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ABSTRACT To assess the effect of supplying linseed
oil (LO) in the diet on performance, fatty acid (FA) compo-
sition, and quality objective parameters of broiler meat,
diets enriched with 0, 2, or 4% LO plus tallow (T) up to
8% added fat (T1, T2, and T3, respectively) were given
to broiler chickens throughout a 38-d growth period. T3
birds were slaughtered at 24 or at 52 d of age to study
the effect of feeding time on FA accumulation in tissue.
Objective and subjective evaluations of meat quality were
performed on samples from 38-d-old birds, and the FA
profiles of thigh and liver samples were determined. Per-
formance parameters showed little difference between
treatments. The differences in carcass yield values or in
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INTRODUCTION

The benefits of n-3 fatty acid (FA) enrichment of eggs
and chicken meat have enhanced the studies on the effect
of dietary FA composition on FA deposition in animal
tissues (Cherian and Sim, 1991; Scaife et al., 1994; Huyghe-
baert, 1995). The main sources of n-3 long-chain (LC)
polyunsaturated fatty acids (PUFA) are marine, although
their use is restricted due to odor constraints in the final
product (Hargis and Van Elswyk, 1993). Vegetable
sources, such as linseed oils (LO) and rapeseed oil, may
clearly increase the n-3 FA content in the form of linolenic
acid (LNA), the precursor of the whole n-3 family. Several
studies with diets mildly rich in LNA have failed to in-
crease the n-3 LC-PUFA content in chicken tissues (Aju-
yah et al., 1993; Scaife et al., 1994). The lack of response
in such studies could be due to the relatively poor dosage
of dietary LNA used.

The alternative metabolic pathways that involve the
C20, C22 and C24 FA series with docosahexaenoic acid
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the objective quality parameters of the meat between
treatments were not significant. Increased levels of LO
clearly decreased the saturated (SAT) and monounsatur-
ated FA (MUFA) contents. LO increased the amount of
polyunsaturated FA (PUFA), mainly because of the linole-
nic (LNA) and linoleic (LA) acid content in the T3 sam-
ples, but they hardly reflected the wide range given in
the experimental diets. The n-3 long-chain (LC) PUFA
content of T3 thighs was slightly higher than in T1 thighs.
Unexpectedly, longer feeding time of LO diets did not
result in peripheral tissue accumulation of n-3 LC-PUFA,
although chickens could convert LNA to longer-chain
metabolites in liver at 24 d of age.

(DHA) as a final product (Moore et al., 1995; Sprecher et
al., 1995) could also account for the lack of response in
chickens, given the n-3 precursor. As reported for other
species (rat, Christiansen et al., 1991; pig, Arbuckle et al.,
1994), n-3 and n-6 FA are strictly controlled in the avian
membrane cells that enhance these FA interconversions
to their shorter precursors.

The efficiency of FA conversion in liver, which varies
according to the age of the animal (Bourre et al., 1990),
could modify the differential lipid deposition. Although
LNA is efficiently converted in liver, the n-3 LC-PUFA
depots are not nutritionally valuable in muscle. The mus-
cular tissue does not seem to be receptive to these de
novo created FA during the standard growth periods (38
to 42 d).

To enhance the conversion to longer-chain n-3 FA from
their precursors and to increase the nutritional quality of
poultry meat, we used various regimens with increasing
levels of LO. The effective conversion of these FA, ac-
cording to the age of the chicken, was also evaluated.

Abbreviation Key: AA = arachidonic acid; DHA = docosahexaenoic
fatty acid; DPA = docosapentaenoic fatty acid; EPA = eicosapentaenoic
fatty acid; FA = fatty acid; FO = fish oil; LA = linoleic acid; LC = long
chain; LNA = linolenic acid; LO = linseed oil; PUFA = polyunsaturated
fatty acid; T = tallow.
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MATERIALS AND METHODS

Animals and Diets

Two hundred thirty unsexed, 1-d-old chicks of a Cobb
cross were randomly arranged in 23 replicates (10 animals
per replicate) and three dietary treatments (five replicates
per treatment for T1 and T2, 13 replicates for T3) in a
controlled environment farm at the Unterer Lindenhof
research station, which belongs to the University of Ho-
henheim. Feed and water were provided ad libitum. Diets
(Table 1) were formulated by adding 8% fat to a basal
diet that met the requirements established by the National
Research Council (1994). Two plans were designed to
study the effect of LO on the meat quality parameters.

Plan 1 included diets T1, T2, and T3, which contained
different amounts of LNA (added fat given as LO), to
study the response of its longer-chain derivatives in thigh
meat according to its original content in the diet. The fats
used were LO at three levels, 0% (Diet 1, T1, 1% LNA,
control diet), 2% (Diet 2, T2, 13.5% LNA), 4% (Diet 3, T3,
28.1% LNA) plus tallow (T) up to 8% added fat2 in the diet.

We also used T3 in Plan 2 to explore the effective con-
version of FA according to the age of the chicken when
it was given a diet rich in LNA (Diet 3). The aim of this
plan was to evaluate the progressive deposition of the
relative n-3 LC-PUFA, in two tissues of chickens: liver
and thigh. T3 birds were slaughtered at 24, 38, or 52 d,
and samples of liver and thigh were taken.

