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Omega-3 Enrichment of Quail Eggs: Age, Fish Oil, and Savory 

Essential Oil 

M. Kamely1, M. A. Karimi Torshizi1*, and H. Khosravinia2 

ABSTRACT 

The aim of this study was to develop a diet suitable for obtaining quail eggs enriched 

with omega-3 fatty acids with minimum disadvantages on egg quality. This 12 weeks 

study was performed to investigate the effects of Fish Oil (FO) and Savory (Satureja 

khuzestanica) Essential Oil (EO) supplementation in diets of laying quails at different 

ages, on their performance, egg quality, fatty acid composition, and oxidation of egg yolk. 

One hundred and ninety-two Japanese quails were allocated to 8 groups (24 birds in each) 

with four replicates (having 6 birds in each) in a factorial arrangement with 3 variables: 

Age (31 and 12 weeks), FO (0 and 15 g kg-1), and EO (0 and 500 mg kg-1). The results 

showed that FO supplementation partially improved feed conversion ratio, hen-day egg 

production, egg weight and egg mass. There were no significant differences in albumen 

and shell weight percentage, but yolk percentage was significantly lower in FO groups. 

Savory essential oil significantly decreased shell thickness (P< 0.05). Percentage of yolk 

eicosapentaenoic Acid (EPA) and docosahexaenoic Acid (DHA) increased but 

Arachidonic Acid (AA) percentage and the ratio of n-6/n-3 fatty acids decreased in the 

eggs of the birds fed on diets supplemented with FO. Also EO supplementation decreased 

omega-3 enriched egg yolk lipids oxidation during refrigeration and room temperature 

preservation. Thus, it is possible to produce quail's n-3 enriched eggs, which can improve 

public health and be used for marketing purposes without any loss in eggs quality 

through dietary administration of FO and EO. 

Keywords: Dietary administration, Herbal antioxidant, Quail n-3 enriched eggs, 
Performance, Yolk oxidative stability. 
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INTRODUCTION 

High intakes of long-chain n-3 
polyunsaturated fatty acids are associated 
with a decreased risk of cardiovascular 
disease (Rymer et al., 2010). Long–chain 
polyunsaturated fatty acids, Docosahexaenoic 
Acid (22:6 n-3, DHA) is important for 
biological membranes, the retina, the cerebral 
cortex, nervous tissues, the testicles, blood 
platelets, and EPA for its effect on arteries 
(antithrombotic and anti-inflammatory) 
resulting from the metabolism of eicosanoids 
(biological molecules that act as signals and 

messengers) (Arantes da Silva et al., 2009; 
Shimizu et al., 2001). 

The proportional concentration of these 
fatty acids in poultry egg is affected by many 
factors including age, genetics, ration, and 
season. Research revealed that the content of 
myristic, palmitic, palmitoleic, stearic, and 
linoleic acids of yolk decreased with 
increasing age of layer hen (Yilmaz-Dikmen 
and Sahan, 2009). Latour et al. (1998) 
demonstrated that palmitic and stearic acid 
contents were greater in the yolks of eggs 
from hens at 51 and 64 weeks than in eggs 
from hens at 36 week. 

Consumer awareness of the health benefits 
of n-3 fatty acids is growing and is driving 
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consumer demand for enriched food products 
(Zuidhof et al., 2009). All vegetable fat 
sources seem to be less effective than marine 
fats when meat is enriched with 
polyunsaturated Fatty Acids (PUFA, 
particularly with n-3 long-chain fatty acids 
(C≥ 20). This effect results from the content 
of n-3 fatty acids, because marine oils contain 
EPA and DHA, whereas vegetable oils 
contain greater levels of linolenic acids 
(LNA), whose conversion to longer-chain 
derivatives and deposition in peripheral 
tissues is not sufficient to give nutritionally 
valuable modified products (Lopez-Ferrer et 
al., 2001). However, Petrovic et al. (2012) 
reported the increase of C18:3 n-3 and C22:6 
n-3 in eggs by supplementation of linseed oil 
(1-4%) to hens’ feed.  

