
Introduction
The current aquaculture practices has 
though yield high fish production and 
filling the huge gap between demand and 
supply for fish but, the sector has been 
challenged with disease outbreak 
questioning the profitability of the 
venture. Recently, total annual losses in 
aquaculture as a result of disease outbreak 
has been estimated to have worth reached 
billions of dollars worldwide (Pridgeon & 
Kleius, 2011). One of the major common 
fish disease is bacteria (RASFF, 2013). 
Bacteria is of two major categories which 
are gram-positive and gram-negative 

bacteria. However, majority of gram-
negative bacteria are pathogenic and one 
of commonest fish pathogen is Aeromonas 
hydrophila. 

Aeromonas hydrophila is a gram-
negative bacterium in the family of 
Aeromonadaceae. It is biochemically 
characterised as facultative anaerobe, 
motile, rod-shaped and sugar fermented 
organism. Studies have reported that 
Aeromonas hydrophila infection in fin fish 
has resulted into fin rot, haemorrhagic, 
speticemia, furunculosis, red sore disease 
and high mortality among others (Rahman 
et al., 1997; Li et al., 2006). Unless 
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adequate treatment and control measures 
are applied, Aeromonas hydrophila 
infection in fish could lead to a significant 
biological and economical loss. One of the 
common methods of its control is the 
application of synthetic drugs.

Antibiotics as disease control agent in 
aquaculture has become contentious due to 
rise in drug resistant bacteria. The 
chemicals and antibiotics used in the 
control of bacteria load are expensive, 
somehow leave residue and cause side 
effects. More so, residual effect caused by 
continuous use of these chemicals raises a 
serious concern and pose a potential risk to 
the consumers (Adeshina et al., 2017). 
Therefore, there is need for cheaper, 
natural and eco-friendly alternative to 
chemicals such as the use of botanicals. 
Studies have shown the antibacterial 
potential of some botanicals such as 
Curcuma longa (Citarasu, 2010; Abdel-
Tawwab and Abbass, 2017; Adeshina et 
al., 2017) as alternative.

Curcuma longa (Tumeric) also known 
as “Ataile pupa” in Yoruba language 
belonging to the family Zingiberaceae is 
one of the common medicinal plants used 
as antimicrobial, wound-healing agent, 
anti-inflammatory in traditional medicine 
in Nigeria (Ahilan et al., 2010; Bayoub et 
al., 2010). The presence of active 
ingredients in Curcuma longa such as 
turmerone, curcuminoids, zingiberene and 
curcumin among others suggest it usage as 
antibacterial in fish farm especially in the 
farming Clarias gariepinus. Clarias 
gariepinus belongs to the family Clariidae, 
is one of the widely distributed fish species 
in tropical Africa which has become the 
most cultured fish species in Nigeria. This 

is because of its high quality flesh, high 
tolerance level of water characteristics, 
production performance and high market 
values (Adeshina et al., 2016a). Therefore, 
this study evaluates the effect of Curcuma 
longa leaf meal on growth performance 
and innate immune response of Clarias 
gariepinus juveniles infected with 
Aeromonas hydrophila.

Materials and methods
Curcuma longa fresh leaves were obtained 
from “Oja-Oba” market, Ibadan. The plant 
was authenticated at herbarium unit 
Ibadan of Forest Research Institute of 
Nigeria (FRIN), Ibadan, Nigeria. The 
leaves were rinsed with sterile water, air-
dried at room temperature and grinded to 
fine powder in an electro-motored hammer 
mill. Seven isonitrogenous diets (40% 
crude protein) were prepared at 0.0%, 
0.5%, 1.0%, 1.5%, 2.0%, 2.5% and 3.0% 
of Curcuma longa leaf. The diets were 
packed in a labelled polythene bags and 
stored until use (Table 1).

Experimental fish and design
Clarias gariepinus juveniles (mean 

weight = 10.30 ± 0.15 g) were obtained 
from a reputable farm in Ibadan. The fish 
were acclimatised in plastic tanks (60 ́   38 
 ́  27 cm) before the experiment and fed 

commercial feed for 2 weeks. Fish were 
weighed and distributed into twenty-one 
rectangular plastic tanks (60  ́  38  ́  27 
cm) in a completely randomised design. 
Each tank contained twenty fish. The 
experimental diets were fed to the fish to 
satiation twice daily for 12 weeks. The 
water in the tanks were replaced on three 
days interval throughout the period of the 
experiment. Measurement of the weight 
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changes were performed fortnightly and 
the feeding rate was adjusted accordingly 
with respect to the new body (Tiamiyu et 
al., 2014; Akpoilih et al., 2017). 

