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Non-destructive inspection of cracked coconut fruit using a small portable near-infrared

spectrometer
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Abstract

The spoilage of young coconuts due to internal cracking is a significant issue for selling young coconuts, as farmers
cannot detect the cracks from the outside. This results in cracked coconuts being passed on to importers or buyers,

causing them to lose confidence in the product's quality. Therefore, this research aims to develop a non-destructive
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method to detect internal cracking in young coconuts using a small portable near-infrared spectrometer with a wavelength
range of 900- 1700 nm, utilizing the reflectance mode for measurement. The absorbance data of young coconuts from
the near-infrared spectroscopy were analyzed to create qualitative prediction equations for classifying cracked and normal
coconuts groups using Partial Least Squares- Discriminant Analysis (PLS-DA) and Discriminant Analysis (DA). The results
found that the absorption values which were pretreated using mathematical Standard normal variate (SNV) method gave
the best classification accuracy result of 72.34% and 74.47%, respectively from the unknown sample group. This research
demonstrated that a small portable near-infrared spectrometer could help detect cracked and normal coconuts in a

convenient, fast, and non-destructive manner. However, the predictive equation should always be improved by collecting

additional samples with yearly variations in chemical properties to enhance the accuracy of the prediction.

Keywords

young coconut; near infrared spectroscopy; cracking fruit; non-destructive method

ugn$12 (Cocos nucifera Linn.) \ulsiualasughad
ddgyrealny Yagtulsemalneduindnuznirndy
Fuduil 9 waslan Tud 2566 figarinisdsesnsgi
35,767.88 a1uuv [1] ugni1ilulseinalnelaganiy
uzndvou fvaunauludiaiou fures - Sguiey
vomntiflosnnidutisionnadoudaaudamaliiinandn
oonutos Jayvniimusnniigafosnsunnlunauzniig
[2] eamsuwannelunauzwirandutymdagdwmiuns
wBnugnd1 Feornsuannuliundaudtasnguuiany
Fudngdaegefeu Lilaunsadanmoinisuanldann
mouen Wesanidunisuanveangarnielunanzniag
o1 suandeldudnuasiiauniniaisinefiarunsawy
lgnlulunalivansuia 1wy fane uzideme du dle
wz29 LHudu anngnisuandiuniniinainainy
wsUTImVRIEnweINA [3] Hadevesanmuwandeuid
Uiinalufuliaiiase ansdulueinimgs wagaw
sulunagaduliingauan Fagwinzaunn 1Aansidn
yhansvendeqdunisliie liannsosudsemuld uas
faoliianunsnsousuld 4] Snsfnuidnuwazeining
uanlunanzndalaony 2 Snway Ao nisuandudang
wazn1suanduAura daduen1sunnszning Carpel
Yesnganusuniu lnsnunisuanauiunaliudiulng
[5] Ua90un1sAnUENUENIINEAANBBNIINHANENT 12
Und desldfifivinue Yszaunisal uaganudiuiggs

DIIIINUENEINEATIWLANLTUINUNLUININUENF1UNS

wiludauuavinlaenninsizagdesenusninualy
nraty Jwihbineninngaunnvasvdeludaidndivie
foougni1a wulddnornsuanlunanzwirnduy
guassaddglunisdeenn uavinunsnsiesgadesela
nsgAAuLENIMTAANITLAn fuidvinaing
Fostutuamaindudn faduimaiiefinsiaaevldodng
530157 arsgnihuUszendldnsivgaueinisuanluna
ugniwuuliianediegng
ardnlnsalnUdunssngulng (Near infrared
spectroscopy : NIRS) LﬁULwﬂﬁﬁﬁMimaaUQmmwiéf
og1saanazliviharedaegdlunandn Auiuunidl
uATeUssyndldimaiadussisagiulndlunis
ndeuAnnInHaliuuulidvinane Terdwongworakul
et al. [6] livhnsAnunissuunideudslunataauuy
Lavihangdiegns TAiatugnseslunisdiuungsan
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LWIPUAIBEINANENTIIBY 11U 300 Ha @Sy
a¥19aunsyiune (Calibration model) BsUsznauluse
NANENIIIUNA $1UIU 149 Ha waznaNzni1IuANDsla
41113049UNABINTTUANAINATEUBNLA T1UI 151 Ha
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w.A. 2566 \lolvidanuuUsUTIuvesteyaferidlunis
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v ' v o a sa
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Lﬂ%‘laﬂ Near Infrared Spectrometer (DLP Nirnano EVM,
Texas Inc, Texas, USA) §iaanuennau 900-1700 nm
Fauandluguil 1(a) Inoazdn 3 dumis Audnuduiy
A Fanuni1swanvenzarfidiuiunadudiulng (5]
Fuviisay 2 61 Fauandlugud 1(b) sUnuunisTauuy
dxoundu (Reflectance mode) lnulduaiunasunsiag
Fugndudinsaelusunsuieafitduleorsaunuuilulng
(DLP NIR scan Nano GUI v.2.1 EVM, Texas Instruments
Incorporated, Dallas, TX, USA) 1438 dudinataiunnsn
WUUBIAIUTE (Hadamard) dAnuaztden (Resolution)
Y03aUNATNIAY 3.87 nm uag A1aunuweae (Scan

