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The purpose of this study was to compare the effects of dietary palm olein oil (POO) and Kilka fish oil 
(KFO) on yolk fatty acid content, ratio of fatty acids (FAs), antibody titre, and blood and yolk cholesterol 
of laying hens. One hundred White Hy-Line 26-wk-old (W-36) hens were allotted to 6 dietary treatments 
containing 0, 1.5, 3 and 4.5% POO or 2 and 4% KFO. The FAs and cholesterol content of yolk were 
measured at the end of three consecutive days of each period.  Results reveal that the oleic acid 
increased and palmitic acid decreased (P<0.05) when hens were fed diets containing POO. The KFO 
diets reduced the blood cholesterol, yolk linoleic acid and yolk �-6 FA (P<0.05), whereas the blood 
cholesterol increased by the supplementation of POO to dietary treatments. The yolk long chain 
polyunsaturated �-3 FAs [Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)] increased as 
KFO was increased in diets (P<0.001). The diets supplementation of KFO and POO thus, showed a 
decrease and an increase in the ratio of �-6/ �-3 FAs (P<0.05), respectively. It is concluded that 
supplementation of KFO to the dietary treatment may improve deposition of �-3 FAs; however, the POO 
supplementation may improve deposition of � -9 FAs without alteration of yolk cholesterol. 
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INTRODUCTION 
 
Nutritional quality of fat in food products may be 
enhanced by taking into account the cholesterol concen-
trations, saturated fatty acids (SFAs), monounsaturated 
fatty acids (MUFA), and polyunsaturated fatty acid 
(PUFA) (Milinsk et al., 2003).  Humans  consume  poultry 
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Abbreviations: POO, Palm olein oil; KFO, kilka fish oil; FAs, 
fatty acids; EPA, eicosapentaenoic acid; DHA, docosahexenoic 
acid. 

''meat and egg'' in large amounts, hence, it is important to 
enrich the poultry products. Palm oils, having the highest 
percentage of production in the entire world, has a high 
concentration of SFAs specifically palmitic acid, and low 
concentration of other fatty acids [monounsaturated fatty 
acids (MUFA) and polyunsaturated fatty acids (PUFA)]. 
Palm olein oil (POO), having high content of oleic acid 
and MUFA, is produced from palm oil. The MUFA is 
necessary for the myelinization of the nervous system in 
growing children (Uauy and Olivares, 2007), lipolysis 
(Soriguer et al., 2003), and reduction of mammary tumors 
and bactericidal action (Schlesinger and Uauy, 1991). 
The POO was added to hen diets to decrease  blood  and  



 

 

 
 
 
 
egg cholesterol (Hodzic et al., 2008). Punita and 
Chaturvedi (2000) reported that egg cholesterol reduced, 
as the red palm oil was added to the hen diet.   

On the other hand, fish oil is the best source of long 
chain omega-3 fatty acids (LCUFAs) such as 
eicosapentaenoate (EPA), docosapentaenoate (DPA) 
and docosahexaenoate (DHA). Feeding fish oil as higher 
content of linolenic acid (LNA) enhances apparent 
elongase and desaturase activity on the � -3 PUFA 
pathways, whereas plant diets including higher concen-
tration of linoleic acid (LA) enriches apparent activity of 
elongase and desaturase on the � -6 PUFA pathways. 
The �-oxidation of LNA in fish oil diet was higher than 
other diets containing palm oil and linseed, whereas 
bioconversion of LA in fish oil was lower than palm oil 
groups (Poureslami et al., 2010). The LCUFAs have a 
major role in reducing the blood viscosity, pressure, 
platelet aggregation, and cardiac arrhythmia; therefore, it 
reduces the chance of some human disease occurrence 
such as, cardiovascular, coronary heart and inflammatory 
problems (Farrell, 1994; Connor, 2000). Dietary omega-3 
fatty acids may delay the loss of immunological functions 
(Fernnades, 1995), and is required for normal fetal brain 
and visual development (Neuringer et al., 1988). It may 
also provide an inhibitory effect on prostate growth and 
breast cancer (Okuyama et al., 1997). In birds, the 
omega-3 fatty acids reduce the occurrence of sudden 
death syndrome (SDS), and coccidiosis (Leavander et 
al., 1992). However, these fatty acids may affect egg 
production, growth rate, immune system and 
osteogenesis in poultry (Leavander et al., 1992; Allen and 
Danfort, 1998). New reports suggested an appropriate 
ratio of omega-6: omega-3 for human health. It is worth 
mentioning that most researchers proposed the ratio of 
smaller than 5 or 4, but the most appropriate is 1. 
Nowadays, this ratio in western diets is about fifteen 
(Shimizu et al., 2001; Simopolous, 2002). 

