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Abstract. The rosemary distillation industry produces a considerable amount of rosemary distillation residues
(RRs), which can be an alternative for feeding animals in harsh conditions and could enhance animal product
quality. Given the meat quality is largely influenced by its fat content and fatty acid composition, the fatty acid
(FA) profiles of longissimus thoracis et lumborum (LTL), semi-membranous (SM) muscles, and caudal (CFs)
and omental fats (OFs) were determined using 21 Barbarine lambs fed with or without RRs. Diets contained
600 g of concentrate plus 600 g of forage. Forage represented oat hay, RR87 and RR60 pellets containing 87 %
or 60 % of RR, respectively. At the end of the study, all lambs were slaughtered, and the fatty acid profile was
studied.

The inclusion of RR increased the polyunsaturated fatty acid (PUFA) contents and reduced saturated fatty
acids (SFAs), and the thrombogenic and saturation indexes in all tissues. The SM muscle was the richest tissue
in PUFAs, n-3 and n-6; however, both adipose tissues contained the highest proportions of SFAs. Especially the

OF was the richest tissue in oleic acid and SFAs. Feeding RR to lambs enhanced meat quality.

1 Introduction

In recent years, the awareness of the importance of food in
human health is widely increasing in the world. Consumers
seek out natural and healthy meat, and they prefer to limit
intake of saturated fatty acid (SFAs) and polyunsaturated FA
(PUFAs). Ruminant meat differs from that of monogastric
animals and contains a high SFA level and low PUFA : SFA
ratio as a consequence of the ruminal biohydrogenation of
forage and concentrate PUFAs into SFAs by rumen bacteria
(French et al., 2000).

Many factors such as diet and breed could strongly af-
fect muscle FA composition (Lobén et al., 2017). The use
of nutritional strategies represents a beneficial approach to
improve meat FA composition by using different PUFA-rich
feed ingredients, such as linseed and algae (Atti et al., 2013;

Hopkins et al., 2014). However, an excessive fat unsaturation
may compromise meat oxidative stability, given its suscepti-
bility to oxidation. Then, using dietary antioxidants is rec-
ommended (Lobén et al., 2017; Hopkins et al., 2014). As a
natural dietary strategy, the residues of aromatic and medici-
nal plants, naturally rich in antioxidants, could play this role.
Among these, rosemary is one of the most aromatic plants
used in the distillation industry in the Mediterranean area.
It covers a large area estimated to be 346 000 ha in Tunisia
(Saadani, 2010), and its distillation industry generated about
5460 Tyr~! of residues. These rosemary residues (RRs) can
be an efficient alternative feed that may totally or partially re-
place roughage and concentrate without altering animal per-
formance and meat quality (Yagoubi et al., 2018). The ef-
fects of rosemary and thyme essential oils or by-products
as additives on lamb meat quality has been studied (Nieto
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et al., 2010; Nieto, 2013; Smeti et al., 2018; Tibaoui et al.,
2020), but their use as a basal ration for lambs is not very
widespread.

On the other hand, sheep accumulate an important level
of fat in different depots as mesenteric, omental, perirenal
and caudal fat due to their ability to adapt to periods of food
shortage (Atti et al., 2001; Wood et al., 2008). As an old tradi-
tion in the Middle East and northern Africa, lamb fat depots
are used in various dishes and meat products (Silva et al.,
2014). Therefore their FA profile determination becomes im-
portant for human health, given tissues and organs are known
to have varying FA composition (Judrez et al., 2008), which
reflect their differing physiological roles and metabolisms
(Bell, 1979); therefore, their response to any dietary supply
such as the RR with concentrate should be different. Hence,
the objective of the current study was to evaluate the fatty
acid profile in two adipose tissues and in two intramuscular
lipids for Barbarine lambs as affected by an RR-based diet.

2 Material and methods

2.1 Animals and treatments

Twenty-one fat-tailed Barbarine lambs (body weight (BW):
23.7kg) were randomly allocated to one of three basal diets.
All diets contained 600 g of concentrate plus 600 g of for-
age. Forage was oat hay for the control group (C); pellets
with 60 % of RR, 32 % of wheat bran and 8 % of soybean for
RR60 group; and pellets containing 87 % of RR and 13 % of
wheat bran for RR87 group. Chemical composition and FA
profile of experimental diets are reported in Table 1.

2.2 Slaughter procedures and meat sampling

At the end of the experimental period (77 d), all lambs were
fasted for 12h with free access to water; then, they were
weighed and slaughtered; the slaughter BW was 33 and 36 kg
for C and both RR groups, respectively. After slaughter, a
sample of omental fat was preserved. Then, the carcasses
were chilled at 4 °C for 24 h. The fat tails were then removed,
and a sample of caudal fat from each animal was preserved.
The left carcass halves were cut; the longissimus thoracis
et lumborum (LTL) and semi-membranous (SM) muscles of
each carcass were removed. Finally, all samples were frozen
until FA profile determination.

