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Research Title: Detection of adulteration of fresh orange juice by sugar solution using near infrared
spectroscopy
Researcher: Panmanas Sirisomboon -

Faculty: Engineering Department: Mechanical Engineering

ABSTRACT

Orange juices are a popular refreshment beverage and nutrition source. However, the adulteration
of pure juice has now become a common practice. In this study, near infrared spectroscopy was applied
to identify differentiate between the pure fresh orange juice and adulterated orange juice. One hundred
samples of the juice included 10 samples of 100% fresh juice, 80 samples which were added by 50%
w/w sugar solution and water for 16 different levels of orange juices (5 samples for each level) and 50
of purchased juiced from 25 vendors in Bangkok and near-by provinces. First, near infrared
spectroscopy was applied as a means to determine whether different orange juice samples had been
adulterated with sugar solution or not. Each sample was scanned with an FT-NIR spectrometer. A PLS
regression model tested by validation set to predict the sugar-added content of juice samples provided
Rz, RMSEP and a bias of 92.06%, 0.0361 g/ml, and -0.0041 g/ml, respectively and for water-added
87.68%, 7.37%, and -1.26%, respectively. These results confirmed that an NIR-based protocol could be
applied for sugar adulteration in orange juice. Second, the near infrared (NIR) spectroscopy was
applied in differentiate the pure fresh orange juice from adulterated juice by table sugar solution using
principal component analysis. The score plot of principal component 1 (PC1) and principal component
2 (PC2) indicated that the NIR spectra of orange juice samples scanned by FT-NIR spectrometer could
be fairly classified into different groups and the pure fresh orange juice was separated from the
adulterated ones. The score plot showed that the juice samples bought from vendors were in groups of
50:20:30, 40:10:50, 40:20:40 and 30:20:50 of juice:50%w/w sugar solution:water (by volume).

However, there was a vender sold 100% pure fruit juice. This data is useful for customer.

Keywords : Orange juice; adulteration; sugar solution; near infrared spectroscopy; PLS regression
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Chapter 1

Introduction

Introduction

Due to increasing temperatures and the desire for healthier diets, cool fruit juices have
become popular particularly in Bangkok and near-by provinces. Orange juice is rich in phenolic
compounds and ascorbic acid (Stinco et al., 2015). Because of its phenolic content, orange juice
has known antioxidant properties (Scalzoa et al., 2004). In addition, significant amount of L-
ascorbic acid or vitamin C is contained in oranges, making them an important source of nutrition.
Indeed, the nutrition content found of oranges is commonly used as a nutritional index such as
vitamin C, potassium, folate, niacin, riboflavin, and magnesium (Rampersaud, 2007). The size
and value of the commercial fruit juice market, the adulteration of the product has been widely
practiced, especially in locations along busy roads and intersections in Thailand. Fruit juices
(orange and apple juice) where in the top 7 foods reported from 1980 to 2010 as the most
common targets for adulteration (Moore et al., 2012, Jandri¢ et al., 2014). Orange juice vendors
are found scattered throughout Bangkok and near-by Provinces. It is a widely held belief that
adulteration of the orange juice by the addition of sugar solution is a common practice. Therefore
the ability to detect for the adulteration of orange juice with sugar solution is clearly needed to

protect consumers.
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Objective

The applicability of rapid analytical methods, such as NIR, for fraud detection in fruit juice,
and in particular orange juice is of most interest to researchers and government officials.
Therefore,
1. The first objective of this research was to assess the application FT-NIR spectroscopy for the
determination of the adulteration of orange juice with sugar solution at different concentrations.
2. The second objective was to do feasibility study on applying NIR spectroscopy to differentiate
the pure fresh orange juice from adulterated juice by table sugar solution using principal
component analysis.

This information would be useful to customers.
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Chapter 2

Literature Review

Near infrared spectroscopy (NIR) is a non-destructive technique that can be used to
rapidly evaluate chemical constituents of materials. (Rodriguez-Saona et al., 2001) developed an
FT-NIR model to predict the sugar levels in fruit juices (apple and orange from department
stores) and compared it with HPLC and standard enzymatic techniques. The models generated
from transmittance spectra gave the best performance with a standard error of prediction (SEP) <
0.10% and an R2 of 99.9%, with the ability to accurately and precisely predict the sugar levels in
Juices. Hong and Wang (2014) studied the authentication of fresh cherry tomato juices
adulterated with different levels of overripe tomato juices: 0 — 30%. Their study indicated that
the prediction performances by fusion approaches were better than by the sole usage of an e-nose
or e-tongue method; yet classification and prediction performances based on different fusion
approaches vary. Boggia et al. (2013) proposed a strategy based on UV-VIS spectroscopy for the
detection of filler juices and water added to pomegranate juices. Visible and NIR spectroscopy
have also been used to determine the levels of important nutrients in orange juice including citric
acid and tartaric acid. The correlation coefficients (r) and root mean squares error of prediction
(RMSEP) in the best model were 0.944 and 0.596 for citric acid and 0.930 and 0.013 for tartaric
acid (Cen et al., 2007). For soluble solids contents (SSC) and pH, the correlation coefficients (r),
standard error of prediction and RMSEP for SSC were 0.98, 0.68, and 0.73 for SSC and 0.96,
0.06, and 0.06 for pH, respectively (Cen et al., 2006). Determination of glucose, fructose,

sucrose and citric and malic acids in orange juices were carried out using dry extract samples and
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the ability of calibration models was acceptable in comparison with the reference methods (Li et
al., 1996). The classification accuracy for prochloraz residue was found to be 100% (Zhang et
al., 2013).

In addition, 3D-front-face fluorescence spectroscopy has been used to assess the
adulteration of orange juice by grapefruit juice at percentages as low as 1% (Ammari et al.,
2015). Principal Component Analysis (PCA) was applied to a set of physicochemical variables
and the addition of sugar were investigated. Detecting adulterations started from approximately
15%. The rapid automated screening technique Curie-point pyrolysis mass spectrometry (PyMS)
was used to detect a 10% (w/v) beet sucrose solution adulterated with freshly squeezed orange
juice over the range 0-20% (or 0-20 g 1 of added sucrose) and provided calibration models
which gave excellent predictions for sucrose adulteration levels below 1% (Goodacre et al.,
1997)

It is not easy to determine non-destructively or even destructively whether the juice is
pure or being adulterated. Pineapple, orange, grapefruit, apple, clementine, and pomelo were
investigated . for adulteration using chromatographic experiments performed on a Waters
ACQUITY™ UPLC™ system connected to Xevo G2 Q-ToF MS equipped with an electrospray
ionisation source with multivariate data analysis and adulteration could be detected at 1%
(Jandri¢ et al., 2014). Ammari et al. (2015) assessed the adulteration of orange juice by
grapefruit juice by 3D-front-face fluorescence spectroscopy followed by Independent
Components Analysis (ICA) and by classical methods such as free radical scavenging activity
and total flavonoid content. The results of this study clearly indicated that frauds by adding
grapefruit juice to orange juice can be detected at percentages as low as 1%. Near infrared

spectroscopy is a rapid, non-destructive, accurate, environmental friendly technique for
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determination of constituents in agricultural product and food and also for detection of an
adulteration of food. It was applied to orange juice in some cases such as to -estimate the
saccharose concentration (Benoudjit et al., 2009) and to detect the citric acid and tartaric acid in
orange juice (Cen et al., 2007). The obtained results suggested that the NIR approach represents
a promising alternative to the traditional methods. Principal components analysis was used to
classify the pure orange juice and adulterated ones using 46 volatile constituents (not NIR
spectra) as parameters and it was also possible to classify the orange juice drinks relative to pure

juice samples (Shaw et al., 1997). It has been no report on detection of sugar solution adulterated

in orange juice using principal component analysis accompanied with NIR spectroscopy.
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Chapter 3

