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ABSTRACT

Meat quality was assessed in 3 groups of young F, hybrids after Black-and-White cows with
12.5-50 % of Holstein-Fresian blood, and after beef bull varieties: Belgian Blue (BW x BB), 25
animals; Charolaise (BW x Ch), 9 animals; and Angus (BW x A), 8 animals, and compared to meat
quality in Black-and-White bulls (BW) of the same age, 9 animals. Fattening lasted from the 6th till the
20th month of life. Bulls of semi-intensive group feeding received the rations composed of maize
silage, givenad libitum, 1 kg of meadow hay and 1-2 kg concentrate, ensuring daily gains of about 800 g.
Meat quality was assessed in samples collected from the M. longissimus dorsi (LD) and M.
semitendinosus (SM). Physico-chemical and sensoric parameters were determined as was the chemi-
cal composition of the meat. It was found that meat quality was affected by the bull genotype, and in
some cases also by the type of muscles from which the samples were collected. Overall analysis of
meat quality does not allow an unequivocal statement to be made on which group of animals gave meat
most suitable for cooking. Nevertheless, sensoric evaluation favoured meat of the crossbreeds of
Black-and-White and Belgian Blue.
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INTRODUCTION

In order to improve meat cattle production in Poland and to find suitable markets
for these products, it is necessary to pay more attention to meat quality, especially
to quality parameters important in cooking. These parameters are to a large extent
related to heritable traits of fattening animals (Wichtacz and Trela, 1996), i.e. to
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their type, breed and variety. The most common method used is to improve beef
quality by crossing local cattle with beef breeds. Fattening purely beef breeds 1s
quite rare due to insufficient numbers of these animals in Poland.

Belgian Blue cattle is one of the youngest beef breeds obtained in the last thirty
years; it is characterized by especially high qualities with respect to meat use. The
results of studies carried out in other countries suggest that meat quality of Belgian
Blue bulls and their crossbreeds is higher than of other beef breeds and their cros-
ses with dairy breeds (Clinquart et al., 1994; Gerhardy, 1994; Schneijdenberg et al.,
1994; Homer et al., 1997).

Due to different breeding conditions and genotypic divergence of Black-and-
White cattle in Poland, it was decided to compare meat quality of young bulls,
crossbreeds of Black-and-White with Belgian Blue, Charolaise and Angus breeds,
and of Black-and-White bulls.

MATERIAL AND METHODS

Meat quality was analyzed in 3 groups of young bulls, F, hybrids after Black-
and-White (BW) cows having 12.5-50% Holstein-Fresian blood and bulls of beef
breeds: Belgian Blue (BW x BB), 25 animals; Charolaise (BW x Ch), 9 animals;
and Angus (BW x A), 8 animals. The results were compared to Black-and-White
(BW) bulls of the same age, 9 animals. Cows inseminated with the semen of beef
breeds were in the 4.9 lactation on average; they were in good condition (3.9 points
on a 5-point scale) with an average body weight of 590 kg. Each group comprised
animals from 3-5 sires. The age difference of the young bulls did not exceed
2 months. Fattening lasted from 6 to 20 month of age and was carried out in 2
farms. One farm was engaged in fattening Black-and-White bulls, all crosses with
Charolaise and Angus, and 12 hybrids with Belgian Blue breed. The other hybrids,
BW x BB were fattened on the other farm, In both farms the bulls were given the
same ration and kept in a stanchion barn. A semi-intensive feeding system was
applied, composed of maize silage, 1 kg of meadow hay, and concentrates, assu-
ming that this ration would ensure daily weight gains of about 800 g. Silage was
given ad libitum; 1 kg contained 1.2 MJ metabolizable energy and 21 g of crude
protein, while meadow hay had 3.3 MJ metabolizable energy and 82 g of crude
protein. Doses of the concentrates were established according to the mean body
weight of the animals in each group, the amounts used being 1-2 kg daily per bull.
Mean bull weights were determined by weighing the animals at monthly intervals.
This feeding resulted in the following final weight of bulls aged 20 months: BW x BB
— 532 kg, BW x Ch — 517 kg, BW x A — 488 kg and BW — 452 kg. The average
daily weight gains calculated for the whole fattening period ranged from 640 g in
* the control group to 767 g in BW x Ch hybrids. At the end of the fattening period all
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animals were starved for one day and then slaughtered. The carcasscs were cooled
at 2°C (£0.2) for 24 h and samples of the M. longissimus dorsi {LD) and the
M. semitendinosus (SM) were collected from the right half of the carcass.

