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Effect of different feeding conditions and aging on meat 

tenderness in bulls
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ABSTRACT

18 crossbreed bulls progenies of Charolais or the three-breed (50% 

Charolais, 25 % Aberdeen Angus, 25 % Czech Fleckvieh) crossbred bull at the 

parental and Czech Fleckvieh at the maternal position were allocated at weaning 

to three groups to test the effect of extensive and intensive feeding conditions 

on tenderness of beef during aging period 2,16,30 and 44 d post-mortem. The 

highest Warner-Bratzler shear force was measured in the extensive group (3) 

WBSF=139 N on 2

nd

 day post-mortem. The lowest value was for the intensive 

feeding group (1) on 44

th

 day post-mortem WBSF=42 N. There was the 

significant difference in the factors interaction (feeding condition and aging). 

The slopes of the linear functions (WBSF~log aging time*diet) were -57, -60.8 

and –24 for the 1

st

, 2

nd

 and 3

rd

 group, respectively.
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INTRODUCTION

Nowadays we expect that consumers of meat in the Czech Republic will 

prefer a beef with parameters of quality fit for grilling and similar „fast food“ 

techniques. Such kind of cooking preparation needs meat of high quality in 

relation to its textural properties. In the Czech Republic have appeared some 

studies on the textural properties of beef in the Czech Fleckvieh crossbreed 

bulls (Sochor et al.2005) and steers (Bjelka et al. 2007b). Our paper brings 

results of experiment, whose aim is to investigate effect of three different 

feeding conditions on tenderness of beef meat.

MATERIAL AND METHODS

Eighteen young crossbreed bulls– progenies of Charolais or the three-breed 

(50% Charolais, 25 % Aberdeen Angus, 25 % Czech Fleckvieh) crossbred bull 

at the parental position and Czech Fleckvieh at the maternal position - were 
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allocated at weaning to three groups – 6 bulls per group. The first and second 

group was designed as intensive feeding whereas the third group was designed 

as extensive feeding. The complete ration for each group is described in tab.1. 

The total mixed rations covered 100 % of dry matter intake.

Table 1 Complete rations of the three experimental feeding groups.

Feedstuff

Crude protein 

of feedstuff 

[g/kg]

Net energy of 

feeding [MJ]

Ration for 

group 1 

[%]

Ration for 

group 2 

[%]

Ration for 

group 3 

[%]

Maize silage 78 6.18 60 40

Grass-clover mixture 150.6 5.6 10 50

Hay 102 5.1 10 40

Supplementary feed 

mixture S-1

170.28 6.84 20 20

Urea 0.03 kg per 100 

kg of live weight

No Yes No

Grazing 50

Until the weaning age - 7-9 months - the calves were managed uniformly. 

The calves were born during spring 2005 in sucker herds, bred in the Jeseníky 

Mountains in the Czech Republic (altitude=340 m; average temperature=6.2 °C; 

average annual precipitation=700 mm). Proportion of clover in pastures was 35-

55%. The bulls were fed on experimental diet in feedlot from weaning in 

autumn 2005 to slaughter next autumn 2006. Only the third group was grazed 

after the winter period 2005 with the density 2.15 animal per hectare. The 

average age was 619 days (s.d.=23) and average live mass 690 kg (s.d.=129.8) 

at slaughter.

Part of Musculus longissimus lumborum et thoracis was removed from 

every carcass at 24 h post-mortem. The part was divided to 4 samples and they 

were individually vacuum packed. One sample was analysed 48 hours post-

mortem. The other three samples were stored at 2-4 °C for aging period on 

following 16, 30 and 44 days (2-weeks intervals).

Meat tenderness in terms of Warner-Bratzler shear force (WBSF) values [in 

Newton] was measured on TIRAtest27025 devise after cooking. All samples 

were cooked vacuum-packed at the internal temperature 70 °C for one hour. 

The test of tenderness was carried out as described Christensen et al. (2000).

Statistical analyses were conducted according to Pinheiro and Bates (2000) 

using nlme (non/linear mixed effects) package in software R, version 2.5.1. 