The rationale for this study was to compare the bene-
ficial effects of dietary palm olein oil or Kilka fish oil to 
increase the �-3 fatty acids and decrease the ratio of 
omega-6/omega-3 in egg. In addition, the relationship 
between the fatty acids precursors in hen diet and the 
content of the different �-3 and �-9 PUFA families were 
studied in edible eggs. 
 
 
MATERIALS AND METHODS 
 
A total of one hundred and forty-four 26-week-old white Hy-Line "W-
36" laying hens were randomly allotted to six dietary treatments 
including control, 1.5, 3, 4.5% palm olein oil (POO) or 2 and 4% 
kilka fish oil (KFO). Each dietary treatment was fed to three groups 
of 8 birds each. The hen cages were located in an environmentally 
controlled commercial house. Diets were formulated to have similar 
nutrients and metabolizable energy (NRC, 1994), with/without 
different concentrations of POO or KFO. Feed and water were sup-
plied ad libitum (Table 1). The house temperature was maintained 
at 20 � 2°C with 16:8 h light:dark  cycle. The  trial   started   after   a   
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pre-experimental period of two weeks for adjustment to the test 
diets and continued for three periods of four weeks each. 
 
 
Egg production and egg quality measurements 
 
Egg production, feed consumption, feed conversion ratio (FCR), 
egg weight, and egg mass of each replicate bird were recorded 
weekly. Egg quality parameters such as; haugh unit score, yolk 
color index (as measured by Roche yolk color fan), yolk index, egg 
shape, and shell weight were measured for three randomly collec-
ted eggs from each experimental unit in the last three consecutive 
days of every period. Birds of each group were weighed at the 
beginning and termination of experiment. 
 
 
Egg and blood analyses 
 
Egg cholesterol was measured in three yolk samples collected from 
each replicate hens after being stored in freezer (-20°C). To 
measure the egg cholesterol, lipids were briefly saponified by 
ethanolic 0.5 N KOH and N-hexane, after lipids extraction. The 
extracted cholesterol was placed on spectrophotometer, using 
Parsazmon kit to measure the yolk cholesterol content. At the end 
of experiment, the blood cholesterol was determined by with-
drawing 3 ml of blood into a non-heparinized tube from one hen in 
every group through the brachial vein. Bloods were centrifuged and 
serums were collected after 8 to 10 h and stored in -20°C freezer 
for subsequent analysis. Individual serum samples were analyzed 
for antibody responses against Newcastle disease (ND). The ND 
titer was determined by haemagglutination inhibition (HI) technique. 
 
