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31Uy Abstract (MB#189N7 )

Project Code : TRG5680003

Project Title : Non-destructive Discrimination of Insect Infestation on Green Okra
(Abelmoschus esculentus (L.) Moench) by Near Infrared Spectroscopy

Investigator : Nattaporn Suttiwijitpukdee; Kasetsart Agricultural and Agro-Industrial
Product Improvement Institute, Kasetsart University

E-mail Address : aapntp@ku.ac.th

Project Period : June Brd, 2013 — December 3rd, 2015

Green okra (Abelmoschus esculentus (L.) Moench) grows in the tropical and subtropical
regions. It was popular in fresh consumption. Mainly, Thai exported its pod to Japan and
Australia which strict to monitor the contamination of worms and insects in fruits and
vegetables. Usually, the classification between the intact and the contaminated okra gumbos
can be performed by the eye observation from specialists. However, this is time consuming in
packing and shipping processes. In addition, it contains a lot of errors and the tasks of worms
are sometimes very small, making a difficult observation. This research was focused on the
classification of the okras with worms and insects infested the inside and the insect-free pods
by using near infrared technology. Erias vittella worms which embed inside the pods of okra are
the major problem for exportation of green okras. The amounts of the protein and lipid
compositions between the contaminated and intact okra gumbos are significantly difference.
However, the types of fatty acid are similar to each other. For comparison, the measurements
were performed both transmittance and interactance modes. The calculated equations which
were performed by using interactant spectra and principal component analysis (PCA) provide
more accurate results (82%) than those of the transmittance spectral equation (72%). In case of
partial least squares discriminant analysis (PLS-DA), the similar results (93%) were obtained
from the all parts of spectra while the analysis of the separated parts of okra indicated that the
results obtained from the interactance mode are more accurate and precise than those of the
transmittance mode. Also, it is possible to indicate that the near infrared technology can be for

discrimination of the infested of insect in green okra pod.

Key words: green okra, near infrared spectroscopy, discrimination analysis
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A = a ') a v ad o a
WWallSaunaunuMIILATIERE 8 TNIe LA L

5. Lﬂu‘i%miﬁmm:ém%’uﬁwvl,ﬂmuqwqmmwsluﬂszmumm5@1

nMangRdayannailnasa NIRS

iagaﬁ"léfmﬂmﬁmﬂzﬁéhﬂm'%iaa NIR spectrometer fﬂ:agjlugﬂmaomﬂnm%’wdmﬁaga
P2IFNUAN B N IWIATIEH LHAINTTUATZ U (reference method) Tianzvitoyalanld
IiJimemmﬁﬁsﬁwgumauﬁmﬁzﬁﬁagaﬂizﬂauﬁazJ 2 TUADUNAN Aa THABWINTIATIEHES

4 v ﬂq// a a { v é/
RUNIT Lﬁ@l“ﬁLﬁ% model LLE\]&"U‘H’G]E]%ﬂ’]ﬁ‘ﬂ@]'ﬁﬁ]ﬂﬂiZﬂWﬁﬂ’]W“lla\‘]ﬁllﬂ’liﬁﬁﬁﬁd‘ﬂu
NMIATIWAITAALEN (Classification analysis)

Tumsdnmmssansndnansdsensns lunuiseitasldnisdiwios 2 wwy @e principal
component analysis (PCA) e partial least square discriminant analysis (PLS-DA)

1. Principal component analysis (PCA) WJunsiensianuuandsnuwuasalnasy
(euilvdasz, X) niald I@m:ﬁﬁmmﬂﬂm%ﬂmlﬁiazmmmaﬂﬁumﬁﬁmmﬁ'@ﬂéjui@Efl“fj” INATKA
Aldlumssaswinsasdaudsiasz(x) Iiasaslaldisnsssne LLﬂsﬁuuﬂmjL%'yﬂhmjuﬁa
wislnainSaunniaasanunaflenarsunniaaslasudazunniaesazasursanuudsd i uue s
aulnasule

2. Partial least square discriminant analysis (PLS-DA) #93588@ PLS-DA 1Iu3%n3
Aenzitayamnaiu lagmytheaudsauandwmsotwdaianlglunszuiunisaing
LLWﬂmaﬁ’@ﬁw%aﬂmﬂﬁiwmﬁ@mjmam“”sLmiﬁai: X) asfisrtasnueaaudiany (v) lag

PLS-DA (lumsitenizvinuuduunngy Sduaauasih (sage uaz Jaws, 2555)



1.) \deneragsfitanldlumssesuns I@ﬂﬂﬁjmﬁaﬂ'ﬁdftl,%'ﬂﬂhnajumuﬁa (training 138
calibration set) wﬁﬁﬁamﬂumjwéﬁasmﬁmmmjwmﬁau

2.) fnuaaIawlIay (Y) ﬁéﬂﬂ”@luﬂﬂiLLﬂqﬂaju@”'sashamlﬁ’lumiaﬁ”ﬁmwmi Tusmisait
fvualidn Y 28905380l lifnuaurinty 0 war n3zdsudeniidnuourinny 1

3.) a%”nammmﬂaﬂéjuT@U’L%ﬂq’u@T’sashaLmuﬁaLLazﬂszLﬁuawmmﬁaaﬁu@ﬁsﬁ%‘ full-cross
validation tWatdansrwinunniaaifimanzanluudazauns

4.) ﬁ’m'ﬁmnaaumwgﬂﬁawaaammmﬂamjﬂ@ﬂ%@ﬁaﬂﬁaﬁﬂﬂéjuﬁaﬂguﬂ@aau ey

A A 1 a
WIUNgUNNEANI

NUNINIIFIWNIIN

Aa

ﬂaqﬁ'umﬁme:ﬁd’mmu’ﬁymam mmam?’tﬁmL@ﬁaaﬁamﬁmﬁ:ﬁmﬂi:qﬂﬂ%

A A a 6"

lunidnisineasuasfiuidonaAuws I vInuInNIaszvaluinadia near
infrared spectroscopy (NIRS) tilasanidumnaiianitiianlumadenzi ldatimias 1dua
A o ~ Aa Y ' o A < a a < | A @
89079 winduasianuaaaienzilanaisarlunmyiainesasadsn snngliinngls

=1 a 6 .& s 1 UV o a o %> a ni 1 o a ] ni
gtadlunsdeiey émﬂaa@m@a;dmﬂ'ﬁ'mml,a:w,ﬂumauﬂwvl,wmmymamml"ﬁ’lums
Adgd

Aa 6 . . add A v [
A3z (non-destructive technique) A5RIudwidMmhanlauszlunans guszinanldianey
atnsuwinany 1w ludszina Ju duu ansgawinm nuddssulngdesnisiunalulad NIRS
% wdszendltlunszuunisnivquamnin iasianaduinasgiuve sdudlunszuauns

‘Y]’]\‘]q@]ﬁ"l‘ﬂﬂiill

FAMVLIIAAUNIRS §101300LIaaantdn 2 TIAINAMNLIAAL LALA T19AINLI7
AAUAL (short-wave near-infrared ; SWNIR fausnindualugag 780-1100 wiluiuas uas
H19AWLNIAAULT (Long-wave near-infrared ; LWNIR) fianasninduagluziig 1100-2500 w1

a w = Qs qﬂ: 1 Qs dw 1 [ dl
Tluas ANWILLUSTIUNULEINIFITI Lasnasadnuiitanathds WuITwgs NIRS T2908%
&< & ' o ¥ 'y v 4 A
auuummsnmqmum"l,ﬂsl,mﬁaLLaﬂLﬂa"laﬁﬂmﬁmdﬂﬁuma (Lammertyn et al., 2000) G4
ﬁnﬂmmfﬂ’mﬁaﬂlﬁmammmaﬂﬁuumﬁwﬁuﬁdﬁ%mmm‘i’ﬁ'ﬂmaa@haﬂs:mﬂﬁmﬁmmxﬁ
WUHANIININBAIN IFAUFIUUUULELING LTU 314398189 Vanoli et al., (2014) LTun13An®N
maAadtiaansluiitanalidalaldmisainueiaan NIRS ﬁaoﬂﬁué’ﬂ@ﬂl‘*ﬁqmauﬂﬁmmm
o o a n€ > a n€ a ¥ o .
Iﬂm@auﬂs:ammsg}ﬂ%uLm:auﬂszamﬁm‘smzmu,awaaLﬁaLLaﬂLﬁaanm‘s time-resolved
y R .
reflectance spectroscopy (TRS) Sanunsnusnwauaiidafiite iduaziianuaasanunainnga
' [ [ A Vo 'Y a a a%, {
wathandiatinazlisalalasdunislivinaronaly I@ﬂauﬂi:aﬂﬁmmig@nﬁuumﬁ

-1 -1 A n' J a dg/ d‘f o a AG' a
670 cm WAz 780 cm  azdewudnaIunITAaRiIaalwitawatidanassulseAnTANInIzia

4 -1 ' § A ¥ ¥ { ! oo A
N 780 om azlidaaadladnafefihanansluieusdidaludzimadyuwldiunaiia

o o o v A {a o v {1 d a v
NIRS anWawriawi lovinduduisnfiousvdenuuazdgnldislugdu uazilaidufud
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gi0ani1 NIRS mi‘*ﬁi’@LLuuvl,aiﬁwmﬁqmm‘wmaaNﬁ@lﬁmsﬁﬁam‘iwmgi@ﬂmam‘”@mmﬁ@ﬂﬂa
14 gasenduazzlnssaimeian ganglwidlsingyuilisuisaeaniadomoald
(Takizawa et al., 2014) uanmnftﬁwmlﬁi'@ﬁ'm”aasmmﬁaﬁmmas] LT ﬁmm:gan&'sm%
Sianzrsunmniaazdlunas lusiuluudadanass (Pazdemik et al., 1997) saognsmysunle
3Lm’1:ﬁluq@a’mnﬁmﬁa§'@f daidnuazanmnza avaseugmNnTaIlaIN TLATIZAM
ﬂ%mmmﬁaluﬂmz} (qm%%ﬁ'ﬂ LRzAhE, 2554) iilasandsunanndslwiatandlimansauas

