
61 

REFERENCES 

Alam, N1. A. & S. F. Hamid. 2007. "Application of FTIR Spectroscopy in the 
Assessment of Olive Oil Adulteration". Journal Applied Science Research. Vol. 
73. p. 102-108. 

: 11-Jove dcr. 0.. C. K. Kemsley & R. H. Wilson. 1997. "Mid Infra Red Spectroscopy 

and Authenticity Problems in Selected Meats: A Feasibility Study". Food 

/sin ". Vol. 159 (2): p. 195-199. 

Alircza. S., C. P. Tan, M. Hamel Lý Y. 13. Che Man. 2010. "Effect of Frying Process 

On Fatty Acid Composition And Iodine Value Of Selected Vegetable Oils And 

Their Blends". International Foo ! Rcsc urrh Jcnn nal. Vol. 17. p. 295-30-2. 

: Ambali, A. R. & A. N. I3akar. 2014. "Peoplc's Awareness On Halal Foods And 

Products: Potential Issues For Policy Makers". International Halal Conference. 

P\V'TC. Kuala Lumpur. 

. Andcrsson, K. 1998. Inilucnce of Reduced Oxygen Concentrations on Lipid 

Oxidation in Food During Storage. (Ph. D thesis). Chalmers University of 
Technology and the Swedish Institute for Food and Biotechnology. 

Andrikopoulos, N. K., N. Kalogcropoulos, A. Palirea & M. N. Barbagianni. 2002. 

"Periorn ancc Of Virgin Olive Oil And Vegetable Shortening During Domestic 

Dccp-Frying And Pan-Frying Of Potatoes International Jonrnul o/ Food 

Science and Tcchnolo. Vol. 32. p. 177-190. 

: Aparicio. R. &, R. Aparicio-Ruiz. 2000. "Authentication of vegetable oils by 

chromatographic tccliniqucs". J0i11"Iul Chronurýoýrcrplýl. Vol. 9. p. 9? -104. 

13olouriau, S., A. Raic, G. G. N1ov'ahhed L K-' Pfshari. 2011. "Evaluation of Thermal 

Resistance and Efliciancy of Palm Olein and Canola Oil in Frying, of Potato 

Chips". Intcrnalional Coll-rc'. cs on Enýdýýccriný and Foods. Athens. 22-26 May 

ßuskuu, G., F. N. Salta, A. Chiou, F. Troullidou S: N. K AndrikohoIOtis. 2006. 

"Content 011 Trans, Trans-2,4-Dccdienal In Deep Frigid And Pan Fried Potatoes. 

l: 'rn oiwaur Journal Lipid Scicrtcc Tecnologt^. Vol. 104.1i. 14-1 S. 



62 

Burke. D. accessed: 8 August 201 
. "The World Fastest Growing Religion". CA \T 

edition. <edition. cnn. com/2015 0/02/lining/pew study religion%>. 

Ccrt, A., W. \Vorcda & M. C. Perez -camino. 2000. "Chromatographic Analysis Of 

Minor Constituents In Vegetable Oils". Joinrnal ot'Chromatograph. v. Vol. SS 1. 

p. 131-1-1`. 

Che Man, Y. B., A. M. Marina, A. Rottman, H. A. A. Al-Kahtani & 0. Norazura. 2011 a. 

"A Fourier Transform Infrared Spectroscopy Method for Analysis of Palm Oil 

Adulterated with Lard in Pre Fried French Fries". Inte"national Journal ü/'Fooel 
Properties. Vol. 17. p. 354-362. 

Che Man, Y. B, A. Rottman & T. S. T. Mansor. 201 lb. "Differentiation of Lard From 

Other Edible Fats and Oils by Means of Fourier Transform Infrared 

Spectroscopy and Chemometrics". Journal o/' the . -lnwricun Oil Chemists 

WOO % Vol. SS. p. 1 S7 -192. 

Chc Man, Y. 13.. Z. A. Syahariza. M. E. S. Mirghani. S. Jiuap &. J. Bakar. 2005a. 

"Analysis of Potential Lard Adulteration in Chocolate and Chocolate Products 

Using Fourier Transform Infrared Spectroscopy''. Food Chc'mistlav. Vol. 90. P. 
815-819. 

Che Alan, Y. 13., I I. L. Gan, I. NorAini, S. A. H. Nazimah & C. P Tan. 2005b. "Detection 

01 Lard Adulteration In RBD Palm 01cin Using An Electronic Nose". Food 

Chcnri. cn-T". Vol. 90. p. 829 -835. 

Che 1v/Lan. Y. B. & M. I. S. MirLhani. 2001. "Detection of Lard Mixed with Body Fats 

of Chicken, Lamb, and Cow by Fourier Transform Infrared Spectroscopy". 

Jow i; rl n/ thc. I nrerican Oil Chemists ' Socic ii".. Vol. 78. p. 753-761. 

('hcn, A1'. S., D. C. Liu & M. T. Chen. 2004. Determination of Quality Changes 

throughout Processing Steps in Chinese-style Pork Jerky. isiuii-. irr. ytruliun 

Jýýurnýrl . 
iiiimul SCienc"c. Vol. 17. p. 700-704. 

Oboe, F. S: D. B. Min. 2006. "1\MIccahnism and Factors for Ediblc Oil Oxidation.. 

Centprclreitsii c Rcl'icii' Food Sriotre Food Srrf l. V. Vol. >. p. 169-186. 

('hoe I.., J. Lec S: D. R. Min. 2005. Cheinistrl. Jor O-v-icluüi e SlabilitlV O/-I: (lible Oils in 

hooks Ilc(rllh/lI/ Lipids. USA. AOCS Press. 

1997. "I: Ilcct; Of Ilratinýý l'imc And Storagc Tcmpcrature O>> The 

Osidati\c Stability of' Ilcatcd Palm Oil". h-orcanr Journal Food Scic, 11cc 
7ý'cltnrýl. ý'ul. ? 9. P. 407 411. 



63 

('ue; ta. C.. F. J. SaInehez-\luniz S: 1. IJernandez. 1991. "Evaluation Of Nonpolar 

'Methyl linters By Column And Gas Chromatography For The Assessment Of 

Used 1=rv'int, oils. Iomnul o/' . -lme'ricun Oil Chcrmisfl i Societe. Vol. 68.1). 

-14. ) 445. 

Cordella. C.. I. %loussa.. A. C. Aland. N. Sbirrazzuoli & L. L. Cavelier. 2002. "Recent 
Developments In Food Characterization And Adulteration Detection: 

'l'cchniyuc-Oriented Pcrspcctivcs''. Jfoiinurl Of Agricultural Ami Food 

('h& micn-l . 
Vol. 50.1). 1751-1764. 

