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ABSTRACT

This research has a purpose of applying near infrared (NIR) ' spectroscopy in evaluation
internal and external properties of Pomelo (Kao Num Peung Variety) and in identification of
groups of different storage durations. The properties studied were physical properties, mechanical
properties and bio-chemical properties. Partial Least Square (PLS) regression was used in
prediction of internal and external properties of Pomelo. The Soft Independent Modeling of Class
Analogy (SIMCA) and Partial Least Square Discriminant Analysis (PLS-DA) were .used in group
classification. The NIR spectra of Pomelo fruits were measured by NIR transmission
spectrometer, and FQA NIR GUN, and of Pomelo flesh were measured by FQA NIR GUN. The
storage duration classification result by SIMCA and PLSDA using intact pomelo spectra from -
both NIR transmittance spectrometer and FQA NIR GUN showed the low percentage of
correctness. The result of storage duration classification for fresh cut pomelo by SIMCA using
spectra from FQA NIR GUN showed that the model developed by Savitzky Golay Second
Derivatives with 10 nm segment pretreated spectra of 663 — 961 nm wavelength range provided
the highest percentage of overall correctness 40.70%. The PLS-DA could not accurately classify
the storage durations for all conditions. The result of prediction of internal and external properties
of pomelo by NIR spectroscopy showed that the technique could not predict with high accuracy
(r=0.099-0.705). However, the best prediction was for energy absorption of pomelo fruits by the
model developed from spectra pretreated by moving average smoothing and multiplicative scatter
correction (MSC) at wavelength range 70-850 nm from NIR transmittance spectrometer with r of
0.722, SEP of 5.572 Nmm and bias of -0.227 Nmm.
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5. S9auNs A (Infrared radiation) IANVEIAAY 700 W1 l1was — 1 Hadwas lan
A aa 1w aa [J A ' 4 ' ¥
AL NI IAUHTITOUNS UsABDNLY MwEaunszan wu asusu lasenlys wazlew 1
v @ dd” 9 o Y :: U 3 o aa
vssnmeagadusal v i lanlianuevguimangnunsmsdin
A . = 4 Aa a a
6. aaululasn (Microwave) TAue1INAY 1 Jadwas — 10 wudweas 14
v
sz Tomiludm Insmunnauszes Tnauennaiudninnlssgadadandaslumey
2IN9
i o _ e ; A : &
7. AAUINg (Radio wave) Wunduwiman IWdhiitinnwenamunniiqga aauing

¥
msaRumeuiussnmald Jagmiunlds: Temiludnsdedts Tnsauau

[ -~ P a a ad a 4 (g
212 vanmsganaunauuaadunsIsAvesluanam BN (Hwus  Anny

$nyl. 2545 : 42 — 48)

L] A = i ] Al A ] ana s 1 A
¥HAAUBUNTUIA (0.78 - 1000 pm) BgIEMINTIITDauazanaululasiw
a A a A a ' A ° 4 A &
matiadloSoumaln Iasa latliouldmirearwesduiusmouaduvso@uaiu  (cm”)

A 0 4' a . <3 ' [ ﬁ’l‘
Y138 wave number) ¥29AAUDUNIUTALLIDDNTIU 3 ¥29A T

: [J 4 A & s - L o
MM 2.1 AL TIIuAauYeITIRAuB U IS (WS ARy Sny. 2545)

. A . 1 A 1
¥9AAU ¥29AVE1IAAU SIuuUnAaY
(nm) ' (cm’)
dunsusagulngd 0.78 =2.5 12800 - 4000

(Near IR, NIR)

BUNTUTALIUNA 2.5 =50 4000 — 200
(Mid IR or Fundamental IR)

dunsusagulna 50 - 1000 200 - 10
(far IR)

' A a ° [ 1 . 1Y) [ 4 a (]
yunaudususagminnlFunegluyis 4000 — 670 cm™ dmFuFrPAUBUNI USAEIL
Ed A . e VY P [ a g a
naeez IMuauMIgaANaY (absorption bands) Mld¥eyaernumsiinseiFegunmuay
FalSinavesnlensu uazdeyaiiferde iy TnssaduvesTuanga
' A a o W ' o A ° va o a a
FunausUNIIsATNa U liwerfissivzh Id@nasoululuanamanisniu
Ul uihiiianismsudsuveansdu (vibration transition) voeTuana mulnasui 147
[ <] :{ 1 [ A FY o [ ] < A
anvazihuovunuauuazeglndnunanielimsdeusuvesalnasy  edelshanuile
AANTIUTTUIENINTLAUNIINUVRIMT FudeslmsRountlassedundsanuvens

b4 ¥
myudoue dniudinsufuanlnaduvesmsdustaifed (pure vibrational spectrum)




1 < o ' 9 . 1 3
uaR I UANATUMINYUBE IR TR (pure rotational spectrum) WI1ZFININILHI
Y Y ' Y Y & o o ' { &
LAUNAINUYBINIHYUTBINTIBITTAUNS UM TUINA A mSumsatedaidy
youds  wazveumaunamsTuaaeananslidunsusaanasu18us 1l Tasnd
1Y < vy A A a
anlnaiuvesveuaazveamad msz luananyulddes nsganduriadudunsusa

b4 ’ 1 4
yo4 luanaiiu Hdeimuaididg 2 Uszas dail
4 y & a { Y . .
1. Twaganmadsdunudoafiamsuidsun/as Tuudaasg (dipole moment) n1elu
o ¥ P Y oS A o ' q ¥
TumnadniuTuiananlseneudisaeezasuimilouiu wu N, , 0, , uaz cl, s 'lild
audsusaalnasy
' : ¥
ajlldn nsiiluanales  szgandudisnduuasdususaldiu  szdesiims
P ¢& " - Y a o o & a a o
nsunlasTuwudvaglusznaailuogaiunanmsdu - amiu Tuanavesmsduviiduay
v
e HunIElAMIMU U352y (charge density) UANANAUIZNINOZADUTIADY B2
* 4 .
Tuougandunduudadursusald Sunluanamariin IR — active dwsuTuagad
Usznovaesezaenimilounu Jelifinnuuananvesmammuuniuvesszy msduves
H ¥ '
Tuanadsnanda hifimsu/fowmlasTusuddag 9 hilduauganiuaiiuirsdudsusa
v
Fon Tuanamaitidl IR - inactive
% & a 4' Yo 9 -t 1 -~ v ' Qs
2. wasnuveRaULmauNs AR Inu luanazdsslinmeRnunan1aveIszay
NAWTUYBIM S TURINSITBINMINTIUTTU
] v .
dwmvisvesezaouang  Tuluagamnadwiussnniulildegiis  swifanms
= A e a 4 o A <
aasuuadlluuudedissnasanal visims g Tuanainamsdusuiioanninmsauay
N340
¢ o A a o a ' & <
mstusuissmnnmsdsulasiuszves Tuaga Sonnmsduuude
¥ 3
(stretching or valance vibration) ¥ liHUsEBavanvi onadaduas msduuuusail 2 wuufe
mstauuLiaunag (symmetric, sym) Lmzmﬁmmuﬂﬁﬁumﬂs (asymmetric, asym)
1589 (stretching 130 valency vibration) RaM3iasuuiasnnueiszniezaey
o unussiuenzfanuinas  (symmetric)  fu'liauines  (asymmetric) v
suvlfaunag
& o A = a - ' )
madusuiieannamsasunlasysiuseluTuana FonNMTTULLIUNE
. & a . é [
(bending)M30MIcTUAAZ1l (deformation) #alidaetu 4 wuvde msseuvvuaslnsniolu
32U (in — plane scissoring) M3svuuL Inasn1elussuy (in - plane rocking) NNIIBDLLLIL
N3ZANPBNUDNTZUIL (out — of — plane wagging) HazMIIOUUULA (out — of — plane
twisting)
<& < . ar - v P & s A
Msdusudata LR YBNEAz U T sxlidaimwzdie Tuana 1dSuaau

uasduWsusANIANuINeAT UM duvewiuse uTuana idiansnsussuiitenn



o LY aQ W . .. g, L
TuusFuians uBHu (vibration transition) waz IWuouganauuaauiiufiauang wdau
nnAduuTBunssanaem nunuszves Tuanase lumuueaumagavesmsduly

5 (dyd " a o g, = a W ' a
Twanavy  UningmsaiiFeniunamss Tsuuud Wude Tuagazindaamananinng

