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ABSTRACT 

  10-week feeding trial was conducted in aquaria with (1.93  0.2 g)     

Nile  Nile tilapia (Oreochromis niloticus) fingerlings, to examine the effect 

of different dietary carbohydrate sources in prepared diets. Corn meal, wheat 

bran, starch, date palm and akalona were incorporated into experimental 

rations at isonitrogenous (33.2 % crude protein) and isocaloric (488.6 kcal 

gross energy /100 g of diet). The results revealed that, there is a significant 

difference (P  0.01) in the final individual weight, weight gain %, specific 

growth rate % (SGR), feed conversion ratio (FCR), protein efficiency ratio 

(PER), net protein utilization (NPU) and feed intake among fish groups. The 

highest final individual weight, weight gain %, SGR %, feed intake and 

condition factor (K) were recorded with diet 2, which contained wheat bran, 

while the best FCR, NPU and FER were obtained in diet 1, which contained 

corn meal. Body composition of fish flesh (on dry and wet basis %) were 

significantly different (P  0.01) among treatments. The best results of 

protein and fat contents were achieved in case of fish fed on diet 2, which 

contained   wheat   bran  and  diet 1  containing  corn  meal.  The  sources of  
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carbohydrate in the diet significantly affect the crude protein, fat and energy 

digestibility coefficients. These results suggest that, wheat bran or corn meal 

at the 28.5 % level of the diet can efficiently be utilized as an energy source 

in ration for Nile tilapia diets, wheat bran being the best. 

INTRODUCTION 

 A problem in the development of complete artificial diets for 

aquaculture is the high protein requirement of many species of fish 

since this component contributes a high proportion of feed costs.. An 

alternative approach is to spare protein in the diet with less expensive 

ingredients such as lipids and carbohydrates (Halver, 1972) but there 

is a limit to the amount of non-protein energy that can be tolerated 

and this depends largely on the species of fish. Thus, carnivorous 

species (e. g. Salmonids) develop high levels of liver glycogen and 

suffer mortality when fed an excess of carbohydrate (Phillips et al., 

1948). In contrast, omnivorous and herbivorous species such as 

catfish and carp appear more able to use dietary carbohydrate as an 

energy source (Brett and Groves, 1979). Nile tilapia (Anderson et al., 

1984) and hybrid tilapia (Shiau and Chuang, 1995). Although no 

dietary requirement for carbohydrate has been demonstrated in fish 

(NRC, 1993), it has been suggested that an appropriate level of 

carbohydrate in fish diet should be provided so that protein and lipids 

will not be catabolized disproportionately for the supply of energy and 

metabolic intermediates for the synthesis of other biologically 

important compounds (Steffens 1989; Shiau and Huang 1990 and 

Wilson 1994). The literature indicates that a level of  20 % digestible 

carbohydrate seems to be optimal for marine and coldwater fishes 

whereas higher levels can be used by fresh-or warmwater fishes 

(Wilson 1994). The relative utilization of dietary carbohydrates by fish 

varies and appears to be related to their complexity. In general, the 

complex carbohydrates such as starch and dextrin are utilized by most 

fishes better than simple sugars like glucose (Akiyama et al., 1982; 
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Anderson et al., 1984; Wilson and Poe 1987; Tung and Shiau 1991 

and Shiau and Lin 1993). 

 Only limited work has been cared out so far on the utilization of 

different  carbohydrate sources as basic ingredients in tilapia diets. Al-

Asgah and Ali (1994) observed that maize grain at 25 % in tilapia diet 

showed better growth performance and nutrient utilization in 

comparison with other carbohydrate sources such as corn starch, 

dextrin, sucrose and glucose. However, the performance of Nile 

tilapia has been reported to decrease with the increasing level (25 - 43 

%) of maize grain in the diet (Al-Ogailyet al., 1994). Viola and Arieli 

(1983) also reported a decrease in the performance of both carps and 

tilapia when fed pelleted diets containing high levels (65 - 75 %) of 

different grains. Therefore, the present study was conducted to 

evaluate growth, feed conversion and carcass quality in the 

predominantly herbivorous tilapia, Oreochromis niloticus, when fed 

on diets containing carbohydrates of differing molecular complexity. 

The influence of dietary fiber was also investigated since many natural 

carbohydrate sources contain a high proportion of fiber. 

