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BOX 3.2.3 TECHNIQUES FOR RUMEN FLUID COLLECTION

IN THE LIVE COW

Oral or nasal intubation
The traditional method of rumen fluid collection is by means of various
stomach tubes. Preferably, the sampling tube should be 2.5 to 3 metres
long and, in a Friesian cow, needs to be introduced for approximately 2
metres so that the sample is obtained from the dorsal or ventral sac of
the rumen. The tube should be sufficiently rigid to be able to penetrate
the fibre mat (if present) within the rumen.
Specially designed, ‘weighted’ or ‘guidable’ rumen sampling devices,
which are attached to a stomach pump, are commonly used overseas
and in university hospitals. However, in the field, good rumen samples
can be obtained using a ‘routine’ stomach tube. The tube should have an
internal diameter of at least 10 mm and several holes should be made at
the rumen end of the tube to diminish the risk of blockages with ingesta.
Alternatively, the rumen end can be riveted to a 10 cm length of copper
pipe with multiple holes drilled along the sides.
Contamination with bicarbonate-rich saliva is always a problem.
However, this can be reduced by placing a finger from a plastic or latex
examination glove over the rumen end of the tube, which, after being
inserted into the rumen, is blown off. A sample can then be extracted
(by careful suction) from the rumen.
Rumenocentesis or rumen paracentesis
The most accurate test for measuring rumen pH in the field is
rumenocentesis. In simple terms, it involves inserting a needle into
the main body of the rumen and aspirating a sample of rumen fluid.
Various techniques of rumenocentesis have been reported. However,
in the authors’ experience, the technique described by Nordlund
and Garrett (1994) provides the most consistent results. With this
particular procedure, light sedation is recommended but not essential.
Hobbling the rear legs or securing the near-rear limb is strongly advised.
Alternatively, a tail jack (pushing up the tail) should be applied by an
assistant during the sampling procedure. At the same time the cow’s head
should be pulled to the right side, using a halter or a pair of nose grips.
Landmarks for the puncture site are the left side on a horizontal line
level with the top of the patella, approximately 15 to 20 cm posterior to
the last rib or 15 to 20 cm caudoventral to the costochondral junction
of the last rib (Figure 3.2.10). The ventral sac of the rumen must be
identified beneath the body wall before sampling is attempted. A
2 × 2 cm area is clipped and surgically prepared in a standard fashion.
A 14 to 16 gauge × 4 inch needle is initially inserted through the skin
only. Usually, the animal will object most when penetrating the skin.
When the animal is settled the needle is inserted to the hub with a
smooth but firm thrust. With the needle point positioned in the rumen,
rumen fluid can be collected with very slight suction, using a 10 to
20 mL syringe with an eccentric tip (Figure 3.2.11).
The needle may become blocked with food particles, which can be
dislodged by forcing a small volume of air or fluid back through the
needle. By holding the syringe with the eccentric tip uppermost, most
of the collected fluid can be retained in the syringe while clearing the
needle with air. When the needle becomes blocked, it is important not
to create a negative pressure within the syringe as CO2 will leave the
