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Introduction 
Developing of aquaculture sector guarantee a persistent source 

of protein subsequently avoids malnutrition that may occur with the 
continuous increase of population in developing countries. Tilapia 
is second after carp regarding the most farmed freshwater fish. Their 
positive aquaculture characteristics as fast growth, propensity to 
consume a variety of supplemental feeds, resistance to diseases and 
handling stress, easily reproduction in captivity and tolerant to wide 
range of environmental conditions are the reasons after the spread 
of their farming worldwide. Seed-stock supply is essential for the 
promotion of tilapia fish farming. Hapa-in-pond system is a popular 
hatchery technique for both breeding and nursing tilapia seed-stock 
[1,2,3,4]. High fry survival, low costs, and easy harvest are the technique 
advantages that lay after its spread in many countries as a production 
tool for tilapia seed stock [5]. Despite the research efforts in developing 
hapa in pond system technique, data shortage of nutrient requirement 
under the technique is one of the most important obstacles fronting 
the development [6]. Vitamin C is a micronutrient element and diet 
is the major source for Vitamin C for aquatic animals. Fish disable to 
synthesize Vitamin C. due to lack of gulonolactone oxidase enzyme. 
Vitamin C is involved in many metabolic bath ways in fish body as 
detoxification reaction, improve immunity response, steroid synthesis, 
vitellogenesis, collagen formation and stress tolerance [7]. Ascorbic 
acid has beneficial effects on growth of rainbow trout (Oncorhynchus 
mykiss) under the condition of hypoxia and normoxia. An increasing 
trend of ascorbic acid degradation in fish tissues was noticed under the 
condition of hyperoxia [8].

A dietary supplement of ascorbic acid has positive effects on 
reproductive performance in various fish species as it is involved in 
reproductive functions of fish tissues [9]. Vitamin C affects hormone 

synthesis, vitellogenesis, and results in variable oocyte AA retention 
and gamete quality [10]. 1250 mg/kg of Ascorbic acids improves the 
hatchability of Oreochromis mossambicus [11]. A dietary level of 375 
mg AA/kg diet was suggested to near saturate the ovaries and optimize 
the reproductive performance of rainbow trout (Oncorhynchus mykiss) 
which was eight times higher than the level suggested the national 
research council. Fecundity and embryo survival also increased in 
female rainbow trout with increased dietary Vitamin C levels [12]. As 
for Nile tilapia (Oreochromis niloricus), the detected requirement of 
dietary ascorbic acid for was 50 mg/kg for fingerlings [13], while, there 
was no much information considering the brood-stock requirement. 
On the other hand, previous levels of Vitamin C requirements were 
concluded under clear water conditions. Meanwhile, some reports 
suggest that no need for dietary Vitamins supplementation under 
hapa-in-pond system (green water) because of natural food organisms 
which are rich in vitamins [14]. Thus the aim of our experiment was to 
determine whether dietary supplementation with vitamin C is needed 
for Nile tilapia brood-stocks under conditions of hapa-in-pond system 
that may affect reproductive performance and fry survival rate.
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Abstract
The hapa-in-pond system is a hatchery technique, which, has been widely developed. In spite, of the research 

efforts in this field, little information is available considering the nutritional requirement of tilapia brood-stock under 
hapa-in-pond system hatchery technique and the effects on brood-stock reproductive performance and fry survival 
percentage. By taking in concern the previous points, five levels of vitamin C (0 mg/kg, 200 mg/kg, 400 mg/kg, 
800 mg/kg and 1200 mg/kg) were examined for its effect on reproductive performance of tilapia brood-stock and 
fry survival under the hapa-in-pond system conditions. Adult males and females with mean body weights of 198 
g and 206 g, respectively, with a male to female sex ratio of 1:2. Tilapia breeders were stocked at density 3 fish/
m3; 6 (2♂:4♀/hapa). Tilapia brood-stock fed diet supplemented with Vitamin C (400 mg/kg) showed the highest 
reproductive performance results (total seed production; 8034 seeds; absolute fecundity of 2008.5 seeds female-1, 
relative fecundity; 7.57 seeds g female-1, and system productivity of 38.26 seeds day-1 m-2). While the lowest 
reproductive performance and fry survival percentage recorded for diet without Vitamin C supplementation. Fry 
survival results showed no significant among different diets supplemented with Vitamin C, while the control recorded 
the lowest (P<0.05) fry survival percentage. It could be concluded that, the optimal vitamin C level for brood-stocks 
under conditions of hapa-in-pond hatchery system is 400 mg/kg.
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Materials and Methods 
Nile tilapia O. niloticus brood-stock were obtained from a 

