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ABSTRACT

A measuring system using near infrared (NIR) spectroscopy to determine
harvesting maturity of hard green mango fruits on-tree was established. In order to
develop the system, the possibility of NIR spectroscopy to evaluate quality of mango
fruits nondestructively was examined. Then, physico-chemical changes during
maturation of mango fruits was clarified. The system for predicting ripe-stage eating
quality from the harvesting quality measured nondestructively by a research type NIR
instrument was developed. After that, in order to apply the developed system to a
field application, the possibility of a portable type NIR instrument for nondestructive
quality evaluation of mango fruits was examined by compared with that of a research
type one, Finally, the portable type NIR instrument was used for evaluating
harvesting quality of mango fruits on-tree.

For the possibility of NIR spectroscopy for quality evaluation of mango fruits
nondestructively, the research type NIR instruments were used for this study. The
commercially available “NIRS6500” and “InfraAlyzer500” instruments were used for
the short wavelength region study from 700 nm to 1100 nm and long wavelength
region study from 1100 nm to 2500 nm study, respectively. The results obtained are
as follows. (i) NIR spectroscopy in the short wavelength region was suitable for
nondestructive quality determination of mango fruit because its penetration depth in
mango flesh was higher than that of long wavelength region. (ii) Partial least squares
(PLS) calibration and validation results would be improved if the appropriate
wavelength region was selected. (iii) The appropriate wavelength region for PLS
calibration could be estimated by using the wavelengths selected by multiple linear
regression (MLR). (iv) The MLR and PLS calibration equations would have similar
performance for determining Brix value and dry matter (DM) of mango fruits
nondestructively if the appropriate wavelengths or wavelength region were selected.
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As for physico-chemical changes during maturation of mango fruits, DM and
starch contents of the hard green mango fruits significantly affected the ripe-stage
eating quality, while sugars and specific gravity (SG) did not. The direct relation
between the harvesting quality (DM and starch contents) and the eating quality (Brix
value) was examined using the same fruits. NIR calibration equations (wavelengtht
region: 700 nm to 1100 nm measured with a research type instrument “NIRS6500)
were developed for predicting DM and starch contents in hard green mango fruits
nondestructively. The equations were subsequently used for predicting DM and starch
contents in the hard green fruits which were kept for ripe-stage eating quality
evaluation. It was found that the ripe mango fruits would have excellent eating quality,
high Brix value, if the fruits contained sufficient amounts of DM and starch when
harvested at the hard green stage. By the MLR equation developed, the ripe-stage
Brix value could be precisely predicted from the DM and starch contents of hard
green mango fruit at harvesting date. Regression coefficients of DM and starch in the
ripe-stage Brix prediction equation developed were almost the same value, suggesting
that both compositions were equally important for sugar biosynthesis of mango fruits
during ripening.

For the possibility of a portable type NIR instrument, the performance of
commercially available portable type NIR instrument “FT20” for nondestructive
quality evaluation of mango fruits was evaluated. Calibration result for the “FT20”
was compared with the result for the “NIRS6500”. PLS regression was used for
making calibration equations. It was found that the calibration equation developed
using spectral data obtained with the “FT20” would have similar accuracy to the
equation developed using NIRS6500 spectra. The values of standard error of
prediction (SEP) of calibration equations were 0.40 °Brix for both instruments. '

In the final step, the evaluation system for on-tree harvesting quality of hard
green mango fruits that were consumed later when ripe off-tree was established. The
portable type NIR instrument “FT20” in short wavelength region was used for
spectral acquisition. Effect of sunlight on spectra measured “out-door” was described
and removed. The developed NIR measuring system was used for predicting DM and
starch contents in hard green mangoes prior to harvest. On the 2D-scatter plot
between predicted DM and starch contents, the mature hard green mangoes fruits with
excellent eating quality when ripe could be completely separated from the | -mature
ones with unacceptable eating quality when ripe. The feasibility of in vive monitoring
of internal composition changes was demonstrated. It was concluded that the
developed NIR evaluation system was sufficiently capable for determining harvesting
quality of hard green mango fruits on trees. The system could be used as a tool for a
grower to decide a proper harvesting date which can provide high quality fruits to
fresh consuming market.
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