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Abstract

	 Intensification of aquaculture is associated with infectious diseases with consequent increase 
in the use of synthetic antibiotics. The rise in antibiotic-resistant bacteria is of global criticism. The role 
of Tamarindus indica as antimicrobial agents has been reported. This study evaluated the utilization of 
tamarind pulp and Leaves in the diets of Clarias gariepinus as antimicrobial agent against Aeromonas 
hydrophila infection. Ten experimental diets consisting of 0.5, 1.0, 1.5, 2.0% of basal diets each of tamarind 
pulp or leaf meal and 0.0% (untreated control) and 0.2% oxytetracycline (treated control) were fed to 
C. gariepinus for 12 weeks. After the feeding trial, fish were subjected to bath challenge with Aeromonas 
hydrophila and observed for 28 days to determine mortality and relative percentage survival. The surviving 
fish after 28 days post-challenge were sampled for haematological studies. Data were analyzed using one-
way analysis of variance at P = 0.05. All experimental groups of the fish on tamarind-treated diets exhibited 
significantly lower (P ˂ 0.05) mortality compared to the groups fed with the control diets. 100% relative 
percentage survival was exhibited by the groups of fish on 1.5-2.0% pulp and 2.0% leaf diets. Higher white 
blood cell counts were obtained from tamarind-treated groups compared to the untreated control diets. 
The heterophil of the challenged fish fed diet with oxytetracycline was significantly lower (P ˂ 0.05) than 
fish fed 2.0% tamarind leaf diet. Inclusion of tamarind in the diets of the challenged C. gariepinus did not 
alter the monocytes, eosinophil and basophil significantly (P > 0.05) compared to those on the control 
diets. Fortifying the diets of Clarias gariepinus with 2.0% tamarind pulp and leaf meal significantly enhanced 
protection against Aeromonas hydrophila infection, hence these inclusion levels are recommended as 
alternatives to oxytetracycline in the control of motile aeromonas septicaemia.

Keywords: Clarias gariepinus, tamarind, synthetic antibiotics, Aeromonas hydrophila infection, relative 
percentage survival

EFFET DES REGIMES ENRICHIS DE PULPES ET FEUILLES DE TAMARINDUS 
INDICA (LINN, 1753) SUR L’INFECTION EXPERIMENTALE A AEROMONAS 

HYDROPHILA CHEZ LES CLARIAS GARIEPINUS (BURCHELL, 1822) 

Résumé

	 L’intensification de l’aquaculture est associée à des maladies infectieuses qui ont pour conséquence 
une augmentation de l’utilisation d’antibiotiques de synthèse. L’augmentation des bactéries résistantes aux 
antibiotiques fait l’objet de critiques au niveau mondial. Le rôle de Tamarindus indica en tant qu’agent 
antimicrobien a été rapporté. La présente étude a évalué l’utilisation de pulpes et feuilles de tamarin dans 
les régimes de Clarias gariepinus comme agent antimicrobien contre l’infection à Aeromonas hydrophila. 
On a administré à C. gariepinus pendant 12 semaines dix régimes expérimentaux constitués de 0,5, 1,0, 1,5 
et 2,0% de régimes basaux de farine de pulpes ou de feuilles de tamarin et 0,0% (témoin non traité) et 0,2% 
d’oxytétracycline (témoin traité). Après l’essai alimentaire, les poissons ont été soumis à une infection en 
bain à Aeromonas hydrophila et observés pendant 28 jours pour déterminer la mortalité et le pourcentage 
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Introduction

	 Intensification of aquaculture has led 
to remarkable improvement in productivity 
(FAO (Food and Agriculture Organization), 
2014, 2016), but it is also associated with 
diseases, considered to be the major source 
of mortality in aquaculture, and consequently 
increase in the use of antimicrobials (Defoirdt 
et al., 2011). Bacterial diseases (including 
aeromonad septicaemia) are reported to 
be an important economic limiting factor in 
intensive aquaculture, responsible for mass 
losses (Claudia and Jettrey, 2009; Hossain et 
al., 2011; Pridgeon and Klesius, 2012; Oladosu 
et al., 2013) leading to therapeutic use of 
synthetic antibiotics. The use of synthetic 
antibiotics and other drugs in aquaculture is 
complicated because of the need to administer 
them directly into the water where the fish are 
reared. Hence, safety of the fish products for 
consumption and environmental impacts are 
crucial factors for consideration (FAO, 2005). 
	 Aeromonas hydrophila is a bacterial 
pathogen with a wide geographical distribution 
in both the terrestrial and aquatic environments. 
It has been isolated from a variety of sources 
including soil, lakes, rivers, water reservoirs, 
ground water, drinking water leaving treatment 
plant, wound infections and human stools 
(United State Environmental Protection 
Agency, 2005; Subashkumar et al., 2006; Newaj-

