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ABSTRACT

An experimental study was conducted to evaluate the effect of three different 
natural growth promoters as feed additives on growth performance of monosex Nile 
tilapia fingerlings. Three nutritional treatments were applied at two additive levels 
(0.15 & 0.3 %) of Paprika (Hot Red Pepper “Capsicum annuum” meal), Proplis (Bee 
Glue) and Humapol-FIS Substance (Humic & Fulvic acids with Mixture of Minerals) 
each one in addition to Control diet. The tested treatments were conducted in two 
cement ponds (8×4×1 m), divided with nets to 16 equal aquatic compartments (2×2×1 
m); 14 of them were used and stocked randomly with 20 fish/each one with an 
average initial body weight of 23.62 ± 0.13 g. The experiment lasted for 20 weeks 
(Six feeding days/week with the feeding rate at 3% of live body weight/day). The 
results at the end of the experiment showed that, growth performance and feed 
conversion ratio were significantly (P< 0.05) improved for monosex tilapia 
fingerlings fed on diets with the aforementioned natural feed additives compared to 
fish fed on the control diet. Feed cost required to produce 1kg weight gain compared 
to fish fed on the control diet was reduced by using the feed additives. These results 
revealed that using Proplis (P) at a dietary additive level of 0.3 % was the best 
treatment in terms of growth performance and feed utilization, while the highest 
revenue and the best economic evaluation were obtained from the Paprika (K) diet at 
a level of 0.3 % compared to the control diet.

Keywords: Growth promoters, feed additives, O. niloticus, growth performance, Proplis, Paprika, 
Humic substances.

INTRODUCTION

Aquaculture has evolved as the fastest growing food producing sector and 
developed as important component in food security (Ibrahem et al., 2010). Therefore, 
it is considered as the world worth coming expansion to compensate the shortage in 
animal protein. Feed in aquaculture plays an important role in the production cycle 
and exert threshold on both practical and economic aspects. Feed additive sectors are 
expanding day after day to achieve better growth and health for fish and shrimp and to 
meet the potential requirements of the culturists (Ibrahem, 2013).

In Egypt, the production of fish coming from aquaculture represents about 74% 
of total fish production sources (GAFRD, 2012). This activity requires high-quality 
feeds, which should contain not only necessary nutrients, but also complementary 
feed additives to keep organism's healthy, favor growth and environment-friendly 
aquaculture. Feed additives are substances which added in trace amounts provide a 
mechanism by which such dietary deficiencies can be addressed which benefits not 
only the nutrition and thus the growth rate of the animal concerned, but also its health 
and welfare in modern day fish farming (Eid and Khalid, 2008). There is a large 
number of feed additives available to improve fish growth performance but some of 
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these additives used in feed mills are chemical products especially hormones and 
antibiotics which may cause unfavourable side effects (Baruah et al. 2008).
Antibiotics have been used for many years as growth promoting agents in addition to 
their anti-pathogenic bacterial function which reduce growth and impaired feed 
conversion. These growth promoters were linked to emergence of multiple drug 
resistant bacteria and antibiotic residues in animal products (Wary and Davies, 2000).
Thus, the use of antibiotic growth promoters (AGPs) as feed additives in the 
aquaculture industry has been criticized by government policies and consumers 
because of possible development of microbial resistance to these products and their 
potential harmful effects on human health (Baruah et al. 2008). To keep a sustainable 
growth pattern and health management, strategies must go beyond antibiotics and 
chemotherapeutics, which create resistant bacteria and immunosuppression in the host 
(Panigrahi and Azad, 2007; Adekunle, 2012).  Therefore, using natural feed additives 
to substitute antibiotics has become an area of great interest (Kumar et al., 2003).
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 efficiency of feed utilization and animal 
productive performance (Levic et al., 2008).

Some of the natural feed additives for animal feed are humic substances, which 
classified as a decomposed natural organic matter; they are composed of humus, 
humic acid, fulvic acids, ulmic acids, humin and minerals (Osman Tolga, 2012). 
Humic acid is the most common form of organic carbon in the natural environment. 
Most humic substances are chemically attached to inorganic components (clay
minerals and oxides), and a smaller part gets dissolved in the soil (Islam et al., 2005). 
Humic acid is generally shown many positive effects on the fattening performance, 
resistance against diseases, immune system and stress in poultry production (Osman 
Tolga, 2012).

Red pepper (Capsicum annuum) Linn (family: Solanaceae) produces capsain 
and capsaicin, used as spice and medicine (Columbus, 1987). Capsaicin, the pungent 
active principle of red chilli has been shown to cause gastric mucosal oedema and 
hyperemia and decrease in the gastric acid output (Desai et al., 1977; Nopanitaya, 
1973). Capsaicin helps the metabolism of epoxide aromatic hydrocarbons, which 
interferes with their ability of bind to DNA “causing mutations” (Suzuki and Iwai, 
1984). Paprika and chilli contain a large amount of carotenoids, including capsanthin, 
capsorubin, b-carotene, cryptoxanthin, and zeaxanthin. The carotenoid concentrations 
encountered in paprika and chilli samples are 2.6 and 3.3 mg/g dry matter, 
respectively, according to Schweiggert et al. (2007). Another important carotenoid is 
capsaicin, responsible for the pungent characteristic of these products, which is only 
present in chilli peppers and has been shown to be effective against some bacteria and 
fungi (Cichewicz and Thorpe, 1996; Singh and Chittenden, 2008; Kraikruan et al., 
2008; Tewksbury et al., 2008). However, chilli peppers, as well as paprika peppers, 
contain other components whose antimicrobial activities have not been well studied, 
as capsanthin or capsorubin. These two compounds, which are responsible for the red 
colour, can only be found in Capsicum products (Schweiggert et al., 2007).
Propolis (bee glue) is a natural dark-coloured and is used as a sealant and sterilant in 
their nests. Propolis has been used since ancient times as a medicine because of its 
biological properties as an antimicrobial, antifungal, antiprotozoan and antiviral agent 
(Krell, 1996). Propolis is a resinous sticky substance produced by honeybees. The 
bees collect it from trees, buds, flowers and other botanical sources and mixed with 
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hypo pharyngeal secretions for protection of hives as sealer, draught excluder and 
embalming substance to cover arises from hive-invaders and against bacterial and 
fungal infection (Kosalec et al., 2003; Cuesta et al., 2005). Propolis has many 
different biological and pharmacological properties such as antibacterial, antifungal, 
antiviral, antiprotozoae, local-anesthetic, anti-inflammatory and immunostimulant 
(Miyake and Shibamoto, 1997; Sforcin, 2007). The most potent microbicidal 
componant in propolis is flavanone pinocembrin “5,7-dihydroxyflavanone”
(Houghton et al., 1995). Propolis exhibits bacteriostatic activity against different 
bacterial genera and can be bactericidal at high concentrations (Drago et al., 2000).

The objective of this study, to investigate the effect of three different dietary 
natural feed additives (Humic substance, Paprika and Proplis) as growth promoters in 
Nile tilapia, fingerlings diets on growth performance, feed utilization, survival rate, 
whole body chemical composition and economic evaluation.

MATERIALS AND METHODS

Experimental unit
The present study was conducted on the Fish Research Station at El-Kanater               

El-khairia, National Institute of Oceanography and Fisheries (NIOF), Qalyubia 
Governorate, Egypt. Two cement ponds (8×4×1 m) were used; each pond was divided 
to equal eight aquatic compartments by nets  with the total water volume of 4m3

(2×2×1 m) each one; 14 of them were used and stocked with the experimental fish 
and supplied with fresh water from well with depth 60m underground. The turnover 
rate of water was 20 % daily/pond; fish were held under a natural light photoperiod at 
12h light/ 12h dark schedule.
Experimental fish

Two hundred and eighty of mono sex Nile tilapia, Oreochromis niloticus (sex 
reversed with hormone treatment), were used in the present study. The fish were
purchased and transported at early morning using a special fish transport car with 
aeration facilities from a private tilapia hatchery in El-Fayoum and were used in the 
experiment after acclimatization to the experimental system under normal conditions 
for seven days before starting the experiment. Thereafter, the fish were randomly 
divided into equal experimental groups (40 fish each Level/treatment; 2 
replicate/level) representing four nutritional groups. One group served as control diet 
and three groups were represented the feed additives tested. The experimental fish 
were weighted every 4 weeks in order to adjust the daily feed rate, which was 3 % of 
the average fish body weight. The daily ration of feed was divided into two equal 
amounts and offered at two times/ day (9.00 am and 3.30 pm) for six feeding days per 
week. The initial weight of experimental fish was stocked with an average body 
weight of 23.62 ±0. 13g, at a stocking density of 5 fish/m3. The experiment lasted for 
20 weeks after the start.
Experimental diets

Seven isonitrogenous diets were formulated to contain (25%, Crude Protein) and 
isocaloric (4400 Kcal gross energy /kg diet) from practical ingredients (Table1) 
including the control basal diet (without feed additives). The other diets were 
supplemented by three different sources of natural growth promoters at two dietary 
additive levels (0.15 and 0.3 %) of each Paprika, K (Hot Red Pepper meal), Proplis, P 
(Bee Glue) and Humapol-FIS Substance, H (Humic & Fulvic acids with Mixture of 
Minerals). The experimental diets were prepared by individually weighing of each 
component and by thoroughly mixing the mineral, vitamins and additives. This 
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mixture was added to the components together with oil. Water was added until the 
mixture became suitable for making granules. The wet mixture was passed through a 
granule machine with the 2mm diameter. The produced pellets were sun-dried for (48 
h) and kept frozen at (- 4ºc) until the experimental start and used.