average) VAU 15 ATY nouthunmaalnnsuiage
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4 f1wnud (Sartorius QUINTIX224- 1S, Sartorius Lab
Instruments GmbH& Co. Goettingen, Germany) mmjj'u
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IMAFOUANUYNADILAENITIATIEVAITUINTZIU EDTA
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auTunazanUesidudlulasiuluudonuendnldnng
3Lﬂswﬁmwmmmﬂ'wuam'ﬂLagaiusuamduﬁaaem
LENS1IUANLarNENs1UNAA1835n1157LAT 18U
T-test saelusinsuLeanl@ELDd (SPSS version 28, IBM;
Armonk, NY, USA)
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irdeyarnlofiduiniuduazanvofidus
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(Outlier) InefiansauAINIM g1 (Standard score; Z) #ia
aun15 2 §1mnAn Z wnndn 3 wieteenin -3 fed
Hu deyaiiinund [14]
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LAEASIAYAILTINTIATIERRIAUSENOUMAN (Principal
component analysis; PCA) A8l UTHATULADL DU LAY
Lua®s (The Unscrambler version 9.8, Camo, Oslo,
Norway) Liteuansiisnsdnngusneganiundilemads
a3 (Hotelling’s T2 ellipse) fisziupuL e
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Susunile (First derivative) puNusduRUand (Second
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(Multiplicative scatter correction; MSC) wag n1sUsunA
mmLLUEUi’JuSLﬁL'td]ummgm (Standard normal variate;
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Unscrambler version 9.8, Camo, Oslo, Norway) Lﬁaam
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Msviune (Calibration set) 313U 300 W@ Lagnguuen
nguseesildlunsmageuann1snsiune (External
prediction set) #3angufl0e13lins1uaA (Unknown
sample set) §7u7u 100 & INTUIATIE RS IE@INTS
N137UEAMAINYBIRaNE NI 1IUNALagHaNE NS
WANAIEID Partial Least Squares Discriminant Analysis
(PLS-DA) 1uv Full cross validation aaelUsuhnsuLaes
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Discriminant Analysis (DA) uUU Full cross validation
pavlUsunsuleaitodlad (SPSS version 28, IBM;
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1Y 400 Fege lunuanuAnunfvesduaiunnsi
dlensradeuAs1adanudn Andesifuiainuiuves
Waanueni1131nN15WATUIAININ 551U (Standard
score) nguiilia¥rsaun1sn1sviung (Calibration set)
1L 300 A19E19 HANRAUNATIUIU 3 AI9E1Y L1GD
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HAUNRTIUIU 6 AI18879 F9LNADA10819d1UTUNS
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= v a =) v
waanuewinunaLastdaanuswsILan
W9 USUNAUAIUT UYL UADNULNS1IDDUNINUA
17U 391 Wa Fudunauzns1IUNATIUIL 197 Ha way

NANTNSIILANTIUIN 194 NE WUITIURNANEWS1ILANG
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Noypitak et al. [8] fidiafsnnuduidonusninunias
ndrganinugninunnegraiidedfy 86.21% uax
83.08% AWdIRU uaznaTsamaiuzni1uani
Wesgudnrududentosniwzninund orailosan
Tneundusniniinernsuaniiy azisudiennisuanly
nzandlonaniy 5 ou diaelunaszeaosq dulviasen
nua dswaliirluigadvonddondes seiveg
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wWasnuznwiunfuaziaanuzninuan

dlovinsiauiinandesidudlulasiauluiudenves
ueniseuemuAs LY 400 a FadunanzndUnG
WU 203 WA LAZNANENIILANTIUIY 197 Wa WUy
nanznduaniiviinandesidudlulasiauludeniads
geniviunadesidudlulasiauludenuzniiiung
28190 dedAYNINEDA LWULABINUNANITIBVDY NYYA
wazsany [17] finuinfiviunadulnsauludenuendn
won gandnalulesinuluuionueniuni egiadl
HodAan19adn daanslunsed 1 sansliiduing
avausinomslulasiauiifigeninuniluiudenves
ugninfifernsuauan Wudeitunadiv (Peach) ifinns
avausine vsldun anfy uazunaidou gelunaiidl
21n15UeN [18]

