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Abstract 
The quality characteristics of meat from 50-day-old Pomeranian lambs (PP) and crossbreeds by Berrichon du 
Cher (PB) and Charolaise (PCH) rams were determined in the study.  Samples of the quadriceps muscle of the 
tight (m. quadriceps femoris) were taken to determine the chemical composition, physicochemical and healthful 
properties of meat, such as energy value, concentrations of cholesterol and collagen and the fatty acid profile in 
intramuscular fat.  A sensory evaluation of lamb and texture measurement were also performed. 
It was found that both sire breeds had a significant effect on meat quality.  Meat from crossbreds contained more 
dry matter and protein, and was characterized by a more desirable W/P ratio, a lower calorific value, a lower 
collagen content and better texture parameters.  Crossing had no considerable influence on the fatty acid 
composition in intramuscular fat, but caused changes in the cholesterol content of meat, which decreased in PB 
lambs and increased in PCH lambs. Taking into account the health benefits and culinary values of lamb, 
Berrichon du Cher is a preferred sire breed. 
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Zusammenfassung 
Titel der Arbeit: Zusammensetzung und Eigenschaften des Fleisches sowohl von Lämmern des 
Pommerschen Schafes als auch von Kreuzungslämmern, deren Vatertiere den Rassen Berrichon du Cher 
und Charolaise angehören 
Es wurden ausgewählte Qualitätsmerkmale des Fleisches von 50-Tage alten Lämmern des Pommerschen Scha-
fes (PP) und ihrer Kreuzungen aus den Rassen Berrichon du Cher (PB) und Charolaise (PCH) bewertet. Bei den 
aus dem vierköpfigen Kniegelenksstrecker (m. Quadriceps femoris) entnommenen Proben wurden die chemische 
Grundzusammensetzung und die physikalisch-chemischen Eigenschaften, die Parameter der Gesundheitsqualität 
- der Energiewert, der Cholesterol- und Kollagengehalt und das Profil der Fettsäuren des intramuskulären Fettes 
ermittelt. Ebenfalls erfolgte eine sensorische Fleischbewertung und die Abmessungen der Fleischtextur wurden 
untersucht.  
Wesentliche Änderungen der Fleischqualität in Bezug auf den Einfluss dieser beiden Bockrassen konnten beob-
achtet werden. Das Fleisch der Kreuzungslämmer hat sich durch eine höhere Trockenmasse und einen höheren 
Eiweißgehalt ausgezeichnet. Es wies sowohl ein besseres Verhältnis von W:P (Wasser : Protein) als auch einen 
niedrigeren Kalorien- und Kollagengehalt auf und verfügte über bessere Texturparameter. Die Kreuzung übte 
keinen wesentlichen Einfluss auf das Profil der Fettsäuren des intramuskulären Fettes aus, verursachte jedoch die 
Änderung des Cholesterolspiegels im Fleisch: Eine Senkung bei den Lämmern PB und eine Steigerung bei den 
Lämmern PCH.  
In Hinblick auf die Gesundheitsqualität und die Kocheigenschaften des Fleisches ist die Kreuzungsvariante, bei 
der Böcke der Rassen Berrichon du Cher eingesetzt wurden, zu bevorzugen. 
 
Schlüsselwörter: Kreuzung, Lämmer, Fleisch, Fettsäuren, Cholesterol, Kollagen, Textur 
 
 
  Introduction 
Lamb has been gaining wide recognition recently.  This low-calorie, easily digestible 
meat of a high nutritive value and unique culinary properties (ENDER et al., 1997; 
BRZOSTOWSKI et al., 2001; PFEUFFER, 2001; KŁOBUKOWSKI et al., 2002; 
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HOFFMAN et al., 2003) meets consumer expectations. Lamb is also rich in vitamins, 
minerals, essential amino acids (BRZOSTOWSKI et al., 2004) and biologically active 
components, e.g. conjugated linoleic acid (CLA), carnitine and orotic acids 
(PATKOWSKA-SOKOŁA et al., 2004).  In addition, lamb has a desirable fatty acid 
composition (HEYLEN et al., 1998). The health benefits of meat from lambs are 
related primarily to the diet (LEIBETSEDER, 1996; NUERNBERG et al., 2001; 
SZUMACHER-STRABEL et al., 2001; SANTOS-SILVA et al., 2002; GRUSZECKI 
et al., 2004), followed by the genotype and proper sire breed selection (ENDER et al., 
1997; KLEWIEC et al., 2000; SUESS et al., 2000; LIPECKA et al., 2001 a, b; 
BORYS et al., 2003; HOFFMAN et al., 2003). 
The aim of the present study was to determine the quality and sensory characteristics 
and texture parameters of meat obtained from Pomeranian lambs and crossbreeds of 
Pomeranian ewes with Berrichon du Cher and Charolaise rams. The Pomeranian sheep 
is a local meat breed in Poland distinguished by high resistance on the environmental 
conditions and low feeding requirements. These sheep are medium-early maturing and 
their meat is reported to be very good tasting. 
 