Al o 1 z 1 -7
(unnaeglurnzidy) waz Tuenaendugannziulasmsilaeowdanulugianudou
GLIT

o o ¢ £ i
MIAUINUTUIULDDYBINTTURDDAUF M (fundamental vibration) ATUNAHH YD
° Yo d’
Tutanasesuan laasi

dmivTuanaidl Tassadrelidhuduass (nonlinear molecule) 131 N ozaow
PUIULUVYBINITU = 3N =6 (22)

L4 : .
11/52noURN15IANOUN (transation motion) 3 LU HAZMINUYUDA 2 UL MIWLAY X, y
o z

=

dmiuTuananil lnseadadluduase (linear molecule) i N 0z a0y
VIUIUMVYYBINIAU =3N =5 (2.3)

w1lsznouRI8n13IAABUT (transation motion) 3 UL UAZMTHYUDN 2 HUY AIWLNY x, v
uag z
[J < J :{ a o y '+ @ d' 9/
TAULUDYRINTsTUMUBRUTIUR IR nnduns s ae) nasu ey lwihdui 18nn
mstna lasmsldgasdudu daunnignuidudsusaannasuifiuounsganiuuas
9y 1o Y
vesnauan1d
) v a [ q'd A A ° yc’;‘: '
dmivoudsusaaulnasuntiuoumsganfunasnanidualdin. - wuh
& £ o o & .
usnmileninmsduuuuiuguuds daiimsdunuyTenes Tnu (overtone M3® harmonic
vibration) MIFULLUII (combination tone vibration) UALMITUMVUNAAN (defference

tone vibration)

2.2 ‘nqyﬁ chemometric
2.2.1 75m5UTuis3 NIR Spectra noumsInzit (oyus moaasiina. 2545 :
78 —96)

1. miaﬂwamznumnﬁcgmumsumu
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& A a o o 3’: Y 42 @
Lﬂi83116711‘%111ﬂ15')ﬂﬂn]ﬂﬂ51mu%3Qﬂﬂ'ﬂﬂlL‘U‘UﬁlHHﬂ’J"mﬂﬁ'lﬂlﬂﬁi’)uiuﬂ"ﬁ?ﬂﬂ'l

' 4 { o [ g o X a

log (1/R) HazmANUeIAaUA lumsinuinssesiidygiusuniuunsndin derun

vnauuimanrieauusiman T dealanlnasui 18 liGey @aguit 2.3)

&65&1
b % 2k 2
£
& 3%~ - ]
= "
8
323!
i
Z. &K -}
L Ao e— N\
.ﬁ‘a.—.ug,nu T35 )S’EH 1788 1582 21e Zea 583

WAVELENCTH 180

31/ 2.3 #1019 NIR Spectrum 1 hiiSovfidyaasuniumnsn

LY

(oUNUT (NBAIAITNA. 2545 : 78 14910 Hruschka. 1987)

dmsuTsmsnuadiasnaasnaunsmniunlfaadyausuniu ldnieuldfe
1. MIRAAUAADUN (Running Mean Smooth or N — Point Smooth)

L Md"d U 1 4'1 U q‘
MANNTVBIITUAD NMsUNUAT log (I/R) ULAAZAINLIINAY AR URALVDY log

& v

(/R) Tugnanuendauniigagudnainyeisreasanugaigaunui Suaugaiin

A
UNUNAD
n=2m+ 1 A (2.4)
A = ° 3’/ o
Taei m f® %'lu’Ju‘lJENi]ﬂﬂ\‘iﬁﬂQﬁ'mﬂlﬂﬂi]ﬂizfuﬂﬂaN

$ é tﬂ' A ° .

31N 2.4 180N m =29zl n=2 x 2 + 1 = 5 9A MaMAEUNAMITIA log (1/R)

7 o oA e 1 A o . . A
YBINg 5 gausawnuudminunde ihaueaena eaaaiulnilaslugisanuenau

A < A A o_ 1 A o ' I N o

wIN (ANNINAAUUINDANNAAUN 5) Tashaundsanauutumanlnaiuinauen

A4 A ' 9 4 ‘ & ° 3 '
ATUNgARUENa T MImiuszioudas lilneramilage  udadnnugniuasuanensa
anusnadudoyamnasuiaelmizdsnnudoyatiedudumely m doyauazihe

mel1 m doya
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log (11R) /'”‘“M/

ANENIARY

3 v .
7UM 2.4 Sauganiaesd U (m = 2, n = 5) vIMTINGY
(BYWUT MBA9FI15QA. 2545 : 79)
Yy v v
Turuszih i log (I/R) vesanasuiidluseaunay (narrow peaks) H¥uIR
anaa dualnasuneeatigmndnezlivuanady (3192.5)

«7

;A a
N
.8 ‘:\ 3
}\ / y -\
\ N

C 0

LOG 1/R)

bntadacsaido Tt

0
-
T

~N
T
— e,
e e RER—

LK
b
1

ol L I

s ises 2286 2086
WAVELENCTH <N D

31]*7; 2.5 HAVDINISIDAINADUTIIAL Savitky — Golay smooth AiiAeveavaImlnasy

A) NIR alansuizudu B) mulnaduiiildyanasuniu ©) aulnefuiirunsmannaoud
D) alnasudirumsvlEou Tas Savitky - Golay smooth (84WuT meAIaFIINA. 2545 -
79)
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2. Savitky — Golay smooth
Qddv & adda FY A & A A
sty ldnnige dezidon1Flunsin

V

1. Yoyalidyanusuniumin vy

Y o

2. sesmisvh i dygusunazdinsgvesanlnaumiloumnasu

A ' o °
3. weglinvesannasuliseaunansiuauuin
[ A M ° b Y v 4 o ¥ [
ManMIVeNITAe MruaveyaluynANUeENAIY (0 =2m + 1) thieyamilnasy
39 log (I/R) lumsiiimua Tassunndoyasuam 2m + 1 yausn wnmaus nd Tu
@Wea Nevsaiundnamanlneiy udazgalusdlndfesiqga Taeddaaund
A 9y 9 o o ' o P M 9 o 1 do
(least square) 10 ldaumsudninndnumalnasy fAyananss udnhamnanonly
1 o A g/ ' d' o YA v g v A 9 U a 1 o A 9 d'
unumanasungauu mindnan ldoedluamnlndifiosmnes sanhanasuisudun
P & o b o @ 9 " A & U A v @ ‘f
runul  ieanndggusuniuldagniiasenlduds delufe Rousesiwiuily
é 1 L o g g‘ o 1 1
NN (WuBgNUANIZDsavedayn) udvhenamduasuaIna TR UH
4 4 A\ <y - ) 0. U
anuennaugnaen llsuaseunquansoadugae awlaasunnad s lned
Sruandeyaludiudunazdiuviio moldviiy m 9a
d’ L A o S é
71 2.6 uanan 1933 Savitky — Golay smooth ey IideyaiSsuvu Tasidon m
b4
WAy 3 Asuusziideya 7 9a doyanwal o lugilfedeyady iduilse lundas$readann
. ) 3 p 1 z p| H 3 . i . | H
aums Ind Tudlvanlaiuduay 3 lugihiuuaassiai 1 920 9 ¥2901 17 uazeed 25
{ o { . & o =] '
717 2.7 Alurain 1d0nms 14935 Savitky — Golay smooth #evzdunaiiulddoya
ci 9 & ' ~ = . di 3 A =1 o 9 a
fafeiulmi (4 Tanulsuwaranuasiiiowniu diedeududeyaidu (o) waznngll
wwundoyalviez il 3 gausouas 3 yagaiio (m=3)
o d’d T U w
2. myaanansznunnedaiiiinanemaninaTu
o ' z o S W UV
Tumsiadieg 19820 NIR Spectram Wuailnasusziidnuuzmileutuiiduasq
d.d o "o b A d' L s ‘:'
hilanuduswegnumlnaiu vislimamdeuda luuuannu Y awealuzii 2.8
PJasenaninvh Idinanadanandeadnlnaiufie  vunaeynnvesdieds  (Particle
5 A @ ' : o & & a v @
size) UAZANIUIUAIBE1 (Moisture Content) Taviadonsapaiusianuduwus lasasa
o = ” <& o o 1 a o
AUMINIZRWES (Scattering) FudluilsingmsaiiIidwaenlfeunamsdudiunann
9 Y =1 a o a a ' =
MsazviBulms MIvnm viemadeauuas sereiinamsnszitaee linggnraldnasy
Tudetnn  uazezazeundumnifavesdiedis lnsunue: lifidoyamsganiuuer
o { aQ 1 o ' 4' o i ) 3
mMInszRmnezinayuludedsilioyniadng uazvi I effective path length Ay
z a o 3 o é S &
HoNNNHUIGIMINIZIRWASUBgAIUAUITIAAUYBILAIBNAI HB91nANEIveY
et & 1 u . A o A . Qs ' = o & ) Y3
ueentianuenInauuananuee iimileududioruas Tl ludethaordu  deaildisiu

o o d‘ 4 o . ' o A o
aulnasy kS umansznunneymaiiuandniu luvihdunceaniusnady Tasaalneduy
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31 2.6 A20619M5 19 Savitky ~ Golay smooth Tag1% m =3
(o fin Teyaduuay * Aedoyaiialsy Idizouudy)

