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Abstract. This experiment was performed to investigate the influence of different oils in the diets of laying
quail on their egg quality characteristics. One hundred and twenty 7-wk old Japanese quails {(Cofurnix
coturnix japonica) were allocated to four groups with three replicates containing 10 quail each (30 quail per
each treatment group). They were fed for 13 weeks (including one week of adaptation period) on diets
containing 3% oil from different sources, viz. either sunflower (T1), linseed (T2), maize (T3), or fish oil {T4).
Inclusion the diet of laying quail with fish oil {T4) and maize oil (T2) resulted in significant increase with
respect to egg weight, yolk weight, albumen weight, yolk diameter, yolk height, albumen diameter, albumen
height, shell thickness and Haugh unit during all periods of experiment and in total means of these
parameters. However, the addition of different oil sources used in this experiment to quail diets did not
significantly affect total means of shell weight, relative weight of albumen and relative weight of shell, while
total means of relative weight of yolk, yolk index and albumen index were higher in the birds receiving diets
containing fish (T4) and maize (T2) oil than in other treatments (T1 and T3). The results of this experiment
clearly demonstrated that supplementation the laying quail diet with fish and maize oil improved most criteria
of egg quality. Therefore, incorporation of fish and maize oil into the diets of Japanese quail may have

practical value in manipulating egg quality.
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INTRODUCTION

Fats and oils are commonly supplemented to poultry
rations to increase the energy density as an economic
tool of producing energy-rich formulations. It was shown
that there was different constitution in terms of fatty acids
structure. Fatty acids contain carbon, oxygen and
hydrogen and are classified as Saturated Fatty Acids
(SFA), Monounsaturated Fatty Acids (MUFA), or
Polyunsaturated Fatty Acids (PUFA). Animal fats contain
especially palmitic acid as long-chain saturated fatty
acids except for fish oil. Whereas vegetable oils contain
a great many quantities of long chain unsaturated fatty
acids (Midilli et al, 2009). The fat content and the
composition of fatty acids in egg lipids have been
implicated in human health (Chow, 2008). Norum (1992)
based on epidemiological experiments observed a
direct relationship between intake of SFA and incidence
of cardiovascular diseases. Brisson (1986) indicated
that increasing the ratio of PUFA to SFA of the diet
reduced the plasma concentration of cholesterol.
Concerning nutrition, one of the methods developed to
change the lipid profile of eggs has been the use of
different oil sources that are commonly used as energy
sources in the diet of laying hens (Cabrera et a/., 2005).
Some of the oil sources are rich in long chain PUFA that
can change the proportion of the constituents of egg yolk
(Eseceli and Kahraman, 2004). Although some plant
oils used in animal diets contain the same or similar
concentrations of fatty acids, they may differ significantly
from each other in relation to their physical properties
due to the ratio of fatty acids and triglycerides in their

structures. These differences may be caused by many
factors such as climate, soil type, vegetative stage and
the genetics of plant (Guclu ef af., 2008). Enrichment of
hens' diets with sources rich in linolenic acid (LNA) has
resulted in the production of eggs with significantly
increased levels of yolk LNA and small but significantly
higher increases in the 20-carbon family (long chain;
LC) of n-3 fatty acids (LC-PUFA), mainly as
eicosapentanoic acid (EPA) and docosahexanoic acid
(DHA) (Baucells ef af., 2000). When compared with the
increased levels of Epa and DHA reported by Hargis et
al. (1991) in response to relatively low amounts (3%) of
dietary fish oil, the significantly smaller increases in the
n-3 LC-PUFA observed when higher dietary fat levels in
the form of flax and canola seed were supplied
emphasizes the limited efficiency of conversion of LNA
to EPA and DHA in birds (Aymond and Van Elswyk,
1995). Not all dietary n-3 FA biologically equivalent
(Reinhart, 1996) and what should be considered is not
only the total amount of n-3 fatty acids, but also the
specific fatty acids provided by food sources enriched
with n-3 fatty acids when developing health-modified
products. To compare the beneficial effects of fish oil on
egg quality characteristics with the effects when other oil
sources were used in egg production, an experiment
with laying quail was carried out. The goal of this study
was to improve Knowledge about the relationship
between precursors of n-3 and n-6 PUFA families given
in the diet and egg quality traits. Birds were fed with fish
oil or with alternative ocil sources (linseed oil, maize oil,
or sunflower oil) at level of 3% to attain a different
amount of n-3 and n-6 PUFA in the diet of laying quail.
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Table 1: Ingredients and chemical composition of the diet fed to laying quails

