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1 Introduction to the thesis 

 

 

The average milk production per cow has increased dramatically over the last 20 years. Not 

only genetic improvement, but also changed feeding management as basis for optimal 

production have contributed to this development. Use of total mixed rations and increased 

energy supply are today’s standard in successful dairy farming. Here, the proportion of 

energetic dense feed components is often maintained at the highest level possible to deliver 

proper energy supply for the high producing dairy cow. The complexicity of managing a large 

dairy herd and the tendency of cattle to prefer concentrate rather than structured components, 

however, does not always deliver the necessary intake of feedstuffs high in structure. This 

may lead to an imbalance of energy with the proportion of structure, a component of crucial 

importance for the ruminant digestive system (DE BRABANDER et al. 2002).   

The rise of acid in the rumen originating from carbohydrates and the decreasing buffering 

capacity of structured feeding components lead to an acidic ruminal environment: Already in 

the early 1960’s, the tendency of increasing the carbohydrates providing necessary energy-

supply at the cost of roughage-components has been characterized as putting the animals at 

the edge between maximal productivity and illness due to acidosis (DUNLOP 1961). 

Although today modern dairy farming is based on research and feeding technology, it has to 

be expected, that non-acute forms of ruminal acidosis are indeed present in high-producing 

dairy herds. These forms are believed to contribute to milk fat depression (MFD), laminitis 

and other impairment of health status, finally leading to increased culling rates on herd-level 

(OETZEL 2000). 

In the last years, this form of non-acute ruminal acidosis in dairy farms has been described as 

subacute ruminal acidosis (SARA). Although it has been characterized in a number of 

publications, the real prevalence could only be estimated. A field study in the U.S. in the early 

1990’s revealed a SARA-prevalence of up to 26% in the whole study population of 15 dairy 

farms reaching as much as 40% on single farms (GARRETT et al. 1997). 

The question, whether SARA has to be viewed as a problem of dairy farming in Europe, has, 

however, not been answered. It seemed therefore useful to evaluate prevalence under 

conditions as found in large parts of the western European Union. This would furthermore 
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enable researchers to establish the possible influence of SARA on milk production and 

evaluate the proposed diagnostic schemes made for the evaluation of SARA-prevalence. 

Objectives of this study therefore are: 

 

- Determination of prevalence of SARA under field conditions as they are common in 

large parts of Western Europe, 

- Identifying factors which contribute to SARA in dairy herds as age, lactation or milk 

production 

- Evaluation of possible effects of SARA on milk production parameters 

 

With the support of two veterinary academic institutions and a private veterinary practice in 

the Netherlands, a basis for this project was made. 
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2 Review of literature on SARA 

 

 

2.1 Introduction 

 

Ruminal acidosis is a bovine disease that affects feedlot as well as dairy cattle. It can be 

present in different forms, reaching from peracute and life-threatening forms to chronic 

illness, which is difficult to detect. In the following chapter a review of the subacute ruminal 

acidosis (SARA) of dairy cattle is given. This disease has attracted many researchers in the 

last years. Proposals have been made in order to deliver a uniform definition and a viable 

diagnosis scheme of SARA, because there is a large variation in description of non-acute 

forms of ruminal acidosis (NORDLUND et al. 1995, GARRETT 1996, GARRETT et al. 

1999, OETZEL 2000). There still is, however, a lack of data from the field and, moreover, of 

uniformity in definition and clinical diagnosis: Terminology varies, different descriptions of 

the disease are made and there is still a lack of data. Therefore it seems to be useful to review 

the literature written related to this topic. Some field studies have been performed in the U.S., 

indicating that SARA might in fact be a problem of herd health. A screening of 15 Holstein-

herds in the U.S. revealed the presence of SARA in 19% of the early-lactation cows and in 26 

% of the mid-lactation cows. In one third of the herds observed more than 40 % of the total 

number of cows within the herd had been found to have SARA (GARRETT et al. 1997). So it 

seems to be likely that a subclinical form of acidosis is present in a large number of dairy 

herds and that the cost due to this disease is sufficient to justify a closer inspection. There is, 

however, a lack of field data (GARRETT 1996, GARRETT et al. 1999). 

In order to give a proper definition of SARA and to distinct it from the acute forms, first a 

short overview of the physiological and pathophysiological mechanisms within the 

reticuloruminal compartment is given. A short description of the well-described acute forms 

of ruminal acidosis precedes a closer inspection of the reports about the subclinical forms. 

A review of diagnostic procedures and prevention follows. 

The topic dealt with here has in any case to be separated from other reticuloruminal disorders 

as recently reviewed by IVANY et al. (2002). The latter are not developing along 

fermentation disorder but may also show a low ruminal pH. Thus, diseases like the abomasal 



12 

reflux-syndrome (“internal vomiting”) or the digestive disorders seen in veal calves are not 

described here.  

 

2.2 Ruminal acidosis defintion 

 

2.2.1 The physiologic ruminal pH  

The understanding of the principles of ruminal acidosis, especially in its subclinical form, 

requires certain clarity about the physiological conditions within the reticulo-ruminal 

compartment. Therefore this section is focussing on definitions and principles given in the 

literature for the physiological pH-ranges in this organ-system, for the pH of the rumen 

content determines the character of the fermentation-process and influences the patterns of 

those processes to a large extent (GÜRTLER 1989). 

The fermentation processes in the reticulo-ruminal complex of ruminants have attracted many 

researchers. Many techniques have been developed in order to gain insight into to the 

dynamic biochemical processes taking place in the forestomaches of ruminants (VAN SOEST 

et al. 1986). Many papers have thus been written related to the ruminal pH, although the value 

of the results is doubted by some researchers, because the individual circumstances and 

influences on the animal observed have always to be taken into account. These factors are e.g. 

the cow health status, the diets fed and feeding regime, diurnal variation or the different 

regions of the reticulo-ruminal complex where the samples are taken from (CHURCH 1979). 

It has to be pointed out that the purpose of the biologically active and constantly altering 

ruminal environment is not to maintain a steady pH, but to develop circumstances most 

suitable for the digestion of a certain diet (DIRKSEN 1985, LEAN 1987). Therefore a 

physiological pH depends on the physiologic morphology of the rumen as well as the type of 

ration fed to the animal. A ration consisting mostly of roughages thus leads to a higher pH 

mainly in the range from about 6.0 up to 6.8, whereas a diet high in concentrate leads to a pH 

range mainly from 6.0 down to about 5.5. Hence, a milieu dominated by cellulolytic bacteria 

suitable for roughage-fermentation establishes a higher pH, on the other hand a lower pH-

range is maintained in an amylolytic milieu utilizing concentrates (KAUFMANN 1979, 

DIRKSEN 1985, OWENS and GOETSCH 1988, DIRKSEN 1990).  
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The mechanisms of these regulations are based on the management, the type, composition and 

quality of the ration, its physical structure and moisture, these factors for their part influencing 

taste and palatability, hence feed intake, chewing time and saliva production (MACKIE and 

WHITE, 1990, HUTJENS et al. 1996). 

The pH of the ruminal environment is stabilized by different mechanisms, which have to be 

understood as an interaction between bases, acids and buffers (OWENS et al. 1996): In higher 

pH-ranges the main active component is the buffering by the HCO
-

/CO2 –system and the 

phosphate-buffer, both of which to a large extent are based on the saliva-flow (OWENS et al. 

1996, IVANY et al. 2002). In lower pH-ranges the short-chain-fatty acids (SCFA) buffer 

(GÜRTLER 1989, HOOVER and MILLER 1991, OWENS et al. 1996). It has also to be 

taken in account the buffering capacity of the feed stuffs themselves, determined by quality 

and processing, active through proteins which buffer at a higher pH-range, moreover the 

indirect buffering via mechanical induction of saliva flow (CHURCH 1979, GÄBEL 1990, 

MACKIE and WHITE 1990, VAN SOEST 1994), the resorption of SCFA (DIRKSEN et al. 

1984, OWENS et al. 1996) and the transportation of rumen content to the omasum 

(MARTENS 2000). An overview is given on fig. 2.1.  
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FIG. 2.1:  Factors of ruminal pH-regulation 
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The question, whether a reticulo-ruminal pH can be judged as physiological has therefore to 

be answered in context with the diet fed to the animals. For bovines fed solely on roughage, a 

pH ranging from around 6.4 up to 6.8 can be interpreted as physiologic (PFEFFER 1987). In 

bovines fed on a high-concentrate diet a lower pH has to be expected: Most authors thus 

declare pH 5.5 being acceptable for an acidic milieu and at least non-pathologic (BREAZILE 

1971, OWENS and GOETSCH 1988, LEEK 1993), or explicitly being physiological 

(DIRKSEN 1985, MARTENS 2000). GARRETT (1996) recommended a ruminal pH of 

to be judged being abnormal while  

 

2.2.2 Pathophysiology of the ruminal pH 

The different forms of rumen acidosis have the initial pathways in common. The difference 

consists in the regulating mechanisms taking place, once a low ruminal pH is established 

(OETZEL 2000). 

The development of a low ruminal pH, ranging from about pH 6.4 down to 5.5 and even 

lower, mostly starts with the intake of a diet high in energy. Easily digestible carbohydrates, 

like starch, sugar or pectin, provide this energy (MØLLER 1993, NORDLUND et. al. 1995). 

Certain factors contribute to the development of an acidic ruminal environment: 

Decrease of saliva flow. Concentrates are usually given processed and thus easily taken up, 

forage components are often fed in small particle size. Chewing and ruminating time 

decrease, so does the flow of buffering saliva into the reticulo-ruminal compartment 

(DIRKSEN 1985, GARRETT 1996). 

Change of microbial population. The change in substrates to ferment leads to a lower ruminal 

pH and a shift in the reticulo-ruminal flora. Growth of protozoa is restricted, so is growth of 

gram-negative bacteria (SLYTER 1976, DAWSON and ALLISON 1988, IVANY et al. 

2002). 

Decrease of buffering capacity from feedstuffs. Because more concentrates are taken in, less 

buffering capacity is supplied by ingested roughage. Concentrates do not buffer as forage 

does (GÄBEL 1990, VAN SOEST 1994, OWENS et al. 1996, GARRY 2000). 

Increase of SCFA-production. The presence of rapidly fermentable substrates leads to a rising 

production of the SCFA thus reducing the ruminal pH. The pattern of SCFA changes in this 

process: The ratio of acetic towards butyric and propionic acid becomes narrow. Instead of the 
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normal range, which can be seen at about 2:1. it changes towards roundabout 1.2:1 (SLYTER 

1976, MØLLER 1993, ENEMARK et al. 1998). 

Increase of lactate-production. The sudden presence of abundant energy leads to a slowly 

rising production of lactate by certain bacteria like Streptococcus bovis or protozoa like 

Dasytricha. These organisms are otherwise growth-restricted for they have to compete with 

those who use energy more efficiently and provide the substrates to form SCFA and lactate. 

Both L-form as well as the D-form of Lactic acid are produced (SLYTER 1976, DIRKSEN 

1985, DAWSON and ALLISON 1988, UNDERWOOD 1992). 

The low reticulo-ruminal pH is therefore caused by an absolute rise of the SCFA-production, 

combined with a relative fall of acetic acid, and an enlarging production of lactate. This rising 

of acids is insufficiently neutralized by the decreasing saliva flow and presence of feedstuffs 

with a low buffering capacity (DIRKSEN 1985). 

These physiological mechanisms, which may on one hand lead to a reticulo-ruminal milieu 

ideal for the fermentation of the feedstuffs ingested, on the other extreme possibly to 

development of acute acidosis, open a fine-tuned, however unstable mechanism of action and 

counter-action: The rise of SCFA and lactate may be diminished by the metabolism of 

microorganisms and the resorption of the products by the rumen wall: Lactate is being used 

by certain bacteria, like Selenomonas ruminantium or Megasphera elsdenii to form acetic or 

propionic acid. Moreover, it is to a certain extent being absorbed by the ruminal wall and 

neutralized in the bloodstream. The SCFA are absorbed or metabolized by the ruminal wall as 

well as transported to omasum and abomasum by the normal rumen motility (SLYTER 1976, 

DIRKSEN et al. 1984, MURPHY 1993, MARTENS 2000). 

