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Tilapia is listed as the most widely cultured fish in many parts of the world. The rising
global demand of tilapia has driven significant efforts for the improvement of the
growth and health of this species. Various antibiotics, growth promoters, and
chemotherapeutic agents have been used for the above purposes. However, they tend to
bring undesirable side effects. The use of herbs has been suggested as an alternative
strategy to the use of conventional agents. Therefore, the present study aims to select
safe herbal extracts with potent antibacterial properties as dietary supplementation for
juvenile red hybrid tilapia (Oreochromis sp.). Five Malaysian local herbal extracts of
methanol and aqueous i.e. Cosmos caudatus (ulam Raja), Curcuma mangga
(temumangga), Justicia gendarussa (gandarusa), Piper betle (sireh), and Zingiber
zerumbet (lempoyang) were screened for antibacterial activities against nine common
fish pathogenic bacteria using agar-well diffusion method. The assay showed
methanolic extracts could inhibit all of bacteria tested namely Bacillus sp.,
Enterococcus feacalis, Staphylococcus aureus, Streptococcus agalactiae, Aeromonas
hydrophila, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Vibrio alginolyticus with higher inhibitions compared to aqueous extracts. The aqueous
extracts showed inhibition only towards S. aureus, S. agalactiae, A. hydrophila, and V.
alginolyticus. Due to low antibacterial activities, aqueous extracts were omitted for
further evaluation, which included the methanolic extracts of C. mangga and J.
gendarussa. Comparative inhibitory activities between selected methanolic extracts of
herbs and standard antibiotics revealed the ability of the herbs as potent antibacterial
agent are presented in the following descending order of effectiveness: enrofloxacin, P.
betle, oxytetracycline, Z. zerumbet, tetracycline, C. caudatus, and erythromycin.
Methanolic extracts of P. betle, Z. zerumbet, and C. caudatus were investigated for in
vivo toxicity. The median lethal doses (LDsy) of the extracts administered
intraperitoneally to Oreochromis sp. juveniles were determined to be 310.97 mg/mL
(P. betle), 227.53 mg/mL (Z. zerumbet), and 234.42 mg/mL (C. caudatus). Although
all of herbal extracts yielded low mortality, organ histology revealed moderate
pathological changes induced by C. caudatus and Z. zerumbet that increased
proportionally with the dose given. Consequently, C. caudatus and Z. zerumbet were
discarded for next assessment due to their toxicity effects. Qualitative phytochemical



screening was carried out for P. betle methanolic extract (PBME) prior to the
identification and quantification of its major antibacterial active compounds. The
phytochemical analysis showed the presence of alkaloids, phenols, flavonoids, tannins,
saponins, glycosides, terpenoids, and steroids. The TLC-agar-overlay bioautography
assay identified two major compounds i.e. hydroxychavicol and eugenol as the
responsible compounds for antibacterial activities. The content of hydroxychavicol and
eugenol in PBME were found to be 374.72+2.79 mg/g and 49.67+0.16 mg/g as
quantitatively analysed by HPLC. Feeding trial was done in order to determine the
effects of PBME on growth performance, blood parameters, and histology of organs of
Oreochromis sp. PBME was supplemented in the diet at 0.20 g/kg (T1), 0.78 g/kg (T2),
and 3.13 g/kg (T3) containing 37.47% and 4.97% of hydroxychavicol and eugenol, and
fed to Oreochromis sp. for 12 weeks. The fish fed with 0.20 g/kg PBME had the best
performance, and showed significant improvement in weight gain (616.23%), body
length gain (6.87 cm), specific growth rate (2.34%/day), protein efficiency ratio (1.97),
and feed conversion ratio (1.48). Haematological analysis showed higher trend in RBC,
Hb, and Hct values, with lower WBC value in PBME-fed fish compared to control.
Total serum protein, albumin, and globulin contents were improved particularly with
the supplementation of PBME at 0.78 g/kg. Histological findings also revealed no
adverse effects of the PBME supplementations on fish spleen and intestine. The effects
of dietary supplementation of PBME in Oreochromis sp. were then assessed on
survival and resistance to S. agalactiae. In 14 days of S. agalactiae post-challenge,
survival and RPS of Oreochromis sp. fed with PBME was higher than untreated-
control group, but not significantly different compared to OTC-treated group. The
results showed PBME-treated fish had a high resistance to disease, and the efficacy of
PBME as prophylaxis was equivalent to OTC antibiotic. The supplementation of
PBME at 0.78 g/kg gave the best result, and it could restore the altered haematological
parameters and serum protein contents in infected fish to near normal values.
Histological analysis showed the degrees of damage were lesser in infected organs of
PBME-treated fish compared to untreated-control fish. The results revealed the
potential of PBME to ameliorate the organ damages induced by S. agalactiae. In
conclusion, the current study suggests that Piper betle methanolic extract is effective as
a growth and health promoter in Oreochromis sp.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Doktor Falsafah

