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Abstract

This paper presents a research which was to investigate the quality of mangosteens by
nondestructive evaluation using near-infrared (NIR) spectroscopy. It was found that near-infrared
(NIR) spectroscopy was not able to separate the defected mangosteens from the good ones, but
their texture properties can be detectable with two parameters. The first parameter is the hardness
at 30 N forces, the results showed that the multiple correlation coefficient (R) is 0.92, the standard
error of estimate (SEE) is 0.879 N/mm, the standard error of prediction (SEP) is 1.016 N/mm and
the bias is 3.906*10" .N/mm. The secbnd parameter is the degree of elasticity, the results showed
that the values are 0.92, 0.077, 0.076 and 3.706*10-16, respectively. According to the plate
compression test, the mangosteens have not reached the bioyield point when the forces were not

exceeded 10 N forces.
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2.3 Near-Infrared Spectroscopy
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wuuh 4 Soni InlsdannInfmames(Pyroelectric Detector)
5z m%'awma-uanﬁq;mgmuazﬂszmawa (Signal Processors and Data Read Out)

%

Ay v A g o 9y ag a  J v %3 9

dyanui ldnanieeiasziliidinszuiunsvesssuudinanseing wu venedaya ol
4 e y

wndu vieenadsudyyin D.C. flu Ac. wie Ac.flu D eninmsnsesdyan
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nldesnmseonld  wievhdyanaildluueneen wazdnszuIumsmeadiamens)id
wsosounstu viewdsuliidy log scale Hudu

]
3 I3

9
v é ) ~ 1
nntudyaun ldsalluravesnmsinszise Idausesnuniinatsguuy  lavde
9
WAy
L A

5.1 dwed VmnasmAsidu linear scale 1A logarithm scale UBNAT1 absorbance

UaE% transmittance
aaw Aa & Sl ' Ao 9/ I g '

5.2 AR0ULNDT(digital meter) Tasaueainia lavenuniufuavuenal absorbance

¥13® % transmittance 1130 concentration
A o =& s s A a s & a v a Iy =

53 1A3R3TIUNN 15ARSIABT W50 WSWMBS Gvmwisnleudilnasy Auidoyai
Y A A
ABINT NIDWIUNI N

4 a 2 § A

54 w50 lulnsnouiames wielulnsllswawes Fufwasesficnusoniugu

MINNIUANS YOIUATOI Near-Infrared Spectroscopy b IHAISAMUINNANINAGDY 18U
Y Y

nymlwansnanes Auideyavewwannaassimunls aneasudaunguesmsindesld
9 @ o’/‘ A s ayd a 1 Y A a -4
A8 ANUU 1ATBY Near-Infrared Spectroscopy Tw‘i]ﬁ)iyuuumuﬂnﬁmmﬂmmaaﬂaummai

mogeTumsinuula Susendygsues doyaild
2.4 Partial least-squares regression (PLSR)

msanTzrdoyaluFelSuna (Quantitative Analysis) INBHIAMALANIITUIAINLAN
' o v d' 1 Q) 9 wa 9 é Q:hd'
AsueaRlsaen Ane wu anududu quaudanemenn Wudu F93301Fums
a <Y a a 9 1
Ansizvdoyaialsualaun
MLR : Multiple Linear Regression
PCR : Principle Component Regression
PLS : Partial Least Square Regression
Uszmuilgmmsitelumsimszdanduiusuasmsannoy (Ysssy 2543) 139
[ b4
doamsmimaeun Gawlsiminnmanuduiusiuiu Sunuuasfemeanuduiuiiu
v A A ¥ o Jdo 9/ =~ v 3 ! A o
a9l HuSmanudunusiunndeaiiosla uazilszuman (estimating) M3ovhue
o o Q) A té Qo L4 {
(predicting) Aulsau (Y) mnaaulsoass (X) 1Reenals cﬁaﬂszzﬁui‘]mﬁ1ﬂ1ﬁa%ﬂuﬂ%Lﬁm
9/ [ [ A 1 Y d'sl 9 ey AAa a 1Y V-4 A A g VY
9nUiladerTongueILlsNABINITNIAN Uka UoNswa dunUs nIaineveenuaaLys
:; 9 1
Ndvemsdnueensls
a d 5 3 . acl
MIUATIEVOADBINY A (Multiple Linear Regression) (Yy53su 2543) Wuismsm

(-7 - N ¢ 4 Y [V VI ) a (%] a
2‘].]LL‘]J‘lJﬂ’J']iJﬂlJ‘WN‘ﬁ‘58?1’3'1\3@1'3LL‘1J59Y]3J 1 ﬁ’Jﬂ‘lJWJLL‘]JSEJﬁiS‘Ha"IﬂWJ Nﬁﬂ?ﬁ’]tﬂﬁ?%ﬁ%%ﬂ%’]ﬁ
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[~ d' U @ a v @ A [ [} Jdo @ Y =\ ﬁ'
Auaums wmavendn aussassuaaziiianuduiuttuaudsauinndeamiesla e
Yo a (3 4'1 d' v ~ [ [ o a A a é 9 di
TidulsdaseApunsil uazazuendt Danwduius luFsuinnSeiean g ldnnnies
nuenthadulseansonossuedin dadsoasearlaianuduRus fususmuga

Sl o = S e R i s P 4 5
VINWNUIBANNI IWDMUBIAIIDATLHNTUNNTU AUDIE MU TAMUILNUTUAIY LA

a3 a [V ) 4 v [ a [ 3 A g v Y]
FuFsau maszndunune Wosveedulsdaszaiuiuiu avesdulsauazanad

o g

MRSz nIsanesuedulaediidenoalosiiqa (Partial least-squares

regression) (Donald 1992) Wumaiialumsnsizvideyailsznoudieaulsdasenaed

U

g A

yaszasAvesmsUiuisuaunsvatedutlsfiieriuenivesdunls v voedn
pguN i= 1,2, ..., I Nnwavewiaulsdase x, Nmmsgadundsnuiinnuenaauie k
Y

= 1,2, ..., K waaslugtuuvvesaumsinedadu asaumsi (2.1) swwmsdydnselnls

14 Partial least-squares regression LAAIAS 19N 2.2

K
Y= Bf z XDy (2.1
k=1

T

Woy=(y,i=1,2,...D'uas X=(x,i=12,..,5k=1,2,...,K)
E4 r »
aumsihwemtaunsaldhvuaa X iedseiliua y meldlulomeds 'l msosuieds
E4
msadugduuuaums waz jPuwwunszuaumsiSuiion PLSR sauiemsadiegiuuuny

E4
o W 3 o a o [ ' <3 o
ﬁuwuﬁszmwmuﬂiamzuazmuﬂsmw s?fmmﬂamsﬁﬂmwﬂamaamﬂuwﬂau

Bilinear Modeling
& o a 4 =) 4 ]

PLSR Lﬂuwm‘luwaﬂmsuﬂﬂwmimnawml bilinear regression methods Gy
MIAAYINTDADD8VBINIUsZHIUAYBIATLAS (latent variables)
JagUszasdveanisldinatia PLSR lumsdinsizmsufuifivuuuunygo
(multivariate calibration) A9 ANVEVITalUMITIILIENS wiud1 wWhlsdheFaunisaey
AUDIVBIUATOIND NIR NAWENIATURN X = (x,, X, Xy, +-r, X,) DANUFURUT TUBILN

v

mﬁmﬁzﬁmimaaawmmmmumu (stepwise multiple linear regression, SMLR)
Wumsaadondulsdase X mnwavesdudsoase X Iasnsaisadendaulssase i
% =Y Q‘{ Q (-7 1 v o QU : Aad ¥ o
dudse@nsanduiusuediugeganaziioddaiaunms 35astzdumsansuou

@ a d' 9 3 v a 'd o v @ ) Y

yoeamlsoasy X welnduaimsizrmsaansedmsuans y eonandiuaudauls X

S
Nao
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A1519% 2.2 ‘iwﬂ”lif?flﬂﬁ'ﬂyﬂfﬁclmu Partial least-squares regression (Donald 1992)

Symbol Explanation

X Matrix containing NIR spectra X=(x,,i=1,2, ..., k=1,2,...,K)
y Vector containing concentration (y;, i =1, 2, , I

i Index variable for number of object (i=1,2,...,1)

k Index variable for number of X variables (k=1, 2, ..., K)

a Index variable for number of factor (a=1, 2, ..., A)

t, Score vector for factor a

P Loading for factor a

wAT Loading weight for factor a

< Mean of X over all object and for each variablek =1, 2, ..., K
v Mean of y over all object

b, “Intercept”

b, Vector containing regressors

E, Residual in X matrix after a factors

£ Residual in y vector after a factors

a ¥ w a [ v A 4 ] B
ﬂ?i@ﬁﬂ?ﬂﬁﬂlﬂﬁﬂﬂﬂf : LiJGI'iﬂLLﬁSL’JﬂLﬂBiLﬁﬂ\?IﬂEJ?)ﬂEiW’J‘WNW"HM"I U X U vy,

onusalen lFuaas l¥maunddiudsunni 1 &2, sausaaroolsuaaslymaundeus

Y 3 v W ] Jes; {
Wes 1 @9, %@y‘amamﬂmﬁmwuﬂTﬂamaﬂmﬁsmm WY q, %’aganmﬂasmwmﬁzﬂu

] ¥ [ [ (/\ a U aa
column vectors aaslugduvunnuang wu x|, daanuel A ugaemsUszdiuamuann

voudulsifedes iwu §,

45674
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Tumsdszidiumfsgnouannee (regression factors) t, t,, t,, ..., t, o lHlums
WnsanmInanedmIvawls y daldldnumsdsziiuaaus X 8ndae sUuuuaumsan

0087 19 lumstsziiumdnysuds uamsdaaumsi (2.2), (2.3) uag (2.4)

T=wX) _ (2.2)
X=p(T)+E (2.3)
y=q(T) +f (24

A S a 4 U A

we w(), p(), wag q Lmugﬂuwﬂm%umaﬂmﬂﬁmm, E uag f UNuUAINNUAIANADU
» 1 £ 4

A199) (residuals IFU AAUTUAIY ﬂ?aﬂamﬂmmﬂﬁ’auﬂmgﬂxmu) TUNTYNAUAINITOUTA

aAnuFuNuE IRasTunIsN (2.5)
y=qw(X)) +f=b(X)+f (2.5)

Fenmanrzgnuszidumedan uuﬁugmmmé’f@yjamm«mmm%mqué’hazha”lumi
USUNBY i (calibration samples)

JULUMI IR M nAnUFUFUILY bilinear D3 UBTIR 5D X = &, %,
Xyp eee X)) PUINBNUBIAWTENOU T = (b, t, £y, ooy £,) Lmzﬁaﬂizﬂauaﬂéwi{mmumm%a

sUuyUaUMIEMIUAIS y LaAeasaunsh (2.6) iag (2.7)

X=IX +TP +E, (2.6)

Y= FHTatl, 2.7

v

s T=t,i=12, ..., a=12, ..., A {5801 factor scores MNIWDITTAUNTOANNT AR
vodszney a Tudedei=1,2,...,1 dwlsP=(p_ k=12 ..,Ka=1,2,...,A)las

q=(q,a=1,2,..., A) 590 ﬁ?ttﬂiﬁ?ﬁﬁ?ﬁﬁﬂﬁﬁﬂ%ﬂ X uag y (loading for the factor for X
and y) c’?aﬁuaéﬁuﬁaﬂszﬂau (U §I061an 1o loading factor q = 0 weraa iy
11 factor a TidaamduiuFlag fuduls y Tuvaiei loading factor p, = 0 neraslfifiud 2
wls X lidnwduiuslafy fctor 2 faiu udaznaeed P, NIiiANULANA19YDS
alnausuanuazmavluudazanenAdY k= 1, 2, ..., K wesn E, uog £, Tugiiy
aumsiFuduunY bilinear AvsANuAMIARADLIYEY X Laz y ndsnndadsznon A 1dgn

NI LAAIAITUMTN (2.8) 11AY (2.9)
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E,=X- IYT—t,plT- St —tApAT (2.8)

f,=y=y t4,-...~t g, (2.9)

AMUNLIBUDIRII bilinear model NWINNANNDTINT X wag y arafduiladan
: ;
1FaudUYBINA scores T LAY loading P 130 q WARAMYDI TP = (t,p," + £, +...+ t,p, ) LaAd
= 3 [ ] [ ]
Tiruiennuuand1s anumainraisves NIR awlnasy @y msudsfumudiuilseneu
IS =) v a 4
manll vaemudsaunenand
9 a d V) & o J o ~
qﬂmammﬂﬂzwnmaai%mammﬂm y 1A X luvng# factor scores T 92
aglusiilestures X: T = w anuwananlumsdSudisunuudiee fedsildlums

Uszuafeidu T

PLS1 Regression
Tumsdsziiuamvesgtuuuaumsi@aduuuy bilinear model dmFudms v 1o
wilafed (PLS1) asoesue Rranegiuuy Tudegiiugtiuy orthogonalized version 484
dalsznoua=1,2, ..., A ldgnisziiudwaziiaeenldlunafeduy
dmTuudazaszneuIvi (new factor a) 52AVF29 PLSR azgnilsziiiua ludnumg

HOFIVTUTUUBIANUAMANABY X NMENIINNIITUIAIUTLAOUN a-1 Feaunsh (2.10)

W, (2.10)

o=

Tuazh loading weight spectrum Wa (W, 6k = I, 2,7 K)' lu PLSR fp wa3nidl
ANUFURUSsErIemnageedds y AumANUNaINTaIURIAINARIAMADUTINAD
MENAINNNIFILIENoY a-1, B, naesasaun1si (2.11)

T A

w, = ga(y_ﬁ) E,, (2.11)

a

» g’ x
1o g, fip dullseAninmasuAIBedees W, = 1.0 A1NARIARADUNEIRINNITAIN

Usgnow a-1, E,, waassaaumsi (2.12)

£ —Xx—G-tp - .. tp. (2.12)
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1 loadings fifidnunizFefudmiuudazdnlszney P, uaz g, gnusziiulasnsaaneaide
duveadauts X uny y Sefinafy ¢, dnfu PLSR wtlszneulufderasuSaduvesdus
X, t,a=1,2..,A §sznoumsisziliy (estimated factor) t, gnldiludfingaimson
seud IS X ung y HasamvewuAnz X Ay t, gnilowldlianuduiusfudauls
y SJ’Iﬂﬁ?qfﬂ

