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SUMMARY

Ninety bull catves of five Bonsmara strains, viz. Edelheer (E), T-49 (T), Wesselsvlei (W),
Roodebos (R) and Belmont Red (BR) were fattened under intensive feeding conditions and serially
‘slaughtered at four different slaughter weights.. The phylogenetic relationships between the five sirains
were determined by means of blood typing. Growth performance, carcass characteristics and meat
quality characteristics were compared between tho subpopulations. The genetic distances between the
animals confirmed the existence of five genetic subpopulations. Means for production and product
characteristics were adjusted for mean averall subcutancous fatness level (%) by means of analysis of
covariance. T gained weight faster and more efficiently ona live and carcass weight basis than the
other Bonsmara groups. Regarding carcass composition, T had proportionalty more meat in the high-
priced cuts of the carcass than W. Muscle of the W line had a significantly higher ageing potential
{measured as myofibrillar fragmentation, MFI) than T, resulting in higher tenderness scores for W,
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. INTRODUCTION

* "The. Bonsmara is an indigenous composite cattle breed which originated in the early 1940 s from a
s/8: 3/8 combination of the Afrikaner (indigenous Sanga or Bos {fatirus africanusy and
Shorthorm/Hereford (Bos taurus faurus) through an initiative of the Department of Agriculture of
South Africa (Bonsma, 1980). By 1970, it was detected that the genetic structure of the breed bad
narrgwed considerably due to over-exploitation of the Edelheer strain, which was the dominant
breeding line in most Governinent stud herds. Consequeritly, it was decided to develop other
subpopulations within the Government herds and certain private herds to re-establish genetic variation
within the breed (Bosmam, 1988). The Edelheer (E) breeding line (progenitor, the bull Edelheer) is
stifl tegarded as the main sirain of the breed, since it dominated the artificial insemination indostry of
the Bonsmara prior to the introduction of the other subpopulations, The Wesselsvlei (W) strain,
originated from the bull Spanner, a 5/8 Afrikaner x 3/8 Red Poll bull, instead of the normal
Afrikaner/Hereford/Shorthorn combination, while the Roodebos (R) strain was developed from an
unrelated group of animals in a specific Government herd. T-49 (T) is not a formal strain, but was
regarded in this study as an independent strain due to the large number of animals within the E strain
that were related to a certain bulk, T-49. This bull achieved exceptional growth performance indices in
the National Performance Testing Scheme (Bosman, D.J., 1996 - personal communication). The
Belmont Red (BR) is an independent breed, developed in Australia from i/2 Afrikaner, 1/4 Shotthorn
and 1/4 Hereford. It was imported into South Africa and was further developed as an unrelated
subpopulation within the Bonsmara breed. } S S .

In this study the phylogenetic relationships among the five Bonsimara strains were determined.
Also, the strains were compared in terms of production and product characteristics. Such a data basis
can serve as a markeling tool for producers. The Bonstnara, a popular local and now exporled breed, is
well known for its adaptability to harsh, extensive conditions combined with the anticipated favourable
meat tenderness. : '

MATERIAL AND METHODS '

Ninety Bonsmara weaner bulls =7 month's). were selecied from various herds over the couniry
representing five different strains, viz. E (n=18), T (n=18), R (n=18), W (1=18), BR (n=18)}(n
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replicates’ per treatinent). Arnimals vere stratified into four groups according to live weight and.
slaughtered at the commencement of. the trial (50), slaughter weights of 75% (81), 90% (S2) and
105%(53). The animals were kept in single pens and fed a commercial pelleted diet (10,70 MJ ME/kg
energy, 13.20% protein, 0.80% calcium, 0.47% phosphorus and 12.80% fibre) including Erdgrostis tef
hay at 1 kg per day. Feed conversion ratio (FCR) and average daily gain (ADG) for carcass and meat
at all slanghter points were determined by using the carcass weights and carcass composmun of 50 as
the starting point. 2 e .

Phylogenetic relationships

Blood samples were oollccted from each animal at the commencement of the trial. Phylogenetic
relationships between the subpopulations were studied using the gene frequency values obtained from
the electrophoretic analysis of eight structural gene loci that code for blood-soluble proteins, together
with 23 blood group loci. In addition, the genetic differentiation within the subpopulations was
studied.  Values of the genetic distances between subpopulations, the phenograms and cladograins, as
well as the goodness-of-fit statistics of those dendrograms wete computed using the BIOSYS-1
program (Swoflord and Sclander, 1981). .