Fyzul et al., 2008, Rogo et al., 2009; Anuradha et 
al., 2010; Shayo et al., 2012; Saidi et al., 2013). A. 
hydrophila is the aetiological agents of motile 
aeromonas septicaemia which have infected a 
wide variety of fish species such as carp, tilapia, 
catfish, perch, salmon and gold fish (Janda and 
Abbott, 2010; Parker and Shaw, 2011). Motile 
aeromonas septicaemia is a devastating disease 
of cultured freshwater fish with acute to chronic 
clinical signs and causing significant mortality 
(Plumb and Hanson, 2011; Edward, 2012). The 
incidence of motile aeromonas septicaemia 
resulting to mass fish mortality that threatened 
livelihood of people has been reported (Shayo 
et al., 2012) and great economic losses globally 
(Pridgeon et al., 2012, Oladosu et al., 2013). 

	 To control infectious diseases in 
aquaculture, the same antibiotics used in other 
areas of animal production are employed. The 
intensive use of antibiotics for prevention 
and control of disease has contributed to 
increased antibiotic-resistant bacteria, immune 
suppression and environmental pollution 
(FAO, 2011; Sajid et al., 2011; Gent et al., 
2012). Limited number of the antibiotics was 
approved for aquaculture use. The three 
antibiotics authorized for use in aquaculture 
by Food and Drug Administration in United 
States of America are oxytetracycline, 
sulfadimethoxine /ormetoprim and aquaflor 
/ florfenicol (Pridgeon et al., 2011; Romero 

de survie relatif. Les poissons ayant survécu après 28 jours post-infection ont été échantillonnés pour des 
études hématologiques. Les données ont été analysées en utilisant une analyse de variance à un facteur 
à P = 0,05. Tous les groupes expérimentaux de poissons soumis aux régimes traités avec le tamarin ont 
présenté une mortalité significativement plus faible (P <0,05) par rapport aux groupes nourris aux régimes 
témoins. Un pourcentage de survie relatif de 100% a été observé pour les groupes de poissons recevant 
des régimes de 1,5-2,0% de pulpe et 2,0% de feuilles. Un nombre plus élevé de globules blancs a été 
obtenu chez les groupes traités au tamarin par rapport aux régimes témoins non traités. L’hétérophile 
du poisson infecté soumis à un régime alimentaire contenant de l’oxytétracycline était significativement 
plus faible (P <0,05) que celui du poisson soumis au régime à 2,0% de feuilles de tamarin. L’inclusion du 
tamarin dans les régimes de C. gariepinus infectés n’a pas modifié significativement les monocytes, les 
éosinophiles et les basophiles (P> 0,05) par rapport à ceux soumis aux régimes témoins. L’enrichissement 
des régimes alimentaires de Clarias gariepinus avec 2,0% de farine de pulpes et de feuilles de tamarin a 
significativement amélioré la protection contre l’infection à Aeromonas hydrophila et, par conséquent, ces 
niveaux d’inclusion sont recommandés comme solution de rechange à l’oxytétracycline dans le contrôle 
de la septicémie à aeromonas mobile.

