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The paper presents the results obtained in a study on the comparative evaluation of 
the effect of a diet with safflower oil and flax seeds compared to a control soybean 
oil diet given to layers on the bioproductive effects, egg characteristics and yolk fatty 
acids profile. The trial involved 32 Lowman Brown layers during the age period 23-
28 weeks (1 week of accommodation and 4 experimental weeks). The layers, 
assigned to 2 groups (16 layers/group, 4 layers/cage) received diets based on corn, 
wheat and soybean meal. The diets differed by the source of fatty acids: soybean oil 
for the control group (SO); safflower oil and flax seeds for SSO+FS. The diets were 
supplemented with 250 ppm vitamin E. Twelve eggs per group were collected 
randomly 10 and 30 days, respectively, after the beginning of the experiment. The 
paper presents comparative data on the: average egg weight, egg component (egg 
shell, yolk, egg white) weight, intensity of yolk colour (Hoffman – La Roche colour 
range), yolk protein, fat yolk pH (measured one week after collection, the eggs being 
kept at 50C) and yolk fatty acids. All data show that the profile of yolk unsaturated 
fatty acids can be handled quite easily by the nature of the dietary fats, their level of 
inclusion and their dietary ratio. 
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Introduction 
 

The role of feeding to human health is currently one of the priorities of the 
policies and strategies to ensure the quality of life. The idea of food-health is 
relation summarized by the quip we are what we eat is not new. One of the 
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essential foods for humans is the hen egg. Egg lipids (99% of which are in the 
yolk) are an important source of n-3 and n-6 polyunsaturated fatty acids. The 
consumption of polyunsaturated fatty acids enhanced eggs seems to reduce the risk 
of coronary diseases (Kromhout, 1992), there is a special concern to enhance the 
level of these polyunsaturated fatty acids in egg yolk. Canada Health and Welfare 
service recommended, in as early as 1990, the daily consumption of n-3 
polyunsaturated fatty acids to balance the n-6 to n-3 ratio (Ferrier at al., 1995). 

Omega 3 egg enhancement can be done using layer diets that include fish 
oil (ton, herring), oil plant seeds (flax, canola) or plant oils (Farrell 1998; 
Huyghebaert, 1995; Caston and Leeson, 1990). The literature on the use of flax 
seed in layer diets is abundant. Most studies investigated a level of 10% seeds 
(Scheideler and Froming, 1996; Novak and Scheideler, 2001; Bean and Leeson, 
2003). The mentioned studies show that while feed intake and yolk weight are 
adversely affected by the flax seeds, the linolenic acid (C18:3n-3) increased 
significantly in the yolk. Ferrier et al. (1995) show the 10 and 20% dietary flax 
seeds increased both the level of linolenic acid (ALA) and of DHA 
(docosahexanoic acid - C22:6n -3).  

The literature refers also to the flax oil that should be under 5% of the diet 
so as to prevent unpleasant flavours of the egg (Raes et al., 2002, Sparks, 2005). 
Also mentioned are the rapeseed, canola and soybean oils (Raes et al., 2002). 
Among the oils investigated for their potential dietary use in farm animals is the 
safflower oil, a valuable source of linoleic acid (C 18: 2n-6). Thus, Kassab et al., 
(1979), found out that the supplemental safflower oil (7.5%) given to layers 
increased yolk polyunsaturated fatty acids (PUFA) by 15.4%. Sim and Bragg 
(1978) obtained similar results during an investigation of layers aged 30 weeks 
treated with supplemental 8% dietary safflower oil. An et al. (1997), studied the 
use of crude safflowers phospholipids, a by-product of safflower oil extraction, in 
layer diets. It was observed that the liver cholesterol and triglycerides were 
significantly lower in the layers treated with safflowers phospholipids than in the 
control layers treated on beef tallow, while the laying percentage increased.  

The purpose of our study was to compare the effects of a diet including 
soybean oil with the effects of a diet including safflower Carthamus tinctorius L) 
oil and flax seeds on layer performance, on the physical and chemical parameters 
of the yolk and egg yolk fatty acids profile. Soybean oil is an important source of 
both linoleic (52 %) and linolenic acids (7.0 %). The safflower oil is also rich in 
linoleic acid (60 %) but has a lower level of ALA (2.1 %) and it was used in the 
same diet with flax seeds (to balance n-3 to n-6 ratio) that supply a high level of 
ALA (46.6 %) to the diet. 

