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SUMMARY

A total number of 240 unsexed 21-day old Japanese quail birds (113-116 gm) were
divided equally into four groups (60 hirds in each). First group received basal diet+ 4%
used restaurant oil (basal oxidized oil. B-Ox0), second group received basal diet+ 4%
non oxidized oil (control, B-NOxO). The third and fourth groups received 200 mg
CuSed/kg plus B-OxO or B-NOxO, respectively. Feeding B-OxO (1" group) reduced
body weight, egg production, egg weight, fertility and hatchability percent and increased
mortality percent, cholesterol and triglycerides of blood, eggs and breast meat of the
birds. Copper sulphate supplementation reduced the bad effect of oxidized oil on these
parameters especially fatty acid profile and cholesterol content of  blood, eggs and
breast meat of the birds. Copper sulphate supplementation has a positive effect also when .
added to non-oxidized oil on body weight, egg production and cholesterol level.

Key wards: copper sulphate supplementation, cholesterol, fauty acids, oxidized oil, egg

production, quails.

INTRODUCTION

Because of the possible relationship
between dietary cholesterol and human
health problems, heart disease has had a
negative impact on egg consumption
(Metwally 2002). it is recommended that
the dietary cholesterol intake per day
must be less than 300 mg (Brown 1990).
An  egg contains about 250 mg
cholesterol,  although, in  general,
cholesterol content of eggs has been
overestimated (Van Elswyk et al 199]).
Efforts were performed 1o reduce
cholesterol content of poultry meat and
cgg yolk. Plasma cholesterol increased
when dietary copper was depleted from
the diet (Kelvay er al, 1984). Although,
the mode of action of copper is not clear,
pharmacological levels of dietary copper

clearly affect both lipid metabolism and
growth of poultry (Pesti and Bakallj,
1996). They established also that
including copper at a rate of 250 mg in
excess of the basal level (10mg'kg diet)
led to maximal improvement of growth
rate. The use of supplementary copper to
provide 150 mg/kg in poultry diets was
concluded to decrease yolk cholesterol
concentration without any effect on
production performance (Balev and
Coskun 2004).They concluded that the
inclusion of 250 ppm of copper in the
broiler feed was acceptable for reducing
the cholesterol in the meat (Premkumar
et al., 2002). Total lipid and cholesterol
levels in breast muscle were suppressed
by copper supplementation significantly
to 30%. These results showed that dietary
copper supplementation alters lipid
metabolism and changes the fatty acid
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composition of depot lipids of swine
(Lauridsen er al, 1999). Feeding
chickens supra normal levels of copper
resulted in decrease of plasma, breast

muscle cholesterol and plasma
triglycerides (Pesti et al. [994).
Evidence indicates that liver copper
regulates cholesterol biosynthesis by

reducing glutathione concentrations (Kim
et al, 1992).The range of concentration
over which copper can influence or
regulate cholesterol biosynthesis is not
known. A series of experiments were
conducted to test the hypothesis that the
cholesterol content of chicken plasma
and meat could be reduced by feeding
copper in excess of the amount needed to
maximize growth (Bakalli et af., 1993).

There has been growing interest over
recent years in the modulation of the
fatty acid composition and cholesterol
content of poultry products {Skrivan ef
al, 2000). The susceptibility of meat
lipids to oxidation depends on the
presence of copper in the meat. Copper
promotes  oxidation of low-density
lipoprotein in vitro (Strain, /994) and an
essential component of superoxide
dismutase, an enzyme defending living
organisms against reactive oxygen
species (Barman, /974). Copper sulphate
supplementation reduced the saturated
fatty acids proportion in abdominal fat of
broiler (Skrivan er af., 2000).

Poultry producers and poultry
researchers cooperate together to reduce
the production costs through inclusion of
cheap feed resources in the diets such as
used restaurant oil (URO). It is a cheap
fat source but characterized by changes
in chemical and physical properties due
to heating which may affect negatively
their nutritive value (El-Faramawy and
Fahmy 2003). The study was designed to
evaluate the fatty acid composition of
URO and to investigate its improvement
through using CuSo4.

