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ABSTRACT

Previous studies suggesatigant productsan be used in place synthetic
therapeutichemicalagentgo improvethe growth health andmeatquality of
culturedfish. Theseeffects of plant supplemenarespecificon different fish
speciesTherefore, ltis study investigatethe potential of ginger and garlic as
feed supplementsfor the culture of blackchin tilapia, Sarotherodon
melanotheron This fish is animportant source of protein to many coastal
communities Powdered form of these supplements wefed to thefish at
four levels 0.5%, 1%, 1.5% and 2Ptas part of a commercial feedTen
fingerlingsper nf (average weight 2.74+ 0.30g each) werecultured for24
weeks in hapas suspended in concrete tankke performance of these
fingerlings wascompared witlthose thawere not fed with the supplements.
Results showedhat bothsupplementslid not affect growthof the fish its
feed utilisation, blood constituents,serum biochemical compositioand
lysozyme activity. However, the condition indexprotein, fat and mineta
contentof the fish were significantly higher when garlic content of the fish
feed wasO 1.5%. In contrastmoisture, fibre and carbohydrate weegluced
when thegarlic content ofthe feedwas O 1.5%. Ginger, particularly at a
concentration of 1.5%nduced significanty higher protein and moisture
whereas itecreased fat, fibre, carbohydrate and ash coofahefish. These
results suggeghat gingerand garliccan be used to enhance the physiological

conditionandnutritionalquality of S. melanoth@n under culture.
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CHAPTER ONE
INTRODUCTION
This chapterexplains the background tahe study, presents the
research problem and its significance as well as highlights the main and

specific objecties of thisstudy.

Background to the Study

The Relevance 6 Aquaculture

Over the vyears, Aquaculture has substantiallyincreased fish
availability to humanity and contributde satisfy he growth in fish demand,
therebyrelieving thepressure on wild fish stock¥Vorld Bank, 2014 FAO,
2016. This is evident in thdish productiondata in whichaquaculture fish
production contributed 44.1% dhe total production fromboth capture
fisheries and aquaculture in 2014,hiwsh was an increment from 42.1%
recordedn 2012 and 31.1% record@d 2004 according t6AO (2016).

In Africa, aquaculture production in 2014 amounted 1310.9
thousand tonnesrepresenting only 2.32% of the Global aquaculture
production. Nonetheless thiwas an improvemenfrom 0.45% in 1995
gradually to 1.46% in 2005 ari23% in 2012Egypt has consistently been
the leading prodeer in Africa contributing 66.46% followed by Niga with
18.30%6 and the rest SuBaharan Africa contributing 14.24%hiles the
remaining north Afican countriegogether contributed 0.99%-A0, 2016)
Whenthe needed effort and attenti@givento the industryaguacultuwe in
Africa is likely to grow to meet the needs of both local as well as international

markets.



Oneof the challenges that the ever growing world faces and needs to
be addresed, especidl in developing countries like Ghana, is to ensure that
there is both adequate food and nutrition security fo(Hdraksingh et al.,
2016. In Ghana, presently, there ishortfall of about 380,00@netrictonsin
the domesticfisheries production neecd to meetour food security
requirement{MOFAD, 2016) The steady growth in aquaculture production
thereforepresents a reliablepportunity to contribue to food secuty and
good nutrition for all.

However, aquaculte faces a number of challengesid disease
occurrencas a major threatausing significant losses ahahiting production
in the sector(SubasinghelRohana& McGladdery2001). When the necessary
supportis given for its sustainable developmerdguaculture carimit its
challenges and producsifficient fish to contributetowards eradication of
hunge, foodinsecurity and malnutritio(Haraksingh et al., 2016l the Sub-
saharanAfrica, Hecht and Endemann(1998) revealel that bacterial and
parasitic infections are a major setback in aquaculture producton the
sustained growth and developmeftaquaculturen this region diversifying
the species cultured can enable the use of various water resources yet unused
for the prodiction of food fish.

Presently, quaculturein Ghanais mainly focusedn freshwater(on
the Volta lake) with little ono development in coastal aquacult(vOFAD,
2016) This situation is primarilydue to the notmavailability of a developed
suitable species for culture in this environmamd needs to be addressed. One

coastal species that can be considered is the blackilapia.



The Black Chin Tilapia (Sarotherodon melanotheron

Tilapia are valuable species in Ghana and West Africa and the-Black
chinned tilapia,Sarotherodon melanotheras an important fish resource in
the coastal waters of Ghana; serving as acgoaf protein and livelihood for
some coastal dwellers (Abban, Asante & F&R00).Over the years, many
studies have contributed information related d its alture performance
including Igonifagha, Deekae and Marioghae (1996gendreand Trebaol
(1996) Apenuvor (2015) and Tseku (2016)Jhe speciess amenable to
culture conditims in ponds, tanks, enclosurasd cages (Campbgell987)
making it a suitable candidate for coastal aquaculture. Its successful culture
can therefore serve as supplementavglihood for coastal dwellers in the
face of dwindling catches fromarine andctoastal waterddowever, culturing
of the species will also come at thepenseof exposing it to conditions that

can make it vulnerable to diseases.

Vulnerability of Fish to Diseasesn Aquaculture

As a result of the environment in which they liviehksareexposed to
a variety of infectious agents namelgrasites, bacteria, fungi, amtuses that
can case disease whemot controlled Generally, fish culturists try to
maintin an environment thas conducive to good fish helltout culture
conditionsthat pertainn the aquaculture sefp such as high stocking density,
handling,accumulation of wastes, natufdra and fauna, subptimal water
quality levels, etc.can pos additional stress on the culture spediésreover,
stress is knowmo increasdish disease susceptibilityhich compromisefish
health and growthand thus promote disease outbreakg§Ashley, 2007;

Turnbull, 2012 Nya & Austin, 2009). Turnbull (2012) thereforeconcludes



that disease is not just the presence of pathogens but results from a
combination of facta. Furthermore, as aquaculture keeps expanding and new
species are farmedew diseases wikmerge that can adverseaffect both

wild and cultured fist{Murray & Peeler, 2005)

Impact of Diseases on Auaculture

Diseases have been identified as a cause of signtfeconomic losses
to the aquaculture industry{Citarasu,2012 NewajFyzul & Austin, 2014.
Moreover, when outbreaks occur,ist difficult to control and/or administer
protocolsfor effective remedynot to mentiontte high cost involved including
the threat to the efronment.To the farmer diseasescauselossesdirectly
throughmassmortalities andreduced growtl{Ashley, 2007) This resultsn
reducedprofit or heavylosses irterms ofproductivity, expenditure anthcome.
To a larger extent it affecesmployment, market access or shares, investment
and consumer confidencand can consequentlyadto food shortages, industry
failure or closure of busineg8ondadreantaso et al., 200Brun, Rodgers
Georgiadis & Bjondal, 2009) Fish dseases are therefore a threat
aquacultureand food security in generand efforts that camitigate its

occurrence are important.

Overview of Fish Diseases
Diseases that affect fish under culture are categorized into:
(a) Infectious diseasesyhich are caused by pathogenic organisms present in
the environment. They are mostly contagious and treatment may be

necessary to control the disease outbreak.



(b) Norrinfectious diseasesyhich are caused by environmental problems,
nutritional deficiencies, or genetic anomalies. These are not contagious
and usually cannot be cured by medications. They are best prevented and
controlled byprovision of good water quality, adedeautritionand good
managemernractices

Infectious diseaseare more prevalent argtoupedas parasitic, bacterial,

fungal, or viral diseases.

Parasitic diseases

Parasites areesponsible for a number aifectiousdiseases itish.
Therearetwo forms, theopportunistic andbligate parasites. Under normal
circumstances, thebligate parasitaloes not kill the host sincesitlife is
dependent on that of the hpgtustherearemanyparasites in wild fish which
do nd pose anyroblens (Mesalhy Aly, 2013) However,underan intensive
culture situationthe fishare abnormallystressed at the same tirme®wded
The closeness of one fish anotheralsoincreases theossibility of infection
and mortality.

