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Appendix B

Symbol used for each volatile compounds

Variables L Volatile compougds v ;
A | ' Heptanal ‘
:_ Nonan# | _




Appendix C
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Scores plot for 0 % lard and 15 % lard Y
pc-1 |PC-2 |PC-3 PC-1  |PC-2 .ﬁc@e

aAl | 25.59734| 35.46469] 5.601321 bA1 56.66505| 4.397368| 3.228132
a1 23.59734| 38.11149| 7.666986 bA1 56.22382| 3.49Nf17] 10.79624
aAl 26.44842| 30.48746] 5.30778] bA1 | 57.17982|48g64704] 5.601321)
aA2 | 27.17982] 35.46469] 5601321 bA2 | 37.1222¢aa M 083] 15.75927
aA2 | 26.11143| 32.37979| -6.55911 bA2 30. 480060 1.39774| 13.57495
A2 26.54726| 31.94707| 5.642529 hA2 30,4879 21.5361| 13.67577
aA3 | 30.50578| 26.81212] 6.653435 bA3 3742 oyl 10.9577
aA3 29.27584| 27.59417| 5.337365 bA3 3.08333| f1.67¢p1] 10D.{RT5
aA3 27.1697| 32.27229] 4.561091 bA3 w114 0.98982 14337
281 | 14.7431] 8.038725| 11.21321 1.120425 63227
aB1 | 16.52489| 8.346877| 13.23864 | MW0.10625
B1 | 14.6738| 8.411014| 16.63274 | 8.606457
aB2 | 47.29673| 8.46065| 9.92287 7.879699
382 | 45.60699| 9.700069| 11.6063 12.51431
1B2 47.17982| 5.464694| 5.601321 16.97173| 12.81565
aB3 64.47923| 8.08367| 11.96778 5.528522| 12.36561
B3 | 67.17982] 5.464694 5.601321 2.95777| 9.33993
aB3 | 67.17982| 5.464694| 5.60132 | 6.823721] 10.80466
aCl | -30.4132] -11.7529 1104 -11.5666| -15.5822
aCl | -41.4555| -1.88117 13669| -7.32045| -27.5153
aCl | -67.1798| 5.464694 ¥ -67.1798| 5.464694| -5.60132
ac2 | 24.5352] -38.1158 46.14335| 11.38221] -11.595
aC2 | 61.65419 49.76233| 9.407163| 24.60545
aC2 | -67.1798 5.46: 67.1798| 5.464694| -5.60132
aC: -56.8068| -0.12458| -5.77175
47.27895| 13.41009| -10.6975

| 53.40203| 16.83881| 26.58041
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Appendix D

x- loading value for 0 % lard and 15 % lard

Variables | PC-1 PC-2 PC-3
A | 0.019131 | 0.110388 | -0.03289
3 | 0.150071 | 0.23575 | 0.154421
C | 0.046794 | 0.155256 | -0.03518 |
D | 0.035498 | 0.063953 | 0.023776
- |
-

' S—— :

0.015799 | 0.027193 1 0.02366
- 0.010895 | 0.007602 | 0.0052
0.056569 | -0.11729 |

0.38223

G
H | 0.013703 | -0.01283 | -0.
K | 0.042284 | 0.032176 | 4
L | 0.00425
p | -0.00011

Q | -0.01266

U | 0.125145

X | 0.897818

Y

7




Appendix E

Scores plot for 0 % lard and 30 % lard
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PC-1
cAl | 16.2517 2.30389
cAl 15.1189 | 6.523902
Al | -70.1074 | %6 | 12.84967 |
cA2 Sy 503 | 6.190594
cA2 VEE 7.796701

149

0.0334

¥ /99

| 9@59.40334
97| 22.86793

17.17982¢

PC-1 PC-2 PC-3
JA1 | 25.59734 | 35.46469 | 5.601321
aAl | 23.5973438.11149 | 7.666986
JA1 | 26.44842 | 30.48746 | 5.30778
aA2 | 27.17982 | 35.46469 | 5.601321
JA2 | 26.11143 | 32.37979 | -6.55911
JA2 | 26.54726 | 31.94707 | 5.642529
JA3 | 30.50578 | 26.81212 | 6.653435
JA3 | 29.27584 | 27.59417 | 5.337365
JA3 | 27.1697 | 32.27229 | 4.561091
aB1 | 14.7431 | 8.038725 | 11.21321
JB1 | 16.52489 | 8.346877 | 13.23864
 aBl | 14.6738 |8.411014 | 16.63274
1B2 | 47.29673 | 8.46065 | 9.92287
182 | 45.60699 | 9.700069 | 11.6063
JB2 | 47.17982 | 5.464694 | 5.601321
T aB3 | 64.47923 | 8.08367 | 11.96778
aB3 | 67.17982 | 5.464694 | 5.601321
aB3 | 67.17982 | 5.464694 | 5.60132
2C1 | -30.4132 | -11.7529
2C1 | -41.4555 | -1.88117
2C1 |-67.1798 | 5.464694 | -
" aC2 | 24.5352 | -38.1158
AC2 | 61.65419 | 44.2802
aC2 -67.1798
aC3 -51.381
aC3 | -54.7743

