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Abstract

The objective of this research is to prediction freshness of hyperspectral imaging by near
infrared spectroscopy. All samples (hen eggs) were stored for 21 days and measured by near
infrared  spectroscopy at the day of 0, 4, 7, 10, 14, 18 and 21. Three types of near infrared
spectrophotometer were used in this research: F QA-NIR GUN spectrophotometer using interactance mode
in the wavelength range of 588-1089 nm., FT-NIR spectrophotometer using reflectance mode in the
wavelength range of 1000-2500 nm. And NIR hyperspectral imaging using reflectance mode in the
wavelength range of 910-1700 nm. The parameters which used to indicate the freshness of hen eggs
were Haugh unit, albumin height, yolk height, weight loss and specific gravity. The results showed
that FQA-NIR GUN spectrophotometer and FT-NIR spectrophotometer could be used to accurately
predict the freshness of hen eggs. If we considered between 2 types of the NIRs (interactance mode
and reflectance modé), it showed that the interactance mode and the reflectance mode could be used
to predict the freshness of hen eggs with the same accuracy of prediction. For NIR hyperspectral
imaging, it can be used to predict the freshness of hen egegs ;15 well as th; resul-té showed that NIR
hyperspectral imaging can be used to classify groups of hen eggs related to the freshness with the accuracy

of 78.83%.

Keywords: hen egg, non-destructive, predict, freshness
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2.2 NearlInfrared Spectroscopy (NIRS)
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1 : Kawanoet al. (1995)

2.2.2 NI calibration

a { % < =Y s I 4 '
mlnasy NIR 018%0fe Usummsgandundinunasfisrenmenadulugiy near
infrared i]“’ll‘t]ﬂH?)ﬂhlll‘lfﬂﬁ]uL‘LI?N‘t]'lﬂﬂ']'i‘:lfﬂuVl‘lJﬂu"U'ENi]ﬂEJUﬂ‘Hﬁ'IEJ"] ﬂ'] 'J‘ﬁﬂ']'i cahbratmg statistics ¥ae
5 1msmmﬂmmmﬂan"lﬂ 13y multiple linear regression (MLS), partial least squares regression (PLS)
%30 principal components regression (PCR) L‘lJ‘LlG]‘Ll Tagdinenaasding e ﬁmmmmaﬂaumm
mﬂﬂmwnﬂsmmmsﬂﬂﬂauwawmumanwuﬁnuﬂ?mmmﬂﬂszﬂeumamﬁ Stz e
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1uﬂ153ﬂ NIRS %:ﬂmnmmumnwemztﬂumtmumamw\mnﬂ"lﬂ HAZUNITNIZI8N1UDY
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peflsEneUMURing ENmsaﬂﬁmmnauawﬂqnﬂm%zmhamﬂﬂTﬂamamwzumaamﬂu 2 nQu
ﬁﬁl calibration set N1 validation set ‘H??) test set i‘]’ﬂ‘l’JuﬁT’JﬂEJ'NﬂIEN calibration set ﬁMﬂﬂ’hﬁ"JE]Ehﬁlﬂﬂ
3
validation set 11 M511 calibration Tuifagaiufiamisalinaianiaadigle wu MLR e PLS $aely

maidenaumsiminzaunniigaTasents i 1d@0afio13016 standard error of calibration (SEC) uazf



10

R Usznoudae91n1i419h validation TagldadfiruidedduTaeinrsann standard error of prediction
(SEP) 110211 bias 1s£AD1 U9NIINTURAT skewness Memsdenaumsiimngaumiuileddgvos
M3 lfmaiin NIRS G'T}qﬁ'aqaﬁaﬂwﬁumm‘fua:mum?m1ty°lumﬁxﬁaﬂ aums 1Razaunldse Tomnd
Tﬂfmﬂﬁaumiv‘hmaﬁmﬂﬁaaEinﬁﬁluﬁﬁsmﬁmmmﬁmwfh"l@’fgﬂﬁ’faw%"hi (Kawanoet al., 1995)

2.2.3 mIulasdoyanounsIAeH (pretreatment of spectral data)
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%&’lﬂuﬂﬂ'ﬂllﬂ'ﬂll‘]fulﬂﬂ'ﬂfjﬂ mmﬂnmmﬂammwmamﬂmuumuﬂu% second derivative 41N
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2.2.3.2 second derivative
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o
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2.2.3.3 multiplicativescatter correction (MSC)
anniuit ldnnmsianisganfulemadu NIRS uuy diffuse reflectancelinaziiyy
R Y a a v & ] g S/ o o s ' [ A s/
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s X = ) v A & o ' .. a wa 9 X
NUYUNIBDAAAUNINUARDAYNANINEINAUFUTUNI additive effectluni1nl§iid MSC gradradum
d' d' a . . . . 3 3’, P s o v d‘
(WoaANANINAIIA multiplicative effect 1Az additive effectn3 14 MSC Huld ldanumnasuvesdiedei

