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CHAPTER III

DIFFERENTIATION OF LARD FROM OTHER HALAL ANIMAL
FATS BY GAS CHROMATOGRAPHY-FLAME IONIS N
DETECTOR (GC-FID) AND CHEMOMETRI

1. Introduction
Edible fats and oils are complex mixtures containing a wide rm@;mpounds They

are principally composed of free fatty acids (FFAs), ylglycerols (DGs),

onellts Janssen et al.,
cinfg a Eaéus %l_ulteration

triacylglycerols (TAGs), phospholipids, and other minor
2003). Since a long time, the trade of fats and oils has bee

problem, which is usually motivated in a b1d imizin dﬁ_t_\(m replacing
expensive ingredients with cheaper ones (Cser ,"2 bq?é versatile in
providing the functional properties of the prod rdu‘l 1 I’lgl& its industrially
modified fats might be mixed with ot mals e oils to produce

shortenings, margarines and other food ls and t?tl an adulterant in food
systems is a major concern for many @es{due re11 s prohibitions and health
reasons (Marikkar et al., 2005). TheM nle

religions like Islam and Juda%were
tr

derivatives is forbidden even at e ]

in f&)‘d is a serious issue for some

ods containing porcine and its

(@]

n et al. 2003). However, detection

ﬁ.

of lard when it exists as olnpo nt 1 er oils and fats is difficult. Hence,

there is a great need fi ST tiwoé.y echniques for lard differentiation and
% 9 la

detection for the pra Ha I‘ltl&‘&ﬁO analysis by the relevant authorities. The
use of gas chro wxﬁn.chemomemcs may provide a solution to this
low concentrat ection proble ‘?’

Haswell has defined chemometrics as the combination of mathematical,
statisticalwfld other logic-based methods for managing and interpreting efficiently the
chemically-derived data. Principal components analysis (PCA) is an unsupervised
pattern recognition technique used in multivariate analysis (Che Man et al., 2011). It
projects the original data to reduced dimensions in matrices called scores and loadings.

Shin et al., (2010) has reported that PCA is a method of identifying patterns in data and
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expressing the data in such a way as to emphasize their similarities and differences. The

authors also reported that PCA could designate interactions between groups of variables

in a data set and show relationships that might exist between objects. PYHaS been

successfully used to define relationships that exist in fatty acid classifj N studies of
.

food lipids, due to the capability to manage and interpret large data adegowda et

Euclidean distance from the object of each cluster to its centre Bygwjich pre-determined
the number of cluster is K (Chen & Zhang, 2011). The obj twgs to its cluster when
the distance is near to the centre compared with other%s. L hag an advantage
over PCA where CA information is more objective gad pr®vides

addition, CA is able to reduce dimensionality, whénir}g e péd(')lnformation

T
(Che Man et al., 2011). \
Y-
\3' >

al., 2008; Matos et al., 2007). K-mean cluster analysis (CAigmlated based on

ionization detector coupled with chemowg€tids a e§, a%a means for distinguishing
%ns fi 0, e“r X&al fats such as beef tallow

and chicken fats. N
(,)z , )’ . §

2. 0 Materials And Method\ \

The materials and metho&se i@enti@] of Lard from Other Edible Fats by

Gas Chromatography-@ Iohigati ‘,Ibe r (GC-FID) and Chemometrics were
discussed below. Q' \(}
% ‘7t $
N

2.1Materials
Adipose tis \pig (lard), chicken and beef were obtained from local supermarkets.

The angl
(analyticall®GC grade); acetone 99.9% (analytical, GC grade); n-hexane 99.0%

A,

olvents used for fats extraction and GC analyses were: methanol 99.9 %

G

(analytical, GC grade), chloroform 99.8% (analytical grade)and sodium methoxide 1%

solution. All mentioned solvents were from Sigma- Aldrich, UAS.

2.2 Standards



21

The Supelco 37 Component FAME Mix from (Supelco, Sigma—Aldrich, USA) was used

to identify retention time of the fatty acid composition of the samples.

