
GRASAS Y ACEITES 67 (2)
April–June 2016, e136

ISSN-L: 0017-3495
doi: http://dx.doi.org/10.3989/gya.0757152

Differentiation of partial acylglycerols derived from different 
animal fats by EA-IRMS and GCMS techniques

A.N. Nina Naquiaha, J.M.N. Marikkara,b,* and M. Shuhaimia

aHalal Products Research Institute, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor D.E., Malaysia
bInternational Institute for Halal Research & Training, International Islamic 

University Malaysia P.O. Box 10, 50728 Kuala Lumpur, Malaysia
*Corresponding author: nazrim@iium.edu.my

Submitted: 15 July 2015; Accepted: 22 December 2015

SUMMARY: A study was carried out to compare partial acylglycerols of lard with those of chicken fat, beef 
fat and mutton fat using Gas Chromatography Mass Spectrometry (GC-MS) and Elemental Analysis–Isotope 
Ratio Mass Spectrometry (EA-IRMS). Mono- (MAG) and di-(DAG) acylglycerols of animal fats were prepared 
according to a chemical glycerolysis method and isolated using column chromatography. The fatty acid com-
position and δ13C carbon isotope ratio of MAG and DAG derived from individual animal fat were determined 
separately to establish their identity characteristics. The results showed that the δ13C values of MAG and DAG of 
lard were significantly different from those of MAG and DAG derived from chicken fat, beef fat and mutton fat. 
According to the loading plots based on a principle component analysis (PCA), fatty acids namely stearic, oleic 
and linoleic were the most discriminating parameters to distinctly identify MAG and DAG derived from different 
animal fats. This demonstrated that the EA-IRMS and the PCA of fatty acid data have considerable potential 
for discriminating MAG and DAG derived from lard from other animal fats for Halal authentication purposes.
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RESUMEN: Diferenciación de acilgliceroles parciales derivados de diferentes grasas animales mediante técnicas 
de EA-IRMS y GCMS. Se realizó un estudio para comparar acilgliceroles parciales de la manteca de cerdo con 
las de grasa de pollo, grasa de vacuno y grasa de cordero utilizando cromatografía de gases-espectrometría de 
masas (GC-MS) y análisis elemental de Isótopos-Espectrometría de Masas (EA-IRMS). Los mono- (MAG) y 
di- (DAG) acilgliceroles de grasas animales se prepararon mediante un método de glicerolisis química y se ais-
laron mediante cromatografía en columna. La composición de ácidos grasos y la relación isotópica de carbono 
δ13C de los MAG y DAG de las grasas de animales se determinan por separado para establecer sus caracterís-
ticas de identidad. Los resultados mostraron que los valores de δ13C de MAG y DAG de la manteca de cerdo 
fue significativamente diferente de los de MAG y DAG derivados de grasa de pollo, grasa de vacuno y grasa de 
cordero. De acuerdo con los diagramas de carga basados en el análisis de componentes principales (PCA), los 
ácidos grasos esteárico, oleico y linoleico fueron los parámetros más exigentes para identificar claramente MAG 
y DAG derivados de las diferentes grasas animales. Esto demuestra que EA-IRMS y PCA de los datos de ácidos 
grasos tienen un potencial considerable en discriminar MAG y DAG derivados de la manteca de cerdo frente a 
otras grasas animales para fines de autenticación Halal.
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1. INTRODUCTION

