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A comparison of carcass and meat characteristics and organ weights 
of castrate and entire male buffalo and cattle 

R.W. PURCHAS, N.A. THOMSON’, G.C. WAGHORNz AND A.F. DEATH’ 

Department of Animal Science, Massey University, Palmerston North, New Zealand. 

ABSTRACT 

Twelve buffalo (5 buils & 7 steers) at c. 33 mo of age were compared with 16 Friesian cross cattle (6 bulls & 10 steers) at c. 29 mo of 
age. The 2 species had not been run together, but were slaughtered and processed concurrently. Carcass weights were unaffected by species 
or castration (mean=258.6 kg). Relative to cattle, buffalo had shorter carcasses, higher dressing-out percentages, greater fat depths, more 
kidney and pelvic fat, and lower eye-muscle areas (all P-&01). Buffalo had heavier hearts and spleens (PcO.OOl), and lighter livers and 
weights of rumen digesta (PcO.001). Buffalo rumen digesta contained fewer particles over 4.0 mm, but the size of particles in the abomasum 

was similar for both species. 
Yields of commercial cuts did not differ between buffalo bulls and steers, but cattle steers had more fat trim, less meat, heavier striploins, 

and a higher ratio of hind- to forequarter meat than bulls (all PcO.05). Relative to the cattle, buffalo carcasses had lighter inside and cube roll 
cuts, but heavier outside flats, more fat trim, and a higher proportion of forequarter meat (all PcO.05). Buffalo fat was less yellow. 

Ultimate pHofcube-roll (M. fongissimus) samples were higher for bulls than steers within cattle, and higherforcattle than buffalo (each 
PcO.O5), possibly because the buffalo had been handled more. Other quality differences that could have been pH-related were the lower shear 
values (indicating more tender meat) and lower water-holding capacity(each P<o.Ol) of buffa!o meat. However, colour (L*,a*,b* values), 
and sarcomere lengths were similar. Intramuscular fat levels were similar for meat from buffalo and cattle steers, but were much lower for 
bull beef. 

This is the first set of cattle/buffalo comparative data for carcass and meat quality collected under New Zealand conditions and will 
be of value when evaluating the role of Buffalo in this country. 

Keywords: Buffalo, cattle, meat quality, fatness, dressing-out percentage, gut-fill. 

INTRODUCTION 

Buffalo (Bubalzcs bzzbalus) are used extensively for meat 
production in many parts of the world (Cocktill, 1974; Bhat 
and Lakshmanan, 1988), but they have only recently become 
available for this purpose in New Zealand. No comparisons 
have been reported of carcass and meat quality characteristics 
of cattle and buffalo raised under New Zealand pastoral 
conditions, but results from Australia and elsewhere suggest 
that differences in the main quality characteristics are not very 
large, and that in many respects the carcasses and meat from 
buffalo and cattle are quite similar (Charles and Johnson, 
1975; Borghesse et al., 1978; Robertson et al., 1983; 1986). 
To facilitate the evaluation of possible roles for buffalo meat 
production in New Zealand, this paper provides some basic 

’ information on carcass and meat quality characteristics of 
buffalo steers and bulls in comparison with Friesian-cross 
bulls and steers raised on pasture. 

METHODS AND MATERIALS 

Animals 

The 12 buffalo (5 bulls and 7 steers) were born in South 

Australia in March/April 1989, but had been run on pasture at 
Flock House, Bulls, since February 199 1, while the Friesian- 
cross cattle (6 Hereford x Friesian cross bulls, and 10 Friesian 
x (Hereford x Angus) cross steers) were born in Spring 1989 
and had run together on pasture at the hill block of Tuapaka 
farm (Aokautere) from January 1990. Thus the buffalo were 
on average 4-5 months older than the cattle. Both groups 
sustained positive growth during the 4months prior to slaugh- 
ter. Animals were weighed following removal from pasture 
at approximately 8.00 a.m. on 20 January 1992, and were 
slaughtered early in the afternoon of the following day at the 
Imlay plant of APFCO New Zealand Limited. 