2.3 Samples Preparation \z

The fats were extracted according to the Bligh-Dyer method (1959). %ely, 300 to
400 mg of sample was weighed; then, 4 ml methanol, 2 ml chlorofon% 0.4 ml water
were added; homogenized and vortexed for 30 sec. After that, 2 ml o§chloroform and 2
ml of water were added; vortexed for 30 sec and centrifuged x g for 15 min, at
5° to 25°C. Using a Pasteur pipette the upper layer (metha er)'was then removed,
and the lower layer (methanol/chloroform) was transferrctygto cWe. Finally, the
solvents were removed using a rotary evaporator und@duce pre s?ri@ 60°C.The
extracted animal fat, lard, beef fat (BF), Chid{e(% F) gad'a rigs}rf 14 samples

containing (0.5 - 10 % w/w) of lard in BF, an% ere \zedé&ﬁples containing

lard were assigned as adulterated as the fo@ or (81 (9&5 % BT+ 0.5% LD,
BT2 (99 % BT + 1 % LD), BT3 (98 % g () i (9_§\ » BT +3 % LD), BTS
(96 % BT +4 % LD), and BT6(95 %% ) yvhil ‘&r CF (CF1 (99.5 CF % +
0.5% LD, CF2 (99 % CF+ 1 % L 3 %iF"Ji&'LD), CF4 97 % CF +3 %
LD), CF5 (96 % CF +4 % D),?’K CHp(9 @5 % LD). Pure beef fat, pure
(
chicken fat and pure lard werc'thagked beg » , chicken fat (CF) and lard (LD),
and running theme using GCNP. | AN %(J
&
9\5 ;)
2.4 Analysis Of Fa t sfe\

C
AME) Using GC-FID
The fatty acid ¢ itiond detﬁined by conversion of the oil to fatty acid
methyl esters w ) according t@ method of Cocks and Van Rede (1966) with a
slight mo@n. FAME was prepared by adding 950 pul of n-hexane into 50 mg of

fat, f% y 50 pl of sodium methoxide. The mixtures were vortex for 5 sec and

S5

allowe settle for 30-60 min. The top layer (1 pl) was injected into a gas
chromatograph (Agilent 7890 ) equipped with a flame-ionization detector and a polar
capillary column (HP88-Agilent Technologies, USA), 100 m, 0.25mm, and 0.25 pm
film, internal diameter and film thickness, respectively, to obtain individual peaks of

FAME. The temperature of the column was 90 °C, programmed to increase to 220 °C at
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(C20:0) showed almost similar amounts in pure samples with the range of 0.24 and 2.18
%. Table 3 showed a very interesting observation that there were some long chain fatty
acids appeared only in lard such as Docosahexaenoic acid (C22:1n9), and Nervonic acid
(C24:1), however their amounts was very small 0.39and 0.15 %. These tyo ¥ty acids
could be used as markers for lard detection. In addition, Table 3 show he values
of the C12—-C18 fatty acids were quite closer in the three animal fats,&vhereas small
proportions of the C20-C24 PUFA were present in pork, these were etected in beef,

leading to the lack of incorporation of the long-chain PUFNacylglycerols into
ruminant (Enser et al., 1991). 5 q
Table 4: The Percentage Of Different Fatty acids In Tl Pur Sa}npl\d . \Y'
}
BT |9 '
LS e

S SFA (%) 93.25a \32.98 v 4\w,f%’o.sl .
S MUFA (%) 5.60 2 i & 3.12b
S % S

S PUFA (%) 120 ¢

ﬂ g

Note: Means followed by the same la& the ir%rgo't‘ sgﬁ'{cantly (p > 0.05) different.
Duncan’s multiple range tes zT) wi

%

peffio o compare the total fatty acids
contents of the samples (Tgble 4% ( g l)f‘é’ showed the highest total saturated
fatty acid content (TSF@h @ﬁc@ different from that of CF (92.98 %)
and LD (60.61%). F o, Tl b m.%finustrated that BT showed also be the
highest total mon@@%@{TMUFA) content which was significantly
different form’@ 2%),“b it ﬁvaswe significantly different from CF (4.54%). This
was becaus fatty acid, thogminants, which is at high levels in concentrate
feedstuff; ¥ and oilseeds), is degraded into saturated and monounsaturated fatty
acids 1n men by microbial biohydrogenation and only a small proportion, around
10% o tary 18:1n-6, is available for incorporation into tissue lipids (Wood et al.,
2008).

