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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 almost 42 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
The journal is indexed in SCOPUS (Elsevier), Clarivate-Emerging Sources Citation Index [ESCI (Web of 
Science)], BIOSIS, National Agricultural Science (NAL), Google Scholar, MyCite and ISC.

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.

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. 
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.

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.
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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 (CEE) and the Editorial Board Members (EBMs) 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 CEE sends the article-identifying information having been removed, to three reviewers 
who are specialists in the subject matter represented by the article. The CEE requests 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 
field.

3.	 The CEE, in consultation with the Editor-in-Chief (EiC), examines the reviews and decides 
whether to reject the manuscript, invites the author(s) to revise and resubmit the manuscript. 
The CEE may seek additional reviews. Final acceptance or rejection rests with the CEE and EiC, 
who reserve 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 CEE 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 CEE in consultation with the EiC and 
EBMs examine their comments and decide whether the paper is ready to be published, needs 
another round of revisions, or should be rejected. 

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 online 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 online. 
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Foreword
Welcome to the Fourth Issue of 2019 for the Journal of Tropical Agricultural Science 
(JTAS)!

JTAS is an open-access journal for studies in Tropical Agricultural Science published by 
Universiti Putra Malaysia Press. It is independently owned and managed by the university 
for the benefit of the world-wide science community.

This issue contains 15 articles; 2 are short communications and the rest are regular 
articles. The authors of these articles come from different countries namely China, 
Ecuador, Indonesia, Malaysia and Nigeria.

Articles submitted in this issue cover various scopes of Tropical Agricultural Science 
including animal production, aquaculture, biotechnology, fisheries sciences, food and 
nutrition development, forestry sciences, genetics and molecular biology, horticulture, 
soil and water sciences and zoology. 

Hui Yin Fan and her team mates from Universiti Malaysia Sabah explored the potential 
of blends of fish gelatin and sodium alginate as gelling agents and a delivery system 
for virgin coconut oil (VCO). They found out that the viscoelasticity and firmness of the 
puddings were increased with the blending of high fish gelatin content with sodium 
alginate. Details of this study is available on page 1209. 

A regular article entitled “Effect of Monocalcium Phosphate Supplementation on 
the Growth Performance, Carcass Characteristic, Gut Histomorphology, Meat and 
Bone Quality of Broiler Chickens” discussed on the effect of different concentration 
of monocalcium phosphate supplementation on the growth performance, carcass 
characteristics, gut morphology, meat quality, and bone quality of broiler chickens. 
It concluded that this supplementation brought the positive effect on the growth 
performance, gut histomorphology and bone quality of broiler chickens without affecting 
the carcass characteristics and meat quality. The detailed information of this article is 
presented on page 1237. 

Bun Poh Keong and his colleagues from Universiti Pendidikan Sultan Idris discussed the 
optimal preservation and storage regimes of total RNAs from different fish tissues. The 
results showed that satisfactory amount of RNA from dorsal fin and gonad was produced 
by preserving fish tissues in RNAlater with subsequent storage at -80°C, but not from 
muscle tissues. Further details of the study are found on page 1289.

i



We 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.

All the papers published in this edition underwent Pertanika’s stringent peer-review 
process involving a minimum of two reviewers comprising internal as well as external 
referees. This was to ensure that the quality of the papers justified the high ranking 
of the journal, which is renowned as a heavily-cited journal not only by authors and 
researchers in Malaysia but by those in other countries around the world as well. 

In the last 12 months, of all the manuscripts processed, 34% were accepted. This seems 
to be the trend in Pertanika Journals for JTAS.

We would also like to express our gratitude to all the contributors, namely the authors, 
reviewers, Editor-in-Chief and Editorial Board Members of JTAS, who have made this 
issue possible. 

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
Prof. Dato’ Dr. Abu Bakar Salleh
executive_editor.pertanika@upm.edu.my

ii
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Effects of Cinnamon Bark Essential Oil (Cinnamomum 
burmannii) on Characteristics of Edible Film and Quality of 
Fresh Beef

Rohula Utami*, Lia Umi Khasanah, Godras Jati Manuhara and
Zesa Kusuma Ayuningrum
Department of Food Science and Technology, Faculty of Agriculture, Universitas Sebelas Maret,
Jl. Ir. Sutami 36A Surakarta, Jawa Tengah, Indonesia, 57126

vapor transmission rate was found to be 
lowered with the increasing cinnamon bark 
oil concentration. An increase of tensile 
strength was observed with increasing oil 
concentration up to 1.5%. The elongation 
of film was significantly reduced to 58.56% 
while an improved antibacterial activity 
of edible film resulted by oil addition. 
Overall, results indicate that 2% cinnamon 
bark oil enriched film preserves freshness 
of beef. The addition of cinnamon bark oil 
to an edible coating is effective in reducing 
microbial growth and lipid oxidation while 
the edible film enriched with 2% cinnamon 

ABSTRACT

The effects of cinnamon bark essential oil on the characteristics of edible film and the 
quality of fresh beef were investigated to determine its ability to extend fresh beef shelf life. 
Films were prepared by incorporating cinnamon bark essential oil (0, 0.5, 1.0, 1.5 and 2%) 
into a film mixture of tapioca starch and glycerol. The selected film and control solution 
were applied to evaluate fresh beef quality. The concentration of cinnamon bark essential 
oil did not affect the thickness but significantly affected the water vapor transmission 
rate, tensile strength, elongation and antibacterial activity of edible film. The water 
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bark oil would maintain the freshness of 
beef as long as 15 days during storage.

Keywords: Beef, cinnamon, edible film, essential oil, 

preservation

INTRODUCTION

Beef is one of the meat types most commonly 
consumed as a protein source globally. 
However, beef has a fairly short shelf life 
due to its high moisture content and high 
fat content (68% and 11%) (Gaman & 
Sherrington, 1994) which can facilitate 
the proliferation of microbial spoilage and 
rancidity due to oxidation reactions.

Edible films can increase the shelf life 
and maintain the quality of food through 
selective permeability to moisture and 
oxygen transfer, and by inhibiting the 
oxidation of fat and additives into the 
carrier material (Kester & Fennema, 1986). 
Additives which are usually added to the 
edible film are antimicrobial substances 
derived from spices. Spices that can be used 
as antimicrobial substances in the edible 
film are ginger essential oil (Miksusanti & 
Masril, 2013), nutmeg essential oil (Matan, 
2012) and cinnamon essential oil, which 
have been applied to edible film made 
from whey protein (Bahram et al., 2013), 
apple puree (Du et al., 2009), chitosan 
(Hosseini et al., 2009) or gelatin-chitosan 
(Gómez-Estaca et al., 2010). Some other 
antimicrobial substances that have been 
used as preservatives in meat are β-CD-citral 
which has been added to a chitosan edible 

coating (Chen et al., 2014), oregano oil in 
whey protein isolate films (Zinoviadou et 
al., 2009), and clove-oregano essential oil 
in a film made from milk protein (Oussalah 
et al., 2004).

Cinnamomum burmannii (cinnamon) 
is a subtropical plant from the Lauraceae 
family and reported as an important export 
commodity of Indonesia. Cinnamon 
contains active substances in the form of 
trans-cinnamaldehyde (60.72%), eugenol 
(17.62%), and coumarin (13.39%) (Wang 
et al., 2009). The processing of cinnamon 
bark into essential oils by a steam distillation 
resulted in active substances such as 
cinnamaldehyde (92.84%), cinnamyl acetate 
(2.34%), α-copaene (1.56%), coumarin 
(1.01%), delta-cadinene (0.70%), 1.8-cineol 
(0.66%), isopropyl acetate (0.57%), and 
α-terpineol (0.32%) (Khasanah et al., 2013).

The objective of this study was to 
investigate the effects of cinnamon bark 
essential oil’s addition on the characteristics 
of edible film and the quality of fresh beef. 

MATERIALS AND METHODS

Cinnamon Bark Essential Oil 

Cinnamon barks were obtained from 
Bubakan village, Girimarto, Wonogiri 
(Indonesia). Essential oil was distilled from 
cinnamon bark using a steam distillation 
method. The cinnamon bark was ground 
in advance using a grinding machine into 
particle sizes of 7-15 mesh. The ground 
cinnamon bark was distilled for four hours 
(Khasanah et al., 2013).
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Preparation of Edible Film 

Edible films were prepared by dissolving 
tapioca starch (5 g) in distilled water (100 
mL) at 70oC for 30 min. The solution was 
cooled down to 60oC and then glycerol 
(2 mL) was added. The solution was then 
heated at 60oC and stirred on a hotplate 
(Heidolph MR 3001 K) with a magnetic 
stirrer for 30 min. The solution was cooled 
to 30oC and cinnamon bark essential oil (0; 
0.5; 1; 1.5 and 2%) and Tween 80 (1:1) were 
added. The solution was cast onto a 20 x 20 
x 2 cm3 plastic plate followed by cabinet 
drying at 75oC for 5 h. The dried films were 
cooled for 10 minutes in ambient conditions 
and peeled from the casting surface. The 
films were stored in a plastic container 
containing silica gel for further analysis. 
Each film was prepared in duplicate.

 Analyses of Edible Film Characteristics

The characteristics of edible film were 
analyzed based on its thickness (McHugh 
et al., 1994), tensile strength (Gontard et 
al., 1993), water vapor transmission rate 
(Gontard et al., 1993), elongation (Gontard 
et al., 1993), and antibacterial activity 
(Manab et al, 2011). A micrometer (Krisbow 
0.001 mm) was used to determine the 
thickness of films at five different spots of 
films. Tensile strength and elongation of the 
films were determined with Zwicki I Z 0.5 
Universal Testing Machine. For water vapor 
transmission rate analysis, films were sealed 
in test cells with silica gel inside. The test 
cells were then stored in jars (70% RH by 
27% w/v NaCl) at 28±2oC and weighed at 1 
h interval during 8 hours. The water vapor 

transmission rate was calculated from the 
slope of the weight gain vs. time plot. Agar 
diffusion method was used to determine 
the antibacterial activity of films against 
Pseudomonas flourescens FNCC 0071 as 
meat spoilage indicator bacterium. Films (5 
mm diameter) were placed on nutrient agar 
plate containing 106 CFU/mL bacteria, and 
incubated at 37oC for 24 h. The inhibition 
zones were measured in mm. 

Application of Edible Film on Fresh 
Beef  

The selected concentration (2%) of cinnamon 
bark oil edible films that performed the best 
characteristics was applied to beef. An 
edible film solution without oil addition 
was used to coat the control beef sample. 
The tenderloin part of beef was obtained 
from Jagalan Slaughterhouse (Surakarta, 
Indonesia) and cut into 30-45 g pieces (4 x 
2.5 x 2.5 cm). The beef samples were dipped 
into edible film solutions and allowed to 
drip off and were then dried at 70oC for 1 
hour. The coated samples were stored in 
styrofoam and wrapped with plastic in cold 
storage at 4 ± 1oC. Analyses were carried 
out periodically at 0, 5, 10, 15 and 20 days 
of storage. Each beef sample was prepared 
in duplicate.

Quality Analyses of Fresh Beef 

The quality of fresh beef was assessed by 
considering total plate count (Utami et al., 
2014), total volatile bases (Min et al., 2007) 
and thiobarbituric acid (Tokur et al., 2006).
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Data Analysis

The data on edible film characteristics 
were subjected to one-way analysis of 
variance (ANOVA) at 0.05 significance 
level and differences in the mean values 
were determined by Duncan’s test (p<0.05) 
by SPSS Statistics 16 program. The paired-
sample T-test was conducted to determine 
the significant difference between control 
and treatment beef samples.

RESULTS AND DISCUSSION

Thickness 

The addition of cinnamon bark essential 
oil did not affect the thickness of the 
films (Table 1). Edible film thicknesses 
ranged from 0.114 to 0.176 mm.  Similar 
thicknesses were shown by the previous 
research on edible films made from apple 
puree incorporated with cinnamon oil, 
ranging from 0.127 to 0.137 mm (Du et 
al., 2009). However, Friedman et al. (2000) 
reported that increasing the concentration 

of cinnamon oil affected the film thickness, 
causing the total solids in the films to 
increase. 

Water Vapor Transmission Rate 

Water vapor transmission rate indicates 
the water vapor barrier properties of the 
edible films (Bahram et al., 2013). The 
results of water vapor transmission rate 
analysis are shown in Table 1. The water 
vapor transmission rate of the edible film 
without the addition of essential oil was 
23.52 g/h.m2. At a concentration of 2%, 
cinnamon bark oil was able to reduce the 
water vapor transmission rate to 21.38 g/h.
m2. Lower value of water vapor transmission 
rate indicates better protection from 
moisture of food. The addition of essential 
oils can enhance the film’s hydrophobic 
compounds and thus reducing the water 
vapor transmission rate (Sánchez-González 
et al., 2011). This is because water vapor 
absorption occurs only in the hydrophilic 
portion of the molecule.

Table 1 
Characteristics of edible film incorporated with various concentrations of cinnamon bark essential oil

Concentration 
of essential 
oil (%)

Mean 
thickness 
(mm)ns

Mean water vapor 
transmission rate 
(g/h.m2)*

Mean 
tensile 
strength 
(MPa)*

Mean 
elongation 
percent (%)*

Mean 
inhibition 
zone (mm)

0 0.114±0.024 23.52b±0.45 0.69a±0.06 159.91c±2.44 13.75a±3.18

0.5 0.130±0.028 22.24ab±0.32 1.65b±0.08 96.99b±1.66 16.81a±1.86

1 0.170±0.001 22.11ab±0.65 1.57b±0.24 89.25ab±1.44 18.62ab±1.59

1.5 0.175±0.046 22.20ab±0.65 1.46b±0.07 83.29ab±30.93 22.65b±0.49

2 0.176±0.001 21.38ab±1.29 1.23c±0.09 58.56a±1.23 28.6c±0.85

Note.* Significant; ns Not Significant; a-c Means in the same column with different letters are significantly 
different at p < 0.05; ± SD values
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Tween 80 also affects the water vapor 
transmission rate of the films. The addition 
of Tween 80 can increase the permeability 
of the film (Carneiro-da-Cunha et al., 2009). 
However, the results of this study are not in 
accordance with the opinion of Carneiro-
da-Cunha et al. (2009). The water vapor 
transmission rate of edible film with the 
addition of cinnamon bark oil decreased 
with an increasing concentration of essential 
oil. Another factor that affected water vapor 
transmission rate is the film thickness. 
According to McHugh et al. (1994), 
in hydrophilic films there is a positive 
relationship between the film thickness 
and the water vapor transmission rate. The 
addition of cinnamon bark essential oil also 
reduced the water vapor transmission rate 
of edible film made of cheese whey from 
22.20 g.mm/kpa.day.m2 to 17.56 g.mm/kpa.
day.m2 and further improved the film barrier 
properties against water vapor (Bahram et 
al., 2013).