= 1

S = =} [ [ [ p=} [ T 9 ' .Y 1 o ¥
ummamummuﬂuuazmﬂﬂmwgﬂsNaﬂymzmuauﬂu megllsNmﬂﬂmuummanumnmﬂﬂv

L | =) dg
MSC A liteldrasInmsSias 1z wadu (Schulz et al., 1998)

2.2.4 Yenveamsialasldinaiia NIRS
2.2.4.1 NEABMIIASHUAIDY

d Q T
2.2.4.2 Bianusaslumsiaa
Yy o o ¥
2.2.4.3 dnafiuiuduazgndaq
[ 10 @ '

2.2.4.4 msaswaoutluuuy livihaedieda

2245 linelifauaning

2.2.4.6 a2AINABMS 1T

2.2.5 NIR hyperspectral imaging
[ (Y a T o a a . .
iwWumsannmaiiadiu NIRs uuy i Tasmssiumaiams3insiziniw (image analysis)
v E 4 ' a a ' A [ 1 Y a v [~

nswldiasgiaiug lddunsimszdmsgandundinunasdlndsursusavosdaogs §luns
3Lﬂs1zﬁmﬂﬂmﬁmmmn'lﬂw%'a:uqﬁ"uGT)LL‘LIsﬁaszfﬁm'Jummmumi'lﬂi’f’mﬂﬂﬂ%'um?m”lumiaﬁ'mdw
Tagfinsannnudazaafineravesn mve s eiiinsnsiaia dlumsidron Tosdoyaniwvesdiods
] = o 1 =) a Qs A Y] [} P
Ammneildnd dmiuail mAnsesvalnanimsgandundeunasludiulndsudsisa

(FernandezPierna et al., 2012)

2.3 MINUNIUITIUATIN/E@1SAUNA (information) NiNeITe9

Roceuli et al. (2009) TdmsAnvamnussemeait 19lunsifusnufidenasennuaavesly
Taghimsnaasunusnm Il Al anmussommandesud 4 anizdaeiu do mu“luusssnmﬂﬂﬂm
wuy'liude, fuluussemednfuuuuie, Tulasou uay co, mﬂuuummﬂswwﬂmauummm
Runnlosivuanmsgandonmin, pH, water content, 3A%§283801 CIEL a b Wuimsiiylunsserns
Unfuuy hiufia il¥gaaudfdemainGounlaly o wmsgay oy

induuazans (2548) msdeal4lAmuusraiionsnaougamnimitiniolu uaznisusnuesls
Inlaslidosdesld ifunisasnaouTasaneaded 19138 undvesduauite 1da s aneufiy
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sz 3 su. uasIbzdoseennnngiimzdnilfaunsafiuesdilszaoumelunedls sy
wldnsrndeusuInnaid 40-70 ndu

Iinifelfiuermaiaifiessunsusagiuvudrequildasvaouniuaalelnlunais
Ha1udty 1dun ms“l%'m?aaﬁai'ﬂﬂﬁﬂﬂnﬁuwﬁ'qamum‘ﬁammuﬂnﬂ?;u“lﬂﬁ'ﬁuwsummﬁﬂawﬁ'au
AFUAY fiber optic ‘mqmﬂmau 10000 cm '914 4000 cm "lﬂwamsmuw R=0. 879 Hae RMSEP=2.443
(Lin et al., 2011)

in3iue1 FT-NIR anldidfedsuifiunuaave sy vae Tugannuenndy 833-
2500 nm "lﬁ'wamsﬁmw R’ = 0.722, 0.789 uaz 0.676 115V air cell height, thick albumen heights and
Haugh? a1y (Giunchi et al., 2008)

“luﬂ%%uummﬁmmmmﬂ 1’11‘11 NIR hyperspectral imaging JJT]J’iZEJﬂGIﬂ]‘IfLWE)ﬁ‘i’Ji)ﬂmﬂ’IWE)'IWIS
Iadoy aﬁazmﬂmmwsﬂum5wmsm1mﬂ5wa“mﬂﬂsuaamasmﬁnnmwmaamamq 18un 91u3se 714
NIR hyperspectral imaging Gl“L!‘If’Nii‘l’JUJEJ’I’J?‘IE!‘L! 900-1700 nm U UENYHAVDY lamb muscles Tagdinsier
A8 principal component analysis (PCA) @13150AALEAY AV lamb  muscles hlﬁlgﬂﬁlﬂﬂ 100%
(Kamruzzaman et al., 2011)

