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ABSTRACT

The objective of this research was to s;udy the possibility of nondestructive evaluation of
pummelo (Kao Numpung Variety) maturity by near infrared spectroscopic technique at
wavelength between 633-961 nanometers by an instrument FQA NIR GUN using spectra from
peel of intact fruit and from fresh cut of pummeloes at 5 different maturity of 180, 190, 200, 210
and 220 days after flower blooming. In addition, the determination of physical and biochemical
properties of intact fruits and fresh cut were predicted with the comparison of the values from
reference laboratory. |
From the study of physical properties of intact pummeloes, the results showed that the geometric
mean diameter, weight and volume of pummeloes increased with maturities, but the density
remained the same. For the color of fruit peel, the L* increased, a* which indicated green color
decreased and b* which indicated yellow color increased. The results from puncture test, which
indicates the textural properties at specific point, showed that initial firmness, average firmness,
strength of membrane which covered flesh and penetrating energy in albedo decreased with
maturities and bioyield distance, rupture distance, penetrating energy in flesh and toughness
increased, while rupture force, penetrating force in albedo, and penetrating force in flesh had a
little change. The results from plate compression test, which indicates the response of whole fruit,
showed that initial firmness and average firmness decreased with maturities and energy
absorption and deformation ratio increased while degree of elasticity and relaxation ratio had a
little change. The results from an analysis of peel image showed that the percentage of area of oil

gland and average area of one oil gland increased with maturities, but the density of oil glands

tended to decrease.
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The determination of physical and biochemical properties of flesh of kao numpung
pummeloes at different maturities showed the following: The pummelo flesh increased the
intensity of pink with maturities, L* increased, a* increased and b* 'decreased with maturities.
The results from puncture test showed that, initial firmness, max force, average force and
toughness tended to decrease. The soluble solids decreased in the first four maturities and
increased in the final maturity while the titratable acidity decreased with maturities

The raw spectra of intact pummeloes at S different maturities showed the peak at 970
nanometer and the second derivative spectra showed the same peak around 960-965 nanometers.
The raw spectra of flesh of pummeloes showed the peaks at 680 and 970 nanometers and the
second derivative spectra revealed more peaks at 652, 738, 832, 956 and 990 nanometers.

The results of maturity classification by near infrared spectroscopy indicated that using
of spectra at 633-961 nanometers gave a better result than at 400-700 nanometers. It
recommended to use every maturity models developed from spectra.at 633-961 nanometers in
classification by SIMCA for self-prediction which provide the percentage of correctness of 98.33
and PLS-DA for other group prediction which provide the percentage of correctness of 100

The calibration models, which related the absorbance variables to dependent variables,
the percentage of area of oil gland, density of oil gland, titratable acidity, max force, average
force and toughness, could not accurately predict those dependent variables (r = (-0.05)-0.70).
However, the model developed from multiplicative scatter correction (MSC) could fairly predict

the soluble solids r=0.87 SEP=0.35 and Bias=-0.051
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2.3.3 Anudnduvewmasa N ia ALY AIAI1 NoanuIINAIeg1aAuLLls
[ a ] Y v Ll & ' a ] b 4
BUNNINAVANUHU U WTWAIVORIGWALIZIZNNRFAIT N aAUMIH I T 9ndu
Autianaaligyaniinsda Bih (1975) 85U10IMINTZNBVBINAINUNNAINIUTOUY
HIYDINANZITDIMAINMITADIAI19 udaINszAUNAInugIgaey Indganudusuiianas
LATNAINUAAINVY logarithm AUTZEZNVINAUAITALAS FIMTVIARNYAT 1BZDINIS
dammnmsazdeundslaonaldezgendimisdesdiuuas Tasduduiauasoiveg la
uniludesiianudugs dasanias hisuiudesiinnylnn e limsfauasazouli
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QNINUAIVBIANNIIARDUNTIA LT
@ A y a a ' v a ¢ o o o

2.4 vanmsnugveamaiaaurlsusagulnd (wus AINUIYINY, 2545)

a ' : 4 " = o v

duns 150011 18 (near infrared) iundunasnIoaduuiman Iihieglugenau

ﬁ' ar ar - d'l 1 ] v ar
o1naulszuIm 780-2500 Wi lumas Tavoifondannmisae Wenasdesrdnudi lilfsasazaw
windag udrmsnanisgandunaunaslusig near infrared i ¥ luanavesmaiiamsdui
i < o : o 4 4. 4 'oa o .
Anudgs Tumsduvosiuseaeg wifaduiisiannuenaiuuandraiu duiluaunmie
¥
' ar L v i - o o 3

WAL AU T TN wHUIves Tuananazynsgandunmsfiudnuuzinmzvoud

o

" o ar W o : & Y o aa oo P ar s
aznyilantuale aniwde Tuwanaldsusaddudsusaniinnuenduasenuiuss lu
= = o Y] ° [ ' =Y a v
Tuanafszinansdu tagmsganaussd 13 Mlindsauunnninlnd vin@ui Tuanaeglu
= - % 4 o o ﬁ. 3 L] -
@n22Und (ground vibration level) o ldsunasanuiuiuezegluanniznszdu (excited

% . ' =4 § ar v ad 1 a o o
vibration level) 8613 13nguiile Twananduganizinanszasondsnunsudrleenin



dnlnnemyanarg nivsoundimange; N

Tugdveandsnuniudou USinumiganaundsaunas (Absorbance, A) 1iulamngues
= o ad ar d'l A.I [ 3/ s 1 ar
iivs-uomiisa (Beer-Lambert) wasnuvosndunaniionudrldludredn ndsanuezgn

-

ganau 3 lavesdt)szneumaniiludedi anuduveaasiirduesninlanializiily

o 1 o = o - :.: a s dd a Ag

dadaunulSumvesnndsznoumaniitiu (Osbome et al, 1993) @1sdunsdnnavuly

[ dy = o ' : : =

dnumziingdl H-atom 1Wuesatlsznou iy 0-H wuluudls 1 wana N-H wuluTals@u uae
¥

c-H wulwiniu (inus dwnanying, 2545) Tasmsganduuasdiulnddunsusaves

Tuanamsdunss vumaudursusaansouiseomilu 3 ¥ (Ram1s19h 2.4)

d' ' & ] o U a
AN 2.4 FRATUAHANIUDUNT UTA

‘lh&ﬂéu &hammunﬂﬁu (nm) i‘]‘"l‘l.l’]uﬂ?;u (cm-])
dunsusae1nd (near IR, NIR) 780-2,500 12,800-4,000
U5 UIAUIUNAI (mid IR or fundamental IR) 2,500-50,000 4,000-200
dunsusatulna (far IR) 50,000-1,000,000 200-10

1 = o o a
an: Tnut dananying, 2545

$291n8Bun51130 (near infrared 130 overtone region) Hin2mE1IAAL T2
780-2,500 W1 TUIUAT UOUNIIRANAUAAUUTUAADIN overtone HAZTIWUTIFHMIGANAY
wareit 1&noudrediiisz TomilunisSinsizriniUSuavesngy funcional  uaziny
TnseadeTuana Giv ‘%’y'm*ixqa HazAME, 2527)

$29n2190UN515A (middle infrared 130 fundamental region) fiNWL1IAAY
1134 2,500-50,000 w1 Tuiwas alnasuiien &aousreganin sz Inssadrsves Tuanad
auysol Madnszides 1935l ouifeufualnasuiinsuTassadrauds 19uns
ANTIZHNINAGY functional (350 ?"szqa nagAMEY, 2527)

¥23 Inaduns usA(far infrared) TAWE12AAL 11T 50,000-1,000,000 11Ty
was $f hiseofios 1819 umsTins e idesnnanaiu i 1&iRaenms FunIonisnayy

" Vv { o . i or _oar A’
voa luana uamusalideyaineanums wansition MnoIRuMsHyUYesTwana (3% 52

AITNA LATAME, 2527)

2.5 Hé’nmiﬁugmvmnﬁ?m Near Infrared Spectroscopy (ﬂ'lﬁﬂtTW'NﬁNﬁa, 2549)
nanmisvesanlnlasalasadl Ao idedmasvesnauuaiman Td it T
MI8LAIWNTOIAY WTUAIVNTIUNIZQNYANAY (absorbed) VAN IUNZgoON T

(transmitted) VA IUAAMTALNOUNAY (reflected) VINAIUAANITIILAINT ONISIS DTS
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[ a a a o ar
(fluorescence or phosphorescence) LaZUNTIUDIUNANTITINILIDILD (scattered) (UWUT A3

ANy, 2545) Aauaaalunini 2.5

Absorbed

E=hV > MINIZISIUAY
NP "y
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MIREVIEUNSY ] T minauanBemsEeuss

2NN 2.5 Manszivesnauulman IWihduasaie
ci = o o w
NULUNUD AINIYITNY, 2545
2.5.1 alnlasalailiinguesmsganaunasianyninerveseg 2 ng Ae
ad ' " Y = R
1. NYUDINAVUIA (Lambert’s law) NA1II “IUDLTITAYI (monochromatic
. - & = ] as J’ = :]:j o 1 ¥
light) A9 LTIANNIAAUIAVIHIUAINANIUDIAYI (homogeneous) M UAATIUVDIANUUY
a o A gy >3 ' o ¥ a v 3 '
umangnadinaeganau’ly Tas livuegivanuduuaasudu nazanuduveasszgoua
b ¥ ¥
azduvesinanganau I ludadruniiu G 5aeszga uazeme, 2527)
- d U U - e d‘l - ' ar
2. NUBALYT (Beer’s law) 1812771 “UUDUAINUANNOIANUALINIUAINA
¥ 1
iaandadiuvesnnuduvesasignalnarsganau iezuys TavassiudSuauns
] L4 E
Ananiiganaundaiv’ (3o Sansena uazang, 2527)
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Tumalgiadsunaanududuvesasignganauszivegiuinnududuves
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MInzauAzANUMIIYeINIaz e wader i Tedessaungiideudidloiuioni

a o = d =1 o =‘1v
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I
A= logTo =gbc

11199910 T (Transmittance) 1171

I
T= e
I,
&
NIRRT UU
| 1
A= logT=6‘bc= log—
& 3 A a o
19 [ = ANUVUUDITINNVYINA WA INTIHIUDDNU
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¢ = dnlszansvesmiganduuas UnAnldoun)asmmanueniu nazguugi
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I,= ANUUYDAINDURIUAINAIID b=0
b = ANUHUIVBIFINA N UM IBITUANAS
¥ ' a
¢ = aAnududuveses lunuie lua/dns
A = AIM3QANAULEI (Absorbance)
Turanavesmsuaazslinlnnuduiuiiuglmnuraauitana ety
i o v o : ' v o o
WeannnisiaGoelassadsvesluananisiu venainmiuluuaaz Twanassduiusny
4 ¥ [ " : o a d
ANBEIAAUNINNI 1 9 wuTwanavenit (1,00 lwnlundasunoms i
o o da 4 1 [ g o
ANVAURUTAUAINOIATY 4 523 AD 760, 970, 1450 1Az 1940 w1 Tuwas AniudiINs
v " ¥
NATOUNFIIANVINATUAINA A MNTANIANUTURUTVENIIN0TuAI861914 (Osbome
3 a a o a4 i & Ao w 1 - @
et al., 1986) wennNiulunaadunemisdaiiosnsznovdus Adagau Tsau Tvii

HARIAINIGTIN 2.5

a @ o d ' o @ s da
MmN 2.5 ﬂ'ﬂllﬁliw'uﬁ5$ﬂ?1ﬂﬂﬁﬂﬂ53ﬂﬂﬂﬂ101uﬂ’l'ﬁ'ISﬂU‘B'Nluﬂiﬂuﬂﬁ'lﬁﬂ

pamszneu Twanafithevea FNAAUNINYITY (nm)
¥ H,O 760, 970 (Osborne et al., 1986)
W

- 842 (Saranwong et al., 2003)

= protein 910, 1020 (Osbome et al., 1986)
Tlsdu
- 934 (Tajaddin et al., 2002)
. oil 928, 1037 (Osborne et al., 1986)
lusi
- 962 (Chen et al., 2002)
" - 904 (Khuriyati et al., 2004)
a5 1u'laase

starch 990 (Osborne et al., 1986)

2.6 m3mlastoyaneun3 AT ILH (Pretreatment of spectral data) (91908 WasauIIA, 2549)

fladuiiiianinadeanauuinldud anuiy wazvuIAvesoynin sanald
mlnasuildinuuandiaiu ifeasnsinnisnsziS s nazanuuandaiidunauien
anuduvesesdilsznouiideantsIa FeermildifanuuandaluiFauan (Additive
scattering) IR alnasuRuT UM wAaEATIIRILEINEL W3 BHMFIRU (Multiplicative

: v & & 4 4 &
scattering) ﬁlﬂﬂﬂiHIWII‘BNBJ’E]?YJ'INUTJﬂﬁU‘QQ“UN
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¥ " 1
wenanfianlnasuii ldainnisganduuaaludmlndsudsusadiuanlnasuniing
4 @ ar ' o n‘: = o o [y " ad
mdouFouriuiueg (Overlapping band) Aniulumsiinsziieninii TS uuaedaeisnms
= o 1 2 a ar Yt v o J & Vv
mandiamaasnou Modsvalnasuliiinnuausauiniu uazaannuaaimaaould
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2.6.1. Derivative transformation
w do o {4 o . .
2.6.1.1 First derivative (aqwuﬁauﬂnﬁﬂm) 1AW Derivative ¥30 A1
Y o © 3 o d’
Fuvpacnasuansni 1aaedl
First derivative = Slope
=B-A
Tawi A uaz B AoAunasmnasuues Segments N9 nazegaanu
o o i é
TumsfMuIudoIt M uAYUIAYDS Segment 1A Gap AU FIVUIA Segment
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Segment A Gap 1NNV 12 waz 10 w1 luwas mudAy Tasiga A Avgan ldarnnism
" " L
ARy lurenueInay 12 w1 luwas (1A Segment) 110U 1Y 10 W1 Tuwas @ua
=& i : ' 4 4 o
Gap) udrtundednaislugiennuenaau 12 uiTumas ieldiduga B udniv A avnin
¥ ci Y o ¥ @ o a. ¥ & o o
A1B  wan lai lunumalnasufigaisuduues Segment 13N IRAIMIMITNILIHINN
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Segment Aviioaiu 1 aunneanueIAdy AovIMiuAvEy Segment l1n13u21 1 98 130 2

° o’ 1 4 = ﬂy
'IJ'IT'IJHJW':T ng'lﬂ']u')m“lﬂlﬂﬁﬂuﬁﬂﬁ'l'!ll'ﬁ]“!.ﬂﬁ U

s 1. Gop _ Segment

[ 1

nm:uu‘nnﬁu {(nm)

logCl/R)

:i q‘ o ar 4. o - .
NN 2.6 VYUIA Segment LY Gap nimualuanlnasuniefuia Derivative

Mn: 913UT MOAIFIINA, 2545
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First derivative 191@nafudiediaiiiiiosinaue uaziminizianszay
0. o u’: . B N Y ] 9/ -
YOI YMAAIINANINIAY UBNIINMTUUAD First derivative vodmilnafuazaiouniyniv
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2.6.1.2 Second derivative (pY WU BUAURADY) ADMssIunaauYeIA N 1
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G

Fuvesalnasuuian
d’log(1/R
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FAVOUUNUAIY
d?log(1/R)
ansadnuldnn

Second derivative = change in slope
= First derivative 1130 — First derivative AN
=(C-B)-(B-A)
= C-2B+A
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AMIAUINARIAY First derivative 198 114A15A1UIUAT Second derivative YD
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Segment NABIAT Segment NN FINAD C-B udNINaALAWINNIAVOONIINWAAVAIN
#03 muaums mweaaugamoimh llunumalnasungausnues Segment 130 HALAIUIN
1 d' v 3 = é -
HaauMuauNs IauasuaasarennueInauaevIniuIuaeu TN 1 98 vie 2
v
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w Tuwas udhmsmsas nﬁmg_mf
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11514 Second derivative 92¥I0AANANTENVIINNITNTLITINA Nl uma
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waanii vinamlnafuiviiunsinasasiennuendu uaznaFguini vvuia
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YOIMUNASUIRBIUAINAINOIINAY Second derivative 19 IAHAANDAIBI1IRNVUIADYNIA
A1) HAURTIUAUDY
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First derivative ﬂlﬂmwnﬂmm HATANUIIANAUNUADSAIVUIINAU HBINT
9 ' & ar =Y v 4
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ARSI TRARY UNITS
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-. sk mudunuuuhuuamhgwhinmnﬂmxmaﬂmmuﬂmumdwn
198C. 1233, lép@ 1699, 1e08. :m 2200, 24P0. 2603,

WAYELENGTH (nm)

J’I}T'l'?l 2.7 @Ay 1Az Second derivative vosalnasy

N301:Hruschka, 1987

2.6.2 Multiplicative scatter correction (MSC)
ad o = é & a
Wuitnsidivaananinmsnszitavewds ¥ lasialumsnsziavouas
o ar o = o - o ' s o b4
Mldanuduvesalnadulassaunlaoull danni 28 adwivimlaaiugniile

MYUTOUIANANVIIATUMTA
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Wavelength (nm)

v

=

MW 2.8 NIR alnasui 185 umansgnuuuy Multiplicative effect ApuMsTuuddIe MSC

nan: Boyworth and Booksh, 2001
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i 2 o 1o T T T S
WAy Fuasunisnyudana11i 18 las lundazdrediniudesmimineinmianauooniin
| A a a ¥ ' = '
anlnasumeaaranInNsioudIueImlnaTy 1AzABIHIAIAINLIMITAT log(1/R) YDINAA
o ' . [ o o 4 + o o 3
1veIdId1uiolSunuFuvesan)naiuiinaouly nienfen1sUiva log(/R) 14

[

a J - ﬂ o " A Vet Y o a4 aa ¥y ¥ & ' P

uvunseanaududadrumne Idiaiassnumilnasuadodsns 19 1dudaninanaa
Ll ada 'd g " ar v

NA12M03531A312HANUNANDY (Regression) 10 17 Idaumisiduassvesuaaziiooia1d

» v
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X, =a +bx, w=1,....p
4 . R 4 o 5 4
We X, =f1log(1/R) YV9IRIDU i N1AINEINAU w VDIAIDEIINI p AWEINDY
¥ " [ ¥
X, = Aundo log(1/R) NANOINAY w YOIAIDINNINUA
a,uaz b= MANFMSUNNANVEIAAUVDIAIOUN i
1 o " a R ] " ' s 1 dy ° Y
Tunanzdledrenez 14 g uag b od1sazAana AU g uaz b Haziun1e
o -~ s 4 [ T ;
A (vionyua)naiy) manasulnidi
X (XIW _—af)

PR i N w=1,....p

b

I

(©)

1000 1500 2000 2500
Wavelength (nm)

AN 2.9 NIR alnasui 185umansgnunuy Multiplicative effect Haam315uuAaIw MSC

i Boyworth and Booksh, (2001)

a é o a o
2.7 mnumwm’fegamn Near Infrared spectral (53%8 g233UTAYUY, 2545)
- 4 { a o« 4 L] o v '
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2.7.1.1 Wavelength selection 11uiBnmisdaidonaanilsdaseznuingi

a a -

aNuFuRuEAuSwdsmyRvziins s imaiin lunsideniivaionuusy 1) 1@enan
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s oA

AWEANUFINIY WioNa1381eB T IeNAITIINNEIAAUANIAI e duiu S Ay
MfezimIdinss 2) 019z ldmatianeadalumsfadenanuoaduiimainine
ANUTUNUT 137 Multiple regression niemsaing correllelogram Tasmsa3ng correllelogram
Humsadensianuduiusszniaunu X Aenueninau fuunu Y Aes correlation

' " o o o ' § q’: @ 1 a 7 9
DUNNUVDIANUTUWUTIZH I optical data ﬂ'JuJUT)ﬂﬁlluun'Uﬂ'l'Mﬂi131’11%141”1‘]?1&'30
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NWTAUNUTAVAINAATIZH FINITHI1ITUNIS Calibration 11UU Wavelength selection 917U
nan wazIsnmanieanau o lumsea319aun15 19U Simple linear regression, Multiple linear
. 3
regression L‘ﬁuﬂu
1 A A A 4 o q 1 A '
uan1senANNEIAd UMz aNIINANBo AN Inua i lsSesde
uazeruinderanainld mdeyan ligndeserufadgynnild ldaminneidind iege

L Y a o 4 a = 8 o o "
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=
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9/ = v oA oA
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1. Simple linear regression MINUd aums regression nlsznovldoaunls
pasz(X) uazdaanlimu(y) Wwnsdndodr luaums Taol¥3smdsdesdesnganieeduy
] ] td
AMumIevestoyald Iduniga iduasai 14T on linear regression
TUNTTVUD linear regression fio y=b,+b, X
model YD1 linear regression fio Y=b,+b,X+e
Tau b= NN o AAALAUY
1 :; _ -~ " ar
b,= AN regression N30 MANUFUYDINT N

e = HAR195ENINAT Y-y= residual H30 MANUADIAIARDY

2. Multiple linear regression (MLR) 11135013 19@uls8ase (X) wnndmile
f2lunsszanaaidanlsan () i liaunisildaanuianainlumsiszanunias
18 wandnrsanluiseenis Mmaiia NIRS  TunismianuduiusnsalSuinvesirediean
ﬁmuﬁ'amsﬁnﬁmﬁmﬁ@.ﬂna"uumﬁﬂmummunﬂﬁuﬁumq N3 regression AO

@UN13 regression y=by+b X +b, X, +...+b X
model regression Y =b+b. X #b. X #...+h X +e

A o o~ Q’ T
%93 by, by, b,,....b, = @ wilszans regression YT U (partial regression coefficient)
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2.7.12 Full spectrum analysis 1JUIBMIAAIAINANNIIAAUMIMIIZAY
' ¥ "
(Selective wavelength) nnANuennauuaii lumnaiuinadeaums calibration 4435
i ' n‘: - - - : 1 ¥ - o
#1dnaruds vensonfadoranan lddiimsadeaumsi ligndes ernailaymni

TR AIMMIuI8AINIIMTogInIINNNV3 9 (Underestimation)  8UIHBAXI9INNITIAANIIY

k-

AMAIANBUIINAIIAS19TUMS (Interference) W3 oiailgnuileliduaudrediaminnlgly

° ° 1w = =~ o vy
msadaumsimneiives Seh 18 1daums ndaualssaszannmnu ) luauns ilddeya
» ¥ H ]
Tivuseio (Over fiting) n3lFdoyananuaniilunnanueaduvesanesy (Ful

v 4 o 3 v =1 Ao oy
spectrum) Wazilurnumaniiaslumssud lvilgmisanaedislsnmuilyminiieg Aensnil
Y a a aa o 1 a Ao P 9/ ar
annlsoaszanmiuly msldsmeatalunisdanquuonilszinnaunlsnlianunuivesny

o 3 @ hd‘ = LY = (] ° 9 9 o [ Y as
uagimsadedls nindauandulsiduezsioi uddymidenan1d 35nmsms
anda 1 @ a 4
anantionld1dun (9% qassudvan, 2545)
1. Principal Components Regression (PCR) M11591 PCR 9215401301371

