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Non-Destructive Technique for Detection of Translucency in Mangosteen by Near Infrared

Spectroscopy in Reflectance Mode
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Abstract

This study was aimed to investigate a nondestructive technique to separate translucent flesh
mangosteen from normal flesh mangosteen based on reflectance near infrared spectroscopy. In the
study, 217 mangosteens were used. All mangosteens were measured for specific gravity and spectrum
using FQA-Near Infrared (NIR) GUN in range of 800-1050 nm in interactance mode at 4 points on
equatorial line. The spectra were pretreated with First Derivative (1D), Second Derivative (2D),
Multiplicative Scatter Correction (MSC) or Standard Normal Variate (SNV) prior to building the best
discriminant model using discriminant analysis. The results showed that when using full range of NIR
spectrum scanned at the first, the third and the fourth sides as predicting parameters the MSC absorbance

gave classification accuracy of 83.9%. For the second side, classification accuracy was 83.4%. Partial
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Least Square Discriminant Analysis (PLS-DA) was also performed to search and select parts of the
spectra at wavelengths associated with separation between normal and translucent mangosteens. In
using NIR spectra at PLS-DA suggested wavelengths, the absorbance at 708 and 880 nm gave
classification accuracy of 83.9% at all sides. However, the best model was created from the 2D
absorbance at 716, 752, 831, 910, 953, 989, 1022, 1038 and 1058 nm (averaged from 4 sides) and the

specific gravity which offered the accuracy of discriminantion of 84.8%

Keywords : mangosteen, multivariate data analysis, near infrared spectroscopy, translucency
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pnsaudng 7241% hanainu 1 Suluwiasiiuuss newianisdadaeadas NIRspectrophotometer (FQA-
NIR GUN; FANTEC Research Institute, Kosai, Japan) fanuanalu (Figure 1a)
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(a) Portable NIR Spectrophotometer (b) Cut-open mangosteen showing measured
(FQA-NIRGUN) locations
Figure 1 Measurement mangosteen using FQA-NIRGUN
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Figure 2 Averaged spectrum of normal mangosteens and transiucent flesh mangosteens
(a) reflectance (b) absorbance
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Table 1 Classification of normal flesh and translucent flesh mangosteen using discriminant analysis with
leave- one-out cross validation using full NIR spectra (800-1050 nm) at each side on the fruit as

predictive variables.

% Classification based on spectra scanned on side of mangosteens

Pretreatment side 1 side 2 side 3 side 4 average of 4 sides
Absorbance 83.90% 83.40% 83.90% 83.90% 81.30%
1D absorbance 83.90% 83.90% 83.90% 82.90% 83.40%
2D absorbance 83.40% 82.50% 83.90% 83.90% 83.40%
MSC absorbance 83.90% 83.40% 83.90% 83.90% 83.70%
SNV absorbance 83.40% 83.90% 83.90% 83.40% 82.90%
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Figure 3 Score plot between PC1 and PC2 based on 2D reflectance of mangosteen (a) showing all
samples and {b) each point represents average of all samples for spectra of each side (normal

mangosteen = o and translucent flesh = x)
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Table 2 Classification of normal and translucent flesh mangosteen using discriminant analysis and

leave-one-out cross validation based on PLS-DA-selected wavelength NiR spectra

% Classification based on spectra scanned on side of

Pretreatment NIR range (nm.) mangosteens
side 1 side 2 side 3 side 4 ~ 2verage
of 4 sides
Absorbance 708, 880 83.90%  83.90%  83.90%  83.90%  83.90%
1D absorbance 937, 869, 1034 83.90% 83.90% 83.90% 83.90% 83.90%
2D absorbance 7;2;3’715022;?;59;?5;83’ 82.00%  8340%  8390%  82.90%  82.90%
MSC absorbance 773,915 83.90%  83.40%  83.90%  83.40%  83.90%
SNV absorbance 775, 917 83.90%  83.40%  8390%  8340%  83.90%

2. nsdfwmazilaeldiautsauunnguae aulnAsufiaaNeaARwEng T fidenunannisin PLS-
DA (mmﬂuamﬂnmmmmm" AInEFuTI NN ST W avs 4 38) WATANANINEINAINNE (SC) UGN BANNT
Apszinisauunnguat umaesning 82.0 - 84.8% Tnedtnnsufuussaninaiuson 35 2D anAaninaiu
Fanaiait WATn1sauunAige 84.8% 4 Table 3

Table 3 Classification of normal flesh and translucent flesh mangosteen using discriminant analysis and

leave-one-out cross validation by the most informative wavelength and specific gravity

% Classification based on spectra scanned on side of mangosteens

Classifying variables

side 1 side 2 side 3 side 4 average of 4 sides

SG, A(708), A(880) 82.50% 83.40% 82.90% 83.40% 82.50%

SG, 1DA(937), 1DA(969), 1DA(1034) 82.00% 82.50% 82.50% 82.90% 82.90%
SG, 2DA(716), 2DA(752), 2DA(831),

2DA(910), 2DA(953), 2DA(989), 83.90% 82.50% 82.00% 82.50% 84.80%
2DA(1022), 2DA(1038), 2DA(1058)

SG, MSCA(773), MSCA(915) 82.50% 83.40% 82.90% 82.50% 82.90%

SG, SNVA(775), SNVA(917) 82.90% 82.90% 82.90% 82.90% 82.90%

SG = specific gravity, A = absorbance, 1DA = first derivative of absorbance, 2DA = sedond derivative of absorbance,
MSCA = multiplicative scattering correction of absorbance, SNVA = standard normal variate of absorbance
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TunafiAfignann Table 3 uanufuaunismuanduilsz@na canonical discriminant function 1845
s uuNNgUUARIFIANNITA (1)
D = 13.215 - 25.3685G -+ 8646.4R(1058)AV + 6634.9R(1038)AV - 792.1R(1022)AV

+ 20459.9R(989)AV + 872.1R(953)AV - 328.3R(910)AV + 4642.1R(831)AV

- 2054 9R(752)AV + 884 .4R(716)AV &)
ot D Aa Discriminant score
SG Aa ANAINENR NN

R(AV A2 faya 2D absorbance mmtﬂafaﬂmﬂmm 4 Fuadefu ARNNENIARY | nm

HeRansanann AndulsAnaamduig (Correlation) 3s¥3 WP ARATRATLUARL AN LUNIIH IS
canonical (Table 4) TunsRuwunngunLdn muﬂsmmmqmmwv (SG) HAuANRUSTUN s Dimes canoni-
cal mﬂmm $A9N7AB AN 2D absorbance wmmmqmu 1038, 989, 1058, 1022, 953, 910, 716, 752 uay
831 nm. HAuduAusAuNIsTmes canonical HaEAINIANNATSL

Table 4 Correlation between classifying variables and canonical function

Variable Canonical function
SG -0.680
R(1038)AV* 0.291
R(989)AV 0.271
R(1058)AV 0.228
R(1022)AV -0.167
R(953)AV 0.129
R(910)AV -0.123
R(716)AV 0.116
R(752)AV -0.077
R(831)AV -0.073

*R()AV = 2D absorbance of the average spectra scanned from four sides on each mangosteen fruit at different wavelength
(i nm)
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