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A b s t r a c t   A r t i c l e  I n f o  

A feeding trial was conducted to study the effect of the live (trash fish) food (T1), 

artificial diet (T3) or mixed between them (T2) at rate (1:1) on condition factor (Kf), 

gonado somatic index (GSI) and hepato somatic index (HSI) parameters, besides the 

anatomical and histological alterations of the gonads and the liver of Dicentrarchus 

labrax females and males brood stock through the feed period at 45 days, then 

spawning period at 15 days. In the feeding period, a total of 180 Sea bass brood stock 

females and males were used. The 90 females with 1190 – 1820 g per fish as an initial 

body weight were separately allotted in 9 concert tanks (three tanks / treatment). Also, 

90 males with initial body weight ranged between (880 – 1400 g per fish) separately 

allotted in other 9 concert tanks. Fish were stocked at 10 fish per concrete tank (8 × 4 × 

1 m) in black greenhouse in the same experimental conditions. The obtained results 

revealed that both sex fed the artificial diet (T3) significantly increased the Kf, GSI, and 

HSI compared to other dietary treatments (T1 and T2). Also, the same treatment (T3) 

seriously improved in the anatomical and histological of the gonads and the liver 

among other dietary treatments. The feeding fish on artificial diet (T3) had more 

effective on all tested parameters compared to the trash fish or the mixed diets, 

particularly for of females than males. Thus from the current findings, it could be 

concluded that the useful using of the good quality artificial diet in D. labrax 

hatcheries for enhancement their reproductive efficiency. Also these findings 

confirmed on the positively relationship between the feeding sources and reproductive 

efficiency of D. labrax brood stock, especially for females. 
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Introduction 

 

European Sea bass, Dicentrarchus labrax is the most 

important commercial and consumed marine fish. At 

present it is the widely cultured in the Mediterranean 

area, with Greece, Turkey, Italy, Spain, Croatia, and 

Egypt being the largest producers (FAO, 2012). 

European Sea bass is a seasonal breeder, spawning in 

winter and early spring, with some differences in timing 

according to the specific location. There is only one 

reproductive season per year, which takes place in winter 

in the Mediterranean population (December to March) 

and up to June in the Atlantic populations (Moretti et al., 

1999). 

 

Fish nutrition is a matter of great importance in the 

expanding Mediterranean aquaculture industry as better 

product quality and optimum growth can be achieved 

using the appropriate diets (Parpoura and Alexis, 2001). 

The main objective when formulating a fish diet is to 
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provide a nutritionally balanced mixture of ingredients to 

support the maintenance, growth, reproduction and 

health of the animal at an affordable cost (NRC, 1993). 

As feed is one of the principle costs in feed production 

(Lupatsch et al., 2001), formulations must be based on 

our knowledge of nutritional requirements for them to be 

economically viable. 

 

Reproduction in fish, as in other vertebrates, is affected 

by environmental, social and nutritional factors. The 

effects of food ration size and nutrient composition of 

the diets on reproduction have been investigated in 

several species important in aquaculture (Kjørsvik        

et al., 1990; Bromage et al., 1992).The quality and 

quantity of food are among the most important 

exogenous factors directly affecting growth and, 

indirectly, maturation and mortality in fish, thus being 

ultimately related to fitness (Wootton, 1990). However, 

the effect of the sources of fish feeds on the reproductive 

efficiency of marine fish, partially D. labrax brood stock 

is requiring further investigations. Therefore, the present 

study was designed to investigate the effects of the live, 

artificial food or mixed between them at rate (1:1) on 

condition factor (Kf), organs indices parameters, 

besides the anatomical and histological alterations of 

the gonads and the liver of D. labrax males and females 

brood stock. 

 

Materials and methods 

 

The present study was performed in El-Sherif private 

marine fish farm, Wady Mariot, Alexandria Governorate, 

Egypt. It was conducted into two periods, the first period 

is a feeding period for 45 days, then the maturation brood 

stock females injected with 1000 IU hCG (from Argent
®
, 

US A)/Kg body weight according to Moretti et al. (1999) 

before the second period as a spawning period for 15 

days. 

