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Abstract 

Patin fish (Pangasius micronemus) and bandeng fish (Chanos chanos) has high levels of 

oils containing essential fatty acids which are necessary for the human body. Therefore, 

quantitative analysis of fish oils extracted from patin fish and bandeng fish was very 

important. This research aimed to combine Fourier transform infrared (FTIR) 

spectroscopy with partial least square (PLS) and principal component regression (PCR) 

for simultaneous analysis of the binary mixture of patin fish oil (PFO) and bandeng fish 

oil (BFO). The method has consisted of extraction of both oils, preparation of calibration 

and validation samples, scanning of samples using FTIR spectrophotometer, and 

developing the calibration and validation models using PLS and PCR. The simultaneous 

analysis of PFO in a binary mixture with BFO was performed based on first derivative 

spectra at combined wavenumbers of 3050-2800, 1800-1700, and 1500-650 cm-1 assisted 

with PLS. In addition, BFO in binary mixtures with PFO was determined using the first 

derivative spectra using the same wavenumbers. The coefficient of determination for 

calibration (Rcal
2) and validation (Rval

2) were 0.9998 and 0.9994, with low errors (RMSEC 

= 0.0072 and RMSEP = 0.0121). The combination of FTIR spectroscopy with PLS using 

suitable wavenumbers can be potential tools for the simultaneous analysis of PFO and 

BFO.  

1. Introduction 

Patin fish (Pangasius micronemus) and bandeng fish 

(Chanos chanos) are cultivated in Indonesia. Besides 

their meat, fish oils also have a huge potency to be 

developed as a dietary supplement (Siscovick et al., 

2017). Patin fish oil (PFO) and bandeng fish oil (BFO) 

were composed mainly of polyunsaturated fatty acids 

(PUFA). PFO contained a high level of omega-6 fatty 

acid while BFO contains a high level of omega-3 fatty 

acid. In the future, PFO and BFO may be combined as 

food supplements. Fish oil supplementation provides 

some beneficial effects on human health such as 

preventing cardiovascular disease and is also essential 

for child brain development (Ramaswami, 2016; Gao et 

al., 2017; Hansen et al., 2017). 

Verifying the quality and identity of each fish oil 

was needed for the following reasons: well-defined 

quality, legal compliance, dosage, and product safety 

(Danezis et al., 2016; Bansal et al., 2017). Conventional 

methods were used to establish reference materials to 

analyse adulteration and guarantee quality (Danezis et 

al., 2016; Sabir, et al., 2017; He et al., 2020; Gao et al., 

2021). However, the fish oil components were composed 

of some complex components whose reference materials 

were hard to find. Multivariate analysis based on specific 

fish oil characteristics was a more conclusive method to 

discriminate each component (Jha et al., 2016; 

Avramidou et al., 2018; Mohammed et al., 2021). 

Authentication of different oils and fats has been 

performed using multivariate analysis between 

triacylglycerol and fatty acid fingerprints using gas 

chromatography (GC) and proton transfer reaction mass 

spectra (PTR-MS) (van Ruth et al., 2010). 

FTIR spectroscopy was a common method to 
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analyse fish oil characteristics based on their fingerprint 

in nature (Poonia et al., 2017; Valand et al., 2020). This 

method was reported to be effective for distinguishing 

each oil by its spectral difference (Rohman, 2017). 

Combined with partial least square (PLS) and principal 

component regression (PCR), the FTIR spectroscopy 

method has been claimed effective to authenticate patin 

fish oil with palm oil as an adulterant (Putri et al., 2019), 

cod liver oils from other fats and oils as adulterants 

(Rohman and Che Man, 2009). Besides that, it was also 

claimed effective to authenticate virgin oils with paraffin 

oils as an adulterant (Amit et al., 2020) and avocado oil 

in ternary mixtures with sunflower and soybean oils 

(Jiménez-Sotelo et al., 2016). However, the study related 

to the simultaneous analysis of 2 different fish oils in a 

mixture has not been conducted. The novelty of this 

research was to perform simultaneous analysis between 2 

different fish oil in a mixture, which was never 

conducted before. 

