CHAPTER 1

INTRODUCTION

1.1 Background of the Study : ,

Over the few decades, chemometrics on lard profiles ha%lgled interest

in authentication research. Lard is the fats rendered fr ghtered pigs,
stated as non-halal or prohibitive substances 1c guidelines,
Kosher food regulations, and dietary rules (Ali herefore,

chemometrics application on lard profiles is t ost” studied mﬂltn’?ﬂate
data of the Fatty Acids (FAs) and glycerolﬁs{ -\ltﬂlSlng
i ?\nfs studies

dif] e?ént' 0 roducts from

spectroscopy and chromatography techmq In a t

have been combined with chemome

J?

pigs or porks, such as pork meat (Le et 3 20? ani\Qatln (Cebi et al.,

2019).
) 0

FAs of lard have repo%(j ha\g(yarlatlons depending on
different pig food so ce al. 14; en et al., 2014; Tartrakoon
et al.,, 2016; Tian et a; ’15) oa% e composmon of FAs in lard is

also different m f thl pigs bodlzﬁﬁlang et al.,, 2018; Overholt et al.,

"rj

\
2018). Unfo N’ hil "hr s extracted or self-rendered from fat

tissues 1 bora I‘ICS? fe ﬁeﬁtlcamon tasks, there is still insufficient
data % ;

ofiles fro vafious §Q‘urces as references.

NV

based food involves heat convection; heating and its duration

[¢)]

the main parameter. The FAs alteration that occurs during the

Otmg -process is inevitable due to the degradation of TAG into secondary

oxidation products such as ketone and aldehyde. The degradation of FAs and



TAG has led to one significant problem, which is difficult to recognise in
identifying fats and oils from their origin species (Barriuso et al., 2013?&1
2014; Vaskova & Buckova, 2015; Zhang, et al., 2012). T%\nany
researchers have opted for the univariate analysis rather th Itivariate
analysis on FAs data from fats-based food products (Afan%t' al., 2017;
Alzaa et al., 2018). As the growing authenticatio oNats-based food
products, the detection of lard is not only a Y

f tstablishing its

difference from other edible fats but, more ortan yw:cess its
®

dissimilar  deterioration upon TAG degra@ after | heating b@ at

certain temperatures and times. \, \‘/T
Fourier Transform Infrared (FTIW;ctr nalysi Y; complex

e <'gits multivariate
(&)

analysis if the data among a la%umber \mx;y ,(Ec%d to be performed.
o
1@1

FAs produces continuous data t often require

Mousa et al., (2022) review, as several advantages

F Tlﬁ sp tmscczo

over the other techniq } ajﬁin& ulteration detectors when

combined with chi ;c method IF'S@' analysis was successfully
2 ¢ &

represented for Ndetecltl \m edit&.ﬁils, namely linear discriminant

analysis (LDN parti t s@'és discriminant analysis (PLS-DA).

€ ! t,g

However, the s been lit &sc&i n on the profiling of lard analysis and

N
1

i
other téc es, ‘3 Mahalanobis discriminant analysis (MDA) and

quadati¢, discriminant ana@" (QDA), which have better performances as

CEN tools. The additional algorithm, linear support vector machines
1S€ri

6 minant (SVMDA), likewise exhibited to consider the possibility of their

obustness in the classification (Siddiqui et al., 2021).



Rohman and Windarsih, (2020) looked at how the FTIR has been used
in the analysis of oils and fats, and various chemometrics methods
selected spectral regions (the wavenumbers) were applied for c@twn
i.e., principal component analysis (PCA), and soft 1ndependent‘*elhng of
class analogy (SIMCA) and multivariate calibration, i.e. partial least
squares regression (PLSR). PLSR is widely used in m%@e analysis and

adulteration analysis of oils using FTIR data. It w d that multivariate

regression, such as principal component regressi (PCR) ,\mdrthogonal
]

signal correction partial least squares regressio SC-PLSR) oilld caowde

robust recognition of lard that could be nd oreckjal other

researchers. Noted that the OSC- PL a !1101 atlon the PLSR

algorithm and has proven useful \EQ interpretati @portant “omics”
data that has been used 1n 'H- spectro\?y‘s_s_‘.o gta- érez et al., 2022),

liquid chromatography (L gas chromato Q‘gay (GC) with mass
spectrometry (Brigante e l 221 t al 1). Furthermore, there is
ion 1!11 n by OSC-PLSR to find the

still little attention 1(% thentic
chemical features oflard spectrr
In routl ete on of FAs of lard still requires

separation c omaj gra c m I?a such as gas chromatography with
ﬂarne defectio }GC 1@ which is known by their selectivity and
. On the other h%\’the most advanced liquid chromatography with

mass spectrometry (LC-MS/MS) with electrospray instruments and
§ sensitivity has been concerned with halal analysis (Salamah et al.,
019). However, the output of this instrument has also increased the

complexity, such as lipidomics (Nagai et al., 2020; Wu et al, 2021).



Therefore, to date, too little attention has been paid to the profile of lard using

X
N

For decades, it has been feasible to distinguish lard froR other animal

LC-MS/MS, which certainly is worth exploring.

