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Managing goat production for meat quality is a deliberate, active process that reaches from
conception to consumption. The concept of quality in meat is universal, being wholesome,
eywords:
oat
eat quality
enetic
hysiological

nutritious and palatable. Goat meat is a product of many different production systems from
widely varying environments, nutritional regimes and genotypes. The physical, chemical,
sensory and nutritional properties of goat meat at the point of consumption are the results
of sequential influencing factors that each, to a greater or lesser extent, can be directed
by producers, marketers and processors. This paper considers genetic and physiological
factors that influence the production of goat meat.
enotype

nvironment

. Introduction

Goats, the earliest ruminant to be domesticated, are
raditional sources of meat, milk, fibre, leather, related
roducts of animal origin and as draught and pack ani-
als. This long tradition of goats being a source of resources

llowed them to become an integral part of culture as an
ndicator of wealth and symbolic roles in rituals. Goats
re the most abundant of domesticated ruminant live-
tock. Their distribution across latitudes and the range of
reeds with distinct morphological and physiological traits
xceeds that of any other livestock (Galal, 2005).

The emergence of this bio-diversity among goats has
een incidental rather than deliberate. It is the conse-
uence of human migrations and where humans have
ettled, of local requirements for the animals to survive the
igours of the environment that could range from desert
Please cite this article in press as: Casey, N.H., Webb, E.C., Man
Res. (2010), doi:10.1016/j.smallrumres.2009.12.047

o tropical, or from lowland to highlands. In the process of
dapting to the environment, goats expressed specific mor-
hological and physiological traits that could be exploited
y humans and be incorporated into their own endeavours
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to survive. Females were milked and the best producers
kept and bred until the trait was expressed more promi-
nently. Distinct breeds emerged that could be referred to
as milk goats. Goats at high altitudes and harsh climates
developed fibres, mohair and cashmere, that could be used.
Goats in the tropics developed characteristically smaller
bodies and smooth coats.

The common denominator has been meat, which has
also been incidental to the prevalent production system.
The traditional distinction between attributes for carcasses
and meat quality has been age first and gender second.
The available market for unprocessed, fresh goat meat has
changed from being limited to local markets to global mega
markets. Goat meat is exported from Africa, Australia and
other regions to the states of the Arabian Gulf that have a
burgeoning population, but have limited capacities to pro-
duce goat meat. In the global market, consumer quality and
the guarantee of quality and supply are the criteria for a
sustained market.

2. Goat meat production
aging goat production for meat quality. Small Ruminant

In southern Africa (Namibia, South Africa, and
Botswana), the south-western states of the USA and
Mexico, meat production from goats is a commercial
enterprise to many livestock farmers. The action is delib-
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erate. However, in other areas such as the western regions
of Syria, goats are part of a mixed cropping–livestock
system and multiple service providing milk, dairy prod-
ucts and meat for the family (Wurzinger et al., 2008). A
similar situation prevails in Kenya (Bett et al., 2007a) and
in southern Africa where indigenous goats are kept by
small-scale farmers, communal farmers and households
(Roets and Kirsten, 2005). Off-take as meat for sale in
these systems is marginal. Although commercial meat
goat farming is an established enterprise in southern
Africa, a very small proportion (<1%) of the total off-take
of goats is slaughtered at centralised commercial abattoirs
for distribution to city retail outlets (Coetzee, 1998). This
is due to the nature of meat consumption where beef,
sheep and poultry meat are preferred by the majority of
urbanised households. The remainder of the goat meat is
consumed by rural communities. Cultural preferences add
to this disparity.

Efforts have been made to develop a more vibrant com-
mercial goat meat industry by engaging the small-scale,
household and communal farmers (Roets and Kirsten,
2005). In Kenya, smallholder production systems that uti-
lize the Kenya Dual Purpose goat derived income from sales
of milk, surplus yearlings and cull-for-age animals (Bett
et al., 2007a). Meat accounted for 55% and milk 45% of
the income in smallholder medium potential systems, and
in smallholder high potential systems the contribution of
meat declined to 40% and that of milk increased to 60%. This
illustrates the potential contribution of meat to household
income in smallholder systems.