Materials and Methods

Samples

There were 10 samples of 100% fresh juices squeezed from oranges (Citrus tangerina),
referred to as “Kiew Wan” in Thailand, bought from main agricultural produce distributing
market in Pathumthani province, Thailand. Before squeezing, the fruit was cut in half, with 2-3
.ha]ves being squeezed at a time without peeling or seed removal. There were 80 samples (200 ml
each) which were prepared by adding 50% w/w sugar solution and water into 16 different levels
of pure orange juices (5 samples for each level) (Table 1). The ratio of the compositions was by
volume. There were 50 of purchased juice from 25 vendors in Bangkok and near-by provincés 2

samples from each vendor). Therefore there were 18 groups in total.

Near infrared spectroscopy

Each sample was scanned using near infrared (NIR) radiation of 12500-3600 cm™
through a é]ass vial of 22 mm covered with a stainless steel transflection plate which provided a
2 mm optical path length using a Multi-Purpose Analyzer (MPA) FT-NIR spectrometer (Bruker,
Bremen, Germany) (Figure 1). The scanning was done with a nominal resolution of 8 cm™,
accumulating 32 scans per spectrum using a background of the gold at a room temperature of 25

+ 1 °C. The NIR spectra obtained were classified into 18 groups using principal component

analysis by OPUS, v.7.0.129 software.
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Spectrum Pre-treatment and NIR Spectroscopy Model Establishment

The NIR calibration‘ models for the pure orange juice and adulterated samples were
developed for determination of the amount of added sugar and added water using partial least
squares regression (PLS). After the reference data and spectral data were merged and run in
ascending order of the reference data. The calibration and validation set were randomly selected
using OPUS, v.7.0.129 software with the condition that calibration set covered the full
measurement range. Therefore, all types of juice, 100% fresh juice and adulterated juice, were in
both calibration set and validation set. The calibration set consisted of approximately 70 % with
the remainder used as a validation set. OPUS, v.7.0.129 was used in both spectrum pre-treatment
and model development. The NIR spectra used for model development were pre-treated using
the following methods in the software; no pre-treatment, constant offset elimination, straight line
subtraction, vector normalization (SNV), min-max normalization, multiplicative scatter
correction (MSC), first derivatives, second derivatives, first derivatives+straight line subtraction,
first derivativestSNV and first derivativestMSC. The combination of the following
wavenumber ranges including approximately 9000-7500 cm™ (Region A), 7500-6100 cm’
(Region B), 6100-5450 cm™ (Region C), 5450-4600 cm™” (Region D) and 4600-4250 cm
(Region E), and pre-treatment method was used for model development. The number of latent
variables (PLS factors) in a calibration model was optimized by minimum root mean square error
of cross validation (RMSECYV). After that the optimal model was tested by validation set and the
coefficient of determination (R?), root mean square error of prediction (RMSEP) and the

prediction bias were reported.
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Chapter 4

Results and Discussion

Detection of Sugar Adulteration of Fresh Orange Juice by Near Infrared Spectroscopy

Table 2 shows the minimum (Min), maximum (Max), mean, and standard deviation (SD) of

sugar-added and water-added in fresh orange juice samples in calibration set and validation set.

The scatter plot in Figure 2 shows the prediction data and the reference data for the sugar
adulterated samples. The best model was developed using the vector normalization (SNV)
method in the range of 6102 - 5446.3 cm™ leading to a coefficient of determination (R, root

mean square error of prediction (RMSEP), a bias and residual predictive deviation (RPD) of

92.06%, 0.0361%, -0.004% and 3.57, respectively.

Table 2. Minimum (Min), maximum (Max), mean, and standard deviation (SD) for sugar-added
and water-added in fresh orange juice samples in calibration set and validation set.

Type of Set Addition No. No. Spectra Mean Max Min SD
Samples

Calibration set ~ Sugar (g/L) 61 122 022 043 000 0.11

Validation set Sugar (g/L) 25 50 0.17 043 0.00 0.13

Clibration set Water (%) 64 128 38.66 6193 0.00 18.13

Validation set Water (%) 26 51 26.50 6193 0.00 21.45
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RMSEP=0.0361 g/ml
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Figure 2. Plot of the observed versus predicted added sugar concentrations for the optimal
NIR model generated on sugar adulterated juice samples of the validation set.
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Table 3 shows the prediction statistics associated with the PLS model of the adulterated
samples. In addition to a very low error of prediction, the R of between 92-96% implies that the
model is sufficiently predictive to be us;d in applications including quality assurance (Williams,
2007). The RPD is calculated from the ratio between the standard deviation of reference values
in the validation set and the standard error of prediction. The RPD of 3.1-4.9 implies that the

model is sufficient for screening (Williams, 2007).

Table 3. Prediction statistics of sugar-added adulterated of orange juice by PLS model.

Wave Calibration set Validation set
Pre-treatment Number PLS

Rang]e Factor R’ RMSEE RPD R? RMSEP RPD Bias

(ecm™)

Vector
Normalization 6102-4463 3 88.21 0.0396 2091 92.06 0.0361 3.57 0.004
(SNV)

Figure 3 shows a plot of the regression coefficients for the model generated on the sugar
adulterated samples while Figure 4 shows the corresponding X-loadings. The large regression
coefficients and X-loadings indicate molecular vibration bands that are important in defining the
PLS model. Table 4 contains data for the large peaks in the regression coefficient plot and X-
loading plot and corresponds to important bond vibrations. It was apparent froin the initial
analysis that vibrations due to water effect were not important whereas those of cellulose and
other C-H bonds were important. This appears to be a reflection of the fact that pure, fresh

orange juice contains some degree of pulp material.

11
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Figure 3. Plot of the regression coefficients versus NIR wavenumber for the optimal NIR

model generated on sugar adulterated juice samples.
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Figure 4. Plot of the X-loadings versus NIR wavenumber for the optimal NIR model

generated on sugar adulterated juice samples.
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Table 4. Wave number and bond vibration that illustrated hi gh regression coefficients and X-
loading of optimal prediction model of table sugar added adulterated of orange juice.