Mots-clés : Clarias gariepinus, tamarin, antibiotiques de synthèse, infection à Aeromonas hydrophila, 
pourcentage de survie relatif
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et al., 2012). Motile aeromonas septicaemia is 
usually treated with oxytetracycline in the food 
of the fish at the rate of 55 mg per kg fish/
day for 10 days (George, 1987; Edward, 2012, 
Ferrandez et al., 2014). Oxytetracycline is one 
of the most commonly used antibiotics in fish 
farming, both in the hatcheries and grow-out 
ponds. It is however poorly absorbed through 
the intestinal tracts of fish, hence it has to be 
administered at a high rate of 100-150mg/kg 
fish/day for 10-15 days (Romero et al., 2012). 
The role of herbal and medicinal plants as 
antimicrobial agents for fish pathogens and as 
immunostimulants in fish has been reported 
(Aly and Mohamed, 2010; Pakravan et al., 2011; 
Sajid et. al., 2011, Amirkhani and Firouzbakhsh, 
2013). The efficacy of any prophylactic and 
therapeutic agents for aquaculture use is usually 
tested through in vivo experimental challenge 
tests. Some researchers have reported 
higher level of protection of experimentally 
challenged fish and shrimp fed herbal products 
(Logambal et al., 2000; Immanuel et al., 2004; 
Praseetha, 2005; Aly and Mohamed, 2010; 
Pakravan et al., 2011; Bello et al., 2012; Yilmaz et 
al., 2013; Pujarini et al., 2014; Manaf et al., 2016). 
Tamarind, Tamarindus indica (Linn, 1753), is a 
medicinal tree species which grows widely in 
tropical and sub- tropical regions of the world 
(El-Siddig et al., 2006; Kumar and Bhattacharya, 
2008). In vitro antimicrobial activity of tamarind 
has been reported (Dhoughari, 2006; Daniyan 
and Muhammad, 2008; Adeniyi et al., 2017). 
Our previous study demonstrated the in vitro 
antimicrobial activity of tamarind pulp and leaf 
on Aeromonas hydrophila (Adeniyi et al., 2017). 
There is paucity of information on the effects 
of dietary tamarind on disease resistance in fish. 
Therefore, the aim of this study was to evaluate 
the effect of dietary tamarind pulp and leaf 
meal as feed additives on protection of Clarias 
gariepinus against experimental Aeromonas 
hydrophila infection.

Materials and methods

Experimental diets
	 Experimental diets (Table 1) consisted 
of ten groups (eight tamarind-treated and 

two control diets). Air-dried tamarind pulp 
and leaves were processed into meals and 
included singly at 0.5. 1.0, 1.5 and 2.0% each to 
fortify the basal diets while the controls were 
included at 0.0% (untreated control) and 0.2% 
oxytetracycline (treated control). 

Pathogen 
	 Pathogenic Aeromonas hydrophila 
from a stock isolated from moribund Clarias 
gariepinus was used for the challenge test. 
The isolate from the frozen ampules was 
sub-cultured for 24 hour at 37ºC on nutrient 
agar. The 24-hour bacteria were suspended in 
physiological saline solution and standardized 
to 0.5 McFarland standard (1 x 108CFU/ml) 
(CLSI, 2012). The inoculum was mixed with 
the water in the challenge tank at 0.2ml/litre of 
water.

Challenge protocols
	 Clarias gariepinus (30 – 45g) previously 
fed the experimental diets (Table 1) for 12 
weeks were transferred from the culture 
tanks to the challenge tanks. A bath challenge 
was conducted with twenty C. gariepinus in 
each tank in triplicate per treatment. The fish 
were immersed in the culture suspensions for 
1 hour (Adelmann et al., 2008; Emmenegger 
et al., 2013) and then returned to the culture 
tanks. The challenged fish were offered the 
experimental diets (Table 1) and observed for 
28 days for external signs, erratic swimming, 
behavioural and clinical signs, response to 
feed and mortality rates were recorded. The 
Cumulative Mortality Index (CMI) and Relative 
Percentage Survival (RPS) were also calculated 
using these formulae (Amend, 1981);
i.	 CMI = Dt1 + Dt2 + Dt3 + ----------- Dtn                                                                     

(D is the number of dead fish at the given 
time (days), t1, t2, t3. ------------ tn)

ii.	 RPS = 1 – % mortality in treatment x 100            	
	   % mortality in untreated control      
(Amend, 1981; Thorborn et al., 1987)

Haematological studies	
	 The survived fish after 28 days post-
challenge were sampled for haematological 
studies. Blood samples were collected from 
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the caudal vein of fish in each treatment 
from the caudal vein hypodermic syringe 
(Ejraei et al., 2015; Erfan et al., 2015) into 
heparinised tubes. Haemoglobin (Hb: g/dl) was 
determined spectrophotometrically (SM23A, 
England) by measuring the formation of 
cyanomethaemoglobin using Drabkin’s solution. 
The absorbance of the solution was measured 
at wave length 540 nm against Drabkin’s 
solution as a blank. Packed Cell Volume (PCV: 
%) was determined by placing fresh blood 
in glass capillary tubes and centrifuging at 
10,500 rpm in a microhaematocrit centrifuge 
for five minutes and the height of the tubes 
measured using haematocrit reader (Hawksley, 
SH120). Red Blood Cell (RBC), White Blood 
Cell (WBC) and platelets were determined 
(Dacie and Lewis, 1991) using a light 
microscope (Olympus, Olympus Corporation, 
China) with improved Neubauer bright-line 
haemocytometer (Marienfeld, Agoda Company 

