“\\
---n Halal Food Authentic 'u W
: Does it matter to y: )A

UP M|

qF’ U|P|M

> Authenticity

EEEEEEEE

matter to

YOU?

-,
N 2
BJeISNIA WIEYNYS *IQ *}04d

aaaaaaaaaaaaaaaaaa

Email: nerbit putra.upm.edu.my
ebsite: www.penerbit.upm.edu.my

7896




Halal

Food

Authenticity

Does it
matter to

YOU?



PROFESSOR DR. SHUHAIMI MUSTAFA

=

A

Il




—Halal
-00d
Authenticity

Does it
matter to

YOU?

Professor Dr. Shuhaimi Mustafa
BSc, MS, PhD (UPM)

25 November 2017

Main Lecture Hall
Faculty of Biotechnology & Biomolecular Sciences
Universiti Putra Malaysia

Universiti Putra Malaysia Press
Serdang ¢ 2017
http://www.penerbit.upm.edu.my



© Universiti Putra Malaysia Press
First Print 2017

All rights reserved. No part of this book may be reproduced in any form without
permission in writing from the publisher, except by a reviewer who wishes to quote
brief passages in a review written for inclusion in a magazine or newspaper.

UPM Press is a member of the Malaysian Book Publishers Association
(MABOPA)
Membership No.: 9802

ISBN 978-967-344-742-8

Typesetting : Sahariah Abdol Rahim @ Ibrahim
Cover Design : Md Fairus Ahmad

Design, layout and printed by
Penerbit Universiti Putra Malaysia
43400 UPM Serdang

Selangor Darul Ehsan

Tel: 03-8946 8855 / 8854

Fax: 03-8941 6172
http://www.penerbit.upm.edu.my



Contents

Abstract

Introduction

Traceability System in Halal Food Production
Tracking and Tracing of Halal Food

Issues on Halal Food Adulteration

The Necessity of Laboratory Testing

Various Halal Authentication Techniques for Food Product
Analysis

Conclusion
References
Biography
Acknowledgements

List of Inaugural Lectures

11

13
42
43
61
63
65






Shuhaimi Mustafa

ABSTRACT

To the Muslims, the claim for Halal is not debatable. The current
Halal food industry as required by 1.8 billion Muslims is estimated
to be worth USD 1.6 trillion by 2018. In this respect, the Halal food
industry is projected to be the fastest growing and most lucrative
business segment in the very near future in view of the rapid increase
in the Muslim population in the world. This enormous business
potential will be further augmented by the preference, on the part
of non-Muslims for the “safe, wholesome and clean” food concept
referred to as the Halalan toyyiban. The Manufacture of Halal
products, especially food requires an uncompromised understanding
and knowledge of the Islamic laws and regulations along with the
advancement in food processing and complex ingredients in the
entire supply chain. However, unethical practices and fraud of the
Halal logo is becoming a regular occurrence and poses a threat to the
authenticity of halal products. Thus, authentication using specific,
sensitive, easy-to-use and reliable scientific techniques based on
DNA, proteins, lipids and metabolomics should be performed to
complement the conventional audit-based certification process.
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INTRODUCTION

Halal is an Arabic word which means lawful or permitted as dictated
by Allah the Creator. Halal which transcends the entire facets of
life of Muslims viz. the food and drinks they consume, social
interactions, dress code and even financial transactions must be
strictly adhered to as laid down in the Holy Quran and exemplified
by the Sunnah (teachings and practices) of Prophet Muhammad
(SAW). Halal food are food products which are prepared strictly
following specific Islamic requirements referred to as Halalan
Toyyiban which ensures that such products are safe, wholesome
and clean.

The demand for Halal food is slowly but surely exerting a
major influence on the global economy as the world is projected
to be populated by 2.8 billion Muslims by 2050; accounting for
one third of the human population (Pew Research Center, 2016).
To a certain extent, non-Muslims in the world, regardless of race
are also attracted by the “safe, wholesome and clean” concept in
foods which would further add on to the increase in the demand
for Halalan toyyiban food. Alserhan (2010) reported that Halal
food constitute 16% of the global food industry which is worth
USD632 billion. Report by Porter (2014) estimated the value of
global Halal food market to be in the region of USD700 billion.
A more recent report by Thompson Reuters (2015) predicted
that the global halal food market to be worth more than USD1.6
trillions. However, although there exist such a huge potential in
the development of the Halal food industry, there are still many
challenging and pressing issues that need to be addressed. Food
products could only be declared Halal when the entire supply
chain (ingredients, processing, handling, packaging, storage and
distribution) are certified Halal (Samsi et al., 2012). The players
in the entire supply chain processes need to understand and be

R |



Halal Food Authenticity: Does it Matter to You?

fully committed to the Halal requirements and procedures. In this
respect traceability from the point of view of the Halal industry is
the ability to trace the Halalness of each product from its origin and
nature of the ingredients through all the manufacturing processes
until it reaches the consumer.

The failure to adhere to the Shariah requirements in the
production of Halal foods has led to considerable doubts in the
Halalness of the product itself and uncertainties pertaining to
the integrity and authenticity of the Halal certification. These
uncertainties are further aggravated by the absence of a unified Halal
standard which has opened the floodgate for fake Halal certificate. In
view of the above, there is a need for a comprehensive and effective
authentication system to provide the much needed transparency
on the production of Halal food. Thus, this lecture deliberates the
scientific approaches developed over the years towards improving
and refining Halal food authentication to facilitate the respective
authorities to make a definitive decision on the Halalness of food
and food products before the issuance of the Halal certificate.

TRACEABILITY SYSTEM IN HALAL FOOD
PRODUCTION

To the Muslims, Halal is inseparable as it is their way of life. Halal
food, being foremost in the minds of Muslims worldwide which
make up one third of the human population has a major influence on
the world’s economy (Power, 2009). Growth of world Halal market
is expected to grow at 5.8% annually until 2020 while the market
for certified Halal goods is expected to grow at 26%.

Malaysia was instrumental to the development of Halal standard
MS 1500:2009 (Department of Standards Malaysia) which is now
accepted as the benchmark of most Halal standards worldwide.
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One of the major criteria in this standard is the traceability of
the ingredients in Halal foods. The requirements for Halalness
discreetly states that Halalness is not only fulfilled by evaluating
the ingredients of the food but also encompasses aspects on safety
and cleanliness which have to be strictly adhered to throughout
the stages of production i.e. source of ingredients, processing,
packaging, storage and transportation. Every stage along the supply
chain must be ensured to have met all the requirements according
to the Halal standards. It is a comprehensive concept of protection
for Muslims which cover not only religious requirements such as
exclusion of alcohol and pork but equally high on the priority list
are the safety, wholesomeness and cleanliness of the product. This
concept is known as the Halalan Toyyiban (which means Halal and
good/preferred) which demonstrates the righteousness concept of
Halal (Janis, 2004). However, for business purposes, a company
may be required to comply with additional certifications such as
the Hazard Analysis and Critical Control Point (HACCP) and Good
Manufacturing Practices (GMP). The fulfillment of Halal together
with other standards and requirements clearly demonstrates that
the food product produced has achieved certain quality levels
or standards that cannot be compromised particularly from the
perspective of Muslim customers and to a lesser extent by non-
Muslim consumers (Samsi et al., 2012).

TRACKING AND TRACING OF HALAL FOOD

As the awareness and education of Halal food consumers grow
which is concurrent with the increase in demand for Halal food
products, there is an accompanying increase in demand for more
information with respect to the products purchased by consumers.
Not only consumers are interested in a wider choices of Halal food
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available but they also require information on procedures employed
along the supply chain, assurance on food safety and quality, animal
welfare practices and good environmental management (Schulze
et al., 2006).

From the perspective of the Halal food industry, traceability
can be used to trace the Halal status of a particular food product
at every stage of the supply chain. It encompasses all information
pertaining to activities that the Halal food products have gone
through which include preproduction activities and in particular
the origin of the ingredients/raw materials. By having a traceability
system, critical Halal control points can be fully monitored and if
the product is suspected to be contaminated or adulterated with non-
Halal elements, detailed information can be retrieved to identify
the cross contamination point and accordingly corrective measures
instituted in view of the fact that Halal is all about credibility and
quality control.

