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Abstract 

A high level of polyunsaturated fatty acid (PUFA) in bandeng oil nanoemulsion (BON) makes it risky to be 
adulterated using low-quality oils such as palm oil (PO).  Authentication of BON is essential to guarantee 
product quality and safety. Adulterated nanoemulsion is particularly challenging to identify because the 
surfactant matrix and aqueous phase mask the characteristic odor, color, and specific chemical markers 
detectable in bulk oils. This research aims to perform the authentication of BON using FTIR spectroscopy 
combined with chemometrics. Adulteration models were built using palm oil as an adulterant, bandeng oil as a 
pure component, and nanoemulsion matrix. All samples were analyzed using ATR-FTIR spectroscopy at 4000– 
650 cm-1 wavenumbers. Chemometrics technique, such as principal component analysis (PCA), partial least 
squares regression (PLSR), and principal component regression (PCR), was performed to separate and quantify 
BON from adulterant. PCA successfully separated BON from palm oil (PO) as an adulterant. Therefore, PLSR 
using normal spectra at wavenumbers 1500- 650 cm-1 had the best value based on highest R2

cal value 0.9503; 
R2

pred value 0.8761; lowest RMSEC 0.145; RMSEP 0.245. It can be concluded that FTIR spectroscopy combined 
with chemometrics was claimed as rapid, accurate, and suitable for authenticating BON from PO as an adulterant 
in nanoemulsion form. 
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Introduction 

Fish oils are known as sources of 
polyunsaturated fatty acids (PUFA) and 
essential omega-3 unsaturated fatty acids such 
as eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). Fish oils come 
mainly from oily fishes, such as cod, salmon, 
sardine, anchovy, and mackerel (Nieva-
Echevarría, Goicoechea, & Guill'en, 2017; 
Chandrasekar, Belur, & Regupathi, 2018). 
Omega-3 fatty acid consumption has several 
beneficial effects on human health, such as 
antioxidant activity (Ikhsan, Syifa, 
Mustafidah, & Rohman, 2021) being 
recognized as effective against cardiovascular 
and inflammatory diseases, among others 
(Nichols, McManus, Krail, Sinclair, & Miller, 
2014). 

Recently, bandeng oil has been the focus of 
growing interest due to its nutritional 
advantages. Bandeng had a good quantity of 
protein, amino acids, vitamins, and 
polyunsaturated fatty acids. It contains rich 
levels of unsaturated fatty acids (50.74%), 
with monounsaturated fatty acids (MUFA) and 
polyunsaturated fatty acids (PUFA) 
constituting 34.47 and 16.27%, respectively 
(Murthy et al., 2016). Therefore, oil extracted 
from bandeng has the potential to be 
developed as a source of fish oil.  

Bandeng oil has large-scale market 
potential. First, it can be the source of vitamin 
A and D and the long-chain n-3 fatty acids. 
Fish-oil products based on natural fish oil or 
their derivatives are frequently introduced to 
the market as a functional food (emulsion) or 
medicines, because consumption of seafood 
directly may be attributed to taste, price, 
contamination concerns such as heavy metals, 
and availability (Kennedy, Luo, & Ausman, 
2012). Nanoemulsion-based delivery systems 
offer many potential benefits for incorporating 
omega-3 oils into foods and beverages. Fish 
oil nanoemulsion has been introduced to 
enrich foodstuffs, including meat, bakery, and 
dairy products such as yogurt (Zhong, Yang, 
Cao, Liu, & Qin, 2018; Jamshidi, Cao, Xiao, 
Simal-Gandara, 2020). The nanoemulsion 

method can effectively improve the oxidative 
stability of fish oil and mask unpleasant fishy 
flavour in fortified products. 

Authentication of bandeng oil 
nanoemulsion (BON) is essential to prevent 
adulteration, ensure quality, nutritional value, 
and product safety for consumers. Driven by 
economic, unethical fats and oils, producers 
may intentionally or unintentionally mislabel 
and adulterate high-quality fish oils (Rohman, 
Putri, Irnawati Windarsih, Nisa, & Lestari, 
2021). Adulteration involves the addition of 
cheaper oils. The potential adulterants of fish 
oil nanoemulsion are plant oils or vegetable 
oils. Fish oil is mainly adulterated using palm 
oil (PO) because of its physicochemical 
property similarities and lower prices (Putri, 
Rohman, & Riyanto, 2019). 

