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Table 4.1 Dimensions of five milled rice cultivars.

Grain milled rice dimension (millimeter)

Cultivars *Shape
Length Width Thickness
CNTI 7.36° 2.16° 1.76 *° 3.42°¢
PTNI 7.54 % 2.10° 1.73° 3.58 %
HSP 7.56° 2.30° 1.78 3.29¢
RDI5 7.50 2 2.07¢ 1.68 ¢ 3.62°
KDML105 7.41°% 2.11° 1.69 © 3.51°
CV (%) 3.05 2.95 2.75 4.07
LSD(0.0s) 0.14 0.04 0.03 0.09

Means with the different letters in same columns indicated significant difference at 95% confidence.
*Shape = length/width (USDA, 1982)

Table 4.2 Chemical compositions of five milled rice cultivars.

Chemical compositions (% wet basis)

Cultivars
Amylose Protein Crude lipid Moisture

CNTI 31.10% 7139 0.58 ¢ 10.81°
PTNI1 18.44° 7.77° 0.72 ¢ 9.96 ¢
HSP 17.65° 8.43° 1.19° 9.90 ¢
RDI15 15.38 ¢4 7.65° 1.65° 9729
KDML105 15.41 ¢ 7.50 ¢ 121° 10.48 °
Number of 300 120 180 200
samples

CV (%) 5.15 2.94 13.88 2.11

LSD(0.05) 0.36 0.08 0.13 0.07

Means with the different letters in same columns indicated significant difference at 95% confidence.

CNT1 =ChaiNat 1 RDI15 = Rice Department 15

PTN1 = Pathum Thani 1 KDMLI105 =Khao Dawk Mali 105
HSP  =Khao' Jow Hawm Suphan Bure
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Figure 4.1 The original spectra of 5 milled rice cultivars.
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Figure 4.2  Five milled rice spectra treated with Savitzky-Golay second derivative.
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Figure 4.3 Five milled rice cultivars spectra treated with mathematical techniques.
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Figure 4.3 Five milled rice cultivars spectra treated with mathematical techniques
(continued).
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43  msaeaumsingesadszneumaniiludnims
4.3.1 msahsaumsinnedIinaeiilaaluinms
9 o a a 9 o o 1 o 9
myas waumsinelsnueiTaaludnas 11300 @redi Tashidoya
annasy Tugeanwennaau 1100-2500 wiluwas fudeyallsinaedlaaludnnlann
a 4 =\ [ o 4 9 a 9 4 a
MsanTIEHMuUAlmANuFUAus  Taemsasnaunsoaneosududlomain PLSR
Ay . . 1 I 1 '
ud2 ¥ naaouanms (validation method) v test set Iaouiseaniu 2 ngu laun
U o a J . ) o % [
ﬂ’quﬁ%’NﬁumﬁmmaﬂimmfNﬂﬂﬁzﬂa‘umﬂmﬁ (calibration set) 91U 155 A30819 LA
Y
ngunAdeUdNMs (validation set) 112U 145 M0819 YoyanNanAYDIRIDEINITDINGN

uanalu Table 4.3 TasNlsuaen Taaluse 13.88-33.09%

Table 4.3 Characteristics of calibration and validation sample set of five milled rice
cultivars for amylose content determination by NIR.

Variable Calibration sample set ~ Validation sample set
Number of samples 155 145
Amylose content (% wet basis) 13.88-33.09 14.03-32.92
Mean 19.62 19.57
Standard deviation (SD) 5.99 5.98

namsadaumsinediunaei lagvesdnies (Table 4.4) WenfTouiiey
9 9 a a J ' Y o qgj axqg Y 1" o
msulasteyanlamaliannagiamans numaulasdeyaalneiuna 4 35 nanuuugiga
TagliA1 R w1y 0.96, 0.96, 0.97 uaz 0.97 awaau uaaumsiunenulasdeyadlnasy
a2e MSC 3 2™ derivative tazaumsinnenulasdoyamilnainudie MSC, 2™
. . ! @ N ' 4 { o J
derivative 524U smoothing lugsanueaauiuaaslu Table 4.4 i wuunaes (F)
[ Y S R o S A g 1" o a 4 4 1 A -4
Wiy 7 uilnmes desuauurnees nunudu livhlvine over fitting o918 R 1yau
] A
a1 SEC, SEP iaz Bias aaaimunu HanageuANNLANA1aN A DAYDIA1 SEP 114 4
' o A 9 o 9 nd . . o A
auns W aumsineiulasveyadilnaiuale 2" derivative uazaumsiiuien
Y o Y nd . . ' @ . A 1 A 1 [
wlasteyadalnaiuale 2™ derivative 39111 smoothing #A1 SEP gaiuanannuauns
Aneiulasdoyaanlnaiuase MSC sauiu 2™ derivative nagaumsineiniasdoya
anlnasudie MSC, 2™ derivative $2u1 smoothing e1siitiadAnyneada (p < 0.05)
Tasldan SEP winfiu 1.95%, 1.97%, 1.81% uaz 1.81% mud1dy Feaumsiinenulas

