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Abstract

Project Code : MRG5480149

Project Title : Application of near infrared spectroscopy for determination of molds and

mycotoxins in agricultural products

Investigator : Cheewanun Dachoupakan, Chulalongkorn University

E-mail Address : Cheewanun.D@chula.ac.th, cheewanun@hoimail.com

Project Period : 2 years

This research focuses on the possibilities to use Near Infrared Spectroscopy {NIRS)
for determination of AFB, and Aspergilius species in rice. Firstly, a model for determination of
Aspergillus contamination was developed from the reiationship between the values ¢btained
from microbiclogical analysis and optical daia obtained from NIRS of the rice samples
obtained in nature and the rice samples artificially inocutated with Aspergillus species.
Catibration models for the total fungal infection and the fungal numeration (CFU/g) were
developed using the original and pretreated absorbance spectra in conjunction with partial
least square regression (PLSR). The statistical model developed from the untreated spectra
provided the greatest accuracy in prediction, with a correlation coefficient () of 0.668, a
standard error of prediction (SEF) of 28.874%, and a bias of -0.101%. For yellow-green
Aspergillus infection, the most accurate predictive statistical model was developed using a
pretreated (maximum normalization) NIR spectra, with the following statistical characteristics
{r = 0437, SEP = 18.723% and bias = 4.613%). Whereas, the models for total fungal
numeration and vellow-green Aspergillus numeration provided the very poor accuracy in
prediction, secondly, another model for determination of AFB, which was developed from the
relationship between the vaiues obtained from chemical analysis and the optical data
obtained from NIRS of the rice samples obtained in nature and the rice samples artificiaily
contaminated with AFB, in different concentration levels. The stafistical model developed
from the treated spectra (standard normal variate and detrending; SNVD) provided the best
acouracy in prediction, with a correlation coefficient (r) of 0.9573, a root mean square error of
cross validation (RMSECV) of 1.9024 pag/kg and a bias of -0.0040 ug/kg.

Keywords : near infrared spectroscopy, aflatoxin B1, Aspergillus, rice
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nandwluwiindaswesuafindaning Aenududu 8 lulesnTudeflansy ff?agan’h
Szﬁugaq@ﬁﬁmu@vlf? 2 lulasnFudafilans) Erinoudasiunsdiludrsdseme o ng
Tavduimny  desinaadaw, 2554) m&;ﬂ'ﬁ?tﬁvﬁuﬁﬁﬂﬁg’mLﬁﬁﬂﬂtﬁaﬁalu@mmw%ﬁm
Frtmrmhwdanmrizonmivi nsiaduifgmidesassaindaduadnomn flasan
féwaﬂ‘swuGiamwé’nmﬁfua:Lmﬁgﬁwaaﬁizmﬂgmaanﬁné’uﬁumﬁwaﬂaﬂ
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F1THBAINT (mycotoxin)

F13RBINT (mycotoxin) #a mi‘ﬁLﬁmwnmzmumimLmuaﬁfﬁunﬁagﬁmaﬁﬂma
o femaiufudanuazias Inamsussaudinsesinwumsdwiavsesasfimans
WRUTHe L7 aflatoxins ochratoxing fumonisins trichothecenes zearalenone citrinin patulin
{Castegnaro and Pfohi-Leszkowicz, 2002) ﬁi’]m’mﬂﬁﬂuﬁjElu‘i’m,azm‘iﬁﬁi]’miﬂua’mﬁ
LasAufInITnEa R wnn  lamawizeseilssmalueatantuuaz sz inaing
AT 6‘1’5{1ﬁamwgﬁa’mfmmmzamcﬂ'amm%tymaﬂma:mwﬁmﬁ’ﬁﬁwaa‘n (Kumar et
al., 2008) ‘iﬂluﬂqa Aspergillus, Peniciflium, Fusarium, Claviceps Wa: Alternaria Hum
Awildlusrsundnluarmeuasduludnosuiviimanees  womsdwloulundasoed
numMmneaTissa T e neiuasR=lddndan (Castegnaro and Pfohl-Leszkowicz,
2002) FaddusmemneesilafunanssnuannnsUwdiawsesansivann Idud
Fufizineg wuw dnlne 91 drade Fnemd dnoded fnlda Il whaana
wEmie dauaznslay uﬂﬂﬂﬂﬂﬁgdWUﬂﬂiﬂ%L%au’BE!{iﬁ’]‘iﬁHﬁ]’m'}?’ﬂ%wa@lﬁm“ﬁﬁvﬁ%ﬂﬂﬂﬂi
wilssluanianiemsineas 1w i nAedmatarmsainiyNs sunis P asaNLeanaTos
e ed wsrhd »mz,ﬂuwamﬂmﬂmmwnmnﬂmﬂaummﬁwwmmﬂumwa@
uanmnﬁé’;’swumwmﬁaumaaﬁmwmmjﬂmuwgm:amﬁmamwa@ﬂmﬁmmnam LTt
Tai wa uae twauds (Jorgensen, 1998; Skaug, 1999; Abul-Eneinet et ai., 2000; Chiavaro et
al, 2002) aaurdadailesumssansdrilvinemoesiliAema el
ErunwEuua et mw‘ﬁBﬁnnﬁmwﬁ@mmmﬁaiﬁlﬁﬂﬁwgmm@iaéﬁj AADLTRALAE
sruuneue findarzundyenussnauie Andale ldfemdmdm e iugns
Lmz%:%'"zmmﬁﬁ;ﬂ fa Wugsrieuzss

azaandu (Aflatoxins ®38 AFs)

a:wm'ﬂaﬂ?ﬁm@una;maamiﬁwﬁ'iﬁ@mmw Aspergillus flavus Was  Aspergiilus
parasiticus  Bavgldalwantaznadanin LLa:wumiﬁmﬁauagjluﬁmm:mamaﬂﬁéﬁmﬁ
nmansas g 117 9nlne 9vhs el fi”a‘e”ma wasnRaimulsgdununnaie
wlﬁa@n@u*{mm‘smwm LT ma@nmmmmaﬁa Laziaas Tnuss wa”i.wamm LT WINUWI
wa:ﬂ”i:nu 1 wdausdnfumuduas qu swfsewsudafinengas wu Uatud
f9uhy (Murphy et al., 2006) arlanandundieanldnatuaiia 1w axwamandud (AFB,
AFB,) axvlamanduid (AFG,, AFG,) uszasWa mandwds (AFM,, AFM,) @3 A flavus wia
awnzesamandulviiin d1u A, parasiticus wanleasWamnendutluazezwainan-
Ul (Tekinsen, 2005) S wTuasamandud 1 wuldluinuuuazn A annus iRaam
mMunUaasuassazamendud 1 ludainfvemiidnstwlsuvesaswamendud 1
%dLﬂuﬁﬁ@ﬁlﬁﬁ‘ﬁ%ﬁmtﬁmﬂﬁ:m 23@n3 International Agency for Research on Cancer
(IARC) "Em@%mywmmn%uu 1 Lﬁ%ﬁ']‘&ﬂmj \349 (Murphy et al., 2008)

maamnmﬁwwmm”z"ﬁumumwmﬂmmawmwwammm zdailanaTy anenTTan
%msgﬂiﬂ (EU) f-waaﬂﬂuam%ummumiﬁmﬂauqaqwmameanmu‘Luaummwma:
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=) i ot = o o 5 g A a:; = = =t )

awnTasneTie 1w FyRmussedaimel wgdiyfe SiRss (ezWamendud 1 lidu 2
Gt e a 1Y 9 A L Voo e ]
ulasnsudedlaniy) T11lwe dnusuafaana (exvamendud 1 lifiu 5 Tulasniuda
Alan¥y) wndy (exvWanandwdy 1 Wifiv 0.05 lulasniudaflaniy) (Judu (Regulation
(EU) No 166/2010) druludszindalne ddaimusianzazdamendunuynoieinemn
nnisznagd 20 luleaniudafiloniy lwansfnnlwianvesasamondudaudionn
LU TULATHANRAN W ITILN S ﬁalugﬁ%‘mgauLL&:LLﬂ'ﬁgﬂmaaﬁuﬁwmwmgjw%kgﬁmm:
Tferinietnday wmfdmiheludaseaauasfianadilsaing Tanaka Lazames (2007)
ladnwwuhdnlnegmlwdsudisardamengud 1 anfige

4 ]
m‘immmmsﬁmﬂmumadimmmﬁwa (ﬂﬂ’]'ﬂ‘liﬂ%ﬂ’lﬂ’ﬁ

mzmwwmﬁmﬁ@mTﬁmxamﬁﬂmmﬁ@%Lwi’[ui@qﬁuﬁlﬂummfﬁm WD
AITUIUNTIHES Li‘ju'ﬁ'@a%ﬁé’mu*?{ﬁ;:a@mmaémsmaam:ﬁm%aumﬁmwﬂﬂlumﬂbﬁmwa@z
"";"Emi@meng@?%‘umiﬁ@umLLazmmlﬂﬁ’gﬁammaaﬁﬂﬁﬂmﬁaumaﬁﬂummi sulng o
IEnaaadinemsdesdjiins Tsenmsdudnun devgnmiaindadis Tuunus:
seyrflavasnlagldinumeniafmgwing (Morphological characterization) Tetun Anwnich
waRueInenL U8 {(Macroscopic characters) Vi AneoA U warhvedialad wazAnwo
mml@"fnﬁa«gammﬁ (Microscopic characters) 1T 8N®Ik:uad conidia, conidiophore Ua:
conidial heads (Samson et al., 2004, 20086; Pitt and Hocking, 2009) gdrgbsnenAEg
wantidaslfnamm  wasdaserdorinnihivaalfidnsdifia sy wananilil
Iywifisfuanasgunimasey smdafiensefifineinnindiaudussninnimasey
{(Atkins and Clark, 2004)

ﬁ%ﬁgﬁuﬂﬁﬁ’lﬂﬁﬁ%t}’iﬁﬂiﬂf“ﬂﬂ&ﬁ@ﬁﬁ (polymerase chain reaction, PCR) 1Ilu35#le

€

-]

