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Abstract: A total number of 168 Pekin ducks 14 weeks-old were
selected, weighed, and divided into four treatments of 3 replicates to
investigate the effect of supplementing copper sulfate as a growth promoter
atlevels of 0, 100, 300 and 500 mg / kg diet from 14 weeks until 45
weeks of age on laying performance parameters , hatchability , chemical
analysis as will as quality of egg , some blood constituents and economic
efficiency during the studied laying period (22-45 wks ).

The results indicated that copper sulfate supplementations resulted in
insignificant effect on body weight change of ducks from 22 to 45 weeks
of age , but the first eggs were early laid by about 6 and 13 days by feeding
diets supplemented with 300 and 500 mg CuSOykg, respectively . Egg
number, egg mass per duck and laying rate were significantly improved by
approximately 13, 21 and 28% for each trait during the overall
experimental period (22-45 wks) for groups fed diets supplemented with
100 , 300 and 500 mg Cu SO, / kg compared to the control group,
respectively . Egg weights slightly increased during the overall period (22-
45 wks) due to treatments. Feed consumption per duck during overall
period was significantly decreased by abowt 12.11 and 7.98 % for the
groups fed diets supplemented with 100 and 500 mg Cu SOy /kg compared
to the control . Feed conversion (§. feed / g. egg mass) were significantly
affected  due to treatments during the whole period ( 22-45 wks),
improvement values reached 28.9, 22.8 and 17.0 % for the groups fed diets
supplemented with 500 , 100 and 300 mg Cu SO, /kg compared to the
control, respectively. Hatchability of fertile eggs was significantly improved
by 7.27, 3.56 and  2.07 %, Late embryonic mortality percentages decreased
by about 35.4, 23.7 and 18.0 % for the groups fed diets supplemented with
300, 300 and 100 mg Cu SOy / kg compared to the control, respectively.
Early embryonic mortality was significantly decreased by about 32 % for
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the group fed diet supplemented with 500 mg Cu SOy / kg compared to the
control and other treatments Blood serum constituents such as serum
triglycerides , cholesterol , HDL cholesterol and serum transaminases
(GOT and GPT) were insignificantly decreased by the treatments . Egg
components and quality measurements were not significantly affected at 28
and 40 wks of age ,while , dry matter and ether extract composition of egg
were significantly decreased by about 6.91 and 20.95 % by feeding diet
supplemented with 500 mg Cu SO, /kg compared to the control |
respectively. The treatments resulted in clear improvement of net return per
duck and economic efficiency. These results indicated that copper sulfate
could be supplemented to grower and layer duck diets up to 500 mg / kg
without any adverse effects and may be alternative methods to maximize the
productivity .and profitability of Pekin ducks on laying performance |
hatchability traits and economic efficiency .

INTRODUCTION

Copper (Cu) is a very essential mineral in poultry nutrition, copper
deficiency in laying hens results in hypercholesterolemia Kelvay et al.,
1984). Copper is usually fed commercially at much higher pharmacological
levels (100 to 300 mg/kg diet) because of its growth promoting properties
(Wang et al., 1987; Bakalli et al., 1995; Pesti and Bakalli, 1996). Along
with abnormal sized and shaped eggs (Baukgartner et al., 1978) , the epg
shell of Cu-deficient -diet fed hens is characterized by an abnormal
distribution of the shell membrane fibers due to alterations in lysine-derived
cross-links, which results in egg shape deformation and abnormal
mechanical properties. Mabe et al. (2003) showed that addition of Zn, Mn,
and Cu to a basal corn-soybean meal diet at 60, 60, and 10 mg/kg improved
egg shell quality. So, a great deal of effort has been applied to improve
eggshell quality in the fields of genetics, environmental condition, and
nutrition, especially mineral nutrition (Nys, 2001).

Addition of different amounts of Cu to laying hens ration have
resulted in reductions in yolk cholesterol concentrations and blood plasma
lipid concentrations (Pearce et al., 1983; Ankari et al., 1998 and Pesti and
Bakalli, 1998). Dietary pharmacological doses of Cu amounting to several
hundred milligrams per kilogram of feed decreased cholesterol
concentrations in eggs and poultry meat (Bakalli et al., 1995 and Pesti and
Bakalli, 1998).Pearce et al.(1983) demonstrated that pharmacological
levels of Cu (2250 mg/kg diet) caused changes in 17 beta-estradiol and
enzymes involved in carbohydrate, lipid, and amino acid metabolism in
mature laying hens and suggested that Cu supplements can affect
reproductive physiology and lipid metabolism beyond changes simply due
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to reduced feed intake, Pesti and Bakalli (1998) reported that egg
production of laying hens was significantly increased in the second 4-wk
period by supplementing diet with Cu. Egg production and feed cunversion
of laying hens were improved by addition of 300 mg Cwkg to the diet
(Metwally,2002) Objectives of the present study were to assess if the
supplementation of copper sulfate as a growth promoter (0, 100, 300 and 500
mgkg) to the diet of Pekin ducks during growing and laying periods would
affect  body weight, feed conversion, egg production and quality, serum
constituents and hatchability traits of eggs produced .