Joyadlnasudre MSC sauiu 2™ derivative wagaumsinneiulasdeyaanlnasuae
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=

MSC, 2™ derivative 591/1 smoothing 1#A1 RPD gawiiu v 3.30 uaaumsig
wasdeyaminasudan MSC, 2 derivative 33uy smoothing v¢ 1 AinTunsldussdng
msaanesiiferfestuutliFanuniaumsinefivdasdoyaainasudrs MSC sauiy
2™ derivative §atiu Sudoniuaumsd sl lumsinnefissanuenaay 1300-2448
nTumes Taglia F, R, SEC, SEP, Bias uaz RPD U 7, 0.97, 1.57%, 1.81%,
0.09% uaz 3.30 awawu (Table 4.4) NNNUNRMTNITAAT RPD 99 William (2007)
Heaad1 RPD 71924 3.1-4.9 asnsanensanan’ld safuaziiuhaumsiunefidonss

IFusiauenisunaeii Tagludnais 14

Table 4.4 PLSR calibration results for amylose content using spectra pretreatments.

Wavelength region )
Pre-treatment F R SEC SEP Bias RPD
(nm)
2™ derivative 1400-2458 6 096 175 195° 021 3.07
2" derivative+smoothing 1150-2448 6 096 1.76 1.97° 021 3.04
MSC+2™ derivative 1300-2458 7 097 1.56 1.81° 0.10 3.30
MSC+2" derivative+Smoothing 1300-2448 7 097 157 1.81* 0.09 3.30

F: number of factors used in the calibration equation.

R: multiple correlation coefficients.

SEC: standard error of calibration.

SEP: standard error of prediction, tested by the method of Fearn (1996).

Bias: average of difference between actual value and NIR value.

RPD: ratio of standard deviation of reference data in validation set to SEP.

Means with the different letters in same column indicate significant difference at 95% confidence.

deinsanmduilsza@ninisoanes (regression coefficient) ¥9IGqUNITNIUIY
YnaeiiTaafiuasdoyamilnasudas MSC, 2" derivative iiaz smoothing Tuas
mmﬂnﬂﬁu 1300-2448 w1 luuag (Figure 4.4) wuﬁﬁmmanﬂﬁu 1524, 1582, 1772
waz 2102w Tuwas SanuRerdestuiusy C-Huay O-H  Aanuduiusiunds
(Osborne et al., 1993) yauzfi Shenk et al. (2001) wWuiaennay 1524 uﬂummuzu
fanuferdesiuiuse N-H - ansddedanlngnuiifianwendndu 2100 wiTumas &
mmé’f’mﬁuﬁﬁ’mﬂqmﬂﬁqﬂ (Osborne et al., 1993; William and Norris, 2001; Shenk et al.,
2001) udlumsansnsiinufinfinnuennau 2102 nTuwas sufurasinnisilas
Foyaalnasudremaianadamans Suihldinfensdenlldnies Feiussuas

P v o Jdu P} A A g ' = ‘ﬂ
Tillaf!aﬂLﬂfJ'J‘lJ@\‘]uu?Jﬂ'ﬂﬂJﬁiJWU‘ﬁﬂ‘UIﬂi\?ﬁﬁN‘UfNE]NIﬁﬁ'ﬂLﬂu@\iﬂﬂigﬂﬂﬂﬁﬂuwu@m@\u! N
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usiil 1 sazngudnniilsmaeiTaage laun Wugdeum 1 veiormdumaainiugdng
A ) 9 o A A a 1 [ A a a c; o ya
niwnaseaumsineilinaeiilaguanaeiuunne Ysnaeilaadwazge M lni

