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ABSTRACT

The near infrared (NIR) spectroscopy technique is a rapid sample analysis
without damaging the sample and in the export of frozen durian, the sweetness of
Durian meat should be measured to check whether the meat is qualified or not.
However, the traditional method of measuring sweetness is a destructive method.
Therefore, NIR spectroscopy technique was used to predict the sweetness of durian
meat both online and offline. In online scanning, durian meat was conveyed through
the conveyor belt for scanning using the. AvaSpec-ULS2048 spectrometer in the
absorption mode. The offline scanning used the FT-NIR spectrometer in absorption
mode. After scanning online and offline, the scanned samples were measured for the
sweetness which was done by measuring the total soluble solids (TSS) content. Then
online and offline scanned spectra and the TSS content were used for model
development using partial least squares regression. (Ratio of SEP to the SD, RPD)
WU 1.85 The result of the online modeling provided a coefficient of determination
(R?) of 0.70, the root mean square error of the prediction (RMSEP) of 4.0% Brix, the
bias of 0.4% Brix, and the ratio of performance to inter-quartile range (RPIQ) of 2.18.
For offline modeling, the R? was 0.81, RPIQ was 3.90, RMSEP was 3.27 % Brix and the

bias was -0.529 % Brix.
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dnwMENeUIaLdYn Andedseu

wide fsusndevila fouelvgvieflvuiadndld Waendumdadfnduginma
gou WlerwdneenunazwnudwngAtidvnogindusan

TudaqtunSeuiifdenvgnunnitan Ao yiSsuiuduuounes IneyiSeuiugnueunes
wlimmfindiiugeed Ygnde T Tuasualngjeniussana 30 wufns ievun A
widesseu sanuliy wasreudiudn

uenanilioves3sussdnnamnsemsiigs iwu Tusiu adlulewnsn luifu way

wismsinggilulsglenisesinelasaziandlumnsnd 2.1

M13199 2.1 AMAININBIMIVBMSEY 100 N3 [6]

AMAINIDINNT Usua Tivel]
WA 144 WP
TUshu 25 nsu

Wanaztana 30.4 AU
LAY 9 Jaansu
Woanlasa 0.44 dadnsu

wian 0.9 fadnsu
IduLe 30 yiln
Inedly 0.24 Jadnsu
Tslunlaniu 0.2 Jaansu
Tugiu 0.7 Jaansu
LoaAaUALDTA 24 Tadnsu




2.1.2 3maiuiemitey

anvazravewssuLnansaglien Aiudenszdsuandidenduduinia duna
fiddnau Yanenunazwiaduduinie lneyssuiugnueunadddeigiusnonuiuaud

SunaunnSauAuLAelaUszanas 140-150 Tu [5]

a <2 o H [ | '
2.2 Uiuqm%aﬂLLﬂﬁwagaqﬂuqlﬂ KBIDANAITUNIU

U‘%mmmawﬁqﬁasmaﬂﬁ (total soluble solid, TSS) #nea9 ﬂ%mmmawﬁaﬁazaw
luiomeldvdamuduturesomaman wu diides dnalfidudu veudsiiazas
Ieluthduan in wald Junasiuvesewdsiiavansldnmun laun tnavingie wy
ihaaglaza tiananglaa tmaninlna nsndunis wu nandnin nsnudniin wazussn
9] anunsald LWuseilinauunesu (maturity index) vesinualdl [7]

iana Aearsiilianuniuifiamamistaruinig denaiduanslulamsni
Usgnausiesinaiiueu lelasiau uaveendiau [8] thanaiivaresiia 1 glasa ngled
wazgnloa Wustu thmafiwuludonidoumnniign Ao thaaglasa (Uszanm 19.4 nu do
dovidsu 100 n$w) (9] iesaniimafuresudsiiannsnazarsluinld fadu nnstae

|

U sdsfiazatsunliannusumanialuyteudadianuduiusduainiumuees

a
38U

2.3 N199ATIZRUSUNIUVDIUTIA28LASDY Refractometer [10]

Refractometer tJuia3asiioTaiildataniiswindlugaamnssuemis dusslevily

ANSIEIAAIANUNTUTDIAISALANE LU USU1aUma Tudiruanralian Yndeu

'
a

WW509RY WU A ta ey 99A1USnd (Wasiduauinidndeuindn) n1sld

v v
o o Y

refractometer Stnauanin nald wietnalsl Wun1sTadn total soluble solids w3e
Usinameudsiiazaneldnanun fmholueddud (Weiifudhwindeusuimg) mszlu
naldl Usgnoudednnaviindieg dvazadsldlui wu nglaa (glucose) Winlna
(fructose) glasa (sucrose) wonaNimuds luiwalidsdingndunid Havaneludléd u

nNIATM3N (citric acid) nsaN1dn (malic acid) N5ANTISNISN (tartaric acid) NsALeNIU way

Y Q N ea

iU Farniale (uAmsinvesrnudutuiinanuie waznsndunidnazatelatugi
waldtu USunuinde $%e3anin Salinity Refractometer fnaailu anududu ppt (part
per thousond, 81989n15A1LTU Wesidud TWie1An ptt/10) ©30 AINUEIITUNITUD

asazatsnge ldmssudnaslusinisminnge (salt curing) Taanuiutuveundeludsl



UUan Yidn Usunaeanased Tuiniesiuueanased (alcoholic beverage) iniaeidu
Alcohol by Volume %#30 % ABV AW UILUUYDIUDILMA7 (liquid density) Lay A2

ANVUNIZVDIATAZANY

\304 Refractometer Qﬂﬂszawﬁumim Dr. Emst Abbe n3ngnenans wasi/
goan3s luduanissudi 20 Tnan1svinauves refractometer 1unisin dudinmvsuas
(refractive index) Lﬁ"e)Lﬂ?ﬂ'auﬁs\imﬁmmwﬁqﬁﬁﬂﬁaﬂmwﬁq il a1 A5 (velocity,
V) YedLEANAITY Larasazanefiiinnududuuananstudiowasdesiuasiianisinm
waglviAndyifnimenasinsiudaainauduiuddandan Jahanvszgndlinaaany
Wuduvesansazarsld tagldnisinmeeuasanUiduiiosualuaing derinisinimues

LLawzL.L‘UiLﬂ?ﬂlau"l,ﬂmmﬂ%mmﬁwmaﬁaﬂiuﬁaaﬂwﬁi&fﬁmﬁ
MTinARIRRnIIaaLas (refractive index) @m1savinle 2 ssuu fAe
1. 3nMeN580IHIUTDILEN (transparent system)
2. 3nmen1TdziourDILas (reflection system)

Hand held refractometer 1fu refractometer iflvunnzvingn Wrniiniu
wanale 1daudne axaan samss deuldlugeaivnssu n19%197uv83 hand held

refractometer 91FEMANNISPNLAVDILAILTIAAIULTNTUVDIATAZANY AI5N15IAAN

PMlAlAYNITNYNANTATAIENABINITNIIUATUULN UUSTY Van8uHuln LaIde9u8d

I 1 v

utedlufninas azuauitudunoud asruardiavls auaina Meseesivuald
| &, ¢ < & v v v v ¥ = & Y Ao [P |
Wiy WU UAANULTNTY ANULTLTUYR9InNE Utien Winald Aale duule
& gy € . = = ' | N O ' \
WU 29A1USND ( Brix) 158 819 JUAIAMUAUIMUUTBIA KI0VI9EDI0819 NOULAY
#&9N1519 hand refractometer A1VNANNAZ D IALNUYSTY Faduusnunldves
ansazanefegis menszadaaud duazess AT1UANUINUULHLUTTY Tuase
v oA ¥ a ! = = a | A
ANUgNARUBIANEUle a1sararevenlialsiviesonaly Feenqvsiinasiei
i U v [

guldrfieulimduanduiiusiuanududungungiinseyliluniasdie 20 aam

R RIGREG]



2.4 Wgsdunsusaadnlnsalnl NIRs
2.4.1 NQER e TBUNTIIA [11]

Wesdursusaanlnsalnlunse NIR Wun1s@neinisiiny §Asenszninedsd
dusisaglng (NIR radiation) fugansfianunsaifnuffzenduisdiesdunsisado aas
fluanavszneumesiusglslnsiau (X - H) szaou X I6uA C, O, N, S “a% MsiiaUfizen
fsnan Aemsiluanagandussdidefunsnsadnly Feazinadensduvesiusysine lu
Tuiana sfunsganaussdiesunsisavesamsiinimeniadusiieg avusngluaunniu
NIR ilethluuszananalumsiinsgiidaiinanasidnuniwsioly

Sadiflosdunisngn vianeds Ssdwsimdnliindidneglusaddusisnsa (R radiation)
TnetenduduvsILIn annsautsesniiu 3 929 Ae Sursusngulng (NIR) Sunsisngu

nane (Mid IR) waz dunlssaenulna (Far IR) eudisu

A5199 2.2 N1SHUITI9VD9ITIADUNT LT

Y429 ANE1IAAN(NM) | S1uuARU(cm™) | grudunsisen
dunlssegulng 800-2,500 12,500-4,000 | loviosinuy, Aaud
(Near IR, NIR) LU
BUNTUINYIUNA 2,500-25,000 4,000-400 maﬁmmuﬁugm

(Mid IR or fundamental IR)

durlssngulng 25,000-100,000 400-10 QUL
(Far IR)

v a a fa 1 (%) [ Y & 1 I~ ] A & a & |

5\13LUEJ§EJUV\|§']L3@Z‘1’]3J’]5€]LLUQ@WN?%@UW@\N’]UI@LUU 2 YINAD YINPAUFAULIUFILA

AMNE1IAAL 800-1,100 UNTULLAT WALYIAAUENISUAILAAINNYIIAFY 1,100-2,500 w1l
! dl' ) < ! aa [ ¥ & Y ! v v

wns Yrpduduluginindmugauisansgnearwilivludeludiegsladlaenily

anusanggnbulans 1-2 wudwes dnfeuldvisniudulunisinsgidiedsideyad

Y

174

reansegnielu laun segeustianualiifildenlagiamesnaldildenvun wu denn §

Waenwun Wusu Sedagrudnludatieluiiiladeyaanasuileluvesdregagadmsu
YHAAUY TNFIUAINIIYRAFUAY a1usansqrulaliiy 5 Tadweshs 1 wudiuns
wingiumeg e luivesaiuazueds e 19azgnuisqeglu cell NfiRImSay
= | A vy = o A & oA = A YY) =t

Juinilvdeyanisaiiinnnirdueduduiissnnduduiuaulenesinududuviuaznoy

Tuugu[11]
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A1999 2.3 NMSIUABULUAITEAUNSNIUNAIINEIAG LA

AUE17AAY (Nm) AswAsusTAUNG 19
800 - 1,300 Tonesnududuaniuazany, AeNdiutu
1,300 - 1,800 Tonoslnususunils, Aoudiutu
1,800 - 2,500 AoNdLLtuY

2.5 Lﬂ'%f'aqﬁa NIR Spectrometer

2.5.1 #8nNN15VBUASES NIR Spectrometer(12]

44' & 5 o v Ao A va | v a a v
bATDY NIR ﬂ@Lﬂi@ﬂﬂ/ﬂfﬁLLa\‘W]ﬂJﬂfJ’mJEJW'J@@UEJ']HI?]@@UWﬁ’]LﬁW aaﬂ‘lﬂﬂﬂaﬂmlﬁqma\iﬂ’ﬁ

[ a

AATIEY (@158UNTE WU 8T YT TRAUNIDINTS) iBlLAANITAANGULAS UAIHNNT

q

Wasuwlaawasnusyseninsesmnauaainnsuaunulalasiau C-H, lwinsiaunulalasiaw N-H

wardengiaunulalasiauy O-H laefinnsin-na vsedn-ve lugduuumey udwihnnsinda

[

AauLaslignaandu Feasviounsodariueanin INea1u15an5I19TAA8 Detector A7

(%

Uszuanadudinisganduuasiinnnuenindusige aduaansunifidnuaziamediluws

o/ ! A o a ¢ o (% Il (% PN
AYAIDYNNUINTILATISN aﬂwmzmamqmgﬂm 2.1

1.02 1
1.01 -

1 4

0.99

oz 0.98 -
— 0.97 -
200.96 -
- (.95 -
0.94 -
0.93
0.92

0091 T T T 1
800 850 900 950 1000

Wavelength (nm)

UM 2.1 awnasundevesioniseulunisawnunuvesulal
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Tngndnniswas NIR 1u Secondary Method Wufe WuinSesifedadonis
WAs12ATdu Primary Method ludadneds Inadiaagnalag seagnihlulessimaadl @
Amaadl) wazthluawnuaae NIR (19 Spectra) ialans 2 d@runudq Fslalusunsudun

NADRAIANS F319EUNISTULIINIIAIMINATBALAUNASY WAI91FUNSALA FUVIune

=

fegnnnguadndiunis lumstuduaugniesesaunis uwavlleldaunisildauls A

P ° g Y o ay ! a ¢ a Ay v
LWENmaﬂmeulUiﬂjmmsJ Unknown ‘Vl‘lll‘Vﬁ']‘Uﬂ'] NALLNUNTITILAIIEUANNLAL Wm@\ﬂfﬁna"l

A oA

Tunsiesgiiuny uwarilalddienaindiun

2.5.2 drulszneunanvanadosdie NIR Spectrometer [13]

AruUsTNEUNaNUAZNISEBNLU LA BilD Spectrometer uiiagUszunnazdinay
adoadaiu Tne NIR TuavUsynoulufouvasiidouas fidenyasanuenaauiidenis
Funusiinneesns insewnsaTauasudinug

2.5.2.1 uvasiniinadlugae NIR dulnedanlvgaslivasarianunazsagnua

Tguleviud warldfmawmasvionsaawadlutrennudnlidesnisesniiotoenululs

[
= o

fegnadouauAuly vield LED iuundsiufinlaaraenedudlsaytufuasilii
LED oe1slsAmuLED llanansalitanuemiaduluts 1700-2500 wilusingle dautaed
fosnhluldony wifmnzdwiueseslowvunnmimszdesmsmadinihides fo1gnsld
nufigmuuagndsuomadnsAlaRliiugdiutedinnfui g indussundsinia

2.5.2.2. Wilulasunes (Monochromator) taelun1snszneuadagoideinnia
nazmuAulsiegluisnmenrduiidesmssmetesinuiandi Entrance Slit) wazdosinu
uasoan(Exit Slit) foghaaeinispandu wiedusenlissinyaruvioassiounduiiy Juf
JULUULAZRIAUTEND UYL W Yauds veanad Bty arsuviuase Wusiu

2.5.2.3. fuvtlsiineiiogs azdeslisumsesnuuulvilianuimnzanfuguuuuves
Mgk Uinaeseumailiiemet Wy fedmiuldfoisasmngdimiv
fhegreiifunzneuuimielunsdidessdiviiamniomatasinis Hudu iwad
dnsuldiegnaveaiasdeshanianfivonliuadurig NIR anunsovzasinld Wy aend
vidout uarliszozmaiuvesuasimnzaudmiuiesng

2.5.2.4. gUnsaldmiunsain (Detector) MHlunsmsraimdinauasinggriy
fhets Insandandnnnsng Photoconductive Effect nstdaniedasnsratatiuduiuris
ANENAAULAZATEBNUULAILUTANNY U84 Spectrometer FadAnauILIMINEdMIULAY
Tuthanuenaduiiteadiulduay NIR 92392108mAduEY (400-1100 wiluiwss) Turasd

v

Andalnnusawaiionaziunzdnsu NIR Tut9anueninae 1100-2500 wlukuns [13]



12

a o

Tnennsaunuinegnedeios Spectrometer @nnsavildvasds sl [14]
1. 33dearu (Transmittance) Wunisdeswiuadululufegeioudinsdu
LasTirueennInfeg s iesee Saineldiureanar fand 2.2 (n)
2. Fdeanuaziion (Transflectance) iunisdenduriudiegns Sslasund
Hu vesvaileglunaugiinisezgiideniifiannudndes Weedunsznuiiuozgiiden
wagviowhuiegstuninginga funmi 2.2 ()

3. A5azviau (Reflectance) WUWASNM8MDN1TININF0E1S WlauasdaslUds

[
o 3 1

nouds undasliluidoaqusdiuudasfiounduiumnginsata visiiFendn nisagiion
wuuung (Diffused reflectance) fanwdt 2.2 ()

4. Interactance Liesanluilagiufieuazaanlunisldany Fiber Optic (I
wes eevin) MmytnaviiouainingIudunuy Interactance dsilane Fiber Optic LTu fath
duftazviouaningnduludesnsaiadeeglndiu (Sunin Interactance- Reflectance &4

AW 2.2 ()

Reflector made of

ceramic or aluminum

(N)NTELNUAILITEDINY (V)N1FAWNUNILITAD I LA DU

Fiber optic

(A)NTALNUABIT AL N DY (9)NNSAWNUNILIT Interactance

5UN 2.2 MIAUNUAIDENRAIBLATEY Spectrometer WUUATNY [13]

v
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2.6 MsIan13dayadaunasuilasiu [15)

Y

Fnsdansteyaidesudumnivesvouuuiiaesiidndy fyauszasdifioans
wuuaeswesanadulunieiidaneisu PLS annsalinnuduiusifseninsanny fu
G TGN

2.6.1 Constant Offset Elimination

nsaulaeAiAsil (Subtraction of a Constant Offset) : alUnm3uazgAUFULUULIE
i iilelven Y fisaniieniniugud