Principal Components Analysis (PCA) ﬁn%’ayaﬁnﬂuﬁmﬂsﬁﬂizﬁ'lﬁmmn%'ﬂymm

"
1A A ¥

alnasuneadenlsznounsonina)s InuNisoni1 New Factors nou udldaimauls
ret J v o o o P as 4' 3
Tnynadavusnmanudunustuaudsmunmin 1491033 Reference Methods tWoa314
UM calibration 1asldMannsves MLR
2. Principal Components Analysis (PCA) Wumatian ¥ lunmsanimiuves
awilsdasz Tunsainanlsdaszisuiunin ondet19%u TAAINI1SAARTULAIVDY
Mnasui 700 ANEIAAY NMsanares A sTITEnIAe ulanguaAInlsng
V) o o 4 ar ; =1 ¥ 4 ‘3’
ANUFUNUBHumea319a s LN IS unI1 factor 1130 99A152NDY factor N3 190U BN
ar & da ¥ ) A Ao : a [ ar =g v
venilnfowasauvesman)naiunnanueaauniiminuana19iu factor vzl lAvaty
' T o Pe év s (B w 1 4 ' 2
factor laOIARY factor 3TLANANINUYBIMIIMINVOIAAIENATUNANVIINAUAIIY T
¥
s o J =% 1]
Usznouniuily factor 1119 factor usnezgnad v liannsoasuieanuulslsiuvesa
a P 4 a H & o '
aulnasulaunige factor Adeseiuioanuusdsiuimiae ¥9i1ld factor uAAZ factor
Tet @ o &1 ow s . =2 Y A e o a a ﬂdd’ &
unvz liflianuduiusaeiu (Non-Co linearity) Failudoddmiunis Iinazia03sil 1ila
NIN15M1 factor 30V300147 11 factor 114111 Regression Auamani laoldiimdaans
ﬁﬂﬂ‘ﬁﬂﬂ M 11471 Chemical loading W30 Calibration coefficient
3. Partial Least Square (PLS) Regression si‘lu?'ﬁ'msﬁﬂﬁwﬁu PCA
= d o = o
nszuIuMsInsEideyamlnaiusziludaszannszuumsiaumsoanosvesaums
° P - ¥ o - Q.
o dalu PLS Maaeanszuiumsszgnienloadr 13d ey Tasiinsihaiessszneu
a  a 9 = a = '
manliaalunszuIun1Ina factor A2 ¥9 Kasemsamran, (2005) 1dasuiefa PLS uilu

= = oy o o =
matialumsansigideyauvudulsnatediauls Tasnisadhs factor nuvauMsFudunse
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nndeyavessnaiuizudu uazih factor 714 1015 lumsadeaumsannes Tao factor #
as aa = 3/
Taninmsadeaun1sdisdiada PLs  desenunsosiuisanuulsdsiuvesdoya uaz
4 o = ' =t ar o a 4 °
neavestumsdsziiuamaniilunanfoaiu Jagiszasnves PLS iWedsanmisansiuau
¥ @ sul ¥ ¥ o da 0o v w o ' aa 1
doyamilnaiy 14 ldmmezdeyamnasunianudidgdumsinsamaniinauls
" e A gy a Aanyy ¥ &
i e Tdawsndszliunimanil Tagnasannau
.4
4. Moving Window Partial Least Square (MWPLS) Regression %4
a 1 A ' y o as a o @ A
Kasemsamran, (2005) 8311071 35Mitaenyannuonnaudmiumsinsizvanlnaiung
o Y A o @ = '8 aadly va a < Y
anududeuiinanniiumlnaiuvosieisiivawenlsznon 354 1aimsiganindah
annsnaenyInNueIRaun IHaums nfilssdninings uazinnuadosdenisunin
Fouvosdoyanluinordes lu MwpLs  finrsdmualdil 1 wihaemdnaivaua X,
. o yas & 4 & : 4 dd
WASNFVUIA m 102 h Aeauy IMndeui llawmilnasuanoataennueindu (lund
o A = o a ¢ o " 9 P 9 A — = o
alna i Aewainduuia m uoan aedw) dunmisdeyainihamundeun s szl
v ¥
a$19aun13da035 PLS fiA factor 1199 HAIDINUUITNINTATUIUNIA log (Sum of Squares
Residues : SSR) 11naums PLS #1184 uazii lidiounsm laoliunu X fluanuenau uaz
uAu Y 1uA log (SSR) nsmludaziduuaasa log (SSR) # 1danmsauialuudag factor
° = A oA i @ Ao o o do 1 - = 1 o
udrihinsnnssuuieidentisanlnasuiianuduiusnuaimani Taodensransii
A1 log (SSR) A1 ioiwnadnaumsinneiianga
2.7.2 M3M Validation
ar :I.' 9/ = s :
waann ldadeaumsuda dealisminaaeulszdninmussaunistiu
\J L] 3 = 4 aoa = acs A
nowi 1149193 Fansmaaeuaunisiiioudl 2 35 Ao
2.7.2.1. Full cross validation 1ijumsnasevauminioluy anunuioio
dl o o L) ﬂ” d’. =) "
Madeiminmageuauns udetegauasgiuamue nldadsaunslsziiuaims
' L4 ¥
N0 UYUADUAIT
1.ARAIBININATTIUAIN 1 DBNIINYAAIDIIININTTIY

Y ' o A o ¥
2.1‘13’?1‘3801\1111?15'lj‘l'l.l‘i’ll?iﬁf)ﬂ'lﬂ'l’iﬁi'l\‘lﬂuﬂ'lﬁ

v
s

3 haunsi Iszdiudmaniivesdaetansg i 1 Aigaeen

4 \d&e019masgudai 1 nduiudh Ty

5. faA206191A3 3 WA 2 DONIINYAAIDINUIATTIU

6./dunoudrthady IWATUNNAIDGS

2.6.2.3 MInNAddUMIU5213U (Prediction testing) FEilvenagouaunIIL
Mouon Taomsia3oudlediaga lniniinsimsizd luan1iznisnaaes s Iiuge

v o F o - o
GI’JE)BNJJ'IWSii‘I'LI s‘s'umgﬂmav'l:mummﬂamﬁumﬁﬁﬂ ‘lgﬂTlﬂﬂ'E]‘lJ (Testing set) ﬁl’JLlﬂi
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= ¥ A:i o e q' gs'ar ar M = " dd’

pasz ) winnmitaa lumsdszuamaaunliay (v) dandsess afe Usuuamaniin
T ¥ ar ) do 1 A °

I¥naaoudesaglurranasgiu ndson ldanlnasunnganageumian1d luswaum

Usammaninnaums

2.8 mauﬁﬁui'lu"lum‘nlszsﬁummuﬁuﬁumzmmgné’awaﬂmﬂn (Williams, 2007)
2.8.1 Fl"llﬂéﬂ (The mean)
smaousmuadamaniveadoyaiilddreds 00 nie deyaminaiui
TRnninsesiaainaiy (v) fhm?imfui)zgnﬁmammnnanmmfh X M3 Y LAzQInIs
Taviwavvesdoya (N) FuGouduemuns 185d

X bar= £ X/N

2.8.2 ﬂ'uﬁmmummgm (Standard deviation, SD)
ANdouuuwIAsgIU (SD) naastemsnlaosulas wseanuuilsilsoulu

doya e snfices vesnnwmlsisau gaslunsmial SD(wie SD) fle

SD, = {(Z X*-[(Z X)’/N]/(N-1)}"*

d
2.8.3 aulszansnnaunlsilsau (Coefficient of variability, CV %)
CV f0A1 SD 1031529105 x 100 HIsAwAURALYesszHInT naauilu
¥
aums 1aaatl
CV = (SD*100)/Mean X (1359 Y)
m cv naaaiunlosisus
r = . B & ay
A1 Coefficient of variability (CV %) gnuandeenui lumenyeanlesidud s v il
=< - l; ar ' ar - Y <2
nanananuulsdiivvesdszyinsnluvuiunuloveanisia a15199 2.6 uaaa iy

729019 1UMIAIUINAT Coefficient of variability (CV %) vo3aIu1ls
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A13199 2.6 A10819N13A1UINUAT Coefficient of variability (CV %)

e mfSnadisavvesidadnima maon e
1 9.7 N 12
2 L1.9 Mean 13.08
3 17.3 X 157.0
4 14.2 X’ 2106.56
5 12.6 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

31 : (Williams, 2007)

2.8.4 AundsveInMmANMszHNamiineTay NIRS uazdeyaiis1ids (Bias)

iiownnoaidaulsideanisvesdoyaluandaedie Validation A1 Bias
winedannuana1esEneadadazminiuielae NIRS nazidunis Sannuuius
Tausamves calibration Tu Tananuiiiuaiawesmenisfuazgaamnssy Bias iflunilaluds
fddynluneada Bias  mwisaiRadsuIdudifomdunlss Andanuduiuiuas sep
WaAa3IAN calibration LABOY
qAsE M5 UNMIAIUIN Bias Ao

Bias = (£ X/N) - (£ Y/N)

(10 X = A191989 uaz Y = mn 1dainmsiiuie Tag NIRS aansodluuinnseavnla

2.85 ﬁ’uﬂizaﬂgﬂlmﬁuﬁuﬁ' (Coefficient of correlation, r)
ar . = A" @ L o A o
duilseansanuduiug () ugasszau Fedeya2iam @oyaduay X uaz Y)

£ o [ - s 2 " ar '
aeAndoasItunaziu Anuaeandesiauyseiey lullanuuanarsiuiaoszning 2 1m



b
Yoya wavean r w2y 1.00 Tumsdfiaiuihuly1h1d X uaz v o19eziinnuduiug

a - g 9
WwFwannseavnla

qASAMIUMIMIUINU £ A0
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v o

S (xxy)-[Txx3r/N)

T exp ks - )

2.8.6 duszansminnaule (Coefficient of determination, rz)

urasdadanvesnnuulsdsauludeya X Aawnsoesuilasany

udsisaludoya v Awves r suiluuimawe Taglisrilstaunsoamanoves r warsz Toni

Tumal§ia ¢ Ideyaunnndt ruaz 1¥mumnn i rmsudannumiiovess ruag ¢ oglu

M99 2.7

2.8.7 Regression coefficient (b) 1122 intercept (a)

as a @ A 1 S ar =
duilszans Regression, b, (8315007 slope anﬁ"m) HAazyAAA a LAAIN

o i o ' @ @ o o ' & n’:
‘i:ﬂ‘]Jﬁﬂ'] y 9AMUWINAT x 1”ﬂ31ﬂﬁﬂﬂﬂﬁﬁﬁuu§mi8ﬂ?1ﬂ Xuaz Y (Fami X uaz Y L'i‘.hl

doyariiadermu wu JSmaldsdulasenlneiy NIR uazlavdsonede) M r uaz b o

» v ¥
ALY 1.000 1A a AV 0.000 HAIIDI9INI TEWITONANIAIA error 1@ ALY b D190

VINNIHIBUBNTT 1.000 LA a 9XAII9IN 0

M319N 2.7 Msulannuruieusen r uay r

Ao r r msuannuming

Up to +/-0.5 Upto0.25 Taimunso 141y NIR calibration

+-051-070 | 026049 | ifhunuduiusiug MINUKAHD

+-0.71-0.80 | 0.50-0.64 | OK dmsumisAaionataneIug

+/-0.81-0.90 | 0.66-0.81 | OK dmsumisfadeniaznslszasniotaneue
+-0.91-0.95 | 0.83-090 | 1¥Rwanusziaszalunmsiszygnaldaulng sawdamside
+-0.96-098 | 092-096 | 1Flumsilszynd 19dmIng saudamssziuganin
+/-0.99+ 0.98+ fidon 1918 umnnslszgnd 14

117 : (Williams, 2007)

s ° ' = & -
TumaTuTad NIRS 52AY error ¥84 optical data 3R NI doYyad 9B uawe Fuiuwad

. . - o . . e a =1
Tunsly Multiple Linear Regression (MLR) Tun13¥iau calibration @4 ﬁuqm‘o"hm error 11
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s o Al : 1
A1 X (optical data) IFUIRBINUNTHYDA 1, FU)52@ANT Regression uazyada Hauiluly18an

wInazAaudnaIe gas lumsiuam b Ao
(Cxxy)-[Fxxr)n]_rxsp,
72}’2 = [(ZY)2 /N 5D,

gaslumsfiim afo

a = Ybar x (b x Xbar)

2.8.8 MIUINUDIANNUANMITTHIIMTAMMIBIAY NIRS 122191994
JUDUMIENITHINUIINILIANAITZH MUY NIRS 1azA191984

A239ANBIEMIUNNY M3 calibration 716913 1dnaaeuinnou § 9 jluvuaRBMZANLTY

L

s w o [ o Y a J = 9 -
YoInNUFUNUT sz IIdoyaRhuI09In NIRS naga1d19d deii ldeue 13 luasei 2.8
P o P a 9 @ a1 < o ﬂ - & -
MsnaNUFlasuevIzIRanT o AuAUAT bias  TavswMibuuInnieay Fe019iins

o . 8 a 4; 1 ar " [
) 19 AU U/bias Bias (U5 8 11az9) munsanavu 1d lasianusu lusinnuuanai

319N 2.8 JUuUUvINNNTY

No. mé1da 1919994
1 MUY ivou
2 | NG oR!
3 MNTGI &
4 9 é
5 & q
6 of MNTGIY)
7 M uHuDY
8 q q
9 é i

N1 - (Williams, 2007)

NINN 2.10 1aAIRIo1vedlssnnauTY 1. 4 uaz 7 Us2inn 8 uag 9 @w1n
¥ v
3 d @ as : ] o - or N
uf luAemsUiulagada (intercept) @11 521ANBUNIMUAVDA bias ADINIITMIUTV A
ANUTU/bias HIAIIUFUAIIIN 1.0 1A8UINNTT +/- 0.05 N300 1AIUUANAIITLHINIATN

Yo Taw NIRS uazmd19890Innan 1.5% vossunas fianauduaglu +-0.05 ¥99 1.000



31

msnlaouanuiu liuresiinanelszantnmnisiiuie vaz lusududesSunlasunny

MNA 2.10 A19013U031UTTINNANUTY

13N : (Williams, 2007)

o -
2.8.9 A1 error WIATFIUVBINIMUY (Standard error of prediction, SEP %38 SEV)
SEP 11]uimeuvo Standard error of performance UTAITUIIOULVDINIG
W10 SEP 1iluA1 SD ¥99nuuana 1952 nemniiuie lao NIRS 1aza 191394

qa3 lumsAIm SEP Ao

sep= (Y (x -¥f -(Z(x-rp}nyv-1)"”

é ' s v o o
#9 lumilouny RMSEP Tau SEP 1311909y bias SEP f1unaininwants
o ar " d‘ " gl s 2 & o (] 1:4 n 2
ineveasnaledian li'ldgnldlunisWann calibration 1¥nA700197ifD Prediction 1M
A10013019n 1910 validation Y84 calibration V5znouAWAIBEIFTARLINY ARl
1 ¥ 4 o 1 o 4 _ o ' u’: { w v _ s 1 &
INBIT090019ANYTAUADIFNGIDI calibration 1i00ATINAIDE14 validation AOTIUNTIIVEA
i . & a ' . ) L o A = 4 ;j PP
single population 3MNNAUKNAIDYY calibration 11AZ validation SIUNU ludeou'luil Wunsaing
nnlunis1dinen SEV ieuans Standard error of validation 114gA3 19 N-2 ymiziioua 14 N-
a wa = L a ' <
2" unu N-1 Tumad§1id anunldoundasmarim lfifannuuandafivuanios Taol
(30w lv3uwn validation Apaiing11ioy 40-50 AI0013

1] é 1] 1 1
1 Standard error of calibration (SEC) FINDAT SD YDINNVUANAIITEHIN

'V a o o " "9y = o ] = . A o -
ﬂ'l‘Vl'Vl'l‘H'lU'IﬂU NIR 1aZA208197101999 1UIBNAI0U14 calibration U2 INNMSTATUAOU
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L)

4 H a a =1 o ar fd o ar ' s 9/
ANueMINAUNogAAnY IANANLsTINUIAaZALeE1NUAZA1 1% MLR, r 1ag SEC 1A
.3' A a o o v J a dyﬂ. ' . 9 . . . &
VamuIUA ) IAULINAY T30 over-fitting Y9IUDYA (multicollinearity) ¥3919
o £ = ° i . ' ° o ' °
mldulanaia §1m159%1 validation 1aaeaT r Az SEP qwuuausv'ln'lﬁmsammmu

. . = N Y 3 1A .
Y0yagA calibration HazNIIIVUMAAZIOYA SEC 0199zuanslfiiudidl outliers 1 130
' n‘r‘ ] o4 o Y a ag o '
VINNINIY FIN13107 outlier 9ONDIVIZNIINAI95 3904 r 112 SEP AVY MUNANA1 SEP A3
923N SEC 1auo
2.8.10 m error H1A3§1HVD cross-validation (SECV)
Cross-validation @11301¥@1001gamuanuiunldlunsade calibration
§ o - . ﬁ; yo ar o L A o ' U o '
Tumaiien validation 7911 1A0FNAI001900NHTIAIDI19HI BNGUYDINAIWAIDENIINYA
. i o Qs % . 3/ o i -:i = LY ) P o o
calibration 1821111515113 311180 calibration Ad8dI9E19IIMABDY mammgﬂmﬂmﬂum
¥ N
° o =R ' = o o " o ) ar ar ]
2NNIIOLAZTUNNAIANUHANAIA wANhdedTundVLIATNA1e819d U Iiay
o : u'a ar " n’: ar [ A o =2 "
mmnszmumsﬂuﬂ'szmmﬂmamﬂuﬂgﬂ%"lumswmuﬂmﬂmmzmmu AIUUNNAT
= [r- 1 P o FY ar & g ¥ o
anuAanaia vz lulidedieigninnognlglumsiaun Tumadaus1 1d19ine dueteen
v

igafiay 1 A296193511500 71 “full” 130 “one-out” cross-validation H111ARIDEIBONIL

= "

138N “segmented” cross-validation AUIDIAVUIIATFIMVOINNUUANA NN AOBYIEN T
'1ﬁgﬂﬁ1u1uiﬂu NIRS Llﬁtﬂ"l’i’)"l&gd fio The standard error of cross-validation (SECV)
. . Vo o il - a o
Cross-validation 183 um3sewsvesiandewne uazgnlflunaremsanum
Vo4 9 = ‘q'. [ (F=1 ﬂi gi ar " -~ o » " e U Q‘: o
uatidoidon i lulideyaiineany bias 150 AIIWTW/intercept INT12IAIBEININVAYNFN
[ o o Y ] o a = ) '
ponNgalszrINTRINY dmsugamed1uan (B3 N=100) ion 14 cross-validation 110N
v
77 testset 1uN133AT12H lUiAA calibration MAHANABYARIBEVIIAKIMTLUTIATILIIYITY
-~ o ) l:‘ r r L} : 1 A
Tumsidendletsiidudmunuvesdioonan 132950l 101810 test-set. One-out cross-
validation 1#t#iwaus 2-3 Tuiidauaouianes uazlimmiuiasves)sedninmuesTuaa
calibration

dgARI9819NTT 1NN (300-400+) Asaz 1d)szanm 20% vesdedis
1311 validation test set 1130 DN 20% F1¥ 3V validation test set Neroanaz1¥nnae 60% oadrs
Tuaa calibration

2.8.11 51ANABIBNMAITDIVOIANUUANAI (Root mean square of the difference,
RMSD, RMSEP)

A1 Root mean square UBIAMUUANAIITLHINIAINMNIUIGIAY NIRS taza
£ a ﬂ " a o B . ' [ ' . 9 ey
o1 uumINuaAlsZ@NTAINVDIAUNIT calibration A1 RMSD 1A574A1 bias error 01 13i%
i1 bias 8¢ SEP 11az RMSD vziia iy ms 14mata RMSD gauuziinnnni SEP

gAIMIAIUIU RMSD Ao
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rRMsD - {3 (x -y} v -1}

m3sswaunalaold SEP A1 Bias onfiu uaaIdanuuaiuivean1sniuie
et A.l = 9/ Y ; " N K - .
144 11199910 RMSD 1o1994A1 Bias us 131 Tduaaivuiauazini oamunouns bias
2.8.12 ®A51@IUA1 SEP A9 SD (Ratio of SEP to the SD, RPD)
RPD 8931910 Ratio of (Standard error of) Prediction (Validation) to (Standard)
Deviation 9A518IUVDI (ﬂ"l error WIAITIU) YINI15NIUIWY (validation) AuaINIDoUYY
ao " ] i o @ o o
WINTFIU U350 RPD Andanaetaiwni Idamisafnynnuduiusves SEP lumeuves
¥ P M Y a o ' a g g
daundsauunasgiuvesdoyadiats fuimlaonisnis SEP 420 SD veamdiedan gy
validation (SD)

RPD = SEP / SD,

a 4
anIsuilsfeldgas

RPD =1/ (1-1)"”

A L] L] 1 1l
FaflFdwmamunms ldgasusndoni
Al ﬂ. L A -3 1 1 s L = o L] -4
A1 SEP 1371031 SD 1109 $99A318UAITHNNY 5 N300I V1ansdiAInedl
s i oo 2l ’ ' & Ly o
AnuasiuauenIn A1 SD 34'1xgs 49 RPD 01992 laiga uad1 SEP #1091 SD 11 Aaiiy RPD
MY 2.5-3.0 NOIVUAAIDINTNATIZH NULUGAT SD DA NG 0.4-0.5
2.8.15 8A31@IMY03 SEP A9¥13n 313903U0Ya (Ratio of the SEP to the range, RER)
nqd‘ - 9 ~ @ @ o " ' Fd
ouq N1FIunInTgIu SEP ADNIMIANNAUN Y09 SEP Ao¥19nIg

4
vosdoyadabaldya validation (RER) teraadagasao 11l
RER = (%29 1udoya validation 81399)/SEP
J 4 Ll 1 1 3 L] = - ar L =
A1 RER msazganganiiiilu 18 uafansageiuedisialsna Taviediade

e 3 v ST = =
niinandudugenn luvmzii sp Aebifinansgnuuinnnaianiu a3 2.8 eFuiona

Y9371 RPD 1182 RER
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1319 2.9 AINADA RPD 1182 RER

A1 RPD M RER NISUINGH msilszgnaly
0.0-2.3 Wi 6 HeuIN Tz

2.4-3.0 7-12 i AAAONLILUNYILA
3.1-4.9 13-20 wold Aatdon

5.0-6.4 21-30 A AIVAUAUNIN
6.5-8.0 31-40 aun ﬂmﬂm{umau

8.1+ 41+ Aidoy Tdnnmsiszynald

A1 : (Williams, 2007)

2.8.16 al

s a%‘mumsﬂ;ﬂmmﬁmﬁﬁmﬁﬁ SEP  uaasnnuulsisiuluany
HOAUYOY X 910 Y AU biastid AR URALYBINUIANAIIYOIHA SEP 9D Bias 1A
ANuiiud lagsmueanszuuMsnaden1 RPD a319nuduius SEP fu SD veadoya
1989 nazadranasgmvesmsuanmuiuues SEP #1 RPD figa (0619A11dY 5 #io
NN udiioduiosie 3) uaasgadsz@ninmlumaiuie NIR 1Waszmind SEp Ao
drufivaunasgu SaidedvauRorty sp

mdulszantanudusiug, r viemmsdadule, ¢ uannnulnddaves
Anudeandnasznindoyaninnisinioves NIR - uazdoyadiede mdulizing
ANUFNUF IgafuA1 SEP Uaz Bias i 33480 slope Md1nd 1.0 manwauiwa NIRS

“

I ¥ ¥ '
gndeslugredoyainia nazdnsegdromolditen lviviaiad Idvindmaudiedisnunn

o~ o "

igane denlsiiaiediades 25 dretnudmiunnqanuoaaulasld MLR uazedis
£ = w 1 v @ 9/ < 1w a o o da
vounga 15 A10019A09301un 1519 PLS regression miduilszdnianuduiuings (>0.95)
" " . ' ' & q’: U " e
uANA1 bias  Taonaea nieat1elaodranilansenaeiin1uin nueaNu TN
AAIANADUDENUDY
o - " e 4 o w oo ¥
Slope u@AITzAUNSIUasuLYasveanIiiuIodle NIRS Faduwusniun
¥ a v A v e v o >
919949 A1 slope M7 1 AeANADON NI 1zuaaInaIiMsasunasluaniigesves
Y - o = ~ ' o FY '
YoyamiouunNYizns Audoauunn 1.0 1NN 0.05 A592A A 1Y slope AT AT
5 = 3 - - ' a Aav o w v o
bias Nowuld anndoauuiuinnii 0.1 gaiiiodngun uazdeamsmsauaiu i

AUNA A regression NADA b Az a a1snlFluaums y = a + bx tiveud lua slope 1oz
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bias 1A Tumal§1iia msnlaou slope Tiinasit1 Taunal d1a1 slope finuuandraodiail

o

oddgynn 1.0 Tuiaa calibration 81992 1A Tunmsinodmivaegnsnaiun
w < ] o Y o o L a0 - g' 9
M31511/79 slopebias vz I insdredaniiaiganiedninla
"o J 1w a o v o d [ P 1w a v o o9
uiudwy Tasmdulszansianuduwusee lunldou dardudszdnianuduiusion
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2.9 MINVINGUA IBaNTANIGANAUIAA (Preisner et al. 2008)
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4.4.1.1 wamsfauongmanuiReradyTovinihrsdrsanlnasuinldonduTon

