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ABSTRACT 

A 8-weeks feeding trial was conducted to explain the most suitable levels of protein and energy for red tilapia fry 

reared in fresh water. Nine experimental diets of 25, 30 and 35% crude protein and within each level, three levels 

of metabolizable energy (ME) 240, 280 and 320 kcal/100 g diets were formulated. Red tilapia fry (0.77 g) fed the 

experimental diets at a daily rate of 20% (during the 1st month) and then decreased to 10% (2nd month) of the total 

biomass. The obtained results showed that, increasing dietary protein and energy levels significantly improved all 

growth parameters (body weight, body length, weight gain and specific growth rate) of red tilapia fry. Fish group 

fed the diet contained 35% crude protein and 320 Kcal ME/100 g showed the highest final body weight, body 

length, weight gain and specific growth rate while fish fed the diet contained 25% crude protein and 240 kcal 

ME/100 g showed the lowest growth parameters. It is also found that increasing protein or energy levels in red 

tilapia fry diets significantly increased feed intake (FI) and significantly improved feed conversion ratio (FCR) 

and protein efficiency ratio (PER). The best feed efficiency parameters (feed conversion ratio and protein 

efficiency ratio) were obtained for fish group fed the diet containing 35% crude protein and 320 kcal ME/100 g 

while the diet contained 25% crude protein and 320 kcal ME/100 g diet had the worst FCR. Increasing dietary 

protein and energy levels in red tilapia fry diets significantly decreased protein and increased fat contents of red 

tilapia bodies. Generally, based on the present results, the experimental diet containing 35% crude protein and 320 

kcal ME/100 g considered the most suitable diet for red tilapia fry reared in fresh water. 
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Introduction 

 

Tilapias are widely cultured in about 100 countries 

in tropical and subtropical regions. The first red tilapia 

produced in Taiwan in the late 1960s, was a cross 

between a mutant redish-orange female Mozambique 

tilapia and a normal male Nile tilapia. It was called the 

Taiwanese red tilapia. Another red strain of tilapia was 

developed in Florida in the 1970s by crossing a normal 

colored female Zanzibar tilapia with a red-gold 

Mozambique tilapia. A third strain of red tilapia was 

developed in Israel from a mutant pink Nile tilapia 

crossed with wild Blue tilapia (Popma and Masser, 

1999). For the maximization of optimum growth rate and 

productivity of red tilapia, it is necessary to determine the 

protein and energy requirements of this fish under 

freshwater conditions. Since the protein content in finfish 

diets usually constitutes the largest single cost factor in 

feeds. Increasing protein level in diets can lead to 

improved fish production. However, excessive dietary 

protein level is not economical for fish culture because it 

is responsible for a large part of the feed cost. Dietary 

protein and energy levels are known to influence the 

growth and body composition of fish (Soltan et al., 

2002). Insufficient energy in diets causes protein waste 

due to the increase of dietary protein proportion used for 

energy and produced ammonia can reduce the water 

quality. On the contrary, body lipid deposition and 

growth reduction were found because of a lack of 

necessary nutrient for growth (Daniels and Robinson, 

1986). Therefore, it is important to improve the dietary 

protein utilization for body protein synthesis rather than 

for energy purposes. In addition, the optimization of the 

ratio of protein to energy play an important role in protein 

and energy utilization for fish (Kaushik, 1984).     

The optimum protein level for tilapia has been the 

aim of many research studies in order to increase farm 

profitability. A wide range of 25-56% dietary crude 

protein level has been reported to be the protein level 

inducing maximum weight gain (Shiau et al., 1987; 

Siddiqui et al., 1988; El-Dahhar, 1994; Wu et al., 

1995 and Soltan et al., 2002). Variation in protein 

requirements is due to different reasons; fish size, 

feeding rates, environmental conditions, protein and 

energy quality and their concentration in the diet. 

