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Abstract

Chili is one of Thailand's export crops. However Chili fruit fly (Bactrocera latifrons
(Hendel) (Diptera: Tephritidae)) are the important problems in chili fruit. Current detection uses
a randomly detect methods with naked eyes and destroying samples, which the decision of the
examiner is probably incorrect and undermines product. Near infrared (NIR) spectroscopy is an
alternative method for detecting chili fruit flies contamination in chili fruit. The aim of this study
was to examine and isolate the chili fruit contaminated with eggs and larva of fruit fly using NIRS
techniques. The study was carried out at the Laboratory of Postharvest and Processing Research
and Development Division, Bangkok in 2018 to 2019.Therefore, the evaluation of egg and larva
chili fruit fly contaminated within chili fruit was developed by using the relation of internal
quality (insect infestation or no insect infestation) with the absorbed energy in near infrared
region. Fresh chili fruits containing eggs and 1 instar larva of chili fruit fly were used to measure
the spectral absorption rate with FOSS's NIRS Model 6500 (NIRSystems 6500) at 400-2,500 nm
wavelengths and the internal quality of the «chili during contaminated and not
contaminated.From the results, the calibration and validation equation that created by Create a
partial least square (PLS) calibration with Camo Oslo's The Unscrambler software package. With
the configuration of 2 groups of variables:the normal chili fruit was 0 and the chili contaminated
was 1 by testing with green chili, red chili, and green and red chili. The equations given
correlation coefficients (R) were 0.93, 0.85 and 0.87. The Standard Error of Calibration, SEC
values of chili fruit fly infection in green chili, red chili, and green and red chili were 0.15, 0.20
and 0.20, while the Standard errors of prediction; SEP of chili fruit fly infection in three groups
of chili were 0.26, 0.22 and 0.21, and found that the Standard Deviation, SD values of all 3
groups of chili were higher than the SEP value. From these results showed that the equation
developed from NIR technique can be classified the infested chili fruit from the non-infested

chili fruit in green, red and green and red chili with accuracy of 87, 76 and 68 %, respectively.
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Table 1 Partial Least Square Regressioncalibration result for predicting amount of egg and 1°

instar larva of chili fruit fly in chili fruits

Wavelength SEC SEP SD
Samples F R Bias N
(nm) (%) (%) (%)
green chili | 400-2500 1510.93 2.52 3.74 | -1.03E-05 6.84 | 74
red chili 400-2500 510.83 6.77 6.98 | 2.23E-07 10.13 | 270
green and
red chili 400-2500 910.82 6.89 7.25| -5.17E-06 10.03 | 322
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Table 2 Comparison of NIR prediction values and actual values for evaluation amount of chili

