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ABSTRACT

This work was carried out to study the effect of adding 

drinking water with either, copper sulfate, ascorbic acid or 

drinking cooled water on growth performance (live body weight, 

body weight gain, feed intake, feed conversion and water 

consumption), digestibility coefficients of nutrients, carcass 

traits, some physiological parameters and economical efficiency 

of growing NZW rabbits under Egyptian summer conditions. 

Ninety six weanling New Zealand White (NZW) male 

rabbits at five weeks of age and nearly similar average body 

weight (650.3 ± 3.7 g) were randomly divided into eight 

treatment groups (twelve rabbits in each group), and then each 

group was subdivided into four replicates, each of three rabbits. 

The rabbits were assigned to drinking water as follow: the 1st

group was given fresh tap water without any additives as a 

control. The 2nd, 3rd and 4th groups were given tap fresh water 

supplemented with copper sulfate at levels of 40, 80 and 120 

mg/L drinking water, respectively. The 5th, 6th and 7th groups 

were given tap fresh water supplemented with ascorbic acid at 

levels of 250, 500 and 750 mg/L drinking water, respectively. 

The 8th group was given cooled drinking water (CW) at 10-15°C. 

Results showed that supplementation of 40 or 80 mg copper 

sulfate/L or 500 mg ascorbic acid/L to heat-stressed rabbits 

drinking water improved final live body weight, body weight

gain, daily water consumption, feed conversion ratio, 

performance index and economical efficiency. Hot carcass 

percentage was significantly (P<0.01) decreased with 80 mg/L 

copper sulfate and increased significantly (P<0.01) due to 



supplementation the drinking water with 250 mg ascorbic acid/L. 

Cooled water (10-15°C) improved significantly (P<0.01) each of 

final body weight, body weight gain, feed conversion ratio,

performance index, economical efficiency and decreased 

significantly (P<0.01) each of hot carcass %, dressed weight %, 

heart%, total giblets %, rectal temperature and respiration rate.

Feed intake, mortality rate, digestibility coefficients of nutrients 

and feeding values as TDN and DE were not significantly 

affected by either different levels of copper sulfate and ascorbic 

acid in drinking water or drinking cooled water. Treatment of 

heat-stressed rabbits with 80 or 120 mg copper sulfate/L or all 

levels of ascorbic acid increased significantly (P<0.01) each of 

haemoglobin (Hb), packed cell volume (PCV), erythrocyte 

(RBCs) and serum total proteins however, mean corpuscular 

haemoglobine (MCH), mean corpuscular volume (MCV) and 

mean corpuscular haemoglobine concentration (MCHC) were 

not affected significantly by all levels of copper sulfate or 

ascorbic acid comparatively with unsupplemented group 

(control). Serum total proteins were insignificantly affected by 

the treatment with all levels of ascorbic acid. The treatment with 

drinking cooled water was insignificantly affected Hb, PCV, 

RBCs, MCH, MCV, MCHC and serum total proteins. T3 and T4

were increased significantly (P<0.01 or P<0.05) by the treatment 

with 40 mg copper sulfate/L, 500 mg ascorbic acid/L or drinking 

cooled water while T3/T4 ratio was not affected significantly.

Finally, It could be use each of copper sulfate, ascorbic acid 

and cooled water as water supplements for NZW male rabbits to 

reduce the negative effects of heat stress, especially the levels of 



40 mg/L of copper sulfate, 500 mg/L of ascorbic acid and cooled 

water which was the most efficient physical techniques for 

alleviation the heat stressed NZW male rabbits until marketing 

age in this study. 
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1. INTRODUCTION

In recent years, the domestic rabbits have been 

recommended as a good alternative source of protein due 

to the increasing of human population in developing 

countries (Lukefahr and Cheeke, 1991). Now there is 

evidence that some developing countries are beginning to 

utilize the rabbit as a main source of meat. In hot climate 

regions, where most of the developing countries are 

localized, rabbit production as any other animal 

production, is faced with many problems such as heat 

stress is the most important one. At environmental 

temperature of 32°C and higher heat stress occurs, leading 

to production losses. When temperature of 35°C and 

higher persist, the greatest losses from heat stress may 

result. The thermo neutral zone of rabbits is around 18-

21°C (Habeeb et al., 1998).

In Egypt, the climate is characterized by a long hot 

period (from May to October) and short mild one (from 

December to March). In hot period, rabbits have difficulty 

in elimination body heat due to their unfunctional sweat 

glands (Marai et al., 1991, 1994 a, b and 1996). 

Modification of the hot environment, reducing the 

animal’s heat production and increasing its heat loss, help 

in keeping the animal within the range of its thermoneutral 

state that realize comfort. Alleviation of heat stressed 

animals can be carried out by either chemical (Ayyat et 

al., 1997), physical (Habeeb et al., 1994) or nutritional 

techniques (Marai et al., 1994 a).
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Vitamin C (ascorbic acid) is one of the most widely 

studied vitamins used to alleviate heat stress in rabbits. 

Amakye-Anim et al. (2000) and El-Ghaffar et al. (2000) 

showed that, vitamin C has a role in lowering viral 

pathogenic actions and in protecting animals from heat 

stress as well as in the enhancement of the immune system 

of infected rabbits. Vitamin C is not considered a required 

dietary nutrient, but under certain adverse environmental 

conditions, the metabolic need for this vitamin may exceed 

the inherent biosynthetic ability of ascorbic acid (Abou-

Ashour et al., 2004). However, many additives are 

recently added to rabbit feed or water as a way to help 

alleviate adverse effect during summer months and to 

enhance productive performance and immune response of 

rabbits. Copper sulfate (CuSO4) has been recognized as a 

feed additives for rabbits to improve growth rate and 

reduce enteric disease (Lebas et al., 1986 and Liang et al.,

1988). Different studies had been conducted to evaluate 

CuSO4 as found by Yassein et al. (2011) who reported an

improvement of growth performance for the CuSO4

supplement in NZW rabbits and concluded that adding 

CuSO4 in drinking water is more practical to alleviate of 

heat load under the summer condition of Egypt. Also, the 

addition of 100 ppm copper (as CuO form) to the basal 

ration improved growth performance in the growing 

rabbits without accumulative effect of Cu on liver tissues 

and did not adversely influence and kidney functions under 

2
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subtropical conditions (Abd El-Samee and El-Masry, 

1997).

Furthermore, providing cooled water was found to be 

effective in alleviating the heat load of rabbits. Treatment  

of  heat-stressed  rabbits by drinking cooled water  (10-15 

°C)  showed  the  highest  body  weight,  total body  gain  

and  margin  percentage,  as well as, improved feed intake, 

feed conversion  and  decreased  water  intake (Marai et 

al., 1999).

Therefore, the objective of the present study was to 

investigate the effect of adding drinking water with either 

copper sulfate, ascorbic acid or drinking cooled water on 

the performance of growing rabbits under Egyptian 

summer conditions.

3



45

2. REVIEW OF LITERATURE

2.1. Copper sulfate effect:

2.1.1. Growth traits:

Growth performance involves a complex set of metabolic 

events which are genetically and environmentally controlled. 

Heat stress is one of the major environmental factors which 

affect on growth and productive performances. 

The different beneficial effect of copper supplementation 

on growth traits of growing rabbits in the tropics possibly is 

explained through the action on the gut flora which might 

produce different levels of growth depressing infection and had a 

role in metabolism and absorption of the iron and hemoglobin 

(Underwood and Suttle, 1999). Other investigators (King, 1975

and Omole, 1977) had suggested that the mode of action of 

copper is by reducing the wall thickness of the caecum of rabbits 

that facilitates the uptake of nutrients and consequently improves 

daily and final gains. In addition, Anugwa et al. (1984) indicate 

that the beneficial effect of supplemental dietary copper to 

growing rabbits in the tropics may be partly due to improved 

fiber utilization which increases energy availability.

2.1.1.1. Live body weight:

Ayyat (1995), Adu and Egbunike (2010) and Adu et al.

(2010) showed that there was a positive improvement 

significantly (P<0.05) in final live weight with increasing copper 

levels in diet 100, 200 and 300 mg/kg diet respectively compared 

with those of the control group. Abd El-Azeem and Abd El-

Reheem (2006) reported that live body weight was improved 
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significantly by adding copper at the levels of 150 or 300 ppm to 

rabbit diets compared to the control. Also, Ayyat et al. (1995) 

found that live body weight was affected positively with 

increasing dietary copper (100 and 200 mg/kg diet) but without 

cumulative effect.

Also, Abo El-Ezz et al. (1996) reported that copper 

supplementation increased significantly (P<0.05) final body 

weight when the maximum body weight 2.4kg was achieved 

with the 60 mg copper/L water compared with the lowest value 

of control 2.09kg. These results coincide with Patton et al. 

(1982) who reported that rabbit growth was highly significantly 

affected by 400 ppm dietary copper. Also, Liang et al. (1988)

and Bassuny (1991) reported that rabbit growth was improved as

a consequence of copper supplement.

Final body weight of rabbits that treated by copper sulfate 

levels of 100 or 200 ppm in diet was significantly improved

comparing with those of control group and also the best level 

which obtained the highest body weight was 200 ppm (Ayyat et 

al., 1997). Moreover, Wang et al. (1989) showed that the diet 

addition of copper improved body weight after 5 weeks by 

146.1% comparing to those of control (532.5 g; no additive) in 

young Angora rabbits. On the same trend, Cromwell (1999)

reported that the level of 200 to 250ppm was the best level of 

copper supplementation and had a better value of growth rate in 

weanling pigs. Conflicting with that, King (1975) found no 

increase in growth rate when 200 ppm of copper was added.

2.1.1.2. Body weight gain:

Adu (2004) and Adu and Egbunike (2010) showed that 
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there was a positive improvement in body weight gain compared 

with those of control and were significantly (P<0.05) different in 

thirty-two male rabbits were administered with copper in the 

feed at the following dosage rate: 100, 200 and 300ppm 

respectively. Also, Abo El-Ezz et al. (1996) reported that copper 

supplementation increased significantly (P<0.05) weekly body 

weight gain when the maximum improvement of average weekly 

gain 0.15 kg was achieved with the 60 ppm of copper 

supplement compared with the lowest value of control 0.12 kg. 

These results coincide with Patton et al. (1982) who reported 

that rabbit growth was highly significantly affected by 400 ppm 

dietary copper. Also, Liang et al. (1988) reported that rabbit 

growth was improved as a consequence of copper supplement.

Onifade and Abu (1998) reported that the daily gain was 

highest in rabbits fed copper 250 and 375 mg/kg diet.

Meanwhile, Furlan et al. (2002) reported that weight gain was 

significantly (P<0.05) affected by diet supplementation with 

copper and the highest weight gain observed in rabbits fed 

rations containing 567 ppm of copper. Ayyat (1995) and Ayyat 

et al. (1997) reported that increasing diet copper levels of 100, 

200 and 300 mg/kg diet obtained increasing in daily weight gain.

On the same trend, Bassuny (1991) reported that daily gain 

was improved significantly (P<0.05) by (17.3 to 23.4%) 

compared to the control diet by copper diet additions at levels of 

75, 150, 300 and 450 mg/kg feed in NZW male growing rabbits. 

Also, Abd El-Azeem and Abd El-Reheem (2006) reported that 

daily body weight gain was improved significantly by adding of 

copper at the levels of (150 or 300 ppm) to rabbit diets compared 
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to those of control. Ma DeLei and Li FuChang (2009) showed 

significant effect by copper diet supplementation with levels of 

20, 40, 80 and 160 mg/kg diet on the average daily gain. Regard 

with the effect of copper for the long-term, Adu  et al. (2010) 

showed that dietary copper generally improved weight gain in 

growing rabbits and also showed that dietary copper at a 

concentration of about 300ppm for a  long-term  (5 month 

period) was not a potential health risk.

Contrarily, Selim et al. (2004) reported that the treatment 

by copper chloride (200 mg/kg diet) did not significantly affect 

total weight gain. Also, King (1975) found no increase in growth 

rate when 200 ppm of copper was added. While partially 

contrasted with these results, Ayyat et al. (1995) who found that 

daily weight gain was affected positively with increasing dietary 

copper (100 and 200 mg/kg diet) but without cumulative effect.

2.1.1.3. Feed intake and water consumption:

There were conflicts among the researches results in the 

effect of copper on feed intake where, Selim et al. (2004)

reported that the treated with copper chloride (200 mg/kg diet) 

did not significantly affect feed intake comparing with those of 

control group. On the same trend, Abd El-Azeem and Abd El-

Reheem (2006) reported that daily feed consumption was not 

affected by adding of copper at the levels of (150 or 300 ppm) to 

rabbit diets compared with the control. Moreover, Ma DeLei 

and Li FuChang (2009) showed no significant effect by copper 

diet supplementation with levels of 20, 40, 80 or 160 mg/kg diet 

on the average daily feed intake.
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While, Adu (2004) and Adu and Egbunike (2010) showed 

that there was a positive improvement in feed intake compared to 

the control and were significantly (P<0.05) different in thirty-

two male rabbits were administered with copper in the feed at 

the following dosage rate: 100, 200 and 300ppm respectively. 

Similarly, Ayyat et al. (1997) showed that the treated by copper 

sulfate with the levels of 100 or 200 ppm in diet improved

significantly feed intake comparing with those of control group. 

Also, Adu et al. (2010) showed that dietary copper generally 

improved feed intake in growing rabbits.

Also, Adu et al. (2010) reported that daily feed intake 

increased significantly (P<0.05) with increasing dietary 

supplemented copper levels till 200 ppm. Moreover, Onifade 

and Abu (1998) reported that feed intake was highest in rabbits 

fed copper with levels of 250 and 375 mg/kg diet. Meanwhile, 

Furlan et al. (2002) reported that feed intake was significantly 

(P<0.05) affected by diet supplementation with copper and the 

highest feed intake was observed in rabbits fed ration with 

copper levels near to 570 ppm. Bassuny (1991) reported that 

feed intake was improved significantly (P<0.05) by (8.7 to 

12.0%) compared with those of control diet by copper diet 

additions at levels 75, 150, 300 and 450 mg/kg feed in NZW 

male growing rabbits. Also, Cromwell (1999) reported that the 

levels of 200 to 250 ppm was the best level of copper 

supplementation and had a better value of feed intake in 

weanling pigs.

Abo El-Ezz et al. (1996) revealed that using different 

levels of copper insignificantly affected on feed intake, while 
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water intake (Liters/Kg body weight) affected significantly 

(P<0.05) with an inversely proportional relationship, the lowest 

and highest weekly water intake (1.2) and (2.0) was achieved 

with (180 mg copper/L water) and the control (fresh tap water), 

respectively. And also reported that differences in water intake 

may be due to the difference in pH of drinking water, it was 7.5, 

7.3, 6.6 and 6 for control, 20, 60, and 180 mg copper/L water, 

respectively and suggested the reason for this is that the 

increasing in copper sulfate concentration in water decrease the 

pH value and water become more unpalatable and more acidic 

due to sulfur ions.

2.1.1.4. Feed conversion and performance index:

Ayyat (1995) and Adu and Egbunike (2010) showed that 

there were significantly (P<0.05) different in feed conversion of 

male rabbits were administered with copper in the feed at the 

following dosage rate: 100, 200 and 300ppm respectively. Also, 

Adu et al. (2010) reported that feed conversion ratio increased 

significantly (P<0.05) with increasing dietary supplemented 

copper levels until 200 ppm. Abo El-Ezz et al. (1996)

documented that feed conversion ratio was improved 

significantly (P<0.05) by water treatments 20, 60 and 180 ppm 

of copper and the best ratio (3.6) was achieved by 60 ppm of 

copper supplement compared to control (4.2). These results 

coincided with the results obtained by Liang et al. (1988) and 

Bassuny (1991) on rabbits.

Also, Furlan et al. (2002) reported that feed conversion 

was significantly (P<0.05) affected by diet supplementation with 

copper and the best feed conversion was observed in rabbits fed 
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ration with copper levels near to 570 ppm. Abd El-Azeem and 

Abd El-Reheem (2006) reported that feed conversion ratio was 

improved significantly by adding copper at the levels of (150 or 

300 ppm) to rabbit diets compared to the control. On the same 

side, Cromwell (1999) reported that the level 200 to 250ppm 

was the best level of copper supplementation and had a better 

value of feed conversion ratio in weanling pigs.

Contrarily, Fekete et al. (1988) reported that the diet with 

18% CP supplemented with copper sulfate 16, 100, 200 or 400 

mg/kg feed did not improve (P>0.05) feed conversion in 

Hungarian rabbits among groups. Similarly, Selim et al. (2004)

reported that the diet supplemented with copper chloride (200 

ppm) did not significantly affect feed conversion ratio. Also, Ma 

DeLei and Li FuChang (2009) showed no significant effect by 

copper diet supplementation with levels of 20, 40, 80 or 160 

mg/kg diet on the feed conversion ratio. Moreover, Wang et al.

(1989) showed that the ratio of feed: meat was 77.5% comparing 

to those of control (7.79:1) in young Angora rabbits which fed 

the diet supplemented with copper. While partially contrasted 

with these results, Ayyat et al. (1995) found that feed conversion 

was affected positively with increasing dietary copper (100 and 

200 mg/kg diet) but without cumulative effect. Performance 

index were improved significantly by adding copper at the levels 

of (150 or 300 ppm) to rabbit diets compared to those of control 

group (Abd El-Azeem and Abd El-Reheem, 2006).

2.1.1.5. Mortality rate:

The beneficial effect of copper sulfate may be due to its 

productive effects against enteritis. Since enteritis is known to be 
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a major problem in commercial rabbit production. 

Abo El-Ezz et al. (1996) revealed that there was a decrease 

in mortality rate in treated group compared with control and also 

revealed that death of rabbits wasn’t observed in the treatment 60 

or 180 ppm of copper, inspite of absence of antibiotic supply. In 

the same trend Patton et al. (1982) and Bassuny (1991) stated 

that adding copper sulfate reduced mortality. On the other hand, 

Grobner et al. (1986) stated that mortality was not significantly 

differed by dietary copper or oxytetracycline.

2.1.2. Rectal temperature and respiration rate:

Selim et al. (2004) reported that the treatment with copper 

chloride (200 mg/kg diet) did not significantly affect rectal 

temperature.

2.1.3. Haematological parameters and total proteins of blood:

It could be discussed the impact of the treatment with 

copper on the blood parameters where it can be argued that the 

increase in red blood cells (RBCs) and haemoglobin (Hb) values 

though significant could be as a result of the subsequent 

production of more copper transporting protein "ceruloplasmin", 

which is required for normal RBCs formation by allowing more 

iron absorption from the small intestine and release of iron in the 

tissue into the blood plasma as observed by Cromwell et al. 

(1989). Ceruloplasmin had been reported (Osaki et al., 1966; 

1971 and Freiden and Hsieh, 1976) to play a critical role in the 

haematopoietic process by facilitating the mobilization of iron 

from the reticuloendothelial cells of the liver and spleen to the 

bone marrow cells and by catalyzing the oxidation of ferrous 

iron ions during the formation of ferric transferrin. 
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There were conflicts among the researches results in the 

effect of copper on the studied hematological parameters and 

some plasma constituents where, Onifade and Abu (1998) 

reported that Hb, PCV and RBCs counts were lower in rabbits 

fed copper (375 mg/kg diet), however, haematological indices in 

rabbits fed copper with the levels of 125 and 250 mg/kg diet 

were higher than the control. 

On the other side, Bassuny (1991) and Ahmed et al.

(1997) reported that RBCs count, Hb and PCV were increased 

significantly (P<0.01) by copper additions of rabbits in the diet.

Ayyat (1995) and Ayyat et al. (1997) showed that total protein 

was increased by diet copper supplementation with levels of 100, 

200 and 300 mg/kg during periods of heat stress. Ma DeLei and 

Li FuChang (2009) showed significant effect by copper diet 

supplementation with levels of 20, 40, 80 or 160 mg/kg diet on 

serum total protein. Partially contrasted with these results, Ayyat 

et al. (1995) found that total protein was affected positively with 

increasing dietary copper (100 and 200 mg/kg diet) but without 

cumulative effect.

Abo El-Ezz et al. (1996) revealed that PCV increased 

significantly (P<0.05) while, Hb, RBCs and total proteins were 

insignificantly affected in growing rabbits which treated by 

copper supplementation levels (20, 60 and 180 mg/L water). 

While, Adu et al. (2010) reported that Hb, PCV and RBCs 

counts were not affected by dietary copper supplementation with 

levels of 100, 200 and 300 mg/kg). Also, Adu and Egbunike 

(2010) showed that there were no significant treatment effect 

was recorded in all the hematological and serum parameters 
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studied (RBCs, Hb, PCV, MCV, MCHC, MCH and total 

protein).

2.1.4. Nutrient utilization and digestibility coefficients:

Bassuny (1991) reported that nutrient digestibility was 

improved significantly (P<0.05) by (2-4%) compared to the 

control diet by copper diet additions at levels of 75, 150, 300 and 

450 mg/kg feed in NZW male growing rabbits. Moreover, Selim 

et al. (2004) reported that the treatment with copper chloride 

(200 mg/kg diet) did not significantly affect crude protein (CP) 

digestibility coefficients (%), while, it was significantly affected 

on organic matter (OM) and crude fiber (CF) digestibility 

coefficients (%) positively and negatively affected on ether 

extract (EE) digestibility coefficients (%).