Asldeu - Bumsidadgmnisuiutuvesualat (Baseline Shift) 1Badu a4
mdwﬁtﬁ@mﬂmﬁLLmﬂ@hﬂﬁummmsmmaé’@mmﬁuaaﬁmmma% (Detector Amplification)

2.6.2 Straight Line Subtraction

n13aulaeLdunsa (Subtraction of a Straight Line) luwsazdisainudidents
Gunss dunilnsgnitmduanadulngldds Partial Least Squares (PLS) unsadutiazgn
au 99NINAUNATUMINGT?

nsldon - Mdadamenudoududuveinisuduiuresvalad

2.6.3 Vector Normalization (SNV)

GiJguLLiﬂﬂLUﬂm%Mﬁ]zQﬂ‘Wlﬁ’maN Mntunas e idEo e Y ﬁgwmwgn
A wazainadulag %Qmmié’hamiqﬂﬁaawawaiwﬁ Asfii3undn Vector norm ves
awnmiuiilsazintu 1 waue Tundnmsanasuazusznoufeaosdiuvesdoya Aeadugs
yasuaumsgatulazlasiaine ndsainnisuesialamwdu (Normalization) foyanimgeas
el fiftodlassairedeyadensey nisuesialatsdy (Normalization) gnldiite wu nns
fdnnansznuvendueHILdLat (Optical Path Length) fiunnenefiu lunsdivesnisin
WUUABINTY mmENTU’eNLﬁU‘VI’NN’WL‘TNLLE’!QVTWI‘I%M’]JJQW@Q%@QZQWmt,‘lJaIEJULLUm ICICENGERR
Fuvilewdu luueafeafunsiauuuasyouuuuunsazinansznuvesn1ssuniuilessn
AruvutuvesTaguansi U eIy ALY Aunantiiazanas

2.6.4 Max-Min Normalization

awnesuazgnuiiudaduiiielsidn Y finmanilivitfugud whannsuazgnueie

Y

dieliien Y gegauiiuaesthsvesmsgaduady
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2.6.5 Multiplicative Scattering Correction (MSC)
%"’umauLLiﬂaLUﬂm%’uLaﬁaﬁwmmmﬂnﬂS] annfuvesateyanalusiu udusay
anasu X(3) ﬁ]%QﬂLLUiLﬂgﬁulﬂmﬁJ
() =u+v- (i) (2.1)

AFNUTEANTS u kag v Azgniden wWielrlianuwanaesenitealnasuliufsuwlauedd

a

X() Avawneasundstesan 1on1sidnaglddmsunisinnuunisasiouluuwns (Diffuse

q

Reflection)

U I3

2.6.6 First Derivative (8UNUS

3

o o oA =
DUAUNKAUL)
U dl =

AeuRusanuNnilsvesEunnsy dygrunianutuazgniiuinnniy dyyin

o o

' (%
a0 ¥ 3= LR 4

PAutnauuu I5tegnldidudnuvaendanuuainies Weweuiulas@aiwmiuaunis

[
o = 1 = 14 =

anduARuNnI1e n1sUssendldidfydneg1anilanensuseiiuiaunsgad uaaunninedl

o

v '
= =

fnagyinlumalulad NIR lagn1saiudrmeuius lassairanafagiisusnigeduiu o

annsalasunisusafiuldieyu deldeuiusidunisdnmsteyailowiu assoadiflsdiei

t 74 CY

duanasunivazgnianisuiu Aslazdeuivuuawnasududasuniuiudy waraiuse

LY o A =

vilsidnya avesdogundadefisuiueyiussusiuiinis uilassaddisuBevanng
annsoUszfiulinanissuniuvesdyyinsuniu Falasvhludunnaurilianasugn
Anzilutsanadufidriaanng mmd 2.3 uaasliifudnswavedisnsdansdeyaides
AULUUAINNY sioanealzuad NIR aldnasy (n15indlanusieiiin Fiber Optic) allnasuiiu
wanslidiunisada (Offset) WEntosnenudlay Wuiieatunisududu (Shift) nrsududuil

anansagnidalagn1saueenannLdunse (Subtraction of a Straight Line) (efuuse) uaznis

v a

2IgNAAALAENIS Min-Max Normalization (1#qn) puiussudunnietduaunnsuiiy

(Huuszan) gnugrgiiisnandigiguazvdudugdiumiiainsgaduaiugs a1u1sa

Y Y

Funaiulassasianuanduanladaruiissauiisudvaunasuiu

4 Absorbance

— Original spectrum

--- Subtractian of a straight line
- Min-Max-normalization

—-- 1st derivative

Wave number [cm-]

5UT 2.3 NIR awlnasuvesilenu : TaLUUNSEETBULUULNS [15]
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v 6

2.6.7. pyUNUSOURUNEBY (Second Derivative)

9

o‘o./o./dl

UNUSIUA U annsnanuansznuivhlfanadufivuadfiut unaendisann
g1AFUALLAY Y ITalauniiteuiusuduil 1 uasueniinainniuiinisdouiuiueen
Mnfuldegrstaiau silinsiudunisanueiady uiannfuidnyuziinduasn
Fruans Kadunsdmmnisulasteyaadnaiudeeyiussusui 2 Faduiifenanniiis
pufusSuduT 1 Tnensiiusufureseyiuigatu farldannsudidanududounniu &
o1 futeyaiidlunsiinngiiBsganin uimsieyiusiigaiuluvilisasdiusewing

[ LYV Y] o v A

Ay rarinnudyy1asuniu (signal to noise ratio)anad LA nLaUAYyITUNIULING

A7)

L2 =

JUTMALTY deullewlastayaaiUnaSumesunusainasunlavesdyyinusuniu Jd

A7)

WaNNEYA (amplitude) WUTALINEITUAUAINNTOTUNIUNITIATIZN LA

2.7 N138319uuUIIARY Calibration wag n1sgatuuuINaas Validation [16]
2.7.1 Msa¥auuuInae Calibration

2.7.1.1 AmuafILlsdase (Independent variables) kag@kUsn13 (Dependent
variables) #2uU58a5¥ (Independent variables) 7ildad1auuusiassfe Arfisuldain
anesu NIR wu A1 log (1/R) Wudu wazduusmiu (Dependent variables) Aarngndda
Fnnmsinesiluosjiinng wu anudiluads fivde38ns Oven drying method
2.7.1.2 Msa¥anuudiaes Calibration Tun1sa¥anuudrassdsiidrdniian fo s
vduUsBasyithaslinuduiusiuasulsmufiazyhnsiesziganim msdndenmm
fuUsdaszanusanuslandu 2 Wndng Ao
1. Wavelength selection {unisfnidensiuusdasefitinzdnmuduus
fusuUsnufiagyinsiesest waidelunmsdeninisiesgiiinaiemeada Wy deonan
ANuiANTIUY MiFetenansoedeiivsuenitisauginauiiniaitsliauduiusiu
Afiazrinsinsent nie e1valdmediansaddlunisdaidenmnuenaduiininiiaed
AMUFUNUS 19U Multiple regression #“38n158519 correlalogram laun1sasng
correlalogram 1Jun1sadansmlanuduiusseninaunuy X wazwnu Y ile wnu X Aeadu
§TIAAY WaTknU Y Aorianuduiusetisievesauduiussening optical data oy AN

a & YU av [

Y1PAUTUNUANNILAT 12N RTU e A835N15TAAN91999 Favrelminddvaiursadntion
A Ao ] vl U v fw 1 aa & = 9 ° . .

AnueMeauniaNululUlaRarduNuSTUAINIAIIZY Fea519wuUaNad Calibration kuu

DNAYNINITNISAALABNAILUTDATE hazITNITNadANIY18TUNITASIILUUIIADY LA

Simple Linear Regression, Multiple Linear Regression
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Simple Linear Regression (SLR) #3® Single term linear regression d@115u
a <3 = ¥ a d‘ [ v & 1 QAI ¥ a & a d‘
wadla NIR Wunsidenldanisganauiasiduiusiuaidensinsgiiiesninuenaiy
a =& 0§ v . MY a4 |a ° v ° . .
e F9viliian correlation Algsusiassludoutunlglunisasiawuuinass calibration
Multiple Linear Regressions (MLR) 1Ju3Sn1sld@audsdase (X) u1nnin 1
flunisuszanaadkusay (Y) Faduaisudsnlaannissneds 1 6§ agvinlrwuusnasei
Tpanmnuianainlunisuszunaeaiadls uininnisiiansanluisesvesnisidwmaida NIR Tu
mi‘mmmé’uﬁuﬁ‘L%ﬂﬂ%mwuaqéffgaEJ"mﬁmﬂaﬁqm'ﬁﬁﬂ'ﬁm'}ﬂ"]mi@@ﬂ%uu,aaﬁwm&Jmm
g1IAAU
= & ad Y] = A A
2. Full spectrum analysis tJUITAITANLABNAITUYIIAAUNLANUITHY
(Selective wavelength) 31nA ng1Ad UN IR luaiunasuultadienuudnaes
calibration S9357ALANAIINILAT VIIATIDNARTBRANAIALAONTNITES19WUUINADIN b
gneag 819tAndynivinliA1v1u18AIn 3193 0a9n 31941339 (Over estimation) 81
{Ho3197nN15AAAINAAIALAGEUAINNTASIILUUTNR8S (Interference) wiatAndeynLilod
° ) ' a o Y] ° A o Y ° P Aa o a
FWIUAI8819NUIL b TluNITES 9 BUUIIaRL e uIelitey inllaaun1siifwlsdase
wniiulUluwuudaes siliveyaliivnwetie (Over fitting) nnsldvayanmvunluynainuend
A [ 1 I a 4! Iy I 1 I ala [
mauvasaUne sy tasiludnrummilslunisunledymiindegslsinudymnde fe
Ao o a a yas aa ) | 9] Ao
n1sndfuUsdaszanniiuly waensleisniadalunisdanauwenussinvdandsniaiiy
d' v v o ¥ U It:l' a U a 1 o v U 1 2
Neveety wagyhnsassmulsindfinanianandsiduazdesilrunledymeasnaiala
aa QQQIIQ i v 1
msananteuly lawn
Principal Components Regression (PCR) N19%11 PCR 2813491AN15%11
Principal Components Analysis (PCA) futeyanilauiaindayavesailnniuiioaing
I3 Y A \ | Y = o 1 a4 v X
29AUTENBUNIBAUS LN ENI1 New Factors Nau wad39unANS kU LN as197uu1mn
ANMUFUNUSAUAUTANUNMINIINITO19DUNDES 19 UUT1a849 calibration Taeldnannig
U3 MLR
. N \ [ A o Y
Principal Components Analysis (PCA) Wutnatianlglunisandnuiusals
daszlunsalauysdasziduiuuin endisgrautu TaAn1sganduvesaiinnsui 700
AUYIIAAU INUIUFLUNASUAINGT ADTNUIUVDIALUNASUDATEUULDY NNTANAIVDIINUIY
'y} aaa ="l 1 1 Y] QIIQI U %} & r.:l' b4 U dn( 1 a 1 Y]
Awdsiitsnshie wisngudnlsndanuduiusiuioasiesdiiwystuunlng Sendn Jady
(factor) w39 BeRUsznoUvDtladefias s UudnleninfonasinvaaaunasunnaAue)
AAUNTUINTNLANAN9NY Factor azdllanateladelnewmasUadedunuinuansneaiy waan

anasunanueAauiige dessneuiululadenug Jadeusnazgnasietuunliauise

a

asuneANULUSUSINTRIANaUNaSUlRLNAEe TadefiastaSuiemnunlsusiuiimas @

q

v & 1 U

Tdadsurazdadounvazlifimudusiusaeniu (Non-Collinearity) Fududenannsunis
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Ansevideiad dlevhmsmiaduSeuiesuda thiladedlduvh Regression fuAmiueil
I@&i%’%%ﬁwé’qamﬁaaﬁqm lAleA1 Chemical Loading %38 Calibration Coefficient
Partial Least Squares (PLS) Regression tumafinlun1sandiuiududs
WREIAUAS PCR nszuaunIsiaszidoyaaiunesuandudaszainnszuiunmsviaunis
annaeTataLNTILIE iy PLS Miaeanszurunsazgnidesleadlidedu Tasdinis
AesrUsznauntuaiuiAnlunszuaunisuitasedie 39 Kasemsamran, 2005 [17] &
aduwia PLS 2dumaiialunisiasizideyasuusnismanesuls Tnonsadndadeuuy
aunsidadunssandeyavesanmuiEudiu uavir Jededlaluldlumsairsaunisanaes
TnedadedildanmsairsnuudiaesdnedSada PLS dosaunsneduisanuulsusiuves
Yoy waziietasiumsusaidudmanilunandeaiu Ineinguszasdves PLS Aofioenis
anduiudeyaannsy Wldlanedoyaaiunafuiifaud dyfunisiuisamaniii

aulawiily Welaunsausedivamnaaiilignaesna
2.7.2 M3ngaduuudnaes Validation

n¥anildadrsuuudaeuds dosdimmadeulssanininasuuudiaestu ou
thluldnuais Fsmsmeaeunuudiassidens 2 35 e

1) Full Cross Validation tfunisnagauuuvsiassnigly anuvaisfe dogred
PRI GRIRTIERRLN Lﬁuﬁaashmmmmgnuﬁ’wm fldaauvudasalseiiuammani
thuies fumoudsil

1. fafegnanasg il 1 senainyamewnggIu

2. Moganpsgruiivdovhnsaiisuuudiaes

3. thuuusassilisediuamaniivesfegnunnsgiuiii 1 igneen

a. ldfegnanmsgiuiai 1 nduudnly

5. findeEamIg I 2 senanyafied1BnnIgIu

6. vhiunaudnedu sunsuyniegs
nunsIe Root Mean Square Error of Cross Validation (RMSECV)

2) Test set validation TaHagnnasuLuuTaesUUNELEN TABNSRENF0E19YR
Tndivinsiinsgsiluanignismeass Wwudefuyadogunsgiu Sonyafedie
thuneaeenuusIassiiin ganaasy (Test Set) fauusdasy (X) wnnimisialunis
Usgsnaumdauusana (v) dsidesseiafie Usinurmanaiiildnaaeudosegluiamnsgiu
ndsanldadnnsuanyanaaoufit Aldluduimmuinadmaeionuuudiass

'
=

PNUUHANTAUIUNLANINAMNETH PeAmM19adANAITHNTUIFR A1 Bias Fadurade
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YOINARIIEINATLER1nTT NIR Fupfilda1niEéneda uwaze Root Mean Square Error
of Prediction (RMSEP) %#30A1 Standard Error of Prediction (SEP)

2.8 NSNAGDUANTTAUSVDILUUINADINAS19VUNDNIUNEUUANABINTIA

1R8I SN19Ea0R [18]

NInAFRUANMLLINEITaUUTIaaanTuieinweaudRndeInsin vildlae
Fneads lnedrwiuamdndulunisussduanuwiuginasainugnaevesuuiiaes

i

(Williams, 2007) fidfaleu

o

£ v v

2.8.1. duuszansaudunius (Coefficient of correlation, R)

s

duUszansANFUTUS (R) uanaseiudsteya 2 ¥a (Tayadaay X uwaz Y Tudnil
¥ =) vV L% ¥ ad ¥V a ¥ A ¥ L2 b4 aad A 6&a
Toya X Aatayadinnisiamedsensds Jeya Y fedayaainnisinaigisilesdunsisna
Wnlnsalnd) aenndesdaniuuasiu Anuaenndesauysalaglifinnuuandafiuae sening
2 yadeya naveddn R azwindy 1.00 TunaufuRuwdulylile was X uaz Y 8199ed

v v a = @V v

ANudNRLSduTIvInusoaudls

2.8.2. duuszansn1snanseaun (Coefficient of determination, R?)

wansdndIvaInuwlsUTludeya X Nanunsaesuislaganuuususiuludeya
Y Awed R? agtluvaniane 1wy 61 R = 0.97 uda R? = 0.941 ¥an8A 1331 94.1% U83AI1
wlsusauludaya X uag 5.9% vesnnuuwlsusiuludeya X 1AATuNAIMUTBY 1WUNT
W38UMBENE 5N15NAABI19De wazdus A1 R? Wuuinauelaglifdadansowaneves R
lun1adfjun R? ideyau1nndn R wagldiuuinndl R n1sudanimumuigveddn R uay R?
WARIAIAITIIN 2.4

A15199 2.4 A1suUaANuRLIEURIAT R Lag R? [19]

R R? ANRUY

fi4 +/-0.5 040.25 Talanansaldlu NIR calibration

+/-0.51-0.70 | 0.26-0.49 Funuduiusilis msmivewa

+/-0.71-0.80 | 0.50-0.64 OK dwFumsAnien (Wanay) wuuvenus)

+/-0.81-0.90 | 0.66-0.81 OK dwisunsAnaen (wWUengy) waznsusLliuAwuy
WU

+/-0.91-0.95 | 0.83-0.90 lgaeanusedinseislumsussendlddinlgsiudnis
198

+/-0.96-0.98 | 0.92-0.96 Tlunsussendlddulng saudanisuseiuamunm

+/-0.99+ 0.98+ MBou MldfunnnsUszandld
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2.8.3. ANUAANAIANINTFIUYBINSTNa84 (Standard error of calibration, SEC)
SEC A9 A1 SD U89AULANANNSEINeANYNuNelaemaRafe sounssaaUnInsa

aa v a

InYuazAainnisineieisenedluyadiegrenldasisuuudinass (Calibration set) o119

[ ] '

a

MLR 2g9%U31 R ag SEC 9wATutilotiudnuiud i usauunnau @stisenan over-fitting ve4
Uaya nuvanAl SEP (9t 2.8.5) AI5a¥aIndn SEC Laue