The objective of the present study

44

was to determine the effect of copper
sulphate  supplementation on  the
productive and reproductive performance
and composition of fatty acids profile of
eggs and meat of quails fed on oxidized
and non-oxidized oils. Another object of
this study was to further study the
cholesterol- lowering effects of dietary
copper in plasma, egg yolk and in breast
muscle of these Japanese quail birds.

MATERIALS AND METHODS

A total number of 240 Japanese
quail birds {113-116 gm) were reared at
the animal house, Biological Application
Department, Egyptian Atomic Energy
Authority at Inshas. Water and feed were
provided ad libitum and the quails were
kept under the same condition of
temperature and light regimen according
to the quail strain catalog during the
experimental period. The diet was based
on corn and soybean meal, containing or
exceeding the NRC (National Research
Council, 1994). The quails were divided
into four groups of 60 birds / each.
Quails were fed the experimental diets
where the first group (G1) received basal
diet+ 4% oxidized oil (used restaurant
oil), second group (G2) received basal
diet+ 4% non oxidized oil (control),
third group (G3) received 200 mg
CuSod/kg + diet of the first group and
finally the fourth group (G4) received
200 mg CuSod/kg + diet of the second
group. Growth data and mortality were
recorded weekly by weighing the birds
individually. Before maturation (laying
eges}, 20 females and 10 males were
transferred to laying battery and fed
laying diets. Eeg production was
recorded daily and its parameters were
recorded weekly till the end of the 10™
week of egg production. The parameters
of egg production calculated as:



Egyptian J. Nutrition and Feeds (2006)

Table (1): Composition and calculated analysis of the basal diets

Contents Control
Ground yellow corn 54.30
Soybean meal (44%) 34.80
Calcium carbonate 5.60
Dicalsium phosphate 1.70
Common salts 0.03
Fat 5.30
Lysine 0.10
Methionine 0.11
Choline chloride 0.025
Mineral premix® 0.025
Vitamins premix’ 0.01
Calculated analysis;

Crude protein 20.20
Kcal ME/kg 2895
Calcium % 262
Av. Phosphorus 0.41
Methionine + cyst%. 0.74
Lysine% 1.07

1- Qils were supplemented to it by 4% according to experimental design.

2- Each kilogram of diet contains Copper, 10mg; lodine, 1mg; Iron, 30mg; Manganese, 35mg;
Zing, 55mg and Selenium, 1mg

3- Each kilogram of diet contains, A, 12000 L.U: D3, 2000 1.U; E, 10mg; K. Zmg: 8l,1mg: B6,
1.5mg: B12, 10ug: B2, 3mg: Pantothenic acid, 10mg; Nizcin, 20mg; Folic acid, 1000ug; Biotin,
S0ug: and Choline chloride, 500ug.

Table (2): Effect of CuSod supplementation on body weight changes (gm) of
Japanese quail birds from fourth to seventh week of age.

Weeks Gl G2 G3 G4

4" week  129.75%+:362 131.33%+ 3.68 135.08%+3.63 141.0°% 2.95
5" week  172.26"+ 3.06 182.53%£ 2.36 183.96%« 2.26 182.13% 2.75
6Mweek  192.25°:3.19  198.81%°+ 222  201.89°:2.16 202.27%+3.18
7" week 211.99°+3.19 228.0%: 3.71 229.18°+2.82 237.38%°£3.75

a,b,c..... Means with different superscripts within rows differ at P < 0.05,

Table (3): Effect of CuSod supplementation on mortality Percent of Japanese quail

birds.
Weeks Gl G2 G3 G4
4" week 12.7 32 2.1 2.3
5™ week 52 3.8 1.2 0.0
6"week 6.2 1.9 2.1 1.2
7" week 4.7 2.2 22 0.0
Total mean 7.2°+1.8 4.4°£1.90 1.9°+0.23 0.9'£0.55