MATERIALS AND METHODS

This study was carried out at El - Serw Water Fowl Research
Station, Animal Production Research Institute, Agricultural Research
Center, Ministry of Agriculture, Egypt. Started in December 2006 and was
terminated in August 2007 .One hundred and sixty eight (144 females and
24 males) Pekin duck 14 weeks-old were weighed and randomly distributed
into four experimental groups , each group contained 42 ducks . Ducks in
each treatment were reared under similar hygienic and managerial
conditions. The duck of each treatment (36 females and 6 males) were taken
at random, weighed then divided into equal three replicates (12 females and
2 males). Throughout the experimental period, feed and fresh water were
available all the time. Ducks were fed grower diet from 14 to 18 weeks and
layer diets from 19 weeks up to the end of the experimental period (45
wks).The composition and calculated analysis of the basal feed rations are
shown in (Table 1). Four graded levels of copper sulfate as dietary source
of Cu (0, 100, 300 and 500 mg / kg diet) were supplemented to the basal
diet and fed to the four experimental groups of Pekin ducks from 14 to 37
weeks followed by another 8 weeks without copper sulfate supplementation
during the experimental period. Feed consumption of each replicate for all
treatments were weekly recorded , it was then averaged and expressed in
grams per duck / 28 days throughout the experimental period (from 14-22
and then from 22-45 wks of age). Feed conversion for egg production
during egg production period (22-45 wks) was also calculated. Egg number
was daily recorded for 24 weeks from 22 to 45 wks of age. Egg weight was
recorded to the nearest gram for each replicate and egg mass was calculated
per duck for the same periods as follows:
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Egg mass per duck =Total egg mass produced / Number of duck at
housing

At 28 and 40 wecks of age a total number of 40 eggs (10 from each
treatment) were taken to determine egg components and quality, At 42
weeks of age, three eggs from each treatment group were randomly taken
for chemical analysis , then samples were dried at 105°C until constant
weight, ashed at 600°C for 6 hour's a forced draught oven, ground and stored to
chemical analysis . Proximate analysis was carried out according to the
official methods (AOAC, 1995). Fertility and hatchability traits were
measured by collecting eggs for 10 days during the laying period at three
hatches along with different ages, then stored and transferred to hatchery for
incubation, data were recorded and parameters were calculated.

At 45 weeks of age blood samples were taken  from the wing vein
from 3 laying ducks per treatment without anticoagulant and kept at room
temperature for one hour 1o clot. Tubes were centrifuged at 3000 rpm for 15
minutes to separate clear serum and determine serum total protein (Pefers,
1968), 10tal cholestero! (Ellefson and Caraway, 1976), triglycerides (Bucolo and
David, 1973), HDL cholesterol (Siedel, J.,1983) and transaminase enzymes
activities GPT and GOT (Reitman and Frankel,1957) . These biochemical
determinations of blood serum were performed colorimetrically by using
commercial kits (Spectrum diagnostics which was manufactured at 2006 by
MDSS GmbH, Schiffgraben 41, 30175 Hannover, Germany).

Statistical analysis : Data were analyzed by the analysis of variance
according to Smedecor and Cochran ( 1982 ) and significant differences
among means were detected by the Duncan's Multiple Range Test
(Duncan,1955) .The following model was used: Yy = p + T + ¢ where,

Y;; = An observation,
p = overall mean,
T; = Effect of treatment (1,2, ..., b ) and
¢y = Random error
RESULTS AND DISCUSSION

Pekin laying ducks performance:

Results in Table (2) revealed that no significant differences were
recorded in live body weights at 14 , 22 and 45 wks-old of Pekin laying
ducks and feed consumption during the pre laying period (14 to 22 weeks of
age ) as a result of feeding experimental diets. Feed consumption non
significantly decreased by 6.7, 30 and 3.6% for the group fed diet
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supplemented with 500, 300 and 100 mg Cu sulfate / kg, respectively as
compared to the control group at the pre laying period. These results of live
body weight may be due to the age of duck and duck feeding on diet which
contained lower crude protein and energy during this period, and this agree with
those findings of Bank et al. (2004) and Balevi and Coskun (2004) who
reported no significant effects on live body weight of laying hens fed diets
supplemented with Cu sulfate during the experimental period.