2.3 Fatty acid analyses

The FA profile in all tissues was determined following the
Lee et al. (2012) method and was expressed by % FAMEs
(mg FAME per 100mg FAME:s). For this, 0.4-0.8g of
lyophilized and minced samples were mixed with 1 mL of
the internal standard (methyl tricosanoate, C23:0) and 2 mL
of heptanes, and then 4 mL of NaOH / CH30H (0.5 M) was
added. The mixture was homogenized with vortex and heated
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Table 1. Chemical compositions (% dry matter) and fatty acid pro-
files as % FAMEs (mg FAME per 100 mg FAME:s) of experimental
feeds.

Concentrate  Oathay RR60 RRS87
Dry matter 90.6 83.3 90.1 92.1
Crude protein 14.1 5.0 13.6 8.8
Crude fat 0.94 1.2 3.53 3.99
TPC 2.6 8.1 33.8 44.7
Fatty acid profile
Cl14:0 0.37 3.16 0.94 1.62
C16:0 32.62 31.06 21.81 2443
Cl16:1n-7 0.14 1.08 0.62 1.03
C17:0 0.2 1.24 0.37 0.5
C18:0 6.48 9.58 4.2 5.24
Cl18:1n-9 32.81 21.16  20.81 20.01
C18:2n-6 24.5 18.61 38.08 29.21
C18:3n-3 1.33 4.30 881 11.65
SFA 41.16 4945 29.73 35.15
MUFA 33.24 23.88 21.62 21.2
PUFA 25.56 24.58 47.63 4212
n-6PUFA 24.5 18.61 38.08 29.21
n-3PUFA 1.41 597 9.55 1291
n-6 /n-3 17.4 3.11 3.98 2.26

TPC: total phenolic compound; SFA: saturated fatty acid; MUFA:
monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; RR60: rosemary
pellets containing 60 % of rosemary residues (RRs), 32 % of wheat bran and

8 % of soybean; RR87: rosemary pellets containing 87 % of RR and 13 % of
wheat bran.

for 20min at 50°C. After cooling for 6-7 min, 4 mL of
acetyl chloride/CH30H (1/10 v/v) was added. The mix-
ture was shaken and heated again for 60 min at 50 °C. After
cooling at ambient temperature, 2 mL of water Milli-Q was
added; after homogenization, the mixture was shaken and
centrifuged for 5min, 3500 rpm at 10°C. The upper layer
(heptanes) was extracted and transferred to a tube of SmL,
and then the dehydration was performed with anhydrous
NaySOy4. The mixture was shaken with vortex (30 s) and then
centrifuged for 5 min (1000 rpm, 10°C); 1 mL of the super-
natant was carefully transferred into a screw cap glass vial
for gas chromatography. FAs were quantified as methyl ester
(FAMEs). FAMEs were determined using a gas chromato-
graph (Bruker 436 Scion software Empower (GC)) equipped
with 100m x 0.25mm D.I x 0.20 um film thickness and a
capillary column (BR-2560 Bruker) for the separation of
fatty acids. The injector and detector were maintained at a
temperature of 260 and 250 °C, respectively. The injection
volume was 1.0 uL, and the split ratio was 1 : 25. The FAME
identification was based on retention times of fatty acid pat-
terns of several reference methyl esters: GLC-463 and GLC-
538. The desirable fatty acids were calculated as desirable
fatty acid (DFA) = MUFA + PUFA + C18:0. The saturation
(SI) and thrombogenic indexes (TIs) were calculated accord-
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ing to Ulbricht and Southgate (1991) as

SI :(C14:O+C16:0+C18:0)/ZMUFA+PUFA

TI =(C14:0 + C16:0+ C18:0)/[0.5x 3" MUFA + 0.5
/ Y @6 +3x Y -3+ (0-3) / 3 @-6)l.

2.4 Statistical analysis

Experimental data were analyzed by conducting an analy-
sis of variance (ANOVA) to test the effect of an RR-based
diet on a FA profile of LTL and SM muscles and omental
and caudal fats using the general linear model (GLM) pro-
cedure of the SAS Institute (2004). The differences between
groups were compared with the Duncan’s multiple range test
(DMRT). The significance was declared at p < 0.05.

The following contrasts were used to compare the effects
of the different diets:

— C1: the RR presence effect (C vs. RR60+RR87) and

— C2:the RR inclusion rate effect (RR60 vs. RR87). How-
ever, this contrast was tested and was not significant, for
that it was not mentioned in tables.