However, from Table 4LD showed to be the highest total polyunsaturated fatty acids
(TPUFA) content with (36.14%) which was very high significantly different from CF
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(2.45%) and BT (1.20%). This according to (Wood et al., 2008) was due to the absence

of the biohydrogenation phenomena inside pig’s stomachs as monogasteric animal.

3.2 Principal Compenent Analysis (PCA) \Y'

In this study, the multivariates data matrix of 30 FAME (i.e., the 3(:@ BE. LD,
h

and CF as well as their mixtures) was subjected to PCA in order to r e number of

descriptors associated with the data set without losing the informw of the original

data. Scores and loadings matrices were generated using sevenwmipal components

(PCs). An eigenvalue of about 98% was achieved udy gzeven PCs where PCl1
4 of

accounted for 1% of the variation, while PC2 describe th\araion; therefore,
the remaining five (= 2% total) did not explain signifnétva 1abflity 3 e’d{?

(NG
Figurel demonstrated the scores plot of PCA of 30 Mty a@%ﬁyl\?sters (FAME)
representing the projection of samples defingd b}, the \PCI) second (PC2)
components. It explained the variation ch a%s cs 1h F ’s in the samples;

there were some fatty acids which arg sigWi ag,l{ re‘&Qnd which consist of
medium chain and polyunsaturated fasgZacptls. atty é%ds were distributed in the
Ee

(]
upper left region in the figure for e C16, offic @Cl&lcis}, and linoleic acid
(C18:2cis) specifically in lard. THg y th changing structure of the fatty

acids inside pigs’ stomach % asterid anj 'izyring digestion; oppositely to the

ruminants with several s chs h‘a

\hi robﬁmat change fatty acids structure into

saturated fats. Thereforg, t C to lood stream in the small intestine, and

a

from there into tissue% e i‘aL ﬂ!a' Q“Dye et al., 2006b). In addition, the Figure 1
showed that ther &U\"ne ‘§ Mﬂe f@(':cids with significant presence and they were
located in thm%eft regi ir{ tl‘{??gure, for instance: butyric acid (C4:0), myristic
acid (C14:M stearic acid (Cl\f'—.?)). Furthermore, Figure 1 illustrated that palmitic
acid (C ich was cited on the right region and far from others acids. This means
that@igmiﬁcantly higher from other fatty acids and this especially in BT; and that
may be due to the microbial biohydrogenation of fatty acids inside the ruminant’s

stomach; where the fatty acids are changed from poly and mono-unsaturated to saturated

fatty acids (Wood et al., 2008).
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Figure 2 showed the loading plot for the different concentrations of the samples (BT+

LD, and CF+LD) as well as the pure samples BT, CF and LD. The PCA loading plot

described the different distribution of variables (concentrations) in two main ggqus. The

first group (1,4, 5, 6, 7, 8, and 10) which referred to BT and BT+LD; and M located

under X-axis. The second group (3, 11, 12, 13, 14, 15, and 17) re%I CF and
whi

CF+LD; and it was located up of X-axis. However, for the sample referred to

lard sample, was very isolated from the other two groups. This grgupitg of samples was
maybe because of the differentiation in their physic-chemical %ﬁstics. Therefore,
Figure 2 helped to differentiate BT and CF from LD, and it di

adulterated concentration (0.5%) of lard in BT and CF. \d

N
X

':'tinguish very low

Scores DTNDRDIZED C-B

>
N &
oy e \Q@ .
o %(—) o>,7 <§

0 K455

S
1V,
“~

e (;
4’/1,5

MR &

Fig. 1 The scc? lot for the first two principal components (PC) for 30 FAME from the

