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Abstract

The objectives of this research was to predict the internal qualities of sweet corn after harvest at
6,12, 18, 24, 30 and 36 hr. Samples were measured texture, total soluble solids, moisture content and flour
which were related to the freshness of sweet corn. Near infrared spectroscopy in 3 different types such as
NIR-GUN (588-1089 nm), FT-NIR spectrometer (1000-2500 nm) and NIR hyperspectral imaging (910-
1700 nm) were used in this study. Samples with husk and without husk were scanned for comparison. The
results showed that accuracy of prediction in sweet corn without husk obtained better results. The
calibration models from FT-NIR provided better accuracy when compared with others. The accuracy of
prediction for texture, total soluble solids, moisture content and flour obtained the correlation coefficient
of 0.85, 0.91, 0.65 and 0.89 respectively and root mean square error of prediction of 0.51 N, 0.88 °Brix,
0.64% and 0.84% respectively. NIR hyperspectral imaging technique had a potential to establish the

images with different colors for predicting the different qualities of sweet corn.

Keywords: sweet corn, nondestructive, total soluble solids, texture, moisture content, flour
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NIRS near infrared spectroscopy

PLSR partial least square regression

R oy ?ﬁlﬂixﬁ‘ﬂéﬁﬂ Furius (correlation coefficient)
N number of sample

RMSEC root mean square error of calibration
RMSECV root mean square error of cross validation
Smoothing Savitzky-Golay smoothing

1" derivative Savitzky-Golay first derivative

2™ derivative Savitzky-Golay second derivative

MSC multiplicative scatter correction pretreatment

SNV standard normal variate transformation
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1= 1 ° % o =S v ¥ o A I S
gaunruld fasihegildfimdnvesdaiin uaiaanelumassznlaonhhiluudannuu
' 1 ' o 4 a a <
deralinuep UL EEA1NM MUY UNAAAAAT (Decoteau, 2000) T3 8ZMIINIYAD TAVDULAA

kY Yo =
“U'I'JIW‘FH]gllﬁﬂﬂllﬂﬂﬁﬂ1§1xillﬂ$ﬂ1w1ﬂ 2.1

y a a = 1 H
MINA 2.1 uaasszezmans iy Taveuudadn Ina luudazau

szazMIsyAula 5101980
RI (silking) Us1ng T Tnarumududn
R2 (blister) wanuudnGuiivewnaimely laldna 1014 Fundaiueon vy
R3 (milk) waauudmlsingdimae, muludaduhusdenidion 1822 $u
vasiueon v
R4 (dough) waaEudhuillsinan 2428 Sundaiuenn ny
R5 (dent) utfmelumdanadi e 35-42 Sundadueonlny
R6 (maturity) wiamasuiiododn fidu Tnuvoswdawdavganisasapdula 19

3
I089UA 45 71U wamuaaﬂllm

Ay : aauladnin (IBSNAT, 1988)

" = = a ' o,
i 2.auaauudetn InaluszezmssyduTaluuaazay
NULIBSNAT (1988)
225 AuAMYaId Tnanu
s A == Y ¥ 1
pantsznouitsvendsquainyeadinInaniiu laun anwnau
1 ] 2{‘ o oW H 1
(sweetness) AAWBOUYN (tenderness) IHDAUAT (texture) uazl5uaula (starch) NloglulSuna

] ¥
A1 (Swiader et al, 1992) MIU3 1A TwaN UL asanseynld 2 na Ae muslaadnaa
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nlaen wanszdouaudn Hwauuarveuuaaoisdos 16 uad uaginsGesiiniusydeunay

AFIAININ 2.2(a)

(b) Feahiminane

— o ~ =P
MW 2.2 dnvaznsBewsuuaadining
- = g
NN TINTUAUNYAT (2555)
drumsirlduissd wu msussynseiles sgdoemswuganlaendudn
9 Ta =] T T o = <
awnsaaoneonaindnlddieuaz udedn dnginsenszuen wasseuduuazium Jnnuewda
- o ° T ' o = {
wnuazasalauBenan Mlivgesonnidnlfie wazdrelumsdawialtidzinsaimuzay
' = o o o 1 Z
aumsulsgdiusiudinTne szdilidednuuzainananas Tasmsmlsjinaussynsziloawas

2y & ay 4 % A g wa 2 A A gy a
'ﬂﬁMﬁl'I'JT'Wﬂﬁ'u.l'liﬂlwuiﬁﬁlf'lﬂﬂjUﬂ"ﬁ!WﬁJu"lﬂ']ﬁ lWﬂGl'ﬁllﬂ'l']JJﬂ'J']ullﬂgLWﬂJLﬂﬁalWﬂﬁlﬁ'iff‘lf’iﬂﬂﬁll

T
o a A

1 E v ' g Ao & = 2 4 2 o
naouUu e uanaanmsuruddaeaa Atedwmur M lumdadiudan desnndlumnas

a

v
=

A ldansaiAnaNurNULarTanAlan 188n (Tracy, 2001)

Tudszmallne asudmmaineas (2543) lamnuadnravinasgiuvesdn

o

) = Y &
‘H'I'JTWﬂﬂfﬂu:nTi\ﬁ\ﬂuﬂBQﬂ'li U

v o

< Ay v a < 1= o &
= lﬂu ﬂﬂ“l’lulﬂ‘ﬂ'lﬂﬂuﬂﬁﬂuimllmﬂlﬁﬁ ]rlllMﬁﬂﬂﬂ'lﬁ'lﬂﬂlﬂﬂiiﬂ’ﬂﬁﬂlﬂllﬂd
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- wwefnaadenilion asiidurigudnaia 4-5 rudmes auen
12-18 1uAwAs 1Miin 200-250 niuaedn
- Anginsnszuen Dy lawmzlaednuanatenuliinu o5
HUAINT
=) <3| = = 2~ =3
- wanBsailuszdey 14 93 16 407 UDINTNY 30-40 1WaA

¥ = U = Y 1 =]
- dulnumsvgannwaalade taslifedeavsounda

= o

=) o &
- OAATUNTUDLACATIAINNUY

s

=t a
- HEUUHIREN
1 'o 1 g 1 3/ 1
= mmmmiummw 14%brix AIIAATIDYIIF19) ua:mmmwmu"lmu

AN 36 %111
2.2 iig5dunlsns agnlnsalall (near infrared spectroscopy 130 NIRS)

' | ; ' b %) 1752 < % \
ueralnddudsusa (near infrared) Wlunauuaansoaduiman lilihfsglugisnnuen

aaualszina 780 — 2500 w1 Tuwas Taelindnnianad Ae wauasdoariud S imsazarevso

ar

g udrmananIsganaunaslugIe near infrared ¥4 Tuanavesatsinanmsauianudgs u
& o 1 a & d. A ' o = g ' ' 1 7w
MITUVBINUTEAY AATUHF IR NVEIAaULAnA AL T Fudluammzve ez niylanau
) o ‘?, dr!. Yo o o a :;a A‘!’i o o = <&
A8 aanule luana a5 U aduds usainanuenadunssnuiusy luTuenassidansdunay
0 F
ganduded@ i ldindtanuinninlnd sxn@ui Tuanasgluan1igiiu (ground vibration level)

T

& Yo ) A X ' 3 " . - ' o A @
dioldsundsuminiuszogluan1iznizdu  (excited vibration level) oenelsAmiunilo Tuanandug
d?!} = 1 @ e o = £ o 2 =3 =) @
anziufagdasendsmfisumind lsonnlugdwdsauanuieou 15nansganaundsau
< oo ad o A A 3 o 1
uarutlu lmunguea 1fies —amii$a (Beer — Lambert) wdanuaopauudaiiorud lillude
o A s o e 1 @ A A 4
nasnuzgnaanau 1ilasesdilszneumaniiludiogis nasevesniuuasfidiueanu Iaona T
o ' @ o = [ 1 i
lusiees wasnuazgnganau 1ilasesndsznoumaniiludiodis anududuvenaaiinu

& & o 1 ) %
aanun laen llazitludaaiudinSuaveseedilsznoumianiinin (Osbome et al., 1993)
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o

1 4 i N T = ' 2
129U UNear infrared spectroscopy ¥30 NIRS anansouseenilu 3 119 deil

M1519N 2.2 MINUFAA U UdUNIITA

$29nau $390NNENIAAY (um) Wavenumber (cm ™)
Region I 800 — 1100 12500 — 9000
Region II 1200 — 1800 8500 — 5500

Region III 1800 — 2500 5500 — 4000

A UWUT (2545)

NIR hyperspectral imaging
Fumsanmaiiadiy NIRs nuulvy Taemsihmaians AT 1ziam (image analysis)
1 Y= o 1 Qs = a A o 1 Y= o 1 I~
i ldamsiinug ldunsTnngdnsaandundsnuuasdiulnddunlsusavosiiede 1§y
= 4 o 9 (Y a ) L1 o P 1
msunszvaaasids v ldndouadualsdasysmanmnimums 1¥alnasnae luua
5 " = " a o T =ity o =] .
azAI0e1e  LAgia1TnNINUAALYATINIEAUDIN INUBIA 10813 MIINITATIA IR dumsivouTos
foyanmuesdletns amaldnd amanll unsanduanlnasimsgandunasnuialudgn

clﬂfsilgu‘v‘]i”tlﬁﬂ (FernandezPierna et al., 2012)

]
= o =

slnunagilgnsomenauiieidumsusa (NIR)

WBIT94 NIR 1Uaosuaiiinaiuifiodis aznansnsginuiuas lavatouuy aaiy adsi

msdamanaddegialunislFmaia NIR e lf1daulnasSuidunusoulSuanmaninauls

1Aun (emws 2545)

L. o T o ] ) o ~ w
-transmission Lﬂuﬂii?ﬂﬂin‘lmuﬁd‘nmua@m,lﬂuﬂ'luﬂﬁG”lﬂllﬂ“ljﬂ'lumlﬁﬁﬂﬂﬂi:WLl A

AINA 2.3

MWA 2.3 NIADIFIY (transmission)

- reflection UEAINNNTLNUNUNAIVOIA061 TatSunauaanaziousenun Tassud e

- 9 -ﬂ o 1 T ~ Y= w r Yt v o =
wﬁsmaummuamamamuﬂﬂammmm"lmﬂmﬂ AININN 2.4



12

MUN 2.4 MIaerion (reflection)

- transflection LAIIINLUNAIRUNAUTIAANTENUAIDEN HIUA1081309 l)annsenuupy

2 A a A Z 1 Y o @ % ar =
LEITUN NOI waaa:amuaﬂuwuhqw LAFENDUNA VUGN detector ANNTUN 2.5

L'

R Sty
NN

AR 2.5 MIdorULATHENDUY (transflection)

- interaction 1¥1un34l fiber optics probe UAIINLMAINUHAGIYL NIR HOIH1UINGS
o ¥ kY 2 ~ o =T 42aR e " 1 a =
drvgnlurumauduuen ududenazieuseninainiiadiognagnad luds detector Vs

d@IUna fiber optics probe AININN 2.6

MBING

1an

,;, fiilréf.‘j .

