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Introduction

The efficiency of sheep production depends large-
ly on growth characteristics of lambs. Production capac-
ity of sheep to meet market demands can be improved
by using breeds that are more adapted to the production
system and exploring desirable characteristics of each

breed (McManus et al., 2010).

Santa Inés (SI) is the most popular breed in Bra-
zil distributed throughout the country (McManus et
al., 2014). In Brazil, this breed has been used both for
the production of purebred lambs as well as crosses for
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with local Brazilian breeds in intensive production sys-
tems.

Dorper (D) is a breed originated in South Africa, a
synthetic meat-type breed created from the Dorset and
Black Head Persian breeds, widely used in crosses with
native breeds (Milne, 2000; Teklebrhan et al., 2014), for
their growth potential and carcass quality (Kosgey et al.,
2008; Kariuki et al., 2010).

This study evaluated the performance, carcass and
meat characteristics of Morada Nova (MN]), Santa Inés
(SI) and crossbred Dorper x Morada Nova (DM) and
Dorper x Santa Inés (DS) lambs finished in feedlot.

early slaughter (McManus et al., 2010). Morada Nova

(MN) may be an alternative breed, as it is hardy but has

Materials and Methods

lower adult weight, which can lead to greater number of

animals per area and increase productivity per unit of
space (Gomes et al., 2013; Issakowicz et al., 2016). Stud-
ies have shown that MN breed shows good maternal
ability, prolificacy, nonexistent reproductive seasonality
and good adaptation to the tropical environment, all use-

The experiment was conducted in Sao Paulo state,
southeastern Brazil (22°42' S and 47°18' W, altitute 570
m). This study was approved by the Commission of Eth-
ics for the Use of Animals in Experimentation at the In-
stitute of Animal Science (Protocol No. 168/2013).

ful characteristics in a maternal breed (McManus et al.,

2014, Issakowicz et al., 2016).

However, the poor performance of its purebred
lambs limits its use in intensive meat production sys-
tems. Crossbreeding of this breed with terminal sire
breeds can improve performance characteristics in
lambs. For this reason, sheep farmers have implemented
crossbreeding of locally adapted animals with enhanced
exotic genotypes (Dorper, for example) to improve the
genetic potential of these animals. However, little infor-
mation is available on lambs from Dorper sheep crossed
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Animals, feeds and management

Eight intact lambs, approximately 70 days old,
from each of four genotypes, two native hair sheep
breeds (Morada Nova, Santa Inés) and crosses of these
with Dorper were used in this study. To eliminate the
effect of the rams, lambs in each genetic group were
selected from different rams.

During the lactation period, the lambs remained
with their dams until 60 days of age with concentrate ra-
tion and corn silage ad libitum and then were housed in in-
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dividual pens measuring 1.2 m?with a suspended wooden
slat floor, feeders and water. Before starting the measure-
ments, a 10-day adaptation for diets and facilities was car-
ried out. The animals were fed two meals a day (08h00
and 15h00). The diets were composed of corn silage (40 %)
and concentrate (60 %). The chemical composition of corn
silage and concentrate are presented in Table 1.

Growth performance

The offered food and orts were weighed daily and
the daily dry matter intake (DMI) calculated. This vari-
able was expressed as grams per day (g d!), as a propor-
tion of metabolic weight (g DM/kg LW®™), as well as
percentage of live weight (% LW).

Daily live weight gains (DLWG) were calculated
by weighing animals at the beginning and end of the
experimental period (when the animals reached 35 kg
approximately) and at 14 d intervals in the morning, be-
fore feeding. Feed conversion (FC) was estimated as DM
intake (kg intake/daily live weight gain (kg).

Carcass and meat quality

At end of the trial, the animals were fasted from
solid food for 12 h, weighed (slaughter weight) and
slaughtered. After removing and weighing the non-car-
cass components, carcasses were weighed (hot carcass
weight - HCW) and refrigerated for 24 h at a tempera-
ture of 2 - 4 °C (cold carcass weight - CCW). The hot
(HCY) and cold (CCY) carcass yields were obtained
as follows: (HCW/slaughter weight) * 100 and (CCW/
slaughter weight) * 100, respectively. Carcass fat cover
score (CFCS) and carcass conformation score (CCS) were
performed through visual appreciation according to Is-
sakowicz et al. (2013).