Due to the increasing demand for fish oil 
nanoemulsions, it is essential to have a fast 
and accurate method to verify identification 
and detection of potential adulterants. 
Analytical methods that can be employed for 
authentication are gas chromatography-mass 
spectrometry (GC-MS) (Gul, Nasrullah, 
Nissar, Saifi, & Abdin, 2018), nuclear 
magnetic resonance (NMR) (Amargianitaki & 
Spyros, 2017), ultraperformance liquid 
chromatography (UPLC) (Setyaningsih, 
Saputro, Carrera, Palma, & García-Barroso, 
2019), and Fourier transform infrared (FTIR) 
spectroscopy (Putri et al., 2019; Ikhsan et al., 
2021b). While GC-MS, NMR, and UPLC 
offer high specificity, they are often associated 
with higher costs, longer analysis times, and 
more complex sample preparation, making 
them less suitable for rapid, high-throughput 
screening. FTIR spectroscopy, in contrast, 
provides a fast, solvent-free, and cost-effective 
alternative suitable for routine authentication. 

FTIR spectroscopy is the most commonly 
used technique to determine authentication 
analysis, especially in fats and oils. It is also 
considered green analytical chemistry because 
it requires less solvent (Choiri, Sulaiman, & 
Rohman, 2020; Ikhsan et al., 2021b). FTIR 
spectroscopy combined with multivariate 
analysis has been applied for authentication of 
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virgin olive oil (Tay, Singh, Krishnan, & Gore, 
2002), virgin coconut oil (Manaf, Che Man, 
Hamid, Ismail, & Abidin, 2007), and 
snakehead fish oil (Syifa, Irnawati, Riyanta, & 
Rohman, 2020). However, a literature search 
suggests that there is no information available 
related to the use of FTIR spectroscopy in 
BON, especially related to authentication.  

The objective of this study is to authenticate 
BON that has been adulterated with palm oil 
using FTIR spectroscopy combined with 
chemometrics. Further analysis was conducted 
to distinguish BON as a pure product, and 
palm oil nanoemulsion (PON) as well as 
mixture oil nanoemulsion (MON) as fake 
products based on their FTIR spectra using the 
principal component analysis (PCA) method. 
However, partial least squares regression 
(PLSR) and principal component regression 
(PCR) calibration were intended for 
quantitative analysis adulteration models. 

 
Materials and Methods 

Bandeng was obtained from a local fish 
breeder in Pati, Central Java, Indonesia. Fish 
oil extraction was conducted in Sekolah Pasca 
Sarjana, Universitas Gadjah Mada, 
Yogyakarta, Indonesia. Meanwhile, the palm 
oil and other nanoemulsion components were 
purchased from Brataco (Yogyakarta, 
Indonesia). 

 
Preparation of Adulteration Model’s  

Fish oil adulteration models were prepared 
by mixture bandeng oil and palm oil at varying 
concentrations ranging from 0% to 100% 
(v/v), as randomly generated using Excel 
software (Microsoft Inc, USA) (Mustafidah, 
Irnawati, Lukitaningsih, & Rohman, 2021). A 
total of 25 mixture samples (MON) were 
prepared with different bandeng-to-palm oil 
ratios, along with three replicates each of pure 
bandeng oil nanoemulsion (BON) and pure 
palm oil nanoemulsion (PON), resulting in 31 
samples in total (Table 1). 

Nanoemulsions were formulated according 
to a low-energy emulsification method (Chong 
et al., 2018). Each oil mixture was combined 

with 1500 µL Tween 80, 500 µL Span 80, and 
16,000 µL distilled water, then premixed using 
a magnetic stirrer hotplate (IKA C MAG HS 7) 
at 800 rpm and 60 °C for 10 min. Subsequent 
homogenization was performed at 15,000 rpm 
for 5 min with a high-speed disperser 
(Ultra-Turrax T25, IKA). The resulting 
nanoemulsions were stored at 4 °C until 
further analysis. All samples were prepared in 
three independent batches over two separate 
days to account for preparation variability. 

 
FTIR Spectroscopy Analysis 

An FTIR spectrophotometer (Thermo 
Scientific Nicolet iS10, Madison, WI) was 
used to analyze all nanoemulsion samples 
based on Putri et al. (2019) research. Various 
wavenumber between 4000 – 650 cm-1 was 
used for measurement using 16 cm-1 resolution 
and each spectrum was the average of 32 scans 
to ensure a high signal-to-noise ratio (Rohman 
et al., 2020). Horizontal Attenuated Total 
Reflectance (HATR) composed ZnSe crystal 
was used for sampling accessory. Before 
analyzing each sample, a correction was 
performed by scanning a background spectrum 
of room air in the same condition. The 
sampling accessory was cleaned using n-
hexane and acetone after FTIR 
spectrophotometer analysis was conducted. 

