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Detection of Anthracnose Disease in ‘Namdokmai Sithong’
Mango Using Near Infrared Spectroscopy
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Abstract: The aim of this research was to detect anthracnose disease in ‘Namdokmai Sithong’ mango
fruit using near infrared spectroscopy (NIRS). Inoculation using 20 uL of 10° spores/mL Colletotrichum
gloeosporioides spore suspension was done onto mango fruit's peel (one cheek; accounted as infected)
while another cheek was left intact (accounted as control). The inoculation was conducted using 102 mango
fruits prior to incubating the samples in moist chambers (100 % relative humidity). The chambers were
thereafter stored at 28 'C for 24 h before acquiring NIR spectra from both fruit cheeks using FT-NIR
apparatus. The spectra were divided into training and testing sets (each set consisted of 102 spectra:
51 intact and 51 infected) before performing a partial least squares discriminant analysis (PLS-DA).
The results indicated that spectra preprocessed by standard normal variate (SNV) method could
discriminate anthracnose-infected against intact mango fruit with an overall classification accuracy of 95.1 %.
Wavelengths of 1152, 1725, and 1880 nm were important to the classification model. In summary, NIRS with

PLS-DA could be a possible tool for detecting anthracnose disease in mango.
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UNARED: muﬁ%ﬁﬁf&mﬂ@vm ﬂrLﬁ@ﬁlifMM’]T?ﬂLL'ﬂ‘L&LLVIi‘ﬂIu’&I‘L&N dosiuguinenlddneslneld
Hafaunssadilninsaind Imﬂﬂ@mﬁmm Colletotrichum gloeosporioides Aatalasiatuaa AN dudu
10° nlesrefiaaans U5ums 20 lulnsdns aquufinduniiaeszaing muumlmﬂumumnmi@mLLfﬂume‘Eu@
mmu@ﬂmwuqmmmslmﬂuﬁmmu@u (1uﬂqunm'1) Tunisnaaeslduzainaianan 102 Ha udsanii
Uiiﬁm@u:mﬂuﬂ@imﬁﬁmm%uzﬁ“uﬁwﬁ‘ 100 wafidust udafiudnunlugrruanguuni 28 esagadas
Huaan 24 dalie feuthundaaulnasusziamaesdudaniies FTNIR wivanpsudugaaieannis
WATTANAABLANNNT (TAaz 102 anlnmsu laun gaAuAN (ﬁmﬁiﬂﬂ@mﬁ@m) 51 aulnmsn wazAuRIasy
miﬂqﬂﬁ?ﬂm 51 dulnmsn) Amsnefailnmiusq8a3s partial least squares discriminant analysis (PLS-DA)
AN AREBINLIAN &nASUTILSILAIREA3 standard normal variate (SNV) mm&mLmﬂmmﬁ{iﬁ”%”umiﬂqﬂ
L%@iﬂﬁ@fmLL@uLLmﬂTmLmeu’Nﬁ;mmu@Mﬂ”Tmﬂﬁmﬁmmuﬂﬁ' 95.1 ilefifus uazepnneapAuRdAY
unnssnunntszinn Ae 1152, 1725 uae 1880 wntumas favis N3l NIRS saufunnsadsunusnaeiiamzs
Len#ae33 PLS-DA Auranuiulldfazihun19msiaaenlsauanunsniuglunaszsiag

AdIAty: nsemadatlpalivinats @e mwaziauuntlsznm

AN Taelsauauunsniuainylunzainadunaniann

MIdMIALUR L%'ai’] Colletotrichum gloeosporioides

Naing (Mangifera indica L.) fluliinansau g1unsonuennisveslsaneuunsn tualdiusinmn
ﬁﬁmmz&’ﬁﬁa&lm\umwﬁﬁw@\ﬁ@n fufimedandn W fie Ay ddu men wazua uuNageuNnyng

