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Abstract: The adulteration of butter has become a major problem in food industries. Butter has the similar characteristic 
to lard which makes lard a desirable adulterant in butter due to economic advantages. Therefore, the method of 
detection to analyse the adulteration practice must be developed. This study used NMR spectroscopy in combination 
with chemometrics for the authentication of butter from lard. The presence of lard as an adulterant in butter has been 
analysed using Gas Chromatography–Mass Spectrometry (GC-MS) and Nuclear Magnetic Resonance (NMR) 
spectroscopy with the aid of chemometric of Principal Component Analysis (PCA) and Discriminant Analysis (DA). PC1 
described 82% of the variation while PC2 accounted for 15% of the variation resulted in a model that described 80% of 
the total variance in the data. With 82% of the peak variation along the first PC, it was clear that all seventeen samples of 
butter in the market and pure lard sample were formed according to their own group and showed two well-defined and 
well-separated group. DA model classified 100% of all samples accurately according to its group (butter and butter 
adulterated with animal fats), meaning that no samples were misclassified into the wrong group. Lard was successfully 
determined at 2.63 ppm. In this study, NMR and PCA analysis has successfully discriminated between the market 
sample and lard and the results established that there is no lard being adulterated in all commercial butter samples. This 
could be a potential identification approach to determine if the product has been deceived in market.  
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INTRODUCTION 

Butter is a water-in-oil emulsion and essentially 
derived from milk fat. The principle constituents of 
normal butter are fat (82%), water (15.6-17.6%), salt 
(1.2%) as well as protein, calcium and phosphorus. 
Due to high price, butter is frequently a target of 
adulteration, primarily through the addition of less 
expensive animal fats or vegetable margarine [1]. 
Classification of pure and adulterated butter would 
protect consumer against deception and mislabelling. 
Spreadable butter containing blends of foreign fats can 
be commercialized, provided the denomination and the 
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label stated the origin of the lipid material clearly. Many 
studies have been devoted to the fat composition of 
butter. In most cases, fatty acids are analysed after 
hydrolysis using GCMS. About 98% of the fat has been 
determined consists of triglycerides, and the most 
common fatty acids are palmitic, oleic, stearic, myristic 
and butyric [2]. The composition of butter is influenced 
by genetic factors [3] and feeding conditions [4]. 
Because of its overwhelming variety, the 
characterization of the natural sample is very difficult. 
Based on their fatty acid composition, the possible 
number of triglycerides in milk fat is calculated to be 
greater than 1,300 [5]. A review of the most commonly 
used methods for the detection of triglycerides 
composition of butter has been compiled [6]. Generally, 
it is considered as impossible to identify all triglycerides 
with only one chromatographic method [7]. Attempts 
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have been made to detect vegetable or animal fats 
(beef tallow, lard) in butter by using a number of 
method, such as gas chromatographic analysis of fatty 
acids [8-10], triacylglycerol [4,11] or sterols [12-15], as 
well as thermo-analytical method such as differential 
scanning [16,17]. The legislation and analytical 
techniques are currently available for controlling the 
authenticity of dairy products in Europe [18]. However, 
while strict standards and criteria for product definition 
exist, practical means for judging product authenticity 
are not always available. The main approach for 
solving these kinds of problems is to look for a specific 
marker or indicator in the product, which could be a 
component (complex molecule, nucleic acid) or 
determine the ratio between some chemical 
constituents and assume that these ratios are a 
constant component of the particular dairy product. 
From this perspective, it seems to make sense that the 
addition of any substance to milk products will modify 
the value of these ratios or highlight an anomaly in their 
chemical composition. In this area, many pattern 
classification procedures can be applied to the dataset 
to compare similarities or differences in the sample 
data with the original data.  

In food industry, especially in fats and oils analysis, 
GCMS has been used widely to assess a number of 
fats and oil samples [19]. Multivariate data analysis 
techniques such as principal component analysis 
(PCA) could be used to process fatty acid data if 
problems arise in the classification of data [20]. PCA is 
capable to identify patterns in data and express the 
data by emphasizing their similarities and differences 
[21]. However, from the literature search, there is no 
available report related to the application of PCA using 
fatty acid and NMR spectra as matrix variables of lard 
and other animal fats. Recently, an issue associated 
with the presence of lard in Halal butter was highlighted 
in the mainstream media and caused a lot of concern 
among consumers in Malaysia. This is where the 
importance of developing a rapid, non-destructive and 
sensitive method for Halal authentication lies. 
Therefore, this study aimed to assess the potential of 
GCMS and NMR to discriminate lard among other 
types of fats particularly (beef, chicken and mutton) and 
to discriminate adulterated butter with pure butter. 
Seventeen samples of commercial butter available in 
the market were also being considered for analysis. 

