

The range, mean and standard deviation of water activity in the calibration set and the prediction
set are presented in Table 1. The number of samples (n=178) was divided into the calibration set
(n=119) and the prediction set (n=59). The values of water activity in the prediction set were in the
range of those in the calibration set. The mean of water activity in the calibration set and the prediction
set were 0.90 and 0.89. The standard deviation of values was similar in both the calibration set and
the prediction set. The distribution value of water activity in the calibration set was appropriate to
establish the calibration model for prediction. Table 2, summarizes the results of spectral
pretreatments for developing the calibration models by cross validation in the calibration set. The
smoothing spectral pretreatment obtained the best result with the highest correlation coefficient and
the lowest RMSECV (R =0.663, RMSECV =0.0146). Therefore, the smoothing pretreatment method
was selected in order to use for establishing the calibration model for water activity.
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Table 3 The results of the calibration model in the calibration set and the prediction set for water
activity determination.

Sample set Pretreatment N F R RMSEC RMSEP
Calibration Smoothing 119 8 0.774 0.0123 -
Prediction Smoothing 59 8 0.767 - 0.0130

F = Factors, N = number of samples, R = corelation coefficient, RMSEC = root mean square error of calibration, RMSEP = root
mean square error of prediction,
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Fig. 2 Scatter plots of the actual water activity and the predicted water activity in the calibration set
(a) and in the prediction set (b).

The results of the model in both the calibration set and the prediction set for water activity are
shown in Table 3. The model was shown to be robust by the correlation coefficient and the root mean
square error. The calibration model provided high correlations in both of the calibration set (R =
0.774, RMSEC = 0.0123) and the prediction set (R = 0.767, RMSEP = 0.0130). The results of
calibration and prediction were quite similar. The factors that were assumed to influence the
prediction accuracy appeared to be depended on the surface, pore structures and color of the samiples.
In Fig. 3, the scatter plot of the actual water activity versus the predicted water activity is presented
for both in the calibration set (Fig. 2.a) and prediction set (Fig. 2.b). The actual water activity and the
predicted water activity correspond to the 45-degree line which showed the calibration model could
be accurately used for determination of the water activity of mamon cakes,

Conclusions

Sponge cake, including mamén sponge cakes, deteriorate after bak ing and the rate of deterioration
is related to their moisture content. After baking, samples of the cake can be tested destructively for
moisture content and the results applied to the rest of the batch. This research demonstrates the
application of NIR hyperspectral imaging to measure water activity in mamén sponge cake during
storage for the purpose of prediction their rate of detioration non-destructively. The results show that
NIR hyperspectral imaging in the wavelength range of 935-1720 nim had potential to predict water
activity in mamén sponge cake. The model developed, using the smoothing pretreatment PLSR,
satisfactorily determinated water activity, with a predictive result at R = 0.767 and RMSEP = 0.01 3
indicating that the model was robust. It was therefore concluded that near infrared hyperspectral
imaging can be successtully used as a non-destructive testing method for water activity determination
in mamén sponge cakes and thus be used to predict their shelf-life. Furthermore, the NIR
hyperspectral imaging technology could be a feasible and useful technique for controlling the quality
of various food products. It also has the potential to be applied in online determination systems in the
food manufacturing industry to help and speed up process monitoring and inspection systems.
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ARTICLEINFO ABSTRACT

Keywords: Many. types of cake deteriorated rapidly duc to microbial infection, which gives them a short shelf life.

NIR-HSI Accordingly, near-infrared hyperspectral imaging (NIR-HSI), in the range of range of 935-1720 nm, was tested to

Discriminant analysig determinate whether it could be used as a uetive method to d the shelf life and classify cakes

Z:dm’ﬁc“:"h based on microorganism infections during storage. The average spectrum from a region of interest (ROI) in the
spectral image of each sample was acquired by NIR-HSL. Partial least squares regression (PLSR) was used to
establish the model in order to predict storage time of sponge cakes. The model proved accurate with a corre-
lation coefficient (R) of 0.835 and the root mean square error of prediction (RMSEP) of 1.242 days. Partial least
squares discriminant analysis (PLS-DA) was applied to establish the classification model for distinguishing be-
tween non-expired and expired of sponge cakes. The restilts showed the accuracy of prediction was 91.3%. The
predictive images showed different colors based on their storage time that could be inspected visually. Therefore
NIR-HSI was shown to have p ial to be used for g storage time of cakes and classifying cakes into
expired and non-expired, which has potential for application in the bakery industry.