Partial acylglycerols are esters of glycerols with 
either one or two of the hydroxyl groups esteri-
fied with fatty acids. With hydroxyl groups in the 
structure, partial acylglycerols display remarkable 
surface activity, which enables them to reduce sur-
face tension at the oil-water interface (De Man, 
1999). Industrial production of partial acylglycerols 
involves many different approaches. The most direct 
route to produce partial acylglycerols is the partial 
hydrolysis of the triacylglycerols present in natural 
oils and fats. The esterification of glycerol with dif-
ferent fatty acids could be another approach, but 
might require preliminary hydrolysis to produce 
free fatty acids from raw materials (Rezaie and 
Temelli, 2000). Although plant lipids were the most 
common raw material for partial acylglycerol pro-
duction, animal fats were also employed as an alter-
native option. In a previous report, Sudraud et al. 
(1981) pointed out that some of the commercially 
available MAG and DAG could have been derived 
from hydrogenated lard. This was reaffirmed subse-
quently by Cheong et al. (2009) who demonstrated 
the potential value of lard as a raw material for the 
production of partial acylglycerols. Although the 
utilization of animal fat in industrial products could 
be beneficial for the animal carcass industry, the use 
of animal-derived ingredients in food might not be 
desirable due to food taboos based on certain reli-
gious restrictions (Riaz and Chaudhary, 2004).

Studies on the synthesis, isolation and character-
ization of partial acylglycerols have been the  interest 
of  many researchers over the past several years 
(Cheng et al., 2005). Deng et al. (2008) demonstrated 
an HPLC-based method for the separation of isomers 
of monoacylglycerols  (i.e. sn-1-MAG, sn-2-MAG 
and sn-3-MAG) having the same acyl groups. Gil and 
co-workers (2007) were able to isolate and character-
ize five new monoacylglycerols (MAGs) that were 
isolated from the marine sponge Stelletta sp. using 
RP-HPLC and atom bombardment mass spec-
trometry. In another study, Destaillats et al. (2010) 
completed the structural elucidation of alpha- and 
beta-regio-isomers of monopalmitoyl-glycerol (MAG 
C16:0) using gas chromatography-mass spectrometry. 
As the use of food ingredients derived from swine is 
prohibited under halal food regulations, researchers 
were interested to find ways of detecting lard based 
partial acylglycerols. Although the characterization 
of partial acylglycerols of some vegetable oils have 
been done using fatty acids, a more complete profil-
ing of various other physcio-chemical characteristics 
using a variety of analytical techniques is still neces-
sary. Isotope ratio mass spectrometry (IRMS), for 
instance, has been proven to be a useful analytical tool 
for various food authentication purposes. According 
to past studies, IRMS has been proven to be useful 
in tracing the origin of various biological substances. 

For instance, it has been employed to detect the 
 adulteration of honey (Chesson et al., 2011; Simsek 
et  al., 2012), differentiate farm and wild salmon 
species (Aursand et al., 2000) and test the authenticity 
of vegetable oils namely sunflower oil, corn oil, 
groundnut oil, palm oil, rapeseed oil and olive oil 
(Kelly et  al., 1997; Bianchi et  al., 1993). However, 
studies dealing with the combined application of 
IRMS and GC-MS to differentiate partial acylg-
lycerols are still limited. Hence, the objective of this 
study was to assess the use of EA-IRMS along with 
GC-MS to differentiate partial acylglycerols of lard 
from those derived from other animal fats namely 
beef, mutton, and chicken fats.

2. MATERIALS AND METHODS

2.1. Materials

Samples of animal fats namely lard, beef fat, 
mutton fat, and chicken fat were extracted by ren-
dering three samples of adipose tissues of animals 
collected from local slaughter houses located in 
the Bangi, Serdang and Kajang areas of Malaysia 
according to the method reported previously by 
Marikkar et  al. (2001). Analytical grade chemicals 
of glycerol,  hexane, diethyl ether, chloroform and 
sodium hydroxide pellets were obtained from Merck 
Chemicals, Germany. A set of FAME standard 
comprising 37 fatty acids (C4 to C24) and a mono-
acylglycerol stock solution were purchased from 
Sigma–Aldrich Chemicals (Deisenhofen, Germany).

2.2. MAG and DAG preparation

Chemical glycerolysis of  animal fats was per-
formed in triplicate according to the procedure 
described by Indrasti et  al. (2010). For the glycer-
olysis reaction, a 35-g fat sample was mixed with 
15 g of a glycerine solution and a 0.2 g portion of 
sodium hydroxide. The mixture was then heated at 
250 °C with vigorous mixing for 60 min. The separa-
tion of glycerolysis products into MAG and DAG 
was carried out according to the AOCS method Cd 
11c- 93 (AOCS, 2007) using a glass column filled 
with Davison 923 type silica gel (Sigma Aldrich). 
Thin layer chromatography was run subsequently 
to verify the purity of the fractions collected from 
column chromatography.