 
Fatty acid analysis 
 
Yolks from collected eggs were separated and stored at -20°C for 
subsequent fatty acid analysis. Total lipid was extracted from egg 
yolk according to the method of Folch (Folch et al., 1957) and fatty 
acids were determined. Briefly, 0.5 g of yolk was weighed into a test 
tube with 20 ml of hexane: methanol mixture (2:1, v:v), and 
methylated with 15% boronitrifluoride methanol complex (BF3) in 
methanolic solution (Morrison and Smith, 1964). Fatty acid methyl 
esters (FAMEs) were separated and quantified by gas chroma-
tography using Shimadzu GC-16A chromatograph equipped with a 
CP-Sil 88 capillary column (Fused silica capillary column; length, 
100 m; I.D., 0.25 mm;), film, and a flame ionization detector (FID). 
The operating conditions of gas chromatograph were as follow: the 
oven temperature was held at 130°C for 5 min, increased to 217°C 
at a rate of 3°C/min, then increased with rate of 4°C/min to 230°C 
and held at this temperature for 25 min. The temperature of the 
injection and detector was 280 and 300°C, respectively. The 
column head pressure of the conductor gas (helium) was 2.20 
g/cm2. Fatty acid peaks were identified as compared with retention 
times of FAME standards (Sigma Quimica, S.A, Apdo. Correos 161, 
28100 Alcobendas, Spain). Quantification was made by an internal 
standard (C19:0) added to the initial sample. 
 
 
Statistical analysis 
 
All data were analyzed as a completely randomized design 
(repeated measurement) using mixed models procedure of SAS 
software 6.04 (SAS Institute Inc., 1991). The general linear models 
(GLM) procedure was used to analyze the data of blood parameters 
and body weight. The statistical differences between means were 
analyzed by repeated measures and Tukey’s test (P<0.05). 
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Table 1. Composition of diets containing different levels of palm olein oil (POO) and kilka fish oil (KFO). 
 

Ingredient (%) Control 
POO in diet (%)  KFO in diet (%) 

1.5 3 4.5  2 4 
Corn 66.46 51.32 44.87 42.06  46.39 42.88 
Soybean meal 20.10 19.45 19.79 20.82  19.29 20.72 
Wheat 1.00 15.57 20.00 20.00  20.00 20.00 
POO 0.00 1.50 3.00 4.50  0.00 0.00 
KFO 0.00 0.00 0.00 0.00  2.00 4.00 
Limestone 8.66 8.50 8.58 8.79  8.55 8.65 
Fish meal  2.00 2.00 2.00 2.00  2.00 2.00 
DCP 0.73 0.70 0.74 0.78  0.76 0.76 
Salt 0.38 0.31 0.35 0.36  0.34 0.34 
Mineral premix2 0.25 0.25 0.25 0.25  0.25 0.25 
Vitamin premix1 0.25 0.25 0.25 0.25  0.25 0.25 
Lysine 0.07 0.08 0.08 0.08  0.07 0.08 
Methionine 0.10 0.07 0.09 0.11  0.10 0.07 
        
Calculated analyses     
Crude protein  16.10 16.12 16.20 16.36  16.10 16.34 
ME (MJ/kg) 11.80 11.80 11.97 12.13  11.80 12.05 
Phosphorous  0.44 0.45 0.45 0.48  0.44 0.47 
Calcium  3.67 3.68 3.69 3.73  3.68 3.70 
Lysine  0.86 0.86 0.87 0.94  0.86 0.84 
Meth + Cys  0.69 0.69 0.68 0.72  0.68 0.67 

 

Supplied (mg/per kilogram diet): retinol 2.64, cholecalciferol 0.062, alpha-tocopherol 25.3, thiamin 1.477, riboflavin 4, niacin 
17.84, pyridoxine 2.462, cyanocobalamin 0.02, menadione 2.2, folic acid 0.48, biotin 0.15, manganese oxide 74.4, ferric 
oxide 75, zinc oxide 64.75, copper sulfate 6, Selenium 0.2, choline chloride 200. 

