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Journal of Tropical Agricultural Science
About the Journal
Overview
Pertanika Journal of Tropical Agricultural Science (JTAS) is the official journal of Universiti Putra Malaysia 
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes 
the scientific outputs. It neither accepts nor commissions third party content.

Recognized internationally as the leading peer-reviewed interdisciplinary journal devoted to the 
publication of original papers, it serves as a forum for practical approaches to improving quality in issues 
pertaining to tropical agriculture and its related fields. 

JTAS is a quarterly (February, May, August and November) periodical that considers for publication 
original articles as per its scope. The journal publishes in English and it is open to authors around the 
world regardless of the nationality. 

The Journal is available world-wide.

Aims and scope
Pertanika Journal of Tropical Agricultural Science aims to provide a forum for high quality research 
related to tropical agricultural research. Areas relevant to the scope of the journal include: agricultural 
biotechnology, biochemistry, biology, ecology, fisheries, forestry, food sciences, genetics, microbiology, 
pathology and management, physiology, plant and animal sciences, production of plants and animals of 
economic importance, and veterinary medicine. 

History
Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into three journals 
as Journal of Tropical Agricultural Science, Journal of Science & Technology, and Journal of Social 
Sciences & Humanities to meet the need for specialised journals in areas of study aligned with the 
interdisciplinary strengths of the university. 

After 37 years, as an interdisciplinary journal of Agriculture, the revamped Journal, a leading agricultural 
journal in Malaysia now focuses on tropical agricultural research and its related fields.

Goal of Pertanika
Our goal is to bring the highest quality research to the widest possible audience.

Quality 
We aim for excellence, sustained by a responsible and professional approach to journal publishing. 
Submissions are guaranteed to receive a decision within 14 weeks. The elapsed time from submission 
to publication for the articles averages 5-6 months. 

Abstracting and indexing of Pertanika
Pertanika is almost 40 years old; this accumulated knowledge has resulted in Pertanika JTAS being 
abstracted and indexed in SCOPUS (Elsevier), Thomson (ISI) Web of Knowledge [BIOSIS & CAB Abstracts], 
EBSCO & EBSCOhost, DOAJ, Agricola, Cabell’s Directories, Google Scholar, MyAIS, ISC & Rubriq (Journal 
Guide).

Future vision
We are continuously improving access to our journal archives, content, and research services. We have 
the drive to realise exciting new horizons that will benefit not only the academic community, but society 
itself. 
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Citing journal articles
The abbreviation for Pertanika Journal of Tropical Agricultural Science is Pertanika J. Trop. Agric. Sci.

Publication policy
Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration 
by two or more publications. It prohibits as well publication of any manuscript that has already been 
published either in whole or substantial part elsewhere. It also does not permit publication of manuscript 
that has been published in full in Proceedings. 

Code of Ethics
The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its 
journal publications to reflect the highest in publication ethics. Thus all journals and journal editors are 
expected to abide by the Journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or 
visit the Journal’s web link at http://www.pertanika.upm.edu.my/code_of_ethics.php

International Standard Serial Number (ISSN)
An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media–print 
and electronic. All Pertanika journals have ISSN as well as an e-ISSN. 

Journal of Tropical Agricultural Science: ISSN 1511-3701 (Print); ISSN 2231-8542 (Online).

Lag time 
A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks). 
The elapsed time from submission to publication for the articles averages 5-6 months. 

Authorship
Authors are not permitted to add or remove any names from the authorship provided at the time of 
initial submission without the consent of the Journal’s Chief Executive Editor.

Manuscript preparation
Refer to Pertanika’s Instructions to Authors at the back of this journal.

Most scientific papers are prepared according to a format called IMRAD. The term represents the first 
letters of the words Introduction, Materials and Methods, Results, And, Discussion. IMRAD is simply 
a more ‘defined’ version of the “IBC” [Introduction, Body, Conclusion] format used for all academic 
writing. IMRAD indicates a pattern or format rather than a complete list of headings or components of 
research papers; the missing parts of a paper are: Title, Authors, Keywords, Abstract, Conclusions, and 
References. Additionally, some papers include Acknowledgments and Appendices. 

The Introduction explains the scope and objective of the study in the light of current knowledge on the 
subject; the Materials and Methods describes how the study was conducted; the Results section reports 
what was found in the study; and the Discussion section explains meaning and significance of the results 
and provides suggestions for future directions of research. The manuscript must be prepared according 
to the Journal’s Instructions to Authors.

Editorial process
Authors are notified with an acknowledgement containing a Manuscript ID on receipt of a manuscript, 
and upon the editorial decision regarding publication. 

Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication 
are usually sent to reviewers. Authors are encouraged to suggest names of at least three potential 
reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final 
choice. The editors are not, however, bound by these suggestions. 
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Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt 
of manuscript. Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are 
accepted conditionally, pending an author’s revision of the material.

As articles are double-blind reviewed, material that might identify authorship of the paper should be 
placed only on page 2 as described in the first-4 page format in Pertanika’s Instructions to Authors 
given at the back of this journal. 

The Journal’s peer-review
In the peer-review process, three referees independently evaluate the scientific quality of the submitted 
manuscripts. 

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and 
weaknesses of written research, with the aim of improving the reporting of research and identifying the 
most appropriate and highest quality material for the journal.

Operating and review process
What happens to a manuscript once it is submitted to Pertanika? Typically, there are seven steps to the 
editorial review process:

1.	 The Journal’s chief executive editor and the editorial board examine the paper to determine 
whether it is appropriate for the journal and should be reviewed. If not appropriate, the 
manuscript is rejected outright and the author is informed. 

2.	 The chief executive editor sends the article-identifying information having been removed, 
to three reviewers. Typically, one of these is from the Journal’s editorial board. Others are 
specialists in the subject matter represented by the article. The chief executive editor asks 
them to complete the review in three weeks. 

Comments to authors are about the appropriateness and adequacy of the theoretical or 
conceptual framework, literature review, method, results and discussion, and conclusions. 
Reviewers often include suggestions for strengthening of the manuscript. Comments to the 
editor are in the nature of the significance of the work and its potential contribution to the 
literature.

3.	 The chief executive editor, in consultation with the editor-in-chief, examines the reviews and 
decides whether to reject the manuscript, invite the author(s) to revise and resubmit the 
manuscript, or seek additional reviews. Final acceptance or rejection rests with the Edito-
in-Chief, who reserves the right to refuse any material for publication. In rare instances, 
the manuscript is accepted with almost no revision. Almost without exception, reviewers’ 
comments (to the author) are forwarded to the author. If a revision is indicated, the editor 
provides guidelines for attending to the reviewers’ suggestions and perhaps additional advice 
about revising the manuscript. 

4.	 The authors decide whether and how to address the reviewers’ comments and criticisms and 
the editor’s concerns. The authors return a revised version of the paper to the chief executive 
editor along with specific information describing how they have answered’ the concerns 
of the reviewers and the editor, usually in a tabular form. The author(s) may also submit 
a rebuttal if there is a need especially when the author disagrees with certain comments 
provided by reviewer(s).

5.	 The chief executive editor sends the revised paper out for re-review. Typically, at least one of 
the original reviewers will be asked to examine the article. 

6.	 When the reviewers have completed their work, the chief executive editor in consultation 
with the editorial board and the editor-in-chief examine their comments and decide whether 
the paper is ready to be published, needs another round of revisions, or should be rejected. 
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7.	 If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to 
the Press. The article should appear in print in approximately three months. 

The Publisher ensures that the paper adheres to the correct style (in-text citations, the 
reference list, and tables are typical areas of concern, clarity, and grammar). The authors are 
asked to respond to any minor queries by the Publisher. Following these corrections, page 
proofs are mailed to the corresponding authors for their final approval. At this point, only 
essential changes are accepted. Finally, the article appears in the pages of the Journal and is 
posted on-line. 
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Foreword

Welcome to the First Issue 2017 of the Journal of Tropical Agricultural Science (JTAS)!

JTAS is an open-access journal for the Tropical Agricultural Science published by Universiti 
Putra Malaysia Press. It is an independently owned and managed by the university and 
run on a non-profit basis for the benefits of the world-wide science community.

This issue contains 15 articles which are regular research papers. The authors of these 
articles are from Malaysia, China, and Indonesia.

