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Abstract

Bovine milk fat (BMF) is considered as high nutritional fat because it contains fatty acids,
lipid derivatives, and fat-soluble vitamins such as vitamin A, D, E, and K which are
beneficial for human health. As a consequence, the price of BMF is higher among other
fats. Fraudulent practices such as substitution or replacement with a lower price of fat and
oil such as lard oil (LO) are potential to get more economic benefits. Moreover, lard is a
non-halal substance which is prohibited to consume especially for Muslim. Therefore, the
development of a rapid and accurate method for authentication of BMF from LO is highly
required. The objective of this study was to develop Fourier transform infrared (FTIR)
spectroscopy and chemometrics of multivariate analysis for detection and quantification of
LO in binary mixtures with BMF. Samples were prepared by mixing BMF with adulterant
of LO in the concentration range of 0-100% of LO. Each sample was scanned using FTIR
attenuated total reflectance (ATR) spectroscopy in three replicates at the wavenumber
region of 4000-650 cm™. The FTIR spectra of BMF and LO has a different pattern at the
wavenumber region of 1510-900 cm™. Qualitative chemometrics analysis was performed
using discriminant analysis (DA), meanwhile, quantitative chemometrics analysis was
carried out using partial least square (PLS) and principal component regression (PCR).
Results showed that discriminant analysis using normal FTIR spectra at the wavenumber
of 3098-669 cm™ perfectly classified authentic BMF and adulterated BMF with LO. In
addition, PLS calibration of FTIR spectra at the wavenumber combination of 3033-2770
cm™ and 1510-692 cm™ using first derivative spectra was chosen for quantification of LO
in BMF with a high value of R? (>0.99) in calibration and validation models and lower
RMSEC (0.631) and RMSEP (1.94). It can be concluded that FTIR spectroscopy coupled
with chemometrics of discriminant analysis and partial least square considered as a rapid
and accurate method for the detection and quantification of lard oil in bovine milk fat.

1. Introduction

Milk fat is one of the milk-derived products that play

valuable and expensive fat in the market. Due to
increased demand, fraudulent practice such as
adulteration of BMF by replacing with other lower price

an important role in nutrition because it has essential
fatty acid and fat-soluble vitamins (Azad and Ahmed,
2016). There are several types of milk fat including
bovine milk fat (BMF) which has been widely used in
many dairy and food products. It also contains
triglycerides, proteins, lactose, minerals, and fat-soluble
vitamins such as vitamin A, D, E, and K which are good
for body health (Micinski et al., 2012; Yao et al., 2016).
Among types of fats, BMF is considered as the most
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and quality of fats or oils is very potential to get more
economic benefits. Animal fats and vegetable oils are
cheaper and easy to be mixed directly with BMF
(Rebechi et al., 2016). Incorporating lard oil (LO) in
milk fat would become a serious problem especially for
Muslim because it is categorized as a mnon-halal
substance and Muslim are prohibited to consume
products containing the non-halal substance (Che Man
and Mirghani, 2001; Che Man and Rohman, 2011).
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Lard oil (LO) contains more unsaturated fats and
lower cholesterol which has been widely used as
important ingredients in several countries. LO has broad
applications in food processing because it has good
characteristics and suitable for any kinds of food (Yanty
et al., 2012; Pavlisova et al., 2016; Azir et al., 2017).
Moreover, it has good properties that make it easy to be
mixed with other types of fats and oils. Even though it
just been added in a very few amounts of concentration
levels, the consumption of LO is prohibited for Muslim
because LO is categorized as non-halal substance (Aziz
et al., 2015). The presence of non-halal substances is not
allowed in any kind of labelled halal food. Therefore, the
development of rapid and reliable analytical methods for
authentication of BMF from LO is highly required to
ensure the quality and halal status of BMF products.