While, Abd El-Azeem and Abd El-Reheem (2006)

reported that digestibility of DM and OM were insignificantly 

increased, whereas , the digestibility coefficients of CF and NFE 

were significantly increased, while, EE digestibility coefficient 

was significantly decreased by adding copper at the levels of 150 

or 300 ppm to rabbit diets compared to the control. Also, Ayyat 

et al. (1995) found that nutrient digestibility was affected 

positively with increasing dietary copper (100 and 200 mg/kg 

diet) but without cumulative effect. Cousins (1985) and 

Underwood and Suttle (1999) reported that Copper improve 

digestibility and utilization of nutrients in the diets of pigs and 

broilers. Also, Underwood and Suttle (1999) reported that 

improve digestibility and utilization of nutrients in the diets of 

pigs and broilers might be achieved through influencing 

activities of the hormones such as growth hormones and thyroid 
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hormones. While, Shurson et al. (1990) reported that the 

performance enhancing effect of copper in animals may be 

achieved through the microbial gut flora as shown by the results 

of positive effect of high concentrations (283ppm) of copper.

2.1.5. Carcass characteristics:

Yassein at al. (2011) revealed that adding 0.1 g CuSO4/L

drinking water increased dressing and carcass % but, most values 

of carcass traits (skin, head, liver and kidney) were not 

significantly affected while heart was significantly (P<0.05) 

affected by copper sulfate supplementation. Bassuny (1991)

reported that carcass yield, liver and kidney were not affected by 

copper additions of rabbits in the diet with levels 75, 150, 300 

and 450 mg/kg feed. Also, Ayyat (1995) showed that carcass 

weight was increased by diet copper supplementation with levels 

100, 200 and 300 mg/kg. Moreover, Ayyat et al. (1995) reported 

that dressing percentage increased slightly with increasing 

dietary copper (100 and 200 mg/kg diet), whereas, liver and 

kidney percentage (relative to live weight) were not significantly 

affected, while, empty body percentage (relative to live weight) 

decreased by copper supplementation with the same levels.

Abo El-Ezz et al. (1996) revealed that the differences in 

relative weight of liver, kidney, lung, heart and dressing % were 

neither pronounced nor significant except spleen which exhibited 

significant (P<0.05) difference owing to various levels of copper 

supplement. Carcass weight was significantly (P<0.05) affected 

by diet supplementation with copper and the highest carcass 

weight was observed in rabbits fed ration with copper levels near 

to 570 ppm (Furlan et al., 2002). While, Selim et al. (2004)
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reported that the treatment with copper chloride (200 mg/kg) did 

not significantly affect total edible parts. On the same side, Abd 

El-Azeem and Abd El-Reheem (2006) reported that dressing 

percentage and hot carcass weight (%) were insignificantly 

increased by adding copper at the levels of 150 or 300 mg/kg to 

rabbit diets compared to the control.

2.1.6. Economic efficiency:

Ayyat et al. (1995) found that final margin was affected 

positively with increasing dietary copper (100 and 200 mg/kg 

diet) but without cumulative effect, while, feed cost was affected 

but not significantly by copper intake with the same levels.

While, Abd El-Azeem and Abd El-Reheem (2006) reported 

that economic efficiency and relative economic efficiency were 

improved significantly by adding copper at the levels of 150 or 

300 mg/kg to rabbit diets compared to the control.

2.2. Ascorbic acid effect:

2.2.1. Growth traits:

Growth performance involves a complex set of metabolic 

events which are genetically and environmentally controlled. 

Heat stress is one of the major environmental factors which 

affect on growth and productive performances.

Improvement of the growth performance result of ascorbic 

acid supplementation to the drinking water of heat-stressed 

growing rabbits may be attributed to the animal increased 

resistance during physiological stress and enhancement of the 

total antioxidant (Selim et al., 2004 ) or may be due to that 

ascorbic acid helps to control the increase in body temperature 
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and plasma corticosteron concentration. It also protects the 

immune system and it has an important role in bone formation 

through the growth rate (Rama-Rao et al., 2002).

2.2.1.1. Live body weight:

Hilton (1983) and Ismail et al. (1992 a, b) found that the 

addition of ascorbic acid obtained a favorable effect on final 

body weight in rabbits. On the same trend, Yassein et al. (2008)

showed that water supplementation with ascorbic acid (1 g/L) 

significantly improved final live body weight when compared 

with those of control group in NZW rabbits does. Also, Abd El-

Hamid and El-Adway (1999) found that supplementing heat-

stressed rabbit diet with either 300 or 600 mg ascorbic acid /kg 

diet significantly improved live body weight. Al-Shanty (2003)

showed that ascorbic acid (1.0 g/L water) significantly improved 

averages final weight when compared with the control group. 

Selim et al. (2004) cleared that rabbits had access to extra levels 

of ascorbic acid beyond recommendation level achieved better 

performance in growth terms (live weight gain) compared to the 

control group.

Contrarily, Skrivanova and Marounek (1997) reported 

that growth of Hyla 2000 rabbits supplied with ascorbic acid at 

30 mg/kg body weight twice a week was not significantly 

affected. Also, Sallam et al. (2005) indicated that the treatment 

with ascorbic acid at 40 mg/kg body weight resulted 

insignificant increase in body weight comparing to those of 

control group.

2.2.1.2. Body weight gain:

Hilton (1983) and Ismail et al. (1992 a, b) found that 
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adding ascorbic acid had a favorable effect on total weight gain 

in rabbits. Also, Selim et al. (2008) found that diet treated with 

200 ppm of ascorbic acid recorded significantly (P<0.01) the 

highest weight gain (1312 g vs. 943 g in control group). Also, 

Al-Shanty (2003) showed that adding ascorbic acid (1.0 g/L 

water) significantly improved averages of daily gain when 

compared with the control group. Selim et al. (2004) cleared that 

rabbits had access to extra levels of ascorbic acid beyond 

recommendation level achieved (P<0.01) better live weight gain 

compared to the control group.

On the other hand, Yousef et al. (2003) have indicated that 

ascorbic acid supplementation in drinking water insignificantly 

affected on body weight gain of NZW rabbits does. Also, Selim 

et al. (2004) reported that the treated with ascorbic acid (300 

mg/kg diet) did not significantly affect total weight gain.

2.2.1.3. Feed intake and water consumption:

Skrivanova and Marounek (1997) reported that feed 

intake of Hyla  2000 rabbits supplied with ascorbic acid at 30 

mg/kg body weight twice a week was not significantly affected. 

Similarly, Sallam et al. (2005) indicated that the treatment with 

ascorbic acid (40 mg/kg body weight) resulted insignificant 

increase in feed intake and drinking water comparing with those 

of control group. Moreover, Selim et al. (2004) reported that the 

treated with ascorbic acid (300 mg/kg diet) did not significantly 

affect feed intake.

On the same trend, Abou-Zeid et al. (2000) and Al-

Homidan (2000) reported that there were no significant 
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differences observed on daily feed intake due to ascorbic acid

supplementation on Japanese quail and broilers drinking water.

Contrasted with these results Shehata (2005) showed that 

ascorbic acid supplementation caused significant increase in feed 

intake. Yousef et al. (2003) and Yassein et al. (2008) showed 

that the water supplementing with ascorbic acid at 1 g/L 

increased daily feed consumption when compared with those of 

control group of NZW rabbits does. While, Al-Shanty (2003)

showed that ascorbic acid (1.0 g/L water) was numerically 

decreased daily feed intake when compared with the control 

group.

2.2.1.4. Feed conversion and performance index:

Selim et al. (2004) cleared that rabbits had access to extra 

levels of ascorbic acid beyond recommendation level achieved 

better performance in feed conversion ratio compared to the 

control group. Also, Selim et al. (2008) found that the treated 

with 200 ppm of ascorbic acid recorded significantly the best 

feed conversion ratio (2.68 vs. 3.68 in control group).

Performance index percentage of NZW rabbits does did not 

have a significant improving effect with the dietary addition of 

ascorbic acid (Yassein et al., 2008).

2.2.1.5. Mortality rate:

It is thought that ascorbic acid reduces mortality rate 

through its effect on plasma corticosterone. The most striking 

effect of corticosterone is a serve involution of lymphatic tissue 

(Brake, 1989). A significant immunosuppression would be 

expected where such extensive corticosterone effects occurred. 

Ascorbic acid is known to reduce the concentration in plasma 
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(Doulas et al., 1987). According to North (1981) the birds with 

low plasma corticosterone showed higher resistance to many 

vital infections.

Skrivanova et al. (1999) showed that the mortality rate of 

Hyla 2000 weaned rabbits which were kept at 25°C and which 

received  ascorbic acid in water at 30 mg per kg of body weight, 

twice a week, was (21.4 % vs. 5.4 %) respectively. While, 

Skrivanova and Marounek (1997) reported that mortality of 

Hyla  2000 rabbits supplied with ascorbic acid at 30 mg/kg body 

weight, twice a week, was lower (P<0.025) than those of control 

group. On the same trend, Ibrahim and Moubarak (2002)

observed that adding ascorbic acid to drinking water reduced 

mortality rate in Fayoumi growing chicken and high level of 

ascorbic acid (500 mg/L) resulted in the lowest rate of mortality. 

Similar results were obtained by Wilson (1989), Abd-Ellah 

(1995) and Abou-Zeid et al. (2000).

2.2.2. Rectal temperature and respiration rate:

Selim et al. (2004) reported that the treatment with 

ascorbic acid (300 mg/kg diet) did not significantly affect rectal 

temperature.

2.2.3. Haematological parameters and total proteins of blood:

It could be discussed the impact of the treatment with 

ascorbic acid on the blood parameters where it can be argued 

that the improvement in Hb concentration may be connected to 

the effect of ascorbic acid supplementation which increased iron 

absorption, mobilized and distributed it through the body 

(Hoffman et al. 1991 and Orban et al. 1993). Also, the 

beneficial effect of ascorbic acid supplementation on RBCs 
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counts may be due to ascorbic acid prevented reduction of 

oxygen consumption (Thornton and Moreng, 1959). Sahota et 

al. (1994) noted that the effect of ascorbic acid on sedimentation 

rate and PCV that appears to be due to the rise in bird’s 

erythrocyte number through increase of hematopoiesis.

There were lack of researches talked in that point on 

growing rabbits; Selim et al. (2004) reported that the treatment 

of heat-stressed rabbits by ascorbic acid (300 mg/kg diet) 

significantly affected blood urea nitrogen. 

2.2.4. Nutrient utilization and digestibility coefficients:

Selim et al. (2004) reported that the treat ascorbic acid (300 

mg/kg diet) did not significantly affect crude protein (CP) 

digestibility coefficients (%), while, it was significantly affected 

organic matter (OM), ether extract (EE) and crude fiber (CF) 

digestibility coefficients (%). While, Sallam et al. (2005) 

indicated that the treatment with ascorbic acid (40 mg/kg body 

weight) resulted insignificant increase in digestibility 

coefficients (DM, OM, CP, CF, EE and NFE) and TDN. On the 

same trend, Skrivanova and Marounek (1997) reported that the

digestibility of nutrients of Hyla 2000 rabbits supplied with 

ascorbic acid at 30 mg/kg body weight twice a week was not 

significantly affected.

2.2.5. Carcass characteristics:

Abd El-Hamid and El-Adway (1999) and Al-Shanty 

(2003) reported that carcass percentage, dressing hot carcass 

weight, kidney and spleen were not significantly affected by the 

treatment by ascorbic acid of heat-stressed rabbits. Selim et al.

(2004) reported that ascorbic acid (300 mg/kg diet) did not 
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significantly affect total edible parts (%). Similar results 

obtained by Castellini (1998) and Selim et al. (2008).

Abou-Zeid et al. (2000) demonstrated the effect of 

ascorbic acid supplementation on relative organs weight of 

Japanese quail at 6 weeks of age, and reported that ascorbic acid

supplementation (200 or 300 mg ascorbic acid / liter) had 

significant effect on the relative weight of liver, spleen and heart 

while kidney was not affected significantly. 

2.3. Cooled water effect:

2.3.1. Growth traits:

Growth performance involves a complex set of metabolic 

events which are genetically and environmentally controlled. 

Heat stress is one of the major environmental factors which 

affect on growth and productive performances.

Improvement of the growth performance as a result of 

treatment with drinking cooled water acts through cooling the 

animal body core by conduction as a result to the difference 

between temperatures of the drinking water and urine, mediated 

by cooling the area of the hypothalamus. This is altogether with 

the high  specific heat of water, as well as, body water retention 

with drinking cooled water that help to alleviate the rise in body 

temperature which are reflected in reduction of rectal 

temperature  and respiration rate.

2.3.1.1. Live body weight:

To our knowledge, all the few available researches reported 

that the addition of cooled water improved final live body 

weight. 
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Marai et al. (1999) reported that the treatment of heat-

stressed rabbits by drinking cooled water (10-15º C) increased 

final live weight comparing with those of control group. Similar 

results were reported by Bassuny et al. (2004), Selim et al.

(2004) and Shehata (2005).

Marai et al. (2001) also reported that supplying the 

animals with cooled drinking water (10-15º C; between 10 A.M.

and 5 P.M. gave the highest body weight. Also, El-Tarabany 

(2008) reported that live body weight increased significantly 

(P<0.05) in male rabbits which treated by cooled water with 

value 19.24% compared with those of control. On the same 

trend, Yassein et al. (2008) showed that supplementing with 

cooled drinking water (10-15ºC) significantly improved final live 

body weight when compared with the control group in NZW 

rabbits does. 

2.3.1.2. Body weight gain:

Marai et al. (1999) and El-Tarabany (2008) reported that

the treatment of heat-stressed rabbits by drinking cooled water 

(10-15º C) increased weight gain comparing with those of 

control group. Supplying the animals with cooled drinking water 

(10-15º C; between 10 A.M. and 5 P.M.) gave the highest weight 

gain (Marai et al., 2001). 

Contrarily, Selim et al. (2004) reported that the treatment 

with cooled water (16-20º C) did not significantly affect total 

weight gain.

2.3.1.3. Feed intake and water consumption:

Marai et al. (1999) reported that the treatment of heat-

stressed rabbits by drinking cooled water (10-15º C) increased 
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feed intake and decreased water intake comparing with those of 

control group. Selim et al. (2004) stated that the treatment with 

cooled water (16-20º C) did not significantly feed intake.

While, El-Tarabany (2008) reported that feed 

consumption, water consumption and water/feed ratio increased 

significantly (P<0.05) in male rabbits which treated by cooled 

water with values 17.10%, 10.24% and 12.10%, respectively.

2.3.1.4. Feed conversion and performance index:

Marai et al. (1999) reported that the treatment of heat-

stressed rabbits by drinking cooled water (10-15º C) increased 

feed conversion comparing with those of control group. Similar 

results were reported by Bassuny et al. (2004), Shehata (2005)

and Yassein et al. (2008). While, Selim et al. (2004) reported 

that the treatment with cooled water (16-20º C) did not 

significantly affect feed conversion ratio. 

Contrarily, El-Tarabany (2008) reported that feed 

conversion decreased significantly (P<0.05) and performance 

index increased significantly (P<0.05) in male rabbits which 

treated by cooled water with values 13.0% and 42.57%, 

respectively.

2.3.2. Rectal temperature and respiration rate:

The effect of cooled water in reducing rectal temperature 

and respiration rate may be due to the heat dissipated conduction 

as a result to the different between the drinking cooled water and 

urine temperature. 

Marai et al. (2001) showed that supplying animals with 

cooled drinking water (10-15° C; between 10 A.M. and 5 P.M.) 

gave the lowest rectal temperature and respiration rate. Similarly, 
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Marai et al. (1999) reported that the treatment of heat-stressed 

rabbits by drinking cooled water (10-15° C) decreased 

respiration rate and rectal temperature comparing with those of 

control group.

Contrarily, Selim et al. (2004) reported that the treatment 

with cooled water (16-20° C) did not significantly affect rectal 

temperature.

2.3.3. Haematological parameters and total proteins of blood:

El-Tarabany (2008) reported that Hb, RBCs, PCV and 

total proteins were significantly (P<0.05) increased in heat-

stressed growing male rabbits which treated by cooled water 

with values 4.5%, 28.09%, 5.8% and 1.78%, respectively.

Contrarily, Marai et al. (1999) reported that the treatment 

of heat-stressed rabbits by drinking cooled water (10-15° C) 

decreased plasma total protein comparing with those of control 

group.

2.3.4. Thyroid hormones:

El-Tarabany (2008) reported that thyroid hormones (T3

and T4) in heat-stressed male growing rabbits which treated by 

cooled water were increased significantly with values 24.6 % 

and 2.69 %, respectively.

2.3.5. Nutrient utilization and digestibility coefficients:

Supplying the animals with cooled drinking water (10-15° 

C; between 10 A.M. and 5 P.M.) gave the highest digestibility 

coefficients for dry matter and crude protein (Marai et al.,

2001).

Contrarily, Selim et al. (2004) reported that the treatment 
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with cooled water (16-20° C) did not significantly affect crude 

protein (CP) digestibility coefficients.

2.3.6. Carcass characteristics:

Marai et al. (1999) found that the treatment of heat-

stressed rabbits by drinking cooled water increased weights of 

carcass, fore part and intermediate parts. Also, Selim et al.

(2004) reported that the treatment with cooled water (16-20° C) 

did not significantly affect total edible parts (%).

2.3.7. Economic efficiency:

Marai et al. (1999) reported that the treatment of heat-

stressed rabbits by drinking cooled water (10-15° C) increased final 

margin comparing with those of control group. Similarly, El-

Tarabany (2008) reported that economic efficiency increased in 

male rabbits which treated by cooled water with value 89.07 %.
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3. MATERIALS AND METHODS

The present study was carried out at a private Rabbitry 

Farm; Zagazig; El-Sharkia governorate; Egypt, from July to 

September 2011 and the chemical analysis were conducted in the 

Poultry Department Laboratories, Faculty of Agriculture, 

Zagazig University and Biological Applications Department 

Laboratories, Nuclear Research Center, Egyptian Atomic Energy 

Authority.

3.1. Experimental design: 

This study was designed to investigate the effect of adding 

drinking water with copper sulfate, ascorbic acid or drinking 

cooled water as cheap additives on the growth performance, 

digestibility coefficients of nutrients, carcass traits, some blood 

analysis and some physiological parameters of New Zealand 

White Rabbits under Egyptian summer conditions using 

completely randomized blocks (one way classification).

Experimental design is summarized in Table (1). 

3.2. Experimental rabbits:

A total number of 96 New Zealand White Male Rabbits at 

five weeks of age with nearly equal body weight were randomly 

distributed into eight treatment groups (12 rabbits in each group). 

Each group of rabbits was subdivided into four replicates, each 

of three rabbits. Average initial body weight at five weeks was 

650.3 ± 3.7 gm. The rabbits were assigned to drinking water as 

follow: the 1st group was given fresh tap water at 27-30°C, 

without any additives, as a control. The 2nd, 3rd and 4th groups 

were given tap fresh water supplemented with copper sulfate at 

levels of 40, 80 and 120 ppm/L drinking water, respectively. The 
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5th, 6th and 7th groups were given tap fresh water supplemented 

with ascorbic acid at levels of 250, 500 and 750 ppm, 

respectively. The 8th group was given cooled drinking water 

(CW) at 10-15°C; between 10 A.M. and 5 P.M.

3.3. Experimental diet:

The composition and chemical analysis of the experimental 

basal diet is presented in Table (2). The basal experimental diet 

was formulated to cover the nutrient requirements of growing 

rabbits from 5 to 12 weeks of age according to NRC (1977). 

Table 1. Experimental design.

Treatments *
No. of 

rabbits
Treatment groups

Unsupplemented (control)121

40 mg copper sulfate/L122

80 mg copper sulfate/L123

120 mg copper sulfate/L124

250 mg ascorbic acid/L125

500 mg ascorbic acid/L126

750 mg ascorbic acid/L127

Drinking cooled water128

*Copper sulfate (CuSO4-5H2O) was purchased from Movartis Agro 

Egypt, The industry area, Balteim, Kafr El-Shiekh Governorate, 

Egypt, while ascorbic acid (C6H8O6) was purchased from S.D. FINE-

CHEM limited, India.
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Table (2). Composition and chemical analysis of the 
experimental basal diet.

Ingredients (%)

Clover hay 42.50

Wheat bran 24.00

Yellow corn 15.00

Soybean meal (44% CP) 10.00

Molasses 5.00

NaCl 0.55

Limestone  0.90

Sodium bicarbonate 0.70

Di Calcium phosphate 1.00

Vitamins and Minerals mixture* 0.35

Total 100

Chemical analysis

a-Calculated analysis**

Crude protein (%) 18.00

Ether extract (%) 2.8 

Crude fiber (%) 12.0 

Digestible energy (Kcal/Kg diet) 2500

b-Determined analysis

Crude protein (%) 18.9

Crude fiber (%) 16.08

Moisture (%) 8.04

Ash (%) 9.53

*Each 3 Kg of vitamins and minerals mixture contains: vit. A 10000 IU; vit D3 2000 IU; 
vit E 50 mg; vit K3 1000 mg; vit B1 1000 mg; vit B2 5000 mg; vit B6 1500 mg; vit B12 10 
mg; Pantothenic acid 60 mg; Niacin 150 mg; Folic acid 1000 mg; Biotin 50 mg; Choline
12000 mg; Manganese 90 mg; Zinc 210 mg; Copper 10 mg; Iron 30 mg; Iodine 1000 mg; 
Selenium 100 mg; Cobalt 100 mg and Magnesium 40 mg.
**Calculated analysis according to NRC (1977).
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3.4. Management:

Each replicate was housed in galvanized wire cage in a well 

ventilated building. The dimension of cage was 40×30×25 cm. 