A comprehensive and reliable traceability system in the Halal
food supply chain would therefore increase Halal transparency
and strengthen Halal integrity. However reports by Norman et al.
(2009), Mohd Albakir and Mohd Mokhtar (2011) and Yang and Bao
(2011) pointed out that almost all existing tools to determine the
Halal status of products are not only unreliable and lack security but
there appreared to be an absence of real time product analysis and
the test procedures require considerable time to be accomplished.
Existing technologies such as those involving Radio Frequency
Identification Device (RFID), barcoding and the Internet could
be manipulated to make them appear as reliable tools for Halal
traceability. The above observations do not auger well with the
current flourishing worldwide Halal food industry which require an
excellent and reliable traceability system to ensure that consumers
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are persistently protected from unknowingly consuming non-Halal
food which is against the Muslim faith.

Halal products inclusive of their ingredients, processing,
handling, packaging, storage and distribution must strictly adhere
to the Halal rules and regulations as stipulated in the Shariah law.
In short, the entire supply chain processes and activities must be
certified as Halal compliant. If a food product contains imported
ingredients, then every single ingredient needs to be checked and
verified and certified in terms of its Halalness, which inevitably
involves investigations within its supply chain. The best terminology
to illustrate this process is ‘traceability’. Traceability in the Halal
industry is defined as the ability to trace the Halal status of each
product from farm to the table, or from its raw material to the
finished product. This process involves all players in the supply
chain to have their utmost commitment and comprehensive
knowledge on the Halal concept (Samsi et al., 2012). Hence,
traceability is notably critical in the Halal supply chain.

Traceability as an enabler of data exchange is the key to
Halal assurance. It augments Halal integrity by providing clear
information with regards to origin and processes, link food safety
to the process flow, ensure all planned safety measures have been
carried out and all labeling are correct. Traceability also helps to
decrease minimum stock levels, reduce wastage through shelf-life
reduce dependent picking, reduce dependency on experienced
workers, remote control of sites and reduce the risk of breach of
specification/desired practices. Figure 1 shows the 5 levels of Halal
traceability system (Lehr, 2012).
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ISSUES ON HALAL FOOD ADULTERATION

Harmonization of modern science and Islamic law is very important
especially with regard to Halal authentication to protect from fraud
and deception. In the food industry, pork and its derivatives are
among the most widely used materials such as gelatin, sodium
stearoyllactylate, shortening, collagen, whey, calcium stearate,
capric acid, myristic acid, oleic acid, pancreatic extract, bone ash
and lard. In this context, Muslim researchers tend to stick with the
majority view of Muslim jurists who forbid any sources of pig either
flesh or lard and their derivatives. Most issues arising in Halal food
production include porcine-based products in food and beverages,
usage of gelatin from animal source which is classified as non-
Halal, consumption of non-Halal food additives, contamination
of food and beverages with alcohol, meat that is not slaughtered
according to the ritual Islamic manner and last but not least the use
of non-halal genetic materials in GM (genetically modified) foods
(Ermis, 2017). Table 1 shows some cases of cross contamination of
food products with porcine derivatives and mislabeling that concern
Muslim consumers all over the world.
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THE NECESSITY OF LABORATORY TESTING

The growing concern in food authenticity and adulteration has
resulted in increased awareness with reference to the composition
of food products. The identity and source of the ingredients in
processed or composite mixtures is not always readily discernable.
Hidden ingredients from various sources present serious problem
for Muslim consumers (Riaz and Chaudry, 2003). The high demand
for transparency in the food industry has enhanced the development
of methods for the analysis of food ingredients. Muslims are more
attentive to the content of processed foods, for instance, since food
chains are becoming longer and more complex. Hence all products
produced for the needs of Islamic consumers must comply with
Halal criteria. These criteria refer to the nature, origin, and the
processing method of the food product (Bonne and Verbeke, 2008)
which are as follows:

1. does not contain elements not permissible according to Islamic
law,

2. has not been in contact with non-Halal substances during
production, transportation and storage, and

3. is not stored in facilities or premises or transported using
transportation shared with non-Halal food or ingredients.

Laboratory analysis can be used as proof of correct labeling when
food products are delivered to consumers or buyers or to ensure that
suppliers only deliver products devoid of any Halal substances. To
ensure that the food industry has met the requirements in producing
Halal foods, its production has to be verified. Certificates and
labeling are required to convince consumers and buyers alike that
the food products are manufactured according to Halal production
procedures.
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Generally, the Halal certification process work flow includes
1) online registration of product(s), 2) delivery of supporting
documents, 3) reviewing of supporting document, 4) auditing
process, and 5) issuing of Halal certificate upon approval by

certification panel (Figure 2).

Application/Document approval/F ee

¥

Premise inspection/ Audit/Sample

v

Report writing

v

Panel committee

v

Issuance of halal certificate

¥

Monitoring and enforcement/Sample

Figure 2 General Halal Certification Process Work Flow (Manual
Procedure for Malaysia Halal Certification, Third Revision, 2014)

Halal laboratory testing is never indicated in the certification
process even though some critical ingredients are subjected to
laboratory testing upon receiving complaint or reported to be
doubtful. Laidan (2011) stated that a particular Halal-certified
product cannot be genuinely guaranteed Halal without being
tested in a certified Halal laboratory. Hence, verification on the
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authenticity of the ingredients and sources acceptable to Muslim
consumers are indeed essential. Sensitive and reliable methods for
detection of Halal product adulteration are of paramount importance
for implementation of Halal food labeling, regulations and
products quality control. Various techniques including DNA-based
methods, gas chromatography, liquid chromatography, differential
scanning calorimetric (DSC) and Fourier transform infrared (FTIR)
spectroscopy have been specifically proposed for the analyses of
pork, lard, khamr and gelatin. It should be noted that there is no
laboratory test in the market that could possibly determine the way
in which an animal is slaughtered. Therefore the scientific testing
within the Halal industry is strictly concentrated on adulteration
either intentionally or unintentionally.

VARIOUS HALAL AUTHENTICATION
TECHNIQUES FOR FOOD PRODUCTS ANALYSIS

Selection of the most suitable technique on Halal certification is
dependent upon the type of suspected non-Halal compound(s),
composition of the food product, the expected levels of non-Halal
constituents, whether screening or confirmatory analysis is required
and the measurement of uncertainty allowed. The specificity and
sensitivity of detection methods determine the extent to which
the absence of non-Halal ingredients can be demonstrated. More
sensitive, cheap and simple detection methods for non-Halal
ingredients are needed to support the verification of the Halal status
of food products (Fels-Klerx et al., 2016).

There are various approaches to detect and quantify the level of
adulterants in food products. The first approach is by determining
the ratios between some chemical constituents and assuming that
these ratios are constant in particular food products. This approach
appears to be more convincing as addition in any food products

13 /m



Halal Food Authenticity: Does it Matter to You?

will modify or change this ratio or will highlight an anomaly in its
chemical composition. This approach is usually associated with
a set number of analyses and the use of chemometrics. Another
approach is by identification a specific marker in food products,
either chemical constituents or morphological characteristics,
which proves the presence of adulterants in food products. The third
approach is using analytical methods derived from physical analysis
by taking into account the whole samples to show the adulteration
effects on the physico-chemical properties (Cordella et al., 2002).
Some of the analytical techniques are described in the following
sections.

DNA-based Halal Authentication

Advances in gene technology have led to rapid development
of detection methods based on genetic variations for Halal
authentication. DNA offers advantages over proteins, including
stability at high temperature, presence in all tissue types and greater
variation with genetic code (Mackie, 1996). DNA is a comparatively
stable molecule, provides universal and identical information from
all tissues of an organism and capable of withstanding extensive
heat, pressure and chemical stresses of food processing (Ali et al.,
2011;2012). In meat speciation, DNA-based techniques have been
preferred over protein and lipid-based molecular identification
protocols since most DNA biomarkers are extremely stable even
under harsh processing conditions such as heat, pressure and
chemical additives. This technique is equally stable in compromised
states such as natural decomposition or degraded specimens where
protein-based markers are denatured or degraded (Fajardo et al.,
2010).
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Polymerase chain reaction (PCR) has occupied a central
position in all DNA-based investigations by virtue of its simplicity,
cost-effectiveness, robust and extraordinary power of increasing
target DNA copy numbers even from a single or a few copies to
easily detectable quantities (Mohd Yusop et al., 2012). Conventional
PCR is simple and useful but rely on end-point analysis and under
such condition could not provide any quantitative information on
the targets originally present in the sample. Real-time PCR has
effectively overcome this limitation by direct and independent
monitoring of cycle-to-cycle amplification, using a fluorescent-
labeled signaling probe. The intensity of the fluorescent signal
directly correlates to the accumulated PCR products in each cycle,
providing detection in a real-time format at an early stage. It is
inherently more accurate and more promising than the conventional
PCR due to self-automation and devoid of the laborious agarose
gel or polyacrylamide electrophoresis.

