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Introduction
Lameness is routinely a top order cow health
concern for dairy industries internationally (Bell
et al., 2009; Harris et al., 1988; Leach et al., 2009).
Physical causes of lameness are comprehensively
described in the literature of the field (Chesterton
et al., 1989; Choquette-Levy et al., 1985), but
nutrition is often also suggested as an important
cause of lameness, and contrary to popular
reporting, the precise relationship between diet
and lameness is comparatively poorly described.
Despite this, some compromise of rumen
function is almost universally suggested as the
precipitating disorder when lameness is attributed
to nutrition (Nocek, 1997). This discussion
paper will give an overview of the development
of the contemporary understanding of role of
nutrition in cattle lameness, the relevance of
these to pasture based systems, and recent New
Zealand research on rumen function in grass
based systems.

Nutrition and lameness in grain based
systems
There is little doubt that rumen dysfunction as
a consequence of certain diets—inappropriate
excesses of cereal grains—can result in severe,
readily identifiable lameness in cattle. This has been
understood by livestock keepers from antiquity,
and is a feature of the literature as case studies
from the early history of veterinary science (Kos
et al., 2006; Plaizier et al., 2008). In these clinical
scenarios, commonly termed ‘grain poisoning’
or ‘carbohydrate overload’, the pathology of the
affected rumen tissue and laminar tissue of the
hoof are well described (Danscher et al., 2009).
Case studies and research into this disorder from
the 1940s also generated broad patterns of rumen
environment and microbiota change (Nagaraja
& Lechtenberg, 2007). As irrigation expanded