2.3. Determination δ13C of bulk animal fats

About 0.2 μg of partial acylglycerol of individ-
ual animal fat was weighed and loaded into a clean 
tin capsule to determine their δ13C values. The cap-
sules containing samples were placed onto the auto-
sampler system of an elemental analyzer (Europa 
Scientific, UK) for burning in an O2 atmosphere of 
the combustion CuO tube with its temperature set 
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at 960 °C. Combustion gases were eluted through a 
reduction column by a stream of He gas and passed 
into the gas chromatograph where CO2, still in the 
He stream, was separated from the other gases. The 
gas stream was then entered into the IRMS system 
(Sercon Ltd., Crewe, U.K.) where the CO2 gas was 
analyzed by comparison with NBS-22 reference 
material (with a δ13C value of −30.03‰). During 
every batch of analyses, an empty tin capsule was 
analyzed as the blank to check the background (Liu 
et al., 2007). The results were compared to Vienna 
Pee Dee Belemnite (V-PDB). The isotopic values 
were calculated against the international isotope 
reference standards: NBS-22 (International Atomic 
Energy Agency, Vienna, Austria) for 13C/12C mea-
surements (Osorio et al., 2011).

2.4. Preparation of fatty acid methyl esters

A 50-mg portion of partial acylglycerol was 
weighed into a 20-mL test tube (with screw cap). 
After adding a 2 ml portion of 2 N sodium hydrox-
ide in methanol, the sample tube was closed and 
heated at 80 °C for 1 hour. After allowing the tube 
and its contents to set for a few minutes, a 2 mL por-
tion of 25% borontrifluoride solution in methanol 
was added. The tube was closed and heated again 
for 1  hour at 80 °C. Subsequently, 5 mL portions 
of water and hexane were added into this. The con-
tents of the tube were shaken well and allowed to 
undergo phase separation. The clear supernatant of 
the solution was transferred to a 2-mL auto-sampler 
vial (AOAC, 2007).

2.5. Determination of fatty acid composition

The top hexane layer of  the FAME solution 
was injected onto an Agilent 6890N gas chromato-
graph (Agillent Technologies, Singapore) equipped 
with a polar capillary column RTX-5 (0.32 mm 
 internal diameter, 30 m length and 0.25 μm film 
thickness; Restex Corp., Bellefonte, PA) and a 
Flame Ionization Detector (FID). Split injection 
was conducted with a split ratio of  58:1 using nitro-
gen as carrier gas at a flow-rate of  1.00 mL·min−1. 
The temperature of  the column was 50  °C (for 
1 min), and programmed to increase to 200 °C at 
8 °C·min−1. The temperatures of  the injector and 
detector were maintained at 200 °C (Yanty et al., 
2011).

2.6. Statistical analysis

Data were statistically analyzed by one-way 
analysis of  variance (ANOVA) using MINITAB 
( version  14) statistical package at the 0.05 prob-
ability level. For the grouping and classification of 
models, PCA was carried out using Unscrambler 9.7 
(Camo, USA) software.

