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INTRODUCTION
Since 1980 scientific evidence on human interference on the climate placed the question of climatic
change and its environmental consequences on the world’s political agenda. After various
discussions, the Kyoto Protocol, adopted in December 1997 in Japan, officially established goals for
emission of greenhouse gas (GHG) for industrialized nations (UNFCCC, 2007). Up to November 2009
a total of 187 states had signed and ratified the protocol. In December 2009, the United Nations
Climate Change Conference, commonly known as the Copenhagen Summit, took place where a
framework for climate change mitigation beyond 2012 was to be agreed. At this conference, the
Copenhagen Accord was drafted by the US, China, India, Brazil and South Africa, but was not
passed unanimously.
The document recognized that climate change is one of the greatest challenges of the present day
and that actions should be taken to keep temperature increases to below 2°C. The document is not
legally binding and does not contain any legally binding commitments for reducing CO2 emissions.
From all methane emissions sources, agriculture is by far the most important source in South
Africa. Enteric fermentation in ruminants accounts for 90% of the agricultural sectors methane
emissions in South Africa (Blignaut et al., 2005).
The overall increase in CO2‐equivalent concentration is approximately 0.6% per year in South
Africa. The Department of Environmental Affairs and Tourism of South Africa (DEAT) (2007)
predicted a quadruple increase in CO2‐equivalent emissions by 2050 form 440 Mt to 1600 Mt.
According to the DEAT (2007), the South African government has set a reduction target of between
30 and 40% from the 2003 levels by 2050. This is in line with the requirements of the Koyto
protocol of which South Africa is a signatory.
Ruminants are important to mankind since most of the world’s vegetation biomass is rich in fibre
(Moss et al., 2000). Only ruminants can convert this rich in fibre vegetation into high quality protein
sources (i.e. meat and milk) for human consumption and this will need to be balanced against the
concomitant production of methane.
In spite of this important role of livestock, it is being specifically targeted and singled out as
producing large quantities of Green House Gasses that contribute to climate change. This may
result in many consumers deciding to reduce their consumption of red meat. The popular press is
fueling these sentiments with slogans telling consumers to eat less meat. This may result in many of
the developed consumers deciding to reduce their consumption of red meat.

Thorpe (2008) reviewed current levels of CH4 discharges by both animal type and country, and
shows how the growth or decline in national herds over the last 20 years has significantly altered
the global composition of enteric emissions. Developing countries are responsible for over three‐
quarters (76.3%) of such emissions (Brazil and India leading the total emissions, mainly due to
cattle production). It is therefore clear that livestock do contribute to climate change. This has
important implications in terms of mitigation strategies, as most of these countries are presently
outside the remit of the Kyoto Protocol.
DISCUSSION
Methane makes up 16% of total world gas emissions and is therefore the second most important
GHG (US‐EPA, 2006). Despite the highest concentration being carbon dioxide (CO2), methane (CH4)
and nitrous oxide (N2O) have a heating potential 23 and 296 times higher than CO2, respectively,
due to the higher atmospheric warming activity of these compounds (Clark et al., 2001).
Human‐related activities producing methane include fossil fuel production, animal husbandry
(enteric fermentation in livestock and manure management), rice cultivation, biomass burning, and
waste management. Natural sources of methane include wetlands, gas hydrates, permafrost,
termites, oceans, freshwater bodies, non‐wetland soils, wild ruminants (game) and other sources
such as wild fires. It is estimated that more than 60 percent of global methane emissions are
related to human activities (IPCC, 2007).
Enteric fermentation (animal digestive tract) is the main source of methane and is responsible for
28% of global CH4 emissions, followed by natural gas (15%), waste management (13%) and rice
cultivation (11%) (US‐EPA, 2006). Factors that influence enteric methane production in livestock
are level of feed intake, diet composition, digestibility and quality of roughage, forage species, C3
versus C4 grasses, cultivar and variation between animals.
Green House Gas (GHG) emission from livestock is measured either in terms of kg CO2 equivalent
per kg of meat or milk available for consumption, or per area of land used. In the case of ruminants
extensive systems are usually found to have a lower per‐area footprint than intensive grain‐fed
systems but a higher footprint if expressed in terms of kg/product (Garnett, 2010).
In ruminants, CH4 is produced by a specific group of bacteria called methanogenics, (Moss, 1993),
whereas CH4 may also be produced by protozoa’s, which may account for up to 20% of
methanogenic microorganisms. Lin et al. (1997) observed that although the Archae group represent
a significant portion of functional rumen microbiota, they are few in number (0.5 to 3% of total
microorganisms). The most important are Methanobrevibacterium ruminantium and
Methanosarcina barkeri (Mackie et al., 2002). M. ruminantium uses H2 and CO2 as substract, while
M. barkeri also uses metanol (CH3OH), metylamines (formed in the rumen by degradation of
coline) and acetate (Moss, 1993).
As CH4 cannot be metabolized by the animal or microorganisms, it is partly absorbed by the
ruminal wall and enters in the blood stream where it is eliminated in respiration. Most however, is
eliminated by eructation with CO2 (Kozloski, 2002). From a nutritional point of view, methane

represents a loss of energy by the animal of between 6 and 10% which is not converted to a
product (meat, milk, wool, etc). This increases production costs and reduces profit.
Some studies have shown that the use of tanninferous legumes in exclusive or in combination with
grasses in pastures for ruminant feeds may reduce enteric methane emissions per unit of dry
matter consumed (g CH4/Kg DMC) without affecting production performance (Pinares‐Patino et al.,
2003). However, most research has focused on manipulating animal diet in an effort to inhibit a
rumen environment favorable for methane production.
Other options to combat enteric fermentation such as genetic engineering and the use of additives
may be options (Beauchemin et al., 2008), but further research and development is needed before
such options can be employed. The use of the antibiotic monensin was examined by McGinn et al.
(2004) but its use did not significantly reduce methane emissions, and questions remain about the
permanence of these reductions. Studies have also been conducted examining the potential for
genetic engineering aimed at increasing the efficiency of feed conversion, which would also reduce
enteric fermentation in animals. An example is the research of Ellis et al. (2009) who looked at
breeding cattle that would have 25 percent less methane emissions and require less feed.
Nkrumah et al. (2006) reported that beef cattle with low residual feed intake produced up to 28%
less methane than those with high residual feed intake. Residual feed intake is calculated as the
difference between actual feed intake and the expected feed requirements for maintenance of
body weight at a certain level of production (Hegarty et al., 2007). The lower methane production
was attributed to differences in ruminal microbial population and Nkrumah et al. (2006) stated that
the differences could be heritable.
Goopy and Hegarty (2004) found large variations in methane emissions between animals (Friesian
Jersey crossbreds) at the same level of production and fed the same diet. “High” and “low”
methane emitters were identified on identical feed and feed intakes. The reason for the reported
differences is unclear, but they assumed that factors such as the rate of passage, microbial activity,
fermentation conditions and grazing behaviour could play a role.
CONCLUSION
The atmospheric lifetime of CH4 is 12 years compared to the 20 ‐ 200 years of CO2 and 114 years
of N2O. Furthermore, the heating potential of CH4 is 23 and times higher than that of CO2.
Reduction in CH4 levels livestock will thus have a significant effect on the targets set by the South
African government since its impact will be faster due to the shorter lifetime and bigger due to the
higher heating potential, compared to CO2.
Breeding objectives to reduce enteric methane production from beef cattle under extensive
production systems can therefore play a significant role in addressing climate change. Wall et al.
(2009) reported variations between animals, between breeds, and across time, providing the
potential for improvement through selection.
Genetic change is easy to achieve. It results when animals that depart from the average are
selected as parents. Genetic improvement is much more difficult to achieve than is genetic change.
It requires that the aggregate value of all favourable changes exceeds loss caused by unfavourable
changes.

Genetic improvement in livestock results in permanent and cumulative changes in animal
performance. This is a very important aspect in reducing enteric methane production from
livestock. Selection for productivity and efficiency will mitigate greenhouse gases in two ways
namely:
1.
Higher productivity leads to higher gross efficiency as a result of diluting the maintenance
cost of animals
2.
A given level of production can be achieved with fewer higher yielding animals.
Since feed intake is already measured in the Phase C of the National Beef Recording and
Improvement Scheme, it will be possible to calculate residual feed intake from the existing
information. Genetic variance components for residual feed intake and correlations with other
traits can thus be estimated with the aim to estimate breeding values for residual feed intake. This
can assist in breeding cattle with lower Green House Gas emissions, since it has been reported that
beef cattle with low residual feed intake produced up to 28% less methane than those with high
residual feed intake.
Until now most measurements for beef improvement in South Africa is per individual (weaning
weight, calving interval, growth rate, etc.). Although breeding values are estimated for a trait such
as feedlot profit and the ARC‐Animal Production Institute is in the process of developing the
estimation of a breeding value for a trait such as cow efficiency for the Bonsmara, breeding values
are only estimated once or twice a year. Farmers therefore need a measurement that can be
available immediately (as is the case with weaning weight) after weaning that can be used in the
first line of selection. A measurement is thus needed that expresses performance in a per constant
unit bases, e. g. kilogramme calf weaned per Large Stock Unit, which can then be translated to kg
calf produced per kg CO2 equivalent.
Whereas the livestock industry should recognize the effect of livestock on climate change, it is also
important that mechanisms are to be put in place to mitigate this effect, and genetic improvement
may be a cost effective way since it is permanent.
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ABSTRACT
The potential threat to human health, associated with the use of antibiotics and chemical feed
additives in animal feed has prompted legislation in the European Union to ban antimicrobial
growth promoters such as monensin. This has accelerated investigations into the effectiveness of
natural alternatives to ionophores such as plant extracts, more specifically essential oils.
Ionophores, which are a potent antibiotic against gram positive bacteria, have been used for many
years to improve the efficiency of energy and protein utilization by ruminants. Ionophores exert
these effects by modifying ruminal fermentation through increased propionate production,
decreased methane production and a decrease in the activity of proteolytic and obligate amino acid
fermenting bacteria. Through its mode of action ionophores also contribute to a reduction in the
incidence of metabolic disorders such as ruminal acidosis, bloat, laminitis and ketosis. A number of
studies, mostly in vitro, have shown similarities in the antimicrobial and ruminal fermentation
effects of ionophores and essential oils. This makes essential oils attractive alternatives to
antibiotics to manipulate ruminal microbial activity. Many questions however still remain, since
the effects of different combinations of essential oils seem to be dependent on the diet and feed
ingredients, ruminal pH and dosage level. Furthermore whether or not the effect observed in vitro
carry over to a much larger and diverse ecosystem such as a rumen needs to be investigated
further. Essential oils hold promise as a natural alternative to antibiotics in ruminant nutrition to
improve overall feed efficiency and productivity.
INTRODUCTION
The utilization of ionophores, a potent antibiotic against gram positive bacteria has been proven to
be effective in improving the efficiency of energy and protein utilization by ruminants (Van Nevel
and Demeyer, 1988). However, the use of ionophore antibiotics in animal feeds is facing reduced
social acceptance due to the appearance of residues and resistant strains of bacteria due to
excessive use of these products. For these reasons there has been a search for alternative products
including yeasts, organic acids, plant extracts, probiotics and antibodies to replace antibiotics
(Calsamiglia et al., 2006). The potential use of essential oils in ruminant diets was first reported
during the 1960’s by researchers (Borchers, 1965; Oh et al., 1967; 1968; Nagy and Tendergy, 1968).
As a result of the approval of antibiotics and ionophores in animal feed as additives in the 1970’s,
few studies were published thereafter on the use of essential oils as feed additives (Broderick and
Balthrop, 1979). Only after the ban on antibiotics being used as feed additives was announced by
the EU, has there been a renewed interest in the use of essential oils as feed additives in the animal
feed industry.

The purpose of this paper is to review available research reports involving ionophores and essential
oils as feed additives for ruminants. Emphasis will be placed on the mode of action, effects on
carbohydrate and protein metabolism, origin and classification, and activity of essential oils and
effects on ruminant performance. The paper concludes with recommendations on future research
needs.
Ionophores
The term ionophore was first used in 1968 to refer to all carboxylic polyethers that fit the classical
definition of antibiotics (Pressman, 1968). These are naturally occurring compounds which are
fermentation products of microbes, actinomycetes (Bagg, 1997). These fermentation products,
ionophores, were originally developed as coccidiostats for the poultry industry (Richardson et al.,
1976). Since about the middle of the 70’s ionophores have been used extensively in ruminant
feeds. Ionophores were used for the manipulation of ruminal fermentation and/or as a product of
weight gain of growing ruminants. It also helped with the improvement of efficiency of feed
utilization and this came as a result of the manipulation of rumen fermentation. There are several
ionophores that are used commercially or that have been investigated in the past for use in
ruminants. They are monensin, lasalocid, tetronarsin, salinomycin, lysocellin, narasin, nigericin,
laidlomycin and valynomycin. Of all of these the best known and used in South Africa is monensin
and lasalocid.
Ionophores are lipophilic compounds that are toxic to many bacteria, protozoa, fungi and higher
organisms such as ruminants (Russell and Strobel, 1989). Ionophores are able to penetrate
biological membranes because they are lipophilic. Their toxicity arises from their capacity to
penetrate membranes and subsequently alter the flux of ions from and into the cell. At the level of
microbial membranes, ionophores interfere with the flux of ions into and out of microbial cells. This
is achieved in two ways, either by the formation of ion‐ionophere complexes that function selective
ion carriers or by the creation of selective pore that promotes a less specific influx and efflux of
ions. In the first instance monensin and lasalocid are ionophores that function as selective ion
carriers and gramicidin an ionophore that creates a selective pore for less specific ions (Bergen and
Bates, 1984; Russell and Strobel, 1989). The only ionophores that are used are the ones that act as
mobile carriers. Within the mobile carrier group, two different types of ionophores are found. The
first are ionophores that serve as antiporters, they exchange H+ cations for monovalent cations
whereas the uniporters transport cations into the cell without an exchange for H+. Examples of
antiporters are monensin and nigericin and a uniporters is valynomycin (Fellner et al., 1997).
Monensin preferentially binds with Na+ but also has the capacity to bind with K+ and transport it
across the cell membrane (Russell and Strobel, 1989). On the other side, tetronasin is highly
selective to bind to divalent cations and its selectivity favours Ca++ and Mg++ in that sequence
(Fellner et al., 1997). As there is an increase in the ion flux from the activity of the ionophores,
there is also an increase in the activity of the Na/K pump and H+ ATPase system of the bacterial
cells. These two systems activity increases significantly in order to maintain the ion balance and
the intracellular pH of the cell by pumping out Na/K and H+. As a result there is an increase for
energy for maintenance function of the bacterial cells. The use of energy for maintenance
purposes depletes the cell of ATP. This depletion of energy compromises the bacterial cell’s
capacity to grow and to reproduce (Bergen and Bates, 1984).

The bacterial cell’s sensitivity to the ionophore determines the severity of the effect of the
ionophore. This in turn has been shown to depend on the permeability of the cell’s membrane to
the ionophore being used (Russell, 1996). Gram‐positive bacteria have a less complex cell
membrane, lacking a highly impermeable outer membrane; where as gram‐negative bacteria have
this outer membrane. This difference in membrane structure is what makes gram‐positive bacteria
more susceptible to the antibiotic effects of ionophores (Russell, 1996).
Ionophores and carbohydrate metabolism
The rumen is an anaerobic ecosystem where in ruminal microorganisms (bacteria, protozoa and
fungi) ferment carbohydrates and proteins taken in by the host animal to obtain energy and
nutrients required for their growth. Some of the microbes’ end products of fermentation are
sources of nutrients to the host. These include the volatile fatty acids (VFA) and microbial protein
(energy and N sources). There are also other fermentation end products that in some cases are
useless to the host like heat, methane and ammonia. These end products represent a loss of
energy and protein to the environment and thus won’t be used for maintenance or production
(Owens and Goetsch, 1988). Gram‐positive bacteria found in the rumen are involved in
fermentation processes that produce end products like acetate, butyrate, formate, lactate,
hydrogen and ammonia (Russell and Strobel, 1989; Russell, 1996). Some of these fermentation
processes are coupled with the production of methane (CH4). The last few years there has been a
growing concern of the part that CH4 plays in the greenhouse effect and how the production could
be reduced from farm animals (Moss, 1993). Methane acts as a receiver for H+ ions that is released
during fermentation, and with the flow of H+ to C to form CH4, energy is lost. Gram‐negative
bacteria in the rumen are involved in fermentation pathways that are associated with the
production of propionate and succinate. When gram‐negative bacteria predominates the rumen
environment, less CH4 is produced due mainly to the decreased availability of H+ ions and formate
(Bergen and Bates, 1984). From this one can conclude that there are major benefits in feeding
ionophores to ruminants. One of the benefits is the shift in VFA production. This shift is from
acetate to propionate and the associated decrease in CH4 production. This is because of a shift
from acetate‐producers (gram‐positive bacteria) to propionate‐producers (gram‐negative bacteria).
The shift from acetate to propionate could be seen in a study done by Sauer et al. (1997). They fed
240 mg /d of monensin to lactating dairy cows in a TMR that contained 650 g /kg of roughage and
350 g /kg of concentrate, all on a dry matter (DM) basis. In this study monensin decreased the
acetate to propionate ratio and the CH4 output by 19 and 21% respectively, whereas the molar
proportion of propionate was increased by 17%. The same could be seen in feedlot animals being
fed diets that are typically fed to dairy cows. Feedlot steers were fed a diet containing
approximately 500 g of forage and 500 g of grain concentrate per kg of DM. The studies showed
that ionophores significantly increased propionate production. In one study a maximum increase
of 76% over the control treatment was found (Van Maanen et al., 1978; Rogers and Davis, 1982).
As mentioned earlier a considerable amount of propionate is produced in the rumen when
carbohydrates are fed to the animals. When the propionate passes across the rumen wall, a small
percentage is converted to lactate. The remainder is transported via the portal vein to the liver
where it is converted to glucose. The conversion of propionate to glucose yields a net gain of 17
moles of adenosine triphosphate (ATP). For acetate there is only a 12 mole increase in net gain of
ATP. Thus for increases in production (e.g. growth and milk yield) it is more economical to have

increased propionate production. However, when it comes to milk solids other VFA’s become more
important. When farmers get paid for milk yield and not milk solid content, the increase in
propionate is economically better. Acetate is responsible for the production of milk fat. It gets
taken up by the mammary gland from the blood and is then converted to milk fat. Because of a
drop in acetate, a decrease in milk fat will follow, meaning a decrease in farm revenue. Thus the
conditions under which ionophores are fed to diary animals should be taken into consideration
because of the negative impact it can have on the milk price received per litre of milk produced.
In a feedlot environment the shift from acetate to propionate is preferred. This is due to the fact
that more ATP is produced during propionate metabolism than during acetate metabolism.
Because of an increase in ATP, more energy is available for maintenance and growth and energy is
the main driver of all processes in the animal body.
Increases in concentrates lead to an increase in lactate production. Thus excessive production of
lactate through fermentation in the rumen is associated with an increased risk of ruminal acisdosis
because of a decrease in ruminal pH (Nocek, 1997). Ionophores also have an influence on lactate
producing bacteria. Streptococcus bovis are lactate producing bacteria and are thus influenced by
ionophore inclusion in the diet. On the other hand, bacteria that utilize lactate as energy source,
e.g. Megasphaera elsdenii and Selenomonas ruminantium, are not influenced by ionophores
(Bergen and Bates, 1984). Thus the effect that ionophores have on lactate production and
utilization would be beneficial when dairy cows are fed high concentrate diets, the same goes for
feedlot cattle, since both experience metabolic disorders associated with high concentrate diets.
Ionophores and protein metabolism
Ionophores not only influence carbohydrate metabolism but also protein metabolism. On farms
that follow intensive farming practices, there is a concentration of nutrients because more
nutrients are imported as feed and fertilizer than are exported as products like meat and milk. This
negative balance of nutrients could have adverse effects on the environment, including animals and
humans. This excess of nitrogen could leach into the ground and over time into underground water
systems and reservoirs. Most of the N not leaching into the ground is volatilised either as N2, N2O,
NH3 or NOx compounds of which NOx can contribute to acid rain. Some work done, indicate that
ammonia (NH3) losses can represent up to 70% of the N excreted by beef cattle in open feedlots
(Council for Agricultural Science and Technology, 2002). Implementation of comprehensive
nutrient management plans on farms that are highly intensive farming practices, may improve
efficiency of nutrient utilization, decreasing imported nutrients and decreasing nutrient losses to
the environment while at the same time improving farm profitability (Klausner et al., 1998; Wang
et al., 2000a, b).
There are two different ways in which a reduction in manure N can be achieved. This includes,
increasing animal performance from the same diet and/or a reduction in the concentration of
protein in the diet to achieve the same performance. The first option would result in fewer animals
needed or required to produce the same amount of meat and milk. The second option requires an
improvement in feed utilization by the animal, thus an improvement in the efficiency of protein
utilization. This improvement in efficiency can be reached by adding of feed additives like
ionophores to ruminant diets.

Another advantage of ionophores is a decrease in the activity of proteolytic and obligate amino acid
fermenting bacteria (Russell, 1996). A consequence of this decreased bacterial activity is a
decrease NH3 concentration. This is because of a reduced breakdown of protein and amino acids
(AA) from the feed. This was shown by a number of studies done on lactating dairy cows. The dairy
cattle were fed either high grain diets (Haimoud et al., 1995) or high forage diets (Haimoud et al.,
1996; Ruiz et al., 2001). These studies showed that ionophores effectively decrease the
concentration of NH3 in the rumen fluid. This effect of ionophores was also proven during the
1970’s when in vivo studies indicated that the addition of monensin to diets reduced the ruminal
concentration of NH3 (Dinius et al., 1976; Poos et al., 1979). The same effect was seen with in vitro
studies. These studies demonstrated a decrease in protein degradation, NH3 accumulation and
microbial protein in pure cultures (Chen and Russell, 1989; Russell et al., 1988) and mixed cultures
(Russell and Martin, 1984; Van Nevel and Demeyer, 1977; Whetstone et al., 1981). Further
examination by Chen and Russell (1991) suggested that monensin had greater inhibition on
deamination of proteins rather than on proteolysis. This was because of an accumulation of α‐
amino‐N and peptides. Findings like these suggest that a higher proportion of protein in the feed
may escape the rumen, having a sparing effect on the dietary protein when monensin is included in
the feed of ruminants (Faulkner et al., 1985; Muntifering et al., 1981). Other studies done however
have shown mixed results in terms of the protein sparing effect when feeding ionophores, but total
tract N digestibility was increased consistently (Rogers et al., 1997).
Ionophores decreases NH3 which can lead to a decrease in microbial protein synthesis. The largest
proportion of crude protein that reaches the lower digestive system of dairy cows fed conventional
diets are from microbial origin (Clark et al., 1992; Dewhurst et al., 2000). When a ionophore
induced decrease in microbial protein is observed (in dairy animals this could be seen in reduced
performance and a decrease in milk protein percentage) an increase in high quality feed with
rumen undegradable protein that will reach the lower digestive tract is required to avoid
detrimental impacts on animal performance.
Effect of ionophores on ruminant performance
Dairy cattle
i.

Dry matter intake
Results on the effect of ionophores on DMI are variable. Most of the work done on
ionophores and DMI interaction was done on dairy cows. Ipharraguerre and Clark (2003)
reported in an extensive review that the inclusion of ionophores either decreased DMI or
had no effect on DMI of lactating dairy cattle. In 8 of 12 studies no significant differences
for DMI were detected between control and ionophore‐treated cows. In the remaining
four studies, the administration of ionophores to lactating cows decreased DMI from 0.4
(2%) to 1.7 kg (10%) per day and averaged 1.2 kg per day (7%) It was speculated that the
different results had to do with the stage of lactation the dairy cattle was in (Ipharraguerre
and Clark, 2003). When cows are in a positive energy balance they are generally in late
lactation or in the dry period. When the diet is then supplemented with ionophores it may
cause an increase in the energy available per unit of feed. The cows are consuming feed
according to their energy requirements, causing a decrease in DMI because of the increase
in energy per unit of feed (Benchaar et al., 2006b). When cows are in early lactation, thus
in negative energy balance, the additional energy available, due to the inclusion of

ionophores in the diet are used for the improvement of performance or the reduction of
body reserve losses or for both. Thus when the animal is in a negative energy balance no
effect on DMI will be observed (Benchaar et al., 2006b).
ii.

Milk composition and yield
Administering ionophores to dairy cows either did not affect (18 experiments) or increased
(14 experiments) milk production in the studies reviewed by Ipharraguerre and Clark
(2003). Within the group of studies that reported a positive response, the increase in milk
production ranged from 2.8 (11.2%) to 0.4 kg per day (2.6%) and averaged 1.5 kg per day
(7%) when monensin was administered at doses that ranged from 80 to 350 mg per day per
cow. They also found that milk fat content was significantly decreased (10 experiments) or
numerically (20 experiments). Trails from Australia and New Zealand showed a 7% to 8%
increase in milk yield. Increases in milk protein yield but not milk fat was found (Cameron
et al., 1993; Lynch et al., 1990; Lowe et al., 1991). A review by McGuffey et al. (2001)
found the following on monensin: milk yield increased by 1.3 kg /d (5%), milk fat %
decreased by 2%, fat yield (kg /d) decreased but no significance was found, milk protein %
and protein yield decreased by 5% and 0.026 kg /d (3%).

iii.

Body weight and Body condition score
The study conducted by Duffield (1997) found that monensin had a significant effect on
body condition score (BCS). Cows were classed into three groups according to their BCS.
Thin cows had a BCS ≤ 3.0, cows in proper condition had a BCS of 3.25 to 3.75 and cows
classified as fat had a BCS ≥ 4.0. For the thin cows no significant production response was
found in the first 90 days of lactation. For the cows in proper condition a significant
increase in peak milk production of 0.85 kg was found, for the fat cows a significant
increase of 1.2 kg /d in milk production was observed for the first 90 days of lactation
(Duffield., 1997). Studies summarized by Ipharraguerre and Clark (2003) did not report
initial BCS nor changes in BCS.

iv.

Metabolic disorders
The use of ionophores has been found to reduce the incidence of metabolic disorders like
pasture bloat, sub‐clinical ketosis, abomasal displacement and ruminal acidosis. Several
studies done in Australia and New Zealand found that monensin prevented pasture bloat
(Cameron et al., 1993; Lynch et al., 1990; Lowe et al., 1991). During a 30‐d control feeding
period, the incidence of bloat was 86.3% in bloat susceptible steers. Feeding of monensin
(40 mg /kg) reduced the incidence of bloat to 4.2% over 36 d. Removal of monensin from
the diet caused incidence of bloat to increase to 24.3% for the next 36 d (McGuffey et al.
2001). Work conducted by Duffield (1997) which included 1010 cows from 25 Canadian
commercial dairy herds showed that 335 mg of monensin CRC reduced the incidence of
sub‐clinical ketosis by 50%. The duration of sub‐clinical ketosis was also reduced
significantly. CRCs containing monensin also reduced the risk of abomasal displacement
precalving (Duffield, 1997). Furthermore it was found that ionophores have an impact on
reducing ruminal acidosis for feedlot cattle with monensin reducing the time which the
rumen pH was below 5.6.

Beef cattle:

i.

Dry matter intake
Goodrich et al. (1984) summarized 228 experiments conducted before 1984 with beef
cattle fed monensin and Raun (1990) summarized 37 experiments with beef cattle fed high
concentrate diets conducted from 1981 to 1990 in the United States of America. They
found that monensin decreased DMI by between 4 to 6.4%. Thirty five European studies
reviewed by Nagaraja (1995) found an average decrease of 4% in DMI. A study done by
Guan et al. (2006) with 36 Angus yearling steers on monensin and rotation of monensin
and lasalocid with high and low concentrate diets found that DMI was not significantly
influenced on a low concentrate diet (P > 0.05). However, with the high concentrate diet,
both monensin and rotation between monensin and lasalocid significantly decreased DMI
/d (P < 0.05).

ii.

Feed efficiency
Improved feed efficiencies were found to be 5.6% (Raun 1990) to 7.5% (Goodrich et al.
1984). In European studies the average improvement in feed efficiency was found to be
8.7% (Nagaraja (1995). In the study by Guan et al. monensin and rotation between
monensin and lasalocid did not significantly (P > 0.05) influence feed efficiency of the low
concentrate diet and this is supported by other studies (Guan et al., 2009). With the high
concentrate diet workers found an improved feed efficiency (P < 0.05). Improved feed
efficiency observed with ionophores on high concentrate diets is related to the reduction in
DMI and due to a direct effect on growth rate.

iii.

Average daily gain
Monensin increased ADG by 1.6% (Goodrich et al. 1984) and 1.8% (Raun 1990). Nagaraja
(1995) found an average increase of 5.2%. Guan et al. (2006) reported that on both the
high and low concentrate diets no influence was seen on ADG with monensin and the
rotation between monensin and lasalocid. This was consistent with other studies (Stock et
al., 1990; Zinn et al., 1994).

Essential oils
The uses of essential oils are becoming more and more popular as replacements for antibiotics in
the animal feed industry. This is due to the fact that antibiotics are facing reduced social
acceptance from the consumer of animal products. For this reason alternatives for the
manipulation of microbes and microbial populations are being investigated. Essential oils are one
of the many compounds being investigated due to its antimicrobial activities, resulting in reduced
peptidolysis, deamination and methanogenesis. The use of essential oils is objective or target
dependent, making selection of different essential oils important in different situations.
Plants produce secondary metabolites through their metabolism. These include an extensive
variety of organic compounds that can be classified into three main groups. They are saponins,
tannins and essential oils. Of these three groups, essential oils have been shown to have
antimicrobial activities. These essential oils are currently considered as being safe for human and
animal consumption. They are categorized as GRAS by the USA FDA meaning generally recognized
as safe (FDA, 2005). The potential use of essential oils in ruminant diets as feed additives has been
reviewed by Calsamiglia et al. (2007) and Benchaar et al. (2007).
The origin, classification and activity of essential oils

Essential oils are a blend of secondary metabolites obtained from the plant volatile fraction by
means of steam distillation (Gershenzon and Croteau, 1991). In general they are classified into two
chemical groups that have different origins. Thus different precursors of the primary metabolism
are synthesised through separate metabolic pathways. These two groups are terpenoids and
phenylpropanoids. Terpenoids are the more numerous and diverse group of the two of secondary
metabolites and are derived from an isoprenoid structure (C5H8). Within the terpenoid group, the
most important components of essential oils belong to the monoterpenoids and the
sesquiterpenoid families (Gershenzon and Croteau, 1991). The phenylpropanoids are not the most
common compounds of essential oils and are derived from a structure with a chain of three
corbons bound to an aromatic ring of 6 carbons.
Just like ionophores, terpenoids and phenylpropanoids develop their action against bacteria
through the interaction with the bacteria’s cell membrane (Griffen et al., 1999; Davidson and
Naidu, 2000; Dorman and Deans, 2000). The mode of action is different in ionophores and the
essential oil compounds.
Where ionophores interact with cations, terpenoids and
phenylpropanoids causes conformational changes in the cell’s membrane. The result is a leakage of
ions across the cell membrane and the loss of the transmembrane ionic gradient (Griffen et al.,
1999). In most of the cases large amounts of energy is diverted to the function of restoring the
transmembrane ionic gradient, reducing the amount of energy for growth and reproduction. In
some of these cases the energy demand for keeping the ionic gradient is so large that microbial
death occurs (Griffen et al., 1999; Ultee et al., 1999; Cox et al., 2001).
The mechanism of action makes essential oils more effective than ionophores. They can interact
directly with the cell membrane because of their hydrophobic nature (Smith‐Palmer et al., 1998;
Chao and Young, 2000; Cimanga et al., 2002). Because of their small molecular weight in
comparison to monensin and other ionophores, essential oils are also effective against gram‐
negative bacteria. What makes them effective against gram‐negative bacteria is their ability to
cross the external hydrophilic part of the cell membrane due to their small molecular weight
(Calsamiglia et al., 2007; Griffen et al., 1999; Dorman and Deans., 2000). This property of essential
oils of being active against both gram‐positive and gram‐negative bacteria reduces the selectivity of
these compounds against heterogeneous populations of microbes found in the rumen
environment. This makes it more difficult to modulate rumen microbial fermentation to study the
effects of essential oils on different populations. Other mechanisms of action have also been
described, which include the coagulation of some cell constituents, denaturation of proteins and
the interaction with DNA (Gustafson et al., 1997; Juven et al., 1994).
The effects of the main essential oils available to be used as feed additives will be presented briefly.
This will be done by separately discussing the active compounds.
Carvacrol and thymol
These two compounds form part of the monoterpenoids. They have strong antimicrobial activity
against a wide range of both gram‐positive and gram‐negative bacteria. They are found in oregano
and thyme.

It was reported that thymol inhibits deamination (Brochers, 1965). A similar conclusion was
reached by Broderick and Balthrop (1979) after they incubated rumen fluid in vitro in thymol.
Evans and Martin (2000) reported that thymol affected the energy metabolism of two relevant
rumen bacteria grown in pure cultures. The two affected bacteria were Streptococcus bovis and
Selenomonas ruminantium. Thymol reduced methane and lactate concentrations, although at
higher doses also reduced overall nutrient digestion and total VFA production. From this there
were clear indications that microbial metabolism was inhibited. It was reported that when low
doses of thymol (50 mg /ℓ) was used, no effect on in vitro rumen microbial fermentation were
observed. At higher doses (500 mg /ℓ) total VFA and the ammonia‐N concentrations decreased,
and a shift in the acetate to propionate ratio, increasing it (Castillejos et al., 2006). Results from
several in vitro studies, suggest that the effects of thymol are dependent on the type of diet being
fed and the pH (Castillejos et al., 2006; Cardozo et al., 2005). Different pH’s will lead to shifts in
opposite directions of acetate and propionate ratio. Castillejos et al. (2006) reported an increase in
the acetate to propionate ratio at high pH’s (more than 6.4) with a 60:40 lucerne hay to
concentrate diet. Cardozo et al. (2005) observed changes in the opposite direction from those
found by Castillejos. They observed decreases in the acetate to propionate ration when thymol
was incubated in rumen fluid from cattle fed a 10:90 straw to concentrate diet. The pH was 5.5 for
this diet.
Compounds which contain phenolic structures like thymol are more effective as antimicrobials in
comparison with other non‐phenolic secondary plant metabolites. What makes secondary plant
metabolites containing a phenolic structure more effective is the presence of a hydroxyl group on
one of the six carbons of the phenolic structure. Non‐phenolic secondary metabolites do not
contain a hydroxyl group, making them less effective (Helander et al., 1998; Ultee et al., 2002).
As a result of the strong and wide‐spectrum activity thymol has against both gram‐positive and
gram‐negative bacteria, there exists a narrow margin of security between an optimal dose and a
toxic dose. The effects reported were not always in the desired direction (Castillejos et al., 2006).
This leads to a suggestion that the antimicrobial activity of thymol may in some cases be too strong
and non‐specific to modulate the fermentation in a complex microbial environment such as the
rumen.
Cinnamaldehyde, eugenol and anethol
These three compounds are from the phenylpropanoid group. They have a wide spectrum of
antimicrobial activity against both gram‐positive and gram‐negative bacteria. The compound
cinnamaldehyde is the main component of cinnamon oil (Cinnamomum cassia) accounting for as
much as 75% of the oil composition. Research by Cardozo et al. (2004) using a continuous culture
experiment suggested that cinnamon oil modified N metabolism of rumen microbes by the
inhibition of peptidolysis. The effect it had on VFA concentrations was negligible (Cardozo et al.,
2004). At higher doses both cinnamon oil and cinnamaldehyde decreased VFA and ammonia‐N
concentrations. Through this it was observed that cinnamaldehyde had stronger effects than
cinnamon oil (Busquet et al., 2006). The effect of higher doses on the proportions of individual VFA
were however different. Cinnamon oil increased acetate without affecting the molar proportions
of propionate and butyrate. Cinnamaldehyde increased the propionate proportion without having
an effect on acetate and butyrate proportions. From this can be concluded that other substances
contained within the oil may be responsible for the difference in VFA profile.