Measurements 

Slaughter, dressing, and boning procedures followed 
normal commercial practices except that a number of addi- 
tional measurements were made as outlined in the results. 
Procedures for making measurements on the carcasses, and on 
a sample (c 800g) of the longissimus muscle that was taken 
back to the Massey University meat laboratory, followed 
those outlined by Purchas (1990) and Purchas and 
Aungsupakom (1993). Assessment of the yellowness of 
subcutaneous fat over the semimembranosus muscle was 

I AgResearch, Flock House Agricultural Centre, Private Bag 1900, Bulls, New Zealand. 
2 AgResearch Grasslands, Private Bag 11030, Palmerston North, New Zealand. 
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made on the day following slaughter using the set of standard 
yellowness paddles described by Purchas et aL( 1992). 

statistical analysis 

Data were analysed using the general least-squares 
procedures within SAS (1985), with carcass weight being 
fitted as a covariate when appropriate. Species and castration 
effects were assessed on the basis of the set of orthogonal 
contrasts which first compared differences between buffalo 
and cattle, and then the differences between bulls and steers 
within either buffalo or cattle. 

RESULTS AND DISCUSSION 

Weight and dressing-out percent 

The unfasted liveweights, hot carcass weights and dress- 
ing-out percentages in Table 1 show that there were no 
significant group differences for the weights, but that the 
weight-adjusted dressing-out percentages were lower for 
steers than bulls within the cattle group, and lower for the 
cattle than the buffalo overall (P&01). Bulls have been 
reported to dress out better than steers in a number of trials 
(Jones etal., 1984; Purchas, 1990), but buffalo have generally 
been reported to have dressing-out percentage values that are 
lower than those for cattle (Johnson and Charles, 1975; 
Moran, 1987; Conrad et al., 1988; Bhat and Lakshmanan, 

1988). The higher values for the buffalo of this study may 
have been related to a relatively high level of fatness (see 
below) due to higher carcass weights ,than in other studies 
(Moran, 1987; Bhat and Lakshmanan, 1988). 

Non-carcass components 

The weight-adjusted values given in Table 2 are for 
those offal components where significant group differences 
were shown. Mean weights of the tongue, cheek meat, and 
kidneys did not differ significantly between the groups ex- 
cept that the mean tougue weight was higher for steers than 
bulls within the cattle group (PcO.01). Differences shown in 
Table 2 are not consistent for different organs, with the 
buffalo having heavier spleens and hearts, but lighter livers. 
Heavier hearts for buffalo than cattle were reported by Charles 
et aZ.( 1970), Ognjanovic (1974) and Moran (1987), but clear 
differences in liver and spleen weights or proportions were 
not apparent in those studies. The lungs, in contrast, differed 
little between the buffalo and cattle, but were lighter for bulls 
within both the buffalo and cattle. Jones et aZ.(1984) also 
reported lower lung weights for bulls than steers. . 

Internal fat depot weights (T.able 2) were similar for 
buffalo bulls and steers, but were higher within the cattle for 
steers than bulls. At the same carcass weight the fat depot 
weights for the buffalo were more simil.ar to the cattle steers 
than the cattle bulls. Charles and Johnson (1975) and Abdullah 

TABLE 1: Least-squares means for weights and some carcass characteristics of entire and castrate male buffalo and cattle, 

Buffalo . Cattle Comparison’ RSD2 
Bull Steer Bull Sk-r B/C BWS) C(B/S) 

Number 5 7 6 10 

Liveweight (kg) 551 509 526 527 NS NS NS 47 
Carcass wt. (kg) 283.3 258.6 271.6 252.8 NS NS NS 27.1 
Dressing-out % 50.9 51.0 51.3 48.3 ** NS *** 1.04 
Carcass length (mm) 1983 1996 2151 2156 *** NS NS 37 
Fat depth (mm) 9.64 11.21 1.04 5.00 *** NS ** 2.0 
Rib-eye area (sq cm) 66.1 58.8 76.3 70.7 *** NS NS 6.6 
Femur length (mm) 392 391 404 417 *** NS + 12 
Femur (g/mm) 5.10 5.05 5.63 5.61 ** NS NS 0.40 
Humerus length (mm) 321 323 325 328 NS NS NS 9 
Humerus (g/mm) 5.10 5.00 5.85 5.58 *** NS NS 0.40 

* B/C = Buffalo vs cattle 
B(B/S) - Bull vs steer within buffalo 
C(B/S) - Bull vs steer within cattle 
NS-P>0.10;+-P<0.10;*-P<0.05;*“=P<0.01;***-P<0.001 

2 Residual standard deviation 

TABLE 2: Least-squares means for the weights of some non-carcass components of entire and castrate male buffalo and cattle. 