The constraints to goat production that require inves-
tigation and development, particularly in small-scale
farming systems, noted by Van Marle-Köster et al.
(2004), are genetic identification of local goat popula-
tions, evaluation of the available nutritional status and the
improvement of small-scale farming systems. In addition,
the development of a goat meat industry requires readily
accessible infrastructure in the form of livestock marketing
routes, facilities for slaughtering and processing carcasses
and wholesale and retail distribution systems to a receptive
and sustainable market.

2.1. Defining goat meat quality

The quality of fresh meat is a relative concept. Meat
quality can be defined strictly in terms of its physical and
chemical properties, or in terms of consumers’ perceptions.
Quality constituents, as noted by Webb et al. (2005), are
being discovered and redefined continually.

Anatomical features and chemical components that
contribute to the characteristic quality attributes of goat
meat were reviewed by Webb et al. (2005) and Gigli and
Saltalamacchia (2007). A general definition of meat qual-
ity is that of eating quality that comprises palatability,
wholesomeness and being free of pathogens and toxins.
Palatability includes tenderness, flavour, residue-free and
Please cite this article in press as: Casey, N.H., Webb, E.C., Man
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succulence. Each of these criteria is dependent on other
biological factors that include the animal’s age and gender,
and non-biological factors–pre-slaughter stress, slaughter-
ing techniques and chilling and freezing of the carcass. The
live animal’s physiological state and the biochemistry of the
 PRESS
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post-mortem muscle, fat and connective tissue have direct
influences on the palatability of meat. Feed influences meat
quality through the accretion of muscle tissue, the ratio of
muscle to fat, and the accretion of fat and the component
fatty acids. Flavour is due to species-specific flavonoids in
the meat from feed sources, the proportions of fatty acids
in the various fat depots and the effect of genetics on the
character of tissues and metabolism. The definition of meat
quality is therefore multifaceted and intricate.

2.2. Genetic development of goat breeds for meat
production

A production programme for goat meat would begin
with the choice of breed that could be adapted to the cli-
matic and topographic environment, or that is suitable
for a particular production system. The breed must have
the characteristics of a meat-producing animal. It must
be robust for extensive rangeland conditions and be resis-
tant or tolerant to endemic diseases, with high fertility and
fecundity. Females must have excellent mothering abili-
ties with sufficient milk for the number of suckling kids
to grow to a heavy weaning weight. Weanlings must be
strong and adapt well to foraging, with high post-weaning
growth rates to a point of market readiness. Males must
show prominent masculine features, have high pre- and
post-weaning growth indices, display keen libido and be
fertile. The goats must be responsive to and thrive on the
available feed to deliver carcasses with adequate propor-
tions of tissue composition and distribution for a given
market (Sebsibe et al., 2007).

Development of the South African Boer Goat is an exam-
ple (Casey and Van Niekerk, 1988; Van Niekerk and Casey,
1988; Campbell, 2003). The Boer goat was selected from
indigenous goats by traditional hand-and-eye methods,
and was developed through selective breeding. Since 1970
a national goat Performance Testing Scheme assesses:

• The dam’s characteristics, her milk production and pre-
weaning growth rate of her progeny.

• The post-weaning growth of progeny at various ages.
• The feed conversion efficiency and body weight of male

progeny under standardized conditions.
• The post-weaning growth of male progeny under stan-

dardised conditions.
• The qualitative and quantitative carcass components of a

sire’s progeny.