Table 1: Composition and proximate analysis of the experimental diets 
Experimental DietsFeed Ingredients

PKH
Control

0.30.150.30.150.30.15
12.0012.0012.0012.0012.0012.0012.00Fish meal (59.9%)
26.0026.0026.0026.0026.0026.0026.00Soybean meal (44%)
37.0537.2037.0537.2037.0537.2037.35Yellow corn 
20.0020.0020.0020.0020.0020.0020.00Wheat bran 
2.002.002.002.002.002.002.00Sun flower oil
1.501.501.501.501.501.501.50Fish premix1

1.001.001.001.001.001.001.00Di-Calcium Phosphate
0.050.050.050.050.050.050.05Lysine
0.100.100.100.100.100.100.10Methionine

0.300.15Humapol-FIS2

0.300.15Paprika3

0.300.15Proplis4

100100100100100100100Total
Chemical analysis of the experimental diets (on DM basis)

88.5888.7088.9288.8589.0088.9788.74Dry matter %
25.3425.2525.2625.2025.2325.1925.18Crude protein %
5.295.205.175.115.085.005.03Ether extract %
4.854.814.944.884.904.844.82Crude fiber %
6.906.836.856.696.916.756.64Ash %
57.6257.9157.7858.1257.8858.2258.33N.F.E5

4430.424426.834424.564426.704416.764418.144424.01Gross energy (Kcal/ kg)6

*  H, K and P are symbolized to diets containing  Humapol-FIS, Paprika and Proplis, respectively.
1- Each kg of vitamins & mineral mixture premix contained: MnSO4, 40 mg; MgO, 10 mg; K2SO4, 40mg; ZnCO3, 
60 mg; KI, 0.4 mg; CuSO4,12 mg; 
     ferric citrate, 250 mg; Na2SeO3, 0.24 mg; Co, 0.2 mg; retinol, 40,000 IU; cholecalciferol, 4,000 IU; α -
tocopherolacetate,400 mg; menadione, 12 mg; 
     thiamine, 30 mg; riboflavin, 40 mg; pyridoxine, 30 mg; cyanocobalamin, 80 mcg; nicotinic acid, 300 mg; folic 
acid, 10 mg; biotin, 3 mg; pantothenic 
     acid, 100 mg; inositol, 500 mg; ascorbic acid, 500 mg.
2- Each kg of HUMAPOl-FIS® contained: Humic acid 700g, Fulvic acid 180g, Mineral mixture 120g; 
Manufactured by VITAMIN 
    POLLEN FEED ADDITIVES. SAN. TIC. LTD. STI. Established since 1993, Agir San. Bö lge Kepsut Cd., 
Balıkesir – Turkey
3- Each of 100g/kg Paprika meal contained: Dry matter, 87.43; Crude protein, 17.54%; Ether extract, 4.04%;
Crude fiber, 7.99%; Ash, 9.95%;
N.F.E5,  60.48 %.

4- Each 100g of Egyptian Propolis contains: phenolic acid esters (72.7%); phenolic acids (1.1%); aliphatic acids 
(2.4%); dihydrochalcones
(6.5%); Chalcones (1.7%); flavanones (1.9%); flavones (4.6%) and tetrahydrofuran derivatives (0.7%), Abd El 
Hady and Higazi (2002).
5- Nitrogen free extract (NFE) = 100 − (CP + EE + Ash).
6- Gross energy Calculated Based on 5.65 Kcal/g protein, 9.45 Kcal/g fat and 4 carbohydrate Kcal/g according to 
Jobling (1983)

Sampling and Experimental Methodology 
At the beginning of the experimental trial, four pooled groups of Nile tilapia fish 

were collected to serve as an initial carcass composition. At the end of the experiment, 
4 fish from each aquatic compartment were sampled at random from each 
level/treatment. The tested diets and fish samples were analyzed for crude protein (CP 
%), ether extract (EE %), crude fiber (CF %), ash (%) and moisture, while the whole 
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body composition of fish samples were taken randomly and analyzed at the trial start 
and end, except crude fiber (CF %) according to the procedures described by Standard 
Methods (1995). The nitrogen free-extract (NFE %) was calculated by differences. 
Also, all calculations were based on dry matter weight.
Measurements of water quality parameters:

Analytical methods of water quality were determined according to the American 
Public Health Association (APHA, 1998). Water temperature, dissolved oxygen, 
ammonia and pH were monitored during the experimental period to maintain water 
quality at the optimum range for Nile tilapia. Water temperature was recorded daily in 
each pond using a mercury thermometer (ºC) suspended at 30 cm water depth, 
dissolved oxygen was measured by a digital oxygen meter (Yellow Spring Instrument 
Co., model 58, OH, USA); total ammonia was measured using DREL/2 HACH kits 
(HACH Co., Loveland, CO, USA) and pH values were determined by a digital pH-
meter (Digital Mini-pH Meter, model 55, Fisher Scientific, Waltham, MA, USA).
Growth performance records maintained 
Live body weight and body length 

Live body weight (LBW), g and body length (BL), cm of individual fish of each 
experimental aquatic compartment were recorded every 4 weeks during the 
experimental period.

The average weight-gain (AWG), specific growth rate (SGR), feed conversion 
ratio (FCR), feed efficiency ratio (FER) and Survival rate (SR) were calculated 
according to the following equations:
TWG (g/fish) = final weight – initial weight.
ADG (g/fish/d) = total weight gain (g) /period (day)
RGR (%) = Total weight gain (g) / Initial weight (g) X 100
K = W/ (L) 3 X 100                    
Where: W = fish weight “grams”

L = fish length “cm”
SGR = LnW2 – LnW1 / T X 100                                 
Where: Ln = the natural log
           W2 = final weight at certain period (g)
           W1 = Initial weight in the same period (g)
            T = period of experiment (day).
SR (%) = No. of surviving fish/total No. of fish at the beginning X100 
Economic efficiency 
EE = Total income (L.E.) / Total costs (L.E.) X 100
Statistical analysis

Statistical analysis was performed using analysis of variance (ANOVA). It was 
performed with SPSS statistical software (version 17.0, SPSS). The data were 
subjected for test of homogeneity of variances and Duncan post-hoc test. Duncan's 
multiple range test (Duncan, 1955) was used to resolve differences among treatment 
means at 5% significance level (Data were considered significantly different when P < 
0.05).

RESULTS AND DISCUSSION

Quality parameters of rearing water
All tested water quality criteria were suitable for rearing Nile tilapia fingerlings 

as cited by El-Hammady (2001), Abdel-Hakim et al. (2002) and Abdelhamid (2009). 
The water temperature ranged between (27 and 28ºC), pH values (7.5 and 9), and 
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dissolved oxygen ranged between (7 and 8.5 mg/l). Also, Abdelhamid et al. (2002) 
suggested that these values are suitable for rearing Nile tilapia. In the same trend, 
Abdelhamid et al. 2004) found that all the tested water quality (temperature, pH 
value, conductivity mg/l and dissolved oxygen mg/l) criteria were suitable for rearing 
Nile tilapia fish.
Growth performance and Feed Utilization

In general, the fish growth experiment performed very well with growth and 
feed efficiency similar or higher than the control diet. The growth performance 
parameters of Nile tilapia (Oreochromis niloticus) fingerlings which fed diets 
supplemented with other feed additives of Paprika, Proplis and Humapol-FIS are 
shown in Table (2). Average of initial body weight of Nile tilapia fingerlings fed on 
the experimental diets at the start was not different, indicating that the groups were 
homogenous. 