(OUYWUT (NBANFITNA. 2545 : 81 8199710 Maesschalck et al. 1999)
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*
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31 2.7 wann13 14 Savitky - Golay smooth

(OYWUT MBAIAI3NA. 2545 : 81 619910 Maesschalck et al. 1999)
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&

JUN 2.8 salnasuainmisdai T ldySuuas

(8YWUT MBA2IAITNA. 2545 : 82 $1991N Maesschalck et al. 1999)

1. Derivative transformation

ﬁﬁ&mﬂuﬁﬁ‘l‘]’f’ﬂisIﬂ‘lﬂﬂuﬂ‘liuﬁﬂmHM‘Ii“f’f’ﬂuﬁUﬁu‘\lﬂﬁi}ﬂﬂﬂﬂium‘ﬂﬂﬂﬁl
nazmsieuAesilna$y Msadny Sccond Derivative yosatlnady sgihldiRamsuon
veagaoeaiivmasudouiuoonn luglil 2.9 usmeliifunmeanlnasudud (Absorption
band) ua2 Second Derivative ¥oslnasiniusznuifiyaseniihumanludndhouazda
YWY Second . Derivative  1I1JALDAATINANIZNAOUGIZALAZATINIIABDAVDY
anlnaduiEudy

msudilymmsmdondeuvasgnvenludidnadidae Second Derivative el
71t 2.10 é'mstﬁumﬂﬂﬁ%'m?nﬁu 2 ainasn duilszlugy) gasealndifssiudiuma
Tundavesanlnaduduvimnniususgaseavesnalnaiunsdis  vhldiiuige
oadudelvinageniyasead iy nlualnasusay defman Second Derivative 484
anaduszyi iyaveaniaeuandesnanfuetedaiou tHeaUAATBANAUN I

£
HUIBY
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e i2¢s. j40a. 1600, f0a. 2een. 22ca. 2408, D603,

WAVELEMGTH  Cam

7UN 2.9 aulnaTunaz Second Derivative Yo aemlnasy

(oYNWUF MaAFIINA. 2545 : 87 §1491A Hruschka. 1987)

»

AREB]TRARY UNITS
. . - .

=4

- Loniaetsnen olundasnuluusatusg
19Q. 1296, 1484,  100G. 18909, 2808, 2299, 2490 2004,
WAVELENGTH C(am)

311 2.10 71319 Second Derivative udtgyminmsdounuvesgasenlualnasy

(OYWUT MOAIAITNA. 2545 : 88 19910 Hruschka. 1987)

g s " 3 o ' ~ o o X
UBNIINTIULAY First Derivative vosrlnaiuezmroudyminan nasuiiduiuau
AINAADATIIAIINEIAAY (MIFBUAIVBITnATUA LAY Y) Sutiosunintesefina1n
Y 4’ 9 1 A:i 2 5 [ d' [ a e A ag d'
1 (§1N2.100 MenmuIusesalnasuiiesnniets SauNuTuauaueINaY
a A3 ~ o d . ey ot
oy vuihuduasalianusudiuuan msa i Second Derivative aaRANIENURINGT

[ 5 L4 & = _ -]
asAsuaadluzy 2.11 N3ilBa910 Second Derivative youduasavzisuilugud
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WAVELENCTH (am)

3% 2.11 M3 19 First Derivative udfgmmsunndufinefiaoeanauenaduvesanlnady

(oywius mamamsqa. 2545 : 88 819970 Hruschka. 1987)

ARBITRARY UNITS

KAVELENGTH  Com)

) 1 " . A {1 { &
31 2.12 M314 Second Derivative udtfgymmsuandiuitis/founasauanueiniu
Hhuduaseiinnuduvesanlnaiy (eywus mealndasna. 2545 : 89 819910 Hruschka.
1987)

Yy 1

Y " ¥ U a o o d a >

A3 1% Second Derivative 93 3aANANTZNUINANTATRLE NI unaFauand
o q ¥ o & X = ' A A o qy o
mduinamlaaiuiuiuasiaoeasinnuenniu  uazradguinvhldvnamilnady
4 X 4
INUAUATNAINEIAAY

Tagargdudagaanueadinisduando Second Derivative T1a NIR flomsuen

d' A @ [ @ { o @ A

yseanmasunuluanlnaiuesnainiu wazmsaamansznufivhialnasuiivuie
L X ' A ! 1 e g9 ¥ o o o ' ) ) '
INNAUANBATIANUETIAY First Derivative N IMHaludnuaz@onduudszFanuiooni

¢ o d & N o @ { & o
otlsfia First Derivative THanumnudiusnmiduvesanlnady Guiz.13) Fuhld
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w/anunueen Second Derivative 9 1@3UAMUHEUUINAT First Derivative 1119991071
. . 9 o o g a 1 I~ v @ o 9y
Second Derivative 1 1¥yagenansanuanlnasuaudy wineidhugaeeandurianay Jod
a v v i A a s v o . . A g
DNATUYBINITIF Derivative NABAITAATIEHANTURUS (multiple regression) WOHIY
v H b v
a3 Calibration Hu 8114 log (1/R) inmenadua1eg Tuaums f log (I/R) manivegd
v @ " @ o X o v A 3 . 8
AnuduNu Ao iU Favhldauns livudete udn1s19 Derivative ¥84 log (I/R) unu log
b4
(1/R) wuez lumadymidindn
~ - v o a 3 U o W 5 ANy o+ a -a
Derivative BUAUNGIUILFIWMIANANTENUNITDINTH IADENTszaAnTaman
X ' 3 . v o Ao 3 o w 2 X ¥ a g rta g ' <
YUNI Derivative BUALNAINT Tasmamsamawnvunagadunas luGudu  og1elsh
Y oA o Ay y Y X & )
awglivedsae anlnaiuinldwranindyapasuniuuiniiuay dissnndygnusuniu
o v X . . ' v o g
inwdugaseading vuanlnafi &9 Derivative TinaApyAERALNIINFUTARUTUBY 59
£ 4 ¥ v
mddyanasumumantidinsegde daiudsidaenmsdSuanlnaduldSounoums
v ei a ]
AUIUAIY  Derivative UONIINMIUUAD  Derivative  dusungeiravesalnaduiiua
~ o v a ° 1a = P R 1
anunnemeunuanaiuman 1aa1in 39 luten 1y NIR waz lidesldlse Toninuau

uretladioAmszvidveyaludiuyesns Calibration g Validation

ARBTTRARY UNITS
P
©

-~
t, PP =t " 1
B3

L.
[RTE] 1880 2200 20009
WAVELENGTH (nm)

314 2.13 First Derivative Ianlnasuiiliannudunsstuyasoavesanadufy

(oY UT MBA9FITNA. 2545 : 90 81997N Hruschka. 1987)

o a i o [ ] é 3 e
N13AIUIN Derivative 138 ANUTUVBIalnasy awnsadvan larsuiledail

First Derivative = Slope
=B-A (2.5)

~

Taoi A uaz Biluaundodilnaiuves Segments Nis1amiunazogani

105045
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Tumsfamdoat mun Segments size 0¥ Gap size fouluzili 2.14 Fuded
MsfuInfiAen Segments size WAL 12 nm Az Gap size W1NY 10 nm (“luﬂs{ﬁ‘ﬁ
mlnasuudazanuemaiy Wieudazeaveiy 2 om) msdoaBududi msh
alnasusia 7 Arlu Segments size snuMNARUUEIMIAIRAY 114 A Tufunuvea
Segment S watilnaduluniiuR1wes Gap size uazAnInmwasvosanaudn 7 flu
Segment size fia'11 18A1 B fludaunuves Segment fiaoe udniA A avesning B wadl
TR lumummnasuiigaBuduues Segment usn FamsAaneznszyimn Segment
sotijeslsunneanimeIndy Aenimiuezudy Segment Tmaun 1 9A130 2 nm Alu
n3diE udrdnnusmileusuiindmnauad i

