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The aim of this study was to evaluate the effect of -3 PUFA-rich linseed-supplemented diet on the w-6/w-3
PUFA content and IGF-I mRNA expression in broiler tissues. Broilers (50 of 21 d old and 90 of 42 d old)
were divided into groups according to dietary additives: 1.5% linseed oil (LO), 3.0% LO, 15% linseed
cake (LC) and 30% LC and to the duration of modified feeding (1-21, 1-42 and 22-42 days). PUFA con-
tent in breast muscles was assayed by gas chromatography and IGF-I mRNA content in liver, muscle and
leukocytes was measured by one step RT-PCR. The experimental diets improved the ®-6/w-3 PUFA ratio
through a threefold increase in the m-3 PUFA content in the breast muscle. The changes in PUFA content
were accompanied by changes in IGF-1 gene expression levels in tissues. Therefore, both paracrine and
autocrine manner of IGF-1 action are likely to be involved. 15% LC at starting period or 1.5% LO in final
diet can be advised as optimal for enriching broiler meat with ®-3 fatty acids.
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Introduction

In the last several years, cardiovascular diseases
have become more frequent in Estonia and the
rest of world. At the same time, the consumption
of polyunsaturated o-3 fatty acid (»-3 fatty acids
or -3 PUFA) has been shown to reduce the risk of
arteriosclerosis. Unfortunately, as the human organ-
ism is unable to produce PUFAs; it is necessary to
pick them up from food. The richest source of ®-3
fatty acids is the fat of cold-water fish as well as
flax, hemp, rape and linseed (Lopez-Ferrer et al.
2001). However most of the people do not like to
use these products directly for food. Moreover oil
capsules rich in -3 fatty acids, produced by many
companies are relatively expensive. The alternative
is to consume animal and bird products whose organs
are enriched with ©-3 PUFA.

The effect of transmitted fatty acids from di-
etary vegetable sources on poultry tissues is known
(Lopez-Ferrer et al. 2001, Himmal 2004, Mazzuco
et al. 2005, and Lember et al. 2006). In our previ-
ous study, ®-3 fatty acid levels in breast muscle of
quails were responding well to changes in dietary
meal composition (Karus et al. 2007). It therefore
can be presumed that the enrichment of broiler
meat with -3 fatty acid can be achieved by feed-
ing the birds with linseed (Linum usitatissinum)
meal. However, the optimal content and duration
of the supplementation that ascertain proper de-
velopment and growth of broilers are not known
at present.

We have sought to answer these questions by
measuring the mRNA level of IGF-1 (insulin like
growth factor-1). It has been suggested that higher

Table 1. Content of crude fat and ®-3 PUFA in diet.

®-3 PUFA diets could affect IGF-1 expression be-
cause IGF-1 mRNA level in liver and muscle was
depended on the nutrition status (Heck et al. 2003,
Guernec et al. 2004). Therefore, IGF-1 mRNA con-
tent in those tissues could give valuable information
for establishing optimal linseed diets for enriching
broiler muscles tissues with -3 fatty acids.

In addition, we also studied the mechanism of
IGF-1 action: endocrine, paracrine or autocrine, as
this too can be important for increasing the ®-3
fatty acid content and in improving ®-6/®-3 PUFA
ratio in tissues using linseed meal (McMurtry et
al. 1997, Beccavin et al. 2001, Heck et al. 2003,
Giachetto et al. 2004).

Material and Methods

Experiments were carried out according to Estonian
Animal Protection Act (13.12.2000/RT 12004). The
trial was conducted at A/S Tallegg in 2005. Test
groups were located on private farms. In total 140
Ross 208 broilers were studied. As recommended
(Tikk and Lember 2004), broilers were divided into
14 groups (5 males and 5 females in each) according
to following dietary additives: 1.5 and 3.0% linseed
oil, 15 and 30% linseed cake groups, feeding periods
(1-21, 1-42 and 2242 days) with additive nutrition
plus two control groups (broilers at the age of 21
d and 42 d old). The dietary additives were given
with granulated mixed concentrated feed as the basal
feed containing 21.2% crude protein and 13.2MJ/kg
metabolizable energy. The content of crude fat and
®-3 PUFA in diet are presented in Table 1.