commercial fish farm located in Kafr El-Sheikh Governorate, Egypt. A 
total number of 90 (30 male + 60 female brood-stock) were selected 
and sexed and transferred to three 18 m3 conditioning hapas (each 
measuring 6 × 3 × 1 m3). The experiment was lasted for 105 days and 
conducted in 15 happas each of 2 m3 net volume (2 × 2 × 0.5 m) in an 
earthen pond (1000 m2). Both males and females tilapia brood-stock 
with mean body weights of (198 g and 206 g) for group respectively, 
were stocked at a rate of 6 (2♂:4♀) brood-stock hapa-1 with a male to 
female sex ratio of 1:2. At the end of the experiment, survival of stressed 
hatched larva has been detected. 

Experimental diets and feeding practices

Five diets with different levels of supplemented Vitamin C (0 mg/kg, 
200 mg/kg, 400 mg/kg, 800 mg/kg and 1200 mg/kg) were formulated to 
examine the effect of different Vitamin C on reproductive performance 
of Nile tilapia brood-stock and fry survival (Table 1). The diets were 
prepared manually by mixing the requisite amount of dry ingredients 
thoroughly, followed by the addition of water to form thick dough. The 
experimental diets were pressure pelleted by house meat grinder and 
offered to fish in crumble form after grinding it. 

Each experimental diet was allocated to three 2 m3 hapas according 
to a completely randomized design. Each hapa was considered as an 
experimental unit. During the experiment period (105 days), all fish 
were hand-fed at 2.5% feeding level three times a day on weekdays and 
once daily on weekends. Bulk weight of females and males in each hapa 
were recorded every 2 weeks. 

Fry survival 

Hatched fry from last clutch of different experimental treatments 
were examined for tolerance stress. As simulation to transport stress 
conditions, hatched fry from each treatment are distributed in three 
plastic bags. Plastic bags were aerated and then comparative survival 
percentages were estimated after six hours.

Calculations and Statistical Analyses
Growth performance parameters

The growth performance parameters were calculated according to 
the following equations: 

( ) ( ) ( )         –     Average weight gain AWG Average final weight g Average initial weight g=

( ) ( ) ( ) ( )         –     /  .Average daily gain ADG Average final weight g Average initial weight g time days  =

( ) [ ]1 0     100  –   /Specific growth rate SGR Ln Wt Ln Wt T=

Where: 

Ln: normal log, Wt0: initial weight (g), Wt1: final weight (g) and T: 
time of days

Feed utilization parameters

Feed utilization was calculated according to the following equation: 

( ) ( )       /     Feed conversion ratio FCR Total feed consumption weight gain male female= +

Reproductive performance parameters
Variables were estimated from the data included.

Absolute fecundity: The number of seeds per spawning per female.

Relative fecundity: The number of seeds per unit weight of female.

Statistical Analysis
The values of the means were statistically compared [15] with one-

way ANOVA. Data were processed using SPSS software for Windows 
(version 17) [16].

Results and Discussion
Growth performance values of females fed different Vitamin C 

levels showed no differences. Meanwhile, males fed 400 mg Vitamin 
C recorded the best growth performance values, Table 2. The lowest 
growth performance was recorded for males fed control diet. Feed 
utilization was also noticed and the results suggested no significant 

Ingredient Control C200 C400 C800 C1200

Fish meal 230 230 230 230 230
Poultry by product 180 180 180 180 180

Soybean meal 200 200 200 200 200
Corn grain 230 229.8 229.6 229.2 228.8
Wheat bran 100 100 100 100 100
Soybean oil 30 30 30 30 30

Vitamin and mineral premix* 20 20 20 20 20
Carboxy-methyl cellulose 5 5 5 5 5

NaCl 5 5 5 5 5
Ascorbic acid 0 0.2 0.4 0.8 1.2

Total 1000 1000 1000 1000 1000
Analyzed composition (dry matter basis)