%24 400-700 W1 TWINAT AIW3E SIMCA
wamsé"mwnmaﬁuTa"ﬁ'u{mniy]ﬁqﬁmqmnﬁmﬁmumminﬁu aldTumea Soft
Independent Modeling of Class Analogy (SIMCA) 'iﬂu‘l%'mﬂﬂﬂ%'uﬁ"«ﬁn (Raw spectrum) LD
ﬂlﬂﬂﬂ?ﬂﬁﬁmﬁ'ﬂmi mﬂﬂﬂﬁ"mﬁmﬁ'u 29% Tﬁ’lm’ 1) Multiplicative Scatter Correction (MSC)
2) Savitzky-Golay second differentiation ‘ﬁﬁ 2 derivative segment ‘ﬁ 50 uag 100 nm Iﬂﬂlf}ﬂ
Lﬂ“ﬁ'Umﬁuummgné’faﬂumiﬁ'ﬂuunﬁ'wﬂ15ﬁ‘?‘latmm"mENmnmﬂnm%’ummwaf’f’uiaﬁmq
MsfuReIR1eg uaasdansei 4.1 nuh nuusassiadunnannaiuvesnadulefiony
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220,210 uaz 200 Tundsaonuiu mudidy daunuuiinosiiadeenmlnaiuvesnady o
fiogmaifuifes 180 Sundsmenuiu aunsofausnmanguiuldgndesgega sosaunii
220, 200, 190 Az 210 Fundsaonuu mwdidy FuilonSoufsuanugndeslumsdauon
Frwmsadrauinssnnannasuveanadu Tofiogmuueamumsiansmalnasy
&2035199 nud nssanisanlnaiudaeds  Savitzky-Golay second differentiation 1
derivative segment 50 nm @ 130Aauon IAgnABIgega seansuniluis Msc, anlnaiu
?i‘iiﬁn 1ng Savitzky-Golay second differentiation 'ﬁ derivative segment 100 nm MUAIAY nwiu‘j'a
ﬁmsmm’nugﬂﬁaﬂumsﬁ'auunﬂfjmﬁmﬁmfu nmsdamsanaiudinis 35 Msc awse
ﬁ'ﬁlwﬂ'lﬁ’QﬂﬁﬂQQQqQ if)»?ﬁiu‘llﬁua‘i?fﬂﬂﬂﬁ%'ll Savitzky-Golay second differentiation ﬁ
derivative segment 100 nm l0% Savitzky-Golay second differentiation ﬁ derivative segment 50
nm iy AnduidloRinsananugndoslunisdausnanguiu mssansanaiudas
7% spectrum Savitzky-Golay second differentiation ‘ﬁ derivative segment 50 nm @413 afin 18
gnﬁmqaqﬂ soanauniluis Savitzky-Golay second differentiation ﬁ derivative segment 100
nm, MSC a2 alnasusamumudiiy
mﬂwamsﬁmwﬂnaﬁﬂaﬁufmnﬁﬁaﬁmqmiLﬁmﬁmumnﬂ'nﬁ'uﬁ"wﬂulnw?nﬁ'a
nlaonduTofiaas 400-700 urTuwns & SIMCA annsofansnnguiimilouduuuusines
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wlaondu TNy 400-700 w1 Tuwas A28 SIMCA

No. of Model Self- Other
pretreated | maturity

fruits for predic | group

spectra | group 180 190 200 210 220
prediction -tion |prediction
180 60 . 95.00 | 5.00 | 10.00 | 15.00 | 36.67 | 95.00 | 16.67
- 190 60 E 5| 3833 | 90.00 | 11.67 | 667 | 1833 | 90.00 | 18.75
g 200 50 g,, '-: 58.00 | 34.00 | 72.00 | 20.00 | 22.00 | 72.00 | 33.50
2 210 50 g S| 52.00 | 34.00 | 28.00 | 90.00 | 22.00 | 90.00 | 34.00
220 50 74.00 | 46.00 | 46.00 | 2.00 | 90.00 | 90.00 | 42.00
Total | 270 |%Comect| 63.70 | 42.22 | 31.85 | 25.56 | 37.04 | 87.40 | 28.98
5 | 180 60 3 9833 | 5.00 | 40.00 | 23.33 | 76.67 | 9833 | 36.25
g % 190 60 Eg £ | 2000 | 95.00 | 35.00 | 1667 | 65.00 | 9500 | 34.17
é S [ 200 50 g., '-é 18.00 | 12.00 | 78.00 | 10.00 | 34.00 | 78.00 | 18.50
%Ei g: 210 50 :g 5| 46.00 | 34.00 | 50.00 | 90.00 | 48.00 | 90.00 | 44.50
= S| 220 50 28.00 | 20.00 | 46.00 | 4.00 | 84.00 | 84.00 | 24.50
= Total | 270 |%Comect| 4333 | 3444 | 48.89 | 28.15 | 62.22 | 89.07 | 31.58
: 180 60 5 90.00 | 333 | 1833 | 1333 | 43.33 | 90.00 | 19.58
E S 1% | 60 |5 5|5333|80.00 3167 | 1833 | 16.67 | 80.00 | 30.00
Fos 2| 200 | 50 | 5 £ 5200 3000 | 6200 | 5400 | 32.00 | 6200 | 42.00
g zz g 210 50 g 2 { 76.00 | 54.00 | 66.00 | 76.00 | 30.00 | 7600 | s6.50
g & 220 50 88.00 | 60.00 | 86.00 | 30.00 | 90.00 | 90.00 | 66.00
: Total | 270 |%Comect| 71.85 | 45.19 | 50.74 | 36.67 | 41.48 | 79.60 | 42.82
: 180 60 | 3 90.00 | 10.00 | 15.00 | 15.00 | 61.67 | 90.00 | 2542
% ' g| 190 60 g £ | 36.67 | 86.67 | 11.67 | 0.00 | 30.00 | 86.67 | 19.58
g-ui % 200 50 §" % 56.00 | 30.00 | 66.00 | 16.00 | 18.00 | 66.00 | 30.00
g g % 210 50 g S | 62.00 | 48.00 | 36.00 | 86.00 | 28.00 | 86.00 | 43.50
i 2 220 50 72.00 | 42.00 | 46.00 | 6.00 | 86.00 | 86.00 | 41.50
) Total | 270 |%Comect| 6333 | 43.70 | 33.33 | 2333 | 44.81 | 82.93 | 32.00

o =1 d' oy 3 r = =;
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%734 400-700 W1 TUIAS 97035 PLS-DA
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Least Square Discriminant Analysis (PLS-DA) Taol¥anasusady (Raw spectrum) MDY

alnasuinimsdanmsalnasmiiosdu 2 35 1AuA 1) Multiplicative Scatter Correction (MSC)

2) Savitzky-Golay second differentiation 9
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Tefio1gmsNuINeIA199 1aAIRINTS19R 4.2 nud nuusaesnad wenanasuvesnady
Tefioymsiuied 180 Jundsaonuiu ansonauonnguiAsnu lagndssgega 50909
i1 220, 210, 200 uaz 190 Tunasaenu MuAWY dauuvuiaes Aadnanasuues
naduToNoignisinuined 200 Tunamenuiu awrsadausnaanguinldgndssgaga

o as o w A& 4 ¥
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TunisAanondromsaduunuitnesninan)nasuvesnaduTefiergmisinuineaniunis

¥
Janmsmnasudeisaieg wu msdamsmlnasy Aredtannasuaudumuisanauon
.lﬁ’gﬂﬁsi’ﬂﬂty’qﬂ seanauuiuis Msc, Savitzky-Golay second differentiation N derivative
segment 100 nm 1A Savitzky-Golay second differentiation N derivative segment 50 nm
RFLRTHT] m‘hﬁaﬁﬁmmm’;‘mQné’fﬂﬂumsﬁ'ﬂuunn‘cjmﬁmﬁuﬁu msdansanlnasudwis
’Jﬁﬁlﬂﬂﬂiuﬂﬂtﬂlm1n150ﬂﬂuﬂﬂ1ﬂﬂﬂﬂﬂ~lﬁ@?[ﬂ soansuniluis MSC, Savitzky-Golay second
differentiation ‘n derivative segment 100 nm 1102 Savitzky-Golay second differentiation TI
derivative segment 50 nm MWAIAY AnfuieRnsanaugndeslumsfanondanguiu
nmssamsanlnaiudaeds Msc ansodaldgndeagega seananuiluit Savitzky-Golay
] ¥
second differentiation 1 derivative segment 100 nm, alpaivauauLas spectrum Savitzky-
Golay second differentiation 1 derivative segment 50 nm AIUAIAY
s w :’ 5 o 4 4 v or @ a
nnramsnauenwaduy TewuguiniHsiognmsunsanaeiud s nasuid
- A ) 9 ad o 1 U ' [ v "
ndenduTefyae 400-700 urTuas #1638 PLS-DA awnsadausnaiengudihildngy
weriunuuineslddnhmsfanennguifoaiuuuusiaes

ﬂ. ar a d : J - =1 - J a 9 @ a

3190 4.2 wansAauonkaduy TeugumhisiogmsnuiRnanaeiudwannasui-

nlaenduTona13 400-700 w1 Tuiuns #2035 PLS-DA

No. of Model Self- Other
pretreated | maturity
fruits for predic | group
spectra | group 180 190 200 210 220
prediction -tion |prediction
180 60 3 65.00 | 100.00| 100.00 | 98.33 | 100.00 | 65.00 | 99.58
E
@ 190 60 8 £ [100.00| 48.33 | 98.33 | 91.67 | 95.00 | 48.33 | 96.25
g 200 0|8 % 100.00 | 92.00 | 48.00 | 76.00 | 98.00 | 48.00 | 91.50
: 210 50| B ©{96.00 | 92.00 | 96.00 | 92.00 | 94.00 | 92.00 | 94.50
(=9

220 - 50 100.00 | 96.00 [ 100.00| 70.00 | 70.00 | 70.00 | 91.50
Total 270  |%Comect] 9148 | 84.81 | 89.26 | 86.30 | 91.85 | 64.67 | 94.67
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ilaonduToNy9 400-700 U1 TUIAS A2035 PLS-DA (s18)

' No. of Model Self- Other
e fruits for predic | group
spectra | group 180 190 200 210 220
prediction -tion |prediction
5 _ |_180 60 | 3 78.33 | 98.33 |{100.00 [ 100.00[100.00 | 78.33 | 99.58
§ % 190 60 é £ 100.00| 38.33 | 98.33 | 98.33 | 98.33 | 38.33 | 98.75
;zf g 200 % 1% g 100.00 | 90.00 | 30.00 | 98.00 | 98.00 | 30.00 | 96.50
2 ‘;g 210 0|8 ©1100.00 | 82.00 | 96.00 | 20.00 | 82.00 | 20.00 | 90.00
;;—, S | 220 50 100.00 | 100.00 | 100.00 | 94.00 | 38.00 | 38.00 | 98.50
Total | 270 |%Comect| 95.19 | 80.74 | 85.93 | 83.33 | 84.44 | 40.93 | 96.67
; 180 60 | 5 0.00 | 100.00 | 100.00 | 100.00 | 98.33 | 0.00 | 99.58
§ 2 [0 | e E £198.33 | 1.67 |100.00| 96.67 | 85.00 | 1.67 | 95.00
- s §
$= % 200 0 | § §|98.00110000]38.00 | 96.00 | 82.00 | 38.00 | 94.00
g % 5| 210 50| € ©|82.00]|98.00 | 96.00 | 34.00 | 56.00 | 34.00 | 83.00
2 g " ~
a2 220 50 62.00 |100.00|100.00 | 76.00 | 70.00 | 70.00 | 84.50
Total | 270 |%Comect| 66,67 | 77.78 | 87.78 | 81.85 | 79.26 | 28.73 | 91.22
. 180 60 | g 66.67 | 100.00 | 100.00 | 100.00 [ 100.00 | 66.67 | 100.00
EZogl 190 | e 5 29833 | 0.00 | 9667 [100.00] 9333 | 000 | 97.8
r§ % 200 50 g., % 100.00 | 100.00 | 32.00 | 100.00| 90.00 | 32.00 | 97.50
% EEL 20 50 2 | 94.00 [100.00|100.00 | 18.00 | 68.00 | 18.00 | 90.50
s g @ &
- 220 50 100.00 | 100.00 | 100.00 | 82.00 | 30.00 | 30.00 | 95.50
Total | 270 |%Comect| 91,11 | 77.78 | 86.67 | 81.48 | 77.78 | 29.33 | 96.12
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NamsﬁﬂumwaﬁuTaﬁ'u{*u1'.151%3"?;mqﬂmﬁmﬁmumnﬁnﬁu A207% model Soft
Independent Modeling of Class Analogy (SIMCA) Tﬂﬂi%’ﬁlﬂﬂﬂgﬂgﬁlﬁu (Raw spectrum) DY
alnasufiimssamsmalnaduiioad 233 14uA 1) Multiplicative Scatter Correction (MSC)
2) Savitzky-Golay second differentiation 'ﬁfl 2 derivative segment fin 10 uaz 20 nm Tﬂmf;ﬂ
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Wuas MSC, Savitzky-Golay second differentiation ﬁ derivative segment 20 nm IL10% Savitzky-
Golay second differentiation #i derivative segment 10 nm A& AV uwhﬁaﬁmsmmmgné’m
1uﬂ‘|sﬁ'mmﬂnfjmﬁmﬁmfu mM3vaMIaUnATUAIIT Savitzky-Golay second differentiation
§ derivative segmvent 10 nin annsonalagndesgage so9aewiluis Savitzky-Golay second
differentiation 7 derivative segment 20 nm, alnasudaduias MSC muddy dafuide
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] " 4 22 o b
M99 4.3 NamaﬂmwnmqmsLﬁmnU“ma&’ﬂmnmmﬁwmﬂnmww 633-961 111

A3 #7075 SIMCA

No. of Model Self- Other
pretreated | maturity

fruits for predic | group

spectra | group 180 190 200 210 220
prediction -tion |prediction
180 | 180 | 5 93.89 | 66.11 | 41.11 | 65.56 | 67.78 | 93.89 | 60.14
, 190 | 165 | 3 5|2242 | 9091 | 2061 | 18.79 | 26.06 | 9091 | 21.97
8 200 | 150 % < | 85.33 | 56.00 | 92.00 | 72.00 | 76.00 | 92.00 | 72.33
z 210 | 150 | § ©|63.33 | 1200 | 17.33 | 94.00 | 16.67 | 94.00 | 27.33
i 20 | 150 |~ 56.00 | 26.00 | 19.33 | 15.33 | 94.00 | 94.00 | 29.17
Total | 795 |%Comect| 64.53 | 51.57 | 37.86 | 52.96 | 55.97 | 92.96 | 42.19
5 | 180 | 180 | g 96.11 | 55.56 | 41.67 | 64.44 | 86.11 | 96.11 | 61.94
g % 190 | 165 é £]50.30 | 9030 | 11.52 | 15.15 | 29.09 | 90.30 | 26.52
é 5 | 200 150_| & é 41.33 | 54.67 | 91.33 | 52.00 | 70.00 | 91.33 | 54.50
% g 210 150 g © | 54.00 | 10.67 [ 20.00 | 92.67 | 24.00 | 92.67 | 27.17
g S | 220 150 54.00 | 22.00 | 23.33 | 8.67 | 92.67 | 92.67 | 27.00
Total | 795 |%Comect| 60.38 | 47.80 | 37.23 | 46.67 | 60.75 | 92.62 | 39.43
; 180 | 180 | g 98.33 | 23.89 | 37.78 | 66.67 | 83.33 | 9833 | 52.92
5% .| 190 | 165 |5 £]1636]9697 | 970 | 1576 | 35.76 | 96.97 | 19.39
gg % 200 | 150 éﬁn 513333 | 1133 | 9400 | 1667 | 2067 | 9400 | 2050
gz =l 210 150 | § ©|3667 | 800 | 800 | 8933 | 18.00 | 8933 | 17.67
g 20 | 150 46.00 | 20.67 | 7.33 | 6.00 | 94.67 | 94.67 | 20.00
Total 795  |%Comect| 47.55 | 33.08 | 31.19 | 39.50 | 51.45 | 94.66 | 26.10
. 180 180 | 3 97.78 | 37.78 | 28.89 | 59.44 | 89.44 | 97.78 | 53.89
FE ol 190 | 165 |5 5[20.00 | 97.58 | 2061 | 24.85 | 41.82 | 97.58 | 2682
5%’:: § 200 150 gn “g 30.00 | 14.00 | 92.67 | 30.67 | 28.00 | 92.67 | 25.67
g% 5| 210 150 | § ©137.33 | 533 | 19.33 | 90.67 | 24.67 | 9067 | 2167
5 & 220 150 43.33 | 16.67 | 16.00 | 10.67 | 94.00 | 94.00 | 21.67
Total | 795 |%Comect| 47.17 | 35.60 | 34.97 | 43.52 | 56.60 | 94.54 | 29.94
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A2075 A3 WU ﬂ'l;i‘i'!'ﬂ msanlnaiudeis Savitzky-Golay second differentiation W
derivative segment 20 nm @w1soRALON 1AgnABIgIga s09aauniluTP Savitzky-Golay
" ¥ "
second differentiation 1 derivative segment 10 nm, enAsuAANIAT MSC MUMIAY LLALID
L
nvsananugndsslumsdauennguideaiuiu msdansan)naiudieds 35 Savitzky-
Golay second differentiation 1 derivative segment 20 nm @75 nﬁ'mwn'lé’gﬂﬁ' 039937 A
spaaanuiluis Savitzky-Golay second differentiation N derivative segment 10 nm , anlnasu
v ¥
AudAuLaz MSC Muday anduilonnsananugndeslunisaausnalangudiu n1sdanis
> ¥ a 3 " o = . . o
MnasuAus Savitzky-Golay second differentiation M derivative segment 10 nm @013 07A
'lﬁ’qnﬁ’mqaqﬂ sosaauniluis Savitzky-Golay second differentiation 1 derivative segment 20
»
nm, MAnATUANANIAE MSC MuAIAY
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nnRaMsAaLeneIgmsiungImady Tevrnhnsdoan)naiugas 633-961 w1l
A3 A2033 PLS-DA awsofauenaangui bilsnguioaduunuiiaes18andinisdauen
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M13190 4.4 HanmsfauonoMINUIREINaFY TovInhAsAemnasuEI 633-961 1Ty

A7 #2875 PLS-DA

No. of Model Self- Other
pretreated | maturity
fruits for predic | group
spectra | group 180 190 200 210 220
prediction -tion |prediction

180 180 3 72.22 | 99.44 | 98.33 | 100.00|100.00| 72.22 | 99.44

B
- 190 165 3 19697 | 18.18 | 94.55 | 92.73 | 94.55 | 18.18 | 94.70
é 200 150 gp ‘g 96.00 | 100.00| 72.00 | 96.00 | 80.67 | 72.00 | 93.17
g 210 150 g © ] 96.67 | 89.33 | 98.67 | 4.00 | 90.00 | 4.00 93.67

(-
220 150 93.33 | 97.33 | 98.00 | 93.33 ]| 23.33 | 23.33. | 95.50
Total 795 | %Comect| 90.44 | 80.38 | 92.58 | 78.36 | 78.87 | 37.95 | 95.29
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M13190 4.4 wamisARuoneyMsIUInLINadu Tev1nhAsdeanaduegae 633-961 w1 lu

1A 49095 PLS-DA (719)

No. of Model Self- Other
pretreated | maturity

fruits for predic | group

spectra | group 180 190 200 210 220
prediction -tion |prediction
5 | 180 180 | & 47.78 | 99.44 | 82.78 [100.00|100.00 | 47.78 | 95.56
3 2 [ 1% | 16 E £195.76 | 40.61 | 95.15 | 96.97 | 95.15 | 4061 | 95.76
f_é E 200 150 _%n f 93.33 | 94.67 | 53.33 | 97.33 | 92.00 | 53.33 | 94.33
%_ :E 210 150 :Ej © 1 98.00 | 96.00 | 92.67 | 0.00 | 73.33 | 0.00 | 90.00
E S | 220 150 100.00 | 96.67 | 96.00 |100.00 | 40.00 | 40.00 | 98.17
Total | 795 |%Comect| 8566 | 85.16 | 84.15 | 80.00 | 81.13 | 36.34 | 94.76
g 180 180 | 3 48.33 | 96.11 | 82.78 |100.00|100.00 | 48.33 | 94.72
E. E ool 190 | 16 E £ | 94.55 | 24.24 |100.00[100.00| 9636 | 2424 | 97.73
= =200 150 | & :2—) 100.00 | 100.00 | 86.00 |100.00| 91.33 | 86.00 | 97.83
%i 5 210 | 150 E =1 9733 | 96.00 [100.00| 0.00 | 74.67 | 0.00 | 92.00
- 220 150 100.00 | 96.67 | 99.33 | 99.33 | 39.33 | 39.33 | 98.83
Total | 795 |%Comect| 8667 | 82.01 | 93.33 | 81.01 | 81.38 | 39.58 | 96.22
; 180 180 | 5 48.89 | 98.89 | 77.78 [100.00{100.00 | 48.89 | 94.17
EZ o190 | 165 |3 § | 95.15 | 26.67 | 100.00|100.00 | 96.36 | 26.67 | 97.88
é‘é % 200 150 ‘?:2" g 92.67 | 99.33 | 94.67 [100.00| 88.67 | 94.67 | 95.17
gé & 210 150 g ©97.33 | 99.33 [100.00| 0.67 | 74.67 | 0.67 | 92.83
3 g 220 150 98.00 | 95.33 |100.00 | 99.33 | 34.00 | 34.00 | 98.17
Total | 795 |%Comect| 8516 | 83.40 | 93.96 | 81.13 | 79.87 | 40.98 | 95.64

@ o - ¥ :’ lg ¥ @
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[ 42‘ Y w o : J = =] = 1 a Yot
namsdausniitody ToRuguinitdsiogmsiuioanaiany Tasld35  Soft
3
Independent Modeling of Class Analogy (SIMCA) Taol¥anasuduan (Raw spectrum) LD
" ¥
milnasuniinmsdamsmlnasuiiesdn 235 18uA 1) Multiplicative Scatter Correction (MSC)
2) Savitzky-Golay second differentiation 13 2 derivative segment fin 10 uaz 20 nm lawviio
ar ° @ g ¥ 1
nlSoufsuanugndeslunisaauendlonmsadnuuuiaesnnannasuveaiiodu loieny
: 1 ' ° = o 4 P o 1 o
mManuINeIde nuiuwuiaesshaiennanlnaiuveuiieduToNiogmsnuines 200 u
wiinenuIM ansadauonnguiAeaiu ldgndssgega sesaunilu 180, 220, 190 uag 210
o o o ar U o d‘ o 3 4 :‘ \
Jundaaenuiu muaay daunuuiiassnadueinalnasuveutioduToNeynisinuing
210 Fundsaenuiu annsonauonaanguiuldgndssgega sesasunilu 190, 180, 200 ay
ar ar o o & A = ] ¥ o b 4 3y
220 IUNAIRNUIY MINAIAY FudloTounsuanugnasdlunmisAauenalensaing
° o 5 = =] = ar [ ad 1
upudrassnnannaivveaiedulofogmanuinuanunsianisanaiuainisaeg
" ¥
HARIRIAIT 1N 4.5 WU mstansalnasudedtmlnasududnannsodauon ldgnaes
qaga sosnaniluis Savitzky-Golay second differentiation 1 derivative segment 20 nm, MSC
1ae Savitzky-Golay second differentiation N derivative segment 10 nm ANV UALD
= v o " = o u"’ o o 9 ad ag %
Hnsannugndes lunsAauennguReINuiy MsTamsmUnasuAie3s 35 Savitzky-
Golay second differentiation M derivative segment 10 nm @ 'mﬁﬂﬂ“ﬂlwﬂ'lﬁ't_]ﬂﬁﬂeq iqA
smmmlﬂu’iﬁ Savitzky-Golay second differentiation 1 derivative segment 20 nm, MSC uUag
¥ '
anlpasuauAnmudIAy Anduidiensannugndeslunisaausnaenguiu Mmsdanms
¥
minasudwitmnaiududuannsonaldgndesgaga sesasuniuis Msc, Savitzky-
Golay second differentiation N derivative segment 20 nm LD¥ Savitzky-Golay second
differentiation 9 derivative segment 10 nm AUAIAY
o o - d‘I’ 9 : 3 ar J -
nakamsfauenegmanuneuiiedu TovrnihHdreanlnaswilody Tonesas 633-
961 WIAWINAS AT SIMCA musonauennguimiounuuuuiiaesldadnas 1y

