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Abstract

This study was intended to determine the effect of adding flax seeds to a concentrate for lamb
fattening on the fatty acid composition of the omental fat depot in Pramenka lambs reared
indoors. A total of 63 lambs (10+3 kg of live body weight, 30+7 days of age, 30 males and
33 females) were used. They were divided into two groups: a control (CON) fed on hay, ewe’s
milk, and a 300-g daily ration of a commercial concentrate, and an experimental group (FS)
fed on hay, ewe’s milk and 300 g/day of the concentrate enriched with 5% of flax seeds. After
a 60-day fattening period for each group, 10 lambs (5 males and 5 females) were selected
and omental fat samples were analysed for fatty acid composition. Highly significant differences
(p<0.001) were found between CON and FS in o-linolenic acid, the sum of n-3 fatty acids,
and the ratio n-6/n-3 fatty acids. The effect of sex on the fatty acid content in the fat depot was
only significant for C20:0 fatty acid (p<0.05).
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Introduction

There is a rising trend towards the consumption
of food abundant in n-3 polyunsaturated fatty acids
(PUFA) (European Commission 2010). Lambs fed
on large quantities of concentrate tend to present fat with
a low n-6/n-3 PUFA ratio, lower than the recommended
values (Wood, 2003). In this context, many studies have
been focused on finding ways to modify the fatty acid
composition of indoor reared lambs in order to both
increase the n-3 PUFA content and to reduce the concen-
tration of SFA. The fatty acid (FA) profile of ruminant
meat can be intentionally modified to some extent
by feeding animals on diets containing a high proportion
of PUFA (Demeyer and Doreau 1999).

One of the most promising feeds for improving the
FA profile in meat is flax (Linum usitatissimum) seeds
because its oil contains around 50% of a-linolenic acid
(n-3 C18:3) (Rubilar et al. 2010) in addition to a relatively
low linoleic acid (n-6 C18:2) content, and thus there
is a very favourable ratio of n-6/n-3 PUFA (Azain et al.
2004). Researchers have reported that dietary supple-
mentation with flax seed oil or flax seeds in fattening
lambs can increase the concentration of n-3 PUFA,
i.e. n-3 C18:3 and long-chain n-3 PUFA, and decrease
the ratio of n-6/n-3 PUFA in lamb meat and fat depots
(Wachira et al. 2002, Cooper et al. 2004, Demirel et al.
2004, Bas et al. 2007, Berthelot et al. 2010, Urrutia et al.
2015, Ponnampalam et al. 2016, Bhatt et al. 2020, Li F
et al. 2020). In their study, Delmotte et al. (2005) stated
that the practice of adding flax seed to the concentrates
for feeding ewes and lambs is a natural and healthy mode
of modifying the fatty acid content of their products
(milk and meat).

As Wachira et al. (2002), Bas et al. (2007) and
Berthelot et al. (2010) stated that the concentrations
of a-linolenic acid (n-3 C18:3) and long-chain n-3 PUFA,
(EPA, DPA, DHA) in the meat and fatty tissues of lamb
can be increased by supplementing lambs with flax seed.
Also, an increase in the level of EPA and DPA n-3 PUFA
in the subcutaneous fatty tissue of lamb carcasses was
recorded by Demirel et al. (2004) by using flax seeds
in the lamb diet. In their study, Wachira et al. (2002)
recorded differences in EPA (n-3 C20:5) and DHA n-3
PUFA, in a shorter period of time, between the control
and the experimental group of lambs fed meal with the
addition of flax seeds. Similar to these results, Urrutia
et al. (2015) indicate that the addition of flax and chia
seeds to the meal of lambs can be a useful nutritional
strategy for increasing total n-3 polyunsaturated fatty
acids (PUFA) and a-linolenic acid (n-3 C18:3), poten-
tially beneficial for human health, as well as for decreas-
ing the values of the ratios of n-6/n-3 PUFA in the meat
of lambs. Flax seeds in the nutrition of lambs can effi-

