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ABSTRACT: Butter is the product of milk fat, sometimes adulterations occurs with low-cost animal fat,
which affects food safety and quality. The aim of this study was to evaluate the authenticity of butter in
combination with bovine tallow (0-15% w/w) using FTIR and NMR methods. These studies have shown that by
adding bovine tallow fat, there was a significant difference on peaks height in FTIR and value of NMR peaks.
According to the statistical analysis obtained, L_Pseudo equations showed that in the FTIR spectra of 3473-
3470, 723-720, 590-587 and 458-455 cm™, by increase in bovine tallow percentage, the height of these spectra
was decreased. L_Pseudo equations for each *H NMR and *C NMR peak indicated that value (ppm) of these
peaks decreased by increase percentage of tallow. Given value of R?, it was found that none of the spectra were

capable of estimating the presence of foreign fat.
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Introduction

One of the most important sources of
nutrition in foods is milk fat (Hillbrick and
Augustin, 2002). Typically, milk fat
contains 66% saturated fatty acids, 30%
monounsaturated fatty acids, and 4%
polyunsaturated fatty acids (Aigster et al.,
2000). Due to its taste, milk fat is accepted
by the consumer because of its better
quality than other fats. Butter is one of the
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products of milk fat that is economically
important for the dairy industry and
nutritionally and functionally for the
customers (Nurrulhidayah et al., 2013b).
One of the most common adulterations in
butter is combination it with low-cost
vegetable oil and animal fat, which affects
food safety and quality (Javidnia et al.,
2013). With increasing awareness of
consumers about food safety and quality,
they are always demanding a guarantee of
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food quality and content (Wilhelmsen,
2006).

Detection of adulteration and validation
for butter usually require chromatographic
techniques, which is a time consuming
process (Chakrabarty et al., 1969). This
method requires organic solvent to extract
oil and fat, which can cause health
problems for employees and it will also
increase the environmental risk and, of
course, the cost of analysis (Javidnia et al.,
2013).  Therefore, quality  control
laboratories strive to develop a fast,
economical and reliable analytical method
for determining authenticity of food and
detecting any adulteration in product
(Nurrulhidayah et al., 2013b). Due to the
importance of detecting non-dairy fat in
butter, a number of studies have been
conducted by several research groups to
develop analytical methods for this
purpose (Lipp, 1995; Ulberth and
Buchgraber, 2000).

Infrared spectroscopy (IR) methods are
one of the effective alternatives that allow
analytical methods to be carried out
quickly without a need for sample
preparation (Lee et al., 2009). Among the
Infrared Spectroscopy (IR) methods,
Fourier Transform Infrared Spectroscopy
(FTIR) is a fast, inexpensive and high
quality technology for material analysis
that is easily used in foods to basic
researches, quality control laboratories and
industrial surveys (Karoui and De
Baerdemaeker, 2007; Subramanian and
Rodriguez-Saona, 2010). This powerful
tool is also widely used for rapid quality
control of olive oil (Maggio et al., 2009),
honey (Bertellia et al., 2007), meat (Argyri
et al., 2010) and dairy products (Lerma-
Garcia et al., 2010). In fact, the FTIR
spectroscopy for each sample separately
shows information on the fundamental
vibration and molecular stretching under
infrared light in spectral range between
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700 and 4000 cm™. As such, a spectral
characteristic is obtained as a result of
absorption by different chemicals (Karoui
and De Baerdemaeker, 2007) and a
fingerprint of each sample is presented.

NMR spectroscopy is other method
which has been successfully used in recent
years for analysis of various foods and
their fats, chemical composition and
authenticity of various products (e.g.
cheese, oil, and milk) have been
determined enough accurate (Brescia et
al., 2004; Monakhova et al., 2012). NMR
spectroscopy preserves the structure of
foods and provides useful information
from a complex and highly heterogeneous
chemical system (Andreotti et al., 2000).
NMR also supports food in industry and
can help develop new ways to control food
quality. This technology has been able to
provide accurate spectral information on
triglycerides, saturated and unsaturated
fatty acids, and to detect structure of
sample (Erich et al., 2015).

Based on the applications of FTIR and
NMR and their benefits to determine food
authenticity, our aim in this study was to
evaluate the authenticity of butter in
combination with animal fat of bovine
tallow using FTIR and NMR methods.

Materials and Methods
- Preparation of butter samples

Milk sample from Holstein calf,
collected at the end of the third month of
spring season, was used to prevent from
fluctuation of season changes in milk fat
compositions level. Preparation of pure
butter and its fat extraction were done
(Nilchian et al., 2020). To prepare
treatments, butter fat was mixed with
different percentages of bovine tallow
based on statistical analysis (0, 1.18, 2.63,
4.40, 6.06, 7.50, 9.94, 12.38, 13.69 and
15%).
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- Collecting spectra based on FTIR
spectroscopic system

All spectra were obtained using Tensor
27TM FTIR spectrometer system. The
system  was  equipped with an
interferometer and a fully reflective
DigiTect TM (ATR) detector. All analyzes
were carried out at 35 + 2 ~ C. The spectra
were obtained in the range of 700 to 4000
cm™ with Fourier transform accuracy of 4
cm™ and the spectra were recorded for
each butter sample (Gori et al., 2012). 100
pl of each sample was used and the
absorbance spectrum was collected against
a background obtained from blank ATR
cells. Before obtaining each spectrum, the
ATR crystal was washed with hexane and
then rinsed with acetone.