° < { ar ' o o 4
suuiiaenogmsnunel lunsaanennguivanunuuiiaoaz nadnga
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3 o d a y : .3 @ -3 9/ i
M3130 4.5 wamsaauonegmsunoaiiodu Tevinihrsdsmnasuiodulonyae 633-

961 U TUILAT A203F SIMCA

No. of Model Self- Other

St fruits for predic- | group
S prediction . > 20 o 220 tion |prediction
180 77| 5 | 93.51|16.88 | 19.48 | 1039 | 12.99 | 93.51 | 14.94

. 190 66 | 5 5|2273|9697 | 7.58 | 2121 | 12.12 | 96.97 | 1591
% 200 | 60 é,f 23.33 | 10.00 | 91.67 | 16.67 | 8.33 | 91.67 | 14.58
z 210 60 g 1 15.00 | 5.00 | 10.00 | 90.00 | 5.00 | 90.00 | 8.75
220 60 15.00 | 13.33 | 15.00 | 15.00 | 93.33 | 93.33 | 14.58

Total | 323 |%Comect| 36.84 | 29.10 | 27.86 | 29.41 | 25.39 | 93.10 | 13.75

5 |_180 77 |5 | 97.40 | 16.88 | 5.19 | 3.90 | 5.19 | 9740 | 7.79
5 2| 19 | 6 5 | 303 | 9848 | 0.00 | 455 | 4.55 | 9848 | 3.0
§ 5 | 200 60| ‘-; 6.67 | 15.00 | 95.00 | 833 | 6.67 | 95.00 | 9.17
:;:; E 210 60 é% ° | 1.67 | 833 | 1.67 | 96.67 | 5.00 | 96.67 | 4.17
E S | 220 60 833 | 21.67 | 10.00 | 10.00 | 93.33 | 93.33 | 12.50
Total | 323 |%Comect| 26.93 | 32.51 | 21.05 | 23.22 | 21.67 | 96.18 | 7.33

. 180 7|y 97401429 | 519 | 260 | 260 | 9740 | 617
§ 2ol 190 | 66 5 £| 606 [100.00] 3.03 | 7.58 | 0.00 [100.00 | 4.7
g?—l =1 200 0| g f 10.00 | 0.00 | 96.67 | 3.33 | 0.00 | 96.67 | 3.33
5 O i 60 | § °| 667|667 | 500 |10000| 1.67 |100.00] 500
i g 220 60 10.00 | 5.00 | 5.00 | 5.00 | 96.67 | 96.67 | 6.25
Total | 323 |%Comect| 2941 | 26.01 | 21.67 | 22.29 | 18.89 | 98.15 | 4.98

E 180 7|5 9610909 | 260 | 779 | 909 |96.10| 7.4
=2 .| 19 66 | 3 | 1.52 [100.00| 3.03 | 9.09 | 4.55 |100.00| 4.55
é‘;’ % 200 | 60 gn ; 833 | 5.00 | 9500 | 5.00 | 333 |95.00 | 542
£ 2 B 210 60 | 2 °| 667 | 833 | 0.00 |100.00| 3.33 [100.00| 4.8
g 1220 | 60 |° | 11671667 | 1000 | 10.00 | 96.67 | 96.67 | 12.08
Total | 323 |%Comect| 2817 | 28.17 | 20.74 | 25.08 | 22.29 | 97.55 | 6.75

e 4 v ¥ yz o 3 .
4.4.3.2 wamsAauenegmunuineatiedy Tevimhnsdrvanlnasuiledu Tonyda

633-961 W 1UILAT #2075 PLS-DA

o dy o o °y 3 a =3 a ' o = g -
wamsaausniiody Tovuguinidsiegnisinuinoiuanaieiu Tasld35 Partial

¥
Least Square Discriminant Analysis (PLS-DA) Taol¥minaiuaudn (Raw spectrum) MAY

" 3
spectrum NUMTIANI spectmmlﬁﬂéﬁu 233 1Aun 1) Multiplicative Scatter Correction (MSC)

2) Savitzky-Golay second differentiation 1% 2 derivative segment fio 10 uaz 20 nm lawviile




83

nJ‘s’umﬁunmmgﬂﬁaiﬂunﬁﬁ'ﬂuunﬁ’wmsﬁ%mvuﬁ1aawmmﬂnm%’maugﬂﬁﬂaﬁEnq
MR UIRIR9 HaAIRInI 19T 4.6 WD HuUEaeg ﬁﬂ%'nmnmﬂﬂm"mmxéaﬁﬂaﬁmq
msfuiRe 190 Sundenenum aunsesausnnduidvaiu1dgndesqeda sesnsunilu 180,
210,200 1Az 220 Fundsnenuiu mudRy dnuvyies Radnnmnaiuveaiiedule
fiogmsifuiies 200 Jundsneninu sunsadausndnguiu1dgndesgega soansniiu
190,210, 220 oz 180 Jundaaenuu amiiy FuiiowSouivuanugndeslumssansn
é’]"wmsfr§'1axm'uﬁmﬂamnmﬂnm%’mms%ﬁ"ﬂaﬁmqmiLﬁmﬁmmumsiTﬂmimiJnﬂ's"u
Ad03Ta 149 WU MIIAnIs A uAI03T Savitzky-Golay second differentiation ﬁ
derivative segment 10 nm annsadauonldgndesgega sesasuniiuis savitzky-Golay
second differentiation ‘7‘! derivative segment 20 nm, mﬂnm%’uém“uuax MSC MuaIAY uﬂlﬁ'ﬂ
fvsananugadeslunisdanonnguivaiuniu nsamsanlaniudaeds 33 savitky-
Golay second differentiation 'ﬁ derivative segment 10 nm mmmﬁ'ﬂuun'lﬁ'gﬂﬁ'mqaqﬁ
509n3u1u3% Savitzky-Golay second differentiation ﬁ derivative segment 20 nm, @ilnasw
KuAuaz MSC amdy adudiofinsananugndeslunisdauondenguiu msians
mt]ﬂﬂ%'ué'ju’fﬁmﬂna%’u%uﬁnmuﬁnﬁ'ﬂ'lﬁgnﬁmqaqﬂ sesasuniuiF Savitzky-Golay
second differentiation ﬁ derivative segment 20 nm, MSC W@ Savitzky-Golay second
differentiation ﬁ derivative segment 10 nm @ NA1AY
mnwawamsﬁmwﬂmqmsLﬁfuLﬁmtﬁa?’r‘u’imn151506’10?1;1)%%’11150?’r’niaﬁﬁho
633-961 WIAUINAS AI03D PLS-DA mmnsanauonangui ilsnquidvatuuuuiiaes1d
ANIIMIAALENNGUIARLINVIUYT IS
M3 4.6 wamsﬁ”mwﬂmqmsLﬁmﬁuax&ﬂt"r’nTﬂm’agﬁaﬁauﬁuﬂﬂﬂ%’mﬁaﬁuiaﬁﬁha 633-

961 W1 1UILAT 42033 PLS-DA

No. of Model Self- Other
pretreated | maturity
fruits for predic | group
spectra | group 180 190 200 210 220
prediction -tion |prediction
180 77 3 30.20 | 100.00 | 100.00 | 100.00 | 100.00 | 30.20 | 100.00
E
@ 190 66 8 59848 | 51.52 [100.00|100.00 | 100.00| 51.52 | 99.62
=] [=] 3
§ 200 60 gn "é 98.33 | 88.33 | 0.00 [100.00[100.00{ 0.00 | 96.67
z 210 60 g © 1 91.67 |100.00|100.00| 0.00 [100.00| 0.00 | 97.92
e e

220 60 96.67 | 98.33 [100.00 98.33 | 0.00 | 0.00 | 98.33

Total 323 |%Comect| 80.57 | 87.62 | 81.42 | 81.11 | 81.42 | 16.34 | 98.51
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; ’ 4 2 ¥ s 4 4,
M31N 4.6 FamsdanonoIgMINUIRe i odu TevnihidsmlnasuiioduTenge 633-

961 U1 TUIAT 42893 PLS-DA (619)

No. of Model Self- Other
pretreated | maturity

fruits for predic | group

spectra | group 180 190 200 210 220
prediction -tion |prediction
5 | 180 77 5 38.96 |100.00| 96.10 [100.00| 96.10 | 38.96 | 98.05
§ § 190 66 é £19848 | 9.09 |100.00| 9848 |100.00] 9.09 | 99.24
fé g 200 60 ép E 78.33 [100.00| 11.67 | 95.00 | 98.33 | 11.67 | 92.92
% ;‘E 210 60 g © 196.67 [100.00/100.00| 8.33 [100.00| 8.33 | 99.17
E S| 220 60 76.67 |100.00 | 95.00 | 98.33 | 0.00 | 0.00 | 92.50
Total | 323 |%Comect| 76,16 | 81.42 | 81.73 | 81.42 | 80.19 | 13.61 | 96.38
5 180 77 5 28.57 | 98.70 | 100.00 | 96.10 | 96.10 | 28.57 | 97.73
§ Z ol 190 | 66 fé £ | 9848 | 9848 |10000| 9848 | 9848 | 98.48 | 9856
52 -95 200 60 én % 96.67 |100.00 | 61.67 |100.00|100.00| 61.67 | 99.17
g & 5[ 210 60 8 ©|95.00 | 98.33 | 96.67 | 51.67 | 48.33 | 51.67 | 84.58
3 % | 220 60 | 93.33 {100.00| 93.33 | 88.33 | 11.67 | 11.67 | 93.75
Total | 323 |%Comect| 7988 | 99.07 | 91.02 | 87.62 | 72.76 | 50.41 | 94.82
o 180 77 5 44.16 |100.00 | 100.00 | 94.81 | 92.21 | 44.16 | 96.75
§ g | 190 | 66 é £ |100.00| 9848 | 96.97 |100.00100.00| 9848 | 9.4
g? g1 200 60 fén % 96.67 | 90.00 | 0.00 |100.00| 98.33 | 0.00 | 96.25
g g & 210 60 2 [100.00|100.00 | 100.00 | 30.00 |100.00 | 30.00 | 100.00
5 & 1220 | 60 | T [8333]100.00]100.00| 96.67 | 16.67 | 16.67 | 95.00
Total 323 |%Comect| 8297 | 97.83 | 80.80 | 85.14 | 82.35 | 37.86 | 97.45

. 4 ] ¥ : J - - s
nAKaMsfaueneyMsInuneatedu TovmiHdsalnasuiloduTonse 633-
961 U1 TuwAs MIAALENAIWTS SIMCA eusanauennguidelnu ldaniinisAauendleis
PLS-DA 16imM3AnLonaenguiunsiauonalu3s PLS-DA dwisonauon laaniinissaen

#2095 SIMCA
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ajlnnwanisaatenoignsinuineIvesdy Teviniis woh lumsaanenaignis
=3 a Vv @ a 9 5 4 (R
uneIdwmlnasuiuldendulenanueniu 633-961 Wi Tuwas Iuadniige 400-
3 o =] o o = Y °

700 1 Twwas nazads lduvuiiaemnergnisinunoalunsdanennguidsatuuuusiae

3 ar v =, o 4 o | @ ad o
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o ey l-'-‘id d' -] ¢=i ¥
4.5 mamsimnganinmeuentazmeluninsnasuasmueigmsiuineivesdule
w ¢ b1
UGV
msadaumsiineantdaniouenuaznoludo7s Partial least square (PLS)

Regression 351 319A1N159ANAULAINANWE1IATUIZH I 633-961 W1 THLAT AI0IATEA
FQA NIR GUN lumisasaviaaulnasuniniona nazileduTowuguinibe fuauianiald

¥ " a o :& J Y o wa A i 1 J Vv
nndauangveady Teuguinhrludesfidnsfe dauwadule uazdruiedule
¥ ]
e 5 91gmsnuined Téun 180 190 200 210 uag 220 Tunasnnaenuiu TaslFanlnady
¥ . b
AUAN (Raw  spectrum) tazalnasuninissamsmdnasudesdu 2 35 1dun 1)
Multiplicative Scatter Correction (MSC) 2) Savitzky-Golay second differentiation i 2
derivative segment 718 10 1182 20 nm 1ABAINIIATAYDIYA Calibration 11AZYA Prediction 910

a wa ar P & ° ' w o d
msvmaaﬂuﬁ'mﬂgwami HAAIAINIG 19N 4.7 mﬂﬂﬁﬂﬁ’L’I‘%Hif'f%.lﬂ'li‘Vﬂu'lﬂﬂ'lﬂ'ﬂllﬂllwu'ﬁ ;J

TwazBuadsil
MR 4.7 A adavesauianien nadu leuguniiei 1 Fadaaumsinnom
Parameter measured Calibration set Prediction set

n [max | min |average| SD | n | max | min |average| SD
Density of oil gland (number/cmz) 73 141.00{14.06| 26.52 | 5.99 | 28 {38.06|18.00| 26.82 [5.58
Percentage of Area of oil gland (%) | 73 |1.31|0.59 | 093 |0.18(28|1.29|0.59| 0.94 (0.17
Soluble solids (%Brix) 146 (10.90{ 7.56 | 9.47 |0.72 |56 ({10.70{ 7.90 | 9.39 |0.72
Titratable acidity (%) 146 (0.820.40 | 0.57 |0.08|56(0.73|0.41 | 0.57 (0.08
Max force (N) 119(3.51({1.04| 199 |050|46(299|1.13| 1.99 (0.47
IAverage force (N/mm) 1191246 0.62 | 1.31 |042|46|1.77|0.57| 1.26 |0.31
Toughness (N mm) 119124.56| 6.23 | 13.14 | 4.21 |46 |17.73|5.67 | 12.70 |3.14

5 ' " ¥
4.5.1 wamsadaumsinnemnsfasumlasvesimadulenuguiniig
¥
HANTTNIUIBA NN UMUUYDIABYIIIU (Density of oil gland (number/cm’)) LA

1' o o e‘df - u" o . = E o o o’; =
LUDIIFUANUNADUUIUU (Percentage of Area of oil gland (%)) ‘\J'ENN’JN’G’L’I“UTBWNQ\ITJ\HNQY\

v
ar

1M AR 199 #2633 PLS uaasdan1s1adi 4.8 wudh Jesoi T nnumuniniuves
aomiiy Taognianuun aeannnanasudadusen hemiinme 18 uazAidresad
A1 correlation coefficient (r=0.70) gagAluNMINAADY ¥4 r HAIDGYTI+/- 0.51-0.70 wladdi
AN TR (Williams, 2007) daudas1d MR NTEUUUIIATI IV (Standard deviation)

9 = _ i a o
mﬂ'l.lfJi‘J‘ﬁg'NEN‘!lﬂi‘Qﬂ prediction ADANUHANDIAUINTTIU (Standard error) VDA prediction
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o " ' v Y a
(ratio of the SEP to the SD=RPD) uUQ% 2RI IUVDIF N (Range)1uﬂayaa1aaw1ﬂ1ﬂ
prediction ABANVAANAIAUIATIIUUDY prediction (ratio of the SEP to the range=RER) 14 1.35
o o & Sl L) v " o o "
Az 4.86 AUAIAU FIRPD uaz RER HA10¢429 0.0-2.3 uag 1ound1 6 muddu utlan
upvsaes iamnsadauonuazii 116 hildawd ey (Williams, 2007)1uiGosvesrna
v =S L] o
wunivvesdeminiu nsrvaumsiamsmlnaiu biansadm Iiuuuiasslinnuuiui
2
WINTU
' v Aw d o u’g = ' g’ ar o s o
druiletvniaanlosiduanurivesdomini Tasuuuiiaes gniannmlnasy
3 = J ﬂé = LR ' L o -
dudnldai r=0.56 gagalumsnaans & r Aregrae+/-0.51-0.70 wilahiiamiuir lia
(Williams,  2007) @2Uf1 RPD=1.17 1@ RER=4.79 3iA104%24 0.0-2.3 uaz Houni 6
awday 11/ad1 model lieunsadauonuaziir 14 1dawddy (Williams, 2007) Tuisoq
¥ v
VImINUAIYDIADINI Y nszuIuMsIansmlnasy e lduuuiiasslino
e &
wudnIy
o o o 1 = o [ V Adw a o o
ANuANAUS sz ldnnmsinneiuanniaeselaegnianuuusiaes 1)
o : = s 4 i i o . d
nnalnasuauAnae PLS regression HAAIAINING 4.28 WU AMIANNTURUTADUYS
nizdANszawAInaarvesmmigld M ldsenumivir lumsiue liresdin Tag
AT 4.28 (a) LRI NUAURU s TN Idanmsiineiuaniasswesn umuniy
vosaeminiulamanuuiudr lunisiiunoiios r=0.70 uaziimnuAanaia (bias) gana
2 v = w 9 v w d ' 'y o 0 @ 1 M &
1.32 number/cm’ IFWREINUM T3 19ANNFURUTI MmN Idvnmsiinenumniaesa
o o o 3 = ' : o " ' e ° - Vet 1
voalesiFuanumvesdeminiuldmanuutusrlumsdnnoiios =0.56 ualininw
= . [ 4 P [l 1
AANAA (bias) (HO3 -0.03 AININT 4.28 (b) Feo19szanaldnmmsganiuuesluyas 600-
= 9 ar = - ) " =1 @ w do o o "
1100 nm #1¥Iannrrvealdendu e hiroslinnuduiusiunminduanunuiniuees
> 3 ¥
Aoy naziuivesemiiy Sedewaldannumiuir lumsinea higa
" b4
iiaWnsanetvazBuauuN L INYea TUIANAYINAT regression coefficient HAAIAY
1 l:l. 3 J Al o 4 o o
NN 4.29 N3 19YUTZM AN regression coefficient AUAIMEIAAY TaouuuT1apsgRwaL
¥ [ ¥ "
WmnaTuAUAL NN 4.29 (a) LAZNINN 4.29 (b) TR regression coefficient FaNANIZII
& o
680 Fuiluiinueanas T5Wa (Abbott et al., 1997)
f1 X-loading weight Y04 PC (principle component) #1199 U8AIUHUILLUVDIADY
¥ 3 ¥ '
i azYINUHIARIIITIULAAIAININD 4.30 (a) 1Az (b) MR Tasdnymzyeans v
- @ o = H 4 \ 1
nsingadwiuanymzzns i regression coefficient ¥31A1L1IAAUNATIAT X-loading
lﬂ' L\ o 4 ¥ n’; =X 1 o C:
weight Nganaaad@mlsduiinnuomadumiviinadeuuyusiass ¥ 1IN INH 4.30 (a)
PC1-PC4 @150a50URUANI3139U 96 2 2 Az 0 MudmAY 910NN 4.29 (b) PC1-PC4

1130050 UANANLIYIY5IU 96 3 1 uaz 0 MudIAD TauN 1WA 4.30 (a) A1 X-loading weigh
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4 A g

I v v
7519 PC1 499U UL UYDIAB NN UIAAIF1AAUN A3 191V VT1a09 NUNRaDANS

]
= s o tda =a o

¥anauldINEwaduLUUIIa0e @3u PC2 wuranaun idaniwanuuuuiiassldun 712
1AL 884 nm a2 PC3 WU anaun luiidniwanuuuusiasa 1dun 740 uag 777-801 nm ua
1 A A ida a s [T £ A daa a
PC4 WUFAAUN LUTBINTWANY model 1917 679 712 785 1aL 921 nm FI¥1AAUNTINTWA
AUUUUI12091521WAMNYUINA 738 nm (ROH ) 760 nm (H,0) 806 nm (RNH,) 840 nm
(benzene) 874 nm (benzene) 900 nm (CH,) 928 nm (oil) 938 nm (CH,) (Osborne and Fearn, 1986

v v "
) 1A 962 nm (1) (Saranwong et al., 2003) Taon 1w 3 (b) A1 X-loading weigh 1nsm PCI

) .
A A

b ¥ »
‘ummm'ﬂmuuuﬂmaﬁaumﬁuuﬁmmmaunﬁ%’u model WU’J'IFIﬁBﬂﬁG“B’NﬂauHBﬂﬁWﬂ

s a S o o

i model @91 PC2 wu¥aanaui hifidninasuuuuiiaes1dus 813 nm dau PC3 wuaa
adui WifisnEnamunuusaes1un 710 uag 896 nm uaz PC4 nuFIenALR hillonTwady
uuusraealdun 679 716 783 793 881-831 919uaY 955 nm Fe¥2INAUNTIENTNAM model
UszanouduiMLieR 740 nm (CH,) 746 nm (CH,) 928 nm (oil) 938 nm (CH,) (Osborne and Fearn,

v
1986 ) 1182 962 nm (111) (Saranwong et al., 2003)



¥ ¥

e; ¥ ° v 1 ny w dd <A a o o ¥ aa
MINEN 4.8 HANMTATWAUNMTHAZNITMHIYANUHUILUUUDIADUUINY uazmmsﬂﬂswu UHINDUUINUAIITD PLS
Parameter Calibration Prediction RPD RER
Pretreatment PCs
measured ; ] ]
r SEC Bias r SEP Bias |SD/SEP| (max-min)/SEP
IRaw spectra | 0.41 5.53 | 0.00000078 | 0.70 4.13 1.321 1.35 4.86
Density of oil glandMultiplicative Scatter Correction (MSC) 1| 0.17 | 5.97 | 0.00000086 | 0.23 | 5.03 | 0.732 | 1.11 3.99
2
(number/em’)  Kavitzky-Golay second differentiation # derivative segment 10nm| 4 | 0.14 | 6.01 | 0.00000076 | 0.17 | 5.09 | 0.731 | 1.10 3.94
Savitzky-Golay second differentiation 1 derivative segment 20nm| 4 | 0.45 5.41 | -0.00000057 | 0.55 450 | 1.692 | 1.24 4.45
Raw spectra 1 | 043 | 0.16 | 0.00000001 | 0.56 0.15 |-0.027 | 1.17 4.79
Percentage of area [Multiplicative Scatter Correction (MSC) 1 | 0.35 0.17 | 0.00000001 | 0.25 0.17 | -0.008 | 1.02 4.16
of oil gland (%) Savitzky-Golay second differentiation R decivitive segment 10nm| | 0.34 0.17 | 0.00000001 0.28 0.17 | -0.008 | 1.03 4.23
Savitzky-Golay second differentiation # devivative segment 20 nm| 3 0.45 0.16 | 0.00000005 | 0.48 0.15 | -0.033| 1.10 4.51
HIune PC = principle component, r=correlation, SEC= Standard error of Calibration, Bias= error, SEP= Standard error of Prediction,

RPD= ratio of the SEP to the SD, RER= ratio of the SEP to the range, SD= Standard deviation
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40 Elements: 28
Slope: 0.297853
o~ Offset: 1962679
1:-.; Correlation: 0.699333
T 35 R-Square:  0.347562
-E RMSEP: 4.129559
SEP: 3.984434
R Bias: 1.320810
230
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&
3
E 25
g
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&
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a
s 13 Elements: 28
= Slope: 0.261048
<5 12 | offset 0.668394
— Correlation: 0561095
L R-Square:  0.280089
2 RMSEP: 0.145655 . .
S 10 SEP: 0.145671 s
fcf ; Bias: -0.027441
% 09 i
5 0.8 i .
i *
T 07
9
2
= 06
A
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Measured Percentage of area of oil gland (%)
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X-loading weight
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4.5.2 Namsa%’uaum'5ﬁnnnfhm':nﬂﬁiuuuﬂawaméaé’ﬂaﬁuﬁmmfléa