 

Experimental procedures 

 

European Sea bass D. labrax males and females brood 

stock were obtained from El-Sherif private marine fish 

farm, Wady Mariot, Alexandria Governorate, Egypt. 

Females and males were carefully translated to the 

rearing concrete tanks in black greenhouse. Each fish sex 

was separately stocked into the rearing concrete tanks for 

two weeks as an adaptation period. During this period, 

fish fed a diet containing 45% crude protein and 12% 

crude fat produced by Aller Aqua for extruded marine 

fish feed, Christiansfeld, Denmark. 

 

Concrete tanks (4m×8m×1m) and 32000 liters capacity in 

black greenhouse, continuous aeration was maintained in 

each tank using an electric air blower with 7 HP 3000 

RPM, China. The water was received in external reservoir 

(12 × 12 × 2 m) for sedimentation, after that water was 

filtered, aerated using mechanical and microbial filters, 

ionizer and aerator, then water were pumped to the 

hatchery ponds in the black greenhouse. Filtration was 

performed using sand filter. Tanks filled with marine 

water 35 ppt. Water in each tank were changed twice a 

day by water follow system. Water temperature was 

adjusted was maintained at 17 ± 1ºC. Lighting was 

performed for 10 hours per day from 7 am to 5 pm. 

 

In the feeding period, Sea bass brood stock females and 

males were distributed separately into six experimental 

treatments (as three replicates per treatment) being three 

treatments for females and other three treatments for 

females as shown in Table 1. Thus, a total of 180 Sea 

bass brood stock females and males were used. The 90 

females with 1190 – 1820 g per fish as an initial body 

weight were separately allotted in 9 concert tanks (three 

tanks / treatment). Also, 90 males with initial body 

weight ranged between (880 – 1400 g per fish) separately 

allotted in other 9 concert tanks Fish were stocked at 10 

fish per concrete tank (4m×8m×1m) in black greenhouse 

at the same experimental conditions. 

 

Fish were fed the trash fish (sardine and calamari), which 

are consider as the common feed for brood stock in 

Egyptian marine fish hatcheries. Fresh sardine and 

frozen calamari were bought from Al-Max fishing board, 

Alexandria Governorate, Egypt. Prior to use, the trash 

fish was crumbled to small pieces as an appropriate size 

and stored frozen (–20°C) until required. The floating 

artificial diet was prepared in the feed factory at Al-Max 

research station, National Institute of Oceanography and 

Fisheries (NIOF), Alexandria Governorate, Egypt. 

Artificial diet (48% crude protein and 15% crude fat) 

was prepared to be of the nearly similar chemical 

composition of the trash fish (Tables 2 and 3).  

 

Artificial diet was extruded as floating pellets, 1 cm in 

diameter, and coated with fish oil after drying. Fish were 

fed the trash fish diet and their mixing with the artificial 

diet (50% : 50%) at a rate of 2.5% of their body weight, 

while fish fed the artificial diet at a rate of 1% of their 

body weight. The feed quantity was adjusted bi-weekly 

according to the actual body weight changes. All the 

experimental diets manually introduced to the fish twice 

daily at 8 am and 2 pm. 
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  Table 1. Details of the experimental treatments design in the feeding period. 

Treatment Details 

T1, ♀ Females fed the trash fish (sardine and calamari) as a control group 

T2, ♀ Females fed the mixing of trash fish and artificial diet (50% : 50%).  

T3, ♀ Females fed a floating artificial diet  

T4, ♂ Males fed the trash fish (sardine and calamari) as a control group 

T5, ♂ Males fed the mixing of trash fish and artificial diet (50% : 50%).  

T6, ♂ Males fed a floating artificial diet  

 
   Table 2. Feed ingredients (%) of the artificial diet used during the feeding period. 

