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Abstract: In this recent study, ATR-FTIR spectroscopy and chemometrics have been successfully used for the
classification and quantitative analysis of adulterated Pangasius Hypopthalmus (P. hypopthalmus) oil. The aim of
this research was to evaluate the ability of ATR-FTIR spectroscopy and chemometric to perform the
classification and quantitative analysis of adulterated P. hypopthalmus oil in a binary mixture with palm oil
(PO) and coconut oil (CO). In the development of FTIR spectroscopy combined with chemometrics for the
classification and quantitative analysis of P. hypopthalmus oil, P. hypopthalmus oil (MP and LFP) mixed with
other oils such as coconut oil (CO) and palm oil (PO) at concentrations of 1-99% v/v. Classification of P.
hypopthalmus oil, PO and CO were performed by the principal component analysis (PCA) and the
quantification analysis was carried out by partial least square (PLS). Based on the optimization process, the
best classification results were obtained using the first derivative spectra at wave numbers of 1400-1100 cm™.
The prediction of percentage adulterated oil by PLS method also showed very good values of R? greater than
0.9999 and low standard error values in the range of 0.0176-0.703. The prediction was also perform at

1400-1100 cm™ wavenumbers using the first derivative spectra.
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1. INTRODUCTION

Pangasius hypopthalmus (P. hypopthalmus) oil contains polyunsaturated fatty acids (PUFA)
which can be beneficial to human health [1, 2]. The high production of catfish in Indonesia provides
a great opportunity for the production of P. hypopthalmus oil [3]. In edible oil trade, oil adulteration
has become a global issue. Oil adulteration may cause a decline in terms of oil quality [4-6]. To
overcome this issue, the fast and accurate analysis technique is needed to detect the oil adulteration.

Fourier transform infrared (FTIR) spectroscopy is one of the fingerprinting techniques that
can be useful in the authentication oil. FTIR spectroscopy measures the vibration of functional
groups because of the interaction between electromagnetic radiation and the sample, thus
producing spectra with a typical fingerprint area for each sample. Changes occur in components of
a sample will be related to changes in the band and the intensity of the FTIR spectrum. However,
FTIR spectroscopy has a complex spectrum pattern. Thus, direct and visual interpretation is not
easy. Therefore, multivariate analysis using chemometrics was combined with FTIR to make it

easier for analysis purpose [7-10].
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Many studies that combine FTIR fingerprint spectra and chemometrics for the purpose of
authentication. Principal component analysis (PCA) as one of the methods in chemometric classifies
different samples into groups by factor scores. PCA enables extraction of information that correlates
to sample’s chemical components and the determination of mixture composition using a few
uncorrelated variables (principal components, PC). PCA produces clear information by reducing
the dimensionality, this extraction is useful to simplify the complexity of the problem (e.g similar
sample composition). PCs represent the highest possible variance under the orthogonality
constraint to the preceding components that are linear combinations of the original spectral data.
PCA applied to the FTIR spectral data can be used for classification of different sample mixtures [6,
11-15].

Partial least square (PLS) has been widely used for quantitative analysis for the complex
mixtures of sample. PLS provides a statistical approach to use the full spectral regions rather than
using a specific region. PLS model can be considered as an extension of PCA to multivariate
calibration. PLS have 2 different data matrices namely x and y. The matrix x normally contains data
generated from the actual data, while the matrix y contains data that can inform about the
experimental process and is usually referred to as the response matrix. The main goal of PLS is to
find the maximum correlation between the x and y matrices to make y predictions in the x function.
PLS applied to the FTIR spectral data can be used for quantitative analysis of adulterated samples
[16-20].

This study was conducted to develop a method for rapid qualitative and quantitative
analysis of P. hypopthalmus oil adulteration in coconut oil (CO) and palm oil (PO) using ATR-FTIR

spectroscopy and chemometrics.

2. MATERIALS AND METHODS
2.1. Sample preparation
P. hypopthalmus oil divided into two parts based on its source, (1) MP derived from dry

rendering of P. hypopthalmus’s meat and (2) LFP derived from dry rendering of P. hypopthalmus’s
liver and fat. Coconut oil (CO) and palm oil (PO) were purchased in Banjarbaru, Indonesia. Each of
MP and LFP were mixed with CO and PO at concentration of 1-99 % v/v.