' v a o & oA = ° A [P P & '
adNaiﬂwamnmmﬂmgmﬂ%”lwqmmw m’L%”Luaq@lm%nﬁuuﬂulmﬁmLm’lzmﬂuama&rm

nadszgndldinalulad NIRS fimslgluniaraseuquawlugaamnimuetmisdad
ULATHAAATUTINIINTNEAT 13U MTIAANNFNVBINZAZNA (Greensill and Newman, 1999) 113
10088 lIRALAZAIUAIY (Slaughter, 1995) MITAALABNANNWINUVBIFY (Kawano et al.,
1993) waihila (Liu et al., 2006) A (Kawano ef al., 1992) 1583 (Lu, 2001) Uz Lwaaw (Dull et

v 12
o a

al, 1989; Dull et al, 1992; Guthrie et al, 2006) 8nNNIYIANITITVATNUNITAIANNTD

aslulaiase Tusaw Tudw luiwane Twwas idudn

lunsienzdianufiaUndvassinuazua Bnuindmshanltanagaunuewnsluna ld
isnnuiaUndmeludug Wesen NIRS TnafiusiuduinanuazausanenanuUniuas
feRaUnalaa Sﬂﬁdﬂ'@mminﬂizqﬂ@ﬁmzﬂ%’ué’ﬂwmwaaLﬂéﬂ@ﬁﬂﬁﬁﬁﬁ'ﬂé’ﬂﬂf%:é’ﬁashd"l,éf
waat dredmaduygndllunisiiensdanafalnduesnald i maminueuuazly
waadluNaNzNI9 (Saranwong et al.  2010) msmmi’wmuaﬂuwmﬂaﬂlﬁﬁaaﬂawwﬂnﬂﬁu
ugsnnaainled visible uaz NIRS  5ia51eW lasdsauifiounnsia 3 55@a interactance,
reflectance, transmittance Namuﬁ’ﬂ”ﬂagﬂdﬁ%f@ﬂ%u,mJ interactance LWRZLLUU transmittance
mmmf-ﬂ’mummdwNav!m’]ﬁﬁﬂuauu,aﬂ&iﬁﬁuauvlﬁ%'@wuﬂdﬂmﬁ”@LLm_l reflectance (Wang
et al., 2011) uaﬂmnfrﬂ'ﬂﬁl,ﬂﬂn@jummm‘"um’mqﬂLLﬁmadwaﬁuﬂmé'm aaluwiselaldnns
gumaanen 2 3500 partial least squares discriminant analysis (PLS-DA), principal
components analysis TN artificial neural networks (PCA-ANN) a1n3m338a3taanyninnig
ATWITULLL PLS-DA mmmﬂ”@LLzmNaﬁwnmﬁ'u'ﬁll,ﬁimaaﬂmnwaﬂﬂavloﬁ’ﬁﬁq@mwﬁaﬂ?%
WAL SIMCA uaz PCA-ANN eNu&1aU (Mireei and Sadeghi, 2013) Forzinlainmaiie
NIRS ﬁﬂ‘:ﬂﬂ*’nﬁaahomnslumﬁmﬂ:ﬁqmmwmaaN”ﬂLLa::Navl,il”riauﬂ'ﬁmaamﬁaﬁifmmﬂ
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NINIINN 1 mﬁmmﬂﬁ'%fzﬁLLﬁ'ﬁ)’%\maawua%n‘szﬁmmﬁm

4 ~
1. qﬂnimuazmimu
1.1 A0E19INIZ AU 7
1.2 guUninfuaziniasd anlflunisiae
1.2.1 NWLaIBNAIDENS
; W5aﬂﬁa:§ﬁLﬁyu
= s
- {a Woe
1.2.2103a98an I aIzARN slw°'u°§°11 AIRUAL

- Stereoscopic Microscope Nikon SMZ800

2. 95m A
a 6 a a a A 1 dml a ' A
lumslianziszuznaaiyidulauazsiinvamueniioglunizidsuidor wumuaud
ananuinasrwa lunsdnerszezmaaiaiduladasduiahnuwewnfvwaiannii 0.5 cm
unesadlissde lasmsindinueufiadlunszi@sudo ldsuangsseanuuassaunaoidu

ALANIL LLa”aE%ﬁmﬂzﬁl,l,azﬁ‘hl,l,uﬂmsw”uijﬁﬁﬁﬁfﬂﬁﬁ'ﬂw”@um 213NVNT NINATINNTNBAT

a 6
3. HALAZIDITHUANITNARDY

mﬂﬂ'm,l,sm%uauﬁagfluﬂsu%'umﬁmaaﬂmmlﬂm'i'@mm@ NUINTRBI YUYW AAILLG
YUIALANNIN 0.5 LOWALNAT IUDIVWIALIUIZINIE 1.5 LTWALNAT WAz RWanIUIa
Useunms 0.4 Lowdluas vRssawduidigaldzoziian 17 7% wazliaaT1a8aUNNEINNIY
WU aITNVINT NTNITINTINBAT praley vilw Erias vittella
sUTwaNsMEUarEIlIEIA (INATT LAzATLE, 2545)

Erias vittella ®38 Spiny bollworm “uaunuwNas s agﬂ‘m\‘iﬁ Noctuidae aual
Lepidoptera lag@anuanazisuitnyinasadudisunnaanainlalevd g diuuemaednyinla
Qmmwclmﬁslmﬂ

1 A e % 1 6 Aa A AAa A g’ a ]

19 Sanwmenaw Wurnangnaslszanm 0.5 daduas Iadorauiidu vepz 'l
15z 3 %

& A a o ¥ a & A ad '

NLOW RWABLALAUNAZENUTEN L 1.5-1.8 LTWANGT eauduwids Wideasan
UWNIAZD LY RRIFVUI TEUHUOW 9 1% §ONATIU 4 A9 RUAUA 5 TTUY AUDUITLINLLTNGW

3 a 1 A Feg Feg d s 2
1uLLma:ﬂuagmﬂumwwmaﬂ wyadnladnwisauduanua

3 v adA :/ a 1 v £ o A clo =) :’ =) A a

ANWe FRIOA 81U TeuD 1.3 LTUFALuaT mﬂqwmmuﬂugﬂnamw FaaTanIad
PWIR O IUANLA 11 W

ALANIE g 7-14 M AawNAIINAILARaUTSanluNTa aanriAnluiIaINa1IAn

A1M5VAIHLRE AWK 92817 1.2 L IUANaT Dntdanids) 2.0-2.2 1 rwdtdes Jnrasaun
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v ¥ Qs & ] v § =) ﬂq/’ 1
wia Jnuihdfdoanna dixeainiandlale 40-298 wWas (1ads 115 Wad) ARaA9IITINAILG
laautsaananis 16ian 20-29

dl dl ~ st 1 dn’ = s 1 = =3 1 a
31 1 u,am%uamNamagmmlum:mﬂmmmsw:maaummmannm 0.5 LTWALUAT (N)
2R UAITINAUTZUN D 0.5-1 LUUALUAT (D) TeUZAUIBITWIALIINGT 1 LTWALNAT (A) 2812
Qs I3 L
AANIY ()

|
: o
[ (I}

AU Uszey ~9 U
ANANIY

3

l9 tlnAa ~3 U

U1 2 usarsvInaaiyidvlavamuewninaas Ui day 20-29 T
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a { a & A %)
AaNIINN 2 : mMaazrilsuallsawuazlusin
nsarcvlsarmlisén
4 ~
1. qﬂnimuazmimu
1.618819NTRUULT N b TRUaK 31WI% 20 288719 LRZAaL1IINTZALU BN TR Y
20 e1a8d
2.qﬂmrﬁua:m?mﬁaﬁi‘*ﬁ’lumﬁﬁ?’y

o

2.1 WAIINABENS
- qasﬁﬂid@ﬁamo
- 1A3BITIATIERBEN9IAZLBA 4 Furke (TB214 Wa9 Denver instrument, USA)
6 Aa A
- Wsamazg}muw
- ﬁauaﬁau
- 1A389UA (Cyclotec 1093, Foss, USA)
2.2 @3aNanlTlumMIA A TIEANIILALN
- 13893 NeR LS aulUs@Au Protein/Nitrogen (FP-528 S/N, LECO, USA )
2.3 130950 aN LTI LA ILATISANAN IR

- TUsunsu SPSS version 11.5
2. 35n1Iaaad

aim”aaamﬁshumi’i'mmmﬁa V1T T1UI% 40 G20 AALANIZFIBVYDINTLLILUNNY
o ] a 6 1a a v ad . . A v A a [
wuan had lIeneiUSunmlysduaeiT combustion analysis 71 ¥01URITBINLIANRATUAY

walwladus Uszinalng (32.) Taalgis In house method based on AOAC (2005) 992.23

3. HaMInNaag

a 6 1a = & = Aa a a Al =
ﬂ'ﬁ’)Lﬂi’]z%ﬂﬁ&nf]ﬂl]ﬁ@]%sl%ﬂiuﬁ] ULVHINUVA W ThEITTY L@]‘]JI@] ﬂﬂixmLLaz‘n"quwuau

ANMIA RS IUTAWNLAN NI RB UL T8N b dnnandUSunmlv6u 15.39-
24.15% §IUNITAULEN NANWaRIINTD: 3 HUSu1mlisAw 18.50-35.79%

Ci a & 1A a Aa ada . .
A13199 1 LRAINAIATITAUSIN I USAUNTATILALAAT combustion analysis

Parameter no. of Protein (%)
sample Min Max Average SD
Infested 20 18.504 35.790 25.985 5.011
Non-infest 20 15.385 24.149 19.697 2.383
Total sample 40 15.385 35.790 22.841 5.014
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Aa 6 ] a A dn a [ ad
HAaN1IILATITHARINLANGI9adUS YA uvaInTeiduudenaa83F T-test  method
(Independent sample) Jzwindansziasudsindnuandsainazlidnuan wuin duafodsunm

o %

Tsfuvasnuaudamuazlifnuaufienriiiy 25.985 uaz 19.697 fanuuandrianafitudeiy
MIRARTITzAUANNLT BT 95%
n15aserdsnm s
1. aunsaluazasiad
1.fatnans=dsudsan i Snuan uaza20819nT2 3 Ud R nwon $19% 20 HN
2.qﬂmnil,l,a:m%'aoﬁaﬁlﬁums’ﬁﬂ
2.1 NWLATLUAIDEN
- euladnaeng
- P30T IATILRBENIRILE A 4 Uk (TB214 a4 Denver instrument, USA)
- Winndazgdiitoy
- aUaNTDw
- 1@389U@ (Cyclotec 1093, Foss, USA)
2.2 °g@m%aan°@%ﬁu soxhlet extractor
23 wsasdanlglumsiiazsimaad

- w03asufalasanlasns WA (gas chromatography)

2. 95msnaaal

NSLAILNAIDENS

Te0819N 5213 8 U I AR TIALEILTIS 1% 5 HNUNTINT 1iisnySun o lusiu
AanalddUsinmtesunisldaansasanieseiiazdnle ﬁﬂvlﬂauluﬁauau%“auﬁqm%n“ﬁ 50
sl Foa 1WAtz onIaN 24 T2109 0 ENIURINNIIMINE BN INNLARIBLATD
valdidwitodontn udu 1 dat udsidegsiiuaseutasudainmsanaluiudaly
Tagdiaevnsziioudenfidnuon 2 dr0819 uaznszdaudonlidnuan 2 datne T 4
A1aed