It has to be taken into account, however, that the rise in lactate goes on. Lactate-producing 

organisms are more resistant to the lower pH-environment and carry on in formation of 

lactate. This process can be accelerated due to the presence of free glucose in the rumen, 

which is used by lactate-forming bacteria.  Moreover, the low pH developing may reduce the 

number and activity of lactate-using organisms (SLYTER 1976, DIRKSEN 1985, GÄBLER 

1990). 

The absorption of SCFA by the ruminal wall is initially promoted by the more acidic medium. 

The negative effect of the low pH and high SCFA-level on rumen motility, however, impairs 
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this process. Different mechanisms are suspected to cause this phenomenon (UNDERWOOD 

1992, GARRY 2000). 

At this stage a “decision is made” whether the process leads to a pathologic, which means 

non-adapted, situation or remains within physiological borders, is therefore adapted, ideal for 

the fermentation of the diet ingested. 

 

2.2.3 Ruminal acidosis definition 

An acidosis, generally spoken, is a decrease of base excess in body fluids, resulting from 

insufficient capacity of physiological buffers. This is caused by either accumulation of acid or 

a decrease from the alkaline reserve itself. Acidosis has basically to be viewed as a sequel of 

an underlying pathologic process to which the pH-regulation cannot adapt (BLOOD and 

STUDDERT 1999). 

Adaptation also plays a crucial role in the reticulo-ruminal compartment. The grade of acidity 

is varying and object of a fine regulation mechanism. Situations may develop, however, in 

which there is a maladaptation and eventually a form of ruminal acidosis is likely to result. 

In the reticulo-ruminal compartment an acidosis has therefore to be understood as a 

maladaptation to rising acid-levels in the interaction between acids, bases and buffers, which 

eventually causes a low pH of ruminal fluid. The decrease may occur either periodically or 

constantly. Rumen acidosis can be present in acute, clinically manifest or non-acute forms. 

Both groups of forms represent clinically distinct disease entities, sharing a similar 

pathophysiological ethiology. The difference is made by the grade of adaptation to the rising 

acidity  (OWENS et al. 1996, OETZEL 2000, STOCK 2000). 

All forms of ruminal acidosis have in common the fermentative disorder in the reticulo-

ruminal compartment, resulting in clinical symptoms. These may manifest themselves 

immediately or in delay, but always affect the animal as a whole (SLYTER 1976, ROSSOW 

1984, DIRKSEN 1985, GARRY 2000). 

It is not clear whether ruminal acidosis has to be understood as a fermentative disorder 

eventually resulting in generalized pathology or as a general disease of the ruminant organism 

going out from the reticulo-ruminal compartment: A metabolic acidosis, however, may result 

from a ruminal acidosis when acidic agents resorbed are not sufficiently neutralized by the 

bicarbonate-buffer system in the blood (MØLLER 1993, OWENS et al. 1996). 



17 

2.3 Forms of ruminal acidosis 

 

2.3.1 The acute clinical form of ruminal acidosis 

2.3.1.1 Definition 

The initial processes leading to a low ruminal pH have been described. If the reacting 

adaptational process is insufficient, an acute clinical ruminal acidosis may develop. In this 

section the principles of the acute ruminal acidosis are presented. This seems to be useful in 

order to acquire a differentiation between the subacute and the acute form within the “acidosis 

complex” (DIRKSEN 1985). 

The acute clinical ruminal acidosis is also referred to as lactic acidosis, acute indigestion 

(DAWSON and ALLISON 1988, UNDERWOOD 1992), D-lactic-acidosis (OWENS et al. 

1996), grain engorgement (DAWSON and ALLISON 1988), grain overload, and toxic 

indigestion (GARRY 2000). 

An acute clinical acidosis has to be understood as a disease originating from fermentative 

disorder of the rumen, clinical apparent and severely affecting the animal as a whole.  

 

2.3.1.2 Development of the acute clinical form 

The biochemical and microbiological changes in the developing acute clinical acidosis have 

been reviewed (NOCEK 1997). Once the low ruminal pH is attained and the adaptation is 

insufficient, the production of lactate rises dramatically; lactate-metabolising organisms are 

killed in the acidic medium, lactate-forming organisms are more tolerant and carry on 

producing. The production is promoted by the presence of free glucose in the rumen 

(SLYTER 1976, DIRKSEN 1985, OWENS et al. 1996). 

The osmolarity of the ruminal fluid rises up to 515 mOsm, whereas 240 – 300 mOsm, 

depending on the diet, can be considered as normal. The perfusion of the ruminal tissues gets 

heavily impaired; the processes like resorption by the ruminal wall therefore are reduced 

(STOCK 2000). The influx of fluid into the hypertonic reticulo-ruminal compartment 

contributes to the rising metabolic acidosis, which is based on the quantity of acidic 

substances entering the bloodstream. 
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The role played by toxic substances, like biologically active amines, alcohols or bacterial 

endotoxins is not quite clear. Histamine has been thought to be responsible for laminitis in 

acidotic ruminants, but this has been questioned. Especially the importance of bacterial toxins 

is subject to further research (DIRKSEN 1985, GÄBLER 1990, NOCEK 1997). 

 

2.3.1.3 Occurrence of the acute clinical form  

The acute form of ruminal acidosis is usually associated with individuals, accidentally taking 

up a large amount of concentrates. Animals not adapted to a diet high in concentrates or 

having been off-feed a certain time are more likely to develop acute rumen acidosis. Acute 

clinical acidosis therefore has to be viewed as a disease of single ruminants (DIRKSEN 1990, 

ROSSOW 1984, MØLLER 1993). There has been, however, a report from Germany about a 

dairy-herd outbreak due to malfunction of the automatic feeding system (WETZEL 1987). 

Other risk factors, like weather, housing or social structure within the herd, have been 

identified (UNDERWOOD 1992). Another hazard is the preparation of diets for high-

producing dairy herds: These are relatively low in fibre to ensure an adequate intake of energy 

by concentrates: In this situation severe, clinically detectable acidosis easily may develop 

(GARRETT 1996). 

It has also to be taken into account, however, that a sudden change in the feeding regime of 

beef cattle may lead to outbreaks of ruminal acidosis in these herds (DAWSON and 

ALLISON 1988). 

 

2.3.1.4 Symptoms of the acute clinical acidosis 

The acute ruminal acidosis has in a severe form to be viewed as a case of emergency, which 

can be lethal within 24 hours. The symptoms vary in quality and severity depending on the 

amount and type of feedstuffs ingested and the adaptation of the ruminant animal: Transient 

affection is as well reported as life-threatening peracute illness. The clinical findings may be 

predominated by a severely affected general condition: The animal may be unable to rise and 

paralytic, while the circulation is heavily impaired. Due to the hyperosmotic ruminal content, 

the rumen will be distended, whereas the stratification will be lost. The animal tends to be 

dehydrated. The faeces are usually liquid, foamy in consistency and whole cereal grains may 
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be present within the fluid. The colour usually is brighter, somewhat yellowish, the odour is 

sour (DIRKSEN 1990, OWENS et al. 1996, GARRY 2000). Acute clinical ruminal acidosis 

has been associated with laminitis, liver abscesses, acute ruminitis and nephritis (ROSSOW 

1984, DIRKSEN 1985, OWENS et al. 1996). 

 

2.3.2 Non-acute clinical forms of ruminal acidosis 

Beside the acute clinical ruminal acidosis, non-acute, non-clinical forms have been described; 

different terms have been chosen to characterize these forms of acidosis.  

Terms used in literature are: subacute ruminal acidosis (GARRETT 1996, NORDLUND et al. 

1995, STOCK 2000) or SARA (GARRETT et al. 1999), in addition to this: chronic rumen 

acidosis (SLYTER 1976, GARRY 2000, IVANY 2002), subclinical rumen acidosis 

(MØLLER 1993, NOCEK 1997), chronic-latent acidosis (DIRKSEN 1985, GÄBLER 1990) 

and latent acidotic stress (ROSSOW 1984). Moreover, a differentiation between 

chronic/subclinical acidosis and a subliminal acidosis is made (OWENS et al. 1996).  The 

definitions are made for both feedlots and for dairy cattle. 

In the following it will be dealt with the term “subacute ruminal acidosis” or “SARA” as 

recently described (NORDLUND et al. 1995, GARRETT 1996, GARRETT et al. 1999, 

STOCK 2000). 

The appropriate terminology, however, seems to be unclear. In classic medic terminology, 

“subacute” is a description of the time a disease lasts. It is describing a period of illness 

lasting two to four weeks, whereas a disease labelled as “chronic” is lasting longer than four 

weeks (STÖBER 1990). In contrast, the term “subclinical” gives description of the clinical 

picture present, indepent from the duration.  

To some authors, the term “subclinical” seems not suitable because SARA produces, on the 

long run, signs that are clinically detectable. Also the term “chronic” seems to be 

inappropriate in dairy cattle because the ruminal pH is usually low just within circumscribed 

periods, either after feeding or during a certain risk-period, e.g. after calving, whereas in beef 

cattle the feeding regime leads to a continuous acidotic ruminal environment (OETZEL 

2000). Nevertheless, the term “chronic acidosis” will be attended to.  

It is, however, not quite clear if in any case with the same disease is dealt. It can be shown 

that there are differences in characterization of the disease made in literature: There is 
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evidence that within the ruminal-acidosis-complex (DIRKSEN 1985) there is a sub-complex 

of non-clinical, non-acute acidosis. In any case, the non-acute, non-clinical forms, best 

characterized and described as SARA in dairy cattle, have to be viewed as an instable 

transient situation, in which the adaptational mechanisms are able to prevent the acute stage, 

to a certain extent can use the high levels of lactic and other organic acid and eventually turn 

either to the acute form or make a complete adaptation. 

It may be possible, however, that there are different forms or differences still remaining to be 

described within the non-acute and non-clinical forms of acidosis. 

In any case, there seems to be need of proper discussion and definition what appropriate 

definition has to be made for the type of acidosis described. 

 

2.4 The subacute ruminal acidosis in dairy cows (SARA) 

 

2.4.1 Pathomechanism and definition of SARA 

The regulating and adapting mechanisms of the ruminal pH have been reviewed. As said 

before, the grade of adaptation determines whether the ruminal pH stays within physiological 

borders or reaches values not to be viewed as physiological. 

The onset of SARA is marked by the intake of a diet low in structure and high in energy, 

while the ruminal environment is not yet prepared to ferment it adequately while keeping the 

ruminal pH within those borders. 

The ruminal wall and its papillae play an important role herein. The adaptational growth has 

been described (DIRKSEN et al. 1984). The ruminal papillae are of crucial importance in the 

absorption of SCFA; the proliferation of the papillae is promoted by the SCFA arising from 

the fermentation. If the ruminal mucosa is not adapted, which is the case at the shift from a 

dry-period to a high-lactation diet, the papillae are too short, and this means that the resorbing 

surface is too small to deal with the sudden increase of SCFA (NORDLUND et al. 1995). 

Also the bacterial population, which has to metabolise the lactic acid arising, is insufficiently 

developed (SLYTER 1976, NORDLUND et al. 1995). Thus, in cases of SARA, these 

mechanisms cannot prevent a transient fall of ruminal pH in areas less than pH 5.5. Therefore 

some hours after intake of a concentrate-rich diet the ruminal-pH first reaches unphysiological 
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acidic areas before returning to a higher, physiological level: The line of the ruminal-pH is 

characterized by subacute, intermittent acidosis. 

