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#28 Near Infrared Spectroscopy

Evaluation of Qualities in Field Crops by Using Near Infrared Spectroscopy
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Abstract

Qualities of agricultural produces and products; carbohydrate, protein, sugars and
others are important consumption indicators. The objective of this research was to evaluate
quantities and qualities of protein, carbohydrate, viscosity, sugars and carotenoids in field
crops by using Near Infrared Spectroscopy (NIRS) which is a fast and non-destructive
technique without chemical use. The soybean samples were obtained from Chang Mai Filed
Crop Research Center, Lopburi Agricultural Research and Development Center and markets.
The mungbean samples were obtained from Chai Nat Filed Crop Research Center and
markets. The maize samples were obtained from Nakhon Sawan Field Crops Research Center
and markets. Grains of soybean, mungbean, maize, and others field crops were measured the
original spectrum by NIRSystems 6500 with the transportation module and reflectance mode
in the wavelength region 800-2500 nm. Flours of soybean, mungbean, maize and others field
crops were scanned in the wavelength region from 800 nm to 2500 nm. The spectrum of
soybean and mungbean grains and flours were shown. Determination of protein,
carbohydrate, viscosity, sugars and carotenoids was performed during 2011-2015 at
Postharvest and Processing Research and Development Division, Department of Agriculture.
The Partial Least Squares Regression (PLSR) models were calculated using The Unscrambler.
The absorbance of samples correlated with protein values. Data were divided into 2 groups,
group 1 is calibration set, and group 2 is validation set. The result showed the calibration for
prediction of protein values in soybean grains and flours, mungbean grains and flours as

followed; correlation coefficient (R) = 0.85, 0.95, 0.85 and 0.85, respectively, Standard Error of
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Prediction (SEP) = 1.13, 0.71, 0.61 and 0.6 5 %, respectively, Standard Deviation (SD) = 2.14,
247, 1.17 and 1.12%, respectively. The result showed the calibration for prediction of
carbohydrate values in soybean grains and flours, mungbean grains and flours as followed; R
= 0.86, 0.86, 0.88 and 0.89, respectively, SEP = 2.14, 1.97, 1.80 and 4.16%, respectively, SD =
4.96, 3.89, 3.92 and 1.12%, respectively. The calibration for prediction of peak viscosity values
in soybean grains and flours, mungbean flours correlated with grains, mungbean starches
correlateed with grain, mungbean flours and mungbean starches as followed; R = 0.85, 0.90,
0.92, 0.92, 0.91 and 0.95, respectively, SEP = 2.64, 3.90, 4.44, 23.42, 5.04 and 22.67 BU,
respectively, SD = 5.10, 9.31, 12.04, 62.18, 12.74 and 76.50 BU, respectively. The calibration
for prediction of break down values as followed; R= 0.91, 0.91, 0.86, 0.91, 0.96 and 0.88,
respectively, SEP = 3.69, 2.95, 3.52, 7.96, 1.74 and 9.65 BU, respectively, SD = 8.90, 7.15, 7.09,
19.64, 6.61 and 20.38 BU, respectively. The calibration for prediction of set back values as
followed; R= 0.93, 0.90, 0.96, 0.95, 0.95 and 0.92, respectively, SEP = 3.18, 3.11, 2.20, 11.92,
2.68 and 17.88 BU, respectively, SD = 8.77, 7.15, 8.89, 41.29, 8.82 and 46.66 BU, respectively.
The results showed the calibration for prediction contents of sucrose glucose, fructose and
total sugar in field crop grains and flours as followed; R = 0.96, 0.90, 0.86, 0.96, 0.86, 0.96, 0.98
and 0.97, respectively, SEP = 0.21, 0.26, 0.16, 0.16, 0.31, 0.19, 0.34 and 0.319%, respectively, SD
= 0.53, 0.64, 0.20, 0.50, 0.64, 0.59, 1.34 and 1.28%, respectively. The results showed the
calibration for prediction contents of lutein, zeaxanthin, B-cryptoxanthin and B-carotene in
maize grains and maize flours as followed; R = 0.91, 0.90, 0.90, 0.92, 0.93, 0.91, 0.90 and 0.90,
respectively, SEP = 0.33, 0.39, 0.07, 0.07, 0.01, 0.01, 0.32 and 0.53 mg/100g, respectively, SD =
0.81, 0.91, 0.18, 0.19, 0.04, 0.04, 0.77 and 1.23 mg/100g, respectively. Therefore, NIRS
technique can be used as a quick tool to predict carotenoid contents in maize grains and