Fresh water was automatically available all the time by stainless 

steel nipples. The rabbits were fed ad libitum. All rabbits were 

raised under the same managerial, hygienic and environmental 

conditions.

The experimental period was extended for eight weeks, and 

divided into three phases (5-9, 9-12 and 5-12 weeks of age).

The experiment was carried out under Egyptian summer 

conditions (July to September). 

3.5. Investigated measurements:

3.5.1. Temperature-humidity index (THI):

The indoor ambient temperature and relative humidity 

were recorded daily at morning (9.00A.M.), noon (2.00 P.M.) 

and evening (7.00 P.M.). The averages are shown in Table (3). 

Temperature and humidity index (THI) values were calculated 

using the equation modified by Marai et al. (2001) as follows: 

THI = db◦C–[(0.31- (0.31 (RH/100)) (db◦C-14.4)]

Where:

THI = Temperature-humidity index;

db = Dry-bulb temperature (◦C);

RH = Air relative humidity.

3.5.2. Growth performance:

3.5.2.1. Live body weight:

Rabbits were individually weighed every two weeks during the 

experimental period in early morning at fixed time. Individual 
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live body weights per replicate were totaled and divided by 

number of rabbits in replicate to get the average live body weight 

per replicate.

Table (3). Average indoor ambient temperature and relative 

humidity within the experimental periods.

Months 

and 

periods

Temperature

(oC)
Relative humidity (%) 

9 AM 2 PM 7 PM 9 AM 2 PM 7 PM

July 2011

3rdweek 31.29±0.52 33.0±0.58 32.14±0.59 75.0±3.45 72.57±2.99 72.14±2.15

4thweek 32.14±0.70 33.0±0.31 31.14±0.46 80.29±1.58 63.0±3.77 67.57±1.86

X ±SE 31.72±0.43 33.0±0.00 31.64±0.50 77.50±2.50 68.0±5.00 70.0±2.00

August 2011

1stweek 29.29±0.47 31.29±0.47 30.86±0.59 71.71±1.91 73.57±1.23 69.29±3.52

2ndweek 30.43±0.30 32.29±0.29 31.57±0.57 70.0±3.09 71.43±3.73 70.0±1.09

3rdweek 29.86±0.51 31.71±0.52 30.29±0.61 67.71±3.46 63.57±3.34 63.14±2.54

4thweek 30.43±0.48 31.14±0.67 30.86±0.26 61.43±3.89 61.71±3.63 66.71±2.20

X ±SE 30.0±0.27 31.61±0.26 30.90±0.26 67.75±2.39 67.75±2.84 67.25±1.55

September 2011

1stweek 30.43±0.37 31.29±0.64 30.14±0.26 70.71±3.34 62.0±2.54 64.43±1.84

2ndweek 30.43±0.48 31.14±0.67 30.85±0.26 66.43±2.10 58.29±2.39 66.43±2.08

X ±SE 30.43±0.00 31.22±0.08 30.50±0.36 68.50±2.50 60.0±2.00 65.0±1.00
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FI =

3.5.2.2. Daily body weight gain:

Body weight gain was calculated by subtracting the average 

initial live body weight of each replicate from the average final 

body weight for the same replicate.

3.5.2.3. Daily feed intake:

At the beginning of the experimental period, a certain 

amount of experimental diet was weighted for each replicate 

within each treatment group. At the end of the certain period, the 

residual was weighted and subtracted from the offered amount to 

obtain the total feed intake per replicate during the certain 

period. The previous amount was divided by number of rabbits 

in replicate in order to obtain average amount of feed intake (FI) 

as follows: 

                     Feed intake (g) during a given period

3.5.2.4. Daily water consumption: 

At the beginning of the experimental period, a certain 

amount of water was measured for each replicate within each 

treatment group. At the end of the certain period, the residual 

was measured and subtracted from the offered amount to obtain 

the water consumption per replicate during the certain period. 

The previous amount was divided by number of rabbits in 

replicate in order to obtain average amount of water 

consumption per rabbit. 

3.5.2.5. Feed conversion ratio:

Feed conversion ratio was calculated as grams of feed 

required to produce one gram of body weight gain, during a 

      Number of rabbits during the same period
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certain period as follows:                                                          

Feed conversion ratio = g feed / g body weight gain

3.5.2.6. Performance index:

Performance index was calculated according to North (1981) as 

follows:  

PI = (Final live body weight kg×100/Feed conversion). 

3.5.2.7. Mortality rate:

Mortality was estimated during the experimental periods 

as a percent to the initial number of rabbit. The following 

equation was applied to obtain the mortality rate (MR) 

MR = (initial number-final number×100/initial number). 

3.5.3. Rectal temperature and respiration rate:

Rectal temperature was also measured using a 

thermocouple thermometer inserted 2-3 cm into the enus for few 

minutes until a fixed reading was obtained. Respiration rate was 

measured when the rabbit was at rest by counting the number of 

breaths for one minute by counting how many times the chest 

has risen. Three rabbits from each group were randomly chosen 

to measure both of these measurements.   

3.5.4. Haematological parameters and plasma constituents:

At 13 weeks of age, blood samples were randomly 

collected from the marginal ear vein from three rabbits per each 

treatment into heparinized tubes. The bottles were closed with 

rubber stoppers and gently shacked to mix the anticoagulant then 

blood specimens were used for the following determinations:

3.5.4.1. Hemoglobin value (Hb):

Using the acid hematin method by Sahlis Haemometer, Hb 
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was changed to acid hematin and the color was matched with 

artificial standard. The amount of Hb was obtained in grams per 

100 ml blood after these steps:

1. 1/10 N. HCL was placed in the graduated tube to the mark 10 

percent.

2. The blood was drowning into the pipette up to 0.02 ml mark. 

The tip of the pipette was wiped off and the content was 

placed on the hydrochloric acid in the graduated tube. The 

pipette was rinsed several times with the hydrochloric acid.

3. Post two minutes dilute the fluid in the graduated tube with 

distilled water, drop by drop, mixing thoroughly after each 

dilution with a red glass till the color was matched with the 

standard.

4. The amount of Hb obtained was multiplied by the factor 0.91 

for correcting the amount of turbidity due to the nuclei of 

erythrocytes (Jain, 1986).

3.5.4.2. Packed cell volume (PCV %) :

Packed cell volume (PCV) was determined by spinning 

about 75µl of each blood sample in heparinized capillary tube in 

a haematocrit centrifuge for about 5 minutes and read on 

haematocrit reader as described by Benson et al. (1989).

3.5.4.3. Red blood cells (RBCs) count:

Erythrocyte (RBC) counts were determined using 

haemocytometer method as described by Lamb (1981). 
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3.5.4.4. Mean corpuscular volume (MCV), Mean corpuscular 

haemoglobin concentration (MCHC) and Mean corpuscular 

haemoglobin (MCH):

Mean corpuscular volume (MCV), Mean corpuscular 

haemoglobin concentration (MCHC) and Mean corpuscular 

haemoglobin (MCH) were determined using the following 

equations:

MCV =      PCV × 10 

MCH =      Hb × 10

MCHC =   Hb × 100

3.5.4.5. Concentrations of some plasma constituents:

At 13 weeks of age, blood samples were withdrawn from

marginal ear vein, into heparinized tubes from 3 rabbits 

randomly taken from each treatment. Blood samples were 

Centrifuged (4000 rpm) for ten minutes and plasma samples 

were decanted and stored frozen at -20°C until used for analysis. 

Plasma total proteins (TP) (g/dl) were determined by the Biuret 

method of Reinhold (1953) using available commercial kits as 

described by the manufacture companies (spectrum, Diagnostics, 

Egypt, Co. for Biotechnology, S.A.E.). Thyroid gland hormones, 

T3 (ng/ml) and T4 (µg/dl), were determined by RIA technique as 

described by Akiba et al. (1982) using the coated tubes kits 

(Diagnostic Systems Laboratories, Inc. Webster, Texas, USA) 

and counting in the Laboratory of Biological Applications 

RBCs

RBCs

PCV
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Department, Atomic Energy Authority, using computerize 

Gamma Counter. The tracers were labeled with iodine-125 (I125).

3.5.5. Digestibility trial technique:

        Digestion trail was conducted at the end of the experimental 

period to estimate the digestibility coefficients of nutrients as 

affected by the treatments.

3.5.5.1. Rabbits:

For each treatment, three rabbits were individually housed in 

metallic cages and weighed before and after the collection period 

to assure that rabbits were maintaining their weight.

3.5.5.2. Metallic cages:

The cages were provided with a drawer for the excreta 

collection. The drawer was covered with sheet of aluminum foil 

to facilitate excreta collection. Experimental diets and water 

were offered ad-libitum by using fixed containers. A small 

drawer covered with plastic sheet was underneath the food 

trough to enable easy collection of any scattered food.

3.5.5.3. The preliminary and collection period:

The objective of the preliminary period (4 days) is to 

adjust feed consumption to minimize residual food during the 

collection period (5 days). Coprophagy was not prevented.

3.5.5.4. The tested diet:

The daily amount of the tested diet was weighted at the 

first day of collection period and offered once daily. At the end 

of the trail, any feed residue was weighted and subtracted from 

the total offered feed. 
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3.5.5.5. Excreta collection and drying:

Excreta collection started 24 hr, after commencement of 

the collection period. The excreta of each rabbit during the 

collection period were pooled together and then dried at 65° c for 

24 hr. The dried excreta for the successive three days were left 

for few hours to get equilibrium with the atmosphere then 

ground, mixed well and stored in a screw-top glass jars for 

analysis. 

3.5.5.6. Analytical methods:

The proximate analysis of tested materials, feeds and dried 

excreta were carried out according to Association of Official 

Analytical Chemists (AOAC., 1990), using triplicate samples for 

each nutrient. 

Digestion coefficients were determined for each nutrient 

(CP, EE, CF, NFE and OM) by using the following equation:

Digestibility Coefficients % = A - B×100/A

Where:

A: Nutrient of feed on DM basis. 

B: Nutrient in faeces on DM basis. 

NFE (feed): was obtained as follows:

NFE = DM – (CP% + EE% + CF% + Ash %). 

The total digestible nutrients (TDN) % was calculated 

according to Cheeke et al. (1982). The digestible energy (DE) 

values (Kcal/Kg diet) of the experimental diets were calculated 

according to the equation of Schiemann et al. (1972) as follows: 

DE (Kcal/Kg diet) = [(5.28*(DCP g/Kg) + (9.51*(DEE 

g/Kg)) + (4.2*(DCF+DNFE g/Kg))/0.3]
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EE% = X 100
Total feed cost

X 100

Where:

DCP = digestible CP,

DEE = digestible EE,

DCF = digestible CF

And DNFE = digestible NFE

3.5.6. Carcass characteristics:

At the end of the experimental period, three rabbits at 13 

weeks of age were randomly chosen from each treatment. 

Assigned rabbits were fasted for 16 hours before slaughtering 

and were individually weighted as pre-slaughtering weight. 

Animal were slaughtered by cutting the jugular veins of the 

neck. When complete bleeding was achieved slaughter weight 

was recorded. After skinning, the carcass was opened down and 

all entrails were removed and the empty carcass, heart, liver, 

kidney and spleen were separately weighted, each of them was 

proportioned to live pre-slaughtering weight. Dressing 

percentage was calculated as follows: 

Dressing percentage %= Carcass weight including the head 

         Live pre-slaughtering weight

3.5.7. Economic evaluation:

3.5.7.1. Net return:

Net return was calculated as follows:

Net return = price of obtained gain – total cost for this gain

3.5.7.2. Economic efficiency:

Economical efficiency % was calculated as follow: (Heady 

and Jensen, 1954).

                 Net return
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In the year 2011 the price was 2.3L.E. for 1kg of diet while 

market price of 1kg live body weight at selling was 18.00L.E.

3.5.7.3. Relative economic efficiency (%):

Relative economic efficiency % of the experimental groups 

calculated relative to that of control as 100%.

3.6. Statistical analysis:

Data of the experiment for each variable were subjected to 

ANOVA as a completely randomized blocks according to 

Snedecor and Cochran (1982).

The following model was used:  

Yij = µ + Ti +Eij

Where: 

Yij = the observation, 

µ = general mean,

Ti = fixed effect of ith treatment levels (i = 40; 80 or 120 ppm/L 

of CuSO4, 250; 500 or 750 ppm/L of AA and cooled water at 

10-15°C

And Eij= error of the mod.

Differences among treatments were tested statistically with 

New Multiple Range test method according to Duncan (1955)

procedures within the statistical analysis system (SAS, 1994).
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4. RESULTS AND DISCUSSION

4.1. Temperature-humidity index (THI):

Results illustrated in Table 4 and Figure 1 showed that 

temperature-humidity index (THI) value estimated was exceeded 

than 28.9, indicated animals exposure to sever heat stress during 

the hot period. These results were similar to those of Marai et al.

(1996) and Marai et al. (2000) under the same Egyptian climate 

conditions. THI values obtained were classified as follows: < 

27.8 = absence of heat stress, 27.8 ≤ 28.9 = moderate heat stress, 

28.9 ≤ 30.0 = severe heat stress and 30.0 and more = very severe 

heat stress (Marai et al., 2001).

4.2. Growth performance:

4.2.1. Live body weight and body weight gain:

4.2.1.1. Effect of copper sulfate:

Data presented in Tables 5, 6, Figures 2 and 3 showed that 

the addition of copper sulfate in the drinking water of the heat 

stressed NZW growing rabbits up to 80 mg/L water significantly 

(P<0.01) improved live body weight and body weight gain 

through 9-12 and 5-12 weeks of age comparatively with those 

receiving unsupplemented one. However, the supplementation of 

40 mg/L water seemed to be the optimum level owing to the best 

performance obtained when compared with that of 80 mg/L 

water. It is worth noting that increasing copper sulfate level from 

80 to 120 mg/L water showed no significant on live body weight 

and body weight gain during all the experimental periods 

comparatively with control. Live body weight at 9 weeks of age 

and body weight gain during 5-9 weeks of age were not 
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significantly affected by the different levels of copper sulfate

comparing to control group.

The different beneficial effect of copper supplementation to 

growing rabbits in the tropics possibly is explained through the 

action on the gut flora which might produce different levels of 

Table (4). Average Temperature-humidity index (THI) values 
within the experimental periods.

Months and 

periods

Temperature humidity  index (THI)*

9 AM 2 PM 7 PM

July 2011

3rdweek 29.95±0.35 31.42±0.56 30.60±0.50

4thweek 31.07±0.73 30.86±0.25 29.45±0.35

X ±SE 30.51±0.42 31.14±1.65 30.03±0.34

August 2011

1stweek 27.97±0.38 29.90±0.41 29.26±0.40

2ndweek 28.92±0.18 30.69±0.27 29.97±0.51

3rdweek 28.28±0.33 29.75±0.46 28.46±0.51

4thweek 28.49±0.35 29.14±0.56 29.17±0.32

X ±SE 28.42±0.17 29.87±0.23 29.21±0.23

September 2011

1stweek 28.97±0.38 29.28±0.53 28.14±0.28

2ndweek 28.76±0.42 28.99±0.63 29.15±0.30

X ±SE 28.87±0.27 29.14±0.40 28.78±0.22

*THI values obtained were classified as follows: < 27.8 = absence of heat 

stress, 27.8 ≤ 28.9 = moderate heat stress, 28.9 ≤ 30.0 = severe heat stress 

and 30.0 and more = very severe heat stress (Marai et al., 2001).
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Figure (1). Average Temperature-humidity index (THI) values 
within the experimental periods.

growth depressing infection and had a role in metabolism and 

absorption of the iron and hemoglobin (Underwood and Suttle, 

1999). Other investigators (King, 1975 and Omole, 1977) had 

suggested that the mode of action of copper is by reducing the 

wall thickness of the caecum of rabbits that facilitates the uptake 

of nutrients and consequently improves daily and final gains. In 

addition, Anugwa et al. (1984) indicate that the beneficial effect 

of supplemental dietary copper to growing rabbits in the tropics 

may be partly due to improved fiber utilization which increases 

energy availability.

The present findings are in accordance with the results 
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reported by (Abo El-Ezz et al., 1996) who reported that copper 

supplementation increased significantly (P<0.05) final body weight 

and body weight gain when the maximum body weight 2.4kg was 

achieved with the 60 mg copper /L water compared with the lowest 

value of control 2.09kg. Patton et al. (1982) who reported that 

rabbit growth was highly significantly affected by 400 ppm dietary 

copper. Also, Liang et al. (1988) and Bassuny (1991) reported that 

rabbit growth was improved as a consequence of copper 

supplement. Also, Ayyat (1994), Ayyat et al. (1995), Adu and 

Egbunike (2010) and Adu et al. (2010) showed that there was a 

positive significantly (P<0.05) improvement in final live body 

weight and body weight gain compared with those of the control 

group with increasing copper levels in diet from 100 to 200 and 

300 mg/kg diet respectively. Abd El-Samee and El-Masry (1997)

revealed that daily gain and final body weight increased (P<0.05) 

by 200 ppm supplemented copper either during the 1st or the 2nd

month after weaning compared to 0 ppm copper. Grobner et al.

(1986) found that gains of rabbits with the 50, 100 and 200 ppm 

copper supplementation were 11, 15 and 7%, respectively higher 

than the control diet. Cromwell et al. (1998) found that the dietary 

inclusion of 250 ppm Cu (as CuSO4) increased growth rate 24-

39%. Also, Abd El-Azeem and Abd El-Reheem (2006) reported 

that live body weight and daily weight gain were improved 

significantly by adding copper at the levels of 150 or 300 ppm to 

rabbit diets compared to the control. Ma DeLei and Li FuChang 

(2009) showed significant effect by copper diet supplementation 

with levels of 20, 40, 80 and 160 mg/kg diet on the average daily 

gain (P=0.0024).
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Table (5).Live body weight (g) ( X ± SE) of heat-stressed NZW 

growing rabbits as affected by copper sulfate, 

ascorbic acid in drinking water or cooled water 

during the experimental periods.

Items
Live body weight (g)

5 week 9 week 12 week

Sig. N.S. ** **

Unsupplemented (Control) 647.8±4.27 1131.3cd±20.67 1703.0bc±31.84

Copper sulfate mg/L water

40 655.3±1.98 1185.6bc±7.44 1905.4a±37.87

80 651.6±3.75 1162.9bcd±29.05 1886.0a±24.56

120 652.6±3.28 1112.1d±14.49 1639.3c±16.40

Ascorbic acid mg/L water

250 650.4±4.59 1218.9ab±12.76 1747.1b±31.98

500 652.9±3.13 1206.8ab±17.42 1885.6a±31.27

750 646.6±4.65 1248.2a±14.20 1784.7b±24.81

Cooled water 645.0±3.53 1249.6a±21.09 1923.0a±14.34

Means in the same column within each classification bearing different letters are 

significantly different, N.S. = not significant and ** (P ≤ 0.01). 
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Table (6).Daily body weight gain (g) ( X ± SE) of heat-stressed NZW 

growing rabbits as affected by copper sulfate, ascorbic 

acid in drinking water or cooled water during the 

experimental periods.

Items

Daily body weight gain (g)

from 5 to 9 

weeks of age

from 9 to 

12 weeks of 

age

from 5 to 

12 weeks of 

age

Sig. ** ** **

Unsupplemented (Control) 17.27cd±0.80 20.42b±0.81 18.84bc±0.54

Copper sulfate mg/L water

40 18.94bc±0.25 25.71a±1.58 22.32a±0.67

80 18.27bcd±1.11 25.82a±1.06 22.04a±0.40

120 16.41d±0.42 18.83b±0.56 17.62c±0.25

Ascorbic acid mg/L water

250 20.31ab±0.61 18.86b±1.18 19.58b±0.58

500 19.78ab±0.69 24.24a±1.10 22.01a±0.61

750 31.49a±0.62 19.16b±1.22 20.32b±0.43

Cooled water 21.59a±0.76 24.05a±0.88 22.82a±0.29

Means in the same column within each classification bearing different letters are 

significantly different, N.S   = non- significant and ** (P ≤ 0.01).
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Figure (2). Live body weight (g) of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid in 
drinking water or cooled water during the experimental 
periods.

Figure (3). Daily body weight gain (g) of heat-stressed NZW 
growing rabbits as affected by copper sulfate, ascorbic 
acid in drinking water or cooled water during the 
experimental periods. 
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Contrarily, Selim et al. (2004) reported that the treatment 

by copper chloride (200 mg/kg diet) did not significantly affect 

total weight gain. Anugwa et al. (1984) worked on growing 

rabbits under tropical conditions and found that rabbit fed the 

200 mg supplemented copper their growth had no significant 

changes. Also, King (1975) found no increase in growth rate 

when 200 ppm of copper was added.

