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ABSTRACT Because of the proposed cardioprotective
benefits of n-3 fatty acids and vitamin E, a trial was carried
out to investigate the possibility of enriching eggs with
n-3 fatty acid and vitamin E added to the hen’s diet. One
hundred ninety-two Hy-Line Brown hens, 39-wk-old,
were divided into eight groups: four groups received the
basal diet supplemented with 3% lard and four doses of
dl-α-tocopheryl acetate (0, 50, 100, and 200 ppm), whereas
the diets of the other groups were supplemented with
3% of fish oil and the same doses of vitamin E. The perfor-
mances of the hens and egg weights were not affected
either by the type of lipid supplement or by the vitamin
level. The treatment with fish oil caused a dramatic in-
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INTRODUCTION

Hen eggs contain many essential nutrients for chick
embryo development and are considered an excellent
food for humans. Eggs are a good source of proteins,
vitamins, and lipids of high quality such as phospholip-
ids and polyunsaturated fatty acids. Naber (1979) and
Stadelman and Pratt (1989) have described the dietary
factors influencing the nutritive value of eggs. Whereas
amino acids and total protein are hardly affected by
dietary treatments, minerals, fat-soluble vitamins, and
lipids, fatty acids are easily modified through feed ma-
nipulation. The fatty acid profile of the egg yolk is clearly
affected by the fatty acid profile of hen diets, particularly
polyunsaturated acids. However, saturated fatty acids
are almost unresponsive to dietary strategies (Naber,
1979). The n-3 and n-6 fatty acids play an important role
in human and animal bodies. Starting from linoleic (n-
6) and linolenic (n-3) acids, n-6 and n-3 series of long-
chain polyunsaturated fatty acids (PUFA) are synthe-
sized. In turn, the PUFA are converted to eicosanoids
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crease (P < 0.01) of all n-3 fatty acids of the yolk, particu-
larly EPA (19.53 vs. 0.74 mg/egg) and DHA (143.70 vs.
43.66 mg/egg), and an appreciable decrease of arachi-
donic acid (25.54 vs. 67.72 mg/egg). The different levels
of dietary vitamin E slightly affected the fatty acid compo-
sition of the yolk. Yolk α-tocopherol increased linearly
as dietary dl-α-tocopheryl acetate increased (P < 0.01)
from the control level of 90.93 µg/g of yolk to 313.84 µg/
g of yolk when 200 ppm were added to the hen diets.
Twenty-eight days of storage at room temperature (20 to
25 C) did not alter the yolk fatty acid profile, and, more-
over, the levels of vitamin E remained still very close to
those observed in fresh egg.

(prostaglandins, tromboxane, and leucotrienes), sub-
stances involved in many physiological functions. Eico-
sapentaenoic acid (EPA; n-3) and docosahexaenoic acid
(DHA; n-3) play an important role in reducing blood
viscosity and pressure, platelet aggregation, cardiac ar-
rhythmia, and plasma triglyceride level and exert, there-
fore, a beneficial effect on immune system and in the
prevention of cardiovascular diseases (Saynor et al.,
1984; Li and Steiner, 1990; Farrell, 1994). These findings
have stimulated interest in increasing the levels of the
above fatty acids in animal foods by adding fish oil,
marine microalgae, or flax seed, common sources of n-
3 fatty acids, to the diet. By supplementing hen diets
with 3 to 7% fish oil, eggs containing more than 200 mg
of n-3 were obtained (Hargis et al., 1991; Farrell, 1994).
Huang et al. (1990) and Meluzzi et al. (1997a,b) found
that the n-3 content of the yolk is positively related to
a dietary addition of fish oil. It is also possible to increase
the n-3 content of the yolk by enriching hen diets with
flax seed (Caston and Leeson, 1990; Cherian and Sim,
1991) or flax oil (Piva et al., 1995), but the deposition in
the yolk concerned mainly linolenic acid (LNA) rather
than EPA or DHA. However, long-chain fatty acids are
more prone to oxidation because of their double bonds