2.2. FTIR spectra measurement
All samples were measured by FTIR spectrophotometer Nicolet 6700 using Deuterated

triglycine sulphate (DTGS) as detector linked with OMNIC software (version 7.0 thermo Nicolet).
Sample collection by the attenuated total reflectance (ATR) crystal technique. The measurements
were performed at a controlled temperature (20°C) with the resolution of 4 cm and 32 scans. All
spectra were recorded at wavenumbers of 4000-650 cm? using absorbance mode in triplicate

measurement.

2.3. Classification
Classification of P. hypopthalmus oil (MP and LFP), CO and PO was carried out by

multivariate analysis using a Principal Component Analysis (PCA) by The Unscrambler X ver. 10.5
software. All samples were measured by FTIR spectrophotometer according to FTIR measurement.

The best model were selected based on the PC score.
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2.4. Quantitative analysis
Quantitative analysis of P. hypopthalmus oil (MP and LFP) in CO and PO was carried out by

multivariate analysis using a partial least square calibration (PLS) model using TQ Analyst ver. 9.0
software. PLS calibration was done by preparing a number of standard samples containing P.
hypopthalmus oil in CO and PO in the range of 1-99% v/v. A number of independent samples are
prepared for validation. All samples were measured by FTIR spectrophotometer according to FTIR
measurement. The best model were selected based on coefficient of determination (R?), the root

mean square error of calibration (RMSEC), and root mean square error of prediction (RMSEP).

3. RESULTS AND DISCUSSION
3.1. FTIR spectra measurement
FTIR spectroscopy is an analytical technique that provides information on all chemical

properties in samples in the form of spectra. As can be seen in figure 1, the spectra of MP, LFP, CO
and PO have a very similar pattern from one another, but it has a difference in the absorbance

value. This shows that the composition of the MP, LFP, CO and PO is almost the same.
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Figure 1. P. hypopthalmus oil (MP and LFP), CO and PO ATR-FTIR spectra

Table 1 shows the typical bands of MP, LFP, CO and PO spectra. The absorptions found in
MP, LFP, CO and PO is band at 3005-3006 cm™ that indicates C-H stretching vibration of
cis-unsaturated bond [3, 21, 22]. Different from MP, LFP and PO spectra, CO spectra do not show
this band. Bands (2), (3) and (4) with sharp peaks and adjacent around 2954 and 2852 cm indicate
the stretching C-H vibrations of carbon aliphatic group in methyl and methylene [3, 23]. Band (5) at
1742-1744 cm is specifically showed the stretching vibration of C=O [3, 22]. Spectral patterns in
fingerprint region at 1400-720 cm! are identical, this makes it difficult to distinguish between the
four types of oil by only using the FTIR spectrum. Therefore it's necessary to use the chemometrics

method where the PCA was applied to the spectroscopic dataset.
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Table 1. Bands appear on MP, LFP, CO and PO spectra at certain wavenumber

Band Peak at cm!
MP LFP (¢[0) PO

1 3006.99  3006.67 - 3005.35
2 - 2954.21  2954.84 -

3 2922.17 2922.11 2922.28 2922.01
4 2852.68 285295  2853.02  2852.59
5 1743.61 174433 174266  1743.73
6 1461.24  1461.87 146248  1461.46
7 1418.70 1418.70 1418.42 1416.64
8 1376.17  1376.60 1376.43  1376.31
9 1234.79 1234.23 1229.00 1235.24
10 1158.01 1157.48  1153.08  1159.00
11 1116.18 111564 110949 111594
12 1097.12  1098.23 - 1097.28
13 103147  1032.89  1033.07 -
14 965.40 964.96 964.17 955.62
15 912.95 869.75 888.50 870.34
16 720.75 721.14 721.37 720.95

3.2. Classification

PCA was performed to the normal and first derivative spectral data of the fingerprint
region of oils, i.e., 1400-1000 cm™. Figure 2 shows the full normal spectra of MP, LFP, CO, and PO.
Figure 2 also shows normal spectra at 1400-1000 cm and the first derivative spectra at 1400-1000

cm! which been selected for optimization process of classification.