MIENA LYW

lastadratnenssdsudefivauditszanm 5 n3w aslwnszanwnsas wuudlale
timber annsiwinlanaseis soxhlet extraction lagld@avinazasianian Usinas 250 Sadans
I@ylﬁmm%’auﬁqmwgﬁ 70 aseuoaifos arugulidannIaiuuiusasdiazasdszunm
34 waaAwd lamsanadunm 8 5alus ntwinunnaneneIinaisaanamnie
RN SLaNHaa YT 1-2 FaRaaT LL&T’JWLLﬁ”a"luI@‘SLﬁJuU%qw%iﬂﬁ"lﬁi@‘i”;ﬁmzmﬂaam)u
WA SantanazwmnSinaes hauwiseseilaluwatunau
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N3IATIEHAEY gas chromatography

¥ methylation wasn3@luait (AOCS official method Ce2-66, 2009) 1Nt #NTL381
denildannsanalszanm 100 Saansy Tuwrarunay 31ntiwdy 0.5 M NaOH 1w methanol
U3u1a7 4 Jadaas &Lﬁmm%fauﬁqmﬁnuﬁ 80 asALTaLds® 1WA 10 WIFl I NsssLdNaNT 14%
brorontrifluoride  (BFs;) 5 #adans warlhanusoudatduiia 2 w19l wazanaey heptane
5105 5 I88807 uastdumiazansdusves Nacl aslvinlwiAansusnduin @@Lwﬂmifuﬁ'
nduansazans heptane 88N¥1 WAZLAN anhydrous Na,SO, Laniae mmfug@msazmﬂﬁ"lﬁ
wdszanm 1 Sad8aas wazinlgaienzisinmnsaluiuudszofia Axouduauazwan
NRAADAIDIWNT WANBATAEAT 8819 IAAINNFINLUAUA LA NAMHRAA U 819T baLAN
internal standard L% heptadecanoate (C17:0) satas I manawilUSe s iasas gas
chromatography

NIATWHID

° € = & a ¥ o oA @
ﬂ’]iﬂ’]%QMLﬁ%Lﬂailfﬁu@]"ﬂaﬂﬂs&]’]muquuﬁsaqm&]u

M, -M;) X100

Percentage of fat (F;) =

W
Wa M, = WIRRNVIANWNANLAZHINY (NTV)
M, = iRRNLIANUNEN (NTN)
w = IRUNAI8EY (NTN)

mMydwr s dutasituduasNuinsa lus (Area Fatty acid ; Fp)

100X A,
Area Percentage of Fattyacid (F,) = ————
At B Als
Wa Ay = WIRBNVIANWNANLAZHINY (NTV)

WRINVIANWNAN (NIN)

>
I

2

As = HhnBnaegid (NIN)



mydwr s duitasidudnialuiis (Fatty acid) (nSU@a 100 NSNAIBEN)

Fr X Fe X Fa
Fattyacid, ¢/100gsample= ——————
100
W Fr = Bnadusdiuniadiduludaedis 100 niu
Fr = correction factor (ﬁ'ﬂ =0.8)

Fa = % Area Fatty acid

3. HaN1INA[dY

16

NNIIFNAUTU I MWl wN Iz U D eI N LU TR wawd s wiaaya 07 olueln 0.973%

Py = AaA = :/ L a % A o a 6 1a
LLa:ﬂszLam_lmmﬂwuauulumv&uﬂmaaﬂsmmvl,muu 1.06 % waztlaitiundtanerlIvnmnIa

o ' A A A o v A o A e o A [ ~ A
lusiuudazsia JTRaTaInIa UNWINALALINY ANIA TV UT1WI% 19 THe LEAIaIzU"N 3 Taud

US4 palmitic acid (C16:0) annfiga dszanm 0.4 N3N/100 NIWAIBHNY T8901ABNTA linoleic

acid 4 0.09 N3N/100 NTNAIALY LaLlSoUREUNTA M NkLaasTRalwn TR U g NIRAILLL

uaeNaIA39N 2 lduandsaenadinaan

e =TTV T VS eI 7

T T
FID1 A, Front Signal (FATTY2015\FAM2015 2015-10-20 14-40-56\FAMOCT 150000008--008F D)

¥ v T ’ T
T T Y a8 40

-
16 20 25

o
o

. é
e
b e
7 Q
3 A
804 -
/ - g ‘
ul
70+ ;
«©
8
80
‘ g
80+ 5§
w g% . N
40 & 8% § Ree o
8 2 ‘§ a O @ 5§
' Qe 3 ? g o O )
204 = 4 o E ]
: g Q & %l ) ,'9\
g & B 3% &
& 3 @ v .
20 & 0 £
LL '

37 3 uzaslasunlaunsuySunansaluduedan chromatography ludiatenszasuidyn
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USauasadansalasin (n33/100 n3a

L]/ d13
wIN A28819)
nsvssudenf | nsmSsudenia
Taifivnan wwanagnialn
1 13.991 | Caproic acid (C6:0) 0.0151 0.0148
2 29.372 | Myristic acid (C14:0) 0.0059 0.0063
4 32.961 | Palmitic acid (C16:0) 0.4109 0.4460
6 36.140 | Stearic acid (C18:0) 0.0428 0.0495
7 36.909 | trans-9-Elaidic acid (C18:1n9t) 0.0308 0.0333
8 37.206 | Cis-9-Oleic acid (C18:1n9c) 0.0168 0.0359
9 38.871 | Linoleic acid (C18:2n6c) 0.0954 0.0945
10 | 39.398 | Arachidic acid (C20:0) 0.0138 0.0130
11 40.873 | Alpha-Linolenic acid (C18:3n3) 0.0231 0.0225
12 | 41.106 | Heneicosanoic acid (C21:0) 0.0065 0.0061
13 42.451 Cis-11,14-Eicosadienoic acid (C20:2) 0.0186 0.0330
14 42.846 Behenic acid (C22:0) 0.0241 0.0230
15 43.871 Cis-8,11,14-Eicosatrienoic acid (C20:3n6) 0.0171 0.0186
16 44.072 Erucic acid (C22:1n9) 0.0076 0.0077
17 44439 | Arachidonic acid (C20:4n6) 0.0088 0.0080
18 46.246 | Lignoceric acid (C24:0) 0.0226 0.0234
19 46.716 Eicosapentaenoic acid (C20:5n3) 0.0072 0.0076
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NANTINN 3 ANHINIIAALYNAILIZUL transmittance TN IzLIL LD

4 ~
1. qﬂnimuazmimu
1.1 @0819NITAVUD BITIUIN 508 KN
1.2 guUninfuaziniasd anltlunisiae
1.2.1 NWLOILUAIDLN
- qa%ﬂlééﬁaﬂw
- Au
U
- LATITY 4 FURUS (TB214 w84y Denver instrument, USA)
- Wiaﬂﬁazgﬁl,ﬁw
= =1
- Ja Woe
- g]”amm%“au
- 89MIUANAWANA (Thomas Kagaku Co. Ltd., Japan)
122 d’]uLﬁU‘fﬁ]Hamﬂﬂ@lﬁJLﬁﬂ§§%W51Li@1
- 1A389 Near Infrared TATI9ARWRWIBTIIAINEIAAY 665-955 W1 luluaT Lag
15n3849 NIRS 1063832 UU transmittance (Purespect, Saika, Japan)
1.2.3 103090 0N AN LA ILATIEHNANIIRDA

- The Unscrambler version 9.8 (CAMO, Norway)

2. /M INAad

2.1 eag9NTHaUTBINInae 508 28819 Imﬂmﬁ@Lwiazmzammuquqmﬂnuﬁﬁ
25 sarLTaldos nMysautinTzidaudanoandn 3 & ldun §1u9 (head) fmualvadlu
FLHULITNIN 2-3 LTUALUAT Lfiai'ﬂmﬂmga, §AIWNAN (middle) T282ITRIN 4-5 LTUALUAT, §IW

Uane (bottom) Te8ZT=WING 6-7 LTUANAT IuAazFIWIamUNATNNG 5 auvaddnnszidauden
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Head (H)

Middle (M)

Bottom (T)

n v

a

P A ~ . @ , s
Eﬂ‘n 4 ﬂ']iﬂ']u@l&]qm%cﬂuuﬂ 25 NFALTRLTUR NAUNITIALLRI (ﬂ) LLazﬂ’]iLLﬁJﬂﬂiZLﬁ]UUaaﬂLﬂu

fu e ltlunTIauss ()

2.2 ANEINNTIALEIF8LAIad Near Infrared Spectrophotometer PureSpect
WNA0819NTTRN VLT BITAMLY  transmittance  mode lagdaluaiig ANEIARYL
665-955 nm Laz¥NNNTUTUALALS detector AU light sourcelunisnanastaziauaalaslrigs
aanan WiuaseanNGnauwundasi uNanIziasudelh detector agjﬁma’wﬁa%’mmﬂﬁ light
source UAT detector ¥inyugiani 180 ae 1aluansaee transmittance mode lasianiawienu
PpINTeReUTgILAacEIB Laddnuadode 1 siUnasy nbwiinIzlasudsINHIBNNTIG
LLmLLﬁamshLﬁ'ammaauﬁuauﬁﬁagﬂumu%‘nmﬁmLL@ia:qm
2.3 YNM3iawa Tashmiin waztnezdenaininszideudisd nasnniuancaaniiva
A Y o . = ~ ° A \ ! ~ = a
mnaauwuawﬂmmaglum:mﬂumm LLazﬁnLLum’mﬂuauaQ‘LumﬂmmNﬂﬂszmmmjm
2.4 MIFIWUISNARDLANNT
2.4.1 M3UsuuaImUnasy (spectral pretreatment)
A &~ = A o AT o ) A o 2 A A A
LuaommlﬂﬂszmmJuaﬂwmzwimaa"l,umuauﬂm’mmumaUNLLa:gumoawa
FINAFONITIALES AIIINBITNITAIUWIMLNEUTY spectra  AaWINNIAIWIAFNANT
a =
WIguney
1) original spectra : 1J®N13¥" intensity VaIULaINEWITAL TN
absorbance WA IUIMIALATS
2) second derivative spectra : Wuwnnvin spectral absorbance Nlad
furmulaslais second derive ative UL savitzky golay
3) multiplicative scattering correction (MSC) : 1un191in absorbance a1

fMUIth MSC LNDRANANTZNUBINIINTZLIIUES
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4) MIID multiplicative scattering correction (MSC) 2UNY second
derivative spectra la81inein absorbance NNFWIMAANLAE MSC WWalTUAINNT
QANAUULES MNUUINANEUITLAIE second derivative spectra 8T
2.4.1 NIAWIH spectra
° %) @ ad . . . ad
ANBITWNITIAALLNAILIT principal component analysis (PCA) LWaeld
Partial least sqauare driscriminat analysis (PLS-DA) wanazauanuduldlaluy
mMInauen laoinua liaUnasuuesnszidoudef blnueudayinny 0 uay
@ = P Aa A o
sUnasuuaInIzIsuleINInuawlaviing 1
3. HaN1INA[DI
nflv = QQ: s a o 1 dm’ = n&’ 2 YV o 3
A RLUdEINIRNe lesUannuSEnasaannzidsudisn lasdasdulavinnsaananlas
A lumidausndivanddl udnudrdiaaiainiauaaudiauinainansmuen1InNIsNIw
' = a A a ' ) o ' = A Aa A A9 o
wudn naziisudon lifinueuiizlivdeudiasniinaziioudoininuen lufanssuiils
Ay RsUdEN linuauduin 254 6o waz Gruew S1uu 254 Hn TIunInae 508 n laad
wminvesdnnizRsudislaglszanm 5.28-17.56 ninaMuEIIzANm 10 uGiNes  lag
. g C W
utisnazdpudimaanidu 2 nduleun
1) NHUATINENNT (calibration set) F1wan 408 Hn lapuamaTianziauuTIUANIRUan