 

MATERIALS AND METHODS 

 

Diet preparation: 

 As far as could be determined from the literature (e. g. National 

Research Council, 1993; Gaber, 1996 and El-saidy and Gaber, 1998)  

diets were formulated to ensure that all the essential fatty acids, 

essential amino acids, mineral and vitamin requirements of tilapia 

were satisfied in the final diets. The diets were isonitrogenous and 

isocaloric and varied only in the source of carbohydrate added.   

 Corn meal, wheat bran, starch, date palm and akalona were 

included in one level (28.5 %) and molasses used as an inert bulking 

agent. The reference (control) diet contained 28.5 % corn meal. 

Formulation of the diets and the results of proximate analysis appear 
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in Table 1. Gross energy values were calculated using the results from 

diet analysis and from tabular values of Brett (1973) for feedstuff. 

 Diets were pelleted in semi-moist form and after mixing in a 

Hobart mixer and extrusion through a mincer, diets were frozen and 

then dried. Pellets were graded according to size (1.0 mm, 2.0 mm 

and 2.8 mm) to compensate for increase in fish size during the 

experiment and stored at -20 C. 

 

Experimental procedure: 

 A set of 225 Nile tilapia (Oreochromis niloticus) fingerlings of 

average weight 1.93  0.2 g were taken from the stock of fish 

research laboratory in Shebin El-Kom, Faculty of Agriculture, 

Minufiya University and were used for the feeding trial. The 

experiment was conducted in 80 l flow through aquaria with flow rate 

1 l/min. Prior to starting the experiment, Nile tilapia fingerlings were 

adapted for two weeks and at the beginning of the experiment, 15 fish 

were randomly stocked into each aquarium with three replications per 

treatment. Initial average weight within groups did not differ 

significantly. Diets were fed each to triplicate random groups of fish 

at satiate rate for 10 weeks. The diets were given to fish twice daily at 

08.30 h and at 16.30 h for 6 days a week. 

 

Growth measurements: 

 At the beginning of the experiment and every two weeks all the 

fish were taken from each replicate and weighed. 

 

Analytical methods: 

 At the end of the experiment, diets and samples of three fish were 

taken randomly within the average weight of each group and frozen 

for body composition analysis. The fish flesh of the frozen samples 

were obtained and passed through a meat grinder into one composite 
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homogenate per group. Content of homogenized fish were analyzed 

for protein (Microkeldahl method), fat by petroleum ether (b.p. 40-60 

C), moisture (Oven drying) and ash (Muffle burning), using the 

procedure of the Association of Official Analytical Chemists (1993). 

  

 Water temperature and dissolved oxygen were measured every 

day using YSI Model 58 oxygen meter. Total alkalinity and chloride 

were monitored twice weekly using the titration method and pH was 

monitored twice weekly using an electronic pH meter (pH pen, Fisher 

Scientific,Cincinnati, OH). During 10 weeks feeding trial, the water-

quality parameters averaged (  SD): water temperature, 28.4  0.8 

C:  dissolved oxygen, 6.7  0.5 mg /l :  total ammonia, 0.21  0.11 

mg /l : nitrite, 0.08  0.06 mg / l :  total alkalinity, 187  46 mg / l : 

chlorides, 590  160 mg / l : pH, 8.1  0.2.  

 

Calculation of growth parameter: 

Specific growth rate, 

(SGR) = 100 {In final wt. (g) - In initial wt. (g)} / time (days) 

Food conversion ratio, 

(FCR) = live weight gain (g) / dry food given (g) x 100. 

Protein efficiency ratio, 

(PER) = live weight gain (g) / protein given (g). 

Net protein utilization, 

(NPU) = 100 (increase in carcass protein (g) / protein fed (g). 

Condition factor (k) = (weight of fish (g) / length of fish (cm)
3
). 

SGR, FCR, PER and NPU were calculated every two weeks and the 

mean value for 10 weeks is reported. 
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Apparent nutrient digestibility: 

 During the second month of the experiment, the feces were 

collected from each aquarium every morning before feeding.  The 

feces were collected on filter paper for drying and subsequent 

chemical analysis. Apparent nutrient digestibility were calculated 

using the formula of Maynard and Loosli (1969). 