Liver (g) 
Heart (g) 

Spleen (g) 
Lungs kz) 
Kidney fat (g) 

Omental fat (g) 

I See footnotes to Table 1 

Buffalo Cattle Comparison’ RSD’ 
Bull Steer Bull Steer B/C B(B/S) CWS) 

5205 4984 7991 7055 *** NS NS 1274 
2603 2473 1945 1969 *** NS NS 203 

1155 1227 979 758 *** NS NS 150 
5840 6653 6119 6807 + *** *** 303 
9093 loo09 2920 7772 *** NS *** 1563 

4421 5583 1437 5106 *** * *** 847 
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et al. (1982) noted that the effect of castration on the compo- 
sition of buffalo was less than that for cattle. 

For the 12 buffalo and a subsample of 14 cattle the 
weight of rumen contents was 14.8 and 35.7 kg, respectively 
(PcO.001). This 2.4-fold difference is unlikely to have arisen 
from the different pastures that the animals had been grazing, 
as in each case they had free access to permanent pastures 
comprising predominantly perennial ryegrass and white clo- 
ver. Analysis of the particle size distribution of the rumen 
contents by wet sieving (Waghorn, 1986) indicated that for 
buffalo there was a lower proportion of larger particles (>4 
mm; Figure l), and a higher proportion of particles ranging 
in size from 0.25 to 4 mm. The proportion of fine dry matter 
(residues and solubles) able to pass a 0.25 mm sieve was 
similar for buffalo and cattle. The small rumen digesta pool 
and the lower proportion of larger particles in buffalo 
suggests a more rapid breakdown and clearance of forage 
particulate material from the rumen of buffalo, probably 
because buffalo spend more time chewing than cattle (Kennedy 
et al., 1987). There were no differences between buffalo and 
cattle in particle size distribution of abomasal contents, with 
only 4% of particles larger than 2 mm in size (11 buffalo and 
13 cattle; data not shown), so that the threshold for particles 

‘leaving the rumen appeared to be about 2 mm for both 
species. 

Eruption patterns of permanent incisor teeth are delayed 
in buffalo relative to cattle (Co&ill, 1974) with the fourth 
pair of incisors not erupting until 5 to 5.5 years of age. The 
buffalo and cattle in this study showed contrasting patterns 
with 9 of the 12 buffalo having no permanent incisors erupted, 
while none of the cattle had less than 2 permanent incisors. 

Carcass characteristics 

Measurements made on the intact carcasses or at the 
time of quartering (T.able 1) indicated that, relative to cattle, 

FIGURE 1: The percentage of particles from the xumen contents of 
buffalo and cattle that fell into various size ranges as determined by wet 
sieving. Samples of rumen contents were obtained at the time of slaughter 
following a fast of approximately 29 hours. 

Particle size (mm) 

buffalo had shorter carcasses, smaller cross-sectional areas of 
the longissimus muscle between the 12th and 13th rib, and 
greater fat depths. No differences between the buffalo bulls 
and steers were shown for these characteristics, but within the 
cattle fat depth was much greater for the steers than the bulls. 

The shorter carcass length of the buffalo at the same 
carcass weight was consistent with their shorter femur bones 
(Table 1) but not with the similarity in length of the humerus 
bones. For both of these bones the weight per unit length was 
significantly lower for the buffalo (Table 1). 

Results of the analysis of the percentage yield of trimmed 
boneless cuts at a constant carcass weight are given in Table 
3 for overall yield and forthose cuts which differed signifi- 
cantly between buffalo and cattle or between bulls and steers 
within cattle. For all these traits there were no significant 
differences between bulls and steers within the buffalo group. 

