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SUMMARY

The aim of this study was to investigate the effect of three different dietary 

energy levels on some blood and seminal plasma constituents and semen quality 

of Rahmani rams. A total of twelve Rahmani lambs were used during 9 months 

from January to September 2007. The lambs had an initial weight 30.9±1.03 kg 

(8- 9 months old, pubertal age). The control diet (recommended allowances) 

was formulated as a metabolisable energy and adjusted fortnightly due to body 

weight changes according to NRC (1985). The metabolisable energy contents of 

the control diet was increased by 20 % for the high energy (HE) diet and 

decreased by 20 % for the low energy (LE) diet. The actual metabolisable 

energy levels for the control, high and low dietary energy were 2615, 3138 and 

2092 kcal ME/kg on DM basis, respectively. Blood samples were collected 

fortnightly throughout the experimental period, while semen samples were 

collected twice weekly from each ram for nine weeks (from July to September 

of the same period). Blood plasma hematocrit, total protein, albumin, globulin, 

A/G ratio, total lipids, triglycerides, cholesterol, AST, ALT, AST/ALT ratio and 

thyroxin did not differ significantly in all experimental groups. The 

concentration of blood plasma testosterone was lower (P<0.05) in LE rams than 

HE rams and the control rams. The concentration of seminal plasma total 

protein, globulin, A/G ratio, total lipids, triglycerides, and AST/ALT ratio did 

not differ significantly in all experimental groups. In general, most semen 

physical characteristics were high in LE fed rams but did not differ significantly 

compared to other groups. Better physical characteristics of semen were noticed 

in Rahmani rams fed the low dietary energy level (2092 Kcal ME/kg DM) 

starting from the pubertal age till sexual maturity. 
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INTRODUCTION

The number of sheep in Egypt was determined to be 5.15 million head 

contributing in 17% of local demand of red meat according to FAO STAT 
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(2006). Mutton in Egypt comes mainly from Rahmani and Ossimi breeds which 

represent the majority of the local sheep population.

Dietary energy is the most important factor which affects semen quality in 

farm animals (Bhosrekar, et al. 1986). The deficiency of dietary energy causes 

delay of animal puberty, suppresses libido and sperm production (Fourie et al.,

2004). Also, the amount of the mutton depends mainly on the reproductive 

performance of the rams (Hafez and Hafez, 2000).

Therefore, the aim of this study was to evaluate possible effects of different 

dietary energy levels (Kcal ME /kg/DM) on blood plasma constituents, blood 

hormones and physical and biochemical semen characteristics of Rahmani 

lambs which may reflect a specific allowances being a critical obstacle for 

implementing intensive production systems.

MATERIAL AND METHODS

This study was carried out at Animal Physiology Lab., Faculty of 

Agriculture, Cairo University, Giza, Egypt starting from the first of January till 

the end of September 2007. 

1. Experimental design

A total of twelve Rahmani lambs were utilized in this study. The lambs had 

an initial weight 30.9±1.03 kg (8- 9 months old). The experimental lambs were 

divided into three groups according to the dietary energy level. The control diet 

(recommended allowances) was formulated as a metabolizable energy and 

adjusted fortnightly due to body weight changes according to NRC (1985). The 

metabolizable energy contents of the control diet was increased by 20 % for the 

high energy (HE) diet and decreased by 20 % for the low energy (LE) diet. The 

actual metabolizable energy levels for the control, high and low dietary energy 

were 2615, 3138 and 2092 kcal ME/kg on DM basis, respectively. The 

experimental rams were received the different examined diets throughout all the 

experimental period. The ingredient and nutritive values of the examined diets 

are presented in table 1. 

The lambs allowed 15 days to be adapted to the dietary energy level. The 

amount of feed was modified to cope with body weight changes. The complete 

mixed diets were offered in a pellet form twice daily at 8.0 am and 2.0 pm. 

2. Blood samples

Blood samples were collected fortnightly in the morning before the meals 

throughout all the experimental period.

3. Semen samples

The experimental rams were trained for semen collection for two months 

(May to June) and semen samples were discarded at the same period. Semen 

samples were collected twice weekly (from July to September) for each ram for 
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nine weeks by means of an artificial vagina. Semen volume, semen motility, 

abnormalities, live sperm percentage and sperm concentration were recorded. 

Then, semen samples were centrifuged at 5000 r.p.m. for 10 minutes at 4

recovered seminal plasma fraction was centrifuged again at 10.000 r.p.m. for 15 

minutes at 4 -20

chemical analysis of the experimental rations was executed according to 

(AOAC, 1996).

