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About the Journal
Overview

Pertanika Journal of Tropical Agricultural Science is the official journal of Universiti Putra Malaysia. It
is an open-access online scientific journal. It publishes the scientific outputs. It neither accepts nor
commissions third party content.

Recognised 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.

Pertanika Journal of Tropical Agricultural Science 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 for submission by authors from all over the world.

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 3 journals
as Pertanika Journal of Tropical Agricultural Science, Pertanika Journal of Science & Technology, and
Pertanika Journal of Social Sciences & Humanities to meet the need for specialised journals in areas of
study aligned with the interdisciplinary strengths of the university.

Currently, 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.

Vision

To publish journals of international repute.

Mission

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 90 days. The elapsed time from submission to
publication for the articles averages 180 days. We are working towards decreasing the processing time
with the help of our editors and the reviewers.

Abstracting and Indexing of Pertanika

Pertanika is over 42 years old; this accumulated knowledge has resulted in Pertanika Journal of Tropical
Agricultural Science being abstracted and indexed in SCOPUS (Elsevier), Clarivate Web of Science [ESCI],
EBSCO, DOAJ, Agricola, ASEAN CITATION INDEX, ISC, Microsoft Academic, Google Scholar, National
Agricultural Science (NAL), and MyCite.



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 its journal
publications to reflect the highest 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

Originality

The author must ensure that when a manuscript is submitted to Pertanika, the manuscript must be an
original work. The author should check the manuscript for any possible plagiarism using any program
such as Turn-It-In or any other software before submitting the manuscripts to the Pertanika Editorial
Office, Journal Division.

All submitted manuscripts must be in the journal’s acceptable similarity index range:
< 20% — PASS; > 20% — REJECT.

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 an e-ISSN.

Pertanika Journal of Tropical Agricultural Science: e-ISSN 2231-8542 (Online).

Lag Time

A decision on acceptance or rejection of a manuscript is reached in 90 days (average). The elapsed time
from submission to publication for the articles averages 180 days.

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

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

The Introduction explains the scope and objective of the study in the light of current knowledge on the
subject; the Materials and Methods describes how the study was conducted; the Results section reports
what was found in the study; and the Discussion section explains meaning and significance of the results
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and provides suggestions for future directions of research. The manuscript must be prepared according
to the journal’s Instruction to Authors (http://www.pertanika.upm.edu.my/Resources/regular_issues/
Regular_lssues_Instructions_to_Authors.pdf).

Editorial Process

Authors who complete any submission 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
sent to reviewers. Authors are encouraged to suggest names of at least 3 potential reviewers at the time
of submission of their manuscripts 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 90 days from the receipt of manuscript.
Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are accepted
conditionally, pending an author’s revision of the material.

As articles are double-blind reviewed, material that may identify authorship of the paper should be
placed only on page 2 as described in the first-4-page format in Pertanika’s Instruction to Authors (http://
www.pertanika.upm.edu.my/Resources/regular_issues/Regular_lssues_Instructions_to_Authors.pdf).

The Journal’s Peer Review

In the peer review process, 2 or 3 referees independently evaluate the scientific quality of the submitted
manuscripts. At least 2 referee reports are required to help make a decision.

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

Operating and Review Process

What happens to a manuscript once it is submitted to Pertanika? Typically, there are 7 steps to the
editorial review process:

1. The journal’s Chief Executive Editor and the Editor-in-Chief examine the paper to determine
whether it is relevance to journal needs in terms of novelty, impact, design, procedure,
language as well as presentation and allow it to proceed to the reviewing process. If not
appropriate, the manuscript is rejected outright and the author is informed.

2. The Chief Executive Editor sends the article-identifying information having been removed, to
2 or 3 reviewers. They are specialists in the subject matter of the article. The Chief Executive
Editor requests that they complete the review within 3 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
research field.

3. The Editor-in-Chief examines the review reports and decides whether to accept or reject
the manuscript, invite the authors to revise and resubmit the manuscript, or seek additional
review reports. In rare instances, the manuscript is accepted with almost no revision. Almost
without exception, reviewers’ comments (to the authors) are forwarded to the authors. If
a revision is indicated, the editor provides guidelines to the authors for attending to the
reviewers’ suggestions and perhaps additional advice about revising the manuscript.



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 authors may also submit a rebuttal
if there is a need especially when the authors disagree with certain comments provided by
reviewers.

The Chief Executive Editor sends the revised manuscript out for re-review. Typically, at least 1
of the original reviewers will be asked to examine the article.

When the reviewers have completed their work, the Editor-in-Chief examines their comments
and decides whether the manuscript is ready to be published, needs another round of
revisions, or should be rejected. If the decision is to accept, the Chief Executive Editor is
notified.

The Chief Executive Editor reserves the final right to accept or reject any material for
publication, if the processing of a particular manuscript is deemed not to be in compliance
with the S.O.P. of Pertanika. An acceptance notification is sent to all the authors.

The editorial office ensures that the manuscript 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 editorial office. 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 manuscript appears in the pages of the
journal and is posted on-line.
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Foreword

Welcome to the 4th 2020 issue of 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 19 articles; 1 is review article, 1 is short communication and the rest
are regular articles. The authors of these articles come from different countries namely
India, Indonesia, Japan, Malaysia, Nigeria, Taiwan, Thailand and Vietnam.

Articles submitted for this issue cover various scopes of Tropical Agricultural Science
including: animal production; aquaculture; biotechnology; crop and pasture production;
fisheries sciences; food and nutrition development; genetics and molecular biology;
horticulture; plant physiology; soil and water sciences; and zoology.

A regular article entitled “Screening for Sarawak Paddy Landraces with Resistance to
Yellow Rice Stem Borer, Scirpophaga incertulas (Walker) (Lepidoptera: Crambidae)”
screened Sarawak paddy landraces for resistance to S. incertulas. Twelve Sarawak paddy
landraces were hereby selected randomly for this study. Their levels of antixenosis
resistance against S. incertulas were different. Kanowit is more preferred by S. incertulas
for ovipositing on the abaxial leaf surface of rice plant. Whereas, the antibiosis resistance
against the eggs and larvae of S. incertulas seems absent. The detailed information of
this study is available on page 491.

A selected article entitled “Bali Bananas (Musa spp. L.) Genetic Relationship Based on
Internal Transcribed Spacer 2 (ITS-2)” determined the genetic relationship of Bali banana
cultivars using the internal transcribed spacer 2 (ITS-2) region as a molecular marker. The
result showed that two clades were formed from thirty-nine banana samples, in which
one clade was abundant in A genome (AA and AAA), and the other rich in the B genome
(BB and ABB). It suggested that cultivars that had similar genomic compositions tended
to be grouped within the same clade and separated with different genomic compositions.
Further details of this study are found on page 583.



Mohammad Mijanur Rahman and his teammates from Universiti Malaysia Kelantan fo-
cused on the effect of Asyastasia gangetica and Brachiaria decunbens on intake, digest-
ibility, and growth performance of rabbits. They concluded that the diet containing A.
gangetica showed more benefits in terms of code protein (CP) and neutral detergent
fibre (NDF) intakes, weight gain and feed conversion ratio (FCR). On the other hand, the
diet containing B. decumbens gained lower rate of body weight (BW). Overall, a combi-
nation of concentrate and A. gangetica is recommended to be utilised for feeding the
growing rabbits. Full information of this study is presented on page 609.

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 is to ensure that the quality of the papers justifies 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, 37% were accepted. This seems
to be the trend in Pertanika 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
Dato’ Dr. Abu Bakar Salleh
executive editor.pertanika@upm.edu.my
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Review Article
Effects of Spirulina platensis and Chlorella vulgaris on the
Immune System and Reproduction of Fish

Wizilla Janti Joshua' and Zarirah Zulperi'**

!Aquatic Animal Health and Therapeutics Laboratory, Institute of Bioscience, Universiti Putra Malaysia,
43400 Serdang, Selangor, Malaysia

’Department of Aquaculture, Faculty of Agriculture, Universiti Putra Malaysia,
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ABSTRACT

This review briefly highlights previous studies on the effects of Spirulina platensis and
Chlorella vulgaris on the health and reproduction of fish. These microalgae have diverse
potentials. This study can be used as a stepping stone in advancing the aquafeed industry
by formulating microalgae-based feeds. It can be made to specifically enhanced the health
status of fish and its reproductive system through the supplementation and/or replacement of
fishmeal or other plant proteins such as soybean meal. Hence, it could be more sustainable
than depending on natural fish stocks. The usage of antibiotics and vaccines to solve the
issue of disease outbreak in aquaculture, as well as the usage of hormones for the growth
and reproduction of fish, can also be replaced by the usage of S. platensis and C. vulgaris.
The inclusion of these microalgae in fish feed has affected hemathological parameters and
survival in fish as it boosts the numbers of white and red blood cells and thus affecting the
immunity-stimulating capacity in fish. Besides, these microalgae also affect the fecundity
and survival of fish eggs and thus directly affecting the reproduction performance of fish.
Spirulina platensis affects eggs production and survival in fish whereas C. vulgaris enhances

oxidative stress that affects the reproduction

of White rabbits. This review aimed to
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Wizilla Janti Joshua and Zarirah Zulperi

INTRODUCTION

The increasing human population worldwide
has pressured the natural stocking of
fish. Hence, aquaculture industries are
blooming all over the world to support
the growing demand for protein sources.
This industry also provides food security
and directly responsible in developing the
livelihood of less-privileged communities.
Aquaculture industry is being enforced
and promoted as an important tool that
drives economic growth in Malaysia and
has been enlisted in the National Key
Economic Area (NKEA), which highlights
the 16 agro-food’s entry point projects
(EPP) (Yusoff, 2015). Statistics from the
Department of Fisheries Malaysia (DOF)
(2018) reported that the production of
freshwater aquaculture was 102,500 tonnes
in 2017 and increased to 105,700 tonnes in
2018, while the production of brackish water
aquaculture was 324,300 tonnes in 2017 and
290,900 tonnes in 2018. The rapid growth
of the aquaculture industry, particularly
fish farming, has raised a number of issues
in the health management of fish in terms
of fish immunity against disease outbreak
and the continuous supply of good quality
fish seeds in terms of fish reproduction and
developments.