3U1UVAT PLSR UnaiarutAiBe orthogonality fmmzau : waSnveq loading weights
W,=(W,,a=12, ..,A) Ianudunus ludnumg orthonormal 15U W'W = I (the identity
matrix) JUMUANUTRUE IuGUMLY orthogonalized version ¥®9 PLSR ¥ilMifnguuy
orthogonal 984 scores ( T'T iy diagonal ) Lﬁﬂﬁmi 1 loading Wa iag P loadings P =(p,, a
=1,2,...,A) luflanuduRugi® orthogonal miloufiul loadings sUuuu3% PLSR #
AMAULAF orthogonality Fmzaw : wasnveq loading weights W, Wre W, 1102 p, AW

Y & o { Aa % @ 1 o o 2
Ad1eATeAUNIN AsUEINIA N ANYUT graphically Y6115 loading faladaniie'ld

msU5uigunazm e (Calibration and Prediction) (Donald 1992)
msiudendulsuaneiusifilu PLSR dszneul@e mstssiiuziuuyues
Futlsee Usznevfuiladeildfosansay (A) Vadsudazar9zgnilsziluuaazaienm
a=1,2, ..., Alugtvesdunls w, t, p, g, E,, uaz £, neuiiiliiedaden lezgniszidu
sUuuuvesmsdsuiisugaiezisenen ludedaulsang  sawdudeyaneada
Fnauiugunsld dudgunmondinnmsasivaey outier g
sinvvvesdasae wlidse lemilumsldesuedoyalunsnSoudiou wse
M3A3I98DY outlier 1UAIDENUSUTIOY (calibration set) 1T UAN
v y :
andulumsdsziumusosass JUuvvesmsdSuisumuisaldmeiunem vy,
nnf x, Wdeeneln i = 1, 2, .., 118 Ssemnsndhl] fie dmSuynadiedulmi i 4

Uszneudiedeya x, uag scores 1, gnfmunlag ¢, = ¢’ w, o ¢ ,, oBiofeaumsi

(2.13)
T £ T
e =X e 2 t,.P (2.13)
m=1

wag y, e lasaumsi (2.14)
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a-1

Yi=%¢t zt.,,,q,, (2.14)

m=1

wiemusalouliedlugilaumsi (2.15)

K
? = b(]-'L lekbk ' (2.15)
k=

dulseansnsussiunmsnanes (estimated regression coefficients) b = (b, k =1, 2, ..., K)

Henu Iagaumsh (2.16) wag (2.17)

wWlq (2.16)

b,=7,-X'b (2.17)

TUMBUNIIAINIY (The PLSI Algorithm)

9y

TuABUMIAIUIN (algorithm) FanyuZHUNITAIMINYDS matrix algebra FULVUMS
o a A’f ' o (Y] o o Q’l’ v Qy é
AUINILITUAL factor counter a UANAINY 0 FINITAIUINATUIUADUIUNIIILLAS VAU

v t4
PUABUNMIATUINHIZNA UL UAAIAIDE19 TUAIANUIN

ANNUNHEvRIM U Suhey (Judgement of the calibration ) (Panmanas 2000)
Ao sy ausofinsanldangusmani
I the coefficient of determination () HueitalugtvesnuduiusiFudy
senie NIR fiu Yoyadede fisegsendne o-1 audhlng 1 dudiidesnts
2. Multiple correlation coefficient (R) fh‘?i%ﬂ“lu;ﬂﬂmuﬁuﬁuﬁ%mﬁmwdw NIR
AudoyndvsuguduveInquaegelfuiivy (calibration set)
3. Standard error of calibration (SEC) 3 calibration fit Tnsmsfinsanaauides
WUASTINYRIRIIANA NI TN TeHa T Idvesdoyadadafudi Iden  NIR
* dmSunquéaiedelsuiisy
4. Standard error of prediction (SEP) ﬂ'u“f;mmummgmﬂummmmeaimzw:m
NIR fudoyadsedmiunguiidosntsvinme (prediction set) 1 SEP iiugain
UszAngnmvesaumsySuiion (Calibration equation) AlAIWFuRUFUAGUH

AD9MINIUE (prediction set) A1 SEP NAAITUAIA
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Bias 1Hum1i IR 11ANA19Y89A1NA (mean difference) 511319 NIR Audoya
§198¢ Ineflmuduiusfunguiidesnisvinne

5 7 e < v Ay Y A 9
Coefficient of regression and intercept Wuah ldnn computer o 1¥n519801
aunsh ez 1U1414n5e 1
Q-value for quantitative (umnldan computer o l¥nsivaeuaumsi'lds
awsoth lU141éuse 1y

Consistency A9 (SEE / SEP)* 100
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MIAUHUNITNABRIAZHAN I TNAD AT DIAY

3.1 NMSANRUMINARDY

lumsvnaaesldiiann (Garcinia mangostana L) §1149u 18 ma (1namafiugl)
o g 9 9 Y a A L% 3 kY g [
hanudzea lnsmswadsiazeiaudidanmonsinaienaudasin wioustids
£ 4
INAANEULININMBNTHYDINATINANFAT HAA AU MInaaeauiisenniTiu 3 Tuney
Y dw
atl
Aoud 1 Anyesddsznounimentwuasdnunzaunmussratsgn
v b4
Minaaeeil : Msdaviia tvdnveswalsgauagAnsandnyaziulien
YDINANIAA
manAaesi2 : Myiadsnasuazanumuiniuvesiiga
a (Y 3 o 3
MINATBIA3 : MaTaveaudsnazasla (Soluble Solids)
[} k4
AOUN 2 AnwATuWTove INallsnAd Y Universal Testing Machine
MINARDINS : NATOUAILID Compression Test 1e1¢ Relaxation Test

ADUN 3 Near - Infrared (NIR) Spectroscopy

v E4
MINARDIAS : IA NIR Spectrum voIHaNIfauAzLIna
aeudl 1 Anvesddszneumemenmuazdnyazgunmussrating

I3 Y
msnAaeh 1: e minuaziinsandnyazildonvosnataga
gilnsal
4 a o
1. vesilesmalules

A v a = a o i
2. NIDIWIBANNIIUNT (Yamato HB3000)

@ ] 4 a @ Y
L davinadumgudnarsuSuauduvenaiisne (Equatorial diameter) lno3a

a o v &
ludismedsmniy degUin 3.1
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=h.

31

3.1 idurmguinaevoInaiang

L1

0 a : idumMgUdnaNAULLIUDY *

v
] 4

b : IUHIAUENAINAIILUIRG *
E
* 2 1182 b UNANNAIRINNU
o [ d A a . d'
mmsIvue lngnesilomalules tunnmaluaisieh 3.1

v k4 ' 3 v
2. garhminvesradenaudazia lnowiosrs udrfuiinmaluased 3.1

MINARDIA 2 : Suasuazanunuuiuvesisng
gilnsal
o3 ¥R 1000 ml
2. Ingdu
3. fnawa iR

4. 1959994 1991 (Yamato HB 3000)
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=~ L=

v v v
msmlSnasvesisna lasmsdaiminluIngdu fhuiinramsnanesluaisiei 3.2

1.
2.

Fanailenalueme (m,)
v a s
PIUNNDIYUIA 1000 ml (m,)

aS U

Fedlninosuu1n 1000 ml 7l Ingduus3998 600 m! (m,)

v

a U

3 v Q) iy
Falninosuun 1000 ml 7% Ingduwssgeg 600 ml nieuvisinana'lily

Y v K ' :’ Y
WUAIVUNAMUINUN (m,)

' v v v
Fellninosunn 1000 ml 7i¥ Ingduussged 600 m wieusenaisnaiin

q v

it e

¥ o Y ] a o 1 Ao A 3/
naneiinana ld M aweglu Tngdu a dumisiviiasesnne'l udatudin
Y
AN (m,)
o A a 4 4
mmmumuﬂ‘[wgauwgmmuw (m,) 90
m, = mi-m, ()
AMunlsnasvesisga (V) 90
V, = m/p, (m); P, = anunumuvesingdu (g/em)
MUIUMANUNHILLUYRITRA (D,) 910
3
P\, SN (g/cm)
MUUMANNNNTUNIZY90IRA (SG) 110

v
SG = Py/Pw Py = ANunuLuYeni (1 g/em’)



307 3.2 mamilSnasuazanumuuinyeaiga

msnaaesdi 3 : veuTsfiazaneld (Soluble Solids )
gilnsal

1. Refractometer (ATAGO PR-32)

2. fnnesvua 50 ml

3. aunsesuting 18

4. thndu

'
QY

5. NITAMYINIANNALD1AIND Kimwipe

26
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ad L= P
ehilinp) Uuﬂﬂﬂﬁﬂ?iﬂﬂﬁ@ﬂu%ﬁ"lﬁﬂ 33
] Y 1 A o 9 k4
1. LL‘INWﬁiNﬂﬂE]E)ﬂL‘ﬂu 299U GI”I‘JJT’]ﬂ'muﬂﬂ'luLi’)”l\l’J
Y vy vy v v
o % 1 1 @ o S A k4 v o [
2. mtﬁamammazmumﬂumﬁaaﬁzLmsamﬁiﬂu"l"a'wsanmmmqaﬂymz
d? :‘ CA=1 Ay v
meluilenanilsing dufinwahn 1a

9 v : v 'o’: L] v >
3. ﬁﬂﬂﬂ’)ﬂﬂ”lﬁu"mﬂﬂﬂﬁﬂuﬁﬂﬂu Refractometer UUNNAT %Brix

~»>;'fff.m L

W

3 1/ 3.3 Refractometer (ATAGO PR-32)
) v
moun2 Anwinuuiwiiove1TanARI8 Universal Testing Machine

MINABRIN 4 : NATRVAILID Compression Test L0 Relaxation Test

4

ginsol
1. Universal Testing Machine (UTM LLOYD ‘3; U LR 5K)
2 aﬂﬁ,{? Computer ﬁi‘i’fi Software R Control V 3.23 ﬁ'mﬂ?m UTM
3. uAnBeuRlFdmIuna (Flat plate) 70 11925871 Plate na
4. Load cell ¥¥19 100 N
5. MYULIBITULAA
25Ms
1. AA% Plate N AL Load cell fuiAtos UTM 17iS0u ey
2. Hamn3es UTM unzish 1183 Program nmsnaeren'l3 1u Software R Control

V 3.23 HonUaun1snageuvenIed UTM
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3. WNAALIINIUMTULIBITUAIFUN 3.4

7U7 3.4 AnEALMIMINIRAUUMBULITBITVUAZ AU HIYDY Plate NA

4. BUMIMINATOU
v
ASTUIUNINATOV 1 2 YUADU A
Double Cycle Load
% 9 Py A oy Y < Y 4 ~
NAINAAAIY Plate NARDUNNIAIOAINIT? 10 mm / min 94 1@ Load 7
) v ¥ v
Maximum 719 20 N 1d293uau 1916u Plate InouRTUIUMAD Load A
v v v
Minimum A9 08 N 4a2i1nsnas1onasaau’ld Load Nl Maximum
Relaxation Test
v 9y ] v '
naannnadiasenaeanldan Load i Maximum udanauauly Plate ogiia
M 2 a YK 3 ¥ ¥
wnszana lumsnaaeuds 2 Wi udSengamsnanswasfudoyall
Tunseenaunmes
A v ' a o o a v @ &
5. 1ou Plate IeenvannAsgauazimsfsusunaaouveaiegaiiu

Y v
ATUATIVIY
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v
Y190 4 — 6
v v
wasulgadiugnada luagyhmsnaassdumiouds 3-7
M7 lannmsnaasezduns eI U LS T UL INALEaZ N

A o a '
lumsynaaey Fedouiludmszvinasdsly

AOUN 3 Near - Infrared (NIR) Spectroscopy

MINAARIT 5 : 11530 NIR Spectrum ¥895147A

21lns

L]

=

L4

3!

(U5}

(93]

Lﬂ%"flxi NIR Spectrometer (BUCHI NIR Flex N-400)
AILATHYU kimwipes

probe

HANNAATIUIU 18 HA

NABIA

L3R (cuvette)

v
Mnalena

v 1
AnAd Computer AUIATBY NIR Spectroscopy

v . : '
Anga probe oy lundesiuiiedn reference Yo3ANNBNINAY
A o Y 9 K
WDI9A1 reference blﬂLm’J‘Nﬂaﬂ probe 9891
11397 NIR Spectrum Y9IHANIAA

4

o vy A o A k4 @ 4 [
4.1 IR Qﬂﬂﬂ'lu‘ﬂ‘ﬂ"l!.ﬂi?JGTTN'}EJ"L’J’J'NLLWUﬂU probe Iﬂﬁ’l’]\ﬂuﬂﬁ'ﬂﬁ 12N

1N 3.5

ean
=),
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31 3.5 anuuzMsIeRaliga

42 scan Wonlsna Tav 13 daMa computer 1A8 scan 5 adidia 1 dumisde
niladmesratiigg 1a%a HaenuEIAGY 4500 - 10000em” Hs
910 scan S1A1 1§11 A)as 9uda34 scan $1ufi 2 (310 B) Tnevhins
nanowmoudui 1

g v = Y _ o @ a <
4.3 hudoya Spectrum 116 1 computer 4N HANIAAN scan 1r3v00NN

3% 3.6 M3 scan wadina



31

4.4 ¥nANEEeIn probe N lFmlenszaudulidzein

Y v
4.5 scan TIAAMUTUADUNITNANDIN 4.1-4.4 JUATVYAHA
4.6 videua Spectrum AU Calibration de 1

v
5. M339 NIR Spectrum ¥9911599A

[

o :' 7 <2 A o £ 4
5.1 mmmﬂﬂmaﬂuﬂnﬂ %uﬂdi‘éﬁﬂﬂ‘ﬂﬂ'l‘ﬂuﬂuh
5.2 Uii?ﬂlﬁﬁﬁﬂuLﬂ?m NIR Spectrometer

o w o & Do Ay
5.3 scan 1hwaNsnn TaeldR1an19 computer Tag scan 5 A3 AONTIAIDEN

14

H v v
N9 U 1000 — 2500 nm IH1 2 F1 UALHAIIN scan A7
[ Y ’
pE19A1uT 1 1615 31d254 scan Avnaiienadud 2 Tasvinsnanes

v Yy A
FUAUDIUAIUN 1

5.4 nudoyald 131y computer
¥

5.5 Thanuazengan laaeiingy

[
=3 %

v
5.6 scan WNAAAIUNITNAABIN 5.1 — 5.5 IUATUNNAIBEN

5.7 Juiinwamsnaass 131U computer onaziirlyl calibrate fo 11

Bl

é‘iﬁiﬁi’%&‘-’i—’iﬁ/¢

.

