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Study of physicochemical parameters of lamb meat from North East Bulgarian fine fleece
breed of sheep and its crossbreds from internal breeding
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Abstract. A comparative analysis of physicochemical parameters of meat from lambs of North East Bulgarian fine fleece breed and its 25% crossbreds from
internal breeding with heredity from Australian merino breed and Ile de France breed. Upon starting the experiment lambs were equal and during the
experiment they were placed under similar conditions of feeding and rearing. To establish the quantitative and qualitative parameters of heredity slaughter
analysis were performed at 100 and 130 days of age. From the carcass of each slaughtered animal pooled samples and individual samples from m.
Longissimus, m. Semitendinosus and m. Semimembranosus were taken. Studies were carried out in the Research Laboratory of the Faculty of Agriculture at
Trakia University. As a result of the study the following conclusions were made: The use of the Ile de France breed in a sophisticated crossing scheme within the
North East Bulgarian fine fleece breed and subsequent internal breeding relates primarily to the achievement of the highest content of protein and
phospholipids in the meat of crossbred lambs from internal breeding with 25% heredity from Ile de France breed. The highest is the level of protein in all three
tested muscles in the same type of crosses. Water retention and pH24 of meat from m. Longissimus, m. Semitendinosus and m. Semimembranosus of 100- and
130-day-old lambs in all three groups of lambs vary within narrow ranges and values give a reason for the meat to be described as having good quality. Internal
breeding of crossbreds with 25% heredity from Australian merino breed does not affect adversely the physicochemical parameters of meat.

Keywords: lambs, crossbreds, internal breeding, physicochemical parameters, meat

Introduction
Selection in contemporary fine fleece sheep breeding is aimed
primarily at reaching higher levels of wool yield combined with high
yield and excellent physical, mechanical and technological
properties of the wool. Moreover, the processes of improvement of
the fine fleece sheep breeds are related to implementing various
breeding approaches for improving the other economically
significant for the productive line traits. As such, the most significant
are fertility and meat yield.
Large-scale crossing the fine fleece ewes with rams of the
Australian merino breed is carried out in Russia. Research in this
area is conducted by Kravchenko (1988) with the Groznenska
breed, Zulaev (1992) with Stavropol breed, Zubkov et al. (1995) with
Kavkaz breed, Ozhigov (1990) and Galatov (1991) with Soviet
merino breed, Danilenko (1989) and Shtompel (1989) with
Askaniyska breed, etc. In Bulgaria research on crossbreeding of fine
fleece ewes with rams from the Australian merino breed are
conducted by Stoyanov et al. (1982), Boykovski (1994-1995),
Slavov (2007) with North East Bulgarian fine fleece breed, Tsenkov
et al. (1995), Slavova (2000) with the Thracian fine fleece breed,
Lazarov and Iliev (1997), Iliev (1999) with the Karnobat merino
breed, etc.
For Bulgaria, as well as for other countries with continental
climate, it is necessary to use the Australian merino breed as a
corrector of the qualitative traits of wool. However, the issue about
the effect of heredity from Australian merino breed on the
quantitative and qualitative characteristics of meat in crossings,
especially in animals from internal breeding, is not totally clear.
* e-mail: rslavov@uni-sz.bg
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Live weight, intensity of growth, quantitative and qualitative
characteristics of meat yield largely determine the efficiency of
sheep breeding. Both biological features of breeds and specific
economic conditions determine the selection strategy. Lembit
(1990) thinks that losses from the decline in the price of wool on the
international market could be offset by improving the meat
production of the sheep, by increasing their meat yield and fertility
and by increasing the pre-slaughter weight of lambs and weaned
lambs.
Given the economic significance of the trait meat yield, in a
number of fine fleece farms in Bulgaria sophisticated crossing with
the Ile de France breed has been started. The resulting crosses, and
especially the ones from internal breeding, require a thorough
assessment of meat yield, both in quantitative and qualitative
aspects. Studies of meat yield qualities of lambs of the Ile de France
breed and different types of crosses with its involvement are carried
out by Feige and Lamber (1980), Lelevage Fraucais (1982),
Dimitrov and Ivanov (1986), Chakarov and Marinova (1986),
Dimitrov (1988), Dimitrov (1991), Raycheva and Ivanova (2005),
Slavov (2007), etc.
Quality characteristics of meat are complex by nature-colour,
flavor, tenderness, taste, etc. which are related both to protein and
fat content and to its mineral composition. Research in this area both
in pure-bred animals and in different types of crosses are carried out
by Horcada et al. (1988), Sarli et al. (1994).
The aim of the study was to perform a comparative analysis of
some physicochemical parameters of meat from lambs of the North
East Bulgarian fine fleece breed and its crossbreds from internal
breeding with heredity from the Australian merino and Ile de France
breeds.