De termina t ion  o f  water  qua l i t y  
Parameters

Water samples were collected from each 
tank fortnightly. Dissolved oxygen were 
measured using digital D.O. meter 

[LABTECH (R)] Model AVI-660 (Power: 
220V, AC: 50 Hz: Sr./No. 376), pH was 
measured with the aid of a digital pH 
meter [LABTECH (R)] Model Photoic 20 
(Power: 230V AC: 50 Hz: Sr./No. 1223) 
and temperature was measured with the 
aid of mercury-in-glass thermometer 
(Boyd, 1984; Adeshina et al., 2016b). The 
D.O., pH and temperature were between 
4.57 ± 0.73 to 6.558 ± 0.38 mg/l, 7.21 ± 

TABLE 1
Gross and proximate composition of experimental diets fortified with Curcuma longa

             Curcuma longa inclusion levels (%)
Ingredients (%) T0 (0.0) T1 (0.5) T2 (1.0) T3 (1.5) T4 (2.0) T5 (2.5) T6 (3.0)

GNC 27.0 27.0 27.0 27.0 27.0 27.0 27.0
Soybean meal 46.3 46.3 46.3 46.3 46.3 46.3 46.3
Fish Meal 11.0 11.0 11.0 11.0 11.0 11.0 11.0
Yellow maize 8.0 7.5 7.0 6.5 6.0 5.5 5.0
DCP 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Salt 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Starch 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Veg. Oil 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Chromium oxide 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Premix* 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Curcuma longa 0.0 0.5 1.0 1.5 2.0 2.5 3.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Proximate composition (%)
Crude protein 40.4 40.1 40.2 40.6 40.2 40.8 40.6
Dry Matter 89.4 89.8 90.2 90 89.9 89.6 89.9
Ether extract 11.5 11.6 12.3 12.5 13.5 15.4 16.3
Fibre 7.6 8.4 7.8 9.0 8.6 8.8 9.3
Ash 10.2 11.1 11.6 10.4 10.8 10.3 11.0
NFE 19.7 18.6 18.3 17.5 16.8 14.3 12.7
GE (kcal/100g) 417.9 412.6 418.6 419.4 423.8 434.8 435.6

* Premixes = HI-MIX®AQUA (Fish) each one kilogram (1 kg) contains; vitamin A, 4,000,000 International 
Unit (IU); vitamin D3, 8,00,000 IU; vitamin E, 40, 000 IU; vitamin K3, 1,600 mg; vitamin B1, 4,000 mg; 
vitamin B2, 3,000 mg; vitamin B6, 3,800 mg; vitamin B12, 3 mcg; Nicotinic acid 18000 mg; Pantothenic acid, 
8000 mg; Folic acid, 800 mg; Biotin, 100 mcg; Choline chloride 120,000 mg; Iron, 8000 mg; Copper, 800 mg; 
Manganese, 6000 mg; Zinc, 20,000 mg; Iodine, 400 mg; Selenium, 40 mg; Vitamin C C(coated), 60,000 mg; 
Inositol, 10,000 mg; Colbat, 150 mg; Lysine, 10,000 mg; Methionine, 10,000 mg; Antioxidant, 25,000 mg.
GNC = Groundnut cake meal; DCP = Di-calcium phosphate; NFE = Nitrogen free extract; GE= Gross energy 
(Calculated according to NRC (1993): protein = 5.65 kcal/g; lipid = 9.45 kcal/g; carbohydrate = 4.11 kcal/g)



0.31 to 7.82 ± 0.12 and 25.33 ± 1.07 to 
0

26.82 ± 1.19 C respectively throughout the 
experimental period. 

Determination of proximate composition 
of experimental diets and fish

Experimental diets and fish samples 
were subjected to proximate analysis. 
Moisture, ash, crude protein, crude lipid, 
crude fibre and nitrogen-free extracts 
contents were recorded using various 
analytical methods (AOAC, 2005). The 
moisture contents were determined by pre-
weighing the samples and air-drying in a 
hot air-oven. The final weight was 
subtracted from the initial weight. Crude 
protein was determined using micro-
Kjeldahl distillation method. The 
percentage protein was calculated by 
multiplying the nitrogen content of the 
sample by a factor of 6.25. Ash content was 
determined by burning the samples in a 

o
muffle furnace at 550 C for three hours, 
the samples were allowed to cool, weighed 

and expressed as percentage as content. 
Ether extract was determined in a soxhlet 

o
extractor using petroleum ether (40–60 C) 
for three hours. The solvents were 
evaporated and the ether extract was 
determined as the residue obtained. Crude 
fibre was achieved by subjecting the 
residual sample from the ether extraction 
to a successive treatment with boiling acid 
(0.25N sulphuric acid) and alkali of 
defined concentration (0.313N sodium 
hydroxide) under controlled condition. 
Also, nitrogen free extract was determined 
using the following expression  as 
described by AOAC (2005).