Furthermore in this research, FTIR spectroscopy 

combined with PLS and PCR methods was used to 

conduct a simultaneous quantitative analysis of PFO and 

BFO. Based on the literature review process, there were 

no sufficient findings related to combining FTIR 

spectroscopy with PLS and PCR for quantitative analysis 

of PFO and BFO simultaneously. Hence, the main 

objective of this research was to quantitatively analyze 

and optimize PFO and BFO using FTIR spectroscopy 

combined with PLS and PCR simultaneously. 

 

2. Materials and methods 

Bandeng fish oils and patin fish oils were obtained 

from a local fish breeder in Pati, Central Java, Indonesia. 

Hexane and acetone pro-analytical grades for sampling 

cleaner were purchased from E. Merck (Darmstadt, 

Germany). 

2.1 Sample preparation  

Both fish were descaled, filleted, and cleaned. Three 

kilograms of clean fish flesh were placed in an 

aluminium tray. Samples were dried using a cabinet 

dryer at 50°C for 24 hrs. The extraction method was 

adapted from the previously reported method by Honold 

et al. (2016). Dried samples were placed into a pressing 

chamber covered with a filter cloth. The pressing process 

was performed using 100 kN force for 2 mins. The 

extracted oil was centrifugated at 5000×g for 10 mins to 

separate the sediment. 

2.2 Preparation of calibration and validation samples 

PFO and BFO were mixed into binary mixtures with 

accumulated levels of 100%. The total volume of binary 

mixtures was 2 mL, while the total amount of samples 

was 25. For instance, sample 1 was composed of 96.5% 

of PFO and 3.5% BFO. The validation samples were 

prepared independently using the same spanned 

concentration from 0-100 % as in calibration samples. 

The selection of its percentage in Table 1 was based on 

random order as suggested by Excel software (Microsoft 

Inc., USA). 

2.3 FTIR spectroscopy analysis 

All samples were scanned using an FTIR 

spectrophotometer (Thermo Scientific Nicolet iS10, 

Madison, WI) according to Irnawati et al. (2020). 

Meanwhile, the obtained spectra were processed using 

Omnic software. The samples were measured in 11 

different wavenumber regions between 4000–650 cm-1 

with a resolution of 16 cm-1, and scanning numbers of 25 

replicates (2 for calibration and 1 for validation). 

Horizontal Attenuated Total Reflectance (HATR) 

composed of ZnSe crystal was used as used sampling 

accessory. A correcting action was carried out by 

scanning a new reference air as background after every 

sample scanning. Triplicate data points were used to 

make a correlation between the predicted value and FTIR 

spectra. The spectra data were recorded as absorbance 

values. 

2.4 Data analysis 

TQ analyst 9.7.0.27 (Thermo Fisher Scientific Inc.) 

Sample code % PFO % BFO 

1 96.5 3.5 

2 62.0 38.0 

3 48.0 52.0 

4 95.5 4.5 

5 93.0 7.0 

6 25.5 74.5 

7 17.5 82.5 

8 28.5 71.5 

9 34.0 66.0 

10 80.5 19.5 

11 10.5 89.5 

12 67.0 33.0 

13 87.5 12.5 

14 17.5 82.5 

15 0.0 100.0 

16 85.0 15.0 

17 36.0 64.0 

18 57.5 42.5 

19 5.0 95.0 

20 40.5 59.5 

21 100.0 0.0 

22 66.5 33.5 

23 21.5 78.5 

24 12.5 87.5 

25 10.5 89.5 

Table 1. Sample composition between PFO and BFO 

percentage 
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software was used for chemometrics analysis. Partial 

least square (PLS) and principal component regression 

(PCR) were used to make a correlation between actual 

values of PFO and BFO with predicted values and using 

FTIR spectra. For quantitative analysis, 25 mixtures of 

samples containing PFO and BFO were analysed using 

spectral regions between 4000 cm-1 to 650 cm-1. The 

normal, 1st derivative and 2nd derivative spectra were 

observed to increase spectral resolution. The root mean 

square error of calibration (RMSEC), root mean square 

error of cross prediction (RMSEP), coefficient of 

determination for calibration (Rcal
2), and coefficient of 

determination for validation (Rval
2) were calculated 

using, TQ analyst software. 