Ingredients (%) Sunflower oil (T1) Linseed il (T2) Maize oil (T3) Fish oil (T4)
Yellow corn 12.00 12.00 8.50 10.00
VWheat 47.70 47.70 51.50 50.00
Soybean meal 20.00 20.00 19.70 19.70
Protein concentrate® 10.00 10.00 10.00 10.00
Lime stone 7.00 7.00 7.00 7.00
Qil 3.00 3.00 3.00 3.00
Sodium chloride 0.30 0.30 0.30 0.30
Calculated content™

Crude protein (%) 21.05 21.05 21.10 21.05
Metabolizable energy (kcal/kg) 2888.00 2879.00 2881.00 2885.00
Taotal calcium (%) 3.60 3.60 3.60 3.60
Available phosphorus (%) 0.30 0.30 0.30 0.30
Methionine (%) 0.35 0.35 0.34 0.34
Lysine (%) 1.00 1.00 0.99 0.99
Cystine (%) 0.27 0.27 0.27 0.27

*Golden protein concentrate provided per kg: : 2500 ME/kg; 40% crude protein; 9% crude fat; 4.5% crude fiber; 9% calcium; 2.3%
available phosphorus; 2.3% lysine; 1.25 methionine; 1.8% methionine + cystine; 100000 U vit A; 10 mg vit B1; 100 mg vit B12; 20 mg
vit Ks; 50 mg copper; 700 mg manganese; 2 mg selenium; 200 mg vit E; 0.5 mg biotin; 5 mg folic acid; 200 mg niacin; 80 mg
pantothenic acid; 10 mg iodine; 25000 U vit D3; 500 mg iron; 10 mg cabalt; 600 mg zinc; 10 mg vit B6.

**Calculated composition was according to NRC (1994)

MATERIALS AND METHODS

Birds and treatments: One hundred and twenty 7-weeks
old Japanese quail (Coturnix cofurnix japonica) hens
were used in this experiment. Following cne week of
adaptation period on experimental conditions and
treatments diets the quail were weighed to provide an
equal live weight in all groups at the beginning of the
experiment. They were evenly distributed into 4
treatments groups with three replicates per group
containing 10 hens each. For 13 weeks (including
adaptation period) the laying quail were fed diet
containing 3% oils from sunflower (T1), linseed (T2),
maize (T3) or fish (T4). The birds were allowed free
access to food and water. The quail were housed in
stainless steel wire cages with 10 laying quail for each
cage. Ingredient and chemical composition of diet were
shown in Table 1. However, the fatty acid composition of
oils used in this experiment is presented in Table 2. A
regime of 17 h constant lighting and continuous
ventilation were provided and all birds were kept under
uniform  management conditions throughout the
experimental period.

Egg quality evaluation: Egg quality criteria (egg weight,
yolk weight, albumen weight, shell weight, yolk diameter,
yolk height, albumen diameter, albumen height, relative
weight of yolk, relative weight of albumen, relative weight
of shell, shell thickness, Haugh unit, yolk index and
albumen index) were measured at 9", 11", 13" 15" 17"
and 19" week of bird age, using 25 eggs from each
experiment group. These characteristics of egg quality
were determined according to Guclu et af. (2008).

