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waila PLSR Ingrnduussansanduius (R) ansinniiut 1 windu 092 AranumaaaiAdousnsglunisviiune
U3uaansImdud 1 lungu calibration (SEC) PouEAGANEBWINAY 0.14 rg/100g DW Uay A1AINNAIAAEDY
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Yosludndundeaviniu 0.14 mg/100g DW uay AnrmAandsusnasgIulunsiueusinuasindud 1 lungu
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Abstract

Currently, the establishment of rapid and non-destructive methods for the evaluation of nutritional
components in field crop produces and products is an important feature in relation to the final product quality.
Near Infrared Spectroscopy (NIRS) is an excellent candidate for a long term low-cost, cost-effective, rapid, and
reliable analytical monitoring methods for the determination of vitamin B; in soybean grain, Aflatoxin By (AFBs)
content in maize and peanut that could possibly be applied as a routine analysis in laboratories. The project
combining with 3 experiments, was conducted at Postharvest and Product Processing Research Development
Division, Department of Agriculture in 2021. In this study, visible-near infrared spectroscopy over the spectral
range of 400-2500 nm was utilized to detect vitamin B; content in soybean grains and AFB; content in maize
and peanut. The soybean grains were analyzed for vitamin B; content by HPLC and AFB; content in maize and
peanut was extracted and determined by Enzyme-Linked Immunosorbent Assay (ELISA) using DOA-Aflatoxin
ELISA Test Kit referred to wet chemistry method. It showed that the average content of vitamin By was 0.55
mg/100g DW. Partial least squares regression (PLSR) was used to develop the calibration equation for prediction.
The correlation coefficient (R) of vitamin By content in soybean grains was 0.92. meg/100g'DW. The standard error
of calibration (SEC) of vitamin B; content in soybean grains was 0.14mg/100g DW. The standard error of
prediction (SEP) of vitamin B; content in soybean grains was 0.15 mg/100g DW. The results showed that the
average content of AFB; found in 238 maize kernel samples was 4.94 ppb. The correlation coefficient (R) of
AFB; content in maize kernels was 0.80 ppb. The standard error of calibration (SEC) of AFB; content in maize
grains was 3.28 ppb. The standard error of prediction (SEP) of AFBi content in maize grains was 3.4 2 ppb.
Equation of aflatoxin determination in peanut had correlation’ coefficient (R) 0.76 which standard error of
prediction (SEP) was 11.49 ppb. Which lower thansstandard deviation (SD) of ELISA; 14.50 ppb and also low
standard error of calibration (SEC); 9.35 ppb. The model from NIRS method can predict the amount of aflatoxin
in peanut in the range of 4.40-59.95 ppb.

Keywords: Near Infrared Spectroscopy (NIRS), Vitamin B1, soybean Aflatoxin B1, maize, Bean, Peanut
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Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7

Figure 8
Figure 9
Figure 10
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The original NIR spectra of soybean grain samples in wavelength region 400-2500 nm.
Molecular structure of Vitamin B

Regression coefficient plots to evaluate Vitamin B; content in soybean grains.

The original NIR spectra of maize kernel samples in wavelength region 400-2500 nm.
Regression coefficient plots to evaluate Aflatoxin B1 content in maize kernels.

Scatter plots for calibration model of Aflatoxin B1 content in maize kernel samples.

The original NIR spectra of Mung bean Soybean and Peanut samples at wavelength 400-
2500 nm.

The original NIR spectra of Aflatoxin in Peanut samples at wavelength 400-2500 nm.
Scatter plots for calibration model of Aflatoxin contents in Peanut samples

Regression coefficient for calibration model to predict Aflatoxin contents in peanut samples
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Table 1
Table 2
Table 3
Table 4
Table 5

Table 6
Table 7

Table 8

Table 9
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The characteristics of samples used in model construction for Vitamin B1 content in soybean
grain.

Chemical assignments of some observed near infrared absorption bands.

Results of PLSR calibration for Vitamin B1 content in soybean grain.

Interpretaion of R uay R’

The characteristics of samples used in model construction for Aflatoxin B1 content in maize
kernel.

Results of PLSR calibration for Aflatoxin By content in maize kernels.

The characteristics of samples used in model construction for Aflatoxin contents in peanut
samples.

The statistical analysis of NIRS models to predict Aflatoxin contents in peanut samples by
The Unscrambler® program.