H ' £4
Frveslsumed laaminnadwaumsnoudiandia am R 7lddsdiarga souiea SEC
£y e116 o q P 3 v v
uaz SEP geyuaie (William, 2001) m3¥il¥ia1 SEC uaz SEP aadias eraud 'l Tag

9 o o o o 9 { a a o
MIFTITWFAUNITNIUY 2 AUNT ﬁﬁ]ﬁ'ﬂﬂ'ﬁ‘ﬂ'luﬁlﬁ'l’ﬂi°UGUTJﬁﬁﬂﬁﬂ'lm’f]ﬂiaﬁ@'lllﬁgﬁhﬂ'ﬁ
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Wnedmsuinilsnaell laage nsomdnwugnled Taathunaranlsluniswamn
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aumsluddusao

4.3.2 msahsaumsiinedSinaddstuludnms

msadnaumsiinedsunaTdsauludnngs 1w 120 dedn Tasiwoya
alnasu Tugaennwenadu 1100-2500 wTumas fudeyatSinaldsauludiilden
MIBaTEHMuatinmanuduiug lasmsadnaumsoansasududlremaiin PLSR
HagAIINaU outlier #2833 leverage correction uag full cross validation WUNIIA5
§106197 20 15U outlier Sefaven advaumsuazlfiinaaouauns (validation method)
uu test set Taouaoandu 2 ngu 1aun nguadvaumsiiueamanil (calibration set)
$1u2u 64 A19819 nazngqunadeUauMT (validation set) $11uU 55 A10619 Foyaneada

YoIdI0eIdoInguuaadly Table 4.5 TasisuaTdsaulugg 6.64-9.03%

Table 4.5 Characteristics of calibration and validation sample set of five milled rice
cultivars for protein content determination by NIR.

Variable Calibration sample set Validation sample set
Number of samples 64 55
Protein content (% wet basis) 6.64-9.03 6.65-8.89
Mean 7.72 7.68

Standard deviation (SD) 0.50 0.47
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o a 09/’ @ o 4
msasaumsiiuelsuaTsduvesdnaisie 5 Wug (Table 4.6) tijo

= = 9 Y a a o'a’.l‘ as 1 Ao A=
nfFsuinsumnasteyanigmaianandiamansng 4 35 Wy U3 factor 1MNAUAD
6 factor dyuaNuuGvesaumInulasdoyaanlnasudie MSC, 2™ derivative $mn1
smoothing Anaumsfudasdoyaanlnasudn 3 37 fis R w1iv 0.95 uatijenadou
Aan 1 J 1 S 1 c; d‘ 1 [ 1 S o 9 ana A Qﬂll
aumInaadavesar  SEP wudia1 SEP Imd1niuand 19iueg1alisd1Ayn1aana anng
aumsineiulasdeyadnlnasudie MSC, 2™ derivative 52111 smoothing fif1 RPD

9 [ Qa.ll 2K A 3 o) [ 9 ) a ~ 1 A
gagande asiusuaenuaumsdimsulylunmsinelsnallsaulugeanuenaan
1130-2250 ¥ Twwas Taeliian F, R, SEC, SEP, Bias uay RPD w1d1 6, 0.95, 0.15%,

0.19%, 0.04% uag 2.52 smaiau (Table 4.6)

Table 4.6 PLSR calibration results for protein content using spectra pretreatments.

Wavelength region i
Pre-treatment F R SEC SEP Bias RPD
(nm)
2" derivative 1110-2448 6 096 0.14 023" 004 2.03
2" derivative+smoothing 1120-2250 6 096 0.15 021° 005 2.25
MSC+2" derivative 1150-2448 6 096 0.14 022° 0.05 2.09
MSC+2" derivative+smoothing 1130-2250 6 095 0.5 0.19* 0.04 252

F: number of factors used in the calibration equation.

R: multiple correlation coefficients.

SEC: standard error of calibration.

SEP: standard error of prediction, tested by the method of Fearn (1996).

Bias: average of difference between actual value and NIR value.

RPD: ratio of standard deviation of reference data in validation set to SEP.

Means with the different letters in same column indicate significant difference at 95% confidence.