Crude fat ®-3 PUFA in ®-3 PUFA contentin ~ ®-3 PUFA content in
content crude fat 1 g of feed daily (30 g) diet
Feeds % % mg mg
Linseed cake 13.46 48.50 65 -
Linseed oil 96.00 52.97 509 -
Mixed feed 4.73 10.77 5 150
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Tissue samples were taken immediately after
slaughter (blood samples were taken from living
birds before slaughtering), instantly frozen in dry
ice and stored (about two hours) at —20°C until
use. Breast muscles were separated from the car-
cass, weighed and samples were taken for fatty
acid analysis. Fatty acids were determined by gas
chromatography in the form of methyl esters on 30
m Carbowax column (for more details see Karus
2007). The total content of saturated fatty acids,
monounsaturated fatty acids, -3 polyunsaturated
fatty acids (PUFA) and ©-6 PUFAs were calculated
(Hammal 2004, Tikk and Lember 2004, Lember et
al. 2006, Karus et al. 2007).

Blood was collected from V. jugularis into dis-
posable non-heparinised test tubes for IGF-1 analy-
sis and into EDTA-diNa tubes for mRNA studies.
Leukocyte mRNA was isolated using mRNA iso-
lation kit for bone/blood marrow (Roche Applied
Science). Muscle and liver samples were disrupted
and homogenized tissue using mortar and pestle.
mRNA was isolated from 74-76 mg of homog-
enized using mRNA isolation kit (Roche Applied
Science).

Analysis of mRNA was performed with hot
start one-step RT-PCR using LightCycler RNA
Master SYBR Green I kit (Roche Applied Science)
and LightCycler 1.2 Instrument. The PCR protocol
was optimised on the basis of previous work (Pfaffl
etal. 2002, Heck et al. 2003, Giachetto et al. 2004,
Smolkina and Karus 2004) and the Roche LightCy-
cler RNA master SYBR Green I method manual.

The complimentary DNA sequences were
the same as reported by Pfaffl (2001, 2002) and
were pretested in birds (Karus et al. 2007). The
primers were synthesised by TIB MOLBIOL

(www.tib-molbiol.com). Primer information and
the TIB reference numbers are listed in Table 2.

GAPDH housekeeping gene was used for IGF-1
mRNA quantification (Smolkina and Karus 2004).
Crossing points for IGF-1 expression analysis were
estimated using the Fit Points option (LightCycler
software version 3.5).

Statistical Analyses

Variation of polyunsaturated fatty acid content in
parallel measurements of feeds has been negligibly
small (Himmal 2004). Therefore, the pooled samples
were used for analyses and the values in Table 3 are
presented as averages without standard deviation.
Statistical analysis was performed using SYSTAT
10.0 software (SPSS) and R package (version 2.4.0.).
The data of IGF-1 mRNA are represented as mean
+ SD. The homogeneity of variance for IGF-1
mRNA data was tested by the one-way ANOVA.
When variances were comparable, the differences
in IGF-1 gene expression regarding the changes
in consuming duration or in additive yield were
estimated by T-test with unequal variances.

One-way ANOVA dispersion analysis followed
by Tukey posthoc test was performed to determine
the effects of linseed meal on relationship between
IGF-1 mRNA levels and ®-6/@-3 PUFA ratio.
Furthermore Pearson’s correlation coefficients
between averages of IGF-1 mRNA and ®-6/®-3
PUFA ratio were calculated. Differences of p<0.05
were regarded as significant.

