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ABSTRACT 

Hundred forty-four Shaver White laying hens were used over a four-week experimental period to
investigate the effect of 3% of soybean oil (SOJ), corn oil (MIL), canola oil (CAN), flaxseed oil (LIN), salmon
oil (SAL) or tuna and sardine oil (SR/AT) added to the diets, upon the fatty acid egg yolk composition, blood
plasma levels and incorporation time of each fatty acid into the egg yolk. Hens were allocated into 72 cages
and the experimental design was a 6 x 6 randomized factorial model. The addition of LIN, SOJ or MIL oil
into the diet increased the polyunsaturated fatty acids (PUFAs) levels into the egg yolk and in the blood
plasma. The percentages increasing from 23.1% (MIL) 23.66% (LIN) to 24.6% (SOJ) versus means decreasing
of 17.32% (CAN) of total PUFAs in egg yolk, which were influenced (P<0.05) significantly by different types
of oils added the ration of laying hens. The percentages increasing 21.23% (MIL) to 21.57% (SOJ) versus
mean decrease (P<0.05) for 12.34% (SR/AT) in the yolk showed similarity to the percentage increasing of
21.88% (MIL) to 23.45% (SOJ) versus mean decrease (P<0.05) of 13.06% (SR/AT) of n-6 PUFAs in the
plasma of laying hens. The higher means ranging from 19.88% (MIL) to 20.12% (SOJ) versus the lower of
11.65% (SR/AT) of linoleic acid (LA) in the yolk were similar to the higher means of 19.98% (MIL) to
21.67% (SOJ) versus the lower of 12.33% (SR/AT) of LA in blood plasma of laying hens (P<0.05). The higher
concentrations ranging from 1.35% (MIL), 1.45% (SOJ) to 1.52% (MIL) of arachidonic acid (AA) versus the
lower of 0.37% (SAL), 0.52% (SR/AT) to 0.62% (LIN) of AA in the yolk, showed behavior similar to levels
in the plasma with higher mean for concentrations ranging from 1.56% (CAN) 1.78% (SOJ) and 1.89% (MIL)
of AA versus lower means of 0.53% (SAL), 0.73% (SR/AT) to 0.85% (LIN) of AA in plasma of hens
(P<0.05). Still, in relation to yolk interactions were observed (P<0.01), being the higher concentration of 1.58%
(SOJ) and the lower of 1.03 (SAL) between sources versus 1.63% (DAY2) and lower 0.97% (DAY30) of AA
in the yolk between DAYs. Confirmed if that the incorporation of LA, AA, P/S and n-6 PUFAs decreased in
the yolk until the eighth experimental day, and that the opposite occurred with n-3 PUFAs influenced by the
sources (P<0.01), the which had his incorporation increased until this day. The levels of LA acid were
increased until the eighth day of the experiment, while the concentrations of AA increased until the tenth day
of the experiment. The LA and AA levels were significantly influenced by sources and days and showed
behaviors similar to the concentrations in plasma and yolk.
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Introduction 

The lipids are substances which are insoluble in water and are represented by triacylglycerols,
phospholipids and cholesterol (Tirapegui, 2000). The egg yolk has about 33% of its total weight, represented
by lipids consisting of triglycerides, phospholipids, free cholesterol, cholesterol esters and free fatty acids
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(Noble et al., 1990). The lipid composition of egg yolk (% of total fat) has on average 60% triglycerides, 28%
phospholipid, 9% of free fatty acids, 2% free cholesterol and 1% cholesterol ester. The fatty acid composition
of egg yolk (% of total lipids) presents in mean 47% Monounsaturated (MUFAs), 37% Saturated (SAT) and
16% Polyunsaturated (PUFAs). Principal fatty acids of yolk (% of total lipids) are 26.91% palmitic, 3.60% of
palmitoleic, 9.48% of stearic acid, 41.97% of oleic, 13.88% of linoleic acid (LA) , 1.71% arachidonic acid
(AA) and other minor fatty acids. Total PUFAs is around 15.60% (n-6), 0.89% n-3, and the ratio n-6: n-3,
equal to 17.53 (USDA, 2003).

The hepatic synthesis is responsible for the supply of lipids needed for the formation of egg yolk. The
fatty acid composition of yolk can be modified through the nutrition of poultry, especially if we change the
source or amount of oils and fats in the diet (Cherian et. al., 1996b; Hargis et al., 1991; Lopez-Bote et al.,
1998, Grobas et al., 2001; Ahn et al., 1995; Scheideler and Froning, 1996; Cherian and Sim, 1991, 1992 and
2001; Mori, 2001). Fatty acids are deposited in the yolks of laying hens that received diet based on corn and
soybeans, without adding oils in concentrations constants in the form of SAT, MUFAs and PUFAs (USDA,
2003). In the case of chickens, linoleic (LA, C 18:2 n-6) and a-linolenic (ALA, C 18:2 n-3) acids are considered
essential. Studies have indicated that acid deficiency LA determines decrease of egg weight, slow growth of
the bird, increased liver size in chicks mainly due to fat accumulation in hepatocytes, as well as the decrease
in the concentrations of LA and AA acids in muscle and other tissues.

In males, a reduction in testicle size was also noted, delayed sexual development, reproductive failure and
increased incidence of infectious diseases (Balnave, 1970; Withehead, 1981; Sell, 1987; Watkins, 1991; Leeson
and Summers, 2001). The physiology of the laying hen presents mechanisms able to absorb, metabolize and
modify the chemical composition of some nutrients, particularly fatty acids (Hargis, 1988). The modification
of the lipid profile of the yolk fat is possible by adding sources supplementary or enrichment cocktails
containing specific fatty acids the example of the n-6 or n-3PUFAs (Christie and Moore, 1972; Duke, 1984;
Anderson et al., 1994; Bavelaar and Beynen, 2004). The productive sector poultry industry has if relied on this
principle for privileged to obtain products enriched with certain nutrients fatty acids, with functionality
nutraceuticals, the example of PUFAs added to infant formulas and other foods fortified with Omega 3 (Sim,
1994; Yu and Sim, 1997).

The modification of the lipid profile of egg yolk can be produced from the inclusion of specific oils in
the diet of birds, such as corn oil, flaxseed, and until through of the incorporation of their own seeds in the
diets of laying hens (Mori, 2001; Lewis, 1996; Pita, 2003; Piber Neto, 2006; Carvalho, 2006). The lipids that
circulate in the plasma of the birds are coming from, the oral consumption, ie, supply of intestinal, hepatic
synthesis, and mobilization of fat stored of the carcass. Can be classified in triglycerides, cholesterol esters,
free fatty acids and other fat-soluble compounds such as vitamins A and E (Griminger, 1986; Mendonça Jr.,
1996; Mendonça Jr., 2005). The concentration of different lipids in the blood depends of factors such as
species, age, sex, reproductive stage, presence of diseases and especially of the nutritional supply of fatty acids.
However, laying hens in reproductive age, has production of hepatic cholesterol very high with the objective
of providing adequate nutrition to the future embryo, intra-egg (Marks and Washburn, 1977).

Many research shows that the change of lipid diet promotes alterations in the concentrations of fatty acids
in egg yolk, which suggests a change in behavior plasmatic lipids from the dietary change (Mori, 2001;
Gómez, 2002; Pita, 2003; Piber Neto, 2006; Carvalho, 2006). The human species, in ancient times, fed if on
the diet with relation n-6: n-3, to around 1, however, due to great technological advances and consequent
changes in eating habits, this ratio rose gradually, reaching values of 10:1 to 25:1, in Western diets
(Simopoulos, 2000). According to the same author, the intake of n-6 and n-3 PUFAs in proportions appropriate,
is necessary for there to be a balance, right in the chain of transformation of fatty acids within cells, being
that the relationship of 4:1 between these fatty acids, have if been shown to be optimal for the transformation
of α-linolenic acid in long chain n-3 PUFAs such as EPA.

