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CONTAMINATION OF LARD AND OTHER ANIMAL FAT IN PALM 
OLEIN USED IN THE FRYING OF MEATS  

  
 

By 
 
 

KHAIRATUL MUNIRAH BINTI IDARMAWI 
 
 

July 2016 
 
 

Chairman : Professor Amin Bin Ismail, PhD 
Institute : Halal Products Research  
 
 
A study was conducted to determine the contamination of lard and other animal fats 
in palm olein used in the frying of meats such as beef, chicken and pork. The meats 
were fried in the palm olein at 180 oC and the used palm olein were collected and 
analysed using gas chromatography, high performance liquid chromatography and 
differential scanning calorimetry. The differential scanning calorimetry heating 
profiles proved that the existing of the endothermic peak ‘X’ in the temperature 
region from 4.7 oC to 6.5 oC, the sharp exothermic curve ‘Z’ in the temperature 
region from 4.2 oC to 4.3 oC and the endothermic peak ‘B6’ in the temperature 
region from 10.7 oC to 13.9 oC simultaneously, indicated the contamination from the 
frying of beef, whereas, the presence of the sharp exothermic curve ‘Z’ in the 
temperature region from 4.9 oC to 6.6 oC only, was clearly indicated the 
contamination from the frying of pork. Frying of chicken meat in the palm olein did 
not obviously influence the heating and cooling profiles of the used palm olein. 
Thus, differential scanning calorimetry is found to be very useful, safe, fast, 
sensitive, efficient and reliable instrumental method in determining the fingerprint of 
lard contamination in the palm olein used in the frying of meats. The Principle 
Component Analysis of triacylglyceride compositions and the heating profiles were 
able to classify the palm olein used in the frying of meats into two groups. The first 
group comprised of the palm olein used in the frying of pork, pork sausages and 
bacon, whereas, the second group comprised of the palm olein used in the frying of 
beef and chicken. Therefore, the findings obtained in this study can be applied to the 
determination and certification of halal status especially in food industries. 
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PENCEMARAN LEMAK BABI DAN LEMAK HAIWAN LAIN DALAM 
MINYAK KELAPA SAWIT YANG DIGUNAKAN UNTUK MENGGORENG 

DAGING  
 
 

Oleh 
 
 

KHAIRATUL MUNIRAH BINTI IDARMAWI 
 
 

Julai 2016 
 
 
Pengerusi : Profesor Amin bin Ismail, PhD 
Institut :  Penyelidikan Produk Halal 
 
 
Satu kajian telah dijalankan untuk menentukan pencemaran lemak babi dan lemak 
binatang lain  di dalam minyak kelapa sawit yang digunakan untuk menggoreng 
daging seperti daging lembu, ayam dan babi. Sampel daging digoreng dalam minyak 
kelapa sawit pada suhu 180 oC dan minyak kelapa sawit yang telah digunakan 
dikumpul dan dianalisis dengan menggunakan kaedah kromatografi gas, 
kromatografi cecair berprestasi tinggi dan kalorimeter pengimbasan perbezaan. 
Profil pemanasan dari kalorimeter pengimbasan perbezaan telah membuktikan 
kehadiran serentak satu puncak endotermik ‘X’ dalam julat suhu daripada 4.7 oC 
hingga 6.5 oC, satu keluk eksotermik ‘Z’ dalam julat suhu daripada 4.2 oC hingga 4.3 

oC dan satu  puncak endotermik ‘B6’ dalam julat suhu daripada 10.7 oC hingga 13.9 
oC menunjukkan pencemaran minyak kelapa sawit tersebut adalah daripada 
penggorengan daging lembu. Manakala, kehadiran keluk eksotermik ‘Z’ sahaja telah 
jelas menunjukkan pencemaran adalah daripada penggorengan daging babi. 
Penggorengan daging ayam dalam minyak kelapa sawit tidak mempengaruhi profil 
pemanasan dan penyejukan dalam minyak yang telah digunakan tersebut. Oleh itu, 
penggunaan alat kalorimeter pengimbasan perbezaan didapati sangat berguna, 
selamat, pantas, peka, berkesan dan sesuai dalam mengesan kriteria khas yang 
terhasil daripada pencemaran lemak babi dalam minyak kelapa sawit yang telah 
digunakan umtuk menggoreng daging. Analisis Komponen Utama ke atas komposisi 
trigliserida dan profil pemanasan dapat mengklasifikasikan minyak kelapa sawit 
yang telah digunakan untuk menggoreng kepada dua kumpulan. Kumpulan pertama 
terdiri daripada minyak kelapa sawit yang telah digunakan untuk menggoreng 
daging babi, sosej babi dan bakon, manakala, kumpulan kedua terdiri daripada 
minyak kelapa sawit yang telah digunakan untuk menggoreng daging lembu dan 
ayam. Oleh itu, penemuan yang diperolehi dalam kajian ini boleh diaplikasikan 
untuk penentuan serta pensijilan status halal terutamanya dalam industri makanan. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1 Problem statements 