These papers cover a wide range of topics. In the first paper, a group of researchers 
report on the Magnesium in local edible Ulam Centella asiatica and its relation to their 
habitat soils in peninsular Malaysia (Ong, G. H., Yap, C. K., Mahmood, M., Tan, S. G. and 
Hamzah, M. S.). The next paper discusses the comparative histological evaluations of the 
submandibular salivary glands of EBN Swiftlets (Aerodramus fuciphagus) in man-made 
houses and natural caves (Ibrahim, M. M., Zakaria, Z. A. B., Amin, F. M. and Omar, A. 
R.). The other papers consist of the report of the physical, chemical and microbiological 
properties of different combination of soilless media and their effect on the vegetative 
component and nutrient content of Hempedu Bumi (Andrographis paniculata) (Shara S. 
A., Zaharah S. S., Radziah O., and Puteri E. M. W.); Identification and factors affecting in-
vitro growth of an indigenous mushroom, Boletus sp. from Bachok, Kelantan, Malaysia 
(Lau Meng Fei, Rosnida Tajuddin, Masratulhawa Mohd and Latiffah Zakaria); Evaluation 
of nutritive value of seven Kenaf (Hibiscus cannabinus L.) varieties harvested depending 
on stubble height (Bai Jie, Li Defang, Chen Anguo, Li Jianjun, Huang Siqi and Tang 
Huijuan); Quantification of total phenolic compounds in Papaya fruit peel (Jamal, P., 
Akbar, I., Jaswir, I. and Zuhanis, Y.); Detection of Leptospira spp. in selected national 
service training centres and paddy fields of Sarawak, Malaysia using polymerase chain 
reaction technique (Chai Fung Pui, Lesley Maurice Bilung, Lela Su’ut, Yee Ling Chong and 
Kasing Apun); Xanthones from Calophyllum inophyllum (Kar Wei Lee, Gwendoline Cheng 
Lian Ee, Shaari Daud and Thiruventhan Karunakaran); Comparative study of antioxidant 
level and activity from leaf extracts of Annona Muricata Linn obtained from different 
locations (Syed Najmuddin, S. U. F., Alitheen, N. B., Hamid, M. and Nik Abd Rahman, N. 
M. A.); Supplementation of antioxidant BHT to different bull semen extenders enhances 



semen quality after chilling (Khumran, A. M., Yimer, N., Rosnina, Y., Ariff, M. O., Wahid, 
H., Kaka, A., Ebrahimi, M. and Aliyu, A. B.); Physicochemical characteristics of Oil Palm 
Frond (OPF) composting with fungal inoculants (Fadzilah, K., Saini, H. S. and Atong, M.); 
Morphological and molecular identification of sea cucumber species Holothuria scabra, 
Stichopus horrens and Stichopus ocellatus from Kudat, Sabah, Malaysia (Kamarul Rahim 
Kamarudin, Maryam Mohamed Rehan and Nur Aliah Bahaman); Effect of combined 
application of poultry manure and inorganic fertiliser on yield and yield components of 
maize intercropped with soybean (Almaz, M. G., R. A. Halim and M. Y. Martini); Analysis 
of Gamma irradiated-third generation mutants of rodent tuber (Typhonium flagelliforme 
Lodd.) based on morphology, RAPD, and GC-MS markers (Sianipar, N. F., Purnamaningsih, 
R., Gumanti, D. L., Rosaria, and Vidianty, M.). 

I conclude this issue with the article on forming process analysis in environmentally-
friendly composite production from fibres of oil palm empty fruit bunches (Arya, A. C.).

I anticipate that you will find the evidence presented in this issue to be intriguing, 
thought-provoking and useful in reaching new milestones in your own research. Please 
recommend the journal to your colleagues and students to make this endeavour 
meaningful.

I would also like to express my gratitude to all the contributors, namely, the authors, 
reviewers and editors, who have made this issue possible. Last but not least, the editorial 
assistance of the journal division staff is fully appreciated.

JTAS is currently accepting manuscripts for upcoming issues based on original qualitative 
or quantitative research that opens new areas of inquiry and investigation. 

Chief Executive Editor
Nayan Deep S. KANWAL, FRSA, ABIM, AMIS, Ph.D.
nayan@upm.my
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ABSTRACT

The aim of this study was to determine the Mg levels in Centella asiatica and their 
relationship to the habitat soils. Based on the levels of Mg in soils from the 12 sampling 
sites, its concentration was found to range from 13080 to 45350 µg/g dw. Although higher 
than the continental crust and European topsoils baselines, the soils of Peninsular Malaysia 
were considered ‘unpolluted to moderately polluted’ based on EF and ‘deficiency to minimal 
enrichment’ based on Igeo. As for plants, the highest Mg level was found in roots (3250 ± 
815 µg/g dw), followed by leaves (2900 ± 565 µg/g dw) and stems (1660 ± 393 µg/g dw). 
This is in agreement with the transfer factor (TF). Based on correlation analysis and multiple 
linear regression analysis, Mg-Soil was found as a significant and the most important factor 
controlling the Mg uptake from the soils to the three plant parts. The direct relationships 
between Mg(plant)-Mg(Soil) also indicates that C. asiatica roots, leaves and stems are 
able to reflect the Mg levels of the sampling sites. Thus, the experimental transplantation 
studies under field and laboratory conditions confirmed the results from the field collected 
samples and indicated the roots, leaves and stems can be used as good biomonitors of Mg 
levels in the habitat soils.

Keywords: Biomonitor, Centella asiatica, Correlation 

studies, Magnesium, Transplantation
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INTRODUCTION

Magnesium (Mg) is an alkaline earth metal 
and the eighth most abundant element in 
the Earth’s crust. Although Mg is naturally 
present in soil, local sources such as 
industry, agriculture, sewage sludge, waste 
incineration and road traffic have increased 
the concentration of Mg in soil (Celik et 
al., 2005). Therefore, concern about the Mg 
concentration in the environment should 
arise to ensure the safety of human usage. 
During the mineral weathering process, 
Mg2+ cation, released from minerals in 
soil solutions, can be taken up by roots 
and stored in vegetation over shorter 
(months) or longer (hundreds of years) 
periods (Bolou-Bi et al., 2012). Mg can be 
accumulated in crops or plants and may lead 
to damage and alteration of animal or human 
physiological functions through the food 
chain. Biologically, high Mg levels can alter 
cellular ion balance and activity, especially 
Ca2+ activity, which directly affects neural 
and muscular functions (Barbare, 2005). In 
Malaysia, the levels of Mg are not found in 
the literature, especially in the local edible 
ulam, Centella asiatica. Furthermore, there 
are no baseline data for Mg in the plants and 
soils from Malaysia. Although there is no 
clear Mg pollution in Malaysia, the focus 
on Mg levels could shed some lights into 
the possibility of Mg pollution or to confirm 
that Mg is not an environmental concern in 
Malaysia at the moment.

The plant Centella has been used widely 
in folk medicine for hundreds of years to 

treat a wide range of illnesses (Brinkhaus 
et al., 2000). From the entire genus of 
Centella, only the asiatica species is found in 
commercial drugs today and acknowledged 
by WHO as one of the important medical 
plant species to be conserved (Zainol et 
al., 2003). In addition, locally, they are 
consumed as ulam. Therefore, public 
concerns over the potential ecotoxicological 
hazards posed by the presence of excessive 
Mg accumulation should be checked when 
using the plants to treat various illnesses and 
consuming it as a local vegetable.

Information on Mg levels in terrestrial 
soils in relation to C. asiatica is lacking in 
the literature. Hence, Mg contamination of 
natural soil resources due to urbanisation 
and industrialisation in Peninsular Malaysia 
can be understood better through this study. 
For this purpose, a low cost method to 
determine the extent of Mg contamination 
in local environments was assessed in this 
study. Therefore, the objective of this study 
was to determine the levels of Mg in C. 
asiatica and habitat surface soils, and later to 
relate the Mg levels in both plants and soils.

MATERIALS AND METHODS

Vegetation and soil sampling

Plant and soil samples were collected from 
12 sampling sites from Peninsular Malaysia 
(Figure 1). Plants of 2-4 months maturity 
were collected and placed in plastic bags. 
At the same time, the surface soil of 3-5 cm 
depth (litters were removed) was collected 
into a plastic bag using a plastic scoop.
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Figure 1. Map showing the sampling sites in 
Peninsular Malaysia
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Figure 1. Map showing the sampling sites in Peninsular Malaysia. 3 
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No Sampling sites Sites Description 
1. Wakaf Baru, Kelantan Near a housing area. 
2. Arau, Perlis Near an agriculture area. 
3. Universiti Putra Malaysia (UPM), Selangor Near an agriculture area. 
4. Butterworth, Penang Near an industrial and highway. 
5. Karangan, Kedah Near an oil palm plantation. 
6. Permatang Pauh (PPauh), Penang Near a housing area and highway. 
7. Pontian, Johore Near a plant agriculture area. 
8. Kempas, Johore  Near a housing area. 
9. Kepala Batas (K.Batas), Penang Near housing and agriculture areas. 
10 Seremban, Sembilan  Near shop lots and road sides. 
11 Senawang, Sembilan  Near an industrial area. 
12 Port Klang (P.Klang), Selangor  Near port and industrial areas. 

