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ABSTRACT

Near infrared spectroscopy was used as a non-destuctive technique for the
evaluation of eating quality (Texture, Dry matter and Soluble solids) of durian pulp
(Durio zibethinus Murray cv. Mon thong). A set of 25 fruits was randomly scanned at the
cheek of the largest locule of each fruit for spectral data using visible and NIR short
wavelength diode array spectrometer (FQA-NIR GUN Fantec, Japan) and longwave linear
variable filters near infrared spectrometer (Micro NIR, JDSU, USA), every 10 days starting
from 80 days until 127 days after fruit onset development covering six levels of maturity
(80, 90, 100, 110, 120 and 127 days). After applying ethephon on the fruit stems, the
fruits were kept for 3 days at ambient temperature and allowed to ripen. The laboratory
experiment was performed at ambient temperature (27+1 °C). Fourier transform near
infrared (MPA, Bruker, Germany), FQA-NIR GUN and Micro NIR Spectrometers were used
to scan the spectrum at the cheek of the largest locule of fruit, the bottom of fruit, the
durian pulp and the plastic wrap-covered pulp. Then, the texture, dry matter content
and soluble solids content were immediately determined by reference methods. The
calibration equations for prediction were developed by partial least squares (PLS)
regression. The equation performance was evaluated by test set validation. The
prediction result showed that the models for dry matter (DM), rupture force (RF) and
average penetrating force (APF) provided acceptable coefficient of determination; R%
The best models were obtained from dry matter determination scanning at the durian
pulp and the plastic wrap-covered pulp by FT-NIR Spectrometer. It showed the

coefficient of determination r* and root mean square error of prediction (RMSEP) of 0.89
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and 3.60%, and 0.83 and 4.60%, respectively. In addition, the models were used to
predict 120 unknown durian samples showing the r* of 0.88 and 0.85 for the durian pulp
and the plastic wrap-covered pulp, respectively. Other models were obtained from dry
matter determination scanning at the plastic wrap-covered pulp by FQA-NIR GUN,
models obtained for dry matter determination scanning from the durian pulp by Micro
NIR, model for rupture force (RF) determination scanning for the durian pulp by FT-NIR
Spectrometer and models for average penetrating force (APF) determination scanning
for the durian pulp by FT-NIR Spectrometer. It showed the coefficient of determination
for prediction r* and root mean square error of prediction (RMSEP) of 0.87, and 4.02%
for FQA-NIR GUN, 0.86, and 4.15% for Micro NIR, 0.74, and 6.15 N as well as 0.73, and
5.53 N for FT-NIR Spectrometer respectively. In addition, when the models were used
for prediction of 120 unknown durian samples, the r> were 0.71, 0.74, 0.79 and 0.75 for
the dry matter model from plastic wrap-covered pulp by FQA-NIR GUN, the dry matter
model from durian pulp by Micro NIR, the Rupture Force (RF) model from durian pulp
by FT-NIR Spectrometer and the Average Penetrating Force (APF) model from durian
pulp by FT-NIR Spectrometer, respectively.
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wieniirufufinnnds 84.7% vesiwidnyFeu uavesdusznouiivdede Indiu wazindeus
usiazdunaidosn

[%

58 = 3 o - =~ = = o @
1) U1 dnluesAusenauidunniagnvewsey dsluniseunyeunesdiiniy

29AUTENDUDY 49.3 %

2) mistulawnsn seudsenaulumeanslulawsnia 30 % dwulngavedlusy

wle (Wsgana 12%) @n13ei, 2536) lasreauliin wWusniseunuanaiaiuasiusunu

'
= a %

Aslulawmsanuananeiy wu nissunugell Iaslulawsn 22.3% luauenysounug

q

pauNaIiaslulamsnuIngy 29.6%

3) Tudu Wuarsemsiidsesnanaislulewse delunseuiugnuounesd

Usunaluuiiios 3.3 % Fatieeiian WeawToulileuiuseunugdu wu siugnsenu Wug

9

Ly

yeiliuginugn?

s

4) Wshu WshwduduusznounfivsunanandesluniSounasisouiug

]

upuNalilusAuies 2.1% Fatsefgalowseuiisuiunssunugau o
2.1.3 93AUTENOUDY 9 [ULNABIS wazIaniu

ng a LY [ aa = dl } 4 = @ L3 dﬁl
LUQVJLiEJUWUﬁQVNBUV]@QNaLWaaﬁLuaﬂM'ﬁﬂﬂaqiLUmq-ﬂ'ﬂﬁwu WuUBIAUIENaU LUD

a v ¢ aa A i = a N w a' & A a o 1 X
‘V!LﬁEJUWUSqWﬂJQUVlENNaLwa@Q@@‘U Lu@ﬂll’]"ﬂqﬂllLUG]']-ﬁqiiwuuaﬂmﬁjﬂﬂ@ 46 UPANTUNDLUD

IO 100 NS BIAUTENOUVDIMTEUNUGHLBMBILAAIUATT1N 2.1



M11579% 2.1 99AUTENBUNUATIYDWLSEURUGVLEUNDY (AR50, 2536)

dutszneureasnoy/dmiinaalil 100 ¢ Miwin SN RGRIVEN

(Nutrient Composition per 100 g¢. Edible

Portion)
NH1U (energy) Alawnaed 156
AT (moisture) nsu 62.5
1Us@u (protein) n3u 2.1
gl (fat) ngu 8.5
Aslulainsn (carbohydrate) n3u 29.6
w@ulgormsvenu (crude Fibre) n5u 1.4
NS (ash) N3 0.9
uAaLeL (calcium) fadnsu 29
Noanasa (phosphorus) adnsu 34
wan (iron) faansu 1.1
wa-Alsiiu (R-carotene) fadniy a6
(Total A (RE)) Tadnsy 8
Indlu (thiamin) fadnsu 0.16
sluraniu (riboflavin) fadnsu 0.23
luzdu (niacin) fadnsu 2.5
08U @ (vitamin Q) fadnsu 35




2.2 Aaulesdunssa (Near Infrared Radiation)

paukasguilesdunsnse (near infrared; NIR) Wupduwdinanlninifaudey

SEPINNYIAaULEIEIUIFTA (visible) LaryI9nAULAIBUNSUIAE1UNANe (middle infrared;

MIR) dalunnd 2.1

<+— Visible

Infrared -

Visible NIR MIR FIR
400 800 1100 2500 5000 1000000 wavelength (nm}
Short i--{=-Long

AN 2.1 FEUNASUVDIPAULAIBUNSLIA (Osborne et al., 1993)

AAULAT NIR H979A21081IAFUAILA 800-2500 UNLULUANST ANNITOBUITIIAINEND

1 '
v AaA

pausan U 2 979 Aa T9PAUFUNTAIILE1IARY 800-1100 WILULNAT KaLdI9ARUY1INT]
ANE1IAAU 1100-2500 wnluLims (Osborne et al., 1993) Na991uYIAAULES NIR %agj

lugreaenadodiunisdu (vibration) vasiuszaieluluana vinnsduvesiuselaing

[ 1
= =

ANDnsiUAINDVBIRAULES NIR Naziinn1sganaudu danisganiunas NIR Tduinlu
NFIATIATIUTUIULALAMAI VRN TUTENOUBUVS Sl UNANERNG19Y
msduvesiusgludnuwarnie szlinnsgandundenuiiluanizvesiu ieswin

LY a

Tuananie Siustlimarsuuy FeudassiuseAfsuuuunisaulddnvansguuy il
Tuiananilsy Izuansnsganduuas NIR ldvatesisaaundeuiu dnvaznisganduuadas
Anwduiny (band) w3e i (peak) uansfmdanunauas NIR fgngandu Feanusaiale
Tu 2 5Uuvy AesUuvuauduasdess1u (transmittance) wALFULUUANITLLAS
avviousenn (reflectance) udathemnuidunasdililuudazanuenadu sndeunsinlag
Tunuusududiniuenedu wnudadudinisgandunas agldnsmnisgandunasmos
fhagnaiiug nanlildEenit fefBunsusaaine$u (NIR spectrum) Taanavesansusiay
yiindanuanusalunisgandunasiininuenedusiieiy WednAnsganduuasveansus

'
aa v

avviadalaanmnsundanyauenneiy (Osborne et al., 1993)
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NN B VINAAIANTAIDUAN BFUNEINULANAVRIAATTUTENOUTUMLDEADUT

Woeunenualgn1saiauseall (chemical bonding) Wusgluluianasziinnisdu

(vibration) aginaen Tenn1sduvliailin n1sduluaniugiiu (vibration ground state) A7

ANUDZANANE (quantized frequency) allanalindunsNseNiuTad NIR azganfusad
nanudnssAudatentg v biiAsnsduluaniuznsedu (vibration excited state)

seaulaesinu lwanaliauiseegluaniuznszdulifsasnendanuesnuiltuguaiy

SouelvinduAudnisduluanugiuaal Senusingn1sal

UIMWNTUTTU (transition) A4

At 2.2. B LaLAE, 2555)

V‘] nrdulueaneng ;-l;='|:|1

= = e www

¥

VU prsauluraiusiu
-y [¥]
ﬂ]'ﬂﬂﬁlﬂﬂ“ NIAAEINDIITY

AN 2.2 NMsURgULUaISEAUNSIUNSAY (T8 wazAy, 2555)

& 1

& | 1 v & o [ @ N
nsduvedluanalunguilendusiie ansoutteentailu 2 dnwaendny dnwue

= 2 . o o U Ao va a i
%8 A N158ANA (stretching) BasuszlunITduNyi liiAnnsIUasULUaIAINEIITENIN
aznaufias sy Audlaaguuuugasme WUUANNINT (symmetric) WAZLUURANNIAT
(asymmetric) Wagdnwuziaesfie N33 (bending) w3on13iingy (deformation) 1un1sdu

Ao g va = o Aa a a P X 4 . .
ailfanisasulUadyuiuse mmgﬂuwﬂamaaaaﬂlmm scissoring, rocking, wagging

uag twisting Fanmidatienaiinnisindeuiegluszunuifelinu (in-plane) nereszuuiuy

(out-of-plane) Alé Fanndi 2.3
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&
Stretching >
Symmetric Asymmetric
®
Bending
P >
Scissoring Rocking Wagging Twisting
P _ — o
In-plane bending Out-of-plane bending

A 2.3 Msilasundasiuszvedluanaluguwuusineg Gy wazane, 2555)

=1 1

TuansusznovBuvidaziivyileridulungu X-H [Wulanandn wazaiunsainduns
A58 (interaction) fumduuas NIR vililaanaifinnsdulaziudsussdundaanunisduain
an1ugiu (ground vibration) u&1UAsulugsanuznsedu (excited vibration) wutdnady
FalAndnunzvesuauaduLas NIR wuulernosinu (overtone band) uazaoudiudy
(combination band) Tutsnmeniadu 1100-2500 utluwng sewulereslyuseiudivis
uazaeudiutuluanavesansiiansagandunasiugas NIR 167 fe luianavesansid H 1y
osfsenovagluitusy Seusy O-H agnululassadmvasluanath dmsuiusy O-H way
-+ awnululasaadrsvedlanautl uazthana druiuse N-H asnululasadsvedtuana

TUshu uagiuse C-H aznululassasiseasluanaluliu (Osborne et al., 1993)

2.3 Wesdunsusaadnlnsdlnt (Near Infrared Spectroscopy)

a = sa = & = | = o [
wallatlesdunsusaaninsalnUilunilslumaiaiwuizaunandniunis

MTIVABUANAINAUANNYATUALDINT InaTladlazuanstenisgaduadulunauiiies

[ 1 6"

AU NIANNYIURINUDIRUTENBUNMWATINAAY WY Astulawse TUsau tusu wazdn

o

Williams and Norris (2001) H91133eva18auunsgaungInunsiamataiesdunssng

'
 a a

Wnlnsalnd fudumadansiniinaziduniosdlodas v niuszansnin Wensiadasu
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[
1Y

Auandinazlasiainewee1mslun1sITetuNugIULazINonTIABUNTEUIUNITWUY
aaulall (Ozaki et al, 2006 : Nicolai et al., 2007)

M151991 2.2 UanaiuvienueInaulas1y NIR Nignaandusgiududanigasduseney

7199 TunanaanIINISNYAS

A999 2.2 Auvdsialulavana i NIR itnutnveesausznounse Turandnnig

NSINEAT
29AUIZNDU fuwtaneTIAaY (Uluwns)
i (mm%u) 1940
Aslulawnsn 2100
TUshu 2180
Tugiy 2310

fn: Shenk et al. (2001)

2.3.1 iseailanazaunsaiitlesdunsisaadnivsalnd (Instrumentation for Near

Infrared Spectroscopy)

nsrhauvesaseudusdunsusaanlnsalnd a1fignIsgadunasuiadluLsas
FrepusAAuTasissuiar adelivinty  duiuetoadlodtursnsaaninsalndia
Sndudestinuanusalumsuonaiuasesnidufiasenueneduls  efleslduasiany
smpauTudesls e i innuisasTiasaussnu Uit uisuRuA LY
uasfidoatnly (reflectance) wioTaanandiuasivegrusnegnaiouiisufiumiuitunes
wasiideadnly (Transmittance) yuuuiifiazauenedy udduhaandunasiuanidou

N3 MnNIsaANauLEIaIiageu ke deyaiilainevsely (Williams, 2007)

2.3.2 ¥finveumdendesdunsisaaiunivsalnd (Type of NIRS Instrument)

Williams (2007) a3ureiaseaidesdunsisaanlnsalnd anansoldlanauuy
reflectance uae transmittance 1A303ilawuy reflectance sazisenindunias NIR d1u
\a3esilouuy Transmittance azegludiuveanios NIT ia3esilouuy reflectance 9l
unasindauasuas detector ognislunazegdnuiioatudedis dmduiniosiiouuy
transmittance Wasfin191nLAaANEALARZHIUNTOUNS (diffuse) a2 detector a1y
FrSunafiiIuennu1a1ndieg1s amil 2.4 uansdiduainuunnsisssninaesosiiowuy

reflectance aglluy transmittance
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/0\ A A

X » = *
K ¢ B3] S ,
."‘.-il'. ._.1 ": oY l

AN

C
D

Reflectance Transmitiance

AN 2.4 N179BNUUULATEINBLUUNUFIU A = light source; B = wavelength selection

system; C = detector; D = computer; S = sample (Williams, 2007)

AT 2.5 LEASAIULANAINTDY path length SERI19LATDIHBLUY reflectance

WAZLUU transmittance &9 path length ABI¥IENINTENINHINUIVDIF9819AU detector

™ i
a

[~ 1 a o
LagtUUAIAINNGN

[

dsuLASadilanuu reflectance @3ULAIBINBWUY transmittance WU

path length Azque

v a

t
givulinvesTanlagN SRR NIMINZENTENINNTRRLILUUTIADY AF

LUi‘ﬁl’u (calibration model) (Williams, 2007)

Transmittance

ANA 2.5 AULANAIIYDY path length T81319ATOINBUUY transmittance WAZLUU
reflectance (Williams, 2007)
dnsunistasmewadaidesdunsisaadnlnsalndsulasunisseusuindy

wadaNdauanzddla Karl Norris od@uainnisinailnssy NIR @aunsavinlanaenns

a ¢ v a a 1% ' . Y ' I
WnsizideyavesUSuuuasiasiouluuuns (diffuse reflectance) 3Mni10819U8IUD9
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wnuasdunmsieszideyasinuasidoaiudadyaaezdeu Fellagiuisnsinazviou

wuuwnsinsldunniian a1wi 2.6 wanswuuismsiamewedadesdunsseaUnnsalnd

Samplg

(s)

andl 2.6 wuuddmstashedesdunsseawnivsalnd a. msdewny (transmittance)
b. nsdewuasieuy  (transflectance) c.  ms@zviBULUULNS  (diffuse
reflectance) d. Bumesuenunud (interactance) e. msdewrufBg1efiinTg
N32LALAS (transmittance through scatting medium) (I, = incident light, |, =

lisht comes from the sample) (Pasquini, 2003)

2.3.3 fiuguventesdunstsaaninsalnd

¥ aa ' ] 9 & A A . . .l ]

iqaauﬂ/\limmmuiﬂagﬂﬂuwummiﬂL:ua‘LJ A.7.1800 ey Sir Frederick William
Herschel Tna@nwiiganunansnuuesusou (heating effect) Tutaenue1IAaUAS 9

VBIAUAUNATUIANIINAITWENLAINIBUTIIUTTY WUINANTENUVBIAIUTOUAATUGIAR

a

lukauuasiegdnluannuasduns (red end) wildanunsaneuiuailnasy (spectrum) 1

Y

BSYNYISIATNLYIAUNUIN S9@BUNSLSA (infrared radiation) (A1NS, 2555) FIAINUNUY
ASOUAANYINAUEIIAAY 780 — 2500 nm (Nicolai et al., 2007) 1unsiindunsiseneu

Taasnu (overtone) ¥samauTLUTU (combination)

v aa

2.3.3.1 nsganduaddunsusagulndvesiegng

v

Wasaddunssagulndc1udnluged0819 S9dzinounsasen (interaction)

daa

AEAUDNIANANTE (specific frequency) Yasussluluana SsduvdazinnIsasviou

(reflection) U19dIUALLAAN1TAATU (absorption) 1811T ULazuedIUILHIUBBNUN
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(transmission) (Nicolar et al., 2007) aungvedles-wauilsn (Beer-Lambert’s law) A4
uuasvemilsaruenaduiidosiulufeds () wdianudiuaiinnnsenuiiedis
(I0) Fernsgandunadiamnuduiudiuanaumunvesinetna () wazareiduduvesaas (©
(Osborne et al., 1993)

2.2.1 ngandes-waudsn

Ysunauasiignaanewiiedewiuliludinasiiganfuwas astiued Auaudsnig
n1enmkagnIaalvazaziauduiusuuulliBududuiiownannsnssidauas was
ABUBN wavKanauaueliniraanIole Usuunaiignanneuduillodwnainnis

44 v T a a vy s ac A o [

Anndunasvasitegniliinisnszidaasedunglame nguendes-uaudsen wWednaraly
& a (% 1o Y a a va A - 3 ]
Waweaduldvilviiianszldaas wazandilunisganfunailownanesdusenauiiies
aadUszneuldselusiinas nguendes-uaudsnnanlian nmsgandusasdudadiulaensy
fuanunuiiegefigandu ngrendesnanilidn magandunandudadiulaenseiuiu
ANULLTUYRIRIBE1Y (Osborne et al., 1993)

1.9 UUED9NY

!

AN 2.8 USinaduasiignanneaulagdinans

dl
—— =Kdn
!
IT dI n
— — sz dn
o I 0

—In(It —Io) = K(n« 0)

Inlo—Inlt = Kn
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lo
In— = Kn
It
1
Z = ekn
T
l ! = loge*"
og 7 = loge
1 |
A = logf = Kn = ctc
E L , 1 , lo
n— = Ino——\= I~
It
T /IO It

It Ao Armdunasiidessiu duiusiusuuluanaiiganay

lo fio A TuuANSuY

K Ao é’mﬂ’i%ﬁw‘éﬂ’ﬁ@@ﬂﬁu (absorption coefficient)

t fie A amLWEesTEzNaTuasunsi iU lusnanaiganduuas (W nsdl

a1saraslureen@masy ANUNUIYEINABNAD t)

& Ao mig]mﬁuium% (molar absorptivity) finuaeidu liter/ (mole cm)

= Y v = 1 [ L
C AD ANUWUYU AU mole/liter

log (I,/I) = abe (2.1)

We log(1,/1) Ao Aganduuas (A)
a A Alua1seurasUiia (molar absorptivity) Tuning dm3cm™g?
b fe anunruivesdisgislumiig cm

C Ao AmnuNTuvesanslunuly wie ¢ldm? w39 mol L wse molar

2. Yanuunisaznou kubelka and munk (1931) wuIrTaaiianunuwdustius

9

(Lisluaangart) A1 reflectance JupgiuauaINNTOlUNIAATULALAENITNTHLIWAIDT

v
tY

gLy
(1—Rw)? K
2R0 S
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R Ao AMNTSazouwasnilnnunuduatus

K fie duUsz@nsnsaanau (absorption coefficient, &) fUAIAINTUYBIEITAINAN
(concentration, c)

S Ao duUTEANSNIINTLLANUAS (scattering coefficient)

) U 1

%911 Karl Noris lavinn1snaasaine reflectance va9a15azatanaziUssutfsunuan

v |

reflectance vesiaguImsgIunlifinsnaduaduwas wullenuduiusng furn

WU () vesaTaraiy
l R’ £C
0g\| —
R

l (1 R) ec
B KX BTV T
g'R _ ¢

1 - log R ii
og —Xlog R = —
gR 5 S

l1 £C
| (S N
g]R S

R’ Ao ANdeyoulasvesianuInggu

R A9 ANELNOULEIID99ID819
2.3.3.2 23aUsenauUvauAIaatesaunsusaalnnsalnl
W3NS UNINSAaUNINSANTUUSENOUAIY WAAINLLALES

(light source) gunsaluenauaduwiazainuenindurselululasumes

(monochromater) aa4lds19819 (sample cell) #915293A (Detector) uae

ADUNILADS
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1. unasriilauas (light source) unasiniauasiilvisianduiss
dunsusadrulngarlinaonvisamusilaiau (Tungsten halogen) LWz
59190 81815 MUY Tuasnsiiasinaus (Uuuia, 2556) Sgrendu
Near Ultraviolet 9ufsdunsisn a¢lininuenindunseunquisud 300-
2500 nm (Wikipedia. “Halogen lamp.”, 2015) uanain doad Light
Emitting Diodes (LED) Huunasiniauadaeainaueinauildasiuiu
ansfildvinga LED eenslsfinnu LED lalaunsalimanueadulugag 1,700-
2,500 nm ¢ Fadugrefifdouiluldany wifmuigdmsundesiiowuy
wnwnsredesnsidsiiides fegnisldnuiisnuiuuagndauves
Naﬁwéﬁié’ﬁiﬁLﬁuqqﬁuuﬁazﬁmﬂﬁmﬁ’lé’qi’mﬁmaumdaﬁ%ﬁmLLEN (fnus,
2545)

2. gunsalugndnaniuudazainusnnduniolululasumes
(monochromater) fuduiilduenanusnpduiisenunanunaaiifinuas
Fadunasfiinaieqanuenindu (polychromatic wavelength) liidunau
uaslurasnaye vioduanueaiuien (monochromatic wavelength)
ﬂﬁ]i}ﬁuiuiuiﬂimLG]E]%‘\]%I"BILLUUWW@”Q (crating) azviounasdelidnvasdy
598N VWUAUTILIULIN WEIINUNEINLTALEIIEANNTENUATUURINTN
y94509 UdnagiounaninTiamm1ge WnzALETIAALTs e nyintug vy
H1UYoIhaden (exit slit) lUgansfiedns @arduuinnssunasimun
NITUIUMTITEUT UIngndeuiing duazias Msinnisganiu, 2561)

3. Bumesinelsines (interfferometer) WugunsalidonAinueiy
Aduuadlneiingnnisee LLmeiazmmsmﬂ?imzgmwmﬁuaaaﬁwLLméﬁg@mﬂ

o v

Aumggunsaluendiuas (beam splitter) Suaanileasgnazvisundunie

'
v o

nszaniegiul (fixed miror) smuiuLABNAMTINgNaZBUMIENTEANT
= A o ) # . ° o a a &
wasuNnaulunduun (moving mirror) @MLAINNEBILANIUAULAINN
Y | (Y} < o W [ A a a = [y}
WINAUBALBANANN LY UAIPUAINIIIENSPRUNVBINSEanTImaaunaull
AAUNIDIALEIVIADIASY D ULAZLAUNNUINUN ULASTIN LAUREINYIN LA &
WINAUILLAANITENTNADALUULASY (constructive interference) %1 tAA31Y
Wukasgeanan watmaauuamsasnuiuludmneniimaliviiulaay
WINNNSNSNABALUUYINANY (destructive interference) AIMULINLEINTINAY
v 1 o a I o w [ Q’Jl d{' d' U [y i @
zteaninakansndudaiau seuniseasunndulunduuisienlnusn
a ° v a A P A v P A
AITIVUDINTLINILYIN IANANSUAS UL UAIURIAN U LA AR LA uuUARY

euniaNudamildagaudvewaurelaziuegiunue1IAFUTD LA
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ilesanszermaiaunsnaeauuurhaisuas LU Nz LA UA LAY
g1nduiiiohszezindouiiveanszaninnasslulnuluIuLLAZ ALY
uasusazaLAAuL e st T nileutuaduee (sine
wave) LagiilathAanuidulasianavemnaLg1IAduINNaATIIY
arlddumedivelsunsy (interferogram) Fauanslunind 3.4 1ot lusu

nsrUINNSYSeunsuanesuaglaaUne sy (euus, 2558)

T Fixed Mimor
Source ﬂ j&am Spiittar Mrving Mirmor
—~ S, -~ E
L VAR S AW A W b TAYE S -
SN ANGXT Nl AR T
Interferogram |_J $E total
— i
w
Sample

awi 2.9 laegunsumavihauvesiisesniunesuanlnsivlaiines (euiug, 2558)

4. voslddaot13 (sample cell) azdatlasuniseanuuuluiiaaiu
nzanAUTULU LRSI TgRka USinaYeseynailiiinsey 1wad
(cel) dmiuldfegwazoviainianisesliuasiuiiudeduise
annsanegiuld Wu aendudeoun uagiszozmafureanasiizas
dmSufI0e19 (Anus, 2545)

5. #9n399%n (detector) madenmnnatatuiuegiurasni
H1IAAUARDINIINTITR W Bameu (SI) wnefunaslugaanueadui
upaiulduazidodBunssn Saurv29 400-1,100 nm @21 PbS (Lead
sulphide) #1530 InGaAs (Indium Gallium Arsenide) T 7ig9A11u819A8Y
1100-2500 nm ag PbS AIuaiu Silicon photodiodes agldlugraiiles
auI 57 (400-2600 nm) (Uuuitid, 2556)

2333 myhnuveasies Weneimgiiussgeglunvusifidiuvesniend

IO LAINWAAIN L EAREI9EN WU LALLM B SN TR IRAUT
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Fosnseenunudndesiuludeing Wenawnnsznuing uasazinisindeu
dutng  uaraansoaTviauasiasviounduseninld  udnimazuansan
ponulévisAnIsgedy (absorbance) vidpAnsagvioundy (reflectance)
Feawnasuiliazidunuduiusszninsmnsgedu (@ildarnnsudasen

uasNaeNoundu (log 1/R) WazAILYIAAY

2.3.4 Jadeilnaneilosdunsusaaiunnsuy (Factors affecting NIR spectra)
1. YUINOUNIAYBIFIDYN (particle size) fpg1afITivuINBLNIALANAITY
ey lrladuanasunuana1siunie lnediegiavuinanauisadsviounasle

I @ 1

Andnfegnuinalug aztuanisgandulaiveduaunasuiiegafiiauinanda

'
o

fAsinninseeenivualng (Osborne et al., 1993)

'
X 1 =

2. AU (moisture) FI9E19NLANTUAIRLLAINITAANTURAIVB LAY
anasugenidied 1ndiaLuA 3INN15ANBIVeY Osbome et al. (1993) WU
awnasuresinandneusunazndiouniy asmiuiinzesimialiuarainisgandu
LaanaIIEUNAsY Weanfeagrsisasiouwaslaunnitfegraden

3. 9NN AYBAI8E1 (sample temperature) fag 19NV UIALALIUIS
= [y 1 a v 1 ! v a3 o Y Y o A @ Y
Wiy wigumgiitudiegauandsiuneaviiladuainasunaieiy Wedang
finngaunall 3 seau wualnasuiinuuans1slugnIsganauLaseIdn e 970
wluang Wesanguniiveieg1aaiinalagnsawalaanavesil F9AauAneng
yosanasuiiazliamisadunmiulddniou usaiunsadmansznusonuusiug
aUN15aunn (Kawano and Abe, 1995)

L 5% 1 L2 Ql":l (. U ] o Y a

4. 115U539 (packing) Megrsluiwadussandnisdasiuduiin viliiia
999195219819ty AN15ALTBUNTUVDILAININ AINITAANTULAIYDILAY

aUnASUALIAWININAIBE19NINTERR UL (Williams and Norris, 2001)
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2.4  PLS Modeling

2.4.1 Mawdasisen1susuusistayaalnasu (spectrum pretreatment)

msulasteyaanaiuiildaniaiesanlasiines NIR lileandvinavestadodsh
nanaandney Sadutiefeivinliadnatuiinnuunndiediy dwadeaunisiiadstuiian
whuglumshuieanas dunsuaseyaannsilasBnismadamanideituizng
nilsfiazdeliduneumsairaunisiueiinruusiusinnty Bnmsmademansiten
Tdlunsudasteyaanasulaun (Unuada wazae, 2556)

1) Feyius (derivative) idunmsmenaduvesduaunady ety iiaddl
57un%14 (broad peak) Liasanmsdeusiufuvesiia (overlapping) kagdvEnaannmsend
vouduannsu (base line shift) Min91nN15ATII AT (scattering light) louaann
nsznufifogreinlikanudeufianie Sednadenisgandunasiieiueniadusigg Ml
auvnEnaInvnYesnegthiaiane nIsaf uaznsnszefvesiioganelumad
ussfiunnaefu Tasiseuiuniglustessiiuanssfugae (Williams and Norris, 2001)
Tnsnsutastoyaaninasudesyiussudud 1 (first derivative) annsnantlgmnafisdu
9819A371109AIN1IgANAULAIYEIAUNATUMABATIANEIIRAUANLUNY Y FinlLdY
awnadudeusndaiy wiirvesanadudadigruning Ssldannsausnfinesnainiuegng
Foauld Snteifeyiussusu 1 Wanumnedumauduesaunaduudagaiue
dud i liulanamneldeonn uwinisulastoyasmeeuiuseusui 2 (second derivative)
annsnanuansenuiiiliaunasudvunaiutunaeatasnime nadun LY Y Adaay
niniBoyussusuT 1 uazueniinannduiinmsdeuiuiusenainduldegedaiau vils
NIUALMLIAINEIAAY LanasuidnwaTanduasn@iuais (Osborne et al, 1993)

v o o ¥ [V v fu o o = & Aa I ada v ¢
JUU ﬂ’]if’ﬂﬂ'ﬂmﬂ'ﬁLL‘Ua\isﬂaiﬂaﬁLﬂﬂ@ﬁi@'ﬂﬁl@uWUﬁ@u@Uw 2 QQLUUWUU@J@JWﬂﬂ?WUﬁ@HWUﬁ

'
v A

wiudl 1 laensiindusuveseyiusgu Nezldawnesuiianududouniniu Fvenadu

€

PUANALUNITIATIHAMBRUNIN kin1TvIeYRUSHguAUlUIIiSn d1useninedayay o

e

(3

o

AUy IuTUNIU (signal to noise ratio)anas Lilesannuaudyaasuniudniizusiaway

D Ag]

o)

v

Fu dsudleutasteyaanniudoeyiusannsuiildvesdynsuniu Jediueundya
(amplitude) wudnsnBaduauaansasunIuMsIeTEild

2) multiplicative scatter correction (MSC) Wun1smidnadsvas
foyarisanedy ileandvinavesnisnisiisweasiinananvedildnanudiedu d

@& o ad = da I a v o 1 Y} d'
LﬂuaﬂQﬁﬁuqmuaﬂJimUﬂﬁlﬁaﬂﬂqmﬂwaflﬂ ﬂW{LSU NIRS LUUIANITALNDUNAUUDILLAS LWBWN
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Usunaesrusenaumaaiituwaaiivlasulaseyaalnasudieds MSC nuinfiandanaie

YIENNSINTEINSTBEUNAS IR LR (original spectrum) (Uuuia uazane, 2556)
3) smoothing Lﬂuﬁ'ﬁmiﬂ%’uLwiqsﬁa;daaLﬂﬂm%’mﬁaamé’aﬂpmsumu

Mnmeuen TlmduaUnesusueusoiieady i 2 3aeuldde

3.1 running mean smooth or N-point smooth) Wunisun
Andelndoud fidefreiluisnsiieian Tnefinsunurnisgandunasusias
mmm’m%uéf’;aﬂ"]La?{ejﬁuawhmi@m%uuaﬂw&mmmmm?{uﬁﬁﬁm@uéﬂmq
suaqsdfmmmanﬂ?iumﬁmmﬁgmmuﬁ seantudoutilunisnnuenindy

=

WEAUEIaUAsURRBNTIIAINLETIAAY SeanunsnandymuesdanasunIy
AOAINITAANAULAY Tnsasldanasufiisnvasniiouadnnsusauiy udavSeu
ashiaueunna

3.2 Savitzky-Golay smooth 1uAsfinewldunn IﬂUHiﬂjﬁsﬁaﬁdaﬁ
dygrausuniunin dean1svinlidy S euiazfinsgusisvesannsy
willeudin warguinesanasuilseaunauduiiuaumn 3Bnstizuainns
MAUAYIRIINEIAAY (n=2m+1) Wilswd3 Running mean smooth 9ntiu
foyaannsulugefidmunsmaunisindludivadeds least square 1ilolld
ammiﬁﬁiaLﬁaaLLazL“fJuf?f’Jmeaﬁagaiuﬁdmé’aﬂén dlaldaunisudaniun
Aunudanpsuiignguinasgs udshaimuinildliunumanasudiud
a;w‘%ammmm?iwfu mirwaildarlndiissiuaasanniy Wesnduaia
suniulagnidneenluudn sntuiglnedouluiitasnnueninaudal oy
paoAYNTIANNENAALYBNdUAIUNASITeYa (Unustla uazanly, 2556)

3.3 standard normal variate (SNV) and detrending tJu35n13
fdndnsnaresnisnszituasdniinia dmdunisiadiednisasaunuuwng
(diffuse reflectance) FalneiiluasiliiAnanaduiiunnaafusuiownoin
msnsranefiliainanevesoynialufedne Gaansifiuiniinninszid
wasfiganaziduammliiinnuuususudnlngludeyaitinld msusuaiy
w55l dunnsgiu (standard normal Variate; SNV) Im%’%ﬁﬁmﬂ%ﬁjﬁu
nsUSuwIlduveuduaunndy (detrending) lagldn1susunnng SNV naulan

= v

UMY detrending wson1sanAUltuBsRduaUnRSY TnanaanA1susuLA

[
v ada

1835 UzAREARINUNISUSULNAIEIT MSC LAALLANAIAUASIAD SNV 4]
Fndudasldalnnsusredauniauds MSC Nasdldaiunasuadsdur1a1sds Gty

LaEAY, 2555)
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3.4 normalization tJw3sn1sUsuninguuesanasuiiielile

IS ]

awnasuigndrAgeudu wazilunsidaanuulsusiusuilewnainiade

9

A9 7lifpIn1eenly Jeagtigliannsafnwrvianudilanuduiussening
awnasuduamaaiindieseilafvy viedunisananududouvesioya vae
Tiihdeyaaiunaduluviaunisyiiung (calibration equation) led1edu (Unuanda

LazAE, 2556)

axa o

Bnswlasdeyaanasuiinngaife 3Aviiliaunsadnsieilaaunis

9

urgnianuaiu1salunisvinuieUsunaesrusenauniaaivasniagnale

TndlAesfian egndlsnauldfingaiedwuusudmsulunisdnduladenisnagly

aa

lunsudasdeya I5NANgaAe n1sassinassgnlummeasdldusagisauniiasla
aunsihweiutiugian lnedesinlannunineuazmilnadentaideveusiayis
Traau (Uuuld wazany, 2556)
2.4.2 MTMATILATIUINIU (Quantitative analysis)
a s a a o Yy a 1] o a s
MIILATIPATIVTlasly desdinisasaunsituieliuaesausenau
uAdl (calibration equation developed) Tunisadwaunisindudasdingused e

