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CHAPTER IV

DIFFERENTIATION OF LARD FROM OTHER EDIBLE FATS BY
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)
AND CHEMOMETRICS

1. Introduction A

The detection of fats and oils adulteration nowadays has bec&g of the major
concerns in food industries from different aspects such as nuTal economical, as

well as religious concern. Because of the importance of oil ats feconomically, the
development of robust methods to confirm authenticity, et t\a&xdatlon and to

define the composition of blends is much-needed (‘é& j lp%)%zlrelh &

Cert, 1993). T \)Y-
Ny ¥
Edible fats and oils are complex mixtures r%ng a eangg&f compounds. They
_Qacylglycerols (DGs),

triacylglycerols (TAGs), phospholip dg, 0“1 mio c nents (Janssen et al.,

are principally composed of free f; ty

A

2003). On the other hand, the adva fus 1 e comparing to fatty acid

(FA) profiles is that the stereosp dlst\'l‘)u o on the glycerol molecule is

genetically controlled and t € 1nf

(Aparicio & Aparicio-Rui KWO). | é’
.i(/

0 1ntact TAGs is usually higher

Since the early 197 s tf hi &r cﬁ?iance liquid chromatography (HPLC) has
expanded rapidl @% 3 ]@) During that time, each technique offered
major 1mprov ts¥in convemenc%xeed resolving power detection, quantification

and apphca:Nto new sample typ%(Synder 2000; Yanagisawa et al., 1985).

Rev@e high-performance liquid chromatography (RP-HPLC) is considered as
the most commonly method used for the separation of TAGs, because it function on the
principle of both chain length and degree of unsaturation of fatty acids, therefore it
offers a better separation of individual TAG molecules. The dietary TAGs constitute the

major energy contribution from lipids and supply polyunsaturated fatty acids (PUFAs).
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There are many sources of TAGs in the human diet including oils that originate from
fruits such as olive oil and palm oil, or from seed such as soybean oil and corn-,
rapeseed. In addition, fats from adipose tissues and intramuscular fat dro om
cattle, poultry, pigs, and lamb; and, marine sources such as whale oils, fish ;%Y:sreal.
These fats possess in general complicated fatty acid profiles involving % of fatty
acids, which may differ more than 30 fatty acids, with various ?1. engths and

unsaturation and fatty acid isomers. V

In 1958, Mattson and Lutton described the nonrandom distri of zinimal fats. They
reported also that most of TAGs are synthesized by the gMggrol -Wgte (G-3-P)
pathway in both plants and animals. Specified acyltransf s acyjate t e’sr@d sn-2

positions of sn-glycerol-3- phosphate with fatty acid,i acliwated g1 enz\),Rre A before
pYsitl

the phosphatidic acid is hydrolyzed, and the sn-3 itio ted transferases
specific for this sn position. Acyltransferas @j ely “h e diﬂ‘erent affinities for

different fatty acids since there is a high varia m%? C-E in fats and oils of

different biological origin. (f) 0% c;\&
According to (Brockerhoff et al., 196g; stﬂf‘eA@o), in lard and in human
acig 1

milk fat palmitic acid is the predonn att] th@& position (Christie, 1986).

dip ﬁ'ti&&s, oleic acid comprises nearly

50% of the fatty acids in t@oosit] \Wh £ p‘géf'ic, stearic, and oleic acids are the
\ .

Differently, in beef tallow and vme:

major fatty acids in the sn n- s rth et al., 1998).
S 3

Several analytical &hav ? velaped to analyze TAGs quantitatively. One of

the most used tec m is high er{o Xice liquid chromatography (HPLC) (Rashood

@]
et al., 1996; Y%§et al., 2009). Inﬁ‘alition, many works intended to detect lard from

other anim

(Saeed @ 89); Lambelet & Ganguli (1983); (Marikkar et al., 2002b). (Che Man et
al., 2005; Clie Man et al., 2011); (Rohman et al., 2010).

food matrice have been already published including: (Norris, 1982);

Nevertheless, using literature searching, there is no obtainable article related to the

application of principal component (PCA) and k-mean cluster analysis using TAG data
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were added; vortexed for 30 sec and centrifuged at 5000 x g for 10 min, at room
temperature. Using a Pasteur pipette the upper layer (methanol/water) was then
removed, and the lower layer (methanol/chloroform) was transferred into a clear tube.
Finally, the solvents were removed using a rotary evaporator under reduce@re at
60°C.