Note.
No Sampling sites Sites Description
1. Wakaf Baru, 

Kelantan
Near a housing area.

2. Arau, Perlis Near an agriculture 
area.

3. Universiti Putra 
Malaysia (UPM), 
Selangor

Near an agriculture 
area.

4. Butterworth, Penang Near an industrial 
and highway.

5. Karangan, Kedah Near an oil palm 
plantation.

6. Permatang Pauh 
(PPauh), Penang

Near a housing area 
and highway.

7. Pontian, Johore Near a plant 
agriculture area.

8. Kempas, Johore Near a housing area.
9. Kepala Batas 

(K.Batas), Penang
Near housing and 
agriculture areas.

10 Seremban, Sembilan Near shop lots and 
road sides.

11 Senawang, 
Sembilan 

Near an industrial 
area.

12 Port Klang 
(P.Klang), Selangor 

Near port and 
industrial areas.

Transplantation Study 

The transplantation studies were divided 
into experimental field and experimental 
laboratory conditions. All the plants 
used were obtained from the University 
Agricultural Park (UAP) at Universiti Putra 
Malaysia. The plants were planted together 
in the same condition for two months to 
reach the maturation stage before they 
were transferred or transplanted to specified 
locations. Four sites were selected for this 
transplantation study. Based on observations 
and reported studies, UPM was regarded as 
an unpolluted site, while Seri Kembangan 
(SK) and Balakong were taken as potentially 
receiving industrial wastes and Sg. Juru as 
a highly industrial area in Penang (Yap et 
al., 2009). Prior to the transplantation study, 
surface soils were collected from the four 
sites and their Mg levels were analysed. 
The results showed that the Mg levels (µg/g 
dw) in the surface soils were 15130 ± 2920 
for UPM, 21650 ± 1110 for SK, 26050 ± 
3160 for Balakong, and 32420 ± 1840 for 
Sg. Juru. Based on the comparison of the 
continental crust guidelines of Wedepohl 
(1995) (22000 µg/g dw) and Taylor (1964) 
(23300 µg/g dw), the four sites could be 
categorised as ‘low Mg’ at UPM, ‘semi-
high Mg’ at both SK and Balakong, and 
‘relatively high Mg’ at Sg. Juru.

In the experimental field condition 
study, the randomly selected plants were 
transplanted from UPM to SK, Balakong 
and Sg. Juru for three weeks (week 0 till 
week 3). After 3 weeks, the plants were 
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back-transplanted to the control site and 
were left to grow for 3 more weeks (week 
3 till week 6). As for the experimental 
laboratory condition, the method was the 
same as that of the field condition; the 
difference was that the plants were planted 
in trays containing soils taken from the 
four selected sites (UPM, SK, Balakong 
and Sg. Juru). The duration of 3 weeks 
for transplantation was chosen because 
according to USEPA (1996), obvious effects 
could be observed on plants after 2 weeks 
of transplantation. In the transplantation 
study, three replicates were conducted for 
each site. The field study consisted of traps 
with the measurements of 75 cm × 75 cm 
× 10 cm and the laboratory study consisted 
of trays with the measurements of 60 cm × 
35 cm × 10 cm.

Sample Treatments

In the laboratory, the plants were separated 
into leaves, stems and roots. The roots of 
the plants were washed with clean water 
under running tap so that no soil particles 
would be adsorbed on the root surface. 
Later, the leaves, stems and roots were 
rinsed with distilled water. The separated 
plant parts and soil samples were dried in 
an oven (65°C) for 5 days, which resulted 
in constant dry weight. The dry samples 
obtained were ground in an electronic 
agate homogenizer to yield a homogenous 
powder (± 2mm mesh size) and ensure 
that the elements within each sample were 
uniformly distributed. The homogenous 
samples were shaken manually and stored 
in polyethylene vials with weights ranging 

from 0.15-0.20g. The vials were all heat-
sealed until further analysis.

Neutron Activation Analysis (U.S.EPA, 
2001; IAEA-TECDOC-1360, 2003)

T h e  T R I G A M A R K  I I  r e a c t o r  a t 
Agensi Nuklear Malaysia (NUKLEAR 
M A L AY S I A )  i n  B a n g i ,  S e l a n g o r 
(Malaysia), was used to perform irradiations 
on the samples. Briefly, a pneumatic transfer 
system (PTS) was used and each sample was 
irradiated for a period of 30-60 seconds on 
the same position for a short irradiation to 
enable immediate counting of short-lived 
isotopes including Mg, Ti, Mn, K and Ca. 
In particular, the 27Mg determined in this 
study was a short-lived radioisotope with 
a half-life of 9.46 minutes (Holden, 2004).

After irradiation in the reactor, the 
radioactivity measurement of the samples 
were carried out after a proper cooling time 
by using various close-end coaxial high 
purity germanium detectors (Model GC3018 
CANBERRA Inc and Model GMX 20180, 
EG4G ORTEC Nuclear Instrument) and 
their associated electronics. The cooling time 
varied from 5-20 minutes for 1st gamma-ray 
counting for 27Mg determination.

Data Verification

Certified reference material (CRM) IAEA-
SOIL-7 was prepared using the same 
conditions and it was also used as quality 
control for each batch. The recovery of Mg 
based on IAEA-SOIL-7 was 96.56% (CRM 
certified value: 11300.00 ± 565.00µ/g dw; 
measured value: 10911.59 ± 1050.14µ/g 
dw).
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Transfer Factor

The ratio of the Mg concentration in the 
plant to that in the soil was defined as the 
transfer factor (TF). The TF was based on 
total Mg in the soil, which was formulated 
by Alexander et al. (2006), as follows:

TF = CplantCsoil

where Cplant is the Mg concentration in the 
plant and Csoil is Mg concentration in the 
soil. Taking the source of Mg into account, 
the second formula is as follows:

TFadded = Cplant-Ccontrol plantCsoil-Ccontrolsoil

where Cplant is the Mg level in the test plant, 
Ccontrol plant is the Mg level in the control plant, 
Csoil is the Mg level in the test soil, and Ccontrol 

soil is the Mg level in the control soil.

Enrichment Factor 

The calculation for differentiating metal 
origins by human activities or from natural 
sources is known as enrichment factor (EF). 
It can also be used to analyse the degree 
of anthropogenic influence in soil. It was 
calculated by using the following formula 
(Buat-Menard & Chesselet, 1979):

where Cn (sample) is the concentration of 
the examined metal, Cref (sample) is the 
concentration of the reference metal, Bn 

(baseline) is the content of the examined 
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values as in the EF calculation (Wedepohl, 
1995; Taylor, 1964). The following Igeo 
classifications are given according to Müller 
(1969): < 0 (practically unpolluted), 0-1 
(unpolluted to moderately polluted), 1-2 
(moderately polluted), 2-3 (moderately to 
strongly polluted), 3-4 (strongly polluted), 
4-5 (strongly to very strongly polluted) and 
>5 (very strongly polluted).

Concentration Factor and 
Accumulation Rate

Concentration factor (CF) is a way to 
identify the uptake level of Mg in plants 
for transplantation studies. It was calculated 
based on the following formula (Yap et al., 
2004):

Where, the end of accumulation was based 
on the length of time for the accumulation 
of Mg in the plants after three weeks (21 
days). The Mg accumulation rate (AR) was 
calculated based on the following formula 
(Yap et al., 2004):

Elimination Factor and Elimination 
Rate

Elimination factor (EF) was used to 
determine the elimination rate of Mg in 
plants for the transplantation study, and 

it was calculated according to Yap et al. 
(2004):

Where, the end of elimination was based 
on the length of time for the elimination of 
Mg from the plants after three weeks (21 
days). The Mg elimination rate (ER) was 
calculated according to Yap et al. (2004): 

Statistical Analysis

Correlation analysis (CA) and multiple 
linear regression analysis (MLRA) were 
performed based on all mean values. They 
were log10(mean + 1) before CA and 
MLRA in order to reduce the variance (Zar, 
1996). Both analyses were done by using 
STATISTICA version 8 software.