Ihihimi, O.. A. A. ! alum. S. M. Abdulkarim, M. S. Hassan, S. Zam Ilashari, A. 

Mashitoh S: S. Sandi. 2014. "Multivariate Statistical Analysis Treatment of DSC 

I-hcriual Prop,: 1tics 1,01- Animal Fat Adulteration". Food Chcnlistrh. Vol. 155. p. 
1.1-I. "ý. 

llasý: ui, A. : Abdul Rahim. SAl. Abcdulkarim & A. Siti Mahitoh. 

2013. "1)itl'crcntiation of' Land From Other Edible Fats by Gas Chromatography- 

Flame Ioni, ýation 1)cicctor (GC-Fll)) and Chcmonictrics". Journal ojl"ýoo(l anrl 

l'h, ýnnr, rýcraicvl 5c1cnct's. Vol. 2. p. 27-3I. 

Pais. P. fi A. Spyros. 2007. 'P NI\1R Spccu-oscop' in the Quality Control and 

: Autltcnticatloll of, Extra-Virgin 0livc Oil. A Review of Recent Progress". 

Ihrýný hic Rsunonuni t Chonisn-. Vol. 45. p. 367- 377. 

The Chcmistn- of' Lsscntial OII. Vol. 1 h. -14S-') 
I6. 

Da% iklc. F.: 1. M.. ('. Di \, italc -ý- 
A. D'Amico. 1995. "SclC-0nganizing, Sensory Maps 

in Odom- ('lassiIiratloll Mimicking". Biosensor ßioclcctroWr. Vol. 10. p. 203- 

2I ti. 

1)irinrk. P.. L. Schrcycn. I.. Dc Schocnmackcr, F. Vk'ychuysc &, N. Schamp. 1977. 

"V'olatilc C'omponcnls O1ýC'ruclc Palm Oil".. horrrnul ofFoo(l Scicnre. Vol. 42. p. 

(, 4ý o4, -,. 

rd%ý in. F. N. ": Antioxidants in I. ipid Foods and Their Impacts on Thc Yield on 

lOod (, )ualit\ .,. C/; l'MrSnT. VOL 57. p. 5 1-5-5. 

I. li; i, i. I. R. 
. -00- 

hoýhcr ; uld 11; I1.11: Iýcliýýious Ohsrreallccs 

Intakc> , Vol. 101.1). 911-913 



64 

I=adzlillah. N 
. A.. Y. H. Chc Alan, N1. =ß , 

Ianialudin, S. A. B Rahman & H. A. Al- Kahtani. 
? 111 1. "1lalal Food issues I'rom Islamic and Modern Science Perspectives". 2nd 
lnti'rnational Conlci cncc' oil Himiunitics, Historical and Social Sciences. Cairo. 
21-1 3 October. 

Fil-c, 13.2007. Palm oil miracle. USA: Piccadilly Books. 

Frankel. F. N. 1985. "Chemistry of autoxidation: mechanism, products and flavor 

significance'". In: Min D13, Smouse TI-I, editors. Flavor chemistry of fats and 

O Is.. -1mL°rican Oil Chemists Society. p 1-34. 

(iuillcn. X1.1). & N. Cabo. 1997. "Characterization of Edible Oils and Lard by Fourier 

Transform Infrared (FTIR) Spectroscopy, Relationships Between Composition 

and Frcclucncv of Concrete Bands in the Fingerprint Region". Journal of the 

. -I mci ican Oil (hcnri. cis Societe. Vol. 74. p. 1281-1286. 

(; unstop. F. D. )OO4. The Chcmistrl" of Oils and Fats: Sources, Composition, 

Pro/'l riiL's and Uses. UK: Blackwell Publishing Ltd. 

Gopinath, : A., P. SuLumar & G. Nagarajan. 2009. "Theoretical Modelling Of Iodine 

Valuc And Saponification Value Of Riodiesel Fuels From Their Fatty Acid 

Con positions Re! leivablc' Enc'igv. Vol. 34. p. 1806- 1811. 

I lai, I.. ý . 
I. AV aný. 006. "Detection Of adulteration In Camellia Seed Oil And 

Sesame Oil Using An Electronic Nose". European Journal oJ'Lipid Science ai d 

Y'ýchnulu, >'. A'()I. 1018. p. 116-124. 

I Iallllltoll, R., I. 1004. "Hic Chemistry of Rancidity in Foods", in Runcirliti, in Fooels. 

. 
I. C. : AIlcn & R. J. Hamilton (comp. & cd. ). London: Mackie A cademic & 

Pro fcssloll al. p. 1-21. 

l 1;,;; an. NI. S. fi N.: A. NI Sallch. 2W. "Principal Components Analysis (PCA) On 

Nlultiv ariatc Data Of Lard Analysis In Cooking Oil". Journal of 1fathenwtics 

un(i S): ctcm Scicncv. Vol. 5. p. 300-306. 

I [asýý cII. ti. 1.1 `)1)2. IntroJiictiorr to C hc'rnronictri(S. 

('/ nioni trier. New York: Nlarccl Dekker Inc. 

Iii Practical Guide to 

I lall]-Ad. 1. ý'.. I'. Nca\cs. I'. I. Hicks, K. C. Pcrsaud & P. '1'aýýcrs. 1994. "Toward an 
Intc,, ratcd Hcchronic Nose Using Cunductim; Polymer Scnsors". Scirso»'s unr! 



65 

Indrasti. D., Y. B. Che Man. S. NIustaia, & D. 1\I Ilashim. 2010. "Lard Detection Based 
On Fatty Acid Profile Using Comprehensive Gas Chromatography lillphenated 
With Time-Oll Flieht Mass Spcctromctr_y". Food Chemistry. Vol. 122. p. 1273- 
1277. 

A1., iA1. Kadi\ar & J. Kcramat. 2009. "Detection of Adulteration in Iranian 
Olive Oils Using Instrumental (GC, NMR, DSC) NIcthods". Journal Of The 

. -Imrricam Oil Clrrmi. ýtc' Societv. Vol. 86. (2): p. 103-110. 

Jclcn, 1 1.11., S. \1. Srkudl: uz, I. Jasinska & F. Wasnvicr. 2007. "A hcadspacc SPME 
\1S \Icthod For \10nitorim-, Rapeseed Oil Autozidation". Journal (? I'Amcrican 
Oil C'homist 's Socicti". Vol. 84. p. 509-5 17. 

JulliITC, 1. l1)18 (). I'rinc üýrrl Conrj4PrCnt. -lrnah'sis. A'cw York: Springer Verlag. 

I. ai, O. L. MC. P. Tan. C. C. Akoh. 2012. Palm Oil Production Procc. c. cing, 
Cliuructrri_utiun und Uscs, USA: AOCS Press. 

