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ABSTRACT

The investigations were carried out on 48 ram-lambs: 16 Kamieniecka sheep (K), 16 cross-breeds
of Kamieniecka sheep ewes with Berrichon du Cher (K x BCIH) and 16 with Blackhead (K x Blh)
rams. Eight ram-lambs from each group were slaughtered at the age of 50 days and the remaining
& animals at the age of 100 days. Samples of the quadriceps muscle of the thigh {m. quadriceps femoris)
were taken to investigate pH, energy value, chemical, physical and scnsory properties of the meat as
well as fatty acid composition of the intramuscular fat.

The meat of F, cross-breeds after Berrichon du Cher rams had a higher fat content and better
tenderness but worse walter holding capacity and colour as well as less linolic acid (C,,,) in the
intramuscular fat. Use of Blackhcad rams resulted only in a darker colour of the meat as compared
with that found in Kamieniecka sheep lambs.

The meat of 100-day-old lambs had more protein and fat, higher energy value, betier water
holding capacity but worse tenderness, juiciness and taste. In comparison with results obtained from
50-day-old animals, the intramuscular fat of 100-day-old lambs contained more monounsatusrated
fatty acids, especially oleic acid (C,,,), but less saturated and unsaturated cssential fatty acids.

Taste pancl cvaluation as well as the fatty acid compeosition indicate that the meat from younger
lambs is more suitable in terms of the human diet.
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INTRODUCTION

In economically developed countries, attention is paid not enly to nutritional
value but also to the wholesomeness of food products. Mutton obtained from
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lambs that are light (13-35 kg), well muscled, have little fat but high quality meat
is in great demand on the markets of the European Union. This stems from
consumer demand spurred by the desire 1o refrain from exceeding cholesterol
consumpltion limits, thus the search for easily digestible meat with a low fat
content, in which the existing fat is expected to have low melting and
solidification points and a healthy fatty acid composition (Roborzynski et al.,
1994; Prost, 1996).

The development of Polish sheep-farming largely depends on the export of
lamb meat, hence intensifying investigations on not only how 1o increase meat
preduction but also on how to improve its quality seems to be necessary. There is
an opinion that cross-breeding of ewes of regional races, whose meat characteris-
tics are not the best, with meat rams is a good way to improve meat quality
{(Kuchta and Lewczuk, 1983; Korzeniowski et al.,, 1986; Kedzior, 1991;
Roborzynski et al., 1994; Tanski et al., 1994; Brzostowski and Tanski, 1995).
Evaluation of meat quality of cross-breed lambs has usually focused on the
chemical composition and some technelogical indices of meat. There are only
few studies dealing with post-mortem glycolysis, energy value and fatty acid
composition as indexes of lamb quality (Piestrak et al., 1977, Roborzynski, 1984,
Wirth, 1986; Kedzior, 1991).

The aim of this study was to investigate the influence of cross-breeding of
Kamieniecka ewes with Berrichon du Cher and Blackhead rams on meat quality
indices in F| lambs slaughtered at the age of 50 and 100 days.

MATERIAL AND METHODS

Investigations were carried out on 3 groups of ram-lambs: Kamieniecka
{K; n=16) and cross-breeds of Kamieniecka ewes with Berrichon du Cher
{K x BCH; n=16) and Blackhead (K x Blh; n=16) rams,

All lambs were traditionally fed hay, mangolds and concentrate mixture for
calves and lambs C-J (consisting of, %: crushed wheat 40, middlings 24 and
protein concentrate also containing minerals, vitamins and growth stimulators,
36, according to Polish standards (Feeding Standards, Institute of Animal
Production, 1985) for suckling lambs.