Halal concept is not applicable only for food itself but also for the entire process of 
food productions. Nowadays, numerous studies have been conducted to explain 
about the application, understanding and awareness of halal concepts in food 
production industries. Muslims consumers in Malaysia have begun to question the 
halal status of the food products from the raw materials, processing, handling and 
storage, food safety and hygiene, packaging and labelling until the foods that are 
ready to consume (Talib et al.,  2010).  

The halal supply chain became one of the important criteria in ensuring the halal 
status of the final food products other than the animal feeds and the slaughtering 
process. The food industry players must avoid any cross contamination of non-halal 
goods in every steps of food processing (Emi Normalina and Harlina Suzana, 2011). 
Recently, the important of halal integrity which emphasized as the foundation of the 
halal food industries have been discussed. All parties involved in the halal food 
industries must take care of the halal food products from being contaminated with 
non halal food such as pork and lard (Zulfakar et al., 2014). 

The issue of pork and all its by-products adulteration and contamination in food are 
of great concern especially to the Muslims and Jews communities. The Islamic 
religion is strictly prohibited the consumption of any products contaminated or 
adulterated with pork and lard based on the order as clearly stated in the Quran that 
“He has forbidden you only dead animals, and blood, and the swine, and that which 
is slaughtered as a sacrifice for other than God” (Yusuf Al-Qaradawi, 2013).  

In Malaysia, the frying method and the fried food have been chosen by most 
Malaysians because of changes to the modern lifestyle. Since the growth of the fast 
food industry, used cooking oil production has also increased. The collection of used 
cooking oil and its reprocessing has become the profitable business.  Of grave 
concern, the use of cooking oil which has been used in frying various foods 
including pork is the subject of study. The used cooking oil will be collected, 
reprocessed, repacked and sold in the market with a cheaper price.  

It is also possible that the cooking oil is used for frying of non-halal food could be 
reused to fry halal food in the same container. Moreover, during the frying process, 
the contaminated oil could splash on other part of the kitchen area and even 
contaminate the food being cooked. As discussed earlier, once lard is detected in the 
oil, it will change the status of the cooking oil from halal to haram. Although these 
situations may not occur in the Muslims food premises, it has high possibility to be 
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happened at the halal certified non-Muslim’s food premises because of less 
sensitivity regarding halal principle. The awareness and sensitivity of halal principle 
in relation to food consumption among non-Muslims in Malaysia is highly 
influenced by their socio-economic and demographic such as education levels, urban 
dwellers and religious belief (Golnaz et al., 2010). 

On top of that, the issue regarding the management of used cooking oil is not clearly 
stipulated in any law or guideline. In this situation, the problem will arise when the 
used cooking oil is indiscriminately collected and used in the manufacturing of 
recycled cooking oils, soap, perfumes or animal feed without clearly ascertaining the 
origin of the oil. It has been noticed, this issue of the final products has implication 
to health and create religious sensitivities. Therefore, the best way is to regulate and 
restrict collection and reuse of recycled oil. 

At present, there are limited numbers of academic publications discussing the 
contamination of lard or other animal fats in the cooking oil after frying process of 
foods. Most of the publications focused on the study of lard adulteration in the edible 
fats and oils. The lard or other animal fats were directly adulterated with edible oils. 
For instance, the adulteration of lard, randomised lard and other animal fats and 
vegetable oils such as refined, bleached and deodorised palm olein (Marikkar et al., 
2001), canola oil (Marikkar et  al., 2002b) and virgin coconut oil (Mansor et al., 
2011) had been investigated. On the other hand, the researchers also interested to 
study the performance of edible fat in the frying of foods such as frying of French 
fries in the olive oil and palm olein (Tabee at al., 2009). In the scope of halal 
authentication, lard had been used to fry various types of food such as beef, chicken, 
fermented soybean and peanut (Marikkar et al., 2003) and also chicken nugget 
(Marikkar et al., 2010).  

