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Abstract. One of the important issues in aquaculture, need to achieve a balance between growth rate 
and optimal use of fish meal is provided. This study was conducted for 6 weeks in the Sijual Bony 
Fishes Reproduce and Cultivate Center (Gorgan, Golestan, Iran). Experiments were done 4 treatments 
and 3 replicates as follows: treatment A = 2.5 % body weight per day, treatment B = 5 % body weight 
per day, treatment C = 7.5 % body weight per day and treatment D = 10 % body weight per day. Aim 
to this purpose Caspian carp fingerlings with an average weight of 1.5 ± 0.145 g and average length of 
2.97 ± 0.154 cm were distributed in 12 fiberglass tanks (30 number fish per tank) and were cultured 
for 6 weeks in the same conditions and fed with SFC diet (content: 8.7 % moisture, 11.2 % ash, 32 % 
protein and 10.5 % fat) four times a day. Results showed that hadn't significant effects in Specific 
Growth Rate (SGR), Body Weight Index (BWI %), Growth Rate (GR) and Condition Factor (CF) 
(P<0.05) but hadn't significant effects in Feed Conversion Ratio (FCR) and survival (P>0.05). The 
results show that there are significant differences with regard to the amount of body weight and body 
length of fingerlings in different treatments (P<0.05), so that the maximum body weight and body 
length of carp fingerlings is 7.5 % body weight per day. 
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Introduction. Fish is a primary source of protein for more than one billion people around 
the world (Rameshguru et al 2011). Understanding of natural foods and dietary habits of 
fish culture could be an important factor in providing effective method of nutrition. 
Although intensive fish culture adaptability of the species with different feeding methods 
have been proven, but the choice of methods to provide food and nutrition in aquaculture 
should be considered dietary at patterns of normal behavior (Mohammad Nejad 
Shamoushaki 2012). One of the most significant attainments in aquaculture is fish 
feeding due to the high cost of feeding (Aydin et al 2011). Feeding rate, water 
temperature, and fish size have a significant effect on the fish growth; in particular, the 
optimum feeding rate has to be found in order to achieve a successful aquaculture 
operation (Yuan et al 2010). Optimum feeding rate differ according to fish species, size, 
and rearing system (Cho et al 2003). In addition, feeding rate affects the usage of the 
nutrients in the feed (Mihelakakis et al 2002). Knowledge of the optimum feeding rate is 
important to improve best feed efficiency resulting better growth and production (Cho et 
al 2003; Eroldogan et al 2004). Moreover, knowing of the optimum feeding rate helps to 
prevent water quality degradation which overfeeding causes (Ng et al 2000; Mihelakakis 
et al 2002; Webster et al 2002; Eroldogan et al 2004). Feeding rate is especially 
important for larval fish since they are vulnerable to over- and under-feeding. Therefore, 
over- or under-feeding causes an increase in disease and mortality (Deng et al 2003). 
Feeding costs contributes up to 60% of the variable costs of culture systems. Therefore, 
it is essential to provide a proper and applicable feeding management program. In fact, 
an inadequate food supply directly affects production costs and water quality (Silva et al 
2007; Mihelakakis et al 2002; Ng et al 2000). Overfeeding mostly causes feed spillage, 
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decreasing in feed efficiency, and polluting the environment. Similarly, underfeeding 
results in decreased feed efficiency as well as degraded growth (Dediu et al 2011). 
Therefore, it is essential, in terms of both economy and biology, to determine the 
optimum feeding rate for growth (Aydin et al 2011). It should be noted that optimal 
feeding rate is essential not only because of promoting best growth and minimizing feed 
conversion rate (FCR), but also for economic and environmental aspects, preventing 
water quality degradation (Yuan et al 2010). 

Caspian carp, Cyprinus carpio belongs to Cyprinidae is one of the most 
economically important and valuable telostei in the Caspian Sea. Currently, there is no 
published information on the effects of feeding rate on growth of Caspian carp 
fingerlings. It is necessary to have a better understanding of the optimum feeding rate of 
this species. The objective of the this study was to determine optimum and maintenance 
feeding rate and the effects of the feeding rate on growth performances and survival for 
Caspian carp, C. carpio fingerlings.  
 