Several methods especially chromatographic
methods have been developed for authentication of milk
fat including gas chromatography (GC) (Amores and
Virto, 2019) and high performance liquid
chromatography (HPLC) (Czauderna et al., 2002;
Gastaldi et al., 2011). GC has been applied for the
detection of pork lard and beef tallow in milk fat by
determining the fatty acid composition. The fatty acid of
oleic acid could be used as marker fatty acid (Kim et al.,
2016). HPLC has been used for the analysis of
triglyceride in milk fat. The composition of triglyceride
is very useful for differentiation of authentic and
adulterated milk fat (Naviglio ef al., 2017). However,
chromatography methods are destructive, are laborious,
requiring more time, and requiring many chemical
solvents. As a consequence, these methods are not
suitable for rapid screening method and for routine
analysis in the laboratory. Therefore, the development of
rapid and non-destructive method such as infrared
spectroscopy, UV-Vis spectroscopy, and Raman
spectroscopy are potential to be developed as non-
destructive and fast analysis for BMF authentication
(Lee et al.,, 2018; He et al., 2019).

Fourier transform infrared (FTIR) spectroscopy is
gaining more attractions as an ideal method for rapid
authentication analysis. Moreover, in combination with
chemometrics of multivariate analysis, FTIR using ATR
(attenuated total reflectance) mode offers rapid and
reliable methods, fast analysis, simple in sample
preparation, require minimum solvent (green analytical
chemistry) (Moros et al., 2010), reproducible and could
be applied for a wide range of samples (Li ef al., 2019).
FTIR spectroscopy and chemometrics have been widely
employed for authentication of oils and fats (Worley and
Powers, 2013). FTIR-ATR spectroscopy in combination
with chemometrics of pattern recognition discriminant
analysis (DA) and multivariate calibration partial least
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square (PLS) and principal component regression (PCR)
has been used for authentication of extra virgin olive oil
from its potential adulterants (grapeseed, soybean, and
walnut oils) (Lerma-Garcia ef al., 2010). Combination of
FTIR spectroscopy and PLS has also been successfully
used for the detection and quantification of palm oil and
canola oil in avocado oil (Rohman et al., 2016). FTIR-
ATR and chemometrics have been used for detection of
goat body fat in pure ghee (Upadhyay et al., 2016).
Based on the literature study, there is no report about the
employment of FTIR-ATR  spectroscopy and
chemometrics for authentication of bovine milk fat
(BMF) adulterated with lard oil (LO). The objective of
this study was to develop FTIR-ATR spectroscopy
method coupled with chemometrics of discriminant
analysis (DA), partial least square (PLS), and principal
component regression (PCR) for authentication of bovine
milk fat (BMF) from lard oil (LO) as an adulterant.

2. Materials and methods
2.1 Materials

Bovine milk fat (BMF) and lard oil (LO) were
purchased from a local market in Yogyakarta, Indonesia.
The solvents used for FTIR measurements (n-hexane and
acetone) were analytical grade and purchased from
Merck.

2.2 Sample preparation

Samples preparation were carried out by mixing
bovine milk fat (BMF) and adulterant of lard oil (LO)
using adulterant concentration of 0-100% w/w. The total
weight of the mixture was 2 g for each sample.

2.3 FTIR spectra measurement

All samples were measured using FTIR-ATR
(Fourier transform infrared-attenuated total reflectance)
Thermo Scientific iIS10 equipped with DTGS (deuterated
triglycine sulphate) detector and KBr/Germanium beam
splitter. The ATR was composed of ZnSe crystal.
Samples were scanned at the wavenumber of 4000-650
cm”. The number of scans was 32 for each sample
measurement and the resolution was 8 cm'. Each sample
was measured in three replicates as absorbance mode to
suit Lambert-Beer law. Background spectra were
measured before each sample measurement. The ATR
crystal was cleaned using n-hexane and acetone after
each measurement.

2.4 FTIR spectra analysis

The FTIR spectra of BMF and LO were analyzed
using OMNIC software from Thermo. Peaks
identification were carried out to investigate functional
groups in the FTIR spectra of BMF and LO. The
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difference in FTIR spectra of BMF and LO was
subsequently analyzed.