- 3 : a vy v W v da & o v 9 A ~
First Derivative Uﬂ’li‘l‘iﬂﬂwﬁﬂUﬂ’JE]U"N‘VImuE]ﬁiﬂlﬁiJﬂ YU mJa’mamemazlaa

wazliMINIZBAVDIBYAN AT UTUBNITN

Gop _ Segnaent

Segment Goap  Segment /

I il

-
AAULTIARU (nm)

log/R>
s l®

H d‘ o Qo A o . .
311 2.14 Segment size 102 Gap size N ua lua/nasueA 11 Derivative

(OYWUT MBA2IFITNA. 2545 : 91)

[ ° . . < ° v A 2
AMTUMIAUIN Second Derivative ﬂﬁ’t’] MIANUIUNAADUB ﬂ"lﬁulﬁlﬁ"lﬂ First

o - da o 3‘, A Yo v o = Y [ [
Derivative NAANUUULDY Hiazﬂﬂ’nmumsmmmmiuJaﬂuuﬂmmmwummﬂnmu g

A
aunNIIng

Second Derivative = Change in slope

= First derivative 451 - First derivative 8031

It

(C-B) «(B-A)
=C-2B+A (2.6)



19

{ < 1 { o { 1a o a v " @
lavii A, B uag C luAundominasuves Segment fogaafuiazisianmiy
° < @ . . . o ’ . <
MIfIUARGAUUUY First Derivative 1aglumsdan1 Second Derivative
\ é ' H o ' H "
¥839AusN ABevIA1 C Fudluruntevesanlnaduluseiiamumde ¢ Tugii 2.14 d20 uds
o N { 4 é o
AUIUHAAUYBIAURAYU Segment UINUAY Segment NABIFIAD B — A UAIMIUINHAAY
oA P = L A Y o '
Y94AUNAGIU Segment Na@INAY Segment AeuAAD C — B udainnwaausus nunay
v A 0 Y ° g o a
pONNINKAAUANABY  Awaums  mwaauganien Ihh ldunusmanlnaiuiigausnves
. , gl i
Segment L3N LAZAUIUNDAUMUANMS IIUATUAADATIANVEIAAY  ABDINIUTS
: b4
1o Segment 11M19u71 1 9A¥30 2 nm wazyhmsmmaauT 9IS varuysel
Second Derivative 1¥ldnadnudrediilioynind1e neunmuduey awnadud

1&oamsfan First uag Second Derivative uanalugaii 2.15 nisuiousuaalnady

4 g
IUAU
x 10°
15} [
o 1.2} g
& 1 @ 10t
& &
_§ 08 25 ﬁ
© & |
.50.6 E 0 1
04 e
& . -5t ] | bt
0 200 400 600 0 200 400 600
original data 1st, derivative data

2nd. der. absorbance

0 200 400 600
2nd. derivative data

‘ g e _ - o i
3UW 2.15 First Derivative tta¢ Second Derivative i/ suifiouuenlnafuBudu

(OYWUT MBAFITNA. 2545 : 92 819910 Maesschalck et al. 1999)

2. Multiplicative scatter correction (MSC)
S a 4 g X A a $ v o a
umataiaiuniieaaran1snseRaues (Scattered light) soaulnady i'ld

VINMIIAUUL diffuse reflectance WAZHUL transmission 1aew'lUmsnse@auesazyiily
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~” 3 P ' [ o { 4
mwsulagrfaould  slsumileuihanlnesugmihlimpuseugaiinnueaiy
MgAvearinal (Multiplicative effect) Srauudldanlnasufhudunse aulnasufezgn

lilinmduuana ldnndurSemilousuduassgomayuly Aauaaalugili 2.16

: ) VARt Y
Ui 2.16 nsitinmFunfeulas lufeuadiouwduas niunyu

(OUWUT MBAIFIINA. 2545 - 93)

MSC gnasune annseaanansgnuuuy Multiplicative effect ualumal§iia
v vy
annseaanaluluy Additive effect 1Ade viawansznuiivh iaulnasutanuaiie
Q’ 3 1 2 . A
INUAUNIDAANINAUARDATIIANEINAY
{ S\ o A v Ay Yo S S
217 2.17 duiredaninadui 185 urnuuL Multiplicative effect TnoTugaifhiudls
Aldnnlsgneumaniimiloudu_usgnuatiinnaeymauandied 3 v sznuh
o " da ] A ' Aa < 4 A a 3 [ Y
apgniloymalngjszganauuas ldnniiiioymainndn  wazmaninaduezyhls
o ) o & { { é ' [J o
anlnafuuanAfuNIURaLH g Falsouiriouizvhldanlnasumyuseu
4 9 g P " @ 4 a a a a0 o aga g
winautyuiuandwiy - dissninmsnsziuasiifanneymaiidedy  Hfady
as a P o EY 1 ' o Y a a 4'4 Vv [ Y
wmInadamaasindadnesudazsunyunduniity el anlnasuasesy
" v H
aulnasumdsvesdegnanualiuniige
4 4 . d’ - ﬂ' o s . L .’
MSC vuilduapunsil Worsangif 2.18 W NIR aulnasuindieths 40 daeea
d' Yo a ' % Y o ¢ a 1 A
nldsumansgnunnmsnseRumsetadanu dniwm log (IR) fudazanuenay veq
\ % ' o A o { o . a” d‘ é
usazAIBdMGeaium log (I/R) vesmnasumiovesiistananuaiinuennay
asenu ¢ didunseniaaudulioiiy 1 Sudsguii 2.19 feteit 38 Tanusuveudu
1 é { % ' d’ ~ o ¥ 3 é Y o ' ~ % A [
WANNMUS aualeeh 28 Tanusulsonimils ddeglafiaulnadumiiousy

o " 'd L . L é
anlnadumas ndease ldihuduassfiianusuwitunil
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Lop 1/R

1100 : 2400
Wavelength(nm)

4' W v d'd r e (e DA o~ 1 o
31.'7] 2.17 mamm{hmeummmnmeﬂu 3 YWIAUANAINNNANININY

(OUWUT 1NBA29AI3N. 2545 : 94 $19910 Osborne and Fearm. 1993)

% R

)
N

1000 1500 2000 2500
Wavelength (nm})

311 2.18 NIR clnaiuit 185 umansg UL Multiplicative effect naumsSundals MSC

(oYWUT MeAeF2INA. 2545 : 94 81397 Boysworth and Booksh. 2001)
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‘ ~
e |(B)
a 0.3
2 S
L4
e 0.6 \c:b‘.t
0 <R
- Ca‘b
S04 n®
= Q\'—’
> 5
o 0.2 -
s

0 A

0 0.2 0.4 0.6 0.8

Mean Spectrum

UM 2.19 wieasznI1en log (I/R) Ypsalnaiuusadaeg1ei 38 (UNw Y) AuA1 log (1/R)
yosaulnasumas (WA X) (eYWus MoANAI13NA. 2545 : 95 819910 Boysworth and

Booksh. 2001)

uanzqaluzUi 2.19 fendeasyninem log (1/R) vesdastieniler FUR1 log (1/R)
maAevesiietint 40 Metuiinnuenaduisatu suiudianinaiulszneudas 701 99
usnziduluguii 2.19 ezl 701 adresuiu dunsoziduumunilsdaods Falunsditle
Tivtavun 40 18U naoaludnune i vzuanalififiuds Scattering profile fifogluelnay

Fves MSC ffe manyuminasuluglii 2,18 vewdazdantulfinasediy
anlnaunde suneulumavyudndiniiae luudazdediniudesmanaiinilsnmn
avsennnalnasuiieaanannms@eudvesmlnail uazdoamainafinmisa log
(I/R) vewnq Javesietuieliunmsuvesannaiuiidouly viofremaysus
log (I/R) Iiudurisanasiiudaduieiimasstumnadumds 33msliiduds
Ansfidandnfeds nseawonnes (Regression) ol ldaunmsduasavounas

. v
aroenalugii 2.19 Al

x, =a,+b,x, w=1,...,p 2.7
Tasw X, = f1log (I/R) ¥84A10614 i NANULIIAAU w YBIAIBIWNN p AW
A
812A0U
-_— M H . v
X, = AURdY log (1I/R) NNWETINAU w YBIAIBENNINUA

a 102 b, = AMANAIMIUNNAMUIIATUYDIARIDIN i
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' o ' =1 Y1 ' ' ' Y ' dy o 9
Tuudazaeganiz 1 o, uog b, dENAzAANAINY A1 2 Uag b, Heztiunly