310713719394 NIR Spectrometer (BUCHI NIR Flex N-400)



3.2 WamIneaod

Aol 1 ANB199ALSENBLINIAIAN LAZENYULANNNIDINANIAA

v Vv
WaN1sNAARaf 1 : vua i mdnuagAnsadnuagAlionvosnnlge

H Y
3NN 3.1 e Wmdnuaanyu N’JLﬂﬁ@ﬂﬁJ@QNﬁﬂJQﬂﬂ

vimin YUIA (cm) dnpaizAulienveslige

o (g) A B fuwae* | Tsevdiavau | Healva
1 39.97 4.406 4.390 | |

2 46.77 4.686 4.394 I

3 46.08 4742 4.690 | |

4 45.03 4.796 4.624 | | !
5 53.50 4.832 4754 | |
6 49.20 4.860 4832 | |

i 57.78 4.944 4786 [l |

8 49.55 4930 4912 ] |

9 56.73 5.136 4.794 ||

10 56.45 4972 4.802 ] | l
11 57.58 5.148 4.862 ] 1 |
12 57.48 5.236 5.030 | | |
13 71.74 5.130 5.124 | [l |
14 83.52 5.698 5.394 /|

15 80.27 5.700 5.432 ] ||

16 86.07 5.806 5.454 | | |
17 84.73 5.782 5.464 | |
18 92.82 5.898 5.608 |

ﬂmﬂmq:m?mwma | uaeed B@ntles

[l weasdn thunans
[|]  waagn W

Q[ @ a A A & 2 °
¥ 1P RIAN ﬁﬂ‘k}mzN?Lﬂﬂ@ﬂui’aﬂcﬁmmmmIﬂ&ll,mm“mﬁw



Han1IMAaRdf 2 : sasuazanunuIiuYeInasige

M13199 3.2 YSnesuaganumuiuoine

33

NO. | m, (g) | m, () ms (g) | m (g Vi (sz) P, (g /cms) SG
1 39.97 897.32 933.00 35.68 40.23 0.941 0.945
2 46.77 896.97 935.24 38.27 43.15 1.032 1.036
3 46.08 896.47 937.41 40.94 46.16 0.950 0.955
4 45.03 895.78 937.09 41.31 46.57 0.896 0.900
S 53.50 895.18 941.03 45.85 51.69 0.991 0.995
6 49.20 882.76 928.01 45.23 50.99 0.912 0.916
7 57.78 882.37 931.00 48.63 54.83 1.011 1.015
8 49.55 881.86 931.98 50.12 56.51 0.813 0.816
9 56.73 881.00 930.10 49.10 55.36 0.979 0.983
10 56.45 880.58 931.32 50.74 57.20 0.952 0.956
11 57.58 869.79 923.20 53.41 60.21 0.923 0.927
12 57.48 869.20 924.58 55.38 62.44 0.868 0.871
13 71.74 888.31 949.03 60.72 68.46 1.015 1.019
14 83.52 887.71 956.75 69.04 77.84 1.046 1.050
15 80.27 887.12 952.44 71.32 80.41 0.966 0.969
16 86.07 876.78 948.92 72.14 24.33 1.027 1.031
17 84.73 876.25 948.30 72.05 81.23 1.015 1.019
18 92.82 875.64 953.23 Ti7:59 87.47 1.026 1.030
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Machine (UTM)
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msnaaey 1ae75 Compression Test 1tAg Relaxation Test #avzdianyazifiunsmeaagln

3.8
A 1§ onns
Tl =30 ﬁ Maximum Load (min)
T2 = 1A ‘71 Minimum Load (min)
L1 = Maximum Load (N)
L2 = Load ﬁaﬂawmx Relaxation M 528% plate ﬂﬂﬂﬂ‘ﬁ ﬁmﬁ"a plate@fjf'lx‘lﬁ

Maximum Load (deformation A4%1) (N)
D1 = Deformation 1 Maximum Load (mm)

D2 = Deformation # Minimum Load (mm)
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A = funlansvves Stage 1 1 (N- min)
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25.00 I L
Compression Test ! Relaxation Test
1 = -
Max Load !
20.00 | e
= | :
I
15.00 / | =
I
Load (N —
oad (N) / ; 1
10.00 — :
|
= A B :
5.00 — :
I
A |
Min Load y :
0.00 < T " E] T T - T T
0.0 1 3 1.000 2.000
) ! Time (min)
319 3.8 N3 WWAN13NAABI Cmpression Test 1172 Relaxation Test
MIAIUIUNIAT Texture Properties
R D1(mm) = Deformation 381 T1 = TI (min) X 10 (mm/min)
D2(mm) = Deformation AN T2 = T2 (min) X 10 (mm/min)
1. Hardness (N/mm) = L1 / D1
2. Relaxation (%) = B3 L1
3. Degree Of Elasticity = (D1-D2) / D1
4. Energy Absorption (N mm) = (A X 10 mm/min) — (B X 10 mm/min)

A1 Texture Properties Laad 13 1ua1519% 3.4
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Hardness Relaxation Degree of Energy absorption

il (N / mm) (%) clasticity (N mm)

1 | A 10.46 37.97 0.51 90.00
B

2 | A 12.34 39.09 0.63 86.79
B| 17 T | Uk in

3aglA 18.04 36.31 0.58 56.83
B 1643 36.41 0.64 57.30

4 | A 16.39 33.56 0.69 57.15
B 13.05 37.78 0.65 82.49

5 A 18.05 37.54 0.68 60.40
B 18.62 32.87 0.65 47.61

6 | A 17.16 42.73 0.62 65.29
B . 1421 35.10 0.60 52.44 o

7 %A 1527 3523 0.73 61.66
B 17.02 ) 3775 X 0.63 57.78

B EA 14.25 32.80 0.68 78.16
B Vl4.56 37.78 77777777 : 0.58 8—089

9.5 2A 15.10 42.73 0.50 90.17
B 17813 43.86 0.59 62.43

10 | A 14.50 38.00 0.68 70.36
B 1331 37.78 0.66 58.44

11 | A 2043 36.97 0.63 44.64
B 21.09 37.62 0.65 48.85

12 | A 25.04 38.36 0.62 36.01
B 21.04 39.97 0.56 55.78

13 | A 9.68 40.12 0.52 116.32
B 10.34 41.40 = 0.51 114.10
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NO. Hardness Relaxation Degree of Energy absorption
(N / mm) (%) elasticity (N mm)
14 | A 16.47 39.02 0.71 61.23
B 1509 | mis | oes 09
15 | A 37.39 36.85 0.69 15.43
Bl aw | e Pl
16 | A 18.68 35:55 0.71 48.24
B 15.59 37.84 0.74 57.72
7 A 13.92 38.87 0.63 64.00
B 13.78 37.87 0.67 73.76
18 | A 16.84 39.98 0.63 64.47
B 16.87 LTS 0.70 51.90
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MOUN 3 Near - Infrared ( NIR ) Spectroscopy
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6. WA91INNI3IA Soluble Solids
Taeuys 1 wa eonidlu 2 631 1aziinsda % Brix 9ZWU
1. Tumaidertuiia 2 d 1 % Brix TndiRveiu
2. % Brix 9zNm0g U519 12.9 — 23.0 %
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Y

MINATEHNNTDA

NIINATDU Gllma!ﬂ
(UIUADE9 18 WA) | Maximum | Minimum | X SD
v E4
nulhmtdnuag i (g) 9282 - | 3907 | 6196 [ 1617
VHPRRAA | Furngudnans (cm)
MU a 5.898 4.406 | 5.150 | 0.430
U b 5.608 4390 | 4.964 | 0.360
wlsuiasuay 151195 (cm’) 87.47 4023 | 6123 | 14.36
AIMMINMVYOY o st G 7o) 1.046 0.813 | 0.964 | 0.064
ANNDNIUNIZ (SG) 1.050 0.816 | 0.970 | 0.062
3
pef1lszneuiilo | Hardness (N/mm) 25.04 9.68 16.63 | 4.74
wanieludie Relaxation (%) 43.86 Ao C\37.87 | 1242
Universal Testing | Degree of elasticity 0.74 0.50 0.64 | 0.07
Machine Energy absorption 116.32 15.43 65.00 | 19.84
(N mm)
Soluble solids % Brix 23 12.9 17.96 | 3.60
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] ¥
aoUN2 AnmIAuLUITDAY Universal Testing Machine

MINATBIN 4 : NATOUMYIT Compression Test LLa¥ Relaxation Test
gilnsal
o v P d K
TunmsnanesildginsalguRertunmsnanssi 4 luund 3
A &
Tumsnaaesdl wdemsnansaii 2 gade
1. Msnaaeuiiuse 10N (I9isaasiuau 53 wa)
2. msnaaeuiiuss 30 N (Mdagasiuau 50 wa)
Qad
ABMs
ant A a a a9 A
Fmsneasunloumsnaassil 4luuni 3 Tasnszurumsnadey 3 2 Tuseou Ao
Double Cycle Load
NAINARIY Plate NARDUNRIARWANINE? 10 mm/min 1A Load #
¥ v ¥ v
Maximum 718 10N tid2n70au Iiusy Plate niounyusumie Load 71 Minimum
v 4 v
A9 08N waziimMsnad1onniaaule Load i Maximum
uaz Tumsnaaeuiins e 30 N azilfiamlounumsnageuiiuse 10 N sniu
uANANIAARIY Plate AANOUARIRIWAMWIEY 10 mm/min W1E Load 7
v W ¥ ]
Maximum 79 30 N tdanaugu 1dusn Plate infiouNTuIumae Load i Minimum
v Y v
Av 1.05N wazihmsnadidnaseauld Load # Maximum
Relaxation Test
Ed 8) -0y v ]
MAIINNATINSMNao99U IAA1 Load 1 Maximum 1&2920Au1¥ Plate ogile
@ < a Y =2 s 9
wnsznanalumsnageuds 2 iR udBmgamsnanswazsinudeya 13l
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gﬂﬁ 5.1 MINATBUAWIT Compression Test

AOUN 3 Near - Infrared (NIR) Spectroscopy

MINAARIH 5 : 711530 NIR Spectrum Y94119AA
5.1 M399 NIR Spectrum ¥4L49A
02 ax A P =
gUnsslazIsManaavurioumsnanssi 5 Tuuni 3
14
5.2 M339 NIR Spectrum ¥9411537A

9y v
1.1 inhdegamaslugue sudeszauisimua 13

1.2 535990na9luA509 NIR Spectrometer

1
—

:‘ % o Q" Qsll { § é -7 Ll
1.3 scan Wwadsnalaeldfidanis computer 1ng scan 5 AS9 dowilefangn A
» v v ]
FIANVYIIAAU 4000 — 10000 cm” 11151 2 51 (lunsainalnene luneezii
oy [ %) [ ) i 9 <3 Y K @ [ o,'
1 §7) LAZHANIN scan AIDYWATUN 1(AIU ANSTUULAIVY scan AIDYINH
@ Yy A Y o ool Yy A
1agan1ui 2 (A B) Iagiinmsnaaessurioudium 1
14 Lﬁﬁ'i’llﬂw”ﬁ Spectrum 18 131u computer
[ v 0 v Y
15 ihanudzemgnuanlddninauazains Buunszamdudiuma 2 nd

v 1
1.6 scan H1INAAAINMINADDIN 5.1-5.5 IUATUNNADE1S
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1.
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4.