Tensile Strength 

Table 1 shows the tensile strength values 
of the films. Tensile strength values were ​​
increased by up to 1% after the addition of 
essential oils but then showed a decrease 
with 2% additional treatment. The negative 
control had 0.69 MPa of tensile strength 
value, whereas edible films with the addition 
of cinnamon bark essential oils had tensile 
strength values  between 1.23 MPa and 
1.65 MPa. The improved tensile strength 
of the film after the addition of cinnamon 
oil might be caused by changes in the water 

content of the film. Hosseini et al. (2009) 
reported that water content reduction of 
film made of chitosan with incorporated 
cinnamon oil led to a decreased tension and 
an increased tensile strength. The higher the 
concentration of essential oils in the edible 
film, the lower the tensile strength of the 
resultant film. A higher concentration of fat 
and Zataria multiflora essential oil added 
to film made from sodium-casein caused a 
decrease in the tensile strength of the film 
(Broumand et al., 2011). Weakening film 
tensile strength can be attributed to essential 
oil being added to the film solution, which 
induced the development of a heterogeneous 
film structure and influenced the tensile 
strength of the film (Zinoviadou et al., 2009). 
Carneiro-da-Cunha et al. (2009) reported 
that the addition of Tween 80 could reduce 
the tensile strength of film. In addition, Du 
et al. (2009) found out that the addition of 
essential oil of cinnamon could lower the 
tensile strength of film significantly.

Elongation 

Edible film elongation percentages are ​​
shown in Table 1. The addition of cinnamon 
bark essential oil lowered the value of the 
elongation of the film significantly, from the 
original 159.91% to 58.56%. The addition of 
essential oil is able to create a compact film 
structure, thereby improving continuity in 
a network of polysaccharides, which leads 
to a decrease in the elongation. Cross-linker 
effect was produced by a strong interaction 
of polymer and cinnamon oil which reduced 
the free volume and the molecular mobility 
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of the polymer (Hosseini et al., 2009). 
However, the addition of Tween 80 affected 
the elongation percentage of the film 
negatively. Increasing the concentration 
of Tween 80 could cause a decrease in the 
elongation percentage of the film (Carneiro-
da-Cunha et al., 2009). Rojas-Grau et al. 
(2006) reported that edible film made from 
apple puree with the addition of cinnamon 
bark essential oil had a decreased elongation 
percentage. Furthermore, Hosseini et al. 
(2009) also reported that the elongation 
percentage of edible film made of chitosan 
also decreased with the addition of cinnamon 
bark essential oil.

Antibacterial Activity 

Antibacterial  activity analysis was 
performed using the agar diffusion method. 
In an experiment by Manab et al. (2011), the 
analysis was performed using Pseudomonas 
fluorescence as spoilage indicator bacterium. 
The inhibition zones of the edible films are 
shown in Table 1. The inhibition zone of 
the edible film containing 2% of essential 
oils was 28.6 mm, which was  higher 
than the negative control, with only 13.75 
mm. Comparing with the control film, the 
addition of cinnamon bark essential oil in 
the edible film increased the inhibition zone 
between 3.06 and 14.85 mm. The higher the 
concentration of cinnamon bark essential oil 
in the edible film, the larger the inhibition 
zones. A higher concentration of essential 
oil can significantly increase the inhibition 
zones (Hosseini et al., 2009). Essential oil is 
well known for its antimicrobial compounds 
and its ability to control food spoilage 

and the growth of pathogenic bacteria 
(Du et al., 2009). Cinnamon oil contains 
about 85% of the active antimicrobial 
compound cinnamaldehyde (Friedman et 
al., 2004). According to El-Baroty et al. 
(2010), cinnamaldehyde can penetrate the 
membrane of microorganisms and react 
with enzymes and proteins as well as the 
membrane phospholipid bilayer, which 
causes disruption of microbial and enzyme 
systems or interferes with the function of 
the genetic materials. Bahram et al. (2013) 
reported that edible films made from 
whey protein when added with cinnamon 
bark essential oil and using Pseudomonas 
putida as spoilage indicator bacterium, had 
increased inhibition zones from 0 mm to 
22.18 mm.

B a s e d  o n  t h e  a n a l y s i s  o f  t h e 
characteristics of edible films, the best 
essential oil concentration is 2% because the 
treated film exhibited  higher tensile strength 
and antibacterial activity compared with the 
films applied with the other essential oil 
concentrations.  

Total Plate Count

The TPC of beef ranged from 4.17 to 4.23 
log CFU/g (Figure 1) on the first day of 
storage and then increased significantly over 
20 days of storage. The TPC of the negative 
control sample rose to 7.13 log CFU/g on 
the 20th day of storage and beef coated with 
edible coating enriched with cinnamon 
bark oil rose to 6.03 log CFU/g on the 20th 
day. The TPC of beef coated with edible 
coating enriched with cinnamon bark oil 
was significantly lower compared with the 
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control. Chen et al. (2014) reported that in 
the control sample and beef coated with a 
chitosan solution enriched with β-CD-citral, 
the TPC increased during storage, but the 
treatment samples showed a lower TPC than 
the control sample.

After 20 days of storage, the TPC of 
all beef samples (Figure 1) exceeded the 
limit of  microbiological quality standard 
of fresh beef established by the National 
Standardization Agency of Indonesia 
(Standard Nasional Indonesia [SNI] 
3932:2008, 2008), which is equal to 6 log 
CFU/g. The control beef exceeded the limit 
of microbiological quality standard on day 
10, with a TPC of 6.26 log CFU/g, while 
beef coated with edible coating enriched 
with essential oil exceeded the limit of 
microbiological quality standard on day 20, 
with a TPC of 6.03 log CFU/g. 

Total Volatile Bases (TVB) Content

The TVB values of the meat samples are 
shown in Figure 2. The TVB value of the 
control was 12.68 mg N/100 g and then 
rose to 46.69 mg N/100 g on the 20th day 
of storage. The TVB value of the beef 
coated with edible coating enriched with 
cinnamon bark essential oil was 12.63 mg 
N/100 g on the first day of storage and then 
rose to 30.53 mg N/100 g on the 20th day of 
storage. The TVB value of the control was 
significantly higher than the TVB value of 
the beef coated with edible film enriched 
with cinnamon bark essential oil. Chen et al. 
(2014) reported that the TVB value of the 
control beef and beef with chitosan coating 
and β-CD-citral increased during storage, 
but beef with chitosan coating treatment 
and β-CD-citral showed lower TVB values 
compared with the controls. Thus, citral 
addition may decrease the TVB value of 
beef.

Figure 1. Total Plate Count (TPC) values of the control beef and beef coated with edible film enriched with 
2% cinnamon bark essential oil during storage at low temperature (4 ± 10C) (Means with different letters are 
significantly different at p < 0.05; ± SD values)
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An indication of livestock meat 
quality deterioration is an increase of TVB 
content. Xiao et al. (2014) indicated that 
the maximum TVB value for food products 
was 30 mg N/100 g. The TVB value of the 
beef control had exceeded the pre-defined 
maximum limit, which was equal to 31.10 
mg N/100 g on day 10, and then to 46.69 mg 
N/100 g on day 20. Beef coated with edible 
film enriched with cinnamon bark essential 
oil passed the limit on day 20, with a TVB 
value of 30.53 mg N/100 g.

Thiobarbituric Acid 

Measuring the thiobarbituric acid (TBA) 
value is one of the methods used to detect 
fat oxidation. The test is related to the level 
of aldehydes present in the oil. The TBA 
values of the control and beef coated with 
edible film enriched with cinnamon bark 
essential oil are shown in Figure 3. The TBA 
value of the control sample was 0.05 mg 

malonaldehyde/kg on day 1 and then rose to 
0.68 mg malonaldehyde/kg on the 20th day 
of storage. The TBA value of the beef coated 
with edible film enriched with essential oil 
was originally 0.04 mg malonaldehyde/kg 
and then rose to 0.47 mg malonaldehyde/
kg on day 20. The TBA value of the control 
was significantly higher compared with the 
TBA value of beef coated with edible film 
enriched with cinnamon bark essential oil. 
Chidanandaiah et al. (2009) also reported 
that the TBA values of the control and beef 
with a sodium alginate coating increased 
during storage, but beef with sodium 
alginate coating treatment had a lower TBA 
value compared with the controls.

The maximum TBA value that is still 
acceptable is 2.0 mg malonaldehyde  per kg 
of meat. If the value exceeds this level, then 
the meat is considered rancid and unsafe for 
human consumption (Campo et al., 2005). 
Meanwhile, according to Kuo and Chu 
(2003), meat products with a TBA value 

Figure 2. Total Volatile Bases (TVB) values of the control beef and beef coated with edible film enriched with 
2% cinnamon bark essential oil  during storage at low temperature (4 ± 10C) (Means with different letters are 
significantly different at p < 0.05; ± SD values)
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between 0.5 and 2.0 malonaldehyde/kg have 
a rancid flavor. In the current experiment, 
the TBA value of the control exceeded 
the predetermined limit, which was equal 
to 0.59 mg malonaldehyde/kg on day 15 
and 0.68 mg malonaldehyde/kg on day 20. 
These results indicate that the control beef 
is not suitable for consumption on day 15 
of storage and onwards. However, based on 
TBA value, the beef coated with edible film 
enriched with 2% cinnamon bark essential 
oil is still suitable for human consumption 
because the TBA value has not exceeded the 
prescribed limit, which is equal to 0.47 mg 
malonaldehyde/kg.

Based on TPC and TVB analyses, the 
edible film enriched with 2% cinnamon bark 
essential oil is not suitable to preserve fresh 
beef at refrigerated temperature (4± 1oC) for 
20 days. However, the quality of beef coated 
with edible film enriched with cinnamon 
bark essential oil is still maintained after 
15 days storage at refrigerated temperature. 

Edible film probably is more suitable to be 
used for processed meat rather than raw 
meat which could be stored at refrigerated 
temperature. The shelf life of cooked 
pork sausages coated with edible coating 
enriched with clove oil under refrigeration 
storage is 20 days (Lekjing, 2016).

CONCLUSION

Addition of cinnamon bark essential oil on 
the edible film does not affect the thickness 
of the film   but it lowers water vapor 
transmission rate and results to elongation 
of the film. Also, increasing cinnamon bark 
essential oil improves tensile strength and 
antibacterial activity of the film. Overall, 
based on the film characteristics, a 2% 
cinnamon bark essential oil enriched film 
formula will improve preservation of fresh 
beef. The addition of 2% cinnamon bark oil 
to an edible coating is effective in reducing 
microbial growth and lipid oxidation as 
reflected in total plate count, total volatile 

Figure 3. Thiobarbituric Acid (TBA) values of the control beef and beef coated with edible film enriched with 
2% cinnamon bark essential oil during storage at low temperature (4 ± 10C) (Means with different letters are 
significantly different at p < 0.05; ± SD values)
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bases and thiobarbituric acid values of the 
beef samples. Thus, the application of edible 
film enriched with 2% cinnamon bark oil 
would maintain the freshness of beef as long 
as 15 days during storage.
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to 90% (w/v). The MICs for Kelulut, 
Tualang, and Acacia ranged from 5% to 
12.5% (w/v), 12.5% to 30% (w/v), and 
25% to 50% (w/v) respectively. Meanwhile, 
the MBCs were found to range from 5% 
to 12.5% (w/v), 12.5% to 90% (w/v), and 
25% to 90% (w/v) respectively. Kelulut 
showed the highest inhibition activity. 
The antibacterial properties of Malaysian 
honey were generally comparable to 
Manuka. However, Kelulut bore the closest 
resemblance and was highly dependent 
on an acidic environment as the major 
antibacterial factor. This effect was further 

ABSTRACT

Bacterial infection is the most common cause of contamination that affects wound 
healing. This study aims to investigate the bacteriostatic and bactericidal effects of three 
varieties of Malaysian honey represented by two polyfloral honey varieties - Kelulut and 
Tualang, as well as one monofloral honey – Acacia, against eight common bacteria that 
infect wounds. The factors contributing to the antibacterial properties of honey such as 
acidity, peroxide compounds, and non-peroxide compounds, were determined using the 
agar well diffusion assay method and compared with medical-grade Manuka honey used 
in wound care (UMF 18 +). The minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) were determined using honey concentrations of 1.3% 
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supported by the presence of peroxide and 
non-peroxide compounds. 

Keywords: Antibacterial properties, honey, non-

peroxide activity

INTRODUCTION 

Honey consists of mostly glucose, fructose 
and trace elements of minerals, vitamins, 
proteins and amino acids. It can be classified 
into monofloral and polyfloral honey 
(Bradbear, 2009) based on botanical 
resources. Monofloral honey is produced by 
bees that have been foraging predominantly 
on one type of plant only, while polyfloral 
honey originates from several types of 
plants (Matzen et al., 2018; Ranneh et al., 
2018; Samat et al., 2014). Honey possesses 
a number of pharmacological benefits 
such antibacterial (Kateel et al., 2018), 
anti-inflammatory (Liu et al., 2013; Nooh 
& Nour-eldien, 2016), antioxidant (Liu et 
al., 2013; Ranneh et al., 2018), and wound 
healing or tissue repair characteristics 
(Adewumi & Ogunjinmi, 2011; Rashidi et 
al., 2016). Recently, the usage of honey as an 
antibacterial agent in the treatment of ulcers 
(Kateel et al., 2018), wounds (El-malek 
et al., 2017), and other surface infections 
(Mcloone et al., 2016) is gaining traction in 
the medical industry.