Foyarnvosiduianuiu wagandefidudlulnsian
gnuue 2 ngu Aengudiniuaiivaunisasuiiiy
(Calibration set) uagnaudmiunaaauaunis (External
prediction set) lngléiuansdnsinan gegn Aads uazen

Deauuannggiu A 2 ddlungudmiuaisaunis

'
1o

= v o v o I aa a
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AsauUAquAIANNTLLasAn lulasuluianuEnsIUNg

LATUENIILAN

19199 1 AradRvesAUafidudmIuty (MC) wasAvUasidud
Tulasiau (N) vasusnsMUnRkaziens1IuLan

Parameter Symptom No. Min  Max Mean SD
test

MC Normal 197 7276 83.10 79.27 2.20
(%wet basis) Cracked 194 66.14 82.18 76.93 3.22

Total 391 66.14 83.10 78.16 3.11

Normal 203 0.17 055 0.33 0.07
Cracked 197 0.16 0.58 0.36 0.08

N (%Dry
weight)

Total 400 0.16 058 0.34 0.38

* fanuuanasiuegelte @Ay needanszAuANUTRNIY 95%

A15190 2 AnadAvesUSunaanuTululienugni1unfnay
wgnsuantungy Calibration wagngy Prediction

Parameter Set No. Min Max  Mean SD

MC (%wet ~ Cal 297 66.14 8310 77.95 3.11

basis) Pred 94 70.83 8289 7837 246

N (%Dry Cal 300 0.16 058 034  0.07

weight) Pred 100  0.19 055  0.36 0.08

Cal: Calibration set, Pred: External Prediction set, SD: Standard
deviation

3.3 dwWnasnsganfuuavausniisay

aunATINTgANAULAIYBIHANE NS 1I8aUT LI 297
Fr0819 MnadesaUnInsiimesdunsusagulndauin
LANWUUNANT (DLP Nir nano EVM, Texas Inc, Texas,
USA) fauanslugud 4 etheainisganduuassnyiuuss
#1838 SNV 521U Second derivative ipandnsnanis
nszidauas waghliAnfiawiu uanafaguil 5 wusdumis
ﬁﬂms@mﬂﬁmmﬁwm%’mmmmm?{uﬁ 972 nm 1Junns
ﬁ;u“um O-H second overtone SUEN'SW [19] mmm’mﬁlu
ﬁ 1158 nm L‘td]umiébuﬁuaﬂ C-H second overtone 9898%
153760 [20] AIUENIAALT 1346 nm 1un1sduves first
overtone U84 CH5 [21] mmm’mrﬁ'uﬁ 1415 nm Juns
duwaq O-H first overtone v04 CH, [19] AUE1IAE

1456 nm Wun158uY99 O-H second overtone U411

[19] A20817AAY 1661 nm 1Jun15dUYS C-H first
overtone 484 RCH=CHR! [18] §1#929fiA 972 nm uaz
1456 nm 1Hudren1TgAnAunasroIIuAnadg
ArwdiiusvesUTinmuemutuiinaugnnunadinnnd
Tuwangni1uan Wukeiu annsnisganiuvesiia
th luneadu [22] unsnauzdome [23]

120 4
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JUN 4 anesinsganfunadadereInaNznIUNALAENA
UznE1IuaN

0.02
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1346 nm

1158 nm

fe—1415 nm 1661 nm

SNV & 2™ derivative of absorbance

900 1100 1300 1500 1700
Wavelength (nm)

JUN 5 anesinsganfunadadereInatznIUNALaNa
UznUANIUTUUARIEIT SNV 33U Second derivative

3.4 WaN1TIATIZAATIENNITNITVINUIBLTIAUAW
3.4.1 NAN1SILATIZHES198UN1TN159IU81T
AMATIN A28735 Partial Least Squares-
Discriminant Analysis (PLS-DA)
HANITILATIEATUANGUNENIIUNFLazuENE1

uan 1eAAs1ERas19aun15viNu1ea875 Partial Least

Squares-Discriminant Analysis (PLS-DA) AM1uAfiIkUs

NMSIMUANGUAD UnIIUAN = 1 uazueni1Iund = 0
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=

