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The effects of crossbreeding of local Istrian Pra-
menka breed sheep with Sardinian, East Friesian and
German Merino-Würtemberg rams on the parameters
of lamb growth, feed consumption, dressing percent-
age and meatiness upon slaughter at the age 71 days
were investigated in a number of studies (5-7). These
studies were focused on differences in the histometa-
bolic and histomorphological properties of some
muscles of the forelimb, spine and hindlimb, in order

to assess the effect of the Sardinian, East Friesian and
German Merino-Würtemberg genetic input on the
following muscles: m. triceps brachii (caput longum),
m. longissimus lumborum, m. psoas major, m. gluteo-
biceps, m. semitendinosus, m. semimembranosus and
m. quadriceps femoris (m. rectus femoris) (3, 4). The
number, type and diameter (minimal, maximal and
mean), fiber classification into small diameter (10-30
µm), medium diameter (31-50 µm) and large dia-
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Summary

Samples of the m. triceps brachii (caput longum), m. longissimus lumborum, m. psoas major, m. gluteobiceps,
m. semitendinosus, m. semimembranosus and m. quadriceps femoris (m. rectus femoris) from 5 Pramenka
breed male lambs aged 3 months, weighing 20-26 kg, were obtained immediately upon slaughter and dressing,
frozen in liquid nitrogen, and cut on a Cryocut into 10-µm slices stained with hematoxylin-eosin. The diameter
of 4456 muscle fibers was measured on microscopic images taken on a Nikon microscope at X50 magnifi-
cation. Data were presented in tables. The muscle fiber diameter ranged from 10 to 50 µm and for m. psoas
major, from 10 to 45 µm. The above listed muscle samples yielded the following mean muscle fiber diameters:
22.24, 23.85, 24.70, 25.38, 24.87, 22.26 and 25.85 µm, respectively. Small diameter fibers (> 30 µm) accounted
for 64.88%-91.33%, and medium diameter fibers (31-50 µm) for 7.81%-35.12% of all fibers. There were no
large diameter fibers (< 50 µm). The muscle fiber surface was predominated by small diameter fibers (48.23%-
-80.70%), with the exception of m. triceps brachii (caput longum), where medium diameter fibers constituted
up to 51.77% of the muscle fibers. Medium diameter fibers accounted for 19.30%-51.77% of the muscle fiber
surface. A comparison with the previously reported observations in local Istrian Pramenka crossbreeds with
Sardinian, East Friesian and domestic German Merino-Würtemberg rams revealed that the crossbreeds have
all the muscular parameters considerably greater than purebred Pramenka lambs. Distribution frequency
indicated the muscle fiber diameter to show a shift to the left, i.e. toward fibers of a smaller diameter in
m. psoas major and m. semimembranosus, and a shift to the right, i.e. to fibers of greater diameter in
m. triceps brachii (caput longum).
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meter (51-90 µm) fibers, and their percentage in the
total number of measured fibers were determined in
the study muscles. The improvement of the local Istrian
Pramenka breed was found to have favorably influen-
ced the parameters of lamb growth, feed consumption,
dressing percentaage and meatiness (7). Histomorpho-
logical analysis of the study muscles pointed to diffe-
rences in the number and size of muscle fibers, as well
as in the percentage of small, medium and large dia-
meter fibers among the three crossbreed groups (4).
The muscle fiber diameter (mean) of m. triceps bra-
chii (caput longum) was 10-75 (37.88), 25-80 (42.65)
and 10-55 (30.17) µm in crossbreeds with Sardinian,
East Friesian and German Merino-Würtemberg rams,
respectively. The respective figures for m. longissimus
lumborum were 12.5-90 (38.63), 15-90 (35.77) and
10-52.50 (33.88) µm; m. psoas major 10-65 (30.30),
10-65 (34.19) and 10-55 (33.92) µm; m. gluteobiceps
10-75 (37.88), 25-80 (42.65) and 10-55 (30.17) µm;
m. semitendinosus 10-85 (49.25), 15-85 (47.56) and
10-75 (38.16) µm; m. semimembranosus 10-70 (45.60),
17.52-62.50 (38.78) and 20-70 (36.42) µm; and
m. quadriceps femoris (m. rectus femoris) 10-90
(52.36), 17.50-60 (37.64) and 15-60 (38.23) µm. The
distribution frequency of muscle fiber diameters re-
vealed the highest number of muscle fibers in East Frie-
sian crossbreds to show a shift to the left, i.e. between
small and medium diameter fibers, except for m. psoas
major. In Sardinian crossbreds, the majority of muscle
fibers showed a shift to the right, toward large dia-
meter fibers, with the exception of m. psoas major and
m. gluteobiceps. According to the authors (4), the use
of distribution frequency of muscle fiber diameters (1)
proved helpful in the monitoring and evaluation of zoo-
technological procedures such as meatiness analysis
as well as in the analysis of the same and different
muscles in the same or different animal species (3, 4),
or in the analysis of complex muscles in the same
animal species (1, 2, 10) and in humans (9).