Ingredient % 

Fish Meal 999 (72%, CP) 21.00 

Fish Meal  (65%, CP) 15.00 

Soy bean meal (48%, CP) 25.00 

Corn gluten (60%, CP) 10.00 

Sun flour meal  (36%, CP) 8.50 

Wheat middling (13%, CP) 6.00 

Fish oil 12.00 

Wheat gluten (80%, CP) 1.00 

Animal gelatin  0.25 

Mono calcium 0.50 

Vitamins premix
1
 0.25 

Minerals premix
2
 0.25 

Lysine 0.10 

Methionine 0.10 

Vitamin C 0.05 

Total 100 
1
 Vitamins (per kg feed): Vit. A (1,000,000 IU); Vit. D3 (85.714 IU); Vit. E (100,000 IU); Vit. B1 (5,000 mg); Vit. B2 

(10,000 mg); Vit. B6 (10,000 mg); Vit. B12 (10,000 mg); Vit. C (20,000 mg); Biotin (500 mg); folic acid (2,000 mg); 

pantothenic acid (20.000 mg), and Vit. K3 (2,000 mg). 
2
 Minerals (per kg feed): Ca CO3 (314 mg); KH3PO4 (469.2 mg); Mg SO4 .7 H2O (147.4mg); Na Cl, (49.8 mg); Trace 

elements 19.6 g  consists of   Fe
+2 

– gluconate; Mn SO4.H2O (10900 mg); Zn SO4 .7 H2O (3120 mg); Cu SO4 .5 H2O (620 

mg); KI: (160 mg); Cl CO3 .6 H2O; Ammonium molybdate (60 mg), and Na2 SeO3 (Sodium selenate) (20 mg). 

 

   Table 3. The chemical composition of the experimental diets used during the feeding period.  

Chemical composition Artificial diet Sardine Calamari Sardine + Calamari 

Dry mater (%) 91.29 27.60 21.80 23.70 

Crude protein (%) 47.94 39.80 51.60 47.20 

Crude fat (%) 15.41 9.81 9.00 10.22 

Ash (%) 6.90 12.98 8.88 9.32 

Crude fiber (%) 2.10 Nil Nil Nil 

Nitrogen free extract (NFE, %) 27.65 37.41 30.52 33.26 

Gross energy (Kcal / 100 g DM) (GE)
1
 2215.38  1969.91 2097.89 2089.32 

Protein / energy (P / E) ratio  

(mg CP / KJ GE) 

21.63 20.20 24.59 22.59 

Metabolizable energy (ME)
2
  

(KJ / 100 g DM) 

1828.57 1628.07 1805.85 1720.67 

1 
GE (KJ / 100 g DM) = CP × 5.64 + CF × 9.44 + NFE × 4.11 calculated according to NRC (1993). 

2
 ME (KJ / 100 g DM) calculated by using factors of 4.50, 8.10 and 3.49 Kcal for crude protein, crude fat and NFE, 

respectively according to Pantha (1982). 
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During the feeding period, water temperature, dissolved 

oxygen (DO), pH and salinity were monitored twice 

daily at 15 mL depth using Crison Meters, Spain. While, 

unionized ammonia was measured twice weekly using 

HI 96700 Ammonia Low Range Portable Photometer 

Hanna, India. In all treatments, DO concentration ranged 

from 4 - 7.5 mg/L, pH ranged between was 6.8 - 8.4 

unionized ammonia concentration range was 0.33 - 1.5 

mg/L, Salinity range was 34 ± 2.0 g/L and temperature 

rang was 16 ± 1.0°C. These water quality parameters 

were accepted for rearing Sea bass brood stock according 

to Moretti et al. (1999). 

 

Directely after the feeding period, the spawning period 

for 15 days was beginning, where the canuola test was 

conducted of European Sea bass brood stock females in 

each treatment to examine maturity of the eggs (as egg 

diameter 550 – 650 µm according to Moretti et al. 

(1999), unstuck eggs. Then the maturation brood stock 

females were injected with 1000 IU hCG per kg body 

weight (Argent
®
, USA, according to Moretti et al., 

1999). The concrete tanks were carefully cleaned before 

the spawning period. Then, females and males brood 

stock of each treatment (as three treatments) were 

stocked at 1 : 1 as a sex ratio in the cleaning concrete 

tanks for 48 hrs. 