- Measurement of 1H NMR and 13C
NMR

'H NMR and *C NMR was carried out
under automatic conditions on AVANCE
[11 300 MHz spectrometer (Monakhova et
al., 2013). In order to prepare sample, 8
mg of the sample was mixed with 1 ml
chloroform containing 0.1% tetra methyl
silane (TMS) and transferred to NMR tube
for direct measurement. To prevent the
peroxide resonances increase, the samples
were directly measured at 6 5.80 ppm and
8 6.30 ppm (* H NMR) and & 130 ppm (**
C NMR). Chemical changes were
evaluated by TMS signal.

- Statistical analysis

In this research, to examine authenticity
percentage, experiments were designed by
statistical method with optimum mixture
response surface methodology and it made
an attempt to predict authenticity optimal
point, so statistical software of design
expert, version 8 was used.

Results and Discussion
- Collecting spectra based on FTIR
spectroscopic system
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All spectra were obtained using FTIR
spectrometer system as compared to the
pure butter and are shown in Figure 1.

In the infrared spectra obtained by
FTIR spectroscopy, they indicated the
absorption band of water, O—H groups, in
the region of 3000-3700 cm™ (Rodriguez-
Saona et al., 2006; Karoui and De
Baerdemaeker, 2007). In the FTIR spectra,
the band of 3008 cm™ was due to C—H
stretching of the cis double bond (Javidnia
et al., 2013) which in this study no peak
was observed in this range. The strong
adsorption in range of 2900 and 2800 cm™
was related to C—H stretching vibration in
CH2 and CH3, respectively (Koca et al.,
2010). Only strong peak in 1745 cm™
range was due to C=0 stretching vibration
of groups of carbonyl triglycerides or acids
and esters (Javidnia et al., 2013; Lerma-
Garcia et al., 2010). The very weak band
near 1654 cm™ was related to the
stretching vibration of C=C group of cis
olefins, and peaks in 1400-1200 cm™
range were mainly related to the bending
vibration of the CH2 and CH3 aliphatic
groups(Javidnia et al., 2013). In the range
of 1000-1300 cm™, there were stretching
vibrations of C-O band of ethers and
bending vibration of methylene group
(Lerma-Garcia et al., 2010). Below 1000
cm, at about 723 (Muik et al., 2007) and
966 cm™, it was related to vibration of
HC=CH deformation which has been
reported as a marker band for
determination of Trans fatty acids in fats
and oils (Nurrulhidayah et al., 2013a).
Upon  closer  examination,  slight
differences in 1117 and 1097 cm™ range
were consistent with the C—H bending
vibration and C—H deformation vibrations,
respectively. The observed FTIR spectral
changes have been used as a basis for
selecting spectral ranges in measurement
of bovine fat in butter samples, which was
consistent with  other investigations
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(Nurrulhidayah et al., 2013a). These
figures showed that in all samples, all
spectra were the same, making it
impossible to visualize the spectra.
Identical FTIR spectra have also been
observed by other researchers in the study
of vegetable oils (Javidnia et al., 2013).
Based on the FTIR spectra, the results
of height of each peak obtained from
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Tablel. Peak Height of FTIR Spectra in Different Butter Treatments

The amount of

0 118 263 44 6.06 7.5 994 1238 13.69 15
tallow (%)
Wavelengths The height of each
(cm™) peak

3470-3473 0.031 0.03 0.006 0.022 0.026 0.009 0.028 0.022 0.035 0.024
2923-2926 0.449 0.408 0.337 0.381  0.358 0.143 0503 0.49 0561 0.482
2855-2858 0.419 0.399 0.295 0.337 0.347 0.129 048 0.46 0572 0.454
2670-2673 0.014 0.038 0.007 0.013 0.013 0.005 0.014 0.015 0.06 0.015
2323-2329 0.007 0.006 0.009 0.001 0.008 0.011 0.007 0.002 0.011 0.006
2030-2036 0.007 0.003 0.003 0.007 0.009 0.001 0.008 0.005 0.013 0.007
1744-1747 0.574 0.467 0.388 0.456  0.443 0.157 0.642 0.601 0.638 0.586
1455-1458 0.367 0.325 0.18 0.29 0.323 0.106  0.442 0.393 0.513 0.389
1366-1369 0.254 0.222 0.069 0.22 0.22 0.068 0315 0.273 0.367 0.274
1236-1240 0.325 0.273 0.133 0.278  0.287 0.089  0.407 0.369 0.457 0.36
1163-1166 0.427 0.343 0.235 0.385 0.369 0.128 0.531 0.505 0.541 0.485
1104-1107 0.308 0.265 0.159 0.281  0.292 0.093  0.403 0.369 0.461 0.357

969-972 0.072 0.064 0.035 0.105 0.094 0.02 0.127 0.113 0.157 0.111

867-870 0.022 0.024 0.014 0.048 0.041 0.007 0.053 0.046 0.067 0.048

720-723 0.153 0.137 0.077 0.125 0.117 0.04 0.156 0.143 0.202 0.137

587-590 0.024 0.017 0.007 0.021 0.016 0.006 0.017 0.015 0.027 0.016

455-458 0.027 0.019 0.012 0.022 0.015 0.018 0.022 0.019 0.036 0.02

All determinations were carried out in triplicate

Table 2. Statistical analysis of the effect of adding different amounts of bovine tallow in butter on the height of
significant peaks obtained by FTIR