 
 
 
RESULTS  
 
Production parameters such as egg production, egg 
weight, egg mass, feed intake and feed conversion ratio 
were not affected by dietary palm olein oil and kilka fish 
oil (data not shown) and the mean values were 90.26%, 
57.09 g/egg, 51.52 g/bird/day, 94.41 g/bird/day and 1.83 
g:g, respectively. The dietary treatments did not alter the 
egg quality measurements such as haugh unit, egg 
shape index (egg transverse span/egg long span), yolk 
shape index (yolk height/yolk diameter) and yolk color 
index (data not shown). The body weight gain (BWG) 
increased with an increment of POO or KFO in the laying 
hen dietary treatments (Table 3) and the highest BWG 
was found in birds fed diets containing 4.5% POO (170 g) 
or 4% KFO (168 g) (P<0.05).  

The cholesterol content of blood, yolk and egg and 
serum antibody titer against ND of control and hens fed 
diets containing POO or KFO is shown in Table 3. Dietary 
POO did not significantly affect yolk and egg cholesterol 
content, whereas KFO significantly decreased the egg 
cholesterol. The POO increased blood cholesterol, 
whereas the KFO decreased it. The antibody response to 

ND vaccines was not changed by the type and content of 
dietary oils. The average antibody titer against ND was 
8.5. 

Fatty acid composition of control diet and diets 
containing palm olein oil and kilka fish oil are shown in 
Table 2. The saturated fatty acids in yolk were 
significantly (P>0.05) affected when hens were fed diets 
containing up to 4.5% of POO or 4% KFO. The effects of 
feeding palm olein oil and kilka fish oil on fatty acid 
composition of egg yolk is shown in Table 4. The meristic 
and stearic acids in egg yolk content numerically reduced 
with an increase in POO or KFO in diets (P>0.05). 
Palmitic acid and sum of SFAs in yolk content of hens fed 
with higher levels of POO significantly decreased. The 
minimum concentrations of SFAs and palmitic acid found 
in egg yolk of hens fed 4.5% POO were 38.81 and 
29.76% of total fatty acids, respectively (Table 4). The 
palmitoleic acid (an index of �-7 FA family) did not 
significantly (P>0.05) differ when birds were fed control or 
diets containing up to 4.5% POO or 4% KFO (Table 4). 
Dietary POO increased (P<0.05) the concentration of 
oleic acid (�-9 FA) and monounsaturated FAs in egg 
yolks, while dietary KFO did  not  change  yolk  oleic  acid  
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Table 2. Fatty acid compositions of control and diets containing different levels of palm olein oil (POO) and kilka fish oil (KFO). 
 

Fatty acid (%) Control 
POO in diet (%) KFO in diet (%) 

1.5 3 4.5  2 4 
C14:0 1.14 1.39 1.47 1.37  2.09 2.14 
C16:0 30.28 27.36 24.49 21.81  33.07 33.11 
C16:1    � -7 3.59 2.14 2.42 2.40  2.24 2.27 
C18:0 8.49 8.19 7.88 7.72  10.49 10.98 
C18:1    � -9 34.72 43.15 48.18 52.41  28.29 26.41 
C18:2    � -6 20.21 16.23 14.31 13.18  17.78 16.65 
C18:3    � -3 0.12 0.07 0.03 0.02  0.09 0.11 
C20:4    � 6 1.39 1.45 1.19 1.08  1.54 1.97 
C20:5    � -3 0.05 0.01 0.02 0.01  3.43 4.58 
C22:6    � -3 0.01 0.01 0.01 0.01  0.98 1.78 

 
 
 

Table 3. Comparison effects of dietary palm olein oil (POO) and kilka fish oil (KFO) on body weight gain, blood and egg 
cholesterol and serum antibody titers. 
 

