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products, DSC can be a robust tool as it helps to fingerprint their thermal behavior, the
characteristic melting and crystallization behavior. Moreover, several works have
evaluated DSC application to detect adulteration of fats and oils. For instance, was
able to detect the presence of pig and buffalo body fat in cow and &hee

(Lambelet & Ganguli, 1983); butter in tallow and margarine (Aktas % a, 2001);

lipase-catalyzed interesterified lard in refined-bleached-deodorised pa arikkar et

al,. 2001, 2002 a); animal fat in butter (Coni et al,. 1994), canollaoil; arlkkar et al,.

2002 b); and palm olein (Marikkar et al,. 2003). Y.
On the other hand, the usage of chemometrics strategies! nalys1s has
been reported. PCA and cluster analysis in part1cul cause f t r ch 1ty to

interpret large data sets have been used to define re nshlp} at pxis '?bfatty acid
characterisation studies of food lipids (Kadegowd t al. )QQ at et al., 2007,
Garcia-Lopez et al., 1996; and Martin-Carrata N 199 ) od Vonc ina et al.,

(2005) applied PCA for the discrimination o ous veg le o@ In addition, many

works have been done using PLS coup such as spectrometric
to evaluate the quality of edible oils ‘Te ( 'y \Q(?et al,. 2004; Inon et al,.
2003); and Maggio et al,. 2010). R@ ary et *201 1) applied DSC coupled
with PLS to study the quantitati $

Analysis (PCA) and k cl ,’!0 0&/ authors best knowledge, there are no

aﬁ" Thus, this work’s aim was to differentiate

lard from other % ats (ch rY bé{f fats) as well as their admixtures in different
b

The coupling of DSC an@o S partlcularly Principal Components
:%
1t

works on this appll re e
concentration eef fat and lar‘t&hwken fat) based on DSC data in combination

with the C etrics technique of principal component analysis and k mean cluster.

2.0 MaterQAnd Methods

We discussed below, the materials and methods of the Application of Principal
Components Analysis (PCA) and k Mean Cluster for Differentiation of Lard from Other
Edible Fats by using Differential Scanning Calorimetry (DSC).
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\Y"

2.1 Samples Preparation

The extraction of fats from the samples was done according to the Bkch—;yer method
(1959) with some modifications. 300 to 400 mg of sample were ap gnately weighed;
then, 4 ml methanol, 2 ml chloroform and 0.4 ml water were NUV:jmogemzed and

vortexed for 30 sec. After that, 2 ml of chloroform and 2 water were added;
vortexed for 30 sec and centrifuged at 5000 x g for 10 min, &t t':mpe ature. Using a
Pasteur pipette, the upper layer (methanol/water) was then the Q_wer layer

(methanol/chloroform) was transferred into a clea ¥ Finally, ln;_é‘mc solvents
regsu 0°Q3'

clgn (CF@E& a series of 14

were removed using a rotary evaporator under re

The extracted animal fat, lard, beef tallow i

=%

samples containing (0.5 - 10 % w/w) of T, a analyzed. Samples

containing lard were assigned as adulte \vh t pure chicken fat and

pure lard were marked as beef tallow ( 1ﬂ(en fa ‘!F@d lard (LD).
,E;i Ky

2.2Thermal Analysis Of Sa Q.\

A Mettle Toledo DSC Wasl% or_a fl@ thermal characteristics of the oil

samples. Nitrogen (99.99 Nmty]

The instrument was ¢ d W

\l‘he p]@e(’) gas used and flowed at 20 ml/min.
'umeﬁ dodecane. Samples of 8-10 mg were

“

weighed into alu a s {o ejS were crimped into place. An empty,
hermetically sea was%ed as a reference. Prior to sample analysis, the
baseline was b incd with an em ermetically sealed aluminium pan. All samples

were subje N the following temperature program: - 80 ° C isotherms hold for 5 min,
- 80 to 80 °C at a rate of 5 °C/min (Marikkar et al., 2002). The
s software (7 Series/UNIX DSC software library) program was used to

analyze and plot the thermal data. The melting and crystallization characteristics of each
sample in a DSC scan were obtained using the DSC Data Analysis software. All
determinations were carried out in triplicate and average of three measurements was

used for data analysis.
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2.3 Statistical Analysis
For differentiation and detection of lard from other animal fats, the onset temperature,
enthalpy (the heat energy required for melting or released upon crystallizati ,td end

set temperature measured for all samples were transformed to a multiv data set.