2.5 Classification of authentic and adulterated bovine
milk fat using discriminant analysis (DA)

Supervised pattern recognition of discriminant
analysis was used for classification analysis. Authentic
BMF samples and adulterated BMF with LO were used
as the training set for making a discriminant analysis
model. The adulterated BMF samples were prepared
using LO concentration of 0-100 w/w. The authentic
samples of BMF were assigned as BMF whereas the
adulterated samples of BMF with LO were assigned as
BMF adulterated with LO. Optimization of wavenumber
region was performed to obtain good separation of BMF
and adulterated BMF.

2.6 Quantitative analysis of lard oil in bovine milk fat
using multivariate calibration

For making calibration samples, a set of 42 samples
including authentic BMF, authentic LO, and adulterated
BMF with LO in the concentration range of 0-100% w/w
were prepared. Nine independent samples were prepared
for making the validation model. Each mixture of
samples was mixed vigorously to obtain homogenized
samples. Quantitative analysis was carried out using
partial least square (PLS) and principal component
regression (PCR) in optimized wavenumber.

2.7 Statistical analysis

Chemometrics of discriminant analysis (DA), partial
least square (PLS), and principal component regression
(PCR) was carried out using TQ Analyst software by
Thermo Scientific. Optimization of wavenumber was
carried out in the range of 4000-650 cm™.

3. Results and discussion

3.1 FTIR spectra analysis

1734

its fingerprint technique. It means that there are no
samples having identical FTIR spectra because each
sample is composed of different compounds. First,
general investigation through our naked eyes showed
that FTIR spectra of authentic BMF and authentic LO
were very similar. However, a deep investigation
between FTIR spectra of authentic BMF and authentic
LO found some differences especially in the fingerprint
region of 1500-750 cm™ (Figure 1). Peaks appeared at
1413 cm™, 1238 cm™ and 961 cm™ were specific for
BMF spectra, therefore they can be used as marker peaks
for BMF spectra. These peaks correspond to the bending
vibration (scissoring, twisting, and wagging) of —CHj
and —CH, groups (Matwijczuk et al., 2019). The
differences of fatty acid compositions in BMF and LO
either in types or in length affected the FTIR spectra
pattern. The functional groups identified in BMF and LO
spectra were presented in Table 1. Even though FTIR
spectra of authentic BMF and authentic LO could be
differentiated, however in the adulterated samples of
BMF with LO it would be difficult to be directly
recognized because the spectra of adulterated samples
were similar to those spectra of authentic BMF (Figure
2). Slight changes were identified in several wavenumber
regions as adulterant concentration increased. It might be
caused by the changes of compositions in BMF samples
because of increasing LO concentration. However, it is
very difficult to state whether the sample is authentic or

2920
1742

Absorbance

1000

Wavenumber (cm™)

FTIR spectroscopy has some advantages because of Figure 1. FTIR spectra of bovine milk fat (BMF) and lard oil

(LO)

Table 1. Functional groups responsible for absorption of peaks and shoulders in bovine milk fat (BMF) and lard oil (LO)

(Matwijczuk et al., 2019).

Wavenumbers region (cm™)

Functional groups and vibration modes

methylene (-CH,), asymmetric and symmetric stretching vibrations

methyl (-CHs;, -CH,) bending vibration (wagging, twisting, scissoring)

3007 cis C=CH, stretching vibration
2920 and 2852
1742 carbonyl (C=0), stretching vibration
1654 C=C, stretching vibration
1463 methylene (-CH,), bending vibration
1413, 1376, 1238, 1160
1115 C-O, stretching vibrations
961 —HC=CH—(trans), bending out of plane
718 —HC=CH—(cis), bending out of plane
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adulterated just by investigating the spectra when there is
no information related to the samples. Therefore,
multivariate analysis like discriminant analysis must be
performed for further investigations.