fluid, thereby artificially increasing the pH of the sample. Typically, 3
to 5 mL of rumen fluid can be collected without too much difficulty.
When a sufficient volume has been obtained, any excess air should be
evacuated from the syringe and the pH measured immediately.
Rumen cannula/fistula
Collection of rumen contents from cows that have been surgically
fitted with an indwelling rumen cannula or fistula remains the preferred
method for establishing rumen pH. However, practical limitations,
such as the need for regular cleaning and monitoring, restrict their use
in commercial settings. Some large North American dairy farms have
cannulated or ‘fistulated’ cows residing within the herd, not only
to monitor the animals’ overall rumen function but also for
transfaunation purposes.
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10% or more (Figure 3.2.8). The most severely affected cattle become
recumbent and have an increased respiratory rate from the ensuing
metabolic acidosis. Death may follow within 12 to 24 hours despite
treatment, usually from a combination of dehydration, acidaemia
and toxaemia.
Clinical signs of central nervous system involvement include
depression to the point of coma, opisthotonos and head pressing.
Animals may stagger or develop posterior paresis. The menace
reflex may be slow or disappear completely; however, the pupillary
light response usually remains intact. A good correlation exists
between the degree of palpebral reflex decline and the severity of
D-lactic acidosis. In the terminal stages, the recumbent animal may
lie with its head averted against the chest or flank, not unlike a cow
with late stage II hypocalcaemia (Figure 3.2.9).
Clinical signs of the subacute form (SARA) are relatively
subtle in the individual animal and often separated in time from
the inciting event, which may make it difficult to diagnose. Because
SARA is usually a herd problem, the clinical signs are related to the
herd. Hence, diagnosis of SARA is usually made at the herd level and,
similarly, any prevention strategies are also applied at the herd level.
A common sign of SARA is reduced feed intake. As the rumen
pH of affected animals decreases, food intake is reduced. Upon
re-establishment of normal rumen conditions, appetite is often
regained. Intermittent diarrhoea, containing undigested food
particles, indicates inadequate digestion and fast passage of ingesta.
Animals usually remain alert and mobile but may have poor body
condition, a lack of rumen fill, transient anorexia, dehydration, and
a dull and lethargic demeanour. Diarrhoea and colic are inconsistent
findings, although some degree of rumen stasis is usually present.
Milk production and milk fat percentage decrease. Chewing time,
as well as the proportion of cows chewing within the herd, is also
reduced. Long-term consequences commonly associated with
SARA are abomasal and duodenal ulcers, rumenitis, disseminated
infections (e.g. liver and lung abscesses), sporadic epistaxis, and
lameness.
Diagnosis of acute/peracute rumen acidosis is usually
based on a combination of the history of exposure to offending
feedstuffs, clinical signs and ancillary diagnostic tests, in particular
rumen fluid analysis. However, history alone may provide the
diagnosis in certain cases. Abdominal distension with rumen stasis
and fluid sounds in association with diarrhoea and dehydration are
indicative of acute rumen acidosis.
DIAGNOSTIC AIDS