 

At the end of the feeding period, six fish (n = 6) from 

each treatment were randomly chosen and 

anaesthetized. Fish were anaesthetized by transferred 

in a small plastic tank containing 10 L water 

supplemented with 3 mL pure clove oil dissolved in 10 

mL absolute ethanol. Then, the brood stock females 

and males weight and total length were taken for the 

nearest 0.1 g and 0.01cm, respectively (Fig. 26 a & b) 

to calculate the condition factor (Kf) according to the 

following equation; Kf  = W / L
3 

× 100 described by 

Lagler (1956). Where, W is a fish weight (wet weight 

in g) and L is a fish total length (in cm). After that the 

same fish were killed and the abdominal cavity was 

opened to remove the gonads (male and female) or the 

liver. Which were individually weighed to calculate the 

gonado somatic index (GSI) and hepato somatic index 

(HSI) by the following equations; GSI = gonads weight 

× 100 / fish weight (Tseng and Chan, 1982), and HSI = 

(liver weight / fish weight) ×100 (Jangaard et al., 

1967). 

 

At the start and at the end of the feeding period, fish 

were anaesthetized and sacrificed to examine the 

development of the ovary and the status of the liver in all  

treatments, which were recorded by the digital camera. 

Then, the histological changes in the ovary and the liver 

after the feeding period were checked. The same fish at 

the same numbers (n = 6) used for determined the Kf, 

GSI and HSI or the anatomical alterations were taken for 

histological examination. Fish were anaesthetized and 

sacrificed to obtain the ovaries and the livers samples. 

Samples were fixed in 10% neutralized formalin solution 

followed by washing with tab water, then dehydrated by 

different grades of alcohol (70, 85, 96 and 99%). 

Samples were cleared by xylene and embedded in 

paraffin wax. The wax blocks were sectioned to six 

micron. The sections were stained by hematoxyline (H) 

and eosin (E) and then subjected to a histological 

examination according to Roberts (2001). 
 

Statistical analysis 

 
Data of Kf, GSI and HSI were reported as mean values of 

all treatments. Replications (n = 3) and standard errors of 

mean (± SEM) are based on tank values. All percentages 

were arcsine-transformed prior to statistical analyses. All 

data were subjected to one-way analysis of variance 

(ANOVA) using SPSS for windows (Standard version 

17.0 SPSS Inc., Chicago, Illinois, USA). The differences 

between mean of treatments were compared for the 

significance (p≤0.05) using Tukey’s post hoc significant 

test. 

 

Results and discussion  

 
Condition factor (Kf) and organs indices parameters 

 
In females fed the artificial diet, or fed trash fish only 

(sardine and calamari) T3 and T1, respectively were 

significantly (p≤0.05) increased the Kf compared to the 

fish fed the mixing of trash fish and artificial diet (50% + 

50%, T2). Also, Sea bass female fed the artificial diet 

(T3) significantly (p≤0.05) increased GSI compared to 

fish fed the other dietary treatments (T1 and T2). 

Meanwhile, no significant (p≥0.05) differences of HSI 

among all dietary treatments (Table 4).  

 

However, data indicated that Kf of D. labrax brood stock 

males fed the different experimental diets (T4, T5, and T6) 

did not significantly (p≥0.05) differ after 45 days of 

treatment. Sea bass male fed the trash fish (T4) revealed 

that significantly (p≤0.05) increased HSI compared to 

fish fed the other dietary treatments (T5 and T6). 