The following physice-chemical parameters were determined in meat samples;
colour on an eight-point scale, colour lightness by spectrophotometry, pH value 48 h
after slaughter, marbling on a 5-point scale, cutting force measured using an In-
strom 4501 with a Werner-Bratzler supply. Water absorption was measured by two
methods, after Janicki, and Grau and Hamm (Znaniecki, 1983), thermal drip ac-
cording to Janicki and Walczak (Znaniecki, 1983}, and thermal shrinkage from the
difference in weight before and after thermal processing. Dry matter, crude fat,
crude protein, and soluble protein contents in the samples were determined by con-
ventional methods. Sensory analysis was carried out by panel commission; the test
included aroma, juiciness, palatability and tenderness on a 5-point scale {Barytko-
Pikielna, 1975).

The materials were analyzed statistically by two-factorial analysis of variance
in a non-orthogonal system. The significance of differences between the means for
particular genetic groups of bulls and for the groups of muscles was defined with
the Duncan and Student-t tests. All calculations were performed using the SPSS
program for Windows.

RESULTS AND DISCUSSION
Physico-chemical properties of raw muscles

Physico-chemical properties of raw LD and SM muscles of young bulls from
the 4 experimental groups are presented in Table 1. Meat colour determined 48 h
after slaughter did not differ significantly among the particular bull groups. Accor-
ding to Wichtacz and Krzywicki (1986), the share of red meat colour depends on the
myoglobin type and concentration, and more specifically, on the ratio between oxy-
myoglobin and myoglobin contents. The proper meat colour in young cattle, deter-
mined on an eight-point scale, should be between 4 and 5 points. Scores within this
range were obtained only for SM muscle collected from young Black-and-White
bulls. LD and SM muscle colour in other bull groups deviated with respect to its
intensity from the proper one, with the LD muscle usually being darker than SM.
Muscles of BW x A bulls were of the same colour, while in other bull crossbreeds
the differences between these two muscles were statistically significant, (P<0.01)
in BW x BB group, and (P<0.05) in BW x Ch bulls. As regards colour lightness,
measured as the percent of rays reflected from a meat sample, the highest values
(the lightest colour) were obtained for BW x Ch bulls, and the results for this group
differed significantly (P<0.01) from other groups. The results for colour intensity



MEAT QUALITY OF YOUNG BULLS

148

TABLE 1
Physico-chemical properties of raw meat
Muscle Groups
Specification BW x BB BW x Ch BWxA BW
X v X AY X v X A
LD = 6.45 11.63 *6.33 11.85 5.64 15.07 5.67 31.39
Colour, 48 h after slaughter, points SM 5.68 13.9] 5.28 23.29 5.64 20.92 4.83 16.36
Mean 6.07* 14.17 5.80®* 19.48 5.64® 17.55 5.25° 26.48
LD 10.28"% 27.53 13.55* 15.20 9.758 G.13 9224 11.82
Colour lightness, % SM »12.60° 17.85 16.55% 2471  =12.25® 1428  =11.558 12.29
Mean 11.448 24.39 1505 2325 11.008 16.91 10.39% 16.55
LD *6.56% 5.64 6.03% 8.95 6.1378 6.52 6.53"B0 5.67
pH ,,, value SM 6.354 4.88 5.88R0 7.31 6.2478: 7.85 6.424 5.29
Mean 6.46% 5.57 5.95P¢ 8.07 6.1945¢ 6.95 6.47% 5.41
LD .41 28.37 1.28° 34.37 1.57% 38.85 1.78 28.65
Marbling, points SM 1.18 20.34 1.39 30.21 1.28 30.47 1.39 23.74
Mean 1.29¢ 27.13 1.33 3158 1.43%* 35.66 1.58 29.11
Water absorption, with centrifuge LD 59.674%  40.29 31.92%  R1.80 44,7278 78 06 64.98% 3L.10
method, % SM 5457 39.67 29.39  104.66 40.64% 71.04 55.29° 47.48
Mean 57.12%0 3990 30958 8837 42 6848« 7144 60.14" 38.69
Water absorption acc. Grau LD 3.49% 45.84 5.08 39.37 4,03 57.57 2.90° 37.24
and Hamm, % SM 42548 3035 616 3539 492880 46,34 3957 4456
Mean 3.87% 38.50 5.62% 3737 4 4880 50.67 343 44.02

