CHAPTER 11
LITERATURE REVIEW (}z
2.1 Animal Fats
There are two sources of land animal derived lipids that are cwCly consumed in

ed to as animal fats

diet: the first one is lipids from animal body tissues, commonly
or meat fats, and the second one is from milk lipids. The or nd rlleans of obtaining

lipids from body tissues and milk as well as their compositi3wyand ch ps%_, differs.

lipid{ o ’slﬁb a similar

K uflal c@.ved lipids in
1 ext@ga.t fats and, later

hly-afpreciated source of
leurition, and had been
traditionally used as ingredients in foo% [ f-}

“Animal fats” or “meat fats” is a tem 1 tNh aﬁfdally refers to fats obtained
from adipose tissues of land anj a&y-a r;ce cpl@endenng (Love, 1996). At one
time, animal fats also served urp SO &&L eg. as fuels for torches (and later
candles), cosmetics, and e@che Is for lubricants and soaps (Dugan,
1987). The Celts are o aye?mifaeguted soap from boiling animal fats with

Furthermore, due to their common animal origin,
public perception and image. This image and the
human nutrition seem somewhat inconsistent. I
on, milk lipids were for long the only readi Jable a

fats that was available in substantial a%nt

ashes, and they prob tte t elr.@bwledge of fat processing to the Romans.
The variety of use dere‘ﬁ grew into manifold areas, and impressive list
of non-food u ammal fats or @y acids produced therefore is given by Dugan
(1987). The ‘% edible animal fats are tallow, derived from the ruminants species

t also sheep and goat), lard, which is derived from pigs, and poultry

(mainly Q
fats, deriv om poultry offal.

In contrast to plants, fat is found throughout all tissues in animal organisms, although
there are specific sites where fat is preferentially stored as so-called depots when meat
animals are continuously fed above energy maintenance levels (Wood, 1990). Fat is

typically deposited in the abdominal cavity, partially around the kidncys and the



stomach, peripheral areas under the skin (subcutaneous adipose tissue), between muscles
and bones (intermuscular fat) and within skeletal muscles (intramuscular fat). In the
muscles, lipids are also present as intracellular lipid droplets (particularly in bers)

and in the form of phospholipids as important components of cell mem (Wood,
p

1990). &

2.1.1 Animal Fats In Food
Rendered or processed animal fats fit for human consumption }Neen traditionally
used as shortenings in baked foods, spreads and margarine eep-frying fats in the

food industry or the catering business as well as in pri ouscliglds g raditionally,
%vve w5§&' animal

yellow grease acquired by renderers from food servicugstablis |
origin (Kiepper, 2001). Although they are still commeagally oge ed Jor tlé%f; purposes,

\og nde, cé‘-‘ﬁnimal fats is
ok

% Qe?n
- S

s anif the @'pomon used for food fell
d fo At food (7%). The share used

3&1‘(&1 % was used for soap and

stitute. According to figures from

the use of animal fats in food has declined. The maydr pa

currently used in the production of livestock fe%*gs

for producing fuel, lubricants and soaps. Only

indudrial oils, and fats

77 i@ion tones of animal

fats Europe were used as food in 2002 ( the amount of animal
fats produced decrease slightly to 2.6
considerably to 6 %. This was belo
as animal feed remained con
oleochemicals and another q r (24%
the US Census Bure ovi

(www.renderes.org), on%sm 1 ;;3&0 cz{?ing parts of edible tallow produced is
actually consumed f ©us ?(4% 1@% in 1998 to 11.8 % in 2004) in the USA.
The proportion of nsumed for e&b‘g uses increased in the same time from about
55t073%b ﬁ{to the overall de&:ase in lard production, the total amount of lard
used for ed oses declined from 135.9 to 84.2 kt. (FAO, 2008).
Howevbﬂponant contribution to the intake of animal lipids is its consumption as

part of meat and meat products. The contribution of fresh meat to the consumption of fat

National Renderers Association

might nevertheless be over-estimated because fat lost during cooking and visible
subcutaneous and intramuscular fat is often discarded on the plate (FAO, 2008).