Table 1: Gross composition (g/100g dry matter) of experimental diets at varying inclusion levels of 
tamarind pulp and leaves fed to Clarias gariepinus for 16 weeks

Ingredients Diets (% inclusion levels)
+ C - C 0.5P 1.0P 1.5P 2.0P 0.5L 1.0L 1.5L 2.0L

Fish meal 24.11 24.11 24.11 24.11 24.11 24.11 24.11 24.11 24.11 24.11
SBM 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00
GNC 25.50 25.50 25.50 25.50 25.50 25.50 25.50 25.50 25.50 25.50
Maize 10.89 10.89 10.89 10.89 10.89 10.89 10.89 10.89 10.89 10.89
Soy oil 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Salt 0.50 0.50  0.50 0.50 0.50 0.50 1.50 0.50 0.50 0.50
Bone meal 0.50 0.50  0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
O. shell 0.50 0.50  0.50 0.50 0.50 0.50        0.50 0.50 0.50 0.50
Premix* 2.00 2.00  2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Cr2O3        0.50 0.50  0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Starch 3.50 3.30  3.00 2.50 2.00 1.50 3.00 2.50 2.00 1.50
Tamarind - -  0.50 1.00 1.50 2.00 0.50 1.00 1.50 2.00
OTC - 0.2 - - - - - - - -
Total 100 100 100 100 100 100 100 100 100 100

*Vitamin A = 20,500.00IU, Vitamin B1 = 20,000.00mg, Vitamin B2 =15,000.00, Vitamin B3 = 90, 000mg, Vitamin B4 =4, 000. 00mcg, Vitamin 
B5 = 40.00mg Vitamin B6 = 20, 000.00, Vitamin B7 = 500.00mcg, Vitamin B12 = 15.00mcg, Vitamin C = 350, 000.00mg, Vitamin D3 = 4, 
250, 000.00IU, Vitamin E = 250, 000.00IU, Vitamin K = 8, 000.00mg, Copper sulphate = 4, 000.00mg, Potassium Iodine = 2,000.00mg, 
Inositol =50,000.00mg, Methionine = 50, 000.00mg, Choline chloride = 600, 000.00mg, Ferrous sulphate = 40, 000.00mg, Manganese oxide 
= 30, 000.00mg, Magnesium = 60, 000.00mcg, Molybdenum = 100.00mg, Antioxidant = 125, 000.00mg, Lysine = 50, 000.00mg,  Cobalt 
= 750.00mg, Sodium Selenite 200.00 mcg, Zinc oxide = 40,000.00 mg.                                                                                         + 
C = untreated Control - C = OTC - treated Control T = Pulp L= Leaves  SBM = Soybean Meal GNC= Groundnut Cake   O. = Oyster  OTC = 
Oxytetracycline

Pte. Ltd., Germany). 
	 Leucocytes differential cells were 
analyzed from blood smears were made on 
slides and left to air-dry. The slides were stained 
with Giemsa stain (Giemsa Laboratories Ltd. 
Molbase, Shanghai) using differential stains. 
Slides were examined using a light microscope 
(Olympus, Olympus Corporation, USA) with 
1000x magnification. Each slide was moved in 
one direction while the number of neutrophil, 
heterophil, basophil, monocytes and lymphocytes 
were counted using blood cell differential 
counter (Durga, Miniscience, Inc., USA) until 
a total of 100 leucocytes were counted. The 
differential cells were expressed in percentage 
(Harikrishnan et al., 2010). Sera liver enzymes 
(Alanine aminotransferase, Aspartate 
aminotransferase and Alkaline phosphatase) 
were determined by using commercial (Randox) 
kits, following the procedure described by the 
manufacturer.
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Figure 1: Effect of tamarind-fortified diets on 
cumulative mortality and nutrient utilization of 
Clarias gariepinus challenged with Aeromonas 
hydrophila after 28 days post-challenge

Figure 2: Effect of tamarind-fortified diets on 
feed utilization of C. gariepinus challenged with 
Aeromonas hydrophila after 28 days post-challenge

Statistical analysis
	 Data were analyzed using One-way 
Analysis of Variance (ANOVA). Duncan multiple 
range tests was used to compare differences 
among means at 5% probability level using 
statistical software SAS (Statistical Analysis 
System, 2010). 