Eight randomly selected young rams from each group were killed at the age of
50 days, and the remaining 8 animals ai the age of 100 days. The weight of
50-day-old lambs before killing was: K — 16.86 kg; K x BCH — 17.62 kg;
K x Blh - 18.02 kg; and of 100-day-old animals: 29.51, 30.52, 31.33 kg,
respectively. Samples of the quadriceps muscle of the thigh (m. guadriceps
femoris) were taken to evaluate the quality of the meat and intramuscular fat. In
the coliected samples, the following indices were determined: dry matter by
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drying the tissues at 105°C, protein using Kjeldahl’s method, crude ether extract
using the Soxhlet method, crude ash ofter furnacing at 550°C, gross energy using
an adiabatic calorimeter KL-10 bomb, water holding capacity by using the Grau
and Hamm methods (1953), colour intensity using a Specol spectrocolorimeter
with remission device R 045 at a wavelength of 560 mm, pH after 10 and 90 min
and after 6, 12, 18, 24 and 48 h following the slaughter using a PHM22 pH-meter.

Thermal processing for sensory evaluation was performed according to
Baryiko-Pikielna (1975). A five point scale was used to describe following quality
indices: aroma and taste (intensity and desirability) as well as tenderness and
juiciness. The fatty acid composition of the intramuscular fat was estimated by
the esterification method (Peisker, 1964) followed by gas chromatography
according to Zegarska et al. (1979).

The results were statistically evaluated using variance analysis in a binary
orthogonal system.

RESULTS AND DISCUSSION

The chemical composition and physico-chemical characteristics of meat
(Table 1) revealed that the rams of meat breeds used for cross-breeding with the
Kamieniecka sheep ewes exerted a pronounced influence on some indexes in F|
lambs.

Meat of the lambs from Berrichon du Cher rams contained significantly more
(P<0.05) fat (1.63%) than meat from the Kamieniecka sheep lambs (1.30%).
The results obtained by Kuchta and Lewczuk (1983), Korzeniowski et al. (1986)
and Kedzior (1991) have also showed that differences in the fat content of the
meat depend on the race of rams used for cross-breeding. The higher content of
fat in the meat of cross-breeds K x BCH shightly increased its energy value. The
energy value determined in the meat of lambs, K - 127,96, K x BCH - 130.11 and
K x Blh - 128.50 kcal/100g, should be considered relatively low, thus,
conforming to the principles of modern nutrition that recommend lower
amounts of energy in larger quantities of food (Prost,1996). As compared to
K lambs, the higher fat and lower protein contents in the meat of K x BCH lambs
resulted in its poorer water holding capacity. The significant differences in the
colour of the meat between the studied groups of the lambs were probably
breed-dependent.

The age of the slaughtered lambs highly influenced the chemical composition
and physico-chemical characteristics of the meat. The meat of 100-day-old lambs
contained more dry matter than the meat of 50-day-old rams (Table 1), resulting
in a higher energy value of the meat (P <0.01). Covington et al. (1970) have
suggested that the increase in fat and the decrease in water content of the meat
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TABLE 1
Chemical composition, water holding capacity and colour of mcat
Groups Age, days
Specification
K K x BCH K x Blh 50 100

Dry matter, % mean 23.04 23.02 23.16 22.49%  23.66"

S.D. 1.02 1.04 1.25 0.96 0.88
Crude prolein, % mean 19.4] 19.28 19.45 19.14°  19.62°

S.D. (.84 0.72 .79 0.78 0.69
Fat, % mean 1.30° 1.63* 1.52 1.30® L.e7"

S.D. 0.35 0.39 (.45 0.41 0.33
Ash, % mean 1.17 1.19 1.16 1.17 1.18

S.D. (.05 0.06 .05 0.06 0.05
Kcal GE/100g mean 127.96  130.1] 128,50 124.94® 132.78*

5.D. 8.18 10.54 9.14 7.86 8.86
Water holding capacity, cm® mean 6.90° 8.13 7.54 7.93¢ 7.11%

S.D. 1.49 1.55 1.21] 1.29 1.58
Colour, % mean 16.81* 14.81"% 14.56%  17.08* 13.71%