PENILAIAN EKSTRAK METANOL Piper betle L. SEBAGAI POTENSI
PENGGALAK PERTUMBUHAN DAN KESIHATAN BAGI JUVENIL
TILAPIA HIBRID MERAH (Oreochromis sp.)

Oleh
SYAHIDAH BINTI AHMAD

Julai 2018

Pengerusi : Hassan Hj. Mohd Daud, PhD
Fakulti : Veterinary Medicine

Tilapia disenaraikan sebagai ikan yang paling banyak dikultur di kebanyakan tempat di
dunia. Permintaan tilapia yang semakin meningkat secara global telah mendorong
usaha-usaha penting bagi meningkatkan pertumbuhan dan kesihatan spesies ini.
Pelbagai antibiotik, penggalak pertumbuhan, dan agen kemoterapi telah digunakan
untuk tujuan tersebut. Walau bagaimanapun, ia cenderung membawa kepada kesan-
kesan sampingan yang tidak diingini. Penggunaan herba disyorkan sebagai strategi
alternatif kepada penggunaan agen konvensional. Oleh itu, kajian ini bertujuan untuk
memilih ekstrak-ekstrak herba yang selamat dengan ciri-ciri antibakteria yang kuat
untuk dijadikan penambah makanan untuk juvenil tilapia hibrid merah (Oreochromis
sp.). Lima ekstrak metanol dan ekstrak berair herba tempatan Malaysia iaitu Cosmos
caudatus (ulam Raja), Curcuma mangga (temumangga), Justicia gendarussa
(gandarusa), Piper betle (sireh), dan Zingiber zerumbet (lempoyang) telah disaring
untuk aktiviti antibakteria terhadap bakteria ikan patogenik yang lazim dengan
menggunakan kaedah resapan telaga-agar. Asai menunjukkan bahawa ekstrak metanol
telah merencatkan kesemua bakteria yang diuji iaitu Bacillus sp., Enterococcus
feacalis, Staphylococcus aureus, Streptococcus agalactiae, Aeromonas hydrophila,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, dan Vibrio
alginolyticus dengan perencatan yang lebih tinggi berbanding dengan ekstrak berair.
Ekstrak berair hanya menunjukkan perencatan terhadap S. aureus, S. agalactiae, A.
hydrophila, dan V. alginolyticus. Disebabkan oleh aktiviti antibakteria yang rendah,
ekstrak berair disingkirkan untuk penilaian lanjut, termasuklah ekstrak metanol C.
mangga dan J. gendarussa. Perbandingan aktiviti perencatan di antara ekstrak metanol
herba terpilih dan antibiotik piawai mennunjukkan keupayaan herba sebagai agen
antibakteria yang kuat, diperlihatkan di dalam urutan menurun berikut: enrofloxacin, P.
betle, oxytetracycline, Z. zerumbet, tetracycline, C. caudatus, dan erythromycin.
Ekstrak metanol P. betle, Z. zerumbet, dan C. caudatus dikaji untuk ketoksikan in vivo.
Nilai dos kematian purata (LDsy) ekstrak yang diberikan secara suntikan
intraperitoneum pada juvenil Oreochromis sp. bersamaan dengan 310.97 mg/mL (P.
betle), 227.53 mg/mL (Z. zerumbet), dan 234.42 mg/mL (C. caudatus). Walaupun
kesemua ekstrak herba memberikan hasil kematian yang rendah, histologi organ
menunjukkan terdapat perubahan patologi sederhana yang disebabkan oleh C. caudatus



