
4:17 Comparison of m eat quality in steers and young bulls at d iffe ren t live  weights and feed 
levels.

S IG N E  K L A S T R U P
Danish M eat Research  Institu te, DK-4000 Roskilde, Denm ark

In Denm ark, extensive studies of growth, feed e ffic ie ncy , carcass characte ris tic s  and 
m eat quality in re lation  to beef production have been carried  out since 1969 in a close 
cooperation between the Nationa l Institu te of Anim al Sc ience and the Danish M eat 
Research  Institu te. The ob jec tive of one of these studies has been to compare beef 
production in steers and bulls fed a t d iffe ren t leve ls  and slaughtered a t d iffe ren t live 
weiqhts. This experim ent is fu lly  reported by Andersen e t al. (1983) in Danish with 
English summary and subtitles. This paper describes the m eat quality resu lts from  the 
study.

Previous research review ed by F ie ld  (1971) and Seidem an et a l. (1982) has generally 
ind icated that young bulls grow more rapid ly, u tilize  feed more e ffic ie n t ly  and produce 
carcasses w ith low er fa t percentages than steers. D isadvantages of young bulls are 
low er consumer acceptance, less tender m eat as w e ll as a more variab le  eating quality 
(Seidem an e t a l., 1982).

M ateria ls  and Methods

A  to ta l of 120 Danish F ries ian  (SD M ) ca lve s from  three sires were included in the 
experim ent. A t  73 days of age the ca lves entered the 2x4x4 fa c to ria l experiment 
comparing two sexes (steers and bulls), four live  weights (425 kg, 550 kg, 675 kg and 
800 kq (the la tte r  group bulls only)) and four feed leve ls  (Ad  L ib itum , R e s tr ic tiv e , Very 
R e s tr ic tiv e  and Very R e s tr ic tiv e  until 125 kg less than slaughter weight and the reafte r 
Ad L ib itum  (V R /A L )).

C astra tion  was perform ed a t 3 to 4 months of age. Bu lls  and steers w ere fed a like and 
individually accord ing to weight. The experim ental feed was skim m ilk (un til 150 kg hve 
weight), fodder beet, concentrates, hay and barley straw , m inerals and v itam ins. Table 
1 ind icates feed leve ls  and daily gain.

Table 1. Feed  levels, daily feed intake (5 FU ) and daily gain.

Feed Feed  intake in % D a ily  feed intake, S F U D a ily  qain, q

levels Planned Rea lized Bu lls Steers Bu lls Steers

100 100 6.37 6.52 1183 973
85 74 4.72 4.81 1063 872

V R 70 61 3.89 4.00 857 755
V R /A L 70/100 • 4.74 5.42 975 885

A ll animals w ere transported, slaughtered and ch illed  according to the In s titu tes  
standard procedures (Buch ter, 1976). This includes that the carcasses should be cooled 
a t 6° C  for 24 hours and then kept a t 4 °C .  Two days a fte r slaughter carcass composition 
was determ ined by separation of the right side from  each animal into lean, fa t and 
bone, and the following samples w ere  taken for m eat quality evaluations

had >
Resu lts for intram uscular fa t are shown in Figu re  1. As expected1 ŝ \ nCre^  
considerably higher intram uscular fa t content than bulls. The fat percent g x0%\«# 
w ith  increasing slaughter weight and w ith  increasing feed leve l. As a rougn yr ,

Feed  L e v e l :---- Ad L ib itum , ------R es tric tiv e , ^ 0 0
---- Very R es tric tiv e , -------V ery R e s tric tiv e /^  ^

In Figu re  2 is shown that the prote in content was unaffected  by weight and ^ epro ^ j 
bulls and showed a s lightly decrease w ith  increasing weight in steers. r, 
ca lcu lated  on fa t free basis prote in content in both bulls and steers mcr 
w ith  increasing weight and feed  level.
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Longissimus Dors! (L D ) betw een the 11th rib and 1st lumbar verteb rae (chem ical 
analysis, colour m easurem ent, shear force).
Longissimus Dorsi between the 2nd lumbar verteb rae and 5th lumbar verteb rae 
(sensory evaluation).
Semitendinosus (ST ) (sensory evaluation ).