2.8.4. ANUARIALARDUNINTFIUVDIN1IYN Cross-validation (Standard error of
cross-validation, SECV)

Cross-validation anunsaldiegnsyaiieifuiunldlunisasisuvuinasaiion1s
n13figaluLuudaed (Validation) &alinlaedniedteenvilediedlaianguuaavaty
Meg1anyaaiuuuIaeuaradaLuUdIaeIefegsiluieey Lavinungdlegeiign
idneenivuaziuiinAianuaaianion wiididiegeiignitdneenludunduiuditn
Aag19duron luaingINseuIUNITIUNSERIRIRE 1eenuagntdlunsimuIiuudaes

o 1 @ 1 ‘d‘ o o o ‘#! o ¥
wagviue axliifidieg1engnihwggnldlunisimuiiuuinaed@slaldlunisiiuig den

I ] v 1 a 1 " " A n " 3 N b ) Y 1
2RNNEIVIAY 1 18819913831 "Full’ K38 "One-out” cross-validation 81UYARNIBEIY
(F1uuna1818e19) 88NLIENIT "Segmented” cross-validation @3ulT8LUUNINTFIU

1 1 Al o a = fa | ! Y

YaIANULANATENINAgnnglagmaliallesdunsusaaninsalnuazarannsin
Y Ay a % ° = ada o A Yo Aa o ) |
MYI591989eYAAT1ILUUTARY A SECV FFfigatilvangiagldiudeyanidnunudiegng
Howe 1w Wounin 100 MvEN

2.8.5. AMUARIALARBUNINTFIUTVDINITYIIUE (Standard error of prediction, SEP
%50 SEV)

SEP ¢91131n Standard error of prediction %39 Standard error of performance
WERIANTIOULVBINSVIIUY UATIlEvan SEV (Standard error of validation) SEP 1fumn
AMNUTELULIINIFIUTBIAULANANTENINAIIIWNElngmaTlatlesBunsusaaUninsea
InUuazA191an137AA287591989 Falanilaudu RMSEP (Root mean square of the
prediction) @93gesurgnelulag SEP luineavoeiu Bias A1 SEP AIUIANNKANITYINUY

Y 1 Q{' M v (Y o L% ] ‘:’ljd 1 o . .
voayamiegeildlagnldlunisiauikuuidiaes yadieg1atiisendt ¥avitune (Prediction
set)

2.8.6. ATUAAIALAGDY (Bias)

WevinuneAInysdeIn1svesleyaluynfiieganaaauluuiIaed (Validation
set) A1 Bias MUIBDIAMINLANAINTZNINAIINNITINMIBITONBIazANINUIslasATin
WesdunsusaaninsalnUuazidunisinanuududilnesanvesiuudnass (Calibration

o W

model) TulanauiluaseveanienisAiuazgnainnssy Bias Llunilsludsiidfyuin
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o v W

Tuneadn Bias aunsaintuldudidodadnduussansanuduiuduas SEP Auansin
LuUsaes TuRBe

2.8.7. Aaluf189@999939n19% 1118 (Root mean square of the prediction,
RMSEP)

RMSEP 1Juanfiuansuszavnmuauusdians n1siuiaa RMSEP Tésaue Bias
13 d1laiflAn bias A1 SEP wag RMSEP agdlaniniy dn15ld RMSEP unnnin SEP wans
sreunalagld SEP AU Bias wansdsnnnuudusvesnsvhungldd iesninRMSEP ieades
U Bias wrldldnanuauazipSeamune

2.8.8. 9M31@3UIENIN9 SEP AU SD (Ratio of SEP to the SD, RPD)

RPD #911910 Ratio of (Standard error of) Prediction (Validation) to (Standard)
Deviation usidudruidosuuninsgiu (SD) Au SasidruvesAnuAaIALAReUIATEIY
n3viue (SEP) wasdieyavasAndeBauadyaituny A1 SEP msAindn SD 1nne Gednsidau
ASWINAU 5 3eNINNT1 vensdsiegadinuaaneuin a1 SD Jaldig F3 RPD 9199
laiga feidu RPD Wity 2.5-3.0 fiprauansfamsliasesiitusiugndn SD Seidis 0.4-0.5

2.8.9. 303 1dUsENIN SEP fluYaUaya (Ratio of the SEP to the range, RER)

RER Ag 8R51d7uv89%39n119709083A01989989YAYIU"Y Mg SEP A1 RER A759va9

a

ngavinfiaziluldle m15799 2.5 uanin1sedurenavea RPD uas RER

A1519% 2.5 N30 UNENAYRIAN RPD[19]

RPD AU n1suszenaly

0.0-1.9 Lyidae aduugid

2.0-2.4 L3I TEARLEDN(ULUINGURUUNEIU
2.5-2.9 nold ldRndenuungla

3.0-3.4 i lgmunuamnnla

3.5-4.0 AN T¥nauaunszuIusle

4.1+ Midoy lonnnsussenald
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2.8.10. 9R51@IUVBINAYAIBS NAFBAIAINUARIALAABUNAIADURAY (ratio of
performance to inter-quartile range; RPIQ)[20]
1) AnSUBUUIaDINa31992875 cross validation @1115011#1 RPIQ 19a1n

duna

RPIQ = 2-% (22)
RMSECV
dlo  RPIQ = Snsidruvesiidumissindnenininunaiandeuridsdeadoves
msfgauuuled
Q, = Aueiimeslvad 3
Q, = Avuneiimeslvan 1

RMSECV = Amnananaiafoumdsaenievesnsiigatwuuled

2) ANPSUBUUINBDINAS19A8TT test set @11150911A1 RPIQ lea1naunns

Q3—Q
RPIQ = =—~ (2.3)
. RMSEP . |
= % 1 a o 6 1 1 = o (% a
Wo  RPIQ = 8mS1d3Ua9Nd8masnanamIAINLAaInLARaUN 1S Id0 A8 YD
nsigauuuled
Q; = Avhuefaesnan 3
Q, = ANUENABSINAT 1
RMSEP = ANANUAAALARDUNSIADLRA8URIN1TYINUNY
Tunsleoms1dIuvINE8A93 INARBANANNARIPLARDUNAIADNRAY AT LY bUNT
~ a P | W v A I ~ 3 a
Anudvestntayadunnlilanszats uuuunalaegateyavsiiuuiltuvesninuingsang

TUN19AIULIY K iToAIUVIN

2.9 Uszlgvivasmatiaiiasdunsisaaninsalnt [21]

Usgleytamnmisldmatadesdunsusaainingalnl ddenuinninlewseuiiey
AUNITIATIBANIBAT NIONITIATILNAIETTBUY d1915Un15UMATRY NIR u1Uszendly
1INUY LYY

1. JQudsnsnageuiilivhatedieg sauviadsnsnseuiegeinigligen uas
ldeegeUsununton
& adda v < o 1o A4 A vy

2. JWuETATlaTIngs Usendaan wiudn uavivenold

3. Whiasnldldanseiidaduiinssredauinasy
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4. Tunsinanesuusazasianunsaidiuninsziiieviuieainisg lavateailuy

LAAEINUY
2.10 912NNV

Onsawai and Sirisomboon [4] Anw1manuvuvesseulaglddesdunsisaa
Walnsalnd lnedinans@nwidsd r2 = 0. 55 wag RMSEP =1.63°Brix 119i3589198l45u15A
lafiwaswuuadvia Wngldillonseu 1 dw fuin 3 dunadbiinduuditahundumeinios
Junmnusiseu 6000 seuseui Wuial 10 wiiikd3ahluinausunavewidsiiazaiy
- % = o I _ayy v Vo1 a 2 H 1%
nlamensassunsaladmesuiAmnlauinueiy 4 aslaausuiuvesuldsiazaiuilaves
ViSEU

<

Chaparro et al. [22] WWun193delne@neinisaunu naugnen wuu ooulad lagld

(%
Y

diode array spectrometer ammagjéf’m‘umaqmsJ‘wmé’ﬂLﬁauﬁaﬁﬂmmmswdw% uaz
e integration Mipfigalun1svaaadlasiiregil 13 faduns wag 5 Judt sude

o3urfu uay euwus (23] AnwinsUsziluaunmniSouluuiaretesdiandie
weafiraninsalnUBunsusagulng (Near Infrared Spectroscopy:NIRS) tiiaufdayninis
dewonyFeuseu InglinEouiusnuounessiuiu 140 wa lu 4 Freegvdsnenuiudaus
101 $u 9ufis 122 Fu lngazindnsgandunasiyendshudenvizeuIeuiisuiuns
fadmagandusasonionalnenss udnihdeyanisgandusasuazatminiouianasng
TwmaUsudutminifeutsdemain Partial least squares regression (PLSR) HaNT3
Anzvnui Tuwavesadnmsuiionaiad1san FT-NIR spectrometer finmaugiugilunis
Uszidfiugnningreaduussansanduius (rp) winfu 0.78 wazA1 Root mean square
error of prediction(RMSEP) Wity 3.02% Tnelanaiiad sananasusiananudentsien
rp WINAU 0.69 kaz RMSEP AU 3.57%

017ind Sunsise wasamey [24] AnwifeatunisiuemuSnaeswdiiazaiei
18 (Brix) naaenasiemsldinaiauassrulnddunsnsaludiendudu Tnensiasiedis
wuuld3Bagvieundu (interactance mode) Tutiannue1IAdy 600-1100 urluiuns wayds
nzqH1u (Transmittance mode) Tut13A21811AAY 650-955 unlulns Frog1sasines
310 na NS EINNSVAFRY (Calibration) wazaun13viune (Prediction) 91e35 Partial
Least Squares Regression (PLSR) WuU11884n94 A@NnN15Ad0ULaz@un15v1uI8A1 ©Brix
alAn¥ULUU 2nd Derivative 3% Transmittance mode fiAduyszAnsanduius (R) Aian
wazdlan RMSEC mmam Ao aeenos U9 1 A1 R Ao 0.935, T4 2 §iA1 0.970 waz RMSEC den

'
al

an Ao V7 1 5/1 0.396 wasUi 2 fiA1 0.386 waziilothannsudN 1 wardi 2 un

ﬁa_

At
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soufu §idn R fifiga Ao 0.947 uagiiA1 RMSEC srfign Ao 0.448 annnadildaziiiulein
wadiansldedududulnddunsisauuuneginuazuuuasfounduianmdululiiay
thanldlunsinsiiavemdeiiazanedild CBrix) wuulivhaisldegausugusuuy
nrgruAsuinazAni i ziinnudiasiaraansansanealsia

fula Jvzuny wazane [25) Anwianuanansoveallesdunsiseaningalntly
naineUiinauesdsimuediazanethldlusaansawuuliviianglasinaianisaan
F1UIU 140 WA (YAATIENNITIIUNIU 100 WA UATYANAADUALNITINUIY 40 HA) UTIAAINIT
aanduuadlurisauenadudurendsBunsusn (800 -1100 uiluwns) Feszuumsia
LUUEEYBUNSU (interactance) WAIAUIMNANNISIIBUNINTFIWLAelEI5 partial least
squares regression (PLSR) LﬁaﬁwammﬁEJU;Jﬁmgwumﬂ%ﬁﬂmw%mmmaqLL%aﬁ’mmﬁ
azaneiildlunaiansagannaeuauns nui sdulssansanduius (R) veardiviungld
LazAI939AD 0.834 laadiA1AINURANAIANINTFIUVEINITYIIUIE (standard error of
prediction: SEP) 1v17AU 0.29% wazilAraruinnaineasy e (bias) iy 0.07%
uananiien residual predictive deviation (RPD) wiadnarusevisanonuunnsgiues
il'%mmﬁuaaLL%M’;QWJmﬁasmaﬁﬂmummaauaumi (standard deviation) #iafi1 SEP e
Wiy 2.4

mqw‘é qVSTal wazAMy [26] Yinwigamn I (USunaianuminukas usunadniiug)
wuvlaivinane gnastulasaiisauduiusaanniunisgandundsnugu Near Infrared
(NIR) sheismsiinszvinisannesdadunssuuunylnenansgninanasusoiadosaiun
lasfmesuuunnniginisavinuigusuiaanunuldegsuidugn drea1 multiple
correlation coefficient (R) = 0.94, Standard Error of Prediction (SEP) = 0.54% wazAn

ANLRANAALREY (Bias) = -0.08%



Ui 3
A1INAADY
3.1 nsnnaaleady

3.1.1 NSLHSPUAIBENIVDINITNAABIUDIAY

3.1.1.1 shegwme iseu dnansunenalinily waginsveniudenssnau

A = nﬂy a
VA AUVADLNYILUDYILIEU

3.1.1.2 tivsedrailoneulilundematafinUnnounisawnu

& - s o
3.1.2 NMSALNUYDINITNAABILUDIAU LWan1 Repeatability, reproducibility tag

maximum coefficient of determination

3.1.2.1 prsawnukuueaulaiieinses UV-VIS-NIR spectrometer (AvaSpec-

ULS2048-USB2-VA-50, AVANTES, Netherlands)
gunsal

1. A399 UV-VIS-NIR spectrometer (AvaSpec-ULS2048-USB2-VA-50,
AVANTES, Netherlands)

5Ufl 3.1 1A383 UV-VIS-NIR spectrometer (AvaSpec-ULS2048-USB2-VA-50,
AVANTES, Netherlands)

2. AYWIUANIY
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ASn1snnasg

iufoydsumaunuuuuesuladuuateniudndss feiades UV-VIS-NIR
spectrometer (AvaSpec-ULS2048-USB2-VA-50, AVANTES, Netherlands) finrue1andu
S¥WIng 200 - 1100 uiluwas 7 Integration time Wiy 4.5 fiad 3wt uazswaugilunis
awnuiniu 200 ads Tneldnsaunululnun interactance Tnetuiindndudn absorbance

o ¥ a =

LaTALNY 1 feg1eagleannsy 1 awnnsy Jansnads Ae wnasu

q

3.1.2.2 n1saunuwuueenlaydieiaies FT-NIR (MPA FT-NIR, Bruker Optik
GmbH, Ettlingen, Germany)

gunsal

1. Lﬂ‘%laq FT-NIRIMPA FT-NIR, Bruker Optik GmbH, Ettlingen, Germany)

g‘lJ‘ﬁ 3.2 1503 FT-NIR(MPA FT-NIR, Bruker Optik GmbH, Ettlingen, Germany)
F/N1INAA9

ihshenadendsufiaunuuuueoulaiaiudinaunuuuusenlatifeieios
FT-NIR spectrometer (MPA FT-NIR, Bruker Optik GmbH, Ettlingen, Germany) Taeldnis
aunululvun diffuse reflectance 1ANBNIAAUTZNINS 12500-4000 Loufiuns (800 -
2500 unluiums) innuazidon 16 lwuRng! aqildenede Ae ukunes uaznisauny 32

Asapdule 1 anasy
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n U
Ul 3.3 Msaunudedos UV-VIS-NIR spectrometer (AvaSpec-ULS2048-USB2-
VA-50, AVANTES, Netherlands) (n) LAZNSALAURIBLAS D FT-NIR(IMPA

FT-NIR, Bruker Optik GmbH, Ettlingen, Germany) ()

3.1.3 n139aUsuavaswdsiazatenla

3.1.3.1 MsTadieindes pen refractometer (PEN-PRO, Measurement Range

Brix 0.0 to 85.0%, ATAGO, Japan)
gunsal

1. waseq pen refractometer (PEN-PRO, Measurement Range Brix 0.0 to
85.0%, ATAGO, Japan)
2. fméﬂ

3. NIEAENYY
F/NIMNAADY

115 Calibrate 1A304 pen refractometer (PEN-PRO, Measurement Range
Brix 0.0 to 85.0%, ATAGO, Japan) Tnglddnaudusa Calibrate Aeunsin 33nn3¥nde 1h
yn3suilaunuiaiandnntamaUiinamesudsiiazareinlddaeiados pen refractometer
(PEN-PRO, Measurement Range Brix 0.0 to 85.0%, ATAGO, Japan) @wnu@iag1sag 1 0

3 glaetn waziiuIAaagarleAUSINYaINazansinle YeediasNtiuy
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g‘d‘ﬁ 3.4 MyiaUSinameudazatetihlaaeinios pen refractometer (PEN-PRO,
Measurement Range Brix 0.0 to 85.0%, ATAGO, Japan)

3.1.4 1A Repeatability, Reproducibility ae Maximum coefficient of

determination

Repeatability 993n158unua8Ldusdunsinaiunlusalnl A n1saunu
fogdluiumiadn 10 afa udrnhumeardudenuunasgiu (SD) vesmsgaduuas Tng
Fonun 3 mmENIAGY (970, 1440, 1900 Wlulng) 9N 10 aAR3 uazmALAAD

Reproducibility vosn1saunusisidesdunsnsaaidnlnsalnl n1ainnns
AunuiegnaiAn 10 ASY uAvhng reload NnASIuE MA@ B ULIRTE LA
MaAenANEIAALIN 3 ANLETIARY 390 10 Anasl wasnAade

Repeatability of reference method (Rep) Bushisaauanunsalunisyihe
nn15IaseEI8N38193 Arilgnivualasnsduane SD vesnuLAnsgsanlunis
yhingessheaieafuresiogaiann