Cooking loss and leftovers can reduce the actual fat intake by 35 -65 % of the original



fat content of the raw meat (Sheared et al, 1998; Gerber et al, 2009). Processed meat
products, in contrast, may contain a fair bit of added cutting fats, particularly from pork,

and abdomen fat in the case of poultry, which is directly used in products likYb'mi or

frankfurter type of sausages. C\

2.1.2 Edible Beef Fat (Tallow)

Edible beef fat is obtained from bovine adipose tissues covering the\gbdominal cavity
and surrounding the kidneys and heart and from other compac g\‘naged fat tissues.
The fat is light-yellow due to carotenoids derived fro %1 ' feeds, brittle in
consistency and melts between 45 and 50 °C. \d

From beef fat, various commercial products can be pre inclydin I?ri;'})&'eef Fat,

to @-55 2l
acid value resulting from lipolytic action is not gllo to 1.3 (Xtresponding to
approx. 0.65 % free fatty acid). This bee@n te@to 3Q-34 °C yields two
portions: oleomargarine (liquid) and gleost®ari w @itz et al., 2009).
Oleomargarine is a soft fat with a consisteQcylsi %t at @nelted butter. It is used
by the margarine and baking industrie\ ostedmge r::si&allow) has a high melting

sh@nings. The authors (Belitz et

[ : .

fa% cunda beef fat) is obtained by

melting fat in water at 60-@1"011@6 a é‘ﬁcation step. Lower tallow quality

obtained by melting fresh and selected fat trimmings Mwvaterghdat

point of 50-56 °C and it is used in

al., 2009) have also mentione

has only industrial or te W\ imp 2 fi ample, as raw material for the soap
. .
and detergent industrj %Qfﬁ{an %o .(%eef tallow has some physicochemical
. N3
properties such as 1Y poidtt } en@, and iodine value and they are 42-45.6 °C,

3.774 K/J, 37-Aespectively (htt@vww.Welch-holme-clark.com).The fatty acids
composition N fat is shown in Table 1 (Haas. 2005) and the composition of edible
fat triacyl Is is given in Table 2 (Christie et al., 1986) and (Brockerhoff et al.,
1966).

According to Table 2 (Christie et al., 1986), in beef tallow and chicken fat palmitic acid
is located at all three positions of the triacylglycerol molecule in beef tallow and chicken

fat. For beef and chicken fat, the percentage of palmitic acid at sn-1, sn-2, and sn-3 are



similar, with beef tallow at (41 %, 17% and 22 %), while, for chicken fat at (25 %, 15 %

and 24 %) respectively.

In contrast, lard has the high proportion of palmitic acid at the sn-2 at (sn-1

, Sn-2

70 %, and sn-3 Traceamount). This has been exploited to develop a meth% etect the
adulteration of beef fat with lard (Thomas, 1987).

Tablel: Average Fatty Acids Composition Of Some Animal

Fatty acids

Beef tallow

Sheep tallow '

12:00

14:00

14:1 (9)

16:00

16:1 (9)

18:00

18:1 (9)

18:2 (9.12)

18: 30 4 D 1 5)




TABLE 2:Positional DistributionsOf Fatty Acids In Triacylglycerols Of Ang Depot

Fats \
Fatty Acids, mol% iﬁ
18:0
Animal Fat = Position | 14:00 @ 16:00 | 16:01 | 18:00 :0 18:02 3
Pig 1 1 10
2 4 70
3
Cattel 1 1
2 1
3 1
Sheep 1
2
3
Chicken 1 2
2 3
PN .

L
Source: Christie., et al 19 \f (é?‘
? %

Tr: trace l ¢

t ’
2.1.3 Pig Fat (Liﬁ\l
V . .
Pig fat, or lard, ined from fat t&e covering the belly (belly trimmings) and other

parts of the@l‘ he back fat is mainly utilized for manufacturing of bacon. After
tallow @r, lard is currently the animal fat most consumed. It is influenced by the
breed and fecding of pigs.