The samples w ere vacuum  packed and aged until 7 days a fte r slaughter at A t 7
days post m ortem the L D  was divided into the follow ing samples: Three 6 cm  thick 
steaks for shear force m easurem ent, a 2 cm  th ick  steak for colour m easurement and the 
rem ainder of the L D  m inced for other analyses.

Shortly a fte r  cutting the Elrepho re flec tance  ( R 535> measured on a vacuum  paefesd  
steak, and the pH-value was determ ined. The R ^ j- v a lu e  was converted to Hunter- 
lightness (L )  using the equation: Lightness = 16.330 + 1.662 x R 5 3 5 -value.

To ta l p igment, %  prote in and %  fa t (S B R ) were determ ined (based on w et weight) on 
minced meat a fte r  methods recommended by the Commission of the European Com ­
m unities B e e f Production  Research  Program m e (Boccard  e t al., 1981). The m inced m eat 
had been frozen before analysis.

The shear fo rce  samples were vacuum  packed and frozen a fte r ageing at 4 °C  to 
resoective lv  7 days, 14 days and 21 days post m ortem . The m eat samples were thawed 
at 5 °C , cooked to a fin a l internal tem perature of 72“ C  and cooled. Strips of m eat were 
cu t 10 x20 mm In cross section, in the plane perpendicular to the d irection of the fibre 
bundle and about 5 cm  long. Each  strip  was sheared once w ith  a Volodkewich shear 
a ttachm ent on an lnstron U n iversa l Testing Instrum ent TM -SM .

The m eat fo r sensory evaluation  was aged until 14 days post m ortem  and then frozen at 
-40 °C . B e fo re  sensory evaluation  the frozen LD-sam ples were sawn into 23 mm thick 
steaks. The steaks were thawed a t room tem perature fo r about 2 hours before being 
prepared on a 170 °C  griddle p late until they had a light pink colour inside (about 6 5 °C ). 
The ST  was thawed overnight a t 5 °C  and prepared as roastbeef in an oven w ith  a 
starting  tem perature of 2 2 5 °C . When the roast reached an internal tem perature of 
450C it was removed from  the oven, allowed to se ttle  1/2 hour and then served os 3 mm 
thick slices.

N ine taste panelists evaluated  the samples for colour, flavour, tenderness, juiciness and 
overa ll impression using an 11-point scale w ith  .5  (like ex trem ely) to -5 (d islike 
extrem ely), where 0 is neither like nor d islike. Samples from  L D  and ST  were judged in 
separate sessions.

Changes in m eat composition during growth were estim ated  by use of a modified 
a llom etric  function. The results shown in the figures are based on results from this 
function.

The results in the tab les w ere computed as LS-m eans from on analysis of variance . Only 
animals w ith  slaughter weights of 425 kg, 550 kg and 675 kg were included in the 
analysis, which covered the main e ffe c ts  of sex, slaughter weight, feed level and sires 
and in teractions between these. Although the model included a sire e ffe c t, this e ffe c t  is 
not discussed fu rther in this paper. H ow ever, it  should be noted that a varia tion  due to 
sire was observed for several of the investigated  variables.

p ro te in

600 6
Livi «fight

P r ,,frMM itH 'ie !.. ! M r  m  b u l’ i and steers al d iffe ren t i a
live weight at slaughter.

