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One hundred and twenty New Zealand White ( NZW) adult
Jfemale and thirty six adult male rabbits at 6 months of age were used to
study the effects of heat stress, feeding time, dietary supplementation
with copper (at levels of 0.0, 75 and 150 mg / kg diet) and their
interaction, under Egyptian conditions.

The results showed that the estimated Temperature — humidity
index (THI) values were 18.9 at winter (mild period) and 27.4 at
summer (hot period), indicating absence of heat stress during winter
(less than 22.2) and exposure to severe heat stress during the hot period
(23.3-25.5).

Doe performance: resuits revealed that, the litter size and
weight at birth , 21 days and weaning, litter weight gain from birth to
21 days and from birth to weaning and calcul~ted milk yield were
significantly (P<0.01 or 0.03) higher in the mild period than in hot
period. Feeding the doe rabbits at night only improved significantly
(P<0.05 or 0.01) litter size and weight at bivth, 21 days and at weaning,
litter weight gain from birth to 21 days and from birth to weaning,
caleulated milk vield, feed intake and serum albumin, Water intake,
water/feed ratio and serum globulin were decreased significantly
(P<0.0lor 0.05), when feeding doe rabbits at night only than feeding
svstem all day. Dietary supplementation of doe rabbits with copper was
improved significantly (P<0.03 or 0.01) all traits of productive and
reproductive  performance comparatively with those receiving
unsupplemented once during the experimental periods. Dietary
supplementation of doe rabbils with copper up to 150 mg /kg diet
increased significantly (P<<0.013) each of serum total protein, albumin,
GOT and GPT.

Buck performance: results showed that the ejaculate volume,
mass motility, sperm concentration and feed intake were decreased
significantly (P<0.01 or 0.03), while the reaction time, abnormalities
sperm and dead sperm were increased significantly (P<0.01) in hot
period when compared with the comfort period The water intake,
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water/feed ratio, rectal temperature and respiration rate/ rectum
temperature ratio were significantly (P<0.01 or 0.05) higher in hot
period compared with mild period . During sever heat stress feeding the
male rabbits at night only improved significantly (P<0.01 or 0.03) the
ejaculate volume, reaction time, muss motility, sperm concentration and
Jfeed intake than feeding system all day. Copper supplementation up to
150 mg/kg diet significantly (P<0.05) improved ejaculate volume,
sperm concentration, dead sperm percentage, reaction time and feed
intuke.

Finally , during hot summer period, feeding rabbits at night
only and supplementation their diets with copper at 150 mg / kg diet is
very effective on rabbits production and reproduction, under Egyptian
conditions .

Key words: Dictary copper, feeding system, females, males
performance.

It has been recognized that the environment plays an important role in
the regulation of reproductive function ant it now appears, that environmental
stimulate must act through the nervous system and the hypothalamo- pituitary
axis. Environmental stimulus such as changing day-length or temperature and
feeding, affecting animal by stress, auditory and / or olfactory stimuli can
positively or negatively modify reproductive performance (Theau-Clement,
2000).

The literature showed that the thermoneutral zone of growing rabbits
at 6-12wecks of age is between 15-18C" (Rafai er a/., 1972). The high
temperature negatively affects growth, productive and reproductive
performance traits (Marai e al., 1999, 2000 and 2006; Abdel-Monem, 2000
and Okab, 2007).

Restriction of feeding time to 12 hours / day during night (nocturnal
feeding) decreases the sever effects of heat stress and improved the
productive and reproductive performance of rabbits during sumumer season
(Mahrose, 2000).

Copper has been used as a feed additive for rabbits and poultry to
increase growth rate and reducc enteric disease (Zanaty, 2005). The
favourable effccts of copper addition to animals .diets are due to the
importance of copper as essential nutrient for the physiological functions of
animal, since it may protect the animal against infection (Schurch, 1956) and
is generally safc when added at levels consistent with good feeding practices.
Patton ef af {1982) found that the response to copper addition was greater in a
trial conducted during a period of high environmental temperature than in one



EFFECTS OF FEEDING SYSTEM & DIETARY COPPER ON RABBITS 53

conducted at a moderate temperature, indicating occurrence interaction
between copper response and environmental temperature.