3. RESULTS AND DISCUSSION

3.1.  δ13C values of bulk MAG and DAG derived from 
animal fats

The δ13C values of  MAG and DAG of  lard, 
chicken fat, beef  fat and mutton fat are compared 
as shown in Table 1. The δ13C values of  MAG and 
DAG of  lard, beef  fat, chicken fat and mutton fat 
have not been investigated previously; therefore 
there are hardly any reports to compare the δ13C 
value. The highest δ13C value of  MAG was found 
in chicken fat (−20.3‰) while the lowest value was 
found for mutton fat (−31.9‰). The δ13C values 
of  MAG of  lard (−22.3‰) and beef  fat (−25.0‰) 
were within the range of  these two δ13C values. In 
the case of  DAG, the highest δ13C value of  DAG 
was found for chicken fat (−19.2‰) while the low-
est value was found for mutton fat (−32.2‰). The 
δ13C values of  the DAGs of  lard (−22.2‰) and 
beef  fat (−24.3‰) were within the range of  these 
two extremes of  the mean δ13C values. The statis-
tical analysis of  the data from the present study 
suggested that the determination of  δ13C value for 
MAG and DAG can be a useful tool since the δ13C 
value of  lard (−22.9‰) was significantly (p<0.05) 
different from those of  beef  fat (−25.0‰), chicken 
fat (−20.3‰), and mutton fat (−31.9‰) (Table 1). 
The observed variation in the δ13C values of  ani-
mal fat could be attributed to their species differ-
ence (Osorio et  al., 2011), genetic factors (Wood 
et al., 2008) as well as the diet fed to the animals 
(Bojlul et al., 2007). According to previous inves-
tigators, the variation in the δ13C values of  oils 
and fats originating from different plant sources 
are due to isotopic fractionation during physical, 
chemical and biological processes in plants (Kelly 
and Rhodes, 2002).

TABLE 1. δ13C values of the MAG and DAG of 
chicken fat, lard, beef fat and mutton fat

Fat Types n

δ13C (%)

Mean sd

MAG CF 3 −20.3d 0.38

LD 3 −22.9c 0.59

BF 3 −25.0b 0.92

MF 3 −31.9a 0.81

DAG CF 3 −19.2d 0.51

LD 3 −22.2c 0.75

BF 3 −24.3b 0.41

MF 3 −32.2a 0.33

1Means within each column with different superscripts are 
significantly (p<0.05) different.
2Abbreviations: MAG, monoacylglycerol; DAG, diacylglycerol; 
LD, Lard; CF, Chicken fat; BF, Beef fat; MF, Mutton fat.
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3.2. Fatty acid profi les of MAG

The fatty acid distributional pattern of MAG 
derived from lard, chicken fat, beef fat and mut-
ton fat are compared as shown in Table 2. The most 
dominant fatty acid of MAG derived from lard was 
oleic (38.75%), followed by palmitic (28.16%) and 
linoleic (21.55%). According to previous reports, 
this was the distributional order of the major fatty 
acids of lard (Marikkar & Yanty, 2014; Yanty et al., 
2011). The MAG of chicken fat was also found 
to have oleic acid (45.94%) as the most dominant 
fatty acid, followed by palmitic (30.99%) and lin-
oleic (8.97%) acids. The MAG of chicken fat dif-
fered from that of lard by having a small amount 
of palmitoleic acid (6.01%) in addition to differ-
ences in the proportions of other fatty acids. The 
MAGs derived from beef and mutton fats differed 
from those of lard and chicken fat by having stea-
ric (31.31–35.34%) as the major fatty acid (Table 2). 
For this reason, the MAG of beef fat and mutton fat 
displayed lower contents of unsaturated fatty acids 
(30.61 to 39.72%) than saturated fatty acids (60.27 
to 69.39%). In fact, there were differences between 
the MAG of beef fat and mutton fats with regard to 
the occurrence of myristic and linoleic acids. While 
some amounts of myristic and linoleic acids were 
present in the MAG of beef fat, they were totally 
absent in the MAG of mutton fat. These differences 
were mainly due to the diverse pattern of distribu-
tion of individual fatty acids among animal fats as 
reported previously (Naquiya et  al., 2013). When 
these data were subjected to an appropriate multi-
variate data analysis technique, a clear differentia-
tion can be reached. PCA, for instance, is a way of 
identifying patterns in data, and expressing the data 
in such a way as to emphasize their similarities and 
differences (Shin et al., 2010).

