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Rapid method for food hazards analysis using near infrared spectroscopy (NIRS)
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Non-destructive determination of mold and aflatoxin in pepper, corn and peanut using near infrared
spectroscopy (NIRS).

Researcher Busarakorn Mahayothee Pramote Khuwijitjaru
Faculty of Engineering and Industrial Technology, Silpakorn University
Pramote Khuwijitjaru

Faculty of Engineering and Industrial Technology, Silpakorn University
Research Grants Fiscal Budget of Year 2015,
Research and Development Institute, Silpakorn University
Year of completion 2016
Type of research  Applied research
Subjects (based NRCT) Agriculture and Biology, Agro-Industry
Abstract

The objective of this research was to study the rapid determination of moisture content, aflatoxin content
and mold in pepper, corn and peanut using near infrared spectroscopy (NIRS) and studying the feasibility
sample preparation of dry-extract system for infrared (DESIR) technique for determination low level of
aflatoxin B1.

In this study, samples were used for detection of moisture content and mold and aflatoxin B1l. The
reference analysis of total mold content using dilution plating method and moisture content by oven-dry
method and aflatoxin B1 by HPLC were performed. Samples were prepared from two different methods
for analysis NIR measurements, the first method was the kernel and the second one were the grond
sample. Both types of samples were analyzed using reflectance mode of NIR measurements in
wavelength regions 800-2500 nm. glass micro fibre (GF/A) samples were used for model building for
determination of aflatoxin B1. Model (GF/A) were dropped with 1 ml of extraction aflatoxin B1 in sample
ranging and dried in hood 1 hour. Model (GF/A) were analyzed using transflectance mode of
measurements in wavelength regions 800-2500 nm. Then, the calibration model was built by using partial

least squares regression analysis.

It was found that grinded sample was a proper sample preparation for NIR measurement to predict the
moisture content mold and aflatoxin Bl in pepper, corn and peanut. Maximum coefficient of
determination (R2) and less root mean square error of prediction (RMSEP) were respectively 0.98 and
0.521%, 0.30 and 3.89x103 cfu/g and 0.97 and 0.14 ppm for moisture content mold and aflatoxin B1,

respectively.

Keywords: contamination, food safety, mold, aflatoxin, microbial, food hazards, non-destructive, near

infrared spectroscopy
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Detection of Physical Hazards and Quality Determination by Near Infrared Spectroscopy (NIR) for Green
Coffee

Researcher Pramote Khuwijitjaru
Faculty of Engineering and Industrial Technology, Silpakorn University
Chaiyong Taechapairoj
Faculty of Engineering and Industrial Technology, Silpakorn University
Sarawut Phupaichitkun

Faculty of Engineering and Industrial Technology, Silpakorn University
Research Grants Fiscal Budget of Year 2015,
Research and Development Institute, Silpakorn University
Year of completion 2016
Type of research  Applied research
Subjects (based NRCT) Agriculture and Biology, Agro-Industry
Abstract

In this research, application of near infrared spectroscopy to sorting green coffee beans was investigated.
Five samples of coffee beans were prepared (100 beans each), good bean (moisture content; m.c. 9.5%),
and 4 defective beans which were black beans (m.c. 11%), husk bean (m.c. 10%), good bean with m.c.
adjusted to 14 and 18%. Near infrared spectrum of each bean was measured on both sides (convex and
flat sides) in a wave number range of 12500-4000 cm-1 using a FT-NIR in a reflectance mode. Three
different groups of data were divided; the 1st group consisted of data from good bean, black bean, and
husk bean, the 2nd group consisted of data from g¢ood bean with m.c. of 9.5, 14 and 18%, and the 3rd
group consisted of data from all samples. All data were classified using linear discriminant analysis (LDA)
using full spectra and selected-wave number spectra. The results showed that NIR spectra and LDA could
be used to separate green coffee bean in all 3 groups of data. Using full spectra with data from either
side resulted in 100 % accuracy while combinding data from both sides gave accuracy > 96%. Using
selected-wavenumber spectra with data from either side resulted in > 97% accuracy while combinding
data from both sides gave accuracy higher than 98%. In addition, detection of physical hazards
contaminated coffee beans was also evaluated using fecal and soil contaminated beans. It was found

that LDA using full spectra gave 100 % accuracy in separating contaminated from non-contaminated

beans.