Feed  L e v e l :----  Ad Lib itum , — — R estric tive , 
. —  —  V ery R es tri

t  quality characte ris tic s  of L D  are presented in Table 2. Bu lls  had 
■ • ,—« _ _______ _i . _ -i— Tk .  „ 1-1 i ip  iunc uni inf luen

—  Ad L ib itum , ----- R es tric tiv e , /Ad L ,p
__ Very R e s tr ic tiv e , -------V ery R estric tive/A

, , . < /it  quality characte ris tic s  or L U  are presentee in .«m e  Uu ... • by 9'
value in L D  compared to steers. The pH-value was not in fluence" f
qht, but decreased w ith  increasing feed level. It  should also be noted j ,

Anim als from experim ental farm s in general are given a standardized 
that occurrence of D F D  m eat is m inim ized. |i>

the ***
Resu lts  from  anim als w ith  pH >5,8 in L D  are removed before 
analysed. In this study two young bulls hnd pH >5.8.

s compared w ith  bulls. (¡v*’ Á  
ppm per 100 kg increase . fof^i

pigment content was slightly higher in steers
■eased for both sexes w ith  approxim ately 30 ppm per 100 kg increase fo y  
bulls the influence of feed leve l on pigment content was m inim al, wilH 

ment content was 3liqhtly higher when fed at R  .ind V R  levels compa 
'A L .
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^£ 3 ! Quality rh a ra cte r is tics  of Longissi nui; Dora

Total
pigment,

ppm

Hunter-
lightness

value
Shear force value, kg 

7 days 14 days 21 days

5 .5 2 a 148a 3 5 .4 3 1 1 .6 « 9 .4 a 8 . i a
5 .4 6b 159b 3 5 .4 8 7 .9 b 6 .8 b 6 .9 b

5 .4 9 a 1 16a 3 7 .4 9 1 0 .3 a 8 . 4 a 7 .6 a
5 .4 9 a 155b 3 4 .9 b 1 0 .3 a 8 .6 a 7 .8 a
5 .4 9 a 190c 3 3 .8c 8 .5 3 7 .3 a 7 . i a

5 .4 7 a 147ab 3 6 .3 a 1 0 .0a 8 . 4 a 7 .8 a
5 .4 9 a b 164C 3 4 .6 b 8 .7 a 7 .6 a 6 .8 a
5 .5 2 b 1 6 lb c 3 4 .4 b 9 .8 a 7 .9 a 7 .7 a
5 .4 8 a 142a 3 6 . la 1 0 .3 a 8 . 4 a 7 .7 a

same column bearing d iffe ren t superscripts are sign ifican tly  d ifferen t

-as an[Were d ifie ren ces betw een the two sexes in pigment content the lightness 
lighter Wei^ rent,y  unaffected  by castration . The m eat darkned w ith  increasing

PK n» an thaslî L nt as u,^i.

Wgj . *■ / 'j h u i i c u l c u  uy L d s u d u u u .  i n c  1 1 ic d i  u d i K i u : u  w i m  i n c r e a s i n g
in ^  and the m eat from anim als on the highest feed level was slightly

sliqk as Weii from the other teed levels. The lightness value is a ffec ted  by the 
’V higher i ^  the *at content in m eat. A  higher degree of marbling w ill result in £ 

L{w . "Value, w hile a higher pigment content w ill result in a low er L-value.

S i ' S  ? orsi fro-r, ,i steers had a low er shear force value than L D  from bulls, but
O ' a n t  inf] °  to three weeks post m ortem reduced the d ifference. There was _ 

3m  u®nce of weight or feed leve l on shear force value in this experim ent.
°  jr»d that the shear force value increased from 8 to 16 months of 

about influence of age and feed leve l, when comparing d iffe ren t
■tUH ' “n,lic lin ' 9) f0lJnd
* 2 *  ^  a b c . . ............ ............., ----------- ------- --------......... , ------ --
of u a| it can k Ue to tfie circum stances under which the carcasses are chilled . In 
Vaju e lhinner f  ®xPected  that young bulls are more exposed to cold shortening because 
fo|j0 êcause »• COver’ The lightest animals in this study had a hiaher shear forcejy« "aUSe IK . .............. ..........1119 91UUJ Iiau a niyuci ancdi iuilc

 ̂ nlar. e. slaughterhouse used in the present study did not always manage to 
ned chi,lin9 programme.> ry „