Method validation between reference measurement and NIRS prediction of

Aflatoxin contents in peanut samples.
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ity wieda NIRS [Humsld NIR Sadunduuasifianuenadulugag 800-2500 wiluins annsautsosnidu 2 92
Ay AovrseAuduiifionmenedusziig 800-1100 wiluians uazdedusfiianuenafusewing 1100-2500 w
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(stretching) vaustLun1sduiivi i dn1sid suuasnuenszaninses meuneluluanad siiauuvausns
(symmetric) WagUUUadaNNINT (@symmetric) drumsdunuuiiaeadunisee (bending) M%miﬂﬂgﬂ (deformation)
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Humstestusdlseuazuuasdngfivuardnd Wudu Taensdamavdimaiuiendudureuiifiauddganninee
wdansznusenunwilofaflofuilaavdedetiluldiduingiviiienisuussy Tumssmiglugundanauinisiy
fnwluszwinssensvudsiiesmieenafimsuuitewveadeosiiadrsansiule (e, 2551) A1FRTAEDUAITHYAN
\osiiu Avisws (2549) Idvhnsaaaeulensmentu 1o Tununfisimelunsaymasuasdatiou 17 feghe wu
nstwdeusiuau 1 Meg1e TAMUTuIm 3.2 RS Hall et al. (1988) Uszyndle NIRS il eviunemusanmans
theaflavin uazaudulume saithsnUssfiuUsinaassanasss Usinansngass (free amino acid) Aunlay
(caffeine) wazlwafuoa ( (polyphenol) Iumwm (Schulz et al.,1999) Phetkaeo et al. (2012) SL%L‘VIﬂﬁﬂ VIS/NIR
spectroscopy m’mﬁaumiﬂumau“uadmaﬁ Aspersgillus flavus Tudatlng LLav‘mﬂ‘W@U@ mmﬂim NIRSystem
6500 F19ANUETIAAY 400-2500 wrluiums wuinaila NIRS anisanseaeunstuieuvendos A flavus Tty
WanY1lne A1 R, SEC, SEP wag bias winiu 0.80, 4.18, 4.08 wag 0.54% a@iutiantilnaus windu 0.98, 1.12,
1.34 uag 0.43% aud1iu 3133Rdkaya13330 (2560) Tdmatla NIRS UssiliudSinaasiivesvlamendu 0 1 Tunin
Uu wudn aunsfivmunien R SEP SEC wae SD winffu 0.87 2140 1.68 way 3.41 mudidu awnsalduszifiuansiiv
oznlamondu 9 1 Tun3nUu lelute 15.20 - 2800 ppb. 71%29AAL 400 - 2500 Nm BTITIALALINTITIAL (2561)
adaunmsUssduiinuaswenamendulumdauazudanandlng demada NIRS fivasadu 400-2500 uwily
wns lneddl R w1AU 0.87 waz 0.93 awaau wagansauszifiuansuenamenduludatazutisiaindnlnals
Turae 0-307 uag 0-164 ppb. MA3E1(2555) Asravnansivwenamenduanesismisludminasesiuiu 10
wiln fregeiiiiuitomn Idun @i wiTead8) daamts frdasu winuks windu veu nsufibauaneiouns
531 100 Faege nan1FITeNU1 MInsaamasivwenamendu U1 §2e33 ELISA 91nfreg ey nuind
9113 24 089 MNdIARTL HIRAILV WnUuLazwnwie AUTnaueramendu 01 aglutag 26.08 - 289.52
fifd efisedugeniniidsemansensraansisaguimualy (iiu 20 ppb) ansduns (2545) lusgwingd n.e. 2537-
2504 nesownslihmMannziiegedoanalduninininy nindih (slnfidusdensnuiuazeiintuasiBon)
wnlnelu nsditen @idan Wertuintuuazelione) veuuns (winaawazeiang hivasdfy Towuavu o laud
\n3eaunsdsagy Bnsnun geansn yUann JznUTNASeLAT A 160 Faegns asranukenlamenduluieu
Wi 8 feode Anluieway 5 ﬂ%mmﬁwuagﬁzmw 6.59-61.28 il Insaznulundnviandn 4 e YSuadiny
98581314 12.26-61.28 ppb WinUu 3 fA29814 USunauiinude 7.84, 12.94 uay 14.40 ppb uaznsziiieumilang 1
fhetha Uuasiinuite 6.59 ppb s uauililiiemdniaudn 3 Gﬁasmwhﬁuﬁwmﬁummgm 20 AT iusznalay
N3ENTNAITUAY UTiauiiwufe 23.73, 30.70 uaz 61.28 ppb druaseunariinaunsislinunsvuideuvesans
wevamendu gansmi (2537) Anwimsuudouvesslasians A flavus Tuedeamanazayulng 30 wia wu
i3 oamanazanulng 46.7% wunsdwdouress1 5 - 9 wila war 40% wunisUwileuvessiinnda 5 wia dwudn
13.3% ldwumsuuideuvessuae i3 pamanazayulnsdananie nung i el waeldedn siuwenldann
w3 pamauagayulnsldvssiian 1w Aspergillus, Penicilium waz Rhizopus Ingwy 56.7 , 11.7 way 10.83%
mudu Famsieszindasulansiiviimsasnaevasivandesniitedldlunaiun Bmsidediduney
Tun1sin3ouding19neun1TIAsIeI (pre-treatment method) dun n1safa uarn1sviauazeniovilians
U3ay? (clean-up purification) 3n13IM3sufe8 1@ LAl FMAIMA83T 19U liquid-liquid extraction (LLE),
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supercritical fluid extraction (SFE) wag solid-phase extraction (SPE) FEnsaeidiegreiuiunisldtelusuy
liquid chromatography (LC) S 28 U7 5 mass spectrometry (MS), thin layer chromatography (TLC), gas
chromatography (GC), high-performance liquid chromatography (HPLQ), capillary electrophoresis, enzyme-
linked immunosorbent assays (ELISA) Wag biosensors (Sapsford et al., 2006) 35 n1sasratamand vhunld
PAAMNTTUNYAT LAFYNTIU Uawtadl (Tumer et al., 2009; Koppen et al., 2010) wiig19lsAmunuINIEnsnsadn
wahiiiifesnin Fsmsnatauuulivhanefegsaemaia NIRS Idianieudlelymiesialumsasiadiinse
wuuduRY idsesaritmulunsinwimadamsasisduinlaghivianesegwemaia NIRS Suusluiiudusi
Frufiugiu wazmsUssgndldnudumsiinnsidmuamuarUiin diumsemunuarnisUsyiuauamaudiie
fanudnduds msléimadansmsreaeuannmaudlae¥Blivhaneuisiazein 5051 Uszudanan uazansuyy
dudiluszeren esnldasaillunisasdeuiisandnies Swsstuanudesnsvedaniuewiandifonisinw
wazeysnvaannden vililanUasadountu (3, 2555)

InqUszaeAvuadlaAsInig

loaunisifiansivaauysunafianiud 1 luduundes wavansiivwenamendulutudndnnlng wasdiudauwisls
aggnapuiuglagldinadadosdunsisaaunlnsalad

YBULANTISANE

% A a a a a o« & o & a a & a a

asvaunsiieldlunisusediudsunadsniud 1 Tuudedunded kazUSunaansiwaindiaswenamendy ¢

1 Twudadilng wazdnudawnalagldmaiadosdunsuseadnlnsalad Inglidadldansadl azain 590157 waz
fegligniinany
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Ryrudni

AFB; Aflatoxin B1

Bias Average of difference between actual value and NIR value
ELISA Enzyme-Linked Immunosorbent Assay

F The number of factors used in the calibration equation
HPLC High Performance Liquid Chromatography

NIRS Near Infrared Spectroscopy

PLSR Partial least square regression

R Correlation coefficient

SD Standard deviation

SEC Standard error of calibration

SEP Standard error of prediction
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uN?l 2 351150 HUIU