Table 1 - Ingredients of concentrate and chemical composition of
corn silage and concentrate fed to fattening lambs.

) Concentrate Corn
Ingredients Ingredient proportion Silage
%
Corn 71.4
Soybean 25.0
Mineral Mixture * 1.3
Sodium Chloride 0.7
Limestone 1.6
Chemical composition (%) **
Dry matter 84.4 22.1
Crude protein 22.3 7.9
Neutral detergent fiber 20.3 62.6
Acid detergent fiber 3.82 31.9
Hemicellulose 16.5 30.7
Ether extract 2.60 3.2
Mineral matter 6.20 5.8

*Composition of product: Calcium 120 g kg1, Phosphorus 87 g kg!, Sodium
147 g kg, Sulfur 18 g kg, Copper 590 mg kg, Cobalt 40 mg kg,
Chromium 20 mg kg, Iron 1800 mg kg, lodine 80 mg kg, Manganese
1300 mg kg, Selenium 15 mg kg, Zinc 3800 mg kg!, Molybdenum 300
mg kg!, and Fluorine (max.) 870 mg kg!; * *Percentage at 100 % dry matter.
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Meat quality of crossbred lambs

The final pH (pH24) was mensured on the Semi-
membranosus muscle at 24 h after slaughter with the
aid of a portable pHmeter.

The carcasses were sectioned into two half-car-
casses and the left half was divided into commercial
cuts (Figure 1), which were weighed and their propor-
tion of the half carcass determined.

On the right half of the carcass, a transverse cut
was taken between the 12" and 13" ribs to free the 12
rib. The area of the Longissimus lumborum muscle was
measured using a transparent standardized grid (0.5
cm?/cell) giving the RYA (rib eye area), height and width
of the loin. The 12" rib was then weighed and tissues
were dissected into muscle, bone and fat, according to
methodology adapted from Hankins and Howe (1946).
The 12" rib tissues were minced together, homogenat-
ed and freeze dried for chemical composition analy-
sis acording to AOAC (1995) procedures to determine
dry matter (DM), crude protein (CP), ether extract (EE)
and mineral matter (MM) content. The chemical com-
position of the Longissimus lumborum muscle was per-
formed in the same manner as for the 12 rib tissue.

The carcass compactness index (CCI) was calcu-
lated through the relation of cold carcass weight / inter-
nal carcass length and the leg compactness index (LCI)
by the ratio of leg weight and its respective length.
The internal carcass length - IL (maximum distance
between the front edge of the ischial pubic symphysis
and the front edge of the first rib at its midpoint) and
leg length - LL (shortest distance from the perineum to
the edge of tarsometatarsal articulation) were taken us-
ing a metric tape after the carcass cooled.

Fatty acid profile analysis

Samples from the Longissimus Iumborum were
used for the analysis of fatty acid profile. Lipids were
extracted from the muscle in accordance with pro-
cedures established by Folch et al. (1957) and were
methylated according to Hara and Radin (1978). The
transmethylated samples were analyzed with a gas
chromatograph (model Focus CG-Finnigan, Thermo
Finnigan) with a flame-ionization detector and a capil-
lary column (CP-Sil 88) measuring 100 m x 0.25 mm
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Figure 1 — Meat cuts of the left half of the carcasses. Adapted from
Santos et al. (2001).
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i.d., with a thickness of 0.20 pm. Hydrogen was used as
the carrier gas at a flow rate of 1.8 mL min-!. The initial
temperature of the oven was 70 °C and was increased
by 13 °C/min to 175 °C, and kept for 27 min. The tem-
perature was then increased by 4 °C/min to 215 °C,
where it was kept for 9 min, followed by another in-
crease by 7 °C/min to 230 °C, where it remained for 5
min. The temperature of the injector was 250 °C, and
the temperature of the detector was 300 °C. Identifica-
tion of the fatty acids was carried out by comparison
of the retention times with fatty acid standards of from
butter, and the percentage of fatty acids was obtained
by means of Chromquest 4.1 software.