 
  Materials and Methods 
The experiment was performed on 50-day-old single purebreed Pomeranian ram lambs 
(PP) and F1 crossbreeds by Berrichon du Cher (PB) and Charolaise (PCH) rams, 12 in 
a group. In each group there was offspring coming from the one ram among used to 
mate. They were fed according to Polish standards for breeding lambs (RYŚ, 1998), in 
the same way in all groups.  Apart from mother’s milk, they were given meadow hay, 
maize silage and concentrate mixture for calves and lambs CJ. All the ram lambs 
characterized themselves similar body mass before slaughter.  
After slaughter and carcass chilling, samples of quadriceps femoris were taken for 
quality analysis.  The following determinations were made: dry matter - by sample 
drying at 105oC; crude protein - by the Kjeldahl method; crude fat - by the Soxhlet 
method; crude ash - by sample incineration at 550oC; pH - 48 hours after slaughter, 
with a Radiometr PHM 22 pH-meter; color - with a Specol spectrocolorimeter with an 
R 045 remission attachment at a wavelength of 560 nm; water-holding capacity - by 
the GRAU and HAMM method (1953); fatty acid composition in intramuscular fat - 
by esterification (PEISKER, 1964) followed by gas chromatography with a PYE 
Unicam chromatograph, series 104 with flame-ionization detection, on a glass column 
(length 2.1 m, inner diameter 4 mm) (ŻEGLARSKA et al., 1979); gross energy - with 
a KL 10 adiabatic bomb calorimeter; cholesterol - by the method proposed by 
KOMPRDA et al. (2000) with an EPOLL 200 colorimeter; collagen - by the 
BLOMFIELD and FARRAR method (1964).  
A sensory evaluation of meat was preceded by thermal treatment, as described by 
BARYŁKO-PIKIELNA (1975). A five-point scale was applied, taking into account 
the following quality attributes of cooked meat: tenderness, juiciness, aroma (intensity 
and desirability) and taste (intensity and desirability). The sensory evaluation of meat 
samples was always conducted by the same testing panel consisting of five 
experienced people in the field. 
Instrumental measurement of raw meat texture was performed at 180C, using a 
universal testing machine (Instron UTM 4301) with Instron software, IX Series, ver. 
8.04.  A shear test (CIERACH and MAJEWSKA, 1997) and a double compression test 
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(TPA) were conducted to 50% sample strain, at a load of 0-1000 N and the speed of a 
measuring element (knife or compression die) of 50 mm/min. (BOURNE, 1978; 
CIERACH et al., 2000).  The TPA test was performed on 10 cm x 15 cm x 15 mm 
samples, using a compression die (type 2830-011).  The following texture parameters 
were determined: toughness I (T1) - maximum force (F1) required for the first 
compression; toughness II (T2) - maximum force (F2) required for the second 
compression; cohesion (S) - ratio of the positive force area during the second 
compression over that in the first compression; elasticity (E) - increment in sample 
height after the first compression; gumminess (G) - product of T1 and S; chewiness (P) 
- product of T1, S and E.  The shear test was performed on 10 cm x 10 cm x 20 mm 
samples, using a single-knife shear element (Werner-Bratzler, type 2830-013).  The 
maximum shear force (Fmax) and energy (Emax) were determined. 
The results were analysed statistically with Statistica 6.0 packet, using ANOVA 
procedure in a one-factor orthogonal design and Duncan test. 
 
