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Along with the growing application of zinc (Zn) and Zn-containing 
nanoparticles in various industries such as agriculture and 
pharmaceuticals, Zn ecotoxicological evaluation on human 
food supply is crucial even though Zn is commonly considered 
nontoxic and rarely concentrated ecotoxicologically. This study 
investigated the bioaccumulation of Zn in eighteen species of 
vegetables (seven leafy, nine fruity vegetables and one species 
each of tuber and legume) collected from two farming sites in 
the west coast of Peninsular Malaysia. Besides the human health 
risk assessment (HHRA) based on the general populations, HHRA 
based on each major ethnic group of the Malaysian society was 
also determined considering that the food consumption pattern 
would definitely be varied across ethnicities and age groups 
(children and adults).

Figure 1: A commonly consumed leafy vegetable ‘bayam’ 
Amaranthus viridis in Malaysia.

The study results exhibited that Zn concentrations were 
significantly higher (p < 0.05) in leafy vegetables than in other 
types of vegetables. However, the target hazard quotient 
(THQ) values were all found to be < 1.0. Therefore, based on

the Malaysian ethnicities and age groups with their respective 
vegetable consumption patterns, the results indicated insignificant 
noncarcinogenic human health risk of Zn via oral consumption 
of vegetables by the Malaysian population. As a metric of 
measurement of HHRA, a comparison of THQ values could yield 
previously unreported insights into HHRA differences among the 
compared populations. A comparison of THQ values among the 
consumer groups indicated higher HHR for Chinese Malaysians 
and children due to their higher vegetable consumption and 
lower body weight, respectively. A comparison the Zn intakes of 
all the consumer groups with the recommended nutrient intakes 
showed that the oral consumption of the vegetable species 
sampled in this study would not cause Zn-related hazards and 
would not be able to fulfil the Zn dietary need of the individual 
consumer.

Figure 2: A commonly consumed fruity vegetable ‘terung’ 
Solanum melongena in Malaysia.

Note: The finding of this article has been published in Environmental 
Science and Pollution Research (2021) 28:39110–39125.

Faculty of Science is pleased to present the sixth issue of thrice-yearly e-Science Putra 
Newsletter. This newsletter intended to disseminate and highlight the latest research 
findings, activities, and contribution to the community by the Faculty members. We 
hope that you enjoy reading this newsletter. 

eISSN 2805-4512

9 7 7 2 8 0 5 4 5 1 0 0 4

                               1 / 1

HIGHLIGHTS
• Health risk in editable vegetables 
• Extreme value modelling on extreme rainfall
• Key fruit fly pests
• Capalm catalyst for converting sweet glycerol into fuel additives
• Visualizing carbon nanostructures and potential growth mechanism

1



Nonstationary generalized extreme value modelling on 
extreme rainfall with cyclic covariate

Report by: Dr Syafrina Abdul Halim,
Department of Mathematics and Statistics, Faculty of Science, Universiti Putra Malaysia.
email: syafrina@upm.edu.my

This study developed nonstationary generalized extreme value 
(GEV) model with cyclic covariate to capture the seasonality 
trend. Non-stationarity was introduced by revealing more than 
one parameter of the GEV distribution as function of cyclic 
covariate. In particular, μ and σ were described by sine and 
cosine functions while ξ was assumed to be a constant. The 
parameters were estimated using maximum likelihood estimation 
method. The cumulative distribution function is,

whereby the location and scale parameters with the seasonal 
variation described by sinsoidal functions and the shape 
parameter is assumed to be a constant,

The log likelihood is given as

And

Figure 1 shows points that are scattered along the linear line; 
therefore there is no doubt on the validity of the fitted model. 
The negative estimates of the ξ cause the return level curve to 
asymptote to a finite level. Thus the estimated curve for the return 
level plot is approximately linear since the values of ξ is close to 
zero. Adequacy of best selected model is checked with two 
graphical diagnostic plots where these plots reveal that all models 
are well-fitted. NSGEV with cyclic covariates could become the 
reliable model to assess the future changes in extreme rainfall 
distribution and quantiles for engineering design and flood risk 
management purposes.