Abbreviation Key: DHA = docosahexaenoic acid; DPA = docosapen-
taenoic acid; EPA = eicosapentaenoic acid; LNA = linolenic acid; PUFA
= polyunsaturated fatty acids.
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and may confer this undesirable trait to the n-3 enriched
products. Scheideler et al. (1997) found an increase of
oxidation products, measured as TBARs, in eggs of hens
fed flax seed. These oxidative phenomena can be pre-
vented or limited by enriching the eggs with some active
antioxidants such as vitamin E and β-carotene. These
compounds have been shown to have a positive influ-
ence on immune system and a protective effect against
some human cancers (Bendich and Olson, 1989). In addi-
tion, these enriched eggs are a useful contribution to
meet the human vitamin requirements. By manipulating
hen diets, Jiang et al. (1994) obtained eggs with high
levels of vitamin E, retinol, and β-carotene. Some authors
have studied the combined influence of dietary vitamin
E and vegetable sources of n-3 fatty acids, such as flax
seed, on sensory quality of the eggs (Leeson et al., 1998)
and egg production (Scheideler and Froning, 1996).
However, there is lack of information about the dietary
use of vitamin E associated with fish oil. We have tried
to fill this gap. In effect, the aim of the present research
was to investigate the possibility of fortifying eggs both
with n-3 fatty acids and vitamin E added to hen diets
and to determine whether the vitamin E addition is dose
related and is influenced by the type of lipid used (lard
or fish oil). Moreover, the effects of egg storage on fatty
acid and vitamin profile were evaluated as well as lay-
ing performance.

MATERIALS AND METHODS

Animal Care and Dietary Treatments

One hundred ninety-two Hy-Line Brown hens, 39 wk
old, were randomly housed in laying cages (four birds
per cage) in a windowed poultry house with a light
regimen of 16 h light:8 h darkness. Eight groups of 24
hens (six replicates per group) were randomly assigned
to one of eight dietary treatments. Four groups received
the basal diet (Table 1) supplemented with 3% lard and
four levels of dl-α-tocopheryl acetate3 (0, 50, 100, and
200 ppm), whereas the diets of the other four groups
were supplemented with 3% fish oil4 (herring + red-
toby) and the same amounts of the vitamin. The vitamin
E content and the fatty acid composition of the eight diets
were regularly checked. The mean values are reported in
Tables 1 and 2. Feed and water were provided ad libitum.
Feed intake was measured weekly, whereas egg produc-
tion and weight were recorded on a daily basis during
the 4-wk trial. After 2 and 4 wk of treatment, four eggs
per replicate were collected and individually weighed,
and their yolks were pooled. The pooled yolks were
stored at −40 C until they were analyzed for content of

3Rovimix 50 supplied by Hoffmann La Roche, Inc., 4070 Basel, Swit-
zerland.

4FF Golden Oil supplied by Fiskeres, 9990 Skagen, Denmark.
5Carlo Erba, II Strasla Rivoltana, 20090 Rodono (MI), Italy.
6PUFA-2, catalog No. 1081. Matreya Inc., Pleasant Gap, PA 16823.

TABLE 1. Composition and calculated analysis of the basal diet

Ingredients and analysis Percentage

Yellow corn 56.50
Soybean meal (44% CP) 20.53
Meat meal (48% CP) 5.17
Soft wheat bran 4.50
Sunflower seed meal solvent extracted (40% CP) 3.50
Calcium carbonate 8.13
Dicalcium phosphate 0.67
Sodium bicarbonate 0.03
Vitamin-mineral premix1 0.40
Salt 0.25
Choline 0.09
DL-methionine 0.22
Calculated analysis

Metabolizable energy (kcal/kg) 2,633
Crude protein 18.00
Crude fat 3.12
Crude fiber 3.63
Lysine 0.88
Methionine plus cystine 0.76
Calcium 3.94
Available phosphorus 0.38
Linoleic acid 1.24

1Vitamin and mineral premix provided the following per kilogram
of feed: vitamin A, 11,000 IU (retinyl acetate); cholecalciferol, 3,000
IU; vitamin E, 40 mg (dl-α-tocopheryl acetate); vitamin K (menadione
sodium bisulfate), 3.3 mg; thiamin, 2.5 mg; riboflavin, 6 mg; pantothenic
acid, 11 mg; niacin, 30 mg; vitamin C, 100 mg; vitamin B12, 0.02 mg;
biotin, 0.05 mg; pyridoxine, 4 mg; folic acid, 1 mg; ethoxyquin 100 mg;
manganese, 15 mg; zinc, 50 mg; iron, 30 mg; copper, 6 mg; iodine, 1.5
mg; selenium, 0.2 mg; and cobalt, 0.2 mg.