Dry matter (%) 92.5 92.1 92.3 92.2 92.5
Crude protein (%) 42.5 42.95 43.75 43.4 43.3

Lipid (%) 10.6 11 11 10.84 11.41
NFE (%) 30.04 27.93 27.66 27.65 27.63
Ash (%) 9.36 10.22 9.89 10.31 10.16

Gross energy ( kcal Kg-1) 4643.38 4617.76 4651.22 4616.08 4663.51
Vitamins and minerals mixture each 3 Kg of mixture contains: 10,000,000 I.U. Vitamin A; 2,500,000 IU Vitamin D3; 10,000 mg Vitamin E; 1000 mg Vitamin K; 1000 mg 
Vitamin B1; 5000 mg Vitamin B2; 1500 mg Vitamin B6; 10 mg Vitamin B12; 30,000 mg Niacin; 10,000 mg Pantothenic acid; 1000 mg Folic acid; 50 mg Biotin; 300 mg 
Iodine; 30 000 mg Iron; 60,000 mg Manganese; 4000 mg Copper; 100 mg Cobalt; 100 mg Selenium; 50,000 mg Zinc; 3000 g Calcium Carbonate.

Table 1: Composition and proximate analysis of different brood-stock diets (g/kg).
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and the yolk protein precursor Vitellogenin. In presence of shortage 
yolk materials during maturation, a reduction in oocyte numbers, 
rather than a reduction in oocyte size was observed [10]. Ascorbic acid 
requirement of brood-stock could be indicated by the saturation level in 
mature ova. Meanwhile, 357 mg/kg ascorbic acid is required to obtain 
a 90% level of saturation and led to highest fecundity and embryo 
survival for rainbow trout (Oncorhynchus mykiss) [12]. The antioxidant 
effect of ascorbic acid seems to be critical for the genes integrity of 
fish gametes and decrease sperms DNA Fragmentation., meanwhile 
insufficient ascorbic acid lead to damage during mitotic division of 
germ cell [9,22]. Ascorbic acid is a leading nutrient in different tissue 
of reproductive system where interaction between catecholamine and 
steroid hormones that involved in gonad growth, acts as a regulatory 
mechanism of ascorbate absorption and metabolism in reproductive 
system [9].

Meanwhile, feeding tilapia brood fish 1250 mg/kg-1 of Vitamin 
C significantly improved fry survival compared with broodfish fed 
with 0 mg/kg-1 and 50 mg/kg-1 [19]. In the same context, live-bearing 
ornamental fish larva showed an increased survival rate in correlation 
with dietary ascorbic acid elevation [22]. Different doses of dietary 
Vitamin were suggested by many authors regarding Vitamin C form 
and life stage. Our results suggest that tilapia during the reproductive 
performance may require higher dietary supplementation of Vitamin C 
than in grow-out phase.

Conclusion
Brood-stocks fed diets supplemented with 400 mg/kg vitamin 

C showed the highest reproductive performance. No significant 
difference was recorded between brood-stock diets supplemented 
with vitamin C regarding fry survival rate while the control showed 
the lowest percentage. It seems that green water is not an adequate 
source of vitamin C for tilapia brood-stock and dietary vitamin C 
supplementation is needed.

differences among different treatments regarding feed intake and feed 
conversion ratio.

Reproductive performance of female tilapia brood-stock was 
reported in Table 3. The highest total seed production (8034 seeds), 
absolute fecundity (2008.5 seeds female-1), relative fecundity (7.57 
seeds g female-1) and system productivity (38.26 seeds day-1 m-2) was 
recorded for diets supplemented with 400 mg/kg Vitamin C while 
the lowest values were recorded for the control (Table 3). As for fry 
survival, no differences among Vitamin C levels were observed while 
control showed the lowest fry survival percentage. Numerous studies 
showed the positive effect of Vitamin C dietary supplementation on 
reproductive performance of brood-stock. Generally L-ascorbic acid 
increases the maturation of germ cell which leads to increase milt 
quality such as sperm concentration, motility, duration and fertility 
[17]. A positive correlation between seminal plasma ascorbic and trout 
dietary ascorbyl monophosphate level was recognized by [18]. They 
also suggested that the deficiency effect of ascorbic acid in form of 
sperm concentration and motility may not recognized at the beginning 
of the spawning season but a decline in semen quality was recorded 
during experiment period. Subsequently, it was established that dietary 
Vitamin C may affect the fertilization process. An experimental diet 
supplemented with L-ascorbic acid improved sperm viability in grass 
carp Ctenopharyngodon idellus [17]. The Same finding was reported 
by [19]. Ascorbic acid plays a critical role in preventing endogenous 
oxidative DNA damage during spermatogenesis phase that could lead 
to genetic defects and low sperm quality in human [20].