A% 5’3?“{{
I

WA 2.6 MITDAUIVY interaction
fuﬂ@uiuﬂwsﬁtﬂ‘J'l:ﬁ%'a:ga near infrared spectra

T 1 Ed
n1saAnzRYoyanalnasu NIR ugaslddenind 2.6595znovulddroduneu 2

3
9

o "y 2 o iq ¥ o . . =
TuAIUYANITUBE1ToY AD TUADUNITAT1NANNITNIEM U (calibration set)  UAZTUADUNIT

d o % L o &
AIVADVAIINYNABIVDITUNSNA319VUNN (validation se) lumsaduaumsildviuie nmo il
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q [ v w = o s Y 4 Y 3
ﬁ'llﬂ'lill'!@]iﬁ'lu?ﬂ“b’cluﬂ']i‘V]TLl'IEIﬂ1ﬂmﬁﬂﬁm$ﬂmﬂ1WWﬁﬂﬂmm1ﬂﬂﬂ\1ﬂ13ﬂ51‘ﬂ ﬂ@ﬂWﬂuuﬂﬂQﬁfﬂi
o P ° . . = [ [
‘N"Iﬁl!ﬂ']‘ilﬂﬂ3§"I‘L!“ﬂ1ﬂﬁ)'lﬂﬂ’li‘ﬂ1 calibration Nﬂ3’3"1]ﬁEJ‘]_Iﬂ’J'IlIE]ﬂﬂﬂQLLlIu&'lﬂmdﬁllﬂ'ﬁiﬂﬂij']uﬂlu

mMyiemnun N Fetuaeull Sond1 0159 validation 1eNATRUANNITN IANTANMBIUE

v 1
= 1 =

violi e ldnaminaaeuiunyensud3uhaumsild Il hueanadnyazndeansdny

= o =

L { o [ 3/ U 9 1 a W ] o = 4 T
ﬁ]']ﬂﬁl‘]_]ﬂ@‘ill NIR ﬁ'ﬂ'lﬂ'l'i']ﬂll'lhlﬂ Tﬂﬂﬂf}llﬂ’]@Eﬂ\l‘ﬂ?ﬁ]%ﬂﬂﬂﬁﬂﬂu]uﬂﬁlﬂﬂﬂﬂ‘ﬂu‘m1’3Lﬂ31$‘ﬂE)EI"IQ

=) ?v’ as 1 Y Qs 1 P o = o o
WGEWEN‘VNW’JEJEJ"IQGLH‘]j%]?“]JH!Lﬁ%ﬁﬂ?'ﬂﬁﬂﬂ‘ﬂﬁ]&iu'lllTJLﬂﬂg‘HLluﬂuWﬂﬂiﬂULﬂWW&lElﬂﬂ«lﬁ]i‘lﬂﬂiﬂiﬂﬁ)ﬂ’ﬂ'ﬁ

v
o

nilvzdpalimnsounguilSnaiimgauagigavaaiog 1 Iaein1suaa0619 sampling) NgNADa

= I o ~ [ o T - Ao o

Wgaweraztuaumunelszxninsgualseneuvuaaung u‘lumim ¢ laaumsriine
4 Ada o k4 "qs{

USuwesalsznoumuniung 1ﬂ1cl1’iﬂ1NﬂWﬁ'lﬂ‘ﬂhlﬂfﬂ'lﬂﬂﬁﬂﬂﬁﬂﬁﬁﬂad (Hruschka, 2001)u8n21nu

= ada o o= = 3/
ﬂ"ﬁWﬂ'I'iﬂ!.TQﬁULﬂi13ﬂﬂ1§iﬂ1ﬁ°§ﬂﬂ3§kﬂu3'ﬁW!ﬂuu’lﬁi%']‘Lllla Mﬂ'J"IlII;HJuEJ']LW?)ElWII Uoyangnaad

mmmﬂﬁawamaﬁumamﬁswwuﬂa“lﬂ (Kawano, 2002)

Total Samples

Calibration set

Validation set

Analysis Samples

Analysis Samples

NIR analysis Reference method

NIR analysis Reference method

Regression

Prediction Value

|

Validation Differences

Calibration Equation

' o
o = o o
awi 2.7 dunoulumsinigidoyamilnasy NIR

a
131: Kawano et al. (1995)
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E 1 = Ed
ﬂ’]ﬁlﬂjﬁQmagﬂﬂﬂuﬂ’]i')lﬂi-lzﬁ

Tadenimanominaiuun laun aAudu uazvuineynia (particle  size) Faazild
o A Y 1 o o A = 1 A g
anlnasunlatanuuanaadusuiinanInanmATHS W tazanuuanaNRiuRanINAAIY
¥y Y o ) o ° Y a ' = e .
iuduvevesnlsznouiidoansiageorvezi ldinan nuuanasluraFauan (additivescattering)
' 3/ v
A NATANATUMUAADATINANDINGIINAY HIONATINAl (multiplicative  scattering) iUnasy

A X2 4 & A & o Ay Y A 1 W= 2
TNV NNEINAUTIVY u’amnﬂum‘ﬂﬂﬁ‘iiJ‘Vlhlﬂinﬂmﬁﬂﬂﬂauuﬁﬂuam%a@uﬂaum L‘]_IU

'

anlnasunlinsmaoudounuiuey (overlapping band) aasiulunmisiniiziaai lilsuuasdieds

£ o

2 o1 A A 9y am A a = A
m’lﬁﬂmﬂﬁ’]ﬁﬂiﬂE]HLWE]ﬁﬂﬂ'ﬂi\lﬂﬁ']ﬂlﬂﬂﬂuﬁlﬂuaﬂﬁq 'J'ﬁ‘ﬂu&lllch)' U279 A

@ o 3 i
ﬁauwuﬁ (derivative)

=3 o w 4 { A 4
AumsmanuFuveudumalnauieusJamifinAdgiuniie (broad peak)iilodninmis

FOUNUNUVD TR (overlapping)lagdnTNaINMIsNAIvoUFUMYNAT(base line shif)AAAINNTT

o L] o

N3213e(scattering lightauasanns snuidIoden Iiumandeusinnedilinaaensganaue

kY
Y ]

' 1 Py 1
ﬁﬂ??ﬂiﬂ’l?ﬂﬁl&ﬂﬁ“‘]Wﬁﬁuﬁ“ﬂﬂﬂﬁﬂﬂ“ﬂ“Lﬂﬂ“l]ﬂ\WI'JEJEJN"],JJﬁﬂHﬁM’E]ﬂ'IS’EIﬂﬁ’JLLﬂgﬂ'l‘iﬂiZﬂ‘”IEJEﬂTUEN
o T 4 ~ 1 [ ?; d{‘ o 1 P 1 - - |
ﬂ'JBEJ”Nﬂ'IfJU\luL“]fﬁﬁ‘UTiﬂﬂllﬂﬂﬂ'lQﬂl!‘i'Jll‘W\iﬂ'!l'lll‘]fuﬂ'lﬂal,uﬂ’ﬁ]fﬂﬂf]!,Lﬂﬂﬂ'Nﬂ'Llﬂ']El (William and

Norris, 2001)

i ] =] ) w = ' ) — &g o A X
first derivative 1WumMIMmaNuyudIailnasy  Fvzaouniyinalanfulaunua

AINARDAYIIANNENATUNITDNISIADUAMITNATUUNY Y 11199910DNINAVIAILTFY 1Az

Y
9

YUINVDIDYNATUANAIINY. M first derivativeri I msulanamumuien daiudation]s second

derivative ¥1AN first derivative

second derivative N15 19 second  derivative 9=1Humstlasunlasnnusuvesanlnasuy

alnasuildsziisdseiuananinalnasuGudy msmmsldeunlasupenusu #1u150

a

A A Y o ' w A o VY as . X PR AT I P
Llﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂ@ucﬁ@uﬂuﬂg ﬁl,llﬂﬂ‘ill“V]W']uﬂ'liﬂi'lJlE@Nﬂ']ﬂ’.]ﬁ second derivative “ﬂulﬂﬁ]xui‘)ﬂﬂﬂﬂ“ﬂ
i ¥ s Y ' 1 R — o
Lﬂuu’miuﬂ‘lummmmm"um ﬁ?u%‘ﬂU@ﬂﬁi\‘lﬂﬂ']\'i%gﬂqujﬂ5Qﬂ7uﬂl1ﬂﬂuﬂ1u1ﬂﬂq¢llla$ﬂﬁQﬂ'ﬂﬂﬂﬂ'ﬁ]ﬂ

Sudy mydamsndsundasnnuduvesmilnaiuansousnyaseavesmilaaTuimaoudou

o ¥ g

@ o A = o ' o =
fuvasailnasuGuduld dniudoyan ldannisdSuuasmilnaiudae33 second derivative daiilu

1
=

ATUIANIIAT first derivative
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multiplicative scatter correction (MSC)

anlnaiunldninnisiamsganaugiuuds NIRS uuy diffise  reflectance L1AZHUD
. - o = = . [ 3’; I Yy = a’d'.d T
transmission  UNISINANITNTLLIULTL (scatter  light) AIUU vlﬂllﬂ’]ﬂﬂfi]‘ﬁﬂiﬁﬂﬂmﬁ?ﬁﬂiﬂ!iﬂﬂ’n

o v @ a 1 { o o @ 4 A a =
MSC lﬂ‘l]i‘ﬂlﬁﬂﬂﬁl‘ﬂﬂﬂill !.ﬂuﬂTiTi'lﬂ'ILﬂEEJ“Uﬂﬂilﬂﬂql‘ﬁﬂﬂﬁlﬂﬂﬂiMlﬁﬂﬁﬂﬂ‘ﬂ‘ﬁWaMﬂﬂﬂW‘iﬂi&ﬁ]\‘Wﬂ~1

v
=

; = i 1T a @ o
naaruudnisuilanian]slunisanniiawaln Barnes ef ol (1989) 19 NIRSHUUIAMT AL RO UARY
4 = =1 =] [ =y L=
youmuiomTnassdlsznounmanil lunaaiisTaoulasfoyamilnasudeis Msc nuhiim

AANAIAYDIANNITAIN AN TV NASHAURAN (original spectrum)
75 Smoothing

o ' — A = ' A T ) A v ' =
Lﬂumi‘ﬁ’lﬂWilaEJmaE]uTﬂtliJm‘jLL‘Iﬂ‘uﬂWﬂﬁiﬂﬂﬂauuﬂduﬂﬁzﬂ’l‘lwﬂnﬂﬂuﬂﬁﬂﬂTLﬂﬂEJ"UE)&