Table 2: Growth Performance and feed utilization of Nile tilapia fingerlings fed on the experimental 
diets

Experimental Diets
Parameters

±SE*P 0.3P 0.15K 0.3K 0.15H 0.3H 0.15        Control
0.1323.7423.6923.5523.6023.5823.5223.67Initial avg. wt. (g)
1.36200.16a194.30ab191.51b187.73b178.92c175.24c172.85cFinal avg. wt. (g)
1.27149.18151.72155.34164.13167.96170.61176.42Weight gain (g)
0.011.52a1.50ab1.50ab1.48ab1.45bc1.43c1.42cSGR (%/day)
3.61743.13a720.18ab713.21ab695.47b658.78c645.07c630.25cRGR (%)
0.011.38a1.39a1.40a1.42ab1.46b1.48c1.48cFCR
0.022.87a2.84ab2.82ab2.79b2.71c2.69bc2.68cPER
1.66221.36224.29227.33233.13235.57237.87242.83Feed intake (g)
0.9410010010010097.595100Survival rate (%)

* Values are presented as means ± standard error (SE). Means in the same row with different 
superscripts are significantly different (P ≤ 0.05).
* H, K and P are symbolized to diets containing Humapol-FIS, Paprika and Proplis, respectively, 
followed by experimental additive levels of each one.
* Pooled standard error of a mean.

At the end of the experimental period (140 days), the group of fish fed on the 
supplemented diets grew as well or better than the group of fish fed on the control 
diet. Whereas, the final body weight of the fish groups fed on diets P0.3, P0.15 and 
K0.3 had significantly (P<0.05) higher body weight than the rest of the experimental 
groups. However, the lowest final body weight (172.85 g) was achieved by the group 
of fish fed on the control diet. Analysis of variance for weight gain followed the same 
trend as in the final body weights. On the other hand, the fish groups fed on diets 
P0.3, P0.15 and K0.3 had significantly (P<0.05) higher SGR than the rest of 
experimental groups. However, at the end of the trial, SGR values were 1.42 (control 
diet), 1.43, 1.45, 1.48, 1.50, 1.50 and 1.52 %/d for fish groups fed on diets containing 
0.15, 0.3 Humapol, Paprika and Proplis, respectively. The average values of the feed 
conversion ratio (FCR) in fish groups fed on diets P0.3 and P0.15 followed by groups 
of fish fed on diets K0.3, K0.15, H0.3 and H0.15 were significantly (P<0.05) 
improved in comparison with the other groups and better than the basal diet. The FCR 
was found to be 1.48 (control diet), 1.38, 1.39, 1.40, 1.42, 1.46 and 1.48, respectively. 
These results indicated that the best (P<0.05) FCR values were obtained for a group 
of fish fed on diet P0.3, P0.15 and K0.3 respectively. The best FCR values observed 
with Proplis 0.3 supplemented diets suggested that addition of Proplis improved feed 
utilization. In practical terms, this means that the use of Proplis can decrease the 
amount of feed necessary for animal growth, which could result in reductions of 
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production cost. The same trend was observed in PER where the fish groups fed on 
diets P0.3 and P0.15 showed better (P<0.05) PER values compared with the other 
groups. The PER was found to be 2.68 (control diet), 2.69, 2.71, 2.79, 2.82, 2.84 and 
2.87 for groups of fish fed diets H0.15, H0.3, K0.15, K0.3, P0.15 and P0.3, 
respectively. The protein efficiency ratio results indicated that supplementing diets 
with Proplis was significantly (P<0.05) improved protein utilization in the diets of 
tilapia. Also, in the present study, the natural growth promoters were used had 
significantly (P<0.05) enhanced feed efficiency. These results are in agreement with 
the results of Abd-El-Rhman (2009) who fed Nile tilapia fingerlings by Proplis as 
supplementation in fish diet and reported that, the greater growth performance than 
those fed on the control diet. Also, reported that the diet contained 30% protein as
basal diet supplemented with Propolis-ethanolic-extract (1%) and crude propolis (1%) 
produced the highest growth rate, average daily gain (ADG), specific growth rate 
(SGR) and feed efficiency ratio (FER) among O. niloticus. On the other hand, the best 
feed conversion ratio (FCR) was obtained with propolis-ethanolic-extract, but Alberto 
Cuesta et al. (2005) found little effect of propolis on gilthead seabream growth, fed 
for up to six weeks. Also, they found that the specific growth rate was not 
significantly affected by the dietary intake of propolis at 0.1 and 10 g propolis kg diet, 
moreover Proplis is an appropriate growth-stimulating additive in tilapia cultivation. It 
is also necessary, to consider the possibility of interspecies differences with the use of 
the Proplis. In addition, the supplementation of Proplis led to 100% Survival rate, 
which is shown in Table (2). These results about Survival rate are in agreement with 
Guobin Zhang et al. (2009) who were feeding Chinese sucker fish with different 
dosage (0.1%, 0.5% or 1.0%) of traditional Chinese medicine (TCM) formulated from 
propolis and Herba Epimedii extracts at the ratio of 3:1 (w/w) extracts for five weeks 
and recorded that, feed containing 0.5% TCM extracts was the most effective with the 
mortality of the fish significantly reduced by 35% compared to the control. Also,
Abd-El-Rhman (2009) found the fish mortalities kept decreasing compared with the 
control diet. The same trend results were observed by Turan (2006) who used the 
medical herb red clover (Trifolium Pretense) as a growth-promoting agent for tilapia, 
O. aureus. Zakes et al. (2008) also reported that juvenile pike perch (Sander 
lucioperca) fed on diets supplemented by medicinal plants exhibited faster growth 
than those fed on the control diet. Similar results were reported for using medicinal 
plants as growth-promoting agents for the common carp, Cyprinus Carpio (Yilmaz et 
al. 2006). Also, Sevdan Yılmaz et al. (2013) supplemented diets for tilapia, 
Oreochromis mossambicus with astaxanthin, paprika and capsicum to determine their 
effects on growth performance and pigmentation and these found the growth 
performance was significantly improved in the paprika groups and recorded the best 
final weight, weight gain, SGR, and FCR were obtained with the 60 mg paprika diet.
In contrary with these findings, Wassef et al. (2010) fed Gilthead Seabream fish on 
the experimental diets contained red bell-pepper (Capsicum annum) meal and carrot
(Daucus carota) meal as a natural dietary carotenoid source as compared to initial fish 
and detected no significant differences (P > 0.05) in final weight or feed conversion 
ratio among fish fed on different carotenoid-added diets. 
Body composition

Data of chemical composition (% DM basis) of the fish body at the start and at 
the end of the experimental period are presented in Table (3) for those fed on the 
experimental diets. This Table explored that the average of the whole body 
composition, including crude protein (CP), ether extracts (EE) and ash, besides the 
energy content (GE) estimated as a dry matter basis. 
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The carcass composition concerning their DM and EE contents are increased by 
age advance, but the ash percentages were decreased.

At the end of the experiment, percentages of the whole body DM, CP and ash 
were significantly (P<0.05) influenced by all dietary treatments. Otherwise, no 
Statistical differences were observed in the whole body ether extracts and gross 
energy. These results are in close agreement with the findings of Salem (2010), Ringo 
and Gatesoupe (1998) and Scholz et al. (1999). Nevertheless, Wassef et al. (2010) 
detected no considerable (P>0.05) differences in major nutrients composition between 
Gilthead Seabream fish fed on the experimental diets contained red bell-pepper 
(Capsicum annum) meal as a natural dietary carotenoid source as compared to initial 
fish. Also, Diab et al. (2002), Lara-Flores et al. (2003) and EL-Haroun et al. (2006), 
Eid and Khalid (2008) found that no differences were observed for moisture, ash and 
protein content among different dietary diets. 

Table 3: Chemical composition of whole body Nile tilapia fingerlings fed on the experimental diets   
(As Dry Matter basis)

Chemical 
composition

Initial              
Experimental diets

(Control) H 0.15 H 0.3 K 0.15 K 0.3 P 0.15 P 0.3 ±SE*

DM (%) 21.38 28.65d 28.94d 29.72bc 29.57c 30.23ab 29.98b 30.46a 0.20

Crude protein (%) 56.31 51.25c 51.46c 51.53c 51.42c 51.97c 52.76b 53.89a 0.23

Ether extract (%) 18.60 24.64 24.32 24.08 24.19 24.46 24.53 24.65 0.29

Ash (%) 23.87 22.18ab 22.76a 22.79b 22.63a 21.59bc 21.30c 20.16d 0.26

Gross Energy 
(Kcal/Kg)

4988.02 5301.31 5264.13 5251.01 5261.59 5326.98 5355.43 5426.21 9.37

* Values are presented as means ± standard error (SE). Means in the same row with different superscripts are 
significantly different (P ≤ 0.05).
* H, K and P are symbolized to diets containing Humapol-FIS, Paprika and Proplis, respectively, followed by 
experimental additive levels of each one.
* Pooled standard error of a mean.