The biochemical reactions of metabolism of essential fatty acids can be represented as follows: [n-6 series,
linoleic acid (18:2) ---( action enzyme Δ-6-desaturase )--- γ-linolenic acid (18:3) --- dihomo γ-linolenic acid
(20:3)— AA (20:4 n-6; n-3 series: α-linolenic acid (18:3 )---( action enzyme Δ-6-desaturase) ----   stearidonic
(18:4) ---- eicosatetraenoic (20:4)----EPA (20:5 n-3)] (Lands et al., 1973; Briz, 1997; Lands, 2000; Simopoulos
et al., 2000). Fatty acids have various effects on immune and inflammatory responses of living beings, acting
in intracellular and intercellular mediators. The immune system, for its turn, funcionate through recognition,
specific or nonspecific, of molecules invasive, leading to destruction or inactivation of the same; thus the fatty
acids interfere with many steps in the inflammatory process, such as: vascular contraction, chemotaxis, cell
adhesion and diapedesis, and may also modulate the function of leukocytes, controlling the proliferation and
cytokine production, causing the death of the invading molecule (Simpoulos et al., 1994; Pompéia et al., 2000;
Simopoulos et al., 2002).

According Netleton (1995), Simopoulos (1999) and Simopoulos et al. (2000), besides of be essential and
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increased in the diet, must pay attention to the fact of balance of the diet in all lipids. The bird's daily diet
ought to be contemplated with 2 g of linoleic acid (NRC, 1994). 

Unbalanced diet by an excess of n-3 PUFAs may affect the synthesis of precursors of AA (C 20:4 n-6) by
the competition for the enzyme Δ-6-desaturase, an enzyme common to desaturation of Ω-6 and Ω-3 series. The
AA has an important metabolic function, whether in the synthesis of precursors of E3 series of prostaglandins,
leukotrienes and thromboxanes, or how hormonal signalizing cell to cell (Yamamoto et al., 1988; Neuriger et
al., 1988; Nettleton, 1995).

The series inflammatory derived AA act as potent modulators of inflammation (Watkins, 1991; Simopoulos
et al., 1994; Simopoulos, 2002). In the last two decades man has focused a major concern with health and
longevity. As if becomes aware of the risks of inadequate nutrition, seek if to consume healthier foods, which
promote the prevention of diseases such as hypercholesterolemia, diabetes, lupus, psoriasis, cardiovascular
disease, dementia, among others Yamamoto et al., 1988; Anderson and Connor, 1994 and 2000; Bang et al.,
1976; McLennan, 1993; McLennan and Dallimore, 1995; Cleland et al., 2000 and 2003; de Lorgeril and Salen,
2003. Due to the rapid expansion of resources of communication, the elucidation of population on major
diseases, prevention and cure, has gradually changed people's behavior, resulting in search for food and healthy
lifestyles, particularly with respect to disorders of lipid metabolism that can cause hyperlipidemia,
arteriosclerosis and, consequently, cardiovascular diseases (Briz, 1997). Coronary artery diseases constitute one
of the main causes of mortality among adults in the U.S. and Brazil (MS, 2003). Many risk factors for these
diseases they if refer to the diet, mainly related to the quantity and quality of the lipid portion of food.

A classic study known as the paradox of Bang and Dyerberg (1972) in which showed that depending on
the lipid profile of the diet, Greenland Eskimos rarely suffer from cardiovascular disease, as well as had
reduced levels of total cholesterol and LDL in plasma. In this study, we observed that the diet of this
population had high levels of fat, however, from the series polyunsaturated fatty acids omega-3 (n-3 PUFAs).
These acids were largely found in the fat of fish from the North Pole, enabling the correlation of the Eskimo
diet, with low incidence of cardiovascular diseases. The fatty acids of the n-6 and n-3 series, as well as their
derivatives are components of animal cells, and vegetables. The main source of n-6 PUFAs are cereal grains
and vegetables. The linoleic and a-linolenic are present in large amounts in some vegetable oils such as
flaxseed, canola and soybean (Mori, 2000; Pita, 2003). Studies indicate that the saturated fatty acids accelerate
atherosclerosis while monounsaturated and polyunsaturated fatty acids have action in lowering serum cholesterol
levels (Oh et al. 1991; Connor, 1994 and 2000). The current research has as objective study the effect of
soybean oil, corn, canola, flaxseed, salmon and a mixture of oil sardines and tuna in the diet of laying hens
on the profile of n-6 PUFAs in plasma and yolk of laying hens. Still had as purpose to analyze the
incorporation of major fatty acids in the yolk during the experimental period, in order to define the minimum
period required for the incorporation of all dietary fatty acids is carried out in different treatments.

Materials and methods

One hundred forty-four 28-week-old Shaver White commercial line of laying hens in this experiment were
used.

Installations and equipments: The trial was conducted in the vivarium of birds from the Department of
Clinical Medicine, Faculty of Veterinary Medicine and Zootechnic, University of São Paulo, localized in the
Campus of the University City, São Paulo. The birds in the experiment were housed in a uniform manner, as
to body weight, egg weight and laying rate, immediately before the start of the experiment, 72 cages of
dimensions 0.45m x 0.25m x 0.45m being placed two per cage, forming six treatments with three replicates
of eight birds, where each replicate was represented by a set of four cages, in the food trough in trough-shaped
and type nipple drinkers. 

The experiment was carried in the course of the second semester of 2004, and the birds received water
and food daily ad libitum and were subjected to a total of 16 hours of light. For the analysis of ether extract,
the experimental rations, we used the apparatus of Sohxlet and incubator Fanem® model SE 315.

To determine the fatty acid profile of oils used in diets of experimental diets, of the yolks and of plasma,
was used a gas chromatograph Varian® brand, model CP 3800, equipped with flame ionization detector and
coupled to the system Workstation Star Chromatography, where the column used was fused silica capillary CP-
Wax 52CB (Chrompack) with 30m length, 0.25 mm in diameter and 0.25 mm of polyethylene glycol.

Experimental rations: 

The birds used in the experiment, were fed diets isocaloric and isonitrogenous, containing 3% of one of
the oils: refined canola oil (CAN), linseed (LIN), corn (MIL), soybeans (SOJ) and crude salmon (SAL) and
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industrial mix of crude oil sardines plus tuna (SR/AT), totaling six treatments (TRT). To the crude was added
Santoquim Roche® for protection of oxidative fatty acids. The rations, based corn and soybeans, were
formulated according to the nutritional requirements of NRC (1994), free from any ingredients of animal origin
(Table 1). All oils used in the experiment were analyzed for fatty acid profile and the experimental diets
produced, according to Table 2. It was added antioxidant at a concentration of 500mg/kg in oils in salmon and
in sardines-tuna mixture.