ciently affect the modification of fatty acid content
and increase the quantity of nutritively active fatty acids
in lamb meat (Trabalza-Marinucci et al. 2016). Feeding
with extruded flax during the weaning period leads to an
increase in ALA and long-chain n-3 PUFA in the muscle
and fatty tissue of lambs from intensive breeding
(Berthelot et al. 2012). Also, Gémez-Cortés et al. (2014)
confirmed that there was an increase in vaccenic, rumen-
ic, and docosahexaenoic/DHA acids as well as a consi-
derably lower ratio of n-6/n-3 PUFA in intramuscular
and subcutaneous fatty tissue in the carcasses of suckling
lambs whose mothers had been fed with extruded flax.
Wachira et al. (2002), Cooper et al. (2004), Demirel et al.
(2004), and Nute et al. (2007) determined that alternative
diet systems that included flax seeds and flax seed oil,
as sources rich in a-linolenic acid (n-3 C18:3), improve
the content of n-3 PUFA in the meat of lambs. In contrast
this, meal with concentrate based on common cereals
and protein supplements are abundant in linoleic acid
(n-6 C18:2), precursor n-6 PUFA. By experimenting
with different percentages of flax seeds in meal for
lambs, Mele at al. (2014) found in their study that the
addition of flax seeds to the concentrates causes a modi-
fication of the fatty acid content of the intramuscular
tissue of lambs, thus increasing the degree of unsatura-
tion of membrane and neutral lipids as well as decreasing
the ratio of n-6/n-3 PUFA to a value below 3. Ponnam-
palam et al. (2016) reported a significantly more favour-
able ratio of PUFA/SFA and the ratio of n-6/n-3 PUFA
of fatty acids in muscular tissue of lamb carcasses fed
meal with added flax seed and meal with the addition
of flax seeds and algae, when compared to the control
groups of lambs fed with elementary meal consisting
of ryegrass hay and pelleted clover hay. Feeding lambs
with meal rich in a-linolenic acid (n-3 C18:3) leads to an
increase of this fatty acid and LCPUFA in the intramus-
cular fatty tissue of lambs (Kitessa et al. 2010).

Lamb production is relevant in Bosnia and Herzego-
vina, where the prevailing local breed is Pramenka and
their cross breeds (Nenadovi¢ et al. 2020). Most of the
sheep farms in this country are small and medium sized
(up to 100 ewes) with breeding fattening flocks (flocks
with ewes). Lambs are commonly reared under exten-
sive systems (Sinanovi¢ et al. 2011). However, a rearing
system is emerging that aims to improve lamb growth
rates and production efficiency. This system consists
of rearing lambs indoors with their ewes and supple-
menting the lambs’ diet with a restricted amount of con-
centrate. The aim of this study was to determine the
effect on the fatty acid composition of lamb fat tissue
of adding flax seeds into a concentrate offered at
a restricted amount to lambs reared indoors with their
mothers.
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Table 1. Fatty acid composition, expressed as percentage of total fatty acids, in commercial concentrate (CON) and commercial

concentrate enriched with 5% flax seed (FS)

CON FS

C10:0 0.10 0.06
C12:0 0.06 0.04
C 14:0 0.21 0.14
C15:0 0.11 0.08
C 16:0 15.59 11.44
C17:0 0.11 0.09
C 18:0 2.26 2.80
C20:0 0.26 0.20
C22:0 0.25 0.19
C23:0 0.21 0.17
C24:0 0.10 0.06
C16:1n-7 0.33 0.24
C 18:1n-9 23.76 20.97
C20:1 0.42 0.31
C22:1 0.09 0.07
C 18:2n-6 50.01 35.40
C 20:2n-6 0.09 0.06
C 18:3n-3 6.17 27.75
Sums and ratios

SFA 19.23 15.28
MUFA 24.51 21.52
PUFA 56.27 63.21
PUFA/SFA 2.93 4.14
n-6/n-3 8.12 1.28

SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids
Materials and Methods of the corresponding experimental concentrate.

Animals and diets

For this study, a sheep farm in the settlement of
Gata, Bihac, Bosnia and Herzegovina (latitude:
44°55'42.3768" N, Longitude: 15°49'29.6832" E; 289 m
above the sea level) was used. The farm is oriented
mainly towards milk production, for making sheep
cheese, and the production of lamb meat. The study was
carried out during the winter period and lasted 60 days.
A total of 63 newly born lambs of the Pramenka breed
or cross-breeds, out of which 30 were male (47.6%)
and 33 female (52.4%), were selected for the study.
After 1 month, lambs were blocked according to live
weight (10+3 kg), age (3047 days), and sex and then
randomly divided into two experimental groups: the
control concentrate group (CON) and the flax-seed con-
centrate group (FS). Both groups of lambs stayed
together with their ewes in the barn during the day.
Every evening, the lambs of CON and FS groups
were segregated into separate pens and offered 300 g