Many farmers now opt to do the post-weaning growth
assessment of male progeny under rangeland conditions
with a cluster of progeny from each sire where the variables
are individuals, sires, owners, year and season. The system
of performance testing has shown its merit to select both
male and female breeding stock and is applied by commer-
cial producers. The concept should be encouraged among
small-scale producers.
aging goat production for meat quality. Small Ruminant

The SA Boer Goat, Savanna and Kalahari Red are the
commercial goat breeds for meat production, while the
Angora goat contributes substantially to the volume of
goat meat mainly through the culling of male kids and
redundant females. The informal rural sector farms mostly

dx.doi.org/10.1016/j.smallrumres.2009.12.047
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ith Savannah goats that conform to the criteria of robust-
ess for extensive rangeland conditions and resistance
o endemic diseases, with high fertility and fecundity. A
imitation for meat production is that the Savanna goats
o not exhibit the further criteria for meat goats of high
eaning weight and post-weaning growth rates and a
igh-value carcass due to either a lack of genetic poten-
ial, or the suppressed expression of genetic potential due
o poor environmental conditions and health management,
r the interaction between these factors. Savanna goats are
ypical of many village goats in tropical and sub-tropical
egions that would have the potential to be developed into
ommercial meat breeds. The advantages and disadvan-
ages of changing the character of a breed to a commercial

eat breed need to be considered in each case.

.3. Genetic variances between populations

The opportunity to conduct a selection programme for
pecific meat production and quality traits is dependent
n the genetic variance within the population. A study of
hree commercial and three indigenous goat populations
rom South Africa for genetic variation using ten micro
atellite markers showed heterozygosis values of between
.62 and 0.69. The exception was the Boer Goat, which had
he lowest variation of 0.49. Genetic differentiation using
xation index (FST) values indicated a clear genetic dif-

erentiation between the Boer goat and the Kalahari Red
opulation, 0.28, while only moderate genetic differentia-
ion was observed among the other populations (Visser et
l., 2004). A more recent study showed the genetic vari-
tion within breeds as relatively high with heterozygosis
alues for Boer goats being 0.57, Kalahari Red, 0.68, and
avannah goats, 0.69 (Pieters and van Marle-Köster, 2007).
he genetic distance between different populations within
he Kalahari Red population was relatively small, ranging
rom 0.07 to 0.17 (Kotze et al., 2004).

Ecological regions give rise to goats with morphological
eatures that enable them to be classed as breeds by the
ocal people. The genetic differentiation between four dif-
erent goat ecotypes in Namibia was found to be relatively
ow, 0.11, which partly supports the phenotypic differ-
nces between these ecotypes. The four ecotypes seem to
ave evolved to suit their distinct environments and the
eterozygosis values indicate sufficient genetic variation
ith the range being from 0.60 to 0.71. The genetic dis-

ance between geographically close ecotypes was 0.12 and
etween two geographically distant breeds, the Kalahari
ed that had evolved on the dry hot plains of the North-
rn Cape and the goat of the tropical Caprivi in the north of
amibia, was 0.44 (Els et al., 2004).

.4. Reproduction as a criterion for meat production

Reproduction is the most important production param-
ter. The number of offspring born and the number that
Please cite this article in press as: Casey, N.H., Webb, E.C., Man
Res. (2010), doi:10.1016/j.smallrumres.2009.12.047

re weaned and survive to market readiness determine
o a large extent the economic viability of the production
ystem. Fertility is both a heritable trait and one that can
e managed through nutrition and health management
rogrammes. The heritability estimate of reproductive
 PRESS
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performance in ruminant livestock is generally low
(h2 = 0.10). Goats are however highly fertile with a high
fecundity where twinning is common. A characteristic
meat genotype, the Boer goat has a high fertility index,
while other reproduction parameters are also high.

The Boer Goat Association of South Africa advocates
norms for commercial meat goat breeds: 90% kidding per-
centage, 210% fecundity, 165% weaning percentage and a
29 kg weaning weight at 120 days. Averages attained per
100 females through the PTS were 98% females kidded, and
out of a total of 189 kids, 12.7% singles, 61.4% twins, 23.8%
triplets and 2.1% quadruplets (Campbell, 2003).