Providing the exact amount of energy in fish diets is 

important, because if the useful energy is too high the 

consumption of protein and other nutrients may be 

restricted and growth is retarded. Furthermore excess of 

energy may produce fatty fish. This can be undesirable 

especially if it reduces the dress-out yield and decrease 

the durability of the frozen fish (Lovell, 1989). On the 

other hand, when the diet is deficient in energy, dietary 

protein will be used as an energy source (Cowey, 1980). 

The more protein is used for energy, the more ammonia 

is produced, and the more energy is lost as heat (Cho and 

Kaushik, 1985), consequently, less protein will be 

retained in the fish body. Therefore, the proper balance 

between dietary protein and energy is therefore essential 

in fish feed formulation. The current study was conducted 

to evaluate the effect of dietary protein and energy levels 

on growth performance, nutrient utilization and body 

composition of red tilapia reared in freshwater. 

 

Materials and Methods 
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Preparation of the experimental diets 

Nine experimental diets were formulated to 

contain 3 protein levels, 25, 30 or 35%, within each 

protein level 3 energy levels were tested 240, 280 or 

320 kcal ME/100 g diet (Table 1). Formulation of the 

experimental diets is outlined in Table (2). All dry 

ingredients (fish meal, soybean meal, yellow corn and 

wheat bran) were thoroughly mixed with corn oil and 

vitamins & minerals mixture, and then, passing the 

mixed feed through a laboratory pellet (2-mm die) in 

National institute of Oceanography and Fisheries, 

Cairo Governorate, Egypt (CMP California pellet 

Mill, San Francisco, CA, USA), and stored at-20oC 

until used.  

 

Table 1. Protein and energy content of the experimental diets. 

Experimental diets Protein (%) Energy content 

(Kcal/100g )ME 

D1 25 240 

D2 25 280 

D3 25 320 

D4 30 240 

D5 30 280 

D6 30 320 

D7 35 240 

D8 35 280 

D9 35 320 

 

Table 2. Composition and proximate analysis of the experimental diets. 

Ingredients D1 D2 D3 D4 D5 D6 D7 D8 D9 

Fish meal   23.0 23.0 23.0 27.0 28.0 28.0 37.0 37.0 37.0 

Soy bean meal  24.0 24.0 24.0 34.0 34.0 34.0 31.0 30.0 31.0 

Yellow corn 21.0 23.0 29.0 14.0 14.0 13.0 10.0 19.0 18.0 

Wheat bran 26.0 19.0 11 19.0 13.0 8.0 16.0 6.0 0.0 

Corn oil 2.0 7.0 9.0 2.0 7.0 13.0 2.0 4.0 10.0 
1Vit. & mineral  4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

Sum 100 100 100 100 100 100 100 100 100 

Proximate analysis (based on dry matter     

Moisture% 4.93 5.55 4.67 4.80 5.60 4.91 5.19 5.50 5.46 

Protein% 25.55 25.27 25.08 30.32 30.70 30.30 35.25 35.04 35.51 

Fat% 5.80 9.83 14.80 6.00 9.94 14.72 6.10 9.525 14.40 

Ash% 9.29 9.32 9.44 11.32 11.6 11.69 12.20 12.75 13.48 
2ME(kcal/100g) 242 281 322 244 281 320 249 281 322 

1 Each Kg vitamin & mineral mixture premix contained  Vitamin D3, 0.8 million IU; A, 4.8 million IU; E, 4 g; K, 0.8 g; B1, 0.4 g; 

Riboflavin, 1.6 g; B6, 0.6 g, B12, 4 mg; Pantothenic acid, 4 g; Nicotinic acid, 8 g; Folic acid, 0.4 g Biotin,20 mg , Mn, 22 g; 

Zn, 22 g; Fe, 12 g; Cu, 4 g; I, 0.4 g, Selenium, 0.4 g and Co, 4.8 mg,  
2 Estimated based on values of the diet ingredients (NRC, 1993)  

 

Fry Rearing 

Red tilapia fry were obtained from a finfish hatchery 

owned by GAFRD at Abu Telaat, west Alexandria. The 

experimental fish were transported in plastic bags filled 

with sea water and oxygen to the fish laboratory. Fish 

were adapted for two months by gradually decreasing 

water salinity and finally reared in fresh water. In the 

current study 27 rectangular aquaria 100×40×50 cm 

(200 liter for each) were used to represent 9 treatments 

(3 replicates for each treatment), and each aquarium was 

stocked with 40 red tilapia fry (0.75 - 0.79 g). Red 

tilapia fry were given the pelleted diets at a daily rate of 

20% of the total biomass during the experimental 

period 6 day/week (twice daily at 9.00 am and 3.00 pm) 

and the amount of feed was bi-weekly adjusted 

according to the changes in body weight throughout the 

experimental period (60 day).  