Materials and Methods. This study has been carried out in Sijual Bony Fishes 
Reproduce and Cultivate Center (Gorgan, Golestan, Iran) in 2011 summer. Initial body 
weight and length average were 1.5 ±0.145 g and 2.97 ±0.154 cm. Given the importance 
of the physical and chemical performances and their impact on water supply and 
ultimately the fish growth, these performances were so controlled through the 
experiment that the amount of dissolved oxygen was fixed on 5.5 - 6 ppm, the 
temperature 26±20C and pH 7.5 to 8. Fish were fed SFC (starting food carp) commercial 
food during (6 weeks) of the study. The feed was administered only during daylight 
hours. Pertinent characteristics of this feed were: 32% crude protein; 10.5% crude fat; 
11.2% ash and 8.7% moisture. This study was operated as long as 6 weeks and in 12 
tanks with 30 numbers fish in each tank, with 4 treatments and 3 replicate as: treatment 
A = 2.5 % body weight per day — BW d−1, treatment B = 5 % body weight per day — 
BW d−1, treatment C = 7.5 % body weight per day — BW d−1 and treatment D = 10 % 
body weight per day — BW d−1. Daily treatments were fed four times a day (equal meals 
at 08:00, 11:00, 14:00 and 17:00 h) by hand according to feeding rates, making sure 
that no feed was left uneaten. Fish were sampled every 2 weeks to evaluate growth in 
weight and length, for this purpose 10 numbers of fish in each tank were captured, 
weighed and measured. After each sampling period the amount of feed given was 
adjusted according to mean weight in each aquarium. From results of the last sample fish 
performances were evaluated in terms of Feed Conversion Ratio (FCR), Specific Growth 
Rate (SGR, % d−1), Body Weight Index (BWI %), Growth Rate (GR, g d−1), Condition 
Factor (CF, g/Cm) and Survival (%). These performance indices were calculated as 
follows (Hung et al 1989; Ronyai et al 1990; Biswas et al 2010): 
• FCR=total feed intake/ total biomass gain 
• SGR=[(ln final weight−ln initial weight)/ rearing duration in days]×100 
• BWI=[(body weight final−body weight initial)/ body weight initial]×100 
• GR=(body weight final−body weight initial)/ rearing duration in days 
• BWI=[(body weight /total length3)]×100 
• Survival=(number of fish harvested/number of fish stocked)×100 

SPSS version 13 and a software program for drawing graphs of Excel 2003 have 
been used to analys all data. All data were analyzed with one-way analyses of variance 
(ANOVA) and significant means were subjected to a multiple comparison test (Duncan) at 
P<0.05. When the normality of data did not present, the nonparametric test Kruskal-
Wallis to compare treatments and test Mann - Whitney for paired comparison between 
treatments were used (Mohammad Nejad Shamoushaki 2012). 
 
Results and Discussion. Final body weight and body length of C. carpio in different 
treatments are shown in Table 1. Obtained results at the end of this study showed that 
feeding rates had significant effects on body weight and body length of C. carpio 
(P<0.05). Also, results show that maximum body weight and body length were in 7.5% 
BW d−1. 
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Table 1 
The average of body weight and body length of C. carpio in different treatments 

 
Final length 

(cm) 
Final weight 

(g) 
Initial length 

(cm) 
Initial weight 

(g) 
Treatments 

3.327 ± 0.097a 2.046 ±0.076 a 2.97 ± 0.154 1.5 ± 0.145 2.5 % BW d−1 A 
3.34 ±  0.566a 2.875 ± 0.212b 2.97 ± 0.154 1.5 ± 0.145 5 % BW d−1 B 
4.357 ± 0.365b 3.337 ± 0.085c 2.97 ± 0.154 1.5 ± 0.145 7.5 % BW d−1 C 
4.297 ± 0.091c 3.14 ± 0.07d 2.97 ± 0.154 1.5 ± 0.145 10 % BW d−1 D 

The small Latin letters show that there are significant differences among different treatments 
     
 
Comparison average of different feeding rate effects on C. carpio growth performances 
during culture period are shown in Table 2. Results showed that hadn't significant effects 
in BWI, SGR, GR and CF (P<0.05) but hadn't significant effects in FCR and survival 
(P>0.05). 

