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Patin fish oil (PFO) contains a high level of polyunsaturated fatty acid 
that has beneficial effects on the human body, such as preventing various 
cardiovascular diseases, maintaining body fat composition, and aiding in 
human brain development. PFO can be developed as patin fish oil emulsion 
(PFOE) and used as a dietary supplement. Given its beneficial value, PFOE is 
at risk of being adulterated with low-quality oils. Therefore, authentication is 
crucial to guarantee its quality and safety. However, authenticating PFOE is 
difficult because its physical appearances are masked by the emulsion 
component. This study aims to authenticate PFOE using Fourier transform 
infrared (FTIR) spectroscopy combined with chemometrics. Adulteration 
models were prepared using palm oil (PO) as an adulterant. All samples were 
analyzed using ATR-FTIR spectroscopy at 4000–650 cm−1. Chemometric 
techniques such as discriminant analysis (DA), partial least square 
regression, and principal component regression (PCR) were adopted for 
quantitative analysis. Results showed that DA successfully discriminated 
PFOE from the adulterant. PCR within the normal spectrum of 1004–2936 
cm−1 produced the best values of 0,9846 highest R2cal, 0,9073 R2pred, 0,0565 
lowest root mean square error of calibration, and 0,1330 root mean square 
error of prediction. Therefore, FTIR spectroscopy combined with 
chemometrics is a rapid, accurate, and suitable method for distinguishing 
pure PFOE from PO adulterant. 
Keywords: adulteration, fish oil emulsion, chemometrics, principal 
component regression, discriminant analysis 
 

 
INTRODUCTION 

Patin fish oil (PFO) contains a high level of 
polyunsaturated fatty acid (Sugata et al., 2019), 
which can alleviate various cardiovascular diseases 
(Fernandez et al., 2021; Golanski et al., 2021; Wang 
et al., 2021), maintain body fat composition 
(Monnard & Dulloo, 2021), and aid in brain 
development (Ramaswami et al., 2016; Wen et al., 
2021). Long-chain omega 3 fatty acids which can be 

found in PFO have been accepted as food 
supplements (Singh et al., 2022). These beneficial 
effects render PFO as a potential food supplement, 
particularly when prepared in patin fish oil 
emulsion (PFOE) form to decrease the fishy odor 
and taste. Moreover, lipid oxidation of 
polyunsaturated fatty acid especially omega 3 fatty 
acid has been successfully reduced using several 
polymers in emulsion form compared with 
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unwrapped fish oil (S. X. Liu et al., 2015; Padial-
Domínguez et al., 2020; Yesiltas et al., 2021). 

Owing to its benefits, PFOE is at risk of being 
adulterated with low-quality oils. Adulteration is 
difficult to investigate because the emulsion 
component masks the odor and taste of the oils. 
Hence, PFOE authentication is crucial to guarantee 
the quality and safety of its product (Bansal et al., 
2017; Danezis et al., 2016). Authentication is an act 
of determining whether an object is. Commonly, the 
authentication process is performed using several 
chemical analysis which surely confirms that the 
product quality meets technical specifications 
which stated or documented previously 
(Rodionova et al., 2016). 

 PFO is mainly adulterated using palm oil 
(PO) because of their similarities and the relatively 
low price of the latter (Putri et al., 2019). PFO 
adulterated with PO exhibits reduced quality. For 
authentication, various methods have been 
developed, such as Fourier transform infrared 
(FTIR) spectroscopy combined with chemometrics. 
Oils can be discriminated from each other on the 
basis of their fingerprint profiles (Poonia et al., 
2017; Valand et al., 2020). This technique is ideal 
for the authentication of different oils, such as 
milkfish fish oil from PO, PFO from PO (Putri et al., 
2020), Gabus fish oil from corn oil and PO (Irnawati 
et al., 2021), meat products (Candoğan et al., n.d.), 
Rosa damascena essential oils, (Cebi et al., 2021), 
and Maltese extra virgin olive oil (Lia et al., 2021). 