Reproductive performance is dependent on maternal,
paternal and environmental factors. This dependency and
the interactions can be described by rp = [m][p][e], where rp

is the reproductive performance, m (maternal effects) is the
doe conception + age + kidding + milk production + . . . + [e],
p (paternal effects) = fertility + libido + . . . + [e], and e is a
matrix of random environmental effects.

The reported results by Mandonnet et al. (2005) provide
an interesting example of managing reproductive perfor-
mance. A managed kidding period, especially in the tropics,
since goats are poly-oestrous, can mean a shorter overall
inter-kidding interval and the greater probability of obtain-
ing three kiddings in a two-year cycle. The effect of kidding
day was derived from an analysis of 5732 records of kids
born in Guadeloupe. By using the male effect the goatherd
had been subjected to a restricted mating season. Kidding
day had a highly significant (P < 0.001) effect on growth
rate and total productivity of females. The birth weights
of kids born around Day 21 of the kidding period were
4–7% higher than those of kids born on Day 1 of the kid-
ding period. Day of kidding had no effect on litter size.
The direct genetic effect was h2 = 0.25 ± 0.05, the genetic
maternal effect was 0.09 ± 0.04 and the genetic correlation
between direct and maternal effects was −0.86 ± 0.12. The
results demonstrated that the use of kidding day could be
highly recommended in a breeding program in meat goats,
as for this population of Creole meat goats, since it is quite
easy to record under commercial conditions as a character
related to reproductive performance.

Goats in the tropics have a less defined natural breeding
season than those in the temperate regions. The indige-
nous goats of southern Africa tend to breed all year round
(Greyling, 1988), though Webb and Mamabolo (2004)
found that among smallholder farmers where little atten-
tion was given to a managed breeding season, the highest
kidding rates among indigenous goats were attained in
autumn (96%), followed by spring (93%), winter (63%) and
summer (0%). The average kidding interval was 238 days.
The key to attaining the results of Mandonnet et al. (2005)
is an applied management of the breeding season, and the
potential to achieving this is present also in indigenous
goats in the tropics.

Litter size as noted above is an important trait for meat
production. Todaro et al. (2004) found that litter size had
aging goat production for meat quality. Small Ruminant

no effect on carcass characteristics, though the meat of
twins was significantly lighter in colour than that of singles.
This is considered to be important because consumers of
capretto meat prefer pale meat. Sex of the kids had no effect
on meat colour. A sex effect was heavier males (4.1 kg) than

dx.doi.org/10.1016/j.smallrumres.2009.12.047
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females (3.9 kg), but with no significant difference in chem-
ical fat content of the hind limb. These results are to be
expected given the androgenic effect in males that begin
before birth and the low level of relative accretion rate of
fat in both sexes at that early stage of growth and develop-
ment.

A study of variance components, heritability (direct
additive and maternal) and correlations (additive genetic,
phenotypic, maternal genetic and environmental) of body
weight (BW) and body size including length, height and
chest girth at birth in Boer goats, showed that maternal
effects were important determinants of the genetic param-
eters for birth traits. Medium and positive environmental
correlations indicated the important effects of environ-
mental factors on early growth traits, while the effects of
year and season birth traits were significant (Zhang et al.,
2008). The correlations between direct additive and mater-
nal genetic effects were negative for all the birth traits. The
estimates of additive genetic and phenotypic correlations
among the birth traits were high and positive, and implied
no genetic antagonisms among these traits analyzed. Esti-
mates of maternal genetic correlations also were high and
positive. Direct additive heritability estimates were: body
weight, 0.19 ± 0.08; body length, 0.14 ± 0.07; body height,
0.24 ± 0.09; and girth, 0.25 ± 0.10.