Evaluation of growth performance and 
nutrients utilisation of experimental fish

Growth parameters were monitored 
biweekly. Initial weight, weight on every 
two weeks, and final weight were recorded 
using weighing scale (Model: M1207) and 
performance was calculated using the 
following formula:
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Determination of innate immune response 
parameters

Superioxide dismutase (SOD) activity 
was determined using assay kit (Randox 
Kit SOD Kit 0223). The Solution 
comprises of 65 µmole phosphate buffer, 1 
µmole hydrochloric hydroxylamine, 0.75 

–3 
µmole xanthine and 2.3 ́  10 IU  xanthine 
at pH 7.8. Fifty (50) uL of the supernatant 
was incubated in the system for 40 minutes 

o
at 37 C. Two (2) mL of 3.3 g/L p-
aminobenzene sulfonic acid was added 
followed by addition of 10 g/L of 
naphthylamine ((Ellis, 1990; Hermes-
Lima et al., 1998).

Nitroblue tetazolium (NBT) counts. The 
NBT was measured by determining the 
respiratory burst activity (Anderson et al. 
1992). The blood samples were incubated 

o
at 25 C for 30 mins and washed with 0.067 
mM sodium phosphate buffer (pH 6.4). A 
single drop of 0.2% of NBT solution 
placed on a slide and incubated for 30 mins 

o
at 25 C. The NBT cells were counted 
under the microscope (x 100 objective 
lens) in triplicates. 

Immunoglobulin M (IgM). The total 
immunoglobu l in  M ( IgM)  were  
d e t e r m i n e d  b y  e n z y m e - l i n k e d  
immunosorbent assay (ELISA) using 
immunoglobulin M (IgM) ELISA kit for 
fish following the manufacturer’s 
instruction.

Lysozyme activity. Lysozyme activity 
was determined using lysoplate technique 
(Grinde et al., 1989). In brief, 0.60mg/mL 
Micrococcus luteus was cast in 1% agarose 
gel (Difco, USA) with 50mM phosphate 
buffer (pH 6.2). Wells (6mm) were created 
nutrient agar plates. The wells were filled 
25 µL of serum samples and incubated for 

o
20 hours at 25 C. The zones of inhibition 

were measured. The data determined from 
semilogarithmic graph paper.

Challenge test
At 12 weeks fish fed diets fortified 

Curcuma longa were challenged with 0.1 
mL of A. Hydrophila ( intraperitoneally 
except the control group which were 
injected 0.1 mL of saline water 
(Schaperclaus et al., 1992). The fish were 
allotted to twenty-one rectangular plastic 
tanks (60  ́38  27 cm) in a completely 
randomised design (each tank contained 
10 fish) for 14 days. Survival rate was 
determined and level of protection was 
estimated as  

´
    

Azza and Abd-El-Rahman (2009)

Statistical analysis
The data obtained were analysed using 

one-way analysis of variance to examine 
the effect of Curcuma longa on Clarias 
gariepinus juveniles and means were 
separated using Duncan Multiple Range 
Test. The optimum inclusion level of 
Curcuma longa was estimated using 
quadratic regression with the aid of 
Statistical Package for Social Science 
(IBM version 20).

Results
Table 2 revealed that final weight (g), 
weight gain (g), percentage weight gain 
(%), specific growth rate (%) and protein 
efficiency ratio were significantly 
increased with increase in the level of 
Curcum longa meanwhile, there was 
significantly decreased in feed conversion 

´

       % mortality in experimental group
(1 –                                                        100)
             % mortality in control group
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ratio of the Clarias gariepinus fed 
diets fortified with Curcuma longa  
(P < 0.05). Also,  there were 
increase in the feed intake (g) and 
energy intake (kcal/fish) but these 
were not statistically significantly 
different (P > 0.05) among the fish. 
However, fish fed diet containing 
3.0% Curcuma longa had highest 
final weight (64.71 ± 4.69 g),   
weight gain (54.54 ± 4.69 g), SGR 
(0.96 ± 0.04% g/day), feed intake 
(68.98 ± 7.02g), PER (1.36 ± 0.12) 
and energy intake (300.40 ± 30.55 
kcal/fish) while the lowest were 
observed in fish fed control diet 
except feed intake which was 
lowest in fish fed 1.5% Curcuma 
longa based diet (Table 2).  On the 
contrary, the lowest FCR (1.26 ± 
0.02) was obtained  in fish fed 
3.0% Curcuma longa based diet 
and highest was recorded in fish 
fed basal diet (Table 2).