ANAUUSEAVENISRNsNGIER (R ) WU R? geamiululddmsums
naaeuidieliifianuramndouanilesdunsusnanlasiines uazdnanndouiidi
FeafiAntunnamesedluriesuffinig dwsuamgniesesnmavaaedluiesufifing

R? e @N8N30ARULGNgRTAB LU

(1)

Wie SD?, e Ardudeauuninsgiuvestoyayn calibration set



NFIUNUTVILDUNDY

l

LHSYNAIDENNAINSUNITNAADY

l

1’4 = =  da
NIFELNUAIYAAULUY IDUN TR

l

aunuuuaaulal

A\ 4

aununwuuasnlail

A4

1 = 2 o H %4
wAUSHNYRLdazaneulle

L o
VIULUDNLIYU

l

#1A1 Repeatability wazA1 Reproducibility
YBINITARNUIAYWIAINAT SD VDIAINIS

ananduAauNiAINe1IRaUlnY

l

AAT1ZWA1 Repeatability,

Reproducibility e Maximum

coefficient(R?.,)

5UN 3.5 unudauanstuneunimaasalewu

28
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3.2 ANSNARDINDHS1UUUINADY
3.2.1 ﬂ’1SLﬂgﬂﬁJﬁﬁanﬂﬁ‘llﬂﬂﬂﬂiﬂﬂa@ﬂL‘ﬁ.aﬁ%’l\iLLUU’{I"IE!EN

3.2.1.1 freg19fe MSeuRuinueunesanaialatuundaninyunsuas
UATAIIIINI1VVRUsTINAlnelagnsawnuwuusauladldfeg1ediuiu 152 e
(naaostudl 18, 21, 25, 27, 28 fuL1BU 2560 WAz 6, 7 UAIWLS 2561) UATNTALNULUY
polatlldseg1esiuiu 269 feodramaansiudi 30 dnuieu 2560, 5, 26 NSNLIAN 2560,
7, 21 @weu 2560, 18, 21, 25, 27, 28 fiugeu 2560 Wag 6, 7 NUANUS 2561)

3.2.1.1 tiiegnildinUendeniumdeudionidou wuinivedraniulundes

narannidunsus e
3.2.2 NNSALNUVDINITNAADUNDASIIUUUINEDY

3.2.2.1 miaLLﬂuﬁwLﬂ%‘aﬂ UV-VIS-NIR spectrometer (AvaSpec-ULS2048-USB2-
VA-50, AVANTES, Netherlands)

gunsal

1. 1583 UV-VIS-NIR spectrometer (AvaSpec-ULS2048-USB2-VA-50,
AVANTES, Netherlands)

2. APWIUANIEY
ASN15NAaa9

‘L‘hLﬁanSaummmmwuaaulaﬁuumawmﬁwLﬁmmﬁauﬁﬁwmmﬁa 0.1

RS ulT FaeLAies UV-VIS-NIR spectrometer (AvaSpec-ULS2048-USB2-VA-50,

AVANTES, Netherlands) ﬁﬂﬁmmm%amim 200 - 1100 Y1 luLUnS ﬁLaaﬂumiaLmu

Wiy 4.5 Sediundt wesdwautlunisaunuwindu 200 afs ssessheanifiiadadeniiou

WUsennn 1-3 wufns leeldnsaunululuug interactance TuiinAnduen absorbance
wazawny 1 Megeagleanesy 1 anedy Tano19de Ae winaeau

3.2.2.2 N15auNUAI8LATEY FT-NIR spectrometer (MPA FT-NIR, Bruker Optik

GmbH, Ettlingen, Germany)
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aunsal

1 Lﬂ‘%laﬂ FT-NIR spectrometer (MPA FT-NIR, Bruker Optik GmbH,
Ettlingen, Germany)

ASn1snnasg

ihéeghadenGeufiaunuuuuesulaiasudnaunuuuusenlatifeinios
FT-NIR spectrometer (MPA FT-NIR, Bruker Optik GmbH, Ettlingen, Germany) Taelanis
aunululvue diffuse reflectance 1AMN812AAUTENIN 12500-8000 Loufiuns (800 -
2500 unluiums) fnuaziden 16 lwufuing ! Yaqildensds Ao wkunes uaznsauny 32

Asaadule 1 anasy

f U
g‘Uﬁ 3.6 N15ALNUAIBLATES UV-VIS-NIR spectrometer (AvaSpec-ULS2048-USB2-
VA-50, AVANTES, Netherlands) (n) LAENITALALRIBLAS D FT-NIR(MPA
FT-NIR, Bruker Optik GmbH, Ettlingen, Germany) (v)

3.2.3 n159aUsuuvasndsiiazatsunla

3N RERCTPTIERR pen refractometer (PEN-PRO, Measurement Range

Brix 0.0 to 85.0%, ATAGO, Japan)

gunsal

1. 1A%0q pen refractometer (PEN-PRO, Measurement Range Brix 0.0 to
85.0%, ATAGO, Japan)

2. dhndu

3. NSYANYY
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ad

JN1INNABDN

¥n13 Calibrate 1A30s pen refractometer (PEN-PRO, Measurement Range
Brix 0.0 to 85.0%, ATAGO, Japan) Tneldndudusa Calibrate deunsin 33n13¥nde 1h
y3oufiaunuaiaudauntamaUiinaveudiiazanslddeinies pen refractometer
(PEN-PRO, Measurement Range Brix 0.0 to 85.0%, ATAGO, Japan) 1n#39819ag 3 90 30
az 3 41lnefn druh daunans wazdaurine vendendou wagthumaAadsarldan

USunaueandanazatsvinle voesagnatiu

sUN 3.7 mydaviunameudsiavaternlasien3es pen refractometer (PEN-PRO,

Measurement Range Brix 0.0 to 85.0%, ATAGO, Japan)

3.3 M3ATIYidaya

LusasafieddunsusaaninsalnUdmiunisviuneauSunamesudiazanei
1mUL§anL%8ua§1ﬂﬁﬂa’§% PLSR (Partial Least Squares Regression) Tnsanasudilédnig
Famsiuanasuidosfudaedsnnsdiag wWu 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 + vector normalization (SNV) wag first derivative + MSC
amiauzmﬁﬁwmuﬂmmei’waaagﬂﬁmﬁmmﬂmé’mﬂsz%wémsﬁmsm (Coefficient of
Determination; R?) ,A15nfidew89anuna1ntndouadssniddeswoinisviiug (Root
Mean Squared Error of Prediction; RMSEP) ,é’mﬂdauiwdwﬂ'ﬂmmﬂmmLﬂ?iaummgm
ﬁuaamsﬁflmaLLazﬁhLﬁmwummgm (Ratio of Standard Error of Validation to Standard
Deviation; RPD) Waz A1AINLAaIALAADULaAe (bias) Tnedeyavesnisaunuuvussulay

IAs1enlnainluswnsy The Unscrambler X (CAMO Software, Norway) kagn15aknukuy


https://www.youtube.com/watch?v=Th1geNv2ji4
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gonlladliasizismelusinsy OPUS version 7.0 (Bruker, Germany)intayailaunviinis

d379n37 Regression Coefficient wazn31m X-loading

SUN
U

NFIUNUTNUDUND

A

y

LSEUAIDENNFINSUNITNAAD

l

Y A a ¢a
NIFALNUNIYAAULUYTDUNTILIA

v

awnunuuaaulail

l

aununuuaanlay

\4

1 2 o H v
AsAUSHNIAIYa LY s azaneule

r-
VW UBNLIYU

A

y

71MN1590N15EUNASULUDIAU

A83SNISNIAAAENS

A

y

a519aunstunisvauielagds

Partial least square regression

(PLSR)

l

¢ o

3% Test set

wgaluuuInaaslagly

3.8 LAUNILARITUNDUNITNARDINDASIILUUIIAD
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NANIINNaBN

4.1 wan1snaasalasdu (Repeatability, reproducibility waz maximum

coefficient of determination)

AR5 4.1 un1snnasutedu wanee repeatability g reproducibility
vpansawnumeaunlaslmeswuvaaulaiivingu 0.0786 wag 0.0831 dunsualnlnsiines
n1saunuuuueelaliyvindu 0.0044 wag 0.0110 AIUAIAU A1 repeatability uay
reproducibility 98snisaunusvuesnlaiiimdesninnisainuiuvosulatuansinnisauny
wuvpanlatfiauudugiuinninnisawnuiuuesulay wissuuesulavaiuisavldlaly

AeNINARUDIGAENNTINAIEDN IS BULTUDILS uazArepeatabi

=

ity of reference method

Doy

a

a1 1 Ly =l 1 G ad VY a 1 £ a 2
IAWNINU 0.2 ABANUUIUGIEIFATBII001909 kagANUTEENT N1sasangedn (R,

WU 0.997 wansliiuIndalananaInIse1sds dauiee 0.3%

M15199 4.1 A1 repeatability waz reproducibility vesn1sawnuluvesulal wazeswlad

WAEAINISTINNITONNDY Uay R, .

Scanning method Reference method
Category
Repeatability Reproducibility Repeatability R2uax
On-line 0.0786 0.0831
0.2 0.997
Off-line 0.0044 0.0110

4.2 Nﬁﬂ']i‘l/lﬂaa\‘ll;ﬁaﬁ%'l\‘iLL‘U‘UQOWﬁa\‘l
4.2.1 wuudnasaiiesdunsusadiunnsalnUuuvesulay
gnmsnaasdlunsasisnuudiasudosdunsusaaninsalndiiion1siausuna
vosudsiiazaneilduvuesuladldfoistinun 152 fegns Tanafumaiouandusud
4.1 Tneflarueneauiiaula laudnnueneaui 985 uiluwes Wunsduasiiouvesiusy

O-H str. \upsAUsEnauved H,0O way Starch AawandlumIsnan 4.2



1.02

0.98

0.96

Log 1/R

0.94

0.92

0.9
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985

800

850

900 950 1000
Wavelength (nm)

JUN 4.1 nsmianasuadsvesiiediuilonisuainuiuuesulatdnnu 152 e

A13197 4.2 nsduaziiouvasiuseuansluaunasueivaalionsyy

Wavelength
Wavelength
48 (nm) referred from | Bond vibration Structure
nm
reference[27]
985 970 O-H str. Second overtone | H,O
985 990 O-H str. Second overtone | Starch

Ingdayaiihunadawuudiaosgnuuseaniduga calibration uazan validation lu

9n57671 70 : 30 lngya calibration H91WIUMIBE19 106 FI8E1e Lazya validation H3 11w

#0819 46 (79819 91NA5197 4.3 YA calibration HA1USHIVEILTNazaglAIgAT

8.29%Brix ANg9an 36.4%Brix ANLAAY 27.8%Brix warANdBaULATEIY (SD) 6.48 %Brix

wazdmsuteyaya validation fiAN1aa# 10.19%Brix A1geaA 35.4% Brix ALade 27.1%Brix

wazAndaauunnsgIu (SD) 7.49%Brix uazaaaudvesd USunavelanazalsuilaain

N151nA287591989d8 M UMI9E19%A calibration wagya validation uanslugul 4.2(n) uaz

4.2(%)

A15199 4.3 Aadfvesdayayn Calibration way Validation Nlglunisasisuuudnasailes

SunsuseaninsalnUdmsunisvihueUsuiaveadaniazaieuinle

. o N Min Max Mean

FIUTUANTIDYY SQG]“UGQE} SD
(%Brix) (%Brix) (%Brix)

106 Calibration 8.2 36.4 27.8 6.48

46 Validation 10.1 35.4 27.1 7.49
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Calibration set

Frequency
) W B
(] o o

—_
o
L

(14.80, 19.20] (23.60, 28.00] (32.40, 36.80]
[10.40, 14.80] (19.20, 23.60] (28.00, 32.40]

Total soluble solids (%Brix)

Validation set

N
(&}
J

—_
wl
1

Frequency
S

w

(14.65, 18.80] (22.95, 27.10] (31.25, 35.40]
[10.50, 14.65] (18.80, 22.95] (27.10, 31.25]

Total soluble solids(%Brix)

U

UM 4.2 Aradfaudvesarvsuiavesdsiiazarildainnisiadieisd1ededmsu

FI9813%A calibration wagayn validation
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~ P I a o ° A sa Y] o
ﬂ']iLTJiEJUL‘VlEJUﬂ']VWﬂu’]EJIﬂULLU‘U?]']@@Q‘?J@\TL‘L!?Ji@UWiWLi@laLﬂﬂI‘V]iaIﬂU AUAININ

AE591989vRYA Calibration anunsananlusufl 4.3 wazvesyn Validation @1u130uans

Tugul 4.4

Measured total soluble solids

(%Brix)

40

35

30

25

20

15

10

10 15 20 25 30 35 40

Prediction total soluble solids (%Brix)
R?=0.70 RMSEC=3.24%Brix

sU 4.3 n1sidSeusisuaNvinunelagkuuItassvaniesdunsisaauninsalntuuy

v

gaulaliuAningeIsenedvesyn Calibration

Measured total soluble solids

(%Brix)

40

35

30

25

20

15

10

10 15 20 25 30 35 a0
Prediction total soluble solids (%Brix)

R?=0.70 RMSEP=4.03 %Brix RPIQ=2.18 Bias=0.387 %Brix

sUN 4.4 n1siUSeuiisuARvunelagwuUI1ae9vautesdunssaaunInsalnluy

Y

goulaufuANinneIgo1edesyn Validation
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1NA15197 4.4 LARIHAYDINTIATIEWINETE PLS vasuuudassiefdursina
Wilnsalnddmdumevhueaiinavendeitazaretld(Tss) andonldtsnaud 800-
1000 wiluiuns 19 wnawes 91uiu 2 unawmes lnedeyayn Calibration fifn R? iy 0.70
A1 UagA1 RMSEC i1y 3.2% Brix wagdayayn Validation A1 R? 1WAy 0.70 A1 RMSEP
WU 4.0% Brix Bias 11U 0.4% Brix RPD 11U 1.85 hay RPIQ 11U 2.18 1A R” 99
4 Validation u1udaninuvuigeglugie 0.66-0.81 laaunungiteensuladimiunis
AadenuaznsussiiuAiogname1un (18] uazthen RPIQ Aldunifisuiu RPD ogflutag 2.0-

2.4 ldpnuvanedlld wianunsauuingulaiuunenu[18]

A15199 4.4 HAYBINITIATIZNAEIT PLS vadkuuIasdlesdunsusaauninsalntwuu

saulatldmsunisyinueAUsuaedsiazateunls (TSS)

y Pretreatment |Regi
gadaya | PO pLS | R2 | RMSEC | RPIQ | RMSEP | Bias
(hm) | ¢
t
iR (9%Brix) (%Brix) | (%Brix)
Calibration | Smoothing 800- 2 0.70 32 - - -
el + msc 1000
Validation 0.70 - 2.18 4.0 0.4

mﬂg‘d‘ﬁ 4.5 ag 4.6 WandA1 Regression coefficient WazA1 X-loading weight U943
LuUSaesdmsunsUssiuiUSunamediazanetld wasmsneit 4.5 uansnauen
AAuTTiAn Regressmn coefficient e X-loading weight aﬂimm Regression coefficient i
6N qmagﬂi iA1ueaRdY 954 wilwuns Wunisduasiiouiussnaaiivesiusy O-H str.
Second overtone wagA X-loading weight Viqaﬁqmm PLS wilALAas 1 finsduaziiiou
unitgaeginnueninay 954 unlung 1unsduasifiouiussmaaiivestusy O-H str.
Second overtone. agA1 X-loading weight ﬁqqﬁqmaq PLS wilpimas 2 finnsduasiiiou
unitgaegiinnuenady 952 uiluwns Wunsduasiiteuiiusemaaiiveaiuse O-H str.
Second overtone. fstiudsasuldiinisduasiiouses O-H finadeni1sviuneaUIunw

Yaddanazansinle
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992

Regression coefficient

800 850 900 950 1000
Wavelength (nm)

sUN 4.5 N3 Regression coefficient plot U834 UUIIA0IAIMTUNITUTZLHUAIUTN WU

v

< o R ¢
Yasundenazarsinlawuuoaulan

0.15 4

917 993

0.1 4

©
(@)
(O]
1

963 | A ..993

986

X loading Weight
S
& o

01 4 840 ' 952

954

800 850 900 950 1000
Wavelength (nm)
——PLS Factorl ......... PLS Factor2

=1

JU# 4.6 N3 X-loading weight plot vadwuuT1aesdmsunIsUseiliuAU3uI el

avaninlawuusaulay



A13197 4.5 F29paundand1Aganns vl Regression coefficient plot tay X-loading

weight plotvasiuudassdmsunsuseliuamuseanuvedsiazareile
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Regression coefficient

Wavelength
Wavelength | (nm) referred
Bond vibration Structure
(nm) from
reference[27]
916 913 C-H str. Third overtone CH,
954 970 O-H str. Second overtone ROH, H,O
966 970 O-H str. Second overtone ROH, H,O
981 990 O-H str. Second overtone Starch
986 990 O-H str. Second overtone Starch
992 990 O-H str. Second overtone Starch
X-loading weight
Wavelength
PLS
Wavelength | (hm) referred
latent Bond vibration Structure
(nm) from
variable
reference[27]
840 840 1 3 x C-H str. 2 x C-C str. Benzene
917 913 1 C-H str. Third overtone CH,
954 970 1 O-H str. Second overtone ROH, H,O
986 990 1 O-H str. Second overtone Starch
993 990 1 O-H str. Second overtone Starch
952 970 2 O-H str. Second overtone ROH, H,O
963 970 2 O-H str. Second overtone ROH, H,O
986 990 2 O-H str. Second overtone Starch
993 990 2 O-H str. Second overtone Starch




4.2.2 wuudasatesdunsisaadninsalnUnuuaanlayl
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1INNSNAFBILUNTAS 1k UUINawdesBuNsIsaannsalnUiianisTnuSuia

Yosudifiazareinlaldiiegnaivun 269 deg Tawnasundouandluguil 4.7 lnedens

AauNaula ALAY9AAUN 10229 wumuns ™, 6888 wuRuns ! way 5230 wudwns ' lny

%9AAUN 10229 wuRas ' Wun1sduaziiouresusy O-H straiandud 8285 wumiung?