14/ NIR hyperspectral imaging Tus29n110e19510 600-1,000 nm (WY 1E0 NI TUKART L
Tavihane Tnoaae33 principal component analysis (PCA) ?{’IJJTSQV‘I”IH’IEJhlﬁ’gﬂG’I’EN 85.5% (Qiang et al.,
2012)

14 NIR hyperspectral imaging 14%234A21181998% 700-1100 nm ilosaueniat N 3R
nnuas Taed 1875 discriminant analysis #1313018n 18gd03 96 4% dwmSuwdainduas 91.0-100.0%
Susundafitdminnua (Singh et al., 2010)

19 NIR hyperspectral imaging 1144247 21481908% 960-1662 nm ierauenuiadn Tnaiiniu
udaunnm1eiu Taesamanunsenntolo Pioneer Hi-Bred Research RSA 1azy1n13 A5 12482653
partial least squares discriminant analysis (PLS-DA) tunsaaialuaa PLS-DA uaziumagey ldanu
{3161 root mean square error of prediction (RMSEP) 110U 0.18 (Williams et al., 2009)

- FNIR hyperspectral imaging 1‘14‘1)”Nﬂ’J'IJJEJ'I’Jﬂﬁu 900 - 1700 nm LWE)ﬂﬂufJﬂﬂmﬂ’lW‘UENlﬁ’ﬂﬂll
"lﬂmmsmﬂauwmﬂm“lumsﬂﬂuﬂnm 960, 1074, 1124, 1147, 120748% 1341 nm axﬂﬂmman principal
component analysis (PCA).ET’IJJ’I’J'QLLEJﬂ'lﬂQﬂGIBQ 96% (Barbinet al., 2012)

1% NIR hyperspect_ral imaging “lu‘ﬁaqmmsmﬂﬁ'u 900 - 1700 nm Lﬁamuw@mmwmawﬁai’a

v T .&' ) ar [ A . .
18un L*, b* pH uaz Anuuuie Tasafnaumsdmiviiunglaedt partial least square regression



13
(PLSR). 180331110 §33 coefficients of determination (R> CV ) W15y 0.88, 0.81, 0.73, 0.83 UAY root
mean square errors estimated by cross validation (RMSECV) (10D 1.21, 0.57, 0.06, 40.75 AUaIAY
(ElMasry et al., 2012)

14 NIR hyperspectral imaging JU%294A1E1I9A 900 - 1700 nm Lﬁaﬁmwﬂﬂmmwmmﬁaﬂﬁ
nafimumsIdanudeu "lﬁmmanﬂﬁuﬁfhﬁ’ﬂﬂumsﬁ"mmﬂﬁ 980, 1061, 1141, 1174, 1215, 1325, 1436
Uae 1641 nm AATITHAEIT principal component analysis (PCA).ﬁ"IlﬂimlEJﬂvlﬁgﬂﬁi]dg’dq’ﬂ 99.23%
(ElMasryet al., 2011a)

14 NIR hyperspectral imaging 114%230215819A%Y 910 - 1700 nm aﬁaﬁmwsshmmﬂums%’mﬁ
_('\gv_ater holding capacity: WHC) cl‘Lll‘fl”e)’ﬁu’flffﬁ Tasadeaumsdmsuiiuelaeds partial least square
regression (PLSR) "lsa’fwamsﬁmw ﬁlxifl‘ coefficients of determination (R2 CV ) AL 0.89 K@aLroot mean
square errors estimated by cross validation (RMSECV) 11101 0..26% (ElMasry et al., 2011b)

19 NIR hyperspectral imaging 14%39A11U812AAY 950-1650 nm 1itesAUEN M AT ULR
voanauaIng) 3n31eMd267% Fisher's discriminant analysis Tasausauenldgndes 80% (Wanget al,
2012)