 
Material and method 

 
An experiment was conducted on 32 Lohmann Brown layers during the 

age period 23-28 weeks (1 week of accommodation and 4 experimental weeks). 
The layers were assigned to 2 groups (16 layers/group, 4 layers/cage) housed in 
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three-tier battery cages place in a house under constant 270C. The light regimen 
consisted of up to 16 h daily 

The layers received diets with the same basal structure consisting of wheat, 
corn, soybean meal (Table 1). The diets differed by the presence of soybean oil in 
the diet of group SO (control) and of safflower oil and flax seeds in the diet of 
group SSO+FS (experimental). The diets were supplemented with 250 ppm 
vitamin E considering the high level of dietary plant oil. Diet formulation was 
calculated using the equations from the Guidebook for poultry diets formulation 
(Burlacu et al., 1999). The layers had free access to the feed and water throughout 
the experimental period.  

Table 1 

Diet formulation 
 

Nr. 
crt. 

Ingredients SO SSO+FS 

1. Wheat 42.2 27.22 
2. Corn 16.85 30 
3. Soybean meal 24 24.13 
4. Soybean oil 6 - 
7. Safflower oil - 3 
8. Flax seeds - 4 
8. Ca carbonate  8.405 8.905 
9. Monocalcium phosphate 1.01 1.2 

10. Premix* 1 1 
11. DL-methionine 0.2 0.2 
12. L-lysine 0.13 0.14 
13. Salt 0.18 0.18 
14. Vitamin E  0.025 0.025 

 TOTAL 100 100 
 Analyzed   
 Dry Matter (%) 89.10 89.45 
 ME (MJ/kg) 11.16 11.89 
 Crude Protein (%) 19.16 19.92 
 Fat (%) 6.33 6.45 
 Linolenic acid (%) o.4o5 0.871 
 Ca % 2.75 2.82 
 P   % 0.46 0.45 

 
Unsaturated fatty acids (UFA), % 5.17 5.51 

 Saturated fatty acids (SFA), % 1.01 0.93 
 UFA / SFA 5.12 5.92 
* IBNA premix: Zoofort A6 (supply of 27 mg vitamin E/ kg CF) 
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The following data were recorded throughout the experimental period: feed 
intake, egg production, feed conversion to eggs, average egg weight. At 10 and 30 
days from the beginning of the experiment, 12 eggs were collected randomly from 
each group and were evaluated: for the average egg weight, egg components 
weight (egg shell, yolk, egg white); for yolk colour intensity (Hoffman - La Roche 
colour range); yolk protein, fat; yolk pH (measured one week after egg collection, 
the eggs wee kept in a refrigerator at 50C) and for the yolk fatty acids level. 

The following chemical methods were used 
- the standard Weende scheme – to assess the gross chemical composition 

(dry matter, protein, fat, fiber, ash) 
- the complexonometric method with EDTA to determine Ca 
- the colorimetric method with ammonium vanadate (reading at 430 nm) to 

determine P 
- gas chromatography – The fatty acids were determined by gas 

chromatography using the principle of separating the fatty acids with methylene in 
capillary column, with polar stationary phase, function of chain length, the degree 
of unsaturation, the geometry and position of the double bonds. The determinations 
were done on a Perkin Elmer Clarus 500 gas chromatographer with capillary 
injection and flame ionization detector (FID). The capillary was with stationary 
polar phase BPX – 70, 60 m x 0.22 m.m.d.i. film of 0.25 ul 

- pH was measured with a InoLab - Level -1 pHmetre. 
 The data were processed to characterise data string homogeneity 

(descriptive statistics), the significance of difference between data strings of similar 
nature (ANOVA test).  

 
Results and discussion 

 
Layer performance during the experimental period (Table 2) showed that 

the SO group had a better feed conversion to eggs, but egg and yolk weight doesn’t 
seem to be affected by the additional dietary oils. It is interesting to notice that for 
the yolk, the only parameter differing significantly between groups is its dry matter 
(Table 3). This may be due especially to the presence of the flax seeds (very rich in 
polyunsaturated fatty acids) in the diet for group SSO+FS.  