The present study was conducted to investigate the effects of period of
the year (heat stress), feeding system (ad libitum or restricted at night only for
12 hours), dietary supplementation with copper (at levels of 0.0, 75 and 150
mg / kg diet) and their interaction on reproductive performance traits of NZW
adult female and male rabbits, under the sub-tropical Egyptian conditions.

MATERIALS AND METHODS

This study was carried out at Private Farm in Zagazig City during two
periods of the vear, hot (from May to September, 2006) and mild (from
October, 2006, to April, 2007).

Two factorial design experiment (2 X 3 ) were conducted to study the
effect of feeding system with or without copper  supplementation on
performance of NZW rabbits during hot (from May to September, 2006) and
mild (from October, 2006, to April, 2007) periods in Egypt. The average of
ambient temperature and relative humidity at mild day inside the rabbitry
building during the experimental period were 29.8 C° and 79.4% in period of
mild conditions and 18.6C" and 61.1% in period of hot conditions, respectively.

Experiment 1:

A factorial experimental design (2X3) was performed during hot
period conditions (from May to September, 2006) including two feeding
system (fed ad libitum, whole day and fed ad libitum at night only from 8 pm
to § am ) and three levels of copper supplementation {0, 75 and 150 mg /kg
diet).

A total number of 120 doc and 36 buck New Zealand White (NZW)
rabbits at 6 months of age were randomly divided into 6 treatment groups (10
does and 3 bucks /each treatment group). Animals in each group were nearly
similar in average initial body weight. The basal experimental diet was
formulated to cover the nutrient requirements during gestation and suckling
periods. The same diet was fed without and with supplementation of copper
sulphate (Cu SO4-5 H,O) to provide copper at the level of 0, 75 and 150 mg
/kg diet. The composition and calculated chemical analysis of the
experimental basal diet are presented in Table 1.

All rabbits were kept under the same managerial, hygienic and
environmental conditions. Docs and bucks were mdividually reared in wire cages
and their offspring’s were collectively raised in cages in the same batteries in a
well ventilated building and fresh water was automatically available all the time
by stamnless steel nipples fixed in each cages. All doe cages were equipped with
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Table 1: Composition and calculated chemical analysis of the
experimental basal diet

Ingredients Yo
Alfalfa hay 280
Barley _ 18.0
Soybean meal(44%) 18.0
Wheat bran 25.0
Yellow corn 6.0
Molasses : 3.0
Limestone 1.1
Sodium chloride 0.3
Vitamin and mineral premix* _0.6
Total 100

Calculated analysis according to NRC(1977) '

Crude protein%o 18.18
Crude fiber% 13.43
Ether extract% 229
Digestible energy(kcal/kg) 2656.00

*Each kg of premix contain vit. A 1200 1U; vit. D3 20001U; vit. E40 mg, vit. K3 4 mg,
Riboflavin 6mg; Pantothenic acid 10 mg; Niacine 30 mg; vit.Bl 3mg, vit. B6 4 mg, Folic
acid 1.5 mg; vit.B12 30 Ug ; Biotin 80 Ug; Choline chloride (50%) 700 mg; Mn 80 mg;
Mg 70 mg ; Cu 10 mg; Fe 40 mg ;I 1.5 mg; Co 0.25 mg and Se 200Ug.

feeders and nipples. During the experiment, the total artificial light was about
16 hours/day. At mating rabbits were individually transferred to the buck
cages and returned to their own hatches copulation, each doe was palpated 10
days post-mating to be rebred until pregnancy was establish. Within 12 hours
after kindling, litter kits were recorded and weaned at 30 days of age.

The traits studied for does were feed and water consumption during
gestation and suckling period, litter sizes and weight at each of birth, 21 and
30 days (weaning) of age, litter weight gain and mortality rate of pups from
birth to 30 days of age were recorded. Doe milk consumed by the pups from
birth to 21 days of age was estimated by the following equation..