dan Z. zerumbet, yang mana berkadar langsung dengan peningkatan dos. Oleh itu, C.
caudatus dan Z. zerumbet dikecualikan untuk penilaian seterusnya kerana kesan
ketoksikan yang wujud. Pemeriksaan fitokimia kualitatif telah dijalankan terhadap
ekstrak metanol P. betle (PBME) sebelum pengenalpastian dan kuantifikasi sebatian
antibakteria aktif utama. Analisis fitokimia menunjukkan kehadiran alkaloid, fenol,
flavonoid, tanin, saponin, glikosid, terpenoid, dan steroid. Asai TLC-bioautografi agar
terlapis telah mengenalpasti dua sebatian utama iaitu hydroxychavicol dan eugenol
sebagai sebatian yang bertanggungjawab untuk aktiviti antibakteria. Kandungan
hydroxychavicol dan eugenol dalam PBME didapati sebanyak 374.72+2.79 mg/g dan
49.67+0.16 mg/g, seperti yang dianalisis secara kuantitatif oleh HPLC. Ujian
pemakanan telah dijalankan bagi menentukan kesan penambahan PBME terhadap
prestasi pertumbuhan, parameter darah, dan histologi organ juvenil Oreochromis sp.
PBME ditambah dalam diet pada 0.20 g/kg (T1), 0.78 g/kg (T2), dan 3.13 g/kg (T3)
mengandungi 37.47% dan 4.97% sebatian hydroxychavicol dan eugenol, dan
seterusnya diberi makan kepada Oreochromis sp. selama 12 minggu. Ikan yang diberi
makan dengan 0.20 g/kg PBME menunjukkan prestasi terbaik, dan perubahan yang
signifikan pada pertambahan berat badan (616.23%), panjang badan (6.87 cm), kadar
pertumbuhan spesifik (2.34%/hari), nisbah kecekapan protein (1.97), dan nisbah
penukaran makanan (1.48). Analisis hematologi menunjukkan kadar yang lebih tinggi
dalam nilai RBC, Hb, dan Hct, dengan nilai WBC yang rendah dalam ikan diberi
makan PBME berbanding kawalan. Kandungan protein serum, albumin, dan globulin
didapati meningkat terutamanya dengan penambahan PBME pada 0.78 g/kg. Penemuan
histologi juga menunjukkan tiada kesan sampingan buruk penambahan PBME terhadap
limpa dan usus ikan. Kesan penambahan makanan PBME dalam Oreochromis sp.
kemudian dinilai terhadap kemandirian dan rintangan terhadap S. agalactiae. Dalam 14
hari pasca-cabaran S. agalactiae, kemandirian dan RPS Oreochromis sp. diberi makan
PBME adalah lebih tinggi daripada kumpulan kawalan yang tidak dirawat, tetapi tidak
berbeza berbanding dengan kumpulan yang menerima OTC. Keputusan ini
menunjukkan ikan yang menerima PBME mempunyai rintangan yang tinggi terhadap
penyakit, dan keberkesanan PBME sebagai profilaksis adalah setara dengan antibiotik
OTC. Penambahan PBME pada 0.78 g/kg memberikan hasil yang terbaik, dan dapat
mengembalikan parameter haematologi dan kandungan protein serum dalam ikan yang
dijangkiti kepada nilai hampir normal. Analisis histologi menunjukkan tahap kerosakan
adalah lebih rendah dalam organ-organ ikan yang dijangkiti dirawat-PBME berbanding
dengan ikan kawalan yang tidak dirawat. Keputusan ini menunjukkan PBME
berpotensi untuk memulihkkan kerosakan organ yang disebabkan oleh S. agalactiae.
Kesimpulannya, kajian ini mencadangkan bahawa ekstrak methanol Piper betle adalah
berkesan sebagai penggalak pertumbuhan dan kesihatan kepada Oreochromis sp.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Background of Study