Lai. O. M. & C. C. : Akoh (comp and cd). 2005. `Palm oil, its /actions a171l 

c(Mt1)M70nst' /Icath/irl lipids. Illinois : ; ROCS. 

I=. K. Kcslcv S: R. H. Wilson. 1995. "Quantitative Analysis of Potential 

: AduItcrants o1 I xtra V'iri-Iin Olive Oil Using Infrared Spectroscopy". Food 

('h"nnisn. v. Vol. p. ý), ý-98. 

I. cc, J. NI.. I). II. Kim. P. S. Chang & J. 11. Lee. 2007. "Ileadspacc-Solid Phase 

N icroexlraction (IIS-S1'NIF) ; Analysis Of Oxidized Volatiles From Free Fatty 

: acids (FF : \) And Application For Measuring IIvdrogcn Donating, Antioxidant 

\ctiv ity" [' ood C'lit cini. cirt'. Vol. 105. p. 414-420. 

O.. S. Surinýier fi G. : Allan. 2002. "llieh ý)Icic And Lligh-Stc. lric Cuttonseed 

Oils: Nutritionallv Improvcd Cooking Oils Developed Using Gcnc Silcnrim, ". 

Juuriral �lt/W. ImcTicalr C/1ý, ýýuJ. Autriliun. Vol. 2 I. p. 205 -2 11. 

l. llfcllY. lý, I. A1., J. 1-1). Pavun. M. F. F. Lacslr, ia. C. `. (i. Pinto k, B. M. Cordcm. ? OO?. 

"I)ctcctiýýn OC Adultcrants In Oli%c Oil By ]]cadslrlcc-Nlass ShcctrOmctr\,. 

luurn, r! ýý1ý('hrýýntu<<ýýýrýýýýhý. Vol. 045. h. -'-)]--')30. 

I icrnanclci-Alunoz &- F. A. Coutclicris. 2006. .. l'ackaging, oi'0li%, c 

t>u, ilitv Issucs anci Shclf Lifc I'rcclictions". Food Rrvrcil's 1111cr-iralrounrl. 

VA. 22.1,. 381-404 



66 

Kadcgovvda. ; A. K. (i.. L. S. Pipcrova &L R. Lrdman. 2O08. A. Principal Component 

and \lultiv ariatc . Anal sis of \lilk Long-Chain Fatty Acid Composition During 

Dict Induced Milk Fat Depression". Journal Dairy Science. Vol. 91.1). 749-759. 

lýulh, B. k' L. S. Itu, c. _'OO(ý. 
Ilru(lchucýcý Gus C'In-cýnurto"ruphtý: 7 7rrurtý and Pructiýýcý. 

Sccontl ctlitir>1r. l_'SA: Wilcy 111tcrscierncc. 

KoutihkI. M1., M. Nahicii. F. Chcraghani. 2015. "Physicochemical Properties, Fatty 

Acid profile and Nutrition in Palm Oil". Journal of Purcnnccliccrl Science. Vol. 

6. p. 4-?. 

Niachick. D.. I. Iktassc k' S. M. Aran Ruth. 2004. "Gas Chromatography Olfactory 

: Analysis ol 131TF %lcat Originating From Dillerently Fed Belgian Blue. 

Limousin and : Ahcrdccn Angus Bulls". Foot/Chenri. cin. Vol. 861Y 37T38 l. 

ýlan; ur, l-. S. T.. 1'. 13. Chc \lan S: M. S}huhaimi. 2012. "Fiiiploymcnt of Differential 

Scanninw, (-alorimcu-v in Dctcctinýý Lard AClultcration in Virgin Coconut Oil". 

/uurn. rl ()/I1rC . lniLTiCUu1 Oil C'hýými. rt. c' Snricýlt 
. 

Vol. 89. (; ): p. 485-496. 

1vl, irina.: A. NI.. 1-. I3. (he flan fi 1. Amin. 2010. "Use of the SAW Sensor Electronic 

Nosc iior I)clcctimi the : Aciulteratiun of VirLin Coconut Oil with R13D Palm 

Kernel Olcin". Journul o/ thc° . 
Inrcrirun Oil Chc'mi. cr. c' SOCC'tt'. Vol. 87. p. 263 - 

270. 

Clie '\lan. S. I1. Na/imah & I. Amin. 2009. "N1onitorin« The 

: Adultcration O1ý iroin Coconut Oil 13y Selected Vcuctable Oils Using 

I)i1'fcrcntial Scannin, 
-, 

Calorimctry... 
, 
lorurnu! OfFoor! Lüpids. Vol. IC. (I ): p. 50- 

01. 

Cvlarikl. ar. I.: AI. A. k, \: A. AI. Yantv. 20I4.1: i1'cct of' Chemical and Fiv. \mnlic 

Nlodilic; aions on the ldentitv Characteristics of' Lard: A Review. Intcrnutronul 

, 
. 
/UllrRili rý/I'rýrý, / I'rý)fýc7'1Iý'. ý. Vol. 1'. h. _, -' 

1 
-? 

Ji 
. 

ýlaril: l ar. . 
l. A1. A., I I. A1. (; hai, ili. Y. B. C'hc Alan, T. S. G. I'ciris & O. M. Lai. 2005. 

Lard Fr0111 Othcr : Animal Fats in : Acjmi\tures 0I, Somc 

Vcgctaldc Oils l': ing l. icluid ('hmmatugrahliic Data C'uuhlcd \Vith I\"'lulti\ariatc 

1); Ita AIlal\yj. j"ýýrý, l Ak)l. L)l. 1), 5-14. 

is. I I'r-, rc1ical Cý, r's Guic(r S'c'rýýnrl 1: ýýliliun. Canada: 

Johll 



67 

Nlcincrt. I... L. T. . Andcrscn, W. L. P. l3rcdic, C. ßjcrgcgard & M. D. Aaslvng,. 2007. 

' Chcmical And Sensory Charactcriiation Of Pan Fried Pork Flavor: Interactions 

ßetwccn Ra" Meat Quality. Ageing And Frying Temperature". ! Heat Science. 

Vol. 75. (2): p. 22)-24'. 

Mishau'ina, T. A. &. Polslhkov. 2005. "Antioxidant Properties of Essential Oils: 

. Autoyidatloll of Essential Oils From Laurel And Fennel And of Their Mixtures 

With Essential Oil From Coriander".. -lpplic'cl BiochemisnaT A*licrobiolo,,, i. Vol. 

41. p. 0 10-(, 1 

\loialcs. ivl. T.. R. : Aparicio & J. J. Rios. 1994. "Dynamic llcadspacc Gas 

Chromatographic Method For Determining Volatiles In \7ingin Olive Oil". 