Table 1: Composition of experimental rations
INGREDIENTS SOJ MIL CAN LIN SAL SR/AT
Corn  56.96  56.96  56.96  56.96  56.96  56.96
Soybean meal (48%)  27.27  27.27  27.27  27.27  27.27  27.27
Soybean oil  3.00 - - - - -
Corn oil -  3.00 - - - -
Canola oil - -  3.00 - - -
Linseed oil - - -  3.00 - -
Salmon oil - - - -  3.00 -
Sardine/tune oil - - - - -  3.00
DL- methionine  0.11  0.11  0.11  0.11  0.11  0.11
Sodium chloride  0.39  0.39  0.39  0.39  0.39  0.39
Limestone 10.43 10.43 10.43 10.43 10.43 10.43
Dicalcium phosphate  1.59  1.59  1.59 1.59  1.59  1.59
Vitamin premix (*)  0.10  0.10  0.10  0.10  0.10  0.10
Mineral premix (*)  0.15  0.15  0.15  0.15  0.15  0.15
Determined analysis 
Ether extract (%)  4.38 4.65 4.62 4.68 4.42 4.46
α-Linolenic acid (%)  0.47 0.49 0.49 3.52 3.43 3.68
Analysis calculated 
Metabolizable energy (kcal/kg) 2,800 2,800 2,800 2,800 2,800 2,800
Crude protein (%) 18.00 18.00 18.00 18.00 18.00 18.00
Metionina (%)  0.40  0.40  0.40  0.40  0.40  0.40
Methionine + cystine (%)  0.70  0.70  0.70  0.70  0.70  0.70
Calcium (%)  4.50  4.50  4.50  4.50  4.50  4.50
Phosphorus total (%)  0.63  0.63  0.63  0.63  0.63  0.63
Phosphorus available (%)  0.40  0.40  0.40  0.40  0.40  0.40
Crude fiber (%)  2.48  2.48  2.48  2.48  2.48  2.48
(*) Premix vitamin-mineral supplies (per ton of diet): vitamin A 8,000000 UI, vitamin D3 2,500000 UI, vitamin E 
10,000 UI, vitamin K3 2,500 mg, vitamin B1 1,000 mg, vitamin B2 5,000 mg, vitamin B6 1,500 mg, vitamin B12 12,000 mcg, pantothenic
acid 8,000 mg, folic acid 500 mg, nicotinic 25,000 mg, selenium 150 mg 

Table 2: Fatty acid composition of the oils and rations in ω-6 PUFAs utilized in the experimental diets (% of total fatty acids)
Fatty acids (Analyzed) Fatty acids (%)

---------------------------------------------------------------------------------------------------------------------
SOJ MIL CAN LIN SALa SR/ATa

Oil (composition)
Saturated total (%) 14.83 15.70 7.47 12.63 27.22 37.04
Monounsaturated total (%) 24.54 35.90 62.48 24.39 31.50 24.02
Polyunsaturated total (%) 59.94 48.45 30.11 62.95 37.94 37.02
ω-6 PUFAs total (%) 54.19 47.66 21.74 13.37 4.98 5.55 
ω-3 PUFAs total (%) 5.71 0.79 8.31 49.51 32.66 31.19
P/S ratio 4.04 3.09 4.03 4.98 1.39 1.00
n6/n3 ratio 9.49 60.26 2.62 0.27 0.15 0.18
Myristic (C 14:0) 0.06 0.03 0.04 0.04 4.74 9.29
Palmitic (C 16:0) 0 0 0 0 0.45 0.82
Palmitoleic (C 16:1 n-7) 0.07 0.12 0.17 0.07 7.29 10.19
Estearic (C 18:0) 3.22 2.10 2.00 6.01 4.76 4.24
Oleic (C 18:1) 24.20 35.46 60.90 24.18 23.37 12.01
Linoleic (LA, C 18:2 n-6) 53.85 47.66 21.74 13.37 4.98 3.63
Rations (total diet)
Saturated total (%) 16.93 16.45 11.73 14.89 21.98 29.83
Monounsaturated total (%) 26.62 32.71 52.59 27.83 36.32 25.18
Polyunsaturated total (%) 56.29 50.71 36.08 56.96 42.39 45.30
n-6 PUFAs total (%) 51.18 49.39 29.68 26.80 23.29 20.66
P/S ratio 3.33 3.08 3.08 3.83 1.93 1.52
Ratio n-6/ n-3 10.17 37.31 4.70 0.83 1.35 0.96
Myristic (C 14:0) 0.07 0 0.50 0 2.82 5.52
Palmitic (C 16:0) 0 0 0 0 0 0
Palmitoleic (C 16:1) 0.13 0 0.16 0 5.54 6.17
Stearic (C 18:0) 3.55 2.40 2.31 5.79 3.14 3.84
Oleic (C 18:1) 26.05 32.41 51.27 27.33 29.88 18.45
LA (C 18:2 n-6) 51.18 49.39 29.68 26.80 23.29 20.66
 aAdded antioxidant Santoquin Roche® at a concentration of 500mg/kg. 
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Fatty acids in egg yolk: 

During the experiment were collected four eggs per replicate for lipid phase extraction and subsequent
measurement of fatty acid content of yolk. This collection was performed on alternate days in the second,
fourth, sixth, eighth and tenth day of experiment, in addition, a collection made on the thirtieth day trial. The
yolks were separated, weighed and homogenized in order to obtain a sample for repetition ("pool" of four
yolks), the every two days.

A gram of in nature egg yolk to lipid extraction was used, according to Folch et al. (1957) and Bligh and
Dyer (1959), modified by Nielsen (1998), whereas the saponification of the lipid extract and the extraction of
esters acids were made according to Hartman and Lago (1973). The samples were stored in a freezer at – 80
ºC for around of 30 days. Completed the experiment with the birds, the solvent of the stored samples was
evaporated under a stream of nitrogen and dry sample, rediluted in hexane and injected into the gas
chromatograph. The conditions of operation of the device were: injection split 50:1, column temperature 150
°C for 15 minutes, scheduled to 210 ºC at a rate of 3 ºC per minute. As carrier gas was used with nitrogen
flow rate of 1.5 ml per minute, as the make-up gas, which is to 30ml per minute. The temperatures of injector
and detector were 250 ºC and 280 ºC, respectively. The determination of qualitative composition was made
by comparison of retention times of peaks with the standards of fatty acid esters, using area normalization,
expressed as a percentage by mass for the quantitative determination. The external standard of fatty acid esters
used in this experiment was of the Supelcoâ 189-19. Together with the analysis of fatty acids, was performed
total lipid by gravimetry from a sample by repetition (Folch et al., 1957; Bligh and Dyer, 1959).

Fatty acids in the plasma of laying hens: 

After the end of the experiment, were proceeded to collect plasma from two birds per repetition, obtained
a pool of two plasmas. The blood was collected through the jugular vein, which is in a total of 10 ml per
pool.

To prevent the formation of a clot, heparin was used during the collection. Subsequently, we proceeded
to the centrifuge for five minutes in a refrigerated centrifuge, where the serum was separated. Was used in a
milliliter of serum lipid phase separation of this, according to Folch et al. (1957) and Bligh and Dyer (1959),
modified by Nielsen (1998), while saponification of the lipid extract and the extraction of esters of fatty acids
were made according to Hartman and Lago (1973). The samples were stored in a freezer at !80 ºC for 30
days. The sample injection in gas chromatography, occurred after solvent evaporation under a stream of
nitrogen and redilution in hexane. The unit operated under the following conditions: injection split 50:1, column
temperature of 150 ºC for 15 minutes, scheduled to 210 ºC at a rate of 3 ºC per minute. Nitrogen was used
both as carrier gas with a flow rate of 1.5 ml per minute as a make-up gas, which is to 30ml per minute,
being employed temperatures 250 ºC and 280 ºC of detector.

Statistical analysis of results: 

The randomized block design with three replicates per treatment was employed, and followed the
procedures of analysis of variance described by Snedecor and Cochran (1967). Two criteria were used: sources
of PUFAs (different oils) and retention time (DAY) of fatty acids in the yolks (6 x 6). The Tukey test was
applied to the contrast between means. Statistical analysis was processed through the use of Statistical Analysis
System software (SAS, 1985).

Results

Lipid composition of egg yolk: Are explained in Table 3 the percentage of saturated fatty acids,
monounsaturated (MUFAs), polyunsaturated (PUFAs), n-6/ n-3 ratio, total n-6 PUFAs and ratio polyunsaturated/
aturated (P/S) of the egg yolk of laying hens, collected at the end of the experiment of the different
experimental groups.