Table 1. Ingredients and calculated nutritive values (%) of different experimental diets

Experimental diets (%)

Ingredients 

Control Low energy (LE) High energy (HE)

Yellow corn 25 17.9 39.5

Sunflower cake 15 18 2

Soya bean meal 10 10 14

Wheat bran 10 8 3

Bean straw 16 39 4

Sugar beet pulp 17 3 29

Magnapac

®

3 0.1 4.5

Lime stone 2 2 2

Salt 1 1 1

Mineral &Vit. mixture 1 1 1

Calculated nutritive values, (%)

CP 15.4 15.3 14.7

CF 18.3 27.6 10.4

Kcal ME /kg/DM 2615 2092 3138

4. Biochemical analysis

Biochemical analyses of blood and seminal plasma were assayed according 

to the methods mentioned in table 2.

5. Statistical analysis

Data were analyzed using the general linear model of SAS (1998). Using 

the following model Y
ij
 = µ + T

i
 + E

ij

where:

Y
ij
 = observation ij

µ = overall mean

T
i
 = treatment (i=1, Control, i=2, low dietary energy and i=3, high dietary 

energy)

E
ij
=Experimental error associated with ij observation assumed to be 

randomly distributed (

2

)

Differences among means were tested using Duncan (1955). Repeated 

measurements, split plot in time, were adjusting according to Neter et al. 

(1985).
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Table 2. Methods and kits used to quantify the different biochemical analyses of blood 

and seminal plasma

Table 3. Effect of dietary energy levels on blood plasma constituents and blood 

a, b, c. means having different superscript letters in the same row differ significantly (P<0.05).

RESULTS AND DISCUSSION

Blood parameters 

The effects of dietary energy levels on blood parameters and blood 

hormones of Rahmani rams are presented in table 3. In general, dietary energy 

levels did not have any significant effect on blood hematocrit and blood plasma 

Parameters Method Company Reference

Hemoglobin 

(g/dl)

Colorimetric

Stanbio Laboratory(San 

Antonio, Texas,78202 USA)

Henry (1964)

Total protein 

(g/dl)

Colorimetric

Stanbio Laboratory(Boerne, 

Texas,78202 USA)

Cannon (1974)

Albumin (g/dl) Colorimetric

Stanbio Laboratory(Boerne, 

Texas,78202 USA)

Dumas  and 

Biggs (1972)

Triglycerides 

(g/dl)

Enzymatic-

colorimetric

Stanbio Laboratory(Boerne, 

Texas,78202 USA)

Wahlefeld 

(1974)

Total Lipids 

(g/dl)

Colorimetric Biodiagnostic ( Egypt)

Zollner and 

Kirsch (1962)

Cholesterol 

(mg/dl)

Enzymatic-

colorimetric

Stanbio Laboratory(Boerne, 

Texas,78202 USA)

Stein (1986)

AST&ALT 

(RFU/L)

Colorimetric

Quimica Clinica Aplicada 

S.A.(Amposta, Spain)

Reitman and 

Frankel (1957)

Dietary energy levels

Parameters

Control LE HE

HB (g/dl) 11.30

 a

±0.18 10.86

 ab

±0.17 10.55

 b

±0.16

HT % 42.68±0.64 42.55±0.59 40.7±0.59

Total protein (g/dl) 10.13±0.23 10.04±0.23 10.36±0.23

Albumin (g/dl) 5.53±0.13 5.54±0.13 5.73±0.13

Globulin (g/dl) 4.56±0.29 4.216±0.29 4.63±0.28

A/G ratio 1.34±0.11 1.45±0.11 1.33±0.11

Total lipids (g/dl) 0.94±0.02 0.93±0.02 0.95±0.02

Triglycerides (mg/dl) 188.31±7.05 204.00±7.05 205.94±7.05

Cholesterol (mg/dl) 217.25±9.14 222.13±9.14 224.56±9.14

AST (RFU/ ml) 44.92±7.88 53.87±6.44 58.5±7.76

ALT (RFU/ ml) 146.25 

a

±18.03 134.44 

ab

±8.71 133.67

 ab

±5.84

AST/ALT ratio 0.33±0.06 0.43±0.13 0.44±0.08

Blood hormones

Thyroxin (µg/dl) 4.79±0.53 5.07±0.48 5.53 ±0.81

Testosterone (ng/dl) 5.61 

a

±99.82 2.86

b

±44.05 5.34

 a

±69.29
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total protein, albumin, globulin, A/G ratio, total lipids, triglycerides, cholesterol, 

aspartate transaminase (AST), alanine transaminase (ALT) and AST/ALT ratio 

among all experimental groups. 

The concentration of blood hemoglobin in HE rams did not differ (P<0.05) 

compared to LE rams, but was lower significantly compared to the control rams. 

Also, the concentration of blood hemoglobin in LE rams did not differ (P<0.05) 

compared to the control rams. 