. I( rn n il u1 ý hr111)/o <ýýrýýj>Jn . 
Vol. 665. p. 455-462. 

n. a. "I'orl: I)NA tiurnul in Chocolate in NIalaysia". Food suictlnews. 
htth: ýýýýýý. 1iýodýafctýncýýs. cony? l)1 ýi0>Jrccall Iwrk nda traces found in 

cadhur\. -choco latc-in-malakCCc1KUc=II= 
. acccsscd: Iý Novcnibcr 

? l)1-I. 

Nurjulinna. A1.. Y. B. Chc Mall. D. Mat Ilashim S. K. S. Mohamed. 2011. "Rapid 

Idcntilication Of Pork Or llalal Authentication Using, The Flcctrir Nose And 

(ins Chroniatogrnphy Mass Spectrometer With Ilcadspacc Analyzcr'". llc°crl 

S'(7c'17CC. A'ol. SS. p. 635-644. 

\urrulhi(laVah. AT- TAT- 1ý. 13. (10 ýlan, lI.: A. : AI-6ahtani N-, A. Rohm, an. 2011. 

"; Application ot, I, IVIIZ Spcctroscopy Coupled with Chemomctrics l, 01- 

: Authcntication ot'\i-clla Saliva Seed Oil". SpcctrrscW, Vol. 21 It AM>0. 

Nor, A1.. A. Aaruha &, \.: A Iýlris. 2007. "Many; Ol I leadspace Volatile Constituents 

OK I'lam Olcin And Selected Oils : ARcr llying, French Fries". 1'al; r. <<anJolunnal 

n/l3rulýý, >i<al. 5'cwnýc;. Vol. 10. p. 1044-I041). 

Ntal alýanc. NIT.. X. M. Liu &- 1'. Zhou. 201 3. "1\6pic1 I)ctcctioii of Milk Fat 

: Adultcration \\ 1111 VC, 
-, ctahlc Oil by I'Iuoresccncc spectroscopy". Join-1141l Alin. 

S(iC n( C. V01.1) 0.1). -, 
13 O--, 13 0. 

Ol; ini\an. M. A. 1010. of I". XU; trtion Conditions on the Yield And Quality of 

Oil From C"a. tor l; C; in". , 
l�trrnal and U11scrcc%c. Vol. I I. h. ? -I->;. 

A'. A.. I. J. hý,: ir. 
. 
I. lý: Shanýýcnhcrýý & . 

I.. I hidriý. 2001. "Flic : AhhIicatloll ol, 

\\IR and \IS \Icthols I, or l)ctcction of : Adultcration o( \V'irnc, Fruit Jtuiccý, and 



68 

Uli\-c Oil. A rcvic\v". Analytical & Bioanurhytical Chemrstrv. Vol. 376. (4): p. 
424-430. 

Paleari M. A.. A'. %1. Moretti, G. Beretta & F. Caprino. 2006. "Characterization Of A 
Lamp plain Fatty Acids And Volatile Compounds Composition''. Journal of 

. 
1lusclL' Foorls. Vol. 17. p. 39S-412. 

Park, Y. AV.. P. S. Chang S- J. Lee. 2010. "Application of Triacyiglycerol and Fatty 
Acid Analyses to Discriminate Blended Sesame oil with Soybean Oil". Food 
C'hcmisva. Vol. 123. p. 377-353. 

Pena. F.. S. Cardenas, NI. Gallego & Valcarcel. 2005. "Direct Olive Oil 
Authentication: Detection Of Olive Oil With Hazelnut Oil By Direct Coupling 
Of llcadspace And Mass Spectrometry And Multivariate Regression 
'I'echniducs". Journal ot'Chroni itogruph}". Vol. 1074. p. 215-221. 

Petersen. K. D... 1. (icrhard, B. S. Mechthild & F. Jan. 2013. "Chemical And Sensory 

Assessment Of Deep-Frying Oil Alternatives For The Processing Of French 
Fries". l: rovoi)c'air Journal o/'Lipid Science and Technology. Vol. 115. p. 935- 

945. 

Petersen, K. 1)., K. K. Klccbcrg, G. Jahrcis & J. Fritsche. 2012. "Assessment Of The 

Oxidative Stability Of Conventional And High Oleic Sunflower Oil By Means 

OI' Solid Phase Microcxtraction Gas Chromatography". hrternationol 
. 
Journal 

l 'ond. ti-( icncc 
.A utritio)1. Vol. 63. p. 160-169. 

s. 1995. Institiut Penvclidikan Minyak Kelapa Sawit Malaysia. PORINi 'Isst Method" 

Palm Oil Research Institute of Malaysia 

PoullI, K. I.. (I. A. Nlousdis & C. A. Georbiou. 2006. "Synchronous Fluorescence 

Spcctroscoliv ti)r Quantitative Determination of Virgin Olive Oil Adulteration 

with Sunilowcr Oil".. lnuhvicul & Biounulwicul Chcmistrr. Vol. 356. (5): p. 
1571-1575. 

Iliac. ýI ý'. & X1. A1. ('haudrv. 2004.1lulal Food Production. London: CRC Press. 

Ruhnru1.: A.. E:. l riýana. Sismindari & Y. Iirwanto. 2012. "Differentiation Of Lard 

And Other : Animal Fats Based On Triacylglyccrols Composition And Principle 

Componcnt : Analysis". lntcrnutrouul Fool Rcscurc"h Journal. Vol. 19. (2): p. 
475A-'). 



69 

Rohman, : 1.. Y. B. Chc Man, A. Ismail & H. Puziah. 2011. "FTIR Spectroscopy 
Combined vw ith Chemonietrics for Analysis of Lard Adulteration in Some 
Vegetable Oils". Ci'tu-, Journal o/ Fool. Vol. 9. (2): p. 96-101. 

Rohman, A. & Y. B. Che elan. ? 009a. "Analysis of Cod-Liver Oil Adulteration Using 
Fourier "Fransiorm Infrared (FTIR) Spectroscopy". Journal of the . lmerican Oil 
Chcmi. sts'Socictly. Vol. 86. p. 1149-1153. 

Rohnrui. A. A. &Y 
. 
R. Chc flan. 2009b. "Monitoring of Virgin Coconut Oil (Vco) 

: Adulteration With Palm Oil Using Fourier Transform Infrared Spectroscopy". 

. hnunal �/'Food Lipids. Vol. 16. (4): p. 615-625. 

Sac chi. R.. A. Franre; ro ýý L. Paolillo. 199. "I I [and 3C NMR of Virgin Olive Oil. 
An O\ Rc. conunccin ChL'nhisirl. Vol. 33. p. 135-145. 