Tagutsaantidu 3 8%

- IWAITIUIN 160 Hn laifivian 80 KN WAZNWWOWSE0 WA
- §IUNANT UIW 160 (N : Laidnwan 80 WA wazivinan 80 Hn
- #anUa83wIn 88 Hn uinwan 44 60 uazdnuan 44 Wn

2) ngu¥hung (prediction set) $143% 100 Hn

- FIWHIIWIN 40 Hn - l3ifiviat 20 6N wAzIRWA 20 WA
- RIUNAT WU 40 Hn luinwan 20 (6N wazdnuaw 20 Wn
- ey 1w 20 HN luinwan 10 (6N wazdnuan 10 Wn

mnmﬂn@%’uLa,ﬁmlammﬁf@"l@”l,mwiazﬁ;maaﬂizﬁﬂuLﬁmﬁmm%ﬂmﬁw LA LN
AN baseline maamu%ﬁ'ﬂuLﬁﬂaﬁﬁﬂuaum@ﬁagju’%nmmuﬁmazmunma ﬁé’ﬂwngon’h
A:Elv a A 1A o A [ % ad e 6 % . .
N32AuU DN L Trwa wazanalnasuNlIuaiITayWuiauauaad (second  derivative
spectra)  AAMULANANIAWANRBELYINIY FuatUnaTuadsNiausd ldanaindanodansus
. Al v a o | A o A | o o A \
baseline NINAALINULAL slope VaIFUNATUNLANANING LEAIAIIUN 5 1INMIHIATIIFDL

' ey a Aa ) ' Ao o ' F) ) A
WU ﬂ‘i:LfﬂﬁlllL°1JEI’J‘YI&J‘M%@WJG@]’Jagﬁnu‘ﬂmElllﬁl’m’zuuaUﬂjﬁﬂﬁiﬁld@l’)lua’auau6]
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1l N Non-infested 0.0010 - 9| —— Non-infested
B N et infested 2 N infested
0.0005 ]
12
o (00000
@
g 1of 2
® ®©
2 8 -0.0005 |-
2 2
o 08 Eel
< < o010}
06
-0.0015
04 -0.0020 |
L L L L L L L L L L L L
650 700 750 800 850 900 950 650 700 750 800 850 900 950
Wavelength(nm) Wavelength(nm)
1.6
2] R Non-infested 0.0010 7_Non—infested
qalb T infested N e infested
0.0005
12
) @  0.0000 |
o o
S 10} 5
£ £
S S -0.0005 |
8 8
< 08F <
-0.0010
0.6 |
-0.0015
04
L L L L L L -0.0020 L L L L L L
650 700 750 800 850 900 950 650 700 750 800 850 900 950
Wavelength(nm) Wavelength(nm)
14
o) Non-infested 00010 F Q) Non-infested
N e infested N b infested
12 '
0.0005
1.0
8 g 00000
% j=
8 2
o 08| S -0.0005
2 3
< <
-0.0010 |
06
-0.0015 |
04 |
L L L L L L -0.0020 L L L L L L
650 700 750 800 850 900 950 650 700 750 800 850 900 950
Wavelength(nm) Wavelength(nm)

311 5 ugausnaIulafe absorbance Laz second derivative spectra 283618819NILAB VLAY

=

d i Ao . \ . [ . :
Afinuanuas ludnuauannNIala luhdazdin §IUr (0,2), FIUNAN (A,9) LazdIwlais (3,8)

ANAAL

3.1 MsAwImAALNdENATNVaINSEIRBULA8IA182D principal component analysis
(PCA)
3.1.1 NMIAIIBAITAARLNNITHIAIVDIR KON IBLAREEIN
AU
o o o ¥ ad d'l 04 ] > é"
WRUNATUNNIEIWIUA83D PCA  LNBAALENANMNLANGVBIRLUNATUDBINIZIALY
Weondasau lasudsmmiausaduding nnmsiauaiuSnmaiwniveinszidsuden wuinlu

msﬁﬁmmﬂ”mwm,wdaLtﬂaﬂz\jual,ﬂﬂ@r%‘uﬂﬁ@@ﬂﬁu "l&immsmwﬂmjuvlﬁ"ﬁ'@Lﬁml,ﬁaaﬁnﬂal,ﬂﬂm%‘u
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g a Aa A A o v A o A o ° '
YaINIT ALV EINTRMawLAs b Tnkandanw e InalAsInwaInLaztla i uInagauyinwaen
NINALLNLRAINAAIANTINN 3
Adl o &~ agly = ai o s £ £ a
AN5199 3 LEAITIUIBHNNITZLR UL LINIWIUNITAALENAIVFNNT PCA INNNITIALFIUILID

ai'mw""avlﬁgﬂﬁaoLﬁaLﬁmuﬁumsmmnaaum erlsh

Spectral Correct classification
Pretreatment (Prediction)

Infested okras Non-infested okras Accuracy
Original 10/20 14/20 24/40 (60%)
Second derivative 13/20 13/20 26/40 (65%)
MSC 10/20 16/20 26/40 (65%)
MSC+Second 11/20 12/20 23/40 (57.5%)
derivative

INNINAFAUAALIANUIT N1TUTUAILT second derivative Laz MSC THN1Id w1 MA

LEN®A2E PCA I@slﬁmwgﬂﬁaﬂumiﬂ”mmﬂ 65% LN

0.0020 —— , , , , - . . . . . . .
© 00016 | -
00015} .00 o |
n o 00012F 9l ]
[ )
0.0010 © e 1 oooos | ]
00 °
~ 0.0005 |- 0 O@% ° 8 1 00004 o I
& Q.g%%. ®oQ o o%% 8 o 4 o o
) O
§ 00000 o o ¢ ™ < 00000 | ) Q... 0.0
= S Cev o 88 ° * % 2 .
-0.0005 - ° o q\ ° 1 00004l ° o |
° QO / ° ®
n‘ '@‘.o‘
-0.0010 [ 41 -0.0008 |- ©c e 5 .
-0.0015 L L L L L L -0.0012 L L L L L L L
0004 -0002 0000 0002 0004  0.006 -0.003 -0.002 -0.001 0.000 0.001 0.002 0.003 0.004
PC1(89%) PC1

;J‘lJ"?l 6 LLE®AJ score plot YRIFUNITNIAALLNA8TT PCA (PC1 8z PC2) w84 second derivative
Spectra MMM TIAUFIFIBHT VINFUIUMT (D) Uazngurinme () WIsuineununssung

@ & a A A & = AaA a A &
QIR (@ ﬂixLﬁ]ﬂULmﬂa"ﬂvLﬂJN%uau O NITLILULVYINUAUDY ﬂ@]ijﬁ]ﬁﬂﬂ%qﬂﬂqiwqwaﬁ]u)

1A l@31 score plot N&WNNS PCA ﬁﬁﬁmmvlﬁmaamjm%“ﬂaaumi (@”ﬂgﬂﬁ' 6) 'l
mmsnl,l,ﬂﬂmg'&l"l,ﬁasmﬁ'@l,au daNaiﬁLfiaﬁwuﬂﬂ@aauﬁﬂuﬁmﬁaUﬂ&juﬁwmﬂvl,ﬁmﬁ'lmmuﬂw
Iﬂmﬁwmmmmgﬂﬁamm score plot WaIN1IVIWI8 @T@gﬂﬁ 6 (v) 1% PC2 LﬂuLLWﬂma{ﬁﬁm‘"ﬁy
Tunsaausn swualidr PC2 anfivnweladaunnnin 0 AmuadunssBaudoindnuen

I:Jm”aagj WAZNIM PC2 Waunin 0 tdwnIzlauuidiann bhidnwa
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FIWNAIY
d' o % ‘dIQI v A 1 c? =) d' 1A o
L;uammﬂﬂmumﬂvlmmmsgmﬂauLmeuﬂmwaoﬂ‘smﬂummﬂvmwuaummmm
a ~ o g A L) " a ~ = ° v ad
LiJSmJmmunum:wsmmvmamlamagmnmnmaﬂnmaam:mUuimmsmmmmmﬁ PCA
WU mmwnnq’maamﬂﬂ@]%vmiau%afmauﬂ’j’]mﬁ@Ltmmﬂﬁnmd’mﬁa wazbl oty

mﬂn@i‘“xﬁaumi@‘hmmﬂ”@LLzm’l,ﬁ@hmﬁwgnﬁaa@”\‘l@’maﬁ 4

A13199 4 LEAIWIBANNTZAL VT INFIWIBNTAAUENAILFNNTT PCA NNNTIAURILILI

afvunma"l,@i”gnﬁaaLﬁal,ﬁﬂuﬁ'umsmmmaaum erlo

Pretreatment Correct classification
(Prediction)

Infested okras Non-infested okras Accuracy
Original 13/20 15/20 38/40 (70%)
Second derivative 9/20 11/20 20/40 (50%)
MSC 12/20 17/20 29/40 (72.5%)
MSC+Second 9/20 12/20 21/40 (52.5%)
derivative

sUNAsUAIKIWNIUSURI835 MSC faufwinauni1sPCA Iﬁ@hmiﬁﬂmﬂﬁgﬂﬁadﬁq@
WinNU 72.5% score plot VBIFUNIIUAVBINGUIIUIY LLETGNGTGE‘]J"?]I 7 Iuﬂﬁiﬁwmummgﬂéfaa
Tumsriwne fvuald Pt iduurninesidnlumsdausn snualden PC1 anfivhwnelad
fNNNI 0 Lﬂumn%ﬂuLﬁmﬁﬁﬁuauﬂt‘iﬁaagj wazn3dl PC1asndn 0 iunszdoudenfilud

NHhah LL@ZE‘T’]SJ’]iﬂﬁ’]u’)m%ﬂ’)’mgﬂﬁﬂdﬂ’]iﬁ’]uﬂElLﬁU‘l_lﬁﬂﬁﬂﬂgdﬂﬂﬂﬂﬁiﬂﬂﬁi’]ﬁ]ﬁaﬂqﬁ