enzaiae Ae vitieds falszmamadunicly qaumadinanaduaunadnuansqe wazaanesa
ﬂi:mm‘ﬁlmamlzaif;q‘lul,%q@qmmumim:ﬁui@ﬂ snAmi silfRaunand ezl madusieds
(Tharanathan et al., 2006) T w.A. 2562 Uszinelne Anailounarensaunan AEH LNV LI TR AT
denanuzianguiudusu 1 luedanzdueen dameradinandenaiidenaiianymy
Resls uaziududu 7 vaslan Anluyadn 1,770 41 Az WAZELFARS (Jenny ef al,, 2019; Nelson, 2008)
Auum Inesandseanudn W sniade Beaus ﬁqu‘Lumimmmwmmm.,,ﬂ Zuan AN
a17 AU wAzdeINa (Ministry of Commerce, 2020) wnaantelunanuNa (latent infection) agli@1unsn
uzalhadulfualungs cimacteric fruitis  wesfiueinissaslanld aunssisuanzaasgnun
mma‘mgﬂﬁiwzﬁmﬂmﬂﬁmﬁ'm waziiananide Asuansennisaesisauauunsnlualiiiiudnian
418!l (perishable) 1uiwd’1\mizmumizgnL"fimmmn (Nelson, 2008) éﬁﬁu ﬁﬁmﬂmminﬂiuﬁu@mmw
milﬁﬁﬁqmw@u%aqﬁuﬁﬂ’ dawansznuse  veswandaneunisdwesn lnaiewiznisnmanLide
pmdevne lugnavnssndeeanuzdonduetne anvgaeslsaueuunsniualuszazuen o azidu
41N (Jenny et al., 2019; Jongsri et al., 2017) B UsslemiaeinedielunisiBmsdanisudanisifufen
dszwalnailanimeiniad faudu daduanan deanpauiGamelugnaiunssugeaanizaag
LLfamzﬁ”@mﬁmmmulumim?mLﬁuimmaauﬁﬂ’ aqiiumaliaduillafaunssaaln-
ﬁLﬂuL%ﬂmmmmeﬁN I Tnelanizagaia WsalnT (near infrared spectroscopy: NIRS) 1#gn
Tsauauunniua L%mﬁiLﬂummmmiimmu— rnnldatreunsnanglunisdszidununiniag bl

unsnluaet/luana Colletotrichum Atendavaty  vinanananan neldaduulmdniniidaannens
A Xoa L. oy s r . Jr
1fin eNgaeAd wef @0 ldna warlllsrdy AU 800 - 2500 W THMAT ANNITOULNAYINENIARY
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aaniilu 2 199 I8ur F29aRL&UIEIINE 800 - 1100
U TUAT LAZTI9ARUENITEMIN 1100 - 2500
uluns mATA NIRS a1Aanannd (vibration)
ga9iuszn1elulnanaesdunsdaislunanng
MANNIsdUTaIRUsY O-H, C-H 1Az N-H Rl ifn
WATITUATITIN SN UTBI AR LA NIR‘T/{ﬂﬂﬂ’]ﬁl
1ﬂuumfam\m@mmm mmmmmﬂ@u (absorption)
wmmummmuum Nlmemmqmumq I
mnuummmmmmi@.mﬂ@uwmmummmuum
TmmonuduiusiudeyadaFunnvredayaid
Aunnsia I faaiaTuiunsng (chemometrics)
(Boonyakiat, 2020; Osbome et al., 1993) H51e91197
waila NIRS gnunlddszyneldlunisnsaaay
ATININTBINANTHWNAIEATY LU N1TATIAADL
81N198 2N 1UUUN2 ULz (Suwapanich and
Theanjumpol, 2011) NgAsaadaylduazrnuaw
unasdunaldlunzaaedenan (Thanapase et al.,
2008) LAZN1ITATIAAALAINNIREUIENIINAUD S

naNzNa (Velez Rivera et al., 2014) 1us UANANT

gain1sldmaluladl NIRS lunismsagaunisie
Tsauaznisdvinanavesqaurisd lunAnNaL19THin
11 ngRaanInTsl e e de Aspergillus
flavus Tuiuandna (Klalthm 2012) mmmn@mmv
AALENHAB UNHANTAT N1 714118898 918897
(Teena et al., 2014) \{ufu unnlndniugiineny
nnsldmatia NIRS lun1snsaagauaini1seedlsm
wanunsnualunanziag Tmm&rﬂ@m%@mé’fm
e lER AL ALLA Wongsheree et al. (2010)
LAY Chaiareekitwat (2012) Fawudn NIRS g11n90
mfmmﬂm%‘ﬂi’l C. gloeosporioides paenAtia