The amount of desirable fatty acids (DFA) was
determined as the total of mono unsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA) and stea-
ric acid according to Landim et al. (2011). The activi-
ties of the A9-desaturase (C16 and C18) and elongase
enzymes were determined as described by De Smet
et al. (2004). The atherogenicity index (ATHERO) was
calculated in accordance with Ulbricht and Southgate
(1991). Calculations were performed as follows:

DFA = MUFA + PUFA + C18:0 (1)

A9-desaturase C16 = 100[(C16:1 cis-9)/ (C16:1 cis-9 +
C16:0]] (2)

A9-desaturase C18 = 100[(C18:1 cis-9)/(C18:1 cis-9 +
C18:0)] (3)

Elongase = 100[(C18:0 + C18:1 cis-9) / (C16:0 + Cl16:1
cis-9 + C18:0 + C18:1 cis-9)] (4)

ATHERO = [C12:0 + (4*C14:0) + C16:0]/ (SSFA +
SPUFA) (5)

Statistical analysis

Data on performance, carcass characteristic and
fatty acids were analyzed using the GLM procedure
of statistical analysis software institute SAS (Statisti-
cal Analysis System v. 9.2, Cary, NC) with the genetic

Meat quality of crossbred lambs

group as fixed effects and the initial weight as a covari-
ant for the performance data and the final weight for
the other characteristics. The model used was:

Y, =u+ G, + (I-Im); + e,

where u is the overall mean, G, is the fixed effect of
the ith genetic group, I is the initial weight of the jth
animal in the ith genetic group, Im is the mean ini-
tial weight and e, is the random error associated with
each observation. The effects of ram, type of birth
(single or multiple), and slaughter day were removed
from the statistical model because they did not af-
fect any studied variable. The mean comparison was
performed by the Tukey test with the mean corrected
by least squares (pdiff instruction in SAS). Correla-
tion (CORR procedure) and factor analysis (FACTOR
procedure) were performed to verify the relationship
between slaughter age and carcass characteristics.
The discriminant analysis (DISCRIM procedure) was
performed to verify the ability of data to classify the
animal genetic group, and STEPDISC procedure to
identify these traits.

Results

Growth performance

On the same diet (Table 1) the dry matter intake
(DMI) was similar (p > 0.05) among genetic groups
(Table 2). The crossbred (DS and DM) and Santa Inés
(SI) lambs had similar (p > 0.05) daily live weight gains
(DLWG) and feed conversion (FC), which were higher
(p < 0.05) than that observed in Morada Nova lambs
resulting in a reduction (p < 0.05) of slaughter age of
the former animals.

Carcass and meat quality

Crossbred lambs (DS and DM) had higher (p <
0.05) conformation, leg and carcass compactness index,
than observed in purebred lambs (SI and MN) (Table 3).
No difference (p > 0.05) among groups was observed
for pH24.

Table 2 — Mean = standard error of the performance variables from Morada Nova (MN), %2 Dorper x %2 Morada Nova (DM), Santa Inés (SI) and

Y2 Dorper x Y2 Santa Ines (DS) lambs finished in feedlot.

Genetic Group

Variable oM VN DS S

IBW (kg) 16.1 £ 1.0° 15.0+1.0° 21.3+1.0° 18.4 = 1.0®
FBW (kg) 36.2+1.36 33.1+1.46 34.0 +1.54 35.3+1.33
DMI (g d1) 982 + 39 866 + 42 866 + 44 950 + 38
DMmIo-75 64.9 +2.1 62.3+2.2 60.3+2.3 64.6 + 2.0
DMI %LW 2.62 = 0.08 2.58 = 0.09 2.48 +0.10 2.63 +0.08
DLWG (g d™) 233 + 142 146 £ 17° 229 £ 192 226 = 142
FC (kg DMI / kg DLWG) 4.17 £ 0.25° 5.52 + 0.252 4.02 + 0.28° 4,32 + 0.24°
Slaughter age (day) 157 + 7.26° 186 + 7.26? 135 + 6.76° 154 + 7.26°