Species-specific PCR (Che Man et al., 2007; Haunshi et al.,
2009; Mane et al., 2011; Karabasanavar et al., 2014), multiplex
PCR (Dooley et al., 2004; Ali et al., 2015) randomly amplified
polymorphic DNA (RAPD) (Arslan et al., 2006), PCR restriction
fragment length polymorphism (RFLP) (Ali et al., 2012), real-time
PCR (Alietal., 2012a), DNA barcoding (Wong and Hanner, 2008),
DNA microsatellites (Sonnante et al., 2009) and PCR product
sequencing (McKenna et al., 2010) are some of the significant
reports for fraud detection in food chain. Each method has its own
advantages and drawbacks.

Species-specific PCR-RFLP is most commendable in meat
speciation as the system exploit the genetic variations that exist
within a defined region of target DNA and allowing differentiation
of even closely related species by digestion of selected DNA
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fragments with appropriate restriction enzymes (Fajardo et al.,
2008). It was reported that PCR-RFLP assays with shorter DNA
targets are advantageous due to higher availability and better
stability of such biomarkers under extreme food processing
conditions. However, hundred nanometers pore size of traditional
agarose gel facilitates only separation of larger DNA targets (100
bp-10 kb) with good resolution (Salieb-Beugelaar et al., 2009). It
cannot resolute restriction-digested smaller DNA targets, specially
<50 bp. (Rohman et al., 2014b)

Real-time PCR assay combined with species-specific primers
and TagMan probe is particularly promising because, in addition to
specific primers, it provides additional species screening through
the specifically designed TagMan probe, significantly enhancing
the assay specificity and reliability (Tanabe et al., 2007; Rojas et
al., 2010; Koppel et al., 2011; Sakai et al., 2011). Both the simplex
(Rojas et al., 2010) and multiplex (Kdppel et al., 2011) real-time
PCR assays with TagMan probes are available (Ali et al., 2012b).

Multiplex PCR is highly repeatable, time and cost saving since
the system allows simultaneous identification of several species
using a single PCR assay and affordable compared to above-
mentioned methods (Dalmasso et al., 2004). It can simultaneously
amplify primer mixtures in one-step PCR reaction thereby
overcoming the weakness of single PCR detection which only
amplifies a pair of primers. However, multiplex PCR has several
disadvantages. Low amplification efficiency, variable efficiency
on different templates and poor universality highlight the need for
an advanced multiplex approach (Hanapi et al., 2014). Moreover,
a comparatively longer and length-variable DNA template for
different species is required. (Sakai et al., 2011). As longer DNA
templates are not stable in the harsh conditions of food-processing
and lengthy variable templates entail variable sensitivities for
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different species (Rojas et al., 2010), multiplex PCR assays are
not suitable for analysis of processed foods. Hanapi et al. (2014)
developed a detection method through common primer multiple
PCR (CP-M-PCR) system to simultaneously identify some of the
common meats that are widely used in meat-based product industry.
The authors claimed that the application of common primers (only
one forward primer for all specific reverse primers) in multiplex
PCR reduced the cost and increased the sensitivity of the analysis
at a very low concentration of DNA and primer, thus reducing the
limitations that generally occur in the conventional multiplex PCR
(Ali et al., 2012a).

Simplex real-time PCR assays on other hand are comparatively
easier to design and ensure more sensitive and robust quantitative
detection of species in the raw (Mohd Yusop et al., 2012) and
processed (Rojas et al., 2010) products. Thus, a real-time PCR assay
targeting multicopy genes, such as mitochondrial (mt) genes, with
shorter amplicon length is of great value as it ensures available
targets even in degraded samples and increases assay sensitivity,
making them more dependable and reliable (Bielikova et al., 2010).

It was reported that DNA-based assays with micro-fluidic
technology coupled with a lab-on-a-chip bioanlyzer kit is partially
automated and can effectively separate shorter nucleic acid
fragments =10 bp differences in length with good resolution. This
is an easy and user-friendly analysis approach integrating automated
capillary electrophoresis (CE) in chip, giving higher resolution
and speed with better reproducibility while using less reagents and
samples over the traditional agarose gel electrophoresis (Funes-
Huacca et al.2004; Rahman et al., 2015; Ali et al., 2012b)

Some of the recent work related to exploiting porcine DNA
analysis focusing on the use of PCR as biomolecular techniques to
amplify the specific fragments of gene of interest are listed in Table
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2. Both genomic and mitochondrial genes have been targeted for
detection of porcine DNA in various products. PCR identification of
species using mt-DNA has a series of advantages: Mt-DNA genes
are present in thousands of copies per cell; the large variability of
mt-DNA allows reliable identification of precise species in mixtures
and intraspecific variability of mt-DNA overs the possibility of
discriminating breeds currently used in industrial swine production
(Montiel-Sosa et al., 2000). The use of specifically designed primers
under restrictive conditions of PCR amplification could serve the
same purpose by direct and specific identification of PCR-amplified
mt-DNA fragments, avoiding subsequent sequencing or RFLP
identification (Che Man et al., 2007).
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Fourier-transform Infrared Spectroscopy

Infrared spectroscopy is one of the most powerful spectroscopic
techniques for food analysis since it explains in detail the functional
groups as well as chemical composition present in the infrared
spectrum of specific substances (Merfort et al., 1997). Fourier-
transform infrared spectroscopy (FTIR) has received considerable
attention in quantitative analysis of fats and oils over the years due
to the main advantage of easy sample preparation with reduced or
no-sample pre-treatment steps (Sherazi et al., 2010). Its application
in analysis of edible fats and oils can be considered as “green
analytical chemistry” because this technique reduces or eliminates
solvents and chemical reagents used in analysis which might be
hazardous to human health and environment (Namiésnik, 2001;
Nurrulhidayah et al., 2011). FTIR is a method of choice for the
determination of major components present in foods as well as feeds
and forage. It is widely preferred as its data can be processed and
programmed to manipulate spectral information for development
of multivariate analysis techniques, advanced construction of the
spectrophotometers viz. better sources of radiation, detectors, and
optical parts in general (Fadzlillah et al., 2013).

Combination of FTIR with multi-component analysis proves
useful in quantitation of adulteration in Halal fats and oils products.
This technique combined with partial least square (PLS) model
is reported to have been used successfully in the detection of
adulterants and quantitative analysis of lard in cake formulation
(Syahariza et al., 2005) chocolate products (Che Man et al., 2005a)
analyzing the mixture of lards in other animal fats (Che Man and
Mirghani, 2001) in cod-liver oil (Rohman and Che Man, 2011a) in
virgin coconut oil (Rohman and Che Man, 2011b) in palm kernel
oil (Manaf et al., 2007) and many more.
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Che Man and Mirghani (2001) have developed a FTIR method
for detecting lard in mixtures of other animal fats, such as chicken,
lamb and cattle. The results demonstrated that the FTIR could
qualitatively differentiate between the pure animal fats from their
blends. A study by Syahariza et al. (2005), demonstrated that FTIR
analytical approach could be adapted to detect and quantify the level
of lard adulteration in cake formulation, particularly if the same type
of shortening was used. However, in the case of lard adulteration in
cakes, when variable lipid sources are used to formulate the products
(e.g. other commercial shortening) the calibration model has to
be designed to account for the variation. It is recommended that
before the model can be applied a database comprising a collection
of all shortening spectra have to be developed first to ensure the
accuracy of the prediction. In cosmetics, the FTIR method has been
developed for analysis of lard in a mixture with virgin coconut oil
in cream (Rohman et al., 2011), in a mixture with palm oil in lotion
(Lukitaningsih et al., 2012) and for analysis of lard extracted from
lipstick formulation (Waskitho et al., 2016). Moreover, Rohman
et al., (2011c) used FTIR to study pork adulteration in beefball
formulations. They highlighted that there were some issues related
to the adulteration of pork in beetball products. Their results showed
that FTIR could be used for the detection and quantification of
pork in beefball formulation for Halal authentication purposes.
Guntarti et al. (2015) used this technique for analysis of wild boar
meat in meatball formulation. Xu et al. (2012) has also developed
a rapid discrimination method of pork in Halal and non-Halal
Chinese ham sausages by FTIR and chemometric data analysis.
Their study had resulted in the establishment of a reliable model
for Halal/non-Halal discrimination of some mainstream and
representative samples in China. Some of the recent works on
the use of FTIR to discriminate lard from other fats and oils for
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Halal purpose are listed in Table 3. Fadzlillah et al. (2013) used
FTIR-ATR and found that this technique could be used for the
identification and quantification of mutton fat in butter formulation
for source verification purposes. Detection and quantification of
lard as adulterant in butter was also successfully carried out by
Nurulhidayah et al., (2013) using FTIR-ATR approach.
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Electronic Nose Technology