Heritability estimates in SA Boer goats of pre-weaning
growth traits suggest there is value in selecting for wean-
ing weight or ADG. The analysis included birth weight,
weaning weight, ADG and Kleiber ratio, with birth year,
age of dam, sex and rearing status (a combination of birth
and weaning status) as fixed effects. Heritability estimates
obtained from different models, ranged from 0.16 to 0.33
for birth weight, 0.16 to 0.35 for weaning weight, 0.18
to 0.26 for ADG, and 0.13 to 0.23 for Kleiber ratio. Esti-
mates from animal models that excluded maternal genetic
effects were biased upwards, while the inclusion of mater-
nal genetic effects resulted in lower and presumably more
realistic variance components. Maternal effects were large
for birth weight and small for the other three traits (Van
Niekerk et al., 1996).

2.5. Maturity types

Goats, as with sheep, cattle and poultry, can be classi-
fied as early, medium or late maturing genotypes. Maturity
types are differentiated in terms of carcass development
and the degree of lean and fatness. The accretion of lean tis-
sue (muscle) and fat are at different rates when measured
in an allometric relationship y = axb where y is the weight
of the component tissue, x the reference against which the
rate of growth of y is determined (body weight) and b is
the exponential rate of change of y, designated the growth
coefficient. The rate of accretion changes as the animals
grow towards maturity. In early growth, the growth coeffi-
cient of lean tissue is >1 and decreases to <1 as the animal
reaches maturity. Fat tissue has a very low rate of gain in
Please cite this article in press as: Casey, N.H., Webb, E.C., Man
Res. (2010), doi:10.1016/j.smallrumres.2009.12.047

young animals that increases to >1 as fattening proceeds
(Casey, 1982; Casey and Naudé, 1984).

The derivative (dy/dx = Abxb−1) at any value x, or at any
body weight, describes the instantaneous rate of change
of tissue y with respect to x at that point x, being body
 PRESS
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weight. By equating the differentials of lean tissue (mus-
cle) and fat tissue (dym/dx = dyf/dx), the body weight, x,
at which the two tissues are growing at the same rate is
established. At a body weight beyond this point, the rate
of gain of fat tissue exceeds that of lean tissue. Under nor-
mal circumstances where nutrition is adequate for normal
growth, this critical point is reached at a lower body weight
in early maturing than in later maturing genotypes. Over
the weight range of 10–41 kg, male SA Mutton Merino, SA
Merino, Dorper and Pedi (fat-tail breed) reached the critical
point at body weights of 42.3, 27.8, 27.2 and 22.2 kg, respec-
tively, an indication that these breeds could be ranked from
late to early maturing genotypes. By comparison, Boer goat
males reached the critical point at a projected body weight
of almost 50 kg, illustrating that the Boer goat may have a
muscle growth than the sheep breeds and hence the char-
acteristic leanness of the goat carcass. Mahgoub and Lu
(2004) corroborated the species differences of goats hav-
ing significantly lower fat, but higher protein levels. In meat
production, a long phase of accretion of lean tissue has the
advantage of better feed conversion efficiency.

The same proportions of carcass composition (63%
muscle, 2% fat and 13% bone) were attained in a non-
significantly differing time-span, 148–156 days from 10 kg
liveweight, but at largely different body weights in the
sheep breeds: SA Mutton Merino at 43 kg, Dorper at 34 kg
and Pedi at 24 kg. This phenomenon is likely to occur among
meat goat breeds of differing maturity types, for example,
the Boer goat and the smaller Savannah goat of south-
ern Africa. The determining factors will be environmental
effects of sustained nutrition, heat or cold stress, disease
and parasitic load.