PLS-DA lefisesumnnuusiiein 89 wax 90.9 wafifus

ANNAIAL N1UIAURY Wongsheree et al. (2010)
WA Chaiareekitwat (2012) lgdnin 1 iAnlsaunai-
Lmsﬂiumimmimlmﬂmmmwwmmmmmm
HANY mammumiﬂ@mmfam FRENCE D
avauladnwiaouduldldaesnisdseenfld
wmaTulad NIRS lun smsaagevisanauunsniug
1um@uzsiqaﬁu§1§ﬂm®n1ﬁ§m@q fadlunnsnsasey
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@091 C. gloeosporioides N1 gnavuBE298
nanzainenranaL N iR AU auLaN NN LN
VilnaAseiuaanisdnina e T e luessuTn R

d aa
fuUnsaluazlione

NN9LATENAIDENT

fufeanzinsiugiinenlidneszez
mmmmqmim (100 105 TUNAIABNLI) AALAEN
HATUN ARSI NLANE KVEn 350 - 400 ndu TR A
NN a8 1a9lsARAZILNAY A1WIU 102 WA
anituilmnzlgnuzaasiuginnenlddneses
INEATNT AUATITL T B1nednuan SaudanNans
¥manazenananzaaalnanisdadaeiandy
mnﬁufjﬂﬁmmﬁqﬁfqmmﬁﬁ’m WARNUAR LML
u?‘mmﬁlmmaN@Lzﬁumu@uuﬂ’ﬂmwmm 2 LIURLNAT
dwsudaaiinaiu Teszysiumisufanauzaing
Wa 2 #1u d1uay 1 A1unis T unengmiy
ganaunu (lidgnides) andrunilsdniudgn
ﬁ?j’a?’l C. gloeosporioides fogallasuaiuant (spore
suspension) ANNLITNTY 10° aUasAaNaaans
15u7m7 20 TulAsans Ineve ARUURRTeINaNEH A
Imﬂmmﬁ@ﬂizﬁumiﬁmimLLfauLmiﬂTum (ladin
UAkEaRLTnTesRINaNz) UTTHANTHI
TungeauuLilafi AN udusing 100 wlafifus
?ﬁquﬂuﬂdfaqm%ﬁmLmzzﬁ’ﬁﬂmﬁq e 3nmn
szfuANTY udaiiusnunansiaslugAcuAN
grunni (28 aeAIalTEa) Wu 24 alug

mstiufindilnasuuasasiauuuanaas
TaainAfuA9eE 19N THNAUTAAIL AN
(1ﬁﬂ@‘ﬂL%®§‘7) wazdrudildfunisign e
C. gloeosporioides ﬁ'fsﬂm’g‘lm FT - NIR spectrometer
(3% multi - purpose analyzer (MPA) 1i31% BRUKER
OPTIK GmbH Uszinalgasuil) lutasaanuendna
£12921919 1100 - 2500 Unlulums Aoawadn
laununuas (fioer optic probe) luszuunisdauuy
interactance ﬁqmﬂnmi”w%lﬁu (original spectra)
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AleunUsunsa (transform) IneREn19AmAA1aRT

$inei3 standard normal variate (SNV), multiplicative
scatter correction (MSC) LmeﬂqﬁuﬁﬁuﬁUMﬁd (first
derivative) W1iFnaENeNzatsaaniilL 2 ngu Aa 1)
ﬂ@imé’wmma‘lﬂmmmﬁm (calibration set)
AU 51 WA (102 gLlnmin) Usznaunae daulnmsu
NENWIAAILAN (13J1J23m%m’1) AuaU 51 aulnmiu
meLﬂﬂm*uumifmrﬁ”ﬁuﬁiﬁé’uma‘ﬂmg@m'ﬁqmu
51 allNATH WaY 2) NGNNARALANNIT (validation
set %138 prediction set) a7191 51 k@ (102 @lnmsn)
dsznaudnsailnafunzanagaatLAN (Vl,aiﬂamm'%@m)
duu 51 aulnpd uazaulnasuazaaadui 1§y

n1stlgniiasaiuou 51 aulnpin aanuudinszit

adnmsumqallsunsy The Unscrambler (version
9.7 U3% CAMO Software AS Uszinauasiag) Aael
B principle component analysis (PCA) Was partial
least square discriminant analysis (PLS-DA) GRoG
PLS-DA nuua lingu “0” A nzdavauinldlgn
& \ a4 | v an ve
991 (TAAILAN) LAZNAN “1” Aa Nealaeiuilasy
ns1lgnisiasn C. Gloeosporioides