Lﬁ'ﬂﬁﬁ]15m1ﬁ1ﬁlnﬂi$§ﬂ§m‘iﬂﬂﬂﬂﬂ(regression coefficient) VBIAUMINIUGY
USinaTdsiu fudasdoyaailnasudaeds MSC, 2™ derivative iaz smoothing Tuaiq
mmmaﬂﬁu 1130-2250 w1 Tuuag wuﬁﬁmmm’;ﬂﬁu 1726, 1990 waz 2188 w1 luuag
Sinruduiug fuS e TsAumnn (Figure 4.6) 1 Osborne et al. (1993) uaz Shenk et al. (2001)
U anwennan 1725 fanuduiuiiulaseadie CH, vaiedi Rittion et al.
(2004, 2005) wuTUsaulumsasiviadmaai@ed (single kernel) vodt1Indedauaz
%’nmsﬁjﬂuﬁmmmaﬂﬁu 1735 waz 1726 i Tumas awdidy daufinnwenaiu 1980
uag 2180 W Tuwas Tanuduiiusiullsdu (Osborne et al., 1993; Shenk et al., 2001)
wenIING Coleman et al. (1982) 185189131599 me1aaY 2100-2200 w1 Tuwas 3

v J

anuduinusiulsnallsauluensdad wuwRenduTeuves Osbome et al. (1993)
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Figure 4.6 Regression coefficient plots for protein calibration equation of five
milled rice cultivars.
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Figure 4.7 Scatter plots for predicting protein content of (a) the calibration sample
set and (b) validation sample set using protein calibration equation
developed.
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4.3.3 msasaumannnelsanaduiusadudas
9 o a o 9 o Y] L] )
msasaumsninglsunalviiuTagsludes $1uau 180 daee19 Taei

Foyamilnasy Tugreanueaan 1100-2500 wluwas nudeyalsualuiiulassauly

Fildnnmsinazdmaninmanuduiug Tnemsadnaumsoaneafududiomaiin
PLSR uazas19@ey outlier #2835 leverage correction tiag full cross validation W11
Fasdaedii 58 1 outlier Sadneen adaumsuas 1§35 naaouaums (validation
method) v test set Tasutseamilu 2 ngu ldun nquadeaumasineaimiaad
(calibration set) 31421 94 @798 UazNUNATOUANNIT (validation set) F1UIU 85
A10819 %’ayammﬁammﬁ’aasiwﬁmmﬂ’cjnuﬁﬂﬂu Table 4.7 Tagfidsura luiuTagsu

11929 0.27-1.95%

Table 4.7 Characteristics of calibration and validation sample set of five milled rice
cultivars for crude lipid content determination by NIR.

Variable Calibration sample set Validation sample set
Number of samples 94 85
Crude lipid (% wet basis) 0.27-1.95 0.41-1.89
Mean 1.08 1.07
Standard deviation (SD) 0.42 0.41

vinmsasaumsiimnelsualviulassinvesnguaiedis calibration  set
WaznquAI0619 validation set ireralu Table 4.8 ilonf3ouisunsuasdoyadiomaiin
nandiamaniig 4 35 wud S R, SEC, SEP 1ag Bias liuaned1aiu ugaunmsiiied
wlastoyartlnasude 2 derivative saufu MSC uazaumsinneiiudastoyamilnasu
&0 2" derivative, MSC 11ag smoothing 1¥f1 RPD gagamiiiy 3.01 ed1alsimuauns
fnofindasdoyamilnaiudae 2 derivative, MSC 1iag smoothing 1z 1#inluns
ﬁnﬂ’i$3‘14%"’11fJ\1ﬁiJﬂﬁﬂﬂi]EJElﬁLﬁEJ’J{IJENqu‘Uhl"llﬁ’u“ffﬂLi]uﬂ’51ﬁNﬂ1ﬁﬁ1u18ﬁllﬂaﬂ"ijﬁm‘ja
anlnasude 2 derivative taz MSC faiiu Sudenaumsinnefinasfeyaanlnadudie
2™ derivative, MSC uaz smoothing luganauennay 1500-2450 wTuwas Taelian

R, SEC, SEP, Bias uaz RPD 101 0.95, 0.13%, 0.14%, 0.02% ttaz 3.01 MUAAU
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Table 4.8 PLSR calibration results for crude lipid content using spectra pretreatments.