Y = Litter weight gain during the period 0-21days (kg) / 0.56
Where, Y was the milk consumed by pups during the period 0-21days of age,
0.56 was standard figure given by Cowie (1969) for the NZW strain and
Partridge and Allain (1982) for crossbred does depending on the linear
relationship between the litter weight gain (kg) and doe milk consumed.

The bucks were tramned for artificial collection of semen by using the
artificial vagina to study the semen traits. Semen was collected once weekly
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at 8 a.m from each buck. A total of 180 ejaculates were collected from the
bucks during the period. The gel mass was removed from semen samples
before examination. Ejaculate volume and density were recorded. Sperm
motility was microscopically estimated just after semen collection. Advanced
motility was expressed as a percentage of actual progressive motion. Sperm
cell concentration was estimated by using haemo cytometer. The percentage
of dead sperm was detected by using Eosin + Nigrosin stain described by
Salisbury et al (1978).

The rectal temperature and respiration rate were measured in both
does and bucks once every two weeks at 9-11 a.m. Respiration rate was
recorded by a hand counter, which counts the frequency of the flank
movement per minute. Internal body temperature was taken by medicine
thermometer inserted into the rectum for 2 minutes at depth of cm.

At the end of the experimental period, blood samples were collected
from three does and three bucks in each treatment groups. Blood was
collected from the marginal car vein after shaving and cleaning with alcohol
in less than 2 minutes into dry clean centrifuge tubes containing some drops
of heparin. Plasma was separated by centrifugation at 3000 rpm for 20
minutes and kept in a deep freezer at -20 C° until the time of analysis . Serum
total protein, albumin, GOT and GPT concentrations were estimated using
commercial kits according to the procedure outlined by the manufacturer. The
serum globulin values were obtained by subfracting the values of serum
albumin from the corresponding values of serum total protein.

In order to study the combined effects of temperature and humidity,
temperature humidity index (THI) was calculated according to the formula of
Marai et al. (2001) as follows:

THI= db C"-{(0.31-0.31RH)}(db C"-14)}, where db C’ = dry bulb
temperature 1n Celsius and RH = RH % /100. The estimated values of THI
were classified as follows: <22.2 = Absence of heat stress, 22.2 — 23.2=
Moderate heat stress, 23.3 -25.5 = Severe heat stress and > 25.5= Very severe
heat stress.

Experiment 2:

Another factorial experimental design (2 x 3) was conducted to study
the effect of feeding syslem with or without copper supplementation on the
performance of NZW rabbits under Egyptian mild conditions (from October to
April).

The obtained data from alt does, bucks and their litters (offspring) until
the end of the 1" experiment (hot period conditions) were pooled with those
obtained from the 2" experiment (mild period conditions) and then subjected to
the statistical analysis.
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The obtained data were statistically analyzed by using (2 x 2 x3)
factorial design according to Snedecor and Cochran (1982) by the following
model:

Yijkl =p+P+ F.i + N+ PFij + FNjk + PNy + PFNijk + Eijkl

ith

Where, Y = An observation, p = General mean, P; = Fixed effect of i" period
{ hot period and comfort period ), F; =fixed effect of j feeding time  (all day
and at night ), Ny = fixed effect of k copper supplementation (1,.....3), PF; =
Interaction between period and feeding time, FNj, =Interaction between feeding
time and copper, PNy= Interaction between period and copper, PFNj =
Interaction between period, feeding time and copper and e;; = Random error.

Differences among means were tested by Duncan's multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION

Temperature —humidity index:

Temperature — humidity index values (THI) were 18.9 and 24.7 at
comfort and hot periods, respectively, indicated absence of heat stress
during the comfort period (less than 22.2) and exposure of animals to
moderate heat stress during the hot periods (23.3-25.5) similar to that
reported by Marai et a/.(1996).

Only the main factors were reported due to that the interaction effects
on all the studied traits were not significant.