In regular eggs, the n-6/n-3 ratio varies 
from 1:15 to 1:20, which is far from human 
nutritionist’s recommendations of 4:1 to 6:1 
(Kaźmierska et al., 2007). It is feasible to 
modify this ratio easily by feeding strategies 
such as providing hens with n-3 fatty acids 
enriched diets. Also, Kaźmierska et al. (2005) 
reported that layer quails were more efficient 
in production of n-3 enriched eggs than layer 
chicken. 

Although fish is considered to be the 
primary source of n-3 PUFA, it may not serve 
as a primary source for people (Lewis et al., 
2000b). It has been proved that n-3 fatty acids 
are essential for normal growth and 
development and may play an important role 
in the prevention and treatment of coronary 
artery diseases, hypertension, diabetes, 
arthritis, other inflammatory and autoimmune 
disorders, and cancer (Lewis et al., 2000a; 
Simopoulos, 1991; Simopoulos et al., 1991). 
The n-6 and n-3 fatty acids are the parent 
fatty acids for the production of eicosanoids, 
e.g., prostaglandins, thromboxanes, and 
leukotrienes. Also, eicosanoids derived from 
n-6 fatty acids have opposite metabolic 
properties to those derived from n-3 fatty 
acids (Simopoulos, 2000). 

Lipid oxidation during food processing and 
storage is of major importance. Oxidation of 
polyunsaturated lipids results in 
hydroperoxides which are susceptible to 

further oxidation or decomposition to 
secondary reaction products such as short-
chain aldehydes, ketones, and other 
oxygenated compounds that may adversely 
affect flavor, taste, nutritional value, and 
overall quality of foods (Vercellotti et al., 
1992). Since most egg lipids are located in 
the yolk, they are susceptible to oxidation and 
thus require quality control (Aghdam 
Shahryar et al., 2010). Also, oxidation is 
influenced by dietary factors such as fat 
composition and storage times (Rahimi et al., 
2011). 

Therefore, adding antioxidants into poultry 
diets seems to be an efficient means to 
improve oxidative stability of eggs as 
reflected by decreased egg yolk 
malondialdehyde (MDA) levels. There is an 
inverse relationship between 
malondialdehyde concentration and dietary 
antioxidant level in poultry products 
(Akdemir et al., 2009). The most commonly 
used synthetic antioxidants, butylated 
hydroxyanisole and butylated 
hydroxytoluene, have been restricted 
recently, mainly because of their potential 
carcinogenicity causing liver swelling and 
changing liver enzyme activities (Rajani et 
al., 2011). 

Also, Orhan and Eren (2011) reported that 
addition of herbal mixtures to FO layer diets 
instead of synthetic antioxidants can be a 
natural method to prevent egg yolk from 
oxidation. 

This experiment was carried out to study 
the relationship between age, Fish Oil (FO), 
and Essential Oil (EO) on production 
parameters, egg quality, yolk fatty acid 
profiles, and oxidative stability of egg yolk in 
Japanese quail eggs. 

MATERIALS AND METHODS 

One hundred and ninety-two Japanese 
quail (Coturnix coturnix japonica) were 
randomly divided into 8 groups (24 birds in 
each) with four replicates (having 6 birds in 
each) in a factorial arrangement, with 3 
variables: age (31 and 12 weeks), FO (0 and 



Quail Egg Yolk Enriched with Omega-3 Fatty Acids _______________________________  

349 

15 g per kg diet) and EO (0 and 500 mg per 
kg diet). Experimental diets were fed ad 
libitum for 12 weeks. Productive traits 
consisting of feed intake, egg weight, hen-
day egg production, egg mass and feed 
conversion ratio were recorded weekly. The 
live weights of birds were recorded at the 
beginning and the end of study. Egg 
production was recorded daily and feed 
consumption and egg weight were recorded 
weekly. Feed conversion ratio was 
calculated by dividing the feed intake by egg 
mass production. The diets were formulated 
according to the recommendations of the 
National Research Council (NRC, 1994).  