Chemometrics uses analytical data to 
establish a measurement model and applies 
multivariate calibration for complex analysis in a 
mixture (Miller & Miller, 2018). Multivariate data 
from FTIR combined with chemometrics serve as a 
basis to differentiate fish oil from various 
adulterants (Rohman et al., 2021). This technique 
is rapid, easy, and supports green chemistry 
(Ikhsan et al., 2021). Discriminant analysis (DA) is 
a supervised pattern recognition method that 
discriminates various authentication models 
according to their FTIR spectra (Mustafidah et al., 
2021; Putri et al., 2020; Xagoraris et al., 2021).  

This study aims to authenticate PFOE 
adulterated with PO by using FTIR spectroscopy 
combined with chemometrics. DA was performed 
to discriminate among PFOE, PO emulsion (POE), 
and mixture oil emulsion (MOE). Partial least 
square regression (PLSR) and principal component 
regression (PCR) calibrations were also adopted            
to quantitatively analyze the adulteration       
models. 
 

MATERIAL AND METHODS 
Patin fish is obtained from a local fish market 

in Pati, Central Java, Indonesia. Species 
determination is performed at Aquaculture 
Laboratorium, Department of Fisheries, Faculty of 
Agriculture, Universitas Gadjah Mada to confirm 
sample species. Fish cleaned, filleted, and dried for 
24 hours to remove moisture. The dried sample 
then pressed using hydraulic press to extract         
patin fish oil. PO and other emulsion components 
were purchased from Brataco (Yogyakarta, 
Indonesia) 
 
Preparation of falsification models 

A falsification model was prepared by 
mixing PFO and PO within the concentration of 
0%–100% b/b, followed by adding Tween 80, Span 
80, xanthan gum, sorbitol, and distilled water 
(aquadest) as shown in Table 1. Each sample was 
homogenized using a vortex mixer to obtain a 
homogenous mixture.  Oil percentages in Table 1 
were randomly obtained using Excel software 
(Microsoft Inc, USA). 
 
FTIR spectroscopy analysis 

Twenty-two samples were analyzed using 
FTIR spectrophotometer (Thermo Scientific 
Nicolet iS10, Madison, WI) (Putri et al., 2019). 
Spectral data were obtained and processed using 
Omnic software. All samples were measured in 
various wavelengths between 4000 and 650 cm−1 
at 16 cm−1 resolution. Horizontal attenuated total 
reflectance (HATR) composed of ZnSe crystal was 
used as the sampling accessory. Prior to sample 
analysis, correction was performed by scanning a 
background spectrum of air under the same 
condition. Measurements were conducted in three 
replicates. The HATR crystal was cleaned using n-
hexane and acetone after each FTIR test. 
 
Chemometrics analysis 

Chemometrics analysis including 
multivariate calibration and DA was performed 
using TQ Analyst 9 (Thermo Fisher Scientific Inc., 
USA) and Minitab 19 (Minitab Inc., USA). PLSR and 
PCR were applied for quantification. 
 

RESULT AND DISCUSSION 
Fish oils are mainly composed of fatty acids 

either in triacylglycerol or free fatty acid form 
differentiated by their profiles. Adulteration is 
performed by mixing high-price and low-price oils 
that   could   not  be   physically  distinguished   from  
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each other. Pure and adulterated products in 
emulsion form are particularly difficult to 
discriminate because the emulsion component 
masks their odor and taste. FTIR spectroscopy has 
the ability to distinguish pure oil from adulterated 
products according to their fingerprint spectra. In 
addition, molecular bonds and structures can be 
determined using this method.  

Patin fish are obtained, selected, and 
confirmed based on species determination to           
make sure its authenticity. Fish are processed and 
the fish oil extracted based on method which 
previously   developed    (Mustafidah  et   al.,  2021).  