Treatment Body weight gain 
(g) 

Egg cholesterol 
(mg/egg) 

Yolk cholesterol 
(mg/g) 

Blood cholesterol 
(mg/dl) ND titer 

Control 90.0c 196.02a 13.08 143.00b 8.67 

1.5% POO 98.0c 198.03a 13.20 155.67ab 8.33 
3% POO 118.0b 201.75a 13.45 161.00a 8.33 
4.5% POO 170.0a 204.92a 13.66 162.33a 8.67 

2% KFO 124b 183.03ab 12.20 148.67b 8.00 
4% KFO 168a 177.02b 11.80 131.67c 8.00 

N 6 9 9 3 3 
Pooled SEM 49.23 83.25 0.51 41.56 0.67 

P value (treatment) <.0001 0.018 0.046 0.0005 0.845 
Root MSE 7.016 9.12 0.714 6.44 0.819 

      

Probability 
Oil <.0001 0.61 0.62 0.042 0.458 
POO  <.0001 0.38 0.48 0.002 0.693 

KFO <.0001 0.030 0.052 0.546 0.275 
 
a,b,c, Means in column no common superscript differ significantly (P<0.05). 

 
 
content. KFO decreased yolk linoleic acid (LA); however, 
POO did not affect  yolk  LA.  Arachidonic  acid  (AA) and 
LNA content of yolk was not statistically (P>0.05) altered 
in hens fed diets containing POO or KFO. The long chain 
fatty acids (DHA, and EPA) content of egg yolk were not 
influenced by dietary POO. The KFO increased yolk DHA 
and EPA. In addition, the highest concentration of yolk 
unsaturated fatty acid (UFAs) was observed when hens 
were fed high level of POO diet. Thus the lowest ratio of 
UFAs/SFAs was observed in those birds (P<0.05). The 
ratio of �-6/ �-3 fatty acids decreased when hens were 
fed diets containing KFO, although, POO increased this 
ratio. 

DISCUSSION 
 
Higher   BWG  was  found  in  birds  fed  diets  containing  
higher percentage of POO and KFO. This may be due to 
lower heat increment and passage rate (Leeson and 
Summers, 2001). Dietary POO did not significantly affect 
yolk and egg cholesterol content, whereas KFO 
significantly decreased the egg cholesterol. The KFO and 
higher concentration of long chain polyunsaturated fatty 
acids may affect cholesterol metabolism and tissues and 
egg deposition. These results are in accordance with the 
reports of van-Elsweyk et al. (1992) and Mori et al. 
(1999), although, other researchers reported  the  egg  or
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Table 4. Comparison of egg yolk fatty acid profile (% of total fatty acid) in hens fed diet contained palm olein oil (POO) and kilka fish oil (KFO). 
 
Parameter C14:0 C16:0 C16:1n-7 C18:0 C18:1n-9 C18:2n-6 C18:3n-3 C20:4n-6 C20:5n-3 C22:6n-3 
Control 0.858 34.97a 2.771 9.310 39.43c 10.67a 0.499 1.29 0.158c 0.032c 
1.5% POO 0.995 33.11ab 3.816 8.909 40.23c 10.41a 0.467 1.92 0.128c 0.029c 
3% POO 0.776 32.09ab 2.831 8.703 43.04b 10.40a 0.470 1.55 0.101c 0.023c 
4.5% POO 0.772 29.76b 3.023 8.281 45.86a 10.30a 0.466 1.42 0.089c 0.030c 
2% KFO 0.889 33.75a 3.484 9.106 40.48c 8.47b 0.555 1.64 0.513b 1.110b 
4% KFO 0.963 33.12ab 3.393 9.399 40.36c 7.53b 0.556 1.34 0.886a 2.448a 
Pooled 
SEM 0.0194 3.788 0.4339 0.6227 0.607 0.628 0.0028 0.304 0.0073 0.0059 

P value1 ns 0.002 ns ns <.0001 <.0001 ns ns <.0001 <.0001 
           
Probability           
Oil2 ns 0.006 ns ns <.0001 0.001 ns ns <.0001 <.0001 
Poo3 ns 0.001 ns ns <.0001 Ns ns ns ns ns 
KFO4 ns ns ns ns ns <.0001 ns ns <.0001 <.0001 
           

Parameter �SFA* �MUFA � MUFAn-9 �PUFAn-6 �PUFAn-3 n-6/n-3 � PUFA �UFA �SFA/� PUFA �SFA/ � 
UFA �SFA* 

