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Abstract 

The effect of blended dietary oil on the laying performance of hens and the fatty acid profiles of 
eggs produced by 21 to 40 wk old Dekalb Brown laying hens were investigated. The experimental design 
was a completely randomized design using a 4 × 2 factorial arrangement with one control. The different 
oil sources did not influence egg production, egg weight, egg mass, feed intake, feed efficiency, Haugh 
unit or egg shell thickness. However lipid profile of the egg yolk changed as a function of dietary lipid 
sources. The fatty acid composition of egg yolks produced by the laying hens was analyzed. The fatty 
acid profile of eggs can be modified by varying the lipid composition of their diet. High inclusion levels 
of dietary palm olein oil (POO) or blended oil (POO plus soybean oil - SBO) concentrations of total 
saturated fatty acid (SFA) in egg yolks decreased, with SFA = 24.8167 - 0.63Oil, r2 = 0.66 (P < 0.05). 
Eggs laid by hens fed the diet containing a high portion of soybean oil had a large amount of n-6 
polyunsaturated fatty acids (PUFA), whereas egg laid by hens fed the diet containing POO or blended oil 
25 % POO plus 75 % SBO at 1.5 % level of inclusion had a high percentage of n-3 PUFA and n-9 family. 
The addition of blended palm olein oil plus soybean oil decreased the concentration of saturated fatty 
acids while increased the concentrations of monounsaturated fatty acid, α-linolenic and docosahexaenoic 
acid (DHA). It did not promote the enrichment of the eggs with PUFA. 
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Introduction 

Birds can synthesize saturated fatty acids de 
novo and to oxidize them to mono- and di-
unsaturated fatty acids up to the ninth carbon 
inward from the carboxyl end (∆9). They lack the 
enzymatic capacity to introduce double bonds past 
the ∆9. Thus they cannot use stearic acid to 
synthesize linoleic acid (C18:2 ∆9,12) or α-linolenic 
acid (C18:3∆9,12,15). Only plants have enzymes 
capable of inserting ∆12 or ∆15 double bonds into 
C18 fatty acids and consequently linoleic and 
linolenic acids are essential fatty acids for birds. 
Once consumed, these two fatty acids can be 
further metabolized by enzymes within the 
endoplasmic reticulum of chicken hepatocytes. 
Linoleic acid can be desaturated between the sixth 
and seventh carbons to γ-linolenic acid 

(C18:3∆6,9,12), which may be elongated by two 
carbons and desaturated again to give arachidonic 
acids (C20:4∆5,8,11,14). Arachidonic acid may be 
further metabolized to C22 fatty acids, such as the 
prostaglandins. Likewise, dietary α-linolenic acid 
can be elongated and desaturated by hepatocytes to 
give eicosapentanoic acid (C20:5∆5,8,11,14,17) and 
then further metabolized to other C22 fatty acids 
(i.e., docosahexaenoic acid - C22:6 n-3) [1]. The 
C18, C20 and C22 polyunsaturated fatty acids 
(PUFAs) are stored in phospholipids of cell 
membranes, where they contribute to structural 
integrity and fluidity. They may be released by the 
action of phospholipases as important events in 
cellular communication. Released PUFAs serve as 
precursors for the eicosanoids: prostaglandins, 
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leukotrienes, and thromboxanes. In birds, the 
eicosanoids regulate almost every physiological 
system, including oviposition, embryonic 
development, growth, immunity, bone 
development, thermoregulation, and behavior [2-4]. 
Chickens require linoleic acid at 1 % of the diet [5]. 
This level is also adequate for reproduction [1]. 
Diets that utilize fat-extracted ingredients (e.g., 
soybean meal) often require the inclusion of 
vegetable oil or animal fat to provide essential 
fatty acids. Substrates used for de novo synthesis 
depend on the diet. Chicken use dietary 
carbohydrate fatty acid, especially glucose, to 
synthesize fatty acids. Most dietary energy that is 
consumed in excess of immediate needs is stored 
as triglycerides, particularly in adipose tissue. A 
typical adipose cell is about 90 % lipid and the 
triglycerides are relatively inert. The length of time 
an average triglyceride molecule resides in the cell 
without being hydrolyzed by hormone-sensitive 
lipase is known as the turnover rate. The 
endogenous fat synthesized by chickens fed a fat 
free diet is mostly C16:0 and C18:1, with smaller 
amounts of C16:1 and C18:0. When fat is 
consumed, the fatty acids may be deposited in 
stores, diluting endogenously synthesized fatty 
acids. Three parameters determine the extent to 
which the types of fatty acids in a bird resemble 
that of the diet: (i) preferential oxidation or 
esterification of some types of fatty acids; (ii) 
modification of dietary fatty acids by elongation 
and/or desaturation; and (iii) the amount of dietary 
fatty acids relative to the amount synthesized de 
novo [1]. The increased egg weight was associated 
with total dietary fat contents of diet rather than 
the linoleic acid content over 1.0 % [6]. 
Comparing the effects of various dietary energy 
sources on egg weight, it was suggested that corn 
oil significantly increased the egg weight 
compared to poultry fat [7]. 