Assayed concentration of α-tocopherol for the different diets were as
follows. For the lard diets—E 0, 33.20 ppm; E 50, 94.04 ppm; E 100,
158.57 ppm; and E 200, 272.95 ppm; and for the fish oil diets—E 0, 43.88
ppm; E 50, 81.31 ppm; E 100, 140.38 ppm; and E 200, 259.94 ppm.

vitamin E and fatty acid composition. After 4 wk of
treatment, a batch of 24 eggs per group was stored at
room temperature (20 to 25 C) for 28 d and then were
subjected to the same sampling procedure as above.

Analysis of Samples

Fatty Acids. Total lipids were extracted with chloro-
form:methanol (2:1 vol/vol) from 0.8 g of yolk, according
to the procedure of Folch et al. (1957). Total lipids were
converted to fatty acid methyl esters by the method of
Christopherson and Glass (1969). A Carlo Erba HRGC
5160 with a DP integration system, equipped with a SP
2340 capillary column,5 was used to determine the fatty
acid composition. The concentration of each fatty acid
was calculated using the heptadecanoic acid (C17:0) as
an internal standard. Identification of individual fatty
acids was made using PUFA-26 fatty acid methyl ester
standards to establish the relative retention time.

Vitamin E. One gram of egg yolk was extracted and
saponified with 30 mL of ethanol: 50% KOH (1:1 vol/
vol) and was kept overnight in the dark under nitrogen
gas at room temperature. Twenty milliliters of hexane
plus butylated hydroxytoluene (1 g/L) and 20 mL of
KH2PO4 were added to the flask and carefully mixed for
5 min. After standing 1 h, 5 mL of the upper organic
solvent layer was drawn and evaporated with nitrogen
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TABLE 2. Fatty acid profile of the diets (%)

C 16:1 C 18:1 C 18:2 C 18:3 C 20:4 C 20:5 C 22:5 C 22:6 Total Lipid
C 14:0 C 16:0 n-9, -7 C 18:0 n-9, -7 n-6 n-3 n-6 n-3 n-3 n-3 Other n-3 %

Lard diets 1.15 20.26 1.72 7.85 33.18 33.20 1.56 0.18 0.00 0.31 0.00 0.59 1.87 5.05
Fish oil diets 4.19 16.16 4.62 3.60 19.27 28.80 1.62 0.75 8.44 1.20 5.53 5.81 16.79 4.97

gas. The dried material was recovered with 1 mL of
ethanol, and 10 µL was injected into a Hewlett Packard
HPLC (series 1090), fitted with a Machery-Nagel (C 18-
5) column.7 Samples were eluted with a solution of meth-
anol and water (97:3 vol/vol) and run isocratically at a
flow of 1.5 mL/min. α-Tocopherol was read at a wave-
length of 292 nm and was quantitatively measured using
a solution of α-tocopherol8 as an external standard.

Statistical Analysis

All data were analyzed by ANOVA using the general
linear model (GLM) procedures of the SAS Institute (SAS
Institute, 1985). The fixed effects were the amounts of
vitamin E added (0, 50, 100, or 200 mg/kg) and the type
of lipid supplement (lard or fish oil). The differences
between means were determined using the Student
Newman-Keuls test.

RESULTS AND DISCUSSION

Production and Egg Parameters

The performance of the hens was not significantly
affected by the vitamin dose or by the type of lipid
supplement to the diet (Table 3). These data agree with
the results of our previous research (Meluzzi et al.,
1997b) and with data of Hargis et al. (1991), who reported
that dietary menhaden oil (3%) did not modify egg pro-
duction and weight. The yolk percentage, at 2 and 4 wk
of treatment, in groups supplemented with fish oil was
not significantly different from nonsupplemented
groups (Figure 1). This result is in contrast with those
of Van Elswyk et al. (1994) who found significant differ-
ences in yolk and egg weight using menhaden oil and
animal-vegetable oil. Scheideler and Froning (1996)
found a decrease in the yolk size of eggs from hens fed
from 5 to 15% of flax seed and 1.5% of fish oil and
ascribed the results to the effect of the long-chain fatty
acids on the estrogen activity of the hen. Whitehead et
al. (1993) observed that the decrease in egg size was
accompanied by a decrease of plasma estradiol concen-
tration and postulated a nutritional control of the dietary

7Hewlett Packard, via G. Di vittoris, 9, 20063 Cernusco sul Naviglis
(MI), Italy.