T
o

1 1 : i o 1 4 o "
ansganaunaalusenueInauniaguinal ueds9nngIInauasInUgangnun Uil

a a

' g A ' & 4 Y4 3 ' & &
ﬂ'ﬁ]i]’lﬂuumﬁ]ucﬁ?\‘i"l“]_h’iuﬂﬂ'ﬂhﬂ"l')ﬂﬁulm"JﬂWH'JmG])"H]Hﬂi'lJﬂﬁ'E)ﬂ“])”NﬂT\iJEl']’lﬂﬁu“]ﬂﬁ1iﬂiﬂﬁﬂ

[

) h = ¥ @ A e o ¥ oa '
'ﬂﬂal"l"i"lsllf]ﬂ iyiy’]m?ﬂﬂ?uﬂﬂﬂ‘iﬂ"ﬁﬂﬂﬂ'ﬂuuﬁﬁjﬂﬂﬂznﬂﬁlﬂﬂﬂiuﬂﬂ nHZIMU UM NAS R UALLIA

WiFTeUANUANDNINA (Siesler ef al., 2002)
a d‘ d' 3
2.3 IV

1
o = 9 o o

~ = d‘ = af ) E 3 4 = dy
TUVANEIVOINUNTIOTUAIUNT TNA K1 ULaE NS 1152 Teainnmaiin NIRS A4l

i 0 = o ' g o Y d o
Lidia esteve etal. (2012) 1@ l#nalia NIRS uIAauenngiuaanugin Inauazmwanugoa

9

o

o a A a o o ] ' 4 o Y &
LYiaodni ﬂymﬁﬂﬂﬂ o ﬁ'lll"l?ﬂﬁ]‘iﬂgjaﬂﬂﬂﬂﬂlﬂumﬁﬂqﬂ ﬂﬂﬂiﬂﬂﬂqmllﬂﬂWU"ﬁ‘li'l’ﬂWﬂLm%ﬂ'J

q

o a

=1 d'd a & T = =4 9 - [ Y [
waeantanyaziAalnd e lumuisasoanoondlumaald Taopmamidssnyin 1AALENTEHI
1 = [ o n"::i' 1 5/ d‘l = 9 i o =
nquinAsenanmaaiugin lumuisasenld WesmAainmsgaanuiowdiiiate maiin
w £ Y = = o ' ' a '
NIRS msafauenuas litnugndssde 99% luvazimsnauennsznitenguinavensinngu
2 o Ay 1 Y A a ¥ 9 2 9 o 1 ' w 3
waauin bigunsosenld eswnmamihdadadias wun liaunsadauen’ld

Mohammed et al. (2013) 1a1% NIR hyperspectral imaging NF9Aue1IAAY 900-1700 nm
= 4 k4 o = j L}
lumsarvadeumiTmaveuteonylasuiuluidonnsdy YSumnsdasuiuveuiionyiia

8
Aaa 2-40% (wiw) a319luaalaeld3s PLSR  wamsnadouaumswud 19a1 R= 099 uag

'
o w = o g

] H £
RMSECV = 1.37 lagll 4 Gb”Nﬂﬁu‘ﬂﬁ'lﬂﬂmu1h1ﬁ514ﬂ11ﬂ13ﬂﬁﬁ940, 1067, 1144 1ag 1217 nm

o
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Giovanelli et al. (2014) 1@ 1¥naiia NIRS N1%¥19@UAAY 12,500-3600 cm * lunsasivaow
2 L 4 ) A ~ a ~ o ~
panmmuelila FunuliUszina 6 @Hou Ngangil 1 ssmuxaFon Tasasiadoudnuazmami
MEATN (ANUMNY, T uazanuulnie) uasasvaeuarinUwenSnumsduoyyadnse
k)
Tuwedda@WSnmemsiluedn, darTiwesd wavesdiuouyadasy) Iaswan1sidewudn a3
Wnemanuny, ad, uazanuiuilelunguateauns Idar 081 <R<090  uazngu
91 2 o @ o o AA T 9 = v
nadouaums a1 0.79 < R’<0.89 dwmfumsihuneasiifuswenlSmamsaveyyadass 14
1 0.89 <R’<0.95 LIALNAUNATDUALATS 11A10.86 <R'<0.92
Huazhou (2014)1@111 FT-NIR 11asvaovudsuialdsduuaz luduludnnIna Tasiaisan
HOUAAY NIR WU first overone, second overfone WA combination WY1 FayavAAUN thu‘U’B\‘l
TisAungluriuaundu 54004000 om’ wagasaunauRtnyveslniuedlugraavaiy 7200
5400 cm’ MMTATNTNNTAWIT PLSWUAUUL combination a1u350a319aun15 1un1sviiuieg
WS Tdsaulda R = 0923  uazadaaumslushunalSualvduldar R = 0913 d9u first
overtone 1115083 1NN lumsviusdsuinTUsauldan R = 0915 wazadweaunisluniuie

15l 1dan R =0.921

Hong-Ju He et al. (2014) leviimsiselaeld near-infrared (NIR) hyperspectral imaging i
AMNEIAAY 900-1700 U1 Tumas Wedsziluminunnis@eveslanaatouiinasnuuniisey
= = =& Tl dyq 1 - . 1 N 1 ] = w -
yanAnean FamIuinasiina lusaimihdarauevaa lusnda lugauz ozmaimsnusoun
a1any a513lunalaeds CARS-LS-SVM uazliar R lumssineminy 0.925 iag RMSEP 1911
= = o h A oo = = = =
N1 0.531 Gﬁdﬁ‘gﬂllﬂﬂ‘l NIR hyperspectral imaging NaneammlupsdseinanSeuananuoda

oy o

o o a o Y a 2 A { q
S5nbal (2549)  IdihaudduiedsaiuszeznarlumsinunsainTuarnu sl
3 = ¥ 1 o " w oo = P w
411 Twainfsuaheaog lunasimasgie wun Tuggeu Judufe iz auvesiug ATSS,
HIBRIX10 uA¥ CABARET #oduh 17-20 Juwndseoniny Taewui ATSs Imanuvnumae
WIAY 15-15.3 %brix, Wu§ HIBRIX10ATSS HANIWHMNUAAINY 14.8-14.9 %brix dIunUg
(2 = 1w o o < 1 v 3
CABARET MIANNUMMURAMAY 10.2-11.1  %brix  a1m3umsiiunegr luaegguund Juny
4 a4 g o O sl - o o e 4
MeIMmzauueInnnug Ao Tuf 1821  Junateonlny TaeWuf ATSS UAmunumas

BN 14.8-15.2 %brix, Wu§ HIBRIXI0ATSS TMANNMNUMABMING 14.8-149 %brix @2y

WU§ CABARET MIANMNUNURAUMIAY 10.5-11.1 %brix
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T

UNN 3
IEMIa UMY

3.1 Juquazginsal
3.1.1 IagAy
3.1.L1 9 Tnannu
3.1.2 gilnsal
3.1.2.1 refractometer (Atago'éu 3442 PR-1-1CL Palette Serie Portable)
3.1.2.2 wiseasa Irlifmaiion 4 Fumis
3.1.2.3 dewansou (hot airoven)
3.1.24 lﬂdiiﬂd hand-held penetrometer (fruit firmness tester, FHR-5, Nippon Optical Work
Co., Ltd., Tokyo)
3.1.3 myiaminasy
3.1.31 L‘ﬂd‘;ii]\i near infrared spectroscopy 3 ¥iia Ao hyperspectral imaging, FQA-NIRGUN
Iag FT-NIR
3.1.3.2 14511051 Unscrambler® version 9.7 (Camo,Oslo, Norway)

3.1.3.3 T15Un354 Evince custom (version 2.6.0)

3.2 38mInaaod
A v A ° U 2 A ¥ 1 g v w
3.2.1  MIneapaea s waynIsmemiwgalsaewdinazaie, antdeodudaluy

=
fuanuudatazlsuamils (four) Tudrn Tnanau

S ]
o = o T w Y
3.2.1.1 TUADUMIIATEUAIDEILAZIARIBIATDY NIR spectrophotometer

S
o

= o T [ : o @
VUADUNTIATEUAIDENLAZIARIBIATOI NIR spectrophotometer 9¢111113518

 Tnan lidennldonuazdnTnandenldon

=l o T ° = g
5214, w3eud19819912 Tnanausuau 200 dn 1dendniiiugyl

12 o g A A
nsanszuen liliseiaevoslsn uazuuas fuesnldongudnilulid@en uazfuaudalaredn
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A g = Y £ v o g a s ' @ = v @ A = d o ~

wanumsa nvumunduioa PiamsutgnainainusneNa ey Ae Towgmsinusnun
6 ¥ 114, 12 W2 1w, 18 ¥ 1u9, 24 %2 Tug, 30 ¥ 1ua 1Az 36 %3 119

o @ = @ v 4 g Y o 1

3.2.1.2 MMIIamIganaunaddIualainiod NIR spectrophotometer Tugr Twah lu

Yonilaonao hyperspectral imaging, FQA-NIR GUN oz FT-NIR Tay NIR hyperspectral imaging

Tiu@ Reflectance 13I9AIWE1IAAUBYN 900 - 1700nm, FQA-NIR GUN Tru@ Interactance 1129

ANUL1INALDYN 588-1091 nm uaz FT-NIRI1MuA Reflectancel579AM0819AA DGR 1100-2500

o P ° 1ol A oy v \ Ao o
nm Iagvhimsaunuiiazdn dundshauny Ao audn aanedn waziedasieaihmstaalnas
4

xR0 NgUN I

a

palfuamslusznanamsiai 25°C
£

3.2.1.3 thinInaundenaasauazunsduleludnd i Ina vaanniuiinsianis

@ﬂﬂﬁuwﬁaﬂuﬁmﬂ%a NIR spectrophotometer ﬁ"amﬂ%ﬂ%hyperspectra] imaging, FQA-NIR GUN
o 1 | < o 1
uaz FT-NIR Tasdumssaunuaziiududn naredn uasmedn dusude 3.2.1.2
o ¥ 3 = d;!, [ 2 A

3.2.1.3 nasnduasIvdouAIug Al Tagnsiiadund, U5 naveudsnazay

1114 (AOAC, 2000), A1A10TH (AOAC, 2000) tazdTuautls (flour) Taeiha Tna'l)ovw s
= = < & ° =
QUi 60 D aTaaitlunal 15 ¥ lue unnueazidea tuasiuinlSnaiesazvowlanninla
. < H W U )

(% yield) 1TJUIMUNINA (dry basis)