flours including contents of carbohydrate, viscosity, sugars and carotenoids in field crops.
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$ienneg dudndumdes duden T1INAR UG waziivlidug aunudieinies Near Infrared
Spectrophotometer fimue1IAdY 800-2500 wiluwns Waansureuudauaruladndes duden
Filne warfivlsedinmneg Snszdlusiu anslulawmsn arunia tnasasualsiivess inedideuas
fimuTingnvdamsiuiRenasuUsgUnGaNaInYas 53313150 2550-2558 AANLARIALARBLYDINTS
Usziliu Maun150n00udeaunIsidusmeInaila Partial Least Square Regression laglglusinsy the
Unscrambler 91nn15naaaanudn msadeaunisussfiualusiuresudanazuilalandundes win
wazutanandaden aunisdaduuszansanduius R) = 0.85 0.95 0.85 waz 0.85 AMIUAIFTU A1
aupamadoulunisuseidliu (SEP) = 1.13 0.71 0.61 uay 0.65% MIUEIFU fnAALAaIniAd ey
(SD) = 2.14 2.47 1.17 uay 1.12% sud1au nsaseaunsuszidiuaiasiulawmsnveasdauazudan
amtndes wasuazulalandnder aunsiimduuszansanduiug (R) = 0.86 0.96 0.88 way 0.89
AIUSITU A1 SEP = 2,14 1.97 1.80 uaz 1.84% s sy sindiAianuaainadou (SD) = 4.96 3.89
3.92 uay 4.16% A1Ua1AU maa%?maumaﬂssLﬁummmwﬁmqqqmmLmﬁmfﬁm%muamﬂaﬂanﬁa
wides ulwanfuwdndnder ulsandafumdndnder wwandidonasutsanisy aunisiian
FuUszAnSanduius (R) = 0.85 0.90 0.92 0.92 0.91 way 0.95 AIUAIFU A1 SEP = 2.64 3.90 4.44
23.42 5.04 uway 22.67 BU a1ud19U ﬁmdwmmmﬂammﬁau (SD) =5.10 9.31 12.04 62.18 12.74
way 76.50 BU 119U A1 break down fA1 R = 0.91 0.91 0.86 0.91 0.96 kag 0.88 AINAINU A1
SEP = 3.69 2.95 3.52 7.96 1.74 uag 9.65 BU @1u&1fU #1n31A1 SD = 8.90 7.15 7.09 19.64 6.61
waz 20.38 BU AILa19U A1 set back A1 R = 0.93 0.90 0.96 0.95 0.95 way 0.92 A1 SEP = 3.18 3.11
2.20 11.92 2.68 uag 17.88 BU n1ua1AU G?Wﬂ’j’]ﬂlﬁ SD =877 7.15 8.89 41.29 8.82 way 46.66 BU
paddu daunissuazaUTinuglasa nglaa vialna wazthmaranuelusidauazutananiiols
yiiafne Aldannisiesziliesyfoins arnnuduiusas (R) = 0.96 0.90 0.86 0.96 0.86 0.96
0.98 waz 0.97 audsu §iA1 SEP = 0.21 0.26 0.16 0.16 0.31 0.19 0.34 wag 0.31% MINAIFU Fe6in
nd1AIAAaImAdew (SD) Aa 0.53 0.64 0.20 0.50 0.64 0.59 1.34 waz 1.28% AUEIHU waznIs
uneuarAUIIaEsgiiv Jusuiiu win-asnlaueuiiu waziudn welsiulunouazudalandrlng
Aldannistinsgiluiiosujiinng Sanduussansanduiusgs (R) = 0.91 0.90 0.90 0.92 0.93 0.91
0.90 waz 0.90 auaIsU 3A1 SEP = 0.33 0.39 0.07 0.07 0.01 0.01 0.32 wag 0.53 AadnTuma 100 N3y
AINE1FU F9i1n31A0 SD = 0.81 0.91 0.18 0.19 0.04 0.04 0.77 uar 1.23 fadnsuse 100 n¥y
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3. @519ENN1snneuLTEUMBIALA Partial Least Square Regression (PLSR) Taglalusunsa
The Unscrambler® version 9.7 (CAMO, Oslo, Norway) deyagnuuseaniduasingy ﬂzj:u‘ﬁ 1fA®
calibration set LHunguieesitlilunsaisaunsannosidadusznitedeyatiunuaslulansm 1
FalneFBunsgruiuteyadinisgandunas lutianaueniadu 800-2500 unluuns ngud 2 Ae
validation set \Junguiiegsiildnsraaovannisonaoesdudulunisviuigdiuiulusiu
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Near Infrared Spectroscopy spectrum vauudnuazudanann 5”31,1/156\1 5’3@&1’3

Anmsgaduuas (logl/R) veslusiululwdadimdes fagadunasegd 910 uaz 1020 uluiuns
lesanniu peak 2041UsAY Williams and Norris (2001) LazANIsAAdULEAY (logl/R) vaslushuly
wilarlanadundes Suasdl 910 1020 2050 waz 2180 uluwns W peak veslushiu AINTSRATULAY

a1 o 1

(log1/R) vadlusiuluwdnanden dagadunasegn 910 wiluuns \u peak vadlushiu uazAnN1sgn

fuuad (logl/R) vealusAuluudsmandides fagadunasegn 2050 wilwuns Wu peak vedlushiu

(Figure 1)

A15911 Calibration #7835 PLS regression

1591 calibration #2833 PLS recression aenasld spectra 3udiu (original) fuslusuaes
wiadmndes wlalanduvies winduder wazulanandudes wuin aun159mn original spectra
voernlUsAufiaueIndy 800-2500 wilwwns dadulsyansanduiug R) seninanisinsely
WoslURNsiuAINITIWIY Wiy 0.85 0.95 0.85 waw 0.85 ANEIAU ANAURANAIANIATIIULUNS
hwglungunaaeuaunis (SEP) Wiy 1.13 0.71 0.61 wag 0.65% MUEIAU AIAINURANAIANINTTIU
Tunsviuneveanguaineannis (SEQ) AU 0.90 0.58 0.46 wag 0.46% aud1du A1duUsEANS
anduius R) Wi 0.90 0.97 0.92 wag 0.92 auddu fdadeAeades 10 10 10 way 10 Jade
AINAINU AIAUARIALAABY (Standard Deviation, SD) NNITIATIERUTesUJURNSwdY 2.14
247 1.17 way 1.22% auaddiu (Table 1) 9z4fiudn 92anduuas 800-2500 wiluwiuns anusaldlunis
Usziuanldsiu iflosannildn SEP drndadn SD 9 msiasgsiluiosufifinng urdduuseans

a va [y 1

anduius (R) szrininsimsziluiesyjuinsiuainisiiunievesudndinies wandles waz

£ v v 6

wiana1len windu 0.85 Ferduuszansandunus (R) é’qhiqqmﬂﬁﬂ
I . . =3 ) & a J a o 1 = Aa
A1 regression coefficient VauuanMdBslUNTUTEEUATIUTAU ALRLIANNEIIAUNTIAT
regression coefficient 8¢l 1020 waz 1510 wilwuns WuAwealUshiu uavel regression coefficient

vaaudanannimvdesdunsusaiiiualsiu dundaniueadunian regression coefficient agi



1980 wiluiuns WWuameslusiiu @1 regression coefficient vadwdndderlunisussidiuaTusiu
AN IAN81IAAUTATIAT regression coefficient agj#l 910 uTuluns 1WuA1veslUsiu wayan
regression coefficient vasudlananadnderlunisuszifiualusiu frundeninuenndudiiiag
regression coefficient ogfl 1510 wlums iduveslsiu (Figure 2)