Inconsistent effects were found on N metabolism when cinnamaldehyde were studied. Some
studies reported a change in N metabolism (Cardozo et al., 2004; Busquet et al., 2005a) while other
studies found no effects (Busquet et al., 2005b).
Eugenol is one of the main active compounds found in clove buds (Eugenia caryophyllus or
Syzygium aromaticum) and also in cinnamon oils. Eugenol accounts for up to 85 and 8% of these
oils (Davidson and Naidu, 2000). A continuous culture study showed that at low doses of clove bud
oil, there were lower proportions of acetate and branch‐chained VFA. But the study also showed
higher proportions of propionate (Busquet et al., 2005a).
Clove bud oil also proved to have an effect on N metabolism. It was responsible for increasing
peptide N and at the same time decreasing amino acid N concentration. This suggests a decreased
peptidolytic activity in the rumen. In general, effects observed with eugenol were similar to effects
reported for clove bud oil.
The main active component in aniseed is anethol. Anethol is responsible for the antimicrobial
activity of anise oil. The ether group on its aromatic ring gives the anise oil its antimicrobial activity.
In vitro studies done on anise oil and anethol showed that both decreased total VFA production and
they also decreased the proportions of acetate and propionate in the VFA mixture. With this
decrease of acetate and propionate, the proportion of butyrate was increased and the in vitro
studies showed that anethol had a stronger effect when it was compared to anise oil. No affect
was observed on the ammonia‐N concentrations with both anise oil and anethol (Busquet et al.,
2005a). The stronger effect of anethol to anise oil can be due to a lower concentration of anethol
in the anise oil.
Studies done by Cardozo et al. (2006) suggest that anise oil inhibit deamination of amino acids and
also reduced the acetate and propionate concentrations in the rumen. They also found with a
decrease in the VFA concentrations, that there was a decrease in acetate to propionate ratio. This
led to the conclusion that the use of anise oil or anethol may be beneficial to beef production
systems.
Capsaicin
Capsicum oil is found in hot peppers, the Capsicum annum ssp., and the main component being
capsaicin a tetraterpenoid making up 10 – 15% of the capsicum oil (Cichewicz and Thorpe, 1996).
When capsicum oil was supplied to rumen fluid from dairy cows used in an in vitro study, negligible
effects were observed in both short and long term studies (Cardozo et al., 2004; Busquet et al.,
2005a). Work done by Cardozo et al. (2005) showed that the effects were different when rumen
fluid from beef cattle was used in an in vitro system. The beef cattle were fed a diet containing
10:90, straw to concentrate ratio. They reported that at a pH of 7.0 total VFA and ammonia‐N
concentrations were reduced. They also observed that there was a reduction in the acetate to
propionate ratio. In contrast to the effects observed at pH 7.0, they found that at a pH of 5.5,
capsicum oil reduced the ammonia‐N concentration, increased total VFA production and also the
propionate proportions, and reduced the acetate proportion and thus a reduction in the acetate to
propionate ratio. From the study done by Cardozo et al. (2006) one can conclude that when
feeding a high concentrate diets at low pH, nutrient utilization in the rumen may be improved.

There is evidence that capsaicin found in capsicum oil increases DM and water intake by humans
and rats (Zafra et al., 2003; Calixto et al., 2000). From this it can be concluded that it will have the
same effect on DM and water intake on ruminants. From all of the above there seems to be
potential for the use of capsaicin in beef cattle diets based on its effects of increasing DM intake
and its potential effect on rumen microbes, changing their fermentation patterns and products.
Garlic oil
A mixture of a large number of different molecules is found in garlic oil. The large number of
molecules can be found in the plant or can be a result of changes that occurs during the extraction
and processing of the oil (Lawson. 1996). Garlic oil is known for its many therapeutic properties
which includes the following anti‐parasitic, insecticidal, and anti‐cancer, antioxidant, immune‐
modulatory and anti‐inflammatory properties. The most prominent activity that has been
thoroughly studied is probably its antimicrobial properties. Garlic oil has a wide spectrum of
antimicrobial properties against both gram‐positive and gram‐negative bacteria (Reuter et al.,
1996). Studies done by Busquet et al. (2005abc and 2006) have consistently shown that garlic oil
reduces the proportions of acetate and branch chain volatile fatty acids (BCVFA) and that it
increases the proportions of propionate and butyrate. Thus there is a shift in the acetate to
propionate ration, making it useful in beef cattle production.
In vitro studies done demonstrated that garlic oil reduced CH4. This reduced the CH4 (μmol): VFA
(μmol) ratio from 0.20 to 0.05 (Busquet et al., 2005). These results clearly show that garlic oil has a
huge effect on methane producing microorganisms. In the metabolic pathway of rumen
fermentation, methane is the main hydrogen sink. Thus inhibition of CH4 synthesis generates
reducing equivalents that need to be disposed of, propionate and butyrate being the main
alternatives (Van Nevel and Demeyer, 1988).
To identify the main active component of garlic oil that was responsible for the effects observed,
four active components were extracted. These active components were allicin, diallyl sulphide, and
diallyl disulphide and allyl mercaptan. Garlic oil and these four active compounds thought to play a
role in the antimicrobial activity of the oil were tested in, in vitro studies to determine their effects
on rumen microbial fermentation (Busquet et al., 2005c). It was found that garlic oil and the two
active compounds diallyl disulphide and allyl mercaptan were responsible for the reduction in
acetate and methane and the increase in propionate and butyrate. Kamel et al. (2007) reported
similar results.
Variable results were observed on N metabolism by garlic oil and the main active compounds.
Cardozo et al. (2004) suggested from his study that garlic oil inhibited deamination, other workers
reported only small and variable effects (Busquet et al., 2005bc). Cardozo et al. (2005) tested the
effect of garlic oil on rumen fluid and a high concentrate diet typically found in feedlot diets at
different pH levels, 7.0 vs. 5.5. They found that at a pH level of 7.0, garlic oil resulted in lower
ammonia‐N and total VFA concentrations. At a pH of 5.5 they observed a reduction in ammonia‐N
concentration, but total VFA concentration as well as the propionate concentration increased and a
decrease in the acetate concentration and the acetate to propionate ratio occured. The control
treatment contained no garlic oil in the diet, with comparison between the treatments; a shift in
microbial fermentation can therefore be suggested.

Combination of essential oils
The additive, synergistic and or antagonistic effects of a combination of essential oils have been
reported by Burt (2004). Many of the products commercially available these days have a
combination of one or more different essential oils. But very little information is available on the
potential synergies amongst them. Because of all the different combinations that can be used to
produce commercial products, only one will be discussed.
A product developed by Pancosma, a company in Switzerland, called XTract 7065 was tested in
farm trails in order to characterize its effect on field conditions. XTract 7065 contains a blend of
essential oils, consisting of 9.5% eugenol, 5.5% cinnamaldehyde and 3.5% capsicum. XTract 7065
was fed to beef cattle at a rate of 800mg/head/day. The trial showed that XTract 7065 decreased
DM intake. The overall result is that more of the energy is available from the same amount of feed
resulting in improved feed efficiency and or improved overall gains. This trial showed that XTract
7065, when supplemented in high concentrate diets, improved growth and better performance
were seen with steers than with heifers. The manufacturers recommend a dose of 1000mg /head
/day to optimize the performance of beef cattle fed a high concentrate diet.
Effect of essential oils on ruminant performance
Dairy cattle
Information on the effects of essential oils on dairy cattle performance is limited. A few trials of
hort duration (28 d) and not using more than 4 cannulated cows have been reported. This makes it
difficult to evaluate the effect of essential oils on lactation performance of dairy cattle (Benchaar et
al., 2006a).
i.

ii.

iii.

iv.

Dry matter intake
A TMR was fed to 4 Holstein cows which contained a mixture of essential oils. Benchaar et
al. (2006a) reported that there was no interaction between the additions of essential oils
(MEO) and DMI.
Milk composition and yield
Milk and 4% fat corrected milk (FCM) yields were not affected by the addition of MEO to a
TMR fed to lactating cows (Yang et al., 2007). Results of Benchaar et al. (2006b) also found
no changes in the milk production and milk composition of cows fed a 2 g /d MEO ruminant
supplement.
Body weight and Body conditioning score
No research results could be found on the effect essential oils have on both body weight
changes and BCS. Further research is needed on this subject.
Metabolic disorders
As with body weight changes and BCS, no research results could be found on the effect
essential oils have on metabolic disorders like pasture bloat, subclinical ketosis, abomasal
displacement and ruminal acidosis. Further research is needed on this subject.

Beef cattle:

As is the case with dairy cattle limited information is available on the use of essential oils in
feedlots, especially with regard to individual essential oils. There is however information on
combinations of essential oil and some performance data for feedlot animals. Research was
conducted by Pancosma using XTract 7065 and ADM. The product XTract 7065 contained 17%
eugenol, 11% cinnamaldehyde and 7% capsaicin. Thirteen studies incorporating 18 trails were
conducted supplementing XTract 7065 and using 884 growing animals. Three trails were
conducted on sheep and 15 on beef cattle (Bravo et al., 2009). The following results were
reported:
i.

ii.

iii.

Dry matter intake
XTract 7065 did not alter the DMI for lambs (P = 0.24) or beef cattle (P = 0.81) (Bravo et al.,
2009).
Feed efficiency
Because XTract 7065 did not alter DMI, there was a trend for improved efficiency in both
the lambs and beef cattle trails. Increases in feed efficiency for lambs were 11.9% and for
beef cattle the increases were 2.6% (Bravo et al., 2009).
Average daily gain
Bravo et al. (2009) found that XTract 7065 tended to improve ADG for both lambs and beef
cattle. An increase in ADG of 2.9% was found for beef cattle and ADG increase of 16.8% for
lambs was reported.

The effect that essential oils have on DMI is variable. Not all essential oils have an effect on DMI
and thus wouldn’t have an effect on ADG and feed efficiency (FCR). Some increase DMI, where as
others may decrease or have no effect on DMI. Essential oils may have an effect on the palatability
of feed and this may be a cause of reduced feed intake. It is suggested that when this might
happen, it is better to encapsulate the essential oil. Work done by Busquet et al. (2005a) showed
that the addition of cinnamaldehyde fed to dairy cattle resulted in a reduction of feed intake, but
increased the milk production, although not significantly. It was also found that capsicum oil
increased both DM and water intake in animals.
Differences were observed between dairy and beef cattle fed the same concentrations of essential
oils. Differences observed were due to the diet composition fed to the cattle. With dairy cattle,
the diets usually consist of a 60:40 or 40:60 concentrate to forage ratio. With beef cattle in
feedlots the diet ratio is usually 90:10, concentrate to forage ratio. The high concentrate
percentage in feedlot diets causes a larger decrease in pH. Because the effects of essential oils on
rumen microbes are pH dependant, a decrease in pH increases the antimicrobial effect of essential
oils. This is due to conformational changes in the molecular structure of the active compound.
In summary, essential oils vary considerably in chemical structure, source and activity.
Consequently their effects on ruminal fermentation and animal performance are inconsistent.
More research is needed to identify essential oils that only have desirable effects on rumen
function and animal performance.
Future research needed
Over recent years some knowledge has been gained on the use of essential oils as modifiers of
microbial fermentation in the rumen. However, there are still several issues that need to be

addressed before specific recommendations can be establisheded for commercial use in both dairy
and feedlot enterprises. Some of the many limitations of current knowledge that need to be
resolved include the following:
1.)

2.)

3.)

4.)

5.)

6.)

7.)

Researchers should report the concentrations of the main active compounds in essential
oils they use or they should instead use the pure active compound. The recommended
doses should be established in units like mg/kg DM or mg /head /day of the active
compound rather than units of the oil or extract. This should be done because the active
compound in essential oils or the extract can vary widely depending on the plant cultivar
being used, the growing conditions under which it is produced or the extraction methods
being used (Sivropoulou et al., 1996; Marino et al., 2001; Burt, 2004).
In vitro studies have been very useful in screening the effects of a wide variety of essential
oils. The use of in vitro studies will still be useful for screening of other useful extracts and
to study their specific mechanisms of action. However these methods are not without
limitations. One of the limitations is that doses used in in vitro systems are usually
reported as milligrams per litre. These values are much higher than those reported from in
vivo studies. This is because the bacterial concentrations found in vitro is much lower than
the concentrations found in vivo.
The microbes in the rumen may adapt to new environmental conditions when essential oils
or extracts are used to modify the environment. There are reports that suggest an
adaptation to the antimicrobial activity of the active compounds found in essential oils is
possible over time (Cardozo et al., 2004; Molero et al., 2004; Castillejos et al., 2007). In in
vitro studies the adaptation time is generally short thus not allowing the microbes enough
time to adapt to the product or extract. Thus enough time should be allowed to evaluate
the product.
There are also opportunities to explore other effects of the active compounds and extracts.
These opportunities include potential effects on bio‐hydrogenation of fatty acids and their
activity against pathogenic micro‐organisms.
As with other feed additives, the presence of residues in products like milk and meat
should be evaluated. No such evaluations have been conducted on the residues of essential
oil or of the active compounds they consist of.
The use of feed additives and thus also essential oils can only be justified if there is a
beneficial effect larger than the cost of the product. The cost:benefit ratio will depend on
the cost of the essential oil, the dose that is required and the most important, the resulting
improvement in animal performance.
The effect of essential oils has proven to be diet and feed ingredient dependant. There is
an urgent need for studies where typical South African feed ingredients are used such as
hominy chop in feedlot diets.

Conclusion
As with ionophores, most of the essential oils and active compounds tested at high doses have
inhibited rumen microbial fermentation, thus confirming their antimicrobial activity. In most cases
when the concentrations of the active compound were increased detrimental effects were seen.
These detrimental effects were observed with concentrations higher than 500 mg /ℓ. At doses in
the range of 50 to 500 mg /ℓ, depending on the active compound, some of the essential oils and
active compound were able to modify fermentation in the rumen. At these more moderate

concentrations changes in VFA production and/or protein metabolism were observed. These
observations depend on whether the active compound is used alone or as a mix in combination
with other essential oils or active compounds.
Because of the many conditions that exist in the dairy and feedlot enterprises, a universal extract
may not exist. This is because many of the active compounds are diet and pH dependant, making
the use of one universal compound difficult because not all farmers and feedlot managers feed the
same diet to their animals. Thus it actually comes down to the microbial population within the
rumen.
As is the case with ionophores, there are advantages in using essential oils as modifiers of rumen
fermentation. This can be seen on the effect these compounds have on fermentation, causing a
shift from acetate to propionate production and thus decreasing the acetate to propionate ratio. In
terms of protein metabolism, some of the active compound’s mechanism of action may be related
to the inhibition of deamination. Inhibition of peptidolysis has also been suggested by some
researchers. Some consumers may pay a premium price for products (meat and milk) that are
produced by the use of essential oils in animal feeds. The cost:benefit ratio of the essential oils or
active compounds may make it more attractive for producers to use, but only if the benefits are
more than those obtained from the use of ionophores.
However, the use of essential oils also may have negative effects. The two most important effects
that need further research are the effects of residues in meat and milk and the adaptation of
rumen microbes to essential oils. Because of these effects, in vivo studies are needed to determine
and confirm the mechanisms of action observed in in vitro studies. Thus in vivo studies are needed
to determine the optimal dose in units like mg /kg DM or mg /head /day of the active compound,
the potential adaptation of rumen microbes to the action of the active compounds and the time it
takes to adapt. Furthermore, the fate of the active compounds and the presence of residues in
meat and milk, needs to be studied and also the effect of the compounds on animal performance.
Research results on lactation studies are limited and growth performance data on feedlot animals is
practically non‐existing, especially with regards to feed ingredients such as hominy chop, which is
being used to a large extent in South African feedlots. Essential oils hold promise as a natural
alternative, but more research is needed before nutritionists would be able to make practical
recommendations. The bottom line is, when ionophores are banned we need to have natural
alternatives in place!
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Introduction
South Africa possess a large number of goats estimated at 6.454 million, of which 2 million are
considered commercial and the rest, the 4.454 million are communal and mostly in the rural and
peri‐urban areas according to the Department of Agriculture, Forestry and Fisheries (DAFF, 2010a).
These are also distributed according to province (Table 1), with the E. Cape having the highest
percentage (36%) followed by Limpopo (21%) then KwaZulu Natal (13%). The other 30% is amongst
the other remaining provinces. South Africa possesses approximately 3% of the total goat
population in Africa and less than 1% in the whole world (DAFF, 2010a).
Table 1: Provincial distribution of live goats. Adapted from DAFF,2010a.
Province
Western Cape
Northern Cape
Free State
Eastern Cape
KwaZulu Natal
Mpumalanga
Limpopo
Gauteng
Northwest

Number of live goats
(‘ 000)
230
528
258
2 385
865
95
1, 313
45
735
6.454

Source: Agricultural
Goat meat herein after referred to as ’chevon’ has had a steady production rate over the last ten
years (1999‐2008) and has thus increased its gross value nationally to R133 843 252. Goat breeds,
namely the Boer goat, Angora, Savanna and the Kalahari Red are generally owned by “white”
commercial farmers whereas the communal goats herein referred to as ‘Indigenous Goats’ are
mostly owned by “black” small‐scale subsistence farmers. Such Indigenous Goats are used for their
meat and milk but they do not have optimal production conditions, and so they have small
carcasses/low meat yields and low milk yields, which can only be sufficient to provide for their kids
(DAFF, 2010b).
According to a United States Agency for International Development & Agricultural Research
Council‐Animal Nutrition and Animal Products Institute (USAID/South Africa & ARC‐ANPI, 1998)
market survey conducted on the goat industry in South Africa it would seem that little scientific
information on goat meat is available in South Africa. Goats are kept and used for cultural
traditions (weddings, funerals and other traditional rituals) as well as for subsistence farming and
therefore goats are considered to be a commercially under‐utilised resource. The unavailability
and low consumption rates may be due to problems related to marketing, supply, unfamiliarity
with or a dislike of goat meat. The report states that for the goat meat to enter into the
mainstream red meat industry, it will have to be accepted and appreciated for its specific
characteristics (USAID/South Africa & ARC‐ANPI, 1998). In Africa, the low goat production (primary:
animal breeding and production and secondary: value addition) rates could be attributed to basic

production issues, post‐harvest meat quality, infrastructural and government policies and such
factors could prevent countries from participating in the global goat meat market and trade
(Simela & Merkel, 2008).
This literature review focuses on the nutrient composition and sensory quality attributes of chevon
from South Africa’s Indigenous Goats. Data from the study (nutrient analysis), the nutritional
profile, will be useful for the local red meat industry, Medical Research Council’s nutritional
database as well as the community at large.
1.1 Overview of the goat meat industry
The goat meat industry in South Africa is still at it infancy stages (DAFF, 2010b). Most of the
slaughtering is done informally in most communities, no records are kept and consumption is for
purely for ceremonial purposes. Goats which are slaughtered in the commercial sector are the Boer
and Angora types. It still remains a fact that South Africa mostly imports live goats and chevon
from Namibia and exports it to other African States, with Nigeria having the larger share of 88% in
2008. Most of the meat for export was from the Gauteng Province and this could be due to the fact
that this province is regarded as the collection point with a lot of mini‐companies doing the retail
transactions meaning that foreign nationals in South Africa exporting chevon to other African
States. The consumption of chevon has since 1999 increased in South Africa due to the influx of
different ethnics groups from neighbouring countries. Australia still remains the major exporter of
goats (DAFF, 2010b). The Indigenous Goat Industry is still not organised at any provincial or national
level.
The development and initiation of a formal goat industry in South Africa was started through a
programme entitled “The Commercialisation of Indigenous Goat Production and Products” which
entails the primary (animal production) and secondary (meat, milk, leather and cashmere)
production of such products (Roets, 2002). A project of that nature, viz. the Umzimvubu Goat
Processing Facility was initiated in the period of 2002‐2004 in the Eastern Cape and includes an
abattoir and a craft centre. The development of such a processing model was a result of research
and studies conducted to commercialise and formalise such an enterprise (Roets, 2004). In other
provinces within South Africa efforts to commercialise Indigenous Goats but it still remains that
these types of goats are kept by farmers in rural and peri‐urban communities for household
consumption as well as for the generation of income through sales (Anteneh, Mekala, Mnisi,
Mukisira, Muthui, Murungweni and Sebitloane, 2004; Kayamandi Development Services, 2007).

1.2 Essential nutrients in meat and chevon
Table 2: Composition (%) of lean muscle tissue of meat animals. Adapted from Varnam &
Sutherland,1995
Species
Water, %
Protein, %
Beef
70‐73
20‐22
Chicken
73‐77
20‐23
Lamb
73
20
Pork
68‐70
19‐20
Goat1
69.8
24.83
2
Goat
75.84
20.60
1
2
Tshabalala (2003); USDA (2010)

Lipid/Fat, %
4.8
4.7
5‐6
9‐11
7.9
2.30

Ash,%
1.0
1.0
1.4
1.4
0.97
1.11

According to Whitney & Roelfes (1999), essential nutrients, which are chemical substances
obtained from food with a sole purpose of providing the body with energy, are classified as
inorganic (water and minerals) and organic (carbohydrates, lipids, proteins and vitamins). Meat is
considered as one of the main source of protein, vitamins, minerals especially iron and other trace
elements and forms part of a balanced healthy diet for humans (Varnam & Sutherland, 1995;
Feiner, 2006). The proximate composition of meat includes water, protein, fat/lipid and ash
(minerals) in varying amounts depending on the species and is relatively constant over a wide range
of animals (Varnam & Sutherland, 1995). Chevon compared to muscle tissue of other meat animals
has higher water content values and less fat (Table 1)
1.2.1 Water/moisture
Water constitutes 70% of the weight of raw meat at slaughter and is inversely related to the fat
content (Varnam & Sutherland, 1995). This component, in living animals is bound in between the
myofibrils an after slaughter, water loss is inevitable and occurs due to drip loss, evaporation during
storage as well as during the processing of meat i.e. cooking. Loss of water often affects the weight
of the meat and, in turn, its value economically (Varnam & Sutherland, 1995). The moisture
content of goat tissue muscles seems to be higher that those of beef (USDA, 2010) but less in
Indigenous Goats (Tshabalala, 2003) however with the highest protein content.
1.2.2. Fat/lipids and fatty acids
Fats/lipids and naturally, their building blocks, namely fatty acids, occur in meat in varying amounts
and depending on the species. Fats are the most important source of food energy and are the
carriers of fat soluble vitamins (A, D, E and K) and the essential fatty acids (namely, linoleic and
linolenic acids. Carcass fat can be intramuscular, intermuscular and subcutaneous and fatty acids,
which define the fat composition and its chemical configuration is classified as saturated, mono and
poly‐unsaturated (Feiner 2006). The human body can produce all fatty acids except two essential
fatty acids, linoleic (C18:2) an omega‐6 fatty acid present in vegetable oils, and linolenic (C18:3) an
omega‐3 fatty acid present in leafy vegetables. These essential fatty acids are the major
constituents of cell walls and mitochondria and they produce hormone‐like substances,
eicosanoids, which regulate the blood pressure, aid in blood clot formation and the immune
response to injury and infections (Lawrie, 1998; Whitney & Rolfes, 1999). Mono‐unsaturated fatty
acids when compared to saturated fatty acids, they tend to lower the total low density lipoproteins

(LDL) cholesterol levels and increase the high density lipoproteins (HDL) cholesterol levels and thus
minimising coronary heart diseases (Kris‐Etherton, 1999).
The effect of the sex and age on the composition and proportions of fatty acids in muscle tissue of
Indigenous Goats were analysed (Simela, 2005). The results showed that the concentration of
unsaturated fatty acids, oleic (C18:1) and linoleic (C18:2) as well as the saturated fatty acid, palmitic
(C16:0) were higher and had a tendency to increase with the age of the animal. However, this will
mean that younger animals have less saturated fatty acids and, on the other hand, older animals,
will have more of the unsaturated fatty acids.
Table 3: Summary of fatty acid concentration in chevon from Indigenous Goats. Adapted from
Simela, 2005.
Fatty acid
SFA
UFA
MUFA
PUFA

0 teeth 2 teeth
11.30
27.15
18.57
9.81

4‐6 teeth
14.73
33.70
25.02
8.86

8 teeth IG1
15.09
26.90
19.98
6.92

1

18.69
38.88
29.28
9.56

53.6
46.4
42.5
3.9

IG=Indigenous Goats1 Tshabalala (2003)
1.2.3. Amino acids
Nutritionally meat is regarded as a good source of essential amino acids, certain minerals and to a
lesser extent vitamins (A, B1 and nicotinic acid) which are found in organ meat, the liver (Lawrie,
1998) and between the breed, specific muscle location, animal age, amino acid composition may
differ (Table 2). Amino acids are considered as the building blocks of proteins. In the nutrition of
humans, the body has the ability to synthesize major amino acids using nitrogen derived from food
sources and other amino acids, considered essential are insufficient and hence they should be
supplied to the human body by consuming foods containing them. However, like amino acid,
tyrosine (non‐essential) is considered conditionally essential because it can only be made from
phenylalanine an essential amino acid (Whitey & Roelfes, 1999; Feiner, 2006). According to Simela
(2005), in analysing the amino acid composition of Indigenous Goats, alanine and tyrosine were
affected by the age of the animal whereby, their composition increased from that of kids<young
female goat< young castrated male goat< mature female goat. Table 2 shows the average values of
amino acids composition of Indigenous Goats in South Africa. These results show that nutritionally,
chevon has the ability to provide humans with essential amino acids.
1.2.4 Vitamins and minerals
Vitamins are vital components in the human nutrition and their role is to assist enzymes to release
energy from nutrients such as carbohydrates, fats and proteins (Whitney & Rolfes, 1999).
According to Lawrie (1998) organ meats contain higher levels of vitamin contents than the
muscular tissue especially vitamin A and B12. Meat, however, is considered as a good source of B‐
complex vitamins (B1: thiamine, B2: riboflavin, B3; niacin, B5: pantothenic, B6: Pyridoxine and B12:
cynanocobalamin (Lawrie, 1998) and negligible amounts of vitamins D, E & K, A and C, which are
found in meat organs than in muscle meat (Rice, 1971).
The minerals in meat include sodium, calcium, phosphorus, potassium, magnesium, iron, copper
and zinc However, Iron, copper and zinc occur in higher contents in beef kidney and liver (Lawrie,

1998). Inadequate data is available on the composition of mineral and vitamins in chevon;
however some results are shown in Table 4.

Table 4: Amino acid composition in fresh meats (values/100g)
Amino acid

Category

Beef

Pork

Lamb

Goat1 Goat2

Isoleucine
Leucine
Lysine
Methionine
Cysteine
Phenylalanine
Threonine
Tryptophan
Valine
Arganine
Histidine
Alanine
Aspartic acid
Glutamic acid
Glycine
Proline
Serine
Tyrosine

Essential
Essential
Essential
Essential
Essential
Essential
Essential
Essential
Essential
Essential/infants
Essential/infants
Non‐essential
Non‐essential
Non‐essential
Non‐essential
Non‐essential
Non‐essential
Non‐essential

5.1
8.4
8.4
2.3
1.4
4.0
4.0
1.1
5.7
6.6
2.9
6.4
8.8
14.4
7.1
5.4
3.8
3.2

4.9
7.5
7.8
2.5
1.3
4.1
5.1
1.4
5.0
6.4
3.2
6.3
8.9
14.5
6.1
4.6
4.0
3.0

4.8
7.4
7.6
2.3
1.3
3.9
4.9
1.3
5.0
6.9
2.7
6.3
8.5
14.4
6.7
4.8
3.9
3.2

3.92
7.07
8.00
2.24
0.92
3.54
4.65
0.88
4.07
5.6
2.43
4.94
7.88
14.00
3.87
3.27
3.85
3.14

1.04
1.71
1.53
0.55
0.24
0.71
0.98
0.30
1.10
1.51
0.42
na
na
na
na
na
na
0.63

Source: Lawrie,(1998); Goat1: Simela (2005); Goat2: USDA (2010); na= Data not available
Table 5: Nutrient composition of raw goat meat. Adapted from USDA, 2010

Nutrient

Units

Value per 100 grams

Calcium, Ca

Mg

13

Iron, Fe

Mg

2.83

Phosphorus, P

Mg

180

Potassium, K

Mg

385

Sodium, Na

Mg

82

Zinc, Zn

Mg

4.00

Copper, Cu

Mg

0.256

Manganese, Mn

Mg

0.038

Selenium, Se

Mcg

8.8

Minerals

Vitamins

Thiamin (B‐1)

Mg

0.110

Riboflavin (B‐2)

Mg

0.490

Niacin (B‐3)

Mg

3.750

Folate, total

mcg

5

Folate, food

mcg

5

Vitamin B‐12

mcg

1.13

Vitamin A:IU , Vitamin A:RAE, Vitamin C, Folic
mcg
acid & Retinol

All values were recorded to
be: 0

1.3 Quality attributes of chevon
Little scientific information about chevon is available, yet it is and could be considered as a good
source of protein (Roets, 2002). The overall meat quality in general could be defined by basic
components and meat quality factors and these factors could be evaluated by various physical, bio‐
chemical, histological and sensory analyses (Simela, 2005). Some of these components are shown in
Table 2 below.
Table 6: Meat quality components and factors (Simela, 2005)
Component
Yield and gross composition
Appearance and technical characteristics

Palatability

Wholesomeness

Meat quality factor
Ratio of fat to lean
Muscle size and shape
Colour and water holding capacity
Fat texture and colour
Marbling (intramuscular fat)
Chemical composition of lean
Texture and tenderness
Juiciness
Flavour
Aroma
Nutritional quality
Chemical safety
Microbial safety
Acceptable animal husbandry

In South Africa very few studies have been conducted regarding the Indigenous Goat meat and its
products as most studies were conducted on chevon of Boer, Angora and a comparison is often to
that of sheep meat/ mutton (Van Niekerk & Casey, 1988; Schönfeldt, 1989). In studies conducted
by Tshabalala (2000), carcass characteristics of Indigenous Goats were compared to those of the
Boer goat and sheep (Dorper and Damara). The results showed that the Indigenous Goats carcass
was smaller in size as compared to that of the Boer goat and also from the two sheep breeds. This
is attributed to the less fat on such goat carcasses and inversely affected by the feed intake where

Indigenous Goats often roam and are reared extensively. Chevon can be acquired from goat kids as
young as 8‐12 weeks, young goats of 2‐6 years and old goats of more than 6 years (Schönfeldt,
1989). In a review conducted by Banskalieva, Sahlu & Goetsch (2000), it is stipulated that most of
the research on chevon focuses on the effects of breed, age, sex and animal nutrition or rearing
systems on the quality of the meat especially on fatty acid composition of goat muscles and fat
deposition. Since chevon is considered to be lean, research often focuses on this aspect.
The effect of sex, age and pre‐slaughter conditions on the characteristics of South African
Indigenous Goats carcasses were determined and the quality of chevon assessed through sensory
evaluation (Simela, 2005). The results showed that carcasses from Indigenous Goats are lean and
have a low fat content ‐ an observation typical in most goat breeds. Intact males and carcasses
from younger animals of two‐teeth and six‐teeth stages yielded more meat. In similar studies, with
the effect of sex, it was shown that chevon from females was more tender than that from their
male counterparts which had lower carcass fat (Johnson, McGowan, Nurse & Anous 1995). With an
age effect, animals as young as three to five months of age yielded tough meat and this could be
attributed to light weight and thin carcasses due to the cold shortening of the muscle fibers (Smith,
Carpenter & Shelton, 1978).
1.4 Nutrient composition of chevon
Chevon compared to other red meat is considerably regarded as a “healthy meat” as well as a
potential source of protein due to its lower fat content, energy intake, lower cholesterol levels, high
levels of unsaturated fatty acids such as, mono‐oleic and poly‐linoleic structure acids (Park, Kouassi
& Chin, 1991; Tshabalala, 2000 & Simela, 2005) and such values correlate well with nutrient values
profiled in the U.S. Nutrient Database Handbook according to the United States Department of
Agriculture (USDA, 2010). Studies conducted by Simela (2005) showed that chevon from South
Africa’s Indigenous Goats possess all of the essential amino acids and thus if consumed it could
meet the dietary requirements of an adult consumer.
1.5 Sensory quality attributes of chevon
Sensory evaluation in the food industry is considered to be a vital tool in assessing the worthiness
of a commodity and its acceptability and hence addressing an economic interest in the product/s
(Meilgaard, Civille & Carr, 1991). Sensory evaluation techniques are often applied in conjuction
with chemical and physical testing methods which help to clarify sensory scores (Palmer according
to Schönfeldt, Naudé & Bok, van Heerden & Sowden, 1993). A market survey report taking into
consideration the age, gender, population group showed that respondents were aware of chevon
but it was not at the top of their list of meat preference., Their behaviour towards the meat was
that they know of it, were aware of it And consume it occasionally and this was a response mostly
from blacks, coloureds and Asians (USAID/South Africa & ARC‐ANPI, 1998). Their perception
towards it was that it is often used for traditional and religious purposes and on a negative note it
was regarded as being smelly and tough (USAID/South Africa & ARC‐ANPI, 1998).
Quality attributes of meat are evaluated by consumers based on the juiciness, tenderness, flavour
and the overall acceptability. In most sensory studies conducted, chevon is often compared to that
of lamb (Babiker, Khider & Shafie, 1990; Schönfeldt et al, 1993; Tshabalala, 2003) or beef (James &
Berry, 1997; Rhee, Myers & Waldron, 2003) to asses characteristics such as the muscle colour,

water holding capacity which addresses cooking losses, tissue strength as well as the subjective
evaluation on the colour, flavour, juiciness, tenderness and the overall acceptability. Most of the
results showed that the two meat types are different from each other and it would seem that lamb
is preferred more than chevon. In most cases such results are supported by other parameters
including the sex of the animal, the breed as well as the age. The results showed that meat from
younger animals was more acceptable that that from older animals and this is due to the high levels
of juiciness in cooked meat of younger animals (Schönfeldt et al, 1993) According to James & Berry
(1997), chevon, due to its low fat content, can be used in the development of low‐fat comminuted
meat products.
1.6 Problem statement
Chevon compared to other red meat, is regarded as a “healthy meat” as well as a good source of
protein due to its lower fat content, calorie intake and lower cholesterol levels (Park, Kouassi &
Chin, 1991 & USDA, 2010).
Published information related to the quality and the nutritive value of chevon as compared to other
meat types is scarce and this could also be attributed to the fact that chevon has received limited
attention by human nutritionists to regard and classify it as “another” source of protein (Johnson,
McGowan, Nurse & Anous, 1995). In South Africa little scientific information about the nutrient
content of chevon is available and yet chevon could be regarded as a major source of protein
amongst the low income earners as well as most non‐ethnic consumers. A study could be
conducted to focus on:






the nutrient content chevon from Indigenous and Angora goats (different age group and fat
codes) which encompasses proximate analysis, fatty acid profile, cholesterol levels, water
and fat‐soluble vitamins, minerals as well as amino acid profiles including cysteine,
tryptophan and methionine;
and descriptive sensory evaluation of the traditionally and “modern” cooked meat taking
into consideration the colour, flavour and aroma, juiciness, tenderness as well as the
overall acceptability of the meat;
the use of chevon in comminuted meats (chevon: beef proportions).

