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Abstract
The aim of the research was to determine the relationship between the acidity and temperature
of the contents of the reticulorumen and abomasum in the first 10 days after calving and to evaluate
these factors as predictive traits for the diagnosis of subclinical acidosis.
The acidity and temperature of the contents of the reticulorumen and abomasum were measured
using specific smaXtec boluses manufactured for animal care. According to the directions of the
manufacturer, the boluses were inserted into the reticulorumen of the cows researched with the help
of a specific tool. The boluses were inserted into the abomasa by way of surgery, laparotomy and
abomasotomy through the right flank. The readings of 7 cows were taken on a total of 10 days, twice
a day (at 9 a.m. and at 9 p.m.). In total, 140 measurements were taken.
The acidity of the reticulorumen is associated with the acidity of the abomasum. The acidity of
the rumen increases, if the acidity of the reticulorumen increases also. A negative correlation was
observed between the pH of the contents of the abomasum and this temperature. The increase in the
acidity (decrease of pH) of the contents of the reticulorumen increases its temperature and also
increases the temperature of the contents of the abomasum. There is a positive statistically significant
dependence between the reticulorumen content temperature and the rectal temperature.
Through measurement of the ruminoreticular temperature, it is possible to predict the health
status of a cow’s stomach in regard to acidosis.
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Introduction
Subacute ruminal acidosis (SARA) is likely to
arise when an easily palatable, high-energy diet meets
a ruminal environment that is not adapted to this type
of diet. This condition can be seen in the digestive

tracts of fresh dairy cows. In this case, an increase in
short-chain fatty acids will occur. Eventually, this can
result in a decrease in the ruminal pH to below 5.5
(Kleen et al. 2003). Higher levels of intake may also
predispose the rumen to SARA, since the salivary
buffer secretion may not adequately compensate for
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the additional acid production (Stone 2003). During
SARA, rumen pH is depressed for several hours per
day due to the accumulation of volatile fatty acids and
insufficient rumen buffering (Plaiziera et al. 2008).
Early signs of SARA are not usually evaluated
through clinical observations. Rumen acidosis, mainly
occurring as SARA, is characterized by an abnormally
low reticulorumen pH. SARA is a widely spread problem in high yielding dairy cows (Bramley et al. 2008).
Because the pH of body fluids is buffered by bicarbonate, the pH of body fluids may or may not be
depressed during acidosis. It is possible that the feed
acidity also affects the acidity of the body fluids and
the abomasum’s. It has been observed that there is
a genetic correlation between the rumen acids and
their temperature (Gengler et al. 2010). The ruminal
pH nadir had a negative relationship with the corresponding ruminal temperature (R2 = 0.77). Therefore, the reticulorumen temperature may have the potential to predict ruminal pH, and thus aid in the diagnosis of SARA (AlZahal et al. 2008). Reticuloruminal
fluid analysis can aid in making a diagnosis of subacute ruminal acidosis during the first stage of the
disease. Feed grain caused a rapid increase in the volatile fatty acid concentrations of ruminal and
abomasal fluid (Svendsen et al. 1970). It is possible
that subclinical acidosis involves the abomasum. The
reticuloruminal pH in grazing cattle can be measured
in rumen fluid, which is either collected via a stomach