[ A [ ' [ ' 4’
M (Mienyumilnain) manlnasy il

_ (xwma) w=1,...,p (2.8)

b,

NIR alnasuvendls 40 detaiiliundfe Msc uduaasmneglugalii 2.20 ¥
NIR alnasulugl vesudazaredneszgnilfuud wilourugamyuldinlndiuaulnasy
mde doRaszisfio 114 Msc fuanaduludredngy Calibration Aezdesld Msc fu
nqudetniiiinlssdiummaniluewnaday - dnfudioniumaoilfazgmiudin
W dmsuldtudediluoung

n31438 MsC Iiwadegilssvesmlnafuuand1s91nms19is Second Derivative
etaiuddn wihwavesnmsdfundezdlu i lunuadsasulumsineed Tasgilieves
mlnafundims1938 Msc udaeeigiubiveadnnmetiuudinn Tuvasiigaie
voealnasumds91n3% Second Derivative szuananmlnasuE Ao IFARUM 1S

{ o A o o 1
75 MsC 9z Iwa ldangadiiimslSundmsdeudvesanlnasunou

(©)

1000 1500 2000 2500

Wavelength (nm)
51 2.20 NIR erlnasuin 185 umansenuuuy Multiplicative effect HadaM3sSuuddas Msc

(OYWUT MBAFITND. 2545 : 96 819910 Boysworth and Booksh. 2001)



24

2.2.2 Fslumsanswusiedlumsinneg (599 qassudsanl. 2545 : 116-121)

1. maun Principal Component Regression (PCR)

31 PCR 'azs?'ummnmivﬁ Principal Component Analysis (PCA) ﬁm’:’agaﬁtﬂu
dunlsdaseii Idnnndeyavesmulnaduioareesddszneviedaus mifdond
New Factors Aeutdasahawesdaulslmitadhatunmmanudniussudausawiin
1189135 Ms Reference Method iBer319arun1s Calibration Taeldmann1sues Multiple
Regression Analysis

2. maHn Principal Component Analysis (PCA)

Principal Component Analysis (PCA) (u35mslumsmsizviaaulsvateda
(Multivariate  analysis) laslinafinnsaasaudunlsdasedsnsutsngudausis
auduiug e adiedaulstun nifgoniilesoniosssseasy (Factors score or
principal component : ﬁnnﬁi"lﬁv‘;”’agu k awlsind 1dun 17 Vo S, W, SURERE R F) éuﬂu

] v
Linear combination venagaataulsddsziui launnndeyaalnaiuvanue (Original
=i 3

= (% = A N
measurement : FUNANUNIAU p AT AVMTD p ANWeIRAU TAUA X, X, ... X,)

’0’ @ @

v @ a £ v & 4 v @ a 4 o o
fuduilszans lumsaasdmunaauyls (Factor  weightsh InuA2ulsfumieiinnadeaa

wls I l8un w,, wyp e, , W) Aeraeluauns 2.9

Fi=w "X +w, X tw, * Xt w2 X

F, = Wy "Xt W, Xt wy, * X b adw, ¥ X0
Fy= wo *X bW, X twy * Xt w3 X
Fe =W * X W, * Xt w * Xt AW ¥ X (2.9

o)

nneme : S1uauas InifSendn Factors score 1139 Principal components 3R
Sutiesninswaudulsifu

A= - '

d' ° 9 9 LY (] ~ 5
mohanudlamsadedunlsina mngdf 221 aunAniidetenavua o
o ] -~ W a 2’, ad A A4 9 g/ A‘ LY
A998 (0,, 0,,......, 0)) uazlidwlsdasznmuaidluarueatuineITon T k #2
' A o w a 3’; @ @ ' v W
wils 1&un (v, vy o , v werhdwlsdasznanue k dalsindanguanuduwus
TatguIn Correlation matrix ud? gamvszannsaadedulsIninesuedaulsduld

v
N9 UA 3 Factor score
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(a) thy -

Variables Vanables Factors
£ Ve Uy . Ty . Wy Iils ' o d
e, v, !
Sy __5 r,
o .
R = Nl .
- g otati B
£ < Corrclation = Factor
> : — > o
e & coefficients o loadings
E & ;
— I N . S |

tional

1a :
i

31 2.21 msadededonSedaunsmi 3 #aurls (Factor 12 uag 3) nndalsAuiiiiog 9

AT (v, Yy eveeey V)

= T N
Y L1
ﬁ,
P )
$ %
"\ LY
Factoc 1 Factox 2 Factor 3
L] [N '
% c; 8
T,
'3 %
R

: 2
3 2.22 s v 3 Funlsiaevunnndaudsauinanua 9 fauls

(53%8 g5 sudwai. 2545 : 118 819910 Kachigan. 1986)

sz Tomimsadedannls Imiusnanszaunsoaasiuiududsdase 1mae

] o/ ' { 5 gl o L  §
vesawd? sudualslnifadeiuumimuaawns o l19yse Tonlldaeil

jun 223 pCA mmmmmﬁuwuﬁs“nqwmuﬂﬂnunmaualumuﬂmmmmuﬂi
oY

(599 qassm%mﬁ 2545 : 117 $19910 http://www.galactic.com)
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L vndulddssinamdanlsdu (X, X,, ......... , X,) Anaraalugili 2.24

nngliwmunnnaumfy

= * * * *

F =w *X+w,*X +w,, Xytuendw 2 X0
= * * * *
F,=w, *X +w,,*X,+w,, Xytootwy * X
= * * * *
F; = w * X +w,,* X +w,, Xyteoooitw, *X

.......................................................................

Fo = W 5w X W, * X b AWK (2.10)

o b4 5 o

mindesmsfardaulsidulafion wu x mmsadwals Imifad s
ndul TaslFaums 2.11
X, = Ly *F L, *F 4L *F ot HL YR, (2.11)
' v
Tagi L, fie dmiinilads (Factor Loading)
2. thaguuuledenin 18 (Factor Score : F) 114 lunsyhwisadaulsam Tag
i la$eeums Calibration #2633 M3MAAA Regression isudIee1a Iz UR 15 cu@ind
e a a A o H
Awlsdasziaw 2 Anlsdieadnasunuiade F 1dudalaod
F=w*X +w,*X, (2.12)

e F 7118 lladeaunns Calibration theviunewadaudlsam (v) 1218

F=a+F*b (2.13)
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Peomt &

Otricrvatvn

. e N e
\ 4//

Y = A s (Owix ¢ (ow,)x,

31 224 marhazuuuiladofin 18 (Factor Score : F) 1119 lumsvinnsandausan

(5998 qassmTyand. 2545 : 117 819910 Osborne. 1993)

3. (nAHn Partial Least Square (PLS)
I a ° ¥ an & E 5 8 .
Aumatalumsaasuaududsizvie (A quantitative decomposition technique)
' o am ' s as 1 o $ 1 [y ' °
WWRBINLIT PCR 9619 13RS PLS azuansanainds PCR assnlusiedanguandiuau
v
Awls Tasmsadiedans Tntduselinahdayadalsam (v) Wunsawlumsadieda
' v
wlsIminGendiinzuuntladeds (sector score) aziftu 1831 PLS Hlunszuiumsiuneu
= to & ¥ o o & AR GE ' 4 9 X
e liduiludeimsuen livirduneu regression B 118491081 factor score a3 191N
Tmiszlianuduiuiaaunlsameguds Tuanzinas PCR a1 factor score fiad19uneziina
[ b4
ndesnudeyadanlsimuluanlnadummniusuiiudeiia factor score m 18 11a%hs

v
a3 regression 8nA3InoUN 11 19 lunsyinnesdaualsaudane 1

P ; 4 : ?
e, ] 2o Rt ., | p——
B 3 i
'W‘::ﬁ: "C "“"‘::vq
i s (o
4 F
,-,.,_’i__ % ... :.g
n = ” !I—“—‘_ -
L e s
C P i Tl ¢ |
A = Specmal Data : #.= Number of spectra
€ ~Constituent Concentration Data I‘de&pﬁm

F "W.L‘mﬁo«u = Number of constitwents
LaLb -SMCmchacm I‘dewmmus

v ] Jal .
31 225 PLS Nuansnnuduiusszn il lmisudeyaludulsduriaidudauls
dasy uazAulsay

(59%8 qasudynnd. 2545 : 117 819910 hitp://www.galactic.com)
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2.3 madsziiunnugndeunivi 1838 19add (williams, p. 2007)

