CHAPTER 3

METHODOLOGY

3.1 Experimental Design .\. ,

Profiling on lard was conducted in two conditions: first,profiling of the
s tn

samples obtained from different regions and body parts, w d, profiling

of the lard upon heating-process and comparing the a@he selected fats.
First, the sample collection was carried out fr ree’ re i(lns, ach with

three different body parts of pig fats. A total 0fg30 samples of bbd@part,

making a total of 90 different samples region, were col!ec'téd, thus
s N~
}\ e seco@" design is

i eren{g imals & one

profiling lard and four types of sele% s (

plant) after the heating-process. Hmpro ess

three elevated temperatures; atégach en‘l\p%
17}
of the heating-process were u& thus résulting in a g&)f 60 treatments.

Lard samples collevfrom' thr Ireg$\ were measured by using
%s'

FTIR. After heat-proces , sa T easured using four analytical
p g \ K& g y

O

tools; FTIR, 1&&\13C-I&MR, GC-E and LC-MS/MS. The resulting

colj\Qre conducted at

0)' erent time durations

analytical da then subjected t@%@A, PCR, PLS, and SVM for in-depth

investigati model develop for lard profiling after heating-process
' 4

to &ud predi l&d p@‘ﬁles at different conditions by focusing on

cl
o\ &
m% e calibration and“Walidation analysis in multivariate classification

Itivariate regression for pattern recognition and prediction.

o Some equations were presented to describe the procedure of

chemometrics because the multivariate has high data throughput. In addition,



the data could be simplified using theorems to explain the chemometrics

method. Figure 3.1 illustrates the framework of the methodologies Ym&:

thesis. %\
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3.2 Profiling of Lard from Collected Pig Samples at Northern, Central, and
Southern Malaysia T
3.2.1 Chemicals and Materials %\
3.2.1.1 Chemicals A
Table 3.1 shows the list of chemicals used for profiling” lard samples
collected from northern, central, and southern regions Mular Malaysia.
Ny

Distilled water used in the experiment was prod l]e International

Fatwa and Halal Centre (iIFFAH) laboratory, USIM. l \d
'Y

Table 3.1:Cherr@ | 3
Chemicals I AN nu@&:rer)

Chloroform (CHCI3) GC grade, 99.9 % ? . \ (Sig az&[drich)
(&%

Methanol (MeOH) GC grade, 99.9 % i Aldrich)
Sodium chloride (NaCl) GC grade,

(Sigma Aldrich)
Anhydrous sodium sulphate (Na grade, 99. ((Sigma Aldrich)
—d

el S

A

,s) 0 §
3.2.1.2 Lard Samples 4
I VS

arms and wet markets in

About 100 g of f: e pur §
z . [ o)
Penang, Perak, Sela egeri _Sem zig,% aka, and Johor to represent

4

different regions'g%ninsular ysia ollows; northern region (Penang
and Perak.), sc% regi
@

embilan).; Fr ea'(':h Qcy:ation, the samples selected consisted of
N

laka sand Johor) and central region (Selangor

bat ,(BK and shoulder fats (SF) to represent fats of
arts of the pig \flco et al., 2014). The numbers of total lard

sa&are presented in Table 3.2.



Table 3.2: Total Pigs Fat of the Body Parts and Regions.

Regions States BL BK SF T
A Northern Penang 10 10 10 &
Perak 20 20 20 %
B Southern Melaka 18 18 18 s 4

Johor 12 12 12 36
C Central Selangor 10 10 1 30
Negeri Sembilan 20 20 20 60
Totalw 270
The crude fats were neatly wrapped in a polys 0 tair@ining ice
®

to maintain freshness along transportation. Du the transportation, é]){g. ice

cubes were replaced with new ice every 3 hrs.“Lhen all ’th co ected{és were

N
stored in the laboratory freezer at -4 °C before us \ ! X

N

3.2.2 Instruments % 0>\YV @

Fourier Transform

Spectronieter <§1"{R), Model  640-IR,
Varian Inc. was equippe%AT[ stal an @terated triglycine sulphate
(DTGS) detector. The% umbt:z ang ﬁ'on@'() cm™! to 4000 cm™.