1.2 Statement of the Problem

and plant fats by spectroscopy analysis in the halal aythentieation. However,
studies show that the FAs profiles of lard varied de 'n; on 'the pig's feed,

causing the other work of profiling lard to b ispu bwther lard

oy
profiling issue is that FA deterioration upo@-proc s mi h' @ the
chemical profiles. Thus, discrimination bvg ot% peciQs:Z~ becomes

more complex if the fats have % subjBYte to h%’hg. Modern

spectroscopy  and chromatographwalments

magnetic resonance (NMR), anc%—FI pr Yhi ,Q%ultivariate data that
o

D
complicates interpretation i lin .0 Th

@FTIR, nucleus

are, bining chemometrics

and multivariate data generated” fr

‘g%ytical platforms can help
the researcher better% nd latd p ﬁﬂes@bcusing on the chemometrics

'3 ¢ &
evaluation of the&ﬂ&? can\'aﬁ\the sciég.ﬁst in establishing a more robust

strategy  for % ete ' aréopossible biomarker discovery for
@
authenticati % ”‘? ¥ o (JC‘)
N
T% aim Eﬂ‘}he profile of lard collected from different
Q obtained from d@ht regions of the country and to discriminate
la \ainst other selected edible fats upon heating-process by various

ments and chemometrics. Chemometric approaches were developed

(4

ased on the selected algorithms reported in the latest publication on oils and



fats profiling studies. In addition, the identification of lard's most significant

chemical properties at different analytical platforms is also explored. Y.

1.3 Research Question

1.

1.4 Scope G@tud ‘?"' 9

pro
0

Q>

What are the FTIR profiles of lard collected from%different body

parts and regions in Peninsular Malaysia? V

How is the lard classified against other e zts s'lbjected to the

heating-process using FTIR data pOimts itwnometrics
® X
. N
analysis? l :‘-')

How is the lard classified again e% subjected to the

Y.‘?
emo@cs.
natéﬁ'd from chicken

-

N
be @tected to differ lard

&)
gocess‘?

':habiffers from other selected fats

heating-process using 1H-NMRw pl

Which carbon of TAG @
fats subjected to the hea%rocess?
What can possil%

against selected %ect the
What lipiq%):stedt 1

4
subjectedtg the hea'i@scess? %
N\ S

8
=
=
73

on the chemometrics evaluation of lard

sing spectroscopy @ chromatography techniques. The initial stage

tudy is to profile the collected lard of pigs from different body parts

ndv various locations of Peninsular Malaysia by FTIR as a fundamental

chnique to ascertain the significant differences in the lard profiles.



The heating treatment is denoted as the heating-process in this study
utilised a digital hotplate with controlled temperatures. The temp?ﬂe
selection was according to cooking temperatures at 120 °C, 180 °%x 240
°C. The heating time employed started at 0.5 hr and reach aximum
duration of 3 hrs where the colour of the fat changed from its originmr.

This research covered the field of multivariate oMg of chemical
data or calibration models of lard subjected to EV:ating-process by
spectroscopy and chromatography analysis. The min gw%ues that

1ate [cla '1c‘ti@vand

nd@ assignment at

infon@?ohn for FAs
and TAG chemical structures in M ats analysisf Boé%lstruments have

the advantage that they require %nal sa ?ep 1_0\1, and the analyses
\
s som FpCH

have been conducted include PCA,

multivariate regression. FTIR offers finge

certain wavenumbers, while 'H-NMR w

can be rapid and robust. F udies, chromatography

er details Jory FQ/
techniques such as GC-F } L('M%j\xjerg%ﬂised. The degradation of
FAs upon the heati!% s was linve ?Ateﬁbb evaluate the distribution of
4

FAs of multipl %ble fa \asmg %é.—.FID. More advanced lipidomic
identification e{&ng Le- S dé&(’vas mainly based on the lipid-class
E ‘

selection of ted ions a ans 6(‘;8 (m/z).
N

G% cernf"has ?n focused on pre-processing and feature selection
of Qpectral data. Thl{,}élassiﬁcation models could be improved by
x

s variables relevant to the FAs of lard containing important

d numbers on FTIR spectral and chemical shifts on NMR (‘H & !Q).
Ithough the GC-FID and LC-MS/MS instrumentation setting are more

complicated than FTIR and NMR ('H & '3C), the chromatographic of the



data output are straightforward for FAs identification. In this study, the

chemometrics technique was fully utilised by The Unscrambler® X so

However, more complex machines learning, such as ANN, and@ are

unavailable in the software. Thus, SVM was utilised becaus is almost

similar to machine learning algorithms. i

1.5 Objectives of the Study z '
The objectives of the study are; \d

Ay
cted [pig arf-p@from
sul< ia .@'g FTIR

Yw

analysis combined with PrincipalhCo onen\An sis (PCA).

1. To -evaluate the lard spectral of

Northern, Central, and Southe

2. To discriminate fats su s pigs (lard), keté%ef, mutton, and
plant fats after heat%ocess \g\%T "H-NMR, and !C-
S
NMR coupled with etric?tech ique. &
3.  To identify thztii\glarl]qu b$%valuating FAs degradation
cte

from lard % d fats f.rl thbheating-process using GC-FID
2 &
and L S/MS ' \B‘med vg) Principal Component Analysis
¥

(PCA).
@ I (,)b
Q') &
"Ir) S
1.6 $e ignificance ‘of th{St{,W
\Tl study provides \‘;?formation on the profiles of pig fats from

%ﬂt body parts obtained from different regions of the country, thus

éving as a snapshot of the lard profiles in Malaysia. The study also provides

new insights into data analysis of the multivariate data, especially on fats

%



, with possible biomarkers deemed useful for

ed to the heating-process

subject

rd detection and authentication

la



