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Abstract

Background and objective: Lard is commonly used in food industry due to its availability, low cost, and ability
to enhance food quality. However, certain religious groups such as Muslims do not eat it and consider lard as
non-halal food. In the present study, for the first time, we conducted chemical and molecular analysis to detect
different percentages of lard simultaneously.

Materials and methods: To determine origin of a sample containing lard, various percentages of lard including
100, 50, 40, 30, 20, 10, 5, 3, 1 and 0% w/w were prepared in triplicate and tested for Fourier transform infrared,
differential scanning calorimetry, and polymerase chain reaction analysis. Fourier transform infrared spectral
analysis was carried out in the mid-infrared range (2-25 um). Differential scanning calorimetry analysis was
done from -60 to 60 °C at scan rate of 10 °C/min. The reactions in polymerase chain reaction analysis were
amplified by specific primers which designed from cow and pig.

Results and conclusion: Our results demonstrated that all three methods could detect various quantities of lard,
but Fourier transform infrared and differential scanning calorimetry had some exceptions in their results. In
comparison, polymerase chain reaction could amplify the pig-specific band (212 bp) in all samples containing
lard. Therefore, our results showed that polymerase chain reaction approach is more reliable and accurate than
two other methods.
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1. Introduction numerous investigations in this regard [2-4]. Curr-
Lard is a widely used ingredient in food industry ently, two billions of the world’s population are
due to its availability and affordability. However, Muslims, in which Egypt, Afghanistan, Syria, Paki-
consuming pig-derived products is not permitted stan, Turkey, and Iran are the countries with over 90%
among Muslim, Judaism, and Hinduism popula- Muslims. In Iran, where the population is predo-
tions. According to the Islamic rules, eating little minantly Muslim (99.4%), using halal food is highly
amounts of haram ingredients is forbidden [1]. In important, particularly for the imported foods [5].

addition, adulteration is a big challenge in food The global halal market is increasing very fast (growth
industry, which motivates researchers to conduct rate of 20%), and the current halal trade is estimated
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as 2.3 trillion USD annually [5]. Therefore, distin-
guishing the non-halal ingredients in food products
is important to meet the needs of consumers. Halal
confirmation cannot be achieved by physical
control, and chemical and molecular analysis are
required. Detection of lard has been done by
chemical approaches such as Fourier transform
infrared spectroscopy (FTIR) [6-20], differential
scanning calorimetry (DSC) [21-24], gas chroma-
tography (GC) [25,26], and liquid chromatography
(LC) [27,28]. Despite some limitations in DNA-
based methods [29-31], polymerase chain reaction
(PCR) analysis as a highly accurate and sensitive
technique has been used to identify the origin and
adulteration of foods including pig fat [32-35]. It is
worth mentioning that none of the previous studies
relied on both chemical and molecular analytical
methods simultaneously. In the current work,
different ratios of lard were studied by FTIR, DSC,
and PCR for the first time to find out the most
accurate approach.

2. Materials and methods

2.1. Sample preparation

Halal Research Center of Iran provided us with pure
lard and samples containing various concentration
of lard including 100, 50, 40, 30, 20, 10, 5, 3, 1 and
0% wi/w. Cow butter was used to prepare the
samples with different quantities of lard. In prac-
tice, different amounts of lard and cow butter were
weighed, mixed, heated at 70 °C. After liquefaction,
the samples were vortexed vigorously to make a
homogenous mixture. The samples were prepared
in triplicate.

2.2. Fourier transform infrared
FTIR spectral analysis of the samples was carried

out in the mid-infrared range (2-25 pm) by using
Perkin-Elmer Spectrum ONE FT-IR spectrometer
equipped with a deuterated triglycine sulphate
detector and a KBr beam splitter. FTIR spectra were
collected at 450-4000 cm™ with resolution of 4 cm™.
Each spectrum was obtained by average of 16 scans at
25 °C. Final spectra were then processed by OMNIC
8.2 software.

2.3. Differential scanning calorimeter

DSC analysis of the samples was performed by using
DSC 214 Polyma differential scanning calorimeter
(NETZSCH, Germany) to determine thermodynamic
transitions and heat capacities of the samples. In brief,
5-8 mg of each sample was accurately weighed and
heated from -60 to 60 °C at scan rate of 10 °C/min.
AutoEvaluation software was used for thermos-
analytical measurements.

2.4. Polymerase chain reaction

DNA of the samples were extracted using a modified
CTAB (cethyltrimethylammonium Bromide) method.
Purity of the extracted DNA was determined by
NanoDrop™ 2000c spectrophotometers (Thermo
Fisher, USA). PCR assay was carried out on a thermal
cycler Corbett CGI-96 with 20 pl reaction mixture
including PCR master mix (AMPLIQON, Denmark),
0.5 uM of each primer (Table 1), and 50-100 ng of the
extracted DNA. PCR program was included to: first
step at 95 °C for 3 min, second step for 35 cycles at 95
°C of 25 s, 58 and 66 °C for 25 s (annealing condition
for cow and pig primers, respectively) and 72 °C for
25 s, and third step at 72 °C for 5 min. As well,
GelRed® nucleic acid gel stain (Biotium, California,
United States) was used to visualize 5 ul PCR product
on 2% agarose gel. Cow and pig PCR products were
expected to have size of 271 and 212 bp, respectively.

