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ABSTRACT

Fats and oil adulteration in the food industry is a recurring problem that negatively impacts the quality
and safety of the food product. Efforts to ensure fats and oil authentication has involved investigating
different analytical methods of adulteration detection. Fourier transform infrared spectroscopy (FTIR)
is reported to be the favorable method when coupled with chemometrics. Focusing on halal food as a
compulsory dietary requirement for Muslims, concerns regarding halal authenticity of fats and oil have
been highlighted. This study aimed to compare halal fats with lard. The objective of this study was to
identify the lipid profile of lard using FTIR analysis, compare the lipid profile of lard with halal fats and
oil and to determine the differences of lipid profile between halal fats and oil and lard through
chemometric analysis. The FTIR analysis was successful in obtaining a lard profile. FTIR data was then
analyze through principal component analysis (PCA). Clear separations on the score plot between the
different fats and oil samples. This study showed that lipid profile is highly similar to halal fats and oils
but can be differentiated through chemometrics. PCA is a suitable tool to support FTIR analysis in
differentiating fats and oils.

INTRODUCTION

In the food industry, fats and oil are highly vulnerable to adulteration and for decades this have been a
recurring problem [1]. It is intolerable in the food industry because it compromises the quality of the
product and poses as a food safety issue where it can be detrimental to health [2] or cause allergic
reactions [3]. Adulteration of food product with non-halal ingredients like the addition of lard to butter
could also lead to mistrust from the Muslim community [4]. To detect the adulteration of fats and oils,
several analytical methods have been identified [5]-[7]. Gas chromatography (GC) and high-
performance liquid chromatography (HPLC) have been used to authenticate cocoa butter [8], olive oil
[9], argan oil, soya bean oil, and sunflower oil [10]. Chromatographic methods require highly skilled
personnel, tedious sample pre-treatments and preparation, and demands long processing time [11].
Fourier transform infrared spectroscopy (FTIR) is the most common method used to investigate fats
and oil authentication. Studies employing FTIR have determined adulteration of cod-liver oil with lard
[12], adulteration of olive oil [13], and adulteration of cold press sesame oil [14]. This method is rapid
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and relatively easy to conduct with minimal sample preparation. Data obtained from FTIR are usually
insufficient without further analysis [15]. With regards to halal assurance, halal products must be free
of non-halal ingredients. Among others, butter, sunflower oil, canola oil, olive oil, coconut oil, and
mustard oil are vulnerable to non-halal adulterations due to the high compositional similarities [16].
Deliberate addition of lard in butter and other plant oils that are subsequently used for bread products
have been reported [17]-[18]. Although literature is available on detection of lard adulteration in fats
and oil, information on differences in breed is still lacking for reference. The aim of this study is to
compare halal fats and with lard. The objective of this study is to identify the lipid profile of lard using
FTIR analysis, compare the lipid profile of lard with halal fats and oil, and to determine the differences
of lipid profile between halal fats and oil and lard through chemometric analysis.

METHODOLOGY
Samples and preparation

Pigs were identified and purchased from MyBarn, Malaysia (https://www.mybarn.com.my/). The
breeds purchased were Berkshire (black pork), Iberico (black pork), Olive fed (white pork), and White
local (white pork). Both the Berkshire (B) and White local (W) are pork raised in Malaysia while Iberico
(1) and Olive (O) are pork imported from Spain. Pure butter (PB), olive oil (OO), palm oil (PO), and
sunflower oil (SO) were purchased from the local supermarket as halal fats and oil samples. All lipid
samples from the fats and oils were extracted using the Folch method [19]. Briefly, 20 mL of
chloroform-methanol mixture (2:1 v/v) is used to dissolve 1 g of fat sample. The mixture is periodically
stirred at room temperature for 15 min before the mixture is filtered through filter paper. The mixture is
then washed with 4 mL of 0.9% sodium chloride (NaCl), vortexed for 10 sec and left to stand at room
temperature for 20 min. The bottom layer containing the extracted lipids were removed and stored in
glass vials with Teflon lined caps. The extracted lipids were stored at -18 °C prior to analysis.

Ftir spectroscopy and chemometric analysis

FTIR analysis was carried out using an attenuated total reflectance (ATR-FTIR) (Perkin Elmer, MA,
USA). Samples were scanned in the range of 4,000 to 650 cm™ with a resolution of 4 cm™ and a total
accumulation of 32 scans. Prior to sample analysis, background scans of surrounding air were acquired.
The platform was also cleaned using methanol to avoid contamination. FTIR spectra are collected and
recorded as transmittance percentage (T%). The multivariate data from the FTIR analysis were
investigated using chemometric, specifically PCA analysis. Data were managed in Microsoft Excel
before being imported into the Unscrambler 10.3 X software (CAMO, USA) for chemometric analysis.
Suitable data pre-processing was applied prior to PCA analysis.

RESULTS AND DISCUSSIONS
Lipid profile of lard

From the FTIR spectrum, peaks at specific wavenumbers correlate to specific functional groups. Based
on the data obtained, FTIR spectrum of 100% lard appears in the range of 4,000 to 650 cm™. All the
peaks identified in the study collectively shows that the sample is animal fat metabolite. Wavenumbers
where the peaks forms that correlates to the functional groups found in the lard samples were identified
and were compared to other studies where similar peaks were found to show that this is a lipid profile
for lard [20]-[21].
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Lipid profile comparison of halal fats and oils with lard from different pig breeds

Lard samples from the different breed of pigs Berkshire (B), Iberico (1), Olive (O), and White (W) and
fats and oils (pure butter (PB), olive oil (OO), palm oil (PO), and sunflower oil (SO)) were analyzed
with FTIR. The spectrum obtained for lard samples B, I, O, and W combined with the spectrum obtained
for OO, PB, PO, and SO. Triglycerides are the major constituents of fats and oils, and it is observed in
all samples making it difficult to distinguish individual spectrum. The shared peaks from the analysis
are a result of the same functional groups present in the samples. Other studies investigating fats and oil
adulteration have also reported the difficulty in differentiating samples through FTIR spectrum by visual
analysis alone [22]-[24].

Chemometric analysis of halal and non-halal fats and oils

A principal component analysis (PCA) was carried out with the objective of determining whether lipids
from different pig breeds are distinguishable between each other and between other fats and oil. Based
on the analysis, there is clear grouping of lard with other fat and oils. Similarly, other studies have
reported that it is possible to differentiate between animal fats and vegetable oils through spectroscopy
followed by PCA analysis [25]-[27]. The breed of the pig has significant influence on the meat’s quality
[28] and the genotype that affected the quality of the meat was successfully differentiated through a
PCA analysis in a separate study [29]. The differences in types of lard and other types of fats could
suggest differences in the lipid metabolite in each samples.

CONCLUSION

The FTIR spectroscopy analysis were able to qualitatively identify lard based on the spectrum obtained.
The peaks identified in the spectrum corresponds to the functional group present in the lipid samples.
By comparison to past reports, it was confirmed that the spectrum belongs to animal fat lard. The FTIR
spectrum of the lard in comparison to other halal fats and oil specifically olive oil, pure butter, palm oil,
and sunflower oil was difficult to differentiate. The samples were almost non-distinguishable due to the
high similarity of triglycerides present in fats and oil. Further analysis through PCA proved that there
is visible cluster pattern that could group the different samples. Different types of fats and oil were seem
clustered together. The sample pure butter is observed to stand alone while the oils are all separated but
generally in the same region of the score plot. The PCA score plot emphasizes that chemometric analysis
is important in supporting the FTIR analysis to differentiate between the halal fat and oil samples with
the lard samples.
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