Wavelength region .
Pre-treatment F R SEC SEP Bias RPD
(nm)
2™ derivative 1500-2450 4 095 0.13 0.14 0.01 2.93
2" derivative +smoothing 1500-2450 4 095 0.13 0.14 0.01 292
2™ derivative +MSC 1500-2450 4 095 0.13 0.14 0.02 3.01
2" derivative +MSC+smoothing 1500-2450 4 095 0.13 0.14 0.02 3.01

F: number of factors used in the calibration equation.

R: multiple correlation coefficients.

SEC: standard error of calibration.

SEP: standard error of prediction, tested by the method of Fearn (1996).
Bias: average of difference between actual value and NIR value.

RPD: ratio of standard deviation of reference data in validation set to SEP.

d’ 4

wennTanMdulszdnsnminanes (regression coefficient) ¥BITUNITNIUY
UmnaluiiuTavswinlasdoyaailnnsudas 2™ derivative, MSC uag smoothing
Tugrannuennay 1500-2450 w1 Tuwuas (Figure 4.8) wuhianuenaay 1722, 1764
wag 2378 W Tuwns Tnnunedeiusiuse CH (Osborne et al., 1993; Shenk et al., 2001;
William, 2007) Fufluiuszniifinolulaseaialasiu Iwamoto et al. (1984) 51097
fimmenaau 1724 nTuwas SarwduiusiudSnaluiuluudaSans doumanae
mamsinsasdulnajaznufinvesluiufinaenaau 2310 w1 Tuimas (Shenk et al., 2001)
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Figure 4.8 Regression coefficient plots for crude lipid calibration equation of five
milled rice cultivars.
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Figure 4.9 Scatter plots for predicting crudelipid content of (a) the calibration
sample set and (b) validation sample set using crude lipid calibration
equation developed.
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4.3.4 mig$eaumsinnedSinannusuludnms
Y o a 491 Y o o 1 o ¥
MsasaumMsilinaanusulugas $1uu 200 @613 Tagiiveya
i1 Y [
anlnasy Tugaeanuenaau 1100-2500 wTuwas dudeyallsunannuduludinnldn
a 4 [ [y 14 a a
miaagEmeaiumanuduius  Tasmsaseaumsnaneasudualomaiia PLSR
1a¥aIIvd0Y outlier #1833 leverage correction ttag full cross validation WU AT
o oA 3 = Y} Yasy g .
@106191 25 11U outlier Vednoon ad wauMsLaz 55 NadoUTUMT (validation method)
] o ' Y 1 J Y [ ! = . .
L test set Tasuiisoanily 2 nau laun NAUATNAUNINIUIYAINIUAN (calibration set)
119U 104 470613 aznguNATOLAUMT (validation set) 9149U 95 @198 AMNNADA

Arednedoanguiandly Table 4.9 Tasliiunuanusulusie 9.38-10.98%

Table 4.9 Characteristics of calibration and validation sample set of five milled rice
cultivars for moisture content determination by NIR.

Variable Calibration sample set Validation sample set
Number of samples 104 95
Moisture content (% wet basis) 9.38-10.98 9.42-10.97
Mean 10.21 10.20
Standard deviation (SD) 0.43 0.42

9

910 Table 4.10 omanlSeufsumsudasdoyadismainnndamansi
4 3% wuaumssinnefinlasteyamlnasudan 2 derivative 3aufy MSC uagaums
simneiindasdeyamilnniudae 27 derivative, MSC 1iag smoothing 11 R qaga iy
0.93 Taefier SEP liuandradu edielsfaaumsimnsiindasdoyaaoasudae 2%
derivative, MSC uag smoothing 92 1¥#inlunsmdutszdnivesaumsannssiifiertes
ﬁumm%yu%m%uﬂ’jmumi‘v‘imwﬁuﬂaq%’ayjamﬂﬂﬁuﬁ'w 2™ derivative taz  MSC
dafu Sudenaumsinnefiuadeyamnasuday 2™ derivative, MSC 11a2 smoothing
Tugrannueaay 1300-2400 wiTumas Taeldar R, SEC, SEP, Bias taz RPD Ay

0.93, 0.16%, 0.16%,0.02% ttag 2.67 Mua1ay
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Table 4.10 PLSR calibration results for moisture content using spectra pretreatments.