The main fatty acids found in the yolk of eggs collected in the last experimental day, palmitic, palmitoleic,
stearic, oleic, linoleic (LA) and arachidonic (AA) acid are presented in Table 4.

Polyunsaturated Fatty Acids (PUFAs)

The different treatments studied denote significant changes (P<0.05) in levels of polyunsaturated fatty acids
in egg yolk. The groups that received canola (CAN = 17.32%), Salmon (SAL = 17.33%) and sardine/tuna
(SR/AT= 17.51 %) produced less total egg yolks with these acids, when compared with others (SOJ = 24.06%,
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Table 3: Means and errors of the mean (em) point out for the groups of fatty acids (% total lipid) present in the yolks of hens and their
relationships, according to the treatments

TRT SAT MUFAs PUFAs P/S W-6 W-3 n6/n3
SOJ  34,38b  41,48a 24,06b  0,70c  21,57c  2,09b* 10,36d

em  ±0,30  ±0,60  ±0,58  ±0,02  ±0,50  ±0,07  ±0,13
MIL  34,05b  42,96ab 23,01b  0,68c  21,23c 1,22a 16,93e

em  ±0,55  ±1,07  ±0,57  ±0,01  ±0,60  ±0,04  ±0,79
CAN  31,31a 51,44d 17,32a 0,55b 14,65b 2,28b 6,48c

em  ±0,33  ±0,77  ±0,45  ±0,01  ±0,31  ±0,08  ±0,16
LIN  31,01a  45,50bc 23,66b 0,76d 14,27b 9,21e 1,55a

em  ±0,13  ±0,32  ±0,44  ±0,02  ±0,33  ±0,12  ±0,02
SAL  35,04bc  47,91c 17,33a  0,49ab  12,79ab 4,47c 3,11b

em  ±0,70  ±0,63  ±0,44  ±0,01  ±0,47  ±0,17  ±0,18
SR/AT 37,04c  45,56bc 17,51a 0,47a 12,34a 4,90d 2,45b

em  ±0,53  ±0,81  ±0,38  ±0,01  ±0,29  ±0,22  ±0,11
* Means with different letters in columns denote significant differences (P <0.05) by Tukey test.
** n-3 (fatty acid omega 3 series), n-6 (fatty acid omega-6 series), PUFAs (polyunsaturated), MUFAs (monounsaturated),
 SAT (saturated), P/S (PUFAs to SAT), n6/n3 ( n-6: n-3)

Table 4: Mean values and respective errors of the mean (em) of the main fatty acids (% total lipid) present in the yolks of hens and their
relationships, according to the treatments on the last day trial

TRT PALM PALTOL ESTE OLEI LA AA
SOJ  24,82bc* 2,11a  8,96b 38,96a  20,12b 1,45b

em  ±0,38  ±0,05  ±0,32  ±0,69 ±0,46  ±0,07
MIL  24,95c 2,15a  8,58ab 39,96ab  19,88b 1,52b

em  ±0,64  ±0,13  ±0,12  ±0,97 ±0,66  ±0,06
CAN  23,17ab 2,08a  7,68a 48,98d  13,29a 1,35b

em  ±0,38  ±0,63  ±0,16  ±0,82 ±0,27  ±0,10
LIN 21,99a 2,45a  8,55ab  42,82bc  13,63a 0,62a

em ±0,20  ±0,06  ±0,09  ±0,30 ±0,31  ±0,03
SAL 25,48c 3,75b  8,68b 43,73c  12,79a 0,37a

em ±0,37  ±0,26  ±0,30  ±0,59 ±0,48  ±0,03
SR/AT 26,47c 4,25b  9,17b  40,94abc  11,65a 0,52a

em ±0,32  ±0,05  ±0,18  ±0,73 ±0,29  ±0,02
* Means with different letters in columns denote significant differences (P<0.05) by Tukey test.
** TRT (treatment) PALM (palmitic), PALTOL (palmitoleic), ESTE (stearic), OIL (oleic), LA (linoleic), AA (arachidonic)

MIL = 23.01% and LIN = 23.66%) - Table 4. Total concentrations of n-6 polyunsaturated acids in the yolks,
underwent significant changes (P<0.05) between treatments. The highest values of fatty acids in the groups
were denoted SOJ (21.57%) and MIL (21.88%) being, these averages are significantly different from the other
groups. On the other hand, the lowest value was recorded for SR/AT (12.34%), which is significantly different
from other groups, except for the SAL treatment (12.79%) Table 3.

The linoleic acid in the yolks had significantly higher in treatments SOJ (20.12%) and MIL (19.88%) when
compared to other groups. Moreover, arachidonic acid was deposited in amounts significantly higher in groups
SOJ (1.45%), MIL (1.52%) and CAN (1.35%), which, in lots, LIN, SAL, SR/AT (0.62%, 0.37% and 0.52%,
respectively) - Table 4.

Time of Incorporation of Fatty Acids in Egg Yolk: 

Are explained in Table 5 the percentages of saturated, monounsaturated, polyunsaturated, n-6/ n-3 ratio,
total n-6 PUFAs and ratio polyunsaturated/saturated (P/S), the egg yolk of laying hens, according to the sources
lipids and collection days during the experiment. The analysis of variance of saturated fatty acids,
monounsaturated, polyunsaturated, n-6/ n-3 ratio, total n-6 PUFAs and ratio polyunsaturated/saturated (P/S),
the egg yolk, relating to the sources lipid with collection days are shown in Table 6.

Polyunsaturated fatty acids (PUFAs): 

Was demonstrated, a significant difference as far as between the different sources of fatty acids as well
as in relation to the day of egg collection, in that says respect to total polyunsaturates in the yolk of eggs
(Table 5). When we analyzed each source during the experimental period it was noticeable statistical difference
between the day of experiment (Table 7).

Omega-6 Polyunsaturated Fatty Acids ( n-6 PUFAs): 

The levels of n-6 PUFAs series have undergone significant changes in the different treatments and between
days of collection, where was shown that the incorporation of total n-6 was lower and stable from the eighth
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Table 5: Profile of the main fatty acids of egg yolk (% of total lipid) according to the sources and experimental days 
TRT Fatty acids concentration in yolk

-------------------------------------------------------------------------------------------------------------------------------------------------
SAT MUFAs PUFAs W-3 W-6 P/S W-6/W-3

Sources
SOJ 33,06b* 43,78a 23,22c 1,60b 21,29c 0,70c 14,29c

MIL 32,55ab 44,47a 22,86a 1,14a 21,23c 0,71c 20,60d

CAN 31,67a 49,63c 18,74c 1,78b 16,66b 0,59b 10,61b

LIN 31,59a 45,48b 22,94c 6,02d 16,61b 0,73c 5,48a

SAL 34,80c 45,69b 19,57b 3,26c 15,96bc 0,57ab 7,27a

SR/AT 35,16c 45,63b 19,35ab 3,44c 15,65a 0,56a 7,31a

Days 
DAY 2 32,01a 46,31b 21,71c 1,12a 20,19c 0,68b 19,00c

DAY 4 32,83b 45,62ab 21,56bc 1,64b 19,48c 0,66b 13,04b

DAY 6 32,90b 45,37a 21,68c 2,90c 18,46b 0,66b 9,46a

DAY 8 33,87c 45,29a 20,90ab 3,77d 16,87a 0,62a 8,54a

DAY 10 33,51bc 46,16ab 20,29a 3,85d 16,14a 0,62a 8,55a

DAY 30 33,71c 45,94ab 20,53a 3,96d 16,25a 0,61a 6,96a

* Means with distinct letters in columns denote significant differences (P<0.05) by Tukey test.