However, adulteration models are built 
using palm oil (PO) because its low price and 
easiest to find. PO is an edible oil which safe for 
human consumption. Nevertheless adulteration 
practice using PO still bring detrimental for 
producer and consumer because the quality of the 
product didn’t met. 

Fish oil emulsion is a alternative way to 
consume fish oils because its bad taste and odor 
may be covered, so the consumption become 
convenient. Basicly, surfactant such as Tween 80 
and Span 80 are used to form stable emulsion. 
However, another components such as Xanthan 

Gum and Sorbitol also used as viscousity enchancer 
and sweetener to improve emulsion stability and 
provided sweet taste. In this reseach, emulsion is 
stable and perfectly covered fishy odor and fishy 
taste. Total 25 emulsion samples are prepared, the 
oil composition were randomly mixed. However, 
the other components such as tween 80, span 80, 
xanthan gum, sorbitol, and aquadest are kept 
constant. From these samples, there is no physical 
instability observed. The whole sample is 
completely physically homogenous and stable. 
Sample homogeneity is crucial to obtain the best 
analysis results. Emulsion easily separated if the 
surfactant wasn’t unsuccesful stabilize oil and 
water phase. The separated emulsion tends to give 
wrong results and directing to false sample 
determination. 

Fish oil consists of various components such 
as fatty acid, protein, and vitamin. Each functional 
groups from these components has capability to 
absorb light radiation energy in the infrared area. 
All samples are scanned using FTIR-ATR 
spectrophotometry at 4000-650 cm-1 
wavenumbers. The FTIR spectra are collected and 
analyzed based on the difference between peak 
pattern, peak intensity, and peak wavenumber. 

Table I.  Adulteration model composition of patin fish oil and palm oil as adulterants. 
 
Sample Id PFO (g) PO (g) Tween 20 (g) Span 80 (g) Xanthan gum (g) Sorbitol (g) Aquadest (g) 

PFOE1 2.00 0.00 0.64 0.28 0.15 4.00 ad 20 
PFOE2 2.00 0.00 0.64 0.28 0.15 4.00 ad 20 
PFOE3 2.00 0.00 0.64 0.28 0.15 4.00 ad 20 
AOE1 1.80 0.20 0.64 0.28 0.15 4.00 ad 20 
AOE2 1.78 0.22 0.64 0.28 0.15 4.00 ad 20 
AOE3 1.64 0.36 0.64 0.28 0.15 4.00 ad 20 
AOE4 1.60 0.40 0.64 0.28 0.15 4.00 ad 20 
AOE5 1.36 0.64 0.64 0.28 0.15 4.00 ad 20 
AOE6 1.24 0.76 0.64 0.28 0.15 4.00 ad 20 
AOE7 1.24 0.76 0.64 0.28 0.15 4.00 ad 20 
AOE8 0.84 1.16 0.64 0.28 0.15 4.00 ad 20 
AOE9 0.78 1.22 0.64 0.28 0.15 4.00 ad 20 

AOE10 0.72 1.28 0.64 0.28 0.15 4.00 ad 20 
AOE11 0.66 1.34 0.64 0.28 0.15 4.00 ad 20 
AOE12 0.60 1.40 0.64 0.28 0.15 4.00 ad 20 
AOE13 0.56 1.44 0.64 0.28 0.15 4.00 ad 20 
AOE14 0.22 1.78 0.64 0.28 0.15 4.00 ad 20 
AOE15 0.20 1.80 0.64 0.28 0.15 4.00 ad 20 
AOE16 0.12 1.88 0.64 0.28 0.15 4.00 ad 20 
POE1 0.00 2.00 0.64 0.28 0.15 4.00 ad 20 
POE2 0.00 2.00 0.64 0.28 0.15 4.00 ad 20 
POE3 0.00 2.00 0.64 0.28 0.15 4.00 ad 20 

 