fruit fly in 3 groups of chili

comparision of predicted and actual values of infection in three groups of chili
samples Green chili Red chili Green and Red chili
Actual (X) Predicted (Y) (X-Y) (X-NA2 Actual (X) Predicted (Y) (X-Y) (X-V)A2 Actual (X) Predicted (Y) (X-Y) (X-Y)A2
1 20 17.91 2.09 4.36 30 24.79 5.21 27.15 8 10.65 -2.65 7.00
2 20 19.35 0.65 0.43 26 32.52 -6.52 42.52 5 7.28 -2.28 5.22
3 6 4.97 1.04 1.07 25 22.47 2.53 6.39 3 4.33 -1.33 1.76
4 6 7.26 -1.26 1.59 31 29.78 1.22 1.48 6 7.43 -1.43 2.05
5 2 3.33 -1.33 1.77 34 21.67 12.33 151.95 10 6.98 3.02 9.10
6 2 4.71 -2.71 7.37 22 22.49 -0.49 0.24 6 6.47 -0.47 0.22
7 3 1.04 1.96 3.85 16 13.56 2.44 5.94 1 -0.24 1.24 1.54
8 3 1.84 1.16 1.35 31 23.68 7.32 53.58 15 10.67 4.33 18.71
9 18 18.02 -0.02 0.00 34 36.36 -2.36 5.58 o 1.98 -1.98 3.91
10 18 17.48 0.52 0.27 o 6.87 -6.87 47.18 o 1.31 -1.31 1.71
11 25 21.81 3.19 10.18 [ 484 -4.84 23.38 o 2.07 -2.07 4.28
12 11 9.16 1.84 3.37 [ 2.01 -2.01 4.04 o 1.59 -1.59 252
13 11 11.92 -0.92 0.84 o -2.33 233 5.41 2 2.87 -0.87 0.76
14 13 17.92 -4.92 24.18 o -3.18 3.18 10.12 25 10.31 14.69 215.74
15 13 15.92 -2.92 8.53 o 3.57 -3.57 12.76 26 34.92 -8.92 79.51
16 12 10.52 1.48 2.18 o 6.78 -6.78 45.91 4 14.52 -10.52 110.71
17 12 11.04 0.97 0.93 [ 9.66 -9.66 93.32 30 36.53 -6.53 42.58
18 13 15.21 -2.21 4.89 o -0.35 0.35 0.13 25 24.77 0.23 0.06
19 13 16.69 -3.69 13.60 o -0.45 0.45 0.20 34 35.16 -1.16 1.35
20 24 20.73 3.27 10.72 o 2.65 -2.65 7.01 16 30.74 -14.74 217.15
21 24 19.95 4.05 16.41 o -3.96 3.96 15.71 o 0.04 -0.04 0.00
22 7 4.81 2.19 4.79 10 9.29 0.71 0.51 o -2.88 2.88 8.32
23 11 12.24 -1.24 1.53 9 8.52 0.48 0.23 13 14.38 -1.38 1.90
24 8 4.88 3.12 9.72 12 12.39 -0.39 0.15 14 10.29 3.71 13.79
25 8 5.98 2.02 4.07 15 14.75 0.25 0.06 18 12.70 5.30 28.08
26 14 10.24 3.76 14.12 16 17.65 -1.65 273 14 8.72 5.28 27.87
27 14 12.38 1.62 2.63 24 24.20 -0.20 0.04 o 0.91 -0.91 0.82
28 6 7.53 -1.53 2.33 14 25.17 -11.17 124.81 o 2.20 -2.20 4.85
29 6 8.97 -2.97 8.80 4 3.10 0.90 0.82 o 5.42 -5.42 29.33
30 23 19.56 3.44 11.83 10 15.80 -5.80 33.59 o 7.32 -7.32 53.58
31 5 8.13 -3.13 9.80 9 17.04 -8.04 64.61 2 8.00 -6.00 35.94
32 5 8.54 -3.54 12.56 13 11.83 117 1.38 o 0.97 -0.97 0.95
33 6 7.20 -1.20 1.44 15 16.61 -1.61 2.60 o -0.25 0.25 0.06
34 6 7.62 -1.62 2.63 6 5.83 0.17 0.03 o 471 -4.71 22.20
35 5 7.14 -2.14 4.58 15 23.85 -8.85 78.38 o 1.67 -1.67 2.78
36 5 7.02 -2.02 4.09 14 21.08 -7.08 50.10 o 4.12 -4.12 17.01
37 3 -2.27 5.27 27.80 9 18.18 -9.18 84.31 [ -0.83 0.83 0.68
38 3 0.27 2.73 7.47 25 25.74 -0.74 0.54 o -3.79 3.79 14.35
39 1 -2.52 3.52 12.40 17 22.02 -5.02 25.21 o 9.63 -9.63 92.78
40 1 0.21 0.79 0.62 21 14.83 6.17 38.08 12 15.97 -3.97 15.75
41 6 5.03 0.97 0.94 27 34.58 -7.58 57.43 15 18.74 -3.74 14.00
42 6 9.19 -3.19 10.18 40 31.58 8.42 70.90 16 22.33 -6.33 40.02
43 10 8.84 1.16 1.34 39 34.92 4.08 16.62 13 14.21 -1.21 1.46
aa 6 6.09 -0.09 0.01 29 32.24 -3.24 10.48 18 17.50 0.50 0.26
45 6 2.19 3.81 14.49 35 31.50 3.50 12.27 24 20.23 3.77 14.20
a6 1 3.05 -2.05 4.19 24 30.15 -6.15 37.77 14 22.56 -8.56 7332
a7 1 3.01 -2.01 4.04 25 26.64 -1.64 2.70 4 7.21 -3.21 10.29
48 o 0.82 -0.82 0.67 20 27.92 -7.92 62.74 10 13.16 -3.16 9.97
a9 o 1.21 -1.21 1.47 27 24.60 2.40 577 13 16.37 -3.37 11.36
50 o 0.97 -0.97 0.93 20 26.42 -6.42 41.18 15 14.57 0.43 0.18
51 o 3.35 -3.35 11.19 35 33.69 1.31 1.72 14 27.95 -13.95 194.46
52 o -0.45 0.45 0.20 31 31.44 -0.44 0.19 40 29.14 10.87 118.05
53 o -0.15 0.15 0.02 32 22.64 9.36 87.55 39 36.11 2.89 8.37
54 o -1.11 1.11 1.24 31 24.57 6.43 41.33 29 34.45 -5.45 29.65
55 o 1.44 -1.44 2.06 33 38.16 -5.16 26.62 35 34.14 0.86 0.74
56 o 1.39 -1.39 1.93 28 23.82 4.18 17.51 24 27.41 -3.41 11.59
57 o 1.53 -1.53 2.34 28 23.01 4.99 24.89 25 28.20 -3.20 10.26
58 o 3.23 -3.23 10.46 42 36.89 5.11 26.12 20 29.29 -9.29 86.21
59 o 0.29 -0.29 0.08 30 28.91 1.09 1.19 27 23.73 3.28 10.73
60 o 1.69 -1.69 2.87 35 39.57 -4.57 20.85 20 25.25 -5.25 27.54
Total 442 446.30 -4.30 331.78 1118 1164.53 -46.53 1634.06 704 812.13 -108.13 1769.58
Average 7.37 7.44 -0.07 5.53 18.63 19.41 -0.78 27.23 11.73 13.54 -1.80 29.49
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Table 3 Partial Least Square Regression calibration result for predicting infestation of egg and 1°