Igaisaunsonneeiladuseninoyaiinsisvimaniiiutoyaanniy naudiees

'
t Y 1

a Y Ao o ) a ¢ ~ & o | A
%@ﬁ]zmaﬂuﬂ’m’mmE]EINVIU’IM’DLﬂ'i’]zME)EJNWE]L‘WEN‘VI\‘imamﬂuﬁﬁ]ﬁ]‘uuuasmamw

3

%4

zIAsIgsiluawIAn tnglnizuTuinesdusenauniunll 9feelA1nTaUARY

USuauianngauazegauediiedne 1ngdin1sdudieg e (sampling) N1gnaeg ilgane
< LY o R 1 A < < Y dl v

waziuimununfveslszng mydusegadeidutuneunddglunsnagldaunis

!
1 a =

MuUgUsINUIAUIENUNINLALNA VinlrARananflaainnIsnaassanas uanani

[

a aca ¢ a 2 aaa a o oA v
AITNITITUNITIAINCUNINLAN "Uﬂﬂ'giLUU']ﬁV]Lﬂu@iqmﬁiqu%ﬁgmﬂﬁqﬂLL@JUE’J']LW@ELm@

¥
= 1

Yoyafignieaiilesandawanioaunisiiadradusely (Kawano and Abe, 1995) Tng
AULNUEI1 D9 NIRS sﬁuﬁ’ummLLaJus]’waﬁ%‘mmgmﬁisﬂumﬁmeﬁ GRIERT
Fregefituniiasgiefosinisaseufegnuduieatusiegtsiiazinluingae
w3nsanlnsiiwosNIR Tuewian (e uavanie, 2555)
1. fumounsadsannis (calibration equation) wudls 2 3ndnie
1.1 wavelength selected method 1Huismsfideadendeyausazauennnau
nilq Aenuduiusiuaiesgimaailaonisissanandeyanisada il
1.1.1 single linear regression (SLR) Hunsadsaunsiiuszneudieiauls
aowdafidnnuduiusiu fie fuusdase 00 wazduusany () SLR Wunisiden
f15mNduiusidalsnanesiegafianueaduiissninueiaduies

(single wavelength) n153wAs1gaeRrUsznauntauaiinlg NIRS 1Wuldldlanaglyd
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ausndulanueedunddunismusinaesrdssnaunaeivesdiegasles
iesandegslseneumessdusznaumanivarseinmetudfinannungs el
nasoaUnafuLazdwalaensirenuitugvsanns fajuisfeddddoyann
Wa8ANE1IAAY (multiple wavelengths) dieviuney3inassdusznaumand
YDINANER
aums SLR anunsaudeuldsiiie
Y = by + byx (2.2)

dlo Y = AesAUszneumaadl

X = mmi@@ﬂﬁmmﬁmmm’mﬁu&i’%mﬁuﬁm

bo

b, = ANAIINSOADBY

' PN Y dll a W G2
ANAIN U Q@@@LLﬂu Y e X llﬂqLV]']ﬂ'Uf]ua

Y

1.1.2 multiple linear regression (MLR) i{un1s3iasiesinanisadaiings
wUsBasy (X) unnamdeia anldlumsussfiuarsudsany () Tumsiarsan
AuduRLSEsUSInavessog e nvianeaNeaausaenisldnada MLR Tunis
a39aunns Ineldiudsdasylaannsdenanuemeaduuinnividsninuenay

[ U [ U b4 ¥ aa a v a oA Y I
UINANUFUNUSIUAILUTANN AITASI9EUNT583T MLR Sveaidere Tun1sAanden

'
=Y

FLUTBETYUE0ANNEIAR LU ENINANUYIIAGUNIRUALIES19EUN1T13 LA

ISP o ! =) 1

Joyailinsaupguuinwe vilvaviuielnainisi Ia1endmsegandtAiiumiass
(Osborne et al., 1993)
aun13 MLR adsawdsulasaiife

Y = bo + b1X1 + b2><2 > 5 ann (23)
A ! A ::4' = ° |
LB X1, Xoyeory X, = AINTIPANAULENNAIINYIAAU N ALALS

bo, bl: bz,..., bn = ﬂlq

[

11U5EANTNSONDYNANNEIIAAY N LU

full spectrum method Junisdentasmiueiaduiinuivay 91nAuen
rausnaluaUnady (full spectrum) W1ad1saunts Inevnisansauauiiuys
dasz (X) LL@zﬁ%WQﬁaLLﬂiﬂéuiwﬁﬁﬁuuw Eneadantenldldun principle
component regression (PCR) tJun153tAT1¥9ina Tngvinn1sansnuiusulsdass
(X) fensuinguiiuusdassifuiidanuduiusfuiiieairsiuyslntnie
aadUsEnaudanitunines (factor score; F) 1138 principal component (PC) w&7
Juhaudnwesluaiwaunis@annsy noun1suINImIANEITUSAUAILU AL

(V) Nea1nIFAIATILYINIFIU LieasaunIsiweAdUsnu (Y)
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a1n15 PCR anunsaleulanatiae
Y = b0 + b1PC1 + b2PC2 ...+ bnPCn (2.4)
gl PC1, PC2,... PCn = adanusTvsifishums n suds

b0, b1, b2,..., bn = ANFUUSEANTIUNISOIUINUNTAGRLAUS N AU

1.1.3 partial least squares regression (PLSR) umafialunisansiuiudinys
Basy (X) WuReaiuds PCR wiaguansnanssilutisdangunsandiuusul sdass
(x) Tgmsasaunnmastunsinmsiifeyadauusa (1) Wisnsulunisadiouin
MOSAIY Gﬁqiuﬂ15w1¢haLﬂﬂm%’unﬂﬂaﬂmmaﬂ?{uﬁﬁmﬁﬂ (loading weight; W)
WANFASU %uagjﬁu%aagaﬁléfmn‘i%mqmﬁﬁﬁ’]mmmmé’uﬁuﬁ‘ﬁu il aunisd
ad1stuanunsaesuisauuUsUTuesdeyald
gums PLSR anansaideulswaiine

Y = b0 + blF1 + b2F2 ..+ bnFn (2.5)

e F1,F2,., Fn = drdauusinddiflaudusiusdudoya v 4

FLAUS N AuUs
b0, b1, b2,..., bn = ﬂ"1é{’uﬂszEm‘éiuﬂ7sa"saﬁmﬁﬂﬁﬁmmé’mﬁuéﬁuﬂaga Y

AU N AU

MLR PCR PLSR

ANF 2.10 MIYLUUSIReIARIUSTURIE MLR, PCR uag PLS (Cho, 2556)

Cho (2556) laaSU18n1N? 2.8 FILEAINISYILUUIIADIWARUSTUA 875 MLR, PCR

wag PLS lngillethmegranaunulaaiunasuitesdunsusn Jaaglddeyaidauas 1y Anns

AAFUARUNANEIAAULAY TR Xy, Xy, Xs,.., X, RERINUULIAT X, A81HU 11911 PCA

Y

WaanduusmkUsuadlaen1sasemUsvg Ao t, way t, uasntuar Aandsludd

Toulglunisasianuusnans MLR Ausuwds U; @9laannnisvin PCA veesiuds Y (A1maed)
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n&aaniildairauuudiassiliviine Soufeouds azdemaaeuuszaviaimues
wuraesudeuiluldais FEnmedeuiideutisedu 2 35 Ao

1) Msiigarnielu (Intemal validation) nsensiigatuulad (full cross validation)
(Uuntda uazamz, 2556) nsfiguinislutufegnsiiumageuiuudaesifesos s
wmspumeildaisuusaesiuies Tnefitunounsnaaeudsil damethwnsguii
1 9anaINYAFI88 191 InTg L ntuldiegannsguivderinisadauuudiass i
wuaesildsaduamaaiveseianasguii 1 idneenly (nnil 2.11) ndsniy
Tddeotansgiud 1 ndufiu Tuneudeludnied mnnsgiudail 2 9ONIINYARI8E9
wmsg i vhduneutedudiaunsedfsnsunndiegie antuma root mean square error of

cross validation (RMSECV)

AT 2.11 ﬁﬂéﬁaﬁhﬂumi full cross validation (Cozen, 2006)

v
ad A

2) nsvadeuNan1sUseLliu (prediction testing) 35Hidunsfigatnisuen
(external validation) lTagn151d1de819galndiu1MIn15as1enluaniiznisnaaeg
duiieafugaiiognansgiu Bengadiogiisnneaeuuuuiasiin ganaaou
(testing set) sl 2.12 Bmswdsusedshufeiugaiegannsgumniunon
uiffessziefRoUTuImAadnesmlufedeyanaasudeseglutiayauinigiu
vdsnlsaunafuvesanageuuds T feyatldlumamaaiiannuuudiass fiarsan
NnAmsaRAlfeUszdunNLsiug LAz AgnFewRLUTTIADY BeRmsaRATingg
finrsan Iiun ArmnumaialAdeu (bias) wazAsINTidesvesmnuiianainiedenindsaes

Y94n157171U18 (Root mean square error of prediction; RMSEP)
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separale sample sets

calibration samphes: Lrnl wri
method det clagrnent ot bod vabulat o

AWl 2.12 gaseendlunns Prediction testing (Cozen, 2006)

2.4.3 ANSEDRANIGLUN1ITNAITUINITAS 1L UUTIAD4

[

1. duUszanSaudunus (coefficient of correlation, R) (Williams,

[y a

2007) duUseansauduius (R) waniseAudistoyn 2 yn (Toyadian X uag Y
lunil daya X Aetayaann1sinnIelse1sds Jeya Y Aedayaainnisinaiels
A ea =~ =) ) v A ¢ 1
Hesdunsuse-anlnsalnl) aenndesdeiulasiu anuaenadefiauysaias il
ANUUANANAULAYTENIN 2 Yadoya NaveaeAl R agwiiu 1.00 Tunieljiatu

uldlald waz X waz Y 9199zdanuduiudidudsuinnseavils laoaulala

NANNTS
T(X«Y)—[(EX+EY)/N]
R = @0 N) -y /N 2
We X fo efildannnismedeunani
Ao endilgaannasvhwesie NIR
N Ao UIUFBEI

2. FuUseansnisdmaula (coefficient of determination, R?) (Williams,
2007) uansdndruvesnnaLUsUTIludeya X fanusaesunslasanuuysusiuly
Joya Y el R? azuviniaue wu 61 R = 0.97 udd R? = 0.941 m18A1ud
94.1 wWesidusvesrruulsusiuludoya X wae 5.9 Wesidudvesnuwususiuly
foya X \Rinduandauusdu wu mawdeusesns BBnsmnaesdnsdauaziug A R?
Wunnavelaglimilsfardesmuneves R lumwfod R Tideyauarldfumnnin
R nsuUamumnevesdn R way R2 (Unuuda wasame, 2556) Lanadansnei 2.3

wagAmwnlaainauns
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55E
R = [1- 22|
N(X-X)
(2.5)
ile SSE = T(x-Y)2 2.7)
X R AadsINMSNAdaUNNALAL]

A19197 2.3 NSUUaRLNLNBURIAN R WAy R2 (Williams, 2007 UTuuTd Lazae, 2556)

R R? nsulanumang

Up to +/-0.5 Up to 0.25 lafaunsalaluNIR calibration

+/-0.51-0.70 0.26-0.49 uenudsiusineg msmimgsa

+/-0.71-0.80 0.50-0.64 pousUlAdIMSUMIARLEDNDEI MUY

+/-0.81-0.90 0.66-0.81 gousuladniumsAntanLaznIsUTEIUAREN
neu

+/-0.91-0.95 0.83-0.90 TgmemnusednseislumsUssgndldanlngy  sud
MY

+/-0.96-0.98 0.92-0.96 Tdlunsuszendlddinlng saudansuseiuamnin

+/-0.99+ 0.98+ B 1l unnnsUszendld

3. A135nAideueIAINAANaIARA BN A189d89999n1591U Y (root
meansquared error of prediction, RMSEP) (Williams, 2007) RMSEP Juanfiuans
UsdnSanuesuudnass nsALIaiA1 RMSEP 1asauan Bias Linae anlaifian bias
A1 SEP Wway RMSEP agdiainnu dn1slad RMSEP 110071 SEP Win153189uRalae
14 SEP U Bias wansdemnuusiugiveenIsyueles eswan RMSEP iisndeaiu

Bias walulALARIIUIALAZLATEILNE TnaAWwIlaaINANNTS

- 2
RMSEP = _’—M ¥) 28)
MN—1

4. A131nTidesvesanuianatnedseninde@eswean1sUssua (Root
mean square error of estimation; RMSEE) (Cozen, 2006) Lﬂuﬁ’lﬁ%j%m TR
foRiawaravesyaAAiusiu (Calibration) laimnglunsldfugayiune (Validation)
gnINITAUIN AD

—
| SSE

RMSEE = |
Rt N—R—-1

(2.9)
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de R Ao ILLNAWES

5. dandussrinmanuianaiandsfuandenuunnigiu  (atio of
standard error of prediction to the standard deviation; RPD) @1 RPD f®
dandwvesdnundoauunasgi (D) vesmmuaiifumeuiianainnnsgiu
nsvingluyanagaeu (SEP,,,) Cozen (2006) WagA SEPyq AISHING SD 1IN R
Sadumaviiiy 5 videannndt vansdlfedislinrmasiaueinn a1 SD Faliigs
Joviilsian RPD enarlaigamailudne dafu RPD winfu 2.5-3.0 Aenauansdenis
Aneiiiadugn 61 SD el 0.4-05 (Williams, 2007) l¥eugnavesrn RPD

WAAIAINNTIN 2.4

SD
RPD = — (2.10)
SEPpias
= Pai/ &
9 SD= Nfﬁ.z{x—ijt (2.11)
f 1
wag SEP,,., = me.z(x— Y — bias)? (2.12)

GI’]’i'N‘i?i 2.4 AN595UNUNAVBIAT RPD way RER (Williams, 2007)

RPD RER AN nsUsEenaly

0.0-2.3 096 Laifiae Taluueih

2.4-3.0 7-12 L3l AnLGON (WUINgY) LUy

3.1-4.9 13-20 wald NIV

5.0-6.4 21-30 A Amen (wuangu) 1o

6.5-8.0 31-40 AN AUANAMANLA

8.1+ 41+ by AIVANNTEUIUNIS LA
laynnisussendld

6. ANURANAA (bias) (5978 azUAng, 2555)
bias A9 ANLRALYDIANULANAIITENINANNINAI8ITD19D Az ANV U laenALlA

Wesdunsnsaaninsalnl Wunisinenukiug lagsiuuawuudIass

(2.13)

bias = @



30

2.5 audAnssudsEmuileniseu

¥
A LA

2.5.1 \UaduNg (texture)

(%
A o v a

WHodulavaIanNawiarag1awana1aiuly warN18unaINISHULAEINISIUANY

¥ &

Snwzileduiadunndneiuse veegraddsuainnsauiumilen vieediauasuainiuu

wiaduey vivesnannideuiaduuey Snunedidtuediuduilne nslnsgiidodula
yildvaneds wu 1. myiamadegunss vi3e deformation test FuduABidouuuuns
nyvasumNsauylvewalivesewily ddfleTugimaliuimiesouy 2. Wumsin
Srvazanuudadesoutuvondondnnalnensutuieiiunsiauasfsuadeunuas
ity Bl fiedosdiofiidnuvasdng naasundamasumzadiluludeudremausedlday
nea (A39UW, 2542)

iodusta ey nismeuaussTansdeusInTsyin wansiamsdnununsstetag e
auaduantRdinaiiine1nnsnouaussweNANEANINSINYATUAT DI IABUTITINTE Y
WU wsiideninnateuiuifuesinnalivie  wsinszdheinmsunReIoswLazEue
shegailodusiavemandnanainunsidun anuutuide (frmness) Auuds (hardness)
ArBangu (elasticity) w3sfignasin (bio-yield force) uandodufavosomsidud A
waio  (firmness) ANUYN  (tenderness) AUWTHET (toughness) AULNIZAILDT

(cohesiveness) kag ANUEARA (adhesiveness) (U1uuwa, 2555)

2.5.2 Usunauaauwdsvianuanazatetinle (soluble solids) naliivaneviinazausinns
Tuguvenimadudiulng wu aquuazdily Baflonguindudinisasandiniauiniu
wnalunadadudviinnuuiysaluavaviinisiiuiedna uwilunalduszny climacteric &

Y =2 a <3 qoj [ [y a g z-:gild
%azammmﬂugﬂ%m{]dLLmﬁNLﬂaaumummamwaqmi’mﬂimmmmaﬂizm‘mum
anvanaiulddmiunmsnuiisusmingdmiunmsinssinunn mytauiunainiaes
Mlede wu Tunlasld hand refractometer AnmUSuIuvaILdanuaNazatedls 210
) P a ' P H v oA a < A H v
UAU FanunefsUIuiaaisusenauaiegfiazatsuila wieUsuiuvesudsnazaisinla

& a a6 L | & 53 v o vala =g = ' )

FansasunIdeine uidinlvaiduiinig aslunaldvisauses Inseazauaguinnsin
soluble solids analyrwliignsiasiin (A3eum, 2542)

2.5.3 @ (color) Mmsiasunlasewaliiludyiauuysalnusssuan
=3 Y d' Y < v =3 d' 1 1 1 cl' a 2 di( d'
wiulddaauiian uwaglddudviinsiiuifetegawnsvans winsidsudvowaliasdudle
waldidndnsyuiunisan ddadudydnuansauiunald nalivatsegisliaunsafiuifes
' a a Yo o = v a a =~ ~
nounsidsudlau Jenn Wz wazansaived lunaliviwiansldeudlussesiivung

LY [3 = 1o [ 4 =3 a a V1 ! & Y Y 1l
ﬂUﬂ'ﬁLﬂULﬂ‘EJ’J@W%iﬂJ“U@IL%U ’e]']"ﬂ‘l/l’liﬂﬂqﬁLﬂULﬂEJ’lNG]W@’W]IGN’]EJ mumammwalmmwzim
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paelsflad uininsadedtulussosfuiendudiontu Wulddaluzahg waeydousald
vneghaileraiinadsuuasdnouiidinsdsuuasiadunisidsudveadodused
ATy sallA ATy (39U, 2542)

nsinrrdluszuy CIELAB Taglfiedesiad hunter lab colorimeter s1esunaLdu
L* aduduansannuaing @en L* Sandilng o uansiningidfiuuddnd Lidilng 100
NI Tmgidu1aadnunn) A1 a* wansdunsuasdden (@1 a* iWuuiningezdideanduns us

i1 a* Wuau Ingeziidoendiden) a1 b* wansdirdewazduntu (e b* 1Wuuiningesid

q

panAnanILAenAY b* [Wuauinnaziideandiniiu)

q

2.5.4 wawis (dry matter) dnwasnigluvaassuiuguueunaaliunilodviivy

& i a % o a & 3 PN =1 v & 5 v v & v a
wiiesgeu wdedesuluiiena wavlumtdnidewistuiiovas 32 wauwi (Jusvil
UINIFIVFINANILANLNTDIT BN ITU T EBUNIINTAT NIFBULIA (drying) AR N15L811N
gananianidesnsilivinailuiagiuanas (AIRUARY) 1let108nINTanrUAd

NNRDLIALITINIUIAUNAS (dry matter) 35 A %BMC Uay %DM Aseun1sh 2.13

hay2.14

(w1-w2)x100 (2.14)
wi

MC (%) =

DM (%) = 100-(MC) (2.15)
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unii 3
A5ALIUNTSIAY

3.1 NMSLATBUNANLFBUEMTUNITNAGDY

a o 1 ¥

N15AUAIBE IS EURUGIUaUNEIRIN BLNoUzYIN J9%in Juny3 vinlaedusu

9 9

=

sgunisanaen MntuseTuneenuiuhthenaadnynaniutinennseuleussyiuiaen

UIUTIWNIMNA 500 Aan widasslsouasayiule
3.1.1 msiuievseunianasie lud 2013

! =3 a ° I - o &
FUAUNSEUTILIY 24-25 KA 6 ATY LNDNTIRADUAMATI Figil
o a v v ! [ =
WeNiTEUATU 80 TUMHIADNUIUEIIAUITEUTIN 25 KA
= a @ v ! [ =
IISEUATU 90 TUNEINBNUIUEIIAUNITEUTIN 24 KA
= a @ [ ! 3 =
1HI9YISHUATU 100 TUNAINBNUIAILAUYISEUTIN 25 Ha
= a LY v ! [ =
IISEUATU 110 TUNHINeNUILALAUMISEUTIY 25 KA

ﬂl = LY [ ! < a
bRNLIYUATU 120 AUNAINDNUIUFUNUIIYUIIN 25 N@

d' = [y [ ! =3 a
bRNLIYUATU 127 AUNAINDNUIUGULNUNLIBUITIN 25 N@

3.2 N1SATIURANITEUEMITUNIINAABY NUADEN9 1Y

a o 1 £

nsiufegesuiuguNauNedan dnneusvIn J9nin Junys vinlaedusu

3 q

v A

nIsuileanaen Anuuseiuinenuiuhthenaainyniniudinennieuldeussyiunnen

9

VIUTINIMUA 300 Aon udiUdeslviseuasaiiuls
3.2.1 naiuneanseuiongsneg Tl 2015
duiuySeudIuwag 10 Ha 6 A5 LEATIEBUANATN A3l

WloniSauasu 80 TundanenuIuguiunisausIn 10 na

WioniSauasu 90 TundanenuuguiuniseusIn 10 na
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9.

33

= = [y [ ! < =
WeYSEUATY 100 TUNAIABNUILANAUNISEUTIYN 10 W
WeniSeuasu 110 Tunainenuiudguiiuseousiu 10 wa
= = [y [ ! < =
WeYISEUATY 120 TUNAIABNUILANAUNISEUTIY 10 W
= = [y [ ! < =
WRYISEUATY 127 TUMAINBNUILANAUNISEUTIY 10 W
| ¢
LAIDUBLAZUNT
1383 FT-NIR Spectrometer (MPA, Bruker Ltd., Germany) (n1#l 3.1)

Lﬂ%laﬂ Visible and NIR Short wavelength Diode Array Spectrometer (FQA-NIR Gun,
Shizuoka Shibuya Seiki, Hamamatsu, Japan) (mwﬁ 3.2)

13 Longwave linear variable filter spectrometer (MICRO NIR JDSU, USA) (1
1 3.3)

w3osTnUSinamedafiazarsld (Brix Refractometer, ATAGO Pock PAL-1, Japan)
(il 3.4)

LAY eesaLi o duda 3U (TA HD Plus, Texture Analyzer, Stable Micro System,
London, UK) (A Wil 3.5)

\n3e33nA MiniScan XE Plus, Hunter Lab, USA (il 3.6)

1A383UR (OKU SAN NO, Malaysia) (Al 3.7)

30999 ArTNariBen 0.001 ¢ (SHIMADZU BX300) wazAuaziden 0.0001 g
(AR2140 Adventurer, OHAUS, USA) (n1wil 3.8)

\R3eq Microcentrifuge (Spectrafuge 7M, Labnet, USA) (it 3.9)

10. fjouauFeu (ULM 500, Memmert, USA) (A il 3.10)

1. Wdudaruomnsiidla 3091%30u. 10 lunsou (VS WRAP) (n il 3.11)

12. thewadn anesanaradin aenst vannt usu

13. 1p30auinnee wu Jnines vasanaass udu



A 3.2 1384 Visible and NIR Short wavelength Diode Array Spectrometer
(FOA-NIR Gun, Shizuoka Shibuya Seiki, Hamamatsu, Japan)

A 3.3 13 Longwave linear variable filter spectrometer (MICRO NIR,
JDSU, USA)

34
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AR 3.4 1esesinUSinuuesudsfiavansle (Brix Refractometer, ATAGO Pock
PAL-1, Japan)

AW 3.5 1eseriiidloduia U (TA HD Plus, Texture Analyzer, Stable Micro

| l MiniScan XE Plus ‘
|

System, London, UK)

AW 3.6 1A309TAE MiniScan XE Plus, Hunter Lab, USA
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AT 3.7 1Se3un (OKU SAN NO, Malaysia)

AWl 3.8 1A3eed (a) AuaziBen 0.001 g (SHIMADZU BX300) LazA3oet (b)

ANazLIEA 0.0001 g (AR2140 Adventurer, OHAUS, USA)

— ——

Al 3.9 1389 Microcentrifuge (Spectrafuge 7M, Labnet, USA)
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& A ¥ aa

AW 3.11 FSuBaviuevsiIala 3093.x303. 10 luaseu (VS WRAP)

9

3.4 A5N1SNNAD9
32.4.1 MsawnumeLlesdunsisaaunnsalnl

naviSsuuuiuuaiios 25 gn $1uu 6 ade endeuiiony 80 90 100 110
120 wag 127 ndsmenuiuy uazvhnistheeedivieu feusenainaru ierfvuaia 3 Yulv
nEougn  twaniFounlifguditedesdunsusaauninsalnldmiunandnmenisineas
wazenauszozim 3 fu WleasuimuamiuanuanSoumudiimua uil 4 Aewihms

neaemUANamMgll 27+1°C Wuna1 2-3 tilue ntuhlawnudieeies FT-NIR
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Spectrometer, Longwave linear variable filter spectrometer (MICRO NIR JDSU, USA) uag
Visible and NIR Short wavelength Diode Array Spectrometer aiaInu wasantuinly

PUUDAUNE LAY LAZAINUMINU A28ITNAL

1) nsaunudieiadas FT-NIR Spectrometer afidnwaign15Inuuy Diffuse
Reflectance #itsAAusEMINg 12500-3500 cm? (AE13AAY 700-2500 nm) anuyng 16

cm™ awnuen 32 Ao 1 @nasu laeidan Sample form WU Integrating sphere rotating

al

(Sphere Macrosample) lagnsaunuililonissuusnnnaniaziileiseuusismeni

PAARN FININA 3.12

2) MIAUAUFIELATEY Longwave linear variable filter spectrometer (MICRO NIR
JDSU, USA) Seiidnuaizn153nuuu Interactance S929A111812AAUSEA319 1150-2150 nm
N9 7 nm Integrating time 1000 Ms wazsunusiegiuiiemannduade wiadu 5000
ANy ﬁLﬁanL%'auU%wmw“Laﬂ LLazﬁLﬁanﬁ'auU’%wmw“Laﬂ VUNAERN AUNUTIUIU 2 afsie

f79879 AININA 3.13

3) ANTALAUADE LA 849 Visible and NIR Short Wavelength Diode Array
Spectrometer (FQA-NIR GUN Fantec, Japan) %ﬂﬁﬁﬂwmzmﬁmmu Interactance {774
AY1UEIIAAUTENII 600-1100 nm 7119 2 nm integration time 25 ms ﬂqmﬂ%aﬂmmu

wiounumegmerndaniedesiuuassuniuainaiguen lagauny Mileniseguusiiuy

a

lNLAETLLITUUTANENIUNGERN AWNUTIUIU 2 ATIHBRIDE AanINT 3.14

m‘wﬁ 3.12 mial,muéj’wm%"m FT-NIR Spectrometer (MPA, Bruker Ltd., Germany)



AT 3.13 MsaRnusIELASes Longwave linear variable filter spectrometer (MICRO NIR
JDSU, USA)

i 3.14 nisawnuseLA3es Visible and NIR Short wavelength Diode Array

Spectrometer (FQA-NIR Gun, Shizuoka Shibuya Seiki, Hamamatsu, Japan)

3.5 N1IASINAUNINLLDNITEY

351 anvazlUadund (Texture)

"ifmﬂ'wLLsﬂﬂmJaﬂLﬁav!ﬁauu%mmjLaﬂimaﬁmmawm (Voon et al., 2006)
Faeiedostadioduia su TAHD. Plus (nwil 3.5) TngldanavsansruentansiFou
URIAUENA1 5 mm ﬂmawwﬁanL%'sjué";am'ml,%adauﬂﬂﬁaLﬁam’%au 2 mm/min
W, mwm%ﬂuﬁam%u 1 mm/min LarANuEIndInavTInINAT UA1Y

AMULSY 5 mm/min Ineanadld 10 Ta8iuns wazyinn1siausennsevinduen

Af AF
(Initial firmness: N/mm) = E ; (Average firmness: N/mm) = D (Rupture
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distance mm) = AC ; (Rupture force: N) = B ; (Toughness: N.mm) = ABC ; (Average

penetrating force: N) = BE ; uay (Penetrating energy: N.mm) = BCDE

3.5 - B
AF
3 4 1
|
25 - f
1
]
2
Iv
—_ -
Z 15 X
v [
bt I E
5 1 e —
W e - -
¥ - - - |
o ] -~ e - e -
05 | Af v = = g !
A - - -~ .
1 G gy B - “Tg
a ] — T T T : T T ~Sa S = y
« 29
b 1 22, 4 5 16 7 8. 9 10

a1
{ e} Ll |

Distance {mm)
A 3.15 nemlwansnsiasuudasesmsianzieitouusinmen
3.5.2 AN US1NaUawie Lagalnuvny

ﬁ’]LﬁanL%&Juu%nmﬂqLaﬂﬁmumsi’mﬂfﬁ]é’mﬁaﬁmw 80 g uiuseiniosuali
aziBua (OKU SAN NO, Malaysia) wisaanidu 2 dau d1udl 1 Yanmutulasldideniiou
USanas 5 ¢ $9uau 2 91 Salaeldindesds Aruaziden 0.0001 ¢ (AR2140 Adventurer,
OHAUS, UsA) Tneldgevaufouilgumadl 60 °C suaunseisimiinasl d1udl 2 Yanam
v Ingldiidonidou 1 dw et 3 dau Tasusunes wanlvidnfuudnilutumissdae
Lvﬁaq Microcentrifuge (Spectrafuge 7M, Labnet, USA) ﬁmwm%aﬁau 6000 rpm Wuvan

10 min YaUSuuvendaiazatels (Soluble solids content) FadulaiinuAINNTINUVDY

(%

dondeulaesuidwuuiiduvewnarlaadluDisital Refractometer (Pall, ATAGO, Japan)

!
v I av vy

atlfesnaeilanmey 4 (@a13nt, 2536)

nmneaesassiliiednrianuduresioniseuusnauyen nglddeouwiauuausou

a

(ULM 500, Memmert, USA) 1Jeusnaneavdi aluminum can ﬁﬂdia@@mm%}u WJuian
o8ntion 30 Wil S1uau 50 nsedlas ¥hnnstaimidn aluminum can wastufindn Y
n3oudity idaimdnussanm 5 ¢ uastufindr  wasdndeuiiguvnd 60-65 °C ioasy
6 2Tu4 3911779819900 INFBUUNY Iﬁia@mmm%u falAl Bulseana 10-15 undl

NTUUTINTN wazduiina wazyng 3 93lus YnAsIe1eenangeusas ldlagaainui
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Ly quva = - SRS - < o |
ALY TAduUszunu 10-15 Uil 1ntugsivun aunUIrtnagasi Inela1nnulaneig

[ |

senIneAsTIninnuasinianen lilAusEning 0.003-0.005 g LAMNIAIUIINT %BMC Uaz

%DM AINELNTTT 2.14 uay 2.15 Audsu
3.5.3 NM5Ind

UNLDNTIUUTINUNLON U1INUULATES MiniScan XE Plus, Hunter Lab, USA fgein
wiaauaslseRwg (illuminant) Aa D65 wadeadu (noon daylight) yuNaINN (observer

angle) 10 a3rnaLNU 3 Fuaziade A1 CIE L* a* uag b*

3.6 MIIATIEVTYS

3.6.1 NS IATITIANBULVDIAUNHS Y

n13n5IagANNEaUnAvesanasuRuAN Manuursduegluiumisiiaun@an

@

nau antufinuazfinnsandadoya uenanidlinmeinnuaunisgaduaduiiusnglu
alnndy Taefiasanliaonadesiuesdusenaudidludiodg (imqwé, 2555) 35A15L88n
Outlier vesanasu lulusunsu (OPUS version 7.0.129) n15tden Outlier #915847
1nTadiauesrszes Mahalonobis Ae ATMLANA1SSEIALUNAILYBsFegWfUA LAY
YoINNELUNATUYBIYA Calibration ﬂ'13ﬁ']u’;mﬁ]w'fw13mwuﬁu§mmaqmﬁmzmstuaq
Awnpsumesn Calibration avin SsasdesiunAiaisuazaidsauuansgiu ausfd
nsnsznaidunuusedoadn dndrdnsunilsazaseunguarndululy 99.999% adadnin
193328% Mahalanobis fisnuanlagisnistagyinlviudlatnszey Mahalanobis vesainasy

¥
v A Y a A o v &

L DUTINUANS 8TINUARANPININVATIART anAuTaIdnAaziy Outlier

3.6.2 MIAATIRAIUBNNGUVBIAIMINAL]

N139519@0UNdU0IAIMIAdl LTUN1TATIEUNITNTZANEAINIUATIVD

A o

U3891n3nquRI9819 M8 19lAININANEIMToA131NN1INTEIEAIMIBATILUUUNR
(Normal distribution) sieghananiuensliieglunguuszyinsiiaula mndrduysalvesd
naadAnzuuy t freg1eladiduinnds 3 vunefisinedaliueguannguussynsfiedei

aulafiszAuaudodu 99 Wesidus TiRsandndiieg1siuiie (Sagud, 2555)
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3.6.3 MawssuaUnesuvaLileniseuusnmen uaziieniseuusnumneni

umenaainiton1sassaunsiunisvineg

AeuazihaUnasuluasaunislunisviue duludesdastoyanoutinly

A9 UUINABIUNITYINUNY Ratl

1) aunasuaine3es FT-NIR Spectrometer ligosfinisuvadinglag

2) avUnn¥ua1nA3es VIS-NIR diode array spectrometer sndusiosiudey
dnwaigM3ILuY Interactance iU Absorbance lulusunsu Ca Maker Feazlddoyaiiu
Text File anntuthily Export 1idulnd Unscramble X (Camo, Norway)

3) annduniates Longwave linear variable filter spectrometer lﬁ%}amva
ganuhugUad Excel Nt Export Tidulvd Unscrambler X (Camo, Norway)

3.6.4 n1sa31sluudIaandsUsuialunisvinune Tu OPUS version (7.0.129) n13

afuuuinaenIugiusnurilagassauduiusseninadeyaidauas (Optical

'
[

data) \iloduia waaute wazAIMIY TiTaReATuInsgIu 1nes Partial least squares
regression (PLSR) Tagl4Tusunss OPUS version (7.0.129) shaiilddeyaifauas (aiunafy) 7
Lifinnsdansadnndudesduniefidnissanisaiunasudesdulngds constant offset
elimination, straight line subtraction, vector normalization ( SNV) , min- max
normalization, multiplicative scattering correction, first derivative, second derivative,
first derivative + straight line subtraction, first derivative + SNV wa¥ first derivative +
MSC figatinuudianslnelds Test set validation Welduuudrassazdnidenuuudnaosdia
ﬁqmimaﬁmamwwﬂﬂ'ﬁﬁﬂﬁaawaamwmammé‘iaumﬁstmﬁﬂé’qaawmmiﬁﬂma (root

[

mean squared error of prediction; RMSEP) ‘ﬁlﬁﬂ‘ﬁlqm ntuezTuiind1dulszansnis
#ndula (coefficients of determination; RY), RMSEP 8n31d1usenineaiainunainaiou
Ladefua1LdsaluuN1nTg§1u (Ratio of standard error of validation to the standard
deviation: RPD), AMAaufinnaiatade (bias) wazduiinan regression coefficient Lag X-

loading weight IT1UIUAAUANN®) UTOANEIATUANS

3.6.5 N5A519BUUINABwT9USUluN59IUNe Tu Unscrambler X

nsafakuuIaeInsiuslislsnurilagasieanuduiusseninadoyaidaas

(Optical data) & \edura USunaunauns waganuniny Niame3sunnsgiu 1negds Partial
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[
= a

least squares regression (PLSR) TaglalUsinsu Unscrambler X ﬁu’qui%’%’agamumq
(@Unasy) Hldiinnsdansanasudosdunseiiinssanisadnasudoiulagds min-
max-range normalization, first derivative (5, 11 Wwag21 points), second derivative (5, 11
b8 ¢ 21 points), Baseline- offset, vector normalization (SNV), SNV + Detrending,
Detrending, multiplicative scattering correction (MSC) Wgauiuudnadlaglyld Test set

validation LilalauwuudnastazAntioniuuinaeangalaefia1sananel RMSEP Msnfign

v = J

AMnUULTUTINA R?, RMSEP, RPD, bias wazuiine regression coefficient ag X-loading

. A o A I A A I
weight M191UIUATUAIE) NIBAIUYIIAFUANE

3.7 NNINAGFDUAULUUTIVDINITIAAININLAL

N1INAFOUAIIULNUEIVDIN1TIAAINILALT TABn15InAT Repeatability Lazal

Reproducibility Ingien Repeatability (Rep) foanidesiuuinasgiuvesnsindiesnsd lng

o w 1

Aiansuindusiegnsesls (Duplicate sample) #slumsnaaesiifinisuadasgauduning

Vo

duAn Reproducibility AoAdsauutInggIuYeINsinmegd Inerinlinsiuindedia

Y

¥ (%
[ |

g nduiegwegls (Blind sample) sluntsneassiifinisingn 2 9o 1 faeeng lusewing
1 oy ) = vLsu a ' 2 2 = 1 1
nsnaaes (ldwdeuriu) 9 Dardenne (2009) laeSungdn R? avasan (Ré,,) el error lu
o = o dy Y 1 1 @ a Y a 1 1%
awnesunsenuudaes wasdilviiuiien SD, uag Rep Niflananazlydnaulaiiaisasiag
o 1 & 1 U 2 o ¥
wuud1aed NIR siolunielal A Ry, @ mnsarwanliaingunis

__ SD§—Rep?

2
RMax = SDZ (3.3)

SD, Ao A1 standard deviation U83ANE1SNINTIIABY (AHUTNY) YBeYA calibration
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3.8 TuABUYBINTTUHURIUIIY

TunaUYINSUSUAluNWIdetuanslaeaguianing 3.16

[
= v

1. Anwinszurunisadamiouluarunsuiievilnanislutssine siedi
AIEUIMIMTAURLIMALNTUTTYAUdseeN

2. AnwdeyaieafunisnedoyFeuliveasmauduasasataaunmitieatuns
Sutsemu ilenFeu

3. ynthedeidensnyiZouuiudiuam 500 nenlagguynemusuinauInumuniEoy

4. TusswivsetunsudmuafuiRemBeu BnnsaununanSeusaniendoundostin

YagnautAiisvestumssuvsenu (deduda 3 erudu dndnidowds was
A Tnelividouiiteainiiomann

5. duiegananBsunianuydsuiiensdsesn fengmaiuiiunnmstu 6 sedufe
80, 90, 100, 110 (¥29100-110FuduRuAuifeandenis), 120, uag127 Jundsaen
U 19U 25 wasieIgnIsLuAen

6. winfufogiemFeuiiaunuiuntiosiesiou (ethephon) lnsdidndutsotie,
2:1 faneda wdniandsrudiduidosdunsnsaanlnsalnddmiunandanig
N1INUATUAZEINIT ANEIAINTIUAIERT dan1dumAlulagnszaundNIIAUNIIT
aansells Ineieliigunaiidesssana 24 dalus iuszogaan 3 Yu (Hunand
Y1IAIULINI Y TLUILAN)

7. Tuiui 4 thySeudlulilues iledusnmgiineunisauau 27+ 1°C idunan 2-3

a

il aunufinandeu vennidsuiievidonZouuinamensiaunuiinasy fe
A3 Longwave linear variable filter spectrometer (MICRO NIR JDSU, USA) %34
ANENIAAY 1150-2150 nm 1A384 Visible and NIR short wavelength diode array
spectrometer (FQA-NIR GUN Fantec, Japan) §39A211819AAY 600-1100 nm kA
\A309 FT-NIR spectrometer (MPA, Bruker, Germany) F2981uuAAY 12500-3600
cm’?