Furthermore, to compare the fatty acid profile of all tissue
types (muscles and adipose tissue), the following contrasts
were calculated:

— C3: muscles vs. fats (M vs. F),
— C4: LTL vs. SM (LTL vs. SM) and

— C5: omental fat vs. caudal fat (OM vs. CF).

3 Results and discussion

As expected, the main FAs were palmitic (C16:0), stearic
(C18:0) and oleic (C18:1) for all groups and all sites (mus-
cles and adipose tissues). They accounted for 70 %—80 % of
the total FA. These results were consistent with values com-
monly accepted for fat-tailed (Majdoub-Mathlouthi et al.,
2015; Mekki et al., 2016) and thin-tailed sheep (Joy et al.,
2012; Hopkins et al., 2014).

3.1 Fatty acid composition of muscles
(semi-membranous (SM) and longissimus thoracis
et lumborum (LTL))

The determination of FA profile in SM muscle revealed 49
FA isomers. Palmitic and stearic acids were reduced with
RR-based diets compared to the control (Table 2). However,
oleic acid proportion was not altered (P > 0.05). Proportion
of margaric acid (C17:0) increased with RR intake compared
to the control group. This result is consistent with Smeti
et al. (2018), who recorded higher C17:0 proportions with
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Table 2. Fatty acid profiles as % FAMEs (mg FAME per 100 mg
FAMES) of semi-membranous (SM) muscle from Barbarine lambs
fed distilled rosemary residues.

C RR87 RR60 SEM P Cl
Total fat 12.74 8.77 864 078 008  0.02
C10:0 0.15*  0.11° 0.14* 0006 0.05 0.12
C12:0 0.08 0.05 0.07 0.008 046 047
C14:0 1.95 1.43 177 010 014 0.12
C15:0 0.26°  0.26° 040  0.01 0.006 0.8
C16:0 24.66° 21.48> 229435 041 001 001
C17:0 0.92b  1.23b 1.68%  0.08 0.007 0.009
C18:0 17732 1491® 1565 027 0.001 0.001
C16:1 cis 9 1838 136 143> 008 008 0.02
C17:1cis 10 0.82 1.08 .09 005 007 002
C18:1 trans 11 0.64>  1.892 1.588  0.14 0.005 0.002
C18:1cis 9 3869 3656 3525 072 0.8 0.8
C18:2n6 470 9.192 8.13% 039 0.001 0.001
C18:3n3 025 0.582 055 0.02 0.001 0.001
C18:2cis 9, 0.30 0.34 036 001 045 023
trans 11 (CLA)

C18:2 trans 9, 0.06>  0.132 0.10*  0.006 0.002 0.001
trans 11) CLA

C20:3 n9 0.47 0.41 033 003 036 022
C20:3 n6 0.16 0.23 023 001 0.08 0.03
C20:4 n6 200 3278 2922 019 003 001
C20:5n3 0.10> 0212 0212 001 0.009 0.002
C22:41n6 0.15> 0292 0282 0.01 0.01 0.001
C22:51n3 0.29®  0.57° 0.60°  0.03 0.002 0.001
SFA 48957  43.12°  46.14°> 038 0.001 0.001
MUFA 4229 4125 3971 079 042 0.9
PUFA 874 15617  14.15%  0.68 0.001 0.001
PUFA / SFA 0.17° 0362 030  0.01 0.01 0.001
n-6PUFA 7145 13.19% 1179 0.60 0.001 0.001
n-3PUFA 071> 1.492 151 0.07 0.001 0.001
n-6/n-3 9.862  8.95% 8.01® 028 005 003
CLA 0.39 0.51 050 0.02 011 0.03
DFA 68.8°  71.82 69.5> 040 001 0.04
Saturation 0.87%  0.66° 075> 001 0.001 0.001
index

Thrombogenic ~ 6.28%  1.19P 132> 082 003 001
index

SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid;
CLA: conjugated linoleic acid; DFA: desirable fatty acid; saturation index =

(C14:0+4 C16:0 + C18:0) / Y MUFA + PUFA; thrombogenic index =

(C14:0+4C16:0+ C18:0) / [0.5x )_MUFA + 0.5x / }"(n-6) + 3x )_(n-3) + Y_(n-3) / Y (n-6)];
C1: C vs. RR60 + RR87;

a, b, c: values within a row different superscripts differ significantly at P < 0.05.