Doe performance:
A- Productive and reproductive performance:
1- Period effect:

Litter size and weight at birth, 21 days and weaning, litter weight gain
from birth to 21 days and from birth to weaning were significantly (P<0.0lor
(0.05) higher for kits born during the mild period than the kids born during hot
period (Table 2). Such difference may be a reflection of differences in
seasonal climatic conditions. Also, the drop in litter size and weight in hot
conditions may be attributed to the effect of this environmental conditions on
mothering ability and milk production as a resull of hyperthermia. Similar
trends were obtained by Abdel-Monem and Ayyat (2002) and Marai ef al.
(2006), also Abdel-Monem et al. (2007 and 2008) reported the similar results
in litter size and weight.



Table 2. Productive and reproductive performance of NZW doe rabbits as alfected by period of year, feeding time, copper
supplementation and their interaction.

Iteins Litter Size at Litter weight at Litter weight gain Daily Daily Water Calculated
Birth 21 day Weaning Birth 21 day Weaning Birth — Birth- feed water / feed milk yield
21 days weaning  intake intake ratio {0-21 days)
{gm/day) {(ml/day)
Period of year (A}:
Hot 5.2% 38% 3.0%+  227.651% 13458°%  1762.0"+ 11183 15344+ 1870°: 4103*+ 22°%+ 1996.96"
0.18 0.19 0.18 80 740 112 19.6 334 23 0.29 0.08
Mild 6.9+ 5.6°% 48"+ 31575%&  2479.01%= 29785+  2163.8%  2662.8%+ 2491 + 2630%+ 12"+ 3363.20°
0.20 0,25 0.26 1.1 114.6 1713 243 36.2 3.7 10.6 0.04
Slg. ek *o * % ok ok ik o ok i *¥ sk ek
Feeding time (B):
Ad libittm 5.5% 4.2 34 2399%  ([7116"= 202057 (470.7°%  1780.6°= 2174™  365.1°x  1.7': 262807
0.20 0.21 023 9.1 1060 146.3 15.9 41.4 40 1.9 0.02
Fecding only at night 6.5 5.2 45 3043 21553 27725 18510t 24682+ 2417%: 30167 12%+ 3305.4°
0.22 0.27 0.27 11.7 134.3 172.6 221 39.7 3.4 85 0.0%
Sig * L] Ed ok el L1 * *h * £ ES *
Copper suppl(C):
0 my/kg diet 5.3% 390 2.8%% 236.2 1497.8°%¢ 16288+  1261.6¢  13926% 2093°= 370.9+ 1.8+  2252.9°
0.23 023 0.22 1.4 127 1324 175 29.3 6.2 15.6 0.03
75 mprkg diet 6.0 47« 4,1% 273.07 19319  2518.3%  1658.9" 22453+ 2236% "+  3783% 1.7+ 2962.3°
' 0.21 0.30 0.30 L5 1432 189.7 189 26.0 58 182 0.01
150 mg/kg diet 6.9+ 5.7 49  3123%1 23936  3065.1%  2081.3%%  2752.8% 2398°: 383.5¢ 1.6 3716.6°
0.27 .31 0.33 6.1 158.9 218.2 28.1 38.5 4% 13.7 0.04
Sig L2 Aok &k ek & e % *ok * NS NS *oaA
Interaction :
AXB NS NS NS NS NS NS NS NS N§ NS NS NS
AXC NS NS NS NS NS NS NS NS NS NS NS NS
BXC NS NS NS NS NS NS NS NS NS NS NS NS
AXBXC NS NS NS NS NS NS NS NS NS NS NS NS

a,b,c.., Means bearing different letters in the same column within each factor differ significantly (P<0.05).
NS = Not significant,

¥ =P<0.05,

** = P<0.01

SLIFEYH NO ¥3dd0D AYV.LAIKI B WILSAS DNIGT3A 40 SLYFA19

LS
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Data in Table 2 revealed that higher performance (P<0.01} of milk
vield in mild condition than that in hot conditton. The decrease in milk
production during the hot climate m&y be due to reduce in apatite and teed
intake. These results agree with Askar (1989) who found that milk production
was decreased in summer than in winter under Egyptian conditions.