8. niloyFeuldnaliuudiusenaradnindlfianaelsd (PVO) la enumun 10
lulesiwns wéiawnusiewedes Longwave linear variable filter spectrometer
(MICRO NIR JDSU, USA) $9mnuemadu 1150-2150 nm 1A384 Visible and NIR
short wavelength diode array spectrometer (FQA-NIR GUN Fantec, Japan) %34
m’mm’mﬁu 600-1100 nm Lay Lﬂéaﬂ FT-NIR spectrometer (MPA, Bruker,
Germany) 933%1U3UARY 12500-3600 cm'

[ 1 v

9. SaAnAdeees (MiniScan XE Plus, Hunter Lab, USA) ¥Inn1530 3 91



10.

11.

12.

.5

a5

Y

1,1"1LﬁanL%'auﬁ'jmuiﬂfmLﬁaa”uﬁau%nmﬁmumial,muﬁ';EJLﬂ'%"aﬁmnfaé’ma (TA HD
Plus, Texture Analyzer, Stable Micro System, London, UK) lagldwiinuuu
NIINTLUDNTIAASHUTWIAEUHIAUENATT 5 mm NAASUEYSEUMIEANSInoU
nadadleniden 2 mm/min, evadludendeu 1 mm/min waganumdanavme
pnvanATuIBANEY 5 mm/min Whnadnasly 10 Safwns uwasvhmsTaused
nsevinduan (Initial firmness: N/mm) ; (Average firmness: N/mm) ; (Rupture
distance mm) ; (Rupture force: N) ; (Toughness: N.mm) = ; (Average penetrating
force: N) ; uag (Penetrating energy: N.mm) GuaﬂLf:aV!L§EJu
iilendsuiidiunsiadeduiasiuiu 80 ¢ influseieiesiuliazBonuduls
ooniliu 2 du dadl 1 et dhwiinidouislaeldidenGeuium 5 ¢ S1umn
2 41 Tneldgavaufouianngfi 60 °C unsediaimiinasil damdl 2 Yaerumanu
TnglfidlonZou 1 dau deth 3 dau Inevsuns wanbiidriuwdnilutumiede
LELR Microcentrifuge (Spectrafuge 7M, Labnet, USA) fiAu15258U 6000 rpm
uaan 10 min udrinusinavesudsiiazangls (Soluble solids content) Faidu
afouaruninurenionisulasiudinvuiiduvesinadlansly Digital
Refractometer (Pal 1, ATAGO, Japan) ﬁ'ﬂﬁé’fm@mﬁ’lﬁlﬁﬁw 4
ihdfegarismumnastauuuiiaesudiiudsswianniifenunisiulssnu
@ \ilofuita anwdy dmindeuiauazaumin) fu mﬂmm%’mamanﬁauumﬁa
‘VJL%'EJu 1m835979 Chemometric LU Partial least squares regression
nadouuuUSaeieliUsndunmuninnisiulssmusenteniSouiuuueunes
TnevasoukuuTasnUn MNTTUssmuentenSeuiunounasosinoshed
\Ju Unknown Taesiarsanain Coefficient of determination (R?) Standard

error of prediction (SEP) wag Bias



fage (150) argmsinuiien

80,90,100,110,120 wag 127 21gay 24-25 KA

%Y calibration 50 %

gbbNuU

test set

46

I_ YA prediction 50 %

gibbNU

AR89 & LLoduE AN
USHN0UIAWAS LagANUmIY

UFuuse
Aunasy

UFuuse
aunasy

#519uuuiangeg

I-——— LUUINGDY

InAN919D9 & Llloduia
ANUTY USUI0UIAUIAS uay
ALY

ANS YIUNBYBIYA

calibration

AN YIUBVBIYA

prediction

R? RMSEE

r? RMSEP, bias wag RPD

wuuINaeennnNgn

fagneilaizan (60 aea)

d’ U gj o Aa v
AN 3.16 LNUNILEANTUABDUNITNILY
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undi 4
NANISNAADY

4.1 N15AATITANIEDA

A A AN a & & A HEE a &
A15199 4.1 N15UasuwUa9d USunauueawiananuaiazanstile (ANUmL) USuiaenuauy

LAz U3 U AL DY S UNUE LD UMDININDIYNTLAUNE?

5 AINURIU ﬂ%mmmm%uuaxﬂ%mmmal,l,ﬁﬂ

o L a* b* S5 (%) MC (96) DM (9%)

80 86.97 £2.91a -0.15 £0.95¢ 22.11 +4.60d 13.2 £0.56e 87.4459 +2.32a 12.5541 +2.32e
90 85.96 +3.60ab -0.19 +0.62c 26.61 +4.92c 17.2 +6.16de 82.3230 +4.95b 17.6770 +4.95d
100 85.36 +3.60bc 0.55 +1.16bc 33.72 +4.96b 24.9 +9.27c 68.8831 +7.04c 31.1169 +7.04c
110 86.27 +2.25ab 0.14 +0.87b 35.76 +4.28b 19.3 +4.47d 66.3005 +4.45d 33.6995 +4.45b
120 85.02 +2.01bc 1.08 +0.81a 39.76 +3.61a 34.9 £11.36a 61.2229 +2.67e 38.7771 +2.67a
127 84.12 +2.92c 1.36 +0.91a 40.67 +4.85a 30.5 +6.17b 60.5029 +2.36e 39.4972 +2.36a

Means sharing the same letter in a column are not significantly )p>0.05 (different from one another. (color) L* a* b*, soluble solids (SS),

moisture content (MC) and dry matter (DM)

MANTNA 4.1 UAAIAMNERRAMAINAITTUUTEM YRS BT VLB UNEIANLDNY

2 aaa Y} = A N aA ! & A A & = S a d'
A1ILNULAYT a‘V]llNaﬂ‘U‘VqlLiEJUIWSG]ﬁQﬂ@ﬁL%a@Q [k ﬂ']?’n']llL‘UuaLV@@QW@\TLU@VJL?UUNU?@JWmVI

¥ Y
(5 v =

dutunuegnaiiuisvemiFeuy fnenunanlih Fluediuiuiniou Avdesdifinduie
MnuAlsTueEs (Wei et al, 2014) AANMTU MC firnanasmuetgnsiiuiien Ssaunisiu DM
ﬁﬁﬂ%mmuﬂﬂﬁumumqmﬂﬁmﬁm fn DM Aeaslulawasn, mslulaasanazatetild (ihana)
wae udaitliiazaneni (Gibson, 2012 Suni at el., 2000) USinauwosudeisvaadiazaneiild (sS)

1 80-90 Ju HAWliuaneeiu 7 90 Fu uag 110 TulAmliunndeiv  wagniagegane 120

a

$u enedt 4.2 LLamﬂ'wmqaﬁamaqLﬁaﬁuﬁmamSs;luﬁuﬁ:maumaqmumqmilﬁum&n Initial
firmness (IF) Senuiiudu 80-110 Ju widle 120-127 $u lifinmsiwdsuulameadi Rupture
force (RF) 80-110 Sufin1swdsuutas usiifle 120-127 Sulifinisidsunlamsadi Average
force (AF) 80-110 FulslfinsiAsuuvameadn waz 120-127 fu Lifnmswasuulameada
Rupture distance (RD) laifimsiUdeunuaimeadn faus 80-127 u Toughness (T) Siranas

mqﬂmﬁmﬁ'm Aals 80-127 Ju Average penetrating force (APF) 80-110 dulaifinng



a8

Wasuulameadd way 120-127 Su lifinsiuBeunlaavineadd Penetrating energy (PE) 80-

110 JulifinnsasulUamneadda wag 120-127 du ludnswasunuasneans

M19199% 4.2 nsidsunlanlledulaveamouiudnuounsanueignisinuiien

Woduda

1Y IF (N/mm) RF (N) AF (N/mm) RD (mm) T (N.mm) APF (N) PE (N.mm)

80 3.067 £1.46bc  23.645 +8.60a 4313 £1.92a 5979 +1.76a 63.554 £31.70a 17.472 +7.47a 68.596 +37.93a
90 4.897 +4.62ab  18.089 +12.3dab  5.065 +4.59a  5.343 +2.52ab  42.053 +33.95b 13.628 +9.30ab T7.177 £72.62a
100 4.157 £3.87ab  13.554 +11.87bc  3.681 +3.96a  5.184 +2.62ab  34.57 +40.17b 11.733 +10.45bc  64.229 +71.17a
110 5.469 +4.43a 19.886 £13.33a 5.635 +4.45a  4.578 +1.96b 41.126 +28.26b 16.280 +11.65ab  99.632 +81.00a
120 2.174 +2.90c 8.085 +9.85cd 1.625 +2.09b 5364 +1.56ab  27.244 +41.66bc  6.785 +9.74cd 30.428 +46.59b
127 1.110 +£0.89c 3.828 +3.51d 0.700 £0.76b  6.004 +1.79a 13.278 £12.57c 2.618 +3.20d 9.475 +13.43b

Means sharing the same letter in a column are not significantly )p>0.05 (different from one another. AF= Average force , IF =Initial firmness,

RF =Rupture force, RD =Rupture distance, T =Toughness, APF =Average penetrating force and PE =Penetrating energy

A15199 4.3 MSAsULUaYE USUauue g avuafazatetinld (A2NumI1L) asALTUY

dwsusegrsmiludegnlu (Unknown) vesySeuiudniounasniueignisiuie)

g

USinaAnuduLasUSinusauia

AU

21 I a* b* SS (%) MC (%) DM (%)

80  56.08+1.15a -0.126+0.21e 11.47+2.57f 18.00+0.57e 88.2301+3.24a 11.7698+3.24d
90  56.84+157a -0.13+0.13e 13.85+3.32e 19.6+0.30de 82.3970+5.12b 17.6029+5.12¢
100 56.89+0.79% 0.272+0.35d 19.48+1.61d 22.00+0.29¢ 70.1899+4.17¢ 29.8100+4.17b
110 55.99+0.84a 0.466+0.27¢ 21.56+1.66¢ 20.8+0.95¢d 61.7293+1.95d 38.2706+1.95a
120 57.27=6.66a 0.834+0.32b 24.07+2.21b 24.8+1.01b 60.7861+1.42d 39.2138+1.42a
127 53.06+1.22b 1.277+0.33a 25.68+1.69a 37.2+0.94a 60.7554+0.73d 39.2445+0.73a

Means sharing the same letter in a column are not significantly )p>0.05 (different from one another. (color) L* a* b*, soluble solids (SS),

moisture content (MC) and dry matter (DM)

INANTNN 4.3 UaARERRAMAIMNITTUUTENY (B AU LagAINTY) Y0vSEU

v 6 =3 d' 1 = [ ! =2 QR A LY
NUTVHBUNBINTUDIYNIILNUNYT Tngmn (8) b* LLﬂ(ﬂ\‘lLﬂ‘l\lﬂ']U’mLLﬁ@Qﬂ\‘iﬂ’J’]ﬂJLUUHLM@@QGU@Q’JG]Q

(Heyisey) FallanuaenndenIugIe1y Ao
VDUTININUAN

(MC) 1iANanaINILBIgN1SLA

a

(% '
Y a

LN ILNLTY

[

MEIYUN

= =]

q

9gLiinaNnIuALHAMFR NI USuna
azaneuild (SS) fuwiliufiuTusnnuognsAufeNiindy vasfianauay

d' A a X = LY ' Aa a X [
ULNYIMLNUYU GIFIUNINAUAT DM VI@JU?SJ’]ELJ?J’]ﬂ“ZJUG]’]ﬂJ@’]EJﬂ’]iLﬂU
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M15°99 4.4 n1sidsunlaniledudadmsuimegnsidusmegnslm (Unknown) veeyisaumiug

wuaummmumqmilﬁmﬁm

loduta
018 IF (N/mm) RF (N) AF (N/mm) RD (mm) T (N.mm) APF (N) PE (N.mm)
80 4.010+1.25b 28.410+7.14a 5.151+1.79b 5.979+2.10a 87.253+£38.90a  20.968+5.36b 79.152+42.17b
90 9.807+2.38a 30.706+6.72a 8.051+3.38a 4.557+2.27a 91.515+63.53a  26.120+5.52a  132.975+43.65a
100 9.868+4.25a 32.891+10.30a 7.459+3.71a 5585+2.62a 110.990+77.52a  29.033+8.60a  133.057+76.46a
110 3.875+2.50b 16.700+10.73b 4.479+3.92b 5.003+2.56a 39.007+24.66b  14.422+8.88c 76.141+72.13b
120 0.836+0.25¢ 3.673+0.67c 0.648+0.13c 6.010+2.05a 10.951+2.40bc 2.091+1.29d 6.317+3.66C
127 0.481+0.20c 2.296+0.56¢ 0.399+0.10c 5.746+0.38a 6.763+1.92¢ 1.293+0.51d 5.505+2.21c
Means sharing the same letter in a column are not significantly )p>0.05 (different from one another. AF =Average force, IF  =Initial firmness,

RF =Rupture force, RD =Rupture distance, T =Toughness, APF =Average penetrating force and PE =Penetrating energy

AN5197 4.4 wansauURtodula vassiegslul Insiwdsunlasnsdl A1 IF AF APF wagy

PE Tuengnisiiuiien 80 Ju fideinaniieny 90 Ju udranawueenIsNune NI du
1 d‘

A1 RF RD uag T fAnaegniiongnisiiuiied 80, 90 way 100 Fu wianasmua1fun1ue1gnis

Y 9

LAULAYLALTY
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4.2 N15ASIEREUNASUAU

2 -—
— 80 Days  cececeeee 90 Days ===-- 100 Days
= = =110 Days — -+ - 120 Days — -+ =127 Days 3
1.5 ok
(4
S
~ 1
on
o]
4
0.5

0 T T 1
12500 11500 10500 9500 8500 7500 6500 5500 4500 3500

Wavenumber (cm™)

And 4.1 anesuafgvedllenisguiiusnayenivinsinmeinsed FT-NIR Spectrometer

Tuesufuinng Aergnsifiuiien 80, 90, 100, 110, 120 wag 127 Fuvdinonuiu

mﬂmﬁm'wﬁamnm%’mauﬁjaﬁqL%faumumqmilﬁuLﬁ'm@]’j«,wi 80-127 Jundwmenuiu
feieded FT-NIR Spectrometer i $117uadusewing 12500-4000 cm (A31813ARN 800-2500
nm) sesiilenFeuiivinmgen famdl 4.1 uandeyFeuiivinuyenivieviudenanain &
AWl 4.2 wunsgaduRRURsIuILARY 1024510221, 8362-8346, 6888, 5569 Waz 5160 cm'!
(976-978, 1196-1198, 1452, 1796 Lag 1938 nm) Iﬂ&lﬁﬂ‘ﬁl 10245-10221 cm™ (U384 970 nm)
Lﬂuﬂfli@m%’Uﬂﬁuﬁuaa H,O (Osborne and Feamn, 1986) @ufinainnisduaziiiounas O-H
stretching finfl 8362-8346 cm™ (1198-1196 nm) Lﬂﬂﬂﬂi@@‘?ﬁﬂ?ﬂlu%m (®H,0 or D,0)
(Workman and Weyer, 2007) fin?l 6888 cm! (1452 nm) L‘fJumiQm“?fUﬂéme starch or H,O
(Osborne and Fearn, 1986) ainannsduaziiiouses O-H stretching fin7i 5569 (1796 nm)
L%";Jumi@ﬂ%’m?iuﬁuaa cellulose (Osborne and Fearn, 1986) %ﬂLﬁmmﬂmﬁuazLﬁau%d C-H
stretching WonNTAAT 5160 cm (1938 nm) Winnsduaziiteusos O-H stretching + O-H
Wulasaasaves H,O (Osborne and Fearn, 1986) mwﬁ 4.2 Lmﬂﬁmmﬂmwﬁ 4.1 ﬁu%nm

4500-3500 cm' FsUsng finvosnanain



1.4 1
—80 Days  -reereeee 90 Days ===-- 100 Days J

5160

= — =110 Days — - - 120 Days — * =127 Days

Log(1/R)

12500 11500 10500 9500 8500 7500 6500 5500 4500 3500

Wavenumber (cm™)

a ) a ) ' & a A a A v v a a o o v
AN 4.2 aneSuafeveaiieg L ileEuNUSIMeN e VI e WaERN NN TInm e
1589 FT-NIR Spectrometer Tuvasufjifinis nflongnisiiuiien 80, 90, 100, 110, 120 uaz

127 TURINBNUIY

Log(1/R)

0.5 T T T T T T T T T 1
600 650 700 750 800 850 900 950 1000 1050 1100

Wavelength (nm)
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A7 4.3 adnafuiadgveuilaiSeunusiangien A38LATeY Visible and NIR short

wavelength diode array spectrometer luvioaufjusnis ﬁﬁmqmﬁﬁmﬁm 80, 90, 100, 110,

120 hag 127 TUNaIADNUIU
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nmsleneianefimeaiendeuiivinuyenuanioyFouuinamendiuse
wanaRnfivhnsin deiades Visible and NIR short wavelength diode array spectrometer i
$ruruAusEIng 600-1100 nm (nwdl 4.3 waw 4.4) wuindenidsuiivinamenuasnidenGeu
Uinaeniivierusenanainiinnisgaduaauiisiuiuedu 746 uaz975 nm lagfinl 746 nm
\Annsduaziiteuves O-H stretching %ﬁﬁ‘]umi@m%’m?{uﬁum H,0 i 760 nm (Osborne and
Fearn, 1986) uaxfiadl 975 nm AnNsduALIiouTeY O-H stretching #1 970 nmifunsgady

AAUTDY H,O Osborne and Fearn (1986)

Log(1/R)

0.5 T T T T 1
600 700 800 900 1000 1100

Wavelength (nm)

AN 4.4 anesunfsvedilaSEunUIIMIeNYRAIENANERAN AILLA38Y Visible and NIR
short wavelength diode array spectrometer luasufUmn1s ﬁﬁmqmilﬁmﬁm 80, 90, 100,

110, 120 kaz 127 TURaIADAUIY

MnmsieneiaUneiuaisvendenFeuiivinumenuanien Foutinuenii
Frenanainfivinis¥a dreia3es Longwave linear variable filter spectrometer #iA711817
AALTENIN 1100-2500 nm (awidl 4.5 uay 4.6) wuiniloyiFeuiuinumen wasiden3oud
Unamyenivieriusewanaiin iansgaduaduisiuiundy 1439uax1875 nm lnefiadl 1439

nm A sduaziiouas O-H stretching Falun1sgaduaiuves H,O 1 1450 nm (Osborne
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and Fearn, 1986) wazfinf 1875 nm iinn1sduasiiiounes O-H stretching + 2 x C-O

stretching‘ﬁ 1900 nmLﬂlJﬂ’l'ﬁ@ﬂ%’Uﬂﬁuﬁuaﬂ starch (Osborne and Fearn, 1986)

1.8 7

80  eeeeeeees 9) W mm——- 100 1875

1.6 1

1.4 1

1.2 1

1 A1

0.8 1

Log(1/R)

0.6 1

0.4 A

0.2 1

0 T T T T T T T T T 1

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

Wavelength (nm)

AN 4.5 anesulafevaalleiseuiuInmnen Mein3ed Longwave linear variable filter
spectrometer Tuasufjifinis Aflergnistiusien 80, 90, 100, 110, 120 uaz 127 Jundinen

VU
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1.8 7
1.6 1
1.4 1
1.2 1

1 A

0.8 1

Log(1/R)

0.6 1

0.4 1

0.2 1

0 T T T T T T T T T 1

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
Wavelength (nm)

a ) a ) ' & a A a A v v a v =
AINN 4.6 aLUﬂWiNLQaﬁJGU@\Wn@EJ'NLu@‘VJLiEJUVl‘UiL'JmWUL@ﬂ‘V]W@‘VJﬂJ@I'ﬂUWﬁWﬁ@ﬂ PIYLAIDN
Longwave linear variable filter spectrometer luvias UfuRn13 ﬁﬁmqmﬂﬁmﬁm 80, 90,

100, 110, 120 wag 127 JUNaIRaNUIU

4.3 YayananAINHTINLUUINGDY

AvsaRAesldasuudnassvinuelaglyls Partial Least Squares Regression
LABLEAITILIUAIBENN (N) A1LRRE (mean) Agdn (max) AMIEA (min) wazAdulssuy

UINTFIU (SD) KARIFAINNT199 4.5

M13199 4.5 Yoyanwaianlyairanuuinasmelusingy OPUS uaglusunsy Unscrambler X

Calibration set Prediction set Unknown

No. Max Min Mean SD No. | Max Min Mean SD No. | Max Min Mean | SD

DM (%) 76 56.18 8.96 29.10 11.10 73 51.22 8.98 28.82 11.35 60 | 42.24 8.38 29.32 | 11.40

SS (%) 75 13.10 3.00 5063 274 74 12.90 3.00 595 2.44 60 11.50 3.60 5.96 1.74

L* 75 90.39 75.10 85.58 3.01 74 89.88 76.49 85.65 2.81 60 76.72 50.79 | 56.03 3.17

a* 75 3.56 -1.22 0.47 1.02 74 3.00 -1.20 0.47 1.11 60 1.71 -0.42 0.43 0.58

b* A 49.33 11.35 32.99 8.07 75 47.40 13.78 33.31 8.08 60 29.12 7.62 19.35 5.61

AF 75 14.73 0.09 3.75 4.04 74 12.33 0.18 3.23 3.25 60 14.39 0.25 4.36 3.98
(N/mm)

APF (N) 74 34.69 0.34 11.33 10.39 75 33.60 0.75 11.48 10.23 60 41.13 0.70 15.65 | 12.33

PE 74 219.71 0.02 60.59 67.34 75 205.74 0.04 55.70 62.04 60 | 22822 0.00 7219 | 71.02

(N.mm)

RF (N) 75 42.13 0.15 14.66 12.67 4 37.03 1.14 14.32 11.93 60 48.15 1.35 19.11 | 14.38

T 75 198.15 0.16 36.06 36.34 74 187.32 3.81 37.82 34.88 60 | 250.14 3.35 57.75 | 59.94

(N.mm)
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4.4 ASIATIZATIUTUI NANISVIUIYVDILUUINEDY PLS

4.4.1 LUUINAUTIUSUI0 tievinunee 8 USUnaiaawite Usunuveaudananua

avaneinlanaviiledula Ingldanasunlaain FT-NIR Spectrometer Tuviosufusnis

A1599 4.6 wan15VLEAT HANSTIWIEAT 3 (L* a* uaz b¥) USunauaausis (OM) USuna
voiudafiazansld (SS) wazan Average force (AF), Average penetrating force (APF),
Penetrating energy (PE), Rupture force (RF) Wag Toughness (T) fruuuUsIaefiadieiaeg

awnesuiilanseuusiaumen meaunniuaineses FT-NIR Spectrometer luesUfjuans

PLS - Calibration Prediction
Parameter Pre-processing Wavenumber Range (cm™)

Factor | g | RMSEE | 2 | RMSEP | RPD | Bias
L constant offset elimination 9403.8-7498.3 2 0.52 296 0.11 2.65 1.06 0.07
a* no spectral data preprocessing 9403.8-7498.3 2 0.16 0.95 | 0.30 0.93 1.20 0.01
b* first derivative+vector normalization (SNV) 5778-5446.3 4 0.57 539 | 0.65 477 | 172 0.83
DM First derivatives + MSC 8454.9-7498.3 6102-5446.3 4605.4-4242.9 8 0.90 3.62 0.89 3.60 3.27 -0.98
S5 First derivatives +vector normalization (SNV) | 6102-5770.3 3 0.43 2.08 | 0.55 1.63 151 | -0.22
AF first derivative+vector normalization (SNV) 9403.8-7498.3 3 0.57 246 | 0.58 237 | 156 0.40
APF straight line subtraction 9403.8-6094.3 10 0.77 503 | 0.73 553 | 1.95 1.00
PE first derivative+MSC 7506-5446.3 4605.4-4242.9 6 057 | 4330 | 058 4260 | 154 | -1.24
RF min-max normalization 9403.8-7498.3 6102-5446.3 4605.4-4242.9 9 0.78 6.06 0.74 6.15 1.96 0.07
T multiplicative scattering correction 9403.8-7498.3 4605.4-4242.9 2 0.35 30.10 0.43 25.80 1.33 0.54

NanseA (L* a* wag b*) USunamaausie (OM) Usinameudsfiazansls (SS) uaz
A1 Average force (AF), Average penetrating force (APF), Penetrating energy (PE), Rupture
force (RF) wag Toughness (T) fhouuushassiiasisssaiunasuidonFouuinamen de
awnasuanedes FT-NIR Spectrometer uansisns1efl 4.6 Luudaesiiien R? gagauesnns
¥une Ao DM Tnefinsdamsanasindesdunuv first derivative + MSC i R? wosuuusiaes
WINAU 0.90, RMSEE AU 3.62% @3unisyinungliie r? winnu 0.89, RMSEP winiu 3.60%, RPD
Wity 3.27 waw bias Wiy -0.98% wawdledudafiafiandie RF lasfinsdanisanaudes
FULUU min-max normalization A1 R? U9uUUI1a8yINAY 0.78, RMSEE AU 6.06% dau

Msyiunelyan 2 windu 0.74, RMSEP winfiu 6.15%, RPD Winiu 1.96 way bias windu 0.07%




56

lagAn r? 985 0.83-0.90 way 0.66-0.81 ldeanusednszidlunsussgndlddulveg sauds
M3y waglddmsunisAniden (WUNgu) wagnsussanamagameus (Williams, 2007) RPD
9g5e1I 1.3-4.9 uaw 0.0-2.3 N5 MsUszendld aunsadniden (Wusngw) ba wae lauuginlv
Uszendld (Williams, 2007) wanmsvhueUinamesdaimuediozanedild (s5) Idnailsd

wsziiavesiaalivsngluanesufunsediaves HO  leusadsiiavasuinialy A

WUsedndnIiansangagn (Maximum coefficient of determination) R, = 0.935 Usuen

ANUBIUEIVBINITIN (SS)

A19199 4.7 Han1siunean (L a* way b*) USuiusniausis (OM) Usinuvesudanazaiela (SS)
wazA" Average force (AF), Average penetrating force (APF), Penetrating energy (PE), Rupture
force (RF) wag Toughness (T) MmguuuTaefiassnlgalnasulionseuusnamenivievy

MENaIERN feanasuAINLATas FT-NIR Spectrometer luniaaufjifng

PLS- Calibration Prediction
Parameter Pre-processing Wavenumber Range (cm™)

Factor R? RMSEE r? RMSEP | RPD Bias

L* no spectral data preprocessing 9403.8-7498.3 2 0.12 285 | 0.14 261 | 1.08 | 0.09
a* no spectral data preprocessing 4605.4-4242.9 % 0.28 0.90 | 0.36 0.89 127 | -0.14
b* vector normalization (SNV) 8454.9-7498.3 6102-5446.3 2 0.51 5.68 | 054 5.49 1.48 0.50
DM multiplicative scattering correction 9403.8-5446.3 6 0.86 432 | 083 460 [ 242 | -0.22
SS second derivative 9403.8-5446.3 5 0.35 233 | 0.36 1.88 | 1.26 | -0.28
AF no spectral data preprocessing 8454.9-7498.3 4605.4-4242.9 a4 0.38 3.24 | 0.56 216 | 151 | 007
APF First derivatives 9403.8-5446.8 4605.4-4242.9 > 0.54 7.17 | 049 728 | 143 | 131
PE straight line subtraction 7506-4597.7 4 0.44 51.50 | 0.48 4460 | 139 | 3.58
RF straight line subtraction 7506-4597.7 3 0.48 9.30 | 0.54 8.06 | 150 1.19
T second derivative 9403.8-7498.3 4605.4-4242.9 5 0.28 31.60 0.39 27.30 1.29 2.61

NaNISTUIEAT (LX a* wag bY) USinauanautia (OM) Usunauweswdefiazaneld (SS) waz
A1 Average force (AF), Average penetrating force (APF), Penetrating energy (PE), Rupture
force (RF) uaz Toughness (T) Msnuudaesiiadsseanasudendsuuinumeniivorty
fhewanafin seanasuaInedes FT-NIR Spectrometer wandsannsnefl 4.7 wuusiaesfiien
R? gaanvesmsvhune Ao DM Iaefintsdnnisanadudesiunu first derivative + MSC did
R? 999WUUIIRBLMNAU 0.86, RMSEE AU 4.32% @un1svinunglian r? windu 0.83, RMSEP

Winfiu 4.60%, RPD Wiy 2.42 uae bias i1y -0.22% lagan r? agsening 0.83-0.90 Tdieai
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sednsrTalunsuseyndlddilng s1udanside (Williams, 2007) uag RPD 8g5ening 2.4-3.0 N3

Uszgnald Andenuuanguuiuunenus (Williams, 2007)

4.4.2 wuUS1aouBaUsunn Wevuiee (L* a* uas b*) USunamnauis (DM) Usuna
vosudafiazansld (SS) wazan Average force (AF), Average penetrating force (APF),
Penetrating energy (PE), Rupture force (RF) wag Toughness (T) Tngldaunnsuiiladann isible

and NIR short wavelength diode array spectrometer luasUjUmn1s

M131991 4.8 HANTVINUIEAT & L* war a* mgluudtassfiaiemsaiuna suileonissunusiiny
N AsalunasuaINLA3ed Visible and NIR short wavelength diode array spectrometer 1

WosUURAN3

PLS - Calibration Prediction

Pre-processing
Factor | R®> |RMSEE| R? |RMSEP| RPD | Bias

lof* 2 0.07 2.84 0.06 Y% 2.74 |1 -0.219
a* 4 0.27 0.91 0.19 0.97 0.97 | -0.051

pansvunean & L way a* meuuusaesiiaiadeanaudonFeuivinugen
feanasuannia3en Visible and NIR short wavelength diode array spectrometer LL&@n331n
m37 4.8 uanawan sviueesrnd (Luay a®) auiuldiuuuiiaedlianmnsavinnead (Lx
war 2% 1¢ flesnn wuudiaesiifidn 2 dndn 0.25 A (L war a®) liawnsoldlu NIR

calibration (Williams, 2007)
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a o o 1 ° ) o & = a a 1
A199N 4.9 Nan1TIUIYA @ b* GTJEJLL‘U‘UQ’]@EJ\‘}‘VI?{TNGYJEJﬁL‘lJﬂG]iiJLUEJVJLiEJuVIUiL’Jm‘I{‘\IJL’e]ﬂ 20K
alnniuanne3ee Visible and NIR short wavelength diode array spectrometer lu

WosUURAN3

PLS- Calibration Prediction

Pre-processing
Factor | R* |RMSEE| r* |RMSEP | RPD | Bias

Raw 4 0.50 5.74 0.58 5.08 512 | 0.09
Mean 3 0.49 581 0.59 5.02 5.06 | -0.01
Max 3 0.47 593 0.58 5.08 511 | 0.02
Range 5 0.47 5.92 0.62 4.85 4.88 | 0.06
1st5pts ) 0.52 5.64 0.60 497 500 | -0.19
Istllpts 3 0.50 R ¢ 0.61 4.93 496 | -0.04
1st21pts 3 0.50 5etd 0.61 491 494 | 0.03

2nd5pts 1 0.08 7.81 NA 7.96 8.00 | -0.48

2nd11pts 6 0.51 5.69 0.42 6.00 6.01 | -0.56
2nd21pts 3 0.40 | 6.13 | 042 | 5099 6.03 | -0.13
Baseline 3 0.51 5.69 0.62 4.86 491 | 0.19

SNV 2 0.37 6.47 0.55 5.27 5.31 0.01
SNV+Det 6 0.43 6.17 0.44 5.86 590 | -0.22
Detrend a4 0.41 6.26 0.44 5.89 592 | -0.23