A 3 ' o a d ' ~
#9711 Properties A9 9 M 15 lumsdinsey wwnanluuni 6

£

M3 InsEHToyaFlSuIn (Quantity) Y8eWaTInA
v
MsARTZHYOYAITITNIN (Quantity) vonriiana
aQ 7Y a : %
MIUATZHYDYDIRUNN (Quality) VOIHANIRA

a 7Y a i : Y
MIUATIZNUBYABIAUNIN (Quality) YBIUINNAA
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5.2 Namsneaod

ARHA 1 83A152NDUNINIBNM LA ANYUZAUNNYBIHANIAA

] Ed
HamMInAaedn 1: wa hminuaginsandnyazAudenveswadaga

] 14
A9199 5.1 vina dhninuazdnyuz Alionvesnalisna

F

i YA (cm) anynzrlionveiga

= (g) a b Luwas | Nsesdadau | Teelva

1 45.06 4.422 4.348 |

2 87.73 5.558 5.416 |

3 | adhl 4.622 4.448 |

4 55.25 4.724 4.576

5 5243 4.598 4.562 |

6 | 4698 4.426 4436 1]

7/ 44.25 4.336 4.338 |

8 51.97 4.488 4.510 |

9 51.10 4.558 4.576 |

10 56.50 4.728 4.626

11 69.19 5.016 4.008 |

12 63.61 4.916 4.840 |

13 50.65 4.560 4.402 |

14 53.85 4.584 4.648 |

15 56.77 4.794 4.748

16 68.21 5.128 4.936 |

17 63.13 4.800 4.718 |

18 75.04 5.204 5.158 |

19 63.75 4.966 4.834 |

21 54.88 4.700 4.676 |

22 71.05 5.286 5.024 |1
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A:

NO. | thmiin YUIA anwzHulfenvolge
(g) a b fuwas | Tsovlevu | Teslva

23 | 67.94 5.132 5.006

24 73.80 5.160 5.138 ] |

25 78.25 5.266 5.230 | |

2 | 54.69 4.682 4.666 1

27| 5420 4.670 4.570 |

28 | 50.65 4.570 4.492 |

291 7437 5.210 5.110 I

30 68.84 5.064 4,998 |

31 | 56.46 4.750 4742 |

32 | 7641 5.258 5.248 N

33 | 50.64 4.670 4458

34 | 8440 5.330 5.234

35 | 79.30 5.488 5.246 ||

36 | 82.43 5.432 5344 |

37 68.26 5.146 5.030

38 | A%3 4.950 5.008 ||

39 | 94.10 5.684 5.714 [

40 90.56 5.808 5.418

41 | 68.56 5.064 5.108

4 | a5» 5.084 5.298 |

3| 7si 5.296 5.228 I ;

44 | 88.85 5.508 5.568 | |

45 80.86 5.416 5.346 |

46 | 85.02 5.424 5.422

47 | 88.40 5.502 5.344 |

49 | 88.47 5.660 5.500 | |

50 | 67.63 5.170 5.024 W |

S ) 4722 4.702 W |

52 | 65.65 5.046 4978 ] |
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A

NO. | min YU anunizAuionveelenga
(g) a b fuwag | Usesdadiu | ferslva
53 [ 7425 5.308 5.130 |l
54 95.97 5.808 5.640
55 | 97.44 5.780 5.648 Il
56 | 89.17 5.598 5.402 ||
57 {8549 5.652 5.266 |
5810 9137 5.614 5.590 ||
59 | 105.00 6.128 5.718
60 92.36 5.706 5.508
61 | 64.22 4.964 4.950 |
62 | 59.66 4.878 4772 |
63 79.83 5.358 5.284
64 | 80.95 5.434 5312
65 |§ 1179 6.050 5.848
66 111.6 6.070 5.838 |
67 | hog 6.118 5.932 |
638 | g4 6.132 6.158
69 | 63.85 4.894 4.890 ||
70 | 71.64 5.206 5.100 |
71| 8252 5.408 5.344 ||
2| 728 5.332 5.202 |
73 | 8980 5.654 5370 ]
74 | 8715 5.454 5392 |
75 | 9213 5.616 5.594 ||
77| 849l 5.610 5.438 |
78 97.80 5.710 5.738 [
79 | 105.90 5.970 5.816 ||
80 86.42 5.606 5.482 ]
81 [ 5791 4.874 4.720 ||
82 | 9025 5.516 5.484 1]
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Ad

NO. | thndn UM anyuzAdenvoige
(g) a b Tuwas | Nsesdedau | Henlna
83 | 8350 5.574 5.284 I l
84 96.36 5.850 5712 [ |
85 | 9278 5.678 5.554 |
86 108.10 6.220 5.820
87 | 60.10 4.942 4.824
88 100.50 5.978 5.450 [
89 | 80.03 5.484 5322 ]
90 84.46 5.674 5.624 |
91 | 100.10 5.922 5.672 Il
92 108.60 6.118 5.830 |
93 109.40 6.180 SE1/AY) |
94 | 121.70 6.256 6.160
95 | 107.70 6.012 5.824 ]
9% | 79.12 5.276 5.234 | | I
97 | 96.11 5.866 5.668 |
98 | 108.70 6.043 5.844 |
99 | 114.70 6.150 6.012 |
100 | 112.70 6.152 5.890 |
101 | 147.00 6.620 6.412 |
102 | 91.82 5.742 5.544 |
103 | 130.80 6.412 6.076 |
winemeg :  * unawmineie dnuazAuldeniisesFuiansi Tauunasinas

A
IATDINIY |

Il waesn thupais

' [~
U921 N

1] 4aes1 wn
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NAMINARRIN 2 : USNIATLAZANINUIUUYDINRA

A58 52 USuesuazanunUIiuYeINene

NO. | m, (g m, (g) m, (g) v (cm’) P, (g/cm’)
1 45.06 1184.70 1281.56 43.86 1.027
2 87.73 1184.03 1268.74 84.71 1.036
3 49.41 1182.64 1232.51 49.87 0.991
4 5525 1182.40 1237.14 54.74 1.009
5 5243 1181.49 1233.30 51.81 1.012
6 46.98 1181.03 1227.48 46.45 1.011
7 4425 1180.59 1223.66 43.07 1.027
8 51.97 1179.92 1230.14 50.22 1.035
9 51.10 1179.16 1228.98 49.82 1.026
10 56.50 1178.65 1234.79 56.14 1.006
11 69.19 1178.23 1246.67 68.44 1.011
12 63.61 1177.48 1239.70 62.22 1.022
13 50.65 1176.89 1226.22 49.33 1.027
14 53.85 1176.33 1230.15 53.82 1.001
15 56.77 1477557 1231.37 55.80 1.017
16 68.21 1175.04 1243.14 68.10 1.002
17 63.13 1174.25 1237.04 62.79 1.005
18 75.04 1173.69 1249.98 46.29 0.984
19 63.75 1173.01 1237.22 64.21 0.993
20 51.03 1171.58 1121.85 50.27 1.015
21 54.88 1181.87 1236.75 54.88 1.000
22 71.05 1181.19 1252.08 70.89 1.002
23 67.94 1180.12 1248.34 68.22 0.996
24 73.80 1179.48 1252.50 73.02 1.011
25 78.25 1178.59 1255.37 76.78 1.019
26 54.69 1176.87 1231.04 54.17 1.010




b9

NO. | m, (g m, (g) m, (g) V (cm’) P, (g/cm)
27 54.20 1176.39 1230.69 54.30 0.998
28 50.65 1175.87 1225.85 49.98 1.013
29 7437 1175.13 1249.70 74.57 0.997
30 68.84 1173.94 1243.08 69.14 0.996
31 56.46 1172.31 1228.95 56.64 0.997
32 76.01 1170.02 1247.10 77.08 0.986
33 50.64 1169.47 1219.41 49.94 1.014
34 84.80 1169.05 1252.53 83.48 1.008
35 79.30 1168.16 1247.65 79.49 0.998
36 82.43 1167.33 1248.86 81.53 1.011
37 68.26 1166.54 1233.68 67.14 1.017
38 65.13 1165.90 1231.23 65.33 0.997
39 94.10 1165.06 1259.20 94.14 1.000
40 90.56 1164.04 1258.98 94.94 0.954
41 68.56 1188.07 1255.42 67.35 1.018
42 7522 1187.52 1262.26 74.74 1.006
43 77.81 1186.42 1263.09 76.67 1.015
44 88.85 1185.57 1273.58 88.01 1.010
45 80.86 1184.82 1268.11 83.29 0.971
46 85.02 1184.24 1269.55 85.31 0.997
47 88.40 1183.53 1270.95 87.42 1.011
48 92.39 1182.86 1274.45 91.59 1.009
49 88.47 1182.02 1270.83 88.81 0.996
50 67.63 1181.06 1248.09 67.03 1.009
51 56.52 1180.66 1237.23 56.57 0.999
52 65.65 1180.11 1242.94 62.83 1.045
53 74.25 1179.23 1253.45 74.22 1.000
54 95.97 1178.45 1274.75 96.30 0.997
55 97.44 1177.49 1275.49 98.00 0.994
56 89.17 1176.60 1265.10 88.50 1.008




60

NO. m, (g m, (g) m, (g) V (cm’) P. (g /em’)
57 85.49 1175.89 1260.62 84.73 1.009
58 91.37 1173.33 1267.19 93.86 0.973
59 105.00 1173.09 1244.46 98.04 1.071
60 92.36 1172.18 1265.58 93.40 0.989
61 64.22 1196.56 1260.51 63.95 1.004
62 59.66 1196.19 1256.44 60.25 0.990
63 79.83 1195.50 1274.37 78.87 1.012
64 80.95 1194.58 1274.41 79.83 1.014
65 112.90 1193.66 1301.31 107.65 1.049
66 111.60 1192.32 1300.27 107.95 1.034
67 116.70 1191.67 1302.93 111.26 1.049
68 118.40 1190.47 1303.38 112.91 1.048
69 63.85 1189.20 1254.28 65.08 0.981
70 71.64 1189.01 1260.74 /75 0.999
71 82.52 1188.17 1269.12 80.95 1.019
72 74.29 1187.18 1264.78 77.60 0.996
73 82.82 1186.30 1268.36 82.06 1.009
74 87.15 1185.56 1269.75 84.19 1.035
75 92.13 1184.76 1276.37 91.61 1.006
76 87.23 1183.94 1269.45 85.51 1.020
i/ 84.91 1183.30 1271.38 88.08 0.964
78 97.80 1182.43 1278.14 9571 1.022
79 105.90 1181.55 1285.21 103.66 1.022
80 86.42 1180.61 1267.11 86.50 0.999
81 57.91 119491 1252.98 58.07 0.997
82 90.25 1194.30 1282.75 88.45 1.020
83 83.50 1193.20 1275.62 82.42 1.013
84 96.36 1192.13 1286.89 94.76 1.017
85 92.78 1190.93 1281.43 90.50 1.025
86 108.10 1189.59 1295.66 106.07 1.019
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NO. m, (g) m, (g) m, (g V (cm’) P. (g /em’)
87 60.10 1188.44 1248.21 59.77 1.006
88 100.50 1187.83 1284.79 96.96 1.037
89 80.03 1186.56 1268.64 82.08 0.975
90 84.46 1185.81 1271.27 85.46 0.988
91 100.10 1184.94 1282.95 98.01 1.022
92 108.60 1183.84 1290.70 106.86 1.016
93 109.40 1182.92 1292.67 109.75 0.997
94 121.70 1181.87 1300.76 118.89 1.024
95 107.70 1180.94 1286.87 106.03 1.015
96 79.12 1179.89 1258.46 78.57 1.007
97 9.11 1179.40 1275.43 96.03 1.001
98 108.70 1178.45 1285.30 106.85 1.017
99 114.70 1177.08 1290.30 113.22 1.013
100 112.70 1176.49 1287.29 110.80 1.017
101 147.00 1175.56 1315.02 139.46 1.054
102 91.82 1173.74 1266.56 92.82 0.989
103 130.80 1173.07 1300.99 127.92 1.023




HaN1INARRIN 3 : VoauTeTiazae'ld (Soluble Solids)

¥ v
NAMIRTIANY U IHoNIVRITIRALAZ IAAT Soluble Solids WAAIAINITINN 5.3

v 9
A15199 53 ANy IlBNaLAZ A1 Soluble Solids

NO. | @ E %Brix
dound | elva | sh | wéonda | 41 | dleud
1 A T 16.6
B T 16.5
2 A Il I 18.1
B | I I 18.6
3 A Il I 17.2
B T 173
4 A Il 17.4
B | | If 16.6
5 A T 17.0
B T 17.1
6 A Il | 17.4
B Il I 17.6
7 i \( 16.8
B T 17.0
8 A I | 17.8
B I l 17.6
9 A Il | 17.6
B ll | 17.6
100 A T 17.8
B i 178
11 A 1l Il 16.4
B Il | 17.1
12 A Il | 172
B Il | 17.4
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NO. | @ Snpniziio %Brix
idoulnd | owlna | uh | wionde | 41 | tioudn
135 A Il I 17.8
B Il i 18.0
14 A I | 16.4
B I 16.8
15 200 Il 17.4
B T 17.3
16: | /A T 16.7
B T 16.3
17 A Il 17.6
B Il I 17.0
8 | A W/ 16.6
B T 16.6
19 A Il Il 17.6
B Il 1 172
20 A T 16.8
B If 16.8
21 | A Il 171
B T 17.0
20 LA Il 16.8
B T 16.9
231 -p i 17.1
B T 192
DA T 16.6
B Il 1 17.0
25 [ A | | Il 17.0
B | if | 17.6
26 | -A T 17.8
B T 18.0
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o &
ANHUSIUD

NO. | du %Brix
dodnd | owlua | uh | wiende | $1 | deutn
T T 172
B T 17.4
R T 15.8
B ie 15.9
29 1A Il 163
B | || 16.1
300 A ii 17.7
B it 17.6
gl ¥ 17.4
B T 17.4
37 0 T 16.8
B Il I 16.4
a3 A | I I I 17.4
B i Il 4 I Il z
a0 A Il } 17.3
B l | 17:1
35 A | Il I 17.0
B Il Il | 1 17.0
36 | A T 16.4
B il 16.8
37 A I I 15.8
B [ I 15.6
380 A Il | 17.1
B I | 17.6
ag Il I 17.0
B Il Il 172
40 | A T 144
B T 14.8
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NO. | du dnpnziio %Brix
dound | owlna | wh | wdendn | 41 | dleudn
41 A I I 170
B I I 17.1
d A T 17.3
B Il | 17.6
T I I 17.4
B I I 17.7
44 A Il | 17.2
B I I 17.6
45 o oA T 17.4
B 8 17.2
Aol A Il 16.0
B Il I 16.4
47 A Il I 16.8
B T 17.1
4% A I I 16.3
B I I 16.8
qgbel A T 17.1
B T 172
50 A Il I 183
B T 18.5
510 A T 18.0
B T 18.1
2 | A | Il 156
B I Il 155
B i 184
B T 18.0
4 A T 16.3
B Il 16.0
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NO. | a2 Snuniziio %Brix
dound | onlva | wi | wéonda | 41 | deudn
55 1 A i 18.6
B i 17.8
56 A Il 15.8
B i 17.0
578 A Il I 16.4
B | ll ll I 16.0
s A I I 16.6
B T 16.0
50 A P 17
B I I 17.6
60 A [ I 17.0
B Il Il 16.8
61 1 A T 17.1
B 5 16.9
67 ik T 18.0
B T 17.4
63 A Il | 16.2
B I I 16.4
6 A Il | 17.2
B Il | 17.6
65 A I | 16.7
B | I Il 16.9
66 L A | Il 16.9
B | Il 17.7
671 A I I 16.5
B I I 16.6
68 A Il Il | 16.4
B l Il I | 16.4
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NO. | du Snumzifio %Brix
dound | owlva | sh | wienda | 41 | sieudn
69 | A T 172
B T 17.0
g e I I 17.8
B i 17.0
Tl oA Il I i 15.4
B | Il I 14.4
DA T 16.4
B T 163
73 A Il Il | 1752
B | I Il 16.8
74 A | Il 1l 17.2
B | | I 17.5
75 1 A 0 17.3
B T 174
76 A Il 16.6
B 1 Il 16.1
il Ty 15.8
B T 163
78 A l I Il I 17.6
B I T 173
79 A Il | 16.8
B ll 1722
80 LA ll 16.4
B Il 15.8
8l A i 17.6
B T 17.8
82 A | I I 152
B I Il 14.7
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NO. | @ Snuaiziii %Brix
dotnd | owlva | sh | wldenda | 41 | idleut
gal o T 17.8
B | Il 17.0
i I I I 17.1
B I Il I I 16.8
85 A Il | Il z
B | I Il 17.0
g1 A | Il I 16.3
B I | 6.4
8 A I I 17.6
B I | [ 17.4
88 A | Il Il I 16.6
B I ll 3 16.6
80 | A T 18.6
B T 19.0
00 <A T 17.6
B I Il 17.6
of i & Il | 16.9
B I { 16.7
ol A } i 16.7
B 1 16.7
93| A I 17.3
B T 17.2
o4 A T I i 17.0
B l Il Il 16.9
95 A I I I | 154
B I | Il Il 14.9
96 A Il | | 15.8
B i | 16.0