Fuanufieu Lf‘immﬂﬁmma"nww:uazmm%ga (Paterson 2006; Niessen 2007) wnafiail
Qﬂﬁﬂml‘ﬁﬁ'}‘m%‘u%‘@lé%mﬂLiazi:‘q‘nﬁ@"uﬂs Aspergilius {Geiser et al., 2007; Samson et al.,
2008) uagldluntiamiaminiieves Aspergillus ﬁﬁuﬁauag}iiummi (Sartori et al., 2006)
atslafionn wedadinsnffidehiauislng e eududauresitne dldinely
Sonatasfouaranedfldienst  wasnmdeninnuafiamsensisdniunudassia
(Santos et al., 2010)

= 3 f) o &‘
ﬂﬂi(ﬂ?'@’i}’éLﬂ‘i'\z‘ﬁﬁ"l‘iwH@?ﬂﬁi'l‘]’lﬂ%ﬂjauiﬂa']ﬁ?i

o ¢ - o = Yt e & s .

measmadarsdasiennsivemsleon Wionldimaaifmsed  wu thin
layer chromatography (TLC) tHudfiumnfiiiuldasiaazwamandu (Marutoiu et al., 2004)
-:§ o L ==Y gy et s 8t 5 5 Y 3 a3 4 a &
v TNuﬁ&ll"ﬁi'}_]%’JTjﬂ"liﬁﬁ‘ﬂ’iumuﬂizﬂ’l”uE}\‘i"s’%adﬂgu@mﬂwﬁéEj (UAUNT yasawng,
2555), hight-performance liquid chromatography {HPLC) usz gas chromatography (GC)
mmjﬁumﬂ‘ﬁ fluorescence detector %138 mass spectrometry (MS) (Turner et al., 2009)
Foduitfionld Wuadgndeasiudgousadedials (aimez et al, 2000) udiidaifolugam
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VoA aUALIIN e wisina e oyt aueas eI Tie T annal
Frununn (Ale wazame, 2551) dldTege uardaandiivrmalunisnasey wenand
ﬁaﬁﬁ%m&gﬁ@jnﬁuﬁﬂm Enzyme-linked immunosorbent assays (ELISA) Tuluitidanu
o = L o addd v oo Py

Jumizgd  #zaanTIady (Lee et al, 2004) yeathelsfienudiaddozelusasvesmauns
msanudliszuzianinda (Abbas et al., 2004) liflecaafismmesiwnasauifielinis
narauLu I8 W% (Fermandez-tbafez, 2009)

waiteitgsaursusaadnlnyalnil (Near Infrared Spectroscopy: NIRS)
Lﬂﬂ?ﬁumﬂnmmﬂn‘[mﬂn’ﬁaﬂum&ﬁﬂﬁmﬁmﬁﬂmi@@nﬁuﬂﬁmmmﬁnﬂwqﬂwm

gaTiutssulngdunsusefifanuenedn 7802500 wilwwas msierueadfiuania
n}gymmm"iugmaﬁuma@mnﬁmmﬂﬁfjmaiﬁ'mﬂﬂﬂ“l@?mn Lﬁ‘;mmnﬂgﬂuwnng@mﬁmaa
(Absorption  band) waamﬁm:ﬂau@haG]“?fm%ffauﬁuﬁu Foimdedatinmrldnannisms
Chemometric Ao inaflamsTierizddeysuuudiudsny (Multivariate analysis) ana3ulu
myriadudstenueendudatuundmadlumsvinumng  (Calibration model) Fanada
NIRS fiiuiEnasaufilaivinanednadng mnedoudiedishidonn ilimads dunda
sepznm wastiesnilsitneseudlldemaitilsends (Juleviufouadey  aad
W1y wanemidaduitidenuwinduasdefold (113l suzuwad, 2555)

wadaflesiuiasdninsalndanibhanldlunsiensimasddsnavaasews
Lasandarnemninuasitiuasiunss 1w hlrduludnn (Zhang et al, 2007) YSwim
LW@@%‘Eumﬁ'rﬁ:ﬂu (Sirisomboon et al., 2007) Yunomianalunals (Camps and Christen,
2009) dIunsund ufefiszanele (AVINRAI) sasinil (Sirisomboon and Howvimanporn,
2009) Hhiiunanszivedidendula (Siisomboon and Duangchang, 2009) usswikuaiidy
Tusiwa el (AlHoly et al., 2006) wananit desBudrsaadnlnialndSagnibhandszond
Tumiamammaelalunuifonataties 1u Berardo et al. (2005) 1% NIRS lumsasaam
Wesdudnsfaideryivueua: Fusarium verticiloides TwaSadniInauazdnlnadn 4
uunsﬁﬂaaaﬂﬁ’waﬁﬁq@lﬁm Correlation coefficient (F) = 0.75 was 0.79 LAz Standard
error of cross validation (SECV) = 7.43 uaz 10.95 dwniuwdednilneuwaziminatly au
416y Santos et al. (2010) MnafiadandlunIaTany Fusarium moniliforme Uas A.
flavus AaemaRsluialue s Del Fiore et al. (2010) AdnwmslEmaiisendiuiy
MFRATIERIWILY hyperspectral imaging analysis tReaviamfinaamsAslud1aine
1durt A flavus uaz A. parasiticus %ﬁﬂaﬂé‘;w\lmﬂan%u, Aspergiflus niger Audauaslunge
laeswmendula use Fusarium graminearum Waz F. verlicilloides ﬁmﬁﬂ trichothecenes
wanandl inafiaflefBunssaadninslndsdanuduldldlunsdsyndlfitaasiam
et anpaenvenuauasfinaassiamanduil 1 1udhs (Dachoupakan Sirisomboon et
al., 2013)

wananil fmﬂﬁmﬁm’ﬁuw‘ﬂmﬂmﬂﬂ‘[ma{nﬂﬁsgnﬁﬂml*’ﬁ’lumimwmmiﬁmm
szanengui 1 ludnInauazdnindiad (Ferandez-bariez et al., 2009) Tasldda9nin
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1112-2500 wiluuas wamswisdmiudnlussesuuuiiaedlesldis standard normal
variate and detrending (SNVD) %’@mﬁﬁumﬂﬂm%mLﬁﬂ%ﬁm\mn@iﬁm@ﬁaﬁ Tanilen
Correlation coefficient (rz) = (.80 u4mz 0.82 @1 Standard error of cross validation
(SECV) = 0.211 wag 0.200 & miy Lﬂ%m NIR Spectrometer uil grating WazLY FT-NIRS
iy dwutiusaduunsssidaimunlasliiedesuny  grating lagld3 SNvD
%‘mmiﬁumﬂﬂm%fmLﬁﬂ%’ﬁ%ﬂﬁ’m@iﬁmaﬁﬁq@ﬂ@ﬂﬁ@h # = 0.85 uaz e1 SECV = 0.176 195U
wuninaasf Walndaetes FT-NIRS I@nﬁmﬁﬂm%m%@z,@m@ﬁmaﬁﬁq@l@ sl 7 = 0.84 uaz
fi1 SECV = 0.183
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unNT 3 35k wI9E
HADWIINI Y

1. mmAudetng
2. nsdnweuiuwldldlunsifnedadediudsestnnsalntlumsarawvinisdu
Wawrasmintn
et o ]
2.1 MIaIauFIad9
a i g d-} = e
2.2 psrunu@radeateaRwisIaudTse
2.3 meTavinIduteuresriutisied1alasds Direct plating waz Dilution
plating
2.4 msafsunudtssaerinwssedunsdwlauuadn
2.5 miﬁ'i”waLmuz&ﬂaaan’ﬁamﬁLﬂ‘;’l:ﬁl%aﬂmmmﬁammmﬂéjwm‘sﬁm’ﬂ BUTaIT
3. myanwianuinldldluvnrdnetadesdunsusasdn vz intlumserominisdy
X o .
Havaasarwamandud 1 ludn
3.1 MAaILNa2a819
G v 9 ;ﬁ’ I=3 £'m
3.2 nMTaunuaraiIgaafuitasaunT LI
3.3 maesreninsdweuveteswainendud 1 lwdhndradralesds HPLC
3.4 mIaTsuudessiavinunssduntsduwillswaatazwWamandul 1

FEn 1AWy
1. mahudadis

Wudiat1ed 3 dsman dun Towenuzd Thiwn wasthandes annvng
FITNEWE amaaa waslidETIvialngd dhedisaz 1 Alanty leoudasunasanfiuiuou
60 datng TIuTnua 180 dreths leouvaiuiadwdmwiumsfinenluda 2 S 90
et warlutn 3 9wIu 90 faseng Lﬁﬁﬂwﬂ'ﬂuﬂdmﬁm%ﬁﬁwﬁ;qmﬁgﬁﬁaa 8
vmmesestuas I@m%aﬁq@

2. msdamanuinlllalunmslfime ek assudsusamidnlnsalnillun1sasauw
n1Tduiiawnassingnd

2.4 PR uNaleds
fFadiendmsluwllanrasmenssived  (Naturally contaminated sample) s
Grataf teannmadudagrluda 1 uvedu 90 drathg
Fsdrafigninliduliendhon (Arificially contaminated sample) 1Judnatnafile
sy suIsasyadadandutys 105 105 10° waz 10° aveidelafifes voinm
Aspergillus flavus M3TBR4G3 adludradrednfi inunmsulanuasm anawduduas 3
a ' Ve Py = as & & a .
fmadne dufigmnglivias w0, 1, 2 uss 3 Tu vaamisan 16 ot
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2.2 pTaunwiaguadwifaurssa

¥ndaEnsaInTe 2.1 TINRIRY 106 drednd ms@aﬁuﬁ’nm%ﬁwﬁu FUNuEe6d
Wit s ndusieSuaaw oS urdTnIag 9N pIAAR 950-1650 wilwaas lukuy
diffuse reflectance 1fipllamnaiussmazFaundy Mo lU5inserinng chemometric
doll vgnatas 3 $1 dhaz 3 a%s dndedefimunmadandr el wdaa
slutuaaudslliud