MSC 1 0.30 6.81 0.49 5.62 5.70 0.38

wamsviunedn 3 b* feuuuiaesdiaidsanniudoySouiivinugen e
anesuaine3es Visible and NIR short wavelength diode array spectrometer L&ni3nN
p1319 4.9 uuuaesiifidn R? gegavesmsiune Taedinisansanasidesiuuuy range-
normalization fA1 R? W89UUTI@0WYIAU 0.47, RMSEE Windu 5.92 % d@unisvinungliian r?
WINAU 0.62, RMSEP winfiU 4.87 %, RPD WinAu 4.88 wa bias winnu 0.06 % laglyian r2 sewing
0.50-0.64 wansinuudrasaduliladmsunmsdnidenagraenue (Williams, 2007) wag RPD

agT¥ning 3.1-4.9. Msussynalddnion (wusngu) 1a (Williams, 2007)
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a ° ! a v Y ° A v v o & a a
M1319% 4.10 HAN1SVIUNEAT USHIaIania (DM) mewuudnaesiiasismeannsuieysoul
Ushaen  mealunesueniaIes Visble and NIR short wavelength diode array

spectrometer Tunaslfufn1g

PLS- Calibration Prediction
Pre-processing

Factor | R* |RMSEE| r* |RMSEP| RPD | Bias
Raw a4 0.75 | 559 | 0.75 | 551 6.18 | 1.57
Mean a 0.74 | 571 0.76 | 537 | 573 | 1.08
Max 3 0.72 | 598 | 0.74 | 5.63 6.22 | 1.47
Range 3 0.65 | 6.70 | 0.64 | 6.59 7.03 | 1.35
1st5pts 3 D). 78 Pgb=3€ =—0:[0=t+ 6.03 6.36 | 0.98
Istllpts 3 0.77 | 546 | 0.72 | 5.80 6.17 | 1.14
1st21pts 3 0. 76 el /T LT | Qonl 6.17 | 1.28
2nd5pts 3 0026 g, Bl NA 11.10 | 11.14 | -0.88
2nd11pts 6 @:72 \\N5o, (70m6 8.11 8.15 | -0.47
2nd21pts 7 Bxe \\b.55 [1 7067 6.36 6.56 | 0.81
Baseline 3 B8\ A5 S | JEID| %6 6.06 | 1.33
SNV 2 0.61 7.03 | 0.63 6.68 7.44 | 1.82
SNV+Det 8 0.71 6.04 | 0.60 | 7.00 7.12 | 0.57
Detrend 5 0.65 | 6.67 | 047 8.02 | 8.04 | -0.68
MSC 2 =80 |I® (¥25¢ Y 0.57 7.23 792 | 181

pamsviunea1  Wwasnawds (M) éewuusieesiiadsialnadudendoud
U%Limijaﬂ feaUnmsuaine3es Visble and NIR short wavelength diode array
spectrometer LAAIINAITIT 4.10 wuusIaesfifldn R gegavaensvinung laedinsdanis
anasudosiunuy Baseline fifn R? vaauuusaoaviifu 0.76, RMSEE Wiy 5.56 % daunns
yuglsan 2 winnu 0.75, RMSEP Winiu 5.56 %, RPD wWiniu 6.06 wag bias Winnu 1.33 % lag
1A 12 senine 0.66-0.81 wansiwuudnasaduldladmsunsAndaniaznisusyanaaiagna
we1ueq  (Williams, 2007) wag RPD egsenine 5.0-6.4 nmsUssendld ldarunuamninla

(Williams, 2007)
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= o A % & = S vy 1% ° A v v
M54 4.11 wansyhwgaUTaewlvimuniazateulla (SS) feuuuInaesiaswiig
awnafuileniseunusnugen meaunaiuaineIes Visible and NIR short wavelength

diode array spectrometer Tuviaaufjusinis

PLS- Calibration Prediction

Pre-processing
Factor | R* |RMSEE| r* |RMSEP| RPD | Bias

Raw 3 0.34 212 0.44 1.96 1.97 | -0.18
Mean 3 0.36 2.08 0.43 1.97 1.98 | -0.15
Max 4 0.37 2.06 0.45 1.95 1.96 | -0.09
Range e 0.34 2.10 0.41 2.00 202 | -0.04

3 0.45 1.93 0.37 2.08 2.10 | 0.10

3 0.42 1.98 0.44 1.96 1.98 | 0.05
1st21pts 3 0.40 A oN| 0.47 il 1.92 | 0.02

2nd5pts 1 0.08 2.49 NA 2.69 271 | -0.03

1st5pts
1st1lpts

2nd11pts 6 0.50 1.83 0.25 2.26 2.29 | 0.09
2nd21pts 4 0.44 1.95 0.31 2.17 221 | 0.16
Baseline 3 0.36 2.07 0.47 1.90 1.91 | -0.07

SNV 2 0.29 2.19 0.40 2.02 2.03 | -0.13
SNV+Det 6 0.40 2.01 0.35 2.10 2.12 | 0.08
Detrend 6 0.43 L 95 0.38 2.07 2.09 | 0.07

MSC 3 0.30 e 0.37 2.08 2.09 | -0.04

nansiesUSInamewdwiaaiiazatetly (S5 feuuusiasdiiadiadie
mﬂmm%’mﬁam’%auﬁﬁnmmLaﬂ Mearnpsuanedes Visible and NIR short wavelength
diode array spectrometer LLamﬁ]’mmi’Nﬁ 4.11 Nam'ﬁﬁﬂmsﬁ’lﬂ%mmmauﬁﬁ%%mﬁazma
dle (59) mdiuldiuuusasdiimusavineruiinamswdaiomaiiazaneild (ss) 16
ilesonuuudiassilan i egsewing 0.26-049 1Hupwdiiusiiug msumgsa (Williams,

2007)
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A135197 4.12 Nan15vuIEA Average Firmness (AF) fgluudnanifiastsnlsainasuLile
MIUNUTIIUNEN AdsaUnnIuaINLATes Visible and NIR short wavelength diode array

spectrometer TunaslfuAn1g

PLS- Calibration Prediction

Pre-processing
Factor | R* | RMSEE r’ RMSEP | RPD Bias

Raw 4 0.61 2.30 0.32 3.07 0.24 | 0.56
Mean 4 0.58 2.37 0.08 3.56 392 | 091
Max 4 0.59 2.35 0.12 3.48 3.67 | 0.63
Range 4 0.57 2.40 0.09 3.54 3.66 | 0.48
3

P

3

1st5pts 0.63 226 0.00 3.71 3.93 | 0.70
Istllpts 0.61 2.28 0.07 3.58 3.80 | 0.70
1st21pts 0.60 2.31 0.10 3.52 374 | 0.70
2nd5pts 1 0.16 3.37 NA 3.83 3.86 | 0.09
2nd11pts 7 0.69 2.05 NA a.17 432 | 0.59
2nd21pts 5 0.63 M22 NA 3.87 4.13 | 0.77
Baseline 5 0.60 231 0.09 3.54 3.76 | 0.68

SNV 5 0.61 2.29 0.09 55 3.82 | 0.78
SNV+Det o 0.56 243 0.08 3.57 372 | 0.57
Detrend 4 0.59 2.33 NA 3.78 4.07 | 0.83

MSC - 0.53 251 0.07 3.57 377 | 0.65

WANSYUNBAT Average Firmness (AF) #snuusiaesiiadrsieanasudendoud
usIaLen feanasuainedes Visible and NIR short wavelength diode array
spectrometer LARIDINATTIT 412 Wansviuneen Average Firmness (AF) il
wuushaeslilanansaviiunee Average Firmness (AF) 1 iilesannuuusiansdien 12 agsening

0.26-0.49 1Juauduiusiiueg AITULUANE (Williams, 2007)
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M19199 4.13 wan13v11U18A1 Average penetrating force (APF) A8l uud1809d51908
alnasulenisunusiamen algaunaiulainia3es Visible and NIR short wavelength

diode array spectrometer lunasufuinig

PLS- Calibration Prediction
Pre-processing

Factor | R* |RMSEE| r* |RMSEP| RPD | Bias
Raw 2 0.65 | 6.70 | 0.64 | 6.25 6.46 | 0.82
Mean 3 0.54 | 7.00 | 0.47 7.56 7.64 | 0.37
Max a4 0.60 | 6.53 | 0.55 6.95 7.01 | 0.18
Range a4 057 | 6.75 | 0.61 6.52 | 6.00 | 0.41
1st5pts 3 0.63 P62 =053 7.12 | 7.17 | -0.32
Istllpts 3 0.60 | 6.46 | 0.58 6.73 6.77 | -0.27
1st21pts 3 059 | 6.58 | 0.58 6.72 | 6.76 | -0.25
2nd5pts 1 0015 8, 847 NA 11.11 | 11.18 | -0.54
2nd11pts 14 077 | 496 | 020 | 934 | 946 | 0.59
2nd21pts 5 863 \\b.25 I 7853 7.13 7.18 | 0.06
Baseline 6 0.62 | 6.30 | 0.58 6.78 6.81 | -0.50
SNV 3 0.52 | 7.09 | 0.50 734 | 739 | 0.11
SNV+Det 7 0.63 | 6.27 | 0.56 6.91 6.99 | 0.40
Detrend 4 055 | 690 | 0.57 6.86 6.90 | 0.06
MSC 3 052 | 7.13 | 0.50 7.37 7.43 | 0.25

Nan1SUIERN Average penetrating force (APF) feluustaesiiasadeanadinile
nﬁﬂuﬁu%nmijﬂ FreaUnmsuaInades Visible and NIR short wavelength diode array
spectrometer WAAIIINAITIT 4.13 wuusIaesdididn R? gegaraInIsviiung dd1 R? vas
WUUTI@RUNAY 0.65, RMSEE WAy 6.70 % d@aunsvinungliian r? windu 0.64, RMSEP winiu
6.25 %, RPD winfiu 6.46 way bias AU 0.82 % taglian 12 5e1Ing 0.50-0.64 LRI
wuudaesdululadmsunisAndensgnameus (Williams, 2007) way RPD 98g5¥1I4 5.0-6.4

nsUszendld Tdaunuamnnld (Williams, 2007)
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A1999 4.14 Nan1IVUIEAT Penetrating energy (PE) feluudnassiasismeaunniuiie
NsEUNUTIMIeN Mmeanniuainazes Visible and NIR short wavelength diode array

spectrometer Turaslfufng

PLS- Calibration Prediction

Pre-processing
Factor | R* |RMSEE| r* |RMSEP| RPD | Bias

Raw 4 0.61 | 40.65 | 0.41 | 49.87 | 51.86 | 7.44
052 | 4458 | 0.31 | 53.99 | 54.60 | 291
055 | 4352 | 0.37 | 51.54 | 53.00 | 6.18
050 | 45.61 | 0.41 | 50.17 | 5241 | 8.02

Mean 5
5
a
1st5pts 3 0.58 | 42.16 | 0.37 | 51.66 | 53.41 | 6.97
3
aq

Max

Range

1stl1pts 0.54 | 4405 | 0.40 | 50.41 | 52.23 | 7.08
1st21pts 055 | 43.62 | 0.31 | 53.85 | 5558 | 7.03
2nd5pts 1 g(15 g, b NA 67.87 | 68.08 | -5.87
2nd11pts 6 0.63 | 39.55 | 0.23 | 57.25 | 62.03 | 13.14
2nd21pts 4 0.55 | 43.19 | 0.33 | 53.38 | 55.50 | 7.94
Baseline 6 056 | 4279 | 0.39 | 50.68 | 52.15 | 6.17

SNV = 0.54 | 4387 | 0.33 | 5336 | 55.04 | 6.87
SNV+Det 4 049 | 46.16 | 0.33 | 53.30 | 53.96 | 3.24
Detrend 4 0.50 | 4558 | 0.37 | 51.28 | 52.28 | 3.95

MSC 3 0.45 | 48.09 | 0.37 | 51.57 | 5291 | 5.82

NAN1SYIIUNBAY Penetrating energy (PE) éhsjLLUUﬁwaaQﬁa%ﬁQé’waLUﬂm%’mLﬁawﬁ&mﬁ
U%Lﬁmwjl@ﬂ feaUnmsuaine3es Visble and NIR short wavelength diode array
spectrometer LAAIINANTIST 415 wanIsvuIeen Penetrating energy (PE) aziulaan
wuudaedliamnsaviunean Penetrating energy (PE) 14 wilesninuuusiassiian r DYIETNIN

0.26-0.49 1Juauduius g AITULUANE (Williams, 2007)
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M15197 4.15 HansviueAn Rupture force (RF) mekuudnaesiiaiisiealnnsuiloniseui
Ushauen  mealuneiuainiases Visible and NIR short wavelength diode array

spectrometer TunaslfuRn1g

PLS- Calibration Prediction
Pre-processing

Factor | R* |RMSEE| r* |RMSEP| RPD | Bias
Raw 3 0.67 | 7.10 | 0.48 8.89 6.68 | -2.17
Mean 5 0.60 | 7.76 | 0.49 8.81 8.86 | -0.37
Max a4 0.57 | 8.02 | 0.53 8.45 8.50 | -0.07
Range 6 0.61 7.72 | 0.72 | 10.53 | 10.52 | -1.33
1st5pts 3 0.67 | .7-10 -—0:43 934 | 9.29 | -1.39
Istllpts 3 0.64 | 7.42 | 054 | 835 8.35 | -0.93
1st21pts 3 0.61 763 /1 0.54 |18:35 8.34 | -1.04
2nd5pts 1 0(15 4], 11:34 NA 13.36 | 13.57 | -2.05
2nd11pts 6 065 | 725 | 033 | 10.13 | 10.17 | -0.77
2nd21pts 5 8.6 \\7.55 [ 7¢53 8.00 8.03 | -0.63
Baseline 6 0,637\ 7.3 | Q.50 | 8.7 8.74 | -1.28
SNV a4 0.62 | 7.56 NA 1498 | 14.82 | -2.79
SNV+Det 8 0.64 | 736 | 0.22 | 10.88 | 10.91 | -0.95
Detrend 8 0.67 | 7.03 | 042 | 9.43 9.37 | -1.54
MSC a 057 | 810 | 0.23 | 10.88 | 10.92 | -0.86

uansviuneA1 Rupture force (RF) feuvusnaesiiainsheawnedudeonSeuiiviio
Lan reaUnmsuainases Visible and NIR short wavelength diode array spectrometer
LAAIINANTIT 4.15 uuUTIaeidiAY R2 gegavesnsving Tneiinssansanndutes
FULLUU range-normalization IA1 R? U89 UUTI@DWYINAU 0.61, RMSEE WAU 7.72 % daun1s
yuglian r2 winnu 0.72, RMSEP winfiu 10.53%, RPD winnu 10.52 way bias 1Ay -1.33 %
Tnglvien 2 seming 0.66-0.81 uansiuvudasadululadmsunmsandonuaznisussuneen
g1 (Williams, 2007) wag RPD ol 8.1+ uamsiuvudrasslilimnnisuszendld

(Williams, 2007)
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M3190 4.16 HaNFYUIEA1T Toughness (T) Mmskuuaesaiameannsuiloniseun
Ushaen  mealunesuainiaIes Visble and NIR short wavelength diode array

spectrometer Tunaslfufn1g

PLS- Calibration Prediction

Pre-processing
Factor | R®* |RMSEE| R* |RMSEP| RPD | Bias

Raw 3 043 | 2630 | 0.39 | 29.67 | 29.57 | 4.17
Mean 2 033 | 2847 | 0.36 | 30.24 | 30.05 | -4.87
Max 3 036 | 27.82 | 0.38 | 29.79 | 29.55 | -5.06

KansYiueAn Toughness (T) feuuudassiiadsoannduiondouiivinamen
fheannsuanedes shortwave VIS-NIR diode array spectrometer WARIRINATSIT 4.16 na
MsvuneA Toughness (T) agwiulainuuusiasslianunsaimnegan Toughness  (T) ¢
ilesanuuudiaediien 2 egszning 0.26-0.49 Wumnuduiusiug masvmgea (Williams,

2007)

A1319% 4.17 HAN15UIEAN A L* a* war b*nguuuinassiaineiganasuiileiseunuiiou
WienfvieviuMmenaaEin MmualUnniuaINLATed Visible and NIR short wavelength diode array

spectrometer TunasUfjumAnIs

PLS- Calibration Prediction

Pre-processing
Factor R? RMSEE r? RMSEP | RPD Bias

N 2 0.09 2.81 0.11 2.66 2.69 0.084
a* 3 0.24 0.93 0.21 0.96 0.96 -0.003
b* 5 0.59 Sm e 0.55 5.29 5.66 1.09

HANTSYINUEAY d L* a* Uag b* mguuuitaesiasemiganaduilonseunusiny
leniiviaviumenaain AgalunasuaNATed Visible and NIR short wavelength diode array
spectrometer L@AIIINAISN 4.17 WARIHANISYIIUIEVDIAE (L*, a* uay b*) aziiiulain

wuudnaedldanunsaviiuiend (L*, a* war b*) Ia iesinuuudnassiilian r? ogsening 0.26-



66

0.49 fo (L* uaz a*) 1luAuduiusiug asvnvsea (Williams, 2007) uaziuudiassiiden

0.50-0.64 Ao b* wausuladmsunisAadeniuuneue (Williams, 2007)

a ° A Y ° A v v o & a A a
M1319% 4.18 NansvieAUSIIMNIaLTIMERUUTIaoWaT e anaSuLaY S EUTIUTL I
WieNvieviuMmIEnaIERn MmealUnniiaInLATed Visible and NIR short wavelength diode array

spectrometer TunaslfuAn1g

PLS- Calibration Prediction

Pre-processing
Factor R? RMSEE r? RMSEP | RPD Bias

Raw 4 0.80 5.05 0.83 4.53 4.65 0.52
3 0.82 4.85 0.85 4.26 4.35 0.38
3 0.81 4.93 0.84 4.40 4.48 0.38
Range 6 0.83 4.56 0.87 4.02 4.12 0.44
3
3
3

Mean

Max

1stb5pts 0.81 4.87 0.84 4.48 4.64 0.64
1st1lpts 0.81 491 0.84 4.43 4.58 0.60
1st21pts 0.81 4.94 0.84 4.41 a.57 0.62
2ndbpts 18 0.86 4.19 0.56 7.33 7.38 -0.19
2nd11pts T 0.81 4.94 0.77 5.26 5.28 -0.41
2nd21pts 7 0.83 4.59 0.73 2§ 5.90 0.81
Baseline 3 0.80 5.07 0.82 4.68 arr 0.40

SNV 4 0.81 4.96 0.82 4.66 4.76 0.48
SNV+Det 10 0.85 4.43 0.80 4.93 5.10 0.65
Detrend 8 0.82 478 0.75 552 5.69 0.70

MSC 4 0.79 5.13 0.84 4.46 4.52 0.32

naMsTLIEAUTINunauTI LU aesfia e nesudensuiiuinagen
ﬁﬁaﬁmﬁwwmaaﬂ freaUnmniuainia3e Visible and NIR short wavelength diode array
spectrometer 9NAN51971 4.18 wuuUs1aeiTAT R? gegnvain1viung Iagiimsdanisannniy
Josdunuy range-normalization 3A1 R? 99 UUII8891IAU 0.83, RMSEE VAU 4.56 %

daun1svinuielian 12 winfdu 0.87, RMSEP winiu 4.02%, RPD iiniu 4.12 way bias iU -
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0.44 % laglyiAn r? 5811979 0.83-0.90 wanadwuuinassldmeniusednsyislunisussyndly
daulng) s9udan1539 (Williams, 2007) wag RPD 98581119 3.1-4.9 TdAaidien (wusngu) 1a

(Williams, 2007)

A151990 4.19 Nan1sVUNEAIUSUNUYR T anLaNazatsunls (SS) MieluUINaRIas1ase
awnasuilonSeunusnamenivierumenatain  meaunnsuaineses Visible and NIR

short wavelength diode array spectrometer luiosujjUmn1s

PLS- Calibration Prediction
Pre-processing

Factor | R?® | RMSEE | r* | RMSEP | RPD Bias
Raw 2 0.36 2.05 0.45 1.94 1.95 -0.03
Mean 2 0.39 293 0.45 1.94 1.95 -0.04
Max 2 0.39 2.03 0.46 1.93 1.94 -0.02
Range 3 0.40 201 0.44 1.96 1.97 0.04
1st5pts 2 0.45 1.92 0.47 1.90 1.91 -0.12
Istllpts 2 0.42 1.98 0.45 =T 1.96 -0.07
1st21pts 3 0.43 1.96 0.48 1.88 1.90 0.03
2nd5pts 1 0.11 2.45 0.05 2.55 2.55 -0.31
2nd11pts 9 0.63 1.57 0.50 1.85 1.86 -0.16
2nd21pts il 0.49 1.85 0.40 2.02 2.03 -0.02
Baseline 3 0.42 1.98 0.44 2.00 1.97 0.02
SNV 2 0.40 2.00 0.45 1.94 1.95 0.04
SNV+Det 5 0.45 1.93 0.45 1.94 1.96 0.03
Detrend a4 0.41 2.00 0.38 2.06 2.07 0.02
MSC 2 0.40 2.01 0.45 1.94 1.96 0.03

o K a R, - Sy % ° S v v
HAMIYWIEAIA1  USinaveadaimuaiiazaneinla  (SS)  srewuudtaeniasieiie
awnesuilleniseunusnueniiierumenatain  algalnniuanaTes Visible and NIR
short wavelength diode array spectrometer Wans1nA15197 4.19 NaA1TYINTUNVBIATUTU

2 A H (% < V1 o 1 [ ! a 2 o H o
vpaudsnazareunle (SS) azulaiuwuudaesliauisayinuie AU liazangunle
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(SS) WHpINwUUINERIA ¥ a8seunine 0.50-0.64 8ausUlAF1InSUNISAREDNLUUNEIU
YU

(Williams, 2007)

A9 4.20 Wan1SYIUNBA1 Average Firmness (AF) feluuUdNaesfidsemeaunnsuiile
NSEUNUIMIeNIieiiIeNaNain  seannsuaineses  Visble and  NIR - short

wavelength diode array spectrometer Tuviaaufjusinis

PLS- Calibration Prediction
Pre-processing

Factor R? RMSEE r? RMSEP | RPD Bias
Raw 3 0.67 2.11 0.44 2,77 2.79 0.04
Mean 2 0.58 2.38 0.32 3.05 3.08 -0.03
Max 2 0.62 2.26 0.33 3.03 3.05 -0.03
Range 3 0.63 "% 0.37 2.95 2.96 -0.11
1st5pts 2 0.59 2.33 0.24 3.24 3.24 -0.41
Istllpts 3 0.61 2.28 0.33 3.04 3.06 -0.14
1st21pts 3 0.61 2.29 0.33 3.03 3.05 -0.16
2ndbpts 3 0.38 2.89 0.00 3.71 3.67 -0.66
2nd11pts a4 0.60 PRI 0.14 3.44 3.45 -0.31
2nd21pts a4 0.62 2.27 0.31 3.07 3.10 -0.05
Baseline a4 0.61 2.30 0.28 3.15 3.17 -0.13
SNV 3 0.62 2.27 0.36 297 y & 4 -0.05
SNV+Det a4 0.62 N4 0.33 3.05 3.07 -0.11
Detrend a4 0.61 2.29 0.33 3.05 3.07 -0.13
MSC 3 0.62 2.27 0.36 2.98 3.00 -0.05

HANIS¥iNUNEAY Average Firmness (AF) ouuusiaasfiadrsssanasuidenioud
Uinleniiveudionanain feaiunaiuainia3es Visible and NIR short wavelength
diode array spectrometer LLam’wﬂﬂmiNﬁ 4.20 WAAINANIIYINUIEUDIAT Average Firmness
(AF) aziiuldinwuusiaesidanunsaviunedn Average Firmness (AF) I iiesnnuuudiasadien

r” 98581319 0.26-0.49 WHumnuduiusfiue AITUUANE (Williams, 2007)
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AN 4.21 WanISVINUIEAT Average penetrating force (APF) #ReLUUd180991851997Y
awnafuileniseunusnayenivierumenatain  meanniuaineses Visible and NIR

short wavelength diode array spectrometer luasujjUmn1s

PLS- Calibration Prediction

Pre-processing
Factor | R?® | RMSEE | R* | RMSEP | RPD Bias

Raw 2 0.63 5.79 0.71 561 5.60 -0.72
Mean 2 0.58 6.64 0.65 6.20 6.24 -0.06
Max 4 0.69 5.72 0.72 5.48 547 -0.70
Range 4 0.69 5.69 0.72 554 554 -0.62
1st5pts 3 0.72 547 0.53 7.13 6.90 -1.94
1stllpts 3 0.69 5.70 0.52 7.18 7.00 -1.81
1st21pts 5 0.72 543 0.56 6.91 6.66 -2.00
2nd5pts 3 0.41 223 NA 10.46 | 1042 | -1.51

2nd11lpts 11 0.80 4.56 0.57 6.79 6.64 -1.61

2nd21pts 5 0.73 5.8b 0.58 6.77 6.59 -1.72
Baseline 8 0.75 ad 3 0.52 7.22 6.97 -2.05
SNV 3 0.65 6.04 0.61 6.47 6.40 -1.21
SNV+Det 6 0.71 5.50 0.47 7.58 7.36 -1.98
Detrend 6 Qgfe 5.37 0.54 7.06 6.89 -1.76
MSC 3 0.65 6.06 0.61 6.49 6.42 -1.20

Nan1SUIERN Average penetrating force (APF) feluustaesiiasadeanadinile
NEsuiuInenievusenaain - feaUaniuanieies  Visble and NIR  short
wavelength diode array spectrometer WARNRINANTINT 4.21 WUUSIABfiian R FNEAURINTT
e Tnefnsianisanedindesdiuuuy max-normalization e R? wssuuusiasaviiy
0.69, RMSEE iU 5.72 % a@un15vinungleian r2 winiu 0.72, RMSEP 1Ay 5.48%, RPD winfiu
5.47 uag bias WU -0.70 % laglA1 R? 2119 0.66-0.81 uansihuudnassludnsunis
AnLdN (Wianaw) wagnsuszunaAagame1us (Williams, 2007) way RPD 8g5ening 5.0-6.4

Tgauauaunwla (Williams, 2007)
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A9 4.22 Wan1SVINUIEAT Penetrating energy (PE) feluudnassiasismeaunniuiie
NSEUNUIIMIeNTIieiaIeNaNain  seannsuaineses  Visble and  NIR - short

wavelength diode array spectrometer Tuviaaufjusnis

PLS- Calibration Prediction

Pre-processing
Factor | R® | RMSEE | r* | RMSEP | RPD Bias

Raw 2 0.64 38.89 0.59 41.72 | 42.00 -0.66
0.60 41.10 0.49 46.42 | 46.63 -3.10
0.67 BY.35 0.42 49.59 | 49.92 -0.96

Mean 4
5
Range a4 0.65 38.53 0.47 ar.37 | 47.67 | -1.56
B
3
5

Max

0.64 38.87 0.52 45.13 | 4544 0.49
0.59 41.20 0.54 4417 | 44.46 -0.83
1st21pts 0.64 38.73 0.49 46.49 | 46.78 -1.59
2nd5pts i 0.20 b/ NA 65.86 | 66.23 -3.35

1st5pts
1stllpts

2nd11lpts 8 0.74 32.68 0.14 60.46 60.88 0.24
2nd21pts 6 0.69 35.94 0.37 51.71 52.04 -1.30
Baseline 6 0.63 39.38 0.51 4545 | 4576 | -0.22

SNV 5 0.64 38.93 0.46 47.76 48.09 -0.22
SNV+Det il 0.62 40.03 0.40 | 50.31 | 50.65 | -0.60
Detrend 4 0.62 40.04 0.45 48.15 48.44 -1.72

MSC 5 0.64 38.95 0.45 48.20 48.52 -0.40

NANISYINUIYAT Penetrating energy (PE) é’amwuaﬁamﬁa%ﬁqgf’maLﬂﬂm%’mﬁanL’%EJu‘ﬁ
uinleniiveudienanain Meaiunaiuainia3es Visile and NIR short wavelength
diode array spectrometer LLamﬁ]’mmi’Nﬁ 4.22 WAAIHANITYITUIEVDIAT Penetrating energy
(PE) avwiulsiuuusiaadlilaiuisariunesn Penetrating energy (PE) Lilosannuuudiaesdian

r? 9g581319 0.50-0.64 gausuladmiunsAndanuuuneius (Williams, 2007)
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M15199 4.23 MFEIUUUTIRINTVINUELLDIISIUUTIMUINAWBN AR MENAERN fUAY
Rupture force (RF) Aa8a@UnnsuaintaTeod Visible and NIR short wavelength diode array

spectrometer lag35 Partial Least Square Regression

PLS- Calibration Prediction
Pre-processing

Factor | R® | RMSEE | r* | RMSEP | RPD Bias
Raw 2 0.72 6.54 0.68 7.04 7.01 -1.06
Mean a4 0.67 7.06 0.64 7.36 7.30 -1.27
Max 5 0.72 6.45 0.63 7.50 7.42 -1.37
Range a4 0.72 6.55 0.64 7.39 7.31 -1.37
1st5pts B 0.73 6.40 0.61 7.75 7.75 -0.90
Istllpts 3 0.71 6.66 0.60 7.83 7.85 -0.79
1st21pts 3 0.70 6.74 0.59 7.95 7.96 -0.86
2nd5pts 3 0.34 10.01 0.02 1225 | 1228 | -1.22
2nd11pts 10 0.80 5.43 0.59 7.92 7.86 -1.34
2nd21pts 5 0.74 6.25 0.58 8.04 8.04 -0.91
Baseline 8 0.75 6.10 0.64 7.42 7.45 -0.48
SNV 5 0.74 6.27 0.42 9.37 9.31 -1.54
SNV+Det 5 0.72 6.49 0.37 9.82 9.76 -1.56
Detrend 6 0.74 6.31 0.58 8.01 8.02 -0.83
MSC 5 0.74 6.27 0.44 9.27 9.22 -1.49

NNTASLUUTNA8INSVIIUY Rupture Force (RF) w93 Lﬁam%uﬁu%wmwuwﬂﬁﬁaﬁm
frenanain  seawnesuatne3es Visible and NIR short wavelength diode array
spectrometer WaAsaINANT1SN 4.23 wuudiaesdisldn R2 gegaueanisviiune Taefimsdnnis
aUnpdundeadiuuuy max-normalization AN R? @esuuusiaoaviiiu 0.72, RMSEE Wiy
6.54% @run15yueliian r2 windu 0.68, RMSEP winfiu 7.04%, RPD winiu 7.01 wag bias iy
-1.06 % loglvien r? 581319 0.66-0.81 wansiwuuinaedlddmsunsanden (WUngy) uazns
Uszanaumegnamenus (Williams, 2007) uag RPD agsening 6.5-8.0 ldmupunszuiunsia

(Williams, 2007)
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a Y ° ° & a A a a1 v
M15199 4.24 N13a519WUUTIARINTTYIUIE Toughness (T) Yauiilayiseunusiiayeniivievy
pewanann  meailnnsuainaIes Visible and NIR short wavelength diode array

spectrometer 1n875 Partial Least Squares Regression

PLS- Calibration Prediction
Pre-processing

Factor | R?® | RMSEE | r* | RMSEP | RPD Bias
Raw 3 0.46 25.72 0.24 33.01 | 32.88 | -4.82
Mean 2 0.43 26.24 0.18 34.29 | 34.23 | -4.50
Max 2 0.45 25.97 0.18 34.23 | 34.18 | -4.44
Range 6 0.58 22.66 0.19 34.05 | 33.69 | -6.31
1st5pts 2 0.46 Z958 0.16 34.68 | 34.53 | -5.15
Istllpts 3 0.47 25.35 0.21 3372 | 3361 | -4.78
1st21pts 2 0.42 26.47 0.19 34.08 | 34.01 | -4.49
2nd5pts 2 0.37 27.66 NA 3799 | 3785 | -5.44
2nd11pts 3 0.47 25.48 0.01 37.73 | 37.77 | -4.08
2nd21pts 3 0.48 25\03 0.15 3496 | 34.68 | -5.98
Baseline a4 0.47 25.34 0.22 33.42 | 3342 | -3.93
SNV 5 0.53 23.89 0.09 36.09 | 3556 | -7.42
SNV+Det 6 0.54 23.70 0.17 35.84 | 3542 | -6.86
Detrend 6 0.51 24.42 0.11 35.65 | 35.28 | -6.58
MSC 5 0.53 23.78 0.06 36.70 | 36.14 | -7.65

nsadeuvusiaesnisiunedonioufivinanieniivieiudaowanadinfuan
Toughness (T) Frealnniuainiaies Visible and NIR short wavelength diode array
spectrometer WAAIAINAIIIN 4.24 ULAAINANITIUIBUBIAT Toughness (T) FzLiulédn
wuusiaesliannsariiuiea Toughness (1) 18 iesannuuusiassiian 2e1ndn 0.25

a1u1salaly NIR calibration (Williams, 2007)
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4.4.3 WUUINABNTIUTUIA WeYUIeAT & USunauaiawidwasiiladuna tngly

awnasuilaan Longwave linear variable filter spectrometer luasufufnis

M13197 4.25 HaNSYIUEAT & (L) uag (%) menuudnaesfiasimeaiuna Suileyiseuiusinm

Wan fgaNATUINLATES Longwave linear variable filter spectrometer TuasUfumnTs

PLS- Calibration Prediction

Pre-processing
Factor R? RMSEE R? RMSEP RPD Bias

L* 5 0.13 2.75 0.02 2.79 2.81 0.019
a* 4 0.27 0.91 0.24 0.94 0.937 | -0.091

HaN3YiwgAn & (L*) uax (@) meuuuiiaesiainimeaiunniuileniseunuiiiumnien
AeaUnnILAINLATEY Longwave linear variable filter spectrometer LaAA1NAITNN 4.25 W@
msvihwgen & (L% wag (@) agiiuiwuudiaeshiaunsavinean & (L) wag %) 16 1flesan

WUUSaesiisian 12 inan 0.25 Ae (L* wag a*) laaunsaldlu NIR calibration (Williams, 2007)
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a ° oA v ° A oy v o & = A a
M99 4.26 Wan1sMuUeAl @ (b¥) (’TJEJLLUUQW@@Q‘W&iWQ@?HﬁL‘Uﬂ@iNLu@nLﬁﬂu%UﬁL?mWﬂL@ﬂ

MEaUnasuaINLATRY Longwave linear variable filter spectrometer Tuviosujjuanis

PLS- Calibration Prediction
Pre-processing

Factor R? RMSEE r? RMSEP | RPD Bias
Raw 6 0.57 5.31 0.63 4.80 4.94 0.57
Mean 5 0.56 5.42 0.66 4.60 4.63 -0.07
Max 8 0.59 5.24 0.54 5.33 5.35 -0.46
Range 8 0.58 5.25 0.50 5.58 5.59 -0.54
1st5pts 11 0.71 4.35 0.48 5.67 573 0.34
1stllpts 8 0.64 4.87 0.54 5.36 5.40 -0.15
1st21pts 9 0.64 4.86 0.57 5.15 S 0 0.52
2ndb5pts 12 0.77 3.92 0.17 7.18 7.30 0.58
2nd11pts 13 0.78 3.78 0.28 6.66 7.04 1.23
2nd21pts 8 0.61 5.08 0.63 a.77 a.79 -0.15
Baseline 11 0.66 a.72 0.46 5.80 5.84 -0.02
SNV 8 0.60 5.17 0.54 5.36 5.37 -0.59
SNV+Det 7 0.58 5.26 0.52 5.43 5.42 -0.67
Detrend 10 0.66 a.72 0.55 5.28 5.36 0.40
MSC 7 0.60 5.17 0.53 5.37 5.37 -0.59

uamaiuee 3 (0% feuuuaesiiaiudsanaimdonFeuiivinumen fe
mﬂm%’u%‘mm%‘laﬂl_ongwave linear variable filter spectrometer WARRINANT T 4.26
wusnesiiien  R? - gaevesmsviiung  Tesfimsdansanasidosiuiuy mean-
normalization #A1 R? ¥@4hUUIRBANIAY 0.56, RMSEE Wiy 5.42% dunisvinunelvan r?
WU 0.66, RMSEP iU 4.60%, RPD wi1fiu 4.63 wae bias i1y -0.07% laglvidn r? sgming
0.66-0.81 uanvimwuudnaedlddmiumsdadon  (Wangu)  wazn1sUsEINMARE1aIETUY