Effects of dietary energy levels are in agreement with the results observed 

in Ossimi rams, Abdel-Salam (2003) reported that the blood serum total protein 

and albumin did not differ significantly between groups fed 2.0 and 2.5 % BW 

of high concentrate mixture. Also, the blood serum globulin and A/G ratio did 

not differ significantly among high concentrate mixture groups (2.0, 2.5 and 3 

% BW). Shahin et al. (2004) found that the blood plasma total protein, albumin 

and A/G ratio were not changed (P<0.05) in three different dietary energy levels 

in buffalo calves.

The concentration of blood plasma thyroxin did not changed significantly 

in all experimental groups. Values of plasma thyroxin among the experimental 

groups were in the normal physiological range reported by Nixon et al., 1988  

The concentration of blood plasma testosterone was lower (P<0.05) in LE 

rams than HE rams and the control rams. However, the concentration of blood 

plasma testosterone did not differ significantly in HE rams compared to the 

control rams. 

The decrease in blood plasma testosterone in LE rams might be caused by 

the fat content in the diet which is lower than the HE and the control rams. The 

cholesterol is an important precursor of testosterone. Therefore, the reduction in 

dietary fat affects the level of blood testosterone. Although, the reduction in 

plasma testosterone did not cause any adverse effect on sex drive or semen 

quality of Rahmani rams under the experimental condition. Roselli et al. (2002) 

reported that the minimum basal concentrations of plasma testosterone required 

for exhibiting heterosexual courtship and copulatory behaviors was 2.2 ± 6.2 

ng/ml in rams. Schanbacher and Lunstra (1976) reported that the concentration 

of plasma testosterone decreased gradually through the winter months and 

reached its lowest levels in late March (2.06 ng/ ml in Finn rams and 1.01 ng/ 

ml in Suffolk rams). 

Semen physical characteristics 

The effects of dietary energy levels on semen physical characteristics of 

Rahmani rams are represented in table 5. 

Hafez and Hafez (2000) reported that the semen ejaculate volume ranges 

between 0.5 and 2 ml in mature rams, and 0.5 and 0.7 ml in young rams. Also, 

the percentage of sperm motility ranges from 70 to 90% in the rams. Semen 

with more than 15% abnormal sperm should not be used for artificial 

insemination.
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In general, most of semen characteristics were higher in LE rams but did 

not differ significantly compared to other groups. The semen ejaculate volume 

was higher (P<0.05) in LE and HE rams by 36 and 26% compared to the control 

rams, respectively. Though, the semen ejaculate volume was not changed 

significantly in LE rams compared to the HE rams. In the present study, the 

treatment of dietary energy levels did not have any significant effect on mass 

motility, advanced motility, abnormalities and sperm concentration among all 

experimental groups.

Table 4. Effect of dietary energy levels on semen physical characteristics (

Rahmani rams 

a, b, c, means having different superscript letters in the same row differ significantly (P<0.05).

Table 5. Effect of dietary energy levels on seminal plasm

Rahmani rams

a, b, c, means having different superscript letters in the same row differ significantly (P<0.05).

The results of the present study is in agreement with Alvarez et al. (1995) 

who reported that there were no significant differences in advanced sperm 

motility and sperm concentration in merino ram lambs fed rations with an 

energy content exceeding that of the standard diet (control) by 15, 22 and 30%.  

Fourie et al. (2004) found that the percentage of abnormal spermatozoa was not 

significantly changed in low dietary energy rams and high dietary energy rams, 

Dietary energy levels

Parameters

Control LE HE

Ejaculate volume (ml) 1.00

c

±0.04 1.36

a

±0.06 1.26

ab

±0.07

Mass motility (score; 0-5) 4.88 ±0.06 4.96±0.03 4.87±0.05

Advanced motility (%) 79.22

ab

±1.51 83.28

a

±0.94 79.44

ab

±1.24

Live sperm (%) 84.14

b

±1.31 88.22

a

±1.23 86.85

 ab

±1.01

Total abnormalities (%) 16.20±0.99 15.06±0.97 16.72±0.92

Sperm concentration (10

7

/ml) 320.46

ab

±16.43 333.57

a

±16.30 329.65

ab

±15.44

Sperm output (10

7

/ejaculate) 320.46

c

±28.81 453.66

a

±28.58 415.36

a

±27.08

Total output live (10

7 

/ejaculate)

269.64

b

±27.50 400.22

a

±21.76 360.74

a

±26.48

Dietary energy levels

Parameters

Control LE HE

Total protein (g/dl) 6.64±0.24 6.63±0.24 6.49±0.37

Albumin (g/dl) 3.18 

cb

±0.09 3.38 

ab

±0.09 3.11 

c

±0.17

Globulin (g/dl) 3.46±0.23 3.23±0.23 3.36±0.42

A/G ratio 1.15±0.10 1.36±010 1.13±0.18

Total lipids (g/dl) 0.87

b

±0.03 0.87

b

±0.02 0.92 

a

±0.02

Triglycerides (mg/dl) 235.50±8.36 229.71±7.33 242.76±7.33

Cholesterol (mg/dl) 202.20 

c

±6.08 214.71 

ca

±4.46 229.24 

a

±6.16

AST (RFU/ml) 76.64 

b

±4.97 95.77 

a

±5.75 79.47 

ab

±5.90

ALT (RFU/ml) 64.79 

ab

±8.10 78.40 

a

±8.30 59.73 

b

±3.96

AST/ALT ratio 1.40±0.17 1.42±0.18 1.39±0.11
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it may be possible that the test period of 49 days was not long enough to induce 

visible changes on sperm morphology. 