 
Table 2  

Effects of different feeding rate on growth performances in C. carpio  
 

Treatment D Treatment C Treatment B Treatment A Indicators 
 

7.465 ± 0.375 a 7.737 ± .205 a 5.106 ± 1.768 a 4.65 ± 2.438 a FCR 
16.37 ± 0.61 d 14.64 ± 0.19 c 13.83 ± 2.85 b 7.24 ± 3.45 a SGR (% d−1) 
18.79 ± 2.08 c 13.17 ± 0.31 b 14.96 ± 7.43 b 7.78 ± 3.18 a  BWI (%) 
0.035 ± 0.003 c 0.0277 ± 0.0007 b 0.026 ± 0.001 b 0.011 ± 0.004 a GR (g d−1) 
1.26 ± 0.046 c 1.32 ± 0.24 a 1.94 ± 0.44 b 1.36 ± 0.12 a CF (g/cm) 

100 a 100 a 100 a 100 a Survival (%) 
The small Latin letters show that there are significant differences among different treatments 
     
 
Fish requires a daily ration for maximum growth (Chua & Teng 1982; Kaiser et al 2012). 
Fish feeding is one of the most important performances in aquaculture because of high 
feed costs. Overfeeding causes degradation of water quality; consequently, the fish 
growth reduces and cost increases. On the other hand, underfeeding is undesirable. 
Therefore, it is critical to find the optimum feeding rate from both economical and 
biological point of view (Aydin et al 2011). In this work, maximum growth of Caspian 
carp fed at 7.5% BW d−1. The optimal feeding strategies augment growth performance, 
survival, and food conversion ratios. Additionally, it contributes to minimize food 
wastage, reduce size variation, and accordingly, increase production efficiency (Goddard 
1996; Kubitza & Lovshin 1999). In his study, significant differences in BWI, SGR, GR and 
CF (P<0.05) were observed among treatments (see Table 2). The SGR and GR increased 
with increasing feeding rate to 10% BW d−1 (P<0.05) but best CF were observed in 7.5% 
BW d−1 (P<0.05). The highest growth in the present study typically occurred in the 7.5% 
BW d−1 group. A similar result was also found in sea bass (Russell et al 1996) and 
Rachycentron canadum (Sun et al 2006). The best growth found at the 7.5% and 7% BW 
d−1. 

The quantity and quality of the ration have a significant effect on growth rate, 
efeciency of feed utilization and chemical composition (Juell & Lekang 2001; Abdelghany 
& Ahmad 2002; Rowland et al 2005; Bureau et al 2006; Yuan et al 2010). Therefore, it is 
necessary to determine the optimal feeding rate for different species. Results of other 
studies are different in various species. Studies with several fish species have revealed 
that with increasing feeding rate, the growth increases at higher ration levels and 
decreases at lower ration levels (De Silva & Anderson 1995; Hung & Lutes 1987; Hung 
1991; Xiao-Jun & Ruyung 1992; Adebayo et al 2000; Ng et al 2000; Mihelakakis et al 
2002; Rosenthal 2000; Tsevis et al 1992). The discrepancies between the results of this 
study and the findings of others could be explained by size and/or age differences of fish 
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and experimental conditions such as feeding regimes (Brett 1979; Webster et al 2002; 
Fiogbe & Kestemont 2003). For instance, Hung et al (1993) observed that optimum 
feeding rate for striped bass fingerlings (initial body weight 38 g) was 1.0–1.5% BW d−1. 
In similar size, optimum feeding rate was suggested to be 2.0 BW d−1 for the same 
species (>27 g) kept by Piper et al (1982). It is well known that feeding rate and feed 
consumption in relation to body weight decreases as fish grow (NRC 1993; Ng et al 2000; 
Webster et al 2002). A feeding rate of 4.0% BW d−1 for gilthead sea bream at 3g initial 
average weight but 6.0% BW d−1 at 1g initial average weight was suggested to be 
optimal (Kalogeropoulos et al 1992; Alexis et al 1999; Eroldogan et al 2004). Also, 
another study, Silva et al (2007), showed that increasing feeding rate on Colossoma 
macropomum with 10% BW d−1 results in more growth. Also, studies on other fish such 
as Mystus nemurus (Ng et al 2000), Dicentrarchus labrax (Eroldogan et al 2004), 
Ictalurus punctatus (Robinson & Li 1999) and Piaractus mesopotamicus (Borghetti & 
Canzi 1993) showed that feeding rate with 10% BW d−1 fish growth was better.  
 