ASAMUFURUSIINNITVIIUNEA U SAUKA ANTLATIZRAN I USAUTD AR A D dhaz ka1

Y =

mmaaﬁ%mmw‘iuﬁmﬂﬁﬁ’ams WU Andulsyansnsnaula (coefficient of determination: R? )
A1 0.78 way 0.94 muanau dalusiu 34.03-42.40% nsuIANNENRUSIINNISINWIEAIlUSAULAY
Afiaseialsiuvenudadudouazuimandidenilinseiluies foRns wuin Ardudseans
n1senaula (coefficient of determination; R? ) fiA1 0.81 WAy 083 AIUA1AU wardlAUSAY 22.51-

28.69% (Figure 3)
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Near Infrared Spectroscopy spectrum vasidnuazutlenans damdes dudea

Ansgaduuas (logl/R) vouldludadundes ﬁﬁﬂ@@%’mmagjﬁ 1580 2100 wag 2276
wiluins ey peak U94uUs Williams and Norris (2001) LLawi’]mﬁ@JmsB’ULLm (log1/R) voauds
Tundatandmaes fuasd 1580 unluins 10y peak vouls mmsgaduuas (logl/R) voautisludn
1797 flegadunategil 990 uaz 1580 unluwns 1u peak voaudls uazAnsgaduuas (ogl/R)

vowlslundaandndes degadunased? 980 unluuns Uu peak veauds (Figure 4)

A15911 Calibration #7875 PLS regression

91AN15911 calibration #1835 PLS regression laan1514 spectra 1311 (original) AUAN

s & & & @ = ' L. ' ¢ & ‘:4' A

Wosldudulivauuanianand WuI1dun1391n original spectra ¥99ANUosIduALTINIAIILEIIAAY
800-2500 wluns edudseansandunius (R) seninemsienegiluiesdiansiuainisitung
Winu 0.86 0.86 0.88 Lag 0.89 M1Ua9U A1 SEP = 2.14 1.97 1.80 way 1.84% m1ua1su A1 SEC =
WINAU 1.56 1.39 1.67 haz 1.54% @Ua1aU 10 validation A1 R = 0.93 0.93 0.90 waz 0.92
pua1au dTaTeNAENT99 8 9 3 waz 7 U9y Muasiu A1 SD = 4.29 3.89 3.92 Lag 4.16% AUaIAU
(Table 2)
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A1 regression coefficient UasdnnArdnlunIsUTEIIuANUSIUALTS AunuIANEIARY
7ilA1 regression coefficient 8g# 2100 waz 2276 urluiuas tuaA1vouds wazan regression
coefficient vaauteanandundsdunisuseiliuandosidududs suntsanueninduiilan regression
coefficient g#1 2276 w1 luiuns WuA1v0awls A1 regression coefficient Yo udnanTealunis

Usziliuusunauds dunisnanue1induiiian regression coefficient agfl 1900 wilwuns WuAves



wls wazAn regression coefficient Aasilsvanigndealun1sussiiuusunands funtaNueInaun
fifn regression coefficient ag/#1 980 wilwms WuAwds (Figure 5)
MImanuduiusann g Anlesiduiudinazaiinsziivesiduiudeveaudniunies
MinsziluiosdfURnIs wudn A1 R?2 = 0.71 wazAwesidusudedian 17.37-35.06% ez uduius
o I § 3 I a 6 1 f = 6 ) A aa 6
nnsviutgAdesiguanlnazaitasigiandesiiunttivesudanannundesnimsizilu
oeURURNIT wudrAn R? = 0.72 wazAnUasiduiudslian 18.21-35.06 % N151IAUEUNUSIINATS
° ] s 2 & I a & 1 ¢ 2 ¢ & o a Aa v a va |
uganUasiduiwlaiazainsziailosidududavetudnnaenninseiluresuiinis wuin
AT R? = 0.77 wazAnUasiduauts fiAn 47.93-62.28% uwazanuduiusainnisyvuieandesidusuda
wazAAszianUesidudidivasdaandndeininsziluiesy fuRns wuiiAl R? = 0.84 uaz

AlesiududatiAn 47.93-62.28% (Figure 6)
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Near Infrared Spectroscopy spectrum Ua9tlannILKHaDY aLVY? udananadnaeg nve2 waz

s v o
wdsansunnen

ANIgaduuas (logl/R) vasrmutlsdslianuduiusivianuvinveundadimies Wewdauds
lisuaiusouazgaduiuaznesiivenslngdu urusnuseudanlundedosvas vilimdauds

« Y a N X A a A ~ a X = aa =

wdeulmilagnn Waauniady Welitgamnituauvilaasiiuduauiqaiiinuniagean (peak
viscosity) LUugaidautanasdnduil (nd1aused, 2550) uaziiAigadunasuinagf 990 1450 1580
1900 2100 uaz 2276 wiluuns Fu8u peak vouds uasudsanvesduniodamgaduuamineg

990 1450 1580 waz 1900 unluwns 1u peak vouds AN1sgaduLas (logl/R) vosrwdedadl
AnuduiusivAianuviinvesudadndelmgaduuawnegi 1450 uar 2100 urluiuns Wu peak
voeutls druudaandindeirgadusaminagi 990 uay 1450 uluuns Wu peak v waz

a0 o

LLﬂaamﬁ%ﬁ"aL%mmm%meﬂagjﬁ 990 1450 waz 2100 unluunas (Figure 7) 1u peak vosutls

U

(Williams and Norris 2001)

ARMUNLIAZIHA

91NN1990 calibration M85 PLS regression lnan1sld spectra 15u@u (original) AuA1AIML

- % o - Y = ' = 9 & O ]

nilnganveuddnninies wlmaiduvaes Aeuviaasaaanudaianiumieiidey A1ny
wilngaanainuiiamsviuwdadndes wlwanainder wlansydanden wudaunisann original
spectra Ua3ANAUNTAGIAATIANEIARY 800-2500 Wwiluluns dArduUssansanduiug (R) sening
n15BAsIeAlurelfuRnisiuaInIsviiune wiriu 0.85 0.90 0.92 0.92 0.91 uag 0.95 MUARY AN
SEP = 2.64 3.90 4.44 23.42 5.04 Uy 22.67 Brabender Unit (BU) ama1du A1 SEC winfiu 1.93 2.95