Table 2. The sequences, position and G/C content of the RT PCR primers

Primer Sequence (5'—3") GC (%)
GAPDH f CATTGACCTTCACTACATGGT 429
GAPDH r ACCCTTCAAGTGAGCCCCAG 60.0
IGF-1f TCGCATCTCTTCTATCTGGCCCTGT 52.0
IGF-1r GCAGTACATCTCCAGCCTCCTCAGA 56.0

f=forward; r = reverse
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Results

Effect of dietary linseed additives on
PUFA content in broiler breast muscle

The broiler breast muscle fatty acid content data
are presented in Table 3. We established that in
comparison with control group, the linseed diet led
to higher content of ®-3 PUFA and lower ®-6/®-3
PUFA ratio in broiler breast muscle.

In comparison with control group, the experi-
mental diets on average increased m-3 PUFA con-
tent by 3.3-fold and decreased the ratio of ®-6/®-3
PUFA approximately 3.5-fold.

® -6/®-3 PUFA ratio revealed a falling trend
during the first 3 weeks of feeding trial (1-21 day),
but this could be extended by completing the diet.
The highest values of ®-3 PUFA content and the
lowest ratios of m-6/m-3 PUFA in breast muscles
were observed with diet containing 30% linseed
cake during the last two weeks of study. In the case
of longer feeding periods (1-42 day) the trend was
similar — linseed cake additives improved ®-6/®-3
PUFA ratio in breast muscle even further.

Effect of linseed rich diet on IGF-1 ex-
pression level in different broilers tissues

In order to investigate the effects of linseed meal
in broiler, we measured broiler leukocytes, liver
and breast muscle IGF-1 mRNA level at different
points in nutrition time (Table 4).

Despite relatively high variation, the IGF-1
expression level differs quantitatively between
tissues. The relative content of IGF-1 mRNA in
leukocytes tends to decrease in broilers fed with
30% linseed cake in first three weeks (p<0.05) (dif-
ferent upper-case letters in Table 4).

After starting the diet (1-21 d), a slight increase
in muscle IGF-1 mRNA level was observed.

However, the IGF-1 expression level differed
significantly from that of the control group (p<0.05)
in the 15% linseed cake treatment group only.

IGF-1 expression in liver during the first 21-
day diet period was not affected by linseed meal.
However, there was evidence suggesting decrease
in the hepatic IGF-1 expression within higher
linseed cake group (p<0.05). Compared with the
control group, the differences in IGF-1 expression
in white blood cells after longer nutrition period

Table 3. Fatty acid composition (% of total) in broiler breast muscle at different experimental diets.

Control

1.5% linseed oil 3.0% linseed oil 15% linseed cake 30% linseed cake
Fatty group
acids
1-21 142 121 1-42 22-42 1-21 1-42 22-42 121 142 2242 1-21 1-42 2242
SAT 36.0 363 343 337 331 32.7 30.7 31.3 353 314 318 322 30.8 29.8
MUFA 253 32,6 27.1 292 31.1 19.2 30.6 28.1 19 22.6 25.0 19.6 237 18.7
-6 29.1 22,6 237 21.8 212 263 205 213 26.1 232 22.1 26.0 22.6 23.6
PUFA
®-3 55 52 121 13.1 123 19.2 16.0 17.1 16.4 20.1 18.3 19.7 21.1 255
PUFA
®-6/®w-3 530 435 196 1.66 1.72 1.37 128 1.25 1.60 1.15 1.21 1.32 1.07 0.93
PUFA

Mean values (n=10) are percent of total fatty acids: SAT, sum of 14:0, 15:0, 16:0, 17:0, 18:0 and 20:0. MUFA, sum of 16:1, 17:1, 18:1
and 20:1. -3 PUFA, sum of 18:3n3, 20:5n3, 22:5n3 and 22:6n3. ®»-6 PUFA sum of 18:2n6 and 20:4n6.
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Table 4. IGF-1 mRNA relative content in broiler leukocytes, liver and breast muscle