05 n

o
o

PC2 (21%)

-05}F

05
PC1(73%)

PC2

1.0 —

0.8

0.6

0.4

0.2

0.0

-0.2

04l

-0.6 -

PC1

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 04 0.6 08 10 1.2 14

3111 7 ux@9 score plot YaIFNNINIAALENIETT PCA (PC1 uaz PC2) vadsinasunuiy
v  aa o ' . " o =y a A
@835 MSC MMNMTIAUEI FIUNAW VBINGUFNNT (N) UAZNFNYIUIY (B) (@ NIzIRLULTEIN

' Al ey a Aa a A &
lel;J%uau O NILLALYULVIINUA KDY ﬂ@]ijﬁ]ﬁﬂﬂﬁﬂﬂﬂ’]iwqwq"ﬂu)
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gaudang
&‘" d'd ¥ o ' o Y > uq/' a 6
NnMInasaInunIzisundnuamiaragdmlasduiiwiuien AINULWAITILATIEN
Ta 1w 908U NATUNTNANFTHINNINDLNIIEINAY IINNNITAIWIHAI8AT PCA tNanawan
nausnasunud MIdwisenailnasiy original l¥kan1sdauenfigndad 95% URAIHARY

AN 5 LLazgﬂﬁ 8

A1399 5 LEAIWIBANNTZAL VT INFIWIENITAALENAILFEUNTT PCA NNNTIAURILILI

afamlmyvléfgﬂﬁaaLﬁal,ﬁsmﬁ'um‘smmnaaum erlo

Pretreatment Correct classification
(Prediction)
Infested okras Non-infested okras Accuracy
Original 9/10 10/10 19/20 (95%)
Second derivative 6/10 10/10 16/20 (80%)
MSC 9/10 9/10 18/20 (90%)
MSC+Second 7/10 7/10 14/20 (70%)
derivative
1.0 . . r . . . 1.0 . T T T T
: °
: [ )
05k n %:. 3.. o ° 'o - osl 1 ]
. o .0 e ® o o o .. . °
0.0 oot Q""(?Q’OO'QQ”!@"?. o 4
g o B s © O 00 ° -0
§ 05 o c © o b e}
o OOO o o, ° 5 L ol o L9 0 5 ]
10} © o g '
O
15 - - : - s -10 ° . - - s s
-6 -4 2 0 2 4 6 8 -4 -2 0 2 4 6
PC1(96%) PC1

3111 8 L&A score plot YBIFUNIINIAALENGILIDT PCA (PC1 uaz PC2) 3a9sUnasu original

NNMTIAUSIFIUUI 1Y VINGUINNTT (N) uaznguviwe (1) (e nimipulmNlidnuau o

ey a Aa P A &
NWCLRYULVYINVAUD Y Yl@l‘i’aﬁ]aall’ﬂ’mmimwgﬁm)

3.1.2 NIAIRIDBNIIAALLNNIIHINIVDINHaWIALIIN
ﬁnaLﬂﬂm%’wmi@@ﬂﬁuumlmwiazmumaamu%wmﬁﬂmmiwﬁ'mﬁ'aa%aawmimi
aausnlagsiy lagutidaanilugunisTuaInNIMa s UNaTNUS I R RRITINNURIBNASVDI

NNNIZIR8Y LAZEUNIAALENTINIINANTIA LLﬁGﬁ]’m“qﬂﬁhu I(ﬂ awuINTNIUsuudaUnasua83D
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MSC lﬁwamm‘"@LwﬂﬁgnﬁaﬂumﬁLmﬁ:ﬁmiﬂ”@Lwﬂ LEAIAIAIIINN 6 LA 7 WWae score plot

LLa@aNamsﬂ”@LLm@”\ﬁgﬂﬁ 9 WA 10 NN

A13191 6 URAITIWIBHNNTZ AL ULT NN WIBNTAAUENABFENNTT PCA 3MNNTIALRITIN

U310 maf?uﬁaiwn‘”ua"mnmavlﬁgﬂ@‘TaaLﬁaLﬁﬂuﬁ'umsmmmaaum erlo

Pretreatment Correct classification
(Prediction)
Infested okras Non-infested okras Accuracy
Original 23/40 30/40 53/80 (66.25%)
Second derivative 20/40 26/40 46/80 (57.5%)
MSC 24/40 33/40 57/80 (77.25%)
MSC+Second 18/40 27/40 45/80 (56.25%)
derivative
1.0 T T T T T T 1.0 T T T
n o il *
05} © 1 o5l i . ° |
O % o
— ’ B IoFex ®) * o i Q (’o ®
& 00 R 1o 00" %?———90? —————— P g
o o® Q )
o %o dDOC%QO\; @30 oo. s. O.Oq:. °
05} o o OO%D &8 . 390 ° {1 05} o o e i E
NS 9% ° ()
[ ]
1 1 1 _10 1 1 1

-1.0 L

-2.0 -1.5

-1.0

1 1
05 00
PC1(65%)

0.5

1.0

15

0.0
PC1

1.0

3111 9 UEAY score plot VBIRUNINIAALENGIIT PCA (PC1 uaz PC2) 2a9s1nasu MSC

ﬁnﬂmﬁ@memvﬁLLazfiaunmomadmjuawmi (N) waznguviniue (v) (e ATl BuL e bl

s a Ao & A €
N O NITLIVULVUINURUDW ﬂmmaaumﬂmsmwgﬁm)




A13199 7 LEAITIWI A NNIZIA LTI NI UIBNNTIAALENAIBENNTT PCA 3MNNTIALRITIN

rqmaffm "L@TgnﬁaoLﬁaLﬁﬂuﬁ'umsmmmaaummlu

Pretreatment Correct classification
(Prediction)
Infested okras Non-infested okras Accuracy
Original 30/50 38/50 68/100 (68%)
Second derivative 35/50 38/50 61/100 (61%)
MSC 31/50 41/50 72/100 (72%)
MSC + Second 23/50 34/50 57/100 (57%)
derivative
1.0 T T T T T T T T T T T
: 08 q .. ]
] 0.6 - L o i
] 0.4 o ° ® -
= 1 so02f o o * g &, e ]
§ 1 & ool ° o °CP o O !?,’C, .
3 18 ool O oo % et %0 00
= 4 04 @] 8 d o) C.. o) [ ]
04} o C@ .. :. i
] 06| ° -
o [}
-0.8 ) ) ) ) ) ) ) ) ) ) -

1
1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 02 04 0.6 08 1.0
PC1(65%) PC1(65%)

5111 10 Wa@9 score plot VBIFUNITNNIAALENGIBID PCA(PCT Uaz PC2) aavainasy MSC

u

MNMTIAUSITINYNFIUVDINGNINNTT () uaznguriwe (2) ( e vl lidnuau

& A aa a A &
O NITLILULVUINUAUDY ﬂ@]i?'ﬂaﬂﬂﬁ]’]ﬂﬂqiwqwgﬁlu)
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A135791N 8 LLama‘hmuNﬂm:L%‘muLﬁmﬁﬁwmﬂgﬂ@]’auﬁaﬂ”mwﬂ@hﬂaum‘i PCA 8UNUNTEHN

G]S’Jﬁ]ﬁ@ﬂl%ﬂ’]is’%m@
Parts Pretreatment Correct classification
(Prediction)
Infested Non-infested | Accuracy
okras okras
Head Second derivative 13/20 13/20 26/40 (65%)
MSC 10/20 16/20 26/40 (65%)
Middle MSC 12/20 17/20 29/40 (72.5%)
Bottom Original 9/10 10/10 19/20 (95%)
Head+Middle MSC 24/40 33/40 57/80
(71.25%)
Head+Middle+Bottom | MSC 31/50 41/50 72/100 (72%)

INNIWI MAALENRIUNATUA89T PCA sun1Inmsaauanlagniiansiginlanal
mmwgﬂﬁaﬂumiﬁﬂmmmﬂﬁq@ FRIRIN NI UFIWNANILATHINAI AINAIAL B1L%aININ
TR BAUNNINIUT I MRIBII 8T UT Ut s ¥ s 1w nsd naTuninu I narauinw ad
USunmitay wIiaatatduiwszawiavaddnnsziaudaiusimlansdndswiatanvinlwigen
mmmdaamuﬁwuauﬁa;jmUslmlﬂm:l,%'ﬂu"l,ﬁdﬂUﬂdﬂﬁwlﬁﬁnum‘lﬁmju{hﬂh Wasiiu
° @ | \ [ = = ~ Aa LAY ' A
A mAausnniuananuLandassidnasunuiidnnRsudisNinwewdialagazd
é’ﬂumﬂﬁoLLazvl,ximamﬂndﬁmzﬁﬂuvﬁmﬁauyitﬁ musluawmsmsﬂ"@Lmﬂswnﬂmﬂﬁwa

ANINFNNTTINRNIZUSI URIURILALFIWNAN

3.2 MIAIWIMAALYNFLUNATNVDINTLABULTLIAYIS Partial least square regression
discriminant analysis (PLS-DA)

nnmahdayasinauind i aisadnaasidieis PCA Ml ldaruisnaauan e

' % v & & a ° @ ° A o v o Aa

2819TALAN AInUIITAITIA1aIuU TN (V) N wImLNe A laENAITANTAALENN

= =) F\I t&l o 1 1 L 1 = 1 g ]
UTeANTAWANNIND W laufinnuadl Y  1vinu 0 Iuﬂqmmamomztfisu"luﬁ%uau P
frnaliiyinny 1 1un@;mﬁaamﬂszﬁﬂuﬁ%uaum@ﬁagj HONINNBRINITAIWI DU UL AL

MIUTDueIRIUNaINAI187TE1 9 HawNITRINFUNMINIIAALLN
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3.3.1 NIAIHIBAITAARLNNITHIAIVDIRBOW MLLAREHIN

WenassudiwimsUnasuanisalaluwdszdruiSouifisuiuannisdsunds
anasudpitens g wud sunasuiiialdangwialaglaiusunds (original) 1lasinanasng
awmimsﬂ”@Lmﬂlﬁmmmgﬂﬁaalumiﬁwmslwi'lﬁ'uﬂ'ﬁﬂ%'uﬁ'm’ﬁ second derivativelvinnu
87.5% @Taifuﬁaﬁmsmﬂumsﬂ”@LLsm’Lm:@”unéjwwud’mmmi second derivative ®13170¥1NW8
ﬂ@;wﬁvlzjﬁ%uauvlﬁgﬂﬁam%mmﬁaLﬁaﬂawmiﬁ