Microbial infections are caused by 
the presence of microbes such as bacteria, 
fungi, and viruses; the most common being 
bacterial infections that often affect wound 
healing in humans (Yang et al., 2017). 
Sufficient numbers of bacteria can cause 

repair mechanisms, such as graft and flap 
formation, to fail (Sussmann & Bates-
Jensen, 2012). Wound infections can be 
caused by Gram-positive and Gram-negative 
bacteria. Staphylococcus sp., Streptococcus 
sp., Enterococcus sp., Escherichia coli, 
Klebsiella sp., Proteus sp. and Pseudomonas 
aeruginosa are among the common causes 
of bacterial infections in foot ulcers (Kateel 
et al., 2018), skin ulcers (Yang et al., 2017), 
post-surgical wounds (Kasithevar et al., 
2017) and chronic wounds (El-malek et al., 
2017; Nasir et al., 2016; Sienkiewicz et al., 
2016). In Malaysia, Staphylococcus aureus 
(Mustafa et al., 2015; Nasir et al., 2010, 
2016), P. aeruginosa (Nasir et al., 2010, 
2016), and Klebsiella pneumoniae (Low et 
al., 2017; Nasir et al., 2010) are commonly 
associated with wound infections. These 
bacteria are capable of developing multidrug 
resistance towards antibiotics, giving rise 
to superbugs such as methicillin-resistant 
S. aureus (MRSA) (Bereket et al., 2012), 
multidrug-resistant P. aeruginosa (Bereket 
et al., 2012), and carbapenem resistant K. 
pneumoniae (Low et al., 2017). There has 
been a call to reduce the usage of antibiotics 
in order to prevent the emergence of such 
resistant bacteria. Hence, it is important 
to explore antibacterial agents that do not 
involve the usage of antibiotics.

The antibacterial properties of honey 
are attributed to its osmotic effect (Mandal 
& Mandal, 2011; Molan, 1992), acidity 
(Bogdanov, 1997; Molan, 1992), and 
presence of peroxide and non-peroxide 
compounds (Kwakman et al.,  2010; 
Zainol et al., 2013). The osmotic effect 
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of honey is due to its low water content, 
which is produced by strong interactions 
between sugar and water molecules, thus 
reducing the amount of water available for 
microorganisms (Mandal & Mandal, 2011). 
During the ripening of nectar, enzymatic 
action produces gluconic acid, which in turn 
increases the acidity of the honey (Molan, 
1992). Since the optimum pH range for 
bacteria is from 7.2 – 7.4 (Molan, 1992), 
the pH of honey, which is between 3.4 and 
5.4, inhibits bacterial growth (Bogdanov, 
1997). Aside from osmotic and acidic 
characteristics, peroxide and non-peroxide 
compounds were identified as dominant 
bio-active components responsible for 
the antibacterial properties of most types 
of honey (Irish et al., 2011; Kwakman & 
Zaat, 2012; Mandal & Mandal, 2011). 
Peroxide compounds, usually represented 
by hydrogen peroxide (H2O2), cause an 
increase in oxidative stress, which is 
beneficial when it comes to controlling 
bacterial colonization in wound areas 
(Brudzynski et al., 2011; Zainol et al., 2013). 
The presence of non-peroxide compounds, 
such as phenolic compounds (Kwakman & 
Zaat, 2012), antimicrobial peptides (AMP) 
(Kwakman et al., 2011; Kwakman & Zaat, 
2012), flavonoids, leptosperin (Roberts 
et al., 2015), and methylglyoxal (MGO) 
(Kwakman et al., 2011; Kwakman & Zaat, 
2012) are considered unique since the 
compounds were not presented in all honey 
for inhibiting bacterial growth. In Malaysia, 
various types of honey, such as Tualang, 
Kelulut, Acacia, and Gelam, have been 
reported to possess antibacterial properties 

due to the presence of the aforementioned 
factors (Zainol et al., 2013). 

This  s tudy aims to explore the 
antibacterial properties of Malaysian 
honey against common infectious bacteria. 
Tualang, Kelulut, and Acacia honey were 
selected to be evaluated against eight 
bacterial strains: S. aureus, Streptococcus 
pyogenes, Enterococcus faecalis, E. coli, 
P. aeruginosa, Salmonella typhimurium, 
Proteus mirabilis and K. pneumoniae. 
These bacteria are widely known to cause 
wound infections (El-malek et al., 2017; 
Kasithevar et al., 2017; Kateel et al., 2018; 
Nasir et al., 2016; Sienkiewicz et al., 2016; 
Yang et al., 2017) and have the potential 
to develop drug resistance (Bereket et al., 
2012; Low et al., 2017). We believe that this 
is the first study to consider a large number 
of bacteria strains associated with wound 
contamination in local patients (Low et 
al., 2017; Mustafa et al., 2015; Nasir et al., 
2010, 2016) that have not been evaluated 
with Malaysian Kelulut and Acacia. The 
antibacterial properties were evaluated 
based on the bacteriostatic and bactericidal 
effects through the determination of 
minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration 
(MBC). The naturally acidic environment, 
and peroxide and non-peroxide compounds 
were identified as factors responsible 
for the antibacterial properties of honey. 
The antibacterial properties of Malaysian 
honey were evaluated and compared with 
the medical-grade Manuka honey used for 
wound care (UMF 18 +).
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MATERIALS AND METHODS

Honey Samples

Honey samples were obtained from a local 
apiarist (Bee Park Pahang Sdn. Bhd., Bayu 
Gagah Marketing Sdn. Bhd., and Federal 
Agricultural Marketing Authority (FAMA) 
Corporation Sdn. Bhd., Malaysia) in sterile 
glass bottles. Prior to obtaining the honey 
samples, the quality and authenticity of all 
honey samples were approved by Malaysian 
Agriculture Research and Development 
Institute (MARDI), and Food Quality 
and Safety Research and Development 
(UNIPEQ). The three types of Malaysian 
honey considered in this study were Tualang, 
Kelulut, and Acacia. The commercially 
available medical-grade Manuka honey 
(Comvita® Wound care UMF 18+, New 
Zealand) was used as a basis of comparison 
in order to validate the reliability of this 
study.

Bacteria

Eight wound-associated bacteria commonly 
known to infect wounds were used in 
this study. These bacteria were kindly 
supplied by the Department of Pathology 
and Laboratory Medicine, International 
Islamic University Malaysia Medical 
Centre (IIUMMC), and Central Laboratory 
Universiti Malaysia Pahang (UMP), all 
labelled as standard strains from the 
American Type Culture Collection (ATCC, 
US). Three of the eight bacteria were Gram-
positive bacteria – S. aureus ATCC 6538, 
S. pyogenes ATCC 19615, and E. faecalis 
ATCC 29212, while the other five bacteria 

were Gram-negative – E. coli ATCC 8739, 
P. aeruginosa ATCC 9027, S. typhimurium 
ATCC 14028, P. mirabilis ATCC 12453 
and K. pneumoniae ATCC BAA 1144. The 
bacteria were cultured on nutrient or soy 
agar and incubated at 37ºC for 24 h, during 
which they were known as primary cultures. 
Working bacterial cultures were prepared by 
inoculating a loop of primary culture into the 
sterile screw-capped test tubes containing 10 
mL of nutrient or soy broth. These cultures 
were incubated in an incubator shaker 
(Infors AG CH-4103 Bottmingen) for 24 
h at 37ºC and rotational speed of 150 rpm.

Preparation of Honey Samples

The honey samples were diluted to a 
range of concentrations in preparation 
for future assays. For the evaluation of 
minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration 
(MBC), Kelulut, Tualang, Acacia, and 
Manuka samples were first diluted to a range 
of 30% and 90% (w/v) in water, then further 
diluted in broth to a final concentration of 
1.25% to 30% through a stepwise two-fold 
dilution. For both evaluations, sugar-based 
(SB) samples containing the major sugar 
compounds which are commonly present in 
honey were used as artificial honey. These 
sugar compounds are fructose, glucose, 
maltose, and sucrose (Ahmed & Othman, 
2013; Jalil et al., 2017). High concentrations 
of SB solutions were prepared by mixing 
40% (w/v) fructose (Sigma, US), with 
30% (w/v) glucose (Sigma, US), 8% (w/v) 
maltose (Sigma, US), and 2% (w/v) sucrose 
(Sigma, US).
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I n  add i t i on  to  MIC and  MBC 
evaluations, efforts were also made to 
verify the presence of peroxide compounds 
and the factors contributing to antibacterial 
properties possessed by each type of honey 
by studying the effects of acidity, peroxide 
compounds, and osmotic pressure. In this 
case, each honey sample was diluted to a 
final concentration ranging between 30% 
and 90% (w/v). 

Minimum Inhibitory Concentration 
(MIC) 

The MIC of each bacterium was determined 
by using the method previously described 
in  Tan et al. (2009) and Zainol et al. (2013) 
with slight modifications. This assay was 
performed in a sterile 96-well flat-bottomed 
polystyrene microtitre plates (Nunclon™, 
Thermo Fisher Scientific). A working 
bacteria culture was prepared accordingly 
and adjusted to a final concentration of 
1 x 108 colony forming units (CFU/mL), 
which is equal to 0.5 McFarland standard. 
The adjusted concentration of bacteria 
at 0.5 McFarland was prepared based on 
optical density by diluting the working 
bacteria culture in fresh sterile broth until 
the absorbance ranged from 0.08 and 0.13 
(Franklin et al., 2012). The absorbance 
of the prepared cultures was measured 
using UV-viscometer (Shimadzu, Japan) 
at a reference wavelength of 600 nm. The 
honey samples, prepared as described 
in the previous section, were dispensed 
into the test and control wells. From each 
concentration of honey sample, 190 µL was 

aseptically transferred into the prepared 
96-well plate containing 10 µL of adjusted 
cultures. Cultures without honey samples 
served as the positive control while wells 
containing only nutrient broth and honey 
samples served as negative controls.

The samples were incubated in the 
incubator shaker (Infors AG CH-4103 
Bottmingen) at 37ºC, 120 rpm for 24 h. The 
absorbance of the samples was measured at a 
time prior to incubation (known as t = 0), and 
at an elapsed time after 24 h of incubation 
(known as t = 24) at a wavelength of 590 
nm. The percentage of growth inhibition, 
also known as MIC was calculated for each 
sample using Equation (1).

𝑀𝐼𝐶 = [1− 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑠𝑡 𝑤𝑒𝑙𝑙
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑤𝑒𝑙𝑙

] × 100%

	
				            Eq. 1

The MIC values were expected to fall 
between 0% and 100%, where 0% indicated 
no effect on bacterial growth, and 100% 
indicated detrimental effects on bacterial 
growth. The MIC value refers to the lowest 
concentration of a test material which results 
in up to 95% growth inhibition in the test 
organism. All MIC values from Kelulut, 
Tualang, and Acacia were compared to those 
obtained from Manuka, and SB solutions. 
In addition, the growth of the bacteria was 
plotted to study the inhibition profiles of 
each honey sample. The growth inhibition 
responses for all tested bacteria were 
plotted with respect to honey concentrations 
ranging from 5% to 90% (w/v).
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Minimum Bactericidal Concentration 
(MBC)

The MBC evaluation is a continuation of 
the MIC assessment. The MIC does not 
identify whether or not the bacteria is killed. 
Therefore, an evaluation of MBC was 
required. To evaluate MBC, the wells which 
did not show visible growth after the MIC 
evaluation were taken into consideration. 
One loopful of suspension from clear 
wells were subcultured on freshly prepared 
Trypticase Soy Agar (TSA) using the spread 
plate method (Zainol et al., 2013). The 
cultures were spread evenly on the agar 
surface before being incubated at 37ºC for 
24 h. These samples were then examined for 
colony formation, which were taken to be 
a sign of bacterial growth. Three biological 
replicates were performed for each test. 
The concentration honey was considered as 
bacteriostatic if growth occurred after being 
cultured on the TSA, and bactericidal when 
inhibition of growth persisted (Zainol et al., 
2013). The lowest concentration showing no 
growth of test organisms was considered to 
be the MBC. All MBC values from Kelulut, 
Tualang, and Acacia were compared to those 
obtained from Manuka, and SB solutions.

Preparation of Untreated (UT), Peroxide 
Non-peroxide (PNP), and Non-peroxide 
(NP) Samples

In this section, an attempt was made to 
identify the role of acidic pH, and peroxide 
and non-peroxide compounds that contribute 
to antibacterial properties of honey. Each 
honey sample was diluted in deionised water 
to a final concentration from 30% to 90% 

(w/v). For this assay, seven honey samples 
that were not subjected to any catalase 
treatment were prepared at a volume of 2 mL 
each and were denoted as untreated honey 
(UT). In UT samples, the acidic pH, peroxide 
compounds, and non-peroxide compounds 
were preserved because no elimination 
agents were added. This preparation was 
repeated to evaluate peroxide non-peroxide 
(PNP), and non-peroxide (NP) activity to 
verify the role of peroxide compounds in 
contributing to antibacterial properties. A 
non-acidic honey sample can be achieved 
through titration using of 5% (w/v) NaOH 
until the pH of the honey reached 7.0. A 
non-acidic, peroxide-free sample requires 
both titration using 5% (w/v) NaOH, and 
addition of catalase solution to the honey 
samples to catalyze the decomposition of 
hydrogen peroxide to water (Kwakman et 
al., 2010, 2011). The pH for the prepared 
solutions were measured. The UT, PNP and 
NP solutions are described in Table 1.

As for  the  cata lase  solut ion,  a 
concentration of 4000 unit/mL was used 
(Adams et al., 2008). It was prepared by 
adding 10 mg of catalase (Sigma, US) to 
ultra-pure water to make a final volume of 5 
mL. It has been suggested that the efficacy of 
catalase in removing peroxide compounds 
in water should be tested (Brudzynski et 
al., 2011; Zainol et al., 2013). To do so, 
six different sets of experiments were 
conducted: 1) 50% (w/v) Kelulut, Tualang, 
Acacia, and Manuka in pure water; 2) 
50% (w/v) of honey in pure water with an 
addition of catalase solution; 3) 50% (w/v) 
of honey in pure water with an addition of 
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1% (w/v) hydrogen peroxide (Bendosen, 
Malaysia); 4) 50% (w/v) of honey in 
pure water with an addition of 1% (w/v) 
hydrogen peroxide and catalase solution; 5) 
1% of hydrogen peroxide in pure water; and 
6) 1% of hydrogen peroxide with an addition 
of catalase solution. The solutions were 
tested in the same way as agar well diffusion 
assay. Each test was carried out in triplicate 
and the average values were calculated. The 
catalase solution was considered effective in 
removing hydrogen peroxide compounds if 
there was no increase in the inhibition zone 
of sample after the addition of 1% hydrogen 
peroxide. 