tube (Bramley et al. 2008), or by rumenocentesis
(Nordlund and Garret 1994). The technique used to
collect ruminal fluid affects the outcome of the measured pH values (Dirksen 1990). Strabel et al. (2007)
found that samples taken via a stomach tube showed
values that were 0.5 pH-units higher than those taken
by rumenocentesis because the samples were contaminated by saliva. Rumenocentesis can also have
negative effects on animal health. Recent techniques
use indwelling pH probes placed in the rumen (Duffield et al. 2004) or in the reticulorumen (Gasteiner et
al. 2009a). Continuous monitoring of the reticuloruminal pH is advantageous due to the possibility of diurnal recording (Duffield et al. 2004). Techniques for the continuous measurement of ruminal
pH were used for a series of scientific investigations
(Alzahal et al. 2008). In order to obtain the collected
data, a memory chip either has to be removed via the
rumen (Keunen et al. 2002), or the data is transmitted
by cable to an external unit, which is fixed to the animal (Alzahal et al. 2008). Gasteiner et al. (2009b) described and evaluated a method for measuring reticuloruminal pH continuously, which uses a wireless
data transmitting unit to allow long-term monitoring.
Rumen cannulated cattle are not essential when using
this technique, as the probes are given orally. Repeat-
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ed measurement of the reticuloruminal pH remains
the only way to quantify the balance between acid
production, acid removal, and the buffering capacity
in the rumen (Westwood et al. 2003). The reticuloruminal pH was significantly influenced by the
diet. It can be concluded that SARA might occur under practical conditions in dairy cows during a period
of feed changeover and when pasture feeding is combined with the supplemental feeding of grain-based
concentrates. The indwelling pH measuring device is
a very helpful tool and can also be used for practical
purposes (Gasteiner et al. 2012). In a previous study,
Enemark et al. (2003) used devices which were initially developed for marine animals and observed
a slightly positive electrode drift after ten days of continuous application in the reticulorumen of cows. In
a study of Kaur et al. (2010), a predecessor generation
of probes for intraruminal pH, temperature and pressure measurement produced by the same manufacturer
was evaluated utilizing fistulated sheep for ten day
periods. The microbial dysbiosis occurring in the rumen during acidosis may trigger the release of potential harmful molecules which may impact on animal
health. Indeed, due to an increase in the death and
lysis of Gram-negative bacteria under low pH, free
lipopolysaccharide (LPS) concentration is increased
in the rumen fluid and translocation of this endotoxin
can occur across the rumen mucosa (Commun et al.
2009). Moreover, the low pH of rumen digesta may
have a negative impact on rumen wall integrity. Repeated aggression by fermentation acids may cause
papillar atrophy, diffuse areas of acute or chronic
lesions, scars resulting from severe local rumenitis,
perforations and mucormycosis, which are the origin
of pain and discomfort, as well as erratic feed intake
and the alteration of rumen function (Thompson et al.
2006). Low ruminal pH is often associated with the
increased occurrence of bloat, which is characterized
by an accumulation of gas in the rumen and reticulorumen (Wang et al. 2012).
The aim of this study was to determine the relationship between the acidity and temperature of the contents of the reticulorumen and abomasum in the first
10 days after calving, and to evaluate these factors as
predictive traits for the diagnosis of subclinical
acidosis.