1. FMsaniiun1side
nsneaesil 1 Msusziiuviinuasiniiiu O 1 TutwdedaslémadadiefBunsisaanlasalad
ALTiNNT58379 standard curve YasE1sRIRTEIWINNILT 1 uagvinisesvaeuauldlavedisnis (method
validation) d1v§uilasizviansinifiud 1 TudavdedlaiSieaufURng (wet chemistry) udr3a59umd 0819801
wiedlitosndn 100 foe1s anunasing 9 leun quéidofivlsiBesni wazunasdmiedng 4 didograndni
mﬁaﬂﬂi’mmmﬁqﬂﬂﬁuumé’wm%ﬁ Near Infrared Spectrometer iA211813AA W 400 — 2500 U TUAS WAzt
FegruudadmdedluunliasBundeedecun LLﬁ"ﬁﬁﬂUi’ﬂﬁwmiamﬂﬁuumﬁwm%a Near Infrared Spectrometer
TneTaanasuuuvasioundu (reflectance) niudnidhedsdadundosiivaazdealuinmeitiinainiud 1
Faeesee HPLC dnudasmniiives Gi-Ppeum Kim et al. (2014) Tnefidumeumsardassi feudavdosunazden 1.000
¢ Tunaendumdssvuin 50 ml @iy 0.05M NaOH U3anas 2 ml uazivgnans (vortex) Wi Wi 0.19%H;PO;
U3ana 18 ml. wazivegnansliidniu arntiuhansaialy Sonicate flgamnfl 40°C wiu 204l MndusiliiFegradu
Frethudeneudumisaiianiugs 4,000 rpm fgamndl 4 °C wru 20 Wi hansafafosdlunsesriiunszaunses
Whatman No.2 dhelufimaentiumissuunn 50 ml waeslsl Uuniingedsliyitu Wagannafuseninihiu
asstureuthlUdumissiinanuda 4,000 59U 4 °C i 20 Wil andula (superhatant) Useanad 1 ml udINseamu
nszAENsewila Cellulose Acetate Yun 0.45 pm aneludawinden vialwian 2 mlwaziludulilugifu 4 °C nou
daiiAT1z9iRa835 HPLC Taeiian1ag (condition) nsiiaszsidal Mobile Phase A Usgnausae 5 mM sodium 1-
hexanesulfonate + 0.75% acetic acid (v/v) + 0.2% triethylamine (/v) lag Mobile Phase B fi® Methanol (nin
HPLC) T¥maduyviln ZORBAX Eclipse XDB-C18 (150 x 4.6 mm LD:7150.0 mm, 3.5 um) Tdgaumgilnedui 40 °C dn
(injection volume) 20 pL wawilnsnsiva 0.6 mUmins #ans1970%in Diode-array detector (DAD) fininuenindu
270 wluiwns thdeyaduanndusunuuiildanmsawny uasnadinszsiviunadaniud 1 wiooravhnisuvama
Toyaiiioaanansznuainadonngg noise 130 erors 9nMsTafivsnglu spectrum ladrsuuusiasima
AMINANAASA875 Partial Least Square Regression. (PLSR) ‘«J’lﬂIUiLLﬂ'ﬁMﬁ’lL%ﬁ]gU The Unscrambler® version 9.7 84
U3 Camo Oslo vesUszimAueiiag viinsdaidenaunisiasfinnsanen Standard Error of Calibration (SEC) 61 #in
Standard Error of Prediction (SEP) #1 uag 1 Correlation Coefficient (R) g4 ud2v1dayafl ldvisnunu1iinsigs
Wisuileuilon337iafian msrdreummuwiugwesaunsiiasstulneiuieuiileud Standard Error of Prediction
(SEP) wa Bias itousziiulnelddeyalududlulaldlunmsvauns wazthaunsilaluldlumsussiduduiunm
Innfiud 1 WisuisuAuisinmsg i Tneduiunidde u neddouszianuinenmsudansiiuifswasulssUunanua
NEAT NTIIVINITNYAT Send1RoUNaIAN 2563 Hafugneu 2564
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nsvaaesil 2 msUszdiuUunaasivueramenduluiialwalngldmadadie Bursusaaunlasalatl
unusegeiminamnuvamdning 4 susuliidesniy 50 fegn wdhdegsdninafisiusuldlu i
AMsgANAULALTIBLA3Ea Near Infrared Spectrometer Ju 6500 ¥9sUTHN FOSS finnueindy 400-2500 unluiuns
Tnersogaininaldlueadussy wasvhmsaunuiietufinduanasuvesiiosns anduthiessluslianden
sheiaissuniegudnilunsaadinmeiamsivuenamendud 1 lukesujiinissaes Enzyme-Linked
Immunosorbent Assay (ELISA) Faduidnsnsadevasfivlusimsuaz ingAviiamisavenyiunavesansisle
TngUszinaluusazssmuannnsgdifivue wazdnnindede Tnsnsléyanaaouasuenamendudiiagy
(DOA-Aflatoxin ELISA Test Kit) fiflaansianizianzas (specificity) lunisinizduivansfivueraimendud 1 widu
100% uazansnsaaTIvTuaskeramenduldsan 0.4 #itd Tnefidunounisataarsuenamendu waztumeuns
Ansei fall Feietnaiunanden 20 n¥u Talunuy (aui vie 1w3esiiu) iy 70% wwmsuea 100 a. lwehil
ALY 300 Tou/ANT vietlu 2-3 wit deitald 5 -10 wdl Wleusndilansesanedndariunseatunseaues 4
\Rudauingedld Garndudududndiu wihtu 1:5) dhdwinsedduniienadu 1:20 ielildasatandosiase
Tngngnasiivainsgiuuinm 50 lulasing adunqunaaeuinuau 4-5 anududu veeasadafiognsusunu 50 lu
Tnsans aslunquuaaoufivde veaidulwsineugina (AFB, HRP conjugate) muadluvaviaumaaey Uniigamaiiviedlu
fifimdunan 20-30 uit manslumaumnaeuiiaudadnsdae washing buffer 3 ass Memans substrate U3uIm 100
lulasdns avau Unfiguugiiviesludiiadunan 5-10 Wil UATenasiadudindiansasiusa (malsnanin) 1¢
Aanen wWisuisududiivesasiivainsgiu neaudnselaeia stopping solution Usuias 100 lulasdns
UfAseazidsuiudndes srureanduvesddeg MicroELISA Reader fiAvue1anaY 450 wiluimns (S1unaLds
U3anay) udriunniinuansfimdu ppb. (eus uazay, 2507) PniuSsessaunsuasmsfaidenaunislunism
Usunauasieenamendy 3 1 Imaﬁ%ﬁuamﬂm"uﬁvlﬁmﬂ*?ﬂmmi@mﬂﬁmmﬁaam?m Near Infrared Spectrometer
warNan1IIATERUTIpa s vhenamendud 1 ludesuuamsnqe3s ELISA luadsaunisuuudiaoanis
ALinA1ans R85 Partial Least Square Regression (PLSR) iy Full cross validation anlusunsudniagy The
Unscrambler® version 9.7 48¢U3%¥ Camo Oslo YaeUssineunsiiag innisAndenaunislaefintsane R A1 SEC A
SEP wawe bias unllunsuszidiuviinaansisienamendu U 1 Tudnlne lnediunuide o nedideuazimmn
Inmsmdamsiiuieazudsgundananens nsivnsinees seriafeunanay 2563 Safugnou 2564

msveaesil 3 MsusziiuUSuaEsAvieramenduluiwdawidngldinedads SBunsusaaunlasaled
e i dauudauriennunassimiieriilusiuulisnng 100 fegs luinnisgandunasiie
\A394 Near Infrared Spectrometer finnueniadu 400 — 2500 wluans Ineiaannduuuuasioundu (reflectance)
e dlUiansiiuasiveramenduluresu filRnsieds ELISA dawnasuildainmsindietis
#181A3 03 NIR Spectrometer warnadildainUszidiugie3s ELISA luassaunisieuuusiaemendamaniaeis
Partial Least Square Regression (PLSR) wuu Full cross validation mﬂMiLLﬂsﬂJé’ﬂL%ﬂgU The Unscrambler® version
9.7 ¥93U3EM Camo Oslo vosUszmauaiing udwinnsnidenaunislaefionsanrdulssavsanduius (correlation
coefficient, R) fiflAgelndiAss 1 Arnnuianainuinsgiulunisiunesvesngusiieg1eaiisaunisuadiusdu
(Standard Error of Calibration, SEC) Aanaiianainunnsgiulumsiunsvesngusiegnsitldlunsaaevannis
(Standard Error of Prediction, SEP) L@y Aaagvninaniesenineailaainmaia NIRS uaz 35 ELISA (Averages of
difference between NIRS values and actual, Bias) fidlaan uildlunisusziiulsunauenamendy Ussiiuaing
gndeusiud1vesanns Ingnsmaasunimaansalunisnsaniinngsivimamsivuenamendueaunisi
IiuSeuniisuiu 38 ELISA ieBudumnugndesisiudivesaunsiidnidonsn Tnsluussifiuusinaansivuoamen
fu Tufdassdawisduiu 20 feds WisuisuiuamsliesgiluiesUfoims Tnedudunide a nesidowas
WauIneimsndinsiuieuasussunanraineas naudnmaineas ssninafeunaiau 2563 fafugeu 2564
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UNN 3 NaN1ISANEI

