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Calibration Model of %Titratable Acidity (Citric Acid)
for Intact Tomato by Transmittance SW-NIR
Spectroscopy

K. Petcharaporn, S. Kumchoo

Abstract—The acidity (citric acid) is the one of chemical content
that can be refer to the internal quality and it’s a maturity index of
tomato, The titratable acidity (%TA) can be predicted by a non-
destructive method prediction by using the transmittance short
wavelength (SW-NIR) spectroscopy in the wavelength range between
665-955 nm. The set of 167 tomato samples divided into groups of
117 tomatoes sample for training set and 50 tomatoes sample for test
set were used to establish the calibration model to predict and
measure %TA by partial least squares regression (PLSR) technique.
The spectra were pretreated with MSC pretreatment and it gave the
optimal result for calibration model as (R = 0.92, RMSEC = 0.03%)
and this model obtained high accuracy result to use for %TA
prediction in test set as (R = 0.81, RMSEP = 0.05%). From the result
of prediction in test set shown that the transmittance SW-NIR
spectroscopy technique can be used for a non-destructive method for
%TA prediction of tomato.

Keywords—Tomato, quality, prediction, transmittance, titratable
acidity, citric acid.

|. INTRODUCTION

HE tomato (Lycopersicon esculentum) as in Fig. 1 is an

important vegetable that grown worldwide and it is the
second most consumed vegetable in the world, after the potato
[1] in manufactory for food industry. Sorting of quality for
tomatoes can be based on an external appearances such as
size, color, maturity, and freshness etc. These are a visual
inspection of tomatoes. The quality of finished products was
related to the qualities of raw material [2]. On the other hand,
the internal quality of tomato or an invisual inspection such as
soluble solid content (SSC) and Titratable Acidity (TA) in this
case is citric acid; it cannot be identified by visualization. The
percentage of Titratable Acidity (%TA) measurement must be
measured by a destructive method to access the values of it
example manual tritration method by individual tomato
samples and it’s a slow method to access the value and
measurement and it has to be a destructive methods also. A
destructive method is only used to access a few samples from
a given batch of tomatoes [3] so the Transmittance SW-NIR
Spectroscopy that it is a non-destructive method is interesting
and suitable to use for identification and measure the
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percentage of Titratable Acidity as citric acid. From the
previous studies, the NIR spectroscopy were used to determine
the brix (°Brix) value of intact apple, pear and persimmons
fruits [4], to measure the durian sweetness/ripening
examination [5], to evaluate of the taste quality for apple fruit
[6], to analyze the quantitative contents of blueberry [7], to
measure of Brix content in dragon fruit [8], to access to the
soluble solid of sweet corn [9] and to evaluate of sugar
concentration for sugarcane process [10]. In addition, the NIR
spectroscopy  non-destructive methods were used in
pharmaceutical process, wood, fabric polymer process and
Chemometrics, so this non-destructive method measured by
using a Transmittance SW-NIR Spectroscopy technique can
be used to predict and require the value of the percentage of
titratable acidity (citric acid) of tomatoes as the aim of this
study.

Fig. 1 The tomato that used in this research

Il. MATERIALS AND METHODS

A.Sample

A set of 167 fresh tomatoes were purchased from a local
market in Thailand. All of samples were selected and chosen
nearby size, color, maturity freshness and appearances.

B. Spectra Acquisition

Fig. 2 The point of 4 positions for tomato scanning

The acquirement for spectra of tomatoes by each sample of
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tomato was scanned at 4 positions at equatorial points, at 90°
interval, shown in Fig. 2 by using the Transmittance SW-NIR
spectrophotometer (PureSpect, Saika TIF., Japan) in the
wavelength range of 665-955 nm.

Each tomato was blended and filtered to obtain the tomato
juice and measured the value of % Titratable Acidity by using
an automatic titrator (METTLER TOLEDO T50) as Fig. 3
from 5 ml. tomato juice of each tomato was used for titration
with 50 ml. of distilled water and 0.1N of sodium hydroxide
(NaOH). The TA value was appeared in percentage.

Fig. 3 Citric acid titrator (METTLER TOLEDO T50)

C.Data Analysis

A set of 167 tomatoes for Titratable Acidity analysis, a set
of 117 tomatoes were used for the training set and a set of 50
tomatoes were used for the test set. The average spectrum for
each sample was calculated from the 4 individual
measurements. The correlation coefficient (R) and the root
mean squared error of calibration (RMSEC) were used to
choose for the best of calibration model for spectral
pretreatment in training set.