&
3.2.3 SamplesPre atioo

9
S
9
S

|
¢
32311 Presfjgfo)ofL d Sarfplef O

N
A,% 0 gt We@eaned from blood, mucus, pieces of meat

and& tissues. Then th C@é were finely chopped and dried before being

at 10 g £ 0.05 in a 100 mL beaker. The remaining samples were kept

U equent for future use.



3.2.3.2 Extraction of Lard Samples

Fats were extracted based on gravimetric methods wusing no T
solvents (Folch et al., 1957). A total of 10 g of fat tissues were @nized
with 100 mL of chloroform and 50 mL of methanol. After &sion, the
whole mixture was agitated for 15-20 min in a shaker at rc&Vemperature

(27 °C). Then, the homogenate was filtrated using a fi Nh folded filter
paper (Whatman™ Grade 1) to recover the liquid phase. z '

The liquid phases that contained CHCl3; / Me Wwer Wwith two
distilled water) and left standing for 30

separated into two layers where the léwer yero?f Cls containing
lipids was that collected in a flask. \% é

An anhydrous NaSOg4 was%wd to \EI%k qébsorb any moisture
using a small spatula. T Cl—fth Iﬁion‘o s filtrated again and
carefully dried under vacuum ﬁi@r (Rotavapor® R-300) at
40 °C for 20 minuteqtng Zjl;ﬁr:!)c&babout 3-4g of final fats could

’ ¢ &
be extracted succes . Theyl \kept in t%ﬁkezer before FTIR analysis.
53
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3.2.3.3 Sam paration fo R Analysis

NN
T% cted S fats ‘;re rs&)ved from the freezer and thawed for 10

sWin a water bath ( fﬂ%ﬁert GmbH™) at 60 °C before being placed in

min,

a xuge tube and cooled to room temperature (25 ° C) for FTIR analysis.
Q The obtained fats were placed carefully on a multibounce plate at a

ontrolled ambient temperature (25 °C) using a Pasteur pipette to ensure

direct contact with the attenuated total reflectance (ATR) crystal. FTIR
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spectra were recorded upon 16 scans at a resolution of 8 cm™ from 4000-650
cm™. Upon each analysis, the ATR plate was carefully cleaned with
twice and dried with soft tissue before filling in with the subsequ c\ﬂple.
A new reference air background scan was performed before sample an&

All FTIR spectra were also recorded as transmittance?u.es at each
data point. Samples heated at different temperatures_ and% heating times,
samples were measured using FTIR at room temp Y.As' part of data

quality assurance, the sample cell was washed an ied ew after use

to avoid contamination from previous samples (Muel al., 2013). ' _\9}
4
A3

N
3‘?
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Profiling on Pork (Lard), Chicken, Beef, Mutton, and Plant Fats after

Heating-Process

3.3.1 Chemicals and Materials ('}

3.3.1.1 Chemicals

chicken, beef, mutton, and plant fats subjected to the heating-giow

Table 3.3 shows the list of chemicals used for proﬁhQ pork (lard),

Table 3.3: Chemicals.

Chemicals

1. Chloroform (CHCl3) GC grade, 99.9 %

2. Methanol (MeOH) GC grade, 99.9 %

3. Isopropyl Alcohol (IPA) LC grade, 99.9 % ?

4. Deuterated Chloroform (d-CHCl3) 99.9 igma ich)

5. Deuterated Tetramethylsilane (d-TMS) 9R \(Sig Aldrich)

6. Acetone GC grade, 99.9 % (Sig ldrich)

7. n-Hexane GC grade, 99.9 % % (Sigma Aldrich)