 

3. Results and discussion 

Patin fish oil (PFO) and bandeng fish oil (BFO) were 

chosen based on their popularity in Indonesia and their 

nutritional values (Sugata et al., 2019; Ilza and 

Sukmiwati, 2020). PFO contains high omega-3 while 

BFO contains high omega-6. The mixture between PFO 

and BFO was predicted to be developed as a dietary 

supplement in the future. Sample binary mixtures were 

scanned in wavenumber regions between 4000 cm-1 and 

650 cm-1. Figure 1 reveals FTIR spectra of patin fish oil 

(PFO) and bandeng fish oil (BFO) at mid infrared region 

(4000-650 cm-1). Based on their spectra, peaks at 3007 

cm-1 was indicating [ =C-H cis (stretching)], 2953 cm-1 

[ -CH3 (asymmetric stretching)], 2922 cm-1 [ -CH2 

(asymmetric stretching)], 2852 cm-1 [ -CH2 (symmetric 

stretching)], 1744 cm-1 [ -C=O (ester stretching)], 1652 

cm-1 [ -C=C cis (stretching)], 1463 cm-1 [ -CH2 

(bending)], 1377 cm-1 [ -CH3 (bending)], 1238, 1117, 

1163, 1098, 1031 cm-1 [ -C-O (stretching)], 966 cm-1 

[ HC=CH- trans (out of plane)], 913 cm-1 [ - HC=CH- cis 

(out of plane)], and 722 cm-1 [ (-CH2)n cis ] (Che Man et 

al., 2011). 

Optimization of partial least square regression (PLS) 

and principal component regression (PCR) can be 

observed in Table 2 and Table 3. The selected method 

for (PFO) simultaneous analysis was based on the 

highest values of coefficient of determination for 

calibration (Rcal
2) and coefficient of determination for 

validation (Rval
2), followed by the lowest values of root 

mean square error of calibration (RMSEC) and root 

mean square error of prediction (RMSEP) in Table 2. 

The first derivative FTIR spectra at wavenumbers of 

3050-2800 and 1800-1700 and 1500-650 cm-1 were the 

highest Rcal
2 values (0.9991); Rval

2 (0.9990); followed by 

the lowest RMSEC (0.0135); and the lowest RMSEP 

(0.0146) using PCR. Moreover, using PLS as the 

selection method resulted in the first derivative FTIR 

spectra at wavenumbers of 3050-2800 and 1800-1700 

and 1500-650. The Rcal
2; Rval

2; RMSEC; and RMSEP 

value was 0.9998; 0.9994; 0.0072; and 0.0121, 

respectively. Meanwhile, the selected method for (BFO) 

simultaneous analysis was based on the highest values of 

coefficient of determination for calibration (Rcal
2) and 

coefficient of determination for validation (Rval
2), 

followed by the lowest values of root mean square error 

of calibration (RMSEC) and root mean square error of 

prediction (RMSEP) in Table 3. Similar to PFO above, 

the first derivative FTIR spectra at wavenumbers of 3050

-2800 and 1800-1700 and 1500-650 cm-1 were the 

highest Rcal
2 values (0.9991); Rval

2 (0.9990); followed by 

the lowest RMSEC (0.0135); and the lowest RMSEP 

(0.0146) using PCR. Furthermore, using PLS as the 

selection method resulted in the first derivative FTIR 

spectra at wavenumbers of 3050-2800 and 1800-1700 

and 1500-650. The Rcal
2; Rval

2; RMSEC; and RMSEP 

value was 0.9998; 0.9994; 0.0072; and 0.0121, 

respectively.  