This scenario is often related to the
use of chemicals in aquaculture for a
successful production (Subasinghe, 2004).
However, such application is not widely
encouraged as it introduces several risks to
the production system, environment, and
human health (Melba & Rohana, 2008).
Thus, chemotherapeutics has been replaced

with other alternative sources that are
more acceptable in aquaculture practises,
such as adding microalgae in fish feed as
supplements. Various forms of algal meal
applications have been studied. Generally,
microalgae are used as larval feed by some
fish farmers, and different levels of inclusion
are added in fish feeds to boost their
beneficial effects on fish conditions (Brown,
2002). Several microalgae possess high
protein, lipid, and carbohydrate contents.
Besides, the biomass of microalgae is rich in
proteins, and it can strive and compete fairly
for its quality and quantity compared with
regular food proteins, such as fish, soybeans,
and eggs (Ejike et al., 2017). A handful of
researches and studies had been carried out
in the past to analyse the potential effects
of microalgae in fish, and such attempts are
still in progress with various developments
on specific parameters in fish, such as the
immune and health system as well as the
reproductive system. In this review, the
effects of S. platensis and C. vulgaris on
the immunity and reproduction of fish are
briefly elaborated.

POTENTIALS OF MICROALGAE
IN AQUACULTURE

The growth of the aquaculture industry has
gone hand in hand with the growth of the
population worldwide to ensure that ample
fish supply as a part of protein sources
can be fulfilled. The aquaculture industry
is expected to solve food security and
nutritional well-being, reduce poverty, and
develop the economy (Melba & Rohana,
2008). However, the focus on developing
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the aquaculture industry to fulfil such
expectation has raised several issues in
aquaculture. Among the most recognisable
problem is the use of chemotherapeutants in
aquaculture. Chemotherapeutics has benefits
and is a key to a successful aquaculture
production in activities, such as pond and
tank constructions, feed formulation, growth
promotion, health management, and booster
of natural production (Melba & Rohana,
2008; Subasinghe, 2004). Nevertheless,
the use of chemicals in aquaculture is not
widely encouraged. Various researches
and tests have been carried out to develop
products that are friendlier to replace
the use of chemicals in aquaculture. The
organism that is known to be a more
sustainable choice in replacing the use
of chemotherapeutants in aquaculture is
microalga. The growing interest in the
multipurpose properties of microalgae has
developed various microalgae applications
in daily life. Microalgae are an alternative to
sustainable aquaculture practices by playing
roles in wastewater treatment and ingredient
replacement in fish feed. The development
of fish feed with the inclusion of microalgae
is widely studied because of its encouraging
effects on farmed fish. Microalgae can
be used in aquaculture as feed, growth
enhancers, and immunostimulants (Ahmad
et al., 2018). However, microalgae must
be easily cultured and nontoxic to be used
in aquaculture (Spolaore et al., 2006). The
criteria that are taken into consideration
before incorporating microalgae as feed
ingredients for fish are that they need to
have the correct size, are easily ingested and

digested by fish, and have high nutritional
quality profiles (Brown et al., 1999; Renaud
et al., 2002). Research on microalgae, such
as S. platensis and C. vulgaris, their effects
in enhancing the immunity and reproduction
performance of fish and other organisms is
continuous and evolving.

GENERAL INTRODUCTION
Spirulina platensis

Spirulina or Arthrospira platensis is a
blue-green filamentous alga that
inhabits freshwater bodies. Its name is
acquired from its cylindrical shape with
multicellular trichomes in an open left-
handed helix (Figure 1) (Jung et al., 2019).
Morphologically, S. platensis is a helicoid
alga with a radial that is distinct from those
of other species (Promya et al., 2008). This
microalga has a protein content of up to
70% and is rich in vitamins, minerals, and
essential fatty acids, such as linolenic and
linoleic acids, and palmitic acid (Abdel-
Tawwab & Ahmad, 2009). Spirulina has
been used as a dietary supplement for a
long time by the community that resides
near the alkaline lakes where it is habitually
found (Jung et al., 2019). Today, Spirulina
is produced in numerous countries in Africa
and America, such as Benin, Burkina Faso,
Chad, Brazil, Chile, and Costa Rica, as well
as Asian countries, such as Thailand, India,
China, Vietnam, and Taiwan (Habib et al.,
2008). However, the production of Spirulina
is carried out in control conditions to avoid
contaminations from other sources, such as
blue-green algae, pesticides or heavy metal;
thus, its general composition is affected by
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the location and type of production (Table
1) (Jung et al., 2019). The rich contents
of this microalgae species made it an
interesting ingredient for testing as feed
in fish. Various studies have analysed the
immunology, disease resistance, oxidative
stress, and growth performance of a number
of aquatic animals based on S. platensis-
supplemented feeds (Abdel-Latif & Khalil,
2014; El-Sheekh et al., 2014; Kim et al.,
2013; Macias-Sancho et al., 2014; Promya
& Chitmanat, 2011; Teimouri et al., 2013;
Yeganeh et al., 2015).

”
Figure 1. The microscopic view of Spirulina
Note. Adapted from “Earth food Spirulina
(Arthrospira): Production and quality standarts”,
Retrieved June 01, 2020, from https://www.
intechopen.com/books/food-additive/earth-food-
spirulina-arthrospira-production-and-quality-

standarts. Copyright 2012 by Koru. Adapted with
permission

Table 1
The general composition of Spirulina. Adapted from

“Spirulina platensis, a super food?” (Jung et al.,
2019)

Components Percentage (%)
Proteins 55-70
Carbohydrates 15-25
Lipids 6-8
Minerals 7-13
Humidity (dried algae) 3-7
Dietary fibers 8-10
Chlorella vulgaris

Chlorella vulgaris is a freshwater species
and unicellular alga that contains a nutrient-
dense super food, including various vitamins
and minerals, 18 amino acids, and 60%
protein (Khani et al., 2017). A report by Nick
(2003) also stated that Chlorella possessed
excess minerals, such as iron, calcium,
potassium, magnesium, phosphorous, and
20 vitamins, such as pro-vitamin A, vitamins
C, B1, B2, B2, BS, B6, B12, E, K; biotin,
inositol, and folic acid. Morphologically,
Beijerinck (as cited in Safi et al., 2014, p. 266)
discovered C. vulgaris as the first microalga
with a well-defined nucleus. Chlorella has
a rigid cell wall that varies according to
each growth phase and provides protection
against invaders and harsh environment
(Safi et al., 2014) (Figure 2). In addition,

Figure 2. The growing phases of Chlorella vulgaris

Note. Adapted from “Morphology, composition, production, processing and applications of Chlorella
vulgaris: A review” by C. Safi, B. Zebib, O. Merah, P. Y. Pontalier, and C. Vaca-Garcia, 2014, Renewable and
Sustainable Energy Reviews, 35, pp. 265-278. Copyright by Elsevier

432 Pertanika J. Trop. Agric. Sc. 43 (4): 429 - 444 (2020)



Spirulina platensis and Chlorella vulgaris as Feed Supplements

this microalga has many fundamental
components that are identical to actual
plants, including cytoplasm, mitochondrion,
and chloroplast. Besides, it is one of the
microalgae that contain the highest quantity
of chlorophyll compared with other plants
(Raji et al., 2018). Chlorella has a unique
phytonutrient property that is made up of
vitamins, nucleic acid-related substances,
amino acids, proteins, peptides, and sugars
known as the Chlorella growth factor
(CGF), which is found in abundance in the
nuclei of the alga (Nick, 2003).

ENHANCEMENT OF FISH
IMMUNE SYSTEM

Spirulina platensis

The properties of S. platensis that are rich
in proteins and vitamins have a positive
impact on the immunity of the animals that
consumed it (Promya & Chitmanat, 2011).
However, the effects of S. platensis on the
immune system of fish may vary according
to the levels of supplementation or inclusion.
Promya and Chitmanat (2011) stated that a
5% supplementation of Spirulina in the feed
resulted in higher red blood cell (RBC) and
white blood cell (WBC) counts in African
sharptooth catfish as well as advanced its
immunity-stimulating capacity. The result
is remarkedly different compared to a 3%
supplementation of Spirulina, which gave
a lower immunity in African sharptooth
catfish. Besides, a feeding experiment on
Nile tilapia with five levels of Spirulina
inclusion (1.25,2.5,5.0,7.5,and 10.0 gkg!
diet) added to the basal diet showed that