1. Introduction destroyed during baking, but post-baking contamination from the air,

After being processed, most foods have a limited period of time when
they are safe to consume. For many foods in many countries this period
must legally be indicated on the package. However, cakes may be sold
directly to the public from the bakery without packaging, therefore there
is no indication of their shelf life. In their review Smiith. Daifas,
El-Khoury, Koukoutsis, and FI'Khoury (2004) reported that microbio-
logical spoilage, caused by bacteria, yeast and mold are a major problem
in bakery products resulting in economic loss to producers as well as
rendering them unsafe to consumers. For example, Bacillus cereus and
Staphylococcus aureus from cream-filled bakery products, have been
implicated in foodborne poisoning outbreaks. Also, mycotoxin produc-
tion from certain mold can be hazardous. Bakery products are commonly
spoiled by molds that are visible on their surface, such as Penicillium and
Aspergillus, but bacteria may not be visible. Spoilage by yeast can be
divided into two types, visible yeast and fermentative spoilage resulting
in alcohol production (Morassi et al, 2018). Microorganisms are

* Corresponding author.
E-mail address: sontisuk.te@kmitl.ac.th (S. Teerachaichayut).

https: //doi.org/10.1016/j.1wt.2020.1 10369

product handling and poorly sanitized equipment can result in
contamination (Yang, i, & Mariga, 2017). Bacillus cereus is a
gram-positive, rod-shaped spore-forming bacterium that has the ability
to grow at a variety of temperatures and pH levels (F1-Arabi & Griffiths,
2017). Itis commonly found in soil, on vegetables and in many raw and
processed foods (FDABAM anline, 2019). B. cereus spores are also
commonly found in flour and have been implicated in several outbreaks
of food-borne illnesses involving bakery products. Their spores are heat
resistant and can survive baking, and can increase to levels associated
with toxin production (Smith, Daifas, El-Khoury. & Austin, 2003).
Microorganisms, infecting food, produce enzymes that can lead to
objectionable by-products rendering the food unacceptable to con-
sumers (Petruzzi, Corbo, Sinigagha, & Bevilacqua, 2017). Total plate
count (TPC) s an indicator of the level of microorganism in the product
(FDA-BAM online, 2001a). The contaminated food may be slightly
blemished, severely blemished or pletely decomposed, with the
actual growth manifested by rotting spots of various sizes and colors,
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Fig. 1. Experimental cquipment and sample presentation,

unsightly scabs, slime, white cottony mycelium and highly colored
sporulating mold (FDA-BAM online, 2001b). Fenchel (2013) showed
that the number of microorganisms in the bakery products increased
with time and may produce toxins that can spoil products, cause
poisoning, but cannot be seen by the naked eye. Therefore, a nonde-
structive technique for predicting the storage time and classifying bak-
ery products, based on the number of microorganisms, would be an
important safety asset to both the bakery and for the consumer. Bacteria
require certain levels of moisture to survive and grow, therefore bacte-
rial ¢ ination is strongly influenced by water activity (Smith et al.,
2004). Smith and Simpson (1995} classified bakery products based on
their water activity as: low (<0.6), inter moisture
(0.6-0.85) and high moisture (>0.85). Fontana and Campbell (2004)
reported that sponge cakes have high water activity that can limit their
shelf life due to microbial spoilage. Therefore sponge cakes were
selected as a representative of cakes for use in this study. Sponge cake is
a foam type cake that contains only a small amount of fat, which comes
from the use of whole eggs. The batter is prepared by beating the flour,

LWT 136 (2021) 110369

2. Materials and methods

2.1. Sample preparation

One hundred and eighty freshly baked cakes were purchased from a
local bakery (Bakery shop, Lad Prao, Bangkok), packed in oriented
polystyrene plastic boxes. Each cake was in a paper cup and weighed
between 35 and 45 g.