Table 7: Proposed experimental design
Age/Class

Fatness/Fat Code
(1‐3)
1= very lean, 2= lean & 3=medium

No.
of
carcasses per
class/fat code

Total
number of
carcasses

A
B
C

A1
B1
C1

5
5
5

15
15
15
45

A2
B2
C2

A3
B3
C3

Table 8: Summary of Methods Used for Nutrient Analysis
Analysis
Proximate chemical analysis
Moisture (water)
Ash
Protein (N)
Fat
Energy
Minerals
Water‐soluble vitamins
B1, B2
B3
B6
B12
Biotin, Folic acid & Pantothenic acid
Fat –soluble vitamins
Retinol‐Vitamin A
Vitamin D
Fatty acid profile including CLA
Amino acids
(18 amino acids including cysteine, tryptophan
and methionine)
Cholesterol

Method
Official Method 950.46 AOAC (2005)
Official Method 920.153 AOAC (2005)
Official Method 992.15 AOAC (2005) (Dumas
combustion)
Official Method 960.39 AOAC (2005) (Soxtec ether
extraction)
Calculated (Atwater and Bryant, 1900)
Official Method 956.01 AOAC (2005) – (Ion
Chromatography)
(IC) sub‐contracted laboratory)
High Performance Liquid Chromatography (HPLC)
(Fellman et al. 1992)
Official Method 961.14 AOAC (2005)
Official Method ALASA 7.2.3
Official Method AOAC 986.23 (2005)
Microbiological
Liquid chromatograph
Gas Chromatography (GC) (Christopherson and Glass,
1969)
High Performance Liquid Chromatography (HPLC)
(Fellman et al. 1992)
Gas Chromatography (GC) (Smuts et al.,1992)
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INTRODUCTION
Tropical and subtropical climates have both direct and indirect effects on livestock. Furthermore, it
is predicted that climate change will have a more extreme effect on the African continent than on
any other continent (Scholtz, et al. 2010). Ambient temperature is the factor that has the largest
direct effect on livestock production. Most livestock performs at their best at temperatures
between 4 and 24°C (McDowall, 1972). In the tropics and subtropics temperatures frequently rise
above this comfort zone and it is therefore important that livestock are adapted to these higher
temperatures (Linington, 1990). Climate change will exuberate this situation. High temperatures
and solar radiation decreases intake in order to reduce digestive heat production, and reduce
grazing time (animals do not graze in hot midday hours), whereas sweating and water intake
increases.
Nutrition stress has the largest indirect effect on the grazing animal in the tropics and subtropics. In
these environments, natural pasture has both lower nutritional value and lower tiller density than
in temperate regions (Linington, 1990). However, the fact that higher temperatures also causes a
loss of certain mineral metabolites (losing of an‐, cat‐ions) in the animal is often ignored. This
causes loss of appetite, lower feed intake during the day and reduced production (milk, muscle
growth, wool). By changing of mineral content in supplement feeding to grazing livestock this can
be mitigated and loss of production minimized. This can be done by changing the anion / cation
balance of the supplement. If the intake of mineral metabolites can be manipulated to balance the
losses caused by heat stress, it can lead to a balanced level of anions and cations which in turn may
assist the animal to cope with high temperatures.
DISCUSSION
Climate Change
Climate change is already affecting food security (food availability, food accessibility, food
utilization and food systems stability) on a global level (FAO, 2009). People living in fragile
ecosystems (i.e. semi‐arid landscapes) are most at risk. Despite current efforts, changes in the
climate will continue to occur (Environmental Agency, 2009). Adaptation and mitigation strategies
should be done on at local and specific levels (FAO, 2009). The uncertainties related to climate
change impacts and vulnerabilities are considered as an impediment for action (FAO, 2009). The UK
has in place a Climate Change Act (2008) that provides a legal framework for addressing climate
risks and promoting adaptation (Environment Agency, 2009).
Increases in global temperatures over the last century were stated as 0.74º (FAO, 2009) and 0.8ºC
(Environment Agency, 2009) with an expected rise of 3ºC in this century. The rise in average global
temperature for this current century might be adjusted upwards (Environment Agency, 2009, FAO,

2009). It is predicted that in South Africa the interior will warm around 2 to 3 degrees Celsius by
2050 and thereafter to between 6 and 7 degrees Celsius (Department of Environmental Affairs,
2010). Many studies on societal adaptation to climate change (i.e. global warming, FAO 2009) have
been reported. Those searching for coping strategies to endure global warming must preferably
first investigate the possibilities to utilise existing strategies, rather than to developing yet to be
identified unique and untested ones (FAO, 2009). The Department of Environmental Affairs (2010)
stated in its green paper that there are indications that intensive livestock production systems are
vulnerable to increasing demands and costs associated with thermal stress reduction, water use
and pressure to contain greenhouse gas emissions. The green paper also stated that encroachment
of scrubs into grassland will lead to disruption of existing productive activities such as cattle
farming.
Heat stress
Livestock in tropical and sub‐tropical areas are under heat stress during certain periods of the year
(Salles et al., 2010). Animals that are under heat stress show a decrease in their productivity
potential with devastating economic consequences to global animal agriculture (Bernabucci et al.,
2010). With the accepted increase in global temperatures and higher increases in certain areas, as
mentioned before, more areas will become arid with increasingly erratic weather conditions
(Department of Environmental affairs, 2010). This will result in longer periods where livestock will
experience heat stress.
Heat stress in livestock can be defined as a physiological condition in which the core body
temperature is higher than its normal activity range. Core body temperature is the result of total
heat load (internal heat production and environmental heat) minus the ability to dissipate heat
from the body. If the heat load is above its heat dissipation capability, the animal will respond to it
through behavioural and physiological changes (Bernabucci et al., 2010). Heat stress can occur
when temperatures are above 25ºC for dairy cattle, when combined with high humidity, low air
flow and direct sun light (Berman et al., 1985; Hahn, 1999). In beef cattle the threshold
temperature above which dry matter intake is adversely affected, is 30ºC with a relative humidity
of below 80%, if relative humidity is above 80% the threshold temperature drops to 27ºC (Hahn,
1999, Figure 1). In cattle complete adaptations to constant temperatures are not attained within 9
weeks of exposure, however it is not certain if the data from respiratory chambers are applicable to
the outdoors (Berman et al., 1985).
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Figure 1 Critical ambient temperatures and zones for optimal performance and nominal performance
losses in beef cows and feeder calves (adapted from Hahn, 1999).

Models and indices have been created to assess environmental stress in animals and have been
found useful for characterizing the effect of environmental conditions on livestock productivity
(Mader et al., 2010). Mader et al. (2010) developed an index which in their view can be used as a
guideline in managing livestock. Heat tolerant breeds are in short supply and there is thus a need to
identify such breeds, as well as heat tolerant cattle within breeds (Gaughan et al., 2010). The heat
load index and panting score can help in assessing cattle under field conditions (Gaughan et al.,
2010).
The immediate reaction to increased heat load is increased respiration rates, decreased feed intake
and increased water intake (Bonsma, 1983; Silva, 2000). Further consequences are increased blood
flow to the skin surface, reduced metabolic rate and altered water metabolism (West, 1990). The
increase in heat stress also reduces reproductive abilities in both genders (Gwazdauskas, F.C., 1985;
Bernabucci et al., 2010). The effect of heat stress on summer fertility may result in a 20 to 27% drop
in conception rates (Lucy, 2002 and Chebel et al., 2004, as quoted by Bernabucci et al., 2010).
Furthermore, heat stress may lead to impaired embryo developments and even embryo deaths.
Sperm quality was also negatively affected by elevated ambient temperatures, i.e. reduced motility
%, reduced sperm output and increased % of abnormal sperm and aged sperm (Meyerhoeffer et
al., 1985).
The effect of heat stress on production can be severe and is generally thought to be a response to
the reduced feed intake by the effected cattle. This seems not to be the case according to
Bernabucci et al. (2010) who reported that reduction in feed intake only accounted for 35% of the
reduction in milk production in mid‐lactation cows. Hormonal changes that occur in response to
heat stress can play an integral role in the decline in productivity (West, 1999). Beef cattle can
particularly be vulnerable to extreme environmental conditions and to rapid changes therein
(Bernabucci et al., 2010). Fat cattle with a lot of hair and dark coat are very sensitive to heat
(Gaughan et al., 2009). Cattle can, within limits, adapt to environmental challenges to minimize

adverse consequences (Hahn, 1999). However, at temperatures above 25ºC feed intake drops
(Hahn, 1999).
In the USA beef cattle numbers decreased while quantity of beef produced increased since late
1970’s (Hughes, 2001) suggesting increase in cow size and carcass weights (Luna‐Nevarez et al.,
2010). This is however detrimental to cow productivity (Arange & Van Vleck 2002; Calegare et al.,
2009; Luna‐Nevarez et al., 2010) of cows in arid rangeland production systems. Cows which were
producing more milk for their calves also have higher feed requirements (Calegare et al., 2009) but
if the available feed and intake is restricted in certain environments (arid areas and heat stress)
cattle with a lower body weight and heat tolerant breeds seem to be more productive than pure
Bos taurus breeds (Kattnig et al., 1993; Calegare et al., 2009; Luna‐Nevarez et al., 2010). Beef cattle
raised for slaughter during the hot season (average temperature of 34.3ºC) produced lower quality
meat than cattle raised during the cool season (Kadim et al., 2004).
The effects of heat stress are higher in cattle than in other ruminants due to their higher metabolic
rate, and poorly developed water retention in the kidney and gut (Bernabucci et al, 2010). As water
intake increases, as a coping mechanism to heat stress, and more water is expelled through
sweating and panting, the body’s water content and mineral concentrations can be disturbed
(Bernabucci et al., 2010). The reduced feed intake further compounds the problem, as energy
intake drops and energy expenditure increases to achieve euthermia. This will cause the animal to
go into a negative energy balance and reduced intake of minerals. The uptake of nutrients in heat
stressed animals is diminished by reduced ability of the rumen to pick up nutrients as blood flows
more to the skin for cooling purposes (West, 1999; Bernabucci et al., 2010). This can affect rumen
health as less feed is consumed, less saliva enters the rumen, volatile fatty acids (VFA) build up due
to low uptake (decrease in ruminal pH), combined with low levels of HCO3‐ in saliva, making cattle
more susceptible to rumen acidosis (Kadzere et al., 2002). However Salles et al. (2010) found no
difference in VFA concentrations between temperature treatments. In other work reported by
Salles et al. (2010) there was even a reduction in VFA’s in cattle subjected to heat stress.
In periods of heat stress when feed intake declines and demands of lactation increases, an
increased dietary mineral concentration is required (West, 1999). Potassium (K) is the primary
cation occurring in bovine sweat and its concentration in sweat increases during hot climatic
conditions (Jenkinson & Mabon, 1973). During hot temperatures the absorption of macro minerals,
including Calsium (Ca) Phosphate (P) and K, declines (Kume at al., 1989). Dietary cation‐anion
difference can alter dry matter intake of beefs cows on rangelands (Hersom et al., 2010). Ross et al.
(1994) reported that finishing steers maximized their gain and intake when fed diets that had a
positive dietary electrolyte balance (15 mEq.100 g of DM). In the work of Ross at al. (1994) no
consideration to temperature was taken into account and may explain why no differences on day
84 in plasma parameters were found. Positive results on production in cattle (dairy cows in hot
weather) have been reported where potassium or sodium bicarbonate have been used as additives
to increase the cation levels in rations (Escobosa et al., 1984; Schneider et al., 1986; Bernabucci et
al., 2010).
Mitigation strategies
Management approaches may reduce the effects of hot climate, and may include mechanical
cooling such as forced ventilation (Berman et al., 1985) water sprayers and shading. However these
are difficult to apply to free grazing cattle and offer limited relief on a short term basis. With
increasing cost of energy, these methods might become un‐economical. Where temperatures rise

above the upper critical threshold (Figure 1) may occur more frequently, which will probably
happen as a result of climate change, the need for long term viable alternatives like breeding and
changing the nutritional approaches may become more pressing.
This review will only focus on nutrition strategies, and the role of breeding will not be discussed.
Nutrition has an important role to play in the mitigation of heat stress effects. Cattle that
experience heat stress will reduce intake in order to lower metabolic heat load. As a result of losses
in cation (K through sweating) anion (Cl‐ through respiration) and gasses (CO2 through lungs) and
reduced buffering in the rumen (less saliva into rumen) caused by less bicarbonate in the rumen,
but more in the blood and mobilized in kidneys to counteract CO2 losses, cattle will require more
concentrated feed, especially minerals such as potassium and sodium. However, energy provision,
as a result of lower intakes, with sources such as maize may exacerbate the problem due to
increased heat load by digestion of the energy source. The replacement of rapid fermentable
carbohydrates with saturated fatty acid reduced rectal temperatures and increased milk yield for
mid lactation dairy cows (Wang et al., 2010). The higher ammonia levels in the rumen due to
reduced carbohydrate levels during periods of heat stress makes it important that levels of rumen
degradable protein and soluble nitrogen sources are limited in cattle feeding. Feeding more by‐pass
protein during hot climatic conditions can result in higher production (West, 1999).
Dietary electrolyte balance has the capacity to alter intake of beef cows and can improve feedlot
performance. Although this principle is well established in the dairy industry, data on beef cattle
production systems are limited (Luna‐Nevarez et al., 2010) with no nutritional strategies to mitigate
heat stress conditions (Kattnig et al., 1993). There is some discussion on electrolyte balance (Ross
et al., 1994; Hersom et al., 2010) in beef cow’s/feedlot cattle but without the effect of climatic
conditions. Most work on cation‐anion levels were done in metabolic chambers (Salles et al., 2010)
and/or for short periods of time with short adaptation periods, where long periods of
measurements were taken, constant levels of cation‐anion were provided (Ross et al., 1994;
Hersom et al., 2010) without consideration of climatic conditions. There is a need to change feed
management of cattle in temperatures above thermal comfort limits so that performance losses
are reduced (Salles et al., 2010).
CONCLUSION
With the climatic changes and more erratic temperatures and expected increase of inland
temperatures in the period up to the year 2050 in South Africa, it will become necessary that
through management, breeding and nutrition, the beef industry is prepared for the challenges
poses by climate change,. South Africa has indigenous breeds that are to some extent tolerant to
our environmental conditions and have an edge over Bos taurus types and through selection can
become more competitive in a changing climate. However this takes time, and immediate solution
can be through adaptive nutrition, whereby beef cattle are fed according an expected weekly
weather prognosis during summer periods. As most beef is kept on rangelands, the feeding will
have to be through licks or supplements that may vary in energy (carbohydrates vs. fats) source,
protein (rumen degradable vs. by‐pass protein) source and minerals (cation‐anion levels). Research
on these aspects will assist in ensuring that the beef industry continues to produce at current levels
into the future and become more efficient and do its part for national food security.

It is concluded that nutritional strategies (adaptive cation‐anion balance) for maintaining
production in ruminants affected by increased environmental temperatures (heat stress) due to
climate change, can play a significant role to mitigate the effect of higher temperatures.
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1. BACKGROUND INFORMATION
The soaring price of meat and processed meat products necessitates the extensive utilisation of
inexpensive meat by‐products for human food. Prior to the food price crisis in 2008, more than 850
million people were undernourished (IDRC and CIDA, 2011:2). The Food and Agriculture
Organisation of the United Nations warned that already as of May 2009, over 1 billion people were
undernourished. The World Bank has estimated that under current conditions, global food
production would have to double by 2030 to meet increasing global demand. One of the World
wide nutritional deficiencies is Protein. There is a large source of animal protein going to waste on a
daily basis from abattoirs world‐wide due to lack of frozen storage. Most local offal products are
consumed ‘fresh’ but hawkers have a shelf‐life problem as their products on the back of their
‘bakkies’ (pick‐ups) have begun to compose by the time they reach their clients as the
temperatures there may easily reach 40 deg C due to hot climate in S.A. (South Africa). (Hinze,
2009).
In South Africa animal by‐products such as offal meat are popular to be cooked directly because
these products are preferred by consumers to have a fresh natural taste (cultural preference) and
are not fully utilized for the commercial production of value‐added meat products such as fresh and
emulsion‐type sausages for human consumption. Since all the processing takes place at ambient
temperatures the offal must be sold fresh and subsequently the offal has a very limited shelf life
and the potential for food borne infections and intoxications is great.. In order to provide more
nutritious, affordable high quality protein products, the use of selected non‐meat protein
ingredients in fresh and emulsion‐type meat products has been advocated by various researchers
(Yetim et al., 2001:97). Meat extenders are defined as non‐meat proteins that are available for use
in emulsion‐type sausages to improve consistency, emulsifying and water binding capacities. They
also serve to enhance the protein content, improve processing yields and reduce formulation costs.
Cheaper sources of protein that are available locally should be applied to extend emulsion‐type
meat products while maintaining acceptability and nutritional quality. According to Magoro
(2007:3), different offal parts such as beef livers, hearts, spleens, lungs, stomachs and intestines
can be used successfully as protein ingredients during the development of fresh meat sausages.
Beef spleen, heart, liver and lungs were found to be good sources of iron when compared to a beef
shoulder (Magoro, 2007:83). Therefore the utilisation of these products will add benefits of natural
fortification with iron when used during sausages making.
On reviewing literature, researchers such as Krishnan and Sharma (1990: 51‐60) have utilised
buffalo offal meat such as Rumen and Heart during the development of emulsion‐type buffalo meat
sausages. Tripe meat has been used by Pearson and Tauber (1984:109) for sausage making and
they have also advocated the inclusion of beef heart in sausages. In Northern countries, offal is
usually processed into fine value‐added products like liver batters, liver sausages, blood sausages
tripe sausages ‐ like andouille or andouillette in France (Chyr et al., 1980). Pork intestine are widely
used as casings in the sausage industry. Limited research has been conducted on the processing of
ready‐to‐eat emulsion‐type meat products such as polony using offal meat such as; red beef offal
parts (beef livers, beef hearts, beef spleens, beef lungs) with various other processing aids. Oliveros
et al; (1982:7) found beef spleen to have high emulsion capacity and least emulsion stability than
other meat by‐products such as beef tripe and heart.
2. OFFAL DEFINITION

Offal” – the so‐called fifth quarter of the beef carcass ‐ is consumed by a large proportion of the
SADC‘s (Southern African Development Community) population, which makes it an important part
of the cultural “food basket” of the majority of people in Southern Africa (Magoro, 2007:3). “Offal”
is also known as “Mala le Mogodu” in Sotho and “Mala Mangulu” in Venda. It is a traditional dish
preferred mostly by black South Africans (both young and old), due to its affordability and unique
taste (Horton & van der Heever, 1972:258). The black population in South Africa prefers roughly
cleaned tripe, as it is claimed that the residual injesta on the beef tripe acts as a natural flavourant
during cooking (Horton & van der Heever, 1972:251).
According to Ockerman & Hansen (1988:13) “offal” has been defined by the United States Meat
Industry as the meat‐slaughter by‐product or everything produced by or from the animal, except
the dressed meat. In South Africa, edible offal of food animals other than poultry: blood, blood
plasma, brain, cow‐heels, diaphragm, gut (casings), washed head, kidneys, omentum, pancreas,
pluck (oesophagus, trachea, lungs, heart, pericardium, associated lymph nodes, pillars of the
diaphragm and liver or part thereof (without the gall bladder)), spleen, tail, thymus, tongue,
cleaned tripe, trotters and udder (in the case of a heifer), (SANS 885:200X,5).
Edible offal is of significant economic value for the SADC meat industry, as a large proportion of the
SADC’s population consumes it ‐ in spite of the fact that it is regarded as a highly perishable product
due to being part of the gastro‐intestinal tract of the slaughtered animal (Horton & van der Heever,
1972:257). According to Hayes (1989:633‐655), some of the factors negatively affecting the
utilization of edible beef offal is that the youth of today have not experienced the diverse and
different tastes of offal. Another factor is that offal requires more preparation and takes long to
cook. Edible offal is mostly sold fresh with no value‐adding done to it. Therefore, adding value to it
through processing methods such as making fresh and emulsion‐type meat sausages could also
benefit the Small, Micro and Medium Enterprises (SMME’s).
3. CLASSIFICATION AND DESCRIPTION OF BEEF OFFAL
Beef offal can also be classified as “red” and “rough”, in order to differentiate liver, spleen and
lungs from rough stomachs and intestines.
3.1 Red offal
“Red offal” means the lungs, heart, liver, diaphragm, spleen, tongue and demasked head of the
slaughtered animal (Department of Agriculture, 2004:3). Red offal parts are kept in a separate area
from the rough offal in order to prevent cross‐contamination.
3.1.1 Liver
The ruminant liver, according to Frandson (1981:267), is located immediately behind the
diaphragm and tends to be located on the right side of the large stomach arrangement. It is
classified as a compound tubular gland, although its cells appear more like cords or plates than like
tubes. It has a thinner left lobe called the thumb piece, with a slight tail (Ockerman & Hansen
1988:32). The colour varies from light red to dark reddish‐brown and can even be black in old
animals. It is attached by ligaments to the anterior abdominal wall and to the stomach by the
lesser omentum. The liver is separated from the pluck by cutting through the attachment to the
diaphragm. The texture and flavour of liver is affected by species and animal age, with livers from
young animals being lighter in colour, with a more delicate flavour and more tender than those

from elder animals. Liver from mutton, older bulls and cows are usually used in manufactured or
processed meats (MaCrae et al. 1993:3343).
3.1.2 Spleen
The spleen is a specially‐designed lymphatic organ, with an elongated oval shape, contained in the
abdomen and attached to the rumen, but it is considered not to be part of the digestive system
(Ockerman & Hansen, 1988:54). The spleen may be fried, used in pies and/or in blood sausages. It
is dark in colour and has poor binding ability with a high collagen content, which gives sausages a
gristle‐like texture. According to Oliveros et al., (1982:7), beef spleen, lung and kidneys were found
to have a high sarcoplasmic proteins contents than other by‐product such as beef heart, tongue
and oesophagus except that of liver. Beef spleen was also found to have the lowest percentage free
water (water holding capacity), high myoglobin content except that of liver and least emulsion
stability. Oliveros et al., (1982:13‐17).
3.1.3 Heart
Beef hearts are conical in shape and average approximately 1.4 kg (normal range 1.4‐2.0 kg)
(Ockerman & Hansen, 1988:41). Whole hearts are removed from the pericardium and separated
from the lungs and remainder of the pluck by cutting the aorta and pulmonary vein. Hearts are
sometimes slashed open after slaughter for inspection and clotted blood, cartilages and some of
the fatty tissues removed. They are found to be less tender than liver, are merchandized fresh or
frozen and used in processed luncheon meats (emulsions). In these products they are not only a
source of high quality protein but also add colour to the finished product due to high myoglobin
content. They have a low‐to‐medium binding value and are of average collagen content (Ockerman
& Hansen, 1988: 41). According to Ockerman & Hansen, (1988: 44), the water:protein average ratio
of beef heart was found to be 4.4:1.
3.1.4 Lungs
According to Spooncer (1988:201), the tissues of the lungs consist of the epithelial lining of the
alveoli and the endothelial lining of the capillaries which surrounds the alveoli, each supported by
the basement membrane. Lungs can also be used during the making of sausages and
manufactured meat or be braised either whole or cubed. The capillaries and alveoli are very close
to each other with a small amount of connective tissue between them (Spooncer, 1988:201).
3.2 Rough offal
“Rough offal” means the stomach, intestines, feet and skin on the head of the slaughtered animal
except in the case of pigs where the head and feet are part of the carcass (Department of
Agriculture, 2004:3). “Rough” offal requires careful cleaning and preparation to remove stomach
and intestinal contents before it can be used as an edible product. Cleaning of the intestinal offal
usually takes place at a separate area from other (red) offal and carcass meat to prevent cross‐
contamination.
3.2.1 Bovine stomachs
Bovine stomachs are divided into four compartments that can all be used to make “tripe”. The true
stomach in the ruminant is called the abomasum. It is the first glandular region of the ruminant
digestive system (Frandson, 1981:253) preceded by three divisions, called the rumen, reticulum

and omasum. The three divisions are collectively known as the forestomachs. The anatomy of the
bovine stomach, A) view from left B) view from right, C) internal anatomy of the whole
ruminoreticulum is illustrated in Annexure 1.
3.2.2 Abomasum
The abomasum is located beneath the omasum on the right side of the rumen and according to
Frandson (1981:257), the epithelium of the abomasum changes suddenly from the stratified
squamous epithelium of the omasum to a tall simple columnar epithelium, which has the ability to
produce mucus. The mucus covering the stomach epithelium prevents the digestive juices from
digesting the stomach cells themselves (Frandson 1981:257).
3.2.3 Rumen and reticulum
According to Spooncer (1988:202), tripe (cut pieces of rumen and reticulum) is derived from the
rumen (pouch) and reticulum, the most widely used parts of the ruminant stomachs. The rumen
tripe is known as the “blanket tripe” in Australia, with densely packed papillae. The reticulum is
also called the honeycomb. According to Frandson (1981:253), the reticulum is lined with a
mucous membrane containing many intersecting ridges that divide the surface into honeycomb‐
like compartments due to these ridges. Its surface is covered with a stratified squamous
epithelium. The reticulum is positioned behind the diaphragm, placing it almost opposite to the
heart, therefore if foreign objects such as nails or wire are swallowed, they tend to lodge in the
reticulum. This means they are in a very good position to penetrate the heart (Frandson 1981:253).
3.2.4 Omasum
The third compartment of the ruminant stomach is known as the omasum. The omasum has deep,
thin folds like book pages making it popularly referred to as the “bible”. It is located at the right of
the rumen and reticulum, behind the liver and is filled with muscular laminae (Frandson, 1981:257).
The mucous membrane covering the laminae, is studded with short, blunt papillae, which grind
roughage before it enters the abomasum (true stomach) (Frandson, 1981:257). Due to its high
connective tissue content, tripe is tough, requiring a prolonged, moist cooking method to soften it.
3.2.5 Intestines
Pork and beef intestines are collected directly after slaughtering and dressing the carcass and are
immediately and thoroughly cleaned. The intestines of the digestive tract of cattle, pigs and/or
sheep are used as sausage casings during the making of sausages (Ockerman & Hansen, 1988:52)
3.3 Nutritional values of beef offal parts
In a research conducted by Oliveros et al., (1982:7), beef spleen and liver were found to contain a
significantly higher protein content than other by‐products such as beef lung, tripe, hearts,
abomasums, small and large intestines. Liver and spleen were found to be similar to lean beef in
proximate composition Oliveros et al., (1982:7). According to Magoro 2007:78, raw beef offal parts
are good sources of protein, phosphorus, iron and selenium when compared to beef shoulder see
highlighted rows (Table 1) below.

4. MEAT SAUSAGES
Sausage can be defined as a food that is prepared from comminuted and seasoned meat usually
formed into a symmetrical shape (Wilson, 1960:349).
It is derived from the Latin word salsus, which means salted or, literally, meat preserved by salting
(Kramlich, 1960:484). Feiner (2006:297) reported that Fresh meat sausages are meat products sold
fresh without priorheattreatment. Ranken (2000:131) defined fresh meat sausages as uncured,
uncooked meat products with various degrees of comminution, various levels of meat content, a
short shelf‐life and a coarse texture.

TABLE 1 Nutrient density of raw beef offal parts and A‐age (11.45% fat) beef shoulder (for females aged 31‐50
years)

Nutrients

Nutrient density
Beef
heart

Beef
intestines

Beef
liver

Beef
lungs

Beef
spleen

Beef
stomachs

*Beef
shoulder

4.06

1.83

8.14

8.99

8.17

4.11

6.14

Calcium

0.27

0.2

0.4

0.55

0.43

0.53

0.08

Phosphorus

2.81

1.21

8.53

3.63

7.25

1.76

2.89

Potassium

0.57

0.17

1.07

0.68

1.44

0.26

0.77

Sodium

0.77

0.24

0.94

2.36

1.14

0.45

0.73

Iron

5.87

2.81

5.27

17.57

25.16

5.89

0.47

Selenium

6.16

3.49

21.6

15.96

17.85

6.18

NA

Protein
Minerals

*Nutrient Density ≥1.00 indicates a good source of the specific nutrient,
Coloured in areas values are greater than 1
*Schönfeldt and Welgemoed, (1996:18)
NA – Not analyzed for
Emulsion sausages are made from finely comminuted lean meat and fat (Ranken, 2000:131). This
type of sausages are often further processed by adding curing salts, drying, smoking and cooking.
Meat sausages, both fresh and emulsions, are found to be economical as they are commonly
manufactured from cheaper cuts of meat and by‐products. According to Ranken (2000:130), the
primary economic purpose of sausages was originally, and still is, to present relatively large
proportions of fat in palatable ways. Sausage products take little time to prepare with some being
ready‐to‐serve or simply warmed before serving. For these reasons sausage is favoured by both
working men and women.

4.1 Nutrient content of sausages
Apart from being economical, sausages are acceptable to consumers today because they are
convenient, have good variety and nutritional value and contain important amounts of high quality
protein. According to Lushbough & Schweigert (1960), the nutritional quality of a food protein is
determined by the relative proportions of the essential amino acids it contains. Both plant and
animal proteins are made up of about 20 common amino acids; however, only nine amino acids ‐
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine ‐
are essential in human diets (Henley & Kuster, 1992). Sausages are also good sources of various
essential minerals such as iron, zinc, folic acid, vitamins B6 and B12 and fat for energy (Pearson &
Tauber, 1984:188).
During the development of the raw control and meat sausages containing beef offal (formulations 1
to 4), meat sausages were found to be good sources of protein, vitamins B3 (Niacin), B6 (Pyridoxine)
and B12 (cyanocobalamin) and minerals (magnesium, phosphorus, iron and selenium). A high
vitamin B12 content was observed in all four sausages (see highlighted values on Table 2 below)
(Magoro 2007:80). Proximate chemical analyses results on Table 1 and 2 were previously analysed
only in duplicate by the ARC‐Irene Analytical Services Laboratory due to financial constraits.
TABLE 2: Nutrient density values for the protein, vitamin and mineral contents of the raw control
and four formulations containing beef offal, for females aged 31‐50 years
Nutrient density*
1
(Control)

2

3

4

Nutrients

(B, R)

(B, IN, S, H & (B, IN, S, H & (B, Lu, ST, Li, (B, Lu, ST,Li
& MB)
R)
MB)
& R)

Protein

3.70

5.68

4.60

4.47

5.15

Niacin

2.86

3.47

3.18

3.05

4.32

Pyridoxine

2.73

3.51

3.94

4.20

6.34

Cyanocobalamin

7.44

30.01

18.92

64.04

73.63

Magnesium

1.08

1.36

1.44

1.28

1.31

Phosphorus

2.28

3.70

3.51

3.40

3.96

Sodium

5.40

6.71

6.13

6.07

6.87

Iron

1.80

5.18

3.73

2.90

4.12

Selenium

10.06

10.44

6.88

6.69

8.52

*Nutrient Density ≥1.00 indicates a good source of the specific nutrient, C= Control, B=Beef
trimmings, IN=Intestines, S= Spleen, H= Heart, R= Rusk, Li= Liver,
ST= Stomachs, L= Lung and MB= Multibase™
5. MICROBIAL SPOILAGE OF EDIBLE BY‐PRODUCTS

The gastrointestinal tract of normal herbivorous animals harbours numerous organisms of a large
range of genera and species (Horton & van der Heever, 1972:251). These organisms cause spoilage
or are potentially pathogenic and may even be able to cause food poisoning (Horton & van der
Heever, 1972:252). Patterson & Gibbs (1979:209) stated that edible offal is relatively perishable
with a shelf‐life at chiller temperatures (0‐4 °C) of only two to three days. Edible by‐products can
generally be expected to present a rich source of nutrients for microbial growth (Gill, 1988:52).
Food‐poisoning and gastro‐enteritis‐causing bacteria which are animal and animal intestinal tract‐
associated, belong to the genera Staphylococcus, Salmonella, Clostridium and Campylobacter.
These organisms are capable of growth on meat and meat by‐products (Gill, 1988:54). According to
Nottingham (1982:13‐66) meat by‐products are collected in bulk soon after their removal from the
carcass. Trimmings and meat by‐products also undergo extensive handling and are likely to
become contaminated with staphylococci (Nottingham, 1982:13‐66). Comminuted meat, such as
minced beef and sausages, are found to contain higher numbers of microorganisms than non‐
comminuted meats such as steaks, because commercially minced meat generally consists of
trimmings from various cuts that are handled excessively and minced or ground meat that are
produced from large cuts tend to have lower microbial number (Jay, et al., 2005:67).
According to Gill (1988:58), livers obtained soon after removal from carcasses carry both internal
and external flora. External flora are dominated by the gram‐positive mesophiles, such as
micrococci at a level of 103 and 105/cm2 and internal contaminants at levels of about 102/g. The
internal flora comes from bacteria migrating into the open sinusoidal structure after the organ has
been removed from the carcass. Storage of livers at chiller temperatures in polythene bags results
in lactobacilli and or facultative anaerobic species forming significant portions of the microbial
population (Gardner, 1971: 225). Patterson & Gibbs (1979:209) indicated that the spoilage flora
development on hearts held at chiller temperatures is similar to that observed for liver. The warm
bulk packs of organ by‐products such as liver, hearts and kidneys provide an excellent medium for
rapid E. coli proliferation at ambient temperatures (Gill and Harrison, 1985:63).
5.1 Microbiological Spoilage of Meat sausages
According to Jay (2000:61) the numbers and types of microorganisms present in finished food
products are influenced by the following factors, namely:
(i)
(ii)
(iii)
(iv)

the general environment from which the food was obtained;
(ii) the microbiological quality of the food in its raw or unprocessed state;
(iii) the sanitary conditions under which the product is handled and processed and
(iv) the subsequent packaging, handling and storage. In order to produce quality food
products, it is important to maintain a low level of microorganisms for aesthetic, health
and product shelf‐life reasons (Jay, 2000:61).