Lﬁ'avflumsﬂ%‘uﬂgauazﬁmmmﬂﬁﬂ"lqum‘l%’”lumsm's'«maummamm"!ai'"lfiuun"ln"v‘fmw
2

a v [

k4 3/
NUITeTIUTen1% NIR hyperspectral imaging 1119 d 1 Tu115901]
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3.1 Juguazailnsal
3.1.1 JagAu
3.1.1.1 ‘lﬂi‘lﬁlﬂu‘l‘l}‘lﬁﬁ’ufesa brown ﬁ;ﬁyﬂﬂum%{uﬂmmu evaporation air cooling system
Farln landouru TaoFernniulusunednsede WHIAUATT TN
3.1.2 gingel
3.1.2.1 digital caliper (Mitutoyo 500-672)
3.1.2.2 n3zan
3.1.3 madamdnasy
3.1.3.1 Lﬂd‘a:ﬂxi NIR spectrometer HUUNNW1 (FQA-NIRGUN)
' 3.1.3.2 191309 FT-NIR spectrometer (NIRFlex N-500)
3.1.3.3 Lﬂéﬁ]d NIR hyperspectral imaging (SisuCHEMA, Finland))
3.1.3.4 TU5un33 UMBIOEVINCE(version 2.6.0)

3.1.3.5 11sun5Y unscrambler (version 9.6, CAMO AS, Trondheim, Norway)

3.2 IEMInaaeg

d' Y o [V ¥ 9 tﬂ'
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1o 4 w 1ed &
ANUENTUNIE = Wiiinves lindalueinme (g)
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3.2.1.3 MSUATILHHANADA

3.2.13.1 afwaumsuaztsaluninaiudr lumsinnesisongia
o @ { o o [V [~
wnsaduanlaaiundald duduanafudulvuiidnyausdy
. Y o o v ¥ 2 o v A & o v V1 o
outliner 1 imsdadoyaunnineu muualdnnuenauy (wavelength) 1iludulsdu agengiln

ol (Y . t Y o 1 A ! o o Y] . . 1
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[

b4
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k4 Yt a o U ad o w Y = & .
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i]'lﬂﬂ"lcorrelation coefficient (R)uazﬂ'wmmmﬁﬂwmﬂmmsﬁmw root mean square error of cross-
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a 4 aad - .
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4.2.1 Msa3auMslumMIMINesEAUA Haugh unit

= [ Y =}

MmN 4.1 uaasmmnadavesnguillddmsvaiaunsuaznquil lfdmSunaaouaumsvoins

MUWILAUAT Hauhg unit

Items The calibration set The prediction set
number of sample 165 82
unit
range 22.2-84.31 25.25-82
mean 50.42 50.98
standard deviation (SD) 13.78 14.07
wavelength 588-1091 nm 588-1091 nm

15T 41 wuaasmnuadavesnguitlddimivadwaumsuazaquilddmy

NAFBUTUMIVBINIIIUIBYTIIUAT Hauhg unit Foyanlddmiumsadwaunisuaznaasuaums
v .
wiinanun 247 @069 utangudmiuadeauns (calibration set) HATNAABUAUMYT (prediction set)
Ed v
Taemsidayananuaniosmudauds Y (@1 Haugh wnit) m1afeeliinn nndwdenngunadeu
. . < \ . . [}
auM3BBANT (prediction set) lanilofidudveinguad1aaums (calibration set) oy 70 1lofiaud
J A 1 o o N Y . - Y =
HagNQUNAADUTUNT (prediction set) woYN 30 Lﬂaimuﬂ“luﬂqmsnmlms (calibration set) ITANDIV
1 e ' r Ay & < Y = o . ' o
mganazgeganglunquildle Feesiuldninaisaii 41 9181 Haugh  unit lunguardreaums
nAAUANNITIAT Haugh unit 871 22.2-84.31 uazlungunaasuaunsia Haugh unit 0g# 25.25-82
oy = v . 5 1 .o A A ' [ &
IMAHaNADITEIAN Haugh unit 9Intfeeliuin 1ns1zA1 Haugh unit Tarfiuandreiy ifleanineigms
S o A1 o ' o . . AA o a oA Y A ' ad v
NUTNHIMANNY UAZAGUATNANNTT (calibration set) NANNUZA Avvzdplivraualifintrauay
s A 1Y v < @ ' 4 . .
nsxeAd e mmsunmsdludunuvesnguad1aaums (calibration set)
¥

naamniuihidoyanguadnaumanlfundsdoyaanlnafudremaianndiamansann
é 9 o ~ & ~ a Yt Y] [ v 9 =Y
Foozuaana lddamaed 42 Fawnaisud 42 swdinldnmslfuudedeyaailnasudremain

smoothing + 1" derivative THHaffiga fio ldm1 R=0.80 uay RMSECV=6.19 H.U. asiuSadenTuina