Means in the same row followed by the same superscript letter do not differ significantly by the Tukey test (p < 0.05); IBW = initial body weight; FBW = final body
weight; DMI®7® = dry matter intake in grams DM / Weight®75; DMI % LW = dry matter intake in % of body weight; DLWG = daily live weight gains; FC = feed conversion.
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Meat quality of crossbred lambs

Table 3 - Mean = standard error of the carcass characteristics from Morada Nova (MN), %2 Dorper x %2 Morada Nova (DM), Santa Inés (Sl) and

Y2 Dorper x Y2 Santa Ines (DS) lambs finished in feedlot.

Genetic Group

Variable oM NN DS 3
Slaughter Weight (kg) 35.6 = 1.37 32.0+1.37 35.4 +1.37 35.6 + 1.37
HCW (kg) 16.9 + 0.28 16.8 + 0.30 17.1 £0.28 16.1 +0.28
CCW (kg) 16.4 + 0.27 16.4 + 0.29 16.7 + 0.27 15.6 = 0.27
HCY (%) 48.7 £ 0.82 48.5 + 0.87 49.4 +0.81 46.5 + 0.82
CCY (%) 475+ 0.8 473+0.8 48.0+0.8 45.1+0.8
CCF (1-5) 3.29 + 0.09° 2.66 = 0.09° 3.39 + 0.09 2.76 = 0.09°
CFCS (1-5) 258 +0.17 2.30 = 0.17 254 +0.17 259 +0.17
LCl (kg cm™) 0.100 + 0.0042 0.091 + 0.004° 0.112 + 0.0042 0.079 = 0.004°
CCl (kg cm™) 0.286 + 0.005° 0.280 + 0.005° 0.286 + 0.0052 0.263 + 0.005°
pH,, 5.42 +0.12 5.69+0.12 561 +0.12 5.62 +0.12

Means in the same row followed by the same superscript letter do not differ significantly by the Tukey test (p < 0.05); HCW = hot carcass weight; CCW = cold carcass
weight; HCY = hot carcass yield; CCY = cold carcass yield; CCF = carcass conformation score; CFCS = carcass fat cover score; LCl = leg compactness index; CCI

= Carcass compactness index; pH,, = pH 24 h after slaughter.

With the advancement of slaughter age, there
were increases in the proportions of visceral fat (r =
0.39; p = 0.01), inguinal fat (r = 0.38; p = 0.02) and
renal fat (r = 0.41; p = 0.01) in the carcass. In addition,
there was a reduction in higher priced cuts such as leg
(r = -0.57; p = 0.01), shoulder (r = -0.43; p = 0.01),
rump cap (r = -0.35; p = 0.01), mignon (r = -0.55; p =
0.01) and an increase in the proportion of less valued
cuts such as the neck (r = 0.44; p = 0.01). These rela-
tionships may be seen in the principal component analy-
sis (PCA) (Figure 2) where the first component explained
37 % of the variance between the traits studied.

The discriminant analysis using the proportion of
commercial cuts and the leg compactness index, clas-
sified 88 % of DS animals and 100 % of the DM, MN
and SI animals, in their respective genetic groups. The
main variables that discriminated the groups were neck
proportion (R? = 0.57), shoulder proportion (R? = 0.34),
leg compactness (R? = 0.32) and the proportion of the
belly (R* = 0. 22).

The Longissimus lumborum dimensions, as well as
the centesimal (dissection) and chemical composition of
the 12 rib are shown in Table 4. Height, width and rib
eye area (RYA) were higher (p < 0.05) in crossbred lambs
(DS and DM), and there was no difference (p > 0.05)
in mass (g) and proportion (%) of bone, muscle and fat
from purebreds in relation to crosses. This was probably
due to high individual variation, which reflected in a
high coefficient of variation found for these variables. A
significant difference was observed in Muscle: Fat ratio,
with DS lambs having greater (p < 0.05) value than the
other groups.