Feed intake which includes feed intake by pups before weaning
decreased significantly (P<0.01) in hot period as compared with mild period
(Table 2). This means that the period was responsible for any increase in feed
intake. This may be explained on the basis that rabbits required more heat
requirements during cold conditions, covered by increasing feed
consumption. Conversely, rabbits exposed to sever heat stress increase heat
production by decreasing voluntary feed intake. This results agree with this
obtained by Abdel-Monem (2000); Abdel-Monem and Ayyat (2002) and
Marai ef a/.(2008), who stated feed intake was decreased significantly
(P<0.05) in doe NZW rabbits under heat stress condition

The average water intake followed the opposite trend observed with
feed intake. Water intake and water/feed ratio were significantly (P<0.01)
higher in hot period compared with mild period (Table 2}. The present results
agree with Abdel-Monem ef a/.(2007 and 2008), who found that water intake
was increased significantly (P<0.01) in doe NZW rabbits under heat stress
condition.

2- Feeding system effect:

Data presented in Table 2 show that feeding the doe rabbits at night only
improved significantly (P<0.05 or 0.01) litter size and weight at birth, 21 days
and weaning, litter weight gain from birth to 21 days and from birth to
weaning and milk yield. The improve in litter size and weight by using
feeding system at might only may be due to the improve in feed intake and
milk production. Similar trend were obtained by Mahrose (2000) and Abdel-
Monem et al. (2007), who found that feed doe rabbits nocturnally improved
significantly (P<0.01) litter size and weight at birth, 21 days and at weaning.

In feeding system at night only the feed intake increased significantly
(P<0.01) with 11.18 %, but the water intake and water/feed ratio decreased
significantly (P<0.0f or 0.05) with 17.4 and 29.4%, respectively than feeding
system all day (Tabie 2).

3- Copper supplementation effect:

Data presented in Table 2 show that addition of copper on the diets of
NZW doe rabbits significantly (P<0.05 or 0.01) improved all traits of
productive and reproductive performance studied comparatively with those
receiving unsupplemented one during all the experimental periods. The feed
intake was significantly (P<0.05) improved, while the water ntake,
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water/feed ratio were not significantly aflected by the same factor. The
present results agree with those of Marai e a/.(2000), who found that litter
size and weight at birth, 21days and at weaning were significantly (P<0.05 or
0.01) affected by copper supplementation.

B- Some physiological and blood biochemical changes:
I- Period effect: |

Hot climatic conditions showed significantly (P<0.05) higher values
of rectal temperature, respiration rate and respiration rate/ rectum temperature
ratio than mild conditions (Table 3). These results may be due to exposure of
rabbits to heat stress. These results agree with those obtained by Abdel-
Monem( 2000), Abdel-Monem and Ayyat (2002), Marai et al. (2006) and
Abdel-Monem ef al. (2007 and 2008), who found that rectal temperature and
respiration rate were significantly (P<0.05) higher in summer than in winter
under Egyptian conditions. '

Results in Table 3 show that serum total protein, albumin, globulin,
GOT and GPT were significantly (P<0.05 or 0.01) aftected by period. The
present results agree with Abdel-Monem (1996); Marai er a/.(2006) and
Abdel-Monem ef al.(2007 and 2008), who found that serum total protein,
albumin, globulin, GOT and GPT were significantly (P<0.05 or 0.01) affected
by period.

2- Feeding system effect:

The rectum temperature, respiration rate and respiration rate/ rectum
temperature ratio were not significantly affected by feeding system. At night
feeding, albumin was mecreased (P<0.05), while the reverse occurred with
globulin, where it was decreased (P<0.05) as presented in Table 3. Similar
trends were obtained by Mahrose (2000), Barakat (2001) and Abdel-Monem et
al. (2007). The other traits studied were not significantly affected by feeding
time.

3- Copper supplementation effect:

Rectum temperature, respiration rate and respiration rate/ rectum
temperature ratio were not significantly affected by the copper supplementation
(Table 3).