LD — M. longissimus dorsi; SM — M. semitendinosus
a, b—P=<0.05; A, B - P<0.01 (rows)
x — P=0.05; xx — P<0.01 (columns)
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and lightness were higher than those obtained by Mielnik {1990}, Adamiak et al.
(1996)}. Purchas et al. (1992) did not find significant differences in meat colour
between Fresian bulls and Fresian x BB crossbreds, whereas Gerhardy (1994) and
Schneijdenberg et al. (1994) reported lighter meat colour for crosses with beef
breeds.

Average pH of the muscles was 5.95-6.47 and differed considerably between
the experimental groups. The lowest pH values were noted for the meat of
BW x Ch bulls, and were significantly (P<0.01) different than in BW x BB and BW
bulls. Also BW x A bulls differed significantly (P<0.05) from the other experi-
mental groups. Differences in pH values between LD and SM muscles were small
and significant only in the BW x BB group (P<0.05), in which pH was higher in LD
than in SM muscles. Homer et al. (1997} did not find significant differences in pH
values between crossbreeds of Belgian Blue and Charolaise.

Marbling degree, which reflects the content of intramuscular fat, was deter-
mined on a 5-point scale. Its values ranged between 1.29 and 1.58, suggesting an
inadequately low fat content. In their study, Wichtacz and Trela (1996) obtained a
mean marbling of 2.11 points and stated that this value was insufficient. On the
other hand, Armbuster et al. {1983) suggested that this trait is of little significance in
assessing suitability of meat for consumption. Meat of BW bulls had the highest
content of intramuscular fat, differing significantly (P<0.05) from BW x BB cross-
breeds. A significant (P<0.03) difference was also observed with respect to mar-
bling score in LD muscle of BW and BW x Ch bulls. With the exception of the
BW x Ch group, LD muscles were usually more fatty than SM, and in the case of
BW x BB crossbreeds, this difference was statistically significant (P<0.05). Also
Adamiak et al. (1996) observed the highest marbling score in LD muscle of Black-
and-White bulls compared with the crosses with beef breeds.

Water absorption deternined by the “centrifuge”™ method assesses the ability of
meat to absorb water. Higher values of this index reflect higher water absorption
ability. The results obtained with the discussed method revealed considerable dif-
ferences among the bulls. Meat of Black-and-White and Black-and-White cross-
breeds with BB proved to have the highest water absorption, while the lowest
values were obtained for BW x Ch bulls. The difference between the latter group
and those having the highest water absorption values was statistically significant
(P<0.01). LD muscle showed higher water absorption than SM in all bull groups,
but the differences were not confirmed statistically due to exceptionally high va-
riability. Lower water absorption ability in the case of crossbreeds with beef breeds
compared with BW was also observed by Zalewski et al. (1991). On the other
hand, studies by Mielnik (1990} showed that BW x Ch bulls were more satisfactory
in this respect than BW bulls.

Water absorption determined by the method of Gran and Hamm measures the
difference between the area of a stain made on blotting paper by meat juice leaking
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and area occupied by a meat sample. Higher values of this index reflect worse
water absorption ability. Statistical analysis of the results obtained with this me-
thod confirmed the ditferences found with the “centrifuge” method.

Chemical analyses of meat

Dry matter content ( Table 2) in bull meat was similar in all samples (22.6-23.3%);
there were no statisticaily significant differences between the experimental animal
groups and between the muscles (P>0.03).