ng:gfrgf Prob>F" ((:)év L_Pseudo equation™
3470-3473 00345 3345 3470-3473(height):O.025AM;_0.031B***-0.048AB+0.081AB(A-B)
(R*=0.3521)
£023.2926 00049 1865  2923-2926( height):O.48A+0.44E2>;0.81AB+O.64AB(A-B)+1.62AB(A-B)2
(R*=0.5812)
28552858 00048  19.93 2855-2858(height):O.46A+O.4lBZ-£).79AB+ 0.72AB(A-B)+1.56AB(A-B)’
(R?*=0.5834)
1744-1747 0.0143  24.07 1744-1747(height)=0.65A+0.55B-0.93AB (R’=0.3773)
1455-1458 0.0084  25.64 1455-1458(height)=0.41A+0.38B-0.58 AB+0.93AB(A-B) (R?=0.4849)
1366-1369 0.0087  30.63 1366-1369(height)=0.28A+0.26B-0.43AB+0.81AB(A-B) (R?=0.4826)
1236-1240 0.0065  27.27 1236-1240(height)=0.38A+0.33B-0.53AB+0.92AB(A-B) (R?=0.5054)
1163-1166 0.0071  24.34 1163-1166(height)=0.50A+0.43B-0.65AB+0.99AB(A-B) (R?=0.4990)
1104-1107 0.0098  26.68 1104-1107(height)=0.38A+0.32B-0.47AB+0.79AB(A-B) (R?=0.4725)
969-972 0.0092  38.73 969-972(height)=0.12A+0.053B (R*=0.3315)
867-870 0.0024  40.68 867-870(height)=0.051A+0.018B (R?=0.4338)
720-723 0.0187  26.35 720-723(height)=0.15A+0.16B-0.24AB+0.35AB(A-B) (R*=0.4140)
587-590 0.0389  33.48 587-590(height)=0.017A+0.023B-0.036AB+0.050AB(A-B) (R?=0.3394)
455-458 0.0482  23.71 455-458(height)=0.021A+0.026B-0.026 AB+0.058AB(A-B) (R*=0.3155)

All determinations were carried out in triplicate
“ Values of "Prob> F" less than 0.05 indicate model terms are significant.
" The equation in terms of coded factors can be used to make predictions about the response for given levels of
each factor. The coded equation is useful for identifying the relative impact of the factors by comparing the

factor coefficients.

*** A: added tallow coefficient and B: butter coefficient.
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These studies have shown that based on
the cubic statistical model, by adding
bovine tallow fat, there was a significant
difference at 95% level on peak height in
spectra of 3473-3470, 2926-2923, 2858-
2855, 1758-1744, 1458-1455, 1369-1366,
1240-1236, 1166-1163, 1107-1104, 972-
969, 870-867, 723-720, 590-587 and 458-
455 cm™ that this difference was not
observed on other spectra. According to
statistical results, the L_Pseudo equation
was obtained, in which coefficients for fat
and butter and their effects on each other
were identified. Accordingly, equations for
spectra of 3473-3470, 723-720, 590-587
and 458-455 cm™ indicated that in general,
both types of fat and butter had positive
effects on these spectra, but tallow fat
added was less effective than butter in
increase of them, so that with increase in
bovine tallow percentage, height of these
spectra decreased. Equations for spectra of
2926-2923, 2858-2855, 1747-1744, 1458-
1455, 1458-1455, 1369-1366, 1240-1236,
1166-1163, 1107-1104, 972-969 and 870-
870 cm " showed both types of tallow and
butter also had positive effects on these
spectra, but the added tallow fat was more
effective than butter in increasing the
height of these spectra. In the L_Pseudo
equation, height of the FTIR peaks in the
sample could be determined using the
coefficients of bovine tallow and pure
butter and the relationship between these
two fats. Given value of R? it was found
that none of the spectra were capable of
estimating the presence of foreign fat.
According to the results of the effect of
adding different amounts of bovine tallow
in butter on the significant changes in
height of each peak in different ranges,
change in the amount of these spectra
could indicate the adulteration in butter
with different amount of bovine tallow in
the sample.
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- Measurement of 1H-NMR

The 'H-NMR spectrum identified
mixture of compounds such as
triglycerides found in vegetable oils as
well as animal fats and methyl esters with
several prominent regions of fatty acid
chains that contain specific proton signals
(Nurrulhidayah et al., 2017). The *H-NMR
spectra of pure butter samples and butter
samples combined with bovine tallow in
Figure 2 have been shown that presented
similar profile.

According to the NMR spectra, these
spectra mainly showed the signals of
saturated  unsaturated  fatty  acids,
triglycerides, peroxide and glycerol. The
chemical changes in the range of 0 to 4
ppm covered most of the free fatty acids
and fatty acids attached to glycerol, while
the chemical changes in the range of 4 to 6
ppm were specific to the proton signals in
the glycerol column (Nurrulhidayah et al.,
2017).