Wave

Numb Wavelength Wavelength Bond vibration Structure Source

(c‘r’n'?,)er (nm) (nm) [14]  [14] [14] (Fig. 2 and Fig. 3)
C-H str. first cis- Regression coefficient,

6036 1657 1660 overtone RCH=CHR' Factor 3

5936 1685 1685 C-H str. first aromatic Factor 2, Factor 3
overtone

5874 1702 1705 C-H str. first CH; Regression coefficient,
overtone Factor 3

5805 1723 1725 C-Hstr. first CH, Factor 2, Factor 3
overtone

5635 1775 1780 C-H str. first cellulose Regression coefficient,

: overtone Factor 2
5493 1820 1820 St;H S 42X G0 ellulose Regression coefficient

The scatter plot showing the reference data and the prediction data for the water added

model is shown in Figure 5. The best model developed using non-pre-treated spectra in the range

of 9403.8 - 7498.3 cm™ led to an R’, RMSEP, a bias and RPD of 87.68%, 7.37%, -1.26% and

2.89, respectively. Table 5 shows the prediction statistics associated with the PLS model built on

the water-adulterated orange juice samples. The model displays R’ of between 0.83-0.90

implying that the model is usable with caution for most applications, including research’

(Williams, 2007). The RPD of between 2.4-3.0 implies that the model is suitable for rough for

screening (Williamé, 2007).

13
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70 R2=87.68 %

60 + RMSEP=7.37% ® e ¢
Bias=-1.26 % ¢

50 + RPD=2.89 N

Trueadded water (%) -

-10 0 10 20 30 40 50 60 70
Predicted added water (%)

Figure 5. Plot of the observed versus predicted sugar concentrations for the optimal NIR

model generated on the water adulterated juice samples of validation set.

Table 5. Statistics of prediction of water added adulterated of orange juice by PLS model.

Pre- Wavenumbelzr PLS Calibration set Validation set
treatment  Range ém™) g g  RMSEE RPD  R° RMSEP RPD Bias
Non-pre-

treated 9403.8-7498.3 5 94.17 447 414 87.68 737 289 -1.26
spectra

14
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Figure -6 shows a plot of the regression coefficients for the water adulterated model while
Figure 7 shows a plot of the X-loadings. The absorption bands with large X-loadings and
regression coefficients are described in more detail in Table 6. It was again obvious that the
water band vibration had no effect on the model, instead being reliant on cellulose and other C-H

vibration.

. 750

S 600 + o g [ Z
S 450+ 29 Z ]
S 300+ 07 y A
S 150 + 3 6 A
g 0 —WA W
g -150 + 9 8 55 1
s -300 + 4 6 08
%D -450 + 0 4 64
7 -600 + 0 0 77

-750 | ' | | *

10000 9000 8000 7000 6000 5000 4000
Wavenumber (cm™)

Figure 6. Plot of the regression coefficients versus NIR wavenumber for the optimal NIR

model generated on the water adulterated juice samples.

15
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Figure 7. Plot of the X-loadings versus NIR wavenumber for the optimal NIR model generated

on the water adulterated juice samples.

Table 6. Wavenumber and bond vibration that illustrated high regression coefficients and X-
loading of optimal prediction model of water added adulterated of orange juice.

Wavenumber Wavelength Wavelength Bond Vibration Structure Source
(cm") (nm) (nm) [14] [14] [14] (Fig. 5 & Fig. 6)
9400 1064 1064 N-H str. second RNH, Regres§10n
overtone coefficient

9280 1078 1080 25 x C-Hstr+2xC-C 4 ene  Factor 3

Regression

8640 -~ 1157 1152 C-H str. second CH; coefficient, Factor
overtone 3

5936 1685 16gs ~ CHstrfirst aromatic Factor 3
overtone

5847 1710 1705 C-H str. first CH, Regres§1on
overtone coefficient

5674 1762 1765 C-H str. first CH, Regres§10n
overtone coefficient

5628 1777 1780 ~ C-Hstr first cellulose Factor 3
overtone

16
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Classification of orange juice adulterated by table sugar solution using principal
component analysis

Table 7 shows the detail of juice, sugar solution and water mixing ratio at different levels,
the number of samples and number of spectra using in principal component analysis. The color
of the markers using for each groups of samples is also indicated. Figure 8 shows the score plot
of principal component 1 (PC1) and principal component 2 (PC2). It indicated that the NIR
spectra of orange juice samples scanned by FT-NIR spectrometer could be fairly classified into
different groups and the pure fresh orange juice was separated from the adulterated ones. The
score plot showed that the juice samples bought from vendors were in groups of 50:20:30,
40:10:50, 40:20:40 and 30:20:50 of juice:50%w/w sugar solution:water (by volume). However,

there was a vender sold 100% pure fruit juice.

17
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Table 7. Number of sample and spectra of each group of different juice, sugar solution and

water mixing ratio.

Juice : 50%w/w sugar solution : water (by volume) | Numberofsamples | Number of spectra
100:00:00 10 19
90:10:00 5 10
80:20:00 5 10
70:30:00 5 ' 10
60:40:00 5 12
50:50:00 5 10
40:60:00 5 10
50:10:40 5 10
50:20:30 5 10
50:30:20 5 10
40:10:50 5 10
40:20:40 5 10
40:30:30 5 10
30:20:50 5 10
30:30:40 5 10
30:40:30 5 10
30:50:20 5 10

Samples from venders 50 97

Color is for indication of group which will be illustrated in score plot in Figure 2.
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Figure 8. Score plot of principal component 1 (PC1) and principal component 2 (PC2) derived
from near infrared spectra of different groups of orange juice.

Different color show different group (see Table 7).
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Chapter 5
Conclusion

The results obtained in this study suggest that NIR spectroscopy could be used as an
alternative method to determine the adulteration of orange juice by sugar and water. The amount
of sugar and water added to orange juice can be evaluated using this technique. The _predictive.
statistics suggest these models are suitable for use with caution in most applications. This useful
finding suggests the method could be used to guide the decisions by food and drug
.administrations in terms of product quarantine in order to protect consumers.

Near infrared spectroscopy with principal component analysis proved its ability in -
classification of pure orange juice and sugar solution adulterated ones. This protocol developed
in this study is rapid, accurate, and can be substituted the complicated detection methods. It
needed no sample preparation and used only a few drops of sample. The food security or food
safety organization and related sectors should be encouraged to apply this method to benefit the

consumers.

20



: sdalasums | ; . i

L]

References

Ammari F, Redjdal L, Rutledge DN (2015) Detection of orange juice frauds using front-face
fluorescence spectroscopy and Independent Components Analysis. Food Chem 168: 211
217. doi:10.1016/j.foodchem.2014.06.110

Benoudjit N., Melgani F., Bouzgou H. (2009), Multiple regression systems for

spectrophotometric data analysis. Chemometrics and Intelligent Laboratory Systems,
95(2), 144-149.

