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Predicting Brix Values of Stored Apples using Near Infrared Spectra
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Summary

Sweetness sorting machines, based on near infrared (NIR) spectroscopy, have been introduced to
packinghouses for peaches, apples, oranges, and other fruits for nondestructive quality evaluation.
However, the NIR method for Brix values is not always calibrated well, so that a big bias occurs
occasionally. In this study, the means of developing a universal calibration for Brix using non-stored
apples, which is also suitable for stored samples, was explored. The calibration developed, using NIR
spectra [not the multiplicative scatter correction (MSC) one}, predicted the Brix values of non-stored
samples well but not that of stored ones. With the 5-month stored apples, a bias of 2.66° Brix
occurred. However, there was no bias when the spectra of non-stored and stored samples were used to
formulate the calibration equation. When calibration and prediction using MSC- treated spectra were
performed, the drawback described above could be mitigated. More accurate results were obtained
using NIR spectra within 758 to 1161 nm.

Key Words: apples, Brix value, multiplicative scatter correction (MSC), NIR, nondestructive
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Fig. 1. NIR mean spectra of apples stored for different periods:
0, before storage; 1, one—month storage; 3, 3-month
storage; 5, 5— month storage.
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Fig.2. Scatter diagram of samples on the plane with axis of the
first and second principal components (PC1, PC2).
@ : before storage, € : one— month storage, [ : 3-
month storage, /\ : 5-month storage.
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Table 1. Characteristics of calibration and prediction sample sets for making calibration equation
of Brix value using non - stored samples.
Months of storage Sample set n Range Mean SD*
0 Calibration 93 11.20-17.95 13.59 1.19
0 Prediction 45 11.55-17.15 13.75 1.17
1 Prediction 75 10.50-15.40 13.19 1.17
3 Prediction 79 10.15-14.50 12.43 1.00
5 Prediction 60 10.10-14.55 12.03 0.98
% Standard deviation.
Table 2. PLS calibration, using non - stored samples, for determining Brix value and prediction of
non - stored and stored samples.
Calibration” Prediction
Sample set
Factor R sgc:  Months of 0 1 3 5
storage
Non - stored SEP 0.35 0.49 0.42 1.40
apples 12 0.97 0.27 Bias 0.16 0.08 -0.08 2.66
* This calibration equation was called “calibration equation- A” in the text.
¥ Multiple correlation coefficient.
* Standard error of calibration.
Table 3. PLS calibration and prediction, using non - stored and stored samples.
Calibration’ Prediction
Sample set
Factor R sgcr  Monthsof ), 0 1 3 5
storage
SEP 0.37 0.42 0.29 0.30 0.29
All apples 1 097 029 Bias -0.11  -009  -014  -010 014

* This calibration equation was named “calibration equation-B” in the text.

¥ Multiple correlation coefficient.
* Standard error of calibration.
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Fig. 3. Plots of the mean log (1/R) as y - axis for 1-month, 3-
month and 5-month stored samples versus the mean
log (1/R) as x—axis for non-stored samples for points
through 680 nm to 1235 nm of NIR spectra.
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Fig. 4. Scatter diagram of samples on the plane with axis of the
first and second principal components (PC1, PC2). All
samples were corrected by MSC treatment. @ : before
storage, < : one - month storage, [ ] : 3- month storage,
A :5-month storage.
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Table 4. PLS calibration, using MSC treated spectra of non - stored samples, for determining Brix values and

prediction of non- stored and stored samples.

Calibration Prediction
Wavalength range Factor R SEC* Months of 0 1 3 5
storage
O S O S
N
T -
B
oo 6w om ¥ 43 o tn i
I
T

* This calibration equation was called “calibration equation- C” in the text.

¥ Multiple correlation coefficient.
* Standard error of calibration.

¥ a and b indicate significant at P=0.05 by ¢-test, respectively.
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