Therefore, this experiment was conducted to 
evaluate the effect of blended dietary lipids (palm 
olein oil - POO, a mixture of 25 % POO plus 75 % 
Soybean oil - SBO, 50 % POO plus 50 % SBO, 
and 75 % POO plus 25 % SBO). The inclusion 
level of the experiment oil was 1.5 and 3.0 % in 
the diets on the laying performance of hens and the 
fatty acid profiles of eggs produced by 21 to 40 wk 
old Dekalb Brown laying hens. 
 
 

Materials and methods 

Birds and diets 
Four hundred and thirty-two commercial 

Dekalb Brown laying hens 21 wk old, were 
randomly assigned to 9 dietary treatments. The 
experimental design was a completely randomized 
design using a 4 × 2 factorial arrangement with 
one control. The dietary treatments were as 
follows: 
i) Control (0.00 % oil ) 
ii) 1.5 % Palm olein oil 
iii) 3.0 % Palm olein oil 
iv) 1.5 % Blended oil 25 % POO + 75 % SBO 
v) 3.0 % Blended oil 25 % POO + 75 % SBO 
vi) 1.5 % Blended oil 50 % POO + 50 % SBO 
vii) 3.0 % Blended oil 50 % POO + 50 % SBO 
viii) 1.5 % Blended oil 75 % POO + 25 % SBO 
ix) 3.0 % Blended oil 75 % POO + 25 % SBO 

The experiment comprised 4 replicates with 
12 birds in each treatment combination. Hens were 
housed in cages equipped with nipple drinkers and 
trough feeders, and placed individually in each 
cage, in an open-sided house with light control 
(16L : 8D). The diets were isocaloric and 
isonitrogenous (Table 1). Performance 
characteristics (feed intake, egg production, egg 
weight, egg mass, and feed conversion) were 
evaluated every 28 days. Egg mass was calculated 
with the following formula: 
 
 
 

Sampling eggs laid from days 26 to 28 of 
each 28 day period were collected from each 
experimental unit for Haugh unit, and egg shell 
thickness determination. 
 
Chemical analysis 

At 38 wk old, the profile of the main fatty 
acids, 5 fresh eggs per replicate were determined. 
Total lipids were extracted from egg yolk with 
chloroform:methanol (2:1, vol/vol) by a modified 
Folch method following the methodologies 
described by Fletcher et al [8] 2 g of sample was 
weighed into a centrifuge tube with 20 ml of 
chloroform:methanol and homogenized. The 
homogenate was filtered through Schleicher & 
Schuell filter paper 595 into a 100 ml volumetric 
flask and 5 ml of 0.88 % sodium chloride solution 
was added and mixed. The fatty acid profile of the 

100
%)( productionEggxgweightEggmassEgg =
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samples was determined by gas chromatography 
Shimadzu [9]. 
 
Statistical analysis 

Prior to analyses, data expressed as a percent 
of egg production was arcsine and square root 

transformed. Analysis of variance was performed. 
Where significant differences among treatments 
were obtained, comparisons among means were 
performed by DMRT. Orthogonal polynomial 
contrasts were used to test the linear or quadratic 
nature of the response [10,11]. 

 
Table 1 Composition of experimental diets (as fed basis). 
 

Palm olein oil (POO) Blended oil (POO + SBO)Item, % Control  

1.5 % 3.0 % 1.5 % 3.0 % 
Ingredients 

Broken Rice 
Defatted Rice Bran  
Soybean Oil Meal 42 % CP 
Fish Meal 58 % CP 
Palm Olein Oil 
Blended Oil (POO plus SBO) 
Leucaena leucocephala Leaf Meal  
Oyster Shell 
Dicalcium Phosphate 18 % P 
Common Salt 
DL-Methionine 
Vitamin-Mineral Premix1/ 

Calculation composition 
Crude Protein 
AME (kcal/kg) 
Crude Fiber 
Calcium 
Available Phosphorus 
Lysine 
Methionine 
Methionine + Cystine 
Threonine 
Tryptophan 

 
54.10 
8.00 

19.60 
5.00 
0.00 
0.00 
4.00 
8.00 
0.70 
0.25 
0.10 
0.25 

 
17.50 
2,710 
2.90 
3.53 
0.36 
1.05 
0.49 
0.76 
0.78 
0.24 

 

 
48.90 
12.00 
19.30 
5.00 
1.50 
0.00 
4.00 
8.00 
0.70 
0.25 
0.10 
0.25 

 
17.50 
2,720 
3.32 
3.53 
0.36 
1.05 
0.49 
0.76 
0.78 
0.24 

 
44.61 
15.00 
19.12 
5.00 
3.00 
0.00 
4.00 
8.00 
0.67 
0.25 
0.10 
0.25 

 
17.51 
2,740 
3.63 
3.57 
0.36 
1.05 
0.48 
0.76 
0.77 
0.24 

  
48.90 
12.00 
19.30 
5.00 
0.00 
1.50 
4.00 
8.00 
0.70 
0.25 
0.10 
0.25 

 
17.51 
2,720 
3.32 
3.53 
0.36 
1.05 
0.49 
0.76 
0.77 
0.24 

 
44.61 
15.00 
19.12 
5.00 
0.00 
3.00 
4.00 
8.00 
0.67 
0.25 
0.10 
0.25 

 
17.51 
2,750 
3.63 
3.53 
0.36 
1.05 
0.48 
0.76 
0.77 
0.24 

 