the RBC and WBC counts increased from
1.92 x 10° uL. ' t0 2.54 x 10° pL ! and 3.21
x 10° uL™" to 4.02 x 10° uL!, respectively,
as the Spirulina levels increased, although
5.0 gkg! Spirulina is the optimum amount
that gave the highest specific growth
rate, weight gain, and food conversion
ratio with no substantial difference in the
survival rate from one treatment to another
(Abdel-Tawwab & Ahmad, 2009). These
results showed that different levels of
Spirulina inclusion in fish diet affect blood
counts. Blood biochemical indexes can be
an indicator that reflects the health status,
physiological condition, metabolism, and
immunity of fish (Zhou et al., 2001). In
addition, alkaline phosphate (ALP) activity
in fish is another parameter that is commonly
used to study the immunity of fish. ALP is
a non-specific phosphate hydrolase that is
involved in fish metabolic regulation and
plays a vital role in non-specific immune
response in organisms (Huang et al., 2005).
Lin et al. (2016) showed an increasing
trend in the ALP activity of golden pomfret
(Trachinotus ovatus) based on the 0%—6%
supplementation of S. platensis in the fish
diet and suggested that further experiment
should be carried out for the ALP activity in
fish. C-phycocyanin, a property of Spirulina,
helps build immune capacity (Vonshak,
1997) and could be the reason for the
enhancement of the immunity of fish based
on the feeding trials with the inclusion or
supplementation of Spirulina. Furthermore,
a different approach of administering
Spirulina through direct or oral method was
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also investigated. A test on carp (Cyprinus
caprio) intubated with 0 (control), 1, 10,
and 25 mg doses of Spirulina suspended in
sterilised physiological saline (0.85% NaCl)
and subjected to Aeromonas hydrophilia
(strain MU9901) infection showed that the
number of bacterial cells in the liver and
kidney of carp treated with Spirulina were
lower compared with those of the control
groups at the treatment intervals of 4, 8, and
12 hours and at 1 and 4 hours post-bacterial
challenge (Watanuki et al., 2006). Another
challenge test using sturgeon (Huso huso)
that was intraperitoneally injected with
Streptococcus iniae (strain ATCC29178)
after 8 weeks of feeding period with 0%,
2.5%, 5%, and 10% of Spirulina added to
the basal diet showed that the cumulative
mortality of sturgeon decreased with the
increasing supplementation of Spirulina
(Adel et al., 2016). These challenge tests
suggested that Spirulina could activate
leucocyte activities in fish and thus
increased the resistance against bacterial
infections. Leucocytes are involved in
superoxide production, cytokine release,
and phagocytosis (Watanuki et al., 2006).
The effects of Spirulina in enhancing the
immunity of fish from disease infections
and increasing the blood biochemical
indexes in fish could create a specific market
for Spirulina-based feed or supplements
for aquaculture use. Spirulina could also
be an alternative to replace the usage of
antibiotics and vaccines, which are less
environmentally friendly and have higher
cost.

Chlorella vulgaris

Chlorella vulgaris is a green microalgae
species with an engaging immunostimulant
property that enhances the health and
increases the life expectancy of fish (Gouveia
etal., 2002). Formulated diet supplemented
with 2%, 5%, 7%, and 10% of C. vulgaris
dry powder gave higher values of C4,
total immunoglobulin and lysozyme in koi
carp than the control group (0% Chlorella
vulgaris inclusion); thus, C. vulgaris could
be involved in the modulation of the innate
immunity of fish during the experimental
period of 8 weeks (Khani et al., 2017). Khani
et al. (2017) also found that the koi group
fed with C. vulgaris-supplemented diets also
had higher haemoglobin and haematocrit
levels, and the highest values were obtained
by 5% Chlorella vulgaris supplementation.
These components are important for the
survival of fish and linked to the oxygen-
binding capacity of blood (Bielek & Strauss,
1993). The addition of C. vulgaris powder
supplement to the formulated diet increased
the levels of IgM, IgD, interleukin-22 (IL)-
22, and chemokine (C—C motif) ligand 5
in Gibel carp (Carassius auratus gibelio)
(Zhang et al., 2014). The expression of
various cytokines, such as IL-8 and IL-1,
in fish fed with microalga-supplemented
diet is greatly affected (Diaz-Rosales
et al., 2008). This report supports the
immunostimulant potential of C. vulgaris
in boosting the immunity of fish. Besides,
C. vulgaris contains abundant carotenoid
and thus subjected to various studies in
yielding different types of carotenoids
(Markou & Nerantzis, 2013). Fish with
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high carotenoid content are more immune
to fungal and bacterial infections (Gupta
et al., 2007). Besides, carotenoids are
soluble lipid pigments that play a role in the
formation of skin colouring in ornamental
fish [Kestemont et al. (as cited in Liang et
al., 2012, p. 2); Paripatananont et al., 1999].
The biomass of C. vulgaris is more efficient
in enhancing skin colouring and produces
the highest deposition of carotenoid and
red hue in three varieties of chromatic koi
carps, namely, Kawari (red), Showa (black
and red), and Bekko (black and white)
(Gouveia et al., 2003). Colouring and pattern
formation are important in ornamental fish
as those traits will determine their quality
(Li et al., 2008). The high bioavailability
of carotenoids in C. vulgaris and the
thin cellular membrane of this microalga
are the possible characteristics that gave
better efficiency for the skin colouring of
fish, even for species that have relatively
short digestive tracts (Gouveia et al.,
1998). Chlorella vulgaris also remarkably
enhances the growth performance and
feed intake of koi carp at 5% inclusion in
feed and other parameters, such as specific
growth rate and protein and lipid efficiency
rate, in contrast to the group without any
C. vulgaris inclusion; thus, the growth
enhancement is possibly caused by the
high digestibility of this microalga (Khani
et al., 2017). This enhancement may also
be due to growth promoter properties, such
as the adequate amounts of macronutrient
and CGF in C. vulgaris (Badwy et al.,
2008; Yamaguchi, 1996) and its high-
quality protein content (Kang et al., 2013).

However, further research on the growth
effects of Chlorella should be carried out
in various fish species and might not give
the same positive effects. Its effect can be
affected by the levels of supplementation,
species-specific reactions to Chlorella, and
the experimental period (Rahimnejad et al.,
2016). Hence, the addition of C. vulgaris in
feed for its carotenoid contents and property
in stimulating the growth and immunity of
fish is a promising idea as C. vulgaris is also
known as a fast-growing microalga and can
be a sustainable aquafeed ingredient in the
future.

The addition or inclusion of S. platensis
and C. vulgaris in fish diet and their effects
on fish immune system are summarised in
Table 2. Further trials on these microalga
species on different fish stages, sizes, age,
and environment should be investigated to
improve the knowledge of suitable fish diet
formulation with the addition of microalgae
as natural supplements that could boost
the immune system of fish. However, such
approach requires a broad understanding on
the abilities of different fish species to digest
or utilise the target properties in microalgae,
particularly the immunostimulant properties.

IMPROVEMENT OF FISH
REPRODUCTION SYSTEM

Spirulina platensis

The effects of S. platensis on the reproduction
and survival rates of fish were studied by
several researchers throughout the years. The
quality of fish brooders is the important key
to a successful fish propagation. The features
that define the reproductive capability and
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Summary of addition or inclusion of Spirulina platensis and Chlorella vulgaris in fish diet and their effects
on fish immunity

Microalgae Fish species Diet / Test type(s) Effects on immunity Reference(s)
Clarias D1 (Control): Instant fish feed Higher counts of WBC,  Promya and
gariepinus (obtained from animal feed RBC, and lysozyme Chitmanat
(African supply) activity assay in 3% (2011)
sharptooth D2: Instant fish feed + 3% and 5% Spirulina
catfish) Spirulina algae supplementation diets as

D3: Instant fish feed + 5% compared to control
Spirulina algae
Oreochromis D1 (Control): Basal diet (30.6%  Increasing number Abdel-
niloticus, L. crude protein, 9.1% lipids, 4.72 of WBC, RBC, and Tawwab
(Nile tilapia) kcal GE g) lymphocytes as the and Ahmad
D2: Basal diet + 1.25 g Spirulina/ amount of Spirulina (2019)
kg diet added in diets increased
D3: Basal diet + 2.5 g Spirulina/
kg diet
D4: Basal diet + 5.0 g Spirulina/
kg diet
D5: Basal diet + 7.5 g Spirulina/
kg diet
D6: Basal diet + 10.0 g Spirulina/
kg diet
Trachinotus D1 (Control): Basal diet (50.27% Increasing trend in Lin et al.
ovatus crude protein, 8.35 crude lipid) the alkaline phosphate (2016)
Spirulina  (Golden D2: Basal diet + 1.0% Spirulina ~ (ALP) activity as the
platensis  pomfret) D3: Basal diet + 2.0% Spirulina ~ amount of Spirulina in
D4: Basal diet + 3.0% Spirulina  the diet increased
D5: Basal diet + 4.0% Spirulina
D6: Basal diet + 5.0% Spirulina
Cyprinus Direct intubation (0.1 ml Lower number of Watanuki et
caprio suspension) bacterial cell (challenged al. (2006)
(Carp) Dose 1: 0 dose (0.85% NaCl) with Aeromonas
Dose 2: 0.85% NaCl + 1 mg hydrophilia - strain
Spirulina MU9901 infection)
Dose 3: 0.85% NaCl + 10 mg in liver and kidney as
Spirulina compared to control
Dose 4: 0.85% NaCl + 25 mg
Spirulina
Huso huso D1: Basal diet (Control) Cumulative mortality of  Adel et al.
(Sturgeon) D2: Basal diet + 2.5% pure dried  the sturgeon decreased ~ (2016)
Spirulina with the increasing
D3: Basal diet + 5.0% pure dried  supplementation of
Spirulina the Spirulina in basal
D4: Basal diet + 10.0% pure dried diet (challenged with
Spirulina Streptococcus iniae
- strain ATCC29178)
through intraperitoneal
injection
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Table 2 (continue)

Microalgae Fish species  Diet / Test type(s) Effects on immunity Reference(s)
Cyprinus D1: Formulated feed (Control) Higher values of Khani et al.
caprio D2: Formulated feed + 2% dry immune parameters: C4, (2017)
(Carp) powder C. vulgaris total immunoglobulin,
D3: Formulated feed + 5% dry and lysozyme than the
powder C. vulgaris control
D4: Formulated feed + 7% dry
powder C. vulgaris Higher values of
D5: Formulated feed + 10% dry ~ haemoglobin (Hb)
powder C. vulgaris and haematocrit (Ht)
than control — 5% of
Chlorella vulgaris
Chlorella supplementation gave
vulgaris highest values
Carassius D1: Formulated diet (Control) Increasing Zhang et al.
auratus D2: Formulated diet + 0.4% immunoglobulin (Ig) M (2014)
gibelio Chlorella powder and D, interleukin-22
(Gibel carp) D3: Formulated diet + 0.8% (IL)-22, and chemokine