Statistical analysis: The data were analyzed statistically
using the General Linear Models procedure of SAS
(2000). Significant differences between treatment
means are separated using the Duncan's multiple
range test with 5% and 1% probability (Duncan, 1955).
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RESULTS

In this study, fish oil represented oil from animal and
sunflower, linseed and maize oil, the plant oils. The fatty
acid composition of the oils is presented in Table 2. Fish
oil contain higher levels of docosahxaenoic acid
(C22:6n3) (10.73%) and eicosapentaencic acid
(C20:5n3) (10%) than the plant cils while its linoleic acid
(C18:2n6) level (1.02%) was lower. The highest linolenic
acid (C18:3n3) concentration was recorded in linseed
oil, while the highest concentrations of linoleic acid
(C18:2n6) were shown in sunflower and maize oil. The
linoleic acid levels of these two oils were 56% and 60%,
respectively. The highest levels of palmitic acid (C16:0)
and total saturated fatty acids were measured in fish,
maize and sunflower oil while linseed cil contained the
lowest level. However, the highest total omega-3 fatty
acid levels were shown in linseed and fish oil, whereas
the highest total omega-6 fatty acid levels were shown
in sunflower and maize oil (Table 2). Furthermore, the
lowest ratio of total omega-6/total omega-3 fatty acids
was recorded in fish and linseed ocil. These finding were
similar to the results of previous studies using the same
oils (Eseceli and Kahraman, 2004; Cabrera et a/., 2005).
However, the slight differences obtained in the fatty acid
composition of the oil sources used in this study
compared to published values might be due to many
factors such as production of the crops in different
climates and differences on the vegetation stage of the
plants that could have affected the fatty acid composition
of oils {(Senkoylu, 2001).

Egg weight, yolk weight, albumen weight, yolk diameter,
yolk height, albumen diameter, albumen height, shell
thickness and Haugh unit determined at different ages
of laying quail are shown in Tables 1, 2, 3, 5, 6,7, 8, 12
and 13. Laying quail fed fish oil (T4) and linseed oil {T2)
added diets produced highest egg weight, yolk weight,
albumen weight, yolk diameter, yolk height, albumen
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Table 2: Fatty acid composition (%) of oils included in the diets of laying quails

Numeric name Common name T1 T2 T3 T4
c12:0 Lauric acid - - - 0.000
C14:0 Myristic acid 0.060 0.12 0.06 5.41
C15:.0 None 0.020 0.08 0.03 0.47
Cc16:0 Palmitic acid 6.250 6.00 11.01 14.05
c17:0 Margaric acid 0.030 0.11 0.09 1.73
c18:0 Stearic acid 3.580 2.50 1.91 2.87
C20:0 Arachidic acid 0.238 0.50 0.36 0.15
C21:0 None 0.008 0.01 0.01 0.04
Cc22:0 Behenic acid 0.587 0.23 0.15 0.02
C23.0 None 0.028 0.02 0.02 0.06
C24:.0 Lignoceric acid 0.203 0.08 0.16 0.15
C14:1 Mpyristoleic acid - - - 0.03
C15:1 None 0.010 0.01 - 0.19
Cc16:1 Palmitoleic acid 0.090 0.40 0.13 8.25
C17:1 None 0.040 0.03 0.04 0.36
C18:1n9 Oleic acid 23.000 19.00 24.00 21.94
C20:1n9 Gadoleic acid 0.255 0.28 0.36 11.22
c22:1n9 Erucic acid 0.007 0.01 0.01 7.65
C24:1n9 Nervonic acid 0.005 0.02 0.12 230
C18:3n3 Alpha linalenic acid 0.108 57.29 1.26 0.50
C20:3n3 None 0.025 0.05 0.03 0.05
C20:5n3 Eicosapentencic acid (EPA) 0.118 0.63 0.09 10.00
C22:6n3 Dacosahexaenoic acid (DHA) 0.012 0.00 0.02 10.73
C18:2n6 Linoleic acid 65.000 12.18 60.00 1.02
C18:3n6 Gamma linclenic acid 0.016 0.02 0.06 0.13
c20:2n6 11, 14-Eicosadienoic acid 0.155 0.08 0.06 0.19
Cc22:2n6 13, 16-Docosadienoic acid 0.155 0.003 0.001 0.38
Total of saturated fatty acids 11.000 9.65 13.80 25.04
Total of mono unsaturated fatty acids 23.400 19.75 24.66 51.94
Total of polyunsaturated fatty acids 65.580 70.55 61.52 23.00
Total of omega-3 fatty acids 0.260 58.27 1.40 21.28
Total of omega-6 fatty acids 65.320 12.28 60.12 1.72
Total of omega-Gitotal omega-3 fatty acids ratio 251.230 0.21 42.94 0.08