Sausages and frankfurters, in addition to their meat components, have additional sources of
organisms in the seasonings and other formulation ingredients/additives such as spices that are
added during production (Jay, 2000:72). In the case of pork sausages, natural casings (salt‐packed)
were found to contain numbers of bacterial counts ranging from log 4.48 to 7.77 and from log 5.6
to 7.36 for wet‐packed casings (without salt) (Riha & Solberg, 1970:860‐863). Rusk, which is a
specially prepared material made from wheat flour used during the development of fresh meat
sausages (Ranken, 2000:137) was found to contain a maximum of 1x106 cfu/g total aerobic plate
counts when analysed (Personal communication, Christians: 2007). According to (Magoro,

2007:129) the microbial quality of the raw materials and raw fresh meat sausages containing beef
offal were found to be comparable to that of the control beef fresh sausage and raw materials
used. Therefore it is imperative that all formulation ingredients and raw material be analysed or, if
purchased, should have a microbiological certificate to ensure that microbiologically, they conform
to the maximum microbiological standards for foodstuffs and related matters specified by the
Department of Health (Department of Health,1997:16) . This will assist in developing good quality
end‐products.
6. SENSORY EVALUATION
The conducting of sensory evaluation, according to Meilgaard et al. (1991:2), has been done ever
since human beings started evaluating the acceptability of food, water and everything else that can
be consumed. Jellinek (1985:17) stated that sensory analysis of food depends on evaluation
through the use of our senses (odour, taste, hearing, tactile, temperature and pain). Stone and
Sidel (1993:12) refer to the 1975 IFT definition of sensory evaluation as ”a scientific discipline used
to evoke, measure, analyze and interpret reactions to those characteristics of foods and materials
as they are perceived by the senses of sight, smell, taste, touch and hearing.” The sensory
evaluation classification methods can be seen in Table 3. In the current pilot study on the
development of fortified offal sausages and polonies, a descriptive and hedonic verbal scale
method will be used.
Human subjects are trained and used as the measuring instruments to evaluate the sensory
properties of a product Jellinek (1985:24) stated that human subjects must have normal olfactory
and gustatory sensitivity that can be improved during training. Although human subjects are found
to be variable over time, variability among them is prone to bias. It is therefore important to
minimize variability by recruiting enough subjects (20 – 50 in consumer panels at least) so that
verdicts are representative (Meilgaard et al. 1991:8). The sensory attributes of taste, texture,
tenderness and colour of sausages relate directly to the ratio of fat‐to‐lean meat used during
sausage processing (Pearson & Tauber 1984:190). The inclusion of the red offal parts such as beef
heart, spleen, lungs and liver in sausage formulations was found to have a great influence on the
finished products colour (Magoro, 2007. The colour of the end‐products will be evaluated by the
trained panel and Hunter L*, a* and b* colour measurement system. Kramlich (1960:493‐494)
stated that the different animal tissues differ in moisture: protein ratios, fat: lean ratios and binding
properties. Lean skeletal tissue(s) from cattle, pigs, sheep and lean pork trimmings are considered
to have high binding properties (Kramlich, 1960:493).
Younger and older people may be used as test subjects. Younger persons may have more taste
buds, whereas older persons can concentrate better thereby balancing the results (Jellinek,
1985:24). People who are ill, for example suffering from colds or flu, should not participate during
testing.
According to Pearson & Tauber (1984:190) the sensory attributes of taste, texture, tenderness and
colour of sausages relate directly to the ratio of fat‐to‐lean meat used during sausage processing
Kramlich (1960:493‐494) stated that the different animal tissues differ in moisture:protein ratios,
fat:lean ratios and binding properties. Lean skeletal tissue(s) from cattle, pigs, sheep and lean pork
trimmings are considered to have high binding properties (Kramlich, 1960:493). Kramlich
(1960:494) further stated that head and cheek meat are of medium value as binders.

Meats with inferior binding properties (poor binders), usually contain a large proportion of fat or
non‐skeletal or smooth muscle (Wilson, 960:353). Hearts and cheek meat are a good source of
myoglobin and therefore, according to Wilson (1960:354), hearts and cheek meat can be used in
the products containing pork that are inclined to be pale in colour (Wilson, 1960:354). According to
a research conducted by Magoro (2007:186‐189), the control formulation which contained 60% of
beef trimmings, rusk and a standard mixture of spices and formulation 2 (which contained 26 %
beef trimmings, 10 % intestines,15 % heart, 9 % spleen, Multibase™ and a standard mixture of
spices) were most acceptable in terms of desirable sensory attributes/properties such as aroma,
flavor and texture attributes as judged by the consumer panel and “appearance of juiciness” and
“aroma intensity” as judged by the trained panel.

Classification of methods by functions
1 Analytical tests: (trained
judges)
Evaluate differences or similarity,
quality and/or quantity of
sensory characteristics of a
product.

Appropriate methods

1.1.1.1 Paired‐comparison
1.1.1.2 Duo‐trio
1.1.1.3 Triangle

1.1 DISCRIMINATIVE TESTS

1.1.1.4 Ranking

1.1.1 Difference tests:

1.1.1.5 Rating difference/scalar
difference from control
1.1.1.6 Threshold

Measures simply whether
samples are different

1.1.1.7 Dilution
1.2.1 Attribute rating

1.1.2

Sensitivity tests:

1.2.1.1 Category scaling verbal
and linear
(structured/unstructured)

Measures ability of individuals to
detect sensory characteristics

1.2.1.2 Ratio scaling (magnitude
estimation)

1.2 DESCRIPTIVE TESTS:

1.2.2 Descriptive analysis

Measures qualitative and/or
quantitative characteristics

1.2.2.1 Flavour profile

(Scales = use of numbers to
indicate the
degree/amount/strength of
attributes/characteristics)
2 AFFECTIVE TESTS (untrained
judges, consumers):
Evaluates preferences and/or
acceptance and/or opinions of

Type and number of
panellists
1. Screened for interest,
ability to discriminate
differences and reproduce
results
2. Trained to function as a
human analytical instrument
3. Normal sensory acuity
4. Periodic requalification
5. Panel size depends on
product variability and
judgement reproducibility
6. No recommended “magic
number” – a number often
used is 10; a recommended
minimum number is
generally 5, since fewer
could represent too much
dependence upon one
individual’s responses.

1.2.2.2 Texture profile
1.2.2.3 Quantitative description
analysis

2.1 Paired‐preference

1. Randomly selected

2.2 Ranking

2. Untrained

2.3 Rating

3. Representative of target

the product
(Often evaluates the overall
character of the food)

2.3.1 Hedonic rating scale (verbal
or facial)
2.3.2

Food action rating scale

population
4. Consumers of test product
5. No recommended “magic
number” – minimum is
generally 24 panellists, which
is sometimes considered
rough product screening: 50‐
1000 panellists usually
considered adequate.

TABLE 3: Classification of sensory evaluation methods and panels
SED, IFT, (1981b:35)
Formulation 2 was found to be most acceptable in the South African context, other formulations
contained 26 % beef trimmings, 15 % beef heart, 10 % stomachs, 9 % lungs and either rusk or
Multibase™ and a standard mixture of spices.
7. CURRENT RESEARCH PILOT STUDY
The current pilot study includes the development of fortified fresh meat sausages and emulsion–
type products (polonies) utilizing alternative protein sources such as culturally‐acceptable red beef
offal (beef hearts, lungs, spleen and liver),based upon Magoro 2007’s M.Tech. study’s results. The
trial batches with the control were developed and analysed for proximate chemical analyses at the
ARC‐Irene Analytical Services. Only single proximate chemical analysis values were obtained, due
to insufficient funding. The consumer and trained panel sensory evaluations still need to be
conducted, for fortified sausages and emulsion type products (Ready‐to‐Eat or RTE‐polonies), but
current funding does not allow this.
Amino acids profile, fatty acid profile, Vitamins B1, B3, B6 and B12, minerals and heavy metals should
be determined to evaluate the ‘natural fortification’ of these products since liver and spleen were
used in the formulations. Funding is therefore requested, to complete the final stage of this
research which focuses on the use of red beef offal parts and consequently the future expansion of
this project could include other readily‐available species such as goat and sheep offal. Table 4
below shows the methods that will be used to determine the nutrient content of fortified sausages
and emulsion products.
Analysis will be done at ARC‐IRENE Analytical services Laboratory. This proposed project involves
more fully utilizing waste meat (abattoir) processing products to apply value‐addition principles to
certain meat products, such as raw sausages (which are easily cooked) and emulsion‐type products,
such as polonies (which are RTE). This technology could easily be further developed into wide
enterprise creation, including processing, brand development and marketing of the resultant
products.

TABLE 4: Summary of methods used for nutrient analyses
Analysis

Method

Accredited Number

Reference

Protein (N)

Dumas combustion method

ASM 048

Official method 992.15
AOAC (2005)

Fat

Soxtec ether extraction

ASM 044

Official method 960.39
AOAC (2005)

Moisture (Water)

Gravimetric

ASM 013

Official method 920.153
AOAC (2005)

Ash

Gravimetric

ASM 048

Official Method 920.153
AOAC (2005)

Energy

Calculated

ASM 076

(Atwater & Bryant, 1900)

Water‐soluble
vitamins:

All analysed using:

All analysed using:

High performance Liquid
Chromatography (HPLC)

ASM 025/071

Fellman et al. (1992)

**SABS

Official Method 961.14
AOAC (2005)

B 1 & B2
B3

B6

Official Method ALASA 7.2.3
**SABS
Official Method 986.23
AOAC (2005)

B12
**SABS
Ca, P, K, Na, Mg, Fe

ICP‐OES

*ARC‐ISCW

Zasoski & Burau (1977:425‐
436)

Pb, Cd, Hg and Se

ICP‐OES

*ARC‐ISCW

Zasoski & Burau (1977:425‐
436)

Amino acids

High performance Liquid
Chromatography (HPLC)

ASM 021

Einarsson et al. (1983:609‐
618

Fatty acid
profile(including
CLA)

Gas Chromatography (GC)

ASM 023

(Christopherson & Glass,
1969)

Cholesterol

Gas Chromatography (GC)

ASM 056

Smuts et al. (1992)

The objectives of the current research study include:
1. To complete current formulations of culturally‐acceptable fortified fresh sausages and
polonies, using red beef offal parts (liver, heart, spleen, lungs), beef trimmings, ISP (Isolate
Soya Protein), standard spice mix and rusk.
2. To determine the functional characteristics of the red beef offal parts and ingredients such
as beef liver, heart, spleen, lungs, ISP, TVP (Texturised vegetable protein), Pork rinds, MDM
(mechanically deboned meat), phosphates, and starches and standard spice mix to be used
during the processing of fresh and emulsion sausages.

3.

To link the research results obtained from the Nutrient composition of offal project/study
which will be conducted by Dr Ina van Heerden to this project.

4. To obtain funding to determine the nutritional value of the best (ten) products
(sausages and polonies), their chemical composition, microbiological quality, shelf‐
life, sensory quality attributes and consumer acceptability
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Introduction
The challenge facing the South African pig industry is to breed leaner pigs. There are about 350
commercial pork producers in South Africa. About 50% of the production is used for processing
products such as sausages, bacon and other products. There is great scope in South Africa to
increase pork production and consumption. The genetics of pig breeding is studied intensively in
order to produce pork for human consumption that is mainly free of fat. IGF2‐gene plays an
important role in muscle growth in pigs
Growth is a complex biological phenomenon controlled by a complex of endo‐, para‐ and autocrine
control mechanisms. This has been studied in depth in most farm animals and it has been shown
that the insulin growth factor complex (IGF) plays a critical role in growth regulation, together with
insulin, thyroid hormones, steroids and the growth hormone. IGF’s are growth‐promoting
peptides, which are structurally homologous with insulin. Their biological effects are also similar to
that of insulin that is synthesized only in the pancreatic islets of Langerhans, while IGF’s are
synthesized in tissues throughout the body (Nedbel et al., 2000). The effect of growth hormone on
growth, myogenesis and some metabolic pathways is mediated by IGF’s 1 and 2. IGF2‐gene plays
an important role in muscle growth in pigs and has potential to assist pig breeders by using
genotypic information in the selection programmes. The effects of the gene on muscle mass and
leanness are of the same magnitude as that reported for the halothane gene (MH gene) but
without the undesirable effects on meat quality. IGF2 is an imprinting gene, paternally expressed,
i.e. only the allele from the father is expressed in the progeny. This imprinting inheritance mode of
the gene was reported by several studies (Buys, 2003; van Laere, 2003; van Maagdenberg, 2007).
The IGF2 gene has an effect on the production of lean meat. Boars tested for IGF2 can be used to
either increase or decrease back fat. Boars with IGF2 +/+ genotypes can be used to increase lean
yield, while those with IGF2 ‐/‐ genotype can be used to decrease lean yield. The IGF2 gene can
also be used to produce pork with the desired level of leanness from fatter sows. Based on its
physiological function, IGF2 has been considered a candidate gene for a quantitative trait locus
(QTL) in pigs affecting muscularity.
The best‐ described example of a gene affecting meat quality in pigs is the well‐known HAL gene
(Christian, 1972) but the gene is associated with pale, soft, exudative (PSE) meat. The Rendement
Napole (RN) gene and the Melanocortin Receptor (MC4R) gene have been also shown to bear
mutations relevant to meat quality (lower muscle and reduced water holding capacity). A number
of QTL’s have been reported on almost all chromosomes affecting growth; carcass and meat quality
traits (drip loss, water‐holding carcass). A QTL effect for muscle mass and fat deposition, expressed
only in boars, was found to be caused by a single base pair mutation near the IGF2 gene.

Pig breeds can be classified as genetically lean and genetically obese (Wood, 1984). The two
extreme examples are the Duroc (genetically obese) and Pietrain (genetically lean). Breeding a
leaner pig decreases the ratio between fat deposition and lean deposition. Consequently, fat
quality is negatively affected. Currently, there is in interest in the intra muscular fat content of pigs
since higher intramuscular fat levels are associated with improved eating quality of pork (Bejerholm
and Barton‐Gade, 1986; Jakobsen, 1992, de Vries et al., 1998). Intramuscular fat is content is
strongly influenced by genetics. For example, the Duroc has more intramuscular fat than other
breeds (Barton‐Gade, 1987).
The test for IGF2 gene allows for knowing if the pig has the gene for leanness or fatness and
accurately detects the genetic mutation associated with meat quality. Both genotypes can be
useful to breeders allowing them to make informed decisions for selection of breeding stock.
The effects of this gene on lean meat content and back fat thickness (BFT) of pigs were reported by
several studies but we do not know if it has an effect on meat tenderness, juiciness and taste.
A study to determine the incidence of the IGF2 gene amongst the breeding boars in South Africa
and to determine whether the IGF2 gene has an effect on meat quality such as tenderness,
juiciness and taste is thus imperative for the South African pork industry.
A previous study on South African pig population indicated a low frequency of the HALgene. IGF2
has potential to increase leanness of the carcass and a commercial test is available. The aim of this
study is to evaluate the frequency of the IGF2 gene in the stud and commercial population in SA
and study the effect of the gene on carcass quality traits such as pH, BFT and water‐holding
capacity.
Literature overview
Effects of IGF2 gene on lean meat content and backfat thickness of pigs
Identification of IGF2
Initial studies on finding a QTL for IGF2 was performed using a candidate gene approach. In a study
by Andersson‐Eklund et al. (1998) used an intercross between wild boar and Large White domestic
pigs were used for QTL mapping. A QTL on the short arm of chromosome 2 with moderate effect
on muscle mass was detected using conventional Mendelian inheritance model. The data was
reanalyzed by Jeon et al (1999) for the presence of an imprinting effect and an imprinted QTL
(paternally expressed) was detected on the distal tip of chromosome 2 in pigs (SSC2) that has
effects on lean meat content. The QTL indicated 15.4% of F2 phenotypic variance of longissimus
muscle area, 14% of heart weight and 10.4% of backfat depth. The results indicated that the
paternally expressed QTL locates at the same position as IGF2. This result and the fact that both
the gene and the QTL were imprinted, made IGF2 gene a possible candidate for the QTL effect.
Jeon et al (1999) found that the allele in the Large White at the IGF‐2 linked QTL was associated
with larger muscle mass and reduced BFT, but that this QTL had no notable effect on abdominal fat.
The IGF2 linked QTL was also found in experimental crosses of Pietrain and Large White pig breeds,
in a study on 1032 F2 progeny (Nezer et al., 1999). The QTL mapping based on this experiment

detected a significant QTL at the distal end of the short arm of chromosome 2, influencing muscle
mass and fat deposition (BFT, back fat % and fat cut %). The results founded by Nezer et al. (1999)
also confirmed that the QTL at the end of SSC2 was imprinted and paternally expressed. Therefore,
IGF2 gene was regarded as a potential candidate for the QTL at the distal end of SSC2. The effects
on muscle mass and fat deposition were major and of the same magnitude as that reported for the
halothane gene (ryanodine receptor 1 gene). Two loci together explained 50% of the Pietrain‐Large
White difference for muscularity and leanness. No evidence for interaction between the QTL at
IGF2 gene and Halothane gene locus was found. Sequence analysis (Nezer et al. (1999) found a
single nucleotide mutation, G to A transition in IGF2, which increased lean yield by 2.7% (Meadus,
2000).
The QTL at IGF2 and FAT1 on chromosome 4 (Andersson et al. 1994) were the two QTL’s with the
greatest effect on body composition and fatness, present in the wild boar‐Large White cross. The
QTL at IGF2 controlled mainly muscle mass whereas FAT1 had a major effect on fat deposition
(Jeon et al. 1999). The two QTL loci explains 33% variance for lean meat content in ham, 31% for
percentage of lean meat and bone in back, and 26% for average depth of backfat. The IGF2
microsatellite was also found to be highly polymorphic, with three alleles among wild boars
founders and an additional two alleles among eight Large White founders (Jeon et al. 1999). It is
important to have markers with as many alleles as possible. The more variation amongst the
microsatellite markers, the larger the exclusion probability. This high polymorphism provides
excellent potential for improving lean meat content of pigs by selection.
According to Sheller et al (2002), IGF2 explains 25% of the phenotypic variation of leanness in
experimental crosses. However, it does not influence daily weight gain and pH of meat. Lee et al.
(2001) tested the presence of the imprinted QTL at IGF2 based a F2 population of 512 pigs from
cross between Berkshire and Yorkshire breeds. The hypothesis made reconfirmed that the IGF2
gene is an imprinting gene in pigs and constitutes an important QTL for muscle mass and fat
deposition. The test reached the genome‐wide threshold (p<0.01) for average BFT and loin‐eye
area. The favorable alleles showed in the Yorkshire breed, when transmitted through the sire,
reduced average back fat by 0.1 cm and increased loin‐eye area by 1.0 cm², when compared to
Berkshire alleles.
A QTL scan in a porcine experimental population based on Duroc and Berlin Miniature pigs was
reported by Wimmers et al., (2006) to identify QTL for microstructural muscle properties as well as
biophysical parameters of meat quality and traits related to body composition, ie. pH and lean
meat content. The proportion of slow and fast twitch fibres has been related to insulin resistance,
as well as fat catabolism (Simoneau et al., 1997). Regions with significant QTL for muscle fibre
traits or significant QTL for meat quality were detected on several chromosomes (SSC1, 2, 3, 4, 5,
13, 14, 15 and 16). Loci controlling lean meat content segregated on SSC6. The results presented
in the study indicated that loci affecting meat color and meat quality traits, such as related to water
binding capacity, like pH value and conductivity, segregate in many populations including
commercial breeds and are located on the p‐arm of SSC3. A QTL for meat color was reported on
SSC13.
A genome scan was performed in a F2 experimental cross bred population using a marker set
covering more than 80% of the porcine linkage map (USDA‐MARC v2, ArkDB)
(http://wwwthearkdb.org/) for traits related to muscle fibre type composition and meat quality

applying line‐cross and half‐sib analysis. The study showed that microstructural properties of pig
muscle and meat quality are governed by genetic variation at many loci distributed throughout the
genome.
De Koning et al., (1999) described a total genome scan by using experimental cross between
Meishan and Large White. The traits examined in that study were BFT in intramuscular fat content.
The study indicated significant QTL on SSC7 for back fat and suggestive QTL’s for both
intramuscular fat and back fat on SSC2. Further investigation of these regions was performed with
two different models in a study by (Rattink et al., 2000). Imprinting analysis revealed a genome‐
wise, significant, paternally expressed QTL on SSC2. The results suggested that this QTL is different
from the previously reported paternally expressed QTL for muscle mass and fat deposition on the
distal tip of SSC2. Evans et al (2003) and De Koning et al (2003) analyzed the Large White
commercial population for the presence of the QTL, but inconsistent results for fatness traits were
obtained in the IGF2 region.
Association between IGF2 gene and lean meat
Van Laere et al. (2003) reported that a G to A transition in IGF2 gene is the causative quantitative
trait nucleotide. This single nucleotide mutation adds approximately 3‐4% more lean meat to pigs.
The link of the mutation with the desired phenotype is 100%, regardless the origin of the pedigree
(Buys, 2003). It allows for the selection of carcass leanness based directly on the functional
nucleotide at the DNA level.
Confirmation of IGF2 in selection
Actual breeding trials confirmed that the use of IGF2 gene to increase uniformity of pork leanness is
not just a theoretical potential. One example of these was illustrated in a trial where terminal sires
homozygous for the favorable allele at the IGF2 gene were selected (Sheller et al. 2002) and
investigated whether the IGF2 gene can be used in commercial selection programs in order to
increase uniformity of commercial pigs without influencing meat quality. From this trial, the pigs
from selected boars were leaner and more uniform compared to those from unselected boars. The
BFT was reduced by 2.3 mm. Average lean meat percentage, ham percentage and loin percentage
increased by 1.98%, 0.31% and 0.43% respectively. The meat quality traits, pH after 24 hours and
meat color, were also compared. Offspring from selected boars and those from unselected boars
had the same pH value (5.77 to 5.78 measured after 24 hours), and lightness (44.57 to 43.08) also
within the optimal range. The investigation concluded that the selection of homozygous terminal
sires with the favorable allele at IGF2 gene increased the uniformity and carcass leanness in market
pigs without influencing meat quality, in particular the water holding capacity.
Oczkowicz et al. (2009) reported that the frequency of the IGF2 gene mutation was evaluated
between Polish Landrace and Large White pigs. The aim of the study was to compare body
composition, growth performance and meat quality traits between the two breeds, carrying the
A/A and G/G genotypes in the IGF2 gene. The results obtained were consistent with previous
reports (Sheller et al, 2002), showing that the A allele is common in breeds subjected to strong
selection for lean meat content. The association study revealed that the A allele increased the
weight of loin, weight of ham, carcass meat percentage, and decreased average backfat thickness.
Highly significant effects of the IGF2 mutation on body composition traits were observed, as well as

significant effects on growth performance, but only in the Polish Landrace. No significant effects
for meat quality traits, average backfat thickness, carcass meat percentage, pH after slaughter, pH
after 24 hours, intramuscular fat percentage and meat color were observed.
The influence of the IGF2 gene mutation on meatiness has been confirmed by other authors in
various pig populations (Estelle et al. 2005). However, the association between the IGF2 mutation
and growth performance and meat quality traits are not clear to date. In the study conducted by
Estelle et al (2005), the objective was to investigate the IGF2 substitution effect in a Large White
outbred population and in an Iberian x Landrace F2 cross. The results showed that the substitution
had significant effects on fatness and growth. It was also evident that there were other QTL’s
segregating in pig chromosome 2, which still had valuable mutations to be discovered, other than
the IGF2 substitution for carcass weight and pH after 24 hours. Jungerius et al (2004) also reported
that the IGF2 substitution explains a backfat thickness QTL. The study demonstrated that the IGF2
mutation also controls the paternally expressed QTL for backfat thickness in a cross between
Meishan and European Whites. In the study by Jungerius et al (2004), a comparison of backfat
thickness measured by Hennessy grading probe (HGP) and by ultrasound measurement (USM) was
made. The results of the QTL analyses for both the techniques were highly consistent. A paternally
expressed QTL was shown in the analysis of the HGP data. A possible second QTL was only
observed with the HGP, this would be a QTL fir a characteristic that is measured only by HGP and
not by USM, example, the third layer of backfat. Total backfat consists of three layers of which the
third (inner) layer develops at a later stage of growth and in European commercial lines is
underdeveloped. A very thin third‐layer of fat may be difficult to detect by BFT‐USM. As a result, in
some cases BFT‐USM only represents the thickness of two layers of fat, while BFT‐HGP measures
the total amount of fat in all three layers.
Three genotypes were evaluated for leanness and overall carcass quality was reported by Eggert et
al (1997). Line 1 [Large White sires x (Large White‐Landrace) dams], Line 2 [Dekalb Pietrain sires
and Dekalb (Large White‐Landrace) dams] are lean pigs of comparable backfat thickness. Line 3
[synthetic terminals sires x (Yorkshire‐Landrace) dams is a commercial terminal cross representing
average U.S. pigs for leanness. Standard carcass measurements, depths of the individual backfat
layers (outer, middle and inner) were taken at the tenth rib. Line 3 showed the most backfat at
every midline and fat depth measurement. Although lines 1 and 2 were comparable in total tenth
rib fat depth, their backfat was unevenly distributed between the individual layers.Line 1 showed
more outer layer backfat and less inner layer backfat when compared to Line 2. In an attempt to
obtain leaner animals, Line 1 may have been selected for slower maturing backfat layers which
have resulted in softer carcass fat. There was no difference in color or firmness of the longissimus
dorsi between the lines. Line 1 produced the largest loin eye area and the least inner layer
backfat. Line 2 had higher marbling scores which is associated with having more inner layer
backfat, than Line 1. The total belly thickness, the middle layer belly fat and the outer lean streak
was less for Line 1 than the other two lines. The thinner, leaner bellies of Line 1 was also less firm.
Thin, soft bellies can result in difficult slicing and processing.
Association between ryanodine receptor (RYR1) and pork leanness
The ryanodine receptor (RYR1) gene, also known as the “halothane” gene had been intensely
studied. In a survey conducted by Soma et al (2005), to determine the MH‐gene status of pigs in
nucleus herds and AI stations in South Africa indicated that from a total of 439 boars tested, 421

tested normal (NN) for the MH‐gene and 17 were carriers (Nn). One individual showed recessive
(nn). The breeds comprised SA Landrace, Large White, Duroc, Pietrain, Chester, Kolbroek and
synthetic lines. It was evident that the presence of the MH gene is low in the South African seed
stock herds. In the second phase of the study, the incidence of the MH‐gene amongst pigs at the
abbatoirs was investigated. The results indicated a low incidence of the MH‐gene and that the
incidence of PSE meat reported was due to other factors such as heat, handling and transport, and
not the presence of the MH‐gene amongst the South African pig population. Pig sensitivity to
stress is due to the C1843‐T transition in the RYR1 gene. The product of a gene showing such
mutation leads to calcium release in the endoplasmic reticulum of the skeletal muscles at a rate
that is equivalent to twice that of normal muscle. A meat quality analysis conducted by MacLennen
and Phillips (1992), showed that under intense stress conditions, a rapid glycogen disintegration
leads to increase of lactic acid content in muscle cells of the mutated gene carriers. Consequently
the level of muscle acidification increases. The affected animals are a source of pale, soft,
exudative (PSE) pork. In other studies pigs heterozygous for the RYR1 genotype demonstrated that
they were characterized by 4‐5% higher meat content and 14% lower fat content in carcass as
compared to mutation‐free pigs. Elimination of this gene from pig populations resulted in
improvement of meat quality because PSE meat was simultaneously eliminated. The recessive
allele is associated with more lean meat. It is this association that has allowed the gene frequency
to be increased initially through selection for increased muscularity. These studies indicate that the
RYR1 gene exerts an important influence on parameters of meat quality, that is, drip loss and pH,
and carcass meat. The RYR1 gene is thus regarded as one with a major effect on these two traits.
Hamilton et al (2000) investigated the effect of the Halothane and Rendement Napole genes on
carcass and meat quality characteristics (pH, color and water‐holding capacity) of pigs. Animals
were classified according to their halothane genotype, normal and carrier (NN and Nn). Color,
firmness and marbling were assessed. Carrier animals had shorter carcasses than normal (NN)
animals. There was no difference in backfat thickness amongst the genotypes. Carrier pigs had
lower pH than normal animals, higher Minolta color scores and drip loss values. Decreased water‐
holding capacity and paler pork color has been reported by other studies (Leach et al., 1996).
There was no difference between the Halothane genotypes for the chemical fat content of the
longissimus muscle. The results of this study highlighted that the Halothane gene independently
have negative effects on muscle color and water‐holding capacity.
Interaction between Ryanodine receptor (RYR1) gene and IGF2 gene
Muscle tissue is mainly composed of muscle fibres. Muscle growth potential in pigs is related to
the total number of fibres (Dwyer et al, 1993; Stickland & Goldspink, 1973), which is known to be
fixed before birth. Hyperplasia and hypertrophy are responsible for the increase in total muscle
mass and are the result of proliferation, differentiation and the fusion of myoblasts and satellite
cells that are controlled by a number of regulatory factors. Insulin‐like growth factor system is one
these regulatory factors. The result of the IGF2 mutation on muscle growth and lean meat content
may be associated with effects on biochemical and histochemical muscle fibre characteristics, and
can allow for better understanding the role of IGF2 on muscle growth. The effects of the RYR1
genotype on carcass and meat quality traits have been widely described (Fuji et al, 1991). The
mutations associated with increased lean meat content but also with malignant hyperthermia. This
result in a higher incidence of pale, soft and exudative meat in nn, and to a lesser extent in Nn pigs,
compared to normal (NN) pigs. The regulation of muscle growth has to be better understood to

improve performance traits without compromising animal health and meat quality. The interaction
between RYR1 and IGF2 genes is thus critical in pig breeding programs.
A study reported by van den Maagdenberg et al (2008), aimed to investigate the effect of the IGF2
mutation on biochemical and histochemical muscle fibre characteristics in relation to the RYR1
genotype (Nn vs. NN).
No effect of the IGF2 or the RYR1 genotype on muscle fibre type
composition was found. However, a two‐way interaction between IGF2 and RYR1 genotype or
gender on fibre type composition was observed. In the study, the mutation in the RYR1 did not
influence birth weight, average daily gain, lean meat content or average daily lean meat growth,
although an increased percentage of carcass weight and Longissimus muscle cross‐sectional area
were found in Nn animals. Muscle IGF2 expression does not appear to be the only factor explaining
muscle growth, because NN animals had less muscle that their heterozygous counterparts, despite
their higher IGF2 mRNA expression. Further investigation is necessary to understand the
interaction between the IGF2 mutation and RYR1 genotype.
The effect of the IGF2 paternal allele (Apat and Gpat animals that inherited and the mutant and
wild type paternal allele of interest) were evaluated on carcass and meat quality traits in Nn and
NN genotypes and to rule out possible unfavorable correlated responses of the IGF2 mutation and
to examine the interaction between these two major genes (van den Maagdenberg et al, 2008).
The IGF2 genotype did not influence the meat quality traits measured on the carcass post mortem
and only a small influence on meat quality was found. The lean meat content was approximately
5% higher in animals that inherited the mutation in the IGF2 gene from their father and
consequently, the average daily lean meat growth was higher compared to wild type Gpat animals.
The difference in lean meat percentage was due to a lower fat thickness. Greater drip losses and
water losses were apparent for Nn animals compared to the NN animals. The red colour of the
meat from Nn animals was more stable compared to the meat from NN animals. The study re‐
confirmed that the IGF2 mutation is associated with a strong effect on carcass traits of economic
importance, as was shown by other studies with other breeds (Jeon et al., 1999 for an intercross
between the Wild Boar and Large White; Nezer et al., 1999, Large White and Pietrain intercross;
Estelle et al., 2005, in a Large White outbred population and an Iberian x Landrace cross).
The results obtained indicated that the IGF2 gene had a role in both fat and muscle deposition,
without negative effects on meat color and drip loss. The recessive RYR1 gene in the heterozygous
animals showed lower backfat thickness and shorter carcass length in this study. In contrast with
the mutation in the IGF2 gene, the results indicated that the higher lean meat percentage in Nn
animals was solely due to an increased muscle growth without an effect on backfat thickness. In
contradiction with the IGF2 mutation, the RYR1 genotype had a more negative effect on meat
quality, such as meat color, water holding capacity and tenderness. It was clear that the
mechanisms behind the increased leanness are different. Similarly, the different physiological
mechanisms associated with these mutations are responsible for either no effect on meat quality
or a detrimental effect in the case of the IGF2 and RYR1 mutation, respectively. The role of the
RYR1 gene in postmortem metabolism is though to occur from increased cytosolic calcium levels
which delays postmortem metabolism (Depreux, Grant & Gerrard, 2002), and this accelerated
metabolism of the carbohydrate reserves that is related to PSE development. The muscle pH is
lower when the temperature of the carcass is still high, with higher protein denaturation and higher
drip losses as a result. While the increased leanness due to the RYR1 genotype is connected more

with increased muscle hypertrophy and better carcass conformation, the IGF2 mutation leads to
increased leanness which is associated with reduced fat deposition.
Factors Influencing Fat Quality in Pigs
Breed or Race
The genotype and feeding regime determines the quality attributes of fat regarding content,
composition and uniformity as well as oxidative stability (Rosenvold et al, 2003). Pig genetics
accounts for at least 30% of the variation in meat quality (De Vries, as cited by Andersen). The
influence of genetics on pork quality comprises differences among breeds as well as differences
amongst animals within the same breed. Wariss et al (1990) indicated that the tendency of lean
breeds to have poorer fat quality was due to their leanness and thinner subcutaneous fat layer
instead of other inherent breed differences.
Sex and Gender
Moss (1992) indicated that differences exist between male and female animals and sex status
(castrated or entire) animals. Uncastrated male pigs have more lean meat per carcass and better
feed conversion ratios than castrates. The difference in sex hormone metabolism between males
and females are responsible for thinner subcutaneous fat layers in males compared to females.
Bruwer et al (1991), indicated that castrate carcasses contained the most fat, gilts were
intermediate and boars had the highest lean meat content.