Therefore, through this research, a reliable method for determining contamination of 
lard and other animal fats in palm olein used in the frying of meats has now been 
developed. The chemical properties such as the fatty acids, triacylglycerols and 
thermal profiles analysis became the major testing criteria in this research. Data from 
those parameters had been applied to the statistical evaluations such as the Analysis 
of Varians (ANOVA) and the Principle Component Analysis (PCA).   

1.2 Significant of study 

Significantly, the findings obtained from this study can contribute to the four 
different groups of communities. Firstly, it can increase the profit value in the halal 
food industries because of the increasing of trust level to the halal status of the final 
food products. Second, it can help Muslims and non-pork consumers to avoid from 
consuming any food products that contaminated with lard. Third, the established test 
procedures and findings obtained from this study can be used as the guideline to the 
government agencies especially for halal certification and enforcement and also to 
regulate and restrict collection and reuse of recycled oil. Fourth, for the groups of 
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researchers, this study can serve as baseline data for future research in halal 
authentication. 

1.3 Objectives 

This research has established reliable procedures and laboratory tests in 
determination of lard and other animal fats contamination in palm olein used in the 
frying of meats. Therefore, the specific objectives of this study are: 

1.3.1 To distinguish the fatty acid compositions of palm olein used in the 
frying of beef, chicken and pork using gas chromatography flame 
ionization detector (GC-FID). 

1.3.2 To distinguish the triacylglycerol (TAG) compositions of palm olein 
used in the frying of beef, chicken and pork using high performance 
liquid chromatography Reflective Index Detector (HPLC-RID). 

1.3.3 To distinguish the thermal profiles (Cooling and heating) of palm 
olein used in the frying of beef, chicken and pork using Difference 
Scanning Calorimetry (DSC). 

1.3.4 To determine the source of contamination using classification in the 
Principle Component Analysis (PCA).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

71 
 

REFERENCES 

Ackman, R. G. (1990). Misidentification of fatty acid methyl ester peaks in liquid 
canola shortening. JAOCS, Journal of the American Oil Chemists’ Society, 
67(12), 1028. 

Ainie, K. (2005). MPOB Test Methods:  A compendium of tests on palm oil 
products, palm kernel products, fatty acids, food related products and others. 
Kuala Lumpur: Malaysian Palm Oil Board, Ministry of Plantation Industries 
and Comodities Malaysia. 

Al-Jowder, O., Kemsley, E. K., & Wilson, R. H. (1997). Mid-infrared spectroscopy 
and authenticity problems in selected meats: A feasibility study. Food 
Chemistry, 59(2), 195–201.  

Al-Rashood, K. A., & Abou-Shaaban, R. R. A. (1996). Compositional and thermal 
characterization of genuine and randomized lard : A Comparative study. 
Journal of the American Oil Chemists’ Society, 73(3), 303–309. 

Azilawati, M. I., Hashim, D. M., Jamilah, B., & Amin, I. (2015). RP-HPLC method 
using 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate incorporated with 
normalization technique in principal component analysis to differentiate the 
bovine, porcine and fish gelatins. Food Chemistry, 172, 368–76.  

Barwick, V. J., & Ellison, S. L. R. (2000). Development and harmonisation of 
measurement uncertainty principles, Part (d): Protocol for uncertainty 
evaluation from validation data. Valid Analytical Measurement Project, 
London: LGC (Teddington) Limited. 

Brereton, R. G. (2003). Chemometrics: Data Analysis for the Laboratory and 
Chemical Plant. Volume 8. England: John Wiley and Sons.  

Buchgraber, M., Ulberth, F., Emons, H., & Anklam, E . (2004). Triacylglycerol 
profiling by using chromatographic techniques. European Journal of Lipid 
Science and Technology, 106(9), 621–648. 

Cebula, D. J., & Smith, K. W. (1992). Differential scanning calorimetry of 
confectionery fats: Part II-Effects of blends and minor components. Journal of 
the American Oil Chemists’ Society, 69(10), 992–998.  

Chacko, G. K., Perkins, E. G., & Burnsides, T. Anatomical Variation in Fatty Acid 
Composition and Triglyceride Distribution in Animal Depot Fats. Paper 
presented at the meeting of American Oil Chemists' Society, Chicago. October 
1964. 