Boggia R, Casolino MC, Hysenaj V, Oliveri P, Zunin PA (2013) Screening method based on
UV-Visible spectroscopy and multivariate analysis to assess addition of filler juices and
water to pomegranate juices. Food Chem 140: 735-741.
doi:10.1016/j.foodchem.2012.11.20

Cen H, He Y, Huang M (2006) Measurement of soluble solids contents and pH in orange juice
using chemometrics and vis-NIRS. J Agr Food Chem 54(20): 7437-7443.
doi:10.1021/jf061689f

Cen H, Bao Y, He Y, Sun D-W (2007) Visible and near infrared spectroscopy for rapid detection

of citric and tartaric acids in orange juice. J Food Eng 82 (2): 253-260.
doi:10.1016/j.jfoodeng.2007.02.039
Goodacre R, Hammond D, Kell DB (1997) Quantitative analysis of the adulteration of orange

juice with sucrose using pyrolysis mass spectrometry and chemometrics. J Anal Appl
Pyrol 40-41: 135-158. doi:10.1016/S0165-2370(96)00973-4

Hong X, Wang J (2014) Detection of adulteration in cherry tomato juices based on electronic

nose and tongue: Comparison of different data fusion approaches. J Food Eng 126: 89—
97. doi:10.1016/j.jfoodeng.2013.11.008
Jandrié Z., Roberts D., Rathor M.N., Abrahim A, Islam M., Cannavan A. (2014), Assessment
of fruit juice authenticity using UPLC-QToF MS: A metabolomics approach. Food
Chemistry, 148, 7-17.
Li W, Goovaerts P, Meurens M (1996) Quantitative analysis of individual sugars and acids in

orange juices by near-infrared spectroscopy of dry extract. J Agr Food Chem 44(8):
2252-2259. do0i:10.1021/if9500750

21



i wialasams ¢ A B

-

Moore J.C., Spink J., Lipp M. (2012), Development and application of a database of food
ingredient fraud and economically motivated adulteration from 1980 to 2010. J. Food
Science, 77, R118-R126.

Osborne BG, Fearn T (1986) Near infrared spectroscopy in food analysis (1st published).
Longman Science and Technical, UK: p117.

Rampersaud G. (2007), A comparison of nutrient density scores for 100% fruit juices. J Food
Science, 72, 261-266.

Rodriguez-Saona LE, Fry FS, McLaughlin MA, Calvey EM (2001) Rapid analysis of sugars in
fruit juices by FT-NIR spectroscopy. Carbohyd Res 336: 63-74. doi:10.1016/S0008-
6215(01)00244-0

Scalzoa R L, Iannoccaria T, Summaa C, Morellib R, Rapisardac P (2004) Effect of thermal
treatments on antioxidant and antiradical activity of blood orange juice. Food Chem 85:
41-47. doi:10.1016/j.foodchem.2003.05.005

Shaw P.E., Moshonas M.G. (1997), Quantification of volatile constituents in orange juice drinks

and its use for comparison with pure juices by multivariate analysis. LWT - Food Scjence
and Technology, 30(5), 497-501.

Stinco CM, Baroni MV, Romina D, Naranjo DP, Wunderlin DA, Francisco JH, Antonio J, Isabel
MYV (2015) Hydrophilic antioxidant compounds in orange juice from different fruit
cultivars: Composition and antioxidant activity evaluated by chemical and cellular based
(Saccharomyces cerevisiae) assays. J Food Compos Anal 37: 1-10. doi:10.1016/j.jfca.
2014.09.006

Vaira S, Mantovani VE, Robles JC, Sanchis JC, Goicoechea HC (1999) Use of chemometrics:
Principal component analysis (PCA) and principal component regression (PCR) for the
authentication of orange juice. Anal Lett 32(15): 3131-3141.
doi:10.1080/00032719908543031

Williams P (2007) Near-infrared technology—Getting the best out of light (S'hed.). A short course

in the practical implementation of near-infrared spectroscopy for the user. PDK Grain,

Nanaimo, Canada: p 5-8.

22



| sdalasoms C

Yang M., Lee S.-G., Wang Y., Lloyd B., Chung S.-J., Song W.O., Chun O.K. (2013), Orange
juice, a marker of diet quality, contributes to essential micronutrient and antioxidant
intakes in the United States population. J. Nutrition Education.and Behavior, 45(4), 340-
348.

Zhang Y, Xiang B, Dong, Y, Xu J (2013) Rapid determination of prochloraz in orange juice by
near-infrared spectroscopy. Anal Lett 46(17): 2739-2751.
doi:10.1080/00032719.2013.811678

23



nialnsents

Y] v
MINNIATINS

1.

2.
3.
4.
5.

A v an <
¥o (mwlne) e sl ASAHYIN

(7MY193NQY) Ms. Panmanas Sirisomboon

o 1

sHAYIIINNINITONNIF IR 38-50-0171

o/

munueasdse1aIUs s 319U 4-1009-00107-43-1

° 1 Y J
ﬂ'lllﬂﬂ\’ﬂﬂ"l!vu INMANIIVIY

[
ey ]

' o Y Y % v
nusUNegNAAas landouues Insdnniaz Insas

<

LY a o a 3 a d
HangaIIAINI ININYAT 'l';THlTWTJﬁ‘JﬂSSN!ﬂgENﬂQ AT IAINIIUATAT

aoumalulainszeendudigammsaransyils

NIANNA 10520

Tnsfimi 02-329800 Ae 5120, 5008

Tnsas 02-33298336

Usziansnu

Wyana3 (n.A.2519 - 1.A.2523) L0, (GAINssuINBAT) uMIINOIBuINEASMENR3
ﬂ?iyiyﬂn (W.F1.2525 - N.91. 2527) M.Eng. (Farm machinery and management)

Asian Institute of Technology (Thailand)

U3 ga1en (W.1.2540 - W.A.2544) Ph.D. (Agric. Science) United Graduate School of
Kagoshima University (Saga University), Japan.

airidanusungdufiey eandeend@nsiou) ssymninms
TUDAMINEANIBE ININITTHVBITAGNVATHDZBINS
auﬁ'ﬁmmﬁaEr’uﬁmm’a’aqmumua:am15
P13A5IVABUABININVOIITAINYAINET011151AH 1Y Near Infrared Spectroscopy

maluladnsvuoisiag

s19%amidpgamnlumsdszguinms amineduoyasmans Inouva
MUY ﬂ%@‘ﬁ 6 ‘1]5:51?] 2552 (The 6th Conference of Kasetsart University
Kamphaeng Saen Campus)

AVITINTINMART

@ A
ITRUAAUY

24



svalasents

o oaa 4 o
Vi ASauysol uaz Was adoudl

(394 : auiAFINIon eI Inan 1y

(Physical Properties of Sweet Corn)

o’ A o o ao
ﬂsz?mmsmﬁtﬁm%annmsmn1541u3%0wanw1uuazmuuanﬂszmﬂ

o o

Tasszyaomamlumsiinsiseantuddmomsunuauise vanhlass n1sise

] ae 1 a e o
rsofs it luuaazdoieiemsivy udu

7.1 A6 M0NISUNUAITIfY : FoumUNIUIY -

o ¥ a o 4' a o
7.2 A lasams2ee : ¥81asaN15I9Y

1.
2.

4 $ Q’I aw a o a
Tnsams Isuneanndaundes (Muitonsensainomaniuasunadon)
4 [v] Q'J aw a o o
Tnsams nsesnausndamdesdnan (quisudusldausImnssumans
a99.)
a a ¢ : $
Tasams msfnnandAmemeainiezinansinvesuziaiuginenldiaa
g o daa “y aw v a a
ihiugniimsasesn (uisvesvdssnanruaulasiinisaninsenisTagenn
79U 496,280 UN)
Tnsamisinseainhineidudunuussmenanuaudinnussema  (3u
1Y a R 4 )

swidnaeIrnssusmand aea. 147,000 um 5l 2549)
IasamsmsesnuuutasaM A I ewwanmMeudavnadn  (Susoldnme
a o P!
WINTTUAAAS 198, 152,500 LN U 2550)
TasamisniseenuvutazVmuaIeai leansulnsl¥ szuunmsiinnumdu

2 1 v = a o ~
wesunnNnutugyanma (uswldnuimnssumeaad wea. 67,060 ym 3
2551)

o oA

msdszinarigamnmslusazmenenvesdulemonisaseenfiszozina

wuFnmnan q iudedshihnoleelfmaiintioidunsusaanlalaaladl (qu

Wourudia and. awrinomaasiuazmalulad 200,000 v T2551)

v
° Al

Tﬂsemsm’%.'aemuﬁméauzw%nyﬂé’mmmﬁqu‘,wgmﬂxﬁ"amwam‘nu
uzw’inv‘%qné (RuswldnusIaanssumans ava. 100,000 v 1 2552)

Tassmsmsdmnedanmaniiemantuszainmilavenhnddy dmiy
#eslfiAmslulsanuiiedThivawiaslfmadiatisidususamlnlase
ol ana. fhogammnssy Tulasams3sovnadniessnams 1 2552

132,000 U7N)

25



10.