4.2.1.2. Effect of ascorbic acid:

It could be noticed from Tables 5, 6, Figures 2 and 3 that 

the supplementation of heat-stressed rabbits drinking water with 

ascorbic acid at level of 500 mg ascorbic acid /L water 

improved significantly (P<0.01) live body weight at 13 weeks of 

age and body weight gain during 9-12 and 5-12 weeks of age 

compared with the control group. While live body weight at 9 

weeks of age and body weight gain through 5-9 weeks was 

significantly (P<0.01) improved by the supplementation of 

different levels of ascorbic acid. 

Improvement of the growth performance result of ascorbic 

acid supplementation to the drinking water of heat-stressed 

growing rabbits may be attributed to the animal increased 

resistance during physiological stress and enhancement of the 

total antioxidant (Selim et al., 2004 ) or may be due to that 

ascorbic acid helps to control the increase in body temperature 

and plasma corticosteron concentration. It also protects the 

immune system and it has an important role in bone formation 

through the growth rate (Rama-Rao et al., 2002).

These results are in agreement with Ismail et al. (1992 b),

who found that the addition of ascorbic acid obtained a favorable 
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effect on final body weight and body weight gain in rabbits. 
Similar results were reported by Hilton (1983) and Ismail et al.

(1992 a). One the same trend, Yassein et al. (2008) showed that 
water supplementation with ascorbic acid (1 g/L) significantly 

improved final live body weight in NZW rabbits does when 
compared with those of control group. Also, Abd El-Hamid and 

El-Adway (1999) found that supplementing heat-stressed rabbit 
diet with either 300 or 600 mg ascorbic acid/kg diet significantly 

improved live body weight. Al-Shanty (2003) showed that 
ascorbic acid (1.0 g/L water) significantly improved averages 

final weight when compared with the control group. Selim et al.
(2004 and 2008) cleared that rabbits had access to extra levels of 

ascorbic acid beyond recommendation level achieved (P<0.01) 
better performance in growth terms (live weight gain) compared 

to the control group.

Contrarily, Skrivanova and Marounek (1997) reported 

that growth of Hyla 2000 rabbits supplied with ascorbic acid at 

30 mg/kg body weight twice a week was not significantly 

affected. Also, Sallam et al. (2005) indicated that the treatment 

with ascorbic acid at 40 mg/kg body weight resulted in no 

significant increase in body weight comparing to those of control 

group. Also, Yousef et al. (2003) have indicated that ascorbic 

acid supplementation in drinking water not significantly affected 

on body weight gain of NZW rabbits does. Selim et al. (2004)

reported that the treated with ascorbic acid (300 mg/kg diet) did 

not significantly affect total weight gain.

4.2.1.3. Effect of cooled water:

Results in Tables 5, 6, Figures 2 and 3 showed that the 

treatment by cooled water improved significantly (P<0.01) final 
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body weight at 9 and 13 weeks of age and body weight gain 

during all the experimental periods studied (5-9, 9-12 and 5-12

weeks of age) when compared with the control group. 

Drinking cooled water acts through cooling the animal body 

core by conduction as a result to the difference between 

temperatures of the drinking water and urine, mediated by cooling 

the area of the hypothalamus. This is altogether with the high  

specific heat of water, as well as, body water retention with 

drinking cooled water that help to alleviate the rise in body 

temperature which are reflected in reduction of rectal temperature  

and respiration rate. 

The present study’s results agreed with Marai et al. (1999 

and 2001) who found that the treatment with drinking cooled 

water (10-15º C) improved final live body weight and body 

weight gain. Similar results were reported by Bassuny et al.

(2004), Selim et al. (2004) and Shehata (2005).

El-Tarabany (2008) reported that live body weight 

increased significantly (P<0.05) in male rabbits which treated by 

cooled water with value 19.24% compared with those of control. 

On the same trend, Yassein et al. (2008) showed that 

supplementing with cooled drinking water (10-15ºC) 

significantly improved final live body weight when compared 

with the control group in NZW rabbits does. Contrarily, Selim et 

al. (2004) reported that the treatment with cooled water (16-20º 

C) did not significantly affect total weight gain. Moreover, 

drinking cooled water is an excellent cooling agent because of 

its high latent heat of vaporization (Selim et al. 2004).
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4.2.2. Daily feed intake:

4.2.2.1. Effect of copper sulfate:

Results illustrated in Table 7 and Figure 4 showed that 
there were no significant differences among the different 

experimental groups of CuSO4 and control group. It is clear that 
average feed intake values were similar among treatments and 

control. During heat stress Anugwa et al. (1984) worked on 
growing rabbits under tropical condition and found that rabbits 

fed the 200 ppm supplemented copper (as Cuso4) significantly 
consumed more feed. Abo El-Ezz et al. (1996) revealed that 

using different levels of copper in drinking water for heat-
stressed rabbits not significantly affected on feed intake. Abd 

El-Samee and El-Masry (1997) noted that dry matter intake 
increased significantly (P<0.05) due to 100 ppm Cu, however it 

increased (P<0.05) with addition 200 ppm Cu to the basal diet, 
either during the 1st or the 2nd month after weaning.

Ayyat et al. (1997), Adu (2004), Adu and Egbnike (2010)
and Adu et al. (2010) reported that daily feed intake increased 
significantly (P<0.05) with increasing dietary supplemented 

copper levels till 200 ppm. Moreover, Onifade and Abu (1998) 
reported that feed intake was highest in rabbits fed copper with 

levels of 250 and 375 mg/kg diet.

While, Selim et al. (2004) reported that the treatment by 
copper chloride (200 mg/kg diet) did not significantly affect feed 

intake comparing with those of control group. On the same trend, 
Abd El-Azeem and Abd El-Reheem (2006) reported that daily 

feed consumption was not affected by adding of copper at the 
levels of (150 or 300 ppm) to rabbit diets compared with the 

control.
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Table (7).Daily feed intake (g) ( X ± SE) of heat-stressed NZW 
growing rabbits as affected by copper sulfate, ascorbic 
acid in drinking water or cooled water during the 
experimental periods.

Items

Daily feed intake (g)

from 5 to 9 

weeks of 

age

from 9 to 

12 weeks of 

age

from 5 to 

12 weeks of 

age

Sig. N.S. N.S. N.S.

Unsupplemented (Control) 57.29±2.94 103.35±4.13 80.32±3.36

Copper sulfate mg/L water

40 58.48±2.32 98.96±2.68 78.72±2.08

80 61.01±2.09 103.50±4.56 82.26±2.47

120 57.82±0.91 83.18±0.61 70.50±0.41

Ascorbic acid mg/L water

250 64.88±3.40 97.62±3.88 81.25±3.46

500 59.38±1.89 100.15±7.19 79.76±4.34

750 61.61±2.84 93.75±1.43 77.68±1.59

Cooled water 60.41±4.64 95.57±9.28 78.00±6.67

N.S. = not significant
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Moreover, Ma DeLei and Li FuChang (2009) showed no 

significant effect by copper diet supplementation with levels of 

20, 40, 80 and 160 mg/kg diet on the average daily intake.

4.2.2.2. Effect of ascorbic acid:

Results illustrated in Table 7 and Figure 4 showed that there 

were no significant differences among the different experimental 

groups of ascorbic acid and control group. Skrivanova and 

Marounek (1997) reported that feed intake of Hyla  2000 

rabbits supplied with ascorbic acid at 30 mg/kg body weight 

twice a week was not significantly affected. Similarly, Sallam et 

al. (2005) indicated that the treatment with ascorbic acid (40 

mg/kg body weight) resulted in no significant increase in feed 

intake comparing with those of control group. Moreover, Selim 

et al. (2004) reported that the treated with ascorbic acid (300 

mg/kg diet) did not significantly affect feed intake. 

Contrasted with these results Shehata (2005) showed that 

ascorbic acid supplementation caused significant increase in feed 

intake. Yousef et al. (2003) and Yassein et al. (2008) showed 

that the water supplementing with ascorbic acid at 1 g/L 

increased daily feed consumption when compared with those of 

control group of NZW rabbits does. While, Al-Shanty (2003)

showed that ascorbic acid (1.0 g/L water) was numerically 

decreased daily feed intake when compared with the control 

group.

4.2.2.3. Effect of cooled water:

Results illustrated in Table 7 and Figure 4 showed that 

there were no significant differences among the different 
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experimental groups of cooled water and control group. The 

present study’s results agreed with Selim et al. (2004) who 

stated that the treatment with cooled water (16-20º C) did not 

significantly affect feed intake.

Contrarily, Marai et al. (1999) and El-Tarabany (2008)

reported that the treatment of heat-stressed rabbits by drinking 

cooled water (10-15º C) increased feed intake comparing with 

those of control group. 

4.2.3. Daily water consumption:

4.2.3.1. Effect of copper sulfate:

Table 8 and Figure 5 show that, treatment of heat-stressed 

growing rabbits with copper sulfate in drinking water increased 

significantly (P<0.01) water consumption with 40 or 80 mg 

copper sulfate/L water during 9-12 and 5-12 weeks of age and 

insignificantly with 120 mg/L. But, water consumption increased 

significantly during 5-9 weeks of age only with 40 mg copper/L 

and insignificantly with 80 or 120 mg copper/L. Our results 

disagreement with the results of Abo El-Ezz et al. (1996) who 

showed that using different levels of copper sulfate in drinking 

water of heat-stressed growing rabbits affected significantly 

(P<0.05) the water consumption (Liters/ Kg body weight) with 

an inversely proportional relationship. The same authors noted 

that the differences in water consumption may be due to the 

difference in pH of drinking water, which increasing copper 

sulfate decreases the pH value and water become more 

unpalatable, more acidic due to sulfate ions.

4.2.3.2. Effect of ascorbic acid:

Daily water consumption during 9-12 and 5-12 weeks of 
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Table (8).Daily water consumption (L) ( X ± SE) of heat-stressed 
NZW growing rabbits as affected by copper sulfate, 
ascorbic acid in drinking water or cooled water during 
the experimental periods.

Items

Daily water consumption (L)

from 5 to 9 

weeks of 

age

from 10 to 

12 weeks of 

age

from 5 to 

12 weeks of 

age

Sig. ** ** **

Unsupplemented (Control) 0.384b±0.02 0.469c±0.02 0.427c±0.01

Copper sulfate mg/L water

40 0.493a±0.03 0.566ab±0.02 0.530a±0.02

80 0.412b±0.02 0.558ab±0.06 0.485ab±0.03

120 0.405b±0.02 0.532bc±0.03 0.468bc±0.01

Ascorbic acid mg/L water

250 0.446ab±0.00 0.574ab±0.00 0.511ab±0.00

500 0.397b±0.00 0.625a±0.03 0.511ab±0.02

750 0.481a±0.00 0.580ab±0.00 0.531a±0.02

Cooled water 0.384b±0.02 0.459c±0.00 0.422c±0.01

Means in the same column within each classification bearing different letters are 

significantly different, ** (P ≤ 0.01).
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Figure (4).Daily feed intake (g) of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid in 
drinking water or cooled water during the experimental 
periods.

Figure (5).Daily water consumption (L) of heat-stressed NZW 
growing rabbits as affected by copper sulfate, ascorbic 
acid in drinking water or cooled water during the 
experimental periods. 
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age was increased significantly (P<0.01) by the supplementation 

with different levels of ascorbic acid (250, 500 and 750 mg 

ascorbic acid/L water). While, water consumption through 9-12

weeks of age was increased significantly (P<0.01) with 750 mg 

ascorbic acid /L water and insignificantly with 250 or 500 mg 

ascorbic acid /L water (Table 8 and Figure 5).

4.2.3.3. Effect of cooled water:

The results of the treatment with drinking cooled water 

showed in Table 8 and Figure 5 revealed that there are no 

significant differences were found in water consumption during 

the whole experimental periods studied comparatively with those 

of control group. Reduction of water consumption by drinking 

cooled water may be due to the increase in the dissipated heat 

(Marai et al., 1994 a, 1999 and Habeeb et al., 1994). Our 

results disagree with Marai et al. (1999) who found that the 

treatment of heat-stressed rabbits by drinking cooled water (10-

15º C) decreased water intake comparing with those of control 

group. While, El-Tarabany (2008) reported that water 

consumption increased significantly (P<0.05) in male rabbits 

which treated by cooled water.

4.2.4. Feed conversion:

4.2.4.1. Effect of copper sulfate:

Results in Table 9 and Figure 6 indicated that, feed 

conversion during 9-12 weeks of age was improved significantly 

(P<0.05) by addition 40 or 80 mg copper sulfate/L and 

insignificantly by 120 mg copper sulfate/L comparatively with 

control (unsupplemented). During 5-12 weeks period feed 
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conversion improved significantly (P<0.05) by 40 mg copper 

sulfate/L and insignificantly by 80 or 120 mg copper sulfate/L. It 

is worth noting that, through the whole experimental period (5-

12 weeks of age) rabbits drinking water contained 40 mg copper 

sulfate/L achieved the best feed conversion followed by 80, 120 

and control (Table 9 and Figure 6). This means that stressed 

rabbits supplementary copper required less dry matter intake to 

produce one Kg gain compared with unsupplemented one. 

Anugwa et al. (1984) worked in growing rabbits under tropical 

conditions and found that rabbits fed the 200 ppm supplemental 

copper had no significant changes in feed conversion. While, 

Abd El-Samee and El-Masry (1997) revealed that feed 

conversion was improved significantly (P<0.05) by 22.2 and 

14.3% when 100 ppm Cu was added to the basal diet either 

during the 1st or 2nd month after weaning, respectively. Abo El-

Ezz et al. (1996) found that feed conversion was significantly 

affected by addition copper sulfate in drinking water. Also, the 

same authors found that the best feed conversion was achieved 

by the 60 ppm copper supplement compared with control. 

Fekete et al. (1988), Bassuiny (1991) and Ayyat (1995)

reported that the increase in copper levels accompanied with the 

improved (P<0.05) in rabbits feed conversion. Attia (2003)

found that the addition of copper to diets (125 or 250 mg/Kg 

diet) of NZW growing rabbits (from 6-14 weeks of age) 

significantly improved (P<0.05) feed conversion comparatively 

with those of unsupplemented group.

Abd El-Azeem and Abd El-Reheem (2006) showed that 

feed conversion was significantly (P<0.01) improved with the 
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Table (9).Feed conversion ratio (g feed/g gain) ( X ± SE) of 
heat-stressed NZW growing rabbits as affected by 
copper sulfate, ascorbic acid in drinking water or 
cooled water during the experimental periods.

Items

Feed conversion ratio

from 5 to 9 

weeks of 

age

from 9 to 

12 weeks of 

age

from 5 to 

12 weeks of 

age

Sig. * * *

Unsupplemented (Control) 3.324abc±0.14 5.071ab±0.18 4.258a±0.06

Copper sulfate mg/L water

40 3.085a±0.09 3.905d±0.32 3.542bc±0.19

80 3.395abcd±0.31 4.049cd±0.33 3.740abc±0.17

120 3.526a±0.04 4.429abcd±0.14 4.004ab±0.07

Ascorbic acid mg/L water

250 3.191abcd±0.10 5.234a±0.36 4.157a±0.20

500 3.009bcd±0.12 4.141bcd±0.28 3.618bc±0.12

750 2.865cd±0.09 4.953abc±0.32 3.829abc±0.14

Cooled water 2.786d±0.11 3.992cd±0.43 3.412c±0.26

Means in the same column within each classification bearing different letters 

are significantly different, * (P < 0.05).
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different levels of copper (150 or 300 mg/Kg diet) compared 
with the control group. Adu et al. (2010) revealed that feed to 
gain ratio increased significantly (P<0.01) with the increase in 
dietary supplemented copper levels until 200 mg/Kg diet.
4.2.4.2. Effect of ascorbic acid:

Results in Table 9 and Figure 6 showed that 
supplementation heat-stressed rabbits drinking water with 500 
mg ascorbic acid /L improved significantly (P<0.01) feed 
conversion and insignificantly with 250 and 750 mg ascorbic 
acid /L through 5-9 and 9-12 weeks of age while feed conversion 
was insignificantly improved with the different levels of ascorbic 
acid treatments when compared with the control group during 5-
12 weeks of age.

The present results are in agreement with Abd El-Hamid 
and El-Adway (1999) who found that supplementing heat-
stressed rabbit diet with either 300 or 600 mg ascorbic acid /kg 
diet significantly improved feed conversion. Selim et al. (2004)
who cleared that rabbits had access to extra levels of ascorbic 
acid beyond recommendation level achieved (P<0.01) better 
performance in feed conversion ratio compared to the control 
group. Also, Selim et al. (2008) found that the rabbits treated 
with 200 ppm of ascorbic acid recorded significantly (P<0.01) 
the best feed conversion ratio (2.68 vs. 3.68 in control group). 
Contrarily, Selim et al. (2004) reported that the treatment with 
ascorbic acid (300 mg/kg diet) did not significantly affect feed 
conversion ratio.
4.2.4.3. Effect of cooled water:

Presented results in Table 9 and Figure 6 showed that the 
treatment by cooled water improved significantly (P<0.05) feed 
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conversion ratio during all the experimental periods studied (5-9, 
9-12 and 5-12 weeks of age) when compared with the control 

group. The present study’s results agreed with Marai et al.
(1999) and Yassein et al. (2008) who reported that the treatment 

of heat-stressed rabbits by drinking cooled water (10-15º C) 
improved feed conversion comparing with those of control 

group. While, Selim et al. (2004) reported that the treatment 
with cooled water (16-20 º C) did not significantly affect feed 

conversion ratio. Contrarily, El-Tarabany (2008) reported that 
feed conversion decreased significantly (P<0.05) in male rabbits

which treated by cooled water with value 13.0%.

4.2.5. Performance index:

4.2.5.1. Effect of copper sulfate:

Results presented in Table 10 and Figure 7 showed that the 

addition of copper sulfate in the drinking water of the heat 

stressed NZW growing rabbits significantly (P<0.01) improved 

performance index with 40 or 80 mg copper sulfate/L and 

insignificantly with 120 mg copper sulfate/L during the periods 

of 9-12 and 5-12 weeks of age comparatively with those 

receiving unsupplemented one. However, the supplementation of 

40 mg/L water seemed to be the optimum level owing to the best 

performance index obtained when compared that of 80 mg/L 

water. Our results are in agreement with the results of Abd El-

Azeem and Abd El-Reheem (2006) who reported that

performance index were improved significantly by adding of 

copper at the levels of (150 or 300 ppm) to rabbit diets compared 

to those of control group.
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Table (10). Performance index ( X ± SE) of heat-stressed NZW 
growing rabbits as affected by copper sulfate, 
ascorbic acid in drinking water or cooled water 
during the experimental periods.

Items

Performance index

from 5 to 9 

weeks of 

age

from 9 to 

13 weeks of 

age

from 5 to 

13 weeks of 

age

Sig. ** ** **

Unsupplemented (Control) 34.24de±1.68 33.71c±1.23 39.99c±0.32

Copper sulfate mg/L water

40 38.51bcd±1.01 49.97a±4.90 54.40ab±3.88

80 35.32cde±3.89 47.66a±4.41 50.81ab±2.85

120 31.57e±0.77 37.16bc±1.53 41.00c±1.17

Ascorbic acid mg/L water

250 38.30bcd±1.05 34.02c±3.13 42.40c±2.71

500 40.34abc±1.99 46.10ab±3.02 52.25ab±1.53

750 43.67ab±1.22 36.56bc±2.75 46.84bc±2.20

Cooled water 44.98a±1.09 49.55a±4.29 57.19a±3.63

Means in the same column within each classification bearing different letters 

are significantly different, ** (P < 0.01).
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Figure (6). Feed conversion ratio (g feed/g gain) of heat-
stressed NZW growing rabbits as affected by 
copper sulfate, ascorbic acid in drinking water or 
cooled water during the experimental periods. 

Figure (7). Performance index of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid 
in drinking water or cooled water during the 
experimental periods.
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4.2.5.2. Effect of ascorbic acid:

Regarding to ascorbic acid, results illustrated in Table 10 and 

Figure 7 revealed that performance index during 9-12 and 5-12

weeks of age was improved significantly (P<0.01) with 500 mg 

ascorbic acid/L and insignificantly with 250 or 750 mg ascorbic 

acid/L, while, during 5-9 weeks of age performance index was 

improved (P<0.01) with 500 or 750 mg ascorbic acid/L and 

insignificantly with 250 mg ascorbic acid/L. These results are in 

accordance with Yassein et al. (2008) who revealed that

performance index percentage of NZW rabbits does did not have a 

significant improving effect with the dietary addition of ascorbic 

acid.

4.2.5.3. Effect of cooled water:

With regard to cooled water treatment, presented results in 

Table 10 and Figure 7 showed that the treatment by cooled water 

improved significantly (P<0.01) performance index during all 

the experimental periods studied (5-9, 9-12 and 5-12 weeks of 

age) when compared with the control group. The present study’s 

results agreed with El-Tarabany (2008) who reported that 

performance index increased significantly (P<0.05) in male 

rabbits which treated by cooled water with value 42.57%.

4.2.6. Mortality rate:

4.2.6.1. Effect of copper sulfate:

Results presented in Table 11 and Figure 8 revealed that 

treatment of heat-stressed rabbits with 40 or 80 mg copper 

sulfate/L drinking water insignificantly decreased mortality rate 

compared with control or 120 mg copper sulfate/L water. The 

beneficial effect of copper sulfate may be due to its productive 

effects against enteritis. Since enteritis is known to be a major 
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Table (11). Mortality number of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid 
in drinking water or cooled water during the 
experimental periods.