Evaluation of Non-peroxide and Peroxide 
Activities in UT, PNP, and NP Samples

After the sample preparation, peroxide and 
non-peroxide activity were determined using 

the method previously described in Moussa 
et al. (2012) with slight modifications. 
These evaluations were performed on 
one type of Gram-negative bacteria (S. 
aureus ATCC 6538) and one type of Gram-
positive bacteria (E. coli ATCC 8739). 
These bacteria were selected for their 
dominance in wound infection, clear and 
measurable inhibition zone on agar, and 
their potential of developing antibiotic-
resistance. Nutrient agar was prepared 
according to the manufacturer’s instructions. 
It was allowed to cool after being autoclaved 
at 100 kPa, 121ºC for 20 min. After a 
uniform swirling, the agar was poured into 
petri dishes and stored at 4ºC for 30 min to 
solidify. The bacteria cultures were prepared 
and adjusted to 0.5 McFarland standard, 
which is equivalent to 1.5 x 108 CFU/mL. 
All agar plates were inoculated using the 

Solution Honey pH Activity 

UT Kelulut 2.37 ±0.13 Honey was diluted with deionized water. Solutions with 
concentrations of 30% to 90% (w/v) of honey samples 
were prepared.

Tualang 3.88 ±0.04

Acacia 4.25 ±0.09

Manuka 3.80 ±0.03

PNP Kelulut 7.37 ±0.22 Honey was diluted with deionized water and followed 
by titration with 5% (w/v) NaOH to neutralize the pH. 
Solutions with concentrations of 30% to 90% (w/v) of 
honey samples were prepared.

Tualang 7.35 ±0.22

Acacia 7.27 ±0.11

Manuka 7.23 ±0.29

NP Kelulut 7.40 ±0.15 Honey was diluted with catalase solution at concentration 
of 4000 unit/ mL and followed by titration with 5% (w/v) 
NaOH to neutralize the pH. Solutions with concentrations 
of 30% to 90% (w/v) of honey samples were prepared.

Tualang 7.29 ±0.27

Acacia 7.30 ±0.22

Manuka 7.27 ±0.24

Table 1
Detailed description of UT, PNP and NP solutions

Note. The symbol ± represents the standard deviation, which was calculated between the three biological 
replicates
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spread plate technique by spreading 100 
µL of the adjusted 0.5 McFarland culture 
on the surface of the agar. After inoculation, 
wells of 6 mm in diameter were cut into the 
agar surface and filled with 80 µL of the test 
solutions. Manuka honey (UMF 18+) was 
taken to be the positive control, while sterile 
ultra-pure water and 4000 units/mL catalase 
solution were used as the negative control 
wells. Plates were incubated at 37ºC for 
24 h. The diameters of the clear inhibition 
zones were measured in millimeter (mm), 
inclusive of the diameter of the well. Three 
biological replicates were performed for 
each assay.

RESULTS

Resu l t s  o f  Min imum Inhib i tory 
Concentration (MIC) and Minimum 
Bactericidal Concentration (MBC)

Manuka honey has been very well studied 
in terms of its antibacterial properties 
against a number of bacteria (Adams et al., 
2008; Henriques et al., 2011; Roberts et al., 
2015). However, studies on the antibacterial 
properties of Malaysian honey varieties 
such as Kelulut and Tualang are limited 
(Ismail, 2016). Acacia, a monofloral honey 
available in Malaysia, is produced using 
the nectar of the Acacia mangium tree. It is 
known for its antioxidant properties and is 
associated with therapeutic medicinal effects 
such as inhibition of cancer cell growth 
(Salleh et al., 2017). Recently, Acacia has 
been studied for its antibacterial properties 
against several infectious bacteria and was 
found to possess both bacteriostatic and 
bactericidal effects (Zainol et al., 2013). 

Hence, this study includes Acacia in order 
to further understand its activities against 
infectious bacteria. 

In this study, the MIC and MBC 
of Kelulut, Tualang, and Acacia were 
determined by using Manuka and SB 
used as the basis of comparison. The 
minimum bacteriostatic and bactericidal 
concentrations for all the bacterial strains 
used in this study are tabulated in Table 
2. From the eight listed bacteria, Kelulut 
was observed to inhibit the growth of 
P. aeruginosa, E. coli and P. mirabilis 
growth at low concentrations of 3.75%, 
7.5%, and 7.5% (w/v) respectively when 
compared with Tualang and Acacia. This 
value was 4.0, 1.3, and 1.7- fold stronger 
than Manuka. These findings are consistent 
with results shown by previous studies 
that examined the antibacterial activity of 
stingless bee honey from Borneo against 
bacteria associated with animals (Tuksitha 
et al., 2018). The MIC of Kelulut was 
approximately 10% (w/v) for S. pyogenes, 
similar to Manuka. However, other bacteria 
such as K. pneumoniae, S. typhimurium, S. 
aureus and E. faecalis were 2.0, 1.2, 2.0, and 
1.3 times were more susceptible to Manuka 
respectively when compared to Kelulut. 
Acacia was the least strong bacteriostatic 
honey with MIC ranging between 30% 
and 50% while Tualang had MIC ranging 
between 20% and 40%. However, the 
results showed a different pattern for the 
MBC evaluation. Manuka honey was 
observed to be a stronger bactericidal agent 
for all bacteria except P. aeruginosa as 
compared to Kelulut, Tualang and Acacia 
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honey. Kelulut was recorded to be the most 
potent antibacterial agent to P. aeruginosa, 
indicated by the lowest MIC and MBC 
values in both evaluations. These results are 
in good agreement with the previous work 
(Tuksitha et al., 2018).

Results of Growth Inhibition Profile 
of Gram-positive and Gram-negative 
Bacteria

Our second attempt began by studying 
bacterial growth response when Kelulut, 
Tualang, and Acacia samples were added to 
Gram-positive and Gram-negative bacteria. 
The experiments were performed with 
Manuka and SB as a basis of comparison. The 
results obtained were in the form of growth 
inhibition percentages at concentrations 
ranging from 1.25% to 90% (w/v). These 
results are shown in Figure 1 (for Gram-
positive bacteria) and Figure 2 (for Gram-
negative bacteria). In both figures, negative 

inhibition percentage may indicate that the 
concentration of glucose in honey was not 
enough to inhibit bacterial growth through 
osmotic pressure, but instead sufficient to 
support bacterial growth. Similar negative 
growth inhibition percentages were reported 
by previous research on bacteria such as 
Bacillus cereus, Enterobacter clocae, P. 
mirabilis and Streptococcus agalactiae (Tan 
et al., 2009; Zainol et al., 2013).

Klebsiella pneumoniae. According to 
Figure 2, Kelulut inhibited most of the Gram-
negative bacteria at concentrations as low as 
1.25% (w/v) except for K. pneumoniae. 
Klebsiella pneumoniae was observed to be 
more susceptible to Manuka and Kelulut – 
concentrations of 7.5% (w/v) already began 
to affect bacteria growth. On the contrary, 
the growth of this strain was less affected 
by Tualang and Acacia at concentrations 
less than 15% (w/v). 
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Figure 1. Growth inhibition percentage for Gram-
positive bacteria of: a) Staphylococcus aureus ATCC 
6538, b) Streptococcus pyogenes ATCC 19615, and c) 
Enterococcus faecalis ATCC 29212. Kelulut (circle, 
black), Tualang (triangle downward, red), Acacia 
(square, green), Manuka (diamond, yellow), and SB 
(triangle upward, blue)

Escherichia coli and Salmonella 
typhimurium. Our findings showed that 
less effort was needed to inhibit the growth 
of E. coli – the lowest concentration of all 
honey samples and SB solutions produced 
growth inhibition percentages ranging from 
30% (Tualang), to 70% (Kelulut). However, 
the percentage of inhibition increased 
gradually when this strain was exposed to 
Acacia and Tualang. It took a concentration 
of more than 50% (w/v) for this strain to be 
100% inhibited. S. typhimurium has similar 
response trends to E. coli when exposed to 
Tualang and Acacia.

Pseudomonas aeruginosa. As for P. 
aeruginosa, 100% growth inhibition was 
observed at a 3.75% (w/v) concentration of 
Kelulut, thus demonstrating its susceptibility 

to this variety of honey. However, it showed 
a strong resistance towards Manuka and 
Tualang. There was no growth inhibition 
for concentrations less than 12.5% (w/v) 
of Manuka, but the percentage abruptly 
jumped to 97% when the concentration 
was increased to 15% (w/v). A similar 
pattern was observed in Tualang. A mild 
resistance was demonstrated towards Acacia 
at concentrations of less than 5% (w/v).

Proteus mirabilis. Unlike other Gram-
negative bacteria, P. mirabilis showed a 
strong resistance to Acacia honey. The 
addition of this honey only began to take 
effect at a concentration of 15% (w/v). The 
strongest growth inhibition for this strain 
occurred at the lowest concentration of 
Kelulut, which inhibited growth by 76%.

Staphylococcus aureus. This strain 
has different responses to different types of 
honey. The growth of S. aureus was more 
susceptible to Kelulut, starting at the lowest 
concentration of 1.25% (w/v). However, it 
was less susceptible to Tualang, requiring 
concentrations above 12.5% (w/v) for 
growth inhibition to begin. There was an 
abrupt increase in growth inhibition from 
10% to 100% when the concentration 
of Tualang was increased from 12.5% 
to 20% (w/v). Interestingly, rather than 
reaching a plateau at absolute inhibition, the 
percentage dropped by ±5% at 95% and then 
slowly increased to 100% inhibition. This 
suggests that this strain may have developed 
resistance towards Tualang in the 25 - 70% 
(w/v) concentration range.
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Figure 2. Growth inhibition percentage for Gram-negative bacteria of: a) Klebsiella pneumoniae ATCC BAA 
1144, b) Escherichia coli ATCC 8739 c) Pseudomonas aeruginosa ATCC 9027, d) Proteus mirabilis ATCC 
12453, and e) Salmonella typhimurium ATCC 14028. Kelulut (circle, black), Tualang (triangle downward, 
red), Acacia (square, green), Manuka (diamond, yellow) and SB (triangle upward, blue)



Antibacterial Properties of Malaysian Honey 

1197Pertanika J. Trop. Agric. Sc. 42 (4): 1185 - 1208 (2019)

Streptococcus pyogenes. The growth 
inhibition of S. pyogenes was promising 
when cultured with Kelulut and Manuka. 
There was a gradual increase in growth 
inhibition as the concentration increased. 
Besides that, this strain has shown similar 
trends of growth inhibition when exposed 
to Tualang and Acacia, with slightly lower 
percentage for Acacia.

 
Enterococcus faecalis. This strain 

appeared to be the strongest of all the Gram-
positive bacteria tested in this study when 
cultured with the different varieties of honey. 
Growth inhibition of E. faecalis occurred 
at 6.25%, 12.5%, 10%, and 20% (w/v) 
for Kelulut, Manuka, Tualang, and Acacia 
respectively, all requiring concentrations of 
more than 6.25%.

When exposed to SB solutions, two 
out of five Gram-negative bacteria showed 
strong resistance towards SB solutions. 
These bacteria were P. mirabilis and K. 
pneumoniae. Their growth inhibitions 
only started at 15% (w/v). Meanwhile, 
growth inhibition was only shown at 
concentrations of 5% (w/v) in P. aeruginosa, 
indicating a possible mild resistance. Both 
E. coli and S. typhimurium showed similar 
growth inhibition trends with a slightly 
lower growth inhibition percentage for 
S. typhimurium. As for Gram-positive 
bacteria, SB solutions have a are able to 
begin inhibiting the growth of S. pyogenes 
starting with the lowest SB concentration. 
The patterns of growth inhibition by SB 
solutions are similar to that of Acacia honey 

for both Gram-positive and Gram-negative 
bacteria, suggesting that the antibacterial 
properties of Acacia are more likely caused 
by the presence of high sugar content. 
The factors contributing to antibacterial 
properties of Kelulut and Tualang were then 
investigated.

Results of Role of Peroxide and Non-
peroxide Compounds in Antibacterial 
Properties of Honey 

The previous section has shown that the 
antibacterial properties possessed by Acacia 
could be due to its high sugar content. Here, 
an attempt was made to study how peroxide 
and non-peroxide compounds in Kelulut, 
Tualang, and Acacia affected the growth 
of E. coli and S. aureus as compared to the 
effects of Manuka. The inhibition zones of 
UT, PNP, and NP are indicated in Figure 3 
for S. aureus (Figure 3a to 3c) and E. coli 
(Figure 3d to 3f). 

UT solution preserved all factors when 
no elimination agents were added. As for 
the prepared PNP solution, it preserved 
peroxide and non-peroxide compounds 
while neutralizing the natural acidic 
characteristic of honey. Lastly, the prepared 
NP solution only preserved non-peroxide 
compounds and eliminated acidic and 
peroxide compounds. 

In general, the UT solutions of Kelulut, 
Tualang, and Manuka showed similar 
patterns of inhibition in which the growth 
inhibition started at a concentration of 30% 
(w/v), and inhibition activity increased as 
the concentration increased. The growth 
inhibition of Acacia UT solution, however, 
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Figure 3. Inhibition activity of UT, PNP, and NP solution against Staphylococcus aureus ATCC6538 [(a) to 
(c)], and Escherichia coli ATCC8739 [(d) to (f)]. Kelulut (circle, black), Tualang (triangle, red), Acacia (square, 
green) and Manuka (diamond, yellow)
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only began to appear at a concentration of 
40% (w/v), and an increase in inhibition 
continued at higher concentrations. Among 
the Malaysian honey samples, both S. 
aureus and E. coli were most susceptible 
to the Kelulut UT solution, in which the 
inhibition activity was noticed to be as high 
as 1.7-fold compared with Tualang and 2.1-
fold compared with Acacia. 

The PNP solution demonstrated 
inhibition activity similar to the UT 
solution for all tested honey samples with 
no significant difference (p>0.05), except 
for Kelulut. The UT solution of Kelulut 
was dominated the growth inhibition assay 
when compared with other Malaysian 
honey varieties. However, the Kelulut PNP 
solution showed a pattern similar to that 
of to Tualang and Acacia instead of being 
comparable to Manuka PNP solution. Even 
so, large inhibition zones of 8.7 ±0.58 mm 
and 9.8 ±0.58 mm were recorded against S. 
aureus and E. coli by Kelulut PNP solution 
at a low concentration of 40% (w/v). These 
actions were noticed to be as high as 1.1-fold 
higher than the inhibition activity against E. 
coli when compared with S. aureus.