NANSANBILAZIANTOL

Aanez NIR fLdnmsu
m'f]micg]mnﬁuwzﬁ”\mmm@\mﬁul,m\i NIR T
F99ANENIARUENITEMTN 1100 - 2500 W TS
eauzaineiugiinenlifdnassiuau 204 aulnasn
udaiiuuziasnALAN ("l,aJﬂ@um%@m) AU 102
alnmiu LL@”N”ﬂﬂﬁﬁﬁuﬁ1ﬁ§Uﬂﬂiﬂ@ﬂL%'aﬁ NI
102 mﬂnmu Tme Figure 1A, 1B, 1C wa 1D A8
anmiudadu (original spectra) mﬂﬂmwﬂsmm
fa83T SNV, MSC Lm:wwuﬁfaumuuuq ANNANA L
fansunseaInpsuAaeA RN i nInszane
Frassanlnasuuauay aulnaiuEauLavaslu
PR eaiusnnndnailnasudady anva
NUSUUANA2EAE SNV LAsAT MSC @N13nanANN
uilstsauuazAnLAATALAR LTI 19Faa e IE
1T10991NAE FINAIITIHAANITNIZ LRI IUA
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(light scattering) fienafinannniedasilnninae
Fagnafiluaesude 1w nadlansustag udy
(Kittiwachana, 2020)
mﬂnmé“ma?ulwmmLﬂﬂmé“uﬁzmﬁm (Figure
2A) ALNASUTUSUUAIEERE SNV (Figure 2B) uay

7% MSC (Figure 2C) \fim peak N19gANALLAITALAY

AANEIIAAY 1450 WAz 1950 UNTULNAT €21
ﬁLﬂﬂﬁl‘ﬁlL’ﬂa‘lﬂﬁﬂﬁq‘/‘]_lLLﬁfﬁﬂ"Qﬂﬁ%"aiéﬁuﬁﬁuﬁUMﬁd
ANENIAALT 1380 uay 1880 unTutams i peak
ﬁlﬁmwﬁ'qm (Figure 2D) TatiAnuenaAaLT 1380,
1450, 1880 uAE 1950 WA TWINAT ADAINITAANAL
WANILTBIAAULAIT AU TUEA UL O - H lu
‘Em@qaﬁumiﬁ Bnsaganudn AranuEnaAEU 1450
way 1950 uluiums 1w peak i muﬁlzgmmﬁq
(Toth et al., 1976; Williams and Norris, 2001) %’Q‘LE']
Lﬂu@\m’ﬂ?:ﬂfaum‘fﬂmmLﬁ@mm\i (Tharanathan
et al., 2006)

M9z asAdsznauuan
N139ANTRALTENaUNAN W3R principle
component analysis (PCA) WumalAn1sanunun
dayalneanAuuanANNIMEBUITaANWANG 19T
1e3903a aA1NNInanIUINT YA (AaulsBasy)
wiasudayadi dusiusiuliluesdilazneniAaaiu
(Smith, 2002) @INN1INAAEY WL N5 LR PCT
way PC2 a1Nnsnuandnf Nkl sdsiuresdaya
sulnafusady s nmsudiiiunisUiuusdae
33 SNV, MSC wazayussusuuileldiinfu os,
88, 88 uay 64 Lasidus Auanau (Figure 3A, 3B,
3C LAY 3D ATNATAL) LAZHANIINAADILAR
IiuinannsudaAnelianunsasiuunazaing
PAAILIAN Tuﬂ@mﬂjfam) Lmvwmwimumiﬂ@ﬂ
L‘ijﬁ C. gloeosporioides 167 il Lu’a\imﬂmm IATNEA
asrilsznaundnaesanniudady (Figure 3A) INA
n1sdauiLiu (overlap) m@ﬁmﬂ@mﬂnm%umnﬁqm
vl enalunaannAnLAaAARe LT MANETRdE
|1 NMInszRsTedLAs A llasintane T saRENg
waziladaaninuanden Tdur Aaudy BOUUNH



nsasaagaulsanauunsniualunzissugiiaanli@nas
Araiiasaunsusasilninsalnil

Original spectra of 204 mango samples SNV spectra of 204 mango samples
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Figure 1. All NIR spectral data of (A) original spectra, (B) SNV spectra, (C) MSC spectra, and (D) first derivative

spectra obtained from 102 Colletotrichum gloeosporioides-infected areas and 102 intact area

