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Abstract 
Growth experiments were designed and conducted in several phases in order to determine the most suitable 
starter diet, to determine the effects of different levels of protein and energy and also to determine the effects of 
different ratios of carbohydrate to fat on growth and body composition in farmed Huso huso from the larval 
stage up to the marketing stage. 
Phase one 
Growth experiments were conducted in a random statistical design to compare growth trends in H. huso larvae 
(mean weight 105.02 ± 0,02 mg) without being adapted to formulated diets. Experiments were conducted in 
fibreglass tanks (500 litre capacity) under similar culture conditions. Four replicates were run for each 
experiment. Larvae were fed four types of formulated diets (Diet A=100 % formulated diet produced in the 
International sturgeon Research Institute, Diet B=formulated diet imported from Holland, Diet C= formulated 
diet imported from France, Diet D= a mixture of Diet A + 10% gammarus) 8 times a day to satiation for a period 
of 49 days. The results obtained were compared with those obtained for the control group that was fed live food 
(Daphnia and Artemia). Mean water temperature during the experimental period was 18.52 ± 0.48 ?C and mean 
dissolved oxygen was 7.35 ± 0.18 mg/l. The first signs of food granules were observed in the guts of the larvae 
after 12 h of the first feeding. All experimental groups were adapted to granulated diets on day 3 to day 5. In the 
beginning of the experimental period the larvae showed a no normal distribution (P 0.05) in terms of weight and 
length. However significant differences were observed in the end of the experimental period among the different 
groups studied in terms of growth, specific growth rate and food efficiency (P 0.05). Growth in group B and D 
were significantly higher than that in other groups except for the control group (P 0.05). It may thus be 
concluded that the olfactory organs of larvae took to Diet B (may be due to its composition) and to the diet D 
(because of its odour, texture and suitable flavour) more readily than other diets. 
At the end of the experimental period, maximum survival (98%) belonged to the control group. Survival rate in 
Group B and Group D was 90 % and 86.5%, respectively (P 0.05). Minimum survival belonged to fish fed Diet 
A (29.7%) and Diet C (45.5%). With regard to the adaptability of larvae to formulated diets, survival rates and 
growth and development in larvae we may conclude that the effects of different formulated diets on growth in 
larvae can be conducted on larvae with a mean body weight between 100 to 120 mg. In this weight class the 
digestive system and olfactory organ are fully developed and play a vital role in searching for food particles. 
Phase Two 
The effects of different level of protein (P) and energy (E) and their improved ratios (P/E) on the body 
composition in farmed H. huso fingerlings up to marketable size was studied in a completely randomized design 
(factorial) under similar conditions of culture (dissolved oxygen, light, water flow etc.) using four different 
weight classes. 
1) A total of 920 H. huso fingerlings with a mean weight of 8.26 ± 0.11 g were used in this experiment. Diets 
used consisted of four levels of protein (35, 40, 45 and 50%) and for each protein level four levels of energy 
(18.5, 19.8, 21.1, 22.4 mega joule per kg diet) with four different ratios of P/E (18.09 to 32.35 mg protein per 
kilo joule) were used. Fingerlings under study were fed four times during the day up to satiation for a period of 
117 days. Results obtained from this experiment indicate that under one energy level, increase in protein from 
35% to 50% resulted in increasing trends in weight gain, specific growth rate (SGR), protein efficiency ratio 
(PER) and food efficiency (FE), whereas food conversion ratio (FCR), net protein utilization rate (NPU%) 
showed decreasing trends (P 0.05). The variations in the parameters studied showed positive correlations with 
increase in energy levels (P 0.05). In all protein levels, fish fed low energy diets showed lower growth rates as 
compared to fishes fed medium and high energy diets (P 0.05). Comparisons of body compositions in fish under 
study showed significant differences in terms of protein, fat and humidity (P 0.05). However no differences 
were observed for ash percentage in the different groups studied.  It is evident from the results obtained that fat 
percentage in body composition showed positive correlation to fat levels in diets and negative correlation to 
protein and humidity in the diets (P 0.05). The present study shows that diets containing 40% protein, 20-21% 
fat and 21.1 mega joule crude energy per kilogram diet with a P/E ratio of 18 to 20 mg protein per kilo joule 
from a good quality source is a suitable diet in terms of physiology and economy to produce maximum growth in 