%
4A7/C

Lard was widely used in the cuisines of Europe, China, and the New World and still
plays a significant role in British, central European, Mexican, and Chinese cuisines. In
British cuisine, lard is used as a traditional ingredient in mince pies and Christmas

puddings and for frying fish and chips, as well as many other uses. In comparison with



beef tallow, lard has almost same properties with beef tallow where the melting point is
30-40 °C, food energy 3770 kJ, and iodine value 45-75 (http://www.welch-holme-

clark.com)

Scollan in (2001) illustrated that although a high proportion (about &5 8:3n-3 in
0

the diet of ruminants is normally hydrogenated in the rumen; some escape to the

duodenum, to be absorbed and deposited in tissues as in p1g n addmon the

proportions of long-chain PUFA are also similar between the s apart from 20:4n-6
that is high in pigs because of the high concentration of it so[ 18:2n-6 (Rossell,
2001).

The study of Enser et al., (1996) also included anal% sypclita ousélpose tissue

removed from the steak. Values for the proportioR of \S.L —Csﬂtty acids were
C22 PUFA were
present in pork, these were not detecth b la pactlng the lack of

incorporation of the long-chain PUFA 13%)1 aAy lg '%rols (Enser et al., 1991).

A

beef fat, lard contains fewer

similar to those for muscle but whereas smal 03 e

In contrast to the composition of f T\ ly
d

ero
triacylglycerols of the type % L %e SUU, USU, and UUU (S:

Saturated; U= Unsaturated ds] kerh tal 1966). As a consequence, lard
melts at lower temperatu\ @mperatures rather than melting sharply
at a single tempera l h&a (sJ ot particularly long due to the rancidity
phenomenon. In ¢ ef, N depot fat contains the saturated fatty acids

(C16:0) mamlyme osition sn—2 dlfference can be used in the detection of lard

(Haas, 2005) E
In 2000& Scrimgeour reported that because of the content of fatty acids in lard

and pattern of acylglycerol structures, especially to a high content of acylglycerols with
palmitic acid (16:0) in the sn-2 position. In lard, 72% of the residues at this site are
palmitic acid, whereas this fatty acid constitutes only 10% of the residues at the sn-1

position and is found in only traces in the sn-3 position.On the other hand, Haas (2005)
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reported also that the greater uniformity of lard triacylglycerol structures leads to a
shorter plastic range and a sharper melting point.Larger crystals in the solid phase
usually takes B form (Campos et al., 2002) ; and these are largely responsivbr the
poor creaming abilities and grainy mouth feel of lard (Scrimgeour, 2005). (%

Lard is unique among the common fats and oils in having a preponde palmitate

at the sn-2 position, so, this has led to a unique use of this lipid suc man milk fat
which also contains primarily palmitate at the sn-2 position of its &tols Lard has
been employed in infant formulas in attempts to produc aYﬂﬂucts m
resembling human milk (Kennedy, 2007, and Yang et al. @

.
|

ore closely
&

2.1.4 Chicken Fats \)Y.
Chicken fat is fat obtained from chicken rend ce ng 4\31.11mal adipose
tissues. The total lipid concentration of ra ss chic r) light muscle is
approximately 1.7%. According to Haas 5) 11g sc ‘ﬁ‘plds are composed of
36.6% saturated, 32.5% monounsatur nd 80.8 okg}aturated fatty acids. In
addition, he added that the primary, sm ée almitic acid followed by
stearic acid. The major mono ted fity @ oleic and palmitoleic acids;
‘% sahe@hmc acid (DHA) are the primary

polyunsaturated acids (P 11 he atty ¥ds account for less than 1% of the

total fatty acid concentra a e ). (—)(J
\(J

f
Moreover, Kleppeg 03) {IIdrated ﬁtzt the percentages of fatty acids are similar in