The 'H-NMR spectra in the spectral
range of 0.85-0.95, 1.90-2.10 and 2.70-
2.90 ppm belonged to the CH3- 1, the
CH2- A2 and the base allyl methylene acid
Alpha linolenic groups, respectively
(Andreotti et al., 2000; Hu et al., 2007).
Peaks in spectral region of 0.83-0.93 ppm
were due to the overlap of the hydrogen
atoms signals of the methyl group in the
saturated acyl, oleic and linoleic chains
and in spectral region of 0.93-1.03 ppm
were due to the hydrogen atoms of methyl
in the -3n acyl groups. Difference in
chemical changes between both spectral
regions was due to their proximity to the
double bond. The spectral region of 1.22-
1.42 ppm was due to the hydrogen atoms
of the methylene groups in the B position
of the olefinic groups, or in the y position
of the carbonic groups within the
triacylglycerol molecule. The spectral
region of 1.52-1.22 and 2.23-2.36 ppm
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Fig. 2. H NMR spectra of each peak in different treatments of butter (A: percentage of bovine tallow).
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was due to the methylene hydrogen atoms
in B and a position of carbonyl groups,
respectively. The spectral region of 1.94-
2.14 ppm was resulted to a methylene
hydrogen atom associated with a double
bond. The spectral region of 4.32-4.10
ppm was due to the hydrogen atoms in 1
and 3 carbon atoms of glycerol groups and
the spectral region of 5.20-5.26 ppm was
resulted to the hydrogen atoms in 2 carbon
atoms of glycerol groups. This region
overlapped with the spectral region of
5.26-5.40 ppm, due to olefinic hydrogen
atoms from different acyl groups

(Nurrulhidayah et al., 2017). Spectrum of
fat samples usually had similar profiles
that appeared with differences in the
amount of each peak. According to other
researchers, careful observation in the
spectra would indicate a significant
difference between the samples. The
general allocation of signals to these
spectra depended on the different type of
hydrogen atom (Guillén and Ruiz, 2001;
Miyake et al., 1998). The exact position
results of each peak obtained from the *H-
NMR spectra in different  butter
treatments.

Table 3. Statistical analysis of the effect of adding different amounts of bovine tallow in butter on position
(ppm) of *H NMR significant peaks

Range ¢ SE* % s
(opm) Prob>F cV L_Pseudo equation

0.823-0.866 0.0184 1.04 0.823-0.866 (ppm)=0.84A""+0.86B™"" (R*=0.2894)
0.867-0.889 0.0342 1.04 0.867-0.889 (ppm)=0.87A+0.88B (R?=0.2167)
0.860-0.904 0.0407  0.66 0.860-0.904 (ppm)=0.89A+0.90B-0.028AB (R*=0.3156)
0.913-0.956 0.0357  0.99 0.913-0.956 (ppm)=0.93A+0.95B (R?=0.2127)

0.937-0.98 0.0405  0.96 0.937-0.98 (ppm)=0.96A+0.97B (R?*=0.2011)
1.227-1.266 0.0161  0.63 1.227-1.266 (ppm)=1.25A+1.26B (R*=0.2839)
1.577-1.621 0.0213  0.56 1.577-1.621 (ppm)=1.60A+1.61B (R?*=0.2595)
1.599-1.644 0.0185  0.36 1.599-1.644 (ppm)=1.63A+1.64B-0.030AB (R*=0.4002)
1.623-1.669 0.0210  0.36 1.623-1.669 (ppm)=1.66A+1.67B-0.033AB (R*=0.3874)
1.649-1.694 0.0265  0.36 1.649-1.694 (ppm)=1.68A+1.69B- 0.031AB (R*=0.3628)
1.969-2.011 0.0004  0.39 1.969-2.011 (ppm)=1.99A+2.01B (R?*=0.5494)
19842117 00024  0.98 1.984-2.117 (ppm):2.01A+2.03(BR-2(1.8%19/27B)-0.32AB(A-B)+ 0.85AB (A-B)*
2.252-2.298 0.0238  0.43 2.252-2.298 (ppm)=2.27A+2.29B (R?=0.2656)
2.273-2.321 0.0168  0.42 2.273-2.321 (ppm)=2.30A+2.31B (R?=0.2802)
2.298-2.344 0.0150  0.26 2.298-2.344 (ppm)=2.33A+2.34B- 0.035AB (R?=0.4204)
4.08-4.125 0.0158  0.22 4.08-4.125 (ppm)=4.10A+4.12B (R*=0.2855)
4.100-4.144 0.0206  0.22 4.100-4.144 (ppm)=4.12A+4.14B (R?=0.2624)
4.119-4.164 0.0230  0.23 4.119-4.164 (ppm)=4.14A+4.16B (R?=0.2526)
4.138-4.183 0.0237  0.14 4.138-4.183 (ppm)=4.17A+4.18B- 0.029AB+0.058AB(A-B) (R?*=0.4155)
4.247-4.283 0.0115  0.17 4.247-4.283 (ppm)=4.26A+4.28B (R?=0.3125)
4.259-4.296 0.0268  0.18 4.259-4.296 (ppm)=4.28A+4.29B (R?=0.2391)
4.286-4.322 0.0106  0.16 4.286-4.322 (ppm)=4.30A+4.32B (R?=0.3197)
4.300-4.335 0.0238  0.17 4.300-4.335 (ppm)=4.32A+4.33B (R?=0.2498)
5.221-5.264 0.0028  0.086 5.221-5.264 (ppm)=5.25A+5.26B- 0.029AB+0.050AB(A-B) (R?=0.6290)
5.237-5.279 0.0149  0.16 5.237-5.279 (ppm)=5.26A+5.27B (R?=0.2910)
5.251-5.294 0.0058  0.093 5.251-5.294 (ppm)=5.28A+5.29B- 0.033AB (R?=0.5049)
5.300-5.349 0.0433 0.0 5.300-5.349 (ppm)=5.33A+5.34B (R?=0.1949)

All determinations were carried out in triplicate

“Values of "Prob> F" less than 0.05 indicate model terms are significant.
The equation in terms of coded factors can be used to make predictions about the response for given levels of
each factor. The coded equation is useful for identifying the relative impact of the factors by comparing the

factor coefficients.

