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The chemical quality of juices and wine produced from Mamao fruit was evaluated by
Fourier transform near-infrared (FT-NIR). The calibration equation was created by the
cross-validation method to be si+mulated the accuracy. Statistical values composed of
correlation coefficient (R), standard error of cross-validation (SECV) and bias were used.
Brix values and acidity values of Mao juice and the Brix, acidity, and alcohol values of
Mao wine products were evaluated through the standard and cross-validation relation. It
was found that was observed with NIR spectrometer to be absorbed in the same IR
wavelength (1450 nm) which indicated that the water is the main composition. Based on
FT-NIR analysis, the spectrum latices of juices and wine were revealed in the same range
of the absorption bands at 1450 nm and 1940 nm to be confirmed the water composition.
Also, the FT-NIR spectra from region 2258-2312 nm in Mao wine product have been
predicted to the Ethanol functions.
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1. INTRODUCTION

of working by lighting up through the solution or substance,
light absorption in near-infrared light makes the molecules of
substance vibrate at high frequencies. The vibrations of
various bonds occur at different wavelengths, which is a nondestructive inspection method. All of the above methods are
near-infrared (NIR) spectroscopy [9]. This method could be
easily carried and transferred to analytical precision for
chemical identification and quantitation from spectral
resolution. The advantages of this method are uncomplicated,
fast (15-90 s), accurate analysis, no chemicals or fewer
chemicals and can measure the compositions or properties of
agricultural products, food, and various elements
simultaneously [9, 10], such as measuring quality components
of canola seed [11], determination of moisture content of inshell peanuts [12], measuring the chemical composition of the
gas [13, 14], determination of ammonia content in Para rubber
latex [15], the detection of milk adulterations with water [16],
detection of postharvest quality of Cherry tomatoes [17] and
developing instruments [18] for determining ripeness
including Brix, Potential of Hydrogen Ion (pH), and
Anthocyanin concentration in grape wine. The parameters
have been verified with a root mean square error of calibration
(RMSEC), the root mean square error of validation (RMSEV),
and R2 (Multiple correlation index). This research can measure
the Brix and pH in grapes, but Anthocyanin must require other
techniques that are accurate to help to measure for greater
accuracy. The researcher [19] studies the effect of temperature
variation on the visible and NIR spectra between white and red
wine because the temperature affects the vibration and
frequency of molecular bonds. The results show that the length
of the spectrum at approximately 970 nm and 1400 nm
affected the O-H bond the PLS calibration was inversely when
the temperature increased.
In this work, we used NIR spectroscopy within the Fourier

Mamao Luang (Antidesma puncticulatum Miq.) is one of
the geographical indications (GI) of Sakon Nakhon province,
Thailand, found on Phu Phan mountain [1-4]. In addition, the
Mamao Luang is the main crop used for a juice-making
process (juices and wine), which is conducted by the
cooperation and small and micro-community enterprise
(SME) of Sakon Nakhon. The benefit of natural products is
claimed the health-enhancing functional foods. However, the
quality of products could be observed from the chemical
composition to be demonstrated the quality of the products.
Nowadays, the researcher presented several techniques to
monitor various parameters and chemical properties of wine
by using sensors, including optical sensors and a color camera,
and to determine the moisture content of wet and dry oak wood
conditions affecting oxygen transmission [5]. It was found that
the water saturation in wood is a factor that affects oxygen
transmission decreased on wine curing with oxygen
transmission rate (OTR). For advanced method is electronic
tongue; to analyze and classify the different types of wines
from wine aromas with metal oxide gas sensors within the
digital microfluidic (DMF) [6]. Based on the electronic tongue
[7, 8], there are classification methods of white and red wine
with machine learning, artificial neural network (ANN)
worked with models or analysis instruments such as Principle
Component Analysis (PCA), Soft Independent Modeling
Class Analogy (SIMCA) and Partial Least Squares (PLS)
regression for the classification of the wine and quantification
of the grape sequence. All these methods can classify each
type of wine, but some methods require preparation for
substance testing, parameter measurement in a laboratory, and
prediction, which make technical complexity. However, there
is a method for measuring parameters that have the principle
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transform (FT-NIR) mode to analyzing the chemical
identification and quantitation to be evaluated of chemical
quality on juices and wine produced from Mamao fruit.

same IR wavelength of 1450 nm and 1940 nm, which indicated
the water for all produces from Mamao fruit to be absorbed
with NIR spectrometer [15, 20]. It also appeared a slight
absorption at around 2258-2312 nm for Mamao wine (Figure
1(b)) which was corresponding to the absorption band of
Ethanol [20].