The extracted animal fat, lard, beef fat (BF), chicken fat (CF) and a seﬂ&f 14 samples
containing (0.5 - 5 % w/w) of lard in BF, and CF where analyzed. les containing

lard were assigned as adulterated; while pure beef fat, pure chi(Nfat and pure lard

were marked beef tallow (BT), chicken fat (CF) and lard (L), aNd running theme using

RP-HPLC system. \d
B

2.3 Analysis of Triacylglycerol (TAG) composition@LC I -{”
¥ 4

Triacylglycerol composition was obtained using a

chromatography (Shimadzu HPLC, Japan) ?d WWh

refractive index detector. The TAG was sep& smg P sphe@tar RP-C18 column

(250 mm x 4.4 mm with a partical 51ze adt, Germany) and was
eluted from the column with a mixt e one/a L) @‘?e 70:30 v/v) at the flow
rate of 1ml/min. the TAG was de te it Mv dex detector Shimadzu RI-
1530 RI detector, Japan). An Of ' g ihe@mple was dissolved in 1ml of

HPLC grade acetone and 20 a11 ot-:M njectéinto HPLC. The selected run time

for total detection was ﬁx qu

2.4 Statistical Ana @- \(J
For differentiatiosg etect1o of{ard%m other animal fats, the peak area of TAGs

of all sample\ transformed t(*?i multivariates data set. Then, the data was
standardize Microsoft Excel software 2007. Principal component analysis (PCA)
and K-gneaMygluster were performed by using an Unscrambler software (X10) from

Camo, USA® All analysis was done in triplicate.

3. Results And Discussion:
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Fig. 3 The chromatogram of TAG as determined using HPLC with refractive index detector (a)
BT, (b) LD, and (c) CF. peak 1 (MMM), peak 2(PLL), peak 3 (MPL), peak 4(OOL), peak 5
(PLO), peak 6 (PPL), peak 7 (O0O0), peak 8 (OOP), peak 9 (PPO), peak 10 (PPP). peak 11
(00S), peak 12 (POS), peak 13 (PPS) and peak 14(SOS) where; M, myristic; P, palmitic; O,

oleic; L, linoleic; S, stearic .
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3.2 Principal Component Analysis (PCA)

In order to differentiate and to classify lard (LD) from beef tallow (BT), chicken fat (CF)
and their different mixtures; the multivariates data matrix of 14 TAGs (i.e., the 14 TAGs
in BT, LD, and CF as well as their mixtures) was subjected to principal cgghponent
analysis (PCA). Shin et al. (2010) reported that PCA is a method of iden@ patterns
in data and expressing the data in such a way as to emphasize th gnilarities and
differences. The authors also reported that PCA could designate 1 tions between
groups of variables in a data set and show relationships that mighw between objects.
In addition, to reduce the number of descriptors associat Whe data set without
losing the information of the original data. Scores and lqgglisps ¥na iJes re generated
using 4 principal components (PCs). An eigenvalue abo® 98% ohiaqed using
four PCs where PC1 accounted for 88% of the vari , while eéc@d 12% of

- ’ Y
the variation. N
Yv iy, T
Figure 4 demonstrated the scores plot @A 14)/tria ﬁlycerols (TAGs)
b)ﬁ (
h

representing the projection of samples dem K@ and second (PC2)