2.3 nsasanimsdwtlonrass ludradradralasis Direct plating wag Dilution

plating

2.3.1 Direct plating method

A%mY direct plating unitlwnafiad fus=aniamimiumsamagsy Sudwn
Lm:ﬁcﬂLmﬂ‘mﬁ'ﬂmﬁauagiummi LT mﬁ@%‘qu“mm:é&a (Pitt and Hocking, 2009; Samson
et al., 2004) lasshiudadnn 50 Lwiedeniiediete 1aunawIsiAgada DG18 (Dichloran
18% glycerol agar) lagane 10 WARRILLISABIEE 1 218 MedtmTlseaida (aseptic
technigue) Lté’aﬂmﬁqmﬁgﬁ 25 asrnaados Wua 57 Ju fudwousdedinfing
MIeIga Wadnuneulefifudnsiaton (% infection) dondiilalaiiidoey
it uaslua sl MEA (Malt extract agar) uas CYA (Czapek yeast agar) tiald
lumsdeduunmdaly

2.3.2 Dilution plating method

Fadnegnedn Fwaw 50 n ‘Liﬂuqﬂﬁéf'zagj"mék'm%fﬁ&'mmmmﬁ (stomacher
bag) t&in 0.1 wWafidud peptone water USu1aT 450 HaRAaT WTwI% 30 w¥ udIArFuNY
FroieteafiuanaNaIvns (stomacher) Wit 2 wafl Mniwihdedeiids stz
REYINNTY spread plate Tamndslimmmanuuwamisuds DG18 v 2 6 ﬁﬁﬂﬂwﬁ'qmmﬁ
25 ssemanidus Huom 57 Tu anaginunzlalal fudwnulalavonua wasiuiwmn
aflalafidvdasendesudrmioiusalumitguas Colony Forming Units (CFU) daiufie
417 1 N

2.3.3 N1397UWNT1

£ o el 4 nl' v L d‘ 3 ] =i

Brrfdlalailfdoranmissfivenldeninds 2.3.1 waz 2.3.2 Fematisiazienny
aunsalumindnaswamanduiundaduunlasldinymensfFug wingt  (Morphological
characterization) leiun AnwoafanIousdRudtanls (Macroscopic characters) LEw
fnwme awa usrfveslalafl uazlessafamuldndoaganssent (Microscopic characters)
léun Snwmeued conidia, conidiophores Uaz conidial heads @ 335189 Samson LRz
(2004) uaz Pitt usz Hocking (2009) fafansfifilalafifiloroummiasfdwunluana

. . L4 = a4 a o & z \
Aspergillus section Flavi Gadunfidainznfneswamandufadnulutuaoudaly
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2.3.4 MIdnwanuaansalwnsadeasiisasnivenls

dfisuananda 2.3.3 wndssuuens PDA ﬁmﬁqmmgﬁ 25 asFaaldne
Hunen 5 Tu antawAurded Tasld 0.85% NaCl + 0.01% Tween 80 Usamia Baaslii
sruualad 10° sporeiml tarldgunlalafmeslunisivarsy voaasumusasadaiiwm
5 lulATAnT sIUBeITIALSEE PDA Lm”';ﬂuﬁqmwgﬁ 25 asriaatBoaiwiat 7 T

fenTuietu mm:manmﬂﬂiaﬁuummﬂéu&a%agﬁwémg%inms 5 Hafues
Funn 3 5w leweumdfdlesivawe 5 adder %Lqﬁwwﬁfﬂ%u’é'mﬁaL@mmmaﬁ
Y5387 2.5 dedfas snaazvamendud 1 lusdashlafin Wune 15 wifl nTasms
e lednnnTeaienTad whatman Luad 1 Lzé"mmmammaaﬁmuﬁ"ﬁu‘[mwuﬁqm%gﬁ 40
semwsBa vnmdusniond (fl:nlaa@ﬂi:@:ax%h"l,uvlmﬁzmmuaa (60:20:20)) Az
nsasmsafenlddainTasdiiaawa 022 lWlenuas uddsdiemsinidSinmasan
nandud 1 viufl §w3%F HPLC dhueedud ©18 (150x4.8 Rafway, 5 lwlenues)
I@aml’ﬁ’m‘%aam'sﬁmﬁ@wgxaanmsﬁm? A IAEY excision (A, ) 365 uaz emission (A, )
435 Wlwues, Farmslvavaadmaieonfivingy 1.0 Daddasund ﬁlqmwgﬁ 40 89
EranBuy waz retention time (RT) agsazWamandud 1 vivAy 7 wdl

2.4 NTaTanuuIraasdiavwszeunsimilawuas
o ar = [ B & 0l [ 3 = X 1
idayannmyleseineie fidns (ledidudnsfiadiarussdr CFU) an
amagaudfiadnd (outiier) laglfiauly

X-X
5D

Wa  x fa dfidenedldnedend fifnsesudazaiedng

fila ANaRLURIRIBEININLA

=i

Sp fe drdsaununaiziurasiiedriiaue

vndymBoums  (optical data) waTImeuddaUnd  (outier) Taslémsdng
mtleafusmaanddwszlnomyaaafudadndlasldit principle component analysis
{PCA) I@Ulﬁﬁﬂmmé{’u%gﬁ Unscrambler 9.8 (Camo, Norway)

]
g =

whsdayannmaliamsinisde sl jidnuasdayatuasfidadfalniaanud

Lﬂuﬁadﬂ@:;i fla ﬂig'&lﬁ%dtmuﬁ’lam (calibration set) LLa::ﬂag'm?'}sz (prediction set) Tanld

d07187% 7:3
ﬁ,’wﬁmﬂanajma%"mmuﬁwaaama‘%’wmwﬁmﬁuﬁ%md’mﬁaga%mmﬁmmxﬁmsﬁaa

Ufrdnaussdaysifiouss a3 partial least square regression (PLSR) lantayaminay

|
ad 2 3

Axfsuvudesaivalnauaady  wiakumifanmsadlameasdlanit Mutiplicative
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Scatter Correction (MSC), Normalization (Mean, Maximum, Range}, First Derivative by
Savizky-Golay (11, 21 points), Second Derivative by Savizky-Golay (11, 21 poinis),
Standard Normal Variate (SNV), SNV+Detrending (SNVD} L&ax Baseline offset Lﬁ:a\l@'
LULEIRBILED ﬁﬂﬂié&!ﬁ')‘uﬂ?_INTW@E’&U@’NNLLﬂ%ﬂﬂ’ﬂQ@Lmﬁ'ﬁ’mad mnﬁuﬁmﬁamwuémas
ﬁﬁﬁzg@ﬁmﬁaﬂwm Standard error of calibration (SEC) @‘I:Wﬁégﬂ wasdl coefficient of
correlation  (r) @'Gﬁéj@ FeimTPmsiiarePansudaesldlusunsy  Unscramber 9.8
(Camo, Norway)

SEC MW\W

n=2

foe-2 -2

=

Wa X &a enfldannnitiemsinaaed
Y fa dfenmaminwiue iy NIRS

no @ uIudraUng

L ] ;:' o & Al' [] ] gi‘

2.5 msaseunudiaasiiensiiersiidiamnwiianmsudinasnisiwilawnass
o G 1 Q. -] 2(‘ 1 (23 1 7 t:il [ 1
indayanguaiauutdinesnmatwleowsasuiudaiu 2 ngu Toonguf 1 dungu

draguninstwilensasm u,a:na;mﬁ 2 lufimsdwten udragirs Classification model

latf% PCA (Principle Component Analysis), SIMCA (Scoft Independent Modeling of Class

Analogy) U PLS-DA (Partial Least Square-Discriminant Analysis) tiia lduuudiassudh

nguinwsIasauANUWindzauLLINGa PInsndaRanuuudianf ldniTianae

&

oA ' & o ' ' 5 o
@HE!NEI%VL‘?JWWL‘IJ ﬂﬁL@%@ﬂW?%LU%ﬂQNQﬂ@]Q-ﬁ%’d‘ﬂ@"@

3. nsansranatdwldlalwnrrlidmaftaftaddudsuseadninsalntilunsasiaun
mduitlanzasaziainandwi 1 luin

o At E
3.1 e R8N
fodfdnTlueuratazwanandul 1 e usTiasn® (Naturally contaminated
sample) tiludmatnefldanniniudmedsluga 1 Tauviofu 90 dredns



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

12

ﬁaaﬁﬂaﬁgnﬁﬂﬁﬂmﬁau@T’mamemn%uﬁ 1 (Artificially contaminated sample)
La’f}uﬁaaﬂwqﬂ@”mﬂn'\sgauﬁﬁmmgma:mmaﬂ%uﬁ 1 WWdamuedudu 1, 5, 10, 20 uas
30 lulasnsudenlanty adudradetilinwumsdwiiovaasasamandud 1 anandy
Tz 3 @ TINaRY 15 rasng

av ] i [

3.2 NSALNRAIBEIIAAMIEETAUN SIS

dndnainaande 3.1 TIuN9EL 106 @30819 magmluﬁ”’mL’iﬁ@ﬁﬂ%%ﬁmmuﬁqaﬂw
wdnitlianudrurisduadudafBudriserienuetiain 95041650 wiluiaas Tuuuy
msasowluLLws  (Diffuse reflectance) et ldmUna¥uaaimsasiawndy 1Wavin
- ‘ o . v v £ e s
1ATIZ¥NE chemometric ol sa1sas 2 1 a3 033 ddaadrafmunaTanay 1y
amawtasiamandud 1 ludussuda luviud

