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ABSTRACT 

The study evaluated the effect of time and fatty acid (FA) composition in eggs of laying hens supplemented with tuna 
oil (TO). Two hundred White Leghorn hens 30-week were divided into 5 treatments with 4 replicates of 10 birds each. 
Treatments were assigned randomly and consisted of 0%, 0.75%, 1.50%, 2.25% and 3% TO in commercial sorghum- 
soybean meal diets, in which the soybean oil was partially replaced. The experiment was conducted for 90 days. At 
days 28, 56 and 84 of the experiment, 10 eggs per replicate were collected for chemical analysis. Feed intake, egg pro- 
duction rate, egg weight, and feed conversion were not influenced by dietary treatment. FA content was significantly 
altered (P < 0.05) by TO, showing a progressive increase in egg n-3 FA (especially docosahexaenoic [DHA] and ei- 
cosapentaenoic [EPA] acids) when TO was added. Levels of EPA and DHA were higher (P < 0.05) in the egg lipids of 
TO fed hens than those in the control group. This was correlated (P < 0.05) with the concentration of TO in the diet. 
However, no significant differences were observed either in egg weight or percent of egg lay between groups. There 
was a high correlation (P < 0.05) between TO inclusion level in the diet and the incorporation of EPA (r = 0.96) or 
DHA (r = 0.92) into the egg yolk and an overall decrease in n-6 FA. There was a high correlation (P < 0.05) between 
TO inclusion level and the incorporation of linoleic acid (LA, r = −0.95) or arachidonic acid (AA, r = −0.96) into the 
egg yolk. The highest incorporation (P < 0.05) of total n-3 FA content in eggs was obtained with 3% TO/kg. This in- 
crease was proportional to TO inclusion levels in the diets (r = 0.95). The results indicate that the n-3 FA content in 
eggs can be increased by dietary supplementation with TO, and that TO can serve as a reasonable alternative feed in- 
gredient in layer diets to produce a healthier choice of egg.  
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1. Introduction 

Recently, there has been much scientific and public in- 
terest in elucidating the role of diet in preventing mor-
bidity and mortality resulting from some types of cancer, 
auto immune and cardiovascular diseases [1-4]. The 
World Health Organization recommends that diets 
should pro- vide less than 1% of total energy intake as 
trans fatty acids [5]. Traditionally, Western diets are de-  

ficient in excessive amounts of omega-6 PUFA [4]. In 
many countries, the consumption of marine products is 
low; hence the benefit that could be derived from a diet 
rich in n-3 PUFA does not reach the majority of the 
population. Fatty acid (FA) content of the egg yolk can 
be modified through nutrition. Currently, linseed oil and 
marine products are used commercially to achieve this 
effect [6-11]. The aim of the present study was to evalu- 
ate the effect of length of supply and FA composition in 
eggs of White Leghorn hens supplemented with tuna oil.  *Corresponding author. 
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2. Materials and Methods 

2.1. Birds and Diets 

Two hundred White Leghorn hens were divided into five 
treatments with four replicates of ten birds each, housed 
in individual cages. The age of the hens at the start of the 
experiment was 30 weeks and an average body weight of 
1858 ± 80 g. The treatments were assigned randomly and 
consisted of the incorporation of 0.75%, 1.5%, 2.25% 
and 3% in substitution of identical amount of soya oil in 
commercial sorghum-soybean diets. The diets (Table 1) 
were calculated to meet the recommendations of the Na- 
tional Research Council Poultry [12] and the experiment 
lasted 90 days (three month production periods). Diets 
were formulated based on chemical analysis of fatty acid 
n-3 and n-6 profiles in the soybean oil and TO used in 
this study (Table 2). Feed mixtures were made fresh just 
prior to each month production period. Feed and water 
were offered for ad libitum consumption. Data from feed 
intake, egg production rate, egg weight, and feed conver- 
sion were calculated and egg samples were collected 
over a month production period.  