RESULTS

Based on Figure 2, the Mg levels in soils 
from the 12 sampling sites ranged from 
13080 to 45350, with the mean value of 
26730 µg/g dw. Meanwhile, the highest 
level was recorded in Seremban. Based on 
the data presented in Table 1, the ranges of 
EF varied from 0.53 to 4.53, with Kalangan 
being the highest, and the least was from 
Arau. The Igeo values were ranged from 
-1.42 to 0.46. For all the sampling sites, 
the roots (3250 ± 810 µg/g dw) showed 
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Figure 2. Mg concentrations (mean ± SD, µg/g dry weight) in leaves, stems and 
roots of Centella asiatica and habitat surface soils collected from 12 sampling sites 
in Peninsular Malaysia
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Figure 2. Mg concentrations (mean ± SD, µg/g dry weight) in leaves, stems and roots of 5 
Centella asiatica and habitat surface soils collected from 12 sampling sites in Peninsular 6 
Malaysia. 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 

Table 1 
Levels of enrichment factor (EF) and geoaccumulation index (Igeo) of Mg from 12 sampling sites in 
Peninsular Malaysia

Sites EFa EFb Igeoa Igeob

1. P.Klang 1.58 1.41 -0.05 -0.14 
2. Senawang 0.97 0.87 -0.77 -0.85 
3. Seremban 2.46 2.20 0.46 0.38 
4. K.Batas 1.21 1.09 -0.60 -0.68 
5. Kempas 1.03 0.93 -0.48 -0.56 
6. Pontian 0.97 0.87 0.04 -0.04 
7. P.Pauh 2.80 2.51 -0.32 -0.41 
8. Kalangan 1.84 1.64 -0.23 -0.31 
9. Butterworth 1.84 1.65 -0.20 -0.28 
10. UPM 0.60 0.54 -1.33 -1.42 
11. Arau 0.75 0.67 -0.60 -0.68 
12. Wakaf Baru 0.93 0.84 -0.31 -0.39 
Note: a: Background values by Wedepohl (1995); b: Background values by Taylor (1964)
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Table 2 
Concentrations (mean ± SD, µg/g dry weight) of Mg in leaves, stems and roots of Centella asiatica for 
transplantation studies under field and laboratory conditions

Field week Leaves Stems Roots
Juru 0 1120 ± 94 930 ± 54 1230 ± 69

3 1580 ± 20 956 ± 47 2412 ± 23
6 1514 ± 37 950 ± 32 2326 ± 45

Balakong 0 1120 ± 94 930 ± 54 1230 ± 69
3 1390 ± 55 950 ± 33 2204 ± 77
6 1216 ± 45 936 ± 21 1873 ± 68

SK 0 1120 ± 94 930 ± 54 1230 ± 69
3 1411 ± 66 939 ± 47 1687 ± 52
6 1402 ± 73 934 ± 68 1398 ± 43

UPM 0 1120 ± 94 930 ± 54 1230 ± 69
3 1124 ± 45 936 ± 46 1230 ± 53
6 1119 ± 55 932 ± 71 1228 ± 46

Laboratory week Leaves Stems Roots
Juru 0 1120 ± 94 930 ± 54 1230 ± 69

3 1547 ± 13 950 ± 62 2382 ± 79
6 1414 ± 47 944 ± 48 2226 ± 61

Balakong 0 1120 ± 94 930 ± 54 1230 ± 69
3 1215 ± 64 950 ± 53 2177 ± 68
6 1192 ± 45 941 ± 27 1570 ± 35

SK 0 1120 ± 94 930 ± 54 1230 ± 69
3 1410 ± 58 944 ± 47 1643 ± 71
6 1314 ± 45 937 ± 13 1314 ± 46

UPM 0 1120 ± 94 930 ± 54 1230 ± 69
3 1124 ± 46 936 ± 46 1230 ± 53
6 1119 ± 54 932 ± 71 1228 ± 46

the highest Mg accumulation, followed by 
leaves (2900 ± 565 µg/g dw) and stems 
(1660 ± 393 µg/g dw). In leaves and roots, 
the samples from Seremban were highest in 
Mg concentration, while P. Klang showed 
the highest Mg concentration in stems.

In Table 2, the accumulation of Mg 
increased for all parts when transplanted 
from control to semi-polluted and polluted 
sites under field condition (week 0 to 
week 3). The increases were highest 

for Juru, followed by SK and Balakong 
for roots, leaves and stems. However, 
the accumulation decreased (week 3 to 
week 6) after the transplantation from the 
semi-polluted and polluted sites back to 
the control sites. The accumulation was 
still highest in Juru, followed by SK and 
Balakong. For the transplantation study 
under laboratory conditions, the trend 
was exactly similar to the transplantation 
study under field conditions, with lower 
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concentrations of Mg accumulated (Table 
2). In Table 3, the overall values for CF and 
AR were highest for Juru under field and 

Table 3 
Concentrations (mean ± SD, µg/g dry weight) of Mg in leaves, stems and roots of Centella asiatica for 
transplantation studies under field and laboratory conditions

Sites
Field conditions Laboratory conditions

Leaves Stems Roots Leaves Stems Roots
CF
   Juru 1.41 1.03 1.96 1.38 1.02 1.94 
   Balakong 1.24 1.02 1.79 1.09 1.02 1.77 
   SK 1.26 1.01 1.37 1.26 1.01 1.34 
AR
   Juru 21.79 1.14 56.38 20.36 0.86 54.95 
   Balakong 12.92 0.85 46.48 4.57 0.85 45.20 
   SK 13.92 0.31 21.86 13.86 0.56 19.79 
EF
   Juru 0.96 0.99 0.96 0.91 0.99 0.93 
   Balakong 0.87 0.99 0.85 0.98 0.99 0.72 
   SK 0.99 1.00 0.83 0.93 0.99 0.80 
ER
   Juru -2.96 -0.28 -4.09 -6.29 -0.28 -7.43 
   Balakong -8.32 -0.65 -15.76 -1.08 -0.42 -28.93 
   SK -0.44 -0.22 -13.77 -4.58 -0.31 -15.66 

laboratory conditions. Hence, the EF varied 
for different sites, and the ER was fastest for 
Balakong (Table 3).

The TF values for all the 12 sampling 
sites are shown in Figure 3. The values 
ranged from 0.085-0.150 for leave, 0.044-

Figure 3. Transfer factors in the different leaves, stems 
and roots of all the sampling sites. Note: S= soil
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0.096 for stem and 0.093-0.173 for root. 
Based on the mean values, the TF is highest 
in the root (0.126), followed by leave 
(0.113) and stem (0.064).

T h e  T F  v a l u e s  f o r  t h e  t h r e e 
transplantation sites, both under field and 
laboratory conditions, are shown in Figure 
4. The field condition values are higher in 
the leave (0.009-0.043) and root (0.026-
0.064) compared to those (leave: 0.007-
0.030; root: 0.013-0.058) under laboratory 
conditions. Based on the roots under both 
conditions, Sg. Juru showed the highest 
TF values, followed by Balakong and SK. 
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Figure 4. Transfer factors in the different leaves, stems 
and roots of the transplanted sites ate Seri Kembangan 
(SK), Balakong and Sg. Juru. Note: S= soil
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Based on the leaves under both conditions, 
SK showed the highest TF values, followed 
by Sg. Juru and Balakong, while the stems 
did not show any significant variations of TF 
values in the sites.

DISCUSSION

Mg in the soil samples

When compared to the continental crust 
guidelines of Wedepohl (1995) (22000 µg/g 
dw) and Taylor (1964) (23300 µg/g dw), the 
eight samplings sites were higher than both 
the guidelines, particularly for the Seremban 
soils which was significantly (P<0.05) 
highest (Figure 2). Also, all the soil samples 
from 12 sampling sites were higher than the 
European topsoils baseline 11,800 ± 11,730 
(<100–24,600) µg/g dry weight (Salminen 
et al., 2005). Therefore, these sites could be 
categorised as ‘higher than background Mg 
level’; however, the interpretation of EF and 
Igeo values is needed to determine whether 
or not these sites were polluted by Mg.