Parasitt diseases of fish are categedznto protozoan, crustacean and
helminthicdiseases. fistaceans amostlyexternal paras#swhich can cause
severe diseasedhe protozoanson the other &nd cause either external or
internal disases accordg to where they affe¢he fish With the helminths,
most monogeneans ancdhi@elids cause externaiseaseswhile majority of
digeneans caudaternaldiseases. Nemataogieacanthocephalarand cetodes
are all associated with parasitiofestationsthat are interna(Mesalhy Aly,

2013)



Bacterial diseases

Bacteria arethe most significant pathogens in cultured anddwi
finfish and shellfish worldwid€¢Citarasu, 201 Most of the causative micro
organisms are natubal occurring saprophytes, utilizinghe organic and
mineral matter in the aquatic environment to grow and multiply. It has been
shown that the normal bacterial flora of fish reflects the bacterial population of
the water in which theywim (Mesalhy Aly, 2013) The majority of fish
pathogenic  bacteria are short, ragrnegative rods (families:
EnterobacteriacegePseudomonadaceae and Vibrionage®@ke long gram
negative myxobacteria (family: Cytophagaceae) which are not recognized as
pathogens of warrbloodedanimals, have also been found dause heavy
mortality in fish stocks(Mesalhy Aly, 2013) The general symptoms of
bacterial infectionare septicaemia and ulcers. Grpositive bacteria are not
common but can cause severe losses in certain specieshafrider particular

conditions(Mesalhy Aly, 2013)

Fungal diseases

Fungi arealso responsible for a number of economicailyportant
diseases in farmed fisfihey cannot use photosynthetic pathways for energy
production as thehave no chloroplasts and therefore must live a saprophytic
or parasitic existence. The Oomycetes grogmamely Saprolegnia,
Branchomyceand Achylg is the most important of the fungal pathogens and
are commonly seen during cold seasand is linkedwith stress factors. They
are widely distributed in aquatic habitat and very few are paraEitey have
a common characteristic feature of producing motile biflagellate spores that

can cause infection to occur at any timiccording to Verma @008)



Saprolegniasiss a common and highly prevalent fungal disease that affects
all species and ages of fresh@raand estuarine fish. Manyctars contribute
to the developmen of fungal infections in fish either favouring the
proliferation of the fungus or weakening of the fish. It is when these factors

combine to overwhelm thiesh thatleads to infedbn (Verma, 2008)

Viral diseases

Viruses are small infectious agents in the aquatic environment which
infect wild and farmed fin and shellfish species, oftenmsing highevels of
mortality (Citarasu, 201p with negative impacts on the economy of fish
production.Members of twelve virugamilies have been identified in wild and
cultured fish worldwide(Mesalhy Aly, 2013) Out of nine fish diseases
reported byhe World Organization for Animal Healtim the AquaticAnimal
Health Codgq2009) seven wereiral in origin. Viral diseasegre responsible
for the highestosses in aquaculturegauction. They mostlgffect fish at the
early stages of development and the adult fish \hich are more
economicdly valuable) causing ahigh percentage of mortalityFalco,
MartinezLopez, Cdl & Estepa, 2012 The presence of these pathogenic
agents is a threat to the culture of aquatic animals and measures to prevent,

curb them or make the organism robust against them are important.

Overview of Fish Immunity

Fishes, like other vertebratgmssesdoth innate (norspecific) and
adaptive (specific) immune defeesystems. Thennateimmune system is the
fundamental defence mechanism of fish amdcrucial factor in disease

resistancéMagnadottir, 2006)The adaptive response of fish is delayed but is



essential for londasting immunity and is a key factor in successful
vaaination (Secombes & Wang, 2012 he innate immune systeatsoplays

an instructive rolein the adaptiveimmune response ando-operates in
maintaininghomeatasis(Magnadottir, 2006)The present study will focus on

the innate immune defence system.

Innate (Non-specific) immune system

The innate immunsystem is the first line of defense against invading
pathogensAccording toHarikrishnan, Balasundaram, Kim, Kim, Han & Heo
(2009, the major componentof the innate immunityare macrphages,
monocytes, granulocytesnd humoral elements, including lysazg or
complement sstem These components consist of proteins involved in the
recognitionof pathogen associated molecular patterns likego@attand fungal
glycoproteins and intracellular components released through injury or
infection (Magnalottir 2006) Several external and internal factosich as
temperature changes, handling and crowding stcass have suppress
effects on innate parametersyhereas several food additives and
immunostimulants can enhance different innateofacMagnadottir, 2006)
FurthermoreMagnadottir 2006 illustrated thathe innate immune systeim
fish is divided into physical barriers (composedsufales, mucous surfaces of
skin and gills and the epidermiscellular components thus phagocytic,
cytotoxic, epithelial and dendritic cel)jsand humoralcomponats such as
pathogenicgrowth inhibitors lytic enzymes, agglutiningrecipiting natural

antibodies, cytokines, chemokines and antibadtpeptides)



Susceptiblity of fish to infectious disease

Infectious diseasecours when a virulent pathogemhetherobligate
or facultative, is able to overwhelm tdefencemechanisms of a susceptible
host (fish) under environmental conditions that are conducive to the diseas
proces. Thus the defence mechanism of the fish plays a key role in the
success ofin infectious disease. For this reasgoproaches tomprovethe
defense mechanism of the fish undeoper management conditiort®n
reduce susceptibility of fish to ¢iaseand minimise stress impacf8shley,
2007) Limiting disease occurrende the rearing periodvill contribute to
enhancdish production ananinimize Iesses in the aquaculture sectorthis
direction development of methods for improvitiigh health and sustable

control of fish diseases arevativation foraquaculture research

Conventional ways of managing fish disease in aquaculture

Generdly synthetic agents such aantibiotics, disinfectants and
therapeutants are commonly used for management and prevention of fish
diseases in intesive aquaculture (Choudhyryal, Sahu, Kumar, Das &
Mukherjee 2005). However, these ethods have beedariticised for having
somenegative impactsncluding bioaccumulation of drugs in tissues of the
fish, development of antibioticresistant bacteria strains and
immunosuppressiofEsiobu, Armenta &ke, 2002. In addition, chemical and
antibiotic residues in aquaculture environments and subsequently in fish
products could cause unfavourable ecological and public health hazards
(Jones Voulvoulis & Lester, 2004. As prevention is better than cure,
manggement of fish disease shoufdcus on peventive and ecologiclly

friendly remediedor the health of fishthe environmerand consumers



Contemporary ways of limiting disease outbreak in aquaculture

In recent times, there has beenkeen interest in the usé natural
productsfor disease contrdh aquaculturedueto their multiple bioactivities
asalternativego antbiotics and disinfectant§Reverer, Bontemps, Lecchini,
Banaigs& Sasal, 2014)Attentionhasfocusedon immunostinulants and plant
products thatould have a beneficial effect insdasecontol (Karata, Arda&
Candan, 2003)

An immunostimulant isa substance that enhances the defense
mechanisms or immune resporiean organisnthus rendering the animal
more resistant to diseases and external agressions (Andersoncite@Bia
Reverter et al., 2014)The applicationof immunestimulants has been
considered a more effective approach to healémagement in aquaculture
becausedt reduces stress response, increabesactivity of innatemmune
parameters and impvesdisease resistan@s well as promotegrowth and
performance undeculture Harikrishnan, Besundaran®& Heo, 2011 Kum
& Sekkin, 2011 Talpur & Ikhwanuddin,2012)

Immunostimulaing substancesiclude synthetic chemicals, bacterial
derivatives(probiotics, prebiotics, synbioticspolysaccharidesr animal and
plant extractsvitamins, carotenoidsmedicinal plants etc (Harikrishnan,
Balasundaam, & Heo, 2011)0f these medicinal plants can be said to be the
most significant beause of their versatile naturehds they are effective,
environmentallyfriendly, easily available, economically attractive and -non
biomagnifiable(Citarasu2010. They therefore represent alternatiwe to the

use of synthetic drugs and/antibotics.
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Natural plant productsin aquaculture

Plants contain natural products such as alkaloi#spenoids,
glycosides, flavonoids, phelics,tannins, saponins, steroids and essential oils
(Citarasu, 2010; Chakraborty & Hancz, 2011). Thpknt derivéives are
describedo improve fish health and also promote fish growth by stimulating
the appetiteand defenceesponsef the fish(Reverter et al., 2014They are
said toaugment the tonicityral alsomaturationof cultured species anchn
act as, aphrodisiac and apathogens in cultured fish (Citarasu, 2010;
Chakraborty & Hancz, 2011). The application of plant prodootdd lessen
the cost oftreatmentand be more sustainable as tlag likely to be more
biodegradable thamwther syrthetic molecules and less prone ¢ause drug
resistance in pathogens because fithe high diversity of plant extract
mo | e ¢ ldgambal,Velkatalakshm& Michael 2000;Olusola,Emikpe &
Olaifa, 2013).