linoleic acid, arachidonic aci

light muscle w without skin; thw “’fat content is 6.7-fold as higher in muscle with
skin (11 07 of muscle). Therefore, the amounts of individual fatty acids in
muscle in are higher than in muscle without skin for the same serving size.
Rossell (200T) found that broiler chicken meat fatty acid composition was similar to that
of pork, although the proportion of 18:2n-6 was much higher, that is, 18.9% against
9.5% in that study. Rule et al., (2002) also found a high value for chicken 18:2n-6 in a

comparative study, 17.0% of total fatty acids where found in breast muscle. Among
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other characteristic species differences is the very high value for 18:3n-3 in horse muscle

and adipose tissue (Rossell, 2001; Robb et al., 1972).

Table 2 illustrates that the distribution of the triacylglecerols in chicke : almost
osa

same as in beef tallow; where palmitic acid is located at all thre ns of the
triacylglycerol molecule. In the sn-2 position, 17 mol% is palmitic; n-1 position,
palmitic acid makes up 41%; and in the sn-3 position, 22% tie et al., 1986;
Brockerhoff et al., 1966). According to different sources, chick is characterized by

melting point of 25-30 °C, food energy 3700kL_3n dlne value 70-79

(http://www.welch-holme-clark.com ).

2.2Analysis Of Fats

Fourmethods were use to analyze the fats content ese omatography
(GC), High-Performance Liquid Chrom t(ﬁj rent1a1 Scanning
Calorimetry (DSC), and Fourier Trans (%nfr ed I&Qpectroscopy These

methods are discussed below. A \&
“ @

2.2.1 Gas Chromatography \

The GC is a robust technique f%g:s 9(’6&1} : B)s It has been much studied. This
method involves partitioni \the |co
between a mobile gas pl\ :
inert support (Casmir 0
Analysis of fatty a@oﬁw
increase their v |qlity (Moreau 1 . Fatty acids methyl esters (FAME) may be

prepared by nt transmethylatlon techniques, then separated on GC columns, and
detected : e ionization detection (FID). The gas phase for GC is usually nitrogen

nen 11p1d mixture on the vapor state

ary@%ﬁvolatlle liquid phase dispersed on an
Loy
RS

GG@ually requires derivatization of fatty acids to

or heli packed columns and helium or hydrogen for capillary columns. The
identification of chromatographic peaks is based on comparison of their retention times
with those of authentic samples (Casmir & David, 2008). GC analysis of TAG of food
lipids may also provide information about positional distribution of fatty acids in the

molecules. Naturally, occurring TAGs that are purified by TLC can then be resolved
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without derivatization on the basis of their carbon number or molecular weight using
capillary GC equipped with 8-15 m long columns coated with methylphenyl-, methyl-,
or dimethylcilicone (nonpolar capillary). Use of helium or hydrogen as a ¢ gas for
separation of TAG on such columns requires higher temperatures tha employed

for separation of methyl esters (Christie et al., 1994, and Takagi, 199

X

High performance liquid chromatography (HPLC) is anoth! er[ul technique that is

widely used for fats and oils analysis, especially in anal ft 'aMerols (TAGsS).

Before the analysis, sample should be derived to facili he sgparafjop o enhance

the limit of detection for the HPLC analysisﬁti ifis {’Wisable to do
s apd

saponification for the sample to cut ester linkage

2.2.2 High —Performance Liquid Chromatography

=

As their subsequent
yr-dfazomethan (ADAM)
ding to (Hayakawa et al.,

analysis. Fatty acids can be analyzed @nng

derivatives and employing a fluoresce lc&ec Al

1994), fatty acids increase their hydroé%it)h en“ I@s bound to the carboxyl
group; consequently, the derivative& ep¥ or&&éversed-phase column than
fatty acids and good separati Y(%tair,:d. I t \ther hand, Evaporative light-
scattering detection (ELSD) ar%) - omﬂi‘% called as universal detectors- have
been wide use for detecti&mll t)lpes lipiO ollowing HPLC separation (Kuksis,
1994, and Hammond, 1 e