Chlorella powder

D4: Formulated diet + 1.2%

Chlorella powder

D5: Formulated diet + 1.6%

Chlorella powder

(C-C motif) ligand 5
(CCL-5) as the Chlorella
supplementation in diet
increased

D6: Formulated diet + 2.0%

Chlorella powder

performance of brooders rely on the eggs’
fecundity, diameter, and hatchability rates
(Chong et al., 2004; Kumaraguruvasagam et
al., 2007; Izquierdo et al., 2001). Spirulina
platensis provides a remarkably higher egg
survival rate of 73%, shorter hatching and
faster larval development compared with the
commercial flake diet-fed group when given
as sole food for zebrafish broodstock with
the hypothesis that commercial flake does
not contain as much Omega-6 fatty acid
as S. platensis (Geffroy & Simon, 2013).
In addition, S. platensis contains omega-6
fatty acid (which made up 41.2% of fatty
acids), specifically gamma linolenic acid
and linoleic acid (Qiang et al., 1997). These
properties are the precursors of arachidonic

acid, which is a remarkable constituent
in the formation of prostaglandin that
interferes in oocyte maturation, ovulation,
and steroidogenesis (Pati & Habibi, 2002;
Patifio & Sullivan, 2002). Hence, Spirulina
is a promising diet for adult fish. Spirulina
platensis also considerably increases the
hatching percentage and total egg reproduced
by yellow tail cichlid (Pseudotropheus
acei) during a 12-week observation period
(Giiroy etal., 2012). This microalga species
could possibly replace the administration
of artificial hormones in enhancing
reproduction performance by incorporating
it in the diet of brooders. Besides, raw
Spirulina was also tested on Nile tilapia
as the primary feed and has increased
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the egg production, hatching percentage,
and survival rates of fish compared with
conventional fish feed (Promya & Chitmanat,
2011). Spirulina as a replacement fish meal
for the feeding of three-spot gourami
(Trichopodus trichopterus) provides greater
gonadosomatic indices (19.4%-21.85%)
and affects the absolute fecundity of
fish between 7,300 and 12,700 eggs per
female at 2.5%—10% Spirulina platensis
replacement levels than the group fed with
fish meal only (Khanzadeh et al., 2016).
The addition of this microalga can result
in the enhancement of gonad maturation.
Apart from that, S. platensis possesses
fat soluble pigments (carotenoids), such
as xanthophylls, B-carotene, echinenone,
cryptoxanthin, and zeaxanthin (Nakagawa
& Montgomery, 2007). Reproductive
performance can be enhanced by dietary
carotenoids (Watanabe & Vassalo-Agius,
2003). Increasing dietary carotenoid
supplementation enhances the reproduction
capability of different fish species, such
as rainbow trout (Oncorhynchus mykiss)
(Dabrowski et al., 1987), gilthead seabream
(Sparus aurata) (Scabini et al., 2010),
and yellow tail (Seriola quinqueradiata)
(Vassallo-Agius et al., 2001, 2002). These
discoveries show that the carotenoids in
S. platensis play multiple roles, that is, it
affects the colouration of fish and improves
their reproductive performance. Thus, S.
platensis can be one of the primary sources
to be developed in ornamental fish industry
by focusing on its capability to enhance the
colouration and reproductive performance
of the fish.

Chlorella vulgaris

Based on the knowledge obtained in
this review, very scarce information is
available on the effects of C. vulgaris on
the reproduction of fish. Some of the studies
found were only focused on mammals. For
example, Sikiru et al. (2019) reported that
C. vulgaris enhances oxidative stress, which
was an exclusive biochemical complication
that affected the reproduction in New
Zealand White rabbits. Besides, the extract
of C. vulgaris improves the histological
adjustment of monosodium glutamate in
ovarian tissue, the level of sex hormones,
and increases the level of ovarian enzymatic
antioxidants in adult female albino mice
(Abdel-Aziem et al., 2018). Hence, its
effects on fish should be further explored
for potential use in aquaculture.

FUTURE PROSPECT AND
CONCLUSION

The inclusion of Spirulina platensis and
Chlorella vulgaris as feed supplement
has substantial impacts on fish health
and immunity. Planning better tests on
a bigger scale of fish culture system is
important to see the pattern of immunity and
hematological parameters in natural culture
conditions than in controlled laboratory
environments. Besides, S. platensis has a
potential in affecting the performance of
fish brooder, which directly influences the
quality and survival of eggs. Well-modified
feed products based on S. platensis that
focus more on the reproductive effects in
fish could have a great future in aquaculture.
Apart from that, more research should be
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done to analyse the effects of C. vulgaris on
fish to highlight the capability of carotenoids
in evaluating the growth performance
and immunity of fish. In conclusion, this
review briefly presented the effects of S.
platensis and C. vulgaris on the immunity
and reproduction of fish. It is recommended
that more studies should be conducted on the
possible contributions of these microalgae
in the aquafeed industry to create more
environmentally effective antibiotics and
vaccines to combat fish diseases in a culture
system and enhance the reproduction of fish.
Using renewable natural products, such as
microalgae, will also benefit the aquaculture
industry by having better practices that
conserve the environment.
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ABSTRACT

This study aimed to determine the lethal concentration (LCs,) of Terminalia catappa leaves
extract on three cyprinid species; carp (Cyprinus carpio), goldfish (Carassius auratus) and
tiger barb (Puntigrus tetrazona) through the acute toxicity test. The leaves of 7. catappa were
extracted with methanol and prepared in various immersion concentrations (40, 80, 100, 150,
200, 250, 300, and 350 mg/L). These extracts were immersed in the aquarium and left for
24 h before performing the acute toxicity test. The water quality was also analyzed before
and after adding the extract immersions into the aquarium. The acute toxicity test conducted
for 96 h with 10 fishes of each cyprinid species (4.0-6.0 cm length) in 30 L water capacity
aquarium. The mortality of each cyprinid species was recorded at 24 h time interval and LCs,
of the extracts throughout 96 hours was determined through the probit analysis application.
Specifically, the LCs, of 7. catappa leaves extract were 349.89, 338.65 and 318.48 mg/L
exhibited for carp, goldfish and tiger barb, respectively. A high concentration range of any
plant-based extract has the potential to become toxic to particular fishes. Thus, it is an effort
from this study to identify the safety margin of 7. catappa leaves extract before its therapeutic
values can be further manipulated and elucidated in aquaculture research.
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of Fisheries [DOF], 2016). Cyprinidae
considered among the popular fish families
in Malaysia for the ornamental and food fish
industries. Cyprinids were on the highest
rank, which contributed about RM 103
million from a total of RM 341 million in
ornamental fish production in 2015 (DOF,
2015). Among the cyprinid species, carp
(Cyprinus carpio), goldfish (Carassius
auratus) and tiger barb (Puntigrus tetrazona)
are having a relatively high market demand
due to its beautiful pattern and colors.
However, significant losses in
many aquaculture industries from the
uncontrollable disease outbreaks that
emerge from various causes seemed to be
unavoidable (Citarasu, 2012; Rodger, 2016).
Progress in combating the diseases currently
is time-consuming and has become slower
through conventional protocols, since
chemical drugs resistance problems are
dramatically aroused (Liu et al., 2017;
Song et al., 2015). To some extent, the
over-dosage of antibiotics or antimicrobial
treatments can spoil the captivating features
and color of ornamental fishes, which
ultimately affects its sale and market values
(Marimuthu et al., 2012). As for issues
related to the future of the ornamental
fish industry, there are tremendous efforts
and countless studies presently in search
of alternative sources, especially from
indigenous or herb plants that are convenient
and harmless for disease treatments.
Terminalia catappa or locally known
as ‘ketapang’ is a multi-purpose tree since
almost all of its parts can utilize for human
and animal benefits (Kadam et al., 2011). The

dried leaves are said to have miraculous or
therapeutic effects on the infected or injured
fishes, according to locals in Southeast
Asia (Chansue & Assawawongkasem,
2008). Therefore, it is common to see the
leaves submerging in the culture tanks of
fish breeders or even home aquariums as
protection from diseases for their cultured
fishes. Terminalia catappa leaves typically
contain various phytoconstituents such
as tannins, isovitexin, flavonoids and
triterpenoids (Citarasu, 2010), which have
proven efficient as fish anti-pathogenic
through many in vitro tests (Allyn et al.,
2018; Fakoya et al., 2019; Purwani et
al., 2015; Walczak et al., 2017). The in
vivo studies through bath treatment of
these leaves on the infected fishes are still
scarce and selective in certain species of
ornamental fishes particularly on Siamese
fighting fish (Betta splendens) and guppy
fish (Poecilia reticulata) (Chansue &
Assawawongkasem, 2008; Nugroho et al.,
2017; Purivirojkul, 2012). Many researchers
are likely more interested in the in vitro test
compared to in vivo tests, as the preparations
seem complicated with its toxicology
and safety evaluations on live animals
(Akinsanya et al., 2016; Manaharan et
al., 2014). Although there are increasing
numbers in plant remedy studies, their
scientific works on its safety, toxicity and
adverse effects for the specific host or target
are not always discovered together at the
same time (Kasthuri & Ramesh, 2018; Saad
et al., 2000).
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With the main focus on the immersion
concentrations of 7. catappa leaves extract,
the present study aims to determine its
toxicity level on the three selected cyprinid
species, which are carp, goldfish and tiger
barb. Information from this toxicity study
would serve as an essential baseline for
further studies in establishing 7. catappa
leaves extract as an alternative source of
therapeutics against diseases in ornamental
fishes.

MATERIALS AND METHODS

Preparation of Terminalia catappa
Extract

The green leaves of wild-grown 7. catappa
were collected and dried under the sunlight
for about one week with another 48 h
drying with oven (Protech®-FSD 380) at
40°C. These dried leaves were pulverized
to fine powders with a commercial blender
(Butterfly® B-592) and freeze dried at
-45°C (Labconco-7750030) as preparations
for methanolic extraction. The extractions
were performed for about 48 h using 100 g
of T. catappa leaves powder with 1000 mL
methanol according to the method by Yi
et al. (2012). The excessive methanol was
then evaporated using rotary evaporator
(Eyela-N1100) and the obtained crude
extract were kept in the freezer (-20°C) and
used as a test solution.