NO. | @ Snunzidie %Brix
dound | owwlva | sh | wWdenda | $1 | iout
97 A [y 14.5
B i 15.0
68 A Il Il T 16.8
B If Il T 17.0
g9 [} | I i 16.2
B Il I 16.5
100 | A I | | 16.1
B I 1 I 16.1
101 A T 16.7
B T 16.2
02 |0 A | I Y 17.4
B I Il T 17.6
103 A l if Il I 15.6
B | il ll I 15.4

y v
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v Y
ABUN 2 ANUNUMUUIIBAY Universal Testing Machine

HAN13NAARIT 4 : Texture Properties Y09197A 1A8IATO9 Universal Testing
Machine (UTM)
msnacaou1neds Compression Test 1A Relaxation Test Wil msnagouiumsnailiuse 2 use
9y =
A0 Ao
1. NATOUNLII 10N
2. NANPUNUIIZON

vy

Tagmsnadouiuse 10N wanmsnagoui I idnynzidiunsvldegi 5.2

15.00
Compression Test Relathion Test
12,00 —4 >:1 ‘ : >
> I |
Max Load__—-7\. _________ --.]K ________ it R K-
9.00 |
: \\ L2
Load (N) | Falll T e
|
6.00\ \ 1S5 }
A { L1
1
& |8 !
3.00 % I
[
- [
Min Load !
. 151 v
000 g I N l | RS e S
00gp ™ | 1.000 2.000
[}
AP
Time (min)

3U9 5.2 n9MWaN1INAABS Compression Test 1A% Relaxation Test MLi59 10 N



Y

Tasmsnadauiuse 30 N wanisnadeud Idezidnuuzidiunswldegii 5.3

S Compression Test . Relaxation Test
I
MaxToad - =l ol s o [ LEor o e
A
28.00 n IR\ A
2 I —— L2
i —
21.00 :
Load (N) - :
} L1
14.00 |
I
A B |
700 — |
I
= ]
Min Load 4 :
0.00 . 0 ' 4
. 4+—> el | | | | |
0.009 i : 1.000 2,000
A !
Time (min)

3UN 5.3 n9MWAN1NAABY Compression Test LAY Relaxation Test 714459 30 N

£
U

1 v
M lannnsvisans Saedl

T1 = 13971 Maximum Load (min)

T2 = 13819 Minimum Load (min)

L1 = Maximum Load (N)

L2 = Load ﬁaﬂawmz Relaxation ¥ 788 plate ﬂﬂﬂ\ﬂ“ﬁ ﬁmﬁ"a plate@fjf'!\iﬁ
Maximum Load (deformation ﬂ\i‘ﬁ) N)

Dl = Deformation‘ﬁ Maximum Load (mm)

D2 = Deformation ﬁ Minimum Load (mm)

A = Wunldnsves Stage N1 1 (N- min)

7,



b ] v
B = Wufldnsmues Stage 1 2 (N- min)
TIag D1 = T1 X 10 (mm/min)
D2 = T2 X 10 (mm/min)

MIMUIUNIAT Texture Properties

1. Hardness (N/mm) = L1/Dl
2. Relaxation (%) = [2/L1
3. Degree Of Elasticity = (D1 -D2)/D1

4. Energy Absorption Nmm) = (AX10mm/min)- (B X10 mm/min)

A1 Texture Properties 4and 13 1uase 5.4 wag 5.5

A15799 5.4 A Texture Properties 9 10N
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A B
NO Hardness Relaxation Degree Of Energy Hardness Relaxation | Degree Of Energy
(N/mm) (%) Elasticity Absorption (N/mm) (%) Elasticity Absorption

(N mm) : (N mm)
10-=7.265 36.16 0.490 27.13 7.651 33.40 0.503 25.42
11 | 6.818 30.98 0.340 11.76 9.882 31.57 0.599 17.35
12 |- 4.958 37.42 0.431 36.86 5.600 33.40 0.446 33.23
13 | 4.584 3872 | 0384 41.54 5.758 36.09 0.389 37.98
14 |-« 7:716 3496 | 0.707 25.66 6.069 34.83 0.436 28.56
15[ 14550 36.22 0.282 27.16 6.460 34.63 0.451 30.48
16| 6173 34.83 0.407 23.98 7.239 33.47 0.418 19.65
Il 5,594 36.09 0.434 32.30 6.139 32.14 0.382 20.32
18 11235} 3366 0.636 17.45 6.718 30.98 0.450 18.64
19 | 5970 30.91 0.365 17.45 11.583 3221 0.637 16.17
20| 5.138 36.09 0.389 34.25 7.180 37.49 0.501 36.09
21 | 6.886 34.76 0.473 25.45 8.547 34.89 0.611 25.08
231 15853 30.85 0.352 - 7.820 32.14 0.529 21.26
25 | 4776 36.03 0.385 35.52 6.374 36.03 0.470 30.16




73

A B
= Hardness | Relaxation | Degree Of Energy Hardness | Relaxation | Degree Of |  Energy
(N/mm) (%) Elasticity Absorption (N/mm) (%) Elasticity | Absorption

(N mm) (N mm)
27 3 . - : 8.425 3221 0.503 18.90
29 7.543 33.47 0.397 13.27 11792 28.06 0.656 12.26
31 5.248 32.14 0.330 21.07 7.747 34.76 0.513 24.11
33 7.583 34.76 0.530 2733 6.434 34.76 0.466 29.70
35 9.786 = 0.517 15.13 12.448 3036 0.681 13.43
37 7.786 34.63 0.464 20.28 10.526 33.6 0.578 37.00
39 9.901 32.00 0.687 19.71 8.497 32.21 0.644 22.1
41 7.206 34.89 0.541 29.62 8.010 36.38 0.562 30.20
43 9.340 34.83 0.604 21.65 9.330 34.63 0.597 20.47
45 | 11.890 - 0.692 13.30 10.352 > 0.675 18.83
47 | 12.781 28.06 0.569 13.48 9.307 30.98 0.617 18.37
49 7.481 34.76 0.729 24.19 8.141 33.66 0.59 27.69
51 6.305 37.01 0.545 38.42 7.093 35.19 0.528 33.18
53 9.980 30.35 0.633 17.82 12.470 30.28 0.649 1707
55 | 10.851 32.04 0.599 13.74 10.094 $3.63 0.622 21.94
57 |0 10923 33.76 0.564 1557 10.690 33.89 0.552 2721
59 | 14.193 32.17 0.675 13.68 15.405 35.58 0.614 11.86
61 6.471 38.61 0.317 3545 6.851 38.61 0.517 36.66
63 9:912 33.89 0.632 21.48 8.542 33.83 0.545 20.99
65 8.197 33.63 0.442 14.81 16.338 33.63 0.702 9512
67 8.337 38.48 0.573 28.90 9.598 36.89 0.558 20.23
69 17162 32.31 0.564 25.76 9.382 33.43 0.605 =
71 2 - : = 8.917 38.61 0.559 19.93
73 9.806 30.62 0.961 18.54 10.453 30.14 0.583 16.27
75 7.935 31.90 0.492 19.79 12.188 36.76 0.563 20.14
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A B
o Hardness | Relaxation | Degree Of Energy Hardness | Relaxation | Degree Of | Energy
(N/mm) (%) Elasticity Absorption (N/mm) (%) Elasticity | Absorption

(N mm) (N mm)
77 | 10.724 28.73 0.619 12.75 11.241 27.28 0.620 14.71
79 | 10361 32.17 0.581 16.40 10.265 35.19 0.603 20.58
81 9.617 31.07 0.599 19.62 11.121 33.56 0.607 17.04
83 9.720 30.35 0.572 17.21 10.846 30.42 0.663 16.30
85 8.286 35.06 0.560 25 8.006 I35 0.554 23.09
87 6.526 37.01 0.493 38.05 7.305 36.89 0.527 29.16
89 6.526 37.01 0.531 35.60 7.650 33.70 0.598 29.14
91 | 11.849 31.97 0.668 B.73 9.282 32.24 0.558 18.63
93 9.931 = 0.687 18.76 5 3
95 9.662 33.43 0.623 19.64 9.796 33.89 0.593 17.88
97 8.364 35.45 0.586 26.52 7.783 36.95 0.520 24.44
99 9.872 35.26 0.561 25.40 8.088 33.76 0.507 18.20
101 | 10211 36.06 0.538 18.41 12.190 33.50 0.656 15.86
103 | 8.211 35732 0.592 24.28 8.874 35.58 0.563 21.87




M13197 5.5 A1 Texture Properties 7SI 30N
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A B
o | Herdness | Relaxation | Degree OF Energy Hardness | Relaxation | Degree Of |  Energy
(N/mm) %) Elasticity | Absorption | (N/mm) (%) Elasticity | Absorption

(N mm) (N mm)
1 8.145 40.06 0.509 340.9 8.203 40.06 0.483 343.1
2 12.993 - 0.712 152.7 10.34 36.79 0.631 172.4
3 8.699 37.28 0.531 254.1 8.020 37.36 0.494 262.1
4 8.143 40.06 0.520 265.1 81.97 35.67 0.547 25123
5 7.897 37.85 0.499 279.5 7.579 41.14 0.452 328.6
6 5.950 38.94 0377 409.5 6.070 = 0.347 337.8
7 7.597 = 0.403 312.8 7.366 - 0.406 339.0
8 6.968 41.72 0.433 348.1 6.415 40.10 0.372 319.6
9 7.133 38.96 0.440 407.5 7.678 39.00 0.462 3433

22 9.869 41.26 0.384 209.1 10.433 F = =
24 9.712 37.77 0.593 216.2 10.064 36.79 0.631 230.5
26 8.075 - 0.550 336.9 7.159 40.06 0.524 369.4
28 11332 - 0.613 192.8 9.659 - 0.561 273.5
30 i 2 Z = 8.910 B 0.601 313.7
32 10.724 45.71 0.629 228.07 11.485 = 0.694 185.5
34 11.093 5 0.705 226.4 13.698 2 0.730 125.8
36 9.617 38.04 0.522 213.9 9725 37.83 0.584 178.5
38 6.410 = > 5 8.087 47.32 0.539 299.7
40 11.024 35.65 0.658 142.6 13.507 34.69 0.751 133.1
42 8.790 38.88 0.640 3174 9.117 41.74 0.625 269.0
44 11.505 34.69 0.724 166.3 10.920 - 0.670 201.9
46 9.744 4227 0.693 227.0 9.804 40.08 0.656 239.2
48 13.307 = 0.644 150.4 11.453 = 0.680 165.6
50 9.564 34.61 0.555 206.4 8.460 37.85 0.588 300.9
52 12.780 40.50 0.534 141.2 16.290 = 0.463 96.59
54 12.271 36.55 0.693 156.7 11.945 34.23 0.673 151.4
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A B
o Hardness | Relaxation | Degree Of Energy Hardness | Relaxation | Degree Of Energy
(N/mm) (%) Elasticity Absorption (N/mm) (%) Elasticity | Absorption

(N mm) (N mm)
56 | 10.945 33.94 0.667 177.6 9.471 40.55 0.630 286.0
58 | 10.948 = 0.673 185.5 8.857 = 0.598 290.4
60 | 10.125 6 0.639 184.3 12.229 2 0.664 139.9
62 8.867 40.45 0.542 246 9.359 40.52 0.594 264.00
64 | 10.611 40.49 0.609 208.6 8.725 36.53 0.570 246.1
66 | 13.027 = 0.735 130.1 11.118 3291 0.705 144.0
68 9.489 34.29 0.615 204.4 9.323 35.54 0.600 202.2
70 | 10.047 41.67 0.685 2927 10.169 37.30 0.623 233.9
727 12:055 - > 7 10.359 36.44 0.657 224.7
74 9.191 - 0.61 193¢k 11.730 = 3 =
76 | 12.02¢ : 0.637 144.8 12.094 - 0.701 149.0
78 8.528 37.89 0.595 2284 8.833 37.87 0.604 247.4
80 . - 2 2 - < 5 E
82 | 16.444 ) 0.646 156.2 9.842 ~ = 5
84 9.980 - 0.582 191.6 10.027 s i =
86 - - . - 2 i = -
88 9.947 N c S 9.504 31.50 0.590 173.0
90 | 10.903 : 0.676 167.6 12.132 e 0.698 1375
92 | 13.245 - 0.739 120.7 12.981 32.89 0.686 117.4
94 | 15.000 27.76 0.784 104.4 16.996 - 0.776 70.3
96 8.788 39.09 0.598 2532 8.815 : 0.579 258.8
98 | 11.488 33.00 0.714 151.8 11.422 35.46 0.696 155.3
100 | 13.833 ? 0.726 118.5 13.286 32.87 0.662 100.4
102 | 10.459 39.17 0.65 201.9 10.508 E = =