HamsadaumMsinomaNuuRuT szrimnsganauuasi Usnaveads
fiaza10'ld (Soluble solid (%brix)) uag Usuimnsaii lansn'14 (Titratable acidity (%)) 42033
PLS ‘l!’E]ngﬂﬁ"nIﬂﬁuﬁ%131§15@ﬁﬂ1Qﬂ1‘5!F‘!UI?;U’JGI'N“’] LA IS8T 4.9 WU A
vmnealSnuvesndaiiozawd gnimumuuineananainaiy Multiplicative Scatter
Correction (MSC) Tifi1 correlation coefficient (r=0.87) qeaalun1sNARDY ¥4 r HA10GY+/-
0.81-0.90 wilai 1 lun1snsa93a 14 (Williams, 2007) drudasidvesandoauunasgm
(Standard deviation) 91N90Yyad198903%A prediction ADAIMHANAIANIATFIY (Standard
error) Y94 prediction (ratio of the SEP to the SD=RPD) 1 8A3109UYDIFI (Range)alu%ﬂyﬁ
$1983991N%A prediction ABAIUAANAIALIATFIUVDA prediction (ratio of the SEP to the
range=RER) 14 2.08 1122 8.10 AMA & G9RPD  fif10¢923 0.0-2.3 nladmpuiiansly
annsafauonuas uaansmi 1414 doua RER Simegeas 7-12.0 wladwuuiiaeshi
aansodauenldanazmsinlu19a31ag (Williams, 200713 svosanlSunavoudsi
avmo'ld nszuumssansanlnasuamunsmilfuuusiaes fanuuiuunniy

daumsinnesnlfnaniai lanin1d Tasuuuines gniaanannasudady
1881 =0.57 gagalumimanes dar HA10g¥29+/- 0.51-0.70 iladilanuusiuir hid
(Williams, 2007) @9UA1 RPD=1.14 1Ay RER=4.75 1if10¢%24 0.0-2.3 uaz 1ounil 6
aday wlauuusiass liannsadausnuaziir 14 1 dawd sy (Williams, 2007) Tu
esvoannlSinunsai lamsm nszuaumsians anlnady liannsam Iuuudaosd
AMuIUEINT Y

AnudLS serdemildnnmsiuneiudiiiaede vewSmavewditazan
18 waz YSinunsadi Tasiasn 18 agniauuuiinennen Msc uazanlnaiuuudai
AWAWUAI PLS regression LARAITINING 4.31 w1 manuduwuiaoudanszianszae
fnaoariwesiiield Tasnmii 431 (2) ugamaudiugszniemi ldenms
imnoumiiiaiaveasSinavewdeiiazaiwld manuaindlunsinne —0.87 uasi
MANUAANAIA  (bias) 1AiD3-0.051 WuidnaTuMIaduaNuduRLTIE e 18nms
dnnofumiiasssvenlfinansailamsnld s lumsinneiios —o.57 uas
ANNUAANDIA (bias) 1AV 0.003 Fan Ml 431 (b) Feorszanar ldhmmsganduuaeiiia
nnieduTefanudiuifusmBinuveudiioraw1d daufusmSinunsaiilasmans
ANuduuT luAosd

Lfiaﬁ'imimazhaam‘é'uwumﬁuiimwﬂumqainnfh regression coefficient LIAAIAY

:i : Y 3 . U 1 o 4 a'
AN 4.32 N3 199U5 2131901 regression coefficient HUAINE1INAY TAATNA 4.32 (a) 1ilu
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A1 regression coefficient VoIAIIM LB IADI T Tagnuu1009gnHAILINININ
alnasu MsC TfnfduRusTuAdhas s aumnlnngfindssinadiuniiad 713 am
(benzene) 740 nm (CH,) 746 nm (CH,) 760 nm (H,0) 913 nm (CH,) 928 nm (oil) 1A% 970
(ROH, H,0) nm (Osborne and Fearn, 1986 ) ﬁ'mmwﬁ 4.32 (b) L“ﬂ‘um regression coefficient
voalSinainsai lasmsn 1dUsngRinyszanudumisi 713 nm (benzene) 760 nm (H,0) 779
nm (RNH,) 832 nm (RNHR’) 840 nm (benzene) 928 nm (oil) 118 938 nm (CH,) (Osborme and
Fearn, 1986 )

1 X-loading weight 484 PC (principle component) A149) voulSimvedsiazarn
18 uazSinmnsai lasinsn 14 uanadaning 4.33 () uaz (b) mudiy Tasoaduiin
X-loading weight ﬁqauaﬂa'i]ﬁ'mﬂsvf’fuﬁﬂ'Jmunﬂ?iuﬁguﬁwaﬁmmu%ammn 1AM
4.33 (a) PC1-PC5 ansansouquanuuilslsou 79109 1 uag 0 muday wuiAuITUn NG
4.33 (b) PC1-PC3 @ 1130AIDUANANMNIT59U 97 3 1Az 0 Taun i 4.33 (a) A1 X-loading
weigh #insml PC1 voulSinmveaniafiazan 1 duansrasnauiiinanouuu§ians nuEa

e

aaun lusianswanuuuuiiaesldun 797 uaz 943 nm @3y PC2 wuranaun lulidnina

€

uvusiaoa1dun 763 823-838 906 11az 963 nm @3 PC3 Wu¥aaauf lulianinany

L

A a “©y o

nuusane 1Aun 759 866 925 939 971 AL 979 nm @I PC4 WUFINAUN LUTDdNTwany

¥
= e & sy o

wuusiass  18un 724 809 870 902 1Az 962 nm uaz PC5 wuFanaud luianiwar

nuudiaes 18R 710 728 756 767 829 884 912 943 1A 973 nm Fa¥RAAUATENTWANY
LUV ﬂszmmﬁumﬁaﬁ 713 nm (benzene) 738 nm (ROH) 762 nm (CH,) 760 nm (H,0)
806 nm (RNH,) 840 nm (benzene) 874 nm (benzene) 900 nm (CH,) 928 nm (oil) 938 nm (CH,)
970 nm (ROH, H,0) (Osborn and Fearn, 1986 ) t1a¢ 962 nm (L.;"!) (Saranwong et al., 2003) Tag
AT 4.33 (b) A1 X-loading weigh A3l PC1 voalSnmnsaii lamsn1d uanssaenauid
SnEnadeuuuiIaes NunaoanarRnaLTaNENaR LY IA0Y Fau PC2 WuT AT
Tifaninadunuusiaes 14un 878 nm dau PC3 wusaenaud liisninasuuuusiass
1R 722-742 833 921 1A 961-965 nm FeFrAAURLINTWAR ULV LT IABs TR WIS
“ﬁ 713 nm (benzene) 738 nm (ROH) 762 nm (CH,) 760 nm (H,0) 806 nm (RNH,) 840 nm
(benzene) 874 nm (benzene) 900 nm (CH,) 928 nm (oil) 938 nm (CH,) 970 nm (ROH, H,0)

(Osborn and Fearn, 1986 ) 118 962 nm (111) (Saranwong et al., 2003)
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Parameter Calibration Prediction RPD RER
Pretreatment PCs
measured
r SEC Bias r SEP Bias [SD/SEP| (max-min)/SEP
Raw spectra 11| 0.89 0.33 | 0.00001302 | 0.82 0.41 |-0.012| 1.77 6.89
Soluble solid . )
Multiplicative Scatter Correction (MSC) 9 | 0.87 | 037 | 0.00000222 | 0.87 | 0.35 |-0.051| 2.08 8.09
(%Brix)
Savitzky-Golay second differentiation 1 derivative segment 10nm| 11 | 0.90 0.32 | 0.00000032 | 0.77 0.46 | -0.088 | 1.58 6.14
Savitzky-Golay second differentiation l derivative segment 20 nm| § 0.85 0.38 | 0.00000076 | 0.83 0.38 | 0.005 1.91 7.43
IRaw spectra 10| 0.75 | 0.06 | -0.00000132 | 0.57 0.07 | 0.003 | 1.14 4,75
Titratable acidity o .
Multiplicative Scatter Correction (MSC) 9 | 0.75 0.06 | 0.00000082 | 0.56 0.07 | 0.003 1.17 4.86
(%)
Savitzky-Golay second differentiation  derivative segment 10nm| 10 | 0.82 0.05 | -0.00000001 | 0.45 0.08 |-0.004 | 0.98 4.05
Savitzky-Golay second differentiation # derivative segment 20 nm| 8 0.73 0.06 | -0.00000017 | 0.50 0.07 | 0.006 | 1.12 4.63
HUUINE : PC = principle component, r=correlation, SEC= Standard error of Calibration, Bias= error, SEP= Standard error of Prediction,

RPD= ratio of the SEP to the SD, RER= ratio of the SEP to the range, SD= Standard deviation
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Predicted Soluble solid (%Brix)

= Elements: 56
Slope: 0.826291
Offset: 1.591069

Correlation: 0.865556
R-Square: 0.735405

11 RMSEP: 0.345872
SEP: 0.345125
Bias: -0.051412 P .

o

k=)

8 9 10 11 12
Measured Soluble solid (% Brix)

Predicted Titratable acidity (%).

0.8 Elements: 56
’ Slope: 0517794
Offset: 0.278955
Correlation: 0.568600
R-Square: 0.204394 *
0.7 RMSEP: 0.067192
’ SEP: 0.067718 o* .
Bias: 0.003297 * . * :
0.6
0.5
* *
@
*
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Measured Titratable acidity (%)

b

]
1

4 o a Cd ' Ao s o = -
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Regression coefTficient

Regression coefficient
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453 mamsaeamaimnemnsnfanulaaieduiavesiledulevuguiniia
a3 NN RNiAENTLE sEremmsganauuaeiy nseiumangg
Lgﬂﬁm‘l{ﬂ (Max force (N)) L3 aﬁumwquﬁ'ﬂﬁm&am%‘v (Average force (N/mm)) LLasAY
miiorveuderuiile (Toughness (N mm))ﬂlﬂﬁﬂﬂﬁﬂiﬂﬁﬂf‘lﬂ'ﬂf’lgﬂﬁﬂ"Itgm'ilﬁ‘uLﬁU’JGiN"]
47033 PLS naraadan13199 4.10 Wi mJ*ui‘imaaﬁ‘r‘huwﬁmwﬁummqn?}aﬁméa 9n
Fiannuuuiaeunnnanasudaduiia comrelation coefficient (—0.30) gagalunmianaaes
Far fmregyaslidiu +/- 0.50 mlai1Flumsada calibration 135’14 (Williams, 2007) dau
a3 1 uveeRTeUVUINATIINM (Standard deviation) 91N10yn9198990%A prediction AD
AVHANAIALINTFIU (Standard error) VYA prediction (ratio of the SEP to the SD=RPD) 1a
8n310IUYDI%29 (Range) lud0Ynd1983910%A prediction  ADANUAANAIANINTFIUVDS
prediction (ratio of the range to the SEP ~RER) 14 0.95 uag 3.78 muday cAliq'lRPD fﬁﬂ"lﬂg"li’N
0.0-2.3 ladmuuiiaes Aauen 18 16@ dium1 RER Imegsae luifiu 6 uladwyvdiaeims
9183 (Williams, 2007 uidoswearus siunamzqideruiie nszuaumsians
anlnasulimunsei iy iaesdnnusiugunniy
ehums'ﬁ1uw¢htm‘ﬁ1mm:qxﬂaﬁm&amﬁu Taouuu10099NWAILINN Savitzky-
Golay second differentiation ‘ﬁ derivative segment 10 nm 1481 =030 qaqﬂ’lumsmam :B&G r
finregyalimnu +/-0.50 wlan1Flumsade calibration 1314 (Williams, 2007) dau
RPD=0.80 1Az RER=3.22 §iA10g114 0.0-2.3 uaz vioond 6 mudau uiad model Annon’ld
11 nazmaih 114181058 awddu (Williams, 2007) °lu1“§"'awmﬁ1usaﬁammzqnﬂaﬁmt{a
way nszummsiamsalnaiuansmi usyiaesdinmmiuinnniy
ﬁaumaﬁmmﬁ%’ﬂfhmmmfimxﬁ"aﬁmfa Tasuuud1aeagnWAUINN Savitzky-
Golay second differentiation ‘ﬁ derivative segment 10 nm 14A1 r=-0.05 qaqa“lumsmam éﬂ r
fimegeaalaifu +/-0.50 nlan1¥lunisadra  calibration 1i'l4 (Williams, 2007) daun1
RPD=0.81 1Az RER=3.13 i 10124 0.0-2.3 uaz Houndn 6 mud1au uadn model Aanon1d
13 uazasih WIF1810A muddy (Williams, 2007) Tuidesvessanumiivauderuiio
nszuaumsiansanasuausai fuuuiaedianunidunniy
%xsﬁu"lﬂ”'imuuﬁmaaﬁ"l‘i’s’ﬁq"lﬁmmmﬁmwmqﬁsmw:qsﬁaﬁmi’?ﬂ w3 siumanzg

4 v &4 4 ' a A& v Ay
WD UIUD RAY Hﬁ:fnﬂ31“1”“0?1U9Y1N!u31ﬁ

b4
- ¥ -

o o o " ' o ar " 'w a -
ANUANTUS sTrdnmin ldvinnmsheiumniasiwesssiunmzgiouiio
a T a ' P 4 v & ¥y aa . @
HIINUNINE QDN MILDINAY 1AZAINNUNUYATOHUILDAIWIT PLS regression 1AUYANAIUD
¥ "
HUVU 1203 NINaUNASUAUAY HAAIAININN 4.34 WU MANUTFURNUTADUDIINIZIA

N3E10AIM0ATIV0IMINTIINI A Taunwh 4.34 (a) uaasanuduiugsznineainldnn
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" ¥ » v
mMaineiumiinesswowssiunanggiieduiie Annuuiud Tumsine 030 uazil
" = =1 ] ar ) s o ¥ ¥ 4
ANNUAANANA (bias) 1LY 0.027 WuRLINUMsAS A NUFRUTIzn e ldninns
o @ ' e =y 1 — & kY A; P 1 ] o 0 -
Muwiuainiasiwesaussiunamzqiojuiomas manuniud lunsiinioies
[ " = N ar ! 3 @ o o ¥
r=0.30 UANAINNUAANAIA (bias) 0.665 AININT 4.34 (b) HAZMTATNANVTUNUFIZTN I
o 2 PR ) a A v A w o !
A1 1dnnnsiiuenua1nIaes Wwesn AN UM NI D AININN 4.35 (c) AIAU
"o ° ~ =) a i & L)

uud lunsMuoiios r=-0.05 nATAMANUAANAIA (bias) 0.073 1015 zu 1 1A NAINS

-~ -:;w av 9 = o o [ - W 0 -:; d'. 9 dy " dl.
aanduuaai iavniieduTelinnuduius hisesRnuaims siunanzqiiovuiiie Ausen

A4 v & = ' Y |
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Parameter Calibration Prediction RPD RER
Pretreatment PCs
measured . Lok
r SEC Bias r SEP | Bias |SD/SEP| (mix-min)/SEP
Raw spectra 7 | 0.59 0.40 | 0.00000647 | 0.30 049 | 0.027 | 0.95 3.78
Max force (N) Multiplicative Scatter Correct_ion (MSC) 9 | 0.69 0.36 | 0.00001894 | 0.18 0.55 |[-0.031| 0.85 3.38
Savitzky-Golay second differentiation  derivative segment 10 nm 6 0.67 0.37 0.00000026 0.22 0.52 -0.013 0.90 3.59
Savitzky-Golay second differentiation ﬁ derivative segment 20 nm| 8 0.63 0.38 -0.00000048 0.20 0.53 -0.011 0.88 3.52
Raw spectra | 0.02 0.40 0.00000002 | -0.29 0.37 0.002 0.85 3.26
Average force i1 inlicative Scatter Correction (MSC) 1 | 0.12 | 040 | -0.00000001 | -0.04 | 0.37 | 0.006 | 0.84 3.24
(N/mm) Savitzky-Golay second differentiation i derivative segment 10 nm 6 0.64 0.39 0.00000021 0.30 0.39 0.665 0.80 3.08
Savitzky-Golay second differentiation il derivative segment 20 nm| | 0.15 0.40 0.00000006 | -0.05 0.37 0.005 0.84 3.22
Raw spectra 1 | 0.02 | 4.02 [ 0.00000043 | -0.24 | 3.69 |-0.073 | 0.85 327
Multiplicative Scatter Correction (MSC) 1 0.12 3.99 | 0.00000020 | -0.06 | 3.73 |-0.038 | 0.84 3.24
Toughness (Nmm) 4
Savitzky-Golay second differentiation M derivative segment 10 nm 1 0.25 3.90 0.00000062 -0.05 3.86 0.073 0.81 3.13
Savitzky-Golay second differentiation ﬁ derivative segment 20 nm 1 0.15 3.98 0.00000081 -0.08 3.76 -0.043 0.84 3.21
HIWING PC = principle component, r=correlation, SEC= Standard error of Calibration, Bias= error, SEP= Standard error of Prediction,

RPD-= ratio of the SEP to the SD, RER= ratio of the SEP to the range, SD= Standard deviation

001
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4 Elements: 46
Slope: 0.226706
Offset: 1.566422
4.5 Correlation: 0.297687
el R-Square: m
Z RMSEP: 0491785
— SEP: 0.496470
8 3 | Bias: 0.026987
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3.5 Elements: 46
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.30 R-Square: m
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2 Bias: 0.665102 i
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17 Elements: 46
Slope: -0.014297
Offset: 13.33083
16| Correlation: -0.050610 %
R-Square: m
E 5 RMSEP: 3.859743 .
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5.1 agdwanmsasie Tnantnvewaaule NI NIHA
as o o b 1
5.1.1 MIANMIANHUZNIMEMNNVBIHATNIBIUEVINNHA

@ ¥ v s X 4 3 a
ﬂ'l‘iﬁﬂlﬂaﬂ‘k!ﬁlzﬂ'IQﬂ'IUﬂ'IU‘UfNNﬁﬁiJT?)W‘LIQ‘UTJ’N'lNQ‘V!EﬂUﬂ']?i!.ﬂ'UlﬂU'J

] [ " ] o 1 = = . .
HANAINNU 5 3882 WU mmmﬁ'umuquunmam'ﬁ'mﬁmimﬂmm (Geometric mean diameter :
:‘l J 1 - o o s - A L '
GMD) waduTellvuiaiuiuaanan1InAned 0019l dodmIAYNIIADA P>0.05 FIHAAINATD
v
of o o = L ' v
aeandoan vl uazlSuasveawadule  uasmAUMUILNYoIRaduTeling
lasuwasdeinn daumsuldounasvesdrinadu louaain1@a1useuy C.LE. LAB Ha
U Y =t " a J " oa b4 M A A‘
MINAaBININA1 L* wadulofinnuanuiiuiy m a* iWumasaunadulelidliomaziiie
4 o a & A @ | A A a ﬂ &
21gMINUINYARBAUIL AV D0AAAINATIVI1903 102 b*UANTUUINNLIUMIY
=1 - == a J
21YNISINUINYY HAAINTTMAD AN
5 ar ar
5.1.2 HAN15AIIVIAUBTUAAUUY Puncture test
Ed ¥ "
HAMIAIVIADFUAAIVY Puncture test 1AUAIAUUUUITIOINNIZATIYAT
o ’ —_— o 4 1 [
37999 A1 Initial firmness 11A Average firmness 1112 11 NAABINABABIYMTINLINEI A19AY
[ & o @ L . . . .
AITUENINM YUY I AONIMWIZAIT13ANAIIVIAMT Bioyield distance 1102 Rupture distance
= £ a 3 o - ' ' aq 9 3 a
duu Iduwsiyuaaeaeymsinuifed  dawawsinldlumsnanadulammizasiyai
o 1 = g a J o 4 '
73793AA1 Bioyield force 112 TN LAUAROABIYNSINUINGI UAA1 Strength of membrane 1
9 4 { y i
uua liuannInaene M sinungd TuumzNaA1 Rupture force, Penetrating force in Albedo 110
a _ = e s W 4 o ] ' =
Penetrating force in flesh IMstlasumlauaniosanonoignisinumed dIuaInUIMLY)
n’: 5 [V a J =]
vouldontuuen mwizas1ganas193am Toughness 1ua Iumuyuanissnaonoigns
o P " ar ' ' o 4
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e yuaduiuguinauFusvingia (uduas)
#2001 ” - - - =
180 Ju 190 Ju 200 U 210 Ju 220 U
1 17.098 17.694 17.599 17.704 18.132
2 16.850 17.741 16.747 18.551 16.343
3 16.014 17.599 17.480 17.394 19.369
4 17.654 18.536 17.965 18.020 18.317
5 16.947 17.780 17.128 17.570 20.070
6 16.104 17.911 17.451 18.617 18.855
7 16.038 17.836 18.013 18.147 19.033
8 16.430 16.808 16.819 18.175 18.737
9 16.252 17.237 17.710 17.296 17.791
10 18.096 17.492 18.278 17.383 18.041
11 16.938 18.232 17.930 18.522 19.387
12 15.596 18.816 17.817 17.704 18.265
13 16.589 16.673 17.606 17.699 18.077
14 15.879 16.942 17.188 18.354 17.550
15 16.426 16.750 18.708 20.343. 17.449
16 16.430 16.208 18.003 17722 18.206
17 15.683 18.972 17.166 17.217 19.742
18 17.970 17.474 17.387 19.016 17.712
19 18.011 18.009 18.464 16.866 17.790
20 17.459 16.226 17.372 16.814 18.972
21 16.452 16.693 n
22 15.826 17.474 n n n
23 17.341 n n n n
24 15.814 n n n n
25 16.345 n n n n
26 16.340 n n n n
27 17.089 n n n n
28 17.778 n n n n
29 17.143 n n n
30 17.260 n n n n
Average 16.728 17.505 17.641 17.956 18.392
Max 18.096 18.972 18.708 20.343 20.070
Min 15.596 16.208 16.747 16.814 16.343
SD 0.737 0.765 0.517 0.817 0.888
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Tmiinwadule (NSW)

a0t - = - . =
180 71U 190 U 200 U 2102 22074
1 1668.54 1976.70 2020.80 1714.94 2300.07
2 1590.45 1907.57 1833.96 2324.39 1775.73
3 1298.23 2026.56 2029.51 1987.97 2552.51
4 1903.40 2351.16 1935.16 2147.98 2087.48
5 1935.47 1970.93 1808.54 1808.20 2667.52
6 1517.11 1960.85 1938.84 2181.53 2176.34
) 1346.62 1860.09 2247.21 2321.86 2402.91
8 1593.63 1752.56 1792.56 2237.19 2292.55
9 1605.29 1884.84 2194.53 1958.43 2074.77
10 2029.59 2035.44 2298.86 1989.04 2286.99
11 1679.32 2022.88 1963.13 2299.55 2461.37
12 1412.89 2444.76 2095.66 2079.86 2137.65
13 1643.73 1778.13 2093.84 1975.42 2161.08
14 1487.50 1714.09 1841.19 2354.58 1801.15
15 1556.19 1731.77 2307.68 2764.75 2079.28
16 1442.83 1701.58 2039.02 2251.80 2366.48
17 1464.93 2297.84 1782.45 1803.90 2525.87
18 1955.32 1945.00 1808.15 2388.22 2339.05
19 2246.60 2107.36 2211.38 1683.42 2118.46
20 1940.24 1548.39 2001.84 1911.70 2569.68
21 1676.76 2039.47 n
22 1524.74 1942.46 n n n
23 1750.17 n n n n
24 1535.69 n n n n
25 1656.65 n n n n
26 1461.95 n n n n
27 1666.95 n n n n
28 1793.12 n n n n
29 1691.24 n n n n
30 1803.07 n n n n
Average 1662.61 1954.57 2012.22 2109.24 2258.85
Max 2246.60 2444.76 2307.68 2764.75 2667.52
Min 1298.23 1548.39 1782.45 1683.42 1775.73
SD 215.86 216.88 173.41 268.45 239.93
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i Y =) [ o’ J qyr g
M31eh 0.3 wamsiadsuasveanadu Toiuguniimi s ogmsinuine

suaswadulo (cm’)

et = - e E -
180 U 190 YU 200 U 210 U 22094
1 2750.00 3100.00 3070.00 2870.00 3360.00
2 2640.00 3010.00 2410.00 3490.00 2410.00
3 2250.00 2920.00 2780.00 2870.00 3940.00
4 3030.00 3560.00 2930.00 3180.00 3090.00
5 2650.00 2850.00 2620.00 2790.00 4280.00
6 2360.00 3110.00 2770.00 3500.00 3510.00
7 2250.00 2980.00 3040.00 3240.00 3720.00
8 2430.00 2580.00 2410.00 3220.00 3500.00
9 2330.00 2720.00 2970.00 2840.00 3280.00
10 3170.00 2980.00 3150.00 2800.00 3270.00
11 2650.00 3270.00 3090.00 3490.00 3900.00
12 2050.00 3620.00 3180.00 2900.00 3250.00
13 2420.00 2610.00 2950.00 3060.00 3130.00
14 2270.00 2710.00 2740.00 3390.00 2940.00
15 2430.00 2630.00 3570.00 4410.00 2930.00
16 2450.00 2340.00 2970.00 3070.00 3320.00
17 2170.00 3680.00 2570.00 2760.00 4030.00
18 3030.00 2870.00 2760.00 3700.00 3040.00
19 3200.00 3210.00 3440.00 2370.00 2980.00
20 2880.00 3320.00 2830.00 2710.00 3940.00
21 2410.00 2610.00 n n n
22 2180.00 2590.00 n n n
23 2780.00 n n n n
24 2160.00 n n n n
25 2450.00 n n n n
26 2340.00 n n n n
27 2670.00 n n n n
28 2880.00 n n n n
29 2680.00 n n n n
30 2740.00 n n n n
Average 2556.67 2966.82 2912.50 3133.00 3391.00
Max 3200.00 3680.00 3570.00 4410.00 4280.00
Min 2050.00 2340.00 2410.00 2370.00 2410.00
SD 312.29 365.67 301.31 449.89 463.21
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F?Hﬁ]ﬂﬁ n.4 Hﬁﬂ"l5'JﬂﬂTlllﬂu"llluuﬂlﬂﬂNﬁﬁ’ﬂiﬂwuq‘iﬂqu'lﬂﬁﬂﬁ 5 27YNILNULNYI