2. MATERIAL AND METHOD
2.1 Samples
In this study, 30 samples each for juices and wine produced
from Mamao fruits were used with different shelf-life ranges.
Shelf life from 2016 to 2019 is juice product samples and shelf
life from 2018 to 2019 is the wine product samples. Both
product samples composed of the 1st order and 2nd order of
squeeze processing were measured to be provided a variance
range of sweetness, alcohol content, and acidity values
covering samples as expected in all products. All samples were
separated into two sets, one set was transported to Near
Infrared Laboratory at Kasetsart University and measured by
Near-Infrared Spectrometer. Each sample was measured at
room temperature (25℃) and relative humidity of 30%.

Wavenumber

(cm−1)

(a) Juices

2.2 Instrumentation
This study was used two instrumentations compose of
Fourier transform near-infrared (FT-NIR) spectrometer (MPA
model, Bruker) within wavelength range 800 – 2500 nm
(around 12500 to 4,000 cm-1) [15] at the Near Infrared
Laboratory, Food Engineering Department, Engineering at
Kamphaengsaen Faculty, Kasetsart University, Thailand. FTNIR spectrometer measured all samples under a transfection
system within a petri dish (34.00 mm of diameter) and then
covered with a reflector at a physical pathlength of 0.1 mm.

Wavenumber

(cm−1)

(b) Wine produced from Mamao
Figure 1. The original FT-NIR spectra lattices obtained from
FT-NIR Spectrometer

2.3 Data analyses
The calibration equation for analyzing the quality of juices
and wine produced from Mamao fruits was created based on
the relationship between the NIR absorption region and
standard quality values. Which the processing was carried by
partial least squares regression (PLS) through the software
package of the FT-NIR spectrometer (OPUS 6.5) and the
unscramble (version 9.7) program. All analysis results were
created by the cross-validation method and then used to
simulate the accuracy of the created equation. Statistical
values of the created equation have consisted of correlation
coefficient (R), standard error of cross-validation (SECV), and
bias. These values could be investigated the performance of
created equations for the determination of Brix and acidity
values of Mao juice and the Brix, acidity, and alcohol values
of Mao wine products.

3.2 Calibration equation development
Mamao juices and wine products each for 30 samples were
measured by FT-NIR spectrometer to be analyzed the
chemical quality as shown in Tables 1 and 2, respectively. The
data analysis as listed in Tables 1 and 2 were statistical
parameters of the samples in the calibration set and the
validation set based on the full cross-validation method.
According to the original spectra, the baseline shift due to the
light scattering effect has occurred. Also, sample
pretreatments were used to reduce unwanted influences on
spectra before developing calibration equations.
Focus on Table 2, the correlation coefficient (R) of
calibration (Rc) and cross-validation (Rcv) groups affected
onto the calibration equation for L*, a*, and b* values have
been more differenced with more than 0.5. This result
demonstrated that the calibration equation is not suitable for
L*, a*, and b* values determination since these parameters
express to physical properties of the sample, which the
responding with suitable in this case should be visible light in
wavelength 400-700 nm. While FT-NIR spectrometer is
detected the wavelength within 800-2500 nm. Hence, the
specific data was affected to be not evaluated the color quality
of the wine.

3. RESULTS AND DISCUSSION
3.1 NIR spectra for juices and wine
Figure 1 shows the original spectrum field of (a) juices and
(b) wine produced from Mamao fruit as obtained within FTNIR spectrometer in wavelength around 800-2500 nm. Both
textures are the same with the dominant absorbance at the

256

Table 1. Statistical parameters of the Mamao juice samples in the calibration set and the cross-validation set
Parameters
Brix

Acidity

Calibration set Cross-Validation set
Factors RPD Region (cm-1)
R2
SEC
R2 SECV bias
1st derivative
0.994 0.269 0.888 1.046 0.011
6
2.99 7502.1 - 6098.1
9403.7 - 6098.1,
2nd derivative
0.935 0.825 0.888 1.048 -0.074
2
2.99
4601.6 - 4246.7
Vector Normalization (SNV) 0.993 0.305 0.891 1.034 -0.057
6
3.03 7502.1 - 5446.3
1st derivative +SNV
0.995 0.254 0.901 0.984 -0.007
5
3.18 7502.1 - 5446.3
7502.1 - 5446.3,
1st derivative
0.988 0.094 0.860 0.287 -0.016
6
2.68
4601.6 - 4246.7
7502.1 - 5446.3,
2nd derivative
0.837 0.316 0.806 0.339 0.011
1
2.27
4601.6 - 4246.7
6102 - 5446.3,
Vector Normalization (SNV) 0.986 0.102 0.917 0.222 -0.008
6
3.46
4601.6 - 4246.7
1st derivative +SNV
0.995 0.059 0.903 0.239 0.022
6
3.22 6102 - 5446.3
Pretreatment