MATERIALS AND METHODS 

Sample Preparation 

Lard was obtained by rendering the adipose tissue 
of pig [22] which were obtained from several local 

markets in Selangor, Malaysia and a butter sample was 
prepared according to the AOAC official method 
920.118 [23]. Similar method applied to other animal 
fats. Prior to analysis, the samples were removed from 
frozen storage, and left static at room temperature for 1 
h and then were thawed at 50oC in water bath until they 
became completely molten. Sampling was done in 
triplicates and consisted of three pig samples. Adipose 
tissues were heated using a microwave according to 
the method proposed by De Pedro et al. [24]. The 
extracted lard was filtered through double-folded muslin 
cloth, and anhydrous sodium sulfate was added to the 
extract to remove residual moisture. The extract was 
then filtered through Whatman No. 2 filter paper and 
stored at 4°C before further analysis. 

Fatty Acid Analysis 

FA compositions of butter, lard and the mixture of 
butter-lard were determined using a headspace auto 
sampler (Model G1888, Agilent Technologies, Palo 
Alto, CA, USA). The transfer line from the headspace 
sampler was directly connected to the injector of the 
gas chromatograph (GC). The oven was set at 110°C. 
The extraction conditions in the headspace auto 
sampler were programmed as follows: 20.0 min for vial 
equilibration, 0.20 min for vial pressurization, 0.20 min 
for filling the injection loop, 0.05 min for loop 
equilibration and 1.0 min for sample injection. Helium 
with a purity of 99.999% was used for vial 
pressurization and as the carrier gas. Volatile 
compounds were analysed using a GC-MS (Model 
7890, Agilent Technologies, Palo Alto, CA, USA) 
equipped with a non-polar column (J and W Scientific 
DB-5; 30 m, ID 0.25 mm, film thickness 0.25µm). The 
column temperature was kept at 40°C for 10 min, 
increased at 6°C/min to 240°C and maintained 
isothermally for 20 min. The mass selective detector 
(Model MSD59556, Agilent Technologies, Palo Alto, 
CA, USA) was used in electron ionization mode. A 
mass range between 30 and 550 m/z was scanned. 
The mass spectra obtained were compared to those of 
the National Institute of Standards and Technology 
(NIST) Mass Spectral Search Program for compound 
identification. 37 FAME standards (Sigma St. Louis, 
MO) were used as authentic samples to calculate the 
percentage of fatty acids based on peak area. The 
quantification of FAME was performed using a 
normalization internal technique. 

NMR Measurement  

A 10 mg sample of each sample was dissolved in 
700 µl of deuterated methanol containing 0.5% TMS 
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and mixed using a vortex mixer. The sample was then 
sonicated for 1 h in a sonicator bath and left to 
solubilize for a further 12 h at room temperature. This 
was followed by centrifuging for 5 min to remove 
insoluble components, then the clear supernatant was 
transferred into NMR tubes. 1H NMR spectra were 
recorded at 26˚C on a 500 MHz Varian INOVA NMR 
spectrometer operating at a proton NMR frequency of 
499.887 MHz. Each 1H NMR spectrum was acquired 
over a spectrum width of 20 ppm, consisted of 64 
scans that require 3:15 min acquisition time. The 
resulting spectra were manually phased and base-line 
corrected using Chenomx software (v. 5.1, Alberta, 
Canada). The spectra were referenced to TMS at δ 
0.00ppm. 

Bucketing of 1H NMR Spectra  

1H NMR spectra were automatically reduced to 
ASCII files using Chenomx software (v. 5.1, Alberta, 
Canada). Spectral intensities were binned by equal 
width (δ 0.04) corresponding to the region of δ 0.50–
10.00. The region of δ 4.70–4.96 (water) and δ 3.28–
3.33 (residual methanol) were excised from the 
analysis 

Statistical and Chemometric Analysis  

For fatty acid analysis, the statistical treatment 
using one-way analysis of variance (ANOVA), followed 
by Duncan multiple comparison using SPSS version 
17.0 software (SPSS Inc., Chicago, IL, USA) was used 
for differentiation of fatty acid composition levels in 
butter adulterated with lard. The significance value (P) 
of less than 0.05 was considered statistically different. 
All sample analyses (fatty acid composition and 

chromatogram) were performed as three replicates and 
averaged using Microsoft Excel 2007. In order to 
differentiate and classify lard, animal fats and butter, 
the chemometric of principal component analysis using 
the composition of fatty acid as matrix variable was 
performed with the aid of the Unscrambler software 
(version 9.7) from Camo, USA.  

