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Abstract

This research studied minimally destructive evaluation of durian maturity by near infrared spectroscopy
(NIRS) in order to solve an exporting problem of immature durians. One hundred and forty durian samples of
variety Mongthong were harvested at number of days after anthesis from 101 days to 122 days. The absorbance
was acquired from the whole fruit with sliced rind and compare with the absorbance of the pulp. Obtained
absorbances and measured dry matter percentage were used to develop a predicting model with partial least
squares regression. The analysis results showed that a model based on pulp absorbance using FT-NIR
spectrometer yielded better accuracy in prediction of the dry matter content (coefficient correlation, rp, and root
meant square error of prediction of 0.78 and 3.02% respectively) than the model based on absorbance from the
whole fruit with sliced rind (r, = 0.69 and RMSEP = 3.57%). Although the accuracy of the two models appeared
to be similar, the errors from the two models were found to be different significantly. However, the outcome of
this study presented the possibility of using minimally destructive technique for evaluation of the dry matter

content.
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feeenani3ouiiusrueunesgnidenannaiuiisnne
&3 Favinguns wani3ouszgndaiivaseny 101 108 115
ey 122 Tundsnenuiu (Days After Anthesis, DAA)
$1urur901gaY 35 Ha 39 140 Ha TagszarnsAuifen
mamémﬁmmsamagjﬁ 115-120 Ju nasannenu1u (Ueg,
2559) antuiogrgnAUANgAUMgILIT 25°C 1Ty
VAU 24 hr ABWINNITYAGeY
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Tunstanisgandusasions fegramanouazliiy
nsthumnuwazdeneenuwiaituiiniis 3 cm 812 6 cm
lngazeulvidalaunnuvesiegamiseunnxg (vaeaiy
vunFenludie 0.49 - 12.04 mm) ieliudeniinnnuun
wardiuiisunsaiundanendeuiunindeieies FT-
NIR Spectrometer (MPA FT-NIR, Bruker Optik GmbH,
Ettlingen, Germany) sideluuan1sinnuu diffuse
reflectance laginmunisay 3 alnnsu mﬂﬂmmmﬂ%q
yenfe yuesinaiudnunaiivuinlvgfgaifivsyde
(s, 2527) Taedaftsundadusis 3 ade lusrsaveiu
12500 - 3500 cm’* (ﬂ’J’]lJ‘EJ’]’Jﬂ%U 800 - 2857 nm) ﬁ
resolution Wiy 16 cm™ Tae 1 awnasuifinainnisiade
Tunsaunu 32 a%a (Figure 1) antuthsnetaisluyae
n13gANAULAFIBLIAZ8a portable NIR Quest (NIR Quest
USB2000, Ocean Optics Co., Ltd., Dunedin, FL, USA)
Tugnsavadn 11111-5882 cm™ (A7ue13AAN 900 — 1700
nm) Freluan s IluL reflectance Tnedarn Integration
time 1¥1117U 850 Scans to Average LM1AU 3 WaZAN
Boxcar Width Wiy 6 Jufintayalaelusunsy Spectra
suite (Figure 2) m'ammfuﬁ']LﬂﬁaﬂLLasLﬁawanﬁaﬂﬁgﬂ
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Figure 1 Setup for NIR spectral acquisition of Durian in
reflectance mode using FT NIR spectrophotometer,
(MPA FT-NIR, Bruker Optik GmbH, Ettlingen, Germany)

Figure 2 Setup for NIR spectral acquisition of Durian in
reflectance mode by a portable NIR Quest, (NIRQuest,
Ocean Optics, FL, USA)

mﬂﬁ?uﬁmfaw,%'aumwhLmﬁaﬁi’mmmimﬂﬁuumlﬂ
WLUEJSLGIIumumuﬂLuaLLW (percent dry vvelght DW) Imt’J
ammwammm 70°C \Junan 48 hr maﬁmmmmuﬂmm
(@INULIATFIUAUANYATHALD I TUNITIANTEN T
\NYATWATANNSal, 2556)
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megrdlunisiesziazuuaiu nguuadiusduiazngy
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M1U78) Wag A root mean square error of prediction
(RMSEP)
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n3suoondunguaruud nduilnaiiadannedos
FT-NIR spectrometer inUSsutiisuainundugilunis
Ussiiudminileusfiuindes portable NIR Quest