By using separating pens, the intermixing of lambs
of the monitored groups as well as intermixing with
ewes while feeding was eliminated. The composition
of the commercial concentrate (CON), which contained
18% protein and 1.3% crude fat, was as follows: barley
(15%), soy flour (15%), corn (13%), wheat (10%),
oat (8%), wheat flour (8%), sunflower scone (5%),
dehydrated lucerne (7%), sugar beet shreds (10%), fod-
der yeast (3%), limestone (1.8%), common salt (1.5%),
sugar beet molasses (2%), and other additives (1.7%).
The FS concentrate was the same commercial concen-
trate enriched with 5% of ground flax seeds. The fatty
acid composition of both CON and FS concentrates,
which was analysed by gas chromatography (GC) fol-
lowing Joseph and Ackman (1990), is shown in Table 1.

Lambs and ewes from both groups had hay, water,
and salt ad libitum. The ewes were additionally fed
on maize grain separately from the lambs. At the end
of the experimental period, on the 60th day of the trial,
the fattened lambs were weighed. 10 lambs from each
group were then selected (5 male and 5 female) such
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Table 2. Effects of diet, commercial concentrate (CON) or 5%-flax seed enriched commercial concentrate (FS), and sex on fatty acid
composition, expressed as percentage of total fatty acids, in omental fat depot from 3-month old lambs.

Diet Sex P-value

(ggfg) (ni?o) SED (1]:13118) l(jlfflaéf SED Feeding Sex
C10:0 0.21 0.38 0.039 0.32 0.28 0.055 0.001 0.429
Cl12:0 0.23 0.58 0.068 0.43 0.38 0.104 <0.001 0.513
Cl14:0 3.44 6.24 0.497 4.839 4.79 0.825 <0.001 0.854
C15:0 0.49 0.69 0.044 0.62 0.56 0.063 <0.001 0.200
C16:0 19.08 21.26 0.774 19.90 20.45 0.921 0.015 0.505
C17:0 1.56 1.41 0.054 1.45 1.52 0.063 0.013 0.222
C18:0 29.61 20.16 1.658 25.16 24.62 2.773 <0.001 0.760
C19:0 0.19 0.19 0.011 0.20 0.18 0.010 0.056 0.812
C20:0 0.25 0.21 0.020 0.25 0.21 0.018 0.053 0.018
C22:0 0.05 0.05 0.006 0.06 0.05 0.006 0.468 0.094
Cl12:1 0.07 0.09 0.014 0.09 0.07 0.015 0.089 0.369
Cl4:1 0.08 0.15 0.012 0.12 0.11 0.020 <0.001 0.371
Cle:1 1.05 1.42 0.077 1.23 1.24 0.117 <0.001 0.886
C18:1 37.93 41.52 1.810 39.40 40.05 1.993 0.076 0.764
C20:1 0.16 0.16 0.012 0.17 0.16 0.012 0.880 0.278
C18:2n-6 443 3.89 0.299 4.34 3.97 0.313 0.086 0.227
C20:4n-6 0.09 0.05 0.008 0.08 0.07 0.012 <0.001 0.143
C18:3n-3 0.77 1.29 0.067 1.02 1.04 0.140 <0.001 0.762
C20:5n-3 0.04 0.05 0.009 0.04 0.05 0.009 0.744 0.744
C22:5n-3 0.14 0.13 0.021 0.14 0.13 0.021 0.604 0.900
Sums and ratios
SFA 55.09 51.14 1.970 53.24 52.99 2.177 0.074 0.902
MUFA 39.26 43.35 1.869 40.99 41.62 2.098 0.053 0.751
PUFA 5.45 5.34 0.322 5.60 5.20 0.309 0.743 0.219
PUFA/SFA 0.10 0.10 0.008 0.11 0.10 0.008 0.640 0.413
n-6 4.53 3.92 0.308 442 4.02 0.326 0.059 0.199
n-3 0.92 1.43 0.066 1.17 1.18 0.136 <0.001 0.983
n-6/n-3 5.06 2.75 0.427 4.09 3.72 0.686 <0.001 0.416

SED = standard error of difference; SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty

acids

that their live weights were the closest to the average
of their respective groups. The mean values (+ standard
deviation), expressed as kg, were 31.8+3.4 and 24.9+£2.6
for the FS and CON groups, respectively. The average
daily gain during the experimental period (60 days)
was 223+3 g/d for the CON group lambs and 284+4 g/d
for the FS group.