*PFO: patin fish oil; PO: palm oil; PFOE: patin fish oil emulsion; AOE: adulterated oil emulsion; POE: palm oil emulsion. 
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Spectra analysis 
Angeline et.al. (2019) was performed rapid 

analysis to authenticate similar turmeric powder 
from adulterant. However due similar color and 
aroma, physical discrimination between sample 
was difficult. The alternative way was using 
vibrational spectroscopy to authenticate samples 
based on FTIR spectra profiles. Same as this 
research, physically discrimination between pure 
and adulterated emulsion is arduous because the 
color and the odor are similar. FTIR spectra will 
provided specific spectra which can be used to 
discriminate between pure samples, adulterated 
samples, and the adulterants. 

 

 
Figure 1. Fourier transform infrared spectra of 
between Palm Fish Oil Emulsion, Palm Oil 
Emulsion, and Emulsion Basis at 4000-650 cm−1 
wavenumber regions. 
 

 
Figure 2. Fourier transform infrared spectra of 22 
emulsion adulteration models at 4000-650 cm−1 
wavenumber regions. 

 
FTIR spectra and the corresponding 

functional groups and/or bonds are shown in 
Figure 1. Each peak is attributed to a functional 
group and/or bond: 3007 cm−1 is the (-OH) stretch 
and indicates water presence; 2921 cm−1 is the (-
CH2) asymmetrical stretch, 2852 cm−1 is the (-CH2) 
symmetrical stretch, 1744 cm−1 is the (-C=O) ester 
stretch, 1637 cm−1 is the (=C-H) cis stretch, 1463 
cm−1 is the (-CH2) bend, 1377 cm−1 is the (-CH3) 
bend, and 1091 cm−1 is the (=CH) stretch.  

From figure 1 we can observe several 
spectral differences between these 3 samples. In 
Patin Fish Oil Emulsion, peak 1744 cm−1, 1637 cm−1,  

1463 cm−1, 1377 cm−1, dan 1091 cm−1 has higher 
absorbance intensity compared with Palm Oil 
Emulsion and Emulsion basis. The highest 1744 
cm−1 and 1637 cm−1 indicates unsaturated bonds 
from fatty acid. Patin fish oil contains higher 
polyunsaturated fatty acid compared with palm oil. 
Otherwise, in 2921 cm−1  and 2852 cm−1, Patin Fish 
Oil Emulsion has lower absorbance compared with 
others. Palm oil contains higher level of saturated 
bonds which may be observed in 2921 cm−1  and 
2852 cm−1. Moreover in Emulsion Basis spectra, 
3007 cm−1  has the highest absorbance intensity 
compared with others. The 3007 cm−1  correspond 
to water presence which is higher in Emulsion 
Basis. These several peak differences may become 
a critical factors to discriminate patin fish oil 
emulsion from palm oil emulsion and emulsion 
basis. 
 
Discriminant analysis 

Discrimination pure samples (PFOE) and 
adulterated samples (POE and MOE) is carried out 
using Discriminant Analysis (DA). DA can 
discriminate PFOE from adulterated models (POE 
and MOE) according to their FTIR spectra. The 
wavenumber regions used for DA is 1744 cm−1, 
1637 cm−1, 1463 cm−1, 1377 cm−1, 1091 cm−1, 2921 
cm−1, 2852 cm−1, and 3007 cm−1 based on spectral 
characteristic which explains in the previous 
section. DA discriminates the whole samples into 2 
groups which we can observe in the Coomans’            
plot in figure 3. The first group are pure               
samples, however the next group are adulterated 
samples (POE and MOE). From both groups, some 
samples are used for validation to evaluate the DA 
method. 