Magsood, Singh Samoonand Munir, (201]) stated thatit he mo st
important advantagef asing immunostimwnt plantsin aquaculture is that
they contain natural organic materials that do not cause threat to fish health or
to the envir onmen tAdditianallyt with thesinteeasingh e a |l t |
preferencefor organic foodsthe use of plantroductsin aquaculture would
make aquaculture produce more appeaingonsumers

In this regard,a variety of plant products (withknown medicinal
properties andbeneficial effects on humankave beerapplied in aquaculte
to explore their potentiaffect inenhancing health statusgpproving disease
resistance angromoting growth in various culture speciésa review of the

useof plants in aquaculturdReverter et al(2014)enlisteda number of plant
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products that &ve been tried on fish includingpistletoe Yiscum album
nettle Urtica dioica), ginger gingiber officinalg, garlic (Allium sativun),
onion Allium cepd, motherwoot herbpermuda gras¢Cynodon dactylon
long pepperRiper longun), coat buttonsTridax procumbens monkey head
mushroom [ericium erinaceur)) kelp (Ecklonia cava indian ginseng
(Achyrantes aspeja purple fruited pea eggplantS¢lanum trilobatury
chinese cedarTpona sinens)s chaga mushroomir{onotus obliquus etc In
Ghana, gingerand garlic are readily available and widelycegted plant
products used asspices in daily cuisine and as a component in herbal
preparation for various health benefithe properties and benefits of ginger

and garlic are elucidated in the following sessi

Properties and benefits dbinger Zingiber officinalis)

Ginger is a welknown herbal medicine containingalkaloids,
flavonoids, polyphenols, saponin, steroids, tannin, vitamins, carotenoids and
minerals (Talpur, Ikwanuddin & Ambok, 2013)Alongside, it is endowed
with naturalantioxidants suclas gingerols, shogaols and zingerone (Hori et
al.,, 2003 and essential oils which have potenttianflammatory effects
(Zarate& Yeoman, 1996 Reported benefits from ginger includeti-platelet,
antirbacteral, anttfungal, antiviral, anttworm and antoxidative activities
with effects on gastrointestinal am@rdiovascular system#dditionally, it
possessesantilipidemic, antihyperglycemic, and antumour properties
(Talpur et al., 2018 It is also kown to be effective as an immunedulator
in human and other animals including fish (Nya & Austin, 2008pines
Amar, Amar,Faisan, Rolando, Pakingking, & Satd@@12and Talpur et al.,

2013). Ginger application in aquaculture is gaining grounds as gestive
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stimulant and immune booster.

Properties and benefits of Garli\{lium sativum)

Garlic is also a widely accepted spice. Thedztive components of
garlic include several sulfacontaining compounds such as ialli
diallylsulfides and allicin thapartly account for some of its effecnjagase,
Petesch, Matsusa, Kasuga & Itakura2001 Butt, Sultan & Igbal,2009.
These components are known to possessbacterial, antfungal, anti
parasitic, antviral, antroxidant (Santhosha, Jamu&aPrablavathi, 2013), as
well as antithrombotic, vasodilatory and artancer activities Rutt et al.,
2009 Agarwal, 1996. Ankri and Mirelman(1999) have pointed out that
garlic canhamper the growth of dse bacteria that aregistant to certain
antibiotics Application of garlic in fish farming has become popular for
enhancing the activity of defence systems, conferring protection against
diseases and acting as a growth promoter (Metwally, 2009; Nyaisin,

2009; Talpur & Ikhwanuddin, 2012)

The Research Problem

In aquaculture, §h diseases constitutme of the major problems and
efforts to minimize the occurrence of diseaasscrucial to prevent mortality
and morbidity. This can inturn promote rapid growth and optimal feed
conversion of cultured fish in fresh, estuarine aradtine watersAccording to
Oliva-Teles (2012)the nutritional status atfhe cultured fish plays acrucial
role in its health, hencéeed supplementation igracticed with he aim of
improving fish health as well agptimizing feed utilization quality of flesh

and consequently fish growth and performa8aleh, Michael& Toutou,
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2015) In view of this, thesearchfor new feed additivehias become an
important aredor aquaculture researchexs noted by’ ho and Leg2012).
S. melanotherors a suitable aquaculture species in ¢bastal waters
of Ghana. However, earlier studies on its aquaculture perfornrapoeted
rather low growth rates, and measures such as momoakxculture, lower
density, and altering quantity and distribution of the feed did not help to
improve growth(Campbel] 1987) Additionally, the aquaculture performance
of S. melanotherorstudied in brackish water by K&s, Amon-Kothias &
Agnese (198), Legendre, Hem & Cisse (198%nd Ouattara, Teugels,
N6 Douba & Phi dlsoppadedgrowth 2de8 3hpt were not
impressive for the commercial lture of this speciesThey also recordeligh
feed conversiomatio indicatingthat the fish poorlyutlized artificial diet. In
all these studies however, there wasmention of supplementings diet to
aid in feed utilization ash improving culture performancé&urthermore the
effect of plant based feed supplement on growth parameters is undechiesear
In order to improve its culture performance, application of natural
plantproducts whichn recent aquaculture have been used as potgntaith
promoters antistressand immunestimulantson various specie€houdhury
et al, 2005), can be tested ¢ime blackchin tilapiaSupplementingyingerand
garlic in artificial feed forS. melanotherommay help to reduce stress and
facilitate growth performance whiles keeping fish in good healitiniting
incidence of diseasemnd saving the environment fromnectessary load of

antibiotics,therapeutants armtherchemcals during the rearing period
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The Study Objectives
The main goal of this study is to determine the effect of dietary ginger
and garlic supplementation on growth and health statuSaobtherodn
melanotheron
The specific objectives are to:
a.determine the appropriate dosage of ginger and garlic powder
supplemats for maintaining health and improving growthof S.
melanotherorunder culture.
b.assess the effect of ginger and garlic supplementation
I.  growth,feed utilization anghhysiological condition.
ii.  proximate biochemicatomposition
lii.  blood composition
iv.  blood chemistryand

v. immunityof S. melanotheron

The Research Hypotheses

The null and alternate hypotheses for this study are as follows;
Ho: Gingerfeed supplemerdoes notaffect growth performance of reared
Sarotherodommelanotheron
Hi: Ginger feed supplement affects growth performance of reared
Sarotherodon melanotheron
Ho: Garlic feed supplement does not affect growth performance of reared
Sarotherodon melanotheron
Hi: Garlic feed supplement affects growth performance of reared

Sarotherodon melanotheron
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Ho: Gingerfeed supplemerdoesnot influence the proximate biochemical
composition of the reare®arotherodommelanotheron

Ho: Gingerfeed supplement influences the proximate biochemical
composition of the reare®arotherodon melanotheron

Ho: Garlic feed supplement does not influence the proximate biochemical
composition of the reare®arotherodon melanotheron