. - - d o g 4 o Q ’ .
smoothmg+1ﬂder1vat1ve JJ']LI]LITmﬂaﬁ'm’iUﬁ%l%?ﬁuﬂ'l’ilﬁm’l'lu'lﬂ’i%ﬂ‘ljﬂ'l Hauhg unit
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H 1] ) ° .Y T . s L
M3 4.2 uaeanuuiudrluadsaumslumsinesedua Hauhg unit #387515vudedayn

aulnasudamaiinneadinmaniaieg

spectral N F R RMSECV
pretreatments
original 165 9 0.89 6.21
smoothing : 165 6 0.88 6.27
1™ derivative 165 7 0.88 6.26
2" derivative 165 8 0.87 6.65
MSC 165 5 0.88 6.27
Mean 165 6 0.88 6.35
SNV 165 5 0.87 6.68
smoothing + 1™ derivative 165 8 0.89 6.19
smoothing + 2™ derivative 165 16 0.85 7.20
MSC + smoothing + 1" derivative 165 8 0.89 6.18
MSC + smoothing + 2™ derivative 165 7 0.86 6.79
mean + Smoothing + 1™ dcrivativé 165 8 0.89 6.22
mean + Smoothing + 2™ derivative 165 16 0.84 7.48
SNV+ Smoothing + 1% derivative 165 | s 0.87 6.63
SNV+ Smoothing + 2™ derivative 165 7 0.86 6.86

MINN 43 UAAHAMIUATITHAIBNATIA PLSR 109013V 1118558 0N Hauhg unit

calibration set prediction set

pretreatment | N F R RMSEC | pretreatment | N F R | RMSEP

smoothing + 165 8 0.910 5.691 smoothing + 82 8 0.910 5.643

st . . st . .
1" derivative 1" derivative

a ) o ° ot & da A 1 vy [
1015190 43 witlunisih lueanfiga wunne luaandSulSuudedoyamlnaiudqe
tnAilA smoothing + 1 derivative 1a¥1eaums wui1 1de R = 0.910, RMSEC = 5.691uaztiioiiu

nagoulungunageuauns wudr 1dm1 R = 0.910, RMSEP = 5.6435auaaalfifiu aumsotaay
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wiudfioza e Hauhg unit 148 forsanldoindr R Sd1gennit 49 @) uaeuana

MINMUIe5EAVAT Hauhg unit Tunquitlédmfvaduaums uag 4.9 ) nanwaaaranisviuiessay

il Hauhg unit Tunguiilddmsunacouaums

920
R =0.91, RMSEC = 5.69
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Predicted haugh unit
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Actual haugh unit

2

MAN 4.9 UAAINAMIIIULTZADA Hauhg unit

i o v

@ nquilddmsuataaums

®) nquilddmsunageuaums

4.22 msaynaumaHenamanugedliung

M 44 nansimaadfvesnguitlddmuauaunsuasngud

ngszaumaNugeres e
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404

R =0.91, RMSEP =5.64

1 T L) v 1 M ¥ M L) M 1]
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=

FEMSUNATOUAUNITVOIMS

items calibration set prediction set
number of sample 233 166
unit mm. mm.
range 7.62-18.5 7.85-18.32
mean 2.72 2.71
standard deviation (SD) 12.67 12.69
wavelength 588-1091 nm 588-1091 nm
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T lduawuusiy anugeldunsanas msadnaumsuasnadeuaumsiorneainnugavosly
' oo v ¥ [ 1 L~/ t s t v

uaa axldngudrodinianua 399 daedre Tasujuiiunguadruauns 233 daee1e uazngumadey

aums 166 we1 dnFunguinlddmivadvaums szdedidanugevesluasiifisgegauazen

v [
=3 [ = [

' 3/ v
Mgalunguildre Taoa1s1efi 4.4 uaasmnnadavesngui ldd msvadwaunisuaznguinlddmiy
NARDUANMIVDINMITNUIETEAUMANNE YD1 Tiag

d’ 1 o LY o a 1 ] 3 ad % \
AMINN 4.5 !Lﬁﬂ\‘iﬂ’nmmuEJ'IGl‘L!ﬁ‘i'NETJJﬂ'I'ial‘uﬂ'l'iVI'I‘l-.!'IEJ‘i%ﬂ‘Uﬂ'Iﬂ’J'IJJQQ‘UENIl‘ULLﬂQﬂ’JEJ’Jﬁ‘iJ'i‘ULLﬂG

Y] .