Che Man, Y. B., Syahariza, Z. A., Mirghani, M. E. S., Jinap, S., & Bakar, J. (2005). 
Analysis of potential lard adulteration in chocolate and chocolate products 



© C
OPYRIG

HT U
PM

72 
 

using Fourier transform infrared spectroscopy. Food Chemistry, 90(4), 815–
819.  

Che Man Y. B., & Syahariza, Z. A. (2011). Discriminant analysis of selected edible 
fats and oils and those in biscuit formulation using FTIR Spectroscopy. Food 
Analytical Methods, 4, 404–409. 

Cheong, L. Z., Zhang, H., Xu, Y., & Xu, X. (2009). Physical characterization of lard 
partial acylglycerols and their effects on melting and crystallization properties 
of blends with rapeseed oil. Journal of Agricultural and Food Chemistry, 
57(11), 5020–5027.  

Choe, E., & Min, D. B. (2007). Chemistry of deep-fat frying oils. Journal of Food 
Science, 72(5), 77–86.  

Choong, C. G., & McKay, A. (2014). Sustainability in the Malaysian palm oil 
industry. Journal of Cleaner Production, 85, 258–264.  

Christopoulou, E., Lazaraki, M., Komaitis, M., & Kaselimis, K. (2004). 
Effectiveness of determinations of fatty acids and triglycerides for the detection 
of adulteration of olive oils with vegetable oils. Food Chemistry, 84(3), 463–
474.  

Codex Alimentarius. (1999a). Codex Standards for Fats and Oils from Vegetable 
Sources (Section 2).ftp://ftp.fao.org/Codex/knovel/updated 2013/CXS_210e.pdf 

Codex Alimentarius. (1999b). Codex Standards for Fats and Oils from Animal 
Sources (Section 3). http://www.fao.org/docrep/004/y2774e/y2774e05.htm 

Cordella, C., Militão, J. S. L. T., Clément, M. C., Drajnudel, P., & Cabrol-Bass, D. 
(2005). Detection and quantification of honey adulteration via direct 
incorporation of sugar syrups or bee-feeding: Preliminary study using high-
performance anion exchange chromatography with pulsed amperometric 
detection (HPAEC-PAD) and chemometrics. Analytica Chimica Acta, 531(2), 
239–248. 

Dahimi, O., Rahim, A. A., Abdulkarim, S. M., Hassan, M. S., Hashari, S. B. T. Z., 
Mashitoh, A. S., & Saadi, S. (2014). Multivariate statistical analysis treatment 
of DSC thermal properties for animal fat adulteration. Food Chemistry, 158, 
132–138.  

De Souza, L. M., De Santana, F. B., Gontijo, L. C., Mazivila, S. J., & Borges N. W. 
(2015). Quantification of adulterations in extra virgin flaxseed oil using MIR 
and PLS. Food Chemistry, 182, 35–40.  

Dobarganes, C., Márquez, R. G., & Velasco, J. (2000). Interactions between fat and 
food during deep-frying. European Journal of Lipid Science and Technology, 
102(8-9), 521–528.  



© C
OPYRIG

HT U
PM

73 
 

Dodds, E. D., Mc Coy, M. R., Rea, L. D., & Kennish, J. M. (2005). Gas 
chromatographic quantification of fatty acid methyl esters: Flame ionization 
detection vs. electron impact mass spectrometry. Lipids, 40(4), 419–428.  

Emi Normalina, O. & Harlina Suzana, J. (2011). Halal supply chain in the food 
industry - A conceptual model Halal Supply Chain in the Food Industry - A 
Conceptual Model. In Symposium on Business, Engineering and Industrial 
Applications (ISBEIA), Langkawi, Malaysia Halal, 2011.  

Esbensen, K. H., Guyot. D., Westad, F. & Houmoller, L. P. (2002). Multivariate 
Data Analysis - An introduction to multivariate data analysis and experimental 
design (5th Edition). Denmark: Aalborg University, Esbjerg. 

Gao, J. M., Ding, L. X., & Hu, C. Q. (2011). A comparative uncertainty study of the 
purity assessment of chemical reference substances using differential scanning 
calorimetry (DSC) and mass balance method. Thermochimica Acta, 525(1-2), 
1–8.  