Putri et al. (2019) conducted an authentication of 

patin fish oil from palm oil using FTIR spectroscopy 

combined with chemometrics. The method provided 

perfect discrimination (100%) of patin fish oil from palm 

oil with low errors (RMSEC = 0.805 and RMSEP = 

2.22) and high accuracy (R2 > 0.999). This research has 

confirmed that FTIR spectroscopy combined with 

chemometrics (PLS and PCR) can be used as a 

Figure 1. FTIR Spectra from binary mixtures (PFO) and (BFO) 
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promising method to analyse two different oil samples 

simultaneously with high accuracy. Errors in Putri et al. 

(2019) research were slightly higher than in this 

research. It may be caused by the differences in fatty 

acid composition between patin fish oil and palm oil. 

The patin fish oil was composed mainly of unsaturated 

fatty acid, however, palm oil is mainly composed of 

saturated fatty acid (Putri et al., 2019). Compared with 

this research, both PFO and BFO are mainly composed 

of unsaturated fatty acids, so PFO and BFO have similar 

spectra to patin fish oil and palm oil. 

Figure 2 presents the actual and calculated values 

correlation of PFO and BFO binary mixtures. Based on 

the chart, the errors that occurred in modelling were 

distributed randomly along the correlation line. 

Moreover, the errors obtained were not systematic. The 

highest values Rcal
2 and Rval

2, but the lowest values of 

RMSEC and RMSEP indicate the selected method 

performed accurate results for the analysis of PFO and 

BFO binary mixture simultaneously (Miller and Miller, 

2018). 

Multivariate 

Calibration 

Wavenumber 

(cm-1) 
Spectra 

Calibration Validation 

RMSEC Rcal
2 RMSEP Rval

2 

PCR 

3050-650 

Normal 0.0227 0.9976 0.0195 0.9984 

1st derivative 0.0148 0.9990 0.0190 0.9984 

2nd derivative 0.0301 0.9957 0.0434 0.9921 

3050-2800 and 
1800-1700 

Normal 0.0203 0.9981 0.0265 0.9970 

1st derivative 0.0248 0.9971 0.0354 0.9943 

2nd derivative 0.0400 0.9924 0.0636 0.9808 

3050-2800 and 
1500-650 

Normal 0.0186 0.9984 0.0164 0.9988 

1st derivative 0.0130 0.9992 0.0177 0.9987 

2nd derivative 0.0215 0.9978 0.0268 0.9969 

3050-2800 and 
1800-1700 and 

1500-650 

Normal 0.0215 0.9978 0.0240 0.9974 

1st derivative 0.0135 0.9991 0.0146 0.9990 

2nd derivative 0.0188 0.9983 0.0219 0.9978 

PLS 

3050-650 

Normal 0.0269 0.9966 0.0285 0.9965 

1st derivative 0.0075 0.9997 0.0142 0.9991 

2nd derivative 0.0073 0.9997 0.0303 0.9962 

3050-2800 and 
1800-1700 

Normal 0.0644 0.9802 0.0871 0.9640 

1st derivative 0.0184 0.9984 0.0340 0.9946 

2nd derivative 0.1810 0.8308 0.193 0.8043 

3050-2800 and 
1500-650 

Normal 0.0235 0.9974 0.0243 0.9974 

1st derivative 0.0104 0.9995 0.0156 0.9991 

2nd derivative 0.0142 0.999 0.0241 0.9975 

3050-2800 and 
1800-1700 and 

1500-650 

Normal 0.0236 0.9974 0.0200 0.9982 

1
st
 derivative 0.0072 0.9998 0.0121 0.9994 

2nd derivative 0.0061 0.9998 0.0180 0.9985 

The selection condition was marked with italicized bold 

Table 2. Optimization of principal component regression (PCR) dan partial least regression (PLS) methods to determine (PFO) 

component in different wavelength areas for simultaneous analysis. 

