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About the Journal

Overview

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

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

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

The Journal is available world-wide.

Aims and scope

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

History

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

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

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

Quality

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

Abstracting and indexing of Pertanika

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

Future vision

We are continuously improving access to our journal archives, content, and research services. We have
the drive to realise exciting new horizons that will benefit not only the academic community, but society
itself.



Citing journal articles
The abbreviation for Pertanika Journal of Tropical Agricultural Science is Pertanika J. Trop. Agric. Sci.

Publication policy

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

Code of Ethics

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

International Standard Serial Number (ISSN)

An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media—print
and electronic. All Pertanika journals have ISSN as well as an e-ISSN.

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

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

Authorship

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

Manuscript preparation
Refer to Pertanika’s INSTRUCTIONS TO AUTHORS at the back of this journal.

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

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

Editorial process

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

Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication
are usually sent to reviewers. Authors are encouraged to suggest names of at least three potential

reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final
choice. The editors are not, however, bound by these suggestions.
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Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt
of manuscript. Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are
accepted conditionally, pending an author’s revision of the material.

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

The Journal’s peer-review

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

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

Operating and review process

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

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

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

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

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

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

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

6. When the reviewers have completed their work, the chief executive editor in consultation
with the editorial board and the editor-in-chief examine their comments and decide whether
the paper is ready to be published, needs another round of revisions, or should be rejected.



If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to
the Press. The article should appear in print in approximately three months.

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

Kartiko Arif Purnomo'*, Merdeka Agus Saputra?, Shobrina Silmi Qori Tartila?,
Fariz Kukuh Harwinda?, Sri Umida Setyaningsih’ and Woro Hastuti Satyantini?

'Faculty of Pharmacy, Universitas Airlangga, JI. Dharmawangsa Dalam, 60286 Surabaya, Indonesia
’Faculty of Fisheries and Marine, Universitas Airlangga, 60286 Surabaya, Indonesia

ABSTRACT

Litopenaeus vannamei is one of the most well-known fishery products and has high market
value. In contrast, production of vannamei shrimp is facing threats from several diseases
caused by bacteria, virus, and even parasites that attack the shrimp’s immune system. The
purpose of this study is to identify the immunomodulatory effect of Fucheuma serra extract
to enhance haemocyte cells production in Litopenaeus vannamei as the non-specific internal
immune substance. The research method used was a complete randomised design with 5
concentrations of injected Eucheuma serra extract treatments and one placebo as control.
Eucheuma serra extract administered on shrimp abdomen and the haemocyte cell samples
collected from shrimp on day 0 and day 6. Treatment using 8 ppm injected Eucheuma serra
extract showed the highest haemocyte cell amount increase about 15.90 million cell/ml
in 6 days after injection. Statistical calculation using ANOVA test showed a significant
difference in the amount of haemocyte cell at before and after treatment.

Keywords: Eucheuma serra, haemocyte cell, immunomodulator, Litopenaeus vannamei

INTRODUCTION

Crustacean aquaculture represents a major
industry in tropical developing countries

ARTICLE INFO (Vazquez et al., 2009). Litopennaeus
Article history: . . . . .
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Shrimp farming has also led to
prevalence of disease. Crustaceans are
affected by opportunistic pathogens causing
huge economic losses (Vazquez et al., 2009).
Shrimp farming has suffered from problems
linked to deteriorating pond environments,
subsequently resulting in stress-induced
disease incidences mainly of viral and
bacterial aetiologies (Sirirustananun et al.,
2011). Commercial shrimp farming has
faced disease outbreaks, especially white
shrimp Litopenaeus vannamei, such as
Vibrio alginolyticus, Vibrio damsela, Vibrio
harveyi, Vibrio parahaemolyticus and Vibrio
vulnificus, infectious Myonecrosis Virus
(IMNV), Monodon Baculovirus (MBV),
White Spot Syndrome Virus (WSSV),
Infectious Hypodermal and Hematopoietic
Necrosis Virus (IHHNV), Yellow Head Virus
(YHV) and Taura Syndrome Virus (TSV).
In Taiwan, the total farmed production of
L. vannamei shrimp declined almost 90%,
from 82,598 tonnes to 8,878 tonne, in the
space of 15 years (Cheng, Liu, Yeh, & Chen,
2004).

There is also evidence of L. vannamei
infected with WSSV, TSV, IHHNV and
IMNYV in several regions in Indonesia.
Lampung, West Java, East Java and South
Sulawesi are the regions which are exposed
to various types of infection. The IMNV
has led to death of 60% of the shrimps
(Sugama, Novita, & Koesharyani, 2006).
V. alginolyticus bacterium isolated from
infected L. vannamei is known to cause high
mortality rate among shrimp in stressful
environments (Wang & Chen, 2005). The
WSSV is considered to be an extremely
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virulent pathogen and may cause death
within a few days post infection (Chou,
Huang, Wang, Chiang, & Lo, 1995).