Fat content in meat was very low, from 0.56 to 1.38%. Notwithstanding this and
very high individual variability, it was found that the highest fat content in SM mus-
cles of BW bulls differed significantly (P<0.01) from the values found for
BW x BB and BW x Ch, as well as for BW x A (P<0.05). Wichlacz and Trela
(1996) suggest that the minimal fat level in meat should not be lower than 1.5%. Fat
content in the meat of ¢rossbreeds was lower than the values cited by Homer et al.
(1997).

Crude protein content was within the range of 20.8-22.2% and differed only
between the genetic groups. The highest levels of total protein were found for
BW x BB bulls; meat of these animals also contained the highest levels of dry
matter. Protein content in this group was significantly higher (P<0.01) than in the
meat of BW x Ch bulls, which contained the lowest protein levels. It was also
significantly higher than in BW and BW x A bulls (P<0.05). LD muscle contained
more protein than SM in all bull groups, but these differences were not statistically
significant. Total protein content in meat was characterized by low variability, so
that variability coefficients (v} were low. The content of water-soluble proteins,
consisting of myotibrils and sarcoplasm, is fairly important when shredded meat
products are made (Tyszkiewicz and Tyszkiewicz, 1972). Very low and significant-
ly different (P<0.01} levels of this index were found in BW x Ch crossbreeds
compared with the other three groups, particularly in the case of LD muscle. Al-
though LD muscle contained more proteins than SM in all genetic groups, the dif-
ferences were not statistically significant (P>0.05). Gerhardy (1994) found higher
protein contents in meat than in this study, but Mielnik {1990) obtained lower va-
lues. Ash content was the lowest in the meat of BW x BB bulls, in which it was
significantly different (P<0.05) than in BW x Ch and BW x A bulls. SM muscle
contained slightly more ash than LD in all groups.

Sensoric properties of meat
Mean values of each analyzed sensoric parameters exceeded 4 points, sugges-

ting very high quality of the meat (Table 3). The genotype of the bulls proved to
determine sensoric properties the meat. Meat of BW x BB bulls was assessed as



TABLE 2
Chemical composition of young bull meat, %
Muscle! Groups
Specification BW x BB BWx Ch BWx A BW
X v X v X v X A%
LD 23.26 443 22,78 3.34 2295 5.18 23.01 4.65
Dry matter SM 23.05 3.69 22.74 2.3 22.65 335 23.14 5.44
Mean 23.16 4.06 22.76 2.81 22.80 4.30 23.07 4.90
LD 0.63 63.49 0.91 42.86 1.04 40.38 0.99 52.52
Fat SM 0.56%  82.14 0.834B> 48.19 g7z 29017 138 84.78
Mean 0.60% i &7 0.878  43.68 0.8848 40.91 1.18* il s
LD 22.24 6.47 21.00" 3.95 21.38%® 496 21.30® 343
Crude protein SM 21.65 6.60 20.80 2.88 20.92 3.30 20.96 4.25
Mean 21.944 6.61 20.90% "~ 3.40 #1119 il 425 i U 3.83
LD 7.094 13.68 GLIEY 2078 7.04 ~ 11,22 7.244 11.60
Water-soluble protein SM 6.83 13.62 5.63 16.16 6.34 13.88 6.25 19.20
Mean 6.96% 13.65 Si87° 17.89 6.694 13.34 6.75% 16.74
LD 1.09 7.34 13 4.42 1.14 3'51 1.10 .23
Ash SM 1.13 5.31 1.18 3.39 il 7] 6.84 1.13 10.64
Mean 1.1 6.31 l1.16° 431 1.16* 517 2% 8.03

