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Abstract
Due to an internal disorder called ‘gamboge’ affects the quality of mangosteen for export,

Therefore inspection for sorting gamboge mangosteen is required. In order to obtain the information
for designing the non-destructive sorting equipment, the physiological properties of gamboges
mangosteen were studied and compared to sound mangosteen in this research. The result showed that
total soluble solids content (SSC) of gamboge mangosteen group was less than sound mangosteen
group’ . While titratable acidity of gamboge mangosteen group was higher than those of sound
mangosteen group and density of gamboge mangosteen was higher than sound mangosteen’s. For
Investigate the properties of mangosteen with storage time, the density of mangosteen was reduced
with time and the density of gamboges mangosteen was higher than sound mangosteen’s in every
period of time. Not only that, the density of mangosteen with higher gamboge severity was higher
than those of mangosteen with lower gamboge severity. We found that the weight loss of
mangosteen was increased with storage time. The weight loss of gamboge mangosteen was increased
with time and the weight loss of gamboges mangosteen was lower than sound mangosteen’s in every
period of time. Moreover, the weight loss of mangosteen with higher gamboge severity was higher
than those of mangosteen with lower gamboge severity.

Gamboge disorder cannot be sorted by normal visual inspection. Therefore, application of
visible and SW-NIR techniques were considered to detect gamboge in intact mangosteen fruits
nondestructively in this research. Mangosteen fruits with maturity stages of 3-4 were scanned by two
types oftransmittance spectrophotometers at two wavelength regions (400-600 nm and 655-955 nm).
Total 0f300 samples were used for this stuay (150 samples for visible measurement and 150 samples
for SW-NIR measurement). Each sample was measured at 4 points around the fruit at the equatorial
points 90° apart. Mangosteen fruits were divided for a group of sound samples and a group of
gamboge sample. Samples with other internal defects such as translucent flesh and hardening pericarp
were not considered in this research.

Four raw spectra of each sample were averaged for this analysis. The optimum result
obtained by using original spectra for visible spectroscopy and the spectra pretreated with MSC
method was showed to give the best result for NIR spectroscopy. To provide a differentiation



between gamboge and sound samples, a principal component analysis (PCA) was considered.
Although there is not a complete separation between clusters, the discrimination of clusters in visible
spectroscopy looks better than those in NIR spectroscopy as there is less overlap of clusters in score
plot. To investigate the performance of discrimination, the canonical discriminant functions were
considered. The most impact wavelengths were found at 465 nm for visible spectrophotometer and
675 nm for NfR spectrophotometer. The classification results obtained by leave-one-out cross
validation offered the accuracy 0f89.3 % and 81.3 % for visible spectrophatometer and NIR
spectrophotometer respectively. This research demonstrated that the visible transmittance
spectroscopy is feasible to detect gamboge mangosteen fruits with better results compared with NIR
transmittance spectroscopy.
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Abstract

Due to an internal disorder called ‘gamboge’ affects the quality of mangosteen for export.
Therefore inspection for sorting gamboge mangosteen is required. In order to obtain the information
for designing'the non-destructive sorting equipment, the physiological properties of gamboges
mangosteen were studied and compared to sound mangosteen in this research. The result showed that
total soluble solids content (SSC) of gamboge mangosteen group was less than sound mangosteen
group’s. While titratable acidity of gamboge mangosteen group was higher than those of sound
mangosteen group and density of gamboge mangosteen was higher than sound mangosteen’s. For
investigate the properties of mangosteen with storage time, the density of mangosteen was reduced
with time and the density of gamboges mangosteen was higher than sound mangosteen’s in every
period of time.  Not only that, the density of mangosteen with higher gamboge severity was higher
than those of mangosteen with lower gamboge severity. ~ We found that the weight loss of
mangosteen was increased with storage time. The weight loss of gamboge mangosteen was increased
with time and the weight loss of gamboges mangosteen was lower than sound mangosteen’s in every
period of time. Moreover, the weight loss of mangosteen with higher gamboge severity was higher
than those of mangosteen with lower gamboge severity.

Gamboge disorder cannot be sorted by normal visual inspection. Therefore, application of
visible and SW-NIR techniques were considered to detect gamboge in intact mangosteen fruits
nondestructively in this research. Mangosteen fruits with maturity stages of 3-4 were scanned by two
types of transmittance spectrophotometers at two wavelength regions (400-600 nm and 655-955 nm).
Total 0f300 samples were used for this study (150 samples for visible measurement and 150 samples
for SW-NIR measurement). Each sample was measured at 4 points around the fruit atthe equatorial
points 90° apart. Mangosteen fruits were divided for a group of sound samples and agroup of
gamboge sample. Samples with other internal defects such as translucent flesh and harcening pericarp
were not considered in this research,

Four raw spectra of each sample were averaged for this analysis. The optimum result
obtained by using original spectra for visible spectroscopy and the spectra pretreated with MSC
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method was showed to give the best result for SW-NIR spectroscopy. To provide a differentiation
between gamboge and sound samples, a principal component analysis (PCA) was considered.
Although there is not a complete separation hetween clusters, the discrimination of clusters in visible
spectroscopy looks better than those in NIR spectroscopy as there is less overlap of clusters in score
plot. To investigate the performance of discrimination, the canonical discriminant functions were
considered. The most impact wavelengths were found at 465 nm for visible spectrophotometer and
675 nm for NIR spectrophotometer. The classification results obtained by leave-one-out cross
validation offered the accuracy of 89.3 %and 81.3 % for visible spectrophotometer and NIR
spectrophotometer respectively. This research demonstrated that the visible transmittance
spectroscopy is feasible to detect gamboge mangosteen fruits with better results compared with NIR
transmittance spectroscopy.