Ho: Garlic feed suppleméimfluences the proximate biochemical composition
of the rearecbarotherodon melanotheron

Ho: Ginger feed supplement does not influerieeghysiological defence
mechanisms of the rear&adrotherodon melanotheron

Ho: Ginger feed supplement influences thysiological defence mechanisms
of the rearecbarotherodon melanotheron

Ho: Garlic feed supplement does not influence the physiological defence
mechanisms of the rear&adrotherodon melanotheron

Ho: Garlic feed supplement influences the physiologiedénce mechanisms

of the reare®arotherodon melanotheron

The Significance of the Study
S. melanotheronis an importantcoastal fish resource whose culture
can serve as a source of livelihood for coastal dwellers. To efficiently culture
this speciesit is important to study some factors that may affect its growth
under culture.S. melanotheronhas an exting market with prefeznce for
smaller sizesuitable for fried fishrecipel ocal |y call ed f#Akyen
popularly used in local digls across Ghaa Its culture in some of the

numerous coastal water bodies can helsupplement the declining small
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pelagic fishcatchin our coastal waters and serve as a source of supplementary
livelihood for coastal dwellers

Incorporation ofplant supplements the diet ofS. melanotherocan
provide information on the possibility of using an environmentally friendly
product to aid in fish growth, better health condition and disease resistance to
facilitate the sustainable culture of the spew#bout negativel affecting the
environment and the quality 68h producedSaleh et al., 2015)

Results of this study will be useful to aquaculturists, researchers and
policy makers, by informingvays to improve feed utilization and efficiency
and management practices for the cultur&.omelanotherarAlso, this study
will provide a means of managing stress impacts to minimize losses due to
mortalities. Additionally, it will provide an alternag to limit the use of
chemicals andysthetic productgo eithertreat or prevent infectioudiseases

and help to achievenvironmentally friendly and sustainable aquaculture.

Limitations of the study

The study was conducted with fingerlingsSofmelandteronproduced
from broodstock that were collected from a single reservoir (Bremsu Reservior
at EffutrAbasa in the CentrdRegion, Ghana)This was chosen because the
populationfrom this environment compared to those of surrounding water
bodies are largeand therefore seem to have theowth potential that is
favourable for cultureConsidering the fact that different populations may
have some inherent genetic potentikiferences (Abban, Asante & Falk
2000), this approach cde consiéred a limitatiorof the studyAdditionally,
the source of ginger and garlic used for preparing the supplements, the number

of subjects (10 fish per replicate) used, the method of incorporation of
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supplement into the basal diets to constitute the experimental treatthents,
culture facility (hapan-tank system) and the source of water-¢déorinated

tap water¥or the culture could be considered as limitations to the study.

Definition of Terms

Adaptive immune systemA part of the immune system composed of
specialised ystemic cells and processes that eliminate pathogens or prevent
their growth.

AquacultureThe farmingof aquatic annals and plants.

Disease: A disorder ianorganism thaaffects a specific locatioand impairs

i t 6s fanotionm@ |

Immunity: A balaned state of multicellular organisms that have adequate
biological defences to fight infection and tolerance to autoimmune diseases.
Immuncstimulant: Substances that stimulate the immune system by inducing
activation orincreasing activity of any of its agponents.

Innate immune system: A napecific defense that comes into play upon

attack by an antigen.

Intensive culture: A situation imnvhich a large number of fish are confined to a
relatively small space and the all factors of production, thus fisti dee
environment are controlled

Macrophages: A type of white blood cell derived from monocytes that are
capable of engulfing pathogens

Parasite An organism that live on/in another organism and benefits by
deriving nutrients at the hostodés expen

Patho@n: A microorganism that can cause a disease
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PhagocytesA type of immune celwithin the body capable of engulfing and
absorbing bacteria and other small cells and particles

Stress: Anyervironmentalsituation that capobstruct the physiology of fish

Organization of the Study

The study isstructured intofive chapters adollows: Chapter one
introduces the study and coveaseas such as, backgnd of the study,
research problem and significance of the study, the study objectives as well as
limitations andthe hypotheses to which thetudyaim to verify Chapter two
reviews some literature pertaining the species of interest and earlier works
that have explored the hypotheses of this st@hapter three focusem the
methodology that was used for theidy, explans the procedures used to
gatherthe relevant data for the studpdthe analyses of the datin Chapter
four, the results obtained ipresented while Chapter five intermehe
findings of this study with reference to relevant literature g@nevious
findings from similar works on the same or related spettiisen summarises

the research in the conclusion and recommendations

Chapter Summary

This chapter described the importance of aquaculture to global food
and nutrition security and hodiseases are a constraint to production of fish,
detailing the impacts of diseasen thissector. It also looked at an overview
of diseases in fish and theimmune system. Contemporary ways of managing
fish diseasesvere revisedand conventional ways afealing with them were
also looked at bringing us to the poinit applying plant productshat can

boost immunity and performance of fish under cultliee research problem
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was stated andhe objectives set to guide this work were outlined. The
hypothess and significancef the study werexplained It ended by detailing

the limitations, definition of terms and organization of the study.
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CHAPTER TWO

LITE RATURE REVIEW

This chapter firstexamines information about thbiology and
physology of S. melanotheroras a native species as well as its culture
performance under experimentatidinthen reviewselevant literature otthe
use of ginger and garlgupplements in aquaculture, focusomgtheeffects on
growth and feed utilizationhealth status and disease resistance of cultured

fish.

Characteristics and importance of the Black chin tilapia

The species is characterized by relatively lower numbers of vertebrae
(261 29, usually27i 28), 1219 lower gill rakers compared with other tilap
species. It ha$4i 16 dorsal spines, and a deep preorbital bone. It is a paternal
brooder, and has a strong preference for brackish water (Trewava, 11983
colouration varies with location, sexual activity, and environmental
backgroundproducing a protective chameleon effect. The throat and ventral
surfaces are usually white. The black spots on the chin and throat vary
considerably both within and among populatiohbe matured males often
have a proportionately larger head caused by month broadidgloss of
weight during incubatio(iTrewavas, 1983

S. melanotheron is native to west Africa antlas a high value in
coastal fishery being the dominant fish spe¢é&s 98 %) inabout60 lagoons
and estuaries along the coast of Ghgktzban et al.2000).The juvenilesize
of this fish locally called fAmpatuaodo
an important source of proteifor many coastal dwellers. Culturing of this

species wil/ i ncrease 1its availabil it
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population and can contribute to food and nutrition securifgrmation about
its biology and physiologyas a native gecies is very important and useful

for propagation and culturing of ttspecies.

Biology of Sarotherodon melanotheron

There are manreports orthe blackchin tilapia in Ghana and beyond
For its feeding habitS. melanotherons reported to beomnivorous thus
subsisting on a variety of food items of both animal and plant or{§iagade
1971, Blay 1998)and can change its diet in fttion to the environment (Kone
& Teugels2003)

A sex ratioof 1:1 has been reported by a number of authors such as
Faunce (2000and Oribhabor and Adis&8olanta(2009) indicating that they
occur in equal numbers in nature. Howeverea matio of 1:1.5n favour of
the femalesvas observed byrizi, Obodaiand Aggrey-Fynn (2014) For the
size at first maturity, 5.5 cm SL and 4.6 cm SL have hegorted forS.
melanotherorpopulations in the Benya lagoon and the Hakriver estuary of
Ghanarespectively(Blay 1998).These sizes were smaller compared 208
cm SL and 14.5 SL reported bjaunce(2000) for males and females
respectively in an impounded mangrove ecosystefarnida Also, Arizi et
al. (2014) recorded13.4 cm SlLas the size for firseexual maturityin the
Dominli lagoon in Ghana, indicating that populations in different
environments have varying maturity sizes.