 1/  Supplied per kg of diets : vitamin A, 19,200 IU; vitamin D3, 3,840 IU; vitamin E, 8 IU; vitamin K3, 3.2 mg; 
thiamin, 2.4 mg; riboflavin, 6.4 mg; vitamin B12, 0.0024 mg; nicotinic acid, 2.4 mg; folic acid, 0.8 mg; biotin, 
0.16 mg; pantothenic acid, 16 mg; manganese, 96 mg; zinc 160 mg; iron, 128 mg; copper, 9.6 mg; selenium, 0.24 
mg. 

 
Table 2 Fatty acids profile of palm olein oil, soybean oil and blended oil. 
 

Blended oil  
Fatty acid 

Palm 
olein oil 
(POO) 

Soybean 
oil 

(SBO) 
25 % POO + 
 75 % SBO  

50 % POO + 
 50 % SBO  

75 % POO + 
 25 % SBO  

Lauric acid (C 12:0) 
Myristic acid (C 14:0) 
Palmitic acid (C 16:0) 
Stearic acid (C 18:0) 
Oleic acid (C 18:1) 
Linoleic acid (C 18:2) 
Linolenic acid (C 18:3) 
Arachidic acid (C 20:0) 

0.40 
0.70 

41.80 
2.70 

40.10 
14.30 

ND 
ND 

ND
ND

9.00
2.90

19.30
57.30
11.10
0.40

0.20 
0.30 

17.90 
3.90 

25.90 
43.20 
7.30 
1.30 

0.20 
0.40 

24.80 
3.40 

29.10 
35.50 
6.30 
0.30 

0.30 
0.70 

33.90 
3.60 

35.20 
22.80 
3.50 
ND 

 

ND: not detected. 
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Results 

The lipid profiles of the oil and blended oil 
were determined by gas chromatography 
Shimadzu (Table 2), palm olein oil contained 
palmitic acid (41.80 %) but no linolenic acid was 
detected. In contrast, soybean oil contained linoleic 
acid (57.30 %) and also linolenic acid (11.10 %). 
Blended oil (POO plus SBO) contained fatty acids 
profile depending on the ratio of inclusion. 
However, the amount of arachidic acid was unclear. 

Performance parameters are presented in 
Tables 3 and 4, Haugh unit and egg shell 
thicknesses are presented in Table 5; they are 
grouped according to the percentage of 
replacement of POO with SBO (0, 25, 50 or 75 % 
replacement). There were no statistically 
significant differences among treatments. Egg 
productions (% hen day) were on average 80 % in 
the first period and more than 90 % in the 2nd to 5th 
period.  

 
Table 3 Egg production, egg weight and egg mass of birds fed diet containing palm olein or blended oil. 
 

Item 21 - 24 wk 25 - 28 wk 29 - 32 wk 33 - 36 wk 37 - 40 wk Over all 
Egg production (% Hen Day) 
Blended oil (POO + SBO) 
0 (Control) 
25 % POO + 75 % SBO 
50 % POO + 50 % SBO 
75 % POO + 25 % SBO 
100 % POO 
Level of inclusion in the diet 
1.50 % 
3.00 % 
Pooled SEM 
C.V. (%) 
 

Egg weight (g) 
Blended oil (POO + SBO) 
0 (Control) 
25 % POO + 75 % SBO 
50 % POO + 50 % SBO 
75 % POO + 25 % SBO 
100 % POO 
 
Level of inclusion in the diet 
1.50 % 
3.00 % 
Pooled SEM 
C.V (%) 
 

Egg mass (g/day) 
Blended oil (POO + SBO) 
0 (Control) 
25 % POO + 75 % SBO 
50 % POO + 50 % SBO 
75 % POO + 25 % SBO 
100 % POO 
 

Level of inclusion in the diet 
1.50 % 
3.00 % 
Pooled SEM 
C. V. (%) 

 
 
78.52 
81.84 
80.08 
82.40 
79.63 
 
81.84 
80.14 
  4.03 
  6.29 
 

 
 
54.60 
55.97 
57.07 
55.07 
55.45 
 
 
55.64 
56.14 
1.19 
2.13 

 

 
 
42.84 
45.78 
45.72 
45.38 
44.18 
 

 
45.52 
45.03 
3.38 
7.52 

 
 
92.32 
93.80 
94.94 
94.15 
94.38 
 
94.41 
94.23 
  2.60 
  3.42 
 

 
 
57.29 
57.23 
57.84 
56.55 
57.65 
 
 
56.98 
57.66 
1.22 
2.12 

 

 
 
52.88 
53.67 
54.91 
53.25 
54.41 
 

 
53.80 
54.33 
1.71 
3.17 

 
 
92.27 
92.14 
93.01 
93.59 
92.69 
 
92.32 
93.39 
2.97 
3.98 

 