WLAEINUMTIALRIFUNATNEIUNA NMIUSUUAIRIUNaTN@283T second derivative,
MSC uazn13Lliu3I3289 MSC uaz second derivative Tnanisrusdausnldgndaslansa
92.5% L¥iI1N% WEINNAINITAALENNLIN NsUTUsIUnasua835 MSC ’Lﬁwamsﬁmmmju
@T’sashoﬁvlajﬁﬁuaugnﬁaawgmm @”amfuwmiﬁﬁmﬂﬁgnﬁaoaﬂﬁaﬁfam 1 nguidwinmailunis
WRONRUNNT

mii'@mﬂn@%’udauﬂmﬂﬁﬁmmﬁ@LLUﬂ"L@TQﬂéTad 90%lasnN15AIUWIMINNFUNATY
second derivativelatls 4 unninas lﬁwamiﬁ’]mﬂﬂszl,é'yyum,jmﬁvl,;iﬁﬂuaugﬂ@i”awfwm] A

NIANWIHLFAIAIANTNN 9, 10 LA 11

M1979N 9 mewamaaﬁﬁmaaaumimnmnLﬁaﬂ%'uﬂgamﬂﬂ@%'maams'i'@LL@N AIBAILAZHA

anugndaslumruinsdisien g vesmnasudiuiiduan 200 draen

Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras | infested
okras
Original 18 | 0.945 | 0.163 0.856 0.309 16/20 19/20 35/40
(87.5%)
Second 12 0.917 | 0.200 | 0.799 0.308 15/20 20/20 35/40
derivative (87.5%)
MSC 16 | 0.943 | 0.166 0.810 0.304 11/20 20/20 31/40
(77.5%)
MSC+ 12 0.920 | 0.196 0.807 0.303 13/20 20/20 33/40
Second (82.5%)
derivative
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A13197 10 URAINANIRTI G adﬁllﬂ’liﬂ’lil,mﬂLﬁaﬂ‘;ﬂﬂédﬁlﬂﬂ@]{&lﬂl YN TIAURI FIUNATIURE

HanNNaas U MEBITe19 9 vesmUnaTudIuEITIRIL 200 Bt

Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 19 | 0945 | 0.164 | 0.770 0.336 16/20 20/20 36/40
(90%)

Second 15 | 0932 | 0.180 | 0.794 0.314 18/20 19/20 37/40
derivative (92.5%)
MSC 17 | 0.942 | 0.167 | 0.774 0.331 17/20 20/20 37/40

(92.5%)
MSC+ 15 | 0935 | 0.178 | 0.795 0.312 18/20 19/20 37/40
Second (92.5%)
derivative

A1397 11 LEAINANIRD A ﬂ\‘lﬁﬁJﬂ’]iﬂ’liLLﬂﬂLﬁaﬂ{UﬂE\‘i sidnasuvasnMIaLss dIndarguas

HanNNaadluMINsMeaTdne g sasainasuduiIs I 108 ot

Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 2 0.725 | 0.344 0.702 0.356 9/10 9/10 18/20
(90%)
Second 4 0.750 | 0.331 0.705 0.356 8/10 10/10 18/20
derivative (90%)
MSC 4 0.741 0.336 0.698 0.359 7/10 9/10 16/20
(80%)
MSC+ 4 0.726 | 0.344 0.665 0.375 8/10 9/10 17/20
Second (85%)
derivative
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aa A | @ AN o ° ) A Ao o
LASNARAUBDUBNAININY 1LL&:@]’]‘Y]VL@%’mﬂ’ﬁW]W]Elslumﬂﬂ(ﬂiilﬂ’]i@@ﬂﬂw,l,ad NIR ﬂj@vla@ﬁ]’]ﬂ

UIIEIUAI (N), FIUNA (), wazsnlany (a)

3.2.2 NMTAIWIMAITAALYNNITHIAIVDIUBOWIINLAFTAIN
Qs 1 ot U ad lﬂl 1 g d U

nnnsdiuudimdnasuaieitangg (@179 12) nudn gunTnsAaLendd laann
UNATUFIUAILALEIBNAITINAY FUNATUNINLTULRUY (original) wazilaUsuudsunadlian
mmg’ﬂﬁaﬂumiﬁﬁmygﬂ@}”aﬂmmu 88.75% whﬁ'umml,@iLﬁaﬁmsmﬁﬁammgnﬁaﬂums
wsudazngy slnau original  IRdnshwsndunliinueugndasiivue aaiuiald

: . .
gumMInlnmriiwgsa ldlwauwae

FUNINIAALENNNALUNATUTINNAFIH (A1797 13) SLnaTy original LaznILliuee
3% MSC ﬁmmwujm‘”mwn"l,@i”gﬂ@‘fm 93% LN LARLUNATY MSC lwd1 RMSECV fid1nin
uazltunniaaslunIIrI9aNAIIHaLNN FahanaunsnUsuslnasuaas MSC lun1svinuwe

Aauunea b
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13N 12 ugaIRanIFdaTasauNIIMIHenlaliudslnasuaI83ten9 9 vamlna sy

IINAIBHILRZFIUNA

Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras | infested
okras
Original 18 | 0.908 | 0.209 | 0.825 0.287 31/40 40/40 | 71/80
(88.75%)
Second 14 | 0.880 | 0.237 | 0.794 0.308 33/40 38/40 | 71/80
derivative (88.75%)
MSC 17 | 0.916 | 0.201 0.836 0.279 32/40 39/40 | 71/80
(88.75%)
MSC+Second 13 | 0.887 | 0.230 | 0.814 0.294 32/40 39/40 | 71/80
derivative (88.75%)

13N 13 uraIRaNIFDATaIENNIMSHEnla Il sUnaTuaI83De9 9 vaImna Ty

TNFINAFIBNa WL FINa1Y

Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 17 0.865 0.250 0.772 0.321 44/50 49/50 93/100
(93%)
Second 14 0.848 0.265 0.768 0.324 44/50 48/50 92/100
derivative (92%)
MSC 16 0.878 0.240 0.793 0.308 44/50 49/50 93/100
(93%)
MSC+ Second 14 0.853 0.260 0.777 0.318 44/50 47/50 91/100
derivative (91%)
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A1919N 14 LFAIHNAN RN AVDIRNNIINTLINAIWIUMAI8IT PLS-DA 2030135701 UNATUNNT

@@ﬂﬁuum FING99
Part Pretreated | PC Calibration Correct classification
spectra (Prediction)
R RMSEC | Infested Non- Accuracy
okras infested
okras
Head Second 12 0.917 0.200 15/20 20/20 35/40
derivative (87.5%)
Middle MSC 17 0.942 0.167 17/20 20/20 37/40
(92.5%)
Bottom Second 4 0.750 0.331 8/10 10/10 18/20
derivative (90%)
Head + Middle | Original 18 0.908 0.209 31/40 40/40 71/80
(88.75%)
Head+ iddle+ MSC 16 0.878 0.240 44/50 49/50 93/100
Bottom (93%)
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DINIINN 4 : ANWINIIAALLNAILIZUL interactance THNIZIILLLAYD
4 ~
1. qﬂnimuazmimu
1.1 A0E19INIZAVUHITIUIN 520 GRaENd
1.2 guUninfuaziniasd anlflunisiae
1.2.1 NWLOILUAIDLN
- qa%ﬂld@ﬁama
- Au
U
- ATAITIIATIERBE9RzLBA 4 Uik (TB214 2839 Denver instrument, USA)
- Wiaﬂﬁazgﬁl,ﬁw
= =1
- Ja Woe
- gji”auau%au
- 89MIUANAWANA (Thomas Kagaku Co. Ltd., Japan)
122 d’]uLﬁU‘fﬁ]Hamﬂﬂ@lﬁJLﬁﬂ§§%W51Li@1
- 1A389 Near Infrared TATI9ARWRWIRTIIAINENIAAY 665-955 W1 luluaT Lag
15.n3849 NIRs 7628521 interactance (Purespect, Saika, Japan)
di A cll Y o a 6 aa
1.2.3 1030900 AW LA LA TIZRNANIIED A
- The Unscrambler version 9.8 (CAMO, Norway)

2.95n15298

21 He0INIIBUT N IRNA 520 G28EN I(ﬂUmﬁ@Lwiazmzammuquqmﬂn“ﬁﬁ
25 pemaaldos Mytautenszissuidonlasyinnisutssatisuastagwdsanunsiade
J2UU transmittance mode lasaanidu 3 &u laur d1ua (Head) imualiagluszozazning
2-3 LTUALNGT Lﬁaf@mﬂmga, FIWNAN (Middle) T28232WIN9 4-5 L TUALUAT, §ulans (Bottom)
ToUETERIN 67 LTuANas TuudasiwiamUnasun 5 suvesaannIsasuLTon

2.2 ﬁﬂw’m’m”@l,l,am"wl,ﬂ%iaa Near Infrared Spectrophotometer PureSpect

Wne0819nT 38U 81T auUL interactance mode Tagtalutag AusnInAL 665-955
nm WA TUSUEURIS detector TU light source lwminasasitaztauaslasluasoanainlu
wasaandnduundasinwranizasuidsn 1w detector agﬁmﬁhmﬁa{mmalﬁ light source L&
detector Ynau@ani 60 89eN Salusnwme interactance mode lagiansvenuuasnszidauiden
wdazan uddthuadon 1 mUnasy Ntz sud e REIwI T aLsILA IR LR e
m’maw%uauﬁﬁaQlumzﬁwr‘ﬂmu@ia:q@

2.3 fnmItama T3Enin LLa:dwgﬂ@ﬁasmﬂs:ﬁum"ﬁm BaINIINFaaNIRE

A oo \ s a o A ' ) ~ g A
@lij'ﬂﬁau‘ﬁuauwsj\‘]@'ﬁagiuﬂizﬁlﬂﬂl,mﬂ'l LLazﬁnLLuﬂ’J’m‘lﬁuauaglua’ml@ma\‘]fnlﬂﬂi:ﬁ]EI‘UL"II&I’J
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2.4 MIMWITBULASFITNFNNTT
AMIFUILRZRIIFNMI MDA IR LNNTIAMEAT temistance oA
2.4.1 nMIUuuassUnasy (spectral pretreatment)
A ~ & A o AT o \ A o KR A A A
Luaammﬂm:mUuuaﬂummimaavmmuauﬂmwmmmsmLLa:&gwmmﬁ]
RINAADNITIAURY AINUIIADITNITANUITNBLUTY spectra AWV IWIAFNNNT
= ~
Wwiguney
1) original spectra : \J#N13#1 intensity VaILFINIEIWITALT
absorbance WaAINFIUIMIALATS
2) second derivative spectra : Wuwnsiin spectral absorbance Nled
furamlasladd second derive ative WL savitzky golay
3) multiplicative scattering correction (MSC) : 1Jwn1330 absorbance 4N
F15h MSC LNBRANANITZNUVBINITNTZLIILR
4) mMIID multiplicative scattering correction (MSC) J2UNU second
derivative spectra 1a811inein absorbance WNFWIMANLAY MSC W aUTUAINNT
QANALEY MNIUUIANUNEIWINGIL second derivative spectra BNATS
2.4.2 FaNEINNIAALENa83D principal component analysis (PCA)
Uaz3d partial least square discriminant analysis (PLS-DA) wWeanasauanuiduly ol
Asaawen laasinualimdnasvrednssiioudednlidnuendanvinu 0 uay
o = A Aa A @ A o
siUnasuvainszidsuidsindnuaudanvinny 1 laansussiluaunisazltuuy full-

cross validation method

3. HALASIVITHNANITIVY

s 1 asly = oq: s a o 1 asly a dql/ £ Y o s

A20819NTLRY LT LININUA LIUINNUSENRIaannIzauuLdie) lagiiasdnlarinnisaa
LLUﬂI@ﬂgﬁﬂuﬂmuluﬂﬂiﬂw@LLEIﬂ@T’JEl(v“]’]Ll]fﬂ"] WAWLINEINAIALARDUADUTININIINANWIUEN