Conclusions
Genomic information is increasingly becoming integrated into quantitative genetic practice. A
number of DNA markers are used in pig improvement programs. These programs combine
molecular genetics with quantitative genetic methodologies to increase the accuracy of selection
for complex breeding objectives in commercial environments. Selection criteria focusing mainly on
a single area of performance, such as meat quality while disregarding the potential negative effects
on growth or carcass quality could create a negative trend for the economic performance of the
animal. Genotype by environment interactions (G x E) are particularly important to pig
improvement programs, including genetics of meat quality, as progeny of individuals raised, tested
and slaughtered under “ideal” genetic nucleus or “meat lab” conditions have to perform under
varying commercial production and plant environments. Genetic correlations between purebred
and crossbred performance for economically important traits in the pig can deviate significantly
from unity, and not all improvement predicted will be realized when crossbred animals are
evaluated in a commercial system. Future success for the pig industry will require efficient growth
with good quality meat or perhaps optimizing meat quality at the lowest production costs. The
initiation of IGF2 testing in South Africa thus becomes imperative for South African commercial
pork producers and the industry at large.

Recommendation
Considering the effect of the IGF2 gene, it thus becomes imperative to ascertain the status of the
IGF‐2 gene in breeding boars amongst the South African pig breeds (SA Landrace, Duroc, Large
White).
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1.1

Introduction
The emissions of greenhouse gases and their contribution to global climate change have
been the subject of many studies in recent years (Johnson and Johnson, 1995; Moss et al.,
2000; Boadi et al., 2004; Kebreab et al., 2006). Methane emissions play a critical role in
global warming as it has a global warming potential 21 times that of CO2. From all methane
emissions sources, agriculture is by far the most important source in South Africa. Enteric
fermentation in ruminants accounts for 90% of the agricultural sectors methane emissions
(Blignaut et al., 2005).
The aim of this literature review is to give a basic understanding of methane production
from ruminants, outline the impact of enteric methane emissions on global climate change,
to describe the various factors that can influence enteric methane production and to
describe the techniques used for measuring and predicting methane emissions from
livestock. Possible ways to reduce methane emissions from livestock will also be discussed.

1.2

Overview of Global warming

1.2.1

Evidence of Global warming
The United Nations Frame work Convention on Climate Change (UNFCCC) has defined
climate change as “a change in climate which is attributed directly or indirectly to human
activity that alters the composition of the global atmosphere and which is in addition to
natural climate variability” (UNFCCC, 2008). Increasing atmospheric temperatures above
historical levels have been observed during the past 30 – 50 years, and no “natural” causes
for the warming have been confirmed (Vardiman, 2007). Global atmosphereic
concentrations of carbon dioxide, methane and nitrous oxide have increased markedly as a
result of human activities since 1750 and now far exceed pre‐industrial values determined
from ice cores spanning many thousands of years (IPCC, 2007). The global increases in
carbon dioxide concentrations are due primarily to fossil fuel use and land‐use change,
while those of methane and nitrous oxide are primarily due to agricultural activities (IPCC,
2007).The United Nations Frame work Convention on Climate Change (UNFCCC) report an
expected 1.8 to 4°C warming by 2100 (IPCC, 2007).
Indications of warming include increases in atmospheric water vapor, increases in land
surface (0.27°C per decade) and ocean (0.13°C per decade) temperatures, glaciers
shrinking, reduced snow falls and a significant reduction in the extend of Arctic sea‐ice
(2.7% per decade since 1978) (Solomon et al., 2007; Vlaming, 2008).
The accumulation of greenhouse gases (GHG) in the atmosphere, mainly carbon dioxide
(CO2), methane (CH4) and nitrous oxide (N2O) is contributing to the increase in the earth’s
temperature (Cole et al., 1997; Moss et al., 2000; Boadi et al., 2004). The increase in the
atmospheric concentrations of the three gases from the pre‐industrial era to 2005 are 280
to 379 ppm for CO2, 715 to 1774 ppb for CH4 and 270 to 319 ppb for N2O (Vlaming, 2008).
Boadi et al. (2004) reported the global warming potential of CH4 to be 21‐fold greater than
that of CO2 and that the global warming potential of N2O is 310‐times greater than CO2.

1.2.2

Mechanisms of global warming

Solar radiation drives the earth’s weather and climate, and heats the earth’s surface. In
turn, the earth radiates energy back into space. Out going radiation from the earth’s
surface is partially absorbed by some atmospheric gases (water vapor, carbon dioxide,
methane, nitrous oxide and others) and then re‐emitted to the surrounding atmosphere
(Moss et al., 2000). This traps some of the outgoing energy, retaining heat similar to the
panels of a greenhouse.
Greenhouse gases in the atmosphere are essential for maintaining life on earth, as without
them the planet would be permanently frozen because all of the incoming heat from the
sun would be radiated back into space by the earths surface (Moss, 1993). Global warming
is caused by extra heat being trapped and re‐emitted to the atmosphere by increased
concentrations of GHG due to human activity (Vlamming, 2008).
1.2.3

Principal anthropogenic gases
The UNFCC identified six gases, or groups of gases, as the main greenhouse gases. These
are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydroflourocarbons (HFC),
perflourocarbons (PFC), and sulphur hexafluoride (SF6). Each of these gases has a different
atmospheric warming effect, know as its global warming potential (GWP). These GWP’s
provide a measure of the influence of a unit mass pulse measurement on the balance of
incoming and outgoing energy in the earth‐atmosphere system, with a positive value
indicating a warming effect (Vlaming, 2008; Solomon et al., 2007). Global warming
potential is calculated on a weight basis relative to CO2 on a specific time period (100
years). The GWP of the six main gases is shown in Table 1.1.
Table 1.1 Important greenhouse gases: atmospheric lifetime and global warming potential
(Vlaming, 2008).
Chemical species

Formula

Lifetime (yr)1

100‐yr GWP2

Carbon diocide

CO2

20 ‐ 2003

1

Methane

CH4

12

25

Nitrous oxide

N2O

114

298

Perfluoromethane

CF4

50 000

7 398

HFC‐23

CHF3

270

14 800

Sulphur hexafluoride

SF6

3 200

22 800

1

Global mean lifetime is calculated as the total atmospheric burden devided by the mean
global sink of a gas in a steady state.
2
Global warming potentials expressed on a weight basis relative to CO2, over a hundered‐
year timeframe.
3
Data from IPCC (2001), all other data from Solomon et al. (2007).

1.2.3.1 Carbon dioxide
Atmospheric carbon dioxide concentrations have increased from 280 ppm in 1750 to 379
ppm in 2005 (Solomon et al., 2007). Increases in atmospheric concentrations of CO2 are
due to higher levels of emissions to the atmosphere than can be removed by natural sinks.
These increases in atmospheric CO2 since 1750 are mainly due to the burning of fossil fuels
(~ 66%), land use change (~ 33%) and a small percentage from the cement industries (IPCC,
2001; Solomon et al., 2007). Cement industry emissions originate from the burning of fossil
fuels and the de‐carbonisation of limestone (Rehan and Nehdi, 2005). Land use change is a
measure of the loss of carbon from plant and soil sources due to changes in land use such
as deforestation and changes in the biosphere growth (Goudie, 1997)
According to Solomon et al. (2007) natural carbon sinks like the oceans and the terrestrial
biosphere only remove about 50‐60% of anthropogenic CO2 emissions. Carbon dioxide can
however only absorb radiation of a limited wavelength (230 to 355 nm), and most of the
light at this wavelength is already being absorbed (Moss, 1993; Jensen et al., 1997), any
further warming potential due to increased atmospheric concentrations of CO2 is
restricted. While CO2 remains the dominant GHG in terms of global warming, other gasses
such as methane and nitrous oxide are growing in importance relative to carbon dioxide.
1.2.3.2 Methane
Methane is produced by anaerobic decomposition (Wood and Knipmeyer, 1998), and it is
released into the atmosphere from both natural and anthropogenic sources. Natural
sources include wetlands, termites, oceans and fresh water, gas hydrates and wild
ruminants. The main anthropogenic sources are domesticated livestock, rice cultivation,
natural gas processing and use, coal mining, biomass burning, landfills, livestock manure
and waste water treatment. Natural sources make up approximately 30% of the total global
methane emissions with methane from anthropogenic sources contributing approximately
70% of the remaining emissions (Wood and Knipmeyer. 1998). Atmospheric methane
concentrations have more than doubled from pre‐industrial times (580‐730 ppb) to the
present (1774 ppb) (Wood and Knipmeyer, 1998; Solomon et al., 2007). However, Moss et
al. (2000) reported a slowed rate of increase in atmospheric methane of 10 ppbv (parts per
billion per volume) per year compared to 18 ppbv per year from 1890 to 1990 butt the
reason is uncertain. This might indicate a stabilization of the atmospheric methane
concentration (Solomon et al., 2007). Agriculture is considered to be responsible for about
two‐thirds of the anthropogenic methane sources (Moss et al., 2000).
There is a large potential for increased global warming from methane (0.20C per 1 ppm
rise in atmospheric CH4), as it can absorb light radiation in a broad spectrum of infrared
light and does not compete much with other gasses in its absorption range (Moss, 1993). If
the atmospheric concentration of methane increases further it may play a greater role in
future global warming due to its high global warming potential (25 times CO2). According to
Solomon et al. (2007) reducing methane emissions is seen as a viable option for achieving
greenhouse gas reduction targets as it has a relative short atmospheric lifetime (12 years).
Plants release small quantities of methane (Keppler et al., 2006), which is thought to be
insignificant in temperetate regions but may play a role in methane emissions from tropical

regions (Follet et al., 2001). The scale and importance of these emissions are disputed
(Follet et al., 2001; Lowe, 2006; Kelliher et al., 2006).
1.2.3.3 Nitrous Oxide
The atmospheric concentration of nitrous oxide has increased by about 18% since pre‐
industrial times in 1750 from 270 ppb to 319 ppb in 2005 (Forster et al., 2007). Although
atmospheric concentration of nitrous oxide is much smaller than that of carbon dioxide, its
global warming potential is 298 greater in a 100 year time horizon (Dalal et al., 2003).
Nitrous oxide is naturally produced in soil by the activities of micro‐organisms during
nitrification, and denitrification processes. Anthropogenic sources include agricultural soils,
urine from livestock, nylon, nitric acid production and fossil fuel powered electricity
generation (IPCC, 2001). The largest emissions to the atmosphere is associated with natural
and agricultural ecosystems (Houghton, 2005), emissions linked to human activities are
probably due to increasing fertilizer use. Extensive pastures and rangelands contribute
about 0.2 kg N/ha as nitrous oxide (93kg/ha CO2‐equavalent), with tropical rangelands
contributing a order of magnitude more, including that from frequent fires, than temperate
rangelands (Dalal et al., 2003). The sink of nitrous oxide is photodissociation in the
stratosphere and reaction with electronically excited oxygen atoms, leading to an
atmospheric lifetime of about 120 years (Houghton, 2005).
1.2.3.4 Hydrofluorocarbons
Hydrofluorocarbond (HFC) are used mainly as replacements for ozone depleting substances
in applications such as refrigeration, air‐conditioning, insulating foams and metered dose
inhalers (Lindley and McCulloch, 2005). Hydrofluorocarbons have relatively high global
warming potentials (14 800 time that of CO2 in 100 year time horizon) with atmospheric
lifetimes of 1.4 to 270 years (Forster et al., 2007). Their good technical properties have led
to rapidly increasing atmospheric concentrastions of industrial HFC’s over recent years
(Lindley and McCullogh, 2005). Velders et al. (2009) stated that by 2050 the HFC’s
contribution to global warming could rise to between 7 and 12% to that of CO2.
1.2.3.5 Perfluorocarbons (PFC)
Atmospheric perfluorocarbon concentrations have been increasing approximately linearly
since 1960, with about 50% of the increase due to anthropogenic sources (Forster et al.,
2007). Perfluorocarbons are potent greenhouse gasses with an atmospheric lifetime of up
to 50 000 years (Khalil et al., 2003). The greenhouse warming potential these gasses are
about 7398 times that of carbondioxide (Solomon et al., 2007). Due to the long
atmospheric lifetimes and the extremely high global warming potentials these gases make
a permanent contribution to global warming (Forster et al., 2007).
The primary anthropogenic source of perfluorocarbons in the atmosphere is from the
production of aluminium by the electrolysis of alumina (EPA, 2006). Although steps are
being taken by aluminium producers to reduce emissions these are partially offset by a
increase in averall production (Khalil et al., 2003).
1.2.3.6 Sulphur hexafluoride (SF6)
The intergovernmental panel on climate change (2001) rated sulphur hexafluoride as one
of the most potent greenhouse gases, with a global warming potential of 22 800 times that

of CO2 when compared over a 100 year period. Sulphur hexafluoride flow to the bottom of
the atmosphere due to its high density relative to air, which limits its ability to warm the
atmosphere. Its atmospheric lifetime is 3200 years (Lindley and McCulloch, 2005). Sulphur
hexafluoride is mainly used as an insulating gas in high voltage electric equipment, as well
as an inert tracer in atmospheric and oceanic studies (Forster et al., 2007). In 2006 Europe
banned SF6 as a tracer gas in all applications except high voltage switchgear (Forster et al.,
2007). Solomon et al. (2007) reported a linear increase in atmospheric SF6 concentrations.

1.3

Greenhouse gas production in South Africa
Africa is one of the most vulnerable continents to climate change and climate variability
(Boko et al., 2007). South Africa appears already to be experiencing the early effects of
global warming and climate variability. The average land and sea temperatures have
increased, sea level is rising, rainfall patterns have changed, and the intensity and
frequency of extreme weather events have increased (DEAT, 2007).
In 1996 South Africa ranked among the top 10 and 20 countries in the world, respectively,
regarding tons of carbon emitted per unit of gross domestic product annually and tons of
carbon per capita annually (Scholes and van der Merwe, 1996). South Africa’s emissions per
capita are higher than China and India and are about 4.7 t CO2‐equivalanets higher than the
global average (DEAT, 2007).
The overall increase in CO2‐equivalent concentration is approximately 0.6% per year in
South Africa. The Department of Environmental Affairs and Tourism of South Africa (2007)
predicted a quadruple increase in CO2‐equivalent emissions by 2050 form 440 Mt to 1600
Mt. According to the DEAT (2007) the South African government has set a reduction target
of between 30 and 40% from the 2003 levels by 2050. This is in line with the requirements
of the Koyoto protocol of which South Africa is a signatory.
The South African agricultural sector is the second highest contributor to the national CO2‐
equivalent emissions after the energy sector (DEAT, 2000). The agricultural sector
contributed the highest percentage of methane emissions (48% of the national total) and
nitrous oxide emissions (78% of the national total). Blignaut et al. (2005) reported
emissions from Livestock, according to the national inventory of greenhouse gases (2000),
to be the largest contributor to methane emissions contributing 90% of the agricultural
sector’s methane and approximately 41% of the total methane emissions in South Africa.
The trends for individual greenhouse gases emissions in South Africa are shown in Table
1.2. Methane showed the highest increase, recording an increase of more than 76% from
1990 to 2000. Nitrous oxide showed the lowest increase from 1990 to 2000, of 2.7%
(Government gazette, 2009).

Table 1.2 Gas emission trends and percentage changes from 1990 (Government gazette, 2009)

% of
total

2000 %
change
from
1994

353 643

81.1

12.5

11.9

18.6

11.4

3624

17.2

0.2

76.2

76.5

5.4

76.7

1.3

-10.7

14.5

2.7

1990
Gg

% of
total

1994
Gg

% of
total

2000
Gg

CO2

280 932

80.9

315 957

83.2

CH4

2053

12.4

2057

N2O

75

6.7

67

1.3.1

2000 %
change
from
1990

1994 %
change
form
1990

GHG
emissions
CO2-eGg

Vulnerability of South Africa to climate variability.
South Africa is located in one of the regions most susceptible and vulnerable to climate
change (Boko et al., 2007). Projected climate changes in South Africa over the next 50 years
indicate that the western parts of the country will become dryer, with shorter rainfall
seasons in certain areas and with increased surface temperatures in the interior (DEAT,
2007). Impacts of climate change on the South African agricultural sector indicates that
crop net revenues will likely fall by as much as 90% by 2100, with small‐scale farmers being
the most severely affected (Boko et al., 2007).
Measurable changes in the climate can be expected to have significant effects on various
sectors of South African society and economy (DEAT, 2004). South Africa’s rainfall is highly
variable both within and between years. Much of the country is arid or semi‐arid and the
whole country is subject to droughts and floods. A reduction in the amount or reliability of
rainfall as predicted by van Jaarsveld and Chown (2001), or and increase in evaporation will
exacerbate the already serious lack of surface and ground water in the country. Van
Jaarsveld and Chown (2001) predicted that with a doubling in CO2 levels the arid interior
and moister north‐eastern regions of South Africa are likely to be subjected to elevated
evapotranspiration rates, increased stress, and more frequent flood events, whereas the
south‐western regions of the country are likely to experience increased early winter frontal
and orographical rainfall. Desertification, which is already a problem in South Africa, could
be exacerbated by climate change (DEAT, 2004).
Seventy percent of the land surface of South Africa consists of natural and semi‐natural
ecosystems which provide rangelands for herbivore species (DEAT, 2004). Models run by
the DEAT suggest a general aridification of this type of land, especially where such
rangelands are already marginal. Increases in temperature and CO2 concentrations could
cause an increase in bush encroachment into the grassland areas which would have a
negative effect on fodder production. Van Jaarsveld and Chown (2001) suggested that the
savanna component of rangelands are more sensitive to the predicted changes in
temperature and rainfall and decreases of up to 20% in forage production are likely in
savanna regions. These authors also reported that less productive savanna regions might
encroach on existing grassland areas and this will have impacts on cattle production.
Crop yield modeling over the next 50 years predicted a 20% reduction in maize production,
this reduction is associated with elevated temperatures or reduced water availability (van

Jaarsveld and Chown, 2001; DEAT, 2004). Speciality crops grown in specific environmentally
favorable areas may also be at risk, since both rainfall and temperature effects may cause
significant changes in areas uniquely suitable for such specialized production (Stige et al.,
2006). An increase in pests and diseases would also have a detrimental effect on the
agricultural sector and invasive plants could become a greater problem (DEAT, 2004).
Areas considered climatically suitable for South Africa’s seven existing terrestrial biomes
could shrink by between 40 and 55% over the next 50 years (van Jaarsveld and Chown,
2001). Much of the grassland biome would be susceptible to invasion by savanna tree
species and thus and increase in bush encroachment. These authors argue that a doubling
in CO2 concentrations would mean the complete loss of the succulent Karoo biome, which
is the world’s largest succulent flora and arguably the world’s most botanically diverse arid
region (Cowling et al., 1998). Van Jaarsveld and Chown (2001) suggested that 44% of plant
and 80% of animal species would undergo some, usually marked, alteration to their
geographic ranges with a doubling of CO2 concentrations. Erasmus et al. (2002) estimated
losses of up to 66% in species diversity in the Kruger National Park and Simmons et al.
(2004) estimated that 6 bird species could lose substantial portions of their range and
projected losses of over 50% for some bird species by 2050.
The majority of range shifts in both plants and animals were predicted to take place in an
easterly direction towards the eastern highlands of South Africa, a pattern in keeping with
the predictions of significant increases in aridity in the western parts of the country and
less intense aridification towards the east (van Jaarsveld and Chown, 2001; DEAT, 2004).
1.4

Ruminant methane production

1.4.1

Digestion in the rumen
Ruminants rely on a process of microbial fermentation to convert ingested plant material
into absorbable end products to meet their nutritional requirements. Symbiotic microbes in
the animal’s reticulo‐rumen and large intestine hydrolyse plant polysaccharides to simple
sugars, with the end products of fermentation being volatile fatty acids (acetic, propionic,
butyric), ammonia, methane and microbial cells (Hobson, 1997).
Enteric methane is produced through microbial fermentation of the diet mainly in the
reticulo‐rumen (rumen) with a smaller amount in the large intestine (O’Hara et al., 2003).
The rumen is essentially a fermentation vat, containing a variable amount of digesta (4‐7 kg
in sheep and 50‐80 kg in dairy cattle), of which 80 to 90% is fluid (Tamminga et al., 2007).
The rumen content is determined by a balance of input (feeding) and outflow rates. The
high moisture content and a semi constant temperature of 37C and pH of 5.5‐6.5 make
the rumen an eminently suited environment for microbes to survive and grow, provided
that the microbes are regularly supplied with a suitable substrate. Substrates needed by
the microbes are provided through the ingestion of feed (Tamminga et al., 2007). Ruminal
pH is kept within a constant range through the buffering capacity of saliva containing
bicarbonate and phosphate (O’Hara et al., 2003).

1.4.2

Site of methane production and release
Methane production occurs predominantly in the rumen but there is a small percentage of
methane produced in the large intestine of ruminants. Murray et al. (1976) conducted an

isotope experiment on sheep fed lucerne chaff and found that 13% of the CH4 was
produced in the lower digestive tract. While Torrent and Johnson (1994) reported 8 – 13%
of total CH4 production of sheep fed cracked corn or grain based diets was produced in the
large intestine.
The routes of methane release were reported by Murray (1976) to be eructation (83%),
breath (16%) and through the anus (1%), the author also showed that 89% of the CH4
produced in the large intestine was absorbed into the blood and released into the lungs.
Vlamming (2008) reported that in other studies conducted by Kempton et al. (1976) on
ewes fed chopped lucerne hay eructation and exhalation accounted for 98% of CH4
excreted while flatus accounted for approximately 2%.
1.4.3

Microbial synthesis of methane in the rumen
The anaerobic condition in the rumen and hindgut limit oxidation of organic substrate into
carbon dioxide and water, but an internal arrangement of the carbon, hydrogen and
oxygen present in the feed, between the microbial biomass and the end products, keeps
the system going (Tamminga et al., 2007). Although H2 is one of the major end product of
fermentation by protozoa, fungi and some bacteria, it does not accumulate in the rumen
because it is immediately used by other bacteria which are present in mixed microbial
ecosystem (Moss et al., 2000). The collaboration between fermentation species and H2‐
utilizing bacteria (e.g. methanogens) is called “interspecies hydrogen transfer”
Methanogens are a specialized group of micro‐organisms that are not true bacteria, but
they are a sub‐group of the archaea which are widely distributed in nature (O’Hara et al.,
2003). Jarvis et al. (2000) isolated some of the ruminal methanogens and found
Methanobrevibacter and Methanomicrobium in large numbers and small numbers of
Methanosarcina. The primary digestive micro‐organisms such as bacteria, protozoa and
fungi hydrolyse dietary starch and plant cell wall polysaccharides producing sugars, volatile
fatty acids, CO2, and H2. Sugars and protein are then fermented by secondary micro‐
organisms to volatile fatty acids, ammonia, hydrogen and CO2 (O’Hara et al., 2003).
Methanogens facilitate the processes, such as cell wall degradation, by preventing the
accumulation of hydrogen (NADH) through a series of biochemical reactions. These
biochemical reactions are shown in figure 1.1.

Figure1.1 Proposed cycle for the reduction of CO2 to CH4 (Rouviere and Wolfe, 1988).
The process of H2 transfer from one species to another is known as inter species hydrogen
transfer (Wolin et al., 1997). This process results in increased carbon turn‐over, greater
production of oxidized end‐products, increased growth of organisms and maximal energy
yield per gram of fermented organic matter (Rodger and Withman, 1991, cited by Immig,
1996).
Some physical association between fermentative species and H2‐users may facilitate inter
species transfer in the rumen (Moss et al., 2000) and attachment of methanogens to the
external pellicle of protozoa has been reported by Stumm et al. (1982). Hegarty (1999)
reported that up to 37% of ruminal methane emission could originate from the microbes
living on and in protozoa. One important consequence of hydrogen utilization by
methanogens is that they maintain a low partial pressure of hydrogen in the rumen (O’Hara
et al., 2003). If hydrogen accumulated in the rumen, re‐oxidation of NADH in inhibited,
reduced fermentation end‐products such as lactate accumulate and forage digestion and
microbial growth are reduced (O’Hara et al., 2003; Wolin et al., 1997).
In the rumen, methane formation is one of the major H2 sinks through the following
reaction:
CO2 + 4 H2 – CH4 + 2 H2O
Moss et al. (2000) reported that hydrogen transfer towards methanogens is beneficial to
the degradation of cell wall carbohydrates. Metabolic hydrogen in the form of reduced
protons (H) can also be used during the synthesis of volatile fatty acids or incorporated into
microbial organic matter (Moss et al., 2000). The stoichiometry of the main anaerobic
fermentation pathways can be summarized as follows:
2H producing reactions:
Glucose ‐→ 2 pyruvate + 4H
(Embden‐Meyerhof‐Parnas pathway)
Pyruvate + H2O –→ Acetate (C2) + CO2 + 2H
2H using reactions:
Pyruvate + 4H –→ Propionate (C3) + H2O
2 C2 + 4H –→ Butyrate (C4) + 2H2O
CO2 + 8H –→ Methane (CH4) + 2H2O
Moss et al. (2000) stated that the molar percentage of volatile fatty acids influences the
production of methane in the rumen. Acetate and Butyrate promote methane production
while propionate and valerate formation can be considered as a competitive pathway for
hydrogen use in the rumen. Acetate is the main volatile fatty acid resulting from rumen
fermentation of fibre, starch, sugars and protein (Bannik et al., 2006a) and therefore a net
excess of H2 is produced in the rumen. Tamminga et al. (2007) identified other H2 sinks in
the rumen (microbial synthesis with NH3 as the N source and the biohydrogenation of
unsaturated fatty acids), the type of volatile fatty acids produced is the major determinant
of the amount of H2 produced.

1.5

Factors influencing enteric methane production
According to Bannik (2007) factors that can be identified as influencing CH4 yield include
dietary characteristics as well as the fermentation conditions in the rumen. These dietary
characteristics include daily feed intake and rumen fill, the proportion of concentrates in
the dietary dry matter, and the composition and the rate and extent of degradation of
individual feed fractions (the types of carbohydrates and protein) in dietary dry matter.
Important fermentation conditions are rumen pH, the presence of unsaturated long chain
fatty acids, the composition of the microbial population in the rumen, the dynamics of the
passage of particles, fluid and microbial matter, the inflow of saliva and the absorption
capacity of the rumen (Bannik., 2007). The combined effect of both dietary characteristics
and ruminal fermentation conditions is represented in conditions that characterize the
ruminant (Bannik., 2007), such as production level, stage of lactation, grazing regime, and
feeding regime (diet supplementation, concentrate feeding, and protein sources).
It is complicated to use factors, such as mentioned above, to predict the course of ruminal
fermentation, extend of organic matter digestion, methane yield and the productive
response of ruminants because these factors are often interrelated (Smink et al., 2003).
The contribution of a single feed component or type of carbohydrate to methane yield is
not necessarily consistent because of these interrelationships (Mills et al., 2001). Some of
the principle factors affecting rumen function and methane production will be discussed
below.

1.5.1

Level of feed intake
The relationship between methane emissions (g/d) and DM intake is positive. Blaxter and
Clapperton (1965) demonstrated that on diets they studied the absolute daily CH4
production (g/d) increased with increases in intake, but at a declining rate. Johnson and
Johnson (1995) stated that as the daily feed intake of any given animal increase, the
percentage of dietary gross energy lost as methane decreases by an average of 1.6% per
level of intake. The reduction in methane production with increasing level of intake is
associated with a decreased rumen residence time and decreased ruminal fermentation
(Hodson, 1997; Moss et al., 2000; Vlaming, 2008). A rapid passage rate favours propionate
production and the relevant hydrogen use (Moss et al., 2000).
The level of feed intake on methane production has a greater effect when diets of lower
digestibility are fed to animals. Molano and Clark (2008) and Beauchemin and McGinn
(2006) found that when fresh forage or silage and concentrate mixtures were fed to
animals that the level of feed intake had no effect on methane yield. These results are
supported by Johnson and Johnson (1995) who found that at high intakes of highly
digestibile diets, low fractional methane losses occur. The major effect of feeding level is
explained by its consequences on passage of feed particles out of the rumen (Moss et al.,
2000).

1.5.2

Diet composition
Diet has an important impact not only on methanogen numbers but also on methane
production, as both the quantity and quality of feed can alter the ruminal fermentation
pattern (Kumar et al., 2009).The major constituents of the diet – sugars, starch, fibre,

protein and lipid – appear to have varying impacts on methane emissions (O’Hara et al.,
2003). Kirchgesner et al. (1995) illustrated that on average crude fibre provides about 60%,
nitrogen free extract 30%, crude protein 10% and ether extract a minor proportion of total
methane production. However, O’Hara et al. (2003) stated that variations with and
between the major classes of nutrients can cause major shifts in methane production.
There is a different profile of volatile fatty acids and methane production with different
carbohydrates fermented (Bannink, 2007; Kumar et al., 2009). Simple carbohydrates
produce more methane (0.45 moles/mole of hexose) as compared to complex
carbohydrates (0.3 moles/mole of hexose). The type of carbohydrate fermented influences
methane production most likely through impacts on ruminal pH and the microbial
population (Johnson and Johnson, 1995). Fermentation of cell wall fibre yields higher
acetic: propionic acid and higher methane losses (Moss et al., 2000). Moe and Tyrrel (1979)
found that fermentation of soluble carbohydrates to be less methanogenic than cell wall
carbohydrates (cellulose and hemicellulose) and Johnson and Johnson (1995) suggested
that non‐cell wall components should be further separated into soluble sugars and starch.
Soluble sugars are more methanogenic than starch (Hinderichsen et al., 2005). As the
starch content in the diet increases rumen pH decreases, making the ruminal environment
more hostile for methanogens to survive (O’Hara et al., 2003).
Moss et al. (2000) stated that the concentrate to forage ratio of a diet may have an impact
on rumen fermentation, with a higher grain proportion in the diet resulting in a decline in
the acetate to propionate ration and lower CH4 production. Gross energy intake lost as
methane is typically 6‐12% on forage based diets, while diets containing a high percentage
of concentrates (>90% grain) results in methane production of 2‐3% of gross energy intake
(Johnson and Johnson, 1995). Feeding of a high concentrate: low roughage diet produce
less methane as compared to a low concentrate: high roughage diet (Kumar et al., 2009).
Van Soest (1982) indicated that a high grain diet and/or the addition of soluble
carbohydrates results in an increased ruminal passage rate, lowered ruminal pH, as well as
increased propionate production. These factors may combine to make the ruminal
environment less suitable for methanogens. Sigh and Sigh (1997) reported a decrease in
the numbers of methanogens and cellulolytic bacteria when the concentrate: roughage
ratio of 75: 25 was fed to cattle. Moss et al. (2000) estimated that increasing the level of
dietary non‐structural carbohydrate by 25% would result in a reduction in methane of
approximately 20%. Lower levels of carbohydrate supplementation do not seem to give the
same pro rata reductions in methane production (Boadi et al., 2002b).
Pelchen and Peters (1998) analysed datasets from literature where sheep was fed in
calorimeters and developed regression equation to predict methane emissions. When
these authors included crude protein as an independent variable it had a negative sign,
indicating a negative relationship between dietary protein and expected methane
emissions. Yan et al. (2006) also reported a decrease in methane production with an
increase in dietary crude protein (R2 = 0.54).
The addition of lipids to a diet can suppress methane production. Johnson and Johnson
(2002) reported that three factors – the quantity, the degree of saturation and the chain
length of lipids could have an affect on enteric methane production. The decrease in
methane production when lipids are added to a diet could be attributed to the

biohydrogenation of poly‐unsaturated fatty acids providing an alternative hydrogen
acceptor to the reduction of CO2 instead of CH4. Fats can also suppress the fermentability
of feeds and therefore the methane production could also be reduced (Johnson and
Johnson, 1995).
1.5.3

Digestibility
Methane emissions are closely related to the amount of rumen fermented OM or the
amount of digestible OM (Moss et al., 2000). When comparing two feedlot diets
Beauchemin and McGinn (2005) reported increased methane emission from animals
receiving the diet with lower DM, OM, GE, NDF and CP digestibilities. Improving the
availability and digestibility of pasture increases the enteric methane emission (g/day)
produced by ruminants, but it reduces the methane yield per unit of product produced
(Alcock and Hegarty, 2006). Pelchen and Peters (1998) reported that an increasing intake of
digestible energy, crude fibre and nitrogen‐free extract also increased the amount of CH4
emitted by sheep. These authors also found that an increasing intake of crude protein and
a higher energy density of the diet decreased the methane emissions. Increasing
digestibilities of rations increase methane emissions, but at Pelchen and Peters (1998)
found that at digestibilities above 72% that the increasing effect on methane emissions
faded out. Increased digestibilities of diets mean less methane emissions per unit of
production. As the digestibility of a feed increases, the amount of energy available to the
animal also increases, and therefore the amount of methane emitted per kg of production
decreases (Plechen and Peters, 1998).
The relationship between enteric methane emissions and feed digestibility is also very
dependent on the level of intake. Blaxter and Clapperton (1965) found that when feed is
offered at low levels of intake, methane emissions (MJ/100MJ) increases as digestibility
increases, whereas with high intakes methane emissions fall as digestibility increases.
Similar results were published by Hart et al. (2009) who found that at high feed intake
levels, the proportion of energy lost as CH4 decreases as the digestibility of the diet
increases.