YFnamarinla @eYield) = Giminveanarinldand1ana) x 100

i3 v ¥ YY)
umuﬂ“mﬂwm‘nmu -

&g/

3.2.1.4 WMim3aaszideyadaaTisiunsu Unscrambler® version 9.7 uazTilsunsy

A

" 4 af o ] U ~ g = T d‘ 9
Evince custom 0¥ IANNANHUTIENIAUATNIINT 129 IagTTaufuuazaimsganauldai lan

IA303 NIR spectrophotometer d M5 Utoyai lAvInn1indin3ed FQA-NIR GUN Liag FT-NIR 9%

= o

AATIRaA e TUsunsy Unscrambler dnfudeyahnlaninniindiein3os hyperspectral imagingdy

(Y]

= o ) . as = o &
AA1¥HAA28 11051051 Evinee custom 1A835N15 AT 1AM
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1 s A

° a o a o =
3.2.14.1 muadulsmuuaziiulsdasy Taelddudsamiluaunil fe
2 o 3 ! Z T o a
hardness, UTinaveudanazaini, manuiuuazlSinauia (fou) aauanlsdasy Ao Joya
o Ay Y 4 ? A
aulpnsuildnamios NIR spectrophotometer 14 3 IAT03

o 3 1 = =) o = ' =t Y Y o v [
3.2.1.4.2 ieyanualinGesnu Taeisseanaiioindos ldunudiiinisuianguy

™ 1 = ' Vo < o o o . A roA 2
dregeenily 2 nqulasnquil 1 dunqudmSunisaieeaums (calibration set) tazngui 2 1y

' ) @ e < 1 2 < = o <
naudmTUMINAdOUANNIT (prediction set) NGY calibration 3zABITNTMIUTOYA 70  1oiIFUA

¥ % e ° Jd o o 1 U = o
UagNgy prediction dzAvallIWINToya 30  woiiFud lasudazngu In13nszatedivosdoya

omaiuAAlilungu calibration szdpelidualnmgauazggioslunquilae

]

3.2.1.1.4.3 Ahdoyamilnnsmadelungy calibration sad1eaunslumsiunelae

1975 partial lcast squares regression (PLSR) (@onaymsiidsganiamwanga laginnsanii AR

]

o k4

(correlation coefficient) 1¥NA1gage, RMSECV ~ Apalinrdifigatiag factor Avamiargasie 1ila'la

a

. # Fg 9 o o @ T 1 Y 2 v o A
TUNT calibration U772 ”lﬂm"lﬂmuwmama“luﬂqu prediction set /WBARIIUUUUEVDITUATLUD

1
=~

¥ v = v o = [ o '
adeaunisuag ld lnaafiafigauds azimsdsaiivanumivdivesluaa Iaonisiingy

G o { 2 - ! aa 4 d
prediction set ymnagouny Tumaiaseiu fasana1neana Hunfo R 1ag root mean square

error of prediction (RMSEP)
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Han1Ineaoy

T as' T
mineasszuiuily 2 msneassde  MIaswaouguaaelud Tnannuiliden

A P -l A o 2 o
nlasnuazminsrensnaougunnneludn Inannuilendennmsnaasszi lasmsiauhe)
T Iwarnuanls udniunaunudiemaiia NIR Iasaunuriudn Inands lueumsdenlaon
Tasaununavuea 3 auvue do aunupedudn nandn wazmeadn vdainduihd Inadn@y

3 A 9 7 @ ) ' o o 4

ymmstenilasneenlivue siuvaasndu lvudinlnaudaazdnoon Mnsaunualemioe NIR

TudumiadenuhaunudinInanswsn vaswimivasnasugumuneluvenine

4.1 wamsaunualnnSuAIeIn3ae NIR-GUN lulvisa interactance
q = i o o 9 A o T
A5 l9natia NIRs 11 Tvua interactance 9¥411015naaselaeiilgd Tnainuon 13

' A Aw g v A o i = Ay
HIUAISIASEd  NIR -GUN Ilagfd1 Inadi lumsdennlden  dumdsnannuasdudn  naredn

9 A = P IR A 9 = gy ne ¥ )
wagmedn  deaaunaiandd mnastnzdendndn Inasaadu lvndihmiaoon duua 1)
o 3 A = 5‘/ o ¥ e - o o
MNSALUAUAIBIATOY NIR —GUN 9nase  lagduvdefaunuazaununaudn na1edn uaziedn
.-;5_2 =1 o L=t [ .:i 3/ = o ® 4 =
Fadudwriadenuiaunudn Inanuudennaon  nwanasunul second derivative IRAEUD4

i Twanvudennlaanuas lutlenlaeniaaldaaninm 4.1

B 0.004- ——sweet corn with husk

= sweet corn without husk

=002
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:“"“ 1 \ ! 1 i 11 %

- i { -
= 00024 \ f ‘ U
o \ j i
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S 0004

= }
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=% -0.006 -
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Wavelength (nm)

L
10040

MNN 4.1 alpaSunAsLUY second derivative 11801 aunud 11 Inad 181304 NIR Gun 11ua

interactance
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A 4.1 saasnmanasumagve s Tnavnuuuy lulenwlfenuazuuuilenildonars

Y A 1 .d'! = P
AUNUAINATOY NIR Gun 11UA Interactance lUFIAMNEIIAAY  588-1901 U TUAT 3 1UAIWN

1
=

S 3 o P a 2 4 &
4.1uuwﬂu%’ﬂy‘amﬂﬂmmnaamm%’wﬂws&mumqmimmﬂm 6, 12, 18, 24, 30 Ua 36 ‘h"ﬂiN

TagnuMMIganaunaiaueIATUsENIN 600-770 U Tuwas TA1NIsgANIUNATAINANA1IA
1 @ A = 1 A L. 1 2 ~ A
p89FARY 11090 INTUFINAY  Visible AMNITARANALLAAIANIINEIAAY 600 W TUINAT DY
= = 1 w i =]
LAAANAUDIFAY (Osborne et al., 1993) Taswunalnasud Inandunislenaldonudlivzmiuiin
Sy 1 o = ' 3 w9 o = A o D) A
Hldesnagany  ortlumszwaadn Inaldnyasdeonmanidy  Iasvn Iwafisiumsieon
n =] =1 @ o - (BN
nlaonaz lulianuvuaenlaonuuiuranseny  vaz@enuanlnasuuesin Inan ludiumsdeon
A 1 A = A A i, o Vo
nlaesnazugasnimsgandundasianuenaui 672 wiluwas 1dedtesany  o1ndhunsizii
i g a = % o T = 4 ) 1
anusTaauiliufinvedduas oyl 1dniludveadu Tvudn Ina desaind 1 Inansala
rumstonalden agtidu lvudaludndnIng vasidgnInanmumsdonalaon az'linofinn
T £
672 wluwas  wsizd Inandumsdenldonuaziimnaunuiy  sziumsasndu lvuludn
m Inaudrvwennnilanlnasudin Inanlumumsdonnlfenuazsiumstonldandmuiin -~ 760
= =} 51’ Py = = @ A A
naz 830 wu Tuiums Futlufinvosnnuay fian 964 wiTwwas Wuiinvoslvdy nazdian 1175

Tuwasdlufinvealutiy (Osbome et al., 1993),

4.2 wamsaunuanasuAen30d FT-NIR 111Hua Reflectance
o = o ] = ot 1 d‘i
A5 M nAla NIRs 13 11uf Reflectance 921N NADDUSUIAYINUMTALUAY NIR A281ATDI
A o @ A g ' ' ) A g @1
NIR Gun #9119 Inafinuain Isusduas aunu NIR ddie3ed FT-NIR TaghinaTwada luvins
o 1 { 4 = o
onlden awmvianaunuaeaudn natedn uasiedn Weaaunuadaudl vinsunzildandn
1 Inaswdudulvymbaaeen rue ud1vinsaunudlansasNIR - —GUN  9nass lae
o VoA ~ : I~ o 1 o
auianaunuazaununaudn nardn waziedn Fududumtaaenunauaudn Inanuyuion
laen amalansuuUY second derivative magvot1 Inauvuloniasnuaz lidennlaenuaas
Tyl
Tadanni 4.2
o o o =~ o dy P o 1 Y o
dgwmsunstalulvue reflectance 3z1tunms1AUAIANNTENUNUNAIVDIAIDE19 1A
o % I~ [ ] o W [
uauaanazfoussnnadadlumslfuas NIR aaadiuindidiodalulraumiudiuuen udiuas

EY

1 3
NazieusonaINilon10619gnd U detector USIVAIUNAI fiber optics probe
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NN 4.2 dlAaTunAsUY second derivative 11931nMSALIUI1Y TNadI8ATDY FT-NIR 1ua

Reflectance

NN 4.2 utaasnmanasumasveatn nan nuuuu luvenalfenuazinendonds

AUNUAIATDS FT-NIR TH1# Reflectance 1U54A108120a1 1000 - 2500 11 luiwas seluninh

H < W o ~ 9 A= 2 o <
4.61uazilutdayaanlnasumasvesinInanlielgnsinuned 6, 12, 18, 24, 30.Uaz 36 F1luq

Tagnwudiaimsganatuaanauenauh 1175 wiluuasiaz 1705 wlumas Huiiaveallsfu

finaueINAU 1450

g A A & = =t 4 A A A
A7 L‘L]“HWﬂGUEN!,LﬂQ WANANUEIINAN 2150 uﬂummlﬂuwmmﬂﬁiu"lamm WANANNYIINAU

= |

=~ ?:‘ = e; 4
w luwasuay 1920 wilwwes duiaii fiadnnuenaay 1750 w1l

) = @
2300 uaz 2350 w1 Tuuastuiauo laiy (Osborne et al., 1993)
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4.3 WaveIMslyimaiin NIR-GUN lulving Interactancelunmisad1quaznagouaumsinoniiue

paummdmInanuuylidenn)aen

= ¥ o w 2
4.3.1 #amsa31aaums lumsiinsedurRga1ua 1LY 0999717 Tine

@ o E

é} 3| ar & e:::s. T Y é
wedudnvosd Inalugudnuaznidfinadoqguamdnnaisvdsenudnan ¥

o i o o e =
dnvaziloduiavosdi Inalinanoanuyuuazanusuh Taseznuiudadi Tuafitergnisiy

v '
o ® D AT

EﬂfJ’J‘LlE]EJ A uaﬂymzmm ]rllILL‘UQ Llﬁ]ﬂ?ﬂﬂ'ﬂ‘wﬂllBWE!ﬂﬁl,ﬂ‘]JLﬂﬂ’JlﬂﬂﬂJULiﬂfJ“] W muaﬁnwwum
g @ o d @ o o 9/ [~ | o d Y a ci o =Y
WINAVY muumaﬁmﬁmmmﬂw“lumuﬂ'smuw,ﬂuﬂwwuwawuﬂmmzmmwmsm