For the evaluation of prediction, the values of The
correlation coefficient (R) and the root mean squared error of
prediction (RMSEP) were considered and The Unscrambler
program (CAMO, Oslo, Norway) was used for statistical
analysis in this study.

I11. RESULTS AND DISCUSSION

The average original absorbance of SW-NIR spectra of
samples in each group as a high, medium and low level of
%TA were compared and shown in the Fig. 4 and it can
conclude that the percentages of %TA content were related to
the absorbance, the higher %TA was appeared in the higher of
the absorbance and followed by the medium level and low
level of %TA respectively. The description of tomato samples
in training set and test set were shown in Table I. From this
Table, training set that was built for equation and model
creating contains a set of 117 tomatoes that has the minimum
and maximum %TA in the set, the range of %TA between
0.29 to 0.62%.

The test set was built for equation testing, the prediction
model contains a set of 50 tomatoes and shows the range of
%TA between 0.31 to 0.60%, the value of %TA content for

the test set must not be lower and exceed to the minimum and
maximum value of %TA content in the training set.
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Fig. 4 The average original absorbance spectra in the different levels
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Fig.5 The scattered plots between an actual and predicted value of
%TA in test set

Table Il, shows the results of %TA content of tomato
classification obtained for the training set from PLSR models
generated using different spectral pretreatment conditions.
Each spectral pretreatment gave the difference the value of the
correlation coefficient (R). From the Table 11l was shown the
result of partial least squares regression (PLSR) for %TA of
tomato prediction and it can investigated that the MSC
spectral pretreatment obtained the optimal result as the
correlation coefficient is (R = 0.92) and the root mean square
standard error of calibration is (RMSEC = 0.03%) and after
that this calibration model was used for %TA content
prediction in the test set, from the result in the Table Il can
conclude that, the model it can use to predict and obtained the
good prediction result as in the test set as the correlation
coefficient is (R = 0.81) and the root mean square standard
error of prediction is (RMSEP = 0.05%).
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TABLE |
THE DESCRIPTION AND CHARACTERISTIC OF TOMATO SAMPLES IN TRAINING SET AND TEST SET
Sample set N Unit Range Mean SD
Training 117 % 0.29-0.62 0.44 0.08
Test 50 °% 0.31-0.60 0.44 0.08
TABLE I
THE PLSR RESULTS FOR THE CLASSIFICATION OF SAMPLES IN THE TRAINING SET AND TEST SET USING MULTIPLE MODELS
Training set Test set
Spectral pretreatment N Factor R N R
Original 117 14 0.92 50 0.78
Smoothing 117 14 0.89 50 0.73
Median 117 14 0.91 50 0.73
Moving Average 117 14 0.89 50 0.70
MsSC 117 13 0.92 50 0.81
SNV 117 14 0.92 50 0.79
Center & Scale 117 14 0.92 50 0.78
1* derivative 117 5 0.79 50 0.68
2" derivative 117 5 0.84 50 0.68
Smoothing + 1% derivative 117 11 0.89 50 0.72
Smoothing + 2™ derivative 117 5 0.82 50 0.70
SNV + 1 derivative 117 8 0.88 50 0.76
SNV + 2" derivative 117 5 0.83 50 0.67
MSC + 1% derivative 117 8 0.89 50 0.32
MSC + 2" derivative 117 5 0.83 50 0.67
SNV + Med + 1* derivative 117 8 0.86 50 0.70
SNV + Med + 2" derivative 117 3 0.82 50 0.69
MSC + Med + 1* derivative 117 8 0.86 50 0.20
MSC + Med + 2" derivative 117 3 0.82 50 0.71
SNV + Smoothing + 1% derivative 117 11 0.91 50 0.74
SNV + Smoothing + 2™ derivative 117 5 0.82 50 0.71
Mean + Smoothing 117 14 0.88 50 0.71
TABLE I
THE PLSR RESULT OF %TA PREDICTION FOR TOMATOES
Training set Test set
Spectral pretreatment N Factor R RMSEC N R RMSEP
MSC 117 13 0.92 0.03 50 0.81 0.05

The relationship between an actual value and predicted
value of %TA for tomato samples that it was predicted by
calibration model in test set was scattered and shown in Fig. 5.

V. CONCLUSION

In this study, the absorbance spectra that pretreated by MSC
spectra pretreatment can be used to be the calibration model of
% TA prediction of tomato. The model obtained the good and
rather accurate results for %TA prediction as R=0.81,
therefore from this study it can conclude that the transmittance
SW-NIR spectroscopy can be a non-destructive technique to
predict and evaluate the chemical value as %TA of tomato.
This calibration model can be improved and possibly apply in
the sorting line process of tomato for manufactory in the
future.
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