Wavelength region i
Pre-treatment F R SEC SEP Bias RPD
(nm)
2" derivative 1200-2400 4 092 0.16 0.16 0.02 2.67
2" derivative+smoothing 1140-2400 4 092 0.16 0.16 0.02 2.73
2" derivativetMSC 1200-2300 4 093 0.16 0.16 0.02 2.64
2" derivative+MSC+smoothing 1300-2300 4 093 0.16 0.16 0.02 2.67

F: number of factors used in the calibration equation.

R: multiple correlation coefficients.

SEC: standard error of calibration.

SEP: standard error of prediction, tested by the method of Fearn (1996).
Bias: average of difference between actual value and NIR value.

RPD: ratio of standard deviation of reference data in validation set to SEP.

LﬁﬂﬁﬂW‘Jm”lmﬁuﬂizﬁ‘iﬁ(miﬂﬂﬂ’EJEJ(regression coefficient) U0IAUMINIUY
USinuanui fnlastoyadnlnasudas 2" derivative, MSC ua smoothing 19
AMuEINAY 1300-2300 w1 Tutuas (Figure 4.10) wudiniinnwenaau 1400, 1452 uay
1936 W Tuwas TanuRetesiuiuse O-H (Osborne et al., 1993; Shenk et al., 2001)
91031891403 Curcio and Petty (1951) wuhﬁwu?ﬁm?ﬁqmwgﬁ 20 o EAITEA V2

@ﬂﬂﬁuumﬁmmanﬂﬁu 760, 970, 1190, 1450 wuaz 1940 w1luwuag AoAnaRINY

Y 1
~ o o =

William and Norris (2001) finufing ﬂfﬂlﬂu%ﬁ[ﬂ“ﬁﬂ’ﬂmm’méu 1450 wag 1940 w1 Tuwng

Y
o A o

uag Shenk et al. (2001) wuniniiFanulunandamemsineasne Annue1Inau 1940
1 =2 09.;’ dy A A A v g
W Tuwas ualumsaneasal wodinianueaau 1936 wrlwwas owdluwavinmsulag
9 [ a a d R o YA a A < Y <3 Y
doyadlnaiudremaianndamans s lninnamsaeulliandos  azviulan
A o a & 4 A o A o a A
MIPANAULAVBII0VNATUNANVGINAUANAY 1HD99In1 A weak band TurIanauag
NIR dszanimmunlumsganauues soudgurglveidredeiinanizny laons
v ' 4
@@Tmaqaﬁumﬁw ﬁmmﬁamwaﬂammuuus‘iwmﬁumi”lﬁ'(Iwamoto et al., 1995) Ay
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Figure 4.10 Regression coefficient plots for moisture calibration equation of five
milled rice cultivars.
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Figure 4.11 Scatter plots for predicting moisture content of (a) the calibration sample
set and (b) validation sample set using moisture calibration equation
developed.
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Table 4.11 Characteristics of unknown sample for prediction sample set of amylose,
crude lipid and moisture content (% wet basis) in three milled rice cultivars.

Variable Amylose Crude lipid Moisture
Number of samples 60 60 60
Range 15.61-31.74 0.35-0.91 10.82-13.09
Mean 22.60 0.61 12.23
Standard deviation (SD) 5.61 0.13 0.66

Table 4.12 Result of precision test of amylose, crude lipid and moisture calibration
equations developed from prediction unknown sample set.

Chemical Wavelength region Calibration sample set Prediction sample set
compositions (nm) F R SEC R SEP Bias
Amylose 1300-2448 7 097 157 096 207 -1.17
Crude lipid 1500-2450 4 095 0.13 -0.27 023 -0.59
Moisture 1300-2300 4 093 0.16 0.54 0.56 -0.24

F: number of factors used in the calibration equation.

R: multiple correlation coefficients.

SEC: standard error of calibration.

SEP: standard error of prediction.

Bias: average of difference between actual value and NIR value.

Table.4.13 A values of R, SEP and Bias of sample from validation set and prediction
unknown set of amylose, crude lipid and moisture content.
Chemical compositions

Sample set Amylose Crude lipid Moisture
R  SEP Bias R SEP Bias R SEP  Bias

Validation 095 1.81 0.09 094 0.14 0.02 093 0.16" 0.02

Prediction 0.96 2.07 -1.17 -027 023 -0.59 054 0.56° -0.24

R: multiple correlation coefficients.

SEP: standard error of prediction, tested by double of values of SEP from validation set (Kawano and
Saranwong, 2007).

Bias: average of difference between actual value and NIR value.