 
Data Matrix Construction and Spectral 

Processing 

The spectral data were organized into a 
matrix of dimensions 31 × 1680, where rows 
represented individual samples (25 MON, 3 
PON, 3 BON) and columns corresponded to 
the 1680 absorbance values acquired across 
the wavenumber range of 4000–650 cm⁻¹. 
Prior to chemometric analysis, the raw spectra 
were preprocessed using baseline correction 
(linear baseline fit between 1800 cm⁻¹ and 800 
cm⁻¹) followed by vector normalization 
(standard normal variate, SNV) to minimize 
scattering effects and enhance spectral 
comparability. For derivative spectra, 
Savitzky-Golay filtering with a 9-point 
window and second-order polynomial was 
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used to compute first and second derivatives. 
Wavenumber selection was performed by 
evaluating several spectral sub-regions based 
on their chemical relevance and 
signal-to-noise ratio. The range 1500–
650 cm⁻¹ was identified as optimal for 

modeling, as it contains characteristic bands of 
lipid functional groups (e.g., C=O stretching, 
C–H bending) and showed the highest 
discriminative power in preliminary PCA 
(Crouse, Rousseau, & Grover, 2024). 

 
 

Table 1- Composition of nanoemulsion samples used in adulteration models: milkfish oil and palm oil mixtures 

Sample 

Codes 

Milkfish oil 

(µL) 

Palm oil 

(µL) 

Tween80 

(µL) 

Span80 

(µL) 

Distilled water 

(µL) 

MON1 590 1410 1500 500 16000 
MON2 280 1720 1500 500 16000 
MON3 960 1040 1500 500 16000 
MON4 140 1860 1500 500 16000 
MON5 290 1710 1500 500 16000 
MON6 850 1150 1500 500 16000 
MON7 660 1340 1500 500 16000 
MON8 1590 410 1500 500 16000 
MON9 1470 530 1500 500 16000 
MON10 380 1620 1500 500 16000 
MON11 640 1360 1500 500 16000 
MON12 480 1520 1500 500 16000 
MON13 630 1370 1500 500 16000 
MON14 1310 690 1500 500 16000 
MON15 560 1440 1500 500 16000 
MON16 840 1160 1500 500 16000 
MON17 920 1080 1500 500 16000 
MON18 860 1140 1500 500 16000 
MON19 430 1570 1500 500 16000 
MON20 1260 740 1500 500 16000 
MON21 1700 300 1500 500 16000 
MON22 530 1470 1500 500 16000 
MON23 1020 980 1500 500 16000 
MON24 270 1730 1500 500 16000 
MON25 280 1720 1500 500 16000 
PON1 0 2000 1500 500 16000 
PON2 0 2000 1500 500 16000 
PON3 0 2000 1500 500 16000 
BON1 2000 0 1500 500 16000 
BON2 2000 0 1500 500 16000 
BON3 2000 0 1500 500 16000 

MON: Mixture oil nanoemulsion, PON: Palm oil nanoemulsion, BON: Bandeng oil nanoemulsion 
 

Preparation of Calibration and Validation 

Samples 

The samples for validation were prepared 
using the same spanned samples concentration 
as in samples for calibration. The validation 
was performed using the leave one out 
technique. The performance of the calibration 
models was evaluated using the following 
statistical parameters: The optimal number of 
PLSR and PCR was selected based on the 
minimum RMSECV (Root mean square error 

of cross-validation). The model with the 
highest Coefficient of determination for 
calibration (R²cal) and prediction (R²pred), 
together with the lowest RMSEC (Root mean 
square error of calibration) and RMSEP (Root 
mean square error of prediction) was chosen 
for the authentication of bandeng oil 
nanoemulsion.  

 

Chemometrics analysis 

Principal component analysis (PCA) was 
performed using Minitab 19 (Minitab Inc., 
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USA). Quantification partial least squares 
regression (PLSR) and principal component 
regression (PCR) was used for quantitative 
analysis using TQ Analyst™ (Thermo Fisher 
Scientific Inc., USA) (Miller & Miller, 2018). 
For PLSR and PCR, the number of latent 
variables (LVs) was selected based on the 
minimum RMSEC. 

 
Results and Discussion 

Generally, animal fats and oils can be 
differed based on the composition of fatty 
acids each fat and oils. The carbon chain 
length and unsaturation degree of different 
fatty acids can be detected using various 
analysis instruments such as high-performance 
liquid chromatography (HPLC), gas 
chromatography (GC), and Fourier transforms 
infrared (FTIR) spectroscopy (Fahy et al., 
2005). Therefore, using FTIR spectroscopy, 
adulteration practice can be detected using 
fingerprint FTIR spectra of each oil. FTIR 
spectroscopy was claimed rapid and effective 
in authenticating fish oil adulteration from 

adulterants or different fish oils. However, in 
nanoemulsion form, various matrices from 
nanoemulsion surfactants and other 
components may affect the authentication 
method (Hertiani et al., 2019; Kresnawati, 
Shantiningsih, & Martien, 2020). 