<

Figure 2. P. Hypopthalmus oil (MP and LFP), CO and PO ATR-FTIR spectra: a) Normal spectra (4000-400 cm™); b)
Normal spectra (1400-1000 cm); c) 1st derivative spectra (1400-1000 cm-)
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Figure 3. PCA analysis result of P. hypopthalmus oil (MP and LFP), CO and PO: a) PCA analysis using normal
spectra at 1400-1000 cm': b) PCA analysis using 1st derivative spectra at 1400-1000 cm!

As it can be seen in Figure 3 (a) through the PCA analysis, it was shown that 99% of data
variances were explained (PC-1 97 % vs PC-2 2%) by using normal spectra at 1400-1000 cm.
However, it failed to classified PO and MP into the respective groups. Figure 3 (b) shows the PCA
analysis result by using first derivative spectra at the same wavenumber as previous. By using first
derivative spectra, it was observed that 99% of data variances was also explained (PC-1 98% vs
PC-2 1%) and it successfully have classified LFP, CO, PO and MP as a different groups of oil. PC-1
separate LFP, MP and PO, with negative values from CO, in positive values on the score chart.
From score chart it also shows that in PC-2 have separate LFP and MP, in positive values from PO

in negative values.

3.3. Quantitative analysis

Based on the PCA analysis results, furthermore the first derivative spectra at 1400-1000 cm!
wavenumber also used for the quantification of CO and PO content in MP and LFP. PLS was used
to develop the calibration model. PLS correlates X axis (the actual concentration of adulterant oil
(CO and PO) in P. hypopthalmus oil (MP and LFP)) and Y axis (the calculated concentration of
adulterant oil (CO and PO) in P. hypopthalmus oil (MP and LFP)). Figure 4 shows the score plot from
PLS calibration and the linier equation of calibration models can be seen in table 2. From the
optimization process by PLS calibration method, the best R2, RMSEC and RMSEP value were given
by using first derivative spectra at 1400-1000 cm™ wavenumber. The R? obtained was 0.9999-1.000,
RMSEC in the range of 0.0176-0.7030 and RMSEP in the range of 0.6520-2.4200
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Figure 4. PLS result of first derivative spectra P. hypopthalmus oil in binary mixture at 1400-1000 cm™: a) score
plot of actual vs calculated levels of added CO in MP; b) score plot of actual vs calculated levels of
added PO in MP; c) score plot of actual vs calculated levels of added CO in LFP; d) score plot of actual
vs calculated levels of added PO in LFP

Table 2: Linier equation for quantitative analysis of CO and PO in MP and LFP at 1400-1000 cm-!
using PLS calibtration

Linier equation R2
MP-CO y =0.9991x + 0.1498 0.9999
MP-PO y =0.9953x + 0.1629 1.0000
LFP-CO y =0.9991x + 0.011 0.9999
LFP-PO y =1.0026x - 0.4495 1.0000

The developed calibration models show satisfying result as can be seen by R? greater than
0.9999, respectively. This value means that there is a close correlation between the actual
concentration value and the calculated concentration value [24]. RMSEC and RMSEP show a low
value, this values means that the developed calibration models have a low error rate. This findings
indicates that the developed calibration model using ATR-FTIR spectroscopy and PLS chemometric
is a valid calibration model and can be used as alternative in the quantification of CO and PO in P.
hypopthalmus oil. Besides, this method was fast, accurate, relative low cost and does not require a lot

of time and energy.

4. CONCLUSION

This study indicates that application of PCA the first derivative ATR-FTIR spectra at
1400-1000 cm ! have been succesfully classified MP, LEP, CO and PO into groups. PLS was showed
good performance on the prediction of CO and PO content in MP and LFP at 1400-1000 cm™ of first
derivative spectra. The calibration results R? greater than 0.9999 and low standard error values in
the range of 0.0176-0.7030.
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