Economic evaluation
Results of inputs and outputs of the experimental treatments are present in Table 

(4). Calculations of economical efficiency of the tested diets based on the cost of the 
feed, the cost of one kg gain in weight and its ratio of the control group are shown in 
this table. Also, prices of experimental diets based on feed ingredients in the local 
market during the experiment are present in below of the Table.

As described in this Table Revenues (L.E) were the highest for the Paprika 0.30 
diet (41.98 L.E) and gradually decreased with the decreasing addition level of it. This 
trend was found in tested feed additives were used. The lowest relative percentage of 
feed cost/ kg fish for improving growth and feed utilization parameters of mono sex 
Nile tilapia fingerlings as noted in Table (2). On the other hand, the incorporation of 
Paprika in tilapia fingerlings diets seemed to be economical at incorporation level 
0.3%. The reduction of feed costs was easily observed for the feed cost/Kg weight 
gain, which decreased with increasing incorporation levels of Paprika as feed 
additives for tilapia fingerlings diets in agreement with EL-Haroun et al. (2006) who 
recorded the lowest values of total pond income (LE) and net production per pond  for 
fish fed on the control diet (4.72 kg pond_1) in comparison with fish fed on diet 
contents Biogens as feed additives at levels of 0.5%, 1.0%, 1.5% and 2.0% 
respectively. 
Table 4: The economical efficiency of the experimental diets to produce one Kg gain of Nile tilapia.
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ITEMS (control) Experimental Diets
H 0.15 H 0.3 K 0.15 K 0.3 P 0.15 P 0.3

Initial weight (Kg) 0.947 0.941 0.943 0.944 0.942 0.948 0.950
Final weight (Kg) 6.914 7.010 7.157 7.509 7.660 7.772 8.006
Total amount of feed intake per treatment (Kg) 8.855 8.971 9.093 9.325 9.423 9.515 9.713
Price of one kg of ration (L.E.) 3.47 3.50 3.52 3.51 3.54 3.70 3.92
Total feed costs (L.E.) 30.73 31.40 32.01 32.73 33.36 35.20 38.08
Cost of the fingerlings per treatment (L.E) 12.00 12.00 12.00 12.00 12.00 12.00 12.00
Total costs (L.E) 42.73 43.40 44.01 44.73 45.36 47.20 50.08
Total fish weight gain per treatment (Kg) 5.967 6.069 6.214 6.565 6.718 6.824 7.057
Sale price Kg fish (L.E) 13.00 13.00 13.00 13.00 13.00 13.00 13.00
Total income per treatment for fish weight gain (L.E) 77.57 78.89 80.78 85.35 87.34 88.72 91.74
Revenues (L.E) 34.85 35.49 36.77 40.62 41.98 41.51 41.66
Economic efficiency (%) 181.56 181.78 183.55 190.80 192.56 187.94 183.20

1.Total amount of feed intake per treatment (Kg) = feed intake × total fish number per treatment.
2.Total feed costs (L.E) = price of one kg ration × total amount of feed intake.
3.Total fish weight gain / tank (kg) = final weight – initial weight.
4.Total fish weight gain per treatment (Kg) = Total fish weight gain / tank (kg) × sale price kg fish (L.E).
5.Revenues (L.E) = Total income per treatment for fish weight gain (L.E) – Total costs (L.E).
6.Economical efficiency (%) = Total income per treatment for fish weight gain (L.E) / Total costs (L.E) ×100.
* The local market prices in 2010 of kg ingredients used were 11.00 L.E for fish meal (60%), 3.00 L.E for soybean 
meal (44%), 1.35 L.E for wheat bran, 1.80 L.E for yellow corn, 9.00 L.E for sunflower oil, 12.00 L.E for Vit. & 
Min., 1.9 L.E for Di-Calcium Phosphate, 38.5 L.E for L-methionine, 29 L.E for L-lysine, 150.00 L.E for Proplis, 
17.00 L.E for Humapol-FIS and 22.50 L.E for   Paprika meal. 

These results also indicated that, the highest economical efficiency was reported 
by the K0.3 group followed in a decreasing order by K0.15, P0.15, H0.3, P0.3, H0.15 
and control group, respectively. These results indicated that, these feed additives can 
be incorporated in tilapia diets as the best natural growth promoter for better 
economical efficiency results as well as best growth performance and nutrient 
utilization. In this connection, Salem (2010) showed a lower cost of one ton of all 
diets containing probiotic. However, the control diet recorded the highest price, being 
2916.2 LE/ton. The diets containing (0.1%, 0.2%, and 0.3% Bio-Nutra200) showed 
the low cost of fish diet comparing with the control diet. Yet, diets no. 1 and 4 showed 
high cost/kg gain, being 6.86 and 5.32 LE, but diet no. 2 and 3 gave the lowest feed 
cost/kg gain, being 4.70 and 4.57 LE. These results supported the results of Eid and 
Khalid (2008).

CONCLUSION

From the previous results, it could be concluded that the positive influence of 
additions (Proplis, Paprika meal and humapol-FIS) on growth performance of the 
monosex fingerlings, Nile tilapia diets showed positive effects and they are promising 
natural growth promoters as feed additives to fish diets. From feed utilization data and 
the economical point of view, the diets supplemented with Paprika 0.3% and Proplis 
0.15 % were the best treatments in comparison with Control diet.
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ARABIC SUMMARY

  
بعض محفزات النمو الطبیعیھ على آداء النمو والكفاءة الغذائیة فى أصبعیات أسماك البلطى النیلى أثر إستخدام

  وحید الجنس
  

  ،١، محمد السعید لاشین٢، أشرف محمدعبد السمیع جوده ١نبیل فھمى عبدالحكیم
  ٢ھانى محمد نظمى،١الدسوقى السید محمد العزب

  مصر- القاھرة - جامعة الأزھر –الزراعة كلیة-قسم الإنتاج الحیوانى .١
مصر–القاھرة –المعھد القومى لعلوم البحار والمصاید –شعبة تربیة الأحیاء المائیة .٢

  
كإضѧافات غذائیѧة علѧى آداء النمѧو أجریت ھذه التجربة لتقییم تأثیر ثلاث أنواع مختلفھ من محفزات النمѧو الطبیعیѧة

إضѧافھ تѧم إجѧراء ثѧلاث معѧاملات غذائیѧھ مختلفѧھ قسѧمت علѧى مسѧتویین. وحیѧد الجѧنسفى أصبعیات أسѧماك البلطѧي النیلѧى
أحمѧاض الھیومیѧك (من مسحوق الفلفل الأحمر الحار من النوع بابریكا ، صمغ النحѧل ، مѧادة الھیومѧابول) ٪٠.٣، ٠.١٥(

أبعѧاد حوض أسѧمنتى٢المختبرة فى أجریت المعاملات. بالإضافة الى المعاملة الضابطھ ) والفولفیك ومخلوط من المعادن 
مѧنھم ١٤، ) م١×٢×٢(مقصѧورة مائیѧھ متسѧاویة ذات أبعѧاد ١٦، تم تقسیمھما بواسطة الشباك الى ) م١×٤×٨(كل منھما 

عشѧوائیاً بمتوسѧط أصبعیھ من أسماك البلطي النیلى وحید الجنس لكل منھمѧا موزعѧھ٢٠تم إستخدامھم والتخزین بھم بمعدل 
مѧن وزن % ٣أیام تغذیة یومیھ كل أسبوع بمعدل ٦( أسبوع ٢٠إستمرت التجربة لمدة . جرام ) ٢٣.٦٢±٠.١٣(وزن حى 

أظھѧѧرت النتѧѧائج فѧѧى نھایѧѧة التجربѧѧة تحسѧѧن معنѧѧوى فѧѧى آداء النمѧѧو ، معѧѧدل التحویѧѧل الغѧѧذائي وكفѧѧاءة تمثیѧѧل ) . السѧѧمك الحѧѧى
ѧماك البلطѧة البروتین فى أصبعیات أسѧة الطبیعیѧافات الغذائیѧا الإضѧاف الیھѧق المضѧى العلائѧذیت علѧى غѧنس التѧد الجѧي وحی

انخفضت تكالیف التغذیة اللازمة لإنتѧاج واحѧد كیلѧو جѧرام . بالمقارنة بمجموعة الأسماك التى غذیت على المعاملھ الضابطھ 
أظھرت ھѧذه النتѧائج أن . رنة بالعلیقة الضابطھ من الأسماك التى غذیت على العلائق المضاف الیھا الإضافات الغذائیة بالمقا

كان أفضل المعѧاملات مѧن حیѧث آداء النمѧو والكفѧاءة الغذائیѧة بینمѧا كѧان أعلѧى % ٠.٣إستخدام صمغ النحل بمستوى إضافھ 
لѧھ مقارنѧة بالمعام% ٠.٣دخل وأفضل تقییم إقتصادى للمعاملھ المضاف الیھا الفلفل الأحمر مѧن النѧوع بابریكѧا عنѧد مسѧتوى 