Fish and other aquatic animals are vital sources of food for humans. They are
nutritionally excellent since they have high quality animal protein apart from other
essential nutrients. Also, they provide high bioavailability even in minor quantities in
the diet. At a cheaper price, fish is the most frequently-consumed animal meat and
thereby contributes very significantly to the variety in the daily human diet (Thilsted et
al., 2013). Globally, over 4.3 billion people rely on fish as their main source of animal
protein, with translates into at least 15% of their average per capita animal protein
intake. Of this amount, it is approximated that the world consumed 128 million tonnes
of fish or about 19.7 kg per individual in all time, as stated by Food and Agriculture
Organisation of the United Nations (FAO, 2016).

Since the wild stocks of most commercially-important fish in the oceans have declined,
the aquaculture industry has grown considerably in recent years to fulfil the market’s
demand. In 2014, the global total capture fishery production was reported to be 93.4
million tonnes, a 2.6% decrease as compared with the previous year. In contrast, the
aquaculture industry has continued to show strong growth, where the average annual
production rate has increased by 6.1% from 36.8 million tonnes in 2002 to 73.8
million tonnes in 2014. If the current trends continue, the aquaculture industry will
surpass fisheries production in a few years’ time (FAO, 2016).

Among the cultured species, tilapia is listed as the most widely-farmed fish in many
parts of the world (FAO, 2014). The percentage of its production has been
exponentially growing year by year. The world’s total tilapia aquaculture production in
2015 was estimated to be 5 million tonnes, an increase of about 6% in the yearly
production (FAO, 2016). The species that are most widely reared are those in the genus
of Oreochromis. These comprise the Nile tilapia (O. niloticus), the Mozambique tilapia
(0. mossambicus), and the blue tilapia (O. aureus and O. urolepishornorum). In recent
times, fish farmers around the world have produced numerous strains from these parent
species along with many successful hybrid strains, including red hybrid tilapia
(Oreochromis sp.). This strain has become popular and is an important reason for its
large-scale production for domestic consumption and exports (Watanabe et al., 2002).
It is also the dominant (more than 90%) commercial species cultured in Malaysia
(Department of Fisheries, 2013).

The rising global importance of cultured tilapia as a food fish has driven significant
efforts for the improvement of the growth and health of this species. The intensive
production of fish usually generates a stressful environment as a result of
overcrowding, transport, handling, grading, and deterioration of water quality, leading
to immune system depression, lower growth performance, and increased susceptibility



of the fish to infectious diseases (Harikrishnan et al., 2011a). Hence, various
antibiotics, growth promoters, and chemotherapeutic agents are applied to address
these problems. Overuse or misuse of the aforementioned agents lead to other problems
such as the development of antibiotic resistance in various bacterial pathogens,
accumulation of noxious chemical residues in fish, and environmental pollution (Ringg
et al., 2010; Defoirdt et al., 2011; Romero et al., 2012). Thus, to overcome these
drawbacks, researches nowadays focus on the use of natural products to replace
synthetic agents.

Herbal plants are one of the interesting options as they have a variety of biological
activities such as antimicrobial, antioxidant, appetite-stimulating, growth-promoting,
and immunomodulatory activities owing by the presence of various active compounds.
Besides, they are considered to be safe (Citarasu et al., 2010; Chakraborty et al., 2014;
Hashimoto et al., 2016). Their applications are known to be able to improve the
performance of animals like poultry and ruminants due to their effective role as broad
spectrum prophylactic and growth-promoting agents (Brenes & Roura, 2010; Franz et
al., 2010). Although the scientific data on herbs in fish is still limited, a number of
studies have also reported beneficial biological effects of the herbs and their derivatives
(Rahman et al., 2009; Direkbusarakom, 2011; Talpur & Ikhwanuddin, 2012, 2013). On
top of that, herbal preparations can be given orally as feed additives to cultured fish of
all sizes, rather than via injection or parental routes (through baths/immersion) that are
commonly employed by vaccines, probiotics, and immunostimulants. Oral
administration via feeds is considered to be the simplest and practical way as it does
not induce handling-related stress. Thus, herbal extracts can be mass-administered.