 

Results 
A comparison of the chemical composition of meat from PP lambs and crossbreeds 
(Table 1) shows that it was considerably affected by sire breed.   
 
Table 1 
Quality characteristics of ram lambs (Fleischqualitätsmerkmale der Bocklämmer) 

Group 

Pomeranian Berrichon du cher ♂ 
x Pomeranian ♀ 

Charolaise ♂ 
x Pomeranian ♀ 

Traits 

x  ± s x  ± s x  ± s 
 

  Dry matter (%) 21.22B ± 0.91 22.37A ± 0.75 22.62A ± 0.61 

  Protein (%) 18.12b ± 0.80 18.38 ± 0.61 18.78a ± 0.61 

  Fat (%) 1.59 ± 0.45 1.52 ± 0.23 1.48 ± 0.51 
  Ash (%) 1.11b ± 0.03 1.15a ± 0.04 1.15a ± 0.05 

  pH 48 h 5.48 ± 0.15 5.46 ± 0.11 5.48 ± 0.14 
  W/P (water/protein) ratio 4.36A ± 0.23 4.23 ± 0.16 4.12B ± 0.13 

  Color (%) 22.50Aa ± 3.80 19.73b ± 1.96 19.04B ± 1.79 

  Water holding capacity (cm2) 9.55A ± 0.78 8.51a ± 2.03 7.40Bb ± 2.06 

  Energy value (Kcal/100 g meat) 113.02a ± 6.88 110.38 ± 4.77 107.18b ± 7.78 

  Cholesterol (mg/100 g meat) 52.43A ± 3.60 41.57B ± 2.36 54.84A ± 4.18 

  Collagen (mg/100 g meat) 236.57A ± 18.41 213.55B ± 17.34 182.34C ± 24.46 

A, B, C - P ≤ 0.01 
a, b  - P ≤ 0.05  
 
Meat from crossbreeds contained more dry matter (P ≤ 0.01) and ash (P ≤ 0.05), but 
was darker and had a better water-holding capacity.  More significant differences were 
observed between meat from purebred lambs and crossbreeds by Charolaise rams.  
Meat from PCH lambs had a significantly higher protein concentration (P ≤ 0.05) and 
a lower W/P ratio (P ≤ 0.01). 
An analysis of the healthful properties of lamb indicated distinct differences between 
groups in terms of calorific value and concentrations of cholesterol and collagen.  
Meat from crossbreeds, especially those by Charolaise sires, had a lower energy value 
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(P ≤ 0.05) and a significantly lower collagen content (P ≤ 0.01).  The cholesterol 
concentration was significantly lower in meat from PB lambs (P ≤ 0.05) and 
significantly higher in meat from PCH lambs (P ≤ 0.01), compared with the other 
groups. 
Crossing caused significant changes in the fatty acid composition in intramuscular fat 
(Table 2), i.e. a decrease in the concentrations of some saturated acids (C17:0 and C20:0, 
in PB lambs, C15:0, C16:0 izo, C17:0 and C20:0 in PCH group) and the unsaturated acid C20:1 
in both groups of crossbreeds.   
 
Table 2  
Fatty acid composition in intramuscular fat (%) (Zusammensetzung der Fettsäuren im intramuskulären Fett) 

Group 

Pomeranian Berrichon du cher ♂ 
x Pomeranian ♀ 

Charolaise ♂ 
x Pomeranian ♀ Fatty acids 

x  ± s x  ± s x  ± s 

  C12:0 0.97 ± 0.33 0.88 ± 0.20 0.79 ± 0.17 
  C14:0 6.15b ± 0.89 6.67 ± 0.52 6.76a ± 0.56 

  C15:0 0.78a ± 0.28 0.67 ± 0.05 0.63b ± 0.07 

  C16:0izo 0.45a ± 0.20 0.35 ± 0.19 0.28b ± 0.12 

  C16:0 25.35 ± 1.88 26.10 ± 1.22 26.36 ± 1.34 
  C17:0 1.24Aa ± 0.16 1.13b ± 0.07 1.08B ± 0.09 