Then, the data was standardized using the Microsoft Excel software v@rsion 2007.

Principal component analysis (PCA) and K-mean cluster were perfo%ed by using an

Unscrambler software (X10) from Camo, USA. All analysis waﬁcl). in triplicate; and
aly‘sis.

NY.

3. Results And Discussion \Y.
Q)
4 e

the adulterated samples were used especially in the chemome

3.1 DSC Cooling Thermograms For The Pure Sams \ Y\J
DSC is a suitable technique to characterise S se ig@hs a g;stallisation and
melting of vegetable oils that require the in%r release hen@ enthalpy. All DSC

S&

thermograms, obtained upon coolin fa:‘ reported in Figure6
ina oBhyes ofnthe girt seé:ﬂes BT, CF, and LD. In

whichindicates typical DSC cool
general, all samples showed two% whlFdgfihed ﬁlhermic events. In the lard
sample (LD), the first peak (rr% as apyyear “a't @temperature ~ (-45 °C) and the
major and sharp peak wit ouldef \a hig‘%éﬁ'emperature ~ (-2 °C). Chicken fat
(CF) and beef tallow (B& : ost(;@n

C

h
exothermic peak app = j4f oy, ind fm second one was at ~ 5 °C. Meanwhile in
BT sample, a clea%kg ixr

ilar cooling profiles; in CF the major

@]
o
4

ic Sent was observed where the first peak was at
~ (-40 °C), am}th:se ond peak was sh@i at ~ (-2 °C).
This coolin Navior of the purehmples was due to the amount of saturated and

n the samples. It means the sample that contains

unsatur acylglycerols presented i
more@rated TAGs; its cooling thermograms Wwill shift more to the lower

The results of the previous chapter emphasises this; where the

LD), chicken fat (CF), and beef tallow

temperature side.
percentages of unsaturated TAGs of the lard (

(BT) were 89, 85, and 74 %, respectively. According to Che Man & Tan (2002) and Tan

& Che Man, (2002), the cooling curves are more interpretable than those obtained from



47

the melting ones. This study also followed similar trends, where cooling thermograms

\Y'

Heating thermograms profiles of the samples in Figure7 helped to distimahysh two major

peaks in all samples. In lard sample, the first major peak was stane?appear at low
temperature ~ (-50 °C) and the other one with shoulders was at I'W temperature ~ 2

provides better definition of different animal profiles.

3.2 DSC Melting (Heating) Thermograms For The Pure Samples

°C. In CF sample, exhibited two small endothermic events vgher first melting peak
showed at ~ (-46 °C), and the end peak was at ~ (- 8 ¢ al 'sho ed different
melting profiles; the first major endothermic peak witly a sfuldfr a red g~ (-44

. \ .
°C), and the second one was at higher temperature > Thisfm n! bé?awour of

respectively).

L) , 5 °C)

i Chzc@ . W31 °C)
O

(™ (-2°C) F40°

‘z' sat llow ' y ‘]'_40 <)

¢—— Cooling Direction

H

40 20 T e -60
Temperatura (°C)

Fig.6 DSC cooling thermograms of the pure sample: (a) LD, (b) BT and (¢) CF
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Heating profiles Pure Samples

| {-44°C)

' (-46 °C)

4——— Heaat Flow (w
‘I/c
D
|

Heating Direction

~e-

PUPE WP WP RPN S Badbendi
L f *

-60 40 -20 C
TemN d\
Fig. 7 DSC melting thermograms oge a“’%ﬁ%si (a}} , (b) CF and (c) LD

S E

(
3.3 Monitoring of adulterant DSG o & mograms

Figure 8and figure 9 show@Dsq oy exo%ﬁ]ic peaks of BT and CF adulterated

with different concentraﬂ w T&bsewed from Figure8 that once beef
tallow (BT) was conjguringte lt{@all amount of lard (LD), the exothermic
peaks correspondigy IONTAGe gt ynsa&ﬁﬁtes and diunsaturates started to shift to the

i

%
®)
o

(oW
D e G

higher temperAr gion of the Iég.cooling thermograms. In addition, Figure8

showed also N‘Ae height of exothermic peaks increased gradually with the increasing

of the%‘atlon of lard (LD) especially when LD was more than 1%, and shifted to
oLt