3.1 WHan1sANEUUYaIlASING

nsnaaesil 1 nsusziiuUiinuasiniiiu U 1 Tutawdedesléinadaidesdunsisaawnlasalad

windandes (soybean grain) S1usy 190 fregn fivanldlunisadsaunisussiiuinadnfiug 1 aed
Usmnaansdandud 1 Tueas 0.02-1.23 mg/100g DW fiuSunainifiud 1 wdewiifu 0.55 me/100g DW (Table 1)
nazilevdnduvassluinanisgandutasiiauenindu 400-2500 uiluins Tagldmdnmsazviounas feiades
NIR spectrometer ¥93U38W FOSS $u 6500 wuh wiadumdesannsaganduuasldd Tnsfionsanainseniinveady
alnmduiimueniadu 1215 1471 1725 1940 2110 2275 wag 2347 wiluins (Figure 1) MiAeatesiugasiasiaing
Taianawes CH, CONM, H0 (A1) waslusiu (Table 2) Bnviaidlefinnsanaingnaslanavesinfiud 1 (Figure 2)
Adumsduniditarsuszneulalasnivou uararseyiusdug iussdiuszneu Jsuansliifiudsmnuduiugusar
mMsgendunasuazesiUsznauaeiivesiniud 1 luwdadumdesiianlduiunageu ethmada NIRS 1nad
aunsdmiuussdulimamsioniud 1 ludundewnsds PLSR wuu Full cross validation Tnaldvdnagviouuasi
ANLEMAAY 400-2500 wiluing TasRinrsanainanuduiusseninesinsinsedtiunadnitud 1 fesdds
(reference method) TuesUfeAns uazAnsganduuas inueyisadu 400-2500 wilulns feoinaila NIRS
TnsAsadffiuandliifuiarmugniosesaumsiinauntu axfinrsananasidaduss dndanduius (R) gouay
dilnd 1 du anmsadsaumaiiieussdutiiuasinndut 1 lenuenadugat 400-2500 wiluwas axde R
Wi 0.92 AnuaaimedeulunIsiasey (SEC) i 0.14 mg/100eDW Arrnuaaawedeulunisuseidu (SEP)
WU 0.15 me/100g DW A eveinanieseninedniiliainiseasdaiuaniilaain NIRS (Averages of difference
between actual and NIR values, Bias) #iffu -0.001 me/100g DW- hasditadefiifieatos (F) sruau 7 ade (Table
3) 1 Regression coefficient vosaunsUsyiudSunaasimiud 1 ludundes wuindien Regression coefficient g9
firueadu 1360 1395 1460 1990 1980 2252 ua:2294 uiluins (Figure 3) Insnuiiinueindu 1990 waz
2252 wiluias Sanuduiudiuuts finnue1edu 1980uas 2294 uluues Sanuduiudiuliunalusiu uay
Tassadsluanavesinnfiud 1 fo C-H N-H gamgnIRauiAeades Ao 1360 1395 waz 1460 wiluing (Osborne,
1993) ilefiansananAnduussandanduiius (R) Ssazuandliiiufennuduiusvosdeya 2 yaiidsoriu wuiiaunisi
Igliendudszavsanduiusgs waglimanueainiedeuinmsgiulungy calioration wagngu validation #1 Fsuandls
Wudiuduiusinsenineendneds wasaTihunglddanufianain (SEP) shndnAn1s3nsnzsi (SD) (Fieure 4) vinlw
annsathaunslulflunmsyssfiusinamsinniud 1 ludmdes

mmaaas 2 meussdiulBanaasivuonamendulutinlnalneldmaiadeSunsisaaunlnsalad
Fregdludadanlin (maize kernel) Munldlunisadraarimunaumsifoussfiuuiinaeasiivainides
worlamendu 4 1 (AFB,) fsuauiedau 238 fhedns lneiedraudedrilnaiiusnaasiivanidoswenamendu 9
1 1ug3 0-14.70 pg/kg (ppb) (Table 5) waznienasainmsiiwdadinaldinAinsganiuua (absorption) e
1384 NIR Spectrometer ldudnnsazsiounas luraeadu 400-2500 wiluins lngusselugunsnildfegauia
quarter cup sample cell wmﬁLmﬁmsﬁwﬂwmmwa@ﬂﬂﬁuLLaﬂﬁaﬁmmmmﬁu 990 1215 1440 1940 wag 2110 U1
Tuwns Fsmnuenadudinanianuduiug fuusmani wls wasusiug alussdusznaundnluudndnlne
(Williams and Norris, 2001) (Table 4) 9nnnstmadia NIRS unldiiteadsaunisussiiulinaansiivanidesiwon
amendu J 1 #1833 PLSR wuv full cross validation Tngldndnasvieunasiinnueadu 400-2500 wiluwns 1oy
fosanananuduiugssrinemnsieseiUiinaasivaniosenamendu € 1 #1e38naail (conventional
method) TuesUUuAnns uazaA1n1sganduuas (400-2500 urluwas) Tuwdadnilng lnediduandannugnies
wiudwesaums dsiarsananeduussavsanduiug () gdlndiAss 1 iy nnsadaumaiieyssduuinn
ansiwanidesiwewamendu T 1 luwdadlne wuiaunisuszneudieen R wiiiu 0.80 Aaueansndsulunis
RAT19 (SEC) Wiy 3.28 ppb. Areueaawdeulunisuseiiiu (SEP) wihiiu 3.42 ppb. A1 Bias Winfiu ~0.01 ppb.
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uazdiadeuineaves (F) 91uau 4 Y2ds (Table 6) A1 Regression coefficient UasaunTUszLUUTINAETRWANITD)
weramendu O 1 Tuwdat1alne wudnilen Regression coefficient gafinanuenandy 970 1416 1904 2070 uaz 2240
wluLuns (Figure 5) danAassiu asassaulazAmg (2561) NlavinnisusediuvSinuaisuenamenduluwdadiilne
BeERImEwAla NIRS HUANNE1IRAY 1900 2000 kay 2100 Unluwuns danudunusiuwtle damiamnuemnau 2240
a v o W a a a A a v o cu 8 Y a
femuduiusiuUsunalusiy Nanueieiu 970 wiluwesiiauduiusivii wazlassadrduanavesienamendu
fim C-H way C=0 fAugNAduTiAgIt09 Ain 1416 waz 2070 u1lutins (Osborne, 1993) Liafia15a4191nAN
duuszdnsanduius (R) Feazwanddiiiuisnnuduiusvesdeya 2 yaiidsdedy nuiraunisilaliardudsedns
avduiusas uagliraruaainndeunnsgiulungy calibration wazngy validation 61 Sewandliiiudeayuduiug
Aa ' I Y a I Ao P a ° L a ¢ . 0§ v °
TRsyningm919de wazaviuneld danulanaia (SEP) mninan1siiasigy (SD) (Figure 6) vilwanunsataunis
Tl lunsUseiiudsunaasiivanndesweramendu 4 1 Tuwdatilnale