the US Mid West grain crop after WWII, feedlot
cattle numbers increased dramatically, and
controlling rumen acidosis in grain fed cattle
was arguably the single greatest management
challenge for these systems (Brent, 1976). As
a consequence, there is extensive literature on
practical ration formulation strategies to achieve
this in the period until the 1980s, as reviewed in
Marie Krause & Oetzel (2006).
As part of that body of work, a sequence of
metabolic and microbiological events in the
rumen after severe carbohydrate overload was
described (Marie Krause & Oetzel, 2006; Plaizier
et al., 2008). In terms of the broad underlying
understanding of the critical control factors—the
provision of excess rapidly fermentable substrate
and the uncompensated production of volatile
fatty acids and lactic acid—contemporary
research has added little to these accounts,
although recent equine work has suggested
some new approaches (Kyaw-Tanner et al., 2008;
Milinovich et al., 2008). The actual mechanism
by which rumen changes induced hoof changes
in severe carbohydrate overload, however, has
never been definitively settled, and there are
numerous suggested alternatives. Early work
looked at endotoxins released during and with
the death of gram negative bacteria, postulating
that these were exported to the circulation and
were vasoactive at sites within or supplying
the laminar tissue, thereby reducing the supply
of either oxygen or nutrients (Gozho et al.,
2005; Khafipour et al., 2009). Others suggested
alternative vasoactive substances—particularly
histamine, but including prostaglandins and
leucotrienes—were produced in inappropriate
amounts when rumen microbial populations
were disturbed by excess dietary carbohydrates
(Koers et al., 1976). More recent research in
equines has suggested proteinase activation is
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significant (Mungall & Pollitt, 2002). In each case,
however, subsequent research to reproduce these
effects by administration of these substances
in otherwise healthy animals or in survey
studies reported mixed results (Kos et al., 2006;
Maclean, 1970; Motoi et al., 1982), so elucidation
of the definitive pathway to laminar injury has
remained elusive. Partly in response to this,
more recent work has emphasised the specific
anatomical differences between cattle and horses
at the level of the bovine claw, particularly the
central role of the connective tissue in weight
bearing, and how this may explain difficulties in
the current understanding of the aetiology (Kos
et al., 2006).
From the 1970s to 1980s, acute laminitis was
still considered an expression of acute rumen
‘overload’ in cattle, but another allied concept
with subtle but important differences began to
be considered. There began to be discussion of
another expression of low rumen pH, where
the tissues of the feet were affected in a manner
that was not clinically evident—a ‘subclinical
laminitis’—that predisposed cattle to lameness at
a later date. In this scenario, a less severe rumen
acidosis that was not clinically evident—‘subacute
rumen acidosis’ (SARA)—in otherwise healthy
grain fed cattle was considered responsible for
various health and production impacts (Nocek,
1997).
It is important to note here that the rationale of
this approach was based on the understanding
of rumen pH response to starch seen in ‘grain
poisoning’ cases. It assumed there was a generally
robust and broadly linear progression in rumen
responses from ‘normal’ to ‘unsatisfactory’ pH,
so a number of the systemic impacts identifiable
at severe acidosis pH thresholds (4.0 – 5.0)
would be similarly present at higher pH, albeit
proportionately reduced. For example, microbial
death and the production or release of vasoactive
compounds within the rumen were postulated to
occur at some level with pH between 5.5 and 6.0
(Marie Krause & Oetzel, 2006), although by the
time clinical lameness is apparent in these severe
cases the rumen pH is routinely well below that.
There have been, however, some clear
demarcations between severe acidosis and
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SARA suggested, and one example is the lack of
appreciable lactic acid in typical SARA (Dohme
et al., 2008). The original threshold values
described for SARA were then assumed to be at
some point between the very low pH (5.0) seen
with severe acidosis and the ‘normal’ pH (>6.0)
seen with standard diets, but gradually came
to be defined by functions of certain microbial
sub-populations. For example, Russell & Wilson
(1996) demonstrated cellulolytic bacterial
populations functioned better above pH 6.0,
and Veth & Kolver (2001) showed a slight but
significant reduction in fibre digestion below
pH 5.8. There is a broad consensus in the TMR
literature of a SARA threshold between pH 5.5
and 5.8 (Marie Krause & Oetzel, 2006; Nocek,
1997; Yang & Beauchemin, 2006).
There are numerous impacts of SARA on
systemic physiology beyond the rumen that have
been suggested; liver abscessation, reproductive
performance, milk production and milk fat yield
are some prominent examples (Marie Krause &
Oetzel, 2006). However, the effect of SARA on
lameness in particular has been emphasised.
One reason for this could be the assumption that
laminitis could be proportionately induced to a
greater or lesser severity by the relative amounts
of active compounds released from the rumen.
In this paradigm, when the laminitic insult
was mild, an increase in clinical lameness was
thought to result by some undescribed negative
effect of these compounds on the subsequent
horn growth rate or quality which predisposed
the sole, wall or white line to lesions, rather than
by typically identifiable laminitis (Nocek, 1997).
From the late 1980s forward there was a series of
studies reported investigating the link between
lameness and the presence of SARA, and the one
common feature was the proposition that white
line disease was the lameness category most
associated with SARA (reviewed by Nocek 1997).
An extension of this work was the investigation
of supplementary biotin in dairy cattle, as some
studies had suggested post rumenal biotin supply
may be reduced in SARA cows (Midla et al., 1998;
Santschi et al., 2005). One widely cited British
study reported an improvement in white line
disease incidence with biotin supplementation
(Hedges et al., 2001), and an Australian study
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suggested a slight improvement in herd lameness
with supplementary biotin (Fitzgerald et al.,
2000).

highly managed pastures are of low structural
carbohydrate content relative to pastures from
decades before.

As contemporary research has more closely
defined SARA thresholds in terms of microbial
activity and function, SARA has come to be a
central driver in ration formulation in dairy total
mixed ration (TMR) systems internationally
(Yang & Beauchemin, 2006).