350 17.65 4.02 uag 20.83 BU anuasu Wievih validation anduusyansanduniug (R) wihiu 0.92



0.94 0.95 0.95 0.94 way 0.96 sy FadeiAeades 10 10 79 7 uax 3 Jade mwdrdy e SD =
510 931 12.04 62.18 12.74 Wag 76.50 BU muddu (Table 3) azifiuinaunsmngiagldluns
UszifluAnamiagegaues ulaianduvdes Amnunilngeanannudasaniumdndndey Ay
vilgeananuilamivivmdadinden ulwlanduder wamivinden esandlan SEP drndnen
SD pnmsdianesiluiosu fifims wansiaumsiansalivssiiuienumiingianldd uazdl R g9
fvluninfurndnduvesdiudonuuinaspusuaeufianainnasgulunisiiune (RPD) g9 uang
PaunmsannsadliusziuAnnunilngalan

M regression coefficient voamdnimdsslunisusiliummuniingian fumisanuen
AU regression coefficient E)E“J"ﬁl 2252 uluwes WuaArwewwds wavan regression coefficient
yosutlmaniuvdedunsussidiudaumingian sumisanuenaauiiile regression coefficient
o8 1580 uaz 2276 uluiuas (Judweuls A1 regression coefficient vesmdndnTelunsusiiiu
Aanuviingsgaarnudanian sumisanuenaduiiiien regression coefficient agil 1450 uaz 2100
WIlULAT Lay A regression coefficient ﬂJaaLmﬁmﬁb’JL%EJﬂumi‘UizLﬁu@hmm%&ﬁmgqqmmﬂLLﬁﬁam’%ﬂI
MumismNE1IAAUTITIAN regression coefficient a8l 1528 ululuas WuAweautl druutsmannia
WeaAn regression coefficient lun1susziliuAnnumilagagn Funtsenueaduiisien regression
coefficient agfl 990 1440 waz 2100 WluluAs Wazen regression coefficient vautiansaluns
UszifuAmnuniingagnannueanisy dumisanuennaudifian regression coefficient ogi 1440
waz 2100 uluuns WWuarvesuds (Figure 8)

mMsmAnNduTusIINmMsIeamingegauazAinsiiaamingsaavedn
wides utlmanduvdos manuningsgaanutislaniumdniuden marmingianainudsaniie
fudaduden ullananduden ulansvinden Mesesiluiesufoinig wuii Arduussdninig
Andula (R?) A1 0.78 0.80 0.87 0.85 0.82 waz 0.92 MUEAU AIUNLAZIEATIATUYI 17-138 17-56
3-69 31-293 13-69 Way 31-306 BU &y (Figure 9)

ﬂ"]m'mLmnshwaaﬂmwﬁﬂqﬂqﬂuazmﬂwﬁm‘i’ﬂqﬂ (break down)

97AN15%11 calibration A18735 PLS regression Iagnsley spectra Sud (original) fuAIAIY
LANANIYBIALTngIgaLarALviafign (oreak down) vesmdnduvdes ulsanduvdes
break down 9nudananfuidadaudes a1 break down 91nulanissfumdndudes wlaands
Jea udeaansudanden nudnaun1sen original spectra ¥a4A1 break down fiAue1IAdy 800-2500
uluns Sadulseansanduiud R) senienslesesiludiosufoRnistuainisviune widu 0.91
0.91 0.86 0.91 0.96 kag 0.88 MUAINU AN SEP = 3.69 2.95 3.52 7.96 1.74 way 9.65 BU Aud1AU
A1 SEC = 2.62 2.41 2.90 4.96 1.41 uag 7.38 BU nud sy Lilevi1 validation A1 R = 0.95 0.94 0.91



0.96 0.97 uaz 0.93 Mud iy ftadefiiestes 9 7 7 10 7 war 9 Yade auddu A1 SD = 8.90 7.15
7.09 19.64 6.61 Way 20.38 BU Auasu (Table 4)

99n#1 regression coefficient vaaudadamdadlunsuszifiuai break down SumsaLe
AdufifiAn regression coefficient aq'ﬁl 1540 wag 2000 uluuns WuaAtrvends wagan regression
coefficient vaautlanandundadlunisuszifiuan break down suniusnueIAduiifian regression
coefficient 987 2000 urlwng 1uA1v8sUs A1 regression coefficient voawdndnTorlun1s
Usglilua break down 91nulawan duvtanmieanauiislen regression coefficient affi 1540 uas
2000 uluns waz A regression coefficient vosudnddealunisuszidiuan break down 91nwtl
an$Y umisnueARURTiA1 regression coefficient agfl 2000 uay 2100 W luims (HuAwel
druntlananndudean regression coefficient lun1sUseiiiuen break down fumiapueniduiifien
regression coefficient agj‘ﬁl 1900 wlwums wazAn regression coefficient yosuthansuaudealunis
Usziluein break down fuvianaueIdudislen regression coefficient ogl 2252 unluimg LHuein
voaukUs (Figure 10)

MsmAuduTLSINNISYWIEAT break down wagA1IIASIZI break down TeddnivEes
wilananadandes A1 break down 9nuilsnannfuwandades a1 break down a1nutlaniduiuwde
duden ulanandander whandudnden Mesgiluviosufiinng wuie R? = 0.81 0.81 0.71 0.82
0.95 wag 0.75 AMUEIAY A1 break down A1 3-39 2-27 0-26 8-81 1-23 hay 3-81 BU A udIAU
(Figure 11) aziiiuléinen break down veawdndumdes fegdrulvgian break down flag 3-30 BU
ulseesiiAegdie 31-39 BU oe ilosanifusetnmaasinisufuussiug Jslifiednafifings

IUIULBY ASIRLFIBENsUNSNnassall

Awarinsvasauvingaiefuanuvianign (set back)