Keywords: Green coffee bean, Robusta, Defects, Sorting, Contamination, Near infrared spectroscopy
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Rapid determination of aerobic bacteria, yeast and mold in sweet basil by near infrared spectroscopy
(NIRS)

Researcher Chaiwat Bandaiphet
Faculty of Engineering and Industrial Technology, Silpakorn University
Busarakorn Mahayothee Pramote Khuwijitjaru
Faculty of Engineering and Industrial Technology, Silpakorn University
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Faculty of Engineering and Industrial Technology, Silpakorn University
Research Grants Fiscal Budget of Year 2015,
Research and Development Institute, Silpakorn University
Year of completion 2016
Type of research  Applied research
Subjects (based NRCT) Agriculture and Biology, Agro-Industry
Abstract

The objective of this study was to use near-infrared spectroscopy (NIRS) and hyperspectral
imaging (HSI) as rapid and non-destructive techniques to analyze moisture content, total microbial, £. coli,
yeast and mold in flesh sweet basil. Total sweet basil were taken for spectrum acquisition using an FT-
NIR spectrometer (800 - 2500 nm) in reflectance mode with a nominal resolution of 16 cm-1 and scan
time of 32 and the samples were imaged by reflectance HSI at the wavelength of 400 - 1000 nm. Then
sample was examined for moisture contents, total microbial, E. coli, yeast and mold in flesh of sweet
basil. Calibration and validation models of both techniques were built using a partial least square
regression analysis. It was found that NIRS was suitable for determining the moisture content, total
microbial, E. coli, yeast and mold that provided the coefficient of determination (R2) of 0.65 and 0.83
respectively and gave the root squares error of prediction (RMSEP) of 0.963 % and 3.18x104 cfu/g fresh
weight, respectively. While, the HSI could not be used for determining moisture content, total microb,
E. coli, yeast and mold in flesh of sweet basil, due to low R® of 0.37, 0.29 and 0.11, respectively and high
RMSEP of 1.2 x10” cfu/g 6.1 x10° cfu/g and 3.9 x105 cfu/g fresh weight, respectively.

Keywords: bacteria, yeast, mold, sweet basil, contamination, food safety
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Design and instruction of green coffee bean sorting machine using near infrared spectroscopy technique.
Researcher Dr. Sarawut Phupaichtkun. (Project Leader)

Faculty of Engineering and Industrial Technology, Silpakorn University
Research Grants Fiscal Budget of Year 2015.,

Research and Development Institute, Silpakorn University

Year of completion 2016
Type of research  Applied research
Subjects (based NRCT) Agriculture and Biology, Agro-Industry
Abstract

Coffee is an agricultural product that is processed into both food and drink, which is popular around the
world. The acquisition of quality products must be meticulously selected until the selection criteria are
accepted worldwide. This research will study the design and construction of a prototype machine for the
separation of good quality Arabica and Robusta coffee beans from defective and other physical
contaminants by using near infrared spectroscopy tecnique. In the experiment, coffee beans from various
cultivated areas in Thailand were tested for moisture content, caffeine, sucrose, chlorogenic acid and
polysaccharide compare with standard values. Then take the coffee beans to measure the spectrum with
the Minispectrometer (tec5), a standardized tool for storing references and measure the spectrum with
the NIR line scan machine that designed and built to carry the data analyzed and create predictive
models that can automatically separate the coffee beans. The results show that the chemical values
obtained from the experiment tend to follow the standard but oil content is much higher than standard
and the caffeine content is much lower than the standard. In the NIR line scan machine, the grating
system is suitable for real use, by lighting on the subject and reflect to a 300 mm long 3 mm wide slit to
give a linear light to the lens unit to combine light to grating to separate light into the Sony XCEI- 50 as
detector. In the part of the spectrum analyzed by PCA technique, it was found that the coffee beans can
be separated into two groups clearly when the selection at the wavelength range is 800-1000 nm. A
group of Arabica coffee. And another group is Arabica coffee from another source including Robusta.
When the spectra were taken to analyze the relationship between the chemical values obtained from the
above experiments, it was found that the NIR line scan is less reliable than the line scanner.