The lipid profiles of diets are shown in Table 2. At the
age of 38 d, all chickens were weighed, wing-banded,
and sex-identified before slaughter and then eviscerated
in the poultry slaughterhouse at the Unterer Lindenhof
research station of the University of Hohenheim, with the
exception of chickens fed T3, which were slaughtered at
24, 38, or 54 d. The birds were bled, scalded, plucked,
and eviscerated (removal of lungs and gastrointestinal
tract), and air-chilled carcasses were weighed after re-
moval of the head, neck, feet, and abdominal fat (the fat
within the ischium, surrounding the cloaca and adjacent
to the abdominal muscle) to obtain ready-to-cook car-
casses. Carcasses were stored in a cool chamber at 0 to 2
C until the next day, when weight was again recorded
and hand-quartering was performed. In order to reduce
variation in the cutting procedure, one operator carried
out all dissections. Each carcass was then portioned into
commercial cuts as back, two leg-thighs, two wings, and
breast (Orr et al., 1984). Breast was obtained after remov-
ing wings by cutting through the shoulder joint at the
proximal end of the humerus and by cutting through the
ribs, thereby separating the breast from the back (exclud-
ing skin). These cuts (breast meat, wings, and thighs with
drumsticks) were then weighed to the nearest gram.

2Linseed oil was provided by Graf Co., D-90489 Nürnberg, Germany.
Tallow was provided in form of Bergafat HTL-106 from Berg and
Schmidt, D-20099 Hamburg, Germany.

3Co. Christ, D-37520 Osterode, Germany.
4IZASA, C/Calàbria, 168-174, E-08015, Barcelona, Spain.
5SGE, 3134 Ringwood, Victoria, Australia.

The tissue samples for FA analysis (five thighs per
treatment for Plan 1 and five thighs and five livers from
each of three slaughtering periods from T3 as well for
Plan 2) were freeze-dried (FTS Systems model Alpha 1/
63). The total dietary lipids and tissues (liver and thigh,
excluding skin) were extracted following Folch et al.
(1957), with some modifications, and were methylated
with 20% boron trifluoride-methanol complex in metha-
nolic solution (Morrison and Smith, 1964). The lipid com-
position was determined at the Unitat de Nutrició i Ali-
mentació Animals of the Universitat Autònoma de Barce-
lona with a Shimadzu GC-14A gas chromatograph4

equipped with flame ionization detector and a capillary
column (30 m × 0.53 mm i.d.) with a film thickness of 0.5
µm stationary phase of 30% methyl- + 70% cyanopropyl
polysilphenylene-siloxane (BPX70).5 The operating condi-
tions of the gas chromatograph were as follows: the initial

TABLE 1. Percentage composition of experimental basal diet

Ingredients1 %

Extruded soybean (48% CP) 35.800
Wheat 31.467
Oats 11.600
Wheat starch 8.667
Added fat2 8.000
Dicalcium phosphate 1.867
Calcium propionate 0.800
Limestone 0.667
DL-Methionine 0.253
Salt 0.247
Vitamin Premix3 0.200
Sodium bicarbonate 0.163
Choline chlorate 0.100
Trace elements premix4 0.080
Monensin-sodium 0.050
Antioxidant buthylhydroxytoluol 0.020
Vitamin E 0.013
Vitamin C 0.007
Calculated nutrient content

ME, kcal/kg 3,200
Calcium 1.03
Available P 0.47
Methionine + Cysteine 0.93
Lysine 1.26

Chemical analyses of diet1

Dry matter 89.1
CP 23.4
Ash 5.3
Crude fat 9.2
Crude fiber 3.8
Nitrogen-free extracts 47.4
Sugar 6.8
Starch 30.6

1Vitamin and mineral content of diets provided per kilogram of diet:
vitamin A, 13,500 IU; vitamin D3, 3,375 IU; vitamin E, 34 mg; riboflavin,
6 mg; pantothenic acid, 16 mg; nicotinic acid, 56 mg; choline, 2,000 mg;
folic acid, 1.13 mg; vitamin B12, 34 µg; Mn, 72 mg; Zn, 48 mg.

2Control diet. T1: 8% provided tallow.
3Composition of vitamin premix per kilogram of Premix: vitamin A,

6,000,000 IU; vitamin D3, 1,500,000 IU; vitamin E, 15,000 mg; riboflavin,
3,000 mg; pantothenic acid, 7,000 mg; nicotinic acid, 25,000 mg; folic acid,
500 mg; vitamin B12, 15,000 µg (Vit-Vorm 6/1.5, supplied by Animedica,
Horb, Germany).