Materials and Methods
The study was performed on 7 dairy cows: second
lactation and fresh (up to 10 days after calving)
Lithuanian Black and White cows. The herd consisted
of 400 dairy cows in total. All the cows researched
were kept in a uniform environment and received
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Table 1. Correlation between the parameters of the contents of the reticulorumen and abomasum.
Characteristics

RpH

Rt

AbpH

Abt

RpH

Pearson correlation
Sig. (2-tailed)

1

-0.199*
0.016

0.250**
0.002

-0.429**
0.0001

Rt

Pearson correlation
Sig. (2-tailed)

-0.199*
0.016

1

-0.456**
0.0001

0.509**
0.0001

AbpH

Pearson correlation
Sig. (2-tailed)

0.250**
0.002

-0.456**
0.0001

1

-0.103
0.218

Abt

Pearson correlation
Sig. (2-tailed)

-0.429**
0.0001

0.509**
0.0001

-0.103
0.218

1

RpH: reticuloruminal pH; Rt: reticuloruminal temperature; AbpH: abomasal pH; Abt: abomasal temperature

a uniform ration suitable for this stage of lactation.
The average yield of the cows researched was 30 (±3)
kg/d.
Before the study, the cows selected were examined according to a general clinical examination plan,
and were completely healthy. Clinical signs of acidosis
(diarrhoea, loss of appetite, and weak rumination (on
average, 3 times/2 min) were not found. The average
somatic cell concentration in the milk of the cows
studied was about 250 (±32) thousand/ml, and the
milk urea was 25 (±4) mg/%.
The pH and temperature of the contents of their
reticulorumens and abomasa were measured using
specific smaXtec boluses manufactured for animal
care. SmaXtec animal care technology® enables the
continuous real-time display of data such as ruminal
pH and temperature. According to the directions of
the manufacturer, the boluses were inserted into the
reticulorumens with the help of a specific tool. The
boluses were inserted into the abomasa by way of surgery, laparotomy and abomasotomy through the right
flank, and were fixed to the base of the abomasa 90
days prior to the survey. Preparation of the animal for
surgery includes removal of the hair and cleansing of
the skin around the surgical site. Laparotomy and
abomasotomy are surgeries performed for treating
many ruminal disorders in bovines. Anaesthetic techniques required for abomasotomy are para-vertebral
nerve block by use of lignocaine hydrochloride. A long
vertical skin incision starting about three to four centimeters below the transverse process of the lumbar
vertebrae is made. The abdominal muscles and peritoneum are also incised corresponding to the skin incision. The abomasal incision (about 20-cm long) was
made directly over the mass in the region of the
greater curvature of the pyloric part of the abomasum.
The abomasum incision is closed by a double row of
continuous inverting sutures using a chromic catgut.
The data was measured with the help of specific
antennas (smaXtec animal care technology®). For
monitoring the reticuloruminal pH, an indwelling

and wireless data transmitting system (smaXtec animal care GmbH, Graz, Austria) was used (Gasteiner
et al. 2009a). The data collected was transmitted using
the ISM-Band (433 MHz). The system was controlled
by a microprocessor. The data (pH and temperature)
was collected by means of an analogue to digital converter (A/D converter) and stored in an external
memory chip. Due to its dimensions (length: 12 cm;
width: 3.5 cm; weight: 210 g), this indwelling system
can be orally administered to an adult cow, and it is
shock-proof and resistant to rumen fluid (D.L.G.
2010). Calibration of the pH-probes was performed
using pH 4 and pH 7 buffer solutions at the beginning
of the experiment.
The rectal temperature was measured according
to the clinical study plan requirements.
The readings of 7 cows were taken on a total of 10
days, twice a day (at 9 a.m. and at 9 p.m.). In total, 140
measurements were taken. All the data were obtained
by smaXtec messenger® computer software.
Descriptive statistic of the sample (arithmetic
mean ± standard error) was calculated using the SPSS
statistical package (SPSS for Windows 15.0, SPSS
Inc., Chicago, IL, USA, 2006). Relationships between
the traits were analysed using Pearson’s coefficient
and linear regression equation: y = bx + a (where x is
the explanatory variable and y is the dependent variable; the slope of the line is b, and a is the intercept,
i.e., the value of y when x = 0. R2 was determined as
a statistical measure of how close the data is to the
fitted regression line). The data was considered reliable from a statistical point of view, where p<0.05.

Results
A total of 140 measurements were made. The medium reticulorumen pH was 5.964 (±0.008), and the
medium temperature was 38.981oC (±0.040). The medium pH of the abomasal content was at 2.8378
(0.028), and the temperature was 38.908oC (±0.011).
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y = 0.0088x + 5.7518
R2 = 0.9139

RPH

y = 0.004x + 5.263
R2 = 0.466

y = -0.002x + 6.167
R2 = 0.650

INTERVAL
Fig. 1. Analysis of the correlation between the pH of the contents of the reticulorumen and the interval. RpH: reticulorumen pH.

The correlation between the parameters of the
contents of the reticulorumens and abomasum observed during the study are shown in Table 1.
The following correlations were identified: a negative statistically significant correlation (r = -0.199,
p<0.05) between the pH and the temperature of the
contents of the reticulorumen. The decrease in the
pH of the contents of the reticulorumen increases its
temperature. A positive statistically significant correlation (r =0.250, p<0.01) was found between the pH
of the contents of the reticulorumen and abomasum.
The decrease of the pH of the contents of the reticulorumen decreases the pH of the contents of the
abomasum. A negative statistically significant correlation (r = 0.-429, p<0.001) was identified between the
pH of the contents of the reticulorumen and the temperature of the contents of the abomasum. The decrease of the pH of the contents of the reticulorumen
increases the temperature of the contents of the
abomasum. A negative statistically significant correlation (r = -0.456, p<0.001) was demonstrated between
the temperature of the contents of the reticulorumen
and the pH of the contents of the abomasum. The
decrease of the pH of the contents of the abomasum
increases the temperature of the contents of the reticulorumen. A positive statistically significant correlation (r = 0.509, p<0.001) was found between the
temperature of the contents of the reticulorumen and
the abomasum. The increase of the temperature of
the contents of the reticulorumen increases the temperature of the contents of the abomasum. A negative
correlation (r = -0.103, p>0.05) was observed between
the temperature and the pH of the contents of the
abomasum. The decrease of the pH of the contents
of the abomasum increases the temperature of the