8α-Tocopherol (T-3251) supplied by Sigma Chemical Co., St. Louis,
MO 63178-9916.

long-chain fatty acids on the hormonal metabolism of
the birds.

Yolk Fatty Acid Composition

Two weeks of treatment with fish oil rich in EPA (C20:5)
and DHA (C22:6) were enough to modify the fatty acid
profile of the yolk. By using fish oil in comparison with
lard, we observed a dramatic increase in all n-3 fatty
acids (Table 4). In detail, LNA (C18:3), EPA, docosapen-
taenoic acid (DPA) (C22:5), and DHA increased respec-
tively by 30% and by 10-, 3- and 2.5-fold, so that the
total n-3 fatty acids reached 180 mg per egg in fish groups
vs. 68 mg/egg in lard groups (P < 0.01). The DHA was
the most prevalent n-3 long-chain fatty acid of the yolk,
but low amounts of LNA, EPA, and DPA were detected.
The latter acids are precursors of DHA. They are nor-
mally converted to DHA by chain reactions of desatura-
tion and elongation. Hargis et al. (1991) in response to
a 2-wk dietary treatment with menhaden oil (3%), ob-
tained eggs containing an average of 190 mg of n-3 fatty
acids, of which EPA and DHA composed approximately
89% of the total. Similar results were reported by Mel-
uzzi et al. (1997a,c) by adding refined fish oils at the rate
of 2, 3, or 4% to the diet. The arachidonic acid (C20:4, n-
6) content was significantly lower in fish groups (about
40% less than in the lard groups). This phenomenon is
probably due to the greater utilization of∆-6-desaturase
in the n-3 fatty acid pathway with respect to the n-6
pathway, as this enzyme acts in both pathways. High

TABLE 3. Analysis of variance of dietary effects on the
performance of hens over 4 wk of treatment

Egg Daily feed Egg
Treatments weight intake FCR1 production

(g/egg) (g/hen/d) (kg/kg) (% hen-day)
Lipid supplement (LS)

Lard 63.26 121.42 2.34 83.38
Fish oil 63.07 121.41 2.33 83.78

Vitmain E dose (VD)
0 62.97 123.63 2.49 80.95

50 63.23 122.79 2.38 82.54
100 64.08 119.22 2.24 83.93
200 62.37 120.03 2.23 86.92

Error mean square 9.90 63.53 0.11 0.02
df 40 40 40 40
LS NS NS NS NS
VD NS NS NS NS
LS*VD NS NS NS NS

1FCR = feed conversion rate.
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TABLE 4. Analysis of variance of fatty acid profile of egg yolk over 2 wk of treatment (mg per 63 g egg)

C 16:1 C 18:1 C 18:2 C 20:4 C 18:3 C 20:5 C 22:5 C 22:6 Total
C 14:0 C 16:0 n-9, -7 C 18:0 n-9, -7 n-6 n-6 n-3 n-3 n-3 n-3 n-3

Lipid suppplement (LS)
Lard 15.03B 1,002.36A 122.28 331.75A 1,752.68A 534.53A 65.23A 9.67B 1.74B 3.96B 52.67B 68.04B

Fish oil 20.78A 950.46B 128.70 307.45B 1,462.42B 483.75B 25.63B 12.54A 17.24A 15.71A 135.08A 180.58A

Vitamin E dose (VD)
0 17.02 956.74 122.33 307.73b 1,559.06 497.81 42.75Bb 10.82 9.70 10.02 95.51 126.05ab

50 18.65 998.68 131.65 327.49a 1,647.10 513.46 44.90ABb 11.31 10.94 10.33 98.78 131.36a

100 17.72 970.93 123.17 321.74ab 1,606.92 515.82 44.79ABb 11.35 8.72 9.63 93.65 123.38ab

200 18.23 979.28 124.89 321.45ab 1,617.72 509.49 49.26Aa 10.92 8.61 9.34 87.58 116.44b