 

Growth performance and feed utilization 

parameters:  

Records of live body weight (BW/g) and body 

length (BL/cm) of fish were measured in all fish for 

each pond and registered every 14 day (two weeks) 

during the experimental period. Growth performance 

parameters and feed utilization were measured by 

using the following equations: 

Weight gain (WG) = final weight (g) – initial weight 

(g). 

Specific growth rate (SGR) = x
t

LnWLnW 12 

100 

Where: Ln = the natural log; W1 = first fish weight; W2 

= the following fish weight in grams and   t = period 

in days. 
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Feed conversion ratio (FCR) = Feed ingested 

(g)/Weight gain (g) 

Protein efficiency ratio (PER) = Weight gain 

(g)/Protein ingested (g) 

Chemical analysis: 

At the end of the experiment, three fish were 

chosen at random from each aquaria and subjected to 

the proximate analysis of whole fish body. Moisture, 

dry matter (DM), ether extract (EE), crude protein 

(CP), crude fiber (CF) and ash contents of diets and 

fish were determined according to the methods 

described in AOAC (1990). dry matter after drying 

in an oven at 105°C until constant weight; ash 

content by incineration in a muffle furnace at 600°C 

for 12 hrs; crude protein (N×6.25) by the Kjeldhal 

method after acid digestion; and ether extract by 

petroleum ether (60-80°C) extraction.  

 

Statistical analysis 

All data are presented as means± (SE). Growth, 

hematology and blood chemistry data were analyzed 

using one way ANOVA, followed by Duncan’s 

multiple range tests (Duncan 1955) which was used to 

compare differences among individual means, with 

statistical software ANOVA procedure (SAS, 2004). 

A probability of 0.05 was utilized to account for the 

statistical difference between the means. Before the 

analysis, percentage data were normalized by arcsine-

transformation.  

 

Results and Discussion 

 
Growth performance of red tilapia fry: 

As presented in Table 3 averages of initial body 

weight (BW) of red tilapia fry was 0.77 g, body length 

(BL), 3.08 cm with insignificant (P>0.05) differences 

among the nine experimental fish groups, indicating 

the complete randomization of fish distribution among 

the nine treatments. At the experimental end it is 

obvious that, there were a significant differences in all 

growth performance parameters among the different 

fish groups (body weight, (BW), body length (BL), 

weight gain (WG) and specific growth rate (SGR) of 

red tilapia fry. These results may indicate that, protein 

requirements for red tilapia fry reared in tanks lie 

above 30% crude protein and these results are in 

complete accordance with El-Dahhar (1994) who 

found that WG of O. niloticus fry linearly increased 

with increasing diet crude protein contents. Abdel-

Hakim and Mustafa (2000) found that dietary protein 

requirements for Nile tilapia, O. niloticus reared in 

cages and depending only on artificial feeds lie 

between 28-30%. Also, Abdel-Hakim et al., (2001) 

demonstrated that, increasing dietary protein level 

from 25 to 30% significantly (P<0.05) increased fish 

BW, BL and SGR of Nile tilapia, O. niloticus reared 

in tanks. Wafa (2002) with hybrid tilapia (O. niloticus 

× O. aureus) and Soltan et al., (2002) with Nile tilapia 

(O. niloticus) found that, BW, BL and WG increased 

significantly (P<0.001) with increasing dietary protein 

from 25 to 30%. Al-Hafedh (1999) found that, SGR 

of Nile tilapia was significantly increased as diet 

protein level increased from 25-45% (with increment 

of 5%). On the other hand, Clark et al., (1990) found 

that SGR of Florida red tilapia did not differ 

significantly when fish fed diets contained 20, 25 or 

30% crude protein.  