3.3 myasawnistwilanaasazdamengui 1 ludrnlasis HPLC

vatgratalvaziden 50 ndu wevinlndouesalsd 5 niu udlaluloin 1B
IRTERANAMILEs: BUsenlenen (80:20) USwnas 100 Haddas fiuﬁmmﬁ'@
uran 1 wdt winsesdonszensnsanuet 1 mnﬁfn@@mﬁa:muﬁqau’nsﬂ%mm 10
Saaaes @niidrenlasantSunes 40 faddes weulildhMuudiniasdisnizensnsad
was 1 mn{fu@@aﬂia:amﬁamﬁqﬂﬁﬂ%uwﬁ 10 Jaffag ’Lz%hﬂi:uaﬂﬁ@mﬁ@iaﬁuﬁmﬂu
wanfEdnedusl (immune-affinity column) (AlaTest, VICAM, USA) lazd5uléfidamnisive
1 woedadwi® ussdudimindneanlesanliines 20 Da8EaT anioaduiuniues
YBanas 1 HaARes etansezwafiandy 1 sanamesduilanuifuas VICAM (2003)
i Temoayuasiigidamalulonan udndusmasmedauesdlalulard il
nlesewlumInas (20:60:20) YSu1as 0.5 HaRaay WSINTOIRTIALAL6IL syring filter
e 0.45 Wwlatiuas aoluane vial azdsdinmsdnuSinaesdanandud 1 viufl deAt
HPLC runasuil C18 (25x4.6 Sadluas, 5 WlanaaT) lauls fluorescence detector auAT
289 Hejri et al. (2010)

3.4 MsaT UL Iansiavitwgszaunsuwilawanasasamandwil 1
idagasmmiiienziniedesd fidny @inmesamendud 1) inasiasaud
fadndlagldZawlymuiadtnssaunuitsasaute 2.4
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o
UV 4 HANTINRABY

1. msdnwraniulllalunslidmeimiesdud susasdnlnsalnilunisasiam
astwilanrasslngig

AIRLNUEI 0 T dweaRBunT et ulng (near infrared w3a NIR) lugr90a%
950-1650 wilwaes lamunaiufldlaUfuudaumactugf 1. uazgufl 2. waznazasmydiy
ussmUnaiudd1098 second derivative Aeumsiemziuansluzif 3. dwmiuulefidudnis
1 & o o us & P 1 = A oA ' a
fadarisve uszglf 4. dwmTudehifunifadoridmauniasaadiezaanasdan
nandud 1 wudinmwied GUF 1, 2. 3. uas 4) Senuadoaieiu lagdningRevisnue 6
Aafiauoraiu 985-990, 1165-1170, 1200, 1355-1360, 1425, unr 1585-1590 ‘HHI‘LLLW:’I?
(3U7 3. usz 4.) Tafi 990 wilwiwas Hudwwibifiliiniduazifiounsasiuss O-H stretching
second overione iluasddyznavuvaiuils {Osborne and Fearn, 1986}, Aaf 1200 wilu

“ K e 4w & .
WwaT analiwaus e 1195 wilwsas fufuundadunisfuanfounssfius: CH

H

stretching second overtone 184 CH, (Osborne and Fearn, 1986) %mgﬂ«iﬁ“ﬁ’u CH, wu'ld
Iulassriovaslefindoiinaiudsnoninuesnioradua (3&]*?1' 5., Rafi 1425 wily
asenatueinueniu 1450 wluuas daflumiduasifiaroesius: O-H stretching first
overtone uasuilonazin (Osbome and Fearn, 1986) faffuinasfiniriidnmadessndy
seaefifudnifada (% infection) asviiwiadeuiuliifiwinaruduludninade
naaEeT, warfindiannaeiadn 1586 wilnwas uiafinumsduazifansasius: O-

H stretching first overtone waﬂmaqmmmmﬂgiﬂﬁ (Osborne and Fearn, 1986)

1.6 -
14 -
12
&
= %
o 0-25%
2 (8 v 26-50%
0.6 - 51-75%
) 76-100%
04
0.2 #
0 ;
[ <o o ] [ <& < o CD.‘) % g % CC“_‘XD %
2 8 8 ¢ 2 8 B 8 & § 2 B B 8 8
Wavelength (nm)

51t 1. sunasuvesntsgeniuadu o iiuirisasanafidudnisfieiBe (% infection)

8337 aRNe luaras9d
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1.4

12 -
51-100%

1 04%
w  1-50%

-~ 08
x
R
m G-G
L

6.4 -

0.2

850 1000 1080 1100 1180 1200 1250 1360 1350 1400 1450 1500 1550 1600 1650

Wavelength {nm)

¢

su#i 2. mdnefupainsganduefiufloSBudsimmaalafidudmslioia (% infection)

agsvndmanmdadludraciegn

0.008
0.006 -
6.004 -
0.002
g
= 0
o
§ -0.002
© 985
-5.004 -
26-50%
i -0.006 -+ 1200 51-75%
‘ 3 76-100%
0008 -
-0.01 o o < = < < & & & © fu) & fae] fu) &
93 ] [Ep] < 12] ] Uy ] uwy o] i [ ') foe) [¥e)
> & ¢ £ ¢ § ¢ 2 ¢ 5 3§ @8 g g ¢

Wavelangth (nm)

3191 3. Second derivative mmmﬂﬂﬂ%fama\m'rig@ﬂﬁuﬂﬁmﬁm‘i’%um'}nmedmaﬁ%u@?ﬂﬁ
fadia (% infection) A4 Tanueludogredn



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

15

0.008 -
6.006 -
0.004 -

4.002 -

-0.002 -

@log (1/R)

51-100%
0%
| 1-50%

-0.004 -

-G.006 -

-3.008 -
1425

-0.01 g i g ; v : ' ; :
850 1000 1050 1100 1150 1200 1250 130C 1350 1400 1450 1500 1550 1600 1650

Wavelength (nm}

311 4. Second derivative TasmidnafivasmsganiuaduilofBudraansaledidudniy
§oZa (% infection) Va9Tuduramniasludiadd

OR  CH,OH

5uU# 5. lassstroaadlaiiu s R fa -NH-CO-CH, (Carlile et al., 2001)

PINOITNA 1. waz anvwf 2. meﬂagamaaﬁﬁmama‘i‘m?w?ﬂﬁ@m%aﬂﬁmm
uesSunmyiruauasi efiruansfaaidoismniasuasUSunardstanni ooy

19y I@HLLﬁ&Eﬂuamﬂém fia Calibration set uaz Prediction set

AN 1. 18 Eammﬁﬁmaamﬁmmmnﬁaama“ﬁ’n

Calibration set Prediction set
Parameters
n min max mean sD n min max mean sbh
% infection 222 0 100 50.387 39.844 93 0 100 50.828 30.583

CFU 222 0 1.375E+05 B.713E+03 2.085E+04 93 0 T.045E+05  1.088E+03  1.809E+04
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Calibration set

Prediction set

Parameters

" min max mean 5D n o min max mean sD
% infection 222 0 100 8.301 20.849 a3 100 7.688 19.842
CFu 222 0 7.800E+D4  2.320E+03 1.140E+04 93 5.000E+04  1.574E+03 8.297E+03

AITWN 3. uar @R 4. UEAINATEINNTYN PLS regression #wiiuiladl

MIAAL TRV IR NALEZ U N TV IR NAaNEA L

WumUUInaadumTi s e s

= g

8

e €

HUG

mifaeTnvanafigaldnnadneduildiumydioues  (Raw  spectra) Tandien
Correlation coefficient (r), Standard error of calibration (SEC) Wax Bias Ao 0.747, 26.491%
uaz -0.0008% andFy WHan g ldfuazuiugs laoflidn Correlation coefficient (),

Standard error of prediction (SEP) waz Bias @wiunmswadndefidudnfaiben
winue fo 0.668, 28.874% uar -0.101% awuaiy luvasfuuudraasdunisvinnoyFann

PFsrUaulENan1Inw L f Lladn

G159 3. H8VBINTTHN PLS regression dnwitidlaiiiudnifianiia (% infection) 1899

“}%\‘]‘P\&J@
Calibration Prediction
Pretreatment RPD  RER
PCs r SEC Bias 4 SEP Bias
Raw spectra 11 0.747 26.491 -0.0008 0.688 28.874 0101 1.371 3.463
Multiplicative scatter correction (MSC) 2 0.576 32562 1.2B0E-06 06510 34223 0130 1457 2.922
Mean Normalization 1 0.546 33.374 -1.306E-08 0455 35436 -0.138 1117 2822
Max Normalization 1 0,543 33464 -51558-07 0455 35409 -0225 1118 2824
Range Normalization 1 0.545 33418 -2.T49E-07 0442 35758 0152 1107 2797
1 ¥ Derivative (11 point) 8 0.706 28.237  1.805E-05 0.685 28944 0221 1.368 3.4535
1 ¥ Derivative (21 point) 3 0.623 31.177 3.394E-08 0.570 32681 -0.263 1211 3060
2™ Derivative {11 point) 5 0.668 29858 -1.882E-06 0.650 30.178 -0.157 1312 3314
2™ Derivative {21 point) 7 0.687 28865 -2.098E-05 G656 30,025 0212 1318 3331
Baseline 9 0.727 27.378 0.0003 0701 28.249 -0.803 1401 3.540
Standard normal variate (SNV} 2 0.576 32582 -1.423E-05 0510 34223 0.128 1157 2922
SNV+Detrending (SNVD) 3 0.578 32514  -5.92BE-0O7 0515 34072 -0.183 1162 2935
Detrending 3 0.721 27810 -8.282E-05 0706 28.068 -1.746 1410 3.563
A15799 4. HaTadn1Ti1 PLS regression &wTudiuwiuTianua (CFU/Q)
Calibration Prediction
Pretreatment

PCs r SEC Bias r SEP Bias RPD RER

Raw spectra 4 3.397 19135520  0.011 0.306 17763.260 1536.893 1.019 5883

Multiplicative scatter correction (MSC) 3 0.356 19488.350 -0.005 3217 18335020 1206588 0987 5699
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a1Tef 5. usr eNvWA 6. WEAIHATEINNTHN PLS regression driuilatidud
sdeieridmomnissfimahasninesdamendnd 1 ueBuinidoisuriefians
Frazufaewamangy O 1 awden weinuuiwaslumsiusdefidudmsdasudian
aundsfimnairndnezamandud 1 ﬁ%ﬁzg@”l@ﬁ”mnmiﬁwmmﬂﬂm%’a\l@%’w%%‘muu Max
Normalization lauii@n Correlation coefficient {r), Standard error of calibration (SEC) la:
Bias @8 0.660, 15.668% uay -0.002% eud1dy Wusnisvinuwgldfdiunans Taaiidn
Correlation coefficient (r), Standard error of prediction (SEP) las Bias FwTunasinung
Andafifudmafadiorionus 8a 0437, 18.723% uar 4.613% e wddy luwmefivuy
snaslumanmetSunmsenuanulinamsiu o fldain