Generally spoken, SARA therefore has to be defined as an intermittent fall of ruminal pH to 

non-physiological areas after concentrate-uptake due to maladaptation of the ruminal 

environment in terms of ruminal microflora and ruminal mucosa. SARA will have clinically 

detectable consequences which will become manifest after a certain delay to the initial insult. 

The critical pH-threshold of the ruminal pH can be identified at pH 5.5 some hours after 

concentrate feeding (NORDLUND et al. 1995, GARRETT et al. 1999, OETZEL 2000). 

 

2.4.2 Signs of SARA 

Some reviews related to the clinical picture resembled by explicitly SARA-affected cows 

have been written in the last years (NORDLUND et al. 1995, GARRETT 1996, OETZEL 

2000, STOCK 2000). 

This topic has also been addressed in literature published in the last years dealing with 

ruminal acidosis in general. The main signs regularly associated with SARA are presented. 

 

2.4.2.1 Decreased DMI-Intake, loss of condition, ruminal hypomotility 

In many papers related to the non-acute, non-clinical forms of acute ruminal acidosis, 

decrease of dry-matter-intake (DMI) is given as a consistent clinical sign, as a viable indicator 

of ruminal acidosis (GARRETT 1996, GARRY 2000, STOCK 2000). 

A Swedish study showed a lower feed-intake in dairy cows post-calving fed on a ration higher 

in concentrate, compared to cows fed on a low-concentrate-diet (OLSSON et al. 1998). A 

recent study revealed a 25%-decrease in the intake of a TMR during SARA-periods induced, 

compared to normal. Moreover, the digestion of feedstuffs was generally impaired 

(KRAJCARSKI-HUNT et al. 2002). 

Many studies have been done on the feed intake in beef cattle with subacute acidosis. 

Moreover, there is a certain pattern of feed-intake described that can be called “cycling” or 

“fluctuating“(NORDLUND et al. 1995, NOCEK 1997, NOCEK et al. 2002). 

The reasons for the lower DMI have to be seen in weaker rumen motility, inhibited by certain 

mechanisms arising during low pH-phases within the rumino-reticular environment. 
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It has been proposed that the high production of SCFA in ruminants fed on high-concentrate-

diets leads to a reduction of rumen motility (SLYTER 1976, FÜRLL et al. 1993). The idea 

that a metabolic acidosis leads to a decrease in the amplitude and frequency of ruminal 

contractions has been ruled out (CHRCHLOW and CHAPLIN 1984). 

Bacterial endotoxins have been related to the decrease of rumen motility. The principles of 

rumen hypomotility involving toxaemia in cases of coliform mastitis have been well 

described (VERHEIJDEN et al. 1981, HOEBEN et al. 2000). A mechanism of inducing 

ruminal hypomotility has been related to endotoxaemia (EADES 1997). 

Also histamine has been reported to inhibit rumen motility in sheep after i.v. infusion in a 

Polish study (KANIA et al. 1994), confirming the results of other studies (UNDERWOOD 

1992). 

Another explanation for the decrease of DMI has been given by OETZEL (2000). The 

described increase of osmolarity of ruminal content due to reduced absorption and increase of 

osmolarly active substances like glucose, SCFA or lactate leads to a flow of fluid into the 

rumen which in turn reduces the feed intake of the animal affected. 

A low body-condition has usually been associated with SARA (NORDLUND et al. 1995, 

NOCEK 1997, OETZEL 2000), on the other hand, some authors characterize animals affected 

by “chronic acidosis” as become obese due to a narrow C2/C3 relation in ruminal 

fermentation and associate it with fat-cow-syndrome (DIRKSEN 1985, GÄBLER 1990). 

This difference in description is the more apparent, as the other signs are characterized 

similarly by all authors. The question remains whether it is in fact dealt with different diseases 

or just stages of one disease.   

In beef-cattle, the narrow C2/C3 relation is to a certain extent desired in order to maintain the 

necessary body weight gain, but it has to be managed carefully for it is an unstable situation 

which may affect the DMI, negatively influencing the body weight (STOCK 2000). The same 

situation may arise in dairy cattle, in which, however, the narrow C2/C3 pattern leads to a 

milk-fat depression and an increase of body condition (DIRKSEN 1985). 

The decrease in DMI described must not be confused with the decrease and the relatively 

lower increase of DMI in ongoing lactation of feed intake as associated with negative energy 

balance (NEB). This is reported to be the more dramatic the more the animals tend to be 

overfed in dry-period and therefore are in severer NEB (RUKKWAMSUK 1999). However, a 
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certain interaction seems to be possible: Both complexes, NEB and SARA, are associated 

with decrease of DMI and related to the post-partum-period (Fig. 2.2). It could be thought of 

an interaction via the DMI exaggerating the one or the other problem. There is however, no 

literature available, especially because in both complexes yet it has to be researched. 

 

 

 

DMI 

decrease  

 

SARA 

 

NEB 

 

 

FIG. 2.2: Model of possible interaction of SARA with negative energy balance 

(NEB) and dry-matter intake (DMI) 
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It is obvious that the described increase of body condition in dairy cows experiencing acute 

acidosis applies to the late-lactation and dry period, for an increase will rarely be achieved in 

the early lactational stadium. This overcondition of the animals later may exaggerate 

negative-energy balance and lead to the fat-cow syndrome. It appears also likely that those 

animals may develop a subacute acidosis leading to a further decrease in body condition as 

found at reduction of DMI and other factors. 

Therefore it appears to maybe useful differentiating a type of subacute acidosis, maybe better 

characterized as chronic, mainly in beef-cattle and late-lactation cows promoting a gain in 

body-condition from the subacute ruminal acidosis leading to the described loss in body 

condition. In another section, this topic is going to be attended to. 

Reasons for poor body-condition may be chronic inflammation (OETZEL 2000), leading to 

an impaired health status of the animal affected or the described decrease of DMI. 

A farmer may try to correct the possibly occurring loss of body condition, originating from 

SARA, by increasing the energy level of the ration, thus exaggerating the basic acidosis 

problem (NORDLUND et al. 1995). 

 

2.4.2.2 Laminitis 

One clinical sign regularly mentioned to be associated with SARA or subacute forms of 

acidosis as well as ruminal acidosis in general is laminitis (ROSSOW 1984, DIRKSEN 1985, 

GÄBLER 1990, UNDERWOOD 1992, NOCEK 1997, ENEMARK et al. 1998, GARRY 

2000, OETZEL 2000, IVANY et al. 2002). 

There are little sound statistics about the prevalence of laminitis in dairy herds. It is suspected 

to play an important role in dairy farming in the western world, causing considerable 

economic loss, impaired animal welfare and predisposing to other diseases (NELSON and 

CATTELL 2000). Several predisposing factors and possibly causative agents have been 

defined. There is, however, still unclarity about the definitive ethiology of bovine laminitis as 

well as about the link from acidosis to laminitis (FRANKENA et al. 1992, BARGAI and 

LEVIN 1993, LISCHER and OSSENT 1994, NORDLUND et al. 1995). 

There is a strong influence of feeding regime on the prevalence of bovine laminitis and 

locomotive pathology in general, especially around parturition. Cattle fed on a diet high in 

concentrates are more prone to develop locomotive pathology (LIVESEY and FLEMING, 
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1984. MANSON and LEAVER 1988, MANSON and LEAVER 1989, KELLY and LEAVER 

1990, DONOVAN et al. 2004). Also the amount and the frequency of the concentrate meals 

are having influence. The more concentrate in a short period is ingested, the more likely 

locomotive pathology is to develop (BERGSTEN 1994). 

There is a certain relation to the body-condition of dairy cows and development of non-

infectious laminitis: GEARHART et al. (1990) found cows being overconditioned at drying 

off were at greater risk to foot problems. However, no differentiation of the type of foot-

problems was made. An influence of moderate NEB in early lactation was found by SOVANI 

et al. (2000). Here, cows experiencing moderate NEB were at slightly lower risk having non-

infectious lameness.  

Laminitis in SARA-affected cows is described as having a subacute and sometimes chronic 

character. Discoloration of the hoof, sole ulcers, abscesses and haemorrhages, misshapen 

hooves or double-walled soles are reported to occur in SARA-confirmed individuals 

(NORDLUND et al. 1995, OETZEL 2000). 

The presence of SARA therefore should be suspected in herds with a high incidence of 

animals showing clinical lameness or the lesions described. It has to be taken into account, 

however, that the visible lesions occur in delay to the insulting period. Other factors related to 

the pathogenesis have also to be examined, for the pathogenesis of the laminitis still remains 

uncertain (GARRETT 1996). 

It is suspected that there are vasoactive substances entering the bloodstream from the rumen, 

leading to damage in the corium. The initial insult is thought to be metabolic in nature like a 

low ruminal pH. This allows a chain of pathological mechanisms to take place, eventually 

leading to ischemia of the distal limb and a clinically detectable form of laminitis, 

manifestating by blood imbibition of the sole during acute phases of the disease and classical 

picture of hoof deformation as the disease becomes chronic. Histamine, bacterial endotoxins 

and lactate are biological active agents suspected to interact in this complex (LISCHER and 

OSSENT 1994, NOCEK 1997). 

Histamine has earlier been thought to be the main causative agent of bovine laminitis due to 

its vasodilatating activity (DIRKSEN 1985). However, the idea is today that it plays a certain 

role in the pathogenesis but does not act solely. The fact that histamine is produced by 

decarboxilation of histidine in the rumen is long since known (SLYTER 1976). 
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Bacterial endotoxins present in ruminal fluid also have been named as a possibly causative 

agent in the bovine laminitis complex. In an acidotic environment, the ruminal flora changes 

to a mainly gram-positive pattern. It has been shown that there is a detectable increase of 

endotoxins in the rumen, probably derived from the breakdown of the gram-negative bacteria 

(AIUMLAMAI et al. 1992, ANDERSEN et al, 1994, NOCEK 1997). 

Lactate has been said to cause laminitis in sheep after being infused intraruminally. However, 

these effects could not be reproduced in cattle. In any case, the high levels of lactate 

reproduced and resorbed in ruminal acidosis may act as a co-agent in laminitis development 

(LISCHER and OSSENT 1994, DIRKSEN 1985). 

It strikes that these three substances (Histamine, Lactate, Endotoxins) are all products of an 

acidotic ruminal environment. The question remains how these substances are biologically 

active under circumstances as present in SARA, when there is a certain balance between 

adaptation and maladaptation providing stabilization of the ruminal environment. It has been 

proposed that the development of a non-acute laminitis in non-acute acidosis is the result of a 

repetitive metabolic insult (DIRKSEN 1985). This fits to the idea of a ruminal pH, which 

drops in a certain period of time after the ingestion of concentrate. However, the initial 

mechanisms eventually leading to laminitis are yet to be identified. 

In any case, the correlation between concentrate-intake and the occurrence of locomotive 

pathology like laminitis supports the hypothesis of a common epidemiological background. 

 

2.4.2.3 Parakeratosis- ruminitis - liver-abscess- complex, culling rate 

SARA is said to be associated with inflammations of different organs and tissues in dairy 

cows. A physical examination may reveal the presence of subcutaneous abscesses, which are 

not related to injections (NORDLUND et al. 1995). Non-acute forms of ruminal acidosis are 

reported to be associated with liver abscesses (ROSSOW 1984, DIRKSEN 1985, 

NORDLUND et al. 1995, GARRY 2000, OETZEL 2000). Abscesses or inflammational 

processes may also be found in kidneys (ROSSOW 1984, OETZEL 2000), the lungs 

(NORDLUND et al. 1995), and the heart and kidneys (OETZEL 2000). Moreover, 

haemoptysis and epistaxis are reported to occur in herds diagnosed as affected by SARA. 

These have to be related either to bacterial pneumonia or caudal vena cava syndrome 

(NORDLUND et al. 1995, OETZEL 2000). The unspecific, almost systemic character of 
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these diseases may lead the inspecting veterinarian to presume immune-deficiency being 

present in dairy herds affected (NORDLUND et al. 1995). 