Egg Quality Parameters 

At the end of each period (6th and 12th 
weeks), five eggs from each replicate were 
collected to determine interior and exterior 
egg quality. Egg shell thickness was 
determined by the mean of three 
measurements taken from three different 
sides of the shell by ultrasonic thickness 
gauge Karl deutsch D-56 (Wuppertal 
Echometer 1061). Shell strength was 
determined by eggshell breaking strength 
force gauge (eggshell force gauge, model-II, 
Robotmachine Co., LTD, Tokyo Japan). 
Yolk, albumen and shell weight were 
assessed manually using digital scale at 0.1 
g precision. 

Determination of Egg Yolk Lipid 

Oxidation 

The extent of lipid peroxides in egg yolk 
samples was assessed by measuring 
Thiobarbituric Acid Reactive Substances 
(TBARS) as secondary oxidation product, 
according to the method described by 
Botsoglou et al. (1994). Tetraethoxy 
propane (1, 1, 3, 3-Tetraethoxy propane, 
T9889, 97%, Sigma, USA.) was used as a 
MDA precursor in the standard curve. To 
assess the effect of treatments on the 
oxidative stability of egg yolk lipids, 5 yolks 

from each replicate were pooled and divided 
into two sample sets. The first set of samples 
were assayed immediately for lipid 
oxidation while the second set of samples 
were assayed after 7 days refrigerated 
preservation at 4°C. The effect of 3 weeks 
storage under room temperature condition 
(25±2°C and 65±5% relative humidity) on 
shell eggs was also assayed. 

Fatty Acid Analysis 

Nine eggs from each pen were collected to 
determine Fatty Acid (FA) profiles. The FA 
composition of feed and eggs was determined 
after extraction by Folch method (Folch et al., 
1957) and gas chromatography (Metcalfe et 
al., 1966) using a gas chromatograph 
(Unicam 4600, UK) equipped with a BPX70 
fused silica capillary column (30 m×0.25 mm 
i.d., 0.25 µm film thickness; SGE, USA) and 
a flame ionization detector. The operating 
conditions of the gas chromatograph were as 
follows: the initial temperature was 140°C, 
increasing by the rate of 20°C min-1 to 180°C; 
after 9 minutes, the temperature was 
increased at the rate of 20°C min-1 to 200°C. 
The temperature of the injector was 250°C 
and the detector (FID) remained stable at 
300°C. The column head pressure of the 
carrier gas (Helium) was 20 psi and sample 
volume was 0.2 µL. Tricosanoic acid (Sigma, 
St. Louis, USA) was used as internal 
standard. Run time was 40 minutes for each 
sample. Fatty acids were identified by 
matching their retention times with those of 
their respective standards.  

The composition and calculated nutrients 
contents of the experimental diets are 
presented in Table 1. Fatty acid profile of FO 
is shown in Table 2. Savory essential oil 
components are shown in Table 3. 

Statistical Analysis 

Data were subjected to analysis of 
variance using the GLM procedure of SAS 
software (SAS, 2004) for a factorial 
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Table 1. Ingredients and chemical composition of the diet. 

 
Ingredients  

Dietary levels of FO (g kg-1) 

0 15 
Yellow corn 588 589 
Soybean meal (44% CP) 329 328 
Soy oil 15 0 
Fish oil 0 15 
Limestone 53 53 
Dicalcium phosphatea 10.6 10.6 
Sodium chloride 3 3 
DL-Methionine zzzz1.4 1.4 
Vitamin premixb 0.25 0.25 
Mineral premixb 0.25 0.25 
   
Calculated analysis   
ME (MJ kg-1) 11.89 11.87 

Crude protein (g kg-1) 195.5 195.2 
Calcium (g kg-1) 24.7 24.7 
Available phosphorus (g kg-1) 3.5 3.5 