As fatty acids, namely myristic (C14:0), pal-
mitic (C16:0), palmitoleic (C16:1), stearic (C18:0), 

oleic (C18:1) and linoleic (C18:2) acids were found 
to occur in varying amounts in the MAG of  all 
four animal fats, they were used as independent 
variables in the PCA procedure. According to 
Kamal-Eldin and Anderson (1997), visualization 
of  groups by various plotting systems becomes 
possible if  data of  at least three measured vari-
ables are available. The score plot of  the fatty 
acids of  the MAG derived from the MAGs of  four 
animal fats as shown in Figure 1 represents the 
projection of  samples defined by principle com-
ponent 1 (PC1) and principle component 2 (PC2). 
PC1 is the linear combination of  variables that 
explains the highest variation among the samples, 
while PC2 is orthogonal to PC1 and exhibited the 
second largest variation (Cordella et  al., 2003). 
The score plot projected on PC1 described 89% 
of  the variation while PC2 accounted for 8% of 
the variation, making up 97% of  variance for PC1 
and PC2. According to the group separation illus-
trated in Figure 1, the MAG of  mutton fat and 
beef  fat were located in the upper right quadrant 
and lower right quadrant, respectively. Their posi-
tions were well differentiated from the MAGs of 
lard and chicken fat, which were located in the 
lower left quadrant, and upper left quadrant, 
respectively. However, the separation between the 
MAGs of  lard and chicken fat was not remark-
able due to their close proximity to each other. 
Fatty acid variables having high influence on the 
group separation of  the samples in the score plot 
could be traced from the analysis of  the loading 
plot. As explained by Cordella et al. (2003), a vari-
able which is farther from the origin of  the axis 
contributes most to the variation in the statistical 
model generated by PCA. According to the load-
ing plot shown in Figure 2, out of  the six fatty acid 
variables, stearic, oleic and linoleic acids were the 
most discriminating variables that influenced the 
group separation into four different clusters.

TABLE 2. Fatty acid composition of the MAG and DAG of lard, chicken fat, beef fat and mutton fat1

Fat type

Fatty acid (methyl esters) (%)

C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C20:0 ∑ SFA ∑ USFA

MAG LD nd 28.16±0.00a nd 11.54±0.03b 38.75±0.02b 21.55±0.04a nd  39.7 60.3

CF nd 30.99±0.02a 6.01±0.01a 8.09±0.00b 45.94±0.03a 8.97±0.00b nd 39.08 60.92

BF 5.90±0.01a 28.16±0.04a nd 35.34±0.05a 24.83±0.04c 5.77±0.04b nd 69.39 30.61

MF nd 28.96±0.05a nd 31.31±0.10a 39.72±0.14b nd nd  60.27 39.72

DAG LD 0.79±0.91b 31.35±1.38a 0.86±1.00b 14.92±0.62c 40.29±0.79b 11.79±0.32a nd 47.06 52.94

CF 0.80±0.10b 31.36±2.63a 5.71±0.33a 7.85±0.26d 47.24±1.55a 5.92±3.58b 1.12±1.29a 41.13 58.87

BF 4.89±0.09a 25.56±0.08b 1.14±0.12b 38.57±0.53a 28.28±0.33c 1.57±0.20c nd 69.02 30.99

MF nd 27.38±0.08b nd 36.49±0.28b 36.13±0.36b nd nd 63.87 36.13

1Each fatty acid value in the table represents the means±standard deviations of three replicates. Means within each column with 
different superscripts are significantly (p<0.05) different. 2Abbreviations: MAG, monoacylglycerol; DAG, diacylglycerol; LD, Lard; 
CF, Chicken fat; BF, Beef fat; MF, Mutton fat; SFA, saturated fatty acid; USFA, unsaturated fatty acid.
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3.3. Fatty acid profi les of DAG

The data presented in Table 2 compares the 
fatty acid distributional pattern of  DAG derived 
from lard, chicken fat, beef  fat and mutton fat. 
As noted before with MAG, the most dominant 
fatty acid of  DAG derived from lard was oleic acid 
(40.29%), followed by palmitic (31.35%) and stea-
ric (14.92%). Similarly, the DAG of chicken fat was 
also found to have oleic acid (47.24%) as the most 

dominant fatty acid, followed by palmitic (31.36%) 
and stearic (7.85%) acids. The DAG of chicken fat 
differed from that of  lard by having differences in 
the proportions of  several fatty acids. In addition, 
the occurrence of  a small amount of  arachidic acid 
in the DAG of chicken fat was noteworthy. DAG 
derived from beef  and mutton fats differed con-
siderably from those of  lard and chicken fat by 
having stearic (36.49–38.57%) as the major fatty 
acid (Table 2). As noted before in the case of  MAG 