It can therefore be stated that non-acute ruminal acidosis in general and SARA, especially in 

dairy cows, respectively, leads to bacterial inflammatory processes in different sites of the 

body, mainly reported from the liver tissue as liver abscesses or caudal vena cava syndrome. 

This complex can manifest in either affecting the general condition of the animals, thus 

contributing to the described negative body-condition in SARA-herds, or in a high culling 

rate. In U.S. dairy herds, annual culling rates up to 31% and annual turnover greater than 45% 

have been observed. Reasons were indistinct, non-responsive pathologic conditions and loss 

of body-condition (NORDLUND et al. 1995, GARRETT 1996). 

The reason for the bacterially induced, multifocal pathology has to be seen in relation to the 

changes in the ruminal mucosa, referred to as the ruminitis-liver-abscess-complex (DIRKSEN 

1985, GÄBLER 1990, NAGARJA 2000). This disease-complex is well described in beef 

cattle and has to be considered as an economically important factor (STOCK 2000). No 

systematic statistics, however, are available concerning the incidence of liver-abscesses in 

dairy cattle. On the other hand, there is strong evidence that, especially in cows slaughtered, 

thus for culling reasons, the incidence of liver-abscesses is considerable (NAGARAJA 2000). 

The pathogenesis of this disease-complex is well researched and described, mainly in beef 

cattle and veal-calves. The term should therefore be extended to “Parakeratosis – ruminitis – 

liver abscess complex” for the initial insult on the ruminal mucosa is a parakeratosis of the 

ruminal epithelium  (SZAZADOS and TAKACS 1978, TAMATE et al. 1978, SZEMERDY 

and RAUL 1978, SCANLAN and HATHCOCK 1983). 

The growth of ruminal epithelium has been shown to be directly linked to the SCFA-presence 

in the tissue. Propionic and butyric acid are promoting the growth of the ruminal papillae thus 

providing a higher absorption from the rumen by the mucosa (DIRKSEN et al. 1984). During 

phases of acidosis, however, those SCFA are present in the rumen in large amounts. This is 

believed to lead to a parakeratosis of the ruminal epithelium, exaggerated by the presence of 

processed, e.g. pelleted feedstuffs provoking the mucosa (GÄBLER 1990). The parakeratosis 

eventually leads to ruminitis, particularly the presence of microabscesses within the ruminal 

mucosa (SZEMERDY and RAUL 1978). After a period of increasing SCFA-absorption, the 

pathologic alterations of the rumen epithelium eventually hinder the resorptional activity, thus 
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exaggerating the acidity of the medium (DIRKSEN et al. 1984). The function of the ruminal 

mucosa as a barrier between ruminal environment and bloodstream is impaired, enabling 

bacteria to translocate via the ruminal mucosa into the portal blood flow, eventually 

colonizing the liver tissue and from there spreading to other tissues in the body like kidneys, 

heart and lungs (NORDLUND et al. 1995, NOCEK 1997). Bacterial studies have shown that 

the bacteria recovered from those abscesses resemble those from the rumen and the micro-

abscesses within the ruminal mucosa, respectively. Mainly present are Fusobacterium 

necrophorum and Arcanobacterium pyogenes (SZAZADOS and TAKACS 1978, SCANLAN 

and HATHCOCK 1983, NAGARAJA 2000). 

It can therefore be stated that SARA - by inducing growth of the ruminal epithelium, which 

by constantly being exposed to the high SCFA-levels eventually becomes pathologic - 

predisposes to bacterial colonization first of the liver tissue. From there, other organs may be 

colonized, leading to a non-specific, maybe unresponsive abscessation within the ruminal 

body. The economic consequences are high rates of culling and annual turnover within the 

dairy herd. The loss may be even increased due to complaints in meat-inspection of the 

carcasses. 

The fact that non-acute acidosis by some authors is characterized to fatten the animals, 

whereas other authors tend to characterize it as leading to decrease body-condition, has again 

to be mentioned here: It seems possible, that developing parakeratosis, hindering the SCFA-

resorption, plays a decisive role: Because it is also due to the high levels of SCFA in the 

ruminal compartment, a gain of condition in a situation with high SCFA-levels and low 

parakeratosis may be expected. Once the parakeratosis is severe enough to hinder the 

resorption, it may influence the body condition in a negative way. 

 

2.4.2.4 Alterations in faeces, diarrhea 

The fact that faeces of cattle, affected by acute as well as subacute ruminal acidosis, change is 

well described. (ROSSOW 1984, DIRKSEN 1985, NORDLUND et al. 1995, GARRY 2000, 

OETZEL 2000) 

The structure and consistency of the faeces depend on rumination, activity of the ruminal 

flora and ruminal passage (GARRY 2000). 
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The changes are described as alterations in colour, which appears brighter and yellowish. The 

pH of the faeces is lower than normal, usually slightly acidic (DIRKSEN 1985). The smell of 

the faeces is said to be sweet-sour (OETZEL 2000).  The size of ingesta particles may be too 

large, being around 1 – 2 cm instead of less than 0.5 cm. Whole cereal grains may be present. 

The alterations are usually transient in nature (GARRY 2000). 

One explanation for this phenomenon is post-ruminal fermentation in the intestines due to a 

massive outflow of fermentable carbohydrates from the rumen (OETZEL 2000). Another 

explanation could be the high osmolarity, which is described for the ingesta in SARA-affected 

animals, which could lead to soft faeces, due to binding of fluid in the intestinal lumen 

(GARRY 2000). Generally speaking, the impaired ruminal function as mentioned above in 

terms of rumination, bacterial breakdown and passage, leads to the alteration in faecal aspects.  

 

2.4.2.5 Milk fat depression 

A depression of milk fat percentage in cows affected by SARA or generally non-acute forms 

of ruminal acidosis, respectively, has been documented (DIRKSEN 1985, NORDLUND et al. 

1995, CHALUPA et al. 2000, OETZEL 2000). Because it usually occurs in individuals, the 

decrease of milk fat remains undetected in the bulk tank testing (GARRETT 1996, NOCEK, 

1997). 

The fact that there are alterations in the ruminal fermentation patterns in SARA has been hold 

responsible by some authors for this depression (ROSSOW 1984, DIRKSEN 1985, GÄBLER 

1990). Also transient depression of the daily milk production has been reported in cases of 

SARA (OETZEL 2000). 

The fact that the feeding largely influences the milk fat content is well known. The terms 

“low milk fat syndrome” and “milk fat depression” (MFD) are frequently used to describe a 

situation where there is a considerable depression in milk fat, largely due to mistakes in 

feeding strategy (BAUMANN et al. 2001). The following reasons for arising of low milk fat 

syndrome have been defined: 1.) Feeding of a ration high in energy but deficient in roughage, 

2.) Feeding of processed roughage, e.g. by pelleting and 3.) Supplementation of unsaturated 

fatty acids (GÜRTLER and SCHWEIGERT, 2000). 

A number of experiments showed the depression of milk fat being a sequel to a change in the 

ration: The increase of concentrates or the processing of roughage usually reduced milk fat 
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content. In experiments the milk fat was decreased to 1.09 – 2.19% in specific situations 

(VAN BEUKELEN et al. 1986). 

The milk fat depression was found being accompanied by a number of changes in the ruminal 

fermentation pattern: Generally spoken, the amount of acetate appearing in fermentation was 

reduced, while propionate-level raised (VAN BEUKELEN et al. 1985, MURPHY et al. 2000, 

KHORASANI and KENNELLY 2001). The levels of butyrate are also documented to rise 

(VAN BEUKELEN 1985, MURPHY et al. 2000), although in some studies the butyrate went 

along with the acetate dropping (STORRY et al. 1974, KENNELLY et al. 1999). In all 

experiments the ruminal pH usually dropped. In one study the drop in milk fat was 

accompanied by an increase of milk yield and a body weight gain (VAN BEUKELEN et al. 

1985). 

Adding buffering substances to the high-concentrate-diet prevented the milk-fat content from 

dropping and re-established a higher ruminal pH, respectively (ROGERS et al. 1982, VAN 

BEUKELEN et al. 1985, KHORASANI and KENNELLY 2001). It was concluded that the 

addition of buffering substances prevents the forming of trans-C 18:1 fatty acids that are 

suspected to inhibit the synthesis of milk fat in the mammary gland (KENNELLY et al. 

1999). There is no report about influence on milk-protein. 

There is a certain association between SARA and the reported milk-fat depression: Both arise 

in situations in which a diet high in concentrate, low in fibre or structured fibre, respectively, 

is fed to the dairy cows. The question remains, however, if milk-fat depression can be viewed 

as a symptom of SARA. Although the ruminal pH is reported to drop in experimental 

situations of inducing low milk-fat, this alone does not justify those situations to be 

characterized as being SARA.  

It seems justified to state that SARA may develop in the same situations where low milk fat 

syndrome is likely to occur, rather than to interpret milk fat depression being a sequel of 

SARA itself. It seems that milk fat depression also may occur in situations in which the 

adaptation of the ruminal flora prevents the development of SARA with its clinically 

detectable consequences. 
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2.4.3 Occurrence of SARA 

As earlier defined, SARA has to be seen as a sequel of maladaptation in the ruminal 

environment to the uptake of diets high in concentrate. Factors of this maladaptation have 

been described. In the rumen basically the ruminal flora and the ruminal mucosa are elements 

of regulation concerning the ruminal pH, influenced by buffering capacity of the saliva-flow 

and the feedstuffs themselves. SARA therefore may occur if sufficient fibre is not provided to 

ensure a non-acidotic environment within the reticulo compartment or, on the other hand, the 

proportion of concentrates is too high and predisposes for the development of this condition. 

There are several ways in which a deficient fibre-intake or elevated concentrate-intake may 

occur.   

The prevalence of SARA is so far not researched intensively. GARRETT et al. (1997) found 

in a survey of 15 Holstein herds in the U.S.  19 % of the early-lactation cows and 26 % of the 

mid-lactation cows experiencing SARA.  In one third of the herds even more than 40 % of the 

total number of cows within the herd were diagnosed to have SARA at the time of 

examination. Other figures dealing with the prevalence of the condition are so far not 

available in literature. 

Two major critical situations have been identified where this non-adaptated rumen is likely to 

be at hand (Fig. 2.3). These are defined and explained in the following section. 

 

2.4.3.1 SARA in the early post-partum period 

In the period around calving dairy cattle suffers a considerable impact of stress. Calving 

process, onset of lactation, depressed feed intake and managerial changes lead to a situation of 

negative energy balance going along with loss of body condition and higher susceptibility to 

disease.  

Besides changes in housing and group of cows the change from dry-period diet to the (high) 

lacational diet puts cows at a high risk for developing SARA (BRAND and WARNER 1996, 

NOCEK 1997). 

The ruminal status of the dry cow is adapted to fermentation of a diet, which is relatively low 

in energy and usually high in structure, compared to the lacational diet(s). The ruminal 

mucosa is therefore less developed. Mucosal papillae are short; the surface is small for there 

is relatively little amount of SCFA that has to be resorbed. The ruminal flora can be 
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characterized as cellulolytic, developing a pH within the higher physiological pH-range 

fermenting a diet with a high content of structured feedstuffs. There is little microbiologic 

competence to ferment lactate (NORDLUND et al. 1995). 

The feed-intake of the periparturient cow varies considerably and is difficult to estimate, 

especially when cows are kept in larger groups. Because cattle usually prefer to consume 

concentrates and to select it out of the component feeding, the ingestion of concentrates may 

be higher than scheduled. In TMR-using farms the problem may arise, that there are only few 

variants of the lacational diets: Therefore, instead of gradually being adapted to the high-

energy-diet, the cows in the early post-partum-period may be confronted with a rapidly rising 

energy-content of the ration (NOCEK 1997). Moreover, the ability and tendency of cattle to 

sort smaller roughage particles out of TMR is documented (LEONARDI and ARMENTANO 

2003). 
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FIG. 2.3:  Situations of occurrence of SARA 
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These two factors combined, a rumen non-adapted to concentrates, and a possibly high 

concentrate-uptake around parturition, may lead to development of SARA in the post-partum 

period. The problem of ruminal adaptation has been frequently reviewed: In any case, the 

arising of SARA within this period can usually be controlled by management, providing a 

slow transition period from dry-period to lactational period ration. This will ensure better 

adaptation of the reticulo-ruminal environment (NORDLUND et al. 1995).  