8. Toluene GC grade, 99.8 % @:a Aldrich)

9. Potassium bicarbonate GC grade, 99. \T ~(Sigma Aldrich)

10. Methanolic Hydrogen Chloride”5\s solM \&(Sigma Aldrich)
grade, 99.8 % [ &

11, Sodium Chloride Sulp ‘l%ydr GC Fade, 43' (Sigma Aldrich)
99.8 % A

12. Certified Reference ds (CRM AM ix  (Sigma Aldrich)
GC grade, 99. 9; ( 0,

13. Acetonitrile (A - 0 (Thermo Scientific)

14. Formic A01d gra 8 (u} (Thermo Scientific)

15. Ammonl te Ld/M =grade 9%& (Fisher Chemical)

? T
33.1.2 FAM b 3 (Jc')
1fied 4 ef ence @aterlal (CRM) of FAMEs Mix were

purchaxw om Supelco® Slgma—Aldrlch USA for GC-FID external

that contained 37 FAMEs Butyric (C4:0), Caproic (C6:0), Caprylic
E;O),

&

Capric (C10:0), Undecanoic (C11:0), Lauric (C12:0), Tridecanoic

3:0), Myristic (C14:0), Myristoleic (C14:1), Pentadecanoic (C15:0, cis-

10-Pentadecenoic (C15:1), Palmitic (C16:0), Palmitoleic (Cl16:1),



Heptadecanoic  (C17:0), cis-10-Heptadecenoic  (C17:1),  Stearic  (C18:0),
Elaidic (C18:1n9t), Oleic (C18:1n9c), Linolelaidic (C18:2n6t), L?Mk
(C18:2n6¢c), Arachidic (C20:0), Gamma Linolenic (Cl 8:3n®s-1 1-
Eicosenoic (C20:1), Linolenic (C18:3n3), Heneicosanoic (CAcis-l 1,14

Eicosadienoic (C20:2), Behenic (C22:0), cis-8,1 1,14-§-Elcosatrienoic

(C20:3n6), Erucic (C22:1n9), cis-11,14,17-Eicos triew (C20:3n3),
's; 3,

Arachidonic (C20:4n6), Tricosanoic (C23:0), 1?-Docosadienoic

(C22:2), Lignoceric (C24:0), cis-5,8,11,14,17- apen eMC20:5n3),
®
| | | g
Nervonic (C24:1), and cis-4,7,10,13,16,19-Docosahe ic (C22:6 ' i')
b 4

% 4
\ T
3.3.2 Samples of Lard and Selected Fat\, 0\

A part from pigs fats, chick@beef, an ttméﬁs were selected

?le ek ue to their close
o
dex@t’.ﬁmentarius, 2003). The

r Ats goat/sheep) which was

% animal fats were taken from

fats of pigs, chickens, S

obtained from the 10%%1?& ;

the belly part. P Nats af m oil-%zfl/ shortening purchased from the
QWP

as as a control fat to differentiate

Lam Soon br& Sho '
¢
between plaﬁt%nim fa:?" (-(:)

E\ Hot plate
0 The heating-process of the collected samples was operated on a
digital hotplate (DAIHAN MaXtir™ 500) with adjustable and

controllable temperatures with the probe's maximum value at 500
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°C £ 0.3 °C. The temperatures were measured by a probe that

FTIR spectrometer (Varian 3100 Excalibur™ seEs 300) was

equipped with deuterated triglycine sulphate iDT detector and

single-bounce ATR crystal attachment. T

dipped into fats.

FTIR

Wavfnumber range

from 400 cm™ to 4000 cm™.

%\ | S
NMR ('H & BC) 4 i i

A Varian (VNMRS-500 MH Awito B ( Broadband)

probe 1H) operating wi J 23 s are @er LINUX Red
Hat 5 was perform%r Auto\ﬁxwtu géfor all nuclei by
YV S

ProTune accessory. “« Q-
NS
GC-FID vj S
'y
9 s

An w Tle ies % ON  Network GC  (Agilent
Tec &s U

76@’ Autosampler and FID detector was

d(:?As by Agilent Chemstation B.03.01
N

An AB Sciex 3200 (AB Sciex, Darmstadt, Germany), triple
quadrupole and hybrid triple quadrupole linear ion trap (QTRAP®)

with  Multiple Reaction Monitoring (MRM) detection mode
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controlled was used to analyse and identified lipids by Analyst®

X
K\

The crude animal fats were cleaned from blood, mucus, pieces of meat,

software version 1.5.2.
3.3.4 Sample Preparation of Animals Fats

and other tissues using a clean cutter. The fats were finel opped, minced,
dried, and strained. Then, the dried samples were t a IOOg + 0.05

and labelled. Minced fats were put in the quartz Then the

®

weighted fats were put on the hotplate @ergo e*ir@ocess

protocols. Y‘ \,‘r
tlme

3.3.4.1 Heating-Process Protocols O<'g
e ;z@\d' according to the
o

frying and baking process% 0 hz‘/ ical temperatures of
o be

heating protocols on fo W Jp @erated between 180 °C -

220 °C. (Aniotowsk , 201

The temperature and dur

—QS

Coglh d 1, 2015; Wang et al., 2016).
In this study, the ctlon t re w. (cbnducted at 120 °C, 180 °C, and
240 °C. Time @ng 1ed @( 30, 60, 120, and 180 min (Krokida
et al., 2001) he fats chan dG'arlt/ an their original colour.