Table 2 
Layer performance (average values per group) 

      SO   SSO+FS 
Laying percentage (%) 88.37 ± 4.64 86.30 ± 5.53 
Feed conversion ratio (g feed/g egg) 2.035 ± 0.34** 2.237 ± 0.26** 
Egg weight* (g) 57.69 ±4.97  56.97±4.79  
- eggshell weight (g) 6.65±0.56 6.37±0.25 
- egg white weight (g) 35.48±2.18 35.56±2.18 
- yolk weight (g) 15.56±1.87 15.04±0.79 

   * collected at 30 days   ** significant difference (p ≤0.05);  
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Table 1 data show that the level of ALA was higher in the SSO+FS diet 
(0.871%), as expected, due to the dietary flax seeds (4%). However, due to the low 
dietary flax seeds level (4%), ALA level was below 1.15%, level considered by 
Grobas et al. (1999) to be the highest acceptable without affecting adversely layer 
performance.  

Table 3 
Physical and chemical parameters of yolk 

(average values per group) / collected at 30 days) 
 SO SSO+FS 

Dry matter 51.905 ± 0.21* 50.08 ± 0.156* 
Protein** 31.47 ±0.40 31.40 ± 0.71 
Fat**  50.26 ± 0.62 50,33 ± 0.57 
Yolk colour intensity  
(collection at 30 de days ) 

2.54 ± 0.522  2.33 ± 0.492 

pH 6.22 ± 0.13 6.12 ± 0.26 
* significant difference (p ≤0.05); ** data on dry yolk (650 C) 

 Table 4 
Fatty acids level and profile in dry egg yolk * * (g /100 fat) 

          SO      SSO+FS 

Collection at 10 days 

Unsaturated fatty acids % 63.23 64.96 
Saturated fatty acids % 36.16 34.62 
Unsaturated to saturated ratio 1.75 1.88 
Oleic acid C18:1n-9 c 31.415 ± 2.42* 36.87 ± 1.98* 
Linoleic acid C18:2n-6 

20.93 ± 0.64* 19.88 ± 2.28* 
Linolenic acid (ALA) C18:3n-3 

0.82 ± 0.14 1.23 ± 0.30 
Decosapentaenoic acid (DPA)    C 22: 5n-3 0.125 ± 0.06 0.123 ± 0.05 
Decosahexaenoic acid (DHA)    C 22:6n-3 

2.02 ± 0.36 2.15 ± 0.56 
Collection at 30 days 

Unsaturated fatty acids % 65.74 66.81 
Saturated fatty acids % 33.9 32.70 
Unsaturated to saturated ratio 1.93 2.04 
Oleic acid C18:1n-9 c 32.45 ± 1.13* 34.40 ± 0.38* 
Linoleic acid C18:2n-6 

23.072 ± 1.22* 19.00 ± 0.95* 
Linolenic acid (ALA) C18:3n-3 

1.02 ± 0.29* 1.82 ± 0.37* 
Decosapentaenoic acid (DPA)    C 22: 5n-3 

0.090 ± 0.05 0.10 ± 0.07 
Decosahexaenoic  acid (DHA)    C 22:6n-3 1.79 ± 0.18* 2.45 ± 0.32* 
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* significant difference (p ≤0.05); ** data on dry yolk (650 C) 
 
The linolenic acid (Table 4) was significantly higher, in both batches of 

eggs, in the group treated with soybean oil (SO). Soybean oil has a concentration of 
linoleic acid close to that of the saffron oil: 57.9 g % compared to 62.77 g % 
(Panaite et al., 2006). The significant difference between the groups concerning the 
level of yolk linoleic acid is given by the two times higher level of the soy oil in 
SO (6%) compared to the level of safflower oil (3%) in SSO+FS. The same ratio of 
the fat sources is accountable for the significantly higher level of oleic acid in the 
yolk of SSO+FS treatment. Both the safflower oil (25.7 g oleic acid %) and the flax 
seeds (24.4 g oleic acid %) have higher oleic acid levels than soy oil (19.9 g oleic 
acid %). 