Average original spectra of 204 mango samples A Average SNV spectra of 204 mango samples
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Figure 2. Average NIR spectral data of (A) original spectra, (B) SNV spectra, (C) MSC spectra, and (D) first

derivative spectra obtained from 102 Colletotrichum gloeosporioides-infected areas and 102 intact areas
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PCA score plots of original spectra A PCA score plots of SNV spectra B
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PCA score plots of first derivative spectra D
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Figure 3. PCA score plots of (A) original spectra, (B) SNV spectra, (C) MSC spectra, and (D) first derivative

spectra obtained from 102 Colletotrichum gloeosporioides-infected areas and 102 intact areas

uazias tuandedn (Thanapase et al., 2012) mm‘u
IR LR P LTI AT L L EE L RT I S
NANNTILATIZURNALIIZNALINAN WLAT INANTTTRWAL
Fueadnifen Wesannnislfuudsaulnmiu
A1UNT0AAAINNARTALARD U NTAd AN 1 a9 le
aselsAninnisiAsziesAdssnauuansaly
ANNTLENAIUNATHITNININTNITAAILA N
(VLaJﬂ@um%@m) Lmzmm\ﬁﬁiﬁ’%‘umiﬂ@ﬂL%mﬁ C.
gloeosporioides aananfule Fariu Aesiludad
Fipmsdauunawnaiudaniaindaestenige
19494 170 partial least square discriminant analysis
(PLS-DA)
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NSAFNANNTAEUNIATIIY

N8 NaNNTNEUNINTFIUAIEAD partial
least squares (PLS) regression 143Tn1531AT2%
fayaludalTunn anfetuneulunisaiienuy
ANABIRIEAT partial least squares discriminant
analysis (PLS-DA) AIa9N UNIZLIUNITAFINANNT
WiBLNIRIFIUAAEARE PLS regression nau iegann
wmAlA PLS-DA Lﬂuﬁ%'miﬁﬂi:qﬂm’anMﬂﬁﬂ
PLS regression (Kittiwachana, 2020) ‘1/;1!;\'15 nNsLaen
M TlumaannmnaAila PLS regression €4l nase
AN U1 luNITAIR AR LAMNINTBLNATIA
PLS-DA it
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HANNTAFINANNITTELNIATIIUAILTT
PLS regression W91 Anduilsr@Ansnisaadula
(coefficient of determination, R’) 284GAA5194NN"3
(calibration set) 8¢ lutq4 0.79 - 0.85 Tnaiailnnsy
ffuusiefands SNV uazds MSC fldn R gefign
A9 0.8521 (Table 1) uaNAN Rl AN root mean
square error of calibration (RMSEC) r:*%’]‘ﬁl'qm A9
0.1923 Wefidus (Table 1) ilasinaunisfildly
nIAdaunudayaTANAAaLaNnNI9 (prediction
sef) WU91 gnedufilsuusiadaeis SN fln R?
mm’ﬁlzgm wazANANRANAIANIRsFIWTWNNIYINUNY
2189722819 UTANAGBLANNAT (standard error of
prediction, SEP) Wa <A1 root mean square error of
prediction (RMSEP) f;‘i’wﬁ'zgm winfiy 0.6693, 0.2874
LAy 0.2889 1afidus nruatau (Table 1) Tng
aunafiaAsiiAn R Wnlndvidewindy 1 saumy
nnsilAn SEC uay SEP A1 803 SEC uax SEP Aasd]
ATuANFNaTUaE T9NaNAN T8 A Tl AN
RMSEP A1 1ii84a1nAn RMSEP fiRnan1n3a1iaddn
mumﬂﬁﬂummgm&uiﬂLﬁmﬂi'mgmim‘ over
fitting WAz under fitting (Shao and He, 2007)

Table 1.