Sallch. N. A. M. 2015. Analysis Of Lard In Used Cooking Oil Using Gas 

'1nomatographv Flame Ionization Detector (GC-FID) Combined N ith 

( hemometric Technique (master thesis). Universiti Sains Islam Malaysia. 
Negeri Sembilan. 

R. B. V. tiailnja. T. A. Srccnivasa Rao &, G. Nagcswara Rao. 2011. 

"Phpico Chemical Studies On Tcxturizcd And Partially Hydrogenated R13D 
Palm Oil Samples". Annals ofBiologicul Rcscmrh. Vol. 2 (4): p. 439-446. 

I In & D. B. Shin. 2010. "Detection Of Corn Oil In Adulterated Sesame 

Oil ßv Chromatography And Carbon Isotope Analysis". Journal (? J' the 

. Imp rig un Oil Chc'nrist. X' Societe. Vol. 87. p. 62I-. 626. 

Shahidi. 1ý.. P. K. J. P. D. Wanasundara & U. N. AVanasundara. 1997. "Changes In Ldiblc 

Fats And Oils 1hurin-, Proccssimý'. Journal Food Lipids. Vol. 4. p. 199-231. 

Sl1aliidi. F. I094. "Flavor Of \Icat And Meat Products And Overview, In C. A. Ilull 

(I d). Flavor Of \Icat And Ntcat Products 
. 

ýhcraii, ti. l. ll., M. : AIi S. A. Al2010. ": ýpplication Of Fourier-Translörm 

Inlrarcýi ý IýlF-II: l'ransmission Spectroscopy For The Estimation Of 

Roýithromýrin In I'h: u"maceutical Formulation". Vibrational ShcctroscopY. Vol. 

5. p. I15-I1S. 



70 

Shin, 1'. J. &. L. I. Shannon. 2010. "Using, Indicators For [valuating, Comparing And 

('0nrnitinicatin, ý the Ecological Status Of Exploited Marine Ecosystems". 

Au nLrl o/ Vwvnc Srrcnc"c. Vol. 07. p. 200- 205. 

Silýa. F. A. (\1.. F. 13ý, rýýc, S-, M. A. Ferreira. 2001. "Effects of Phenolic Propel Esters 

on The Oxidative Stability of Refined Sunflower Oil". Journal Agricultu e Food 

C7rcnlisor . 
Vol. 41). p. ; 9; 6-3941. 

Snow. N. H. & G. C. Slack. 2002. "Head-Space Analysis In Modern Gas 

Chroniato'-'raphv". TI-AC T)'ClI s in . -1 iruh"tical Chemrsti-v. Vol. 21.1). 605-617. 

Stankhc 1--11.191)-1. ": aroma Components From Fermented Dried Sausages Fermented 

With Staphylococcus \v locus' 
.. 

tlc'nt Science. Vol. 38. p. 39-53. 

Sucihtcý. Irraman, T. T. lrN\adi &, A. M. 1=auzi. ? Oll. "Potential Of Conductance 

NIcasurcmcnt For Lard 1)ctcction". lirterrnational . 1olu-1url ol'Basic S, Applied 

S'cicncc. Vol. 1 I. (5): 1). -'6--)0. 

Svaharira. 7.: A., 1'. 13. Chc Man, J. Sclamat S: J. I3akar. 2005a. "Detection Of Lard 

, Adultcration In Cake Formulation By Fourier Transform Infrared (FTIR) 

ýý , S1, cctno; crýhý'". ý r>r, c C rýýntistrý'. Vol. )_. p. 3C>>-371. 

Svahariia. /.: A., 1.13. C'he Man. AI. F. S. Mii'ghani, S. Jinap & J. Baker. 2005h. 

": ýnalýsis Of' Potential Lard : Adulteration In Chocolate And Chocolate Products 

l'>im-, Fouricr l'ransform Infrared Shcctroscopy.,. FOod C'hcniisti_i". VoL 90. p. 

S 

Tan, Chc Man. J. Sclamat &- \I. S. t\. Yusoff. 2002. "Comparativc Studics 

of OX iclati\c StahilIt v of Lciihlc Oils by Diflcrcntial Scanning Calorimctrv and 
OXi(l; uivc Stability Indcx Nlcthocls". Food Chemistrv, Vol. 70. p. 185-3389. 

'I'akc�k, i. (T. IZ., 6.11. Full &' L. T. DaO. 1997. Ff fcct Of I Icating On Thc 

('harartcristics And Chcmical ('Omhositiom Of Sclcctcd Frying Oils And Fats. 

Journal : Agriculturc Food C'hcmistrý. Vol. 4ý. p. ',? 44-3249. 

Tolics A1. A1.. AI. I.. Ala. tincr, k D. M. N-lacstri. l00>. "; A Multivariatc titu(lv Oi"I'hc 

Kcl; iti(ulship 13ctwccn l; Ittv Acid", And Volatilc Flavor Components In 011VC 

: An( I \Valnut ()il; ".. lorirn(I l. lmL'TiCt II Oil C'I10l1 iat'S SO ri('li'. Vol. S?. p. I05-1 10. 

Iýak. 1 S. I aIas fi I.:. I'rutýýl, al,; t. ? UO_'. "Lficctiýcncss O( Thc . 1ntiýýziciants BI IA 

And I3III' In ticIcctcd V'c, ýctablc Oils During Intermittent IIcatin1"*. 

A'(1I. 53. h. I1)0-20ý. 



71 

A.. C. Ruiz-samhlas. G. Van Der Veer & S. M. Van Ruth. 2013. "Geographical 
Provenance 01» Palm Oil By Fatty Acid And Volatile Compound Finger Printing 

Techcniqucs". Food C'hrnlrstrv. Vol. 37. p. 142-150. 

Vclasco. J. & C. Dobarý. ules. 2002. "Oxidative Stability Of Virý, ýin Olive 

Oil". l: urrpcun Journal Lipid Science Technolo, (, ýv. Vol. 104. p. 661 -666. 

Machos. N.. V. Skopclitis, M. Psaroudaki, V. Konstantinidou, A. Chatzilaz_arou & E. 

fcgou. 2006. "Applications Of Fourier Transform-Infrared Spectroscopy To 

Iidihle Oils".. tncrly Heu C'hi, nh a Acta. Vol. 574. p. 459-465. 

ýý'chstcr. L.. Simpson, 1.. Shanks. A.. M., Moffat. C., F. (2000). "The Authentication 

Of Olive Oil On The Basis Of Hydrocarbon Composition And Concentration". 

Iýruli. ýr. Vol. 125. p. Q7-103. 

'(l04. hlultiv ariatc Spectroscopic Methods For The Analysis of Solutions. 