For S. melanotheronas with the tilapias in generahe presence of
mature gonads neountered throughout the year suggestiedt there is
continuousbreeding with peak seasons duriagril and May (Faunce 2000

Koné & Teugels 2003 Arizi et al.,2014) But Panfili et al.(2004)observed
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that here was a clear seasd cycle of reproduction iastuaries with @eak at

the beginning of the wet season (Mayly) in the Senegalese Saloumtizsy

and the Gambia River estuamynder laboratory conditions, Eyeson (1979)
found spawning occurred on an average once in 22 days, although there were
periods of inactivity &r 2 months or mord=emales produce between 200 and
900 eggsper brood(Trewavas, 1983). The number of eggs that can be
incubated by the male ranges from less than 20 (male of 20 g) to over 700
(male of 310 g) (Campbell, 1987The fecundityrecorded foiS. melanotheron

by Arizi et al. (2014)ranged from 97 to 379 eggstivia mean of 206 eggs.

The eggs are orange and have a length range from 2.0 to 3.5 mm
weighing 10 to 20 mg (Trewavas, 1983). Eyeson (1979) found a range of 1.9 x
2.1 to 2.6 x 3.0 mm andrewavas,(1983)reported thathe number of eggs
decreased with increasing female size but the egg size incréteting of
eggs occursvithin 4i 6 days at 27°C. The new fry are 4.1 mm in length and
weigh about 20 mg. The fry are released 10 to 11 ddigs hatching
measuring3.6 to 11.5 mmThe total buccal incubation time is about 14 days
(mode), and may continue for as long as 19 days (Eyeson, 1979; Trewavas,
1983) being at least3 days longer than other mtbubrooding tilapias

(Philippart & Ruwet, 198).

Physiology ofS. melanotheron

Naturally, S. melanotheroexhibits an isometeric growth pattern, thus
an increase in its length is directly proportional to an increase in its weight
(Ayaode & lkulala2007) By virtue of its habitat (brackish watethis species
is exposed toregulr or random changes in enviroental conditions

especially salinity, which plays an important role in its physioldtpnfili et
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al. (2004)obseredin the Senegalese Salousstuary and the Gambi&iver
estuary that S. melanotherons able to wihstand saltier environments by
limiting its growth, reducing the siza-maturty, and changing its fecundity,
with the most profound changes bewigible in hypersaline conditions. With
this adaptation, it is reported that it can toleraeryhalinity up to 9(ptin
the Casamancé&stuary and evenabove 120ppt (Albaret 187, Lévéque
1999.

In terms of growth ratefor S. melanothergrnt can tolerate from fresh
to hypersaline waters, buthe optimal conditions may be intermediate
salinitiesthatis close to that of the seawaf@anfili et al., 2004)This makes
S. melanotheronsuitable for culture in a wider range of environments
depending on what is available for use.

Additionally, S. melanotheronhas ber shown to exhibit high
tolerance to low levels of dissolved oxygen (DussE#63 and can withstand
high levels of turbidity. It can also be quite resistanpollution andoleratea
high range of tempetares from 17C to more than 3L (Welcornrne 1972).

Haematological analys@n S. melanotherorby Obemeata, Aduzbo

and Wokoma(2012) revealed that the red blood cells (RBC), haemoglobin

(Hb), packed cell volume (PCV), thrombocytes, and lymphocytes of the
control goup were significaiy higher (pO 0. 05) than the cr
groups while the white blood cells (WBC), neutrophils, leucocrit (Lct) and
monocytes of the crude oil treated groups were significantly higher than the
control group, indicating an immune response to the toxicant.

Tine, Bonhomme, McKenziel and Durand (2010) showed through

their studythat, althoughS. melanotherorcan colonise extremely saline
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environments, the overexpressiortloé geneHsp70 combined with the Higr

Naka mRNA expression revealed the presenca difronicstresson the fish

which may explainthe impaired growth performance and precocious
reproduction thehave been demonstrated in sgpo@ulationsof this species.
Lorin-Nebel, Avarre, Faivre, Wallon aridurand(2012) demonstratech their

study that there exist severe osmotic imbalance $1 melanotherotiving in
hypersaline environment&rowing the species in a suitatenvironment may
therefore encourage better growth and performance and thus needs further
studies.

In studying the old tolerance and behavi@l responses ofS.
melanotheronto decliningtemperatures at salinities of 5, Hiad 35 parts per
thousand (pt), Jennings (1991fpund that kehavioural activity declined with
decreasing tempature and ceased betweenr1C. Also certain behavioural
actions were significantly more frequentsatlinity of 15 or 35ppt than at 5
ppt. In anothestudy, ChindaBraide andOranye(2008) demonstrated how
pH affects the blood glucose leval§S. melanotherariThey found significant
increase in blood glucose levels with a decrease in pH (pHl8.&) of the
environment whereas blood glucose level of the control group (pH 7)
remained constant throughout the study period. The atisege inlevel of
blood glucose with pH implies a stress response by the fish which can alter

normal growth and del@ment.

Culture studies onS. melanotheron
In aguaculture, the growthof an organism depends on the
environmenral factors, specifc potential ofthe speciesand the stocking

density (Weatherley, 197®elince 1992. For commercial scale production,
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largenumbers of fish are comfed to the smallest possible space. The optimal
stockng of fish is thatamount of fsh at the start of the production period that
guaranteeghe highest possible yield osh on harvesting.

The aquaculture giential of S. melantheron has been studied in
brackish water byyeson (1983), Legendre (198&illes, AmonrKothias &
Agnese (198) andLegendre, Hem & Cisse (1989). The growth rates obtained
in their study were not good enough to favourcasmercial cultureln Ebrie
Lagoon, Legendre et a[1989) notedfeed conversion ratio=CR) varying
from 8.7 to 9.1 for this species fed a 31% crude praté) pelleted feed.
Ouattaa et al., (2003) also recorded=CRs higher than 11 whereas lower
FCRs of 1.5 t8B have been obtained imtensive tilapia culture (Coch&982).

The high FCRs recorded indicated tBatmelanotherontilized artificial feed

very poorly.In a growth performance study 8t melanotherogonducted by
Anani, OforiDanson andAbban (2010) in the Aglor Lagoon in Ghana, the
characteristic of poor feed utilizatiomas highlighted inthat there was no
significant difference betwee8. melanotherorfied on 29.80% CP feed and
those that fed on bamboo generated periphytomheuatvo fed grous showed

a significant improvement compared to those that were not fed (control).
These demonstrations suggest that perhaps improving the protein quality of
feed given this species may helpoost its growth and performance under
culture.

Regardingits growth and feed utilization, application of methods that
can enhanceautrients digestion and assimilation in this species may help to
improve its aquaculture performance. Currently, there astutheson effects

of plant dietary supplements dhis species. Studies on the properties and
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benefits of ginger and garlic present a good opportunity to experiment their

potential on the culture performanceSfmelanotheran

Ginger and Garlic Supplementson Growth and Feed Utilizationin
cultured fish.

In aquaculture setips about40 to 50 percent of production costs is for
feed (Abowei& Ekubo, 2011), making nutritioaritical to improve production
and economicefficiency. Since the use of some synthetic and antibiotics
supplementgancause side effecandbacterial resistance, the usenaftural
food additives, such as herlpabducts and extracts recommended by WHO
(Levic, Sinisa,Djuragic & Slavica2008. Herbal supplementfiave been
shown tolead to greater digestivenzymes secretion and impravappetite,
feeding rate and food efficiencyiéng, Li, Ferguson, Wan Liu & Li, 2007)
therebyyielding greater fish growth and biomgs®ducton.