NNFRFILLLANARY
HANNTAFIULUANARIR28AT partial
least squares discriminant analysis (PLS-DA) e
pavagaulsaneuunsnTualunanzsnaiuginnenls
An09 NUTY NNFAFIULUINABIA2EAT PLS-DA
ANNIDALUNNZNNTILNTRs C. gloeosporioides
A v X nad .
aananuzdasi W ldsunislgnimela Seanlnasy
FURNLAZALNASUALSULAIAREAE standard normal
variate (SNV) HAAanuudus1lun1smsaagausnin
g InagnaZi9anns (calibration set) HA1AN
wdugnlunisnsageu iy 98.04 L asidus
(Table 2) nanfAa uzananguin lisunisgniiesinae
‘E?mt,@ul,ma‘ﬂim A response Slﬂmﬂﬂ\‘iﬂ‘i_lﬂ’]‘v}
AUUA (AARIYUA A 1) 49 HA ANTTaMNA 51 A
LL@”u”mw"Lm”Lms‘umiﬂ@ﬂmmw C. gloeosporioides
A response sLﬂmﬂmﬂummmuummnm (A
AMUA Aa 0) (Table 2) NIUIBIANARBLANNNS
(prediction set) &LUNAFNALANTIRIN TR 1o 5
& v ¥ 4
nsdgnimasuazladlafunislgnimasiian
P o 1 Ao
response MAALIAUAINAINUA 48 LAY 49 1A
ANNAGL WAL NASNNUSLLFIR283F SNV N1AN

Calibration and prediction statistics of PLS regression for anthracnose evaluation in mango

Calibration set (n = 102)

Prediction set (n = 102)

Preprocessing method

R® SEC RMSEC R? SEP RMSEP

None (original data) 0.8132 0.2172 0.2191 0.6274 0.3044 0.3067
SNV 0.8521 0.1933 0.1923 0.6693 0.2874 0.2889

MSC 0.8521 0.1932 0.1923 0.6414 0.2981 0.3009

First derivative 0.7928 0.2283 0.2276 0.5155 0.3484 0.3498

Remarks: SNV: standard normal variate; MSC: multiplicative scatter correction; n:

number of samples; R coefficient of

determination; SEC: standard error of calibration; SEP: standard error of prediction; RMSEC: root mean square error of

calibration; RMSEP: root mean square error of prediction
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response INALIANTIIANUA 47 HA LAY 50 HA
ANNANAL (mﬁﬁmum A8 0 LAY 1 MNATAL) (Table
2) Tnaalnafud i nnazannnfuid s
FatAB SNV ansnsauenszsaaiildiunsUgnidesn
nalsauauunsnluauazuziasgamsunu (ldign

@a31) ensrauANuN Ny 95.1 W Fidusl

(Table 2) Inanann1luNIIANUUNNGNUBINTHI
paeRantaalnuning 1R PLS-DA wuwmeaiu
AUNIINAARITAY Wongsheree et al. (2010) Way
Chaiareekitwat (2012) 2gin413iA1NAINN1INARD
‘Lum\mmmmmq%famm@ﬁ C. gloeosporioides
Framaiia PLS-DA ld7iszAuAa i uaiugn 95.1
e fifus anziniImaaedaag Wongsheree et al.

(2010) ay Chaiareekitwat (2012) 1119051593421
da31 C. gloeosporioides A2LINALA PLS-DA 7
AL E 89 UAx 90.9 wlefiFus Audsy el
AN residual predictive deviation (RPD) ﬂﬂﬂzﬂﬂﬂmu
FlsuusiadaeAs SNV SAruanndnaulnpiusaas
WWnuas Aa 1.7484 Laz 1.6506 AMNATAL (Table 2)
%'ami‘ﬁ'%ﬁﬂLLuuﬁmfm"Lﬂﬂi:Qﬂﬁﬂ,ﬂumiﬁmw
nARualETL A1 RPD maﬁm”]mmd’] 3 (Gaitan-
Jurado et al., 2008) muu mwmmmmmwu
ﬂ?xam%ﬂwwiunqimuwiquu suflugauiiy
Suruiedneldunniy e lfuunsiaesiaune
A leLein (robust) wazilAN SEP anad (Seehanam
et al., 2016)

Table 2. Discrimination results of anthracnose infected and intact mango by partial least squares

discriminant analysis (PLS-DA)

Calibration set (n=102)

Prediction set (n=102)