S.D. 2.71 2.90 2.42 2.67 1.78

a, b-P<0.05 A, B-P< 0.0

promote its higher physiological maturity. The ratio of water to fat in the meat of
100-day-old and 50-day-old rams (46.22 and 39.62, respectively) indicates that
the meat of older animals is more mature, which confirms this opinion. The older
age of the animals improved the water holding capacity (P < 0.05) of the meat but
its colour was worse (P <0.01), probably because of the higher myoglobin
content resulting from more intense muscle function in the older animals.
The changes in the pH of meat (Table 2) reflect the intensity of post-mortem
glycolysis, and thus, the meat quality. pH values of the meat of K - 6.83,
K x BCH-6.76 and K x Blh - 6.96 rams measured 10 min after slaughter indicate
that the animals were properly prepared lor slaughter, The results obtained in the
present study are in agreement with those found by Piestrak et al. {1977) and
Roborzynski (1984). The relatively slow decrease in the pH value after slaughter
in our investigations suggests that glycolysis proceeded normally. The pH value
of the meat stabilized at 5.51-5.56 no earlier than 24 h after slaughter because this
period was needed for glycogen to be converted into lactic acid. According to
Wirth (1986), very fast glycolysis that causes a decrease in pH to below 5.8 occurs
in meat with PSE (pale, soft, exudative) syndrome, and shortened glycotysis or
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TABLE 2
Changes of pH values of lambs meat after slaughter
Groups Age, days
Time after slaughter
K K x BCH K x Blh 50 100

10 min mean 6.83 6.76 6.96 6.87 6.85

SD. 0.28 0.27 0.23 0.28 0.26
90 min mean 6.51% 6.50" 6.82% 6.54 6.68

S.D. 0.30 0.27 0.37 0.29 0.38
6h mean 6.26 6.28 6.21 6.33° 6.17°

5.D. 0.31 0.26 0.30 0.26 0.28
12h mean 6.24 6.01 6.19 6.32 5.98

S.D. 0.32 0.29 0.34 0.31 0.24
18 h mean 6.18° 591> 6.02 6.24% 5.83%

S.D. 0.40 0.39 0.63 0.43 0.45
24 h mean 5.51 5.56 5.53 5.54 5.53

S.D. 0.07 0.09 0.05 0.08 0.07
48 h mean 5.51 5.56 5.53 5.54 5.53

S.D. 0.07 0.09 0.05 0.08 0.07

a, b-P<0.05 A, B-P<0.01

even no glycolysis is found in the meat with DFD (dark, firm, dry) syndrome,
where pH usually does not decrease below 6.2. According to Schieffer and
Scharners (1977) scale of the final pH values obtained in the present study fits the
optimal values (5.5-5.9) characteristic of high quality meat. The significant
differences in the rate of pH decrease at 90 min and 18 h after slaughter, observed
among the particular ram groups, are probably breed-dependent because the
rearing, transportation and slaughter of the animals were the same in each group.
Post-mortem glycolysis was less disarrayed in the older lambs which were more
resistant to stress. This resulted in significant age-dependent differences in the
pH values measured 6, 12 and 18 h after slaughter between the groups.
Analysis of the fatty acid composition of intramuscular fat (Table 3) revealed
the presence of 16 acids with 12 to 20 C in the molecule. C,;, (39.1-39.7%), C,,,
(23.9-24.6%) and Cg, (14.8-15.2) acids were prevalent, independent of the
breed of the animals. Breed has been found to influence the level of only C,,,
acid. In K x BCH rams, and a less advantageous, from the physiological point of
view, amount of this acid was noted (P <0.05). This caused an increase in the
total amount of saturated fatty acids in 3.6 and 3.2% as compared with results
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TABLE 3
Fatty acid composition of intramuscular lipids, %
Groups Age, days