RESULTS AND DISCUSSION 

Fatty Acid Composition  

Fatty acid compositions of butter and other animal 
fats (lard, beef, chicken and mutton fat) are compiled in 
Table 1. Fatty acid profiles were further subjected to 
PCA analysis in order to cluster the classification of 
butter and other animal fats. Figure 1A show the PCA 
score plot of butter and animal fats representing the 
projection of samples defined by the first component 
(PC 1) and the second component (PC 2). This basic 
difference could be due to the diverse pattern of 
distribution of individual fatty acids among these animal 
fats. Using the projection of PC1 and PC2, it was clear 
that butter was well-separated from other animal fats. 
Using PC1 and PC2, butter was located in similar 
distance with other animal fats, therefore, all animal 
fats could be the potential adulterants in butter. Figure 
1B exhibits the loading plots for PC1 and PC2. The 
separation of butter was more influenced by fatty acids. 
According to the loading plot in Figure 1B, six fatty 
acids (lauric, myristic, palmitic, stearic, oleic and 
linoleic acids) were the most discriminating variables 
that influence the group separation into three different 
clusters. 

Table 1: Fatty Acid Compositions of Butter, Lard, Chicken Fat, Beef Fat and Mutton Fat 

Fatty Acid Lard 
(%) 

Chicken Fat 
(%) 

Beef Fat 
(%) 

Mutton Fat 
(%) 

Butter 
(%) 

C12:0 0.18±0.0a,c 0.64±0.01b 0.66±0.04c 0.28±0.01d 1.63± 0.02a 

C14:0 2.64±0.04a 1.62±0.01b 6.43±0.08c 5.08±0.08d 1.63± 0.02a 

C15:0 0.16±0.0a ND 0.66±0.01c 0.71±0.07b,d ND 

C16:0 24.66±0.14a 25.39±0.03b 27.79±0.04c 25.70±0.03a,d 31.29±0.05c 

C16:1 1.10±0.06a 5.32±0.03b 1.55±0.1c 0.71±0.04d ND 

C17:0 0.80±0.04a ND 1.43±0.03c 2.14±0.08d ND 

C18:0 14.47±0.02a 4.84±0.01b 24.87±0.03c 29.65±0.07d 11.62± 0.04a,b 

C18:1 40.35±0.15a 43.94±0.04b 30.36±0.07c 34.34±0.4b,d 1.64± 0.00a 

C18:2 15.49±0.09a 1.10±0.01b 6.26±0.0c 1.29±0.02d 0.02±0.00b,c 

ND- Not detected. 
Means within each column with different superscripts are significantly different at P <0.05. 
Each value in the table represents the mean of duplicate analysis. 



90      Journal of Pharmacy and Nutrition Sciences,  2019, Vol. 9, No. 2 Fadzillah et al. 

 

 
Figure 1: Score plot and loading plot of PCA of butter derived from animal fats based on fatty acid composition. 

Discriminant Analysis 

Discriminant analysis (DA) is one of the 
classification techniques which can be used to 
determine the class of butter similar to animal fats by 
computing the distance from each class centre in 
Mahalanobis distance units [23]. DA was carried out in 
two steps. Firstly, pure butter and butter mixed with 
animal fats (lard, beef fat and mutton fat) were 
classified into two groups known as pure butter and 
adulterated butter. Chemical shifts are compiled 
together with functional group of fatty acid used for DA, 
are compiled in Table 2. The selection of chemical shift 

was performed in such a way that they gave no or the 
least misclassification between two groups (pure butter 
and butter adulterated with animal fats). A Coomans 
plot (Figure 2) was applied for the classification of pure 
butter and butter adulterated with 1 – 50 % (v/v) of 
animal fats. The x-axis showed the Mahalanobis 
distance to butter, while the y-axis showed the distance 
to the adulterated butter with animal fats. The 
Mahalanobis distance is useful in assigning whether a 
set of unknown value samples is similar to a collection 
set of known measured samples. Coomans plot in 
Figure 2 clearly exhibited the separated group of pure 
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butter and animal fats-adulterated butter. In this study, 
DA model classified 100% of all samples accurately 
according to its group, meaning that no samples were 
misclassified into the wrong group, which could happen 
sometimes because of the close similarities in chemical 
composition between two groups. 