Preprocess ) )
Confusion matrix Infected Intact Infected Intact
method
(predicted)  (predicted) (predicted)  (predicted)
Infected (actual) 49 2 48 3
None Intact (actual) 0 51 2 49
(original data) accuracy (%) 98.04 95.10
RPD - 1.6506
Infected (actual) 49 2 47 4
Intact (actual) 0 51 1 50
SNV
accuracy (%) 98.04 95.10
RPD - 1.7484
Infected (actual) 48 3 46 5
Intact (actual) 0 51 1 50
MSC
accuracy (%) 97.06 94.12
RPD - 1.6850
Infected (actual) 50 1 47 4
Intact (actual) 2 49 6 45
First derivative
accuracy (%) 97.06 90.20
RPD - 1.4421

Remarks: SNV: standard normal variate; MSC: multiplicative scatter correction; n: number of samples; RPD: residual predictive deviation
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mumnﬁﬂummﬁsm (regression coefficients) A8
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Figure 4. Regression coefficient plots of partial least squares (PLS) regression using NIR spectra preprocessed by

SNV for developing discriminant model

245



M5ATINEAT 38(2): 237 - 248 (2565)

neRAnssNUszneA

1010UAUANTUIANTINWATUTAE UAY
AL neznsenIgaNANE Angmans 34y
waTUdRNTIN ﬁmﬁumunuﬁ@“ﬂ 21092 LANAUEAE
walulafudanaifuiies wazanandgfiganu
nedrNg A ansuazlgiAans pnszinemeaans
N angnde @l ﬁmﬁumquﬁmqﬂmﬁ
winsilaAnanmans uazaniuiilunnavividy uay
1920 UANIUARTNEIFY NnAnedadeslud
fauayunuitonaauuasfianisy

LANAITRNND

Boonyakiat, D. 2020. Evaluation of product quality
by non-destructive with NIR spectroscopy.

pp. 1-12.
Theanjumpol

In: D. Boonyakiat and P.
(eds.). NIR

Spectroscopy to Evaluate the Quality

Using

of Agricultural Produce. Postharvest
Technology Innovation Center, Bangkok.
(in Thai)
Chaiareekitwat, S. 2012. Application of NIR
spectroscopy and hyperspectral imaging
for classification of anthracnose on mango.
M.S. Thesis. Silpakorn University, Nakhon
Pathom. 105 p. (in Thai)
Fernandez-Espinosa, A.J. 2016. Combining PLS
regression with portable NIR spectroscopy
to on-line monitor quality parameters in
intact olives for determining optimal
harvesting time. Talanta 148: 216-228.
Gaitan-durado, A.J., V. Ortiz-Somovilla, F. Espafia-
Espafa, J. Pérez-Aparicio and E.J. de
Pedro-Sanz. 2008. Quantitative analysis
of pork dry-cured sausages to quality
control by NIR spectroscopy. Meat Science

78(4): 391-399.

246

Jenny, F., N. Sultana, M.M. Islam, M.M. Khandaker
and M.A.B. Bhuiyan. 2019. A review
on anthracnose of mango caused
Colletrotrichum gloeosporioides. Bangladesh
Journal of Plant Pathology 35(1&2): 65-74.

Jongsri, P., P. Rojsitthisak, T. Wangsomboondee

and K. Seraypheap. 2017. Influence of

chitosan coating combined with spermidine
on anthracnose disease and qualities of

‘Nam Dok Mai® mango after

Scientia Horticulturae 224: 180-187.

Kittiwachana, S. 2020. Chemometrics for NIR

pp. 48-100. D.

Boonyakiat and P. Theanjumpol (eds.).

harvest.

spectroscopy. In:
Using NIR Spectroscopy to Evaluate

the Quality of Agricultural Produce.
Postharvest Technology Innovation Center,
Bangkok. (in Thai)
Klaithin, R. 2012. Detection of Aspergillus flavus
contamination in milled rice cv. Khao Dawk
Mali 105 using near infrared spectroscopy.
M.S. Thesis. Chiang Mai University, Chiang
Mai. 95 p. (in Thai)
Y., K. Suzuki, |.

Yamamoto. 1985. Melanin biosynthesis

Kubo, Furusawa and M.

as a prerequisite for penetration by
appressoria of Colletotrichum lagenarium:
site of inhibition by melanin-inhibiting
fungicides and their action on appressoria.
Pesticide Biochemistry and Physiology
23(1): 47-55.
Ministry of Commerce. 2020. Export market
for important products of fresh mango.
(Online) Available: http://Awww.ops3.moc.
go.th (November 10, 2021) (in Thai)
S.C.  2008.