*kk

A: added tallow coefficient and B: butter coefficient.
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Position of each peak (ppm) obtained
from *H NMR in different treatments were
statistically analyzed. The statistical
results of the effect of fat type on position
of each peak in each treatment were shown
in (Table 3). These studies have shown
that addition of bovine tallow fat indicated
a significant difference on *H NMR peaks
at positions of 0.823-0.866 ¢0.867-0.889 «

0.860-0.904
1.227-1.266
1.623-1.669
1.984-2.117
2.298-2.344
4.119-4.164
4.259-4.296
5.221-5.264

<0.913-0.956
«1.577-1.621
<1.649-1.694
«2.252-2.298
«4.080-4.125
«4.138-4.183
«4.286-4.322
¢5.237-5.279

<0.937-0.980
«<1.599-1.644
<1.969-2.011
«2.273-2.321
«4.100-4.144
4.247-4.283
«4.300-4.335
¢5.251-5.294

3

¢
¢
¢
¢
¢
¢
¢

5.300-5.349 ppm. According to statistical
results for each factor, L_Pseudo equation
was obtained, in which coefficients for fat
of tallow and butter and their effects on
each other were specified. Accordingly,
equations for all *H NMR peaks indicated
that both fat of bovine tallow and butter
had a positive effect on these peaks but
added tallow fat had less effective than
butter in their increase so that value (ppm)
of 'H NMR peaks decreased with
increasing percentage of bovine tallow. In
L_Pseudo equation, position of each 'H
NMR peak in the sample could be
determined using coefficients of bovine
tallow and pure butter and relationship
between these two fats. Given the R? value
for each *H NMR peak, it was determined
that none of the peaks position (ppm)
could predict the presence of foreign fat
added. According to the results of the
effect of adding different amounts of
bovine tallow in butter on the significant
changes in peaks position (ppm) in
different ranges, change in the amount of
these positions could indicate the
adulteration in Dbutter with different
amount of bovine tallow in the sample.
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- 3C NMR value
Examination of *C NMR spectra of

pure butter samples and butter samples
combined with bovine tallow also yielded
similar profiles (Figure 3), but position of
each peak differed therefore the spectra of
fat samples usually had similar profiles
and appeared with differences in value of

each peak.
The high resolution of *C NMR
spectrometer allows many positional

isomers of long chain fatty acids or esters
to be distinguished (Nurrulhidayah et al.,
2017). Accordingly, in the range of 60 to
70 ppm, carbons are located on the
glycerol column. Carbonyl ester is
approximately visible at 173 ppm, i.e. **C
NMR in the range of 172.5- 174.5 ppm
belongs to the carboxyl group of butyric
acid and long-chain fatty acids (Andreotti
et al., 2000; Hu et al., 2007). Saturated
carbons of methyl group appear at 14 ppm
and methylenes at 20-40 ppm. At 130
ppm, unsaturated ones only appear in the
spectrum of olive oil and do not exist for
animal oils (Molly, 2008).

The accurate positioning values of each
peak obtained from **C NMR spectra in
different butter treatments. Position of
each peak (ppm) obtained from *C NMR
in different treatments was analyzed
statistically. Statistical results of the effect
of fat type on position of each peak (ppm)
in each treatment were shown in (Table 4).
These studies have specified that addition
of bovine tallow fat showed a significant
difference in *C NMR on position of
peaks of 13.962-14.028 <18.261-18.308 «
22.599-22.639 24.801-24.842 <27.099-
27.148 <27.15-27.195 <29.025-29.088 «
29.206-29.236 ¢<29.288-29.317 <29.411-
29.442 <29.629-29.660 ¢31.862-31.892 «
33.931-34.018 ¢34.103-34.182 <61.996-
62.068 «129.57-129.657 «129.869-
129.960 <172.931-173.139 ppm.
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Fig. 3. *C NMR spectra of each peak in different butter treatments (A: bovine tallow percent).
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Table 4. Statistical analysis of the effect of adding different amounts of bovine tallow in butter on position
(ppm) of significant peaks obtained from *C NMR

Range & (ppm)

Prob > F

%

L_Pseudo equation™

(Y]
13.962-14.028 (ppm)=14.00A" +14.03B™ - 0.037AB-0.095AB(A-B)-
13.962-14.028 0.0051 0.072 0.41AB(A-B)? (R=0.6428)
18.261-18.308 (ppm)=18.29A+18.31B- 2.812E-003AB-0.093AB(A-B)-
18.261-18.308 0.0061 0.041 0.33AB(A-B)? (RE0.6290)
22.599-22.639 0.0086 0.035 22.599-22.639 (ppm)=22.62A+22.63B (R?*=0.3372)
24.801-24.842 0.0192 0.034 24.801-24.842 (ppm)=24.82A+24.84B (R?*=0.2687)
27.099-27.148 0.0043 0.034 27.099-27.148 (ppm)=27.12A+27.14B (R*=0.3921)
27.15-27.195 0.0118 0.034 27.15-27.195 (ppm)=27.17A+27.19B (R?=0.3291)
20.025-29.088 0.0492 050  29:025-20.088 (ppm):29.08AI;-)229(.|¥130+316%83AB-0.22AB(A-B)-3.48AB(A-
29.206-29.236 0.0008 0.020 29.206-29.236 (ppm)=29.22A+29.23B (R?*=0.5062)
29.288-29.317 0.0056 0.020 29.288-29.317 (ppm)=29.30A+29.31B (R?=0.3714)
29.411-29.442 0.0021 0.020 29.411-29.442 (ppm)=29.42A+29.44B (R?*=0.4449)
29.629-29.660 0.0043 0.020 29.629-29.660 (ppm)=29.64A+29.66B (R*=0.3905)
31.862-31.892 0.0051 0.018 31.862-31.892 (ppm)=31.88A+31.89B (R*=0.3789)
33.931-34.018 0.0269 0.052 33.931-34.018 (ppm)=33.98A+34.01B (R?*=0.2388)
34.103-34.182 0.0179 0.047 34.103-34.182 (ppm)=34.15A+34.17B (R?*=0.2747)
61.996-62.068 (ppm)=27.41A+61.47B+ 67.31AB+ 123.14AB(A-B)+