Items

Experimental periods 

from 5 to 9 

weeks of 

age

from 9 to 

12 weeks of 

age

from 5 to 

12 weeks of 

age

Sig. N.S. N.S. N.S.

Unsupplemented (Control) 2 1 3

Copper sulfate mg/L water

40 1 1 2

80 1 1 2

120 1 3 4

Ascorbic acid mg/L water

250 0 0 0

500 0 1 1

750 0 0 0

Cooled water 0 1 1

N.S.   = not significant
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Figure (8). Mortality number of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid in 
drinking water or cooled water during the 
experimental periods.

problem in commercial rabbit production. These results agree 

with the finding of Abo El-Ezz et al. (1996) who observed a 

decrease in mortality rate % occurred in rabbits given drinking 

water supplemented with copper sulfate at levels 20, 60 and 180 

mg/L water as compared with control. Patton et al. (1982) and 

Bassuny (1991) stated that adding copper sulfate reduced 

mortality. Grobner et al. (1986) stated that mortality was not 

significantly differed by dietary copper or oxytetracycline. 

4.2.6.2. Effect of ascorbic acid:

Results shown in Table 11 and Figure 8 cleared that adding 

ascorbic acid to drinking water reduced mortality rate in heat-

stressed growing rabbits compared with control. Death of rabbits 

wasn’t observed in the 250 or 750 mg ascorbic acid/L water. 

These results suggest ascorbic acid has a tendency to reduce 
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mortality. It is thought that ascorbic acid reduces mortality rate 

through its effect on plasma corticosterone. The most striking 

effect of corticosterone is a serve involution of lymphatic tissue 

(Brake, 1989).

A significant immunosuppression would be expected where 

such extensive corticosterone effects occurred. Ascorbic acid is 

known to reduce the concentration in plasma (Doulas et al., 

1987). According to North (1981) the birds with low plasma 

corticosterone showed higher resistance to many vital infections. 

Our results agreed with Skrivanova et al. (1999) who showed 

that the mortality rate of Hyla 2000 weaned rabbits which were 

kept at 25°C and which received  ascorbic acid in water at 30 mg 

per kg of body weight, twice a week, was (21.4 % vs. 5.4 %) 

comparing with the control group. While, Skrivanova and 

Marounek (1997) reported that mortality of Hyla  2000 rabbits 

supplied with ascorbic acid at 30 mg/kg body weight, twice a 

week, was lower (P<0.025) than those of control group. On the 

same trend, Ibrahim and Moubarak (2002) observed that 

adding ascorbic acid to drinking water reduced mortality rate in 

Fayoumi growing chicken and high level of ascorbic acid (500 

mg/L) resulted in the lowest rate of mortality. Similar results 

were obtained by Wilson (1989), Abd-Ellah (1995) and Abou-

Zeid et al. (2000).

4.2.6.3. Effect of cooled water:

Results presented in Table 11 and Figure 8 showed that the 

treatment by drinking cooled water reduced mortality rate in 
heat-stressed growing rabbits compared with control. To our 

knowledge, no information is available about the effect of the 
treatment by cooled water on mortality rate of heat-stressed 
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growing rabbits.

4.3. Rectal temperature and respiration rate:                                                                                                                           

4.3.1. Effect of copper sulfate:

Data shown in Table 12, Figures 9 and 10 cleared that 
treatment with 40 or 80 mg copper sulfate/L drinking water for 

heat-stressed rabbits significantly (P<0.01) decreased rectal 
temperature and respiration rate, while the level of 120 mg 

copper sulfate/L water did not affect significantly compared with 
those of control. Selim et al. (2004) reported that the treatment 

with copper chloride (200 mg/kg diet) did not significantly affect 
rectal temperature.

4.3.2. Effect of ascorbic acid:

Data presented in Table 12, Figures 9 and 10 showed that 

treatment of heat-stressed rabbits with ascorbic acid (250, 500 

and 750 mg ascorbic acid/L drinking water) significantly 

(P<0.01) decreased rectal temperature and respiration rate 

compared with those of control. These results are contrasted with 

finding with Selim et al. (2004) who stated that the treatment 

with ascorbic acid (300 mg/kg diet) did not significantly affect 

rectal temperature.

4.3.3. Effect of cooled water:

Results presented in Table 12, Figures 9 and 10 showed that 

treatment with drinking cooled water for heat-stressed rabbits 

significantly (P<0.01) decreased rectal temperature and 

respiration rate compared with those of control. The reduction in 

rectal temperature and respiration rate due to cooled water may 

be due to the heat dissipated conduction as a result to the 

difference between the drinking cooled water temperature and 

that of urine (Habeeb et al., 1994 and Marai et al., 1994a).
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Table (12). Rectal temperature (˚C) and Respiration rate 
(breaths/m) ( X ± SE) of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid in 
drinking water or cooled water.

Items
Rectal 

Temperature (˚C)

Respiration Rate 

(breaths/m)

Sig. ** **

Unsupplemented (Control) 39.93a±0.03 165.33a±0.34

Copper sulfate mg/L water

40 39.60c±0.00 156.00b±1.00

80 39.60c±0.00 158.34b±0.34

120 39.87a±0.03 164.34a±1.20

Ascorbic acid mg/L water

250 39.70b±0.00 157.00b±1.53

500 39.53c±0.03 157.34b±1.45

750 39.73b±0.03 158.00b±1.73

Cooled water 39.53c±0.03 158.00b±0.58

Means in the same column within each classification bearing different letters 

are significantly different, ** (P<0.001).
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Figure (9). Rectal temperature (˚C) of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid in 
drinking water or cooled water.

Figure (10). Respiration rate (breath/m) of heat-stressed NZW 
growing rabbits as affected by of copper sulfate, 
ascorbic acid in drinking water or cooled water.
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These results are in accordance with those of Marai et al. (1999 

and 2001) who reported that treatment heat-stressed rabbits by 

drinking cooled water (10-15° C) decreased respiration rate and 

rectal temperature comparing with those of control group. 

Contrarily, Selim et al. (2004) reported that the treatment with 

cooled water (16-20° C) did not significantly affect rectal 

temperature of heat stressed rabbits.

4.4. Haematological parameters and total proteins of 

blood:

4.4.1. Effect of copper sulfate:

Results illustrated in Table 13, Figures 11 and 12 showed 

that, mean corpuscular haemoglobine (MCH), mean corpuscular 

volume (MCV) and mean corpuscular haemoglobine 

concentration (MCHC) did not differ significantly due to 

different treatments. Treated heat-stressed rabbits with 80 or 120 

mg copper sulfate/L water increased significantly (P<0.01) each 

of haemoglobin (Hb), packed cell volume (PCV) and erythrocyte 

(RBCs) values comparatively with those of unsupplemented 

group (control). The increase in RBCs and Hb values though 

significant could be as a result of the subsequent production of 

more copper transporting protein (ceruloplasmin), which 

required for normal RBCs formation by allowing more iron 

absorption from the small intestine and releasing iron of the 

tissue into the blood plasma as observed by Cromwell et al. 

(1998). Ceruloplasmin had been reported (Osaki et al., 1966; 

1971 and Freiden and Hsieh, 1976) to play a critical role in the 

haematopoietic process by facilitating the mobilization of iron 

from the reticuloendothelial cells of the liver and spleen to the 

bone marrow cells and by catalyzing the oxidation of ferrous 
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iron ions during the formation of ferric transferrin. Bassuny 

(1991) reported similar results in a rabbit experiment conducted, 

where values of RBCs and Hb were higher in rabbits fed dietary 

copper compared to those of control. Ahmed et al. (1997)

reported that RBCs count and PCV values were increased 

significantly (P<0.01) by copper addition to rabbits diet.

Our results contrast with findings of Adu and Egbunike (2010)

who found that the supplementation with copper in rabbits feed 

had no significant effect on haematological parameters (Hb, 

PCV and RBCs), furthermore, they showed that the inclusion of 

copper, even at 300 mg /Kg diet, does not cause any adversely 

effect on these parameters. Abo El-Ezz et al. (1996) indicated no 

significant increase in the values of Hb and RBCs in response to 

copper sulfate treatment levels.

In spite of the differences among experimental groups in 

blood total proteins were significant, but there is no definite 

trend was observed in this trail (Table 13, Figures 10 and 11). 

This suggested that the inclusion of copper in rabbits drinking 

water did not adversely affect the level of serum proteins. 

Bassuny (1991), Ayyat et al. (1995) and Abd El-Samee and 

Abd El-Reheem (2006) reported that serum total proteins 

increased significantly by the increase of copper levels. 

However, Abo El-Ezz et al. (1996) and Adu and Egbunike 

(2010) observed that serum total proteins values were not 

significantly influenced by dietary treatments with copper.

4.4.2. Effect of ascorbic acid:

Results illustrated in Table 13, Figures 11 and 12 showed 

that, mean corpuscular haemoglobine (MCH), mean corpuscular 

volume (MCV) and mean corpuscular haemoglobine 

70



79

concentration (MCHC) did not differ significantly due to 

different treatments. Treatment heat-stressed rabbits with 

ascorbic acid in drinking water increased significantly (P<0.01) 

each of haemoglobin (Hb), packed cell volume (PCV) and 

erythrocyte (RBCs) values comparatively with those of 

unsupplemented group (control). These results are in agreement 

with Miski and Kratz (1976), Abd El-Hamid (1994) and

Sahota et al. (1994) who reported that ascorbic acid increased 

RBCs counts and Hb contents in ducks, rabbits and chickens. 

Abd El-Hamid and El-Adawy (1999) stated that ascorbic acid 

significantly (P<0.05) increased PCV, RBCs and Hb of rabbits.

In spite of the differences among experimental groups in 

blood total proteins were significant, but there is no definite 

trend was observed in this trail (Table 13, Figures 10 and 11).

The increase in total protein value with ascorbic acid treatment 

may be due to the activity of the protein synthesis enzymes as 

demonstrated by Schonhyder and Layaglye (1962). Moreover, 

Kamar et al. (1984) found that total serum protein was 

significantly affected by the interaction of ascorbic acid and 

environmental temperature. The present results compatible with 

the results of Abou-Zeid et al. (2000) and Al-Shanty (2003)

who reported that total serum protein was insignificantly affected 

with ascorbic acid supplementation in drinking water of heat-

stressed rabbits and quail. In contrast, Abd El-Hamid and El-

Adawy (1999) and Al-Tawil and Kassab (1990) found that 

dietary ascorbic acid increased significantly rabbits serum total 

protein. The likely explanation for this discrepancy may be 

attributed to the differences in breed, age and/or level of ascorbic 

acid used. Al-Shanty (2003) revealed a significant increase in 
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Table (13). Haematological parameters and total proteins of blood ( X ± SE) of heat-stressed NZW 
growing rabbits as affected by copper sulfate, ascorbic acid in drinking water or cooled 
water.

Items
Hb

(mg/100 ml)

PCV 

(%)

RBCs 

(×106/cm3)

MCH 

(pg)

MCHC 

(g/100 ml)

MCV

(µ3)

Total 

proteins

(g/dl)

Sig. ** ** ** N.S. N.S. N.S. **

Unsupplemented (Control) 10.37c±0.49 32.10d±1.50 3.70c±0.17 28.02±0.05 32.29±0.06 86.76±0.00 6.30abc±0.11

Copper sulfate mg/L water

40 10.43c±0.20 32.87cd±0.35 3.90bc±0.12 26.81±1.10 31.74±0.48 84.40±2.24 5.79bc±0.06

80 11.47ab±0.22 35.90ab±0.53 4.14ab±0.03 27.68±0.58 31.94±0.28 86.65±1.25 6.45ab±0.01

120 11.97a±0.24 36.77a±0.75 4.26a±0.08 28.12±0.31 32.55±0.35 86.37±0.07 6.99a±0.16

Ascorbic acid mg/L water

250 11.80a±0.21 36.53a±0.64 4.24a±0.09 27.81±0.12 32.30±0.06 86.11±0.51 5.67c±0.08

500 11.63a±0.13 35.90ab±0.20 4.18ab±0.04 27.85±0.07 32.41±0.49 85.97±1.07 5.69c±0.02

750 11.47ab±0.09 35.33abc±0.23 4.15ab±0.03 27.64±0.43 32.45±0.16 85.16±1.13 6.70a±0.30

Cooled water 10.67bc±0.46 33.48bcd±1.30 3.80c±0.15 28.05±0.33 31.85±0.19 88.14±1.27 6.52a±0.49

Means in the same column within each classification bearing different letters are significantly different, N.S. = not  significant and ** (P ≤ 0.01).
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Figure (11). Haematological parameters and total proteins of blood 
of heat-stressed NZW growing rabbits as affected by 
copper sulfate, ascorbic acid in drinking water or cooled 
water.

Figure (12). Continued.
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RBCs and PCV in supplemented rabbits group with ascorbic 

acid when compared to those of the control group. Abou-Zeid et 

al. (2000) found that Hb content and PCV percentage were 

increased gradually (P<0.01) in blood with increasing ascorbic 

acid level in drinking water of quail. Contradicting results were 

obtained by Selim et al. (2008) who revealed that ascorbic acid 

supplementation in drinking water of rabbits did not significantly 

affect Hb contents and RBCs counts.

The improvement in Hb concentration may be connected to 

the effect of ascorbic acid supplementation which increased iron 

absorption, mobilization and distribution through the body 

(Hoffman et al. 1991 and Orban et al. 1993).

The beneficial effect of ascorbic acid supplementation on 

RBCs counts may be due to ascorbic acid prevented reduction of 

oxygen consumption (Thornton and Morenge 1959). Sahota et 

al. (1994) noted that the effect of ascorbic acid on sedimentation 

rate and PCV that appears to be due to the rise in bird’s 

erythrocyte number through increase of hematopoiesis.

4.4.3. Effect of cooled water:

Presented results in Table 13, Figures 11 and 12 showed 

that drinking cooled water was insignificantly affect Hb, PCV 

and RBCs. El-Tarabany (2008) reported that treatment heat-

stressed rabbits by drinking cooled water (10-15° C) increased 

Hb, RBCs and PCV values by 4.5, 28.09 and 5.8%, respectively.

Regarding to the effect of drinking cooled water on serum 

total proteins, results presented in Table 13 and Figure 11 

showed that drinking cooled water insignificantly affected serum 

total proteins of heat-stressed growing rabbits as compared with 
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control group. Marai et al. (1999) reported that the treatment of 

heat-stressed rabbits by drinking cooled water (10-15° C) 

decreased plasma total protein comparing with those of control 

group. Contrary, El-Tarabany (2008) reported that total proteins 

was significantly (P<0.05) increased by 1.8% in heat-stressed 

growing male rabbits, that treated by drinking cooled water.

4.5. Thyroid hormones:

4.5.1. Effect of copper sulfate:

From results presented in Table 14 and Figure 13, it is clear 

that the treated heat-stressed rabbits with 40 mg copper sulfate/L 

water increased significantly (P<0.01 or 0.05) each of T3 and T4,

while the treatment with 80 or 120 mg copper sulfate/L water did 

not affect significantly each of T3 and T4 compared with non-

treated group. 

4.5.2. Effect of ascorbic acid:

Results presented in Table 14 and Figure 13 cleared that T3

and T4 were increased generally (P<0.05 or 0.01) by the 

supplementation of 500 mg ascorbic acid/L of heat-stressed 

growing rabbits and were insignificantly affected by 

supplementation of 250 or 750 mg ascorbic acid/L. 

4.5.3. Effect of cooled water:

Results presented in Table 14 and Figure 13 cleared that 

animals drank cooled water (10-15° C) had the highest values of 

T3 and T4 compairing to those of control group, copper sulfate or 

ascorbic acid ones. While T3/T4 ratio was not significantly 

affected by any of those treatments. These results are agreed 

with El-Tarabany (2008) who reported that thyroid hormones 
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Table (14). Thyroid hormones ( X ± SE) of heat-stressed NZW 

growing rabbits as affected by copper sulfate, 

ascorbic acid in drinking water or cooled water.

Items
T3

(ng/ml)

T4  

(µg/dl)

T3/T4  

ratio

Sig. * ** N.S.

Unsupplemented (Control) 0.110d±0.008 4.38c±0.17 24.97

Copper sulfate mg/L water

40 0.141ab±0.008 4.95ab±0.12 28.54

80 0.136abcd±0.01 4.55bc±0.18 30.09

120 0.114cd±0.009 4.24c±0.14 26.92

Ascorbic acid mg/L water

250 0.119bcd±0.006 4.30c±0.12 27.86

500 0.137abc±0.006 4.97ab±0.15 27.64

750 0.124abcd±0.005 4.41c±0.12 28.20

Cooled water 0.146a±0.009 5.18a±0.17 28.44

Means in the same column within each classification bearing different 
letters are significantly different, N.S. = not significant, * (P ≤ 0.05)
and ** (P ≤ 0.01). 

67



85

Figure (13). Thyroid hormones of heat-stressed NZW 
growing rabbits as affected by copper sulfate, 
ascorbic acid in drinking water or cooled 
water.

(T3 and T4) in heat-stressed male growing rabbits, which treated 

by cooled water were increased significantly (P<0.05 or 0.01) by 

24.6 % and 2.69 %, respectively comparing to those of untreated 

group.
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4.6. Nutrient utilization and digestibility coefficients:

4.6.1. Effect of copper sulfate:

Results tabled in Table 15 and Figure 14 showed that, 

digestibility coefficients of DM, OM, EE, NFE and CF and 

feeding values as TDN and DE were not affected significantly by 

either different levels of copper sulfate but with a marked trend 

to decrease. It could be noticed that digestibility of CP was 

increased insignificantly by treatment of heat-stressed rabbits 

with 40 and 80 mg copper sulfate/L water. In agreement with 

these finding of Attia (2003) who found that digestibility 

coefficients of nutrients and nutritive values as TDN and DE 

were not affected significantly by copper levels. Abd El-Azeem 

and Abd El-Reheem (2006) reported that digestibility of DM 

and OM were insignificantly increased, whereas, the digestibility

coefficients of CF and NFE were significantly increased, while, 

EE digestibility coefficient was significantly decreased by 

adding copper at the levels of 150 or 300 ppm to rabbit diets 

compared to the control. Also, Ayyat et al. (1995) found that 

nutrient digestibility was affected positively with increasing 

dietary copper (100 and 200 mg/kg diet) but without cumulative 

effect. Also, Zanaty (2005) reported that digestibility 

coefficients of DM and CF were significantly increased (P<0.05) 

by addition of copper. Contrasting with these results, Bassuny 

(1991) reported that nutrient digestibility was improved 

significantly (P<0.05) by (2-4%) compared to the control diet by 

copper diet additions at levels 75, 150, 300 and 450 mg/kg feed 

in NZW male growing rabbits. Moreover, Selim et al. (2004)

reported that the treatment with copper chloride (200 mg/kg diet) 
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Table (15). Digestibility coefficients and feeding value ( X ± SE) of heat-stressed NZW growing rabbits as affected by 
copper sulfate, ascorbic acid in drinking water or cooled water at the end of the experimental period (5-13 
weeks of age).

Items

Digestibility coefficients % Feeding value (as fed)

Dry 
matter 
(DM)

Organic 
matter 
(OM)

Crude 
protein 

(CF)

Ether extract 
(EE)

Nitrogen free 
extract (NFE)

Crude 
fiber (CF)

TDN

(%)

DE
(Kcal/ Kg 

diet) 

Sig. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.

Unsupplemented (Control) 66.62±0.48 68.71±0.07 75.74±1.37 60.22±3.65 54.70±0.42 32.22±0.56 60.83±0.76 2380.4±7.00

Copper sulfate mg/L water

40 60.17±3.87 61.69±3.77 77.15±2.20 66.51±6.91 42.23±5.98 28.59±2.73 56.31±3.14 2287.9±127.6

80 64.50±6.54 66.56±5.94 79.82±6.27 64.62±3.09 50.54±7.99 31.48±3.88 60.17±5.09 2449.0±209.9

120 58.73±3.16 60.77±3.06 73.48±2.76 73.60±1.50 41.71±4.96 29.16±0.94 56.14±2.46 2029.4±188.7

Ascorbic acid mg/L water

250 61.21±3.55 62.85±3.23 73.26±2.59 72.60±3.77 45.54±4.52 34.32±4.98 57.77±2.97 2329.5±117.4

500 59.29±4.90 61.60±4.37 71.15±2.73 65.72±6.50 44.66±6.67 29.12±3.27 56.17±4.11 2271.8±159.0

750 57.53±1.25 58.23±0.92 67.76±1.58 64.71±6.04 40.03±1.81 25.60±2.43 53.31±0.51 2153.5±25.2

Cooled water 60.73±5.72 63.28±5.45 78.51±1.23 53.99±20.26 45.65±8.36 26.21±6.69 57.93±4.77 2349.5±185.4

Means in the same column within each classification bearing different letters are significantly different, N.S. = not significant and ** (P ≤ 0.01).
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Figure (14). Digestibility Coefficients and feeding value of heat-

stressed NZW growing rabbits as affected by 

copper sulfate, ascorbic acid in drinking water or 

cooled water at the end of the experimental period 

(5-13 weeks of age). 

did not significantly affect crude protein (CP) digestibility 

coefficients (%), while, it was significantly affected organic 

matter (OM), ether extract (EE), and crude fiber (CF) 

digestibility coefficients (%).