Elevation of Vitamin C content in female gonads during maturation 
and its transfer from brood fish to be stored in eggs for supporting 
larval growth and development until first feed intake was reported by 
[11,19,21] which may explain survival improvement recorded for diets 
supplemented with Vitamin C. 

Ascorbic acid significantly affected the deposition of both lipids 

Vitamin C 
levels 

Female 
final 

weight (g)

Male final 
weight (g)

Female 
weight 
gain (g)

Male 
weight 
gain (g)

Average 
hapa 

weight gain 
(g)

Female 
Daily 

weight gain 
(g)

Male Daily 
weight 
gain(g)

Total feed 
intake (g)

Feed 
conversion 
ratio (g.g-1)

Female 
specific 

growth rate 
(%)

Male specific 
growth rate (%)

Control
325.67 331.00b 119.33 131.33bc 250.67ab 1.14 1.25bc 452.33 1.8 0.43a 0.48a
± 3.18 ± 0.58 ± 2.19 ± 1.45 ± 3.53 0.02 ± 0.015 ± 4.33 ± 0.01 ± 0.01 ± 0.006

200
325.67 332.67ab 118.33 133.33ab 251.67ab 1.12 1.27ab 445.33 1.77 0.43a 0.49a
± 1.76 ± 1.20 ± 1.20 ± 0.33 ± 0.88 0.01 ± 0.003 ± 11.14 ± 0.04 ± 0.003 ± 0.000

400
326.67 336.33a 122.67 136.33a 259.00a 1.17 1.30a 449.33 1.74 0.45a 0.49a
± 2.96 ± 1.76 ± 3.53 ± 0.33 ± 3.21 0.04 ± 0.000 ± 2.33 ± 0.03 ± 0.012 ± 0.003

800
330.33 332.67ab 123.33 133.33ab 256.67a 1.17 1.27ab 444.33 1.73 0.44a 0.49a
± 1.20 ± 0.67 ± 2.73 ± 0.33 ± 2.96 0.03 ± 0.003 ± 4.63 ± 0.02 ± 0.01 ± 0.003

1200
323 324.33c 115.67 130.00c 245.67b 1.1 1.24c 445.67 1.81 0.42a 0.49a

± 2.08 ± 2.03 ± 1.20 ± 1.53 ± 2.33 0.01 ± 0.015 ± 6.17 ± 0.01 ± 0.003 ± 0.008
Mean ± SE values in each row followed by a common letter are not significantly (P ≤ 0.05) different

Table 2: Growth performance of tilapia brood-stock fed experimental diets.

Vitamin C levels Total seed production Absolute fecundity (Seed 
Female-1)

Relative fecundity (Seed g 
female-1)

System productivity 
(Seed day-1 m-2) Fry survival

Control 7059.7c ± 141.4 1764.90c ± 35.40 6.64c ± 0.11 33.62c ± 1.16 91.13b ± 0.47
200 7490.3b ± 165.0 1872.60b ± 41.20 7.03bc ± 0.17 35.67b ± 1.36 95.00a ± 0.58
400 8034.0a ± 141.2 2008.50a ± 35.30 7.57a ± 0.17 38.26 a ± 1.16 94.60a ± 0.70
800 7464.3b ± 37.0 1866.10b ± 9.20 6.95bc ± 0.03 35.54b ± 0.31 96.00a ± 0.58

1200 7657.3ab ± 80.3 1914.30ab ± 20.10 7.22ab ± 0.10 36.47ab ± 0.66 93.93a ± 0.93
Mean ± SE values in each row followed by a common letter are not significantly (P ≤ 0.05) different

Table 3: Reproductive performance of tilapia broodstock fed experimental diets.
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