Rumen pH, appearance and other characteristics of the rumen
fluid may provide additional diagnostic information. In grazing
animals, normal rumen fluid is dark green in colour and should
have an aromatic odour. The colour changes to brownish-yellow in
animals on a maize silage diet. With rumen acidosis the rumen fluid
becomes milky-grey and has a distinctive lactic acid or rancid smell.
In severe cases, the pH of rumen fluid decreases to ≤4.5. Further
analysis may reveal decreased to no active protozoa, an increase
in Gram-positive cocci and rods, and a reduced sedimentation rate
(<4 minutes).
In the field, rumen pH can be accurately measured using a
portable electronic pH meter capable of measuring pH from a very
small volume of rumen fluid, or narrow-range pH indicator paper.
The pH of rumen fluid rises after exposure to air, so pH should be

determined immediately after collection. Any delay in obtaining the
pH may produce inaccurate estimates as fermentation continues
or as CO2 is lost. Also, the pH of the sample should be interpreted
with assessment of how much of the specimen was contaminated
by saliva. Rumen pH varies during the day depending on diet, time
of feeding of grain/concentrates, and the supplementation of fibre
sources, such as hay, following milking in many Australasian dairy
systems. Variation due to biphasic feeding patterns produced by
twice-daily feeding at or after milking may cause a considerable but
relatively short-lived decrease in rumen pH. When concentrates or
grains are being fed separately from forages, the nadir of rumen pH
occurs between 2 and 4 hours after concentrate or grain feeding, and
samples should be taken 2 to 4 hours following such feeding. For
pasture-only or total-mixed-ration herds, sampling should be carried
out 4 to 8 hours after feeding. In the live animal a sample of rumen
fluid can be obtained by one of the methods described in Box 3.2.3.
Overseas, herd-based rumenocentesis has become a common
diagnostic method for the detection of SARA in dairy cows. Samples
obtained by rumenocentesis are evaluated for pH as in Table 3.2.1.
It is advised that a diagnosis of herd status should be made on a
minimum of 6, but preferably 12, animals. If more than 30% of the
cows have a pH ≤ 5.5, the group can be considered abnormal.
It must be realised that the above interpretation of rumen pH
values has been validated in predominantly concentrate-fed herds
in North America, and there is relatively little information available
for predominantly pasture-based conditions. Also, using pH as the
sole measure to detect acidotic cows has been found to be neither
sensitive nor specific. Improved diagnostic methods to confirm
diagnoses made on clinical signs therefore need to be developed.
The technique of rumenocentesis described in Box 3.2.3 may
not be completely benign in healthy cattle, due to the risk (albeit
small, 1 to 2% of cows sampled) of subcutaneous abscess formation
around the puncture site. The risk of complications is greater if too
short a needle is used for the procedure (a 16-gauge x 100 mm
long [4-inch] needle is commonly recommended). When carried
out correctly, the possibility of clinical peritonitis developing after
rumenocentesis is remote. In heavily pregnant cows the procedure
should be carried out with extreme caution, particularly because
part of the gravid uterus is often situated between the rumen and
the left abdominal wall.
Indwelling wireless pH sensors are routinely used in SARA
research studies. The advantage of these wireless sensors is that
they can be administered to non-cannulated cows, allowing them
to eat and behave as they normally would throughout the day while
the rumen pH is recorded. Such sensors have potential for use in
commercial herds if their cost can be lowered and their longevity
improved.
POST-MORTEM FINDINGS

In cases of (per)acute rumen acidosis, the rumen contents are often
porridge-like and may contain large quantities of grain/concentrate
or other type of starch-rich food. The rumen epithelium strips off
readily, but care is needed to distinguish this feature from autolytic
change.

Differential diagnosis
Without a detailed history, acute rumen acidosis may resemble
other metabolic, toxic or neurological diseases. Hence, the condition

Massey University Press
Albany Campus, Private Bag 102904,
North Shore 0745, Auckland, New Zealand

874 DISEASES OF CATTLE IN AUSTRALASIA

a

CHAPTER 17 CALVES: MANAGEMENT AND DISEASES 875

rates and early identification of animals that are falling behind their
projected growth curve. In these instances, preferential feeding of
animals requiring a higher average daily gain to reach target mating
weights can be instigated. More information on the growth of heifers
can be found in Chapter 20: Growing young stock well.

17.4

Calf environment

The types of environment to which a young, artificially-reared calf
is exposed include the calving area, calf trailer and calf shed.
FIGURE 3.2.9 Cow recumbent as a result of severe, acute rumen acidosis.

The calving area

b

FIGURE 3.2.10 External landmarks for rumenocentesis.

The cleanliness of the calving area will depend on infrastructure and
calving substrate, calving pattern, how long the cows are there prior
to calving, stocking rate, timing and method of transition feeding,
how quickly cows are removed from the calving area post-calving,
and season of calving. Whilst these many factors contribute to the
overall cleanliness and hygiene of the calving area, it should be a
priority to remove calves from this area as soon as possible after
birth. The longer a calf is left in the calving area, the higher the risk
of exposure to harmful pathogens, including Salmonella spp., E. coli,
rotavirus, cryptosporidia oocysts and M. avium paratuberculosis.
Carrier cows with latent infections often shed these pathogens in
their faeces at times of stress, such as calving, without showing any
overt clinical signs themselves. A common scenario is the sudden
onset of scours in 12-hour- to 2-day-old calves halfway through the
calving period. On closer inspection, the calving area has become
heavily soiled and is likely to have a high pathogen load, infecting
calves at birth.

The calf trailer

FIGURE 17.4.1 Overcrowding should be avoided when transporting young
calves. In photograph (a) calves lose their footing and may be trampled
when overcrowded, whereas in photograph (b) calves have adequate space,
enabling them to keep their footing.