The local Pramenka sheep breed includes several
strains adaptable according to geographical-climatic
regions of Croatia, whereby each strain can be or has
already been used for breed improvement. As data on
the histomorphological muscle characteristics of
Pramenka lambs are lacking, the aim of the present
study was to analyze the above listed skeletal muscles
in purebred Pramenka lambs before crossbreeding.
Muscles from lambs of the Lièka Pramenka breed were
initially chosen for comparison to the Istrian Pra-
menka crossbreds with Sardinian, East Friesian and
German Merino-Würtemberg rams (4) according to
histomorphological properties.

Material and methods
The study included 5 male lambs of the Lika�s Pramenka

breed, aged 3 months, weighing 20, 23, 23, 25 and 26 kg.
The lambs were kept on pasture with additional age-ad-
justed feed. Like our previous study, the following muscles

of the forelimb, spine and hindlimb were studied: m. tri-
ceps brachii (caput longum), m. longissimus lumborum,
m. psoas major, m. gluteobiceps, m. semitendinosus, m. se-
mimembranosus and m. quadriceps femoris (m. rectus
femoris). Muscle samples were obtained immediately upon
slaughter and dressing from the following sites: m. triceps
brachii (caput longum) and m. quadriceps femoris (m. rec-
tus femoris) from the central part of the muscles; m. longis-
simus lumborum and m. psoas major at the level of the
third lumbar vertebra; and m. gluteobiceps, m. semitendi-
nosus and m. semimembranosus at the level of the hip
joint. Muscle samples of 1 × 1 cm in size were frozen in
liquid nitrogen, and cut on a Cryo-cut into 10 µm slices,
which were stained with hematoxylin and eosin (8) for
muscle structure analysis. Images of these muscle slides
were taken on a Nikon microscope at X50 magnification.
On these images, muscle fibers were counted and their dia-
meter measured in a total of 4456 fibers. The results thus
obtained were presented in tables, pooled and separate for
each study muscle, and by the use of distribution frequency
of fiber diameters in 5 µm categories (1). In addition, the
number of small and medium diameter fibers, and their
percentage in the total muscle fiber surface are presented.

Results and discussion
The findings obtained showed the study muscles to

differ according to fiber number and diameter. Dif-
ferences were also recorded in the number of muscle
fibers and their diameter in the same muscle from
various lambs. The variation in the number and dia-
meter of muscle fibers entailed differences in the size
of the relative muscle surface.

The diameter of muscle fibers ranged from 10-50
µm, with the exception of m. psoas major, where the
greatest fiber diameter of 45 µm was recorded, with
no fibers of 50 µm in diameter. Out of 4456 muscle
fibers counted, m. psoas major constituted the highest
proportion (fig. 1), immediately followed by m. lon-
gissimus lumborum and m. gluteobiceps, then m. semi-
tendinosus and m. triceps brachii (caput longum),

Fig. 1. M. psoas major; lamb; male; Lika�s Pramenka breed;
Hematoxylin-eosin (scale bar = 100 µm)
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whereas m. semimembranosus and m. quadriceps
femoris (m. rectus femoris) had the lowest number of

fibers in the microscope field (fig. 2). Expressed in
percentages, m. triceps brachii (caput longum), m. lon-
gissimus lumborum, m. psoas major, m. gluteobiceps,
m. semitendinosus, m. semimembranosus and m. qua-
driceps femoris (m. rectus femoris) accounted for
11.69%, 16.09%, 22.42%, 14.72%, 11.13%, 13.22%
and 10.73% of the fibers, respectively (tab. 1).