A19191 5. HAUaINTTVY PLS regression duFuilefiiudnmsfaa (% infection) 28971

=l =
VIHIDULWRRES
Calibration Prediction
Pretreatment RPD RER
PCs r SEC Bias r SEP Bias

Raw spectra 5] 0415 18870 1.378E-05 0423 17712 2848 0435 5648
Multiplicative scatter correction (MSC)Y 12 0658 15692 -0.0002 0430 18808 4505 0408 5317
Mean Normalization 12 0651 15831 -8.924E-05 0429 18740 4552 0411 5336
Max Normalization 13 0.660 15.668 -0.002 0.437 18.723 4613 0.411 5341
Range Normalization 7 0.436 18.760 -0.0002 0.380 18181 2614 0424 5500
1 * Derivative (11 point) 14 08522 16326 -9.BG65E-06 0457  18.066 4870 0426 5535
1 ™ Derivative {21 point) 13 0.588 16.867 -0.6001 0415 18297 4368 0421 5465
2 ™ Derivative (11 point) 4 0419 18932 3.B0BE-06 0446 17,506 2145 0440 5713
2 ™ Derivative (21 point) 4 0408 18.0358 -3.018E-08 0.430 17653 2393 0436 5665
Baseline 5 0411 19.010 -4.052E-05 0422 17723 2719 0434 5643
Standard normal variate (SNV) 12 0.646 15.908 -0.0004 0475 17.926 3804 0430 5579
SNV+Detrending {SNVD) 5 0.434 18783 4773E-06 0.382 18170 2.130 0424 5504
Detrending [ 0.429 18.829 2.902E-06 0419 1787 2852 0433 58629

f15199 6. HAVEINTINN PLS regression & wiudiuwinsudviauiuiag (CFU/)

Calibration Prediction
Prefreatment RPD RER
PCs R SEC Bias R SEP Bias
Raw spectra 3 0.238 11076.480 -G.0004 0.264  8021.542 449.085 1.034 6.233
Multiplicative scatter correction (MS() 2 0.201 11171.030 0.003 0.275 7977.208 292182 1.040 6288

gﬂﬁ 6. WAz Eﬂﬁ 7. wraemndSruifpuel e fifudnsdaforansauss
WesiFusndadaridoenmiaduineini sraieildinmsdisoiuafldann
wuwrpanuuuitaasarsnaiafioBwnrirasdnlneaind 3ﬂﬁ 8. Uay gﬂﬁ‘ 9. LAY
regression coefficient Ailda M vin PLSR zsndefdudnifinifeniimunuantofifud
medadanduisnmniasfieaimineslamandull 1 ey woinmdissasding
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1

=

AUIRATINABLITW LIuF 950, 1155, 1530-1540 Was 1610 w1 lwines e IfinTaady

=

e 1} ~

AufRneInaiuaadaNIAsa M IV IR BAN IR

=

140 - Correlation 0.688
) SEP 28.874
Bias -0.101 ¢

)

ot
=]
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106 -

e8]
[

o
==l

S
[ron

Ead
ford

Predicted infection of total fungi (%

0 #5 20 40 50 70 100 120

Infaction (%)

o = i + &= & & P o a [l 8 ’ Vel o 1
31]‘“ 6. ﬂ’}'ﬂﬂ‘iﬁ‘UL“ﬂEJLIﬂ'iLﬂaiL‘ﬁ%ﬁﬂ’ﬁ@]@L’Eai’md%ﬂ@l%@'}ﬂﬂ’m“ﬂ?} iz“ﬁﬁqﬂﬂjﬂiﬂﬂﬂﬂﬂ??

a i y % a A fm P
’]{ﬂﬁ?ﬂﬂu&ﬂ’lmi@m’mﬁ?iﬂ’!uﬁmﬂ?UL%ﬂ%ﬂi%ﬂ?@%ﬁ?%?@ﬁLUﬂzﬂiﬁzﬂﬂ

a0

1

20 4w 60 86 100 120

Predicted infection of yellow-green fungi

0¥
’? Correlation (0.437
20 * SEP 18.723
Bias 4.613
-30

infection {%)

sUf 7. madBoufeudndefidudmsfetariloienmbesludagiadiy seninedfld
namyiasssiuifldnnmsvnwsdonafiafis fBudsisamuninsalnd
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« \ . . P A o o o e ¢ 5 &
U 8. ¢ Regression coefficient fianiuuadud1 9 vaauuvdiasiaiadafidud
mIGada (% infection) 1897 MaRAR LUudaEnaT7
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15000 b
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R
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o
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= 1
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=
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2. m'm%'ﬂaLmu{haa&Lﬁlam‘ﬁm‘mzﬁ@aqmmmﬁammﬁanz@jun'ﬁﬁmﬁaumaﬂ
mpamanaseadlude 1 dietesinsuaraanyunsesiiavnmoanu i
i:wj’a@mi@@ﬂﬁmamﬁummai%u@?ﬂw@m%wmmﬁwmLm:mﬁU'aaumﬁad uazd3unm
sarNenazTudnanmiadiudedietnn  wohuuudseslumsniwedndeiEudmiee
Ferasmiavs ludagnatfiahsenadnesud ldunsUfundsinsiwneldd  uee
wineh  Alfuniuguiaesiferuduldldlumswannuastiuldldaslumsaseamns
vuwdlauwasrludagain é’a%u%aﬁmwﬁmauim’iLm'}:ﬁt‘%mmmwLﬁanmﬂamjm
st auuasnianue I@}umﬁm‘sjamjm%dggum‘iwamm‘ﬂjuﬁvjamadﬁ%mmma%sﬁu@f

miam%ﬂﬁwmmu,ijsmémﬂu 4 ngu a9l

nauft 1 dmadrsfdandafifudnisywitisurassvanua agjﬂwﬁw 0-25%

9

N VI
NANN 2 fa8nd

q

=} £ & & xg :: 1 1
gandanmuanisdwdanuasviinug agiuma 26-50%
£y

nauf 3 drateffandeTidudnisdmileusaenvinua agﬂmm 51-75%

q

2. h. o

n&jwﬁ 4 fratheffdndefidudmawenvesnrimvun aglugae 76-100%

wia314 Classification model 19835 PCA (Principle Component Anaiysis), SIMCA
{Soft Independent Modeling of Class Analogy) uaz PLS-DA (Partial Least Square-
Discriminant Analysis) Lﬁﬂ”i@i“uumimamﬁaﬁ'lmg'nﬁ"zmUmmaauﬂ’aml,ujuﬂwaal,t,umﬁam
dadanuuy $aesfildanitnafigediniawladulefifudmiudindugndaigefiga

' ' A & o« & 1 A v ma

uanusisngueesnIlwiaussimanulaiidudmidadanyivuadieds  SIMCA
war PLS-DA ugaslilu @rvafl 7. war a9 8. snudneiv mmﬁmémﬁm%% SIMCA WU
o & PV T Y o WM . | a Vs w ma
dsasennefiseuwiudililefifudnmsiwedlduiudn  Wafloudunsudngudsis
PLS-DA fiflulafifudmavuisgndaslasyin 57.07- 83.78 wefidud dauuisanandn
P . ' & &5 a A & W s ad - & @ N
1dn nmmqﬂ@wLﬁawﬁummmm*’ﬁaﬁmwm’lumnmLmi PLS-DA fulafiguaniivitune
I@mauaﬁq@ INEITUN 8 ziAulaqin mﬂ’lfﬁgs,umﬁaam@iazmg'mﬁ*lmummﬁ'anﬁju 11190
ﬁmwna;m’ﬁa@w’?mﬁ 0-25% Tﬁgﬂﬁaaﬁa 93.06% usvuIungn 76-100% Wﬁ'gﬂ@?aatﬂu
o L= ‘;‘:

feufiFas  (81.06%) mwngs  51-75% uar  76-100%  Zdwawdedhalasndiinn
ma’ﬁaLiflua'zz.u@'lﬁ'ﬁmwﬂﬁgﬂﬁaaﬁamm é?@ﬁfunﬁmLmua'i'aaaﬂﬁﬁizqﬂﬂ%ﬁaaﬂﬁﬁéﬁa

b

B

“

Nﬂ’l?@l@lL%ﬂi'ﬂWﬁ'}d 0-25% IRz 76-100%

@15197 7. wamswindefidudnis@egaTiviaryeluitiland® siMca

%infection Model

Number 0-25% 26-50% 51-75%  76-100%
0-25% 36 88.89 8.33 §.33 11.11
26-50% 9 1.1 100.00 0 55.56
51-75% 9 22.22 11.1% 100.00 0
76-100% 33 80.61 45.45 24.24 75.76

% overall correct classification 45.71 41.22 33.14 35.61
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a5197 8. namsiwsdafiiudnsfadasiriinualuiiilesss PLS-DA

“%infection Model % correct

Number 0-25% 26-50% 51.75%  76-100% classification
0-25% 36 80.58 100.00 100.00 91.67 93.06
26-50% 9 4] 0 100.00 100.00 50.00
51-75% 9 77.78 160,00 Y 85.89 86.87
76-100% 33 69.70 100.00 1090.00 54 .55 81.06
% overall correct classification 57.07 75.00 75.00 83.78

3. psanwianudnldlalunsigmadaifisiswsusamdnlnsaladlunisasiam
nstwidlonsasazamandui 1 ludn

mMysnudietnatsriuiunsutattulng (ear infrared w3z NIR) lugnendu
950-1650 ulwiuas ”L@Tau]ﬂ@%’mﬁvtzjhl@i”ﬂ%fuLwimﬁmlugﬂﬁ 10. ussHavaandTuuedssn
afua283t second derivative riaumﬁmﬂ:ﬁl,t.ﬁmlugijﬁ 1. wunmiteses (gﬂﬁ' 10.,
war 11) ﬁmwaﬁmﬂﬁaﬁuﬁ’ugﬁﬁ 1., 2., 3, uaz 4. I@uﬂ‘:’mgﬁm%mm 6 Anflaraia
AR 985-990, 1165-1170, 1200, 1355-1360, 1425, uaz 1585-1590 wiluias (31}?‘{ 11.)