 
 
57.75 
58.96 
59.25 
58.02 
59.17 
 
 
58.34 
59.36 
1.28 
2.18 

 

 
 
53.28 
54.32 
55.11 
54.31 
54.84 
 

 
53.86 
55.43 
1.9 
3.51 

 
 
91.82 
92.55 
92.50 
93.09 
92.58 
 
92.27 
93.09 
2.99 
4.02 

 

 
 
59.50 
60.19 
60.29 
59.24 
59.59 
 
 
59.60 
60.05 
1.05 
1.77 

 

 
 
54.63 
55.70 
55.77 
55.16 
55.17 
 

 
54.99 
55.90 
1.86 
3.37 

 
 
91.46 
91.63 
90.23 
91.53 
90.79 
 
91.27 
90.82 
2.69 
3.69 

 

 
 
60.87 
62.15 
61.86 
60.39 
61.53 
 
 
61.13 
61.83 
1.41 
2.30 

 

 
 
55.66 
56.94 
55.82 
55.27 
55.85 
 

 
55.80 
56.14 
1.88 
3.35 

 
 
89.94 
90.32 
90.15 
90.95 
90.01 
 
90.42 
90.29 
2.24 
2.48 

 

 
 
57.81 
58.90 
59.24 
57.91 
58.43 
 
 
58.34 
58.90 
1.03 
1.76 

 

 
 
52.04 
53.24 
53.45 
53.73 
52.68 
 

 
52.80 
53.37 
1.69 
3.19 
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Table 4 Feed intake and feed efficiency of birds fed diet containing palm olein or blended oil. 
 

Item 21 - 24 wk 25 - 28 wk 29 - 32 wk 33 - 36 wk 37 - 40 wk Over all 
Feed intake (g) 
Blended oil (POO + SBO) 
0 (Control) 
25 % POO + 75 % SBO 
50 % POO + 50 % SBO 
75 % POO + 25 % SBO 
100 % POO 
Level of inclusion in the diet 
1.50 % 
3.00 % 
Pooled SEM 
C.V. (%) 
 
Feed intake / Egg mass 
Blended oil (POO + SBO) 
0 (Control) 
25 % POO + 75 % SBO 
50 % POO + 50 % SBO 
75 % POO + 25 % SBO 
100 % POO 
Level of inclusion in the diet 
1.50 % 
3.00 % 
Pooled SEM 
C.V. (%) 

 
 
98.37 
98.50 
97.69 
97.86 
98.61 
 
98.12 
98.21 
  1.12 
  1.14 
 
 
 
  2.30 
  2.16 
  2.15 
  2.17 
  2.24 
 
  2.16 
  2.20 
  0.16 
  7.49 

 
 
104.71 
107.25 
106.27 
104.98 
105.38 
 
104.79 
107.15 
    1.96 
    1.85 
 
 
 
    1.86 
    1.83 
    1.78 
    1.84 
    1.81 
 
    1.83 
    1.81 
    0.06 
    3 .09 

 
 
106.19 
106.58 
107.70 
108.70 
107.77 
 
106.52 
108.92 
    2.52 
    2.35 
 
 
 
    1.85 
    1.82 
    1.77 
    1.81 
    1.80 
 
    1.82 
    1.77 
    0.07 
    3.66 

 
 
115.05 
114.57 
114.35 
113.66 
115.22 
 
114.08 
114.81 
    1.13 
    0.99 
 
 
 
    1.80 
    1.77 
    1.75 
    1.78 
    1.79 
 
    1.79 
    1.76 
    0.06 
    3.45 

 
 
113.28 
114.38 
113.90 
114.54 
113.00 
 
113.89 
114.01 
    2.26 
    1.99 
 
 
 
    1.85 
    1.82 
    1.77 
    1.81 
    1.80 
 
    1.76 
    1.75 
    0.06 
    3.49 

 
 
107.05 
108.13 
107.98 
107.95 
107.91 
 
107.48 
108.51 
    1.26 
    1.17 
 
 
 
    2.07 
    2.03 
    2.02 
    2.05 
    2.05 
 
    2.037 
    2.040 
    0.05 
    2.61 

 
 
Table 5 Haugh unit and egg shell thickness of birds fed diet containing palm olein or blended oil. 
 

Item Haugh unit Egg shell thickness (mm) 
Blended oil (POO + SBO) 
0 (Control) 
25 % POO + 75 % SBO 
50 % POO + 50 % SBO 
75 % POO + 25 % SBO 
100 % POO 
Level of inclusion in the diet 
0.00 % 
1.50 % 
3.00 % 
Pooled SEM 
C.V. (%) 

 
84.50 
79.05 
81.00 
82.37 
83.02 

 
84.50 
81.41 
81.19 
6.51 
7.97 

 
0.3725 
0.3856 
0.3732 
0.3788 
0.3807 

 
0.3725 
0.3788 
0.3804 
0.0205 
5.40 

 
 

The fatty acid profiles of egg yolk extraction 
were determined by gas chromatography 
Shimadzu (Table 6). The concentration of total 
saturated fatty acid (SFA) decreased linearly (P < 
0.05) by level of inclusion (Table 7), with SFA = 
24.8167 - 0.63Oil, r2 = 0.66. A higher 
concentration of palmitoleic acid (P < 0.05) was 

observed in eggs laid by hens fed the diet 
containing palm olein oil (100 % POO), compared 
with hens fed the control diet. In contrast, the 
concentration of palmitoleic acid decreased in egg 
yolk from hens fed the diet containing blended oils 
with 25 % POO up to 75 % POO. 
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Table 6 Fatty acid composition of egg yolk (% w/w) as influenced by hen diets containing palm olein or 
blended oil. 
 

