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Introduction
Feed additives are substances which are added in minute amount 

into animal and aqua feeds and provides mechanism by which dietary 
deficiencies can be addressed which benefits not only in the nutrition 
but improves the growth rate of the animal or fish. Some of the most 
used growth-promoting feed additives in animal and aqua feeds are 
hormones, antibiotics, ionospheres and some salts. 

There are large number of feed additives available to improve 
fish growth performance in the Nigeria markets and some of these 
additives used in feed mill are chemical products especially hormones 
and antibiotics which may cause unfavourable side effects. If growth 
performance and feed efficiency are increased in commercial 
aquaculture, the costs of productions are likely to be reduced. 

World Health Organization encourages using of medicinal herbs 
and plants to substitute or minimize the use of chemicals through 
the global trend to go back to the nature. Attempts to use the natural 
materials such as medicinal plants could be widely accepted as feed 
additives to enhance feed utilization and aquaculture production.

Recently, some studies show the positive effects of dietary medicinal 
plants/herbs and feed additives on growth and feed utilization in fish 
and crayfish [1-8]. 

Nile tilapia (O. niloticus) is a well-known tropical food fish 
native to Africa. O. niloticus are principally herbivorous, although 
occasionally omnivorous. The fish is an efficient converter of waste 
foodstuff and appears to thrive well on artificial supplemental feed 
[9]. Tilapia farming is more acceptable, technically and economically 
more viable and sustainable. Tilapia culture is a profitable enterprise 
and even subsistence farmers in Nigeria can afford to culture tilapia 
to augment their income. Tilapia is consumed by poor people as 
it is relatively low priced commodity. Aquaculture requires high 
quality feeds which should contain not only necessary nutrients but 
also complementary feed additives to keep organism’s healthy, faster 
growth and environmental friendly. 

Over the years, the total world fishery production decreased 
slightly and the human consumption for aquatic products increased 
[10]. The reduction in capture fisheries was partly compensated 
for the fast growth of aquaculture industry. The need for enhanced 
disease resistance, feed efficiency, and growth performance of cultured 
organisms is substantial for various sectors of this industry [11]. The 
main objective of this study was to investigate the effects of using three 
commercial feed additives (Aqua booster®; Aqua superliv® and Aqua 
pro®) on growth, feed utilization and body composition in Tilapia (O. 
niloticus) fingerlings. 

Materials and Methods 

Formulation of experimental diets

Commercial feed additives namely Aqua booster® (Fish Vet, Inc. 
product, Ohio Dayton.), Aqua superliv® (Ayurvet Limited product, 
India) and Aqua pro® (Smart Microbial, Inc., USA) were purchased 
from a chemical store in Akure, Nigeria. Amounts of 0 (Control) and 
0.5 g/100 g of each of the additive were taken and mixed with a basal 
feed (30% crude protein), comprising fish meal, yellow maize, soybean 
meal, blood meal, fish oil, vegetable oil, vitamin premix and starch. All 
dietary ingredients were milled to a 3 mm particle size. The ingredients 
were thoroughly mixed in a Hobart A-2007 pelleting and mixing 
machine (Hobart Ltd, London, UK) to obtain a homogeneous mass 
and cassava starch was added as a binder. The resultant mash was then 
pressed without steam through a mixer with a 0.9 mm die. The pellets 
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Abstract
An experiment was conducted to evaluate the effect of three commercial feed additives on growth, nutrient 