Electronic nose (E-nose) is a rapid and easily operable, low-cost
analytical tool in food authentication. Being a nondestructive
analytical method it has a wide application such as quality control,
discrimination of fake food and determination of origin of food.
Basically e-nose is a bench-top portable machine designed to
replicate the major functions of human nose for detection, recording,
memory search and identification for profiling an aroma (Ali et
al., 2012d). Although the applications of e-nose in food industry
are well known in monitoring processes, shelf-life, freshness,
authenticity, and other quality controls, the capability of e-nose in
authentication of Halal status is rather limited.

The work by Che Man et al. (2005a) on surface acoustic wave
(SAW)- based e-nose (zNoseTM) had successfully detected and
quantitate the refined bleached deodorized (RBD) palm olein
samples adulterated with lard (as low as 1 %) using the eNose™. A
two-dimensional olfactory image called VaporPrint™, produced by
the eNose™ could be used for immediate detection (qualitatively)
of lard substances in sample admixtures.

Nurjuliana et al. (2011) combined eNose™ chromatograms
with PCA for differentiation and discrimination of various animal
fats such as lard, beef, mutton, and chicken fats. PCA provided
a good grouping of samples: PC 1 and PC 2 accounted 61% and
29% variations of the data. All lard-containing samples produced
a separate group from the samples that were free from lard. They
also successfully applied eNose™ and PCA to differentiate and
discriminate pork and pork sausages from beef, mutton, and chicken
meats and their sausages. With a 67% total variance, PCA provides
a good model to discriminate meat and their products into well
defined clusters. However, the application of e-nose to discriminate
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meat species in a complex matrix frequently encountered in
commercial meat products has yet to be defined.

Ab Mutalib et al. (2013) has successfully developed a method for
rapid detection of ethanol content in beverages using portable e-nose
prototype. This portable e-nose is very reliable in the detection of
ethanol in various beverages such as alcoholic beverages, isotonic
drinks, soft drinks and fruit juices of different brands marketed in
Malaysia. The device has high accuracy and reliability, where it
could detect ethanol content as low as 0.1% (v/v). From routine
screening processes products that carry the Halal label were found
to contain a small amount of ethanol in beverages.

More recently, Park et al. (2017) has used e-nose coupled
with MS for analysis of ethanol content in soy sauce. The e-nose
MS data were analyzed by discriminant function analysis (DFA).
Results obtained show more than 96.6% accuracy when the ethanol
concentrations were greater than 0.5%. A high correlation between
the first score of the DFA plot and the ethanol concentration was
also observed. Results from their study show that mass spectrometry
based on e-nose is an efficient method as a primary screening tool
for Halal certification.

Table 4: Halal product authentication using e-Nose

Issues in food sample dlgzictﬁ(:)fn References
Lard in edible oil 1% Che man et al. (2005a)
Pork in meat 1% Nurjuliana et al. (2011)
Adulteration in edible oil NR Marina et al. (2009)
Ethanol in beverages From <0.1% Ab mutalib et al. (2013)
Ethanol in soy sauce >0.5% Park et al. (2017)

NR: not reported
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Differential Scanning Calorimetry (DSC) for Halal
Food Authentication

Thermal analysis (TA) is one of the analytical techniques used
by food science researchers analysis of fats and oils. Differential
scanning calorimetry (DSC) being the most versatile with a range
of applications based on the principle of heat differences of a
sample by thermo-physical transitions (exothermic and endothermic
changes). The DSC provides the information on the melting and
crystallization phenomena of oils that is directly influenced by
their physicochemical properties such as fatty acid, triglyceride
(TAG) composition and chemical structure. Each edible oil has
a fingerprint profile in their thermal behaviors including melting
and crystallization profile which is closely related to the chemical
composition of the oil (Tan and Man, 2002).

The principle of DSC is to keep the sample and the reference at
the same temperature in separate micro-ovens. The electrical power
require for the compensation is equivalent to the calorimetric effect.
DSC offers a direct method for studying the thermal properties of
various materials and has a possibility to be developed as a quality
control procedure for food adulteration (Mansor et al., 2011).

For Halal authentication, DSC has proven to be successful for
the detection of adulterants such as lard and beef tallow in canola
oils (Marikkar et al., 2002). Analysis of its heating thermogram
enabled the detection of lard at 8% in canola oil. DSC was also used
to determine the lard uptake in fried food products (Marikkar et al.,
2003). When a food is fried with lard, it becomes a product enriched
in lard. Based on DSC heating thermograms, lard contamination of
tempeh and chicken resulted in a strong endothermic peak emerging
in the range of 22-23 °C. Animal fats including lard have been used
as adulterants in vegetable oils as well as being exploited to develop
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new products in order to gain economical profits as lard is one of
the cheapest fats available in the market (Foglia et al., 1993). One
of the potential vegetable oils that could be adulterated with lard is
virgin coconut oil (VCO). VCO is recognized for its nutraceutical
properties which can act as primary prevention and treatment for
many illnesses relating to atherosclerosis (Nevin and Rajamohan,
2004). Further, the physical characteristics of VCO are quite similar
that of lard, being white to cream in color and are also solid at
room temperature (Codex, Vol 8, 2001). Therefore, blending of
VCO with lard would generate more profit as lard is comparatively
cheaper than VCO. In view of this concern, the DSC technique
was developed to study the thermal behavior of VCO adulterated
with lard (Mansor et al., 2012). They showed that DSC was able
to detect changes in the cooling and heating curves of VCO when
adulterated with lard. Qualitative determination showed that the
marker peak increased as the concentration of lard added increases.
It can be concluded that, DSC provides unique thermal profiles and
therefore suitable for Halal products analysis. Table 5 shows Halal
product authentication using DSC.
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Table 5 Halal product authentication using DSC

Issues in food sample lelt.Of References

detection
Lard and randomized lard o .
in RBD palm oil 10% (w/w)  Marikkar et al., (2001)
Adulteration of RBD palm o .
oil with ERLD 10% (w/w)  Marikkar et al., (2002)
Monitoring lard, tallow and
chicken fat adulteration in 10% (w/w)  Marikkar et al., (2002)
Canola oil
Lard adulteration NR Marikkar et al., (2002)
Detection of lard in .
selected food product deep  10% (w/w) Marikkar et al., (2003)
fried in lard
Lard in cooking oil - Mansor et al., (2012)
Lard in sunflower oil Marikkar et al., (2012)
Lard in canola oil 5%(w/w)  Marikkar et al., (2014)

Lard in virgin coconut oil

Marikkar et al., (2011)

Lard in butter

Nurrulhidayah et al.,
(2015)

RBD: refined, bleached, deodorized; ERLD: enzymatically randomized lard; NR: not

reported.

ELISA Technique for Halal Food Authentication

Enzyme-linked immunosorbent assay, also called ELISA, is a
biochemical technique used mainly in immunology to detect the
presence of an antibody or an antigen in a sample. ELISA has been
applied as a diagnostic tool in medicine and plant pathology, as well
as a quality control check in various industries. It is a sensitive,
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rapid, and specific for meat speciation. The ELISA uses polyclonal
antibodies as a capture reagent and has been successfully applied to
the species identification of fresh (Martin et al., 1991; Patterson et
al., 1984) and cooked meat (Kang’ethe and Gathuma 1987; Berger
etal., 1988; Andrews etal., 1992). In the Halal industries ELISA has
been used for detection of pig derivatives qualitatively in the food
samples, such as sausages from various types of meat (Jaswir et al.,
2016). Although excellent results were obtained for the detection
of pig derivatives in food, the technique lacks specificity which may
lead to false negative or false positive findings.