Bird group Period of nutrition IGF-1 in blood IGF-1 in liver IGF-1 in muscle
Control 1-21 0.5£0.3 4 14425 0.7£0.54
142 0.1£0.14 1.3+1.34 0.1£0.24
1.5% linseed oil group 1-21 1.3£1.24 0.3+0.7 1.942.2
142 0.2+0.2® 0.2+0.2 8 0.440.4 Ab
22-42 0.740.6 B2 2.742.2 Ba 0.7+1.2
3.0% linseed oil group 1-21 1.0+0.6 42 0.6+0.6 4.3+7.6
142 0.2+0.1"° 1.0+2.0 1.5+0.9 Ba
22-42 0.1£0.1 A 1.5¢1.4 0.140.1 Ab
15% linseed cake group 1-21 2.4+42.04 0.6+£0.44 7.0+9.3 B
142 0.8£1.4° 0.4+0.5 0.140.14
22-42 0.3£0.2 B® 3.0+3.7 0.6+£0.7 4
30% linseed cake group 1-21 0.2+0.0 Ba 0.3+0.2 B 1.0+1.0°
1-42 0.3+0.1 B® 4.0+5.5 0.1£0.1 42
22-42 0.3+0.2 Bb 5.6+7.8 0.6£1.34

The IGF-1 mRNA was measured by real time RT-PCR and normalized by GAPDH mRNA levels. Ratios (arbitrary unit) are means+SD,
by using a test of homogeneity of variances. The number of birds in groups ranged from n=5-10.
Different upper-case letters designate significant differences (p<0.05) between different bird groups at the same nutrition periods.

Different lower-case letters designate significant differences (p<0.05) between nutrition period at the same bird group.

(1-42 days) were observed in 30% linseed cake
group (p<0.05). In muscle, the highest level of
IGF-1 transcription was observed in 3.0% linseed
oil group (p<0.05).

Finalizing feeding with 3.0% linseed oil at
22-42 days decreased the IGF-1 mRNA content
in leukocytes compared with other supplements.
Nevertheless, small effect on IGF-1 anabolism
was found in relation to others diets (p<0.05). In
muscle, the most significant effect was observed in
1.5% linseed oil group (p<0.05). Double increase
of IGF-1 mRNA in liver during the same period
was not statistically significant.

The effect of linseed additives on IGF-1 de-
pends on the formulation and dosing (different
lower case letters in Table 4). Continuous effects
on IGF-1 expression were observed with 1.5% lin-
seed oil diets in blood and muscle: IGF-1 mRNA
was higher in 22-42 day nutrition period compared

39

with 1-42 day period (p<0.05). In case of other
diets, the initial 21-day feeding had stronger effect
than 1-42 or 22-42 day periods for IGF-1 mRNA
relative content in leukocytes.

The difference in the IGF-1 mRNA content in
leukocytes among female and male broilers at age
of 3 weeks was detected only in the control group
(»<0.05). In other groups no significant gender-
based differences were found (p>0.1).

The effect of linseed rich diet on the

relationship between IGF-I expression
and w-6/ w-3 PUFA ratio

We calculated the correlation coefficients between
IGF-1 expression level and ®-6/®-3 PUFA ratio in
broilers (Table 5).
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Table 5. The correlation between IGF-1 mRNA relative content and ®-6/m-3 PUFA ratio in different feeding groups '.

Additive IGF-1 in Blood IGF-1 in Liver IGF-1 in Muscle
1.5% LO 0.95 -0.09 0.37

3.0% LO 0.98 -0.93 0.99(7)**
15%LC 0.94 -0.32 0.99(7)**
30 % LC -0.99* —0.99(8)** 0.55

*p<0.1; **p<0.05; (Pearson correlation coefficient, p value — two tailed)
! the means from different feeding groups for ©-6/®-3 PUFA ratio and IGF-1 mRNA was compared
LO = Linseed oil, LC = Linseed cake