In the chemical evaluation of 12% rib, DS lambs
had lower (p < 0.05) EE content compared to the other
groups, and Morada Nova lambs presented the highest
values followed by SI, DM lambs. On the other hand,
the Longissimus lumborum of crossbred lambs showed
lower (p < 0.05) content of EE compared to purebred
lambs (Table 4).
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Figure 2 - First two principal components showing the relationship
between the slaughter age and carcass characteristics. T + P =
Empty gastrointestinal tract.

Fatty acid profile analysis

The fatty acid profile of meat (Tables 5 and 6)
shows that DS lambs had higher levels (p < 0.05) of
essential fatty acids (n-3 and n-6) and polyunsaturated
fatty acids such as linoleic (C18: 2C9C12), Arachidonic
(C20: 4n6) and docosapentaenoic (C22: 5), compared to
DM animals, contributing to the greater amount poly-
unsaturated acids (PUFA), higher PUFA: SFA ratio and
better atherogenicity index (DS = 0.599; DM = 0.660).

The percentage of saturated fatty acids (SFA) did
not differ (p > 0.05) between the groups, although sig-
nificant variations (p < 0.05) were observed for some
saturated acids (C15:0, C15:0iso, C15:0anteiso, C17:0,
C17:0iso), but they represent only a small proportion
of the total SFA. The predominant saturated fatty ac-
ids were palmitic acid (C16: 0), followed by stearic acid
(C18: 0), but these did not differ (p > 0.05) between
genotypes. Of the monounsaturated fatty acids found in
quantities greater than 0.05 g / 100 g fat, in all genetic
groups studied, oleic acid (C18: 1C9) was the most prom-
inent (approximately 40 %).

Discussion

Purebred MN lambs on the same diet (Table 1)
showed lower performance compared to the other
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Meat quality of crossbred lambs

Table 4 - Mean =+ standard error of the loin dimensions and 12 rib characteristics from Morada Nova (MN), ¥z Dorper x %2 Morada Nova (DM),

Santa Inés (Sl) and Y2 Dorper x %2 Santa Ines (DS) lambs finished in feedlot.

Genetic Group

Variable DM NN DS S
LoinHeight (cm) 3.26 £ 0.10° 2.88 £ 0.10° 3.24 £ 0.10° 2.77 £ 0.10°
LoinWidth (cm) 5.79 + 0.14® 5.58 + 0.15° 6.20 £ 0.142 5.46 £ 0.14°
RYA (cm?) 15.2 + 0.66* 12.3 +0.69° 15.5 + 0.66* 12.1 =+ 0.66°
Total tissue weight (g) 96.0 + 4.222 95.5 + 4.45° 87.0 = 4.20% 74.1 + 4.21°
Muscle( g) 52.0 £2.73* 44.8 + 2.88* 48.9 + 2,72 38.5 +2.72°
Muscle (%)! 54.6 + 2.11%® 47.4 +2.22° 56.0 + 2.102 51.9 £ 2.10%
Bone (g) 16.6 + 2.09 159+ 2.20 19.9 + 2.08 13.8 + 2.09
Bone (%)! 17.0+1.84 16.4 +1.94 22.7 +1.83 18.6 +1.84
Fat (g) 27.2 + 2.04® 34.8 + 2.15° 18.1 + 2.03¢ 21.6 + 2.04b¢
Fat (%)! 28.3 £2.07* 36.1 £2.18 21.2 + 2.06b 29.4 £ 2.06°
Muscle : Fat 1.95 + 0.21° 1.39 + 0.22° 2.85 +0.21° 1.80 + 0.21°
Chemical composition of the 12 rib
DM 47.9 + 1.39° 52.9 £ 1.472 42.1 £1.39 48.7 +1.392
CP? 17.5+0.57* 15.5 + 0.60° 18.7 +0.572 17.3+£0.57*
EE? 25.7 +1.38 32.8 + 1.45° 18.7 +1.37¢ 26.7 +1.38
MM?2 4,70 £ 0.35 4.55 +0.37 4,57 £0.35 4.68 +0.35
Chemical composition of Longissimus dorsi
DM 26.9 + 0.98 30.1 £1.03 28.3+1.12 28.6 = 0.98
CP? 16.2 + 0.7 17.4 £ 0.7 175+0.8 17.5+0.7
EE? 5.81 + 0.45° 7.74 + 0.442 5.76 + 0.48° 6.67 + 0.422
MMm? 1.11 £ 0.03 1.17 £ 0.03 1.22 + 0.04 1.18 £ 0.04