NP solutions for Kelulut, Tualang, 
and Acacia showed inhibition activities at 
different concentrations. The NP solution 
for Kelulut was the first to demonstrate 
inhibition activity against E. coli at a 
concentration of 50% (w/v). It was then 
followed by Tualang at 60% (w/v) and 
Acacia at 70% (w/v). For S. aureus, both 
NP solutions for Kelulut and Tualang began 
to inhibit growth at 50% (w/v), followed 
by Acacia at 60% (w/v). However, despite 

the inhibition of bacterial growth, these 
Malaysian honey samples showed no 
increment in the diameter of inhibition zone 
when higher concentrations of solutions 
were used for both S. aureus and E. coli. In 
contrast, the NP solution for Manuka began 
to show inhibition activity at a concentration 
of 40% (w/v) which continued to rise at 
higher concentrations against both S. aureus 
and E. coli.

DISCUSSION

Manuka honey is a monoflora honey 
produced from the nectar of Leptospermum 
scoparium, also known as the Manuka 
tree. This honey is widely known for its 
antibacterial properties due to the presence 
of an active non-peroxide compound called 
methylglyoxal (MGO) (Adams et al., 2009). 
MGO is a major bactericidal factor in 
Manuka (Kwakman et al., 2011). Besides 
MGO, osmotic pressure, acidic pH, leptosin, 
and hydrogen peroxide are also factors 
responsible for the antibacterial properties 
in Manuka (Carter et al., 2016; Roberts et 
al., 2015). Manuka has been found to have 
both bacteriostatic and bactericidal effects 
on numerous Gram-positive and Gram-
negative pathogenic bacteria (Kwakman et 
al., 2011). Other than being antibacterial, 
Manuka has been reported to possess 
various pharmacological effects such as 
healing properties (Carter et al., 2016), 
antiviral properties (Watanabe et al., 2014) 
and antiulcer properties (Almasaudi et al., 
2016). To date, Manuka is a widely accepted 
honey variety that has been accepted for 
usage during the medical care of wounds 
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due to its potent antibacterial properties. 
The term Unique Manuka Factor (UMF) is 
a global standard used to classify bioactive 
compounds that exist in Manuka honey. 
Manuka honey with a UMF value of more 
than 10 has been strongly recommended 
for wound care instead of honey of low or 
unknown potency (Tan et al., 2009).  As a 
result, Manuka has been frequently used 
as a basis of comparison when it comes to 
determining the potency of antibacterial 
properties in honey. 

In Malaysia, the distribution of Kelulut 
honey is lower compared to that of the 
common honeybee. Limited knowledge 
about this type of honey has resulted in less 
popularity in industrial production, and 
lack of research regarding its medicinal 
properties (Jalil et al., 2017). Kelulut honey 
has been found to possess beneficial effects 
such as antibacterial, antioxidant and anti-
inflammatory properties (Jalil et al., 2017), 
and was proven to have bacteriostatic and 
bactericidal effects on various Gram-positive 
and Gram-negative bacteria (Tuksitha et 
al., 2018; Zainol et al., 2013). This study 
attempted to evaluate the antibacterial 
properties of Kelulut against bacteria 
commonly associated with wound infection. 
Several earlier studies have investigated the 
antibacterial properties of Kelulut against 
other pathogenic bacteria. When the results 
of this study were compared with the results 
of previous studies, the MIC of Kelulut in 
this study was found to be within the same 
range, studies – 3% to 20% (Tuksitha et 
al., 2018; Zainol et al., 2013). The MBC 
was also within the same range as previous 

studies – 1% to 32% (Tuksitha et al., 
2018; Zainol et al., 2013). The MIC values 
obtained in this study were between 5% and 
20%, while the MBC values were found to 
be between 12.5% and 50%.

Among the infectious bacteria tested, P. 
aeruginosa and Acinetobacter baumannii 
were found to be most susceptible to Kelulut. 
The MIC and MBC of P. aeruginosa were 
the lowest when compared with other honey 
samples including Manuka. Previous studies 
have reported that Kelulut is capable of 
stopping the growth of P. aeruginosa at 
a range between 5% and 10%, and kills 
the bacteria after 10% (Tuksitha et al., 
2018). Meanwhile, other studies have 
reported that Kelulut can simultaneously 
stop and kill the growth of P. aeruginosa at 
a concentration of 20% (Zainol et al., 2013). 
In this study, the MIC and MBC values were 
recorded at 3.75% and 12.5% respectively. 
Pseudomonas aeruginosa is a ubiquitous 
opportunist pathogen that is distributed 
throughout the environment, particularly 
in moist habitats. It is the cause of many 
illnesses such as endocarditis, folliculitis, 
keratitis, meningitis, pneumonia, urinary 
tract infections, and wound infections. 
Wound infections due to P. aeruginosa 
have given significant rise to persistent 
infections in burn patients and patients 
with chronic venous leg ulcers because 
it is a multidrug-resistant organism. The 
bacteriostatic and bactericidal abilities of 
Kelulut should be investigated further as a 
possible antibacterial agent against drug-
resistant, wound-infecting bacteria such as 
P. aeruginosa. Kelulut was the only local 
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honey in this study that possessed both 
bacteriostatic and bactericidal effects against 
all the strains of bacteria tested. Similar 
effects were absent for Tualang and Acacia. 
This was consistent with findings reported 
by previous antibacterial studies (Tuksitha 
et al., 2018; Zainol et al., 2013).

Tualang is  a  popular  polyf lora 
Malaysian honey produced by Apis dorsata 
(Boukraâ, 2014). It has been reported to 
possess various pharmacological benefits 
such as antibacterial, antioxidant, and 
anti-inflammatory properties (Ahmed & 
Othman, 2013). Tualang was found to 
possess both bacteriostatic and bactericidal 
effects against numerous pathogenic Gram-
positive and Gram-negative bacteria (Tan et 
al., 2009; Zainol et al., 2013). In this study, 
the antibacterial properties of Tualang were 
evaluated against bacteria commonly known 
to infect wounds. The MIC of Tualang 
was found to be within the previously 
reported range when tested against general 
pathogenic bacteria – 6.25% to 25% 
(Tan et al., 2009; Zainol et al., 2013). In 
previous studies, Tualang produced higher 
or unidentified MBC values between 12.5% 
and 50% when tested against the pathogenic 
bacteria (Tan et al., 2009; Zainol et al., 
2013). After analyzing both MIC and MBC 
values, the ranges obtained for Tualang in 
this study were found to be slightly higher 
when compared with the reported range 
for general pathogenic bacteria. These 
differences may be due to the difference in 
origin of nectar, batch of honey collected, 
and technical variation while performing 
the experiment such as the amount of 

bacterial suspension used, the type of agar 
or broth, and the diluent used. Among the 
tested bacteria, P. aeruginosa recorded the 
lowest MIC and MBC, thus being the most 
susceptible to Tualang. The comparison 
between Gram-positive and Gram-negative 
bacteria showed that they were equally 
susceptible to Tualang. This finding was 
concurrent with some of the previous reports 
(Tan et al., 2009). 

Acacia honey demonstrated a similar 
inhibition pattern to sugar based solutions. 
Acacia honey is a monofloral honey 
produced by Apis mellifera or Apis cerana 
using nectar from the plant Acacia mangium 
(Bradbear, 2009; Samat et al., 2014). Acacia 
is one of the most widely commercially 
available types of honey in Malaysia 
reported to contain various pharmacological 
benefits such as antibacterial properties. 
Previous antibacterial studies against 
pathogenic bacteria reported that Acacia 
honey possessed both bacteriostatic and 
bactericidal effects with a MIC value 
between 15% and 25%, and MBC value 
between 25% and 50% (Zainol et al., 
2013). In this study, we found that Acacia 
possessed the least potent antibacterial 
properties against the bacteria tested. This 
was based on the high MIC values, and the 
high or unidentified MBC values observed. 
This study found that the MIC and MBC for 
Acacia ranged from 30% to 50%, and 50% to 
90% respectively. Similar to Tualang, it was 
apparent that the ranges of MIC and MBC 
were higher in this study when compared 
with previous antibacterial studies. 
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Honey antibacterial properties can be 
attributed to acidic pH, and presence of 
peroxide and non-peroxide compounds. In 
this study, we considered these properties 
to determine the factors contributing to 
antibacterial properties in honey. Among 
the Malaysian honey samples, Kelulut was 
found to have the most potent antibacterial 
properties against all tested Gram-positive 
and Gram-negative bacteria associated 
with wound infection. By evaluating the 
contributing factors, the potent antibacterial 
properties of Kelulut were attributed mostly 
to its naturally strong acidic environment 
(pH 2.37 ±0.13). A previous study showed 
that the acidic pH found in Kelulut ranged 
from 3.29 to 3.71 (Chan et al., 2017), about 
1.6-fold higher than in this study. When we 
compared the pH of Kelulut to Tualang and 
Acacia samples, the Kelulut had the lowest 
pH, about 1.8 to 1.6-fold lower than the other 
samples. The strong acidic environment of 
Kelulut may provide a partial explanation 
for its potent antibacterial properties. The 
strong acidity of Kelulut was found to 
equally affect both Gram-positive and Gram-
negative bacteria which were represented by 
S. aureus and E. coli in this study. 

In addition to pH, other factors such 
as peroxide and non-peroxide compounds 
could be major contributors towards the 
antibacterial properties of honey. Peroxide 
compounds are usually represented by 
hydrogen peroxide (H2O2) (Irish et al., 2011; 
Kwakman & Zaat, 2012; Mandal & Mandal, 
2011). In order to evaluate the presence of 
peroxide compounds, the honey was diluted 
to a concentration of 30% to 50% (w/v) 

(Kwakman & Zaat, 2012; Molan, 1992). 
By doing so, the enzyme glucose oxidase 
was activated, thus oxidizing glucose 
into gluconic acid and H2O2 (White et al., 
1963). Out of all the Malaysian honey 
samples tested, Kelulut demonstrated a 
higher inhibition activity at a concentration 
between 30% and 50% (w/v). The active 
peroxide activity in Kelulut noticeably 
affected the Gram-negative E. coli, more 
than the Gram-positive S. aureus. The 
inhibition activity demonstrated was 1.1-
fold higher against E. coli compared to S. 
aureus. The results shown in this study 
support the active contribution of H2O2 

towards the antibacterial properties of 
honey at concentrations of 30% to 50% 
and simultaneously demonstrated that 
peroxide compounds do contribute to the 
antibacterial properties of Malaysian honey 
against wound-infecting bacteria. However, 
a larger number of infectious bacteria should 
be investigated further to better understand 
the effect of peroxide activities on wound-
associated bacteria.

As for non-peroxide factors, honey 
reportedly possesses compounds such as 
MGO, bee-defensin-1, leptosperin, phenolic 
acids, flavonoids, and jelleins (Ahmed & 
Othman, 2013; Jalil et al., 2017; Roberts et 
al., 2015; Salleh et al., 2017). Compounds 
such as MGO were extensively studied and 
were revealed to cause various antibacterial 
mechanisms including cell wall disruption 
and lysis (Henriques et al., 2011; Nishio et 
al., 2016), disruption in gene expression 
patterns (Blair et al., 2009) and DNA 
degradation (Brudzynski et al., 2011). It 
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is important to identify the availability of 
non-peroxide compounds and their actions 
as they may contribute to the production 
of potent antibacterial properties in honey 
(Kwakman et al., 2010, 2011). In this 
study, we removed acidic and peroxide 
compounds to determine the effect of non-
peroxide activity in the honey samples. 
This technique of neutralizing the known 
factors was suggested by previous studies 
that determined the action of the compound 
that contributed to antibacterial properties 
of honey (Kwakman et al., 2010, 2011). 
By doing so, the presence of non-peroxide 
compounds and their role in producing 
antibacterial properties in Malaysian honey 
against wound-infecting bacteria can be 
observed. This study proved the presence of 
active non-peroxide compounds in Kelulut, 
Tualang, and Acacia. Our conclusion is 
that the non-peroxide activity may be due 
to the presence of flavonoid and phenolic 
compounds previously identified in these 
honey varieties (Ahmed & Othman, 2013; 
Jalil et al., 2017; Salleh et al., 2017). We 
found that non-peroxide activity equally 
affected Gram-positive and Gram-negative 
bacteria. However, it may be unfair to 
simply conclude the effect of non-peroxide 
activity in Malaysian honey in this study 
since only a single representative species 
for each Gram-positive and Gram-negative 
bacteria were considered. Nevertheless, we 
recommend further investigation on non-
peroxide compounds in Malaysian honey 
against more species of wound-infecting 
bacteria in order to thoroughly understand 
the effects of these compounds. With all due 

consideration, this study has successfully 
demonstrated the presence of active non-
peroxide compounds that contribute to 
antibacterial properties in Malaysian honey 
against two common infectious bacteria, S. 
aureus and E. coli. 

As with any study, there are a few 
limitations that have to be considered during 
the course of this study, thus making further 
investigation crucial for building a complete 
understanding of the properties of Malaysian 
honey varieties. In the present study, drug 
resistant bacteria strains were not considered 
during the evaluation of honey’s antibacterial 
properties. Further studies should evaluate 
the antibacterial properties of honey against 
these drug-resistant strains. The efficacy 
of honey as an antibacterial agent can be 
compared to the drugs commonly used to 
treat drug-resistant strains of bacteria such 
as Methicillin Resistant Staphylococcus 
aureus (MRSA). The outcome will confirm 
whether Malaysian honey is a suitable 
alternative for antibiotics, and whether 
the bacteria can develop resistance against 
honey. Should Malaysian honey proves to be 
an efficient and effective solution, it can slow 
the emergence of drug-resistant bacterial 
strains due to overuse of antibiotics. It 
can then be used to treat drug-resistant 
bacterial infections such as those caused 
by MRSA (Bereket et al., 2012), multidrug 
resistant P. aeruginosa (Bereket et al., 
2012), carbapenem resistant K. pneumonia 
(Low et al., 2017), and B-lactam resistant 
E. coli (Jacoby & Sutton, 1985). 
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The antibacterial properties of honey 
are attributed to the presence of active 
compounds in the honey, partially due 
to the pollen and nectar collected by the 
corresponding bees. The present study 
considered a single sample of Malaysian 
Kelulut, Tualang and Acacia for antibacterial 
evaluation. Honey samples collected from 
different regions of Malaysia (e.g. Borneo and 
Peninsular Malaysia) may have variations in 
available compounds due to the variation in 
pollen and nectar sources for each region. 
Further studies should consider evaluating 
the antibacterial properties of honey samples 
from different regions of Malaysia to 
identify the available compounds and their 
effect on the antibacterial properties of 
honey. 