2.2. Sample storage

In this experiment, directly after the cakes had been baked, samples
were immediately taken to the laboratory for the measurements, which
is referred to as day 1, and samples were subsequently measured every
24 h for 8 days. During that time, the samples were stored in an air
conditioned room at about 25°C and 55-65% RH. For the microbio-
logical spoilage experiment, samples (N — 50) were divided randomly
between 5 groups of ten with one group removed from the plastic boxes
and tested for microbiological spoilage each day. For establishing the
calibration and classification models, samples (N -~ 130) were divided at
random into 8 groups and one group was removed from the plastic boxes
and measured each day.

2.3. Spectral acquisition

Each sample was scanned using a hyperspectral camera (Specim
Ex17, Spectral Imaging Ltd, Oulu, Finland) with the wavelength of
935-1720 nm in a reflectance mode (Fig. 1). The spectral bands were
224 with the size of 640 x 846 pixels. Each sample was placed on the
scanner table and moved by a stepper motor through the field of view of
the camera with a scanning speed at 22.97 mm/s. The illumination unit
had six halogen lamps, three lamps at each side, which were adjusted to

egg yolks and half of the sugar together. The egg whites and g
half of the sugar are whipped into foam separately and then added to the
batter (Miller, 2016). Therefore sponge cake was selected to use as a
representative of cakes in this study.

Hyperspectral imaging (HSI) is a form of spectral imaging that in-
tegrates spectroscopy and digital imaging to obtain both spectral and
spatial information of an object simultaneously. The data are saved in a
3D “hypercube” comprising of two spatial and one wavelength dimen-
sion (Teena, Manitkavasagan, Ravikanth & Jayas, 2014). HSI has been
used for determining quantitative levels of chemicals in various kinds of
foods including soluble solids content in oranges (Zhang, Zhan, Pan, &
Luo, 2020), firmness and total soluble solids of sweet cherries (Pull-
anagari & [4, 2021), the internal quality of nectarines (Munera et al.,
2019), the freshness of hens' eggs (Suktanarak & Feetachaichayut,
2017), total soluble solids, titratable acidity and maturity index of limes
(Teerachaichayut & Ho, 2017), deoxynivalenol in wheat (Femenias,
Gatius, Ramos, Sanchisy & Marfn, 2020), myoglobin content in
nitrite-cured mutton (Wan et al., 2020) and the maturity of
long-ripening hard cheeses (Priyashanths ot aly 2020). In qualitative
analysis, HSI has previously been also used in beef meat (Zhao et al.,
2020), lamb meat (Zheng, Li, Wei, & Peng, 2019), honey (Noviyanto &
Abdulla, 2020), detection of early decay on citrus fruit (Tian, Fan,
Huang, Wang, & Li, 2020) and discrimination of talcum powder and
benzoyl peroxide in wheat flour (Fu, Chen, Fu. & Wu, 2020): Also,
NIR-HSI has been investigated microorganism infections in foods such as
identification of moldy peanuts (Yuan, Jiang, Qiao, Qi, & Wang, 2020),
detection of fungi, including classifying maize kemels naturally infected
by fungi (Chu, Wang, Ni, Li, & Li, 2020), detection of Fusarium sp. in-
fections in wheat kernels (Delwiche, Rodriguez, Rausch, & Graybosch,
2020), Therefore, the aim of this study was to investigate the application
of NIR-HSI as a nondestructive technique for predicting shelf life of
sponge cakes and classifying them based on their predicted shelf life.

theillumination angle at 45° to the sample. At each scanning, the sample
and two references were taken, the dark reference image, which was
obtained by turning off the light source and covering the camera lens
with a black cap, and the white reference image, which was obtained
from a white Teflon tile. Then, each sample was scanned, and its spectral
image was acquired, as well as the background, in the wavelength
ranged 935-1720 nm. Only the spectral image of the sample was
required for further analysis therefore the background was removed.
The reason for this was because components of the sample and the
background were different therefore the spectral information of the
sample and the background were different, which meant that the spec-
tral image of the background could be separated and deleted using
principle component analysis (Bai. Zhang, Xia0, He, & Bao, 2020).
Therefore the region of interest (ROI) of each image was the actual size
of each sample after removing the background. The remaining spectra of
the sample were averaged and the average spectrum of each sample was
used as the representative for analysis.