Mahalanobis distance is important in 
justifying similarities between an unidentified 
sample and other identified samples (Mustafidah et 
al., 2021). The x axis indicates the Mahalanobis 
distance to pure PFOE, and the y axis shows the 
Mahalanobis distance to the adulterated emulsion. 
The findings showed that DA successfully 
discriminated pure PFOE, POE, and MOE with 
100% accuracy, it means that there were no 
samples are falsely discriminate into false group. 
Missdiscrimination is commonly caused by 
unsuitable wavenumber selection and unspesific 
spectra profile. The method tend to false 
discriminate the sample because the similiarity 
between sample is high and hard to differentiate. 
Therefore effective and suitable for distinguishing 
PFOE from PO adulterant.  
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Multivariate calibration 
The least-squares technique is generally 

adopted in fitting various liniear regression  
models such as Partial Least Square (PLSR) and 

Principal Component Regression (PCR) (Liu et al., 
2003). PLSR was a linear regression technique 
which is done on scores. PLSR was transforming 
the original variables to novel variable which  

Table II. Optimization of multivariate calibration (partial least square regression and principal component 
regression) at 4000-650 cm−1 wavenumber regions. 
 
 Wavelength (cm−1) Spectra RMSEC R2cal RMSEP R2pred 

PLSR 1004–2936 
Normal 0.1250 0.9220 0.1580 0.8649 
1st derivative 0.2620 0.5863 0.2890 0.3927 
2nd derivative 0.2660 0.5704 0.2930 0.3902 

PCR 1004–2936 
Normal 0.0565 0.9846 0.1330 0.9073 
1st derivative 0.0579 0.9998 0.2990 0.3554 
2nd derivative 0.2580 0.6054 0.3250 0.1660 

 

*The selection method is marked in bold and italic font style. PLSR: partial least square regression; PCR: principal 
component regression. 

 

 
 
Figure 3. Coomans’ plot for pure patin fish oil emulsion (blue circle) and adulterated emulsion (red circle) 
(palm oil emulsion and mixture oil emulsion). 

 

 
 
Figure 4. Correlation between the actual and predicted values of pure patin fish oil emulsion from 
principal component regression within the normal spectrum of 1004–2936 cm−1. 
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latent and have high correlation with variable 
response (Geladi & Dåbakk, 2016). PLSR has 
similarities to Principal Component Regression 
(PCR) in building and extracting a novel            
variable   from  original  variables (Liu et al., 2003).  
PCR was used in two stage procedure, first 
principal component analysis (PCA) was 
performed, then followed by regression. The 
selected principal components were considered as 
a novel explanatory variable in the model (Kawano 
et al., 2018). 

The combination of FTIR spectroscopy, 
PLSR, and PCR was applied for the quantitative 
analysis of PFO and adulteration models. PLSR was 
adopted to determine the correlation between 
spectral absorption changes and sample 
concentration. PCR combines the spectral data of 
samples into a one-step model (Putri et al., 2019). 
The results from these analyses are shown in Table 
2. The results of PLSR and PCR were optimized 
using absorbance as a variable at several 
wavenumber regions. R2 value (prediction and 
calibration) and errors (root mean square error of 
calibration and root mean square error of 
prediction) were employed to evaluate accuracy 
and precision. 

As shown in Table 2, PLSR within the normal 
spectrum of 1004–2936 cm−1 produced the 
following results: highest R2cal value of 0,9220, 
R2pred value of 0,8649, lowest root mean square 
error of calibration (RMSEC) of 0,1250, and lowest 
root mean square error of prediction (RMSEP) of 
0,1580. In addition, PCR using normal spectrum at 
wavenumbers 2936 cm−1 obtained the following 
values: highest R2cal of 0,9846, R2pred of 0,9073, 
lowest RMSEC of 0,0565, and RMSEP of 0,1330. In 
this study, PCR showed better efficiency than PLSR 
because its highest R2cal and R2pred values were 
higher than those of PCR. In addition, the lowest 
RMSEC and RMSEP values of PCR were smaller than 
those of PLSR. 

The first and second derivative spectra aim 
to increase the molar sensitivity and separate the 
peaks overlapping in normal spectra. However, 
these spectra do not always provide the best results 
because the peak already had good separation and 
therefore are unnecessary for this study. 