4Compostion of trace elements premix supplied per kilogram of Pre-
mix: Mn, 120,000 mg; Zn, 80,000 mg; Fe, 90,000 mg; Cu, 15,000 mg; I,
1,600 mg; Se, 500 mg; Co, 600 mg (SpürElevor SG1, supplied by Anime-
dica, Horb, Germany).
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TABLE 2. Fatty acid composition of experimental diets1

Fatty acid2 T13 T2 T3

(% of total methyl esters of fatty acids)
C10:0 0.01 0.01 0.00
C12:0 0.14 0.16 0.13
C14:0 0.95 0.64 0.45
C14:1 n-5 0.00 0.00 0.00
C15:0 0.04 0.03 0.00
C16:0 47.02 35.66 23.42
C16:1 n-7

4 0.02 0.00 0.00
C16:1 n-7 0.04 0.04 0.00
C17:0 0.14 0.09 0.00
C18:0 36.69 26.97 17.00
C18:1 n-9

4 0.04 0.02 0.00
C18:1 n-9 4.76 9.39 13.87
C18:1 n-7 0.04 0.00 0.03
C18:2 n-6

4 0.23 0.25 0.10
C18:2 n-6 7.76 11.76 15.84
C18:3 n-6 0.06 0.14 0.23
C18:3 n-3 0.99 13.47 28.08
C18:4 n-3 0.00 0.13 0.22
C20:0 0.13 0.21 0.16
C20:1 n-9 0.11 0.19 0.24
C21:0 0.00 0.02 0.00
C20:2 n-6 0.00 0.00 0.00
C20:3 n-6 0.00 0.00 0.00
C20:4 n-6 0.00 0.00 0.00
C20:3 n-3 0.00 0.00 0.00
C20:5 n-3 0.00 0.04 0.00
C22:0 0.06 0.09 0.00
C22:1 n-9 0.02 0.03 0.00
C22:2 n-6 0.00 0.00 0.00
C23:0 0.01 0.04 0.00
C24:0 0.00 0.07 0.00
C22:5 n-3 0.04 0.00 0.00
C22:6 n-3 0.02 0.03 0.00
C24:1 n-9 0.09 0.07 0.00
Saturated fatty acid 85.19 64.00 41.16
MUFA 5.06 9.72 14.14
Trans fatty acid 0.29 0.26 0.10
PUFA 8.87 25.57 44.37
Total n-6 7.82 11.90 16.07
Total n-3 1.05 13.67 28.30
n-6/n-3 7.48 0.87 0.57

1The values presented are means of duplicate determinations.
2MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty

acid.
3T1 = 8% tallow (T); T2 = 2% linseed oil (LO) + 6% T; T3 = 4% LO +

4% T. Linseed oil was provided by Fa. Graf, Nürnberg, Germany. Cold-
pressed tallow was provided as Bergafat HTL-106 by Berg and Schmidt,
Hamburg, Germany.

4Trans fatty acid.

temperature was 75 C, increasing by 4 C/min to 148 C;
from 148 to 158 C, the temperature was increased by 2.5
C/min; from 158 to 225 C, the temperature was increased
by 5 C/min. The temperature of the injector and the
detector remained at 280 C. The column head pressure
of the conductor gas (helium) was 1.30 g/cm2. The FA
percentage was integrated and calculated using the
CLASS-Unipac Program,6 by direct normalization of the
peak areas. Identification of FA was carried out by com-

6Shimadzu Europe GmbH, D-47269 Duisburg, Germany.
7Sigma, St. Louis, MO 63103.
8Instron Wolpert Gmbtl, Landwehrstrasse 55, 64293 Darmstadt,

Germany.

parison of the retention times with their corresponding
standard and by addition of standards7 when necessary.

The objective parameters of meat quality were deter-
mined, 48 h after slaughter of the birds, in each left breast
of seven individuals per treatment. Juiciness was mea-
sured following Grau and Hamm (1953), using the modi-
fied Braunschweiger Model technique (Grashorn, 1995).
Grill losses were determined by difference of weight of
all the left breasts of the samples, before and after cooking,
wrapped in aluminium foil, in a double-plated grill at
200 C. The internal temperature of the portions was con-
trolled, and samples were kept in the grill until an internal
temperature of 85 C was reached. Moreover, tenderness
was calculated on cooked samples of breast (circular por-
tions of 2 cm in diameter, prepared in accordance with
Seemann, 1985), following Ehinger (1977). The texture of
samples was measured with the Warner-Brazler shear
tool in an Instron Model 4301.8 Maximum shear force and
total energy required were calculated using the Software
Series IX of Instron (Version 4.09a, Software Automated
Materials Testing System).8

Statistical Analysis

Data were assessed by ANOVA and simple regression
analyses as described by the SAS Institute (1996). The
differences between treatments were determined by AN-
OVA. For significant differences (P < 0.05), means were
compared by the least significant difference method of
the same statistical package.

RESULTS AND DISCUSSION

The treatments were compared only for the perfor-
mance and meat quality parameters obtained in Plan 1.
The FA profile of thigh samples were analyzed in both
experimental plans, whereas the FA in liver were ana-
lyzed in Plan 2 only.

Productive Performance

The values corresponding to the various productive
parameters, as well as the performance of the carcass and
the breast and thigh cuts of the chicken, are shown in
Tables 3 and 4.