Wunsduasiiouvasiusy C-H str. A9pdun 6888 wufuns? iun1sduasiiiouraswusy

O-H str. hag 9AAUN 5230 wuituns ! Wunisduaziiouuasiusy O-H str. fawanslu

AN519% 4.6

1.6

1.1

Log 1/R

0.6

0.1

4 5137 4073
6888 [\/

- 5623
\

i 8285

10229
T T T T 1
13000 11000 9000 7000 5000

Wavenumber (cm™)

3000

JUN 4.7 nsmanasundevesiiegiuilenseuaunusuuoenlatiinuiu 269 feens

A1319% 4.6 NsduazLilouvasiusErasialuanasRfevalionisay

Wavelength
Wavenumber | Wavelength
(nm) referred from | Bond vibration Structure
(em™) (nm)
reference[27]
O-H str. Second
10229 977 970 ROH, H,0O
overtone
C-H str. Second
8285 1207 1215 CH,
overtone
O- H str. First
6888 1451 1450 Starch, H,0O

overtone
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Wavelength
Wavenumber | Wavelength
(nm) referred form | Bond vibration Structure
(cm™) (nm)
reference[27]
C-H str. First
5623 1778 1780 Cellulose
overtone
5137 1947 1940 O-H str. O-H def. H,O
4073 2455 2461 C-H str. + C-C str. | Starch

Jayaiunadisuudiasignuiseaniduye calibration wazyn validation Tu

8ns1du 70 : 30 lpeyn calibration #91uIuAI9E 181 AI9E3 Lagyn validation H9 WU

#9819 78 F39E19 INA15199 4.7 YA calibration dAUSunauveswdifiazareunlinigai

8.2%Brix A1g3aA 38.6%Brix ALAAY 29.9%Brix LazANTENUUNIMTZIL (SD) 5.85%Brix

wardmsutayayn validation AAIANAAT 8.5%Brix A1E9AR 37.3%Brix A1LadY 26.4%Brix

wagAndaauuanggIu (SD) 7.52%Brix uazdaauivesdUsunaveiiaiazalsuilaann

n13inmeituInsgIudmiuited1syn calibration wagyn validation uanslugui 4.8(n)

way 4.8(%)

A13199 4.7 Aradiivestayayn Calibration wag Validation 7ildlunisasisuuudiaeaies

SunsusaanInsalnUdmsunisinuieysunuvesidsnazaieinle

. 2 3 N Min Max Mean

VIUTUAIBDYN YNULIA SD
(%Brix) | (%Brix) (9%6Brix)

190 Calibration 8.2 38.6 254> 5.85

79 Validation 8.5 37.3 26.4 7.52
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Calibration set

100 -

Frequency

(12, 15.8] (19.6, 23.4] (27.2, 31] (34.8, 38.6]
[8.2, 12] (15.8, 19.6] (23.4, 27.2] (31, 34.8]

Total soluble solids (%Brix)
f

Validation set

Frequency
— —_ ]
o U (]

wn
1

(12.1, 15.7] (19.3, 22.9] (26.5, 30.1] (33.7, 37.3]
8.5, 12.1] (15.7, 19.3] (22.9, 26.5] (30.1, 33.7]

Total soluble solids (%Brix)

y
JUN 4.8 AradfanudveAIUiinavewliaratsdilannisinaieisedsdmiu

F9813%A calibration wagym validation
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sulSeuiisuAivinuglngkuUI1andwawtesdunsusaannsalnl AuaAnin

ME3591989veYn Calibration anxnsauanslugui 4.9 wazveaya Validation a11150uaAs

Tuguil 4.10

40

Measured total soluble solids
(%Brix)
— — N N (GN) (6N}
& (@] (@) (@] (@) (O]

U

5

10 15 20 25 30 35 a0
Prediction total soluble solids (%Brix)

R?=0.77 RMSEC=2.8 %Brix

sUN 4.9 n15iUSeULTiguAINYINTLIelnewUUI1ae9YBwlesduNsILsAa UnInsalnUkuy

v

povlatiuaniameIse198easyn Calibration

40

35

Measured total soluble solids
(%Brix)
— — N N W
(@) (5] [, (@] (G

S}

10 15 20 25 30 35 a0
Prediction total soluble solids (%Brix)

R?=0.80 RMSEP=3.27 %Brix RPIQ=3.90 Bias=-0.529 %Brix

JUN 4.10 msulrauiaudnviuelaewuuitassvenidesdunsusaaninsalnluuy

aanlalfuanin

1591989ven Validation
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NANT19T 4.8 LAAIHATBINTIATIENFIETT PLS veauuusiasaiesdunssaa
WalnsalnUdmsunsineauiinamewdiiavanenilé(Tss) andenldvinaud 940a-
6095 LWUAWAT " WAy 5454-4243 wufins 1Y unames 91U 4 unawes lneveyayn
Calibration A1 R? 111111U 0.78 A1 RMSEC iU 2.8% Brix WwagA1 RPD winiu 2.11 was
Uayayn Validation A1 R* 1Ay 0.81 A1 RMSEP winfiu 3.3% Brix Bias iU -0.5% Brix
RPD infiu 2.31 uag RPIQ wirdy 3.90 1A R? ¥84ya Validation 11uuaninuniigas
Tu919 0.66-0.81 lamunuieingeusuladnsunisfndenuazn1susziiunog19meue)
[18] uaztiAn RPIQ Aildiufisufumsanisesuieanamungyes RPD aeflutg 3.5-4.0 1
ANuveIRun Tomuaunssuunslal18]

A15197 4.8 HATDINITIATIEAGAETE PLS vesuuudtaeadesdursnsaanlnsalnYuuy

sanlavdnsunmsvinuieAUsunaeudsiazatevnla(Tss)

, Pretreat Regions
wdaya | | PLS | R? | RMSEC | RPIQ | RMSEP | Bias
ment (cm™) Factor
(9%Brix) (%Brix) | (%Brix)
9404-8448
Calibration SNV 4 0.77 2.8 - - -
cm?
Validation 0.80 - 3.90 8 -0.5
ey
6102-4243
cm?

mﬂg‘d‘ﬁl 4.11 uag 4.12 WanIAT Regression coefficient agA X-loading weight

YIMUUTIa09E S UNTUsEIUAIUS LN e aLaiazaetile waze1519 4.9 wanssuIu

AAUNIIAN Regression coefficient Wag X-loading weight a@ilagen Regression coefficient #

'
P

agnegNIIUAGY 4335 WwuRuns ! [Junisduaziiiouiusenanivesiuse C-H str. +

9

e

C-H def. uazfn X-loading weight MIgegAvas PLS unAwes 1 0guaniu 5199 wufiuny
Hunisduaiieouiusenisaiiveewusy C=0 str. Second overtone. fA1 X-loading
weight Migefianued PLS ulawnos 2 egfidruruniu 7189 wwuiuns ! unisduasiiiou

WUSENIUANVDINUSE 2 X C-H str. + C-H def. A1 X-loading weight ﬁqaﬁqmaq PLS wile

1 [

was 3 agduIuAtY 7043 wudwes  idunsduasiiowiuseniaaiivesiusy O-H str.

First overtone. wazA X-loading weight fiasfianues PLS uwilawas 4 egfisiuiuniu 4343

U 9 Y

wuAwes iunsduaziiiouiusenisaiivesiuse CH str. + C-H def. datiudsagulai

AMSAUAZaUYDY O-H, C-H way C=0 finasanisyinuieausunuvediazarsle
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150 -1 4335
£ 100 -
()
G
4=
% 50 4
(o]
O
s 77
A
(O]
= -50 -
)
[a'

-100 -

5353
Ao T T T T T
4000 5000 6000 7000 8000 9000

Wavenumber (cm™)

JUN 4.11 n319 Regression coefficient plot veasuuiIaesdmsun1sUsidiuAUTin

< A HUE ¢
Yaandanararsinlanuuaanlan

0.15 -

0.1 6302 VA 7189

X-loading weight
(@)

-0.05 4
-0.1 4
-0.15 — T T T T T
4000 5000 6000 7000 8000 9000
Wavenumber (cm™)
——PLS Factor 1 ----- PLS Factor 2 —.-PLS Factor 3 ......... PLS factor 4

=

JUN 4.12 n579 X-loading weight plot YaekUUTIARIENTUNTUsHTUATUTU YD INTT

avaeilonuuaanlau
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A1919% 4.9 Fr3AduNiAINE1AYI1NNIIN Regression coefficient plot wag X-loading

weight plot vesiuuTIassdmsun1sUssfiuaUssanameswdsavaretile

Regression Coefficient

Wavelength
Wavenumber | Wavelength | (nm) referred
Bond vibration Structure
(cm™) (nm) from
reference[27]
4335 2306 2310 C-H str. + C-H def. CH,
4412 2266 2276 O-H str. + C-C str. Starch
4512 2216 2200 C-H str. + C=0 str. -CHO
4929 2028 2030 C=0 str. Second overtone CONH,
1900 O-H str. +2 x C-O str. Starch
5261 1900
1900 C=0 str. Second overtone -CO,H
5353 1686 1685 C-H str. First overtone Aromatic
6611 1512 1510 N-H str. First overtone Protein
7043 1419 1420 O-H str. First overtone AroH
7691 1300 1360 2 x C-H str. + C-H def. CH,
8277 1208 1215 C-H str. Second overtone CH,
8778 1139 1143 C-H str. Second overtone Aromatic
X-loading Weight
Wavelength
PLS
Wavenumber | Wavelength | (nm) referred
latent Bond vibration Structure
(cm™) (nm) from
variable
reference[27]
5199 1923 1940 1 O-H str. + O-H str. H,O
2 x C-H str. + C-H
7189 1391 1395 2 CH,
def.
O- H str. First
7043 1419 1420 3 ArOH
overtone
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X-loading Weight

Wavelength
PLS
Wavenumber | Wavelength | (nm) referred
latent Bond vibration Structure
(cm™) (nm) from
variable
reference[27]
4343 2302 2310 q C-H str. + C-H def. CH,
O-H str. First Starch,
6302 1586 1580 1
overtone Glucose
O-H str. First
6750 1481 1480 4 Glucose
overtone
O-H str. First Sucrose,
6981 1432 1440 1
overtone Starch
C=0 str. Second
-CO,H
5268 1898 1900 3 overtone.
O-H str. + 2 x C-O str. | Starch
C=0O str. Second
-CO,H
5299 1887 1900 4 overtone
O-H str. + 2 x C-O str. | Starch
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5.1 N1SNAAILUDIAY

5.1.1 Repeatability, Reproducibility wag maximum coefficient of determination
(Rzmax)

PNMINAaelosaulaen1snIaAl repeatability, reproducibility U99n15aLAULLD

= A4 o 1A & A Tvy & = ¢ a1 v
s InAUSavewdavareils vesleniseu nsawnuiuueeilatasiiadoy
ninsawnukuUeaulal wanritnsaknukuveenlatiAinILluggIndNIsARNLLUY
paulatl wagA1 maximum coefficient of determination(R?,..,) maQLﬂéaﬂﬁafﬂagﬁ 0.997
P o o O P o ° Y = N sa A ¢
finAnasiugiasisiudsasulniinisasiuuudnaewignsealesdursisaaninsiives
LaziA3edlninveditensdeauisainlvasauuuiiaeiiovhuneaUsnnaveudaiazaiy

il

5.2 N1STNIAABILNDAS19MUUINADY

31NN13NAAINUIIMULTIaRTusBUNsLInanlnsalnUdmsunisvinuiee
Yunawsawdiazarsialdvenionseu lnswuvosulalidnvuzesdusznound deonld
' A A £ s o s 1% / . P
H9AAUN 800-1000 wiluwiuns 14 urlamas 913U 2 urlanes Inedeyaga Calibration diAn
R? 11U 0.70 A1 uazA1 RMSEC Winfiu 3.2% Brix Uazdayayna Validation A1 R? iy

0.70 A1 RMSEP 119U 4.0% Brix Bias 110U 0.4% Brix kag RPIQ WM1AU 2.18 hazhuu

1
= A

ponlauiiosnlsenaudell Lionld9a9ndui 9404-6095 wwumuns? way 5454-4243
wuns? 19 wiawes 91uu 4 uawmes lnedeyayn Calibration fid1 R? iy 0.78 A7

¥

RMSEC ity 2.8% Brix wagAn RPD i1y 2.11 Uavdayaya Validation A1 R 1iniy
0.81 A1 RMSEP YU 3.3% Brix Bias 11U -0.5% Brix waz RPIQ Wiy 3.90 auuy
goulay uareenlall senfulddmsunsdnidenuaznisuseifiudegimenuy edainen
R? v84yn Validation ag/lutig 0.66-0.81 uazA1 RPIQ vesuuveaulatieglutie 2.0-2.4 4
ANUnIgNAwsEInsaUTEdiuAlauuure1u wavAn RPIQ vesuuueelategluyia

3.5-4.0 lganuvsngifuinanansaldaiuaunssuiunsia
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13199 V.1 Gua;gaﬂ‘umi’mmﬂimmmaameazmauﬂcﬂumanLiau alay Pen

refractometer TUN1SNAADUUDIAY

Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)

1 22.7 22.4 22.1 22.4

2 259 25.7 258 258

3 30.3 30.5 30.2 30.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 1 32.1 26 26.9 28.4
32 26.3 27
31.8 26.5 27
2 Laled) 22.6 254 253
28 22.7 254
28.1 22.5
3 27.7 27.3 29.2 28
28 27.6 29.2
27.9 27.4
4 379 26.5 22.4 29
38 26.6 22.6
&L 26.7 22.5
5 24.4 26.7 28.9 26.8
24.7 27.1 29.2
24.5 26.5 29.1
6 22.9 28.7 33 28.3
239 29 32.9
233 29.2 32.7
7 32.9 32.2 279 30.7
32.1 33.6 26.1
32.5 33.1 26.9
8 36.3 29.8 253 30.5
36.2 30 254
36.4 29.7 253
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30 33 28.5
30.2 32.9 28.8
29.7 33 28.3