2.4. Microbiological analysis

Microbiological spoilage was determined, on 10 samples each day
for 5 days using the standard methods for total plate count (FDA-BAM
online, 2001a), yeast and mold counts (FDA-BAM online, 2001b) and
Bacillus cereus count (FDA-BAM online. 2019). The results were re-
ported as cfu/g.

2.5. Water activity

After NIR-HSI scanning, each cake sample was crumbled and 2 g used
for water activity determination (Decagon Device, Inc., 2008) at 25°C
using Aqualab4TE (Decagon Device, Inc., Pullman, WA, USA).
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2.6. Data pre-processing, modeling and predictive image processing

The spectra of samples were divided between the calibration of 129
and the prediction set of 64 (Fig. 2). The spectral pretreatment algo-
rithms were investigated. These were used for preprocessing in order to
improve spectral data such as reduction of noise, base line shift and
broadband shift (Teerachaichayut & Ho, 2017). The calibration model
for the cakes, based on their storage time, was established using partial
least squares regression (PLSR). The spectral pretreatments of samples in
the calibration set were investigated in order to obtain the calibration
model that had the best the performance for prediction. The highest R
value, the lowest root mean square error of cross validation (RMSECV)
and thelowest number of latent variables (LV) were considered, in order
to select the best calibration model. The selected calibration model was
used for evaluating the accuracy of the model by testing it with the
samples in the prediction set (Suktanarak & Teerachaichayut, 2017). R
and RMSEP were used to evaluate the accuracy of the calibration model
for predicting the storage time of cakes.

The calibration model was used to create predictive spectral images
of cakes based on their time in storage. The predictive images were
achieved by interpolation of the results of the predicted value from the
models in each pixel of the spectral image. The predictive images dis-
played the distribution value of storage time in the different colors from
point to point based on the color scale.

The results of the microbiological analyses were used to define the
expiration date of cakes based on the outline of criteria of microbio-
logical quality of food and food contact containers (Bureau of quality
and safety of food, 2017). Partial least squares-discriminant analysis
(PLS-DA) and cross validation were applied to develop the classification
model for expired and non-expired sponge cakes. A value of 0 was
defined as non-expired cakes and 1 was defined for expired cakes. The
spectral pretreatments were used in the calibration set. The PLS-DA
dassification models from the various pretreatments were established
and cross-validated. The performance of the classification models was
determined and compared by considering the predictive value at a
cut-off value of 0.5. If a predicted value of a sample was equal to or less
than 0.5, it was identified as the not expired. If the predicted value was
higher than 0.5, it was identified as expired. The performance of the
models from various spectral pretreatments was evaluated by consid-
ering the correct percentage of cross validation. The dassification
model, which gave the highest correct percentage of cross validation,
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d indicate significant differences (p < 0.05) using the Duncan’s multiple
range test.

Table 1
Characteristics of sponge cake’s storage time in the calibration set and the
prediction set.

Item Calibration set Prediction set
Number of samples 84 46
Range 1-8 1.8
Mean 3.12 339
Standard deviation 2.04 221

Table 2

The results of spectral pretreatments in the calibration set for PLSR model.
Pretreatment N Lv R RMSECV (day)
Original 84 5 0.812 1187
Smoothing 84 5 0.791 1.243
1" Derivative 84 4 0.807 1,202
MSC 84 3 0.585 1.655
Smoothing +1* Derivative 84 3 0.763 1312

N = number of samples, LV = latent variables, R = correlation coefficient,
RMSECV = root mean square error of cross validation, Smoothing = Savitzky-
Golay smoothing, 1* derivative = Savitzky-Golay first derivative differentiation,
MSC = multiplicative scatter correction.

Table 3
The results of PLSR model for storage time of; sponge cake's in the calibration set
and the prediction set.

Sampleset  Pretreatment -~ N LV R RMSEC RMSEP
(day) (day)

Calibration ~_ Original 815 0.85 1048

Prediction Original 46 5 0.835 1.242

N = number of samples, LV = latent variables, R = correlation coefficient,
RMSEC = root mean square error of calibration, RMSEP — root mean square
error of prediction.

was selected. The samples in predicti
accuracy of the selected model.