Table 2. Statistical parameters of the Mamao wine samples in the calibration set and the cross-validation set
Parameters
Pretreatment
Brix
2nd derivative
st
Acidity
1 derivative + SNV
alcohol
L*
a*
b*
h

Region (nm) rank Rc SEC
1332-2175
3
0.85 1.34
1332-1470
1
0.47 0.08
800-1836,
MSC
4
0.98 0.52
2173.4-2356.9
800-1639,
1st derivative + MSC
2
0.94 0.45
2173-2354
800-1639,
1st derivative + MSC
3
0.97 0.39
2173-2354
800-1639,
1st derivative + SNV
2
0.93 0.36
2173-2354
SNV
2173-2354
2
0.56 133.92

3.3 Chemical quality of juices and wine produced from
Mamao fruit

Rcv SECV bias
0.63 1.88 -0.04
0.31 0.08 -0.00
0.73

1.83

0.00

0.29

1.23

0.02

0.40

1.42

0.01

0.29

0.97

0.01

0.44 142.09 -2.67

results indicated that the sampling points were tended
distributed around a diagonal line. The values of data analysis
via NIR techniques and values as analyzed by standard
methods must be related to the correlation coefficient (R),
standard error of cross-validation (SECV) and bias mean. A
sweetness analysis of Mao juices carried by NIR techniques to
be obtained the correlation coefficient, standard error of crossvalidation and bias of approximately 0.90, 0.98 ºBrix, and
0.007 ºBrix, respectively, within the group of validation set
equations. However, the value from the paired t-test indicated
that sweetness as analyzed with NIR and standard methods
was related significantly with 95 % confidence intervals. For
the Mao wine products, the values of data analysis via NIR
techniques and values as analyzed by standard methods were
related to the correlation coefficient (R) of around 0.853 and
0.632 and error standards of around 1.337 and 1.882 ºBrix in
the calibration set and cross-validation set, respectively. The
coefficient of the standard equation for analyzing the amount
of sweetness in juices and wine is showed in Figure 3. Figure
3(a) shows the coefficient of the calibration equation of
sweetness in Mao juices. This result is noticed that the
variables influencing the standard equation for analyzing the
sweetness in the wine (ºBrix) are located at positions 1440 and
1580 nm, which are the absorption positions of the 0-H str. 1st
overtone bond, which is the structure of Sucrose and Glucose
sugar [21]. It also corresponds to the absorption position of
Sucrose and Glucose as reported by Williams and Norris [20]
and at the absorption position of 1457 nm. It is also another
variable that influences the equation. It is the absorption
position [20], which is also an element of sugar contained in
fruits. In addition, at the absorption position 1520 nm, Osborne
et al. [21] reported the absorption position of the O-H str. 1st
overtone of the starch structure which not Glucose, Sucrose,
or Fructose. Therefore, the starch or polysaccharide structure

3.3.1 Sweetness analysis or Brix value
Brix value or sweetness of juices and wine produced from
Mamao fruit was processed based on the partial least squares
regression (PLS) method through OPUS 6.5 software. The
best equations for analyzing the sweetness in the wavelength
range 1332-2175 nm were optimized from the spectrum with
the 1st derivative and vector normalization (SNV)
combination method for Mao juices, and the 2nd derivative for
Mao wine. All scatter plots of creating and testing of equation
results through the full cross-validation method were showed
in Figure 2.