CONCLUSION

Malaysian honey, especially Kelulut, proved 
to be dependent on acidic environment as 
a major antibacterial factor. This is further 
supported by the presence of peroxide and 
non-peroxide compounds. The antibacterial 
properties of Malaysian honey varieties 
were generally comparable to Manuka. 
The closest resemblance was demonstrated 
by Kelulut. In some cases, Kelulut showed 
equivalent or better antibacterial activity than 
Manuka, especially against P. aeruginosa. 
The antibacterial potency of Malaysian 
honey against microorganisms associated 
with wounds suggests the potential of 
honey as an alternative therapeutic agent, 
particularly for wound infection. Hence, 
this study proposes the usage of Kelulut at 
a concentration of 50% (w/v) or more to 

simultaneously stop and kill bacteria that are 
commonly found to infect wounds.

ACKNOWLEDGEMENT

The authors would like to thank the Ministry 
of Education Malaysia in providing the 
fund for this project under the Fundamental 
Research Grant Scheme (FRGS; Grant 
Number: FRGS/1/2017/STG05/UMP/02/5), 
Universiti Malaysia Pahang (UMP) for the 
research facilities and IIUMC for providing 
the clinical bacterial strains.

REFERENCES

Adams, C. J., Boult, C. H., Deadman, B. J., Farr, 
J. M., Grainger, M. N. C., Manley-Harris, M., 
& Snow, M. J. (2008). Isolation by HPLC and 
characterisation of the bioactive fraction of New 
Zealand Manuka (Leptospermum scoparium) 
honey. Carbohydrate Research, 343(4), 651–
659. doi: 10.1016/j.carres.2007.12.011

Adams, C. J., Manley-harris, M., & Molan, P. C. 
(2009). The origin of methylglyoxal in New 
Zealand Manuka (Leptospermum scoparium) 
honey. Carbohydrate Research, 344(8), 1050–
1053. doi: 10.1016/j.carres.2009.03.020

Adewumi, A., & Ogunjinmi, A. (2011). The healing 
potential of honey and propolis lotion on septic 
wounds. Asian Pacific Journal of Tropical 
Biomedicine, 1(1), 55–57. doi: 10.1016/S2221-
1691(11)60123-8

Ahmed, S., & Othman, N. H. (2013). Review of 
the medicinal effects of Tualang honey and a 
comparison with Manuka honey. Malaysian 
Journal of Medicine Sciences, 20(3), 6–13. 

Almasaudi, S. B., El-Shitany, N. A., Abbas, A. T., 
Abdel-dayem, U. A., Ali, S. S., Al Jaouni, S. 
K., & Harakeh, S. (2016). Antioxidant, anti-



Antibacterial Properties of Malaysian Honey 

1205Pertanika J. Trop. Agric. Sc. 42 (4): 1185 - 1208 (2019)

inflammatory, and antiulcer potential of Manuka 
honey against gastric ulcer in rats. Retrieved 
May 15, 2019, from http://downloads.hindawi.
com/journals/omcl/2016/3643824.pdf

Bereket, W., Hemalatha, K., Getenet, B., Wondwossen, 
T., Solomon, A., Zeynudin, A., & Kannan, 
S. (2012). Update on bacterial nosocomial 
infections. European Review for Medical and 
Pharmacological Sciences, 16(8), 1039–1044. 

Blair, S. E., Cokcetin, N. N., Harry, E. J., & Carter, 
D. A. (2009). The unusual antibacterial 
activity of medical-grade Leptospermum 
honey: Antibacterial spectrum, resistance and 
transcriptome analysis. European Journal of 
Clinical Microbiology and Infectious Diseases, 
28(10), 1199–1208. doi: 10.1007/s10096-009-
0763-z

Bogdanov, S. (1997). Nature and origin of the 
antibacterial substances in honey. LWT - Food 
Science and Technology, 30(7), 748–753. doi: 
10.1006/fstl.1997.0259

Boukraâ, L. (Ed.). (2014). Honey in traditional and 
modern medicine. New York, NY: Taylor and 
Francis Group. 

Bradbear, N. (2009). Bees and their role in forest 
livelihoods. Retrieved May 15, 2019, from http://
www.fao.org/3/a-i0842e.pdf

Brudzynski, K., Abubaker, K., St-martin, L., & Castle, 
A. (2011). Re-examining the role of hydrogen 
peroxide in bacteriostatic and bactericidal 
activities of honey. Frontiers in Microbiology, 
2(213), 1–9. doi: 10.3389/fmicb.2011.00213

Carter, D. A., Blair, S. E., Cokcetin, N. N., Bouzo, 
D., Brooks, P., Schothauer, R., & Harry, E. J. 
(2016). Therapeutic Manuka honey: No longer 
so alternative. Frontiers in Microbiology, 7(569), 
1–11. doi: 10.3389/fmicb.2016.00569

Chan, B. K., Haron, H., Talib, R. A., & Subramaniam, 
P. (2017). Physical properties, antioxidant 
content and anti-oxidative activities of Malaysian 

stingless kelulut (Trigona spp.) honey. Journal of 
Agriculture Science, 9(13), 32–40. doi: 10.5539/
jas.v9n13p32

El-malek, F. F. A., Yousef, A. S., & El-assar, S. 
A. (2017). Hydrogel film loaded with new 
formula from Manuka honey for treatment of 
chronic wound infections. Journal of Global 
Antimicrobial Resistance, 11, 171–176. doi: 
10.1016/j.jgar.2017.08.007

Franklin, R. C., Matthew, A. W., Jeff, A., Michael, N. 
D., George, M. E., Mary, J. F., … Barbara, L. 
Z. (2012). Methods for dilution antimicrobial 
susceptibility tests for bacteria that grow 
aerobically: Approved standard — Ninth 
Edition .  Retrieved May 15, 2019, from 
https://mafiadoc.com/download/methods-for-
dilution-antimicrobial-susceptibility-tests-
_5a19a8801723dd4f2ac359bc.html

Henriques, A. F., Jenkins, R. E., & Burton, N. F. 
(2011). The effect of Manuka honey on the 
structure of Pseudomonas aeruginosa. European 
Journal of Clinical Microbiology and Infectious 
Diseases, 30(2), 167–171. doi: 10.1007/s10096-
010-1065-1

Irish, J., Blair, S., & Carter, D. A. (2011). The 
antibacterial activity of honey derived from 
Australian flora. PLoS ONE, 6(3), e18229. 
doi:10.1371/journal.pone.0018229

Ismail, W. I. W. (2016). A review on beekeeping 
in malaysia history, importance and future 
direction. Journal of Sustainability Science and 
Management, 11(2), 70–80. 

Jacoby, G. A., & Sutton, L. (1985). β-Lactamases 
and β-Lactam resistance in Escherichia coli. 
Antimicrobial Agents and Chemotherapy, 28(5), 
703–705.

Jalil, M. A. A., Kasmuri, A. R., & Hadi, H. (2017). 
Stingless bee honey, the natural wound healer: 
A review. Skin Pharmocology and Physiology, 
30(2), 66–75. doi: 10.1159/000458416



Mohd Amir Shahlan Mohd-Aspar, Raihana Zahirah Edros and Norul Amilin Hamzah

1206 Pertanika J. Trop. Agric. Sc. 42 (4): 1185 - 1208 (2019)

Kasithevar, M., Periakaruppan, P., & Muthupandian, 
S. (2017). Antibacterial efficacy of silver 
nanoparticles against multi-drug resistant clinical 
isolates from post-surgical wound infections. 
Microbial Pathogenesis, 107, 327–334. doi: 
10.1016/j.micpath.2017.04.013

Kateel, R., Bhat, G., Baliga, S., Augustine, A. J., Ullal, 
S., & Adhikari, P. (2018). Antibacterial action of 
tropical honey on various bacteria obtained from 
diabetic foot ulcer. Complementary Therapies in 
Clinical Practice, 30(1), 29–32.

Kwakman, P. H. S., te Velde, A. A., de Boer, L., 
Vandenbroucke-Grauls, C. M. J. E., & Zaat, S. A. 
J. (2010). How honey kills bacteria. Federation 
of American Societies for Experimental Biology, 
24(7), 2576–2582. doi: 10.1096/fj.09-150789

Kwakman, P. H. S., te Velde, A. A., de Boer, L., 
Vandenbroucke-Grauls, C. M. J. E., & Zaat, S. 
A. J. (2011). Two major medicinal honeys have 
different mechanisms of bactericidal activity. 
PLoS ONE, 6(3), 3–9. doi: 10.1371/journal.
pone.0017709

Kwakman, P. H. S., & Zaat, S. A. J. (2012). 
Antibacterial components of honey. International 
Union of Biochemistry and Molecular Biology, 
64(1), 48–55. doi: 10.1002/iub.578

Liu, J., Ye, Y., Lin, T., Wang, Y., & Peng, C. (2013). 
Effect of floral sources on the antioxidant, 
antimicrobial, and anti-inflammatory activities 
of honeys in Taiwan. Food Chemistry, 139(1–4), 
938–943. doi: 10.1016/j.foodchem.2013.02.015

Low, Y., Yap, P. S., Jabar, K. A., Ponnampalavanar, S., 
Karunakaran, R., Velayuthan, R., … Teh, C. S. 
(2017). The emergence of carbapenem resistant 
Klebsiella pneumoniae in Malaysia: Correlation 
between microbiological trends with host 
characteristics and clinical factors. Antimicrobial 

Resistance and Infection Control, 6(5), 1–13. doi: 
10.1186/s13756-016-0164-x

Mandal, M. D., & Mandal, S. (2011). Honey: 
Its medicinal property and antibacterial 
activity. Asian Pacific Journal of Tropical 
Biomedicine, 1(2), 154–160. doi: 10.1016/
S2221-1691(11)60016-6

Matzen, R. D., Leth-espensen, J. Z., Jansson, T., 
Nielsen, D. S., Lund, M. N., & Matzen, S. 
(2018). The antibacterial effect in vitro of honey 
derived from various Danish flora. Retrieved 
May 15, 2019, from http://downloads.hindawi.
com/journals/drp/2018/7021713.pdf 

Mcloone, P., Warnock, M., & Fyfe, L. (2016). Honey: 
A realistic antimicrobial for disorders of the 
skin. Journal of Microbiology, Immunology and 
Infection, 49(2), 161–167.

Molan, P. (1992). The antibacterial activity of 
honey. 1. The nature of the antibacterial 
act ivi ty.  Bee World ,  73(1) ,  5–28.  doi: 
10.1080/0005772X.1992.11099109

Moussa, A., Noureddine, D., Mohamed, H. S., & 
Abdelmelek, M. (2012). Antibacterial activity 
of various honey types of Algeria against 
Staphylococcus aureus and Streptococcus 
pyogenes. Asian Pacific Journal of Tropical 
Medicine, 5(10), 773–776. doi: 10.1016/S1995-
7645(12)60141-2

Mustafa, M., Hamed, S., Iiizam, E. M., Sharifa, A. 
M., & Win, T. (2015). Surgical site infections: 
Predisposing factors and prevention. Journal of 
Dental and Medical Sciences, 14(11), 101–106. 

Nasir, N. M., Halim, A. S., Singh, K. B., Dorai, 
A. A., & Haneef, N. M. (2010). Antibacterial 
properties of Tualang honey and its effect in burn 
wound management: A comparative study. BMC 



Antibacterial Properties of Malaysian Honey 

1207Pertanika J. Trop. Agric. Sc. 42 (4): 1185 - 1208 (2019)

Complementary and Alternative Medicine, 10(1), 
1–7. doi: 10.1186/1472-6882-10-31

Nasir, N. M., Lee, B. K., Yap, S. S., Thong, K. L., & 
Yap, S. L. (2016). Cold plasma inactivation of 
chronic wound bacteria. Archives of Biochemistry 
and Biophysics, 605, 76–85. doi: 10.1016/j.
abb.2016.03.033

Nishio, E. K., Ribeiro, J. M., Oliveira, A. G., 
Andrade, C. G. T. J., Proni, E. A., Kobayashi, 
R. K. T., & Nakazato, G. (2016). Antibacterial 
synergic effect of honey from two stingless bees: 
Scaptotrigona bipunctata Lepeletier, 1836, and 
S. postica Latreille, 1807. Scientific Report, 6, 
1–8. doi: 10.1038/srep21641

Nooh, H. Z., & Nour-eldien, N. M. (2016). The dual 
anti-inflammatory and antioxidant activities of 
natural honey promote cell proliferation and 
neural regeneration in a rat model of colitis. Acta 
Histochemica, 118(6), 588–595. doi: 10.1016/j.
acthis.2016.06.006

Ranneh, Y., Ali, F., Zarei, M., Akim, A., & Abd, H. 
(2018). Malaysian stingless bee and Tualang 
honeys: A comparative characterization of total 
antioxidant capacity and phenolic profile using 
liquid chromatography-mass spectrometry. LWT 
- Food Science and Technology, 89, 1–9. doi: 
10.1016/j.lwt.2017.10.020

Rashidi, M. K., Mirazi, N., & Hosseini, A. (2016). 
Effect of topical mixture of honey, royal jelly and 
olive oil-propolis extract on skin wound healing 
in diabetic rats. Wound Medicine, 12, 6-9.

Roberts, A. E. L., Brown, H. L., & Jenkins, R. (2015). 
On the antibacterial effects of manuka honey: 
Mechanistic insights. Research and Reports in 
Biology, 6, 215–224. doi: 10.2147/RRB.S75754

Salleh, M. A. M., Eshak, Z., & Ismail, W. I. W. (2017). 
Acacia honey induces apoptosis in human 
breast adenocarcinoma cell lines (MCF-7). 
Jurnal Teknologi, 79(4), 9–16. doi: 10.11113/
jt.v79.9882

Samat, S., Nor, N. A., Hussein, F. N., & Wan Ismail, 
W. I. (2014). Effects of Gelam and Acacia honey 
acute administration on some biochemical 
parameters of Sprague Dawley rats. BMC 
Complementary and Alternative Medicine, 14(1), 
146. doi: 10.1186/1472-6882-14-146

Sienkiewicz, M., Monika, Ł., & Kowalczyk, E. 
(2016). The ability of selected plant essential oils 
to enhance the action of recommended antibiotics 
against pathogenic wound bacteria. Burns, 3(43), 
310–317. doi: 10.1016/j.burns.2016.08.032

Sussmann, C., & Bates-Jensen, B. M. (Eds.). (2012). 
Wound care: A collaborative practice manual 
for health professionals (4th ed.). Philadelphia, 
USA: Lippincott Williams and Wilkins.