Recently, ELISA was used for the detection of porcine in edible
bird’s nests (EBNs) (Tukiran et al., 2015). In order to develop
indirect ELISAs for porcine gelatin adulteration, anti-peptide
polyclonal antibodies were raised against porcine species-specific
amino acid sequences of the collagen (I) alpha2 chain (PAB1 and 2)
and the collagen (I) alphal chain (PAB3). These antibodies showed
acceptable affinity towards spiked samples with the ability to detect
at least 0.05% porcine gelatin in EBNs.

In another work by Alina et al. (2012), sandwich ELISA method
was successfully used to detect non-Halal plasma transglutaminase
(TGase) in surimi-based products. Plasma TGase which is derived
from blood of different species of mammalian animals use to
maximize the gel strength. However, further study for optimization
of the specificity of antibody used in the confirmation of TGase in
surimi needs to be established.

Bio-sensors

A biosensor is a molecular sensor that combines a biological
recognition mechanism with a physical chemical transduction
technique (Cornell et.al., 1997). It can also be described as
an analytical device incorporating a biological or biologically
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derived sensing element. It is aimed at generating a signal which
is proportional to a specific analyte or group of analytes. The
result is a simple, easy to use analytical devices that can be used
by non-specialists to deliver sophisticated analytical results in
decentralized locations in the field or even from the home. The
biological component such as antibody, enzyme or nucleic acid
may be extracted from nature subsequently, chemically modified
or they may be synthesized de novo (Turner, 2010). The general
layout of a biosensor is as shown in Figure 3.

Transducer

Signal

Biological
element Calibration,

data processing

Figure 3 Diagram showing the basic parts of a biosensor.
The biological element produces a specific reaction with the
substance that it is required to be measured, which in turn should
be able to generate a signal that can be detected by the transducer
(Kuswandi and Ahmad, 2014a)

Recently biosensors have been developed and applied in Halal
authentication. Gold Nanoparticle Sensor for the visual detection
of pork adulteration in meatball formulation was developed by Ali
et al. (2012c). It was reported that the method is rapid (less than
10 min), reliable, and cheap for the selective detection of target
DNA sequences in processed meat products. It does not need any
instrument or surface modification chemistry and directly detects
target DNA in non-amplified mixed genomic DNA. The procedure is
very simple and relies on the color change of 20-nm GNPs following
the addition of salt. The visual finding is solid and could be further
confirmed by an inexpensive and reliable technique, absorption
spectroscopy which incurs only the instrumental cost and reusable
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cuvette. The use of absorption spectroscopy increases sensitivity
and eliminates any sort of color-blindness error or ambiguity in
visual detection by producing well-defined bands of aggregated
and non-aggregated colloidal particles. The assay needs a shorter
probe whose design is simpler than PCR primers. The method is
applicable to analyze extensively degraded sample which may not
be possible by with PCR which require longer targets.

In a the separate study, Ali et al. (2014a) used nanobiosensor
to detect and quantify pork adulteration in meatball formulation.
The sensor was found to be sensitive enough to detect 1% pork
in raw and cooked meatballs. They claimed that this Species-
specific hybrid biosensor based on gold nanoparticles (GNPs) was
developed for the first time. The sensor was successfully applied to
authenticate as low as 1% pork adulteration in ready-to-consume
beef meatball preparations. The cross-testing results with various
formulations of commercial meatballs also revealed the high
specificity and sensitivity of the sensor for the pork DNA. The
hybridization kinetics of the sensor was studied for the first time
and hyperbolic relationship was observed between fluorescence
intensity and target concentration. A linear curve was realized
over the moderate concentration of the target and used to quantify
potential targets in processed mixed meat products with more
than 90% accuracy. The method eliminate the need of expensive
RT-PCR, time-consuming electrophoresis and laborious blotting
techniques for target DNA authentication. This approach has a very
high potential for application in food analysis, genetic screening,
bio-diagnostics and forensic investigations.

Kuswandi et al. (2014b) studied a simple visual ethanol
biosensor based on alcohol oxidase (AOX) immobilized onto
polyaniline (PANI) film for Halal verification of fermented beverage
samples. This biosensor responded to ethanol via a color change

331m



Halal Food Authenticity: Does it Matter to You?

from green to blue due to the enzymatic reaction of ethanol which
produces acetaldehyde and hydrogen peroxide when the latter
oxidizes the PANI film. This biosensor consists of the immobilization
of AOX onto PANI film by adsorption. The detection limit of the
biosensor was 0.001%, with 1.6% reproducibility (RSD) and a
shelf-life time up to seven weeks when stored at 4 °C. All these
characteristics make the AOX/PANI biosensor a good alternative
to other determination methods for Halal verification of ethanol in
fermented beverage samples.

In another study by Kuswandi et al. (2017), a lateral flow
immunosensor was developed and used to test pork adulteration in
processed meats. The reliability of the assay was further investigated
by comparing the results to those of commercially available ELISA
kits. It was found that the correlation of two methods was excellent.
Thus, the strip could provide a simple approach to detect pork
adulteration in processed meats samples with high reliability. In
their work, a high-affinity anti-Swine IgG polyclonal antibody
was evaluated to develop a user-friendly, rapid, and sensitive
immunosensor as a test strip assay for detecting low levels of
pork adulteration in beef meatballs. In terms of gold nanoparticles
(AuNPs) used for conjugation of IgG (swine antibody), very fine
AuNPs within 20 nm were used since size is importance as it could
affect the nanosensor performance such as response time (Aveyard
etal., 2008). A rapid immunosensor test to detect low levels of pork
adulteration in beef meatball products was developed using anti-
Swine IgG polyclonal antibody. The assay was completed in 5 min,
after incubation time. Detection limit was 0.1% (w/w), the reliability
of the assay was good as the result in agreement when comparing to
that of ELISA results. Thus, the immunosensor strip could provide
a simple approach to detect low level pork adulteration in processed
meat samples (i.e. beef meatballs) with high reliability.
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Surface plasmon resonance based biosensor was used by
Wardani et al. (2015) for quantitative differentiation between
bovine and porcine gelatin. Their SPR-based biosensor could detect
differences between both types of gelatin based on its sensitivity
toward the gelatin concentration change, its reliability and limit
of detection (LOD) and limit of quantification (LOQ) of the
sensor. The LOD and LOQ of the sensor towards bovine gelatin
concentration were 0.38% and 1.26% (w/w), while towards porcine
gelatin concentration were 0.66% and 2.20% (w/w), respectively.
The results show that SPR-based biosensor is a promising tool for
detecting gelatin from different raw materials quantitatively.

The SPR-based biosensor shows the quantitative ability to
perform a simple and sensitive detection of the difference between
bovine and porcine gelatin for a concentration range above 0.25%
and under 9.9%, as cross-reactivity occurs at both concentrations.
However, it still requires further investigation to compare these
results with gelatin refractive indices at various concentrations
used in this study. For advanced detection of gelatin contamination
in food and pharmaceutical products, the development of
immobilization method of gelatin molecules instead of the above
simple deposition method is suggested.

Chromatography-based Techniques for Halal Food
Authentication

The chromatography-based techniques offer rapid and reliable tools
for the separation and quantitative analysis of major and minor
components with highly similar chemical structures in complex
foods. Due to their advantageous separation characteristics,
numerous chromatographic techniques have been tested, accepted,
and employed in the analysis of non-Halal derivatives in food
products. However, the drawback of this technique is generally
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attributed to the multiple-step of sample preparation required before
chromatographic analysis (Reid et al., 2006). Table 5 summarizes
the application of chromatographic-based techniques for analysis
of non-Halal derivatives in food systems.

HPLC is one of the most widely used analytical techniques for
food authentication studies (Cordella et al., 2002). Its application
for the detection of adulteration in foods has attracted much
attention since the technique is applicable to almost all components
present in food systems. Rashood et al. (1996) has carried out TG
profiling of pork, beef, mutton, chicken, and turkey fats using a
LiChrospher-100 RP-18 (5 pm) column. TG profiling of genuine
and randomized lard has been investigated by these authors using
a refractive index detector.