Results in Table 3 show that dietary supplementation of doe rabbits
with copper up to 150 mg mcreased significantly (P<0. 05) each of total
protein, albumin, GOT and GPT, while the globulin was not affected
significantly by the same factor. The present results agree with Marai et al.
(2000), who found that serum total protein and albumin were significantly
(P<0.05) affected by copper supplementation.
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Table 3. Some physiological parameters and Blood biochemical of NZW doe rabbits as affected by period of year,
feeding time, copper supplementation and their interaction

Ttems Physiclogical parameters Blood biochemical
Rectum Respiration (R.R.Y Total protein Albumin Globulin GoT GPT
temperature rate (R.T) g/dl g/dl ghdl
(R.T) (R.R) ratio

Period of year (A):
Hol 39.8a0.57 13873255 | 3.5a£0.11 5.8%£0.07 2.9%0.02 | 240,02 23.9°+1.3 402742 1
Mild 39.3b+0.41 112.5b+4.9 2.9b+0.09 7.340.06 4.1°:0,03 3.2"0.03 256411 43.8'+1.9
S]g‘ * * * * L] #* # £l
Feeding time (B):
Ad libitvm 39.520.29 141.146.1 3.6H).14 592004 3.1°40.03 2.8'10.03 265408 41 1x1.7
Feeding only at night 39.3+0.33 13575.0 3.540.12 6.2+0.05 3.5%0.03 2.7%40.02 26.9+0.9 40,923
Sig NS NS NS NS * * NS NS§
Copper supplementation (C):
0 me/ke diet 39.6+0.37 142.0+4 8 3.640.14 5.1°0.02 3074003 | 2.1x0.02 25 7°+0.89 39.4°41.6
75 myg/kp die 39.4+0.40 137 6+3.0 3.540.12 5.7°+0.06 3.6"+0.03 2.1+0.02 294+ 1 41.7°1.9
150 mgiky dia 39.4+0.26 131.9+4.5 334012 5.9°40.04 3.7°+0.04 2.2£0.02 30.1°+1.3 42.5'42.0
Sig. NS NS NS * * N8 * *
Interaction :
AXDB NS NS NS NS NS NS NS NS
AXC NS NS NS NS NS NS NS NS
BXC NS NS NS NS NS NS NS NS

| AXBXC NS NS NS NS NS N3 NS NS

a,he.. Means bearing different letiers in the same columm within each facter differ significantly (P<0.035),

NS = Not significant, * = P<0.05 and ** = P<0.01,
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Buck performance:
A-Semen characteristics:
1- Period eftect

Data in Table 4 show that ejaculate volume, mass motility, and sperm
concentration were decreased significantly (P<0.01 and 0.05) with 404 | 42.2
and 28.8 % respectively, while the reaction time, abnormalitics sperm and dead
sperm were mereased significantly (P<0.01) with 256.3, 77.0 and 60.3 %
respectively, in hot period when compared with the mild period. Sunilar results
were obtamned by Tharwat er al. (1994), Abdel-Monem (2000) and Abdel-
Monem and Ayyat (2002) and Marai et «/.(2008). LEi-Sherry er al. (1980)
confirmed that summer stress retarded spermatogenesis in rabbits. Farag et
al (1983} attributed the lowest motility in summer to the decrease in sperm cell
calcium concentration. Braun (1975) also, reported that calcium concentration
with other divalent metal ions occurring in semen has a significant regulation of
perm metabolism and motility. The decrease in sperm concentration may be
due to the degencration of germinal epithelium and partial atrophy in the
somniferous tubules (Chou ef af., 1974 and El-Sherry ef «l, 1980). The
increase In percentage of dead spermatozoa after exposure to hgh temperature
may be due to the eflect of heatl stress on the epididymis function which is
under the control of testosterone {Davis ¢f af., 1970; Damber et af., 1980 and
Chap and Bedrak, 1983).

2- Feeding system effect:

During sever heat stress feeding the male rabbits at night only was
improved significantly (P<0.01 or 0.05) the cjaculate volume, reaction time,
mass motility, and sperm concentration, but the other semen traits were not
affected by feeding time. (Table 4). Similar trends were obtained by Zaki ef al.
( 2000); Daader er af. ( 2002} and Marai et af (2008).

3- Copper supplementation effect:

Table 4 show that trecatment of buck rabbits with copper as
supplementation increased significantly (P<0.05) ejaculate volume and sperm
concentration, also the dead sperm percentage and reaction time were
improved, significantly (P<<0.05), but the other semen trails were not affected
by supplementation the buck diets with copper.