2.2. Analytical Methods 

At days 28, 56 and 84 (1, 2, and 3 months respectively) 
after the study started, 10 eggs from each replicate (40 
per group) were collected and stored at 4˚C for whole 
egg (yolk and albumen) chemical analysis. Three repli- 
cate 1g aliquots of each sample were processed accord- 
ing to the methods described by Folch et al. (1957) [13]. 
Methyl esters of fatty acids were obtained using boron 
trifluoride. Fatty acids were quantified by gas chroma- 
tography using a DB-23 column (JW 122-2332 of 30 m × 
0.25 mm internal diameter) on a Varian 3400 CX gas- 
liquid chromatograph, equipped with an auto sampler 
and a flame ionization detector (Varian Associates, Inc., 
Sugar Land, TX). Nitrogen was the carrier gas at a flow 
rate of 30 mL/min. Temperatures were: column, 230˚C; 
injector, 150˚C; detector, 300˚C. Myristic acid (Sigma 
Co., St. Louis, MO) was used as an internal standard for 
FA. Retention times were compared with FA methyl es- 
ter standards [14].  

2.3. Statistical Analysis 

Data from productive performance and PUFA content in 
the egg were evaluated by analysis of variance using the 
General Linear Models (GLM) procedure. Significant 
differences (P < 0.05) were further separated using Dun- 
can’s multiple range test and commercial statistical 
analysis software, with length of supply and treatment as 
main effects. Regression analysis between the inclusion 
of TO and n-3 FA and n-6 FA concentration in the egg 
content was also evaluated using commercial statistical 

analysis software [15].  

3. Results and Discussion 

3.1. Production Performance 

The use of TO did not affect productive performance of 
the laying hens (Table 3), in agreement with Baucells et 
al., (2000) [8] who incorporated different PUFA into 
hens’ diets without finding any effect. 

3.2. Fatty Acid Composition 

Fatty acid composition of egg yolk is readily altered by 
dietary manipulation [8]. FA content was altered by TO 
inclusion with a progressive increase in egg n-3 PUFA, 
especially docosahexaenoic acid (DHA, C22:6) and ei- 
cosapentaenoic acid (EPA, C20:5) whit increasing levels. 
The increase was associated with a progressive decrease 
in alpha-linolenic acid (ALA, C18:3), a precursor of the 
more biologically active forms of n-3, EPA and DHA. 
Levels of EPA were higher (P < 0.05) in the egg lipids of 
hens fed TO than those in the control group. Likewise, 
eggs from hens fed TO had higher DHA content than the 
control eggs. There was a high correlation between the 
TO inclusion level in the diets and the incorporation of 
EPA (r = 0.96) or DHA (r = 0.92) into the egg yolk (Ta- 
ble 4).  

In the present study, a progressive decrease in linoleic 
acid (LA, C18:2) and arachidonic acid (AA, C20:4) was 
observed when TO was added (Table 5). There was a 
high correlation (P < 0.05) between the TO inclusion 
level in the diets and the incorporation of LA (r = −0.95) 
or AA (r = −0.96) into the egg yolk. The highest incur- 
poration of total n-3 FA content in eggs was obtained 
with 3% TO (Table 6). This increase was proportional to 
TO inclusion levels in the diets (r = 0.95).  

Among the fatty acids, n-3 PUFA which has been de- 
scribed to have the most effective immunomodulatory 
activities, and among the n-3 PUFA, those from fish oil- 
EPA and DHA are more biologically potent than ALA 
[2,16]. Current Western diets typically contains exces- 
sive amounts of n-6 PUFA and high omega-6/omega-3 
ratio which have been associated with several pathologi- 
cal conditions such as cardiovascular disease, cancer, and 
inflammatory and autoimmune diseases, whereas in- 
creased levels of omega-3 PUFA have been reported to 
reduce those conditions [17-20].  

4. Conclusion 

Our results indicate that the n-3 PUFA content in eggs 
can be increased by dietary supplementation with TO and 
that TO serves as an energy and n-3 fatty acids alterna-
tive feed ingredient in layer hen diets to produce a 
healthier choice of egg. Ad ition of TO to laying hen  d 
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Table 1. Analysis and percentage composition of the experimental diets with different levels of tuna oil (%). 