  .الضابطھ
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ABSTRACT

An experimental study was conducted to evaluate the effect of three different natural growth promoters as feed additives on growth performance of monosex Nile tilapia fingerlings. Three nutritional treatments were applied at two additive levels (0.15 & 0.3 %) of Paprika (Hot Red Pepper “Capsicum annuum” meal), Proplis (Bee Glue) and Humapol-FIS Substance (Humic & Fulvic acids with Mixture of Minerals) each one in addition to Control diet. The tested treatments were conducted in two cement ponds (8×4×1 m), divided with nets to 16 equal aquatic compartments (2×2×1 m); 14 of them were used and stocked randomly with 20 fish/each one with an average initial body weight of 23.62 ± 0.13 g. The experiment lasted for 20 weeks (Six feeding days/week with the feeding rate at 3% of live body weight/day). The results at the end of the experiment showed that, growth performance and feed conversion ratio were significantly (P< 0.05) improved for monosex tilapia fingerlings fed on diets with the aforementioned natural feed additives compared to fish fed on the control diet. Feed cost required to produce 1kg weight gain compared to fish fed on the control diet was reduced by using the feed additives. These results revealed that using Proplis (P) at a dietary additive level of 0.3 % was the best treatment in terms of growth performance and feed utilization, while the highest revenue and the best economic evaluation were obtained from the Paprika (K) diet at a level of 0.3 % compared to the control diet.

Keywords: Growth promoters, feed additives, O. niloticus, growth performance, Proplis, Paprika, Humic substances.

INTRODUCTION

Aquaculture has evolved as the fastest growing food producing sector and developed as important component in food security (Ibrahem et al., 2010). Therefore, it is considered as the world worth coming expansion to compensate the shortage in animal protein. Feed in aquaculture plays an important role in the production cycle and exert threshold on both practical and economic aspects. Feed additive sectors are expanding day after day to achieve better growth and health for fish and shrimp and to meet the potential requirements of the culturists (Ibrahem, 2013).

In Egypt, the production of fish coming from aquaculture represents about 74% of total fish production sources (GAFRD, 2012). This activity requires high-quality feeds, which should contain not only necessary nutrients, but also complementary feed additives to keep organism's healthy, favor growth and environment-friendly aquaculture. Feed additives are substances which added in trace amounts provide a mechanism by which such dietary deficiencies can be addressed which benefits not only the nutrition and thus the growth rate of the animal concerned, but also its health and welfare in modern day fish farming (Eid and Khalid, 2008). There is a large number of feed additives available to improve fish growth performance but some of these additives used in feed mills are chemical products especially hormones and antibiotics which may cause unfavourable side effects (Baruah et al. 2008). Antibiotics have been used for many years as growth promoting agents in addition to their anti-pathogenic bacterial function which reduce growth and impaired feed conversion. These growth promoters were linked to emergence of multiple drug resistant bacteria and antibiotic residues in animal products (Wary and Davies, 2000). Thus, the use of antibiotic growth promoters (AGPs) as feed additives in the aquaculture industry has been criticized by government policies and consumers because of possible development of microbial resistance to these products and their potential harmful effects on human health (Baruah et al. 2008). To keep a sustainable growth pattern and health management, strategies must go beyond antibiotics and chemotherapeutics, which create resistant bacteria and immunosuppression in the host (Panigrahi and Azad, 2007; Adekunle, 2012).  Therefore, using natural feed additives to substitute antibiotics has become an area of great interest (Kumar et al., 2003). 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 efficiency of feed utilization and animal productive performance (Levic et al., 2008).

Some of the natural feed additives for animal feed are humic substances, which classified as a decomposed natural organic matter; they are composed of humus, humic acid, fulvic acids, ulmic acids, humin and minerals (Osman Tolga, 2012). Humic acid is the most common form of organic carbon in the natural environment. Most humic substances are chemically attached to inorganic components (clay minerals and oxides), and a smaller part gets dissolved in the soil (Islam et al., 2005). Humic acid is generally shown many positive effects on the fattening performance, resistance against diseases, immune system and stress in poultry production (Osman Tolga, 2012).

Red pepper (Capsicum annuum) Linn (family: Solanaceae) produces capsain and capsaicin, used as spice and medicine (Columbus, 1987). Capsaicin, the pungent active principle of red chilli has been shown to cause gastric mucosal oedema and hyperemia and decrease in the gastric acid output (Desai et al., 1977; Nopanitaya, 1973). Capsaicin helps the metabolism of epoxide aromatic hydrocarbons, which interferes with their ability of bind to DNA “causing mutations” (Suzuki and Iwai, 1984). Paprika and chilli contain a large amount of carotenoids, including capsanthin, capsorubin, b-carotene, cryptoxanthin, and zeaxanthin. The carotenoid concentrations encountered in paprika and chilli samples are 2.6 and 3.3 mg/g dry matter, respectively, according to Schweiggert et al. (2007). Another important carotenoid is capsaicin, responsible for the pungent characteristic of these products, which is only present in chilli peppers and has been shown to be effective against some bacteria and fungi (Cichewicz and Thorpe, 1996; Singh and Chittenden, 2008; Kraikruan et al., 2008; Tewksbury et al., 2008). However, chilli peppers, as well as paprika peppers, contain other components whose antimicrobial activities have not been well studied, as capsanthin or capsorubin. These two compounds, which are responsible for the red colour, can only be found in Capsicum products (Schweiggert et al., 2007).

Propolis (bee glue) is a natural dark-coloured and is used as a sealant and sterilant in their nests. Propolis has been used since ancient times as a medicine because of its biological properties as an antimicrobial, antifungal, antiprotozoan and antiviral agent (Krell, 1996). Propolis is a resinous sticky substance produced by honeybees. The bees collect it from trees, buds, flowers and other botanical sources and mixed with hypo pharyngeal secretions for protection of hives as sealer, draught excluder and embalming substance to cover arises from hive-invaders and against bacterial and fungal infection (Kosalec et al., 2003; Cuesta et al., 2005). Propolis has many different biological and pharmacological properties such as antibacterial, antifungal, antiviral, antiprotozoae, local-anesthetic, anti-inflammatory and immunostimulant (Miyake and Shibamoto, 1997; Sforcin, 2007). The most potent microbicidal componant in propolis is flavanone pinocembrin “5,7-dihydroxyflavanone” (Houghton et al., 1995). Propolis exhibits bacteriostatic activity against different bacterial genera and can be bactericidal at high concentrations (Drago et al., 2000).

The objective of this study, to investigate the effect of three different dietary natural feed additives (Humic substance, Paprika and Proplis) as growth promoters in Nile tilapia, fingerlings diets on growth performance, feed utilization, survival rate, whole body chemical composition and economic evaluation.


MATERIALS AND METHODS

Experimental unit

The present study was conducted on the Fish Research Station at El-Kanater               El-khairia, National Institute of Oceanography and Fisheries (NIOF), Qalyubia Governorate, Egypt. Two cement ponds (8×4×1 m) were used; each pond was divided to equal eight aquatic compartments by nets  with the total water volume of 4m3 (2×2×1 m) each one; 14 of them were used and stocked with the experimental fish and supplied with fresh water from well with depth 60m underground. The turnover rate of water was 20 % daily/pond; fish were held under a natural light photoperiod at 12h light/ 12h dark schedule.

Experimental fish

Two hundred and eighty of mono sex Nile tilapia, Oreochromis niloticus (sex reversed with hormone treatment), were used in the present study. The fish were purchased and transported at early morning using a special fish transport car with aeration facilities from a private tilapia hatchery in El-Fayoum and were used in the experiment after acclimatization to the experimental system under normal conditions for seven days before starting the experiment. Thereafter, the fish were randomly divided into equal experimental groups (40 fish each Level/treatment; 2 replicate/level) representing four nutritional groups. One group served as control diet and three groups were represented the feed additives tested. The experimental fish were weighted every 4 weeks in order to adjust the daily feed rate, which was 3 % of the average fish body weight. The daily ration of feed was divided into two equal amounts and offered at two times/ day (9.00 am and 3.30 pm) for six feeding days per week. The initial weight of experimental fish was stocked with an average body weight of 23.62 ±0. 13g, at a stocking density of 5 fish/m3. The experiment lasted for 20 weeks after the start.