X

It % serye } the &de fats are very resistant to temperatures
belQ °C. Then, the sel@ of the lowest temperatures (i.e., 120 °C) was
cause it is higher than the boiling point of water to evaporate and
0 wed by the melting point for fat in general. Therefore, the heating-
rocess protocols included the sum of heat (temperature sums with duration

hours). Upon temperatures sum with the duration of heating, volumes of 10
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mL of heated fat were collected and cooled at room temperature. Then heated
fats were bottled, labelled and stored in the freezer below -4 °C for T
analysis. For the convenience of the labelling in this study, the du%\imes
were changed from minutes (min) to hour scales (0.5, 1, 2 & ) as per

labelling (Table 3.4). i
Table 3.4: Heating-Process Protocol V
d c

Temperature. Heating Sum-heat Beef fats Chicken fats utton fats  Plant fats
T (°C) times, (°C x hrs)
hours (hrs)
120 0.5 60 B-01 C-01
120 1 120 B-02 C-0
120 2 240 B-03
120 3 360 B-04 C

180 0.5 90 B-05
180 1 180 B-06 6
180 2 360 B—OKV

180 3 540 0
240 0.5 120 B-

240 1 240 B-10 \re\
240 2 480 -
240 3 720 %12 &

3.3.4.2 Extraction of Fa;aft’r Heati\g
The heate@amplls fro difgz@t types were extracted for further

analysis, as m. Ndi Se;?ﬁb.?%o
Q? v) &
w Prepa{at nof FTI$1alysis

3.34.
5
\ extracted fats were” removed from the freezer and thawed for 15

4
7

a water bath (Memmert GmbH™) at 60 °C, left to stand at room

Omperature, and then transferred into a centrifuge tube for FTIR for analysis.



3.3.4.4 Sample Preparation of 'H-NMR Analysis

The thawed fat samples were weighed at 05 g += 001 u
microbalance (Mettler Toledo, USA) and 1 mL of deuterated chl@ (d-
CHCI3) containing 0.01 mg of d-TMS as an internal standard ﬂ&est tube.
Then, 600 pL of the solution was pipetted using a micropR?(Eppendoft
Research®) and transferred in 5 mm NMR tubes (Iﬁ. ®). Then the

mixtures were agitated vigorously for 30 sec with a (Lo]‘i et al., 2018)

prior to '"H-NMR analysis. \d
o

N
3.3.4.5 Sample Preparation of '*C-NMR Analysi 4 \,Y*

The thawed fat samples were w;d 2N g i@& using a
microbalance (Mettler Toledo, U\%ed well h 6& of d-CHCl;

S
icropipette (Eppendoft

.g(v

Research®) and transfe i (NORELL®). Then the

a

ccoidi
r%Xg sulfuric acid with methanolic hydrogen chloride 5% as
e

mended (Christie, 1993). Methanolic hydrogen chloride is most widely
sed as an acid catalyst because it is a relatively mild reagent and gives

higher yields.
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The thawed fat samples were weighed at 0.5g + 0.01 wusing a
microbalance (Mettler Toledo, USA) and dissolved in toluene (1 mL) in t
tube with Teflon cap. 2 mL of chloride acids in methanol (5 %) %\dded
before the mixtures were refluxed at 80 °C in a water emmert
GmbH™) for 2 hrs in a stoppered tube and sealed with paraffin film. The
mixtures were then cooled at room temperature. Finally, 5 of deionised

water containing sodium chloride (5 %) was added to stop

The required esters were extracted with e ( &\54-}). The
ing a| Past rl I@Ye. to
as?y Wl.thja mL of

é‘u:ralise any

o
excessive acids. This step was 01ai >because ac@ solution could

extractants have water-containing acids remove

separate the layers. The hexane at the up

distilled water containing potassium

atevj (2 )t

damage the GC column. Next, methy \festw T '\dried using a small

amount of sodium sulphate%ous.“The utioﬂi:)were filtered using a
syringe filter (Whatman™ hﬂ

/L 2 um), argAMEs were extracted with

1.5 mL of hexane. % C analysis, thd @ne portion was transferred to
2

. F &
2 mL vials and kep&w freeie \-4\ i 40%(.}
O

N l

¢

3.3.4.7 Sam %arat' n of -IﬁS/&%)Analysis
N

S esWof fafS .th Pad thawed were pipetted accurately at 20 pL using

£

a mi ipette (Eppendoft e%zfrch®) into a 20 mL capped test tube at then
1% of isopropyl alcohol (IPA) was added (Mclntyre, 1999). Then, the
1Xtures were agitated vigorously on a vortex mixer for 30 sec. Then 1 mL of

e mixtures was transferred into 2 mL vials and kept in the freezer at -4 °C

before LC-MS/MS analysis.