Classification of muscle fibers according to their
diameter into fibers of small diameter (10-30 µm),
medium diameter (31-50 µm) and large diameter (51-
-90 µm) fibers revealed that fibers of small diameter
are predominant (tab. 2). The proportion of small dia-
meter fibers ranged from 64.88% in m. triceps brachii
(caput longum) through 92.19% in m. psoas major,
with other study muscles falling in between: m. qua-
driceps femoris (m. rectus femoris) 78.82%, m. semi-
tendinosus 82.00%, m. gluteobiceps 82.16%, m. lon-
gissimus lumborum 85.50%, and m. semimembranosus
91.33%. The proportion of medium diameter fibers was
considerably lower, ranging from 7.81% in m. psoas
major through 35.12% in m. triceps brachii (caput

Fig. 2. M. quadriceps-femoris (M. rectus femoris); lamb, male,
Lika�s Pramenka breed; Hematoxylin-eosin (scale bar =
100 µm)

Explanations: TB = M. triceps brachii (caput longum), LL = M. longissimus lumborum, PM = M. psoas major, GB = M. gluteobiceps,
ST = M. semitendinosus, SM = M. semimembranosus, QF = M. quadriceps femoris (m. rectus femoris)

Tab. 1. Comparative presentation of number and percentage of muscle fibers

retemaiD
mµ

elcsuM

BT LL MP BG TS MS FQ

rebmun % rebmun % rebmun % rebmun % rebmun % rebmun % rebmun %

01 2 83.0 93 44.5 73 07.3 22 63.3 92 29.4 52 40.5 7 64.1

51 13 59.5 69 93.31 331 13.31 86 73.01 15 66.8 09 51.81 13 94.6

02 64 38.8 651 67.12 923 39.23 761 64.52 441 54.42 351 58.03 241 17.92

52 821 75.42 881 22.62 962 29.62 281 47.72 631 90.32 311 87.22 811 96.42

03 131 41.52 431 96.81 341 13.41 001 42.51 321 88.02 27 25.41 18 59.61

53 451 65.92 18 92.11 17 11.7 29 20.41 08 85.31 62 42.5 17 58.41

04 12 30.4 91 56.2 51 05.1 61 44.2 81 60.3 21 24.2 81 77.3

54 5 69.0 3 24.0 2 02.0 8 22.1 7 91.1 4 08.0 8 76.1

05 3 85.0 1 41.0 � � 1 51.0 1 71.0 1 02.0 2 24.0

latoT 125 001 717 001 999 001 656 001 985 001 694 001 874 001

Tab. 2. Presentation of muscle fibers with respect the number and diameter

elcsuM

retemaidehtotgnidroccasrebiF mµsretemaiderbiF

srebifderusaeM mµ03-01llamS mµ05-13muideM mµ09-05giB
naeM laminiM lamixaM

rebmun % rebmun % rebmun % rebmun %

iihcarbspecirt.M 125 96.11 832 88.46 381 21.53 � � 42.22 01 05

murobmulsumissignol.M 717 90.61 316 05.58 401 05.41 � � 58.32 01 05

rojamsaosp.M 999 24.22 129 91.29 1 87 1 18.7 � � 07.42 01 54

speciboetulg.M 656 27.41 935 61.28 711 48.71 � � 83.52 01 05

susonidnetimes.M 985 22.31 384 00.28 601 00.81 � � 78.42 01 05

susonarbmemimes.M 694 31.11 354 33.19 1 34 1 76.8 � � 62.22 01 05

siromefspecirdauq.M 874 37.01 273 28.87 601 81.22 � � 58.52 01 05

latoT 6544 001 9173 001 737 001 � �
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longum). Other muscle types showed the following
proportion of these fibers: m. quadriceps femoris (m.
rectus femoris) 22.18%, m. semitendinosus 18.00%,
m. gluteobiceps 17.84%, m. longissimus lumborum
14.50%, and m. semimembranosus 8.67%. Muscle
fibers of a large diameter were not found at all (tab. 2).