Table 4 data also show that although SSO+FS treatment only had 4% flax 
seeds, the level of ALA (1.82 ± 0.37 g% fat) and DHA (2.45 ± 0.32) in the yolk of 
eggs collected after 30 experimental days was significantly higher than in the soy 
oil treatment. Scheideler and Froming (1996), who experimented levels of 5, 10 
and 20% flax seeds in layer diets concluded that the 5-15% dietary flax seeds 
yielded a 4-7% increase of the polyunsaturated fatty acids compared to the standard 
egg. They also consider that 15% is the highest usable level that doesn’t affect 
adversely egg production. Table 4 data also show that DPA (decosapentaenoic acid 
C22:5n-3) level was not influenced by the dietary fat source, while EPA 
(eicosapentaenic acid -C 20:5n- 3) didn’t show on the chromatograms of the yolk 
fatty acids. This is somehow accountable is we consider that fish oil is rich in DPA 
and EPA (Farell, 1998). 

Figure 1 shows that the most homogenous sets of determinations were 
produced for ALA in the yolk of eggs collected after 10 days. The ragne of values 
is wider for the determinations on the eggs collected at 30 days, which we think 
denotes a process under progress. In other words, would the duration of the 
experiment be longer, the set of data might have been more closely clustered 
around a given value. The observation also stands for the set of data on DHA from 
SSO+FS treatment measured at 30 days. 
 Table 4 data show the proportionality existing between the dietary profile 
and yolk profile of the polyunsaturated fatty acids that becomes visible quite 
shortly after the layers start their treatment. 
 

Conclusions 
 

The presence of 6% soy oil in SO diet or 3$ safflower oil + 4% flax seeds 
in SSO+FS diet did not affect layer performance 

Even at a dietary level of 4% flax seeds in SSO+FS treatment, after 30 
days of feeding, yolk ALA and DHA were significantly higher than in SO 
treatment. 

Safflower oil contributed to a balanced ratio of the yolk n-3/ n-6 fatty 
acids. 
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All data show that the profile of yolk unsaturated fatty acids can be 
handled quite easily by the nature of the dietary fats, their level of inclusion and 
their dietary ratio. 

Further investigations will evaluate treatments with safflower oil + 5% flax 
seeds over 60 experimental days.  
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Figure. 1 Distribution of the values on ALA concentration in the yolk dried at 65 0 
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Figure. 2 Distribution of the values on DHA concentration in the yolk dried at 65 0 
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Lucrarea prezinta rezultatele unui studiu realizat pe gaini outoare pentru a  evalua 
efectelel utilizarii unei ratii cu ulei de sofranel si seminte de in comparativ cu o ratie cu 
ulei de soia. S-au urmarit efectele utilizarii acestor ratii asupra:  performantelor 
bioproductive,  caracteristicilor  fizico chimici ale oului  si asupra profilului acizilor grasi 
din galbenus. Studiul s-a realizat pe  32 de gaini Lowman Brown in perioada 23-28 
saptamani (1 saptamana de acomodare si 4 saptamani experimentale). Gainile au fost 
impartite in doua loturi (16 gaini/ lot, 4 gaini/cusca) si au primit o ratie pe baza de  
porumb, grau si srot de soia. Ratiile s-au diferentiat intre loturi prin sursa de acizi grasi: 
ulei de soia pentru martor (SO); ulei de sofranel si seminte de in pentru lotul experimental 
( SSO+FS). Ratiile au fost suplimentate cu 250 ppm de vitamina E. La 10 si 30 de zile de la 
inceperea experimentului s-au recoltat  randomizat cate 12 ou/ lot. Lucrarea prezinta date 
comparative referitoare la: consumuri, productia de oua, greutatea medie a oului si a 
componentelor sale, intensitatea culorii galbenusului ( evantai Hoffman – La Roche), 
proteina, grasimea si pH-ul  galbenusului  precum si profilul acizilor grasi din galbenus.  
Toate datele obtinute arata ca profilul de acizi polinesaturati din galbenus poate fi 
modificat relativ usor  prin natura materilor prime grase, nivelul de includere precum si 
prin raportul existent intre ele in ratie. 
Cuvinte cheie: ulei de sofranel, seminte de in, ulei de soia, ou, acizi polinesaturati 

 

 
 

 
 

 
 