H. huso fingerlings up to the weight of 200 ± 4.46 g.  
2) A total of 600 H. huso fingerlings with a mean body weight of 188.94 ± 3.96 g were used in the second 
experiment. Fish under study were fed 16 different diets (similar to the phase one), four times a day up to 
satiation for a period of 77 days. With similar protein levels the mean final body weight (except for the diet with 
18.5 kilo cal ± crude mega joule per kg diet), SGR, FE, daily food intake and hepatosomatic index (HSI) 
improved significantly with increase in energy and decrease in P/E ratios (P 0.05), whereas NPU% showed 
decreasing trends with increase in energy levels (P 0.05). No significant differences were observed in growth 
indices in fish under study fed with low and high energy diets. Results obtained from this experiment indicate 
that diets with 35% protein with 20 to 22% fat and 21.1 mega joule crude energy per kilogram diet with a P/E 
ratio of 19 to 20 mg protein per kilo joule was a suitable diet for improved growth in H. huso fingerlings with a 
mean body weight of 185 to 737.7 ± 14.3 g.  
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3) A total of 360 H. huso fish (mean weight =872.79 ± 31.27 g) were fed 12 diets containing three different 
levels of protein (35, 40, 45%) and four levels of energy for each protein level (similar to Phase one) for a period 
of 130 days. Results obtained showed that increase in protein level from 35 to 45% did not cause any variations 
in growth rate and growth indices. Increase in energy from 18.5 to 22.4 mega joule crude energy per kg diet 
resulted in irrational increases in the indices studied including mean final weight, SGR, FE, and protein recovery 
(P 0.05). Highest final weight (1922.7 ± 27.1 g) in this phase belonged to fish fed diets containing 40% protein 
and 22.4 mega joule crude energy per kg diet. However as no significant differences were observed and also due 
to the reduced production costs, Diet C (35 % protein and 21.1 mega joule crude energy per kg diet) ±was 
considered a suitable diet for H. huso juveniles up to a mean body weight of 1922.7 ± 27.1 g. 
4) A total of 216 H. huso specimens (mean body weight of 1812.34 ± 15.38 g) were randomly selected and fed 
with 12 diets (similar to phase 3) for a period of 110 days.  Results obtained indicate that increase in protein 
from 35 to 45% did not produce any variations in increasing growth rates and other growth indices. Mean final 
weight, SGR, FCR, FE, PER, HIS and NPU% showed increasing trends when energy levels in diets were 
increased from 18.5 to 22.4 mega joule crude energy per kg diet under similar levels of protein (P 0.05). Study 
of body composition in fish studied indicates that with increase in fat content in body resulted in decrease in 
humidity with different levels of protein and energy.  Analysis of data show that diets containing 35% protein, 
21.4 mega joule crude energy per kg diet, 20 to 22% fat and P/E of 19 to 20 mg protein per kilo joule energy 
from a good quality source can meet the protein and energy demands of juvenile H. huso up to a mean body 
weight of 4217.9 ± 146.9 g. 
Phase Three 
Growth experiments were carried out in a random design using the factorial method under similar conditions of 
culture (dissolved oxygen, light, water flow etc.) in order to study the effects of different amounts of protein and 
improved ratios of carbohydrates to fat (CHO/EE). Five weight classes were used and body composition of H. 
huso was determined from fingerling stage up to their marketable size.  
1) A total of 920 H. huso fingerlings with a mean weight of 3.01 ± 0.11 g were fed 16 different diets containing 
four levels of protein (35, 40, 45, 50 %) and four ratios of carbohydrate to fat (1/7, 1/4, 1/1, 0/8) for each protein 
level with carbohydrate percentage varying from 13 to 29% and fat percentage varying from 13 to 22%. 