The breed effect was illustrated in a study of eight-
month-old males from three Ethiopian goat breeds
(Sebsibe et al., 2007). Growth and carcass characteristics
of the Afar, Central Highland (CH) and Long-eared Somali
(LES) were evaluated using three grain-less diets varying
in concentrate to roughage ratios under feedlot conditions.
Diet I was 50:50 (8.5 MJ ME/kg DM), Diet 2 was 65:35
(9.2 MJ ME/kg DM) and Diet 3 was 80:20 (10.0 MJ ME/kg
DM), with a native grass hay as roughage and a concen-
trate consisting of wheat bran and noug cake (Guizotia
abyssinica). Genotype affected the carcass characteristics
significantly, and the internal fat depots. In all respects,
the LES showed the characteristics of a late maturing geno-
type and the CHG the least physiologically mature. The LES
carcass was more compact with a greater buttock circum-
ference. The ADGs were LES 43.9 ± 2.05 g, CHG 34.7 ± 2.09 g
and the Afar 36.7 ± 2.04 g (P = 0.05). The LES had heavier
slaughter and carcass weights, more fat and a thicker layer
of subcutaneous fat than other breeds. The diets signifi-
cantly affected ADG, but the effect was similar on carcass
traits except for dressing percentage on an EBW basis and
some non-carcass components. Diet 1 yielded the highest
DP whereas the effect of breed was significant, in which
the LES recorded the highest DP of 55.8%. The partitioning
aging goat production for meat quality. Small Ruminant

of fat in the goat must be considered in the interpretation of
these results. The goat has more internal fat and less on the
carcass than sheep breeds. DP is the proportion of dressed
carcass weight to liveweight that gives a higher DP in the
leaner animal.

dx.doi.org/10.1016/j.smallrumres.2009.12.047
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.6. Carcass and meat quality attributes

Carcass and meat quality are the selling points that
hould be guaranteed through grading or classification
ystems, or certified production systems. The European
Cabrito de Barroso PGI” and “Borrego Terrincho-PDO”
pecifications are designed to ensure the carcass compo-
ition and meat quality attributes of suckling male and
emale kids and lambs. Santos et al. (2008) compared
he carcass and meat quality of Portuguese native goat
nd sheep breeds produced by these specifications. Suck-
ing lambs had greater dressing percentage than suckling
ids, while carcass fatness was not affected by species.
emales had more kidney knob and pelvic fat than males.
his difference between the sexes can be ascribed to the
idney knob and pelvic fat depots being early develop-
ng fat depots, whereas the no-difference in chemical fat
ontent of the hind limb (Todaro et al., 2004) is due
o this fat depot being late developing. The differences
etween species namely that lambs had greater propor-
ions of the high-valued leg cut and lower proportions of
houlder, anterior rib, and neck cuts than kids and that
id carcasses had more muscle content and less dissected
at and bone than lambs, reflect the differences between
pecies reported by Casey (1982) and Casey and Naudé
1984). Ultimate muscle pH was higher in kid than lamb
arcasses (5.8 ± 0.02 vs. 5.6 ± 0.02), and higher in male
han in female carcasses (5.7 ± 0.02 vs. 5.6 ± 0.02). The
id meat was significantly lighter and less yellow than
he lamb meat. Kids presented less cooking losses than
ambs, and shear force value was significantly greater in
amb meat. The kid meat had significantly more mois-
ure and less intramuscular fat content than lambs. At
his maturity stage, there were significant differences on
oth carcass and meat quality attributes of suckling kids
nd lambs, possibly due to inherent differences between
pecies.

The foregoing results indicate that a meat goat can
e derived by deliberate selection for the characteristic
raits. Multiple births and sex may have no significant
ffect on capretto. The effect of sex expresses itself only
ater when androgenic and oestrogenic hormones begin
o determine physiological and morphological character-
stics. Management of kidding day could increase the
eproductive performance of females. Maturity types occur
mong meat goats, in a similar manner as among sheep
reeds. The Boer and Long Eared Somali goats have the
haracteristics of late maturing genotypes, and as a small
uminant, the goat may be more efficient in muscle depo-
ition to a target carcass composition than sheep breeds.
t remains important that any development of a meat goat
rom local breeds must be done with circumspection, espe-
ially where goats have evolved to be adapted to distinct
nvironments.