the hi perature of DSC side as well. For instance, the first peak moved from ~ (-
40 °C) when lard was 0.5 % to ~ (-37 °C) when lard was 5%, while the end of the second
peak shifted from ~ 8 °C to ~ 12 °C when lard concentration was 0.5 and 5 %

respectively. This peaks movement can be a very strong indicator for BT contamination

by LD.
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On the other side, DSC cooling thermograms of CF contaminated with lard in Figure9

has shown an opposite shifting in the exothermic events to the lower temperature side of

the DSC cooling thermograms, and this was observed only when the conagatition of

LD was more than 2 %. For instance, the first peak was at ~ (-41°C) ani( %\\d of the

second peak was ~3 °C when LD percentage was 0.5 %, but they shifte il (e4D00 0y

and ~ 1°C respectively when the concentration of LD increased to? %. This peaks

shifting was due to the composition of TAG in CF and LD.

Moreover. the exothermic peaks differ in the liberate oy (efghal for crystal

formation (aggregation) (Saadi et al., 2012). Thus, in mixtuge o a'n@:D, the
y with the increas of LD fpergent yTe{?n BT. It

enthalpy decreased proportionall
(enthalpy) changed from 36.87 (J/g) (0.5 % CF f&and oie t@nthalpy was
ha from 20.9 (J/g)

tr tiﬁn.
avio@sults correspond to

(0.5 % lard) to 25.45 (J/g) (5 % LD). These ¢ lisation
the nature and percentage of triacylgl %TAM ied fats and oils (Tan &
O :

N
Che Man, 2002). In addition, based =repagt of Spadi @)(2012) the crystallisation

increased gradually with the increment of LD{C

rate is directly proportional to hig

Cooling profiles Beef taQow -Jar \"

sat Flow (m2)

H

Temperature (°C)

Fig. 8 DSC cooling thermograms of beef tallow adulterated with different

concentrations of lard
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Cooling profiles Chicken fat - Lard

| 4=
o

|
«
@

|
A

N
v
AJAAJIILAL

Tempearatura [°C)

Fig. 9 DSC cooling thermograms o %0 fat 'an%with e
tion¥of,

concenty T 4<\
0

3.4 Monitoring Of Adulterants Us C h ograms

According to Fredrick et al the mel @es give an indication of the
amount of crystallised fat an ccurr.o ce ﬁ- orphic transitions. Thus, it has
been considered as a ve \eful |t0 1nm;__’ melting points and various
polymorphic forms asso@@wth ftal@guyan 1999; Lovegaren et al., 1976).
The DSC melting prgiiic pf B Wed with LD are shown in Figure 10 and
Figure 11. Flom 10 igt 1xe 1th LD, it is very easy to characterize two

major endoﬂlell& s. The first e\('%u was detected at ~ (-44 °C). This peak was due
to the low n > TAGs such as POO PLO and OOO contents; while the second one

appeare - 6 °C) and it was because of the high melting TAGs including PPO,
PPPar@

The addition of LD into BT as shown in Figure 10 had numerous effects on both
endothermic peaks. The first result was the changing in the peaks area where they came

smaller while the concentration of LDincreased. The second effect was on the position
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of those peaks, where they have shifted slightly to the high melting side once the
concentration of lard was increased. For instance, the onset temperature moved from ~ (-
42 °C) to ~ (-38 °C) when LD was 0.5 % and 5 % respectively; meanwhile d set
temperature also moved from ~ 26 °C to ~ 30 °C when LD concentratiové“:leased
from 0.5 % and 5 % respectively. Moreover, the third consequence OQ d

BT was observed at the enthalpy level. The interaction ene ring melting

ition into

phenomena changed as well and it augmented with the increasingof concentration.

For example, it (enthalpy) increased from -69.10 (J/g) to Yﬂé (J/g) when lard
concentration increased from 0 % to 5 % respectively. '
NY.