Means in the same row followed by the same superscript letter do not differ significantly by the Tukey test (p < 0.05); RYA = rib eye area; DM = dry matter; CP = crude
protein; MM = mineral matter; EE = ether extract; 'Percent relative to the total weight of the 12% rib; ?Percent on natural matter.

Table 5 - Least square means (standard error of mean) of overall
fatty acid, ratios and indices of meat from Morada Nova (MN), %2
Dorper x Y2 Morada Nova (DM), Santa Inés (Sl) and %2 Dorper x
Y2 Santa Inés (DS).

DM MN DS S| SEM
SFA 45847 45896 45316 47.869 1.193
UFA 53.520 53.565 54.015 51.551 1.916
MUFA 47.788 46.926 44925 45217 1.722
PUFA 5732  6.639* 9.090°  6.334> 0.739
n-6 1.432°  1.818*® 2724 1.81* 0.297
n-3 0.15%*  0.17=* 0.264>  0.199® 0.027
n-6:n-3 9.020 10.914 10.348 9.058 0.708
UFA:SFA 1.166 1.195 1.194 1.120  0.074
PUFA:SFA 0.124>  0.149® 0.202°  0.137® 0.019
DFA 71.029 68.669 71.895 70.025 1.141
AD9 C16 8.251 7.987 8.059 7.342  0.492
ADSC18 70.220 72625 67925 67.595 2.021
ELONGASE 69.614 65.856 69.455 68.173 1.148
ATHERO 0.660°  0.699°  0.599°  0.635* 0.021

Means in the same row followed by the same superscript letter do not differ
significantly by the Tukey test (p < 0.05); SEM = standard error of mean; SFA =
saturated fatty acids; UFA = unsaturated fatty acids; MUFA = monounsaturated
fatty acids; PUFA = polyunsaturated fatty acids; né = n-6 fatty acids; n3 =
n-3 fatty acids; n6:n3 = n-6 divided by n-3; UFA:SFA = unsaturated divided
by saturated fatty acids; PUFA:SFA = polyunsaturated divided by saturated
fatty acids; DFA = desirable fatty acids; AD9C16, AD9C18, ELONGASE: A9-
desaturase Cis-9 C16 activity, A9-desaturase Cis-9 C18 activity, elongase
enzyme activity, respectively, determined as described by Oliveira et al.
(2011) using mathematical indices; ATHERO = atherogenicity index calculated
in accordance with the method of Ulbricht and Southgate (1991).
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genetic groups (Table 2), as expected, since the other
groups are not specialized for meat production and
therefore have lower potential for weight gain as seen
in previous studies (Issakowicz et al., 2016). Crossbred
DM lambs had better DLWG and FC compared to pure
MN lambs, which was not seen in the comparison be-
tween DS and SI animals. The larger difference found
between DM and pure MN lambs may be associated
with greater genetic distance between Morada Nova
and Dorper genotypes and this effect intensified after
weaning, when the amount of milk produced by the
mother no longer has an effect on the performance
of the lamb. Studies on Santa Inés sheep have shown
recent introgression of this breed with meat produc-
ing breeds (Paiva et al., 2005), leading to an improve-
ment in production traits (Carneiro et al., 2010) but a
reduction in rusticity and heat tolerance (McManus et
al., 2011) thereby explaining the lack of difference be-
tween crosses and this breed.