(Williams, 2007) kg RPD agsening 3.1-4.9 Tddadan (Wusnga) e (Williams, 2007)
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M1319% 4.27 Nan13vIugAIUTINIaLA (DM) Meuwuudiassiasisigannsuiiieniseun

U%L’Jm‘vyjl,aﬂ AUAUNATLAINATEY Longwave linear variable filter spectrometer Tu

WosUURANT3
PLS- Calibration Prediction
Pre-processing
Factor R | RMSEE r? RMSEP | RPD Bias
Raw 6 0.84 4.50 0.84 4.35 4.38 -0.22
Mean 5 0.85 4.36 0.86 4.15 4.15 -0.47
Max 5 0.82 4.79 0.81 4.87 4.89 -0.38
Range 5 0.82 4.80 0.80 4.91 4.93 -0.38
1st5pts 6 0.86 4.29 0.83 4.52 4.55 -0.17
1stllpts 6 0.85 4.34 0.84 4.48 4.51 -0.24
1st21pts 4 0.83 4.59 0.82 4.68 4.69 -0.47
2nd5pts 6 0.86 4.29 0.82 4.64 4.66 -0.35
2nd11pts 5 0.84 4.54 0.81 4.85 4.88 -0.02
2nd21pts a 0.84 4.56 0.79 5.03 5.05 -0.39
Baseline 8 0.86 4.20 0.84 4.44 4.47 -0.01
SNV 5 0.84 4.54 0.83 4.59 4.57 -0.64
SNV+Det 4 0.84 4.53 0.82 4.71 4.70 -0.58
Detrend 6 0.85 4.35 0.81 4.83 4.86 -0.19
MSC 7 0.87 4.13 0.85 4.29 4.31 -0.33

pan1svuIeAUTIIAaLRs (OM) fsnuusassfiadsdaeaine fudondoud
USLIaILeN svanniuaniAIes Longwave linear variable filter spectrometer wef431n
P13 4.27 wuudiaesiifien R geaavesnisvie Tnedinsdantsannsudesiuiuy MsC
A1 R? 9094UUTN@0wIAY 0.87, RMSEE 1Wifu 4.13% dvunisviunglian r? wiafiu 0.85,
RMSEP winfiu 4.29%, RPD winfU 4.31 wag bias #nAu -0.33 % lagliie r2 581319 0.83-0.90
wansdwuuaesldmennusydnseTalunsussynalddiulng s1udnside (Williams, 2007)

wag RPD ag5ening 3.1-4.9 lddniden (wdangu) Ia (Williams, 2007)
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= o A 7] = S vy v ° S v v
M13199 4.28 HansvingAUSIAesdiIInazaenld (SS) Meuuuiaasiiaiiesig
andnafuiloniSeunusiayien siealnniuaniATes Longwave linear variable filter

spectrometer TunaslfuAn1g

PLS- Calibration Prediction

Pre-processing
Factor R | RMSEE r? RMSEP | RPD Bias

Raw 11 0.59 1.67 0.51 1.84 1.85 -0.11
Mean °) 0.56 1.71 0.51 1.83 1.84 -0.10
Max 10 0.58 1.69 0.54 1.78 1.78 -0.11
Range 10 0.58 1.69 0.54 177 1.78 -0.12
1st5pts % 0.59 1.66 0.49 1.87 1.88 -0.07
1st1lpts 9 0.58 ING¥ 0.45 1.94 1.94 -0.17
1st21pts 8 0.52 1.80 0.52 1.81 1.82 -0.06
2nd5pts 6 0.50 1.84 0.53 1.79 1.80 -0.06
2nd11lpts 8 0.56 1.71 0.51 1.84 1.85 -0.01
2nd21pts 8 0.56 1.72 0.47 1.91 1.92 -0.07

Baseline 11 0.59 1.67 0.51 1.83 1.83 -0.12

SNV 9 0.56 2 0.49 1.87 1.88 -0.13
SNV+Det 9 0.58 1.67 0.54 1.78 1.79 -0.12
Detrend 9 0.59 1.67 0.52 1.81 1.82 -0.10

MSC 9 0.57 1.70 0.52 1.81 1.82 -0.08
Nﬁﬂ’]iﬁ'm']ﬂﬁ’]ﬂ%ﬂ’]ﬁu%@ﬂLL%QﬁgﬂﬁmﬂﬁazaﬂﬁJﬁﬂﬁ (SS) ﬁ?ﬂLLUUﬁTWﬁ@\‘iﬁﬁ%’Nﬁ’w

awnesuilleniseunusuumen  meaUnasunATes Longwave linear variable filter
spectrometer 91NANSNT 4.28 waRINANIYWIRATUTINMUBMTMILATiazaeula (SS) 61
Wesnnuuudiaesnden  r? egsening 0.50-0.64  geusuladmiunisAnidenuuuneug

(Williams, 2007)
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M99 4.29 wan15iuneA1 Average force (AF), Average penetrating force (APF),
Penetrating energy (PE), Rupture force (RF) Wway Toughness (T) A8luUdIa0Na519678
awWnasuilonseunuinamen  meaUnasuaIneIes Longwave linear variable filter

spectrometer TuvasUfuAng

PLS- Calibration Prediction
Parameters

Factor R? RMSEE r? RMSEP | RPD Bias

AF 5 0.42 2.79 0.45 2.76 1.16 0.22
APF 5 0.57 6.72 0.53 7.10 1.43 -0.59

PE 5 0.44 48.48 0.41 50.09 1.18 8.14

RF 20 0.76 6.03 0.43 9.34 1.27 -0.57

T 4 0.45 25.74 0.32 31.28 1.14 -7.91

nansyineAdoduld Average force (AF), Average penetrating force (APF),
Penetrating energy (PE), Rupture force (RF) e Toughness (T) frauuusiaesfiadiadg
aLUﬂm%JﬂJLﬁfaﬁqﬁﬂuﬁU%L’mevLaﬂ Freanasuanedes Longwave linear variable filter
spectrometer NI 8.29  udnWan s e doduda Average force (AF), Average
penetrating force (APF), Penetrating energy (PE), Rupture force (RF) uag Toughness (T) %
Winluwuustaeslianunsaviuneen Average force (AF), Average penetrating force (APF),
Penetrating energy (PE), Rupture force (RF) wag Toughness (T) 141 \losannuuudiassdien r2
agjizij 0.26-0.49 Average force (AF), Penetrating energy (PE), Rupture force (RF) way
Toughness (T) Dumuduusiig AISULUANG (Williams, 2007) WazuwuUSaeidlan 12 o8
38718 0.50-0.64 AD Average penetrating force (APF) sausuladnsunisAnaaniuuneue

(Williams, 2007)
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A5 4.30 mamsuean @ (L%, a* wazb®) USunamnausis (DM) Usinawosudeimuai
zanethle (SS) wazen Average force (AF), Average penetrating force (APF), Penetrating
energy (PE), Rupture force (RF) uag Toughness (T) 51".;EJLLUUR‘]’WaaQﬁa%ﬂqﬁaaamﬂm%’uLﬁawﬁau
ﬁu%nmmaﬂﬁﬁaﬁjuﬁwwmaaﬂ feanasuanedes Longwave linear variable filter

spectrometer TunasUfiumAnIs

PLS- Calibration Prediction
Parameters

Factor R? RMSEE R? RMSEP | RPD Bias

L* 5 0.20 2.63 NA 2.99 3.01 -0.01
a* aq 0.25 0.92 NA 1.12 1.12 -0.06
b* 8 0.52 5.65 0.19 7.06 7.34 1.06
DM 14 0.71 6.10 0.54 7.52 7.71 0.85
SS 11 0.39 2.03 0.20 2.34 2.35 -0.03
AF 6 0.43 2.76 0.09 3.54 3.56 -0.09
APF 7 0.41 7.87 0.31 8.65 9.50 2.18
PE 5 0.42 49.30 0.00 64.96 | 64.90 -7.98
RF 10 0.53 8.47 0.14 11.47 | 11.78 1.33
T 13 0.48 25.07 0.17 34.56 | 34.16 -6.53

NaNSYIUNEAT & (L*, a* wagb®) USunaunausia (DM) USunaveuwdaianiniiazaieiii
17 (SS) wazAn Average force (AF), Average penetrating force (APF), Penetrating energy (PE),
Rupture force (RF) wag Toughness (T) Argluudiaenastmeaidnasuilenisouiiuiianmen

v Y a

ﬁﬁaﬂqumawmam feanaiuainiaTes Longwave linear variable filter spectrometer 310
M5197 430 uARINANSTWEA @ (L%, a* wasb®) USinannauis (OM) Usinasmesud i
ﬁazmaﬁjﬂé’ (SS) age1 Average force (AF), Average penetrating force (APF), Penetrating
energy (PE), Rupture force (RF) uaz Toughness (T) aztiiuinuuuinasslaasnsaviuneand (L%,
a* wazb®) Usunannauds (OM) Usinamesudaraniiazanetiild (5S) uazen Average force
(AF), Average penetrating force (APF), Penetrating energy (PE), Rupture force (RF) wag

Toughness (T) ¢ 1ilpsanuuudiassdian r2énin 0.25 e (L*, a* wag b*) USunauweaudeyiavn
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flazanetild (SS) wa A Average force (AF), Penetrating energy (PE), Rupture force (RF) wa
Toughness (T) Humnudunusiiueg AITULUANE (Williams, 2007) LUUSaDeiden DEYITNING
0.26-0.49 Average penetrating force (APF), Humnuduiusiiug AISULUANG (Williams, 2007)

WazLUUIa0INNeAT r? 0.50-0.64 USunasnawi (DM) seusuladmsunisandeniuuneue

(Williams, 2007)
4.4.4 NSILUUI1aDIA08 19U UALANIASIZTUSUNLNaLAT (DM) Auspenaly

nsmaaeaiievhureyiinasnauts (OM) veadleyFeuinamenduiegidlvl nsld
Rifesdursusnanlnsalnd Ihdenldirsoiifimadiawnndnaiufie 1) FT-NIR Spectrometer
2) shortwave VIS-NIR diode array spectrometer wag 3) Longwave linear variable filter
spectrometer  dniuaununSeuseioulafiunndnstude  Aidenden  uarfidenZeu

a a' a salaa | a
WAENN M990 4.39 ﬂ?ﬂmaﬂqiqLﬂiqgﬁV]@Wq@GU@QLW]aSLVlﬂUﬂ

M13199 4.31 auAINTIATIERUsILIauLe (DM) vesiiegdlilaglduuudiaeniiign

Model types | Samples | | r | RMSEP (%) Bias (%) | SEP (%) = RPD
FT-NIR fiidiovi3oy | 260 [ Joss 094 ) aoe [TTs (7398~ | 290
FT-NIR lifon3surunanatin 60 | 085|092 | as9 | 105 | 439 | 261
Shortwave il 3oy I 60 | 071 | 084 | 736 | 186 7.15 | 159

| |

NANERN , ‘

86 | 6.98 ‘ 3.87 9.71 ‘ 1.17

Longwave ﬁLﬁEJVJL%‘EJu 60 74
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AR 4.7 M3UTeuiigulSiaIIanis (OM) Wemissuiusnuyen mihuelagisiles

dunsnsaaninsalnUannia3as FT-NIR Spectrometer fiuigensdevasynsiiogaing

Al 4.7 uag 4.10 wansanUTeudisuUSinuanauis (OM) WeyiSeufiusmen
funesanndeyaainndufiaunuseleies FT-NIR Spectrometer fuisensdauasyasaoelvsl
dmsuitlenFounasilon3ouiivorusenatain mugidu mnradindnui msldiaies FT-
NIR  Spectrometer aunuiieondeulnensdliuafininaunusumanaindu  usegslsiia
anssnuzMEYesNsaunuTsaessuu ity uazannsndenldlinuaumanzaunes
nsUsegnaltauai Yonani wafiuanssenaniaenadosunsAnEves (Williams, 2007)

Falainandi anduuszansnisandula (R?) Aaust 0.83-0.90 awnsaldlalugaainnssusing 9
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AW 4.8 Regression coefficient plot ¥8aLUUTIABIUTUUNIAUIG (DM) LTBVISEUNUSIMY

on AviuelaedsidesdunsusaanlnsalnUanniases FT-NIR Spectrometer

Al 4.8 Regression coefficient plot wamin1sduaziflouvesiusyiifinasanis
yuneiinasnauis (OM) veudendeuiivinuwen lneTRidesdurlsisaaninsalndan
1A389 FT-NIR Spectrometer aziiuldiniiafigefigaie 5446 cm™ (1836 nm) Tseglndifsaiu
cellulose Msduazifiouvos O-H stretching + 2 x C-O stretching (1820 nm) (Osborne and
Fearn, 1986) lumsviung DM weadlenFey uenaniiiimsdunsifiowvesnsalusiu CH, éun
5808 e wag 5662 et (1722 nm Wag 1766 nm) soglndiyu 1725 nm wag 1765 nm C-H
stretching first overtone (Osborne and Fearn, 1986) Al 4.9 wanans X-loading weight
plot vowvusnedlutlondou Avwunelaeisidesdursenaninsalnlainedos FT-NIR
Spectrometer Fanafiléian X-loading weight R FapN3971 4.33 FauananisduazTiouveaiusy
fifasionsvinuneUTinasnawi (OM) nuiiikounsgaduadud 5492 cm® (1818 nm) uans
A1 X-loading weight gegnfa PLS factor 2 uag PLS factor 3 InalAesiu cellulose Fadunis
Fuaviiou O-H stretching + 2 x C-0O stretching (1820 nm) (Osborne and Fearn, 1986) X-
loading weight gsdusudl 2 nudiuaun1sgeduAaul 5901 cm (1695 nm) e PLS factor 1
Tndesiu CH, Sadunsduasiiion C-H stretching first overtone (1695 nm) (Osborne and

Fearn, 1986)
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AN 4.9 X-loading weight plot YakuUTIABIUTUUIIALS (DM) WeviSeunusinmen

Munelaeididlusdunssaaidninsalntainia3es FT-NIR Spectrometer

= Y - 9 o ' o a o a
M19199 4.32 MsduaAziiouveusEiNasaN1TINUILUTINMAWA (DM) 715841910
Regression coefficient 71fNa3v9uUTIRBIUTUUINAN (DM) Youiilonisaunusianmien

AvuslaeIsilesdunsusnauninsalnlainiasas FT-NIR Spectrometer

Wavenumber (cm ™) Wavelength (nm) Wavelength (nm) Bond
referred from vibration/structure
reference
5446 1836 1820 O-H stretching + 2 x
c-O0

stretching/cellulose

5808 1722 1725 C-H stretching first
overtone/CH,
5662 1766 1765 C-H stretching first

overtone/CH,
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A1519% 4.33 NSAUALIBUVDINUTENLNARDNITVIUIEUSUIULIAWAY (DM) NR15N910 X-

loading weight 7ilAngavaduuTI@RIUTINUINAWAY (DM) LeiSeutusiaugen Nviunelag

Willvsdunswsaaninsalntainia3es FT-NIR Spectrometer.

Wavenumber Wavelength (nm) PLS factor Wavelength (nm) Bond
(em™) referred from vibration/structure
reference

5492 1818 F2, F3 1820 O-H stretching + 2
x C-O
stretching/cellulose

5901 1695 F1 1695 C-H stretching first
overtone/ CH,

5770 1733 F3 1725 C-H stretching first
overtone/CH,

CROROGT B Target line

Measured dry matter (%)

40

30

20

10

Trend line of validation

10 20 30 40 50
Predicted dry matter (%)

a ™ = a 1 & a A a A a
AN 4.10 n1sidSeumeuUInulaLe (DM) GU'E]QLUB‘VJLiEJUV]UiL'JmmL@ﬂﬂ%@‘l{!m@?ﬂwaqamﬂ

MhwelagdsilesdunsnsnaUninsalnlainia3es FT-NIR Spectrometer fU3581983909%n

R RRRNNEY
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AN 4.11 Regression coefficient plot 983LUVTIADUUTIUTIBUUSIN AL (DM) 9831ile
= A a A0 vy a 4ao as A sa = «
NSEUNUIINIeNTIeruaIeNaain Nvinglagisidestursuseaiuninsalnlanniases FT-

NIR Spectrometer

AT 4.11 Regression coefficient plot wannsduaziiiouresiussiifinanenis
durgdiuiamnauss (OM) vesdonideuiivinuweniveiudionaiain Tneisides
sususaanlnsalnainiedes FT-NIR Spectrometer agtiiuldindindigaiigade 7467 cm®
(1339 nm) Fseglndifesiu CH; nsduasiiieues 2 x C-H stretching + C-H deformation

v

(1360 nm) (Osborne and Fearn, 1986) Tun13viung DM veuiiloniFeuiivierusaowaradin
uennidalinsdungifiouves starch Téun 6572 cm (1521 nm) dsaglndiu 1528 nm O-H
stretching first overtone (Osborne and Fearn, 1986) LLazﬁﬂﬂiguazLﬁau%@ﬂ CH, lown 7197
cm™ (1389 nm) %ﬂagﬂﬂﬁﬁu 1395 nm 2 x C-H stretching + C-H deformation (Osborne and
Fearn, 1986) NNl 4.12 w@nIns X-loading weight plot ¥8kUUT18D3 Fawadilgean X-
loading weight &4 Fam15797 4.35 Fawananisduaziiiowresiussfinasen s UinaLla
w¥s (M) veuilendsuiiviorfudaenatain nuiiikounisgaduadud 7197 cm? (1389 nm)
wanA1 X-loading weight @3gada PLS factor 1 IndiAesiu CH, Fudunsduasifiou2 x C-H
stretching + C-H deformation (1395 nm) (Osborne and Fearn, 1986) X-loading weight qaﬁu
FUfl 2 wudtfuaunsgaduAAuTl 6950 cm! (1438 nm) Ao PLS factor 3 TndlAssAy
sucrose,starch Fudunsduaziiiou O-H stretching first overtone (1440 nm) (Osborne and

Fearn, 1986) wag X-loading weight gjﬂé’UﬁU‘ﬁl 3 WU’jWﬁLLaUﬂ’li@ﬂ%JUﬂguﬁ 6796 cm™ (1471
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nm) 8 PLS factor 1 PLS factor 2 wag PLS factor 3 Tn@iesiu slucose Fadunisduasiiiou

O-H stretching first overtone (1480 nm) (Osborne and Fearn, 1986)
0.15

0.1

0.05

o

X-Loading weight
S
o
[§,]

0.1

-0.15

8500 8000 7500 7000 6500 6000 5500

Wavenumber (cm™)

AN 4.12 X-loading weight plot YBILUUTIARINISLUTIUTIBUUTHIMIIaLAS (DM) LilD
SHUNUIINIeN eI IeNaERn NviunelegisidestunsiseaUnivsalnUaineses FT-

NIR Spectrometer

A15197 4.34 Msfuaziiouvesiuseiinasan 1 sviugUTIULIAIAL (DM) iR1T0413N
Regression coefficient MidAngavauuuaaUsunaunauis (OM) Tuileniseunusnmumoni

Vierumewa1ain Mhwglagisilesaunsnsnaninsalnlainie3es FT-NIR Spectrometer

Wavenumber (cm™) Wavelength (nm) Wavelength (nm) Bond
referred from vibration/structure
reference

7467 1339 1360 2 x C-H stretching + C-
H deformation /CHj

6572 1521 1528 O-H stretching first
overtone/starch

7197 1389 1395 2 x C-H stretching + C-

H deformation /CH,
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A1519% 4.35 N1SAUALIBUVDINUTENLNARDNITVIUIEUSUIULIAWAY (DM) NR15N1910 X-

loading weight 7ilANgavauUTIRDIUTINUINAWAY (DM) LieviSeuiiusiauyen Nviunelag

Willvsdunswsaaninsalntainia3es FT-NIR Spectrometer.

Wavenumber Wavelength (nm) PLS factor Wavelength (nm) Bond
(em™) referred from vibration/structure
reference
7197 1389 F1 1395 2 x C-H stretching
+ C-H
deformation /CH,
6950 1438 ) 1440 O-H stretching
first
overtone/starch
6796 1471 F1,F2 ey F3 1480 O-H stretching
first
overtone/glucose
50 -
e 40 - ®
% 30 A NS (s
-g L T VS L Vg
D WN] .. '
5 | e T s Target line
@
g 0 4 Trend line of validation
=
-10 , , , | |
-10 0 10 20 30 50

Predicted dry matter (%)

A 4.13 MsUSeuiguUTInuNIanie (OM) veallefiviseuitusnaeniivieiumenaiann

FvnelaedBidesdunssnaninsalnlatne3es Visible and NIR short wavelength diode

array spectrometer fU35e1983v09YARI0E 9l
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A 4.13 uay 4.16 uansHanIsvuIeUSinasnaws (OM) deyFeuiivsnusentae
T#ie304 Visible and NIR short wavelength diode array spectrometer mmuﬁﬁanﬁsuﬁu
WanaRn wa Longwave linear variable filter spectrometer Tunmsaunuifoniseulpenss ua
fananuansliiuin nslfiedesisaesiiadaduuuunnwlumsaununBeudanssouzns
yunefiiniiaies FT-NIR Spectrometer agndlsfiniu annmsseauves Williams (2007)

na1731 A1 R? fiauel 0.66-0.81 anunsaussyndldladmsumsfnueniuuyseana
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AT 4.14 Regression coefficient plot ¥8awUUIIRBNISWIBUEUUTUIUIIAUI (DM) U89
WeniSsunusnamenivieviumenaain  MviunelagdidesaunsiseauninsalnUanniases

Visible and NIR short wavelength diode array spectrometer

719 4.1 Regression coefficient plot kansnsduaziteuvasiusyiifinasienisyiuig
U3unaanauds (OM) veuilenisuiiusnumeniveviudewaiain Inesidesunsusaain
InsalnTania3ea Visible and NIR short wavelength diode array spectrometer ziulean
finfigefianiio 746 nm eagladidvsiu CH, nisduazifiouses C-H stretching fourth
overtone (746 nm) (Osborne and Fearn, 1986) weNNLEN1sduNeL o uves H,O lawn
769 nm %ﬂagﬂﬂéjﬁu 760 nm O-H stretching third overtone (Osborne and Fearn, 1986) ay
finsduaziftouves CH, 1dua 722 nm %ﬂ@gﬂﬂﬁﬁu 740 nm C-H stretching fourth overtone
(Osborne and Fearn, 1986) AT 4.15 wanangIn X-loading weight plot UBUUI1ADY FHawa

laA1 X-loading weight @4 fan15199 4.37 FauansnisduasifiouvesiussNinadon1sviuie
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UTunaimnauns (DM) ‘U@QLﬁI’eJVJL%Uuﬁﬁ@ﬁuéﬁﬁwa’]ﬁaﬂ WUj’]ﬁLLaUﬂ’ﬁQWgUﬂguﬁ 682 NM LEn
A1 X-loading weight gegnda PLS factor 1 PLS factor 2 wa PLS factor 3 Inal@esiiu 680 nm
#io chlorophyll (Tkachuk, 1982) X-loading weight gadusiufl 2 wuinfluaunsgeduaduil 645
nm @8 PLS factor 1 PLS factor 2 wag PLS factor 3 TnalAesiu chlorophyB 650 nm (Merzlyak,
2003) uaz X-loading weight gsdudiudl 3 wuirfluaunisgaduaduil 738 nm Ae factor 2
TnalABeiu CH, Fadunsduaziiou CH stretching fourth overtone (740 nm) (Osborne and

Fearn, 1986)

o
.
|

X-Loading weight

-————-

580 630 680 730 780 830 880
Wavelength (nm)

AN 4.15 X-loading weight plot ¥8dLUUTNABINITIUTBUIBUUTUNMLAELAS (DM) 983Lile
NSEUNUIIMIeNIvieuaIewatain Minueleaedtilesdunsiseauninsalnlainiaes

Visible and NIR short wavelength diode array spectrometer
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A15199 4.36 NSAUALLNOUVBINUSENLNARDN1TNIUI8UTUIUUIALYIS (DM) WA

Regression coefficient 11A189U8UUT109UTUIUNIAUAS (DM) LHlDILTEUNUSLIMNLENT

Roiusenatann Miunglaedsidesdunsisaanlnsalntainiases Visible and NIR short

wavelength diode array spectrometer

Wavelength (nm) Wavelength (nm)

referred from reference

Bond vibration/structure

746

769

722

746

760

740

C-H stretching fourth

overtone/CH,

O-H stretching third

overtone/H,0

C-H stretching fourth

overtone/CH,

A157199 4.37 NSAUALLIBUVBINUSLNINARN1SYINUIgUSUIANIaLTS (DM) WINTUNRIN X-

loading weight 7idlAgeauUTIARIUTIIMINAWAY (DM) LaviSeunusauen Nviunelag

A5uusdunsnsnaiunlnsalndannia3es Visible and NIR short wavelength diode array

spectrometer
Wavelength (nm) PLS factor Wavelength (nm) Bond
referred from vibration/structure
reference
682 F1,F2 way F3 680 Chlorophyll
645 F1,F2 wae F3 650 ChlorophyB
738 F2 740 C-H stretching fourth

overtone/CH,
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———————— Target line

50 4 ——  Trend line of validation

Measured dry matter (%)

0 10 20 30 40 50
Predicted dry matter (%)

AAl 4.16 MaUSruiiguUTinaanauis (DM) vesiileniseunuinmmien Mvinunelaedsiles

dursusaannsalnUanniases Longwave linear variable filter spectrometer AUA581989704
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AT 4.17 Regression coefficient plot UBILUUTIABINTIUTHUIBUUTUIULIALAS (DM) VB9
Weniseuiusnamen MvihunglagisidestususaanlnsalnUannaies Longwave linear

variable filter spectrometer

AN 4.17 Regression coefficient plot LaAINTAUALLTOUTOMNUSENARDNITYINUNY

USunauulanid (DM) vaalant3sunusiamtan nedsilesdunsisaaidninsalnlainaieg
9 Y



91

Longwave linear variable filter spectrometer %Lﬁuiﬁdﬂﬂﬂﬂqﬁqmﬁa 1675 nm %ﬁagj

TndLAeeiu aromatic Msduaziiieuves CH stretching first overtone (1685 nm) (Osborne

(% '
a v a U <~

and Feam, 1986) wonanifsfimsdungiitouves cellulose tiun 1794 nm Geeglndiu 1780
nm C-H stretching first overtone (Osborne and Fearn, 1986) wazinisduasiiiourss CH,
oA 1735 nm %ﬁagiﬂéjﬁu 1725 nm C-H stretching first overtone (Osborne and Fearn,
1986) A7l 4.18 uanans vl X-loading weight plot Y8ILUVIIADINTITVITUIBUTNIULIALAS
(M) vasiileniFeu InsitidesBunsnsaanlnsalnUainiades Longwave linear variable
filter spectrometer Faafiléirn X-loading weight R Fam5197t 4.39 Fawamanisduazifiouves
fussiifinadenmiunsuTuammaurs (OM) veuilendeu wuiriiaunsgaduaiuil 1675
nm uansA1 X-loading weight @3anfe PLS factor 1 PLS factor 2 wag PLS factor 3 InalAgariu

aromatic Fudunisduaziiiou CH stretching first overtone (1685 nm) (Osborne and Fearn,

v o A

1986) X-loading weight g49UAUN 2 WU’j”lﬁLLﬂUﬂ’]'i@J@%ﬂJﬂguﬁ 1291 nm @® PLS factor 3
IRGIGENGEY CHgﬁ?}ﬂL{Jumiﬁ"uasLﬁau 2 x C-H stretching + C-H deformation 1360 nm
(Osborne and Fearn, 1986) Waz X-loading weight g38usiudl 3 wuirfiuaunisgaduaaui
1439 nm #8 factor 2 uag PLS factor 3 lndiAssiu sucrose way starch Fadunisduasiiiou

O-H stretching first overtone (1440 nm) (Osborne and Fearn, 1986)
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AW 4.18 X-loading weight plot ¥3UUTaBNTUTEULTUUSIIALIRLER (DM) Liaviseu

= 1

Musuyen Minnelagldilesdunsusaaninsalaanniaies Longwave linear variable

filter spectrometer

A1519% 4.38 NTAUALLNDUVBINUSENLNANDN1TVIUI8UTUIUNIAKIS (DM) WAI58L197N

1 o

Regression coefficient 7iflA183U8UUTIABIUTUINIALYY (DM) LDIS8UNUTIINNLENT

Furelaeidiiesdunsisnaiuninsalndainia3as Longwave linear variable filter
spectrometer
Wavelength (nm) Wavelength (nm) Bond vibration/structure
referred from reference
1675 1685 C-H stretching first
overtone/aromatic
1794 1780 C-H stretching first overtone
/cellulose
1735 1725 C-H stretching first

overtone/CH,
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A15199 4.39 N1sduazINouINUsENNason1TITUIBUTUIAILIaLAY (DM) WA1T811910 X-
loading weight 7ilANgaaduUTIRRIUTIUINAWAY (DM) LieviSeuitusiaugen Nviunelag

WillvsdunswsaaninsalnUannia3ee Longwave linear variable filter spectrometer

Wavelength (nm) PLS factor Wavelength (nm) Bond vibration/structure

referred from

reference
1675 F1,F2 wag F3 1685 C-H stretching first
overtone/aromatic
1291 F3 1360 2 x C-H stretching+C-H
deformation/CHs
1439 F2 uag F3 1440 O-H stretching first

overtone/sucrose, starch

(%
v @

M13197 4.40 asuAmslieseiiledudavesiiednindlaglduuuinassianan

= — A VAr A A e B § vy son momB e B

Model types . Samples r2 | r RMSEP (N) | Bias (N) | SEP(N) = RPD

FT-NIR 7l.il0 RF S WL NG 6.93 L 235 | 650 | 221
au AL S Y SR INCINT Y INDAAAIN {, B & LLJ abhJs) ([ W N |
FT-NIR 7.l APF 60 1 0.75 | 087 |

7.32 | 3.98 | 4.09 2.01
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____________ Target line

Trend line of validation
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Predicted Rupture force (N)

il 4.19 nswIeuliisu Rupture Force (RF) Yauiilaniseunuiiaumgien fviunelay

Wiy sBursusaaUninsalnainiases FT-NIR Spectrometer fiuisa1sdwasyasiaetlul

AN 4.19 UAAwan15YU1e Rupture Force (RF) Leyiseuniusinaien lagldiaies

FT-NIR Spectrometer awnuiiiloniseulagnsa 31n113531891Uv89 Williams (2007) na1vdn M

R? flausl 0.66-0.81 anunsaussgnalgladmsunisAnueniuulseann
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AN 4.20 Regression coefficient plot U8sWUUI1889 Rupture Force (RF) %adLﬁaﬂqL‘%ﬂuﬁ

Ushaen MviunelagdtidesdunsiseaiuninsalnUanniases FT-NIR Spectrometer
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AN 4.20 Regression coefficient plot wanINsEuaTieuTeIusSEATNasanTYuY
Rupture Force (RF) vouiley3suiivnugen Tngide Burlsisnaninsalnlaniados FT-
NIR Spectrometer agiiulsinfiafigaiiando 4404 cm™ (2270 nm) GaeglndiAsaiu starch ns
Fudziiiouves O-H stretching + C=C stretching (2276 nm) (Osborne and Fearn, 1986)
wonanidefimsdunsifiouves amino acid Thun 4358 cm way 4482 e (2294 nm Az
2231 nm) %ﬂagﬂﬂéjﬁu 2294 nm Wag 2242 nm N-H stretching + C=0 stretching lag N-H
stretching + NH;" deformation (Osborne and Fearn, 1986) AT 4.21 wanansIv X-loading
weight plot vesuvudraasluidondou fviuelasisidessunsisaanlnsalndainiaios
FT-NIR Spectrometer 3suafiléidn X-loading weight GR Fann5197 .42 Fauananisduaziiiou
YesiusEidnanan15iune Rupture Force (RF) wuinilkaunsgaduaduil 4412 cm™ (2266
nm) LANIAN X-loading weight q\i?jﬂﬁa PLS factor 1, PLS factor 2 wag PLS factor 3 ThawAea
U starch G funisduasiiiow O-H stretching + C-C stretching (2266 nm) (Osborne and
Fearn, 1986) X-loading weight ga8usfufl 2 wuifiuaunsgadumaudl 5623 cm™ (1778 nm)
fia PLS factor 3 In&LAafy cellulose Fufunisduasiiiouw C-H stretching first overtone
(1780 nm) (Osborne and Fearn, 1986) X-loading weight Ejﬂﬁuﬁuﬁ 3 WU’iWﬁLLaUﬂ’li@ﬂ%JUﬂﬁu
71 5793 et (1726 nm) e PLS factor 1 way PLS factor 3 IndlAesiu CH, fafunsduasiiiou

C—H stretching first overtone (1725 nm) (Osborne and Fearn, 1986)
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A9 4.21 X-loading weight plot Y84 UUI1@BY Rupture Force (RF) tHaniseuiusnmien

Avuelaedsillesdunsusnanlnsalnlainiasas FT-NIR Spectrometer
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A19199 4.41 n1TFUAZLTIOUVDINUSENTNAADN1TYT1UIY Rupture Force (RF) Wa15841270
Regression coefficient 713A1gev@euUI1A09 Rupture Force (RF) Wayisauitusiiamien 7

Muelaeddidusdunssaaininsalntainia3es FT-NIR Spectrometer

Wavenumber (cm™) Wavelength (nm) Wavelength (nm) Bond
referred from vibration/structure
reference
4404 2270 2276 O-H stretching + C-C

stretching /starch
4358 2294 2294 N-H stretching + C=0O

stretching /amino acid
4482 2231 2242 N-H stretching +

NH3," deformation /

amino acid

A13199 4.42 N1TEUASLTIoUTDINUSEIANARDN1TYI1UE Rupture Force (RF) #15197A X-
loading weight 7idlANgevaUUIIARY Rupture Force (RF) tilaniseunusiiamien Nviunelag

WitlesounTusaaninsalntainiaies FT-NIR Spectrometer.