Preparation of Fish Culture

The selected cyprinid species of carp
(Cyprinus carpio), goldfish (Carassius
auratus) and tiger barb (Puntigrus

tetrazona) purchased from the local
breeders; considerably similar in size (4.0-
6.0 cm length). Prior to experiment, all
fishes acclimatized under the laboratory
conditions for seven days before conducting
the acute toxicity test. The dissolved oxygen
levels maintained within the standard
concentration range for freshwater fishes
between 3.0 to 7.0 mg/L (DOF, 2016)
and the fishes were daily fed once with
commercial fish pellet.

Acute Toxicity Test

Eight different concentrations of Terminalia
catappa leave extract (40, 80, 100, 150, 200,
250, 300, and 350 mg/L), each with three
replicates along with one control were set up
in this test. The test conducted according to
the method of Ekanem et al. (2004) within
96 h. The extracts initially immersed for 24 h
before adding the 10 fishes of each cyprinid
species into the 30-L tank aquarium. The
water was continuously aerated without
any change and fed not provided throughout
the test. Any dead fish found under these
circumstances during the observation at
every 24 h was isolated from the aquarium.
The total of death fishes throughout 96 h in
the respective extract concentrations was
finally recorded for determining the LCs, or
lethal concentration of the extracts.

Water Quality Analysis

The quality of aquarium water with non-
immersions and immersions of leaves
extract was analyzed before performing the
acute toxicity test. The pH, temperature,

Pertanika J. Trop. Agric. Sc. 43 (4): 445 - 456 (2020) 447



Emi Fazlina Hashim, Irence John, Intan Faraha A Ghani and Mohammad Noor Amal Azmai

dissolved oxygen and total ammonia-
nitrogen of the water were measured
using water quality probe (YSI Pro Plus).
The final concentration of total ammonia-
nitrogen was further determined using a
Nessler-2458200 reagent set.

Statistical Analysis

Statistical analysis using one-way analysis
of variance (ANOVA) was applied to
the results of water quality analysis. The
significant differences at 95% confidence
level between the data samples distinguished
using Duncan’s multiple range test (Duncan-
MRT). The lethal concentration or LCs,
of T catappa leaves extract on the tested
cyprinid species was determined using
probit analysis.

RESULTS
Acute Toxicity Test

No mortality was observed within the 96
h exposure for all cyprinid species in the
concentrations ranging from 20 to 200 mg/L
(Tables 1, 2, and 3). However, the mortality
significantly increased when the tested
concentrations distinctly increased from 250
to 350 mg/L. The highest bath concentration
of 350 mg/L also demonstrated almost to
100% mortality in all cyprinid species,
especially tiger barb.

Probit analysis was applied to determine
the relative LCs, or lethal concentration
of T catappa that caused death in at least
50% from the tested cyprinid species in
a specified period of 96 h. Through this
analysis, different LCs,of 7. catappa leaves

Table 1
Mortality rate (%) of carp (n=10) within 96 h bath immersion of Terminalia catappa leaves extract at different
concentrations
. Concentrations of extract (mg/L)
Time (h)
Control 40 80 100 150 200 250 300 350
24 0 0 0 0 0 0 0 0
48 0 0 0 0 0 0 0 0 10
72 0 0 0 0 0 0 0 10 20
96 0 0 0 0 0 0 20 20 50
Total (%) 0 0 0 0 0 0 20 30 80
Table 2

Mortality rate (%) of goldfish (n=10) within 96 h bath immersion of Terminalia catappa leaves extract at

different concentrations

Concentrations of extract (mg/L)

Time (h)
Control 40 80 100 150 200 250 300 350
24 0 0 0 0 0 0 0 0
48 0 0 0 0 0 0 0 0 10
72 0 0 0 0 0 0 0 20 50
96 0 0 0 0 0 0 20 20 30
Total (%) 0 0 0 0 0 0 20 40 90
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extracts were obtained on carp, goldfishand  338.65 mg/L (Figure 2), and 318.48 mg/L
tiger barb with 349.89 mg/L (Figure 1), (Figure 3), respectively.

Table 3
Mortality rate (%) of tiger barb (n=10) within 96 h bath immersion of Terminalia catappa leaves extract at
different concentrations

Concentrations of extract (mg/L)

Time (h)

Control 40 80 100 150 200 250 300 350
24 0 0 0 0 0 0 0 0 20
48 0 0 0 0 0 0 0 10 40
72 0 0 0 0 0 0 10 10 40
96 0 0 0 0 0 0 20 40 0
Total (%) 0 0 0 0 0 0 30 60 100
10.00
9.00 - y=0.0181x-1.3331
8.00 - R*=0.768
7.00 A
@ 6.00 - LCs,=349.89 mg/L. Py
:E 5.00 -1
= 4.00 -
S 3.00 -
&~ 2.00 -
1.00 -
0.00 *— Seay L & : : :
-1.00 M 100 150 200 250 300 350
-2.00 Extract concentration (mg/L)

Figure 1. Probit analysis of determining the LCs, of Terminalia catappa leaves extract on carp (Cyprinus
carpio) based on total mortality within 96 h

Probit value

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

-1.00
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y =0.0189x - 1.4005
R*=0.7687

LC.,=338.65 mg/L

g
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& &
v v
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Figure 2. Probit analysis of determining the LCs, of Terminalia catappa leaves extract on goldfish (Carassius
auratus) based on total mortality within 96 h
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9.00
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6.00 -
5.00
4.00
3.00
2.00
1.00
0.00
-1.00
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Probit value

100

y = 0.0205x - 1.5289
R? = 0.7704

LC. =

150

Extract concentration (mg/L)

318.48 mg/L *

Figure 3. Probit analysis of determining the LCs, of Terminalia catappa leaves extract on tiger barb (Puntigrus

tetrazona) based on total mortality within 96 h

Water Quality Analysis

The mean values for water quality analysis
showed a paralleled increment between the
extract concentrations and total ammonia-
nitrogen concentrations but conversely
different between the pH (Table 4).

DISCUSSION

The acute toxicity test of 7. catappa
leaves extract in this study revealed at a

Table 4

specific concentration range of its bath
immersion could cause toxic and mortality
on selected cyprinid species. Our findings
were in agreement with Chansue and
Assawawongkasem (2008)’s as well as
Stratev et al. (2018)’s studies, which stated
that any natural or herbal plant source
could either be beneficial or detrimental
to any fish since the level of its toxicity
mainly depended on the applied extract

Water quality parameters of different concentrations of Terminalia catappa leaves extract for toxicology

assessments on tested cyprinid species

Concentration of extract (mg/L) pH Total ammonia-nitrogen (mg/L)
Control (no extract) 6.92 +0.05° 0.43 +0.06
40 6.75+0.04° 0.82 +0.06"
80 6.70 £ 0.02% 1.15 +0.06°
100 6.64 +0.04< 1.45 4+ 0.04¢
150 6.61 +0.04% 1.91 +0.03¢
200 6.54 +0.04° 2.22 +0.04°
250 6.51 +0.03" 2.82 +0.04¢
300 6.42+0.01¢ >3.50
350 6.39 +0.03¢ >3.50

Note. Data (mean) showed in two replicates with standard deviation. Values with the different letter (*) in
each column are significantly different at p < 0.05 based on Duncan-MRT
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concentrations and targeted fish physical and
species. Chansue and Assawawongkasem
(2008) discovered that guppy (Poecilia
reticulata) and Siamese fighting (Betta
splendens) fishes (approximately 2.0 cm
in length) had different toxicity effects by
water extract of 7. catappa leaves. Even if
they are averagely similar in size, the guppy
fish was found to be more sensitive than
Siamese fighting fish with the LCs, for 96 h
of 5.6 and 7.0 mg/L, respectively. Another
study by Purivirojkul (2012) showed high
LCy(1,765.7 mg/L) of the T. catappa leaves
extract on similar fish species utilized in
Chansue and Assawawongkasem (2008)’s
study; Siamese fighting fish but it is slightly
bigger (about 4.0 cm in length) than the
previous one. Furthermore, the concentrated
plant extracts may also contribute to a
severe cause to the non-target aquatic
species in certain circumstances (Singh &
Singh, 2002: Yunus et al., 2019). Therefore,
a toxicological assessment of the plant
extracts is indeed essential to conduct
meticulously prior to usage on the targeted
fish species or before other manipulation of
the extract can further investigate.

The changes in pH value were observed
where they were gradually reduced to acidic
from the low to high concentrations of leaves
extract in this study. These conditions were
expected as 7. catappa had the potential to
lower the pH of water (Lee et al., 2016).
However, T. catappa leaves extract at a
low concentration ranging from 2.0 to 5.0
mg/L had proven to be non-effective on the
acidity or alkalinity of the water, according
to Bryan (2016). It showed acidic (pH 6.5-

6.0) with 6.0 to 10.0 mg/L concentrations
from the leaves extracted for three days
using water in the study of Chansue and
Assawawongkasem (2008). Most of the
cultured fishes were well-tolerated with the
pH ranges from 6.2 to 7.8 (Chansue, 2007,
Chitmanat et al., 2005). Their growth and
mortality might be affected and resulted from
the rapid change of pH over 0.2 (Chansue
& Assawawongkasem, 2008). Stone et al.
(2013) also stated almost similar findings
with Chansue and Assawawongkasem
(2008), where the acceptable pH range for
most fish species was within 6.5 to 9.0 and
chronic pH level (below 6.5) may reduce the
fish reproduction. Even our concentrations
of the leaves extract varied, the acidic pH
ranges and its effects on the tested fishes
showed an agreement with the previous
studies. No mortality was recorded in all
tested cyprinid species between 40 and
200 mg/L of leaves extracts with acidic
conditions within a pH of 6.75 to 6.54.
The mortality of cyprinid species was
only exhibited between 250 and 350 mg/L
concentrations with lower pH than 6.54.