Also, there were no significantly 
difference in the proximate 
composition of the fish fed 
experimental diets (P > 0.05). 
However, highest crude protein 
(18.40 ± 0.23%), ether extract 
(5.40 ± 0.02 %), moisture content 
(73.94 ± 0.65%) and ash content 
(3.13 ± 0.15 %) were obtained in 
fish fed 3.0%, 0.5%, 1.5% and 
0.0% Curcuma longa based diets 
respectively (Table 3).

Table 4 depicts that fish fed 
experimental diets had higher 
survival rate and well protected 
against pathogenic Aeromonas 
hydrophila than fish fed basal diet.  
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Highest and least survival rate were 
recorded in fish fed 2.5% and 0.0% 
Curcuma longa based diets. In the same 
vein, highest level of protection (95.65%) 
was obtained in fish fed 2.5% Curcuma 
longa diet and lowest (21.74%) was 
obtained in group treated 0.5% Curcuma 
longa fortified diet with no protection at all 
in fish fed control diet.

The  i nna t e  immune  r e sponse  
parameters measured were improved in 
fish fed Curcuma longa fortified diets. The 
NBT, immunoglobulin, lysozymes 
activity, and SOD values were inspired in 
fish fed experimental diets. The highest 

NBT, immunoglobulin and lysozyme 
activity were obtained at 2.5% Curcuma 
longa based diet and highest SOD was 
obtained at 2.0% Curcuma longa based 
diet. However, the lowest NBT, immuno-
globulin, lysozyme activity and SOD 
values were obtained in fish fed control 
based diet (Figs. 1–4). The relationships 
between dietary Curcuma longa 
concentrations and NBT (Fig. 1), 
immunoglobulin (Fig. 2), lysozyme 
activity (Fig. 3) and SOD (Fig. 4) values 
were best expressed by the following 
regression equations:  and  respectively 
(Fig. 1–4).

TABLE 3
Proximate composition of body carcass of Clarias gariepinus fed diets fortified with various concentrations of 
Curcuma longa for 12 weeks

Curcuma longa Crude protein (%) Ether extract (%) Moisture (%) Ash(%)
inclusion levels

0.0 17.96 ± 0.13 5.13 ± 0.13 73.78 ± 0.75 3.13 ± 0.15
0.5 18.03 ± 0.02 5.40 ± 0.02 73.80 ± 1.04 2.77 ± 0.16
1.0 18.50 ± 0.22 5.03 ± 0.01 73.48 ± 1.13 2.99 ± 0.12
1.5 18.21 ± 0.35 5.12 ± 0.12 73.94 ± 0.65 2.73 ± 0.06
2.0 18.31 ± 0.21 5.01 ± 0.01 73.56 ± 2.16 3.12 ± 0.05
2.5 18.42 ± 0.12 5.11 ± 0.12 73.83 ± 1.38 2.64 ± 0.10
3.0 18.40 ± 0.23 5.20 ± 0.13 73.75 ± 1.53 2.65 ± 0.19

TABLE 4
Survival rate and level of protection of Clarias gariepinus fed diets fortified with various concentrations of 
Curcuma longa for 12 weeks and infected with Aeromonas hydrophila

Curcuma longa inclusion levels Survival rate (%) Level of protection (%)

0.0 23.33 0.00
0.5 40.00 21.74
1.0 56.67 43.48
1.5 80.00 73.91
2.0 93.33 91.30
2.5 96.67 95.65
3.0 96.67 95.65
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Fig. 1. The nitroblue tetrazolium (NBT, mg/mL) in blood of Clarias gariepinus fed diets fortified with various 
concentrations of Curcuma longa for 12 weeks

Fig. 2. The immunoglobulin M (IgM, µg/mL) in blood of Clarias gariepinus fed diets fortified with various 
concentrations of Curcuma longa for 12 weeks

Discussion
The results indicated that inclusion of 
Curcuma longa in the diet improved 
growth performance and nutrients 
utilization of Clarias gariepinus juveniles 
better than the basal diet. Although, feed 
intake was not significantly affected but 
utilization were better in group treated 
experimental diets which suggest 
enhancement and modification of gut flora 

with beneficial microbiota and microbial 
enzymatic activities resulting in better 
digestion and absorption cumulating into 
the significantly higher growth recorded. 
This finding is in line with the report of 
Prassad and Aggarwal (2011) which 
revealed that Curmuma longa is a good 
digestive stimulant that promotes the 
activities of enzymes like amylase, 
chrmotrypsin and lipase. Also, this study 
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Fig. 3. The lysozyme activity (mg/mL) in blood of Clarias gariepinus fed diets fortified with various 
concentrations of Curcuma longa for 12 weeks