Material and methods
The experiment to study the quantitative and qualitative traits of
meat yield is carried out with 42 lambs divided into 3 groups of 14
animals each: Group I – North East Bulgarian fine fleece (NEBFF);
Group II – ¼-blood crosses with Australian merino (AM) – internal
breeding (IB) – ♀ ¼ AM (♀NEBFF x ♂½ AM) x ♂ ¼AM (♀NEBFF x
♂½ AM) and Group III – ¼-blood crosses with Ile de France (IlF) – IB
– ♀¼IlF (♀NEBFF x ♂½IlF) x ♂¼IlF (♀NEBFF x ½IlF).
The experiment was carried out on the territory and with the
animals owned by Dobrudzha Agricultural Institute, General
Toshevo, Dobrich area. Upon starting the experiment lambs were
made equal by age (44 – 46 days old), gender (equal number of
males and females), type of birth (equal number of singles and
twins), age of weaning (33 – 36 days), age of mothers and number of
lambings (second lambing, 3 years old).
During the experiment the lambs were placed under equal
conditions of raising and subjected to intensive fattening until they
were 130 days old. The feeding was ad libitum, with starter mixture
for fattening lambs (KF180) containing per 1 kg 1.22 FUG (6,72 MJ),
106.1 g PDI, lucerne hay containing per 1 kg 0.61 FUG (3.12 MJ) and
79.9 g PDI, as well as corn silage containing per 1 kg 0.30 FUG (1.68
MJ) and 19.9 g PDI (Todorov and Dardzhonov, 1995).
The control of live weight of the experimental lambs was made
at 14-dayinterval, with an accuracy of 0,1 kg. Feed consumption was
recorded daily and by periods. To establish the levels of slaughter
traits slaughter analyses were carried out at 100 and 130 days of
age, four lambs being slaughtered with live weight close to the
average for the group. The slaughtering was carried out according to
the requirements of Ordinance No. 27 (promulgated in SG No.
99/1999). The cutting of carcases was carried out by methods
applied in INRA (Dimitrov, 1988). Pooled samples of meat were
taken from the carcass of each slaughtered animal for
physicochemical analysis – water holding capacity (WHC), pH24,
moisture, dry matter, protein, fat, ash, phospholipids and
cholesterol, content of micro- and macronutrients. Individual
samples were taken from m. Longissimus, m. Semitendinosus and
m. Semimembranosus, on which the same tests were carried out.
Studies were conducted in the Research laboratory at the
Faculty of Agriculture, Trakia University, Stara Zagora. Modern
equipment was used standard methods of chemical analysis applied
(AOSA, 2002), WHC defined by the methods of Zahariev and
Pinchas (1979), pH24 – potentiometrically, dry matter by drying at
105°C, protein – by Kjeldahl, fat – by extraction with Soxhlet
apparatus, phospholipid and cholesterol content – spectrophotometrically. The amount of individual trace elements (Cu, Zn, Fe) and
macronutrients (Ca, P, Na and Mg) is determined after dry ashing of
the sample, mineralizing in a muffle furnace at 550°C and preparing
hydrochloric acid solution, in which, after dilution to a certain volume,
the individual elements are determined using atomic absorption
spectrophotometer "Perkin-Elmer" 380. The data obtained were
processed statistically by variance using Statistica for Windows.