Results in Table (3) revealed no significant differences was
recorded in the age of layers at 25 and 50 % egg production levels of Pekin
laying ducks as a result of feeding experimental diets. While, the age at first
egg and peak of egg production levels was significantly affected (p < 0.05).
First egg was laid earlier by 6 and 13 days for the groups fed diets
supplemented with 300 and 500 mg Cu sulfate / kg , respectively as
compared to the control group. Similar result was recorded with age of peak
of egg production by about 11.3 and 13 days. However, the laying age
decreased by approxithately 8.7 and 6.0 days for the group fed diet
supplemented with 500 mg Cu sulfate / kg as compared to the control at 25
and 50 % egg production, respectively. These results may be due to the
feeding on diet supplemented with copper sulfate resulted in rapid sexual
maturity of birds because it's growth promoting effects (Harms and
Buresh, 1987).

Results in Table (4) showed that significant differences among the
experimental groups in egg number and mass per duck and laying rate (%)
during all the interval periods with the exception of the period 38-41 wks of
age which was insignificantly affected of egg number per duck. Egg number
per duck and laying rate were improved at all studied periods for groups fed
diets supplemented with 100, 300 and 500 mg Cu sulfate / kg diet by 12.75,
21.11 and 27.69 % more eggs during the overall period (22-45 wks) as
compared to the control group, respectively. Similarly, egg mass during the
overall period (22-45 wks) for groups fed diets supplemented with 100, 300
and 500 mg Cu sulfate / kg as compared to the control group. These results
may be due to the significant improvement in feed efficiency or copper
growth promoting effects because copper is often added to poultry diets in
order to stimulate growth (Harms and Buresh, 1987) although there are
indications that copper may also have some antibiotic properties
(King,1975), acting in some way to reduce bacterial toxin production .The
above results of egg production are in agreement with those findings of Atalla
(2002) who showed that copper sulfate pentahydrate (1000 mg / kg diet )
had no adverse effect on egg production rate which was increased by about
8 % through 4-week post supplementation. Also, Metwally (2002) showed
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that the highest average egg number (17.46 eggs/28 days) and egg production
(62.39%) were observed by supplementing 300 mg Cwkg diet for laying hens .
Pesti and Bakalli (1998) found that egg production was significantly increased
(P<0.05) after 8 wks of supplementation of 250 mg Cwkg in laying hen diets.
Jackson (1977) reported that the highest level of egg production was
observed by feeding 256 mg Cwkg diet. On the other hand , Pearce et al.,
(1983) ; Stevenson et al., (1983) and Ankari et al., (1998) concluded that
Cu supplementation with 250 mg Cuwkg diet decreased egg
production .While, Balevi and Coskun (2004 ); Lien et al., (2004) and
Bank et al.(2004) showed that no significant differences in egg production
due to Cu supplementation to the diets.

No significant differences were observed among the experimental
groups regarding egg weights at different periods due to the experimental
treatments with the exception of the period 38-41 wks of ages which was
significantly affected (p < 0.05). These results are in agreement with those
findings of (Pesti and Bakalli, 1998; Metwally, 2002; Balevi and Coskun,
2004; Lien et al., 2004, and Bank et al., 2004) they showed that egg weight
was not affected with copper supplementation to the diets .However,
Jackson et al. (1979) reported that egg weight significantly increased in
birds given a diet containing 200 mg Cu /kg.

Significant differences were observed among the experimental
groups in feed consumption and feed conversion during all production
periods (Table 5). Feed consumption values (g / duck / 28 days) were
significantly decreased during all studied periods for groups fed diets
supplemented with 100, 300 and 500 mg Cu sulfate / kg diet compared to
the control except for the group fed diet supplemented with 300 mg / kg at
periods 26 ~29, 38-41 and 42-45 wks which increased significantly as
compared to the control group. However, feed consumption per duck during
the overall period decreased by about 12.11 and 7.98 % for the groups fed
diets supplemented with 100 and 500 mg Cu sulfate /kg compared to the
control, respectively ,while , the group fed diet supplemented with 300 mg/
kg insignificantly increased by about 1.53 % than the control group. This
may be due to the palatability of the diet which was not changed by the addition
of copper and it is possible that the detrimental effect of copper was increasing
the requirement of the sulfur-containing amino acids rather than depressing food
intake as reported by Robbins and Baker (1980). Significant decreases in feed
consumption were reported in the literature of Cu supplemented diets
(Pearce et al., 1983; and Stevenson et al., 1983). Also, Pesti and Bakalli
(1998) reported that feed consumption decreased for layer hens fed diets
supplemented with 125 and 250 mg Cu /kg. On the other hand, Jackson et
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al. (1979) reported that feed intake increased with diets containing 200 mg
Cu /kg compared to the control group. While, Ankari et al. (1998);
Metwally (2002) ; Bank et al.(2004), and Balevi and Coskun (2004)
showed no significant differences in feed consumption due to cojper sulfate
supplementation.