1.5.4

Roughage Utilization
Quality
Forage quality has a significant impact on enteric methane emissions (Boadi and
Wittenberg, 2002). These authors reported significant differences in enteric methane
production of cattle fed hay of different qualities. Cattle were given hay of high (61.5%
IVOMD), medium (50.7% IVOMD) and low (38.5% IVOMD) quality and differences in
methane production (p<0.01) of 47.8 ± 4.02, 63.7 ± 4.02 and 83.2 ± 4.02 Ch4 L kg‐1
digestible organic matter intake respectively from the high, medium and low quality
forages was reported. Boadi et al. (2002) published similar results were steers grazing
pasture during the early period of the grazing season had 44% and 29% less energy lost as
methane (p<0.01) than steers grazing during the mid and late grazing periods respectively.
Ominski et al. (2004) also reported that enteric methane emissions measured early and late
in the grazing season were influenced by pasture type and season of grazing. Enteric
methane emission under grazing condition seems to be the highest when the animals are

presented with poor quality forage and has limited opportunity to select higher quality
forages as a result of reduced dry matter availability (Ominski et al., 2004).
Pinares‐Patino et al. (2003) investigated the effect of plant maturity of methane
production. Beef cows were fed timothy pasture at four stages of maturity: early
vegetative, heading, flowering, and senescence. Although CP and NDF values differed at
different stages of maturity, methane production (g/d) was only significantly higher at the
heading stage. The lack of response associated with plant maturity observed by these
authors may be attributed to animal selection as selection of plant parts was not limited
during the experiment. McCaughey et al. (1999) examined the methane production of cows
grazing two different types of pasture and found that the methane production varied
between their sampling periods with in the grazing season. These authors reported that the
variation could be due to the changes in forage quality as the pastures increased in
maturity during the period of occupation of a paddock.
Forage species
Pasture species may play a significant role in enteric methane emissions. Legumes often
give rise to increased feed intakes and they have higher digestibilities than grass. Mizaei‐
Aghsaghali et al. (2008) calculated the methane emissions of grass and legume hay using
equations and found higher rates of emissions for grass hay than the legume hay.
McCaughey et al. (1999) found similar results when they examined the methane emissions
from cows grazing lucerne‐grass mixture (78% lucerne and 22% meadow bromegrass) or
100% meadow bromegrass. These authors found that although the cows grazing the
lucerne‐grass mixture had significantly higher dry matter intakes (11.4 ± 0.4 vs. 9.7 ± 0.4
kg DM/d) they produced less methane (373.8 ± 10.1 vs. 411.0 ± 10.1 L CH4 /d) compared to
the cows grazing the grass only pasture. This reduction in the CH4 emissions could be
attributed to a reduction in the proportion of structural carbohydrates in the lucerne‐grass
pasture. The NDF of the lucerne based pasture (58.4 ± 0.8%) was lower than that of the
grass based pasture (73.1 ± 0.8%). Santoso et al. (2007) found similar results and stated
that the methane release by sheep increased with increasing NDF digested. Minson and
Wilson (1994) stated that the inclusion of legume‐based forages in the diet is associated
with higher digestibility and faster passage rate resulting in a shift toward high propionate
in the rumen and reduced methane production.
C3 vs. C4 forages
Margan et al. (1988) found that sheep fed tropical grasses had higher methane yields (as a
percentage of gross energy intake) of 7.4% compared to sheep fed temperate forages
(6.0%). McCrabb and Hunter (1999) found similar results but with higher methane
emissions for tropical grasses (10.4 and 11.4%). Ulyatt et al. (2002) stated that it would be
expected that methane emissions from C4 grasses would be higher than that from C3
plants at the same level of intake as tropical C4 grasses generally have higher cell wall
carbohydrate content and a lower DM digestibility that temperate C3 grasses at the same
stage of grow (Minson, 1981). Earlier, Blaxter and Wainman (1964) and Moe and Tyrell
(1979) showed that as the proportion of cell wall carbohydrate increases in the diet of
cattle and sheep at high levels of intake, their methane emissions also increase.

Ulyatt et al. (2002) reported an increase in the spread of C4 grasses in New Zealand with
increased temperatures in the southern parts of the country during 1998 – 1999. There
exists a danger that as the atmospheric CO2 concentration increases and with it the global
warming phenomenon that C4 grasses may out‐compete C3 grasses and displace them.
BassiriRad et al. (1998) found that one of the advantages of C4 over C3 species at elevated
CO2 concentrations is the enhanced the ability of perennial C4 species to increase their
uptake of NO3‐ and PO43‐ considerably more than the perennial C3 shrubs. Knapp et al.
(1993) reported increased photosynthetic capacity for the C4 grass Andropogon gerardii
under conditions of elevated CO2 and water stress. Pospisilova and Carsky (1999) noted
that the “antitranspirant effect” of atmospheric CO2 enrichment is often more strongly
expressed in C4 plants than in C3 plants. This will allow C4 plants to better cope with water
stress. Ward et al. (1999) stated that C4 species would be more competitive than C3
species in regions receiving more frequent and severe droughts, like South Africa.
Cultivar selection
Cultivar selection could play a role in enteric methane production from pastoral production
systems. Lovett et al. (2006) stated that the amount of substrate required to produce 1 ml
of CH4 differed significantly (p<0.01) between Lolium perenne cultivars. Differences in the
methane emissions have also been show by Wang et al. (1997) using three rice cultivars.
The results of Lovett et al. (2006) suggest that differences exist between cultivars in the
manner in which OM is partitioned following microbial fermentation and this could effect
methane production. These differences could be exploited through cultivar selection and
plant breeding programmes to reduce enteric methane emissions from pastoral production
systems.
1.5.5

Animal variation
Variations in enteric methane production within an individual animal, between animals and
between breeds have been reported by several researchers. Blaxter and Clapperton (1965)
reported a 7% within‐animal variation in absolute CH4 production from day‐to‐day in sheep
and cattle when the animals were fed a constant amount of consistent quality feed. Boadi
and Wittenberg (2002) found a 27% coefficient of variance for day‐to‐day CH4 production
under ad libitum or restricted diet conditions. In a trial by Grainger et al. (2007) when the
authors accounted for differences in intake they reported a 6% coefficient of variation in
daily CH4 production.
Differences between animals have also been reported (Blaxter and Clapperton, 1965;
Johnson et al., 1994a; Lassey et al., 1997; Boadi et al., 2002a; Pedreira et al., 2009).
Grainger et al. (2007) reported a 17.8% variation in daily CH4 production between lactating
dairy cattle fed ad libitum. Variations in methane emissions among genetic groups were
also shown by Pedeira et al. (2009). These authors found that lactating cows produced
more methane (353.8 g/day) than dry cows (268.8g/day) and heifers (222.6 g/day) and that
Holstein cows produced more methane (299.3 g/day) than Crossbred cows (264.2 g/day).
Although the Holstein cows, with a higher milk production potential, produced less CH4
(p<0.05) per unit of dry matter intake (19.1g/ kg) than the Crossbred (22.0 g/ kg). These
differences could be attributed to differences in animal body size and their organic matter

intake potential, since there is a direct relation between methane production and
digestible organic matter intake (Pedeira et al., 2009).
Boadi and Wittenberg (2002) suggested that the variation in daily CH4 production could be
attributed to digestive tract characteristics. This variation in digestive parameters could be
influenced by a number of variables including type of feed, level and frequency of feeding,
rate of intake, saliva production and composition, rumen pH, rumen capacity, and
retention time of fluid and particulate matter in the rumen (Margan et al., 1982; Pinares‐
Patino et al., 2003; Hegarty, 2004; Pedreira et al., 2009). These digestive and feeding
parameter variables could have an effect on the microbial balance in the rumen and thus
affect CH4 production (Vlaming, 2008).
1.5.6

Methane from excreta
A relative small amount of methane is produced in the large intestine of ruminants (see
section 1.4.2). It is therefore possible that microbes, including methanogens, would be
present in voided faecal matter and could continue fermentation processes in favourable
conditions. Several researchers quantified the methane release from faecal matter under
grazing condition and reported values ranging from 0.2% to less than 3% of that produced
in the rumen. Lodman et al. (1993) stated that only the storage of faecal material in
anaerobic lagoons is likely to produce significant methane emissions from livestock
manure.

1.6

Measuring methane emissions from livestock
Before methane mitigation strategies can be developed it must be possible to quantify
emissions from animals under a wide range of circumstances. Several methods have been
used to measure methane emissions from livestock. These range from building elaborate
chambers with various gas analysers to tracer techniques, mass‐balance techniques and
the use of lasers. Selection of a technique is dependent on the question asked as each
technique has its strengths and weaknesses (Johnson and Johnson, 1995).

1.6.1

Individual animal techniques
Calorimeters
Respiration chambers or calorimeters have been used to collect and analyse methane
emissions from animals (Kebreab et al., 2006). This technique involves measurement of the
volume of gases leaving the chamber. Chambers are typically constructed of steel with an
air conditioning system to provide environmental control within a temperature range of 18
±2°C and relative humidity of 60 ± 10%. Gaseous composition of the ingoing and outgoing
air from the chamber can then be measured and analysed using various methods (Kebreab
et al.., 2006). Closed circuit calorimetry provides the most accurate measure of total
methane emitted over an experimental period of approximately 3 days (Vlaming, 2008)
including methane from ruminal and hindgut fermentation (Johnson and Johnson, 1995).
Despite the accuracy of measurement, the expense of construction and operation (Blaxter,
1967; Kebreab et al., 2006), the labour intensiveness with the daily removal of faecal and
urinary matter, and the inapplicability to animals under grazing conditions (O’Hara et al.,
2003) limit the use of this method.

Recently, the many respiration measurements undertaken with ruminants have been done
using open circuit chambers (O’Hara et al., 2003). This system involves the passing of
outside air through a chamber housing an animal. Air flow and concentrations of O2, CO2
and CH4 are then measured in the air entering and leaving the chamber (Blummel et al.,
2005; Vlaming, 2008). Methane production can then be calculated using the air flow in the
chamber and the difference in CH4 concentrations entering and exiting the chamber.
There are a few variations of the open circuit calorimeter. A ventilated hood works using
the same principles but only part of the animal in enclosed. McLean and Tobin (1987)
described the design and operation of the hood system. This technique involves the use of
an air tight box or hood that surrounds the animals head with a flexible seal around the
animal’s neck (Takahashi et al., 1999). Boadi et al. (2002) used a ventilated hood system
that allowed a stall tied animal freedom to stand or lie down, as well as free access to feed
and water. Gas analyses are conducted in a similar way as with other calorimeters.
Face masks may also be used to quantify methane production (Johnson and Johnson,
1995). The method works on the same principles as that of the open‐circuit calorimeter
and it is a variation of the hood system. The system works by fitting a mask over the
animal’s head for a limited period of time, one hour measurements several times per day,
instead of using a hood (Kempton et al., 1976; Vlaming, 2008). Animals can not eat or drink
during the measurement periods and gas analyses are done in the same way as for the
open‐circuit calorimeters. Johnson and Johnson (1995) reported that using face masks
could give quite variable results because of the normal daily variations in methane
emissions. The face mask technique could underestimate methane production by as much
as 9% (Liang et al., 1989).
Tracer techniques
These techniques are useful because they do not require specialised chambers for animals,
as animals can be measured in standard animal stalls or crates or measured in the field
(Vlaming, 2008). Tracer techniques use inert gasses that are infused into the rumen where
they are not metabolized by the animal and where they have no effect on rumen
fermentation pattern. Boadi et al. (2002) mentioned that as tracer techniques estimate,
rather than measure methane emissions, they do not tend to be as accurate as calorimetry
measurements. These techniques require the use of large numbers of animals and greater
replication per experiment to improve accuracy.
Johnson et al. (1994) described the sulfur hexafluoride (SF6) technique which is the most
common tracer technique at present. The technique assumes that the rate of SF6 emission
is exactly the same as that of CH4 emissions. This technique involves the placing of a
permeation tube containing SF6 in the rumen, collecting samples from the animal’s nose
and mouth and determining CH4 and SF6 concentrations by gas chromatography. This is
then used to calculate methane production from the ratio of CH4 and SF6 concentration
multiplied by release rate of SF6 from the permeation tube.
Moate et al. (1997) described a tracer technique using ethane (C2H6) to measure rumen gas
kinetics. These authors continuously injected ethane into the rumen and simultaneously
collected rumen gas, which was analysed for C2H6, CH4, H2, CO2, H2S, and O2 to study gas
kinetics in the rumen. Total methane production can be calculated by dividing the

proportion of methane by the proportion of ethane in the collected gas and multiplying the
fraction by total ethane infused into the rumen (Kebreab et al., 2006). This technique does
not account for gas dissolved in ruminal fluid or trapped in gas bubbles. Vlaming, (2008)
stated that as the tracer needs to be infused directly into the rumen that this method is not
suitable to measure methane production from grazing or large groups of animals.
Isotope dilution technique
Isotopic techniques used for measuring enteric methane production require the use of
radioactively labeled CH4. Murray et al. (1976) used a technique where radioactively
labeled CH4 is continuously infused into the rumen at a known rate or dose so as to achieve
mixing with CH4 in solution in the rumen fluid. After equilibrium is reached, the specific
activity of CH4 in the gas phase, which is directly derived from the pool in solution, indicates
the rate of ruminal production of CH4 (Murray et al., 1976; Kebreab et al., 2006). Animals
must be rumen cannulated to allow re‐entry into the rumen for infusing the labeled CH4
and for gas sample collection and expensive analytical equipment is required to measure
the specific activity of the labeled isotope. Johnson and Johnson (1995) also named the
difficulty in preparation of the infusion solution due to low solubility of CH4 gas as a major
limitation of this technique.
1.6.2

Group techniques
Group techniques have the advantage that they are less intrusive than either tracer or
enclosed techniques. The major disadvantage of group techniques is that they do not
measure methane production from individual animals. O’Hara et al., (2003) suggested that
the lack of accuracy of group techniques means that these techniques are not suitable to
detect small differences between groups or treatments.
Polythene tunnel
The system is constructed using a large polythene tunnel with two small wind‐tunnels used
to blow air into, and draw air from the larger tunnel. Murray et al. (1999) described the
construction and operation of the system in detail. Concentration of methane in air
entering and leaving the tunnel is measured, Lockyer and Jarvis (1995) described the use of
a gas chromatograph fitted with a flame ionization detector to measure methane
concentrations in air samples. The polythene tunnel is kept at a slight negative pressure, so
that any leaks in the tunnel results in background air entering the tunnel. The advantage of
the system is that it allows free movement of animals inside the tunnel and that it is
inexpensive to build (Kebreab et al., 2006). Animals are also allowed a certain degree of
selection within the confinds of the tunnel. Problems associated with polythene tunnels is
the control of temperature inside the tunnel during high ambient temperatures as is found
in tropical regions. Lockeyer and Jarvis (1995) reported that daily estimates of methane
emissions using polythene tunnels appear to be lower than other estimates. Murray et al.
(1999) also reported higher methane production from sheep fed roughage diets form open
circuit respiration cambers compared to tunnels (31.7 ± 0.35 vs. 26.9 ± 0.46 L/ kg DM intake
respectively) the authors suggested that the differences in animals behaviour between the
two systems could account for the differences in methane production.
Micrometeorological mass balance technique

Harper et al. (1999) developed a micrometeorological mass difference technique to
measure CH4 production by cattle under pasture and feedlot conditions. This method
requires sophisticated equipment and qualified personnel with expert knowledge in air
movement. The technique is based on the calculation of CH4 budgets for an area in which
animals were feeding from measurements of wind speed and atmospheric CH4
concentrations on the upwind and downwind boundaries (Kebreab et al., 2006). The
micrometeorological mass balance technique can also be used to quantify gasses from
manure. One of the limitations of the method is that the measurements are influenced by
light winds and rapid changes in wind direction (Harper et al., 1999).
Laser methane detector
Chagunda et al. (2009) examined the ability of a laser methane detector (LMD) to estimate
enteric methane output in dairy cows without any disturbance to the normal activity of the
animals. The LMD is a handheld gas detector for remote measurements of column density
for methane containing gases. This system is based on infrared absorption spectroscopy,
using a semiconductor laser as a collimated excitation source and employing the second
harmonic detection of wavelength modulation spectroscopy to establish a methane
concentration measurement. Daily methane production data reported by the authors were
numerically comparable to the range reported in literature (Holter and Young, 1992;
Vermorel, 1995; Griffith et al., 2008). On average the enteric methane estimates were
higher than those empirically estimated (356.8g/ d vs. 304.5 g/ d), the authors suggested
that the differences could be due to the assumptions used in the calculation of daily
methane production.
1.6.3

In Vitro methods
In vitro cultures allow the determination of methane production when different diets are
fermented alone or in the presence of additives to study their responses on rumen
fermentation (Moss, 1994). There are two main in vitro methods used to measure methane
production from ruminal fermentation using ruminal fluid: i) batch cultures in sealed serum
bottles ) Moss et al. (1994) and ii) the fermenter called Rumen Simulation Technique
(RUSITEC) that is a semi‐continuous culture (Czerkawski and Breckenridge, 1977).
The Hohenheim gas test (HGT) apparatus estimates the digestibility and the metabolizable
energy content of ruminant feedstuffs. This system was developed by Menke et al. (1979)
and Menke and Steingass (1988) described the operation of the HGT in detail. However,
there are a few modifications necessary to enable the system to analyze for the
composition of ruminal fermentation gasses (Soliva et al., 2003). This system utilizes a
incubator and modified HGT glass syringes with a gas chromatograph using a two
detectors, a thermal conductivity and a flame ionization detector, for the analyses of
fermentation gas composition (Soliva and Hess, 2007).
The rumen simulation technique (RUSITEC) was developed by Czerkawski and Breckenridge
(1977) to maintain a normal ruminal microbial community under strictly controlled
conditions over an extended period of time. In this system feed samples are placed in
perforated nylon bags with a 100 μm pore size in rumen fluid filled fermentors. During
incubation gas volume is measured using a gas flow meter as described by Lopez and
Newbold (2007). Gas samples are taken using gas tight syringes and analysed using a gas

chromatograph using the same two detectors as with the Hohenheim gas test (Lopez and
Newbold, 2007; Soliva and Hess, 2007).
1.6.4

Comparison of measuring techniques
Various techniques and equipment are used to measure methane production from
ruminants. Johnson et al. (1994a) and Boadi et al. (2002) compared the methane
production using the SF6 tracer technique and respiration chambers and found no
significant differences. These authors also did not detect any day to day variation of CH4
production between the two methods but they did report significant between animal
differences.
Murray et al. (1976) compared methane estimates using the mask technique and the
isotope dilution technique and found no significant differences between the two
techniques. When comparing the polythene tunnel and respiration chamber techniques,
Murray et al. (1999) found that methane production measured using the respiration
chamber was 12.9% greater that that in the tunnel. These authors suggested that the
differences could be due to housing effects during sample collection.
In a comparison of methane emissions from sheep measured by micrometeorological mass
balance technique and SF6 techniques Leuning et.al. (1999) show that on average the
values were very similar (11.9 ± 1.5 vs. 11.7 ± 0.4 g/d respectively). The
micrometeorological mass balance technique tended to show some between animal
variations on a daily basis. There is a standardization of techniques required which will
allow accurate estimation of livestock methane emissions (Kebreab et al., 2006) and this
will allow the formation of a accurate, country specific, database which can be used as a
platform to develop prediction models.

1.6.5

Prediction equations and Models
Equations and models to predict methane production from ruminants were developed due
to the fact that the quantification of methane produced by ruminants requires complicated
and often expensive equipment. Several models that predicts enteric methane production
have been published (Kriss, 1930; Bratzler and Forbed, 1940; Axelsson, 1949; Blaxter and
Clapperton, 1965; Moe and Tyrrell, 1979; Holter and Young, 1992; Krichgessner et al., 1994;
Krichgessner et al., 1995; Lescoat and Sauvant, 1995; Pitt et al., 1996; Johnson and Ward,
1996; Kohn and Boston, 2000; Yan et al., 2000; Mills et al., 2001; Mills et a., 2003;
Hindrichsen et al., 2004; Van Laar and Van Straalen, 2004; Schils et al., 2006a; Dijkstra et
al., 2006; Offner and Sauvant, 2006; Danfaer et al., 2006). These models vary in complexity
and range from simple static, empirical models to complicated dynamic, mechanistic
models (Bannik, 2007). The accuracy of the earlier models was questioned by Johnson and
Johnson (1995). These authors concluded that simple empirical equations based on feed
characteristics cannot be expected to predict methane accurately under various production
conditions.
In order for a model to predict methane production under various production conditions
more accurately than empirical equations it should include the degradation of organic
matter, efficiency of microbial growth and the type of volatile fatty acid produced (Bannik,
2007). Baldwin et al. (1987), Dijkstra et al. (1992), Mills et al. (2001), and Kebreab et al.
(2004) produced more detailed models capable of representing substrate degradation as a
function of the effective concentrations of substrate as well as of degrading classes of

ruminal micro‐organisms. These models take into account the interactions between
feedstuffs that govern nutrient degradation, including the effect of rapidly degradable
carbohydrates on fibre degradation.
Thornley and France (2007) mentioned that empirical models can only be applied within
the range of data used in their development and as such is unsuitable to evaluate new
feeds or feeding strategies. Mechanistic models are the preferred choice to identify
possible mitigation options (Van Laar and Van Straalen, 2004).
The production of VFA in the rumen has a major effect on the amount of CH4 produced.
Dijkstra et al. (2007) stated that the quantification of the type of VFA produced is an
important element that should be included in any mechanistic model to explain CH4
production. Empirical models do not include variations in VFA profiles that might result
from different ruminal fermentation conditions (Bannik, 2007). Kohn and Boston (2000)
reported that with an increased rate of substrate fermentation and a higher partial gas
pressure of H2 in the rumen, the efficiency of CH4 production declines as well as that of
acetate formation, and as a result propionate formation becomes relatively more
favourable. Such conditions are strongly correlated to high rates of fermentation and more
acidic conditions in the rumen (Bannik and Dijkstra, 2005). Benchaar et al. (1998) and
Kebreab et al. (2006a) compared empirical and mechanistic models and found that
dynamic mechanistic models always performed among the best. Mechanistic models are
better capable to evaluate the consequences on details of rumen function, interactions
among feed components, and other aspects such as diet digestibility, milk yield, excretion
and manure composition and ammonia emissions (Bannik, 2007).
The general characteristics of methane prediction models and the variables used to explain
CH4 production in ruminants as reported earlier are presented in Table 1.3.

Table 1.3 Models and variables used to predict methane production in ruminants (adopted from
Bannik, 2007)
Static/ emperial models

Feed
intake

Digestibili
ty

Carbohyd
rate types

Proportio
n
roughage

Milk yield

Body
weight

X

X

X

X

X

Linear relationships
Axelsson, 1949

X

Blaxter and Clapperton,
1965

X

X

Moe and Tyrrell, 1979

X

X

X

Holter and Young, 1992

X

X

X

Kirchgessner et al., 1994

X

X

X

Kirchgessner et al., 1995
Johnson and Ward, 1996

X

X

Yan et al., 2000

X

X

X
X

Mills et al., 2003

X

Hindrichsen et al., 2004

X

Schils et al., 2006a

X

X

X
X

X

Ninlinear relationships
Mills et al., 2003

X

X

X

Representing influencing factors
Feed
intake

Degradatio
n
characteris
tics

Passage
characteri
stics

Lescoat and Sauvant,
1995

X

X

X

Pitt et al., 1996

X

X

X

Van Laar and Van
Straalen, 2004

X

X

X

Danfaer et al., 2006

X

X

X

X

X

X

Dynamic models

Type of mechanism represented
Microbial
activity

Thermody
namics

Empirical models

Mechanistic models
Baldwin et al., 1987

X

Kohn and Boston, 2000

X

Mills et al., 2001

X

X

X

X

Dijkstra et al., 2006

X

X

X

X

Offner and Sauvant,
2006

1.7

X

X

Mitigation Options
Agriculture is the second highest contributor to South Africa’s greenhouse gas emissions,
and it is the highest methane emission producing sector. Livestock accounts for 90% of
agricultural methane emissions as mentioned in section 1.3. Reducing agricultural
emissions would significantly decrease total greenhouse gas output from South Africa.
Current enteric methane mitigation practices either target reductions of methane
emissions directly or aim to improve animal productivity. The mitigation potential of any of
the available options discussed below will vary depending on the type of production
system. It is easier to manipulate the diet of animals and administer additives on a daily
basis in intensive production systems compared to extensive pasture based production
systems. Improving animal productivity through selection and breeding requires
investments in education and guidance to farmers to implement efficient selection
programs.

Stewart et al. (2009) evaluated several greenhouse gas mitigation practices in livestock
systems and these authors showed that mitigation practices vary among locations and
conditions. Livestock in developing countries are mainly in extensive production systems
and used for many purposes other that food production – as symbols of social status, for
their religious values, for draft activities, for the energy of their manure, and as alternative
sources of income. In order for a mitigation strategy to be sustainable and effective it
should consider all aspects of a specific production system. This illustrates the importance
of developing country specific mitigation strategies.
1.7.1

Nutritional and management strategies

Type and proportion of concentrate in the diet
The nature and rate of carbohydrate fermentation influences the proportion of individual
volatile fatty acids produced in the rumen (Boadi et al., 2004). Moe and Tyrrell (1979)
compared the effect of structural vs. non‐structural carbohydrates on methanogenesis and
found that fibre fermentation increases methane production compared to soluble
carbohydrate fermentation. These authors also reported that the production of methane
per gram of cellulose digested is nearly three times that per gram of hemicellulose digested
and five times that per gram of soluble residue digested.
The relative rates of volatile fatty acid formation largely determine the amount of excess
hydrogen available in the rumen which can be converted to methane (Afshar et al., 2008).
Boadi et al. (2004) reported that the fermentation of cell wall carbohydrates produces
more methane than the fermentation of soluble sugars, which produce more methane
than the fermentation of starch. The formation of butyric and acetic acid is accompanied by
the production of hydrogen, whereas the formation of propionic acid involves a net uptake
of hydrogen. Propionic acid formation competes directly with ruminal methane formation.
Orskov (1986) reported that the ratio of acetic: propionic acid in the rumen tends to
increase as the fibre content of diets increase and the author found a negative relationship
between the proportion of acetic acid in rumen fluid and the efficiency of utilization of
metabolizable energy.
Diets rich in starch favours propionate‐forming microbes and therefore divert H2 away from
methanogens, sugars tend to promote butyrate formation, at the expense of propionate,
which provide H2 for methanogens and therefore increases methane production
(Hindrichsen et al., 2004). Johnson and Johnson (1995) stated that a roughage based diet
will favor acetic acid production and increase methane production per unit of fermentable
organic matter in the rumen. Structural carbohydrate fermentation results in a greater loss
of gross energy intake as methane than the fermentation of sugars and starches (Boadi et
al., 2004). This is due to a decreased rate of ruminal fermentation and a decrease rate of
passage out of the rumen, which favours a higher acetic: propionic acid ratio (Hegarty and
Gerdes, 1998). Monteny et al. (2006) reported a 14.7% reduction in total methane
production when replacing sugars with starch in a diet.
A high rate of fermentation of organic matter in the rumen is known to affect the type of
VFA produced (Monteny et al., 2006). When VFA production rates increase and rumen pH
drops, a shift occurs towards more propionate production. This is mainly due to shifts in

the abundance of rumen micro‐organisms. Propionate serves as an alternative hydrogen
sink to methane (Orskov, 1986; Hergarty, 1999). High rates of fermentation of grains will
lower ruminal pH, which inhibits the growth of protozoa and methanogens (Hegarty, 1999).
Russel (1998) found that the rumen fluid of cows fed a 90% concentrate diet had lower
rumen pH values (6.22 vs. 6.86), higher volatile fatty acid concentrations (85 vs. 68 mM)
and lower acetate: propionate ratios (2.24 vs. 4.12) than the rumen fluid of cows fed a
100% forage diet.
Variations with in a certain type of carbohydrate have been mentioned in the literature.
Ovenell‐Roy et al. (1998) reported differences in the methane production from four
cultivars of barley fed to lambs. These differences could be exploited in plant breeding
programs to further reduce the methane production potential of carbohydrates.
Forage quality and digestibility
Increased digestibility of pasture for grazing ruminants is one of the most practical methods
to reduce enteric methane emissions (Hegarty, 1999; Iqbal et al., 2008). Improving forage
digestibility will have a greater impact on enteric methane production in developing
countries or when tropical, C4 grasses are concerned. Veen (2000) stated that in countries
where the digestibility of the basal diet is already high, such as in the Netherlands, that the
improvement of digestibility will have limited potential as a mitigation strategy.
Quality of forages depends predominantly on maturity and less mature forage often has a
higher N content and lower sugar content (Bannik, 2007). Boadi and Wittenberg (2002)
showed that pasture quality has a significant impact on enteric methane emissions when
they studied the methane emission from grazing animals through out the grazing season.
These authors demonstrated that steers grazing pastures during the early part of the
grazing season had 44% and 29% less energy lost as methane (p<0.01) than steers during
the mid and late grazing periods respectively. Steers also experienced a 54% reduction
(p<0.01) in enteric methane emissions upon entry vs. exit of a paddock. Methane emissions
appear to be influenced by pasture dry matter availability and quality. Boadi and
Wittenberg (2002) concluded that enteric methane emissions are highest when an animal
is presented with poor quality forage and has limited opportunity to select higher quality
forage as a consequence of reduced dry matter availability.
Forage species
McCaughey et al. (1999) demonstrated that the species present in a pasture may
significantly influence enteric methane emissions. These authors compared a lucerne‐grass
mixture and a 100% grass pasture, and observed significant higher DM intakes and lower
methane production from animals grazing the lucerne‐grass mixture. Legumes generally
have higher intakes and digestibility than grass swards and thus give rise to higher
digestibility (O’Mara, 2004). Minson and Wilson (1994) stated that the inclusion of legumes
in a pasture or a diet is associated with higher digestibility, lower proportion of structural
carbohydrates and a faster rate of passage resulting in a shift toward high propionate
production in the rumen and reduced methane production.
Forages also differ in their carbohydrate fractions which will affect their methane
producing potential. These differences along with others can give rise to differences in

methane productivity (O’Mara et al., 2004). As discussed in section 1.5.4, C4 grasses may
yield more methane per unit of intake than C3 grasses (Ulyatt et al., 2002).
Cultivar selection could also play an important role in methane mitigation strategies (Iqbal
et al., 2008). Differences between cultivars was discussed in section 1.5.4 and Lovett et al.
(2003a) reported differences between two perennial ryegrass cultivars (Kells and Yatsan 1)
in their methanogenic potential. These authors related these differences to the chemical
composition of the cultivars but differences could also have been due to contents of
organic acids. Iqbal et al. (2008) reported increased animal performance from perennial
ryegrass cultivars containing high levels of water soluble carbohydrates. This shows that
forage selection could play an important role in modern mitigation strategies.
Secondary plant compounds
Most plants synthesize secondary metabolites, which have different ecological or defensive
functions (Harborne, 1999). Secondary metabolites do not represent a supply of nutrients
to the animal but they may have an effect on some of the animal’s digestive and metabolic
processes (Garcia‐Gonzalez et al., 2008).
Garcia‐Gonzalez et al. (2008) screened 158 plants, herbs or spices to access their potential
to reduce ruminal methane production. These authors identified three species Rheum
officinale (RH), Frangula alnus (FR) and Allium sativum (AL) which induced a noticeable
reduction in methane production. Other researchers also observed reduced ruminal
methane production with secondary compounds from some medicinal plants such as
horsetail, sage (Broudiscou et al., 2000), Sesbania sesban, Acacia angustissima (Zeleke et
al., 2005), Sapindus sp., Terminalia chebula, Populusntremuloides, Syzygium aromaticum,
Psidium guayaba (Kamra et al., 2005) and with extracts of fennel, clove and garlic (Patra et
al., 2005). Some of the secondary compounds responsible for this effect was identified as
thymol, eugenol, carvacal (Chiquette and Benchaar, 2005), tannins (Hess et al., 2005), tea
saponins (Liu et al., 2005) anthraquinone derivatives (Garcia‐Gonzalez et al., 2008).
Waghorn et al. (2002) conducted studies to evaluate the mitigation potential of several
forage species in New Zealand. Forages examined included fresh rye grass/ white clover
pasture, lucerne, sulla, chicory, red clover and lotus, as well as combinations of the
different species. All forages fed to animals were of good quality with DM digestibilities in
excess of 65%. These authors reported a two‐fold range in methane emissions from 11.5
g/kg DMI with lotus to 25.7 g/kg DMI with rye grass/ white clover pasture. These studies
showed that species selection may play a role in mitigation strategies and more specifically
that condensed tannins present in certain forage species are associated with reduced
methanogenesis, mainly through a direct toxic effect on methanogens (Grainger et al.,
2009). Other benefits of feeding condensed tannins to ruminants are described by
Waghorn et al. (1998) and Jones et al. (1994).
Plant saponins can also potentially reduce ruminal methane production and Beauchemin et
al. (2008) showed that some saponin sources are more effective than others with methane
suppression. Lucerne (3‐5%), Sapindus rarak, Sapindus mokorossi, Yucca schidigera (4%),
Quillaja saponaria (10%), Acocia concinna and Emblica officinalis are some of the plants or
feed sources of saponins reported by Kumar et al. (2008). Saponins cause a decrease in
ruminal methane production from 20 – 60% on different substrates accompanied by a

decrease in ammonia nitrogen and the numbers of ruminal protozoa (Kumar et al., 2008).
Hess et al. (2003) reported on the anti‐protozoal effect of saponins and observe that
defaunation enhanced propionate production with subsequent reductions in acetate and
butyrate. Defaunation suppressed rumen methanogenesis by 43% over forage based diets
when supplemented with tropical fruits (Hess et al., 2008). Saponins reduce the protozoal
population in the rumen which reduces the inter species hydrogen transfer to
methanogenic bacteria attached to the protozoa (as discussed in section 1.4.3) and thus
reducing the amount of hydrogen available to methanogens to produce methane (Kumar et
al., 2008).
Plant derived essential oils that have anti‐microbial properties have the potential to
manipulate microbial activity in the rumen (Benchaar et al., 2008). These authors observed
in vitro effects of essential oils on ruminal nitrogen metabolism and reported that the
effect was likely mediated by the impact of essential oils on hyper‐ammonia producing
bacteria resulting in reduced deamination of amino acids and production of ammonia
nitrogen. The potential to select essential oils to reduce ruminal methane production is also
mentioned by Benchaar et al. (2008) but these authors warned of a possible lack of long
term applicability. The anti‐microbial activity of essential oils could be due to interactions
with the functions of bacterial cell walls, including electron transport, ion gradients, protein
translocation, protein translocation, phosphorylation, and other enzyme dependent
reactions (Dorman and Deans, 2000; Benchaar et al., 2008).
Evans and Martin (2000) observed that essential oil extracts from Thymus and Origanum
showed strong methane inhibiting qualities in vitro but the acetate and propionate
concentration was reduced. Extracts of garlic was found to be a highly suppressant of
methane production in vitro and Kamra et al. (2005) reported a 64% reduction with no
adverse effects on feed digestibility. Similar results were published by Busquet et al.
(2005a) who reported an increase in propionate and a decrease in acetate production in
vitro when garlic oil (312 mg/L) was evaluated. These authors contributed the methane
mitigation potential of these essential oils to a direct inhibition of rumen methanogens.
Dietary supplementation of dicarboxylic acids such as malate, fumarate, citrate, succinate
and aspartate reduces methane production (Martin, 1998; Callaway et al., 1997; Bayaru et
al., 2001; Boadi et al., 2004). Dicarboxylic acids are intermediates in the citric acid cycle and
they serve as alternative electron sinks for H2 (Boadi et al., 2004; Iqbal et al., 2008).
Although cost limits their inclusion in dietary supplementation regimes, Muck et al. (1991)
and Callaway et al. (1997) reported significant quantities of dicarboxylic acids in forages.
These acids may constitute as much as 10% of the dry weight of pastures (Callaway et al.,
1997). Differences between forage species and within forage species have been reported
(O’Mara, 2004). Callaway et al. (1997) reported that the malate concentration in plants
decline with maturity and that legumes have higher concentrations of dicarboxylic acids
than grasses. These authors also observed differences in the malate content between
lucerne cultivars and between leaf and stem ratios. The development of forage species
with high dicarboxylic acid contents through plant breeding programmes could play an
important role in future methane mitigation strategies especially in regions that have a
substantial grazing component in ruminant productions systems such as South Africa.
Forage management