The classification model was used to create predictive images for
dlassification between the non-expired and the expired sponge cakes.
The predictive images were achieved by interpolation of the results from
the models to each pixel in the spectral image. The predictive images
displayed the predicted value from the classification model by different
colors based on the color scale from point to point in the predictive
images.

The data were analysed using the SPSS program (IBM SPSS Statistics,
America), the Unscrambler software (CAMO, Osla, Norway) and UmBio
Evince hyperspectral image analysis software (Prediktera Evince,
version 2.7.5, Sweden).

sets were used for testing the

3. Results and discussion

3.1. Spectra of sponge cakes

NIR spectra show absorbance peaks related to vibration energy ofthe
molecular bonds of O-H, C-H, C-O and N-H. For the cakes, the main
absorption peaks were about 1200 nm and 1450 nm (Fig. 3), which are
related to water absorption peaks, corresponding to the second overtone
and the first overtones of O-H stretching, respectively (He, Wy, & Sun,
2013; Workman & Weyer, 2012). Osborne, Fearn, and Hindle (1993)
reported that the absorption peak at 1202 nm was associated with the
second overtones of O-H stretching of starch. He, Sun, and Wu (2014)
reported that the absorption peak at around 1210 nm was the second
overtone of C-H stretching in fat content. It indicated that water, starch
and fat content dominated the spectral features due to those being the
main components in cakes. The average NIR spectra of cakes varied
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Fig. 6. Scatter plots of the actual and predicted storage time in the calibration
set (a) and in the prediction set (b).

during storage, which implied that their components changed during
storage, probably due mainly to water loss, which appears to be the main
reason for the changes in spectra. However, there was baseline shift in
the each spectra therefore they couldn’t be directly compared to the
value for absorbance of water at 1200 nm and 1450 nm (Fig. 3a).
Therefore, the normalized spectra were considered (Fig. 3b), which it
showed that the different peaks of the spectra at 1200 nm showed the
relation between absorbance and storage time. The peak of spectra at
1200 nm, with the shortest storage time, was higher than cakes with the
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content.

3.2. Microbiological analysis

Undesirable microbial growth in cakes and other bakery products
might occur, resulting in spoilage, especially when being stored at room
temperature (Jariyawaranugoon, 2013). On day 1, there was no yeast or
mold in samples because their cells and spores are generally killed by the
heat in a baking process (Fig. 4), but the samples could have become
contaminated, after baking, from contacts and the environment. How-
ever, B. cereus was detected in freshly baked samples probably because
the methods used in handling ingredients of the products, which can
result in fungal and microbial surface contamination from airborne
mjcroorganisms(Samnmj & Geetha, 2012), These contaminants include
bacteria such as B. cereus, which can multiply during storage of cakes at
room temperature (Le¢, Chung, Shin, Dougherty, & Kangi, 2006). TPC,
B. cereus, yeast and mold increased each day throughout storage due to
the high water activity, relatively high storage temperature and the in-
gredients in cake, which are excellent sources of nutrients for microor-
ganism (Grundy. 1996). The results showed no significant difference (p

0.6 O Non-expired cake
®  Expired cake

Scores PC2

-0.6 4

o L T T
43 00 Nofss KF 1sf Bo 25
Scores PC1

Fig. 8 PCA analysis of the spectral data of expired and non-expired
sponge cakes.

Table 4
Characteristics of sponge cakes for discriminant analysis in the calibration set
and the prediction set.

Ttem Calibration set Prediction set
Number of samples 84 46

Range 0-1 0-1

Mean 0.40 0.46
Standard deviation 0.49 0.50

longest storage time, by of the diffe es in their

525

Amplitace
10

6.27 7.13

Fig. 7. Predictive images of sponge cakes after different storage times.
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Table 5
The results of various spectral pretreatments on the classification of sponge cake
using PLS-DA in the calibration set.