The initial FTIR scanning was performed 
across the broad spectral range of 4000–
650 cm⁻¹ to capture the complete fingerprint 
region. However, to optimize the model for 
discrimination and quantification, a systematic 
wavenumber selection was conducted by 
comparing several spectral sub-regions: (1) the 
full range (4000–650 cm⁻¹), (2) the high-
frequency region (3100–2800 cm⁻¹) associated 
with C–H stretching vibrations reflecting fatty 
acid chain length and unsaturation, (3) the 
fingerprint region (1800–650 cm⁻¹), and (4) a 
narrower fingerprint sub-region (1500–650 
cm⁻¹). For each region, a PLSR model was 
built using normal spectra and evaluated by 
leave-one-out cross-validation (LOOCV) and 
independent external validation. The statistical 
results are summarized in Table 2. 

 
Table 2- Performance of PLSR models built on different spectral regions (normal spectra). 

Spectral region (cm⁻¹) LV R²cal RMSEC R²pred RMSEP 

4000–650 7 0.892 0.210 0.801 0.312 

3100–2800 4 0.745 0.335 0.689 0.421 

1800–650 6 0.935 0.158 0.865 0.268 

1500–650 5 0.9503 0.145 0.8761 0.245 

LV: number of latent variables selected based on minimum RMSEC 

 
The region 1500–650 cm⁻¹ yielded the 

highest R²cal (0.9503) and R²pred (0.8761), 
along with the lowest RMSEC (0.145) and 
RMSEP (0.245). Although the region 2800–
3100 cm⁻¹ contains information about fatty 
acid chain length and unsaturation, it showed 
substantial spectral overlap between bandeng 
oil and palm oil in the nanoemulsion matrix. 
Moreover, a broad band around 3000–
3500 cm⁻¹, due to O–H stretching from water 

present in the nanoemulsion, introduced 
baseline variability that reduced discriminatory 
power. In contrast, the 1500–650 cm⁻¹ region 
contains key functional group vibrations such 
as C=O stretching (~1745 cm⁻¹), C–H bending 
(~1465 cm⁻¹), and C–O stretching 
(~1160 cm⁻¹), which are more sensitive to 
differences in triglyceride composition. 

Subsequently, within the selected region 
(1500–650 cm⁻¹), different spectral 
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preprocessing techniques were compared: 
normal spectra, first derivative, and second 

derivative. The results for both PLSR and PCR 
are presented in Table 3. 

 
Table 3- The optimization of multivariate calibration (PLSR and PCR) at 1500-650 cm-1 wavenumber regions 

 Wavelength (cm-1) Spectra RMSEC R2
cal RMSEP R2

pred 

PLSR 1500-650 

Normal 0.145 0.9503 0.245 0.8761 

1st derivative 0.256 0.8354 0.339 0.7120 

2nd derivative 0.368 0.6144 0.400 0.5987 

PCR 1500-650 

Normal 0.276 0.8068 0.300 0.8109 

1st derivative 0.335 0.6966 0.353 0.6747 

2nd derivative 0.330 0.7061 0.370 0.6417 

*The selection condition was marked with italicized bold 
 

For the optimal PLSR model (1500–650 
cm⁻¹, normal spectra), the calibration slope 
was 0.948 and the intercept was 0.025. The 
response variable (adulteration level) was 
expressed as the mass fraction of palm oil in 
the total oil phase, ranging from 0 to 1 (0–
100%). Therefore, the RMSEC of 0.145 and 
RMSEP of 0.245 correspond to mean 
prediction errors of approximately 14.5% and 
24.5% of the full adulteration range, 
respectively. 

 The lowest adulteration level tested was 
10% palm oil (MON samples with 90% 
bandeng oil). The PLSR model showed 
acceptable prediction accuracy at this level 
(prediction error ~12%). The limit of detection 
(LOD) and limit of quantification (LOQ) were 
estimated as 3.3 × RMSEC / slope and 10 × 
RMSEC / slope, yielding approximate values 
of 5% and 15% palm oil, respectively. This 
sensitivity is adequate for detecting 
economically motivated adulteration, which 
typically occurs at higher levels. 