3 Wawariansal
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ARt uvesininideuisvesiegnaieuly
naunguuAUITULaznaNiuIsuansly Table 1 wazain
ﬂ’]i’sLﬂi’lu‘Viﬂ’J’mLLUiUi?ULLUUﬁMﬂMUim‘WU’J’I qu,mawmq
mwmLaaam‘muﬂL‘uaLLmemuaaNuuamﬂmm AU
Adasiu 95% (Table 2)

32 awnmsuvesySeuimauaziona
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Figure 3 Absorbance of whole durian fruit with sliced rind as affected by a number of DAA (1 = 101 days, 2 = 108

days, 3 = 115 days and 4 = 122 days).
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Figure 4 Absorbance of durian pulp with respect to a number of DAA (1 = 101 days, 2 = 108 days, 3 = 115 days

and 4 = 122 days).

finmsgandunasesiniufinriuremandeuanie  vesima (Figure 3) lnsfinvuindninseiunsganduuas
HaTiANEIAGAY 6711.41 way 5154.64 cm™ egalsfimy  ilesan OH stretching + C-H stretching 984 starch ER
Tu Figure 4 Fafunsgandunasenienavedfinvundn  aswulasialuiiaaiueniadu 2276 nm (Osborne and
fianuenedu 4397.13 cm’ ddldiAntulunisganduuas  Feam, 1986)
Table 1 Minimum (Min), maximum (Max), mean, and standard deviation (SD) of dry matter of Durian pulp

samples of calibration set and prediction set

_ Calibration set
Properties

Prediction set

No. Max Min Mean SD No. Max Min Mean SD
Dry matter 71 39.89 13.92 27.18 5.10 69 37.63 15.75 27.19 4.89
(%)
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Table 2 A variance of dry matter in each days after

anthesis

Days after anthesis Dry matter (%)

101 21.76°
108 24.75°
115 29.67°
122 32.87°
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ANNANITNARDITUAIBE1ITEY 4 939978 WUT
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Usziudmidnideuiadaenn r, = 0.78 waz RMSEP =
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VYoINaSEUIuUReN (rp = 0.69 Uay RMSEP = 3.57%)
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1ng?l NAD T1UIUAIBYY, tno, 00 AD AT t-
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foantusaindn SEP vauriedasluinauazean L un
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AsEUARUAT 1.0 uansiiAn SEP vaslunatisanslaiunneng
fusehsiifodfey urdiAdldlinsounquan 1.0 A1 SEP
%aaf’?ﬁaaﬂumaumﬁmﬁ’uaéwﬁﬂfﬂﬁﬂﬁﬁg (Sedecor and
Cochran, 1989)

nnsAuIndlaan SEP/(SEP,XL) Wy (SEPyxL)/SEP,
Wiy 1.03 wag 1.33 audsy dsliaseunguen 1.0 uang
10 SEP (3.48%) vedlamarianardudeniinanaunnsis
91nA1 SEP (2.97%) veslunaiienasteiifoddey Tuii
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kUU Partial Least Squares Regression (PLSR) CRURGER
Tuwasawansly Fieure 5 dmiuiifelasnseuas Figure 6
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Table 3 Prediction performances of dry matter by PLSR models for durian samples of 4 classes based on number