A19197 4.1 udasmnsadaveanguilFd s uad naumsuazaquilddu s unageuaunsve s

o " < o 8
W1N1ﬂﬂ1ﬂ?1ﬂlﬁlﬁf'€]ﬂLJJﬁ?ﬂITJI‘Wﬂ

Items The calibration set The prediction set
number of sample 95 48
unit Newton (N) Newton (N)
Range 10.45-13.73 10.45-13.72
mean 12.18 12.18
standard deviation (SD) 0.88 0.80
wavelength 588-1091 nm 588-1091 nm

' '
= ar o 1o

AN 41 uaasdmiadavengunlgdmiuai nasmistazaquilddmiunagey

i
=1

o A e e o o o
aunsvesmsyinuiodudaveuniadn InadoyailFdmiumsadsaumsuaznaaouauns
a Y < 1 ° 2 T =1 ' 1 o o
wiliavua 143 ar0619 deyananuannisesnily 2 nqu Ao ngudmiuaiieauns

(calibration set) HAZNQUAMTUNATOUANNT (prediction set) TunquadwaunisnagouaumIin

'
ar = o I=) 1 ]

4 o 1t o = 1 -.‘gl‘ o al |e:=
Hodu ﬁﬂg 10.45-13.73 UIAU VUSNNQUATHTUNATDUAUNMFTISUAUUDTNNTDYN 10.45-13.72

£

-

at ' Y £y

= A o 1o o P 1 '
1MUY ﬁJ:’,muulﬁinﬂnu@ﬁllwﬁﬁluﬂ@Mf’f'l“r‘i'i‘JJfT%JNﬁLIm3%tﬁﬂj‘ﬂyjaﬂﬂ’JNﬂ’Nﬂqu‘nﬂﬁE}‘UﬁNﬂ'l‘i

=)

gﬂﬁu%—jﬂf

4 ' < o W o ¥ o o o
iesninnguadarumswiumsihdeyamaiialuma daiussududesdisuiodudaiganaz
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gaganglunguil
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1 1 o @ ' ' o e w L o
Tmsudengudmiunguadnaumsuagnqunageuaums i leeshdulsaw Fande
v A o o Ao my 2 - ' o ¥ oA '
Andledudaiia ldnnwaatn InainBeranindesluin vinmiwdennqunageuauniioonun
=& ) o = ) o A '
Fana 3 doya azvhimiaen 1 Joyasenuuiungunadeuauns
.:; =1 PR T df o o csrod Y " 1 T = @ d‘ T
1NA13NN 4.1 zmu 1A anllodudaiida lnazogluriasenng 10.45-13.73 TdU FHem
" [ Qs P o 9 = a =3 - P @ 1 EVR Asl} o w B
vz hiimgnquiy desmindadin Twalognasmsinuneriasdu dwaldnuilodudalud
= =T =1 1 @ 9
ANNdsveaNdnd 1 Inalnnuuana i ud e

. 1 o [ A wow = oy
Fni'lﬂﬁ 4.2 uﬁmmmumuﬂﬂua%ﬁaanmﬂumim1uwmmaﬁmmmmaﬂ%ﬂm GRIJ’JEJ’J‘E

USuuasdoya

Spectral pretreatments N F R RMSECYV (N)
original 95 13 0.79 0.52
Smoothing 95 13 0.79 0.52
First derivative 95 13 ‘ 0.77 0.53
Second derivative 95 13 0.77 0.55
Full MSC 95 13 0.73 0.59
Common offset 95 12 0.76 0.55
Mean 95 13 0.79 0.52
SNV 95 A3 0.77 0.55
Smoothing + First derivative 925 11 0.78 0.53
smoothing + Second derivative 95 13 0.79 0.52

[ o 1 =~ i 1 9 1 o [
T’Fa\“lfl]”lﬂ“lf'l']ﬂTill‘U\isﬁ}ﬂlJﬁﬂﬂﬂlﬂu 2 ngy ﬁﬂ NRUTITNAUMTUASNAUTINIUNATOUTNNTT

gy
: P Z Y

o 1 Y = o s 1 =y = L4
winquadiaaums Faldeyananua 95 deyaunimaivunsdoyadiedsnsndiaeans (spectral

b
asd o

pretreatment) A199 FIUAAINA 1AAIAIT19T 4.2 DDA WU INITAUAY (original), smoothing, mean

v
add A

= T . . i o | A o 9 [ i 4
HAZITHEANTEH I smoothing +  second derivative 1HuIERANganh1 1 luaalumsmiueaniie

@ oo

wAavesd Inauuy ludennlaealinnuuiudunaga Fafiasaianm R, RMSECV  Tasan R
92AD9TIAGIgA A1 RMSECY Aoalimidiga $991na15190 4.2 wulualnaSuuuy original 1Az
FWmMIdSuuAnaamMantiae33 smoothing, meanttazITHANTZH 19 smoothing + second derivative

= U wg).fdd

i1 R gaga unzAl RMSECV diga aaru Judenluma original i ldiudeyadimivaiieluea
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& ¥ o v o a = - T ' o Ty )
!uﬂﬂﬂ'lﬂﬂ'lilllﬂﬁ original El‘}’iFlﬁﬂ‘Wﬁﬂﬂ ﬁNullffl]’]l.ﬂuﬂﬂﬁu’]"ﬂ@i&ﬁiﬂﬂ1uﬂizﬂﬁuﬂﬁﬂﬁlfllﬂ\ﬂ‘l]ﬂigﬂﬁﬁt’l

Fnenaamans

4 = = o 4 o W =
Fn‘i'Nﬁ 4.3 !Lﬁ‘ﬂQWﬁﬂ"lﬁ?iﬂi’!gﬁﬁ’Jﬂlﬁﬂuﬂ PLSR "’U‘tNﬂ“I‘iﬂ"llI"lElLﬁE]lelNﬁ"ﬂ@ﬂmﬁﬂﬂ?’l'ﬂWﬂ

Calibration set

Prediction set

Model

N F R

RMSEC

Pretreatment

N F R RMSEP

original

95 13 0.87

0.40

original

48 13 0.80 0.47

=]

A = o oA 3 L. '
1A 4.3 azdlumsih lumandnge 1uAAD Tuiea original Wiai1saums wua 1a

fl1 R =0.87, RMSEC =040 Nuazilomaaen lunqunaaeuaunms wud e R =0.80,

; =] 1 ﬂsl.ld 1] oyt o o o =]
RMSEP =0.47 cT%&uﬁm“lﬁmum fTJJ"Iﬂ’li‘HiJﬂ’JTiJLLiJuEJW]ﬁJ%ﬁ'IMTJm’]"m‘IBtﬁﬂﬂllNﬁﬂlﬂ\‘lmﬁﬂ

1171
V1ILWA
14.0 14.0
w1354 R=0.87, RMSEC=0.40 9g 135 R=0.80, RMSEP=0.47 5
= o - @ v -
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= 13.04 s 8. WS o 30 e
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T oo L = o
£ = o . S 110 )
4
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UM IﬂEﬁ]%W‘U'IJ'Iﬂi'lwiJflﬂBﬂlglﬂﬁNﬂ"Il{lJ 45 HANNUNAIMNNITZIANISYDDNINTAUNYY 45 %3
Y = ' A "o A o A o e =) 12y 1 1 e
Llﬁﬂﬁ1ﬁlﬂﬂ31 ﬁlﬂﬂ'ﬁHllﬂ?"llllllluEJ’Wﬁ]ﬁff'lll'liﬂ‘lﬂ”Ilﬂﬂluﬂﬁﬂﬂﬁm'ﬂﬂlllﬁﬂﬁﬂ'ﬂ‘ﬂlﬂ LlﬁﬂullILLIJ‘LlFJ'I

WINUN



26

4.3.2 wamsasanmslumsinnedSnaeadsiazmmildveatnilna

1l
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o = @ ' 9/ = 9 o 2
angazaNunNUuunmnHAgdenaua mveaIna Tasdndad1d Tnaidy

H '

= H o IS ° o = o
e lussezihunazlianyagnny mazilSnanhaaun uad1d Inaliotgudinisnune)

= > T Y = I~ = U 1 o
wn Pnanhmaszaosqanas udnddswiuulds Fdwanenanimanuruvesdiilna

Y
o

v A 5 P 24 A T gya = o w1
JUU ﬂ’!‘iﬁ?”lx‘iﬂ'ﬂJﬂ’til‘W@‘lmu"IEJ‘ﬂSiﬂmﬂl]ﬂ\flm.lﬂﬂﬁiﬂ‘lﬁluﬂﬁﬂﬂlﬂl&ﬁ‘l’lﬂWﬂﬁ’lﬂﬂlﬂﬂﬂﬂﬁﬂ3'3‘1]?{61J

AunING1) Tnanu
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MINN 4.4 LRI IMNATAvEINgUN TS Uas aumTuaznqun ¥ S UNAReUANM I VDS

% a 2 Al R 3
mamuwﬂﬁuwmsuauwamazmﬂuﬂmmﬁmﬂm

Items Calibration set Prediction set
N 120 60
Range 11.4-21 11.8-20
Average 16.21 16.27
SD 2.00 1.94
Unit “Brix “Brix
wavelength 588-1091 nm 588-1091 nm
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Pretreatment N F R RMSECV("Brix)

Original 120 15 0.68 1.05

Smoothing 120 15 0.70 1.44

first derivative 120 12 0.69 1.49

second derivative 120 13 0.68 1.51

Full MSC 120 14 0.69 1.50

Mean 120 13 0.69 4

SNV 120 16 0.70 1.45

Smoothing + first derivative 120 13 7 0.69 1.51

Smoothing + second derivative 120 16 0.69 1.52
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Items The calibration set The prediction set
number of sample 105 45
unit % %
Range 10.34-15.14 10.38-14.9
mean 11.92 12.08
standard deviation (SD) 0.91 0.99
wavelength 588-1091 nm 588-1091 nm
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Spectral pretreatments N F R RMSECYV (%)
original 105 14 0.64 0.70
Smoothing 105 14 0.65 0.69
First derivative 105 12 0.65 0.69
Second derivative 105 12 0.63 0.71
Full MSC 105 13 0.64 0.70
Mean 105 14 0.64 0.70
SNV 105 14 0.64 0.70
Smoothing + First derivative 105 12 0.62 0.72
Smoothing + Second derivative 105 7 12 0.62 0.72
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Items The calibration set The prediction set
number of sample 108 52
unit % %
Range 21.29-30.29 22.02-30.02
mean 26.44 26.59
standard deviation (SD) 1.75 1.71
wavelength 588-1091 nm 588-1091 nm
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Spectral pretreatments N F R RMSECV(%)

original 108 13 0.67 L3l

Smoothing 108 13 0.66 1.33

First derivative 108 11 0.65 1.34

Second derivative 108 13 0.67 1:31

MSC 108 12 0.72 1.21

Mean 108 12 0.68 1.28

SNV 108 4 13 0.71 1.24

Smoothing + First derivative 108 14 0.67 1311

smoothing + Second derivative 108 13 0.69 1.28
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Calibration set Prediction set