Partial least squares regression (PLSR) and 
principal component regression (PCR) can be 
observed in Table 3. In PLSR and PCR, 
linearity and error occurred was used to 
analyze the relationship between absorbance 
and concentration of each component. 
Statistical parameters, namely coefficient of 
determination for calibration (R2

cal), 
coefficient of determination for prediction 
(R2

pred), root mean square error of calibration 

(RMSEC), as well as root mean square error of 
prediction (RMSEP) in normal spectra, 1st 

derivative spectra, and 2nd derivative spectra, 
were evaluated. RMSEC and R2

cal were used 
to evaluate calibration models; however, 
RMSEP and R2

pred were used to evaluate real 
cases and compared to the reference value 
obtained. For both PLSR and PCR, normal 
spectra provided the best performance. 
Therefore, the normal spectra in the 1500–
650 cm⁻¹ region were used for the final 
quantitative adulteration models. 

The method of choice for the authentication 
models was based on the highest values of 
coefficient of determination for calibration 
(R2

cal) and coefficient of determination for 
prediction (R2

pred), followed by the lowest 
values of root mean square error of calibration 
(RMSEC) and root mean square error of 
prediction (RMSEP). The normal spectra of 
FTIR spectra at wavenumbers of 1500 - 650 
cm-1 were the highest R2

cal
 values (0.9503); 

R2
pred

 (0.8761); followed by the lowest 
RMSEC (0.145), and the lowest RMSEP 
(0.245) using PLSR. Moreover, using PCR as 
the selection method resulted R2

cal; R2
pred; 

RMSEC; and RMSEP value was 0.8068; 
0,8109; 0.276; and 0.300 respectively 

The authentication method was performed 
using 4000 - 650 cm-1 because fingerprint 
spectra can be observed in this area (Rohman 
et al., 2020). The FTIR spectra of bandeng oil 
nanoemulsion (BON), palm oil nanoemulsion 
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(PON), and mixture oil nanoemulsion (MON) 
can be observed in Fig. 1. Moreover, in Fig. 1, 

the various peaks corresponding to specific 
functional groups can be observed.  

 

 
Fig. 1. The FTIR spectra of BON, PON, and MON at 4000 – 650 cm-1 wavenumber regions 

 
Each peak and its functional group were 

compiled and observed in Table 4. A wide 
peak in every sample at 3000– 3500 cm-1 
corresponds to water presence in 
nanoemulsion form. After wavenumber 

optimization, the highest R2
cal – R2

pred value 
and lowest RMSEP– RMSEC was obtained at 
1500-650 cm-1 compared other wavenumber 
regions. Hence, this area can be used for 
quantitative analysis from adulteration models. 

 
Table 4- Functional groups responsible in FTIR spectra between BON, PON, and MON at 4000 – 650 cm-1 

wavenumber regions 

Wavenumber (cm-1) Functional Group 

3345 -OH Stretch 
2928 -CH2 stretch (asymmetric) 
2858 -CH2 stretch (symmetric) 
1744 -C=O ester stretch 
1636 =C-H stretch (cis) 
1464 -CH2 bending 
1352 -CH3 bending 
1253 -C-O ester stretch 
1087 =C-H stretch (cis) 

 
Principal component analysis (PCA) was 

used to discriminate each component from 
adulteration models at 4000– 650 cm-1 
wavenumbers. PCA is an unsupervised pattern 
recognition that builds a discrimination model 
based on the similarity of the new variables 
(principal component) derived from 
wavenumber intensity as old variables (Miller 

& Miller, 2018). Discrimination of the 
authentication model can be observed in Fig. 
2. The bandeng oil nanoemulsion (BON), 
which was labelled as a pure product, was 
grouped in specific regions. However, palm 
fish oil nanoemulsion (PON), labeled as 
adulterated nanoemulsion, was grouped in 
other specific regions and located distant from 
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the BON group. It is caused by the difference 
of FTIR spectra between these two oils, in 

which BON comes from animals and PON 
from plants. 

 

 
Fig. 2. The score plot between BON (green circle), PON (red circle), and MON 

 
Based on the results, PCA has successfully 

discriminated BON from adulterant in the 
distant area between adulterants. The 
quantitative analysis using PLSR also yielded 
good analysis results, providing high accuracy 
and low errors method for the authentication 
of BON from PON as an adulterant in 
nanoemulsion form.  

 

Conclusion  

A combination of Fourier transform 
infrared (FTIR) spectroscopy with principal 
component analysis (PCA) and partial least 
squares regression (PLSR) was used for rapid 
authentication of BON. PCA discriminated 
and grouped BON from palm oil as an 
adulterant. The simultaneous analysis method 
was based on variable absorbances values of 
the normal spectra at 1500– 650 cm-1 based on 
the highest accuracy and lowest errors. This 

method was claimed rapid and effective to 
authenticate BON from PON as an adulterant. 
 

Conflict of Interest  

The authors declare no conflict of interest.  
 