Results and discussion
The results about the chemical and mineral composition of
meat in the studied pure-bred and crossbred lambs, obtained from
internal breeding at 100 days of age did not show substantial and
significant differences in the analyzed traits, except for the protein
and phospholipid content (Table 1). Their levels are the highest in

meat from lambs ¼IlF IB. The differences from the other groups
being highly significant (p<0.001). At 130 days of age, essential and
mathematically proven differences between the groups are lacking
in terms of chemical and mineral composition of meat, except for the
higher Mg content in the meat of lambs ¼AM IB (p <0.05). Taking into
account the effect of age (from 100 to 130 days) on the chemical and
mineral composition of meat in pure-bred lambs and crossbreds
from internal breeding, we cannot claim that it had a significant
impact on the levels of the studied symptoms (Table 1). Significant
differences exist in ages regarding protein and phospholipid content
in the meat of lambs in Group III (p<0.05), which decreased at 130
days of age. In lambs in Group II raw ash content in meat increased
reliably (p<0.05). Ca and Na content increases, Cu content
decreases with age in Groups II and III, the differences being reliable
(p<0.05).
Comparing the results from internal breeding at 130 days of age
with our results in a previous study (Slavov et al., 2005) in ¼IlF lambs
at the same age, we could say that the shift to internal breeding in AM
and IlF crossbreds reduces moisture content of the meat and
increases dry matter content. That is considerable in ¼IlF IB, where
differences with crosses from the previous experiment are reliable
(p<0.05). This is due to the higher content of fat and protein in the
meat of crossbreds from internal breeding. In terms of macronutrient
content of meat, there is reliability in differences in the direction of
reduced Mg and Zn content and increased Fe content for crossbreds
from IB (p<0.05). The other differences are insignificant and
unreliable.
The results from the study of basic physicochemical
parameters characterising meat in m. Longissimus, m.
Semitendinosus and m. Semimembranosus at 100 and 130 days of
age of purebred lambs and lambs from crossbreds from internal
breeding are given in Table 2. The WHC of meat in m. Longissimus
varies within narrow ranges both between groups and in age aspect.
The established values do not exceed the limit of 42.1% for good
quality meat. With regard to pH24 differences between groups are
also small and changes with increase of age are immaterial and
unreliable. They range from 5.84 to 5.72 at the age of 100 days and
from 5.89 to 5.94 at the age of 130 days, characterising meat as
having good quality. With age the dry matter in the meat of lambs in
Group III increases significantly and reliably (p<0.01), and that of the
other two groups is changed within narrow range. The protein
content of m. Longissimus is the highest in both studied ages of
lambs IlF IB – 19.63% and 19.75%, respectively. The differences
with the other groups are reliable (p<0.01). No mathematically
proven differences about the content of this trait have been
established with increase of age.
At the age of 100 days the lowest is the fat content in m.
Longissimus of lambs from Group III, and the highest in those from
Group II. The differences in lambs from Group III and the others is
mathematically proven (p<0.01). At the age of 130 days fat again has
the highest content in the longest dorsal muscle in lambs from Group
II and those from Group III are almost equal with the others. With
age, substantial, reliable change in the fat content in the direction of
increase occurred only in Group III (p<0.05). All other differences in
the studied physicochemical parameters of meat in m. Longissimus
between the groups and in relation to age are small and
mathematically unproven.
The results of the physicochemical composition of meat
samples from m. Semitendinosus show that WHC and pH24 in all
three groups of lambs at both studied ages vary within a narrow
range and it can be argued that the meat from this muscle has good
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13.11
22.15
35.00
3.85