Conclusions.  The result of this research on the effects of the fish feeding rate has been 
different from other studies. However, research results show that the feeding rates and 
growth rate are different in different species. Based on growth performance, the highest 
growth was obtained with fish fed 7.5% BW day-1, in the present study. It appears that, 
feeding 7.5% BW day-1 to satiation may be accepted as sufficient for on growing of 
Caspian carp under the conditions of this experiment. 
 
Acknowledgements. This research was supported by the Sijual Bony Fishes Reproduce 
and Cultivate Center (Gorgan, Golestan, Iran). I also thank Mr. Jabbare for supplying the 
Caspian carp fingerlings used in this study. I also thank Mr.Maleki, Mr.Shakiba and Mr.Eri 
for their valuable help during the experiments. 
 
References 
 
Abdelghany A. E., Ahmad M. H., 2002 Effects of feeding rates on growth and production 

of Nile Tilapia, common carp and silver carp polycultured in fertilized ponds. Aquac 
Res 33:415-423.  

Adebayo O. T., Balogun A. M., Fagbenro O. A., 2000 Effect of feeding rates on growth, 
body composition and economic performance of juvenile clariid catfish hybrid 
(Clarias gariepinus x Heterobranchus bidorsalis). J Aquacult Trop 15: 109-117. 

Alexis M. N., Nengas I., Fountoulaki E., Papoutsi E., Andriopolou A., Koutsodimou M., 
Gaubaudan J., 1999 Tissue ascorbic acid levels in European sea bass (Dicentrarchus 
labrax) and gilthead sea bream (Sparus aurata, L.) fingerlings fed diet containing 
different forms of ascorbic acid. Aquaculture 179: 447–456. 

Aydın I., Küçük E., Şahin T., Kolotoğlu L., 2011 The effect o feeding frequency and 
feeding rate on growth performance of juvenile black sea turbuot (Psetta maxima, 
Linneaus, 1758). J FisheriesSciences.com 5(1): 35-42. 

Biswas G., Thirunavukkarasu A. R., Sundaray J. K., Kailasam M., 2010 Optimization of 
feeding frequency of Asian seabass (Lates calcarifer) fry reared in net cages under 
brackishwater environment. Aquaculture 305: 26–31. 

Borghetti J. R., Canzi C., 1993 The effect of water temperature and feeding rate on the 
growth rate of pacu (Piaractus mesopotamicus) raised in cages. Aquaculture 114: 
93–101. 

Brett J. R., 1979. Environmental performances and growth. Bioenergetic and growth. Fish 
physiology, W. S. Hoar D.J. Randole and J.R Brett, Eds. Vol. 8, Academic Press, 
New York, USA. Pp.599-675. 

Bureau D. P., Hua K., Cho C. Y., 2006 Effect of feeding level on growth and nutrient 
deposition in rainbow trout (Oncorhynchus mykiss Walbaum) growing from 150 to 
600g. Aquac Res 37: 1090-1098. 

Cho S. H., Lim Y. S., Lee J. H., Park S., 2003 Effect of feeding rate and feeding frequency 
on survival, growth, and body composition of ayu post-larvae Plecoglossus altivelis. 
J World Aquac Soc 34: 85–91. 



AACL Bioflux, 2012, Volume 5, Issue 3. 
http://www.bioflux.com.ro/aacl 140 

Chua T. E., Teng S. K., 1982 Effects of food ration on growth, condition factor, food 
conversion efficiency, and net yield of estuary grouper, Epinephelus salmoides 
Maxwell, cultured in floating net cages. Aquaculture 27: 273–283. 