Fingerlings were fed four time a day up to satiation for a period of 100 days. Results obtained indicate that at 
each protein level (except for the 1/1), decrease in carbohydrate to fat ratio resulted in decreasing trends in SGR 
and definite food consumed (DFC), whereas FCR and NPU% showed increasing trends (P 0.05). Increase in 
protein levels only affected PER (P 0.05). In all protein levels fingerlings fed with medium levels of 
carbohydrate and fat (carbohydrate to fat ratio =1/1) showed suitable growth trends as compared to fingerlings 
fed with higher or lower carbohydrate to fat ratios (1/7 and 0/8). Analysis of body composition indicates that 
with decrease in carbohydrate to fat ratio from 1/7 lower levels humidity decreased significantly (P 0.05). 
Lowest protein content was found in fingerlings fed lowest carbohydrate to fat ratios (P 0.05). Fat content in 
fish significantly increased with decrease in carbohydrate to fat ratio except in the 1/1 ratio. On the basis of 
growth indices diets containing 40% protein, 20 to 21 % carbohydrate, 18 to 20% fat and a carbohydrate to fat 
ratio of 1/1 are preferred for H. huso fingerlings from the weight of 5 to 150 g in terms of physiology and 
economy. 
2)   A total of 460 H. huso fingerlings (mean weight=170.7 ± 4.1 g) were studied using 16 diets (similar to phase 
one). Fish under study were fed four times a day up to satiation for a period of 97 days. It was seen that with 
similar protein levels, decrease in carbohydrate to fat ratios from 1/7 to 1/1 resulted in significant differences in 
FCR, SGR, FE, DFC, NPU% (P 0.05). However a further decrease in carbohydrate to fat ratio from 1/1 to 0/8 
SGR, FE and DFC showed decreasing trends whereas FCR and NPU% significantly increased (P 0.05). 
Decrease in carbohydrate to fat ratio to lower than 1/7 (except with 1/1 ratio) resulted in decrease in humidity 
and increase in protein content in fish. Fat and humidity in body composition did not show a regular increasing 
or decreasing pattern with decrease in carbohydrate to fat ratio. Increase in protein from 35 to 40% resulted in 
increase in humidity and protein, but a decrease in fat content in fish body composition. The results of the 
present study show that although decrease or increase in carbohydrate to fat ratios from 1/7 to 1/1 did not 
influence growth trends in H. huso fingerlings in the 170 to 650 g weight class, it appears that diet 9 (35% 
protein, 22 to 23 % carbohydrate, 19 to 21 % fat and carbohydrate to fat ratio of 1/1) is a suitable diet as 
compared to other diets in producing suitable growth trends, SGR and FCR. 
3) A total of 460 H. huso specimens with a mean weight of 633.5 ± 30.7 g were studied using 16 diets (similar to 
other phases) for a period of 132 days. Fish under study were fed four times up to satiation. Results of the 
experiment indicate that different ratio of carbohydrate to fat only affected NPU% and did not affect growth 
indices such as food intake and HSI (P 0.05). Also except in the case of food intake and NPU%, increase in 
protein had no significant influence on growth indices, FE and HIS (P 0.05). It was also evident that protein and 
humidity content in body composition did not follow a regular decreasing or increasing pattern with decrease in 
carbohydrate to fat ratios (P 0.05). However decrease in carbohydrate to fat ratio from 1/7 to 1/1 resulted in 
decrease in fat content in body composition (P 0.05). Also a strong negative correlation was observed between 
protein and humidity with fat content with different levels of protein in the diet. Due to low water temperatures 



   
(mean=10 ?C), preference for food decreased in fish, however with regard to growth rates it appears that diet 9 
(35% protein, 22 to 23 % carbohydrate, 19 to 20 % fat and carbohydrate to fat ratio of 1/1) is a suitable diet as 
compared to other diets for H. huso up to a mean weight of 950.5 ± 25.4 g. 