T1: Sunflower oil; T2: Linseed oil; T3: Maize qil; T4: Fish ail

Table 3: Effect of dietary supplementation with different oils on
egg weight (g) (MeanzSE) of laying qualil

Table 4: Effect of dietary supplementation with different oils on
yolk weight (g) (Mean+SE) of laying quail

Treatments Treatments

Periods T1 T2 T3 T4 Periods T1 T2 T3 T4

1 11.49£0.18° 11.61£0.28° 11.45+0.16° 11.91+0.17° 1 3.86+0.17° 3.9110.37° 3.71+0.12° 3.9910.41°
2 11.24£0.24°  11.86£0.27° 11.34+0.17°  11.83+0.23° 2 3.60+0.23° 3.8810.22° 3.70+0.65° 4.08+0.30°
3 10.44+020° 10.68+0.42" 10.61x0.32  11.89+0.28° 3 3.74+0.11° 3.97+0.29° 3.73+0.34° 4.11+0.28°
4 10.9840.19¢ 11.17#0.20° 11.0520.73  11.85+0.53° 4 3.7110.13 3.99+0.41° 3.75+0.29¢ 4.1340.197
5 11.364£0.22¢ 11.82#0.18° 11.52+0.23 11.91+0.11° 5 3.65+0.15° 3.8910.47° 3.74+0.35° 4.3340.317
6 11.0320.13°  11.90+0.25" 11.19£0.24° 11.89+0.23* [¢] 3.77+0.19° 4.14+0.30° 3.79+0.21° 4.55+0.22°
Mean 11.07:038° 11.50£0.29° 11.19+052° 11.88+£0.98° Mean 3.70+£0.17° 3.9610.42° 3.73+0.34° 4.1910.40°

Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

absMeans within rows with different superscripts differ significantly
at (p<0.05)

diameter, albumen height, shell thickness and Haugh
unit during all periods of experiment and regarding the
total means of these traits as compared with sunflower
oil (T1) and maize cil (T3) added diets. Data in Tables 4,
10 and 11 shows the effect of dietary supplementation
with different oil sources on shell weight, relative weight
of albumen and relative weight of shell for 12 weeks
experimental periods. Total means of shell weight,
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Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

abMeans within rows with different superscripts differ significantly
at (p<0.05)

relative weight of albumen and relative weight of shell
were not affected (p>0.05) by the addition of ocils to the
diet. Results of this experiment alsc revealed that the
addition of fish oil (T4) and linseed oil (T2) to the diet of
laying quail resulted in significant increase in relation to
total means of relative weight of yolk, yolk index and
albumen index in comparison with sunflower oil (T1)
and maize oil (T3) (Tables 9, 14 and 15).



Table 5: Effect of dietary supplementation with different oils on
albumen weight (g) (MeanSE) of laying quail
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Table 9: Effect of dietary supplementation with different oils on
albumen diameter (mm) (Mean+SE) of laying quail

Treatments

Periods T1 T2 T3 T4

1 5.91+0.11° 6.0310.72° 5.9040.61° 6.09+0.38°
2 5.85+0.19¢ 6.08+0.50° 5.9340.53° 6.111£0.112
3 5.99+017" 6.11+0.55° 5.97+0.62° 6.1310.17°
4 6.00£0.22¢ 6.0910.63° 6.03+0.52° 6.18+0.292
5 5.97+0.18" 6.13+0.58° 6.1110.51° 6.25+0.13°
6 6.081£0.21¢ 6.17£0.33° 6.1310.57° 6.39+0.122
Mean 5.960.30" 6.10+0.45° 6.01+0.60° 6.1910.10°