. Pre-slaughter management
Please cite this article in press as: Casey, N.H., Webb, E.C., Man
Res. (2010), doi:10.1016/j.smallrumres.2009.12.047

The environments in which meat goats are produced
etermine their productivity and the characteristics of the
arcass and meat. Some genetic x environment interactions
ave been noted above.
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Pre-slaughter management practices can have an
important economic impact on a goat meat enterprise.
In many areas goats are slaughtered at very young ages
as cabretto. In other regions the animals are slaughtered
before they have cut their first permanent incisors. This
entails a weaning period when the kids can be vulnerable
to stress if the transition is not managed correctly. In South
Africa, the kids are given access to supplementary creep
feed during the weaning period, before being isolated from
the dams.

3.1. Nutrition

Nutrition is the first determining factor for all aspects
of production. The energy needs of the free-ranging goat
were discussed by Lachica and Aguilera (2005). Nutritional
influences on growth, carcass composition and meat char-
acteristics have been well documented (Casey, 1982; Casey
and Van Niekerk, 1985; Mahgoub and Lu, 2004; Webb et al.,
2005; Sebsibe et al., 2007).

More recent work has examined the effect of limited
nutrition that may occur due to variation in seasonal nutri-
ent supply or during periods of drought. In a study of
yearling Boer × Spanish goat wethers to assess effects of
initial body condition and subsequent level of feed intake
on body composition, it was reported that the energy con-
centration in tissue mobilized or accreted by yearling meat
goats within certain body condition ranges, may not nec-
essarily be the same and appears to be influenced by initial
animal characteristics and subsequent feeding conditions
(Ngwaa et al., 2007). The effect of feed restriction for 45,
60 or 75 days of eight month old male native goats fol-
lowed by normal nutrition to support 50 g per day weight
gain, showed the kids capable of considerable compen-
satory growth without any deleterious effect on carcass
composition or their compensatory growth responses. The
expected loss of weight, general condition and fat occurred,
while the proportion meat protein content increased. The
re-alimentation was associated with a greater ADG and
less internal fat (Dashtizadeh et al., 2008). The results are
aligned to those reported by Sebsibe et al. (2007).

Greenwood et al. (2008) considered some pre-slaughter
management practices that may influence carcass char-
acteristics of and the economic return on young goats.
Effects of sex, weaning three weeks before slaughter, con-
tinuous fasting and water deprivation for up to 72 h, and
initial liveweight and body condition score on LW and car-
cass characteristics were studied in young goats to sixteen
weeks of age, with a live weight of 13.6 ± 2.4 kg. A 24 h fast-
ing period caused a 7.5% loss in live weight. This increased
to 10.8% by 48 h. The loss was greater in weaned than non-
weaned goats after 48 h, the difference being 2.6%. Fasting
period, weaning status and deprivation of water reduced
dressing percentage. The loss in live weight carried over
to the hot carcass weight and the retail meat yield, demon-
strated the need to minimise time off feed and water before
aging goat production for meat quality. Small Ruminant

slaughter from both a welfare and an economic perspective.
The question often arises as to whether nutrition or

genetics would have the greater effect on the profitability
of a production system. Investigating the economic returns
of smallholder low, medium and high potential goat farm-

dx.doi.org/10.1016/j.smallrumres.2009.12.047
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ing systems in Kenya, Bett et al. (2007b) reported that
the positive economic values for most traits under fixed
flock-size and fixed feed resource scenarios indicates that
a unit increase in genetic merit for the traits would have
a positive effect on the profitability of the systems. This
underscores the value of the two fundamentals for goat
meat production, nutrition and genetic improvement indi-
vidually and the interaction between the two. Nutrition as
the greater variable holds the greater risk, while genetic
improvement has less variability and less risk, but cannot
achieve optimum expression without adequate nutrition.
In combination these determine carcass and meat quality
and hence profitability of the production system.