Table 2: Tentative Identification of Functional Groups of 
Butter Product and Lard from 1H-NMR Spectra 

Chemical Shift (ppm) Functional Group 

0.93 -CH3 (saturated, acyl chains) 

1.03 -CH3 (acyl chains) 

1.32 -(CH2)n- (acyl chains) 

1.70 -OCO-CH2-CH2- (acyl chains) 

2.14 -CH2-CH=CH- (acyl chains) 

2.36 -OCO-CH2-(acyl chains) 

 

Principal Component Analysis of Market Sample of 
Butter with Lard  

PCA was carried out based on the 1H-NMR spectra 
data presented in Table 3. PCA was carried out based 
on the 1H-NMR spectra data from the seventeen 
sample of butter available in Malaysia. PCA is a 
technique that reduces the dimensions of the data. 
Reduction of the number of variables can lead to 
improved performance. Figure 3A illustrates the score 
plot of PC1 versus PC2 from the 1H-NMR spectra 
analysis. PC1 described 82% of the variation while 
PC2 accounted for 15% of the variation resulted in a 
model that described 80% of the total variance in the 
data. With 82% of the peak variation along the first PC, 
it was clear that all seventeen samples of butter in the 

market and pure lard sample were formed according to 
their own group and showed two well-defined and well-
separated group (Figure 3A). Figure 3B shows the 
loading plot of PC1 versus PC2. The loading plot was 
used to determine which variables influence the 
separation of the samples. The absolute value of the 
loading in a component describes the importance of the 
contribution of a particular component. Thus, a variable 
further away from the origin means it has a greater 
contribution towards the model. As shown in Figure 3B, 
it was clear that seventeen butter samples in the 
market were well separated from lard. The main 
compound that caused the separation in lard was =HC-
CH2-CH= (acyl chains). A high positive correlation 
between 1.32 and other chemical shift along PC1 
showed that the market sample of butter indicated a 
higher proportion of -(CH2)n- (acyl chains), while a high 
negative score of lard indicated that =HC-CH2-CH= 
(acyl chains) had a major influence on the 
differentiation of the product butter. According to the 
loading plot in Figure 3B, out of the other chemical 
shifts, the peak at 2.63 was the most discriminating 
variable that influenced the group separation into two 
different clusters. This difference could be a potential 
marker to identify if a product contained lard especially 
for Halal authentication and verification. Based on 
previous study, there was lack of report in the 
identification of chemical marker in food products. 
Therefore, this work is considered new and could be 
useful in food industries and for Halal verification. 

CONCLUSION 

The presence of lard as an adulterant in butter has 
been analysed using GC-MS, and 1H-NMR 
spectroscopy with the aid of chemometric of PCA and 

 
Figure 2: Coomans plot of butter and those adulterated with three animal fats; (□) pure butter; (Δ) butter sample adulterated 
with three animal fats. 



92      Journal of Pharmacy and Nutrition Sciences,  2019, Vol. 9, No. 2 Fadzillah et al. 

Table 3: List of the Seventeen-Sample Product Brand of Butter Available in Malaysia 

Sample Product Brand Country 

1 Buttercup Malaysia 

2 Isigny St Mere bar France 

3 Isigny St Mere stick France 

4 Beurre De Surgeres France 

5  Dew Fresh Northern Ireland 

6 SCS Australia 

7 Golden Churn  Australia 

8 Emborg Belgium 

9 Farmcows  Malaysia 

10 Lescure Bar France 

11 Lescure Stick France 

12 Lurpark Denmark 

13 Ballantyne Australia 

14 Kerry Gold Ireland 

15 Ambassador French 

16 President French 

17 Tatura Australia 

 

DA. Lard was successfully determined at 2.63 ppm. 
The changes of fatty acid composition of butter 
adulterated with animal fats can complement the 
adulteration analysis of butter using 1H-NMR 
spectroscopy. In addition, DA allows one to make a 
classification of pure butter and butter adulterated with 
animal fats. DA can classify butter and butter 
adulterated with animal fats without any 

misclassification. NMR and PCA analysis has 
successfully discriminated between the market sample 
and lard. This could be a potential identification 
approach to determine if the product has been 
deceived in market. Seventeen commercial butter 
samples available in Malaysia have been analysed 
using this method and the results show there is no lard 
being adulterated in these samples. 
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