Meanwhile, no significant (p≥0.05) differences of GSI 

among all dietary treatments (Table 4). 
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Table 4. Effect of dietary treatments on condition factor (Kf), gonadosmatic index (GSI), and hepatosomatic index (HSI) of 

female and male Sea bass (D. labrax) brood stock 

 Treatment Condition factor (Kf) GSI (%) HSI (%) 

T1, ♀ 1.24±0.384
a
 7.8±0.379

ab
 5.1 ±0.369 

T2, ♀ 1.04 ±0.021
b
 6.7±0.205

b
 5.3 ±0.259 

T3, ♀ 1.30 ±0.038
a
 8.3±0.424

a
 6.2 ±0.525 

P- value 0.0001 0.044 0.173 

T4, ♂ 1.21±0.019 1.7±0.235 1.1 ±0.149
a
 

T5, ♂ 1.17±0.022 1.4±0.081 0.7 ±0.006
ab

 

T6, ♂ 1.21±0.019 1.3±0.021 0.6 ±0.047
b
 

P- value 0.190 0.177 0.042 

Mean in the same column having different small letters are significantly different (p≤0.05). T1 and T4: fish fed trash fish 

(sardine and calamari), T2 and T5: fish fed the mixing of trash fish and artificial diet (50% + 50%), and T3 and T6: fish fed a 

floating artificial diet for females and males, respectively. 
 

Anatomical examination 

 

The anatomical alterations of the ovary of female Sea 

bass (D. labrax) brood stock pre and after fed dietary 

treatments were detected (Fig. 1 a – d). Where, the 

dietary treatments (Fig. 1 b, c, and d) revealed sharply 

development of the ovary than the ovary of fish pre 

treatments (Fig. 1 a). Partially, fish fed the artificial diet 

(T3) showed more development of the ovary than fish 

fed other dietary treatments (T1 and T2). The anatomical 

alterations of the testes of male Sea bass (D. labrax) 

brood stock pre and after fed dietary treatments were 

detected (Fig. 2 a – d). Where, the dietary treatments 

(Fig. 2 b, c, and d) revealed sharply development of the 

testes than of fish pre treatments (Fig. 2 a). Partially, 

fish fed the artificial diet (T6) showed more 

development of the testes than fish fed other dietary 

treatments (T4 and T5). 
 

  

  
Fig.1 a – d: Showing the anatomical alterations of the ovary of female Sea bass (D. labrax) brood stock (a) pre dietary 

treatments, and (b, c, and d) after fed the trash fish (sardine and calamari, T1), fed the mixing of trash fish and artificial 

diet (50% + 50%, T2), and fed a floating artificial diet (T3), respectively. 

a b 

c d 
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Fig. 2 a – d: Showing the anatomical alterations of the testes of male Sea bass (D. labrax) brood stock (a) pre dietary 

treatments, and (b, c, and d) after fed the trash fish (sardine and calamari, T4), fed the mixing of trash fish and artificial diet 

(50% + 50%, T5), and fed a floating artificial diet (T6), respectively. 

 

Histological characteristics 

 

The ovary 
 

The histological alterations of the ovary of Sea bass     

(D. labrax) brood stock fed different dietary treatments 

were showed in Figs. 3 - 5. Microscopically, fish fed the 

trash fish (sardine and calamari, T1) showed the ovary 

with degenerated mature oocytes follicles and ruptured 

thecal layer , as well as very low content of yolk globules 

(Fig. 3 a – b). Fish fed the mixing of trash fish and 

artificial diet (50% + 50%, T2) showed the ovary with 

irregular mature follicles, dematuration thecal layer and 

fair content of yolk globule (Fig. 4 a – b) Meanwhile, 

fish fed the floating artificial diet (T3) showed normal 

ovary with mature follicles, normal thecal layer and high 

content of yolk globule (Fig. 5 a – b). 

 

 

The liver 

 

The histological examination of the liver of female Sea 

bass (D. labrax) brood stock fed different dietary 

treatments was done too and showed in Figs. 6 - 8. 

Where, fish fed the trash fish (T1) showed dearrangement 

hepatocytes, the hepatocyte lining is simple layered, low 

glycogen content, as well as necrosis in hepatocytes was 

detected (Fig. 6 a – c). Fish fed the mixed artificial diet 

and trash fish (50% : 50%) (T2) showed slightly 

dearrangement hepatocytes, the hepatocyte lining is 

simple layered, normal sinusoids, slight low glycogen 

content, besides the slight necrosis in hepatocytes (Fig. 7 

a – b). Meanwhile, fish fed the floating artificial diet (T3) 

showed normal hepatocytes, the hepatocyte lining is 

simple layered, normal sinusoids and improvement of 

glycogen content in the hepatocytes (Fig. 8 a – b). 