3.2. Post-mortem glycolysis

The rate and extent of post-mortem glycolysis and ulti-
mate pH of the muscle are critical factors that determine
meat quality. Webb et al. (2005) noted that high ultimate
pH (pHu) values for goat muscles are prevalent in litera-
ture suggesting that goats generally may be highly prone to
stress. Peri-mortem concentrations of glycolytic metabo-
lites in muscles (Kannan et al., 2003; Simela et al., 2004b)
and in the blood (Kannan et al., 2002) verify this suggestion.
Kannan et al. (2003) reported muscle glycogen content of
50 and 55 �mol/g for stressed and unstressed old Span-
ish castrates (24–30 months old), and 20 and 40 �mol/g
for stressed and unstressed young Spanish castrates (6–12
months old), respectively. Simela et al. (2004b) found that
in a goatherd of mixed sex and age, glycogen concentra-
tions averaged 33 �mol/g. In both studies, glycogen levels
were ≤50 �mol/g the minimum concentration required for
sufficient lactic acid production in order to attain a satis-
factory pHu. Consequently, pHu values were in the higher
range for all animals, but more so for the young Spanish
castrates and the South African indigenous goats.

Additionally, the fact that there are reports of goat meat
with normal or close to normal pHu values, such as the feral
goats of Hogg et al. (1989), the Boer x Angora of Dhanda et
al. (1999) and the older castrates of Kannan et al. (2003),
precludes the notion that high pHu is an intrinsic character-
istic of the species. This is supported by the fact that lower
pHu values are associated with tenderness that is related to
properties such as longer sarcomeres after chilling, lower
shear force values and better colourimetric values (Simela
et al., 2004a). However, it is not clear why goats are so
susceptible to pre-slaughter stress. A possibility is what
Hopkins and Fogarty (1998) refer to as a ‘genotype effect on
animal behaviour’, which implies that the excitable nature
of goats predisposes them to yielding high pH meat.

3.3. Transportation

Transporting livestock to an abattoir has been shown
to be a highly stressful and exhausting period. Bruising is
a constant threat that has an economic consequence when
Please cite this article in press as: Casey, N.H., Webb, E.C., Man
Res. (2010), doi:10.1016/j.smallrumres.2009.12.047

carcasses are discriminated against or, in the extreme, con-
demned.

The 24-h period of deprivation of feed and water that
gave rise to the losses reported by Greenwood et al. (2008)
would be a typical period for transporting the animals fol-
 PRESS
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lowed by waiting period at the abattoir. In many countries,
the waiting period is obligatory to allow the animal to
recover from the effects of transporting, principally the
re-establishment of glycogen levels. The notion of trans-
porting has many facets that affect the animal’s physiology
and consequently the carcass and meat quality. Trans-
port on open vehicles in very hot circumstances can be
highly stressful. A liveweight loss of 3.7–7% was recorded
in goats transported for 2 h on an open vehicle at an ambi-
ent temperature of 37 ◦C (Kadim et al., 2006). The stress
endured by the goats was shown by higher plasma cortisol,
adrenaline, nor-adrenaline, and dopamine concentrations
than the non-transported control group. Transportation
stress affect pHu and expressed juices, percentage cook-
ing loss and shear force. Despite the increased shear force
values, sarcomere lengths were lower. The colour param-
eters lightness (L-*), redness (a*) and yellowness (b*) were
negatively affected. There was no significant breed effect
between Batina, Dhofari and Jabal Akdhar goats and no
breed x treatment interaction.

4. Conclusion

The production of goat meat and the quality of the
carcass and the meat can be influenced by applying man-
agement procedures through genetic and physiological
routes. The objective of producing a meat goat adapted
to a specific production environment that delivers a
desired carcass and meat quality requires an optimum
management strategy that combines both genetic and
physiological procedures. Through genetics, animals can
be selected to suite the given environment, to be later
or earlier maturing types and to improve maternal traits.
The management of physiological responses through nutri-
tion and by limiting stressful environments and situations
favours optimum growth rates and ultimately improve the
quality of the carcass and the meat.
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