TalAsens

TasamsaeaimAasensninyadlsanudugyeiniasnduady
4 : 3 o o 4
surlssamensnaaihdunzninuigns  (Busildausianssumans

99. 59,000 UM 1) 2553)

¢ 1 o b4
11. TasamsmsnseidSunaniiemanrabniensaauaziimatulaanisTandu

grmnlasnssiieds ihaelaslfimafiadissdudsusaanialnsalail (pu
Woavdszmauruau Yszot 2553-2554 TaoR s lasenis lnoan1ise

551,200 Uiag ano. 192,8001N)

12. TasamsmsaasizrndSinatlalathdusisunsludramadianliviared 35

e sdursusamunlnsalad (puisvsudssuanudu Usedidl 25541a0

N5 1n5ems laoan1390 242,50001)

LY Y w 5 v w Y é
13. Inssmsmisiannmatinsnasgrumsianiedudatnmeaiel¥lugaainnisu

wandmsuazdnonszd (Suswldausdmnssumand ava. 72,000 v 1

2555)

Vv v ¢ A ad ! o 1Y
14. lasamsnsnsngeunanInvesduleRuiy iR lae3suuulihaie e

1NA3in Near Infrared Spectroscopy (1'3uswu'l¢’1'ﬂm:"3ﬁ'mssumaﬂ§ o99. 72,000

ym 1) 2555)

A a a o v a Y
15. iﬂsamsmsmnzm1ztﬂnanﬂ’auazlﬂaenmaﬂagm (l\?ﬂi‘lﬂvlﬂﬂﬁlz

SAINISUFAAS a9a. 72,000 UM U 2555)

=Y

dé o any
16. Iasamsmsanzrasununesiuiansnuedansemsmurludiandessen

17.

18.

19.

smmailatinidursusaanalnsalai (quisveudsemnaunuau Useddl
2555 Taone1san1nsanis laoan139u 1,207,000U1M)
Taseanismssumuniusdmenuziviniugvasuilulasis luviarodae
malianisUszuananin (3uswldauzisnssumans aea. 80,000 um 7
2556)
Tassmsnsasasiamsiifiassnqunegunmuasanianmeiteaualssas
Turf s nunauasvesIno TnomasiaiossursusaalnTnsa1ndl (Susw'ld
Az 3N suMans ava. 80,000 v 2556)
TnssmsmsiannmaiinmsiafineshunsanimiFnnueuresdua
T3 livhmodaudiodsursusamdnTasalnd: nsdifnu iffelumdaayd
sz 2556 Insamsnuisoumningia and. avinnmaaiiazinalulad

270,000UN)

26



20.

21.

22,

23.

24.

25.

26.

27.

28.

swalanenys | .

TasamsnisTins i dinandeventarsidulugaamnssuniadaiansan
nszflesdrumaiindioisursusaminInsalndl @lszd1dl 2556 yurmn
1Wn38e neauite  dmiumaluladnszesemndusgunnisalnnsziy
924,000 11N)

Tasamsmaiiauuy ivhawdmiunmsfannunia USuaanuiud uas
S Tnmmdonlaasenlsd linboramisidulaodiossus usamln Insa
Tnd(1asemsyu wie. szautlSyyIn Use$1il 2556 300,000 UN)
Tasansn1s A IzR saativuasauaavestarmnsaudlumadiniiios
pursusaadnInsa Int(nuitvavszuaurudu Yszd13) 2557 TaoRarsan
Tnseans lavan19 729,00011M)
TnsansmisdAnyinnuiull1dluntsasedadiuanauaulundlasiy.
drdendanuialaofioisursusaaidnInsalnd (3us1oldnms
Iranssumans ava. 60,000 U 1 2557)
Tasamsmsdinsizrieassneumanusaiis Tnoldifiofsuns usaaaln Insa
101 (JuswidnueIaanssumansd ava. 60,000 v 5 2557)
Tfmmsms?mswﬁﬂmmmmﬁmnm";tm1:nuuazﬁumuﬁﬂumﬂ%mﬁu§
sursusacln InsaTnd (Tassmsvauninisouazan3suRegaamassy
(w2e.): szAavS a1 In Ussei) 2557 300,000 BIN)
Tasamsmslfitiossunsusamdn InsaTntunuismes Tuns Swvsuaz o’
unaosums lunisdinssiaussauznisusnaalsdaonnudeu wisnedis
vainazmnudeugavedilisaia (InsansSuguennieuidwn(aln)
A inomaasiazina lulatdi,g38,000 vn 3 2557)

a o o A

Tnsamsmsdsiiuanugnunvenis suNu Lo UNBUN BN dI0BANAZATS

a o 2.’ - o o 3
dsziiuguainnisivlsemuvsuiieySouruinueunsuienmsvioly

Anassmausi Taolfimaliadiodsudsusaaun Insandmuisoalszna

? v 3 Yy s
Tasansmisasasnmisvasumluveniduaalasmisazarodiana lasidiiios

sunsusamnInsalndl  (3uswldnasIanssumans aea. 50,000 un v

2558)

]
S e A e

[~1 aa o a ofa
73 udsuminaSwudnnoiteanuiisssunsusamnInsalnd :

o ti LY X Q'J - | ar Y
1. Ins9an15390 inTesnauent unasslnan (M lasanis)

27



. owialewenas |

Panmanas Sirisomboon, Yuki Hashimoto and Munehiro Tanaka, 2008. Study on Non-destructive
Evaluation Methods for Defect Pods for Green Soybean Processing by Near-Infrared
Spectroscopy. Annual Meeting on the Japanese Society of Agricultural Machinery, 27 - 30 March
2008. Miyazaki Kanko Hotel 1-1-1 Matsuyama, Miyazaki-city, Miyazaki-prefecture, Japan.

Panmapas Sirisomboon, Yuki Hashimoto, Munehiro Tanaka. Study on non-destructive evaluation
methods for defect pods for green soybean processing by near-infrared spectroscopy

Journal of Food Engineering, 93 (4), 502-512 (2009)

2. Tnsamside Study on the relationship between texture and pectin constituents of Japanese
pear (Pii' MWTTY)

Panmanas Sirisomboon, Munehiro Tanaka, Takayoshi Akinaga and Takayuki Kojima 2001. Evaluation
of the texture properties of Japanese pear, Journal of Texture Studies 31. 665-677. (be cited by
Thompson A.K.: Fruit ripening conditions. In Fruit and vegetables-harvesting, handling and
storage. 2™ editions. Blackwell Publishing. UK p. 88 (2003))

Panmanas Sinsomboon, Munehiro Tanaka, Shuji Akinaga and Takayuki Kojima 2001. Relationship
between the texture and pectin constituents of Japanese pear, Journal of Texture Studies 31. 679-
690.