mnaaasdl 3 msussdintinassivieramendulutuudauislasldmatafisSunmisaanlnsalad

dlemusfuiegrsdiudauiianeg @uder duvdes uazdadas) anaaiadiudnuninains
9ANAULAIIBLATY NIR spectrometer 1 6500 Y83UTHN FOSS fAINLE1IAAUTIS 400 — 2500 unlutums 14
sruvasiouuas Iduanmsuvesiegadavindneg unuieudioutu (Figure 7) nudfvazveaduanadud
auuananaiy deiudadendnwianzdaaudauiaienininsuudeutiinumsivionamenduldiouas
fUsnagainidwaauieindug movdafufogsidaudauisnneaind@nduau 150 fega thuin
Amsganduuas Iiduaunasuvesiaegsiaaaudaui (Figure 8) uarihiegaisatuiluiinssimusina
arsisuenamenduluiesufiinig o35 ELISA (Table 7) thalnadudunyuuazanitasevildldaing
wuu1aemandnanssie3s PLSR wuu full cross validation 91nluswnsud@ndagy The Unscrambler® version
9.7 WU @NNI5AIN 67 feeedlAn R AU 0.76 3R SEP widu 11.49 ppb. (Figure 9) A1 SEC 1A 9.35 ppb.
waALD8aULINATEI (SD) AT EiFeT8 ELISA Ao 14.50 ppbrkagiitadeiifeatos s1uam 7 Uade (Table )
fifin regression coefficient g4 fiAnuB1IAAL 928 1450 16805:1920 uaz 2140 uilutums (uanuenIaauis
ANUFNNUSAUUSUM Oil, Starch, Aromatic, CONHag HC-CH (Osborne, 1993) (Figure 10) U89a15Aiuanan
nendulufegsdrdanudauis enaaeuniugaiosutiugrvesaunisiululy Wethaunsildlunaaey
UsAninlunsussdiutiinaasivuenawenduluitegsihdanudauiedman 20 deee uagiuaiildain
wiadia NIRS TuiSeuiiteuiildannissnsds wuin eranuuansisssUBinaasiivuoriavenduainiis 2 38 of
3¥MIN -22 - 5 ppb. (Table 9)
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Table 1

soybean grain.

The characteristics of samples used in model construction for Vitamin B; content in

ltems Soybean Grain
Min-Max 0.02-1.23
Mean 0.55
0.35
Number 190
Unit mg /100g DW

Table 2 Chemical assignments of some observed near infrared absorption bands.

Wavelength (nm) Bond vibration Structure Wavelength (nm) Bond vibration Structure
713 C—H str. fourth overtone benzene 1492 N—H str. first overtone ArNH,
738 O—H str. third overtone ROH 1500 N—H str. first overtone NH
740 C—H str. fourth overtone CH;3 1510 N—H str. first overtone protein
746 C—H str. fourth overtone CH, 1520 O—H str. first overtone CONH,
747 O—H str. third overtone ArOH 1520 N—H str. first overtone (intramol. H-bond) ROH
760 O—H str. third overtone H,0 1528 O—H str. first overtone (intramol. H-bond) starch
762 C—H str. fourth overtone CH, 1530 N—H str. first overtone RNH,
779 N—H str. third overtone RNH, 1533 C—H str. first overtone C=H
790 N—H str. third overtone ArNH, 1540 O—H str. first overtone (intramol. H-bond) starch
806 N—H str. third overtone RNH, 1570 N—H str. first overtone —CONH—
808 2xN—H str.+2xN—H def.+2xC—N str. RNHR' 1580 O—H str. first overtone (intramol. H-bond) starch, glucose
815 N—H str. third overtone RNHR' 1620 C—H str. first overtone =CH2
1645 C—H str. first overtone R—CH—CH
832 2xN—H str.+2xN—H def.+2xC—N str. RNHR' 4
840 3xC—H str. +2xC—Cstr. benzene 1660 C—H str. first overtone cis-RCH=CHR'
874 C—H str. third overtone benzene 1685 C—H str. first overtone aromatic
880 C—H str. third overtone CHCl3 1695 C—Hstr. first overtone CH3
900 C—H str. third overtone CH; 1705 C—H str. first overtone CH;
910 C—H str. third overtone protein 1725 C—H str. first overtone CH,
913 C—H str. third overtone CH, 1740 S—H str. first overtone —SH
928 C—H str. third overtone oil 1765 C—H str. first overtone CH,
938 C—H str. third overtone CH, 1780 C—H str. first overtone cellulose
970 O—H str. second overtone ROH, H,0 1820 O—H str. +2xC—O str. cellulose
990 O—H str. second overtone starch 1900 O—H str. +2xC—O str. starch
1000 O—H str. second overtone ArOH 1900 C=0 str. second overtone —CO,H
1015 2xC—H str+3xC—H def. CH,3 1908 O—H str. first overtone POH
1020 2xN—H str.+2xamide | protein 1920 C=0 str. second overtone CONH
1020 N—H str. second overtone ArNH, 1940 O—H str. + O—H def. H,0
1030 N—H str. second overtone RNH, 1950 C=O0 str. second overtone —CO,R
1037 2xC—H str.+2xC—H def. +(CH,)n oil 1960 N—H asym. str. + amide Il CONH,
1053 2xC—H str.+2xC—H def. +(CH,)n CH, 1980 N—H asym. str. + amide Il protein
1060 N—H str. second overtone RNH, 2000 2x0—H def. + C—0 def. starch
1080 2xC—H str.+2xC—C str. benzene 2000 N—H asym. str. + amide Il CONH,, CONHR
1097 2xC—H str.+2xC—C str. cyclopropane 2030 C=0 str. second overtone CONH,
1143 C—H str. second overtone aromatic 2050 N—H sym. str. + amide || protein
1152 C—H str. second overtone CH; 2050 N—H asym. str. + amide Il CONH,
1170 C—H str. second overtone HC=CH 2080 O—H str. + O—H def. ROH, sucrose, starch
1195 C—H str. second overtone CH; 2100 2x0—H def. + C—O0 def. starch
1215 C—H str. second overtone CH, 2110 N—H sym. str. + amide Il CONH,, CONHR
1225 C—H str. second overtone CH 2132 N—H str. + C=0 str. amino acid
1360 2xC—H str.+C—H def. CH, 2140 =C—H str. + C=C str. HC=CH
1395 2xC—H str+C—H def. CH, 2150 2x amide | + amide IIl CONH,
1410 O—Hstr. first overtone ROH 2160 2x amide | + amide IIl CONHR
1415 2xC—H str.+C—H def. CH, 2180 2x amide | + amide IIl protein
1417 2xC—H str+C—H def. aromatic 2190 CH, asym. str. + C=str. HC=CH
1420 O—H str. first overtone ArOH 2200 C—H str. + C=0 str. —CHO
1430 N—H str. first overtone CONH, 2242 N—H str. + NH3+def. amino acid
1440 O—H str. first overtone sucrose, starch 2252 O—H str. + O—H def. starch
1440 2xC—H str.+C—H def. CH 2276 O—Hstr. + C—Cstr. starch
1446 2xC—H str.+C—H def. aromatic 2280 C—H str. + C—H def. CH;
1450 O—H str. first overtone starch, H,0 2294 N—H str. + C=0 str. amino acid
1460 N—H str. first overtone CONH, 2310 C—H str. + C—H def. CH,
1471 N—H str. first overtone CONHR 2323 C—H str. + C—H def. CH,
1480 O—H str. first overtone (intramol. H-bond) |glucose 2336 C—H str. + C—H def. cellulose
1483 N—H str. first overtone CONH, 2347 CH, sym. Str. += CH, def. HC=CHCH,
1490 N—H str. first overtone CONHR 2352 C—H def. second overtone cellulose
1490 N—H str. first overtone (intramol. H-bond) CONH, 2380 C—H def. second overtone ROH
1490 O—H str. first overtone (intramol. H-bond) cellulose 2461 C—Hstr. + C—Cstr. starch

Source : Osborne (1986)

20




Table 3 Results of PLSR calibration for Vitamin B; content in soybean grain.

