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Abstract The potential of reflectance visible/near infrared spectroscopy (VNIRS) was investigated for measuring total soluble
s0lids(TSS), vitamin C (VC) and titratable acidity (TA) in Hamlin orange fruit (Citrus sinensis L.). VNIR spectraof Hamlin orange
fruits harvested at different times were measured and related with the contents of TSS, VC and TA by partid least squares (PLS)
method to establish non-destructive models for predicting the TSS, VC and TA in the fruit. Meanwhile, the effects of different
gpectral pretreatment methods and spectra waveband range on the performance of the established modelswere also investigated.
The results showed that the PLS models of original spectrawithin the waveband range from 400 to 1000 nm gave optimal
predictionsfor TSS, VC and TA. Through multiple scatter calibration and 5-point moving-average smoothing pretreatment, an
optimal TSS prediction mode was obtained, with a correlation coefficient of 0.995 and aroot mean square error of calibration
(RMSEC) of 0.026% for the calibration sample set and a correlation coefficient of 0.992 and a root mean square error of
prediction (RMSEP) of 0.028% for the validation sample set. Multiple scatter calibration and 9-point moving-average smooth-
ing pretreatment gave an optimal TA prediction model, with a correlation coefficient of 0.997 and aRM SEC of 0.012% for the
calibration sample set and a correlation coefficient of 0.997 and a RM SEP of 0.013% for the validation sample set. An optimal
V C prediction model was dso obtained through multiple scatter calibration and 9-point moving-average smoothing pretreatment,
with acorrelation coefficient of 0.998 and aRM SEC of 0.009% for the calibration sample set and a correlation coefficient of
0.999 and aRM SEP of 0.009 for the validation sample set. These results suggest that the use of a sample set comprising Hamlin
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organe fruits collected at different harvesting times can improve the accuracy of aPL S prediction mode.
Key words Hamlin sweet orange internal quality Vis/NIR spectroscopy non-destructive measurement
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Fig.1 Schematic diagram of a VNIRS spectral detection system
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Table 1 TSS, VC and TA contents in Hamlin sweet orange samples
with different degree of maturity

TSSPBrix  TA®% VCI(mgimL) TSSPBrix TA% VC/(mg/mL)
2008-11-02 48 889 09294 5126 69 105 05854 11514 4225 6322
200811-15 60 960 08920 5659 80 118 07490 11312 4852 7017
20081201 60 981 08825 5727 76 123 06894 11841 2716 7759
20081218 59 1001 08726 6267 80 122 07139 10937 5102 7835
2009-01-03 59 1132 08224 6504 95 131 05260 11010 4485 9001
2009-01-16 56 1103 08114 5868 94 138 05252 10505 4572 7054

1 (TSS TA VC)
1 TSS TA VC
6.9 13.8°Brix

0.5252% 1.1841% 27.16 90.01mg/mL

[17]

TSS TA VC
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Table 2 Maximum and minimum and average values of TSS, VC and
TA contents in calibration set and validation set of Hamlin sweet orange
samples

(n 306) 13.80 7.20 10.09 1.23

TSS/°Brix
(n 36) 12.20 7.30 1002 1.19
(n 306) 115 0.53 0.86 0.11
TAI%
(n 36) 113 0.62 0.89 0.12
(n 306) 8104 2716 5881 7.21
VC/(mg/mL)
(n 36) 80.01 4254 5883 1012
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Fig.3 Original spectra of Hamlin orange fruits
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Table 3 Comparisons of parameters of PLS models of original spectra

PLS

of Hamlin orange fruits within different wavebands

/nm r RMSEC RMSEP
553 845 9 0.685 0.625 0.669
TSS 913 1000 5 0.602 0.681 0.695
400 1000 6 0.774 0.517 0.592
553 8450 4 0.672 0.667 0.687
TA 913 1000 7 0.559 0.701 0.724
400 1000 6 0.705 0.548 0.627
553 845 6 0.679 0.654 0.673
VvC 913 1000 8 0.594 0.694 0.705
400 1000 5 0.759 0.527 0.602
23
4 PLS

Table 4 Comparisons of parameters of PLS models of original spectra

of Hamlin orange fruits with spectral pretreatments

MSC MAS r RMSEC r RMSEP
1+ 9 0983 0141 0979 0.58 0.977
2 + 3+ 4 098 0057 0985 0.0605 0.954
TSS 3 + 5+ 4 0995 0026 0998 0028 0992
4 + 7+ 5 0986 0025 0984 0026 0981
5 + 9+ 5 0983 0026 0982 0027 0980
6 + 8 0813 0100 0793 0.109 0.796
7 + 3+ 8 098l 003 0978 0039 0948
TA 8 + 5+ 9 099 0021 0988 0023 0979
9 + 7+ 5 099 0018 0989 0019 0990
10 + 9+ 4 0997 0012 099 0013 0997
1+ 6 0987 0056 0984 0062 0.992
12+ 3+ 5 0912 0040 0905 0042 0910
VC 13 + 5+ 8 0983 0024 0980 0026 0968
14 + 7+ 5 0993 0014 0992 0015 0994
15 + 9+ 5 0998 0009 0997 0009 0.999
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Fig.4 Plot of predicted versus experimental TA contents in Hamlin
sweet orange samples
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