MF 100%

JW LO 10%

LO 40%

F/M LO 50%

LO 70%

Absorbance

i

LO 90%

2500 2000 1500 1000
Wavenumber (ecm-')

Figure 2. FTIR spectra of authentic BMF and adulterated BMF
with LO in several concentration levels

“3000

3.2 Discriminant analysis (DA)

Discriminant analysis was used to classify authentic
BMF and adulterated BMF with LO. DA perfectly work
to differentiate authentic BMF fat with adulterated of
BMF. All adulterated samples were clearly separated
from authentic BMF even in lower adulterant
concentration of 5% as shown in Cooman plot (Figure
3). Optimization of wavenumber was carried out to
obtain complete separation between authentic and
adulterated samples. The optimum condition was
obtained in the wavenumber range of 3098-669 cm
using normal spectra. The showed the
Mahalanobis distance between two categorized samples.
Samples which have a greater distance to BMF showed
more differences to BMF. For instance, samples having
the highest concentration of LO appeared far away from
authentic BMF samples because there was an increase in
differences of the compounds (Sohng et al., 2020).

X-axis

2.0

Adulterated BMF with LO

Distance to Lard Oil

0.0

01 Distance to Bovine Milk Fat 29
Figure 3. Discriminant analysis of authentic bovine milk fat

(BMF) and adulterated BMF with lard oil (LO) in the
wavenumber of 1510-692 cm™.

3.3 Multivariate calibration using partial least square
(PLS) and principal component regression (PCR)

Partial least square (PLS) and principal component
regression (PCR) were used to build the calibration
model for quantification of LO in BMF. Optimization of
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wavenumber region was carried out to obtain optimum
calibration models, namely 1510-692 cm™, 1806-692 cm’
', 3033-692 cm’, combination of 3033-2077 and 1510-
692 cm’, and combination of 3033-2077 and 1808-692
cm™. The spectra were also optimized using normal and
derivative spectra. The aim of the derivatization method
was to obtain better spectra resolution. Derivatization
could resolve the crowded spectra to be easier to analyze
(Nugrahani et al., 2019) Both of derivatization types
were performed, namely first derivative and second
derivative. Table 2 shows the optimization of the
calibration model using PLS and PCR chemometrics
method. The optimum model was chosen by assigning
the value of R? calibration and prediction, RMSEC (root
mean square error of calibrations), and RMSEP (root
mean square error of predictions).

The model with a higher value of R* and a lower
value of RMSEC and RMSEC was chosen as the
calibration model. Higher R? value (close to 1) showed
the validity and goodness of fit of the calibration model
(Riyanta et al., 2020). RMSEC and RMSEP value
indicated the error in calibration and prediction models,
respectively. The lower values of RMSEC and RMSEP
indicated a lower error in calibration and validation
models, respectively (Worley and Powers, 2013). The
PLS calibration model at the wavenumber combination
of 3033-2770 cm” and 1510-692 cm™ using first
derivative spectra was selected as optimum calibration
model for quantification of LO in binary mixtures with
BMF because it has higher R* calibration (0.9998) and
R? prediction (0.9993) and lower RMSEC (0.631) and
RMSEP values (1.94) among others. Moreover, the
lower difference between RMSEC and RMSEP strongly
support model validity.