Methionine (g kg-1) 4.5 4.5 
Methionine+Cystine (g kg-1) 7.7 7.7 
Lysine (g kg-1) 10.4 10.4 

a Contained 230 g kg-1 Ca and 200 g kg-1 P. b Supplied the following per kilogram of diet: Retinyl 
acetate, 9,000 IU; Cholecalciferol, 2,000 IU; dl-α-Tocopheryl acetate, 12.5 IU; Menadione sodium 
bisulfite, 1.76 mg; Biotin, 0.12 mg; Thiamine, 1.2 mg; Riboflavin, 3.2 mg; Calcium d-pantothenate, 
6.4 mg; Pyridoxine, 1.97 mg; Nicotinic acid, 28 mg; Cyanocobalamine, 0.01 mg; Choline chloride, 
320 mg; Folic acid, 0.38 mg; MnSO4·H2O, 60 mg; FeSO4·7H2O, 80 mg; ZnO, 51.74 mg; 
CuSO4·5H2O, 8 mg; Iodized NaCl, 0.8 mg; Na2SeO3, 0.2 mg. 

Table 2. Fatty acids profile of FO and soy oil. 

Fatty acids (g kg-1) 
 C16:0 C16:1 C18:0 C18:1 C18:2 C20:4 EPA DHA n-3 n-6 n-6/n-3 
FO 291 84 47 348 16 01 59 150 210 17 0.08 
Soy oil 157 ND 4 238 563 ND ND ND ND 563 - 

Table. 3. Savory essential oil components. a 

Components g kg-1 Components g kg-1 
α-Thujene 2.4 ± 1.4 p-Cymene 12.6 ± 8.6 
α-Pinene 1.5 ± 0.5 Limonene 1.3 ± 0.4 
α-Terpinene 2.4 ± 1.2 (Z)-β-Oeimene 5.4 ± 0.8 
Carvacrol 921.6 ± 4.6 Trans-sabinene hydrate 1.7 ± 0.23 
Myreene 2.6 ± 1.9 γ-Terpenene 7.4 ± 0.2 
Thymol Very low β-Caryophyllence 1.6 ± 0.1 

a Khosravinia et al. (2013). 
 

experiment (2×2×2). Test of significance for 
the difference between means of different 
levels within each classification was done by 
Duncan's multiple range tests (Kaps and 

Lamberson, 2004). Statements of statistical 
significance were based on P< 0.05. 



Quail Egg Yolk Enriched with Omega-3 Fatty Acids _______________________________  

351 

Table 4. Effects of treatments on daily feed intake, Feed Conversion Ratio (FCR), hen-day egg 
production, egg weight, egg mass and hens body weight on the experimental birds at the first 6 weeks 
of trial. 

a 

Treatment Daily feed 
intake  

(g hen-1 day-1) 

Feed 
conversion 
ratio (g g-1) 

Hen-day egg 
production 

(%) 

Egg weight 
(g) 

Egg mass 
(g day-1) 

Hens body 
weight (g) 

Age  
                  

    

Young 32.5 3.03 b  86 a 12.47 10.86 a 287.1 
Old 33.5 3.36 a 82 b 12.33 10.12 b 290.3 
EO 

(mg kg-1) 
      

0 32.68 3.16 84 12.30 10.45 289.1 
500 33.35 3.22 84 12.50 10.52 288.3 
FO 

(g kg-1) 
      

15 33.07 3.13 85 12.42 10.62 282.3 
0 32.96 3.25 83 12.38 10.35 295.1 

SEM 0.28 0.06 1 0.08 0.18 3.8 
P-value       

Age 0.05 0.0006 0.04 0.32 0.04 0.75 
EO 0.20 0.42 0.72 0.20 0.83 0.92 
FO 0.84 0.17 0.39 0.80 0.44 0.21 

Age×EO 0.03 0.06 0.73 0.51 0.62 0.036 
Age×FO 0.86 0.37 0.18 0.39 0.41 0.91 
EO×FO 0.14 0.26 0.53 0.01 0.13 0.85 

Age×EO×FO 0.23 0.19 0.47 0.01 0.13 0.84 
a Means with different letters into the column are statistically different (P< 0.05). EO= Savory Essential 
Oil, FO= Fish Oil. 