Figure 3 exhibits the correlation between 
the actual and predicted values for PFOE and 
adulterant models. As shown in Figure 4, the errors 
were distributed randomly along the correlation 
line and were not systematic. In addition, 
concentration difference had no influence on the 
analysis results. Therefore, FTIR spectra combined 

with PLSR/PCR is an accurate and precise 
technique for quantitative analysis to discriminate 
PFOE from PO adulterant. 
 
CONCLUSION 

FTIR spectroscopy combined with DA and 
PCR successfully discriminated PFOE from PO 
adulterant. Adopting the PCR technique within the 
normal spectrum of 1004–2936 cm−1 for 
quantitative analysis provides a high accuracy and 
a low error percentage. This method is rapid, 
accurate, and suitable for distinguishing pure PFOE 
from PO adulterant. 
 
ACKNOWLEDGEMENT 

The authors express their gratitude  to  The 
Ministry of Education, Culture, Research, technology 
and Higher Education (kemendikbudristekdikti) 
Penelitian through Penelitian Terapan Unggulan 
Perguruan Tinggi Tahun Anggaran 2021 Nomor 
7262/UN1/DITLIT/DIT-LIT/PT/2021 
 
REFERENCES  
Bansal, S., Singh, A., Mangal, M., Mangal, A. K., & 

Kumar, S. (2017). Food adulteration: Sources, 
health risks, and detection methods. In 
Critical Reviews in Food Science and Nutrition 
(Vol. 57, Issue 6). 
https://doi.org/10.1080/10408398.2014.96
7834 

Candoğan, K., Evrim, &, Altuntas, G., & İğci, N. (n.d.). 
Authentication and Quality Assessment of 
Meat Products by Fourier-Transform Infrared 
(FTIR) Spectroscopy. 
https://doi.org/10.1007/s12393-020-
09251-y/Published 

Cebi, N., Arici, M., & Sagdic, O. (2021). The famous 
Turkish rose essential oil: Characterization 
and authenticity monitoring by FTIR, Raman 
and GC–MS techniques combined with 
chemometrics. Food Chemistry, 
354(February), 129495. 
https://doi.org/10.1016/j.foodchem.2021.1
29495 

Danezis, G. P., Tsagkaris, A. S., Camin, F., Brusic, V., 
& Georgiou, C. A. (2016). Food authentication: 
Techniques, trends & emerging approaches. 
TrAC - Trends in Analytical Chemistry, 85, 
123–132. 
https://doi.org/10.1016/j.trac.2016.02.026 

Fernandez, M. L., Blomquist, S. A., Hallmark, B., & 
Chilton, F. H. (2021). Omega-3 
Supplementation and Heart Disease: A 
Population-Based Diet by Gene Analysis of 



Implementation of Fourier Transform Infrared (FTIR) Spectroscopy Combined with Chemometrics  

180   Volume 34 Issue 2 (2023) 

Clinical Trial Outcomes. Nutrients, 13(7), 
2154. 

Geladi, P., & Dåbakk, E. (2016). Computational 
methods and chemometrics in near infrared 
spectroscopy. Encyclopedia of Spectroscopy 
and Spectrometry, 350–355. 
https://doi.org/10.1016/B978-0-12-
803224-4.00352-6 

Golanski, J., Szymanska, P., & Rozalski, M. (2021). 
Effects of omega-3 polyunsaturated fatty 
acids and their metabolites on haemostasis—
current perspectives in cardiovascular 
disease. International Journal of Molecular 
Sciences, 22(5), 1–14. 
https://doi.org/10.3390/ijms22052394 

Ikhsan, A. N., Rohman, A., Putri, A. R., Syifa, F., 
Mustafidah, M., & Rohman, A. (2021). 
Application of FTIR Spectroscopy and 
Chemometrics for the Prediction of Radical 
Scavenging Activities of Fish oils. 32(2), 166–
174. 