PLS method showed better calibration models than
the PCR method assigned by the value of R?>, RMSEC,
and RMSEP values as can be seen in Table 2. It might be
caused by the difference in the algorithm of PLS and
PCR method. In PLS regression, latent variables were
used to build the calibration model to obtain maximum
variation whereas, in the PCR method, the model was
built using principal components (PCs). Hundreds of
variables in PCR were transformed into several PCs that
explain the variation of original variables. In some cases,
latent variable gives better variation than PCs as a result
it would make better calibration model of PLS than in
PCR (Upadhyay et al., 2016). The PLS calibration model
between actual value and the predicted value of LO in
binary mixtures with BMF is shown in Figure 4A. The
actual and predicted value of LO in BMF have strong
correlation showed by R* calibration (0.9998). The linear
regression was obtained either in calibration or
validation models using the number of factors 10. It
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Table 2. Multivariate calibration of PLS and PCR models of bovine milk fat adulterated with lard oil
o PLS
Ca}l}bra;t;on Wavenumber (cm™) Spectra Calibration Validation
P R RMSEC R RMSEP
Normal 0.9060 14.60 0.9377 13.20
1510-692 First derivative 0.9994 1.24 0.9984 2.19
Second derivative 0.9995 1.05 0.9986 2.30
Normal 0.8929 15.60 0.9206 14.60
1806-692 First derivative 0.9992 1.39 0.9987 1.96
Second derivative 0.9996 1.00 0.9991 1.51
Normal 0.9923 4.28 0.9926 4.55
PLS 3033-692 First derivative 0.9947 3.55 0.9921 4.63
Second derivative 0.9999 0.38 0.9982 2.12
Normal 0.9907 4.71 0.9931 4.52
3033-2770 and 1510-692  First derivative 0.9998 0.63 0.9993 1.94
Second derivative 0.9998 0.75 0.9985 2.25
Normal 0.9833 6.30 0.9789 7.35
3033-2770 and 1806-692  First derivative 0.9994 1.20 0.9990 1.73
Second derivative 0.9998 0.75 0.9993 1.50
Normal 0.9983 2.02 0.9979 2.44
1510-692 First derivative 0.9989 1.60 0.9984 2.21
Second derivative 0.9986 1.84 0.9965 3.14
Normal 0.9984 1.96 0.9974 2.66
1806-692 First derivative 0.9979 2.24 0.9969 3.01
Second derivative 0.9976 2.38 0.9946 3.83
Normal 0.9979 2.22 0.9981 2.37
PCR 3033-692 First derivative 0.9978 2.30 0.9972 2.85
Second derivative 0.9972 2.59 0.9911 4.81
Normal 0.9981 2.16 0.9990 1.78
3033-2770 and 1510-692  First derivative 0.9983 2.04 0.9977 2.73
Second derivative 0.9981 2.14 0.9952 3.49
Normal 0.9982 2.06 0.9986 2.03
3033-2770 and 1806-692  First derivative 0.9975 2.43 0.9972 2.92
Second derivative 0.9975 2.43 0.9947 3.67

PLS = partial least square (multivariate calibration method based on latent variables); PCR = principal component regression

(multivariate calibration based on principal components)

A 8 1 Concentration
- I RMSEC 0631 Com Coeff: 09998
- RMSEP: 194 Comr. Coeff.: 0.9993
g T 10 factors used
o 1
ol
© -
=
L 2
o
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Figure 4. PLS calibration models (A) and residual factors (B) for quantification of LO in BMF. (Figure 4A: The x-axis showed
the actual concentration (%) of LO in BMF, the y-axis showed the calculated concentration (%) of LO in BMF by PLS method;
Figure 4B: The x-axis displayed the actual concentration (%) of LO in BMF, the y-axis displayed the differences between actual
and predicted concentration. The higher values of R? calibration and R” validation significantly affect the residual factors).

eISSN: 2550-2166

© 2020 The Authors. Published by Rynnye Lyan Resources



1737

means that the number of 10 factors were required to
obtain lower PRESS value for making the calibration
model. The smaller PRESS value, the better calibration
model obtained. The residual factors of the PLS
calibration model were determined to know the variation
in the models (Figure 4B). Residual values indicated the
differences between the actual and predicted value of
LO. The smaller the difference between actual and
predicted values, the better the calibration model was
obtained. All of the calibration and validation samples
displayed slight differences between actual and predicted
values indicating the good of calibration and validation
models. It can be concluded that good PLS calibration
model resulted in small differences between actual and
predicted concentration value.

4. Conclusion

The presence of lard oil (LO) in bovine milk fat
(BMF) could be monitored using FTIR spectroscopy
combined with chemometrics of multivariate analysis.
Discriminant analysis (DA) worked perfectly for
differentiation of authentic BMF and adulterated BMF
with LO. All adulterated samples were clearly classified
using the wavenumber region of 3098-669 cm™.
Quantitative analysis was successfully performed using
chemometrics of partial least square (PLS) at the
wavenumber combination of 3033-2770 and 1510-692
cm™ in normal spectra mode. It can be concluded that the
combination of FTIR spectroscopy and chemometrics of
multivariate analysis is an adequate method for
authentication of BMF adulterated with LO.
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