a,b,e Means with different superseripts within rows differ at P < 0.05,
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Hen day egg production % = number of
eggs/ number of females/number of days
x 100
Average egg weight =
/ total egg numbers.
Fertility and hatchability percent of
fertile eggs were calculated weekly
beginning of the 1% day of egg
production till the end of the 6% week.
Five birds of each group were randomly
selected and starved aver night, then
sacrificed. The chosen birds were
slaughtered by cutting the gullet and
adjoining vessels between the 1™ and 2™
cervical vertebra without separating the
head from the body. The viscera and
other inedible parts were removed. The
remaining carcass was weighed to
ascertain the carcass weight and frozen
until breast meat analysis. Blood samples
were collected at slaughtering time to
determine cholesterol and Triglycerides
concentrations using the method of
Trinder (7/969;. Low-density lipoprotein
fLDL), high density lipoprotein (HDL)
concentration according to the method of

Total egg weight

Grove (7979) and thyroxin (74)
concentration determined by
radioimmunoassay  (R/A)  techniques

based on the methods described by
Chopra (1972) and Larsen (/972). Fatty
acids profile of eggs and meat of all
experimental  traits  performed by
extracting the fat in chloroform and
methanol (Bligh and Dyer, /1959). Fatty
acids were converted into methyl esters
and separated by using hp 6890 Gas
Liquid Chromatography equipped with
innowax-crosslinked polyethylene glycol
column 30 m; id. 0.32 ml meter; 0.5 um
film thickness.

Statistically analysis:-

Data were statistically analyzed
using the general linear models
procedure of the Costat program (1986).
Analysis of variance was performed
according to Sendecor and Cochran
(1982). Differences between means were
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determined using the Duncan Multiple
Range Tests for all variables (Duncan
1955).

RESULTS

Body weight and mortality:

The effect of dietary copper
sulphate supplementation on the body
weight and mortality of the Japanese
quails are presented in Tables (2 and 3).
The 1* Table shows that the group of
quails that was fed URO (G1) has given
the least results at 5,7 weeks of age while
their body weight was comparable to
those of G2 and G3 at 4™ week and to the
control (G2) at the 6™ week of age.
Group 3 which was fed on URO +
cupper sulphate has given a total body
weight higher than the control group at
the 7" week of age that means cupper
sulphate added to the diet increased the
body weight. Table (3) shows that the
(G1) received URO had the highest
mortality rate percent compared to the
other groups

Hen day egg production (%) and
average egg weights:

Effect of supplementation dietary
cupper sulphate on the hen day egg
production and average egg weight of the
Japanese quails are presented in Tabies
(4 and 5). The data showed that the G|
which was fed with URO only had the
lowest egg production and egg weight,
Improvement occurred when birds of this
group were supplemented with copper
sulphate. The best results obtained when
the birds fed on normal oil with copper
sulphate.

Female reproductive organs:

The effect of CuSo4
supplementation on female organs of
Japanese quail birds is represented in
Table (6). It is clear that the ovary weight
at the end of the experiment decreased in
the group | that was fed on URO than the
contral group. Group 4 fed on no
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Table (4): Effects of CuSod4 supplementation on hen day egg
production® of Japanese quail birds

Weeks - Gl G2 G3 G4
1" week  —eemeeem emeen 04.3 04.5
2™ week  —eemenee- 6.8 11.3 12.5
3 week i1.4 38.2 51.4 55.6
4" week 33.5 554 72.5 712
5" week 45.2 76.2 77.9 81.2
6" week 55.3 81.2 77.8 83.4
7" week 64.2 832 89.2 83.2
8" week 59.2 74.5 82.5 79.2
9" week 62.3 69.5 72.5 78.6
10™ week 61.2 71.2 79.2 84.5

Total 39.23%8.3 55.62%49.7 61.86°+9.5 63.99%49 6

a,b,c Means with different superscripts within rows differ at P <0.05.