Palm olein  oil 
(POO) 

25 % POO  
+ 75 % SBO  

50 % POO  
+ 50 % SBO  

75 % POO  
+ 25 % SBO  

 
Fatty acids 

 
Control 

 

1.5 % 3.0 % 

 

1.5 % 3.0 % 

 

1.5 % 3.0 % 

 

1.5 % 3.0 % 
Lauric acid (C 12;0) 
Myristic acid (C 14;0) 
Palmitic acid (C 16;0) 
Stearic acid (C 18;0) 
Saturated fatty acid (SFA) 
 
Palmitoleic acid (C 16:1) 
Oleic acid (C 18:1) 
Linoeic acid (C 18:2) n-6 
Linolenic acid (C 18:3) n-3 
Docosahexaenoic (C 22:6) n-3 
Polyunsaturated fatty acid (PUFA) 
n-3 
Unsaturated fatty acid (UFA) 
 
Others 
UFA/SFA 

0.25
20.13
4.11

24.49

7.04
48.34
16.36
0.11
0.22

16.69
0.33

72.07

3.44
2.94

 

 
0.26 

19.59 
3.43 

24.11 
 

9.34 
44.74 
15.34 
1.61 
0.66 

17.61 
2.27 

67.01 
 

5.03 
2.78 

 
0.30 

19.55 
3.11 

22.95 
 

8.10 
48.69 
15.36 
1.06 
0.51 

16.93 
1.57 

74.14 
 

3.32 
3.23 

  
0.30 

19.23 
4.58 

24.85 
 

6.31 
40.81 
17.39 
2.23 
0.27 

19.89 
2.50 

71.75 
 

8.88 
2.89 

0.01 
0.29 

18.63 
4.02 

23.10 
 

4.70 
39.81 
28.23 
0.92 
0.48 

29.63 
1.40 

70.24 
 

2.91 
3.04 

  
0.35 

20.68 
3.82 

23.90 
 

5.94 
44.72 
20.54 
0.35 
0.20 

21.09 
0.55 

72.04 
 

3.40 
3.01 

 
0.19 

18.78 
4.13 

22.37 
 

5.61 
42.39 
19.95 
1.87 
0.42 

22.24 
2.29 

71.18 
 

6.66 
3.18 

 0.02 
0.36 

19.09 
4.46 

23.28 
 

5.76 
44.34 
21.13 
0.25 
0.56 

21.94 
0.81 

71.69 
 

4.04 
3.08 

 
0.32 

18.42 
3.63 

22.96 
 

5.59 
43.98 
20.55 
1.01 
1.05 

22.61 
2.06 

73.72 
 

5.45 
3.21 

 
 
Table 7 Response of fatty acid composition of eggs yolk (% w/w) as influenced by hen diets containing 
palm olein or blended oil. 
 

 
Item 

Saturated 
fatty  
acid 

Palmitoleic 
acid 

C16:1 

Linoleic 
acid 

C18:2 

Linolenic 
acid 

C18:3 

Docosahexaenoic 
acid 

C22:6 

Polyunsaturated 
fatty  
acid 

Total 
n-3 

Blended oil POO + SBO 
0 (Control) 
25 % POO + 75 % SBO 
50 % POO + 50 % SBO 
75 % POO + 25 % SBO 
100 % POO 
SEM 
P-value 
 
Level of inclusion in the diet 
0.00 % 
1.50 % 
3.00 % 
SEM 
P-value 

 
24.49 
23.98 
23.14 
23.12 
23.53 
 0.925 
 0.699 
 
 
24.49a 

24.04ab 
22.85b 
0.512 
0.025 

 
7.04ab 
5.51b 
5.78b 
5.68b 
8.27a 

0.730 
0.045 
 
 
7.04 
6.84 
6.00 
1.577 
0.718 

 
16.36 
22.81 
20.25 
20.84 
15.35 
 3.483 
 0.432 
 
 
16.36 
18.60 
21.03 
 4.236 
 0.568 

 
0.11 
1.58 
1.11 
0.63 
1.34 
0.783 
0.584 
 
 
0.11 
1.11 
1.22 
0.753 
0.459 

 
0.22 
0.38 
0.31 
0.81 
0.59 
0.211 
0.239 
 
 
0.22 
0.43 
0.62 
0.259 
0.381 

 
16.69 
24.76 
21.67 
22.28 
17.27 
 3.844 
 0.325 
 
 
16.69 
20.13 
22.85 
 3.916 
 0.377 

 
0.33 
1.95 
1.42 
1.44 
1.92 
0.887 
0.641 
 
 
0.33 
1.53 
1.83 
0.762 
0.287 

 

 a-b Means within a column with no common superscript differ significantly (P < 0.05) 
 