Fawan1sdmunnguuandlunisned 3 munisiuud
Joyaaunasmeiinsadaamans nuitnsuSuusaie
A% First derivative 1¥inan1sas1saunisvinuie
(Calibration set) fiffignlsinaninugnsaslunisdiuun
81.48% Tunisadrsannisiuneifiondudslminie
wiiniae$ (Factors) Mvuizandle3s Full cross
validation TinanIugnsedlunisiiungean 77.10%
wildedraunisuimaasuinuswinangy Extemnal
prediction 3afiusegnafiivaniiufivazfuiuiieni
wansnariu adliewnuasnsiiluldnuase nuilinaaiy
gndadlun1sdun 69.15% mefiwuslridiuig 12 /)
\defiansannavesaunsiuneilideyaninisganau
wasiivsuusadoyaadnnsifieiinandnemans wuin
N3USuwseRaeds SNV Tinanisvegeuaunsinuiensy

External prediction T#id1a11ugndaeesinlunisdiuun

AUy 72.34% mgsnUstrdsnuiu 7 6 sakanslu

KU

Ul 6 awnsaduunuzniundlagndes 92.73% uas
101509 MUNNENS1UANLA 43.59% F9518azID8nRa
15197 5

Wefiansuduussdninisanaey (Regression
coefficient) fauandlugudl 7 Togairiunisuuusisie
3 SNV nudpnueduiidanuddydeaunisviung
Ao Aue1IAAUT 1180 nm way 1220 nm 1Hunisdu
U84 C-H second overtone ¥83 CH [19] AMLE1IAALT
1453 1Junnsduves O-H first overtone wo9tin [20] Ay
g19naudl 1492 1Jun15duaas N-H first- overtone ¥4
ANH, [19] Fsaeandesiudoyanansiingizsiefidud
arudusazlulasiauludonuzndnunivazaznin

A

M54 3 A1ANYNABILUNITTIMUNNGNAIDE 1N 1IUNG wazueni1IuANTTAT18Wlae3T Partial Least Squares-Discriminant
Analysis (PLS-DA) a1nip3esaiUninsiimosdunsnsngulndaunadnuuunnm

Young coconut

Pretreatment  Number of factors Model Total number Correctly Total accuracy in
of fruit classified fruit classification (%)
Calibration 297 242 81.48
First
12 Cross validation 297 229 77.10
derivative
External prediction 94 65 69.15
Calibration 297 220 74.07
SNV 7 Cross Validation 297 207 69.69
External prediction 94 68 72.34
1.5 03 -,
:: I 1180 nm
ey 0.2 -~ CcH, ‘_1492 nm
2 1 E) NH
§n % 01
T 0.5 8
5 2
[ [
SR 4 :‘,” 0.1 T
Py @ Normal coconut o« 1220 nm —' 1453 nm
W Cracked coconut OH OH
-0.5 02 T T 4 1
' 900 1100 1300 1500 1700
0 Reference groups Wavelength (nm)
iﬂﬁ 6 ﬂi’]WNaﬂ’liﬁ’]u’l‘aﬂ’liﬁf’lLLuﬂﬂa'iJﬂ,Js‘W%l’l?UﬂaLLa:ﬁ gﬂﬁ 7 RegreSSiOn Coefﬁcient ﬂ’]ﬁﬁ’]‘u’]EJﬂ’]SGﬁWLLUﬂﬂa;NN%iW%I’D

endnan 3nesasanInstwesdunssagrulndvuisidn
WUUNNNEIETS PLS-DA MilSuusiadayanieds SNV

UnAwazugndnuwan anasesadninsimessunsisagulng
PWIAENUUUNNNT 63835 PLS-DA Usuusiadoyadie s SNV
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M990 4 ArnugnaeslunsTwunnguiteg1augniUng
aninsfiwesdunsusngnlndvuadnuuunnng

WazurnIILANTILASIEAlABAT Discriminant Analysis (DA) 31nLA38S

Young coconut

Pretreatment Number of factors Model Total number of Correctly Total accuracy in
fruit classified fruit classification (%)

Calibration 297 229 77.10

SNV & Second
12 Cross validation 297 221 74.41
derivative

External prediction 94 61 64.90

Calibration 297 224 75.42

SNV 7 Cross Validation 297 216 72.73

External prediction 94 70 74.47

3.4.2 HANITILATITRIILUNNFUAIBIT

Discriminant Analysis (DA)