Higher DLWG and FC lead to a reduction in
slaughter age and consequently the period that the ani-
mal remains in the feedlot, which reduces feed costs.
Additionally, with advancing age at slaughter, there is
a reduction in the proportion of prime cuts such as leg,
shoulder, rump cap and mignon and an increase of less
valuable cuts, such as the neck, as well as inguinal, vis-
ceral and kidney fats (Figure 2), leading to a lower value
carcasses.
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Table 6 - Least square means of fatty acid profile (g/100 g of
total fatty acids) of meat from Morada Nova (MN), %2 Dorper x %2
Morada Nova (DM), Santa Inés (SI) and 2 Dorper x %2 Santa Inés
(DS) lambs finished in feedlot.

DM MN DS N SEM
C10:0 0.197 0.153 0.197 0.162 0.014
C12:0 0.172 0.135 0.194 0.157 0.020
C14:0 2.557 2.497 2.441 2.269 0.192
C15:0 anteiso ~ 0.119®  0.096° 0.143=  0.098 0.010
C15:0iso 0.1122=  0.077° 0.118  0.096®  0.007
C14:1c9 0.087 0.103 0.071 0.066 0.011
C15:0 0.274®  0.226° 0.304:  0.247®  0.017
Cl16:0 iso 0.13 0.097 0.128 0.11 0.009
Cl6:0 23.72 25.57 22.61 25.24 1.175
C17:0iso 0.356°  0.225° 0.428:  0.335®  0.029
C16:1c9 2.121 2.261 1.974 1.908 0.110
C17:0 0.879®  0.772° 0.951=  0.853*  0.034
Cl7:1 0.409 0.457 0.416 0.341 0.032
C18:0 17.34 1553  17.76 18.32 0.926
C18:1trans 1.277® 0.933° 1.721=  1.031°  0.147
C18:1c9 41.17 40.62 37.73 38.98 1.411
Cl18:1cll 1.336 1.387 1.561 1.498 0.144
Cl18:1cl2 0.483 0.565 0.505 0.518 0.045
C18:1c13 0.326 0.412 0.409 0.345 0.038
C18:1t16 0.173 0.209 0.162 0.159 0.019
C18:1c15 0.125 0.128 0.129 0.105 0.017
C18:2c9cl12 3.57° 4.079*%  5.345*  3.769° 0.366
C18:3n3 0.116®  0.093° 0.147¢  0.117®  0.008
C20:1 0.14 0.17 0.147 0.135 0.009
C18:2cot11 0.388 0.321 0.403 0.321 0.026
C20:4n6 1.316°  1.783*®  2.532¢ 1.679® 0.258
C22:5 0.16%°  0.223* 0.336@ 0.227* 0.033

Only fatty acids with least square means greater than 0.05 g/100 g of fat are
shown. Means in the same row followed by the same superscript letter do not
differ significantly by the Tukey test (p < 0.05); SEM: standard error of mean.

The different degree of physiological maturity of
the genotypes used in this study seems to be respon-
sible for variations in carcass composition, mainly EE
content, as seen in the chemical composition of the
12* rib, which is a good indicator of the animal body
composition. Taylor (1985) showed that an increase in
animal maturity leads to an increase in fat proportion, a
decrease in bone percentage and a small change in mus-
cle percentage. Thus, animals with higher fat content
in the carcass have a higher degree of maturity, such as
the Morada Nova breed, which has lower adult weight
than Santa Ines and Dorper animals do, leading to a
higher length of time to reach the predetermined 35 kg
slaughter weight, approximately 75 % of the adult male
weight. The maturity degree may be responsible for car-
cass composition, since the animals were slaughtered
with similar weights as determined by market demand,
such as standardized carcasses and cut weights.

The best conformation and the highest leg and car-
cass compactness index were seen in crossbred lambs
(Table 3), suggesting that these animals have improved
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conformation for meat production, with greater tissue
deposition in more valuable regions, such as the leg.
These results are consistent with Hopkins and Fogarty
(1998), who stated that higher performance is expected
in regions of higher commercial value in breeds special-
ized in meat production. The higher muscle deposition
in the carcass of crossbred animals was also evident
by the larger loin of these animals (Table 4), since the
Longissimus lumborum muscle has a high positive cor-
relation with body development and can be also used
to estimate the muscle amount in the carcass (Taylor,
1985).