2.3.1 aulsdaszuaziuilseu
g1t 226 Toyaluuwaunu X (wuanew) sz gnidridernlssaszing
Foyaluiauny Y () Huszgndredhudautsam mszsmfomelumoun v
zisiuadﬁnwansznmme‘i’mdnuazmﬁmmzﬁfh'luumunu X lumsfnuifiendy
matiadosdurssaaulnlasalaihiu dmnezyhinmslszinumsyadeya Calibration 7
wivou miniundds iy wflusitulsfundanls v Foyamalnasuiitam’d (og
1R ¥3ofvhil¥a1991n log 1/R) 1 s X sedludaislssasy Tumsiszdiuanumiudilu
mavinneiuenihIdfaiiae n1ss e Standard error of prediction (SEP) dmSuau
gnABsvesgateya Calibration, Mytlsziiuranna1iinnds lnvaseiiiinszridse iy

° v 1 Aw a a X a
udninnufeuiensuainia ldnnmatadiefdudswsamaln lns e lnilasdredauinn

aregnnqulni,  maliadisitunsweanlnTasalailwgnlFlunsinnededeild
Y a
81984,

Y axis

(Dependent variable)

X axis (Independent variable)

Ui 2.26 anuduiusvesdulsBaszuazdaulsam lueuns linear regression (Williams,

P.2007)

2.3.2 Aundy (The mean)
smdeiiuimendiamanivesfoyanldduds (0 wie feyamulnauiidnn

2 H b4
wseviamnady (v) Aunfoiuszgndnnunomasuesd X wie v uazgamislae

° 2 o~ < {
Tunvesdoya (N) Fudeudluaunsi

X bar= ) X/N (2.14)
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2.3.3 Standard deviation (SD)

daudsauuniasgv (SD) uaastamsulouutlas vieanuulsdsiuludoya

J
L

viufie sinfices vesnrusdsau gaslumsma sp (wie SD,) fi
SD, = (XX NDIN-1)} 2.15)

2.3.4 Coefficient of variability (CV %)

[l v
CV fo SD 4841529103 x 100 Msaeaunasvesilszens uaaadluaums laneil

CV = (SD*100)/Mean X (159 Y) (2.16)

a1 cV uanadlunledidusa

19197 2.2 A20619 TUNIIAUIAT Coefficient of variability (CV %) v038211)3 (Williams,

P. 2007)
CRLIE

i | Aoy | smeeda |
OV, DN | & 12
2 11.9 Mean 13.08
2 17.3 >X 157
4 @2) o/ X 2106.56
5 126 | SD +2.18
6 10.3 CV% 16.67
7 15.1
8 14.8
9 11.1
10 12.4
11 13.5
12 14.1

' 2
fi1 Coefficient of variability (CV %) ganaasesmnlumenvelesifud a1 cv

e s o @ ' N { g é a
ﬁﬁmmauwuﬁnu A1 SD, AuRQY Ll'ﬁ&’ﬂ\iuﬁﬂﬁ5\1?1'3'111&&1’5‘1_'5’311‘11[’)@‘1.]58%1ﬂi“ﬁﬁlﬂuﬂﬁiz
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nnmielunsda msed 2.2 uaaaliifiudedeluamsmuima Coefficient of variability
(CV %) vosauls
2.3.5 Bias (manedamnuandsszniemiiinngldon NIRs Audeyaidrsda)
' . = ] 1 T Y a ' o ° 3
fil Bias MINANANUUANANIENINMDIBazAMY e AN NIRS uazidly
M3iaANuLaiud Tagsawes calibration TuTananudlusiswesmensfuazgaanns sy
é d { o aa . a 3 & ' Qs o = 4
Bias Hunilsludeiichagunnlunuada Bias ansnfavuldudilomatadulszing

v 1
AMWTUNUSIAE SEP UaMI31A calibration HuABEY gasdmT UM Bias i

QO XMN) - (Q_Y/N) 2.17)

o X = MdBa uaz Y = mavinnoednady NIRS sansafhiananieaui1d

2.3.6 Coefficient of correlation (r)

dunlszAnsamduiug @) udaeseay Sedoyn 2 mm @oya X uaz Y Feier
¥MNe91n NIRS uag181989) doandpsdeiunasiu ardenndesiiouysaldsLifinam
uanANfu@eIENIN 2 wndoyn szlinavesd r szt 1.00 'lumaﬂﬁn”ﬁmi’uﬁlu'lﬂ
TilAms 1z X way Y o19vgiiamanain (emror) X ag Y Tnnuduiusdiudanovisaoud
1

gasdmsumsduam r ie

LX) -[(E XX Y)/N]

3 73 (2.18)
({EX2-[(ZX)? /N Y2 -[(XY)2/N]})

2.3.7 Coefficient of determination (rz)
" o a £ a 2 ' o & o =i o
MAUUTLaNTUOINMINTU 1 ('lmnﬂuﬁaauﬂnms) LAANTATIUUDIAY
' a ' <
udsdsuludeya x Nenwseeuelasanuulsdsuludoya v fwes  widiuuan
"o A a aa ' [ '
wrue Taglimilsfunsomueves r lumalfifa © Wdeyaunni uazldiunnndi o I8
14
Juuzmsulaaruvuievesa ruag © W13 luase 2.4
2.3.8 Regression coefficient (b) {8 intercept (a)
o a £ i v ' a o <2 v &2
52 anT Regression, b, (831580 slope onRY) LAY IAAA a LLAAINITSAVYIAN
o ! N g’ o @ { 1 é le
y wminenna x maniu luanuduiusnauyseisending X uag Y @me X uag Y
Hudeyartiafeaiu wu YSinalilsdu vinmsvinglas NIRS wazaiii 18 1ae3587989)
1 1 o )/ o A 1 1 H A
A1 r LAg b WAL 1.000 Kag a WA 0.000 HBINNT Iausnnanesa error 18

v
f3UU b 81992 UINNIMIOUBLNI 1.000 ttag a I$A991N 0
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MI9N 2.3 msudannuvivevesr (Williams, P. 2007)

Ar a2 AMBOTUY

TaitAv +-0.5 | Tanu 025 | Tiwdeuldaununisasivaeudas NIRS

a v o day ra A
+/-0.51-0.70 0.26 - 0.49 llﬂ’:lmﬁuwufi'?’lhJﬂmE)smﬁnﬂﬂﬁﬂﬂﬁm

+-0.71-0.80 | 0.50- 0.64 | 1FlddmSumsfadenuULAIII

o

@ Y 4 4 Aot cv
+-0.61-0.90 | 0.66-0.81 | 1¥lddmSumssadienuazmsasisaeudedug Nildnuuzadiondanu

+-0.91-0.95 | 0.83-0.90 | wiendwmiumsszgndlFnuisennige

=1

¥ o as & A4 & v
+-0.96-0.98 | 0.92-0.96 | wianudmiumsszgndldonnuvesugunnlduniga

a

+-0.99+ 0.98 + Alemnd msumslzgnAlganuduyng et

TumaTuTad NIRS 324U error Y84 optical data 9zAndoyad1edaaue tiAonan
P o - 3 ’ 'y 4 y & ar (=
ey Multiple Linear Regression (MLR) Tumiswan calibration ¥a¥ins lell}ﬁ’JﬂmJ error
1 " ' o a @ a £ 4 o
Tusi1 X (optical data) 1¥uiREINUlUNITUD £, FU1l52NT Regression 1AZYARA A11130
I~ A -4
Auvannieaula

gaslumsanom b fio

(S X[ XY)/N _ reSDy
EY-[EN’/A)  sb,

(2.19)

gaslumsfmuln a e
A=Y bar * (b*Xbar) (2.20)

2.3.9 MsuenuasnUUANMIITHIIMIIINgldan NIRS uazdoyadiads
A ' ' v ai o U 4' 9 acy
JUHUUMIBMTUINUIIANBUANANTEHINMNYIUIIA NIRS tazafi 17801075
81989 A3z AnuId S UNT calibration 9 JUuVVTALANA1IDREZIBNBIAABAIZ AL
] . v H
vosnuduRUTszndedeyad 18910 NIRS uazdayadiet feilldesunel{luased 2.5
~ o d' o 9 r 2 a g A & s '
msiianuduilasuernilia bias lassaudidluuannieavdemsudludasidaunny
o = v a 3 o et
Fwbias 01992 19132 Toni1] Bias (Uszinn 8 uaz9) daunsamavuldTasanudulid
ANUUANAT
710 2.27 uaasdregsvestszinnanudu 1, 4 way 7 Uszan 8 uaz 9 auNIo

u

o @ d 4% L o
ud lvdiemsdiullzagada (intercept) Uszinmdunamuaves bias Aeamsnsdiuilie
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SaTIdIUANUFWbias SANUFUANN L0 TasmInA +- 0.05 WIBAIAIUMANAN
JEHANAINTIIUIENIN NIRS tagvoyas19deanimgegansotosganInndl 1.5% vaeaunay
frnnudueglu +-005 wes 1.000 Mmsnlfeunnuduliinelinadedssdnsnmns

e wazmsdiuanusu lignuugih

A15197 2.4 JUUUDYBIANUFU (Williams, P. 2007)