Furthermore, norma %{Plch{] (;c?rmits also the separation of normal chain

conl‘iv’d&l‘ A@Normal phase HPLC column on silver ion-

ge columns is c@ntly used to resolve TAG based on their degree

of unsatura@uistie et al., 1991). Reversed phase HPLC (using C18 column) is also
widely & for separation and quantification of tri-, di-, and monoacylglycerols.
nderson in (1991) have described that silver-ion HPLC can be employed to

Burkov

separate and identify conjugated linoleic acid isomers.

2.2.3 Differential Scanning Calorimetry
Differential scanning calorimetry (DSC) is a thermal analysis technique that has found

many useful applications in both pharmaceutical and food research. In the field of food
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research, DSC has found useful application in the study of physical and chemical
proprieties of fats, carbohydrates, and proteins. The technique provides an effective tool

for monitoring both the thermodynamic and kinetic proprieties of Vg food

components in a variety of matrices (Nollet, 2004). \
DSC has been used extensively to study the physicochemical proprietigs\pf as and oils.
The chemical and physical proprieties of fats and oils are directlyy nced by their

composition of tri, di-, and mono-acylglycerols, fatty acid chain% s, and degree of

unsaturation. Most fats used in food industry exist in differét wy!horphic states. This

polymorphic nature results from the different possibilities 1 a‘:kin of fatty acid
chains and longitudinal stacking of molecules in lamellM (Bplia ,.19@3). Fats
undergo phase transitions during heat treatment (mé and goqgs g'(sg%iﬁcation,
crystallization). These transitions involve the upta el sg ergggg;ld are, thus,
detectable by DSC. The characteristic melting @s-m‘l O b@i-or of different
fats makes it possible to use DSC to fi rght their

aébhavior and detect
adulteration. c \T &\

R Ao
DSC has some advantages over the IK classtegl dglecti ethods, as it is rapid and
does not require sample preparatiovolvtnt 1 'zati@~ (Chiavaro et al., 2008). The
applications of DSC to the hl ang. ch gclt%;étion of oils and fats for the
determination of solid fat&fm, g \leati#'ﬁnd melting profiles, enthalpy of

transitions and polymorphw 8¢ noé‘énd reviewed (Biliarderis, 1983). DSC

applications has also &)ugg st;d s @(ﬂable tool for cauterization of oils from

vegetable sources Mayp n, @2; Tan & Che Man,2002) and thermal
parameters have& ported to corr\@}c- well with chemical parameters obtained with
standard met an & Che Man, 2000).

In foo@ y, DSC has numerous applications for monitoring thermal events

discussed ¥lier such as melting, crystallization, as well as decomposition, denaturation,
dehydration, polymorphism, oxidation, etc (Lyubarev & Kurganov, 2000, Boye& Alli,
2000, and Nomura et al., 2000). For example” the effect of storage temperature on phase
transitions of the lipid components” in apple and capsicum cuticles was studied using

DSC, and it was found that at “low temperatures, the cuticular membrane underwent a
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change in structure and the melting enthalpy of the waxes present decreased.” (Lyubarev

& Kurganov, 2000).

2.2.4 Fourier Transform Infrared (FTIR) Spectroscopy q
Because of the development of Fourier transform infrared (FT-IR: \roscopic
instrumentation, the application of this technique expanded in {00 search and
particularly has become a powerful analytical tool in the study of emc'oils and fats.
FT-IR spectroscopy is a rapid, non-destructive technique ithinimum sample
preparation necessary. It allows the qualitative determinatio Zgar'ic compounds as
the characteristic vibrational mode of each molecular gro ich aw appearance
of bands in the infrared spectrum at a specific frequenc ich ZsIfurt r’in.agﬁced by

is agpohg ghe n‘%& powerful
spectroscopic techniques for food analysis since it co¥grs t s on gmctional group
as well as chemical composition that are co t@ﬁ t 1nf ed e trum of specific
substances (Kumosinski & Farrell, 1993). O

N
| B . 60 U O .