contents of the abomasum. However, this correlation
was statistically insignificant. A positive statistically
significant correlation was found between the reticulorumen content temperature and the rectal temperature. With an increase of reticulorumen content
temperature, the rectal temperature also increases
(r=0.257), (p<0.0001).
The analysis shows a regular linear increase of
RpH in the interval from 1 to 43 (y = 0.0088x
+ 5.7518; R = 0.9138), a decrease in the interval from
44 to 126 (y = -0.002x + 6.1676; R = 0.6501), and an
increase in the interval from 127 to 140 (y = 0.0044x
+ 5.2637; R = 0.4664) (Fig. 1).

Discussion
The results of our study confirm the information
found in the literature. It showed a negative statistically significant correlation (r = -0.199, p<0.05) between the temperature and pH of the contents of the
reticulorumen. A close relationship between the rumen pH and temperature as, indicated by AlZahal et
al. (2008), would be expected to be inverse and to
especially arise during intensive postprandial fermentation, reflecting a decreasing rumen pH, but an increasing rumen temperature. An inverse relationship
of r = -0.39 between the rumen pH obtained by manual determination in fluid withdrawn from the ventral
rumen sac of sheep and the bolus temperature measured in vivo was found by Kaur et al. (2010). Duffield
et al. (2004) observed varying but mainly weak relationships between the pH measurement via a device
placed in the ventral sac of the rumen of cows and the
manual pH determination in the second 200 ml of
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rumen fluid obtained by a tube-like probe through
a rumen cannula from different intraruminal sites. AlZahal et al. (2008) observed a correlation of r = -0.46
between the ventral rumen pH and temperature using
an indwelling electrode measuring both parameters
simultaneously in lactating dairy cows, although the direct proximity of both sensors may have contributed to
the close relationship. The authors developed an equation for the prediction of rumen pH from rumen temperature and thus discussed the potential of rumen
temperature as an indicator for the detection of SARA
in cattle. AlZahal et al. (2008) reported a significant
increase in rumen temperature due to feeding high
amounts of grain in comparison to a mixed hay diet.
The devices used for evaluation showed a moderate
linear relationship and an agreement of pH measurement with the applied manual method, a fact that
could be due to a lack of accuracy in the manual pH
determination (Lohölter et al. 2013). The research
showed a positive statistically significant correlation (r
= 0.509, p<0.001) between the temperature of the contents of the reticulorumen and the abomasum. An association with general body temperature might be presumed in this case. A close correlation (r = 0.65) between the reticulorumen temperature measured via an
indwelling probe and the rectal temperature of intact
dairy cows was observed by Bewley et al. (2008) and
based on a large number of paired samples, which were
taken during several seasons. Burns et al. (2002) used
the same technique in cows near the occurrence of
oestrus and reported a relationship of r = 0.50 between
reticular and rectal temperature. However, a close correlation between rumen and rectal temperature
(r = 0.92) was reported for rumen-fistulated lactating
cows in a former study using a prototype rumen bolus
(Sievers et al. 2004). Therefore, regular measurement
of body temperature could be part of a routine systemic monitoring in cattle farms (Drillich et al. 2001).
The following conclusions can be drawn from the
results. The increase of the temperature of the contents of the reticulorumen decreases its pH and the pH
of the contents of the abomasum, and increases the
temperature of the contents of the abomasum. The decrease of the pH of the contents of the reticulorumen
increases the temperature of the contents of the
abomasum. Through measurement of the ruminoreticular temperature, it is possible to predict the health status
of a cow’s stomach in regard to acidosis.
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