Figure 2. Scatter plots of predicted Brix values in the
calibration set and the validation set for (a)-(b) juices and
(c)-(d) wine produced from Mamao fruit, respectively
From scatter plots of calibration and validation graph, both
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in pants will be had the monomer of Glucose sugar as
connected with glycosidic bond. Hence, this variable may be
critical to the calibration equations that are created. Figure 3(b)
shows the coefficient of the equation of sweetness in Mao
wine products. The coefficient of variables influencing the
equation is 1940 nm, which corresponds to the combination
absorption position of the bond of O-H str. and O-H def., the
main bonds of water [20, 21] are the main elements in the wine.
In addition, the variable influencing the analysis of the
sweetness (ºBrix) of the wine is 2080 nm, which is the
combination absorption position of the bond. O-H str. and OH def., which are the bonding structures of Sucrose sugar [21]
and close to the crystalline Sucrose absorption position at 2100
nm corresponding with reported from [20].

the standard equation to estimate the alcohol value of Mao
wine indicated the wavelength position of 1410 nm has
influenced the standard equation to be absorbed of the O-H str.
bond in conjunction with the Alkyl group (ROH) [21, 22]. This
claimed the alcohol structure and also have the wavelength
positions of 2270 nm and 2302 as yielded the ethanal
absorption [20].
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Figure 5. The coefficient of the standard equation for
analyzing the alcohol value of Mao wine
3.3.3 Acidity values analysis
Figure 6 shows the prediction of acidity values of juices and
wine produced from Mamao fruit within the calibration set and
the validation set through the scatter plots. The calibration set
(Figure 6(a)) and the validation set (Figure 6(b)) of Mao juices,
the best equations for analyzing the acidity were used Vector
normalization method within the wavelength range of 1638 –
1828 and 2170 – 2354 nm. Base on NIR analyzing results, the
correlation coefficient, standard error of cross-validation, and
bias were obtained of 0.92, 0.22, and -0.008, respectively.
Also, have the value from the paired t-test as analyzed with
NIR and standard methods were related significantly with the
reliability of 95 % similarly with Brix values analyzing the
result. While the calibration set (Figure 6(c)) and the
validation set (Figure 6(d)) of Mao wine product, the best
equations for analyzing the acidity were used the spectrum
with the 1st derivative and vector normalization combination
methods within the wavelength range of 1332 – 1470 nm. Both
reports could be not good for analysis due to an R-value in the
cross-validation group of less than 0.75, which is inconsistent
with other research that uses NIR techniques to analyze the
quality of wine. One of the most probable reasons is that all
samples were divided into 2 sets, one set for NIR measurement
and the other one for chemical analytical method, while
fermentation or termination process is incomplete of wine and
the infections contained within the sample will still be active.
Accordingly, the amount of sugar, acidity, and alcohol in wine
from the 2 sets are different.
Focus on acidity values of Mao juices, the coefficient of the
standard equation of acidity in Mao juices was shown in
Figure 7. This result is noticed that the variables influencing
the standard equation for analyzing the acidity as located at
NIR wavelength positions 2242 and 2294 nm to be absorbed
of the N-H str. + NH3+ def. bond and N-H str. + C=O str. bond,
respectively. In specially, these locations are performed the
structure of Amino acid [21] which important for healthy
within more than 18 types from net 20 types. At wavelength
positions, 2294 nm yielded the absorption as related with the
Vitamin C or Ascorbic acid [20] with more than 8.97 mg per
100 g of Mao fruit.

Figure 3. The coefficient of the calibration equation for
analyzing Brix value of (a) juices and (b) wine produced
from Mamao fruits
3.3.2 Alcohol analysis of wine product
Figure 4 shows the calibration set (a) and the validation set
(b) scatter plots of Mao wine product to be analyzed of
Alcohol value using the 1st derivative spectrum and vector
normalization combination methods in the wavelength range
of 800 – 1836 nm. This method may be not suitable for alcohol
prediction due to an R-value in the cross-validation group of
less than 0.75 within the correlation coefficient and standard
error of cross-validation of 0.74 and 1.82%, respectively.

Figure 4. Scatter plots of predicted alcohol values of Mao
wine product (a) the calibration set and (b) the validation set
Figure 5 shows the coefficient of the standard equation for
analyzing the alcohol value of Mao wine. The regression of
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Figure 7. The coefficient of the standard equation for
analyzing the acidity value of Mao juices
4. CONCLUSION
Chemical quality on juices and wine produced from Mamao
fruit compose of Brix and acidity values have been evaluated
by the near-infrared spectroscopy method. All produce from
Mamao fruit as observed with FT-NIR spectrometer to be
indicated the main composition of water. Also, the FT-NIR
spectra in the wavelength 2258-2312 nm of Mao wine product
could be predicted and confirmed the Ethanol function or
alcohol hybridization. Brix or sweetness of Mamao fruit
products as analyzed have composed of Sucrose and Glucose
sugar and abundant of Amino acid more than 18 types which
obtained from acidity predication process.
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