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Abstract

This research studied the application of near infrared spectroscopy (NIRS) technique, visible (VIS) light
reflectance and fruit audio frequency after tapping for evaluation of maturity of pomelo cv. Tubtim Siam. In this
research equations to predict soluble solids content (SSC) and to discriminate samples into maturity classes using
140 samples from 4 groups of different maturity. After equation development, it was found that prediction of
SSC using the equation derived by partial least squares regression technique resulted in low accuracy (regression
coefficient = 0.51 standard error of prediction = 0.59 °Brix and Bias = 1.62E-02 °Brix). Regarding discriminant
analysis to develop maturity classifying equation, the results showed that the optimal classifying equation was
based on NIR absorbance data pretreated by standard normal variate (SNV), which was averaged from the
measurements at four different positions around a sample, in combination with VIS reflectance spectra
pretreated with SNV. The optimal classifying equation was able to separate all samples into correct maturity

groups with accuracy of 100%.
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Position 1 Position 2

Position 4 Position 3

Figure 1 Positions on pomelo for measurements.
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Figure 2 NIR spectral acquisition of pomelo in
reflectance mode using NIRscan Nano EVM (Texas

Instruments, Dallas, Texas, USA).

Figure 3 VIS

reflectance mode using spectrophotometer (spectro-

spectral acquisition of pomelo in

guide sphere gloss BYK-Gardner GmbH, Germany).

Position
A

Microbhone

Figure 4 Frequency measurement of pomelo.
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Figure 5 Averaged frequency of pomelo with each

maturity.
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Figure 6 Spectral of 4 maturity of Tubtim Siam
pomelo with each spectral representing an average of

35 samples.



MsEnsanALIFINSsINERsWisUsTAlne D7 25 atuii 2 (2562), 42-49

0.004
---- Immature pomelos

rrrrrrr Early-mature pomelos .
-------- Late-mature pomelos it
Over-mature pomelos

0.003 4

0.002 o

0.001

d?Log(1/R)
o

-0.001
-0.002 +

-0.003 - 942 i
1667

T T T T T I T T T 1
800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Wavelength{nm)

Figure 7 Second derivative of NIR absorbance of

Tubtim Siam pomelo.
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Figure 8 Variation of light reflectance spectra of

pomelo from 400 to 700 nm at four maturity sets.
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Table 1 Statistical results of the prediction performance for soluble solid content (SSC) as affected by different

pretreatment techniques.

Variables Pretreatment Factors Callbration Prediction
r SEC Bias r SEP Bias

NIR Raw spectra 11 0.74  0.44 -9.84E-07 0.50 0.60  7.44E-03
NIR MSC 11 0.74  0.44 2.43E-07 0.46 0.63 1.45E-02
NIR 2D 71 derivative segment 13 nm 6 0.54 0.55 5.66E-07 0.31 0.64 8.45E-03
NIR SNV 11 0.74 044 9.53E-06 0.46 0.63 1.44E-02
NIR SNV + 2D 7 derivative segment 13 nm 13 0.78 041 2.83E-07 0.31 0.70  2.60E-02
NIR+frequency Raw spectra 10 0.71 0.47 -1.27E-06 0.46 0.61 1.58E-02
NIR+frequency MSC 12 0.74  0.44 3.68E-07 0.47 0.63 1.05E-02
NIR+frequency 20 #i derivative segment 13 nm 13 0.75 0.43 -7.24E-05 0.31 0.70 2.81E-02
NIR+frequency SNV 12 0.74  0.44 9.90E-06 0.47 0.63 1.08E-02
NIR+frequency SNV + 2D i derivative segment 13 nm 12 0.71 0.46 1.66E-06 0.20 0.77 3.72E-02
NIR+VIS Raw spectra 12 0.74 044 1.45E-06 0.51 0.59 1.62E-02
NIR+VIS MSC 5 0.61 0.52 -4.97E-09 0.48 0.58  2.04E-03
NIR+VIS 2D 7 derivative segment 13 nm 14 0.73 045 -4.10E-06 0.48 0.61 1.01E-02
NIR+VIS SNV 10 0.74  0.44 -1.12E-06 0.50 0.59 1.53E-02
NIR+VIS SNV + 2D 7 derivative segment 13 nm 8 0.59 0.53 6.81E-07 0.38 0.63 1.62E-02

Table 2 Matrices showing performance of classification into four maturity sets based on non-destructive variables.