B-Feed and water intake:
1- Period effect:

Feed intake decrcased significantly (P<(0.05) in hot period as compared
with mild period (Table 4). This means that the pcriod was responsibic for any
increase in feed intake. This may be explained on the basis that rabbits required
more heat requirements during cold conditions, covered by increasing feed



Tablc 4 Semen characteristics, feed intake, water intake and water /feed ratio of New Zealand White male rabbits as affected by period of year, feeding time,
copper supplementation and their interaction.

Semen characteristics

Items Daily feed Daily water Water :
Mass Abnormalitics  1}ead Sperm intake intake feed
Volume i R“t"_“ﬁf’“ maotility spermatozoa spermatozoa  concentration (g fday) (ml /day) ratio
ime 0, 0
(mi) (u) (%) (%a) (10 4 x ml)

Period of year (A): .

Hot period 0.36"£0.02 7.4+0.1 4492 35.0°2.1 17.7°+0.61 25.0°%1.5 265.3"£13.6 113.6b+2.7 187.40+5.2 1.6£0.03
= Mild period 0.94'£0.03 7.5+0.02 160.0°+1 60.6'+2.3 10°0.58 15.6°+0.82 3727495 129.2a£1.6 131.1h=0.1 1.040.02
LLJ Slg ek NS ¥ * * % *¥% * ok & *3k &
6 Feeding time (B):
= i libiem 0.64°0.3 7501 37.8432 382126 15.020,72 21.0+1.3 262.4%133 117.8b+2.1 189. 70243 L4+0.02
i Feeding only at night 0.86"+0.04 7.320.03 23.1%2.1 57.4'£2.7 13.0+0.60 19.840.75 3756450 133.1a£2.9 138.0027.0 1.020.01
w Sig. e NS * ok NS NS i * * NS
% Copper supplementation (C):
<  0mgkg diat 0.68"£0.05 7.640.5 359%4.1 438436 15.84£0.93 24.0'42 1 281.8"17.7 105.7b£3.0 150.1£5.9 1.420.03
— 73 mgkg diet 0.75"£0.04 7,440 1 301043, 46.143.9 14.040.83 19.9"+ 1.6 320 0M£184  119.5a+1 9 142 0£4.% 1.2+0.03

150 mp/kg diet 0.82':0.04 7.4+0.4 3 32.144.1 13.940.82 17,011 3552153 1229242 3 140.3£6.0 110,01

Sig. * NS 25.3%42.9 NS NS * * * NS NS

®

Interaction :

AXB NS NS NS NS NS NS NS NS NS NS

AXC NS NS NS NS NS NS NS NS NS NS

BXC NS NS NS NS NS NS NS NS NS NS

AXBXC . NS N§ NS NS NS NS NS NS NS NS

2.0.¢. Means bearmyg difterent etters m the same column within each factor differ sighiticantly (1I'<0.05).
NS = Not significant, * = P<.03 gnd ** = P<(.01,

62
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consumption. Conversely, rabbits exposed to scver heat stress increases heat
production while decreasing voluntary feed intake. This results agree with those
obtained by Abdel-Monem (2000), Abdel-Monem and Ayyat (2002) and Marai
et 0l (2008), who stated that feed intake was decreased significantly (P<0.05) in
buck NZW rabbits under heat stress condition

The average waler intake followed the opposile trend observed with
feed mtake. Water intake and water / feed ratio were significantly (P<0.0lor
0.05) higher m hot period compared with mild peried (Table 4). The present
results agree with Abdel-Monem (1996) and Marai et af. (2008), who found
that water intake was increased significantly (P <0.01) in buck NZW rabbits
under heat stress condition.

2- Feeding system effect:

In feeding system at night only, the feed intake increased significantly
(P<0.05) with 13.0 %, while, the water intake decreased significantly (P<0.05)
with 27.3 than feeding system all day (Table 4). The water/feed ratio was not
affected by feeding time. Stmilar trends were obtained by Marai ez al.(2008).