instar larva of chili fruit fly in chili fruits

Wavelength SEC SEP SD
Samples F R Bias N
(nm) (%) (%) (%)
green chili 1500-2000 | 17 0.93 |0.15 0.26 -9.91E-06 | 0.40 108
red chili 400-2500 17 0.85 |0.20 0.22 -6.10E-07 | 0.35 385
green and
red chili 400-2500 19 0.87 |0.20 0.21 -4.54E-07 | 0.35 472
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Table 4 Comparison of NIR prediction values and actual values for evaluation the infection

ofchili fruit fly in 3 groups of chili

comparision of predicted and actual values of infection in three groups of chili
Samples Green chili Red chili Green and Red chili
Actual (X) Predicted (Y) (X-Y) (X-V)A2 Actual (X) Predicted (Y) (X-Y) (X-V)"2 Actual (X) Predicted (Y) (X-Y) (X-V)A2

1 1 0.68 0.32 0.10 o 0.45 -0.45 0.20 1 1.22 -0.22 0.05
2 1 2.60 -1.60 2.55 o 0.58 -0.58 0.33 1 1.03 -0.03 0.00
3 1 0.72 0.28 0.08 o 0.01 -0.01 0.00 1 1.14 -0.14 0.02
4 1 2.47 -1.47 217 o -0.03 0.03 0.00 1 0.66 0.34 0.11
5 1 0.64 0.36 0.13 o 0.26 -0.26 0.07 1 1.23 -0.23 0.05
6 1 1.31 -0.31 0.09 o 0.28 -0.28 0.08 1 1.06 -0.06 0.00
7 1 1.18 -0.18 0.03 (] -0.06 0.06 0.00 1 0.71 0.29 0.08
8 1 1.85 -0.85 0.73 [¢] -0.09 0.09 0.01 1 0.94 0.06 0.00
9 1 1.97 -0.97 0.94 o 0.31 -0.31 0.09 1 0.52 0.48 0.23
10 1 0.65 0.35 0.12 o 0.15 -0.15 0.02 1 0.69 0.31 0.10
11 1 0.24 0.76 0.57 o 0.12 -0.12 0.02 1 1.23 -0.23 0.05
12 1 0.23 0.77 0.59 o 0.17 -0.17 0.03 1 1.06 -0.06 0.00
13 1 1.14 -0.14 0.02 o 0.26 -0.26 0.07 1 1.25 -0.25 0.06
14 1 1.79 -0.79 0.63 o 0.23 -0.23 0.05 1 1.22 -0.22 0.05
15 1 2.01 -1.01 1.01 (] 0.46 -0.46 0.21 1 0.95 0.05 0.00
16 1 1.59 -0.59 0.35 [¢] 0.46 -0.46 0.21 1 0.96 0.04 0.00
17 1 0.46 0.54 0.29 o 0.39 -0.39 0.15 1 1.02 -0.02 0.00
18 1 2.40 -1.40 1.97 o 0.38 -0.38 0.14 1 1.07 -0.07 0.00
19 1 -0.61 1.61 2.58 o 0.49 -0.49 0.24 1 0.81 0.19 0.03
20 1 2.25 -1.25 1.55 o 0.49 -0.49 0.24 1 1.04 -0.04 0.00
21 1 0.73 0.27 0.07 o 0.45 -0.45 0.20 1 1.09 -0.09 0.01
22 1 -0.55 1.55 2.41 o 0.40 -0.40 0.16 1 1.07 -0.07 0.01
23 1 1.37 -0.37 0.13 1 1.05 -0.05 0.00 1 0.98 0.02 0.00
24 1 0.69 0.32 0.10 1 1.02 -0.02 0.00 1 1.24 -0.24 0.06
25 1 251 -1.51 2.29 1 0.88 0.12 0.01 1 1.29 -0.29 0.09
26 1 -1.60 2.60 6.76 1 0.92 0.08 0.01 1 1.21 -0.21 0.04
27 1 1.44 -0.44 0.19 1 0.82 0.18 0.03 1 1.28 -0.28 0.08
28 1 2.27 -1.27 1.61 1 0.85 0.15 0.02 1 0.89 0.11 0.01
29 1 2.06 -1.06 1.13 1 0.84 0.17 0.03 1 0.94 0.06 0.00
30 1 -0.06 1.06 113 1 0.89 0.11 0.01 1 0.99 0.01 0.00
31 1 1.51 -0.51 0.26 1 0.84 0.16 0.02 (o] 0.25 -0.25 0.06
32 1 1.97 -0.97 0.94 1 0.88 0.12 0.01 o] 0.30 -0.30 0.09
33 1 0.14 0.86 0.73 1 0.91 0.09 0.01 o 0.08 -0.08 0.01
34 1 0.59 0.41 0.17 1 0.91 0.09 0.01 o 0.19 -0.19 0.04