Table (5): Effects of CuSod supplementation on average egg weight (gm) of
Japanese quail birds

Weeks Gl G2 G3 G4
I week  eeeeeee ol 6.3 7.5
2" week = —eeeeeeee 6.4%:0.6 9.3°+0.5 6.2%0.9
3™ week 6.1°+0.3 9.2°0 5 10,440 .4 10.6°+0.7
4" week 8.5°40.6 10.4°+0.7 11.520.9 11.2°+0.5
5" week 9.2°+0.6 11.2%0.8 11.9°+0.8 11.2%0.7
6™ week 9305 12.2%0.3 12.8%0.7 12.4%0.8
7 week 9.2°:0.4 12.2%:0.9 12.2°:0.5 12.2%40.5
8" week 9.7°:0.9 12 540 6 12.7°20.5 12.9°+0.6
9" week 10.1%21.0 11.5%1.2 12.2°:1.1 12.5°+0.7
10™ week 9.6%1.1 11.7%0.8 12.2°+0.8 12.5°0.6

a,b.c Means with different superscripts within rows differ at P<g.05.

Table (6): Effect of copper sulphate supplementation on reproductive organs of
female Japanese quail birds

Organ weight Gl G2 G3 G4

Ovary weight (gm) 4.2°£0.55 7.33% 043 7.16° 0.48 8.13"+0.94
Oviduct weight (gm) 507402 7.30%:0.17  6.73:0.84  8.6°0.55
Oviduct length (cm) 22.83% 102 3243%232  33.03% 127 33.66% 0.88

a,b,e ... Means with different superscripts within rows differ at P < 0,03

47



Wakwak

oxidized oil + CuSo4 gave the best
highest weight. There was no significant
difference between group2 and group 3
fed on URL+CuSo04.With respect to the
oviduct weight G4 and G1 showed highly
significant  increase and  significant
decrease respectively than the other
groups. The oviduct length in the first
group was shorter than the other groups.
There were slight differences between
group 3 and group 4 that can be omitted.

Fertility and Hatchability:

The effect of CuSo4
supplementation on  fertility  and
hatchability of Japanese quails birds is
represented in table (7). The data of this
table showed that the group fed with
URO only had the lowest fertility and
hatchability.  Improvement  occurred
when birds of this group supplemented
with copper sulphate. The best fertility
and hatchability results showed when
birds fed on normal oil with copper
sulphate.

Cholesterol:

The effect of cupper sulphate
supplementation on serum, egg and meat
cholesterol of Japanese quail birds were

shown in Table (8). The serum
cholesterol concentration, egg
cholesterol and meat cholesterol was

significantly higher in groupl than the
other groups. Group 4 has the best
results, it has the lowest cholesterol
concentrations.

Triglycerides:

The effect of cupper sulphate
supplementation on serum, egg and meat
triglycerides of Japanese quail birds is
shown in Table (9). The serum
triglycerides concentration was higher in
group 1 than the control group but it was
lower in the group 3 than the control
group. The group 4 was the best group,
with the least concentration recorded. It
was noticed that there were no significant
difference between group 3 and group 4
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in ege and meat triglycerides.
f=1-} =

T4, LDL and HDL:

The effect of cupper sulphate
supplementation on serum T4, LDL and
HDL of Japanese quail birds was
represented in Table (10). The T4
concentration was in their lowest
concentrations in groupl compared to all
the other groups, which showed no
significant differences between them.
LDL was in their higher concentrations
in groupl compared to control group
{group 2). Group 4 has the lowest levels
during the whole experimental periods.
The HDL level was significantly lower in
group | compared to the control group.
The group 3 was the highest in HDL
concentration; it was higher than the
control and all the other groups.