Feed conversion (g. feed / g. egg mass) was significantly improved
due to treatments during all interval periods. This improvement values
reached 28.6, 16.2 and 22.0 % for the groups fed dicts supplemented with
500, 300 and 100 mg Cu sulfate /kg diet, respectively during the overall
period 22-45 wks compared to the control. These results may be indicated
that the better egg production rate of these birds, and may be due to ability of
copper to improve the performance by improvement the activities of total
proteases, amylase and lipase in small intestinal contents (Xia et al., 2004).
These results are in agreement with those obtained by Pesti and Bakalli
(1998) reported that feed conversion ratio was significantly improved by
supplementation of 150 mg Cu /kg diet. In contrast, it was negatively
affected in laying hens by a diet containing 250 mg/kg Cu compared with
the control diet in a study reported by Amkari et al. (1998). While , feed
conversion was not affected due to Cu supplementations to the diets ( Bank
et al. , 2004, and Balevi and Coskun, 2004 ).

Fertility and hatchability traits:

Fertility, hatchability, embryonic mortality percentages and chick
weights of incubated eggs of Pekin laying ducks fed the diets supplemented
with diTer== copper sulfate levels are presented in Table (6). The statistical
analysis of three hatches data of incubated eggs showed no significant
differences among treatments in egg fertility, hatchability, late embryonic
montality percentages and chick weights, while values of hatchability of
fertile egas and early embryonic mortality percentages were significantly
differed (p < 0.05). The hatchability percentages improved by about 2.20 ,
2.95 and 6.57 % of eggs set and 2.07,3.56 and 7.27 % of fertile eggs for
the groups fed diets supplemented with 100,300 and 500 mg Cu sulfate /
kg, respectively as compared to the control. Early embryonic mortality
significantly decreased by about 32' % for the group fed diet supplemented
with 500 mg Cu sulfate / kg compared to the control similar result was
noticed between treatment of 500 mg Cu sulfate / kg and the other studied
treatments. Late embryonic mortality percentages significantly decreased by
35.4,23.7 and 18.0 % for the groups fed diets supplemented with 500,300
and 100 mg Cu sulfate / kg, respectively as compared to the control group.
These results may be due to the reduction in total cholesterol and
triglycerides contents in egg, as will as Cu-egg content by supplementing
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copper sulfate to the dict because Cu decreased hepatic glutathione
formation, Also, it may be due to copper growth promoting effects because
copper is often added to poultry diets in order to stimulate growth (Harms
and Buresh, 1987) although there are indications that copper may also have
some antibiotic properties (King,1975), acting in some way to reduce
bacterial. Toxin production.

Blood serum parameters:

Blood serum parameters of Pekin laying ducks, measured in the
present study, were estimated to show the metabolic status of ducks and
their health. Data on some blood serum constituents of 45 wks -old Pekin
laying ducks fed the diets supplemented with different levels of copper
sulfate (Table 7) showed no significant differences among treatments in
total protein and blood serum transaminases (GOT and GPT). The opposite
was true with triglycerides, total cholesterol and HDL cholesterol which
were showed significant differences between experimental groups due to the
treatment of copper sulfate. A decrease of triglycerides by about 22.20, 3.1
and 10.19 % was noticed for groups fed diets supplemented with 500, 300
and 100 mg Cu sulfate / kg, respectively as compared to the control, Also,
serum cholesterol was significantly decreased by 23.23 and 20.94 % for
groups fed dicts supplemented with 500 and 300 mg Cu sulfate / kg,
respectively as compared to the control. While, the lowest values of HDL
cholesterol occurred by feeding diets supplemented by 100 and 300 mg
copper sulfate / kg (65.3 and 60.0 U/L). Means of serum transaminases
(GOT and GPT) were lowered than the control due to treatments, which
reflected the good metabolic status of ducks. These results may be due to
the change of lipid metabolism by Cu supplementation to the diet which was
resulted in decreasing plasma lipid, 17 beta-estradiol and hepatic lipogenic
enzyme activity (Pearce et al., 1983). Moreover, Konjufca et al.(1997) also
indicated that the addition of Cu decreased fatty acid synthesis activity.
Estradiol can stimulated lipid synthesis; thus, decreased estradiol
concentrations decreased triglycerides synthesis and the major triglycerides
transport  lipoprotein-VLDL ~ decreased as  well; meanwhile HDL
concentration increased. Also, the higher copper concentration resulted in
decreasing the formation of hepatic glutathione and ultimately cholesterol
formation (Kim et aL, 1992). Glutathione is known to regulate cholesterol
biosynthesis through the stimulation of the enzyme 3-hydroxy-3
methylglutaryl- coenzyme A (HMG-CoA) reductase (Kim et al.1992; Pesti
and Bakalli, 1996). The above results in this study , as in the reports of Bakalli
et al, (1995) demonstrated that feeding 250mg copper/kg diet (in addition to
the copper needed to meet the classical nutritional requirement), reduced
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plasma total cholesterol (26%), plasma triglycerides (43%), blood
glutathione (40%) and breast muscle cholesterol (27%). However high
density lipoprotein cholesterol increased (1.9%). Konjufea et @, (1997),
stated that plasma cholesterol level was reduced in male broilers fed 250 mg
copper sulfate/kg diet. Pearce et al. (1983) ; Ankari et al. (1998) and Pesti
and Bakalli (1998) they reported that plasma cholesterol and triglycerides
were significant reduction by feeding hens on diet supplemented with 250
mg Cwkg (20 and 24%); .Also, Metwally  (2002) reported that
supplementing dietary copper with 150 mgkg diet decreased the amount of
cholesterol in plasma at 4 and 8 wks after feeding by 17.71% and 21.1%, and
Atalla (2002) concluded that feeding laying hens on diet supplemented with
250 mg copper sulfate / kg resulted in significant decreasing serum
cholesterol and triglycerides

Egg quality characteristics:

Data on components and quality measurements of eggs produced by
Pekin laying ducks fed the different diets supplemented with copper sulfate
at 28 and 40 wks-old are presented in Tables (8 and 9). No significamt
differences were observed among the experimental groups in egg
components and quality measurements (At 28 wks-old of Pekin laying
ducks , albumen , egg shell weight % , yolk index and Haugh Units
improved by copper sulfate supplementation to the diets compared to the
control  whereas, yolk weight % was decreased due to studied treatments.
The same trend was occurred for albumen and yolk weight % and yolk
index at 40 wk-old of layers,

Data on chemical composition of eggs produced by Pekin duck layers
fed the different dicts supplemented with copper sulfate at 42 wks-old are
presented in Table (10). Significant differences were observed among the
experimental groups in moisture content, dry matter and ether extract.
While, no significant differences of crude protein and ash due to studied
treatments, Dry matter and ether extract were significantly decreased by
about 6.91 and 20.95 % by feeding diet supplemented with 500 mg Cu SO,
/kg, respectively as compamd to the control group. While crude protein and
ash were slightly increasing by feeding all diets supplemented with CuSO,
compared 10 the control, but without significant, The present results of egg
quality characteristics and chemical composition may be due to the effects of
copper on intemal body functions during egg formation especially lipid
metabolism, these results are in agreement with those findings of Metwally
(2002) who reported that copper sulfate supplementation diets had no significant
effects on albumen %, shell %, shape index, yolk index. Haugh Units and
specific gravity. Similar results were reported by Pesti and Bakalli (1998); Mabe
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ef al.(2003);Bank et al. (2004), and Lien et al. (2004). On the other hand, the
highest yolk % and shell thickness were observed from feeding 150 mg Cwkg.
(Ankari et al., 1998).
Economic efficiency
Calculations were carried out according to the prices of feed
ingredients, additives and eggs prevailing during year 2006 / 2007 as listed
in Table (11). The economic efficiency values of Pekin laying ducks fed
diets supplemented with copper sulfate during the entire period from 22-43
weeks of age were 2.23 , 31,28 , 20.83 and 38.24 % by feeding diets
supplemented with 0.0, 100 , 300 and 500 mg CuSO, / kg , respectively .
The treatments resulted in clear improvement of net return per duck and
economic efficiency compared to the control group .These results may be
due to the improvement of egg production rate and feed conversion as will
as decreasing amount of feed consumption,
CONCLUSION

Results generally showed that the best results in most studied traits
were recorded for the supplementation of duck diets with copper sulfate up
10 500 mg / kg during pre laying and laying periods. So, it could be advised
that the supplementation of copper sulfate to growing and laying duck dicts
may be an alternative method to maximize the productivity and profitability
of Pekin ducks with no adverse effects on laying performance, hatchability
traits and economic efficiency .
Table (1): Composition and calculated analysis of the basal diet fed

to Pekin ducks throughout the experimental period.