Wavenumber Wavelength (nm) PLS factor Wavelength Bond
(em™) (nm) referred  vibration/structure
from
reference
4412 2266 F1, F2 uae F3 1820 O-H stretching +
Cc-C

stretching/starch
5623 1778 F3 1695 C-H stretching first

overtone/cellulose
5793 1726 F1uay F3 1725 C-H stretching first

overtone/CH,
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——————————— Target line Rz= 075

a0 __ Trendline of validation Lad

Measured Average Penetrating force
(N)

-6 a4 14 24 34
Predicted Average Penetrating force (N)

A 4.22 M3idIguliisu Average Penetrating Force (APF) vauiilayisguusinamien vinung

Ine3silesBunsusaaininsalntaniases FT-NIR Spectrometer Au3se198vasynsitogaly

A 4.22 UARINANIYINUNE Average Penetrating Force (APF) lusilovseulngldiaos
FT-NIR Spectrometer aunuiiiiloniseuusinameniagnss INN1351891uv83 Williams (2007)

Na1371 A1 R? Aaus 0.66-0.81 anansausvndldladmiunisAnueniuuyseunm
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AN 4.23 Regression coefficient plot U0UUUT1a89 Average Penetrating Force (APF) 983
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FT-NIR Spectrometer

il 4.23 Regression coefficient plot wanINsEuaTTieuTeIusSENTNaseNTYwY
Average Penetrating Force (APF) maaﬁanﬁauﬁnmmaﬂ TagAdiilesounssaanlnsalnd
91M4A384 FT-NIR Spectrometer agiiulsinfindigaiignfe 6757 cm™ (1479 nm) FeeglndiAes
U glucose n15duazLfiauves O-H stretching overtone (1480 nm) (Osborne and Fearn,
1986) Average Penetrating Force (APF) fuaﬂL‘ﬁanL%HuuaﬂQWﬂﬁﬁqﬁﬂwsﬁumzLﬁausuaq CH,
laun 7135 cm™ (1401 nm) G’?J!Q’e)&ﬂﬂéjﬁu 1395 nm 2 x C-H stretching + C-H deformation
(Osborne and Fearn, 1986) whag finsduazifiouves sucrosec uaz starch 6935 cm (1441
nm) %ﬂagfiﬂﬁﬁu 1440 nm O-H stretching first overtone (Osborne and Fearn, 1986) mwﬁ
4.24 uanins1N X-loading weight plot %aauuuaﬁ’waaﬂmﬁam%au fivturelaeitides
BursusaauninsalnUatniades FT-NIR Spectrometer @anadiléian X-loading weight GARZ
A15971 4.44 Fauanansduaziiouresiusefiinanenisviiuie Average Penetrating Force
(APF) WuTnfiuaunsgaduaduil 7220 cm’ wag 7158 cm (1385 nm uag 1397 nm) uande
X-loading weight geaneia PLS factor 3 uag PLS factor 2 InalAgariu CH, Fadunsduaziiiou

2 x C-H stretching + C-H deformation (1395 nm) (Osborne and Fearn, 1986) X-loading

weight gadiusiuil 2 wuiniununisgaduedudl 6996 cm! (1429 nm) fie PLS factor 3 Tndides
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U aromatic Fadunsduaziiiou 2 x C-H stretching + C-H deformation (1417nm) (Osborne

and Fearn, 1986)

0.2 -
0.15 -
0.1 -

0.05 4

X-loading weight

-0.15

9500 9000 8500 8000 7500 7000 6500 6000
wavenumber (cm™)

il 4.24 X-loading weight plot ¥84kUUINABY Average Penetrating Force (APF) G(JaﬂLf‘:a

NsEunuTIMNen Yuglagisidessunsusaaunlnsalntainaies FT-NIR Spectrometer
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A19799 4.43 N1TdUAZLTIOUTDINUSEINARDN1YINUNE Average Penetrating Force (APF)
#213041970 Regression coefficient M13A189Y9UUIIRBY Average Penetrating Force (APF)

Tutlenisuusnuen MiunelagldidesdunsuseaiuninsalnUainiases FT-NIR

Spectrometer
Wavenumber (cm™) Wavelength (nm) Wavelength (nm) Bond
referred from vibration/structure
reference

6757 1479 1480 O-H stretching
overtone /glucose

7135 1401 1395 2 x C=H stretching +
C-H deformation/CH,

6935 1441 1440 O-H stretching first
overtone/sucrose,
starch

AN9199 4.44 NTAUALLTIDUVDINUSENUNSABNITVIIUIY Average Penetrating Force (APF)

aAa °

N213504137N X-loading weight NUANFIVBILUUIABY Average Penetrating Force (APF) Tuile

SEUNUIIMIeN NviunglagisidesBunsusaauninsalndaneses FT-NIR Spectrometer.

Wavenumber (cm™)  Wavelength (nm) PLS factor Wavelength Bond

(nm) referred  vibration/structure

from
reference
7220 1385 F1 uag F2 1395 O-H stretching +
C-C stretching/
CH,
7158 1397 F1 uag F2 1395 C-H stretching
first overtone/CH,
6996 1429 F3 1417 2 x C—H stretching
+ C-H
deformation

/aromatic




101

5.1 auiululalunisiderunuuanass

agumadiadesdunsisnaninsalntifienisussiiuganinnissulsenu (doduda
A wazAumY) veadeniisuiugounafionisdeeniagnsvsluinsassnaudn
wuudiaesiffigafeuuudiassitldviiureusuiauauia (DM), Rupture Force (RF) Lag
Average Penetrating Force (APF)

HaN19YIUEUTINALIaWAS (DM) Anatnasuveaileyseuusinamieniainunieg

Ly

\A399 FT-NIR Spectrometer  Wien r2 iU 0.89, RMSEP winfiu 3.60%, RPD wihffu 3.27 uaz

) 1% 1

bias Wiy 0.98% MsgaduAAUTE Regression coefficient gefian liuA 5446 cm (1836 nm)

q

=

U31ans 1820 nm 1lunisgadunauves cellulose N1sgaduaduiil X-loading afigai 5492

9

cm™ (1821 nm) ULl 1820 nm Lﬂummmﬁ%ﬂﬁuﬁuaﬂ cellulose (Osborne and Fearn, 1986)

FaAnNN1TAUAZIIDUYBY O-H stretching Nan1TYINUNBUINIMLIALAS (DM) 9natunasuaey

(Y

oS suUTANeNTNMENaIaRNNaLNUAIELATY FT-NIR Spectrometer 1¥f1 r? 1vifiu

D

0.83, RMSEP t711A1U 4.60%, RPD t¥11AU 2.42 Wag bias tM1AvU -0.22% mig}m%’mauﬁﬁ
Regression coefficient qx‘i‘ﬁ?jﬂﬁ 6572 cmt (1521 nm) U314 1528 nm Fainannsduaeiiiou
184 O-H stretching {un13gaduaduyes starch (Osborne and Fearn, 1986) NM3gaduAawTii]

al

X-loading gjwiqmﬁ 6942 cm™ (1440 nm) U384 1440 nm Lﬂuﬂwmmsﬁ'wﬁuﬁuaq sucrose,
starch (Osborne and Fearn, 1986) #ainainni1sduasiitounas O-H stretching HAN13Y11UN8
USurauiauiis (DM) fmﬂaLUﬂm%’maaLﬁanL%ﬂuu%nzumanﬁaﬁuwmaaﬂﬁmmuﬁwLﬂ'%@q
Visible and NIR short wavelength diode array spectrometer (FQA-NIR GUN Fantec, Japan)
197 r? Winfiu 0.87, RMSEP iU 4.02%, RPD Ay 4.12 wag bias Wiy -0.44 % n13gadu
AAUTT Regression coefficient q\‘iﬁ 746 nm kaz927 nm Lﬂuﬂﬁiﬂﬂﬁffwﬂgwﬂm CH, (Osborne

and Fearn, 1986) #aLAina1nN15aUaEINaUYDI C-H stretching N15AAFUATUNI X-loading &4

fgn 996 nm Fadunisgaduaduves starch # 990 nm (Osborne and Fearn, 1986) LAnN13
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duaziiauvas O-H stretching Han15viWIgUIUIALIaLAS (DM) nalnasuvaaienseu
U%L’mejl,aﬂ NaunumeLA3ne Longwave linear variable filter spectrometer (MICRONIR JDSU,

USA) Tr? winflu 0.86, RMSEP winfiu 4.15%, RPD Wwirfiu 4.15 uag bias Wiy -0.47 % n13ga

] '
) =4

Fupdull Regression coefficient gafignfl 1210 nm 1un1sgadunduves CH, (Osborne and

9

Fearn, 1986) 1215 nm 1AAN5duazItleu89 C-H stretching NM15gAduAauil X-loading s

figedl 1173 nm U31am 1195 nm Wumsgaduadiuses CHs (Osborne and Fearn, 1986) Gaifin
nnsduaziiieouves CH stretching Nan15v11u1e Rupture Force (RF) nanasuvenile
NiFouvInmmLen flaunusisia’es FT-NIR Spectrometer @l 2 117U 0.74, RMSEP
Winffu 6.15 N, RPD Wwinifu 1.96 Wag bias winu 0.07 N m3gaduaduilil Regression coefficient
gefian 1éun 4404 cm (2270 nm) 10un1sgaTuAdLYES starch n13duazLiieues O-H
stretching + C-C stretching (2276 nm) (Osborne and Fearn, 1986) 5446 WU’j’]ﬁLL@Uﬂ’]i@ﬂ
Fuaaui 4412 emt (2266 nm) 1Wunisgatuaduves starch Fadunisduazifiou O-H
stretching + C—C stretching (2266 nm) (Osborne and Fearn, 1986) Wan13¥111u18 Average
Penetrating Force (APF) ﬁ]’]ﬂﬁLUﬂGl%ﬂJGU@\‘iLﬁIBVJLaﬁ‘EJuU%LimW“LBﬂ flaunusiginios FT-NIR
Spectrometer @A r2 Winiu 0.73, RMSEP Winiu 5.53 N, RPD winffu 1.95 wae bias Wiy
1.00 N ﬂ’lﬁ@ﬂ%’Uﬂ?{uﬁﬁ Regression coefficient Q\‘iﬁ?jﬂ Lown 6757 cm™ (1479 nm) Wun1sga

FumAuT4 slucose n1sduasiiiouyes O-H stretching overtone (1480 nm) (Osborne and

=) =

Fearn, 1986) msm%’mﬁuﬁﬁ X-loading geWigan 7220 cm™ uay 7158 cm™ (1385 nm uay

1397 nm) 1un1sgadunduves CH, 3 dunsduasifiou 2 x C-H stretching + C-H
deformation (1395 nm) (Osborne and Fearn, 1986) Nan15viungysunasnausis (OM) Usunau
vosudsiamunflazanethld (5s) Andlofua uasad nannsuvaaddonySouninumyen
fiudenyidouiu MdevSeuuinamen weildoySouuinamyenvoiunaiafnfiaunudie
a3 FT-NIR Spectrometer, Visible and NIR short wavelength diode array spectrometer
ua¥ Longwave linear variable filter spectrometer wansfannsneit 5.1 azdfulddnunuusiass

A1 12 Wi 0.50-0.64 wausuladmsun1sAndenet1ane1ue) Lazkuudiansfisian ¥ windu

0.66-0.81 sonsuladmsuAnlaen wazUseanuaagameu (Williams, 2007)
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A15199 5.1 WA sy uneUsunaanawie (DM) USinawesidaianuaiazaieinle (SS) Aile

Y

" o & = a A = v a & = a
UNE agAd Q']ﬂﬁl;ﬂﬂfﬂSlIGU'ENLUa@ﬂV!LiEJUUiL'JmY‘\IJL@ﬂ VlLTJa@ﬂV!LiEJUﬂu VlLu@quLiEJuUiL'JﬂAV‘\J

1Y
a

1N WazTilenISEUUTANENYEINAIARNTALNUMIELATEY spectrometer WUUATNY

r2 w1sdinas wSasaninsfives Funefiaunu
0.50-0.64 b* FT-NIR \ilovi3ou
\ilofivunanatin
ss FT-NIR dloidou
AF FT-NIR WWeviseu
\ilofiuwanatin
PE FT-NIR dowideu
RF FT-NIR \ilofifuwanatin
b* short wavelength Lﬁaﬁqfw
\ilofifunanatin
ss short wavelength ofiviumanafin
APF short wavelength Lﬁanﬁﬂu
PE short wavelength Lﬁaﬁﬁmwmaa
DM Longwavelength Lﬁa‘ﬁ'ﬁmwmaﬁﬂ
SS Longwavelength Lﬁamﬁﬂu
APF Longwavelength Lﬁaﬁqﬁ'ﬂu
0.66-0.81 APF short wavelength e ZECIGREE0)
RF short wavelength Lﬁaﬁ/]ﬁ'ﬂu
ilofiviumanafin
b* Longwavelength Lﬁaﬂqﬁau

5.2 asunan1sldmatiadiesdunsnsaauninsalnllunisussiiuauninnis

4

Suuszniu (aduda YSuiauulauis (DM) LagAIUNII VBINLTIUNUT

!

NUDUNDINUAIDEN9 TN

' '
aa

aguAnsinszideguindlaglduuudiaesiiafgare  Usinamiauwis (OM) lagld
\A393 FT-NIR Spectrometer fiflen3eutinamen uasfiondouuinmyentiumanadin
winfu 0.88, RMSEP Wiy 4.09%, RPD iU 2.90 uag bias Wiy -1.15 % uag r* Wiy
0.85, RMSEP Wity 4.49%, RPD iy 2.61 waz bias Wity -1.05 % nsaunufiioniiou

vinnentagnstlinafninaunuiunanafindy  usegslsianuanssousnsYinuieseInis
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aunuisassuuy ey warannsadenlfldmueumngauresnisuszgndldanass uans
yuneUinanauis (OM)  TudlenBsuuinayeniagliiedes Visble and NIR  short
wavelength diode array spectrometer aLLﬂuﬁLidjai/]L%UUU%LamwuLaﬂﬁuwaﬂaaﬂ ey Longwave
linear variable filter spectrometer r? Winfiu 0.71, RMSEP i1y 7.36%, RPD MAU 1.59 waz
bias tM1AU -1.15 % wag r? AU 0.74, RMSEP AU 6.98%, RPD AU 1.17 wa bias AU
387 % lunsawnuidloySounameniaonss wadinamuandiidiuin nsldiedes Visible
and NIR short wavelength diode array spectrometer Wag Longwave linear variable filter
spectrometer FunipsfioasssiadadunuunnmilumsaunuySeuliaussougnisvunedis
nIA3ee FT-NIR Spectrometer nan15¥iNUN8 Rupture Force (RF) Wag Average Penetrating
Force (APF) 1uL§anL§8uU%Lamw“Laﬂ Tnel4ieSes FT-NIR Spectrometer 19 r? winfiu 0.79, RMSEP
Wity 6.93 N, RPD 1Ay 2.21 uag bias 1A 2.35 N uag r” iy 0.75, RMSEP winffu 7.32
N, RPD iU 2.01 @ bias Wiy 3.98 N TumiauﬂuﬁawSauu“inmwaﬂimmq HARINAT
wandliiuin nnsldieSes FT-NIR Spectrometer Tiuuusnaes Rupture Force (RF) wag Average

Penetrating Force (APF) Tinadiliiuansariu
5.3 UDLEAUDLUS

n1sUsziiuamAInNIsTuUsEnIuvellionseuiugrueunadaaldimadaiies

dunsuseanInsalnUlun1sAnwiasel kuudIasIA1vedusuIuINawaNlNan1sYNuIenm

a1 A =

Naanldvinunediegelval (unknown) gailAnieanuany393nya calibration 33A3ARATN

el

¥

LYONYIDDNLAY LNDAINITINUILATU
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A1519% N1 WAN1SMSIVIAUSUIULIALIAS (DM)

112

71U DM% 71U DM% 71U DM% 71U DM%
1 12.2524 28 15.1057 55 10.1231 82 14.7968
2 11.6895 29 17.3309 56 10.3261 83 11.9732
3 13.3468 30 17.6539 57 14.2131 84 11.8454
4 12.9552 31 16.8022 58 14.1208 85 11.8928
5 13.7392 32 16.7106 59 19.9889 86 11.7810
6 13.8481 33 16.1703 60 19.5574 87 10.5901
7 11.6558 34 14.8837 61 13.2621 88 10.5703
8 11.0450 35 12.2026 62 12.9955 89 16.9111
9 13.2811 36 12.8049 63 23.5157 90 16.9253
10 12.6444 37 9.3948 64 23.6437 91 18.6076
11 9.1710 38 9.2157 65 23.6312 92 18.6573
12 9.6664 39 29.3413 66 23.8069 93 16.3913
13 11.3951 40 15.3947 67 16.2696 94 15.8077
14 11.6973 41 11.7535 68 16.2061 95 24.0272
15 11.5621 42 11.6504 69 23.7172 96 24.0210
16 11.4991 43 8.9826 70 23.8912 97 19.9662
17 8.9628 44 9.2018 71 25.8416 98 19.9980
18 9.9351 45 11.3595 12 25.9349 99 36.7005
19 13.0454 46 10.3670 73 12.7242 100 36.5839
20 12.6589 47 11.2006 74 12.8035 101 27.0619
21 9.0111 48 11.2086 75 22.6482 102 27.6470
22 9.0440 49 10.7939 76 22.5849 103 21.0332
23 11.7860 50 10.8482 7 229717 104 20.7248
24 11.2362 51 12.4617 78 22.8368 105 15.1657
25 11.9653 52 12.7029 79 15.5844 106 15.0226
26 12.3104 53 25.1075 80 15.3094 107 23.9130
27 15.9231 54 20.3074 81 14.6464 108 23.9156




M15199 N1 HaN15RIIAUSUIULNALAT (DM) #id

113

71U DM% 71U DM% 71U DM% 71U DM%
109 38.5691 136 27.2120 163 35.6510 190 32.5731
110 37.9419 137 35.4375 164 35.4392 191 37.3630
111 24.8690 138 35.5830 165 30.5794 192 37.9235
112 25.0559 139 39.8062 166 30.4568 193 39.2952
113 28.9201 140 39.4059 167 31.0727 194 39.8817
114 25.0692 141 20.4575 168 31.2686 195 39.0907
115 36.7461 142 20.3533 169 31.2074 196 40.5808
116 36.5649 143 33.2384 170 31.2018 197 35.3921
117 21.3613 144 33.5979 171 27.1186 198 35.6789
118 21.6770 145 37.7282 172 27.1994 199 34.0822
119 39.1773 146 37.6066 173 27.7453 200 34.1781
120 38.5555 147 38.6385 174 27.8612 201 34.6696
121 34.0028 148 39.5672 175 33.1172 202 34.1731
122 34.9053 149 32.2299 176 34.1071 203 43.2802
123 33.4708 150 31.8789 177 33.7540 204 42.8148
124 33.9360 151 31.2986 178 38.0469 205 21.8901
125 33.5425 152 31.6766 179 334772 206 34.8736
126 33.7260 153 44.6115 180 27.8049 207 42.5626
127 37.1820 154 44.1869 181 32.8705 208 42.5841
128 37.8978 155 34.7617 182 32.8409 209 39.2433
129 33.3438 156 35.0208 183 21.2258 210 39.3924
130 33.1087 157 38.8232 184 26.8035 211 40.0326
131 33.8145 158 38.9672 185 32.9450 212 39.7268
132 33.5189 159 35.8525 186 33.0920 213 39.6019
133 27.3517 160 35.6108 187 30.3057 214 39.4533
134 27.9472 161 33.0302 188 30.2555 215 38.5886
135 27.1881 162 33.2649 189 32.5357 216 38.6411




A1519% N1 WaN15NSIVIAUSUIULIALIAS (DM) 6D

114

71U DM% 71U DM% 71U DM% 71U DM%
217 36.1806 244 41.2719 271 40.8982 298 43.2375
218 36.0964 245 42.0353 212 40.8963
219 51.2180 246 42.1071 273 41.5189
220 39.2940 247 39.8332 274 41.6318
221 33.7941 248 39.1728 ZaleS 40.8087
222 39.9396 249 35.3806 276 42.4927
223 39.0054 250 35.1424 277 38.1370
224 38.7867 251 37.0570 278 37.9948
225 37.3370 252 37.3638 279 38.2265
226 37.1922 253 39.9748 280 38.2984
227 38.0858 254 40.0223 281 40.5269
228 38.8312 255 36.9532 282 40.5680
229 41.7282 256 37.2917 283 35.3334
230 42.1853 257 38.4217 284 35.4280
231 36.5516 258 38.6292 285 40.0481
232 36.9506 259 42.2393 286 39.9081
233 39.7387 260 42.5795 287 38.0473
234 39.3757 261 37.7845 288 37.7306
235 35.6509 262 38.2526 289 38.4973
236 33.6475 263 39.9606 290 39.0537
237 29.4844 264 39.8705 291 40.2239
238 38.6397 265 34.7013 292 40.3789
239 39.4454 266 34.6672 293 45.3027
240 39.1980 267 41.4040 294 40.2937
241 41.4723 268 41.6341 295 56.1801
242 41.9581 269 38.4306 296 35.9618
243 42.8597 270 38.4306 297 41.0483




A3 N2 NaN1INTIVIAUTUIUAILTU (MC)

115

71U MC% Y MC% | 978 | MC% | 97u7u MC%
1 87.7476 28 84.8943 55 89.8769 82 85.2032
2 88.3105 29 82.6691 56 89.6739 83 88.0268
3 86.6532 30 82.3461 57 85.7869 84 88.1546
4 87.0448 31 83.1978 58 85.8792 85 88.1072
5 86.2608 32 83.2894 oS, 80.0111 86 88.2190
6 86.1519 33 83.8297 60 80.4426 87 89.4099
7 88.3442 34 85.1163 61 86.7379 88 89.4297
8 88.9550 ©5 87.7974 62 87.0045 89 83.0889
9 86.7189 36 87.1951 63 76.4843 90 83.0747
10 87.3556 37 90.6052 64 76.3563 91 81.3924
11 90.8290 38 90.7843 65 76.3688 92 81.3427
12 90.3336 39 70.6587 66 76.1931 93 83.6087
13 88.6049 40 84.6053 67 83.7304 94 84.1923
14 88.3027 41 88.2465 68 83.7939 95 75.9728
15 88.4379 42 88.3496 69 76.2828 96 75.9790
16 88.5009 43 91.0174 70 76.1088 97 80.0338
W 91.0372 44 90.7982 71 74.1584 98 80.0020
18 90.0649 45 88.6405 12 74.0651 99 63.2995
19 86.9546 46 89.6330 73 87.2758 100 63.4161
20 87.3411 a7 88.7994 74 87.1965 101 72.9381
21 90.9889 48 88.7914 75 77.3518 102 72.3530
22 90.9560 49 89.2061 76 77.4151 103 78.9668
23 88.2140 50 89.1518 77 77.0283 104 79.2752
24 88.7638 51 87.5383 78 77.1632 105 84.8343
25 88.0347 52 87.2971 79 84.4156 106 84.9774
26 87.6896 53 74.8925 80 84.6906 107 76.0870
27 84.0769 54 79.6926 81 85.3536 108 76.0844




A15199 N2 WaN15AIIAUSUIUANTY (MC) #i

116

71U DM% Y DM% | 971U | DM% | 97u7u DM%
109 61.4309 136 72.7880 163 64.3490 190 67.4269
110 62.0581 137 64.5625 164 64.5608 191 62.6370
111 75.1310 138 64.4170 165 69.4206 192 62.0765
112 74.9441 139 60.1938 166 69.5432 193 60.7048
113 71.0799 140 60.5941 167 68.9273 194 60.1183
114 74.9308 141 79.5425 168 68.7314 195 60.9093
115 63.2539 142 79.6467 169 68.7926 196 59.4192
116 63.4351 143 66.7616 170 68.7982 197 64.6079
117 78.6387 144 66.4021 171 72.8814 198 64.3211
118 78.3230 145 62.2718 172 72.8006 199 65.9178
119 60.8227 146 62.3934 173 72.2547 200 65.8219
120 61.4445 147 61.3615 174 72.1388 201 65.3304
121 65.9972 148 60.4328 175 66.8828 202 65.8269
122 65.0947 149 67.7701 176 65.8929 203 56.7198
123 66.5292 150 68.1211 177 66.2460 204 57.1852
124 66.0640 151 68.7014 178 61.9531 205 78.1099
125 66.4575 152 68.3234 179 66.5228 206 65.1264
126 66.2740 153 55.3885 180 72.1951 207 57.4374
127 62.8180 154 55.8131 181 67.1295 208 57.4159
128 62.1022 155 65.2383 182 67.1591 209 60.7567
129 66.6562 156 64.9792 183 72,7742 210 60.6076
130 66.8913 157 61.1768 184 73.1965 211 59.9674
131 66.1855 158 61.0328 185 67.0550 212 60.2732
132 66.4811 159 64.1475 186 66.9080 213 60.3981
133 72.6483 160 64.3892 187 69.6943 214 60.5467
134 72.0528 161 66.9698 188 69.7445 215 61.4114
135 72.8119 162 66.7351 189 67.4643 216 61.3589




A15199 N2 WaN15AIIAUSUIUANTY (MC) #i

117

71U MC% Y MC% | 978 | MC% | 97u7u MC%
217 63.8194 244 58.7281 271 59.1018 298 56.7625
218 63.9036 245 57.9647 272 59.1037
219 48.7820 246 57.8929 273 58.4811
220 60.7060 247 60.1668 274 58.3682
221 66.2059 248 60.8272 215 59.1913
222 60.0604 249 64.6194 276 57.5073
223 60.9946 250 64.8576 277 61.8630
224 61.2133 251 62.9430 218 62.0052
225 62.6630 287 62.6362 279 61.7735
226 62.8078 253 60.0252 280 61.7016
227 61.9142 254 59.9777 281 59.4731
228 61.1688 255 63.0468 282 59.4320
229 58.2718 256 62.7083 283 64.6666
230 57.8147 257 61.5783 284 64.5720
231 63.4484 258 61.3708 285 59.9519
232 63.0494 259 57.7607 286 60.0919
233 60.2613 260 57.4205 287 61.9527
234 60.6243 261 62.2155 288 62.2694
235 64.3491 262 61.7474 289 61.5027
236 66.3525 263 60.0394 290 60.9463
237 60.5156 264 60.1295 291 59.7761
238 61.3603 265 65.2987 292 59.6211
239 60.5546 266 65.3328 293 54.6973
240 60.8020 267 58.5960 294 59.7063
241 58.5277 268 58.3659 295 43.8199
242 58.0419 269 61.5694 296 64.0382
243 57.1403 270 61.5694 297 58.9517




A151991 N3 NanN1IRTITRUSINUYRILTsNazaeinle (SS)

118

71U %Brix 71U %Brix Y %Brix 71U %Brix
1 3.3 28 3.7 55 3.5 82 3.3
2 3.3 29 3.0 56 3.3 83 3.4
3 3.5 30 3.0 57 4.2 84 3.3
4 3.7 31 3.4 58 3.8 85 3.6
5 3.4 32 3.4 59 4.5 86 3.6
6 3.3 33 3\ 60 51 87 3.2
7 5 34 35 61 3.6 88 33
8 3.4 35 3.2 62 3.8 89 3.6
9 3.4 36 3.2 63 3.4 90 3.2
10 3.3 37 3.3 64 3.5 91 4.6
11 3.2 38 3.3 65 59 92 5.6
12 3.3 =10 3.3 66 6.0 93 3.3
13 3.3 40 3.4 67 3.0 94 3.3
14 3.3 41 oS, 68 3.1 95 9.6
15 3.1 42 9% 69 3.0 96 9.1
16 3.2 43 3.2 70 [3al 97 3.5
17 2 44 3.2 71 6.6 98 4.0
18 8.2 45 3.2 12 6.6 99 6.7
19 3.3 46 3.2 73 3.7 100 6.9
20 3.2 a7 3.2 74 24 101 55
21 3.4 48 3.2 75 4.0 102 5.6
22 3.4 49 3.3 76 4.5 103 3.6
23 3.2 50 3.3 7 4.9 104 3.6
24 3.2 51 3.7 78 4.2 105 59
25 3.4 52 3.7 79 3.3 106 5.2
26 3.4 53 7.1 80 3.2 107 8.0
27 3.4 54 7.0 81 3.3 108 9.5




A151991 N3 NanN1IRTIRUSINUYRILTazateinle (SS) #ie

119

71U %Brix 71U %Brix Y %Brix 71U %Brix
109 9.5 136 3.4 163 5.7 190 4.8
110 9.1 137 59 164 5.1 191 5.1
111 4.4 138 5.6 165 55 192 55
112 3.9 139 10.2 166 5.0 193 7.8
113 3.4 140 10.4 167 5.0 194 8.0
114 4.0 141 10.0 168 4.5 195 5.2
115 4.6 142 10.9 169 3.6 196 5.9
116 5.1 143 8.5 170 3.7 197 5.2
117 4.6 144 8.0 a7 3.6 198 59
118 4.8 145 3.5 172 3.8 199 12.6
119 3.5 146 3.7 173 4.5 200 13.1
120 3.5 147 5.9 174 4.1 201 7.3
121 10.1 148 6.5 175 3.6 202 7.9
122 9.9 149 925 176 3.7 203 12.8
123 7.1 150 5t 177 4.5 204 12.5
124 7.6 151 3.8 178 4.6 205 10.9
125 8.2 152 3.6 179 4.4 206 9.0
126 7.8 153 3.8 180 4.8 207 13.1
127 7.5 154 4.2 181 3.5 208 12.5
128 7.9 155 6.0 182 24 209 11.2
129 5.6 156 5.8 183 3.8 210 12.5
130 5.5 157 7.6 184 4.0 211 8.3
131 3.9 158 7.1 185 4.2 212 8.0
132 4.2 159 5.1 186 4.8 213 7.6
133 4.2 160 5.5 187 3.8 214 6.3
134 4.1 161 3.9 188 4.3 215 12.4
135 3.9 162 3.6 189 5.0 216 11.3




A151991 N3 NanN1IRTIRUSINUYRILTazateinle (SS) #ie

120

71U %Brix 71U %Brix Y %Brix 71U %Brix
217 9.8 244 5.0 271 6.9 298 7.2
218 8.7 245 10.5 212 6.5
219 12.9 246 9.8 273 10.4
220 11.5 247 6.2 274 10.8
221 5.2 248 5.9 215 7.9
222 5.2 249 6.0 276 7.8
223 9.6 250 L) 277 11.3
224 8.7 251 7.4 278 10.8
225 8.2 252 6.9 279 6.9
226 8.0 253 6.5 280 6.8
227 11.9 254 6.3 281 7.4
228 10.5 255 7.0 282 7t
229 55 256 6.8 283 10.8
230 5.2 257 925 284 10.3
231 6.2 258 5t 285 55
232 5.4 259 6.5 286 5.5
233 6.5 260 59 287 8.0
234 5.8 261 8.7 288 8.0
235 5.3 262 8.3 289 6.7
236 5.3 263 7.8 290 6.5
237 5.3 264 7.5 291 9.0
238 5.2 265 8.7 292 8.5
239 12.7 266 8.3 293 9.5
240 11.5 267 6.6 294 9.2
241 7.1 268 6.5 295 8.9
242 6.5 269 1.2 296 8.3
243 5.3 270 6.9 297 6.8




A19199 N4 HAaN1IRTIVINAT Rupture force (RF)

121

37U | Rupture force/N | 97U | Rupture force/N | 37u3u | Rupture force/N
1 21.095 28 22.544 55 3.399
2 23.418 29 3.699 56 36.901
3 31.016 30 5.907 57 15.002
a4 7.643 31 5.852 58 10.675
5 29.094 32 21.628 59 10.228
6 18.883 33 3.896 60 20.388
7 20.539 34 29.968 61 2.381
8 24.218 35 18.458 62 2.779
9 17.628 36 4.782 63 2.375
10 28.675 37 15.291 64 2.057
11 13.137 38 29.022 65 2.828
12 23.979 39 3.875 66 6.994
13 7.221 40 40.440 67 7.388
14 26.083 41 26.367 68 28.518
15 18.260 42 23.965 69 2.237
16 35.582 43 6.548 70 0.153
il % 42.130 a4 23.823 71 30.659
18 23.139 45 35.669 72 31.392
19 25.356 ) 4.721 70%) 31.187
20 41.329 a7 25.462 74 3.634
21 16.194 48 2.645 75 18.743
22 19.886 49 37.033 76 30.397
23 24.190 50 31.631 r 1.453
24 30.411 51 7.483 78 2.690
25 22.016 52 20.941 79 2.661
26 30.971 53 13.891 80 2.876
27 11.578 54 13.735 81 32.806




A13°97 N4 Nan1IrTITAAT Rupture force (RF) ¢

122

37U | Rupture force/N | 97U | Rupture force/N | 37u3u | Rupture force/N
82 3.064 109 2.058 136 2.657
83 35.9914 110 2.499 137 3.011
84 21.428 111 4.521 138 1.651
85 32471 112 2.951 139 1.859
86 21.011 113 29.255 140 4.436
87 33.490 114 3.895 141 4.537
88 31.647 115 6.748 142 2.811
89 34.597 116 3.257 143 16.356
90 26.695 117 5.672 144 2.826
91 33614 118 7.989 145 3.260
92 19.222 119 2.944 146 2.107
93 22.539 120 2.829 147 2.948
94 32.674 121 2.487 148 2.693
95 33.986 122 6.278 149 3.163
96 3.175 123 27.706
97 1.745 124 5.062
98 3.080 125 13.612
99 15.100 126 2.035
100 25.610 127 5.376
101 36.006 128 3.028
102 4.220 129 2.016
103 1.647 130 2.670
104 3.473 131 3.372
105 2.823 132 2.168
106 3.356 133 1.144
107 5.370 134 2.152
108 3.461 135 3.814




A1397 N5 NAN1INTIVIAAT Average firmness (AF)

123

3 Average . Average . Average
ATUIU ATUIU ATUIU
firmness/N/mm firmness/N/mm firmness/N/mm

1 4.424 28 7.930 55 0.376
2 3.673 29 0.395 56 11.386
3 5.392 30 0.609 57 1.993
a4 0.933 31 0.871 58 3.763
5 5.062 32 2.249 59 2.973
6 2.789 33 0.447 60 5.419
7 2.720 34 12.866 61 0.248
8 4911 35 9.840 62 0.412
9 6.351 36 1.020 63 0.334
10 3.790 37 2.957 64 0.219
11 3.428 38 9.650 65 0.429
12 4.510 39 0.520 66 1.558
13 0.813 40 13.420 67 0.823
14 4.312 41 6.688 68 13.013
15 3.773 42 3.622 69 0.576
16 3.808 43 1.004 70 0.089
17 9.542 a4 5.069 71 8.692
18 5.189 a5 7.861 72 11.486
19 4.738 a6 0.578 73 3.668
20 5.766 a7 12.331 74 1.005
21 2.036 48 0.463 75 1.895
22 4.113 49 5.464 76 7.266
23 2.885 50 5.596 77 0.258
24 8.002 51 a.177 78 0.595
25 a.877 52 8.133 79 0.502
26 11.815 53 3.950 80 0.447
27 3.882 54 1.699 81 8.276




A151991 N5 NAN1INTIVINAT Average firmness (AF) #9

124

. Average . Average . Average
1UTU TUTU MUY
firmness/N/mm firmness/N/mm firmness/N/mm
82 0.676 109 0.335 136 0.267
83 11.879 110 0.484 137 0.496
84 6.370 111 1.257 138 0.279
85 8.072 112 0.681 139 0.285
86 8.545 113 6.511 140 0.863
87 14.726 114 0.716 141 0.537
88 9.850 115 0.812 142 0.608
89 10.017 116 0.542 143 3.916
90 6.132 117 1.196 144 0.618
91 10.234 118 1.091 145 0.891
92 5.367 119 0.530 146 0.593
93 6.771 120 0.586 147 0.387
94 11.501 121 0.684 148 0.380
95 7.027 122 1.686 149 0.620
96 0.613 123 4.956
97 0.175 124 1.675
98 0.469 125 1.785
99 3.215 126 0.320
100 8.105 127 0.577
101 4.689 128 0.374
102 0.681 129 0.393
103 0.392 130 0.511
104 0.564 131 0.474
105 0.347 132 0.372
106 0.626 133 0.223
107 0.684 134 0.380
108 0.787 135 1.345




125

A151991 N6 NAN1IANSIVINAT Toughness (T)

97U | Toughness/N.mm | 37U | Toughness/N.mm | 47Uu | Toughness/N.mm

1 44.514 28 33,931 55 16.186
2 61.443 29 20.200 56 59.134
3 76.751 30 33.633 57 74.645
4 29.686 31 20.264 58 16.895
5 83.813 32 132.492 59 17.487
6 58.174 33 16.628 60 40.627
7 61.522 34 40.335 61 11.230
8 59.841 35 18.678 62 9.748

9 20.852 36 12.175 63 10.297
10 75.640 37 38.870 64 10.362
11 22.763 38 48.316 65 9.152

12 55.915 39 13.112 66 15.622
13 27.366 40 62.748 67 26.727
14 76.678 41 48.229 68 31.249
15 42.752 42 66.925 69 5.023

16 153.241 43 20.715 70 0.161

17 88.650 44 50.044 71 61.791
18 50.468 45 78.186 12 47.884
19 65.519 46 18.093 73 187.316
20 127.760 a7 28.067 74 8.016

21 59.735 48 7.511 75 89.837
22 40.904 49 135.057 76 66.846
23 110.863 50 96.590 7 5.000