Experimental diets

Seven isonitrogenous diets were formulated to contain (25%, Crude Protein) and isocaloric (4400 Kcal gross energy /kg diet) from practical ingredients (Table1) including the control basal diet (without feed additives). The other diets were supplemented by three different sources of natural growth promoters at two dietary additive levels (0.15 and 0.3 %) of each Paprika, K (Hot Red Pepper meal), Proplis, P (Bee Glue) and Humapol-FIS Substance, H (Humic & Fulvic acids with Mixture of Minerals). The experimental diets were prepared by individually weighing of each component and by thoroughly mixing the mineral, vitamins and additives. This mixture was added to the components together with oil. Water was added until the mixture became suitable for making granules. The wet mixture was passed through a granule machine with the 2mm diameter. The produced pellets were sun-dried for (48 h) and kept frozen at (- 4ºc) until the experimental start and used.

Table 1: Composition and proximate analysis of the experimental diets 


		Experimental Diets

		Feed Ingredients



		P

		K

		H

		Control

		



		0.3

		0.15

		0.3

		0.15

		0.3

		0.15

		

		



		12.00

		12.00

		12.00

		12.00

		12.00

		12.00

		12.00

		Fish meal (59.9%)



		26.00

		26.00

		26.00

		26.00

		26.00

		26.00

		26.00

		Soybean meal (44%)



		37.05

		37.20

		37.05

		37.20

		37.05

		37.20

		37.35

		Yellow corn 



		20.00

		20.00

		20.00

		20.00

		20.00

		20.00

		20.00

		Wheat bran 



		2.00

		2.00

		2.00

		2.00

		2.00

		2.00

		2.00

		Sun flower oil



		1.50

		1.50

		1.50

		1.50

		1.50

		1.50

		1.50

		Fish premix1



		1.00

		1.00

		1.00

		1.00

		1.00

		1.00

		1.00

		Di-Calcium Phosphate



		0.05

		0.05

		0.05

		0.05

		0.05

		0.05

		0.05

		Lysine



		0.10

		0.10

		0.10

		0.10

		0.10

		0.10

		0.10

		Methionine



		

		

		

		

		0.30

		0.15

		

		Humapol-FIS2



		

		

		0.30

		0.15

		

		

		

		Paprika3



		0.30

		0.15

		

		

		

		

		

		Proplis4



		100

		100

		100

		100

		100

		100

		100

		Total



		Chemical analysis of the experimental diets (on DM basis)



		88.58

		88.70

		88.92

		88.85

		89.00

		88.97

		88.74

		Dry matter %



		25.34

		25.25

		25.26

		25.20

		25.23

		25.19

		25.18

		Crude protein %



		5.29

		5.20

		5.17

		5.11

		5.08

		5.00

		5.03

		Ether extract %



		4.85

		4.81

		4.94

		4.88

		4.90

		4.84

		4.82

		Crude fiber %



		6.90

		6.83

		6.85

		6.69

		6.91

		6.75

		6.64

		Ash %



		57.62

		57.91

		57.78

		58.12

		57.88

		58.22

		58.33

		N.F.E5



		4430.42

		4426.83

		4424.56

		4426.70

		4416.76

		4418.14

		4424.01

		Gross energy (Kcal/ kg)6





*  H, K and P are symbolized to diets containing  Humapol-FIS, Paprika and Proplis, respectively.


1- Each kg of vitamins & mineral mixture premix contained: MnSO4, 40 mg; MgO, 10 mg; K2SO4, 40mg; ZnCO3, 60 mg; KI, 0.4 mg; CuSO4,12 mg; 


     ferric citrate, 250 mg; Na2SeO3, 0.24 mg; Co, 0.2 mg; retinol, 40,000 IU; cholecalciferol, 4,000 IU; α -tocopherolacetate,400 mg; menadione, 12 mg; 


     thiamine, 30 mg; riboflavin, 40 mg; pyridoxine, 30 mg; cyanocobalamin, 80 mcg; nicotinic acid, 300 mg; folic acid, 10 mg; biotin, 3 mg; pantothenic 


     acid, 100 mg; inositol, 500 mg; ascorbic acid, 500 mg.


2- Each kg of HUMAPOl-FIS® contained: Humic acid 700g, Fulvic acid 180g, Mineral mixture 120g; Manufactured by VITAMIN 

    POLLEN FEED ADDITIVES. SAN. TIC. LTD. STI. Established since 1993, Agir San. Bölge Kepsut Cd., Balıkesir – Turkey


3- Each of 100g/kg Paprika meal contained: Dry matter, 87.43; Crude protein, 17.54%; Ether extract, 4.04%; Crude fiber, 7.99%; Ash, 9.95%; 


 N.F.E5,  60.48 %.

4- Each 100g of Egyptian Propolis contains: phenolic acid esters (72.7%); phenolic acids (1.1%); aliphatic acids (2.4%); dihydrochalcones


(6.5%); Chalcones (1.7%); flavanones (1.9%); flavones (4.6%) and tetrahydrofuran derivatives (0.7%), Abd El Hady and Higazi (2002).


5- Nitrogen free extract (NFE) = 100 − (CP + EE + Ash). 

6- Gross energy Calculated Based on 5.65 Kcal/g protein, 9.45 Kcal/g fat and 4 carbohydrate Kcal/g according to Jobling (1983)

Sampling and Experimental Methodology 


At the beginning of the experimental trial, four pooled groups of Nile tilapia fish were collected to serve as an initial carcass composition. At the end of the experiment, 4 fish from each aquatic compartment were sampled at random from each level/treatment. The tested diets and fish samples were analyzed for crude protein (CP %), ether extract (EE %), crude fiber (CF %), ash (%) and moisture, while the whole body composition of fish samples were taken randomly and analyzed at the trial start and end, except crude fiber (CF %) according to the procedures described by Standard Methods (1995). The nitrogen free-extract (NFE %) was calculated by differences. Also, all calculations were based on dry matter weight.


Measurements of water quality parameters:


Analytical methods of water quality were determined according to the American Public Health Association (APHA, 1998). Water temperature, dissolved oxygen, ammonia and pH were monitored during the experimental period to maintain water quality at the optimum range for Nile tilapia. Water temperature was recorded daily in each pond using a mercury thermometer (ºC) suspended at 30 cm water depth, dissolved oxygen was measured by a digital oxygen meter (Yellow Spring Instrument Co., model 58, OH, USA); total ammonia was measured using DREL/2 HACH kits (HACH Co., Loveland, CO, USA) and pH values were determined by a digital pH-meter (Digital Mini-pH Meter, model 55, Fisher Scientific, Waltham, MA, USA).


Growth performance records maintained 


Live body weight and body length 

Live body weight (LBW), g and body length (BL), cm of individual fish of each experimental aquatic compartment were recorded every 4 weeks during the experimental period.


The average weight-gain (AWG), specific growth rate (SGR), feed conversion ratio (FCR), feed efficiency ratio (FER) and Survival rate (SR) were calculated according to the following equations:


TWG (g/fish) = final weight – initial weight.


ADG (g/fish/d) = total weight gain (g) /period (day)


 RGR (%) = Total weight gain (g) / Initial weight (g) X 100


 K = W/ (L) 3 X 100                     


Where: W = fish weight “grams”



L = fish length “cm”


SGR = LnW2 – LnW1 / T X 100                                 


Where: Ln = the natural log


           W2 = final weight at certain period (g)


           W1 = Initial weight in the same period (g)


            T = period of experiment (day).


SR (%) = No. of surviving fish/total No. of fish at the beginning X100 


 Economic efficiency 


 EE = Total income (L.E.) / Total costs (L.E.) X 100


Statistical analysis


Statistical analysis was performed using analysis of variance (ANOVA). It was performed with SPSS statistical software (version 17.0, SPSS). The data were subjected for test of homogeneity of variances and Duncan post-hoc test. Duncan's multiple range test (Duncan, 1955) was used to resolve differences among treatment means at 5% significance level (Data were considered significantly different when P < 0.05).

RESULTS AND DISCUSSION

Quality parameters of rearing water

All tested water quality criteria were suitable for rearing Nile tilapia fingerlings as cited by El-Hammady (2001), Abdel-Hakim et al. (2002) and Abdelhamid (2009). The water temperature ranged between (27 and 28ºC), pH values (7.5 and 9), and dissolved oxygen ranged between (7 and 8.5 mg/l). Also, Abdelhamid et al. (2002) suggested that these values are suitable for rearing Nile tilapia. In the same trend, Abdelhamid et al. 2004) found that all the tested water quality (temperature, pH value, conductivity mg/l and dissolved oxygen mg/l) criteria were suitable for rearing Nile tilapia fish.

Growth performance and Feed Utilization

In general, the fish growth experiment performed very well with growth and feed efficiency similar or higher than the control diet. The growth performance parameters of Nile tilapia (Oreochromis niloticus) fingerlings which fed diets supplemented with other feed additives of Paprika, Proplis and Humapol-FIS are shown in Table (2). Average of initial body weight of Nile tilapia fingerlings fed on the experimental diets at the start was not different, indicating that the groups were homogenous. 