0.74 ± 0.049
0.107 ± 0.012
0.006 ± 0.001
0.122 ± 0.002

12.71

3.63

4.46

10.47

2.57

0.71 ± 0.045

0.113 ± 0.002

0.905 ± 0.020

0.009 ± 0.001

0.113 ± 0.001

Phospholipids, %

Cholesterol, %

Ash, %

Ca, %

P, %

1.50
10.95
7.70
15.33

0.213 ± 0.006
15.07 ± 0.131
2.20 ± 0.120
0.43 ± 0.017
3.66 ± 0.280

5.49

1.76

12.41

17.79

21.14

15.00 ± 0.132

2.08 ± 0.129

0.39 ± 0.035

3.55 ± 0.375

K, %

Mg, mg

Fe, mg

Cu, mg

Zn, mg

***

3.60 ± 0.235

0.46 ± 0.019

+

2.22 ± 0.080

15.61 ± 0.301

0.207 ± 0.007

0.043 ± 0.002

+

0.116 ± 0.001

0.006 ± 0.000

+

0.868 ± 0.035

0.108 ± 0.008

0.85 ± 0.078

+

10.57 ± 0.996

19.46 ± 0.136

3.22 ± 0.236

0.27 ± 0.014

2.39 ± 0.108

15.06 ± 0.197

0.238 ± 0.001

0.060 ± 0.002

0.119 ± 0.001

0.013 ± 0.003

0.908 ± 0.030

0.105 ± 0.014

0.83 ± 0.057

10.72 ± 1.279

18.05 ± 0.683

27.66 ± 0.836

p<0,05

●

13.09

8.14

7.23

3.85

6.86

6.74

1.64

11.67

8.11

15.46

18.40

18.84

1.40

Significance between Pure Breeds and cross breed from internal Breeding at 130 days of age

Significance between the groups by ages *p<0.05; ***p< 0.001
Significance from 100 to 130 days of age +p<0.05

+

6.05
5.16

0.043 ± 0.001

11.11

0.045 ± 0.003

0.206 ± 0.006

Na, %

+

+

0.883 ± 0.011
2.51

20.70

9.33 ± 0.965

20.59

10.46 ± 1.075

Fats, %

+

0.72

18.98 ± 0.068

2.02

18.10 ± 0.183

Protein, %

***

5.32

+

29.89 ± 0.795

6.17

29.19 ± 0.901

6.34

29.45 ± 0.934

Dry matter, %

72.34 ± 0.958

2.27

70.13 ± 0.795

2.54

70.81 ± 0.901

2.65

70.55 ± 0.934

Humidity, %

Mean ± SEM

Group I
CV

Mean ± SEM

Group III
CV

Mean ± SEM

Group II

CV

Group I

Mean ± SEM

Traits

At 100 days

Table 1. Chemical and mineral composition of 100 g meat in 100 and 130 days-old lambs, (n = 4)

14.67

16.53

9.06

2.61

0.63

6.33

1.43

38.46

6.63

26.10

13.85

23.88

7.57

8.58

●

2.92 ± 0.125

49.21

0.29 ± 0.071

+

2.67 ± 0.204

●

15.26

1.55

15.66 ± 0.122

●*

2.98

2.62

3.47

7.00

3.93

28.54

27.66

29.77

4.61

7.86

+

3.04 ± 0.224

●

0.27 ± 0.052

2.58 ± 0.151

14.72

37.73

11.71

3.28

15.07 ± 0.247●
●

3.97

4.22

2.92

21.67

4.56

24.13

12.69

25.14

4.04

6.16

0.064+ ± 0.001
0.242 ± 0.005

0.012 ± 0.001
0.120 ± 0.002

+

0.62+ ± 0.039
0.092 ± 0.011
0.930 ± 0.021

18.18 ± 0.367
9.34 ± 1.176

+

28.46 ± 0.877

2.45
●

71.54 ± 0.877

2.61

CV
●

Mean ± SEM

Group III
CV

0.065 ± 0.001
0.242 ± 0.004

+

0.010 ± 0.000
0.124 ± 0.002

+

0.096 ± 0.014
0.965 ± 0.019

+

72.15 ± 0.941
27.60 ± 1.085
18.13 ± 0.418
8.76 ± 1.304
0.75 ± 0.104

2.65
6.05

Mean ± SEM

CV

Group II

At 130 days
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8.84 ± 0.379*
1.34 ± 0.103