Small diameter fibers accounted for the major part
of the muscle fiber surface, their proportion ranging
from 55.33% through 80.07% (tab. 3), with the excep-
tion of m. triceps brachii (caput longum). In m. tri-
ceps brachii (caput longum), small diameter and
medium diameter fibers accounted for 48.23% and
51.77% of the overall fiber surface, respectively. The
percentage of medium diameter fibers in the overall
fiber surface for other muscles was as follows: m. psoas
major 19.93%, m. semimembranosus 21.93%, m. lon-
gissimus lumborum 29.77%, m. gluteobiceps 33.56%,
m. quadriceps femoris (m. rectus femoris) 39.35%, and
m. semitendinosus 44.67%.

The distribution frequency of muscle fiber diameter
at 5-µm categories indicated 25-35 µm fibers to pre-
vail in m. triceps brachii (caput longum); 20-30 µm
fibers in m. longissimus lumborum and m. semitendi-
nosus; and 20-25 µm fibers in m. psoas major, m. glu-
teobiceps, m. semimembranosus and m. quadriceps
femoris (m. rectus femoris) (tab. 1).

Analysis of the histomorphological characteristics
of the study muscles from Lika�s Pramenka lambs
showed that investigated muscles vary within indivi-
dual and among different animals. Differences were
quite high relative to the total number of muscle fibers
per microscope field according to both the number of
small and medium diameter fibers, and the surface
covered by these fibers. Differences were also obser-
ved in the mean diameter size. The least difference
was recorded in the range of diameter size. In all study
muscles, the smallest fiber diameter of 10 µm and
largest diameter of 50 µm were measured, except for
m. psoas major, where the largest fiber diameter was
45 µm. Comparison of the muscle fiber diameters
measured in this study with data from the study on the
effect of Istrian Pramenka crossbreeding with the Sar-

dinian, East Friesian and German Merino-Würtemberg
rams (4) reveals the fiber diameter of the study musc-
les from crossbred lambs aged 3 months and weighing
21.74-25.43 kg to exceed the respective figures recor-
ded in age- and weight-matched Lika�s Pramenka
lambs. The muscle fiber diameter in the crossbred
lambs ranged from 10 to up to 90 µm, whereas in the
present study it was only 10-50 µm, and 10-45 µm for
m. psoas major. The study muscles from crossbred
lambs were predominated by medium diameter fibers
(49%-77%), except for m. semimembranosus and
m. quadriceps femoris (m. rectus femoris) in crossbreds
with Sardinian rams, where medium diameter fibers
were not the predominant type of fiber and accounted
for 42% and 26.40% of total muscle fiber, respecti-
vely; however, the number of large diameter fibers
exceeded the number of medium diameter fibers in
both cases. In the present study, the proportion of
medium diameter fibers was considerably lower than
that of small diameter fibers, whereas large diameter
fibers were not observed at all. Medium diameter
fibers accounted for 7.81% to 35.12% of all fibers in
the study muscles. The percentage of medium dia-
meter fibers in m. semimembranosus was 8.67%, which
would only to a certain extent correspond to the lower
percentage of this fiber type in crossbreeds with
Sardinian rams (4). This, however, does not apply to
m. quadriceps femoris (m. rectus femoris), which was
found to contain 22.18% of medium diameter fibers,
i.e. a high percentage relative to other muscles. The
respective muscles from Sardinian crossbreeds had
26.40% of medium diameter fibers, i.e. an extremely
low percentage relative to other muscles. In the pre-
sent study, the lowest proportion of medium diameter
fibers (7.81%) was found in m. psoas major, whereas
the same muscle from Sardinian, East Friesian and
German Merino-Würtemberg crossbreds showed
48.60%, 58.10% and 61.70% of this fiber type, respec-
tively (4).