Pretreatment N F R RMSEC(%) | Pretreatment | N F R RMSEP(%)

MSC 108 |12 ] 0.81 1.00 Full MSC 52 | 12 0.80 1.09
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Items The calibration set The prediction set
number of sample 103 54
Unit Newton Newton
Range 10.45-13.73 10.45-13.72
Mean 12.12 12.20
standard deviation (SD) 0.84 0.80

Wavelength

588-1091 nm

588-1091 nm
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Spectral pretreatments N F R RMSECYV (N)
original 103 12 0.79 0.51
Smoothing 103 12 0.79 0.51
First derivative 103 11 0.76 0.54
Second derivative 103 13 0.75 0.55
MSC 103 11 0.80 0.50
Mean 103 12 0.79 0.51
SNV 103 13 0.78 0.52
Smoothing + First derivative 103 13 0.78 0.53
smoothing + Second derivative 103 13 0.78 0.53
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Calibration set Prediction set

Pretreatment N F| R RMSEC(N) Pretreatment N F R RMSEP(N)

msc 103 | 11 | 0.87 0.40 msc 54 | 11 | 0.81 0.44

R=0.81, RMSEP=0.44
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Items Calibration set Prediction set
N 120 60
Range 11.4-21 11.8-20.1
Average 16.20 16.29
SD 1.98 1.99
Unit *Brix *Brix
wavelength 588-1091 nm 588-1091 nm
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Pretreatment N F R RMSECYV ('Brix)
Originaal 120 12 0.73 34
Smoothing 120 12 0.75 1338
First derivative 120 8 0.74 1.33
Second derivative 120 9 6.69 1.50
MSC 120 11 0.76 1.29
Mean 120 12 0.75 1.32
SNV 120 8 0.74 1:32
Smoothing + First derivative 120 9 0.75 1.31
Smoothing + Second derivative 120 12 0.74 1.35
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RMSECV fga nasninuuihdoyamalnasufidiumsin Pretreatment #3633 mse wiadiaounis
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Pretreatment | N F R | RMSEC('Brix) | Pretreatment | N | F R | RMSEP("Brix)
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4.4.20am a5 anmslumaimesSnaenusuludninag
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Items The calibration set The prediction set
number of sample 105 45
unit % %
range 10.34-15.14 10.38-14.9
mean 3\, 97 11.86
standard deviation (SD) 0.97 0.85
wavelength 588—i091 nm 588-1091 nm
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doyamilnaiudiamaiinnuadiamaniaiag

Spectral pretreatments N F R RMSECYV (%)
original 105 15 0.73 0.66
Smoothing 105 18 0.75 0.65
First derivative 105 15 0.71 0.70
Second derivative 105 12 0.74 0.67
MSC 105 14 0.75 0.63
Mean 105 16 0.75 0.64
SNV 105 17 0.75 0.64
Smoothing + First derivative 105 15 0.74 0.65
smoothing + Second derivative 105 15 0.74 0.66
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4.4.3 wamsadaumslumsinnedSnauddudning
1 ¥ @
fmdunsaiwaunisierhmedinaudaludininail szlddoyadiotiananua 180
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Items Calibration set Prediction set
N 120 60
Range 21.29-32.28 22.02-30.28
Average 26.41 26.47
SD 1.81 1.74
Unit % %
Wavelength 588-1091 nm 588-1091 nm
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5 MsC lénadnififiqn o 181 R=0.751a2 RMSECV=1.19% 1hdeyafir11n13¥ pretreatment
#183F MSC waduaumsinstTautdilud Ina lael$33 partial least squares regression
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M1 4.23 uaasnnuiua luadeaums lumshuiedSaudaludn InadeisUsuuds

o =Y = 1
doyadnlnasudiemailamendiamaniaieg

Pretreatment N F R RMSECV(%)
Originaal 120 12 0.73 1.24
Smoothing 120 12 0.74 1.22
First derivative 120 9 0:72 1.26
Second derivative 120 7 0.73 1.23
MSC 120 11 0.75 1.19
mean 120 14 0.75 1.21
SNV 120 12 0.75 1.20
Smoothing + First derivative 120 11 0.74 1.22
Smoothing + Second derivative 120 11 0.73 1.25
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Predicted “/oflour

Calibration set Prediction set
Pretreatment N F R RMSEC | Pretreatment N F R RMSEP
Msc 120 L1 0.83 0.98 msc 60 11 0.83 0.97
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Items The calibration set The prediction set
number of sample 50 41
Unit Newton Newton
Range 107.45—13.73 10.45-13.72
mean 12.24 12.19
standard deviation (SD) 0.78 0.78
wavelength 1000-2500 nm 1000-2500 nm
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Spectral pretreatments N F R RMSECV’ N)

original 90 12 0.75 0.51

Smoothing 90 13 0.75 0.52
First derivative 90 12 0.75 00.52

Second derivative 90 13 0.75 0:52

MSC 90 11 0.74 0.53

Mean 90 12 0.74 0.53

SNV 90 9 0.74 0.52

Smoothing + First derivative 90 11 0.74 0.52
smoothing + Second derivative 90 12 0.75 0.51
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Calibration set Prediction set
Pretreatment N F R RMSEC | Pretreatment | N F R RMSEP
Original 90 12 0.87 0.37 original 41 12 0.84 0.49
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¥ vsunaaauaunIsvo

Items Calibration set Prediction set
N 111 53
Range 11.4-21 12.6-20.2
Average 16.14 16.3
SD 1.98 1.94
Unit “Brix “Brix
wavelength 1000-2500 1000-2500
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=l

Spectral pretreatments N F R RMSECV('Brix)
original 111 15 0.78 1.22
Smoothing 111 14 0.77 1.25
First derivative 111 8 0.78 1.24
Second derivative 111 5 0.81 L,15
Full MSC 111 13 0.79 1.21
Mean 111 14 0.78 1.23
SNV 111 14 0.79 1.23
Smoothing + First derivative 111 14 0.81 1.15
smoothing + Second derivative 111 6 0.79 1.20
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Calibration set

Prediction set

Pretreatment N F R RMSEC(OBrix) Pretreatment | N | F R RMSEP(°Brix)
Second 111 | 6§ 0’98 0.70 531 5 | 0.89 0.81
derivative derivative
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Items Calibration set Prediction set
N 102 48
Range 10.24-15.14 10.38-14.56
Average 11.93 11.95
SD 0.87 0.95
Unit % %
wavelength 1000-2500 1000-2500
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Spectral pretreatments N F R RMSECV (%)
original 102 4 0.73 0.58
Smoothing 102 4 0.73 0.58
First derivative 102 6 0.70 0.62
Second derivative 102 8 0.71 0.62
Full MSC 102 4 0.73 0.59
Mean 102 6 0.72 0.60
SNV 102 6 0.71 0.60
Smoothing + First derivative 102 5 0.72 0.60
smoothing + Second derivative 102 8 0.71 0.61

MNAT190 4.32 wundeyadulnasuimumsdSuidimlanfunuadiamanidae3s

.. Yy aa P B ) oA o 1y
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Calibration set Prediction set

Pretreatment N | F R | RMSEC (%) | Pretreatment N F R RMSEP(%)

Original 102 | 4 10.77 0.55 original 48 4 0.59 0.77




50

R=0.77, RMSEC=0.55 R=0.59, RMSEP=0.77 //

144

13 o) b @ g

124 O o

Predicted 9/0 moisture
o
o)
Predicted %o moisture
N
b
8

114

10 T T T T T 164< T iz T T
10 11 12 13 14 15 16 11 i1 12 13 i4 i

wh

Actual %o moisture Actual %o moisture

AN 4.13 uaasranmsmunedSanamauludin Ine

=g 3 o w ¥

(@) nguRlddmsvaieauns

=

(b) nquilddusSunagouauns

4.5.4 wamsad wanmslumsnnnelSnanidduinina

=

A9 434 uEasiniadavenguilddmivaiwaynisuaznguilddmiunaaeu

o = 3/ oo " ¥ @ 1 1 S ' o [
aumsvoamshmesmandaludnInalasiidedeianus 151 dr0d1e ndadungudmsu
afeaumsiinag 102 A20819 tazngqud S unadauaumMssInaL 49 dedd IBmsutangu

¥ ! 3 o A Ay rgw 1y a =
A3NAUMIUAZ NQUNATDUTNAI N VDUNUNITNAaBRY A Ao linguadeaunisifiunu
wifsludrInageganasdigaeglunquiidis fo ddSuiauialudinTnaedi 2129308

L) 4 L) o = £ = Jd o
wosidud uaznquihniunamouaumstiSunaudaludiinaegi 22.02-30.02 nlofiFud

16



MI19N 4.34 naaanmuanaveInguii 19d

msyuedsuandaludn Tna

o 2/

51

mivaiaumsuaznqui lFdmsunageuaumsvos

Items Calibration set Prediction set
N 102 49
Range 21.29-30.28 22.02-30.02
Average 26.34 26.91
SD 1.68 1.48
Unit % %
wavelength 1000-2500 1000-2500
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Spectral pretreatments N F R RMSECV (%)
original 102 15 0.55 1.51
Smoothing 102 9 0.54 1.51
First derivative 102 10 0.54 1.51
Second derivative 102 13 0.54 1.51
Full MSC 102 9 0.54 1.55
Mean 102 10 0.52 1:53
SNV 102 14 0.52 1.53
Smoothing + First derivative 102 15 0.55 1.5
smoothing + Second derivative 102 14 0.52 1.53
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Items The calibration set The prediction set
number of sample 85 40
unit Newton Newton
Range 10.45-13.73 10.45-13.72
mean 12.20 12.18
standard deviation (SD) 0.88 0.92
wavelength 1000-2500 nm 1000-2500 nm
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Spectral pretreatments N F R RMSECYV (N)
original 85 15 0.70 0.62
Smoothing 85 15 0.73 0.59
First derivative 85 7 0.71 0.60
Second derivative 85 5 0.76 0.58
Full MSC 85 14 0.71 0.61
Mean 85 14 0.74 0.59
SNV 85 16 0.71 0.61
Smoothing + First derivative 85 10 0.71 0.61
smoothing + Second derivative 85 14 0.72 0.60
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Calibration set

Prediction set

Pretreatment N F R RMSEC(N) | Pretreatment N F R RMSEP(N)
Second 85 5 0.91 0.34 Second 40 5 0.85 0.51
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Items Calibration set Prediction set
N 111 53
Range 11.4-21 12.6-20.2
Average 16.29 16.38
SD 1.96 1.87
Unit “Brix *Brix
wavelength 1000-2500 1000-2500
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Spectral pretreatments N F R RMSECV ("Brix)
original 111 17 0.86 0.97
Smoothing 111 16 0.85 1.00
First derivative 111 15 0.83 1.06
Second derivative 111 17 0.85 1.00
Full MSC 111 16 0.83 1.05
Mean 111 15 0.83 1.05
SNV 111 15 0.84 1.04
Smoothing + First derivative 111 14 0.84 1.04
smoothing + Second derivative 111 16 0.85 1.00
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Calibration set