911119917 calibration A2838 PLS regression 1agn15lYy spectra Sudu (original) AUAINARNIY
yesaniagavineiuanuminiign (set back) vesudndandes uilaandimaes A1 set back
nutananfundndinden A1 set back nutliansstuwdadanden uilmandnder ulansasd
Fe7 WUIaNNI15970 original spectra ¥89AT set back iA111813AAY 800-2500 UTUWAT TA7
FuuseAvSanduius (R) serinmemegiluiestfoRnstudinisyineg winfu 0.96 0.93 0.90 0.95
0.95 wag 0.92 M1UAIPU A1 SEP = 2.20 3.18 3.11 11.92 2.68 wag 17.88 BU mua1su A1 SEC = 2.08
2.25 2.62 10.85 2.09 wag 14.05 BU mud1du levi validation A1 R = 0.97 0.96 0.93 0.96 0.97 uay
0.95 augddiu Fadefiiieades 2 10 9 3 7 uay 10 J9dy mudwu ArruaaIAAABY (SD) 91nNNS
BaTeviturieauiRnsvintu 8.89 8.77 7.15 41.29 8.82 uar 46.66 BU awdsu (Table 5)

9MnAN regression coefficient vosandrdadlun1sUssfium set back FuvisAue1IAdY
fifien regression coefficient agjﬁ 1900 way 2276 wilwuns WuAweawds uaga1 regression

coefficient wasilsvangunaoslunisuseiiumn set back FUULNANILINIATUNNAT regression



coefficient ogfl 1528 way 2276 unluming WuAweaut A7 regression coefficient YasuARdN
JelunsUsuidiudn set back 91nutlaann sunanrmenirdudifian regression coefficient 8¢l
2276 WWAS  ua¥ A1 regression coefficient vasuAnduTealunisuszfium set back a1nutl
andy Funiinueeauiida regression coefficient ogfl 2252 uiluming (Figure 12) LHudvs
uwds

MIMANLEUTUSINNTTUIEA set back wazATIATIZN set back  veuudaduvdes
wilarlanndundes A set back anuilmaniuwdaduden A1 set back Mnuilamsyiudadaden
udanandnden ullamssduden MiasgiluviosUfifinng wud1 @1 R = 0.85 0.85 0.93 0.91 0.90

waz 0.90 MUAIRU A1 set back HA1 7-38 7-38 4-32 6-127 1-32 waz 6-201 BU suaau (Figure 13)

m'sﬂizLﬁuﬂ‘%mmﬁﬁmamﬁmdw6] Tuudslasinaiia NIR Spectroscopy
NIR spectra vasudnuazudainy

Ansgadunadlagldindnsaziouveua (reflectance mode; log 1/R) figir9muen?
AR 800-2500 wluLuns $nBLATas NIRSystems 6500 Ansgadunasazuandliifiuifu spectra wuin
MsgaduLasinueIndusie vesiiegefieglusuindnazgenitdiodaliluutsnisgaduuas
(log 1/R) vaLuan LLazLLﬂaﬁﬁuﬁﬁﬁmmﬁwma%ﬁM’m6] wansly Figure 14 azdunaiiuAinisgadunas

WNAIANNETIAAY 1200 way 1450 wiluwns Wesninunisganiuveswds (starch) uagi

QUEGLANGHIEE

msasrsannislagldvdnnsiinsesinneada e PLSR anunsnadsaunisanaansusaia
(original. spectrum) Tngldanudutussenieanmaganduuas wazathmaglasa nglea vselng
wazUSinmuihaationun Sruausegndlumsiiesgy ﬁh@?ﬂ?jmLLazmqqqmmﬁwmaﬁnﬁ@ma6] Aade
Aanudsauunasguainminneiluiesufiing uandlu Table 6 uaz Table 7

1. a:umsé{’m%’uﬂazLﬁuﬂ’%mmﬁwma@ﬂimaaﬁaaéwﬁagﬂuguLuﬁmLaxLLi’Jq WUIAIUFURUS
lunisyhueAiuaeseiluie sl Usnis 861 R WU 0.96 wag 0.90 A1 SEC = 0.17 uag 0.24%
A1 SEP = 0.21 wag 0.26% Jadviifidruisates 10 waz 17 Jady andegreiemun 88 waz 211

f79819 USLANSNINUBIANNISANTIIAT SD = 0.53 wag 0.64% MNUAIRU



s

2, ammiﬁm%’uﬂizLﬁuﬂ%mmﬁwmaﬂqiﬂasuaaﬁaasiwqﬁagujiugﬂLuﬁmLLasLL{]@ NUIAUHUITUS
TunismueaiuAiiaseiluieaslfjuinis 461 R = 0.96 way 0.94 A1 SEC = 0.14 wag 0.15% A1
SEP = 0.16 uaz 0.16% Jaduiifidiuieates 13 way 10 Yade andred1aionun 88 wag 211
A9E1 Usednsn1mueasauni1sindd SD = 0.20 uaz 0.50% m1uady

3. aunnsdmivussfiutiuudianangalnavesiaogiiogluzliudauazutls wuia
ANUFuTUSluNIsIUEATUAILATIERIUTaUURNNS 167 R = 0.86 Way 0.96 AISEC = 0.28 wav
0.17% A" SEP = 0.31 uaz 0.19% Hadefifiduiendas 10 uay 9 tade andregnaviaan 88 uax 211
A9E9 Useansn1maasaun1siniidl SD = 0.64 Lag 0.59% Aua1su

4. aunsdmiulssiutiinuimanuavesiogisiioglusunda UssAnsaiwlunis
Usziliu nuAmanuduiuslunisiueaiuainsedilureslfianis den R = 0.98 wag 0.97 A1 SEC
= 0.28 ua¥ 0.28% A1 SEP = 0.34 way 0.31% UadeffidiuAeades 11 uag 10 Jase a1ndree
Tavain 88 waw 211 feg1e UsvAnSnmvesaunisindnen SD = 1.35 waz 1.28% nuddu (Table 8)