The performance parameters showed little difference
throughout the experimental period. However, the in-
crease in weight in grams per bird per day was higher
(P < 0.05) in chickens fed the diet with the highest LO
content (T3, the most polyunsaturated diet) during the
whole trial period than in chickens fed the diet that only
included T (T1, control diet). Similar results (López-Ferrer
et al., 2001) were reported when diets with higher fish
oil (FO) content (as 4% of the added fat, also with a high
amount of PUFA) were compared to a control diet that
included T only. Therefore, higher feed intake and higher
final weights (P < 0.05) were recorded when a higher
polyunsaturated diet was used, but as occurred with FO
in diets, feed efficiency was not improved, which is in



LÓPEZ-FERRER ET AL.756

TABLE 3. Performance parameters1 of chicks (1 to 38 d)

Variable T12 T2 T3 Pooled MSE P

Weight gain, g per bird per day 48.15b 48.72b 52.78a 5.004 *
Feed intake, g per bird per day 82.10 85.70 86.06 25.872 NS
Feed efficiency, g:g 1.71 1.76 1.63 0.009 NS
Final weight, kg per bird 1.85b 1.85b 2.02a 0.0091 *

a,bValues in the same row with no common superscript are significantly different.
1Values are means of five observations per treatment and their pooled mean square of error (MSE).
2T1 = 8% tallow (T); T2 = 2% linseed oil (LO) + 6% T; T3 = 4% LO + 4% T.
*P ≤ 0.05.

agreement with Zollitsch et al. (1997). An increase in the
saturation of the diet decreased the weight gain and final
weights, although controversial results have been re-
ported elsewhere (Ajuyah et al., 1993).

The carcass yield values recorded at the slaughter-
house, considered on the basis of the carcass weight, after
removal of feet and head, showed significant differences
between treatments, although they ranged only from 64.6
(T3) to 66.2% (T2). The differences between treatments in
the relative weight of each cut of the carcass in each sex, in
both experimental plans, were not significant. Increasing
levels in the polyunsaturation of the diet and of the meat
did not increase the abdominal fat percentage, as reported
by Zollitsch et al. (1997), who described similar data after
using PUFA dietary levels ranging from 1.2 to 62.4%.
However, we found lower levels (1.1 to 1.3% vs. 2.3%),
which could be due to a slightly shorter growth period
(38 vs. 43 d at slaughtering). Unexpectedly, the carcass
yield was similar in both sexes (P > 0.05), but the abdomi-

TABLE 4. Carcass yield parameters of broiler chicks according
to different amounts of linseed oil in diets1

Carcass yield2 Cold carcass Abdominal Thigh3 Breasts3 Wings3

Variable at slaughterhouse (%) yield2 (%) fat3 (%) (%) (%) (%)

Treatment × sex
T14 Male 65.29 63.57 1.00 33.26 26.03 11.93
T1 Female 65.82 64.20 1.35 32.55 26.91 11.73
T2 Male 66.74 64.79 0.67 32.49 27.58 11.82
T2 Female 65.56 63.96 1.56 32.73 25.04 12.37
T3 Male 64.81 63.04 0.97 33.36 25.53 11.73
T3 Female 64.46 62.76 1.71 32.11 25.59 11.86

Pooled MSE 1.603 1.669 0.247 1.095 3.608 0.510
Treatment

T1 65.56ab 63.88ab 1.17 32.90 26.47 11.83
T2 66.15a 64.38a 1.12 32.61 26.31 12.10
T3 64.64b 62.90b 1.34 32.73 25.56 11.79

Sex
Male 65.62 63.80 0.88 33.04 26.38 11.83
Female 65.28 63.64 1.54 32.46 25.85 11.99

P
Treatment * * NS NS NS NS
Sex NS NS *** NS NS NS
Treatment × sex NS NS NS NS NS NS

a,bValues within the same column and section with no common superscript are significantly different.
1Values are the mean of fifteen observations per treatment and their pooled mean square of error (MSE).
2Carcass yield, without head, neck, or feet.
3Percentage of carcass.
4T1 = 8% tallow (T); T2 = 2% linseed oil (LO) + 6% T; T3 = 4% LO + 4% T.
*P ≤ 0.05.
***P ≤ 0.001.

nal fat percentage in male chicks was significantly lower
than in the female chicks (0.88% for male vs. 1.54% for
female; P < 0.001).

Meat Quality Parameters

Table 5 shows the objective meat quality parameters
of the breast samples of chicks according to the amount
of LO in the diet. No differences between treatments or
sexes were detected. Juiciness ranged from 0.83 (T2, T3)
to 0.87 (T1), and grill losses were from 20.5 to 22.9%. The
objective quality parameters were similar to those found
in a parallel trial with FO as the main dietary source of
fat (López-Ferrer et al., 2001). No significant differences
were found between treatments, whereas there were dif-
ferences between sexes in certain parameters. Juiciness,
grill losses, and toughness parameters showed a tendency
to decrease in female chicks (P < 0.10).
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Fatty Acid Composition

Tables 6 to 8 show the FA content of the chicken thigh
and liver samples. No FA larger than 22 carbon atoms
was detected. The data of each experimental plan were
analyzed separately.