Keywords: Mangosteen; Gamboge; Physiological properties; Non-destructiveVisible; Near infrared
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2.8 Refractometer

2.9

(quantitative analysis)

1 MLR: multiple lingar regression
2. PCR: principle component regression
3. PLS: partial least square regression

(estimating) (predicting)

(multiple  linear regression)
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v= PO+ POA+AN b +Paxa (4)
Y =
A = Y
X, X, X3 =
[7,,/%2 %762 = regression coefficient

1 R2 0-1

2. overall F - test

1 )
3. partial t- test, partial F- test

4, partial correlation (beta) (X)
standardize regression correlation
Y Y

multiple regression
L enter method (fit model)



2 regression

2.1 forward method

fit
model fit partial t - test
1
partial - test minimum P- value( n < 0.05)
(p>0.05)
2.2 backward method
Y ( P> 005
X
partial t - test P - value < 0.05
2.3 stepwise method forward
X X
X y
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2.10.1 Infrared Spectroscopy
(vibration) (rotation)
0.78-1,000 ]Tm
active IR IR
(tretching)M (bending) , active IR
IR
Near Infrared 785-2650 nm
ground vibrational level excited vibrational level
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NIR  Spectrum  NIR  absorption spectrum

Absorbance
*
2.11
(Vincent, 1989)
(Mitropoulos and Lambrinos, 2005)
NIRS
(Walsh et al., 2004)
soluble solids (Dulletal., 1989)
(Kawano et al., 1992) (Carlomagno et al,
2004) (Kawano etal, 1993)
(Miyamato et al, 1998) soluble solid
(McGlone and Kawano, 1998) soluble solid (Slaughter et al., 1996)
(Hong etal, 1998) soluble solid
(Guthrie etal, 1998) soluble solid (Venturaetal, 1998;

McGlone et al, 2003) (Clark et al, 2003)
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soluble solid (Slaughter etal., 2003) !
(Schmilovich etal., 2000) soluble solid (Saranwong et al.,
2004)
NIR spectroscopy NIR reflectance spectroscopy
(McGlone et al., 2004) NIR spectroscopy

NIR transmittance spectroscopy
(McGlone et al., 2004, Clark et al, 2003), pear (Fu etal,2007)
(Schaare and Fraser, 2000)
(Carlomagno et al, 2004) (Kawano etal, 1993, Miyamoto et al,
1998) (Teerachaichayut et al, 2007)

Fraser et al. (2001)
: NIRS
SW-NIR transmittance spectroscopy Teerachaichayut et
al. (2007)
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334 2 Ohaus  Adventurer

335

3.3.6 V' (Fujifilm, FinepixS2000HD, Japan)

337

338

3.3.9 Vernier Caliper  scorpion 150x0.05 mm ,6x1/128 in)

3.3.10 2 Visible spectrophotometer
400-600 NIR spectrophotometer 655-955

(PureSpect, Saika TIF, Japan)

3.3

(Mohsenin, 1984)

(Fujifilm, FinepixS2000HD, Japan)

(SSC)  handrefractometer — ATAGO master ~ 2M
01N
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2 Visible
400-600 NIR spectrophotometer
(PureSpect, Saika TIF, Japan)
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Principal component analysis (PCA)
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crambler program (Ver. 9.6: CAMO AS, Trondheim, Norway)

Fisher linear discriminant analysis (McLachlan, 1992)

Fisher’s linear discriminant functions
leave-one-out cross validation

software (Version 11.5, SPSS Inc, Chicago, USA)
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341
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4
I spectral pretreatment
smoothing (Savitzky-Golay), multiplicative scatter correction (MSC),
standard normal variate transformation (SNV)), first derivative differentiation, second derivative
differentiation ~ combined preprocesses

pretreatment multiplicative scatter correction

pretreatment
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4.20
correction
MSC score plot
421

(overlap)
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Wavelength (nm)

pretreatment
MSC

pretreatment
multiplicative scatter

Principal component analysis (PCA)
pretreatment
component PCA-explained  99%
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4.21 PCA score plot
(13 # BTN
Principal component analysis (PCA)
original
measurement ( pretreatment) score plot component
PCA-explained 98% , 4.22

(overlap)

Principal component analysis (PCA)
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Spectroscopy  Pretreatment
Visible Original
NIR MSC
4.1
675
81.3 %

89.3 %

Fisher’s linear discriminant functions
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leave-one-out cross validation
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23
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pretreatment MSC
original pretreatment

principal component analysis (PCA)

(overlap)
NIR transmittance Spectroscopy

61

Vis transmittance spectroscopy

Vis
transmittance spectroscopy pretreatment
89.3% NIR transmittance spectroscopy pretreatment
MSC 81.3% Vis

transmittance spectroscopy
spectroscopy

NIR transmittance
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Visible instrument — NIR instrument
31

Instrument
Wavelength (nm)
Visible
NIR
Interval (nm)
Sensor
Mode
Lamp number
Lamp intensity
Sample turning

Number of scan per sample
Integral time
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transmittance

characteristics

400-600
655-955
129
a silicon photodiode array
transmittance
1
100
90 degree,
calyx inhorizontal line
4 times
100 msec
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