utilization, body composition and haematological profile of Nile tilapia Oreochromis niloticus fingerlings (average 
initial weight of 7.18-7.35 g). Three commercial feed additives Aqua booster® (Fish Vet, Inc. product, Ohio Dayton.), 
Aqua superliv® (Ayurvet Limited product, India) and Aqua pro® (Smart Microbial, Inc., USA) were added to the 
basal diet at 0.5 g /100 g of feed additive respectively and fed to the fish for 56 days at 5% body weight. Fish fed on 
diets with commercial feed additives showed significantly improved growth performance, feed utilization and body 
composition compared to fish fed on the control diet. The best growth was observed in the group fed dietary Aqua 
superliv® and the protein efficiency ratio was significantly highest in groups fed dietary Aqua booster® while specific 
growth rate was significantly highest in groups fed dietary Aqua superliv®. The highest protein content (70.87%) was 
obtained in the fish fed dietary Aqua pro® while the moisture content did not differ among treatments. Ash and lipid 
contents were significantly affected by feed additives. The results revealed that using Aqua superliv® at the level of 
0.5 g/100 g feed was the best in terms of weight gain (8.85 ± 0.92 g) and feed utilization (FCR=0.26).
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pro® which was not significantly different from the control fish. The 
average FCRs were 0.26 and 0.33 for fish fed on Aqua superliv® (DAS) 
and Aqua booster® (DAB) diets respectively. The PER was 1.46, 1.28 and 
1.00 for the fish fed diets Aqua superliv® (DAS), Aqua booster® (DAB) 
and Aqua pro® (DAP) respectively. Fish fed on dietary feed additives 
had a significantly (p < 0.05) higher protein content than fish fed the 
control diet. The protein content was 70.87, 64.68 and 63.55 for fish 
fed diets Aqua pro® (DAP, Aqua booster® (DAB), Aqua superliv® and 
CTR respectively. The same trend was also observed for ash and crude 
lipid contents. There were greater improvements in the ash and crude 
contents of fish fed on dietary feed additives. The body composition 
values are given in Table 3. The haematological parameters of O. 
niloticus (Table 4) showed no significant differences (p ≥ 0.05) in all 
the haematological parameters measured at the end of the experiment. 

Discussion 
The results suggest that dietary feed additives promoted the growth 

of O. niloticus fingerlings. These results showed that feed additives 
enhance nutrient utilization, which is reflected in improved weight gain, 
FCR, PER and SGR. Generally, better feed conversion ratio values were 
obtained in all treatments, but the poorest occurred in control (Table 
2). There were significant differences in the FCR among the treatments 
(p < 0.05). [7] reported that Aqua superliv® in diets promoted growth 
and feed conversion efficiency in Nile tilapia fingerlings. Similar results 
were reported for using two different commercial feed additives for 
Nile tilapia fingerlings [18]. [11] also reported that African catfish 
fingerlings fed on diets supplemented by commercial feed additive 
Biogen® exhibited faster growth than those fed with the control diet. 
Similarly, Asian sea bass Lates calcarifer [19], striped snakehead [20], 
olive flounder Paralichthys olivaceus [6], tilapia Oreochromis niloticus 
[21] and rainbow trout Ichthyophthirius multifiliis [22] feed additives in 
diets promoted growth and feed efficiency. From a proximate composition 
point of view, feed additives increased the level of protein in O. niloticus. 
The body composition values obtained in this study were similar to those 
reported by [8,18] using commercial feed additives. Survival of O. niloticus 
can be improved by feed additives supplementation. Therefore, this 
result will stimulate a series of studies on the utilization of these three 
commercial feed additives in diets for fishes. 

were dried at ambient temperature (27-30°C) and stored at -20°C in 
a refrigerator. The diets were analysed for proximate composition, 
including crude protein, crude lipid, crude fibre, ash and moisture 
(Table 1). 

Experimental procedure 

12 (twelve) plastic tanks (52-litre), each half-filled with water were 
aerated continuously using air compressor. One hundred and twenty 
farm-raised O. niloticus fingerling siblings (with an average initial 
weight of 7.18-7.35 g) were acclimated to laboratory conditions for 14 
days before distributed randomly into the twelve tanks (10 fish tank–1) 
representing three dietary treatments (0.5 g /100 g of feed additives) 
designated as DAB (aqua booster®), DAP (aqua pro®) and DAS (aqua 
superliv®) respectively and a control (CTR) (0 g/100 g of feed additive). 
Fish were fed at 5% of their body weight (bw) per day in three equal 
meals, every five hours between 08:00 and 18:00. All fish were weighed 
and counted fortnightly and feeding rates were adjusted accordingly. 
At the end of the experimental period the following growth and feed 
utilization indices were calculated: weight gain (WG), specific growth 
rate (SGR), food conversion ratio (FCR) and protein efficiency ratio 
(PER) using the following formulae as described by Brown [12], 
Winberg [13], Castell and Teiws [14] and Miller and Bender [15], 
respectively.