FIGURE 1. Score plot of PCA of the MAG derived from animal fats based on fatty acid composition.
Abbreviations: L, lard; C, chicken fat; B, beef fat; M, mutton fat.

FIGURE 2. Loading plot of the PCA of the MAG derived from animal fats based on fatty acid composition.
(PC1:Δ, PC2: ).
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fatty acids, the DAG of beef  fat and mutton fat 
also displayed lower contents of  unsaturated fatty 
acids (30.99 to 36.13%) than saturated fatty acids 
(63.87 to 69.02%). There were differences between 
the MAG of beef  and mutton fats with regard to 
the occurrence of  myristic, palmitoleic, and linoleic 
acids as these three fatty acids were totally absent 
in the MAG of mutton fat. Despite the observed 
differences, a clear differentiation among the DAG 
of different animal fats can be reached when these 
data are subjected to a multivariate data analysis 
technique such as PCA.

As listed in Table 2, fatty acids, namely myristic 
(14:0), palmitic (C16:0), palmitoleic (C16:1), stea-
ric (C18:0), oleic (C18:1) and linoleic (C18:2) acids 
were found to occur in variable amounts in all the 
DAG derived from animal fats. When PCA was per-
formed using these fatty acids as variables, a classi-
fication of DAG originating from different animal 
fats was established. The score plot of the fatty acids 
of DAG derived from animal fats shown in Figure 3 
represent the projection of samples defined by prin-
ciple component 1 (PC1) describing 87% of the vari-
ation while PC2 accounted for 9% of the variation, 
making up 96% of variance explained for the PC1 
and PC2. According to the group separation illus-
trated in Figure 3, the DAG of lard and chicken fat 
were located in the lower left quadrant, and upper 
left quadrant, respectively. Their positions were well 
differentiated from the DAG of mutton fat and beef 
fat, which were located in the upper right quad-
rant and lower right quadrant, respectively. Fatty 
acid variables having strong influence on the group 
separation of the samples in the score plot could be 

traced from the analysis of the loading plot as pre-
sented in Figure. 4. As explained by Cordella et al. 
(2003), a variable which is farther from the origin 
of axis contributes most to the variation in the 
 statistical model generated by PCA. According to 
the loading plot in Figure 4, out of the six fatty 
acids, stearic, oleic and linoleic acids were the most 
discriminating variables that influence the group 
separation into four different clusters.

4. CONCLUSIONS

This study investigated the application of GC-MS 
and EA-IRMS techniques for the discrimination of 
MAG and DAG derived from lard, chicken fat, beef 
fat, and mutton fat. Overall fatty acid data showed 
that the use of  a single fatty acid as parameter 
may not be suitable to classify the MAG and DAG 
derivatives of  different animal fats into distinct sub-
classes. Hence, the application of multivariate sta-
tistical techniques such as PCA would be required 
to classify them into different sub-categories. The 
outcome of the PCA showed that stearic, oleic and 
linoleic acids were the most discriminating param-
eters for the separation of MAG and DAG deriva-
tives of  lard from those of  other animal fats. The 
significant differences in the values of  δ13C of all 
animal fats have been proven to be good indica-
tors for discriminating the MAG and DAG of lard 
from those of  chicken fat, beef  fat and mutton fat. 
This showed that the determination of the bulk car-
bon isotope ratio has considerable potential for the 
classification of fat derivatives of  different animal 
origin.

FIGURE 3. Score plot of the PCA of the DAG derived from animal fats based on fatty acid composition.
Abbreviations: L, lard; C, chicken fat; B, beef fat; M, mutton fat.
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