Each period represented 14 days. T1: Sunflower oil; T2: Linseed

oil; T3: Maize oil; T4: Fish oil.

abMeans within rows with different superscripts differ significantly

at (p<0.05)

Table 6: Effect of dietary supplementation with different oils on

shell weight (g) (Mean+SE) of laying quail

Treatments

Periods T1 T2 T3 T4

1 1.90+0.11* 1.67x0.17° 1.840.22% 1.83+0.31°
2 1.70+0.08* 1.90£0.25° 1.71+0.282 1.64+0.27¢
3 0.71x0.13" 0.60+0.11° 0.91+0.27° 1.65+0.22%
4 1.27#0.15° 1.09+0.19° 1.2740.19° 1.54+0.33%
5 1.74+0.08* 1.80£0.23° 1.67+0.26* 1.33+0.19°
6 1.18+0.05° 1.58+0.31° 1.27+0.28° 0.95+0.28°
Mean 1.41+0.26° 1.45+0.35° 1.4440.31* 1.49+0.30°

Each period represented 14 days

oil; T3: Maize oil; T4: Fish oil.

absMeans within rows with different superscripts differ significantly

at (p<0.05)

Table 7: Effect of dietary supplementation with different oils on
yolk diameter (mm) (Mean*SE) of laying quail

. T1: Sunflower qil; T2: Linseed

Treatments

Periods T1 T2 T3 T4

1 23.75+0.41°  24.18+0.32° 23534013 25.06+0.45
2 23.79+0.75° 2417033 2361x027° 25190177
3 23.77+0.24° 24231053  23.67+045  25.30+0.30°
4 23.91+£0.37° 24.31+035° 2397+050° 259110.27°
5 23.95+0.35° 24 .60+0.36° 23.85+0.29° 2596+0.19°
6 24.02£0.16° 24.81+030° 24.11x042° 25994045
Mean 23.86+0.13° 24.38+0.32° 23.70+0.28° 25561042°

Each period represented 14 days. T1: Sunflower oil; T2: Linseed

oil; T3: Maize oil; T4: Fish oil.

absMeans within rows with different superscripts differ significantly

at (p<0.05)

Table 8: Effect of dietary supplementation with different oils on
yolk height {(mm) (Mean+SE) of laying quail

Treatments

Periods T1 T2 T3 T4

1 10.80£0.22°  10.99+0.11"  10.71x0.56°  11.93+0.39°
2 10.73£0.32° 11.08£0.33* 10.79+050° 12.03x0.27°
3 10.83+0.29° 11.02¢0.28" 10.69+0.44° 11.99+0.21°
4 10.894£0.40°  11.27+0.45° 10.83+052° 12.161047¢
5 10.97+¢0.39°  11.43x0.26" 10.93x0.50° 12230527
6 11.08£0.51°  11.56£0.52° 11.11x0.32° 12.59+0.36°
Mean 10.88+0.43° 11.22¢0.60° 10.84+0.52° 12.15+049°

Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil. 2**Means within rows with different

superscripts differ significantly at (p<0.05)

Treatments

Periods T1 T2 T3 T4
37.55+1.18° 38.11x1.79" 37.24+129° 39.06+255%
38.03+1.27° 38.23+1.65" 37.19+213F 39.98%3.11°
37.97+2.15° 38.19+1.99" 37.36+1.97° 39.11+1.09°
38.11+1.33° 38.25+2.18" 37481225 30.25+2.18°
37.08+1.50° 38.61+1.90" 37424135 39.27+3.25°
6 37131190 39.17+1.77" 37.49+1.44° 39.2041.16°
Mean 37.64+3.16° 38.42+2.16" 37.36+2.23F  30.1442885°
Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

abipMeans within rows with different superscripts differ significantly
at (p<0.05)

B Wwh =

Table 10: Effect of dietary supplementation with different oils on
albumen height (mm) (Mean+SE) of laying quail
Treatments