Fatty acids K K £ BCH K x Blh 50 100

mean S.D. mean S.D. mean S.D. mean S.D. mean S.D.
Saturated:
AT 076 048 0.70 0.33 0.74 021 093* 034 0.54* 023
Ciis 401 123 4388 147 421 1.02 496* 120 3.77° 110
Cisi 0.78 029 081 022 082 0.16 0.85 024 075 020
Ciao 2437 1.59 2463 1.54 2398 1.12 2436 1.43 2423 148
Crovie 0.26 017 033 020 030 020 029 020 0300 017
Ciso 1.78 030 1.80 054 1.81 0.27 1.69° 029 1.90° 043
Cio 14.67 136 1520 1.83 1522 2.01 15.19 1.34 1493 2.08
e 0.15 026 008 072 0.08 008 0.08 021 013 0.10
Total 46.78 3.38 48.42 2.28 47.16 2.73 48.36" 2.55 46.55" 2.92
Unsaturated:
monounsaturated
Cii 063 023 071,021 064 0.17 070 022 063 0.]18
Ciay 413 042 407 058 374 _ 060 418 055 3.78° 0.50
Gy 1.30 034 133 035 147 034 1.25° 031 1.49*° 0.34
Chs 39.64 425 39.06 242 39.72 2.66 37.98" 2.61 40.97* 2.99
(B 032 039 ‘031 022 029 015 031 036 030 013
Total 46.02 379 4548 1.93 45.87 2.48 44.41° 2,28 47.17* 2.59
Polyunsaturated
Clos 5.86° 1.07 487" 132 570" 091 584 133 511° 0.8
Ciis 029 10.15: 032 19167 50:33% 8:20000.29 ~1:0:18°40:33:0 0.16
Cii 1.05 041 09 056 095 046 1.10 050 084 041
Total 720 139 6.09 1.77 698 1.19 7.23* 172 6.28" 1.13
Total 53.22 3.38 51.58 2.28 52.85 2.73 51.54" 2.55 5345 292

a, b-P<0.05 A, B-P<0.01

obtained in K- and to K x Blh rams, respectively. Boylan et al. (1976), Ch’ang et
al. (1980) and Kedziora (1991) have found that breed has an even greater
influence on meat fatty acid composition, but they used older sheep in their
investigations.

Fatty acid composition was significantly influenced by the age of animals. In
the intramuscular fat of 100-day old rams the proportion of saturated fatty acids
was lower than unsaturated ones (P<0.05) in comparison with 50-day-old
animals. In the group of unsaturated fatty acids, in 100-day-old lambs
a significant decrease in the amount of polyunsaturated acids, but a significant
increase in monounsaturated, especially C,,,, acids was observed. The results
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TABLE 4
Scnsory cvaluation of meat, score
Groups Age, days
Specification -
K K x BCH K x Blh 50 100

Tenderness mean 4.42% 4.68* 4.53 4.71* 4.38°

8.D. 0.54 0.47 0.50 0.46 0.49
Juiciness mean 4.54 4.74 4.56 4.77° 4.46°

S.D. 0.49 0.44 0.44 0.39 0.46
Aroma - intensity mean 4.88 4.88 4.8] 492 4,79

S.D. 0.29 0.29 0.31 0.19 0.36
Aroma — desirability mean 4.88 4.88 4.91 492 4.85

S.D. 0.22 .29 0.20 0.19 0.28
Tastc — intensily mean 4.47 4.66 4.56 4.67 4.46

S.D. 0.50 0.44 0.48 0.46 0.46
Taste — desirability mean 4.66 472 4.59 4,77 454"

S.D. 0.44 0.41 0.42 0.39 0.41
General evaluation mean 4.64 4.76 4.67 4.80¢ 4.58"

S.D. 0.45 0.38 0.40 0.36 0.44

a, b - P<0.05

obtained by Tanski et al. (1994) also suggest an age-dependent difference in fatty
acid composition. This study has shown that the level of palmitic acid, the main
determinant of the blood cholesterel level, was similar in the particular age
groups, but the amount of unsaturated essential fatty acids in the fat of
50-day-old rams was significantly higher, which suggests that for humans, meat
from younger lambs is preferable.