' = P ' A P ' ' o ' g ~ Aa A

AEAIN WU ﬂs:Lﬁmmmm"lumuauugﬂsnﬂaumamamwmmmmmmm%uau luhanssu
HlENI UM LI AR WINWIN 260 WA LAZ TRLE 3111 260 BN IINNIRNA 520 N
I@ﬂﬁﬁmﬁfﬂmamﬂmu%ﬂuL°'f1'mag}'ﬂi:mm 5.28-17.56 NIUANNEUTENII 10 cm  lagiiid
nszRsudisiaantn 2 mjm"l,éﬁm
1) NEUETNENANT (calibration set) WU 420 N Ta8uUINIIIATIERATNUSLI AN LR LD
Tagutisaantdn 3 8%

- IR WIN 160 Hn - laifivian 80 KN WAzARWA 80 WA

- ®IUNAI WU 160 N laifivian 80 HN WAzARWA 80 WA

- #uany 31w 100 Wn uinwan 50 6N LazdRLak 50 Wn
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2) nguYiue (prediction set) 3141 100 in

- ®IUR2 U 40 Hn lufinwan 20 (N wazdvnunan 20 Wn
- RIUNAT WU 40 Hn lufinwan 20 (N wazdvnukan 20 Wn
- #ndae W% 20 HN laifivinan 10 6N wazdinwaw 10 6N

@ A Ao ' = = A a ~ = o
mﬂmﬂﬂmumawaumamw"lm"tmma:qmaaﬂizmﬂum’mml,ﬂmumﬂu LAY AT
anioee baseline maaﬂsu%ﬁwLﬁﬂaﬁﬁ%uaumﬁaa;1]' ﬁé’ﬂwngoﬂiwmuﬁwLﬁyaﬁ"l,&iﬁ%uau
o Lt ada e 6 o . . = 1 [
LLa:mﬂmiJﬂmmﬂsummﬁa‘@wuﬁau@uaaa (second derivative spectra) UAMULANAIINY
LENBa UL LLam@ﬁgﬂﬁ 13 INANTHIATIIFOUNLIN ﬂs:lﬁismLﬁy’sﬁﬁﬂuaumﬁmgmu
Uaadsnwwikasniinisesaluaiwan
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3.1 nsewImaauenallnasNYaInsHUITE1a2835 Principal component analysis
(PCA)

3.1.1 NIAIHIBAITAALLNNITHIAIVDINBAWIBLAREHIN
Faum

NIUNASUINEIMITIAI83E PCA  LAAALENANULANASTBIRINATITBINTZLE 8L
Fenilosdu lapuismsiausaduding amnmsiaussnmsiniivasnisisuder msuen

ﬂE}:&madﬁLﬂﬂ@l%’&lﬁ AUTNTALAY  LAZLUaINNAR LN WEAINIAALENLEAINAAIANTINN 15

= o = g a A o o o o
19191 15 LL&@]G%’]%’J%NﬂﬂizLﬁ]EJ'lJL“]JEJ’J‘VW]’]‘LL’]EJﬂ’]iﬂ@]LLEJﬂ@]’JEJmJﬂ’]S PCA 3NN1IIALLRY

U3 ma’auﬁ'ﬂﬁgnﬁaaLﬁaLﬁyUﬁ'umimmn gauneln

Spectral Pretreatment Correct classification
(Prediction)
Infested okras Non-infested okras | Accuracy
Original 15/20 18/20 33/40 (82.5%)
Second derivative 13/20 16/20 29/40 (72.5%)
MSC 11/20 20/20 31/40 (80%)
MSC+Second derivative 10/20 18/20 28/40 (70%)

sudnasuflaidsuuds deudrwruguns PCA Tidmavhwongndasngawinny 82.5%
score plot YBIFNNITUAZVBINGUYINIY UaAIaIgU 14 lumadwinanugndaslunisiue
funald PC1 iduwunnimaidaylunisaauan fnualian PC1 anfiweladdnannnin o

s A da o \ a o : g d Y A
dunszidsudondnuaudsdag uaznadl PC1 asndt 0 idunszioudsfhifinuen uaz

ﬁ’]&I'ﬁﬂﬁ']%’)iuﬂ']']&lgﬂﬁﬂdﬂﬂiﬁ']%ﬁElLﬁﬂﬂﬁu@h‘ﬂ%d‘ﬂ’]ﬂﬂ’ﬁﬁh@]i’]%ﬁﬂ'ﬂvlﬁ
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3111 14 UAQ4 score plot VBIFUNINIAAUINGILIT PCA (PC1

wae PC2) wa4y Original

Spectra MMM TIAUFIFINAY VBINGUFNMT (D) UaznFuYIwY (1) WiBuiisuAUNIRING

Y ey a A A -y a Aa A A &
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A ) o Ao v = ' Py = A 1A o
L3Jau']ﬁL‘]_]ﬂ@lill'ﬂ’)@VL@]"ﬂﬂﬂﬂﬁing@ﬂauLLﬁﬂﬁﬁuﬂﬂﬁﬂ“ﬂ 2INITLIPULY EI']“(IVL&IN‘H%@H&J’WI’]%’JM

a P @ & Ao L) '\ a ~ = o v ad
Lﬂmumaunum:mmuwwuauﬂamagmnmnmaﬂnmaam:wyuimmsmmmmm'ﬁ PCA

WU N5USULAIRIUNaSNA83F MSC miu,smm\jmaamﬂnm%’wﬁauﬁwﬁ'@Lﬁm LR AALYN La

gﬂﬁaawhﬁ'u 85 % nstLﬁaﬁnmﬂ%ﬁJLwiomﬂﬂ@%':uﬁaumsﬁﬁmmﬂ”@]Lwﬂlﬁ@hﬂfamgnﬁm@”@

AN 16

A19197N 16 UFAIIIWIBANN TV VIDOINYIIWIONIIAAUENGILFUNIT PCA  3INAITIALE

U3 ma’aunmﬂﬁgnﬁaaLﬁaLﬁUUﬁ'umimmwaaum erlo

Spectral Pretreatment

Correct classification

(Prediction)

Infested okras Non-infested okras Accuracy
Original 12/20 20/20 32/40 (80%)
Second derivative 13/20 18/20 31/40 (77.5%)
MSC 16/20 18/20 34/40 (85%)
MSC+Second derivative 17/20 16/20 33/40 (82.5%)
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UNATNNNIWATUTUAI83T MSC Raudwiasanns PCA 11 PC1 lunisduimen waannen
g ladaruinnin 0 Lﬂumu%'ﬂuLﬁﬂaﬁ"lsjﬁ%uauméﬁag LazN3oh PC1 %aanin 0 vilu

= P Aa A o @ ° A o @
NITAYULT LI NTR UL LLazLuammmwaaﬂ%mmsmmmgjmmaalﬁmﬂu 85% score plot U4
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3111 15 UFQ4 score plot VBIFUNINIAAUINGIELAT PCA (PC1 uaz PC2) vadmunasuniiu

@835 MSC MMMTIAUEIFIBNAN VBINFNFUNIT () WaLNFNTWL (1) (@ NIzRBuLTIT
A g A Aa A A &

lidvueu o nwlpudisInivuau fasrsauannsInga)

sy

mﬂm:mmaawum:ﬁuuﬁﬁ%uauﬂaﬁaagoﬁ’mﬂmmﬂuﬁﬁmuﬁaﬂ AIBWIUNITILATIER
1 c‘rd = %% nio U v 1 1 A o 2 ada di [
Tua I ui39daUnaTUNII VIR IIRUNNIHALNTNEIRA® IINNMTANUIAILID PCA LWaAaLEN
ﬂgiml,ﬂﬂm%'uwudﬂ MIANWIHANNFUNATUAI87T MSC Iﬁwamsﬁmmﬂﬁgﬂﬁaa 90% AIANI9
n17
AN 17 LFAITIWIBHNNTLLRLULTIINHIWILNITAAKINAILFNATT PCA  21NNTIALE

USnw d@uary "L@Tgﬂ@\”adLﬁaLﬁﬂuﬁ'umsmmnaaumﬂu

Spectral Pretreatment Correct classification

(Prediction)

Infested okras Non-infested okras Accuracy
Original 6/10 7/10 13/20 (65%)
Second derivative 6/10 7110 13/20 (65%)
MSC 9/10 9/10 18/20 (90%)
MSC+Second derivative 7/10 7/10 14/20 (70%)
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Spectral Pretreatment

Correct classification

(Prediction)

Infested okras Non-infested okras Accuracy
Original 22/40 32/40 54/80 (67.5%)
Second derivative 28/40 28/40 56/80 (70%)
MSC 28/40 32/40 60/80 (75%)
MSC+Second derivative 26/40 30/40 56/40 (70%)
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Pretreatment Correct classification

(Prediction)

Infested okras Non-infested okras Accuracy
Original 30/50 39/50 69/100 (69%)
Second derivative 35/50 38/50 73/100 (73%)
MSC 37/50 45/50 82/100 (82%)
MSC+Second 34/50 36/50 70/100 (70%)
derivative
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Parts Pretreatment Correct classification
(Prediction)