Tan, H. T., Rahman, R. A., Gan, S. H., Halim, A. 
S., Hassan, S. A., Sulaiman, S. A., & Kirnpal-
Kaur, B. (2009). The antibacterial properties 
of Malaysian Tualang honey against wound 
and enteric microorganisms in comparison to 
Manuka honey. Retrieved May 15, 2019, from 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2753561/pdf/1472-6882-9-34.pdf

Tuksitha, L., Chen, Y. S., Chen, Y., Wong, K., & Peng, 
C. (2018). Antioxidant and antibacterial capacity 
of stingless bee honey from Borneo (Sarawak). 
Journal of Asia-Pacific Entomology, 21(2), 
563–570. doi: 10.1016/j.aspen.2018.03.007

Watanabe, K., Rahmasari, R., Matsunaga, A., 
Haruyama, T., & Kobayashi, N. (2014). Anti-
influenza viral effects of honey in-vitro: Potent 
high activity of Manuka honey. Archives 
of Medical Research, 45(5), 359–365. doi: 
10.1016/j.arcmed.2014.05.006

White, J. W., Subers, M. H., & Schepartz, A. I. (1963). 
The identification of inhibine, the antibacterial 
factor in honey, as hydrogen peroxide and 
its origin in a honey glucose-oxidase system. 
Biochimica et Biophysica Acta, 73(1), 57–70. 
doi: 10.1016/0926-6569(63)90108-1



Mohd Amir Shahlan Mohd-Aspar, Raihana Zahirah Edros and Norul Amilin Hamzah

1208 Pertanika J. Trop. Agric. Sc. 42 (4): 1185 - 1208 (2019)

Yang, H., Wang, W., Tan, Y., Zhang, D., Wu, J., & 
Lei, X. (2017). Investigation and analysis of the 
characteristics and drug sensitivity of bacteria 
in skin ulcer infections. Chinese Journal of 
Traumatology, 20(4), 194–197. doi: 10.1016/j.
cjtee.2016.09.005

Zainol, M. I., Yusoff, K. M., Yasim, M., & Yusof, 
M. (2013). Antibacterial activity of selected 
Malaysian honey. Retrieved May 15, 2019, 
from https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3716576/pdf/1472-6882-13-129.pdf



Pertanika J. Trop. Agric. Sc. 42 (4): 1209 - 1217 (2019)

© Universiti Putra Malaysia Press

TROPICAL AGRICULTURAL SCIENCE
Journal homepage: http://www.pertanika.upm.edu.my/

Article history:
Received: 25 June 2019
Accepted: 17 September 2019
Published: 13 November 2019

ARTICLE INFO

E-mail addresses:
chloefan@ums.edu.my (Hui Yin Fan)
brendakozhijia@gmail.com (Brenda Zhijia Ko)
cksiew@ums.edu.my (Chee Kiong Siew)
chot@ums.edu.my (Mansoor Abdul Hamid)
* Corresponding author

ISSN: 1511-3701
e-ISSN: 2231-8542   

Evaluation of Fish Gelatin and Sodium Alginate Blend as Gelling 
Agents for Pudding Containing Virgin Coconut Oil

Hui Yin Fan*, Brenda Zhijia Ko, Chee Kiong Siew and Mansoor Abdul Hamid
Faculty of Food Science and Nutrition, Universiti Malaysia Sabah, Jalan UMS, 
88400 Kota Kinabalu, Sabah, Malaysia

ABSTRACT 

Virgin coconut oil (VCO) is known for its functional properties but it is yet to be widely 
developed into food products. Lipid and gelling agents are crucial ingredients for the 
rheological characteristics of milk puddings. This study aimed to explore the potential 
of blends of fish gelatin and sodium alginate as gelling agents and a delivery system for 
VCO. A total of 15 pudding formulations were generated from a mixture design approach 
to determine the optimized proportions of VCO (6-13%), fish gelatin (2-6%), sodium 
alginate (0.15-0.75%), and water (65-75%). All 15 pudding formulations exhibited 
strong elastic characteristic with their G’ (storage modulus) values higher than the G” 
(loss modulus). Formulations with high contents of gelatin (6%) and sodium alginate 
(0.28-0.75%) exhibited strong gel characteristics (tan δ < 0.1). The optimized formulation 
consisted of 10.68% VCO, 3.41% fish gelatin, 0.59% sodium alginate, and 68.33% water, 
with desirability of 0.874 against the viscoelastic properties and firmness of a commercial 
pudding. A significant increase was observed in firmness and free fatty acid (FFA) value 
of the optimized pudding from 3 weeks onwards, over the weekly evaluation of 4 weeks 
storage at 4 ± 1°C. The sensory assessment showed that rancidity of pudding was not 
significantly detected by panels throughout the 4 weeks of storage period. 

Keywords: Fish gelatin, mixture design, pudding, sodium alginate, virgin coconut oil

INTRODUCTION

Virgin coconut oil (VCO) is gaining 
increasing popularity in both the scientific 
field and the public as a functional food 
supplement. VCO is mechanically obtained 
from the kernel of the coconut under 
mild temperature or without heat, without 
undergoing chemical refining, bleaching 
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or deodorizing (Marina et al., 2009). VCO 
is considered to have numerous beneficial 
health effects attributed to its mode of 
processing that prevents the loss of its 
beneficial components such as vitamin E and 
polyphenols (Nevin & Rajamohan, 2008). 
Studies also showed that VCO possesses 
antibacterial, antiviral, antinociceptive, anti-
inflammatory and lipid lowering effect in 
blood (Nevin & Rajamohan, 2008; Zakaria 
et al., 2011). VCO can be consumed directly, 
but its strong coconut scent has limited its 
palatability, which makes the incorporation 
of VCO into a food system an attractive 
approach. To date, the availability of food 
products for delivering VCO remains 
limited in the market. 

Milk puddings that are widely consumed 
by children and elderly people can be 
effective in delivering food components 
with health benefits. The consumer 
acceptability on puddings depends on their 
gel characteristics, particularly rheological 
and textural properties that are defined by 
the type and the content of the fat and gelling 
agents as well as their interactions (Saha 
& Bhattacharya, 2010; Toker et al., 2013). 
The use of gelling agent blends in food 
products is able to bring synergetic effect to 
achieve a desirable texture (Li & Nie, 2016; 
Toker et al., 2013). Among gelling agents, 
gelatin finds maximum application in food 
products, such as yoghurt products, low-fat 
spread and sugar confectionery, owing to its 
low melting temperature and slow-setting 
gelation behaviour (Saha & Bhattacharya, 
2010). Lately, fish gelatin is gaining 
prominence to replace the commercial 
mammalian gelatin and to increase the 

utilization of fish by-products (skins and 
bones) discarded from the fish processing 
industry as the gelatin source (Karim & 
Bhat, 2009). Meanwhile, alginate derived 
from brown seaweeds is a preferred gelling 
agent for restructured foods, puddings and 
desserts due to its fast-setting gelation 
(McHugh, 2003; Saha & Bhattacharya, 
2010). It is therefore possible that the blends 
of gelatin and alginate would be potential in 
modulating the gelation strength of a food 
product. So far, there is no study conducted 
on food product development with the use 
of gelatin-alginate blends. 

Therefore, the objective of this study 
was to develop a pudding formulation by 
optimizing the content of VCO, fish gelatin, 
sodium alginate and water using mixture 
design methodology, for achieving the 
targeted rheological and textural properties 
of a commercial pudding. The optimized 
pudding formulation was further evaluated 
for its texture, hydrolytic rancidity and 
sensory stability during storage for 4 weeks 
at refrigeration temperature.

MATERIALS AND METHODS

Materials

The VCO was purchased from a local 
VCO producer in Kudat, Malaysia. Fish 
gelatin and sodium alginate derived from 
seaweed was purchased from a food 
ingredient supplier (Klang, Malaysia). 
All other ingredients, inclusive of sugar, 
skimmed milk powder and soy lecithin were 
purchased from a local bakery ingredients 
supplier. Commercial pudding product was 
purchased from a local market. 
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Preparation of Puddings

Gelatin was added with water and stirred 
for 5 min at 50 ± 2°C. Lecithin (0.15%, 
w/w) was dissolved completely in VCO 
and then added gradually to the gelatin 
solution under stirring for 10 min at 50 
± 2°C to form emulsion. In a separate 
preparation, skimmed milk powder (7%, 
w/w), sugar (9.85%, w/w) and sodium 
alginate were mixed and dissolved in water, 
stirred continuously for 10 min at 85 ± 2°C, 
and then cooled to 50 ± 2°C. Then, the 
emulsion was added gently into the mixture 
and stirred for another 20 min at 50 ± 2°C. 
The puddings were poured into plastic 
containers, cooled to room temperature (23 
± 2°C) and stored in a refrigerator (4 ± 1°C) 
for 1 h prior to the analyses.

Experimental Design and Statistical 
Analysis

D-optimal mixture design of Design 
Expert software v. 7.0.0 (State-Ease Inc., 
Minneapolis, MN, USA) was employed in 
formulation study. The ranges of ingredients 
obtained from the preliminary study were 
used, which were the VCO (6-13%, w/w) 
(A), fish gelatin (2-6%, w/w) (B), and 
sodium alginate (0.15-0.75%, w/w) (C), 
and water (65-75%, w/w) (D) to make 
up to a constant amount (83%). A total of 
15 pudding formulations was generated, 
consisting 12 formulations of different 
contents with 3 formulations were replicates 
(Table 1). The rheological behavior of 
puddings was evaluated by measuring the 
viscoelastic properties and firmness, and 
the values (Y) were fitted to three equation 

models of the linear, quadratic and cubic 
models (Equations (1)-(3)). The statistical 
significance of each equation was analyzed 
through analysis of variance (ANOVA) 
at p<0.05 using the same software. The 
optimized content of these ingredients in 
formulating pudding was generated using 
the numerical optimization technique of the 
same software by setting the viscoelastic 
properties and firmness measured on a 
commercial pudding as targeted values. 
Validation of the optimized pudding 
formulation was performed by comparing 
the experimental values to the predicted 
values, where comparisons were carried out 
by LSD t-test (p<0.05).

𝑌 = 𝑏1𝐴+ 𝑏2𝐵+ 𝑏3𝐶+ 𝑏4𝐷            (1)

𝑌 = 𝑏1𝐴 + 𝑏2𝐵+ 𝑏3𝐶+ 𝑏4𝐷
                + 𝑏12𝐴𝐵+ 𝑏13𝐴𝐶+ 𝑏14𝐴𝐷

   +𝑏23𝐵𝐶+ 𝑏24𝐵𝐷+ 𝑏34𝐶𝐷       (2)

𝑌 = 𝑏1𝐴 + 𝑏2𝐵+ 𝑏3𝐶+ 𝑏4𝐷
        + 𝑏12𝐴𝐵+ 𝑏13𝐴𝐶+ 𝑏14𝐴𝐷

+𝑏23𝐵𝐶+ 𝑏24𝐵𝐷+ 𝑏34𝐶𝐷
+𝑏123𝐴𝐵𝐶+ 𝑏124𝐴𝐵𝐷
+𝑏134𝐴𝐶𝐷+ 𝑏234𝐵𝐶𝐷         (3)

where Y is the estimated responses 
(viscoelastic properties and firmness); b is 
the constant coefficients for linear and non-
linear (interaction) term. 

Viscoelastic Properties and Firmness 
Measurement of Puddings

Viscoelastic properties of pudding samples 
were determined using an AR 1500EX 
rheometer (TA Instruments, Delaware, USA) 
with a serrated parallel plate geometry of 20 
mm and a gap of 1000 µm. The oscillation 
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frequency sweeps were performed over the 
range of 0.1-10 Hz at 0.2 Pa. Measurements 
were carried out at 4°C and a constant 
strain of 1%. The storage modulus (G′), 
loss modulus (G″), complex modulus 
(G*), and loss tangent (tan δ = G″/G′) were 
measured as a function of frequency and 
calculated using the TA rheometer Data 
Analysis software (Version V. 4.20, TA 
Instruments Inc.) (Alamprese & Mariotti, 
2011; Toker et al., 2013). Firmness of 
pudding samples was measured using a 
TA.XTplus texture analyzer (Stable Micro 
Systems, Godalming, Surrey, UK) with a 
diameter plate of 35 mm connected to a 
load cell of 490.33 N. Penetration tests were 
performed to 30% of the initial height of the 
sample and the load (N) recorded was used 
as result (Alamprese & Mariotti, 2011). 

Storage Stability of Optimized Pudding 
Formulation

Storage stability of pudding was assessed 
weekly over a period of 4 weeks at 4 ± 1°C. 
Texture stability of pudding in terms of 
firmness was measured using a TA.XTplus 
texture analyzer (Stable Micro Systems, 
Godalming, Surrey, UK) according to 
the method by Alamprese and Mariotti 
(2011). Hydrolytic rancidity was evaluated 
through determination of FFA values (%, 
as lauric acid) according to AOAC 940.28 
(Association of Official Analytical Chemists 
[AOAC], 1999). For to FFA analysis, 
pudding was melted completely at 40°C 
under continuous stirring and centrifuged 
at 689 x g for 15 min. The upper oil layer 
was collected for FFA determination. 

Sensory stability in terms of rancidity was 
assessed by 30 semi-trained panelists from 
the Faculty of Food Science and Nutrition, 
Universiti Malaysia Sabah, Malaysia. 
Panelists were trained and standardized with 
a rancid oil sample (Villarino et al., 2007). 
Paired comparison test was used to detect 
rancidity in the stored puddings with freshly 
produced pudding used as control. At least 
20 judgements out of the 30 panels were 
required for the pudding sample to be rancid 
significantly at 5% level of significance 
(Larmond, 1977). All tests for storage 
stability were carried out in triplicate. 
Experimental results were reported as mean 
value with standard deviation and significant 
differences at the probability level of p<0.05 
was determined using one-way ANOVA 
with Tukey test (SPSS v. 21.0, SPSS Inc., 
Chicago, IL, USA).