61.996-62.068 0.0001 6.29 155 65AB(A-B)’ (R?=0.9386)

129.57-129.657 0.0220 0.014 129.57-129.657 (ppm)=129.62A+129.65B (R?=0.2565)

129.869-129.960 0.0106 0.014 129.869-129.960 (ppm)=129.92A+129.95B (R?=0.3199)

172.931-173.139 0.0204 0.025 172.931-173.139 (ppm)=173.04A+173.11B (R?=0.2632)

All determinations were carried out in triplicate

“Values of "Prob> F" less than 0.05 indicate model terms are significant.
The equation in terms of coded factors can be used to make predictions about the response for given levels of
each factor. The coded equation is useful for identifying the relative impact of the factors by comparing the

factor coefficients

™ A: added tallow coefficient and B: butter coefficient.

According to the statistical results for each
factor, the L_Pseudo equation was
obtained, in which coefficients for fat and
butter and their effects on each other were
specified. Accordingly, equations of *3C
NMR peaks indicated that both fat of
bovine tallow and butter had a positive
effect on these peaks, but that added tallow
fat had less effective than butter in
increasing them so that they have shown
that the position of the **C NMR peaks
decreases with increasing percentage of
bovine tallow. In the L_Pseudo equation,
the position of each *C NMR peak in the
sample can be determined using the
coefficients of pure butter and bovine
tallow and the relationship between these
two fats. Given the value of R? for each
peak in *C NMR, it was determined that
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none of positions of the peaks could
predict the presence of added foreign fat.
Changes of FTIR spectra in all samples
indicated that the wavelengths of 1744,
1458, 1366, 1160, 1107, 969, 870, 720,
590 and 455 cm™ along with the NMR
spectra, could be used to determine
authenticity of butter in combination with
bovine tallow. In a review by other
researchers, the FTIR spectrum of a butter
sample  combined  with  different
concentrations of palm oil was obtained,
which butter spectra were assigned to fatty
acid or ester functional groups, and with
increasing palm  oil  concentration,
absorption of wavelength in butter samples
increased (Cuibus et al., 2015). Using the
FTIR method, accurate validity of a set of
butter was obtained, which the most
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important IR absorption bands was
identified at 3000, 1740 and 1460 cm™,
which were related to fat and protein
(Rodriguez-Saona et al., 2006). Many
types of functional groups (hydroxyl
groups, acids, esters, amide | and amide I,
aliphatic fatty acid chains and amino acid
acids) provided the entire spectrum of
butter, which was very complex and not be
easy to understand and made it difficult to
identify small changes resulted to less
adulterations in spectrum. During a study
of researchers on FTIR spectra of butter
and fat of lamb, it was found that they had
peaks with characteristics related to the
spectra of edible oils and fats, as described
by Guillen and Cabo (1997) because
glycerides were the main component of
fats. The FTIR spectra in butter and lamb
fat also had slight differences in terms of
band intensities and precise frequencies
that showed the maximum absorption in
the wavelength range of 2923, 2852, 1236
and 1098 cm™ that these wavelengths were
selected for better analysis of lamb fat in
butter (Nurrulhidayah et al., 2013b). In our
study on butter in combination with bovine
tallow, it was also found that the
maximum absorption was observed in the
wavelength range of 2923, 2855 and 1240
cm™ which their equations could be used
to determine the authenticity of butter in
combination with bovine tallow.

The NMR spectra showed that
amplitude of the spectra variations did not
differ between pure butter and butter
combined with bovine tallow, but
differences in the samples combined with
bovine tallow could be observed by
statistical analysis of peak intensities in the
amplitude range of 0—4 ppm and 4-6 ppm.
According to other researchers, careful
observation in the broad spectrum would
show a significant difference between the
samples that the general allocation of
signals to these spectra has depended on
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the different type of hydrogen atom
(Guillén and Ruiz, 2001; Miyake et al.,
1998). In the study of butter samples in
combination with bovine tallow, the
intensity of *H-NMR peaks in the range of
4 ppm related to hydrogen atoms in the
carbon atoms 1 and 3 of the glycerol group
decreased with increase of tallow amount
in butter, which showed the decrease of
short and average chains fatty acids. In
addition, increasing bovine tallow caused
to raise peak intensities in the range of 0.9,
1 and 5 ppm, which strongly correlated
with the hydrogen atoms of the methyl
group in the saturated acyl, oleic and
linoleic chains as well as the hydrogen
atom in the carbon atom 2 of glycerol
group. Based on other researches, the
NMR spectra mainly showed signals of
saturated and unsaturated fatty acids,
triglycerides, peroxide and glycerol, which
covered range of peak chemical changes in
0 to 4 ppm of most free fatty acids and
glycerol-bound fatty acids, while chemical
changes in range of 4 to 6 ppm were
assigned to proton signals in the glycerol
column (Nurrulhidayah et al., 2017).
Based on the statistical model obtained,
use of these factors has been able to assist
in authenticity of butter in combination
with bovine tallow.