Irnawati, Riyanto, S., & Rohman, A. (2021). 
Adulteration of Gabus (Channa striata) fish oil 
with corn oil and palm oil: The use of FTIR 
spectra and chemometrics. Food Research, 
5(2), 184–190. 
https://doi.org/10.26656/fr.2017.5(2).368 

Kawano, S., Fujisawa, H., Takada, T., & Shiroishi, T. 
(2018). Sparse principal component 
regression for generalized linear models. 
Computational Statistics & Data Analysis, 124, 
180–196. 
https://doi.org/10.1016/J.CSDA.2018.03.00
8 

Lia, F., Mangion, M. Z., & Farrugia, C. (2021). 
Application of Fourier Transform Mid- Infra-
Red Attenuated Total Reflectance ( FT-MIR-
ATR ) for the authentication of Maltese extra 
virgin olive oil. May. 

Liu, R. X., Kuang, J., Gong, Q., & Hou, X. L. (2003). 
Principal component regression analysis with 
spss. Computer Methods and Programs in 
Biomedicine, 71(2), 141–147. 
https://doi.org/10.1016/S0169-
2607(02)00058-5 

Liu, S. X., Singh, M., Wayman, A. E., Hwang, H. S., & 
Fhaner, M. (2015). Reduction of omega-3 oil 
oxidation in stable emulsion of caseinate-
omega-3 oil-oat beta-glucan. LWT - Food 
Science and Technology, 62(2), 1083–1090. 
https://doi.org/10.1016/J.LWT.2015.02.012 

Miller, J. N., & Miller, J. C. (2018). Statistics and 
Chemometrics for Analytical Chemistry (7 th 
editi). Coronet Books Inc. 

Monnard, C. R., & Dulloo, A. G. (2021). 
Polyunsaturated fatty acids as modulators of 
fat mass and lean mass in human body 
composition regulation and cardiometabolic 
health. Obesity Reviews, 22(S2). 
https://doi.org/10.1111/obr.13197 

Mustafidah, M., Irnawati, I., Lukitaningsih, E., & 
Rohman, A. (2021). Authentication analysis of 
milkfish fish oil using the combination of FTIR 
spectroscopy and chemometrics. Food 
Research, 5(2), 272–278. 
https://doi.org/10.26656/fr.2017.5(2).607 

Padial-Domínguez, M., Espejo-Carpio, F. J., Pérez-
Gálvez, R., Guadix, A., & Guadix, E. M. (2020). 
Optimization of the emulsifying properties of 
food protein hydrolysates for the production 
of fish oil-in-water emulsions. Foods, 9(5). 
https://doi.org/10.3390/foods9050636 

Poonia, A., Jha, A., Sharma, R., Singh, H. B., Rai, A. K., 
& Sharma, N. (2017). Detection of 
adulteration in milk: A review. International 
Journal of Dairy Technology, 70(1), 23–42. 
https://doi.org/10.1111/1471-0307.12274 

Putri, A. R., Rohman, A., & Riyanto, S. (2019). 
Authentication of patin (pangasius 
micronemus) fish oil adulterated with palm 
oil using ftir spectroscopy combined with 
chemometrics. International Journal of 
Applied Pharmaceutics, 11(3), 195–199. 
https://doi.org/10.22159/ijap.2019v11i3.3
0947 

Putri, A. R., Rohman, A., Riyanto, S., & Setyaningsih, 
W. (2020). Autentikasi Minyak Ikan Patin 
(Pangasius micronemus) menggunakan 
Metode Spektroskopi FTIR yang 
dikombinasikan dengan Kemometrika 
Authentication of Patin Fish Oil (Pangasius 
micronemus) using FTIR Spectroscopy 
Combined with Chemometrics. In 
J.Chemom.Pharm.Anal (Vol. 2021, Issue 1). 