  C18:0 12.63 ± 1.86 12.17 ± 0.88 12.32 ± 0.93 
  C20:0 0.52A ± 0.24 0.22B ± 0.08 0.29B ± 0.20 

  C14:1 0.69 ± 0.15 0.68 ± 0.09 0.71 ± 0.11 

  C16:1 4.44 ± 0.39 4.57 ± 0.35 4.79 ± 0.28 
  C17:1 0.99 ± 0.22 0.84 ± 0.17 0.89 ± 0.19 
  C18:1 35.51 ± 3.06 36.34 ± 3.18 35.58 ± 1.08 
  C20:1 0.62A ± 0.33 0.35B ± 0.09 0.41b ± 0.12 

  C18:2 7.51 ± 1.27 7.05 ± 1.02 7.04 ± 0.95 
  C18:3 0.41 ± 0.16 0.30 ± 0.10 0.32 ± 0.15 
  C20:4 1.82 ± 0.59 1.69 ± 0.79 1.72 ± 0.74 
  Saturated (SFA) 48.07 ± 3.43 48.19 ± 2.28 48.49 ± 1.98 
  Unsaturated (UFA) 52.15 ± 3.34 51.81 ± 2.28 51.60 ± 1.98 
  Monounsaturated (MUFA) 42.20 ± 3.37 42.77±3.71 42.35 ± 0.98 
  Polyunsaturated (PUFA) 9.74 ± 1.53 9.04 ± 1.83 9.08 ± 1.75 
  UFA : SFA 1.09 ± 0.15 1.08 ± 0.10 1.07 ± 0.09 
  PUFA : MUFA 0.23 ± 0.05 0.22 ± 0.06 0.21 ± 0.04 
  OFA (Σ SFA – C18:0) 35.44 ± 3.18 36.02 ± 1.68 36.17 ± 1.77 
  DFA (Σ UFA + C18:0) 64.79 ± 3.08 63.98 ± 1.68 63.92 ± 1.77 
  DFA : OFA 1.85 ± 0.26 1.78 ± 0.13 1.77 ± 0.14 
A, B - P ≤ 0.01 
a, b - P ≤ 0.05    
 
However, the proportions between particular acid groups did not change greatly. 
Meat from crossbreeds got much higher scores in an organoleptic assessment for the 
intensity and desirability of taste (Table 3), but the mean scores were similar in all 
groups.   
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Table 3 
Sensory evaluation and texture parameters of lamb (Sensorische Bewertung und Parameter der Fleischtextur) 

Group 

Pomeranian Berrichon du cher ♂ 
x Pomeranian ♀ 

Charolaise ♂ 
x Pomeranian ♀ Traits 

x  ± s x  ± s x  ± s 
   

 Sensory properties:    

   aroma intensity 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00 
   aroma desirability 5.00 ± 0.00 5.00 ± 0.00 5.00 ± 0.00 
   taste intensity 4.83 ± 0.33 5.00a ± 0.00 5.00a ± 0.00 

   taste desirability 4.71Bb ± 0.45 5.00a ± 0.00 5.00A ± 0.00 

   Tenderness 4.42 ± 0.60 4.59 ± 0.47 4.19 ± 0.32 
   Juiciness 4.54 ± 0.78 4.59 ± 0.47 4.27 ± 0.39 
 General evaluation 4.75 ± 0.28 4.86 ± 0.13 4.74 ± 0.11 
 Texture parameters:    
  a. TPA test     
   - hardness I (T1) (N) 169.00Aa ± 66.46 115.92B ± 16.51 133.92b ± 16.18 

   - hardness II (T2) (N) 94.58Aa ± 24.86 77.33B ± 11.99 84.00b ± 15.50 

   - cohesiveness (S) 0.11B ± 0.04 0.21A ± 0.06 0.14B ± 0.07 

   - elasticity (E) (mm) 1.78b ± 0.33 2.05a ± 0.30 1.97 ± 0.44 
   - gumminess (G = T1 x S)  16.02b ± 5.53 24.19A ± 6.23 19.05 ± 9.70 
   - chewiness (P = T1 x S x E)  28.94B ± 11.83 49.37A ± 13.43 38.74 ± 26.40 
  b. Shear test      
   - Fmax (N) 29.57B ± 0.53 25.15Ab ± 4.73 25.90Aa ± 2.47 