(Phi) thesis). Stockholm University, Sweeden. 

\ie, . 
I.. 'I'. Liu & Y. 1'u. 20 ( "Rapid Detection And Quantification By GC-MS of 
Camellia Secd Oil Adulterated With Soybean Oil". Journal ol'the American Oil 

Clrý°mistc 'So, icti . 
Vol. 90. p. 641-646. 

I. lhuo, L. NIing'. (;. Fan. Q. Chen & S. Pan. 2012. "Comparison Of Volatile 

Oxidation Products Of Lard From Native Breed And Three Cross-Way 

Crosshrcd l3rccd l'nder Accelerated Oxidative Condition". Asian Journal o/ 
('hýniicrri. Vol. 2-1. p. 2401-2406. 

Yaal: oh. C. M. '& A. Rchman. 2011. "Detection Of Lard In Vegetable Oil". Lipid 

7'('chnolo"I.. Vol. 23. h. 1 S0 18?. 

_012. '' 'T'atty acid compositions as a Predictor for the Oxidation un, . 
l. A1. N: 

. 
1. Such. 

Stahility of Korean V'<<, ctahlc Oils With or Without Induced Oxidative Stress ". 

/'n'ipitivL' .A im-i tion Io1 Scienc"c. Vol. 17. p. 158- 165. 

1'.. 
. 
1. Liu. X. \Vani. F. Li. W. Zhang & Q. Zhang. 2013. "Detection Of 

: Adu ltcratloll Of Sc amc And Fcantit Oils Via Volatiles By Gcxgc-'I'OF r1S 

Coupled \V'ith I'r'incihal Component : Analysis And Cluster Analysis". l-: uropcaIl 

. 
loin nal l. ipii S( icncc Tcclnuolo-v. Vol. 115. p. 3 37-347. 



72 

Zhant. 
O.. 

S. A1. S : Ahmed S Q. Shcn. 201 ;. "Discrimination of Edible Vegetable Oil 

\dulteratioil with Used hiving Oil by Low Field Nuclear Magnetic Resonance". 

loud unh/ Bioprocess 7-crhnolo-l". Vol. 6. (9): p. 2562-2-570. 

luhritskv. F. 2000. Product review: E Noses keep an cyc on the future. 

('ltc'inisirv. p. 42 1 A- 426A. 



: \ppcndix A 

Tahle of raw data for samples by GC-NMMS-1 IS 

72 

. 11. 

I 

I 

I 

I 

II 

I 

I 

"I'll 

I'll 

I 

11-1 

1-11 

I 

I 

"I'll 

"I'll 
"I'll 

I'll 

11 1- 
111- 

I'll 

I'll 

I'll 
11 11- 
ý, I'll 

1-11 
11 -, 
ý, I'll 

1-11 

1ý I'll 

"I'll 

"I'll 

"I'll 
ý, -11 

I'll 
"I'll 

11 -, 
"I'll 

'11- 

-1 

I 

I., 

I 

I 

I ", 

-11 1- 
. 11,111, 

. 11,111, 

"I'll 11 -, 
11 .,,, 
"I'll 

"I'll 

11 1- 
11 1- 

1ý I'll 

L- 11 



73 

Appendix B 

Variable; 

:ý 
11 

C 
I) 
I ý- 
F 
G 
ll 
K 
I 
1' 

ý 

Symbol used for each volatile compounds 

Volatile compounds 
Hcptanal 
Nonanal 
Oct anal 

E-2-dcccnal 
2-tindcccnal 

2-pentyll'uran 

Ilexanal 
2,4-deca_dienal 
E-2-hcptcnal 

l -pentanol 
? -heptanal 

13utanal. 3-methyl 

Octane 
Pentane 

11cptane 
Butane 
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. Nppcndix C 

Scoýrvä plot 1'Or 0 °o lard and 15 °, lard 

PC-1 PC-2 PC-3 

aAl 25.59734 35.46469 5.601321 

aAl 23.59734 38.11149 7.666986 

aAl 26.44842 30.48746 5.30778 

aA2 27.17982 35.46469 5.601321 

aA2 26.11143 32.37979 -6.55911 
aA2 26.54726 31.94707 5.642529 

aA3 30.50578 26.81212 6.653435 

aA3 29.27584 27.59417 5.337365 

aA3 27.1697 32.27229 4.561091 

aBl 14.7431 8.038725 11.21321 

aB1 16.52489 8.346877 13.23864 

aB1 14.6738 8.411014 16.63274 

aB2 47.29673 8.46065 9.92287 

aB2 45.60699 9.700069 11.6063 

aB2 47.17982 5.464694 5.601321 

aB3 64.47923 8.08367 11.96778 

aB3 67.17982 5.464694 5.601321 

aB3 67.17982 5.464694 5.601321 

aCl -30.4132 -11.7529 -18.775 

aCl -41.4555 -1.88117 -12.2207 
aCl -67.1798 5.464694 -5.60132 
aC2 24.5352 -38.1158 5.168603 

aC2 61,65419 44.28025 -8.74763 
aC2 -67.1798 5.464694 -5.60132 
aC3 -51.381 78.1658 -4.57602 
aC3 -54.7743 -0.53488 -6.09359 
aC3 -67.1798 5.464694 -5.60132 

PC-1 PC-2 PC-3 
bA1 56.66505 4.397368 3.228132 
bAl 56.22382 3.482517 10.79624 
bAl 57.17982 5.464694 5.601321 
bA2 37.12228 25.41083 15.75927 
bA2 30.56996 21.39774 13.57495 
bA2 30.46425 21.53261 13.67577 
bA3 36.79742 14.67182 10.9577 
bA3 38.08333 11.67071 10.15995 
bA3 35.64114 10.96982 14.95837 
bB1 20.94332 4.122425 19.63227 
bB1 47.93319 13.8989 10.10625 
bBl 51.99727 22.26362 8.606457 
bB2 41.8072 6.123018 7.879699 
bB2 40.56987 10.69027 12.51431 
bB2 56.04556 16.97173 12.81565 
bB3 43.3132 5.528522 12.36561 
bB3 47.50913 2.95777 9.33993 
bB3 44.72299 6.823721 10.80466 
bCl 34.91104 -11.5666 -15.5822 
bC1 49.13669 -7.32045 -27.5153 
bCl -67.1798 5.464694 -5.60132 
bC2 46.14335 11.38221 -11.595 
bC2 49.76233 9.407163 24.60545 
bC2 -67.1798 5.464694 -5.60132 
bC3 -56.8068 -0.12458 -5.77175 
bC3 47.27895 13.41009 -10.6975 
bC3 53.40203 16.83881 26.58041 
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Appendix D 

x- loading v aluc for 0 `%, lard and 15 ̀ %% lard 

Variables i PC-1 

A 0.019131 

B 0.150071 

C 0.046794 

D 0.035498 

E 0.015799 

F 

G 
H 

K 

L 

P 

U 

X 

Y 

Z 

0.010895 

0.056569 

0.013703 

0.042284 

0.00425 

-0.00011 

-0.01266 } ._ 0.125145 

0.897818 

0.382233 

1 0.001047 
1- 

PC-2 PC_3ý 

0.110388 -0.03289 
0.23575 0.154421 

0.155256 -0.03518 
0.063953 10.023776 

10 --. 0236651 0.027193 

0.007602 0.005242 

-0.11729 0.97027 

-0.0128 -0.03761 
0.032176 0.029896 

0.002921 -0.01373 

-4.00E- 0.003981 
05 

-0.06834 0.111844 

0.296699 

} 

0.039526 

-0.42159 -0.1071 
0.782612 -0.039784 

-0.00052 0.016888 
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Appendix E 