Minispectrometer

Key words: Green bean coffee, near infrared spectroscopy, foreign matters, sortin
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- dpdssgndunadedl 1 130s manTnsavduanelusisesnsniaiadaemedaanin
salnUdunssngulng

1azBenNaN IR TLILYEYALASINITINY
= o a AM Yo a & o &
iqﬂagLE]EJ@GUQQNa@nLuuqqusﬂ@\ﬂﬂﬁ\?ﬂqﬁm‘l@@qL‘UUﬂ']TV]Q 4Iﬂﬁﬂﬂq3®§|u

Tasannsdi 1 nsmsaeaeumsiuiouvessuavasiivesrlamendunuulsivharedaognsly
wanlve $1lnadesdnsuasiaaomaiaanlnsalnddunssngnlng

mAdeildAnvnsuszgndldinadeaninsalnddunsnsaglndlunisnsinaeuns
Uuiouvessuaransiivernamendunuulivharesedrdundnlne $1alnadsdniuazdadas
Aagensning Gé’h’ﬂ,wmLgmé’miuazﬁﬁawzgﬂﬁmﬁm NIR lugosguuuuAouuuninuasiuuun
Tuthaaadu 125004000 cm-1 fewe3ed FT-NIR Tussuunisiawuuasiieundu (reflectance)
ﬁ]ﬁﬂﬁ?uﬂ]zﬁﬂﬂ‘imwﬁ‘igmmgmﬁ@ USuasenutu UsnandeswazUSinaansiivesrlamendud
1 hewala HPLC wasfnwiniswdeusiegnsdnsunsinasvesramendud Afianududusi de
\WAfA dry-extract system for infrared (DESIR) Tnen1suenansafafiasuunszaiwlouts (GF/A)
ndsntuidiliuiduganafuduna 1 42l dilutadeedes FTNR Tussuunisiauuudes
ruazazTieUndY (transflectance) ad1saumsviunelagliisnsannesindsasstiosfignuisdu
(partial least squares, PLS) "ugauauni1shuy full cross validation 91nn1sANBINUINLNATIA
NIRS Sinnumnzaslunisihuinsaegeulsunamuiu Usinaesamenduls uazlianansoldlu
AsasIaEeuUsINantesld Inslradulsyansnssndula (coefficient of determination, R2)
Winifu 0.98, 0.97 way 0.30 MuaRU waziaimnuaaiaedasulunisyinune (root square error of
cross validation, RMSECV) MU 0.521%, 0.014 ppmias 3.89x103 cfu/g mua1ny

Tasensil 2 n1snsndudunstontantsnmuaznitainnuninlagldauninsalnd
Sunsusngnilndifiefaueniudnniuniiv

mAfeilFnummsussandldimadaaninsalnTBunsusagulndlunisdaueniudanu
Auaneiuglstad lnowSeudegrnudaniunfvesnidu 5 ngu laud waaniunpunng (3
AL 9.5%) uastdnnuniiunnses 4 nau Usenoumieuane (@nudu 119%) wiedidiudon
oonlsinun @rudu 10%) whadfidanudu 14 uay 18% nquaz 100 wina thiedaudaniu
uinaUnpduiiaziudn Ing3dnsinutsesnidu 2 wuu fe wuuil 1 Tiuasdesndeiuyu uagiuy



71 2 WiuasdesundarnuiFeu Tutraauadu 12500-4000 cm-1 feiedes FT-NIR Tuszuunisiauuy
attaundu (reflectance) ntuthdoyaanasumutengueanidu 3 ga lHud 9l 1 Usznaudae
wiinnun G winfuaziudniiddoneenluivun i 2 Useneudewdaamninaiitnnuiu 9.5,
14 uay 18% wazyndl 3 Usznoudeludaniunia 5 nau wazsiuunngudiednaainii 3 gade
BNMFIATINMITUUNUTELAMTUEU (linear discriminant analysis; LDA) Tagnislddayaainyn
lvnauLarlideyaamzuIaavnay N neinanunisldteyaannsusudumada LDA
anunssuundaniuiainti 3 ga sonanduld Tasmslideyaainyniavndumstausazuuy 4
Aegniaslunissiuunngu 100% wasidlosadoyanistans 2 uuu Wanugndedlunisdauun
nANIINNT 96% waznislideyaanizuaavadulaeiaudazuuy Tiaaugnaedlunisdiuun
nauaNT 97 % uasdiosudoyamstasi 2 wuu Weaanugndeslunisduunnduannn 98%