A 

B 

Figure 2. The correlation charts between actual and calculated of [A] (PFO), [B] (BFO) in PFO-BFO binary mixture. 
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4. Conclusion  

The combination of Fourier transform infrared 

spectroscopy (FTIR) with partial least square (PLS) and 

principal component regression (PCR) had successfully 

been used for simultaneous analysis of binary mixtures 

of patin fish oil (PFO) and bandeng fish oil (BFO). The 

simultaneous analysis method was based on variable 

absorbances values of the first derivative spectra at 3050-

2800, 1800-1700, and 1500-650 cm-1 for PFO and BFO. 

 

Conflict of interest  

The authors declare no conflict of interest.  

 

Acknowledgments 

The authors thank to kemendikbudristekdikti and 

LPPT UGM for supporting this research.  

 

References 

 Amit, Jamwal, R., Kumari, S., Dhaulaniya, A.S., Balan, 

B. and Singh, D.K. (2020). Application of ATR-

FTIR spectroscopy long with regression modelling 

for the detection of adulteration of virgin coconut oil 

with paraffin oil. Food Science and Technology, 118, 

108754. https://doi: 10.1016/j.lwt.2019.108754 

Avramidou, E.V., Doulis, A.G. and Petrakis, P.V. 

(2018). Chemometrical and molecular methods in 

olive oil analysis: A review. Journal of Food 

Processing and Preservation, 42(11), e13770. http://

doi: 10.1111/jfpp.13770 

Bansal, S., Singh, A., Mangal, M., Mangal, A.K. and 

Kumar, S. (2017). Food adulteration: Sources, health 

risks, and detection methods. Critical Reviews in 

Food Science and Nutrition, 57(6), 1174-1189. 

http;//doi: 10.1080/10408398.2014.967834 

Che Man, Y.B., Rohman, A. and Mansor, T.S.T. (2011). 

Differentiation of lard from other edible fats and oils 

by means of Fourier transform infrared spectroscopy 

and chemometrics. Journal of the American Oil 

Chemists’ Society, 88(2), 187–192. http;//doi: 

10.1007/s11746-010-1659-x 

Danezis, G.P., Tsagkaris, A.S., Camin, F., Brusic, V. and 

Georgiou, C.A. (2016). Food authentication: 

Techniques, trends and emerging approaches. TrAC - 

Trends in Analytical Chemistry, 85, 123–132. http://

doi: 10.1016/j.trac.2016.02.026 

Gao, B., Xu, S., Han, L. and Liu, X. (2021). FT-IR-based 

quantitative analysis strategy for target adulterant in 

fish oil multiply adulterated with terrestrial animal 

lipid. Food Chemistry, 343, 128420. http://doi: 