Periods T1 T2 T3 T4
3.1540.92° 4.10+0.62* 3.2040.55° 4.2140.95°
3.2940.85° 4.134£0.27* 3.1840.55° 4.35+0.99°
3.5240.77° 4.0840.51* 3.5540.68° 4.27+0.63"
3.3840.62° 4.251+0.32* 3.5240.67° 4.41+0.52°
3.7740.19° 4.2740.48" 3.6940.82° 4.59+0.887
[¢] 3.8540.90° 4.3940.29" 3.8140.91° 4.78+0.60°
Mean  3.4940.72° 4.20+0.36% 3.5040.58° 4.43+0.77°
Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish ail.

abrpMeans within rows with different superscripts differ significantly
at (p<0.05)

[S,0  I% I 6 B

Table 11: Effect of dietary supplementation with different oils on
relative weight of yolk (%) (Mean+SE) of laying quail
Treatments

Periods T1 T2 T3 T4
32.02+1.50" 33.67+2.62° 3240+259" 33.80+4.60°
32.82+3.33° 3291+1.87" 32624162 34.48%152
35.82+2.42" 37.17+3.71° 3515+455" 345642 59"
33.78£3.51" 3572+2.82° 33.93+242" 34.85+3.41°
32.1314.48" 32.91+1.76" 33.42£271" 36.35+2.72°
8 34.17+1.63" 3478+2.65" 33.86+1.48" 38.2613.66°
Mean 33.45+2.72° 3452+3.84" 33.49+262 35384275
Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

abipMeans within rows with different superscripts differ significantly
at (p<0.05)

[S 0 IV I N B

Table 12: Effect of dietary supplementation with different oils on
relative weight of albumen (%) (MeantSE) of laying
guail

Treatments

Periods T1 T2 T3 T4
51.43£2.87* 51.93+234% 5125£292% 51.13£231°
52.04+£3.63" 51.26+1.28° 52.29+3.87% 51.64+228°
57.37+4.55° 57.20+3.11° 56.26+296° 51.55£3.42°
54.64+2.91° 5452+216° 5457+200° 52.15£3.36°
52.55+3.79" 51.86+4.13  53.03+£2.80° 5247+228°
6 55.12+4.83° 51.84+2.25" 5478+110° 53784233
Mean  53.85+2.72* 53.10+£3.22°  53.69+2.98* 5212+219°
Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

abipMeans within rows with different superscripts differ significantly
at (p<0.05)

B Wwh =
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Table 13: Effect of dietary supplementation with different oils on
relative weight of shell (%) (MeantSE) of laying quail

Table 17: Effect of dietary supplementation with different oils on
albumen index {(MeantSE) of laying quail

Treatments

Periods T1 T2 T3 T4

1 16.53+£0.38° 14.38+0.29° 16.06t041° 153610267
2 15.1240.22°  16.02+0.16° 1507043 13.8610.51°
3 06.80£0.19° 05.61x0.32° 08.57+0.38° 13.87+0.2¢%°
4 11.564£0.13° 09.75£0.18* 1058025 12.99+041°
5 15.31£0.29°  14.72+0.27*° 1449+037° 11.1610.32
6 10.69+0.36°  13.3620.41* 112342026 07.98+0.62
Mean 12.66+0.22%° 12.30+0.19* 12.68+0.15° 12.53+0.70°

Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

absMeans within rows with different superscripts differ significantly
at (p<0.05)

Table 14: Effect of dietary supplementation with different oils on shell
thickness {mm) (Mean+SE) of laying quail

Treatments

Periods T1 T2 T3 T4

1 0.220+0.005°  0.231+0.008°  0.222+0.001°  0.243+0.001*
2 0.223+0.001°  0.233+0.002°  0.225+0.003°  0.246+0.009°
3 0.225+0.001¢  0.236+0.002*  0.220+0.002¢  0.240+0.008*
4 0.220+0.002°  0.230+0.004*  0.227+0.001°  0.245+0.009°
5 0.228+0.001°  0.237+0.003°  0.233+0.004°  0.247+0.007°
6 0.231+0.002° 0.239+0.001"  0.235+0.003°  0.253+0.003°
Mean 0.224+0.003°  0.234+0.001*  0.227+0.005°  0.245+0.002*