WG = final average weight (g) − initial average weight (g);

SGR (% d–1) = 100 × (ln Wt − ln W0)/t

Where Wt and W0 represent final and initial body weights of fish, 
respectively, and t represents the duration of the feeding trial;

FCR = dry weight of feed (g) / wet weight gain by fish (g); and 

PER = wet weight gain by fish (g) / protein intake (g)

Where protein intake (g) = protein (%) in feed × total weight (g) of 
diet consumed / 100.

Water quality parameters such as temperature, pH and dissolved 
oxygen concentration were routinely monitored in all tanks during the 
study period using mercury-in-glass thermometer, pH meter (Hanna 
H198106 model) and dissolved oxygen meter (JPP- 607 model). At the 
beginning and end of the feeding trial, pooled samples of 15 fingerlings 
were analysed for carcass composition using [16] procedures.

Statistical analyses 

Analysis of variance (ANOVA) was used at 95% significance level 
to test for significant differences between the various treatment means 
obtained for the growth, feed utilization and carcass composition. 
Tukey’s multiple range tests was used to determine which pairs of the 
treatment means differed significantly [17].

Results
Mean water quality parameters during the experiment were: 

dissolved oxygen 5.20 ± 0.48 mg l-1, pH 7.01 ± 0.07 and temperature 
26.70 ± 0.85°C. There were improvements in the growth responses of 
fish fed on dietary feed additives. The fastest growth responses were 
obtained in the fish fed on dietary Aqua superliv® while the slowest 
growth was obtained in the fish fed the control diet (CTR) (Table 2). 
However, there were significant differences in growth performance 
across the different dietary feed additives. 

There were greater improvements in the feed conversion ratio 
(FCR) of fish fed on dietary feed additives except those fed on Aqua 

Ingredients
Dietary treatments

       CTR               DAB                DAP             DAS 
Menhaden fish meal 15 15 15 15 

Soybean meal 45 45 45 45
Corn meal 25 25 25 25

Vegetable oil 6 6 6 6
Cod liver oil 4 4 4 4

Vitamin-mineral premix 3 3 3 3
Corn starch  2 2 2 2
Aqua pro® - - 0.5 -
Superliv® - - - 0.5

Aqua booster® - 0.5 - -
Proximate composition (% DM) 

Crude protein 31.88.83 31.54 31.63 31.67
Crude lipid 9.82 9.81 9.80 9.81

Ash 11.34 11.23 11.32 11.27

Vitamin premix – A Pfizer livestock product containing the following per kg of 
feed: A = 4500 I. U, D = 11252 I.U, E = 71 I.U, K3 = 2 mg, B12 = 0.015 mg, 
panthothenic acid = 5 mg, nicotinic acid = 14 mg, folic acid = 0.4 mg, biotin 
= 0.04 mg, choline =  150 mg, cobalt = 0.2 mg, copper = 4.5 mg, iron =  21 
mg, manganese =  20 mg, iodine = 0.6 mg, selenium= 2.2 mg, zinc = 20 mg, 
antioxidant =  2 mg 
Table 1: Ingredient composition (g) and proximate composition (% DM) of basal diet
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Conclusion
This study established the efficacy of Aqua booster®, Aqua superliv® 

and Aqua pro® feed additives as growth promoter in O. niloticus 
fingerlings. Fish farmers should therefore be encouraged to supplement 
these feed additives especially Aqua booster® and Aqua superliv® in 
fish diet. Future research should focus on the improvement of rearing 
technologies for different species of fish reared using feed additive as a 
feed supplement.
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Experimental diet
Composition (%)         CTR                  DAB                  DAP                 DAS