Table 2: Growth Performance and feed utilization of Nile tilapia fingerlings fed on the experimental diets


		

		Experimental Diets

		Parameters



		±SE*

		P 0.3

		P 0.15

		K 0.3

		K 0.15

		H 0.3

		H 0.15

		        Control

		



		0.13

		23.74

		23.69

		23.55

		23.60

		23.58

		23.52

		23.67

		Initial avg. wt. (g)



		1.36

		200.16a

		194.30ab

		191.51b

		187.73b

		178.92c

		175.24c

		172.85c

		Final avg. wt. (g)



		1.27

		149.18

		151.72

		155.34

		164.13

		167.96

		170.61

		176.42

		Weight gain (g)



		0.01

		1.52a

		1.50ab

		1.50ab

		1.48ab

		1.45bc

		1.43c

		1.42c

		SGR (%/day)



		3.61

		743.13a

		720.18ab

		713.21ab

		695.47b

		658.78c

		645.07c

		630.25c

		RGR (%)



		0.01

		1.38a

		1.39a

		1.40a

		1.42ab

		1.46b

		1.48c

		1.48c

		FCR



		0.02

		2.87a

		2.84ab

		2.82ab

		2.79b

		2.71c

		2.69bc

		2.68c

		PER



		1.66

		221.36

		224.29

		227.33

		233.13

		235.57

		237.87

		242.83

		Feed intake (g)



		0.94

		100

		100

		100

		100

		97.5

		95

		100

		Survival rate (%)





* Values are presented as means ± standard error (SE). Means in the same row with different superscripts are significantly different (P ≤ 0.05).


* H, K and P are symbolized to diets containing Humapol-FIS, Paprika and Proplis, respectively, followed by experimental additive levels of each one.

* Pooled standard error of a mean.

At the end of the experimental period (140 days), the group of fish fed on the supplemented diets grew as well or better than the group of fish fed on the control diet. Whereas, the final body weight of the fish groups fed on diets P0.3, P0.15 and K0.3 had significantly (P<0.05) higher body weight than the rest of the experimental groups. However, the lowest final body weight (172.85 g) was achieved by the group of fish fed on the control diet. Analysis of variance for weight gain followed the same trend as in the final body weights. On the other hand, the fish groups fed on diets P0.3, P0.15 and K0.3 had significantly (P<0.05) higher SGR than the rest of experimental groups. However, at the end of the trial, SGR values were 1.42 (control diet), 1.43, 1.45, 1.48, 1.50, 1.50 and 1.52 %/d for fish groups fed on diets containing 0.15, 0.3 Humapol, Paprika and Proplis, respectively. The average values of the feed conversion ratio (FCR) in fish groups fed on diets P0.3 and P0.15 followed by groups of fish fed on diets K0.3, K0.15, H0.3 and H0.15 were significantly (P<0.05) improved in comparison with the other groups and better than the basal diet. The FCR was found to be 1.48 (control diet), 1.38, 1.39, 1.40, 1.42, 1.46 and 1.48, respectively. These results indicated that the best (P<0.05) FCR values were obtained for a group of fish fed on diet P0.3, P0.15 and K0.3 respectively. The best FCR values observed with Proplis 0.3 supplemented diets suggested that addition of Proplis improved feed utilization. In practical terms, this means that the use of Proplis can decrease the amount of feed necessary for animal growth, which could result in reductions of production cost. The same trend was observed in PER where the fish groups fed on diets P0.3 and P0.15 showed better (P<0.05) PER values compared with the other groups. The PER was found to be 2.68 (control diet), 2.69, 2.71, 2.79, 2.82, 2.84 and 2.87 for groups of fish fed diets H0.15, H0.3, K0.15, K0.3, P0.15 and P0.3, respectively. The protein efficiency ratio results indicated that supplementing diets with Proplis was significantly (P<0.05) improved protein utilization in the diets of tilapia. Also, in the present study, the natural growth promoters were used had significantly (P<0.05) enhanced feed efficiency. These results are in agreement with the results of Abd-El-Rhman (2009) who fed Nile tilapia fingerlings by Proplis as supplementation in fish diet and reported that, the greater growth performance than those fed on the control diet. Also, reported that the diet contained 30% protein as basal diet supplemented with Propolis-ethanolic-extract (1%) and crude propolis (1%) produced the highest growth rate, average daily gain (ADG), specific growth rate (SGR) and feed efficiency ratio (FER) among O. niloticus. On the other hand, the best feed conversion ratio (FCR) was obtained with propolis-ethanolic-extract, but Alberto Cuesta et al. (2005) found little effect of propolis on gilthead seabream growth, fed for up to six weeks. Also, they found that the specific growth rate was not significantly affected by the dietary intake of propolis at 0.1 and 10 g propolis kg diet, moreover Proplis is an appropriate growth-stimulating additive in tilapia cultivation. It is also necessary, to consider the possibility of interspecies differences with the use of the Proplis. In addition, the supplementation of Proplis led to 100% Survival rate, which is shown in Table (2). These results about Survival rate are in agreement with Guobin Zhang et al. (2009) who were feeding Chinese sucker fish with different dosage (0.1%, 0.5% or 1.0%) of traditional Chinese medicine (TCM) formulated from propolis and Herba Epimedii extracts at the ratio of 3:1 (w/w) extracts for five weeks and recorded that, feed containing 0.5% TCM extracts was the most effective with the mortality of the fish significantly reduced by 35% compared to the control. Also, Abd-El-Rhman (2009) found the fish mortalities kept decreasing compared with the control diet. The same trend results were observed by Turan (2006) who used the medical herb red clover (Trifolium Pretense) as a growth-promoting agent for tilapia, O. aureus. Zakes et al. (2008) also reported that juvenile pike perch (Sander lucioperca) fed on diets supplemented by medicinal plants exhibited faster growth than those fed on the control diet. Similar results were reported for using medicinal plants as growth-promoting agents for the common carp, Cyprinus Carpio (Yilmaz et al. 2006). Also, Sevdan Yılmaz et al. (2013) supplemented diets for tilapia, Oreochromis mossambicus with astaxanthin, paprika and capsicum to determine their effects on growth performance and pigmentation and these found the growth performance was significantly improved in the paprika groups and recorded the best final weight, weight gain, SGR, and FCR were obtained with the 60 mg paprika diet. In contrary with these findings, Wassef et al. (2010) fed Gilthead Seabream fish on the experimental diets contained red bell-pepper (Capsicum annum) meal and carrot (Daucus carota) meal as a natural dietary carotenoid source as compared to initial fish and detected no significant differences (P > 0.05) in final weight or feed conversion ratio among fish fed on different carotenoid-added diets. 


Body composition 


Data of chemical composition (% DM basis) of the fish body at the start and at the end of the experimental period are presented in Table (3) for those fed on the experimental diets. This Table explored that the average of the whole body composition, including crude protein (CP), ether extracts (EE) and ash, besides the energy content (GE) estimated as a dry matter basis. 

The carcass composition concerning their DM and EE contents are increased by age advance, but the ash percentages were decreased.

At the end of the experiment, percentages of the whole body DM, CP and ash were significantly (P<0.05) influenced by all dietary treatments. Otherwise, no Statistical differences were observed in the whole body ether extracts and gross energy. These results are in close agreement with the findings of Salem (2010), Ringo and Gatesoupe (1998) and Scholz et al. (1999). Nevertheless, Wassef et al. (2010) detected no considerable (P>0.05) differences in major nutrients composition between Gilthead Seabream fish fed on the experimental diets contained red bell-pepper (Capsicum annum) meal as a natural dietary carotenoid source as compared to initial fish. Also, Diab et al. (2002), Lara-Flores et al. (2003) and EL-Haroun et al. (2006), Eid and Khalid (2008) found that no differences were observed for moisture, ash and protein content among different dietary diets. 


Table 3: Chemical composition of whole body Nile tilapia fingerlings fed on the experimental diets   (As Dry Matter basis)

		Chemical composition

		Initial              

		Experimental diets



		

		

		(Control)

		H 0.15

		H 0.3

		K 0.15

		K 0.3

		P 0.15

		P 0.3

		±SE*



		DM (%)

		21.38

		28.65d

		28.94d

		29.72bc

		29.57c

		30.23ab

		29.98b

		30.46a



		0.20



		Crude protein (%)

		56.31

		51.25c

		51.46c

		51.53c

		51.42c

		51.97c

		52.76b

		53.89a



		0.23



		Ether extract (%)

		18.60

		24.64

		24.32

		24.08

		24.19

		24.46

		24.53

		24.65




		0.29



		Ash (%)

		23.87

		22.18ab

		22.76a

		22.79b

		22.63a

		21.59bc

		21.30c

		20.16d



		0.26






		Gross Energy (Kcal/Kg)

		4988.02

		5301.31

		5264.13

		5251.01

		5261.59

		5326.98

		5355.43

		5426.21

		9.37





* Values are presented as means ± standard error (SE). Means in the same row with different superscripts are significantly different (P ≤ 0.05).