Prediction set

Pretreatment | N | F | R | RMSEC('Brix) | Pretreatment | N | F | R | RMSEP('Brix)

Original 111 | 17 | 0.95 0.57 original 531 17 | 0.91 0.88
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Items Calibration set Prediction set
N 102 46
Range 10.24-15.14 10.38-14.56
Average 11.97 11.86
SD 0.87 0.94
Unit % %
wavelength 1000-2500 1000-2500
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Spectral pretreatments N F R RMSECYV (%)
original 102 9 0.57 0.72
Smoothing 102 8 0.55 0.73
First derivative 102 9 0.55 0.72
Second derivative 102 10 0.55 0.74
Full MSC 102 9 0.56 0.74
Mean 102 11 0.56 0.74
SNV 102 11 0.55 0.74
Smoothing + First derivative 102 11 0.57 0.72
smoothing + Second derivative 111 10 0.57 0.72
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Calibration set

Prediction set

Predicted %/o moisture

Pretreatment N F R RMSEC(%) | Pretreatment N F R RMSEP(%)
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Items Calibration set Prediction set
N 102 49
Range 21.29-30.28 22.02-30.02
Average 26.42 £6.35
SD 1.78 1.87
Unit % %
wavelength 1000-2500 1000-2500
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Spectral pretreatments N F R RMSECYV (%)
original 102 12 0.85 0.93
Smoothing 102 11 0.84 0.96
First derivative 102 13 0.85 0.94
Second derivative 102 12 0.84 0.94
Full MSC 102 14 0.84 0.94
Mean 102 s 0.84 0.96
SNV 102 12 0.83 0.98
Smoothing + First derivative 102 11 0.83 0.98
smoothing + Second derivative 111 14 0.84 0.95
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Calibration set Prediction set

Pretreatment N F R RMSEC | Pretreatment | N F R RMSEP

Original 102 12 0.90 0.75 original 49 12 0.89 0.84
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Items Items The calibration set The prediction set
SSC Number of sample 105 45
Range 12.7-20.1 12.9-19.5
Mean 16.35 16.33
standard deviation 1.87 1.84
unit ‘Brix ‘Brix
Hardness | Number of sample 97 53
Range 10.62-13.72 10.64-13.70
Sweet Mean 12.20 12.16
coL standard deviation 0.76 0.78
with unit N N
busik Flour Number of sample 100 50
Range 21.29-30.02 22.02-29.55
Mean 26.45 26.44
standard deviation 1.60 1.71
unit % %
SSC Number of sample 105 45
Range 12.7-20.1 12.9-19.5
Mean 16.41 16.43
standard deviation 1.78 1.76
unit ‘Brix ‘Brix
Sweet | Hardness | Number of sample 101 49
O Range 10.62-13.72 10.64-13.70
without Mean 12.32 12.20
husk standard deviation 0.77 0.80
unit N N
Flour Number of sample 105 45
Range 21.29-30.02 22.02-29.55
Mean 26.34 26.34
standard deviation 1.74 1.72
unit % %
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Soluble solid content

Spectral Sweet corn with husk Sweet corn without husk
prefreatments N | F| R |RMSECV(Brix)| N | F | R | RMSECV(Brix)
Original 105 12 | 0.80 1.11 105 | 5 | 0.84 1.02
Smoothing 105 5 | 0.83 1.05 105 9 ] 0381 1.03
First derivative 105 11 | 0.83 1.05 105 | 11 | 0.81 1.04
Second derivative 105 11 1 0.83 1.07 105 | 12 | 0.83 1.00
MSC 105 11 | 0.83 1.05 105 | 9 | 0.82 1.03
SNV 105 11 | 0.83 1.03 1051 11 | 0.83 0.98
Hardness value
Spectral Sweet corn with husk Sweet corn without husk
preireatmeniy N | F| R | RMSECV®N) | N | F| R | RMSECV(N)
Original ' §) 7 ) 0.83 0.41 101 5 | 0.86 0.36
Smoothing 97 6 0.83 0.40 101 121 0.84 0.36
First derivative 97 11 | 0.82 0.42 101 8 1083 0.37
Second derivative 97 6—10.82 0.42 101 | 11 | 0.84 0.36
MSC 97 4 1082 0.42 101 5 0.85 0.35
SNV 97 7. .0.83 0.41 101 7 | 0.86 0.34
Flour value
Spectral Sweet corn with husk Sweet corn without husk
pretreatments
N F R RMSECV (%) N F R RMSECV(%)
Original 100 4 | 0.82 0.87 105 8 | 0.86 0.88
Smoothing 100 4 | 0.82 0.86 105 | 5 |0.89 0.77
First derivative 100 5 0.81 0.90 105 | 10 | 0.86 0.87
Second derivative 100 5 1080 0.90 105 | 9 | 0.85 0.89
MSC 100 4 | 0.80 0.91 105 7 10385 0.89
SNV 100 4 | 0.80 0.90 105 | 9 | 0.85 0.89
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Soluble solid content

Sweet corn with husk Sweet corn without husk
Items
Calibration set Prediction set Calibration set Prediction set
N 105 45 105 45
Model Smoothing Smoothing Original Original
F 5 5 5 5
R 0.92 0.82 0.93 0.87
RMSEC/ RMSEP 0.69 1.01 0.63 0.90
Hardness value
Items Sweet corn with husk Sweet corn without husk
Calibration set Prediction set Calibration set Prediction set
N 97 53 101 49
Model Smoothing Smoothing Original Original
F 6 6 5 5
R 0.89 0.80 0.91 0.84
RMSEC/ RMSEP 0.33 0.45 0.27 0.36
Flour wvalue
Items Sweet corn with husk Sweet corn without husk
Calibration set Prediction set Calibration set Prediction set
N 100 50 105 45
Model Smoothing Smoothing Smoothing Smoothing
F 4 4 5 5
R 0.84 0.78 0.94 0.88
RMSEC/ RMSEP 0.81 0.97 0.54 0.82
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Classification of sweet corn based on storage time
after harvest using near infrared spectroscopy

S. Suktanarakl, P. Supprung? and S. Teerachaichayutis

Faculty of Agro-Industry, King Mongkut's Institute of Technology ladkrabang, Thailand: ZFaculty of
Engineering, Rajamangala University of Technology Isan Khon Kaen Campus, Thailand

Abstract

The freshness of sweet corns is important for production of canned sweet corn. The
quality of sweet corns changes rapidly after harvest. Sweet corns should be processed
through a production line as fast as possible after harvest. Therefore, some methods
of classification of sweet corns based o1 storage time after harvest are needed. In this
study, near infrared (NIR) spectroscopy operating in reflectance mode- {13013—2%0[)
nm) and interactance mode (588-1091) were mvesngs{:ed as methods  of

classification. Sweet corns both with and. without husk were tested. Samples (N =

120} were scanned with an NIR spem:nphﬁmmeter every 6 hours after harvest. T hey
were then ciass’fﬁgd into two gromps [0 and 1) with a 24-hour after harvest cut-off
fime hetween the two. ‘groups {42 L hr and = 24 hr). {f[ass;ﬁ{:aﬁun ‘models were
established and validated with a ca tionset [N::SG}. aad then the accm'at:ies uf the
mmiek were evaluamrf w;th a pre :

pretreatment gave tkw hes‘&‘: reszms for NIR ¢ pmatmg in, reﬂectanca mode. Regai dmg
pred:cb‘i&m ancufracy, shnwed the best ie

97. 5%, res;)c::timiy
?etemial fornonde
harvest, :

assfﬁmtio  of swee’c mms based Gn smmgé ﬁme after

Keywords: sweet corn, storage time, near infrared, classification
INTRODUCTION

Sweet corn (Zea mays L. saechargta) is one of important cereal crops for human
consumption. In addition, swest corn plays a vital role in food industry. Sweet corn is kargely
processed into many corn products such as sweet corn kernel, corn milk and cream style
corn. Quality of sweet corn is an important factor that affects the final product. Sugar
content and water-soluble hydrocarbon in the kernels are key factors of consumption
quality {Evensen and Boyer, 1986) in terms of taste and texture. The taste or sweetness of
sweet corn depends on its storage time after harvest. Longer storage time causes corns to
become hard and less sweet because the sugar in the corns turns into starch quickly after
harvesting, Therefore, sweet corns should be transported and processed within 24 hours
after harvest (Natienal Food Institute, 2016). Appearances of sweet corns are important and
consumers can inspect them before buying, but internal qualities that depend on storage
time cannot be identified readily by visual inspection. Hence, it is necessary to use a
nondestructive technique to detect these qualities in order to satisfy consumers.

" E-mail: ktsontis@kmitl.ac.th
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Near infrared spectroscopy (NIRS) is one of the nondestructive detection techniques
that are rapid, accurate and reliable. It has gained wide acceplance in determining the
qualities of agricultural products (Teerachaichayut et al, 2011; Alfatni et al, 2013;
Teerachaichayut et al,, 2014; Srivichien et al,, 2015}. This technique utilizes the absorption
of near infrared light by organic compounds which is related to vibrational energy of
molecular bonds (0-H, C-H, C-O and N-H} (Cen and He, 2007). There have been several
research studies that used NIRS to evaluate the qualities of corns products such as detection
of fumonisins, B1 and B2 in corn meal {Gaspardo et al,, 2012), evaluation of essential amino
acids, lysine, crude protein, oil, and soluble sugar contents in maize (Tallada et al, 2009),
detection of fumonising content in maize (Giacomo and Stefania, 2013), prediction of
proximates (moisture, ash, volatile matter, and fixed carbon) and lignogellulose components
(cellulose, semi-celiulose, and lignin} of corn stover {Xue et al, 2018}, Therefore, the main
objective of this study was to use NIRS for nondestructive classification of sweet corns
based on storage time after harvest

MATERIALS AND METHODS

Sample preparation

Samples of sweet corns (‘Insee 2' variety of hybrid sweet corn) were harvested from
a farm in Nakhonratchasima provinee, Thailand. The samples {N=120] were selected to be
of similar size, good appearance and without defect. Afier havvest, all intact sweet corns
were carefully packed in a box and wraasported by a private car to-the laboratory, During
transportation, all samples were exposed jo the ambient temperature that was the sae as
that in the storage area ac the faboratoyy. The time of storage started when the samples
were harvested and included the transporiation timie The samples were taken for
measurement in every 20 samples at 6 hr, 12 hr, 18 hr, 24 hr, 30 hr and 36 hr after harvest.
The samples were divided into 2 groups based on their storage time after harvest (60
samples for less than 24 hr and 60 samples for more than or equal to 24 hr).