Panmanas Sirisomboon, Munehiro Tanaka, Shuji Fujita,Takayoshi Akinaga and Takayuki Kojima
2001. A simplified method for the determination of total oxalate soluble pectin content of
Japanese pear. Journal of food Composition and Analysis. 14, 14: 83-91.

Takayuki Kojima, Shuji Fujita, Munehiro Tanaka, Panmanas Sirisomboon 2004 Chapter 11, Plant
Compounds and Fruit Texture: the Case of Pear. In Texture in Food, Volume 2: Solid Foods,
David Kilcast Editor. Woodhead publishing limited. Cambridge, England. 1" edition p 259-294.

Panmanas Sirisomboon, Munehiro Tanaka, Shuji Fujita, Takayuki Kojima 2007. Evaluation of pectin
constituents of Japanese pear by near infrared spectroscopy, J. Food Engineering 78(2): 701-707.

3. Tnsams ausnazy¥anaa

Panmanas Sirisomboon, Prakob Kitchaiya, Teerapong Pholpho and Wiroj Mahuttanyavanitch:
Physical and mechanical properties of Jatropha curcas L. fruits, nuts and kemels, Biosystems
Engineering, 2007, 97:201-207.

P. Sirisomboon, P. Kitchaiya, Physical properties of Jatropha curcas L. kernels after heat treatments.

Biosystems Engineering, 2009, 102 (2), 244-250.

28



swalnsents

Panmanas Sirisomboon, Jetsada Posom, Thermal properties of Jatropha curcas L. kernels. Biosystems
Engineering, 113(4), 402-409.

Jetsada Posom and Panmanas Sirisomboon. Development of the technique for measuring of oil
content and thermal properties of biomass by non-destructive method using near infrared
spectroscopy: case study of Jatropha curcas kernels. RRI-MAG Congress I, the Twin Tower,
Bangkok, Thailand Thailand during April 3-5, 2014 (in Thai).

Jetsada Posom, Panmanas Sirisomboon, Evaluation of the thermal properties of Jatropha curcas L.
kernels using near-infrared spectroscopy, Biosystems Engineering, 125, 45-53 (2014).

Jetsada Posom, Panmanas Sirisomboon, Evaluation of the moisture content of Jatropha curcas kernels
and the heating value of the oil-extracted residue using near-infrared spectroscopy. Biosystems
Engineering, 130, 52-59 (2015).

Amrit Shrestha, Wanphut Saechua, Panmanas Sirisomboon, Some physical and combustion
characteristic of Leucaena leucophala pellet, The 8th TSAE International conference, Bitec,

Bangkok, Thailand during March 17-19, 2015.

4. Insamsasrogeuganindulelasliian
& aa 4 -3 a a a
Wi Bauysol, sganed towlsil, s38ms mnwiygy, Sas1 Fedn. 2551, gunmues
tg ¥ o o ? 2 4 d A ' a
iedu TewuguinhksneymsinuineIn1ee. 30UMSUssFUNRIFINMSLAITUD
¥
HRMITY AMINOIaLYInEuATI 18 Uil 2551, msaduiumsuddymingAnd 25-26

Autiou 2551, Tsausunsuian wiag sunewies sanaasvar wih 27 (6 mih)

thuwia Bauysel uaz s3ms anndage. 2552. MsAnsauianamonmiazEnavena
Y [ 4 ¥y 2 ' o w'\ 3 A o a P4

aulowugu i ssnINszezRIMaNUSNYIAN. Gouaunsiseyumeinmsasai 47

uminndoinuasmanas “neasitlng : emsuazndUNAINUGaNgaBoNGtYT AN

4 a L4 a [ 4

7 NInJAuNsSUMARSUASIAINTSUANAAS 1720 UIAY 2552 UNTINBIAVINYATAITRT

IMVNVAVIUAY AFANHNUNIUAT

Panmanas Sirisomboon, Jittra Duangchang. 2009. Prediction and analysis of peel essential oil of
pomelo by NIR spectroscopy- 10" International Conference of Thailand Society of Agricultural
Engineering on “Innovations of Agricultural, Food and Renewable Energy Productions for

Mankind™1-3 April 2009 , Suranaree Univeristy of Technology, THAILAND.

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk 2009. Identification of Different

Storage Duration of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using

29



ninlasents

SIMCA. 10" International Conference of Thailand Society of Agricultural Engineering on
“Innovations of Agricultural, Food and Renewable Energy Productions for Mankind” 1-3 April
2009 , Suranaree Univeristy of Technology, THAILAND.

Panmanas Sirisomboon, Charoonpong Theamprateep 2009. Maturity Classification of Kao Nampueng
Pomelo Fruit using Visible Range Spectrum. 10" International Conference of Thailand Society of
Agricultural Engineering on “Innovations of Agricultural, Food and Renewable Energy

Productions for Mankind™ 1-3 April 2009 , Suranaree Univeristy of Technology, THAILAND.

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk. Identification of Different
Storage Duration of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using PLS-
DA. The 3" Asian Near Infrared Symposium (ANS2012) Amari Watergate Hotel, Bangkok,
Thailand; 14-18 May 2012.

P. Sirisomboon and C. Theamprateep, Physicochemical and Textural Properties of Pomelo (Citrus
maxima Merr. cv. Kao Num Peung) at Preharvest, Postharvest and During the Commercial

Harvest Period. The Philippine Agricultural Scientist, 95 (1), 43-52 (2012).

P. Sirisomboon, R. Lapchareonsuk, Evaluation of the physicochemical and texture properties of

pomelo fruit following storage. Fruits, 67 (6), 399-414 (2012).

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk. Identification of Different
Storage Duration of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using PLS-
DA. The 3" Asian Near Infrared Symposium (ANS2012) Amari Watergate Hotel, Bangkok,

Thailand; 14-18 May 2012.

5. 1A39M13819115)
thumis Bauysel uazsiiug yathuni 2552, aui@adenmmiiavenioduiionyms
funume. madseguinms uminndanyasemaad Inouvafuwaia a5 6,
8-9 TUINU 2552. UMIINYIBOINEAIANART INUYAT NI UAsgY
Mhunia Fauysed, uar ofnad udafimes, 2553. wavesoymsitusnynivadude
Bmauffenada, 5wUMs szgumadnnmsanandanssunyasuvadlsemeing
n%afi 1. 6-7 nqum 2553. winnssumadnans sunuasiorsyghonefioauazyusy

Wunds. unmiinoduinuasenan’ Inouwvadumanay uasilyu. nit1 382-385.