% 9
rve rfd.@mixtures
s, the pasiflon @t‘hose peaks,
-amyE decr@aded from ~ (-42

However, contrary changes were observed in the melti

in Figurell including the size of both endothermi

and the physical parameters. For instance, the qgset ¥em

°C) to ~ (-50°C) when LD was increasing @/o re tively. Meanwhile

the end set temperature also reduced from gz 31 X t 7 hn Tard was 0.5 % and 5
N e

9% respectively. In addition, the level %gyo Creping Qanged as well: where it
moved from (-16. 38 J/g) to (-19 : x&'t up from 0 % to 5 %

respectively. Y-
Heating Profiles Bcet’gxab

N3
S

2 °C
Heating Direction \
e R —— R
- -60 -40 -
[ P SO P P e St i o UL L e A M AP R G S A O (i PR L S
Temperature

Fig. 10 DSC melting thermograms of beef tallow adulterated with different

'
o
(&

L2

<

4

o

concentrations of lard.
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Heatung profiles Chicken fat- Lard

ha .

i (=50 °C) lard

> (-2U ) ."\-" FC,

i wl ) o

3.5Chemometric Results: Princip@o#alyﬁr

In order to differentiate and classt d (I§D) : tallow (BT), chicken fat (CF)
and their different blending, tl%twari d p@of 15 samples (i.e., the pure BF,

&

u@was subjected to principal component

LA, and CF as well as@mixlur\targe@ DSC parameters including onset
e

&
et

temperature, enthalpy,

L
analysis (PCA). Shj % ’l, (f)l !rg;?“[ed that PCA is a method of identifying
patterns in data a&ssiﬁ ata%uch a way as to emphasize their similarities
and differenchhe authors also @g(;ned that PCA could designate interactions

N
between gl‘%\t variables in a data set and show relationships that might exist

betweel .{s. In addition, to reduce the number of descriptors associated with the
data s@ut losing the information of the original data. Scores and loadings matrices
were generated using 4 principal components (PCs). An eigenvalue of about 99% was
achieved using four PCs where PCI accounted for 95% of the variation, while PC2
described 4% of the variation; therefore, the remaining two (<1% total) did not explain

significant variability in the data.
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On the other hand, PCA results of score plot of cooling thermograms in Figurel2 do not
give conclusive information about the separation and the distribution of the samples. For
instance, in the scores plot the samples were displayed only in two groupsglhe first
group (A) (1, 2, and 3) which referred to the pure samples including beg , lard,
and chicken fat respectively. It was located in the positive side of ¢ FFaxis. The
distribution of this group helped to observe that LD sample located froth BT and CF
samples. The second group B 4,5,6,7,8,9,10, 11, 12, 13, 14,,and §5) referred to all
adulterated samples with lard (BT+LD, and CF+LD). It was lo the negative side
of the X-axis. '

In addition, Figurel3 showed the loading plot for thg diff€rerg D par@eters of
Yy, a
P 4

cooling thermograms including onset temperature, € nd gndet 't erature of

and second

t(
he d&?rent distribution

a

the pure samples (BT, LD, and CF) as well as miw& b
(PC2) components. The PCA results of loadin Wdesc ibe
of variables. It was well shown the non-hoNa 1

where the onset (number 1) and the end @j’npe%\
N,
negative side of the figure. At the sa e, e e Ip Q‘i&s located at the positive

side. This distribution due to physicahrac f tl@ measured parameters.

However, PCA results for the nfeltin§ thermpgra s{i urel4 showed different results
compared with the cooling t{n a s..& el':’éemonstrated the scores plot of the
different concentrations o&p es BT k F+LD) as well as the pure samples

in fhre i ups. The first group A (1, 2, and 3) which

referred to pure allow“ )fan\’ ure lard (LD), and pure chicken fat (CF)

AN
BT, CF and LD. The P \SUI of ﬁlm(ﬁg‘blot described the different distribution
of variables (concen
respectively afi‘\ isolated from th@ther two groups and their distance is convergent;
and it was nder of the X-axis. Meanwhile, the second group B (4, 5, 6, 7, and 8)

referre@ D and the third group C (9, 10, 11, 12, 13, 14, and 15) which referred
to CF+LD"as located up of X-axis.

This grouping of samples was because of the distinction in their physico-chemical
characteristics; and it is known that TAGs play extremely important role in this

differentiation (Wood et al., 2008). Therefore, Figurel4 helped to differentiate BT and



54

CF from LA, and it aided to distinguish very low adulterated concentration (0.5%) of
lard in BT and CF.

In addition, Figurel5 showed the loadings plot for the different DSC@;eterS of

melting thermograms including onset temperature, enthalpy, and end ss engperature of
the pure samples (BT, LD, and CF) as well as mixtures. The PCA 1esult oY the loadings

plot of heating thermograms appeared similar to that one from c ol results, where it

described the different distribution of variables. The allocatio e three parameters
was very separately. For instance, the onset (number 1) a li set temperatures
(number 2) were located in the negative side of the me time, the
enthalpy was located at the positive side. This distributifgue to phys a‘ c' cteristics

A
%3'

N b

50 | S°°r%9)or évolin 0,9 2
g &

. SInt
8 N

: 3|37

T 228

s i S

-10 -

of these measured parameters.