Dediu L., Cristea V., Mocanu M., Dicu D., Angelica Docan A., Grecu I., 2011 The effect of 
feeding frequency on growth performance of rainbow trout fingerlings reared in 
recirculating system. AACL Bioflux 4(2): 141-145. 

Deng D. F., Koshio S., Yokoyama S., Bai S. C., Shao Q., Cui Y., Hung S. S. O., 2003 
Effects of feeding rate on growth performance ofwhite sturgeon (Acipenser 
transmontanus) larvae. Aquaculture 217: 589-598. 

De Silva S. S., Anderson T. A., 1995 Fish Nutrition in Aquaculture. Aquaculture Series,          
Chapman & Hall, London. 

Eroldogan O. T., Kumlu M., Aktas M., 2004 Optimum feeding rates for European sea bass 
(Dicentrarchus labrax L.) reared in seawater and freshwater. Aquaculture 231: 
501–515. 

Fiogbe E. D., Kestemont P., 2003 Optimum ration for Eurasian perch Perca fluviatilis L. 
reared at its optimum growing temperature. Aquaculture 216: 243–252. 

Goddard S., 1996 Feed Management in Intensive Aquaculture, Chapman & Hall, New 
York, 194 pp. 

Hung S. S. O., Lutes P. B., 1987 Optimum feeding rate of hatchery-produced juvenile 
white sturgeon (Acipenser transmontanus): at 20 1C. Aquaculture 65:307-317. 

Hung S. S. O., Lutes P. B., Storebakken T., 1989 Growth and feed efficiency of white 
sturgeon (Acipenser transmontanus) sub yearling at different feeding rates. 
Aquaculture 80: 147-153.  

Hung S. S. O., 1991 Nutrition and feeding of hatchery-produced juvenile white sturgeon 
(Acipenser transmontanous): an overview. In: P. Williot (Ed.), proceedings of the 
First International Symposium on the Sturgeon, Cemagref, Bordeau, France: 65-77. 

Hung S. S. O., Conte F. S., Hallen E. K., 1993 Effects of feeding rates on growth, body    
composition and nutrient metabolism in striped bass (Morone saxatilis) fingerlings. 
Aquaculture 112: 349–361. 

Juell J. E., Lekang O. I., 2001 The effect of feed supply rate on growth of juvenile perch 
(Perca fluviatilis). Aquac Res 32: 459-464. 

Kaiser H., Collett P. D., Vine N G., 2012 The effect of feeding regimen on growth, food 
conversion ratio and size variation in juvenile dusky kob Argyrosomus japonicus 
(Teleostei: Sciaenidae). African Journal of Aquatic Science 36(1): 83–88. 

Kalogeropoulos N., Alexis M. N., Henderson R. J., 1992 Effects of dietary soybean and 
cod-liver oil levels on growth and body composition of gilthead bream (Sparus 
aurata). Aquaculture 104: 293–308. 

Kubitza F., Lovshin L. L., 1999 Formulated diets, feeding strategies, and cannibalism 
control during intensive culture of juvenile fishes. Reviews in Fisheries Science 7: 
1–22. 

Mihelakakis A., Tsolkas C., Yoshimatsu T., 2002 Optimization of feeding rate for 
hatchery-produced juvenile gilthead sea bream Sparus aurata. J World Aquac Soc 
33: 169–175. 

Mohammad Nejad Shamoushaki M., 2012 Effect of feeding frequency on growth 
performances and survival of Rutilus rutilus caspicus. Journal of Research in Biology 
2(3): 184-189. 

Ng W. K., Lu K. S., Hashim R., Ali A., 2000 Effects of feeding rate on growth, feed 
utilization and body composition of tropical bagrid catfish. Aquac Int 8: 19–29. 

NRC (National Research Council), 1993 Nutrient Requirement of Fish. National Academy 
Press, Washington, DC, USA. 