 

a b 

c d 
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Fig. 3 a – b: Photomicrograph of ovary of Sea bass brood stock fed the trash fish (T1) showing ovary 

with degenerated mature (M) oocytes follicles and ruptured thecal layer (th), very low content of yolk 

globules (gl), stained with H & E (× 250). 

 

 

 

  

Fig. 4 a – b: Photomicrograph of ovary of Sea bass brood stock fed mixed artificial diet and trash fish 

(50% : 50%) (T2) showing  ovary with irregular mature (M) follicles, dematuration thecal layer (th) and 

fair content of yolk globule (gl), stained with  H & E (a, × 400, and b, × 250). 
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Fig. 5 a – b: Photomicrograph of ovary of Sea bass brood stock fed floating artificial diet (T3) showing 

normal ovary with mature (M) follicles, normal thecal layer (th) and high content of yolk globule (gl), 

stained with H & E (a, × 250 and b, × 400). 

   

  

 Fig. 6 a – c: Photomicrograph of liver of Sea bass 

brood stock fed trash fish (T1) showing  

dearrangement hepatocytes (H), the hepatocyte 

lining is simple layered, low glycogen content (G) 

and necrosis in hepatocytes (N), stained with H & 

E (× 400) 

a 

 

M gl 
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Fig. 7 a – b: Photomicrograph of liver of Sea bass brood stock fed mixed artificial diet and trash fish 

(50% : 50%) (T2) showing slightly dearrangement hepatocytes (H), the hepatocyte lining is 

simplelayered, normal sinusoids (S), slight low glycogen content (G) and slight necrosis in hepatocytes 

(N), stained with H & E (a, × 400 and b, × 100). 

  

Fig. 8 a – b: Photomicrograph of liver of Sea bass brood stock fed floating artificial diet (T3) showing 

normal hepatocytes (H), the hepatocyte lining is simple layered, normal sinusoids (S) and improvement 

of glycogen content (G), stained with H & E (a, × 100 and b, × 400). 

 

Condition factor (Kf) and length-weight relationship 

(LWR) are two important parameters for studying the 

growth, rate of feeding, metamorphosis, fatness, onset of 

maturity, gonadal development and general well being of 

the fish population (Araneda et al., 2008). In the present 

study, European Sea bass (D. labrax) brood stock female 

fed the artificial diet (T3) had improved the kf among 

other dietary treatments. Where, higher kf indicated good 

health with an isometric growth, which is desirable for 

fish in fish farms (Ayode, 2011). This superiority of the 

artificial diet may be related with its high quality 

components and nutrients composition (Tables 2 and 3). 

 

Although males use less energy for gonad maturation 

than females (Jonsson et al., 1991), as well as it is 

plausible that the amount of surplus energy available 
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(from a different diet) to improve their Kf is higher. 

Moreover, males generally utilize less energy for gonad 

maturation than females (Jonsson et al., 1991), as well as 

males of European sea bass grow 20– 40% less than 

females (Mylonas et al., 2003). In the present study, no 

significant differences on the male’s Kf were found 

among dietary treatments (Table 4). Furthermore, male 

gonadal tissue does not occupy the body cavity to the 

same extent as that of a female during later stages of 

annual reproductive development. Thus, there is likely to 

be more space available for food within a male compared 

to a female’s body (Fordham and Trippel, 1999). From 

other side, Pawson and Pickett (1996) stated that 

prediction of the initial occurrence of spawning was 

better correlated to the total length (TL) rather than to Kf 

and speculated that spawning could only take place once 

the Sea bass females had attained TL in excess of 42cm. 

Certainly in other fish species such as Atlantic salmon 

and yellowtail, the condition factor of the fish determines 

the occurrence of spawning and the fecundity 

(Venkataramani et al., 1995; Kadri et al., 1996). 

 

Inversely with the obtained results herein, Biswas et al. 