Panmanas SIRISOMBOON and Apidul KEAWKUPTONG. Evaluation of dry rubber content of

30



. ovialasnas P

concentrated latex by Near-infrared Spectroscopy, The 12th Annual Conference of Thai
Society of Agricultural Engineering “International Conferencé: on Agricultural Engineering”
(Novelty, Clean and Sustainable) Chon-Chan Pattaya Resort, Chonburi, Thailand; 31 March-1
April 2011, p 49-1 -49-5.

o o U4 aw o l a 4 o a LA
Jhuuuﬁ ﬁiﬁlll;iill, IINUD "'lﬂ’J“L,I"I‘Nﬂi'Nuﬂx DAY uﬁ”mumq, 2554. .MTAATITNAINIY
-~ J 14 H ? Y o o 9 a o v
'nuﬂuazﬂ?mmmaummwaammmﬂuazu1u1wuammnmﬂgmmﬂukwmmu

madsinmessursusaaalansalndl 33o19n131 1@uR 6, 297-308.

Panmanas Sirisomboon, Rawiphan Chowbankrang, Phil Williams, Evaluation of apparent
viscosity of Para rubber latex by diffuse reflection near infrared spectroscopy. Applied

Spectroscopy, 66(5), 595-599 (2012).

Tetsuya Inagaki, Panmanas Sirisomboon, Chang Liu, Warunee Thanapase, and Satoru
Tsuchikawa, High accuracy in-line prediction and feasibility of on-site nondestructive
estimation of Para rubber quality by spectroscopic methods. Journal of Wood Science, 59(2),

119-126, 2013.

P. Sirisomboon, A. Kaewkuptong and P. Williams, Feasibility study on the evaluation of the dry
rubber content of field and concentrated latex of Para rubber by diffuse reflectance near

infrared spectroscopy. J. Near Infrared Spectrosc. 21, 81-88 (2013).

Aphichart Sompiw and Panmanas Sirisomboon. Nondestructive evaluation technique for
viscosity, alkalinity and potassium hydroxide number in concentrated para rubber latex by near
infrared spectroscopy. RRI-MAG Congress I, the Twin Tower, Bangkok, Thailand during
April 3-5, 2014 (in Thai).

Aphichart Sompiw and Panmanas Sirisomboon. Evaluation of Para rubber latex viscosity using
shortwave near infrared spectroscopy. The 7th TSAE International conference, Krungsri

River Hotel, Ayudhaya, Thailand during April 2-4, 2014.

6. Iasenistn

Areerat Imsil. Ronnarit Rittiron, Panmanas Sirisomboon and Varipat Areekul, Classification of
Hom Mali rice with different degrees of milling based on physicochemical measurements by

principal component analysis. Kasetsart Journal: Natural Science, 45(5), 863-873 (2011)

Somchai Kladsuk, Panmanas Sirisomboon, Selection of cooking method for cooked rice texture

31°



. mialmens

determination and sensory panel training in research work. International Conference on
Engineering, Applied Sciences, and Technology (ICEAST - 2012) November 21 = 24, 2012,
SwissOtel Le Concorde, Bangkok, Thailand (Paper ID 00136)

Nuttagom Sonsanguan, Panmanas Sirisomboon, Jiraporn Sripinyowanich Jongyingcharoen,
Selection of objective test for cooked rice texture determination in research and industrial
work. International Conference on Engineering, Applied Sciences, and Technology
(ICEAST -~ 2012) November 21 = 24, 2012, SwissOtel Le Concorde, Bangkok, Thailand
(Paper ID 00137)

C. Dachoupakan Sirisomboon, R. Putthang, P. Sirisomboon, Application of near infrared
spectroscopy to detect aflatoxigenic fungal contamination in rice. Food Control, 33(1), 207-

214, 2013.

Ravipat Lapcharoensuk and Panmanas Sirisomboon. Some physical properties of rice in rice
improvement plant. The 7th TSAE International conference, Krungsri River Hotel,

Ayudhya, Thailand during April 2-4, 2014.

Kannapot Kaewsorn and Panmanas Sirisomboon. Feasibility study for evaluation of gamma-
aminobutyric acid (GABA) content of germinated brown rice by visible and near infrared
spectroscopy. The 7th TSAE Intemational conference, Krungsri River Hotel, Ayudhya,
Thailand during April 2-4, 2014.

K. Kaewsom and Panmanas Sirisomboon, Determination of the gamma-aminobutyric acid content
of germinated brown rice by near infrared spectroscopy, J. Near Infrared Spectrosc. 22(1), 45—

54 (2014).

Ravipat Lapchareonsuk and Panmanas Sirisomboon, Alternative method for measuring of
whiteness and transparency of rice using mathematic model of color values, The 8th TSAE

International conference, Bitec, Bangkok, Thailand during March 17-19, 2015.

Ravipat Lapchareonsuk & Panmanas Sirisomboon, Sensory Quality Evaluation of Rice Using
Visible and Shortwave Near-Infrared Spectroscopy. International Journal of Food Properties,

18(5), 1128-1138, 2015.

-
7. Tmemmzwamﬂ

32



-, vialasnys | , .

Panmanas Sirisomboon, Munchiro Tanaka and Takayuki Kojima, 2008. Intensive Evaluation of
Tomato ‘Momotaro’ Textural Properties. Annual Meeting on the Japanese Society of Agricultural
Machinery, 27 - 30 March 2008. Miyazaki Kanko Hotel 1-1-1 Matsuyama, Miyazaki-city,
Miyazaki-prefecture, Japan '

Panmanas Sirisomboon, Munehiro Tanaka, Takayuki Kojima, Evaluation of tomato textural
mechanical properties. Journal of Food Engineering, 111(4), 618-624, 2012.

Panmanas Sirisomboon, Munehiro Tanaka, Takayuki Kojima, Phil Williams, Nondestructive
Estimation of Maturity and Textural Properties on Tomato ‘Momotaro’ by Near Infrared
Spectroscopy. Journal of Food Engineering, 112(3), 218-226, 2012.

8. Ni3eu

Phalanon Onsawai and Panmanas Sirisomboon. Color and soluble solids content of Durian pulp at
different maturity stages. The 7th TSAE International conference, Krungsri River Hotel,
Ayudhya, Thailand during April 2-4, 2014,

Phalanon Onsawai and Panmanas Sirisomboon, Determination of dry matter and soluble solids of
durian pulp using diffuse reflectance near infrared spectroscopy. Journal of Near Infrared

Spectroscopy, 23(3), 167-179, (2015).

9. il asiudnlends

Wantanee Phoonphatthanachai and Panmanas Sirisomboon. Feasibility study for the evaluation of
moisture content in tapioca starch cake by near Infrared spectroscopy. The 3™ International
Conference on Engineering, Applied Sciences, and Technology (ICEAST 2013), The Sukosol,
Bangkok, Thailand during August 21-24, 2013,

Kittisak Phetpan and Panmanas Sirisomboon. Feasibility study for the evaluation of moisture content
in tapioca starch cake by near infrared reflectance spectroscopy. The 7th TSAE International
conference, Krungsri River Hotel, Ayudhya, Thailand during April 2-4, 2014.

Kittisak Phetpan, Panmanas Sirisomboon, Evaluation of the moisture content of tapioca starch using
near-infrared spectroscopy, J. Innovative Optical Health Sciences, 8(2), (2015) 1550014 (12
pages).

10. ﬁmnaéu%agﬂ

Natcha Thitibunjan and Panmanas Sirisomboon. Feasibility study on evaluation of salt content of
Massaman curry soup using near infrared spectroscopy. The 7th TSAE International conference,

Krungsri River Hotel, Ayudhya, Thailand during April 2-4, 2014.