Pretreatment N v Correct %Total accuracy
Original 84 4 76 90.48
Smoothing 84 5 77 91.67
1" Derivative 84 3 75 89.29
MSC 84 4 71 84.52
Smoothing -+1* Derivative 84 4 75 89.29

N = number of samples, LV = latent variables, R = correlation coefficient,
RMSECV = root mean square error of cross validation, Smoothing = Savitzky-
Golay smoothing, 1*' derivative — Savitzky-Golay first derivative differentiation,
MSC = multiplicative scatter correction.

Table 6
The results of PLS-DA for classifying expired and non-expired sponge cakes.
Items The calibration The prediction
set set
Number of samples 84 46
Spectral pretreatment Smoothing Smoothing
Lv 5 5
Model for non-expired Correct 50/50 25/25
samples Incorrect  0/50 0725
Model for expired samples Correct 31/34 17721
Incorrect  3/34 4/21
%Total accuracy 96.43% 91.30%

> 0.05) in microorganisms in samples in days 1-4 but significant dif-
ference (p < 0.05) after 5 days storage. However, the maximum toler-
ance for TPC, B. cereus, yeast and mold are 1 x 101 cfu/g, 1 x 10 cfu/g
and 1 x 10* cfu/g, respectively according to the Burean of quality and
safety offood (2017) standards therefore samples were still within those
limits until the 4" day of storage. Therefore the shelf life of the cakes
was considered to have expired on the 4t day and this was used as the
expiration date for cakes in this study.

3.3. Water activity

The water activity slightly decreased with time due o moisture loss
from samples during storage, showing that free water in samples evap-
orated from the surfaces of the cakes (Fig. 5) confirming the results of
Cauvain(2016). The water activity of samples was significantly different
(p < 0.05) during storage. This decrease in water activity of samples
from 0.914 on the 1% day to 0.858 on the 8% day was still comparatively
high. These levels of moisture were sufficient to support the growth of
bacteria, yeast and mold that could result in spoilage and gave a short
shelf life of the sponge cakes.

3.4. Quantification of cakes based on storage time

3.4.1. Calibration model for storgge days

The values and standard deviations for storage time in the calibration
(N = 84) and the prediction (N = 46) sets were similar (Table 1) indi-
cating that the samples in the calibration set were appropriate to
establish the calibration model and the samples in the prediction set
were suitable to use for the prediction, which was confirmed in order to
Justify the performance of calibration model. The original spectra gave
the best results with the lowest RMSECY (day) of 1.187 and the highest
R of 0.812 (Table 2). Therefore, the original spectra were selected in
order to use for establishing the calibration model for storage time.

The performance and accuracy of the calibration model was pre-
sented by considering RMSEC in the calibration set and RMSEP in the
prediction set, respectively (Table 3). The calibration model provided
sufﬁciem.ly accurate results in both of the calibration set (R — 0.856,
RMSEC - 1.048 day) and the prediction set (R — 0.835, RMSEP - 1.242
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Fig. 9. Scatter plots of the actual value and the predicted value of samples in
the calibration set (a); in the prediction set (b).

day). The results of calibration and prediction were quite similar indi-
cating the robstess of the calibration model. The results of both the
calibration (Fig. 6a) and prediction by PLSR model were plotted be-
tween actual values and predicted values (Fig. 6b). It showed the cali-
bration model could be accurately used for the determination of the
storage time of sponge cakes.

3.4.2. Predictive images for cakes based on days in storage

In order to create a predictive image, the spectral images of cakes
during storage, were scanned by NIR-HSI. Each pixel of the images
contained spectral data that were independent variables, therefore they
could be substituted in the calibration model for predicting the storage
time. The model was therefore used to predict storage time in each pixel
and then to interpret optimum time. based on a color scale. The color
images of cakes from different storage times were acquired (Fig. 7),
where yellow was defined as shorter storage days and brown as longer
storage days. These results conformed to those of Priyashantha et al,
(2020) who also used the NIR-HSI to predict the maturity of
long-ripening hard cheeses. The results showed that the predictive im-
ages of cakes could be represented by different colors, which varied with
storage time, facilitating nondestructive grading by visualization.