JoyamUnasudiemaiianeadinmaniaie

spectral N F R RMSECV
pretreatments

original 233 12 0.92 1.04
smoothing 233 17 0.93 0.98
1% derivative 233 10 9.02 1.03
2™ derivative 233 11 0.91 1.12
MSC 233 10 0.92 1.05
Mean 233 16 0.93 0.97
SNV 233 11 0.92 1.05
smoothing + 1" derivative 233 11 0.91 1.03
smoothing + 2™ derivative 233 14 093 0.99
MSC + smoothing + 1" derivative 233 11 0.92 1.06
MSC + smoothing + 2™ derivative 233 12 0.92 1.05
mean + Smoothing + 1" derivative 233 11 0.92 1.03
mean +.Smoothing +2™ derivative 233 14 0.93 0.99
SNV+ Smoothing + 1% derivative 233 15 0.93 0.98
SNV+ Smoothing + 2™ derivative 233 13 0.92 1.05
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Qo g’/ o 9 [V V) 1= a gt é Ill 9 as t:i
nasnnwihmsulasdeyaminasudiemaiinneadamaniasg Fueadlddanied 4.5
¥ 1 ) ) [-]
suagwuNmsinfasdoyamunasuaududae3Fsmoothing + 2™ derivativelfmanuisiugrluns e
[ ' v 1 ) [ &/ e v 3 =K A A o o 9
swaumnugeves luaslungudmiuadsaums 18afiqa aufy wihen TuaaimsSuunsdoya
a o { 9 [y
alnasuA1873 smoothing + 2™ derivativeruilu Tuaafi Idd muadieaumsuasnaaoy
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Predicted height of yolk
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Items " The calibration set The prediction set
number of sample 165 89
unit mm. mm.
Range 1.66-6.62 41.81-6.35
mean 3.29 3.38
standard deviation (SD) 1.08 1.11
wavelength 588-1080 nm 588-1089 nm
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spectral N F R RMSECV
pretreatments

original 165 6 0.89 0.48
smoothing : 165 6 0.89 0.48
1" derivative 165 7 0.89 0.48
2™ derivative 165 2 0.78. 0.66
MSC 165 8 0.89 0.48
Mean 165 6 0.89 0.48
SNV 165 8 0.89 £ 0.48
smoothing + 1 derivative 165 6 . 0.89 0.48
smoothing + 2™ derivative 165 4 0.83 0.60
MSC + smoothing + 1” derivative 165 5 0.88 0.49
MSC + smoothing + 2" derivative 165 6 0.86 0.52
mean + Smoothing + 1" derivative 165 6 0.89 0.48
mean + Smoothing + 2™ derivative 165 4 0.83 0.59
SNV+ Smoothing + 1” derivative 165 5 0.88 0.50
SNV+ Smoothing + 2™ derivative 165 6 0.87 0.52
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calibration set prediction set

pretreatment N F R RMSEC | pretreatment N F R RMSEP

original 165 6 0.92 0.41 original 89 6 0.91 0.45




Predicted thick albumen
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Mg %weight loss

Items calibration set prediction set
number of sample 233 166
unit % %
Range 0-9.86 0-7.79
mean 2.89 2.85
standard deviation (SD) 2.07 2.05
wavelength 588-1089 nm 588-1089 nm
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spectral N F R RMSECV
pretreatments

original 233 16 0.92 0.80
smoothing 233 17 0.92 0.80
1" derivative 233 19 0.92 0.81
2™ derivative 233 15 0.91 0.86
MSC 233 11 0.91 0.82
Mean 233 16 0.92 0.81
SNV 233 18 0.92 0.81
smoothing + 1% derivative 233 12 0.92 0.80
smoothing + 2™ derivative 233 15 0.92 0.76
MSC + smoothing + 1% derivative 233 10 ' 0.91 0.84
MSC + smoothing + 2™ derivative 233 10 0.90 0.88
mean + Smoothing + 1% derivative 233 12 0.92 0.81
mean + Smoothing + 2" derivative 233 13 0.92 0.79
SNV+ Smoothing + 1¥ derivative 233 10 0.91 0.85
SNV+ Smoothing + 2™ derivative _ 233 17 0.92 0.80