Bester (2006) found that the motility, advanced motility and sperm 

abnormalities were not changed significantly among high, low and control 

dietary energy levels of Dorper rams (9.39, 6.52 and 8.09 MJ/kg), respectively.

On the other hand, Fourie et al. (2004) reported that the mass sperm 

motility and advanced sperm motility in Dorper rams were significantly higher 

in low dietary energy compared to the high dietary energy (3.3, 80.5 vs. 2.3 and 

80.5 %, respectively). 

Hafez and Hafez (2000) reported that the total number of live sperm per 

insemination is more important than the percentage of abnormal sperm. The 

inability of a single sperm to penetrate the Zona Pellucida of the ova is believed 

to be one of the limiting factors in semen fertility.

The percentage of live sperm was higher (P<0.05) in LE rams by 4.8 % 

compared to the control rams. The percentage of live sperm was not changed 

significantly in HE rams compared to LE and the control rams. In the present 

study, the total live sperm was higher (P<0.05) in HE and LE rams by 33.79 and 

48.43 % compared to the control rams, respectively. In LE rams, the total live 

sperm was not changed significantly compared to LE rams. 

In bulls, Bhosrekar et al. (1986) found that the dietary energy levels, 80 and 

120% TDN did not cause any significant effect on the percentage live sperm 

(85.57 and 87.69%, respectively). In rams, Fourie et al. (2004) reported that the 

live sperm percentage was not significantly changed in low dietary energy rams 

and high dietary energy rams, it may be possible that the test period of 49 days 

was not long enough to induce visible changes on sperm viability. Bester (2006) 

found that the percentage of live sperm was not changed significantly in high 

dietary energy level compared to low dietary energy level of Dorper rams (9.39 

and 6.52 MJ/kg), respectively.

The sperm concentration of an ejaculate varies from 3.5 to 6.0×10

9

sperm/ml in the ram (Evans & Maxwell, 1987; Hafez & Hafez, 2000).  Gil et al. 

(2003) considered a concentration of 

9

 sperm/ml to be normal and 

acceptable. In the present study, the sperm concentration did not differ 

significantly in HE rams compared to LE and the control rams. These findings 

are in agreement with Alvarez et al. (1995) and Bester (2006) 

The concentration of total sperm output increased (P<0.05) in HE rams and 

LE rams by 29.61 and 41.57 % compared to the control rams (415.36 and 

453.66 vs. 320.46x10

9

/ejaculate), respectively. These findings are in agreement 

with the results obtained in rams by Fourie et al. (2004) who found that the total 

sperm output in low dietary energy rams was significantly higher than that fed 

high dietary energy (1170.3 vs. 731.6 x10

6 

cells/ml), respectively.

7. Biochemical seminal plasma 

The effects of dietary energy levels on biochemical seminal plasma in 

Rahmani rams are presented in table 5. In general, the concentration of seminal 
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plasma total protein, globulin, A/G ratio, total lipids, triglycerides, and 

AST/ALT ratio did not differ significantly in all experimental groups. The 

concentration of seminal plasma albumin was lower (P<0.05) in HE rams by 8.0 

% than LE, but did not differ significantly compared to the control rams. 

The concentration of seminal plasma cholesterol in HE rams was higher 

(P<0.05) by 9.79 % than the control rams, but did not differ significantly 

compared to LE rams.  The concentration of seminal plasma cholesterol did not 

differ significantly in LE rams compared to HE and the control rams. 

The activity of seminal plasma AST was higher (P<0.05) in LE rams 

compared to the control rams. The activity of seminal plasma ALT was higher 

(P<0.05) in LE rams than HE rams. 

Previous results of semen physical characteristics (Table 4) and seminal 

plasma constituents (Table 5) of Rahmani rams as affected by dietary energy 

levels received starting approaching pubertal age (8- 9 months) till sexual 

maturity revealed that the testicular function appeared to be more affected than 

the accessory sexual glands by dietary energy levels.

CONCLUSIONS

Better physical characteristics of semen were noticed in Rahmani rams fed 

the low dietary energy level (2092 Kcal ME/kg DM) starting from the pubertal 

age till sexual maturity being cost effective under intensive production systems.  
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