Grazing management through the choice of grazing system and management of forage
availability and quality could have a role to play in mitigation strategies (Beauchemin et al.,
2008). DeRamus et al. (2003) found a 22% reduction in enteric methane emissions from
cattle grazing high quality forge in an intensive production system (made possible through
maintaining soil fertility). The reduction in methane emissions was related to better
digestibility of high quality forage, which resulted in better efficiency of utilization.
Maas (1987) reported a decrease in the enteric methane production from animals offered
fresh grass with increasing N content. Pastures with a nitrogen content of below 3% yielded
methane losses of around 6.5% of GEI, and pastures with a nitrogen content of 4.5%
yielded methane losses of around 5.2% of GEI. High nitrogen content of pastures is
associated with an increase in digestibility of energy (Bannik, 2007). Murray et al. (2001)
observed that sheep grazing pastures that received 270 kg N/ ha produced significantly less
methane than animals grazing pasture that received 70 kg N/ ha.
Proper grazing management to improve forage quality will increase animal production and
lower methane output per unit of product (Boadi et al., 2004). McCaughey et al. (1997)
observed higher methane production for steers grazing continuously at low stocking rates
(1.1 steer/ ha; 306.7 L/d) than for steers grazing continuously at high stocking rates (2.2
steer/ ha; 242.2 L/d). These authors also reported no effect of stocking rate on methane
production if pastures are grazed rotationally. At low stocking rates (1.1 steer/ ha) methane
production was 9% lower on rotational grazing than continuous grazing (McCaughey et al.,
1997).
Forage processing and preservation
A decrease in methane production as a consequence of ensilaging forages has been
reported by Moss et al. (2002). Contradictory results were reported by Woodward et al.
(2001) who found very high methane losses when feeding ryegrass silage (10.8% of GE) and
lotus silage (8.6% of GE). Grass silage is usually harvested at a later stage of maturity than
fresh grass. This results in a lower DOM and a lower N content, and lower sugar content,
this might explain the results reported by Woodward et al. (2001). Benchaar et al. (2001)
reported a 33% reduction in methane production when animals were offered lucerne silage
instead of lucerne hay. O’Mara (2004) found that maize silage supported higher intakes and
performance than grass silage and yielded less methane per unit product than grass silages.
Boadi et al. (2004) stated that the addition of inocculant‐enzyme during silage making seem
to hold a greater potential for reducing enteric methane emissions than other silage
additives such as formic acid.
Grinding or pelleting of forages to improve the utilization by ruminants has been shown by
Johnson et al. (1996) to decrease methane losses per unit of feed intake by 20 – 40% when
fed at high intakes. Le‐Liboux and Peyraud (1999) contributed the reduction in methane
losses to lower fibre digestibility, decreased ruminally available organic matter and a faster
rate of passage associated with ground or pelleted forages.
1.7.2

Manipulation of rumen fermentation

Alternative hydrogen sinks

Fatty acids have been found to decrease ruminal methane production. The inclusion of
these acids in a diet provides an alternative hydrogen sink and they also inhibit ruminal
protozoa (Johnson and Johnson, 1995). Kumar et al. (2009) stated that medium chain
length fatty acids (C8 – C16) (e.g., coconut oil, canola oil etc.) are especially effective in
methane reduction compared to short and long chain fatty acids. Sunflower oil was found
to reduce methane production by 22% (McGinn et al., 2004). However, reduced animal
performance was observed by Beauchemin and McGinn (2006) when they used canola oil
as an additive even though methane production was reduced. This reduction in animal
performance was due to a lower feed intake and a lower fibre digestibility (Beauchemin
and McGinn, 2006). Polly‐unsaturated fatty acids, having double or triple bonds also serve
as efficient hydrogen sinks. These multiple bonds get saturated by hydrogen in the rumen
reducing the amount of hydrogen available to methanogens and methane production
(Kumar et al., 2008). The effect of some of the oils is pH and diet dependent, and their use
in methane reduction strategies may only be beneficial under specific conditions
(Calsamiglia et al., 2007).
Dicarboxylic acids, as mentioned above, are potential propionate precursors which
stimulate H2 utilization for the reduction of fumarate to succinate during propionate
synthesis at the expense of enteric methane production (Iqbal et al., 2008). The application
of these organic acids in mitigation scenarios are however limited by cost and the fact that
they have to be fed on a daily basis which makes them unsuitable for use in extensive
grazing systems. Certain forage species have been reported to contain high levels of
dicarboxylic acids, up to 10% of organic dry matter (Callaway et al., 1997; O’Mara, 2004).
These authors also reported differences in dicarboxylic acid content between and within
forage species. This, as mentioned above, could play an important role in future methane
mitigation strategies through plant breeding schemes.
Fat and oil supplementation
The addition of fats or oils to ruminant diets have the ability to reduce enteric methane
emissions by up to 80% in vitro (Fievez et al., 2003) and about 25% in vivo (Machmuller et
al., 2000). The mechanisms by which unsaponified fats or oils reduce methane production
are described by Iqbal et al. (2008). The indirect mechanism includes protozoal inhibition,
reduction of double bonds in unsaturated fatty acids, increased productivity and enhanced
propionate production. Fatty acid toxicity to methanogens is reported to be the direct
mechanism (Iqbal et al., 2008).
The efficiency of oils and fats to reduce methane production is different (Machmuller et al.,
1998). The dietary composition could also have an effect of the efficiency of fat or oil
supplementation. Machmuller et al. (1998) observed a high efficacy of coconut oil against
methane release in diets with lower structural carbohydrate content compared to
extensive diets with a higher structural carbohydrate content. McGinn et al. (2004)
reported on the negative effects of oil addition on ruminal fibre digestibility.
Ionophores and probiotics
Ionophores alter the rumen environment through the modulation of movement of cations
across cell membranes (Iqbal et al., 2008). Monensin and lasolasid are two ionophores that
have been used extensively in ruminant production systems. Iqbal et al. (2008) reviewed

the effect of ionophores on methane production and reported four modes of action.
Ionophores can reduce methane production by either (1) increasing feed conversion
efficiency, (2) selectively reducing acetate production through a shift in bacterial
population from a gram positive to a gram negative organisms and prompting propionate
formation (Moss et al., 2000; Kumar et al., 2009), (3) inhibition of hydrogen release from
formate, or (4) depressing the protozoa population in the rumen or a combination of the
above. Moss et al. (2000) also reported a reduction in DM intake and increased feed
conversion efficiency when ionophores were included into ruminant diets. O’Kelly and
Spiers (1992) attributerd 55% of methane reduction due to the effect of reduced DM intake
and 45% of the reduced methane production to specific ruminal activities. Iqbal et al.
(2008) reported variations of between 0% and 76% in methane reduction when ionophores
were included into ruminant diets. Omer (2004), Johnson et al. (1994a) and McCaughey et
al. (1997) reported a reduction in methane reducing potential of ionophores after a certain
time period. Van Devel and Demeyer (1995) reported that monensin lowered methane
production by 25% in the short term but this decrease did not persist over the longer term.
This indicated the adaptation of ruminal microbes to ionophore inclusion in to diets and
may have an effect in limiting the use of ionophores as a long term sustainable methane
mitigation strategies. Polyether ionophores such as salinomycin appears to have lasting
methane reducing effects (Kumar et al., 2009) but there are health concerns and risks that
these ionophores could be absorbed from the rumen and end up in the meat or milk of
treated animals.
Probiotics are microbial feed additives that influence ruminal fermentation directly
resulting in increased animal productivity (Iqbal et al., 2008). Yeast is the most widely used
probiotics and mainly Saccharomyces cerevisiae and Aspergillus orzae (Moss et al., 2000).
Iqbal et al. (2008) reported that yeast cultures reduce methane production in four different
ways: (1) through increasing propionate and butyrate production (Lila et al., 2004); (2)
reducing protozoal numbers in the rumen (Newbold et al., 1998); (3) through the
promotion of acetogenisis (Chaucherys et al., 1995) and (4) by improving animal
productivity (Bruno et al., 2005). The methane suppression qualities of probiotics are not
consistent, Wallace and Newbold (1993) and Mwenya et al. (2004) reported a reduction in
methane output per unit of product with the inclusion of probiotics in diets but in the same
year McGinn et al. (2004) reported no significant methane reducing effects with the
inclusion of probiotics in a diet.
Prebiotics
Kumar et al. (2008) stated that prebiotics such as galacto oligosaccharides, fructo
oligosaccharides, mannan oligosaccharides and galactosyl lactose are non digestible and aid
in the proliferation of beneficial micro‐organisms. These substances also act as propionate
enhancers and thereby decrease methane production (Kumar et al., 2008).
Salts
The alteration of the dietary cation‐anion balance as a mitigation option has been
investigated by Johnson et al. (1997). These authors used cannulated animals to add salts
to the rumen in order to achieve dietary cation‐anion balances of 10, 30, 50, and 70 meq/
100g DM. The methane emissions were significantly lower in the diets containing 70 meq/
100g DM compared to those receiving the 10 and 30 meq/ 100g DM diets. Johnson et al.

(1997) also reported no adverse effects of the increase in dietary cation‐anion balance on
dry matter intake and ruminal fermentation characteristics. Calcium ions were also shown
to have a tendency to reduce methane production when used as an additive in in vitro
studies (Johnson et al., 1997).
Halogenated methane analogues
Halogenated methane analogues can directly inhibit ruminal methane production (Kumar
et al., 2009). Examples of such compounds are 2‐bromoethanesulphonate, 3‐
bromopropanesulphonate, lumazine, propionic acid, ethyl 2‐butynoate (Van Nevel and
Demeyer, 1995; Kumar et al., 2009). Chloral hydrate, which is converted to chloroform in
the rumen, was also reported to reduce enteric methane production (Kumar et al., 2009),
but it can cause liver damage and death to sheep after prolonged feeding (Lanigan et al.,
1979). Amichloral appears to be a safer option and was reported to increase live weight
gain in sheep (Kumar et al., 2009).
Bromochloromethane inhibits enteric methane production by decreasing the number of
methanogens by as much as 37% (Denman and Dean., 2007). Earlier researchers reported
the anti‐methanogenic potential of bromochloromethane to diminish over time however,
McCrabb et al. (1997) found that a combination of bromochloromethane and ‐
cyclodextrin was more stable and could reduce methane production over prolong periods
of time. Similar results were reported Goel et al. (2009) who observed reduced methane
emissions in batch and continuous fermentation by bromochloromethane.
2‐Bromoethanesulphonate was shown to be a potent methane inhibitor as a bromide
analogue of coenzyme M, involved in methyl transfer during methanogenisis (Martin and
Macey, 1985; Kumar et al., 2009). Van Nelel and Demeyer (1995) tested the use of 2‐
bromoethanesulphonate in vivo and found that it was only effective on the short term, this
was partly explained by the adaptation of methanogens. Anderson et al. (2006) observed
that the oral administration of both nitroethane and 2‐nitropropanol resulted in reduced
methane production and reported that nitroethane to be the more effective methane
inhibitor of the two.
Tezel et al. (2006) showed that quaternary ammonium compounds inhibit methanogenisis
but these authors reported that the effects of these compounds diminished over long
periods of incubation. As mentioned earlier, anthraquinone has also been shown to inhibit
in vitro and in vivo methane production by inhibiting methyl‐coenzyme M reductase
(Garcia‐Lopez et al., 1996). Inhibitors of the enzyme hydroxymethylglutaryl‐SCoA such as
Lovastatin and Mevastatin has also been shown to reduce methane production by up to
50% through by inhibiting the growth of Methanobrevibacter without any affects on the
feed utilization efficiency as reported by Miller and Wolin (2001).
Acetogens
Acetogenic bacteria produce acetic acid by the reduction of carbon dioxide with hydrogen
and reductive acetogenesis acts as an important hydrogen sink in hindgut fermentation
(Moss et al., 2000). Bacteria carrying out reductive acetogenesis have been isolated from
the rumen (Greening and Leedle, 1989) but only in small numbers. Reductive acetogens are
out competed in the rumen by ruminal methanogens and this limits their use to depress

ruminal methane production as reported by Lopez et al. (1999). These authors suggested
that reduction in ruminal methane production could be achieved through the use of
acetogens as a daily feed additive.
Vaccines against methanogens
Australian scientists have produced and patented immunization procedures to reduce
methane emissions. The vaccine was developed using an antigen derived from rumen
methanogens (Baker, 1998) and an immunogenic preparation that reduces the activity of
ruminal protozoa (Baker et al., 1997). Baker (1998) stated that the vaccine reduced
methane production in in vitro incubations, and that it significantly increased DM intake
and wool growth when administered to animals.
Defaunating agents
Protozoa start to colonize the rumen environment approximately 3 weeks after birth (Iqbal
et al., 2008). The elimination of ruminal protozoa by any means is termed defaunation.
Hegarty (1999a) reviewed several defaunating techniques. These techniques included
dietary manipulation (inclusion of fats and oils, saponin containing plants), the use of
synthetic chemicals (copper sulfate, calcium peroxide, dioctylsodium sulfosuccinate and
detergents), and natural compounds (vitamin A, non‐protein amino acids and steroidal
hormones).
The symbiotic relationship between ruminal protozoa and methanogens accounts for
approximately 40% of methanogenesis in rumen fluid. Dohme et al. (1999) reported that
methane production decreased by 61% in defaunated rumen fluid. The mechanisms in
which defaunation reduce ruminal methane production has been reported by several
reseasrchers and Iqbal et al. (2008) summarized them as follows: (1) reduced fibre
digestion, (2) reduced methanogen population associated with protozoa, (3) reduced inter
specie hydrogen transfer, and (4) increased partial pressure of oxygen on the rumen.
Defaunation has been reported to adversely impact ruminal fibre digestion and negatively
impact on animal production through a lowering of microbial protein flow out of the rumen
(Moss et al., 2000). Thus the use of defaunating agents to reduce enteric methane
production would have to be balanced against the effects of those agents on fibre digestion
and protein metabolism in the rumen.
Bacteriocins
Bacteriocins are bactericidal peptides from bacteria that can be used according to Klieve
and Hegarty (1999) to directly suppress methanogens. Callaway et al. (1997) reported an
increase in propionate production and a 36% reduction in methane emissions when nisin, a
bacteriocin from Lactococcus lactis was included in to samples for in vitro analysis. In vivo
studies revealed no effect on acetate: propionate ratio of cattle fed a diet containing nisin
as additive (Mantovani and Russel, 2001). These authors contributed the lack of response
to the degradation on nisin in the rumen or the adaptation of methanogens to develop
resistance. Bovicin HC5, a bacteriocin from Streptococcus bovis was shown to inhibit in vitro
methane emission by as much as 50% (Lee et al., 2002). Bacteriocins could play a significant
role in methane mitigation strategies if it could be produced by bacteria that inherently
reside in the rumen and that will actively secrete these compounds (Kumar et al., 2009).

Methane oxidizers
Methane oxidizing bacteria have been isolated from the hindgut of pigs (Valdes et al., 1997
as cited by Moss et al., 2000). These bacteria convert enteric methane to carbon dioxide.
Valdes et al. (1997) conducted in vitro studies and observed a decreased in the
accumulation of methane when methane oxidizing bacteria was added to ruminal fluid. The
validity of this approach still needs to be tested in vivo and requires further research.
However, the implication of methane oxidizers seems impractical as they need oxygen for
their growth (Kumar et al., 2009).
1.7.3

Improving animal efficiency
The concept of increasing animal productivity to reduce methane emissions from
ruminants is based on the maintenance of overall production output and as a result,
increased production of useful product would mean that methane production per unit
product will decline (Moss et al., 2000). However, a reduction in total methane output
would only result if the levels of production remained constant and livestock numbers were
reduced.
As mentioned earlier, livestock in developing countries are mainly in extensive production
systems and used for many purposes other that food production – as symbols of social
status, for their religious values, for draft activities, for the energy of their manure, and as
alternative sources of income. It might be difficult to convince farmers in developing
countries to reduce their livestock numbers. In order for a mitigation strategy to be
sustainable and effective it should consider all aspects of a specific production system. This
illustrates the importance of developing country specific mitigation strategies or
combinations of mitigation strategies. Possible options for increasing animal efficiency
include among others the selection between or within breeds, selecting larger but faster
growing breeds or through the manipulation of dietary regimes (as discussed earlier).
Genetic selection
Genetic improvement of livestock is a particularly cost effective technology, producing
permanent and cumulative changes in performance (Wall et al., 2009). The selection for
productivity and efficiency helps to mitigate greenhouse gases in two ways: firstly, higher
productivity leads to higher gross efficiency as a result of diluting the maintenance cost of
animals; and secondly, a given level of production can be achieved with fewer higher
yielding animals (Wall et al., 2009).
Wall et al. (2009) reported variations between animals, between breeds, and across time,
providing potential for improvement through genetic selection. Genetic variation in feed
intake also exists, independent of liveweight and average daily gain and this variation
provides a basis for genetic selection for feed‐use efficiency in animals (Iqbal et al., 2008).
Arthur et al. (2001) reported that cattle with a lower DMI than their peers of equivalent
liveweight and ADG have a low residual feed intake (RFI) and are more feed efficient.
Residual feed intake is calculated as the difference between actual feed intake and the
expected feed requirements for maintenance of body weight and a certain level of
production (Hegarty et al., 2007). Nkrumah et al. (2006) reported that beef cattle with low
residual feed intake produced up to 28% less methane than those with high residual feed

intake. These authors attributed the lower methane production to differences in ruminal
microbial population and they stated that the differences could be heritable.
Goopy and Hegarty (2004) ran trials with Friesian Jersey crossbred herds and found large
variations in methane emissions between animals at the same level of production and fed
the same diet. These authors identified “high” and “low” methane emitters on identical
feed and feed intakes. The reason for the reported differences is unclear, but they assumed
that factors such as the rate of passage, microbial activity, fermentation conditions and
grazing behaviour could play a role.
O’Hara et al. (2003) stated that as methane is produced through microbial activity, the
animal could only have an impact on methanogenisis by interacting with microbes.
Microbes respond to changes in substrate so the interaction could be via diet selection. The
interaction could also be through the control of ruminal conditions via processes such as
saliva secretion, salivary proteins, feed processing, and changes in rumen volume and
digesta flow (O’Hara et al., 2003). High methane emitting sheep have been reported to
have large rumen volumes and slower digesta flow rates than low emitters (Pinaes‐Patino
et al., 2003). Cows with persistent differences in rumen outflow rates were identified by
Orskov et al. (1988) and these authors concluded that the differences were probably
genetic in origin. Hegarty et al. (2007) concluded that the greatest methane abatement
from selecting for residual feed intake would be achieved on diets with low digestibility.
Hormones
Bovine somatotropin and hormonal growth implants do not specifically reduce methane
emissions but they can reduce emissions per unit of product through improved animal
performance (Smith et al., 2008). Bovine somatotropin (BST) is a genetically engineered
metabolic modifier used to enhance the production of dairy cows (Moss et al., 2000). It acts
on the liver and kidneys to stimulate the production of insulin‐like growth factors. Moss et
al. (2000) reported a 15% increase in the productivity per animal when BST is administered
which would give a reduction in methane output per unit product produced. The use of
bovine somatotropin as a methane mitigation option is limited as there are consumer
concerns and BST is banned in certain countries including the European Union.
Strategic supplementation
Mineral deficiencies in South African roughage sources are generally attributed to seasonal
variations in areas where long dry winters occur and when natural grasses leaches and
become less digestible and less nutritious (Boyazoglu, 1999). There appears to be a large
variety of mineral imbalances present in South African soils especially of trace elements
such as copper, zinc, magnesium and manganese as well as phosphorous which is deficient
in most regions (Boyazoglu, 1999). To improve productivity, animals in all areas should
have regular access to balanced mineral supplements. Correcting nutrient deficiencies may
realize a net reduction in enteric methane emissions as it will improve animal production
efficiency (Ominski and Wittenberg, 2004).
Water quality
Water quality can play a critical role in the production efficiency of animals Ominski and
Wittenberg (2004). Willms et al. (2002) illustrated the impact of water quality on animal

production through a series of trials. These authors observed that calves from cows
drinking from a natural water source delivered through a trough (clean water) gained 9%
more than calves from cows that had direct access to water from a pond. Heifers drinking
clean water gained 23% and 20% more weight compared to heifers drinking directly from a
pond and heifers drinking pond water pumped to a trough, respectively (Willms et al.,
2002). Thus, the improvement of animal performance through improved water quality
management should serve to reduce methane output per unit product.
1.8

Conclusions and the need for future research
The increase in atmospheric concentrations of greenhouse gases, CO2, CH4, N2O and others
due to human activities is the main reason for global warming. The atmospheric
concentrations of these greenhouse gases need to be brought to a steady state to avoid
negative consequence due to an increased rate of climate change.
South Africa has a uniquely high carbon emitting profile for a developing county and ranked
among the top 10 and 20 countries in the world respectively, regarding tons of carbon
emitted per unit of gross domestic product annually and tons of carbon per capita in 1996
(Scholes and van der Merwe, 1996). Projected climate changes over the next 50 years
indicate a general aridification over the western and central regions with increased surface
temperatures (DEAT, 2007). Projected impacts on the agricultural sector proposed a fall in
the net crop revenue by as much as 90% in 2100 (Boko et al., 2007). Climate change could
also have affects on the animal production sector through a reduction in feed quality and
an increase in the occurrence of certain diseases.
The production of methane as a result of ruminal and hindgut fermentation accounts for an
approximate 6 to 10% loss in gross ingested energy by ruminants depending on the basal
diet. Methane yields are greater on pasture‐based diets than for high grain‐based diets,
and its is higher from animals grazing C4 grasses compared to those grazing C3 grasses. The
majority of South African pasture based ruminant production systems utilizes C4 grasses.
Strategies to reduce methane from forage based production systems include feeding
management strategies such as the use of concentrates, the inclusion of legumes in forage
mixtures, and feeding highly digestible forages. Strategies to increase animal efficiency
through the manipulation of ruminal fermentation, strategic supplementation of minerals
and through selection for animal variation have been discussed in the literature.
Many of these technologies designed to reduce methane from individual animals are
geared towards altering diets of animals in intensive or feedlot management systems,
which are less common in developing countries. There is a need to develop long term
mitigation strategies as many of the present strategies have been found to be only
effective for a limited period due to the adaptive capacity of ruminal microbes.
The identification and forages with low methane producing potential, cultivar selection,
plant extracts and the use of fodder trees, legumes and drought resistant fodder species
such as Atriplex nummularia could have substantial potential as mitigation options and this
may be best utilized in developing countries.
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ABSTRACT
This paper addresses the principles related to different grading and classifications systems of the
world with specific focus on quality related outcomes. The paper uses the definitions that
classification is a set of descriptive terms describing features of the carcass that are useful as
production guidelines and to those involved in the trading of carcasses whereas grading is the
placing of different values on carcasses for pricing purposes, depending on the market and
requirements of traders.
The literature shows that the criteria used in grading systems rank carcasses fairly accurately
according to expected eating experience (<50%) of the loin muscles but not of higher connective
tissue cuts of the hind and fore quarter. Criteria used in classification systems give limited
descriptions of the quality related characteristics of the carcass. Only the MSA cuts based grading
system of Australia seeks to define or predict consumer satisfaction with a cooked meal for each
cut of the carcass. Its success is based on a palatability assured critical control point (PACCP)
approach to satisfy the consumer. However, MSA requires high technical skills, a well organised
infrastructure and proper traceability, high level of integrity from different role players and could
be very costly involving high additional personnel cost.
The South African classification system should probably focus on distinguishing between feedlot
and pasture animals with different criteria within each sub category to describe the variation in
product quality.
Keywords: classification, grading, beef
INTRODUCTION
Carcass grading or classification was established in most prominent meat producing countries
during the early to middle 1900’s. Over time the evolution of these systems were driven by new
problems/needs or changes in production systems. The primary motivations for the development
and implementation of these systems are best summarised in a report of AHDB Industry Consulting
on the EU classification system (AHDB Industry Consulting, 2008):




Poor market transparency, made even more difficult by a fragmented industry;
Poor market intelligence with regard to guidelines for price formation;
A lack of a common descriptive language for a highly variable product;




Production led (as opposed to market led) mainly the result of a lack of production
guidelines ;
Lack of consumer confidence in the retail product caused by among other things lack of
precise description at the retail level, poor labelling and marking.

Therefore the general aims and objectives of carcase classification or grading system would be
close to those quoted by the same report:













To provide a common language for use by those in trading livestock and carcases to
facilitate trade and intensify competition;
To develop clearer market signals from the consumer to the producer by the use of
premiums for desirable stock and discounts for less desirable stock;
To act as a catalyst for breed and national herd / flock improvement;
To act as a framework for the development of national price reporting schemes to enable
those trading (and others such as statutory organisations) to determine what prices were
paid for differing types of stock in different areas;
To assist producers to market their stock more effectively, aided by better ‘market
transparency’;
To improve efficiency in transactions in what is today referred to as the ‘supply chain’
between producer, slaughterer and retailer; encouraging buying specifications to be used
that could be filled and verified against classification descriptions.;
To allow those cutting meat to monitor and control their operations on a yield basis.
Classification has a direct relationship with the amount of saleable meat in a carcase. Yields
and returns from cutting and processing can therefore be predicted and monitored with a
knowledge of the classification of the carcase raw material;
To promote, by the marking or labelling of classification/grading information on meat up to
the point of retail sale, a basis for ‘quality’ marks or promotional brands;
To facilitate the development of any export markets.

From these it is clear that carcass classification or grading systems have been invented and are
continuously being developed to describe the quality and yield of a carcass (in particular the edible
part) to the benefit of all role players in the production chain and for the final purpose of a satisfied
consumer. Smith, et al. (2008) describes the consumer process in terms of firstly a “customer”
(person who purchases) whose preference is influenced by appearance characteristics (e.g. ratios
of muscle, fat and bone, amount of marbling; colour of fat and lean; freedom of defects). The
quality of cooked meat is then evaluated by a “consumer” in terms of palatability characteristics
(e.g. flavour, juiciness, tenderness). Therefore both yield factors (fat, bone, meat) and eating
quality will influence consumer preferences, but most consumer surveys suggest that eating quality
(defined by most consumers simply as ‘taste’) is a primary driver of food purchase decisions (Quinn,
1999; Tatum, 2006; Shook et al., 2008).
While the aims and objectives of grading and classification are broad, the uptake by sectors of the
industry will probably depend on factors such as:


Accuracy ‐ it will sort beef carcasses into meaningful and marketable groups using applied
science.






Simplicity ‐ All segments of the industry must have a working knowledge of the system;
Ease of application ‐ It can be implemented with a minimum amount of time and effort –
most of the time in‐line or at least before the carcass is sold;
Cost ‐ It does not require expensive equipment;
Measures against tampering – it should be easy to monitor or verify correctness and once a
grade/class is awarded it can not be changed.

The aims of this document is to give a short overview of the grading and classification systems of
the world, then to identify the criteria in these systems involved in the description/prediction of
eating quality. Successes and/or shortfalls related to theses criteria will then be discussed with
specific reference to the South African system.
The definitions proposed by AHDB Industry Consulting (2008) are adopted in this paper.
Classification is a system that describes all of the scores or measurements for important traits. The
carcass is then presented for trade listing all the attributes that have been evaluated. Grading is
defined as the placing of different values on several carcass characteristics and using different
combinations of these characteristics to develop a grade for pricing purposes, depending on the
market and requirements of traders. Generally this involves ranking carcasses in a hierarchy for the
traits of interest.
A brief summary of beef classification and grading schemes of selected countries around the
world and criteria used in these systems
Globally certain countries or regions have focussed more on yield (EU carcass classification scheme;
AHDB Industry Consulting, 2008), others have adopted a dual system attempting to describe or
grade both yield and quality (USDA carcass grading scheme ‐ Smith et al. 2008; South African
carcass classification scheme ‐ Government Notice No. R.342 of 19 March 1999; the AUS‐MEAT
system ‐ Anon, 2006) or meat quality/palatability only (MSA cuts based grading ‐ Polkinghorne, et
al, 2008).
The history of the origin and evolution of major grading and classification schemes of the world
were reviewed by Polkinghorne & Thompson (2008) and will not be repeated in detail in this
document. However, Table 1 was adopted from this work and describes the principal components
of these schemes and also distinguishes between grading and classification systems and
operational area.
Of the 7 countries discussed, only the European (EUROP), South African (SA) and the AUS‐MEAT
system of Australia is regarded as classification systems. Of the grading systems, all but the Meat
Standards Australia (MSA) cuts based grading systems have separate yield and quality grades. The
latter system will be discussed later in more detail due to its unique nature.
In terms of “Ease of application”, the AUS‐MEAT and MSA are the only systems using pre‐slaughter
criteria, while these 2 and the other grading and classification systems perform measurements on
the slaughter floor. Chiller assessments, in addition to slaughter floor assessments, are used by all
but the EUROP and SA systems, while the MSA system does post‐chiller recordings.

Conformation, shape or rib eye area (REA), some form of fat measurement, carcass weight and sex
are common criteria for all systems and are recorded on the slaughter floor and/or during chiller
assessment. All except sex are used for yield predictions but are also incorporated into quality
grades in grading systems and to lesser extent it contributes to descriptions related to meat quality
(such as the SA system).
Age or maturity, and marbling seem to be the main criteria used for quality grading and
classification. Age or maturity is determined by dentition in the SA and AUS‐MEAT systems. MSA,
Canadian and USDA use ossification score, instead and other characteristics that may be used to
(but not limited to) describe maturity are meat texture, meat colour (or brightness) and lean
maturity and are used by the MSA, USDA, AUS‐MEAT, Canadian, Korean and Japanese. The Korean
system uses ossification in their yield grades. Fat characteristics are also used for quality grades by
the Canadian, Korean and AUSMEAT systems, while the Japanese system include fat lustre,
firmness, and texture (Beef Fat Standards – BFS). All fat and meat/muscle appearance, quantity
and texture scores are performed visually or with the aid of standards (charts).
The combinations in which the scores for the various characteristics are used to form a quality
grade are rather interesting and are described in more detail by Polkinghorne & Thompson (2010)
and Smith et al. (2008). A few could be mentioned which have relevance to further discussion in
this document.
The USDA system is well‐known for using marbling as one of its main criteria in combination with
maturity and type/sex of the animal. The Official United States Standards for Grades of Carcass
Beef define ‘quality grade’ as ‘the palatability indicating characteristics of the lean’, and state that:
‘for steer, heifer and cow beef, quality of the lean is evaluated by considering its marbling and
firmness as observed in a cut surface in relation to carcass evidences of maturity. The 8 quality
grades are Prime (Pr), Choice (Ch), Select (Se), Standard (St), Commercial (Co), Utility (Ut), Cutter
(Cu) and Canner (Ca) for which there are firstly gender and type limitations (e.g. bulls are not
quality graded, cows can not be graded Prime and bullocks are graded separately from steers,
heifers and cows). The first 3 grades are mostly related to retail table cuts.
After distinguishing sex and gender, grades are formed by combination of marbling and maturity in
such a way that the higher the maturity (older), the stricter the marbling scores, i.e. the marbling
cut–off category for Choice is higher than for Prime and so on so that more mature carcasses have
to make up for age by having more marbling, so to speak. Maturity is determined by evaluating the
size, shape and ossification of the bones and cartilages – especially the split chine bones – and the
colour and texture of the lean flesh. Five maturity groups (A‐E) are used with “position within each
group” (e.g. A00, A20….A100) determined by ossification of split chine bones of the vertebral column,
size and shape of rib bones (becomes wider and flatter with less blood in old animals), colour of
muscle (older becomes darker), and texture of muscle (older becomes coarser). Nine marbling
scores are used abundant (AB), moderately abundant (MA), slightly abundant (SA), moderate (MD),
modest (MT), small (SM), slight (SL), traces (TR) and practically devoid (PD) based on amount, size
of blots and distribution of blots. The percentage of intramuscular fat is 1.8 for the lowest marbling
degree (PD), increases 1.2 per degree, and is 11.7 for the highest marbling degree (AB) (Savell et al..
1986; Lunt et al., 1989).

The Canadian system distinguishes between youthful and old (cows and bulls) by ossification with
grades for each of the two categories. Other measurements like fat colour, and lean texture and
colour are used to further distinguish grades in both categories. Top youthful grades exclude
yellow fat and require better muscling and firm lean texture. One grade is reserved for bulls.