Multivariate 

Calibration 

Wavenumber 

(cm-1) 
Spectra 

Calibration Validation 

RMSEC Rcal
2 RMSEP Rval

2 

PCR 

3050-650 

Normal 0.0227 0.9976 0.0195 0.9984 

1st derivative 0.0148 0.9990 0.0190 0.9984 

2nd derivative 0.0301 0.9957 0.0434 0.9921 

3050-2800 and 
1800-1700 

Normal 0.0203 0.9981 0.0265 0.9970 

1st derivative 0.0248 0.9971 0.0354 0.9943 

2nd derivative 0.0400 0.9924 0.0636 0.9808 

3050-2800 and 
1500-650 

Normal 0.0186 0.9984 0.0164 0.9988 

1st derivative 0.0130 0.9992 0.0177 0.9987 

2nd derivative 0.0215 0.9978 0.0268 0.9969 

3050-2800 and 
1800-1700 and 

1500-650 

Normal 0.0215 0.9978 0.0240 0.9974 

1st derivative 0.0135 0.9991 0.0146 0.9990 

2nd derivative 0.0188 0.9983 0.0219 0.9978 

PLS 

3050-650 

Normal 0.0269 0.9966 0.0285 0.9965 

1st derivative 0.0075 0.9997 0.0142 0.9991 

2nd derivative 0.0073 0.9997 0.0303 0.9962 

3050-2800 and 
1800-1700 

Normal 0.0644 0.9802 0.0871 0.9640 

1st derivative 0.0184 0.9984 0.0340 0.9946 

2nd derivative 0.1810 0.8308 0.1930 0.8043 

3050-2800 and 
1500-650 

Normal 0.0235 0.9974 0.0243 0.9974 

1st derivative 0.0104 0.9995 0.0156 0.9991 

2nd derivative 0.0142 0.9990 0.0241 0.9975 

3050-2800 and 
1800-1700 and 

1500-650 

Normal 0.0236 0.9974 0.0200 0.9982 

1
st
 derivative 0.0072 0.9998 0.0121 0.9994 

2nd derivative 0.0061 0.9998 0.0180 0.9985 

The selection condition was marked with italicized bold 

Table 3. Optimization of principal component regression (PCR) dan partial least regression (PLS) methods to determine (BFO) 

component in different wavelength areas for simultaneous analysis. 



267 Ikhsan et al. / Food Research 6 (3) (2022) 262 - 268 

 
eISSN: 2550-2166 © 2022 The Authors. Published by Rynnye Lyan Resources 

F
U

L
L

 P
A

P
E

R
 

10.1016/j.foodchem.2020.128420 

Gao, H., Geng, T., Huang, T. and Zhao, Q. (2017). Fish 

oil supplementation and insulin sensitivity: A 

systematic review and meta-analysis. Lipids in 

Health and Disease, 16, 131. http:// doi: 10.1186/

s12944-017-0528-0 

Hansen, S., Strøm, M., Maslova, E., Dahl, R., Hoffmann, 

H.J., Rytter, D., Bech, B.H., Henriksen, T.B., 

Granström, C., Halldorsson, T.I., Chavarro, J.E., 

Linneberg, A. and Olsen, S.F. (2017). Fish oil 

supplementation during pregnancy and allergic 

respiratory disease in the adult offspring. Journal of 

Allergy and Clinical Immunology, 139(1), 104-111. 

http://doi: 10.1016/j.jaci.2016.02.042 

He, Y., Bai, X., Xiao, Q., Liu, F., Zhou, L. and Zhang, C. 

(2020). Detection of adulteration in food based on 

nondestructive analysis techniques: a review. 

Critical Reviews in Food Science and Nutrition, 14, 

2351-2371. http:// doi: 

10.1080/10408398.2020.1777526 

 Honold, P.J., Nouard, M.L. and Jacobsen, C. (2016). 

Fish oil extracted from fish-fillet by-products is 

weakly linked to the extraction temperatures but 

strongly linked to the omega-3 content of the raw 

material. European Journal of Lipid Science and 

Technology, 118(6), 874–884. http:// doi: 10.1002/

ejlt.201500343 

Ilza, M. and Sukmiwati, M. (2020). The Use of “Jambal” 

Fish (Pangasius hypophtalmus) and Grouper 

(Cromileptes sp) Oils for Infant Biscuit Formulation. 

IOP Conference Series: Earth and Environmental 

Science, 430, 012009. http://doi: 10.1088/1755-

1315/430/1/012009 

Irnawati, Riyanto, S., Martono, S. and Rohman, A. 

(2020). The employment of FTIR spectroscopy and 

chemometrics for authentication of pumpkin seed oil 

from sesame oil. Food Research, 4(1), 42–48. http://

doi: 10.26656/fr.2017.4(2).313 

Jha, S.N., Jaiswal, P., Grewal, M.K., Gupta, M. and 

Bhardwaj, R. (2016). Detection of Adulterants and 

Contaminants in Liquid Foods—A Review, Critical 

Reviews in Food Science and Nutrition, 56(10), 1662

–1684. http://doi: 10.1080/10408398.2013.798257 

Jiménez-Sotelo, P., Hernández-Martínez, M., Osorio-

Revilla, G., Meza-Márquez, O.G., García-Ochoa, F. 