33



. THalRIens

Jutharat Nawayon and Panmanas Sirisomboon. Feasibility study on evaluation of total solids of
Massaman curry soup using near infrared spectroscopy. The 7th TSAE International conference,
Krungsri River Hotel, Ayudhya, Thailand during April 2-4, 2014.

11. daansaunsziles

Panmanas Sirisomboon, Pimpen Pornchaloempong, Peerawat Ramsiri, Skaow Pongkuan and Sarocha
Srikornkarn, Evaluation of the salt content of canned sardines in tomato ketchup by diffuse

reflection near infrared spectroscopy. J. Near Infrared Spectrosc. 22(5), 329-336 (2014)

Sarocha Srikormkam, Panmanas Sirisomboon, Feasibility of evaluation of salt content in canned
sardine in oi] by near infrared spectroscopy. Agriculture and Agricultural Science Procedia, 2, 381-

385 (2014).

Srocha Srikornkarn and Panmanas Sirisomboon, Feasibility of evaluation of salt content of canned
sardines in oil by near infrared spectroscopy. The Second Intemnational Conference on Agricultural
and Food Engineering (CAFEi2014), Berjaya Times Square Hotel, Kuala Lumpur, Malaysia,

during 1-3 December 2014.

Sakaow Pongkuan and Panmanas Sirisomboon, Feasibility study on evaluation of salt content in
canned sardines in brine by near infrared spectroscopy. The Second International Conference on
Agricultural and Food Engineering (CAFEi2014), Berjaya Times Square Hotel, Kuala Lumpur,

Malaysia, during 1-3 December 2014.
12.vdu

Panmanas Sirisomboon, Teerapong Pholpho and Jutharat Nawayon, Classification of orange juice
adulterated by table sugar solution using principal component analysis, The..11" International
Conference “Inter-University Cooperation Program” “ASIAN Community Knowledge Networks
for the Economy, Society, Culture, and Environmental Stability” 30 March — 3 April 2015 at

Soaltee Crowne Plaza Kathmandu Hotel, Federal Democratic Republic of Nepal.

Jutharat Nawayon and Panmanas Sirisomboon, Detection of Sugar Solution Adulteration of Fresh
Orange Juice by Near Infrared Spectroscopy. International Journal of Bioprocess and
Biotechnological Advancements, Volume:1, Issue:1, April 24, 2015.

13. 8uq

Panmanas Sirisomboon, Suppakit Howvimanporn 2009. Determination of soluble solids of honey by

34



mialaens .

H

near infrared spectroscopy. 10" International Conference of Thailand Society of Agricultural
Engineering on “Innovations of Agricultural, Food and Renewable Energy Productions for

Mankind” 1-3 April 2009 , Suranaree Univeristy of Technology, THAILAND.

P. Sirisomboon, W. Thanapase, S. Kasemsumran and S. Howvimanporn 2009. Identification of honey
authenticity by NIRS. The 14" International Conference on Near Infrared Spectroscopy. NIR
2009 Breaking the Dawn. 7-16 Novemebr 2009, Amarit Watergate Hotel, Bangkok, Thailand.

Panmanas SIRISOMBOON, Sarid CHURCHART. Prediction of soluble solids content in cut
watermelons using near infrared Spectroscopy, The 12th Annual Conference of Thai Society of
Agricultural Engineering “International Conference on Agricultural Engineering” (Novelty, Clean
and Sustainable) Chon-Chan Pattaya Resort, Chonburi, Thailand; 31 March-1 April 2011, p 48-1 -
48-5.

Jutharat Nawayon and Panmanas Sirisomboon, Detection of adulteration of orange juice by sugar
solution using near infrared spectroscopy. The Second Intemnational Conference on Agricultural and
Food Engineering (CAFEi2014), Berjaya Times Square Hotel, Kuala Lumpur, Malaysia, during 1-3
December 2014.

Kittisak Phetpan and Panmanas Sirisomboon, Application of near infrared spectroscopy for detection
of steroid adulteration in traditional Thai medicine. The Second International Conference on
Agricultural and Food Engineering (CAFEi2014), Berjaya Times Square Hotel, Kuala Lumpur,
Malaysia, during 1-3 December 2014,

Natcha Thitibunjan and Panmanas Sirisomboon, Detection of adulteration of soy sauce by brine using
near infrared spectroscopy. The Second International Conference on Agricultural and Food
Engineering (CAFEi2014), Berjaya Times Square Hotel, Kuala Lumpur, Malaysia, during 1-3
December 2014. .

T. Natcha, S. Panmanas, Detection of Adulteration of Soy Sauce by Brine Using Near Infrared

Spectroscopy. Agriculture and Agricultural Science Procedia, 2, 212-217 (2014).

o

7.4 A3RAMAN : Fodoiauensise unawmu nazaaunnlumshisen ldhmsisvgads

udnlszuadevazimla

i - sy | ssoznen | 3dvgaruds
Fodorauensivy

N @) (Govaz) HMAIYU

35



salnsonis

matauuy luasdinsy
@ = =Y
nIsTanlIuvila sy
A1 uA19 HasIuIY
o
Tnunazou'lsason laalu
c’: 9 P= L4 )
H1919aN1519ulaoiiles NU WI0. (AN2.) 52AY
sursusamnInsalnll | 2556 1 100 Wy In Ysein 2556
a I'd P-3
13N IERUS VN ADYDY
o
tamsaulugaamnssy
A [ d>) o+ 9 Y o Ao Ao
wandarwsaunseilesnan NUNRIUNINITENDINUITY
o a Jda o <
mataies suns usamln aa1iumea luTagnseaow
Insalnil 2556 2 100 S annIsaInnsEale
Msnsizv saaiiuag
L=} LY
ANVAAVDIUAITITAUAIY
a I 3
mataiosduns usamln swszurmdseail2ss7
Tnsalnil 2557 1 100 (1%)
y
s Ans IR MYsNi Tassnsnaunindsoua
-} g -~ Qs 3
LAV ITULAZ U MNAUAA ITUNEGATINATT
uasdaoilossursusamuln (m79.): szavfsganIn
Insalnd 2557 1.5 95 152913 2557
o
mslailosdunsusaanln
Insalntunudsimes lunsa
S Has UoUILIAADS LY
Tumsinsizaussousms
Y 9
HENARIAIIA NS DU Tasamsifsyauonmgaun
a d '8 ' a a
NI WIADTIFIvAUNALM Aun@Un)mviimnmans
te o P~
anniougeveslilidadia | 2557 3 20 wazina Tulad ¥ 2557)
nsdsziiuanugnunves
-} o o ﬁ'
NEUUNUEHUBUNBAUNDNS
moonuazfsUsIuy
AuAMMISuldsenuves NUIToIYsTnHLAY
; a o o A o a
1HBYSUURNUFUUOUNDAND szl 2558 Taunorsan
asveludeassnaum 2558 1 90 Tasamis lavandse

36




Twalasonis

Tas1Finatiniles

sursusaaudnInsalni

nsasn1saouuves
L4 .
hdvaalasaisazaiy

g s d
thenalagldtios

surlsusaaidnInsalnil

2558

100

o 9
Ruswldnne

a I'4 =
INTSUNTAT a0, U

2558)

37