MINT 412 LAAINANITIATISHANATIA PLSR VDIMINUY%weight loss

calibration set prediction set

pretreatment N F R RMSEC | pretreatment N F R RMSEP

smoothing + | 233 12 0.93 0.70 smoothing + | 166 12 0.89 0.91

st . . st . .
1" derivative 1" derivative




Predicted weight loss
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Items calibration set prediction set
number of sample 128 63
Unit - -
Range 0.99-1.09 1-1.09
mean 1.05 1.05
standard deviation (SD) 0.026 0.026
wavelength 588-1089 nm 588-1089 nm
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spectral N F R RMSECV
pretreatments
original 128 8 0.90 0.01
smoothing 128 9 0.91 0.01
1¥ derivative 128 8 0.90 0.01
2" derivative 128 10 0.90 0.01
MSC 128 7 0.91 0.01
Mean 128 7 0.91 0.01
SNV 128 7 0.91 0.01
smoothing + 1% derivative 128 8 0.91 0.01
smoothing + 2™ derivative 128 9 0.90 0.01
MSC + smoothing + 1" derivative 128 7 0.90 0.01
MSC + smoothing + 2" derivative 128 10 0.88 0.01
mean + Smoothing + 1” derivative 128 8 0.91 0.01
mean + Smoothing + 2™ derivative 128 9 0.90 0.01
SNV+ Smoothing + 1% derivative 128 8 0.91 0.01
SNV+ Smoothing + 2" derivative 128 8 | 0.90 0.01
M 4.15 HARAIHAMS AT IZHAIBMATIA PLSR Y0ImMsinuIoA1aue 9 umie
calibration set prediction set
pretreatment N F R RMSEC | pretreatment N F R RMSEP
msc 128 7 0.92 0.009 msc 63 7 0.90 0.010
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spectral ' N F R RMSECYV
pretreatments
original 102 7 0.81 7.49
smoothing 102 7 0.81 7.55
1™ derivative 102 5 0.77 8.18
2" derivative 102 3 0.79 7.98
MSC 102 8 0.82 7.27
Mean 102 7 0.81 7.52
SNV 102 7 0.79 7.90
smoothing + 1 derivative 102 7 0.78 8.17
smoothing + 2" derivative 102 4 0.77 8.17
MSC + smoothing + 1" derivative 102 5 0.76 8.34
MSC + smoothing + 2™ derivative 102 6 0.80 7.83
mean + Smoothing + 1% derivative 102 5 0.78 8.05
mean + Smoothing -+ 2™ derivative 102 5 0.76 8.46
SNV+ Smoothing + 1" derivative 102 6 0.75 8.56
SNV+ Smoothing + 2™ derivative 102 5 0.75 8.68
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items calibration set prediction set
number of sample 112 54
unit mm. mm.
range 8.04-18.55 8.23-17.86
mean 12.69 12.65
standard deviation (SD) 2.71 2.66

wavelength

1000-2500 nm

1000-2500 nm
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spectral N F R RMSECV
pretreatments
original 112 13 0.86 1.37
smoothing 112 13 0.85 1.44
1™ derivative 112 8 0.86 1.37
2" derivative 112 3 0.86 1.36
MSC 112 13 0.87 1.30
Mean 112 13 0.85 1.42
SNV 112 12 0.86 1.35
smoothing + 1" derivative 112 10 0.86 1.37
smoothing + 2™ derivative 112 8 0.87 1.29
MSC + smoothing + 1" derivative 112 9 0.86 1.37
MSC + smoothing + 2" derivative 112 5 0.85 1.40
mean + Smoothing + 1" derivative 112 11 0.87 1.31
mean + Smoothing + 2" derivative 112 7 j O.86» 1.34
SNV+ Smoothing + 1" derivative 112 10 0.87 1.33
SNV+ Smoothing + 2" derivative 112 7 0.86 1.34
MmN 421 nARaHams AT IZRd0maiin PLSR YBIMININYITAUMAIING 1A
calibraﬁon set prediction set
pretreatment | N F R RMSEC | pretreatment | N F R RMSEP
2" derivative | 112 | 4 095 | 082 | 2" derivative | 54 4 091 | 110
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items calibration set prediction set
number of sample 108 51
unit mm. mm.
range 1.45-6.85 1.61-6.35
mean ) 3.21 3.19
standard deviation (SD) 1.11 1.17
wavelength 1000-2500 nm 1000-2500 nm
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spectral pretreatments N F R RMSECV
original 108 12 0.86 0.56
smoothing 108 12 0.85 0.56
1% derivative 108 8 0.83 0.60
2" derivative 108 3 0.81 0.64
MSC 108 11 0.86 0.55
Mean 108 12 0.84 0.58
SNV 108 11 0.85 0.56
smoothing + 1° derivative 108 9 0.83 0.61
smoothing + 2™ derivative 108 8 0.81 0.65
MSC + smoothing + 1% derivative 108 9 0.83 0.61
MSC + smoothing + 2™ derivative 108 7 0.81 0.65
mean + Smoothing + 1" derivative 108 9 0.82 .0.62
mean + Smoothing + 2™ derivative 108 8 0.80 0.67
SNV+ Smoothing + 1% derivative 108 10 0.83 0.61
SNV+ Smoothing + 2™ derivative 108 7 0.81 0.65
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MUY %weight loss