Several authors have reported significamgositive effects of
administering garlic in diets on growtdnd feed utilizationof many species
such asthe African catfish, Clarias gariepinus(Agbebi, Ogunmyiwa &
Herbert, 2013; rainbow trout,Oncorhynchus mykis@Gabor, Sara, Bentea,
Creta & Baciu, 2012Nya & Austin, 2009); svordtail, Xiphophorus helleri
(Kalyankar, Gupta, Bansal, Sabhlok & Singh, 2013); Nile tilapia,
Oreochromis niloticugShdaby, Khattab & Abdel Rahman2006 Mesalhy,
Abdelatti & Mohamed2008; Metwally,2009; Aly & Mohamed, 2010)Asian
sea basd ates calcariferfingerlings(Talpur & Ikhwanuddin 2012) sea bass
Dicentrarcus labraxfry (Saleh et al., 2015)prangespotted groupe( Guo,
Kuo, Chuang, HongChou & Chen, 2012) In all these studieshere was a

significant increase in growttate weightgain and feed¢onversion in garlic
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fed groups,as well asenhancedeed efficiency andfish growth However,
studies by other authors includir@gholipour KananiNobahar, Kakoolaki and
Jafarian(2014) on durgeons,Huso husodid not record significanpositive
effects of @rlic administration on growth and feed utilizatiewen though it
was not detrimental.

Ginger has beensed as digestiveistulant since ancient timeand it
hasbeen shown that stimulates growth of aquatic agisms(Butt & Sutan,
2011 Nya & Austin 2009h. Venkatramalingam Godwin and Citarasu,
(2007) Nya andAustin (20090 reported increment of gastric enzyme activity
after consumption ofjinger as a food additive iRPenaeus monodoand
Oncorhynchus mykiseespectely. Rahimi, Zangue, Mousaviand Zakeri,
(2015) also demonstratethat addition of ginger extract to feed increases
activity of some digestive enzymgamylase and alkaline phosphataaayl
stored energy compoundqlipid and glycogen) in the liver of
Mesopotamichthys shaepi fingerlings, thereby increasing metabolism which
plays a crucial role in the growth of fisBimilarly, Hassanin, Hakimand
Badawi (2014) in their studyrevealed that Oreochromis niloticug(initial
weight of 30.00 £ D0g fed diets containing gingefor ten weekshad a
significant p < 0.05) increase in total final body weight, body gain, body gain
percent, specific growth rate, and also utilized their feed more efficiently
(lower values of FCR)tan those fed the caot diets even thougthé average
daily feed intake wasot significantly (P > 0.05) different with all groups
Gholipour Kanani, et. al.2014)who studied gktary treatments of garliand
ginger at1.0 g per 100 g of feed f®0 daysn Huso husdound that pecific

growth rate, body weight gain and condition factor were significantly
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increased in ginger treatmemtoupbut notin the garlic and control groud
the end of the trial

The outcanes of testing ginger and garlion growth and feed
utilization of various culture speciesaws attention to the fact that application
of theseplant products t&. melanotheromay contribute to improve its use
of artificial diet andto enhance the possibility of culturing this specfer

commercial purposes.

Ginger and Garlic Supplementson Blood Compositionand Biochemical
Parametersof cultured fish

One of the importarnways to distinguish approjate and inappropriate
prescriptions of medicinal plants is thessessment of their fetts on
haematological and biochemical parameters in experimental animals
(Kolawole, Kolawole & Akanji, 2011). Therefore,studies on the use of plant
supplements in fish perform this assessment to enshether they are
beneficial or detrimental to fishealth.

Talpur andlkhwanuddin(2012) demonstrated significantly increased
levels of eythrocytes, leucoytes, haematocrigndhaemoglobinn Asian sea
bassLates calcariferfingerling when fed garlic supplementtn the same
study, there wasignificantly higher serunprotein albumin and globulin
levels in the garlictreated groups. Therwas also areductionin serum
glucose, lipids, triglycerideand cholesterdevelsin treatedgroups compared
to the controlindicatingthat galic led to enhanaghealth statusf the fish In
a study byGholipour Kanani et al(2014)of dietary treatments of garli@and
ginger at 1.0% each, they observed thghbst levels of erythrgte and

hematocrit in fingdmgs of H. husoin the ginger group after 60 days.
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Globulin increased significantly ithe ginger group, and the highest level of
albumin was obsged in garlic goup. This implies that the dosagé plant
productsapplied to fish is importardn various fish spcies. Considering that
there isa vast numberof fish species being cultured, i$ important to
establish appropriate plant produdbses that may be beneficial to rey

particular species.

Ginger and Garlic Supplements @ Immunity and Disease Resistancaf
cultured fish.

According toReverter et al(2014), many researchersave observed
some immunological parameters after rnaperitoneal injection or oral
administration olsomeplant extracts on differeriish species antbund that
treated fish showednprovement in some immunological parameters.s€he
includeincreased lysozyme activity, phagocydictivity, complement activity,
increased respiratory burst activity and increased plasnaip(albuminand
globulin).

Lysozyme plays an important role in thefenceof fish by inducing
antibacterial ativity in the presence of compteent (Harikrishnan et al.,
201]). Phagocytosis is one of the main mediators of innate immunity to
pathogens, while respiratory burst is also a crucial effector mechanism for
limiting the growth of fish pathogendivyagnanewari, Christybapita &
Michael, 2007). Increase in plasma proteiralboumin and globulin, is
considered as a strong innate response in fighegerter et al., 2014Talpur
and Ikhwanuddin (2012 observed thathe phagocytic activity, respiratory
burst, lysozyme, anprotease and bactericidal activities were enhanced

following feedng with garlic, and thismprovedimmunity by makingLates
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calcarifer more resistant to infection Byibrio Harveyi after a challengéest
Also, Hassanin et al(2014) demonstratedsignificantly inprovedlysozyme
activity and immunoglobulin M (IgM)n Nile tilapia due to supplemeimg
their diets with gingerandconsequently, leading to protectionfigh against
pathogenic sain of Aeromonas hydrophilalhese studieshhavedemonstrate
that ginge and garlic supplements in diets can confer some resistance against
infectiousdiseases in some fish species and hence their efficacy in other fishes
need to be investigated.

Results by Guo et al. (2012) demonstratedthat he cumulative
mortality of the orangspotted grouperHpinephelus coioid¢ded with 1.3%
garlic diet was significantlyower (p < 0.01) than that of those fesith 4%
garlic diet and controdiet following a challengewith Streptococcus inige
indicating that the intusion of lower dosage dfarlic in the diet of orange
spotted groupeenhancedresistance to infection b$. iniae Karaa et al.
(2003)reported that aqueous extracts of mistletoe, nettle and gimgiest of
rainbow trout caused an enhanced extracellular respiratory burstya@®<
0.001) compared to the control grouph@re was also amcreased total
plasma protein level (except 0.1% ginger), and increased rate of phagocytosis
and extracellular burst activity of blood leukocytesnferring an improved
health status in theainbow trout.Thes findingsindicate thatsupplementing
fish diets with plant productsave beneficial effects aime fishd &ealth and
enhancdhe immune system, aridereforecan play a crucialole in avoiding
diseaseoutbreaks in aquaculture systentsowever,they also signify the
importance of suitable dosing to obtain the dabieffects More importantly,

somestudies have shown that plant extrazds be toxic tdish if applied at
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unsuitabledoses(Ekarem & Brisibe 2010; Kavitha Ramesh, Kumarai
Lakshmi, 2012 It is therefore important to investigate the appropriate doses
of any particular plant product on different fish species.