Tasansdl 3 msnraeumsuiiouvesnduidiulunszmedunnidemeaiaaniy
salnUdunsnsagulng

At nguszasdifiotmaiaadnTnsalnUBunsiaagnlng (NIRS) wagnsdnenin
awnasy (HS) FafuBmsfinm uaglivhaneiedanuszgndldlunisaraaeunmsuuteunes
HoqAun3t Idun S1unuadunidiienun Escherichia coli (E.coli) Baduaran lululvsewn Tnenis
weuegns 2 suuuude feglulnssniiinsuudeurendeqfunidmussuyi uasiaegng
Tulnssmnidsunuunsduiieureatondunis lneagvinisaanaiuvesiedslulnsznian
feA3es FT-NIR (800-2500 unluwins) Tussuunisiauuuasyioundu (reflectance)  uagn1s
dnemwalUnasusmendesmenmanasu (400-1000 urlwans) 1 atwsie 15 Tu dwmsunisasng
ANV UYL S1uuqBuvEETanun Escherichia coli (E.coli) Baduazsn Tululnszmn
afreaunisiunelagliitnisannssidsasstiosianuiadau (partial least squares, PLS) 910
msfnwmuiada NIRS Sarummnzaslunnisnamadevyiumuautu Swiudaduaysld
Tnelarduuseansnissnaula (coefficient of determination, RY) wWinfu 0.65 way 0.83 Mu&IFU
wagfiAAnuaanndenlunisyiniune (root square error of prediction, RMSEP) iU 0.963 %
way 3.18x10° cfu/g MUETU wazanansAnwsewada HSI wuinweda HSI §aldanunseldly
N139929a0UUT IR IUIL AN ETanun Escherichia coli (E.col) Baduarsn lululnsewn 14
dinsanlian R g Taelsian R™ windu 0.373, 0.299, uay 0.110 mudsu uaylian RMSEP ﬁqﬂ
wifu 1.2 x10" cfu/g 6.1 x10° cfu/s wag3.9 x10° cfu/s AMUARU

Tasensh 4 niseenuuukazdaviaIesdnuenuanniuiAumenisinauninuansiey
watiaawnlnsalnUaunsusagulng
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A duiiinunsian uAdelidesnisfinwesniuuuaraituasesdusuulunisfauenuin
nMunangiugorsinuaslstanminiinaunimfenanudanideunnseduasdsasudunianignin
du9 Ingondawmafianisinmauauevesiasdunsitsngulng Inglunisneassagiiuaanium
& : . - z o %
Uz Ugnaee Tulsemelnenvitnisnaaeunivsunaauiy ansy Wiy glasa ne



aaolsddn uazwoduvaarlsdifisufuaiuinsgiu wdrirlufaatdnafudisinios
multispectrometer LaZLA3aY NIR line scan fleanuuuLarasisty antuswhluiesvhideadn
iloasisuuusiaswinefiazlddausnaneiug udrSaimaaindts 2 ta3esidIsuifisude
ATvEUAILTefovauATes NIR line scan 91nnanIsvaaesnuin Avmaadidldduuldnduly
MUAININTFIU LL@'U%@Jwmﬁwﬁuqqmﬂmmgmmﬂ wagUTuaanUduiiniiAunsgiuen et
awnmalUiinsgsisematia PCA wuin azanssanenngudaniunlosnifu 2 nguldidevinns

FinreanuenAauLdu 800-1000 wlwns waziiothanasuludiasizvrmanudunusiuainig
LAIWUIT LAS09 NIR line scan fadiauui@oisuouniAIed multispectrometer
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- Ektasaeng, R., Tantinijakun, S., Khuwijitjaru, P. and Mahayothee, B. 2016. Rapid
Determination of Moisture Content, Mold and Aflatoxin B1 in Corn using Near
Infrared Spectroscopy. The 5" Asian NIR Symposium, Kagoshima, Japan Nov. 30 -
3 Dec, 2016. (Poster Presentation)
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unii 4
unasuguIIg