 

The amount of linolenic acid in the egg yolk 
of the hens fed the diet containing 1.5 % POO was 
higher than the control and those fed a diet 
containing 3.0 % POO. Linolenic acid in the egg 
yolk produced by hens fed the diet containing 

1.5 % blend oil (25 % POO + 75 % SBO) was the 
highest among the groups (2.23 %). Increasing the 
amount of oil to 3 % in the hen’s diet, tended to 
decrease the amount of linolenic acid (Figure 1). 
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Figure 1 Amount of linolenic acid (LNA - C18:3) in the egg yolks produced by hens fed a diet containing 
palm olein or blended oil. 
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Figure 2 Amount of docosahexaenoic acid (DHA - C22:6) in the egg yolks produced by hens fed the diet 
containing palm olein or blended oil. 
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Figure 3 Amount of polyunsaturated fatty acid (PUFA) in the egg yolks produced by hens fed the diet 
containing palm olein or blended oil. 
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Figure 4 Total n-3 (C18:3 and C22:6) in the egg yolks produced by hens fed the diet containing palm 
olein or blended oil. 
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Birds that consumed 3.0 % blended oil 
between 75 % POO and 25 % SBO deposited 
higher amounts of docosahexaenoic acid (Figure 
2), and total n-3 fatty acids into their eggs, whereas 
hens fed a diet of 3.0 % POO deposited less DHA 
than hens fed a diet of 1.5 % POO. The DHA 
content of the total fatty acids in the egg yolk of 
laying hens was 0.22 % for the control, egg yolks 
from hens fed a diet containing POO at a level of 
1.5 % was 0.66 % DHA. The highest amount of 
DHA (1.05 %) in the egg yolks was from hens fed 
a diet containing 3.0 % blended oil composed of 
75 % POO plus 25 % SBO. 

The highest polyunsaturated fatty acid 
content was found in egg yolks of hens fed a diet 
containing 3.0 % blended oil (25 % POO plus 
75 % SBO - Figure 3). Total n-3 in egg yolks 
from laying hens showed the same trend as C18:3, 
the egg yolks from hens fed a diet containing 
1.5 % blend oil (25 % POO plus 75 % SBO) was 
the highest value which decreased when increased 
to 3.0 % (Figure 4). 
 
Discussion 

In the past, fish meal, fish oil, linseed, 
flaxseed, and algae products have been utilized to 
increase the amount of n-3 PUFA in chicken eggs 
and meat. However, fish odour is a regular concern 
with the increasing amount of dietary fish oil [12]. 
Increasing the α-linolenic acid content in chicken 
diets may result in a meat source high in n-3 
PUFA that may reduce pressure on diminishing 
marine stocks [4]. The fatty acids composition of 
palm olein oil agreed with the report by Aida et al 
[13], soybean oil agrees with the reports of Grobas 
et al [6] and Mazalli et al [14]. Values obtained are 
in the range indicated by AOCS [15]. 

The performance parameters were analyzed 
according to the level of POO and blended oil 
inclusion, there were no statistically significant 
differences in the studied parameters among 
treatments. These results are in accordance with 
the linoleic acid requirements determined by the 
NRC [5]. 

The lipid composition of yolk was influenced 
by fatty acid sources [16]. From this result fatty 
acid sources (Table 3) while DHA was not 
detected, but egg yolks from hens fed any diets 
showed a moderate amount of DHA. Leskanich 
and Noble [17] and Meluzzi et al [18] conclude 

that it must be recalled that DHA is obtained in 
yolk from a double path; the direct deposition of 
DHA from the diet and a final result of the de novo 
synthesis from its precursors (linolenic acid, 
eicosapentanoic acid, and docosapentaenoic acid) 
given in the diet. 