A study byMilitz, Southgate Cartonand Hutsor(2013) demonstrated
that garlicextract administered as a dietary supplement is one of the most
practical methods to preverNeobenedenia sp(monogenean parasite)
infection inLates calcarifer In their study,dietary supplementation of garlic
extract in the dietluring longterm supplerantation for 30 days) at either 50
or 150 mL kg significantly reducedNeobenedenia sp oncomiracida
infectionsucces®f L. calcarifer (p < 0.05)to less than 10% compared to the
control diet(without garlic extragtand shorterm supplementationfqr 10
days) having nearly three times more success ralus a longer period of
supplementation witlthe garlic extract conditioningvas necessaryo reduce
infection success dfleobenedenia spo juvenileL. calcarifer. Additionally,
Sahu(2007) showedn a studythat when supplementingarlic in the diet of
juvenile carplabeo rohita for 20 and 40 ays several immunological indices
namely leucocyte density, superoxide anion production and antimicrobial
activity of the serum, continually increased with longer periods of
conditioning.Nya and Austin (2009)also reported that garlic is beneficial for
the control of Aeromonashydrophilainfection in rainbow trout, and furthur
extended the study iNya and Austin (2011) where they demonstrated that
there exists asignificantlong-term memory effecfabouttwo weeks)after the
cessation of the feeding regimgth garlic. Together, these studies support the
view by Nya andAustin (2011)that thefipersistence of an imme acivator

may be criticalin maintaining longterm protectionagainst disease causing
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S i t u a tnithesrvievd supplemenng the diet ofS. melanotherorfor the
culture period 24 weeks)may give lastingprotection to the fish. This will
enable it wihstand the impact of stressid possible pathogenic invasion
throughout the culture periolt turns out howevetthat astudy byGholipour
Kanani et al(2014) indicates that lysozyme activity ¢fuso husded with
ginger and grlic was suppressed. On the contrary, Nya and Austin (2011)
found that there was an increase in the serum lysozyme activity in rainbow
trout treated with garlic.

Harikrishnan, Balasundaram and H2®11) have raised the fact that
the effects oimmuno-stimulants on fish are species specdiad this review
can attest to that facthe similarity and contradicting results may all have to
do with theinherent genetic makep and differences among the many
cultured speciesThen, one cannotconclude thatwhat has workedor one
species willwork for the oher unless investigations are carried.olie
present study will thereforevaluate the effect of supplementing ginger and
garlic powder in the diet d&. melanotheroon their growth, feed utilizain,

proximate compositiorblood composition andmmune status of the fish.

Chapter Summary

This chapter revisetiterature on the biology, physiology and culture
of S. melanotheranit provided information needed to agi and culture the
species consideninwhat it can adapb and the possibility of applying a plant
supplement in its diet to aid culture performance wasddak. Application of
ginger and garlic in aquaculture was assessed to bring out the effects achieved

in various culture species
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CHAPTER THREE
MATERIALS AND METHOD S
This chapter describes the activities undertaken and the procedlioe®d to

achieve the objectives of this study.

Study Site

The study was conductea 3 concrete tanks locatdmehind the School
of Biological Sciencesf the University of Cape coast in Cape coast, Central
region, GhanaThe tanks belong to the Department of Fisheries and Aquatic
Sciences of the School. The size, i.e. length x breath x height, of each tank

measured 3.71 x 30& 1.20 m.

Preparation of tanks for holding fish

Before using the tanks for the study, they were disinfected by exposing
them tosunlight for two weeks. To do thisll avater in the three tankwas
drained and the bottom allowellying for two weeks. The dried dige was
scrapedswept and removedThe tanks werehenscrubbed thoroughly under
running tap water to remowal residue and dirt. Thewere allowedto dry
again for anothertwo weeks to ensure that all living organisms were
eliminated After drying, the tanks werglled with tap waterThis water was
left to stand fora monthfor its chlorine contentto evaporate and for some
natural food(phytoplankton)to developHapas(size =1x1x1m3)constructed
from nylon netq%s inch mesh sizeyere used for this experimemine ha@as
were installed ineach tank usingpamboopoles as support. In totalventy
seven hapaswere usedfor this study These hapasvere arranged

equidistantly inthetanks. The Seup for the study is shown in Figure 1.
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Fingerlings Production

The productiorof fingerlings for the study followed the approach used
by previous studiegAyoola, Oluwatoyin, & Akapo, 2012Tseku 208).
Twenty brood fis(10 males and 10 females) werged. These wemtained
from the Brimsu Reservoirlocatedon the KakunRiver in November 2016 by
cast netting with the help of a fishermarhe fingerlings production and
experimentaltreatmentswere carried out in a freshwater system since the
source of the fish wagom a freshwatebody. The broodfishwere held in
hapagsize = 1x1x1m) constructed from nylon mosqungd(size)mounted in
a preparectoncrete tankThe broodstock werallowed to stayfor 7 days to
acclimatize to the new environmentAfterwardsthey werestocked ata
density of 4 fish ifanda sex ratio of 1:1 (male to female)line with Tseku
(2016). They werealsofed a 406 crude proteinCP) diettwice daily (9:00 am
and 3:00 pm) at 3% body weightcording taNg & Romano 2013)

After 5 weeks of breeding, an estimated number of 7§0wfere
harvested from two females and two males. The fry were then stocked in
mosquito nylorhapas at a density of 360 fryariThey wereed ad libitum 5
times daily, witha1 7-tdethyl testosterone hormone incorporated fe€dr(§
hormone per kilo of fe#) for 28 daysThis was done to achieve an-aible
population which is favourable for growth. The €éhtent of feed was 47%
which was higher than that of the feed used for the broodstock. The
justification for this isthat younger fish have a higheopgin requirementor
proper growthand developmentHalver & Hardy 2002 Pillay & Kultty,
2005). After the hormone treatment periothe postfry stageof the fish

(averageneight =0.74+ 0.32 9 werefurther reared for two weeks.
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The resulting fingerlings were hand sorted and thvasighingabove
1.5 g (average weight 53+ 0.05g) sample of fingerling shown in Figure 2,
were transferred to the mounted experimental hapas to be conditioned for 7
days. They were fed with normal diet (without hormone) with CP at 47%.
This diet is referred to dsasal dietl in this report. The feed ration given was
10% of the biomass of fish in each hapa. The ration was givece a day in
three equal parts at 09.00 am 12: 00 and 4:00 After the conditioning, they

were starved for a day and weighed for the experimental treatment to begin.

Basal Diet Composition

In order to meet the nutritional requirement of the fish at the various
developmental stages, commercially available fish feed containing the
required nutrients fottilapia were used as the basal dseas applied in
commercial tilapia production.

For the fist 8 weeks, fish were givehe basal diet 14(7% CP size =
0.2- 0.3mm) as feed=rom the 8'to 16" week, basal diet tw(10% CP pellet
size .0 mm) was given, and for the 70 24" week, fish were givebasal
diet 3(33% CP pellet size =2.5 mm). These feeding regimes are consistent
with the nutrient requirement of the fish as found by the FAO (20m7¢
nutritional composibn of the basal diets used is shown in Table 1. This
composition is the same as those indicated on their feed contdihersosts
per kg of the bas&®&h 8i @6s awdr &hGh 41490

diets 1, 2 and 3 respectively. order toensure that theutrients levels
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Figure 1. Setup of hapain-tank system used forculturing S.
melanoteronfor 24-weeks

Figure 2: Sample of fingerlings produced for the experimental study
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indicated on the feed purchased from the market weadable to the fish, a
proximate analysis of the basal diets and the supplementslseazrried out

as described in Appendix A. The results are presented in Tahles 3

Preparation of FeedSupplements: Ginger and Garlic Powder
Ginger and garlic werprocured from a market in cape cosisbwn in
Figures 3 and 4The use of these ingredients as feed supplemastdone by
following the approach described kyassanin et al(2014) They were
washed, peeled, sliced, sdried, and milled into powdery form using a
household grinder. After milling, the powder was siewsthg a fine mesh,
and theresidual fibre discarded whiltne fine powder was stored in sealed
plastic contaiers at 4C (in a refrigerator) until usas done in previous studies
(Guo et al., 2012) The <cost per Kg of the ging

while that of the garlic powder was Gh

Preparation of Treatment Diets

The powdered ginger and garlic were incorporated into the
three basal diets at four different levels of 5, 10, 15 and 20 g/kg feed
consistent with the work of Talpur and Ikhwanudd0X2)to constitute four
doses of supplementation. The controltdweas the basal feed without
additional supplementg.or younger fisi{during the first 8 weeks), ginger and
garlic powder wagcorporated by mixing directly intthe basal diet 1 using a
household dry blender at low speed to ensure a homogeneous mixture (Nya &
Austin, 2011)to achieve the four levels of experimental diets showhaiple
4, illustraed in Figures 5 and 6. The modified feed was stored Highit

containers at room temperature until use.
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Table 1: Nutritional composition of the various sizes of feeds used as basal

diet (control) for the study as indicated on feed labels

Basal Feed Tpe (size)