Apparent nutrient digestibility (%) = 100 - (100  X  % Cr2 O3 in feed X % Nutrient in feces) 

                        
% Cr2 O3 in feces    % Nutrient in feed 

Statistical analysis: 

 Data were analyzed by analysis of variance (ANOVA) using the 

SAS ANOVA procedure (Statistical analysis system, 1988). Duncan’s 

multiple range test was used to compare differences among individual 

means. Treatments effect were considered significant at P  0.05. All 

percentage and ratio were transformed to arc sin values prior to 

analysis (Zar, 1984). 

RESULTS 

 The results on the growth performance and nutrient utilization in 

O. niloticus fed different sources of carbohydrate are presented in 

Table 2 and Fig., 1. The fish fed diet  containing wheat bran showed 

the maximum final body weight, weight gain % and the best specific 

growth rate in comparison with all other diets. The lowest final body 

weight, weight gain % and SGR was observed for the fish fed the diet 

containing akalona. The diets containing corn meal and wheat bran 

did not show any significant difference (P  0.05) in the weight gain 

% of fish. The condition factor (K) of fish fed on the diet  containing 

wheat bran was the best, followed by the corn meal diet and starch 

diet. The diets containing wheat bran, corn meal and starch produced 

fish of similar condition factor. There was a significant difference (P  

0.01) for total feed intake of fish among treatments. The highest feed 

intake was recorded with diet containing wheat bran and the lowest 
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intake with fish fed diets containing akalona. The FCR differed 

significantly (P  0.01), and was best for the diets containing corn 

meal and poorest for the akalona diet. The FCR values for the diets 

containing corn meal and wheat bran did not differ (P  0.05) The 

best PER was observed for the diet containing corn meal whereas the 

diets containing akalona and diets containing date palm showed the 

poorest values. The diets containing corn meal and wheat bran did not 

show any significant (P  0.05) difference in their PER values. 

Overlapping results were observed for the NPU values for diets 

containing different carbohydrate sources. Although the diet 

containing corn meal showed the best NPU value, the result did not 

differ (P  0.05) between corn meal and wheat bran diets. The  starch, 

date palm and akalona diets showed the poorest NPU values. Non-

significant differences were observed in the survival rate % of fish 

during the trial, and was 100 % for all dietary treatments. 

 The data on the body composition of fish flesh for fish fed 

different sources of carbohydrate is presented in Table 3. Significant 

differences (P  0.01) were observed in the protein, fat and ash 

contents of fish fed different sources of carbohydrate. The body 

moisture content did not differ (P  0.05). The crude protein content 

of fish fed diet containing wheat bran was the highest in comparison 

with others except corn meal diet fed fish. Ash content of fish fed 

akalona diet had significantly (P  0.01) the highest values compared 

with others. The highest value of fat content was observed with fish 

fed date palm diet followed by fish fed starch diet and the lowest fat 

content was observed with fish fed akalona diet. The diets containing 

wheat bran and corn meal produced fish of similar body fat content.  

 Apparent nutrient digestibility coefficients are shown in Table 4. 

From the figures presented it seems that dietary carbohydrate had 

affected the nutrient digestibility coefficients. The highest digestibility 

coefficient of crude protein, crude fat and energy was observed with 
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wheat bran and corn meal diets and the lowest digestibility coefficient 

values for protein, fat and energy was observed with akalona diet. 

DISCUSSION 

 The results of the present study indicated the O. niloticus grow 

well when wheat bran or corn meal  were added in their diets at 28.5 

% level. The level of carbohydrate sources used in the present study 

was selected on the basis of the conclusion drawn by various workers 

(Cowey and Sargent 1979; Anderson et al. 1984; Al-Asgah and Ali 

1994; Al-Ogaily et al., 1994 and Wilson 1994), that both simple and 

complex carbohydrate up to levels of 25 % level can be used as 

energy sources for several fish species. Al-Asgah and Ali (1994) 

reported that , inclusion of maize grain at the 25 % level in tilapia diet 

has been shown to improve the growth performance and nutrient 

utilization in comparison with other carbohydrate sources like corn 

starch, dextrin sucrose and glucose. However, the increasing level 

(25-43 %) of maize grain in the diets of Nile tilapia decreased their 

growth performance (Al-Ogaily et al. 1994). Viola and Arieli (1983) 