rosemary essential oil intake. The trans-vaccenic acid (C18:1
trans 11) was higher in both RR diets, which can be con-
sidered a desirable result given its beneficial effect on hu-
man health. The RR intake did not affect the total conjugated
linoleic acid (CLA) proportion, this being a value within the
range of values reported earlier in lambs fed different diets
(Leticia et al., 2017). For long-chain FAs, the higher propor-
tions were observed for RR groups in ARA (20:4 n6), EPA
(C20:5 n3), C22:4 n6 and DPA (C22:5 n3). The highest con-
tent of SFA was recorded for the C group and MUFA pro-
portion was unaffected by dietary treatments, whereas pro-
portions of total PUFA, rn-6 and n-3 were significantly en-
hanced by RR intake. The abundance of linoleic and linolenic
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Table 3. Fatty acid profiles as % FAMEs (mg FAME per 100 mg FAME:s) of longissimus thoracis et lumborum (LTL) muscle from Barbarine

lambs fed distilled rosemary residues.

C RR87 RR60 SEM P Cl1
Total fat 15.6 16.96 1496 144 084 0.9
C16:0 24.99 23.39 2501 034 011 029
C18:0 19.812  17.728b 1674 046 004  0.01
C16:1 cis 9 1.88 1.76 187 008 079 070
C18:1cis 9 39.38 39.37 3832 053 065 0.64
C18:2 16 3.53b 5.092 480%° 024 004 001
C18:3n3 0.24b 0.502 0.45*  0.01 0.001 0.001
SFA 5057 47.11% 48712 047  0.02 001
MUFA 43.1 434 450 051 029 032
PUFA 6.33 7.88 788 036 016 0.06
PUFA / SFA 0.12 0.16 0.16 0006 0.10 0.03
n-6PUFA 5.10 6.46 639 033 020 0.07
n-3PUFA 0.56° 0.802 0.85*  0.03 0.004 0.001
n-6 / n-3 9.12 8.12b 755 027 010 004
CLA 0.40 0.47 047 001 029 0.12
DFA 69.220 70.6% 680> 033 002 091
Saturation index 0.952 0.81° 0.86P 0.01 0.01 0.006
Thrombogenic index 1.82 1.53b 1.6 003 0.006 0.002

SFA: saturated fatty acid; PUFA: polyunsaturated fatty acid; CLA: conjugated linoleic acid; DFA:
desirable fatty acid; saturation index = (C14:0 + C16:0+ C18:0) / >_MUFA + PUFA;

thrombogenic index =

(C14:0 + C16:0 + C18:0) / [0.5x S MUFA +0.5x / Y(1-6) + 3x Y(1-3) + Y(n-3) / Y (n-6)];

CI: Cvs. RR60 + RR87;

a, b: values within a row different superscripts differ significantly at P < 0.05

acids in SM muscle resulted from the richness of RR diets in
these FAs (Wood et al., 2008). The PUFA / SFA ratio from
SM muscle was enhanced with RR-based diets, but it was
lower than the ratio recommended for a healthy diet (De-
partment of Health, 1994). The TI for both RR groups was
25 % lower than that of the C group. This result is in line
with previous results (Nieto, 2013; Smeti et al., 2018) that
reported a significant decrease of the thrombogenic index us-
ing essential oils and by-products of rosemary and thyme in
sheep feeding. The TIs recorded with RR60 and RR87 diets
(1.25) are around the appropriate value (1) for a healthy diet
(Sinanoglou et al., 2013). These values were comparable to
those reported by Oriani et al. (2005) in Merino lambs (1.35).
The SI index showed significant differences (P < 0.05); in
agreement with Nieto (2013), meat from RR60 and RR87
had lower values than that of the C. Hence, we could con-
clude that the inclusion of rosemary residues in a lamb’s diet
can contribute to the prevention of cardiovascular diseases,
diabetes and cancer (Nieto, 2013). The higher proportions of
DFA observed in SM muscle from lambs receiving the high
proportion of RR (71.8 for RR87 vs. 68.8 % for the Control)
suggest that feeding lambs with rosemary by-products could
increase the proportion of salubrious FA in produced meat.
For LTL muscle, a total of 49 FAs were recorded. The
RR intake affected the SFA content; the highest (P < 0.05)
proportion was observed in the control group (Table 3).
Palmitic and oleic acid contents were similar among groups;
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however, stearic acid proportion was reduced with RR regi-
mens (P < 0.05). MUFA content was similar for all groups
(P > 0.05) and averaged 43.8 %; this is the consequence of
similar MUFA intake. Total PUFA and n-6PUFA were unaf-
fected by dietary treatments, while n-3PUFA increased with
RR intake mainly due to the contribution of linolenic acid
(C18:3n-3). The n-6 / n-3 ratio was significantly reduced in
both RR diets, although it was still above the recommended
value for human nutrition. Conversely, Leticia et al. (2017),
studying the use of sage distillation by-products, did not find
a clear effect on this ratio. In the present study, the RR in-
take decreased (P < 0.05) the SI (0.83 for RR vs. 0.95 for
C). Similar results were recorded in meat lambs when the
thyme by-products were included in pregnant and lactating
ewes’ diets (Nieto, 2013). The TI was slightly higher for
the C group. This result agrees with the recent results of
Smeti et al. (2018) using rosemary essential oil in lamb diets.
More details of this muscle were mentioned in Yagoubi et al.
(2018).