Farty acid profiles:
The effect of dietary CuSod

supplementation on fatty acid profile of
eggs is presented in Table (11). The data
in this table showed that the group
supplemented with used restaurant oil
had an increase in palmitic acid (C16:0)
and total SFA and decrease in linoleic
(C18:2) and total USFA and U/ S ratio.
In the contrary group received 200 mg/
kg CuS0O4 and URO showed an increase
in total USFA and U/S ratio and
decrease in total SFA,

Data of Table {12) showed that URQ
had increased palmitic acid (C16:0) and
total saturated fatty acid than that of the
other  groups while the groups
supplemented with CuSo4 showed an
increase in total USFA and U/S.

DISCUSSION

Productive parameters such as body
weight and mortality percent were
improved by adding copper sulphate to
the diet of Japanese quail birds. The
results of the present study are in
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Table (7): Effect of CuSo4 supplementation on hatchability and fertility percent of
Japanese quail birds

Weeks G1 G2 G3 G4
Fertility %
1% week 34.20 72.07 76.72 86.70
2™ week 43.05 79.61 78.28 90.91
3% week 60.91 85.00 86.02 88.89
4" week 68.72 81.84 82.54 89.66
5% week 57.30 79.90 82.90 90.20
6% week 59.40 84.60 86.70 89.50
Total mean 53.85°45.2 69.69°1.9 71.50°1.6 77.46%0.6
Hatchability %
1% week 53.95 60.95 63.57 66.18
2™ week 55.93 5435 61.38 80.30
39 week 59.54 71.67 67.74 81.11
4™ week 51.06 75.51 77.14 76.89
5" week 50.20 77.80 79.80 80.40
6" week 53.4 77.60 79.40 79.90
Total mean 53.95%1 .4 80.50°3.9 82.19%+3.4 89.31%:2.3

a.b,e Means with different superscripts within rows differ at P <0.05

Table (8): Effect of CuSo4 supplementation on serum cholesterol (mg/dL), egg and
meat cholesterol (mg/100g) of Japanese quail birds.

Items G1 G2 G3 G4

Serum 293.28°+7.4  107.55°:89  98.57°:586  64.1%10.3
cholesterol

Egg cholestero! 247422 +11.8 105.27°18.2 08.85°+ 4.2 83.75°: 259
Meat cholestero!  278.7°+253  131.8°=13.15 73.67°:178  66.1°+ 12.95
a,bye..... Means with different superscripts within rows differ at ( P < 0.05) )

Table (9): Effect of CuSod4 supplementation on serum, egg and meat triglyceride
{mg /dl) of Japanese quail birds

Gl G2 G3 G4
Serum 459.2: 939 2394%:533 2025t 78.8 2303462
triglycerides

Egg triglycerides  310.1%:21.8  203.3°%:7.6  160.6% 1.04  130.3°:20.9
Meat triglycerides  214.1%£35.9  112.1°%£403 912304  90.9°+ 10.7

ab.e... Means with different superseripts within rows differ at (P <0.05)

Table (10): Effect of CuSod4 supplementation on serum thyroxin (T4) low density lipoprotein
{LDL) and high density lipoprotein (HDL) of Japanese quail birds.

[ G2 G3 G4

T4 (nmol /d1) 0.92°+0.037 1.1°+ 0.058 0.97°£0.015  0.98°:0.015
LDL (mg/ dl) 13.3% 1.21 9.4°+3.79 8.6%+ 4.17 5.8+ 1.14

HDL (mg/ dl) 22.4% 0.0 35.2°%40.15 43.2% 1.73 2565+ 4.17

a.b,c..... Means with different superscripts within rows differ at P < 0.05
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Table (11): Effect of copper sulphate supplementation on fatty acid profile of
Japanese quail eggs

Fatty acids Gl G2 G3 G4
Cl4:0 0.57 0.63 0.51 0.55
C16:0 36.07 5.04 4.76 4.18
C17:0 0.33 0.22 0.24 0.3
C18:0 0.33 0.22 0.06 1.81
C19:0 0.12 0.22 0.13 -
C20:0 0.12 0.22 - -
Clé6:1 0.08 5.58 5.84 23.11
C18:1 47.05 63.66 70.64 44 .37
C20:1 0.18 0.12 0.13 0.41
Ci8:2 9.65 15.88 13.67 20.61
Others 5.95 8.87 4.02 4.66