Table 6: Analysis of variance of major fatty acids of the yolk, according to the sources and studied experimental days
Sources of Variation F values

------------------------------------------------------------------------------------------------------------------------------------------
g.l. SAT MUFAs PUFAs W-6 P/S W-6/W-3

Sources (F) 5 32,17** 46,12** 67,22*** 109,31** 49,53** 31,95**
Days (D) 5 6,57** 1,98ns 5,90** 47,19** 6,27** 19,62**
F x D 25 4,83** 5,99** 6,78** 10,41** 5,19** 1,70*
Error 72 - - - - - -
Total 107 - - - - - -
*Significant at 5% (P<0.05) ** Significant at 1% (P<0.01)

Table 7: Mean values of total PUFA in egg yolk (% of total lipids) and their mean errors (em) according to the sources and time of
experiment

TRT PUFAs TOTAL
---------------------------------------------------------------------------------------------------------------------------------
DAY 2 DAY 4 DAY 6 DAY 8 DAY 10 DAY 30

SOJ 21,62a 22,37ab 24,07b 23,97b 23,23ab 24,07b
em ±0,20 ±0,11 ±0,35 ±0,47 ±0,32 ±0,67
MIL 21,67a 23,39a 22,94a 22,70a 24,24ª 23,19a
em ±0,76 ±0,71 ±0,56 ±0,58 ±1,73 ±1,01
CAN 21,39c 19,67bc 18,71ab 17,76a 16,66a 17,22a
em ±0,45 ±0,55 ±0,34 ±0,13 ±0,91 ±0,11
LIN 21,69a 21,22a 23,79a 23,63a 23,29a 24,01a
em ±0,73 ±0,19 ±0,40 ±0,45 ±0,23 ±0,69
SAL 21,69a 21,82a 20,03a 18,28a 18,01a 17,57a
em ±0,25 ±0,90 ±0,21 ±0,47 ±0,65 ±0,65
SR/AT 22,18a 20,89a 20,52a 19,08a 16,31a 17,13a
em ±0,39 ±0,45 ±0,85 ±0,83 ±0,67 ±0,53
* Means with different letters in rows denote significant differences (P<0.05) by Tukey test.

Table 8: Profile of the main fatty acids of egg yolk (% of total lipid) according to the sources and the experimental days utilized
TRT Fatty acids (%)

---------------------------------------------------------------------------------------------------------------------------
PALM PALTOL ESTE OLEI AL AA

Sources
SOJ 24,06c* 2,48a 8,43ab 41,00a 19,71c 1,58c

MIL 23,71c 2,34a 8,31ab 41,70ab 19,66c 1,57c

CAN 23,13b 2,24a 8,02a 47,06d 15,22ab 1,43b

LIN 22,49a 2,35a 8,57bc 42,88c 15,49b 1,12a

SAL 24,88d 2,92b 9,08d 42,47bc 14,93ab 1,03a

SR/AT 25,16d 3,29c 8,90cd 42,00b 14,60a 1,05a

Days of treatment
DAY 2 23,42a 2,34a 7,93a 43,68d 18,56c 1,63d

DAY 4 23,62ab 2,31a 8,49b 43,00bcd 17,95c 1,53cd

DAY 6 23,69ab 2,74b 8,52b 42,35ab 17,00b 1,47c

DAY 8 24,31c 2,85b 8,92b 42,14a 15,67a 1,21b

DAY 10 24,02bc 2,61ab 8,84b 43,25cd 15,16a 0,98a

DAY 30 24,37c 2,76b 8,61b 42,70abc 15,28a 0,97a

*Means with distinct letters in columns denote significant differences (P<0.05) by Tukey test.
TRT: treatment; Palm: palmitic; Paltol: palmitoleic; ESTE: estearic; AL: linoleic; AA: arachidonic.
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Table 9: Analysis of variance of main fatty acids of the yolk, according with the sources and studied experimental days
Sources of variation F values

------------------------------------------------------------------------------------------------------------------------------------------
g.l. PALM PALTOL ESTE OLEI AL AA

Sources (F)  5  31,29** 11,44** 6,67** 69,86** 86,47** 31,08**

Days (D)  5  4,49*  3,36ns 5,41**  4,93** 31,37** 37,84**

F x D  25  4,65**  2,94** 1,79ns  7,63**  8,28**  3,99**

Error  72 - - - - - -
Total 107 - - - - - -
* Significant at 5% (P<0.05) ** Significant at 1% (P<0.01)

Fig. 1: Effect of day of experiment in relation to the incorporation and fatty acid profile in the yolk of eggs
produced during the experiment

Fig. 2: Effect of day of experiment in relation to the incorporation and fatty acid profile of LA and AA in
the yolk of eggs produced during the experiment

experimental day (DAY8 = 16.87%, DAY10 = 16.14% and DAY30  = 16.25%) – Table 5; Figure 1. The
variance analysis has showed significant differences between sources and collection days, as well as
demonstrated the significant interaction between them (Table 6).

The concentrations of linoleic acid, suffered significant changes between sources. During the period of
experimentation, starting the eighth day there was stabilization of the levels of this acid incorporated into the
yolk (DAY8 = 15.67%, DAY10 = 15.16%, DAY30 = 15.28%), being such values lower than detected in the
days preceding (DAY2 = 18.56%, DAY4 = 17.95% and DAY6 = 17.00) - Table 8; Figure 2. Analysis of
variance revealed significant differences (P<0.01) between sources and collection days, showing also a
significant interaction between them (Table 9).
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Table 10: Incorporation of arachidonic acid in egg yolk (% of total lipids) and their respective errors of the mean (em), according to the
sources and time of experiment

TRT Arachidonic Acid
--------------------------------------------------------------------------------------------------------------
DAY 2 DAY 4 DAY 6 DAY 8 DAY 10 DAY 30

SOJ 1,69a* 1,64a 1,81a 1,50a 1,36a 1,45a

em  ±0,19  ±0,18  ±0,07  ±0,07  ±0,14  ±0,10
MIL 1,57a 1,52a 1,64a 1,77a 1,43a 1,52a

em  ±0,13  ±0,08  ±0,10  ±0,08  ±0,08  ±0,41
CAN 1,62b 1,71b 1,41ab 1,37ab 1,14a 1,35ab

em  ±0,06  ±0,12  ±0,09  ±0,03  ±0,08  ±0,14
LIN 1,54b 1,38ab 1,55b 0,92a 0,71a 0,62a

em  ±0,06  ±0,11  ±0,38  ±0,02  ±0,04  ±0,05
SAL 1,70c 1,59bc 1,24b 0,72a 0,54a 0,37a

em  ±0,10  ±0,11  ±0,11  ±0,04  ±0,05  ±0,03
SR/AT 1,67d 1,33cd 1,15c 0,96bc 0,66ab 0,52a

em  ±0,13  ±0,10  ±0,04  ±0,10  ±0,05  ±0,02
* Means with distinct letters in lines denote significant differences (P<0.05) by Tukey test.

Fig. 3: Mean values of arachidonic acid in egg yolk (% of total lipid) according to the sources and time of
incorporation

The arachidonic acid showed differences between treatments, and suffered a decrease during the
experiment, starting from the tenth day of trial, when stabilized if at the value of 0.98% (DAY10) until the
end of the study (DAY30 = 0 97%), values these significantly lower than the other days of analysis (Table
8; Figure 2). The analysis of variance showed statistical significance (P<0.01) for sources and collection days,
as well as detect significant interaction between them (Table 9). When analyzing specifically each of the
sources of fatty acids in the diet of laying hens, a progressive decrease of this fatty acid in the yolks was
observed until DAY6 (CAN), DAY8 (LIN and SAL) and only on DAY10 in the group that received oil
sardine/tuna in the ration (Table 10; Figure 3).