 

RESULTS 

Productive Performance 

Effects of treatments on daily feed intake, 
Feed Conversion Ratio (FCR), hen-day egg 
production, egg weight, egg mass, and birds 
body at the first 6 weeks of the trial and the 
second 6 wks of trial are shown in Tables 4 
and 5, respectively. 

Daily feed intake, egg weight, and body 
weight of the hens were not affected by diets 
during 12 weeks of the trial, while FCR, 
hen-day egg production, and egg mass were 
significantly improved in young birds (P< 
0.05). Supplementation of FO numerically 
improved FCR, hen-day egg production, egg 
weight and egg mass in whole period of 
trial. Also, feed consumption did not change 
significantly (P> 0.05) in due to FO 
supplementation. 

Egg Quality Parameters 

These results showed that supplementation 
of FO decreased yolk percentage and shell 
strength (P< 0.05). However, albumen 
percentage was significantly more in FO fed 
birds, but there were no significant 
differences on shell percentage and shell 
thickness due to FO supplementation and 
ages (Table 6). The greater shell thickness 
was observed in birds that had received diets 
supplemented with EO (P< 0.05).  

Yolk Lipid Oxidation 

The results of oxidation, measured as the 
concentration of MDA in egg yolks in fresh 
eggs, after 7 days remaining in refrigerator 
at 4°C (as separated yolk) and after 3 weeks 
of storage at room temperature (as shell 
egg), are presented in Table 7. Results  
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Table 5. Effects of treatments on daily feed intake, Feed Conversion Ratio (FCR), hen-day egg 
production, egg weight, egg mass and hen body weight on the experimental birds at the second 6 weeks 
of trial. 

a 

Treatment Daily feed 
intake 

 (g hen-1 day-1) 

Feed 
conversion 
ratio (g g-1) 

Hen-day egg 
production 

(%) 

Egg 
weight (g) 

Egg mass 
(g day-1) 

Hens body 
weight (g) 

Age                       
Young 36.4 b  3.43 b 84 a 12.51 10.56 a 298.4 

Old 39.6 a 4.49 a 74 b 12.35 9.29 b 290.7 
EO  

(mg kg-1) 
      

0 37.98 3.97 79 12.43 9.95 293.3 
500 38.15 3.95 79 12.42 9.90 295.8 

FO (g kg-1)       
15 37.86 3.86 80 12.33 9.96 296.5 
0 38.27 4.06 78 12.53 9.88 292.6 

SEM 0.47 0.13 1 0.12 0.23 3.6 
P-value       

Age 0.0005 <0.0001 0.001 0.50 0.005 0.56 
EO 0.83 0.94 0.97 0.96 0.91 0.85 
FO 0.60 0.33 0.40 0.41 0.85 0.77 

Age×EO 0.38 0.48 0.40 0.03 0.09 0.11 
Age×FO 0.64 0.89 0.82 0.08 0.25 0.27 
EO×FO 0.69 0.30 0.11 0.43 0.41 0.29 

Age×EO×FO 0.10 0.42 0.24 0.78 0.50 0.57 
a Means with different letters into the column are statistically different (P< 0.05). EO= Savory 
Essential Oil, FO= Fish Oil. 