also reported a decrease in the performance of both carp and tilapia 

when fed pelleted diets containing high levels (65 - 75 %) of different 

grains. The best growth performance was obtained on the wheat bran 

containing diet followed by corn meal diet in comparison with others, 

whereas the akalona diet showed the poorest performance. Shalaby et 

al. (1989) reported that, wheat, maize and rice increased the growth 

performance of common carp more than barley and sorghum when 

fed fish meal-soybean meal diets with cereal grains and grain by-

products. The variation between the results of this study and those 

reported by Shalaby et al. (1989) may be the result of species 

differences since both carp and tilapia have been reported to react 

differently to various feed grains (Viola and Arieli 1983). The poor 

performance of fish fed on the akalona diet in this study might be 
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because of its higher crude fiber content (12.3%) and lower 

digestibility for protein , fat and energy in comparison with other 

dietary sources of carbohydrate. 

 Some carbohydrate sources like wheat and other grains contain 

albumins which inhibit the -amylase activity in fish. However, the 

carp is able to regulate its amylolytic activity and can make up for the 

inhibition by secreting three to four times higher amounts of amylase 

(Hofer and Sturmbaure 1985; Sturmbauer and Hofer 1986). 

Significant amounts of amylase have also been found in tilapia (Al-

Hussainy and Al-Kohly 1953; Fish 1960; Nagase 1964 and Moriarty 

1973) and the amylolytic activity is dispersed along the entire intestine 

(Fish 1960). Bergot (1993) reported that wheat starch appeared to be 

the most digestible form out of a series of seven untreated 

carbohydrate sources. However, the digestibility of starch is affected 

not only by the source and nature of carbohydrate but also by the 

level of its incorporation. Popma (1982) observed that Nile tilapia can 

digest over 70 % of the energy of raw corn starch. The relatively 

good SGR and condition factor (K) in O. niloticus fed various 

carbohydrate sources at 28.5 % level in this experiment indicated that 

tilapia might also be able to regulate amylolytic activity like carp. 

Cereal grains and legumes when supplied as supplements to natural 

food already present in the water can increase fish yields under pond 

culture systems (Steffens 1989). The good PER and NPU values 

observed in wheat bran diet and corn meal diet in this study further 

indicated the efficient utilization of wheat bran and corn meal as 

carbohydrate sources. Inclusion of carbohydrates in isoenergetic diets 

containing proteins and lipids has been reported not only to produce 

higher weight gains, but also improved PER and NPU values in 

plaice, in comparison with fish fed carbohydrate-free diets (Cowey et 

al 1975). Kim and Kaushik (1992) also observed that an increase in 

the proportion of dietary non-protein energy leads to better protein 
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utilization and that the incorporation of digestible carbohydrates may 

lead to significant protein savings. 

 Knowledge on the body composition of fish and factors affecting 

it allows the assessment of fish health, determination of efficiency of 

transfer nutrients from the feed to the fish and make it possible to 

predictably modify carcass composition. As recommended by Shearer 

(1994), the data on the body composition of fish has been reported on 

wet and dry basis %. The results of the body composition of fish in 

this experiment are in accordance with the growth performance 

results. The fish fed on the diet containing wheat bran and diet 

containing corn meal showed significantly (P  0.01) higher protein 

content in comparison with other diets. All diets with different 

carbohydrate sources except akalona diet did not affect body ash 

content. All diets with different carbohydrate sources did not affect 

body moisture content. The highest value of fat content was observed 

with fish fed date palm diet followed by fish fed starch diet and the 

lowest fat content was observed with fish fed akalona diet. The diets 

containing wheat bran and corn meal produced fish of similar body fat 

content. Similar results have been reported by Anderson et al. (1984) 

and Al-Asgah and Ali (1994) for Nile tilapia and Degani et al (1986) 

for young eels, Anguilla anguilla (L.). 

 The highest digestibility coefficients of crude protein, crude fat 

and energy was observed with wheat bran diet and corn meal diets in 

comparison with others. Digestibility coefficients for diets containing 

different sources of carbohydrate were studied by Anderson et 

al.(1984). Also, some workers showed that wheat starch appeared to 

be the most digestible form out of a series of seven untreated 

carbohydrate sources (Bergot 1993). However, the digestibility of 

starch is affected not only by the source and nature of carbohydrate 

but also by the level of its incorporation. Popma (1982) observed that 
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Nile tilapia can digest over 70 % of the energy of raw corn starch. 