Plan 1. Increasing Levels of LO in the Diet. Table 6
shows the FA composition of thigh samples at increasing
LO levels (T1 to T3). The saturated FA content was lower
in thigh samples when T was replaced with progressively
higher amounts of LO, as expected according to the FA
profile of the diets. The main saturated FA was palmitic
acid (C16:0), followed by stearic acid (C18:0) in all treat-
ments. Although the T1 diet had the least monounsatur-
ated FA (MUFA), increased values of LO in the diet clearly
decreased the MUFA contents in T2 and T3 thigh samples
(P < 0.001). Oleic acid (C18:1 n-9) always scored the highest.
The highest MUFA levels of the samples from chickens
fed the control diet (T1, tallow) agree with those found
by Yau et al. (1991) and Scaife et al. (1994) with highly
saturated diets in poultry. As reported in a parallel study
(López-Ferrer et al., 2001, where T was replaced with FO),
the dual origin of oleic acid in meat, directly deposited
from the diet and de novo synthesis in liver and tissue,
may explain this finding. In each experiment (up to 4%
added fat as source of variation), the de novo synthesis
of these MUFA is higher than the MUFA content of the
diets. The high level of palmitic and stearic acids in the
T1 treatment probably accounts for such a high level
of oleic acid in meat, as a result of elongation and ∆-
9 desaturation.

The PUFA content in meat increased significantly (P <
0.001) when LO was added to the diet, as reported by
Ajuyah et al. (1991, 1993), who used high amounts of full-
fat flax seed in a control diet that was based on corn and

TABLE 5. Quality meat parameters according to different amounts of linseed oil in diets1

Tenderness

Grill Maximal kraft Toughness cut Energy in cut Total energy
Variable Juiciness losses (%) (N) (N) (J) (J)

Treatment × sex
T12 Male 0.84 21.54 13.58 8.93 133.96 255.31
T1 Female 0.88 20.50 11.87 7.99 119.83 222.80
T2 Male 0.82 21.05 14.53 9.13 136.90 261.05
T2 Female 0.84 20.53 14.07 8.57 128.46 263.70
T3 Male 0.81 22.96 12.53 7.35 110.21 218.44
T3 Female 0.84 21.80 12.06 8.17 122.62 201.98

Pooled MSE 0.01 6.809 15.572 2.684 604.110 5,638.510
Treatment

T1 0.87 21.02 12.73 8.46 126.90 239.06
T2 0.83 20.79 14.30 8.85 132.68 262.38
T3 0.83 22.38 12.30 7.76 116.41 210.21

Sex
Male 0.82 21.85 13.54 8.47 127.02 244.93
Female 0.86 20.94 12.67 8.24 123.64 229.49

P
Treatment NS NS NS NS NS NS
Sex NS NS NS NS NS NS
Treatment × sex NS NS NS NS NS NS

1Values are the mean of seven observations per treatment and their pooled mean square of error (MSE).
2T1 = 8% tallow (T); T2 = 2% linseed oil (LO) + 6% T; T3 = 4% LO + 4% T.

soybeans with animal fat as the only added fat. However,
each PUFA has specific metabolic functions. The n-3 con-
tent increased in T3 samples (P < 0.001), mainly in the
form of LNA, the precursor of the whole n-3 family. This
increase in n-3 was accompanied by a slight increase in
the n-6 family, in the form of LA. Nevertheless, the re-
sponse to the increase in n-3 FA in tissues differed from
that of diets. Although there was a 13-fold variation in
n-6/n-3 ratio among the diets, there was only a 5-fold
variation in thigh meat among the dietary treatment
groups. The n-6 FA content in thighs remained higher
than the n-3 content in spite of the forced experimental
treatments. However, the n-6 FA final global increase
never reached that of n-3 FA.

All the n-3 LC-PUFA [eicosapentaenoic fatty acid
(EPA), docosapentaenoic fatty acid (DPA), and DHA]
scored the highest values (P < 0.001) when its precursor,
LNA, was added to the diet (T3) in a higher amount [R2

= 0.80 for EPA, 0.72 for DPA, and 0.78 for DHA when
the function FA = f(LNA) was performed], as reported
by Olomu and Baracos (1991) and Whelan et al. (1991) at
increasing amounts of dietary linseed oil and purified
linolenic acid, respectively. This finding supports the abil-
ity of the chicken to convert LNA to its derivatives when
it is present in the diet, although the level is never nutri-
tionally valuable. Previous findings showed that when
up to 8.2% LO is added (39% LNA, 39.9% total n-3), tissue
deposition of n-3 LC-PUFA is never greater than 4% of
total FA of the analyzed meat samples (López-Ferrer et
al., 1999). AA decreased significantly (P < 0.001) when
the n-3 LC-PUFA were increased in the T3 tissue samples.
Many studies have shown the competition between pre-
cursors from both essential FA families (Sprecher, 1989).
The elongation and desaturation of LA and, to a lesser
extent, of LNA are inhibited by the n-3 LC-PUFA, as
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TABLE 6. Fatty acid composition of thigh samples of chicks according
to different amounts of linseed oil in diets1