Sc'orLS plot for 0 °o lard and 30 % lard 

PC-1 PC-2 PC-3 

aA1 25.59734 35.46469 5.601321 

aAl 23.59734 38.11149 7.666986 

aAl 26.44842 30.48746 5.30778 

aA2 27.17982 35.46469 5.601321 

aA2 26.11143 32.37979 -6.55911 
aA2 26,54726 31.94707 5.642529 

aA3 30.5057S 26.81212 6.653435 

aA3 29.275S4 27.59417 5.337365 

aA3 27.1697 32.27229 4.561091 

Al 14.7431 8.038725 11.21321 

aBl 16.52489 8.346877 13.23864 

aBl 14.6738 8.411014 16.63274 

aB2 47.29673 8.46065 9.92287 

aB2 45.60699 9.700069 11.6063 

aB2 47.17982 5.464694 5.601321 

aB3 64.47923 8.08367 11.96778 

aß3 67.17982 5.464694 5.601321 

aB3 67.17982 5.464694 5.601321 

aCl -30.4132 -11.7529 -18.775 
aCl -41.4555 -1.88117 -12.2207 
aC1 -67.1798 5.464694 -5.60132 
aC2 24.5352 -38.1158 5.16S603 

aC2 61.65419 44.28025 -8.74763 
aC2 -67.1798 5.464694 -5.60132 
aC3 -51.381 78.1658 -4.57602 
aC3 -54.7743 -0.53488 -6.09359 
aC3 17.17982 5.464694_ 

_-5.60132 

PC-1 PC-2 PC-3 

cAl 16.2517 31.56558 2.30389 

cAl 15.1189 28.92548 6.523902 

cAl -70.1074 -14.0886 12.84967 

cA2 28.08849 24.8503 6.190594 

cA2 28.19343 23.84249 7.796701 

cA2 28.98377 26.68578 10.0334 

cA3 32.68305 18.30684 24.51387 

cA3 31.89302 17.96297 20.06738 

cA3 37.35209 18.81144 28.31728 

cBl 50.85921 -7.9288 19.31305 

cBl 44.59227 -2.79994 19.40334 

cBl 45.94096 -2.97353 22.86793 

cB2 45.55016 -20.5973 26.1654 

cB2 41.57624 -23.8457 25.23219 

cB2 41.11749 -24.5048 22.92817 

cB3 41.07526 -12.1562 11.6588 

cB3 46.37685 -6.68578 6.445455 

cB3 38.98377 -6.68578 10.0334 

cCl 39.82369 -8.4445 10.93007 

cc l -18.4867 3.696771 24.72209 

cCl -55.1503 -38.2668 1.907576 

cC2 37.79158 -3.98845 -13.1527 
cC2 -43.2937 9.452102 5.90177 

cC2 34.21036 3.181734 -17.302 
cC3 40.0054 -11.3173 -15.2304 
cC3 45.76239 -21.9269 -7.22571 
cC3 -49.6364 4.03299 6.097345 
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Appendix F 

x- loading value for 0 °, o lard and 30 `% lard 

Variables i 
PC-2 PC-3 PC-1 

A 0.019392 

B 0.128673 

C_ 0.046673 

D 0.0366 

E 0.011754 

F 0.00878 

0.030278 

H 0.028308 

K 0.058218 

L 0.001299 

P 0.004165 

Q -0.0221 
U 0.102906 

X 0.923411 

Y 0.332089 

Z 0.001021 

1 -0.102-7610.010249 
ý---- 0.19129 0.246046 

-0.14884 0.035042 

-0.05721 
1 0.055216 J 

-0.01851; -0.00756 

-0.00461 
0.344352 

-0.00913 
0.04569 

0.008382 
ý 

0.909498 

0.057318 

0.078168 

-0.00062 -0.00355) 
0.009082 0.006562 

0.074764 0.081257 

-0.28357 0.098352 

0.34221 -0.1636 

-0.77502 0.222697 

0.000951 0.011273 
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a: 1 ? 

a131 

a13? 

a13 ý 

aC' l 

aC', 
C , 

A 
hAý 

hA ý 

h13 1 

h13ý 

h13 ý 

hC l 

hC , 

hu') 

c: ýl 

c131 

C132 

c133 

cC'1 

cC', 

c('., ) 

Appendix G 

Raw data for Value for IV, PV and color (a*) 
1` ---I 

58'. 0 0 -, 0.5 9 1- 
57.74 ý= 0.? 0 
56.35 + 0.00 

5532 :-1.10 
53.09ý'_0.06 
5119 __ 0.07 
5464 ± 0.13 
5195 ý (1.05 
51,95 0.05 
55.40 : 0.4(l 
55.17 L (1.05 
5-1. -10023 
5481 0.8? 
5177 0. -15 
5109 (1.05 

55.57 _: - 0,8- 

5315 0.25 

51.89 : -0.; 0 
5104 1 0.09 

53 19 ý 011 

5? 17 f_ 0. >> 

59.1-1i_0.: 7 

5h. 2I 0. -11 
5305 ! 035 

59. M0.15 

5(,. h7 00.53 

5302 i_ 0.74 

PV 
2.? 6+0.04 
15.35ý0.35 

-32.28 
0.41 

1 3.60 t 0.00 
14.30 0.20 
16.43 t 0.43 
8.26 0.58 
6.40--0.10 
j. 73ý0.13 
10.17 + 0.22 
17.76 -i 0.00 

, -- -- -- 29.20 0.60 
20.00 0.00 

;--- 19.2 3_t 0.3 3 

17.10 . E_ 0.06 
8.46 -:. 0.77 
8.0 1+0.00 
7.12 0.12 
14.5 1) ý 0.21 

0.0ý, 

40.67 -t 0.11 
20.70 L 0.00 
I7.; 0 L 0.20 

1). 1 

7.27! 0.24 
j. bl --0.10 

Color (a*) 