4.6.2. Effect of ascorbic acid:

Results tabulated in Table 15 and Figure 14 showed that, 
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digestibility coefficients of DM, OM, EE, NFE and CF and 

feeding values as TDN and DE were not affected significantly by 

either different levels of ascorbic acid.

In agreement with these the finding of Sallam et al. (2005)

who indicated that the treatment with ascorbic acid (40 mg/kg 

body weight) resulted in no significant increase in digestibility 

coefficients (DM, OM, CP, CF, EE and NFE) and TDN. On the 

same trend, Skrivanova and Marounek (1997) reported that the

digestibility of nutrients of Hyla 2000 rabbits supplied with 

ascorbic acid at 30 mg/kg body weight twice a week was not 

significantly affected. Selim et al. (2004) reported that ascorbic 

acid (300 mg/kg diet) did not significantly affect crude protein 

(CP) digestibility coefficients (%), while, it was significantly 

affected organic matter (OM), ether extract (EE) and crude fiber 

(CF) digestibility coefficients (%).

4.6.3. Effect of cooled water:

Results presented in Table 15 and Figure 14 showed that, 

digestibility coefficients of DM, OM, EE, NFE and CF and 

feeding values as TDN and DE were not affected significantly by 

drinking cooled water treatment. It could be noticed that 

digestibility of CP was increased insignificantly by treatment of 

cooled drinking water. In agreement with these the finding of 

Selim et al. (2004) who reported that the treatment with cooled 

water (16-20° C) did not significantly affect crude protein (CP) 

digestibility coefficients. Contrarily, Marai et al. (2001) showed 

that supplying the animals with cooled drinking water (10-15° C; 

between 10:00 AM and 5:00 PM) gave the highest digestibility 

coefficients for dry matter and crude protein. 
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4.7. Carcass characteristics:

4.7.1. Effect of copper sulfate:

Data in Table 16, Figures 15, 16 and 17 revealed that 

dressing and hot carcass percentage were significantly (P<0.01) 

decreased with addition of 80 mg copper sulfate/L water and 

were significantly (P<0.01) increased with addition of 120 mg 

copper sulfate/L water to heat-stressed growing rabbits

comparatively with unsupplemented and other levels of copper 

sulfate supplemented. Also, the relative weight of heart and total 

giblets were significantly (P<0.05 or P<0.01) decreased by 

treated heat-stressed rabbits with 40 and 80 mg copper sulfate/L 

water. These results are in agreement with those obtained by 

Abd El-Azeem and Abd El-Reheem (2006) and Zanaty (2005)

who reported that dressing percentage and hot carcass weight 

(%) were insignificantly increased by adding copper at the levels 

of 150 or 300 mg/kg to rabbit diets compared to the control. 

Yassein et al. (2011) observed that adding copper sulfate in 

drinking water increased dressing and carcass (%) but, most 

values of carcass traits (skin, head, liver and kidney) were not 

significantly affected while heart was significantly (P<0.05) 

affected by copper sulfate supplementation. Also, Abo El-Ezz et 

al. (1996) revealed that the differences in relative weight of liver, 

kidney, lung, heart and dressing % were neither pronounced nor 

significant except spleen which exhibited significant (P<0.05) 

difference owing to various levels of copper supplement. 

Contradicting results were obtained by Bassuny (1991) who 

reported that carcass yield, liver and kidney were not affected by 

copper additions of rabbits in the diet with levels 75, 150, 300 
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and 450 mg/kg feed. Also, Ayyat (1995) showed that carcass 

weight was increased by diet copper supplementation with levels 

100, 200 and 300 mg/kg. Moreover, Ayyat et al. (1995) reported 

that dressing percentage increased slightly with increasing 

dietary copper (100 and 200 mg/kg diet), whereas, liver and 

kidney percentage (relative to live weight) were not significantly 

affected, while, empty body percentage (relative to live weight) 

decreased by copper supplementation with the same levels.

4.7.2. Effect of ascorbic acid:

Results in Table 16, Figures 15, 16 and 17 showed that 

blood %, dressing percentage, liver, kidney, and spleen were not 

affected by ascorbic acid supplementation. However, hot carcass 

percentage was significantly (P<0.01) increased by 

supplementing heat-stressed rabbits with 250 mg ascorbic acid/L 

water compared with unsupplemented group. Adding 500 mg 

ascorbic acid/L water increased significantly (P<0.05) total 

giblets when compared with unsupplemented (control). Heart 

percentage was significantly (P<0.01) decreased by 

supplementing drinking water of growing rabbits with vitamin C 

at the studied levels comparatively with control. The previous 

results are in accordance with Al-Shanty (2003) and Abd El-

Hamid and El-Adway (1999) who reported that carcass 

percentage, dressing hot carcass weight, kidney and spleen were 

not significantly affected by the treatment by ascorbic acid of 

heat-stressed rabbits. Also, other studied carried out by 

Castellini (1998) and Selim et al. (2004 and 2008) reported no 

effect of vitamin C on carcass traits.
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Table (16). Carcass characteristics ( X ± SE) of heat-stressed NZW growing rabbits as affected by copper 
sulfate, ascorbic acid in drinking water or cooled water at the end of the experimental period (5-13 
weeks of age).

Items

Body 

weight 

(g)

Hot 

carcass 

weight 

(%)

Blood 

weight 

(%)

Dressed 

weight (%)

Edible giblets (%)

Spleen 

(%)Liver Kidney Heart 
Total 

edible

Sig. - ** N.S. ** N.S. N.S. ** * N.S.

Unsupplemented 

(Control)
1756.7 54.44b±1.32 1.90±0.12 59.21bc±1.47 3.72±0.12 0.733±0.03 0.310a±0.01 4.77ab±0.16 0.053±0.003

Copper sulfate mg/L water

40 1938.3 52.78bc±1.04 1.98±0.02 56.98cde±1.31 3.25±0.31 0.670±0.02 0.267ab±0.01 4.19c±0.31 0.047±0.007

80 1921.7 51.78c±0.31 1.82±0.15 55.98de±0.43 3.28±0.19 0.570±0.07 0.240bc±0.01 4.09c±0.14 0.057±0.003

120 1633.3 58.46a±0.31 2.24±0.09 63.33a±0.45 3.92±0.15 0.673±0.10 0.270ab±0.01 4.86a±0.08 0.053±0.009

Ascorbic acid mg/L water

250 1713.3 57.18a±1.21 1.85±0.03 61.41ab±1.20 3.40±0.20 0.620±0.04 0.210c±0.03 4.22bc±0.19 0.037±0.003

500 1910.0 54.56b±0.47 1.92±0.08 58.44cd±0.34 3.10±0.16 0.643±0.08 0.233bc±0.02 3.98c±0.10 0.043±0.009

750 1828.3 54.41b±0.21 2.01±0.10 58.93bc±0.10 3.31±0.19 0.683±0.03 0.250bc±0.02 4.25bc±0.24 0.050±0.006

Cooled water 2000.0 51.42c±0.77 1.84±0.09 55.48e±0.76 3.11±0.07 0.697±0.01 0.253bc±0.09 4.06c±0.07 0.053±0.003

Means in the same column within each classification bearing different letters are significantly different, N.S. = not significant, * (P < 0.05) and ** (P 

< 0.01).
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Figure (15). Carcass characteristics of heat-stressed NZW 
growing rabbits as affected by copper sulfate, 
ascorbic acid in drinking water or cooled water at 
the end of the experimental period (5-13 weeks of 
age).

Figure (16). Continued.
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Figure (17). Continued.

4.7.3. Effect of cooled water:

Results tabulated in Table 16, Figures 15, 16 and 17 

showed that cooled water decreased significantly each of hot 

carcass %, dressed weight %, heart % and total giblets % and 

insignificantly decreased each of blood weight %, liver %, 

kidney % and spleen %. Contrary with these results, Marai et al.

(1999) found that treatment of heat-stressed rabbits by drinking 

cooled water increased weights of carcass, fore part and 

intermediate parts. Also, Selim et al. (2004) reported that the 

treatment with cooled water (16-20◦ C) did not significantly 

affect total edible parts (%).

4.8. Economic evaluation:

4.8.1. Effect of copper sulfate:

Data presented in Table 17 and Figure 18 cleared that all 

copper treatment groups improved economic efficiency during 
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the whole experimental period but the highest value was 

achieved with 40 mg copper/L water then that of 80 mg copper/L 

water (122.9 and 110.5, respectively) compared with those of 

unsupplemented group and 120 mg copper/L water. These 

results were in accordance with those of Ayyat (1995) who 

observed that addition of 100 or 200 mg copper in rabbit diets 

increased final, margin with 27.0 and 51.7%, respectively than 

the control diet. Also, Abd El-Azeem and Abd El-Reheem 

(2006) reported that economic efficiency and relative economic 

efficiency were improved significantly by adding copper at the 

levels of 150 or 300 mg/kg to rabbit diets compared to the 

control.

4.8.2. Effect of ascorbic acid:

Results showed in Table 17 and Figure 18 indicated that all 

ascorbic acid levels improved economic efficiency during the 

whole experimental period, the highest value was achieved with 

500 ppm of ascorbic acid (117.0 %), compared with

unsupplemented group, 250 and 750 ppm of ascorbic acid which 

obtained slight increasing in economic efficiency during the 

whole experimental period (5-13 weeks of age). However there 

is no information is available about the effect of the treatment 

with ascorbic acid on economic efficiency of heat-stressed 

growing rabbits.

4.8.3. Effect of cooled water:

The treatment with drinking cooled water, as shown in 

Table 17 and Figure 18, achieved the highest economic 

efficiency achieved ever of all treatment groups where obtained 
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Table (17). Economic evaluation of heat-stressed NZW growing rabbits as affected by copper sulfate, ascorbic 
acid in drinking water or cooled water at the end of the experimental period (5-13 weeks of age).

Items
Total feed 

intake 

(Kg)

Total 

cost 

(LE)A

Total 

weight gain 

(Kg)

Gain market 

price (LE)B

Net 

return 

(LE)C

Economic 

efficiency (%)D

Relative 

economic 

efficiency (%) E

Unsupplemented (Control) 4.498 10.36 1.055 18.994 8.649 83.902 100.00

Copper sulfate mg/L water

40 4.408 10.14 1.250 22.503 12.363 122.799 142.943

80 4.606 10.60 1.235 22.218 11.624 110.508 134.391

120 3.948 9.08 0.987 17.762 8.682 95.662 114.016

Ascorbic acid mg/L water

250 4.550 10.47 1.097 19.741 9.276 89.612 106.805

500 4.467 10.27 1.233 22.189 11.916 117.004 137.769

750 4.35 10.01 1.138 20.487 10.482 105.139 121.196

Cooled water 4.368 10.05 1.278 23.005 12.959 132.922 149.828

A: Total cost = feed intake*cost of Kg feed (2.3LE); there were no calculated cost for the water additives because of its very tiny price.
B: Gain market price = weight gain*cost of Kg meat (18LE).
C: Net return = difference between gain market price and total feed cost.
D: Economic efficiency = (net return/total cost)*100
E: Relative economic efficiency % of the control assuming that the relative economical efficiency.
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Table (18). Economic evaluation of heat-stressed NZW 
growing rabbits as affected by copper sulfate, 
ascorbic acid in drinking water or cooled water at 
the end of the experimental period (5-13 weeks of 
age).

with the treatment by cooled water (132.9 %) compared with 

the lowest economic efficiency value which was recorded by 

unsupplemented group (83.9 %). These results were in 

accordance with those of Marai et al. (1999) who reported 

that the treatment of heat-stressed rabbits by drinking cooled 

water (10-15° C) increased final margin comparing with those 

of control group. Similarly, El-Tarabany (2008) reported 

that economic efficiency increased in male rabbits which 

treated by cooled water with value 89.07 %.
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5. SUMMARY AND CONCLUSION

The present work was carried out at a private Rabbitry 

Farm, Zagazig, El-Sharkia Governorate, Egypt, from July to 

September 2011. The chemical analyses were performed in 

poultry department laboratories, faculty of Agriculture, 

Zagazig University and Biological Applications Department 

laboratories, Nuclear research Center, Egyptian Atomic 

Energy Authority. Ninety six weanling New Zealand White 

(NZW) male rabbits at five weeks of age and nearly similar 

average body weight (650.3 ± 3.7 g) were randomly divided 

into eight treatment groups (twelve rabbits in each group), 

then each group was subdivided into four replicates, each of 

three rabbits to investigate the effect of adding drinking water 

with either, copper sulfate (40, 80 and 120 mg//L water), 

ascorbic acid (250, 500 and 750 mg/L water) or drinking 

cooled water (10-15°C) on growth performance, some 

physiological traits, digestibility coefficients of nutrients, 

carcass traits and economical efficiency of growing NZW 

rabbits under Egyptian summer conditions.

Obtained results can be summarized as the following:

5.1. Temperature-humidity index (THI):

Temperature-humidity index (THI) value estimated was 

exceeded than 28.9, indicated animals exposure to sever heat 

stress during the hot period.

5.2. Growth performance:

5.2.1. Live body weight and body weight gain:

The addition of copper sulfate in the drinking water of 

the heat stressed NZW growing rabbits up to 40 mg/L water, 
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500 mg ascorbic acid/L or drinking cooled water (10-15°C) 

significantly (P<0.01) improved live body weight and body 

weight gain when compared with the control group.

5.2.2. Daily feed intake:

There were insignificant effects on daily feed intake due 

to the treatment with copper sulfate, ascorbic acid and cooled 

water of the heat stressed NZW growing rabbits when 

compared with the control group. 

5.2.3. Daily water consumption:

Generally, it could be said that the treatment with 

copper sulfate and ascorbic acid significantly (P<0.01) 

increased daily water consumption except the treatment with 

120 mg copper sulfate/L water and drinking cooled water did 

not affected daily water intake significantly when compared 

with the control group.

5.2.4. Feed conversion:

The treatment with copper sulfate in the drinking water 

of the heat stressed NZW growing rabbits up to 40 mg/L 

water, 500 mg ascorbic acid/L water and drinking cooled 

water significantly (P<0.05) improved feed conversion while 

insignificantly improved was achieved by the 

supplementation with 80 or 120 mg copper sulfate/L water 

and 250 or 750 mg ascorbic acid/L water when compared 

with the control group.

5.2.5. Performance index:

There was significant (P<0.01) increase in performance 

index of rabbits supplemented with copper sulfate up to 80 

mg/L water, 500 mg ascorbic acid/L water and drinking 
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cooled water while the levels of 120 mg copper sulfate/L 

water and 250 or 750 mg ascorbic acid/L water insignificantly 

affected performance index when compared with the control 

group.

5.2.6. Mortality rate:

The treatment of heat-stressed rabbits with 40 or 80 mg 

copper sulfate/L drinking water insignificantly decreased 

mortality rate compared with control or 120 mg copper 

sulfate/L water. In the same trend adding ascorbic acid to 

drinking water or drinking cooled water reduced mortality 

rate in heat-stressed growing rabbits compared with control.

5.3. Rectal temperature and respiration rate:

The treatment of heat-stressed rabbits with 40, 80 mg 

copper sulfate/L drinking water, all ascorbic acid levels (250, 

500 and 750 mg ascorbic acid/L drinking water) or drinking 

cooled water significantly (P<0.01) decreased rectal 

temperature and respiration rate while, 120 mg copper 

sulfate/L water insignificantly affected compared with 

control. 

5.4. Haematological parameters and total proteins of blood:

Treatment of heat-stressed rabbits with 80 or 120 mg 

copper sulfate/L or all levels of ascorbic acid increased 

significantly (P<0.01) each of haemoglobin (Hb), packed cell 

volume (PCV), erythrocyte (RBCs) and serum total proteins 

however, mean corpuscular haemoglobine (MCH), mean 

corpuscular volume (MCV) and mean corpuscular 

haemoglobine concentration (MCHC) were not affected 

significantly by all levels of copper sulfate or ascorbic acid 

comparatively with unsupplemented (control). Serum total 
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proteins were insignificantly affected by the treatment with all 

levels of ascorbic acid. The treatment with drinking cooled 

water was insignificantly affected Hb, PCV, RBCs, MCH, 

MCV, MCHC and serum total proteins.

5.5. Thyroid hormones:

The treatment of heat-stressed rabbits with 40 mg copper 

sulfate/L, 500 mg ascorbic acid/L or drinking cooled water 

increased significantly (P<0.01 or P<0.05) each of T3 and T4

while, the treatment with 80, 120 mg copper sulfate/L or 250 

or 750 mg ascorbic acid/L insignificantly affected T3 and T4

meanwhile T3/T4 ratio was not affected significantly 

compared with non-treated group. 

5.6. Digestibility coefficients:

Digestibility coefficients of DM, OM, EE, NFE and CF 

and feeding values as TDN and DE were not affected 

significantly by either different levels of copper sulfate, 

different levels of ascorbic acid or drinking cooled water. It 

could be noticed that digestibility of CP was increased 

insignificantly by treatment of heat-stressed rabbits with 40, 

80 mg copper sulfate/L water and drinking cooled water. 

5.7. Carcass characteristics:

Hot carcass, dressing percentage were significantly 

(P<0.01) decreased by the treatment with 80 mg copper 

sulfate/L or drinking cooled water. Total giblets decreased 

significantly (P<0.05) with 40, 80 mg copper sulfate/L or 

drinking cooled water and increased significantly (P<0.05) 

with 500 mg ascorbic acid/L while, the treatments with all 

ascorbic acid levels or drinking cooled water insignificantly 

affected the relative weight of blood, liver, kidney and spleen.
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5.8. Economical evaluation:

All the treatment groups improved economic efficiency 

during the whole experimental period and the highest values 

were achieved with drinking cooled water, 40 mg copper/L 

and 500 ppm of ascorbic acid/L (132.9, 122.9 and 117.0%, 

respectively) compared with those of unsupplemented group. 

5.9. Conclusion 

It could be use each of copper sulfate, ascorbic acid and 

cooled water (10-15◦ C) as water supplements for NZW male 

rabbits to reduce the negative effects under Egyptian summer 

conditions, especially the levels of 40 mg/L of CuSo4, 500 

mg/L of ascorbic acid and cooled water which was the most 

efficient physical technique for alleviation the heat stressed 

NZW male rabbits until marketing age in this study. 

94



114

6. REFERENCES

AOAC. Association of Official Analytical Chemists 

Official (1990). Official Methods of Analysis 15th

ed. Published the AOAC. Washington D.C., USA.

Abd El-Azeem, F. and Abd El-Reheem, M. A. T. (2006).

Effect of supplemental copper and fresh garlic on 

performance and some biochemical changes in 

growing rabbits. Egypt. J. Rabbit Sci., 16 (2): 341-

366.

Abd El-Hamid E. (1994). Effect of adrenal hormone and 

ascorbic acid on resistance of growing rabbits. Ph.D. 

Thesis, Faculty of Agriculture, Alexandria Univ., 

Egypt.

Abd El-Hamid, A. E. Y. and El-Adawy, M. M. (1999). 

Growth and physiological performance of New 

Zealand White Rabbits fed diet supplemented with 

ascorbic acid. Egypt. Poult. Sci., 19: 857-871.

Abd-Ellah, A.M. (1995). Effect of ascorbic acid

supplementation on performance of Dandarwi chicks 

in hot climatic temperature. Alex. J. Vet. Sci., 11: 

263-271.

Abd El-Samee, A. M. and El-Masry, K. A. (1997). Effects 

of varying copper levels or selenium with vitamin E 

supplementation on growth and reproductive 

performances of New Zealand White Rabbits under 

subtropical conditions. Egypt. Poult. Sci., 17: 133-

149.



115

Abo El-Ezz, Z. R.; Salem, M. H.; Hassan, G. A.; El-Komy, 

A. G. and Abd El-Moula, E. (1996). Effect of 

different levels of copper sulfate supplementation on 

some physical traits of rabbits. Proc. 6th Wld. Rabbit 

Confer., 1 : Toulouse, 59-65.

Abou-Ashour, A. M. H.; Abd El-Rahman, S. A. A.;

Zanaty, G. A.; Essa, A. A. and Abou El-Naga, M.

K. (2004). Effect of dietary ascorbic acid 

supplementation on the performance of laying hens. 

Egypt. Poult. Sci., 24: 401-416.

Abou-Zeid, A. E.; Isshak, A.; Badawy, N. and Abou-Ouf,

N. (2000). The potential effect of vitamin C 

supplementation in quail. Egypt. J. Poult. Sci., 20: 

817-838.

Adu, O.A. (2004). Performance, Haematology and Sperm 

production of growing male rabbits fed diets with 

different levels of copper sulphate. M. Sc. 

Dissertation, Dept. of Animal Science, University of 

Ibadan, Ibadan.

Adu, O. A. and Egbunike, G. N. (2010). Enhancing growing 

rabbits performance with diets supplemented with 

copper. Advances in biological research, 4 (1): 18-

22.

Adu, O. A.; Akinfemi, A. and Adebiyi, O. A. (2010). Effect 

of varied levels of dietary copper on performance 

and blood chemistry of growing female rabbits. 