items . calibration set prediction set
number of sample 122 64
unit % ' %
Range 0-7.98 0-7.86
mean 3.11 3.11
standard deviation (SD) 2.13 2.13
wavelength 1000-2500 nm 1000-2500 nm
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&A1 R=0.90118% RMSEP=0.93% f3am13°190 4.27 Uen1nll HamMInaAaouiioyIuIen Y%weight loss

uanIHaDenN 183N 4.18 (2) uaz 4.18 (b)
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MINN 4.26 Laasnnuuuua lugseagums lumsvine %weight loss mﬂnﬂsmmwagamﬂnmu
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spectral N F R RMSECV
pretreatments
original 122 19 0.91 0.85
smoothing 122 ' 18 0.90 0.91
1™ derivative 122 9 0.91 0.86
2™ derivative 122 6 0.92 0.80
MSC 122 17 091 0.86
Mean 122 17 - 10.89 0.95
SNV 122 17 0.90 0.89
smoothing + 1 derivative 122 12 0.81 0.86
smoothing + 2™ derivative 122 7 0.91 0.83
MSC + smoothing + 1" derivative 122 10 0.89 0.93
MSC + smoothing + 2™ derivative 122 8 0.91 0.84
mean + Smoothing + 1% derivative 122 12 0.90 0.91
mean + Smoothing + 2" derivative 122 8 0.90 0.88
SNV+ Smoothing + 1" derivative 122 11 0.90 0.92
SNV+ Smoothing + 2" derivative 122 7 0.90 0.90
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MIA 427 anaramainizidlemaiia PLSR vaimsyuenlesidua weight loss

calibration set prediction set

pretreatment N F R RMSEC | pretreatment N F - R RMSEP

2™ derivative 122 6 0.97 0.48 2™ derivative 64 6 0.90 0.93
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items calibration set prediction set
number-of sample 130 61
unit - -
Range 0.99-1.09 1-1.09
mean 1.05 1.05
standard deviation (SD) 0.26 0.25
wavelength 1000-2500 nm 1000-2500 nm
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M3 4.29 uaasnuiud luadaums lumsvinnemanuaasumnzdiedslsuundeya

spectral N F R RMSECY
pretreatments
Original 130 18 0.91 0.01
" smoothing 130 18 0.91 0.01
17 derivative 130 12 0.92 0.01
2™ derivative 130 6 0.89 0.01
MSC 130 18 0.92 0.01
Mean 130 17 0.91 0.01
SNV 130 18 0.92 0.01
smoothing + 1% derivative 130 12 0.92 0.01
smoothing + 2" derivative 130 8 0.91 0.01
MSC + smoothing + 1" derivative 130 7 0.90 0.01
MSC + smoothing + 2™ derivative 130 8 0.90 0.01
mean + Smoothing + 1% derivative 130 12 0.91 0.01
mean + Smoothing + 2™ derivative 130 7 0.91 0.01
SNV+ Smoothing + 1” derivative 130 12 0.90 0.01
SNV+ Smoothing + 2™ derivative 130 8 0.90 0.01
ﬂ]iNﬁ 4.30 Llﬁﬂ\iﬂﬁﬂ']i%tﬂi'lzﬁﬁl'lﬂlﬂﬂﬁﬂ PLSR ‘Ui’Nﬂ'liﬁ'l‘lﬂ&]ﬂ"lﬂ')'lJJd’Ni‘]”]LW'IZ
calibration set prediction set
pretreatment | N F R RMSEC | pretreatment | N F R RMSEP
1" derivative | 130 12 0.982 0.004 1" derivative | 61 12 0.933 0.009
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M 4.32 yaasnnuuind luadwaums lumsinedSinaanuaaves 14 lade35 Usuunadoya
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spectral N F R’ RMSECV
pretreatments
original ' 20 3 0.68 8.16
Smoothing 20 3 0.52 10.02
1* derivative 20 3 0.69 8.01
2™ derivative 20 3 0.66 8.46
MSC 20 3 0.54 9.83
SNV 20 3 0.54 9.80
Smoothing 3 + 1™ derivative 20 3 0.58 9.36
Smoothing 3 + 2™ derivative 20 3 0.66 8.46
MSC + smoothing 20 3 0.66 8.34
SNV+ Smoothing 20 3 0.67 8.32
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