RESULTS AND DISCUSSION

Model Fitting

Table 1 shows the results of viscoelastic 
properties and firmness measured for 
each pudding formulation from mixture 
design study. Results of ANOVA suggested 
the quadratic and linear model were the 
best for the viscoelastic properties and 
firmness, respectively (data not shown). The 
VCO-fish gelatin, VCO-sodium alginate, 
VCO-water, fish gelatin-sodium alginate, 
fish gelatin-water, sodium alginate-water 
quadratic model terms had antagonistic 
effect on the viscoelastic properties of the 
pudding formulations. For the firmness of 
the puddings, the VCO and fish gelatin had 
the positive effect, but the sodium alginate 
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and water had the negative effect. Fish 
gelatin had the highest positive effect, while 
sodium alginate had the highest negative 
effect on the firmness of the pudding, which 
is in agreement with the antagonistic effect 
of alginate reported by Toker et al. (2013).

Table 2 shows the quadratic and linear 
models for the data of viscoelastic properties 
and firmness, respectively. Their R-squared 
values of higher than 0.74, and p-values 
of lack of fit of higher than 0.05 (data 
not shown) indicated the adequacy of the 
models in predicting the variation of the 
results (Henika, 1982; Sarteshnizi et al., 
2015).

Viscoelastic Properties and Firmness of 
Puddings

As shown in Table 1, all puddings exhibited 
strong elastic characteristic as their G’ 
values were higher than the G” values (Saha 
& Bhattacharya, 2010). The G* values were 
close to the G’ values and the tan δ values 
were less than 1, indicated that all pudding 
formulations were highly elastic (Lim & 
Narsimhan, 2006; Toker et al., 2013). A 
few pudding formulations exhibited strong 
gel characteristic as reflected by tan δ 
values less than 0.1 (Saha & Bhattacharya, 
2010). The blends of high contents of fish 
gelatin (6%) and sodium alginate (0.28-

Table 2
Predicted models for the viscoelastic properties and firmness of pudding

Parameter Predicted models R2

G’ 844226.7076 A + 6499591.4760 B + 565244793.8239 C + 91884.8132 D - 
4167580.2181 AB - 490130017.7576 AC - 1564627.5020 AD - 559354960.7603 
BC - 7726608.7507 BD - 580510174.5598 CD

0.9560

G” 276854.5715 A + 4249945.2456 B + 352915852.8623 C + 57278.6239 D - 
2514666.8587 AB - 303496662.5973 AC - 680844.8931 AD - 356302456.5589 
BC - 5070906.9855 BD - 362593041.5131 CD

0.9819

G* 907448.6305 A + 7693781.1451 B + 661989380.4897 C + 107537.8709 D - 
4884583.4044 AB - 573277851.3198 AC - 1735571.9504 AD - 657297063.5143 
BC - 9148713.7094 BD - 679910507.7974 CD

0.9640

tan δ -0.0811 A + 102.0512 B + 6321.2461 C + 1.4474 D - 31.5686 AB - 5441.8332 AC 
- 7.6245 AD - 6213.7732 BC - 126.5370 BD - 6504.8091 CD 0.9720

Firmness 34.9614 A + 360.2353 B - 387.5188 C - 6.7183 D 0.9635

A: VCO, B: fish gelatin, C: sodium alginate, D: water

0.75%) produced puddings with strong 
gel characteristics (formulations 5, 7, 14). 
Strong gel strength was also exhibited for 
puddings (formulations 1, 11) consisted 
of low content of sodium alginate (0.15-
0.17%) when added with a lower amount 
of VCO. An addition of lipid can increase 

the G’, G” and tan δ values, attributed to 
the formation of protein-lipid complexes 
(Tolstoguzov, 2003). Thus, the low tan 
δ values were probably attributed to the 
lower VCO content. Further test found that 
puddings with strong gel characteristic were 
firmer (formulations 5, 7, 11, 14). 
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Optimization of Pudding Formulation

Optimization of pudding formulation was 
performed by setting the tan δ value of 0.2 
and firmness value of 11 N (obtained for a 
commercial pudding) as targeted values. 
Pudding formulation comprised 10.68% 
VCO, 3.41% fish gelatin, 0.59% sodium 
alginate and 68.33% water were selected as 
optimized formulation based on the highest 
desirability of 0.874, with predicted tan δ 
value of 0.2 and firmness value of 11 N. 
The optimized formulation was validated 
through experiments and was found to have 
no significant difference (p>0.05) between 
the predicted and experimental values of tan 
δ (0.1954 ± 0.0048) and firmness (11.93 ± 
2.72 N). 

Storage Stability of Puddings

Figure 1 shows the results obtained from 
storage stability study on the optimized 
pudding formulation over 4 weeks at 4 ± 1°C. 
Firmness of pudding increased significantly 
(p<0.05) from 3 weeks onwards (Figure 1 
(a)). According to Alexa et al., (2010), a 
more solid structure of spreads developed 
over storage period was likely attributed to 
the formation of fat crystal network during 
slow post-crystallization processes. This 
could possibly explain that the increase 
in firmness of pudding in this study was 
ascribed to the presence of VCO. Likewise, 
FFA of pudding increased significantly 
(p<0.05) from 3 and 4 weeks onwards 
(Figure 1 (b)). The increase in FFA values 
suggested the hydrolytic degradation of 

Figure 1. Results of storage stability of pudding over 4 weeks at 4 ± 1°C: firmness (a), FFA value (b), and 
count of panel who detected rancidity of pudding (c). Different letters indicate significant difference (p<0.05)

(a) (b)

(c)
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VCO in pudding. According to Eke-Ejiofor 
and Beleya (2015), the presence of the lipase 
activity or other hydrolytic action on lipid 
is responsible for the hydrolytic degradation 
that leads to an increase in FFA values 
of salad creams over storage period. The 
production of FFA can lead to rancidity that 
results in off-flavours of products (Talbot, 
2016). Sensory assessment performed on 
pudding in this study found that rancid taste 
was not significant (p>0.05) when evaluated 
weekly (Figure 1 (c)), although significant 
increase in FFA values was observed from 3 
weeks onwards. Results generally revealed 
that this pudding was stable during storage.

CONCLUSION

Optimized pudding formulation containing 
10.68% VCO, 3.41% fish gelatin, 0.59% 
sodium alginate and 68.33% water was 
successfully obtained using mixture design 
and experimentally validated. Blending 
of high fish gelatin content with sodium 
alginate produced puddings with increased 
in the viscoelasticity and firmness. The 
firmness and FFA values of the puddings 
increased significantly from 3 weeks 
onwards, and the rancid taste was not 
statistically significant over 4 weeks of 
storage period at refrigeration temperature. 
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ABSTRACT

A study was conducted to determine the effects of ensiling on the proximate and mineral 
composition, anti-nutritional factors and microbial properties of ensiled cassava root-leaf 
blends at 50:50, 60:40, 70:30 and 80:20 ratios in an air tight sealed bottles and to also 
determine the blend that could replace maize in swine diet. The data was subjected to one-
way analysis of variance in a completely randomized design. Results of the study indicated 
that blend 50:50 had highest value of crude protein 12.96%, while blend 60:40 had highest 
gross energy value of 4617.17 kcal/kg. Blend 70:30 had gross energy of 4180.95 kcal/kg and 
crude protein of 10.12%. Results of the mineral composition revealed that blend 50:50 had 
highest values of calcium 5.96 g/kg and phosphorus 1.98 g/kg. Anti-nutritional factors of 
the blends were drastically reduced after ensiling. Microbial load of ensiled blends revealed 
that only blend 70:30 recorded the presence of Lactobacillus spp., while Salmonella spp. 
was not detected in all the blends. It was concluded that ensiling was effective for removal 
of anti-nutritional factor, improving chemical composition and hygienic quality of ensiled 
product. Blend 70:30 was recommended as a replacement for maize in swine nutrition.

Keywords: Cassava root-leaf blends, ensiled, microbial 

properties, mineral contents, proximate composition, 

swine nutrition

INTRODUCTION 

The major source of energy feedstuff in 
Nigeria is maize where it constitutes about 
30-40% of formulated swine diet. In recent 
times, the cost of maize has increased 
considerably due to increased production 
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of biofuel and droughts in some parts 
of Africa (United States Department of 
Agriculture [USDA], 2015). Consequently, 
the availability or supply does not meet its 
demand and livestock producers appear 
most hit in terms of scarcity and high 
cost of feedstuff (Hamzat et al., 2003). 
This has accelerated the demand to find 
alternative feed resources that can replace 
maize in swine diets and at a lower cost 
of production. Cassava, a nutritionally 
rich energy feedstuff which production is 
sustainable with a metabolizable energy 
of 3265 kcal/kg (Kanto & Juttupornpong, 
2002) offers a veritable cheap alternative. 
Cassava can completely or partially replace 
maize of metabolizable energy 3300kcal/
kg (Lesson & Summer, 2001) as an energy 
source for all classes of pigs requiring 2600-
3200kcal/kg (National Research Council 
[NRC], 2012) in their diets (Nnadi et al., 
2010).

The majority (70%) of the world’s 
cassava is produced in Nigeria, Brazil, 
Indonesia, Democratic Republic of Congo 
and Thailand (Food and Agriculture 
Organization [FAO], 2015). In 2016, Nigeria 
produced about 46 million metric tonnes 
of cassava making the country the world’s 
largest producer (FAO, 2016).  Cassava 
root is composed almost exclusively of 
carbohydrate, as well as approximately 1-3% 
crude protein (Stupak et al., 2006). Cassava 
can be grown in areas with poor fertility as 
it is resistant to adverse environments and 
tolerates a range of rainfalls (Montagnac et 
al., 2009), thus, making its cultivation not 
seasonal. The crop is cultivated across the 

country. The high energy content and all 
year-round availability of cassava compared 
to maize makes it a potential replacement 
for maize in swine diet and can be relied 
upon to provide the anticipated relief 
against the increasing cost of livestock 
feeds. However, potential utilization of 
cassava roots as feedstuff is limited by some 
factors which include; low crude protein 
content (1-3%), anti-nutritional factors 
majorly cyanogenic glycosides and rapid 
perishability (Eruvbetine et al., 2002).

One of the remedies to these limitations 
is the supplementation of cassava root with 
cassava leaf which is richer in crude protein 
content (21%; Kanto & Juttupornpong, 
2002). Cassava leaves, regarded as farm 
waste during harvesting of cassava roots, 
have been shown to be rich in protein, 
minerals (calcium, phosphorus) vitamins 
(A, B and C) and essential amino acids 
(leucine and lysine) (Adewusi & Bradbury, 
1993). The leaves and tender stems are 
underutilized as they are often left to rot 
away on farmsteads in cassava producing 
areas (Aderemi et al., 2006). Nevertheless, 
it also contains anti-nutritional factors like 
the roots (Wobeto et al., 2007) and requires 
proper processing to reduce or eliminate 
these anti-nutritional factors. 

Sun drying process is probably the 
cheapest and most common method used 
in the tropics for effective removal of anti-
nutritional factors such as cyanide, oxalate 
and phytate in cassava (Cardoso et al., 
2005; Wanapat, 2009). However, it is season 
dependent, laborious and time consuming. 
Ensiling is another method which is as 
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nearly as good as sun drying for preservation 
and reduction of anti-nutrients (Phuc et al., 
2001). Ensiling process has been found to 
be an efficient means of reducing cyanide 
and other anti-nutritional factors to its barest 
negligible concentration and increasing 
nutritional value of cassava (Borin et al., 
2005; Tetchi et al., 2012). In addition, the 
process has been reported to improve the 
nutritional composition of cassava peels 
(Adeleke et al., 2017), cassava mash (Oduah 
et al., 2015; Oluwafemi & Udeh, 2016). 
Furthermore, the process is cheap, simple 
and not season bound. According to Limon 
(1992), one of the advantages of cassava 
silage is that the preservation is guaranteed 
for several months, thus eliminating another 
limitation of cassava; rapid perishability.

However, the preservation of silage 
depends on the production of sufficient 
acid to inhibit activity of undesirable 
microorganisms under anaerobic conditions. 
Lactic acid bacteria (LAB) naturally present 
on forage crops are responsible for silage 
fermentation and also influence silage 
quality (Lin et al., 1992). During silage 
fermentation, LAB converts sugar into 
lactic acid and as a result, the pH is reduced 
and the forage is well preserved (Cai et al., 
1999).

Ensiling is therefore postulated to be 
one of ways of tackling the problems of 
cassava root utilization in animal nutrition 
since it tends to proffer solution to most of its 
limitations, especially when combined with 
cassava leaf. Thus, this study was aimed at 
determining the proximate composition, 
mineral contents, anti-nutritional factors 

and microbial properties of different ratios 
of ensiled cassava root-leaf blends and 
to determine which of the blends will be 
nutritionally sufficient to replace maize in 
swine diet.

MATERIALS AND METHODS

The experiment was carried out at the Animal 
Nutrition Laboratory, College of Animal 
Science and Livestock Production located 
within latitude 7° 13’ N and longitude 3° 26’ 
E (Google Map, n. d.), Federal University of 
Agriculture, Abeokuta, Ogun State, Nigeria.

Collection and Processing of Cassava 
Root and Leaf

The cassava roots (TMS 30572) were 
harvested fresh from the demonstrating farm 
of the Federal university of Agriculture, 
Abeokuta, Ogun State. They were rinsed 
in water to remove the adhering dirt and 
sand and then grated in a locally fabricated 
cassava grinding machine (diesel engine 
of 8hp, Lagos, Nigeria). The ground (sieve 
size 2mm) unpeeled cassava roots were then 
packed in Hessian bags and placed under 
locally fabricated screwed pressed hydraulic 
presser (cassava dewatering machine) for 24 
hours for the purpose of removing effluent 
as described by Kuye and Sanni (2002). The 
leaf biomass (consisting of leaves, petioles 
and stalk) remaining after harvesting of the 
roots were collected and wilted overnight 
to reduce 20% of the moisture content of 
the leaf biomass and later chopped (into 
4cm long). The dewatered cassava pulp and 
wilted cassava leaf biomass were thereafter 
mixed together at different ratios.
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