Table 1 Principal components of selected beef classification and grading schemes in selected countries around the world

Country

Canada

Europe

Japan

South Korea

Scheme

Canada

EUROP

JMGA

Grading Unit
Classification
Quality Grade
Yield grade
Pre‐slaughter

Carcass
‐‐
Yes (4) + (5)
Yes (3)
‐‐

Carcass
Yes
‐‐
‐‐
‐‐

Slaughter floor

Carcass weight

Carcass weight
Sex
Fat cover
Conformation

Sex
Conformation

Chiller

Marbling score
Meat colour
Meat texture
Fat colour
Fat thickness
Skeletal
development

‐‐

USA

Australia

Korea

The Republic of
South Africa
South Africa

USDA

AUS‐MEAT

Carcass
‐‐
Yes (5)
Yes (3)
‐‐

Carcass
‐‐
Yes (5)
Yes (3)
‐‐

Carcass
Yes
‐‐
‐‐
‐‐

Carcass
‐‐
Yes (8)
Yes (5)
‐‐

Carcass
Yes
‐‐
‐‐
Grain fed

Carcass weight

Carcass weight

Carcass weight

Sex

Sex

Carcass weight
Dentition
Visual fat cover
Conformation
Sex

Carcass weight
Dentition
P8 fat
Sex
Butt shape

Marbling score
Meat colour
Meat
brightness
Fat colour
Fat luster
Fat texture
Fat firmness

Marbling score
Meat colour
Fat colour
Firmness
Meat texture
Lean maturity
EMA

‐‐

Sex

Marbling
Ossification score
Meat colour
Meat texture
Rib fat

Marbling score
Meat colour
Fat colour

Meat Standards
Australia
Cut
‐‐
Yes (3)
‐‐
Bos indicus %
HGP implants
Carcass weight
Sex
Electrical stimulation
Hang

Marbling score
Ossification score
Meat colour
Hump height
Ultimate pH

EMA
Kidney and perirenal fat

Fat thickness
EMA
Rib thickness
Fat thickness
Post Chiller

‐‐

‐‐

‐‐
‐‐

‐‐

‐‐

‐‐

Ageing time
Cooking method

It is interesting to note that quality grades used by the Korean and Japanese systems do not
include age of the animal per sé (dentition or ossification score). The Japanese system uses
the scores of all 7 quality parameters mentioned in table 1 to allocate carcasses to 1 of 5
quality grades. The same applies to the Korean system but with 6 parameters.
The British and rest of Europe’s classification systems evolved over many years and were
combined into a single system (EUROP) in 1981 (AHDB Industry Consulting, 2008) with the
main objective to describe carcasses for those involved in slaughtering, cutting, distribution
and retailing according to terms relevant to trading. At the time of the schemes’
development it was appreciated that meat quality, in all its guises, was of importance to
the meat trader and also of principal interest to the consumer in the form of eating
quality. However, they argued that since no practical, reliable and cost‐effective measure
emerged from many research initiatives over years, the system remained focussed on yield
classification. The procedures like those captured in the MLC Blueprint in the United
Kingdom for quality beef could be adopted by sectors of the industry to ensure quality
(AHDB Industry Consulting, 2008). The French as another example use official quality and
origin signs as quality indicator on products, such as “Organic farming” or “Label Rouge”.
These are therefore audited brand marks aiming at describing authenticity or controlled
processes like in the MLC Blueprint and do not include quality identifiers. To the Europeans,
the final decision regarding the inclusion of quality in classification was to describe quality
accurately by single or combined carcass parameters, or leave it out of the system.
In the interest of the scope of this document, the history of the SA system will be described
a bit more thoroughly. The SA beef description system has also evolved over a number of
years from 1932. Age of the animals has been used since 1936 as a characteristic to grade
carcasses, presumably because carcasses of younger cattle were considered to be of
“better” quality than those of older cattle (Government Notice No. 1548 of 1936).
Permanent incisors was used for the first time in 1949 when “A” indicated carcasses of
younger animals with not more than 6 teeth and “B” indicated carcasses of older animals
with more than 6 teeth, but which were not older than 4 years (Government Notice No. 992
of 1949). In 1951, a class “C” for carcasses of the oldest animals was used for the first time
(Government Notice No. 846 of 1951). In 1970, the “Super A” grade was allocated only to
carcasses of animals with no permanent incisors and the “Super B” grade only to carcasses
of animals with 1 tooth or more, but with not more than 4 teeth (Government Notice No.
1730 of 1970). Less than a year later, the grades “Super A” and “Super B” were combined as
“Super” for carcasses deriving from animals with not more than 2 teeth. The age class “A”
was used in the grades “Prime A” and “1A” for carcasses of animals with no more than 2
teeth; the age class “B” in the grades “Prime B” and “1B” was allocated to carcasses which
derived from animals with not less than 3 and not more than 6 teeth, and the age class “C”
in the grade “1C” to carcasses which derived form animals with more than 6 teeth, not older
than 5 years (Government Notice No. R.1239 of 1971). In the research of Klingbiel (1984) it
was found that A‐age animals had significantly higher muscle collagen solubility, that muscle
pigment concentration was significantly lower, and that the cooking loss (%) was
significantly lower. These results would be generalised by saying that the meat of A‐age
animals (not more than 2‐teeth) was more tender, lighter coloured and juicier than meat

from older animals. Through a series of discussions by various working groups and
committees a proposal was accepted to define the age classes as A: 0‐tooth; B: 1‐ to 6‐teeth;
and C: 7‐ to 8‐teeth (Government Notice No. R.1010 of 1981). The Namibian Carcass
Classification System is still based on these principles in attempt to ensure the production of
consistent quality meat (tenderness and fatness). Further research in the early 1990’s
confirmed previous work and showed that meat tenderness decreased, as the slaughter age
of the animals increased, in the order of 0, 2, 4, 6 and 8 permanent incisors. Samples of meat
from animals with no permanent incisors were significantly more tender than those of the
animals with 2 permanent incisors. The 2, 4 and 6‐teeth animals were not appreciably
different in terms of tenderness. Fat content did not affect the tenderness results (Crosley
et al., 1994). In spite of these results, some still denied their validity and exerted pressure on
the authorities to eventually classify the carcasses of 2‐teeth animals in a separate age class
(AB) than the 3‐ to 6‐teeth animals (B) and 0‐tooth animals (A) (Government Notice No.
R.342 of 1999).
The Australian system described as both MSA and AUS‐MEAT in table 1 seems confusing, but
in fact describes two interrelated parts of a common system. Initially, Australian grading
described grading standards in terms of conformation, fat cover and age as first, second and
third grade implying a decrease in quality (Anon, 1974). This was later replaced by the AUS‐
MEAT language reflecting a deliberate change from a subjective quality rating to a
specification in terms of sex, dentition and carcass weight without any connotation to
quality. The reasoning behind this classification (not grading) was that to different sectors,
different specifications translate to top quality, e.g. the hamburger market will rather use
fatter older animals, while the restaurant trade, needs younger, leaner carcasses. The AUS‐
MEAT system evolved further over years with the inclusion of chiller assessment standards
for fatness, marbling, meat colour, fat colour, REA (Anon, 2006). Other developments also
include precise descriptive language for carcass cuts and collectively these serve the
domestic but especially the export trade. With the recent development of the MSA cuts
based grading system for the domestic market, the base components of AUS‐MEAT (sex,
dentition, carcass weight and rib fat) proved ineffective as predictors of eating quality and
additional refined factors were added including ossification and marbling. Pre‐slaughter
inputs including Bos indicus content, the use of hormonal growth promoters (HGP) were
added together with processing factors such as carcass suspension method (tenderstretch),
and post mortem pH/temperature decline. Finally, post processing inputs of days aging and
cooking method by muscle were added (Polkinghorne, et al., 2008). The descriptive
language for these traits is captured in AUS‐MEAT documentation.

How do these systems perform and how reliable are their criteria?
Various studies have investigated the accuracy of classification or grading criteria to predict
or describe quality or to rank carcasses according to quality. All of these studies have their
limitations simply because all factors can not be addressed in a single study, or the
measuring tools used are not faultless and/or very often these subjects are addressed from a
specific industry’s perspective.

Maturity measured by ossification (with or without lean maturity) or dentition, and marbling
are probably the most common criteria used in all quality grading or classification systems.
Smith et al. (2008) gave a thorough overview of the suitability of the USDA system (using
both maturity and marbling) as grading system. Smith et al. (2008) reports that the
philosophy used in the grading of any agricultural commodity involves sorting of the
products into groups – usually in some hierarchical fashion that differ in utility, desirability
and value. The authors emphasise the fact that the USDA quality grades were never
intended to provide point estimates for expected beef palatability and that neither quality
grades nor palatability ratings are perfectly assigned because both are subjective estimates.
Furthermore a single muscle is used as reference or predictor of the whole carcass. There
are numerous studies that evaluated the USDA system for various measures of efficiency
and suitability. From most of these it is important to note that not only tenderness is
evaluated but rather the grading systems effect on overall experience, palatability or
acceptability that includes other measurements such as flavour, juiciness, visual appeal, etc.
Only a few relevant to this discussion will be reviewed. The study of Smith et al. (1987)
describes the ranking ability of the system across all the grades and reports that USDA
quality grades (marbling and maturity) only accounted for 40 to 47% of the observed
variation in overall palatability (sensory scores) of dry heat‐cooked (broiled) loin and top
round steaks (topside) and 25 to 33% of the variation in shear force (mechanical
measurement for loin, top round (topside), bottom round and eye‐of‐round steaks
(silverside). The difference between the two prediction values also indicates the effect of
measuring tool (shear force vs. sensory panels). Mean overall palatability ratings (sensory
scores between 1 and 8) for loin steaks were 6.0 (Pr), 5.7 (Ch), 5.3 (Se), 4.6 (St), 4.9 (Co), 4.0
(Ut), 3.4 (Cu) and 2.8 (Ca) with P < 0.05 significance for differences across the categories,
except for Cu and Ca. When all sensory panel ratings (tenderness, connective tissue, flavour,
juiciness) and shear force values were combined in a single “desirability” score, percentages
of loins steaks rating “very desirable” were 63.6 (Pr), 49.4 (Ch), 35.3 (Se), 20.3 (St), 30.3 (Co),
11.1 (Ut), 3.2 (Cu) and 0.0 (Ca). Smith et al. (2008) report that in the USA the beef quality
grades actually used in commerce are those for carcasses from cattle less than 42 months of
age (nominally) – Pr, Ch, Se, with St essentially never sold as such at retail because of the
negative connotation of the term. Quality grade predicted flavour, tenderness, and overall
palatability of loin steaks with 30‐38% accuracy, but could not explain more than 8% of
variation in panel ratings of the top round (higher connective tissue).
With regards to marbling and when only the top maturity classes were considered (A and B),
the percentage of steaks with a composite of sensory panel ratings (overall palatability,
flavour, tenderness, juiciness) of ≥ 6.00 and a shear force value of ≤ 3.63 kg (margins for
acceptability) was 66, 59, 56, 48, 41, 33, 21 and 15% for loin steaks and 18, 19, 5, 13, 8, 12, 5
and 8% for round steaks (topside or silverside) from carcasses with moderately abundant
(MA), slightly abundant (SA), moderate (MD), modest (MT), small (SM), slight (SL), traces
(TR) and practically devoid (PD) marbling, respectively (Smith et al., 1984).
Therefore the effect of marbling on acceptability and its ability to rank was more evident in
loins than in round steaks (topside, silverside) and also showed more significant changes
over marbling levels for the loin. Furthermore, the effect of marbling (measured in the loin)
on palatability of round steaks were less than for the loin especially at lower levels which

suggests that connective tissue effects became more prominent. Considering the
acceptability scores reported above it is interesting to note that less than 21 % consumers in
the study of Smith et al. (1984) would have regarded loins typical to the SA market as
acceptable since the % marbling is generally less than the 3%, which is the average marbling
for the TR marbling class (second from bottom).
On maturity scores, Smith et al. (1984) reported that A‐maturity carcasses produced ‘very
desirable’ loin steaks 1.2, 1.5 and 8.0 times and ‘acceptable’ loin steaks 1.0, 1.1 and 1.6
times as often as did carcasses of B, C or E maturity carcasses respectively. For round steaks
(with higher collagen) ‘very desirable’ scores were given 3.0, 3.3 and 5.7 times, and
‘acceptable’ scores 1.4, 1.5 and 3.1 times, respectively as often in A‐maturity compared with
of B, C or E maturity. Therefore up to 72 months of age and even older carcasses,
consumers regarded loin as very similar in terms of “very desirable” or “acceptable, but
maturity scores differentiated more clearly in high connective tissue cuts, which is to be
expected and also reported for the SA classification system (Klingbiel, 1984). Using one
muscle as indicator seems to be a common problem in grading and classification systems. In
this regard, Smith et al. (2008) reviewed several studies involving the loin muscle as single
predictor muscle and concluded that the loin (m. longissimus) is an imperfect but very useful
predictor of the tenderness of most of the major muscles in the beef carcass.
Dentition probably describes chronological age of the animal the best despite variations
experienced among breed types and nutritional plane (Steenkamp, 1970; Weiner & Forster,
1982; Lawrence et al., 2001). Lawrence, et al. (2001) regards a dentition based system more
accurate than the USDA maturity‐based (bone ossification/ lean maturity) system to sort
carcasses into age groups. Furthermore, they reported that cattle with 2, 4 6 and 8 incisors
were placed in more youthful categories of USDA maturity groups than they should have. In
fact, 40% carcasses with 8 incisors were still classed as A maturity in the USDA system.
Other studies (e.g. Rodas‐Gonzalez et al., 2009) reported a better correspondence between
USDA based maturity scoring and dentition based age in a study testing tenderness
thresholds on Venezuelan cattle. This study did not address the effect of age or maturity on
consumer acceptability, but another Lawrence, et al. (2001) found very poor relationships
between shear force or sensory panel tenderness of the loin muscle and age classed
according to dentition. Strangely, USDA maturity scores, marbling scores and colour scores
also correlated poorly with sensory scores but showed significant correlations with Warner
Bratzler shear values. Wythes & Shorthose (1991) reported a similar lack in shear force
differences among dentition groups of cattle from Northern Australia and stated that part of
the reason could have been that younger animals were leaner, chilled faster and therefore
were subjected to myofibrillar shortening (cold shortening). Shorthose & Harris (1990)
avoided the cold shortening effect by application of electrical stimulation and reported an
age related decrease in tenderness (shear force and sensory panel) as age progressed from 1
to 60 months. In Australia MSA elected to move away from dentition score as indication of
age/maturity of the AUS‐MEAT and use weight for age and ossification score, instead. The
SA system has relied on dentition as only parameter to categorise (or describe) carcasses
into potential tenderness groups since 1949. As reviewed earlier in this document, changes
in the definitions or criteria of age classes varied over years until the latest adjustment was
accepted in 1999 that 0, 1‐2, 3‐6 and >6 permanent incisors will distinguish A, AB, B and C

age classes. This was despite earlier findings that showed the A class was significantly more
tender than the other classes for the m. longissimus (loin) and m gluteo‐biceps (silverside)
(Crosley et al., 1994). Carcasses with 2, 4 and 6 permanent incisors did not differ significantly
in sensory panel scores for the loin muscle, although mean values decreased numerically.
Sheer force values were not different among age groups (0 to 8 incisors) and large
variations within age group occurred. Carcasses used in the study were all electrically
stimulated, were of similar weight and fatness and no pH abnormalities occurred (too high
pH). Differences in the sensory scores and shear values were more pronounced between
the 0 tooth group and the 2, 4 and even 6 teeth groups, when a muscle, m gluteo‐biceps,
with higher collagen content was used. Bouton et al. (1978) and Shorthose & Harris (1990)
reported similar results and also emphasised that method of cooking, type of muscle,
restriction of shortening of the muscle (through suspension method or electrical stimulation)
interacted with one another, bringing out various results with regard to differences in age.
Nevertheless, they concluded that the older animals get, the tougher the meat mainly due
to connective tissue hardness or heat stability, hence the greater effect on high
connective tissue muscles. The same line of reasoning were later adopted by Polkinghorne,
et al. (2008) when they developed the MSA beef grading system, which will be discussed
later. Regarding muscle type and age related tenderness, Shorthose & Harris (1990)
reported that the deep breast muscle (m. pectoralis profundus), and some muscles from the
buttock (m. gluteobiceps and m. semitendinosus of the silverside) were unacceptably tough
before 2 years of age, the m. vastus lateralis and m. rectus femoris of the knuckle and m.
semimembranosus, m. gracilis and m. aductor femoris of the of the topside became
unacceptable after 2 years of age. The loin (m. longissimus)(LD), fillet (m. psoas major) and
rump (m. gluteus medius and top m. gluteo biceps) were acceptable in tenderness up to 48
months of age which coincide with 6 to 8 permanent incisors. The benchmark for
acceptability is of course ambiguous but nevertheless this work demonstrates the relative
effect of age on tenderness. For this study, they merely used a value as cut‐off point for
acceptability while classification would rather describe the product and grading would
categorise and relate the product to various levels of satisfaction potential. Shorthose &
Harris (1990) also found that the LD is a very poor muscle to use as reference for prediction
of tenderness. South African work completed at the same time as the work of Crosley et al.
(1984) but published recently confirmed an age related increase in heat‐stability of
connective tissue (collagen) and that the higher the collagen content of a cut, the more it
will be affected by age even when the correct cooking method is used (moist heat cooking)
and even when the collagen solubility is high.
While age by dentition is the only quality related criteria in the SA classification system,
sufficient evidence exist to show that factors other than age (extrinsic or intrinsic) may have
an effect on tenderness. These factors may even overshadow the effect of age depending
on the type of muscle (muscle composition in terms of fibre type and connective tissue
content) and position in the carcass (which relate to shortening of the fibres) and
environmental conditions and inputs. In two recent studies, effects of age, production
system (including nutrition) and abattoir practice on tenderness were investigated (Van Wyk
et al., 2008; Frylinck et al., 2009) (Figure 1).
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Figure 1 The effect of age class (by dentition) and production system on sensory tenderness scores of
m.longissimus (a,b,c Bars with different superscripts differ significantly, P<0.05; Sensory tenderness: 1 – extremely
tough; 8 – extremely tender)

Loin steaks of carcasses of feedlot animals with either 0 (Class A) or 2 (Class AB) incisors
were more tender (sensory panel and Warner Bratzler shear force) than steaks of loin steaks
of carcasses coming from pasture animals aged according to incisors from 0 to 6 or A, AB and
B age classes.
Among the pasture animal groups, animals with no permanent incisors (A class) produced
tougher steaks than animals with 3 to 6 incisors (B class) and animals with 3 to 6 incisors
had numerically better tenderness scores than animals with 1 to 2 incisors (AB class). The
poor performance of the very young pasture animals (A class) could be related to poor
conditioned small carcasses which reflects poor growth rate and chilled faster and therefore
was prone to cold shortening of the loin (even though electrical stimulation was applied).
Perry & Thompson (2005) and Shackelford et al. (1994) reported more tender meat for
faster growing animals within the same group, which Shackleford related to lower
calpastatin activities (hence better aging ability of muscle). Purchas et al. (2002) reported
similar effects and stated that growth path (i.e. growth rate determined by feeding) or
growth potential (genetic) had the same effect, namely older animals and poorer market
condition for slow growers, but interestingly they also showed an advantage in aging
potential of fast growers but gave no results on connective tissue properties. In another
study by Strydom (2005) the effect of electrical stimulation and aging over feeding regime
and age category was demonstrated. Stimulated carcasses produced more tender loin
steaks generally (over all age groups). No significant differences were recorded between 0
(A class) and 2 incisors (AB class) for pasture and feedlot and 4 and 6 incisors (B class) for
pasture animals, but the older groups recorded numerically lower scores (Figure 2). Eight (8)
incisors (C‐Class) scored significantly lower sensory tenderness scores. For non‐stimulated
samples, much more variation occurred within (data not shown) and between age groups,
and 2, 4 and 8 incisor groups gave the lowest scores (Data not shown). Stimulation had a
significant effect on loin tenderness for all age groups. Both these studies demonstrate that
correct abattoir practice and/or nutrition/growth rate could affect tenderness as much or

more than age of the animal, at least for the loin muscle (since other muscles were not
evaluated).
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Figure 2 The effect of age class (by dentition), production system, electrical stimulation and prolonged post
mortem aging on sensory tenderness scores of m .longissimus
(* ‐ 45 days significantly more tender than 14 days; # ‐ C‐pasture significantly tougher than all other age groups; $
‐ Stimulated significantly more tender than non‐stimulated; P<0.05))

When the present classification system in South Africa was established and developed, the
changes that took place over time (as described earlier) probably reflected the changes that
occurred in industry, such as the introduction of feedlots in the 1970’s that increased the
production of young grain fed cattle. The criteria used at the moment were also established
during a time when production systems were fairly standard and most animals were
slaughtered in large state owned abattoirs that operated according to the same standards in
terms of pre‐slaughter (lairage time), slaughter (electrical stimulation) and post‐slaughter
(chilling) procedures. In the past two decades, much has changed when the industry
deregulated, production processes changed and an increased integration of production,
slaughtering and processing occurred. Therefore it could be argued that age classification
alone may not be as sufficient anymore to describe a product with regard to quality, more
specifically tenderness, as two decades ago because effects other than age and a lack of
consistency in the inputs before and during slaughter of the animal may have a greater
effect on the final product quality than age.
Considering the feedlot industry that represents the largest portion of carcasses produced in
the SA market, hormonal growth promotants (HGPs) are widely used. Studies have shown
variable effects on tenderness and eating quality, differences are often small and difficult to
measure and are influenced by the number and type of HGPs used, animal breed and
duration and type of post‐slaughter treatment such as aging (Hunter, 2010). It was however
concluded by Watson et al. (2008c) and Hunter (2010), in controlled studies that they do
have a negative effect especially with repeated applications, combination of substances and

aggressiveness of substances. Nevertheless, judged by the magnitude of their effects, the
use of beta agonists (always in combination with HGP) that were only introduced at the end
in the late 90’s to early 2000, has a much greater negative effect on eating quality
(tenderness specifically) (Dunshea et al., 2005) and while abattoir procedures (such as
electrical stimulation) and post mortem aging overcome most of HGPs’ effect, this is not
achieved with beta agonists (Hope‐Jones, et al., 2010).
When the variation in procedures before, during and after slaughter is considered the
problem becomes more complex. Electrical stimulation has been discussed in relation to
age but its true effect is only revealed when both the comparisons of stimulation vs. no
stimulation and the correct application of stimulation are taken into account. Referring back
to the state owned abattoirs of two decades ago, the slaughter process (including
stimulation) was standardised, while today various scenarios (no stimulation, ineffective
stimulation, over stimulation) of incorrect procedures occur due to the fragmented industry
and smaller units. The impact of this state of affairs is demonstrated by various studies
(Strydom et al., 2005; Hwang, et al., 2003; Hwang & Thompson, 2001(a), (b)).
There are of course methods and systems well documented to overcome most of the
variation in final quality. The question remains whether these “control” measures should
form part of a grading system and if it is practical to integrate them into a grading system.
Bindon & Jones (2001) describe the Australian industry as very similar (though on a larger
scale) to that of South Africa with diverse base of climatic extremes, a large breed and breed
cross diversity, including a proportion of high Bos indicus content, animal management
systems and slaughter and processing facilities. These combinations of different cattle type,
age and production system all contribute to extreme variability in carcass quality
experienced by the Australian consumer in the 1990s with added effects of variation in cut
properties and cooking procedures. (Polkinghorne, et al., 2008). The development and
evolution of the MSA beef grading system followed with the industry identifying two key
strategic imperatives for a meat industry strategic plan: to supply a more consistent product
and to accurately describe palatability Taking this into consideration, several key issues
needed to be addressed, viz:





The consumers’ reference framework (terms of reference) for eating quality had to
be the same to make an attempt to guarantee quality.
How should consumer standards be set?
How should product quality be measured?
Did the existing grading systems perform?

The last two questions relate to the main objective of our discussion, while the first two
relate to consumer experience and relation to grading or classification. Strictly speaking the
implementation of the system was not only for grading purposes but to uplift the whole
image of beef to the consumer. Smith et al. (2008) describes the system as a) one with a
quality control mentality incorporating production or processing factors that affect beef
palatability, and b) allowing mid‐course correction in the product of harvest animals. This is
in contrast to systems such as the USDA and other grading and classification systems that

rely solely on after‐the‐fact sorting based only on differences in quality‐indicating carcass
traits.
The MSA grading system has been developed to predict the eating quality of individual cuts
when aged for a defined number of days and cooked by a specified method (Watson, et al.,
2008a). The prediction is made by a computerised model that calculates the interaction of a
range of inputs to produce an MQ4 score (a consumer score incorporating flavour, juiciness,
tenderness and overall acceptability, four variables) expressed in points between 0 and 100.
Grades are assigned to each cut on the basis of estimated MQ4 points with those <46
deemed unsatisfactory, 47–63 graded three star (good every day), 64–76 graded four star
(better than everyday) and >76 graded five star (premium quality)(Figure 3). There is
therefore no carcass grade as such. The inputs mentioned above have been researched and
found as major contributors to final quality and satisfaction of the consumer. Pre‐slaughter
issues are breed, weight for age and growth rate, hormonal growth implants (HGPs),
marbling and fatness, gender, stress and management practices. Post‐slaughter practices
are pH and temperature paths, hanging and aging and cooking method. The inclusion of
each factor is discussed and motivated at length by Polkinghorne, et al. (2008) and Watson
et al. (2008a). The following gives a brief description of the effect of each factor as
motivated through numerous research trials:
a)
A negative relationship exist between eating quality of the loin and levels of Bos
indicus content, while no significant differences in eating quality is found among British and
continental breeds. MSA measures the amount of indicus by scoring the % Bos indicus
before slaughter and measuring the hump (M. rhomboideus) height after slaughter. A
certain cut‐off value is used to prevent accidental penalisation of certain Bos taurus breeds.
b)
As discussed earlier, research showed that animals growing faster within a group
(the same age) produced more tender meat. Dentition was found to be a poor predictor of
quality related to age and therefore ossification scores are used combined with the weight
of the animal within its age, therefore indicating its growth rate. Most carcasses for the
domestic markets in Australia are relatively young and fall into the A maturity group.
c)
Consumer data confirm a relationship between marbling and consumer scores which
varied widely among cuts. Watson et al. (2008(b)), and Thompson (2004) reported that
marbling alone explain a consistent but relatively low proportion (15 – 20%) of the variation
in consumer or trained panel scores of the loin muscle but little of the variation among cuts
in the carcass is explained by marbling. In addition to marbling fat, a minimum rib fat
thickness of 3 mm is used as censoring variable.
d)
HGPs were found to have negative effect on eating quality, that it varied by muscle
and the effect was reduced, but not eliminated by aging (Thompson et al., 2008(a); Watson,
2008; Watson et al., 2008(c)). It also showed a breed type x HGP interaction and that HGPs
affected marbling and ossification separately.
e)
The effect of gender on eating quality was small but was nevertheless included and
differentially applied for various muscles and further adjusted according to ossification
(Watson et al. 2008(b)). Bulls would not be included.

f)
Various studies (Butchers et al., 1998; Ferguson et al., 2007(a), 2007(b)) describe the
effect of stress on, not only tenderness, but also juiciness. Stress is recorded by the origin of
the animals, time off feed, and by time restrictions for mixing of groups of animals. Top
grades animals are not allowed from sale yards and should be transported to the abattoir
directly from the producer. In addition, a final pH value of 5.7 is used as cut‐off criterion and
indicator of stress history.
g)
Post slaughter conditions (pH change and chilling rate) have been described by
Dransfield (1994), Marsh (1954) and Marsh et al. (1987) and various others as most
important factors controlling tenderisation. The management of the pH/temperature path
to rigor mortis are used to determine if the carcass falls within an “abattoir window” of 12°C
and 35°C at the point when pH reach 6.0 (Thompson et al., 2006). Muscle entering rigor
(pH=6) at too high (heat rigor and increased autolyses of proteolytic enzymes) or too low
(cold shortening) temperatures is detrimental to tenderness and tenderness development.
h)
Carcass hanging method has an effect on eating quality of various muscles and
depending on chiller conditions results in an improvement in palatability especially in
extreme chilling conditions (too high or low rigor temperatures). When hanging carcasses
by the aitch bone (obturator foramen: tender stretch) or other variations thereof instead of
Achilles tendon, tenderness of the loin and certain muscles of the buttock is increased
through stretching and inhibition of shortening during rigor mortis.
i)
Post mortem aging increase tenderness in general but the effect varies by muscle
and is a function of connective tissue and fibre type (proteolytic enzymes) properties and
post‐slaughter conditions (Hwang & Thompson, 2001(b); Dransfield, 1994; Bouton & Harris,
1972; Shorthose & Harris, 1990).
Cooking method (dry and moist heat) also affects different muscles differently is the
j)
final criteria for the system (Watson et al., 2008(b)).
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Table 2 Example of Meat Standards Australia model output for a sample carcass (Cooking methods: GRL ‐ grill,
RST ‐ roast, SFR ‐ stir‐fry, TSL ‐ thin slice, SCT ‐ slow cook and CRN – corned; Adopted from, Watson, et al. 2008b)

The grading model has evolved from a fixed parameter ‘Pathway’ approach, to a computer
model that predicts consumer scores for 135 ‘cut by cooking method’ combinations for each
graded carcass (Table 2).
The practical implications of the MSA Grading system in terms of recoding were described by
Smith et al. (2008) and could be summarised as follows:


MSA model data inputs from the supplier declaration are percentage B. indicus, HGP
implant status, milk‐fed veal ‘yes’ or ‘no’, and if from a sale yard.



Inputs from the slaughter floor are carcass suspension method, whether a vascular
infusion treatment has been applied, carcass weight (in kg) and sex.



Inputs entered in the chiller from the quartered carcass are also defined under AUS‐
MEAT chiller assessment language and are identical to the AUS‐MEAT language
classification described above for rib fat, meat colour and fat colour. Of these, the
model algorithm only uses rib fat for computation, meat and fat colour being
censoring variables applied commercially to meet trace appearance standards.



Additional MSA specific inputs are measured either on the slaughter floor or chiller:
MSA marbling standard, maturity (or ossification), hump height, ultimate pH and the
speed at which pH declines from the live state (~pH = 7.0) to the ultimate pH (pH 5.3
to 5.7 is optimal) combined with temperature.

Measured against the criteria for a successful grading or classification scheme, viz. Accuracy,
Simplicity, Ease of application, Cost, Measures against tampering, it probably only honours
the first and last point. It is estimated that approximately 20‐30% of the Australian beef kill is
MSA graded. Indeed Australian research has shown that up to 50% of meat graded is miss‐
categorised when compared with consumers’ assessments (Thompson, 2002). In summary,
the MSA scheme is less about carcase description and more about Quality Assurance and
conditions imposed in the abattoir.

What are the options for the SA industry?
There is no doubt that the MSA system would probably have the best outcome in terms of
consumer satisfaction. It is in fact a palatability‐assured‐critical‐control‐point (PACCP)
approach which is integrated into a grading system aimed at maximum consumer
satisfaction for a number of cuts prepared according to different cooking methods. In this
regard it differs from all other systems. It should be mentioned that certain adjustments will
need to be made if the system is applied in other countries, e.g. marbling will have less
emphasis in South Africa, while a beta agonist factor in the production system part would
have to be included. However, considering our criteria for maximum uptake by all sectors of
the industry, the system relies heavily on the integrity of the producer and a very well
organised pre‐harvest, harvest and post‐harvest system with excellent traceability in place
(referring to ease of application).
For vertically integrated operations (feedlot,
slaughterhouse and processing plant) these criteria may be in place but it could be argued
that the criteria are already used (partly) by them and that classification (or grading) is not as
essential to them as to the rest of the industry where every sector operates on its own and
the product changes ownership at each point. In addition, the system is probably expensive
(cost) and requires higher technical skills (simplicity) than the current system.

Conclusion

Considering any other system discussed in this document, none of them or even selected
criteria adopted from them would significantly improve the SA system in our opinion. It is
probably safe to conclude that the classification system at present probably distinguish
between feedlot animals (mostly A‐age, with 1‐2% AB class animals and very few A age
pasture animals), younger pasture animals (AB), older pasture animals (B) and cull animals
(C). When the work of van Wyk et al. (2008), Frylinck et al. (2009) and Strydom et al. 2005
on the interaction between age and production system (nutrition), the work of Strydom et
al. (2006) and others on electrical stimulation and the work of Strydom et al. (2010) and
others on the beta agonists are considered, the preference for, and therefore price
differential between, A and AB is unfounded if based on tenderness alone – in particular that
of the loin (and other low connective tissue cuts). Although the definition of a classification
system is that it “describes all of the scores or measurements” only and does not rank for

quality and pricing purposes, the probability of experiencing a “bad steak” in the A class
(feedlot) has probably increased since the implementation of the current system.
If existing documentation is taken into account we can conclude that the current
measurements or scores are inadequate to define quality for different classes if tenderness
is the most relevant quality aspect. However, the fact that the system indirectly distinguish
(describe) between pasture and feedlot animals is very relevant when tenderness and other
quality characteristics are considered, such as fat colour and flavour. Wood et al. (2003) and
Campo et al. (2006) reported that the fatty acid composition of pasture and grain fed
animals differ and that these differences relate to differences (not preferences) in taste
(flavour, juicinesss, aroma). Sañudo et al. (1998) described the significance of culinary
cultural background on the acceptance meat coming from pasture or feedlots, thereby
indicating preferences for flavour or taste based on experience. These studies emphasise
the fact that the description (through classification) of two products that could be
experienced differently by different consumers but without one‐sided preference is
probably the main objective of classification if variation in consumer preferences are
expected. The fact of the matter is that even though a steak of an A, AB or B age carcass
could have the same tenderness rating, the latter two differ in eating experience from the A
carcass steak due to other qualities. In addition the appearance of two types of meat is
different. Taking this into account a system more focussed on separating pasture and
feedlot produced animals should be considered. Further development within these
categories will then for feedlot animals consist of the utilisation or not (combination and
type) of HGP’s and beta agonists and will focus on tenderness outcomes. For pasture
animals age would play a much more prominent role when tenderness of particularly the
higher connective tissue cuts is considered, while additional characteristics such as fat and
meat colour could be scored as well. For both systems however, the variability caused by
pre‐harvest and harvest conditions still remains a challenge to be taken up in a classification
system due to reasons mentioned before and tenderness variation especially for low
connective tissue cuts can still not be captured easily by single or even easily applied
multiple recordings and remains the biggest hurdle.
Finally, although it was speculated, with good support from the literature, that grain fed
animals supplemented with a beta agonist will probably produce tougher meat (various
cuts) than older pasture fed animals, this was never proven in SA. While all other scenarios
of age interacting with production variable were tested locally, this should be regarded as an
important research objective.
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