The calf trailer should be considered a calf pen in its own right. It is of
particular importance as every calf reared occupies this pen for some
period early in life. Newborn calves may be transported a considerable
distance before reaching the calf shed, and overcrowding should be
avoided (Figure 17.4.1). Newborn calves are often still wet with fetal
fluids, have open umbilical cords, and are agammaglobulinaemic, all
of which renders them very vulnerable to infection. The calf trailer is
a commonly forgotten item on the farm; it is often dirty with faeces
and mud, and may have inappropriate flooring. All calf trailers should
be washed daily with a high-pressure hose to remove all faeces and

mud. Appropriate flooring includes rubber matting which is easily
cleaned, or other bedding material such as straw. Straw needs to be
regularly replaced as it becomes wet very quickly; it does, however,
have excellent insulating properties. It is recommended to disinfect
the calf trailer twice weekly with Virkon-S. All organic material must
be washed off first. It is best to do this after the afternoon collection
of calves, to allow appropriate contact time and drying before calves
are put in there the next day.

The calf shed
Calves require protection from rain, draughts (in winter) and direct
sunlight (in summer), as well as clean, dry bedding on which to lie.
Exposure to cold, wet and windy weather conditions can increase
the risk of morbidity and mortality, particularly in weaker animals.
Accordingly, some form of shelter is needed, at least for young
calves. A calf housing facility should be designed to allow easy
cleaning and disinfecting between batches of calves. The opening
of the shed should be either away from prevailing winds or (in
Australasia) north-facing. Optional gates to close these openings
should be solid to below the level of the bedding (Figure 17.4.2).
The size of the calf shed should be determined by the number of
calves reared per season and the time period for which calves are to
remain in the shed. The pen size within the calf shed is determined
by calving pattern, to allow complete filling of a pen with calves of
similar ages (within 7 days of each other) and, therefore, similar
immunity. The method of milk feeding and nutrition also influences
pen size. Every farm is different and an in-depth discussion of
what the calf requirements are now, and will be in the future, is
necessary to determine what the needs of the farm and the calves
are likely to be.
In Australasia, the majority of calves are reared in groups, often
from birth. The consequences of group housing include:
• Having to house calves of different ages and immunity
(within the same pen or within the same air-space)
• The possibility of calf-to-calf transfer of pathogens via the
faeco-oral route
• Increased stress on individuals due to competition and
group hierarchy
• A higher neutrophil activity in pre-weaned calves compared
with individually housed calves, suggestive of improved
immune development.

FIGURE 17.4.3 Solid partitions between pens should be made of a non-porous
material to 1.5 m high to prevent nose-to-nose contact.

FIGURE 17.4.4 Bedding should be dry, well drained and deep. Sawdust is a
common, effective choice for calf sheds.

PEN DESIGN
FIGURE 3.2.11 Collection of rumen liquor by rumenocentesis.

TABLE 3.2.1 Interpretation of rumen pH values.

PH VALUE

≤ 5.0
5.1–5.5

INTERPRETATION

Abnormal
Subacute rumen acidosis

5.6–5.8

Marginal

≥ 5.9

Normal

FIGURE 17.4.2 An example of calf
housing. Pens should be draught-free
at calf level, well ventilated above
calf level, facing north or away from
prevailing winds, have dry bedding (with
adequate floor material, drinkers and
feeders at the front of the shed) and
have an open-fronted ‘kennel’ design.
Floor-to-roof walls to break up air
spaces may also be advantageous.

Email
editor@masseypress.ac.nz
Phone
+64 9 213 6886
www.masseypress.ac.nz

There should ideally be solid partitions of a non-porous material
(corrugated iron or tin) between pens to 1.5 m high (Figure 17.4.3).
Mesh walls will suffice, providing there is not a common partition
between pens. This is useful in wide-span sheds where airflow can
be a challenge towards the centre of the shed but there is usually
ample space to allow passageways between pens. It is advised that
either the front gate of the pen is easily opened or that there is a
smaller gate within it, to allow easy access to pens. Climbing and
lifting of calves over gates is not recommended and will result in
injury to staff as well as calves.

FIGURE 17.4.5 Straw is a good alternative to sawdust in cooler climates,
provided it is kept dry.

BEDDING MATERIAL

There is no perfect bedding and no sole bedding that will suit
every farm’s needs. Bedding options in Australasia include straw,
rice hulls, sawdust/wood shavings, wood chips, sand, and raised

FIGURE 17.4.6 Three-layer bedding system used in dirt floor sheds.
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