Tuna oil (%) 
Item 

0 0.75 1.50 2.25 3 

Ingredient      

Sorghum 62.54 62.54 62.54 62.54 62.54 

Soybean meal 23.85 23.85 23.85 23.85 23.85 

Soybean oil 3.00 2.25 1.50 0.75 0.00 

Tuna oil 0.00 0.75 1.50 2.25 3.00 

Calcium carbonate 8.33 8.33 8.33 8.33 8.33 

Calcium phosphate 1.28 1.28 1.28 1.28 1.28 

Salt 0.40 0.40 0.40 0.40 0.40 

Mineral Mix1 0.10 0.10 0.10 0.10 0.10 

Vitamin Mix2 0.25 0.25 0.25 0.25 0.25 

Coline chloride 60% 0.05 0.05 0.05 0.05 0.05 

DL-methionine 0.05 0.05 0.05 0.05 0.05 

Pigment3 0.15 0.15 0.15 0.15 0.15 

Total 100.0 100.0 100.0 100.0 100.0 

Calculated analysis      

ME (Mcal) 2857 2850 2842 2835 2827 

CP, % 16.00 16.00 16.00 16.00 16.00 

Lysine, % 0.77 0.77 0.77 0.77 0.77 

Methionine, % 0.30 0.30 0.30 0.30 0.30 

Methionine + cysteine, % 0.59 0.59 0.59 0.59 0.59 

Calcium, % 3.50 3.50 3.50 3.50 3.50 

Available phosphorus, % 0.35 0.35 0.35 0.35 0.35 

1Vitamin premix supplied the following per kilogram of complete feed: vitamin A, 12,000 IU; vitamin D3, 2500 IU; vitamin E, 30 IU; vitamin K3, 2 mg; thia- 
mine, 2.25 mg; riboflavin, 7.5 mg; pyridoxine, 3.5 mg; cobalamine, 0.02 mg; niacin, 45 mg; D-pantothenic acid, 12.5 mg; biotin, 0.125 mg; folic acid, 1.5 mg. 
2Mineral premix supplied the following as milligram/kilogram of complete feed: zinc, 50; copper, 12; iodine, 0.3; cobalt, 0.2; iron, 100; selenium 0.1; manga- 
nese, 110. 3Concentration of 15 g/kg of xanthophylls from Aztec Marigold flower (Tagetes erecta) and 5 g/kg of red peppers (Capsicum annum) 10 g/kg.  

 
Table 2. N-3 and n-6 fatty acid omega 3 (n-3) and omega 6 (n-6) calculated profile in the soybean and tuna oil used in the ex- 
perimental diets (mg/100g of sample). 

n-3 Polyunsatured fatty acids n-6 Polyunsatured fatty acids 
Oil  

ALA (C18:3) EPA (C20:5) DHA (C22:6) DPA (C22:5) LA (C18:2) AA (C20:4) 

Soybean 61.95 3.94 0.24 0.15 489.70 0.02 

Tuna 4.14 56.90 165.70 13.90 13.90 14.72 

ALA = Alpha-linolenic acid, EPA = Eicosapentaenoic acid, DHA = Docosahexaenoic acid, DPA = Docosapentaenoic acid, LA = Linoleic acid, AA = 
Arachidonic acid. 
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Table 3. Effect of the substitution of soybean oil with tuna oil on feed intake, egg weight, egg production, and feed conversion 
of White Leghorn laying hens. 

First month Second month Third month 
Tuna 
oil % Feed Intake 

(g/day) 
Egg 

weight (g) 
Laying  

(%) 
Feed  

conversion 
Feed Intake

(g/day)
Egg 

weight (g)
Laying 

(%) 
Feed 

conversion
Feed Intake 

(g/day)
Egg 

weight (g) 
Laying 

(%) 
Feed 

conversion

0% 101 ± 2.0 57 ± 1.16 92.9 ± 1.1 1.76 ± 0.01 109 ± 2.3 58 ± 0.55 93 ± 0.66 1.86 ± 0.4 114 ± 0.67 58 ± 3.89 85 ± 0.10 2.03 ± 0.69

0.75% 105 ± 1.9 57 ± 0.81 94.2 ± 1.1 1.82 ± 0.02 109 ± 2.3 59 ± 0.25 93 ± 0.26 1.85 ± 0.03 112 ± 2.48 55 ± 0.52 84 ± 1.82 2.04 ± 0.04

1.50% 104 ± 1.5 57 ± 0.94 91.8 ± 1.2 1.84 ± 0.04 111 ± 2.5 58 ± 0.47 92 ± 1.36 1.91 ± 0.06 112 ± 2.43 56 ± 0.75 86 ± 0.85 2.03 ± 0.06

2.25% 97 ± 1.8 58 ± 0.25 93.9 ± 1.1 1.71 ± 0.03 108 ± 1.8 58 ± 0.73 93 ± 0.59 1.87 ± 0.02 109 ± 1.47 54 ± 1.11 86 ± 1.43 2.03 ± 0.03

3% 99 ± 1.6 56 ± 0.93 91.3 ± 0.6 1.79 ± 0.01 108 ± 0.5 56 ± 0.60 92 ± 0.89 1.92 ± 0.04 120 ± 1.61 54 ± 1.08 86 ± 1.21 2.07 ± 0.06

Data is presented as mean ± standard error. In each column there were no significant differences (P > 0.05). 