It was argued that these fibre levels could be
regarded as sub-optimal by extrapolation of the
TMR research on rumination drivers (Tacoma
et al., 2004). It was extrapolated that such a
diet shared characteristics – energy density,
proportions of rapidly fermentable and structural
carbohydrates and rapidly degradable protein
– of the TMR diets associated internationally
with SARA, so by extension the diet energy
content and physical structure may predispose
some pasture based cows to SARA (Westwood
et al., 2003). At the same time, there were several
studies on rumen pH at grazing which suggested
lower values than those historically associated
with pasture based cows (Wales & Doyle, 2003;
Williams et al., 2005). Taken together, these
studies gave impetus to the application of the
SARA and laminitis idea for pasture based
cows.

There are a number of strategies employed to
prevent SARA in TMR systems, but the dietary
supply of structural carbohydrate in a physical
form that promotes rumination is topical because
it is directly relevant to the contemporary
dialogue around rumen function in pasture
based systems. This approach was a result of
the work of Mertens (1997) who demonstrated
in TMR fed cows a significant increase in
chewing minutes per day (including eating and
rumination) with increased NDF supply in a
physical form of diet particle size large enough
to be retained on a sieve screen of a defined pore
size. On the basis that increased rumination led
to increased rumen pH due to salivary buffering,
this ‘physically effective fibre’ supply was widely
adopted to prevent SARA in TMR systems (Yang
& Beauchemin, 2006).

Rumen pH in pasture based systems
Given that research from grain based systems
dominates the field of nutritional influences
on lameness, it is reasonable to ask what direct
connection this might have with lameness in
pasture based systems. Pasture based dairy
systems were historically not considered
to be at risk of laminitis, as rumen acidosis
was understood as a grain based disorder.
However, as many Australian pasture based
herds use supplementary grain, there was a
concern that SARA may be induced this way
(Fitzgerald et al., 2000). In addition, there have
been significant advances in improving energy
density of perennial ryegrass cultivars, protein
and water soluble sugar content have been
rising (Woodfield & Easton, 2004), and highly
regimented pasture management systems have
been adopted, particularly in New Zealand, that
result in pasture dry matter digestibility above
80% (Lambert et al., 2004). In addition, the