Golnaz, R., Zainalabidin, M., Mad Nasir, S., & Eddie Chiew, F. C. (2010). Non-
muslims’ awareness of Halal principles and related food products in Malaysia. 
International Food Research Journal, 17(3), 667–674.  

Haryati, T., Che Man, Y. B., Ghazali, H. M., Asbi, B. A., & Buana, L. (1998). 
Determination of iodine value of palm oil based on triglyceride composition. 
Journal of the American Oil Chemists’ Society, 75(7), 789–792. 

Haswell, S. J. (1992). Introduction to Chemometrics. In Practical Guide to 
Chemometrics. New York: Marcel Dekker Incorporated. 

Hossain, B. (2013). Applications of palm oil and palm kernel oils in different food 
products of Bangladesh. Journal of Science and Technology, 8(2), 33–38. 

Ismail, R., Minal, J., & Sudin, N. A. (2001). Effects of Additives on Quality and 
Frying Performance of Palm Superolein During Frying. Palm Oil 
Developments, 38, 1–4. 

Jolliffe, I.T. (1986). Principle Component Analysis, Springer Series in Statistics (1st 
edition). New York: Springer Science Business Media. 

Kim, D., & Kim, S. K. (2012). Comparing patterns of component loadings: Principal 
Component Analysis (PCA) versus Independent Component Analysis (ICA) in 
analyzing multivariate non-normal data. Behavior Research Methods, 1239–
1243. 

Klancnik, G., Medved, J., & Mrvar, P. (2010). Differential thermal analysis (DTA) 
and differential scanning calorimetry (DSC) as a method of material 
investigation.  Materials and Geoenvironment, 57(1), 127–142. 



© C
OPYRIG

HT U
PM

74 
 

Kurniawati, E., Rohman, A., & Triyana, K. (2014). Analysis of lard in meatball 
broth using Fourier transform infrared spectroscopy and chemometrics. Meat 
Science, 96(1), 94–98.  

López, A., Montaño, A., García, P., & Garrido, A. (2006). Fatty acid profile of table 
olives and its multivariate characterization using unsupervised (PCA) and 
supervised (DA) chemometrics. Journal of Agricultural and Food Chemistry, 
54(18), 6747–6753.  

Lovegren, N. V., Gray, M. S., & Feuge, R. O. (1976). Polymorphic changes in 
mixtures of confectionery fats. Journal of the American Oil Chemists Society, 
53(2), 83–88. 

Maniongui, C., Gresti, J., & Gauthier, S. (1991). Determination of bovine butterfat 
triacylglycerols by reversed-phase liquid chromatography and gas 
chromatography. Journal of Chromatography, 543, 81–103. 

Mansor, T. S. T., Che Man, Y. B., & Shuhaimi, M. (2011). Employment of 
Differential Scanning Calorimetry in Detecting Lard Adulteration in Virgin 
Coconut Oil. Journal of the American Oil Chemists’ Society, 89(3), 485–496.  

Marikkar, J. M. N., Ghazali, H. M., Che Man, Y. B., Peiris, T. S. G., & Lai, O. M. 
(2005). Distinguishing lard from other animal fats in admixtures of some 
vegetable oils using liquid chromatographic data coupled with multivariate data 
analysis. Food Chemistry, 91(1), 5–14.  

Marikkar, J. M. N., Ghazali, H. M., Long, K., & Lai, O. M. (2003). Lard uptake and 
its detection in selected food products deep-fried in lard. Food Research 
International, 36(9-10), 1047–1060.  

Marikkar, J. M. N., Lai, O. M., Ghazali, H. M., & Che Man, Y. B. (2002a). 
Compositional and thermal analysis of RBD palm oil adulterated with lipase-
catalyzed interesterified lard. Food Chemistry, 76, 249–258. 

Marikkar, J. M. N., Ghazali, H. M., Che Man, Y. B., & Lai, O. M. (2002b). The use 
of cooling and heating thermograms for monitoring of tallow, lard and chicken 
fat adulterations in canola oil. Food Research International, 35, 1007–1014. 

Marikkar, J. M. N., Lai, O. M., Ghazali, H. M., & Che Man, Y. B. (2001). Detection 
of lard and randomized lard as adulterants in refined-bleached-deodorized palm 
oil by differential scanning calorimetry. Journal of the American Oil Chemists’ 
Society, 78(11), 1113–1119. 