3.3.5 Fats Analysis

3.3.5.1 FTIR Analysis T
The obtained fats from section 3.3.4.2 were placed care%\n a

multibounce plate at a controlled ambient temperature (25 °C) Pasteur

pipette in direct contacted with attenuated total reﬂectanceWR) crystal.

ioN 8 cm’! from

FTIR spectra were recorded from 16 scans at a resolut

4000-650 cm™. The sample cell was washed and dr

the subsequent analysis to avoid cross-contamination.

D [ 1S
3.3.5.2 NMR (‘H & 13C) Analysis S \,‘Z‘

'H-NMR and *C-NMR spectra %;olleu\ed opti@¥~ parameters
such as pulse angle, pulse delay,\hlaxation i (@ '"H-NMR was

utilised to investigate any signi% chang\*A?he ove 1l chemical shifts,
o

and then FAs correlations \%term ed q13CQgc\QR. Single-dimensional,

the '"H NMR spectra w mur'e! K. é@lse sequence was applied

to suppress the resi%;r signal. 31{ @ 128 transients were collected
4 &

in 32 K data poj with i ion ﬁy of 2 sec. A spectral width of

9615.4 Hertz (Hz) and a itionC)%‘fe per scan of 1.70 sec were used.

¢

Before Foiisbre-p ce'% "an(:e?ponential line broadening function of

\
as sap

0.30 H pligd “to fresé}duction decay. The chemical shifts for all

(O8]

sa@ere referenced to te@thylsilane (d-TMS) at 0.00 ppm.

.3%.3 GC-FID Analysis
GC-FID operating conditions were as follows: the column was an HP

Agilent 88 capillary column (100 mx 0.25 mm id., 0.25-um film thickness;
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Agilent, USA); ultra-high purity nitrogen was used as the carrier gas at a flow
rate of 1 mL/min, and separation was conducted in constant flow maode;
split liner with glass wool was installed in the injector; e\ector
temperature was set at 250 °C for split injection at a split rati 00:1; the
FID temperature was set at 280 °C; ultra-high purity hydrogenyand scientific-
grade air were the fuel gases for the FID with the flow rate of¥40 mL/min and
m t 140 °C and

450 mL/min, respectively; the initial oven temperatur

held for 5 min, then ramped up at 4 °C/min to 2400.°C; t is\quature was

o
maintained for an additional 15 min. é
P 4
3.3.5.4 LC-MS/MS Analysis :

In the AB Sciex, 3200 syA\
Phenomenex Synergi Fusion 100% ﬁ%
used for the analysis. Grat%roma ographyi W‘«Q
water, 40 %  (acetonitri N 0" mM, am m formate, 0.1 % with
formic acid (A) and%%s:pr(})’nol, 2‘9I %)CN with 10 mM ammonium
i at% ow rate of 0.25 mL/min. The

( —
4)37

erformed with 60 %

formate and 0.1 formic l

&3

gradient used was B; ](J in, 70 % B; 2.5 min, 90 % B; 3.0—
\ @ ' Co
3.5 min, 5% B} 3.6 /min top'. @e injection volume was 10 L. Isocratic
N
elution % pplied bal%% B&vith 0.1% acetic acid. The column was
eund for 1 min before e\ n.