Tropical and Subtropical Agroecosystems, 12 (2): 

313-319.

96



116

Ahmed, H; Syah, D.; ter Merulen, U and Hermis, I. 

(1997). Effect of using copper Sulphate as a feed 

additive on the productivity performance in growing 

rabbits. Tropentag Hohenheim. pp. 177-180.

Akiba, Y.; Jensen, L. S.; Bart, C. R. and Kraeling, R. R. 

(1982). Plasma estradiol, thyroid hormones and liver 

lipids determination in birds. Journal of Nutrition,

112: 299-308.

Al-Homidan, A. A. (2000). Effect of vitamin C addition in 

water of broilers raised under two different ambient 

temperatures on growth performance and water 

consumption. Egypt. Poult. Sci. J., 20: 327-346.

Al-Shanty, H. (2003). Using vitamin C and sodium 

bicarbonate to alleviate the effect of heat stress on 

rabbit performance. Egypt. Poult. Sci. J., 23: 129-

139.

Al-Taweil, R. N. and Kassab, A. (1990). Effect of dietary 

vitamin C on ascites in broiler chicks. International 

J. for Vitamin and Nutrition Research, 60: 307-313.

Amakye-Anim, J. T. L.; Lin Hestree, P. Y.; Thiagrajan, 

D.; Watkins, B. A. and Wc, C. C. (2000). Ascorbic 

acid supplementation improved antibody response to 

infectious bursal disease vaccination in chickens. 

Poult. Sci., 79: 680-688.

Anugwa, F. O. I.; Okorie, A. U. and Enunwaoyne, C. A. 

(1984). Effect of varying copper and protein levels 

on the performance of rabbits in the tropics. Tropical 

veterinarian, Nigeria, 2: 103-112.

97



117

Attia, A. I. (2003). Growth performance of weaning rabbits 

as affected by total sulphur amino acids and copper 

levels. Egypt. J. Nutrition and Feeds, 6: 265-266.

Ayyat, M. S. (1994). Effect of different levels of dietary 

protein and copper on growth performance in rabbits. 

Egypt. J. Rabbit Sci., 4 (1): 83-92.

Ayyat, M. S.; Gabr, H. A.; Marai, I. F. M. and Abdel-

Monem, U. M. (1997). Alleviation of heat-stressed 

growing rabbits by using some chemical growth 

enhancers, under subtropical Egyptian conditions. 

International conference on animal, poultry & 

Rabbit Production and Health, 637-651.

Ayyat, M. S.; Marai, I. F. M.; and Alazab, A. M. (1995).

Copper-protein nutrition of New Zealand white 

rabbits under Egyptian conditions. Wld. Rabbit Sci.,

3 (3): 113-118.

Bassuny, S. M. (1991). The effect of copper sulfate 

supplement on rabbit performance under Egyptian 

conditions. J. Appl. Rabbit Res., 14: 93 - 97.

Bassuny, S. M.; Shehata, S. A.; Bahgat, L. B. and 

Mohamed, S. I. A. (2004). Nitrate toxicity in 

rabbits: 1- Effect of nitrate in drinking water on 

digestion, some blood constituents and growth 

performance of growing rabbits. Egypt. J. Rabbit 

Sci., 14: 147-158.

Benson, H. J.; Gunstream, S. E.; Talaro, A. and Talaro, 

K. P. (1989). Anatomy and Physiology Laboratory 

Textbook. Win. C. Brown Publisher Dubuque, 

IOWA.

98



118

Brake, J. (1989). The role of ascorbic acid in poultry 

production: Ascorbic acid, stressed immunity. 

Zootecnica International: Issue N., 1: 37-40.

Castellini, C.; Dal Bosco, A.; Bernardini, M. and Cyril, H. 

(1998). Effect of dietary vitamin E on the oxidative 

stability of raw and cooked rabbit meat. Meat Sci.,

50, 153-161.

Cheeke, P. R.; Patton, N. M. and Tempelton, G. S. (1982).

Rabbit Production 5th Ed Int. Print. and Publ. 

Danville II.

Cousins, R. J. (1985). Absorption, transport and hepatic 

metabolism of copper and zinc: Special reference to 

metallothionein and ceruloplasmin. Physiol. Rev., 65: 

238-309.

Cromwell, G. L.; Stahly, T. S. and Monegue, H. J. (1989).

Effects of source and level of copper on performance 

and liver copper stores in weanling pigs. J. Animal 

Sci., 67: 2996–3002. 

Cromwell, G. L. (1999). High levels of dietary copper 

enhance pig performance. Information about trace 

mineral, Vol. 5(1). 

Cromwell, G. L.; Lindemann, M. D.; Monegue, H. J.; 

Hall, D. D. and Orr, D. E., Jr. (1998). Tribasic

copper chloride and copper sulphate as copper 

sources for weanling pigs. J. Animal Sci., 76: 118-

123.

Duncan, D. B. (1955). The multiple range and F-tests. 

Biometrics, 11: 1-24.

99



119

Doulas, N. L.; Condtelto, P. A. and Litsios, B. (1987). 

Effect of ascorbic acid on guinea pig adrenal 

aderylate cyclase. Salutr., 117: 1108-1114.

El-Ghaffar, S. K. A.; Aly, M.; Moustafa, F. A. and 

Mahmoud, A. Z. (2000). Pathological studies on the 

rabbit viral hemorrhagic disease (RVHD) with 

special reference to the use of vitamin A, E and C as 

prophylaxis. Assiut-Vet. Med. J., 43 (85): 251-274.

El-Tarabany, A. A. (2008). Improving the productive and 

reproductive efficiency in the New Zealand rabbits 

under Egyptian conditions. Ph.D. Thesis, Faculty of 

Agriculture, Zagazig Univ., Egypt.

Fekete, S.; Gippert, R.; Hullár, I. and Szilágyi, M. (1988).

Effect of dietary copper sulfate concentration on 

digestion, growth rate and some blood parameters of 

broiler rabbits. Proc. 4th Wld. Rabbit Congr., Vol. II, 

Budapest, pp. 198-205.

Freiden, E. and Hsieh, H. S. (1976) In: Advances in 

Enzymology and Related Areas of Molecular 

Biology, vol. 44, A. Meister, ed. Wiley, New York, 

pp. 187-236.

Furlan, A. C.; Scapinello, C.; Moreira, I.; Martins, E. N.; 

Murakami, A. E. and Toral, F. L. B. (2002).

Copper and zinc bacitracin utilization in growing 

rabbits' diets. Acta Scientiarum., 24:(4) 1027-1030.

Grobner, N. A.; Cheeke, P. R. and Patton, N. M. (1986).

Effect of dietary Copper and oxytetracycline on 

growth and mortality of wean rabbit. J. of Appl. Res.,

9: 46-53.

100



120

Habeeb, A. A. M.; Marai, F.; El-Sayiad, Gh. and Nessem,

Z. (1994). Effects of internal and external cooling 

techniques on growth and physical functions of New 

Zealand White and Californian rabbits maintained 

under hot summer conditions of Egypt. Proc. 1st int. 

conf. on rabbit prod. in hot climates, Cairo, Egypt, 6-

8 Sept., 626-633. 

Habeeb, A. A. M.; El-Maghawry, A. M.; Marai, I. F. M. 

and Gad, A. E. (1998). Physiological 

thermoregulation mechanism in rabbits drinking 

saline water under hot summer conditions. In: 1st int. 

conference on indigenous versus acclimatized 

rabbits, El-Arish, North Sinai, Egypt, 443–456.

Heady, E. O. and Jensen, H. R. (1954). Farm Management 

Economics. Englewood Cliffs: Prentice-Hall, Inc.

Hilton, J. W. (1983). Hypervitaminosis A in rainbow trout 

(Salmogairdneri). Toxicity signs and maximum 

tolerable level. J. Nutr. 113: 1737-1745.

Hoffman, M. E.; Yanelk, K. and Berdges, K. K. (1991).

Ascorbic acid and iron metabolism in alternations 

lysosomal function. Am. J. Clin. Nutr., 54: 885-893.

Ibrahim, K. A. and Moubarak, M. S. (2002). Growth 

response and blood parameters of Fayoumi chicks 

subjected to different levels of vitamin C in drinking 

water during summer. Egypt. Poult. Sci., 22: 1097-

1109.

Ismail, A. M.; Shalash, S. M.; Kotby, E. A.; Cheeke, P. R. 

and Patton, N.M. (1992a). Hypervitaminosis A in 

101



121

rabbits. II Interaction with vitamins E and C and 

ethoxyquin. J. Appli. Rabbit Res., 15: 12141223.

Ismail, A. M.; Shalash, S. M.; Kotby, E. A.; Cheeke, P. R. 

and Patton, N. M. (1992b). Hypervitaminosis A in 

rabbits. III. Reproduction effects and interaction with 

vitamins E and C and ethoxyquin. J. Appli. Rabbit 

Res., 15: 1224-1236.

Jain, N. S. (1986). Scanning electron micrograph of blood   

cell   in:   Schalms   Veterinary   Haematology (4 

ed.), Lea and Febiger, Philadelphia U.S.A.

King, J. O. L. (1975). The feeding of copper sulfate to 

growing rabbits. Br. Vet J., 131: 70-75.

Lamb, G. M. (1981). Manual of Veterinary Laboratory 

Rabbit. Techniques. Ciba-Geigy, Kenya.

Lebas, F. B.; Rouvier, R. and De Rochambeau, H. (1986).

Rabbit husbandry, health and production. FAO 

Animal Production and Health. Series No.21.

Liang, Q. Z., He, N. R.; Hou, F. A.; Ren, K. L. and Zhang,

L. G. (1988). The effect of compounds of copper 

additive on the growth, feed efficiency and diarrhea 

of rabbit. 4th Congress of the Wld. Rabbit Sci.

Association, Budapest, Hungary, 224-228.

Lukefahr, S. D. and Cheeke, P. R. (1991). Rabbit project 

development strategies in subsistence farming 

systems. 1. Practical considerations. Wld. Anim. Rev.,

68: 60-70.

Ma DeLei and Li FuChang (2009). Effects of dietary copper 

levels on performance and serum indices of weanling 

102



122

to 2-month-old growing meat rabbits. Chinese J. 

Animal Nutr., 21:(4) 493-498.

Marai, I. F. M.; Abdel-Samee, A. M. and El-Gaffary, M.

N. (1991). Criteria of response and adaptation to high 

temperature for reproductive and growth traits in 

rabbits. Options Mediterraneennes, 17: 127–134.

Marai, I. F. M.; El-Masry, K. A. and Nasr, A. S. (1994a). 

Heat  stress  and  its  amelioration  with  nutritional, 

buffering,  hormonal  and  physical  techniques  for  

New Zealand White  rabbits  maintained  under hot 

summer  conditions of Egypt. Options 

Mediterraneennes, 8 (Supplement): 475-487. 

Marai, I. F. M.; Habeeb, A. A. M.; El-Sayiad, Gh. A. and 

Nessem, M. Z. (1994b). Growth performance  and 

physiological  response  of  New  Zealand  White  

and  Californian  rabbits  under  hot  summer 

conditions of  Egypt. Options Mediterraneennes, 8 

(Supplement): 619: 625.

Marai, I. F. M., Ayyat, M. S.; Gabr, H. A. and Abd El-

Monem, U. M. (1996). Effect of heat stress and its 

amelioration on production performance of New 

Zealand White adult female and male rabbits, under 

Egyptian conditions. In: Proceedings of 6th World 

Rabbits Congress, Toulouse, France, 197 –208.

Marai, I. F. M.; Ayyat, M. S.; Gabr, H. A. and Abd El-

Monem, U. M. (1999). Growth performance, some 

blood metabolites and carcass traits of New Zealand 

White broiler male rabbits as affected by heat stress 

103



123

and its alleviation, under Egyptian conditions. 

Options Mediterraneennes, 41: 35–42.

Marai, I. F. M.; Bahgat, L. B.; Shalaby, T. H. and Abdel-

Hafez, M. A. (2000). Fattening performance, some 

behavioral traits and physiological reactions of male 

lambs fed concentrates mixture alone with or without 

natural clay, under hot summer of Egypt. Ann. Arid 

Zone, 93 (4): 449 – 460.

Marai, I. F. M.; Ayyat, M. S. and Abd El-Monem, U. M. 

(2001). Growth performance and reproductive traits 

at first parity of New Zealand White female rabbits 

as affected by heat stress and its alleviation under 

Egyptian conditions. Tropical Animal Health and 

Production, 33: 1–12.

Miski, A. M. and Kratzer, A. (1976). Effect of dietary 

ascorbic acid on iron utilization in growing chick. 

Poult. Sci., 55: 454-456.

North, M. O. (1981). Commercial Chicken Production. 

Annual. 2nd Edition, AV., Publishing Company 

I.N.C., Westpost Connicticut, USA.

NRC (1977). National Research Council: Nutrient 

requirements of domestic animals: No: 9. Nutrient 

requirements of rabbits. Academy of Sci., 

Washington, DC.

Omole, T. A. (1977). Influence of levels of dietary protein 

and supplementary copper on the performance of 

growing rabbits. British Veterinary J., 133: 593-599. 

Onifade, A. A. and Abu, O. A. (1998). Productive response 

of rabbits to supplemental copper in a diet based on 

104



124

tropical feedstuffs. Journal of Applied Animal 

Research, 13: 1/2, 129-135.

Orban, J. I.; Roland, Sr.; Cummins, K. and Lovell, R. T. 

(1993). Influence of large doses of ascorbic acid on 

performance, plasma calcium, bone characteristics 

and egg shell quality in broilers and lieghorn hens. 

Poult. Sci., 72: 691-700. 

Osaki, S.; Johnson, D. A. and Frieden, E. (1966). The 

possible significance of the ferrous oxidase activity 

of ceruloplasmin in normal human serum. J. Bio.

Chem., 241: 2746-2751. 

Osaki, S.; Johnson, D. A. and Frieden, E. (1971). The 

mobilization of iron from the perfused mammalian 

liver by a serum copper enzyme, ferrooxidase I. J.

Bio. Chem., 246: 3018-3023. 

Patton, N. M., Aris, D. J.; Grobner, M. A.; Swich, R. J. 

and Cheeke, P. R. (1982). The effect of dietary 

copper sulfate on enteritis in fryer rabbits. J. Apple. 

Rabbit Res., 5: 78-82.

Rama-Rao, S. V., Nagalakshmi, S. and Reddy, V. R. 

(2002). Feeding to minimize heat stress. Poult. Inter.,

41: 30 - 33.

Reinhold, J. G. (1953). Standard Methods of Clinical 

Chemistry. Academic Press, New York.

Sahota, A. W.; Gillani, A. H. and Ullah, M. F. (1994).

Haemtological studies on heat stressed chickens 

supplemented with ascorbic acid. Pakistan vet. J.,

14: 30-33.

105



125

Sallam, S. M. A.; Nasser, M. E. A.; Yousef, M. S. H.; El-

morsy, A. M.; Mahmoud, S. A. S. and Yousef, M.

I. (2005). Influence of aluminum chloride and 

ascorbic acid on performance, digestibility, caecal 

microbial activity and biochemical parameters of 

rabbits. Res. J. Agric. and Biological Sci., 1 (1): 10-

16.

SAS Institute (1994). SAS/STAT User’s guide: Statistics, 

Version 6. 04 Edition. SAS Institute Inc., Cary, NC. 

Schiemann, R.; Nehring, K.; Hoffmann, L.; Jentach, W. 

and Chudy, A. (1972). Energetische futterbewertung 

and energienormen, VEB, Deutscher Landwirtschafts 

Verlag, Berlin, 72.

Schonhyder, F. and Layaglye, J. (1976). Influence of partial 

starvation and acetic scurvy on the amino acid in 

blood plasma of the guines pig. Birth. J. Nutrion, 16: 

75.

Selim, A. D.; Soliman, A. Z. and Abd El-Khalek, A. M. 

(2004). Effect of drinking water temperatures and

some dietary feed Additives on performance of heat 

stressed rabbits. 8th Wld. Rabbit Congress, Puebla, 

Mexico, 984: 990.

Selim, N. A.; Abdel-Khalek, A. M.; Nada, S. A. and El-

Medany, S. A. (2008). Response of growing rabbits 

to dietary antioxidant vitamins E and C. 1. Effect on 

performance. Proc. of the 9th World Rabbit Congress, 

Verona, Italy, 803-808.

106



126

Shehata, S. A. (2005). Nitrate detoxification of drinking 

water by ascorbic acid in growing rabbits. Wld. 

Rabbit Sci., 13: 93 – 106.

Shurson, G. C.; Ku, P. K.; Warler, G. L.; Yokoyama, M. 

T. and Miller, E. R. (1990). Physiological 

relationships between microbiological status and 

dietary copper in the pig. J. Animal Sci., 68: 1061-

1071.

Skrivanova, V. and Marounek, M. (1997). Effect of 

ascorbic acid on performance, mortality, digestibility 

of nutrients and quality of meat of rabbits housed at 

25 degrees C. Archive fur Tierzucht, 40 (2): 153-157.

Skrivanova, V.; Marounek, M.; Skrivan, M. and Knizek,

J. (1999). Effect of temperature on growth, feed 

efficiency, and mortality of rabbits. Cahiers Options 

Mediterraneennes, 41: 43-45.

Snedecor, C. W. and Cochran, W. C. (1982). Statistical 

Methods. 7th ed. Iowa State Coll Press Ames IA.

Thornton, P. A. and Moreng, R. E. (1959). Further 

evidence on the value of ascorbic acid for 

maintenance of shell quality in warm environmental 

temperature. Poult. Sci., 38: 594-599.

Underwood, E. J. and Suttle, N. F. (1999). Copper In: The 

mineral nutrition of livestock. Ed. 3, CABI 

Publishing, Walling ford, UK, 283-342.

Wang, Y. Z.; Yan, D. Z.; Zhang, Y. Q. and Hua, S. R. 

(1989). The effect of nutrient additive on the growth 

of Angora rabbits. Fur Animal Farming, 43: (3) 3-6.

107



127

Wilson, H. R. (1989). Mortality in bobwhite quail as affected 

by supplemental ascorbic acid. Poult. Sci., 68: 1418-

1420.

Yassein, S. A., Mahmoud, K. Gh. M.; Maghraby, N. and 

Ezzo, O. H. (2008). Hot climate effects and their 

amelioration on some productive and reproductive 

traits in rabbit does. Wld. Rabbit Sci., 16: 173-181.

Yassein, S. A.; Abd El-Aziem, S. H.; El-Mallah, G. M. and 

Maghraby, N. A. (2011). Response of growing 

rabbits to feed restriction and some additives on 

performance, carcass and hepatic gene expression 

under Egyptian summer conditions. J. Agric. Sci., 3 

(2): 45-55.

Yousef, M. I.; Abdallah, G. A. and Kamel, K. I. (2003).

Effect of ascorbic acid and vitamin E 

supplementation on semen quality and biochemical 

parameters of male rabbits. Animal Reprod. Sci., 76: 

99-111

Zanaty, G. A. (2005). Effect of dietary copper on 

performance, carcass traits and some blood 

components of growing rabbits. 4th Inter. Conf. on 

Rabbit Prod. In hot climate, Sharm El-Sheikh, Egypt.

108



128

7. APPENDIX TABLES

A.1. Analysis of variance of live body weight of heat-

stressed NZW growing rabbits as affected by copper 

sulfate, ascorbic acid in drinking water or cooled 

water during the experimental periods.

S.O.V. D.F.

M.S.

5

weeks

9

weeks

12

weeks

Bet. 

Treatment
7 49.652 NS 10474.147 ** 44869.998 **

Error 24 56.096 1325.257 3072.072

Total 31

A.2. Analysis of variance of daily body weight gain of heat-

stressed NZW growing rabbits as affected by copper 

sulfate, ascorbic acid in drinking water or cooled 

water during the experimental periods.  

S.O.V. D.F.

M.S.

5-9

weeks

9-12

weeks

5-12

weeks

Bet. 

Treatment
7 14.259 ** 38.782 ** 14.266 **

Error 24 1.970 4.726 0.974

Total 31
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A.3. Analysis of variance of daily feed intake of heat-

stressed NZW growing rabbits as affected by copper 

sulfate, ascorbic acid in drinking water or cooled 

water during the experimental periods.  

S.O.V. D.F.

M.S.

5-9

weeks

9-12

weeks

5-12

weeks

Bet. 

Treatment
7 24.170 N.S. 171.523 N.S. 52.290 N.S.

Error 24 31.973 100.168 49.838

Total 31

A.4. Analysis of variance of daily water consumption of 

heat-stressed NZW growing rabbits as affected by 

copper sulfate, ascorbic acid in drinking water or 

cooled water during the experimental periods.

S.O.V. D.F.

M.S.

5-9

weeks

9-12

weeks

5-12

weeks

Bet. 

Treatment
7 0.007 ** 0.013 ** 0.007**

Error 24 0.002 0.003 0.001

Total 31
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A.5. Analysis of variance of feed conversion ratio of heat-

stressed NZW growing rabbits as affected by copper 

sulfate, ascorbic acid in drinking water or cooled 

water during the experimental periods.

S.O.V. D.F.

M.S.

5-9

weeks

9-12

weeks

5-12

weeks

Bet. 