In general, many factors can contribute
to the pH changes in the fish culture
environment or condition. Ikhwanuddin et
al. (2014) stated that the decreased pH or
acidic conditions in any plant-based bath
immersion could be reflected from the
accumulation of its organic acids especially
tannins. Tannin, a polyphenolic compound
commonly found in most herbal plants
may be employed as a source of alternative
treatments in its adequate concentration as
antibacterial, antiparasitic, antiviral and

Pertanika J. Trop. Agric. Sc. 43 (4): 445 - 456 (2020) 451



Emi Fazlina Hashim, Irence John, Intan Faraha A Ghani and Mohammad Noor Amal Azmai

antifungal for many fish species (Azrul et
al., 2014; Chansue & Assawawongkasem,
2008; Chitmanat et al., 2005; Yunus et
al., 2019). However, the excessive and
high level of tannins in the water and feed
formulation showed adverse effects on
herbivorous and omnivorous fishes (Azrul et
al., 2014; Mandal & Gosh, 2010). Chansue
and Assawawongkasem (2008) found that
heavy solid suspension adhered to the gills of
guppy and Siamese fighting fishes through
necropsy tests upon the completion of T
catappa leaves extract toxicity test. These
findings could be evidence of irritation since
the adhered gills were blocked for oxygen
by a high concentration of tannins contained
in the applied T. catappa leaves extracts. In
the study of Borisutpeth et al. (2001), tannic
acid at 97.5 mg/mL caused hyperplasia in
epithelial cells of gill filaments, aneurysm
of gill lamellae and disarray in tilapia; which
ultimately died without histopathological
changes in other organs within 96 h.
Accumulation of significant level of tannin
also found in the different fish species
of Indian major and exotic carps and its
tissues (liver and kidney) because of the
tannin-like compounds presented in their
feeding (Mandal & Gosh, 2010). Since no
histopathological tests performed to support
our findings, we stipulated that tannins at
their high concentration levels and other
active compounds (flavonoids, saponin,
calcium oxalate and glycosides) contained
inthe T catappa leaves (Tercas et al., 2017)
have the potential to decrease the pH and
ultimately caused mortality in the tested
cyprinid species.

Total ammonia-nitrogen (TAN) is
also another significant contributor to fish
mortality other than tannins. Ammonia
ionizes and deionizes the aquaculture
system into NH,+ and NHj, respectively,
which can be toxic depending on the
levels present and fish species tolerance
(Roberts & Palmeiro, 2008). Generally, any
decomposing organic residue from the plant
and fish waste has a great potential to raise
the ammonia and pH levels in the water as
protein break downs (Ip & Chew, 2010;
Yavuzcan et al., 2017). Malaysia has set
specific standards for acceptable and safety
levels of TAN (ionized and unionized) for
freshwater and marine fishes at 0.3 mg/L
(DOF, 2016; White et al., 2008). At a low
concentration of deionized ammonia of 0.05
mg/L, harmful effects such as poor growth
rate, reduced fertility, increased stress, and
susceptibility to disease could result in fish
(da Silva et al., 2013). Meanwhile, at a high
concentration that exceeds 2.0 mg/L, gills,
and tissues can be damaged and ultimately
causes mortality and death to the fish (Ip
& Chew, 2010). TAN concentration in the
present study found slightly higher in the
control but extremely elevated (>3.5 mg/L)
when the concentrations of leaves extract
concurrently increased (Table 3). These
evidences have enough to demonstrate that
insignificant TAN concentration responsible
to cause toxics to all tested cyprinid species
in this study. However, other factors that
influence the vulnerability of targeted
fishes on TAN should consider as well.
The toxicity level of TAN according to
the standard is also dependent on the fish’s
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biological traits, sensitivity and adaptation
levels to the affected environmental system
(Wang et al., 2016). Remarkably, saltwater
fish species found to be more sensitive
to ammonia toxicity effects as compared
to freshwater fish species according to
Roberts and Palmeiro (2008). Therefore,
we found that the tolerable capacity of our
tested fishes varied towards the changes in
their living environment even if they are
from the same family. Goldfish managed to
show higher tolerance than carp and barb in
acidic pH condition and TAN concentration
caused by the leaves extract immersion of
T. catappa. Hence, overall results from this
study can contribute significant knowledge
to the aquaculture and local communities
on the safety margin of these leaves to be
utilized for their cultured fishes and provide
promising insight into other potential use of
T. catappa leaves extracts in fish ornamental
industry.

CONCLUSION

The present study showed different effects of
cyprinid species in various bath immersions
of T. catappa leaves extract. The most
tolerable threshold or safety concentration
boundaries of the 7. catappa leaves extract
for all tested cyprinids were obtained up
to 200 mg/L, where no mortality recorded
among them. All tested cyprinids shared
an almost similar LCs, between 300 and
350 mg/L. Further study based on these
findings may be necessary to investigate
the effectiveness of these leaves extract in
improving the cyprinids’ health and growth
in a long term treatment.
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ABSTRACT

Diseases such as blast, brown spot and sheath blight considerably affect the health and
productivity of rice worldwide. Chemical fungicides have been routinely used in combating
these diseases; however, a safe and environmental-friendly approach using bio-fungicides
is desirable in disease management of food crop such as rice. Identification of botanical
extracts with antifungal potentials would be instrumental in the development of bio-
fungicides. In this study, the antifungal potentials of Andrographis paniculata, Backhousia
citriodora, and Phaleria macrocarpa against selected rice fungal pathogens were analysed.
Crude extracts obtained from leaves of these plants were diluted to 5, 10, 15, and 20% and
tested against Pyricularia oryzae, Exserohilum rostratum, and Rhizoctonia solani in vitro
using poisoned agar method. Percentage inhibition of diameter growth (PIDG) of each crude
leaf extract against test pathogens was calculated. The aqueous extract of A. paniculata
showed a significant mycelial inhibitory effect against P. oryzae at 20% concentration
(PIDG 81.9%) as compared to other test concentrations and pathogens. On the contrary,

the aqueous extract of B. citriodora at 15

and 20% concentrations had little influence
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to give the highest efficacy against all three
rice pathogens in vitro and therefore, has
the potential to be developed into a bio-
fungicide as a safe alternative to synthetic
fungicides for disease management of rice.
Keywords: Biopesticide, botanical extract, green

technology, percentage inhibition of diameter growth
(PIDG), poisoned agar method

INTRODUCTION

Diseases occur in agriculture crops cause
substantial losses to farmers around the
world and are mostly caused by plant
pathogenic fungi (Agrios, 2004). Plant
fungal pathogens such as Pyricularia
oryzae (teleomorph: Magnaporthe oryzae),
Exserohilum rostratum (teleomorph:
Setosphaeria rostrata), and Rhizoctonia
solani (teleomorph: Thanatephorus
cucumeris) cause important rice diseases
such as blast, brown spot, and sheath blight,
respectively. The estimated annual losses
caused by rice blast range from nearly 10
to 30% globally (Skamnioti & Gurr, 2009).
During rice blast epidemics, yield loss of
rice can go up to 50% (Ashkani et al., 2015).
Similarly, R. solani can cause reduction
in yield by 50% when the environmental
conditions are favourable (Richa et al.,
2016). Meanwhile, E. rostratum has been
identified as an emerging rice pathogen
and its impact on rice productivity is still
unknown (Toher et al., 2016).

Chemical fungicides have been
considered as the most effective and
commonly used in the management of
most of the fungal diseases worldwide.
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For instance, probenazole, tricyclazole,
azoxystrobin, isoprothiolane, and
propiconazole are widely used in rice
blast control (Gohel & Chauhan, 2015;
Skamnioti & Gurr, 2009). Farmers are likely
to choose chemical fungicides to protect
their crops from fungal diseases because
of its rapid effect, availability and cheaper
price as compared to other methods of crop
protection. However, synthetic fungicides
possess detrimental attributes such as high
and acute toxicity, long degradation period,
accumulation in food chain and an extension
of their power to destroy both useful
organisms and harmful pests (Gatto et al.,
2011). Moreover, long-term use of chemical
fungicides may result in development of
fungal resistant races and consequently, it
will be more challenging to fight the disease.
Therefore, it is vital to minimise the use of
chemicals to maintain the sustainability of
agriculture.

Use of naturally-occurring antifungal
compounds in herbal plants has been
regarded as one of the best alternatives
to synthetic fungicides (Dissanayake &
Jayasinghe, 2013; Kumar et al., 2017).
Secondary metabolites such as phenols,
flavonoids, and phenolic glycosides are
produced abundantly in herbal plants
and many of them possess antifungal
activity. For many years, researchers have
documented the antimicrobial properties
and activities of plant oils and extracts. For
instance, bioactivities of phytochemicals of
Andrographis paniculata, a medicinal plant
from the family Acanthaceae, including
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andrographolide, isoandrographolide,
neoandrographolide, 14-deoxy-11,
12-didehydroandrographolide, flavonoids,
quinic acid derivatives, and xanthones have
been well-reviewed by Ganapumane and
Nagella (2020). Besides, four essential oils
of Backhousia citriodora, an Australian
shrub from the family Myrtaceae, appeared
to be effective antimicrobial agents when
tested against a wide range of pathogenic
fungi and bacteria (Wilkinson et al., 2003).
Likewise, the antimicrobial activity of
essential oil of B. citriodora and citral, the
major constituent of its essential oil against
an array of bacteria, fungi and yeast have
been also reported (Hayes & Markovic,
2002). On the other hand, the fruit extract
containing flavonoid compounds such as
kaempferol, myricetin, naringin, quercetin,
and rutin of P. macrocarpa, a medicinal plant
from the family Thymelaceae, exhibited
varied antimicrobial activity against test
bacteria and fungi (Hendra et al., 2011).
However, the above mentioned studies
were conducted to evaluate the efficacy of
these herbal extracts on human pathogens.
It is hypothesized that these antimicrobial
compounds would exert similar effects
on plant pathogens. Percentage inhibition
of diameter growth (PIDG) served as
an indicator for antifungal activity of
Brucea javanica extracts against several
Candida species as compared to positive
control (Nordin et al., 2013). Similarly, the
antifungal effect of Asteriscus imbricatus
extracts against Botrytis cinerea was
compared using PIDG values (Senhaji et al.,

2013). Therefore, in this study, we evaluated
the antifungal potential of A. paniculata, B.
citriodora, and P. macrocarpa against P.
oryzae, E. rostratum, and R. solani, the three
major fungal pathogens of rice in vitro using
PIDG method.