Plasmatic Fatty Acids: 

The percentages of saturated fatty acids, monounsaturated, polyunsaturated, n-6/ n-3 ratio, total n-6 PUFAs
and ratio polyunsaturated/saturated (P/S) of the plasma of laying hens referring to treatments studied, are
explained Table 11. In this table are listed the percentages of major fatty acids found in plasma from hens fed
the experimental diets, which were: palmitic, palmitoleic, stearic, oleic, linoleic and arachidonic acid.

Polyunsaturated fatty acids (PUFAs): 

The concentration of PUFAs in plasma of laying hens was markedly altered by the different treatments
studied. Those lots containing canola oil, salmon and sardines/tuna (CAN, SAL, SR/AT) resulted in
significantly lower mean than the others. The groups CAN (17.81%), SAL (19.28%) and SR/AT (19.27%) were
significantly lower compared with those fed soybean oil (26.43%), MIL (23.15%) and LIN (23.19%) - Table
11.
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Table 11: Mean values and errors of the mean of different groups of fatty acids (% total lipid) present in blood plasma of laying hens
and their respective errors of the mean (em), according to the treatments

TRT SAT MUFAs PUFAs P/S W-6  n-3  n-6/ n-3
SOJ 33,03abc 39,61a 26,43b 0,80c 23,45b 2,53b* 9,33c

em ±0,55 ±0,81 ±1,20 ±0,05 ±1,00 ±0,19 ±0,34
MIL 33,43abc 42,33ab 23,15b 0,69bc 21,88b 0,98a 22,49d

em ±0,45 ±0,68 ±0,33 ±0,01 ±0,26 ±0,06 ±1,17
CAN 31,70ab 48,70c 17,82a 0,56ab 15,08a 2,53b 5,97b

em ±0,74 ±0,41 ±0,66 ±0,03 ±0,69 ±0,09 ±0,24
LIN 31,59a 44,42b 23,19b 0,73c 14,59a 8,44d 1,74a

em ±0,59 ±1,38 ±0,81 ±0,01 ±0,28 ±0,48 ±0,07
SAL 37,28c 42,55ab 19,28a 0,52a 13,11a 5,97c 2,19a

em ±1,68 ±0,73 ±0,96 ±0,05 ±0,79 ±0,17 ±0,10
SR/AT 36,38bc 43,28bc 19,27a 0,53ab 13,06a 6,14c 2,15a

em ±1,34 ±0,82 ±0,59 ±0,03 ±0,89 ±0,26 ±0,23
*Means with distinct letters in columns denote significant differences (P<0.05) by Tukey test.
** n-3 (fatty acid omega 3 series), n-6 (fatty acid omega-6 series), PUFAs (polyunsaturated), MUFAs (monounsaturated), SAT (saturated),
P/S (PUFAs to SAT), n6/n3 ( n-6: n-3)

Table 12: Means and errors of the mean (em) of the main fatty acids (% total lipid) present in blood plasma of laying hens and their
relationships, according to the treatments studied

TRT PALM PALTOL ESTE OLEI AL AA
SOJ  24,71ab* 2,41a 8,92a 36,99a 21,67b 1,78b

em  ±0,52  ±0,12  ±0,39  ±0,89  ±0,96  ±0,06
MIL  25,31abc 2,08a 8,95a  39,93ab 19,98b 1,89b

Em  ±0,36  ±0,11  ±0,15  ±0,80  ±0,17  ±0,17
CAN  24,18ab 2,04a 8,72a 46,48c 13,52a 1,56b

Em  ±0,24  ±0,04  ±0,28  ±0,41  ±0,67  ±0,02
LIN  23,02a 2,54a 9,10a 41,75b 13,75a 0,85a

Em  ±0,38  ±0,27  ±0,37  ±1,25  ±0,25  ±0,05
SAL  27,98c 3,79b 9,08a  38,34ab 12,57a 0,53a

em  ±1,45  ±0,14  ±0,50  ±0,60  ±0,73  ±0,07
SR/AT  27,26bc 3,98b 8,91a  39,03ab 12,33a 0,73a

em  ±0,87  ±0,11  ±0,32  ±0,72  ±0,88  ±0,03
* Means with distinct letters in columns denote significant differences (P<0.05) by Tukey test.
** TRT (treatment), PALM (palmitic), PALTOL (palmitoleic), ESTE (stearic), 
OLEI (oleic), AL (linoleic), AA (arachidonic).

The linoleic acid in plasma of layers suffered large alterations in treatments, being that the highest values
were consigned to SOJ (21.67%) and MIL (19.98%), and these results significantly different from the other
groups. The addition of flaxseed oil, salmon and sardines/tuna in the diet promoted smaller amounts of
arachidonic acid in plasma of birds averaging 0.85%, 0.54% and 0.73%, respectively, whereas the others
treatments provided values of 1.89% (MIL), 1.78% (SOJ) and 1.56% (CAN) – Table 12.

Fig. 4: Levels of total fatty acids from plasma of laying hens in the last experimental day, according to the
treatments
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* g = in the egg yolks; p = in the plasma of laying hen

Fig. 5: Comparison between levels of polyunsaturated fatty acids, saturated and monounsaturated fatty acids
in plasma (p) and egg yolk (g) among the treatments during the experiment

The figure 4 expresses the total fatty acids (%) in plasma and figure 5 shows the comparison between the
concentrations of saturated fatty acids, polyunsaturated and monounsaturated fatty acid contents in egg yolk
and plasma of hens in each treatment used. Is possible be observed, that occurred one coherence between the
percentages of these groups of fatty acids in the yolk, and in the plasma in all food sources of the experiment.

Discussion

Lipid Composition of Egg Yolk: 

In laying birds, the ingested triglycerides are hydrolyzed in the intestine to fatty acids, monoglycerides in
the intestinal lumen and absorbed by the hepatic portal system and transported through portomícrons until the
liver. The hepatic system is responsible for the synthesis of lipoprotein, HDL, LDL and VLDLs, which are
transported through the plasma until the egg yolk. The VLDLs are incorporated into the yolk intact form, this
characteristic unique in the lipid metabolism of birds, enable that the fatty acid profile of eggs can be
manipulated in proportion to the content and quality of dietary fat (Cherian et al., 1996b, Mendonça Jr. et al.,
2000; Mendonça Jr. and Pita, 2005; Leeson and Summers, 2001). In the present study, the lipid composition
of fatty acids from egg yolks suffered significant change by replacing the source of dietary fatty acids (Tables
3 and 4), agreeing with the results observed by Pita (2003), Piber Neto (2006), Carvalho (2006), Mori (2001),
Aymond and Van Elswyk (1995), Cherian et al., 1996b; Grobas et al. (2001).

Saturated fatty acids: 

In the present experiment significant differences were observed among the treatments studied, the
concentrations of total saturated fatty acids in yolk. These results disagree with those found by Mori (2001)
and Aymond and Van Elswyk (1995) which, by providing diets with levels of 5% to 15% of flaxseed, did not
notice differences in the concentrations of saturated fatty acids of total yolk eggs when compared to the control
group.