Error mean square 3.14 3,326.06 184.72 314.97 9,183.27 1,044.06 16.08 1.2551 13.42 6.42 112.18 183.04ab

df 40 40 40 40 40 40 40 40 40 40 40 40
LS <0.01 <0.01 NS <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
VD NS NS NS <0.05 NS NS <0.01 NS NS NS NS NS
LS*VD <0.01 NS NS NS NS <0.01 <0.01 <0.01 NS NS NS <0.05

a,bValues in the same column with no common superscript differ significantly (P < 0.05).
A,BValues in the same column with no common superscript differ significantly (P < 0.01).

concentrations of dietary n-3 fatty acids reduce the activ-
ity of the enzyme in the n-6 pathway and the conversion
of linoleic into arachidonic acid. The decrease in arachi-
donic acid content could be important for human health,
as this acid is a precursor of some proinflammatory eico-
sanoids (British Nutrition Foundation, 1992). Myristic,
palmitic, oleic, and linoleic acids were significantly (P <
0.01) influenced by fish oil supplementation (Table 4).

FIGURE 1. Yolk percentage after 2 and 4 wk of treatment.

The different amounts of dietary vitamin E slightly af-
fected the fatty acid composition of the yolk (Table 4).
By analyzing the data separating the groups receiving
lard from those receiving fish oil (Figure 2), we observed
that the highest level of vitamin E (200 ppm) significantly
reduces the total n-3 content of yolk only in lard groups
whose diet has a lower content of n-3 fatty acids. Atkin-

FIGURE 2. Total n-3 fatty acid of eggs (mg per 63 g egg). Bars with
different letters are significantly different at P < 0.01 if capital letters
and P < 0.05 if small letters.
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TABLE 5. Analysis of variance of fatty acid profile of egg yolk over 4 wk of treatment (mg per 63 g egg)

C 16:1 C 18:1 C 18:2 C 20:4 C 18:3 C 20:5 C 22:5 C 22:6 Total
C 14:0 C 16:0 n-9, -7 C 18:0 n-9, -7 n-6 n-6 n-3 n-3 n-3 n-3 n-3

Lipid suppplement (LS)
Lard 16.61B 1,079.16A 135.75 351.55A 1,853.10A 552.95A 67.72A 10.16B 0.74B 3.09B 43.66B 57.65B

Fish oil 22.66A 997.76B 142.59 333.35B 1,514.38B 487.69B 25.54B 13.32A 19.53A 16.03A 143.70A 192.58A

Vitamin E dose (VD)
0 18.43b 1,019.23 132.79 338.68 1,637.21 509.74 42.89 10.75 9.86 10.98 93.15 124.74

50 21.29a 1,087.84 149.31 352.22 1,747.34 533.86 48.04 12.52 10.13 9.26 97.52 129.43
100 19.72ab 1,034.55 139.27 343.29 1,692.07 525.47 47.56 12.14 10.30 9.24 94.16 125.83
200 18.91ab 1,012.21 135.46 335.61 1,658.33 512.21 48.02 11.56 10.24 8.77 89.90 120.47

Error mean square 5.84 8,710.68 340.16 503.43 18,804.1 1,391.59 97.00 3.05 7.43 9.17 135.66 276.12
df 40 40 40 40 40 40 40 40 40 40 40 40
LS <0.01 <0.01 NS <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
VD <0.05 NS NS NS NS NS NS NS NS NS NS NS
LS*VD <0.01 NS NS NS NS NS NS NS NS NS NS NS

a,bValues in the same column with no common superscript differ significantly (P < 0.05).
A,BValues in the same column with no common superscript differ significantly (P < 0.01).

son et al. (1972) also observed a reduction in EPA and
DHA contents of the tissue associated with α-tocoph-
erol treatment.

Over 4 wk of treatment, the previous remarks about
fatty acids were confirmed, and the increase of total n-
3 fatty acids was more evident in fish oil groups (192
vs. 57 mg/egg). No appreciable differences emerged re-
garding the effect of dietary vitamin dose on the fatty
acids of the yolk (Table 5).