The present average Mg level (26730 ± 
8150 µg/g dw) in the soils from Peninsular 

Malaysia was higher than some reported 
data in the literature. For example, Jodral-
Segado et al. (2006) reported the average 
Mg levels (µg/g dw) in agricultural soils of 
Southeastern Spain as 14230 ± 2250, sewage 
sludge as 15340 ± 1880, industrialised zone 
as 14360 ± 1890 and non-industrialised 
zone as 14160 ± 2250. They explained that 
the lower Mg levels could be attributed 
to natural sources. De Temmerman et 
al. (2003) also reported low Mg level in 
the soils (1380 µg/g dw) from Belgium. 
However, the soils from Turkey were 
reported to contain a high Mg level of 
75200 µg/g dw (Hooda et al., 2004), and this 
elevation might be due to several factors, 
including geographic location, type of rock, 
pH, nature of drainage water, clay content, 
cation exchange capacity, weathering and 
climatic conditions, and type of plants 
grown (Jo & Koh 2004; Scheuner et al., 
2004; Yanai et al., 2004).

The present EF values ranged from 0.53 
and 4.53 (Table 1). Eight sites showed EF 
below 2, indicating ‘deficiency in minimal 
enrichment’, while only four sites showed 
EF more than 2, which indicated that the 
EF was in ‘moderate enrichment’. This is in 
agreement with most reported studies, where 
data were usually below 5. Hernández-Mena 
et al. (2011) reported that the EF of Mg level 
in the city of Guadalajara, Mexico, was less 
than 5 (> 5; very strongly polluted), which 
was attributable to geological origins. This 
result is similar with the present study due 
to the different activities from different 
sampling sites. This indicated that the 
EF of Mg in Peninsular Malaysia was 
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not significant. Most of the Igeo values 
were less than 0 (unpolluted) and only 
two sites showed less than 1 (unpolluted 
to moderately polluted). The present Igeo 
values (-1.42 to 0.46) indicate ‘deficiency 
to minimal enrichment’. Therefore, the Igeo 
values indicate a similar conclusion about 
the Mg status in Peninsular Malaysia as the 
EF. Hence, we can conclude the Mg level 
in the soils of Peninsular Malaysia did not 
indicate pollution by this metal.

Mg in the Plant Samples

The higher Mg levels found in roots than 
leaves from this study could be due to the 
large surface area of roots because root hairs 
elevate the adsorption and absorption of 
metals and facilitate nutrient uptake (Yap 
et al., 2010). This is supported by the TF 
values found in the present study, in which 
the Mg uptake in the different plant parts 
showed highest in the roots, followed by 
leave and stem. Roots adhere to the soil 
all the time to facilitate the absorption of 
water and nutrients. The uptake of metals 
must pass through the roots before reaching 
the other parts of plants (Ong et al., 2011). 
Therefore, the exposure of roots towards 
Mg in soil is higher, increasing the chances 
of Mg accumulation in roots. Hence, less 
amount of Mg was able to be transported to 
the upper parts of plants. This was supported 
by Shtangeeva et al. (2011), who showed 
that the roots of wheat had highest Mg levels 
(1650 ± 1000 μg/g dw), followed by the 
leave (1560 ± 544 μg/g); and higher in the 
root of rye (1870 ± 420 μg/g dw) than in the 
leave (1720 ± 295 μg/g dw).

The TF values found in the present study 
also indicated variations of Mg uptake in 
the different sampling sites. The highest 
TF values in the root from Sg. Juru could 
explain it being an industrial polluted site 
(Yap et al., 2009) and the Mg level in the 
soils was also the highest. Therefore, more 
Mg was being transferred to the plant root.

The present Mg levels of the leaves 
were comparable to some reported studies 
in the literature. For example, Oladipo 
et al. (2012) reported Mg concentrations 
(μg/g dw) in the leaves of some medicinal 
plants from Northern Nigeria (Boerhavia 
diffusa; 6640; Euphoria hirta, 1960; Senna 
occidentalis, 4730; Senna obtusofolia, 
2510; Cyprus dilatatus, 3550; Mitracarpus 
villosus, 2670). Łozak et al. (2002) reported 
the Mg concentration (5778 μg/g) in mints 
leaves. This indicated that Mg concentration 
in C. asiatica from Peninsular Malaysia was 
within the average range as reported in the 
literature.

Mg in Transplantation Studies

In Table 2, samples from the four sites 
showed a similar trend as the samples 
from the 12 sampling sites (Figure 2). Mg 
concentration was highest in the roots, 
followed by the leaves and stems. This 
result is also supported by the TF values in 
which root showed the highest value. The 
accumulation of Mg increased in all the plant 
parts when they were transplanted from the 
‘low Mg’ at UPM to ‘semi-high Mg’ area 
in SK and Balakong and ‘relatively high 
Mg’ at Sg. Juru under the field conditions 
from week 0 to week 3 (Table 2). In Table 
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3, all the CF values were higher than 1, 
indicating that the plants were able to 
uptake high concentration of Mg. Within 
3 weeks, the plants were able to uptake at 
least 100% more Mg than the initial value. 
The range of AR was high starting from 
0.31 to 56.38 µg/g dw per day, with the 
uptake of Mg being the highest in roots, 
followed by leaves and stems. This shows 
that C. asiatica can reflect the Mg levels in 
the environment through the uptake of Mg 
into the plants. Therefore, C. asiatica can 
be an ideal biomonitor due to its tolerance 
to a wide range of Mg concentration and its 
capability as a net accumulator over a short 
period of time (Rainbow & Phillips, 1993).

The accumulation of Mg in the plants 
decreased from week 3 to 6 due to its 
transplantation back to the control site. 
As shown in Table 3, the EF under field 
and laboratory conditions was at least 
70%, indicating that Mg could be removed 
from all plant parts when the condition 
of the site was less contaminated than its 
previous site. The Mg was eliminated from 
plants at a rate of at least 0.22µg/g dw 
per day. However, the Mg concentration 
was still higher compared to the initial 
concentration at week 0, with roots having 
the highest Mg concentration, followed 
by leaves and stems. This showed that the 
elimination of Mg was not completed during 
the three weeks of transplantation due to 
the slower elimination rate compared to 
the accumulation rate. The accumulation 
and elimination of metals in plants were 
dependent upon the transplantation period 
(Hedouin et al., 2011). Hence, a longer time 

was required for Mg to be eliminated from 
the plants.

In order to understand the major 
controlling factor for the Mg uptake, the 
relationships of Mg levels with other major 
(Ca and K) and minor (Mn and Ti) metals 
between the plant and soils were investigated. 
Based on the data in Table 4, the correlation 
coefficients of Mg between plants and 
soils were found to be the highest between 

Table 4 
The correlation coefficients of Mg concentrations 
between different parts of Centella asiatica and 
major cation ratios in the soils

Soil Leave Stem Root
MgSoil 0.89 0.77 0.76
CaSoil 0.35 0.41 0.34
KSoil 0.68 0.59 0.63
MnSoil 0.32 0.06 0.13
TiSoil -0.26 0.09 -0.14
Mg/Ca 0.25 0.11 0.18
Mg/K 0.52 0.46 0.41
Mg/Mn 0.04 0.26 0.19
Mg/Ti 0.76 0.43 0.59
Note: Values in bold are significantly correlated 
at P< 0.05

leaves-soils (R= 0.89, P< 005), followed by 
roots-soils (R= 0.77, P< 005) and stems-
soils (R= 0.76, P< 005). It is interesting to 
note that positive significant correlations 
are also found for Leave-K(Soil), Stem-
K(Soil), Root-K(Soil), Leave-Mg/Ti(Soil) 
and Root-Mg/Ti(Soil) (Table 4). In order to 
investigate other soils’ metal, factors that 
could control the Mg uptake from the soils 
to the plant parts, regression analysis with 
inclusion of other soil factors are shown in 
Table 5. The inclusion of soil factors could 
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Table 5 
Prediction equations for Mg levels (log10) transfer from soils to the plant parts based on multiple linear 
regression analysis

Prediction equations R R2 P
Mg(Leave)= 0.88+ 0.886 (Mg-Soil) 0.89 0.79 0.001
Mg(Leave)= 2.02 + 1.04(Mg-Soil)- 0.13(Ca-Soil)- 
0.14(K-Soil)- 0.10(Mn-Soil)- 0.37(Ti-Soil)

0.92 0.85 0.019

Mg(Leave)= 1.83 + 0.43(Mg-Soil) + 0.11(Mg/Ca-Soil) + 
0.12(Mg/K-Soil) + 0.09(Mg/Mn-Soil) + 0.49(Mg/Ti-Soil) 

0.92 0.84 0.019

Mg(Stem)= 0.60 + 0.77(Mg-Soil) 0.77 0.59 0.003
Mg(Stem)= -0.90 + 0.52(Mg-Soil) + 0.27(Ca-Soil) + 
0.22(K-Soil) + 0.01(Mn-Soil) + 0.32(Ti-Soil)