Aida et al [13] report that dietary palm olein 
at a level of 3 % altered the fatty acid composition 
of the egg yolk and total lipid in Lohmann Brown 
laying hens as C16:0, C16:1, C18:0, C18:1, and 
C18:2n-6 were 19.96, 8.40, 8.30, 29.10 and 
10.61 %, respectively. The different levels of 
dietary palm olein oil (POO 0 - 4.5 %) did not 
affect the saturated fatty acid content of the egg 
yolk. The oleic acid (major fatty acid in the 
omega-9 family) content did not increase as the 
level of POO increased in the diet. The SFA and 
SFA/PUFA ratio did not change with the level of 
dietary palm olein oil Hosseini-Vashan et al, [19]. 
The type of supplemental fats (4 % of crude palm 
oil, 1 % to 4 % palm stearin oil, 4 % palm olein oil, 
4 % soybean oil, 4 % tallow and 4 % tuna oil) did 
not affect egg production, egg weight, feed intake, 
feed intake per dozen egg produced, egg quality, 
egg composition and cholesterol content in serum 
and egg yolk. There were significant differences in 
feed intake per kg egg produced and egg mass. The 
supplementation of palm olein and tuna oil at 4 % 
in the diet provided higher feed cost per kg egg 
weight when compared to the control. It was found 
that the unsaturated fatty acid affected the change 
of fatty acid composition in the egg yolk [20]. The 
yolk and blood cholesterol content increased in 
3.0 % palm olein oil and were statistically different 
among the palm olein oil levels and control [21]. 
Eggs laid by hens fed the diet containing high 
portions of soybean oil at 3.0 % had a large 
amount of n-6 polyunsaturated fatty acids (PUFA), 
whereas eggs from hens fed the diet containing 
palm olein oil (POO) or high proportion of POO 
had a high percentage of n-3 PUFA. This suggests 
that egg yolk lipid modifications by blended oil, 
soybean oil 75 % plus palm olein oil 25 % at a 
level of 3.0 % had more n-6 PUFA or soybean oil 
25 % plus palm olein oil 75 % at the same level 
had more n-3 PUFA, whereas egg yolk from hens 
fed the diet containing palm olein oil at a level of 
3.0 % decreased both n-3 and n-6 PUFA when 
compared with 1.5 % in the diet. Inclusion of 
3.0 % palm olein oil in the feed for Lohman 
Brown laying hens also resulted in the lowest 
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content of saturated fatty acids - palmitic and 
stearic acids, as well as linoleic acid from the 
group of n-6 PUFA [13]. Filardi et al [16] showed 
that fat sources influenced the fatty acid profiles, 
except for the concentrations of the PUFA C20:3n-
3 and C20:3n-6. Thus, an excess of linoleic acid 
will prevent the transformation of α- linolenic acid 
into its derivates eicosapentaenoic acid (EPA, 
C20:5n-3) and DHA, and the opposite is also true. 

The fatty acids composition of total yolk 
lipids reflected that of the hen’s diets. The fact that 
both linoleic and linolenic acid are substrates of ∆6 
desaturase, linolenic acid can establish a 
competitive inhibition of the linoleic desaturation 
[2,14]. Aymond and Van-Elswyk [22], who 
observed that high amounts of n-6 fatty acids 
reduced the activity of ∆6 desaturase enzyme in the 
conversion of linolenic acid to docosapentaenoic 
acid (DPA, C22:5n3) and DHA, causing a 
reduction of these acids in the egg yolks. The 
regulation of DHA levels in tissues remains an 
enigma. The fact that DHA can be formed from 
linolenic acid, albeit at a very low rate, but cannot 
be increased by increased dietary linolenic acid, 
suggests that DHA concentrations, at least in 
circulating phospholipid pools, are regulated to 
satisfy a relatively low metabolic demand that can 
be satisfied by the relatively low levels observed in 
vegans with no dietary DHA intake [23]. To enrich 
eggs with DHA by using vegetable sources, only 
moderate amounts of linolenic acid in the diet are 
required (less than 1 %). Also, it is possible to 
moderately increase arachidonic acid and DHA in 
the egg yolk at the same time, provided that an 
adequate source of fat, such as soybean oil, rich in 
linoleic acid and with a moderate amount of 
linolenic acid, is used as a substrate. Saturation of 
the different ∆-unsaturases seems to be dependent 
on the concentration of dietary fatty acid [24]. 
 
Conclusions 

Blended oil had no effect on the efficiency of 
production, egg weight, egg mass output, feed 
conversion, Haugh unit and egg shell thickness. 
Results obtained in the present study indicate that 
the fatty acid profile of eggs can be modified by 
varying the lipid composition of the diet. Eggs laid 
by hens fed the diet containing high portions of 
soybean oil at 3.0 % had a large amount of n-6 
polyunsaturated fatty acids (PUFA), whereas eggs 

laid by hens fed the diet containing palm olein oil 
(POO) or blended oil 25 % POO plus 75 % SBO at 
1.5 % had a high percentage of n-3 PUFA and n-9 
family. The addition of blended palm olein oil plus 
soybean oil decreased the concentration of 
saturated fatty acids, increased the concentrations 
of monounsaturated fatty acid, α-linolenic and 
DHA, and with moderate amounts of linolenic acid, 
used as substrate. In addition blended oil did not 
promote the enrichment of the eggs with PUFA. 
 
Acknowledgements 

This research was supported by The Thailand 
Research Fund (TRF). The author would like to 
thank Rajamangala University of Technology 
Srivijaya (formerly Rajamangala Institute of 
Technology) for facilities help and also 
appreciably thank Asst. Prof. Dr. Seksom 
Attamangkune for his valuable suggestions. 
 
References 

[1] KC Klasing. Comparative Avian Nutrition, 
CAB International, New York, 1998. 

[2] BA Watkins. Importance of essential fatty 
acids and their derivatives in poultry. J. Nutr. 
1991; 121, 1475-85. 

[3] BA Watkins. Biochemical and physiological 
aspects of polyunsaturates. Poult. And Avian 
Rev. 1995; 6, 1-18. 

[4] RE Newman. 2000, Modulation of Avian 
Metabolism by Dietary Fatty Acids, Ph. D. 
Dissertation. The University of Sydney, 
Australia. 