Infrared spectroscopy is widely used \ h acadgmj res&h and industry as simple

and reliable technique for measure qu"lity ntr

been highly successful for appli(%& in bg{ 0 gnl
spectroscopy has been utili@detf‘m'\'ﬁg a ragee of adulteration problems in food
t

ca c}@ﬂates (Che Manet al., 2005), lard in

the surrounding functional groups. Infrared spectrosco

|7

d dynamic analysis. It has

d inorganic chemistry. Infrared

products such as lard co
mixture of animal fats rizalet' y 260&):71du1teration in jam (Defernez & Wilson,
1995), extra virgin % il (uLJ’ 19@ and coffee (Paradkar & Irudayaraj, 2002).
Currently, Roh & Che Man (\Q&Y} have also used FTIR spectroscopy in
combination @nial least square (PLS) and discriminant analysis for quantification

of lard in ga ixtures with other animal fats of beef, chicken and mutton. In addition
to its ap@n in the detection of edible oil adulteration, FTIR was also used in the
studies of thermal stability of edible oils (Moros et al., 2009; and Pinto et al., 2010).

2.3 Chemometrics

In 1972, Svante Wold and Bruce Kowalski in (1976) introduced the notation

chemometrics. After that, the foundation of the International Chemometrics Society in



15

1974 led to the first description of this discipline. The development of the chemometrics

discipline is much related to the usage of computers in chemistry. In the 1970s, some

analytical groups were already working with statistical and mathematlcal ods that
are described nowadays as chemometric methods (Matthias, 2007). (0
In the following years, series of conferences were organized; €.g., puter-Based

Analytical Chemistry (COBAC), Computer Application in Analytics MPANA), and
Chemometrics in Analytical Chemistry (CAC). Later on, no el ometric journals
were started, such as the Journal of Chemometrics (Wi fhemometrlcs and
Intelligent Laboratory Systems (Elsevier).
| ‘—}

Frank and Kowalski in (1984) have defined chemo ics ag he henﬁéﬂ discipline
that uses mathematical and statistical methodsv \wlgn R-select optimal
measurement procedures and experiments % pig@fide 0 ximum chemical
information by analyzing chemical data. \

Chemometric methods applications us h

re
ﬂ
activity relationships or to evaluate —chemi ata (Matthias, 2007). The

generation of the flooding data dee ica @\strumentatlon is one reason;
especially analytical chemists% mo, ftrzo pplications techniques (Desire,
2003). In addition, in a && ch'm ric ods are the discipline that uses

statistical methods and m:

30 'ﬁ're quantitative structure

ap rlate information on material systems.

gé?ommenced for gaining, processing and

interpretation of ¢ eg@ung of the 1980s because of the availability

of personal com %n fact, today QV_SJ); scientist uses software, in one way or another

that is relat$athemaucal methods or to processing of knowledge. Therefore, the
a

need app&

Moreover, making complicated mathematical methods possible was one of the novel

Matthias in (2007) a haja.
da

deeper understanding of those methods.

aims of chemometrics due to unsatisfactory knowledge of the education of chemists in
mathematics. On the other hand, many authors have claimed that, sometimes, analytical
chemists have used chemometrics methods as a tool to solve problems resulting from the

lack of selectivity such as (Booksh et al., 1997; Aboui-Enein, 2000, and Vessiman et al.,
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2001) in analytical signals, including the chromatographic signals. Since its beginning,
chemometrics has played an important role in resolving food chemistry problems. It has
been used in very wide applications in food and beverages such as: ggadNg of raw
materials (Cadetet et al., 1990); routine on-line quality checks (Lind %t al., 1985,
Robert et al.,, 1987); minimizing sample preparation (Cowe e 1987); and
determining process by which product was made (Downey et al., W However, the
principal component analysis (PCA) as a technique of qualit%yalysis of the data
1§V

and PLS regression analysis as a technique to obtain q e,prediction of the

parameters are the most used as chemometric techniques®acs et ah 2Q4P; Wold et al.,