As for the influence of the lipid supplementation, eggs
stored 28 d at room temperature (20 to 25 C) showed a
fatty acid composition similar to that observed in fresh
eggs over 4 wk of treatment (Table 6). Indeed the egg,
being a closed system, is very resistant to lipid oxidation
because of its natural antioxidant constituents such as
vitamin E, avidin, and phosphatine (Scheideler et al.,
1997). In the stored eggs with the highest level of vitamin
E, the yolk contents of total n-3 and, particularly, of
DHA were reduced significantly (about 18%) (Table 6).
This reduction could be ascribed to a pro-oxidant effect
rather than an antioxidant effect of vitamin E when used

TABLE 6. Fatty acid profile of egg yolk over 4 wk of treatment and after 28 d of storage (mg per 63 g egg)

C 16:1 C 18:1 C 18:2 C 20:4 C 18:3 C 20:5 C 22:5 C 22:6 Total
C 14:0 C 16:0 n-9, -7 C 18:0 n-9, -7 n-6 n-6 n-3 n-3 n-3 n-3 n-3

Lipid suppplement (LS)
Lard 15.68B 1,023.11 128.34 339.52a 1,858.61A 552.50A 69.43A 9.37B 0.00B 0.71B 42.10B 52.19B

Fish oil 22.38A 998.48 146.58 323.29b 1,568.52B 482.36B 24.70B 13.04A 19.29A 15.83A 144.16A 191.29A

Vitamin E dose (VD)
0 18.61 1,029.46 135.96 331.94 1,714.12 514.82 47.52 11.19 9.88 9.60 97.99A 128.65A

50 19.89 1,026.93 142.73 332.19 1,734.26 508.96 46.21 11.90 9.19 8.18 95.89A 125.16A

100 18.66 1,002.43 136.50 334.54 1,723.07 495.23 46.86 10.96 9.31 8.67 98.00A 126.94A

200 18.95 984.37 134.64 326.89 1,682.80 490.66 47.65 10.79 8.20 6.62 80.59B 106.20B

Error mean square 3.20 3,625.73 192.95 570.89 11,709.03 543.42 17.66 1.75 3.13 7.68 123.78 176.85
df 40 40 40 40 40 40 40 40 40 40 40 40
LS <0.01 NS NS <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
VD NS NS NS NS NS NS NS NS NS NS <0.01 <0.01
LS*VD NS NS NS NS NS NS NS NS NS NS NS <0.05

a,bValues in the same column with no common superscript differ significantly (P < 0.05).
A,BValues in the same column with no common superscript differ significantly (P < 0.01).

at a very high concentration, as suggested by Fennema
(1987). According to Leeson et al. (1998) the development
of off-flavors from the eggs laid by hens fed high levels
of vitamin E and n-3 fatty acids is due to the pro-oxidant
effect of the vitamin.

Vitamin E

Table 7 shows data on α-tocopherol content of egg
yolk. The type of the dietary lipid supplement did not
significantly influence the vitamin E amounts. The vita-
min E level remained constant at approximately 3 mg
per egg during our study. However, in all fish oil groups
a lower content of vitamin E was observed, compared
with lard groups. Lynch (1994) also reported that the
presence of PUFA reduces tocopherol absorption from
the intestine. Also Miller and Huang (1993) reported
that breast and thigh vitamin E content are reduced by
dietary fish oil. By comparison of the data in Table 7
with those of Figure 2, we could claim that high levels
of dietary vitamin E associated with low levels of n-3
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TABLE 7. α-Tocopherol content of egg yolk

2 wk 4 wk 28 d of storage

(µg/g of yolk)
Lipid supplement (LS)

Lard 178.96 202.17 211.59
Fish oil 163.12 186.62 196.78

Vitamin E dose (VD)
0 97.33Cd 90.93D 80.94D

50 141.85BCc 136.05C 132.93C

100 179.35Bb 227.48B 226.68B

200 265.63Aa 313.84A 366.53A

Error mean square 1,786.44 1,509.34 1,169.96
df 40 40 40
LS NS NS NS
VD <0.01 <0.01 <0.01
LS*VD NS NS NS

a–dValues in the same column with no common superscript differ
significantly (P < 0.05).

A–DValues in the same column with no common superscript differ
significantly (P < 0.01).

fatty acid reduce the total n-3 fatty acids deposition in
the yolk, whereas high levels of dietary n-3 depress the
vitamin E deposition.