Ramaswami, R. (2016). Clinical Decisions Fish Oil 
Supplementation in Pregnancy A Pregnant 
Woman Considering n − 3 Long-Chain 
Polyunsaturated Fatty Acid Supplementation 
Start n − 3 LCPUFA Supplementation Do Not 
Start n − 3 LCPUFA Supplementation. 2016–
2018. 

Rodionova, O. Y., Titova, A. V., & Pomerantsev, A. L. 
(2016). Discriminant analysis is an 
inappropriate method of authentication. TrAC 
Trends in Analytical Chemistry, 78, 17–22. 
https://doi.org/10.1016/J.TRAC.2016.01.01
0 

Rohman, A., Putri, A. R., Irnawati, Windarsih, A., 



Arif Nur Ikhsan 

Volume 34 Issue 2 (2023)   181 

Nisa, K., & Lestari, L. A. (2021). The 
employment of analytical techniques and 
chemometrics for authentication of fish oils: 
A review. Food Control, 124(November 2020), 
107864. 
https://doi.org/10.1016/j.foodcont.2021.10
7864 

Singh, R. B., Kartikey, K., Isaza, A., Yazawa, K., 
Watanabe, S., Juneja, L., & Smail, M. M. A. 
(2022). Fish, fish oil, and fish peptides and 
other seafood. Functional Foods and 
Nutraceuticals in Metabolic and Non-
Communicable Diseases, 243–257. 
https://doi.org/10.1016/B978-0-12-
819815-5.00002-1 

Sugata, M., Wiriadi, P. F., Lucy, J., & Jan, T. T. (2019). 
Total lipid and omega-3 content in Pangasius 
catfish (Pangasius pangasius) and milkfish 
(Chanos chanos) from Indonesia. Malaysian 
Journal of Nutrition, 25(1), 163–170. 
https://doi.org/10.31246/mjn-2018-0137 

Valand, R., Tanna, S., Lawson, G., & Bengtström, L. 
(2020). A review of Fourier Transform 
Infrared (FTIR) spectroscopy used in food 
adulteration and authenticity investigations. 
Food Additives and Contaminants - Part A 
Chemistry, Analysis, Control, Exposure and 
Risk Assessment, 37(1), 19–38. 
https://doi.org/10.1080/19440049.2019.16
75909 

Wang, H., Li, Q., Zhu, Y., & Zhang, X. (2021). Omega-

3 Polyunsaturated Fatty Acids: Versatile 
Roles in Blood Pressure Regulation. 
Antioxidants and Redox Signaling, 34(10), 
800–810. 
https://doi.org/10.1089/ars.2020.8108 

Wen, M., Zhao, Y., Shi, H., Wang, C., Zhang, T., Wang, 
Y., & Xue, C. (2021). Short-term 
supplementation of DHA as phospholipids 
rather than triglycerides improve cognitive 
deficits induced by maternal omega-3 PUFA 
deficiency during the late postnatal stage. 
Food and Function, 12(2), 564–572. 
https://doi.org/10.1039/d0fo02552f 

Xagoraris, M., Revelou, P. K., Dedegkika, S., Kanakis, 
C. D., Papadopoulos, G. K., Pappas, C. S., & 
Tarantilis, P. A. (2021). SPME-GC-MS and 
FTIR-ATR spectroscopic study as a tool for 
unifloral common greek honeys’ botanical 
origin identification. Applied Sciences 
(Switzerland), 11(7). 
https://doi.org/10.3390/app11073159 

Yesiltas, B., García-Moreno, P. J., Sørensen, A. D. M., 
Soria Caindec, A. M., Hyldig, G., Anankanbil, S., 
Guo, Z., & Jacobsen, C. (2021). Enrichment of 
mayonnaise with a high fat fish oil-in-water 
emulsion stabilized with modified DATEM 
C14 enhances oxidative stability. Food 
Chemistry, 341(January 2020), 128141. 
https://doi.org/10.1016/j.foodchem.2020.1
28141 

 
 
 