Relative to the cattle the buffalo had lighter flank steaks, 
flanks, knuckles, insides, and cube rolls, but heavier outside 

TABLE 3: Least-squares means for carcass characteristics including the percentage yields of those cuts which differed significantly (PC 0.05) between 
groups, together with measures of leg muscularity, muscle to bone ratio, and ratio of hindquarter to forequarter meat (HQ:FQ). 

Buffalo Cattle Comparison’ RSD’ 
Bull Steer Bull Steer B/C W/S) CWS) 

Meat yield % 74.6 73.9 80.1 73.4 

Fat trim 46 5.1 6.4 0.6 5.4 

Flank steak 0.32 0.31 0.56 0.56 

Fiank 2.28 2.88 3.11 3.71 

Striploin 2.66 2.58 2.47 2.71 

Knuckle 3.56 3.46 3.55 3.80 

Inside 4.74 4.67 5.83 5.76 

Outside flat 3.94 3.84 3.51 3.71 

Cube roil 5.13 5.15 5.51 5.67 

Chuck tender 1.11 1.08 1.00 0.93 

Chuck 14.89 13.17 16.89 ii.27 

Clod 6.29 6.26 7.20 6.01 

Brisket (point end) 3.15 3.23 3.69 3.01 

Leg muscularity2 0.545 0.540 0.532 0.512 

Leg MB2 8.99 8.83 8.14 8.36 

HQ:FQ 0.67 0.69 0.67 0.84 

* 
*** 
*** 
** 

NS 
* 

*** 
*** 

* 
** 

NS 

NS 

NS 
* 

* 

*** 

NS 

NS 

NS 
NS 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

*** 
*** 

NS 
NS 

* 

NS 

NS 

+ 

NS 

NS 
*** 
*** 

** 

+ 
NS 
*** 

2.0 
1.3 

0.04 
0.60 
0.18 

0.22 
0.19 
0.18 

0.50 
0.09 
1.90 
0.38 
0.37 

0.020 

0.76 
0.05 

I See footnotes to Table 1 
2 Muscularity (Furchas et al., 1991) and muscle to bone ratio (MB) were calculated From the length or weight of the femur bone and the weights of 

the inside, knuckle, and outside (flat + eye) cuts. 
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flats, and chuck tenders. These differences gave rise to a 
lower overall yield of meat and a lower ratio of hindquarter 
meat to forequarter meat. Within the cattle group the bulls 
had lighter striploins, but heavier chucks, clods, and brisket 
point ends, so that the overall meat yield was greater. In 
addition the level of fat trim was much higher for the cattle 
steers than the cattle bulls, with the two buffalo groups being 
similar to the cattle steers in this respect. A different pattern 
existed for the ratio of hindquarter to forequarter meat, with 
a much higher value for the cattle steers than bulls, and with 
the buffalo being more similar to the cattle bulls. Berg and 
Butterfield (1976) noted that the muscle distribution of buf- 
falo differed from that of cattle in having more muscle in the 
forequarter and less around the spine; a pattern that is consist- 
ent with that reported in Table 3. 

1990), and the tendancy for the buffalo to match the cattle 
steers rather than the bulls is consistent with other measures 
of fatness reported above. 

Johnson and Charles (1975) reported that buffalo steer 
carcasses contained less fat than 3 breeds of cattle steers at the 
same weight, while in this study the level of fatness was 
similar. 

The ultimate pH of cattle meat was greater than for 
buffalo meat and within cattle the incidence of high-pH meat 
was higher for bulls than steers (Table 4). Such differences 
between bulls and steers have been reported previously 
(Rurchas, 1990), and the 1owerpH values for the buffalo may 
reflect the fact that they were more accustomed to being 
handled. Valin et al. (1984) also reported that buffalo had 
lower muscle pH than cattle. Regardless of the cause, the 
higer average ultimate pH of the cattle may account for the 
lower expressed juice values (higher water-holding capac- 
ity), the higher shear values (work done, :initial yield and peak 
force), and the absence of clear indications that the buffalo 
meat was darker than that from cattle (L*, a*, b*, values) 
(Purchas, 1990). 