The selected lambs were then transported to an
authorized slaughterhouse where they were offered feed
and water. The animals were then fasted for 24 hours
before being slaughtered. All handling practices involv-
ing the animals prior to slaughter followed the Law on
the Protection and Welfare of Animals of Bosnia and
Herzegovina (Official Gazette of BiH, No. 25/09) and
the recommendations of Directive 2010/63/EU of the

European Parliament and of the Council on the protec-
tion of animals used for scientific purposes.

Sampling of omental fat depot
and fatty acid analysis

Sampling of the omental fat depot from the carcass-
es was carried out at 24 hours post-mortem. A 200-g fat
tissue sample was taken from each carcass. Samples
were immediately labelled, packed in plastic bags,
and transported at 4 °C to the laboratory of the Institute
of Emona Razvojni Center za Prehrano (Ljubljana,
Slovenia), where they were kept at -20 °C until FA ana-
lysis. Sampling this omental fat depot does not result
in a loss of the carcass economic value, and omental
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FA composition responds to dietary changes (Adeyemi
et al. 2015); thus, it can be used as a marker to test the
FA dietary-related changes in fat tissues. Furthermore,
omental fat (caul fat) is typically consumed in the re-
gion.

The esterification of FAs was carried out in dupli-
cate using the “in situ transesterification” technique
(Park and Goins 1994). FA analysis was carried out
using a 6890N Network GC System (Agilent Technolo-
gies, Santa Clara, CA, USA) gas chromatograph
equipped with a flame ionization detector and an
OMEGAWAX 320 (30 m x 0.320 mm x 0.25 pum)
capillary column (Supelco, Bellefonte, PA, USA).
The operation conditions were those described by
Joseph and Ackman (1990). Identification of FA methyl
esters (FAMESs) was carried out by comparing the sam-
ple retention peak times with those of FAME standards
(Nu-Check Prep, Inc, Elysian, USA). Quantification
was carried out according to the theoretical conversion
factors as laid down in the AOAC procedure (1990,
1996).

Statistical analysis

The mean FA percentages of the replicates for each
fat sample were subjected to a general linear model
analysis of variance (ANOVA). Feeding treatment and
sex were considered as fixed factors and the interaction
between the two fixed factors was also tested in the
model used. The ANOVA was declared significant
at p<0.05. The standard errors of the difference between
the means (SED) for feeding treatment and sex were
also calculated. The analysis was carried out using the
SPSS 24.0 statistical package (IBM, Somers, NY,
USA).

Results

Table 2 shows the fatty acid profile in the omental
fat depot of the lambs from CON and FS groups and
in male and female lambs. For brevity, those FAs show-
ing percentages lower than 0.05% and the feeding x sex
interaction, due to no significance being found, were
not included in the table.

No differences were found in the sum of SFA
between dietary treatments. However, the enrichment
of concentrate with flax seeds resulted in higher levels
of C10:0-C16:0 SFA and lower levels of C17:0 and
C18:0 (p<0.05). Regarding the effect of sex on SFA,
only the content of C20:0 was significantly affected.

The percentage of the sum of monounsaturated fatty
acids (MUFA) in the omental fat depot did not differ
between feeding regimes or sex. In contrast, PUFA con-
tents were affected by the feeding regimen. On one
hand, and in agreement with the FA profile of the con-

centrates (Table 1), the addition of 5% of flax seeds
to the concentrate of lambs fattened for 60 days had
a significant effect (p<0.001) in increasing the percent-
age of C18:3 n-3 in the omental fat depot; the amount
was almost twice that in CON. On the other hand,
no differences were found for the major n-6 fatty acid,
i.e., linoleic acid (C18:2 n-6), in spite of this being more
abundant in the non-enriched concentrate; however, the
percentages of minor n-6 fatty acids (C20:4 n-6) were
affected (Table 2). In this study, the n-6/n-3 ratio in FS
omental fat was almost half of that in the CON fat.

Discussion

As expected for a ruminant fat depot, saturated FAs
(SFA) were the most abundant FAs. In partial agree-
ment with the present results, Urrutia et al. (2015),
Bhatt et al. (2020), and Mujic et al. (2018) found that
the sum of SFA in a lamb fat depot was not affected
by dietary supplementation of flax seed (concentrate
enriched with flaxseed). However, those authors found
that none of the individual SFAs were affected. Regar-
ding the effect of sex, our results are in contrast with
those of Diaz et al. (2003). These authors found the sub-
cutaneous fat of male lambs contained a higher amount
of SFA compared to female lambs.