3.0
17.3
15.2

20.38 ± 0.258
8.14 ± 0.614
1.24 ± 0.113

18.13 ± 0.276** 3.1
17.2
12.9

9.30 ± 0.801
1.54 ± 0.099

4.4

9.6

20.1

9.27 ± 0.397

1.54 ± 0.155

Significance between the groups * p<0,05; **p< 0,01
Significance from 100 to 130 days of age +p<0,05; ++p< 0,01

Ash, %

Fats, %

18.97 ± 0.225*

8.1

29.76 ± 0.541

19.45 ± 0.426

Protein, %

Dry matter, %

29.15 ± 0.319

3.0

70.24 ± 0.804

28.97 ± 0.634

5.1

30.06 ± 0.768

1.34 ± 0.114

18.27 ± 0.119

0.9
10.05 ± 0.528

29.66 ± 0.912

6.8
11.1

70.34 ± 1.072

2.8

18.1

5.92 ± 0.087

2.1

5.96 ± 0.084
69.05 ± 1.436
30.95 ± 1.173
18.58 ± 0.407
10.92 ± 0.672
1.45 ± 0.103

1.1
4.0
2.2
2.4
8.6
15.4

27.48 ± 1.152

9.5

29.41 ± 2.085
5.89 ± 0.081
69.32 ± 1.206
30.78 ± 0.814
17.99 ± 0.423
11.27 ± 0.810
1.52 ± 0.163

15.3
4.1
2.3
3.6
2.5
15.1
18.3

m. Semimembranosus

5.89 ± 0.033
70.85 ± 1.424

2.2

26.84 ± 1.268

11.3

4.4

71.03 ± 0.770

2.1

69.94 ± 0.751

1.45 ± 0.131

18.4

28.24 ± 1.558

7.6

m. Semitendinosus

7.78 ± 0.433**

10.6

2.2

5.84 ± 0.088

2.0

5.81 ± 0.739

pH24

Humidity, %

30.28 ± 1.383

10.0

31.04 ± 1.558

WHC, %

19.63 ± 0.087**

1.0

5.95 ± 0.122

1.20 ± 0.091

9.9

1.44 ± 0.071

Ash, %

28.86 ± 0.959

6.1

3.0

11.11 ± 0.962

17.1

11.89 ± 1.018

Fats, %

71.14 ± 0.992

3.2

31.29 ± 2.393

17.64 ± 0.268

3.2

18.08 ± 0.284

Protein, %

5.81 ± 0.062

2.8

+

30.15 ± 1.144

7.4

9.1

29.95 ± 1.218

7.7

31.41 ± 1.207

Dry matter, %

WHC, %

Humidity, %

25.84 ± 1.462

4.2

26.13 ± 0.542

Ash, %

70.05 ± 1.033

1.19 ± 0.109

1.26 ± 0.134

5.71 ± 0.061

11.19 ± 0.591

11.1

21.4

10.57 ± 0.586

Fats, %

3.9

17.84 ± 0.092

0.7

18.02 ± 0.065

Protein, %

3.0

30.22 ± 0.927

7.5

29.85 ± 1.125

Dry matter, %

5.82 ± 0.086

69.78 ± 1.109

3.2

70.15 ± 1.136

Humidity, %

68.59 ± 1.320

5.84 ± 0.082

3.1

5.72 ± 0.089

pH24

pH24

28.13 ± 1.039

9.4

27.15 ± 1.270

WHC, %

CV

m. Longissimus

Mean ± SEM
CV

18.34 ± 0.205

1.3

70.59 ± 0.910
29.41 ± 0.645
18.31 ± 0.467
9.53 ± 0.592
1.57 ± 0.142

5.3
4.7
14.4
21.5

14.3

3.5

1.37 ± 0.105

12.3

5.97 ± 0.122

9.85 ± 0.519

4.4

2.8

18.24 ± 0.558

7.6

30.74 ± 1.420

29.46 ± 0.645

4.2

14.2

5.93 ± 0.113
70.54 ± 1.856

2.8

27.47 ± 1.410

8.4

1.37 ± 0.135

31.06 ± 0.851

6.2
11.15 ± 0.632

68.94 ± 1.023

3.1

17.1

5.89 ± 0.093

3.0

10.5

29.74 ± 2.219

11.0

Mean ± SEM

CV

Mean ± SEM

Mean ± SEM

Group II

Group I

Group III

Group II

CV

Group I

Mean ± SEM

Traits

At 130 days

At 100 days

Table 2. Physicochemical composition of m. Longisimus, m. Semitendinosus and m. Semimembranisus, (n = 4)