MATERIALS AND METHODS
Collection of Plant Materials

The leaves of A. paniculata were collected
from Herb Garden, University Agriculture
Park, Universiti Putra Malaysia (UPM),
Serdang, Selangor. Meanwhile, the leaves
of B. citriodora and P. macrocarpa were
collected from Department of Agriculture,
Serdang, Selangor. The experiments were
carried out in Mycology Laboratory,
Department of Plant Protection, Faculty
of Agriculture, UPM, Serdang, Selangor.
Phaleria macrocarpa leaf samples were
thoroughly washed and air-dried at room
temperature (26 = 2°C) according to
Venkateswarlu et al. (2013). Meanwhile,
A. paniculata and B. citriodora were dried
at 50-60°C upon a thorough washing
according to Buchaillot et al. (2009) with
modifications. The samples were then
separately ground to fine uniform texture
using grinder (Retsch Model SK 100) and
stored at room temperature (26 + 2°C) until
use.

Fungal Cultures

Fungal stock cultures were obtained from
the Culture Collection Unit, Department
of Plant Protection, Faculty of Agriculture,
UPM, Serdang, Selangor. Fungal species
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that were used in this study were P. oryzae,
E. rostratum, and R. solani. The culture of
each fungal species was sub-cultured and
maintained on potato dextrose agar (PDA)
and kept in the culture chamber at 26 + 2°C.

Preparation of Plant Crude Extracts

Fifty (50) grams of ground leaves of 4.
paniculata and B. citriodora were separately
soaked in 300 ml distilled water and stirred
at 120 rpm for 24 h using an orbital shaker
as described by Venkateswarlu et al. (2013).
Then, each mixture was filtered using
Whatman No-1 filter paper and the solvent
was evaporated using a rotary evaporator,
BUCHI Model R215W. The dried extract
was collected in an air-tight container
and stored at 4°C. The same method was
used in preparation of crude extract of P,
macrocarpa; however distilled water was
replaced with 300 ml methanol as described
by Aras et al. (2016).

Screening of Antifungal Activity

The antifungal test was carried out by testing
four concentrations of extract (5%, 10%,
15%, and 20%) as compared to control
(0%). The stock solutions of the crude
extract of A. paniculata and B. citriodora
were separately prepared by diluting the
crude extract of each plant with distilled
water at the ratio of 1:1 (w/v). Meanwhile,
the stock solution of P. macrocarpa crude
extract was prepared by diluting the crude
extract with acetone at the ratio of 1:10
(w/v) as described by Mahlo et al. (2016).
Further serial dilution was done to achieve
test concentrations. Petri dishes containing

15 ml of poisoned medium were used. Then,
a respective fungal plug (0.4 cm diameter)
was placed at the centre of containing each
plant extract at the defined concentrations.
The antifungal activity of A. paniculata,
B. citriodora, and P. macrocarpa extracts
were separately tested against P. oryzae, E.
rostratum, and R. solani. The plates were
incubated at room temperature (26 + 2°C)
until the mycelial growth in control plates
for certain fungal species had reached the
edge of the plates. The colonial diameter
was measured daily and PIDG values were
calculated using Equation [1] as described
by Lee et al. (2018):

D1 —D2
PIDG (%) = —— X 100

Eq.1
where;

D1 = Average increase in mycelial
growth in control plates

D2 = Average increase in mycelial
growth in treatment plates

Experimental Design and Statistical
Analysis

The in vitro screenings of antifungal
potential of all test plants were conducted
in complete randomized design (CRD)
with 5 treatments (0%, 5%, 10%, 15%,
and 20%). There were 6 replicates for each
treatment. Statistical analysis was conducted
using SAS® software (SAS Institute, North
Carolina State University, USA, Version
9.4, 2012) and comparison of means using
least significant difference (LSD) at 5%
probability level.
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RESULTS AND DISCUSSION

Extract Yield and Antifungal Activity

of Andrographis paniculata and
Backhousia citriodora

About 5 g extract yield was obtained from
150 g of each plant. Each of the test fungal
pathogen had different incubation period
as follows: 12 days after inoculation (DAI)
for P. oryzae, 5 DAI for E. rostratum, and
R. solani, respectively. The effectiveness
of antifungal activity of aqueous extract
of A. paniculata differed among the test
fungal pathogens (Figure 1). Aqueous
extracts of A. paniculata exhibited different
mycelial growth inhibitory activities on P.
oryzae and E. rostratum as compared to
R. solani. Figure 1 reveals that there had
been a gradual rise in mycelial inhibitory
activity on P. oryzae and E. rostratum as
the concentration of aqueous extract of
A. paniculata increased from 0% to 20%.
This corroborates with findings of Olufolaji
et al. (2015) on the increasing antifungal

potency of several plant extracts with
increasing concentration in the order against
P. oryzae. Among all test concentrations,
aqueous extracts of A. paniculata at 20%
concentration significantly inhibited the
mycelial growth of P. oryzae (PIDG 81.9%)
while less inhibition was demonstrated on
E. rostratum (PIDG 41.3%). It has been
reported that both ethanol and aqueous
extracts of 4. paniculata were inactive
against P. oryzae (Hu et al., 2001), which
is contrary to the high inhibitory effect
demonstrated in this study. Rajalakshmi et
al. (2012) had reported different antifungal
efficacy of 4. paniculata crude extract
when tested on five fungal species was
attributable to phytochemical constituents
of the plant. According to Singha et al.
(2003), the significant antimicrobial
activity of the 4. paniculata aqueous
extract may be due to the combined effect
of the isolated arabinogalactan proteins and
andrographolides. Besides, Nidiry et al.

90 a
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= =0%
% 50 a 50
g 40 b 10%
&30 15%

20 b b m20%

10 b ¢

o ¢ mm d || a a a a a
E. rostratum P oryzae R. solani
Rice fungal pathogen

Figure 1. Percentage of inhibition of diameter growth (PIDG) of Andrographis paniculata against selected
plant fungal pathogens. Measurement made at 5 days after inoculation (DAI) for Exserohilum rostratum, 12
DAL for Pyricularia oryzae, and 5 DALI for Rhizoctonia solani. Values are the means of 6 replicates. Means
with the same letter are not significantly different at P =0.05
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(2015) had identified andrographolide as
one of the antifungal compounds present in
the methanol extract of 4. paniculata, which
resulted in spore germination inhibition of
Alternaria solani. To date, the antifungal
activities of A. paniculata leaf extract
have been predominantly reported on
phytopathogenic Fusarium species (Neela et
al., 2014; Nidiry et al., 2015; Yasmin et al.,
2008). This is the first report on evaluation
of antifungal potential of A. paniculata
aqueous leaf extract on E. rostratum.
However, a further study is needed to
identify the antifungal compounds present
in A. paniculata leaves.

On the other hand, the PIDG values
lower than 50% showed that the aqueous
extract of B. citriodora did not exert any
effective inhibitory activities on the mycelial
growth of test organisms (Figure 2). Leaf
paste of B. citriodora showed antibacterial
activity against seven bacterial strains
(Wilkinson et al., 2003). Ineffective mycelial

inhibition of P. oryzae and E. rostratum
by the aqueous extract of B. citriodora
at the highest test concentration suggests
low abundance of active compounds in
the crude extract. Another possible reason
is that the active compounds were not
efficiently extracted using water suggesting
organic solvents may perform better for
B. citriodora extraction. Nevertheless,
significant increase in PIDG values from
extracts with concentrations of 15-20%
indicating that the inhibitory activity of
the aqueous extract of B. citriodora on P.
oryzae and E. rostratum was concentration-
dependent (Figure 2). Therefore, a further
screening of the antifungal potential of
crude leaf extract of B. citriodora at higher
concentrations is needed to validate these
plausible reasons. To date, no reports
of antifungal activity of B. citriodora
against plant pathogens were found in the
literature. Present experiment suggests
that B. citriodora may serve as good
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Figure 2. Percentage of inhibition of diameter growth (PIDG) of Backhousia citriodora against selected plant
fungal pathogens. Measurement made at 5 days after inoculation (DAI) for Exserohilum rostratum, 12 DAI
for Pyricularia oryzae, and 5 DAI for Rhizoctonia solani. Values are the means of 6 replicates. Means with

the same letter are not significantly different at P = 0.05
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natural resource of bioactive compounds
for controlling P. oryzae and E. rostratum.
Nevertheless, determination of suitable
concentration of crude leaf extract of this
herbal plant for inhibition of mycelial
growth of P. oryzae and E. rostratum is
crucial.

From Figures 1 and 2, it can be
clearly seen that aqueous extracts of both
A. paniculata and B. citriodora were
ineffective in inhibiting the mycelial growth
of R. solani. According to Kurucheve et al.
(1997), the variation in the inhibitory effect
of plant extracts is caused by qualitative
and quantitative differences in antifungal
properties.