* H, K and P are symbolized to diets containing Humapol-FIS, Paprika and Proplis, respectively, followed by experimental additive levels of each one.

* Pooled standard error of a mean.

Economic evaluation


Results of inputs and outputs of the experimental treatments are present in Table (4). Calculations of economical efficiency of the tested diets based on the cost of the feed, the cost of one kg gain in weight and its ratio of the control group are shown in this table. Also, prices of experimental diets based on feed ingredients in the local market during the experiment are present in below of the Table.

As described in this Table Revenues (L.E) were the highest for the Paprika 0.30 diet (41.98 L.E) and gradually decreased with the decreasing addition level of it. This trend was found in tested feed additives were used. The lowest relative percentage of feed cost/ kg fish for improving growth and feed utilization parameters of mono sex Nile tilapia fingerlings as noted in Table (2). On the other hand, the incorporation of Paprika in tilapia fingerlings diets seemed to be economical at incorporation level 0.3%. The reduction of feed costs was easily observed for the feed cost/Kg weight gain, which decreased with increasing incorporation levels of Paprika as feed additives for tilapia fingerlings diets in agreement with EL-Haroun et al. (2006) who recorded the lowest values of total pond income (LE) and net production per pond  for fish fed on the control diet (4.72 kg pond_1) in comparison with fish fed on diet contents Biogens as feed additives at levels of 0.5%, 1.0%, 1.5% and 2.0% respectively. 

Table 4: The economical efficiency of the experimental diets to produce one Kg gain of Nile tilapia.

		ITEMS

		(control)

		Experimental Diets



		

		

		H 0.15

		H 0.3

		K 0.15

		K 0.3

		P 0.15

		P 0.3



		Initial weight (Kg)

		0.947

		0.941

		0.943

		0.944

		0.942

		0.948

		0.950



		Final weight (Kg)

		6.914

		7.010

		7.157

		7.509

		7.660

		7.772

		8.006



		Total amount of feed intake per treatment (Kg)

		8.855

		8.971

		9.093

		9.325

		9.423

		9.515

		9.713



		Price of one kg of ration (L.E.)

		3.47

		3.50

		3.52

		3.51

		3.54

		3.70

		3.92



		Total feed costs (L.E.)

		30.73

		31.40

		32.01

		32.73

		33.36

		35.20

		38.08



		Cost of the fingerlings per treatment (L.E)

		12.00

		12.00

		12.00

		12.00

		12.00

		12.00

		12.00



		Total costs (L.E)

		42.73

		43.40

		44.01

		44.73

		45.36

		47.20

		50.08



		Total fish weight gain per treatment (Kg)

		5.967

		6.069

		6.214

		6.565

		6.718

		6.824

		7.057



		Sale price Kg fish (L.E)

		13.00

		13.00

		13.00

		13.00

		13.00

		13.00

		13.00



		Total income per treatment for fish weight gain (L.E)

		77.57

		78.89

		80.78

		85.35

		87.34

		88.72

		91.74



		Revenues (L.E)

		34.85

		35.49

		36.77

		40.62

		41.98

		41.51

		41.66



		Economic efficiency (%) 

		181.56

		181.78

		183.55

		190.80

		192.56

		187.94

		183.20





1. Total amount of feed intake per treatment (Kg) = feed intake × total fish number per treatment.


2. Total feed costs (L.E) = price of one kg ration × total amount of feed intake.


3. Total fish weight gain / tank (kg) = final weight – initial weight.


4. Total fish weight gain per treatment (Kg) = Total fish weight gain / tank (kg) × sale price kg fish (L.E).


5. Revenues (L.E) = Total income per treatment for fish weight gain (L.E) – Total costs (L.E).


6. Economical efficiency (%) = Total income per treatment for fish weight gain (L.E) / Total costs (L.E) ×100.


* The local market prices in 2010 of kg ingredients used were 11.00 L.E for fish meal (60%), 3.00 L.E for soybean meal (44%), 1.35 L.E for wheat bran, 1.80 L.E for yellow corn, 9.00 L.E for sunflower oil, 12.00 L.E for Vit. & Min., 1.9 L.E for Di-Calcium Phosphate, 38.5 L.E for L-methionine, 29 L.E for L-lysine, 150.00 L.E for Proplis, 17.00 L.E for Humapol-FIS and 22.50 L.E for   Paprika meal. 


These results also indicated that, the highest economical efficiency was reported by the K0.3 group followed in a decreasing order by K0.15, P0.15, H0.3, P0.3, H0.15 and control group, respectively. These results indicated that, these feed additives can be incorporated in tilapia diets as the best natural growth promoter for better economical efficiency results as well as best growth performance and nutrient utilization. In this connection, Salem (2010) showed a lower cost of one ton of all diets containing probiotic. However, the control diet recorded the highest price, being 2916.2 LE/ton. The diets containing (0.1%, 0.2%, and 0.3% Bio-Nutra200) showed the low cost of fish diet comparing with the control diet. Yet, diets no. 1 and 4 showed high cost/kg gain, being 6.86 and 5.32 LE, but diet no. 2 and 3 gave the lowest feed cost/kg gain, being 4.70 and 4.57 LE. These results supported the results of Eid and Khalid (2008).

 Conclusion

From the previous results, it could be concluded that the positive influence of additions (Proplis, Paprika meal and humapol-FIS) on growth performance of the monosex fingerlings, Nile tilapia diets showed positive effects and they are promising natural growth promoters as feed additives to fish diets. From feed utilization data and the economical point of view, the diets supplemented with Paprika 0.3% and Proplis 0.15 % were the best treatments in comparison with Control diet.
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ARABIC SUMMARY

أثر إستخدام بعض محفزات النمو الطبيعيه على آداء النمو والكفاءة الغذائية فى أصبعيات أسماك البلطى النيلى وحيد الجنس

 نبيل فهمى عبدالحكيم1 ، أشرف محمدعبد السميع جوده 2، محمد السعيد لاشين1،

الدسوقى السيد محمد العزب1، هانى محمد نظمى2

1. قسم الإنتاج الحيوانى - كلية الزراعة – جامعة الأزهر - القاهرة - مصر


2. شعبة تربية الأحياء المائية – المعهد القومى لعلوم البحار والمصايد – القاهرة – مصر

أجريت هذه التجربة لتقييم تأثير ثلاث أنواع مختلفه من محفزات النمو الطبيعية كإضافات غذائية على آداء النمو فى أصبعيات أسماك البلطي النيلى وحيد الجنس. تم إجراء ثلاث معاملات غذائيه مختلفه قسمت على مستويين إضافه (0.15 ، 0.3 ٪) من مسحوق الفلفل الأحمر الحار من النوع بابريكا ، صمغ النحل ، مادة الهيومابول (أحماض الهيوميك والفولفيك ومخلوط من المعادن ) بالإضافة الى المعاملة الضابطه . أجريت المعاملات المختبرة فى 2 حوض أسمنتى أبعاد كل منهما (8×4×1 م) ، تم تقسيمهما بواسطة الشباك الى 16 مقصورة مائيه متساوية ذات أبعاد (2×2×1 م) ، 14 منهم تم إستخدامهم والتخزين بهم بمعدل 20 أصبعيه من أسماك البلطي النيلى وحيد الجنس لكل منهما موزعه عشوائياً بمتوسط وزن حى (0.13±23.62) جرام . إستمرت التجربة لمدة 20 أسبوع ( 6 أيام تغذية يوميه كل أسبوع بمعدل 3% من وزن السمك الحى) . أظهرت النتائج فى نهاية التجربة تحسن معنوى فى آداء النمو ، معدل التحويل الغذائي وكفاءة تمثيل البروتين فى أصبعيات أسماك البلطي وحيد الجنس التى غذيت على العلائق المضاف اليها الإضافات الغذائية الطبيعية بالمقارنة بمجموعة الأسماك التى غذيت على المعامله الضابطه . انخفضت تكاليف التغذية اللازمة لإنتاج واحد كيلو جرام من الأسماك التى غذيت على العلائق المضاف اليها الإضافات الغذائية بالمقارنة بالعليقة الضابطه . أظهرت هذه النتائج أن إستخدام صمغ النحل بمستوى إضافه 0.3% كان أفضل المعاملات من حيث آداء النمو والكفاءة الغذائية بينما كان أعلى دخل وأفضل تقييم إقتصادى للمعامله المضاف اليها الفلفل الأحمر من النوع بابريكا عند مستوى 0.3% مقارنة بالمعامله الضابطه.
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