C-'IIC(ISH measurement

Carcass and butlock kenglh were detcrmined 1o calculate the carciss compaciness. Tl ru,hl sides
were quartered between (he 9th and 101h thoracic vertebrac where (he eye muscle arca was measured
as the length x widih of (he M, longissimus thoracis (L'TY. ‘The two quariers ol the riglt sides were
processed into |5 wholesale cuts according to the London and Home Countics cutling techiiiques
(Gerrrd and Mallion, 1977) and Bisschop (1946, as described by Naudd, 19743, which were disseeted
into meat (tmnscle + intermuscular fat), subcutancous fat (SCF) and bone. The composition of cach cul
and ihe whole carcass side. as well as e distribution of bone, meat and subcutancous faf in the
carcass side were determitied from the weights of the various tissues. The meat and subcutancous fat
of the prime tib cut (8th 1010th rib; Figure 1) werc ground, mixcd and proximate analyses were
defermined for percentage protein, moisture, ash and it (A O.A.C,, 1985), The percentage yicld of
muscle and total fat was calculated from the chiemical (fat, ash, profcin, moisture) and physical
compoesition of this cut (Naudé, 1972). The LT of the wing rib cid (11th to 13th 1ily) of the right side
wus relained ‘afler scparating bone, fat and lean to determine the dc;,rcc of intra-muscular [at
(marbling)(A.0.A.C., 1985).

Mauscle hiochemistry and histelogy and meat quality measurements

The LT of the prime rib and thé wholc wing rib cul were analysed respectively for collagen conttent
and_solubility (Bergman and Loxley, 1963; Hill, 1966 and Weber, 1973), and sensory and physical
parameters.  Three samples (approx. 50g each) of the M. longissimus lumborum (LL; 1 lumbat
verlebrac) of the right side were retained, vacuun-packed and aged between 3°C+3°C for 1, 7 and 14
days, respectively, for the determination of the myofibriliar fragmentation index (MFI) accordmg 1o
the method of Culler ef af. (1978), as adapted by Heinzé and Bruggemann (1994, :

For the histochemical demonstration of succing dehydrogenase the nitro-blue tetrazolium lechmque
of Malaty and Bourne (1933) was used,  Fibres were classilicd by means of a video i image analysis
(V1A: Kontron Germany) inlo red, intermediate and white according to the imensily of the staining
reaction. Fibre cross-sectional areas were also determined by V}A The sarcomere length was also
determined by means of VIA (Kontron Germany).

Wing rib cuts were used for sensory analysis and sampled dlreclly afler cooking, while the other
hall was designated for shear force measurement. = Aroma intensity, juiciness, overall tenderness,
residual amount of connective tissue and overall flavour intensity were evaluated on an 8-point scale.
The samples were also analysed for shear force using a Warner Bratzler shear device mounted on an
Universal Instron apparatus (Instron Corporatmn 1990). The reported valug in Newlon rcpresemed
the average peak force measurement,

Statistical analysis

Sources of variation were investigated by analysis of variance (ANOVAY} or analysis of covariance
(ANCOVA). ANCOVAs were performed using the general linear model facility of the Genstat 5
statistical programme (Genstat 5 Committee, 1993). Means separation was achieved by application of
‘the Bonferroni Multiple Comparison Method at the 5% test level. Pairwise correlations were
determined within breed 1o describe the linear relationships between any two characteristics,
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RESULTS A_ND DISCUSSION
Phylogenetic relationships

The phylogenetic: study revealed hetcrozygosﬂy levels varymg between 31% and 43% for the
Bonsmara, The lowest level was observed in T, which is in accordance with the development of this
strain, being the most inbred. ‘The highest heterozygosity levels were observed in E and R, which
represent the largest section of the Bonsinara population.. The formation of two clusters was observed,
one by W and another formed by the rest of the population, except. the BR which separated from the
hypothetical trunk very early. Within the second cluster, E and ‘T showed a higher relationship,
differentiating from R: I and R were more related than E and W. The cladogram was topologically
similar 1o the phenogram {dendrograim),; which corroborates the stablhly of the classification. The rate
of inbrecding relative to the other strains: in the breed, Fi, confirmed that T had the highest level
(25.0%), followed by BR, W, E and R with F;, values of 22.7%, 21.0%, 16.2% and 15.4% respectively.
The relatively high F, values for BR and W were also expected since these strains are fairly low in -
animal numbers and therefore more .prone to inbreeding. The genetic distances among the
subpopulalions confirm the existence of five genetic subpapulations. .