3.2 Fatty acid composition of adipose tissues (caudal fat
(CF)and omental fat (OF))

The determination of FA profile in CF revealed 55 FAs.
The stearic acid and oleic acid were significantly affected
by the lamb’s diet (P < 0.01; Table 4), whereas the palmitic
acid was unaffected (P > 0.05). The C15:0 and the C17:0
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Table 4. Fatty acid profiles as % FAMEs (mg FAME per 100 mg
FAMEj5) of caudal fat (CF) from Barbarine lambs fed distilled rose-
mary residues.

Table 5. Fatty acid profiles as % FAMEs (mg FAME per 100 mg
FAMES) of omental fat (OF) from Barbarine lambs fed distilled
rosemary residues.

C RR87 RR60 SEM P cl C RR87 RR60 SEM p Cl
C10:0 0.18 0.20 023 001 048 032 C10:0 0.17 017 020 0006 0.30 0.59
C12:0 0.12 0.09 0.11 0.008 053 038 C12:0 0.10 0.0 0.2 0006 045 0.52
C14:0 3.05 2.88 318 016 078 095 C14:0 270 266 304 0.0 028 0.50
C15:0 101> 127> 175 007 0.001 0.003 C15:0 071> 071> 094*  0.02 0.002 0.04
C16:0 2254 2311 2298 052 089  0.65 C16:0 2332 214 224% 031 007 0.05
C17:0 2720 3222b 356 012 003 00l C17:0 218> 2752 3322 011 0.003  0.002
C18:0 16.62% 1223Y 11.43> 068 001 0.004 C18:0 29.14*  23.4b  2209b 055 0001  0.001
C20:0 0.12 0.09 0.09 0006 0.11 0.04 C20:0 0212 0.14>  0.13% 0008 0005  0.001
C16:1 cis 9 3182 256" 2958 007 0.009 0.0l C16:1 cis 9 2562 204> 215 003 0001  0.001
C17:1 cis 10 145° 188 1982 009 008 0.02 C17:1¢is 10 070° 0.88%°  1.03 004  0.03 0.02
C18:1 trans 11 2.20P 4.25% 3.55% 0.25 0.01 0.006 C18:1 trans 11 2.49b 5.664 4,702 0.25 0.003 0.001
C18:1 cis 9 3752 3612 329 064 001 002 C18:1cis 9 29.97 315 30.1 047 037 0.41
C18:2n6 217° 415  391* 021 0.002 0.001 C18:2n6 003 002 002 0002 0.15 0.07
C18:3 3 029°  057° 059  0.02 0.001 0.001 trans 9, 12
C18:2cis 9, 0.60 0.57 0.69 003 037 075 C18:2n6 245% 481 493 021 0003  0.001
trans 11 (CLA) C18:3n3 024 067° 074%  0.02 0001  0.001
C20:4 n6 0.10 0.14 0.14 0006 0.18  0.06 C18:2cis 9, 034 040 044 001 0.3 0.06
SFA 48.4 452 466 086 034  0.18 trans 11 CLA
MUFA 453 455 424 062 010 031 C20:4 n6 0.05°> 0.122 0102 0.008  0.02 0.01
PUFA 355 5832 574% 025 0.002 0.001 SFA 5072 526> 5445 074 0002 0.0007
PUFA / SFA 0.07° 0.13*  0.12*  0.006 0.009 0.002 MUFA 36.6°  40.8* 366° 059  0.02 0.02
n-6PUFA 2.46° 4.46% 4.252 022 0.003 0.001 PUFA 338> 6412 6582 0.24 0.001 0.001
n-3PUFA 0.36°  0.66° 0.67° 003 0001 0.001 PUFA / SFA 0.06° 0128  0.2* 0.004 0.001 0.001
n-6 /n-3 6.94 6.77 637 031 074 058 n-6PUFA 261 508 5160 022 0001  0.001
CLA 0.68 0.67 079 003 041 057 n-3PUFA 031> 076* 082* 002 0001 0.001
DFA 65.5% 63.5% 59.6" 0.74 0.01 0.02 n-6/n-3 8.412 6.58P 6.270 0.17 0.001 0.001
Saturation index 0.87 0.75 0.78 0.03 0.30 0.13 CLA 0.41b 0.542 0.572 0.01 0.01 0.003
Thrombogenic 1 .69 1 .43 1 .48 0.05 0. 1 9 0.07 DFA 69A1ab 70.6a 68.2b 1.67 0.008 0.66
index

SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid;
CLA: conjugated linoleic acid; DFA: desirable fatty acid; saturation index =

(C14:0 4+ C16:0+ C18:0) / Y MUFA + PUFA; thrombogenic index =

(C14:04C16:0+ C18:0) / [0.5x ) MUFA +0.5x / Y _(n-6) + 3x >_(n-3) + Y _(n-3) / >_(n-6)];
C1: C vs. RR60 + RR87;

a, b: values within a row different superscripts differ significantly at P < 0.05.

proportions increased only in RR60 (P < 0.05). The in-
clusion of rosemary residue in the diet, regardless of the
amount, increased the trans-vaccenic acid (C18:1 trans 11).
The contents of SFA and MUFA groups were not affected
by the diet (P > 0.05), with average contents of 46.73 %
and 44.4 %, respectively. However, both RR diets resulted in
higher (P < 0.05) C18:2n-6 and C18:3n-3. The proportions
of linoleic acid are in the range (1.8 %—12.9 %) of a previous
study (Santos-Silva et al., 2003). The PUFA content and the
PUFA / SFA ratio were affected by the diet (P < 0.01), being
higher in both RR treatments; however, this ratio is still lower
than the recommended value (0.45). This result is in relation-
ship to the low PUFA value and the high SFA level (Sinclair,
2007). The n-6 and n-3PUFA were enhanced (P < 0.05) for
RR60 and RR87 groups; these higher proportions, mainly
due to linoleic and linolenic acids, could result from differ-
ences in dietary intake of these FA. The rosemary residues
are rich in linoleic and linolenic, the precursors of n-3 and
n-6 series of FA (Velasco et al., 2001). The higher propor-
tions of linoleic and linolenic acids may be protective against
cardiovascular diseases (Scollan et al., 2001). The n-6 / n-3
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Saturationindex  1.39°  1.01>  1.07° 003 0.001  0.001
Thrombogenic 271 1.89®  1.98° 033 0001  0.001

index

SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid;
CLA: conjugated linoleic acid; DFA: desirable fatty acid; saturation index =

(C14:0+ C16:0 + C18:0) / >"MUFA + PUFA; thrombogenic index =

(C14:04-C16:0+ C18:0) / [0.5x )" MUFA 4 0.5x / 3 _"(n-6) + 3x ) (n-3) 4 3 _(n-3) / >_(n-6)];
C1: C vs. RR60 + RR87;

a, b: values within a row different superscripts differ significantly at P < 0.05.

ratio was unaffected by the diet (P > 0.05), and the average
value was always above the recommended value. The propor-
tion of DFAs that include all unsaturated FAs and stearic acid
in caudal fat ranged from 59.6 % to 65.5 %. This proportion
was higher for C and RR87 than RR60; however, it is within
the range (61 %—80 %) reported for other red-meat animal
species (Banskalieva et al., 2000). The total CLA proportion,
the saturation and thrombogenic indexes were unaffected by
dietary treatments (P > 0.05).

For omental fat, a total of 55 FAs were recorded. As in
the CF, the palmitic and stearic acids were significantly af-
fected by the lamb’s diet and were higher for the C group
than both RR diets (Table 5). However, the oleic acid was
similar among groups (P > 0.05). Nevertheless, the omen-
tal depot contained more stearic acid and less oleic acid than
the caudal fat. As for the other studied tissues, the C17:0,
the linoleic and linolenic acids, C17:1 cis 10 and C18:1 trans
11 were significantly higher (P < 0.05) for RR-based diets.
However, C16:1 cis 9 was higher for the control diet. The
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Table 6. Fatty acid profiles as % FAMEs (mg FAME per 100 mg FAMES) of four tissues from Barbarine lambs.