PC-2 (26%)

-6 -40 -30 -20 -10 0 10 20 3'0 ' 4'0 ' 5'0 ' 6'0 : 7'0

Q PC-1 (74%)

Fig. 12 Prificipal component analysis (PCA) scores plot of PC1 versus PC2 showing the

cooling thermograms results of the pure and the adulterated samples, where: 1 refers to

beef tallow ( BT); 2 lard (LD); 3 chicken fat (CF); 4 BT+0.5 % LD; 5 BT+1 %LD; 6

BT+2 %LD; 7 BT+3 %LD; 8 BT+4 %LD; 9 BT+5 %LD; 10 CF+0.5 %LD; 11 CF+1
%LD; 12 CF+2 %LD; 13 CF+3%LD; 14 CF+4%LD; and 15 CF+ 5% LD.
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Loadings plots for cooling

0.8 A

0.6 4 2

-2 (26%)

— 1
o 0.4 4
)
o 02
v L]
0.2 4
0.4 -
.
0 1

A
PC-1 (74%)

72}

nct mponents
'SNO on mperature, 2

(PCs) for DSC parameters of the studied samp

for enthalpy, and 3 fOK

€1

=]

Kig.13 |he loadings plot (coolng thermograms) for e ir
¢

14 ]
12 ]
10 ]

o
s

.71
o~
O

OoON & O
4 adoad

QBN

@

-10 4

-l
N

cores plot of PC1 versus PC2 showing the

melting thermograms results of the pure and the adulterated samples, where: 1 refers to
beef tallow ( BT): 2 lard (LD): 3 chicken fat (CF): 4 B0 oo BilRE LD
'LD: § BT-+4 %LD; 9 BT+5 %LD; 10 CF+0.5 %LD; 11 CF+1

BT+2 %LD; 7 BT+3 %
voLD: 12 CF+2 %LD; 13 CF+3%LD; 14 CF+4%LD; and 15 CF+5% LD,

Fig. 14 Principal component analysis (PCA) s
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Loadings for heating %\

PC-2 (4%)

-0.2 4

0.6 0.4 0.2 0 02
PC-1 (95%)

Fig. 15 The loadings plot (melting thermogramsifor

(PCs) for DSC parameters of the studied sam % :
for enthalpy, and 3 for& tt

| components
emperature, 2

3.6 Cluster Analysis N ’Aj S

The original data set (Table 1 (15, 31 cogkidt f 3 variables including onset
$ s Q{ .

temperature, enthalpy, and %S t' @ure g5 Mmeasured in 15 samples (three

samples are pure animal f& S CF§othe,~ twelve are BT+LD, CF+LD

respectively), where eac@ nfatfix @' aquverage value of three replications. The
data was standardiz@mal}zl(yn n@cnj-cemered prior to the analysis, and then
they were subject uster aly{is\(,RA). The K-mean cluster analysis results for
cooling and méata are given m&h'able 12 and Table 13) respectively. For the

cooling resu%lean cluster (Table 12) has classified the samples into three classes.
The ﬁrs@class 1) referred to the pure lard, meanwhile the pure beef tallow and
pure chickell fat was grouped in the second class (class 2). The last group (class 3)
represented all other adulterated samples including beef tallow with lard, and chicken fat
with lard.

Based on K mean cluster results from Table 12,cooling thermograms from DSC cannot

differentiate slight incremental adulteration from 0.5, 1, 2, 3, 4, and 5 % of lard in both
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beef tallow and chicken fat. The grouping class 3 indicates this for all adulterated BT

and CF with LD at respective percentages (Table 12) using onset, enthalpy, apd endset

g}

K mean cluster results for melting data (Table 13) have shown different r&ults as the

data points.