Table 6. Effects of treatments on percent of shell, albumen, yolk, shell thickness and shell strength of 
laying quail. a 

Treatment Albumen (%) Yolk (%) Shell (%) Shell thickness 
(mm) 

Shell strength 
(N) 

Age      
Young 60 29 9 0.229 1.33 

Old 59 30 10 0.225 1.08 
EO (mg kg-1)                 

0 60 29 b  10 a 0.223b 1.26 
500 59 30 a 9 b 0.231a 1.15 

FO (g kg-1)      
15 60 a 29 b 10 0.229 1.05 b 

0 59 b 30 a 9 0.225 1.36 a 
SEM 0.3 0.3 0.1 0.137 0.07 

P-value      
Age 0.07 0.18 0.28 0.15 0.05 
EO 0.79 0.03 0.008 0.004 0.39 
FO 0.02 0.002 0.28 0.17 0.01 

Age×EO 0.003 0.023 0.68 0.25 0.23 
Age×FO 0.01 0.17 0.05 0.41 0.06 
EO×FO 0.05 0.38 0.05 0.03 0.18 

Age×EO×FO 0.45 0.11 0.26 0.84 0.37 
a Means with different letters into the column are statistically different (P< 0.05). EO= Savory 
Essential Oil, FO= Fish Oil. 
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Table 7. Influence of Japanese quail's age and diet on yolk MDA concentration (Optical density). a 

Treatments MDA of fresh egg 
yolk 

MDA of yolk after 7 
days at 4°C 

MDA of yolk after 3 weeks in 
room  temperature 

Age    
Young 0.059 0.265 1.41 

Old 0.045 0.259 1.38 
    

EO (mg kg-1)  
                    

  
0 0.046 0.275 a 1.47 a 

500 0.058 0.249 b 1.32 b 
FO (g kg-1)    

15 0.062 a 0.267 a 1.42 a 
0 0.046 b 0.257 b 1.37 b 

SEM 0.004 0.003 0.018 
P-value    

Age 0.05 0.05 0.05 
EO 0.10 < 0.0001 < 0.0001 
FO 0.009 0.008 0.008 

Age×EO 0.008 0.01 0.01 
Age×FO 0.96 0.88 0.9881 
EO×FO 0.45 0.0001 0.0001 

Age×EO×FO 0.01 0.05 0.05 
a Means with different letters into the column are statistically different (P< 0.05). EO= Savory Essential 
Oil, FO= Fish Oil. 

 

showed that, after 21 days of storage, the 
MDA development was significantly 
reduced by dietary supplementation of EO 
(P< 0.01). Age of birds had no significant 
effects on egg yolk lipids oxidation (P> 
0.05). Fish oils containing groups had higher 
egg yolk lipids oxidation rate in fresh eggs 
and eggs stored at room temperature and at 
4°C (P< 0.05). 

Fatty Acid Content 

The FA composition of the experimental 
diets and egg yolk are presented in Table 8. 
Supplementation of FO increased percentage 
of EPA and DHA and decreased AA 
percentage in egg yolk (P< 0.05). 
Supplementation of FO to quails diet 
increased n-3 fatty acids and decreased the 
n-6 percentage in yolk (P< 0.01) and 
decreased the n-6/n-3 ratios from 30.63 to 
5.25. Oleic acid and DHA percentage 
increased (P< 0.05) and palmitic acid, AA, 
and EPA decreased in the birds receiving 

EO. Nevertheless, there were some 
interactions among EO, age, and FO 
supplementation in FA profiles (Table 8). 

DISCUSSION 

Inclusion of FO in the diet significantly 
improved n-6/n-3 fatty acids ratio with no 
adverse effects on productive performance 
indicators. Irrespective of the birds age, FO 
diets supplementation with EO improved 
stability of yolk lipids during refrigeration or 
at room temperature preservation. Al-Daraji 
et al. (2010) reported that dietary FO at the 
inclusion level of 30 g kg-1 enhanced egg 
weight, hen-day egg production, egg mass, 
cumulative egg production, and feed 
conversion ratio in quail hens. Also, FO and 
flax oil at levels of 30 g kg-1 in Japanese 
quail’s diet during the laying period showed 
higher economic efficiency with no adverse 
effects on productive and reproductive 
performance.  
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Bozkurt et al. (2008) demonstrated that FO 
supplementation to broiler breeder diet 
significantly decreased settable egg weight, 
possibly due to increased dietary n-3 fatty 
acid content, which in turn might cause a 
reduction in circulating triglycerides of the 
birds and limited availability of lipids for 
yolk formation. Gonzalez-Esquerra and 
Leeson (2000) reported that n-3 fatty acids 
could affect circulating estradiol. This 
hypothesis could partially explain the slight 
lower egg weight found in birds fed FO in 
this study in the second period of the 
experiment. 