Muscle (M) ‘ Fat (F) ‘ Contrasts

LTL SM | OF CF| 3 c4 G5 P SEM
<Cl14:0 025  022° | 036 0842 | 0.001 0.62 0.001 0.001 0.02
C14:0 2.09® 171 | 2.80*  3.04* | 0.001 0.03 0.16 0.001  0.06
3°C15:0 0.58¢  046° | 1.29®  2.15% | 0.001 028 0.001 0001 0.03
C16:0 24520 2302 | 224>  220b | 001 002 042 0007 021
C16:1 cis 9 1.84¢ 1549 | 225 2892 | 0001 001 0.001 0.001 0.04
C17:0 1.62¢ 128 | 2,75  3.16% | 0.001 0.08 003 0.001 0.06
C17:1cis 10 094>  1.00° | 0.87° 1.77% | 0.001 056 0.001 0.001  0.03
C18:0 181> 16.1¢ | 2517 13.424 | 0.001  0.03 0.001 0.001 033
C18:1cis 9 39.022  36.83 | 30.53¢ 3548 | 0.001 0.01 0.001 0001 031
C18:2n6 447° 7342 | 406> 341° | 0001 0001 023 0.001 0.19
C18:3n3 04b 0462 | 0558 048 | 005 028 028 0.11  0.02
C20:0 0.08> 008" | 0.16* 0.10> | 0.001 0.85 0.001 0.001 0.004
C20:3n9 0.19>  0.40* | 0.05 005 | 0.001 0.001 094 0.001 0.009
C20:3n6 0.09®  020* | 0.02° 0.02° | 0.001 0.001 098 0.001 0.004
C20:4n6 1.19°  273% | 0.09°  0.12° | 0.001 0001 084 000l 0.05
C20:5n3 0.08®  0.17¢ | 0.01¢  0.01° | 0.001 0.001 091 0.001 0.004
C22:4n6 0.10>  024% | 0.01° 0.02° | 0.001 0.001 0.88 0.001 0.005
C22:5n3 021> 0492 | 005 005 | 0.001 0.001 099 0.001 0.1
C22:6n3 0.03>  0.08 | 0.009¢ 0.007° | 0.001 0.001 0.77 0.001 0.002
Even-chain SFA  45.01® 41.20° | 50.85* 39.80° | 0.01 0.003 0.001 0.001 044
Odd-chain SFA  2.04°  1.61° | 359  4.63* | 0001 0.10 0.001 0001 0.09
SFA 48.8°  46.1° | 557% 467 | 0.001  0.01 0.001 0.001 039
PUFA 736 12832 | 546°  5.04° | 0.001 0.001 0.60 0.001  0.28
PUFA / SFA 0.15> 028 | 016° 0.11° | 001 0004 025 0001 001
n-6 5980 107% | 4.28¢  3.72° | 0.001 0.001 042 0.001 024
n-3 073>  124* | 076> 057 | 0,001 0.001 0.17 0.001  0.04
n-6 / n-3 824 8942 | 693 669® | 0001 011 061 0.001 0.19
CLA 0.45 0.47 0.67 071 | 001 086 070 0.08 0.04

C3: muscles vs. fats (M vs. F); C4: longissimus thoracis et lumborum (LTL) vs. semi-membranous (SM); C5: omental fat vs. caudal fat

(OM vs. CF);

even-chain SFA: Y C10:0; C12:0; C14:0; C16:0; C18:0; C20:0; C22:0; C24:0;

odd-chain SFA)Y C13:0; C15:0; C17:0; C23:0;

SFA: saturated fatty acid; PUFA: polyunsaturated fatty acid; CLA: conjugated linoleic acid;
a, b, c: values within a row different superscripts differ significantly at P < 0.05.

SFA proportion was significantly higher in the C group than
both RR-based diets. This high content of SFA is explained
by the biohydrogenation process in rumen of unsaturated FA
into SFA. Similar results in omental fat were found for SFA
content, which averaged 59.24 % in lambs fed different lev-
els of spineless cactus (Costa et al., 2017). The RR87 pre-
sented the highest proportion (P < 0.05) of MUFAs com-
pared to the other treatments. The MUFAs have been asso-
ciated with a reduced cardiovascular disease risk as they de-
crease plasma low-density lipoprotein (LDL) concentration
(Costa et al., 2017). Among the MUFAs, the oleic acid rep-
resents the higher proportion for all groups without a signif-
icant difference. Oleic acid is considered resistant to oxida-
tive processes in foods and increases the shelf life of certain
products (Scollan et al., 2001). The highest amount of PU-
FAs was made up of linoleic acid (C18:2n-6), which was
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doubled for RR-based diets (P < 0.05). The RR regimens
resulted in an increase of PUFA proportion considered im-
portant for human cells and for the performance of essen-
tial functions in the human body. As in CF, the PUFA : SFA
ratio was significantly affected by the diet being higher for
both RRs (P < 0.05). The higher n-6 and n-3PUFA propor-
tions (P < 0.05) for RR60 and RR87 are mainly due to the
higher linoleic and linolenic acids proportions. These FAs
are considered to be essential FAs given they cannot be syn-
thesized by the body (Wood et al., 2008). Similar results in
sheep fed spineless cactus presenting an average of 0.79 %
of n-3PUFA were reported (Costa et al., 2017). The n-6 / n-
3 ratio was reduced with RR intake (6.58 and 6.27 vs. 8.41
for RR87, RR60 and C, respectively), but it is still above
the recommended value (4) for all regimens. The total CLA
was slightly higher for RR diets. The saturation and thrombo-
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genic indexes were higher for the C group than experimental
ones.