 

2.4.3.2 SARA in mid-lactation 

In mid-lactation the development of SARA is linked to managerial factors like feeding-

frequency, processing of feed and housing and similar influences. The term “ration 

formulation and delivery acidosis” is therefore used (NORDLUND et al. 1995, OETZEL 

2000). 

Also here, SARA may occur when the intake of easily fermentable concentrate feedstuffs 

meets a non-adapted ruminal environment. Because the rumen in mid-lactational cows is 

usually well-adapted to the uptake of concentrates as included in the diet, other factors are 

contributing to the occurrence here. Mistakes in automatic feeding or incorrect preparation of 

total mixed rations are some of the documented issues accidentally leading to this problem. In 

herds fed on a component-based diet, the rations not only may be too high in the concentrate-

component, but on the other hand also fibre-deficient (NORDLUND et al. 1995, GARRETT 

1996). Several reasons can lead to this undesired situation. 

First of all, the proportion of components may be miscalculated. There is chance that so the 

real weight of the forage, if only estimated by volume, does not meet the requirements due to 

falsely calculated dry-matter-base. This may result in an insufficient uptake of fibre or, 

inversely, a concentrate intake, which is relatively too high (GARRETT 1996). 

The time-schedule of feeding has a proven impact on ruminal pH (YUN and HAN 1989). 

Therefore a decision to feed smaller concentrate-meals more frequently will have a 

considerable impact on the arising of an acidotic ruminal environment. Also the time 

difference between concentrate and roughage feeding is of importance for regulation of the 

ruminal pH (NORDLUND et al. 1995). 

The animals themselves may behave in such a way that they take up an imbalanced ration: In 

larger groups, with only limited access to the feedstuffs, the socially higher cows will eat first 
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and longer, and, in case of component-feeding, take up relatively more concentrates and less 

fibre. Greediness of the animals housed in groups and sometime weather-changes are known 

to exacerbate this problem (UNDERWOOD 1992, NORDLUND et al.1995). 

In TMR-fed herds an overmixing of the ration is documented (GARRETT 1996): Instead of 

letting the ration being mixed for some minutes, the mixing wagon may work up to an hour. 

This inevitably produces a diet very low in structure with high palatability. It will easily be 

taken up by the animals thus not providing the necessary buffering saliva-flow, giving less 

buffering-capacity of the feedstuffs within the reticulo-ruminal compartment. (NORDLUND 

et al. 1995, GARRETT 1996).  The fact that cattle tend to sort out concentrate even from a 

TMR has once again to be mentioned here (LEONARDI and ARMENTANO 2003). 

Therefore it can be stated that SARA may occur in the mid-lactation also, in the phase of 

highest dry-matter-intake. More than in the early pre-partum period, it is almost exclusively 

related to management errors. Especially in high-producing dairy herds, where there is a 

narrow fibre to concentrate ratio, the impact on the remaining forage share may have severe 

consequences These factors may cause just a transient SARA-situation in the herd which 

usually will pass unnoticed. The depression of feed-intake going along with SARA, however, 

may cause clinically detectable acidosis, too (GARRETT 1996). 

 

2.5 Identifying SARA in dairy herds 

 

The problem, whether a whole herd has to be classified as experiencing SARA has been dealt 

with intensively in an epidemiological study by GARRETT et al. (1999). The authors 

compared sample sizes for their ability to return a certain level of SARA-prevalence in a dairy 

herd. The authors came to the conclusion that basically a sample size of twelve individuals 

with three recognized animals having SARA would justify to judge a herd being SARA-

affected, that means diet and adaptation in the whole herd are leading to occurrence of this 

form of acidosis on a regular basis. In that specific case, for example, the probability of 5% of 

the herd are experiencing SARA would be 0.02. while it would be 0.44 for the presumption 

that 20% of the animals are experiencing it at that time. This study is, according to the 

authors, not intended to be a final instruction for classifying herds being “positive” or 

“negative”. The authors give an extended probability-table for calculating possible 
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percentages of SARA-affection in dairy herds, based on sample size and number of cows with 

a low ruminal pH of  being present at time of examination. Based on that table, a sample 

size of twelve with a cut-off point of three individuals is said to deliver a reasonable 

compromise between practicability and desirable statistical accuracy.  

 

2.5.1 Diagnostic procedures related to SARA 

The acquisition of ruminal fluid is important for the accurate diagnosis of SARA in dairy 

herds. The diagnostic technique has to have as little influence as possible on the pH. 

Therefore contamination with alkaline saliva or longer influence at the air, where loss of CO2 

will lead to an increase of pH, has to be avoided under all circumstances. Under conditions as 

found in the field, the use of a rumen fistula is not practical at all. Therefore a decision how to 

acquire ruminal fluid has to be made. 

 

2.5.1.1 Acquisition of ruminal fluid - techniques using probes 

A considerable number of devices for collection of ruminal fluid have been developed and 

introduced since the examination of ruminal fluid was introduced into bovine practice in the 

1950’s (DIRKSEN 1990). The standard principles and models of rumen probes have been 

reviewed (DIRKSEN and SMITH 1987). Some basic characteristics apply to most of the 

probes, which resemble more or less a stomach tube. To reach the ventral rumen sack, the 

device must have a minimum length of 2.3 meters; a funnel to aspirate from the rumen should 

have a diameter from at least 0.8 to 1.0 cm. In order to ensure the distal end entering the 

ventral rumen sack. For juvenile cattle, a simple homemade device is described (DIRKSEN 

and SMITH 1987), consisting of a funnel with a metal suction head fixed on top.  

If collected for diagnostic purposes, one has to bear in mind the influence of contamination by 

saliva, inevitably taking place during oral fluid collection. A contamination of about 10 – 12% 

saliva has to be taken into account, although a discard of the first portion collected may 

decrease the influence (DIRKSEN and SMITH 1987). Changes have been described for fluid 

pH, ammonia, concentration of SCFA, and mineral salts (DIRKSEN and SMITH 1987, 

HÖLTERSHINKEN et al. 1992). Here, samples collected via rumen probe were compared to 

those via a rumen fistula. The probe samples had a significant higher pH (0.19 and 0.14 pH 
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units difference), higher values in sodium, lower in potassium, and lower in ammonia, with 

exception of sodium significant as well. The SCFA values were lower in the probe-sample, 

but the relations of the SCFA did not change, therefore it was concluded that saliva had 

diluted the sample.  

An interesting alternative device for oral fluid collection has been presented in the device 

according to Hamburger (ZWICK and KLEE 1997). Here, the ruminal fluid is not aspirated 

via a funnel, but a capsule attained to the top of the probe is opened once the collection site 

intraruminally is reached. This could exclude saliva contamination effectively. However, data 

from the use of this device, compared to other techniques, are not available.  

It is clear that the use of stomach tubes and probes is the method of choice if rumen fluid is 

collected for therapeutic transfaunation purposes, which requires a considerable amount of 

fluid to obtain (DIRKSEN and SMITH 1987). However, the amount of labour to collect 

rumen fluid orally on a herd screening seems to be considerable and not practical (GARRETT 

1996). 

2.5.1.2 Acquisition of ruminal fluid - techniques using puncture 

2.5.1.2.1 Performance of rumenocentesis  

The technique using the transcutaneous puncture, called rumenocentesis, has been proposed 

as a good working tool in the diagnosis of SARA (NORDLUND and GARRETT 1994, 

NORDLUND et al. 1995, GARRETT 1996, GARRETT et al. 1999). In the U.S., it has 

become a commonly used diagnostic procedure (NORDLUND 2001). 

Rumenocentesis was first described in a German study (HOLLBERG 1984). The researchers 

here used a 2.4 x 150 mm needle with two added fenestrations at the top of it. It was inserted 

at the caudal sack of the rumen at the middle of a line between last rib and stifle joint. Before 

that, the area had been prepared surgically and 200 ml of ruminal fluid then were aspirated 

with a syringe. 

Rumenocentesis was differently performed by NORDLUND and GARRETT (1994). They 

made use of a smaller needle to obtain smaller samples of ruminal fluid. The authors used of a 

stainless steel needle 1.6 mm in diameter, 130 mm long. The animal was sedated (Xylazine, 

10- 25 mg i.v.) and restrained by tying the hocks together and the tail elevated. The puncture 

site was located 12 to 15 cm caudal to the costochondral junction of the last rib, situated on a 
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line with the top of the patella bone. The area had been prepared for surgery by clipping and 

scrubbing with povidone-iodine and finally been disinfected with 70% isopropyl alcohol. The 

needle then was thrust through the abdominal wall, not yet penetrating the rumen. After the 

animal had calmed, the ventral rumen sack was punctured and three to eight millilitres of 

ruminal fluid were aspirated with a 10 ml- syringe. 

In any case, the aspiration has to be done carefully to avoid the creation of a negative pressure 

within the syringe. This would lead to a loss of CO2 from the sample, changing the pH 

(GARRETT et al. 1999). Forcing some air through the needle to remove particles from it can 

clear obstruction. 

 

2.5.1.2.2 Rumenocentesis compared to other techniques  

The rumenocentesis technique has been compared to sampling by a ruminal cannula by 

GARRETT et al. (1999) and NOCEK (1997).  

NOCEK (1997) performed a study with three cows fitted with a rumen cannula, each of the 

cows fed a diet with different forage to concentrate ratios. Samples were taken before and 

after feeding at different intervals. Each cow was sampled in three different ways at the same 

time: One sample by rumenocentesis from the ventral rumen sack, a mix of six samples taken 

via cannula from different rumen regions, one sample taken via cannula also from the ventral 

rumen sack as in the rumenocentesis. No difference was found between the cannula-samples 

and the samples taken via cannula, whereas the rumenocentesis samples were found being 0.1 

to 0.2 pH-units higher than these. 

GARRETT et al. (1999) took samples from thirty, randomly chosen dairy cows fitted with a 

ruminal cannula. Ruminal fluid was collected by rumenocentesis from each of the animals’ 

ventral rumen sack and immediately thereafter another sample was drawn through the cannula 

from the same ruminal region. The researchers found the ruminocentesis samples in average 

0.28 pH units lower compared to the cannula-samples. There was a positive linear 

relationship between the two sample-groups.  

A comparison of rumenocentesis to the sampling of ruminal fluid via a stomach tube or 

ruminal probe, respectively, has been performed by HOLLBERG (1984) and NORDLUND 

and GARRETT (1994).   
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HOLLBERG (1984) aimed to yield 200 ml of ruminal fluid by rumenocentesis as described 

above and via the semi-rigid probe according to Schambye-Sörensen (Eickemeier, Eltastr. 8, 

D- 78532 Tuttlingen, Germany) in 60 cows. Rumenocentesis yielded this amount of fluid in 

43 animals, whereas the probe delivered the amount in 58 animals. The samples acquired by 

rumenocentesis delivered a slightly higher activity of protozoa, the pH in the rumenocentesis-

samples was in average 0.37 units lower than in the samples collected through the probe. The 

rumenocentesis procedure took more time and in 3 samples some blood was mixed into the 

fluid-sample. 

NORDLUND and GARRETT (1994) compared their rumenocentesis-technique with the 

samples obtained with a rumen-probe according to DIRKSEN (DIRKSEN and SMITH 1987) 

in five dairy cows. They found the samples obtained by rumenocentesis in average being 1.1 

pH units lower than samples collected by the probe, the difference ranging from 0.6 to 1.7 pH 

units. They experienced, however, more resistance from the animal during the rumenocentesis 

procedure, which required more restraint of the animal. 