The amount of vitamin E in the yolk was strictly re-
lated to the amount of α-tocopherol in the diet and in-
creased linearly as dietary dl-α-tocopheryl acetate in-
creased. The highest levels of 3.98 and 4.70 mg for groups
receiving 100 and 200 ppm of vitamin E per egg were
recorded, respectively. Similar results were obtained by
Jiang et al. (1994). After 28 d of storage, the levels of
vitamin E remained still very close to those observed in
fresh eggs, suggesting that the vitamin was not used to
prevent lipid oxidation in the yolk. This hypothesis is
supported by the studies of Pike and Peng (1985), who
maintained that shell egg yolk lipids are very resistant
to oxidative deterioration during extended refrigerated
storage (12 to 18 mo).

This experiment confirmed that it is possible to pro-
duce designer eggs enriched with n-3 and vitamin E
through a targeted manipulation of hen diets. The
amount of n-3 contained in only one egg is able to satisfy
the updated daily human requirements estimated at ap-
proximately 100 to 200 mg/d (Department of Health,
1994). As for the vitamin E, whose human daily require-
ment depends on the amount of unsaturated fatty acid
of the diet, the British Nutrition Foundation (1992) ad-
vises a total daily intake of 3.2 to 10.4 mg for men and
2.5 to 8 mg for women. Thus, the consumption of one
of these designer eggs can match, according to the esti-
mated requirements, 50 to 100% of the daily require-
ments just mentioned. Therefore, the vitamin E-enriched
egg is a very interesting food, as it is well known that α-
tocopherol is a free radical scavenger that has beneficial
effects in preventing the onset of cancer and coronary
heart diseases.

REFERENCES

Atkinson, A., R. P. Van Der Merwe, and L. G. Swart, 1972.
The effect of high levels of different fish meals, of several

antioxidants and poultry byproduct meal on the flavour and
fatty acid composition of broilers. Agroanimalia 4:63–68.

Bendich, A., and J. A. Olson, 1989. Biological actions of carot-
enoids. Fed. Am. Soc. Exp. Biol. J. 3:1927–1932.

British Nutrition Foundation, 1992. Unsaturated Fatty Acids
Nutritional and Physiological Significance. The Report of the
British Nutrition Foundation’s Task Force. Chapman and
Hall, London, UK.

Caston, L., and S., Leeson, 1990. Research note: Dietary flax and
egg composition. Poultry Sci. 69:1617–1620.

Cherian, G., and J. S. Sim, 1991. Effect of feeding full fat flax
and canola seeds to laying hens on the fatty acid composition
of eggs, embryos, and newly hatched chicks. Poultry Sci.
70:917–922.

Christopherson, S. W., and R. L. Glass, 1969. Preparation of milk
methyl esters by alcoholysis in an essentially non-alcoholic
solution. J. Dairy Sci. 52:1289–1290.

Department of Health, 1994. Nutritional Aspects of Cardiovas-
cular Disease. Report of the Cardiovascular Review Group
Committee on Medical Aspects of Food Policy. Report on
Health and Social Subject. No. 46. Department of Health,
London, UK.

Farrell, D. J., 1994. The fortification of hen’s eggs with omega-
3 long chain fatty acid and their effects in human. Pages 386–
401 in: Eggs Uses and Processing Technology. J. S. Sim, S.
Nakai, ed., CAB International, London, UK.

Fennema, O. R., 1987. Lipids in Food Chemistry. 2nd ed. Dakker
Inc., New York, NY.

Folch J., M. Lees, and G. H. Sloane-Stanley, 1957. A simple
method for the isolation and purification of total lipids from
animal tissues. J. Biol. Chem. 226:497–507.

Hargis, P. S., M. E. Van Elswyk, and B. M. Hargis, 1991. Dietary
modification of yolk lipid with menhaden oil. Poultry Sci.
70:874–883.

Huang, Z. B., H. Leibovitz, C. M. Lee, and R. Millar, 1990. Effect
of dietary fish oil on omega-3 fatty acid levels in chicken
eggs and thigh flesh. J. Agric. Food Chem. 38:743–747.

Jiang, Y. H., R. B. McGeachin, and C. A. Bailey, 1994. α-tocoph-
erol, β-carotene, and retinol enrichment of chicken eggs.
Poultry Sci. 73:1137–1143.

Leeson, S., L. Caston, and T. MacLaurin, 1998. Organoleptic
evaluation of eggs produced by laying hens fed diets con-
taining graded levels of flaxseed and vitamin E. Poultry Sci.
77:1436–1440.