Examination of *C NMR spectra of
pure butter samples and butter samples
combined with bovine tallow also showed
a similar profile. Increase of bovine tallow
in butter has shown decreasing changes in
the position of the peaks in *C NMR
system of the samples. In other researches
on the pig fat spectrum, changes in the
carbonyl region in 173.29 ppm signal have
correlated with different fatty acid
carbonyl carbons that generally chemical
changes in this signal depend on
triglycerides, i.e. fatty acid position in sn-
1,30 or sn-2f in acyl glycerol and distance
(A) of the closest double bond to carbonyl
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carbon. Positional distribution of fatty
acids in triglycerides is unique for each
species (Aursand et al., 2007) Comparison
between 3C spectra of butter and bovine
tallow triglycerides has indicated that they
are very similar in view of quality but with
statistical models, discrepancy is clear.
Therefore, based on the obtained statistical
model, use of these spectra along with the
FTIR spectra can help to authenticate
butter in combination with bovine tallow.

Conclusion

The results of this study showed that
the peaks resulting from FTIR and NMR
of the samples are mainly related to the
distribution of fatty acid and TAG.
Comparison between FTIR and NMR
spectra of butter and bovine tallow
triglycerides has indicated that they are
similar in quality but with statistical
models, discrepancy is clear. Therefore,
based on the obtained statistical model,
use of these spectra can help in the
authentication of butter in combination
with bovine tallow and can be used simply
and quickly before TAG analysis.

References

Aigster, A., Sims, C., Staples, C.,,
Schmidt, R. & O’keefe, S. F. (2000).
Comparison of cheeses made from milk
having normal and high oleic fatty acid
compositions. Journal of Food Science,
65, 920-924.

Andreotti, G., Trivellone, E., Lamanna,
R., Di Luccia, A. & Motta, A. (2000).
Milk identification of different species:
13C-NMR spectroscopy of triacylglycerols
from cows and buffaloes’ milks. Journal
of Dairy Science, 83, 2432-2437.

Argyri, A. A, Panagou, E. Z,
Tarantilis, P. A., Polysiouand, M. &
Nychas, G. J. E. (2010). Rapid qualitative
and quantitative detection of beef fillets
spoilage based on Fourier transform

53

infrared spectroscopy data and artificial
neural networks. Sensors and Actuators B:
Chemical, 145, 146-154.

Aursand, M., Standal, I. B. & Axelson,
D. E. (2007). High-resolution **C nuclear
magnetic resonance spectroscopy pattern
recognition of fish oil capsules. Journal of
Agriculture and Food Chemistry, 55, 38-
47.

Bertellia, D., Plessia, M., Sabatini, A.
G., Lollia, M. & Grillenzoni, F. (2007).
Classification of Italian honeys next term
by mid-previous terminfrarednext term
diffuse reflectance previous
termspectroscopynext term (DRIFTS).
Food Chemistry, 101, 1565-1570.

Brescia, M. A, Mazzilli, V.,
Sgaramella, A., Ghelli, S., Fanizzi, F. P. &
Sacco, A. (2004). 'H NMR
characterization between cow and buffalo
milk. Journal of the American Oil
Chemists’ Society, 81, 431-436.

Chakrabarty, M. M., Bhattacharyya, D.
& Gayen, K. (1969). Detection of
adulteration of butter fat (ghee) by the
random rearrangement reaction and thin-
layer  chromatography. Journal  of
Chromatography A, 44, 116-127.

Cuibus, L., Maggio, R., Muresan, V.,
Diaconeasa, Z. & Socaciu, C. (2015).
Preliminary discrimination of cheese
adulteration by FT-IR spectroscopy.
Bulletin  UASVM Food Science and
Technology, 72, 142-146.

Erich, S., Schill, S., Annweiler, E.,
Waiblinger, H. U., Kuballa, T,
Lachenmeier, D. W. & Monakhova, Y. B.
(2015). Combined chemometric analysis
of 'H-NMR, *C NMR and stable isotope
data to differentiate organic and
conventional milk. Food Chemistry, 188,
1-7.

Gori, A., Cevoli, C., Fabbri, A,
Caboni, M. F. & Losi, G. (2012). A rapid
method to discriminate season of
production and feeding regimen of butters



Z. Nilchianet al.

based on infrared spectroscopy and
artificial neural networks. Journal of Food
Engineering, 109, 525-530.

Guillen, M. D. & Cabo, N. (1997).
Infrared spectroscopy in the study of
edible oils and fats. Journal of the Science
of Food and Agriculture, 75, 1-11.

Guillén, M. D. & Ruiz, A. (2001). High
resolution *H-nuclear magnetic resonance
in the study of edible oils and fats. Trends
Food Science and Technology, 12, 328-
338.

Hillbrick, G. & Augustin, M. A. (2002).
Milk fat characteristics and functionality:
Opportunities for improvement. Australian
Journal of Dairy Technology, 57, 45-51.

Hu, F., Furihata, K., Kato, Y. &
Tanokura, M. (2007). Nondestructive
quantification of organic compounds in
whole milk without pretreatment by two-
dimensional NMR spectroscopy. Journal
of Agricultural and Food Chemistry, 55,
4307-4311.

Javidnia, K., Parish, M., Karimi, S. &
Hemmateenejad, B. (2013).
Discrimination of edible oils and fats by
combination of multivariate pattern
recognition and FT-IR spectroscopy: A
comparative study between different
modeling methods. Molecular and
Biomolecular Spectroscopy,104, 175-181.