MO 3 Near - Infrared (NIR) Spectroscopy

Y o g 2 o
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9 a o aa
NIINATBY SU’?Jﬂ;ljﬁ NITAUATIEUNINADE
(TMUIUAIDE 103 WA) N Max | Min p ¢ SD
Y 9
ey - 1MUn (g) 103 | 146.95 | 44.25 | 8024 | 21.15
i b Y, | uF1gUENA1 (cm)
MU a 103 |.6:620.|.4.336 | 5.361 | 0.529
MU b 103 | 6412 | 4.008 | 5.226 | 0.486
wilsuasuay -1J51795 (em?) 103 | 139.46 | 43.07 | 79.12 | 20.64
PIAMHNY. | umeiniu (g fan) 103 | 1.071 | 0954 | 1.006 | 0.019
YBINIAA
- ANUDNIUNL (SG) 103 | 1.071 | 0.954 | 1.006 | 0.019
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MINATOU TR MIAATIHNITDA
(UMD 103 HA) N Max | Min % SD
'
AuUUMIONA | -Hardness W/mm) | 10N | 95 | 16444 | 5950 | 10,099 | 2.129
A28 Universal 30N 103 | 16.996 | 4.550 | 8.868 | 2.487
Testing Machine | -Relaxation (%) 10N ////95.~1.38.72 "W2R28 | 33.85 | 2.50
30N 60 4732 | 2776 | 3766 | 3.41
Depree 5 1oN | 102 | 0961 | 0282 | 0552 | 0.110
elasticity
30N | 89 | 0961 | 0347 | 0602 | 0.104
-Energy 10N 100 41.54 972 279 | 29.33
absorption (N
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1.4 anuduRufsenited Soluble Solidsfiu/SuasuazAIunUILLL
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3.3 Degree of Elasticity
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3.4 Energy Absorption
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3.5 Bioyield Point
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32 Soluble solids (%Brix Jveathdufudnuaziiona
mmsaﬁqﬂswmfluﬁﬂymmﬁaﬁ 4 Srunizuaziies %Brix fafl
I iiod (u) T %Brix ogluz 14.4-19
2. tiiofitnelva  %Brix aglur9 14.7-18.1
3. iiieun i %Brix agluy9 152-17.8
4. edeuAT %Brix 2y lur9 17.4-18.6
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AOUR 3 MR HYoYAIBeLISu0s (Quantity) LAZIFIABAIN (Quality) U89 NIR
Spectroscopy

Funouns Calibration 1341/ (Quantity) Yo ewaInA

1. ilalWAdoya Spectra 71 1891013 Scan wasiage

2. 11181 Properties (f17i7n 1Rt msdauasgy, Reference value) A197) 10901y Spectra

A A, v )
yoswaaursausanfiuald daan Properties imanil laua

1. Density
2. %Brix
3. Hardness at 30 N

Relaxation at 30 N
5. Energy Absorption at 30 N
Degree of Elasticity at 30N
Hardness at 10N

© N o

Relaxation at 10 N
Energy Absorption at 10 N
10. Degree of Elasticity at 10N
3. @379eMT Calibration Y99UAAE Parameters a8
3.1 14953 PLS fighenueindu 450010000 1/em Tasldn Reflectance 09 12 1/cm
(500 0) AUMATEBNTIAWETIAGY 4500-10000 1Vem  Liipe91nTi%23R2 18T
AU 4000-4500 1/cm 92qn9Au Ty Fiber optic
32 %ﬂﬂfjml’e)\? Spectrum 11%&%1‘! 2 ﬂfjiJ Ao Calibration set 1% Validation set (Prediction
set) Tneutls 5/6 dauiilu Calibration set iag 1/6 aauiflu Validation set Tnoguuun 5
Hoyartul Foya (5 skip 1) sunsziiemuanndeya wozialddoyafifmgagauns
é%’lf;fﬂi]gﬂu Calibration set
3.4 1fon Properties ﬁ%zﬁ”lmi Calibration
3.5 fUIUMIENMS Calibration Taeld Auto Calibration 910 Software NIRCal V4.01
3.6 M89NYA5 Calibration 18292 AT 18 mu T uA199 &aft

1. Standard Error of Calibration (SEE)
2. Standard Error of Prediction (SEP)

W

Bias
4. Regression Coefficient (r)

5. Consistency



6. Q-Value

7. @UMT Calibration f(x)
4. 1N Properties ﬁ%sv‘hmi Calibration
5. ddle 3.1-3.6 UATUNA Properties

&Y

6. Tunnaa1ag aslumsnn 6.4, 6.5 uaz 6.6

HUEME MISAIMIUNIAUMS Calibration a5 PLS 410 Auto Calibration 910 Software

NIRCal V4.01 48440509 Computer 3205118 1 lunamuan
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HAN13911 Auto Calibration Spectrum UDINANIAAITIUTNIN (Quantity) LEAAIAIAITINN 6.4

A5 6.4 75M15 Calibration Spectrum YBINALIAA

ﬂ'é‘uyd‘ﬁ Properties Density
1 Method PLS
Data 1. Smooth Average 3 Points
Pretreatment | 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996 (total 320/500)
Sequence 3. First Derivative BCAP
Wavelengths 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
2 Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996 (total 320/500)
Sequence
Wavelengths 4392-4800, 5400-6600, 7800-9996 [I(cm] (total 320/500)
Calibration Set
1 Properties %Brix
Method PLS
Data 1. First Derivative BCAP
Pretreatment 2. Normalization by Closure, 4440-9000 (total 381/500)
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
2 Method PLS
Data 1. Smooth Average 3 Points
Pretreatment 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996 (total 320/500)

Sequence

3. First Derivative BCAP
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=,

Properties % Brix
2 Wavelengths 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4440-9000 (total 381/500)
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
1 Properties Hardness at 30 N
Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4596-9996 (total 451/500)
Sequence
Wavelengths 4596-9996 [1/cm] (total 451/500)
Calibration Set
2 Method PLS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment 2. Normalization to Unit Length, 4596-9996 (total 451/500)
Sequence
Wavelengths 4596-9996 [1/cm] (total 451/500)
Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996 (total 320/500)
Sequence
Wavelengths 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
1 Properties Relaxation at 30 N
Method PLS
Data No pretreatment
Pretreatment
Sequence
Wavelengths 4500-9996 [1/cm] (total 459/500)

Calibration Set
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Calibration Set

'§ ﬁ Properties Relaxation at 30 N
Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4440-9000 (total 381/500)
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
Method PLS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment | 2. Normalization to Unit Length, 4440-9000 (total 381/500)
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
Properties Energy Absorption at 30 N
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4596-9996 [1/cm)] (total 451/500)
Calibration Set
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4440-9000 [1/cm] (total 381/500)

Method PLS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment 2. Normalization to Unit Length, 4392-4800, 5400-6600, 7800-9996
Sequence (total 320/500)
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)

Calibration Set
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AIIN Properties Degree of Elasticity at 30 N
1 Method PLS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment | 2. Normalization to Unit Length, 4440-9000 (total 381/500)
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
2 Method PLS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment 2. Normalization to Unit Length, 4440-9000 (total 381/500)
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment 2. Normalization by Closure, 4596-9996 (total 451/500)
Sequence
Wavelengths 4596-9996 [1/cm] (total 451/500)
Calibration Set
1 Properties Hardness at 10 N
Method PLS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment | 2. Normalization to Unit Length, 4440-9000 (total 381/500)
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
2 Method PLS
Data 1. First Derivative BCAP
Pretreatment 2. Normalization by Closure, 4596-9996 (total 451/500)
Sequence
Wavelengths 4596-9996 [1/cm] (total 451/500)
Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4440-9000 (total 381/500)

Sequence
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Calibration Set

'§: ﬁ Properties Hardness at 10 N
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
Properties Relaxation at 10 N
Method PLS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment 2. Normalization to Unit Length, 4392-4800, 5400-6600, 7800-9996
Sequence (total 320/500)
Wavelengths | 4392-4300, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
Method PILS
Data 1. First Derivative Savitzky-Golay 9 Points
Pretreatment 2. Normalization to Unit Length, 4392-4800, 5400-6600, 7800-9996
Sequence (total 320/500)
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)

Properties Energy Absorption at 10 N
Method PLS
Data 1. Normalization by Closure, 4596-9996 (total 451/500)
Pretreatment | 2. First Derivative BCAP
Sequence
Wavelengths 4596-9996 [1/cm] (total 451/500)
Calibration Set
Method PLS
Data 1. Smooth Average 3 Points
Pretreatment | 2. Normalization by Closure, 4596-9996 (total 451/500)
Sequence 3. First Derivative BCAP
Wavelengths | 4596-9996 [1/cm] (total 451/500)

Calibration Set
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AIIN Properties Energy Absorption at 10 N
3 Method PLS
Data 1. Normalization by Closure, 4440-9000 (total 381/500)
Pretreatment | 2. First Derivative BCAP
Sequence
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
1 Properties Degree of Elasticity at 10 N
Method PLS
Data 1. Smooth Average 3 Points
Pretreatment | 2. Normalization by Closure, 4440-9000 (total 381/500)
Sequence 3. First Derivative BCAP
Wavelengths 4440-9000 [1/cm] (total 381/500)
Calibration Set
2 Method BLS
Data 1. Smooth Average 3 Points
Pretreatment | 2. Normalization by Closure, 4596-9996 (total 451/500)
Sequence 3. First Derivative BCAP
Wavelengths 4596-9996 [1/cm] (total 451/500)
Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment 2. Normalization by Closure, 4596-9996 (total 451/500)
Sequence
Wavelengths 4596-9996 [1/cm] (total 451/500)
Calibration Set

UGV ATUNUIYUDY Data pretreatment sequence ﬁhx‘l‘] 1um‘51w§ma"1’3'°lumﬂ AUIN

2 4 ' aa & ' dy o a
210075 Calibrationlua1519h 6.4 92 1dammeeaa Feanvaitaziiunldninsaing

YOUTUHANMINANDY LEASAIAITNT 6.5 LD 6.6




A15199 6.5 AN 1491ANS Calibration YBIHALIAA
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Properties A39 Bias SEE SEP
fi C-Set V-Set
Density 1 -1.82585e-016 0.458587 0.463254 0.0157176 0.0160003
2 -1.61852e-016 0.416024 0.509134 0.0158259 0.0158259
3 -1.83254e-016 0.466954 0.435299 0.0156403 0.0163517
%Brix 1 5.01874e-015 0.629609 0.681876 0.62761 0.621517
2 4.4084e-015 0.514324 0.534232 0.697891 0.684059
3 1.02272¢-014 0.646751 0.552437 0.624902 0.638305
Hardness at 1 3.90584e-015 0.922852 0.861122 0.878846 1.01634
30N 2 -8.20762¢-015 0.858252 0.73393 1.17109 1.33909
3 6.97702¢-015 10.767019 0.946903 1.46406 0.891017
Relaxation at 1 3.27832¢-013 0.869846 0.764731 2.35583 2.38107
30N 2 -4.00625¢-015 0.852617 0.754254 2.49533 2.13831
3 1.82927¢-014 0.867796 0.622504 2373 2.65463
Energy 1 9.59719e-014 0.776956 0.808848 48.3862 50.9652
Absorption 2 1.04537¢-013 0.73553 0.816217 52.0705 50.998
at30N 3 1.55735¢-014 0.878412 0.835234 36.7306 48.7633
Degree of 1 3.70574e-016 0.917497 0.771557 0.0774489 0.0764504
Elasticity at 2 2.17544¢-016 0.861266 0.730988 0.0989485 0.0905935
30N 3 1.5003e-017 0.680617 0.819059 0.142661 0.0719661
Hardness at 1 1.60067¢-015 0.578039 0.454751 1.93831 1.7077
10N 2 8.78418e-016 0.599558 0.441233 1.90107 1.73122
3 5.46571e-016 0.505628 0.43548 2.04934 1.71463
Relaxation at 1 7.61296¢-015 0.539267 0.407296 2.21901 1.56665
10N 2 5.32907¢-015 0.719267 0.216633 1.83062 1.88059
3 7.95131e-015 0.714341 0.194097 1.84396 1.7947
Energy 1 -1.00441e-014 0.709385 0.588188 5.34149 5.16603
Absorption 2 -6.14049¢-015 0.68928 0.589489 5.49059 5.15618
at 10N 3 -1.71057e-015 0.682539 0.575301 5.53874 5.15981
Degree of 1 -6.14588¢-017 0.496432 0.38182 0.0958684 0.0811552
Elasticity at 2 8.62056e-017 0.345826 0.306669 0.213604 0.093494
10N 3 -9.14301e-018 0.296291 0.261317 0.217428 0.0790653
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A15197 6.6 A% 1A91NA5 Calibration ¥8IWALIAA

Properties ﬂ% \i‘ﬁ Consistency Q
Density 1 98.2333 0.6941
2 101.63 _ 0.6772
3 95.6497 0.6717
%Brix 1 100.98 0.5649
2 102.022 0.4747
3 97.9002 0.4733
Hardness at 30 N 1 86.4714 0.4030
2 87.4536 0.2396
3 164.313 0.2395
Relaxation at 30 N 1 98.94 0.3778
Y, 116.696 0.3332
3 89.391 0.2365
Energy Absorption at 1 94.9396 0.1635
018 2 102.103 0.1556
3 75.3244 0.1447
Degree of Elasticity at 1 101.306 0.5305
o ) 109.222 03394
3 198.233 0.3289
Hardness at 10 N 1 113.504 0.1107
2 109.811 0.1083
3 119.521 0.1073
Relaxation at 10 N 1 141.64 0.2536
2 97.3427 0.2073
3 102.745 0.2060
Energy Absorption at 1 103.396 0.1133
$0dY 2 106.486 0.1116
3 107.344 0.1076
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: o 4
Properties ATIN Consistency Q
Degree of Elasticity at 1 118.13 0.1653
10N G 228.468 0.1602
3 274.998 0.1579
NV F C-Set #1910 Calibration Set

V-Set €B11910 Validation Set

€

v

A5 MYBIEUMINNMS Calibration YoIWANIAA VA

1. Hardness at 30 N

Original Property / Predicted Property
o All Spectra .
-] ‘ 2
[ 17 .51 Resial Quter Specta J g . 2
o [ Validation Spectra f(x)=0 665 +3 5657 =0.861122 :
: o
£ 15.01 8o W g
£ ¥
2 129 35t 5
2 ) (UL =7 (1 = g
o 10.04 J b PR 2
o o g
2 5 S
© 7.5}-~7% f(x) = 0.6666X +3.5557
4 g
2 f(x)= 0.8517X + 1.5211 g
o 5.0 3 3
2.5 o, Py S 0% o call
7.5 10.0 12.5 15.0 1.5 =
B True Property hardness =

