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Non-Destructive Classification Technique for Translucent and Gamboge Mangosteen by
Near Infrared Spectroscopy
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Abstract

The classification system for translucent and gamboge mangosteens by near infrared (NIR) spectroscopy
operating in transmittance mode (wavelength region: 700-955 nm) was established. Four types of instrument were
developed as follows; 1) Type 1 instrument has 2 lamps (40 W and 80 W) and 12 spectra were taken during 360
degree rotation. 2) Type 2 instrument has 1 lamp (50 W) and 8 spectra were taken during 360 degree rotation. 3)
Type 3 instrument has 4 lamps (30 W) and 8 spectra were taken during 45 degree rotation. 4) Type 4 instrument
has 1 lamp (100 W) and 8 spectra were taken during 360 degree rotation. Among 5,841 mangosteen samples
were measured by Type 1, to Type 4 instruments. Partial Least Squares (PLS) regression used for a discriminant
analysis using leave-one-out cross validation. The best classification obtained from Type 4 with higher accuracy.
The discriminant analysis between translucent and normal sample could provide 88 % and 92 % sensitivity for
translucent and normal fruit, respectively. As for gamboge and normal fruit, the sensitivity of 76 % (gamboges)
and 86 % (normal) could be obtained. This study demonstrated that NIR spectroscopy can be used to separate
translucent and gamboge mangosteens from normal ones.
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Table 1 Characteristics of the mangosteen sorting machine developed in Phase 2 project.

Type 1 Type 2 Type 3 Type 4
Lamp number 2 1 4 1
Lamp intensity 40/80 W 50 W 30W 100 W
Lamp angle* 45 degree 60 degree 75 degree 75 degree
Sample rotation 360° or more 360°, calyx point 45°, calyx point 360°, calyx point

calyx point forward up up up

Number of scan/samples 12 times 8 times 8 times 8 times
Integral time 100 msec 100 msec 200 msec 200 msec

*Indicated the angle compared with the line perpendicular to the sorting line., /Calyx side lamp: 80W; No-calyx side lamp: 40W

Figure 1 The online near infrared (NIR) instruments developed under the Phase 2 collaborative research on

mangosteens.



'

2. IneAanfiness 9 41 aTUR 1 (WiAR) UNTIAN-NBIEY 2553 nrAakeniiiauAuazeaina 371

A
AN Figure 2 Fmsaduaunsmsfauanaunaiussainaten Weufa waniferndiva Tneidenaulnais
Aen 1 anadudl No. 6 ummimxﬂumqmuummwmemmiﬂmqmmu‘wwm 8 aunafu eusnaau
uAnFneTzIINeANsg AN AULATRsanaTazifen, Weufa wazilernslua mnUsuilpsluntsaireaunisdauan
i
anmmAaes Type 4 anansndauandennldafiga Ao uanideufognies 88 % uanilenldgnies 92 %
uazansnsnAmuanifarndluagnies 76 % uazifeilégnies 86 % (Table 2)

<) analysissoft0280905

2641
25

o0 ) O O R

Translucent

2
prediction openfile [ < ] | £
E

[ trans cailbration | [_Gomb cailbration |

Figure 2 The software program was used for detect spectrum of the defective fruit position. The spectrum of

Portion 6 was selected for developing gamboge classification equation.

Table 2 Percent corrected values for mangosteen classification using average spectra acquired by Type 1 to

Type 4 instruments.

Second derivative

Instrument Disorder Spectral pretreatment Normal Disorder
Type 1 Translucent - 43/50 (86%) 40/50 (80%)
Gamboge Second derivative 42/50 (82%) 37/50 (74%)
Type 2 Translucent - 38/50 (76%) 39/50 (78%)
Gamboge Second derivative 35/50 (70%) 35/50 (70%)
“Type 3 Translucent - 43/50 (86%) 46/50 (92%)
Gamboge Second derivative 33/50 (66%) 35/50 (70%)
Type 4 Translucent - 46/50 (92%) 44/50 (88%;

43/50 (86%)

*Maturity stage: Stage 4 and 5; Disorder level: Level 2-3 for Translucent; Level 2-4 for Gamboge

Gamboge 38/50 (76%

AN Table 3 Lﬂummﬂq‘ﬁuﬁi:ﬁummlﬁﬂmwmLﬁfaﬁmm TnauFauingussAuAMNRE N9 fin
anieua  uazenslva wdv"a@mmLLﬂuéqﬁLﬁmmﬂmmaﬁmmﬂ wudnlefifudanuidamaayduulsniuss iy
prudevne mea¥iauniaitellunsdauan (Figure 4) mlslasuingusinatnaesiigaeaniiy 3 nqgu ldun
ﬁmmﬁﬂﬁ Bt uazendlve AniuaiNaun1INIRALEN 2 aNnnT B253E Partial Least Square (PLS) nuunli
“Q” (ﬁmmﬁ@ﬁ) WAz “1” (L‘ﬂmlﬁqﬁumﬁm) WAZNNINIUs2ANANNNA28AT cross validation Imeldlisunsu
Unscrambler L‘W'@cg]mmLLaJuéwmzmmiﬂi”mﬁﬂu (calibration) FaBUFUNNIFALENT Threshold =0.5 (Figure 3a) Ay
”Lﬁﬁa@mﬁ@ﬁmn%u (248 qn) Wit ufuazeneivatlzlumnduauanngas (54 gn) windan Threshold = 0.3
(Figure 3b) ﬁ@:”lﬁﬁq@mﬁﬂﬁﬁﬂﬂm (210 gn) aziitoufauazendvatlzlumndnuaiionas (19 gn) delinilouta
wazenslvaLlzduaniuideriiesiige



'

372 nsAnuginiileurouasendlua 9 41 a1TUR 1 (WiAE) UNTIAN-NBIE 2553 2. IngAanfiness

Table 3 Percent corrected values for mangosteen classification using individual spectra acquired by Type 4

instrument. Calibration equations were developed for each level of disorder.

Level Disorder area Normal Disorder
1 Unclear 33/46 (72%) 31/46 (67%)
Tranlucent 2 10-40% 81/100 (81%) 79/100 (79%)
3 50-100% 13/13 (100%) 13/13 (100%)
1 Unclear 12/22 (55%) 14/22 (64%)
2 Middle or less than 10% 60/98 (61%) 67/98 (68%)
Gamboge
3 10-40% 28/34 (82%) 30/34 (88%)
4 50-100% 5/5 (100%) 5/5 (100%)
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Figure 3 The classification results of an independent prediction set using the TG equation and two levels of
threshold; (a) Threshold = 0.5; (b) Threshold = 0.3
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