AnuruIuKadule (kg/em’)

Freeai - - - — &
180 U 190 1 200 U 210U 220 3
1 0.61 0.64 0.66 0.60 0.68
2 0.60 0.63 0.76 0.67 0.74
3 0.58 0.69 0.73 0.69 0.65
4 0.63 0.66 0.66 0.68 0.68
S 0.73 0.69 0.69 0.65 0.62
6 0.64 0.63 0.70 0.62 0.62
7 0.60 0.62 0.74 0.72 0.65
8 0.66 - 0.68 0.74 0.69 0.66
9 0.69 0.69 0.74 0.69 0.63
10 0.64 0.68 0.73 0.71 0.70
11 0.63 0.62 0.64 0.66 0.63
12 0.69 0.68 0.66 0.72 0.66
13 0.68 0.68 0.71 0.65 0.69
14 0.66 0.63 0.67 0.69 0.61
15 0.64 0.66 0.65 0.63 0.71
16 0.59 0.73 0.69 0.73 0.71
17 0.68 0.62 0.69 0.65 0.63
18 0.65 0.68 0.66 0.65 0.77
19 0.70 0.66 0.64 0.71 0.71
20 0.67 0.47 0.71 0.71 0.65
21 0.70 - 0.78 n n n
22 0.70 0.75 n n n
23 0.63 n n n n
24 0.71 n n n n
25 0.68 n n n n
26 0.62 n n n n
27 0.62 n n n n
28 0.62 n n n n
29 0.63 n n n n
30 0.66 n n n n
Average 0.65 0.66 0.69 0.68 0.67
Max 0.73 0.78 0.76 0.73 0.77
Min 0.58 0.47 0.64 0.60 0.61
SD 0.04 0.06 0.04 0.04 0.04
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4 a 1 o ¥ o ¥ a o
A1919N .5 HﬁmS’JﬂLﬁBﬁNNmL‘U‘U Puncture test 5‘)8?\1 Initial firmness ‘!JENNﬁﬁ’iJTi*JW'IJ'Q‘UT)

e 4 4
HUIHING 5 mqm‘immﬂﬂ’a

1 Initial firmness (N/mm)

Fethai = = = = =
180 U 190 U 200 U 210 220 M
1 10.54 10.66 47.32 8.93° 6.15
2 7.06 7.15 34.02 8.15 6.44
3 6.90 10.96 51.45 8.96 7.16
4 57.96 38.25 31.53 8.10 7.45
5 9.62 6.97 43.82 7.33 81.67
6 48.37 9.78 32.29 9.06 89.94
7 56.45 122 39.78 7.56 10.09
8 10.00 10.11 40.33 10.11 8.79
9 9.17_ 9.87 44.88 5.95 5.89
10 7.07 9.46 44.27 7.63 104.93
11 5.43 43.60 38.58 9.92 6.88
12 6.80 8.60 45.25 9.77 6.18
13 9.62 8.93 48.20 9.30 116.80
14 9.02 8.46 54.13 6.51 9.08
15 8.09 7.59 56.95 6.71 9.99
16 7.17 35.88 44.02 6.62 7.29
17 6.38 8.92 52.46 9.09 112.18
18 8.11 11.06 43.92 8.57 70.41
19 8.75 7.41 49.93 9.07 8.86
20 6.73 8.58 39.68 7.56 n
21 6.72 8.76 n n n
22 7.47 9.02 n n n
23 9.53 n n n n
24 7.55 n n n n
Average 13.77 13.05 44.14 8.24 35.58
Max 57.96 43.60 56.95 10.11 116.80
Min 5.43 6.97 31.53 595 5.89
SD 15.76 10.79 7.01 1.22 43.26
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A13199 0.6 Ham 3 iallodURAIDY Puncture test 901 Average firmness Y0IHATU 0¥

¥

:J o 4 o
VIIUTHIND 5 DWYNITNUNGT

1 Average firmness (N/mm)

0t = - " - "
180 71U 190 2 200 U 210 94 220U
1 511 5.01 4.63 4.08 3.40
2 4.74 4.75 4.95 4.51 4.14
3 4.64 5.08 5.03 4.99 : 5.19
4 31.34 24.01 5.15 4.74 4.45
5 5.36 4.70 4.45 3.63 562.70
6 27.80 4.57 4.64 4.31 460.78
7 24.53 4.69 4.47 5.15 4.90
8 6.34 5.35 4.53 5.00 4.63
9 5.57 4.55 5.35 4.61 3.91
10 5.00 4.97 491 4.92 333.99
11 4.29 24.90 443 4.68 4.00
12 4.86 . 4.67 4.53 5.13 4.49
13 5.20 4.45 5.24 4.19 580.03
14 5.37 5.08 5.96 4.77 4.14
15 4.70 441 5.87 4.04 4.87
16 5.09 25.73 448 5.30 4.68
17 4.94 4.87 5.92 4.37 519.56
18 5.56 5.20 4.32 4.71 405.15
19 5.11 4.61 4.77 4.65 4.51
20 5.09 5.12 4.55 4.42 n
21 4.65 4.86 n n n
22 5.30 4.57 n n n
23 4.97 n n n n
24 4.92 n n n n
Average 7.93. 7.55 4.91 4.61 153.66
Max 31.34 25.73 5.96 5.30 580.03
Min 4.29 4.41 4.32 3.63 3.40
SD 7.78 7.06 0.52 0.43 231.26
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1 [ 8 e 1 . . X i w o
A13190 1.7 #aN15IAOFUAALLY Puncture test Aum Bioyield distance mmwaﬂniawuﬁ

¥ ¥

T & & 4 4
YIIUIHING 5 B1Qﬂ15lﬂULﬂUj

f1 Bioyield distance (mm)

001 - - - - -
180 21 190 27U 200 U 210U 220U
1 2.39 4.75 3.80 2.69 291
2 1,71 4.67 4.41 2.75 5.22
3 3.01 2.81 2.16 2.16 2.25
4 1.91 3.42 2.34 2.69 4.86
5 1.64 4.45 4.46 6.74 7.40
6 0.70 2.50 2.57 2.84 5.70
7 1.53 3.13 271 213 2.67
8 1.07 2.79 2.26 2.37 3.20
9 3.87 3.02 4.14 4.60 3.75
10 1.62 2.65 527 1.79 4.32
11 3.81 297 2.86 1.53 2.85
12 4.40 3.68 2.97 241 3.26
13 2.72 297 5.47 4.68 6.09
14 1.32 2.52 2.11 2.10 2.98
15 2.96 2.16 3.45 2.40 2.80
16 1.19 3.03 5.70 3.71 2.27
17 1.02 2.78 3.33 3.34 6.20
18 231 3.09 4.12 2.47 5.14
19 1.59 2.44 2.21 4.23. 2.89
20 2.60 4.39 3.59 2.63 n
21 3.54 2.59 n n n
22 1.10 1.55 n n n
23 1.95 n n n n
24 2.20 n n n n
Average 2,17 3.11 3.50 3.01 4.04
Max 4.40 4.75 5.70 6.74 7.40
Min 0.70 1.55 2.11 1.53 2.25
SD 1.01° 0.83 1.15 1.24 1.54
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@399 0.8 HaM 3 IAi o UAALLUY Puncture test 79071 Rupture distance Y0IHady lowu g

L ¥

o 3 ar g o
VITIUIWIVIA 5 DIYNMITINUINYD

1 Rupture distance (mm)

Fodai = = - = -
180 U 190 MU 200 M 210U 220 U
1 5.33 5.87 6.07 6.06 6.69
2 5.07 6.19 4.86 5.39 6.71
3 5.39 5.43 5.52 5.06 5.80
4 4.76 5.04 5.59 5.89 6.14
5 522" 5.44 5.20 Z:11 25.99
6 6.27 5.59 6.05 6.25 27.87
7 5.51 6.95 5.63 6.42 6.65
8 5.26 5.30 5.49 5.37 539
9 5.25 5.91 4.57 6.06 . 6.62
10 5.05 577 5.59 5.80 24.93
11 5.07 5.07 5.25 5.60 6.30
12 5.61 6.22 5.82 5.41 6.25
13 4.74 6.85 6.21 6.03 32.32
14 4.60 5.27 4.75 5.76 5.25
15 5.36 6.80 5.30 6.51 6.23
16 4.82 5.70 6.08 5.56 6.20
17 6.05 5.49 5.76 5.65 27.59
18 542" 5.58 6.63 6.62 26.56
19 5.32 6.16 5.98 6.20 6.31
20 4.72 6.16 5.78 6.43 n
21 5.48 6.28 n n n
22 4.91 6.43 n n n
23 6.31 n n n n
24 5.74 n n n n
Average 5.30 5.89 5.61 5.96 12.94
Max 6.31 6.95 6.63 711 32.32
Min 4.60 5.04 4.57 5.06 523
SD 0.46 0.56 0.52 0.51 10.29
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i o i v oW 3/ 1 % . Y w o
A1319N 0.9 HaM T Ao FUAAIUY Puncture test A28A1 Bioyield force ﬂlmwaﬂniﬂwuqma

Vv ¥

o 3 ar & A
UIHING 5 BIYNILNUNYT

t 1 Bioyield force (N)
FAADYIIN . Z = o ”
180 U 190 24 200 U 210 U 220U
1 15.81 25.77 19.89 14.16 12.09
2 11.07 23.31 23.43 15.46 22.97
3 15.98 16.22 13.66 13.32 12.91
4 15.83 17.59 14.27 15.28 2332
5 12.14 22.83 20.95 26.02 3.78
6 6.05 14.18 13.00 15.18 3.07
7 11.66 15.18 14.84 11.91 16.56
8 10.61- 16.92 11.81 13.99 17.39
9 23.52 16.42 23.94 21.50 16.71
10 10.49 14.96 27.35 10.73 3.35
11 18.31 16.20 14.47 10.75 13.29
12 22.90 19.09 16.28 14.86, 15.85
13 17.27 16.49 30.47 21.73 3.96
14 10.48 14.50 15.34 10.56 15.85
15 16.42 10.64 23.46 13.00 16.94
16 7.58 16.67 26.78 20.58 12.81
17 6.67 15.76 21.35 17.50 4.37
18 14.53 19.67 19.84 15.18 1.84
19 10.92 13.67 13.89 21.31 16.15
20 15.88 24.33 17.64 12.88 n
21 19.12 14.29 n n n
22 8.08 9.86 n n n
23 12.57 n n n n
24 13.90 n n n n
Average 13.66 17.02 19.13 15.79. 12.27
Max 23.52 25.77 30.47 26.02 23.32
Min 6.05 9.86 11.81 10.56 1.84
SD 4.67 4.09 5.44 431 6.84
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v s
151390 1.10 HaM 3o duATIUD Puncture test A20A1 Penetrating force in Albedo YBIHD

b ar > X 4 o
ﬁuiﬂwuﬁﬂl"nu'lﬂﬁﬂq 5 El']faﬂ'ﬁkﬂ'ﬂlﬂﬂ')

e ke "k i Penetrating force in Albedo (N)
RGIARNT - - - - =
180 U 190 71U 200 U 210 3Y 220 U
1 5.50 9.04 4.60 4.15 6.68
2 4.79 6.99 10.07 8.37 717
3 4.73 9.01 6.37 6.79 12.84
4 6.14 12.02 4.52 4.97 4.93
5 5.03 9.78 4.90 5.79 40.64
6 11.73 6.14 7.04 4.87 43.18
7 573 8.64 553 12.24 5.11
8 6.84 10.95 9.37 10.90 4.83
9 8.79 5.61 10.88 13.10 6.21
10 5.07 10.78 11.24 12.63 60.40
11 5.07 11.68 9.50 7.24 4.69
12 8.00 4.82 5.61 6.83 6.88
13 5.44 4.95 9.34 6.02 121.63
14 4.77 10.32 8.10 11.60 5.63
15 5.51 8.00 6.85 4.20, 111
16 8.81 11.71 7.19 12.97 11.62
17 8.81 7.10 14.29 5.10 36.62
18 8.33 4.90 5.02 4.82 44.99
19 8.36 5.91 5.81 7.58 5.74
20 8.04 7.85 7.00 11.34 n
21 5.96 5.48 n n n
22 7:55 5.02 n n n
23 5.73 n n n n
24 5.50 - n n n n
Average 6.68 8.03 7.66 8.07 22.99
Max 11.73 12.02 14.29 13.10 121.63
Min 4.73 4.82 4.52 4.15 4.69
SD 1.82 2.49 2.63 3.26. 29.79
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1 ot 1 o v 9 w o
M13197 n.11 Ham Ao ATV Puncture test A0A1 Rupture force ‘\JENHEIH&.IIE]WU‘Q‘IJTJ

¥ v

o 3 as d o
HIHING 5 DIYNITNUINGD

o o el f Rupture force (N)
A8 - - - = =
180 72U 190 27U 200 U 210 220
1 27.70 30.03 28.36 24.85 22.95
2 24.16 29.71 24.37 24.84 28.00
3 25.47 28.12 28.12 25.78 30.50
4 30.60 24.38 28.94 28.23 27.57
5 28.69 25.83 23.49 26.25 3.49
6 3553 26.16 28.28 27.38 4.84
7 27.65 33.11 25.65 33.27 33.14
8 33.75 28.84 25.25 27.26 25.63
9 30.06 27.42 24.59 28.26 25.91
10 25.43 29.32 27.93 29.22 4.35
11 21.93 25.78 23.51 26.93 25.58
12 27.69 29.19 26.77 28.11 28.14
13 25.09 30.83 32.74 25.57 4.46
14 25.64. 27.12 28.93 27.93 22.33
15 25.57 30.15 31.90 26.35 30.81
16 25.11 29.62 27.48 29.73 29.47
17 29.84 27.12 34.42 25.38 3.96
18 30.49 29.36 28.81 31.74 4.72
19 27.77 28.73 28.98 29.33 28.82
20 24.31 32,15 26.60 28.76 n
21 25.82 30.80 n n n
22 26.40 29.79 n n n
23 31.79 n n n
24 28.51 n n n n
Average 27.71 28.80 _27.76 27.75 20.25
Max 35.53 33.11 34.42 33.27 33.14
Min 21.93 24.38 23.49 24.84 3.49
SD 3.21 2.15 293 2.21 11.41
HIOg ¢ n Av hillaao1s
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’ 3/
a @ " i < 3
M50 n.12 wams JaioduAanUY Puncture test A30A1 Penetrating force in flesh VaWNATY

w ¢ &R o 4 4
'IE)WH'Q‘IJTJN’INQTN 5 2gMINUNGT

i Penetrating force in flesh (N)

et — - = - =
180 71U 190 71 200 1M 210 U 220 U
1 7.47 5.28 5.59 5.01 5.40
2 8.08 541 3.28 4.29 4.34
3 7.79 4.78 6.68 4,60 4.84
4 12.01 431 6.13 9.16 6.91
5 5.97 4,90 5.68 2.82 36.01
6 7.21 559 7.87 5.52 84.93
7 8.47 3.60 6.64 3.92 5.53
8 5.03 7.58 4.36 3.65 5.36
9 6.44 4.34 4.16 4.84 3.96
10 6.74 5.60 7.93 3.46 40.80
11 6.24 4.39 5.49 4,27 4.02
12 4.62 5.39 4.38 4.62 3.40
13 6.47 5.01 5.67 6.12 46.11
14 6.24 6.17 4.34 3.64 4.06
15 7.07 5.78 7.48 3.30 5.59
16 7.15 3.30 6.05 3.35 4.88
17 4.14 5.58 5.41 4.93 46.65
18 5.93 6.50 4.36 4.96 52.42
19 5.13 3.85 4.82 4.80 3.17
20 5.14 5.83 3.10 4,58 n
21 5.64 6.09 n n n
22 5.26 4.82 n n n
23 6.69 n n n n
24 6.69 n n n n
Average 6.57 5.20 5.47 4.59 19.39
Max 12.01 7.58 7.93 9.16 84.93
Min 4.14 3.30 3.10 2.82 237
SD 1.60 1.01 1.40 1.35 24.02
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4 ar 4 @ o 3 3 v
A1519M 0.13 HaN3 TATia ALY Puncture test @271 Strength of mambrane Y8IHAHY 10

@ o
a

o -d o 4
UHTVIIUINING 5 DIYMILNUVINYT

a1 Strength of mambrane (N)

Feoaii - - : - =
180 21U 190 3 200 T4 210U 220U
1 13.97 26.94 8.04 9.51 15.84
2 19.87 25.38 17.66 23.46 22.06
3 25.33 19.66 12.66 9.29 21.96
4 31.22 18.11 21.70 18.27 15.52
5 21.64 38.94 16.75 15.70 10.00
6 33.01 21.04 13.52 9.95 10.00
i 28.53 17.39 26.49 16.94 6.86
8 23.94 31.34 21.48 15.39 9.21
9 41.19 20.10 21.99 20.01 26.95
10 23.76 28.58 13.70 22.46 10.00
11 34.24 22.14 24.78 17.24 29.06
12 23.12 17.91 21.96 10.81 21.37
13 20.97 21.66 13.74 12.64. 10.00
14 34.57 21.85 16.70 24.78 7.65
15 23.03 22.30 9.80 23.47 11.40
16 28.61 13.58 11.89 16.84 14.45
17 22.21 16.84 26.32 19.99 .10.00
18 16.79 40.65 19.22 24.66 10.00
19 21.87 21.52 18.82 28.58 14.25
20 20.14 26.78 16.51 14.56 n
21 39.73 11.92 n n n
22 26.13° 16.38 n n n
23 22.92 n n n n
24 36.27 n n n n
Average 26.38 22.77 17.69 17.73 14.56
Max 41.19 40.65 26.49 28.58. 29.06
Min 13.97 11.92 8.04 9.29 6.86
SD 7.12 7.25 5.33 5.66 6.64
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A15199 .14 HANSIALDTUAAIUY Puncture test AI0A Penetrating energy in Albedo Y93IHD

3 a o X 2 4 4
ﬁllii)“uq‘ll']?u'lﬂﬂ'ﬂﬂ 5 B']QﬂTilﬂUlﬂUj

o Penetrating energy in Albedo (N mm)

Fretai = - - - =
180 U 190 U 200 U 210U 220 9
1 55.00 90.43 9.20 41.45 66.74
2 47.85 69.91 20.14 83.72 71.69
3 47.31 90.09 12.74 67.86 202.91
4 12.29 36.15 9.05 49.70 49.34
5 50.28 97.81 9.80 57.92 1.31
6 23.45 61.41 14.08 48.70 1.97
7 11.46 86.37 11.07 201.01 51.07
8 68.44 109.47 18.73 167.47 48.30
9 87.91 56.11 31.70 210.36 62.05
10 50.66 107.80 35.05 199.53 2.85
11 50.69 35.20 28.98 72.41 46.91
12 79.96 48.20 11.22 68.26 68.82
13 54.41 49.47 18.67 60.16 6.52
14 47.71 103.16 16.20 182.74 56.33
15 55.13 79.97 13.69 42.04, 71.09
16 88.11 36.77 14.39 201.80 188.26
17 88.05 70.96 45.03 50.97 1.62
18 83.34 48.98 10.04 48.21 1.94
19 83.60 59.09 11.61 75.717 57.42
20 80.39 78.45 13.99 186.37 n
21 59.59 54.76 n n n
22 75.50 50.19 n n n
23 57.30 n n n
24 55.01° n n n n
Average 58.89 69.12 17,77 105.82 55.64
Max 88.11 109.47 45.03 210.36 202.91
Min 11.46 35.20 9.05 41.45 1.31
SD 22.23 23.82 9.87 66.84. 56.34
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M319N 0.15 WA 3 IA D TUAEILY Puncture test A20A1 Penetrating energy in flesh YpINadY

K g o
ToWugu13HINg 5 01gMaNUINe?

f11 Penetrating energy in flesh (N mm)

Fetsi e - - = =
180 U 190 U 200 2 210U 220
1 74.68 52.76 11.18 50.12 53.96
2 80.79 57.66 6.56 42.86 43.42
3 77.86 47.82 13.35 46.03 48.37
4 24.02 8.62 12.26 91.58 69.05
5 59.68 48.99 11.35 28.19, 1.37
6 14.42 55.18 15.73 55.19 1.80
i 16.94 36.03 13.27 39.17 55.31
8 50.30 75.78 8.71 36.45 53.59
9 64.39 43.36 8.33 48.42 39.56
10 67.41 55.97 15.87 34.59 n
11 62.40 8.78 10.97 42.72 40.17
12 46.18 53.93 8.76 46.18 33.96
13 64.71 50.11 11.34 61.20 n
14 62.38 61.74 8.69 36.40 40.57
15 70.67 57.83 14.96 33.04 55.93
16 71.47 6.60 12.11 33.53 48.77
17 41.42 55.77 10.81 49.29 n
18 59.31 65.03 8.72 49.57.
19 51.25 38.48 9.64 48.03 31.68
20 51.44 58.32 6.19 45.81 n
21 56.36 60.93 n n n
22 52.62 48.17 n n n
23 66.94 n n n n
24 66.93 n n n n
Average 56.44 47.63 10.94 45.92 41.17
Max 80.79 75.78 15.87 91.58 69.05
Min 14.42 6.60 6.19 28.19 137
SD 17.68 18.27 2.79 13.51 18.72
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M13197 1.16 HAN3 Ao UALIUY Puncture test @307 Toughness YoaWadu ToWU{Y1

o d o 2 4
HIAING 5 91gNISINUINYD

f1 Toughness (N mm)

dotai - - - - -
180 U 190 3 200 U 210U 220 U
1 86.40 98.92 19.89 87.90 85.95
2 69.68 100.36 13.06 78.38 102.35
3 75.67 83.40 17.56 73.31 92.74
4 16.79- 13.26 17.36 92.60 94.98
5 84.87 78.16 13.71 105.15 2.00
6 23.46 82.94 17.66 96.30 2.00
7 17.87 117.09 16.49 109.25 125.02
8 102.98 83.64 15.03 80.60 79.15
9 87.93 92.61 12.47 87.22 96.57
10 72.01 91.57 16.86 91.71 2.00
11 62.07 14.12 13.70 88.56 88.65
12 85.79 101.60 17.85 84.83 94.02
13 70.01 118.45 22.52 89.98 2.00
14 67.28 77.44 15.23 80.95 70.31
15 78.20 105.61 19.50 99.42 109.62
16 64.75 17.59 18.89 86.22 99.62
17 96.91 82.84 21.36 83.37 2.00
18 87.96 97.17 21.59 119.16 2.00
19 83.70 98.84 19.82 100.34 105.17
20 65.75 109.10 16.56 97.40 n
21 80.31 103.87 n n_, n
22 71.65 106.49 n n n
23 108.49 n n n n
24 92.86 n n n n
Average 73.06 85.23 17.36 91.63 66.11
Max 108.49 118.45 22.52 119.16 125.02
Min 16.79 13.26 12.47 73.31 2.00
SD 23.96 30.82 291 11.19 46.14
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A13197 1.17 Ham 3 Il F UL Plate Compression test A38A1 Initial firmness YOIHDTY
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o ¢ f11 Initial firmness (N/mm)
AIDYIIN = = = = =
180 U 190 U 200 210U 220 U
1 11.81 14.62 16.78 11.41 12.54
2 11.10 16.59 15.25 17.94 13.73
3 12.14 14.92 16.02 17.70 12.08
4 11.72 15.60 17.08 14.42 11.01
5 9.04 15.87 15.90 10.53 10.68
6 15.97 17.90 16.15 15.64 14.44
7 20.42. 13.96 15.37 14.34 13.08
8 16.84 9.68 17.40 14.67 12.57
9 15.96 21.18 17.56 15.20 132.00
10 15.85 18.46 16.40 12.50 10.51
11 15.65 16.83 13.87 14.07, 18.09
12 12.51 14.74 11.67 17.81 14.03
13 14.84 16.65 14.16 11.22 n
14 19.64 16.43 14.53 17.63 n
15 16.26 11.47 13.69 12.27 n
16 19.08 12.69 12.90 15.43 n
17 15.75 10.61 19.85 13.17 n
18 16.75 9.87 13.96 17.65 n
19 17.81 11.22 14.80 12.73 n
20 20.44- 10.85 8.53 15.75 n
21 16.05 11.50 n n n
22 15:21 15.00 n n n
23 10.77 n n n n
24 14.27 n n n n
25 15.25 n n n n
26 17.73 n n n n
27 16.06 n n n n
28 13.65 n n n n
Average 15.31 14.39 15.09 14.60 22.89
Max 20.44 21.18 19.85 17.94 132.00
Min 9.04 9.68 8.53 10.53 10.51
SD 292 3.08 242 2.37 34.42
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N Average firmness (N/mm)