Model  Actual group Correctly Predicted group
classified Immature Early-mature  Late-mature ~ Over-mature  Total
pomelos (%) pomelos pomelos pomelos pomelos
A Immature pomelos 83.3 10 2 0 0 12
Early-mature pomelos 100 0 12 0 0 12
Late-mature pomelos 100 0 0 12 0 12
Over-mature pomelos 100 0 0 0 12 12
Total 95.8 10 14 12 12 48
B Immature pomelos 91.7 11 1 0 0 12
Early-mature pomelos 100 0 12 0 0 12
Late-mature pomelos 100 0 0 12 0 12
Over-mature pomelos 100 0 0 0 12 12
Total 97.9 11 13 12 12 a8
C Immature pomelos 100 12 0 0 0 12
Early-mature pomelos 100 0 12 0 0 12
Late-mature pomelos 100 0 0 12 0 12
Over-mature pomelos 100 0 0 0 12 12
Total 100 12 12 12 12 48

A = Model based on SNV treated NIR absorbance
B = Model based on SNV treated NIR absorbance and frequency
C = Model based on SNV treated NIR absorbance and SNV treated VIS reflectance

a7
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Figure 9 Scatter plot of pomelo at four maturity levels

with respect to three discriminant functions derived
from NIR absorbance and VIS reflectance variables

selected by means of stepwise method.
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Figure 10 Scatter plot of pomelo samples at four
maturity levels with respect to two canonical
discriminant functions derived from NIR absorbance
and VIS reflectance variables selected by means of

stepwise method.
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Fastnwuanluwden Tu wasiduleluionals (Maalouly
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anuduiusfunisgandunasiinniue1indau 985 nm
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Table 3

discriminant

Structure  coefficients between the

score  and wavelength of light
absorbance used in classification showing contribution

of each variable to the discriminant function.

Wavelength (nm)

Discriminant Function

1 2 3
933 -172.984 91.141 12.933
953 561.160 -135.448 -20.066
985 -433.797 108.633 182.157
1125 58.973 27.640 -12.463
1279 299.268 360.064 41.459
1315 -598.134  -1350.754 122.824
1326 213.586 1159.445 -99.977
1371 79.301 -60.911 50.810
1643 36.063 3.796 37.806
470 6585  -90.718 4.519
500 9.653 33.303 -5.470
540 20.074 -68.258 46.360
550 -17.041 79.322 -58.783
570 23.239 20.474 57.659
680 11.291 0.865 12.874
Explained variance(%) 88.6 10 1.4

4 ayd

nnTIememailaauninsalnUdunsisagulng
N1sAETouLEY Lazn1sinautaniades Tun1susedu
Usunavesisiiazarsld wuiluwaildannsy NIR
39uAU VIS Taeliiunis pretreatment laen r, = 0.51,
SEP = 0.59 °Brix way Bias = 1.62E-02 °Brix wagn1s
JAT1EY Discriminant analysis @1%SuAnLenANLAFULD
Wudsufinasy 4 ngudisengnisiiuiies wuilueaiia
fanlunisdausnegifuiieaduleldinnugndes 100 %
dlold NIR $auiu VIS Tnenun1suunssaunasunuuis
SNV (Table 2)

Fatunslimadaaninsalndsunsusngiulng uay
auvAnisazvounadluguiiveuiuld awnsailuldly
N13ANKENLUUNEIUANNGUANNLAYBIFUlaRUSTUTY
gonuuuulavihangla
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5 Anfinssudszna

eATeildsunuatuayuanlassnifeyuganyy
390 un. JauUssum2560 sWa U-3.2(m)118.61 4
1A59n15 Mswamalian1sinaduunduleiugriuiy
asunuulivanaionisiiuiien, augianssuans
AMUNNUEY UUINYIBBLNEATAIERAS LAY NIAIVIIAINTTH
NYANT AMEIAINITUATEAS NIULNWILAY
UINYIDUNYATAERAS
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