Growth and carcass characteristics

The W strain of the Bonsmara gained live welght stgmﬁcantly less effi caently and at a sIuwer rate
(non-significant) than the other strains but i particular T and R. Shmilar trends were found for carcass
and meat gain, showing differences between T, R and W of more than 30% for carcass and meat
growth rate and 20% for efficiency of carcass and meat gain. T and R also showed a tendency for
ligher lotal carcass fat yield and subsequent lower muscle yield compared to W (adjusted for carcass
SCF), while T and B tended to yield more total carcass weight (2.3%) and meat (1.9%) in the high-
priced cuts, compared to W and BR. BR, the most vnrelated strain, lad a significantly lower
hindquarter compactness (conformation) than E and also tended to bave the smallest eye muscle area
of all the strains, In support of the differences in.growth and carcass characteristics, Korver et al.
(1987) reported carcass composition differences between ariimals, even after adjusting for maturity,
while Kempster ef ol (1982) found differences in muscle to bone ratios for Charolais and Devon
breeds of similar maturity types.

. Meat quality characteristics -

Sensory panel scores and shear force values, showed 2 17% advantage in meal tenderness and MFI
for W compared to T for muscle aged for 7 days. MFI was used to measure the degree of fragmentation
of the. myofibrils caused by proteolyses (Olson and Parish, 1997). Although Olsson and Tornberg
1992) regarded fragmentation of myofibrils not as a crucial faclor determining nwmscle tenderness,
Culler et al. (1978) reported that MFI accounted for. 50% of the variation in loin steak tenderness and
regarded. myofibril fragmentation as a more imporiant effector of tenderness than sarcoinere length or
collagen solubility (similar age). In addition, Crouseef af. (1991).and Seideman er af. (1987) reported
correlation coefficients of 0.33 and 0.60 between MFI and sensoiy tenderness for muscle aged over a
period of one to seven days compared o 0.40 (P<0,001) iri'the current study.

Muscle fibre type differences in size and:xatit" occurred among the Bonsmara groups. Intermediate
muscle fibre arez of E and white muscle fibre aiea of E and R were respectively 25% and 34% larger
than that of BR, while the percentage: white fibre of Efended 1o be higher than that of W. These
differences did not seem to have afy- direct efféct on the differences in muscle tenderness despite a
correlation of -0.45 (P<0.001) between white muscle fibre percentage and seasory tenderness. Calking
et al. (1981), whe found a negative relationship between white fibre area and tenderness, but a positive
relationship between red fibre area and tenderness, illustrated the effect of variation in muscle fibre
characteristics’ Calkins e al. (1981} and Dreyer et al. (1977) also reported that an increased
percentage of white fibres could be associated with a decrease in sensory tenderness.. The lack of fibre
type related differences in muscle tenderness in the currem trial could probably be attributed to the fact
that a whole patiern of events takes place when muscle changes to.meat. These events are influenced
By a variety of physiological and physical interventions that have a major bearing on the ultimate meat
quality (Devine and Chrystall, 1992). In this study it appeared as if the fragmentation of muscle
independently had ihe largest effect in this process and probably masked the effect of other factors on
meat tenderness. The significant negative correlations between MFI and white. [ibre percentage
confirm the negative effect of white fibres on tenderness. With regard to MF1, Seideman er af. (1987),
reported that myofibrillar fragmentation on its own explained more of the variation in tenderness than
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any fibre type characteristic (size or ratio), while Crouse et afl. (1991) showed that the effect of fibre
type ratio and size on the variation in tenderness was limited to three days of ageing, whereupon the
effect diminished and fragmentation of fibres look place independem of fibre type variation. Meat in
the present study was aged for seven days.

Regarding the stromal protein properties (connective tlssue), one aspect could not be sallsfaclonly
clarified.  E had a significantly higher collagen solubility than the other strains, while R was superior
to T, W and BR. A significant interaction between strain and slaughter group was found, which
indicated that the collagen solubility of E was very high at 81, but then declined sharply to levels
closer to the other strains at 83, Incontrast, W, BR and T did not show any variation in cellagen
solubility between slaughter groups, while R was intermediate to E and the other groups. T and W,
being the most unlike strains with regard to sensory tenderness, were the most similar in collagen
solubility. According to Crosley ef al. (1994), such collagen solubility differences are expected among
animals with large physiological age differences. However, the animals in this trial were all between
nine and 12 months of age. Furthermore, Naudé and Boceard (1973) reported much less variation in
collagen solubility among a number of breed crosses slaughtered within the same age class as the
animals in the curmrent trial, Their dala showed values for collagen solubility ranging between 32%
and 34%, which are much higher than the average value in the current trial, =

No- significant correlation between shear foice measurement or sensory tenderness and collagen
sofubility was found in the current study, which is in contrast to the findings of Crouse et al. (1985).
Once again, it can be assumed that other muscle properties had a greater infiuence on sensory
tenderness than collagen alone. In support of this statement, Seideman et o/, (1987) reported that MFIL,
as well as the percentage red muscle fibre, contributed significantly towards differences in sensory
tenderness and shear force, while collagen content and solubility and sarcomere length had relatively
insignificant effects on'tenderness. ' !