Frodhai - - ~ - =
180 U 190 U 200 U 210U 2203
1 13.03 13.12 11.92 10.54 12.19
2 13.10 11.74 12.14 12.62 11.42
3 15.44 13.23 13.30 14.19 11.52
4 13.20 13.28 13.17 11.87 10.64
5 14.58 12:25 12.38 9.06 12.06
6 13.04 13.31 12.96 12,17 9.82
7 14.09 11.20 11.88 14.00 11.07
8 13.26 10.16 12.11 12.67 12.05
9 12.69 12.76 14.23 12.69 11.15
10 12.61 10.90 13.18 11.87 9.31
11 12.56 11.82 11.25 12.77 13.41
12 12.31 12.96 11.06 13.18 12.40
13 12.97 12.20 13.15 10.58 n
14 13.64 11.79 12.67 12.07 n
15 13.22 11.85 14.16 11.08 n
16 10.98 12.31 12.43 12.72 n
7 13.03 12.29 13.51 10.69 n
18 13.17 11.37 11.47 12.08 n
19 12.73 12.13 12.98 11.06 n
20 13.22 11.04 11.77 12.22 n
21 12.52 11.76 n n n
22 11.66 12.55 n n n
23 11.45 n n n n
24 13.15 n n n n
25 11.99 n n n n
26 13.62 n n n n
27 13.05 n n n n
28 12.09 n n n n
Average 12.94 12.09 12.59 12.01 11.42
Max 15.44 13.31 14.23 14.19 13.41
Min 10.98 10.16 11.06 9.06 9.31
SD 0.90 0.84 0.90 1.23 1.14
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y 9 9

f Energy absorption (N mm)

F00190 - - = = -
180 U 190 U 200 U 210 220 U
1 62.73 36.84 42.03 46.92 33.61
2 60.10 43.24 39.67 38.11 45.05
3 51.42 36.32 36.44 31.33 41.30
4 59.88 36.58 37.29 41.96 45.76
5 51.25 39.31 38.07 5531 41.58
6 35.46 35.05 34.08 40.43 52.45
7 34.11 44.79 42.43 32.24 45.12
8 36.09 50.65 40.39 36.65 38.92
9 35.16 38.68 30.58 35.92 41.82
10 37.18 45.64 34.50 42.17 51.69
11 35.64 41.85 42.93 38.42 36.66
12 36.18 37.96 4773 34.54 39.59
13 37.12 40.36 36.56 46.18 n
14 35.45 43.98 38.20 38.12 n
15 34.13 38.40 33.85 44.24 n
16 4398 37.88 37.39 39.79 n
17 35.99 41.01 34.30 49.52 n
18 36.25 42.83 4337 42.07 n
19 36.24 41.55 35.72 42.64 n
20 37.16 44.76 40.17 40.53 n
21 40.14 40.93 n n n
22 42.27 39.96 n n n
23 42.41 n n n n
24 3721 n n n n
25 41.70 n n n n
26 35.19. n n n n
27 36.58 n n n n
28 41.68 n n n n
Average 41.03 40.84 38.29 40.85 42.79
Max 62.73 50.65 47.73 55.3 l' 52.45
Min 34.11 35.05 30.58 31.33 33.61
SD 8.32 3.72 4.10 5.79 5.59
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- b R Degree of elasticity
AIDUNN » - » ” =
180 91U 190 U 200 U 210 U 22094
1 n 0.70 0.69 0.70 0.85
2 n 0.68 0.66 0.72 0.72
3 n 0.72 0.70 0.73 0.72
4 n 0.70 0.71 0.68 0.71
5 n 0.70 0.69 0.70 0.69
6 0.74 0.74 0.75 0.71 0.70
7 0.76 0.70 0.70 0.76 0.69
8 0.73 0.66 0.70 0.74 0.73
9 0.79 0.71 0.76 0.73 0.73
10 0.67 0.84 0.70 0.70 0.69
11 0.75 0.76 0.71 0.71 0.74
12 0.76 0.72 0.65 0.74 0.71
13 0.72 0.70 0.72 0.64 n
14 0.71 0.68 0.61 0.71 n
15 0.75 0.73 0.71 0.72 n
16 0.72 0.72 0.69 0.67 n
17 0.73 0.71 0.73 0.65 n
18 0.72 0.64 0.69 0.70 n
19 0.73 0.66 0.74 0.72 n
20 0.62 0.71 0.70 0.71 n
21 0.65 0.68 n n_ n
22 0.70 0.69 n n n
23 0.69 n n n n
24 0.68 n n n n
25 0.69 n n n n
26 0.72 n n n n
27 0.70 n n n n
28 0.69 n n n n
Average 0.71 0.71 0.70 0.71 0.72
Max 0.79 0.84 0.76 0.76 0.85
Min 0.62 0.64 0.61 0.64 0.69
SD 0.04 0.04 0.03 0.03 0.04
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A15197 0.21 Nans iAo ALY Plate Compression test #3871 Relaxation ratio UDINATU

o & =~ 4 4
Towuguihaeis 5 egmanuine

1 Relaxation ratio

Foo1e = - : - -
180 71U 190 27U 200 21U 210 74 220 U
1 0.21 0.22 0.23 0.21 0.20
2 0.20 021 0.22 021 0.24
3 0.19 021 0.22 0.20 0.21
4 0.21 0.23 0.21 0.23 0.22
5 0.20 0.22 0.20 0.22 0.22
6 0.21 0.21 0.20 0.22 0.23
7 0.19 0.24 0.23 0.21 0.23
8 0.20 0.24 0.22 021 0.22
9 0.19 0.21 0.20 021 0.22
10 0.20 0.22 0.21 0.24 0.21
11 0.18 0.23 0.21 022° 0.23
12 0.20 0.23 0.25 0.20 0.23
13 0.20 0.23 0.23 0.22 n
14 0.21 0.23 0.21 021 n
15 0.20 0.21 0.22 0.22 n
16 0.19 0.22 0.20 0.24 n
17 0.21 0.24 0.19 0.24 n
18 0.22 0.23 0.22 0.23 n
19 0.21 0.24 0.20 021 n
20 022 0.23 0.25 0.23 n
21 0.24 0.23 n n n
) 0.21 0.23 n n n
23 0.23 n n n n
24 0.21 n n n n
25 0.21 n n n n
26 0.21 n n n n
27 0.22 n n n n
28 0.23 n n n n
Average 0.21 0.23 0.22 0.22 0.22
Max 0.24 0.24 0.25 0.24 0.24
Min 0.18 0.21 0.19 0.20 0.20
SD 0.01 0.01 0.02 0.01 0.01
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A1 Deformation ratio

dantail = = - = =
180 U 190 MU 200 U 210U 220U
1 1.534 0.017 0.019 0.021 0.017
2 1.526 0.019 0.018 0.017 0.018
3 1.295 0.017 0.017 0.016 0.019
4 1.516 0.015 0.017 0.018 0.019
5 1.371 0.019 0.018 0.026 0.018
6 1.520 0.017 0.017 0.018 0.022
7 1.387 0.020 0.019 0.016 0.019
8 1.503 0.023 0.018 0.017 0.018
9 1.561 0.018 0.015 0.017 0.019
10 1.570 0.021 0.016 0.019 0.025
11 1.583 0.018 0.019 0.017 0.017
12 1.626 0.016 0.019 0.017 0.017
13 1.543 0.019 0.017 0.020 n
14 1.450 0.019 0.017 0.017 n
15 1.503 0.019 0.015 0.018 n
16 1.783 0.021 0.018 0.017 n
17 1.528 0.017 0.018 0.021 n
18 1.498 0.019 0.020 0.017 n
19 1.544 0.018 0.016 0.022 n
20 1.476 0.022 0.020 0.019 n
21 1.582 0.020 n n n
22 1.686 0.018 n n n
23 1.742 n n n n
24 1.514 n n n n
25 1.659 n n n n
26 1.454 n n n n
27 1.522 n n n n
28 1.647 n n n n
Average 1.540 0.019 0.018 0.019 0.019
Max 1.783 0.023 0.020 0.026 0.025
Min 1.295 0.015 0.015 0.016 0.017
SD 0.105 0.002 0.001 0.002 0.002
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. Percentage of area of oil gland (%)
NIDYNIN - - » » "
180 27U 190 27U 200 U 210U 220 U
1 23.58 22.37 20.36 16.89 20.39
2 20.48 20.45 25.06 23.93 26.31
3 18.90 21.28 18.70 2177 26.26
4 23.42 24.51 19.34 23.61. 24.83
5 23.40 27.91 22.74 23.72 2315
6 24.32 28.34 24.76 n 25.67
ik 23.20 30.61 29.11 25.02 25.51
8 17.14 26.57 25.97 23.93 16.75
9 24.74 26.72 25.36 28.03 16.75
10 22.72 28.52 25.12 27.67 21.97
11 25.39 22.71 26.48 24.70 28.99
12 19.72 27.48 19.72 n 24.30
13 17.22 28.60 24.20 24.56 22.69
14 19.55 29.35 20.73 25.73 24.01
15 19.73 25.11 20.78 22.83 26.67
16 21.04 31.71 19.64 n 23.75
17 26.96 23.60 26.52 19.72 26.35
18 21.17 28.33 31.30 22.84 25.72
19 22.97 29.31 21.70 28.13 22.52
20 20.12 22.25 22.84 22.24 22.70
21 17.92 27.92 n n n
22 27.46 19.65 n n n
23 19.60 n n n n
24 27.53 n n n n
25 25.62 n n n n
26 24.35 n n n n
27 26.08 n n n n
28 24.09 n n n n
29 27.45 n n n n
30 21.15 n n n n
Average 22.57 26.06 23.52 23.84 23.76
Max 2753 31.71 31.30 28.13 28.99
Min 17.14 19.65 18.70 16.89 16.75
SD 3.12 3.45 3.45 2.86 3.12
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Ml Density of oil gland (number/cm’)
AIDYNIN = = = = -
180 U 190 U 200 U 210U 220U
1 0.91 1.14 1.03 1.19 0.86
2 0.65 1.06 0.82 0.75 0.75
3 0.63 0.72 0.95 1.19 0.80
4 0.93 0.73 1.04 0.72 1.04
5 0.74 0.72 0.94 0.81 1.12
6 0.66 0.84 0.92 1.03 1.14
7 0.70 0.97 1.15 0.86 - 0.91
8 1.01 0.97 1.04 0.92 1.02
9 0.95 1.10 1.19 0.91 1.02
10 1.00 1.10 0.80 1.27 0.59
11 1.07 0.90 1.31 0.86 113
12 0.72 0.87 1.12 1.23 1.07
13 0.65 0.98 0.91 1.06 1.15
14 0.77 0.97 0.86 1.29 1.16
15 0.87 1.09 1.06 1.11 0.54
16 122" 1.53 1.18 0.88 1.00
17 0.71 0.77 1.20 0.97 0.92
18 0.77 1.00 1.29 0.70 0.97
19 0.71 0.85 0.96 0.78 1.09
20 0.66 0.71 1.63 0.59 0.60
21 0.80 1.24 = 8 ;
22 0.82 0.76 ! " :
23 0.83 ! % " A
24 0.82 " " " "
25 1.16 ” . . "
26 0.83 : > ! =
27 0.82 “ ! " "
28 1.07 z i L g
29 0.95 - i 2 a
30 0.74 " " " "
Average 0.84 0.96 1.07 0.96 0.95
Max 1.22 1.53 1.63 1.29 1.16
Min 0.63 0.71 0.80 0.59" 0.54
SD 0.16 0.20 0.20 0.21 0.20
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Average area of one oil gland (cmz).

Ftnaii - - - - =
180 U 190 YU 200 U 210U 220 74
| 29.00 20.00 20.00 14.00 24.00
2 32.00 23.00 32.00 32.00 37.00
3 28.00 29.00 19.00 19.00 34.00
4 26.00 34.00 18.00 34.00 25.00
5 31.00 39.00 24.00 30.00 21.00
6 35.00 34.00 28.00 21.00 23.00
7 34.00. 31.00 26.00 28.00 28.00
8 18.00 28.00 24.00 28.00 16.00
9 27.00 27.00 21.00 30.00 16.00
10 24.00 26.00 30.00 22.00 38.00
11 25.00 24.00 21.00 29.00. 26.00
12 29.00 30.00 18.00 15.00 23.00
13 27.00 31.00 26.00 16.00 20.00
14 26.00 30.00 23.00 20.00 21.00
15 23.00 23.00 19.00 20.00 50.00
16 18.00 21.00 19.00 32.00 24.00
17 39.00 31.00 23.00 20.00 29.00
18 30.00 27.00 23.00 31.00 27.00
19 33.00 34.00 22.00 36.00 21.00
20 32.00. 31.00 14.00 41.00 38.00
21 24.00 22.00 n n n
22 34.00 26.00 n n n
23 23.00 n n n n
24 33.00 n n n n
25 24.00 n n n n
26 31.00 n n n n
27 32.00 n n n n
28 23.00 n n n n
29 31.00 n n n n
30 31.00 n n n n
Average 28.40 28.23 22.50 25.90 27.05
Max 39.00 39.00 32.00 41.00 50.00
Min 18.00 20.00 14.00 14.00 16.00
SD 4.98 4.87 4.39 7.60 8.52
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M3199 0.1 #an5 I UAILUY Puncture test 3071 Initial firmness Yo uody loWu{¥17

¥
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Initial firmness (N/mm)

Fetad = - = = i
180 Tu 190 Ju 200 U 210 Tu 220
1 0.48 033 0.10 0.16 0.03
2 0.46 0.34 0.31 0.51 0.08
3 0.76 0.41 1.08 0.34 0.18
4 0.96 0.40 0.26 0.43 0.36
5 0.65 0.46 0.48 1.01 0.22
6 1.32 0.72 0.71 1.26 0.30
7 0.40 0.37 0.21 0.41° 0.14
8 0.88 0.48 0.47 0.38 0.16
9 0.52 0.45 0.80 0.85 0.16
10 0.56 0.34 0.10 0.55 0.02
11 0.88 0.54 0.62 0.57 0.10
12 0.85 0.47 0.68 0.39 0.06
13 0.65 0.69 0.64 0.42 0.02
14 0.15 0.42 0.36 0.64 0.03
15 0.51 0.47 0.86 0.40 0.12
16 0.90 0.46 0.83 0.50 0.10
17 0.59 0.58 0.59 0.51 0.04
18 0.59 0.44 0.59 0.93 0.03
19 0.60 0.78 0.71 0.46 0.02
20 0.55 0.43 0.31 0.68" 0.07
21 0.31 0.28 0.57 0.30 0.04
23 0.63 0.36 0.77 0.41 0.10
23 0.47 0.48 0.87 0.67 0.17
24 0.26 0.09 0.74 0.42 0.06
25 0.47 0.31 1.04 0.39 0.07
26 0.58 0.62 0.78 0.32 0.04
27 0.42 0.33 0.95 0.19 0.07
28 033 0.95 0.19 0.63 0.11
29 0.37 0.30 0.31 0.36 0.05
30 0.42 0.67 0.37 0.52 0.14
31 0.63 0.53 0.19 0.49 0.12
32 n 0.50 0.67 0.69 0.03
33 n 0.17 0.48 0.35° 0.05
34 n 0.33 0.46 0.45 0.17
35 n 0.52 0.31 0.43 0.10
MeIng & n Ao lulidons
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Initial firmness (N/mm)

Fethad - - - - -
180 U 190 U 200 I 210U 220 U

36 n 0.43 0.67 0.39 0.21

37 n 0.75 0.51 0.56 0.11

38 n 0.44 0.83 0.74 0.09

39 n 0.37 0.59 n 0.10
40 n 0.49 0.17 n n
41 n 0.40 n n n
42 n 0.61 n n n
43 n 0.63 n n n
44 n 0.29 n n n

Average 0.59 0.46 0.55 0.52- 0.10

Max 1.32 0.95 1.08 1.26 0.36

Min 0.15 0.09 0.10 0.16 0.02

SD 0.24 0.16 0.26 0.22 0.08

Mg - n Ao liiidaeg1

H Ed b4
as @ o ¥ @ o
M13190 9.2 Hans Il duREIDY Puncture test A20A1 Max force yputiodu ToWugv17

i 4
HIHING 5 31Qﬂ1ilﬂﬂlﬂﬂﬁ

o W .d Max force (N)
A0019% - = - - -
180 U 190 27U 200 U 210 22074

1 2.10 1.75 1.39 1.75 1.10
2 2.35 2.52 1.47 2.30. 1.59
3 2.11 2.19 2.13 2.68 2.20
4 1.88 1.39 1.91 2.38 3.78
5 2.32 2.23 1:53 3.79 1.57
6 5.35 2.42 1.76 2.87 3.41
7 1.92 2,33 1.11 2.67 1.67
8 2.59 2.99 2.09 2.61 1.36
9 2.23 2.06 2.33 3.07 2.92
10 2.74 3.02 1.13 1.34 1.57
11 3:51 2.72 2.14 2.18 1.54
12 2.45 4.57 1.68 1.54 1.65
13 3.07 2.31 1.80 2.23 1.23
14 1.59 2.99 2.13 272 1.54
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e Max force (N)
AI0U19N — = ., = =
180 U 190 U 200 72U 210 220 7Y
15 2.75 2.04 2.78 2.08 1.86
16 4.23 2.58 1.88 2.76 1.36
17 2.25 2.00 2.33 1.87 1.33
18 2.75 2.06 2.64 2.17 1.74
19 2.40 2.87 1.37 1.42 1.11
20 2.39 2.27 1:73 2.95 1.44
21 2.34 1.48 2.37 1.33 1.61
22 2.70 1.84 1.38 2.57 1.87
23 2.00° 1.72 2.31 1.82 2.51
24 2.68 1.09 2.33 1.72 1.53
25 2.62 1.95 2.10 1.67 1.63
26 3.82 1.99 2.47 1.91 1.12
27 2.13 1.68 2.20 1.49 . 1.50
28 2.44 2.72 1.90 1.52 1.67
29 2.51 2.18 4.17 1.38 1.41
30 2.08 3.04 1.64 1.85 2,17
31 2.91 3.35 1.97 1.79 1.63
32 n 2.65 1.16 2.53 1.37
33 n 1.63 3.04 1.72 1.66
34 n 1.98 1.80 2.38 1.52
35 n 1.83 2.24 2.00 1.84
36 n 1.69 1.61 217 3.63
37 n 2.82 1.66 2.13 1.04
38 n 2.63 1.69 2.08 1.85
39 n 3.82 1.28 2.19
40 n 1.92 1.49 n n
41 n 1.77 n n n
42 n 1.56 n n n
43 n 1.80 n n n
44 n 2.13 n n n
Average 2.62 2.29 1.95 2.14 1.79
Max 5.35 4.57 4.17 3.79 3.78
Min 1.59 1.09 1.11 1.33 1.04
SD 0.75 0.66 0.58 0.56 0.65
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A15190 .3 Han s Ao dUNAIUY Puncture test A20A Average force ﬂjmgﬁaaniawumn
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e Average force (N)
A0 — = - = =
180 71U 190 2 200 U 210U 220U

1 1.71 1.06 0.68 1.23 0.35
2 0.73 1.24 1.7 1.49 1.21
3 0.63 1.42 1.72 2.13 139
4 1.43 1.06 1.26 1.10 253
] 1.21 1.36 1.1 2.25 1.16
6 3.23 1.48 1.52 1.74 1.54
7 0.96 1.87 0.80 1.75 1.03
8 1.62 1:l? 1.11 2.11 0.70
9 1.61 1.51 1.43 2.56 1.74
10 1.30 2.34 0.77 0.84 1.08
11 1.86 1.99 1.43 1.80 0.92
12 1.22 - 2.56 0.68 1.23 1.15
13 1.50 1.73 1.33 1.35 0.78
14 1.20 2.28 1.65 1.57 1.13
15 2.27 0.93 2.36 1.72 1.33
16 2.70 1.84 1.09 2.29 0.86
17 1.73 1.14 0.72 1.33 0.92
18 1.94 1.48 1.69 1.14 123
19 1.17 1.78 0.98 0.99 0.83
20 1.5 1.39 1.28 1.11 0.99
21 1.07 1.03 1.49 1.12 0.94
22 2.05 1.17 1.20 1.69 1.21
23 1.00 0.88 1.05 1.41 1.85
24 1.98 0.77 1.70 1.11 1.27
25 2.10- 1.23 1.39 1.38 1.38
26 2.47 1.57 1.80 1.40 0.79
27 1.53 0.93 0.57 0.88 1.07
28 1.86 1.95 1.15 1.02 0.74
29 1.90 1.39 3.03 0.99. 1.04
30 0.83 2.55 1.09 1.36 1.76
31 2.46 2.50 1.49 1.12 1.03
32 n 1.73 0.75 1.77 0.97
33 n 1.18 1.47 0.80 1.02
34 n 1.33 1.29 1.56 0.62
35 n 1.38 1.26 0.82 1.48
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A19199 V.3 Wam 3 Ao UN ALY Puncture test AIDA1 Average force mmmaﬁﬂﬂwuqmn

¥ ¥

° 3 o 4 ]
WIHINT 5 DIMIINVINGT (AD)

s Average force (N)
ZRLIARNY - - - - i
180 U 190 U 200 U 210U 220U
36 n 1.38 0.99 1.49 3.09
37 n 2.05 0.79 1.69 0.75
38 n 1.70 1.01 1.00 1.06
39 n 1.91 0.94 n 1.52
40 n 1.62 1.16 n
41 n 1.23 n n
42 n 1.26 n n
43 n 0.87 n n
44 n 1.56 n n
Average 1.64 1.52 1.26 1.43 1.19
Max 323 2.56 3.03 2.56 3.09
Min 0.63 0.77 0.57 0.80 0.35
SD 0.60 0.47 0.47 0.44 0.50

MoMe & n Av lNTAI9U13

} o ¥ @ o v g ¥ w o
A15199 V.4 HaN5IAHDTUAIUY Puncture test A20A1 Toughness mmtﬁﬂﬂﬂﬂwuqmn

e 4
HININD 5 ﬂ'\ﬂ‘ﬂ'ﬁlﬂ‘UlﬂU')