The greatest final BW (13.41 g), BL (8.57 cm) 

WG (12.64 g) and SGR (4.68%) for red tilapia fry 

were achieved with the diet contained 35% protein and 

320 kcal ME/100 g diet. Also the lower final BW (6.22 

g) , BL(6.23 cm), WG (5.44 g) and SGR (3.42%) were 

achieved with the diet contained 25% protein and 240 

kcal ME/100g  diet. Results obtained in the present 

study are relatively consistent with Soltan et al., (2002) 

who found that the highest BW, BL, WG and SGR 

were achieved with the diet contained 30% protein and 

3000 kcal ME/kg and the lowest BW, BL, WG and 

SGR were achieved with the diet contained 20% 

protein and 3600 kcal ME/kg. Also, El-Dakar et al., 

(2011) indicated that, there were an improvement in 

all growth parameters of red tilapia as the dietary 

protein levels increased from 25 to 30% and the diet 

contained 30% protein and 20 MJ Kg-1 released the 

highest significant growth performance parameters for 

red tilapia fry. Similar results were obtained with blue 

tilapia, O. aureus, (Winfree and Stickney, 1981), O. 

niloticus (Teshima et al., 1985; Siddiqui et al., 1988 

and El-Sayed and Teshima, 1992), Tilapia zilli (El-

Sayed, 1987), hybrid tilapia, O. niloticus × O. aureus 

(Shiau and Huang, 1990). The different growth 

response to protein and energy levels in fish diets is 

probably due to dietary non-protein energy level (Kim 

and Lee, 2005). This indicates that 30% protein with 

320 Kcal ME/100 g diet has excess energy for red 

tilapia cultured in freshwater. Excessive dietary 

energy can lead to reduced growth of fish due to 

lacking of necessary nutrients for growth, resulting 

also from reduction in feed intake by fish (Daniels and 

Rebinson, 1986). Higher growth performance of red 

tilapia within dietary protein level of 30% and 320 

Kcal/100 g diet could be explained as this diet 

provided more energy for metabolization of protein to 

muscle tissue. On the other hand, fish received a lower 

dietary energy level (240 Kcal/100 g diet could be 

utilizing part of dietary protein as energy source. The 

protein sparing effect evident when more energy is 

added to the diet and observed in tilapia hybrid, O. 

niloticus × O. aureus (Shiau et al., 1987: Shiau and 

Huang, 1990). Fish groups fed the diet of 25% protein 

and 240 Kcal ME/100 g (D1) and the diet of 30% protein 

and 280 Kcal ME/100 g diet (D4) showed insignificant 

differences in final body weight and specific growth 

rate. These results suggest that red tilapia is capable of 

efficiently utilize dietary carbohydrates because this 

was the main non-protein energy source in the tested 

diets. Thus it is important to provide an adequate level 

and ratio of dietary protein and non-protein energy in 

order to reduce catabolism of protein for energy 

production.
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Table 3. Growth performance of red tilapia fry fed different dietary protein and energy levels 

Diets Body weight (g) Body length (cm) Weight gain  Specific growth rate  

D1 6.22 c 6.23 b 5.45 c 3.42 b 

D2 6.74 c 6.74 b 5.97 c 3.66 b 

D3 7.65 c 6.82 b 6.76 b 3.72 b 

D4 7.77 c 7.14 a  7.00 b 3.90 b 

D5 9.10 ab 7.13 a  8.33 ab 4.07 a 

D6 9.49 b 7.21 a 8.70 ab 4.21 a   

D7 10.40 ab 7.30 a  9.63 a 4.38 a  

D8 11.39 b 7.91 a  10.62 a 4.66 a 

D9 13.41 a 8.57a 12.64a 4.68 a 

Standard error 0.42  0.13  0.06  0.03  

+ Means followed by the same letter in each column are not significantly different (P<0.05). 