1.4
fw ’,m‘«‘(-‘lwu%km“wzmy
1.2 /4
1
AFB1 detected (> 0 pph)
0.8 - N No AFBT detected {0 ppb)

tog (1/R)
]
[

0.4 -
0.2
= < o] < ol oo o] o] [ ot bl o o o
g ] fond i o2 L o Ly L) Y o Wi = [ 7p} o L
o fon] o i i o~ & 5 3] i i [ 28] N N
— — — -t i i —i — — - wed = wme vl
Wavelength {nm)

gﬂﬁ 10. mﬁn@%fmjamﬁg@ﬂ§uﬂﬁw,ﬁm“é‘ummr@mmﬂ%’:mma:ﬂmmn%uﬁ 1 ludras
717
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0.008
0.006 -
0.004 -
& 0.002 -
)
g A
& -0.004 1585
0004 -
) No AFB1 detected (0 pph}
-9.006
0.008 A¥B1 detected (> 0 ppb)
3,01 1 -y f : g EE ¥ g
(=N = - = - - A - -
s & &H & & & ©»n & & & & & &K & &
e o e = 7 R S
Land i et et ot o et L] - i L o] - =t
Wavelength (nm}

5Ufl 11. Second derivative (21 point) vadmdnaiuresmiganduaiuiloiBunrimmuas
Funm azWamandud 1

FMEnTWR 9. mmﬁa;gammﬁﬁma&ﬂ%mma:wmmn%uﬁ 1 Tugnetrdhafonue
lasudaniluredndgy fe Calibration set uaz Prediction set wiifiasandmngneaiefinums
Uwiansasazwamanduiisiwiwian ﬁqlﬁ“ﬁagawqﬁaaamﬁy’wmﬁ’m%fua%”w,muﬁ’maa
{calibration model) UasNayaURUMT (cross validation) mi’iéﬁ 10 wafINaTaInTH PLS
regression UM IeTedtTmeswawmandul 1 ludedietnn meflamdSuuds
sidnafudaeisengg wm’wLmu%ﬂaadﬁﬁﬂ‘a‘:ﬁw%mwgaq@ﬂum'ﬁﬁmﬂﬂﬁ%mma:wmwaﬂ
Ful 1 &hennaunaiy NIR AUSuudedau3s Standard normal variate (SNV) $amfi
Detrending (SNVD) 14 8 uWnimas lid" Correlation coefficient (r), Root mean square error
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The objective of this research was to apply the near infrared spectroscopy (NIRS), with a wavelength
range between 950 and 1650 mum, to determine the percentage of fungal infection found in rice samples.
The total fungal infection and yellow-green Aspergiflus infection, which is offen indicative of aflatoxigenic
fungal infection, are the focus of this research. Spectra were obtained on 106 rice samples, by reflection
mode, including 90 naturally contaminated samples, and 16 artificially contaminated samples. Calibra-
tion models for the total funga! infection were developed using the original and pretreated absorbance

i?;f‘;:::;red spectroscopy speetra in conjunction with partial least square regression {(PLSR}. The statistical mode! developed from
Rice the untreated spectra provided the greatest accuracy in prediction, with a correfation coefficient {r} of
Aflatosis By 0.658, a standard error of prediction {SEP) of 28.874%, and a bias of —0.101%. For yellow-green Aspergillus
Aspergiius infection, the most accurate predictive statistical model was developed using a pretreated (maximum

normalization) NIR spectra, with the foliowing statistical characteristics (r = 0437, SEP - 18.723% and

contamination in rice with caution and the technigue should be improved to get better prediction model.
However, there fs an evident frem NIR spectra that the moisture and starch content i rice affects the

overall extent of fungal infection.

@ 2013 Elsevier Ltd. All rights reserved,

1. Intreduction

Aflatoxin By {AFB;) is a naturally occurring mycotoxin that can
resuit in defrimental side effects if conswmed by humans or ani-
mals. AFB; is produced by filamentous fungi correspending to
Aspergillus section Flavi particularly Aspergillus flavus (Godet &
Munaut, 2010). AFBy is found in a wide range of agricultural
products including rice, with greater prevalence in tropical and
humid climates (Reddy, Reddy, & Muralidharan, 2009}, The Inter-
national Agency for Research on Cancer {IARC) has classified AFE,
as a carcinogen for animals and humans {IARC, 1993} and many
countries have strict fegal regulations concerning AFBy contami-
nation in food and agricultural products. indeed, the European
Commission {EU} has fixed the maximum limit for AFB, contami-
pation in cereals, grains, beans and groundnuts at 2 pgfkg, while for
corn, rice and spices it is set at 5 pg/kg (Regutation (EU) No 163/
2010}

B Corresponding author, Tel.! 66 2 218 5094; fax: +66 2 252 7576,
E-mafl  addresses:  Cheewanun.D@chula.acth,  cheewanun@hotmail.eom
{(. Dachoupakan Sirisomboon).

0956-7135/% ~ see front matter © 2013 Eisevier Ltd. All vights reserved.
hitp:j)dx.dolorg/10.1016/f.feodcont.2013.02,034

The early detection of aflatoxigenic fungal infection in post-
harvest or stored cereals and grains represents a key opportunity to
reduce the risk of AFBy infection from the food chain. As such,
various methods have been developed and utilized to determiné
fungal contamination in fosd. Traditionally, mycotoxigenic fungat
infection in foad has heen detected using microbiotogical methods
in a laboratory setting. This includes fungal enumerating using
plate-counting or direct plating technigues, isolating in appropriate
media and identifying the genus and species level by morphelog-
ical characterization, including macroscopic characters (color, size,
colony appearance) and microscopic characters (conidia, conidio-
phore, conidial heads) (Samson, Hoekstra, & Frisvad, 2004, p. 64,
2006; Pitt & Hocking, 2009, p. 19). However, these methods are
time consuming, requiring a well equipped laboratory and skilled
laboratory staff, There are also difficulties regarding assay stan-~
dardization and errors arising from contarmination {Atkins & Clark,
2004), Currently, the polymerase chain reactions (PCR) method is
considered a good aiternative option for fungal molecular di-
agnostics due to high specificity and sensitivity (Niessen, 2007,
Paterson, 2006). PCR techniques have been used for classification
and identification of Aspergilius (Geiser et al., 20607; Samson, Hong,
& Frisvad, 2006) and for the detection of these strains from
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agricultural samples (Sartori et al, 2006). However, PCR-based
techniques have some technical limits due to protoco] complex-
ities, reagent costs and the choice of specific primers for each
species (Santos, Fraga, Kozakiewicz, & Llima, 201G). Thus, cost
sffective methods are still highly desirabie.

Near-infrared spectroscopy (NIRS) is a powerful technique for
characterizing the chemical composition of very complex materials
including food and agricultural products, It is a fast, nondestructive,
environmental friendly and highly accurate method that requires
little expert training, It has been used to analyze proteins in rice
(Zhang et al., 2007), sugar content in fruits {Camps & Christen,
2009), pectin in Japanese pears (Sirisomboon, Tanaka, Fujita, &
Kojima, 2007) and to detect microorganisms in frujt juices (Al-
Holy, Mengshi, Cavinato, & Rasco, 2006). This technique has been
successfully applied to detect mycotoxins and mycotoxigenic fungal
contamination in agricultural products, including the studies of
deoxynivalene! conteni in wheat kernels (Pettersson & Aberg,
2003), aflatoxins and ochratoxin A in red paprika (Hernindez-
Hierro, Garcia-Villanova, & Gonzalez-Martin, 2008) and AFB; in
maize and barley (Ferndndez-lbaiiez, Soldado, Martinez-
Fernandez, & de la Roza-Delgado, 2009} Berardo et al. (2005)
described the application of NIR to assess maize, detecting the
fungal contamination Fuserium verticillioide, which can lead to the
production of the toxin fumsonisin. Singh, Jayas, Paliwal, and White
[2012) used a short-wave NIR hyperspectral intaging system in the
range of 7001100 nm to detect storage fungi in wheat, including
Penicillium spp., Aspergillus glaucus and Aspergillus niger.

The studies described above collectively show the petential for
the development of a NIR methed for the detection of mycotoxins
and mycotoxigenic fungi in agricultural products, particuiarly ce-
reals and cereal products. However, the application of NIRS for
detection of aflatoxins and aflatoxigenic fungi in rice has not been
reported so far. Thus, the objective of this research was to apply the
near infrared spectroscopy (NIRS) to detect the total fungal infec-
tion {%) and vyellow-green Aspergillus, potentially aflatoxigenic
fungi, infection (%)} in rice sampies.

2. Materiats and methods
2.1. Samples

2.1.1. Natural infection

Between 1 and 2 kg of rice samples were purchased from
different markets and supermarkets in and around Banglol, as well
as at local mills in central Thailand. Ninety separate rice samples
were purchased in fotal, consisting of 30 jasmine rice samples, 30
white rice samples and 30 brown rice samples.

2.1.2. Artificial infection

Sixteen artificially contaminated rice samples were created by
adding dreplets of a fungal suspension containing 102 10% 10% and
108 spores/ml of A, flavus M3T8RA4G3 aflatoxigenic strain isolated
fram rice. The strain was supplied by the culture collection of the
Department of Microbiology, Faculty of Science, Chulalongkorn
University, Thaitand. The concentration of fungal suspension of 107,
10%, 10° and 10® spores/ml provided the ranges of percentage of
fungai infection of 0—4%, 2—10%, 20—52% and 92~100%, respec-
tively, which was covered the minimum to the maximum of the
percentage of fungal infection (0--100%},

2.2, Negr-infrared scanning
The 106 separate rice samples (90 natural and 16 artificially

contaminated} were subjected to NIR scanning. Each scan consist-
ing of a samptie of 130 g of rice being placed in an open cup with

diameter of 75 mm, up to a depth of 25 mm and the sample was
then scanned using NIR with a wavelength range of $50-1650 nm
by a NIR spectrometer {DA 7200 NIR Diode Array Analyzer, Perten
lastrursents AB, Sweden) in diffuse reflection mode. Each rice
sample was analyzed in triplicate {318 sub-samples). The scanning
was done three times on each sub-sample and the average reflec-
tion spectra were used for data analysis.