[5] NRC. Nutrient Requirements of Poultry. 9th 
ed. National Academy Press, Washington 
D.C., 1994. 

[6] S Grobas, GG Mateos and J Méndez. 
Influence of dietary linoleic acid on 
production and weight of eggs and egg 
components in young brown hens. J. Appl. 
Poult. Res. 1999; 8, 177-84. 

[7] CR Bhonzack, RH Harns, VD Merkel and 
GB Russell. Performance of commercial 
layers when fed diets with levels of corn oil 
or poultry fat. J. Appl. Poult. Res. 2002; 11, 
68-76. 

[8] DL Fletcher, WM Britton and JA Cason. A 
comparison of various procedures for 



Laying Performance of Vegetable Oil Feed Hens  N  MUANGKEOW
 

Walailak J Sci & Tech 2011; 8(1) 
 

61

determining total yolk lipid content. Poult. 
Sci. 1984; 63, 1759-63. 

[9] AOAC. Official Methods of Analysis. 16th ed. 
Assoc. Off. Ana. Chem. Intl, Arlington, 
Virginia, 1995. 

[10] RC Damon and WR Harvey. Experimental 
Design, ANOVA, and Regression. Harper and 
Row, Publishers, New York, 1987. 

[11] K Hinkelmann and OKemptorne. Design and 
Analysis of Experiments, Vol. I Introduction 
to Experimental Design. 2nd ed. Wiley-
Interscience, New Jersey, 2008. 

[12] DH Nash, RMG Hamilton and HW Hulan. 
The effect of dietary herring meal on the 
omega-3 fatty acid content of plasma and egg 
yolk lipids of laying hens. Can. J. Anim. Sci. 
1995; 75, 247-53. 

[13] H Aida, M Hammadzic, A Gagic, M 
Mihajevic, J Krnic, M Vegara, M Baltic, S 
Trajkovic, M Kadric and EJ Pasic. Egg yolk 
lipid modifications by fat supplemented diets 
of laying hens. Acta Vet. 2005; 55, 41-51. 

[14] MR Mazalli, DE Faria, D Salvador and DT 
Ito. A comparison of the feeding value of 
different sources of fat for laying hens: 2. 
lipid, cholesterol, and vitamin E profile of 
egg yolk. J. Appl. Poult. Res. 2004; 13, 280-
90. 

[15] AOCS. Physical and chemical 
characteristics of oils, fats and waxes. In: 
Official Methods and Recommended 
Practices of the American Oil Chemist’s 
Society. Section I. M197, 1997,  p. 35-45. 

[16] R da Silva Filardi, OM Junqueira, AC de 
Laurentiz, EM Casartelli, E Aparecida 
Rodrigues and L Francelino Araujo. 
Influence of different fat sources on the 
performance, egg quality, and lipid profile of 
egg yolks of commercial layers in the second 
laying cycle. J. Appl. Poult. Res. 2005; 14, 
258-64. 

[17] CO Leskanich and RC Noble. Manipulation 
of the n-3 polysaturated fatty acid 
composition of avian eggs and meat. World’s 
Poult. Sci. J. 1997; 53, 155-83. 

[18] A Meluzzi, N Tallarico, F Sirri and A 
Franchini. Changes in the acidic profile of 
the eggs as a response to the dietary 
administration of refined fish oils. In: 
Proceedings of ASPA National Congress. 
1997, p. 347-8. 

[19] SJ Hosseini-Vashan, N Afzali, A Golian, M 
Mlekaneh and A Allahressani. Modified egg 
fatty acid content by supplementation of 
laying hen diets with palm olein oil (POO). 
In: Proceedings of the British Society of 
Animal Science. 2009, p. 212. 

[20] S Akarapunyavit. 1999, Effects of Various 
Fat Sources Supplemented in Laying Hen 
Rations, Master Thesis. Kasetsart University, 
Bangkok, Thailand. 

[21] SJ Hosseini-Vashan and N Afzali. Effect of 
different levels of palm olein oil in laying 
hen’s performance and yolk cholesterol. 
Intern. J. Poult. Sci. 2008; 7, 908-12. 

[22] WM Aymond and ME Van-Elswyk. Yolk 
thiobarbituric acid reactive substrates and n3 
fatty acids in response to whole and ground 
flaxseed. Poult. Sci. 1995; 74, 1388-94. 

[23] MR Fokkerma, DAJ Brouwer, MB 
Hasperhoven, IA Martini and FAJ Muskiet. 
Short-term supplementation of low dose g-
linolenic acid (GLA), a-linolenic acid (ALA), 
or GLA plus ALA does not augment LCPo3 
status of Dutch vegans to an appreciable 
extent. Prostaglandins Leukot. Essent. Fatty 
Acids. 2000; 63, 287-92. 

[24] S Grobas, J Méndez, R Lázaro, C de Blas 
and GG Mateos. Influence of source and 
percentage of fat added to diet on 
performance and fatty acid composition of 
egg yolks of two strains of laying hens. Poult. 
Sci. 2001; 80, 1171-9. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