' see Table 1
a,b—P<0.05 A, B-P=<0.01 (rows)
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8 TABLE 3
) Sensoric properties of meat
% Muscle' Groups
g Specification BW x BB BW x Ch BWx A BW
g X \Y X Ay X \Y X \Y
o LD 492 5.69 4.88 6.76 4.62 11.25 4.78 9.20
B Aroma, intensity, points SM 492 5.69 4.72 7.63 4.87 7.19 4.72 9.32
= Mean 4.92 5.49 4.80 7.29 4.75 9.26 4.75 .05
- LD 4.94 4.45 4.50 12.44 4.69 9.81 4.72 7.63
Q' Aroma, desirability, points SM 4.88 6.15 4.61 9.11 4.69 789 4.67 7.49
E;:‘ Mean 491" 5.29 4,558 19,55 4,6948 8.53 4. 6948 7.46
841 LD 4.80 7.92 4.17 20.86 4.62 11.25 4.78 7.53
= Juiciness, points SM 474 8.02 4.39 14.71 4.36 10.74 4.55 I1.65
Mean 4.77% 7.97 4.28% 1752 4.5948s 10.67 4,674 9.63
LD 4.78 7.32 4.17 2(.86 4.37 15.78 4.78 7.53
Palatability, intensity, points SM 4,74 8.02 4,39 14,81 4,56 10.74 4.67 9.21
Mean 476" 7.77 4.28%  17.52 447480 1320 4,727 8.26
LD 4.80 7.92 4.17 20.86 4.56 10.74 4.67 921
Palatability, desirability, points SM 472 8.05 4.39 14.81 4.56 10.74 4.55 11.65
Mean 4.76% 7.98 4288 17.52 45648 10.53 4.614%  21.67
LD 4.68 8.55 4,11 21.65 425 15.29 4.72 10.30
Tenderness, points SM 4.58 9.17 4.28 13.08 4.56 10.74 4.55 12,75
Mean 4.63* 885 4.19% 17.42 4408 13.18 4.644 10.99

Overall sensoric value, points 4,79 479 4 40" 11.82 4 4820 6.33 4. 68® 6.41

! see Table 1
ab-P<0.05: AB-P <0.0] (rows)
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the best, tenderness being the only exception. This meat differed significantly
(P<0.01) with respect to aroma desirability, juiciness, palatability and tenderness
from the meat of BW x Ch hutls, which was graded as the worst. Aroma desirabili-
ty was also significantly (P<0.05) higher in the meat of BW x BB bulls compared
with BW and BW x A bulls. Meat of BW x Ch bulls, estimated as being of the
poorest quality, differed significantly (P<0.05) in terms of its juiciness from the
meat of BW x A and BW bulls, and, as regards palatability and tendemess, from
BW bulls (P<0.01). Also mean sensoric parameters suggest that the meat of
BW x BB crossbreeds was the most desirable, while the lowest appraisal was
obtained for the meat of crosshreeds with Charolaise. Homer et al. (1997) also
found significant differences in meat tenderness between crossbreeds with BB and
those with Charolaise and Angus. However, the results do not always conform to
those obtained by other authors — Litwinczuk (1989) and Zalewski et al. (1991)
obtained higher sensoric parameters of the meat of BW bulls compared with cross-
breeds. Schneijdenberg et al. (1994) also observed higher juiciness of the meat of
MRY bulls compared to their crossbreeds with BB. On the other hand, Otto and
Stang (1975) stated that meat of crossbreeds with beef breeds was more tender
than of BW cattle. The worst estimate of meat tenderness obtained in this study for
BW x Ch bulls can be explained by the most intensive contraction of muscle fibres
during thermal processing of this meat (Lewis et al., 1977).

Physico-chemical properties of processed meat

Statistical analysis revealed a significant effect of the genetic group on cutting
force, which reflects meat tenderness (Table 4). Tenderness assessed with this
method confirmed the sensoric estimates. Meat of BW x Ch bulls was the least
tender (the highest cutting force); it differed significantly (P<0.01) from BW x BB
crossbreeds and BW bulls. A significant difference (P<0.01) was also found in
meat tenderness between BW x A and BW bulls, the meat of which proved to be
the most tender. Although LD muscle was more tender than SM in all groups, the
differences were not statistically significant. The very high values of variability
coefficients for this parameter, ranging from 23 to 64%, are noteworthy. They
suggest high individual variability, but also a possibility that estimation of meat ten-
demness with this method is not too accurate.