3.3 Comparison of fatty acid profiles of four tissues

Regardless of the diet, the FA profile of the muscles differed
significantly from that of the adipose tissues for the major-
ity of individual FAs, groups and ratios (Table 6). It was re-
ported that the FA composition depends on location of tis-
sues in the carcass (Monziols et al., 2007). According to our
study, the adipose tissues contained more individual SFAs
(C14:0, >_C15:0, C17:0) than muscles. However, LTL con-
tains higher C16:0 than other tissues. The omental fat had the
highest content of C18:0, while the caudal fat had the low-
est content of this FA. Intermediate values were recorded for
LTL and SM muscles. It was reported that adipose tissues are
considered the major sites of de novo FA synthesis, palmitic
acid being the main product, which can be further elongated
to stearic acid (Sinclair, 2007).

Fat depots contained the higher proportions of short
(< C14:0) odd- and even-chain SFA compared to mus-
cles. These results are in line with those of Pellattiero et
al. (2015). The even-chain SFA was significantly higher in
OF (P < 0.05) than in other tissues; however the odd-chain
SFA was lower in both muscle sites than in fat depots. The
myristic acid (C14:0) contributed to a significantly higher
proportion in adipose tissues than in muscles (2.9 % vs.
1.9 %). The difference among the FA composition of fat and
muscles is pronounced mainly for the abundant FAs. In gen-
eral, the LTL and SM muscles contained higher proportions
of C18:1 cis 9 (39 % and 36.8 %, respectively) and higher
C18:2n6 particularly for SM muscle (4.47 % and 7.34 %, re-
spectively) and an intermediate value of C18:0 compared to
omental and caudal fat (18.1 % and 16.1 % vs. 25.17 % and
13.42 % for LTL, SM, OF and CF, respectively). The C18:1
cis 9 was reduced in omental fat and increased in LTL tissue;
however the values of SM and caudal fat tissues were similar
and intermediate. The C18:1, as previously shown (Joy et al.,
2012; Hopkins et al., 2014; Mekki et al., 2016), is the most
abundant FA in all the studied depots, followed by palmitic
acid and stearic acid. In the current study, the OF contained
the highest proportion of total SFA (55.7 %, Table 6), mainly
due to the higher level of stearic acid (C18:0), while the SM
muscle contained the lowest SFA level (46.1 %) and the CF
and LTL muscle had intermediate values.

The adipose tissues contained significantly lower total
PUFA, n-3 and n-6PUFA than the muscles. The highest
PUFA was recorded in SM muscle (Table 6); it is largely
related to the increased amounts of total n-6, which was dou-
bled in SM muscle resulting from higher content of C18:2n6.
In addition, the total amount of n-3 was higher for SM than
the rest of tissues. Some differences were observed among
LTL and SM muscles. Then, SM muscle was the richest
muscle in PUFA (12.8 %) mainly due to the contribution
of C18:2n6 and FAs with chains longer than 18C including
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other fatty acids present in trace amounts in other tissues,
among them C20:3n9, C20:3n6, C20:4n6ARA, C20:5n3EPA
and C22:5n3DPA. These differences among muscles can be
related to the presence of fibers with different oxidative or
oxido-glycolytic properties. These fibers are present in vari-
ous proportions in muscles depending on animal species, lo-
cation of the muscle on the body and physiological character-
istics such as physical movement. It was reported that red ox-
idative fibers have a higher proportion of phospholipids than
white fibers and consequently a higher percentage of PU-
FAs (Pellattiero et al., 2015). The PUFA contents of the cur-
rent study are higher than those previously reported (Enser
et al., 1996) in ovine and bovine, which averaged 5.88 % and
4.86 %, respectively.

4 Conclusion

Feeding sheep with rosemary residues resulted in different
fatty acid profiles that depend also on the tissue type. This
study showed the existence of a saturation gradient between
tissues subject to their location. Adipose tissues, especially
the omental fat, contained the highest proportions of SFA;
then, it is recommended to avoid the intake of internal and
external fats, as it has been seen that they are rich in SFAs,
which are undesirable for human health. However, they can
be used, in low amounts, to formulate meat products to en-
hance their nutritional value.
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