35 1 1.73 -0.73 0.53 1 1.11 -0.11 0.01 o -0.06 0.06 0.00
36 1 0.71 0.29 0.08 1 0.69 0.31 0.10 o 0.01 -0.01 0.00
37 o 0.23 -0.23 0.05 1 0.86 0.14 0.02 o 0.30 -0.30 0.09
38 o 0.32 -0.32 0.10 1 0.76 0.24 0.06 o 0.16 -0.16 0.02
39 0 0.30 -0.30 0.09 1 0.71 0.29 0.08 o 0.29 -0.29 0.09
40 ¢} 0.57 -0.57 0.33 1 0.70 0.30 0.09 o] 0.27 -0.27 0.07
41 ¢} 0.04 -0.04 0.00 1 1.23 -0.23 0.05 o] -0.14 0.14 0.02
42 5} -0.04 0.04 0.00 1 1.22 -0.22 0.05 o -0.03 0.03 0.00
43 o -0.08 0.08 0.01 1 0.99 0.01 0.00 o 0.03 -0.03 0.00
44 o 0.06 -0.06 0.00 1 1.08 -0.08 0.01 o -0.02 0.02 0.00
45 o 0.79 -0.79 0.62 1 0.87 0.13 0.02 o -0.13 0.13 0.02
46 0 0.98 -0.98 0.97 1 0.86 0.14 0.02 o 0.00 0.00 0.00
47 ¢} -1.74 1.74 3.01 1 0.77 0.23 0.05 o -0.01 0.01 0.00
48 (o] -1.62 1.62 2.61 1 0.79 0.21 0.04 (o] 0.01 -0.01 0.00
a9 o -1.81 1.81 3.28 1 1.13 -0.13 0.02 o 0.17 -0.17 0.03
50 o -1.88 1.88 3.53 1 1.10 -0.10 0.01 o 0.23 -0.23 0.05
51 o -0.11 0.11 0.01 1 1.32 -0.32 0.10 o 0.09 -0.09 0.01
52 o 0.09 -0.09 0.01 1 1.27 -0.27 0.07 o 0.44 -0.44 0.19
53 o 1.92 -1.92 3.69 1 1.03 -0.03 0.00 o 0.13 -0.13 0.02
54 o 2.11 -2.11 4.46 1 1.05 -0.05 0.00 o 0.67 -0.67 0.45
55 o} -0.66 0.66 0.43 1 1.36 -0.36 0.13 o 0.06 -0.06 0.00
56 0 -0.80 0.80 0.64 1 1.39 -0.39 0.15 o 0.26 -0.26 0.07
57 0 0.63 -0.63 0.40 1 0.86 0.14 0.02 [¢] 0.52 -0.52 0.27
58 5} 0.27 -0.27 0.07 1 0.90 0.10 0.01 o 0.36 -0.36 0.13
59 o -0.29 0.29 0.08 1 0.74 0.26 0.07 o 0.25 -0.25 0.06
60 0 -0.51 0.51 0.26 1 0.78 0.22 0.05 o 0.54 -0.54 0.29
Total 36 39.87 -3.87 59.71 38 42.51 -4.51 3.93 30 36.01 -6.01 3.24
Average 0.6 0.66 -0.06 1.00 0.63 0.71 -0.08 0.01 0.5 0.60 -0.10 0.05
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Figure 1 The original NIR spectra of green and red chili infected by chili fruit fly
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Figure 2The Regression Coefficient plots to evaluate the amount of chili fruit fly infection in

green chili (a) red chili (b) and green and red chili (c)
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Figure 3Scatter plots ofactualvs. NIR predicted of amount of egg and 1! instar larva of chili fruit

fly in green, red, green and red chili fruits
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Figure 4The Regression Coefficient plots to evaluate the chili fruit fly infection in green chili (a)

red chili (b) and green and red chili (c)
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Figure 5 Scatter plots ofactualvs. NIR predicted of chili fruit fly egg and 1° instar larva

infestationin green, red, green and red chili fruits
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