. Toughness (N mm)
Aleg1an = = - = -
180 U 190 U 200 U 210U 22034
1 17.07 10.63 6.76 12.30 17.39
2 7.31 12.43 11.68 14.85 60.56
3 6.34 14.17 17.16 21.28 69.27
4 14.29 10.59 12.59 11.00 126.37
5 12.07 13.58 11.11 22.53 57.96
6 32.30 14.77 15.17 17.35 7713
7 9.57.. 18.71 1.97 17.44 51.70
8 16.17 11.70 11.12 21.12 34.77
9 16.05 15.09 14.31 25.62 86.95
10 12.97 23.37 7.67 8.41 53.80
11 18.62 19.87 14.30 18.03' 46.11
12 12.16 25.61 6.80 12.29 57.40
13 14.98 17.26 13.31 13.48 39.08
14 12.01 22.82 16.49 15.70 56.32
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o &/ ar o A 1
UIHINN 5 B1gNINULINY7 (D)

e Toughness (N mm)
A0U19N — = - - -
180 1 190 U 200 U 210 3 220U
15 22.64 9.30 23.63 17.17 66.52
16 27.03 18.39 10.92 22.88 43.06
17 17.25 11.41 7.18 13.31 46.06
18 19.44 14.81 16.93 11.35 61.66
19 11.66. 17.77 9.78 9.92 41.25
20 17.48 13.85 12.76 11.11 49.27
21 10.72 10.34 14.94 11.20 47.05
22 20.45 11.72 11.99 16.93 60.51
23 10.01 8.75 10.49 14.13 92.35
24 19.76 7.73 16.96 11.12 63.39
25 21.02 12.29 13.91 13,79 68.81
26 24.67 15.64 17.99 13.95 39.66
27 15.24 9.32 5.67 8.82 53.43
28 18.57 19.52 11.47 10.24 37.13
29 18.98 13.88 30.28 9.92 51.89
30 8.25 2545 10.91 13.58 88.12
31 24.56 24.94 14.85 11.15 51.30
32 n 17.32 7.47 17.73 48.24
33 n 11.76 14.70 7.95 51.11
34 n 13.26 12.92 15.62 31.17
35 n 13.84 12.60 8.21 74.18
36 n 13.75 9.93 14.88 154.54
37 n 20.49 7.87 16.85 37.31
38 n 16.97 10.09 10.01 52.88
39 n 19.13 9.38 n 75.84
40 n 16.19 11.61 n n
41 n 12.24 n n n
42 n 12.58 n n n
43 n 8.66 n n n
S n 15.55 n n n
Average 16.44 15117 12.59 14.29 59.53
Max 32.30 25.61 30.28 25.62 154.54
Min 6.34 T3 5.67 7.95 17.39
SD 6.01 4.66 4.69 4.41 25.09
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1 . d A d w X & o
319N 1.5 nans ialTuavewdsiazana ldveshdu Tewuguinimes 5 egmanu

L?:IU?
ol b e Soluble solids (%Brix)
FAIDYIN ” - o » o
180 71U 190 U 200 U 210 M 220 74
1 8.90 10.50 9.90 9.20 9.60
2 1010 | 10.20 9.90 9.10 9.80
3 9.90 10.80 9.50 9.00 10.30
4 10.10 10.60 9.50 8.70 10.20
5 10.10 9.90 8.70 8.40 9.80
6 9.40 9.80 9.50 8.10 9.70
7 10.10 10.20 8.90 9.10 9.80
8 10.30 10.20 8.90 8.80 9.40
9 9.80 9.10 8.70 7.50 9.10
10 9.60 9.30 8.90 7.80 8.90
11 10.10 9.00 8.60 9.10 9.60
12 9.80 9.20 8.60 8.60 9.60
13 9.90 9.80 9.70 8.10 9.50
14 9.80 9.70 9.60 8.60 9.50
15 10.50 10.60 9.60 7.90 8.90
16 10.40 10.30 9.60 7.70 9.10
17 9.90 9.80 7.60 8.70 9.40
18 10.00 9.90 7.90 8.70 9.50
19 10.30 1030 8.40 8.60 9.80
20 10.50 10.20 8.30 8.50 9.60
21 9.30. 8.60 9.50 8.50 9.90
22 9.20 8.90 9.10 8.40 9.70
23 9.50 10.50 9.80 8.40 9.70
24 9.40 10.90 10.10 8.40 9.50
25 10.60 9.30 9.30 810 9.60
26 10.40 9.20 9.20 8.10 9.50
27 9.80 10.50 10.00 8.30 9.30
28 9.90 10.70 10.20 8.50 9.30
29 10.60 9.60 9.00 8.80 9.60
30 10.50 9.40 9.00 8.80 10.00
31 10.10 9.30 8.10 9.00 9.90
32 10.10 9.20 8.30 9.00 9.70
33 10.20 10.10 8.60 8.70 9.60
34 10.20. 10.00 8.60 8.70 9.70
35 10.60 9.80 8.80 9.30 9.50
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15 91NN

e (AD)
T Soluble solids (%Brix)
AIDYNN = = = = I
180 U 190 U 200 Y 21074 220 24
36 10.70 9.90 9.20 9.20 9.20
37 10.00 9.70 8.30 8.50 10.00
38 10.20 9.90 8.20 8.90 10.10
39 10.20 9.30 9.40 8.80 9.80
40 10.30 9.40 9.70 8.60 10.00
41 10.10 9.60 n n n
42 10.20 9.60 n n n
43 9.70 9.90 n n n
44 9.70 10.00 n n n
45 9.90 n n n n
46 10.10 n n n n
Average 10.02 9.83 9.07 8.58 9.62
Max 10.70 10.90 10.20 9.30 10.30
Min 8.90 8.60 7.60 7.50 8.90
SD 0.40 0.55 0.65 0.43 : 0.32
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d.. ) = - 3 3 b @ o uy J qs: o -
A1TNN V.6 Nﬁﬂ'ﬁ'Jﬂﬂiﬁ'lﬂ-!ﬂﬁﬁﬂilﬂimiﬁ‘lﬁ‘uﬂqu'lﬁﬂiﬂwu'liﬂl'nu'lﬂﬂﬂﬂ 5 91YMIINULINYI

N Titratable Acidity (%)
AIDUNN ” " » ” ”
180 1 190 U 200 U 2109 220 U
1 0.67 0.60 0.60 0.55 0.53
2 0.69 0.66 0.60 0.52 0.52
3 043" 0.56 0.49 0.55 0.49
4 0.46 0.54 0.51 0.51 0.54
5 0.66 0.70 0.61 0.54 0.46
6 0.63 0.61 0.58 0.54 0.42
7 0.62 0.67 0.62 0.59 - 0.47
8 0.57 0.65 0.62 0.64 0.46
9 0.67 0.61 0.67 0.58 0.47
10 0.68 0.62 0.75 0.57 0.51
11 0.57 0.60 0.57 0.52 0.48
12 0.56 0.60 0.56 0.58 0.49
13 0.69 1.07 0.59 0.58 0.55
14 0.72 0.61 0.57 0.52 0.51
15 0.68 0.52 0.64 0.60 0.47



v ¥
o o

d' ar a = 3/ oy b w o
ANTNN V.6 Nﬁﬂ'l'i3?\1_]‘51]1&1!515@711%'5@‘5%ulﬂ‘l]ﬂﬂu'lﬁﬂiﬁ]“ﬂﬁ‘ll’nu’lﬂﬂﬂ

148

S A
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(79)
- e i Titratable Acidity (%)
AIDYIIN N o = = =
180 Tu 190 U 200 U 210 U 220 U
16 0.72 0.51 0.63 0.52 0.48
17 0.68 0.63 0.49 0.54 0.50
18 0.69 0.60 0.54 0.58 0.49
19 0.54 0.58 0.58 0.59 0.20
20 0.54 0.59 0.60 0.65 0.45
21 0.69 0.78 0.56 0.50 0.56
22 0.67 0.82 0.60 0.47 0.52
23 0.73 0.58 0.48 0.53 0.51
24 0.77 0.77 0.49 0.52 0.52
25 0.48 0.67 0.63 0.44 0.40
26 0.53 0.70 0.66 0.46 0.41
27 0.62 0.59 0.51 0.47 0.59
28 0.62 0.60 0.57 0.45 0.56
29 0.62 0.62 0.52 0.54 0.61
30 0.60 0.63 0.49 0.55 0.52
31 0.63 0.43 0.50 0.51 0.45
32 0.68 0.46 0.51 0.54 0.45
33 n 0.61 0.52 0.57 0.48
34 0.66 0.62 0.52 0.54 0.49
35 0.61 0.63 0.63 0.57 0.47
36 0.64 0.59 0.50 0.57 0.48
37 0.60 0.68 0.58 0.44 0.41
38 0.58 0.69 0.63 0.43 0.46
39 0.67 0.66 0.59 0.63 0.55
40 0.74 0.60 0.55 0.67 0.55
41 0.63 0.51 n n
42 0.70_ 0.46 n n
43 0.72 0.60 n n n
44 0.73 0.61 n n n
45 0.63 n n n n
46 0.63 n n n n
Average 0.64 0.62 0.57 0.54 0.49
Max 0.77 1.07 0.75 0.67 0.61
Min 0.43 0.43 0.48 0.43 0.20
SD 0.08 0.10 0.06 0.06 0.07
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Quality of Kao Nampueng Pomelo Pulp at Different Maturity Stages.
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Abstract
The evaluation of Quality of Kao Nampueng Pomelo Pulp at different maturity was conducted using
pomeloes at 180, 190, 200, 210 and 220 days after flower blooming. The change:in color, texture, soluble solid
and titratable acidity of flesh were evaluated. The results showed that when the maturity stage increased the flesh
color was more in pink and the texture was softer and toughness was decreased. However, the flesh near the stem
was harder. The soluble solids were decreased at the 200 and 210 days of maturity stages which might be due to
heavy rain. It was increased in the 220 day stage of maturity after no rain. The acidity was decreased during

increasing of maturity.
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1. mySadveuiiedulelnoldindosiad (Hunter Lab 1 Miniscan XE Plus 45/0 LAV Reston, USA.)
Tunsasndaiveaiioduls Tnsl#nsIauuy CIELAB (L*a*b®)

2. msImifiedufiaveuiieduleTasldindes Texture Analyzer (Stable Micro System, 34 TA.HD.
Plus, London, UK) i"mﬁuﬁ'mﬂmiamqnszuanmumﬁumuﬁuﬁnma 3 3. Taefians2lunisna 0.2 ./
3% unedn 50% vesnumuouieduTe

3. ms¥alSumeanisfiazaieldveaidule Tavldiniaa Digital Refincissasies (Atago 3M PR-32
(0-32%), Japan)

4. m3tmlSunmnsa vonihduTolav1438ns Tamsn 1no14 NaOH 0.1 uefuoalamsnaunseia

) I ¥
aunadii pH vy 8.1 udrdnnulSuiunsadain ilesnnlmiduTefiduimniadainga
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Maturity Classification of Kao Nampueng Pomelo Fruit

using Visible Range Spectrum

Panmanas Sirisomboon', Charoonpong Theamprateep

Abstract

The objective of this study was to classify the maturity of Kao Nampueng Pomelo Fruit using visible range (400-700

nm) reflectance spectrum. The intact pomelo fruit was scanned by spectrophotometer. The maturity studied was 180, 190, 200

(commercial harvesting date), 210 and 220 days after flower blooming. The classification models were developed by Soft
Independent Modeling of Class Analogy (SIMCA) and Partial Least Square Discriminant Analysis (PLS-DA) using raw spectra
and pretreated spectra including Multiplicative Scatter Correction (MSC) and Savitzky-Golay second derivative. The result

showed that the model developed by SIMCA using MSC pretreated spectra could predict the maturity group which was the
same as model with the highest correctness of 89.07%. The model developed by second derivative spectra could predict the

maturity group which was different from group of the model with the highest correctness of only 42.82%. The model developed

by PLS-DA using raw spectra could predict the maturity group which was the same as group of the model with the highest

correctness of only 64.67%. The model developed by MSC pretreated spectra could predict the maturity group which was

different from group of the model with the highest correctness of 96.67%. The classification method that was suitable in

predicting the maturity of Kao Nampueng Pomelo, which was the same group as group of the model, was SIMCA using MSC

pretreated spectra. The PLS-DA using MSC pretreated spectra was suitable for predicting the maturity group which was

different from group of the model. However, the spectra in visible range could not clearly classify the maturity of Kao

Nampueng Pomelo by both methods.

[Keywords] Classification, Maturity, Pomelo, Kao Nampueng, visible range, SIMCA, PLS-DA

I Introduction

Pomelo (Citrus maxima) is one of the economical fruit
of Thailand. It is grown all over the country because of
high yield and high revenue. It is popular in foreign market
due to its good taste, thick peel that could protect it from
bruise and moisture lost. Kao Num Peung variety pomelo is
highly exported (Chaloemkin, 2008) of 11,217.789 ton or
109,218,666 Baht in 2008 (Customs Department, 2009),

To harvest pomeloes, farmers make decision by
observing the color of the peel which is turning from green
to yellow green (Department of Agricultural Extension,
2006) or by count the date after flower blooming for
approximately 8 months. This makes the taste not certain
and to harvest too late or too fast affects the internal quality
of pomeloes (Buacharoen, 2003). The internal quality
indices of pomelo flesh are color, soluble solids {(swectness),
acidity and texture. The methods to evaluate the indices are
destructive methods which consume times and experts. The
external quality indices are such as peel color, density and
size of oil gland on the peel which needed high experience
in identifying. This research was aimed to apply Soft

Independent Modeling of Class Analogy (SIMCA) and
Partial Least Square Discriminant Analysis (PLS-DA) to
classify the maturity of pomeloes using the characteristic of
visible reflectance spectra (400-700 nm) of intact pomeloes
at different maturities. The spectra were obtained from
spectrophotometer which is nondestructive method

Il Materials and methods
2.1 Samples
The 500 pomeloes (Citrus maxima cv. Kao Num
Peung) blossoms of fruit were individually tagged on the
blooming day and harvested at after 180, 190, 200

(commercial harvesting date), 210 and 220 days for 25

fruits at each harvesting date.
2.2 Spectral acquisition

Visible reflectance spectrum (400-700 nm) of intact
pomelo at different maturities were obtained by
spectrophotometer (Hunter Lab, Miniscan XE Plus 45/0
LAV, Reston, USA) (Fig. 1 a). Each fruit was scanned at 5
different positions and 3 times at each position (Fig. | b).
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Fig. 1 (a) Scanning of intact pomelo by spectrophotometer
(b) Positions of scanning

2.3 Pretreatment of spectra

The raw spectra from scanning were pretreated by
Multiplicative Scatter Correction (MSC) and
Savitzky-Golay second differentiation with two different
derivative segments, 10 and 20 nm, with polynomial order
of 2 using Unscrambler 9.8% (CAMO, Oslo, Norway).
Multiplicative  Scatter  Correction is a  specific
transformation for spectra. It consists in fitting a separate
regression line to each sample spectrum expressed as a
function of the average value for each wavelength; the a
and b coefficients of that regression line are then used to
correct the values of each sample(Camo AS, 1996). The a
and b is coefficients of that regression line MSC rotates
each spectrum to be fitted as closely as possible to
mean/model spectrum, and corrects spectra for spectral
noise and background effects which cause baseline shifting
and tilting. Savitzky-Golay second differentiation computes
derivatives of second order, based on a polynomial
approximation of a portion of the curve. It removes the
effect of baseline shift.
2.4Classification models

The Soft Independent Modeling of Class Analogy

(SIMCA) and Partial Least Square Discriminant Analysis
(PLS-DA) performed by Unscrambler 9.8% (CAMO, Oslo,
Norway), were used to developed the classifying models
for the maturities of pomeloes.

I11 Results and Discussion

3.1 Average reflectance spectra
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Fig. 2 Average reflectance spectra in visible range of intact
pomeloes at different maturities (a) raw spectra (b) MSC
spectra (c) second derivative spectra
Fig. 2 shows average reflectance spectra in
visible range of intact pomeloes at different
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maturities (a) raw spectra (b) MSC spectra (c)
second derivative spectra. The green color
reflectance peak was obviously seen at around 540
nm. The MSC pretreatement could remove the
effect of beseline shift and tilting of the raw
spectra, while the second derivative pretreatment
could remove the base line shift and more
reflectance peaks were appealed.
3.2 Result from SIMCA
Table 1 shows the
classification by SIMCA. It shows that the model of 180
days after flower blooming developed from MSC spectra
had the best performance in self-classification with
98.33 % correctness. The model of 180 days from
Savitzky-Golay second differentiation (10 nm derivative
spectra
performance in other group classification which leaded it to

result of pomelo maturity

segments) pretreatment showed the highest
be the highest performance in overall classification with
71.85 % of correctness. Among the pretreatment methods,
the MSC

self-classification the best. It provided 89.07 % correctness.

could improve the performance of
For prediction of other groups, the model developed from
Savitzky-Golay second differentiation (10 nm derivative
segments) showed the best performance with 42.82 %
correctness. '
3.3 Result from PLS-DA

Table 2 shows the result of pomelo maturity
classification by PLS-DA. The PLS-DA showed higher
overall performance than SIMCA. though it had lower
performance in self-prediction. It shows that the model of
210 days after flower blooming developed from raw spectra
had the best performance in self-classification with 92.00%
The model of 180 days from MSC
pretreatment spectra showed the highest performance in

correctness.
other group classification (100% correctness) which leaded

it to be the highest performance in ovérall classification
with 95.19 % of correctness. The pretreatment methods

Table 1 Result of pomelo maturity classification by SIMCA

could not improve the performance of self-classification,
therefore the model from raw spectra showed the best
performance. It provided 64.67 % correctness. For
prediction of other groups, the model developed from MSC
showed the best performance with 96.67 % correctness.
IV Conclusion

The models developed by MSC spectra using Soft
Independent Modeling of Class Analogy (SIMCA) and
Partial Least Square Discriminant Analysis (PLS-DA) were
recommended for self-classification and for other group
classification, respectively. However, the SIMCA and
PLS-DA could not clearly classify the maturity of Kao
Num Peung pomeloes using the characteristic of visible
spectra (400-700 nm) of intact pomeloes at different
maturities.
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Pomelo

situation. Accessed from:

Brdmasiad Pod No. ;}t pod Model T different
spectra group - 180 190 | 200 210 | 220 wisgep | omithe

prediction model

180 60 . 95.00 5.00 10.00 15.00 36.67 95.00 16.67

190 60 2 > _;’-;’ 38.33 90.00 11.67 6.67 18.33 90.00 18.75

200 50 -_§_‘ E = | 5800 34.00 72.00 20.00 | 22.00 72.00 33.50

raw spectra - © 8 8

210 50 2 = | 5200 34.00 28.00 90.00 | 22.00 90.00 34.00

220 50 74.00 46.00 46.00 2.00 90.00 90.00 42.00

Total 270 %Correct | 63.70 4222 31.85 25.56 37.04 87.40 28.98
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Table | Result of pomelo maturity classification by SIMCA (continue)

No. of pod different
Pretreated Pod for Model same as =
S oo prediction model model
180 60 o 98.33 | 500 | 4000 | 2333 | 76.67 | 9833 36.25
Multiplicative | 190 60 2 _ £ 2000 | 9500 | 3500 | 1667 | 65.00 | 95.00 34.17
Scatter 200 50 E g 211800 [ 1200 | 7800 | 1000 | 3400 | 7800 | 1850
Correction 210 50 2 £ 4600 | 3400 | 50.00 | 90.00 | 48.00 | 90.00 44.50
(MSC) 220 50 2800 | 2000 | 46.00 | 400 | 84.00 | 84.00 24.50
Total 270 %Comect | 43.33 | 3444 | 48.89 | 28.15 | 6222 | 89.07 31.58
180 60 90.00 | 333 | 1833 | 1333 | 4333 | 90.00 19.58
Savitzky-Gola | 190 60 S _ 5[ 5333 [ 8000 | 3167 [ 1833 | 1667 | 80.00 30.00
y second 200 50 g E 2 [ 5200 | 3000 | 62.00 | 5400 | 3200 | 62.00 42.00
differentiation | 210 50 s ° E[ 7600 | 5400 | 6600 | 7600 | 3000 | 7600 | 3650
(5.5) 220 50 88.00 | 60.00 | 86.00 | 30.00 | 90.00 | 90.00 66.00
Total 270 %Correct | 71.85 | 4519 | 5074 | 3667 | 4148 | 79.60 4282
180 60 " 90.00 | 10.00 | 1500 | 1500 | 6167 | 90.00 25.42
Savitzky-Gola | 190 60 % 5 g 3667 | 86.67 | 11.67 | 0.00 | 3000 | 86.67 19.58
y second 200 50 s £ £ | 5600 | 30.00 | 66.00 | 1600 | 18.00 | 66.00 30.00
differentiation | 210 50 s 2| 6200 | 4800 | 3600 | 86.00 | 2800 | 86.00 43.50
(10,10) 220 50 7200 | 42.00 | 4600 | 6.00 | 86.00 | 86.00 41.50
Total 270 %Comect | 63.33 | 43.70 | 3333 | 2333 | 4481 | 8293 32.00
Table 2 Result of pomelo maturity classification by PLS-DA
pretreated Pod No. of pod Model same as different
for from the
spectra group vl 180 | 190 | 200 | 210 | 220 | model
prediction model
180 60 65.00 | 100.00 | 100.00 | 9833 | 100.00 | 65.00 99.58
190 60 2 _ E[10000]| 4833 | 9833 | 9167 | 9500 | 4833 96.25
200 50 2 € 2110000 | 9200 | 48.00 | 76.00 | 9800 | 48.00 91.50
raw spectra - c 3 B
210 50 s £].9600 | 9200 | 9600 | 92.00 | 9400 | 92.00 94.50
220 50 100.00 | 96.00 | 100.00 | 70.00 | 7000 | 70.00 91.50
Total 270 %Correct | 91.48 | 84.81 | 89.26 | 86.30 | 9185 | 64.67 94.67
180 60 N 78.33 | 9833 | 100.00 | 100.00 | 100.00 | 78.33 99.58
. 190 60 2 _ 5110000 3833 | 9833 | 9833 | 9833 | 3833 98.75
Multiplicative 28 8
Fe 200 50 € E £]100.00 | 90.00 | 30.00 | 98.00 | 9800 | 30.00 96.50
i 210 50 s ° 2110000 | 8200 | 96.00 | 2000 | 8200 | 20.00 90.00
Correction z o
220 50 100.00 | 100.00 | 100.00 | 9400 | 38.00 | 3800 | 9850
Total 270 %Corect | 95.19 | 80.74 | 8593 | 8333 | 84.44 | 4093 96.67
180 60 i 0.00 | 100.00 | 100.00 | 100.00 | 98.33 0.00 99.58
Savitzky-Gola | 190 60 z 5 g 9833 | 1.67 | 100.00 | 96.67 | 85.00 1.67 95.00
¥ second 200 50 E ,E é:,' 98.00 100.00 | 38.00 96.00 82.00 38.00 94.00
differentiation | 210 50 s 2| 8200 | 9800 [ 96.00 | 3400 | 5600 | 34.00 83.00
(5.5) 220 50 62.00 | 100.00 | 100.00 | 76.00 | 70.00 | 70.00 84.50
Total 270 % Comrect | 6667 | 77.78 | 87.78 | 81.85 | 79.26 | 28.73 91.22
180 60 ~ 66.67 | 100.00 | 100.00 | 100.00 | 100.00 | 66.67 100.00
Savitzky-Gola | 190 60 é _ £]9833 | 000 | 9667 |100.00 | 9333 | 0.00 97.08
y'second 200 50 £ E = [ 100.00 | 100.00 | 32.00 | 100.00 | 90.00 | 32.00 97.50
differentiation | 210 50 s~ 2| 9400 | 100.00 | 100.00 | 18.00 | 68.00 | 18.00 90.50
(10.10) 220 50 100.00 | 100.00 | 100.00 | 8200 | 30.00 | 30.00 95.50
Total 270 %Comect | 91.11 | 77.78 | 86.67 | 8148 | 77.78 | 29.33 96.12
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