In the present study, the percentage of small diame-
ter fibers ranged from 64.88% through 92.11% and
accounted for the majority of all muscle fibers. In Istrian

Tab. 3. Procentual presentation of muscle fiber surface with respect to diameter

elcsuM

retemaidottcepserhtiwsrebiF

rebmuN /ecafruslatoT
mµ 2

mµ03-01llamS mµ05-13muideM

rebmun mµ/ecafrus 2 % rebmun mµ/ecafrus 2 %

iihcarbspecirt.M 125 479.27363 833 787.24571 32.84 381 781.03881 77.15

murobmulsumissignol.M 717 986.93463 316 000.19552 32.07 401 986.89801 77.92

rojamsaosp.M 999 683.00354 129 429.07263 70.08 1 87 1 526.9209 39.91

speciboetulg.M 656 501.23043 935 529.11622 44.66 711 081.02411 65.33

susonidnetimes.M 985 477.21252 384 789.05931 33.55 601 787.26211 76.44

susonarbmemimes.M 694 265.46022 354 739.52271 70.87 1 34 1 525.9384 39.12

siromefspecirdauq.M 874 948.52372 273 213.37561 56.06 601 735.25701 53.93

latoT 6544 9173 001 737 001
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Pramenka crossbreeds with Sardinian, East Friesian
and German Merino-Würtemberg rams, the lowest
percentage of small diameter fibers was recorded in
m. gluteobiceps of Sardinian crossbreds (5.30%), and
m. semitendinosus and m. triceps brachii (caput lon-
gum) of Sardinian and German Merino-Würtemberg
crossbreeds (6.80% and 6.40%; and 4.00% and 1.50%,
respectively). The highest percentage of small diame-
ter fibers was found in m. gluteobiceps and m. psoas
major of Sardinian crossbreeds (45.60% and 45.40%,
respectively).

The mean diameter of muscle fibers ranged from
22.24 to 25.80 µm, and was smallest in m. triceps
brachii (caput longum) (22.24 µm) and m. semimem-
branosus (22.26 µm). The largest fiber diameter was
recorded in m. gluteobiceps (25.38 µm) and m. qua-
driceps femoris (m. rectus femoris) (25.85 µm). In the
muscles from crossbred animals, the mean muscle
fiber diameter ranged from 30.17 through 52.36 µm;
it was largest in m. quadriceps femoris (m. rectus
femoris) of Sardinian crossbreds (52.36 µm), and smal-
lest in m. gluteobiceps of East Friesian crossbreeds
(30.17 µm) and m. psoas major of Sardinian cross-
breds (30.30 µm).

The use of distribution frequency of muscle fiber
diameter (1) showed a somewhat different pattern.
Fibers of 20-30 µm in diameter predominated in
m. longissimus lumborum and m. semitendinosus,
supporting movement of moderate intensity. Fibers of
20-25 µm in diameter prevailed in m. psoas major (in
particular), m. gluteobiceps, m. semimembranosus and
m. quadriceps femoris (m. rectus femoris), and those
of 25-35 µm in diameter in m. triceps brachii (caput
longum). Fibers of a larger diameter were present in
lower proportion, especially in m. semimembranosus
and m. psoas major. Such fibers of a larger diameter
are able to function at a higher load. Considering the
higher proportion of particular fiber types, distribu-
tion frequency revealed the muscle fibers of m. psoas
major and m. semimembranosus to show a shift to the
left, i.e. toward smaller diameter fibers, and those of
m. triceps brachii (caput longum) a shift to the right,
i.e. toward greater diameter fibers.

The presentation of the muscle surface covered by
small and medium diameter fibers showed the surface
percentage of small diameter fibers to exceed the sur-
face percentage of medium diameter fibers in all study
muscles except for m. triceps brachii (caput longum).
Thus, m. psoas major and m. semimembranosus, indi-
cated by diameter distribution frequency to be shifting
to the left, had the smallest surface covered by
medium diameter fibers (19.93% and 21.93%, respec-
tively), whereas m. triceps brachii (caput longum),
indicated by diameter distribution frequency to show
a shift to the right, had the largest surface covered by
medium diameter fibers (51.77%). This is quite con-
ceivable because a higher proportion of larger diame-
ter fibers will have a greater area.

The indicators examined in this study may prove
useful in assessing the effects of crossbreeding local
primitive sheep breeds with purebred rams of milky,
meaty or combined properties and they could indicate
the meatiness increase in crossbreeds. The present stu-
dy also demonstrated the use of distribution frequency
of muscle fiber diameters to be helpful in muscle
studies.
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