Marikkar et al. (2005) has identified lard contamination in
vegetable oils such as palm oil (Pa-O), palm kernel oil (PKO),
and canola oil (Ca-O) using HPLC in combination with the
chemometrics of canonical discriminant analysis (CDA). Analyses
were performed to monitor TG compositional changes in vegetable
oil samples before and after adulteration with lard. The ability of the
HPLC technique to monitor the triacylglycerol (TAG) compositional
changes in the oil samples before and after adulteration lard was
also studied by Marikkar et al. (2005). The results showed that
qualitative determination of lard contamination in PKO was possible
by a visual comparison of TAG profiles of PKO adulterated with
different animal fats.

HPLC using a cation-exchange column and diode array detection
was used by Wissiack et al. (2003) to differentiate pork from other
animal meats to detect meat adulteration. Different peak patterns
for extracted hemoglobins of pork, cow, or lamb were obtained to
be further used for the qualitative assessment of meat adulteration.
The identification of pork in meat products from 15 food animal
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species (cattle, pigs, goats, deer, horses, chickens, ducks, ostriches,
salmon, cod, shrimp, crabs, scallops, bull- frogs, and alligators) has
been carried out using HPLC with electrochemical detection (Chou
etal.,2007). Each species exhibited unique electrochemical profile.

Zhang et al. (2009) has successfully differentiated porcine and
bovine gelatins based on marker peptides in trytic-digested gelatins
using HPLC-MS/MS. It was found that proline hydroxylation was
a key factor affecting the peptide identification. They revealed that
detection of marker peptides in the digested gelatin sample using
HPLC-MS/MS is an effective method to differentiate between
bovine and porcine gelatin. Norakasha et al. (2009) developed
reverse-phase HPLC to differentiate gelatin coming from bovine
and porcine by determining their amino acid compositions. The
classification and characterization of gelatin based on the amino
acid contents were carried out using PCA.

The use of liquid chromatography coupled with mass
spectrometer (LC-MS) has grown exponentially in the last decade
for authentication analysis by virtue of its sensitivity, extraordinary
selectivity, and rapid rate of analysis. Dugo et al. (2006) have
determined the triglyceride composition of lard, tallow, and their
mixtures using HPLC in combination with atmospheric pressure
chemical ionization mass spectrometry (APCI-MS). What did they
show?

Analysis of lard adulteration in some food products depended
upon the identification and determination of certain characteristic
constituents. GC is a unique and versatile technique for analysis
of volatile components. One of the main characteristics of GC is
the minimization of band broadening. The formation of high and
narrow peaks contributes to the high signal-to-noise ratio and
improves the analyte detection (Mondello et al., 2004) Gas-liquid
chromatography (GLC) was used for the detection of lard added in
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buffalo and cow ghee using an OV-17% column and flame ionization
detector (FID). Analysis of fatty acids as methyl esters derivatives
by GLC is an important method for authentication purposes. The
compositional and positional distribution of fatty acids and TG
has been performed using GLC. Individual and total saturated and
unsaturated fatty acid compositions in total fats of both genuine
and randomized lard were identical (Rohman and Che Man, 2012).

GLC combined with pancreatic lipolysis (which hydrolyzes
fatty acids preferentially esterified at the 1,3-positions of TQG)
and chemometrics of canonical discriminant has been used for
identification of lard contamination in some vegetable oils such as
Pa-O and PKO. Jee (2002) has investigated the presence of lard
in beef using GLC initially after treating with pancreatic lipase to
produce 2-monoglycerides.

GC coupled with mass spectrometry (GC-MS) has been used
for analysis of volatile flavor compositions in pork. The cooked pork
contained a markedly low concentration of alcohols compared to
that of the other muscles (cooked chicken and beef). The variations
in alcohol and aldehyde concentrations might be responsible for the
differences in the overall aroma characteristics of pork, chicken, and
beef (Farag et al., 1983). Analysis of off-odor volatiles using GC-
MS showed that the main volatile compounds present in irradiated
pork were dimethyl disulfide, methyl sulfide, dimethyl trisulfide,
S-methyl thiocianate, and methanethiol (Lin et al., 2007).

Comprehensive two-dimensional gas chromatography
(GCxGC) has emerged as a powerful analytical technique in the
compositional analysis of complex samples. Recently, attention
was primarily devoted to the detection and analyte identification
with time-of-flight mass spectrometry (TOF-MS) (Adahchour
et al., 2008). GCxGC-coupled with an ion analyzer using time-
of-flight mass spectrometry (GCxGC-TOF-MS) was applied to
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differentiate lard, cattle fat, chicken fat, and goat fat by Indrasti et
al. (2010). A similar study was carried out by Chin et al. (2009)
for the differentiation of lard from other animal fats and cod liver
oil. The results suggested that GCxGC—TOF- MS combined with
chemometrics using PCA could be an effective means for such
differentiation. Indrasti et al. (2010) also used GCxGC-TOF-MS to
differentiate lard from several fats and oils, namely, butter, sunflower,
corn, and palm oils by the determination of monoglyceride (MG)
and diglyceride (DG) levels using DB17 and SLB-5ms as the
primary and secondary columns, respectively. Indrasti et al. (2010)
used a highly sophisticated chromatographic technique, GC x GC-
TOF-MS, to study the fatty acid profiles of lard (LA) in comparison
with other animal fats such as chicken (CF), cattle (CA) and goat
fat (GF). Dias et al. (2010) demonstrated that gas chromatography
hyphenated with time-of-flight mass spectrometry (GC-TOF-MS)
was able to differentiate between lard and three other commonly
animal-derived fats namely cattle fat, chicken fat and goat fat.
Recently, immuno-chromatographic assays using nano-sized
colloidal gold particles were developed. These assays are capable
of rapidly detecting pork in both raw and cooked samples at a low
cost without using any special equipment or requiring skillful
techniques by just observing the color change (Ali et al., 2012c¢).
The method is best suited for conducting preliminary screening of
large numbers of routine samples before using the traditional DNA
or protein based methods for confirmation, which can enable an
enhanced surveillance program of the Halal meat products supply.
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CONCLUSION

The progression of science and technology has revolutionized
the production of food and ingredients to fulfill the demand of
consumers and industries in terms of improving quality as well as
decreasing processing time and production costs. However, along
the processes, alteration and adulteration could happen that change
the characteristics of the final product from its origin making its
identification complicated. Therefore, the development of specific
and sensitive techniques for the authentication of food products is
timely.

This presentation highlighted innovations in the authentication
methods for Halal products that have been developed. These
methods offer various levels of applications from screening to
confirmation of contaminants at different concentrations. DNA-
based assay developed by our team was able to detect as low as
0.1% (v/v) porcine DNA spiked into meat samples with a detection
limit of 0.001 ng/pL porcine DNA. Meanwhile, protein-based
assay using competitive indirect ELISA identified gelatin sources
from confectionary products which exhibited low cross reactivity.
Furthermore, the advancement of GC-MS/LC-MS technologies and
other analytical techniques coupled with statistical analysis enable
the detection of lard adulteration in fats and oils products. Moreover,
the development of biosensors and halal test kits for rapid screening
of adulterants in food products will assists the religious authorities
in issuing halal certificate. These analyses become more and more
sensitive, the trust and confidence in Halal products will increase
which is important for the credibility of the Halal certification.
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Prof. Dr. Mahiran Basri

Green Organic Chemistry: Enzyme at
Work

14 July 2006

Prof. Dr. Malik Hj. Abu Hassan
Towards Large Scale Unconstrained
Optimization

20 April 2007

Prof. Dr. Khalid Abdul Rahim

Trade and Sustainable Development:
Lessons from Malaysia’s Experience
22 June 2007
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99. Prof. Dr. Mad Nasir Shamsudin
Econometric Modelling for
Agricultural Policy Analysis and
Forecasting: Between Theory and
Reality

100

101.

102.

103.

104.

105.

106.

107.

13 July 2007

. Prof. Dr. Zainal Abidin Mohamed

Managing Change - The Fads

and The Realities: A Look at
Process Reengineering, Knowledge
Management and Blue Ocean
Strategy

9 November 2007

Prof. Ir. Dr. Mohamed Daud

Expert Systems for Environmental
Impacts and Ecotourism Assessments
23 November 2007

Prof. Dr. Saleha Abdul Aziz
Pathogens and Residues; How Safe
is Our Meat?