Wavelength

Quialities R SEC SEP Bias F
(hm)

Vitamin B, 400-2500 0.92 0.14 0.15 -0.001 7

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Standard error of prediction; Bias: The average difference between actual
value and NIRS value, F: The number of factors used in the calibration equation

Table 4 Interpretaion of R Wag R? (Williams and Norris, 2001)

R R? Interpretaion
89 +/-0.5 8490.25 Not usable in NIRS calibration
+/- 051 -0.70 0.26 - 0.49 Poor correlation: research the reasons
+/-0.71 - 0.80 0.50 - 0.64 Rough screening
+/- 0.81 -0.90 0.66 - 0.81 OK for screening and “approximate” work
+/-0.91 - 0.95 0.83 - 0.90 Usable with caution for most applications
+/- 0.96 - 0.98 0.92 - 0.96 Usable in most applications
+/- 0.99+ 0.98+ Excellent, usable in any application

Table 5 The characteristics of samples used in model construction for Aflatoxin Bi content in maize kernel.

ltems Maize kernel
Min-Max 0-14.70
Mean 4.94
SD 13.58
Number 238
Unit ppb.

Table 6 Results.of PLSR calibration for Aflatoxin B; content in maize kernels.

Quialities Wavelength (nm) R SEC SEP Bias F

Maize grain 400-2500 0.80 3.28 3.42 -0.01 4

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Standard error of prediction; Bias: The average difference

between actual value and NIRS value, F: The number of factors used in the calibration equation
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Table 7 The characteristics of samples used in model construction for Aflatoxin contents in peanut samples

ltems Aflatoxin
Min-Max 4.40-59.95
Mean 22.25
SD 14.50
Number 67
Unit ppb

Table 8 The statistical analysis of NIRS models to predict Aflatoxin contents in peanut samples by The

Unscrambler® program

Qualitity Sam Math Wavelength N SD R SEC SEP Bias F
ple methods (nm)

Aflatoxin Grain Original 400 - 2500 67 1450 0.76 935 1149 0.19 7

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Standard error of prediction; Bias: The average difference

between actual value and NIRS value, F: The number of factors used in the calibration equation, SD: Standard Deviation

Table 9 Method validation between reference measurement and NIRS prediction of

Aflatoxin contents in peanut samples.

Method to determine

Aflatoxin contents d d*
Samples Reference NIR Prediction )
O N (x-y) (x-y)
X Y
1 16.50 19.98 -3 12
2 8.40 27.60 -19 368
3 11.50 18.89 -1 55
a4 18.90 18.90 0 0
5 12.30 7.71 5 21
6 10.90 7.85 3 9
7 16.20 24.70 -8 72
8 9.00 22.47 -13 181
9 15.80 17.91 -2 4
10 16.90 22.35 -5 30
11 7.80 19.98 -12 148
12 5.00 2237 -17 302
13 15.80 37.87 -22 487
14 13.10 21.35 -8 68
15 11.40 17.15 -6 33
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Method to determine

Aflatoxin contents d d*
Samples Reference NIR Prediction )
Method (x-y) (x-y)
X Y
16 12.50 22.33 -10 97
17 7.65 27.36 -20 388
18 11.80 26.99 -15 231
19 6.95 21.14 -14 201
20 6.75 22.20 -15 239
Total 235 427 -192 2947
Average 12 21 -10 147
CH:
16 Starch 2347
H20 CONH, 227

Log 1/R

0

Figure 1 The original NIR spectra of soybean grain samples in wavelength region 400-2500 nm.
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Figure 3 Regression coefficient plots to evaluate Vitamin By content in soybean grains.
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Figure 4 The original NIR spectra of maize kernel samples in‘wavelength region 400-2500 nm.
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Figure 6 Scatter plots for calibration model of Aflatoxin Bi content in'maize kernel samples.
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Figure 7 The original NIR spectra of Mung bean Soybean and Peanut samples at wavelength 400-2500 nm.
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Figure 8 The original NIR spectra of Aflatoxin in Peanut samples at wavelength 400-2500 nm.

70
o0 R =076
g SEP = 11,49
£ B0 Bias = 0.19 [ ] N
] L]
F=
§ 0 ¢ °
: . °
E % L .' . .
= °
g . % % - I
E ' ’. ¢
b S, [ .
& ey °
10 ‘=|. oW
o0
o
0
0 10 20 30 40 50 60 70

Actual Aflatoxin content (ppb)

Figure 9 Scatter plots for calibration model of Aflatoxin contents in Peanut samples

Regression coeficient
o

400 765 1130 1495 1861 2226
Wavelenght [nm)

Figure 10 Regression coefficient for calibration model to predict Aflatoxin contents in peanut samples

27



' ¥
=

3.2 HanAANAAIURSY (Output)

- .o . 9 aoda X a
NANAANTIUATIIUIDY VMUY o NANAANLNAYUIIN
Uy

U

WU
fu

PazduaNaNEn

Y . WeamAw
(WIDUKUUBANGIY)

1. 99AANS 3 Fed | 1. asAAaug

2. MIUTEYUNIUNT 3 Ses | 2. dnsuanuuludnas
HNAIU/AUNUITLAUYRA

A
(PN

1594

59991 1 nsusediudSune
a P Y M
a5indud 1 Tuduudes

Tneldmadaiios
Bunsusaanlnsalal
39991 2 MsUsEliuySInu
asiwienamenduly
Y v e oA
Frilnalagldinaliadles
Bunsusaanlnsalal
59491 3 nsuszdliudsune
asiwienamendulum
=3 v v a a I3
waawislagldmaialies
dunsuseaUnlnsalad

1. nMsUszliugSan s
Yoadud 1 ludwndedlagld
wadallosdunsusaan
Tnsalad

2. MyUseiiudiunaansiy
wenamendulutnalualay
THwedallasdunsisag
wWnlasalad

3. nMsUseliulTunuaE sy
wevtamenduludaudauis
Tneldwadalios
Sunsuseanlnsalal

v
s |

3.3 WAGWSTINNYUSY (Outcome) (§1)

v ¢da £ a
NAANWINLNAYVUIIY

i a v ¢

IANAAND

b
=D,

aunsuszliuySnaesinniiud 1 anansoldnsiaseuiegnsudndamans Turae 0.02-1.23 me/100g 2565

oW Ingndsusiaisldmeninusesinge s

aunsusslulSnuasisan@iesateramendu 9 1 Tuwdadalnalugag 0-14.70 ppb. laseng 2565

gndpsmzandmiunsARiionuUINguuuUAI 9 waglidnisussidiuigndesdusseviiaidy

aunsussfiuUSuIasivwenamenduludisg1edrdanudawiaanunsasi luldlunisuszunuen 2565

WesuwresUSinaarsiuieviamendulusedemaaudauialalutag 4.40-59.95 ppb.