Body weight gain of 12-week birds was 
not affected by the dietary treatments (P> 
0.05), which was in accordance with the 
results of Gonzalez-Esquerra and Leeson 
(2000) study. 

Radwan et al. (2008) investigated that 
addition of 1 g kg-1 (thyme, rosemary or 
oregano) or 5 g kg-1 Curcuma longa as 
natural antioxidants to laying hens diets 
increased egg mass, egg production, and 
improved feed conversion, but, in the 
present study, similar to Yesilbag et al. 
(2013) and Botsoglou et al. (2005), EO 
exhibited no significant effects on the same 
parameters (P> 0.05). Also, Malekizadeh et 
al. (2012) indicated that the inclusion of 
Ginger rhizome powder into the diets 
increased egg production percent, egg mass, 
and feed intake. 

Dalton (2000) reported that feeding 50 g 
kg-1 menhaden dietary FO to Japanese quail 
decreased egg production, egg quality, and 
specific gravity of eggs. These results are in 
harmony with the finding of the present 
study. Similar to Güçlü et al. (2008) 
findings, there were no significant 
differences in shell quality between groups 
that were fed FO. Demanding further 
research, the effect of herbal essential oils 
on egg shell attributes of various birds has 
not been fully investigated yet. Essential oils 
are rich sources of several compounds with 
well known antioxidant activity. These 
bioactive molecules could be transferred to 
poultry products (egg and meat). In general, 
in agreement with Radwan et al. (2008), 

supplementation of 0.5 g kg-1 EO in the 
quail feed decreased MDA formation in egg 
yolk and had positive effect on oxidative 
stability of shell eggs storage.  

Botsoglou et al. (1997) showed that thyme 
reduced oxidation of lipids in liquid yolk but 
the extent of lipid oxidation, as measured by 
MDA formation did not change with storage 
time. They suggested that the MDA found in 
the yolk of fresh eggs might be due to either 
the consumption or subsequent deposition of 
MDA that was already present in the diets or 
the in vivo production of MDA by the hens 
fed the diets. The former possibility appears 
unlikely because in that case the levels of 
MDA should have been equal among the 
treatments; however, our results in this study 
did not prove that hypothesis. Also, Kassis 
et al. (2012) reported that high level of n-3 
PUFAs as EPA and DHA in eggs make 
them more prone to oxidation than others. 

Yilmaz-Dikmen and Sahan (2009) 
reported that the content of myristic, 
palmitic, palmitoleic, stearic, and linoleic 
acids of yolk decreased with increasing the 
age of layer hen. In contrast, Latour et al. 

(1998) showed that the palmitic and stearic 
acid contents were higher in the egg yolks 
from aged hens compared to young hens. 
Similarly, in this study, palmitic acid was 
significantly higher in old birds (P< 0.05). 
Similar to the results of Shimizu et al. 
(2001), Alvarez et al. (2004), Cachaldora et 
al. (2005), and Cachaldora et al. (2006) 
studies, feeding FO increased percentage of 
EPA and DHA and decreased AA 
percentage in egg yolk (P< 0.05). 
Furthermore, Huang et al. (1990) showed 
that n-3 polyunsaturated fatty acids (EPA 
and DHA) in the egg yolk can be increased 
without causing a fishy flavor by feeding up 
to 30 g kg-1 FO, stabilized with 1 g kg-1 
ethoxyquin to prevent rancidity. In addition, 
Lawlor et al. (2010) showed that the total 
content of the n-3 fatty acids increased from 
141 to 299 mg egg-1 as the FO increased 
from 0 to 60 g kg-1 diet. In contrast with the 
current study, Dalton (2000) reported that 
feeding menhaden FO increased yolk n-3 
fatty acid concentrations and feeding FO and 
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soybean oil increased the total 
monounsaturated fatty acids and 
polyunsaturated fatty acids in yolk. In 
agreement to the current study, Güçlü et al. 
(2008) reported that n-3 percentage and n-
3/n-6 ratio increased and n-6 percentage 
decreased significantly in yolks of birds fed 
on diets supplemented with FO (P< 0.001). 
Moreover, Laca et al. (2009) showed that 
diet containing 15 g kg-1 cantabrian blue FO 
and 50 g kg-1 linseed as sources of n-3 fatty 
acids allowed obtaining commercially 
acceptable levels of EPA and DHA in the 
egg.  