Acknowledgments 

The authors send their gratitude to the 
Department of Food Technology, Faculty of 
Science and Technology, Universitas Widya 
Mataram, Yogyakarta, Indonesia, and 
Department of Pharmaceutics, Faculty of 
Pharmacy, Universitas Gadjah Mada, 
Yogyakarta, Indonesia. 

 
Funding Source 

The authors gratefully acknowledge the 
financial support from the Directorate General 
of Research and Development of the Ministry 
of Higher Education, Science, and Technology 
of the Republic of Indonesia for publication 
assistance in a reputable journal in 2025. 



Masrukan et al,. Rapid Authentication of Bandeng (Chanos chanos) Oil Nanoemulsion Using …       327  

Author Contributions 

Masrukan: Conceptualization, Funding 
acquisition, Data curation, Formal analysis, 
Investigation, Methodology, Project 
administration, Resources, Supervision, 
Writing– original draft, Writing– review and 
editing. Fitra Tunnisa: Conceptualization, 

Data curation, Formal analysis, Investigation, 
Software, Validation, Writing– original draft, 
Writing– review and editing. Arif Nur 

Ikhsan: Conceptualization, Investigation, 
Software, Validation, Visualization, Writing– 
original draft, Writing– review and editing. 

 
References 

1. Amargianitaki, M., & Spyros, A. (2017). NMR-based metabolomics in wine quality control and 
authentication. Chemical and Biological Technologies in Agriculture, 4(9), 1–12. 
https://doi.org/10.1186/s40538-017-0092-x 

2. Chandrasekar, V., Belur, P.D., & Regupathi, I. (2016). Effect of hydroxybenzoic acids 
antioxidants on the oxidative stability of sardine oil. Resource-Efficient Technologies, 2(1), 
114–118. https://doi.org/10.18799/24056529/2016/5/88  

3. Choiri, S., Sulaiman, T.N.S., & Rohman, A. (2020). Development and application of atr-ftir 
spectroscopy for mixture homogeneity in pharmaceutical application. International Journal of 
Pharmaceutical Research, 12(4), 7-16. https://doi.org/10.31838/ijpr/2020.12.04.003 

4. Chong, W.T., Tan, C.P., Cheah, Y.K., Lajis, A.F.B., Dian, N.L.H.M., Kanagaratnam, S., & Lai, 
O.I. (2018). Optimization of process parameters in preparation of tocotrienol-rich red palm oil-
based nanoemulsion stabilized by Tween80-Span 80 using response surface methodology. 
PLoS ONE, 13(8), 272-278. https://doi.org/10.1371/journal.pone.0202771 

5. Crouse, S.H., Rousseau, R.W., & Grover, M.A. (2024). A feature selection method for 
overlapping peaks in vibrational spectroscopy using nonnegatively constrained classical least 
squares. Computers & Chemical Engineering, 189, 108785. 
https://doi.org/10.1016/j.compchemeng.2024.108785 

6. Fahy, E., Subramaniam, S., Brown, H.A., Glass, C.K., Merrill, A.H.J., Murphy, R.C., Raetz, 
C.R., Russell, D.W., Seyama, Y., Shaw, W., Shimizu, T., Spener, F., van-Meer, G., 
VanNieuwenhze, M.S., White, S.H., Witztum, J.L., & Dennis, E.A. (2005). A comprehensive 
classification system for lipids. Journal of Lipid Research, 46(5), 839-861. 
https://doi.org/10.1194/jlr.E400004-JLR200 

7. Gul, I., Nasrullah, N., Nissar, U., Saifi, M., & Abdin, M.Z. (2018). Development of DNA and 
GC-MS fingerprints for authentication and quality control of Piper nigrum L. and its adulterant 
Carica papaya L. Food Analytical Methods, 11(4), 1209–1222. https://doi.org/10.1007/s12161-
017-1088-7 

8. Hertiani, T., Tunjung-Pratiwi, S.U., Haryadi, E.C., Triatmoko, B., Yuswanto, A., & Martien, R. 
(2019). Evaluation of the efficacy and toxicity of massoia oil nanoemulsion. Pakistan Journal 
of Pharmaceutical Sciences, 32(4), 1519-1528. 
https://doi.org/10.36721/pjps/32/4/01.07.2019/5332/1519-1528  

9. Ikhsan, A.N., Syifa, F., Mustafidah, M., & Rohman, A. (2021a). Implementation of 
chemometrics as a solution to detecting and preventing falsification of herbal medicines in 
Southeast Asia: A review. Journal of Applied Pharmaceutical Science, 11(9), 139–148. 
https://doi.org/10.7324/JAPS.2021.110917 