Data acquisition

Spectra of all of the samples were determined with an FT-NIR spectrophotometer
(NIRFiex N-500) operating in reflectance mode in the wavelength range of 1000-2500 am
and then determined again by an NIR spectrophotometer (FQA- NIR GUN) operating in
interactance mode in the wavelength range of 588-1091 nm. Determinations were done in 2
parts. In the first part, each sweet corn with husk was seanned 3 times at its top, middie and
bottom, and in the second part, each sweet corn without husk was scanned 3 times at the
same positions.

Data analysis

Both reflectance mode and interactance mode were used to analyze samples with
and without husk. Acquired NIR spectra from different positions of each sweet corn sample
were averaged and used for analysis. All of the samples {N=120) were divided into 2 sets: a
calibration set {N=80) and a prediction set {N=40). The calibration set, consisting of 40
samples stored for shorter time (<24 hr) and 40 samples stored for longer time {z 24 hr),
was used for establishment of classification model, while the prediction set, consisting of 20
samples stored for shorter time (<24 hr) and 20 samples stored for longer time {= 24 hr),
was used for accuracy evaluation. Spectral pretreatments such as first derivative, second
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91  derivative, multiplicative scatter correction (MSC) were used to reduce noise and scattering
92 effectin order to find the best means to establish classification models. Partial least square
93 discriminant analysis (PLS-DA) was used to develop classification models for sweet corns
94 based on their storage time after harvest. Value of 0 was assigned for samples with shorter
95  storage time (<24 hr} and value of 1 was assigned for samples with longer storage time (2
96 24 hr). A cut-off value of 0.5 was used for accuracy evaluation-if the predicted value of a
97  sample was less than 0.5, the sample was assigned to in the group with shorter storage time,
98 while if the predicted value was more than 0.5, the sample was assigned to the group of with
99 longer storage time. Statistical analysis was done with Unscrambler software version 10.1
100 (CAMO, Oslo, Norway).

101
102 RESULTS AND DISCUSSION
03 1. Classification model for sweet corns with husk based on starage time after

104 harvest (<24 hr and = 24 hr) using NIR operating in reflectance and interactance
105  mode

106 Sweet corns with husk were classified based on storage time after harvest (<24 hr and
107 =z 24 hr) by using reflectance and interactance NIRS. The average spectrum of 3 spectra of
108 each sweet corn was calculated, and 120 average spectra of 120 corn samples were used for
109 analysis (80 spectra for the calibration set and 40 for the prediction set). Several spectral
116 pretreatments were performed on the spectra, then classification models were developed
111 and cross-validated by PLS-DA on the calibration set as shown in Table 1. The cross-
112 validation results showed that the second derivative and mean center pretreatments gave
113 classification models of sweet corns with husk that were able to completely separate the
114 corns into 2 groups when NIR was operating in reflectance mode (100%) and to separate
115 them successfully at 98.75% when NIR was operating in the interactance mode,
116 respectively.

Table 1. PLS-DA results from various spectral pretreatments for classification of sweet corns
with husk by reflectance mode and interactance mode.

PR, WD Nenadi el S S Wi
Second derivalive 4180 7 180 ¢ <1007 TR0L 16 76
Mean N, 80 s - o580 12 2 :
o ; 0% 15 L ey 5,50 SE 0 76 95

118 N= number of samples, F = Factors, second derivative = Savitzky-Golay second derivative,
119 Mean = mean center, and MSC = multiplicative scatter correction pretreatment
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121 Hence, the second derivative spectral pretreatment was selected for establishing the
122 classification model of sweet corns with husk in the reflectance mode and the mean center
123 spectral pretreatment was selected for establishing the classification model of sweet corns
124 with husk in the interactance mode. After the models were established, their accuracies
135 were tested using the samples in the prediction set. The results of classification of samples
126 in the calibration set and the prediction set with the models are shown in Table 2. The
127 accuracies of classification of the calibration set and the prediction set by the reflectance
128 mode were both excellent (100%), while the accuracies of classification of the calibration
129 set and the prediction set by the interactance mode were 97.5% and 90% respectively.
130 Figure 1 showed plots of actual value versus predicted value with a cut off value of 0.5 used
131 - for accuracy evaluation of predictive discrimination between samples with shorter and
132 longer storage times. Figure 1 {a) showed the actual value versus predicted value between
133 groups with different storage times in the calibration set using the reflectance mode while
134 Figure 1 (b) showed the actual value versus predicted value between groups with different
135 storage times in the prediction set using the reflectance mode. The scattered plots between
136 the actual value versus predicted value of groups with different storage times in the
137 calibration set and the prediction set using the interactance mode are shown in figure 1(c)
138 and 1{d), respectively. The results indicated that reflectance NIRS in the wavelength range
138 of 1000-2500 nm had a better potential for classification of sweet corns with husk that had
140 different storage times.

Table 2. Results of PLS-DA for sweet corns with husk at different storage times after harvest of
the calibration and the prediction set (<24 hr and = 24 Iir) in reflectance mode and interactance
mode.
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Figure 1. Scatter plots for classification of sweet corns with husk: {2} stave wd plots of the
calibration set in refiectance mode, (b) scatteved plots of the prediction set in reflectance
meode, {c} scattered plots of the calibration set in interactance mode and (d} scattered plots
of the prediction set in interactance mode.

2= Classification model for sweet corns without husk based on storage time after
harvest (<24 hrand 2 24 Ii) using NIR operating in reflectance and interactance
mode.

The progeduse of this experimentdl step was the saie 8s that insection 1. Sweet
corns without husk were classified based on storage time after harvest (<24 hr and z 24 hr)
by using reflectance and interactance NIRS. The average spectrum of 3 spectra of each sweet
corn was calculated, and 120 average spectra of 120 corn samples were used for analysis.
Several spectral pretreatments were performed on the spectra, then classification models
were developed and cross-validated by PLS-DA on the calibration set as shown in Table 3.
The second derivative spectral pretreatment of the reflectance mode gave the best result
{100% accuracy). For interactance mode, the second derivative spectral pretreatment also
gave the best result (97.5% accuracy}. Therefore, the classification models were established
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185  using the second derivative spectral pretreatment in both of the reflectance mode and the
186  interactance mode,

Table 3. PLS-DA results from various spectral pretreatments for classification of sweet corns
without husk in reflectance mode and interactance mode.

Reflectance mode Interactance mode
Spectral e R -
: i .
pretreatment N F St ,ﬁ‘l”’ar..'af. N T prim %'E‘u?a]
accuracy accuracy
orfginal 80 16 72 90 80 12 77 96,3
Zderivative. 80 5 _aB0 __.ened00: 78 97.5
Mean 76 0B 80 14 e e 975
MSC Fags g NN Ranan i Aans s e oy 4,963

187 N= Number of samples, F = Factors, Smoothing = Savitzky-Golay smoothing, second
188 derivative = Savitzky-Golay second derivative, Mean = mean center and MSC =
189 multiplicative seatter correction pretreatment.

190 Therefore, the second derivative spectral pretreatment was used and then the
191 classification models of sweet corns without husk in the refiectance mode and the
182 interactance mode were established: After that, the accuracies of the classification models
183 were evaluated by using the samples in the prediction set. The results of classification of the
194 samples in the calibration set and the prediction set with the models are shown in Table 4,
195 The accuracies of classification of the calibration set and the prediction set by the
196 reflectance mode were both excellent (100%), while the accuracies of classification of the
187 calibration set and the prediction set by the interactance maode were 100% and 97.5%
198 respectively, Figure 2 showed plots of actual value versus predicted value with a cut off
199 value of 0.5 used for accuracy evaluation of predictive discrimination between samples with
200 shorter and longer storage times. Figure 2(a) showed the actual value versus predicted
201 value between groups with different storage times in the calibration set using the
202 reflectance mede while Figure 2{b) showed the actual value versus predicted value hetween
203 groups with different storage times in the prediction set using the reflectance mode. The
204 scattered plots between the actual value versus predicted value of groups with different
205 storage times in the calibration set and the prediction set using the interactance mode are
205 shown in figure 2(c) and 2{d), respectively. The results indicated that reflectance NIRS in
207 the wavelength range of 1000-2500 nm had a better potential for classification of sweet
208 corns with husk that had different storage times.

Table 4. Results of PLS-DA [or sweet corns without husk at different storage times after harvest of the
calibration and the prediction set (<24 hrand = 24 hr) in reflectance mode and interactance mode.
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228 Figure 2. Scatter plots for classification of sweet corns without husk: {a) scattered plots of
230 thecalibration setin reflectance mode, (b} scattered plots of the prediction set in reflectance
231 mode, {c} scattered plots of the calibration set in interactance mode and (d} scattered plots
232 of the prediction set in interactance mode.
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243 Figure 3. Average 2 derivative absorbance of sweet corns with and without husk: {a) in
244 reflectance mode (b) in interactance mode
245 The results showed that the accuracies of the reflectance mode were better than

246 those of the interactance mode for both cases of corn samples with and without husk. The
247 accuracies of classification by the models using the reflectance mode were 100% for
248 samples with and without husk, while the aceuracy of classification by the model using the
249 interactance mode for sweet corns witheut husk was better than that of sweet corns with
250 husk. Figure 3 showed the average second derivative spectra of sweet corns obtained by
251  using the reflectance mode (1000-2500 nm) and the interactance mode (588-1091 nm}. In
252 Figure 3(a), protein peaks in a N-H functional group were found at 1175 and 1705 nny;
253  moisture peaks were at 1450 nm and 1920 nm; starch peak was found at 1750 nm;
254  carbohydrate was found that 2150 nm; and oil peaks were found at 2300 and 2350 nnt.
255 Similarly, in Figure 3(b), moisture peaks were found at 760 and 830 nm; oil peak was found
256 at 964 nm; and protein peak was found at 1175 nm (Osborne et al, 1993). The spectral
257  features of sweet corns with husk and without husk were different in the range of the visible
258  wavelength due to theiy having different colors,

258  CONCLUSIONS

260 Classification models for sweet corns at different storage times were developed. The
261 reflectance mode in the wavelength range of 1000-2500 nm exhibited better accuracy than
262 the interactance mode in the wavelength range of 588-1091 nm, In reflectance mode, the
263 models treated with second derivative spectral pretreatment gave excellent accuracies for
264  both sweet corns with and without husk. In interactance mode, the models treated with
265  mean center and second derivative spectral pretreatment gave good predictive accuracies
266 (90% and 97.5%) for sweet corns with and without husk. In conclusion, NIR spectroscopy
267 hasa real potential for classification of sweet corns with and without husk based on storage
268  time after harvest.
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