3- Copper supplementation effect:

The feed intake was signilicantly (P<().05) improved, while the water
intake and water / feed ratio were not significantly affected by supplementation
the buck diets with copper (Table 5).

C- Some physiological and blood biochemical changes:
I- Period effect

Hot chimatic conditions showed significantly (P<<0.05) higher values of
rectal temperature and respiration rate/ rectum temperature ratio (Table 5) than
mild conditions. While, the respiration rate was not affected by the same factor,
These results may be due to exposure ol rabbits to heat stress. Our results agree
with those obtained by Abdel-Monem (1996}, Abdel-Monem and Ayvat (2002)
and Marai ef a/.(2008), who found that rectal temperature and respiration rate
were significantly (P<(0.05) higher in summer than m winter, under Egyptian
conditions.

Results in Table 5 showed that scrum total protein, albumin, globulin,
GOT and GPT were significantly (P <0.05) affected by period, while serum
globulin, and GPT were not affected. The present results agree with Abdel-
Monem (1996) and Marai et af(2008), who [ound that serum total protein,
albumin, globulin, GOT and GPT were significantly (P<0.05 or 0.01) affected
by period.

2- Feeding system ecffect:
The rectum temperature, respiration rale and respiration rate/ rectum
temperature ratio were not significantly affected by feeding time. At mght
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Table 5. Some physiological parameters and Blood biochemical of NZW buck rabbits as affected by period of year,

feeding time, copper supplementation and their interaction

Ttoms Physiological parameters Blood biochemical
Rectum Respiration {(R.RY (RT) Total Albumin Globulin GoT GPT
temperature rate ratic protein gidi g/dl
(R.T) (R.R) g/dl

Period of year (A):

Hot 39 6axl) .43 146.0+£3.9 3.7a10.14 6. 1b30.05 3.20+0.02 2.95+0.03 27.2b+1.0 3G.6x1.8
Mild 3%.1bx0.34 109.0+2.6 2.9b20.12 0.4a10.04 3.5a%0.03 3.2a+0.03 2% 8a+l.4 400416
Sig. * NS * * * NS * NS
Feeding ume (B):

Ad lbitum 393027 131.0£3.1 3320106 6.4:0.03 33003 3.leth 02 30.9+0.7 403149
Feeding only at night 39.1+0.50 122 044.1 3.1+0.11 6.5+0.05 3.9a=0.03 2.6L0.02 3oz 45416
Sig NS NS NS NS * * NS NS
Copper supplementation (C)

0 mgfkg dict 3944029 136.3043.5 354015 6.0£0.03 2.940.01 3.1£0.03 22.6¢40.0 40.0+1.3
75 mg/kg diel 39.5+0.32 1290438 31.3x0.13 6.1+0.03 3.4+0.02 2.7+0.04 2480109 402415
1530 mg/kg diat 39.4+0.38 1250+2.9 3.240.14 6.2+0.05 3.220.02 3.0+0.03 27, taz1.0 40.4+1.1
Sig. NS NS NS NS * * * NS
Interaction :

AXB NS NS NS NS NS NS NS NS
AXC NS NS NS NS NS NS NS NS
BXC NS NS NS NS NS NS NS NS
AXBXC NS NS NS NS NS NS NS NS

abe..  Meansbearing different letters in the sume column within each factor differ significantly (P<00.05).

NS = Not significant, * = [<0.05 and ** = P<0.01,
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feeding albumin, globulm and GOT were affected (P<0.05), while the other
blood serum constants were not affected by feeding time as presented in Table
5. Smmilar trends were obtained by Marai e al.(2008).

3- Copper sulphate supplementation effect:

Rectum temperature, respiration ratc and respiration rate/ rectum
temperature ratio were not significantly affected by supplementation the buck
diets with copper { Table 5).

Results in Table 5 show that dietary supplementation of buck rabblts
with copper up to 150 myg aflected significantly (P<<0. 05) each of albumin,
globulin and GOT, while the total protem and GPT were not affected
significantly by the same factor.

Conclusively, it could be concluded that, feeding NZW adult female
and male rabbits at night only and supplementation their diets with copper up to
150 mg /kg diet improve its performance during hot peried in Egypt.
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