Each period represented 14 days. T1: Sunflower cil; T2: Linseed ail; T3:
Maize oil; T4: Fish oil.

bpeans within rows with different superscripts differ significantly at
(p<0.05)

Table 15: Effect of dietary supplementation with different oils on
haugh unit {(MeanzSE) of laying quail

Treatments

Periods T1 T2 T3 T4

1 85.55+2.11° 87.34+3.25° 86.61£3.90° 88.82+2.2(°
2 85.68+4.27° 87.49+4.15° 8565t555° 88.97+4.15
3 85.33£3.33° 87.41+219° 8557+2.76° 8B73t3.7(¢
4 85.49+5.41° 87.61+535" 8560+4.08° 89.25+5.11°
5 85.7314.11°  87.691+516° 85784523 89.6716.32°
6 85.8814.83° 87.89+4.29° 86.11+£3.39° 89.98+4.97°
Mean 85.61+6.20° 87.5745.08° 8573+4.92° 89.23+2.28°

Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

abMeans within rows with different superscripts differ significantly
at (p<0.05)

Table 16: Effect of dietary supplementation with different oils on
yolk index (Mean+SE) of laying quail

Treatments

Periods T1 T2 T3 T4

1 4547+3.19° 4545:270° 4551+1.63° 47.60+3.31°
2 4510+6.22° 45.84+1.50° 4570+£2.15° 47.75+3.85°
3 45.56+4.08° 4548+3.38° 4516+1.40° 47.39+279°
4 4554+3.09° 46.3624.52° 4552+3.65° 46.93+2.71°
5 45.8015.85° 46.4614.43° 4582+3.79° 47.11+£3.08°
6 46.12+3.80° 46.59+4.05° 46.08+3.90° 48.44+1.17°
Mean  455916.30° 46.0316.28° 4563+520° 475314 2%

Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

abepMeans within rows with different superscripts differ significantly
at (p<0.05)
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Treatments

Periods T1 T2 T3 T4

1 8.38+0.97° 10751065 8.59+0.52° 10.79+0.92
2 8.65+0.88° 10.80+0.62° 8.55+0.73° 11.15+£0.81*
3 9.27+0.91" 10684072 9.5040.40° 10.91+0.85°
4 8.86+0.65° 11.11x04% 9.39+0.62° 11.23+0.90°
5 10.16£0.42°  11.0540.55° 9.86+0.91° 11.68+0.73°
[¢] 10.3620.79° 11.20+0.82" 10.42+0.82° 12.19+0.65°
Mean 0.28+0.99° 10.93+0.21° 9.38+0.79° 11.32+0.36°

Each period represented 14 days. T1: Sunflower oil; T2: Linseed
oil; T3: Maize oil; T4: Fish oil.

atMeans within rows with different superscripts differ significantly
at (p<0.05)