% sitive ion electrospray tandem mass spectra were recorded by
d yst® software version 1.5.2. The ion spray voltage was set to 5000 V,
nd the probe temperature was set at 250 °C. Nitrogen was used as the

collision gas. The nebulizer (GS1), curtain, and turbo gas (GS2) were set to
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be 40, 10, and 20 psi, respectively. The selected run time for total detection

X
K\

The analysis's FTIR and 'H-NMR data files were requifed to convert

was fixed to around 30 minutes.
3.4 Data Analysis

into the x-y format. 'H-NMR data were transferred frorq Nfzormat to excel
in Microsoft Excel 2010®. The FTIR data were tran fI‘OI'l .sp files into

ASCII files before analysis. Similarly, GC-FID ori inw .d files
> X

: 'ed @were

s(erSion 10.3

(CAMO software, USA), \, y {\V
A A
3.4.1 Data Pre-processing % \? \"\\
?. 0 .

were transformed into ASCII files. These proce and norm

subjected to multivariate analysis using sc

All data sets (X) we ed pre-prdeessin transformation based

on the type of spectra. '}t pr ocessing éw%é chosen according to the
wor

instrument type and % eviou;

and 'H-NMR %bothl \o
(

signal correcti\ C) 1 ia-proeéj‘&‘{ng method that removes variations
@
from the X-data’ unrelat 0"so ‘e')responses. The assumption is that a
N
?el

-

h&ata were employed for FTIR

o

ntinu (wavelet) types. The orthogonal

multivagiat ressio ined on modified data will be more sparse,

rob d interpretable. O@'was initially designed for use with data from

neag-infrared  reflectance  spectroscopy. The  implementation in  The

G rambler® X is based on the work of Fearn (2000).
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3.4.1.1 Data of FTIR

Pre-processing assessments were emphasized on infrared (IRW
output because they are more complex spectra than the other \ent’s
data output. The obtained results bsp. format files were fﬂ&red into
ASCII files using The Unscrambler® X. The assessments w@nducted in
more detail for FTIR spectra based on the most onMy used ones,
especially in oil and fats research. The pre-processi they datasets were

selected, such as normalisation, multiplicative tter ccw (MSQC),
®

second derivation Savitzky-Golay (2" I@baseli eﬁt&ﬁ; and
correlation optimized warping (COW). Y' \" \,Y*

é\‘?
3.4.1.2 Data of 'H-NMR. \ é
The spectral region of @$ pprg};a%i
o)

,@E metabolite peaks
information was binned or

o
0 s ntsch equal width of 0.04

ppm (255 bin variables), usin I\I eNova @hre (version 11.0). Then,
nto a jma
s

the binned data wer% ed i" ﬁl@f 255 variables and subjected
to sum normalis Ncube l \pre-pr(é&(s%g, and auto-scaling. Data pre-
processing ané-alis \3 tv(?j\cstrategies to make features more
comparabl@tivar te::%sé ué-r?'r he Unscrambler® X.

. - \

E\ne spectral region of 0.5-220 ppm containing the metabolite peaks
& ation was binned or bucketed into segments of equal width of 0.02

pm using MestReNova software (version 11.0). The binned data were

organized into a matrix of 550 variables and subjected to sum normalisation.
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Whittaker Smoother corrections were processed for denoises. For further
correction, the full '*C-NMR spectra were exported and converted to VSI

files and then Excel files before being transferred for multivari%\lysis

using The Unscrambler® X. A

3.4.1.4 Data of GC-FID
The identification of FAs was compared to ZOmllonent FAMEs

standard mixtures. The external standard was in th‘e\Qd prior to
®

methylated fat samples. FAs ratios of the i@tanda kx@lated
and calibrated by Agilent Chemstation b? Ve% are, The data
was transformed into ASCII files, thw ]\ﬁcros Ex&)B before

ble®"'x

being transferred for multivariate analysis using The U

2%
‘% S
The LipidView™ m atically @uced lipid identifications
that accompanied p@hﬁes %&as&he peaks could be reliably
identified using %y sefl \hg\ of 4'</0an MS/MS  spectra that are
acquired auto % &pea &Xceeds the specified threshold at

N l“:hS LS
coefficient ation values less than 20%. The results were exported into
&

-
‘\LI_)J?G bc@ transferred for multivariate analysis using

T
a € . \%

-9

3.4.1.5 Data of LC-MS/MS

=

OE Chemometrics Techniques
PCA was used as a preliminary observation of the sample’s distribution. PCA and

Hotelling T2 were conducted to test homogeneity on FTIR lard spectra from the various
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regions before PCA projection. Then, the profiling lard and selected fats after the
heating-process were investigated for similarities or differences in each classw
For the spectral data such as FTIR and NMR, multivariate class1%\ and
multivariate regression were used. This study also applied the support achines
(SVMDA). SVMDA is implemented as classify function, using thew setting the
type option to linear is Nu and C in the Unscrambler® X. Th, fm of SVMDA is
almost similar to the ANN. The linear discriminant algorit Ye-exrlmted by SVM

as C values: 1 and 3, Nu (v) value: 0.5 as the smallest v

Multivariate regression aims to predic hethery the 'ng@ can

dete@es
, P‘Q,\Y. and PLSR

th <<1ues of the Y-

binary matrix. Y-binary matri -halal %nt d@y lard (pig fats),

denominated as 1, and repre éby t}ﬁ other «edib @ ts, denominated as O.