Fig. 4. The superoxide dismutase (SOD, U/mL) in blood of Clarias gariepinus fed diets fortified with various 
concentrations of Curcuma longa for 12 weeks

disclosed similar view with Sahu et al. 
(2008), Mahumoud et al. (2014) and 
Abdel-Tawwab and Abbass (2017) who 
reported that inclusion of Curcuma longa 
improved the growth performance of labeo 

rohita, Tilapia niloticus and Cyprinus 
carpio, respectively. As earlier reported, 
fish fed phytogenic fortified diets such as 
garlic (Shalaby et al. 2006), Camellia 
sinensis (Abdel-Tawwab et al., 2010), 
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Carumcarvi (Ahmad & Abdel-Tawwab, 
2011), onion bulb and walnut leaves 
(Bello et al. 2013) significantly improved 
growth performance and nutrient 
utilization in fish.

Presence of Curcuma longa in the diets 
of Clarias gariepinus was found to have 
no significant influence on the proximate 
composition of the fish. This result was in 
agreement with the findings of Goda 
(2008) and Abdel-Tawwab & Abbass 
(2017). Higher crude protein values were 
obtained in fish fed experimental diets 
while lower ether extract and ash contents 
values were obtained in treated groups. 
The result obtained in crude protein 
followed similar trend with the findings of 
Hwang et al. (2013) and Abdel-Tawwab & 
Abbass (2017) but differ with the work of 
Mohamoud et al. (2014). However, ether 
extract and ash contents values is in 
conformity with the reports of Abdel-
Tawwab et al. (2010) who reported 
decreased in ether extract and ash contents 
of Tilapia niloticus fed diets fortified with 
Curcuma longa.

Fish fed Curcuma longa based diets had 
higher survival rate and relative protection 
levels than the fish fed control diet. The 
higher survival rate obtained in this study 
may be attributed to antimicrobial 
properties of Curcuma longa which 
provide better relative protection against 
pathogenic. The presence of turmerone, 
curcuminoids, zingiberene and curcumin, 
an antimicrobial agent in Curcuma longa 
might have serve as bacteriocidal and 
bacteriostatic agents in the body of Clarias 
gariepinus against Aeromonas hydrophila 
hence increased the survival rate. The 
results concord with findings of Mahmoud 

et al. (2014) and Abdel-Tawwab & Abbass 
(2017) who reported protection levels and 
survival rate of Tilapia niloticus and 
Cyprinus carpio infected with Aeromonas 
hydrophila and Pseudomonas fluorescens, 
respectively. Furthermore, higher 
inhibitory effect of Curcuma longa against 
Aeromonas hydrophila, Pseudomonas 
fluorescens, Vibrio parahaemolyticus, 
Bacillus cereus, Pseudomonas aeruginosa 
has been reported (Mahady et al., 2002; 
Yano et al., 2006; Paramasivam et al., 
2007; Mahmoud et al., 2014).

The higher NBT, immunoglobulin, 
lysozyme activity and SOD obtained in 
fish fed diets fortified with Curcuma longa 
signify a better innate immune response. 
Lysozymes has been reported to have 
ability to destroy the cell wall of bacteria 
(Ellis, 1990), SOD act as cellular 
antioxidants (Hermes-Lima et al., 1998) 
while NBT and immunoglobulin also 
serves as indicator of immunity (Mak & 
Saunder, 2004). In addition, the presence 
of some active compound such as 
curcumin in Curcuma longa might be 
responsible for better innate immune 
response  parameters  of  Clar ias  
gariepinus .  The findings further 
strengthen the protection levels observed 
in fish challenged with Aeromonas 
hydrophila by improving innate immune 
system of the fish. Correspondingly, the 
result of the present study agreed with the 
observation of Mahmoud et al. (2014) and 
Abdel-Tawwab and Abbass (2017) who 
reported higher innate immune response 
parameters in fish fed Curcuma longa 
based diets and protection levels in fish 
challenged with Aeromonas hydrophila 
(Abdel-Tawwab, 2012).
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Conclusion
The study revealed that Clarias gariepinus 
fed diets fortified with Curcuma longa had 
improve growth performance and 
enhanced immune system. Survival rate, 
level of protection and innate immune 
response of Clarias gariepinus fed 2.5% 
Curcuma longa based diets performed 
better and could be used to improve 
growth and immunity of Clarias 
gariepinus against pathogenic Aeromonas 
hydrophila. 
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