WavaItoynd 1By | WavaiteyadIids
R P
awuil | e g
1. | deuuld woruld
a g
2. | el N
3 ey la A
4 g4 A
5. | 9
2o
6.7 g9 Fouula
: 4o
7.0 | Fouuld
8. “Z A ©
9. | M
4
1 1

311 2.27 d0819YBIANUFY (Williams, P. 2007)
2.3.10 MANUAANAIANINTFIHYVOA single test (SET)
AANUAANAIANIATIIUYDY single test (SET) ADAIUTIOUVUNIATIIUYBIHANS

RS IZHUBINITATIIADE1INATDY 1AsI 58199913 0ITN1 NIR ADUNITWAIU calibration
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fianus i lumsmauwiug: (standard error) ¥93MMAABIENBY Aetiensnvhlae
M37han “blind” 130 Taomsle “secret” iFndIBtRMMUATeuTHaRY2911 work-load
PRLIpiY! ﬂm%ﬂn"mthamivhuv;m?umwmmsmﬁau saudamsutisiaeteiiquuazms
WIHUAIDY

23.11 MANURAWAIANIATFIHYBINSTMEY (SEP 150 SEV)

SEP (Humeuy04 Standard error of performance DNA3Y AB SD YBIANUUANAI
90910 NIR Haza81e8a

g3 lunisAuIn SEP e
SEP= (R(X—Y)2 —{[T(X - Y)]?/N}N — 1)*2 (2.21)

P ' o ' a o 2 ° o
9 limilouny RMSEP lag SEP 11iifend04nill bias SEP M InHam e
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23.12 AINIUAAWAIANINTGIHYDA cross-validation (SECV)
' 1 4
Cross-validation 19A29619gAREINUNLIYA Calibration 1191 validation T4ty lay
Y KX o ' & ' @ ' 1 o 9 R g 9
FINUIAIBINHIBNGUYDY 2-3 A2DH19DBNIINNGULAZIINISA3 19 TUIAA calibration A2
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onlFlumeiann lueauagyine Feiuiinannudanaa lifidiedsiigniunelagn
Flumsienn lunadauslinne duereenidissiios 1 Fre1933HR0n51 “full” Mo
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2.3.13 Root mean square of the difference (RMSD, RMSEP)

Root mean square of the prediction (RMSEP) {FJuA1 Root mean square YB4AU

HANANIZNINAMYIIUIEA 28 NIRS 1agA1819dauaasnglseansmwmsiavesauns
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calibration fi1 RMSD 521814 bias error 81133181 bias 8¢ SEP t1az RMSD sz iia iy ms 19
A1ErDA RMSD gauuziininni SEP

gAIMIAIUINU RMSD A0
RMSD = {[Z(X —Y)2]/N — 1}1/2 (2.22)

2.3.14 True Test Error (TTE)

SEP uag RMSD flumssufuvessinnufiananvesmsnaneudadaazns
aunueilnady NIR uazdud10e1e madioudaeg19uas factors i liuineuiieglums
nadou A1e61aii 111 SEP uaaslsz@nsamueuniesile NIR uags calibration f1 SET
YBIaNITIIUMINAABUEIB Az NIM] NIRS 1411910 SEP ther 11T 14AN “True Test
Error” (TTE)

1/2

TTE = {(SEP)’-(SETy,,) ~(SET, )} (2.23)

M1519N 2.5 MIANHUA True Test Error (Williams, P. 2007)

SEP* 0.251 0.251 0.251 0.206
SET Ref. 0.181 0.168 0.106 0.106
SET NIRS 0.098 0.098 0.098 0.098
TTE 0.144 0.159 0.205 0.147

*SEP = A1A2INHANAIANIAITIUYBIM UG SET = AININAANA IANIATFIUVRA single test

TTE = MAIUAANAIANINNITNATOULI

A151971 2.6 LAAINAAILLANATIIYBY SETs Y0aA181984 3 i1 TaediA1 SET 48433
NIR Al SEP Asfi Yoy TTE udasaauianaialunsyine NIRS daufiennsndiad
19INNTZUIMMIBNBINTBONTZUINMS NIRS Toyagadi 4 udasi1 SEP 1A In310199
wanaiaI1eBaRiugingt SEP figeervesiidaurh W SET qu uog TTE eaeiiading
11N éaﬁuﬁmiﬁwmwﬁm%umsﬂ%"uﬂﬁlumi'cjmi"’mthq MIWIONAIDEAL cell-
loading AOUAINARBIIATILHenanaT NIR Ana193e

2.3.15 85174V SEP 619 SD (RPD)

BAIITIUYDIAINNUAANAIANIATFIUYDINITNIUNY (validation) fudauioauu

1NATFIU 138 RPD fieanastnsd iy Iiauisafdnuianudunusves SEP lumenves
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¥30M13%11170 (SD,) A28 SEP

RPD = (SD(#199¢14 validation))/SEP (2.24)

RPD = 1/(1-1)"? (2.25)

é 1 1 o 1, 1,
Fag 1 FaumanuNIUNeNgATISN
2.3.16 9M518I1V04 SEP 9434 (RER)
a, 2 ° . A 1 U a
8n751i191un139i1 Standardization A1 SEP 1158209290319 v09d0yad 190

8A3102UVD4 SEP A0%19A0 RER taggnauan lasaunis
RER = (924 119010 validation £1384)/SEP (2.26)

funas sz gaiiqaniftidluly 1] uddannsagevusduinlsnalnedaodafios
Metideiitanududige e sp Lildsusanseny lultsunsunisvoeiuiie
Lﬁamsﬁmﬁaﬂi’ﬁﬂqnﬁug&Lﬁmmnﬁﬁmdm‘hmumﬂ padeMInadouNINUaza 1491y
11N RER Wi 10 vipannndmaasiuadesiiota NIR vnedoyaldanit 10% ves
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25 U18HAYBIANIZ1Y RPD 10 RER

- 15199 2.6 AM9ADA RPD 1iae RER (Williams, P. 2007)

f1 RPD 1 RER MIsHLINgy mstlszgnaly

< (] ] o
0.0-2.3 AWDI 6 U Taiuuzain
2.43.0 712 ug AALA D ALULUNETLY
3.1-4.9 13-20 woly faasn
5.0-6.4 21-30 f ATUAUABNN
6.5-8.0 31-40 finn AUAUVUABY

8.1+ 41+ fAidoy T&nnnsilseyndly
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Study of Physical and Mechanical Properties of Intact Pomelo (Kao Num Peung Variety)

SLLY 7 S

During Storage
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ABSTRACT

This research was to study the physical and mechanical 'propenies'of intact pomelo (Kao
Num Peung Variety) during storage (0, 15; 30, 45, 60, 75, 90, 105 and 120 days). After picking, the
pomeloes were waxed. Then they were kept in cold storage at temperature of 10 °C and relative
humidity of 70 %. The physical properties studied were size, weight, volume, apparent density and
color. The mechanical properties were obtained by compression test which were initial firmness,
average firmness, energy absorption, degree of elasticity, relaxation ratio and deformation ratio. The
properties that were significantly changed in the storage period were color, average firmness, energy

absorption 'and deformation ratio. The properties that didn't change or slightly changed were size,

weight, volume, density, initial firmness, degree of elasticity and relaxation ratio.
Key words : Pomelo, Physical properties, Texture, Mechanical properties, Compression test
P Sirisomboon : kspanman@kmitl.ap.th

L Ravipat : kmitl_x_room@hotmail.com
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Identification of Different Storage Duration of Pomelo (Kao Num Peung

Variety) by Near Infrared Spectroscopy using SIMCA

Panmanas SIRISOMBOON', Warunee THANAPASE ?, Ravipat LAPCHAROENSUK "

Abstract

This research studied the identification of Pomelo (Kao Num Peung Variety) at different storage duration of by Near Infrared
Spectroscopy using Soft Independent Modeling of Class Analogy (SIMCA). The near infrared (NIR) spectra of Pomelo fruits
were measured by NIR transmission spectrometer at 660-960 nm at harvesting date and at nine different storage duration (0, 15,
30, 45, 60, 75, 90, 105 and 120 days) in cooling room at 10 °C and 70%RH. The classification models were developed by raw
spectra and pretreated spectra, using moving average smoothing, moving average smoothing and Savitzki Golay second
derivatives, and moving average smoothing and multiplicative scatter correction, in full wavelength range (660-960 nm) or
specified wavelength range (700-850 nm). The model of the first storage duration (0 days) developed from specified
wavelength range raw spectra could self-predict of 100% correctness and could predict other group with high percentage of
correctness. Overall, the model could classify with 86% correctness.