Figure 1: Diagnostic plots.
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International collaboration leading to recognition of 
key fruit fly pests to be the same species

Report by: Associate Prof. Dr. Alvin KW Hee,
Laboratory of Entomology and Chemical Ecology, 
Department of Biology, Faculty of Science, Universiti Putra Malaysia
email: alvinhee@upm.edu.my

Annually, global costs due to tephritid fruit fly (not to be confused 
with the genus Drosophila sp.) damage to the fruit and horticulture 
industry are at least US$2 billion. Fruit damages are caused 
by female flies that lay their eggs into the flesh of the fruit and 
resulting larvae eating through the fruit with subsequent microbial 
infestations. The Oriental fruit fly (Bactrocera dorsalis) and its very 
closely related species, B. papayae, B. philippinensis and B. 
invadens are regarded as some of the world’s most destructive 
tropical fruit pests. In Malaysia, B. papayae and another similar, 
but distinct fruit fly, B. carambolae are regarded as major pests 
of fruits. Together, those flies pose a severe threat to fruit-growing 
tropical and subtropical regions of Asia-Pacific, South America 
and now Africa. Over 300 fruit species are attacked by those flies. 
However, identification of those pests (B. dorsalis, B. papayae, 
B. philippinensis and B. invadens) for control and quarantine 
measures has been difficult as it is virtually impossible to distinguish 
those flies. With imposition of severe quarantine restrictions on 
agricultural export from affected poorer countries harbouring 
those species of flies, this has greatly impacted their trade and 
food security.

Figure 1: Fruit fly collaborators from over 20 countries after the 
end of third coordinated research meetings (picture taken at 
the Ruins of Quilmes in the Calchaquí Valleys, Tucumán Province, 
Argentina)

Thus, under the auspices of the Food and Agriculture Organisation 
of the United Nations (FAO) and International Atomic 
Energy Agency (IAEA), an international research consisting 
of 40 researchers from 20 countries including United States, 
Australia, Japan and Malaysia were invited to meticulously 
conduct experiments and examine morphological, molecular, 
cytogenetic, behavioral and chemoecological data of those 
four pest species. We were the only laboratory outside IAEA’s 
quarantine laboratory in the world approved to conduct studies 
of those 3 species of pest flies not found in Malaysia. Behavioural 
and chemical studies on flies’ attraction to methyl eugenol (a 
highly potent male attractant) from our laboratory contributed 
to this research that demonstrated compelling evidence showing 
that all four fruit fly pests belong to only one single species of 
B. dorsalis. This significant breakthrough made it possible that 
poor countries most affected can have reduced barriers to 
international trade and apply wider application of established 
post-harvest treatments against B. dorsalis. To celebrate this 
achievement, the International Plant Protection Convention 
(IPPC) has now recognized these findings that the former species

of B. papayae, B. philippinensis and B. invadens all belong to B. 
dorsalis.  The IPPC is an intergovernmental treaty signed by over 
180 countries, aiming to protecting the world’s plant resources 
from the spread and introduction of pests, and promoting safe 
trade. With knowledge, we serve!

Figure 2: Dose-sensitivity response curves of B. dorsalis and the 
former taxa B. papayae, B. invadens and B. philippinensis to 
methyl eugenol at different doses; adapted from Hee et al. 
(2015).
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Capalm catalyst for converting sweet glycerol 
into fuel additives

Report by: Associate Prof. Dr. Irmawati Ramli,
Department of Chemistry, Faculty of Science, Universiti Putra Malaysia.
email: irmawati@upm.edu.my

Ever since the National Biofuel Policy came into force in 2006, 
concrete initiatives have been set by Malaysia for substituting the 
regular fossil-based diesel with renewable resources. It started 
off with the introduction of B5 (blend of 5% palm biodiesel with 
95% diesel petroleum) and was then followed with the B10 for 
the transportation sector and the B7 for the industrial sector. Very 
recently, the B20 programme was launched on Feb 20, 2020. 
From the total of 19.14 million tonnes of crude palm oil (CPO) 
produced in 2020, 1.25 billion litre of biodiesel was projected, 
which is accounted for 6.42 % of CPO. This volume is expected to 
grow from 8% (2020-2025) to 27% in 2050 in consideration with the 
growing of transportation sector. Unfortunately, biodiesel fall short 
of economic benefits. As it turns out the commercialization of 
biofuel is pricier in comparison to petroleum-based fuels which is 
ensued from the high price of CPO. Thereby, a circular economy 
is adopted to ameliorate the cost of biodiesel processes through 
the valorization of glycerol which is the main by-product from the 
biodiesel production. 