2.3. Reference method

The direct plating method is considered one of the most effec-
tive techniques for detecting, enumerating and isolating fungt from
particulate food such as grains and nuts {Pitt & Hocking, 2009, p. 19,
Samson et al,, 2004, p. 64). Thus, the total fungi contamination and
vellow-green fungi contamination {representative Aspergillus sec-
tion Flavi as aflatoxin By preducer} were atso determined using this
technique for all the rice samples under investigation in this study.

The standard protocel recommended by the International
Commission of Food Mycolagy (1CFM) was used. Fifty rice grains
were randomly selected from each rice sample and aseptically put
directly onto the surface of a DG18 (Dichloran 18% glycerol agar)
culture medium (10 grains/plate). The plates were incubated at
25 =C for 5—7 days. After incubation, the number of infected rice
grains was counted and the results were expressed as a percentage,
Yeliow-green spore-producing Glamentous fungi were isolated and
idesntified using the identification key of Samson et al. {2004: p. 64)
and Pitt and Hocking (2009: p. 19).

24, Datu enalysis

Prior to the development of the NIR chemometric models, the
total fungal infection (%) and the yellow-green Aspergillus infection
(%) of the 318 reference data were checked for outliers using £q. (1)
{Sirisomboon, Tanaka, Kojima, & Williams, 2012)

x—X

<5 >3 (1)
which is the Z score and when the Z score is >3, it means that the x
value is outside the +35D range where 99.7% of data is. Then the x
vatue will be considered as outlier. x is the reference vaiue of total
fungal infection or yellow-green Aspergillus infection, X is the
average total fungal infection or yellow-green Aspergillus infection,
and 8D is the standard deviation.

All spectrai analyses were catried out using The Unscrambler 9.8
(Camo, Norway). The NiR reflection specira were transformed to
absorption spectra and subjected to principal component analysis
(PCA) to detect spectrum outliers. Then, the reference data were
merged with NIR reflection spectra. The total spectra data were
separated into two sets: calibration and prediction sets in ratio of 7.3.
The calibration set, both with and without spectral pretreatment,
was used to develop partial least square regression (PLSR) models.
Two separate models were generated, the first on the total fungal
infection{%) and the second on the yellow-green fungal infection (%}.

Pretreatrnent was performed using one of the following
methods: multiplicative scatter correction (MSC). normalization
(mean, maximum, range), first derivative according to Savizky--
Golay (11 and 21 wavelength points with polynomial order of 2),
second derivative according to Savizky—Golay (11 and 21 wave-
length points with polynomial order of 2), standard normal variate
(SNV), SNV -+ detrending {SNVD) and baseline offset,

independent validation of the calibration models was achieved
using the prediction set. The model with the highest correlation (7),
lowest standard error of calibration (SEC), standard error of pre-
diction (SEP), and bias was selected as being optimal The
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Fig. 1. Average NIR spectra of rice samples, clustered based on the percent total fungal infection present in the sampie,

performance of each model was determined by the ratio of the
standard deviation of reference data in the validation sample set to
the standard error of prediction (RPD), and the ratio of the sange to
the SEP {RER).

3. Results and discussion

There was no outlier in the reference data. However, three
spectral outliers were found and removed. The average NIR spectra
of rice samples obtained over a wavelength range between 950 and
1650 nm are reported in Figs. 1 and 2, with the data clustered ac-
cording to the percentage of infection. Hustrated are the raw ab-
sorption spectra without pre-mathematical treatment based on the
total fungi infection (%) (Fig. 1) and yellow-green Aspergillus
infection (%) (Fig. 2. The average NiR spectra of rice pre-treated by
applying the second derivative method of Savizky—Golay at
different total fungi infection (%) are shown in Fig. 3, and at
different yellow-green fungal infection (%) in Fig. 4. The two figures
show 6 similar peaks at 985—990, 1165—1170, 1200, 13551360,
1425 and 1585--1590 nm (Figs. 3 and 4). The peak at 980 nm can
be assigned ta the second overtone from: the O-H stretching mode
of starch (Osborne & Fearn, 1986, p. 36). The peak at 1200 nim may
he a shifted peak corresponding to the overtone from the —H
stretching of a CHy group (typically found at 1215 nm) or corre-
sponding to the second overtone of C—H stretching of CH; group

0.8 -

0.6 -

log (1/R)

0.4

{typically found at 1195 nm) (Oshorne & Fearn, 1986, p. 36). This
functional group is present in the chitin molecule, an important
celiufar compound that contributes in fungal cell walls (Fig. 5}, The
peak at 1425 nm may represent a shifted pealk of 1450 nm which
was corresponding to the absorption band of water and starch, due
to corresponding to the first overtone of O—H stretching (Osborne &
Fearn, 1986, p. 36). The last observed peak was found at 1585 nm,
which could correspeond to the absorbance band of starch and
glucose molecules, The first overtone of the OH stretching mode is
at 1580 nm {Osborne & Fearn, 198G, p. 36). From Figs. 3 and 4, this
particular absorbance region correlates most strongly with the total
fungal infection (). This appears to confirm that the moisture and
starch content in rice affects the overall extent of fungal infection.
The moisture content of substrate is one of the most important
factors governing the fungal growth and their mycotoxin produce
tion (Pitt & Hocking, 2009, p. 19}, In rice grains stored in tropical
conditions, Penicillium, Aspergillus and Eurotiuwm are the most
common fungi. These species are ubiquitous and often rapid calo-
nizers and so will cause spoilage whenever mwoisture content too
high (Pitt & Hocking, 2009, p. 19), Among the Aspergilli isolated
from 90 milled rice samples in Brazil, Aspergilius parasiticus was the
most frequent species isolated from samples with moisture con-
tents of 14-17% and A. flavus was the second most frequent species,
isolated in samples with 14—16% of moisture content (Almeida,
Gambale, Correa, Paula, & Asevedo, 19%91). The critical moisture

51-100%
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D o

950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650
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Fig, 2, Average NIR spectra of rice samples, clustered based on the percent yellow-green Aspergillus infection present in the sample.
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Fig. 4. Average second derivative of NIR spectra of rice samples, clustered based on the percent of yellow-green Aspergillus infection present in the sample.

contents to be maintained at 25 °C that will not allow fungal
growth were found to be 13.0% for rice grains {Abduliah, Nawawi, &
Othman, 2000). Therefore, the low-moisture-content storage can
be recognized as a safe storage system {Genkawa, Uchino, Incue,
Tanaka, & Hamanaka, 2008). Fungi cause mainly spoilage of
carbohydrate-rich substrate. Rice presents a favorable substrate for
fungal growth and toxinogenesis since it is used as a reference
culrure medium of FDA method to test the toxigenic potential of
fungal isolates (Tournas, Stack, Mislivec, Koch, & Bandler, 2001).

CH,OH

Tabie 1 shows the statistical values of fungal infection (%) (total
fungal infection and yellow-green Aspergillus infection} within the
calibration and prediction sets. Total fungal infection ranged from
0 to 100% for all sets, with a mean of 50.39% for the calibration set
and of 50.83% for the prediction set, whereas the means incidence
of yellow-green Aspergillus of all sets were low, with 8.30% and
7.70% for the calibration and prediction sets, respectively. Table 2
shows PLSR for total fungal infection, The results indicate that the
model most capable of predicting total fungal infection (%) is the

OR  CH,OH

2 & “
1 ‘OH 1 :
O

OR

Fig. 5. Chitin structure, R = ~NH-C0-CH; {Caclile, Watkinson, & Gooday, 2001, p. 99).
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Table 1

Percemtage infection (total fungi & yelfow-green Aspergilius) in the calibration and prediction set.

Parameters Calibration set

Prediction set

fr Min Max Mean 5D n Min Max Mean D
Total fungl 222 a 100 50.387 39844 93 ¢ 100 50.828 33,538
Yellow-green fungt 222 4] 160 8.301 20.849 93 a 100 7.698 14542
Table 2
LS regression results obtained for the {otal fungal infection model.
Pretreatment Calibration Prediction RPD RER
PCs r SEC Bias v SEP Blas

Raw spectra 1 0.747 26,491 —{.0008 0.688 28.874 = 0301 1371 3463
Multiplicative scatter correction (MSC) 2 0.576 1L280E-06 0.510 34223 6.130 1.157 2422
Mean normalization 1 0.546 —1.306E-06 0.455 35436 -0.138 1117 2.822
Max nermalization 1 .543 - 5.155E-07 0455 35409 0.225 1.118 2.824
Range nermalization 1 (.545 33416 ~2.749E-07 0442 35.759 0.152 1107 2.797
1st derivative {11 point) 8 0.706 28.237 1.805E-G5 0.635 28944 0.221 1.368 3455
15t derivative (21 point) 3 0.623 31177 3,394E-06 0570 32681 —0.263 1.211 3,060
Znd derivative (11 point} 5 0.668 29,659 -1.882E-06 0.650 30.178 -0.157 1312 3314
2nd derivative (21 point} 7 0.667 28.965 - 2.099E-05 0.656 30.025 0212 1.318 3331
Baseline g 0.727 27.378 0.0003 0.701 28244 -0.803 1.401 3.540
Standard normal variate (SNV) 2 0.576 32.562 - 1.423E-05 0.510 34.223 0.128 1.157 2822
SNV 4 detrending (SNVID) 3 0578 32514 — 5 B28E-07 3515 34072 - G183 1.162 2935
Detrending 1 0721 27610 —B.282E-05 0.706 28068 —1.748 1410 3,563

one developed from the raw NIR spectra, without any pre-
mathematical treatment. This model uses 11 principal compo-
nents [PCs), for which r, SEC and bias were 0.747, 26.481% and
—0.6008%, respectively. This model was validated and its predictive
capacity was checked on the independent prediction set. The r, SEP
and bias in prediction of the latter set were 0.668, 28.874% and
—0.101%, respectively. The prediction capacity of the model was
determined using the ratio performance deviation {RPD) parameter
which is defined as the ratic between the standard deviation {5D)
of the reference method and the SEP. The RPD and RER values for
the prediction set were 1.371 and 3.463, respectively.