 
Table 4. Omega 3 polyunsaturated fatty acids content (mg/100g) of eggs from White Leghorn laying hens fed tuna oil1. 

 Tuna oil 0% Tuna oil 0.75% Tuna oil 1.50% Tuna oil 2.25% Tuna oil 3% Average 

EPA2 (C20:5)       

Month 1 3.51 ± 0.45e 14.67 ± 0.85d 23.88 ± 1.31c 36.47 ± 2.36b 44.37 ± 4.16a 24.57 ± 2.11 

Month 2 3.9 ± 0.19e 15.34 ± 1.95d 23.32 ± 1.75c 34.67 ± 2.15b 53.22 ± 4.66a 27.57 ± 2.56 

Month 3 3.14 ± 0.27e 14.70 ± 0.99d 24.07 ± 1.35c 33.72 ± 3.12b 44.80 ± 3.49a 24.57 ± 2.11 

Average 3.25 ± 0.18e 14.90 ± 0.76 d 23.79 ± 0.81c 34.91 ±1.45b 47.69 ± 2.44a  

DPA (C22:5)       

Month 1 74.50 ± 10.1a 19.0 ± 2.9b 8.19 ± 1.9c 15.45 ± 2.2b 20.49 ± 1.5b 27.21 ± 3.71 

Month 2 47.82 ± 6.7a 17.08 ± 3.8b 13.17 ± 2.1b 15.36 ± 1.6b 24.48 ± 2.1b 23.68 ± 2.25 

Month 3 60.42 ± 4.2a 14.52 ± 3.1b 13.75 ± 1.9b 15.08 ± 1.5b 23.23 ± 1.5b 25.20 ± 2.51 

Average 60.91 ± 4.5a 16.87 ± 1.9b 11.52 ± 1.1bc 15.30 ± 0.9b 22.83 ± 1.05b  

DHA3 (C22:6)       

Month 1 130.86 ± 6.3c 341.43 ± 24.0b 366.82 ± 31.3b 501.74 ± 32.3a 520.94 ± 36.7a 372.27 ± 21.73 

Month 2 113.72 ± 8.6d 355.93 ± 48.3c 480.56 ± 38.1b 452.02 ± 41.0b 639.16 ± 47.4a 414.81 ± 28.45 

Month 3 128.50 ± 6.7d 318.79 ± 32.8c 425.77 ± 29.4b 461.20 ± 40.5b 604.35 ± 42.3a 392.40 ± 24.96 

Average 124.36 ± 4.2d 338.72 ± 20.6c 419.5 ± 19.9b 470.38 ± 22.0b 591.18 ± 25.5a  

ALA (C18:3)       

Month 1 137.95 ± 8.9ab 153.11 ± 9.1a 110.28 ± 9.4b 98.54 ± 6.26bc 74.34 ± 5.1cd 114.77 ± 4.99 

Month 2 150.40 ± 6.9a 127.57 ± 20.8b 125.47 ± 11.7b 98.65 ± 6.1c 83.93 ± 6.0c 115.26 ± 5.74 

Month 3 139.99 ± 5.8a 113.11 ± 10.1b 117.36 ± 7.0b 86.82 ± 6.3c 84.39 ± 6.5c 107.60 ± 4.12 

Average 142.78 ± 4.2a 131.26 ± 8.5ab 117.04 ± 5.3b 94.67 ± 3.6c 81.13 ± 3.4c  

1Lipid content was analyzed in whole eggs (yolk and albumen) as pools of 3 per sample. Data presented as mean ± standard error. Means in each fatty acid per 
month with no common superscripts are different (P < 0.05). 2There was a high correlation between the tuna oil inclusion level in the diets and the incorporation 
of EPA (r = 0.96, P < 0.05) into the egg yolk. 3There was a high correlation between the tuna oil inclusion level in the diets and the incorporation of DHA (r = 
0.92, P < 0.05%) into the egg yolk. 
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Table 5. Omega 6 polyunsaturated fatty acids content (mg/100g) of eggs from hens fed tuna oil1. 