N1 Regression coefficient (Figure 15) waawidnilsumisnnueaduiilrigeeti 1200
1440 2000 way 2276 uiluiming Osborne et al. (1993) 918413 ANEIAAY 1195 Wluiuas 9
Aendesiu CH, Anuepay 1215 wiluuns asifeadesiuiusy C-H Aueaaay 2000 2100 2276
wiluwns asfertostuuthanidy @1 Regression coefficient (Figure 16) vatuthifia fisumisnay
yeduiigeegiinuenieduy 1215 2000 2124 2276 uiluwms Osborne et al. (1993) 51841U
ANENIAAY ALeIRAY 1215 wluues ssfedesiuiusy CH mnNg1IRdy 2000 2100 2276
wiluuns 9sifeadestuansas  Aueedy 2110 wiluwes 9zifieadestu CONH, AnueInay
2242 Wluains azfedosiunsnesily (amino acid) AuENIAAL 2080 wiluwas wiieItesiy
thenaglasa anmsUssidiuaUnnunglea glasa sielna wasthmavianun #e NIRS a1ndregily

sUuthuavdio wudlufenuuanaansaddduainisiesiziluieosujifinns (Figure 17-18)

mMsUsziuUSInauasualsiiuveen ludnlnasnes lngldwmatinnislidvinanefaeeg1siae Near Infrared
Spectroscopy
Near Infrared Spectroscopy spectra vauuant1alne wazutananitialne

AMsgatuas (logl/R) vesasualsiiuees wand1ilng fagedunatedi 2347 uiluwns

1 o =

Ju peak vadlasiu denadasiu Williams and Norris (2001) Ui peak fifnanduuasit 2347 unly

Y

I3 o o= o v o sw a s A a ¢ &
wag 1y peak SUaﬂvLsUllu KN peak ﬂ@@l%ﬂuuﬂ?’]ﬂﬁﬂWUﬁﬂ‘UﬁqiLLﬂITVlu@EJ@ Lu@ﬂ'ﬂqﬂLLﬂiimu@U@ WU

' '
a1 U =

aynusvadludiu (Simpson et al., 1989) wazNAmgaduasi 2347 wiluuns Wnenfuiuselalasaisuau

Y

(C-H bond) weslusiu (Murray, 1986) fifngaduasdi 1720 wag 1766 uluiuas edfuiuszAsUDY

wazeendiau (C-O bond) wagsiusylalasarsueu (C-H bond) ezl peak veualsiiuosniiieites

[y

fuBuguiy uasiegaduuasi 2270 wiluuas NgtuiuseAsuauLazeendiay (C-O bond) uag



o

wylansonda (OH) Urazilu peak veaualsfiuseafiiedasivgiiu uazulaandnlnadmgaduuas

#1 1158 unluuns Wu peak vosualsfiuesainetosiuaiiu (Figure 19)

A15%1 calibration #2835 PLS regression vaawaat1alnauasutlinaiidnalng

Han1suszilunmivTuaaisualsiiuesd 91udu 4 9da laun gfiu (utein) Fuguiiy
(zeaxanthin) lwe1 ASWLALYUTIY (beta cryptoxanthin) Wag LUs1 LAlsTU (beta carotene) @31981A1T
AdUszifuviunuamsialsfiussalumaadialng de1 R = 0.91 0.90 0.93 wag 0.90 Mwany dfn SEP
= 0.33 0.77 0.01 uag 0.32 Fadnusia 100 NFU MUAINU WARINIIAT SD = 0.81 0.18 0.04 wag 0.77
a a o 1 [y o w & o 13 ¥ o [ o 14
fadnsuseo 100 nsu aruasy nduliuaat I lnalyvinduntsaniuazinunanny 16 spectrum
afeaunsnlduszidiuuSunaansgiu d61 R = 0.90 0.92 0.91 uag 0.90 muaRy dA1 SEP = 0.39
0.07 0.01 waz 0.53 fadNTuMAD 100 NFU AWAIAU LAFINIIAT SD = 0.91 0.19 0.05 waz 1.23 Taansy
19 100 N3N MWEI9U (Table 8)

A regression coefficient ApANAATIIINA FUUUIANLEIAAUTIEAT regression coefficient
oyl 1410 wilwuns JuAvesansaiiu A1 regression coefficient vasutananidnilng sumiaainy
1IAAUNTAT regression coefficient agfl 1230 1950 uaz 2378 nm JuAvesansgiiu (Brenna and
Berardo, 2004) @1 regression coefficient ¥aduUaATIlNA FunLenueIAFUATIAY regression
coefficient o7 1898 wiluiuns WuA1vesasTusuiu @t regression coefficient veaudlanany
v/ A o 1 A Ao . . . |l [ J IS
F1INA AAILRUIAIILY1IARUNAT regression coefficient agn 2200 uluwes 1 JuAuesasgug

= 1 . - @ Y o 1 A Ao . - |l
WU A1 regression coefficient YOUUAATIILNG FILKUIAIIUEIAGUNIAT regression coefficient ogN
2200 wluwans Wuansualsiiuesn o139zifgidaeiua1ves@siunn Asnlaugudiy @ua regression
coefficient Yasudenandnilng funisniugAiunile regression coefficient agl 2200 Uty
wns Wuansualsfiuess o13azinendosiuaA1vesansiuin Asulauauiiu A1 regression coefficient
YouudndIIng duniiniueIniuniian regression coefficient agfl 2347 wiluluns 8193xNeIdeq
AUANUDIAITLUAT LALSAL d2UAT regression coefficient w83 Us Wag1alna NFILKIIAIINEIAGUT

11An regression coefficient 8¢l 2347 wlwuAs 913N ITBINUAVBIANTIUAN wAlsTiY (Figure 20)