IGF-1 mRNA relati tent
m relative conten 3% linseed oil

5 7 h 1.5% linseed oil a 57 ¥ *
4 — T 4 1T
3 — 3 -
a
2 - 2
b a
1 — b 1 -
0 — 0 — =
53 4.35 1.96 1.66 1.72 53 4.35 1.37 1.28 1.25
15% linseed cake 30% linseed cake
8 — * a 5 — + w
T i
4 _|
6 —
a 3 ]
4
2 _|
2 — b 1 ,
0 b b b | % b b
0 — L 0 -
5.3 4.35 1.6 1.15 1.21 5.3 4.35 1.32 1.07 0.93

H blood @ liver O muscle

Fig. 1. The effect of different experimental diets on the relationship between absorbed w-6/®-3 PUFA ratio in broiler tis-
sues and IGF-1 mRNA relative content observed from blood, muscle and liver tissues. On x-axis there afe five feeding
groups: control 1-21 d, control 1-42 d, supplemented 1-21 d, supplemented 1-42 d, supplemented 22—42 d. The levels
of IGF-1 mRNA were normalized using GAPDH level. Each bar represents the mean = SEM.

ab Different letters denote difference (p<0.05) in means among diets

* Each bar that has SEM scaled out, does not represent statistical importance

The effects of linseed supplements were stud- Significant relationship between muscle IGF-1
ied additionally by ANOVA dispersion analysis mRNA relative content and ®-6/®m-3 PUFA ratio
(Fig. 1). was demonstrated in the case of 1.5% linseed oil
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and 15% linseed cake diets (p<0.05). It was con-
firmed by Pearson correlation coefficient values.

IGF-1 mRNA Ievel in leukocytes affected the
®-6/®-3 PUFA ratio most in case of 1.5% linseed
oil diet during the first three weeks of 42-day ex-
periment period (p<0.05). Doubled dietary oil
groups showed (comprehensive) additive effect.
There was also positive correlation between leu-
kocyte IGF-1 mRNA and ®-6/®-3 PUFA ratio in
different linseed oil supplemented diets.

Negative correlation, observed between IGF-
1 gene expression in leukocytes and ®-6/®-3
PUFA ratio in case of 30% linseed cake rich diet
(p<0.1) was in agreement with findings from
ANOVA — control group values were affected by
diet (p<0.05).

No correlation was detected between IGF-1 ex-
pression in liver and ®-6/®-3 PUFA ratio.

Discussion

We have demonstrated that linseed-supplements
(Linum usitatissinum) can enhance the nutritional
quality of broiler meat through better ®-6/w-3 PUFA
ratio which results from threefold @-3 PUFA content
increase in breast muscle. The possibility of fatty
acids transfer from linseed meal to broiler tissue is
in agreement with previous studies (Lopez-Ferrer
etal. 2001, Himmal 2004, Lember et al. 2006, Tikk
and Lember 2004, Karus et al. 2007).

Our findings, that shorter feeding periods (in
our case 22-42 day) are preferable for diets with
higher concentration of -3 PUFA, are supported
by literature (Tikk and Lember 2004, Waldroup and
Waldroup 2005, Lember et al. 2006). In addition,
we established that smaller amounts of linseed oil
or cake additives gave better results in the case of
42-day diet.

In the present study the calculated ®-6/®-3
PUFA ratio in broiler breast muscles from different
experimental diets was around the 1:1, which may
be attributed to the optimal metabolism of fats and
proportional production of different prostaglan-
din’s (Watkins et al. 1997). In order to understand
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better the possibility of fatty acids being absorbed
from linseed meal to broiler tissues, and to explain
whether linseed product is preferable for broiler
breast muscle enrichment with o-3 PUFA, we also
studied IGF-1 expression. An attempt had also been
previously made to replace linseed oil with cheaper
feeds of local origin — e.g. linseed cake (Lember
et al. 2006), as oil is expensive and feeding with it
would increase the cost of broiler meat.