DISCUSSION

The positive results recorded in this study when diet of
laying quail supplemented with fish oil (T4) and linseed
oil (T2) as compared with sunflower oil (T1) and maize
oil {T3) are in coordination with the results of Al-Daraji et
al. (2010a) who found that dietary fish oil and flaxseed oil
at the inclusion level of 3% exhibited the best results as
concerns hen-day egg production, egg weight, egg
mass, cumulative egg production, feed conversicon ratio,
fertility, hatchability and embryonic liveability. Bozkhurt ef
al. (2008) found that supplementation of fish cil at a level
of 1.5% to the corn-soybean meal diet of broiler breeder
chicken may affect egg production performance, fertility,
egg weight, chick weight, hatch of egg set and specific
gravity without any adverse effect on body weight and
settable egg characteristics. Al-Daraji et al. (2010b)
reported that supplementing diet of laying quail with
linseed at the levels of 25, 4%, or 6% resulted in
significant improvement in total means of egg weight,
yolk diameter, albumen height, shell thickness, Haugh
unit, albumen percentage and albumen weight. Guclu ef
al (2008) denoted that dietary oils (sesame, cottonseed,
olive, hazelnut, maize, soybean or fish oil) affected egg
weight and its specific gravity, the egg yolk index and the
Haugh unit but had no effect on live weight, egg shell
thickness and albumen index. However, fish and
soybean oll increased the omega-3 fatty acid level of egg
yolk and decreased serum lipid concentration. De Silva
et al. (2009) indicated that n-3 fatty acid level was high in
egg yolk of quail treated with 1.5, 3.0, or 5.0% flaxseed
when compared to that of control group. The n-6/n-3 ratio
decreased from 21.30 (control) to 4.52 (5.0% flaxseed),
which is a better value from the nutritional viewpoint.
Cherian {(2008) reported that a significant decrease in
egg weight, yolk weight, shell weight and yolk colour was
observed for low n-3 when compared with high n-3 eggs
(p=<0.05). Dalton (2000) indicated that the decrease in
the ratio of omega-6 to omega-3 fatty acids in Japanese
quail diet resulted in significant improvement in egg
size, egg production, egg quality, fertility, hatchability and
decrease in early embryonic morality. Important
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nutritionally-essential n-3 fatty acids are: Alpha-Linclenic
Acid (ALA), EPA and DHA, all of which are
polyunsaturated. The vertebrate body cannot synthesize
n-3 fatty acids de nova, but it can form 20-carbon
unsaturated n-3 fatty acids (like EPA) and 22-carbon
unsaturated n-3 fatty acids (like DHA) from the 18-
carbon n-3 fatty acid ALA. These conversions occur
competitively with n-6 fatty acids, are closely related
chemical analogues that are derived from Linoleic Acid
(LA). Both the n-3 ALA and n-6 LA are essential nutrients
which must be obtained from food. Synthesis of longer
n-3 fatty acids from ALA within the body is competitively
slowed by the n-6 analogues. Thus accumulation of
long-chain n-3 fatty acids in tissues is more effective
when they are obtained directly from food or when
competing amounts of n-6 analogs do not greatly
exceed the amount of n-3 (Culver, 2001; Midilli ef al.,
2009). The 18 carbon ALA has not been shown to have
the same health and cardiovascular benefits such as
EPA or DHA. EPA and DHA are made by micro algae that
live in sea water. These are then consumed by fish and
accumulate to high levels in their internal organs. Fish
oil stimulates blood circulation, increase the breakdown
of fibrin, a compound involved in clot and scar formation
and additionally has been shown to reduce blood
pressure, reduce blood triglyceride levels, regular intake,
reduce the risk of secondary and primary heart attack,
treatment of rheumatoid arthritis and cardiac arrhythias,
helpful in depression and anxiety and reduce the risk of
ischemic and thrombotic stroke (Saunders et af., 1997;
Davidson et al,, 2007). The dietary imbalance in fatty
acids (excessive omega-6 and insufficient omega-3) is
a fundamental underlying cause of many chronic
diseases including cardiovascular disease, many
cancers, most inflammatory diseases, autcimmune
disease and many physiological disturbances (Baucells
et al., 2000). A rich source of minerals, omega-3 fatty
acids, phytoestrogens and soluble and insoluble fibers,
gave abundant evidence that supports the value of
linseed in preventing diverse illnesses such as heart
disease and cancer as well as helping to address
common aliments such as digestive irregularity and
enhancing reproductive performance in both males and
females (Guilliams, 2000). Leskanich and Noble (1997)
reported that omega-3 fatty acids help lower blood
triglycerides and cholesterol levels. However, omega-3
fatty acids are also required for normal growth and
development, good production and distinguished
reproductive performance. Linseed is higher in omega-3
fatty acids and lowers in saturated fatty acids than other
grains. As a result, the eggs produced from hens on this
formula are higher in omega-3 fatty acids (Pruuthi et af.,
2007).

Conclusion: The current work clearly shows that when
fish oil and linseed oil are added to the diet of laying
quail, it is more efficient in improving egg quality criteria
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compared with sunflower oil and maize oil. The poultry
producers are then in the fortunate position of being able
to respond to changes in consumer demand as
nutritional advice changes in respect to research.
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