The distribution of the res lotl playing @‘s component (X, Y) and
re variati the data.

PCR denotes by PC is rize m
4 &
FTIR and ! MR da‘t \n pr fggz the heating-proses samples, two
data samples, w a set test set, were divided according to

|
the %ne \?e{tl(t?)After the division, the training set or
\
n sit

calibrati grop., w, ‘; thro& the pre-processing, and then PCA was

app@ multivariate cla sﬂ@ﬁtlon and multivariate regression. The process

chemometrlcs modelling.  Then, the test set was validated through

differentiate lard from selected fats.

relationship with the variables studie

algorithms compared their perforr% )y obse

- By

%

cted chemometric modelling respectively.



3.4.2.1 Kennard-Stone (K-S) Algorithm Selection
The K-S algorithm selected the training set: test set at 70: 30?5
However, in this study, the 2:1 ratio was used. The test set @d to
validate the prediction ability of the suggested models (Li et AM) The
K-S algorithm chooses a subgroup of samples from X t provide a
demonstrative and identical coverage over the data _matr The method
Yt 'm the ordered

initiates by discovery the two samples that are the

distance of PCA scores plot of the raw data before the p ocesging.

Overall, suppose data set from analytm@form TI rtl %MR

have a training data set consisting of pa ) Vi ]\‘,TN X =

(xi1 ...... xip) contains measurements V able on ect I, 1.e.
wavenumber and chemical shift. N& y; 18 s ohs@as the value of
each variable, i.e., classes of lard ; {\types of heated fats.

n ,

Likewise, suppose a test *= 1,40%7\/*. xi = (xf) e e xlf“p).
The training and test s?.sumf oth@mples are from the same
universe as Equation and 3 e ‘o rain g and test sets partition are

according to tIK\S se‘lectl\

projection,

H

heéémometrics model, namely PCA

1¢ati \

function f @gs X VEctory into onédlmensional scores,
L) ‘LV)Z §§;f@o G0
A\ S

~
N 9 = £0i) (3:2)

ere y;and y; are the scores vector for the training set and test set at i‘",
odumn respectively. If larger values of f are associated, then the better

classification of lard.

ivariat 5° and multivariate regression, are
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Scores plots of each model are fitted using the training data, and next
the models are evaluated using the test data. These strategies were uw'ﬂu
FTIR and 'H-NMR data after the heating-process. First, %\riate
classification is used to group the edible fats accordi Second,
multivariate regression is used to discriminate lard and other fat§. Then, OSC-
PLSR was employed to find the important variables 0§Yche~ cal constituents

Identification of the specific FAs subjected he awess were
®

contributing to the lard identification.

employed by GC-FID, *C-NMR, and LC-MS datasefs, then 'O@PCA

1
was applied onto these data because sampw e limit d therh one left

out of the cross-validation was perfomw addéﬁion eatma,@gc.i S-plot or
S-graph were also performed to si\%he visua on é‘fhe X-correlation

loading plots. % \>T
% 0
3.4.2.2 Flowchart of Chemametr1 E:’l 10n
FTIR generated the %t of lard frim'p@from different body parts and

'3 &
regions to create wbase ' \g 3.2)$a&a were divided into training and
test sets befo %re-p i an(tﬁéA analysis. First, the Hotelling T?
?s
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N

Samples Preparation

he|

Multivariate
calibration

Training set

Test set

Data Pre-processing

N

PCA
~

Hotelling’s DATABASE OF LARD
T? PROFILES

~{

Both instruments produ

multivariate calibrati% iVidiI:g

'>us a p‘gs suitable for conducting

chemometrics m evelo]'me\Since (tﬁe BC-NMR, GC-FID, and LC-
MS/MS data an ed, an CA @\%niques were applied.

oy
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