26.1654

457 | 25.23219

A-24. 22.92817
W-12.1562 | 11.6588

D | -6.68578 | 6.445455

34277 | -6.68578 | 10.0334
AR2369 | -8.4445 | 10.93007
NLS.4867 | 3.696771 | 24.72209
-55.1503 | -38.2668 | 1.907576
37.79158 | -3.98845 | -13.1527
-43.2937 | 9.452102 | 5.90177
34.21036 | 3.181734 | -17.302
| 40.0054 | -11.3173 | -15.2304
45.76239 | -21.9269 | -7.22571
149.6364 | 4.03299 | 6.097345
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Appendix F

x- loading value for 0 % lard and 30 % lard

Variables | | }
| PC1 | PC2 | PC3 |
10019392 | -0.10276 | 0.010249 |
1 0.128673 | -0.19129 | 0.246046 |
 0.046673 | -0.14884 | 0.03504
~ 0.0366 | -0.05721 | 0.05521¢
| 0.011754 | -0.01851 | -
 0.00878 | -0.00461 | O.
1 0.030278 | 0.344352 | 0.
1 0.028308 | -0.00913
- 0.058218 | -0.
1 0.001299 | -0.
0.004165 |
| -0.0221
1 0.102906 _ -

NI<|IXICIOD|D|Ir|R|IZT|OO|MmMm|mMm|O(0O) | |P




Raw data

A
aA l 58.00 + 0.59
A2 57.74+020 |
1A 3 56.35+0.00 |
aB1 5532+ 1.10 |
aB2 53.09 £ 0.06 |
aB3 54.194+0.07 |
aC | 56.64 £0.13
aC2 54.95+0.05 |
a2 53.95 +0.05 B
bA I 55.40 + 1)40
YA 2 55.17 £ 0.05
DA 54.40 + (.23
h13 | 56.81 £ 0.82 |
B2 54774043 |
h13 3 ) ' |
(|
b( 2
H (3
cA
CAZ

‘¢ 1h

, lard in 100 % KON

| lard  on
our heating ume,

Appendix G

for value

70 % RBD pal

L = : hUllI:w

for IV.

6.40 +0.10
10.17 +0.22

20.;() =

PV

226+ 004

41

R :'(0+ 0.00

14.30 + 0.20

l(ﬁ4ﬁ+()4ﬁ |

8.26 + .58

5.73 £0.15

17.76 £ 0.00
0.60
20.00 + 0.(

IL)')"' -

palm o1l, b
A= 120 °C,

= 3 hours heating time

m oil.

iecating time, 3

duplicates

PV and color

—_

e

(a™)
_L@l{ o
-~ =1.97£0.0]
:()2 :r'O 0

8+ 0.02

1_0 07
4(/ 0+0.03
] ‘1(‘1 1() OF}
-1.6() +0.04 |
1.55+0.00
-1.17+0.01 |
—_ _:;\ = £}, 01 |
=].31 £0.00
-1.07 £ 0.00

T— NN -

B= 180 "C, C=

240

15 % lard in 85 % RBD palm o1l.
U(ﬁ‘ 1
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Appendix H

Table Scores plot for sample a, b and ¢

PC-1 PC-2 PC-3
a Al L3.338 -3.290 0.074
aAl 13.466 -3.473 -0.068
d AL U.601 2.3 = S M -
a Al . 121b -2.262 = 8 [ G K.
aA3 L. 1821 -0Q.782 -0.015
a A3 16.361 -0.746 0.043

abBl LSS o B S 4 0.02°%

aBl 1.8/72 0.501

a2 1. 29X > I B o

a3 0.903 2.1/749

aBg3 0.556 L.l D3

aB3 -1 .41 .99

all 6.697 0.979
acC1 7.867 -1.189 Wl
aCl 2.968 e F7-2 ‘
22 r 0.6

a2l

a3C 3

l'l-;hl

A1

DAL

1'!.«""\._"?

A3

I>A 3

b3 1

}. 88

bhB2 i:?tjﬂ

Y[R 2 - i B 0.335

bHB1

0.016

-0.01 49

-0.01 8

O.134

0.008

0.0499

0.058

L) 533

O.<18 1

.99

0,175

T 9% W R

.30

. X L3

(.335

L) -30%

0. 3232

0.047

2 v S

0.233

.46 .2

- 3.8 11 0.4492

c 2 S84 0.8 PR B |

cC2 22.063 L oy O.401

T3 .94 1.0658 0N0.374
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Appendix |

Table loading plot for IV, PV and color intensity

'V PV Color
PC-1 0.040992 -0.99916 -0.00137
PC-2 -0.99382 -0.04091 0.10315R'
PC-3 -0.10312 -0.00287 -0.9Mg6
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Appendix J

Papers Presented at Postgraduate Colloquium 20135

[ ffect of Heating on Lard Adulteration in RBD Palm Oil Using

Chromatography and Chemometrics :\ )

- . | * \ A
A.H Sulaiman . M.S Hassan “*. A.A Rahi

andar

‘NS A xl..mJl..l\xn
N M tll‘éx.

“Institute of Halal Research & Management (IHRAN
USIM). Bandar Baru Nilai, 71800 Nilaj

:ﬁ](){_fﬂ

LIST]

Adulteration has gained

» on the pmlllmﬂr of lard (15 %
ml 240 °C tor 1. 2 and 3 hours.

d mm\,@; sing GC-MS headspace method.

> mean centre prior to  Principal

and religious issues. This study ass

and 30 % lard) spiked in RB)

[he volatile compounds, €N
Multivariate data  troi \—

‘!I\ 1
Components Analysis |

Llhil o

i
- ¥

| d{]he he result obtamed from the score plot

o1l showed the same pattern for heating

I{)I ‘(l Imrl I ilti ll]ti

lemperature l both sample and control are scattered in the

score plot. \ln_ mlmh detected did not significantly correlate

with S nn[‘rh ‘w\

Kewword®A dulteration, Heating effect, Lard protiling, GC-MS Headspace. PCA