 

2.5.1.2.3 Health and welfare risks of rumenocentesis  

The risks of the rumenocentesis for the animal examined are valued differently.  

NORDLUND and GARRETT (1994) judge rumenocentesis being an invasive procedure, thus 

endanger the animal health and welfare by sequels as peritonitis, abscesses in the abdominal 

and ruminal wall and injury due to the necessary restraint. They report, however, the 

incidence of subcutaneous abscesses being 1- 2% in a, as it is said in the text, “considerable 

number “ of punctures performed by them, no other side-effects being observed. 

ACETO et al. (2000) valued the risks and consequences of the rumenocentesis procedure as 

being considerable. They judged it being not benign. In the study, 4 groups with three dairy 

cows each had been treated with rumenocentesis or a sham, not penetrating the abdominal 

wall. Two groups were treated as receiving three times a puncture or three times a sham, 

respectively; two other groups received one puncture and two times a sham or vice versa, 

respectively. Every of the three treatments had been performed at 7-days-intervals.. The 

technique used followed the protocol as described above. (NORDLUND and GARRETT 

1994, GARRETT et al. 1999) The researchers monitored DMI of the groups, milk production 

parameters and on a daily basis attitude and rectal temperature. Moreover, an ultrasound-
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examination of the abdominal wall was performed twice a week and blood-parameters 

monitored on a weekly basis. Changes in milk and blood parameters were not detectable. 

However, there was a considerable decrease of DMI and milk yield in all groups, cows having 

been punctured showing greater changes in these parameters. Abscesses were detected with 

ultrasound in seven out of 12 cows being punctured, one of these developed even a deep 

abscess, whereas 2 cows having experienced the sham developed superficial abscesses.  

HOLLBERG (1984) found pathologic alterations in 41 out of 47 cows (87%), repeatedly 

examined by rumenocentesis with the technique described above. The cows had been 

slaughtered 6- 24 hours post punctionem and 1- 6 days post punctionem, respectively. The 

alterations found included haemorrhages in the ruminal wall, adhesions of peritoneum and 

haematomas. 

 

2.5.1.2.4 Rumenocentesis as a viable diagnostic procedure 

The risks of rumenocentesis are considerable and proven (HOLLBERG 1984, ACETO et al. 

2000). It has to be taken into account, however, that in those research-projects evaluating the 

technique the cows had been punctured repeatedly and in one study (HOLLBERG 1984) it 

was aimed at obtaining as much as 200 ml of ruminal fluid.  

On the other hand, in studies related to SARA (NORDLUND and GARRETT 1994, 

GARRETT 1999) rumenocentesis was used as a tool for the diagnosis of SARA, only 

performing it once per animal with the aim to predominantly get information about the 

ruminal pH, thus drawing a relative small sample. With this purpose, it is absolutely 

necessary to exclude any influence on the ruminal pH for it would have considerable impact 

on the diagnosis of SARA.  

It can therefore be concluded that the use of rumenocentesis should be avoided if 

predominately aimed at a thorough examination of the ruminal fluid, which would require 

obtaining a large sample. It can be recommended, however, for the diagnosis of SARA and 

offers a good way to obtain rumen fluid samples of smaller size under field conditions also 

(GARRY 2000). 
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2.5.1.3 Rumen fluid analysis 

2.5.1.3.1 Rumen fluid pH measuring 

The pH of ruminal fluid in the field may be measured in two ways: By indicator paper and a 

portable electrical pH-meter. The use of indicator paper or sticks for field diagnostic purposes 

has been recommended as being adequate (DIRKSEN and SMITH 1987). The question 

whether indicator sticks and portable measuring devices deliver viable results for rumen pH 

diagnosis has been evaluated by GEISHAUSER and MANNHARDT (1994). In this study, 

eight commercial available pH sticks were compared to two pocket pH-meters and one 

reference method being a standard pH-meter (pH 531. Wissenschaftlich Technische 

Werkstätten, Weilheim, Germany). Ruminal fluid in three acid ranges, from acidic to slightly 

alkaline, was used for this purpose. The Neutralit
® 

paper (Merck, Darmstadt, Germany) 

delivered results highly comparable to those delivered by the reference method in all three 

ranges (p<0.05). Also the Acilit
® 

and the special indicator paper pH 4 – 7 (Merck, Darmstadt, 

Germany) delivered good results with a modest standard deviation (Correlation p<0.05. SD 

0.19 and 0.2. respectively). It was therefore concluded that certain pH sticks are viable 

diagnostic tools for ruminal pH analysis at group or herd level.  

The comparison of the standard method with the pocket pH-meters (ORP and GPHR 1400, 

both from NeoLab, Heidelberg, Germany) revealed also highly comparable results (y= -

0.227+1.034x and y= 0.152+0.977x, respectively). Nevertheless, prior to analysis, a 

calibration of the devices is necessary. 

Of great importance is the procedure of pH analysis, which is partly dependent from the 

system used. It is of crucial importance to measure the pH of the sample immediately after 

collection (GARRETT et al 1999). Leaving the rumen fluid sample at the air, the loss of CO2 

will increase the pH and therefore yield wrong results, especially considering the accuracy, 

which is necessary in diagnosis of SARA. Moreover, specific qualities and specifications in 

the use of instruments have to be considered: For example, the colour of some pH-sticks is 

not permanent and changes with time. 

The question, when to collect a rumen fluid sample is of great importance in the diagnosis of 

SARA. In Figure 2.4 the changes in ruminal pH, dependent on the time after feeding are 

shown, compared for a roughage and a concentrate-based diet (according to DIRKSEN and 

SMITH, 1987). Because the sampling should take place once the lowest ruminal pH is 
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reached, it is advisable to collect the fluid about three hours after concentrate feeding. For 

TMR-fed herds, it is recommended to take the sample five to eight hours after feeding 

(GARRETT 1996). 
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FIG. 2.4:  Ruminal pH-course after feeding in dairy cows (according to 

DIRKSEN and SMITH 1987) 
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2.5.1.3.2 Other Parameters to be examined in ruminal fluid in SARA 

Aside from a number of diagnostic tools available in the laboratory, the veterinarian 

examining a dairy herd might use some other procedures delivering information about the 

ruminal environment at cowside. Those procedures are extensively described in literature 

(DIRKSEN and SMITH 1987, DIRKSEN 1990, GARRY 2000). Some of them are mentioned 

here shortly in relation to SARA. 

2.5.1.3.2.1 Colour, smell, consistency 

Normal ruminal fluid has a typical, “aromatic” smell (GARRY 2000). A change to a very 

sourly smelling note may indicate the presence of lactate in the rumen due to 

malfermentation. Also the odour may be less intensive, if the rumen microflora is reduced due 

to a pH too low (GARRY 2000). Also in non-acute ruminal acidosis, the odour of the fluid is 

described having a sour smell (DIRKSEN 1990). This may also apply to the SARA-diagnosis. 

The colour of ruminal fluid depends on the diet ingested. It is usually pending between 

brownish-olive and green (GARRY 2000). Fluid from a forestomach experiencing acidosis 

tends to be greyish (GARRY 2000, DIRKSEN 1990). 

The consistency can be described as slightly viscous. The addition of saliva increases the 

viscosity, whereas changes due to SARA seem to be unlikely (GARRY 2000, DIRKSEN 

1990). 

2.5.1.3.2.2 Flotation, sedimentation, presence of protozoa 

Flotation of ruminal fluid is described as the movement of gas, ingesta and fluid due to the 

active fermentation within the fluid. The sedimentation is therefore prolonged and may take 

up to eight minutes. In acidotic rumen fluid, the flotation may be reduced, the sedimentation 

therefore be faster than normal (DIRKSEN 1990). 

The protozoa present in ruminal fluid are valued as an indicator for normal status of it because 

they are sensitive against for drop in ruminal pH and have been observed to disappear in 

acidic ruminal environments (SLYTER 1976). Protozoa are visible with the naked eye, being 

part of the flotation within the sample. After sedimentation they form a layer under the 

ingesta-particle (DIRKSEN 1990). Probably, the presence/absence of ruminal protozoa may 

be used also in SARA-diagnostic, giving information about the status of the fluid. 
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2.5.2 Prevention of SARA in dairy herds 

2.5.2.1 Principles of prevention 

Preventing the occurrence of SARA in dairy herds is pending between two philosophies of 

dairy husbandry. 

On one hand, the aim of producing high milk yields from dairy herds requires the feeding of 

high-energy diets to dairy cattle. By constant genetic improvement the modern dairy cows are 

able to produce high milk yields, which in turn require an excessive high intake of dry matter, 

rich in energy. Therefore, the feeding of rations high in concentrate is necessary. This is, 

however, predisposing the animals to develop some kind of pathology due to overfeeding 

(OETZEL 2000, STOCK 2000). The development of prevention strategies against ruminal 

acidosis therefore is highly desirable (OWENS et al. 1996, STOCK 2000). 

It has in any case to be considered that dairy cows as ruminants are designed in evolution to 

digest roughage, not concentrate as e.g. grains. The question thus remains if the feeding 

strategies applied today are in fact desirable and sustainable: In fact, those strategies confront 

the ruminant with feedstuffs the ruminant digestive system is not developed for (DIRKSEN 

1985, GARRY 2000). 

In any case, farmers, veterinarians and nutritionists have to consider the problems involved 

with modern dairy-nutrition strategies. Also the public, developing a certain conscience of 

animal husbandry and the production methods applied today in dairy and any other food-

producing section, has to be considered in this problem.  

In the following section, some methods of prevention of SARA are presented. Some of the 

proposals have been made regarding the improvement of beef-cattle husbandry; it seems 

useful, however, to apply them to dairy husbandry as well. 

The prevention of SARA can be described by two principles: First, to allow a proper 

adaptation of the ruminal mucosa in the postpartum period and the microflora in order to 

absorb and metabolise the high levels of SCFA arising. Second, to keep the ruminal pH in 

physiologic ranges in spite of high-energy intake. In other words, the mechanisms applied 

consist either of prevention of a fermentation disorder or in regulation of the fermentation 

process by direct intervention. The first part can be achieved mainly by management of 

husbandry and feeding, the second by maintaining fibre-content of the ration within defined 

borders or adding certain substances to the ration (NOCEK 1997). It is clear that prevention 
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of SARA is a task involving the whole herd (OETZEL 2000). An overview of the following 

guidelines is given in fig. 2.5. 

2.5.2.1.1 Management 

Two lines of applied SARA-prevention in dairy-herd management are visible: On one hand, 

the management of the different lactation-stage groups within the herd, on the other, the use 

of animal nutrition-guidelines applying to dairy cows. By both ways it is aimed at a proper 

building up of the ruminal mucosa after calving in order to ensure adaptation and resorptional 

capacity of SCFA. 
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FIG. 2.5:  Countermeasures to prevent and treat subacute ruminal acidosis in 

dairy cows 
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2.5.2.1.2 Herd management 

The adaptation of the ruminal mucosa to a concentrate-rich diet takes about four to six weeks 

to develop (NORDLUND et al. 1995, NOCEK 1997). The bacteriological changes are said to 

take place within three weeks (DIRKSEN, 1985, NORDLUND et al 1995). 

This data deliver a guideline for the introduction of cows into lactation after the dry period or 

the first parturition. A gradual adaptation of dry cows to the lactational ration is necessary in 

order to ensure not to overtax the changes within the forestomach.  

In TMR-fed herds problems may arise in relatively small herds: In order to keep the labour 

preparing the rations low, the number of ration types may be reduced to one lactating and one 

dry cow ration. The switch from one type to another around partus is likely to overtax the 

ruminal adaptation resulting in SARA or even acute acidosis (NORDLUND et al. 1995). 

Especially in larger herds, a considerable factor is the personnel responsible for the feeding of 

the cows. Changes in the responsibility for feeding may lead to differences in feeding 

schedule, proportion of roughage and concentrate, having a considerable impact on an 

unstable ruminal environment. Although mainly described in feedlots (ELAM 1976), this also 

could apply to high-producing dairy herds and should therefore be regarded as a hazard in the 

herd health management. 