4) In this experiment a total of 460 H. huso specimens with a mean initial weight of 891.9 ± 32.6 g were studied 
sing 16 diets (similar to other phases) for a period of 108 days under similar conditions of culture. Analysis of 
results obtained indicates that at similar protein levels, decrease in carbohydrate to fat ratios from 1/7 to 1/1 did 
not influence SGR levels in different experimental groups (P 0.05). Also final body weight, PER, SGR, FE and 
FCR in fish fed carbohydrate to fat ratio of 0/8 were better than that in fish fed diets with carbohydrate to fat 
ratio of 1/7 (P 0.05). On the other hand increase in protein level in the diet resulted in significant declines in 
final body weight and SGR levels (P 0.05). Results obtained indicate that except for the 1/1 diet which showed 
highest humidity in body composition, decrease in carbohydrate to fat ratios, did not influence the humidity 
content of H. huso under study (P 0.05). Highest protein content was seen in fish fed 0/8 and 1/4 diets which 
were significantly different from other diets (P 0.05). Decrease in carbohydrate to fat ratio from 1/1 to 0/8 
significantly influenced body composition whereby protein content increased significantly and humidity 
decreased remarkably. Also highest fat content in fish body was seen in fish fed 0/8 carbohydrate to fat ratio 
(P 0.05). Except for protein level of 40%, increase in protein did not affect the numerical value of protein, 
humidity and fat content in fish (P 0.05). (P 0.05) Therefore H. huso (in the weight range of 800 to 1900 g) fed 
with diets containing 35% protein, 22 to 23% carbohydrate, 18 to 21% fat and carbohydrate to fat ratio of 1/4 
produced highest final weights, suitable SGR and the best FCR and FE as compared to other diets. 
5) In this experiment 322 H. huso specimens with a mean body weight of 1949.4 ± 16.7 g were fed 16 diets for a 
period of 112 days. It was seen that with similar protein levels, except for diets with 1/1 carbohydrate to fat ratio, 
increase in fat and decrease in carbohydrate resulted in decrease in final weight, SGR, and PER, whereby lowest 
values for these parameters were observed with carbohydrate to fat ratio of 0/8. Significant differences were 
observed among the experimental groups except in the case of the experimental groups fed diets with 
carbohydrate to fat ratio of 1/4 (P 0.05). FCR in fish fed diets with carbohydrate to fat ratios of 1/4 and 0/8 were 
most unfavourable (P 0.05). Except for diets with 1/1 carbohydrate to fat ratio, different ratios of carbohydrate 
and fat did not influence the different parameters studied. With each ratio of carbohydrate to fat, increase in 
protein levels in diets did not influence growth indices and HIS at 95% confidence level (P 0.05) whereby 
growth rates, FE, and HIS with diets containing protein levels of 35% were more suitable as compared to that in 
fish fed higher levels of protein. We may conclude that in this weight class, feeding H. huso with higher levels of 
protein results in waste of costs. Decrease in carbohydrate to fat ratio from 1/7 to 1/4 resulted in increase in 
protein content and decrease in fat content in H. huso (P 0.05). Also comparison of results obtained for two of 
the ratios for carbohydrate to fat indicate significant decrease in fat content with a carbohydrate to fat ratio of 
1/1. On the other hand comparison of the maximum and minimum levels of carbohydrate to fat ratios (1/7 and 
0/8) proved that decrease in carbohydrate and increase in fat affected the minimum and maximum levels of 
protein and fat content in H. huso (P 0.05). Highest humidity and protein content were reported in fish fed 40% 
protein which was significantly different from other experimental groups (P 0.05). With regard to statistical 
analysis of data diet 9 (35% protein, 22 to 23 % carbohydrate, 19 to 20 % fat and carbohydrate to fat ratio of 1/1) 
is the preferred diet as compared to other diets to produce maximum growth in juvenile H. huso up to the weight 
of 3000 g in terms of physiology and economy.  

Key words: Huso huso, protein to energy ratio, carbohydrate to fat ratio, body composition, SGR  
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