Copyright (C) 2007 The R Foundation for Statistical Computing. As decreasing 

values of WBSF show different patterns during aging across the groups (chart 

1), we used log-transformation for independent variable (aging time) to achieve 

linearity between aging time and dependent variable (WBSF) (chart 2). For lme 

we grouped data as WB~logtime|subject. A subject stands for a bull as the 

random effect. Feeding conditions were used as the fixed effect. We tested 
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effects of the factors on intercept and slope of the linear function. Differences 

between simple and extended models were tested by ANOVA.lme function and 

by implemented AIC and BIC criterions. For descriptive statistics we left aging 

without log-transformation and used SPSS

®
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Chart 1. Different aging patterns for the 

three experimental groups separately. WB 

[N]; time [d]

Chart 2. Linear aging patterns for the three 

experimental groups after log transformation 

of independent variable (aging time).

RESULTS

Descriptive values: In chart 3, there are shown estimated marginal means of 

WBSF values for each experimental group separately. It is obvious that the 

most tough meat=the highest WBSF values were in the third group two days 

post-mortem (139 N). On the contrary, the most tender meat=the lowest WBSF 

values were in the first group 44

th

 day post-mortem (42 N). Means, standard 

errors and confidence intervals are presented in tab.2.

Tests of between groups’ differences: The simple linear model 

(WB~logtime; AIC=682.7,BIC=689.5,logLik=-338.4) had been extended until 

we reached the best model with mixed effects (WB~logtime+diet+diet:logtime; 

random formula:~logtime|subject; AIC=598.1,BIC=624.4,logLik=-287). 

Improvements of models had been significant on p<0.01 for each step. The final 

model assessed parameter values presented in tab.3:

The intercept for group 1 is 145,3 N. The values for the other groups are 

non-significantly higher. Intercept for diet 2=148.3 N, for diet 3=148.5 N. 

Value of slope for group 1 is –57.5, for the group 2 is lower by –3.44. The slope 

for the group 3=-24 and it is significantly higher by 33.41(p=0.0022). That 

means there is interaction between experimental design and aging.
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Table 2 Means of WBSF values for aging time in days separately for the three 

experimental groups

Feeding group Aging time Mean Std. Error 95% Confidence Interval

2 125.787 5.355 114.373 137.200

16 80.497 8.788 61.765 99.228

30 67.075 7.582 50.914 83.236

1

44 42.105 8.267 24.484 59.726

2 131.605 5.355 120.191 143.019

16 68.325 8.788 49.594 87.056

30 61.703 7.582 45.542 77.864

2

44 49.458 8.267 31.838 67.079

2 139.195 5.355 127.781 150.609

16 120.640 8.788 101.909 139.371

30 126.902 7.582 110.741 143.063

3

44 96.010 8.267 78.389 113.631

Table 3 The parameter estimates of intercepts and slopes of the linear model with mixed 

effects (WB~logtime+diet+diet:logtime; random formula:~logtime|subject).

Value Std.Error DF t-value p-value

(Intercept)diet1 145.3465 8.069712 51 18.01136 0.0000

diet2 2.88978 10.00447 15 0.288849 0.7767

diet3 3.18371 13.76267 15 0.23133 0.8202

(Slope)logtime -57.4878 5.930127 51 -9.69419 0.0000

diet2:logtime -3.44396 7.180308 51 -0.47964 0.6335

diet3:logtime 33.41066 10.35278 51 3.227216 0.0022

DISCUSSION

From the values concerning to the interaction between the aging time and 

the diet treatment is obvious, that decreasing of WBSF values is slower for 

group 3. The chart No.3 shows, that the 3

rd

 group achieved on 44

th

 aging day the 

same level as the other two groups did by 12

th

day. Feeding conditions for group 

No.3 differed in diet ration. Also, the bulls from the 3

rd

 group were not bred and 

fed in feedlot as the other groups. Grazing on pasture is connected with higher 

moving and it could cause the higher values of WBSF during all aging period, 

however, the initial values=2days post-mortem are close to intensively fed 

groups in feedlot. It is interesting, that for steers in the same experimental 

conditions was not found the same interaction between decreasing of WBSF 

and feeding conditions. On the contrary of results in this paper, differences in 

the initial values between groups of steers were very similar during all aging 

period (Bjelka et al. 2007a)
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Chart 3. Decrease of WBSF values in aging time for the three experimental 

feeding groups separately. The tenderest meat was in the group No.1 on 

44

th

 day post-mortem.

CONCLUSIONS

Tenderness and aging of meat of bulls is affected by feeding conditions. 

There is necessary to take the attention to aging especially in the case of 

extensive feeding conditions. There is needed a longer time in extensively fed 

bulls to achieve the consumer convenient tenderness.
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