 

Feed intake and Feed utilization:  

Feed intake  
Red tilapia fry fed the diet D9 (30%CP and 320 Kcal 

ME/100 g diet) consumed the highest (15.8 g/fish) 

amount of feed whereas fish group fed the diet D1 (25% 

CP and 240 kcal ME/100 g) consumed the lowest amount 

of feed (12.15 g/fish). Total feed intake increased as 

dietary protein levels increased and not affected by 

energy level due to an increase in dietary protein level 

(Table 4). These results are in agreement with those 

obtained by El-Dakar et al., (2011) who indicated that 

feed intake for red tilapia fry was affected by dietary 

protein level and tend to increase with increasing dietary 

protein until level of 30%. El-Dahhar (2000) reported 

that, feed consumption increased as dietary protein 

increased for tilapia fry. Also, Soltan et al., (2002) 

indicated that, increasing dietary protein from 20 to 25 or 

30% in Nile tilapia diets significantly increased feed 

consumption. On the other hand, Cisse (1996), found 

that, a change in protein contents from 20 to 30% for 

tilapia fish did not have any significant effect on the 

quantity of feed consumed. El-Dahhar and Lovell 

(1995) described that, excess energy in tilapia diets may 

reduce feed consumption. Our results support those of 

Winfree and Stickney (1981) in that tilapia regulate 

their food consumption according to energy intake.  

 

Feed conversion ratio: 

Fish group fed the diet D9 (35% CP and 320 kcal 

ME/100 g) showed the best improvement in FCR 

(1.25) and fish group fed the diet D1 (25% CP and 240 

kcal ME/100 g) showed the worst (2.39) FCR value 

for red tilapia fry (Table 4). These results mean showed 

that, the diet contained 35% protein and 320 Kcal/100 

g diet considered the most suitable diet in the present 

study for red tilapia fry. Siddiqui et al., (1988), Cisse 

(1996), Abdel-Hakim et al., (2001) and Soltan et al., 

(2002). Al-Hafedh (1999) came to the same results that 

FCR of Nile tilapia was improved with increasing dietary 

protein level. El-Dahhar (1994) found that, FCR was 

significantly improved with increasing dietary protein 

level for both O. niloticus fry and the significant 

improvement in FCR was achieved when dietary protein 

level increased from 17 to 30% for fry and 17 to 22 for 

fingerlings. Wafa (2002) found that, hybrid tilapia (O. 

niloticus × O. aureus) fed the diet with P/E ratio of 100 

showed the best FCR (3.22) followed by those fed the 

diet contained 80 mg protein/kcal ME (3.27) while fish 

fed the diet contained 120 P/E ratio recorded the 

poorest (P<0.05) FCR values (3.44). Also, Soltan et 

al., (2002) found that the best FCR was obtained with 

tilapia fish group fed the experimental diet contained 

30% CP and 3000 Kcal ME/kg diet (P/E ratio of 100 

mg protein/kcal). In studies deal with different dietary 

protein levels, diet which exhibited a higher weight 

gain and growth usually exhibited, at the same time a 

higher feed conversion ratio (lower values) as was 

obtained by Shiau and Huang (1990).  

 

Protein efficiency ratio (PER): 

Protein efficiency ratio (PER) values were 

improved for fry fed the diet contained 35% CP and 

320 kcal ME/100 g diet (Table 4). Soltan et al., (2002) 

reported that, the best PER for Nile tilapia was 

recorded for fish group fed the diet contained 30% CP 

and 3000 Kcal ME/kg (P/E ratio of 100) and the lowest 

was recorded for the diet contained 25% CP and 3000 

Kcal/kg diet. Twibell and Brown (1998) found that, 

PER was unaffected by increasing dietary protein from 

25 to 35% for O. niloticus. On the other hand, 

Siddiqui et al., (1988) found that, PER decreased with 

increasing diet protein level from 20 to 50% for Nile 

tilapia. Also, El-Ebiary (1994) found that, increasing 

dietary protein level up to 35% and feeding rate up to 

4% decreased the values of nutrients (protein and 

energy) utilization in Nile tilapia and its hybrid.  Also, 

El-Dakar et al., (2011) showed that PER was 

significantly affected by dietary protein and energy 

levels whereas PER had a negative relationship with 

dietary protein level. At 25 and 30%, increasing 

dietary energy level form 240 to 280 Kcal/100g diet 

improved growth rate, feed intake, FCR and PER. 