(2011) reported that the trash fish feeding system could 

help to produce Asian Sea bass with higher growth, 

survival and optimum LWR, as well as Kf, as this system 

better meets up the feed requirement of the growing fish 

as compared to live prey feeding system. Also, El-

Hammady et al. (2014) reported that the combination of 

dry pellet and trash fish have improving in feed 

efficiency and maximized growth rates in D. labrax, 

suggesting that mixed diets may better cover the 

nutritional requirements of D. labrax. These differences 

could be attributed to the species-specific growth rates, 

losses of feed material during feeding the trash fish 

(Shapawi et al., 2011). Also, Sim et al. (2005) reported 

that as much as 30 to 50% of the trash fish fed to fish can 

be lost during feeding process. 

 

Quantitative aspects in fishes are important tools for the 

study of biological fundamentals such as viscerosomatic, 

hepatosomatic and gonadosomatic indices, because 

measurement and analysis these indices are very 

important in assessing food value (Bolger and Connolly, 

1989). In the present study, Sea bass female fed the 

artificial diet (T3) increased (p≤0.05) GSI compared to 

fish fed the other dietary treatments (T1 and T2, Table 4). 

While, no significant (p≥0.05) differences of GSI among 

all dietary treatments of Sea bass male. Similarly with 

the obtained trend herein, Abdelhamid et al. (2010) 

found that Oreochromis niloticus females have higher 

values of GSI than males. That is in agreement with EL-

Sayed et al. (2007), who also reported that Tilapia zillii 

females showed higher GSI values than males during the 

period from June to September with a peak in July. The 

positive effect of the artificial diet (T3) on GSI of Sea bass 

female in the current findings as a positive correlation of 

the superiority effects of this treatment (T3) on Kf among 

all dietary treatments. Generally, determination of the 

reproductive maturity using GSI only is not enough, 

because the structures within the ovary, such as oocytes at 

different stages, interstitial tissue with accumulation of 

yolk materials, cannot be interpreted by weight. Direct 

observation of histological architecture is the most 

accurate method to let us know exactly the stage of 

maturation at which the ovary is undergoing. 

 

In case of Sea bass male fed the trash fish (T4) increased 

(p≤0.05) HSI compared to fish fed the other dietary 

treatments (T5 and T6), but in case of Sea bass female no 

significant (p≥0.05) differences of HSI among all dietary 

treatments (Table 4). HSI-values observed in the present 

study are within the range of values previously reported 

for European Sea bass (Tibaldi et al., 1991; Dias et al., 

1998). HSI higher than 2 was noted by Metailler et al. 

(1981) in Sea bass fed diets containing more than 14% 

fat, and by Spyridakis et al. (1986) using diets with a 

starch level higher than 16%. However, Seung-Cheol      

et al. (2007) reported that no significant differences were 

detected of HSI values of red Sea bream, Pagrus major 

fed mixture of four supplemented medicine herbs 

compared to the control group. In rainbow trout, it has 

been observed that feeding high levels of digestible 

carbohydrate increases liver size and glycogen content 

(Pieper and Pfeffer, 1979; Hilton and Atkinson, 1982). 

 

Gonadal maturation of European Sea bass brood stock can 

be arrested by reduced feeding rations (Chatzifotis   et al., 

2011). Nutrition of brood stock has a profound effect on 

gonadal maturation and fecundity (Watanabe, 1988), and 

plays a major role in reproductive success in both fish and 

crustaceans (Takeuchi et al., 1981; Teshima and 

Kanazawa, 1983; Watanabe et al., 1984). Histological 

examination is the most accurate tool to determine the 

reproductive state of female fish (West, 1990). In the 

present study, the anatomical development of female and 

male Sea bass was detected. Where, dietary treatments 

(Fig. 1 b, c, and d) revealed sharply development of the 

ovaries or the testes than of fish pre treatments (Fig. 1 a). 