Fatty acid2 T13 T2 T3 Pooled MSE P R2,4

(% of methyl esters of fatty acids)
C12:0 0.00 0.01 0.00 0.000 NS
C14:0 0.77 0.70 0.69 0.008 NS
C14:1 n-5 0.02 0.02 0.00 0.001 NS
C15:0 0.50b 0.50b 0.62a 0.001 ***
C16:0 33.82a 31.45b 29.58c 0.291 ***
C16:1 n-7

5 0.04b 0.05b 0.12a 0.002 *
C16:1 n-7 3.60 3.42 3.24 0.056 NS
C17:0 0.09ab 0.04b 0.14a 0.003 *
C18:0 8.54a 8.99a 6.41b 0.626 ***
C18:1 n-9 34.66a 26.18b 25.95b 0.364 ***
C18:1 n-7 2.60a 2.69a 0.98b 0.761 *
C18:2

5 0.07b 0.46a 0.05b 0.010 ***
C18:2 n-6 11.66c 15.32b 16.58a 0.341 *** 0.87
C18:3 n-6 0.11 0.12 0.07 0.002 NS 0.12
C18:3 n-3 1.63c 8.77b 13.93a 0.052 *** 0.98
C18:4 n-3 0.03c 0.12b 0.17a 0.001 *** 0.80
C20:0 0.04b 0.00c 0.10a 0.000 ***
C20:1 n-9 0.34a 0.10b 0.00c 0.004 ***
C20:2 n-6 0.16a 0.06b 0.07b 0.002 **
C20:3 n-6 0.11a 0.08b 0.09b 0.000 *
C20:4 n-6 0.63a 0.37b 0.28c 0.003 *** . . .
C20:4 n-3 0.01 0.00 0.04 0.001 NS
C20:5 n-3 0.20b 0.22b 0.39a 0.001 *** . . .
C22:1 n-9 0.04 0.00 0.00 0.003 NS
C22:4 n-6 0.10a 0.00b 0.00b 0.001 ***
C22:5 n-3 0.12c 0.17b 0.24a 0.001 *** 0.43
C22:6 n-3 0.10c 0.17b 0.25a 0.001 *** 0.39
Saturated fatty acid 43.77a 41.69b 37.53c 0.972 *** 0.87
MUFA 41.26a 32.41b 30.18c 1.707 *** 0.85
PUFA 14.86c 25.39b 32.12a 0.609 *** 0.97
Trans fatty acid 0.11b 0.51a 0.17b 0.011 ***
n-6 12.77c 15.95b 17.10a 0.417 *** 0.84
n-3 2.09c 9.45b 15.02a 0.060 *** 0.98
n-6/n-3 6.11a 1.69b 1.14c 0.031 *** 0.99

a,bValues in the same row with no common superscript are significantly different.
1Values are means of five observations per treatment and their pooled mean square of error (MSE).
2MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
3T1 = 8% tallow (T); T2 = 2% linseed oil (LO) + 6% T; T3: 4% LO + 4% T.
4R2 = coefficient of determination of the regression of fatty acid tissue on fatty acid in the diet.
5Trans fatty acids.
*P ≤ 0.05.
**P ≤ 0.01.
***P ≤ 0.001.

shown by Grønn et al. (1992). Whelan et al. (1991) showed
that the LA desaturation to AA in liver decreased when
higher amounts of dietary LNA (up to 12.5% of the dietary
fat) were used, but that desaturation was especially sup-
pressed when LC-PUFA were used at higher levels in
diets (9.5% EPA, 4.4% DHA) than the above-mentioned
LNA. LNA is an effective LA antagonist, but it does not
reach such a high level as when high n-3 LC-PUFA levels
are included in the diet (Bézard et al., 1994).

More EPA, DPA, and DHA in tissues may reflect higher
amounts in the liver. These FA in liver, along with higher
amounts of LNA in the diets and liver, could decrease the
elongation and desaturation of LA to AA (never present in
the diet) from T1 to T3 samples, as shown by Whelan et
al. (1991) and Bézard et al. (1994).

Plan 2. Feeding Time of the LO Diet. Tables 7 and 8
show the FA composition of T3 liver and thigh samples,
respectively, according to the age of the bird. The main

changes occur in the effect of saturation at increasing
ages. Saturation was reached earlier in liver, and palmitic
acid was the main saturated fat in thigh, as was stearic
acid in liver. Increasing ages of the birds led to significant
increases in saturated FA (P < 0.001) and to lower values
of MUFA in thigh (P < 0.001), whereas the liver had
only slight oscillations. The main MUFA was oleic acid,
especially in the thigh. The MUFA levels found in the
thigh were always much higher than those present in
the T3 diet or those found in the liver, thus suggesting
generation from the saturated FA group and later deposi-
tion in peripheral tissues. Nevertheless, MUFA decreased
(P < 0.001) when longer feeding times increased the satu-
ration of the thigh samples. The differences between the
main FA groups were not significant in the liver, irrespec-
tive of the age of chickens at slaughter.