Moisture 3.68 (0.30) 3.85 (0.32) 3.24 (0.09) 3.84 ± 0.39
Ash 14.68 (0.57) 12.85 (0.25) 11.57 (0.35 13.84 ± 0.39

Crude protein 60.48 (1.17) 64.68 (1.73) 70.87 (1.37) 63.55 (1.14)
Crude lipid 12.77 (0.93) 10.87 (0.25) 10.06 (0.23) 10.56 (0.41)
Crude fibre 0.96 (0.09) 0.81 (0.78) 0.89 (0.92) 0.91 (0.04)

NFE 6.96 (0.98) 5.23 (3.42) 3.3 (0.79) 8.68 (0.62)

Means in a given column with the same superscript letter were not significantly 
different at p<0.05. Values in parentheses are standard errors of means.
Table 3:  Chemical composition of whole body of O. niloticus fingerlings fed 
experimental diets (wet basis).

Experimental diet
   Parameter            CTR                   DAB                    DAP                   DAS
Initial average 

weight (g) 7.35 (0.29) 7.19 (0.08) 7.34 (0.42) 7.18 (0.84)

Final average 
weight (g) 13.24 (0.82) 14.83 (0.74) 13.24 (0.35) 16.03 (0.83)

Final average 
weight gain (g) 5.89 (0.74) 7.64 (0.82) 5.90 (0.31) 8.85 (0.92)

SGR (%/day-1) 1.05 (0.04) 1.29 (0.11) 1.05 (0.03) 1.43 (0.11)
FCR 0.47(0.12) 0.33 (0.64) 0.49 (0.14) 0.26 (0.04)
PER 0.98 (0.15) 1.28 (0.13) 1.00 (0.03) 1.46 (0.14)

Survival (%) 85.00 (7.07) 100.00 (0.00) 85.00 (7.07) 100.00 (0.00)

Means in a given column with the same superscript letter were not significantly 
different at p<0.05. Values in parentheses are standard errors of means. SGR = 
specific growth rate, PER = protein efficiency ratio, FCR = feed conversion ratio
Table 2: Mean growth performance and feed utilization of O. niloticus fingerlings 
fed experimental diets for 56 days.

Blood 
parameter

Experimental diet
CTR DAB DAP DAS

Hb (g/100ml) 9.85 (1.20) 10.35 (0.92) 11.00 (2.40) 8.75 (0.64)
PCV (%) 29.50 (2.94) 31.50 ( 2.12) 31.00 (4.24) 27.50 (2.12)
W BC(× 103/µl) 6050 (2001.13) 6600 (1697.05) 7200 (848.5) 8300 (2121.32)
RBC (× 106/µl) 3.10  (0.28) 3.48 (0.04) 3.80 (0.57) 2.80 (0.57)
MCHC (%) 33.35 (0.07) 33.35 (0.07) 33.25 (0.21) 33.15 (0.07)
MCH (Pg) 31.7 (0.99) 31.45 (0.49) 30.30 (0.14) 31.85 (2.19)
MCV (FL) 94.50 (2.12) 94.20 (1.98) 91.00 (0.84) 93.30 (0.99)
Neutrophils (%) 55.00 (2.83) 65.50 (2.12) 65.00 (9.89) 61.50 (0.71)
Lymphocyte (%) 41.00 (1.41) 32.50 (3.54) 33.50 (12.02) 38.50 (0.71)
Eosinophils (%) 1.00 (1.41) 1.50 (0.71) 0.00 (0.00) 0.00 (0.00)
Monocytes (%) 0.00 (0.00) 0.50 (0.71) 1.50 (2.12) 0.00 (0.00)

Means in a given column with the same superscript letter were not significantly 
different at p<0.05. Values in parentheses are standard errors of means. 
PCV=packed cell volume, Hb=haemoglobin estimation, WBC=white blood cell 
count, RBC=red blood cell count 
Table 4: Haematological characteristics of Oreochromisniloticus fed experimental 
diets.
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