However, the application of rumen pH research
generated from TMR systems to pasture based
systems has been demonstrated to have several
important limitations. Kolver et al. (1998) showed
that the widely used Cornell model did not
reliably predict rumen pH in pasture based cows,
and also demonstrated that establishing optimal
fibre content was not possible by uncritically
using TMR system data and approaches (Kolver
& Veth, 2002).
Importantly, several studies on supplementary
fibre (straw) to pasture based dairy cows in
Australia (Wales & Doyle, 2003) and New
Zealand (Tacoma et al., 2004) have failed to
either demonstrate any increase in rumen pH
or any reduction in lameness, and both groups
observed a reduction in milk yields in straw
supplemented cows. Nevertheless, in both
Australia and New Zealand there has been
interest from the veterinary profession and the
dairy industry in the role of nutrition broadly, and
SARA particularly, in dairy lameness (Tacoma et
al., 2004; Westwood et al., 2003).
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High quality pastures and lameness in the
South Island of New Zealand
In the South Island of New Zealand dairy
industry, there has been a view that lameness
levels were increasing, and were above those of
the traditional dairy areas of the North Island.
A nutritional cause was not uncommonly
suggested for lameness in these systems, as it was
in some quarters attributed to the higher quality
pastures of the region, and particularly the high
water soluble carbohydrate content of the grass
given the long daylight latitudes. There was a
strong veterinary voice that fitted the clinical
findings to the idea that SARA was common and
the high lameness rates were a result (Tacoma et
al., 2004).
Although this concept of a nutritional cause for
South Island lameness rested on three readily
identifiable factors—higher recorded lameness
rates; high quality pastures on commercial
farms; and compromised rumen function (often
summarized as the effect of pH on the microbes)
in these scenarios—by 2004 none of the three
had been systematically assessed in the Australia
or New Zealand dairy industries.
A research group of dairy farmers, consultants,
and Lincoln University veterinarians and
scientists undertook a project to gather
information in each of these three areas in the
South Island. The work was funded by the New
Zealand Ministry of Agriculture Sustainable
Farming Fund and the national dairy research
body ‘Dairy NZ’. The research had two ‘arms’: an
on-farm recording system for lame cases treated
and pasture sampling, and an experiment series
using rumen fistulate cows to determine rumen
function parameters in the Lincoln University
Dairy Farm (LUDF) herd. In this paper only the
latter will be discussed.
The rumen function experiments (2006-2009)
were undertaken to provide data to answer
several simple questions: what is the diurnal
pattern of rumen pH in cows grazing high
quality, highly managed pastures in the typical
South Island large herd; and was this feed
management system and subsequent rumen
environment associated with rumen dysfunction
(as assessed by rumen metabolite measurement
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and microbial community profiling) similar to
that suggested as a cause of herd lameness in
TMR systems?
The work used a novel system of datalogging
actual rumen pH and temperatures in fifteen
fistulate cows that were part of the LUDF herd
of 670 cows. Small backpacks were used to hold
the dataloggers that were connected to probes
on the floor of the rumen, and for several days
each month these were continuously recorded to
the dataloggers. Direct rumen, faecal and urine
sampling was also done across these periods.
Specific rumen metabolites (volatile fatty
acids, ammonia) were assessed and microbial
communities were also analysed using specific
molecular biology techniques of polymerase
chain reaction based denaturant gel gradient
electrophoresis.
The rumen pH and metabolite diurnal patterns
and the microbial community profiling obtained
in these experiments suggested there are several
important rumen function differences between
grass based and TMR systems that should be
considered when applying international research
to grazing cattle. First, there are consistently
intervals of relatively low pH (5.0-5.5) and
significant periods of the total day could be
recorded as having rumen pH at this level.
However, the grazing intake patterns across
the day are very different to the distribution of
intake with TMR, and the observed influence
of multiple daily grazing bouts on pH, which
shifted rapidly and frequently across the diurnal
range, suggested grass based rumen pH was
more dynamic. Rumen metabolite analysis
supported the marked variation in rumen
function diurnally. This ‘dynamism’ of rumen pH
appeared stable and consistent across cows and
seasons, which did not suggest any compromised
rumen pH homeostasis.
Second, the measured concentrations of volatile
fatty acids and ammonia across the experiments
were closely associated with these rumen pH
shifts; were consistent with values expected from
high production cows; and did not suggest any
rumen dysfunction.
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Third, in these dynamic rumens the microbial
communities in individual cows appeared very
stable across the diurnal cycle, the annual cycle,
and even between years. There was no evidence of
any significant microbial community fluctuation
as a consequence of the recorded rumen pH.
The results of the research over this period
when considered together with the high milk
solids production and excellent reproductive
performance of the experimental cows over
the duration of the research, do not provide
evidence to indicate the recorded rumen pH were
associated with compromised rumen function.
The rumen environments of these grazing cows
appeared highly adapted to the typical large herd,
highly managed pasture based system in place at
LUDF.

Conclusions
There is strong interest in the role of rumen
function in cow production and health in TMR
systems internationally, and much of the current
approach is linked to the prevention of rumen
acidosis, using the concept of SARA. While
the literature around rumen pH measurement
is steadily increasing for TMR systems, and
the association of SARA with reductions in
herd production or health is increasingly being
explored, significant uncertainty remains about
any definitive mechanism by which lameness
may be induced as a consequence of SARA.
For pasture based systems in Australia and New
Zealand, there are also additional difficulties with
the extrapolation and use of the international
TMR research here. The early research in pasture
based rumen pH indicates there may be significant
differences in rumen function compared with
TMR systems, which suggests caution should be
used in the uncritical application of TMR derived
pH targets, thresholds and ration formulation
principles in pasture based systems. It also
highlights the value of system specific research in
rumen science, and the ongoing need for ‘local’
research in rumen function.
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