Infested Non-infested Accuracy

okras okras
Head Original 15/20 18/20 33/40 (82.5%)
Middle MSC 16/20 18/20 34/40 (85%)
Bottom MSC 9/10 9/10 18/20 (90%)
Head+Middle MSC 28/40 32/40 60/80 (75%)
Head+Middle+Bottom MSC 37/50 45/50 82/100 (82%)
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3.2 NMIAIWIMAALYNFLUNATNVDINTLLVULTLIAYIS Partial least square regression
discriminant analysis (PLS-DA)
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Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 4 0.705 0.355 0.669 0.371 14/20 20/20 34/40
(85%)
Second 10 0.841 0.270 0.652 0.396 16/20 19/20 35/40
derivative (87.5%)
MSC 3 0.665 0.373 0.628 0.398 17/20 20/20 37/40
(92.5%)
MSC+Second 7 0.753 0.329 0.642 0.390 15/20 19/20 34/40
derivative (85%)
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Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 3 0.687 | 0.364 | 0.661 0.376 17/20 20/20 37/40
(92.5%)
Second 6 0.668 | 0.372 | 0.615 0.397 17/20 20/20 37/40
derivative (92.5%)
MSC 4 0.695 | 0.360 | 0.664 0.375 17/20 20/20 37/40
(92.5%)
MSC+Second 6 0.708 | 0.353 | 0.634 0.389 17/20 20/20 37/40
derivative (92.5%)
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Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 9 0.747 | 0.332 | 0.650 0.387 10/10 10/10 20/20
(100%)
Second 3 0.640 | 0.384 | 0.569 0.415 8/10 7/10 15/20
derivative (75%)
MSC 6 0.725 | 0.344 | 0.649 0.385 10/10 10/10 20/20
(100%)
MSC+Second 8 0.840 | 0.271 0.654 0.394 10/10 8/10 18/20
derivative (90%)
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NIANUITLLLUL PLS-DA lugrsanuenInan 665-960 nm lagdrwimannanasuainsiuay

aIunany
Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 4 0.679 | 0.367 | 0.660 0.375 40/40 31/40 71/80
(88.75%)
Second 6 0.650 | 0.380 | 0.605 0.399 31/40 38/40 69/80
derivative (86.25%)
MSC 3 0.657 | 0.377 | 0.639 0.385 34/40 40/40 74/80
(92.5%)
MSC+ Second | 6 0.686 | 0.364 | 0.641 0.385 32/40 40/40 72/80
derivative (90%)
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Pretreatments PC Calibration Full Cross Correct classification
Validation (Prediction)
R RMSEC R RMSECV | Infested Non- Accuracy
okras infested
okras
Original 4 0.673 | 0.370 0.660 0.376 39/50 50/50 89/100
(89%)
Second 9 0.716 | 0.349 0.628 0.392 40/50 46/50 86/100
derivative (86%)
MSC 3 0.654 | 0.378 | 0.641 0.384 43/50 50/50 93/100
(93%)
MSC+Second 6 0.681 0.366 0.644 0.383 42/50 48/50 90/100
derivative (90%)
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Part Pretreated | PC Calibration Correct classification
spectra (Prediction)
R RMSECV | Infested | Non- Accuracy
okras infested
okras
Head MSC 3 0.665 0.373 17/20 20/20 37/40
(92.5%)
Middle MSC 4 0.695 0.360 17/20 20/20 37/40
(92.5%)
Bottom MSC 6 0.725 0.344 10/10 10/10 20/20
(100%)
Head + Middle | MSC 3 0.657 0.377 34/40 40/40 74/80
(92.5%)
Head+ Middle+ | MSC 3 0.654 0.378 43/50 50/50 93/100
Bottom (93%)
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Part Transmittance mode Interactance mode
Spectral Infested Non- Accuracy | Spectral | Infested | Non- Accuracy
pretreatment | okras infested of pretreat | okras infested of
okras prediction | ment okras prediction
Head Second 13/20 13/20 26/40 Original 15/20 18/20 33/40
derivative (65%) (82.5%)
MSC 10/20 16/20 26/40
(65%)
Middle MSC 12/20 17/20 29/40 MSC 16/20 18/20 34/40
(72.5%) (85%)
Bottom Original 9/10 10/10 19/20 MSC 9/10 9/10 18/20
(95%) (90%)
Head + MSC 24/40 33/40 57/80 MSC 28/40 32/40 60/80
Middle (71.25%) (75%)
Head+ MSC 31/50 41/50 72/100 MSC 37/50 45/50 82/100
Middle+ (72%) (82%)

Bottom




M19191 28 LSauiguanunani lwn1Iin gl ad 1w ma815 PLS-DA

52

Part Transmittance mode Interactance mode
Spectral Infested | Non- Accuracy | Spectral | Infested | Non- Accuracy
pretreatment | okras infested of pretreat | okras infested of
okras prediction | ment okras prediction
Head Second 15/20 20/20 35/40 MSC 17/20 20/20 37/40
derivative (87.5%) (92.5%)
Middle MSC 17/20 20/20 37/40 MSC 17/20 20/20 37/40
(92.5%) (92.5%)
Bottom Second 8/10 10/10 18/20 MSC 10/10 10/10 20/20
derivative (90%) (100%)
Head + Original 31/40 40/40 71/80 MSC 34/40 40/40 74/80
Middle (88.75%) (92.5%)
Head+ MSC 44/50 49/50 93/100 MSC 43/50 50/50 93/100
Middle+ (93%) (93%)
Bottom
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Abstract

This nes=arch attempi=d to develop She methed for sepamating the green okm [Abelmoschus esculentus
(L] Mio=nch) pods infared by intemear insects using near-infrared spectroscopy [MIRs). The spectra of 306
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prec=nb=d higher $han 37.5% accumcy. From the calcuiated value of discrimination model, it possibly indicat=d
thaat the PLE-DA calculat=d method is mone efficient than at of PCA calculation in case of e s=paration of
ink=mal ins=ct infestation classificaton in green ok,
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Abstract
Okra (Abelmoschus esculentus (L.) Moench) belongs to the Matvaces family, which is an important

commercially flowering plant cultivased in tropical arca. In commercial, marketable fruit yield of okra is major
harmful by insect pests under tropical conditions, especially Earias vittella worm, Therefore, we establish the
system for determination of the internal quality of okra using the neas-infrared (NIR) technigue. In this research,
the NIR spectra of okra in the region of 665-955 nm were measured in the transmittance modic and the data were
used to classify the internal infested and the intact okras. The spectra were separately scanned in cach part of
okra as the top and body parts. The classification models were developed and compared by using three types of
calculstion methods, namely principle component analysis (PCA), partial least-square discriminant

(PLS-DA) and soft independent modelling by class analogy (SIMCA). The results show that the PLS-DA
method provides the higher effective models than the others. The optimal predictive model for classification of
combination specira presents 82.5% of accuracy. The predictive model calculated from the top part yiclds
performance with the accuracy of 82.5%, which is less than the accuracy of 87.5% of those obtained from the

model calculated from the body part.
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Introduction

Near-infrared spectroscopy (NIRS) is a powerful method for analyzing the chemical composition of
agricultural products. It is valuable for intemal and external quality detection in fruit, Particularly for the
Jinternal detection, the NIR technigue is capable of classifying intact and infested products. Various kinds of
abnormal internal qualitics in vegetable and fruit were successfully detected, for example, the internal disorder
in kiwifruit (Clark ¢f ol. 2004) and internal infestation in Picea abics seed, cherry and jujube (Tigabu er al.
- 2004; Xing and Guyer, 2008a, Wang e al. 2011). Saranwong e/ al. (2010) also reported the cggs and larvac of
fruit fly in mangoes could be monitored by NIRS. The classification infestation of okra before international
export is very important for controlling and preventing the pest and insect spread to the other regions of the
world.

Materials and methods
NIR spectral measurements

A total of 280 okra samples was provided by the exporter company. The samples were classified into
two sets: 200 samples for calibration and 80 samples for prediction, Then, each sample wius separately scanned
at the top and body parts, The NIR spectra weee measured in the transmittance mode in the region of 665-955
am at | nm interval by using a NIR spectrometer (SAIKA, Japan) After the spectral measurements, all okra
samples are opened 1o check the larva inside for certain classification. Subsequently, the samples are observed
and separated by eye into two groups, namely infested and pest-free okras, and the infested okras will be
recorded as well as the position of the larva inside them.

Discrimination analysis
Spectra of all samples are subjecied Lo treat with the pretreamment methods. Then, the calculation of

principle component analysis (PCA), partial least-square discriminant analysis (PLS-DA) and soft independent
madelling by class anslogy (SIMCA) are performed by using The Unscrambler 9.8 (CAMO, Norway) for the
development of the discrimination calibration,

Results and discussion

The classification models were separately calculated in each part of okra (top and body parts) and a
combination of all parts was conducted. All optimal classification models were calculated from the second
derivative spectra. By using the PLS-DA analysis, the top, body and combination models provide the predicied
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jresults of accuracy: 82.5%, 87.5% and 82.3%, respectively, while the mesults obtained from the other methods
(PCA and SIMCA) do not indicate a clear classification,

Figure 1. Mcasuring parts of okra (the top and the body) were separately scanned (a), and the average
ahsorbance and second derivative spectra of the intemal infested okra and intact okra (b).

Table 1. The PLS-DA classification results of infested and pest-free okras.,

Part Calibration Correct classification

Pretreatment F R | RMSEC | Infested okra | Pest-frec okra | Total

Top Second derivative | 6 0.72 | 0348 13/20 20720 33/40
(82.5%)

Body Second derivative | 7 0.79 | 0306 17120 18/20 35/40
(87.5%)
Top+Body | Second derivative | 6 0.70 | 0.357 27740 39/40 66/80
(82.5%)
Conclusion

The PLS-DA calculation exhibits clear advantages over the other calculations methods. The accuracy
of prediction which was calculated from the body part model is higher than those from the top and the
combination parts models. Furthermare, this transmittance NIR analysis demonstrates a marked potential as a
means to classify okra as fresh food with the accuracy higher than 82%.

Acknowledgement

We would like to thank Prof. Sumio Kawano (Kagoshima University ) for valuable discussion and the
Chatchawal Orchid Co,, Ltd. for providing okra samples, This work was also supported by the Thailand
Research Fund (TRF) and Kasetsart University.

References

1. C.J. Clark, V.A. McGlone, HN. De Silva, M.A, Maaning, J. Burdon, A.D. Mowat, “Prediction of storage
disorders of kiwifruit (Actinidia chinensis) based on visible-NIR spectral characteristics at harvest™ Postharvest
Biol. Technol. 32 (2004), 147-158.

2. M. Tigaby, P. C, Oden, T. Y. Shen, “Application of neat-infrared spectroscopy for the detection of intemal
inscet infestation in Picea abies seed lots”, Can. J. Forest Res, 34 (2004), 76-84,

3. ) Xing, D. Guyer, “Detecting internal insect infestation in tart cherry using transmittance spectroscopy™,
Postharvest Biol. Technol. 49 (2008), 411-416.

4. ). Wang, K. Nakano, S. Ohashi, “Nondestructive detection of internal insect infestation in jujubes using
visible and near-infrared spectroscopy™ Posthurvest Biol Technol, 59 (2011), 272-279,

5. S, Saranwong, W. Thanapase, N, Suttiwijitpukdee, R. Rittiron, S, Kasemsumran, S, Kawano, "Applying near
infrared spectroscopy to the detection of fruit fly eges and lurvae in intact fruit™, J. Near Infrared Spectrose, 18
(2010), 271-280.

-78-



	1) หน้าปก รายงานวิจัยฉบับสมบูรณ์
	2) สารบัญงานวิจัย
	3) รายงานกระเจี๊ยบ ปี59