The buffalo had a slightly higher leg muscularity and 
higher leg muscle to bone ratio (Table 3). These differences 
are consistent with the buffalo having femurs that were 
shorter and that weighed less per unit length (Table 1). 

Fat colour, assessed on an 8-point scale (Purchas et al., 
1992) with higher values indicating a greater yellowness, was 
much whiter for the 12 buffalo (1.25 f 0.08) than for the 10 
cattle steers (3.65 f 0.18), but the difference between buffalo 
steers and bulls was not significant. Fat colour was not 
assessed for the cattle bulls because there was not enough fat 
present. The white fat of buffalo is a well known character- 
istic (Moran, 1987). 

Meat quality 

Measurements made on samples of the longissimus 
muscle that had been treated in such a way as to minimize 
cold-shortening (Purchas, 1990) are given in Table 4. Intra- 
muscular fat content was moderately low for all groups, but 
particularly so for the cattle bulls. Similar differences be- 
tween bulls and steers have been reported previously (Purchas, 

In a trial involving buffalo and cattle of a similar age to 
those in the current work, Robertson et&.( 1986) reported that 
tenderness differences were in favour of the cattle, especially 
for muscles containing higher concentrations of connective 
tissue, and that the buffalo meat was darker. In their study, 
however, there were no diffsrences in ultimate pH which 
would have had the effect of making their beef from cattle 
relatively lighter and brighter (higher IL* values), and the 
peak force values lower (Purchas and Aungsupakom, 1993). 
Robertson etaL(1986) reported that the initial yield value did 
not differ between meat from buffalo and cattle, but that the 
peak force values were slightly greater, particularly for mus- 
cles with a higher connective tissue content. They interpreted 
these results as showing that the diffemnces in tenderness 
were due mainly to differences in the connective tissue 
component rather than the myofibrillar component of mus-’ 
cle. The opposite results were obtained in the current trial 
(Table 4), probably because a muscle with a relatively low 
connective content was used, and because the differences in 
ultimate pH would have given rise to differences inmyotibrillar 
toughness as reflected in the different initial yield values 
(Table 4, and Purchas and Aungsupakom, 1993). Other 

TABLE 4: Least-squares means for characteristics related to meat quality for the tongissimus muscle of entire and castrate buffalo and cattle. 

Buffalo 
Bull Steer 

Muscle water % 72.4 71.8 

Muscle fat % 2.12 3.18 

Ultimate pH 5.54 5.53 

Expressed juice (cm’2/g) 44.8 46.7 

Cooking loss % 28.3 26.4 
Sarcomere length (pm) 1.91 1.91 

Warner-Bratzler shear parameters: 

Peak force (kg) 12.1 9.5 

Work index 3.65 3.02 

Initial yield (kg) 7.80 7.23 

PF-IY fig)2 4.27 2.30 

L* (lightness) 33.3 34.4 

a* (redness) 22.8 22.5 

b* (yellowness) 9.53 9.69 

1 See footnotes to Table 1 2 Peak force - Initial yield 

Cattle Comparison’ RSD’ 
Bull Steer B/C B(B/S) C(BIS) 

74.7 72.0 * NS *** 1.1 

0.73 3.00 NS NS *** 1.08 

5.93 5.64 * NS * 0.23 

42.3 41.4 ** NS NS 3.4 

27.8 25.9 NS NS NS 2.4 

1.89 2.01 * NS ** 0.05 

17.3 14.6 ** NS NS 3.6 

4.43 4.01 ** NS NS 0.70 

13.16 11.49 *** NS NS 3.05 

4.11 3.07 NS + NS 1.69 

31.5 33.9 NS NS + 2.5 
17.7 22.1 * NS ** 2.44 

7.41 9.96 NS NS *k8 1.60 
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studies comparing the tenderness of meat from buffalo and 
cattle have produced inconsistent results (reviewed by Moran, 
1987). 

CONCLUSIONS 

Although a number of differences between buffalo and 
cattle have been reported here in terms of the weights of non- 
carcass components as well as carcass and meat characteris- 
tics, none of these are likely to seriously affect the value of 
buffalo as a meat-producing species. Differences between 
entire and castrate males appear to be much smaller for 
buffalo than for cattle. 
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