51/%1 6.22 aung Calibration of Hardness at 30 N
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. Degree of Elasticity at 30 N

S $
2 Original Property / Predicted Property
L All Spectra g
® 125
(] o mﬁzm@ 888X+ 0841 =0.771557 §
@ 5
°  1.00] v 3
o)) z
- 2
= g
&  0.751 3
[ 2
o 2
Q. . °
) : g
= 050 e f(x) = 0.8883X +0.0841 g
o A £(x)= 0.8418X +0.1004 E
2 0.251 v i
T z
<
& 0.00- : T s T T T TS P e %
0.4 0.6 0.8 1.0 ;

True Property Degree of elasticity :

os)

IUN ‘IJ 6.23 @uN13 Calibration of Degree of Elasticity at 30 N
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mMsAnTanaEe q 7 ldensieau
nE AR I euura i anuedl sRnsamiiangannmsaneaiese
DENAUMST TABITRVITHIAINN 9 it
1. 1715792 A5G Calibration Set 1A Validation Set 10z ABafiAMINAT 0.900000
1150 90% 311) LI r Y04 Validation Set e19iAaen31 0900000 I8 Tes Tavzdieodn
aumsiidiudedeld Samuuiusigauazamsoi 141y NIR Spectrometer 18
2. &1 Bias 192158417 Calibration Set #3a73iietios 9 uazaasdaudlng o
3. A1 SEE Al59zintion
4. 1 SEP asazdiavoauaziianlndifvsiual SEE
5. 1 Consistency 92 fo90glug2a 80-110 Savzvousununsfld
Consistency = 100*(SEE/ SEP)
6. 1 Q-Value msvziimgauaziilng 1 wnfiqe
TunsRvsausz ot 6 o Towdey q Ay waz lumsnaaosiiezdi 14
Q-Value Héh Feftoradhumsz i Yo3a494A29619 (Data of Sample) Tirioeiin 1y
VM ideyalulSna uazmsinsandmsatavesdoyaraiisgn oz 14

aumshenusashun1Flunsvinnenamsnagoy Properties 1aal935 NIR Spectroscopy

t4
v A

JU
1. @UN15 Calibration ¥®9 Hardness at 30 N
TUNT Y= 0.851656X + 1.52112
2. ©@uN5 Calibration Y84 Degree of Elasticity at 30 N
oauNMs Y= 0.841801X + 0.771557
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FunouMs Calibration 15915170 (Quantity) maaﬁywﬁ'mﬂ
I nlwédeya Spectra 7 19103 Scan ¥ifega
2. 1A Properties IUIABINUMS Calibration Spectrum YBIHANIAA (idaldnndsmsa
M3, Reference Value) #1494 1oa9A1W Spectra yoaraaunLIBRINaR a3
3. 931993 Calibration YDIUAAY Parameters 198 :
3.1 195% PLS i929A7u6mnAY 4000-10000 1/em 1at 191 Transmittance NN 12
1/cm (500 99)
3:2 %ﬂﬂfjiJ‘U’eN Spectrum Tl 2 g A9 Calibration set 1ta% Validation set (Prediction
Set) AWITNITVBINT Calibration Spectrum YBIHANIAA
3.4 180N Properties ‘ﬁ%‘l’hmi Calibration
3.5 AUIUMEAUNT Calibration 1a81% Auto Calibration 910 Software NIRCal V4.01
3.6 M899NMNT Calibration 4d292 185180101 uA 8199 MeadauRefung
Calibration Spectrum U894 Nﬂﬁ@ﬂﬂ
4. Hon Propexﬁes ﬁ%zﬁ":ms Calibration
5. Fdde 3.1-36 IUATUYN Properties

6. 1ufinA1ae aslums1en 6.7, 6.8 uag 6.9
o oy &Y a a @ a
Wan1591 Auto Calibration Y8411 AITIL5 110 (Quantity) LETAINIAITINN 6.7

v v
713799 6.7 Calibration ¥041134AA

A3 Q‘ﬁ Properties Density
1 Method PLS
Data 1. MSC full, 4008-9996 (total 500/500), Mean Vector (500)
Pretreatment
Sequence

Wavelengths | 4008-9996 [1/cm] (total 500/500)

Calibration Set

2 Method PLS
Data 1. First Derivative BCAP
Pretreatment

Sequence
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ol li'
AIIN

Properties Density
2 Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
1 Properties % Brix
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
2 Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
3 Method PLS
Data 1. Absorbance Log10(1/x)
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)

Calibration Set

Properties Hardness at 30 N
Method PLS
Data 1. Absorbance Logl10(1/x)
Pretreatment 2. Normalization by Closure, 4008-9996 (total 500/500)
Sequence
Wavelengths 4008-9996 [1/cm] (total 500/500)

Calibration Set
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|1b] Q“?i Properties Hardness at 30 N
2 Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
1 Properties Relaxation at 30 N
Method PLS
Data 1. Normalization by Closure, 4008-9996 (total 500/500)
Pretreatment | 2. Absorbance Log10(1/x)
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
2 Method PLS
Data 1. Normalization by Closure, 4008-9996 (total 500/500)
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
3 Method PLS
Data 1. MSC full, 4392-4800, 5400-6600, 7800-9996 (total 320/500), Mean Vector
Pretreatment (500)
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)

Calibration Set
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AFIN Properties Energy Absorption at 30 N
1 Method PLS
Data 1. MSC full, 4008-9996 (total 500/500), Mean Vector (500)
Pretreatment
Sequence
Wavelengths 4008-9996 [1/cm] (total 500/500)
Calibration Set
2 Method PLS
Data 1. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996 (total 320/500),
Pretreatment Mean Vector (500)
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
3 Method PLS
Data 1. MSC full, 4392-4800, 5400-6600, 7800-9996 (total 320/500), Mean Vector
Pretreatment (500)
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
1 Properties Degree of Elasticity at 30 N
Method PLS
Data No Pretreatment
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
2 Method PLS
Data 1. Absorbance Log10(1/x)
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
3 Method PLS
Data 1. Smooth Savitzky-Golay 9 Points
Pretreatment

Sequence
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AIIN Properties Degree of Elasticity at 30 N
3 Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
1 Properties Hardness at 10 N
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
2 Method PLS
Data 1. Normalization by Closure, 4008-9996 (total 500/500)
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
3 Method PLS
Data 1. MSC full, 4392-4800, 5400-6600, 7800-9996 (total 320/500), Mean Vector
Pretreatment (500)
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
1 Properties Relaxation at 10 N
Method PLS
Data 1. Normalization by Closure, 4008-9996 (total 500/500)
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
2 Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)

Calibration Set
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e

Properties Relaxation at 10 N
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths 4008-9996 [1/cm] (total 500/500)
Calibration Set
Properties Energy Absorption at 10 N
Method PLS
Data 1. Absorbance Log10(1/x)
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set
Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
Method PLS
Data 1. Normalization by Closure, 4008-9996 (total 500/500)
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set
Properties Degree of Elasticity at 10 N
Method PLS
Data 1. Normalization by Closure, 4008-9996 (total 500/500)
Pretreatment 2. Absorbance Logl0(1/x)
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)

Calibration Set
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7 Qﬁ Properties Degree of Elasticity at 10 N
2 Method PLS
Data 1. Smooth Savitzky-Golay 9 Points
Pretreatment
Sequence

Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)

Calibration Set
3 Method PLS
Data 1. First Derivative BCAP
Pretreatment
Sequence

Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration Set

MUIWING  AIUVNIBVDY Data pretreatment sequence A1) Tuasnesuie 3 lunanuan
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. . A 1 aa é J 1 dy o a
91AA13 Calibrationlua151ef 6.7 92 ldmmeada deaunarfisztimnldnarsanns

YOUSUHNANINATDI LAAIAIAITIN 6.8 LA 6.9

v v b4
15199 6.8 A7 1A91NA1S Calibration ¥B91LIAA

Properties ﬂg N Bias SEE SEP
ﬁ' C-Set V-Set
Density 1 -1.52362e-015 0.482376 0.074374 0.0172586 0.0167178
2 -1.72411e-016 0.268347 -0.0157225 0.0189798 0.0163896
3 -1.61309e-016 0.262368 -0.0400208 0.0190122 0.0165117
%Brix 1 4.2897¢-015 0.244889 0.00974591 0.776195 0.671569
2 4.28468e-015 0.249617 -0.0174783 0.775229 0.678539
3 -2.60651e-015 0.366054 -0.0501391 0.745007 0.707575
Hardness at 1 -1.4803e-014 0.632276 0.602546 1.58295 1.61436
30N 2 7.05988¢-016 0.514079 0.514176 1.75254 1.72259
3 7.28762¢-016 0.502074 0.499041 1.76701 1.74107
Relaxation at 1 -1.50809¢-014 0.61354 0.317678 4.02249 3.43303
30N 2 -6.5979¢-014 0.531192 0.274941 431584 3.05849
3 1.57334e-014 0.620931 0.207279 3.99296 3.57699
Energy 1 1.30943e-012 0.558605 0.484373 67.7812 63.0455
Absorption 2 5.38388e-013 0.508842 0.454006 70.3494 62.9501
at30N 3 -5.82239¢-013 0.50885 0.453359 70.349 62.9835
Degree of 1 -1.63833e-015 0.362855 0.454497 0.190524 0.0846783
Elasticity at 2 1.08022¢-016 0.380434 0.379574 0.189085 0.092677
30N 3 -5.35608e-016 0.362084 0.452438 0.190585 0.0848421
Hardness at 1 6.35608e-016 0.45320 0.43008 1.63257 1.53644
10N 2 -5.5324¢-014 0.354720 0.354175 1.60539 1.49855
3 -5.77981e-014 0.302047 0.301208 1.76701 1.74107
Relaxation at 1 3.25419e-015 0.307581 0.316066 4.00529 3.06754
10N 2 -5.3649¢-014 0.311673 0.297645 3.95250 2.52847
3 2.34911e-014 0.309355 0.294608 3.98965 2.97868
Energy 1 1.35941e-016 0.519651 0.517153 10.2081 10.9361
Absorption 2 3.62954e-016 0.503092 0.498984 11.4664 12.3842
at 10N 3 -4.73913e-014 0.501784 0.493238 11.7807 11.6598
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Properties ﬂ%ﬁ Bias r SEE SEP
i C-Set V-Set
Degree of 1 -1.6593e-014 0.276812 0.225209 0.216865 0.09476
Elasticity at 2 -2.32170e-015 0.25890 0.25013 0.225091 0.09642
10N 3 -2.73084¢-015 0.26438 0.27326 0.203124 0.08664
137971 6.9 A1 18210 Calibration mmﬁywﬁaaﬂ
<
Properties ATIN Consistency Q
Density 1 103.235 0.4687
2 115.804 0.4647
3 115.144 0.4557
%Brix 1 V1SL5Y9, 0.2578
2 114.250 0.2494
3 105.290 0.2310
Hardness at 30 N 1 98.0543 0.1928
2 101.738 0.1649
3 101.490 0.1600
Relaxation at 30 N 1 117.170 0.1117
2 141.110 0.1006
3 111.629 0.0967
Energy Absorption at 1 107.512 0.0788
R 2 111.754 0.0734
3 111.694 0.0733
Degree of Elasticity at il 224,998 0.1750
N 2 204.026 0.1748
3 224.636 0.1747
Hardness at 10 N 1 106.2570 0.1327
2 107.1296 0.1156
3 107.1049 0.1074
Relaxation at 10 N 1 0.1103 130.57
2 0.1098 156.32
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Properties a7 \Tﬁ Consistency Q
Relaxation at 10 N 3 0.1005 133.94
Energy Absorption at 1 109.136 0.0652
10N 2 1142172 0.0603
3 113.178 0.0595
Degree of Elasticity at 1 228.860 0.1578
s 2 233.447 0.1535
3 234.450 0.1404
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YUABUMS Calibration LFIANNN (Quality) VOINANIAA
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1. dalWddoyn Spectra i 149103 Scan wagisna

o Vv 4 Gl é a o o dw
2 u']ﬁﬂHNZﬂ@QLﬁ@NaHQﬂﬂ“NW%’Iiﬂﬂi%ﬂﬂﬂﬁu

v
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i1of1nn (Good) vanwds leRidnumzdhuieoniulifidiodelu nie wehd

Y
Snvazae I lulSadnios

U

v

1. Uanyuzd

S 3
2. NanYUZLN

=
3. feelva

¥
4. nlasnaatile
9y Y v v

119111NA9 (Relative Good) M8 teniianymzas 11H ludSuimthunai
1. Jenlva

¥
2. Juldendnaio
A1 AN

2 d%, o g ¥y d 9 Y < 9 ) A :3’ = o v
Y50 Wendsuddnileelzufukiodedudnilos vie Nidodelunuuinnii 2

v a £ A J A o g Yy I Y
pelutSundee-1hunais wse menlanuuzdutlondudnios

Y 9y v 3 v
1119197 (Bad) vwiede ienlanyaeiiuiisudilSuiaunais — un e Tiile

b4 ) b4
uflSumthunas - mndzdudusiodedu vise Diledelzluiy 1nnd 2 e
a = -\ d:’ g)' B 9 [ dy ~ A‘j a A =3

TutlSumunn wse SnloudndntieelzduduklodedulSunun e Jene lna

bd
wndziuegiuiona

o . , o 4 ' g
nniudaldaluudas Spectrum mummnsaupansmua 13 eldiua Reference 9013

LA dy v % 1 Q’I’ | d‘ g dy b o é? d‘
Tetau m%z‘lmﬂu 1 AU 0 MUY Iﬂﬂ‘ﬂziﬁlﬂu 1 IUBONHUSUDUUDNAATINUITAUIUDHNON

v v
won 1A ludnedu uazseaunmaees lehilu o ianua Tuudazduvesaudazma

3. @319aums Calibration luiang Properties Tae

gact A g aa & @ 1 U A
3.1 1“15’35 ClusterGINLﬂu’lﬁ‘ﬂuﬂiuﬂ’lﬂlﬂﬂﬂmﬂTWﬂ@Qﬂ?@ﬂ’]\?@@ﬂ&‘ﬂuﬂquﬂ NP N