Piper R. G., McElwain I. B., Orme L. E., McCraren J. P., Fowler L. G., Leonard J. R., 1982 
Fish Hatchery Management. Nutrition and Feeding, Vol. 4. United States 
Department of the Interior Fish and Wildlife Service, Washington, DC, USA, p. 254. 

Robinson E. H., Li M. H., 1999 Effect of dietary protein concentration and feeding rate on 
weight gain, feed efficiency, and body composition of pond-raised channel catfish 
(Ictalurus punctatus). J World Aquac Soc 30: 311–318. 



AACL Bioflux, 2012, Volume 5, Issue 3. 
http://www.bioflux.com.ro/aacl 141 

Rameshguru G., Senthilkumar P., Govindarajan B., 2011 Vermiwash mixed diet effect on 
growth of Oreochromis mossambicus (Tilapia). Journal of Research in Biology 5: 
335-340. 

Ronyai A., Peteri A., Radics F., 1990 Cross breeding of starlet and Lena river sturgeon. 
Aquaculture 6: 13-18. 

Rosenthal A., 2000 Status and prospects of sturgeon farming in Europe. Institute fur 
Meereskunde Kiel Dusternbrooker Weg 20 2300 Kiel, Federal Republik of Germany: 
144-157. 

Rowland S. J., Allan G. L., Mifsud C., Nixon M., Boyd P., Glendenning D., 2005 
Development of a feeding strategy for silver perch, Bidyanus bidyanus (Mitchell), 
based on restricted rations. Aquac Res 36: 1429-1441. 

Russell N. R., Fish J. D., Wootton R. J., 1996  Feeding and growth of juvenile sea bass: 
the effect of ration and temperature on growth rate and efficiency. J Fish Biol 49: 
206–220. 

Silva C. R., Gomes L. C., Brandão F. R., 2007 Effect of feeding rate and frequency on 
tambaqui (Colossoma macropomum) growth, production and feeding costs during 
the first growth phase in cages. Aquaculture 264: 135–139.  

Sun L., Chen H., Huang L., Wang Z., 2006 Growth, faecal production, nitrogenous 
excretion and energy budget of juvenile cobia (Rachycentron canadum) relative to 
feed type and ration level. Aquaculture 259: 211–221. 

Tsevis N., Klaoudatos S., Conides A., 1992 Food conversion budget in sea bass, 
Dicentrarchus labrax, fingerlings under two different feeding frequency pattern. 
Aquaculture 101: 293–304. 

Yuan Y. C., Yang H. J., Gong S. Y., Luo Z., Yuan H. W., Chen X. K., 2010 Effects of 
feeding levels on growth performance, feed utilization, body composition and 
apparent digestibility coefficients of nutrients for juvenile Chinese sucker, 
Myxocyprinus asiaticus. Aquac Res 41: 1030-1042. 

Webster C. D., Thompson K. R., Muzinic L., 2002 Feeding fish and how feeding frequency 
affects sunshine bass. J World Aquac Soc 33: 20–24. 

Xiao-Jun X., Ruyung S., 1992 The bioenergetics of the southern catfish (Silurus 
meridionalis Chen): growth rate as a function of ration level and temperature. J Fish 
Biol 40: 719–740. 

 
 
 
Received: 14 April 2012. Accepted: 16 June 2012. Published online: 22 June 2012. 
Authors: 
Majid Mohammad Nejad Shamoushaki, Department of Fishery, Bandar Gaz Branch, Islamic Azad University, 
Bandar Gaz, Iran, e-mail: majid_m_sh@bandargaziau.ac.ir 
Zia Khari, Department of Fishery, Bandar Gaz Branch, Islamic Azad University, Bandar Gaz, Iran. 
Zeynab Eslami, Department of Fishery, Bandar Gaz Branch, Islamic Azad University, Bandar Gaz, Iran. 
How to cite this article: 
Mohammad Nejad Shamoushaki M., Khari Z., Eslami Z., 2012 Determination of optimum feeding rate for 
growth of Caspian carp, Cyprinus carpio (Linnaeus, 1758) fingerlings. AACL Bioflux 5(3):136-141. 