Physical barriers are the biggest
challenge to prevent pathogenic
microorganisms in most invertebrates
(Vazquez et al., 2009). Invertebrates do not
possess a specific, adaptive immune system
such as found in vertebrates. In the absence
of lymphocytes and functional antibody,
they have been traditionally thought to rely
instead entirely on innate or non-specific
immunity for internal defence against
parasites and pathogens (Rowley & Powell,
2007; Wei et al., 2012). Haemocyte cell in
shrimp has similar function with leukocyte in
vertebrate as non-self matter recognition and
elimination (Sritunyalucksana & Soderhall,
2000). Circulating haemocytes are generally
classified into three types: hyalinocytes,
semi-granulocytes and haemocytes with
refractile granules. Haemocyte common
defence mechanisms include phagocytosis
and encapsulation of extrinsic fungal
spore, yeast and organisms (Cheng et al.,
2004; Vazquez et al., 2009). Other defence
mechanisms of haemocytes are activated
depending on the pathogen characteristics,
such as prophenoloxidase and lectin as
sugar-binding properties of crustacean
proteins (Vazquez et al., 2009).

Extensive use of human antibiotic
drugs in shrimp farming as preventive
purpose is potentially damaging and the
residues can still enter contaminate the
environment and enter the human food
chain (Cabello, 2006). Moreover, the
European countries have strict regulations
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on residues of antibiotics in shrimp product
(Food and Agricultural Organization of the
United Nations [FAO], 2006). Therefore,
proper immune modulators for shrimp are
important (Pope et al., 2011).

MATERIALS AND METHODS
Materials

Acetone (Merck), Ammonium sulphate
(Merck), Ethanol (Merck), Phosphate
Buffer Saline pH 7.4 / PBS (Brataco),
Sea water (Surabaya, Indonesia), Sodium
ethylenediaminetetraacetic / Na-EDTA
(Merck).

Animal and Plant Materials

Litopenaeus vannamei shrimp was obtained
from a shrimp farmer in Gresik, Indonesia.
Eucheuma serra was collected in Pandawa
Beach, Bali, Indonesia.

Eucheuma serra Extraction

E. serra was dried inside a closed and clean
room. Dry E. serra was later powdered and
weighed at 30 gramme. Phosphate buffer
saline pH 7.4 solution was dissolved into
the dried E. serra powder with a ratio 2:1.
The solution was stirred using homogeniser
for 2 hours at 4°C and then centrifuged at
3200 rpm for 15 minutes. Supernatant was
collected then added with acetone 1:1. The
solution was centrifuged at 3200 rpm in 15
minutes. The pellet was collected as crude
extract of E. serra. The yield of extract is
10g.
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Lectin concentration in E. serra
crude extract is determined using
spectrophotometry method for protein
analysis at wavelength A 540 nm. Protein
standard solution is used for quantitative
analysis as external standard. The lectin
concentration in E. serra crude extract is
5.60 % or 2.58 ppm.

Litopenaeus vannamei Treatment

L. vannamei shrimp was acclimatised in
aquarium with controlled salinity water
at 15 ppt and temperature at 29°C for 48
hours. During acclimatisation period and
treatment process, the subject was fed using
commercial shrimp food three times a day.
Probiotic was given only once in three days.
The treatment aquarium was cleaned every
day to reduce stress impact on shrimp and
avoid contamination of ammonia from
shrimp waste.

The treatment was conducted using
completely randomised design consist of
five treatment groups and a control group
(Table 1). Each group was replicated four
times. Each replication contained four L.
vannamei.

Haemolymph Collection and Total
Haemocyte Count

Haemolymph was collected (0.50 ml) at
fourth segment of the shrimp abdomen
using disposable syringe and later stored
inside an Eppendorf tube which already
contained Na-EDTA in cold temperature
storage. Haemocytometer was used for Total
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Table 1
Prerequisite of dosage injection on treatment subject
Group Treatment
Control (GO0) 0.50 ml injection of PBS

Treatment 1 (G1)
Treatment 2 (G2)
Treatment 3 (G3)
Treatment 4 (G4)
Treatment 5 (G5)

0.50 ml injection of 2 pg/ml extract solution
0.50 ml injection of 4 pg/ml extract solution
0.50 ml injection of 6 pg/ml extract solution
0.50 ml injection of 8 pg/ml extract solution
0.50 ml injection of 10 pg/ml extract solution

Haemocyte Count (THC) of haemolymph
of each group. Blank haemocyte (HO) was
collected from haemolymph before lectin
was injected. Final haemocyte result for
THC was collected from haemolymph after
six days (H6).

Survival Rate Count

Survival rate was counted as percentage
of shrimps still available until the end of
treatment compared with the amount before
the treatment. Survival rate count was
conducted in every treatment and control

group.

Statistical Analysis

Analysis of Variance (ANOVA) statistical
test was conducted to test the differences
between the results.