(Colletrotrichum gloeosporioides). Plant

Nelson, Mango  anthracnose

Disease, PD-48. College of Tropical



nsasaagaulsanauunsniualunzissugiiaanli@nas

maeilasaunssaaininsalnil

Agriculture  and Human Resources
(CTAHR), University of Hawaii, Honolulu.
9 p.

Osborne, B.G., T. Fearn and P.H. Hindle. 1993.
Practice NIR

Applications in  Food

Spectrometer  with

and Beverage
Analysis. 2" ed. Longman Scientific and
Technical, Harlow. 217 p.

Rinaudo, M. 2006. Chitin and chitosan: properties
and applications. Progress in Polymer
Science 31(7): 603-632.

Seehanam, P., P. Maniwara, K. Nakano and D.
Boonyakiat. 2016. Evaluation of total
soluble solids in passion fruit by near
infrared  spectroscopy. Songklanakarin
Journal of Plant Science 3(Suppl. I): 94-
101. (in Thai)

Shao, Y. and Y. He. 2007. Nondestructive
measurement of the internal quality of
bayberry juice using Vis/NIR spectroscopy.
Journal of Food Engineering 79(3):
1015-1019.

Smith, L.I. 2002. A tutorial on principal components
analysis. Technical report. Department of
Computer Science, University of Otago,
Otago, Dunedin. 26 p.

Suwapanich, R. and P. Theanjumpol. 2011.

Detection of chilling injury in mango fruits

by near infrared spectroscopy. Agricultural

Science Journal 42(1)(Suppl.): 59-62.
(in Thai)

Teena, M.A., A. Manickavasagan, L. Ravikanth and
D.S. Jayas. 2014. Near infrared (NIR)
hyperspectral imaging to classify fungal
infected date fruits. Journal of Stored
Products Research 59: 306-313.

Thanapase, W., S. Kasemsumran, S. Saranwong

and S. Kasano. 2008. Nondestructive

detection of fruit fly egg and larvae in

exported mangoes by near infrared
spectroscopy. Agricultural Science Journal
39(3)(Suppl.): 54-57. (in Thai)

Thanapase, W., S. Kasemsumran, S. Pathaveerat,
A. Terdwongworakul, P. Ritthiruangdej, T.
Suwonsichon and R. Rittiron. 2012. Near-
Infrared Technology and Applications in
Industries. Kasetsart Agricultural and

Agro-Industrial  Product
Institute, Bangkok. 270 p. (in Thai)

Tharanathan, R.N., H.M. Yashoda and T.N.

Prabha. 2006. Mango (Mangifera indica

Improvement

L.), “The King of Fruits” - an overview.
Food Reviews International 22(2): 95-
123.

Toth, L.M., J.T. Bell, D.W. Fuller, S.R. Buxton,
H.A. Friedman and M.R. Billings. 1976.
Chemistry off the KALC process. The
CO,-1,-CH,I-H,0 System. Oak Ridge
National  Laboratory, Oak Ridge,
Tennessee. 27 p.

Velez Rivera, N., J. Gomez-Sanchis, J. Chanona-
Perez, J. Jose Carrasco, M. Millan-Giraldo,
D. Lorente, S. Cubero and J. Blasco. 2014.
Early detection of mechanical damage in
mango using NIR hyperspectral images
and machine learning.
Engineering 122: 91-98.

Williams, P. and K. Norris. 2001. Near-Infrared
Technology in the Agriculture and Food

Biosystems

Industries. 2" ed. American Association of
Cereal Chemists, Inc., St. Paul, Minnesota.
296 p.

Wongsheree, T., R. Rittiron, P. Jitareerat, C. Wongs-
Aree and T. Phiasai. 2010. Near infrared
spectroscopic analysis for latent infection

of Colletrotrichum gloeosporioides, a



M5ATINEAT 38(2): 237 - 248 (2565)

causal agent of anthracnose disease
in mature-green mango fruit. pp. 341-
343. In: Proceedings of GMSTEC 2010:
International Conference for a Sustainable
Greater Mekong Subregion. Bangkok. (in
Thai)

248