Karoui, R. & De Baerdemaeker, J.
(2007). A review of the analytical methods
coupled with chemometric tools for the
determination of the quality and identity of
dairy products. Food Chemistry, 102, 621-
640.

Koca, N., Kocaoglu-Vurma, N. A,
Harper, W. J. & Rodriguez-Saona, L. E.
(2010). Application of temperature-
controlled attenuated total reflectance-
midinfrared (ATR-MIR) spectroscopy for
rapid estimation of butter adulteration.
Food Chemistry,121, 778-782.

Lee, V. S., Tue-Ngeun, P., Traisathit,
p., Prasitwattanaseree, S., Nimmanpipug,

54

P. & Chaijaruwanich, J. (2009). FTIR and
chemometric tools for the classification of
Thai wines. International Journal of
Science and Technology, 3, 446-458.

Lerma-Garcia, M. J., Gori, A,
Cerretani, L., Simo-Alfonso, E. F. &
Caboni, M. F. (2010). Classification of
Pecorino cheeses produced in Italy
according to their ripening time and
manufacturing technique using Fourier
transform infrared spectroscopy. Journal
of Dairy Science, 93, 4490-4496.

Lipp, M. (1995). Review of methods
for the analysis of triglycerides in milk fat:
Application for studies of milk quality and
adulteration. Food Chemistry, 54, 213-
221.

Maggio, R. M., Kaufman, T. S., Carlo,
M. Del, Cerretani, L., Bendini, A,
Cichelli, A. & Compagnone, D. (2009).
Monitoring of fatty acid composition in
virgin olive oil by Fourier transformed
infrared spectroscopy coupled with partial
least squares. Food Chemistry, 114, 1549-
1554,

Miyake, T., Watanabe, K., Watanabe,
T. & Oyaizu, H. (1998). Phylogenetic
analysis of the genus bifidobacterium and
related genera based on 16S rDNA
sequences. Microbiology Immunology, 42,
661-667.

Molly, W.C. (2008). NMR and IR
Spectroscopy for the Structural
Characterization of Edible Fats and Oils.
Journal of Chemical Education, 85, 1550-
1554,

Monakhova, Y. B., Kuballa, T., Leitz,
J., Andlauer, C. & Lachenmeier, D. W.
(2012). NMR spectroscopy as a screening
tool to validate nutrition labeling of milk,
lactose-free milk, and milk substitutes
based on soy and grains. Dairy Science
and Technology, 92, 109-120.

Monakhova, Y. B., Godelmann, R.,
Andlauer, C., Kuballa, T. & Lachenmeier,
D. W. (2013). Identification of imitation



J. FBT, IAU, Vol. 12, No. 4, 41-55, 2022

cheese and imitation ice cream based on
vegetable fat using NMR spectroscopy and
chemometrics. International Journal of
Food Science, ID 367841, 1-9.

Muik, B., Lendl, B., Molina-Diaz, A.,
Valcarcel, M. & Ayora-Canada, M. J.
(2007).  Two-dimensional  correlation
spectroscopy and multivariate curve
resolution for the study of lipid oxidation
in edible oils monitored by FTIR and FT-
Raman spectroscopy. Analytica Chimica
Acta, 593, 54-67.

Nilchian, Z., Ehsani, M. R., Piravi-
Vanak, Z. & Bakhoda, H. (2020).
Determination of bovine tallow in butter
using a comprehensive method. Grasas y
Aceites, 71, 338.

Nurrulhidayah, A. F., Che Man, Y. B,
Rohman, A., Ismail, A., Mustafa, S. &
Khatib, A. (2013a). Authentication
analysis of butter from beef fat using
Fourier ~ Transform Infrared (FTIR)
spectroscopy coupled with chemometrics.
International Food Research Journal, 20,
1383-1388.

Nurrulhidayah, A. F., Rohman, A,
Ismail, A., Mustafa, S. & Kbhatib, A.
(2013b).  Application of FTIR-ATR
spectroscopy coupled with multivariate
analysis for rapid estimation of butter
adulteration. Journal of Oleo Science, 62,
555-562.

55

Nurrulhidayah, A. F., Rohman, A,
Rosman, A. S., Ismail, A., Mustafa, S.,
Farahwahida, M. Y., Rashidi, O,
Mohammad Aizat, A. & Khatib, A.
(2017). Authentication of butter from lard
adulteration using high-resolution of
nuclear magnetic resonance spectroscopy
and high-performance liquid
chromatography. International Journal of
Food Properties, 20, 2147-2156.

Rodriguez-Saona, L. E., Koca, N.,
Harper, W. J. & Alvarez, V. B. (2006).
Rapid determination of Swiss cheese
composition by  fourier  transform
infrared/attenuated  total reflectance
spectroscopy. Journal of Dairy Science,
89, 1407-1412.

Subramanian, A. & Rodriguez-Saona,
L. (2010). Chemical and instrumental
approaches to cheese analysis. Advances in
Food and Nutrition Research, 59, 167-
213.

Ulberth, F. & Buchgraber, M. (2000).
Authenticity of fats and oils. European
Journal of Lipid Science and Technology,
102, 687-694.

Wilhelmsen, E. C. (2006). Adulteration
Determination in  Encyclopedia  of
Analytical Chemistry. John Wiley & Sons,
Weinheim, Germany.


https://onlinelibrary.wiley.com/journal/14389312
https://onlinelibrary.wiley.com/journal/14389312