Control 45.14a 42.20c 39.43c 11.96a 0.689c 17.57a 12.65 54.86d 3.568 0.823a 45.14a 
1.5% POO 43.01ab 44.05bc 40.23c 12.32a 0.624c 19.89a 12.94 56.99bc 3.323 0.755b 43.01ab 
3% POO 41. 57bc 45.87b 43.04b 11.95a 0.595c 20.32a 12.55 58.42b 3.313 0.712b 41. 57bc 
4.5% POO 38.81c 48.89a 45.86a 11.72a 0.585c 20.13a 12.31 61.19a 3.154 0.634c 38.81c 
2% KFO 43.75ab 43.96bc 40.48c 10.11b 2.178b 4.687b 12.29 56.25cd 3.560 0.778ab 43.75ab 
4% KFO 43.49ab 43.75c 40.36c 8.87b 3.890a 2.290b 12.76 56.51bcd 3.409 0.770ab 43.49ab 
Pooled 
SEM 3.516 1.443 0.607 0.504 0.0211 2.522 0.527 1.365 0.1013 0.0015 3.516 

P value1 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 ns <.0001 ns <.0001 <.0001 
            
Probability            
Oil2 0.001 <.0001 <.0001 ns <.0001 <.0001 ns <.0001 ns <.0001 0.001 
Poo3 <.0001 <.0001 <.0001 ns ns ns ns <.0001 ns <.0001 <.0001 
            

 
a,b,c, Means in column with no common superscript differ significantly (P<0.05). Values are mean of 6 determination/diet expressed as percentage of total fatty acid in egg yolk.*SFA: Saturated 
fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acids, UFA: unsaturated fatty acid. 
1P Value of comparison of treatments; 2P Value of oil inclusion; 3P Value of level of palm olein oil (POO) inclusion; 4P Value of level of kilka fish oil (KFO) inclusion. 



 

 

 
 
 
 
yolk cholesterol content was not influenced by dietary 
omega-3 fatty acids (Caston and Leeson, 1990; 
Scheideler and Froning, 1996). Alteration of blood 
cholesterol among dietary treatments may be due to the 
composition of SFAs, because some of SFAs induce 
cholesterol synthesis. This  finding  is  in  agreement  
withother researchers (Mori et al., 1999; Brenes et al., 
2008) observing the increase of blood cholesterol in hens 
fed dietswith high oleic  sunflower  seeds.  

The cholesterol, low density lipoprotein (LDL) and very 
low density lipoprotein (VLDL) decreased, while  high  
density  lipoprotein   (HDL)   increased when birds were 
fed fish oil (Chashnidel et al., 2010; Navidshad et al., 
2010). The antibody response to ND vaccines was not 
changed by  the researchers did not observe any 
changes in antibody response to omega-3 fatty acids 
(Grobas et al., 2001; Milinsk et al., 2003). However, 
Puthpongsiriporn and Scheideler (2005) reported that low 
ratio of �-6/�-3 fatty acids reduced the ND titer and did 
not affect the IBD titer.  

The meristic and stearic acids in egg yolk content 
numerically reduced with an increase in POO or KFO in 
diets (P>0.05). Palmitic acid and the sum of SFAs in yolk 
content of hens fed higher levels of POO significantly 
decreased. Some researchers reported that yolk SFAs in 
hens fed diets containing different concentrations of 
omega-3 fatty acids (Baucells et al., 2000; Grobas et al., 
2001; Milinsk et al., 2003) and palm oil is nearly constant 
(Cherian et al., 1996; Kang et al., 2001). Several 
scientists (Jiang and Sim, 1991; Baucells et al., 2000) 
concluded that the capacity of laying hens to alter the 
yolk content of saturated FAs through dietary modification 
is quite limited. 