3.5. Qualification of cakes for expired and non-expired date

3.5.1. Classification model for expired and non-expired sponge cakes
For qualitative analysis, cakes were ddivided between non-expired
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Fig. 10. Predictive images for classification of expired and non-expired sponge cakes.

and expired groups. A principal component analysis (PCA) was per-
formed on the spectra of both groups in the wavelength of 935-1720 nm.
The score plot of the first two principal components (PC1 and PC2) were
91% and 8%, indicating that PC1 distinguished the components better
(Fig. 8). But the two clusters were not clearly separated, since there was
still an overlap between the non-expired and the expired sponge cakes,
which conforms to the findings of Zhu, Feng, Zhang, Bao, and He (2019),
who used NIR-HSI to dlassify the freshness of spinach. In order to
identify the performance and accuracy of dlassification between groups
a classification model was carried out. The samples were divided into
the calibration set (N - 84) and the prediction set (N = 46) and the
expired and non-expired samples were distributed at the same ratio in
both sets (Table 4),

The smoothing model showed the best results for the spectral pre-
treatments in the calibration set, with the highest accuracy (91.679%),
when compared with other pretreatments (Table 5). Therefore, the
smoothing was chosen in order to use for establishing the classification
model for both the expired and non-expired cakes.

The results demonstrate the performance and accuracy of the clas-
sification model to classify expired and non-expired samples in the
calibration set and the prediction set, respectively (Table 6). The accu-
racy of the classification model for discrimination between the samples
in the prediction set was 100% for non-expired samples and 81% for
expired samples, with an overall classification accuracy inthe prediction
set of 91.3%.

The scatter plot of the actual value versus the predicted value is
presented for both in the calibration set (Fig. 9%a) and the prediction set
(Fig. 9b). The results showed that the model was more accurate for non-
expired samples than those of expired samples when using the cut-off
value of 0.5 for classification. However, it also shows that the model
could be sufficient to use for classifying expired and non-expired sponge
cakes.

3.5.2. Classification images of expired and non-expired cakes

The dlassification images were achieved by applying the results from
the PLS-DA model in every pixel of spectral images from NIR-HSI. The
predicted values were interpolated to colors in each pixel based on the
color scale. For this red was a representative of the non-expired while
dark brown was a representative of the expired sponge cake. Fig. 10
shows samples of classification images of expired and non-expired
sponge cakes. The color in the predictive images was related to low to
high predicted value for classification, which varied from red to dark
brown based on the color scale. The images of non-expired cakes that
contained low predicted value (<0.5) were displayed in red. The images
of expired cakes that contained high predicted value (>0.5) were dis-
played in brown and dark brown. The results showed that expired and
non-expired cakes could be classified by different colors. Therefore, NIR-
HSI was shown to have the capability to be used to create the predictive
images of expired and non-expired sponge cakes, and therefore could be
used for classification by visualization, nondestructively.

0.36 0.44
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4. Conclusion

This study demonstrated that NIR-HSI has potential for use as a
nondestructive technique for predicting the storage life of sponge cakes,
as well as differentiating between expired from non-expired cakes. After
production means it can check anytime whenever it was a product. That
makes us know it is expired or not. It is worth noting some parameters
can’t see changing by the naked eye such as microorganism, texture
(Zielinska et al., 2020). and for differentialing between expired from
non-expired cakes. The average spectral data from ROI of sponge cake
images that were acquired from NIR-HSI in the wavelength ranged
935-1720 nm was used for quantitative and qualitative analysis. The
original spectra were used for establishing the PLSR model for predicting
storage time of sponge cake. The smoothing spectral pretreatment ob-
tained the best conditions for establishing the classification model for
expired and non-expired cakes using PLS-DA. Furthermore, both the
PLSR model and classification model were used to create the predictive
images for sponge cakes, which could be represented in different colors.
Those different colors could be used to distinguish storage days after
production of cakes by visualization. This showed NIR-HSI could be
applied for use in predicting storage time of sponge cake and could also
be applied for differentiating between expired and non-expired sponge
cakes. NIR-HSI has therefore the potential to be useful as a nonde-
structive technique to determine the storage time and to classify expired
and non-expired bakery products by visual inspection. This indicates
that NIR-HSI can be developed as a nondestructive device for inspecting
and sorting cakes at bakeries, which has the potential to reduce food
poisoning and maintain food quality and safety.
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