30 November 2007

Prof. Dr. Jayum A. Jawan
Hubungan Sesama Manusia
7 December 2007

Prof. Dr. Zakariah Abdul Rashid
Planning for Equal Income
Distribution in Malaysia: A General
Equilibrium Approach

28 December 2007

Prof. Datin Paduka Dr. Khatijah
Yusoff

Newcastle Disease virus: A Journey
from Poultry to Cancer

11 January 2008

Prof. Dr. Dzulkefly Kuang Abdullah
Palm Oil: Still the Best Choice
1 February 2008

Prof. Dr. Elias Saion

Probing the Microscopic Worlds by
Lonizing Radiation

22 February 2008



108.

109.

110.

111.

112.

113.

114.

115.

116.

Shuhaimi Mustafa

Prof. Dr. Mohd Ali Hassan
Waste-to-Wealth Through
Biotechnology: For Profit, People
and Planet

28 March 2008

Prof. Dr. Mohd Maarof H. A. Moksin
Metrology at Nanoscale: Thermal
Wave Probe Made It Simple

11 April 2008

Prof. Dr. Dzolkhifli Omar

The Future of Pesticides Technology
in Agriculture: Maximum Target Kill
with Minimum Collateral Damage
25 April 2008

Prof. Dr. Mohd. Yazid Abd. Manap
Probiotics: Your Friendly Gut
Bacteria

9 May 2008

Prof. Dr. Hamami Sahri

Sustainable Supply of Wood and
Fibre: Does Malaysia have Enough?
23 May 2008

Prof. Dato’ Dr. Makhdzir Mardan
Connecting the Bee Dots
20 June 2008

Prof. Dr. Maimunah Ismail
Gender & Career: Realities and
Challenges

25 July 2008

Prof. Dr. Nor Aripin Shamaan
Biochemistry of Xenobiotics:
Towards a Healthy Lifestyle and Safe
Environment

1 August 2008

Prof. Dr. Mohd Yunus Abdullah
Penjagaan Kesihatan Primer di
Malaysia: Cabaran Prospek dan
Implikasi dalam Latihan dan
Penyelidikan Perubatan serta
Sains Kesihatan di Universiti Putra
Malaysia

8 August 2008

117.

118.

119.

120

121.

122.

123.

124.

Prof. Dr. Musa Abu Hassan
Memanfaatkan Teknologi Maklumat
& Komunikasi ICT untuk Semua

15 August 2008

Prof. Dr. Md. Salleh Hj. Hassan
Role of Media in Development:
Strategies, Issues & Challenges
22 August 2008

Prof. Dr. Jariah Masud
Gender in Everyday Life
10 October 2008

Prof. Dr. Mohd Shahwahid Haji
Othman

Mainstreaming Environment:
Incorporating Economic Valuation
and Market-Based Instruments in
Decision Making

24 October 2008

Prof. Dr. Son Radu

Big Questions Small Worlds:
Following Diverse Vistas

31 October 2008

Prof. Dr. Russly Abdul Rahman
Responding to Changing Lifestyles:
Engineering the Convenience Foods
28 November 2008

Prof. Dr. Mustafa Kamal Mohd
Shariff

Aesthetics in the Environment an
Exploration of Environmental:
Perception Through Landscape
Preference

9 January 2009

Prof. Dr. Abu Daud Silong
Leadership Theories, Research
& Practices: Farming Future
Leadership Thinking

16 January 2009
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125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Halal Food Authenticity: Does it Matter to You?

Prof. Dr. Azni Idris

Waste Management, What is the
Choice: Land Disposal or Biofuel?
23 January 2009

Prof. Dr. Jamilah Bakar
Freshwater Fish: The Overlooked
Alternative

30 January 2009

Prof. Dr. Mohd. Zobir Hussein

The Chemistry of Nanomaterial and
Nanobiomaterial

6 February 2009

Prof. Ir. Dr. Lee Teang Shui
Engineering Agricultural: Water
Resources

20 February 2009

Prof. Dr. Ghizan Saleh

Crop Breeding: Exploiting Genes for
Food and Feed

6 March 2009

Prof. Dr. Muzafar Shah Habibullah
Money Demand
27 March 2009

Prof. Dr. Karen Anne Crouse
In Search of Small Active Molecules
3 April 2009

Prof. Dr. Turiman Suandi
Volunteerism: Expanding the
Frontiers of Youth Development
17 April 2009

Prof. Dr. Arbakariya Ariff
Industrializing Biotechnology: Roles
of Fermentation and Bioprocess
Technology

8 May 2009

Prof. Ir. Dr. Desa Ahmad
Mechanics of Tillage Implements
12 June 2009
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135.

136.

137

138

139.

140.

141.

142.

143.

Prof. Dr. W. Mahmood Mat Yunus
Photothermal and Photoacoustic:
From Basic Research to Industrial
Applications
10 July 2009

Prof. Dr. Taufiq Yap Yun Hin
Catalysis for a Sustainable World
7 August 2009

Prof. Dr. Raja Noor Zaliha Raja
Abd. Rahman

Microbial Enzymes.: From Earth to
Space

9 October 2009

Prof. Ir. Dr. Barkawi Sahari
Materials, Energy and CNGDI
Vehicle Engineering

6 November 2009

Prof. Dr. Zulkifli Idrus

Poultry Welfare in Modern
Agriculture: Opportunity or Threat?
13 November 2009

Prof. Dr. Mohamed Hanafi Musa
Managing Phosphorus: Under Acid
Soils Environment

8 January 2010

Prof. Dr. Abdul Manan Mat Jais
Haruan Channa striatus a Drug
Discovery in an Agro-Industry
Setting

12 March 2010

Prof. Dr. Bujang bin Kim Huat
Problematic Soils: In Search for
Solution

19 March 2010

Prof. Dr. Samsinar Md Sidin
Family Purchase Decision Making:
Current Issues & Future Challenges
16 April 2010



144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Shuhaimi Mustafa

Prof. Dr. Mohd Adzir Mahdi
Lightspeed: Catch Me If You Can
4 June 2010

Prof. Dr. Raha Hj. Abdul Rahim
Designer Genes: Fashioning Mission
Purposed Microbes

18 June 2010

Prof. Dr. Hj. Hamidon Hj. Basri
A Stroke of Hope, A New Beginning
2 July 2010

Prof. Dr. Hj. Kamaruzaman Jusoff
Going Hyperspectral: The "Unseen”
Captured?

16 July 2010

"

Prof. Dr. Mohd Sapuan Salit
Concurrent Engineering for
Composites

30 July 2010

Prof. Dr. Shattri Mansor
Google the Earth: What's Next?
15 October 2010

Prof. Dr. Mohd Basyaruddin Abdul
Rahman

Haute Couture: Molecules &
Biocatalysts

29 October 2010

Prof. Dr. Mohd. Hair Bejo

Poultry Vaccines: An Innovation for
Food Safety and Security

12 November 2010

Prof. Dr. Umi Kalsom Yusuf
Fern of Malaysian Rain Forest
3 December 2010

Prof. Dr. Ab. Rahim Bakar
Preparing Malaysian Youths for The
World of Work: Roles of Technical
and Vocational Education and
Training (TVET)

14 January 2011

154.

155.

156.

157.

158.

159.

160.

16

—

162.

Prof. Dr. Seow Heng Fong
Are there "Magic Bullets" for
Cancer Therapy?

11 February 2011

Prof. Dr. Mohd Azmi Mohd Lila
Biopharmaceuticals: Protection,
Cure and the Real Winner

18 February 2011

Prof. Dr. Siti Shapor Siraj
Genetic Manipulation in Farmed
Fish: Enhancing Aquaculture
Production

25 March 2011

Prof. Dr. Ahmad Ismail

Coastal Biodiversity and Pollution:
A Continuous Conflict

22 April 2011

Prof. Ir. Dr. Norman Mariun
Energy Crisis 20507 Global
Scenario and Way Forward for
Malaysia

10 June 2011

Prof. Dr. Mohd Razi Ismail
Managing Plant Under Stress: A
Challenge for Food Security

15 July 2011

Prof. Dr. Patimah Ismail

Does Genetic Polymorphisms Affect
Health?

23 September 2011

. Prof. Dr. Sidek Ab. Aziz

Wonders of Glass: Synthesis,
Elasticity and Application
7 October 2011

Prof. Dr. Azizah Osman

Fruits: Nutritious, Colourful, Yet
Fragile Gifts of Nature

14 October 2011
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163.

164.

165.

166.

167.

168.

169.

170.

171.

Halal Food Authenticity: Does it Matter to You?