of days after anthesis

Treatment Factors o RMSEP (%)  Bias (%)
SNV treated spectra of durian pulp from 7 0.78 3.02 0.0023
FT-NIR spectrometer
SNV treated spectra of durian pulp from 3 0.25 4.61 0.0118
NIR-Quest spectrometer
SNV treated spectra of whole fruit with 8 0.69 3.57 -0.016
sliced rind from FT-NIR spectrometer
SNV treated spectra of whole fruit with 1 0.24 4.84 0.0127
sliced rind from NIR-Quest
spectrometer
SNV: Standard normal variate; RMSEC: Root mean square
200 =
150 ™~
150 8%
— N~
100 e w100 o
g = T
2 [re} (v}
g o0 }K /\ J Q“é 0 | ) |
9] S I
8 0 M f\ MA /W\ /V\\\ N m o U
c ’Vv Ty V v i g 50
S a
ﬁ . \/ \W g,. -100
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Figure 5 Regression coefficient of PLSR model using
spectra of durian pulp from 4 classes of maturity
based on DAA by SNV methods.
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Tuaduunnguiiainsannisganduuas vewani3ou
Wrudenlu 4 ﬂiaamqﬂuaﬂm%ﬂ FT-NIR spectrometer
annsaduunngunizsusenifudnguauuilddea
gnéos 87.48% (Table 4) Faunnilunaildainiaios
NIR-Quest spectrometer (36.09%) d115ulutaadnuun
nauilaiesedoyansgandusamonionandeulasnss
¥931A309 FT-NIR spectrometer annsaduunngulsiniiy
gnieageninlumaiiairsainnanizouruiudonfeai
gnAes 92.5% lagnisAwilesidudainugnsies wila
Mnadiviuefisufuaaiddaenistinuasiengiiomn
¥9998100U 1, 2, 3 Way 4 AIUAIAU nTuRIUA A
nanaitu desengusnilaniu 1 Yasengiaesdiandu 2
naske 1.5 mnAINIsyinwefeg1slugengusn den 1.6
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Figure 6 Regression coefficient of PLSR model using
spectra of the whole fruit with sliced rind from 4

classes of maturity based on DAA by SNV methods.
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Table 4 Classification performance of durian by PLS-DA
models for durian samples of 4 classes based on

number of days after anthesis

Spectra of pulp  Spectra whole

fruit
spectra from 92.5% 87.48%
FT-NIR
spectrometer
spectra from 58.91% 36.09%
NIR-Quest
spectrometer

MNNsANmIAUNATINIRANAULAIYBIIHALAZYEY
dowa ioafunuin degraiiony 115 Jundamenuiuain
LEDR portable NIR Quest ﬁgUqumi@ﬂﬂﬁuﬁﬁmﬂﬂa
LANFN9aINFeEivaednaueny deeraiinainay
Annansludumeunisadinisganduuas iesaniades
portable NIR Quest A93%11n153AA" dark Lag reference
ladsaalunadiuunnagaily 3 41901y laelunaiainsenn
MsFgAnauLas vesNaySousuUdenveanies FT-NIR
spectrometer @1113a3unnguEsusmduaungy
ANMuUAlFRIBANYNHFDY 89.23% (Table 5) Faunnin
Tunadiléiannin3es portable NIR Quest (36.1%) d1ufu
Tunaduunnduiiadafedoyanisgandunamoniena
i3oulaenssvesia3ed FT-NIR spectrometer @13150
Fwunnguldusiugrganitlumadia¥irsainuaniFoudiu
Wilenmeanugnaes 94.09%

Table 5 Classification performance of durian by PLS-DA
models for durian samples of 3 classes based on

number of days after anthesis

Spectra of pulp Spectra of
whole fruit
spectra from 94.09% 89.23%
FT-NIR
spectrometer
spectra from 55.19% 36.10%

portable NIR
Quest

AnUgnaadlunIsIuunnguiaiandeyaanasy
nsgAnduLasaINanseulAdaunilumalionalagnse
Wesndeyanisganfuuaiiveyavesufensiuegsie
agalsinunanugnieslunswunnguauwnwandli

& e I vy & ° e
wiutaanudululalunislédeyananalunsduunngy ¥

NsAnwILNeanHANTENUINNNITRANTULAIYBLURBNLINE
Wupnugnaedtunssuunnguiunuiiazdesdinusely

4 a3l

wada NIRS aruisadrunyssynaldlunisuszidiv
tminideuiuarduunyidouniudueny lneluea 4 929
ogfanedoyaaunaiunisgandunasiiinsiuden
annsaviunetmtniioutadaed r, = 0.69 A1 RMSEP =
3.57% Feududrtiosnitlmmafiadrsananndudona
1aem39 (r, = 0.78 A1 RMSEP = 3.02%) lagA1A214
aanrdouliauanesiuegaliteddynieadn luiues
Wenfulimaduunnguiiaanainndunisganduuasd
Taruwdenlviaugnaeddunisduunnguanuwanisey
Wity 87.48% Femndnsdlumaiiadananasuie
HAlgnse (ANgNABIlUNITIMUNNGUWNTY 92.5%)

nsiauwiudlunsussifiudmdnideusiuag
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