Diet 1 Diet 2 Diet 3

Nutritional composition (0.20.3mm) (2.0 mm) (2.5 mm)

% Crude protein 47.0 40.0 33.0
% Lipid 9.0 7.0 6.0
% Crude fibre 1.0 2.5 3.5
% Ash - 11.0 8.0
% Moisture - 9.0 9.0
% Total Fhosphorus - 1.3 1.2
vitamin A (mgkg) 4.2 3.45 3.45
vitamin D (mdkg) 0.0535 - -
vitamin E (mg/kg) 280 - -
vitamin C (mg/kg) 490 150 150
% Calcium 2.4 - -
Gross energy (MJ/ kg) 19.0 - -

Digestible energy (MJ/kg) 17.4 - -
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Table 2: Proximate nutritional composition of the basal diets determined
using standard pocedures adopted from AOAC (208) to confirm
nutrients available to the fish

Basal Feed Type (size)

Nutritional composition ) : )
Basal diet 1 Basal diet 2 Basal diet 3

(0.20.3mm) (2.0 mm) (2.5 mm)

% Crude protein 45.31 38.78 32.27
% Lipid 7.25 3.27 3.58
% Crude fibre 2.53 6.75 6.49
% Ash 10.12 8.16 8.35
% Moisture 11.03 10.63 9.14
% Nitrogen Fredxtract 23.76 32.41 40.17

Table 3: Proximate nutritional composition of supplements used for the
study

" Ginger Garlic

Feed composition
powder powder

% Crude protein 8.80 12.66
% Lipid 3.47 3.02
% Crude fibre 3.59 2.79
% Ash 4.46 4.50
% Moisture 15.42 15.19
% Nitrogen Free
Extract 64.26 61.84
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Figure 3: Fresh ginger used to Figure 4: Fresh garlic used
prepare ginger supplement to prepare garlic supplemen

Table 4. Preparation of supplemented diets: quantities of basal ei and
supplements put together to constitute the 9 treatment diets usedrfthe
study during weeks 1 to 8

. . Total
Dose Quantity Quantity of quantity of
Supplement of Basal supplement
(%) diet (g) added (g) supplementec
feed (g)
No 0 1000 00 100
supplemen
0.5 99.5 0.5 100
Ginger 1.0 99.0 1.0 100
powder 15 98.5 1.5 100
2.0 98.0 2.0 100
0.5 99.5 0.5 100
powder 1.5 98.5 1.5 100
2.0 98.0 2.0 100

Figure 5: Basal diet1 being Figure 6: Ginger powder
weighed to pepare added to basal diet1, ready
supplemented diet to be mixed into

supplemented diet
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For older fish(age from & to 24" week) ginger and garlic powder was
incorporated ird basal diets 2 and 3. First the ginger or garlic powder was
soakedn chilled distilled water(in order to offset the heat during drying) for 5
minutes. "he mixture was then vortexed at moderate speed (speed level = 6)
using a vortex mixer (model: Vorte@enie 2G560 E) for three minute®
ensure uniform mixingGuo et al., 2012)

The resulting ginger or garligpowder in vater solution was poured
slowly on thebasal diets from the vortexing container and immediately stirred
to achieve a uniformly soaked mixtu(method modifiedfrom Guo et al.,
2012) The ratio of water to feed used wa98.28% (w/w). The ginger and
garlic powder solutionvasadded to the basal diets in order to prepare the four
doses of supplemented feed shown in Table 5. The soaked feed was then air
dried untilthe feed was hardened again, illustrated in Figuiéh&basal diets
without supplementation served as the conffbk supplemented feed pellets
were prepared as needed ahared in air tight containers at room temperature
until use The final costs &ér formation of the treatment feed types are

presented in Table 6.
Culture of Fingerlings on treatment diets
Experimental Setup

Two hundred and seventy fishes of average weight (2.74 + @).1M8ere
distributed randomly into the 27 individual nylon hapatsa density of 10 fish
m3(Cisse1985). Based on a completely randomized desiBhujel, 2008)

The 27 hapas werassigned into nine groups for the nine treatments with each

treatment represented in each tank as shown in Table 7.
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Table 5: Preparation of supplemented diets: quantities of pelletized basal
diet and supplements added to constitute the 9 treatment dietssed in the
study from weeks 9 to 24

Quartity of

Quantity  supplement Total
Dose quantity of
Supplement of Basal (g) vortexed
(%) : : supplementec
diet (g) in 100 ml diet (g)
distilled water 9
No 0 500.0 0.0 500
supplement
0.5 497.5 2.5 500
Ginger 1.0 495.0 5.0 500
powder 1.5 492.5 75 500
2.0 490.0 10.0 500
0.5 497.5 2.5 500
Garlic 1.0 495.0 5.0 500
powder 15 4925 75 500
2.0 490.0 10.0 500

Figure 7: Drying of eight supplemented diets prepared using basal di&
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Table 6: Cost per kg (Gh ) of basal and
administered to S. melanotheron

FeedTreatments
Basal
diet Control Ginger supplemented diet Garlic supplemented diets
Used
0% 05% 1% 15% 2% 05% 1% 1.5% 2%
Basal
diet 1 14.00 14.52 15.04 15.55 16.07 14.41 14.84 15.23 15.64
( Gh
Basal
diet 2 5.15 571 6.27 684 740 560 6.06 6.51 6.97
( Gh
Basal
diet 3 4.00 457 514 570 6.27 446 492 538 5.84
( Gh

Table 7: The arrangement of experimental unitsfor administering nine
treatments to S. melanotherorfingerlings

Arrangement of replicates
(Labels assigned to hapas in each tank)

Treatments

Tank 1 Tank 2 Tank 3
Control feed 1 14 27
1.0% Garlic feed 2 18 22
0.5% Gingefeed 3 11 19
2.0% Garlic feed 4 12 26
1.5% Ginger feed ° 17 25
1.5% Garlic feed © 10 20
2.0% Ginger feed ' 15 23
0.5% Garlic feed 8 16 24

9 13 21

1.0% Ginger feed
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Administration of feed treatments

Fish were fed according to their body weaighambient temperaturas
recommended big & Romano(2013) The feedationwas adjustednonthly
after samplingas 10%, 8%, 7%, 6%, 4.5% and 386 the first second, third,
fourth, fifth and sixthmontts respedtely. Feed was administered three times
daily betweerD:007 9:30 am, 12: 30 1:00 pm and 4:30 5:00pm for 6 days
a week On many occasions, (especially in the afternoansgssion was not
given if previousfeed was found to be floating in the hapaedrgiven was
recorded dailyFigure 8 shows weighed feed for each replicate ready to be fed

to fish, Figure 9 shows feed being given to the fish.

Monitoring of Water Quality

Water quality parameters were measured weekly in ordardore that
good enviromental conditions suitable fdne growth and healtlof fish were
maintained The measurementsveredone using a multipurpose water quality
checker (model: HANNAni 9829 multiparametérat 6: 30 a.m. pH, dissolved
oxygen (DO), conductivity, total diss@d solids, salinity and temperature
were measured by dipping the probe into each hapa and waiting for the
reading to stabilize before values for each parameter were rec@dbds
was often cleared from the water surface with a scoop net in the tanékpto
maintain water quality, shown in Figure 10.

Additionally, DO levels were checked at about 4. 00 pm daily during
critical periods (i.e. whenever DO level below 2 mg/L was recorded in the
morning) This was done in ordep put in measures to enhance DEVels
where needed. Remedial measures to enhance DO levels were done by

releasing some amount of water from the experimental tank and topping up
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Figure 8: Weighed treatment feed  Figure 9: Administering of
rations to be given to experimental treatment diet to experimental
fish subjects

Figure 10: Clearing of debris from water surface to maintain good water
quality
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