68.38 ± 1.087
31.62 ± 0.694
20.21 ± 0.521*
9.87 ± 0.505
1.54 ± 0.170

5.1
12.4
18.3

1.44 ± 0.089

15.4

4.4

9.97 ± 0.919

10.5

2.6

19.11 ± 0.493*

6.1

5.97 ± 0.044

30.49 ± 0.530

4.4

4.1

69.51 ± 1.567

5.3

30.89 ± 1.810

5.89 ± 0.073

3.8

9.2

28.39 ± 1.459

1.39 ± 0.099

10.3

10.71 ± 0.657

11.3
19.8

19.75 ± 0.532**

2.2

+

31.85 ± 0.506

22.1

10.2

5.2

4.4

3.2

1.5

11.7

12.5

18.5

5.2

3.5

4.5

2.5

10.3

14.3

12.3

5.4

3.2

4.2

68.15 ± 1.434

3.0
5.5

2.8

5.94 ± 0.084

3.2

++

14.1

CV

30.24 ± 2.132

Mean ± SEM

14.3

CV

Group III

quality. The protein content at both ages was again the highest in
crossbreds from internal breeding with heredity from IlF breed. The
differences between Group II and Group III are significant (p<0.05).
At the age of 100 days lambs from Group III have the reliably
lowest fat content in m. Semitendinosus (p<0.05). At 130 days of age
the values of this trait in all groups studied are to a great extent equal.
There is no reliability in the differences between groups with age as
well on the other traits studied for the meat from m. Semitendinosus.
WHC and pH24 of meat from m. Semimembranosus of 100 and
130 days of age in all three studied groups of lambs vary again within
narrow range and their values give reason to classify it as having
good quality.
The protein content of m. Semimembranosus at 100 days of
age is the lowest in lambs from Group II, and the highest in lambs
from Group III. There is reliability in differences between Groups II
and III (p<0.01) and between Groups II and I (p<0.05). At 130 days of
age lambs from Group III again have the highest protein content in
meat from m. Semimembranosus. It is the lowest in pure-bred
lambs. Differences are proven between Group III and the other two
groups (p<0.05). With age, from 100 to 130 days, protein content in
m. Semimembranosus does not change significantly and the
differences found are not mathematically proven. The differences
found between the groups on the other traits studied of meat from m.
Semimembranosus at 100 and 130 days of age are insignificant and
mathematically unproven.

Conclusions
Using the Ile de France breed in a sophisticated crossing
scheme within NEBFF and subsequent internal breeding relates
primarily to the achievement of higher levels of protein and
phospholipids in the meat of lambs ¼IlF IB, at 100 days of age.
With increase of age (from 100 days to 130 days), no significant
changes in the levels of the studied traits occur. An exception in this
regard is the reduction of proteins and phospholipids in the meat of
lambs ¼IlF IB, the increase in raw ash content in the meat of lambs
¼AM IB, the increase in Ca and Na content and the reduction of Cu
content in the meat of crossbred lambs from internal breeding.
Water holding capacity and pH24 of meat in m. Longissimus, m.
Semitendinosus and m. Semimembranosus at 100 and 130 days of
age in the three studied groups of lambs vary within a narrow range
and their values give reason for their meat to be classified as having
good quality. Internal breeding relates primarily to an increase in dry
matter and moisture reduction in ¼IlF IB, reduction of Mg and Zn,
increase of Fe in crossbreds from internal breeding, as well as
maintaining the highest level of protein in the meat of the three
studied muscles in crossbreds from internal breeding with heredity
from the Ile de France breed. Internal breeding of crossbreds with
25% heredity from the AM breed does not affect adversely the
physicochemical parameters of meat.
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