and Gallardo-Velázquez, T. (2016). Use of ATR-

FTIR spectroscopy coupled with chemometrics for 

the authentication of avocado oil in ternary mixtures 

with sunflower and soybean oils, Food Additives and 

Contaminants - Part A Chemistry, Analysis, Control, 

Exposure and Risk Assessment, 33(7), 1105–1115. 

http://doi: 10.1080/19440049.2016.1203073 

Miller, J.N. and Miller, J.C. (2018). Statistics and 

Chemometrics for Analytical Chemistry. 7th ed. 

Philadelphia, USA: Coronet Books Inc. 

Mohammed, F., Guillaume, D., Warland, J. and 

Abdulwali, N. (2021). Analytical methods to detect 

adulteration of argan oil: A critical review. 

Microchemical Journal, 168, 106501. http://doi: 

10.1016/j.microc.2021.106501 

Poonia, A., Jha, A., Sharma, R., Singh, H.B., Rai, A.K. 

and Sharma, N. (2017). Detection of adulteration in 

milk: A review, International Journal of Dairy 

Technology, 70(1), 23–42. http://doi: 10.1111/1471-

0307.12274 

Putri, A.R., Rohman, A. and 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. http://doi: 10.22159/

ijap.2019v11i3.30947 

Ramaswami, R. (2016). FIsh Oil Supplementation in 

Pregnancy. The New England Journal of Medicine, 

375(26), 2599 - 2601. http://doi: 10.1056/

NEJMclde1614333 

Rohman, A. (2017). Physico-chemical Properties, 

biological activities and authentication of cod liver 

oil. Journal of Food and Pharmaceutical Sciences, 5

(1), 1–7. http://doi: 10.14499/jfps 

Rohman, A. and Che Man, Y.B. (2009). Analysis of cod-

liver oil adulteration using fourier transform infrared 

(FTIR) spectroscopy. Journal of the American Oil 

Chemists’ Society, 86(12), 1149–1153. http://doi: 

10.1007/s11746-009-1453-9 

van Ruth, S.M., Rozijn, M., Koot, A., Garcia, R.P., van-

der-Kamp, H. and Codony, R. (2010). 

Authentication of feeding fats: Classification of 

animal fats, fish oils and recycled cooking oils. 

Animal Feed Science and Technology, 155(1), 65–

73. http://doi: 10.1016/j.anifeedsci.2009.09.016 

Sabir, A., Rafi, M. and Darusman, L.K. (2017). 

Discrimination of red and white rice bran from 

Indonesia using HPLC fingerprint analysis combined 

with chemometrics. Food Chemistry, 221, 1717–

1722. http://doi: 10.1016/j.foodchem.2016.10.114 

Siscovick, D.S., Barringer, T.A., Fretts, A.M., Wu, Jason 

H.Y., Lichtenstein, A.H., Costello, R.B., Kris-

Etherton, P.M., Jacobson, T.A., Engler, M.B., Alger, 

H.M., Appel, L.J. and Mozaffarian, D. (2017). 

Omega-3 Polyunsaturated Fatty Acid (Fish Oil) 

Supplementation and the Prevention of Clinical 

Cardiovascular Disease: A Science Advisory from 

the American Heart Association, AHA Science 



 Ikhsan et al. / Food Research 6 (3) (2022) 262 - 268 268 

 
eISSN: 2550-2166 © 2022 The Authors. Published by Rynnye Lyan Resources 

F
U

L
L

 P
A

P
E

R
 

Advisory, 135(15), 867-884. http://doi: 10.1161/

CIR.0000000000000482 

Sugata, M., Wiriadi, P.F., Lucy, J. and 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. http://doi: 10.31246/mjn-

2018-0137 

Valand, R., Tanna, S., Lawson, G. and 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. http://

doi: 10.1080/19440049.2019.1675909 

 