2001; Nicolai et al., 2007; Cen & He, 2007). Nowad@d prgble

emi‘ea da are%ten used for
the development and estimate of novel chemometrigools prm&%’ (Forina et al.,
&

2008). 8’ °‘
@)
2.3.1 Principal Component Analysis ( A\Y &k

Eui-Cheol Shin in 2010 has defj
multivariate modeling and analysivbniq
PCA is a technique of exprous#y "the J
similarities and differencewden'i :
that is, by reducing the nﬂb of

on their similarities iffefeng

components” whic Q 'p\!(_%)}l en&ariation structures in the data. Kamal-Eldin
& Andersson in (1 r%ﬁldded that it is;goYs-sible to visualize the data by different plotting

systems whe;&e than three vari\ables have been analyzed. Therefore, PCA can

indicat% ships among groups of variables in a data set and show relationships that

765{%&?“ one of

the major areas of chemometrics applications, and foo

might ¢fNgg bgtween objects.

Moreover, the PCA basis has been well-explained both qualitatively (e.g. Meglen, 1992)
and mathematically (e.g. Lattin et al., 2003). In brief, a dataset is re-expressed in a
rotated coordinate system in which as much variance as possible is explained by the first

few dimensions. PCA is particulariy useful in examining correlations among variabies in
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the original dataset, since it chooses the new axes to lie along directions of highest
correlation (Gotelli & Ellison, 2004). The projection of each variable on the new axis is
called its loading, which indicates the relative importance of each variabl Wt axis;
the projection of each sample in the new axis is called its score (Meg 2) or site
score (Gotelli & Ellison, 2004). PCs are linear combinations of variable w1th the first
PC as the scores of all the samples on the first axis, and second as th{{sample scores on
the second axis, and so forth (Zou et al., 2004). Therefor CA can indicate
relationships among groups of variables in a data set and s %'

latlfnshlps that might

exist between objects.

| ‘—}
Because of the capability to manage and 1nterprt sgts, l@\ has been

effectively employed to define relationships that ist \fhtty Sﬂ aracterisation
t al., 2007). PCA

studies of food lipids (Kadegowda, Piperova an 0‘)0
has been used to establish the authentlclt an ul rat' f & oils from different
origins. for instance, (Matos et al., 200 1s ﬁrave used PCA to detect
the adulteration of olive oil with elev eta 011 suc soybean, sesame, apricot,
1d GuiRvez et al., (2009) and Rohman
et al. (2012) were able to detec% ulte;a 10 r_; 1 fats and animal triacylglycerols
by chromatographic syste B 1qu urthemlore Hashim, et al., 2010
successfully d1fferent1ate$; @a orcme gelatins using FTIR coupled
with PCA techniques. % s (j)
N3
‘9 ’b): >
2.3.2 K-mean Cl Analysis (_}/
Clustering 1s ess of grouping data into classes so that objects within a class have
high sim'&%ompanson to one another, but are very dissimilar with respect to

peanut and olive oils were investig

objects I clusters. The goal of a cluster analysis is to find an optimal grouping for
which the observations or objects within each cluster are similar, but are dissimilar to the

objects in other clusters.

Cluster analysis has been widely applied to data in many disciplines, such as market

research, biology, medicine, economics and engineering. The K-means method of
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cluster analysis is popular due to its simplicity. In this method, clusters are formed by
specifying the number of clusters, say k, and assigning each object to one of the K-
clusters in order to minimize the sum of distances from the mean of eac ter. In
general, the number of clusters in the data is not known in advance xer, 2002).
According to (Che Man et al., 2011) cluster analysis (CA) has an a ge over PCA
where CA information is more objective and provides numerical res\fs> In addition, CA

is able to reduce dimensionality, while retaining the required inf(Non.
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