0.82 0.68 0.147

Mg(Stem)= -0.57 + 1.24(Mg-Soil) - 0.25(Mg/Ca-Soil) -  
0.19(Mg/K-Soil) + 0.01(Mg/Mn-Soil) - 0.41(Mg/Ti-Soil)

0.82 0.67 0.153

Mg(Root)= 0.65 + 0.77(Mg-Soil) 0.77 0.59 0.003
Mg(Root)= 1.38 = 0.83(Mg-Soil) + 0.02(Ca-Soil) - 
0.04(K-Soil) - 0.22(Mn-Soil) - 0.23(Ti-Soil)

0.79 0.62 0.213

Mg(Root)= 1.26 + 0.51(Mg-Soil) - 0.02(Mg/Ca-Soil) + 
0.03(Mg/K-Soil) + 0.21(Mg/Mn-Soil) + 0.30(Mg/Ti-Soil)

0.79 0.62 0.216

usually improve the correlation performance 
between Mg level in the plant and in the 
soil compared to those based on only the 
Mg level in the soil (Liang et al., 2013). 
This is well indicated in the present study, 
as in Table 5. For example, R2 between 
log[Mg(Leave)] and log[Mg(Soil)] was 0.79. 
When Ca-Soil, K-Soil, Mn-Soil and Ti-Soil 
were combined, the controlled variance was 
improved to R2= 0.85, and when Mg/Ca-
Soil, Mg/K-Soil, Mg/Mn-Soil and Mg/Ti-
Soil were introduced in a separate equation, 
the regression coefficient rose to R2= 0.84. 
Similar patterns of R2 increments were also 
observed for Mg(Stem) and Mg (Root). 
However, these soil factor inclusions in the 
regression equations did not significantly 
increase the P values and the significant 
values. Therefore, this indicated that other 
factors could also control the Mg uptake; 
however, the direct correlations between 

the Mg(plant)- Mg(Soil) are still higher, 
indicating that the Mg level in the soils is the 
major controlling factor for the transfer of 
Mg to the three plant parts, as also evidently 
seen in Table 4. However, it is undeniable 
that the Mg contents in plants (oats, maize, 
yellow lupine and radish) were generally 
correlated with the accumulation of other 
macroelements and some microelements 
(Ciećko et al., 2005), which is affected 
by the presence of other cations such as 
ammonium, potassium, manganese and 
sulphur (Phillips & Chiy, 2002). Although 
it has been shown that the soil composition 
can be a factor in determining the growth 
of C. asiatica (Devkota & Jha, 2009), 
how the soil composition can influence 
major elemental uptake such as Mg is still 
unknown to our knowledge. In this study, 
it is assumed that the major controlling 
factors on the Mg bioaccumulation in C. 



Ong, G. H., Yap, C. K., Mahmood, M., Tan, S. G. and Hamzah, M. S.

14 Pertanika J. Trop. Agric. Sci. 40 (1) 14 - 18 (2017)

asiatica are the anthropogenic input and the 
environmental natural sources. However, 
other factors that can potentially affect the 
Mg uptake in the root, stem and leave of C. 
asiatica should not be ruled out.

According to a Freundlich-type function 
relationship, a strong relationship could 
still be expected between plant metal 
concentration and soil metal concentration 
(Efroymson et al., 2001). Furthermore, 
the Freundlich-type function is often used 
to describe metal transfer from the soil to 
plants (Krauss et al., 2002). Therefore, the 
significant and strong correlations of Mg 
levels between the three plant parts and 
soils indicated the Mg transfer from the 
soil to the plant. Mg is one of the secondary 
macronutrients, which are usually available 
in soils (Barker & Pilbeam, 2007). Mg is 
found in chlorophyll molecules and it is 
essential for photosynthesis. It also helps in 
the activation of many plant enzymes that 
are needed for growth and maintenance of 
cell ionic balance (Gums, 2004). Therefore, 
a significant correlation was found between 
soils and C. asiatica. The above results 
indicated that the three parts of C. asiatica 
are able to reflect the Mg levels in the soils. 
Therefore, the roots, leaves and stems of 
C. asiatica are good biomonitors of Mg 
enrichment.

CONCLUSION

Although higher than the continental crust 
and European topsoils baselines, the soils 
of Peninsular Malaysia are considered as 
‘unpolluted to moderately polluted’ based on 
EF and ‘deficiency to minimal enrichment’ 

based on Igeo. The Mg concentrations in 
C. asiatica from Peninsular Malaysia were 
within the average range when compared 
to the reported data. The highest Mg level 
was found in the roots, followed by leaves 
and stems. Based on CA and MLRA, Mg-
Soil was found as the significant and most 
important factor controlling the Mg uptake 
from the soils to the three plant parts. The 
direct relationships between Mg(plant)-
Mg(Soil) also indicated that C. asiatica 
roots, leaves and stems are able to reflect 
the Mg levels of the sampling sites. The 
experimental transplantation studies, under 
field and laboratory conditions, confirmed 
the results from the field collected samples 
and indicated that the roots, leaves and stems 
could be used as good biomonitors of Mg 
levels in the habitat soils.
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ABSTRACT

One of the most precious edible bird’s nests (EBN) is constructed by the white-nest swiftlet 
(Aerodramus). However, different swiftlet populations might have different food intakes as 
a result of their different habitat sources. This situation will likely influence the secretion 
of the salivary gland. EBN is built from the saliva of the swiftlets. The major function of 
the salivary gland is to secrete saliva. This study was conducted with the aim of defining 
and comparing the histological structures of the sublingual salivary gland and its mucin 
content found in two separate populations of house-farm and cave white-nest swiftlets. 
Samples were collected from Seri Iskandar, Perak, Malaysia (04º20.824´N, 100º52.826´E) 
and Gomantong caves, Sabah, Malaysia (5º31.46.5´N, 118º4.29.6´E). It was found that 
the largest visible salivary gland present in both populations was the sublingual gland. 
The glands were stained with hematoxylin and eosin (H & E) stain and a combination of 
Alcian blue (AB) with periodic acid-Schiff (PAS) stain. The H&E stain displayed a broad 
range of cytoplasmic, nuclear and extracellular matrix features. The parenchyma of the 
cave swiftlet population appeared foamy due to high mucous secretion whereas the cells 
of the house-farm population could clearly be seen to be separated because of less mucous 
secretion. There was a clear difference in density and abundance of mucous acini cells in 
which the samples from the cave population were compacted with these cells. AB-PAS 

stains revealed full complement of tissue 
proteoglycans and acidic-mucin, neutral-
mucin and mixtures of acidic and neutral 
mucins. The cave population exhibited 
higher concentrations of acidic, neutral, 
and mucins mixture compared with those 
from the house-farm. This is probably 
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caused by several combinations of factors 
such as difference in dietary habit, habitat 
preference and age of the swiftlet.  

Keywords: white-nest swiftlets, edible bird’s nest 

(EBN), sublingual salivary gland, saliva, house-farm 

swiftlets, cave swiftlets

INTRODUCTION

A few species  of  swif t le ts  (genus 
Aerodramus) build edible nests that are 
consumed by humans, known as the ‘caviar 
of the East’ or as a medicinal food (Marcone, 
2005). Edible bird’s nest (EBN) refers 
to the nest produced by several different 
swiftlet species. Human consumption of 
these nests has been regarded as a symbol 
of wealth, power and prestige, while its 
use for its medicinal value by traditional 
Chinese medicine practitioners dates as 
far back as the Tang (618-907 AD) and 
Sung (960-1279 AD) dynasties (Lim & 
Cranbrook, 2002). The majority of EBNs 
traded worldwide comes from two heavily 
exploited species, the white-nest swiftlet 
(WNS) and the black-nest swiftlet (A. 
maximus). This species distribution ranged 
from the Nicobar Islands in the Indian 
Ocean to the sea caves in the coastal regions 
of Thailand, Vietnam, Indonesia, Borneo 
and the Palawan Islands of the Philippines 
(Lim, 2000; Lim & Cranbrook, 2014). 
Based on the recent systematic review by 
Cranbrook et al. (2013), WNS are divided 
into two large allopatric species, namely 
the grey-rumped Swiftlet Aerodramus 
inexpectatus, with subspecies A. i. germani 
and A. i. perplexus, and Thunberg’s or 

the brown-rumped Swiftlet Aerodramus 
fuciphagus, with subspecies A. f. fuciphagus 
and A. f. vestitus. Species identification 
in the field has proven to be challenging 
because of the limited variation in size 
and plumage colouration of the swiftlets. 
Stresemann (1931) has characterised these 
birds based on their tarsal feathering, rump 
and shaft colouration as well as the length of 
the wing, tail and their furcation. The type 
of the nest was also considered to be one 
of the reliable taxonomic indicators among 
swiftlets as shown by Medway (1966a). 
In this study, the taxonomic classification 
for the species studied follows that of 
Cranbrook et al. (2013), in which the cave 
population is identified as A. f. vestitus, 
while the current domestic house-farm 
population is a potential hybrid species 
drawn from genetic mixing of two species 
of WNS (i.e. A. inexpectatus and Thunberg’s 
swiftlet A. f. fuciphagus).