Marikkar, J. M. N., Ng, S. L., & Che Man, Y. B. (2010). Composition and thermal 
analysis of lipids from pre-fried chicken nuggets. Journal of the American Oil 
Chemists’ Society, 88(6), 749–754.  



© C
OPYRIG

HT U
PM

75 
 

Nagachinta, S., & Akoh, C. C. (2012). Enrichment of palm olein with long chain 
polyunsaturated fatty acids by enzymatic acidolysis. LWT - Food Science and 
Technology, 46(1), 29–35.  

Nasyrah, A. R., Marikkar, J. M. N., & Dzulkifly, M. H. (2012). Discrimination of 
plant and animal derived MAG and DAG by principal component analysis of 
fatty acid composition and thermal profile data. International Food Research 
Journal, 19(4), 1497–1501. 

Nevigato, T., Masci, M., Orban, E., Di Lena, G., Casini, I., & Caproni, R. (2012). 
Analysis of fatty acids in 12 mediterranean fish species: Advantages and 
limitations of a new GC-FID/GC-MS based technique. Lipids, 47(7), 741–753.  

Ng, S. P., Lai, O. M., Abas, F., Lim, H. K., Beh, B. K., Ling, T. C., & Tan, C. P. 
(2014). Compositional and thermal characteristics of palm olein-based 
diacylglycerol in blends with palm super olein. Food Research International, 
55, 62–69.  

Nina Naquiah, A. N., Marikkar, J. M. N., & Hashim, Dzulkifli, M. H. (2013). 
Differentiation of lard, chicken fat, beef fat and mutton fat by GCMS and EA-
IRMS Techniques. Journal of Oleo Science, 464(7), 459–464. 

Nor Aini, I., & Miskandar, M. S. (2007). Utilization of palm oil and palm products 
in shortenings and margarines. European Journal of Lipid Science and 
Technology, 109(4), 422–432.  

Nordin, B., & Rapiee, N. M. (2011). Palm Oil Supply and Disappearance : A 
Quarterly Review, 24–29. 

Nur Azira, T., Che Man, Y. B., Raja Mohd Hafidz, R. N., Aina, M. A, & Amin, I. 
(2014). Use of principal component analysis for differentiation of gelatine 
sources based on polypeptide molecular weights. Food Chemistry, 151, 286–92.  

Nurrulhidayah, A. F., Arieff, S. R., Rohman, A., Amin, I., Shuhaimi, M., & Khatib, 
A. (2015). Detection of butter adulteration with lard using differential scanning 
calorimetry. International Food Research Journal, 22(2), 832–839. 

Ogan, I. M., Dumont, M. J., & Ngadi, M. (2015). Palm Oil: Processing, 
Characterization and Utilization in the Food Industry – A Review. Food 
Bioscience, 10, 26–41.  

Ong, A. S. H., & Goh, S. H. (2002). Palm oil: A healthful and cost-effective dietary 
component. Food and Nutrition Bulletin, 23(1), 11–22. 

Pantzaris, T. P. (2000). Pocketbook of Palm Olein Uses. Kuala Lumpur: Malaysian 
Palm Oil Board. 



© C
OPYRIG

HT U
PM

76 
 

Park, Y. W., Chang, P.S., & Lee, J. (2010). Application of triacylglycerol and fatty 
acid analyses to discriminate blended sesame oil with soybean oil. Food 
Chemistry, 123(2), 377–383.  

Pytlakowska, K., Kita, A., Janoska, P., Połowniak, M., & Kozik, V. (2012). Multi-
element analysis of mineral and trace elements in medicinal herbs and their 
infusions. Food Chemistry, 135(2), 494–501. 

Sarge, S. M., Gmelin, E., Höhne, G. W. H., Cammenga, H. K., Hemminger, W., & 
Eysel, W. (1994). The caloric calibration of scanning calorimeters. 
Thermochimica Acta, 247(2), 129–168. 

Sarge, S. M., Höhne, G. W. H., Cammenga, H. K., Eysel, W., & Gmelin, E. (2000). 
Temperature, heat and heat flow rate calibration of scanning calorimeters in the 
cooling mode. Thermochimica Acta, 361, 1–20.  

Sawaya, W. N., Saeed, T., & Mameesh, M. (1990). Detection of pork in processed 
meat : experimental comparison of methodology. Food Chemistry, 37, 201–219. 

Sawyer, R. (1991). Pearson’s Composition and Analysis of Foods (9th edition). 
United Kingdom: Longman. 