Ingredients % Grower Layer
« | Yellow corn 63.00 66.00
Soya bean meal (44 %) 15.50 21.50
Wheat bran 17.75 270
Di-caleium phosphate 1.25 1.50
Limestone 1.80 7.60
Vit & Min, premix * 0.30 0.30
Salt ( NaCl) 0.30 0.30
DL. Methionine (97%) 0.10 0.10
Total . 100.0 1000
Calculated Analysis **
Crude protein % 15.04 15.50
ME( Keal /kg ) 2687 2724
Caleium (%) 1.041 3410
Available phosphorus (%) 0.41 0.45

* Each 3kg of Vit .and Min. premix comtans 100000000 1UViE A2000000 1U Vit D310 g Vit T g VLK (1 g
Vit B1: 5 g Vit 82 10 mg VitBI2 ; 1,5 g Vit Ho, 30 g Niscin ;10 g Pantothenic acid ;1 Folic acid; 50 my Biotin ,
300 g Choline chioride, 50 g Zinc, 4 g Copper; 0.3 g lodine , 30 g lron, 0.1 g Selenium ;605 Mangancse 0.1 ¢
Cobalt, and carricr CaCoy 10 3000

** According to NRC (1994)
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Table (2): Live body weight, feed consumption and age at different egg
production levels (Means +SE)) of Pekin laying ducks as
affected by copper sulfate supplementation levels to the diets
during experimental periods.

Criteria Copper sulfate Jevel (mg /

00 —§ 100 F 300 500

Live body weight (g)

14 wks 2370£190 24004160 2480175 2450185

22 wks 2100+220 21904280 2150200 2140+190

45 wks 20104260 20504270 20904240 19904150

Change of LBW' (g) between 22 - 45 wks

-9 - 140 - 60 -150

Feed consumption ( g /duck/day) during 14 to 22 wks

165414 15917 160£16 154420

* LBW =live body weight

Table (3): Age (days) at different egg production levels (Means £SE)) of
Pekin laying ducks as affected by copper sulfate
supplementation levels to the diets during experimental

periods.
Criteria Copper sulfate level (mg / kg) PN
0.0 100 300 500
First egg 149.3£6.0" | 149.3£3.8* | 143.7406* | 136.3+53" | 0.08

25% production | 154.756.1 | 1525415 154.747 4 146.041.7 | Ns

50% production | 164.7415.5 | 163.3£17.0 | 159.345.1 1587465 | Ns

Peak of epg

' . , b b
production 201.045.3" | 197,0£3.0 189.745.0 188.045.3 0.05

ab. means in the same row bearing different superscript are significantly different ( p < 0.05)
¢ P = probabilinies
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Table (4): Egg number, laying rate, egg mass and egg weight
(Means +SE) of Pekin laying ducks as affected by copper
sulfate supplementations to the diets during experimental

periods.

ort Copper sulfate level (mg / k P

Gt 00 1 100 | %o'&) T s00-

Eqg number / duck / 28 day
n-25 11.7£24° 126 £1.0° 16.0 £0.9* 16511 0.01
2% - 29 189£16° 21621 218423 2442272 0.05
30 - 33 18519 20.5:1.9% 233 £1.6™ 251414 0.01
3 - 37 212214" 242114 24823 254418 0.05
38 - 41 21319 225410 239417 240414 NS
2-45 134 04" 17.1416" 175122 18814 0.01
Overall period | 105.129.6° nss8 ™ | 1273:1® 134.2:9.3° 0.05
Laying rate %
n-25 418:84° 449:35° 573433 58.8+4.1" 0,01
2% - 29 67.425.8" 74.76.4" 77.948.1% §7.2:79* 0.03
30-3 71.0:74° 732466 79.7+5.6" 89.3:5.1* 0.05
Y - 37 75.7449° 86.5:5.1% §8.6:83" 90.5:6.5" 0.05
38 - 41 76.1:54° §0.2:3.6% §5.36.0" 85.0¢53° 0.01
4 - 45 47.7£15° 61225 8" 62.7:8.0" 67349 0.05
Overall period | 62.5£7.4° 70,5436 75.8:4 3% 79.9:0.6* 0,01
Egﬁ mass (g /duck /28 day)
n-25 7172125° 806+50° 1013435 1047:45* 0.01
2% - 2% 1230105° 1436£103% | 1461£109° 1640:135* 0.01
30 - 33 1373+131" 1392+149° 1509£33 % 1684296 0.05
-3 1518+98"° 1684406 17792121 17512101 0.05
38 - 4 1360£102° | 1524461% 1630+123" 1695113" 0.01
0-45 904£54" 1155104 1212+144° 1324:8%" 0.0l
Overall period | 7102649° 7997578 | 8604£743% | 91414630" 0.01
Egg weight (g)