30.5
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 10 28.6 25.8 26.9 27
28.4 25.9 27
28.3 25.7 26.8
11 24.3 33.4 37.9 33
24.8 335 38.3
24.4 32.9 379
12 34.6 30.8 35.8 33.7
34.4 30.7 36
34.1 30.9 36.3
13 34.3 29.2 26.2 30
33.9 29.7 26.4
34 29.5 26.8
14 338 34.1 36.9 34.4
32.7 33.3 37
B, 339 36.7
15 35 33.4 31.7 33
35 33 ks
33.6 30.9
16 23.7 259 22.8 23.9
23.6 24.9 23.1
23.7 25.5 23
17 34.7 31.8 27 31.1
34.6 31.6 27.1
33.4 32.3 27
18 37.9 29.8 26.3 315
38.1 30.2 26.2
38.4 29.6 26.7
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 19 26.6 32.3 28.6 29.5
27.1 32.8 29.1
26.9 33.2 28.9
20 26 30.9 26.4 27.8
26.1 314 26.2
26 31.2 26.2
21 24 28.1 26.3 26.1
23.8 28.3 26.2
23.7 28.2 26.1
22 36.8 32.1 33.7 34.5
36.5 32.7 34.9
36.7 32.7 34.3
23 33 33.4 33.8 33.4
33 33.4 2otk
B3 34
24 34.1 353 36.6 352
33.8 34.6 36.4
34.3 35.5 36.5
25 €5.3 339 33.7 34.6
35.2 34.7 34.5
354 34.4 34
26 26.5 24.8 20.7 24
26.6 24.6 21.2
26.6 24.4 21
27 24.3 23 26.8 25
24 23 27
24.2 27.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 28 29.8 24 27.3 26.9
29.8 239 27.6
24.2 28.4
29 22.8 294 28.4 273
23.2 29.9 29.2
234 29.8 29.4
30 22.5 27.3 23.6 24
22.7 27.3 23.3
22.9 22.7
31 26.8 37.6 26.7 30.4
24 .5 37.7 26.6
26.4 374 26.7
32 30.1 29.3 Y.+, 27.6
29.4 29.6 21
29.7 30.8
3 2971 25.4 239 26.1
29.4 25 24
29.7 24.8 238
34 26.9 24.6 24.4 25.2
26.8 24.3 24.3
27.2 24.3 24
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
21/9/60 1 36.1 36.5 32.8 35.1
35.9 36.4 32.1
26 36.5 32.5
2 34.5 34.9 34.2 34.6
34.7 34.5 35
34.2 35 34.8
3 32.9 27.6 26.5 29.3
33.2 27.3 26.5
33.2 274
a4 31.6 35.3 29.9 32.3
31.9 35.6 29.7
31.8 35.1 29.6
5 30.2 PRé 383 33.5
29.9 35.1 256
29.6 35.3 35.1
6 28.2 34.2 .7 32.7
28.3 34.3 GO
28.2 34.4 35.8
7 37.4 34.7 33 35.1
38 34.6 32.8
38 34.7 32.6
8 31.3 34.9 27.5 31.2
31.3 34.5 27.3
35 27.5
9 35.1 34.2 335 34.2
34.9 34.5 33.3
35 34.2 333
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
21/9/60 10 33.4 35 33.9 34
33.5 35 34.2
33.6 33.6
11 333 34.9 34.2 34.1
33.1 355 33.8
e 34.7 34.1
12 32.9 3'5%1, 355 34.8
33 36.3 35.6
33 35.6 354
13 33.7 34.3 29.9 32.8
33.6 34.2 30.3
33.3 35 30.5
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
25/9/60 1 35.7 329 30.2 32.9
359 33.2 29.8
36.2 32.7 29.8
2 25.1 29.8 252 26.9
252 30.1 25.6
25.1 30.2 25.6
o 28.9 29.8 27.8 28.7
28.9 29.8 27.7
28.3
a4 27 355 25 28.4
27.3 33.1 25.1
26.9 32.8 24.9
5 28 313 27.8 28.9
28.1 31.3 28.3
28.1 28.4
6 26.9 28.3 29 28
27.7 28.2 29
27.3 27.7
7 28.6 26.5 28.5 279
28.9 26.3 28.7
28.6 26.1 28.5
8 28.5 32.1 29.6 30
28.2 32 29.1
28.6 32.1 29.5
9 28.5 34 31.3 311
28.3 33.2 314
28.4 33.6 30.8
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
25/9/60 10 27.2 339 34.4 31.8
26.9 34.1 34.5
26.8 34 34.8
11 30.1 33.7 335 324
30.6 33.6 32.9
30.4 33.7 33.1
12 27.4 324 26.8 28.8
258 325 27
26.9 31.8 27
13 33.1 340 34.7 333
32.7 32.1 35.3
32.5 349 34.6
14 28.5 32.1 29.1 30.3
29.3 ” o 29.1
29.1 32.2
15 33.6 31.5 29.8 31.6
33.1 31.6 29.9
33 31.5 30.4
16 28.2 k) 34.2 31.2
27.9 31 34
28 31.8 34.1
17 33.5 35 304 32.8
33.9 34.3 29.8
33.8 34.6 30
18 29 26.8 29 28.1
27.8 26.8 28.5
28 29
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
25/9/60 19 31.7 34.3 36.8 33.6
32.3 34.3 34.4
30.9 344
20 259 30.1 28.6 28.1
25.7 30 28.2
26.1 30.1 27.8
21 29 29.6 32.3 30.1
28.4 29.1 32.2
28.5 29.1 324
22 29.2 39.1 30.6 32.8
29 39.4 29.3
29.3 39 30.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
27/9/60 1 34.9 314 30.4 32
353 31.2 29.4
35 314 294
2 33.9 34.7 30.6 33
33.8 34.9 30.4
33.6 34.9 30.5
o 324 33.7 32.3 32.8
32.3 33.8
31.9 33.8 32.3
a4 33.5 35.2 32.6 33.7
33.6 34.8 32.9
32.8 358 32.1
- 38 32.5 32.1 32.6
33.1 32.6 31.8
32.8 YA ¢
6 329 33.8 ol 333
32.8 33.7 32.9
32.7 34.4 33.2
7 30.8 34 34 32.8
0.9 33.6 33.5
30.4 34 34
8 28.1 28.5 32.3 30
28.4 28.5 33
28.3 32.7
9 31.1 33.1 34.9 32.9
31.2 32.5 34.6
30.9 32.7 34.8
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
28/9/60 1 30.9 30.4 30.9 30.6
29.3 30.5 31.2
31.1 30.2 31.2
2 32.3 27.4 28.6 29.4
32 28 28.8
32.1 27.6 28.2
3 33.5 33.9 34.1 33.8
33.4 34 34.1
33.7 33.8
a4 32.7 30.4 34.1 32.3
SPR 30.5 33.5
32.7 30.7 335
5 339 339 34 33.9
33.7 34.1 33.8
33.8 3L 33.8
6 38.9 38.3 38.1 32.4
27.3 27 27.2
27.3 33.3 34.1
7 34.1 34.9 32.1 33.7
33.9 34.7 32
33.7 35 32.8
8 34.1 33gh 30.9 33
34 334 30.9
34.2 333
9 32.9 334 35.2 33.8
33.2 334 34.5
33.2 34.6
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
28/9/60 10 30.9 31.8 32.7 319
30.8 32.1 32.8
30.9 32 33.3
11 31.7 31 33.2 32
31.6 31 32.9
314 32.8
12 35.1 33.8 207 32.7
34.2 33.7 29.6
34.3 364 30
13 32.7 3542 34.3 34.1
32.4 34.6 34.7
33.7 34.9 34.5
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 1 20.5 214 10.2 17.7

20.7 233 10.4
20.7 213 10.5

2 10.9 134 11.2 124
10.7 135 13.5
10.7 13.7 134

< 10.4 10.1 9.8 10.1
10.9 9.8 9.8
104 95

a4 11.2 10.1 14.5 12.2
11.1 10 16.4
10.8 10.1 15.7

5 12.4 10.1 12.8 11.3
12.8 10.2 10.4
12.9 10.1 9.7

6 11.6 10.6 24.5 14.9
115 10.6 24.5
11.3

7 12.3 15.5 17.3 15.2
14.2 15.8 17.6
10.5 15.5 17.7

8 253 211 24.4 23.7
26.7 20.3 24.3
253 20.9 24.6

9 21.3 16.1 18.6 18.2
20.8 15.5 18.5
21 14.6 18.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 10 10.1 11.1 10.2 10.4
10 11.2 10.2
9.6 11
11 36 274 24.5 29.4
36.5 27.1 252
36.2 27.3 24.2
12 234 24.6 24.3 24.3
23.9 24.6 24.6
23.8 24.9
13 24.9 22 22.1 23.2
25.9 22.5 22.2
2b il 221 21
14 20.3 20.1 23.1 21
19.6 19:7 256
20.2 20.2 22.6
15 St 27.4 28.3 29.6
32 28.9 29.3
31.9 28.4 28.7
16 27.9 26.9 174 24.7
28.2 26.9 174
285
17 28.3 24.3 224 24.9
28.1 23.7 22.8
28 23.9 22.2
18 26.4 31.8 28.9 28.9
255 32 28.8
25.7 32.1 28.5
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 19 18.8 22.8 251 22.2
18.5 234 25.2
18 22.9 25.1
20 24.4 23 27.3 24.7
24.3 23.1 26.8
23.8 22.2 27.6
21 18.2 154 25.6 19.9
19.1 15.2 259
18.6 15.1 26
22 12.5 13.9 219 153
12.2 13.2 21.2
11.4 125 19
23 1585 20.7 283 19.5
14.4 22.2 22.2
15 21.6 22
24 32.1 22.8 17.6 24
324 22.6 16.9
32 22.7 16.6
25 25.7 16.9 18.2 20.2
26.5 17.2 177
255 17.3 16.9
26 27.6 27.7 353 29.8
28.3 27.6 353
28.1 28.5
27 15.2 13.7 12.1 14.1
19.7 14.3 12.1
19.5 15.8
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 28 30.3 28.3 233 27.1
30.6 277 21.7
315 27.8 22.3
29 32 35.2 27.5 31.1
315 34.1 26
31.8 34.7 26.7
30 8.3 9 8.5 8.5
8.4 9 8.2
8.2 8.3
31 8.3 1.7 8.9 8.2
8.3 7.8 8.3
7.8 8.2
32 10.4 15.6 17.6 14.2
10.3 15.6 16.7
10.3 17
33 18 16.2 14 16.5
16.9 18.3 14
17 17.7
34 30 2555 32.4 32.6
30.3 25P 326
30.5 34.6 324
35 35.1 354 28.8 32.8
34.1 354 29.3
34.8 29.3




75

Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/2/61 1 11.9 10.6 10.1 10.7
111 10.7 10.6
111 10.3 10.1
2 17.3 18.8 23.9 20.3
174 18.8 24.1
17.6 24.1
< 20.2 21.1 20.1 20.4
20.6 20.7 20.5
19.4 20.9 20.5
a4 34.1 34.5 27.2 31.8
34.2 34.2 26.6
34.1 34 27.2
5 19.4 13.1 ™9 14.2
19.1 gl 4.9
20 13
6 34.5 32.9 31.8 33.2
339 335 31.8
34.2 33.1
7 213 151 114 16.2
223 15.8 11.8
22 14.7 114
8 352 36.8 36.7 36.3
35.2 37.1 36.5
36.8 36.4
9 36.1 34.3 35.7 354
36.5 34.5 353
36.5 33.7 36
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/2/61 10 28.3 30.8 29.7 29.4
28.1 30.1 29.5
28.5 29.8 29.6
11 10.3 18.1 13.5 13.5
10.4 18.1 135
10.5 134
12 30.5 30.9 29 30.2
30.9 30.8 29.2
30.5 31 29.4
13 28.4 34.7 36.3 334
28.6 35 36.8
28.9 34.7 36.9
14 21.9 A 23.6 239
21.5 27.7 23.7
214 23.7
15 I 322 31.4 32.9
35.8 B9 612
35.1 32.1 31.1
16 33.1 33.6 314 32.8
33.6 33.9 31.2
33.4 33.8 30.9
17 359 36.3 37.4 36.4
35.6 36.1 37.2
359 36.1 37.3
18 34.9 33.2 33.6 34
35.6 32.6 334
35.6 33.4 33.4




77

Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)

7/2/61 19 17.7 20.8 19.6 19.4
17.5 20.8 20.3
17.8 20.3

20 32.3 33 33.9 32.8
32.2 32.7 33.6
31.7 32.7 33.3

21 35.1 333 36.7 35.2
35.6 335 36.8
SNy 337 36.7

22 24.1 255 30.6 26.6
24.2 24.6 30.8
23.8 252 30.7

23 14.4 16.9 14.3 15.1
14 14(@S 14
14.3 16.3 14.1

24 25.8 26.8 26.7 26.4
26.1 26.9 26.2
26.1 26.8 26.4

25 314 BilLE 30.9 31.1
30.9 31.2 31.8
30.8 31.5 30.7

27 255 21 21 223
25.5 20.6 22
20.9 21.8
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/2/61 28 22.5 18.7 235 215

22.1 18.6 23.7
223 18.7 23.6

29 32.9 27.9 31.6 30.7
32.8 27.6 31.7
33 27.4 315

30 28.6 28 22.1 26.2
28.2 28.1 22.5
28.5 28.1 22

31 26.2 26.9 26.4 26.4
258 26.7 26.5
26.2 26.3 26.6

32 35 33.7 30.8 33
34.9 2 30.5
34.9 30.6

33 2 24.9 25.5 24.3
223 252 25
22.6 25.5 254

34 6.1 29.4 30.6 29.2
27.1 29.7 30.6

30.2

85 25.1 27.8 26.3 26.5
25.3 27.5 25.9
253 28.7 26.7




o v a [ ! a 2 o S & = LY
13199 V.3 sua;ﬂam‘umi’mmﬂimwﬂaameazmauﬂeﬂumanLi&Ju alay Pen

refractometer Tun1snnaaaiiaas1awuuINanInIsaknusuuaanlay

79

Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
30/6/60 1 22.5 21.4 24.6 23.5
214 22.7 25.2
20.5 22.7 28.2
2 15.1 155 15.9 16.7
15.9 15.8 15.6
18.2 18.6 CON
3 15.3 18.3 14.3 15.9
154 18.4 13.9
15.1 18.8 14
4 21.8 19.4 22.4 21.7
215 21.2 24.3
20 19.5 25.6
5 239 24.3 23.8 24.1
24.5 24.4 23.4
24.1 24.5 237
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
5/1/60 1 15.6 15.3 16 15.8
15.5 15.4 14.9
15.6 15.9 16.6
2 14.5 15.8 14.7 14.7
14.1 14.5 15.6
15 14.4 14.2
3 13 14.5 15.8 14.9
13.2 13.1 15.7
14.2 15.4 16.3
a4 22.7 22.6 20.7 22.2
22.5 22 22.7
223 21.4 23
5 18.1 17 17.3 17.3
18 16.5 17.4
L7ae) 16.9 17.6
6 22.2 20.1 22.8 21.9
23.2 22.8 211
21.7 213 22.2
7 27.5 26.6 259 27
27.7 27 25.8
27.6 26.6 2712
8 28.8 24.4 27.7 26.5
26.9 23.3 27.4
26.2 25.6 27.9
9 27.9 27.5 28.8 27.7
27.6 27.7 28.2
27.2 28 273
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
5/1/60 10 24.5 26.9 24.6 258
25.2 27.3 23.7
252 27.5 254
11 21.9 23.6 235 22.8
21.2 23.7 233
21.6 23 23.7
12 17.1 16.5 16.1 16.1
17.5 15.7 16.2
16.3 15.6 155
13 15.3 16.3 15.1 15.6
15 16.4 155
15 16.1 15.8
14 15.7 14.8 14.9 15.1
15.1 14.6 15
15.1 15 15.3
15 14.9 14 14 14.2
14.3 14.6 13.6
14.4 14.2 14.1
16 10.5 10.2 11.3 10.5
10.6 10.1 114
10.4 10.2 10.6
17 17.8 22.6 24.2 21
15.9 21 24.3
18.3 21.1 23.6
18 19.1 20.3 20.2 19.8
19.3 20.2 20.1
19.1 19.9 20.1
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
5/7/60 19 16.8 16.4 16.1 16
16.3 16.1 16
15.9 15.7 15.9




83

Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
26/7/60 1 36 37.7 37.2 36.9
36.2 37.7 37.3
36.1 37
2 33.7 37.6 35.7 35.6
33.6 37.5 35.7
33.6 37.7
3 33.2 37.7 37.7 36.1
33.1 37.3 37.6
32.9 37.8 374
a4 37.9 39.5 32.3 37.1
38.2 39.2 32.3
38.1 39.2
5 21.8 33.7 31.2 289
21.9 33.4 2@
22.1 335 31.1
6 319 34.9 32 327
314 34.7 31.8
31.2 34.8 31.2
7 33.6 BilLE 31.8 32.3
33.7 31.4 31.8
335 31.5
8 26.5 32.8 32.6 319
27 32.7 33.1
26.6 33.1 33
9 36.7 34.7 30.4 33.8
36.4 34.8 30.3
36.5 34.6 30.1
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
26/7/60 10 34.7 38.4 38.8 37
34 38.5 38.8
34.5 38.3
11 34.6 36 38.9 36.5
34.5 36 38.3
34.6 38.9
12 37.8 35.8 38.1 37.3
379 36.1 38.3
38.1 35.8 38.2
13 31.3 355 37.2 34.6
31.4 353 37
315 35.3 37.1
14 33 i 27.6 30.7
32.9 3dgd 2ol
33.1 31.6 27.5
15 31.4 39.2 32.6 34.4
31.3 39.5 32.8
31.1 39.3 32.7
16 34.5 33.9 34.3 34.2
343 34 34.3
34.5 34
17 38.9 36 35 36.6
38.8 36.3 34.8
38.7 36.1 34.6
18 34.6 33.2 315 33.1
34.2 33.2 31.6
34.4 319
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
26/7/60 19 31.8 39.8 34.4 35.2
32 39.4 34.2
31.7 40.1 33.8
20 31.8 36.3 353 34.4
319 36.6 35.3
Y 36.5
21 33.2 335 32.3 32.9
32.8 335 324
33 322
22 33.8 353 33.1 34.1
33.8 354 33
35.3 32.9
23 30.2 38.1 355 34.7
30.7 38.5 35 &
30.6 38.3
24 41.4 37.6 30.6 36.5
41.3 37.7 30.4
41.5 37.9 30.8
25 33.3 B35 32 32.7
33 2% 31.8
32.7 31.8
26 36.8 38.6 36.7 37.3
36.9 37.6 36.1
37.2 38.8 37.1
27 30.2 34.8 34.8 33.1
30.3 34.7 34.8
30.2 34.9
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
26/7/60 28 30.5 352 34.5 333
30.7 353 339
30.4 353 34
29 353 33.2 28.9 32.6
35.1 33.6 29.3
L 33.3 29.3
30 29.5 34.2 34.6 33.2
29.5 34.3 34.4
34.1 34.9
31 35.2 34.7 334 34.5
35.4 34.9 33.6
34.9 34.9 33.6
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/8/60 1 28.2 34.9 33.8 32.3
28.5 34.7 33.6
28.3 35 334
2 32.5 37.2 32.2 34.1
324 37.6 32.5
VR 36.9 32.7
3 32.3 38.1 34.9 35.2
32.5 38.4 35.1
YAV 39 35
a4 33.3 35.8 33.3 34.3
252 36.1 333
33.3 36
5 32.6 34.3 33.6 33.6
32.6 34.1 33.9
34.1 33.8
6 36 33 31.2 33
355 32.7 30.1
35.2 32.3 30.7
7 36 36.2 33.8 354
36.1 36.4 339
35.9 36.1 33.8
8 26.3 34.7 29.9 30.4
26.6 34.8 30.2
26.2 34.6 30.1
9 30 37.5 36.7 34.7
30.2 37.2 36.8
30.2 37.4 36.6
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/8/60 10 26.9 34.3 24.4 27.6
26.6 34.3 234
26.7 23.9
11 28.1 34.6 35.1 32.7
28.3 34.7 35.3
27.9 34.7 35.2
12 35 32.2 31.1 32.6
35 32.4 31.2
33.1 30.9
13 28.1 32.9 34.5 31.8
27.8 33 34.5
28.2 32.8 34.6
14 P 3dk 29.8 353 32.6
33.6 29:7 25&
33.6 29.5
15 34.7 29.7 29.8 31.5
34.6 29.9 30.2
34.4 30.1 30
16 40.2 B3 32.8 355
40.3 =L ¢ | 33.7
40.2 33.8 32.2
17 32.5 30.9 31.1 314
32.3 30.6 31.3
324 30.4 31
18 29.7 31.1 23 27.7
29.7 31.3 239
31.2 223
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/8/60 19 30.2 34.4 29.6 33.6
30 34.5 29.4
30.1 34.6 29.5
20 34.9 34.9 34.5 34.8
34.8 34.5 34.8
34.9 35.1 34.7
21 34.4 32.9 32.3 32.3
34.6 33.2 32.1
34.5 33.1 32.2
22 339 35.8 314 33.8
33.8 36.1 31.7
34.1 36.1 31.3
23 33.5 32.8 35.7 34
33.6 32:9 35.5
334 32.8 354
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)