Treatment
7 0.269 * 1.150 * 0.360*

Error 24 0.084 0.378 0106

Total 31

A.6. Analysis of variance of performance index of heat-

stressed NZW growing rabbits as affected by copper 

sulfate, ascorbic acid in drinking water or cooled 

water during the experimental periods.

S.O.V. D.F.

M.S.

5-9

weeks

9-12

weeks

5-12

weeks

Bet. 

Treatment
7 84.796 ** 202.690 ** 169.483**

Error 24 13.636 46.061 26.225

Total 31
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A.7. Analysis of variance of mortality number of heat-

stressed NZW growing rabbits as affected by copper 

sulfate, ascorbic acid in drinking water or cooled 

water during the experimental periods.

S.O.V. D.F.

M.S.

5-9

weeks

9-12

weeks

5-12

weeks

Bet. 

Treatment
7 0.138 NS 0.214 NS 0.496 NS

Error 24 0.135 0.271 0.344

Total 31

A.8. Analysis of variance of rectal temperature and 

respiration rate of heat-stressed NZW growing 

rabbits as affected by copper sulfate, ascorbic acid in 

drinking water or cooled water during the 

experimental periods.

S.O.V. D.F.

M.S.

Rectal 

temperature

Respiration rate

Bet. Treatment 7 36.899 ** 0.068 **

Error 16 3.917 0.002

Total 23
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A.9. Analysis of variance of thyroid hormones of heat-

stressed NZW growing rabbits as affected by copper 

sulfate, ascorbic acid in drinking water or cooled 

water during the experimental periods.

S.O.V. D.F.
M.S.

T3 T4 T3/T4 ratio

Bet. 

Treatment
7 0.001 * 0.382 ** 0.00 NS

Error 16 0.00 0.066 0.00

Total 23
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A.10. Analysis of variance of some blood constituents of heat-stressed NZW growing rabbits as affected 
by copper sulfate, ascorbic acid in drinking water or cooled water during the experimental periods.  

S.O.V. D.F.
M.S.

Hb PCV RBCs WBCs MCH MCHC MCV Total 
proteins

Bet. Treatment 7 1.217 ** 9.561 ** 0.138 ** 16.964 ** 0.522 NS 0.279 NS 3.726 NS 0.745 **

Error 16 0.252 2.027 0.032 0.850 0.732 0.274 4.074 0.145

Total 23

A.11. Analysis of variance of digestibility coefficients and feeding values of heat-stressed NZW growing 
rabbits as affected by copper sulfate, ascorbic acid in drinking water or cooled water during the 
experimental periods.

S.O.V. D.F.
M.S.

DM OM CP EE NFE CF TDN DE

Bet. Treatment 7 27.766 N.S. 32.877 N.S. 47.995 N.S. 196.223N.S.. 52.708 N.S. 171.078 N.S. 21.961 N.S. 54755.350 N.S.

Error 16 52.087 44.634 26.922 220.450 87.525 70.883 39.781 68258.488

Total 23
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A.12. Analysis of variance of carcass characteristics of heat-stressed NZW growing rabbits as affected by 
copper sulfate, ascorbic acid in drinking water or cooled water during the experimental periods.

S.O.V. D.F.

M.S.

Body weight
Hot 

carcass

Blood 

weight

Dressed 

weight
Liver Kidney Heart

Total 

edible
Spleen

Bet. 

Treatment
7 48271.280 ** 18.297 ** 0.057 N.S. 21.382 ** 0.254 N.S. 0.008 N.S. 0.003 ** 0.326 * 0.00 N.S.

Error 16 5012.500 2.001 0.026 2.395 0.104 0.009 0.001 0.095 0.00

Total 23 115
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A.13. Metabolism trails of the experimental treatments.
A- DM intake and feces.

Treatment
Rabbit 

No.
DM intake (gm)

Feces (DM) 
(gm)

Unsupplemented 
(control)

1 270.00 91.67

2 268.33 86.67
3 270.00 90.00

40 mg copper sulfate/ L 1 283.33 80.00
2 283.33 116.67
3 283.33 130.00

80 mg copper sulfate/ L 1 283.33 91.67
2 283.33 116.67
3 283.33 128.33

120 mg copper sulfate/ L 1 283.33 63.33
2 283.33 113.33
3 283.33 123.33

250 mg ascorbic acid/ L 1 283.33 130.00
2 283.33 110.00
3 200.00 73.33

500 mg ascorbic acid/ L 1 283.33 91.67
2 283.33 108.33
3 283.33 128.33

750 mg ascorbic acid/ L 1 283.33 140.00
2 283.33 95.00
3 283.33 103.33

Cooled water 1 283.33 111.67
2 283.33 121.67
3 283.33 123.33
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A. 13. B- Chemical composition of diet and feces (on DM basis).

Items Rabbit 
No.

Summative analysis
EE CP CF NFE OM Ash

Basal diet - 3.65 18.96 16.08 43.74 82.43 9.53
Unsupplemented 
(control)

1 4.13 13.13 31.59 27.29 76.14 16.70

2 5.27 13.13 34.14 26.97 79.51 13.40
3 3.75 15.31 32.84 25.66 77.56 14.10

40 mg copper sulfate/ L 1 3.35 10.94 36.34 28.75 79.38 12.90
2 4.16 10.94 29.30 35.33 79.72 12.90
3 1.93 10.94 23.45 43.68 79.99 12.50

80 mg copper sulfate/ L 1 4.89 6.56 29.80 23.68 80.72 12.30
2 3.71 13.13 30.60 28.39 75.82 16.10
3 2.98 10.94 24.40 39.67 78.83 13.90

120 mg copper sulfate/ L 1 1.93 13.13 24.35 40.51 81.36 13.80
2 2.76 10.94 30.08 41.95 78.50 14.40
3 2.55 13.13 30.87 34.72 79.61 13.50

250 mg ascorbic acid/ L 1 2.30 13.13 28.30 33.07 81.68 11.70
2 2.72 13.13 31.20 31.09 78.13 14.20
3 2.69 13.13 23.0 39.32 78.53 13.10

500 mg ascorbic acid/ L 1 3.48 13.13 25.10 36.63 78.34 15.30
2 3.22 15.31 31.70 29.92 80.15 13.70
3 2.62 13.13 30.60 34.23 80.57 14.20

750 mg ascorbic acid/ L 1 4.29 15.31 30.20 33.88 83.68 9.60
2 2.17 13.13 29.50 36.16 80.95 12.30
3 2.86 15.31 26.50 37.47 81.65 11.10

Cooled water 1 3.34 13.13 34.90 27.50 78.86 13.80
2 2.28 10.94 32.87 28.50 74.59 18.00
3 3.90 8.75 26.60 44.07 82.42 13.60
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A.13. C- Digestion coefficients of treatment groups.

Treatment Rabbit 
No.

Digestion coefficients
OM CP EE CF NFE

Unsupplemented (control) 1 68.64 76.50 61.56 33.30 77.14
2 68.84 77.64 53.33 31.43 74.74
3 68.63 73.077 65.75 31.92 72.90

Mean 68.70 75.74 60.21 32.22 74.93
40 mg copper sulfate/ L 1 68.84 81.33 70.31 26.86 82.41

2 60.18 76.24 53.10 24.98 70.42
3 56.05 73.87 76.11 33.94 54.77

Mean 61.69 77.15 66.51 28.59 69.20
80 mg copper sulfate/ L 1 78.11 92.26 70.04 36.62 87.90

2 63.20 72.31 59.34 23.88 74.04
3 58.37 74.89 64.47 33.94 60.52

Mean 66.56 79.82 64.62 31.48 74.15
120 mg copper sulfate/ L 1 54.71 68.24 75.69 30.51 54.89

2 63.03 77.60 70.69 27.36 61.83
3 64.59 74.62 74.43 29.60 69.70

Mean 60.78 73.49 73.60 29.16 62.14
250 mg ascorbic acid/ L 1 67.94 77.60 79.60 43.06 71.93

2 63.76 73.53 71.52 25.81 72.83
3 56.85 68.64 66.68 34.08 59.28

Mean 62.85 73.26 72.60 34.32 68.01
500 mg ascorbic acid/ L 1 53.03 65.79 52.88 22.87 58.61

2 67.40 72.92 70.44 33.90 77.06
3 64.35 74.75 73.85 30.59 71.46

Mean 61.59 71.15 65.72 29.12 69.04
750 mg ascorbic acid/ L 1 60.00 68.17 53.70 25.98 69.47

2 57.83 70.27 74.52 21.22 64.50
3 56.88 64.84 65.93 29.60 66.38

Mean 58.24 67.76 64.72 25.60 66.78
Cooled water 1 72.99 80.45 74.20 38.72 82.25

2 62.74 76.24 74.29 15.81 73.17
3 54.12 78.82 51.04 24.11 61.52

Mean 63.28 78.50 66.51 26.21 72.31
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الملخـص العــربي
مصر ،  –اجریت ھذه الدراسة بمزرعة ارانب خاصة بمدینة الزقازیق محافظة الشرقیھ 

 –كما تم عمل التحالیل الكیمیائیىة بمعامل قسم الدواجن  2011خالل الفتره من یولیو الى سبتمبر 

ندي االبیض عمر من ذكور االرانب النیوزیال 96تم استخدام عدد . جامعة الزقازیق –كلیة الزراعة 

فى تصمیم قطاعات كاملة ) جم 3.7 ± 650.3(اسابیع متساویة تقریبا فى الوزن االبتدائى  5

وقسمت كل ) ارنب فى كل مجموعة 12(مجامیع تجریبیة  8العشوائیة وتم تقسیمھم عشوائیا الى 

میاه  عاملھ فىارانب وذلك لدراسة تاثیر الم 3مكررات تحتوي كل مكرره على  4مجموعھ الى 

لتر ماء او المعاملھ بفیتامین جـ / جم لم 120او  80او  40نحاس بمستویات الشرب بكبریتات ال

على االداء ) م °15-10(لتر ماء او المعاملھ بالماء المبرد / جم لم 750او  500او  250بمستویات 

االرانب تحت  االنتاجي والفسیولوجي ومعامالت الھضم وصفات الذبیحة والكفاءة االقتصادیة لھذه

.ظروف الصیف المصریة

:ویمكن تلخیص النتائج المتحصل علیھا كما یلي

:وزن الجسم الحي و وزن الجسم المكتسب-1

ى مستوي      ات النحاس حت ـ     / ملجم  40أوضحت النتائج ان اضافة كبریت امین ج اء او فیت ر م لت

د        500بمستوي  ب النیوزیالن ذكور االران رد ل اء المب اء او الم ر م ا    ملجم لت ده حراری یض المجھ ي االب

ة  اده معنوی ى زی ة  ) 0.01(ادى ال ة بمجموع ي مقارن م الح ي و وزن الجس م الح فة وزن الجس ى ص ف

.المقارنة

:استھالك العلف-2

ات    ة بكبریت لم یالحظ من النتائج اى تاثیر معنوي فى معدل استھالك الغذاء یومیا نتیجة المعامل

.بجمیع مستویاتھمالنحاس او فیتامین جـ او الماء المبرد 

:إستھالك المیاه-3

ى         ـ ادى ال امین ج ات النحاس او فیت ھ بكبریت ان المعامل ول ب ائج الق ن النت ة م ن بصفة عام یكم

ر  / ملجم  120فى معدل االستھالك الیومي للمیاه ماعدا مجموعتى المعاملھ بـ ) 0.01(زیاده معنویة  لت

ارنتھم     د مق ة عن ات معنوی را اى اختالف م یظھ ث ل رد حی اء المب ھ بالم اس او المعامل ات نح اء كبریت م

.بمجموعھ المقارنة

:معامل التحویل الغذائي-4

ب النیوزی   ة االران ا أن معامل ل علیھ ائج المتحص ا أوضحت النت د حراری یض المجھ دي االب الن

اء   / ملجم فیتامین جـ 500لتر ماء او مستوي / ملجم 40المعاملة بكبریتات النحاس حتى مستوي  ر م لت
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اثر    ) 0.05(او المعاملھ بالماء المبرد قد ادت الى تحسن معنوي  م تت ا ل فى معامل التحویل الغذائي بینم

ـ  ة ب ة المعامل ا نتیج فة معنوی ذه الص اس 120او  80ھ ات نح م كبری ر او / ملج م  750او  250لت ملج

.لتر مقارنة بمجموعة المقارنة/ فیتامین جـ

:دلیل االداء االنتاجي-5

ا   اجي معنوی ل االداء االنت ى دلی اده ف دوث زی ظ ح ائج یالح ن النت ة ) 0.01(م ب المعامل لالران

امین     / ملجم 80بكبریتات النحاس حتي مستوى  ة بفیت ذلك المعامل اء وك ـ بمستوى   لتر م / ملجم  500ج

ة بمجموعة    لتر ماء او المعاملة بالماء المبرد فى حین لم تسجل باقى المعامالت اى تاثر معنوي مقارن

.المقارنة

:معدل النفوق-6

ت       د حقق وق وق دل النف ى مع وي ف ر معن اض غی ى انخف تخدمة ال امالت المس ع المع ادت جمی

وق   لتر ماء/ ملجم كبریتات نحاس 120المعاملھ بمستوي  اكبر ارتفاع غیر معنوى فى صفة معدل النف

.لالرانب المعاملھ

:درجة حرارة المستقیم ومعدل التنفس-7

وي   اض معن دوث انخف ى ح تخدمة ال امالت المس ع المع ة  ) 0.01(ادت جمی ن درج ال م ى ك ف

ال الصفتین   / ملجم كبریتات نحاس 120حرارة المستقیم فى ماعدا المعاملة بـ  ى ك  لتر التى انخفضت ف

.ولكن بصوره غیر معنویة مقارنة بالمجموعة الضابطة

:صفات الدم الخلویة وبعض مكونات بالزما الدم-8

ـ   ا ب دة حراری یض المجھ دي االب ب النیوزیالن ة االران م  120او  80أدت معامل ملج

اس   ات نح ة          / كبریت ادة معنوی ى زی تخدمھ ال ـ المس امین ج تویات فیت ع مس اء او جمی ر م لت

)P<0.01 ( ت ى مس راء     ف دم الحم ا ال دد خالی دم و ع ة لل ات الخلوی وبین والمكون وي الھیموجل

وي     اض معن ى انخف ا ادت ال یرم كم ة للس ات الكلی دم   ) P<0.01(والبروتین ا ال دد خالی ى ع ف

وبین           دم ومتوسط الھیموجل وى لل م الخل ن متوسط الحج ل م ا ك البیضاء فى حین لم تتاثر معنوی

ات النحاس    فى الخالیا و متوسط تركیز الھیموجل وبین بالخالیا للمعاملة بجمیع مستویات كبریت

امین     ع مستویات فیت او فیتامین جـ كذلك لم یتاثر مستوي بروتینات السیرم الكلیة للمعاملة بجمی

ا       اء معنوی دم البیض ا ال ) P<0.01(جـ فى حین ادت المعاملة بالماء المبرد الى زیادة عدد خالی

بة الھ  ن نس ال م اثر ك م یت ا ل راء  بینم دم الحم ا ال دد خالی دم و ع وي لل م الخل وبین والحج یموجل

وبین        ز الھیموجل ا و متوسط تركی ى الخالی وبین ف ومتوسط الحجم الخلوي و ومتوسط الھیموجل

.بالخالیا والمجموع الكلى لبروتینات السیرم معنویا مقارنة بالمجموعة الضابطة

2
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:ھرمونات الغدة الدرقیة-9
ائج ان المعامل  حت النت تویات أوض اس  40ة بمس ات نح م كبریت اء او / ملج ر م م  500لت ملج

وني     ) 0.05او  0.01(لتر ماء او الماء المبرد الى زیاده معنویة / فیتامین جـ ن ھرم فى مستوي كال م

وحظ عدم وجود        ا ل ا كم یھم معنوی الثیروكسین و التراى ایدوثیرونین بینما لم تؤثر باقى المعامالت عل

ع   وي لجمی راى           اى تاثیر معن ون الت ى ھرم ین ال ون الثیروكس ین ھرم بة ب امالت المستخدمة للنس المع

.ایدوثیرونین

:معامالت الھضم-10
ري     لم تتأثر جمیع معامالت الھضم لكال من المادة الجافة والمادة العضویة والمستخلص االیثی

ى المر       ة ف ة متمثل یم الغذائی ام والق اف الخ روجین و االلی ن النیت الى م تخلص الخ ة  والمس ات الكلی كب

ـ    امین ج المھضومة والطاقة المھضومة معنویا نتیجة المعاملة بجمیع مستویات كبریتات النحاس او فیت

.او المعاملة بالماء المبرد

:صفات الذبیحة-11
وي  اض معن دوث انخف وحظ ح ة  ) 0.01( ل افى نتیج بة التص ة و نس فات وزن الذبیح ى ص ف

ر ماء او الماء المبرد كما انخفضت صفة وزن االجزاء  لت/ ملجم كبریتات نحاس 80المعاملة بمستوي 

لتر ماء او المعاملة بالماء / ملجم كبریتات نحاس 80او  40للمعاملة بمستوي ) 0.05(الماكولة معنویا 

امین جـ    500نتیجة المعاملة بمستوي ) 0.05(المبرد فى حین زادت ھذه الصفة معنویا  م فیت ر  / ملج لت

ى صفات   ماء ، كما لم تؤثر المعا ملة بالماء المبرد او جمیع مستویات فیتامین جـ المستخدمة معنویا عل

.وزن النسبي للدم والكبد والكلیة والطحال

:التقییم االقتصادى-12
د   ادت جمیع المعامالت المستخدمة الى زیادة الكفاءة االقتصادیة خالل الفترة الكلیة للتجریة وق

اء و   / كبریتات نحاس ملجم 40حققت المعاملة بالماء المبرد و  ر م امین جـ    500لت م فیت اء   / ملج ر م لت

.على الترتیب%  117و  122.9و  132.9اعلى قیم الكفاءة االقتصادیة حیث كانت ھذه القیم 

:الخالصة -13
ـ   أبأن استخدام كبریتات النحاس   دراسةیمكن تلخیص نتائج ھذه ال امین ج رد   أو فیت اء المب و الم

ا   جھاد الحرارى على األثر الضار لإلاأللى تقلیل إدى أ) م10-15°( دل نموھ رانب النامیة وتحسین مع

ى مصر خاصة مستویات       ر / ملجم  40تحت ظروف الصیف ف اء  لت ات النحاس و     م ن كبریت  500م

ـ     ماء لتر/ ملجم امین ج ن فیت رد    أم اء المب ة بالم ر   ) م°15-10(و المعامل ى تعتب امالت   أوالت فضل المع

.المستخدمة

3
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یة على االرانب النامیةدراسات غذائ

رسالة مقدمة من

عبدالمنعم عید عبدالمنعم حسن

)2007(جامعة الزقازیق  -كلیة الزراعة  -) الدواجن(بكالوریوس العلوم الزراعیة 

للحصول على درجة

الماجستیر في العلوم الزراعیة  

)إنتاج دواجن(

قسم الدواجن

جامعة الزقازیق -كلیة الزراعة 

2013
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دراسات غذائیة على االرانب النامیة

رسالة مقدمة من

 عبدالمنعم عید عبدالمنعم حسن

)2007(جامعة الزقازیق  -كلیة الزراعة  -) الدواجن(بكالوریوس العلوم الزراعیة 

:لجنة اإلشراف العلمي

........................عادل ابراھیم عطیة. د.أ

.جامعة الزقازیق –كلیة الزراعة  –قسم الدواجن  –ن أستاذ تغذیة الدواج

........................علي عبد الرازق عسكر. د.أ

    .جامعة الزقازیق –كلیة الزراعة  –قسم الدواجن  – الدواجن فسیولوجيأستاذ 

........................عادل محمد احمد ابوطالب. د.أ

تاذ  یولوجيأس دواجن فس ة م القس – ال ات البیولوجی ة   – تطبیق وث النووی ز البح ة  – مرك ھیئ

.الطاقة الذریة



143

دراسات غذائیة على االرانب النامیة

رسالة مقدمة من

 عبدالمنعم عید عبدالمنعم حسن

)2007(جامعة الزقازیق  -كلیة الزراعة  -) الدواجن(بكالوریوس العلوم الزراعیة 

للحصول على درجة

إنتاج دواجن -العلوم الزراعیة الماجستیر في 

وقد تمت مناقشة الرسالة والموافقة علیھا

اللجنـــــــة

........................ممدوح عمر عبدالسمیع. د.أ

.القاھرةجامعة  –كلیة الزراعة  – االنتاج الحیوانيقسم  –الدواجن تغذیة أستاذ

........................محمد محمد الھنداوى. د.أ

.جامعة الزقازیق –كلیة الزراعة  – قسم الدواجن –المتفرغ أستاذ تغذیة الدواجن

........................عادل ابرھیم عطیة. د.أ

.جامعة الزقازیق –كلیة الزراعة  –قسم الدواجن  – تغذیة الدواجنأستاذ 

........................علي عبد الرازق عسكر. د.أ

.جامعة الزقازیق –كلیة الزراعة  –قسم الدواجن  –الدواجن  یولوجىفسأستاذ 

........................عادل محمد ابوطالب. د.أ

ھیئة الطاقة  –مركز البحوث النوویة  –التطبیقات البیولوجیة قسم  –الدواجن  فسیولوجيأستاذ 

.الذریة

2013/  4/   22:   تاریخ الموافقة