HAaN19ILATIERILUANGUNENI1IUNALAZUENE)
uananiasesanlnsiine sdunssnglndvunaidn
wuunnm Tunisdwunnguueniunfivasueniiauen
lngldiuusdasehe Toyani1Inanaunasuanausniig
Tnsfrvuagauusnisdwunnguiel uzndrauan = 1
wazueniUng = 0 Ingdmseransaunisiuenie s
Discriminant Analysis (DA) ‘ﬁwamiﬁmuﬂﬂdmmumi
YFuudstoyaalnnsimeisnsadiamansiandlunisng
i 4 wui1n15UFULAIR875 SNV $2ufUAF Second
derivative T¥inan1sasisaunisvinune (Calibration
model) Arftgnlvinanmgndadlumssiuun 77.10% Tu
N1983198unN19vUERI835 Full cross validation 1vina
anugndeslunsuungsan 74.41% usidlothansing
naa External prediction Fadushegaiivaniiuiines
Fuuifgifuansefuadounsldiuaiwesnunns
Tnarugnaeslunisduun 64.90% iefiansannaves
aunsviueilddeyanisgandunaivfuussieds
SNV Tiinanisnaaeuauni1situtenie External
prediction fign Taglirianugnaessanlunisduun
74.47% nndunaugninvanun 94 ua lagaiusn

FUNUENINUNRALS 61.50% WaraUNUENIILANLS

a

83.64% Aauandlum139 5 wargud

4.0

2.0

0.0

Predicted groups
OO OO g

¢ Normal coconut

m Cracked coconut

Reference groups 1

JUN 8 neluantsiuignisinunnguuzwiniUndnay
wzniuan nesesaninslmesdunsusagrulndvuindn
WUUNNNTIAIETS DA NUTuusstoyanig s SNV

NNEaNIINAaBTiuliIIN s saINITIUNAIe 33
DA figaneifiuiduiusivdeyavoinisganduuas
1NNI1IB PLS-DA Mliaugndedlunisdnuuniieds
DA Ifnaiifinit iuReafunismsrsaouidouilusiing
wui138 DA Tamugndeslunisduuniigatinfu
84.8% \iloifinuiuds PLS-DA Triaaugnaeslunis
Uity 83.9% [24]
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M54 5 Arrugnaeslun1sdwunngs External prediction vesiingneueni1Ung wazusniuaniiagieilag3s Partial Least
Squares Discriminant Analysis (PLS-DA) wag38 Discriminant Analysis (DA) anniasasaiUninsiiwesdunsusagiulndauadn

LUUNANT
Young coconut

Method Pretreatment Parameter Total number of Correctly Total accuracy in
fruit classified fruit classification (%)

Cracking fruits 55 51 92.73

PLS-DA SNV Normal fruits 39 17 43.59

Total 94 68 72.34

Cracking fruits 55 46 83.64

DA SNV Normal fruits 39 24 61.54

Total 94 70 74.47

feuddinisdmsneiadisaunisiiunenguueniig
UnAlagugni1ILANAI1835 Partial Least Squares-
Discriminant Analysis (PLS-DA) a3 Discriminant
Analysis (DA) srewpsesaiuninsfimesdunsusngulng
gundnwuunnnn Wnanisegevaunisiuediden
AnugneedlunIsaTIaaeuNsniIUNALarusni ANl
Houniedesadnlnsinosdunssngulnduuusdlae
fifauaziBenvosteyags fauideves Noypitak et
al. [8] ddlnmgniedumsduungsan 94.03% sersls
Aaruiadesiouvusalfziisnaiuns wazliauisa
wdsudheluinlunlatvennunsnsidluvasdianins
fmasdursnsagrulndvunnldnuuunnAnIgI1ulsa
wdoudneldazain dnaign anunsdsediudowiuly
\Wawevela

4. a3unansAne

nnITenuInaiosaninsiinesdunsisngu
Indauiadnuuunnnn a1unsadeunnguugniung
wazugnsuanlalaglinanisduunnangniunfuay
mw%nmnﬁﬁﬁqm ANNANAIDEI Unknown sample
Fudunisnageuuszandainnisldeuads dae3s
Discriminant Analysis (DA) @11150l%A1A314QNA B
Wi 74.47% wedeaiunlnsalnUdunsisagnulng

a1unsadwunnguuzniUninazuzniuanlalagly

foainatediegns lusuiAnAIsinasusuuseaunis
iuelagiiudiegrdluaunisinueiliesnnauauda
mapdivasnanznieeuluwiarliauwususiuniy

555U% e lrakunegndluauAnln B LU

AnmnssuUsENA

VBVYBUAMANIAIYITIAINTTULNYAT AME
AAINTIUAGAT AIWNIRAY UN1INEITUNYATAENS
Ingnumiunaiay faduayununisfine mAdedlds
AUNNURAILINITITENITNYAT (BIANITUIYY) Feyay)
Lau?l PRP6605030170 waynuauayuainams
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