AuUasnfBrIueInis (Food Safety) WutlymdAgaesmniszmeliinazdu
Usemaiauudmserdaimudagdiuldaintnaisietulymduenuvaondoes
pnsegidue uenwiieanivsnfiuaudasafovesemsdadutedmuaiiddyluns
dnddumemsiaznsinunsiingussinavesUsemasing uulan Fansdiveen1snsIany
Sumseviianinag 1wy assiulasmnAng vieqaunidiinelsaludinan nswuiewLaas viods
UasuUu ¥30n13n519aUa TNy 1t aflatoxin Tundanmae Usinamsvuouvesansiie
ovwawondugnliiiuedowesesmmudnnanisnisinuasiiinnudssentsuudeuly
seiunafnelulssmeuarsewheUssna mssmuasmsduiiouasiveswamendun
psUszwmAlng AuUsENANSENTNENSIsAIEURtU 98 wa. 2529 Avualvifozrlamendy
IalaiiAu 20 lulasnsusiaemns 1 Alansu dmsuderinusvesanninglsUayginliusuiu
gegnvasansivasamenguviia B1 dlaliiu 2 lulasnsuse 1 Alanfue nis wag a1s
fwarnamenduviia B2 flldlsiiAu 4 lulasniusie 1 Alan3uewns luemssamands waldl
WIS ey Seyinas (Stroka wag Anklam, 2002) Y39N197T1980UUT I AN TUlUNE R ST
Husvilfidrdyoamstons iwu iwdanuniiussliwoniedarutugentt 129 fuualtud
ﬁlzLﬁ@Mﬁ&J@EJNi%@L%%ﬂﬂL%@iﬂuamwﬂﬁﬁﬂ (Daniels, 2009) ﬁﬂmﬁqmsﬂg_‘jmﬁmiﬁ%%ﬁ
Audntue ﬁsTuﬁuﬁaﬁLﬁm%ua&gLaua dlesantedriavesnsnsaasuvessinanluiiagiud
Jun3nsRaeukuUgumes Lasn1snsiadeuuensdldnaiuutazindudesdsdud i
thiludwenou

HamivaninnguuaAnlunisnmaaududuuy 100% lnslsivihanediegns (non-
destructive analysis) dunafialunisnsnasudamaiaaninsalnddunsnsagulng
(Near infrared spectroscopy, NIRS) Hutdudninailavilsiiinsdnwuazuszndldluszdu
qmammiuaéwLLWi"wmsJLLazUwaUmma"ﬂL%ﬁ]Lﬁaamﬂmmdwmmqﬂﬂsaj Way
UszAvsnmlunsvimemannwssduiivensu dfuunmauidedividinaenanis
Anwideludoswesnisnsaaeusunsngluaims (Food hazards) Tnglulassnisgesd 1
NM3R529Ee UYL uvD I LaTaN s Rweramendusuyldvinaredetrduninlne
FlnaaosdniuasiiaasdomaiaanTnsalnddunsusagiulng nasudsonuin
wedeanTnsalnPBunsisngnilndaunsolinsnaeudsinaunnutuiiduseidlunsldde
Menyfians 3 vln Tnsadsaunisfinaeunquidnanutuiinuldousidussdugramnssy
wagladnwnsidmatiraidninsalndunssagulndnsisaeudsunueramendud 1
Tugemnududusilasldinada DESIR Seusinvsdesiniswiousogrsdmsunisldinaia
DESIR wazdosihatednogsusnuiniiliaimnsonsisdeunisuuidouldesnesnigs an
Sumou wazanaldirwainnisldnedudatnaisivesnainendu Tassnisdesd 3 nas
n3aounsUuouvesgiuridluluinsrmesnnswhomaiaauninsalnUaunsisn
g1ulngd nisAnwinuInnatagiuninsalnUdunswsagulnaauisaldlunisnsivaey
UhinaBaduasslduliausaldnrasouuinionde Ecoli uarsiuiugduniavmunld
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wagkansAnwmemada HSI wulwnadla HSI Seldanunsaldlunisnsiageuusuiuinuiy
QAuNISImuA Escherichia coli (E.col) Baduarsn luluTuszmild usdoenslsfnuain
nan15398vi s linanuduldldlunisnsiaaevediasiaslaglunuidevinlidiu
LumsAnsiaumedafiosiiuanududuresusuiandelusiodiesUn@ty DESIR
Tassnsgesil 2 n3nTadudunsenismenimuazaainnunmiagldaunlnsalnd
surlsusagulndifodnuenudnniundu msenwmuinanuanisanelulasinisiausa
naliimedieauninsalnddunssagnlnadenudululiguannlunisiiluldlunisda
wenEANUNTTdnwazAnUsnRsne finuvee Taunwdas wazswdnfidudensenlinue
i’mﬁaLLemLmé‘ﬂﬁﬁmm%uqmﬁwmmgmiﬁ Tnensinflaziudadsannsanauwnmilévianisdn
Feanemuarnsinautusiodesile uazlaseinistosit 4 aannseassAmiLAdl
vouudnnunildanuaamizugnenag Tutssmdlne wut feaneiugersidni uazans
wuglstamuualduvesamaaiiduluauuinsgiuaina wgeudidildagladmiy
1AIIU AAdNTuSALFaInATes NIR line scan fiddnindamnuduiusildainiadeg

minispectrometer
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