Li, X, and M. Steiner, 1990. Fish oil: A potent inhibitor of platelet
adhesiveness. Blood 76:938–945.

Lynch, P. B., 1994. Vitamin E in livestock feeding. Symposium
on Vitamin E and Meat Quality. University College, Cork,
Ireland.

Meluzzi, A., N. Tallarico, F. Sirri, and A. Franchini, 1997a. Using
dietary fish oils to enrich yolk with omega-3 polyunsaturated
fatty acids. Pages 283–285 in: Proceedings of the 11th Euro-
pean Symposium on Poultry Nutrition. World’s Poultry Sci-
ence Association, Faaborg, Denmark.

Meluzzi, A., N. Tallarico, F. Sirri, and A. Franchini, 1997b. Influ-
ence of hen diets supplemented with refined fish oils on the
bird productive traits and on the cholesterol level and sen-
sory quality of the eggs. Pages 45–51 in: Proceedings of the
7th European Symposium on the Quality of Eggs and Egg
Products. World’s Poultry Science Association, Poznan,
Poland.

Meluzzi, A., N. Tallarico, F. Sirri, A. C. Cristofori, and G. Gior-
dani, 1997c. Fortification of hen eggs with n-3 polyunsatu-
rated fatty acids. Pages 270–277 in: Proceedings of the 7th
European Symposium on the Quality of Eggs and Egg Prod-
ucts. World’s Poultry Science Association, Poznan, Poland.

Miller, E. L., and Y. X. Huang, 1993. Improving the nutritional
value of broiler meat through increased n-3 fatty acid and
vitamin E content. Pages 404–411 in: Proceedings of the 11th
European Symposium on the Quality of Poultry Meat.
World’s Poultry Science Association, Tours, France.

 at Sim
on Fraser U

niversity on June 3, 2015
http://ps.oxfordjournals.org/

D
ow

nloaded from
 

http://ps.oxfordjournals.org/


VITAMIN E AND N-3 FATTY ACID ENRICHED EGGS 545

Naber, E. C., 1979. The effect of nutrition on the composition
of eggs. Poultry Sci. 58:518–528.

Pike O. A., and I. C. Peng, 1985. Stability of shell egg and liquid
yolk to lipid oxidation. Poultry Sci. 64:1470–1475.

Piva. A., R. Roversi, A. Panciroli, E. Meola, A. Gramenzi, and
A. Prandini, 1995. Influenza della dieta sulla composizione
del tuorlo: Il ruolo dell’olio di lino. Pages 107–108 in: Proceed-
ings of XI Congress of Associasione Scientifice di Produzione
Animale, Grado, Italy.

Saynor, R., D. Verel, and T. Gillot, 1984. The long-term effect
of dietary supplementation with fish lipid concentrate on
serum lipids, bleeding time, platelet and angina. Atheroscle-
rosis 50:3–10.

SAS Institute, 1985. SAS� User’s Guide. Version 5 Edition. SAS
Institute Inc., Cary, NC.

Scheideler, S. E., and G. Froning, 1996. The combined influence
of dietary flaxseed variety, level, form, and storage condi-
tions on egg production and composition among vitamin E-
supplemented hens. Poultry Sci. 75:1221–1226.

Scheideler, S. E., G. Froning, and S. Cuppett, 1997. Studies of
consumer acceptance of high omega-3 fatty acid-enriched
eggs. J. Appl. Poultry Res. 6:137–146.

Stadelman, W. J., and D. E. Pratt, 1989. Factors influencing com-
position of hen’s egg. World’s Poult. Sci. J. 45:247–266.

Van Elswyk, M. E., B. M. Hargis, J. D. Williams, and P. S. Hargis,
1994. Dietary menhaden oil contributes to hepatic lipidosis
in laying hens. Poultry Sci. 73:653–662.

Whitehead, C. C., A. S. Bowman, and H. D. Griffin, 1993. Regula-
tion of plasma oestrogens by dietary fats in the laying hen:
relationships with egg weight. Br. Poult. Sci. 34:999–1010.

 at Sim
on Fraser U

niversity on June 3, 2015
http://ps.oxfordjournals.org/

D
ow

nloaded from
 

http://ps.oxfordjournals.org/