AsEIAMUFURUSIINNITINUIEAIUS I NENTHALSIURYS LasATUSUIMENTHALSIUDYS YBILUAN

dlnauazulanandlnaluesufifinig

AMSUIANUAUNUSIINAITHIUNI8ANUSUI AT LALSTIUBER WazANUSUNUANSHALSIUDEAYDY

[y 1

wandlwandnsnzilunealfURnns nudanuduiuslunisiweaduaimssiluiosy foins

VBIANTYNU A1TTUTUNY A15LUAT ASWIAKYIUNY wazasiuan walsiu a1 R? = 0.85 0.84 0.89 uay

s

0.80 uAWU wazAUIuETgTiuvewdnt1Ilne 1.88-5.59 dadinsusie 100 N3y uenaniudawd

]



narioUTIMasgiiuLd danuidnlneiAuiedmiiuiinamsgiiuginiimnaifuinuly Ssns
Fuauiiu 0.43-1.25 Tadnsuse 100 N5 @15UA1 ASNIALIUTAY 0.01-0.19 Tadnsuse 100 NSU &@1s
WA LALSAN 2.13-4.95 fadnsuse 100 N5U Lagn1SMIANNENRUSIINAITYIIUIEAIUSUIENS WALST
upedLazAUSinuansuAlsiusssvesulmandnlnaiiinseiluiesl fuAng wudn arwduiusiy
N19ugANUAIIATIETluRe U] URN15veENTg L ansTuauiiu a1siuan ASNLALYUAY wazans
wusin uAlsfiu fifn R? = 0.82 0.82 0.82 waz 0.78 MNEINU wazAUSHIuasaTiuveudadilng 1.88-
6.94 faaniusie 100 NSU @15PUIUTY 0.43-1.25 Tadnsume 100 NN @15LUAT ASHIALIUTY 0.016-
0.211 fadnsusio 100 NSU @15LUAT wAlsHL 0.00-5.9 fadnsuse 100 N3 (Figure 21) Nsnnassmely
msiiiuFegnslumsnaaes $nlnediihuldneaestitadnlnadednd $1lnamu $1alnadamien
Mmliaansialsyiueendwinuiealy 9lnadruieafiasualsiueentssnintilnad e alay

d‘dd A ¥

Tlwaaesdnd ualsiussnilunquuasanslidnidvaes 44 uazuaa (Goodwin, 1980)

A9UNAaN1INAADY

wAllA Near Infrared Spectroscopy @13nsatuUszenaldlunsinsesiuseuysunalusiu
3 Y = o a a = 3 Y a0
Aslulansalumdauazudanary naumdestazdnder Ussdiuanuniavoundanazudinai 0amaes

U a ¢ U - a = 3 3 v o e
LS LYY LL{]QﬁGﬂ?UGUaQQ']LGUEJ’J uq@WaIULLﬂQWGU LLﬂIﬁV]uaEJWGUQQLlla@LLagLL‘IjQV\Iaq’JGZJaQGU'TﬂW@WUSQ@'Ns]
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(a) (b) (0) (d)

Figure 1. The original NIR spectra of protein in soybean grains (a), soybean flours (b), mungbean

grains (c) and mungbean flours (d) in wavelength range 800-2500 nm



Predicted protein value in soybean grain

(96)

2

(@)

Figure 2. Regression coefficient plots to evaluate protein value in soybean grains (a), soybean

flours (b),
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Figure 3. Scatter plots of actual protein values (%) in soybean grains (a), soybean flours (b),

absorption (iog 1/R)

mungbean grains (c) and mungbean flours (d) vs. NIR-predicted protein value (%) in

validation set
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Figure 4. The original NIR spectra of carbohydrate contents in soybean grains (a), soybean flours

abaorptionQiog, 1K)

(b), mungbean grains (c) and mungbean flours (d) in wavelength range 800-2500 nm
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Figure 5. Regression coefficient plots to evaluate carbohydrate values in soybean grains (a),
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Figure 6. Scatter plots of actual carbohydrate value (%) in soybean grains (a), soybean flours

(b), mungbean grains (c) and mungbean flours (d) vs. NIR-predicted carbohydrate

value (%) in validation set

Figure 7. The original NIR spectra of viscosity in soybean grains (a), soybean flours (b),

mungbean grains (c) and mungbean flours (d) in wavelength range 800-2500 nm
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Figure 8. Regression coefficient plots to evaluate maximum viscosity value in soybean grains
(a), soybean flours (b), mungbean grains correlated with flours (c), mungbean grains

correlated with flours (d), mungbean flours (e) and mungbean starches (f)
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Figure 9. Scatter plots of actual maximum viscosity value (BU) in soybean grains (a), soybean

flours (b), mungbean grains correlate with flours (c), mungbean grains correlate with

flours (d), mungbean flours (e) and mungbean starches (f) vs. NIR-predicted maximum

viscosity value in validation set
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Figure 10. Regression coefficient plots to evaluate break down value of soybean grains (a),

soybean flours (b), mungbean grains correlate with flours (c), mungbean grains

correlate with flours d), mungbean flours (e) and mungbean starches (f)
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Figure 12. Regression coefficient plots for evaluating set back value of soybean grains (a),

Figure 13.

flours (d), mungbean flours (e) and mungbean starches (f) vs. NIR-predicted break

down value in validation set
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(d), mungbean flours (e) and mungbean starches (f) vs. NIR-predicted set back value

in validation set
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Figure 14. The original NIR spectra of field crop grains and flours in wavelength range

800-2500 nm
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Figure 15. Regression coefficient plots to evaluate contents of sucrose, glucose, fructose and

total sugar in grains
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Figure 16. Regression coefficient plots to evaluate contents of sucrose,

total sugar in flours
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Figure 18. Scatter plots of actual sucrose, glucose, fructose and total sugar values (%) in flours
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Figure 19. The original NIR spectra of maize grains (a) and maize flour (b) in wavelength range
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Figure 21. Scatter plots of actual lutein value (mg/100 g) in maize grains (a) and flours (b),
zeaxanthin value in maize grains (c) and flours (d), cryptoxanthin value in maize
grains (e) and flours (f), and beta carotene value in maize grains (g) and flours (h) vs.