10. Ikhsan, A.N., Rohman, A., Putri, A., Syifa, F., Mustafidah, M., & Martien, R. (2021b). 
Application of FTIR spectroscopy and chemometrics for the prediction of radical scavenging 
activities of fish oils. Indonesian Journal of Pharmacy, 32(2), 166-174. 
https://doi.org/10.22146/ijp.1004 

https://doi.org/10.1186/s40538-017-0092-x
https://doi.org/10.18799/24056529/2016/5/88
https://doi.org/10.31838/ijpr/2020.12.04.003
https://doi.org/10.1371/journal.pone.0202771
https://doi.org/10.1016/j.compchemeng.2024.108785
https://doi.org/10.1194/jlr.E400004-JLR200
https://doi.org/10.1007/s12161-017-1088-7
https://doi.org/10.1007/s12161-017-1088-7
https://doi.org/10.36721/pjps/32/4/01.07.2019/5332/1519-1528
https://doi.org/10.7324/JAPS.2021.110917
https://doi.org/10.22146/ijp.1004


328     Iranian Food Science and Technology Research Journal Vol. 22, No. 3, 2026 

11. Jamshidi, A., Cao, H., Xiao, J., & Simal-Gandara, J. (2020). Advantages of techniques to 
fortify food products with the benefits of fish oil. Food Research International, 137, 109353. 
https://doi.org/10.1016/j.foodres.2020.109353 

12. Kennedy, E.T., Luo, H., & Ausman, L.M. (2012). Cost implications of alternative sources of 
(n-3) fatty acid consumption in the United States. The Journal of Nutrition, 142(3), 605S–609S. 
https://doi.org/10.3945/jn.111.152736 

13. Kresnawati, Y., Shantiningsih, R.R., & Martien, R. (2020). Optimization of soybean oil, tween 
80, peg 400 in formulation of beta carotene nanoemulsion. Research Journal of Pharmacy and 
Technology, 13(12), 5692-5698. https://doi.org/10.5958/0974-360X.2020.00991.9 

14. Manaf, M.A., Che Man, Y.B., Hamid, N.S.A., Ismail, A., & Abidin, S.Z. (2007). Analysis of 
adulteration of virgin coconut oil by palm kernel olein using fourier transform infrared 
spectroscopy. Journal of Food Lipids, 14(2), 111–121. https://doi.org/10.1111/j.1745-
4522.2007.00066.x 

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

16. Murthy, L.N., Padiyar, P., Rao, M., Asha, K., Jesmi, D., Girija, P., Prasad, M., & Ravishankar, 
C. (2016). Nutritional profile and heavy metal content of cultured milkfish (Chanos chanos). 
Fishery Technology, 53, 245–249. 

17. 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 

18. Nichols, P.D., McManus, A., Krail, K., Sinclair, A.J., & Miller, M. (2014). Recent advances in 
omega-3: health benefits, Sources, Products and bioavailability. Nutrients, 6(9), 3727–3733. 
https://doi.org/10.3390/nu6093727 

19. Nieva-Echevarría, B., Goicoechea, E., & Guill'en, M.D. (2017). Polyunsaturated lipids and 
vitamin A oxidation during cod liver oil in vitro gastrointestinal digestion- Antioxidant effect 
of added BHT. Food Chemistry, 232, 733–743. 
https://doi.org/10.1016/j.foodchem.2017.04.057 

20. 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.2019v11i3.30947 

21. Rohman, A., Ghazali, M.A.B., Windarsih, A., Irnawati, Riyanto, S., Yusof, F.M., & Mustafa, 
S. (2020). Comprehensive review on application of FTIR spectroscopy coupled with 
chemometrics for authentication analysis of fats and oils in the food products. Molecules, 
25(22), 5485. https://doi.org/10.3390/molecules25225485 

22. Rohman, A., Putri, A.R., Irnawati, Windarsih, A., Nisa, K., & Lestari, L.A. (2021). The 
employment of analytical techniques and chemometrics for authentication of fish oils: A 
review. Food Control, 124, 107864. https://doi.org/10.1016/j.foodcont.2021.107864 

23. Setyaningsih, W., Saputro I.E., Carrera, C.A., Palma, M., & García-Barroso, C. (2019). Fast 
determination of phenolic compounds in rice grains by ultraperformance liquid 
chromatography coupled to photodiode array detection: Method development and validation. 
Journal Agriculture Food Chemistry, 67(10), 3018-3027. 
https://doi.org/10.1021/acs.jafc.8b05430 