Weight losses during thermal processing were related to water absorption ca-
pacity. The same was found by Goszczynski et al. (1981), Mielnik et al. (1982)
and Zieminski et al. (1982). Meat of BW x Ch bulls, which was characterized by
the lowest water absorption, was also characterized by the highest thermal drip, an
undesirable property. This meat also displayed the highest shrinkage, resulting in
low tenderness and the highest roasting losses. The differences between BW x Ch
bulls and bulls from other groups were statistically significant (P<0.01). Meat los-
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TABLE 4

Physico-chemical properties of meat after thermal processing

Muscle! Groups
Specification BW x BB BW x Ch BWx A BW

X v X v X v X A%

LD 32.32 64.14 89.92 45.02 74.16 54.07 44.93 53.93
Cutting force, N SM 43.28 56.06 68.21 23.83 60.19 41.88 40.43 31.02

Mean 47.80°*  59.96 79.07%  40.41 67.174% 4935 42,68  44.19

LD 24.88® 21.32 29.32° 19.75 27.00%® 17.85 24.48° 9.19
Thermal drip loss, % SM 26.148 1752 33.26"= -10.85 28.44"8 1582 27.54B° 13.80

Mean 25,515 19.68 31.29%, ¥o.30 TR 16.45 26.01% 13.11

LD 26.89° 19.49 3792 * 1585 31.00° 17.74 26.40° 16.55
Thermal shrinkage, % SM *30:67%% ~20.61 41.35%  10.88 34.50%%  16.81 31:52% 19.45

Mean 28,788 21.61 39.64%  13.50 B2 15" 16.70 28.96" 20.03

LD 32138 15.65 42434 1092 36.18"% 15.81 33.398 9.91
Roasting loss, % SM 30,757 17.36 40.52* 11.70 32.83®8 23.73 30.128 25.66

Mean 31.448 16.51 4147%  11.21 34.51° 19.79 31.76° 18.89

' see Table 1
a,b—-P<0.05 A, B-P=<0.01 (rows)
x— P <0.05 (columns)
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ses during roasting in BW bulls were similar to those obtained by Clinquart et al.
(1994) during meat cooking, but these losses were much higher than those given by
these authors for BB cattle.

CONCLUSIONS

Bull genotype significantly affects meat quality, but quality estimates were di-
versified when related to physico-chemical parameters, nutrient content or senso-
ric parameters.

The results of sensoric evaluation suggest that bulls crossbred with Belgian
Blue cattle are charactenized by meat most suitable for cooking,

Physico-chemical properties of meat after thermal processing as well as senso-
ric parameters showed that meat of BW x Ch bulls was the least suitable for coo-
king purposes.
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STRESZCZENIE
Pordownanie jakosci migsa buhajkow rasy czarno-bialej i jej mieszancow z rasami miesnymi

Oceniono jako$¢ migsa 3 grup buhajkéw mieszancow F, pochodzacych od krow rasy czarno-
biatej z dolewem 12,5-50 % krwi rasy holsztyfisko-fryzyjskiej 1 po buhajach ras migsnych: belgijskiej
bialo-bigkitngy (BW x BB) — 25 szt., charolaise (BW x Ch) — 9 szt. i angus (BW x A) — 8 szt.
w pordwnaniu z jakoscia migsa rowieénikow rasy czarno-bialej (BW) — 9. Opas buhajkow trwal od 6
do 20 micsigea zycia. Stosowano peélintensywne zywienie grupowe zadajac dawkg ztozona z kiszon-
ki z kukurydzy, 1 kg siana lgkowego oraz paszy tresciwej, przy zatoZzeniu przyrostow okoto 800 g
na dobg,

Oceng migsa wykonano na probkach pobranych z migsnia najdtuzszego grzbietu (LD} i miesma
potsciggnistego uda (SM). Oceniono wlasctwosci fizykochemiczne, cechy sensoryczne oraz skad
chemiczny miesa. Stwierdzono, ze na jakos¢ migsa miat zdecydowany wplyw genotyp buhajkow,
aw niektorych przypadkach takze rodzaj ocenianego migsnia. Analiza wszystkich cech jakosci migsa
nie pozwala na jednoznaczne wskazanie grupy buhajkow, ktérej mieso najbardziej nadaje si¢ do celow
kulinarnych. Wyniki oceny sensorycznej preferuja jednak na te cele migso buhajkéw mieszancow
rasy czarno-biatej z rasg belgijska biato-btekitng.