Certain differences in PUFA levels found in the muscu-
lar tissue reflected the slight oscillations detected in liver



n-3 FATTY ACIDS IN BROILER MEAT 759

tissue. A slight decrease in the polyunsaturation of the
fat at increasing ages was recorded for thigh only, but
this effect was not observed in the almost unchanged
profile of the liver. Both PUFA groups (n-3 and n-6)
showed similar decreases in the thigh fat profile at in-
creasing ages. The effect of time on saturation did not
alter the PUFA profile of thigh samples very much, as
revealed by ANOVA. Differences in every n-3 LC-PUFA
were not present or were of low significance. In any case,
use of simple regression analyses of such FA (FA in tissue
according to the age of the animals) revealed significant
differences according to time in groups for which AN-
OVA differences were not significant.

Therefore, samples taken at the first slaughtering (24
d) showed a higher proportion of the FA given via the
diet, but the last two steps of the design confirmed that
the de novo synthesized FA (represented by the saturated
FA group) had the highest values. Longer periods on
LO diets of 14 d more than usual does not increase the

TABLE 7. Fatty acid composition of liver samples according to the length of feeding the linseed oil diet1

T33 T3 T3
Fatty acid2 24 d 38 d 52 d Pooled MSE P R2,4

(% of methyl esters of fatty acids)
C12:0 0.00 0.00 0.00 0.000 NS
C14:0 0.03 0.08 0.08 0.005 NS
C15:0 0.16 0.31 0.28 0.009 NS
C16:0 17.44b 19.65a 18.69ab 1.549 *
C16:1 n-7 0.27 0.38 0.41 0.070 NS
C17:0 0.25 0.10 0.10 0.013 NS
C18:0 22.20 24.02 23.20 5.204 NS
C18:1 n-9 12.82 10.15 10.90 3.128 NS
C18:1 n-7 1.74 1.72 1.41 0.088 NS
C18:2

5 0.01 0.00 0.02 0.000 NS
C18:2 n-6 18.23 16.93 17.63 1.798 NS 0.04
C18:3 n-6 0.09 0.13 0.09 0.007 NS 0.07
C18:3 n-3 6.36 4.99 6.20 0.786 NS 0.07
C18:4 n-3 0.05 0.06 0.07 0.000 NS 0.13
C20:0 0.06 0.07 0.09 0.001 NS
C20:1 n-9 0.18 0.16 0.18 0.002 NS
C20:2 n-6 0.59a 0.41b 0.37b 0.011 *
C20:3 n-6 0.85a 0.42b 0.46b 0.006 ***
C20:4 n-6 3.81b 5.06a 4.79a 0.275 ** 0.26
C20:4 n-3 0.33a 0.16b 0.17b 0.001 ***
C20:5 n-3 5.22b 5.58b 6.69a 0.325 ** 0.52
C22:1 n-9 0.13 0.15 0.20 0.004 NS
C22:4 n-6 0.19 0.19 0.21 0.002 NS
C22:5 n-3 2.36 2.13 2.10 0.114 NS 0.04
C22:6 n-3 6.63 7.16 5.67 0.879 NS 0.08
Saturated fatty acid 40.15 44.23 42.44 7.027 NS 0.03
MUFA 15.14 12.56 13.09 4.340 NS 0.08
PUFA 44.70 43.21 44.45 3.530 NS 0.07
Trans fatty acid 0.01 0.00 0.02 0.000 NS
n-6 23.77 23.13 23.55 1.902 NS 0.07
n-3 20.94 20.08 20.90 2.134 NS 0.08
n-6/n-3 1.13 1.15 1.13 0.008 NS 0.08

a,bValues in the same row with no common superscript are significantly different.
1Values are means of five observations per treatment and their pooled mean square of error (MSE).
2MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
3T3 = 4% linseed oil + 4% tallow.
4R2 = coefficient of determination of the regression of fatty acid tissue on time.
5Trans fatty acids.
*P ≤ 0.05.
**P ≤ 0.01.
***P ≤ 0.001.

proportions of LC-PUFA in the form of EPA, DPA, or
DHA in muscular tissue, according to Olomu and Baracos
(1991), who studied younger birds (between 7 and 21 d
of age) but failed to detect nutritionally valuable levels.
Liver samples from 24-d-old birds showed a high level
of EPA, DPA, and DHA, thus confirming an unexpected
desaturation and elongation of LNA even at early stages
of development. However, none of these high levels of
FA in liver was reflected in thigh fat. The LC-PUFA are
thus abundant in certain tissues to ensure their functional-
ity but not in others, which suggests a selective use of the
LC-PUFA generated through elongation and desaturation
from LNA, as reported by Bézard et al. (1994), who noted
the selective uptake of n-3 LC-PUFA according to the
tissue. Brain and liver have a high affinity for DHA, which
is specifically carried to these highly demanding organs
through membrane phospholipids. Dietary LNA is not a
valuable source of n-3 LC-PUFA in thigh. Whelan et al.
(1991) added purified LNA (3 to 12.5% of the dietary fat)
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TABLE 8. Fatty acid composition of thigh samples according to the length of feeding the linseed oil diet1