EBN is the nest of the swift that is 
made from its saliva, which contains 
sialylglycoconjugates (Matsukawa et al., 
2011). The composition of the swiftlet’s 
saliva resembles that of salivary mucin. 
Many studies have been carried out on the 
tonic effects of EBN, and it has been shown 
that EBN stimulates mitosis hormones and 
the growth factor for epidermal growth, 
resulting in repair of cells and stimulation of 
the immune system (Ng et al., 1986; Kong et 
al., 1987). The average crude protein content 
in the EBN has been reported by Marcone 
(2005) to be at 62%-63% and by Kathan and 
Weeks (1969) to be at 32.3%. Researchers 
have also found several carbohydrate 
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molecules in EBN including new sialic acid-
containing compounds and glycoconjugates 
(Martin et al., 1977; Pozsgay et al., 1987; 
Reuter et al., 1989; Wieruszeski et al., 1987; 
Kakehi et al., 1994; Yu-Qin et al., 2000). 
However, the importance of sialic acid 
residues in EBN is still not clear. 

The number and arrangement of salivary 
glands vary among the species. In mammals, 
there are three main pairs of salivary glands: 
(i) the submandibular (ii) the sublingual, 
which lie under the tongue, and (iii) the 
parotid, which lies at the back of the mouth 
between the upper and the lower jaw (Tomasi 
& Plaut, 1985). In birds, adaptation of the 
salivary glands is based on the type of food 
consumed. In general, a species that relies 
on a relatively soft diet has less developed 
salivary glands while insectivores and seed 
eaters have more developed and functional 
salivary glands (King & McLelland, 1984; 
Blanks, 1993; Taib & Jarrar, 2001). In 
contrast, swiftlets have numerous minor 
salivary glands in their lingual apparatus. 
This modification allows the swiftlets 
to produce massive amounts of salivary 
secretion, which may manifest significantly 
during the nest-building process (Shah & 
Aziz, 2014). Although the salivary glands 
of most birds are not conspicuous as those 
in mammals, the comparative morphology 
has been studied since the 1880s (e.g. Batelli 
& Giacomini, 1889) and most avian glands 
are histologically described as the mucous 
type (Jerret & Goodge, 1973). In addition, 
the presence of serous cells has also been 
recorded in the salivary glands of quail, C. 
coturnix (Taib & Jarrar, 1998). 

The primary function of salivary glands 
is to secrete saliva, a fluid composed of water, 
electrolytes and various multifunctional 
proteins (Koller et al., 2000). The basic 
protective mechanism mediated by saliva is 
bacterial clearance. Saliva is also an essential 
fluid for the health of human teeth and oral 
mucosal surfaces and for maintaining 
microbial balance and supporting other 
oral functions. Other than that, saliva also 
contains antifungal and antiviral substances 
that make it part of the mucosal immune 
system (Tomasi & Plaut, 1985). On the 
other hand, swiftlets use saliva to construct 
their nest (Goh et al., 2001), and this is 
considered one of the swiftlet’s prized assets 
because there are no other organisms with 
such ability. Swiftlet nests are constructed at 
the vertical concave of a cave wall in a half 
bowl-like shape into which the swiftlets’ 
eggs are hatched (Marcone, 2005). The 
objectives of this study were to define the 
histological structures of the sublingual 
glands and to determine the mucin type 
of the glands from two different swiftlet 
populations. It was hypothesised that there 
are differences in the morphology and the 
amount of protein concentrations in the 
sublingual glands of swiftlets from house-
farm and cave populations.

MATERIALS AND METHODS

Sample and Data Collection

During mist-netting, a number of captured 
swiftlets were released as there was no 
visible bulking salivary gland underneath 
the throat and lower mandible. Only 14 
birds were selected based on this criterion. 
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It was believed that the swiftlets used were 
adult birds based on their overall body 
size as well as the presence of bulking 
salivary glands found under the lower 
mandible. Seven WNS were captured in 
Seri Iskandar (04º20.824´N, 100º52.826´E), 
where the distance of the sampling area 
from the bird-house is approximately 500 
m. The other seven swiftlets were captured 
inside the Gomantong caves (5º31.46.5´N, 
118º4.29.6´E). The swiftlets from Seri 
Iskandar, Perak were captured on 3 January, 
2013, whereas the swiftlets from Gua 
Gomantong, Sabah were captured on 18 
December, 2013. Only 12 birds with well-
developed sublingual glands (three for each 
group) out of the 14 birds were selected to 
standardise the comparison. Only a small 
number of samples was collected for each 
group due to lack of cooperation from the 
house-farm/cave owners. The 20-m mist 
net (2.5 m height and 2 cm x 2 cm mesh 
size) with two shelves was deployed in 
the free land of Seri Iskandar, Perak, and 
the swiftlets were enticed by playback 
calls using a portable speaker (G-Shark 
S938). When the birds hit the net, they 
were quickly caught and transferred into 
wooden cages, which were then covered 
with cloth to reduce the stress of the birds. 
The birds were quickly transported to a 
laboratory in the Institute of Biosciences, 
Universiti Putra Malaysia (UPM). Sampling 
at Gua Gomantong, Sabah was conducted 
by deploying the nets directly to heights 
closest to the bird nests. Subsequently, 
the birds were euthanised and dissected 
at the Regional Veterinary Laboratory, 
Department of Veterinary Services and 

Livestock Industries, Kota Kinabalu, Sabah. 
The study protocol was approved by the 
UPM Animal Ethics Committee (AUP: 
12R144/Apr12-March13).

Gross Examination

Before performing the dissection, the swiftlets 
were euthanised using approximately 1 mL 
pentobarbitone sodium (Nembutal®) at 
a dose of 80 mg/kg intravenously, which 
was injected through the brachial ulna vein 
(Close et al., 1996). The feather around the 
lower mandible was gently removed using 
alcohol; this was carried out carefully to 
prevent any distortion to the salivary glands. 
Subsequently, the dissection was carried 
out to expose the sublingual glands. The 
glands were subjected to gross examination 
under stereomicroscope (Nikon SMZ1500, 
Tokyo, Japan), and the weight of the glands 
was measured using a three-decimal place 
weighing balance (B303-S analytical 
balance, Mettler Toledo, Switzerland). 
Following that, the gender of the swiftlets 
was determined by observing the sexual 
reproductive organs.

Microscopic Examination

The tissues of the gland were then removed 
and fixed in Bouin’s solution for 16 to 24 
h and washed every 2 h using 50% alcohol 
for a total of three times and preserved with 
70% alcohol (Adnyane et al., 2011). The 
samples were then transferred into a cassette, 
processed for 16 h and then embedded 
in paraffin wax (Bancroft & Gamble, 
2008). The blocks were serially sectioned 
into 4-μm thickness using a microtome 
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(Leica RM-2155 rotary microtome; Leica 
Microsystem Inc., Bensheim, Germany). 
The sections were then deparaffinised, 
hydrated through graded alcohol with 
water and stained with hematoxylin and 
eosin (H&E) to demonstrate the general 
histological architecture of the tissue 
(Spector & Goldman, 2006). The tissue 
was also stained using a combination of 
Alcian blue-periodic acid-Schiff (AB-PAS) 
with a pH of 2.5 for the differentiation of 
neutral and acid mucins (Spicer & Meyer, 
1960; Bancroft & Gamble, 2008). The 
slides were mounted with cover slips using 
the mounting medium (Entellan®, Merck, 
Germany) and left for 24 h in the open air. 
Finally, the stained slides were examined 
under a light microscope equipped with an 
image analyser (Olympus BX51; Olympus 
Optical Co. Tokyo, Japan).

Statistical Analysis

The data providing sublingual gland weight 
were calculated based on actual and relative 

weight, which was expressed as mean ±SD. 
Statistical comparisons were conducted 
between the two WNS populations from 
different habitats. Data were analysed using 
an independent-sample t-test for parametrics 
(IBM SPSS Statistic Ver. 21). The significant 
level was set at p<0.05. 