uaans : wadusafiiininnisimands (Outputiisesen nswisugUresmandnlugsuuuuiliussloviliedia

M visemaafeunandnlghanssudisieiilos eneliiinnisidsunuas (Change) iusngdn wazd

ANAMIAATEENA FIAY uazdangey

Y a g a
3.4 NANTENUTNATUZS (Impact) (§131)

dl a g a
NANISNUNNAYUIIN

o a
UNNAKNANIENU

ANULATYIAA :

PuFIn ;

PAIUALINADY :

28




* gansyny : wauselevuiitinTuainnisiudsundasmunaans (Results of the change) Feinlaagstnlauuayil
Wang TN a (Evidence-based) Mannuieswgia diau uazdaindeu Niinludelsualiuay

1ile wansenuaradulanamsuinuaznisau

3.5 n1siwauddelulduslewd

Bmy/nsrunumsuanduanuieluliusslenl (Wsauuundngnudelszandnisimanululduseloe)

AR 1AELAT. e (FEYIATTUEITULG) e

U

pg13ls (spynaiin N SUIUTEUsElomina liARNADEITLD). oo il

AuLATEgN 1BLAT (SEYIATTUEITIUIG) e s i
ag1ls..... (srynaifinann1stlUlgUse Lo vine lAARNADEIILT). e
AUABINIT ELAT s (EUlATUUEUIUID) i

[

* g1g1nanun1sun ltusElevilunaaz Ay

1. aruleureuazansnsazn1suanus 1naddelldlunssuaunisimuaulovis e1adu
ulsvgsedulsunaszdugiinie seduimde sefuifesiumsliusslomdduulousaz s
nsthesdanudludnaseiduuleuievsenadendauleuis (Policy options) waahuleuiy
fulgdlsusslenilurniaievsslonivosdsay uasUssrvuialy ilofinannmdinves

Uspv9U AT NFIANANNN warduaSuAMNAMEWINAEY

2. fnunwdivd/asegha Wunanuideiuivadauinnssy welulad ndadnsilnl vsenisiau
ndsidegidn Wneidunsillduselovdlunsndndandisgnioannisindivaluladain
Aadszne visalugmataungiuugsialml Tnediidwsngieadagad iy iadsednsam

TunszuIUNSHARKALUSNNS

29



3. AIUHIANLASYUYU N15UINTTUIUNT T8N715 B9AANT NsiUfeuwainisiasunas swdu
o a aw o v o & A Y a ¢ '
HANSENU AAnaInMTITeuasiauyuey viesduiud WldliiAausglevinsveenasoyuwy
Vieadiu eTImdadnudy

awv daa

4. §nuAvins Wuranuffiuiniadyins nmsiesranuianuanuideiiffuiluguuuusna 9
W nauAinlusassEAuuIuId sedugAniede s uniseu lidudselevdau
AN Msiseu Maseunmsasulusinivnmsuasiaulasuivinig sudmsdinanuidely
Idurevendeaisisay nMsweunInNTNNANUITeTlFFeaissay Kummisdefinm /

3e13 / Wnsviend / g / gile / uiuiu n1siineusy wavdedseueeulatsing o Wudu

30



unil 4 dsunaLazanusgna

dsunauazanusnena
ayuna
wedladesdunsusaaunlasalalanunsaldussidudiuuasinifiud 1 Tudundeoslugig 0.02-1.23
¥ ' v a gj v a a a & a a v 1
mg/100g DW liegnegnsies BnvivanunsaldusuifiutSnamsiivaniosiwenamendu O 1 Tuwdadnilnalugas
0-14.70 ppb. lfeggnepaminzandmiunsAndenuUInguLuUAT 9 Lazdsslulinaamsivieramenduly
o ' & a I o Y] ° =~ ' o a ' | =
MmegmdasuanwisialuszrunsiueiionsusszauUiuaeg1ameulutag 4.40-59.95 ppb. lnsAugnauy
i a < a a a a a a a a o o I o 1
ldlumaiia NIRS Won1sUssiudsunaamsinndud 1 wasdiunaasiveenamenduludnlnauaziiiudauise
Tugias 400 - 2500 wluwas TdnannIsazyiauuas (reflection) wazldaunnsunuuuu (original spectrum) Tneldases

Near Infrared spectrometer Ju 6500 ¥83U3¥M FOSS
anUsena

aunsUsziduviunaasinndud 1 awnsaldnsivaeudiedruudndundeddigsosuaaislddieniny

seinse79 (usable with caution for most applications) waag1alsAnug LT ud patiad 1 uIuT 198199 1 A
X 4 A o a & o u ¢ I v o e Y] v °
wanvateInIuiaiuAduUseansanduius (R) vasudalilndides 1 wWisilunsiauiaunistiaiunsadldldlu
msUszdiutBinaansiniud 1 luwdadamdeddgndes dauaunsussfiudiinamsivanweswenamendu 4 1
Tuwdadrlne ausaldnseaeudegdlundadalnalddmsunsandentuinguwuunsn 4 (rough screening)
wararursahaunis Wldlunsussunaanl esduveausunatansfiwweainendulusiog 1addanudaniele
% o v ¢ ' ° a oA X A a a o« v

doandeafiudantium (2558) nuitawnsatweda NIRS Ussenaldilensianndesindnaswenamendud 1 Tudn
ndoald wazsang (2561) IwaleaninsalnUdunsisagulndlunsnsiaaeulsununinudy wazwenamandud 1
Tudheegaiminisua fe Inilwa winlve wasidaswudannsaldnsaeunaninld

forausuuzsiafifsafosdmiunisdndunulussezdsly

msinedadesdunsisaaalasalal (NRS) annsathunldussdiuusmnuasinniiud 1 luwdedindes
wazdsduUTinuasivandosienainendy O 1 luwdadning uasddas Suluasdsfudgeaunis vidowdiu
Usnausiogns ledawaliiiAnaauusiugy uazgndeailedesiinaia NIRS uldnsaaeuluidnnnwvemanua

LNURT

Ugymuazauassalunisiaeu

g -

31



LONEI5D19D9

o & 1

9135 vuUsElads LAYANTITIAL UIAN. 2560, TenuRanATeEeaditusydl 2560, nesiduuayianineins
vdamsifuifeinasiUsgUnanNaLYns. nsaATINsInYms. 57-63

139398 UNUIN BI3IT0 INA5I5U 8381990 a35saulay wawan3inid Wuuseasy. 2552, MsUssilluamnmEEnNa
wnunstagldinaila Near Infrared Spectroscopy. $1891URATLATEIS oy Usesd 2552 dninideuas
WauTIngmandsnaiuienasussusdnnaineas nsudvnsineas. wih 256-272.
aduauysal. drdnaunesuatiuayunie.