Table 1- Characteristics of the primers used in PCR assay of the samples containing

different concentrations of lard

Primer Sequence (5°-3)

PCR product (bp)

Forward (cow)
Reverse (cow)
Forward (pig)
Reverse (pig)

GTAGGCTTGGGAATAGTACGA

GCCATATACTCTCCTTGGTGACA

GCCTAAATCTCCCCTCAATGGTA
ATGAAAGAGGCAAATAGATTTTCG

271

212
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3. Results and discussion

3.1. Fourier transform infrared

FTIR spectroscopy follows the Beer's law, which
states that intensity of peaks in the IR spectrum is
directly proportional to the concentration of
analytes at mid-infrared wavelengths. This method
has been widely used by researchers to identify
presence of lard in fats and oils, since position of
fatty acids, chain saturation, and specific
compounds in fats and oils can reveal the origin of
fat [1,14,15]. In our study, 12 distinct peaks were
detected in the FTIR spectra (Figure 1).
Specifically, the peak at 864.93 cm related to C-H
bond was only observed in the pure lard samples,
and it was not detected in the samples containing

100% cow fat or different concentrations of lard. In
addition, the peak at 720 cm? indicated a bond
between carbon and halogen, and was found in the
samples with different concentrations of lard (not in
the samples with 100% or 0% lard). Moreover, the
observed peak at 1417 cm™ was only observed in the
samples free of lard, which can be used to confirm the
halal status of the samples. Interestingly, the samples
containing 100% and 0% lard displayed the peaks at
1743 and 1746 cm?, respectively, while the other
samples with different concentrations of lard showed
the peaks at average wave numbers, except for the
sample containing 3% lard. Nonetheless, the peak at
3006 cm? was only observed in the samples
containing 100% and 50% lard.
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Figure 1- FTIR spectra of the samples containing different concentrations of lard

3.2. Differential scanning calorimeter

DSC is a method used to measure the changes in
heat capacity under constant pressure and
temperature conditions. The method involves
exposing a sample with a certain mass to heating or
cooling and measuring the changes in heat flow in
response to the temperature changes. Thus, it
investigates melting, heat transfer temperature, and
phase changes. Table 2 shows the information

about DSC analysis of the samples. Analysis of the
sample containing 100% lard showed three distinct
peaks with a unique peak at 36.9 °C, which
corresponded to the glass transition temperature of the
sample. In contrast, the other samples showed two
peaks in the DSC graph. TG of the samples containing
100% and 0% lard were similar (around 23 °C),
whereas it was higher than 23 °C in the other samples
except for the sample containing 1% lard (19.1 °C). It
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showed that the third peak which appeared at
temperatures over 45 °C would be of interest in
authentication of halal foods. Although, it does not

determine inclusion of lard as a component of fat
mixture in a food product.

Table 2- Results of DSC analysis of the samples containing different concentrations of lard

First peak Second peak Third peak
Lard TG (°C) ACP AH TG (°C) ACP AH TG (°C) ACP AH
concentration Jg*K) J/9) (J/g*K) J/9) Jg*K) J/9)
100% -3.6 1.44 -34.9 23.3 1.458 -34.43  36.9 0.174 -11.5
0% -4.4 0.211 -38.8 23.9 0.144 -42.03 - - -
50% -9.8 0.152 -32.4 29 0.204 -38.63 - - -
40% -8.4 0.026 -39.45 257 2.1 -27.42 - - -
30% 2.7 0.127 -12.49 271 1.18 -15.82 - - -
20% 4.2 0.374 -17.99  26.9 0.599 -14.01 - - -
10% -23.9 0.086 -47.26 242 0.448 -20.66 - - -
5% -2.2 0.019 -40.25 26.2 0.418 -23.39 - - -
3% -2.2 0.313 -44.92  26.1 0.507 -14.22 - - -
1% -4.7 0.024 -15.15  19.1 0.027 -19.91 - - -

3.3. Polymerase chain reaction
PCR is one of molecular techniques for detection of
pig DNA, which can produce millions of copies
from a single copy or a small piece of DNA [2].
This technigue can be used to determine origin of
foods because DNA is relatively stable and
traceable in many processed products. According to

our results, the pig-specific primers amplified the pig-
specific band (212 bp) in the all samples containing
lard, while no band was observed in the sample free of
lard (Figure 2). In addition, except for the sample
containing 100% lard, the others produced 271 bp
band that is indicator of cow genome (Figures 3).

Figure 2- Agarose gel electrophoresis of PCR products with pig specific primer. Left to right: 100 bp ladder, 1
to 10 lines are PCR product of the extracted DNA from the samples containing 100, 50, 40, 30, 20, 10, 5, 3, 1,
and 0% lard, respectively. Line 11 is a positive control, and line 12 is a negative control.
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Figure 3- Agarose gel electrophoresis of PCR products with cow specific primer. Left to right: 100 bp ladder, 1
to 10 lines are PCR product of the extracted DNA from the samples containing 100, 50, 40, 30, 20, 10, 5, 3, 1,
and 0% lard, respectively. Line 11 is a positive control, and line 12 is a negative control.

4. Conclusion

Nowadays, identification of halal foods is of great
importance particularly for Muslims around the
world. In this study, different percentages of lard
were detected simultaneously by using FTIR, DSC,
and PCR approaches for the first time. FTIR results
showed that origin of pig can be traced by different
wave numbers, but there were some exceptions and
it was not specific enough. Similarly, DSC could
not distinguish significantly the samples containing
different concentrations of lard, because just a
unique peak was observed exclusively in the
sample containing 100% lard. However, PCR
analysis could detect lard accurately in the samples.
Hence, PCR approach with its high accuracy,
precision, and speed is better than FTIR and DSC
to confirm the presence of lard in food products.
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