The dietary effect found for the C10:0-C16:0 indi-
vidual SFAs was not in concordance with the SFA
profile of the concentrates used in this study (Table 1),
i.e., the flax-seed enriched concentrate showed similar
or higher C10:0-C17:0 FAs and lower C18:0 percent-
ages than the non-enriched commercial feed. This
apparent discrepancy could be related to differences
in the intake of ewes’ milk between the lambs from each
group, i.e., the results might suggest a higher milk
intake in the FS group since ewes’ milk is particularly
rich in C10:0-C14:0 FAs (Balthazar et al. 2017) which
were more abundant in the fat depot from this group.
Furthermore, this might be also attributed to concomi-
tant effects of flax seed on the ruminal microbial popu-
lation (Andrés et al. 2016, Li et al. 2020) or in de novo
synthesis in adipocytes (Urrutia et al. 2015), with both
affecting the fatty acid profile. Furthermore, regarding
MUFA content, our results agree with Urrutia et al.
(2015) who did not find an effect of concentrate enrich-
ment with flax seed on the MUFA percentages of the
subcutaneous fat of lambs. However, in the present
study, differences in the percentages of C12:1, Cl14:1
and C16:1 were detected between feeding treatments
(p<0.01). These were lower in CON samples which,
as seen before, presented lower percentages of the satu-
rated counterparts, i.e., C12:0, C14:0 and C16:0. On the
other hand, no differences were found for the larger
chain MUFAs, C18:1 or C20:1. Urrutia et al. (2015)
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have described an effect of dietary flax seed on the
amounts of different C18:1 isomers, i.e., the levels
of trans-vaccenic acid (#11-C18:1) were increased,
and those of ¢9- and ¢11-C18:1 fatty acids decreased.
In the present study, due to the methodology used,
separation between isomers was not achieved, and thus
the percentage of C18:1 would include the sum of those
isomers.

Increased percentages of C18:3 n-3 in the fat depots
of lambs fed on flax-seed enriched concentrates were
also reported by Wachira et al. (2002), Berthelot et al.
(2010), and Urrutia et al. (2015). These authors found
two to four-fold increases in C18:3 n-3 percentages
in lamb fat depots due to the use of 7-10% flax seed
enriched concentrates for lamb fattening. Moreover,
the increase of this FA in meat (intramuscular fat)
observed by those authors was comparable to that of the
fat depots, i.e., two-five fold.

As a result of the changes in the n-3 and n-6 fatty
acid contents, the most favourable n-6/n-3 ratio
was found in omental fat from the FS feeding system.
This was near the recommended ratio 1-2/1 for a healthy
diet (Simopoulos 2002). The reduction in the n-6/n-3
ratio of the FS omental fat was in the range reported for
other fat depots in other studies (Wachira et al. 2002,
Berthelot et al. 2010, Urrutia et al. 2015) where lambs
were also reared indoors, although without the presence
of their dams (early weaned lambs). They found that the
n-6/n-3 ratio was reduced by two or three fold not only
in fat depots but also in the meat of lambs fattened with
flax-seed enriched concentrates, when compared to
controls (lambs fed on non- enriched concentrate). This
suggests that in the lamb meat from the present study,
the n-6/n-3 ratio in FS lambs compared to CON might
also have been reduced by half.

Conclusions

Including flax seeds at 50g/kg of concentrate of-
fered in a restricted amount, i.e. 300g/day, to fattening
lambs from one to three months of age, reared indoors
with ad libitum availability of dams’ milk and hay, sig-
nificantly increased the C18:3 n-3 in the lamb omental
fat depot. This increase, which was accompanied with
a non-significant change in the level of C18:2 n-6 lin-
oleic and total n-6 FA, reduced by half the n-6/n-3
PUFA ratio in the fat depot and presumably in the
lamb muscle. The proposed feeding regime allows lamb
meat with a more favourable ratio of n-6/n-3 PUFA
to be obtained. For omental fat, this is very near to the
recommended values for healthy diets. Moreover, the
enrichment resulted in higher percentages of those FAs
with chain lengths <18 carbons. This was not directly

related to the FA differences between non-enriched and
enriched concentrate.
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