CONCLUSIONS 

Inclusion of FO in the diet had no adverse 
effects on productive performance 
indicators. Savory essential oils 
supplementation (500 mg kg-1) in quails' 
diets decreased omega-3 enriched egg yolk 
lipids oxidation during refrigeration and 
room temperature preservation. The n-6/n-3 
ratio decreased from 30.63 to 5.25 by 15 g 
kg-1 FO supplementation to the quails' diet, 
which is close to the value recommended for 
humans. It is possible to produce quail egg 
enriched with omega-3 fatty acids, which 
can improve public health and be used for 
marketing purposes without any losses in 
eggs quality with FO addition along with EO 
supplementation.  
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: سن، روغن ماهي، اسانس 3-سازي تخم بلدرچين از نظر اسيدهاي چرب امگاغني

  مرزه

  ا. كريمي ترشيزي و ح. خسروي نيا م. م. كاملي،

  چكيده

با حداقل  3 –شده با اسيدهاي چرب امگا  هدف از انجام اين آزمايش توليد تخم بلدرچين غني

هفته جهت بررسي اثر روغن ماهي و  12مدت خصوصيات كيفي بود. اين آزمايش به  تاثيرات منفي بر
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) در جيره بلدرچين نخمگذار ژاپني با دو سن متفاوت، بر Satureja khuzestanicaاسانس مرزه (

 8بلدرچين ژاپني به  192عملكرد، كيفيت تخم، تركيب اسيدهاي چرب و اكسيداسيون زرده انجام شد. 

و  31دو سن  عامل: سن پرنده (در 3طرح فاكتوريل با  تكرار در قالب 4پرنده در هر گروه) با  24گروه (

گرم در ميلي 500و  0گرم در كيلوگرم) و اسانس گياه مرزه (ميلي 15هفتگي)، روغن ماهي (صفر و  12

نتايج نشان داد كه افزودن روغن ماهي سبب بهبود جزئي ضريب  كيلوگرم) در جيره اختصاص يافتند.

داري در مقدار آلبومن تخم و توده وزني تخم توليدي شد. تفاوت معني، وزن تبديل غذايي، توليد تخم

) درحالي كه درصد زرده تخم در گروه تغذيه شده با روغن P <05/0و درصد پوسته تخم مشاهده نشد (

 >05/0دار پوسته تخم بلدرچين شد (). اسانس مرزه سبب كاهش معنيP >05/0ماهي كاهش يافت (

Pبب افزايش درصد اسيدهاي چرب ايكوزاپنتونوئيك اسيد و ). افزودن روغن ماهي س

 6 –و امگا  3-ديكوزاهگزانوئيك اسيد و كاهش آراشيدونيك اسيد و بهبود نسبت اسيدهاي چرب امگا 

شد. افزودن اسانس مرزه سبب كاهش فساد اكسيداتيو زرده تخم بلدرچين نگهداري شده در دماي اتاق 

گرم در كيلوگرم روغن ماهي و مكمل سازي با اسانس مرزه ميلي 15 ). با افزودنP >05/0و يخچال شد(

-بدون اثرات نامطلوب توليد نمود كه مي 3 –توان تخم بلدرچين غني شده با اسيدهاي چرب امگا مي

 تواند براي سلامت انسان مفيد باشد.

 
 