NIR-predicted carotenoid values of maize in validation set

Table 1. Partial Least Square Regression calibration result for predicting protein value in

soybean grains, soybean flours, mungbean grains and mungbean flours

Type Math Wavelength
R SEC SEP sD Bias RPD
method (nm)
Soybean grains Original 800-2500 10 0.85 0.09 1.13 2.14 0.023174 1.89
Soybean flours Original 800-2500 10 0.95 0.58 0.71 2.47 -0.031290 3.47
Mungbean grains  Original 800-2500 10 0.85 0.46 0.61 1.17 -0.000288 1.91
Mungbean flours  Original 800-2500 10 0.85 0.46 0.65 1.22 0.002977 1.87

F: the number of factors used in the calibration equation ~ SEP: standard error of prediction
R: multiple correlation coefficients SEC: Standard error of calibration
Bias: the average of difference between actual value and NIR value

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

Table 2. Partial Least Square Regression calibration result for predicting carbohydrate value of

grains, soybean flours, mungbean grains and mungbean flours

Type Math Wavelength
R SEC SEP SD Bias RPD
method (nm)
Soybean grains Original 800-2500 8 0.86 1.56 2.14 4.29 -0.059685 2.00
Soybean flours Original 800-2500 9 0.86 1.39 1.97 3.89 -0.131212 1.92
Mungbean grains Original 800-2500 3 0.88 1.67 1.80 3.92 -0.005871 217

Mungbean flours Original 800-2500 7 0.89 1.54 1.84 4.16 -0.020570 2.26




Table 3. Partial Least Square Regression calibration result for predicting maximun viscosity

value in soybean, mungbean grains and flours

Math Wavelength

Type F R SEC SEP SD Bias RPD
method (nm)
Soybean grains Original 800-2500 10 0.85 1.93 2.64  5.10 -0.073622 193
Soybean flours Original 800-2500 10 090 295 3.90 9.31 -0.091704  2.38

Mungbean grains correlate
Original 800-2500 7 092 3.50 4.44 12.04  0.047147 2.71
with flours

Mungbean grains correlate

Original 800-2500 9 092 1765 2342 6218 -0.123835 2.65
with starches
Mungbean flours Original 800-2500 7 091 4.02 5.04 12.74  0.154811 2.52

Mungbean starches Original 800-2500 7 095 2083 2267 7650 -0.037983 @ 3.37

Table 4. Partial Least Square Regression calibration result for predicting break down value in

soybean, mungbean grains and flours

Math Wavelength

Type F R SEC SEP SD Bias RPD

method (nm)
Soybean grains Original 800-2500 9 091 262 3.69  8.90 0.040051 241
Soybean flours Original 800-2500 7 091 241 295 7.15 -0.032472 242

Mungbean grains correlate
Original 800-2500 7 08 290 3.52 7.09 0.093268  2.01
with flours

Mungbean grains correlate
Original 800-2500 10 091 496 796  19.64  0.157884 = 2.46
with starches

Mungbean flours Original 800-2500 7 096 141 1.74 6.61 0.061084  3.79

Mungbean starches Original 800-2500 9 088 7.38 9.65 20.38 -0.105476 2.11

Table 5. Partial Least Square Regression calibration result for predicting set back value in

soybean, mungbean grains and flours

Math Wavelength
Type F R SEC SEP SD Bias RPD
method (nm)

Soybean grains Original 800-2500 10 0.93 2.25 3.18 8.77 -0.103546  2.75

Soybean flours Original 800-2500 9 090 262 3.11 7.15 -0.010131  2.29



Mungbean grains correlate
Original 800-2500 2 096 2.20 2.20 8.89 -0.001955
with flours

Mungbean grains correlate

Original 800-2500 3 095 1085 1192 4129  0.001952
with starches

Mungbean flours Original 800-2500 7 095 209 2.68 8.82  -0.048466

Mungbean starches Original 800-2500 10 092 1405 1788 46.66 -0.067336

4.04

3.46

3.29

2.60

Table 6. Statistical characteristics of sucrose, glucose, fructose, and total sugar in grains

ltems Type Sucrose Glucose Fructose Total sugar
Minimun-Maximun Grains 0.9312-3.511 0-1.5352 0-1.458 0.93-5.81
Average Grains 1.459 0.85 1.41 2.76
SD Grains 0.644 0.50 0.59 1.28
Number of samples Grains 211 211 211 211
Unit % % % %

Table 7. Statistical characteristics of sucrose, glucose, fructose, and total sugar in flours

ltems Type Sucrose Glucose Fructose Total sugar
Minimun-Maximun Flour 0-1.458 0-1.54 0.93-3.511 0.93-5.8069
Average Flour 0.367 0.935 1.409 271
SD Flour 0.53 0.199 0.589 1.347
Number of samples Flour 211 211 211 211
Unit % % % %

Table 8. Partial Least Square calibration result for predicting sucrose, slucose, fructose, and

total sugar value of grains and flours

ltems Type R SEC SEP Bias SD N F
Sucrose grains 0.96 0.17 0.21 0.0050 0.53 88 10
flours 0.90 0.24 0.26 -0.0006 0.64 211 17
Glucose grains 0.96 0.14 0.16 -0.0034 0.20 88 13
flours 0.94 0.15 0.16 -0.0010 0.50 211 10
Fructose grains 0.86 0.28 0.31 0.0014 0.64 88 10
flours 0.96 0.17 0.19 0.0006 0.59 211 9
Total sugar grains 0.98 0.28 0.34 -0.0090 1.34 88 11
flours 0.97 0.28 0.31 -0.0047 1.28 211 10

Table 9. Partial Least Square calibration result for predicting lutein, zeaxanthin, beta

cryptoxanthin and beta carotene values of maize grains and flours

Carotenoids Type Math Wavelength F R SEC SEP SD Bias RPD




method (nm)
Lutein maize grains  Original 800-2500 10 091 028 033 081 -0.002120 245
maize flours  Original 800-2500 9 090 035 039 091 -0.391041 233
Zeaxanthin maize grains  Original 800-2500 8 090 0.06 0.07 0.18 -0.00074d47 2.57
maize flours  Original 800-2500 6 092 0.06 007 019 -0.000309 271
Beta maize grains  Original 800-2500 10 093 0.01 001 0.04 0.0008736 4.00
cryptoxanthin =~ maize flours  Original 800-2500 10 091 0.01 0.01 0.05 -0.0004395 5.00
Beta carotene  maize grains  Original 800-2500 9 090 023 032 0.77 0.002691 2.40
maize flours  Original 800-2500 10 090 036 053 123 0002541 232
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