The studies of Baucells et al. (2000) also revealed no alterations of these fatty acids in eggs of birds that
received 4% linseed oil or 4% canola oil. The results of the present work disagree, even from those found by
Piber Neto (2006) and Mori (2001), which demonstrated that the addition of salmon oil or mixture of sardine
oil and tuna not promoted alteration in acid content saturated fatty acids in the yolks when confronted with
the values obtained in respective control groups. Noble et al. (1990) comparing the fat of egg yolk with those
existing in bovine liver, as the quantity and quality, detached the value of 34.2% from saturated fat present
in the yolk as being excellent, value this, well below of those existent in the liver (54.9%). The authors also
praised the P/S ratio of the egg (0.59), proportion this only found in margarines best.
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Monounsaturated Fatty Acids: 

Monounsaturated fatty acids, total egg yolk revealed significant differences between treatments (Table 3).
Thus, the hens that received canola oil rich in monounsaturated fatty acids (51.44%) had the highest values
of fatty acids in the yolk, while intermediate concentrations occurred in the groups fed with linseed oil and
fish. These results agree with those found in studies of Cherian and Sim (2001) and Botsoglou et al. (1998)
which, by providing 10% and 15% of flaxseed to hens, observed a significant decrease in the content of
monounsaturated fatty acids, mainly oleic acid in the yolk eggs. Grobas et al. (2001), by using 5% and 10%
of linseed oil also reported reduction in monounsaturated fatty yolk. The results here consigned, with canola
oil, are in full agreement with the study of Baucells et al. (2000), who reported levels more high in
monounsaturated fatty acids in egg yolk from hens supplemented with canola oil in comparison those fed diets
containing 4% linseed oil or 4% of oil fish.

Carvalho (2006) found higher levels of monounsaturated fats in the egg yolks from hens fed fish oil
compared with the groups receiving corn oil, and seaweed. Moreover, Aymond and Van-Elswyk (1995) not
confirmed alterations of the levels of monounsaturated fatty acids in the yolk to add 5% and 15% whole
flaxseed or ground, respectively, to the feed of laying hens. Piber Neto (2006) also did not notice alteration
in values these fatty acids in the groups receiving fish oil or corn. The results found in the present experiment
with respect to the content of monounsaturated and particularly of oleic acid in the yolks, disagree with the
studies of Cherian and Sim (1991), who argue that the excess of polyunsaturated fatty acids series n-3 in the
diet, promote the inhibition of oleic acid-forming enzyme, thus decreasing its concentration, as well as
monounsaturated fatty acids available and consequently its levels in the yolks. The same note, in the results,
identified by the Ahn et al. (1995) which show a significant decrease in monounsaturated fatty acid in eggs
of birds, which received 3% of α-linolenic acid as compared with groups fed the basal diet. In a study with
flaxseed and fish oil, Mori (2001) showed that as the amount of n-3 PUFAs increased in the diets of laying
hens, was observed significant decrease in levels of monounsaturated total yolk.

Polyunsaturated fatty acids (PUFAs) in the yolk: 

Noble and Cocchi Turchetto (1990) affirmed that the fat of the yolk has predominantly unsaturated
characteristic due to high levels of monounsaturated fatty acids (20.1%) and polyunsaturated (45.7%).
According to the cited authors, the P/S ratio of the fat of egg yolk - 0.59, - meets fully the recommendations
of the Committees of the British Nutrition for healthier eating, ie, of 0.32 to 0.45. In this study, the groups
that received soybean oil, corn or linseed oil, had the higher total levels of PUFAs in the egg yolk, reflecting
the high percentage of this category of fatty acids in the diet of birds belonging to these treatments (Table 3).
These results corroborate those found by Baucells et al. (2000), who observed increased levels of PUFAs in
eggs of hens, which received diets containing 4% linseed oil or soybean when compared to groups fed with
canola or fish.

They also agreed with the studies of Pita (2003), which revealed lower levels of total polyunsaturated eggs
of birds fed diets with added 6% canola oil, when compared with those receiving flaxseed in the diet. As the
concentrations of n-6 PUFAs total hens fed with rations added oil of salmon or sardines and tuna, presented
the lower means of these fatty acids in egg yolk (Table 3), agreeing with results of Baucells et al. (2000) and
Hargis et al. (1991) which denote lower values of n-6 PUFAs in the treatments added fish oils in relation to
plus of the soybean oils, flaxseed or canola. However, Baucells et al. (2000) demonstrated there are significant
differences between the concentrations of n-6 PUFAs in the egg yolk, between lots fed with 4% fish oil,
linseed or canola. Likewise, Pita (2003) found lower levels of n-6 PUFAs in total egg yolks from the groups
receiving canola oil in detriment of those fed a flaxseed. Whereas, only for linoleic acid in the yolks, was
noted higher values in groups SOJ (20.12%) and MIL (19.88%) - Table 4 - in relation to the other,
corroborating studies Baucells et al. (2000), who observed averages 21.34% for treatment based on soybean
oil, and 11.38%, 13.66%, 13.23% in egg yolks from groups fed with fish oil flaxseed and canola, respectively.

Arachidonic acid in turn was incorporated into the yolk in larger amounts in the groups receiving soybean,
corn and canola oil and lower in the treatments subjected to linseed oil or of fish, both salmon as in the
mixing of sardines and tuna (Table 4).

These results are consistent with those of Galobart et al. (2001) who obtained the lower values of
arachidonic acid in the yolks from hens fed flaxseed compared with those from the diet with sunflower oil.
The present study corroborates, still, the data Baucells et al. (2000), which were denoted decreasing values of
2.2%, 1.43%, 0.91% and 0.59% of arachidonic acid in egg yolks of treatments based on soybean oil, canola
oil, oil flaxseed and fish oil, respectively. The mammals are able to synthesize all fatty acids except the so-
called essential, which are linoleic (n-6 series) and a-linolenic acids (n-3 series), which are obliged to be
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present in the diet (Leifert et al., 1999). After ingestion of fatty acids, there is a series of chemical reactions
mediated by enzymes (desaturases and elongases), which produce long-chain fatty acids such as arachidonic
acid, EPA, DPA and DHA. In these reactions there is competition between the enzymes, so the excess n-6
PUFAs limits the formation of n-3 PUFAs (Briz, 1997; Tirapegui, 2000), the major availability of n-3 reduces
the levels of arachidonic acid both due to the inhibition of catabolism and the formation of this acid startin
of linoleic acid (Lands et al., 1973).

The addition of ingredients rich in n-6 PUFAs increases the concentration of these in the yolks of laying
hens (Grobas et al., 2001; Lopez-Bote et al., 1998; Ahn et al., 1995; Galobart et al., 2001; Qi and Sim, 1998;
Cherian et al.,1996a; Baucells et al., 2000; Lopéz-Ferrer et al., 1999; Mori, 2001; Pita, 2003; Carvalho, 2006;
Piber Neto, 2006). Unlike, concentration increased of n-3 PUFAs decreases the levels of n-6 PUFAs,
arachidonic, in yolk (Hargis et al., 1991; Ahn et al. 1995; Cherian and Sim, 2001; Mori, 2001). Piber Neto
(2006) and Carvalho (2006) observed that to providing commercial mixture of algae for layers, occurred a
significant increase in levels of n-3 PUFAs, mainly as DHA in egg yolk, as well as a decrease of n-6 PUFAs
in the same, when compared to the control group. However, the values showed if lower than those found in
eggs from hens fed with diets based on fish oils. Several studies have demonstrated that the use of salmon
oil (Mori, 2001; Santos, 1998; Carvalho, 2006), determined a reduction of medium weight, of eggs. Hargis and
Van Elswyk (1993), in turn, delivering oil from menhaden, the hens produced eggs with medium weight of
1 to 3 grams lower than those produced by the groups not receiving the fish oil in diet.
However, other authors have not demonstrated this reduction in weight of eggs (Hargis, 1988; Hargis et al.,
1991; Yu and Sim, 1997).