These results are in partial; accordance with those 

reported with tilapia freshwater species by Shiau and 

Huang (1990), Wafa (2002) and (El-Dakar et al., 

2011).       

 

Proximate analysis of red tilapia: 

Chemical analysis at the end of a feeding trial is 

frequently used to determine the influence of feed on 

fish composition (Hafez et al., 2000; Abdel-Hakim et 

al., 2001). According to Hepher (1990), endogenous 
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factors (size, sex and stage of life cycle) and exogenous 

factors (diet composition, feeding frequency, 

temperature etc.) affect the body composition of fish. It 

should be noted that within endogenous factors, feed 

composition is only factor, which could have influenced 

the chemical composition of fish, as other endogenous 

factors were maintained uniform during the study. 

Proximate analysis of the present study showed that, 

dry matter content in whole fish bodies ranged 

between 27.10 to 29.78%, protein content from 55.34 

to 59.34%, fat ranged between 25.33 to 30.44% and 

ash from 12.23 to 15.44% for red tilapia fry fed the 

different experimental diets that contained different 

protein and energy levels and fish fed the different 

experimental diets had a significant effect on the 

percentages of protein, fat and ash content of red 

tilapia fry (Table 5) and these results were supported 

by Abdel-Hakim et al., (2001) who found that, 

increasing dietary protein level from 25 to 30%, 

decreased the percentages of protein from 55.58 to 

52.24%. Also, Al-Hafedh (1999) found no 

significant influence of dietary protein level (25 to 

45%) on body protein content of Nile tilapia but the 

lipid content decreased with increasing protein level 

and no clear trends in ash content were observed. 

Shiau and Huang (1990) and Soltan et al., (2002) 

indicated that, body lipid increased as dietary energy 

increased while the moisture, protein and ash contents 

decreased. Similar results were also reported with 

Mozambique tilapia (El-Dahhar and Lovell, 1995).  El-

Dakar et al., (2011) showed that, moisture, lipids, 

protein and energy were affected by dietary protein level 

but not affected by energy level. The body moisture, 

lipids, protein and energy contents tended to increase 

with increasing protein level from 25 to 35%.     

 

Table 4. Parameters of feed utilization for red tilapia fry fed different dietary protein and energy levels. 

Diets Feed intake (FI) (g/fish) Feed conversion  

Ratio (FCR) 

Protein efficiency ratio (PER) 

D1 12.15 c 2.24 b 1.75 c 

D2 12.15 c 2.03 c 1.95 b 

D3 16.36 a 2.40 a 1.66 d 

D4 14.31 b 2.04 c 1.62 d 

D5 15.53 a 1.87 d 1.74 c 

D6 14.85 b 1.70 d 1.75 b 

D7 15.80 a 1.64 e 1.73 c 

D8 15.53 a 1.45 f 1.96 b 

D9 15.80 a 1.25 g 2.25 a 

Standard error 0.04  0.02  0.02 

+ Means followed by the same letter in each column are not significantly different (P<0.05). 

 

Table 5. Proximate analysis (%) of red tilapia fry fed different dietary protein and energy levels. 

Diets Dry matter Protein Fat Ash 

D1 29.50 56.33 b 30.29 a 13.16 bc 

D2 29.30 56.23 b 30.34 a 14.00  b 

D3 29.78 55.34 c 30.44 a 13.34 bc 

D4 27.67 56.54 b 26.54 b 15.44 a 

D5 28.45 57.45 b 25.44 c 13.26 bc 

D7 28.78 56.11 b 25.33 c 13.55 bc 

D8 27.10 57.25 b 25.36 c 14.32 b 

D8 29.12 59.34 a 27.13 b 12.42 c 

D9 28.45 57.27 b 30.11 a 12.23 c 

Standard  error 0.63 2.13 1.40 1.00 

+ Means followed by the same letter in each column are not significantly different (P<0.05). 