AWENIAAU 4500-10000 1/em IaeldA1 Reflectance )N 12 1/cm (500 99)

3.2 SIUIUIENS Calibration 1aeld Auto Calibration 910 Software NIRCal V4.01

YB91ATD9 Computer

v
3.3 NRINATIMS Calibration 43292 M31897U A9l

1. Wavelength calibration set
2. Data pretreatment sequence

3. Number cluster (S1uungulumsusngunInyosfo1g)

d’ o J L% v a QU é a ol dy
4. wasunndnsazvesionatinailudnuazvesiliendigadsinsandail
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a A = A AAw dy A A =) ' <] EY
- HIAWIA (Very Good) MiNede mnilianyaginded nIs Isssiaviumanios-1u
AAN
A a Q2 a 4aa s A A a 9 a ]
- A% (Good) MWD ANTuNauantles nie Usestavaualelulsuadnion-
1hunae v5e AL Inarios nse AnTsesiatiuuIn
- Fthunane (Medium) vnens Anduuasiunais vse Jssstaviudmeluysun
3 v A a da S v ~ : 3 v A A ey
@niee-11unan 13 MntuuaudnissuazJone Imaantios Hie UsosUagiu
#eludSuadndes-thuna
- A lid (Bad) et ANTuuasun w3e UsesdadaualtelulSuandnes-1hu
A a aa a Mo~ e ¥
A M5 ANtuuas unaswazdens Imathunais-un wie Usesdavaualyly
a <]
Suaudniles-1huna
& 5 : g, ; i 2
nniuteldasluudag Spectrum munnsavraiimua 13 e 191U Reference H3n13
kY v )
et sreeldidu 1 v 0 i Taeszladisiu 1 Wednyazvosranlasnnansedussaunn

v v v
waendiuen 1A ludedu uazsedunmanaz lailu o Mavua Tundazwa

v
o 9

5. Yide 3
HaMs¥1 Auto Calibration YDIHATNAAITNAMNIN (Quality) UAAIAIAITNN 6.10 uAT 6.11

1351991 6.10 3505 Calibration ¥9IWaLIRA

9
Properties anyugitlons

Method Cluster

Wavelengths Calibration Set | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)

Q-Value 0.0061
Properties dnwuzAuldenvewatne
Method Cluster

Wavelengths Calibration Set | 4440-9000 [}/cm] (total 381/500)

Q-Value 0.0017
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A15°199 6.11 Wan13 Calibration Y9INALIAA

Property Overview Number Cluster
Good 51
Relative Good : 26
Bad 52
Total 129
Property Overview Number Cluster
Very Good 37
Good 38
Medium 30
Bad 20
Total 125

91NWANS Calibration YDINATIAAITIAWUNN sewiA eusausndnunziiiona
18 1fioa9naefinnsan Number cluster (S1annguluntsion) uazs Q-value Falums
naadi 1dm Q-value Yoo waznasaudmunguininnuly arseelismaungum
AVIIUIUVDY Property overview %Wﬂmi‘)’lﬂﬁﬂﬁ‘iﬂﬂi 93] Number cluster 119U 3 1159
Number cluster ¥84 Good 1101 1
Number cluster 494 Relative Good 10U 1
Number cluster ¥94 Bad 11101 1

ﬁeﬁu'ﬁm‘;ﬂﬁw Fnldenmmmiousn Wirnsavenldtidlenaneluezdnaunma

A [ A J Yy a A 1t QiEREQ) ooy dy %
‘HS@VL'JJ Wi@ﬂﬂ"l')vlﬂ']'l W')Lﬂﬁ@ﬂﬂﬁﬂ?ﬂu@ﬂUlllllﬂ'ﬂllﬁﬂwu‘ﬁﬂﬁLu@WﬁﬂWﬂium@ﬁNQﬂﬂ
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SumpUMS Calibration 1B9nUN N (Quality) maaﬁywﬁmﬂ
1. @alnddoya Spectrum #1R910M3 Scan ﬁywﬁaﬂﬂ
3 ﬁwﬁﬂymzmaufawaﬁmw?aﬁﬁﬂymzmuﬁ"lﬁa%mamuﬁa Tdasluudag Spectrum A
mnoRaf el o198 Reference Fansldenil seeldithi 1 fu o windy
Tavezldily 1 iosnunizveutionansefuszduiiionaiiuen 3ludhedu uozszaud
mineeldidh o Fovun husoedowsozn
3. @$19eus Calibration luilAag Properties 198
3.1 fABnTANNIAAUTIMIN dY eivgthunadieauns Calibration Tumsinsad
| &IADNT AN 4500-10000 1cm Hi899InTi%29ATWETIATY 4000-4500
1/cm 929n9a4u lagans Fiber Optic a3 eEn19529910619714500-10000 1em
3.2 MINIAIUINMIANMS Calibration 198331 Auto Calibration 108 Software Computer
3.3 18991991A13 Calibration 1&292 1R5109TUITUIABIAUNS Calibration 1399MUANYD
HONAA &af
4. fufinsasluased 6.12 uaz 6.13

HAnI9 Auto Calibration ¥9INATIAAITIADIATI (Quality) LIAIAIAIINA 6.12 AL 6.13

v 4
13799 6.12 95013 Calibration ¥94111547A

9
Properties Anvauziilona

Method Cluster

Wavelengths Calibration Set | 4008-9996 [1/cm] (total 500/500)

Q-Value 0.0013

1 v
A15199 6.13 WAMS Calibration ¥941111147A

Property Overview Number Cluster
Good 42
Relative Good 25
Bad 44
Total 111
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Y 9
9IAHANS Calibration vouiiegaanunm wnuh ldamnsousndnymzitionn
9 4 aQ { o U ' &
18 1Hoe91nLRNIANTN Number cluster (F1uaungulunisusn) uage1 Q-value #alums
; Y1 9 o e et a
naaosil 141 Q-value ovuin uagmasandwunguinnduly

[ g = ] ] [ dy 9 g’ £%
muum’d;ﬂﬂ "lummﬁmwﬂanymzmmmawa"l,ﬂmﬂmi Scan HIUNAA
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a
MANUINT 1

e 1an13HInlUMS Calibration Ines 35 PLS Regression

194o3a absorbance (X) i 3 wavelength 970 (Reference) A38814 5 #0819 LagiiAwlsan 1 i3

wls (y) agueaslumsnianuani 1

Tag X fio Spectrophotometric absorbances

A ' gy 9
Y A8 1A NNYU

MTNAMANUING | LEAIToyALAZA1 Average YOI X, ¥

A9819 X y
x1 x2 x3
1 115 10 8 1
2 7 45 3 2
3 55 5 1 3
4 8 3.5 3 4
5 13.5 8 8 5
dunde | 91 56 46 3

v
PUABUNIAIUIN
' - o 9o ~
1. ¥1A1 Average )X, ¥ 192 19AIR1519AIARUINT 1
2. MM X, =X -1IX , ¥, = y - ly 1AAIA1919MARUINT 2

3. fuaN$ MU Factor Nz ey (A max ) ﬁaﬁyu%:'lﬁ a=1,..., Amax
ﬁ Factora=1

3.1 fA1uImuA1 Loading weight w, 910 w,=C X/a_lya_l

Tas C=( y/a_IXB_l)(ﬂ_lya_l)_o"5

wld c=( y/OXOXJOyO)_O"5



Tag

yoo= [ 21012 | T24 44 54 =[5 -50]
2.1 -1.1 -16
-3.6 -3.6 -3.6
-1.1 2.1 -16
44 24 34
X, 5,= |24 21 35 Cien? i 5
44 -11.36 2.1 24 -1 -5
34 -16 -3.6 -1.6 3.4 0 0
1
2
c = {1 F0Es AANCIRY g o
5
0

w, = 0.141 5 s
-5 -0.71
0 0

32 w, =[071-0710]

33 MUIB Scores t,= X, ,w, I8 t,= X,w, AAITRMARUING 2



AMTWNIANUINT 2 uaasdoya X, , y,, 4og t,

Obj.no X5 Yo t
1 24 4.4 34 2 -1.4
2 =221 =l =16 il -0.7
3 3.6 -3.6 -3.6 0 0.0
4 =11 2.1 =16 1 0.7
5 4.4 2.4 34 2 1.4

3.4 AU Spectral loading , o Tae
p, =X

g ;
18 p,=[ 071 -071 0 ] @e9zldd w, = p,

{ t Lt G- IRl Y4 2x |t kgt
3.5 A1 The Chemical Loading , q, Taa
q, =y, t. /e, wld q, =yttt
wld q,= 14
wi.b, e q ; WereA eI N IARWANT 3
3.6 @519 X,y residuals la8ld E wag £ Wudaunu
E -\ %8, b,
F= YA
‘ﬁFactor a=2

4. unui X, wez y,_, M Euay £ awdwu

b4 v
aiuld X, =E uagy,=f A@1sNnIanuIni 4




ASNNIANIINT 3 Uandoya w,, p, A2 q,, b LAT b,

Factora=1
W, 0.71 091 0
p, Moz q, 0.71 -0.71 0 14
b U b, 1.0 -1.0 0 -0.5
AMINMARUINT 2 waraetona X,, v,
Obj.no X,

1 3.4 3.4 34

2 -1.6 -1.6 -1.6

3 3.6 3.6 3.6

4 -16 -1.6 -1.6

5 3.4 3.4 3.4

41 fuamdnaiueeui 1 duduun sunseite a = Amax
5. A2 aUN1T Calibration

y = 1b,+ Xb lny

b= w(pWw) g

b=y-X'b
WA Algorithm a3 1

vanemg ¢ 1. aumsluunii 2 fen I8duaumslumenuan

2. € =g (uunii)

=T (Wwun2) vueDe NI Transpost

(98]
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SN

. —» E (Residuls) —p X

-
N\

q, —» f(Residuals) —p vy,

1MARLINT 1 A Algorithm Y99 Caibration




a °
NANUINT 2 NITATUIYU Data pretreatment BUCHI NIRCal ©@01501 1 Data pretreatment 8

Qg o Y ) 9 [ c:y
"r?fﬂEJ’Jﬁﬂ\‘l]lﬂﬂﬂﬁ@ﬂL@ﬂﬁTiﬁN@ﬂigﬂﬁ)‘Uﬂ'ﬁi% Software AU

Click on

Type into the field which wavelength range should be applied for the pretreatment.

Click on the OK-button to confirm the changes.

In the following short description the effects of the pretreatments and the implemented formulae are given. The
following conventions are used.

Capital letters : Vectors
Small letters : Scalars
T = Transmission or Reflectance

A = Absorbance

V2]
1]

Spectrum

o
]

DeltaX, Distance of base points on the x-axis R

vLFormula for derivation or explanation g s J
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User Manual BUCHI NIRCal Software

13.1 Normalization

The aim of normalization is to reduce baseline variations.

13.1.2 Normalization by Maxima

The example shows the effect of the different normalization functions. It is possible to select that normalization

function which gives the best results for a given data set.

NIRCal 4.0
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13.1.5 Formulae
Normalization by Closure (Martens, Naes 1989, p. 337) -l

(*consideration of wavelength selection)

N-T
N
25

i=1

NC =

Normalization by Maxima

(*consideration of wavelength selection)-

T
N
max(7T)

Normalization between 0 and 1

. (“consideration of wavelength selection)

S —min(S)1
max(S = min(S)1)

Si—

“Vector Normalization to Unit Length

("consideration of wavelength selection)

NIRCal 4.0 Page 13.6
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13.2 Smoothing

Smoothing is used in order to reduce the noise level in spectra. However when using smooting the spectral
resolution will be affected. The smoothing function should be chosen according to the original data.

.- TNIRCal 4.0 Page137

’
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Please Note

Please chose the smoothing function carefully. No loss of spectral information
should appear. ‘

13.2.4 Formulae

Average 3 and 9 Points

231

NIRCal 4.0 Page 13.8
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13.3 13! Derivative

Derivative is used in order to reduce baseline effects. The first derivative will eliminate a linear ordinate offset. The
second derivative will eliminate a sloping baseline.

13.3.1 BCAP 4 Point, 1° Derivative

13.3.2 Taylor 3 Point 1°! Derivative

NIRCal 4.0
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13.3.4 Formulae

BCAP 1° Derivative
e

f,(x,')z f(xi+2)+f(x,.+l );—f(xl._,)—f(xi_z)

Savitzky-Golay 1% Derivative, 9 Points

Savitzky-CoIay derivative works with orthogonal polynoms (here cubic)

T 861(x,. ) + 1428 (Xopg) +193F (Xa) + 126 (x;,,) = 126£ (1) =193 (x,.0) = 142f(x;3) +86F (X4 )

fix)=
(x;) 1188

Literature:

Savitzky, Golay Analytical Chemistry Vol. 36, No. 8, July 1964, p.1627-1639, "Smoothing and Differenti ti
. - Data by Simplified Least Squares Procedures” ;

Taylor-Progression 1* Derivative

f(xi+| ) _f(xi—l)

; centered

Si(x)=

NIRCal 4.0 Page 13.10
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13.7 Ordinate Transformations

13.7.1 Kubelka-Munk Transformation 13.7.2 Absorbance

5
1090

13.7.3 Absorbance Inverse

This is simply the inverse function of the ordinate transformation into absorbance; i.e. an absorbance spectrum will
be tranformed into transmission/reflectance.

NIRCal 4.0 Page13.18
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13.7.4 Formulae

Kubelka-Munk

2

1-T)
2T

o

Absorbance

=t )|

Implemented as:
A=-log,,(Ty
__ls.(d
log, (10)
= —0.434294481902log, (7))
Fe R

»~ - NIRCal 4.0 Page 13.19 - *



User Manual BUCHI NIRCal Software

13.5 Multiplicative Scatter Correction (MSC)

MSC is used in order to reduce or to increae baseline effects caused by scattering. S

NIRCal 4.0 Page 13.14
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13.5.4 Fo_rmulae

(*consideration of wavelength selection)

T =gl +bT+E
. Tl
MS =
A{{SCfom =T -al
1
MSCamleﬁcalon :;
T = Mean
k= Frror

.
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