24 53.338 51 7.122 78 8.387

25 40.662 52 26.913 79 7.815

26 49.236 53 22.150 80 10.032
27 15.836 54 51.911 81 57.891




126

A151991 N6 NAN1IANSIVINAT Toughness (T) 6o

97U | Toughness/N.mm | 37U | Toughness/N.mm | 47Uu | Toughness/N.mm
82 7.173 109 6.140 136 16.741
83 62.268 110 7.106 137 8.855
84 36.897 111 9.323 138 5.195
85 78.326 112 1772 139 5.996
86 27.750 113 79.553 140 13.387
87 41.678 114 15.252 141 22.887
88 65.772 115 33.034 142 7.987
89 67.557 116 9.384 143 33.148
90 60.753 117 16.891 144 7.374
91 56.463 118 38.411 145 7.835
92 33.548 119 8.284 146 4.126
93 34.892 120 7.496 147 13.429
94 48.629 121 5.089 148 10.759
95 97.641 122 13.262 149 10.085
96 8.924 123 87.270
97 10.063 124 9.283
98 11.610 125 60.183
99 32.400 126 7.014
100 44.978 127 33.336
101 198.151 128 12.271
102 16.770 129 5.476
103 4.348 130 6.889
104 11.936 131 14.553
105 12.454 132 7.397
106 9.914 133 3.813
107 19.133 134 5.997
108 9.869 135 1.212




A15197t N7 wanIRsIvTRa Average penetrating force (APF)

127

Average penetrating

Average penetrating

Average penetrating

1UU U U

force/N force/N force/N
1 19.225 28 16.631 55 3.326
2 17.554 29 3.506 56 30.965
3 13.115 30 5.792 57 14.035
4 7.352 31 3.623 58 10.494
5 23.361 32 19.254 59 10.212
6 10.664 33 3.363 60 17.064
7 14.814 34 25.105 61 2.300
8 20.139 25 19.284 62 1.103
9 8.687 36 2.285 63 1.417
10 25.113 37 10.109 64 1.664
11 11.666 38 24.663 65 2.009
12 14.090 139 2.252 66 5.835
13 6.187 40 28.396 67 7.152
14 22571 41 20.770 68 25.533
15 9.558 42 13.342 69 1.311
16 30.846 43 5.685 70 0.343
17 30.156 44 16.719 71 25.438
18 18.349 45 24.093 72 30.217
19 16.475 46 3.456 73 29.901
20 34.689 47 22.230 74 2.529
21 12.597 48 2.045 75 18.654
22 14.349 49 23.256 76 24.427
23 21.369 50 22.570 7 0.920
24 21.116 51 5.390 78 1.731
25 12.756 52 18.942 79 1.199
26 24.614 53 11.137 80 2.807
27 6.600 54 12.426 81 24.714




A9 N7 NaN1INTIVIAAT Average penetrating force (APF) 9

128

Average penetrating

Average penetrating

Average penetrating

1UU U U

force/N force/N force/N
82 2.708 109 0.750 136 2.637
83 28.833 110 1.049 137 1.114
84 15.823 111 2.608 138 0.817
85 30.411 12 2.190 139 0.849
86 19.044 113 28.228 140 1.811
87 26.613 114 1.594 141 3.957
88 29.298 11§ 6.032 142 1.158
89 25.795 116 2.405 143 11.437
90 21.510 117 3.436 144 1.350
91 30.413 118 6.267 145 1.342
92 18.251 119 646) 15 146 1.479
93 15.210 120 1.557 147 1.108
94 26.701 121 1.792 148 1.369
95 31.681 122 4.305 149 1.585
96 1.855 123 26.992
97 1.717 124 2.821
98 1.306 125 13.759
99 5.381 126 1.628
100 24.035 127 5.294
101 33.603 128 1.298
102 3.220 129 2.131
103 1.221 130 1.136
104 2917 131 3.156
105 2.832 132 1.425
106 1.925 133 0.807
107 3.641 134 0.784
108 2.900 135 2.025




ms’mﬁ N8 NAN1INTIVIAA Penetrating energy (PE)

129

. Penetrating . Penetrating . Penetrating
MUY 1UTU ATUIU
energy/N.mm energy/N.mm energy/N.mm
1 100.660 28 119.097 55 4.160
2 63.651 29 2.248 56 209.510
3 55.750 30 1.830 57 34.961
a4 13.277 31 11.942 58 75.203
5 99.540 32 16.193 59 67.002
6 34.457 33 4.442 60 108.120
7 36.384 34 192.704 61 0.704
8 102.124 35 156.797 62 3.625
9 62.819 36 12.134 63 4.273
10 61.174 37 48.888 64 0.892
11 72.046 38 172.664 65 6.802
12 66.025 39 5.701 66 32.302
13 6.936 40 198.515 67 7.338
14 89.290 41 127.654 68 199.440
15 49.375 42 45.176 69 8.081
16 20.389 a3 20.984 70 2.795
17 168.453 a4 88.710 71 164.861
18 101.764 a5 131.693 Jé 219.710
19 76.706 a6 6.362 73 59.383
20 98.379 a7 176.532 74 16.213
21 25.837 48 8.777 75 1.977
22 74.125 a9 75.025 76 142.191
23 34.639 50 98.317 77 4.061
24 131.046 51 44.284 78 9.565
25 70.044 52 141.513 79 5.648
26 181.798 53 72.233 80 10.275
27 46.374 54 23.995 81 149.295




A13°97 N8 NAN1IMTIVIAAT Penetrating energy (PE) sin

130

. Penetrating . Penetrating . Penetrating
TUTU 1UTU ATUIU
energy/N.mm energy/N.mm energy/N.mm

82 14.854 109 2.856 136 0.016
83 203.154 110 5.392 137 4.400
84 105.239 111 17.294 138 3.516
85 181.885 112 12.450 139 3.030
86 143.706 113 155.562 140 8.795
87 205.743 114 7.296 141 6.236
88 199.108 5 10.140 142 6.195
89 168.984 116 9.551 143 66.629
90 121.661 117 18.164 144 7.380
91 204.557 118 18.337 145 8.524
92 Eii282 119 5.930 146 9.565
93 101.620 120 8.081 147 2.693
94 191.342 121 11.409 148 a.177
95 166.673 122 27.021 149 7.761
96 8.914 123 119.195

Xz 0.038 124 19.721

98 4.461 125 32.967

99 28.577 126 5.985

100 164.665 127 3.684

101 78.832 128 2.519

102 12.256 129 10.411

103 7.089 130 5.431

104 11.132 131 9.202

105 5.397 132 5.921

106 8.999 133 3.893

107 7.758 134 3.410

108 16.183 135 14.532




A151991 N9 NANITANTIVINANE L*

71U L* 71U L* Y L*
1 86.17 28 85.64 55 85.32
2 89.10 29 82.83 56 85.36
3 89.88 30 88.40 57 85.00
4 87.49 31 87.83 58 86.89
5 83.68 32 75.10 59 84.96
6 89.11 33 87.98 60 76.16
7 88.36 34 86.27 61 80.13
8 88.23 35 89.43 62 82.99
9 90.39 36 85.85 63 81.16
10 87.59 37 88.39 64 87.13
11 88.35 38 86.04 65 86.29
12 89.25 39 86.71 66 88.61
13 76.49 40 89.03 67 88.86
14 88.85 41 89.17 68 88.62
15 83.94 42 81.80 69 85.52
16 86.08 43 89.23 70 86.71
17 83.11 44 84.16 71 86.81
18 87.97 45 85.52 12 89.05
19 88.00 46 78.65 73 84.33
20 88.27 a7 87.26 74 86.08
21 88.22 48 87.56 75 85.06
22 85.30 49 88.23 76 85.84
23 85.45 50 87.12 77 82.83
24 88.41 51 89.24 78 83.77
25 86.50 52 86.41 79 89.56
26 89.39 53 88.72 80 88.99
27 82.49 54 76.48 81 87.76
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A151991 N9 NANITNTIVINAIE L* sie

71U L* 71U L* Y L*
82 88.15 109 85.43 136 81.06
83 86.93 110 84.65 137 82.03
84 85.67 111 86.41 138 85.54
85 87.55 112 85.20 139 85.70
86 86.33 113 84.48 140 85.44
87 89.79 114 82.14 141 79.91
88 87.90 115 84.34 142 83.96
89 88.27 116 83.84 143 84.00
90 86.38 LA 82.79 144 83.58
91 88.81 118 86.34 145 88.35
92 84.78 119 84.03 146 85.22
93 86.18 120 84.96 147 84.66
94 84.55 121 80.17 148 83.36
95 82.99 122 81.15 149 88.57
96 87.13 123 88.50
97 80.87 124 86.18
98 86.32 125 86.83
99 84.26 126 81.85
100 87.46 127 83.01
101 86.66 128 83.84
102 86.84 129 84.67
103 83.45 130 83.30
104 86.14 131 87.07
105 85.72 132 82.94
106 84.63 133 82.76
107 87.39 134 84.50
108 86.70 135 80.77
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A151991 110 NANIIATIVIAAIE a*

71U a* 71U a* Y a*
1 -0.52 28 0.08 55 0.94
2 -0.91 29 0.60 56 1.10
3 -1.04 30 -0.54 57 1.09
4 0.06 31 -0.48 58 -0.31
5 0.91 32 0.96 59 1.16
6 -0.16 33 -0.40 60 3.36
7 -0.86 34 -0.46 61 3.00
8 -0.33 35 -1.04 62 0.52
9 -0.93 36 -0.43 63 2.13
10 -0.18 37 -1.07 64 -0.12
11 -0.23 38 0.05 65 1.22
12 -0.47 39 -0.06 66 -0.77
13 3.56 40 -0.63 67 -0.61
14 -0.48 41 -0.69 68 -0.48
15 0.68 42 0.58 69 -0.03
16 0.36 43 -0.71 70 0.40
17 0.34 44 -0.23 71 0.14
18 -1.02 45 -0.26 12 -0.55
19 -0.38 46 1.42 73 1.63
20 -1.22 a7 -0.57 74 -0.46
21 -0.55 48 -0.11 75 1.40
22 0.63 49 -0.31 76 0.66
23 0.07 50 0.10 77 1.29
24 -0.47 51 -0.35 78 1.09
25 -0.61 52 -0.02 79 -0.82
26 -0.78 53 -1.01 80 -0.57
27 0.59 54 1.70 81 -0.21
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A151991 N10 NAN1TATIVINAR a* e

71U a* 71U a* Y a*
82 -0.68 109 1.07 136 3.04
83 0.09 110 1.63 137 2.52
84 0.00 111 1.24 138 1.61
85 -0.43 112 0.83 139 0.94
86 -0.61 113 1.57 140 0.90
87 -1.20 114 2.29 141 1.31
88 -0.75 115 1.26 142 1.23
89 -1.04 116 1.84 143 1.84
90 0.52 LA 3.00 144 1.98
91 -0.99 118 0.52 145 -0.31
92 1.03 119 1.64 146 0.26
93 -0.30 120 0.68 147 0.59
94 1.02 121 2.43 148 -0.22
95 0.78 122 1.34 149 -0.11
96 -0.09 123 -0.61
97 1.75 124 0.71
98 0.13 125 1.34
99 1.34 126 2.50
100 0.24 127 2.01
101 0.30 128 1.35
102 0.32 129 1.38
103 1.37 130 1.44
104 0.71 131 0.56
105 0.87 132 1.64
106 1.25 133 2.83
107 0.01 134 1.05
108 0.55 135 2.30
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A15199 N11 NAN1IASIVIAAIE b*

71U b* 71U b* Y b*
1 22.46 28 24.75 55 30.71
2 17.15 29 24.29 56 37.74
3 20.24 30 30.80 57 37.08
4 11.35 31 13.78 58 32.94
5 25.24 32 29.73 59 30.14
6 19.87 33 17.81 60 41.88
7 19.90 34 21.24 61 43.39
8 18.89 35 27.78 62 34.23
9 23.42 36 30.62 63 39.13
10 30.00 37 31.59 64 27.46
11 25.66 38 24.25 65 41.33
12 19.35 39 34.18 66 28.90
13 33.81 40 29.58 67 29.19
14 20.20 41 20.67 68 29.49
15 23.60 42 30.11 69 36.86
16 25.86 43 25.34 70 30.18
17 21.51 44 25.67 71 26.86
18 19.55 45 26.57 12 28.33
19 22.49 46 31.36 73 35.98
20 15.93 a7 22.84 74 35.15
21 21.90 48 30.28 75 40.49
22 25.63 49 24.99 76 38.77
23 27.76 50 33.63 77 41.04
24 21.13 51 30.42 78 41.28
25 20.05 52 36.42 79 31.79
26 28.25 53 27.07 80 32.60
27 32.06 54 38.51 81 33.13
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A15199 N11 NAN1SASIVIAATE b* Fie

71U b* 71U b* Y b*
82 31.86 109 41.98 136 49.33
83 37.72 110 35.35 137 44.41
84 31.36 111 44.68 138 42.88
85 35.70 112 40.63 139 38.38
86 35.98 113 41.43 140 40.32
87 32.19 114 44.81 141 32.20
88 28.21 115 41.47 142 40.17
89 35.87 116 44.51 143 42.23
90 40.13 LA 47.32 144 45.72
91 29.56 118 34.30 145 31.26
92 39.75 119 39.05 146 36.76
93 39.33 120 42.17 147 37.39
94 35.13 121 39.92 148 33.03
95 34.14 122 35.13 149 35.53
96 27.86 123 33.30
97 40.84 124 38.96
98 38.54 125 39.92
99 40.63 126 48.42
100 36.12 127 43.19
101 39.95 128 43.49
102 40.36 129 43.17
103 42.71 130 39.53
104 38.54 131 39.48
105 40.36 132 40.16
106 38.33 133 47.40
107 35.19 134 36.92
108 37.48 135 45.45
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Determination of dry matter and soluble
solids of durian pulp using diffuse
reflectance near infrared spectroscopy

Phalanon Onsawai and Panmanas Sirisomboon*

Curriculum of Agricultural Engineering, Department of Mechanical En

s

ering, Faculty of Engineering, King Mengkut's Institute of

Technelegy Ladkrabang, Bangkok 10520, Thailand. E-mail 03

Fourier transform near infrared spectroscopy was used as a non-i

for the determination of dry matter and soluble
solids of durian pulp. A set of 25 fruit was randomly harvested every 10 days, starting from 80 days until 127 days after the onset of fruit
development covering six levels of maturity [80 days, 70 days, 100 days, 110 days, 120 days and 127 days]. After applying ethephon on
the fruit stems, the fruits were kept for 2 days at room temperature and allowed to ripen. Only the pulp of the durian was scanned. The
dry matter and soluble selids reference values of the samples were determined by a hot-air-oven method and using a refractometer,
respeclively. Prediclion models using hall the samples relaled the spectral dala, and dry maller and soluble solids dala were subse-
guently established using partial least-squares regression and validated using the other half of the samples in a prediction set, A full
cross-validalion was also generaled using all 149 samples. Bolh the hall-ol-the-samples model and the all-sample model were then
validated using a true validation sel of samples collected in a later year. When lested against the validation half of the samples, the half-
of-the-samples model predicted dry-matter content with a coefficient of determination () and rool mean sguare errar of prediclion
[RMSEP] of 0.87 and 3.60%, respactively, and for soluble solids content 0.55 and 1.63 °Brix [Bx], respectively. When tested on samples
fram a later season, the model for dry=matter content returned an r* RMSEP and bias of 0.26, 6.10% and =2.16%, respectively, and for
soluble solids content 0.27, 1.25 “Bx and 1.09 °Bx, respectively. The cross-validated modeal for dry matter vielded a slightly better r*
and root mean square error of cross-validation [RMSECY] of 0.90 and 3.58%, respectively, however, the model for soluble solids did
not provide a better r¥ and RMSECY: 0.51 and 1.81 °Bx, respectively. Whan tested on samples from a later season, the cross-validated
models gave, *, RMSEPand bias of 0.15, 5.17% and -1.49%, respectively, for dry-matter content, and for soluble solids content 0.37, 1.32

“Bx and 1.23 °Bx, respectively. The poor results obtained when predicting dry matter in samples in later seasons indicate that samples
from several seasons must be included in the set of calibration samples. This is the first report on the application of NIR spectroscopy to
evaluate the dry matter and soluble seolids of durian pulp and could be uscful to customers, exporters, importers and also pestharvest
technologists. However, prediction accuracy was not demonstrated in the model for durian pulp soluble solids, possibly because of the
effect of ethephon applicd after harvesling lo induce ripening within 3 days Lo make the fruil suitable Tor consumption. Inaddition, it was
found that the vibration bands of cellulose and fat, and those of aromatic, CH, and sucrose highly affecled the predictions of dry matter
and soluble salids in the durian pulp, respeclively,

Keywords: durian, pulp, dry matter, soluble solids, near infrared spectroscopy

Introduction
Durio zibethinus, commonly known as durian, is an exotic,  aroma, taste and texture. It is a climacteric fruit."? Durian

seasonal fruit popular in South East Asia owing to its unique  maturity is very difficult to determine from the external

ISSM: 09467-0335 @ IM Publications LLP 2015
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appearance, Severalindices are used in combination including
numbers of days from anthesis, colour of the skin, colour of
the spine tip, strength of the spine and the fruit stem, and the
sound detected by knocking on the fruit.®

Lim and Luders® described the fallowing:

The "Monthong”™ cultivar is the prima donna of Thai durian
clones and it means "Golden pillow” in English or “Bantal
Mas™ in Malay. It produces large, elongated, oval-cylin-
drical, tapering at the stylar end, i.e. pronsunced beak,
lobed, yellowish-brown large fruit of 2-6 kg weight. The
peduncle is thick and moderately long and the rind 1S thick
and covered with sharp, pointed, small, conical, densely
packed spines. Each fruit has 10-15 anls and many small,
shrunken [aberted] seeds. Each locule has usually three
large, thick, creamy, smooth, pale yellow anls, The pulp s
mildly odorous and of excellent quality, constituting more
than 30% edible portion and has little physiclogical disor-
ders. This cultivar is extremely amenable for processing of
preserved frozen pulps. It bears fruit after 8 years.®

Siriphanich and Jerapat® reported the growth and develop
ment of Menthong durian, and recommended that dry matter
of the pulp was the best index to determine dunian maturity.
Data on sugar, starch, fat and carotenoid content, as well as
pulp firmness and colour, were incensi stenp¥ Follewing this,
a minimum pulp dry matter of 32% was announced as the
standard for “Monthong™ durian maturity by the Ministry of
Agriculture in Thailand.® It would be useful for the customer or
exporter 1o know whether the durian pulp is from the mature
fruit or not by evaluating its dry matter non-destructively.
Durian ripening results in an increase in soluble sugars and a
decrease in starch and pulp firmness.” Soluble solids content
and dry matter are important traits used for determining the
maturity of certain fruits and vegetables® The internal quali-
ties of fruit are usually determined by traditional destructive
approaches that are time-consuming, costly and laborious
using a representative sample.” " A means of non-destruc-
tively measuring dry matter could thus be useful for a range of
applicatiens such as rapid and frequent measurement in the
field, or grading of fruit during packing se that fruit would have
similar dry-matter levels'  and thus soluble solids,

Faurier transform near infrared [FT-MIR] spectroscopy is
carried out 2t the manufacturing site and involves a simple
operation, rapid measurement, easy/no sample preparation,
low running costs and a nendestructive analysis.'" Thus,
it 15 a very reliable technique for the positive identification
and quantitation of many samples. FT-NIR spectroscopy was
developed 1o overcome some of the lUmitations encountered
with the dispersive NIR such as a low signal-to-noise ratic and
low resolution, The advantages of FT-NIR spectroscopy nclude
a higher speed, wavelength accuracy, self-calibration with
an Hele laser and wavelength, and simplified mechanics '
This makes FT-NIR an invaluable teel for quality-control and
quality-assurance applications,”” There have been a number
of recent reports indicating that FT-NIR spectra have been
used to predict product-quality constituents of agricultural
products and food by partial least-squares IPLS| regression.'¢

FT-NIR spectroscopy has been used widely on intact fruit,
such as applE”, avocado'® and apncol.” However, it 1s rarely
used to determine pulp properties, FT-NIR spectroscopy has
been used to determine the moisture content of bael pll'pzu
and to estimate the percentage (%] of dry matter of fruit and
vegetables, for example, avocade™, pear® and sugar beet
pulp.” Wedding ef al"® developed a calibration model for
whole intact “Hass” avocado fruit encompassing fruit from
three consecutive years and reported the following predictive
statistics: coefficient of determination (] of 0.8% and root
mean square errer of prediction IRMSEP] of 1.43% dry matter
Travers ot al”' obtained the regression models for predicting
preharvest dry matter of pear with an 2 of 0.78 and a root
mean square error of cross-validation [RMSECY] of 0.78%,
Fernandez et al.” used an NIR reflectance spectrophatom-
eter with a holographic grating to estimate the dry matter
of dehydrated sugar beet pulp I of 0.97 and standard error
of cross-validation of 0.57% fresh matter]. NIR spectroscopy
have been applied to measure the soluble solids cantent of
several fruit such as kiwi [~ = 0.90, RMSEL = 0.39 °Brix [Bx]],”
pear lev. Clara Frijs| [ = 0.84, RMECY = 0.44 °Bx] ¥ citrus fruit
7" 0.8%, RMSER = .44 *Bx),* sugar beet slices % = 089
0.95, RMSEP = 0.60-0.85 “Bx|® and mango lvar. Namdokmail
(R* = 0.99].%

However, there are no reports on the determination of dry
matter and scluble solids of durian pulp using NIR spectros-
copy. The models developed using spectra scanned on the
pulp of durian may be useful for the durian market, where the
durian lobes are normally removed from the fruit to sell to
cusiemers or to freeze before export. Therefere, the objective
of this work was to apply a rapid predictive method based on
near infrared diffuse reflectance spectroscopy to measure dry
matter and soluble solids in dunan pulp.

Materials and methods

Samples

Durian trees of the "Monthong” cultivar were randomly selected
in orchards in Chantaburi, eastern Thailand. Fruit growth was
followed by tagging flowers from the selected trees when
the onset of fruit development was chserved, A set of 25 fruit
was randormly harvested in 2013, every 10 days starting from
80 days until 127 days after the cnset of fruit development
covering six levels of maturity [B0 days, 30 days, 100 days, 110
days, 120 days and 127 daysl. The harvested dates were 1 May,
10 May, 20 May, 30 May, ¢ June and 19 June 2013, respectively.
The 149 harvested samples lone fruit was lost during trans-
portation] from the six intervals provided a variation in matu-
rity frem the immature (o the overmature stages. All samples
were transporied to the Near Infrared Spectroscopy Research
Center for Agricultural Preduet and Foed in King Mengkut's
Institute of Technology Ladkrabang, Bangkok, Thailand |y,
nirsresearch.com]. Before the samples were transported
from the orchard, the ethephon was applied on the top of
the fruit stem to help ripen the durian. This application is
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commen practice with durian merchants, The fruits were kept
for npening for 3 days at room temperature 130 + 1°C). Then,
the largest lobe containing the pulp-covered seeds from each
fruit was taken for analysis lthis is referred to as durian pulp
throughout this paper]. In addition, on 7 and 19 May 2015, 20
fruit were harvested from the same orchard as in 2013, for use
as true validation samples. Their pulp was then subjected to
NIR scanning and reference laboratory analysis for dry matter
and soluble solids.

NIR scanning

The durian pulp sample was measured for spectral data at
the middle of the lobe using an FT-NIR spectrometer IMPA,
Bruker, Ettlingen, Germany| in reflection mode at 12,500-
4000 [800-2500 nmlwath a resolution of 16em™, accumu-
lating 32 scans per spectrum and using gold as a background.
The scanning was performed twice per sample, and all expen-
ments were performed at air-conditioned room temperature
[27 = 1°C.

Reference test

Dry-matter measurement

After scanning, the 809 of durian pulp without seed from the
scanned position of each lobe was cut and blended [Oku San
No, Malaysial for 1min for soft pulp and 2min for hard pulp.
The moisture content of a 59 durian mash sample was anal-
ysed in duplicate using a hot air oven [ULM 500, Memmert,
Schwabach, Germany| at a temperature of 60 = 2°C until 3
constant weight was reached, The moisture content [MC] was
calculated from Equation [1]:

(Wi-W2)x 100

T )

MC [%) =

where W1 is the onginal weight |gl, and W2 is the oven-dried
weight lgl.

The dry matter [DM] was calculated from MC using Equation
[2]:

OMI%)] = 100-(MC] 2]

Soluble solids measurement

The 1:3 mixture of blended durian pulp sample:distilled water
was thoroughly mixed and then centrifuged [Spectrafuge 7M.
Labnet, Edison, NJ| at 6000 rpm for 10min. Then, the super-
natant was dropped into the sample hole of & digital refrac-
tometer (Pal-1, Atage, Saitama, Japan] to measure the soluble
solids [SS] content of the blended sample. The pulp 55 content
was calculated by multiplying the obtained reading by 4.

Relationship between maturity and DM and SS
cantent

The regression analysis forestimating the relationship between
maturity l[dependent variable] and OM and or 55 lindependent
variables] was performed using The Unscrambler 3.8 [Camo
Software AS, Oslo, Norway]. The regression coefficients and
constant of the regression maodels and the corresponding

coeflicient of determination (R?] were calculated. The correla
tion between the DM and 55 content was also determinad.

Repeatability and maximum coefficient of
determination

The precision of the reference test of DM and 55 of durian
pulp was determined using the repeatability value, which
was calculated from the standard deviation of the different
hetween duplicates. Then, the mawmum coefficient of deter
mination [R3,,,] was calculated followed Dardenne® using
Equation [3]:

2
50 = Rep?

- 3]
2
S0,

7 _
oy =

where 50, is the standard deviation of DM or 55 of samples
inthe calibration set. According to Dardenne,? the maximum
A7 is possible only when there are no errors in the spectra or
the model, and the 50, and Rep can indicate that the range
in values for the samples is too narrow, and/or a reference
method is not sufficiently precise.

Chemometric

The OPUS, v. 7.0.129 [Bruker, Bremen, Germany| was used
in both spectrumn pretreatment and medel development. The
model development was divided into two parts. In the first part,
models were developed using the calibration sef samples and
validated by samples in the prediction set where a total of 14%
spectral data were separated randomly inte calibration and
prediction sets at a ratio of 1:1. In the second part, the cali-
bration set consisted of 3 total of 149 fruit samples and was
validated by full cross-validation,

The calibration set, both with and without spectral pretreat-
ment, was used to develop PLS models. The NIR spectra were
pretreated in the following way: constant offset elimination,
straight-=line subtraction and first derivatives + multiplicative
scatter correction [MSC]. After model development, outlier
samples were identified by the software, The model was vali
dated using the prediction set validation [Part 1] or cross
validation [Part 2]. The optimum model was selected based on
the highest performance where the lowest root mean squared
error of estimation [RMSEE] or lowest RMSECY were obtained
where the number of factors, effective wavenumber ranges
and best pretreatment method were identified. The combina-
tion of the following wavenumber ranges including appros-
mately 9000-7500em™ [Region Al, 7500-6100em™ [Region
Bl, 5100-5450err™" [Region Cl, 5450-4400em™" [Region D] and
4600-4250cm™" [Region El, number of factors and pretreat-
ment method was optimised for model development. The coef-
ficient of determination of calibration and pradiction [R® and
2, re-s;pa(ﬂlvelyi, RMSER, bias and the ratio of standard error
of validation to the standard deviation IRPD] of the eptimum
model were also calculated.

The spectra of the true validation set samples of 20 fruit lone
pulp sample per fruitl were subjected to the optimal models,
and the r?, RMSEP, bias and RPD were calculated.
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Results and discussion

From the reference test data, the repeatability of OM and 55
measurement were 2.71% and 0.48 °By, respectively. The R2
values were 0.99 and 0.94, respectively, which indicated that
the reference test was accurate, and the NIR models were
reasonable for development.

The average raw NIR spectra of durian pulp covering six
levels of maturity 180 days, 90 days, 100 days, 110 days, 120
days and 127 days) obtained over a wavenumber range 12,500-
3500em™" are shown in Figure 1. This figure displays peaks at
10,245-10,221 e, B342-8344 e, 488Rcm™, 5563 cm™ and
5140cm™ 1976978 nm, 1194-1198nm, 1452 am, 1794 nm and
1938 nm). The peak at 10,245-10,221cm” larcund 970nm) is
due to the absorption band of the second overtone associ-
ated with O-H stretching of H,0,% at 8342-8344cm™" (1198
1196nm] corresponding to the vibration band of heavy water,
formally called deuterium exide |7H,0 or D,0] [typically found at
1190nm]* at 4888 e (1452 nrn| owing to the absorption band
associated with the first avertone of O=H stretehing (1450 nm]
of starch or H,0,% at 5563 em™ (1794 nml corresponding to the

2 —— R Days
1.3 =c= 110 Days
1.6
14
1.2

1
0.8
0.6
0.4
0.2

Log (1/R)

12500 11000 9500

T
——120 ays

first overtone of C-H stretching of cellulose® (typically found
at 1780 nml and at 5140cm™ (1938 nm| owing to a combination
of vibration owing to the O-H stretching « O-H deformation of
H,0% (typically found at 1940nm).

Figure 2 shows the second derivative spectra between

12,500 cm™" and 3500cm™" where the peaks at 10,42%em,
8678 cm™’, 71 2em™, 5670 cem™, 5276em™, 4397 em™,
3834 e and 3741 e’ 1953 nm, 1152nm, 1404 nm, 1744 nm,

1895 nrm, 2274nm, 260Bnm and 2673 nm) are illustrated. The
peaks at 10,42%cm™, B478em™’, 7112em™" and 52746 cm!
1959 nm, 1152nm, 1406nm and 1895 nml might be the shifted
vibration bands of H,0 at 970nm, 11%0nm, 1450 nm and
19400m.* The peaks at 5670 cm™ and 4397 e 11764 nm and
2274nm] appear to bedue to the first overtone C-H stretching
af the CH, of fatty acid in fat® and O-H stretching + C-C
stretching of starch [typically found at 2276nm].” The peaks
at 3834 em™ [2608nml and 3741 em™ (2673 nm] appear to be
due to the C-H aromatic.””

Figure 3la] and Ib] show the distribution of DM in durian
pulp samples in calibration set and prediction set, respec
tively. It can be seen that there were maore samples at a low

wees 1) Dty
=127 Duys

000 6500 S000 s

Wavenumber (em™)

Figure 1. Average NIR spectra of durian pulp from samples covering six different levels of maturity (80 days, 90 days, 100 days, 110

| days, 120 days and 127 days after fruit onset].
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Figure 2. Average second-derivative spectra of durian pulp covering six levels of maturity |80 days, 90 days, 100 days, 110 days, 120

days and 127 days after fruit onset),
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i_Figure 3. Histogram of the distribution of DM and 55 of durian pulp samples in calibration set and prediction set.

DM [12-15%)] and high DM [36-40%]) than other values. As
descnibed in the Intreduction, the Monthong dunan pulp at
the maturity stage contains 32% OM, which is higher than in
the cultivars, Kradum and Chanee, where an acceptable DM
for consumption is between 23.5% and 33.5% with an average
of 28.6%.° According to McBlone et al,*' the DM correlates
strongly with the total carbehydrate level in fruit, and it would
be closely correlated with either the actual 55 content, if no
starch were present, or the potential poststorage SS content
to be achieved once any existing starch had been converted
te sugar. This indicated that Menthoeng cultivar had a higher
tendency to change starch to sugar than Kradum and Chanee,
hence leading te a better taste. The minimum, maximum,
mean and standard deviation of DM of the durian pulp sample
sets are shown in Table 1.

Figure 3le] and [d] show the distribution of 55 in durian
pulp samples in the calibration set and the prediction set,

respectively. The minimum, maximurm, mean and standard
deviation of 55 are also shown in Table 1.

Table 2 shows the statistics of the prediction of OM and 55 of
durian pulp by optimum PLS models using prediction set vali-
dation and cross-validation. The optimurm model was selected
if the model provided the best prediction performance, which
was a mirimum RMSEE

The model for OM was developed using eight PLS factors
in the long wavelength range of 8454.9-7498.3em™, 4102~
5446.3cm™ and 4605.4-4242.9em™, which contained a vibra-
tion band of sugar Isucrose and glucose], starch, cellulose
and hemicellulose® that was pretreated by the first deriva
tives + MSC methods. This model showed the 2, RMSEP, RPD
and bias of 0.8%, 3.60%, 3.27 and -0.98%, respectively. The RZ,,
was 0,99, while r* was 0.89 for the DM model. This indicated
that the error from the reference laboratory was 1%, the infor
mation an the NIR spectrum explained the variation of OM for

Table 1, Minimum [Min], maximum [Max], mean, and standard deviation [SD] of dry matter and soluble solids of Durian pulp samples of

calibration set, prediclion sel and true validation sel

51.22 | 898 | 28.82 | 11.35

Prediction set True validation set

Min | Mean | SO |No.| Max | Min | Mean | sD
0| 2496 | 898 | 15.22 | 3.64

o

Properties Calibration set

No. | Max | Min |Mean | S | No.| Max
Dry matter 74 | 56.18 | 8.96 | 2910 | 1110 | 73
(%I
Soluble selids | 75 | 1300 | 3.00 | 573 | 274 ?4|12.9U
° Bx

3.00 | B985 | 244 20

5.70 l 3.40 | 472 | 048 ‘

Mo s numberof samples. Min s the minimum. Max s the maamurm. S0 s standard deviation.

142



143

Determination of Dry Matter and Soluble Solids of Durian Pulp |

Sipasd jo ool e abeiane s SeIg puE U

BIABE [JEPUBLS 341 OF WCIBDNEA JO 1013 PIBPUBIS J& 0151 0} "UCHIEPI BA-SS000 0 0002 BIBDS UEBW 100 51 A7T5 K uoiipasd o J0se 2iebs
UBBW I00) SIS UMD JO UONBUILIIAIED |0 JUSDIHA0S 51,0 UONBWNSE 10 J0Is8 2IEDS UBBUS 10051 IISINH U O1ESG1 BD JO UONEUILIBISP 4O JUBIDIHB0D 51 L4 U0I 38103 IBHEDS BALEAN AW 5| S5

| spres |
700°0- £7L 18} 1150 TEl 150 | € | £0ai5-z018 | Ans + senensap 1Sy 21gnag
[ [ | szrzr-vensy
| | R re-Zmy | [uotiepea-550.0 )Ny
£oo- rIE 85 | 060 ™E 60 | L | EBEL-6'7GYR | OSW + Seanenaap s | sapew dig Japows ajdwes |y
| 1 sphas
220~ 157 £9°4 G50 802 £v°0 _ £ | ENLLE-E0LE | ANG + Saalealap jsily a1gMag
[ [ | szrzr-rensy
( [ Covra=Z0L9 [1es uanaipasd)
B6°0- LLE 09°E | 680 ¢9E 060 8 | £'BA7L-4'7GYE | JSW + Seaneasp sy | Jsnew Aig | japow sjdwes jo 508
selg Ody AJISWY/dISWY e EERE & | Jopoey [ [,-wo) abues
uoiyalpalg uoljelqles | 514 | daquinuaaep Buissasoidalg sanJadody | add}jepopn

(1?2

UBIERIeA-55043 AQ pUE 135 Ue131paJd Ag pajepiieA 19pow §d Ag dind uelIng Jo (%8 5] SPI19S 1GM9S PUB (3] 42118 £Ip jo uoh2pald jo S21SNEIS 7 21qeL



P. Onsawai and P. Sirisomboon, . Near Infrared Specfrosc. 23, 167-17% 2015) 173 \

Table 3. Statistics of prediction of dry matter [%) and soluble solids [* Bx) of Durian pulp by PLS medel validated in samples collected in the

2015 season.
Model type Properties rt RMSEP RPD Bias
50% of sample model Cry matter .28 610 0.87 215
[prediction set] Soluble solids 0.27 1.2 0.81 1.09
All sample model Dry matter 0.15 517 0.73 -1.4%
[full eross-validation] Soluble solids 0.37 1.32 1.02 1.23

2 is determination coefficient of prediction, RMSEP is root mean square error of prediction, RPD is ratio of standard error of validation to the standard

deviation and Bias isaverage error of prediction

89%, and the other 10% error was from unexplained sources.
It is worth noting that Williams® had indicated that an 12 of
0.83-0.90 implies that a model was usable with cauhion for
maost applications, including research, and the RPD of 3.1-4.9
implies that & model is fair and usable for screening. This
indicated that the model developed in this study is usable
for sereening the maturity of the durian pulp by determining
whether its DM is below or above or approximately 32%. In the
case of avocado®and mango,'" which had fairly & similar flesh
texture to that of durian pulp, NIR models developed from vis/
NIR spectra [300-1140nm] and shortwave NIR spectra (700~
1100nm| provided 7° values of 0.88 and 1.80%, and RMSEP
values of 0.96 and 0.41%, respectively.