Linseed meal can affect the morphology of
poultry body and carcass characterization (Lopez-
Ferrer et al. 2001, Lember et al. 2006) and IGF-1
(McMurtry et al. 1997, Beccavin et al. 2001, Gia-
chetto et al. 2004, Guernec et al. 2004). Although
the effect of high -3 PUFA diets on the IGF-1
mRNA levels observed in the current study is diffi-
cult to interpret, we have shown that neither IGF-1
gene expression nor PUFA content are associated
with sex. This result is similar to the findings of
Yun et al. (2005) and Lember et al. (2006) and sug-
gests that PUFA utilization could be related to IGF-
1. Moreover, we found that despite relatively high
variation in IGF-1 mRNA in different tissues, IGF-
1 mRNA relative content depends on the source of
linseed oil as well as the feeding regimen.

The fraction of PUFA absorbed from the feed
into breast muscles was similar in broilers fed with
either 3% linseed oil or 30% linseed cake during
the first 3-week period. Whereas IGF-1 expression
in liver and in muscle showed tendency to depend
on the diet, significant difference observed in leu-
kocytes at 30% linseed cake diet showing lower
mRNA content. It should be also mentioned that in
total, IGF-1 mRNA content in leukocytes correlat-
ed negatively with ®-6/®-3 PUFA ratio in broilers
fed with the elevated linseed cake content. Based
on the finding that 30% linseed cake diet during
first three weeks of posthatch growth does not lead
to subsequent enrichment of broiler meat with -3
PUFA and on the results by McMurtry et al. (1997)
it appears that better availability of PUFA does not
result in elevated IGF-1 expression.

Previous research has also pointed out that
the production and action of IGF-1 are selectively
influenced by the dietary supply of proteins (Mc-
Murtry et al. 1997, Katsumata et al. 2002), whose
deficiency was associated with low circulating con-
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centration of IGF-1 in blood and reduced produc-
tion in liver (cited in Katsumata et al. 2002). In
addition, plasma IGF-1 concentration and hepatic
IGF-1 mRNA gene expression in young chickens
are lowered by feed restriction and vice verse (cit-
ed in Mazucco et al. 2005). The consequences on
muscle IGFs mRNA levels remain undetermined in
chickens (cited in Guernec et al. 2004). In the cur-
rent study, the IGF-1 mRNA level in breast muscle
samples of broilers was measured as being signifi-
cantly higher after initial three weeks consump-
tion of 15% linseed cake, when compared with the
control group.

The precise role of IGF-1 in the monitoring
of nutritional changes is still a matter of debate,
but we propose that with low linseed cake con-
sumption in the starting diet, the endocrine manner
of IGF-1 action was diminished or changed very
little. Moreover, the significant effect of 15% lin-
seed cake diet on the relationship between muscle
IGF-1 mRNA level and ©-6/®-3 PUFA ratio was
confirmed by positive correlation. This reflects that
paracrine and/or autocrine mechanism of IGF-1 are
of higher importance. Our hypothesis is supported
by recent data: larger amounts of linseed cake can
depress growth of poultry (Ciceran 2004), which
is usually associated with IGF-1 in endocrine man-
ner (Yun et al. 2005). Withal (cited in Guernec et
al. 2004) has also noted that paracrine IGF-I may
be more important for de novo fatty synthesis and
muscle growth than endocrine or circulating IGF-1.
As discussed above, the trend towards IGF-1 gene
expression increase in chicken breast muscle can
be seen not only in three weeks (Yun et al. 2005)
but even 4 weeks and it remained high at 6 weeks
of chicken age (Guernec et al. 2004). In the cur-
rent study, the elevation in IGF-1 mRNA in broiler
breast muscle was observed at the age of 42 days
after 1.5% linseed oil of final diet (22—42 day). The
influence of low linseed oil diet on relationship be-
tween muscle IGF-1 gene expression and ®-6/®m-3
PUFA ratio was even more significant. Our findings
suggest that IGF-1 action in paracrine manner may
be situated with @-6/®-3 PUFA ratio improvement
and with ©-3 PUFA increasing. The report by Dunn
et al. (2003) suggests that a negative effect of flax-
seed on IGF-1 mRNA content in the longissimus

4]

dorsi muscle of cattle may be caused by differences
in IGF-1 gene expression, species differences or
even differences between tissues.