Partially, female or male fed the artificial diet (T3 and T6, 

respectively) showed more development of the gonads 

than fish fed other dietary treatments. These seriously 

development of fish gonads were confirmed by the 

histological examination of the gonads and the liver too. 
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These superiority of the artificial diet regarding the 

anatomical and histological alterations of the fish gonads 

and the liver are not surprising. Where, these helpful 

effects on anatomical and histological examinations were 

confirmed by the positive effects on Kf, GSI and HSI 

parameters (Table 4). Where, morphological, and 

biological characteristics of the resulting progeny are 

direct or indirect consequences of the previous nutrition 

of the brood fish during some time before the 

reproductive process can take place. Consequently, if the 

previous nutrition of brood fish is adequate, the resulting 

eggs can be of good quality and will have all the 

potential to produce viable fry (Carrillo et al., 2000). 

During oogenesis, oocytes are divided into various stages 

depending on the morphology of the nucleus, cytoplasm 

and follicle. These stages may be grouped into the 

previtellogenic, vitellogenic, maturation, and atresia 

phases. Details of each stage are completely documented 

in Selman and Wallace (1989).  

 

Liver plays a key role in regulating intermediary 

metabolism in response to nutritional status (Klover and 

Mooney, 2004). Observations on the histological 

appearance of the liver tissue herein indicated that no 

pathological phenomena were present in Sea bass 

female fed the artificial diet. Where this treatment (T3) 

revealed that normal hepatocytes, the hepatocyte lining 

is simple layered, normal sinusoids, normal pancreatic 

acini and improvement of high glycogen content in the 

hepatocytes (Fig. 8 a – b). Inversely with the current 

findings, many authors have shown that artificial diets 

such as dry granules induce hepatic alterations, with 

excessive fat in the hepatocytes (Acuigrup, 1981; 

Starch et al., 1983). The unusually pale (nearly white) 

livers sometimes had a mottled appearance indicative of 

fatty degeneration. 

 

Generally, the histological examination of the ovary or 

the liver of Sea bass brood stock fed the experimental 

diets revealed the positive alterations, especially for fish 

fed the floating artificial diet (T3) than those fed the trash 

fish (sardine and calamari, T1), or fed the mixed artificial 

diet and trash fish (50% : 50%, T2). These positively 

effects of dietary treatments on histological alterations of 

the ovary or the liver were potentially related with the 

anatomical modifications (Fig. 1), or Kf, GSI and HSI 

(Table 4). 

 

From other side, in the present study Sea bass female fed 

other dietary treatments showed some histopathologic 

findings of the liver (Figs. 6 and 7) such as, 

dearrangement hepatocytes, the hepatocyte lining is 

simple layered, low glycogen content, necrosis in the 

hepatocytes. In these dietary treatments elevation is 

characteristic of liver damage, were well correlated with 

the histopathologic findings of the liver. These impaired 

alterations in the liver tissue were manifested as an 

accumulation of lipid globules and a reduction in 

glycogen reserves (Bat et al., 1983; Starch et al., 1983). 

This excess fat was correlated with alteration of the lipid 

metabolism, secondary to a deficiency in essential fatty 

acids (Roche et al., 1982 a, b; Bat et al., 1983). 

Moreover, almost every attempt to completely replace 

fresh food with artificial diets, results in a decrease in 

ovarian maturation, a reduced number of spawns and an 

inferior egg quality. In most situations, a combination of 

fresh food and artificial diets gives better results than a 

feeding regime that consist of fresh food only (Bray        

et al., 1990 a, b; Nascimento et al., 1991). 

 

Conclusion 
 

The obtained findings herein revealed that fish fed the 

artificial diet positively affects on Kf, GSI and HSI, 

besides its helpful effects on anatomical and histological 

examinations of the ovary and the liver among other 

dietary treatments. Hence, it could be confirmed on the 

potential relationship between the fish feeding sources and 

the reproductive efficiency of Sea bass D. labrax brood 

stock. Based on this positive relationship, the good quality 

artificial diets must be used in marine fish hatcheries to 

enhance their reproductive performance. Also, more 

advanced researches could be conducting to investigate 

the effect of natural or synthetics feed additives on the 

reproductive performance of marine fish. 
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