21/8/60 1 29.2 31.1 32.6 30.9
29.4 31 324
28.8 31.3 32.5

2 28.2 33.6 36.8 32.4
28.1 33.7 36.8

28.2 33.6

3 29.4 32.4 35 32.1
29.6 31.9 34.8
29.7 31.8 34.6

a4 38 35.8 31.3 355
37.9 35.7 31.3

38.1 355

5 34.8 33.4 30.9 33.4
35.2 34.2 2Ll
B 33.6 30.1

6 29.9 28.1 27.8 28.8
30.1 28.2 28.3
30 28.3 28.4

7 40.2 37.2 23.8 36.3
40 36.9 23.9
a0 37.3 239

8 28 31.8 23.8 27.9
28 31.7 239
31.8 23.9

9 354 33.3 34.7 34.5
35.6 33.2 34.8
355 334 34.4
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
21/8/60 10 32.5 26.3 32.8 31

32 26.3 32.9
32.3 32.6

11 274 25 22.5 25
27.6 25.1 223
27.6 252 223

12 35.3 36.8 31.3 34.5
354 36.7 31.6
SIo\ 37 313

13 26.7 29.7 30.3 28.9
26.6 29.6 30.5
26.5 29.8 30.1

14 37.5 37 35.9 37
37.6 36.9 36.3
ol 37.3 36

15 35.4 37.2 37.6 36.7
355 37.3 37.1
35.6 37.2 37.5

16 32.5 34.3 37.6 34.9
32.8 34.6 37.8
32.7 34.1 374

17 35.3 35.5 30.9 33.7
S50 355 30.6
354 31.1

18 35.7 32.5 324 33.6
35.2 32.3 32.4
35.7 32.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
21/8/60 19 35.5 37.6 31.1 34
33.4 36.9 31
33.7 35.8 30.9
20 37.8 38.4 34.7 36.6
37 37.5 344
37.2 37.1 34.9
21 34.8 34.8 33.7 34.1
33.7 34.6 33.3
33.8 34.6 33.2
22 30.7 30.2 30.4 30.5
30.4 31.3 29.3
30.2 31.7 30.2
23 21.9 23.2 24.2 23.5
223 234 24.7
22.6 23.6 25.8
24 2D 28.3 32.4 28.8
25.6 28.6 YV
259 28.8 31.9
25 il 1 PoE 34.5 31.7
30.4 29.5 34.5
30.2 29.7 35.4
26 355 33.4 36.1 35.1
35.9 33.7 36.2
35.7 33.3 36.1
27 32 33.1 37.5 34.3
31.9 33.4 37.4
31.8 33.8 37.6
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
21/8/60 28 35.6 40.2 33.7 36.5
35.8 40 34.3
35.7 39.7 339
29 32.1 30.7 26.1 30.1
319 31.9 26.3
33 32.2 26.8
30 41.6 39.9 354 38.6
40.6 39.6 35.1
41.6 39.4 34.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 1 32.1 26 26.9 28.4
32 26.3 27
31.8 26.5 27
2 27.9 22.6 254 253
28 22.7 254
28.1 22.5
3 27.7 27.3 29.2 28
28 27.6 29.2
27.9 27.4
a4 37.9 26.5 22.4 29
38 26.6 22.6
37.9 26.7 22.5
5 24.4 26.7 28.9 26.8
24.7 27.1 29.2
24.5 26.5 29.1
6 22:9 28.7 33 28.3
239 29 SR
23.3 29.2 32.7
7 829 32.2 27.9 30.7
32.1 33.6 26.1
32.5 33.1 26.9
8 36.3 29.8 253 30.5
36.2 30 254
36.4 29.7 253
9 30 33 28.5 30.5
30.2 32.9 28.8
29.7 33 28.3
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 10 28.6 25.8 26.9 27
28.4 25.9 27
28.3 25.7 26.8
11 24.3 33.4 37.9 33
24.8 335 38.3
24.4 32.9 379
12 34.6 30.8 35.8 33.7
34.4 30.7 36
34.1 30.9 36.3
13 34.3 29.2 26.2 30
33.9 29.7 26.4
34 29.5 26.8
14 338 34.1 36.9 34.4
32.7 33.3 37
B, 339 36.7
15 35 33.4 31.7 33
35 33 ks
33.6 30.9
16 23.7 259 22.8 23.9
23.6 24.9 23.1
23.7 25.5 23
17 34.7 31.8 27 31.1
34.6 31.6 27.1
33.4 32.3 27
18 37.9 29.8 26.3 315
38.1 30.2 26.2
38.4 29.6 26.7
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 19 26.6 32.3 28.6 29.5
27.1 32.8 29.1
26.9 33.2 28.9
20 26 30.9 26.4 27.8
26.1 314 26.2
26 31.2 26.2
21 24 28.1 26.3 26.1
23.8 28.3 26.2
23.7 28.2 26.1
22 36.8 32.1 33.7 34.5
36.5 32.7 34.9
36.7 32.7 34.3
23 33 33.4 33.8 33.4
33 33.4 2otk
B3 34
24 34.1 353 36.6 352
33.8 34.6 36.4
34.3 35.5 36.5
25 €5.3 339 33.7 34.6
35.2 34.7 34.5
354 34.4 34
26 26.5 24.8 20.7 24
26.6 24.6 21.2
26.6 24.4 21
27 24.3 23 26.8 25
24 23 27
24.2 27.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
18/9/60 28 29.8 24 27.3 26.9
29.8 239 27.6
24.2 28.4
29 22.8 294 28.4 273
23.2 29.9 29.2
234 29.8 29.4
30 22.5 27.3 23.6 24
22.7 27.3 23.3
22.9 22.7
31 26.8 37.6 26.7 30.4
24 .5 37.7 26.6
26.4 374 26.7
32 30.1 29.3 Y.+, 27.6
29.4 29.6 21
29.7 30.8
3 2971 25.4 239 26.1
29.4 25 24
29.7 24.8 238
34 26.9 24.6 24.4 25.2
26.8 24.3 24.3
27.2 24.3 24
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
21/9/60 1 36.1 36.5 32.8 35.1
35.9 36.4 32.1
26 36.5 32.5
2 34.5 34.9 34.2 34.6
34.7 34.5 35
34.2 35 34.8
3 32.9 27.6 26.5 29.3
33.2 27.3 26.5
33.2 274
a4 31.6 35.3 29.9 32.3
31.9 35.6 29.7
31.8 35.1 29.6
5 30.2 PRé 383 33.5
29.9 35.1 256
29.6 35.3 35.1
6 28.2 34.2 .7 32.7
28.3 34.3 GO
28.2 34.4 35.8
7 37.4 34.7 33 35.1
38 34.6 32.8
38 34.7 32.6
8 31.3 34.9 27.5 31.2
31.3 34.5 27.3
35 27.5
9 35.1 34.2 335 34.2
34.9 34.5 33.3
35 34.2 333
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
21/9/60 10 33.4 35 33.9 34
33.5 35 34.2
33.6 33.6
11 333 34.9 34.2 34.1
33.1 355 33.8
e 34.7 34.1
12 32.9 3'5%1, 355 34.8
33 36.3 35.6
33 35.6 354
13 33.7 34.3 29.9 32.8
33.6 34.2 30.3
33.3 35 30.5
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
25/9/60 1 35.7 329 30.2 32.9
359 33.2 29.8
36.2 32.7 29.8
2 25.1 29.8 252 26.9
252 30.1 25.6
25.1 30.2 25.6
o 28.9 29.8 27.8 28.7
28.9 29.8 27.7
28.3
a4 27 355 25 28.4
27.3 33.1 25.1
26.9 32.8 24.9
5 28 313 27.8 28.9
28.1 31.3 28.3
28.1 28.4
6 26.9 28.3 29 28
27.7 28.2 29
27.3 27.7
7 28.6 26.5 28.5 279
28.9 26.3 28.7
28.6 26.1 28.5
8 28.5 32.1 29.6 30
28.2 32 29.1
28.6 32.1 29.5
9 28.5 34 31.3 311
28.3 33.2 314
28.4 33.6 30.8
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
25/9/60 10 27.2 33.9 344 31.8
26.9 34.1 34.5
26.8 34 34.8
11 30.1 33.7 33.5 324
30.6 33.6 32.9
30.4 33.7 33.1
12 27.4 324 26.8 28.8
27.3 32.5 27
269 31.8 27
13 33.1 32.3 34.7 33.3
32.7 32.1 8593
32.5 A 34.6
14 28.5 32.1 29.1 30.3
29.3 32.7 29.1
29.1 32.2
15 33.6 67.8 29.8 31.6
33.1 31.6 29.9
33 hizs 30.4
16 28.2 31.2 34.2 31.2
279 31 34
28 31.8 34.1
17 33.5 35 304 32.8
339 34.3 29.8
33.8 34.6 30
18 29 26.8 29 28.1
27.8 26.8 28.5
28 29
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
25/9/60 19 31.7 34.3 36.8 33.6
32.3 34.3 34.4
30.9 344
20 259 30.1 28.6 28.1
25.7 30 28.2
26.1 30.1 27.8
21 29 29.6 32.3 30.1
28.4 29.1 32.2
28.5 29.1 324
22 29.2 39.1 30.6 32.8
29 39.4 29.3
29.3 39 30.2




103

Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
27/9/60 1 34.9 314 30.4 32
353 31.2 29.4
35 314 294
2 33.9 34.7 30.6 33
33.8 34.9 30.4
33.6 34.9 30.5
o 324 33.7 32.3 32.8
32.3 33.8
31.9 33.8 32.3
a4 33.5 35.2 32.6 33.7
33.6 34.8 32.9
32.8 358 32.1
- 38 32.5 32.1 32.6
33.1 32.6 31.8
32.8 YA ¢
6 329 33.8 ol 333
32.8 33.7 32.9
32.7 34.4 33.2
7 30.8 34 34 32.8
0.9 33.6 33.5
30.4 34 34
8 28.1 28.5 32.3 30
28.4 28.5 33
28.3 32.7
9 31.1 33.1 34.9 32.9
31.2 32.5 34.6
30.9 32.7 34.8




104

Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
28/9/60 1 30.9 30.4 30.9 30.6
29.3 30.5 31.2
31.1 30.2 31.2
2 32.3 274 28.6 29.4
32 28 28.8
32.1 27.6 28.2
3 335 83.9 34.1 33.8
33.4 34 34.1
S8 33.8
q 32.7 30.4 34.1 32.3
32.3 30.5 335
3P 30.7 %5
5 33.9 87319 34 33.9
33.7 34.1 33.8
33.8 33.7 33.8
6 38.9 38.3 38.1 32.4
27.3 27 27.2
27.3 333 34.1
7 34.1 34.9 32.1 33.7
33.9 34.7 32
33.7 35 32.8
8 34.1 33.1 30.9 33
34 33.4 30.9
34.2 33.3
9 329 33.4 35.2 33.8
33.2 334 34.5
33.2 34.6
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
28/9/60 10 30.9 31.8 32.7 31.9
30.8 32.1 32.8
30.9 32 333
11 31.7 31 33.2 32
31.6 31 329
31.4 32.8
12 35.1 33.8 29.7 32.7
34.2 33.7 29.6
34.3 33.7 30
13 32.7 35.2 34.3 34.1
324 34.6 34.7
33.7 34.9 34.5
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 1 20.5 214 10.2 17.7

20.7 233 10.4
20.7 213 10.5

2 10.9 134 11.2 124
10.7 135 13.5
10.7 13.7 134

< 10.4 10.1 9.8 10.1
10.9 9.8 9.8
104 95

a4 11.2 10.1 14.5 12.2
11.1 10 16.4
10.8 10.1 15.7

5 12.4 10.1 12.8 11.3
12.8 10.2 10.4
12.9 10.1 9.7

6 11.6 10.6 24.5 14.9
115 10.6 24.5
11.3

7 12.3 15.5 17.3 15.2
14.2 15.8 17.6
10.5 15.5 17.7

8 253 211 24.4 23.7
26.7 20.3 24.3
253 20.9 24.6

9 21.3 16.1 18.6 18.2
20.8 15.5 18.5
21 14.6 18.2
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 10 10.1 11.1 10.2 10.4
10 11.2 10.2
9.6 11
11 36 274 24.5 29.4
36.5 27.1 252
36.2 27.3 24.2
12 234 24.6 24.3 24.3
23.9 24.6 24.6
23.8 24.9
13 24.9 22 22.1 23.2
25.9 22.5 22.2
2b il 221 21
14 20.3 20.1 23.1 21
19.6 19:7 256
20.2 20.2 22.6
15 St 27.4 28.3 29.6
32 28.9 29.3
31.9 28.4 28.7
16 27.9 26.9 174 24.7
28.2 26.9 174
285
17 28.3 24.3 224 24.9
28.1 23.7 22.8
28 23.9 22.2
18 26.4 31.8 28.9 28.9
255 32 28.8
25.7 32.1 28.5
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 19 18.8 22.8 251 22.2
18.5 234 25.2
18 22.9 25.1
20 24.4 23 27.3 24.7
24.3 23.1 26.8
23.8 22.2 27.6
21 18.2 154 25.6 19.9
19.1 15.2 259
18.6 15.1 26
22 12.5 13.9 219 153
12.2 13.2 21.2
11.4 125 19
23 1585 20.7 283 19.5
14.4 22.2 22.2
15 21.6 22
24 32.1 22.8 17.6 24
324 22.6 16.9
32 22.7 16.6
25 25.7 16.9 18.2 20.2
26.5 17.2 177
255 17.3 16.9
26 27.6 27.7 353 29.8
28.3 27.6 353
28.1 28.5
27 15.2 13.7 12.1 14.1
19.7 14.3 12.1
19.5 15.8




109

Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
6/2/61 28 30.3 28.3 233 27.1
30.6 277 21.7
315 27.8 22.3
29 32 35.2 27.5 31.1
315 34.1 26
31.8 34.7 26.7
30 8.3 9 8.5 8.5
8.4 9 8.2
8.2 8.3
31 8.3 1.7 8.9 8.2
8.3 7.8 8.3
7.8 8.2
32 10.4 15.6 17.6 14.2
10.3 15.6 16.7
10.3 17
33 18 16.2 14 16.5
16.9 18.3 14
17 17.7
34 30 2555 32.4 32.6
30.3 25P 326
30.5 34.6 324
35 35.1 354 28.8 32.8
34.1 354 29.3
34.8 29.3
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/2/61 1 11.9 10.6 10.1 10.7
111 10.7 10.6
111 10.3 10.1
2 17.3 18.8 23.9 20.3
174 18.8 24.1
17.6 24.1
< 20.2 21.1 20.1 20.4
20.6 20.7 20.5
19.4 20.9 20.5
a4 34.1 34.5 27.2 31.8
34.2 34.2 26.6
34.1 34 27.2
5 19.4 13.1 ™9 14.2
19.1 gl 4.9
20 13
6 34.5 32.9 31.8 33.2
339 335 31.8
34.2 33.1
7 213 151 114 16.2
223 15.8 11.8
22 14.7 114
8 352 36.8 36.7 36.3
35.2 37.1 36.5
36.8 36.4
9 36.1 34.3 35.7 354
36.5 34.5 353
36.5 33.7 36
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/2/61 10 28.3 30.8 29.7 29.4
28.1 30.1 29.5
28.5 29.8 29.6
11 10.3 18.1 13.5 13.5
10.4 18.1 135
10.5 134
12 30.5 30.9 29 30.2
30.9 30.8 29.2
30.5 31 29.4
13 28.4 34.7 36.3 334
28.6 35 36.8
28.9 34.7 36.9
14 21.9 A 23.6 239
21.5 27.7 23.7
214 23.7
15 I 322 31.4 32.9
35.8 B9 612
35.1 32.1 31.1
16 33.1 33.6 314 32.8
33.6 33.9 31.2
33.4 33.8 30.9
17 359 36.3 37.4 36.4
35.6 36.1 37.2
359 36.1 37.3
18 34.9 33.2 33.6 34
35.6 32.6 334
35.6 33.4 33.4
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)