¥1A3e7 aana. 2555, QauvEduarasivienamenduluonsfiswingludminns. 115315358 Imendemalulad
SIVNAAA3 8. 4 (2): 56-69.

Foiiusd iwgunns ASawysal. 2558, msuszyndldmadaidlesdursusaadnlnsalntiftensiams

Aty youelfesd U13nnd isuguna Aan Anddyuy digimal widuund wazwangqual udase. 2563, nsld NIR
awnlnsalnUlunisusziduquamedanainuas. quduianssumaluladndanisdivifion (Postharvest
Technology Innovation Center) AtginEASANENS UMINeaelTedlui. 159 Ui

Aeuns guUsEiasy wazatnn g3, 2545. ansfwueiamenduiivuitovluiedouna. NsAsEAUIRe NS T 4
atufl 2 nw-wa. 45, i 33-37,
fnanerwamenduazesramondud 1 ludhindes. pasnsaiumine)ds, s1eamiide

P Shwnuw uag yad Saurduun. 2556, nantavueans. nganine; lowdeualas. 512 v,

3N LeNALas. 2561, MarTRABUYRINMATLTY uazerriavondud 1 Tusdad1ilne winlne
waziidas srewmairanlnsalndBunsusagulng. nendnususyaln. uminende

36l suzuwad. 2555, anunisalnsldusslevdmatamunlasalnddunsusagulndlulssinalne. inalulad
gursusngulnduaznisusegnaldlugnaimnssu. anwuAuaiuaziaumdananansinens. vt 1-7.
Aauns.

dviws vunined. 2509, msnmnaeulensmondueluniuimisminelunganmamuas. madvAineimansuas
wAlulagn1581113 ANEEAAIMNTIUNTAT UNTINYIRENYATATERS.

ann3oi ydun$ uazqudls tasqlld. 2537, msfinwinisuuideuness uageuannsalunisadisansorrlamendy
Tag Aspergillus flavus @efugiiuenlsnnedoaneauazayulng aminendoysm.

au31 Tugi. 2548. tonansUsERRUMIHNBUTIIWHTANT NM3aTadinseviansenamendulundananiinsinuns
agmnsilngliyansivaeuduiazy “DOA-Aflatoxin ELISA Test Kit”.

091330 IndBTT UATAITITIAl AN, 2561, Mavseidiuenutu Vinadusiu aruvils eflaa dna aunm
ity Gsnasmsueniamendu ludauazutieininadosdnidiemeaia Near Infrared Spectroscopy. M1t
18-30.Tu: S aa I SoufuYsET1T 2561, nediTeuarauIeINsudsmsiAuieuazuUssU
HARKAINEAT NTUIVINTTNEAS.

997590 INF5IIN UATINTITIU VI8N, 2561, enuranuIToFeaduUsedl 2561, nedidouaziannineinisuds
mMafufeuazusgUndaRaINYRS. nsATnsInas. 18-30

$ra7 aanenaa. 2550. fugrulaeuims. ngama: Teweualas. 200 wi.

Birt, D.F.; S. Hendrick and D.L. Alekel. 2004. Soybean and the prevention of chronic human disease, In: Soybeans:
Improvement, Production, and Uses, Boerma, H.R. and J.E. Specht. (Ed.), pp. 1047-1117, ASA-CSSA-
SSSA, ISBN 0-89118-154-7, Madison, WI, USA.

Clement, A.; M. Dorais and M. Vernon. 2008. Multivariate approach to the measurement of tomato maturity
and Gustatory attributes and their rapid assessment by Vis-NIR spectroscopy. J. Food Agric. Environ 6
(2): 327-332.

Delwiche, S.R.; W. Mekwatanakarn and C.Y. Wang. 2008. Soluble solids and simple sugars measurement in intact
mango using near infrared spectroscopy. Hort Technology 18 (3): 410-416.

32



Fontaine, J.; J. Horr and B. Schirmer. 2001. Near-infrared reflectance spectroscopy enables the fast and accurate
prediction of the essential amino acid contents in soy, rapeseed meal, sunflower meal, peas, fishmeal,
meat meal products, and poultry meal. J. Agric. Food Chem.,Vol.49, No.(1).57-66.

Hall, M.N.; A. Robertson and C.N.G. Scotter. 1988. Near-infrared reflectance prediction of quality, theaflavin
content and moisture content of black tea. Food Chemistry, 27, 61-75.

Kawano, S. 2002. Application to agricultural products and foodstuffs. In HW. Siesler, Y. Ozaki, S. Kawata, H.M.
Heise (eds.). Near-Infrared spectroscopy: Principles, Instruments, Applications, 269-288.

Koppen, R.; M. Koch; D. Siegel; S. Merkel; R. Maul and I. Nehls. 2010. Determination of mycotoxins in foods:
current state of analytical methods and limitations. Applied Microbiology and Biotechnology 86:1595-
1612

McGlone, V.A; C.J. Clark and R.B. Jordan. 2007. Comparing density and VNIR methods for predicting quality
parameters of yellow-fleshed kiwifruit (Actinidia chinensis). Postharvest Biol Technol 46: 1-9.

Phetkaeo, T.; R. Klaithin; P. Theanjumpol; K. Kunasakdakul; S. Thanapornpoonpong and S. Vearasilp. 2012.
Comparison of sample preparation methods on the infected corn seed detection by NIR
spectroscopy. Chiang Mai University Journal of Natural Sciences Issue on Agriculturat-& Natural
Resources 11(1): 243-249

Sapsford, KE.; C.R. Taitt; S. Fertig; M.H. Mooreb; M.E. Lassman; C.M. Maragos and L.C.S. Lake. 2006. Indirect
competitive immunoassay for detection of aflatoxin Bl in corn and nut products using the array
biosensor. Biosensors and Bioelectronics 21:2298-2305

Schulz, H.; UH. Engelhardt; A. Wengent; HH. Drews and S. Lapczynski. 1999. Application of NIRS to the
simultaneous prediction alkaloids and phenolic substance in green tea leaves. Journal of Agricultural
and Food Chemistry, 475: 5064-5067.

Suthiluk, P., S. Saranwong; S. Kawano; S. Numthuam and T. Satake. 2008. Possibility of using near infrared
spectrospopy for evaluation of bacterial contamination in shredded cabbage. Int. J. Food Sci. Technol
43: 160-165.

Tetsuo, S; K. Equch; T. Hatano and Y.i Nishiba. 2008. Use of Near-infrared Reflectance Spectroscopy for the
Estimation of the Isoflavone Contents of Soybean Seeds, Plant Production Science, 11:4, 481-
486, DOI: 10.1626/pps.11.481

Turner, N.W.; S. Subrahmanyam and.S.A. Piletsky. 2009. Analytical methods for determination of mycotoxins: A
review. Analytica Chimica Acta 632:168-180

Osborne, B.G., T. Fearn and P.H. Hondle. 1993. Practical NIR spectroscopy with applications in food and

beverage analysis. Longman Singapore Publisher (Pte) Ltd, Singapore. 227 pp.
Williams, P. and K. Norris: 2001. Near Infrared Technology in the Agricultural and Food
Industries. Inc.: St'Paul, Minesota. 312 p

33