.er>di>' evakiatin (titi ̂ r 9r»d f|g n ’ Table 3 and Table 4) showed that L D  and ST  from  steers were more 
6s? 8®n*orJ >̂ r*u* ^ an the same muscles from bulls. Steers  were also less variab le  

lerVLn^ °rrri lg e ,ra itS’ and ôr taste panel characte ris tic s  steer's m eat was on a high 
scor ” % name ŷ a t to P ° ' nts* W ith  increasing slaughter weight the 

,rHj r>nu . '0r L D  was unchanged or slightly higher (see comments above
Fo r  ST the tenderness score was reduced w ith  increasing 

re* l t s a7 S -Very s*9n*f*cant for bulls, w hile steers only showed sm all changes. 
e »n accordance w ith  Sorensen (1981).

The taste panelists pre ferred  the colour, the flavour and the juiciness from the heavier 
anil fa tte r  animals. The sensory evaluation  scores of L D  and ST had a tendency to 
become slightly higher w ith  increasing feed level.

Conclusions

Steers had a considerably higher in tram uscular fa t content than bulls, and steer meat 
was more tender and uniform  than m eat from bulls.

These results are in accordance w ith  previous experim ents. The results show that - 
when steers and bulls are compared - the d ifference betw een the two sexes w ill depend 
on the age, weight and feed level at which the comparison has taken p lace.
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^ S 5 °r y  eva lu a tion !) of Lonqissiinus Dorsi served as medium cooked steaks

Colour Flavour
O ve ra ll
impres­

sion

Cooking
loss,

%

2 .4 a 1 . 5a O.Oa 2 .4 a 0 . 2 a 1 9 .0®
2 . 6 a 2 . 7 b 2 .2 b 2 . 6 a 2 .0 b 1 6 .2 b

2 .3 a 1 . 8 a 0 . 8 a 2 . 0 a 0 .7 a 1 9 .3 a
2 .6 b 2 . 1a 1 .0 « 2 . 6 ab l . i a b 1 7 .7 b
2 .6 b 2 . 5 b 1 .4 a 3 .0 b 1 .6 b 15 .9C

2 .7 a 2 . 4 a 1 .2 « 2 .7 a 1 .4 a 1 6 .7 a
2 .5 a 2 . 2 ab 1 .7 a 2 .5 a 1 .5 a 1 7 .8 a
2 .4 a 2 .0 b 0 .6 a 2 .3 a 0 .8 b 1 8 .3 a
2 .5 a 1.9b 0 . 8 a 2 .5 a 0 .8 b 1 7 .7 a

Sarr>e column bearing d iffe ren t superscripts a re sign ifican tly  d iffe ren t
SlL + e /..

Wike ex trem ely) to -5 (d islike extrem ely), where 0 is neither like norL

evaluation^) of Sem itendinosus served as thin slices of rare cooked ro^fg^------------------------------------------------

Colour Flavour
Ten­
der­
ness

Ju ic i ­
ness

O vera ll
impres­

sion

Cooking
loss,

%

2 . 2a 2 . i a 1 .6 a 3 . i a 1 .4 8 1 4 .9 a
2 .5 b

Jht
2 . 7b 2 . 5b 3 .2 a 2 . 4 b 1 3 . 9 b

1 .7 a 2 . i a 2 .5 a 2 .9 a 1 .9 a 1 3 .8 a
7 .5 b 2 . 5b 2 .O 0b 3 .3 b 1 .9 a 1 4 .5 a
2 .9 C 2 .6 b 1 .0 b 3 .3 b 1 .9 a 1 5 .0a

2 .6 « 2 . 6 a 2 .3 » 3 .3 « 2 .2 « 1 4 .0 «
2 .5 a 2.9ab 2 .2 « 3 .2 » 2.18b 1 4 .8 «
2 .2 » 2 .4 b c 2 .1 » 3 .1 « 2 . 0 bc 1 4 .3 «
2 .2 « 2 .1 C 1 .7 a 3 .0 a 1 .6C 1 4 .6 «

l)Sn Snarne column bearing d iffe ren t superscripts are sign ifican tly  d ifferen t

195