7/2/61 19 17.7 20.8 19.6 19.4
17.5 20.8 20.3
17.8 20.3

20 32.3 33 33.9 32.8
32.2 32.7 33.6
31.7 32.7 33.3

21 35.1 333 36.7 35.2
35.6 335 36.8
SNy 337 36.7

22 24.1 255 30.6 26.6
24.2 24.6 30.8
23.8 252 30.7

23 14.4 16.9 14.3 15.1
14 14(@S 14
14.3 16.3 14.1

24 25.8 26.8 26.7 26.4
26.1 26.9 26.2
26.1 26.8 26.4

25 314 BilLE 30.9 31.1
30.9 31.2 31.8
30.8 31.5 30.7

27 255 21 21 223
25.5 20.6 22
20.9 21.8
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Date Sample Total soluble solids (%Brix) Mean
1 2 3 (%Brix)
7/2/61 28 22.5 18.7 235 215

22.1 18.6 23.7
223 18.7 23.6

29 32.9 27.9 31.6 30.7
32.8 27.6 31.7
33 27.4 315

30 28.6 28 22.1 26.2
28.2 28.1 22.5
28.5 28.1 22

31 26.2 26.9 26.4 26.4
258 26.7 26.5
26.2 26.3 26.6

32 35 33.7 30.8 33
34.9 2 30.5
34.9 30.6

33 2 24.9 25.5 24.3
223 252 25
22.6 25.5 254

34 6.1 29.4 30.6 29.2
27.1 29.7 30.6

30.2

85 25.1 27.8 26.3 26.5
25.3 27.5 25.9
253 28.7 26.7




ANS199 0.4 HANITIHATILIAIEITNITNALAAIENSLUDIAUVDINITALN UL UUBBULAUTNAMNENIAAY 450-1000 UNLULLIAS

Pretretment R? Calibration Factor RMSEC R? Validation RMSEP Bias RPD SEC SEP
Raw spectrum 0.5958 2 3.9016 0.6974 4.0786 1.0216 1.8786 3.9206 3.9922
baseline 0.5413 1 4.2158 0.6421 4.436 1.3525 1.7558 4.2366 4.2715
smoothing 0.5958 2 3.9017 0.6975 4.0784 1.0217 1.8788 3.9206 3.9919
Ist 0.6094 1 4.0334 0.6648 4.2931 0.6351 1.7471 4.0533 4.2927
2nd 0.6559 2 3.6001 0.6509 4.3808 0.6109 1.7100 3.6184 4.3859
snv 0.5705 1} 4.2254 0.7123 39774 -0.029 1.8651 4.2451 4.0212
msc 0.4679 1 3.8862 0.6961 4.0879 -0.158 1.8160 3.9058 4.1299
smoothing+snv 0.4732 1 3.8667 0.7147 3.9604 -0.0242 1.8730 3.8662 4.0041
Ist+snv 0.3663 1 4.1816 0.4168 5.6626 -0.3804 1.3129 4.2031 5.7122
2nd+snv 0.3822 1 4.9274 0.3091 6.1633 -0.3368 1.2053 4.9515 6.2222
mMsc+snv 0.4738 1 3.8647 0.2641 6.3808 1.7545 1.2132 3.8842 6.1816
smoothing+msc 0.4674 1 3.8882 0.6955 4.0917 -0.1591 1.8143 3.9078 4.1338
1st+msc 0.4451 1 4.2891 0.4014 5.7368 -0.0083 1.2930 4.3107 5.8002
2nd+msc 0.3722 1 4.6713 0.3226 6.1029 -0.1632 1.2159 4.6953 6.1681

129"
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Pretretment R? Calibration Factor RMSEC | R? Validation RMSEP Bias RPD SEC SEP

Raw spectrum 0.5742 3 3972 0.4521 8.761 0.5811 0.8855 3.989 8.4693
baseline 0.651 q 3.698 0.7178 3.9386 0.1113 1.8841 3.7165 3.9806
smoothing 0.6855 5 3.3983 0.6746 4.2299 0.1992 1.7556 3.4151 4.2719
1st 0.2665 1 5.5221 0.3305 6.0672 0.8733 1.2355 5.5478 6.0704

2nd 0.2762 1 5.3785 0.0412 7.2604 -0.3301 1.0227 5.4059 7.333

snv 0.6797 b 3.671 0.5496 4.976 0.5457 1.4998 3.6891 5.0006

msc 0.5777 2 4.209 0.4662 5.4141 1.1635 1.4028 4.229 5.3461
smoothing+snv 0.5596 2 4.2983 0.4897 5.2966 1.103 1.4319 4.3196 5.2377
Ist+snv 0.4068 1 4.9806 0.3291 6.0735 -0.1227 1.2216 5.0042 6.1393
2nd+snv 0.3526 1 5.1878 0.2833 6.2772 0.025 1.1817 5.2119 6.3465
mMsc+snv 0.6826 3 3.654 0.5838 4.7838 0.4087 1.5563 3.6719 4.8189
smoothing+msc 0.5542 1 4.1775 0.4344 5.5766 1.4017 1.3743 4.1986 5.4573
1st+msc 0.3719 1 5.1858 0.4056 5.7165 0.0943 1.2978 52111 5.7789
2nd+msc 0.2617 1 5.5283 0.0034 64.2206 -8.1327 0.1164 5.551 64.4075

G11
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Pretretment R? Calibration | Factor RMSEC R? Validation RMSEP Bias RPD SEC SEP
Raw spectrum 0.7012 q 3.1424 0.6626 4.3071 0.9358 1.7644 3.1576 4.2507
baseline 0.6728 3 3.6879 0.6042 4.6649 -0.1015 1.5905 3.7058 4.7154
smoothing 0.5235 3 4.1842 0.1493 6.8387 2.1316 2.1349 1.1416 6.5698
1st 0.2969 1 5.2691 0.1087 7.0002 -0.2014 1.0601 5.2954 7.0746
2nd 0.2656 1 5.4177 0.0245 7.3234 -0.2905 1.0137 5.4453 7.3985
snv 0.6877 2 3.3704 0.7357 3.812 0.3109 1.9524 3.3868 3.8413
msc 0.688 2 3.3685 0.7355 3.8136 0.3139 1.9518 3.3848 3.8426
smoothing+snv 0.6711 2 3.4342 0.7043 4.0358 0.1883 1.8400 3.4514 4.0759
1st+snv 0.5595 2 4.2923 0.4996 5.2453 0.689 1.4265 4.3127 5.2573
2nd+snv 0.3423 1 5.2285 0.2641 6.3609 0.0737 1.1662 5.2529 6.4308
MsC+snv 0.6302 2 4.2536 0.6023 3.7801 0.1884 1.9648 3.4899 3.8171
smoothing+msc 0.7014 2 3.2366 0.7046 4.03 0.3872 1.8492 3.2519 4.0557
Ist+msc 0.3063 1 5.3699 0.3778 7.821 0.7886 0.9533 5.395 7.8671
2nd+msc 0.4228 3 4.9351 0.0476 14.6406 -3.7016 0.5236 4.9588 14.3215

911
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M19197 0.7 N1sivueansiaiiluiaun1sgaduadulesBunssnluYIenausinge [25]

Wavelength (nm) Bond vibration Structure
713 C-H str. fourth overtone Benzene
738 O-H str. third overtone ROH
740 C-H str. fourth overtone CHs
746 C-H str. fourth overtone CH,
747 O-H str. third overtone ArOH
760 O-H str. third overtone H,O
762 C-H str. fourth overtone CH,
779 N-H str. third overtone RNH,
790 N-H str. third overtone ArNH,
806 N-H str. third overtone RNH,
808 2 x N-H str. 2 x N-H def.+ 2 x C-N str. RNHR’
815 N-H str. third overtone RNHR’
832 2 x N-H str. 2 x N-H def.+ 2 x C-N str. RNHR’
840 3 x C-H str. + 2 x C-C str. Benzene
874 C-H str. third overtone Benzene
880 C-H str. third overtone CHCl4
900 C-H str. third overtone CHs
910 C-H str. third overtone Protein
913 C-H str. third overtone CH,
928 C-H str. third overtone Oil
938 C-H str. third overtone CH,
970 O-H str. second overtone ROH, H,0O
990 O-H str. second overtone Starch
1000 O-H str. second overtone ArOH
1015 2 x C-H str. + 3 x C-H def. CH,
1020 2 x N-H str. + 2 x amide | Protein
1020 N-H str. second overtone ArNH,

1030 N-H str. second overtone RNH,
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Wavelength (nm) Bond vibration Structure
1037 2 x C-H str. +2 x C-H def. + (CHy)n Oil
1053 2 x C-H str. +2 x C-H def. + (CHy)n CHyo
1060 N-H str. second overtone RNH,
1080 2 x C-H str. + 2 x C-C str. Benzene
1097 2 x C-H str. + 2 x C-C str. Cyclopropane
1143 C-H str. second overtone Aromatic
1152 C-H str. second overtone CH,
1170 C-H str. second overtone HC=CH
1195 C-H str. second overtone CH5
1215 C-H str. second overtone CH,
1765 C-H str. first overtone CH2
1780 C-H str. first overtone Cellulose
1820 O-H strl + 2 x.G-Ostr. Cellulose
1900 O-H str. +2 x C-O str. Starch
1900 C=0 str. second overtone -CO,H
1908 O-H str. first overtone POH
1920 C=0 str. second overtone CONH
1940 O-H str. +O-H def. H,O
1950 C=0 str. second overtone -CO,R
1960 N-H sym. str. +amide || CONH,
1980 N-H sym. str. +amide Il Protein
2000 2 x O-H def. +C-O def. Starch
2000 N-H sym. str. +amide |l CONH,, CONHR
2030 C+0O str. second overtone CONH,
2050 N-H sym. str. +amide |l Protein
2050 N-H asym. str. +amide |ll CONH,
2080 O-H str. +0-H def. ROH, sucrose,
2100 2 x O-H def. +2 x C-O str. Starch
2110 N-H sym. str. +amide llI CONH,, CONH
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Wavelength (nm) Bond vibration Structure
2132 N-H str. +C=0 str. Amino acid
2140 =C-H str. + C=C str. HC=CH
2150 2 x amide | +amide |ll CONH,
2160 2 x amide | +amide Il CONHR
2180 2 x amide | +amide Il Protein
2190 CH, asym. str. +C=str. HC=CH
2200 C-H str. +C=0 str. -CHO
2242 N-H str. +NH; def Amino acid
2252 O-H str. +O-H def. Starch
2276 O-H/str. + C-Cstr. Starch
2280 C-H str. + C-H def. CH,
2294 N-H str. +C=0 str. Amino acid
2310 C-H str. + C-H def. CH,
2323 C-H str. + C-H def. CH,
2336 C-H str. + C-H def. Cellulose
2347 CH, sym. str. += CH, def. HC=CHCH,
2352 C-H def. second overtone Cellulose
2380 O-H def. second overtone ROH
2461 C-H str. +C-C str. Starch
2488 C-H str. + C-C str. Starch
2500 C-H str. + C-C str. Starch
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Precision Test for Spectral Characteristic of On-line Vis-NIR versus At-line NIR Spectroscopy for
Measuring Total Soluble Solids of Durian (Durio zibethinus cv Monthong)

Kritsanaphon Leepaitoon ™®, Panmanas Sisambaoen’
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Abstract

Mear Infrared (MIR) Spectroscopy s a quick method for evaluating fruit and vegetable quality. It is important to
measure the precision of an instrurnent befare we start experiment for the model development. The main objective of
this  paper  was o determine  scanning repeatability  and  reprodudibility  of  UVSWIS-MIR  spectrometar
{on-line) and FT-NIR spectrometer (at-line} for measuring total seluble solids of Durian (Durio zibethinus ov Monthone) and
its cormesponding reference method using pen refractometer to measure for comparison. Results shows that the
repeatability. and reprodudbility of on-ling scanning spectioreter was 0.0786 and 0.0831, similarly for at-line scanning
spectrometer was 0.0044 and 0.0110 repectively. The repeatability of reference method was 0.2 The maximum
coefficient of determination (Ra.‘w] of reference method is 0.997. This indicated that the error from the reference method

wias only 0.3%.

Keywaords: Frecision test, Spectral charmcteristic, Or-line, At-line, Totzl Soluble Solids, Durian,

1. Introduction

Durian i3 an impartant fruit of Thalland. The major
durian fields are lacated in the east and the south. n 2014,
Thailand exported 17,143 million tonnes of frozen durlan
pulp to a value of 1,131 million baht (Office of Agricultural
Econcmics, 2018} Duran exporters are often faced with a
problem of exporting unripe durian which not having the
required sweetness, This makes export market unrelieable.
This problem is due to a faulty selection of unripe durians
that do not have the desired sweetness after aeing. At
present, durian collection reguires a lot of experience and
expertise which are (armers, Therefore, there is a chance of
errar in the selection. In the export of frozen durian pulp,
durian peels are completely peeled, J.eawng anly the
durian pulp that makes it easy to separate the ripeness
and sweetriess of durian meat, which fairly reduce the
unfipe problems.

ﬂE.

| the abﬂlty to aﬂa"tyzsm n
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infrared (MIR) spect’-l'gﬁﬂgp)'. mﬂ%:\ M

capaﬁﬁ‘ﬁiﬂas sﬂl‘}l n;,j;gml‘:‘ss’accumcy and
e :

for measuring total solul

investieated the NIR spectroscopy technigue by measuring
the absorption of light at the stem of durian and
established the relationship with total soluble solids and
evaluated the maturity of duran. The results were as
follows: r = 0,93 and S5EP = 1.58, Dnsawai and Sirisomboon,
2015 evaluated durian total soluble solids with MIR
spectroscopy which provided @ =0.55 and RMSEP =1.6378rix

Recently the MIR on-line systems was developed to be
used in industry to control qualitative analysis of different
types of wvegetables or fruit. For example, olive fruits,
Chaparre et al (2012) studied . on  olive-based  on-line
scanning of the olive fruils using a dicde amay
spectrometer mounted on the top of the conveyor belt to
determine focal distance and integration time, The result
found that the suitable focal lencth and integrating time
wiere 13 rnm. ‘and 5 s, respectively, The NIR Spectroscopy
way to assess the total soluble

Therefare, this st
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line FT-MIR spectroscopy for measuring total soluble solids
af durian (Durie zibethinus o Manthong) by deterrnination
of repeatability and reproducibility of scanning the durian
pulp an-line and atline and determination of repeatability
of reference method for total soluble solids. This will be
useful for the developrmert of ondine MNIR spectroscopy

protocol.
2. Materials and Methods

21 Samples.

The three samples of durian fruits were from an
crchard in Chumphon pravince, Thailland, The fruits were
peeled for three lopes of pulp.

22 Neor Infrared Absarption Measurement.

Far online measuremert, the duran pulpwas sent an
the belt conveyor for scanning using  AvaSpec-ULS2048
(fvaSpec-ULS2048-USB2-VA-S0,  AVANTES, Metherands) in
wavelencth range of 350-1100  nm with  absorbance
measuremant mode and  using spectralon as reference
material where one spectrum resulting from one scan on
the middle of the durian lope and then take the same
sample to measure the o absorbance  with FT-MIR
SpectrometerMPA FT-MIF, Bruker Optik GmbH, Ettlingen,
Germany) where the absorption was measured at 1 point
per 1 area in the wavenumber range of 12500-4000 em’
(800 - 2500 nm) at 16 em resolution and gold is reference
material, where one spectrum resulting from an average of
32 scans,

2.3 Mearsurment of total soluble solids confent of
durian pulp.

The scarined area of durian pulp was measured for the
total oluble solids at 3 consecutively at 1 palnt the value
was read 3 times and then average with a pen refract
meter (PEN-PRO, Measurernent Range Brix 0.0 to B5.0%,
ATAGO, Japan).

24 Wwwmﬁymdnmmmﬁjmr
VD ULNA

atability and rEprudu::lhilrty of on-line and at-line :

Repeatabiity of NIR scanning was determined by
scanning the same sample in the same location for 10
fimes, then calculating the standard deviation (500 of the
absorption by selecting 3 wavelengths (970, 1440, 1900
nm) from 10 spectra and averaged.

Reproducibility of MR scanning was determined by
scanning the sample for 10 times, but it was relocaded
every time, then the 5D of the absorption of the 3
selected wavelengths was calculated and average.

Repeatabilily of reference method (Rep) is & measure
of repeatability from standard measurements, This value
was determined by caloulating the S0 walue of the
maxmum difference in repetition of the same sample of
atl samples.

RHW is the maximum possible i for testing when no
emor from the NIR spectrometer and has only the errors
occuring fram reference method of the laboratory. For
labaratory accuracy, R-zw can be caleulated from the
following formula.
SBj—Rep?

5o

where §D5 s the standard deviation of the calibration
set data.

R'ﬂ‘lﬂx {1]

3. Results and Discussion

Table 1 shows the repeatability and reprodudbility of
ordline scanning spectrometer was 0.0786 and 0.0831, for
at-lime scarning spectrometer, it was 0.00d4 and 0.0110,
respectively, The repeatability and reproducilbility of at-
line was less than that of the ondine displaved that the
scanning in atline was maore effective than the onine but
arding systern capabled to be applied in the industry for
frazen duran pulp. The repeatability of reference method
was 0.2 indicated the high precision of reference method.
The mmasimum cosfiicient of determination (R was
0.997. This indicated that the error from the reference
method Wasm,;a Gaﬂﬁand the MIR spectroscopy model
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4. Conclusions

The at-line scanning was more predse than the on-line
spectrometer. However, the on-line method could be
applied on the belt conveying system of durian pulp in
factary. The maximum coafficient of determination (R’ oo
of reference method in laboratory experiment is 0.997 with
an eror only of 0.3% was acceptable and indicated that
the MIR spectmscopy madels for predicting of tatal soluble
solids of durian pulp should be developed.
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