The discriminant analysis showed that the leg
compactness index was important to separate the ge-
netic groups, which is an important variable to classify
carcasses of better quality, since animals with a higher
leg compactness index also have higher conformation
and carcass compactness index.

In this study, there were no differences in pH24
between the groups (p > 0.05), also observed by Ekiz
et al. (2009) in animals of different genetic groups. In
general, significant variations in final meat pH between
different genotypes are explained by depletion of mus-
cle glycogen storage caused by stress before slaughter
or the low energy supply from the diet (Hopkins and
Mortimer, 2014). Here, all lambs were kept under simi-
lar conditions before slaughter, in the absence of highly
intensive management and with suitable dietary plans.

Crossbred DS lambs showed better fatty acid re-
lations and desirable fatty acids than DM animals did,
resulting in a better atherogenicity index (Tables 5 and
6). This index is used to calculate the risks that food
represents to human health and the lower value found
in DS lambs is indicative that they have fat with a better
nutritional profile, which can reduce the risk of coro-
nary diseases.

Wood et al. (2008), in their extensive review on
fat and meat quality, reported that a reduction in fat in-
take is desirable, especially fats rich in saturated fatty
acids, and an increase in mono and poly-unsaturated
fats, to reduce the risks of obesity, cancer and cardio-
vascular diseases. Thus, higher amounts of linoleic acid
(C18:2C9C12) and arachidonic acid (C20:4n6) and, con-
sequently, larger amounts of PUFAs and higher PUFA:
SFA ratio of the meat from DS animals in relation to
DM animals show better quality for human consump-
tion.

Increasing slaughter age and fat content in the
carcass affected the lipid profile. The development of
adipose tissue during the animal growth is primarily
due to hyperplasia, and then by hypertrophy of adipo-
cytes. In younger animals, adipocytes are smaller, which
results in a higher relationship between the cell mem-
brane (which is rich in PUFA particularly omega-3 and
omega-6 (Brand et al., 2010)) and the content, increasing
the proportion of unsaturated fatty acids. This justifies
the higher levels of omega-3 and omega-6 and, conse-
quently, a higher proportion of polyunsaturated fatty ac-
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ids found in DS animals compared to DM lambs. These
findings suggest that deposition of some fatty acids de-
pend on the age and genotype of the animal, where the
genotype effect is due to the capacity of each genotype
to deposit fat.

The fatty acids observed in higher quantities were
oleic (C18:1C9) indicating the potential of lamb meat
as a source of desirable fatty acid, followed by palmit-
ic (C16:0) and stearic (C18:0). Although stearic acid is
present in high amounts, it does not seem to affect cho-
lesterol levels in humans, because it is converted in to
oleic acid (C18:1) inside the organism (Bonanome and
Grundy, 1988). On the other hand, palmitic and myristic
acids (C14: 0) are potential causes of cardiovascular dis-
ease as they increase cholesterol concentration (Daley et
al., 2010). Of these two acids, myristic acid is more un-
desirable; however, it is not a major concern because it
represented about 2 % in all genetic groups in the pres-
ent study.

Regarding the amount of essential fatty acids
(omega-6 and omega-3), meat of DS lambs showed
nearly twice as much the amount found in DM animals,
where the greater quantity of omega-6 was boosted by
the increase in linoleic and arachidonic acids, indicating
once again the differentiated fat quality in meat from
these animals. However, a balance in amounts of n-6
and n-3 fatty acids is desirable (around 10:1) according
to the recommendations of the Institute of Medicine
(2002), similar to that observed in this study. High in-
take of omega-6, associated with low omega-3 consump-
tion, causes physiological changes that trigger pro-in-
flammatory and pro-thrombotic status with increased
vasospasm, vasoconstriction and blood viscosity, favor-
ing the onset of coronary heart diseases (Patterson et al.,
2012). Therefore, when the objective is to obtain lean
meat, with improved nutritional profile to reduce risks
of cardiovascular diseases, the use of breeds and crosses
that reduce the slaughter age of animal, such as the %2
Dorper x % Santa Inés crossbred, is an interesting al-
ternative.
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