Extract Yield and Antifungal Activity of
Phaleria macrocarpa

Around 5 g of extract was obtained from
100 g of P. macrocarpa leaf powder. The
incubation period of each test pathogen was
as follows: 7 days after inoculation (DAI)

for E. rostratum, 11 DAL for P. oryzae, and
5 DAI for R. solani. As presented in Figure
3, methanol extracts of P. macrocarpa were
effective against P, oryzae, E. rostratum, and
R. solani at test concentrations of 10% and
above (PIDG 100%) as compared to control
plates. The presence of an assortment of
chemical compounds with antifungal and
antibacterial properties in P. macrocarpa as
reported by Altaf et al. (2013) might have
contributed to mycelial inhibition of the
test pathogens in this study. For instance,
phorbolesters in P. macrocarpa seeds
inhibited growth of certain fungi including
Aspergillus niger, Fusarium oxysporum,
Ganoderma lucidum, and Mucor indicus
(Altaf et al., 2013). Furthermore, Cordell et
al. (2001) had reported that flavanoids were
the responsible compound for the antifungal
activities in higher plants. However, it is
important to identify the phytochemicals
with antifungal properties of P. macrocarpa
leaves in order to develop bio-fungicide
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Rice fungal pathogen

Figure 3. Percentage of inhibition of diameter growth (PIDG) of Phaleria macrocarpa against selected plant
fungal pathogens. Measurement made at 11 days after inoculation (DAI) for Pyricularia oryzae, 7 DAI for
Exserohilum rostratum, and 5 DAI for Rhizoctonia solani. Values are the means of 6 replicates. Means with

the same letter are not significantly different at P = 0.05
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as an alternative to chemical fungicides.
On the other hand, 10% concentration and
above had the highest inhibitory activity on
the mycelial growth of all test pathogens
and these treatments were significantly
different from that of 5% concentrations.
This suggests that 10% concentration of P
macrocarpa methanol extracts is sufficient
to inhibit the mycelial growth of P. oryzae,
E. rostratum, and R. solani in vitro. To our
best knowledge, this is the first report on the
antifungal potential of P. macrocarpa leaf
extracts against fungal pathogens of rice.

CONCLUSION

The antifungal potential of Andrographis
paniculata, Backhousia citriodora, and
Phaleria macrocarpa against three selected
rice fungal pathogens has been determined
in this study. Among these herbal plants,
P. macrocarpa leaf extract had the highest
potential to inhibit the mycelial growth of
Pyricularia oryzae, Exserohilum rostratum,
and Rhizoctonia solani at concentration of
10%. Meanwhile, A. paniculata was proven
effective against P. oryzae at the highest test
concentration (20%). The results revealed
that leaf extracts of A. paniculata and P.
macrocarpa had high potential to be used
as sources of biofungicides in management
of rice diseases mainly rice blast. Further
studies are required to identify the bioactive
compounds of these two herbs and to
determine their mechanism of antifungal
activities.
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ABSTRACT

Pepper (Piper nigrum L.) is one of the most important cash crops in Sarawak. The
productivity of pepper is consistently low due to the low yield of berry production. One
of the major problems of pepper production is inconsistent flowering time. This is due to
the morphology and inheritance of functional male, female and hermaphrodite (bisexual)
flower in P. nigrum which affect the productivity of pepper. For the exploitation of pepper
for its maximum production, the detailed of flower development and flower composition
are important factors to be considered. A field survey was conducted to determine the
status of farming practices and problems encountered by the farmers. The study was
also done to determine the composition of flower which influenced the consistency of
berry production in P. nigrum in Sarawak. Surveys were conducted at 18 pepper farms
in Sarawak to determine the composition of flowers in different types of Sarawak pepper
varieties which are Kuching, Semenggok Aman and Semenggok Emas. Nine spikes were
harvested in each pepper vine. Three pepper vines were selected randomly for each variety.
The spikes were then observed under 3D Keyence microscope to determine the number of
flowers of each type of flower. The survey on the farming practices were also conducted.
The composition of flower was found to be varied between varieties. ‘Kuching’ variety had
less hermaphrodite flower when compared to ‘Semenggok Aman’ and ‘Semenggok Emas’

varieties. In addition, a proportion of 29%

ARTICLE INFO farmers had encountered root rot disease
Article history: . . . 0

Received: 27 February 2019 problem in their farm, while 21% stated that
Accepted: 10 February 2020 unsynchronisation of berries production in

Published: 27 November 2020

- ‘ each harvesting time as a major problem.
DOI: https://doi.org/10.47836/pjtas.43.4.04

E-mail addresses: . Keywords: Flower composition, Sarawak pepper and
fideliajohny92@gmail.com (Fidelia Johny) i .
noorasmah@upm.edu.my (Noorasmah Saupi) berries productlon

shiamala@upm.edu.my (Shiamala Devi Ramaiya)
* Corresponding author

ISSN: 1511-3701
e-ISSN: 2231-8542 © Universiti Putra Malaysia Press



Fidelia Johny, Noorasmah Saupi and Shiamala Devi Ramaiya

INTRODUCTION

Pepper mostly cultivated for its fruit, and
widely known as the “king of spices” and
“black gold” especially among the farmers
(Ravindran, 2000). Pepper is known for
their extensive culinary usages and has been
used enormously in food seasoning as the
flavour and its pungency blends well with
most savoury dishes. The history of pepper
cultivation in Malaysia was believed to have
started in early 10" to 11" century when
the south Indian kings started to expand
their empire (Ravindran, 2000). In East
Malaysia, the grow of pepper cultivation had
been reported in 1840 where the Chinese
settlers actively grew black pepper in Bau,
Baram, Trusan and Limbang, in the state of
Sarawak.

The cultivation of pepper area and the
export value are increasing and becoming
part of Malaysia’s economic profit where
pepper price is the significant determinant
of the total revenue of Malaysia particularly
for the state of Sarawak. Until then, pepper
cultivating is the only source of livelihood
for majority of the pepper farmers in the
state (Kiong et al., 2010). Malaysia is
still placed fifth among the world largest
producers of peppers by representing 5.9%
of total production in the world with 31,7073
tonnes during the year 2018 (Malaysian
Pepper Board, 2018).

Malaysian Pepper Board (2013)
reported that there were no wild varieties
or land races of pepper but only cultivated
varieties. Since it was originated from
South Western of India, prior to year 1957,
there were only two cultivated varieties of

pepper first reported in Sarawak, which
is ‘Sarikei’ and ‘Kuching’. Until then,
‘Kuching’ became the cultivar of choice
by farmers and known as the traditional
cultivar. It is more vigorous in growth and
produces much high yield as compare to
‘Sarikei’. After several years, ‘Semenggok
Perak’, ‘Semenggok Emas’ and ‘Semenggok
Aman’ were released by Malaysian Pepper
Board (MPB) in 1988, 1991 and 2006
respectively. However, currently there
are three recommended cultivars and
grow by most farmers in Sarawak which
was ‘Kuching’, ‘Semenggok Emas’ and
‘Semenggok Aman’. Each of these cultivars
has different characteristic. Therefore, prior
to its cultivar origin, Malaysia black pepper
is known as ‘Sarawak pepper’ among the
world traders over the decade.

Despite its popularity as a well known
cultivar, the productivity of pepper is
consistently low due to the low yield of
berry production. The production of pepper
for the past 10 years was inconsistent
and farmers also encountered several
problems in their farms. The yield was
affected due to pests and diseases with
the major problems such as ‘Phytopthora
foot root’ caused by Phytopthora capsici,
‘black berry’ or anthracnose caused by
Colletotrichum capsici, C. gloeosporioide,
and C. piperis, and ‘slow decline’ a disease
complex between the root-knot nematods
(Meloidogyne spp) and the fungus Fusarium
spp. (Malaysian Pepper Board, 2013).

Other than that, Khew (2019) also
stated that the inconsistent flowering
time in P. nigrum could be one of the
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reasons for low yield of peppers. This is
due to the morphology and inheritance of
functional male, female and hermaphrodite
(bisexual) flower in P. nigrum which affect
the productivity where fruit ripening is
not uniform even within a spike. For the
maximum production of pepper, the detailed
of flower development and composition
should be considered due to the non-
synchronous nature of flower development.
Therefore, the objective of the study was
to determine the composition of flower
which influenced the consistency of berry
production in P, nigrum in Sarawak.

MATERIALS AND METHODS
Survey on the Farming Practices

The survey was covered in the seven areas
in Sarawak which were in Kuching, Serian,
Sri Aman, Sarikei, Bintangor, Julau and
Miri. Sampling respondents to represent
each district and 18 selected pepper farmers
surveyed in these areas were based on prior
information provided by the MPB. Data were
collected through face-to-face interviews
based on questionnaires that include farmers
ethnicity, education level, year of farm
establishment, total of pepper vines, types
of planted cultivar and the products that they
produce. All of this information was used to
conclude their farming status. Meanwhile,
the other information about their monthly
maintenance, the problems encountered
the most and the action taken would be
concluded as problems and management
status from each farmer. The data were
analysed by using Statistical Package for the
Social Sciences (SPSS) software.

Spike Selection and Morphological
Observation

The observations of flowers in pepper crop
were carried out in 18 pepper growing
farms around Sarawak, Malaysia (Table
1). Three Sarawak pepper varieties which
are ‘Kuching’, ‘Semenggok Aman’ and
‘Semenggok Emas’ were selected to be
used in this study. Nine spikes of each
three vines were randomly selected. The
plant canopy does not affect the formation
of spikes and fruits (Satheeshan, 2000).
The numbers of male flower, female
flower and hermaphrodite in each spike
were observed and calculated under 3D
Keyence microscope to determine the
flower composition. The mean of flower
composition percentage of nine spikes of
each farm was then plotted accordingly. The
selection of vines was based on their height
and yielding ability and free from pests and
diseases. The vines were in the age group of
one until five years old. They were grown
under open conditions and were rain fed.

RESULTS AND DISCUSSION

Farming Practices and Problem
Encountered by Farmers

As shown in Table 1 and Figure 1, there
are four main varieties of pepper planted in
Sarawak which are ‘Kuching’, ‘Semenggok
Aman’, ‘Semenggok Emas’ and ‘India’
varieties where the most planted variety
is ‘Semenggok Aman’.
was released on 12 August 2006 in Sri
Aman Sarawak by pepper research and
development (R&D) team from Agriculture
Research Centre, Semenggok, Sarawak.

This variety
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