1.2 Problem Statement

Until today, the occurrence of disease is a major constraint to the efficient production
in aquaculture, resulting in serious economic losses. Emerging and re-emerging
diseases are frequently reported, especially bacterial infections which are a main threat
in the fish-farming industry. Even though tilapia is reported to be hardy, tilapia
constantly succumbs to bacterial pathogens. At present, streptococcosis, which is
caused by Streptococcus agalactiae, is the most important disease which affects tilapia
production globally (Pereira et al., 2010; Ye et al., 2011). In Malaysia, streptococcosis
can cause 40 — 50% mortality in the farmed tilapia, with an estimated annual loss of
RM3 million (FAO, 2011).

Previous studies have documented that improper and continuous use of antibiotics and
chemicals in aquaculture have induced numerous adverse side effects, which in turn
have given rise to many risks to the human health and environment. Due to this reason,
most government authorities around the world impose stringent regulations that limit
the use of a number of antibiotics and chemicals in aquaculture. For example,
antibiotics such as chloramphenicol, fluoroquinolones, nitrofurans, and quinolones, as
well as chemical compounds like malachite green are antimicrobial agents that were
recently banned for use in aquaculture by the U.S. Food and Drug Administration
(USFDA) after revised testing programmes were done (Collette, 2006). Moreover,
many countries such as the European Union (EU) and Singapore refused to import
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aquaculture products tainted with antibiotics and chemicals, including the use of whole
sub-therapeutic antibiotics as growth-promoting agents. In order to reduce or avoid the
dependence of aquaculture on these conventional agents, attempts to use herbs to
become an alternative have been intensified.

Therefore, the present study was aimed to assess the antibacterial properties and the
safety of some easily-available Malaysian herbs — namely Cosmos caudatus (ulam
Raja), Curcuma mangga (temumangga), Justicia gendarussa (gandarusa), Piper betle
(sireh), and Zingiber zerumbet (lempoyang) — in developing fish feed supplement.
Subsequently, the effects of selected herbal supplemented diet were investigated in
terms of the juvenile red hybrid tilapia’s (Oreochromis sp.) growth and health as well
as disease resistance.

1.3 Hypothesis

1. Local herbal extracts have broad spectrum antibacterial activities and have
promising potential to be antibacterial agents.

2. Local herbal extracts have high safety margins and are non-toxic to fish
tissues.

3. Selected herbal extract need contains bioactive compounds in certain
concentrations to effect antibacterial activities.

4. Supplementation of selected herbal extract in diet can improve the growth and
health of Oreochromis sp.

5. The supplementation of selected herbal extract in diet can confer protection
against Streptococcus agalactiae in Oreochromis sp.

1.4 Objectives

The general objective of this study was to investigate the potential of local herbal
extracts to be diet supplement for juvenile Oreochromis sp. to promote better growth
and health. The specific objectives of this study were:

1. to screen and evaluate the potential antibacterial activities of local herbal
extracts against fish pathogenic bacteria.

2. to evaluate the toxicity of local herbal extracts and determine their safety level
in Oreochromis sp.

3. to identify and quantify the major antibacterial active compounds of selected
herbal extract.

4. to determine the growth performance, survival, feed utilisation, and body
composition of Oreochromis sp. fed with selected herbal extract supplemented
diet.

5. to clarify the effects of selected herbal extract supplemented diet on the
haematological and histological of important tissues of Oreochromis sp.

6. to determine the disease resistance of Oreochromis sp. fed with selected
herbal extract supplemented diet when challenged with Streptococcus
agalactiae.
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