Analysis of the test panel evaluation (Table 4) points to the high quality of
meat regardless of the breed of the rams used for cross-breeding or the age of the
slaughtered lambs. The mean score value was from 4.42 - to 4.91 points within
the particular breed group. The slightly higher score for tenderness, juiciness and
taste intensity in case of the meat of K x BCH lambs was probably due to its
higher fat content, which gave a looser connective tissue ultrastructure. Smith
and Carpenter (1970) have found thal the presence of intramuscular fat
positively influences the above meat characteristics. The worsening of the
tenderness, juiciness and taste of the meat from 100-day-old lambs was probably
arcsult of the larger diameter of its muscle fibres and a more compact structure of
the connective tissue which was meamngfully darker as compared to the
characteristics of the meat from 50-day-old animals.
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CONCLUSIONS

Cross-breeding of Berrichon du Cher rams with Kamieniecka ewes produces
an increase in fat content, better tenderness, worsens the water holding capacity
and colour as well as causes an unfavourable decrease in the linolic acid C,
content in the intramuscular fat of the meat from F, lambs. Using Blackhead
rams results only in a darker colour of the meat from the lambs.

An increase in the protein and fat content as well as in the energy value and
water holding capacity, but the worsening of tenderness, juiciness, taste and the
colour of the meat of lambs with age is observed.

In the intramuscular fat of 100-day old rams the proportion of monoun-
saturated, especially C,,,, fatty acids is higher, but that of saturated and
unsaturated essential fatty acids is lower.

The physical and sensory characteristics as well as the fatty acid composition
indicate that as far as the human diet is concerned, meat from younger lambs is
more suitable.
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STRESZCZENIE
Jakos¢ miesa tryczkéw owey kamienieckiej i jej mieszadcéw ubijanych w wieku 50 i 100 dni

Badania przeprowadzono na 48 tryczkach: 16, owcey kamienieckiej (K), 16. mieszanicach po
trykach Berrichon du Cher (K x BCH) 1 16. mieszancach po trykach czarnoglowki (K x Blh), W 50
1 100 dniu zycia z kazde] grupy rasowej ubito po 8 zwicrzai. W migsniu czteroglowym uda
(m. guadriceps femoris) oznaczono: pll, sktad chemiczny, wlasciwosci fizyczne i sensoryczne, wartosé
energetyczna i sktad kwaséw thuszczowych thuszezu srédmigsniowego.

U micszancow F, po irykach Berrichon du Cher wigksza byta zawariosc thuszezu w migsie, lepsza
kruchose, gorsza wodochlonnos¢ 1 barwa migsa oraz mnicjszy udziat kwasu linolowego (C,,)
w ltuszezu Srodmigsniowym migsa. po trykach czarnogtowki jedynie barwa migsa byla ciemnigjsza
niz u jagnigt owcy kamienieckiej.

W migsie jagniat 100-dniowych wigksza byla zawarto§¢ bialka i tuszczu oraz wartosc
energetyczna, a lakse wodochlonnost, gorsza natomiast krucho$é, soczystosé 1 smak migsa.
W tluszczu srodmigsniowym migsa wickszy byl procentowy udzial kwasow jednonienasyconych,
gtoéwnie oleinowego (C,, ), ale mnigjszy nasyconych i niczbgdnych nienasyconych kwasow tlusz-
czowych ni7z u jagnial 50-dniowych.

Wlasciwosci fizyczne i sensoryezne migsa oraz proporcje wostopniu nasycenia kwasow
ttuszczowych wskazuja, ze z punktu widzenia potrzeb cztowicka lepsze jakosciowo jest mieso S0-cio
niz 100-dniowych jagniat.