 Tuna oil 0% Tuna oil 0.75% Tuna oil 1.50% Tuna oil 2.25% Tuna oil 3% Average 

LA2 (C18:2)       

Month 1 1837.38 ± 123.5ab 2099.13 ± 138.4a 1560.60 ± 106.8b 1346.3 ± 70.4cd 1030.4 ± 57.7d 1574.61 ± 65.55 

Month 2 1891.48 ± 88.0a 1859.99 ± 292.6a 1853.99 ± 133.6b 1391.1 ± 74.1b 1180.7 ± 67.9b 1605.83 ± 75.08 

Month 3 1851.73 ± 85.8a 1567.73 ± 132.0a 1480.83 ± 90.9b 1215.4 ± 91.9c 1200.5 ± 78.4c 1455.01 ± 52.14 

Average 1860.20 ± 56.5a 1842.28 ± 118.9a 1617.07 ± 66.7b 1318.8 ± 46bc 1141.1 ± 40.7c  

AA3 (C20:4)       

Month 1 304.03 ± 22.9a 244.52 ± 18.2a 154.59 ± 7.3b 131.89 ± 5.7b 106.42 ± 9.2b 187.74 ± 11.32 

Month 2 288.10 ± 16.9a 224.46 ± 34.8a 199.33 ± 9.48b 134.51 ± 6.8c 122.81 ± 8.2c 189.46 ± 11.07 

Month 3 300.29 ± 15.6a 204.95 ± 18.0b 159.81 ± 9.9b 114.13 ± 9.4c 118.71 ± 8.1c 177.54 ± 10.33 

Average 297.47 ± 10.5a 224.64 ± 14.3b 169.16 ± 5.9c 126.91 ± 28.1d 116.40 ± 4.91d  

1Lipid content was analyzed in whole eggs (yolk and albumen) as pools of 3 per sample. Data presented as mean ± standard error. Means in each fatty acid per 
month with no common superscripts are different (P < 0.05). 2There was a high correlation between the tuna oil inclusion level in the diets and the incorporation 
of LA (r = −0.95, P < 0.05) into the egg yolk. 3There was a high correlation between the tuna oil inclusion level in the diets and the incorporation of AA (r = 
−0.96, P < 0.05) into the egg yolk.  

 
Table 6. Total n-3 and n-6 polyunsaturated fatty acids content (mg/100g) of eggs from White Leghorn laying hens fed tuna 
oil1. 

 Tuna oil 0% Tuna oil 0.75% Tuna oil 1.50% Tuna oil 2.25% Tuna oil 3%2 Average 

n-6 PUFA       

Month 1 2141.4 ± 144.9a 2343.65 ± 156.4b 1715.1 ± 112.8b 1478.5 ± 74.9b 1136.9 ± 66.2c 1762.36 ± 75.35 

Month 2 2179.58 ± 104.9a 2084.45 ± 327.4b 2053.3 ± 140.8a 1525.5 ± 80.5b 1303.5 ± 75.8c 1795.30 ± 85.17 

Month 3 2152.02 ± 100.9a 1772.68 ± 149.7ab 1640.65 ± 99.3b 1329.5 ± 100.8c 1319.2 ± 86.2c 1632.56 ± 61.48 

Average 2157.67 ± 66.4a 2066.93 ± 133.0b 1786.24 ± 71.6b 1445.75 ± 50.5c 1257.5 ± 45.2c  

n-3 PUFA       

Month 1 346.8 ± 19.1c 528.2 ± 36.1b 524.56 ± 39.4b 652.2 ± 39.4a 660.16 ± 47.0a 542.11 ± 21.78 

Month 2 314.82 ± 13.3d 515.94 ± 73.69c 642.54 ± 47.56b 600.71 ± 45.8b 800.8 ± 59.5a 580.9 ± 30.81 

Month 3 332.07 ± 11.7d 461.14 ± 46.1c 580.95 ± 37.5b 596.83 ± 49.0b 756.79 ± 53.0a 549.79 ± 26.0 

Average 331.24 ± 8.72d 501.77 ± 30.87c 577.60 ± 24.4b 615.27 ± 25.8b 742.80 ± 31.8a  

1Lipid content was analyzed in whole eggs (yolk and albumen) as pools of 3 per sample. Data presented as mean ± standard error. Means in each fatty acid per 
month with no common superscripts are different (P < 0.05). 2The highest incorporation of total n-3 FA content in eggs was obtained with 3 % tuna oil (r = 0.95, 
P < 0.05). 

 
diets up to a concentration of 3% did not have any detri-
mental effects on feed consumption, on egg production 
rate, on egg weight, and on egg feed conversion while 
producing n-3 fatty acid enriched eggs.  
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