So, we take up the sweet tasting, odourless and syrupy glycerol 
and replaces the three hydroxyls in the molecule with acetates 
in a process called glycerol acetylation. Capalm catalyst is 
deployed in the reaction with glycerol:acetic acid mole ratio 
1:10 at 4 wt% catalyst load. The presence of capalm catalyst, 
which is from the functionalization of palm kernel shell (PKS) 
increases the reaction activity with average values of glycerol 
conversion (99.03%) and high selectivity towards acetins (92.59%) 
under optimum conditions of temperature 110 °C and for 3h 
reaction time. The processes for synthesizing capalm catalyst 
involves pre-treatment of the PKS, carbonization, activation and 
functionalization that produced mesoporous structure, good 
textural stability with high acidic properties. The catalyst is stable 
within the range of glycerol acetylation reaction and reusable up 
to five reaction cycles. The produced acetins are highly potential 
for used as a fuel additive to improve viscosity, as an antiknock 
and to meet the standard flash point and oxidation stability in 
gasoline. 
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Report by: Dr. Yazid Yaakob, 
Department of Physics, Faculty of Science, Universiti Putra Malaysia
email: yazidakob@upm.edu.my

Carbon is one of the most abundant elements in the world, as 
all of the living thing comprise of carbon. To date, various kind 
of carbon allotropes has been discovered such as fullerene, 
carbon nanotubes and graphene. These nanostructures have 
open new path for development of high-performance devices 
and as an additive/filler for properties enhancement due to their 
unique properties in mechanical, electrical, thermal, optical and 
bio-compatibility. Their potential to be produce from various kind 
of carbon precursors such as agro-waste has gain researchers’ 
attention as Malaysia is blessed with plenty amount of those 
resources. However, lack of understanding in how they actually 
work hindered their potential for production and full utilization in 
application. 

Microscopy is a powerful tool that has been developed to 
prove those carbon micro/nanostructures existence and 
understanding their function. Each type of microscopy (optical 
microscopy, atomic force microscopy, electron microscopy) 
has their advantages and disadvantages in observing variety of 
samples. The accuracy and resolution of microscopy, as well as 
their versatility is progressing to cope with various type of sample: 
solid, liquid, non-conductive, biology etc, to provide the solid 
evidence of research finding. Furthermore, in situ or real-time 
measurement also has become a trend in this era. Therefore, 
most of the microscopy has been equipped with accessories 
for direct observation during properties measurement, and 
supporting elemental analyser.

Figure 1: Transmission Electron Microscopy demonstration with 
collaborator in Nagoya Institute of Technology

Our green energy and carbon research (GECR) laboratory 
(including Dr. Md Shuhazlly Mamat, Chan Kar Fei, Mohd Adib 
Hazan) has work on the growth of carbon nanostructures 
(CNS) from various source (including waste), and their potential 
applications. The employment of microscopy is essential for these 
researches to prove the existance of the fabricated CNS, as well 
as its role and function in application. For example, Hazan et al. 
have demonstrated the utilization of waste natural rubber as 
potential precursor for CNTs fabrications [1]. Chan et al. also has 
revealed CNTs as potential filler in willemite ceramic matrix for 
significantly enhance structural properties and bandgap tuning

ability [2]. Other than that, in-situ transmission electron microscopy 
technique also has been explored to show carbon structural 
transformation and reaction with catalytic metals in real-time [3]. 
These studies expecting to reveal the fundamental factor of CNS 
growth process, and the role for each metal-catalyst in assisting 
graphitization.  These projects are in collaboration with Nagoya 
Institute of Technology, and partially support by Sakura Science 
Program and Nanotechnology Platform by Ministry of Education, 
Culture, Sports, Science and Technology (MEXT), Japan. 

Figure 2: Carbon nanostructures synthesize from green precursor, 
i.e., natural rubber. (a) 3D surface morphology by atomic force 
microscopy (AFM); (b & e) transmission electron microscopy 
images of graphene and CNT; (d) scanning electron microscopy 
(SEM) image of CNT and CNF; (c & f) Corresponding structural and 
elemental information from selected area electron diffraction 
(SAED) and EDX.
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Seeing is believing: Visualizing carbon nanostructures and 
potential growth mechanism
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Science is much more than just a body of KNOWLEDGE. 
It is a way of THINKING. 
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