The postulate that IGF-1 can act in paracrine
and autocrine manner in PUFA absorption from
®-3 PUFA rich feed is also confirmed by insignifi-
cant changes in liver IGF-1 mRNA of all broiler
groups. The only significant differences in hepatic
IGF-1 mRNA, compared with the control group,
were observed in broilers after continuous 42-day
long 1.5% linseed oil consumption. The fact that
the response of chicken to changes in dietary fat
composition is quite rapid (Waldroup and Wal-
droup 2005), supports opinion that using longer
period is not necessary and even not recommend-
ed. However, the total correlation among hepatic
IGF-1 mRNA and ®-6/®-3 PUFA ratio was nega-
tive. Because most of the circulating IGF-1 (about
80%) is synthesized in liver and released into the
bloodstream, there is positive correlation between
hepatic IGF-I mRNA level and the plasma IGF-I
profile during post-hatching development in the
chicken (Burnside and Cogburn 1992). IGF-1
concentration in plasma increases with the age of
the birds (Beccavin et al. 2001, Yun et al. 2005) as
well as the hepatic expression of IGF-I that peaks at
28 days of age (Burnside and Cogburn 1992), and
may even increase until 7 weeks of age (Giachetto
et al. 2004, Yun et al. 2005). Therefore, the slight
oscillations in hepatic IGF-1 mRNA level observed
in the current study suggest that circulating IGF-
1 can be minimized or in unchangeable level
by consumption of linseed meal for the aims of
enriching broiler meat with ®-3 PUFA. This
suggestion agrees with the conclusions by Giachetto
et al. (2004): additional temporal regulatory
mechanisms related to nutrition are involved in
modulating the expression of hepatic IGF-I mRNA
and the consequent increase in plasma IGF-I levels.
Additionally, Ghoshal et al. (2000) has found that
in rats the mRNA level of IGF-1 in liver and IGF-1
concentration in serum are less affected by the diet
containing 20% corn oil (CO) compared with those
fed 5% CO. Similarly, in a later report (Mazucco
et al. 2005) have shown that in white leghorns, 5%
linseed oil had no effect on hepatic IGF-1 mRNA
or circulating IGF-1 after 5 weeks long diet. Dunn
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et al. (2003) have shown that flax has no affect
on circulating IGF-1 concentrations in cattle. This
is in fact somewhat surprising, given Watkins et
al. (1997) observation, that dietary lipid treatment
could positively alter the IGF-1 concentration in
blood and liver of the chicken at the age of 21 days.
However, they used different fatty acid obtained
from soybeans, menhaden and corn.

To the best of our knowledge the level of blood
serum IGF-1 tends to decrease and to suppress
quail leukocyte IGF-1 gene expression upon feed-
ing with the mix of linseed and rapeseed meal as
the final diet (Karus et al., 2007). In contrast, there
is small but significant increase in IGF-1 gene ex-
pression in leukocytes of broilers of the age of 42
days, after three weeks feeding with linseed meal.
Therefore, our results do not completely rule out
the endocrine mode of IGF-1 action.

In conclusion, the results of the current study
demonstrate that various supplements of linseed
meal enhance the nutritional quality of broiler
meat. Under our experimental conditions, the effect
of absorbed PUFA acids is quantitatively related
to IGF-1 gene expression level in several tissues.
However, the exact mechanism through which
PUFA affects IGF-1 gene expression is still not
known. We suggest that paracrine and/or autocrine
functions of IGF-1 are involved in the absorption
of fatty acids from linseed meal. Our results show
that 15% linseed cake at starting period or the 1.5%
linseed oil consumption at final diet results in the
enrichment of broiler meat with -3 PUFA.
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