   - Emax (J) 0.28A ± 0.05 0.20Bb ± 0.04 0.24a ± 0.05 

     
A, B - P ≤ 0.01 
a, b - P ≤ 0.05 
 
However, meat from crossbred lambs had more desirable texture parameters.  The 
double compression test (TPA) showed that meat from crossbreeds by Berrichon du 
Cher rams had the lowest level of toughness and the highest levels of cohesion, 
elasticity, gumminess and chewiness, compared with meat from purebreds.  All these 
differences were confirmed by a statistical analysis.  Meat from crossbreeds by 
Charolaise sires was also less tough than meat from Pomeranian lambs (P ≤ 0.05), but 
much less cohesive (P ≤ 0.01).  Better meat texture parameters recorded in crossbreeds 
with the TPA test were confirmed by the shear test.  It was found that meat from 
purebred lambs required the greatest shear force (25.97 N) and shear energy (0.28 N), 
followed by meat from PB and PCH lambs, but the differences between the last two 
groups were smaller (P ≤ 0.05). 
 
 
  Discussion 
Changes in the chemical and physical properties of meat from lambs, observed in 
consequence of crossing Pomeranian ewes with Berrichon du Cher and Charolaise 
rams, confirm that meat quality is determined genetically, as demonstrated by 
HOFFMAN et al. (2003).  The better quality of meat from crossbreeds resulted from 
significantly higher concentrations of dry matter and protein (LEIBETSEDER et al., 
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1996; SUESS et al., 2000; NUERNBERG et al., 2001).  A lower W/P ratio, typical of 
meat from such lambs, indicates a higher degree of maturity.  Particular attention 
should be paid to the increase in protein content, which improved both the dietary 
value of meat and water-holding capacity. A higher concentration of protein in meat 
from crossbred lambs, as well as a greater degree of its maturity, were also reported by 
HOFFMAN et al. (2003) and BRZOSTOWSKI et al. (2004).  The darker color of meat 
from crossbreeds was most probably caused by changes in the chemical composition, 
which in turn affected light reflection.  This parameter seems to be related to the dam 
breed as well.  Other studies on lambs slaughtered at 50 days of age, where dam breeds 
were Polish Merino (TAŃSKI et al., 1994) or Kamieniecka (BRZOSTOWSKI et al., 
1997) showed that meat from lambs of the former group was much lighter in color 
than meat from those of the latter group, regardless of the sire breed.  Changes in the 
fatty acid composition in intramuscular fat, observed in the present experiment, had no 
considerable effect on the healthful properties of meat, because the proportions 
between particular groups of acids, including hypo- (DFA) and hipercholesterolemic 
(OFA) remained relatively unchanged.  Unlike BRZOSTOWSKI et al. (2004), we 
found that meat from crossbred lambs had a lower calorific value, which may be 
related to lower fatness.  The significant decrease in cholesterol level in meat from 
crossbreeds by Berrichon du Cher rams is certainly very positive, but the increase in 
cholesterol concentration in meat from crossbreeds by Charolaise sires is not 
dangerous, either, because lamb generally contains much less cholesterol than other 
kinds of meat (HASIK et al., 1999).  The results of our study indicate that proper breed 
selection for crossing may affect the cholesterol content of meat, as reported by 
ARSENOS et al. (2000) and BRZOSTOWSKI et al. (2004).  This concerns also 
collagen, a structural component of connective tissue, whose decrease may improve 
meat protein digestibility (BRZOSTOWSKI et al., 2004).  It is also possible that apart 
from chemical composition this was one of the factors that determined better texture 
parameters of meat from crossbreeds.  Changes in the texture of lamb as a result of 
crossing were also reported by KACZOR et al. (2000).  The use of objective methods 
for texture parameter measurement provided a basis for a reliable estimation of the 
effects of sire breeds on the culinary value of meat from crossbred lambs.  This 
confirms the opinion that a sensory evaluation and instrumental analysis complement 
each other and should be performed simultaneously for best results (CIERACH and 
MAJEWSKA, 1997). 
The positive changes in meat quality prove that Pomeranian ewes can be successfully 
mated to both Berrichon du Cher and Charolaise rams.  However, the preferred sire 
breed is Berrichon du Cher, due to healthful properties of meat, especially a lower 
cholesterol level, as well as better texture parameters. 
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