 

Conclusion 

The results of this study indicated that, the diet 

containing 35% protein and 320 Kcal Me/100g diet is 

the optimal for growth and effective protein utilization 

of red tilapia reared in freshwater.  
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  أسماك البلطى الأحمرزريعة النمو ومكونات الجسم لأداء الطاقة على و من البروتين  مستويات مختلفةتأثير 
 محمد يحيى أبوزيد

 3علائق لإختب ر  9تك دن تم لن ا بر تدن  ا ط قة لأستتتتل ب ا بلطى الأ لر  لعلدقة أستتتت بدر   راستتتتة اف تتتت  ل ت    8فى تجربة استتتتتلرد  ل   
 353، 583، 543(   اخ  ك  لستتتت   لن لستتتت د د ا بر تدن تم مستتتتخ ام الا  لستتتت د د لن ا ط قة )%32،  33، 52دن )لستتتت د د لن ا بر ت

جرام على ا علائق ا تجردبدة ا تستتتتعة  3.77بلت ستتتتط  زن ا تجربة تم تغذدة زردعة أستتتتل ب ا بلطى الأ لر هذه فى    جم لن ا علدقة(.033كدل ك   ر /
لن ا كتلة ا  دة د لدً  خلا  ا شتتتتتتتتتتتتتتجر  %03دة د لدً  خلا  ا شتتتتتتتتتتتتتتجر الأ   لن ا تجربة  ام تم خة  لع   ا تغذدة م ى لن ا كتلة ا   %53بلعت   

أ د زد    نستتتتتبة كلًا لن ا بر تدن أ  ا ط قة فى علدقة زردعة ا بلطى الأ لر م ى زد    ك  لق ددم ا نل  ) زن ا جستتتتتم، ط    ق  ا ا نى لن ا تجربة. 
جرام ق  ستتتتتتتتتتتتجلد  033كدل ك   ر / 353بر تدن،  %32 ق  أظجرد ا نت ئج أن ا علدقة ا ل ت دة على ى ا  زن  كذ ب لع   ا نل ( ا جستتتتتتتتتتتتم، ا زد    ف

أ د زد       جرام ق  ستتتتتجلد أ تتتتتعل لق ددم  لنل . 033كدل ك   ر / 543بر تدن،  %52على  أف تتتتت  لق ددم  لنل  فى  دن أن ا علدقح ا ل ت دة
قتتة كلتت  أظجرد ا نتتت ئج أن ا علد  ا طتت قتتة فى علدقتتة زردعتتة ا بلطى الأ لر م ى زدتت    ا غتتذاع ا لتتيك    لعتت   ت  دتت  ا غتتذاع  نستتتتتتتتتتتتتتبتتة كلًا لن ا بر تدن

كةتت ع  ا بر تدن فى  دن أن ا علدقتتح  جرام قتت  أعطتتد أف تتتتتتتتتتتتتتت  لعتت    ت  دتت  ا غتتذاع  كتتذ تتب 033كدل كتت   ر / 353بر تدن،  %32ا ل ت دتتة على 
أ د زد    ل ت   ا علدقة  كل  جرام ق  ستتتتتتتتجلد أ تتتتتتتتعل  لع    ت  د  ا غذاع  كة ع  ا بر تدن 033كدل ك   ر / 353بر تدن،  %52ا ل ت دة على 

 لن ا بر تدن   ا ط قة م ى نقص لعن   فى ل ت   جسم ا سلكة لن ا بر تدن  زد    ل ت اه لن ا  هن.
جرام ق  سجلد أف   لق ددم  033كدل ك   ر  ط قة للالح/ 353بر تدن،  %32 اَ على ا نت ئج ا س بقة دلكن ا ق   بين ا علدقة ا ل ت دة على معتل 

  لنل   كذ ب كة ع  مستخ ام ا غذاع.