Prof. Dr. Mohd. Fauzi Ramlan
Climate Change: Crop Performance
and Potential

11 November 2011

Prof. Dr. Adem Kiligman
Mathematical Modeling with
Generalized Function

25 November 2011

Prof. Dr. Fauziah Othman

My Small World: In Biomedical
Research

23 December 2011

Prof. Dr. Japar Sidik Bujang
The Marine Angiosperms, Seagrass
23 March 2012

Prof. Dr. Zailina Hashim

Air Quality and Children's
Environmental Health: Is Our
Future Generation at Risk?
30 March 2012

Prof. Dr. Zainal Abidin Mohamed
Where is the Beef? Vantage Point
form the Livestock Supply Chain

27 April 2012

Prof. Dr. Jothi Malar Panandam
Genetic Characterisation of Animal
Genetic Resources for Sustaninable
Utilisation and Development
30 November 2012

Prof. Dr. Fatimah Abu Bakar

The Good The Bad & Ugly of Food
Safety: From Molecules to Microbes
7 December 2012

Prof. Dr. Abdul Jalil Nordin

My Colourful Sketches from Scratch:

Molecular Imaging
5 April 2013

174

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Prof. Dr. Norlijah Othman
Lower Respiratory Infections in
Children: New Pathogens, Old
Pathogens and The Way Forward
19 April 2013

Prof. Dr. Jayakaran Mukundan
Steroid-like Prescriptions English
Language Teaching Can Ill-afford
26 April 2013

Prof. Dr. Azmi Zakaria
Photothermals Affect Our Lives
7 June 2013

Prof. Dr. Rahinah Ibrahim
Design Informatics
21 June 2013

Prof. Dr. Gwendoline Ee Cheng
Natural Products from Malaysian
Rainforests

1 November 2013

Prof. Dr. Noor Akma Ibrahim
The Many Facets of Statistical
Modeling

22 November 2013

Prof. Dr. Paridah Md. Tahir
Bonding with Natural Fibres
6 December 2013

Prof. Dr. Abd. Wahid Haron
Livestock Breeding: The Past, The
Present and The Future

9 December 2013

Prof. Dr. Aziz Arshad

Exploring Biodiversity & Fisheries
Biology: A Fundamental Knowledge
for Sustainabale Fish Production

24 January 2014

Prof. Dr. Mohd Mansor Ismail
Competitiveness of Beekeeping
Industry in Malaysia

21 March 2014



182.

183.

184.

185.

186.

187.

188.

189.

190.

Shuhaimi Mustafa

Prof. Dato' Dr. Tai Shzee Yew
Food and Wealth from the Seas:
Health Check for the Marine
Fisheries of Malaysia

25 April 2014

Prof. Datin Dr. Rosenani Abu Bakar
Waste to Health: Organic Waste
Management for Sustainable Soil
Management and Crop Production
9 May 2014

Prof. Dr. Abdul Rahman Omar
Poultry Viruses: From Threat to
Therapy

23 May 2014

Prof. Dr. Mohamad Pauzi Zakaria
Tracing the Untraceable:
Fingerprinting Pollutants through
Environmental Forensics

13 June 2014

Prof. Dr. -Ing. Ir. Renuganth
Varatharajoo

Space System Trade-offs: Towards
Spacecraft Synergisms

15 August 2014

Prof. Dr. Latiffah A. Latiff
Tranformasi Kesihatan Wanita ke
Arah Kesejahteraan Komuniti

7 November 2014

Prof. Dr. Tan Chin Ping

Fat and Oils for a Healthier Future:
Makro, Micro and Nanoscales

21 November 2014

Prof. Dr. Suraini Abd. Aziz
Lignocellulosic Biofuel: A Way
Forward

28 November 2014

Prof. Dr. Robiah Yunus

Biobased Lubricants: Harnessing
the Richness of Agriculture
Resources

30 January 2015

191.

192.

193.

194.

195.

196.

197.

198.

199.

Prof. Dr. Khozirah Shaari
Discovering Future Cures from
Phytochemistry to Metabolomics
13 February 2015

Prof. Dr. Tengku Aizan Tengku Abdul
Hamid

Population Ageing in Malaysia: A
Mosaic of Issues, Challenges and
Prospects

13 March 2015

Prof. Datin Dr. Faridah Hanum
Ibrahim

Forest Biodiversity: Importance of
Species Composition Studies

27 March 2015

Prof. Dr. Mohd Salleh Kamarudin
Feeding & Nutritional Requirements
of Young Fish

10 April 2015

Prof. Dato' Dr. Mohammad Shatar
Sabran

Money Boy: Masalah Sosial Era
Generasi Y

8 Mei 2015

Prof. Dr. Aida Suraya Md. Yunus
Developing Students' Mathematical
Thinking: How Far Have We Come?
5 June 2015

Prof. Dr. Amin Ismail

Malaysian Cocoa or Chocolates: A
Story of Antioxidants and More...
14 August 2015

Prof. Dr. Shamsuddin Sulaiman
Casting Technology: Sustainable
Metal Forming Process

21 August 2015

Prof. Dr. Rozita Rosli

Journey into Genetic: Taking the
Twists and Turns of Life

23 October 2015
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200.

201.

202.

203.

204.

205.

206.

207.

208.

Halal Food Authenticity: Does it Matter to You?

Prof. Dr. Nor Aini Ab Shukor
The Un(Straight) Truth About Trees
6 November 2015

Prof. Dato' Dr. Ir Mohd Saleh Jaafar
Advancing Concrete Materials and
Systems: The Search Continues

13 November 2015

Prof. Dr. Maznah Ismail
Germinated Brown Rice and
Bioactive Rich Fractions: On
Going Journey form R&D to
Commercialisation

29 April 2016

Prof. Dr. Habshah Midi

Amazing Journey to Robust Statistics
Discovering Outliers for Efficient
Prediction

6 May 2016

Prof. Dr. Mansor Ahmad
@ Ayob Going Green with
Bionanocomposites

27 May 2016

Prof. Dr. Fudziah Ismail

Exploring Efficient Numerical Methods
for Differental Equations

23 September 2016

Prof. Dr. Noordin Mohamed Mustapha
Meandering Through the Superb
Scientific World of Pathology: Exploring
Intrapolations

30 September 2016

Prof. Dr. Mohd. Majid Konting
Teaching for Quality Learning: A
Leadership Challenge

21 October 2016

Prof. Dr. Ezhar Tamam

Are University Students Getting Enough
Interethnic Communication and
Diversity Engagement Experiences?
Concerns and Considerations

11 November 2016
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208.

209.

210.

211.

212.

213.

214.

215.

215.

216.

Prof. Dr. Bahaman Abu Samah
Enhancing Extension Research using
Structural Equation Modeling

18 November 2016

Prof. Dr. Wen Siang Tan

Fighting the Hepatitis B Virus: Past,
Present & Future

9 December 2016

Prof. Dr. Mahmud Tengku Muda
Mohamed

Postharvest: An Unsung Solution for
Food Security

20 January 2017

Prof. Dr. Sherina Mohd Sidik

Mental Health in the Community-
Malaysia: A 20-Year Journey of a Family
Medicine Consultant

27 January 2017

Prof. Dr. Zaidon Ashaari

Low Density Wood: From Poor to
Excellent

10 Februari 2017

Prof. Ir. Dr. Mohd Zainal Ab. Kadir
Lightning: A Bolt from the Blue
17 February 2017

Prof. Datin Dr. Rozi Mahmud

No Less Than a Women: Improving
Breast Cancer Detection and Diagnosis
17 Mac 2017

Prof. Dr. Jegatheswaran Ratnasingam
The Malaysian Furniture Industry:
Charting Its Growth Potential

7 April 2017

Prof. Dr. Loh Teck Chewn
Animal Feed: The Way Forward
21 April 2017

Prof. Dr. Lugman Chuah Abdullah
Rigid Ceramic Filters: Numerical
Simulation of The Pressure & Velocity
Distributions

5 May 2017



216.

217.

218.

Shuhaimi Mustafa

Prof. Dr. Lai Oi Ming
Diacylglycerols: Healty Fats of the
Future

19 May 2017

Prof. Dr. Rozumah Baharudin
Parenting: What Matters Most?
25 May 2017

Prof. Dr. Laily Paim

Kemiskinan & Kerentaan: Penelitian
Konsep dan Pengukuran dalam Era
Revolusi Indsutri 4.0

20 Oktober 2017
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