H0 = Mean relative weight of sublingual 
glands was the same for both the 
house-farm and cave population

H1 = Mean relative weight of sublingual 
glands was significantly different for 
the house-farm and cave population.

RESULTS

Gross Examination

Gross examination of the salivary glands 
showed that there was a pair of major 
salivary glands (i.e. sublingual glands) 
present ventral to the lower mandible of the 
swiftlet (Figure 1). However, this structure 

Figure 1. Photographs of the bird (a) before dissection showing the submandibular glands lying underneath 
the skin ventral to the lower mandible (arrows) (note that the feather around the lower mandible was removed) 
and (b) after dissection showing the exposed submandibular glands. The glands are enlarged and lobulated. G 
= submandibular glands; T = trachea; 1 grid = 1 mm
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could only be seen clearly once the feather 
under the lower mandible of the bird was 
removed. The glands were present in a pair, 
and they were greatly enlarged compared 
with the other major salivary glands. An 
observation of the 3D images under the 
stereomicroscope showed a well-developed 
gland that appeared as a ‘brain-like’ coiled 
tubular structure with a soft white to pinkish 
appearance of the sublingual glands (Figure 
2). The weight and the relative weight of 
the sublingual glands between the house-
farm and cave WNS population are shown 
in Table 1.

As shown in Table 1,  the mean 
body weight of the cave population was 
10.28±0.58 g for males and 10.50±1.21 g for 
females, whereas the house-farm population 
had a lower mean body weight (8.52±0.49 g 
for males and 9.03±0.35 g for females). The 
weight of the sublingual glands of the cave 

Figure 2. Photograph of the sublingual gland under 
high magnification (microvisualisation) showing the 
coiled tubular structure of the gland that appeared as 
a brain-like coiled tubular structure with soft white 
to pinkish colour. Magnification: x25; Scale: 1 mm

sublingual glands. The glands are enlarged and lobulated. G=sublingual glands; 
T=trachea; 1 grid=1 mm. 
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Table 1 
Mean Values of Whole Body Weight and Sublingual Glands (Grams) of WNS from 
House-Farm and Cave Population 

Location House-Farm Cave 

Sex Male Female Mean 

(Total) 

Male Female Mean 

(Total) 

No. of animal 3 3 6 3 3 6 

Body weight (g) 8.520 ± 

0.494 

9.033 ± 

0.354 

8.777 ± 

0.476 

10.283 ± 

0.580 

10.500 ± 

1.212 

10.392 ± 

0.858 

Sublingual gland 

weight (g) 

0.050 ± 

0.030a 

0.079 ± 

0.031b 

0.065 ± 

0.032e 

0.072 ± 

0.015a 

0.050 ± 

0.039b 

0.061 ± 

0.029e 

Relative sublingual 

gland weight (%)* 

0.604 ± 

0.366c 

0.879 ± 

0.363d 

0.721 ± 

0.324** 

0.702 ± 

0.176c 

0.500 ± 

0.418d 

0.574 ± 

0.253** 

*The relative sublingual gland weights was calculated based on the sublingual gland weight (g)/body 
weight (g) and presented in percent (%). 
a, b, c, d, e The mean value of the sublingual glands with similar letter was not significantly different (p>0.05). 
**Comparison between these two populations showed a significant p-value (p<0.05). 

Table 1 
Mean Values of Whole Body Weight and Sublingual Glands (Grams) of WNS from House-Farm and Cave 
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Sex Male Female Mean 

(Total)
Male Female Mean 

(Total)
No. of animal 3 3 6 3 3 6
Body weight (g) 8.520 ± 

0.494
9.033 ± 
0.354

8.777 ± 
0.476

10.283 ± 
0.580

10.500 ± 
1.212

10.39 ± 0.858

Sublingual gland 
weight (g)

0.050 ± 
0.030a

0.079 ± 
0.031b

0.065 ± 
0.032e

0.072 ± 
0.015a

0.050 ± 
0.039b

0.061 ± 0.029e

Relative sublingual 
gland weight (%)*

0.604 ± 
0.366c

0.879 ± 
0.363d

0.721 ± 
0.324**

0.702 ± 
0.176c

0.500 ± 
0.418d

0.574  ± 0.253**

*The relative sublingual gland weights was calculated based on the sublingual gland weight (g)/body 
weight (g) and presented in percent (%).
a, b, c, d, e The mean value of the sublingual glands with similar letter was not significantly different 
(p>0.05).
**Comparison between these two populations showed a significant p-value (p<0.05).

WNS was greater than that of the house-
farm population in males, but the weight of 
the gland in females from the house-farm 
population was greater than that of the 
cave population although the body weight 
was slightly lower. However, based on the 
statistical test, the relative weight of the 
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sublingual glands between both populations 
was not significantly different (p>0.05). 
Comparison between these two populations 
was significantly different at p<0.05.

Microscopic Examination

Based on the H & E stain (Figure 3), cross 
sections of the cave WNS showed that the 
alveolus of the mucous acinus was wholly 
stained as compared with that of the house-
farm birds. The parenchyma appeared 
foamy in cave swiftlets apparently due to 
the high mucous secretion and viscosity 
of the mucous cells, whereas the cells of 
house-farm birds could clearly be seen to 
be separated; it was expected there would 
be less mucous secretion and viscosity. The 
mucous acini were well positioned around 
the cell itself and were compartmentalised 
into several lobules by connective tissue. 
The nucleus could be seen at the base 
attached to the branch of the connective 
tissue. The irregular loose connective tissue 
was present between and encapsulating the 
glands, whereas the blood vessel was present 
in the middle and outside the cells (Figures 
3a and 3d). There was no observable 
difference in mucous secretion between 
these two WNS populations (Figures 3b 
and 3e). The mucous acini cells could be 
seen to be separated from one another, but 
there was a clear difference in terms of 
density; the samples from the caves were 
compacted within these cells (Figures 3c and 
3f). This was believed to be the cause of the 
foamy appearance of the gland tissues. The 
epithelial cells surrounding the gland tissues 

of the birds from cave populations (Figures 
3d-3f) were observed, but the simple 
connecting ducts or the excretory ducts in 
both samples could not be observed. The 
presence of numerous acinus cells in both 
samples was weakly stained by the H & E 
stain; this could indicate that the sublingual 
glands of the WNS were only present within 
the mucous acini.

The sublingual gland tissue of both 
samples stained with AB-PAS (pH of the 
AB was 2.5) showed that the gland tissue 
was full of mucin secretion (Figure 4). Both 
samples contained mixtures of acidic and 
neutral glycoprotein-containing structures 
(mucin) because, histochemically, both 
showed positive reactivity to staining using 
a combination of AB and PAS stains. The 
staining area of the mixture of mucin and 
neutral mucin tissue was roughly the same 
in total area. However, it was apparent 
that samples from the cave also exhibited 
dominant blue staining, which indicated the 
occurrence of acidic mucins; this was not 
presented in the samples from the house-
farm. Figure 4 shows the magnification 
of different levels of AB-PAS stain from 
both population samples. The samples 
from the house-farm population (Figures 
4a-4c) clearly expressed different colours 
of staining, showing a mixture of mucin 
stained purple violet and the neutral mucin 
stained magenta. Meanwhile, as indicated by 
the intense colour stained, it was clear that 
mucous cells were abundant, the secretion 
was high in the cave samples and the cells 
were not well separated (Figures 4d-4f).
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Figure 3. Photomicrographs of the cross-section of the sublingual glands of house-farm and cave WNS. Samples 
were stained with H & E at different levels of magnification. Cross-sections from (a-c) the house-farm and (d-f) 
the cave samples are shown. The magnification levels were set starting at (a and d) μ100, (b and e) μ200 and 
(c and d) μ400. The circles labelled D and E are the lobule of a gland cell and a mucous cell. The arrows show 
the epithelial cells present around the gland. A=blood vessel; B=loose connective tissue; C=mucous secretion
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Figure 4. AB-PAS staining of the cross-sectional view of (a-c) house-farm and (d-f) cave WNS using the 
following magnification levels: (a and d) x100, (b and d) x200 and (c and f) x400

  

  

  

Figure 4. AB-PAS staining of the cross-sectional view of (a-c) house-farm and (d-f) 
cave WNS using the following magnification levels: (a and d) x100, (b and d) x200 
and (c and f) x400. 
 

 

DISCUSSION 

The EBN is wholly secreted by a pair of sublingual glands (Marshall & Folley, 1956) and 

this study found that the largest visible salivary gland present in WNS of both localities 

was the sublingual gland. The gland is a simple tissue mass with a soft to white pinkish 
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