T33 T3 T3
Fatty acid2 24 d 38 d 52 d Pooled MSE P R2,4

(% of methyl esters of fatty acids)
C12:0 0.00 0.00 0.00 0.000 NS
C14:0 0.59b 0.69a 0.60b 0.003 *
C15:0 0.34b 0.62a 0.64a 0.007 ***
C16:0 24.72c 29.58b 31.57a 1.052 ***
C16:1 n-7

5 0.12a 0.12a 0.02b 0.002 *
C16:1 n-7 2.41b 3.24a 1.87c 0.141 ***
C17:0 0.05b 0.14a 0.05b 0.002 *
C18:0 6.15b 6.41b 8.91a 0.325 ***
C18:1 n-9 28.36a 25.95b 22.39c 2.560 ***
C18:1 n-7 2.48a 0.98b 2.66a 0.097 ***
C18:2

5 0.28a 0.05b 0.16a 0.016 *
C18:2 n-6 16.74a 16.58a 15.29b 0.771 * 0.29
C18:3 n-6 0.06 0.07 0.03 0.002 NS 0.02
C18:3 n-3 16.03a 13.93b 14.72b 0.591 ** 0.14
C18:4 n-3 0.37 0.17 0.11 0.024 NS 0.30
C20:0 0.00b 0.10a 0.01b 0.000 ***
C20:1 n-9 0.06 0.00 0.08 0.006 NS
C20:2 n-6 0.04 0.07 0.02 0.001 NS
C20:3 n-6 0.07 0.09 0.06 0.001 NS
C20:4 n-6 0.29 0.28 0.24 0.005 NS 0.03
C20:4 n-3 0.02 0.04 0.01 0.001 NS
C20:5 n-3 0.29b 0.39a 0.22b 0.005 ** 0.01
C22:1 n-9 0.07 0.00 0.00 0.007 NS
C22:5 n-3 0.23a 0.24a 0.18b 0.001 * 0.08
C22:6 n-3 0.23 0.25 0.16 0.003 NS 0.37
Saturated fatty acid 31.86c 37.53b 41.78a 1.888 *** 0.90
MUFA 33.38a 30.18b 27.00c 1.906 *** 0.80
PUFA 34.37a 32.12b 31.05b 1.282 ** 0.60
Trans fatty acid 0.40 0.17 0.18 0.025 NS
n-6 17.20a 17.10a 15.64b 0.901 * 0.28
n-3 17.16a 15.02b 15.40b 0.630 ** 0.33
n-6/n-3 1.01b 1.14a 1.02b 0.006 * 0.83

a,bValues in the same row with no common superscript are significantly different.
1Values are means of five observations per treatment and their pooled mean square of error (MSE).
2MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
3T3 = diet with 4% linseed oil + 4% tallow.
4R2 = coefficient of determination of the regression of fatty acid tissue on time.
5Trans fatty acids.
*P < 0.05.
**P < 0.01.
***P < 0.001.

or FO levels (2 to 9.5% EPA, 0 to 4.4% DHA of the fat)
to mouse diets. They showed that all n-3 LC-PUFA are
higher in liver when FO is used at the highest concentra-
tion than when purified LNA is introduced in diets as
the only n-3 source, even at its maximum dietary levels.
More LC-PUFA in liver increases the deposition in all
peripheral depots, as shown in peritoneal cells (4.6% EPA
and 6.7% DHA vs. 0.5% EPA and 3.3% DHA for maximum
FO and LNA levels, respectively).

Here, AA was also high in liver (up to 4% of fat), even
in the youngest birds, as a result of the high amount of
LA in the diet but not in thigh. The lipid pathways should
be thoroughly studied in order to understand the FA
metabolism in chicken.

Our results failed to show an increase in the conversion
rate of the n-3 precursor (LNA) to its derivatives as a
result of a higher feeding plan. The alternative and entan-
gled metabolic pathways (Moore et al., 1995; Sprecher et
al., 1995) that involve the n-3 FA metabolism could affect

n-3 LC-PUFA deposition in all peripheral tissues. Further
research is required to optimize the use of the n-3 ingredi-
ents in diets, and thus to achieve nutritionally enriched
meat.
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Fleischwirtschaft 70:613–615.

Sprecher, H. 1989. Interactions between metabolism of n-6 and
n-3 fatty acids. J. Intern. Med. 225:5–11.

Sprecher, H., D. L. Luthria, B. S. Mohammed, and S. P. Baykous-
heva, 1995. Reevaluation of the pathways for the biosynthesis
of polyunsaturated fatty acids. J. Lipid Res. 36:2471–2477.

Whelan, J., K. S. Broughton, and J. E. Kinsella, 1991. The compar-
ative effects of dietary α-linolenic acid and fish oil on 4- and
5-series leukotriene formation in vivo. Lipids 26:119–126.

Yau, J. C., J. H. Denton, C. A. Barley, and A. R. Sams, 1991.
Customizing the fatty acid content of broiler tissues. Poultry
Sci. 70:167–172.

Zollitsch, W., W. Knaus, F. Aichinger, and F. Lettner, 1997.
Effects of different dietary fat sources on performance and
carcass characteristics of broilers. Annu. Feed Sci. Technol.
66:63–73.