[Keywords] Pomelo, Storage, Near Infrared Spectroscopy, SIMCA

I Introduction
II Material and Method

The pomelo is an important fruits of Thailand. It is for
1. Samples and spectral measurement.

consumption both internal and external countries. It is
required in foreign market. Pomelo is the fruits that can be
stored for longtime which appropriate for exporting to the
distant countries because of the thick peel. During 2001-2008,
Thailand exports the pomelo about 62,554 —112,178 tons
yearly which is about 101 — 133 million bath (Customs
Department, 2009). One of popular variety for exporting is
Kao Num Peung (Chaloemkin, 2009).

The long storage of pomeloes make many qualities of

Pomeloes (Citrus maxima' Merr cv Kao Num Peung) from
commercial orchard in Nakornchaisri district, Nakompathom
province, Thailand were random sampling at the age of 210
days after blooming. It is an appropriate dates for harvest
(Siriphanich and Romphophak, 2006). Before storage, the
pomeloes were waxed (Nature Bright, Israel) and kept in
cooling room at 10°C and relative humidity of 70%.
Pomeloes were classified into 9 groups by storages time (0,
15, 30, 45, 60, 75, 90, 105 and 120 days). Before spectra

pomeloes decrease. It is useful if we can identify the long i
measurement, the pomeloes were kept at 25 °C in 24 hours to

term storage fruits from those of fresh or short term storage.
The near infrared (NIR) spectroscopy is a rapid
non-destructive method for classifying groups of fruits
according to such as maturity or storage duration (Clark et al.,
2004). Soft Independent Modeling of Class Analogy
(SIMCA) was reported to produce very high correct classifi-
cation rate in the separation of very similar materials (Lijuan
Xie et al., 2007).

This research has a purpose of applying NIR spectroscopy
and SIMCA in identifying groups of storages of Kao Num
Peung pomeloes. It would be a referable information in

regulate temperature of pomeloes to be room temperature.
The NIR transmittance spectra were obtained at 2 positions at
the equatorial point 180° apart.

NIR transmittance spectra of pomeloes were measured in
the range 660 — 960 nm with a resolution of 1 nm with NIR
transmittance instrument (SEIKA, Japan) as shown in Fig. 1.

2. Spectral data analysis

The classification models were developed by raw spectra
and pretreated spectra, using moving average smoothing,
moving average smoothing and Savitzki Golay second
: derivatives, and moving average smoothing and multiplicative
management of post-harvest and transportation for pomelo B
scatter correction, in full wavelength range (660-960 nm) or

traders, agriculturists, engi d co g X
e g e specified wavelength range (700-850 nm). Soft Independent
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Modeling of Class Analogy (SIMCA) was used classify the
storage time.

Fig. 1 Experimental set up for NIR Transmittance of pomelo
IIT Result
Fig. 2 shows NIR absorbance spectra of intact pomeloes at

different storage duration. The absorbance peaks were at 680,
740, 840 and 930 nm. The chlorophyll peak was around 680
nm and water peak around 840 nm (Sontisuk et al., 2007) and
oil around 930 nm (Clark et al., 2003). The chemical
assignment of absorption at 740 nm was not reported in any
literatures. Fig. 3 shows the second derivative spectra of intact
pomeloes at different storage duration. It was more clearly
seen that the peak appeared at 680, 740, 840 and 930 nm and
there was small peaks appeared between 764-788 nm and 897
nm . It could be seen that there was a noise in the spectra in
the range of 850-960 nm. Therefore, the range was not
included the specified range (750-850 nm).

Table 1 shows the result of storage duration classification
using full wavelength (660 — 960 nm) of raw transmittance
spectra. Some models (Storage 1, Storage 3, Storage 4,
Storage 5, Storage 6 and Storage 7) could self-predict very
well (80 — 100%). The Storage 1 model could classify group
of storages with 86.05% correctness, while other storage
models could classify not well (31.40 — 65.12% correctness).

Table 2 the result of storage duration classification using
models developed from specified transmittance (750 — 850
nm) raw spectra. Some models, including Storage 1, Storage 4
and Storage 9, showed better classification performance than
those from full wavelength spectra. Storage 1 model could
self-predict with 100% correctness.

The models developed from pretreated spectra could not
improve the prediction performance and even poor
performance.

Q—Oday
E—lf»day
——30day
25 ——80day
——%0day 930nm
——120day -
—45day
——105 day
—75day

Jog Q1)

810 860 919 960
Wavelength (nm)

680 710 10

Fig. 2 The average raw NIR absorbance spectrum of pomelo
at storages at 0, 15, 30, 45, 60, 75, 90, 105 and 120 days

00025

0002 14y
— 120dsy
00015 —%Ndy
—15day
0.001 —Tday
——30day
00005 — 60 day
#1710
%
2 00005
o
9001
00015
0002
00025
630nm
0003

s 75 75 815 865 915
Wavelength (nm)
Fig. 3 The average moving average smoothing and Savitzki
Golay second derivatives NIR absorbance spectrum of
pomelo at 0, 15, 30, 45, 60, 75, 90, 105 and 120 days
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Table 1 Result of classification by SIMCA for every group using full wavelength of raw spectra (660 — 960 nm)

Model
No. of

Storages | fruits for Storage | Storage | Storage | Storage | Storage | Storage | Storage | Storage | Storage

(days) | prediction 1 2 3 -4 5 6 ¢ 8 9
) 10 k: 80 10 0 20 0 0 0 50 0
15 10 é 90 10 70 40 60 50 60 90 90
30 10 2 70 60 80 10 10 10 20 60 60
45 10 2 100 | 100 | 40 80 40 0 20 50 80
60 10 ‘g 80 80 10 90 0 0 40 30
75 8 ; 75 62.5 25 0 12.5 100 0 25 25
90 10 go 80 70 50 30 50 30 70 50 40
105 10 § 100 100 100 70 90 60 70 20 50
120 8 E 100 100 75 375 50 50 37.5 50 62.5
Total 86 % Correct | 86.05 65.12 50.00 32.56 45.35 31.40 31.40 48.84 48.84

Storage 1, Storage 2, Storage 3, Storage 4, Storage 5, Storage 6, Storage 7, Storage 8 and Storage 9 are the names of models for storage duration of 0,

15, 30, 45, 60, 75, 90, 105 and 120 days, respectively

Table 2 Result of classification by SIMCA for every group using specified wavelength of raw spectra (750 — 850 nm)

Model
No. of
Storages | fruits for Storage | Storage | Storage | Storage | Storage | Storage | Storage | Storage | Storage
(days) | prediction | 2 3 4 5 6 7 8 9
) 10 £ 100 0 0 20 0 0 0 0 30
15 10 g 90 10 60 30 50 50 50 10 90
30 . 10 2 60 60 80 10 10 10 20 10 60
45 10 *:-;) 100 90 40 100 20 0 20 0 80
50 10 fé 80 70 10 0 100 0 0 50
75 8 D 62.5 375 12.5 0 0 100 25
20 10 g,, 80 70 40 40 50 30 60 10 40
105 10 g 100 100 80 60 70 30 60 70 50
120 8 E 100 100 62.5 37.5 A5 37.5 375 12.5 25
lotal 86 % Correct | 86.05 59.30 43.02 83 72 38.37 26.74 2791 12.79 55.81

Storage 1, Storage 2, Storage 3, Storage 4, Storage 5, Storage 6, Storage 7, Storage 8 and Storage 9 are the names of models for storage duration of 0,

15, 30, 45, 60, 75, 90, 105 and 120 days, respectively.

IV Conclusion

This research concerned about classifying storage
duration of Kao Num Peung pomelo. The models
developed from raw spectra on full wavelength (660 — 960
nm) and specified wavelength (750 — 850 nm) could
classify best. The pretreatment of spectra could not
improve the classification performance. The storage 1 (0
day storage) model could classify best with 86.05%
correctness, and could self-predict very well (full
wavelength with 80% and specified wavelength with
100%). This might be because the average raw NIR
absorbance spectra (Fig. 2) at 0 day was obviously different

from the other storage duration. Therefore, the NIR
spectroscopy and Soft Independent Modeling of Class
Analogy (SIMCA) could fairly classify the group Kao Num
Peung pomeloes of 0 day storage from the other groups that
were stored for some duration.
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