There are, of course, many other possibilities influencing the complex of adaptation and herd 

management. In any case, the veterinarian confronted with SARA suspected cows should be 

aware of this and analyse the herd management to define risks arising from here.  

 

2.5.2.1.3 Feeding management 

Best prevention of any fermentative disorder in the forestomach has to be seen in proper 

feeding management (GARRY 2000). Because SARA has to be viewed as a direct 

consequence from maximizing energy intake, a provision of components within the ration that 

are regulating physical and chemical components is desirable (NOCEK 1997). Therefore, in 

Germany for dairy cows a proportion from at least 18% crude fibre in dry matter is 

recommended, there from at least two-thirds being structured, not processed. This ensures the 

performance of a dairy herd, for the C2/C3 relation in ruminal fermentation pattern should at 

least be 2.0 with a butyrate proportion not greater than 15% (DIRKSEN 1985). In the 
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Netherlands and Belgium a system based on the structure value of feeding components is used 

since the 1990s (DE BRABANDER et al. 2002). 

In component feeding, it should be taken care of the sequence of the components fed: It is 

recommended to have some roughage been fed before the concentrate component is given. 

This applies especially in the morning (NORDLUND et al. 1995). 

In TMR using farms, a risk may arise from the over-mixing of the ration. This may lead to a 

destruction of structure of the roughage components, predisposing the ration to lead to SARA. 

Moreover, a wrong estimation of the dry matter content of the ration can lead to a 

miscalculation of roughage to concentrate ratio, giving way to the development of SARA due 

to higher concentrate intake as estimated (NORDLUND et al. 1995). 

 

2.5.2.1.4 Feeding technology 

Additional to the nutrition guidelines, proposals have been made regarding the technology of 

feedstuffs and certain substances or organisms added. In the following part, a short overview 

is presented. 

 

2.5.2.1.4.1 Addition of microbials 

The addition of microbials to a ration in order to prevent a pathologic alteration in cattle has 

long been discussed in dairy and beef cattle. Several have been introduced. A recently 

published study (NOCEK et al. 2002) revealed an effective elevation of the ruminal pH by 

administration of direct fed microbials (DFM). Three microbials, Enterococcus faecium, 

Lactobacillus plantarum and the yeast Saccharomyces cerevisiae in different concentrations 

were administered intraruminally. At a level of 10
5

 cfu/ml they proved to reduce diurnal 

ruminal acidity and improve digestion of corn-silage fed in this trial. The microbes here are 

lactate-producers, which are thought to stimulate lactate-users thus effectively prevent an 

accumulation of lactic acid and contribute to a higher pH-level.  

The direct inoculation with lactate-using organisms like Selenomonas ruminantium and 

Megasphera elsdenii is valued differently. Although the lactate-use might be enhanced, the 

long-term use has to be questioned, for the survival of the microbes in the rumen seems to be 

too short to be long-term beneficial (OWENS et al. 1996, DIRKSEN 1985). 
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2.5.2.1.4.2 Stimulation of lactolytic flora 

The same principle as in using lactate-producers applies to the idea of direct application of 

lactate. To confront animals with increased levels of lactate before switching to a diet higher 

in concentrate, e.g. by supplementation of the acid may increase the acid-turnover. 

Also the supplementation of certain dicarboxylic acids as fumarate and malate may act in this 

way. However, the practical use of these strategies remains to be verified (OWENS et al 

1996). 

 

2.5.2.1.4.3 Use of buffers 

Buffers are well advocated in therapy of acute ruminal acidosis, and they may also be 

beneficial in prevention against any form of acidosis (ROSSOW 1984, GARRY 2000). Their 

use has been reviewed (GARRY and KALLFELZ 1983) and, recently, a new technique, using 

a rumen model for evaluation of effect has been introduced (ZAMARREÑO et al. 2003). For 

purpose of regulating the ruminal acidity, the use of bicarbonates seems to be suitable, for it 

can be considered as a replacement of the buffer provided by saliva-flow. In contrast, the 

benefit of hydroxides is said to be poor (GARRY and KALLFELZ 1983). Additionally, an 

increased incidence of urolithisasis in feedlot cattle has been reported (DIRKSEN 1985). The 

osmotic effect, which is provided by sodium bentonit salt, may lead to a fluid flow into the 

reticulo-ruminal compartment, supporting a better turnover of the ingesta-flow. Moreover, 

some of the substances are said to have a corrective effect on the milk fat depression caused 

by low ruminal pH (GARRY and KALLFELZ 1983, ROSSOW 1984). However, there still is 

a lack of scientific evidence. 

The processing of feedstuffs with NaOH, done to increase palatability, also may contribute in 

rumen pH-stabilization (DIRKSEN 1985). 

Generally, in a situation in which feeding high proportions of concentrate may cause a pH 

depression in the reticulo-ruminal compartment, the preventive use of buffers, especially 

bicarbonate, may prevent an overgrowth of acid-tolerant lactobacilli, thus preventing a further 

decrease (GARRY 2000). 
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2.5.2.1.4.4 Use of antibiotics 

The use of antibiotics in order to effectively prevent SARA in dairy cattle has been proposed, 

probably inspired by experience made in feedlots. Administering these drugs aims at 

controlling the lactate production, mainly by Streptococcus bovis and Lactobacillus spp. 

(OWENS et al. 1996). 

The use of ionophores like lasalocid or monensin has proved to be effective against acidosis 

(NAGARJA et al. 1981), although recent results doubt the effectiveneess of monensin in 

SARA-prevention (MUTSVANGA et al. 2003). Also tetracycline-like antibiotics have been 

proposed (DIRKSEN 1985), peptide-antibiotics like thiopeptin proved to be effective in 

prevention (DIRKSEN 1985, GARRY 2000). OWENS et al. (1996) give an overview of 

antibiotic strategies. 

However, the use of these substances is obsolete, at least in the EU, and in any case in 

lactating animals. Generally spoken, the use of feed additives, e.g. in the pork-production, is 

about to be banned completely within the EU and there is little acceptance by the consumer 

for this way of management. Moreover, milk withdrawal and other economic considerations 

stand against this use. Finally, the idea of using drugs in order to maintain ruminants 

functioning on a non-ruminant diet can be considered being questionable (DIRKSEN 1985). 
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3 Material and Methods of the study 

 

3.1 Definition 

 

According to the cited literature, a ruminal pH of 5.5 or lower would allow to state that the 

cow being examined is experiencing SARA. For a ruminal pH of 5.6 or 5.7 is being 

categorized as being marginal by some authors and admits the assumption that the animal in 

question has just had a period of SARA or is going to, those animals are categorized as having 

a marginal pH-value. The definition is based on both considerations made from a 

physiological point of view (BREAZILE 1971, OWENS and GOETSCH 1988, LEEK 1993), 

as well on the basis of a epidemiological study (GARRETT et al. 1999) that identified pH 5.5 

being the most useful cut off point in identifying herds experiencing SARA. 

 

3.2 Objectives of the study 

 

In the study, which is to be presented, the most important aim was to determine the 

prevalence of SARA in a number of dairy herds of a certain type of management. Proof of 

SARA would allow the expectation that it is present also on other farms of this type. 

Testing of diagnostic schemes as presented by GARRETT et al. (1999) was another objective. 

The scheme presented offers the possibility to estimate SARA-prevalence on basis of certain 

samples. It was furthermore interesting to evaluate the ruminocentesis-procedure as proposed 

for diagnosis in the field. 

Finally, it was to be examined, whether SARA would cause significant changes in terms of 

health and milk production. Several parameters should answer the question, whether SARA 

has indeed to be suspected on basis of signs like milk fat depression or loss of BCS. This 

would furthermore lead to verification of diagnostic tools, allowing to recognize dairy herds 

as being likely to experience SARA. 
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3.3 Selection and characteristics of Farms and Animals in the study  

 

3.3.1 Selection of farms participating in this study 

In cooperation with a veterinary practice in the Dutch province of Friesland a selection of 20 

dairy farms was made in October 2002. All of them provided with veterinary herd health 

service by that practice. 18 farms eventually cooperated in the study. The study itself was 

carried out in the in-house period from November 2002 to March 2003. 

By means of the RAMSYS® informational system (NOORDHUIZEN and BUURMAN, 1984) 

production data and herd features were recorded and a first selection of animals to be 

examined was made.  In cooperation with the farmers, the groups of animals per farm were 

definitely built.  

3.3.1.1 Characteristics of the farms 

3.3.1.1.1 Production level, size of the herds 

All farms cooperating in this study were dairy farms. The overall milk production was 8600 

kg milk per year with an average of 4.40 % fat and 3.46 % of protein. 

In average, the farms had a herd size of 87 dairy cows, with a range from 55 to 250 animals. 

 

3.3.1.1.2 Feeding, husbandry 

On all farms the animals were kept outside during the pasture season with additional 

concentrate feeding during milking time. In the in-house season from October / November all 

farms made use of component feeding. The farms usually fed grass silage and maize silage. 

On most farms, those two components were mixed in a mixing wagon and fed to the cows 

two or three times a day. Five farms fed pressed potatoes. Tab. 3.1 gives an overview over the 

feeding regime on the different farms. 

With exception of one tied-stall, on all farms the cows were kept in a loose housing system 

with automatic concentrate feeding. 
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Farm 

 

Components fed to the cows 

 

A Grass, maize, 5x /d concentrate automatic feeding system 

B Grass, 4x/d concentrate automatic feeding system 

C Grass, potatoe, rape-seed, citrus, mineral supplement 

D Grass, maize, potatoe 

E Grass, maize, rape/soja mix, potatoe 

F Maize, grass silage, Potatoe, 5 x/d concentrate automatic system 

G Grass/maize mix, Soja, Wheat, 3-6x/d concentrate automatic system 

H Grass, potatoe, 4x/d concentrate automatic feeding system 

I Grass, maize, potatoe 

J Grass, maize, concentrate automatic feeding system 

K Grass/maize mix, 5x/d concentrate automatic feeding system, mineral supp. 

L Grass, maize, 5 x/d  concentrate automatic feeding system 

M Grass, maize, 5 x/d concentrate automatic feeding system 

N Grass, maize, 3 – 6x / d concentrate automatic feeding system 

O Grass, maize, 5 x/d concentrate automatic feeding system 

P Grass, maize, 3x/d manual concentrate feeding 

Q Grass, maize, rape seed, straw 

R Grass/maize mix, 5x/d concentrate automatic feeding system, mineral supp. 

 

TAB. 3.1: Overview of ration components fed on farms cooperating in the study 
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3.3.2 Selection and characteristics of the animals examined 

3.3.2.1 Selection, Breed and Age of the animals 

For the study, in total 203 dairy cows were selected from 18 farms on basis of expected 

calving date and stage of lactation, respectively. It was aimed at selection of at least 12 

individuals per farm which was not reached on every cooperating farm. Per farm, between 5 

and 20 cows were selected. Fig. 3.1 gives an overview about the cows selected per farm.  All 

cows were Holstein-Friesian or crosses, respectively. Tab. 3.2 gives an overview of the age of 

the cows in the study. From 197 cows it was possible to draw a sample of ruminal fluid suited 

for further analysis. Those cows were therefore further included in the study. 
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FIG. 3.1:  Number of cows selected for examination per farm in the study  

 0 lactations: 46 

 1 lactation: 64 

 2 lactations: 37 

 3 lactations: 20 

 >3 lactations: 31 

 unknown: 5 

 203 

 

TAB.3.2: Lactations of cows selected in the study 
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3.3.2.2 Production level of the animals examined 

3.3.2.2.1 Overview of production level 

From 197 individuals in the study, 46 were heifers with no completed lactation. All cows with 

at least one completed lactation had an average 305 d milk production of 7717 kg of milk 

with an average of 4.41% fat and 3.52% of protein in the last lactation. 