n-23 61.6:2.5 64.0+1.4 632:16 63.6£2.7 NS
2% - 29 65.1203 66.842.3 674£2.1 67.240.9 NS
30 - 13 69.0+2.9 67.9:1.1 67.743.2 67.240.5 NS
U-37 71.3£3.6 69.50:0.7 718£29 69.121.8 NS
38 - 4 63.9+1.6° 679:0.5° 68.2:0.9" 70.540.5" 0.05
42 - 45 67.722.1 675209 69.120.7 70.30.6 NS
Overall period | 67.621.3 67.5:0.4 67.6+1.6 68.0:0.8 NS

ab.c means in the same row bearing different superscript are significantly different (p <0.05 ).
* P. =probabilitics
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Table (5): Feed consumption and feed conversion (Means +SE) of Pekin
laying ducks as affected by copper sulfate supplementations

to the diets during experimental periods

Criteria Copper sulfate level (mg / kg) A
00 | 100 | 300 | 500
Feed consumption (g / duck / 28 day
22 -25 58122357 [4284:208° [ 5543:577% | 49754322% | 0.01
26 - 29 | 54124264" | 44274638" | 5613£100° | 5358#392" | 0.05
30 - 33 [6987+157" | 64104183 | 68052164 | 6592£167™ | 0,01
34 - 37 | 74882632° [ 65854534™ | 73208282 | 6208403 | 0.0
38 - 41 | 5216+581" [ 4992:168" | 58884252° | 4962¢158" | 0.05
42 - 45 | 5842:169™ | 5608:196" | 61514856° | 5638£156° | 0.05
g‘:;:” 367576964 | 3230681064 | 3732041029* | 338234999% | 0,08
Foed convmiM. feed /g ecpp mass

22 -25 | 8234114 | 5.324007° | 5.46:038° |4428030° | 001
2 -29 | 4432054 [ 2984085" | 3.8620.22° | 3.2750.10° | 008
30 - 33 |5.13£0.60" | 4642044 | 4.52:025" | 3.9340.28° 0.05
34 - 37 | 49320.00° | 3.0240.11% | 4.132031° | 3.9%0.198 | 0.01
38 - 41 |383£022° |3.28+0.04% | 3.624028b° | 2.964021* 0,01
42 - 45 | 6.4940.54" | 4.884048" | 5.144084" | 4272037 0,01
0'5';" 5182068 [401031  |a3e00  |370:000 | oo

ab,c ‘mars in the same row bearing different superscript are significantly (p=005)

* P, = prodabilities

Table (6): Fertility and hatchability % (Means £SE) of eggs produced
by Pekin laying ducks as affected by copper supplementations

to the diets
Criteria Copper sulfate level (mg / kg) p.*
0.0 100 300 $00
| Total cgg set 360 360 360 360
Egg weight 75.34:0.49 | 74.7420.52 | 74.07¢1.47 | 75682070 | Ns
Fertility % 90974242 | 91.53£1.38 | 91.5342.80 [ 90912328 | Ns
Hatchability of 4
TR 76.30£5.92 | 77:98:2.12 | 78.5543.90 | 81314380 | Ns
Hatchability of b b ] 00
fertil eggs % $2.55¢3,58" | 84.2640.80" | 85.49+1.59™ | 88.55+1.83 s
Early EM** % | $28:0.83° | 5.7541.18* | $214034° | 3.5720.64" °;°
Late EM. % 12194287 | 9994068 | 9304136 | 7.874228 | Ns
Chick weight 4730£0.79 | 46.83:0.74 | 47.532026 | 48242145 | Ns

b means i the same row bearmg different supcrscopt are significantly different (p £0.05),

* P = probabilines

** EM = embryonic mortality
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Table (7): Blood serum constituents for 45 wks-old (Means SE) of
Pekin laying ducks as affected by copper sulfate
supplementations to the diets during experimental periods.