Protein digestibility was not affected by dietary protein content 

(Jauncy, 1982 and Magouz, 1990). It was suggested by some 

investigators that the reduction in protein digestibility could be 

attributed to the increase of crude fiber level in the diet. The same 

result was found with akalona diet, which contained 12.3 % fiber in 

the present study.  

 In summary, there seen, to be potential for using wheat bran at a 

level of 28.5 % as an energy source in ration for Nile tilapia 

fingerlings. Further work is needed to examine the long-term effect of 

feeding carbohydrate and to determine its effect on larger fish. High 

carbohydrate feeds can be considered as ingredient for Nile tilapia 

rations. 
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Table 1: Composition and proximate analysis of diets with different sources        

       of carbohydrate in practical diets for Nile tilapia fingerlings. 

___________________________________________________ 
        Diets 

                 _____________________________________________ 

    1  2  3  4          5 
Carbohydrate sources: (Corn meal)  (Wheat bran)  (Starch)      (Date palm)            (Akalona) 

_____________________________________________________________ 

Ingredients  (%) 

Menhaden fish meal 10.0  10.0  10.0  10.0   10.0 

Meat meal   10.0  10.0  10.0  10.0   10.0 

Soybean meal  43.0  43.0  43.0  43.0   43.0 

Yellow corn meal 28.5  -  -  -   - 

Wheat bran   -  28.5  -  -   - 

Corn starch   -  -  28.5  -   - 

Date palm   -  -  -  28.5   - 

Akalona   -  -  -  -   28.5 

Sodium phosphate   0.5    0.5    0.5      0.5     0.5 

Molasses     2.0    2.0    2.0      2.0       2.0 

Premix1     0.3    0.3    0.3      0.3       0.3 

L-Methionine    0.5    0.5    0.5      0.5       0.5 

Attractants       0.3    0.3    0.3      0.3      0.3 

Chemical composition (%):
2 

Dry matter   94.3  94.8  94.4  94.7   95.0 

Crude protein  33.1  33.4  33.0  33.2   33.1 

Crude fat   13.1  14.6  14.1  12.3   15.5 

Ash      8.0    9.2    7.7      9.1     9.5 

Crude fiber      4.1    5.2    4.1     5.2   12.3 

CHO    36.0  32.4  35.5  34.9   24.6 

GE(kcal/100g diet)3     488.6         492.1        494.1         480.2         495.9 

_________________________________________________________________________ 
1Premix supplied the following vitamins and minerals(mg or IU)/ kg of diet, vit. A, 8000 

I.U.; vit. D3, 4000 I.U.; vit. E 50 I.U.; vit. K3, 19 I.U.; vit. B2, 25 mg; vit. B3, 69 mg; 

Nicotinic acid, 125 mg; Thiamin, 10 mg; Folic acid, 7 mg; Biotin, 7 mg; vit. B12, 75 mg; 

Cholin, 400 mg; vit. C,  200 mg; Manganese, 350 mg; Zinc, 325 mg; Iron, 30 mg; Iodine, 

0.4 mg; Cobalt 2 mg; Copper, 7 mg; Selenium, 0.7 mg and 0.7 mg B.H.T. according to 

Lovell, 1989).  
2Values represent the means of three replicate samples. 
3Protein = 5.65 kcal/g ; Fat = 9.45 kcal/g ; carbohydrates = 4.1 kcal/g according to (Brett, 

1973). 
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Table 2: Effect of different dietary sources of carbohydrate on fish growth             

       performance and feed utilization of Nile tilapia fingerlings. Values       

       are means  SE1. 

______________________________________________________________ 

      Dietary treatments 

         __________________________________________________ 

    1      2        3           4       5 
CHO sources: (Corn meal)     (Wheat bran)   (Starch)            (Date palm)        (Akalona) 

______________________________________________________________ 
Initial wt. (g/fish)   1.93   0.2      1.93   0.2       1.93   0.2         1.93   0.2     1.93   0.2 