Time of Incorporation of Fatty Acids in Egg Yolk: 

The fatty acid profile of egg yolk during the period of feeding, laying hens, permited to observe that the
total intake of fatty acids does not occur in the first two days of the experiment, being completed around of
a period of up to 10 day for that the levels of different dietary fatty acids to stabilize in the yolks. There are
on average five to seven egg yolks preformed in the ovary of laying hens within of the follicular hierarchy,
which permit the understanding that the incorporation of new nutrients to the egg and consequently, the yolk,
after administration of the new diet, only may occur in its entirety, starting from the fifth to seventh day after
delivery of the experimental ration (Grimming, 1986). Moreover, Hargis et al., (1991), affirmed that the extent
to which the hen consumes new diet with fat sources supplement, the fatty acid profile of the egg is gradually
modified, and that the changes, more pronounced are observed between 12 and 15 days after introduction of
the new diet.

Fatty Acids Polyunsaturated n-6 (PUFA n-6): 

The incorporation of n-6 PUFAs in the egg yolk during the experimental period was significantly different
for both treatments, and for collection days. The addition of sources of PUFAs in the diet of layers, promoted
decreasing levels of n-6 PUFAs in total, conversely in time in days, becoming if stable after the eighth day
of feeding the hens (Table 5). These results are consistent with data obtained in studies by Hargis et al. (1991),
who noted stabilization of n-6 PUFAs in the yolks from birds fed salmon oil diet from the second week
introduction of the experimental diet. Linoleic acid suffered changes in their levels, both in relation to sources
of fatty acids as to the period of testing, demonstrating if gradual decrease of concentrations in the egg, and
subsequent stabilization starting of the eighth day, in which the hens received the experimental diets (Table
8).

Studies Hargis et al. (1991) corroborate the reports, the present experiment, where, he noted, if a plateau,
the concentrations of linoleic acid in the yolks from the second week of feeding birds with diets rich in fish
oil. The administration of the oils in the diet of laying hens, promoted a progressive decrease in the levels of
arachidonic acid during the experiment when compared with control (MIL, SOJ) and that the values percentage
stabilized if from the tenth day experimental (Table 8). The administration of canola oil in the diet of birds
promoted decrease progressive content of arachidonic acid until the sixth day trial, stabilizing if up until the
end of the experiment, while that LIN and SAL decreased until the eighth day, and SR/AT stabilized if in the
tenth experimental day (Table 10; Figure 3). These results are consistent with those reported by Hargis et al.
(1991), where there was a gradual decrease, followed by a plateau starting of the second week of the
experiment, of the concentrations of this acid, when if administered diets rich in oil fish for laying hens, in
the present research.
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Fatty Acid in Blood Plasma: 

While the main causes of death in the United States of America are heart disease, there are plenty of
scientific evidence which indicate a positive correlation between the intake of polyunsaturated fatty acids n-3
and cardioprotective effect, starting reducing incidence of coronary heart disease (Kinsella, 1990; Bang and
Dyerberg, 1980). Plasma fatty acids were altered significantly between the treatments and that these differences
reflected in the incorporation of different fatty acids in the yolks. The composition of body fat of animals and
is usually a reflection of the profile of fatty acids ingested (Chen et al., 1965).

Polyunsaturated fatty acids (PUFAs): 

The addition of different oils in the diet of the birds has changed markedly the concentration of
polyunsaturated fatty acids in plasma of birds studied (Table 11). Regarding the concentration of PUFAs in
the plasma of layers, the lots that were fed diets supplemented with canola oil, salmon and sardines/tuna (CAN,
SAL, SR/AT) had means of these fatty acids significantly lower than the other treatments. Thus, plasma
concentrations found in the present study (CAN= 17.81%, SAL= 19.28%, SR/AT= 19.27%, SOJ= 26.43%,
MIL= 23.15% and LIN= 23.19%) - Table 11, results presented in parallel, or very next to those obtained for
the egg yolk (CAN= 17.32%, SAL= 17.33%, SR/AT= 17.51%, SOJ= 24.06%, MIL= 23.01% and LIN=
23.66%) - Table 3. The nn-6 PUFAs were incorporated into the plasma of hens in larger quantities in
treatments SOJ, and MIL (23.45% and 21.88%, respectively) when compared with, other groups. These results
corroborate the results of Nash et al. (1995), which demonstrated the decreased amounts of n-6 PUFAs in the
plasma of laying hens fed with fish meal, when compared with the control group that received soybean meal.
Likewise, the concentrations of linoleic acid in plasma of laying hens were similar to the incorporation of this
fatty acid in the yolks of the same groups. Thus, the higher concentrations of linolenic acid were found in
treatments SOJ and MIL both in plasma (SOJ = 21.67%, MIL = 19.98%) - Table 12, as in the yolk eggs (SOJ
= 20.11% and 19.40%) – Table 4, results these significantly different from the other groups.

Arachidonic acid was found in smaller amounts in the plasma of chickens which received diets with
flaxseed oil, salmon and sardines/tuna, compared to other sources of fatty acids (Table 12). These results too
if approached of pointed to the egg yolk, where they found higher levels of this acid in the egg yolks of
groups CAN, SOJ and MIL (Table 4). The absorption and transport of n-6 PUFAs are similar to other
polyunsaturated fatty acids of long chain (Nelson and Ackman, 1989). Moreover, according to Brenner et al.
(1969) the excess of a-linolenic acid in the diet provides, reduced synthesis of arachidonic acid from linoleic
acid, due to competition between linoleic and α-linolenic acids by the enzyme Δ6 desaturase, an enzyme
involved in desaturation of these acids, which would have a greater affinity for the latter fatty acid. In present
research, the excess of a-linolenic acid in the diet containing linseed oil (LIN) limited the synthesis of
arachidonic acid, resulting in the plasma as well as egg yolk of experimental hens, in lower concentrations of
this acid.

Conclusions

The results of the present study permited the following conclusions:
The relationship between polyunsaturated and saturated, suffered a reduction in treatment with fish oil. The

addition of soybean oil, and corn to the diet of laying hens has provided the highest levels of n-6 PUFAs in
egg yolk, while the inclusion of fish oils were determined, the lowest percentage. The n-6/ n-3 ratio in egg
yolk was significantly greater for SOJ and MIL, reduced if greatly in the other treatments reaching his
minimum value in the yolks of eggs of hens subjected to diet containing linseed oil. The addition of linseed
oil the ration of the layers promoted the lowest percentage of incorporation of linoleic acid and AA in plasma
and egg yolk. Unlike the n-3 PUFAs, the effect of treatment with additional sources rich in omega 3, the
means values of n-6 PUFAs, showed if decreasing significantly in times. The use of sources of fish oils
promoted a gradual decrease of total PUFAs in the egg yolk until the eighth day of study, being that after this
period no significant alteration of the values of these fatty acids. The addition of corn oil to the diet of laying
hens provided a gradual increase in concentrations of linoleic acid and AA in egg yolk during the experimental
period with the obtaining of the plateau from the second experimental week. Already, the inclusion of soybean
oil (SOJ) and canola (CAN) to the ration determined more discreet increase in the levels of this fatty acid in
the yolk with baseline reached the ten days of assay. The hens fed sources of PUFAs rich in fatty acids n-6
(MIL, SOJ) presented increased levels of linoleic and AA in the egg yolk with the plateau being reached on
the eighth day of trial. In overall, the behavior of plasma fatty acids was consistent with that found for the
yolk of eggs in the same experimental period. The percentages of n-6 PUFAs in plasma were higher in the
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groups and MIL SOJ. Likewise, the levels of arachidonic acid were higher, significantly, only in relation to
treatments receiving MIL, SOJ. The addition of oil MIL and SOJ the diet of the layers showed higher levels
of LA and AA in blood plasma of birds. The oils of MIL and SOJ added to the diets of laying hens, provided
higher levels of AA and AL in the blood plasma of laying hens. For all sources of PUFAs studied in the
present research, was possible to observe the consistency in the profiles of fatty acids in blood plasma and egg
yolk of laying hens.
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