Criteria Copper sulfate level (mg / kg) A
0.0 100 300 500
_T&';: potein [ caniion [gaosorr  |763e100 | ser0os |
Triglycerides ' ) .s « 1001
e ] 683.3423.1° | 586.7431.7" | 633.3£28.8* | 508 34273
Total 0.05
cholesterol | 143.3217.5* | 145.0£163" | 1133213.1% | 110.0£173°
mydl
HDL 0.05
cholesterol | 77.7463% | 653288 | 60.047.2° 78.749.8"
mg/d!
%‘,’LT aeaerad | etes [imaeas | noosns |
%’;{ esos7 | 0ose  emas  |sere |
Ab.¢ ‘means i the same 1ow bearing differend superscript are sigaificantly different (p <0.05 )
* = probabilities

Table (8): Egg components and some egg quality measurements
(Means +SE).of eggs produced by Pekin laying ducks as
affected by copper supplementations at 28 weeks of age.

Criteria Copper sulfate level (mg / k
0.0 100 300 500
Egg weight gm 678144 64.6 9.1 66334 66.546.0
Yolk weight % 318417 29.1£39 312420 302438
Albumen weight% | 56314 5824318 $73125 §7.744.5
Egg shell weight % 119207 122414 116410 12114
Haugh units 94,7447 96.745.0 980434 08012
gﬁ""“"‘"‘” 0392003 [0394001 0394003 0394002
Yolk index 0.60£0,04 0632008 |0.602004 | 0.6540.04
Shape index 0.76:002 | 0774006 | 076003 | 0.7740.03

No significant diflesences wete 0bserved amoag reatincns i all criteria
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Table (9): Egg components (%) and some egg quality measurements
(Means SE).of eggs laid by Pekin laying ducks a« affected
by copper supplementations at 40 weeks of ages.

Criteria Copper sulfate level (mg / kg)
0.0 100 300 500

Egg weight gm 69980 |670244 |71552 | 705356

Yolk weight % 32013 [321£22 306215 |316z10

Albumen weight% | 56.0£1.1 56228 |57.7x14 |572%13

Egg shell weight % | 11.920.8 11.5£1.0 11.610.9 112210

Haugh unts 9024113 |848:70 |898183 955187
fnfﬁf;‘"' thickaess 1041001 |0392002 [0412002 [0382002
Yolk index 0374002 [0382002 |039:002 0402003
Shape index 0794005 [0802002 |0772004 0802003

No significant differences were observed among treatments in all criteria

Table (10): Chemical composition of eggs produced by Pekin laying
ducks at 42 wks-old (Means +SE) as affected by copper
sulfate supplementations to the diets.

Criteria Copper sulfate level (mg / kg) ) &
0.0 100 300 500

Moisture 68.0260.96" | 68.53£0.55" |69.7320.55® | 70.23£093* | 0.05

Drymatter [ 31982096 | 31.46:055" |3027:0.6" |29.77:093" | 0.05

Crude protein | 13.3342.12 | 13.80+246 | 13.93£1.94 |13.83£286 | NS

Ether extract | 16.612.99" | 16.01£128" | 13.6421.51° | 13.1321.35° | 0.05

Ash L2007 [rizsonr | ises | 122:006 | s
ab ‘mans in the same row bearing different superscript are significantly different (p <0.05).
*P. = probabilities
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Table (11): Economic efficiency of Pekin laying ducks fed diets
supplemented with copper sulfate (mg / kg) from 22-45

weeks of age.
Criteria Copper sulfate level (mg /
00| 100 300 500

m'«ffﬁﬁff?fﬂm ke w3657 | 32306 | 37320 | 3382
Feed cost, LE' 5238 | 4603 | s53.18 | 4820
Cu.S0, cost, LE* - 013 | 044 | 072
Total feed cost, LE 5238 | 4616 | s362 | 4892
Number of small egg /duck’ 30,6 342 N7 409
Number of medium egg /duck’ 397 | 442 | @1 | s0s
Number of large egg /duck’ 48 396 | 414 | 428
Total price of eggs /duck , LE* 5355 | 6060 | 64.53 | 6758
Net return / duck . LE 117 | 1444 | 1091 | 1866
EEF %’ 223 | 3128 | 2035 | 3814
LE = Egyptian pound

1+ Cant of one kg feed | 425 LE at tine of experiment ,

2-Cost of 500 gm copper wiloe peatahydrate =190 LE |

3-Somall egg (fiest 8 whs ), medium ( second 8 wks) and large after 16 wks of production.
4-Local price of one egg (amall = 0.25 , medium = 0.5 wnd Jarge = 0.75 LE),

§+ EEF = economic efficiency * ( Net return LE / Total feed cost LE x)00).
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