cooling ones. K mean cluster (Table 13) has categorised the samples\gnto three main
classes. For instance, the first class (class 1) referred to the pure s including beef
tallow, lard, and chicken fat. The second class (class 2) indicat adl'lterated samples

of beef tallow and lard; while, the third group (class 3) spe iw the mixed
L

samples of chicken fat with lard. { | G}Y.
For melting thermograms, K mean cluster cannot differe pate ppre |1 (LQ‘-}pure beef
. N
tallow (BT), and pure chicken fat (CF). Adultera% wilh('Sto 44@& LD can be
&

differentiated against CF adulterated with 0.5 o% L 0\

Thus, K-mean cluster results helped to distipguishrthg gure fr.&Quher fats. As there
I a ‘% li

are variable results of K mean cluster 1 inﬁ ﬁhermograms, it is not
recommended for detection of lard éﬁion Tl f"tﬁ& as well in chicken fat
unless if lard was mixed in high amo%)r 10re n 5% Another consideration is, in
future studies instead of three d% (onsg gﬁ‘e‘?ﬁnd endset), five or seven data
sets may yield better resultsQ @



BT 1: 99.5 % 0.5% LD
BT 2: 99 % 1 % LD
BT 3: 98 +2%LD

BT 4: 97 % BT +3 % LD
BT 5: 96 % BT +4 % LD
BT 6: 95 % BT +5 % LD

Table 12:K-mean cluster of cooling thermograms results for all samp %\
Class

58

Samples Onset Enthalpy End set

BT 240.140 39.123 8.61 ¥ 2
LD -45.410 76.065 . |
CF -41.033 22.625 g | 2
BTI -40.580 36.870 95 \d.
BT2 -40.350 . é . | S
BT3 40.180 . : F 3
BT4 38.020 . So & 3
BTS -37.850 : : 3
BT6 -37.160 3
CFI -41.420 9 u 05 3
CF2 41.530 N %j \4‘%.270 3
CF3 -41.6QOY. Al ’l S 3147 3
CF4 .;;Qso QZ .74(l§," 3.080 3
CF5 ; 3.7(?/ 2.460 3
CF6 ; 1.930 3

F 4
BT is pure beef u&; CF is pure chi@at; LD is pure lard;

CFl:99.5%BT+0.5%LD
CF2:99%BT+1%LD
CF3:98%BT+2%LD
CF4:97%BT+3%LD
CF5:96%BT+4%LD
CF6:95%BT+5%LD



Table 13:K-mean cluster of melting thermograms results for all samples \Y~
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BT is pure beef tallo u
BT 1: 99.5 % BT&
BT 2: 99 % BTN D

:99.5% BT +0.5% LD
NS 2:99%BT+1%LD

BT 3: 98 % % LD
BT 4: 97 % 3% LD
BT 5: 96 +4%LD

BT6:9 T+5%LD

|
& t("?uD is pure lard;
T

CF3:98% BT +2 % LD
CF4:97% BT +3 % LD
CF 5:96 % BT +4 % LD
CF6:95% BT +5 % LD

Samples Onset Enthalpy End set * lass
BT -44.505 -69.100 36.500 1
LD -50.390 -56.940 30.30 T 1
CF -46.140 -69.753 32) 1
BTI -52.200 -31.571 g | 2
BT2 -48.260 -32.160 0 \d_ 2
BT3 -45.370 -38.716 | _{.}Tz
BT4 -42.810 -28.457 \’\r 2
BT5 -40.050 -27.8% 48' 2
BT6 -38.210 " % , 3
CF1 42,260 -1&&’0 ] 6 3
CF2 46.240 c-‘133lg>y 3
CF3 -47.180 -18.§ ; 3
CF4 -48.760 Y\'-l 0 3
CF5 -50.45‘) 6.600s 3
CF6 sgm |§ 820 3
L N (}‘,
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4. Conclusion \i

From the results have shown above, DSC combined with the chem;@ technique
such as PCA and K-mean cluster can be employed to differentiate lard frm beef tallow
and chicken fat based on their onset temperature, enthalpy, and endet temperature in
other meaning cooling and melting thermograms. In addition, itgaS™ound that by using
melting thermograms, it was possible to detect lard adu ‘Yn.lr beef tallow and
chicken fat even less than 1 %. However, it was difficul usin W thermograms
to do so, especially in chicken fat with lard. PCA h@ed thq abi }?(‘):f\g.ection of

lard within the mixtures of beef tallow- lard and chic at-la‘sd s lbw aYO.S % of lard

especially with melting data. K-mean cluster was ox abl yTere R}e’ between pure
beef tallow, pure chicken fat and pure lard. In co ?1\11 ¥on fQ this study will be
look into more replications; more data set po aswell he.@:entages of lard will

be higher in the mixtures with other 1 e more information in

fa% a

: . o -

intention of detection of lard in food X 1n gs}aﬁ &&Tble amounts.
N
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