Final wt.(g / fish)   10.7   0.2
b
      11.3   0.3

a
        9.3   0.3

c
          8.6   0.2

d 
      7.8   0.2

e
 

Weight gain (%)      457.0   9.3
a
     483.0  11.4

a    
380.0   23.3

b
   344.0  17.1

c
     302.0   7.5

d
  

SGR (% day
-1

)          2.36   0.01
b         

2.41   0.01
a      

2.22   0.02
c
     2.14   0.01

d
      2.04   0.01

e
 

FCR              1.70   0.1
a
      1.90   0.1

a
      2.00   0.2

bc          
2.10   0.1

c             
2.20   0.1

c
 

PER              1.80   0.1
a
      1.60   0.1

ab       
1.50   0.2

bc           
1.40   0.1

bc           
1.40   0.1

c
 

Feed intake (g/fish)   14.9   0.8
b        

17.4  1.0
a        

14.60   0.8
b        

14.00   0.7
bc

      12.90   0.2
c
 

FER              0.59   0.03
a         

0.54   0.04
ab

   0.50   0.05
bc      

0.47   0.03 
bc

    0.45   0.02
c
 

NPU            31.97  1.00
 a     

28.80  1.64
 a
   24.72  1.44

 b     
23.10   0.74

b  
   22.89   0.45

 b
 

Condition factor (K)  1.06   0.17
 a
    1.10   0.02

 a      
1.02   0.10

 a       
0.90   0.03

 b
      0.85   0.02

 b
 

Survival rate (%)   100             100               100        100   100 

_____________________________________________________________________________ 
1a,b,c,d,e means in the same row bearing different letter differ significantly at 0.01 level.  
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Table 3: Effect of different carbohydrate sources on chemical composition of        

       fish flesh (means  SE)1, 2 

__________________________________________________________________ 

      Dietary treatments 

                        _____________________________________________________ 
             1    2   3  4       5 

   (Corn meal)   (Wheat bran) (Starch) (Date palm)     (Akalona) 

__________________________________________________________________ 

Dry basis (%) 
Moisture  75.1    0.8   75.7   0.6  76.7   0.3   76.2   1.1     75.6   1.1 

Protein  71.9   0.7
a
   72.5    0.6

a
  69.4   0.3

b
   67.5   0.6

c
      68.3   0.3

c
 

Fat   18.8   0.1
c
   17.7   1.2

c
  20.5   0.3

b
   21.8   0.6

a
      15.5   0.3

d
 

Ash     8.4   0.4
a
     8.7   0.8

a
     8.6   0.2

a
     8.2   0.8

a
      12.4   0.3

b
 

Wet basis (%) 
Protein  17.9   0.4

a
   17.6   0.5

ab
  16.2   0.2

c
    16.1   0.8

c
     16.7   0.8

bc
 

Fat     4.7   0.2
bc 

    4.3   0.4
c
     4.8   0.1

b
     5.2    0.2

a
       3.8   0.1

d
 

Ash     2.1   0.1
ab        

2.2   0.2
ab 

  2.0   0.04
a          

2.7   1.1
ab        

3.03   0.1
b
 

__________________________________________________________________ 
1 a,b,c,d,e means in the same row bearing different letter differ significantly at 0.01 level.  
2 Composition of fish slaughtered at the beginning of the experiment dry basis  

(moisture 79.5%; crude protein 72.5 %; fat 9.6 % and ash 12.4 %), wet basis (crude 

protein 15.2 %; fat 2.1 and ash 2.6 %). 

  
Table 4: Apparent nutrients digestibility coefficients for Nile tilapia fingerlings 

 fed diets containing different dietary carbohydrate sources. Values represent 

 the means  SE1.  

_______________________________________________________ 
      Digestibility coefficients 

    _________________________________________________ 

Diets   Crude protein  Crude fat   Energy 

_______________________________________________________ 

1 (Corn meal)  83.6  0.11a  47.23  5.70a  61.57  0.14a 

2 (Wheat bran)  85.1  0.28a  57.64  0.21a  56.59  0.05c 

3 (Starch)   78.9  0.82 b  52.95  3.03a  58.59  0.53b 

4 (Date palm)  73.2  0.43c  54.27  2.19a  50.58  0.20d 

5 (Akalona)  65.1  1.26d  19.65  1.43b  35.92  0.23e 

__________________________________________________________________ 
1a,b,c,d,e means in the same column bearing different letter differ significantly at 0.01 

level. 
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Fig., 1: Growth of Nile tilapia fingerlings as influenced by different            

      dietary carbohydrate sources. 
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