RESULTS AND DISCUSSION

Total haemocyte count (THC) measures
innate immunity and non-specific immune
activity of invertebrates (Cheng et al.,
2004). THC before treatment was calculated
as average from all group. While THC
after treatment was calculated as average
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haemocyte on a shrimp in each treatment
group. According to THC result (Figure 1),
shrimp in Group 4 (G4) via treatment with
8 pg/ml extract injection, has the highest
haemocyte cell increase compared with
another treatment group, including control
group (GO). Haemocyte cell amount in G4
increased 15.29 million cell/ml from 3.16
x 10° cells/ml at HO to 18.45 x 10°¢ cells/
ml at H6. Other treatment groups also have
various increase in haemocyte cell. The
lowest increase is group 3 (G3), which saw
an increase of 9.88 million cell/ml from HO.

Control group also shows a slight
increase in haemocyte after six days, even
though the subject did not get any lectin
treatment injection. The haemocyte number
increase in control group is caused by
the influence of substances and nutrition
from feed and probiotic which is given to
all of subject (Olmos, Ochoa, Michael, &
Contreras, 2011). ANOVA test give the
result of F calculation (F ) as 19.04 and
F table 0,01 (Fib001) as 4.25. The higher
value of F . compared with F, ¢o; shows
the significant difference of L. vannamei
haemocyte amount at before and after
treatment using lectin extract solution via
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Figure 1. THC comparison of each treatment at HO and H6

injection method. The group with the highest
survival rate is GO (87.50%) in control group
and the lowest is G5 with 56.25%.

Based on the THC result of
treatment groups, Eucheuma serra extract
could be considered as the novel treatment
as immunomodulator agent for L. vannamei.
The increase in haemocyte cell means
the innate immunity system has become
stronger to encounter infectious pathogens,
such as virus and bacteria. Eucheuma
serra extract is more acceptable than using
antibiotic to deter microorganism growth in
pond.

Eucheuma serra gives high yields of
isolectins - ESA—1 and ESA-2. The yield
could be up to 1% from powdered algae
with 0.1% as ESA-1 and 0.9% as ESA-2.
E. serra could be a valuable source of lectin
molecules that work even at relatively high
temperatures and over a wide pH range that
have preferential affinity for glycoproteins
bearing high mannose—type N—glycans
(Hori et al., 2007; Kawakubo, Makino,
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Ohnishi, Hirohara, & Hori, 1997). Lectin
is defined as carbohydrate-binding proteins
of non-immune origin that agglutinate cells
or as carbohydrate-binding proteins other
than antibodies or enzymes. It is a group
of non-immunogenic proteins possessing
at least one noncatalytic domain that
binds reversibly to specific carbohydrates
(Janeway & Medzhitov, 2002; Teixeira
et al., 2012). Lectin has been regarded as
primary candidates for pattern recognition
receptors in animal innate immunity due to
its ability to bind to specific carbohydrates
on the surfaces of microorganisms (Zhao et
al., 2009). Lectin can specifically recognise
the carbohydrates from the membrane or
surface of cell. Moreover, it is able to induce
agglutination of these cell or can lead to
diverse cellular events, such as phagocytosis
(Marques & Barracco, 2000).

The carbohydrate-binding profile
of ESA-2 is examined as 45 different
complexes. N-acetyl glucosamine (GIcNAc)
is related in 35 different complexes and
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N-acetyl galactosamine (GalNAc) take
part in 4 different complexes (Hori et al.,
2007). Lectin with structural characteristics
and specificity has been identified in L.
vannamei, known as C-type lectin (Ma, Tin,
He, & Chan, 2007; Vazquez et al., 2009). C—
type lectins has ligand binding specificities
for carbohydrates, such as GlcNAc,
GalNAc, sialic acid and lipopolysaccharide,
indicate antimicrobial activity against
several bacteria and fungi, also in response
to WSSV (Vazquez et al., 2009; Zhao et
al., 2009). The similarity of ligand binding
carbohydrates of ESA-2 and C—type lectin
is necessary for increase the immunity on
L. vannamei.

Furthermore, immune memory in
invertebrates that is referred as immune
priming or specific immune priming,
appears to be passed from brood stock to
offspring (Pope et al., 2011). L. vannamei
subjected to treatment and has an increase
of haemocyte cell can be maintained as
particular brood stock called Specific
Pathogen Free (SPF). L. vannamei SPF
could produce progeny that have can resist
pathogens (Sugama et al., 2006).

CONCLUSION

L. vannamei is vulnerable to infection by
pathogen microorganisms, such as virus
and bacteria. E. serra extract contains
lectin which serves as immunomodulator
for L. vannamei (to provide an innate
immunity). Eucheuma serra extract as
injection treatment for L. vannamei leads
to a significant increase in haemocyte.
Treatment of 8§ pg/ml extract injection
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enhances haemocyte production as much
as 15.29 million cell/ml in six days. Lectin
from E. serra is a novel solution to enhance
immunity of L. vannamei against pathogens.
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