Relationships beiween growth performance and muscle characteristics

In the light of the differences found between T and W, and N and NB for growih performance and
certain muscle/meat quality traits, relationships between production and product characteristics were
investigated by means of simple correlation. Inaddition to the significant correlations between MF{
and muscle tenderness, MFI for meat aged for 7 days, also had a negative relationship with average
daily gain (Bo: r=-0.44) and a positive relationship with feed conversion ratio (Bo: r=0.46) measured
on a carcass basis. The relationship between growth performance and sensory tenderness followed the
same pattern, although the correlations were much lower for the Bonsmara, viz. =-0.23 for ADG
(carcass, P>0.05) and r=0.25 for FCR (carcdss; P<0.05). Calkins ef al. (1987) speculated that, if an
increase in the concentration of catheptic enzymes occurs during rapid rates of growih due to increased
protein turnover, enhanced muscle tenderness should result due to an increased stromal {connective
tissue such as collagen) and contractile protein degradation. However, their study did not show any
increase in enzyme or palatability traits as a result of higher growih rates, although it may be argued
that higher growth rates were anificially induced by the feeding regime and were not due to the
intrinsic genetic ability of the animals. On the other hand, an aninial genetically superior in growth
performance is expected to have a higher rate of prolem synthesis, or a lower tate of protein
breakdown, or both. These processes are controlled by various musclé enzyme systems, such as the
calpain system (calpain enzymes and their inhibitor, calpastatin), which also plays a major role in
meat tenderisation post mortem (Koohmaraie, 1992). Althongh overemphasised, the action of growth
promoting agents, such as b-agonists, is an example of the effect of this enzyme system. They are
known for their enhancing effect on growth performance and detrimental effect on muscle tenderness,
mainly through the retardation of myofibrillar protein breakdown by the proleolytic enzyme systen,
regulated by calpastatin (Koohmaraie, 1992). It is, therefore, possible that such a system of net-proiein
gain in genetically fast-growing more efficient animals is coupled to a retardation in the protein
breakdown process posé morfem in these animals, resulting in less tender meat. However, although
relatively high correlations were found between MFI and growth performance on the one hand and
growth, muscle tenderness and MFI on the other, the direct relationship between tenderness and
growth performance was relatively low. This could probably be attributed to the fact that sensory
tenderness is a culmination of a number of aspects, besides MFI, that might have influenced the
judgement of the sensory .panellist, such as marbling, sarcomere length, connectlve tissue properiies,
muscle fibre traits, elc.
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ADG was negatively correlated with red fibre percentage (r= - (.32; P_<0.()1)"a‘nd positively
correlated with white fibre percentageé (r=0.39; P<0.05). These relationships, 10 a certain extent,
support the hypothesis that less tender meat may be associated with fast growers, ' B

CONCLUSIONS

Despite very definite phylogenetic differentiation between the strains of the Bonsmara, the only
consistent differences relating to production {growth performance), as well as product quality -
characteristics (carcass and meat quality) were found between T and W. The superior growth
performance, higher IMF to SCF ratio and higher disiribution of meat to the early developing high-
priced cuts, could suggest that T should be later in- carcass malturity than W. The differences that
accurred between the strains, especially. T and W, although slight, are simiply the result of (he
intentions of the breeder society (o broaden genetic diversity, and may be coupled to the specific
origins of (he different strains (Bosman, 1988). T, although not a formal strain, has T-49 as the
dominant sire, which was favoured by many breeders as a result of ils growth performance and was,
therefore, expected to perform in that regard, On the other hand, the progenitor of W, the bull
Spanner, introduced the characteristics of Red Poll, instead of Hereford/Shorthorn into the breed,
probably with the resulting - growth performance and meat quality as discussed, Therefore, the
variation within. the breed. is probably higher than in other straight-bred groups of animals, with
. emphasis on the fact that this variation is (0 a ceftain extent captured within strains, This enables the
breeder to utilise the variation efficiently through well-maintained breeding records which is standard
procedure in the breed, . '

The contrast found between growth performance and meat quality for T.and W may suggest that
selection for fast growing, more cfficient animals in a breed, which, in effect, isa selection for
increased net-profein gain, may be confounded with a retardation in the protein breakdown process in
the muscle post mortem, resulting in conflicting production and product quality. Further investigation,
prabably by means of the determination of proteolytic system activiltes in the muscle, is needed to
verily these findings, since there is no direct relationship between tenderness and growth performance.
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