Results

Fish survival and nutrient utilization
	 After 28 days post-challenge, all 
experimental groups of the C. gariepinus on 
tamarind-treated diets exhibited significantly 
lower (P ˂ 0.05) cumulative mortality index 
compared to the groups fed with the control 
diets (Figure 1). Fish on the diet containing 
oxytetracycline had significantly lower (P 
˂ 0.05) percentage mortality compared to 
the fish on the untreated control diet. 100% 
relative percentage survival was exhibited by 
the groups of fish on 1.5-2.0% TP and 2.0% 
TL diets. Also groups of fish fed tamarind-
treated diets exhibited better (P ˂ 0.05) level 
of protection against Aeromonas hydrophila 
than oxytetracycline-treated groups. The feed 
utilization (Figure 2) was significantly enhanced 
(P ˂ 0.05) in tamarind-treated groups than in 
the control groups.

Haematology 
	 Heamatological profiles of the groups 
of C. gariepinus challenged with Aeromonas 
hydrophila are shown in Table 2. The pack 
cell volume and haemoglobin of the group of 
fish fed with diets containing TP did not differ 
significantly (P > 0.05) from those fed the 
control diets. The RBC counts of C. gariepinus 
on 1.5% TP and 1.0% TL were significantly 
higher than in the control groups. The platelet 
counts of the fish on diet containing 1.0% TP 
and TL were significantly lower (P ˂  0.05) than 
the values obtained from those on other diets
Treating the diets with tamarind did not alter the 
WBC counts of the challenged fish significantly 
(P > 0.05). However, higher values of WBC 
counts were obtained from tamarind-treated 
groups compared to the untreated control 
diets. At 2.0% TP and TL inclusion levels, WBC 
counts were higher than in the control diets. 
The lymphocyte count of the fish fed 1.5% TP 
diet was significantly higher (P ˂ 0.05) than 
those fed other TP groups, 1.0 and 2.0% TL and 
untreated control diets. The neutrophil of the 
challenged fish fed with OTC-treated diet was 
significantly lower (P ˂  0.05) than fish fed 2.0% 
TL diet. Inclusion of tamarind in the diets of 
the challenged C. gariepinus did not alter the 
monocytes, eosinophil and basophil significantly 
(P > 0.05) compared to those on the control 
diets. Sera aspartate aminotransferase and 
alkaline phosphatase were significantly (P ˂ 
0.05) altered among the treatment groups with 
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the highest in the untreated control group 
(Figure 3).

Discussion

	 Higher level of protection was exhibited 
by the groups of fish fed tamarind-treated 
diet and OTC-treated diet compared to the 
untreated control group. Significantly higher 
relative percentage survival demonstrated 
by C. gariepinus on dietary tamarind pulp and 
leaf against Aeromonas infection at 1.5-2.0% 
inclusion levels than the treated-control group 
shows the great antimicrobial potentials of 
these phytogenics as natural alternative to 
oxytetracycline. Relative percentage survival 
above 70 is good potency index of aquaculture 
vaccine (European Pharmacopoeia, 2002). 
The RPS of fish fed diets containing 1.0-2.0% 
TP and TL were above 80%. This might be as 
a result of the antimicrobial activity of TP, TL 
and OTC (Adeniyi et al., 2017) and enhanced 
feed utilization. This observation coincided 
with the reports of other researchers on the 
effects of phytobiotics on disease resistance of 
fish. Higher level of protection was obtained 
in Oreochromis niloticus fed diets containing 
Echinacea and garlic (Aly and Mohamed, 
2010) and green tea (Abdel-Tawwad et al., 

Figure 3: Effects of dietary tamarind pulp 
and leaf on Blood liver enzymes of Clarias 
gariepinus challenged with Aeromonas hydrophila                                                            
ALT=Alanine aminotransferase AST = Aspartate 
aminotransferase ALP = Alkaline phosphatise