Sharma, P., & Kaur, M. (2013). Classification in Pattern Recognition: A Review. 
International Journal of Advanced Research in Computer Science and Software 
Engineering, 3(4), 2277–128. 

Shibamoto, T. (1993). Lipid Chromatography Analysis (65th edition). New York:  
Marcel Dekker Incorporated. 

Shin, E. C., Craft, B. D., Pegg, R. B., Phillips, R. D., & Eitenmiller, R. R. (2010). 
Chemometric approach to fatty acid profiles in Runner-type peanut cultivars by 
principal component analysis (PCA). Food Chemistry, 119(3), 1262–1270.  

Smilde, A.K.,& Rasmus, B. (2014). Principal component analysis (Tutorial Review). 
Analytical Methods, 6, 2812–2831.  

Syahariza, Z. A, Che Man, Y. B., Selamat, J., & Bakar, J. (2005). Detection of lard 
adulteration in cake formulation by Fourier transform infrared (FTIR) 
spectroscopy. Food Chemistry, 92(2), 365–371. 

Tabee, E., Jägerstad, M., & Dutta, P. C. (2009). Frying Quality Characteristics of 
French Fries Prepared in Refined Olive Oil and Palm Olein. Journal of the 
American Oil Chemists’ Society, 86(9), 885–893. 

Talib, Z., Zailani, S., & Zainuddin, Y. (2010). Conceptualizations on the Dimensions 
for Halal Orientation for Food Manufacturers: A Study in the Context of 
Malaysia. Pakistan Journal of Social Sciences, 7(2), 56–61. 



© C
OPYRIG

HT U
PM

77 
 

Tan, C. P., & Che Man, Y. B. (2000). Differential scanning calorimetric analysis of 
edible oils : Comparison of thermal properties and chemical composition. 
Journal of the American Oil Chemists’ Society, 77(2), 143–155. 

Tan, C. P., & Che Man, Y. B. (1999). Quantitative differential scanning calorimetric 
analysis for determining total polar compounds in heated oils. Journal of the 
American Oil Chemists’ Society, 76(9), 1047––1057. 

Tan, C. P., & Che Man, Y. B. (2002). Differential scanning calorimetric analysis of 
palm oil, palm oil based products and coconut oil : effects of scanning rate 
variation. Food Chemistry, 76, 89–102. 

Teah, Y. K., & Basiron, Y. (2013). Palm olein [Malaysia] Captures the Noodle 
Frying. Palm Oil Developments (Malaysia), 21, 19–23. 

Thomas, H. P. (1990). The International Temperature Scale of 1990 (ITS-90). 
Metrologia, 27, 3–10. 

Williamson, C. S., Foster, R. K., Stanner, S. A, & Buttriss, J. L. (2005). Red Meat in 
the Diet. BNF Nutrition Bulletin, 30(4), 323–355.  

Wold, S., Esbensen, K., & Geladi, P. (1987). Principal component analysis. 
Chemometrics and Intelligent Laboratory Systems, 2, 37–52.  

Yanty, N. A. M., Marikkar, J. M. N., Che Man, Y. B., & Long, K. (2011a). 
Composition and thermal analysis of lard stearin and lard olein. Journal of Oleo 
Science, 338(7), 333–338. 

Yanty, N. A. M., Marikkar, J. M. N., & Long, K. (2011b). Effect of varietal 
differences on composition and thermal characteristics of avocado oil. Journal 
of the American Oil Chemists’ Society, 88(12), 1997–2003.  

Yanty, N. A. M., Marikkar, J. M. N., & Miskandar, M. S. (2012). Comparing the 
thermo-physical characteristics of lard and selected plant fats. Grasas Y Aceites, 
63(3), 328–334. 

Yogesh, K., Ahmad, T., Manpreet, G., Mangesh, K., & Das, P. (2013). 
Characteristics of chicken nuggets as affected by added fat and variable salt 
contents. Journal of Food Science and Technology, 50(1), 191–196.  

Yusuf Al-Qaradawi. (2013). The Lawful and the Prohibited in Islam. Kuala Lumpur: 
Islamic Book Trust. 

Zulfakar, M. H., Anuar, M. M., & Talib, M. S. A. (2014). Conceptual framework on 
halal food supply chain integrity enhancement. Procedia - Social and 
Behavioral Sciences, 121, 58–67.  

 


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