%cteri;by TAGs’ in the samples;
A &

ar froqQ ea &h@ﬁch as PPL, PPO and PPS.
i n01 ake th@iﬁcant different between the
revc}r ely }kn}PO and PPS in the upper region
i‘ N the

tifi y the stereospecificity distribution of

According to (Marina et al., 201
samples. These TAGs are dis%
in the figure (indicate BT), agile PP
and CF). Therefore, thigfrosglt ¢

fatty acids in TAGs 1 estvﬁe e&)ga)llow C16:0 is at sn-1 position and C18:1

is at sn-2 positio %rar} l?d C&f’is located exclusively at the sn-2 position,
s

rff3 \a,m almost same distribution of LD has been seen

with an unsan% y acid
in chicken :% ati et al., 2007)@1&5 distribution explained the difference between

tive side of the figure (indicate LD

LD, CE Rohman et al., (2012) published quite similar result. In addition, Figure
4 shgwe 2t there are some TAGs with significant presence and they located
oppositely of the figure regions, for instance: 00O (especially for LD), PLO, and POL.
Furthermore, Figure 4 illustrated that other TAGs type show similar amount in all

samples.
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Loadings TAGs samples

2 14 131105

025 0.28
PC-1 (88%)

X uegz showing the

¥ 2 chicken fat
BT+3 %LD; 8
+2 %LD; 13

Fig.5Principal component analysis (PCA) loadj
pure and the adulterated samples, where: Lr
(CF); 3 lard (LD); 4 BT+0.5 % LD; 5 BN

BT+4 %LD; 9 BT+5 %LD; 10 CF+0.8%LD; 1
CF+3%LD; 14 CF+& ;a#

3.3 Cluster Analysis ‘ z , ?
The original data set (Tablﬂl (1 \@ ons of 14 variables measured in 15
samples (3 samples are 1&1 ima[ fa BT,@ and CF and other 12 are BT+LD

o]

N
mixture, CF+LD mixt ecfively. ere%ﬂ’ch entry matrix was an average value of
three replications. a wab st rdjed, normalized, and mean-centered prior to
. ' ; .
the analysis, an ch wertubjected to cluster analysis (CA). The K-mean cluster

: : N
analysis ,-CSUK given in (Table&@lo, and 11) that grouped all samples into three

different clasShpclass 1 for BF and BT+LD (Table 9 and Table 10); class 2 for CF and
CF+ . 0 and Table 11), while class 3 for LD. The mixtures were classified
accordin?™®o their main component of TAGs. This K-mean cluster results could not
distinguish lard in small concentration (0.5-5 %) from other concentrations (more than
0.5%). but it may help to differentiate lard from other animal fats if it (lard)

concentration in the mixtures is higher.
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Table 9: 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 % Class
BT 0 1(,)
CF 0 A
LD 100 Yz
Table 10:K-mean cluster results for BT+ LD s \d’
) &Y.
Sample Concentratio rd % U Allass
v~
. 4 AJ
BTI 0. " R

k
- &P

BT 1: 99.5 % BT + 0.5 % l O %(_,
BT 2:99 % BT +1%L S
BT3:98%BT+2°q\E :

BT 4:97 % BT +3

AN
&
BT 5: 96 % BT 4 "‘D) S
BT6:95%BTA° LD s
~
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Table 11: K-means Cluster Results For CF+ LD

Sample Concentration of lard % h}s
)

0.5

CF1 Y~
CF2 1 N :

CF3
CF4

U N R VO N

CF5 \do
CF6 4 v y | _{'}T
b 4 \’Y‘

CF 1: 99.5 % BT + 0.5 % LD c\) 1

CF 2: 99 % BT + 1 % LD \
CF 3: 98 % BT +2 % LD (‘) \Y 3
CF 4: 97 % BT +3 % LD 0% $
CF 5: 96 % BT +4 % LD e e

CF 6: 95 % BT + 5 % LD N Ajf"
X | 7s

4. Conclusion &\
From the results have N ahove
such as PCA and K@ust;] c 10

and chicken fa:&w theif Jpa@arly in PPL, PPO and PPS concentration. In

addition, PC howed the abili@‘f detection of lard within the mixtures of beef

tallow- lard a icken fat-lard as low as 0.5 % of lard. Meanwhile, K-mean cluster

was 0@ o differentiate between pure beef tallow, pure chicken fat and pure lard.
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