Dietary POO increased (P<0.05) the concentration of 
oleic acid (�-9 FA) and MUFA. Similar results were also 
reported by other researchers (Cherian et al., 1996; 
Azcona et al., 2008); however Kang et al. (2001) reported 
that palm oil did not alter the yolk oleic acid and MUFA. 
Diets containing high concentration of oleic acid resulted 
in higher activity of �-9 desaturase compared to �-6 
desaturase (Brenner, 1974; Garg et al., 1988). LA is the 
largest component of �-6 polyunsaturated fatty acids. 
POO did not affect yolk LA. This may be due to low 
concentration of LA in POO. This is in agreement with 
other researchers (Cherian et al., 1996; Kang et al., 
2001). The KFO however decreased egg yolk LA. 
Bioconversion of LA in palm oil diet was higher than fish 
oil diet (Poureslami et al., 2010). A lower content of yolk 
LA was also reported in hens fed diets containing 
menhaden and palm oil compared to hens fed sunflower 
and flax oil (Cherian et al., 1996; Cherian and Sim, 1997). 
Therefore, changing metabolism and deposition of LA 
may be due to the percentage of other fatty acids in the 
diets. AA content of yolk was not statistically (P>0.05) 
altered in hens fed diets containing POO or KFO. This 
may be due  to  low  concentration  of  �-6  fatty  acids  in 
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dietary treatments. 

The dietary POO and KFO did not significantly (P>0.05) 
affect yolk LNA. The �-oxidation of LNA in fish oil diet 
was higher than other diets such as palm oil and linseed 
(Poureslami et al., 2010). This fatty acid is a precursor of 
long chain �-3 fatty acids (docosahexaenoic acid (DHA), 
DPA and EPA) and plays important roles in the body 
function (Simopolous, 2002). The long chain Fatty acid 
(DHA, and EPA) content of egg yolk was not influenced 
by dietary POO. The KFO, however, increased yolk DHA 
and EPA. In addition, the highest concentration of yolk 
unsaturated fatty acid (UFA) was observed when hens 
were fed high level of POO diet. Thus, the lowest ratio of 
UFAs/SFAs was observed in those birds (P<0.05).There 
is a competition between the activity of �-5,  �-6  desaturase 
on omega-3 FAs family and omega-6 FAs (Sargent et al., 
1995). In KFO diets, higher activity of elongase and �-5 
and �-6 desaturase probably affected synthesis of 
omega-3 fatty acids, which is related to higher yolk depo-
sition of long chain �-3 fatty acids. The KFO increased 
yolk concentrations of �-omega-3 fatty acids; however 
this was not altered in POO. The enhancement of long 
chain �-3 fatty acids may improve the health of consu-
mers due to its important roles in many body reactions.  

The ratio of �-6/ �-3 fatty acids is also an important 
factor to evaluate egg enrichment, which may affect con-
sumer health. This ratio decreased when hens fed diets 
contained KFO, although, POO increased this ratio. The 
lower ratio of �-6/ �-3 fatty acids in yolk of hens fed 
higher content of KFO could be related to higher concen-
tration of long chain fatty acids, �-omega-3 fatty acids, 
and lower density of LA in these eggs. Currently, some 
researchers believe that the best ratio of �-6/ �-3 fatty 
acids in food products for human health is 1, but pre-
paring diets with this characteristic is very difficult. Thus, 
scientists proposed an acceptable ratio of less than 5 
(Baucells et al., 2000; Shimizu et al., 2001; Simopolous, 
2002). 
 
 
Conclusion 
 
The MUFA and omega-9 fatty acids in egg yolk was ele-
vated incrementally as inclusion of POO increased in hen 
diets, whereas, the omega-3 fatty acids especially long 
chain �-3 polyunsaturated increased with an increment 
of KFO in diet. The dietary POO and KFO may also 
increase and decrease yolk omega-6/omega-3 fatty acids 
ratio, respectively. Thus, modifying the fatty acid 
composition of diet may alter lipid metabolism in animal. 
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