SFA 37.09 6.11 5.7 6.84
USFA 56.96 85.24 90.28 88.5
u/s 1.54 13.95 15.84 12,94

Table (12): Effect of copper sulphate supplementation on fatty acid profile of

Japanese quail meat

Fatty acids Gl G2 G3 G4
C14:0 0.75 - 0.84 0.63
C16:0 34.76 28.09 26.14 18.84
C17:0 0.14 - 0.14 0.11
C18:0 - 3.29 - -
C19:0 0.87 - -
C20:0 0.11 - - -
C22:0 - - - 0.08
Clé:1 8.17 3.55 8.79 5.2
C18:1 25.62 4341 4138 42.54
C20:1 0.26 - 0.17 0.15
Ci18:2 2723 16.3 18.45 28.17
Others 4.09 3 3.89 4.28

SFA 36.63 31.37 27.12 19.66
USFA 59.28 63.26 68.99 76.06
U/ 8 1.61 2.02 2.54 3.87
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agreement with those obtained by Pesti
and Bakalli (1998). Also Skrivan et af
(2000) reported that copper sulphate
supplementation increased final body
weight of chickens by 4.3%. Several
possibilities exist for decreasing the
cholesterol content in edible parts of
chickens by nutrition. Komprda et ol
(1999) found that the cholesterol content
and fatty acid composition of chicken
tissues were influenced by rate of
growth. Cholesterol in breast and thigh
muscles, however, tended to decrease
with increase growth rate. Indications
exist that increased intestinal viscosity
impairs digestion of lipids and decrease
bite acid absorption in the ileumn (Smits
and Annison, 1996). This can reduce the
cholesterol concentration in plasma, as
shown in an experiment with chitosan
(Razdan er al., 1997), and consequently
also reduce cholesterol deposition in
tissues. Unfortunately, the digestibility of
protein was also negatively affected in
this way (Smits and Annison, 1996/, As
it is known cholesterol is absent in
vegetable oils. Furthermore, these oils
contain phytosterols, which are able to
block re-absorption of bile acids and
cholesterol in the ileum (Sklan er af,
1974)

Reproductive parameters such as egg
production, egg weights, fertility,
hatchability percents and sex organs
weight were improved also by the dietary
copper sulphate supplementation. The
results of the present study are in
agreement with those obtained by
Metwally (2002) and Pesti and Bakalli
(1998).

The data of the present study suggest
the biggest reductions in egg yolk
cholesterol and triglycerides will come
from feeding 200 mg Cu/kg with the
control or URO diets. This observed
decrease is consistent with plasma and
meat  cholesterol reductions in  the
experiments with meat-type chickens
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(Bakalli et af. 1995; Pesti and Bakalli,
1996). Changes in the enzymes
responsible for regulating cholesterol
synthesis, oxidation, or elimination may
be responsible for lowering cholesterol
synthesis in mature as well as immature
birds (Konjufca er af, 1997). Reduced
synthesis apparently results in less
cholestero! being present in plasma and
deposited in egas.

Since the fatty acid composition of
chicken carcass and egg can be
influenced considerably by the contents
of the diet, it is expected that diets
containing high percent of SFA and/or
USFA will influence carcass and egg
fatty acid composition. Dietary saturated
fatty acids are implicated as a risk factor
for atherosclerosis. Changes in the profile
of fatty acids of lipids of edible animal
tissues have consequences for human
health. It is important to know how to
change the composition of fatty acids in
poultry lipids in a desirable way. The
results of this study are coincides with
that of Skrivan ef af, (2000) and
Sevcikova, ef af 2003) who observed
that copper sulphate supplementation
reduced the saturated fatty acids
proportion in abdominal fat of broilers.
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