2010) against A. hydrophila. Goldfish fed diets 
supplemented with mixed herbal extracts 
(Harikrishnan et al., 2010) also exhibited higher 
protection against A. hydrophila. Also, feeding 
carps on diets treated with herbal mixture 
(Sudagar and Hajibeglou, 2010), willow herb 
(Pakravan et al., 2011), basil (Amirkhani and 
Fibarouzkhsh, 2013) and Euphorbia hirta leaves 
extracts (Pratheepa and Sukumaran, 2014) 
resulted in higher level of protection against 
A. hydrophila. Furthermore, Mystus montanus 
fed powdered Ocimum tenniforum, Zingiber 
offiniale and Allium cepa (Kumar et al. 2014) 
and rohu fed garlic-based adjuvant (Pujarini et 
al., 2014) were significantly protected against A. 
hydrophila infection. 
	 Similarly, shrimps fed diets treated 
with sea weed (Immanuel et al., 2004) and 
Withania somnifera (Praseetha, 2005) as well 
as O. mossambicus fed with herbal additives 
(Immanuel et al., 2009) against Vibrio species 
exhibited higher survival. Higher percentage 
survival was also exhibited by African catfish 
fed diets containing walnut leaf and onion 
bulb against Pseudomonas aeruginosa (Bello et 
al., 2012b). O. mossambicus fed diets treated 
with cumin (Yilmaz et al.. 2013), Vitex trifolia, 
Strobilanthes crispus and Aloe vera mixtures 
(Manaf et al., 2016) against Streptococcus 
species also exhibited higher protection against 
the infection. The observed higher protection 
of the fish against the pathogens enhanced by 
the herbal additives compared to synthetic 
antibiotics further establish their potential as 
suitable alternative to synthetic antibiotics.
	 Haematological parameters are 
indicators of the health status of fish (Fagbenro 
et al., 2013). WBCs are the blood cells 
mediating the innate and adaptive responses in 
animals, providing protection against infection 
caused by chemical and microbial agents (Mak 
and Saunders, 2006; Aly and Mohammed, 
2010; Pakravan et al., 2011).The improved 
erythrocytes and leukocytes counts of the 
groups of challenged fish fed with the tamarind-
treated diets, although without significant 
difference, is an indication of the ability of the 
phytogenic additives to enhance non-specific 
immune system of the experimental fish. Also, 
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the higher lymphocytes count in the fish fed 
tamarind-treated diets and the complementary 
higher values of heterophil in the groups of 
fish fed diet containing 2.0% tamarind pulp 
and leaves might have contributed to the 
significantly higher protection of these groups 
against Motile Aeromonas Septicaemia (MAS) 
in the experimental fish compared to the group 
fed OTC-treated and negative control diets.
	 Varying haematological observations 
on the effects of phytogenic additives on 
experimentally challenged fish have been 
reported. WBC counts increased while RBC 
and Hb reduced significantly when infected 
goldfish were fed diets containing 0.1-0.2g/kg of 
mixture of some herbal extracts (Harikrishnan 
et al., 2010). Improvements in haematological 
parameters of A. hydrophila infected O. niloticus 
fed diets containing green tea (Abdel-Tawwab 
et al., 2010) and carp fed varying inclusion 
levels of herbal extract mixture (Sudagar and 
Hajibeglou, 2010) were also reported. Pakravan 
et al. (2011) also reported lower RBC and 
PCV of A. hydrophila infected carp fed diets 
containing willow herb extracts while the 
authors also observed higher WBC counts 
and insignificant differences in Hb, lymphocytes, 
monocytes and neutroplil. Treating the diets 
of carp with basil leaves extract also resulted 
in significant increase in Hb, RBC and WBC 
counts when challenged with A. hydrophila 
(Amirkhani and Firouzbakhsh, 2013). Increase 
in activities of blood liver enzymes (aspartate 
aminotransferase and alkaline phosphatase) in 
the blood is an indication of reduction in the 
functional integrity of cell membrane of the 
liver, resulting to hepatic necrosis (Modesto et 
al., 2013). The lower activities of these enzymes 
in fish on tamarind-fortified diets might be 
because the level of haemorrhage caused 
by Aeromonas hydrophila was significantly 
reduced and consequently enhanced their 
survival. 
	 In conclusion, feeding Clarias gariepinus 
with diets fortified with 2.0% tamarind pulp 
and leaf meal improved some immunity 
characteristics, reduced blood liver enzymes 
and consequently gave highest protection 
against Aeromonas hydrophila infection. 

Hence, this inclusion level is recommended as 
alternatives to oxytetracycline in the control 
of motile aeromonas septicaemia in African 
catfish.
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