24. Syifa, F., Irnawati, Riyanta, S., & Rohman, A. (2020). Authentication analysis of snakehead 
fish oil using combination of ftir spectra and chemometrics. International Journal of 
Pharmaceutical Research, 13(1), 160-167. https://doi.org/10.31838/ijpr/2021.13.01.025 

https://doi.org/10.1016/j.foodres.2020.109353
https://doi.org/10.3945/jn.111.152736
https://doi.org/10.5958/0974-360X.2020.00991.9
https://doi.org/10.1111/j.1745-4522.2007.00066.x
https://doi.org/10.1111/j.1745-4522.2007.00066.x
https://doi.org/10.26656/fr.2017.5(2).607
https://doi.org/10.3390/nu6093727
https://doi.org/10.1016/j.foodchem.2017.04.057
https://doi.org/10.22159/ijap.2019v11i3.30947
https://doi.org/10.3390/molecules25225485
https://doi.org/10.1016/j.foodcont.2021.107864
https://doi.org/10.1021/acs.jafc.8b05430
https://doi.org/10.31838/ijpr/2021.13.01.025


Masrukan et al,. Rapid Authentication of Bandeng (Chanos chanos) Oil Nanoemulsion Using …       329  

25. Tay, A., Singh, R.K., Krishnan, S.S., & Gore, J.P. (2002). Authentication of olive oil 
adulterated with vegetable oils using Fourier transform infrared spectroscopy. LWT- Food 
Science Technology, 35(1), 99–103. https://doi.org/10.1006/fstl.2001.0864 

26. Zhong, J., Yang, R., Cao, X., Liu, X., & Qin, X. (2018). Improved physicochemical properties 
of yogurt fortified with fish oil/γ-Oryzanol by nanoemulsion technology. Molecules, 23(1), 56. 
https://doi.org/10.3390/molecules23010056 

  

https://doi.org/10.1006/fstl.2001.0864
https://doi.org/10.3390/molecules23010056


330     Iranian Food Science and Technology Research Journal Vol. 22, No. 3, 2026 

 

 مقاله کوتاه پژوهشی 

 319-330، ص. 1405شهریور  -، مرداد3، شماره 22جلد 
 

سنجی مادون قرمز  با استفاده از طیف  (Chanos chanos) احراز هویت سریع نانوامولسیون روغن باندنگ

 سنجی همراه با شیمی (FTIR) تبدیل فوریه
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 چکیده 
کیفیت مانند  های بی، تقلب در آن را با استفاده از روغن(BON)در نانوامولسیون روغن باندنگ   (PUFA) سطح بالای اسید چرب چند غیراشباع

پالم  می  (PO) روغن  احراز  خطرناک  است. BON هویتکند.  محصول ضروری  ایمنی  و  کیفیت  تضمین  به  برای  تقلبی  نانوامولسیون  ویژه شناسایی 
هدف از   پوشانند.های فله را می چالش برانگیز است زیرا ماتریس سورفکتانت و فاز آبی، بو، رنگ و نشانگرهای شیمیایی خاص قابل تشخیص در روغن 

عنوان یک ماده  های تقلب با استفاده از روغن پالم به مدل  سنجی است.همراه با شیمی  FTIR سنجیاستفاده از طیف با   BON این تحقیق، احراز هویت
به  باندنگ  نانوامولسیون ساخته شدند.تقلبی، روغن  ماتریس  و  از طیف همه نمونه عنوان یک جزء خالص  با استفاده  طول در   ATR-FTIR سنجیها 

مؤلفه های شیمیتکنیک  تجزیه و تحلیل شدند.  cm)⁻¹(  650تا    4000  هایموج  و تحلیل  مانند تجزیه  اصلی  سنجی،  ، رگرسیون حداقل  (PCA)های 
اصلی  و رگرسیون مؤلفه (PLSR) مربعات جزئی تعیین کمیت(PCR)های  و  برای جداسازی   ، BON انجام شد تقلبی  ماده   با موفقیت   PCA.از 

BON  پالم روغن  از  کرد.به  (PO) را  جدا  تقلبی  ماده  یک  از طیف    PLSRبنابراین، عنوان  استفاده  در  با  نرمال    650تا    ۱500های  موج   طولهای 
)¹⁻(cmبهترین مقدار را بر اساس بالاترین مقدار ،cal 2R   ؛ مقدار9503/0برابر باpred 2R   ؛ کمترین876۱/0برابر باRMSEC    ؛ و ۱45/0برابر با 

RMSEP    سنجیتوان نتیجه گرفت که طیف می داشت.  245/0برابر با FTIR  سنجی، روشی سریع، دقیق و مناسب برای  های شیمی همراه با روش
 .ی تقلبی در شکل نانوامولسیون استعنوان یک ماده به  PO از BON تشخیص

 
 های اصلی، نانوامولسیون روغن ماهی های اصلی، رگرسیون حداقل مربعات جزئی، رگرسیون مؤلفهاثر انگشت، تحلیل مؤلفههای کلیدی: واژه
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