The statistics of prediction of S5 of durian pulp showed
that the model was developed using three PLS factors in the
long-wavelength range of 6102-5770.3cm™", which included
the vibration bands of sugar [sucrose and glucosel,” which
was pretreated by the first derivatives + SNV method. This
model showed an 2, RMSER, RPD and hias of 0,55, 1.63 °Bx,
1.51 and -0.22 °Bx, respectively When compared with the RZ_.
which was 0,94, the # was only 0.55. This indicated that the
error from the reference laboratory for 55 was 8%, but the
unexplained source error was 39%. The unexplained source
of error might be from the effects of constituents in pulp that
interfered with the absorption bands related to 55 content
such as water. Williams™ had indicated that an 1 of 0.50-0.64
implies that 2 model usable for rough screening, aswell as the
research and the RPD of 0.0-2.3, implies that a medel is very
poor and not recommended. In the case of sugar beet slices,®
which contained more sugar and less fat, an MNIR model devel-
oped from the shortwave NIR Ivis/fSWNIR; 300-1140nm] and a
lenger-wavelength regicn (900-1600 nml provided an r of 0,89
and 0,95, and an RMSEP of 0.60 “Bx and 0,85 °Bx, respectively.

The cross-validated medel for DM was developed using the
same spectral pretreatment as that used for the prediction

set validated madel (hrst dervatives + M5C. It was slightly
different by using seven PLS factors |one factor less| and from
same three wavenumber ranges where only one range was
different 9403.8-7498.3cm].

The cross-validated model for 55 was developed with only
threa PLS factors and used the first derivatives + SNV method.
The different long-wavelength ranges of 4102-5446 cm™’ and
4605-4420cm™" were used instead of one range of 6102
5770.3em”’, where the vibrations of protein and amino acid
was included.®

For hoth properties, the eross-validation provided slightly
better results for DM but did not provide better results for
55 than the prediction set validation, though the biases were
lower, The models for OM showed an r?, RMSECY, RPD and
bias of 0.91, 3.58%, 3.14 and -0.03%, respectively, and for 55
0.51, 1.81 By, 1.43 and -0.004 By, respectively.

Table 3 shows the statistics of prediction of OM and 55 of
durian pulp for the PLS model validated by the true validztion
sel. With the half-samples medel, the true set validation for
OM of durian pulp showed an /%, RMSER, RPD and bias of 0.26,
6.10%, 0,67 and -2.16%, respectively, and for 55, 0.27, 1.25 °Bx,
0.81 and 1.09 “Bx, respectively.

The true set validation of the cross-validation model for DM
of durian pulp showed an 2, RMSEP, RPD and bias of 0,15,
5.17%. 0.73 and -1.4%%. respectively, and for 55, 0.37, 1.32 °Bx,
1.02 and 1.23 "Bx, respectively,.

It wasalso interesting to determine the relationship between
the maturity of the pulp and its DM and S5, Table £ shows the
linear relatienship between the maturity of durian pulp and its
DM and SS. The DM showed a better relationship with matu-
rity than S5 R° of 0.77 compared with 0.40). Both DM and 55
had a positive correlation with maturity, i.e. when the maturity
increased, the content increased. When both of the prop-
erties were the independent variables, the correlation was
very slightly improved [R? was 0.78]. The R? between the DM

Table 4, Linear relationship between maturity of durian pulp and its dry matter and soluble solids

Equaiiuns B N T =l ol GBIl 6Y L mil 2P I'IE Cc Rz
Maturity [Days after fruit onset] = m1 x [DM, %] + C 1.28 - 67.462 0.77
Maturity [Days after fruit nn!-;r:ll——m'l % |55, °Bx|+ C 397 £1.25 0.40
Maturity [Days after fruit onset] = m1 x [DM, %] + m2 x [SS, *Bx] + C 117 0.74 56,30 0.78

mland m2 are regression coefficient for DM [dry matter] variable and 55 [soluble salids], respectively. C is regression constant
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Figure 4. Regression coefficient plot of DM of prediction set validated PLS model of durian pulp.

content and 55 content was only 0.41. The correlation among
these properties of durian pulp was not so high. This may be
due to the properties measured here after the durian fruits
were forced to ripen in 3 days using ethephon applied at the
time of harvesting. This ripening had to be carried out because
this NIR application was expected to measure the properties
of the durizn pulp sold in department stores before customer
consumption or before export.

Figure 4 shows the regression ceefficient plots for durian
pulp OM for the prediction setvalidated model, Figure 5 shows
the X-loading weight of the PLS factor plets of the prediction
sel validated model. The strong effect of the bond vibration on
the prediction of DM of durian pulp was illustrated ty the high
peaks shown in the plots, The obvious peaks and their bond
vibration in the regression coefficient plot and X-loading weight
plot are shown in Tables 5 and 6, respectively, which illustrate
the heights of the peaks in descending order. It was ocbserved

that the vibration for cellulose appeared as the highest pealk,
and other peaks in both plots implied the highest influence
of the vibration of cellulose compared to other bond vibration
on the prediction of the DM of durian pulp. There were also
high absorption peaks owing to the long chain of the fatty acid
moiety, which can be attributed to CH,, the second overtone
at 1200nm (8333cm™] and the first overtone at 1725nm and
1745nm™ 5797 cm™ and 5645 cmi™'].

Figure & shows the regression coefficient plot of the durian
pulp 55 for prediction set validated medel. Figure 7 shows
the corresponding X-loading weight plets. The obvicus peaks
and their bond vibration in the regression coefficient plot and
X-loading weight plot are shown in Tables 7 and 8, respectively,
which illustrates the intensity of the peaks in descending
order. It was observed that the vibration of arematic and CH,
appeared as the highest peaks, indicating an implied high
influence on the prediction of the 55 of durian pulp. There

0.2s
—Fl snFl ==
| x
015 ¥
= Ioa :
= ) & 22 in
s 05T (I Y
= YA i
= _—s
=
&
B
-0.15
-0.25 T
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Wavenumber (em™')

Figure 5. X-loading weight plot of DM model of durian pulp prediction set validated PLS model. F1, F2 and F3 are PLS factor 1, 2and 3,

respectively,
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Table 5. The absorption bands with high regression coefficient of model for dry matter of Durian pulp.

W, I Wavelength Wavelength [nm) Bond vibration/structure®®

lem™) [nm) referred from reference™

5444 1834 1820 0-H stretching + 2 = C-0 stretching/cellulose

5808 1722 1725 C-H stretching first overtone/CH,

5450 1764 1765 C-H stretching first overtone/CH,

TabE 1304 1225 C-H stretching second overtone/CH

4397 2274 2273% 0-H/C-0/glucose®

5914 690 | 1685 C-H slreldmﬁrstmrmnefa|'0mauc

4295 & E’S 3 };33—& ----- ‘[I—H stretching + (3mEio?nalmnftellulnsa

4486 2431 2242 M-H stretching + NH; deformation/amino acid

8138 1229 1225 C-H stretching second overtone/CH

h-‘i‘.l’?_ 1821 T g20 2R a—H_s-lrmchlng +2x (=0 s;trelnlnrrjfcel_luln.‘;ﬁ

0356 2290 5 2294 N=H stretching + C=0 stretching /amino acid

7822 1278 1225 C-H stretching second overtone/CH

8102 TS R 1645 T | C-H stretching first overtone/R-CH-CH
| 4258 -ﬁﬁ‘?— ) 255-?‘ _-E-ﬁtihmﬂalin;e?oﬁd overtone/cellulose AW’
7745 1291 1225 C-H stretching second overtone/CH

8354 197 195 i sll‘et?ing second overtone/CH 5 AR
5569 7% 1780 | C-H stretching first overtone/cellulose LN
8308 1204 1215 C-H stretching second overtone/CH,

8022 1247 1340 2 x C=H stretching + C-H deformation/CH;

i528 2208 2200 Bliylose/ puidabadubadebdes ond © = . |
5331 1875 T 7 77900 | O-Hstreiching + 2x C-Ostretching/starch
7536 1327 1350 2 x C-H stretching + C-H deformation/CH,

Table 4. The absorption bands with high X-loading of medel for dry matter of Durian pulp.

Wavenumber | Wavelength PLS Wavelength [nm] Bond vibration/structure®

lem™) [nm) factor referred from reference’®

5492 18211818 | F2,F3 | 1820 | O-H stretching + 2x C-0 stretching/cellulose |
5901 T [ R 1695 | C-Hstretching first overtong/ CHy |
5770 1733 F3 1725 C-H stretching first overtone/CH,

4605 T 2192 FI.F2,F3 | 2180 | 2~amide | +amide Ill/protein y
Te02 1639 PTG ™ T TN s;t;ek:h[ng first uver'm?e,l'R CHICH
5639 1773 F1 1780 C-Hstretching first overtone/cellulose

561 1831 | Al | 1820 | O-Hstretching+ 2 x C-0 stretching/cellulose
5754 1738 F2 1740 S-H stretching first overtone/-SH

5685 | 1759 F2,F3 TN C—H stretching first overtone/CH,

8154 1224 F1 1225 C=H stretching second overtone/CH

6078 1645 B 1445 C-H stretching first overtoneg/R-CH-CH

1498 —13345_ Fz2 | O ¢ -'J?_?h_ = ¢ slreﬁng second avertone/CH

h9Ly 1682 F2 1485 C-H stretchung first overtone/aromatic

5870 1704 F3 1705 C-H stretching first overtone/CH,

833 1200 F3 1200 C-H stretching second evertone/CH,

7640 1305 F3 1340 2% C=H stretching + C-H rJnFnrm:;Iiun,r'L’IH:I
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respectively.

15 also & high peak in the absorption band for sucrese at
1692nm ' (5910 em ],

Conclusions

From the results presented in this study, NIR spectroscopy
could be used as an alternative technique to estimate the
DM of durizn pulp, since the model showed an acceptable
prediction accuracy. The cross-validation and half sample set

calibration model tested on the remaining half of the samples
both gave promising results for OM. These models were
unable to predict OM in samples collected in a later season,
The predictive statistics suggested that this model may be
usable, with the addition of samples from several seasons, for
maest applicatiens. Further development of the calibrations
15 expected to overcome this weakness. This would be useful
for customers, supermarkets, exporters, importers, post
harvest technologists and related organisations to indicate the
raturity of the pulp. In addition, it was found that the vibration
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Table 7. The absorption bands with high regression coefficient of models for soluble solids of Durian pulp.

Wavenumber Wavelength Wavelength [nm) Bond vibration/structure®®
lem™) [nm] referred from reference®™

hei0 1675 15685 C-H stretching first overtonefaromatic
5824 1717 1725 C-H stretching first overtone/CH,

HE78 17m 1702 starch

5909 1692 1688 SUCTOSE

4055 1652 1645 | C2H stretching first overtone/R-CH-CH

Table 8, The absorption bands with high X-loading of model for soluble solids of Durian pulp.

bands of cellulose and fat greatly affected the predicticn of DM
of durian pulp. However, prediction accuracy was not dermnon-
strated in the model for durian pulp 55, This might be due to
the effect of ethephon applied after harvesting for inducing
ripening within 3 days for customer consumption.
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ABSTRACT

Thailand is one of the leaders in durian production and the largest supplier and exporter
of top quality durian. The objective of this work was to study the correlation between color and
soluble solids content (S8C) of durian pulp at different maturity stages. A set of 25 fruit was
randomly harvesied at every 10 days starting from 80 days until 127 day after onset of fruit
development covering six levels of maturity (80, 90, 100, 110, 120 and 127 days). The fruits were
kept for 3 days at room temperature, Then the pulp was measured for colar (CIEL*a*b*) with 3
replicates per sample using spectrophotometer. The C*ab, h® and a*/b* were calculated. After that
the sweetness indicator (soluble solids content, SSC, % Brix) was measured with duplicate per
sample using digital refractometer. The correlation between SSC and color propertics and the
linear relationship between SSC and color properties with maturity stages were analysed, The
linear relationship between SSC and color properties with maturity stages showed the coefficiem
of determination (R’) of 0.77, 0.71, 0.80, 0.97, 0.97. 0.84 and 0.84 for L* a* b* C*ab, h® and
a*/b*, respectively. The linear equations of the relationship were also calculated. The relationship
between the SSC and color showed the R* of 0,20, 0.32, 0.40 0.40 0.23 and 0.30 for L*, a*, b*,
C*ab, h* and a*/b*, respectively.

Keywords: Durian; Color; Soluble Solids Content; Maturity
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ABSTRACT

Thailand is one of the leaders in durian production
and the largest supplier and exporter of top quality durian.
The objective of this work was to study the correlation
between color and soluble solids content (S8C) of durian
pulp at different maturity stages. A set of 25 fruit was
randomly harvested at every 10 days starting from 80 days
until 127 day after onset of fruit development covenng six
levels of maturity (80, 90, 100, 110, 120 and 127 days). The
fruits were kept for 3 days al room temperature. Then the
pulp was measured for color (CIEL*a*b*) with 3 replicates
per sample using spectrophotometer. The C*ab, b and a®/b*
were calculated. After that the sweetness indicator (soluble
solids content, S5C, % Brix) was measured with duplicate
per sample using digital refractometer. The correlation
hetween SSC and color properties and the linear relationship
between SSC and color properties with maturity stages were
analysed The linear relationship between SSC and color
properties with maturity stages showed the coefficient of
determination (R of 0.77, 0.71, 0.80, 0.97, 0.97, 0.84 and
0.84 for L=, a% b*, C*ab, h® and a*/b*, respectively. The
linear equations of the relationship were also caleulated. The
relationship between the SSC and color showed the R? of
0.20, 0.32, 0.40 0.40 0.23 and 0.30 for L%, a%, b*, C*ab, h°
and a® /b*, respectively.

INTRODUCTION

Durian is regarded as one of the more favored tropical
fruits. [1] Export of duran from Thailand is the largest
proportion of production. [2] Durian is a large heavy fruit,
covered with a thick husk with sharp hexagonal thorns,
which makes peeling a difficult task for untrained people.
The fruit can be opened easily by cutting at abscission zones,
which develop along the suture at the middle of each locule
as the fruit ripen. [3] The fiuit normally contains five locular
units with between 1 and 5 pulps per umt. The pulp unit
consists of seed which s completely covered by a creamy,
white, vellow or golden yellow aril, the edible portion of the
fruit. [4]

At maturity, the fruit naturally falls {abscises) from the
tree at the articulation of the fruat stem with the fruit, then
rpens in 2 to 4 days with the fruit nommally splitting into

segments of irregular width at the stvlar end. Ripening
results in an increase in soluble sugars, a decrease in starch
and pulp firmness which have occurred before natural fiuit
splitting (dehuscence) starts, To prevent natural fuat fall
(abscising), fruit may be tied to the limb or harvested at
maturity. Maturity is judged by appearance (fruit stalk
thickness and flexibility, abscission zone, or carpel sutures),
number of days from flowering and a hollow sound when
tapped with the wood or rattan stick or knife, [5] Days from
flowering and tapping are the most reliable criteria. [6]
Ripening is characterized by an increase in respiration,
ethylene produchion, soluble solids content, sugars, [-
carotene and production of aroma, and a decrease in starch
and firmness and eventual sengscence. [7] The peel color of
fruit was changed because of the changing of pigment such
as a loss of chlorophyll which made the green color of the
peel to be yellow and the development of carotenoid (yellow
and orange), lyeopene (red) and anthoeyanin (red and blue).
[8]

Therefore the objective of this work was to study the
correlation between color and soluble solids content (SSC)
of durian pulp at different maturity stages. This information
will be useful for non-destructive test of sweetness and
maturity of the durian pulp using color properties.

MATERIALS AND METHODS

Durian trees of the ‘Monthong® cultivar were
randomly selected in orchards in eastern Thailand., Fruit
growth was followed by tagging flowers from the selected
trees when onset of fruit development was observed. A set of
25 fruit was randomly harvested each 10 days starting from
80 days until 127 day afler onset of fuit development
covering six levels of maturity (80, 90, 100, 110, 120 and
127 days). The harvested samples from the six intervals
provided a variation in maturity from the immature to the
over-mature  stages  and  brought to Wear Infrared
Spectroscopy Research Center for Agrieultural Product and
Food in King Mongkut's Institute of Technology
Ladkrabang, Bangkok, Thailand. The fruits were kept for 3
days at room femperature. Then the pulp was measured for
color (CIEL*a*h*) with 3 replicates per sample with
spectrophotometer (MiniSean XE Plus, Hunter Lab, USA).
Durian pulp colour was measurad based on the CIE L* a* b*
tri-stimulus colour space, which is an international standard
for colour measuwrement. The CIE L*a*b* colour space is
comprised of a luminance component L* (from black to
white), and two chromatic components of a* (from green to
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red) and b* (from blue to yellow). [9] Then the Chroma
{C*ab), hue-angle (h°) and a*/b* were caleulated using the
following formmula.

C"ab=y(a")2+(b")? ()
o por b
h*=tan’ 2)
After that the S8C (soluble solids content, % Brix)
was measured with duplicate per sample with digital
refractometer (Pal-1, Atago, Japan). The linear relationship
between SSC and color properties with maturity stages and

the correlation between SSC and color properties were
analysed.

RESULTS AND DISCUSSION

g
a*, b°, a%fb*

SS€, L%, b*, C*ab

-z B8s5ssassE

- — —f
50 90 1m 10 m 130
Maturity stages (Days alter [ruit onsed)

* 550 =L * b* = (*ab .g* = h* a*fb*

Figurel. The relationship between soluble solids content
{850 and color properties with matunity stages

Figure 1 shows the relationship between SSC and color
properties with maturity stages where the coefficient of
determination R2 were 0.77, 0.71, 0.80, 0.97, 0.97, 0.84 and
0.84 for L7, a* b* C*ab, h” and a*/b*, respectively. The
linear equations of the relationship were also calculated and
showed in Table 1. Figure 1 shows that the vellowness (b*)
and chroma (C*ab) had the highest valug of B2 (0.97) with
the maturity stages.

Tablel. The lincar relaionship between y vanable
(soluble solids content (S8C) and color properties) with x
variable (maturity stages.)

¥ variable Slope Intercept R*

SsC 0.103 -4.861 0.77
L* -0.048 90.602 0.71

a® 0.033 -2.947 0.80

b* 0.410 -0.677 0.97
C*ab 0.410 -0.688 0.97
h® 0.045 -4.384 0.84
a*/b* 0.001 -0.089 0.84
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Figure2. The relationship between the soluble selids
content and color properties.

Table | shows the linear relationship between v variable
(soluble solids content (SSC) and color properties) with x
variable (maturity stages.). It shows the slope and intercept
of linear equation. It could be seen that only L* had the
inverse correlation with maturity stage. This meant that the
lightness of pulp was decreased when the maturity increased.
The other color properties increased with the increasing of
maturity.

Figure 2 shows the relationship between the S8C and
color, The coefficient of determination (R?*) of 0.20, 0.32,
0.40 0.40 0.23 and 0.30 for L*, a* b® C*ab, h" and a®/b*,
respectively, were obtained. This indicated there was no
linear relationship between the color properties with soluble
salids content of the pulp which was the indicator for
sweetness.

CONCLUSIONS

It can be concluded that the sweetness indicator (S8C)
of the durian pulp could not indicate by color properties of
the pulp. However, the maturity stage of the pulp can be
accurately indicated by the vellowness (b*) and chroma
{C*ab}. This information is very useful to customers,
exporters, importers, post-harvest technologists, breeders and
50 01
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at Different Maturities

1 .. 1
Phalanon Onsawai and Panmanas Sirisomboon
"Cumiculum of Agricultural Engineering, Departrment of Mechanical Engineering, Facully of Engineering, King Mongkut’s Institute of
Technology Ladkrabang, Banekok 10520, Thalland.

Corresponding author: Phalanon Onsawai. E-mail: phalanon.onsawai@hotmail.com

Abstract

Ihe near infrared spectral and physicochemical {color {L* a* b*), soluble solids content (SSC), moisture
content (MC), dry matter (DM} and texture (average force (AF), toughness (T), penetrating force (PF} and
penetrating eneray (PE}} properties of Durian pulp at different maturities were investigated. The 25 fruits were
randomly harvested at each 10 days, starting from 80 days until 127 days after onset of fruit development
covering six levels of maturity (80, 90, 100, 110, 120 and 127 daysk The fruits were kept for 3 days at room
temperature for their ripeness and the pulps were evaluated for the properties. The spectra abtained by FT-NIR
spectrometer showed the dominant peaks at 10245-10221, 8362-8346, 6888, 5569 and 5160 cm'1 (976-978, 1196-
1198, 1452, 1796 and 1938 nm}, by the shoriwave dicde array spectrometer at 746 and 975 nm and by lonawave
diode array spectrometer at 1432, 1727 and 1875 nm. The peaks at 746, 376-978, 1196-1198, 1432 and 1452, and
1938 was the vibration bands ef H,O at 760, 970, 1190, 1450 and 1940 nm which were shifted. The peaks at 1796
nm were the vibration of cellulose and at 1727 and 1875 nm was the absorption bands of starch. The result
showed that the a* b* SSC and DM increased and L* and MC decreased when the harvesting dates increased.
The AF and PE during 80-110 days did not change significantly. The T and PF decreased significantly during 80-
120 days. However, the values during 120-127 days were not significantly different.

Keywords: Durian pulp, Near infrared, Physicochemical

accuracy  of  90% in  maturity determination
{Kongrattanaprasert et al, 2001). The changes in
physicochemical properties of longan fruits (‘cv. Shixia’}

after post-anthesis were investisated over two different

1 Introduction

Durian, regarded as the King of fruits in South East
Asia, is & tropical fruit with & characteristic thorncovered
husk, large size and strong odour {(Paengkanya and

Sopenronnarit, 2015}, Export of durian from Thailand is
the largest proportion of production (Cunningharn, 2000).
Feuit firmness and texture are important attributes that
define eating quality of durian fruit (Nanthachai, 1994).
Electrical impedance spectroscopy (EISH has been of
interest as a technique for assessment of durian. EIS is
considered to be a rapid and easy technique for
measurement.  (Kuson and  Terdwongworakul, 2013),
Visible spectroscopy range was reported as a potential
non-destructive  method for classification of  durian
maturity  (Timkhum  amd ~ Terdwongworakul,  2012).
Measurements of frequency response to force vibration
and an ultrasonic response were carried out in the region
between the spines in the middle part of durian with an

year seasons, with the aim to identify a reliable maturity
index for harvest (Shia et al, 2016}, The NIR spectrometer
was used as a non-invasive technigue for estimating
maturity of mango. Uha et al, 2014} The regression model
for predicting maturity of mango provided ¢ of 0.74 and
Root mean squared eror of prediction (RMSEP} of
0.305%. NIR spectroscopy evaluates the interactions
between the electromagnetic radiation in the NIR region
(780-2500 nm) and the materials under investigation,
especially agricultural produces and feod. The NIR
spectroscopic  technigue can provide rapid but its
accurate and reproducibility equivalent to much more
time censuming reference methods. In addition, NIR
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costs and no chemicals (Cnsawai and Sirisombeoon 2014).
Therefere, the objective of this work was to study the
near Infrared spectral and physicochemical characteristic
of Durian pulp at different maturities. This infermation
will be useful for researchers, farmers and international
trade.

2 Materials and Methods
2.1 Samples

Durian  trees of the ‘Monthone™ cultivar  were
randlomly selected in archarcls in eastern Thailand. Fruit
srowth was followed by tassine flowers from the
selected trees when onset of fruit development was
chserved. A set of 25 fruit was randomly harvested each
10 days starting from 80 days until 127 days after onset
of fruit development covering six levels of maturity (80,
90, 100, 110, 120 and 127 days). The harvested samples
from the six intervals provided a variation in maturity
from the immature to the over-mature stages and
brought to Near Infrared Spectroscopy Research Center
for Agricultural Product and Food in King Mongkut's
Institute of Technolosy Ladkrabang, Bangkek, Thailand.
The fruits were kept for 3 days at room temperature
before experiment.
22 Near-infrared spectroscopy experiment

The Durian pulp sample was measured for spectral
data with FT-NIR spectrometer (MPA, Bruker, Germany) in
reflection mode on 12,500-4,000 cm 4 {B00-2500 nm) with
resolution was 16 cm'l_. accumulating 32 scans  per
spectrurn using gold as a background. The scanning was
done twice per sample. All experiments were performecd
at room temperature (27+1 °C). Shortwave VIS-NIR dinde-
array spectrometer (FQANIR Gun, Fantec, Japan) in
interaction mode at 600-1100 nm with a resolution of 2
nm and lonewave NR diede-array  spectrometer
(MicroNIR, JDSU, USAY in reflection mode at 1150-2150
nm (Integration time of 1000 ms and number of scans
5000 with a resolution of 7 nm) The scanning was done
twice per sample There were 149 samples (298 spectra)

in total. All experiments were performed at room
' temperature (27+1 °C).

2.3 Physicochemical of Durian Pulp
2.3.1 Color measurement

Then the pulp was measured for colour (CIE L*a*h*}
with 3 replicates per sample with spectrophotometer
{MiniScan XE Plus, Hunter Lab, USA) using observer angle
of 10° and illuminant of D&5. Durian pulp colour was
measured based on the CIE 1* a* b* tristimulus colour
space, which is an international standard for colour
rmeasurernent. The CIE L*a*b* colour space is comprised
of & luminance compaonent L* {from black to white), and
two chromatic companents of a* (from green to red} and
b* (fram blue to yellow}
2.3.2 soluble solids measurement

The 1:3 mixture of blended Durian pulp sample:
distilled water was thoroughly mixed and  then
centrifuged (Spectrafuge TM, Labnet, Edison, hJ} at 6000
rpm for 10 min. Then, the supernatant was dropped into
the sample hole of a digital refractometer (Pal-1, Atago,
Saitama, Japan} to measure the soluble solids (SS)
content of the blended sample. The pulp S5 content
was calculated by multiplying the obtained reading by 4.
2.3.3 Dry matter measurement

After scanning, the eighty gram of Durian pulp was
blended {Cku San No, Malaysia) for 1 minutes for soft
pulp and 2 minutes for hard pulp. The moisture content
of & 5 g durian mash sample was analyzed by hot air
oven {ULM 500, Memmert, USA} at the temperature of
60+2°C till constant weight was reached. The maisture
content (MC) was calculated from equation.
(W1 — W2)x100

= 1

MC (%) e ()

where W1 is ariginal weight (2) and W2 is oven dry
weight {g).

The dry matter (DM} was calculated from moisture
content using the equation.

DM (%) = 100 — (MC) @

2.3.4 texture measurement

Puncture tests were carried out on samples using
Texture Analyzer, (TA HD Plus, Texture Analyzer, Stable
Micro Systemn, London, UK). A stainless stcfel_plunger with

flat end (5 mm diameter) aww cell was
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used to penetrate the pulp sample with a deformation
speed of 1 mmy/s and 10 mm depth.

3 Results and Discussion

Log(Lm)
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Average NIR spectra of Durian pulp from
different maturity samples (80, 90, 100, 110,
120 and 127 days after fruit onset) obtained
from FT-NIR spectrometer.

Figure 1

The average raw NIR spectra of Durian pulp covering
six levels of maturity (80, 50, 100, 110, 120 and 127 days}
obtained over a wavenumber range between 12500-3500
em’ by shortwave FT-NR spectrometer is shown in
Figure 1. This figure displays peaks at 10245-10221, 8362-
8346, 6888, 5569 and 5160 cm’ (976-978, 1196-1198,
1452, 1796 andl 1938 nm). The peak at 10245-10221 cm’'
{around 970 nm) related to O-H stretching of H,O
(Osborne and Fearn, 1986}, at 8362-8346 cm’ {1198-1196
nm related to Heavy water, formally called deuterium
oxide (H.0 or D,0) fypically found at 1190 nm)
(Workman and weyer 2007), at 6888 cm’ (1452 nm)
related to O-H stretching (1450 nm) of starch or H,O
(Osborne and Fearn, 1986}, at 5569 em’ (1796 nm)
related to C-H

stretching of cellulose (Oshborne and Feam, 1986),
(typically found at 1780 nm), and at 5160 cm (1938 nm}
related to O-H stretching + O-H deformation of H.O
{Osborne and Fearn, 1985}, (typically found at 1940 nm).

Logll R

1 @0 B0 S0 B0 LN 10 U
Wavelength [nm)

Figure 2 Average NIR spectra of Duran pulp from
different maturity samples (80, 90, 100, 110,
120 and 127 days after fruit onset) obtained
from  shortwave  VIS-NIR - diode  array
spectrometer.

The average raw NIR spectra of Durian pulp covering
six levels of maturity (80, 90, 100, 110, 120 and 127 days)
obtained over a wavelength range between 600-1100 nm
by shortwave VIS-NIR diode array spectrometer is shown
in Figure 2. This figure displays peaks at 746 and 975 nm
which was due to the absorption band associated with
the third overtone of O-H stretching of H,O {Osborne and
Fearn, 1986}, (760 nm} and the absorption band of
second overtone associated with O-H stretching of HO
{Osborre and Fearn, 1986} (typically found at 70 nm.

— ottt 9]
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Figure 3 Average NIR spectra of Durian pulp from
different maturity samples (80, 90, 100, 110,
120

and 127 days after fruit onset) obtained from
longwave NIR diode-array spectrometer.

The average raw NIR spectra of Durian pulp covering
six levels of maturity (80, 90, 100, 110, 120 and 127 days)
obtained over a wavelength range between 1150-2150
nm by longtwave NIR diode-array spectrometer is shown

in Figure 3. This ﬁguwﬂ?g 1439
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nm. The pezak at 143% nm (shifted from 1450 nm) due to
the absorption band associated with the third overione
of C-H stretching of H.C (Oshorne and Feamn, 1986}, and
at 1875 nm is due to the absorption band of second
overtone asscciated with O-H stretching + 2 x €O
stretching of starch (Oshorne and Fearn, 1586), (typically
found at 1800 nm}.

lablel. Statistics of average spectrum of Durian pulp
samples from different maturity (80, 90, 100, 110, 120
and 127 days after fruit onset).

TR shortwave VIs-
MIR longwave NIR
maturity 6888 cm’ (1451 nm) 975 nm 1439 nm
80 1225 1811c 1.20%
90 1.140b 1.839¢ 1.126b
100 1.063cd 21883 1.051¢
110 1.040d 22474 10024
120 1.020d 2172ab 1.038c
127 1.099be 2036 1.065¢

From Table 1, absorption value of peaks at 1451 nm
{(FT-NIR} and 1439 nm {long wave) which are water band
{Osborne and Fearn, 1986), decreased with increasing
harvesting dates. These results were similar to MC It can
be seen that absorption value of water band increased
with increasing MC. For absorption value of shortwave VIS
NIR at peaks of 975 nm did not relate on harvesting
dates. This might be because in long wavelensth, the

lower order of overione and combination of NIR
vibration, the NIR absorptibility was higher than in
shortwave region, the higher order of overtone. This
leaded to the broad and high band of water in longwave
region in the spectra of Durian pulp.

Table 2 shows that the 2% b, and DM increased and
L* and MC decreased when the harvesting dates was
increased. The yellowness (b*) had the highest value at
40.67 with the maturity stage of 127 days.  Fruit pulp
colour depends on the durian culfivar, varying between
pale to deep yellow. Yellow pulp colour is often due to
carotenaids. (Wei et al, 2014} It could be seen that at the
maturity stases of 80, 90 and 100 days the Durian fruit
were not riped. However, the stage of 110 days should
be the proper ripen stage for harvesting where the dry
matter reached 33%. The Monthong Durian pulp at
proper maturity stage for harvesting contains 32% dry
matter (Sifiphanich and Jerapat, 2005).

Table 3 shows that the AF and PE during 80-110 days
did not change significantly. The T and PF decreased
significantly during 80-120 days. All texture properties
during 120-127 days were not significantly different. The
results of texture properties were related with the results
of MC and DIV from table 2 for the values of MC and DM
were not significantly different after 120-127 days.

Table2. Statistics of coler, soluble solids, meisture and dry matter content of Durian pulp samples from different
maturity (80, 90, 100, 110, 120 and 127 days after fruit anset).

color soluble solids moistire dry matter
matrity Em a b" SsC e DM
80 8697 £291a 0.15 +0.95¢ 2211 +4.60d 152 £0.56e 874450 £2.323 125541 £2.32e
Q0 85.96 £3.60ab 0.19 £0.62¢ 26.61 £4.92c 17.2 £6.16de 82,3230 +4.95b 176770 +4.95d
100 85.36 +3.60bc 0.55 £1.16b 33.72 +4.96b 249 +9.27c 68.8831 +7.04c 31.1169 +7.04c
110 86.27 £2.25ab 0.14 =087bc 35.76 +d 28b 193 +4.47d 66.3005 +4.45d 33,6995 +4.45b
120 8502 +2.01bc 108 +0581a 39.76 £361a 349 £11.36a 61.2229 +267e 38.7771 £267a
127 84.12 +292¢ 136 +091a 40,67 +4.85a 305 +6.17h 65029 £2 56 390972 +236a
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Table 3. Statistics of texture properties of Durian pulp from different maturity (80, %0, 100, 110, 120 and 127 days after

fruit onset)
texture
Matv-rity IF i A RD | PF PE
a0 3061 £146bc | 232645 =B60a 4313 £1.92a 50979 £1.76a 63554 £31./0a (17472 +747a  |68.596 £37.93a
0 4597 ed62ab | 18089412 3dab | 5065 £4.59a 5343 £3 5730 (42053 233950 | 13628 £030ab | 77177 £7262a
100 4157 £387ab | 13.554+1187bc | 3.681 +3.96a 5184 £262ab (3457 +40.17b |11.733210.45bc |64.220 £71.17a
110 5469 +4.43a 19.886 +1333a | 5.635 +4.45a 4578 +196b 41.126 +2826b [ 16280411 .65ab 99632 +81.00a
120 2174 £290c BOBS x9.B5cd |1.625 2209 5360 £1.56ab | 27.204+491660c |6.785 £9.70cd | 30428 £46.590
127 1.110 +0.89c 328 +351d  [0.700 +0.760 G000 +1.7% 13378 +1257c |2618 +320d |9475 +1343b

"AF = Awverage force, IF = Initial firmness, RF = Rupture force, RD = Rugture distance, T = Toughness, APF = Average penetrating force and

FE = Penetrating energy

4 Conclusions

The raw NIR spectra from longwave FT-NIR and
lengwave NIR dicde-array spectrometer at wavenumber
of 6888 and at wavelength of 1439 nm,
respectively, related to H,O. Meanwhile, shortwave VIS-
MIR did nat related on H.CO band. The moisture content
(MC} can be used to classify the durian rmaturity. MC
decreased with increasing harvesting dates. Therefore, the
absorption band at 6888 cm-1 and at 1439 nm of FT-NIR
spectrometers,

cm-1

and  longwave  NIR
respectively, could be applied for pulp maturity. In
addition, properties of Durian pulp including dry matter

dicde-array

(D) and yellowness value related to with the maturity
of Durian pulp. For DM and yellowness values increased
with increasing harvesting dates. Texlure properties can
also classify the maturity of Dunan pulp from 80-110
days. This information 15 wery useful to researchers,
farmers, exporters, impoarters, international tracde, and
50 On.
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