0 samples studied
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X-loadings STNDRDIZED CF.BT=LD

CF &CF+LD

N
Fig.2 Principal component analysis (PCA) loadings (@} Pb?_éf?owing the
pure and the adulterated samples, where: 1 referst

); 2 ¥grd (LD); 3
chicken fat (CF); 4 BT+0.5 % LD; 5 BT+1 %LD; TWLD; 8 BT+4
04LD; 9 BT+5 %LD; 10 CF+0.5 %LD; 11 CF W13 CF+3%LD;

14 CF+4%LD; am\
3.3 Cluster Analysis % L] !
0

&
The original data set (Table 3), X ed @O variables measured in 15
T.fn

samples (3 samples were pur mats: F and other 12 were BT+LD,
CF+LD respectively), wh r%n eﬂQ atﬁé&vas an average value of three
replications. The data w, (.s}da onr@ed, and mean-centered prior to the
i @g?er analysis (CA). The K-mean cluster

analysis results we in [Tayle)s, @nd 7) that grouped all samples into three
different classes; forg D, F (Table 5), and class 2 for BT+LD (Table
6) ,while, clasAr CF+LD (Table{?)\.'The mixtures were classified according to their
main comp of fat; BT+LD in class 2 (BT), and CF+LD in class 3 (CF).
Nevertl swthis K-mean cluster results could not distinguish lard in small
concﬁ (0.5%) from other concentrations (more than 0.5%), but it may help to

differentiate lard from other animal fats if it (lard) is dominant in the mixtures.



29

Table 5:K-mean Cluster Results For The Pure Samples BT Is Pure Beef Tallow; CF
Is Pure Chicken Fat And LD Is Pure Lard

Sample . Concentration of lard %

LD 100

BT 0 %%

GE 0

Table 6: K-mean Cluster Results For BT+ LD

i N
Sample Concentration of lardQ ’ ,a SS‘:’
2 |

Oi;\»Y~ St
- go NS

BT6

X l1s
BT1:99.5%BT+0.5%LD(') S

=

BT2:99%BT+1%LD
BT 3:98%BT+2%LD 2N\, @
BT4:97%BT+3%LI\& S
BT5:96%BT+4%LQ,) l.?'_l e
BT 6: 95 % BT + 5 % §J

’
Table 7: K-mem&r Result Fo{ %TLD
9
it Sa Concentration of lard % Class
0.5 3
1 3
3 2 3
CF4 3 3
CF5 4 3
CF6 S 8
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CF1:99.5%BT+0.5%LD
CF2:99%BT+1%LD
CF3:98% BT +2 % LD
CF4:97% BT +3%LD
CF 5:96 % BT +4 % LD

CF6:95%BT+5%LD :%\

4. Conclusion

From the above results, GC-FID was able to differentiate be% rd, beef tallow, and
UF,

chicken fat. For instance, BT and CF were higher in SFA as compared with

LD; while, the PUFA in LD was the highest. In ad , th e\{fdwo fatty acids
appeared only in LD (C22:1n9, and C24:1) and theyfaguld be fised s'm.@)lx;s for lard
detection. 2 é

o

Furthermore, combining GC-FID with the chemoietric M ue uﬁr as PCA and K-
mean cluster could be employed to differergfi rd :& ef %v

PCA showed the ability of detection of lm in the ng tureQ beef tallow- lard and

chicken fat-lard as low as 0.5 % of %Ieanfﬁi
(]

differentiate between pure beef Y pwe ¢ l{bn@ and pure lard. In future

continuation from this study %)0 0 or; lications to elaborate more

information about k-mean c% alysisffin i eﬁti@of detection of lard in food matrix
: v.) 'y

in very small possible amqgnts. \: >4

and chicken fat.

S~

: cﬁn cluster was only able to
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