The PLSR results obtained for yellow-green Aspergillus infection
are given in Table 3. The best performing models for predicting
yellow-green Aspergillus infection were developed from pretreated
NiR spectra rather than from the raw data. The best mode] obtained
used the maximum normalization pretreated spectra. It fitted
13 PCs, and the values obtained for r, SEC and bias were 0.660,
15.668% and —0.002%, respectively. The r, SEP and bias found on the
independent prediction set were 0.437, 18.723% and 4.613%,
respectively, The RPD and RER values for prediction were 0.411 and
5.341, respectively.

Previous studies show the possibility to develop a NIR method
to detect mycotoxins and mycotoxigenic fungi in agricultural
products, particularly ceveals and cereal products. Berardo et al.
(2005) described the application of NIR, to detect the contamina-
tion of fumenisin producer F verticillioide in maize, The best pre-
dictive ability for the percentage of total fungal infection and F
verticillioides was obtained using a calibration mode! utilizing
maize kernels (rF = 075 and SECV = 743} and maize meals
{r* == 6.79 and SECV == 10.95), respectively. Singh et al, {2012} used a
short-wave NiR hyperspectral imaging system in the short wave-
length of 7001100 nm {o detect storage fungi in wheat, including
Penicillium spp., A. glaucus and A. niger. The wavelength of 870.0 nmm
was considered to be significant and was used in feature extraction
and classification. The results gave high classification accuracy for
identifying fungal-damaged wheat kernels in two-way classifica-
tion with false positive eirors of 6.3—11.3%,

Figs. 6 and 7 show the correlations between the measured
reference values {percentage of total fungi infection and yellow-
green Aspergillus infection, respectively) versus the predicted
values from the NiR based PLSR models. Figs. 8 and 8 show the
regression coefficients obtained from the PLSR model for total

Tahle 3

PLS regression results obtained for the yellow-green Aspergilius fungal infection model.
Pretreatment Calibration Prediction RPD RER

PCs r SEC Bias r SEP Bias

Raw spectra & 0415 R970 1378E-05 0423 17712 2848 0,435 5.846
Multiplicative scatter correction {M5C) 12 0658 15693 --0.6602 0.430 18.808 4.505 0.409 5.317
Mean nermalization 12 0.651 15.831 —0.924E-05 4429 18.740 4,552 0411 5336
Max normalization 13 0.660 15.668 —~0.802 0.437 18.723 4.613 4411 5341
Range normalization 7 0436 18.760 —8.0002 0.380 18181 2614 0424 5500
st derivative (1} point) 14 0.622 16.326 —9.865F-06 0457 18.066 4.870 0426 5535
1st derivative (21 point) 13 0.588 16,867 —0.0001 0415 18.297 4.368 0.421 5.465
2nd derivative {11 point) 4 0419 18.9352 3.808E-06 0.446 17.506 2145 0.440 5713
2Znd derivative (21 point) 4 0408 16.035 —-3.018E-06 0.430 17853 2393 .436 5.665
Baseline 5 0411 18.010 -4,052E-05 0422 17.723 2719 0434 5.643
Standard normal variate (SNV) 12 0.646 15.908 —-0.0004 0475 17.926 3.604 0.430 5.579
SNV 4+ detrending (SNVD} & 0434 18.783 4.773E-06 0382 18.170 2,130 0424 5.504
Detrending [5} 0.429 18.829 2.902E-06 0.419 17.767 2.852 0.433 5.629
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fungal infection and yellow-green Aspergillus infection, respec-
tively, The graphs show that some similar spectral wavelengths,
such as at 950, 1530—1540 and 1610 nm, have a strong effect on
both models.

[ an email on 10 July 2012, Phii Williams stated that in case of
yellow-green Aspergillus infection, the distribution of samples is
very poor. There is a very high proportion of low samples. The mean
of 7.658 is biased by a small number of high samples. It looks as if
application of NIRS will not be applicable to reliable prediction of
the yellow-green fungi. The classification (Discriminant) analysis
may be able to detect whether the proportion of yellow-green fungi
is high enough to merit further analysis by the reference method.

4. Conclusions

The application of NIRS for detection of fungi and affatoxigenic
fungi in rice has been studied iy this research, From the study, the
NIR spectra show that the moisture and starch content in rice af-
fects the overall extent of fungal infection, Consequently, fo
improve the accuracy of the model these parameters should be
considered. Additional rice samples contaminated with naturally
mycotoxigenic fungi, inoculated samples, as well as normal un-
contaminated samiples from different origins of samples such as
different rice mills, supermarkets and local markets from different
regions shouid be further assessed. Also the shortwave NIR (706—
1100 nm) should be applied.
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INTRODUCTION

Early detection of afiatoxigenic fungl at the beginning of the process i

. Thepeakal“MZSnm ?naykrepresent a shifted paak of 145(5 h'm wh:ch was ébrrés.ponde:n.é

to the absorption bantd of water and starch, due to corresponding to the first overione of
O-H strefching (Osborne and Fearn, 1986). From Fig. 1{C-D) this particular absorbance
reglon-corretates most strongly with the total fungal infection (%). This appears to confirm
that the moisture and starch content inrice affects the overall extent of fungal infection.

impartant for the etimination of aflatoxin B, from the food chain. The methods in
laboratory for detection of mycotoxigenic fungal contamination in food are time
consuming, requiring a well equipped lfaboratory and skilled laboratory slaffs,
Near-infrared spectroscopy (NIRS) is a powerful technigue for characterizing the
chemical composition of very complex materials including food and: agriculiural
i | products. It is a fast, nondestructive, environmental friendly and highly accurate
¢ method that requires little expert training.

Table

maodel.
The table 1. shows PESR for total
fungal infection. The statistical
model developed from the -
unhireated spectra provided the
greatest gecuracy In prediction,
with a correlation coefficlent {1 of .
0,668, a standard error of -
prediction (SEP). of 28.874%, and ..
a bigs of -0.101%.

1: PLS regression resuts obtained for the towal fungal infection
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Table 2 PLS regres
Aspergitluy infection o

METHODS

& Reference Method
Direction Plating Method ([Samson et ai, 2004)

& Near—lnffared Scannmg “-*'

950-16560 nm
in diffuse

For yellow-green Aspergiiius
infection, the most accurate
predictive statistical model was
devstoped using a pretreated

thehentae

[
iaplecanre v

{maximum normatization) NIR
spectra, with the following
statistical characteristics {r
0.437, SEP = 18.723% and bias
= 4.613%; (Table 2.
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reflaction mode

DATZ00NIRDiode | DG18, 26°C, 7 days
Array Analyzer,
Parien instruments

[ lnc. USA

% infection
® Data Analysis 1
- Outlier checking
- Cafbration and prediction sets (7:3}
- Partial Ieast square regression (PLSR} models
- Total fungal infection {%}
-3 Yellow-green fungat infection (%}
- Prefreatments
~ Correlation {1}, lowes! standard error of
calibration (SEC), stendard error of prediction
{SEFY, blas

- Each rive sample wak analyzed in
triplicate (318 sub-samples].

- The scanning was done three Limes
ot each sub-sample and the average
refeclion specira were used for data

¢ analysis.

RESULTS

There was no cutlier in the reference data. Three spectral outliers were removed. The
average NIR spectra of rice samples obtained over a wavelength range between
950-1650 nm are reported in Flg. 1(A-B). The average NIR spectra of rice pre-treated by
applying the second derivative method of Savizky-Golay are shown in Fig., 1(C-D) with 6
similar peaks at 985-890, 1165-1170, 1200, 1355-1360, 1425 and 1585-1580 nm.
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Fig. 2 {A-B) shows the correlations between the measured reference values versus the |
predicted values from the NIR based PLSR models. Fig. 3 {A-B) shows the regression
coefiicients obtained from the PLSR model. The graphs show that some similar spectral
waveiengths such as at 950, 1530-1540 and. 1610 nm( have a strong effect ofi both
modets,
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Fig. 2: Cortelation regression plot of the measused versus predicied total fungi infection (%) {A] and
predicted veflow-green dspergilvg infection (%),
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Fig. 3: Regression coeflicient plot for the tum} funbai infection PLSR modcl {AY and for yellow-
green Aspergifius infection PLSPR moxde

In case of yellow-green Aspergu!us mfecnon, the distribution of samples is very poor.
There is a very high proportion of low samples. The mean of 7.698 is biased by a small
nurser of high samples. it looks a5 # application of NIRS wilt not be applicable {o reliable
prediction of the yellow-green fungi. The classification {Discriminant) analysis may be able
to detect whether the proportion of yeliow-green fungi is high enough to merit further
analysis by the reference method.
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Fig. 1 A-B: Average NIR specira of rice samples chgde baqed on the percent wotal FLiﬂ;:,d infection (A) and
the percent yellow-green Aspergifies infection (B, present in the sample. C-Dt Average second derivative NIR
speetra of riee samples. chustered based on the percent of jotal fungal infection (C), and the perceat yellow-
green Aspergiflus infection (D), present in the sample.

The application of NIRS for detection of fungi and afiatoxigenic fungi In rice has been
stucied in this research. However, further development work is neaded to improve the
accuracy ‘of the model. Additional rice samples contaminated with naturaily
mycotoxigenic fungl, inoculated samples, as well as normal uncontaminaled samples
from-different origins of samples such as different rice mills, supermarkets and local

markets from different regions shouid be further assessed.
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