-1.97 + 0.01 

-1.62 t 0.0 3 
1.58 ± 0.02 

-1.72 ± 0.0 0 

-1.31 ± 0.01 

-1.29 ±-0.01 

-1.76 + 0.01 
1.33 + 0.00 

-1.23+0.02-1.79 
+ 0.01 

-1.5410 - . 
01 

-1.26±0.00 

-1.83 + 0.05 
-1.81 +0.01 

-1.4410.03 
-1.56+0.01 -_--- --, 
-1.33 + 0.01 

-1.18 +0.01 

-1.90 -+ 
0.07 

- -- - -ý 
-1.6010.03 
-1.36 A. 02 

-1.6010.04 
-1.55 + 0.00 

-1.17-i-0.01 
-2.3810.01 
-1.31 +0.00 

ý 
-1_. 07±0.00 

'\; tlues gi%en arc the nic'm Of two duplicates 

a 0"� lard in 100 RßD halnl oil, h 15 "ö lard in 85 "o RI3D palm oil, c- 

M ", lard oil 70 RIM palm oil. ; 1ý= 120 "C', 13= 180 °C, C== 240 °C, I--= 1 

hour llcaUn-, Illlle, ý 
_' 

hours llcatlll'-, Ullle, i- i hours heatlnu time 
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ýppenýIiý 11 

Table Scores plot for sample a, b and c 

PC-1 PC-2 PC-3 

.. At 13,338 -3.796 0.074 

Al . 13.4(i(i -4.473 -0.0(, 8 

. 1A2 [)L, U1 2.637 -0.192 

, A2 0 
. 

11C, -2,262 -0.112 

.i A3 17.181 (1.782 -0-015 

-. A3 16.3(, 1 0. /46 0.043 

Lil 1.9":. 3 -1. -157 0.029 

.i li 1 18/2 0.501 0-'3 2 

02 1.21)13 2-322 0.01 

.. ß2 0.903 7_. 174 0.015 

.. 133 0.5,, 1.1`i3 -0.129 

ß3 -1.41 0.: )9 0.155 

0.123 

. 1C1 7.81,7 -1.18') 0.089 

.. C2 63 0-712 -0.141 

C2 9.1-/? 0.671 -O. I52 

.. C3 9_551 7.69(, 0-1/l 

Cl 98.1(i 1.81ý1 ()-135 

1,. 11 1.302 0.09 

I, A1 5.1 17 ()-537 0.191 

I, N 
.31 "1 1 

. 
05.1 0.1 25 

1, A2 2.31 0.9'; 6 0.10.1 

0A3 13.1"1 3 0-59 1 0-2 

I, Ai 1 . 1.12 1 (). 08`; -0.2'11 

1)141 10.18 1.158 0.188 

I, 01 1 0.1 13 -2.796 0.088 

I, li 2 -3.4013 0.093 0-2 (i9 

1,112 --11 i) 1 0.73 / 0.3 35 

I, li-3 1.7 14 1.11: 3 0.0 16 

1)8.3 1. '. 98 1.17') -0. U14 

L, C 1 7.13 16 -0.18.1 13 

l, C= 1 6- 219 l- It-1 1 3.1 

2 7-4 12 2-09 1 0.0013 

3: 12 

I, C 3 .,. 1 11 1.0.16 (1. t158 

I1/ 
. 
3.451 (). 01 3 

<. 11 1-l)64 1.14(i 0. ý1: 31 

CA1 0. (, 3 / 1.3013 

A2 -10-557 0-`J5 I1.17 : 

. A7 10-4ý113 0. /"1 0- 1 13 

A3 il 3':. 1 0.9(i (1.03 

Al 3111'. 1l 3 

lit 
. 
3.. 13. ' 

. I31 1-3(,? -3-62 3 0-30') 

. -142 
1.95J 1-"12 (). 1 32 

a 112 1 
. 

"ý: i`, U. 588 0.0-17 

. li 3 (1 15 1-913') 0.153 

14I 1). 4 3: 3 0.133 

. 4. -1 l,.. iý1 i. 52 4 11.462 

.CI ý,, 1. e 71 0. "1ýl' 

; i. "l: i`) (1. "111 (). 291. 

. (. e-061 1 
-_, 

"., 2 0-40 1 

-t 9-/O1 2-14.1 

.3 9 ')-I8 I. (1 `-�i (1 . _1 
7.1 
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Appendix I 

Tahlc loading plot for IV, PV and color intensity 

IV PV Color 
PC-1 0.040992 -0.99916 -0.00137 
PC-2 -0.99382 -0.04091 0.103151 
PC-3 -0.10312 -0.00287 -0.99466 
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Appendix .1 

l'al)crs Presented at Postgraduate Collocluiuin ? 015 

Effect of Ileating on Lard Adulteration in RBD Palm Oil Using Gas 

Chromatography and Chemometrlcs 

A. 11 Sulaimaný 
,Nl. 

S I-lassarn Rahimýý, 

F act ltv olýScicncc and TcchnoIoI:, Y. lJnivcrsIt IS ains, Islam Nlakw; ia (LIS IN I), Bandar 

13; u-u Nilai, 71800 Nilai, Nc,, cri Scmbilan, Malaysia 

Institute ýý( I ialal Research k NIanagicmcnl (IIIRAM), UniversiIi Sains Islam Malaysia 

tl'SINI). lianclar Baru Nilai, 71800 NiMai. Nq, eri Sembilan, Malaysia 

'corresponding author amalhusnaOO(a%yahoo. coni 

Vhslract 

: Adulteration has 'gained much concern in the oil and Cats industry clue to health 

and rcliý-, ious issues. I his study assess the effect of heating on the profiling of lard (15 

and ., 
U lard) spiked in RRl) palm oil at 120 ''C, 180 `'C and 240 °C for 1,2 and 3 hours. 

the Volatile compounds released were identilied using, GC-NIS headspace method. 

Nlultivariatc data groin GC-CIS-llcadspacc were mean centre prior to Principal 

Components : Analysis (PCA) using Unscrambler. The result obtained from the score Not 

for 30 lard and 15 lard in the 8131) palm oil shove cd the same pattern For heating 

temperature 120 C' amt 1 S0 "C. At 240 C. both sample and control are scattered in the 

scorc plot. Aleanmhilc, most volatiles compounds detected did not significantly correlate 

\\ ith saniplcs. 

K rº"1rorrls: :Aý III ItL'rat Wn. I lcatin, 
-, c ft'cct. L; trd pro iiliný-. GC'-Iýlti 11cadsparc. I'CA 