The production data of the milk testing closest to the date of examination were recorded and 

used to get information about the influence of ruminal pH on milk production and especially 

milk fat level. Fig. 3.2  shows the average milk production per farm of the animals selected. 

 

3.3.2.2.2 Recorded production data 

From all animals included in the study, production data have been recorded. This were: 

Milk test day results of the test day nearest to the date of examination in terms of milk 

production, milk protein and milk fat content from 197 individuals, 

From cows with at least one lactation completed, the 305-day-lactation production data of the 

previous lactation with production, milk fat and protein content. Here, data were available 

from 147 cows (See fig. 3.2) 

 

3.3.3 Study groups 

In order to get information about SARA-prevalence at different stages of lactation, the 

animals within this study were divided in to two groups: Study group 1 included 117 animals 

up to 25 days post partum, study group 2 consisted of 80 cows which had been in milk for a 

longer period of time, lasting from 25 days up to 182 days. 

 

 

 

 

 

 

 



54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6000

6500

7000

7500

8000

8500

9000

9500

10000

A B C D E F G H I J K L M N O P Q R

Farm

m
i
l
k

 
p

r
o

d
 
3

0
5

 
d

 
(
l
)

 

 

FIG. 3.2:  Average 305-d milk production of cows with at least one completed 

lactation selected for the study on all farms cooperating (A – R) 
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3.4 Examination 

 

3.4.1 Body Condition Scoring 

In order to monitor changes in body condition, on 139 cows a body condition scoring was 

performed about three weeks before the expected calving date or six weeks prior to the 

scheduled farm visit, respectively. For scoring, a 0.25 -point system in a 17- point scale, 

ranging from 0 to 5 was used. The same person on every animal carried out the scoring. The 

cows were assessed by estimating the amount of subcutaneous fatty tissue around the tail head 

region and the transverse spinal processes, as described by LOWMAN et al. (1976).  

A second scoring of body condition was carried out following the same pattern at time of 

ruminocentesis, six weeks after the first BCS. Here, all 197 cows in the study were scored. 

 

3.4.2 Clinical examination prior to rumenocentesis 

Before rumenocentesis was carried out, all animals were examined clinically. The 

examination included general assessment of the health status of the animal by adspection of 

mucous membranes and auscultation of the heart and lungs. The gastro-intestinal tract was 

examined by auscultation, palpation and percussion, done with special emphasis on excluding 

dislocation of the abomasum, which would have not permitted further participation in the 

study. Animals experiencing disease or being in recovery were excluded from further 

examination. 

 

3.4.3 Determination of ruminal pH and rumen fluid analysis 

3.4.3.1 Rumenocentesis 

3.4.3.1.1 Time of sampling 

Animals in the study group 1 were examined by means of rumenocentesis between 14 and 25 

days post-partum. All other animals (Study group 2) were in a later stage of lactation at the 

time of ruminocentesis. 
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The rumenocentesis was carried out 3 to 4 hours after the last concentrate meal. If concentrate 

was not given at time of milking, the farmers were asked to separate the animals in question 

before examination and give them a standard concentrate meal, equalling the standard 

automatic ration, 3 hours before.  

 

3.4.3.1.2 Technique 

3.4.3.1.2.1 Puncture site 

The puncture site was located on the middle of the line from the last rib to the stifle joint on 

the level of the proximal end of the stifle joint. 

3.4.3.1.2.2 Preparation 

 Prior to puncture, the site had been prepared surgically by shaving an area of about 7 x 7 cm 

round the puncture site. Disinfection was done by a wash with disinfecting- hibiscrub and 

administering 80% isopropyl-alcohol on the site. Iodine layered on the puncture site 

completed the preparation. 

3.4.3.1.2.3 Restraint 

During rumenocentesis, the cows were restrained by two persons lifting the tail and 

vigorously gripping the animals nose. In case of heavy resistance by the cow, it was restrained 

in addition by gripping the knee fold.  

3.4.3.1.2.4 Puncture  

The puncture was carried out by thrusting a needle 2.1 x 80 mm into the ventral ruminal sack. 

Ruminal fluid then was aspirated with a 20 ml syringe within 30 seconds. The aspiration was 

done carefully to avoid a too high negative pressure that would have led to a loss of CO2. 

changing the pH of the sample. Feed particles obstructing the needle were removed by 

pressing some air back into the needle. In order to achieve this, an amount of about 3ccm air 

always remained in the syringe. 

The farmers previously had been informed about possible risks of the rumenocentesis. They 

have been asked to observe the animals sampled after the procedure and the following days 

on a regular basis, preferably during milking time and when fed.  
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On a repeated farm-visit, the cows underwent an inspection by the research team; if any 

alterations were reported as having taken place after puncture, the cows were examined with 

special emphasis on the puncture site. 

 

3.4.3.1.3 Analysis of rumen fluid 

3.4.3.1.3.1 Ruminal fluid pH 

Rumen fluid pH was measured immediately after the sample was drawn using a portable pH-

meter (Hanna Instruments, Italy; HI 9025/1230). A calibration using standard buffers of pH 

4.01 and pH 7.01, respectively was carried out on each visit before measuring began. 

3.4.3.1.3.2 Other examinations of ruminal fluid done on cow-side 

The quality of ruminal fluid was assessed in terms of colour, smell, consistency, activity and 

presence of ruminal protozoa. In order to compare samples and measure possible influence of 

SARA, a five-point scale scoring system of ruminal fluid quality was built and used in 

examination. The system is based on description and experience in ruminal fluid examination 

as made e.g. by DIRKSEN and SMITH (1987) and DIRKSEN (1990). Tab. 3.3 gives an 

overview about the scoring and its equivalents. The assessment of the quality was done with a 

pocket lamp and a magnifier.  

3.4.3.1.3.3 Laboratory determination of short chained fatty acids (SCFA) 

From each sample of ruminal fluid, an amount of 8 to 10 ml was mixed with the amount of 

0.4 ml of formic acid for conservation and immediately deep-frozen for further analysis.  

A laboratory determination of SCFA (Acetic acid, Propionic acid, Butyric acid and Valeric 

acid) was done by gas chromatography in the laboratory of the clinic for cattle in Hanover, 

Germany. The methodology of this examination is broadly described in RATHJENS (1999). 

 

3.4.3.1.4 Other examinations on cow side 

3.4.3.1.4.1 Feacal scores 

Scoring of faeces consistency and structure was done on cow side. 
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Faecal consistency score 

The consistency of the faeces has been scored on a five-point scale according to ZAAIJER et 

al. (2001). The scores represent watery-thin faeces (1), thin manure with a yoghurt-like 

consistency that spatters largely around (2), thicker manure with soft consistency, not sticking 

to boots (3), thick keeping its structure when falling to the ground (4), while 5 describes solid 

manure, like horse-faeces) 

Undigested faecal fraction score 

The digestion of feed-particles has been scored on a five-point-scale according to ZAAIJER et 

al. (2001) by manual examination. Score 1 marks a homogenous, creamy weak emulsion, 

score 2 like 1 with some undigested particles, inhomogeneous texture with undigested parts 

(3), very inhomogeneous with large undigested particles that stick to the hand when squeezed 

(4), while  score 5 stands for massive presence of undigested particles from the ration. 

Parameter Colour Smell Consistency Protozoa Acitivity 

Score 1 

turbid,  

greyish 

yellow colour 

repulsive 

pungent 

acidic, 

thin-watery 

No protozoa 

visible 

No gas 

bubbles, fast 

sedimentation 

Score 2 grey-brown 

pungent 

sour, 

vinegar-like 

milky 

Single 

protozoa 

visible 

against light 

Presence of 

few gas 

bubbles 

Score 3 

brown-

greenish 

sour with 

typical 

rumen smell 

thin-creamy 

Single 

protozoa 

visible with 

the eye 

Gas bubbles 

visible, 

sample is 

moving, 

particles float 

Score 4 

bright green-

brown 

weak 

aromatic 

creamy 

Protozoa 

clearly 

visible 

throughout 

the sample 

Slow 

sedimentation, 

floating 

sample, gas 

bubbles 

clearly visible 

Score 5 

Dark olive 

green 

typical 

aromatic 

Thick creamy 

Massive 

presence of 

protozoa, 

forming a 

layer on the 

bottom 

Massive 

presence of 

gas bubbles, 

very slow 

sedimentation, 

heavy flotation 

    

     TAB. 3.3:   Overview of rumen fluid quality scores used for examination of 

ruminal fluid 
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3.4.3.1.4.2 Rumen scores  

During clinical examination, the rumen was scored in terms of motility, rumen fill and the 

palpable stratification of rumen content. 

Rumen fill score 

The filling of the rumen was scored by adspection on a five-point scale according to 

ZAAIJER et al. (2001). Score 1 stands for a deeply sunken flank with a rumen pit more than a 

hands deep, score 2 marks a rumen pit about a hand’s width, with a triangular view from the 

side. Score 3 describes that the fold of the skin from the hip bone is not visible, while a rumen 

pit still can be seen. In score 4, the rumen pit can be seen no more and the skin fold from the 

hip bone has disappeared, whereas score 5 marks a massive inflated rumen, where the skin is 

distinctly curved outside and streched. 

Scoring of rumen content stratification 

By palpation during clinical examination, the stratification of rumen content was scored. 

Score 1 here marks no palpable stratification, the rumen content offers no resistance when 

punched. Score 2 describes a poorly stratified rumen content, a gas belly can be felt in 

examination, while more ventral regions seem indistinctive. In score 3, a dorsal gas bubble is 

palpable, a mid-layer of solid feedstuffs is distinctable from a more ventral fluid zone, in 

score 4 the stratification is palpable, while the layers in the rumen are not clearly palpable,  

score 5, finally, stands for a clear stratification of the rumen content, each layer well distinct 

from each other. 

Scoring of rumen motility 

The motility of the rumen was scored during clinical examination prior to ruminocentesis. 

The rumen was auscultated for a minute and the motility then was scored from 1 (no 

motility), via 2 (indistinct ruminal movement), 3 (single contractions, hearable with 

stethoscope), 4 (2-3 contractions in 2 minutes, clearly distinctive with instruments) to 5 

(strong movement of the rumen 2-3 contractions per minute, visible, hearable without 

instruments). 
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3.4.4 Further analysis of collected samples 

3.4.4.1 Blood samples 

From each cow examined, two blood samples were taken from the coccygeal vein: A first one 

in an EDTA-tube, a second one in a standard-tube without anticoagulants. Both samples were 

stored on ice after collection. Plasma and serum were collected the same day (up to 16h after 

collection) by centrifugation. Those samples were deep-frozen and then proceeded to further 

analysis to the laboratory of the clinic for cattle at the School of Veterinary Medicine 

Hannover, Germany. 

Parameters examined included total serum protein, ß-hydroxy butyrate, liver enzymes (AST, 

Gamma-GT and GLDH), blood glucose and NEFA. The methods used on this purpose can be 

taken from Tab. 3.4.  I all tests, the same analytical automation system (Cobas Mira, 

Hoffmann La Roche, Basel, Switzerland) was used. 

 

    

Parameter Method Unit Source 

Total serum protein colorimetric mmol/l 

Sigma Diagnostics,  

Deisenhofen, Germany 

Glucose enzymatic mmol/l 

ABX Diagnostics,  

Montpellier, France 

Beta-hydroxybutyrate enzymatic mmol/l 

Randox Laboratories,  

Krefeld, Germany 

NEFA enzymatic mmol/l 

Wako Chemicals, 

 Neuss, Germany 

AST enzymatic U/l 

mti diagnostics,  

Idstein, Germany 

Gamma-GT enzymatic U/l 

Roche Diagnostics,  

Mannheim, Germany 

GLDH enzymatic U/l 

Roche Diagnostics,  

Mannheim, Germany 

 

TAB. 3.4: Methods used for laboratory analysis of blood parameters 
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3.4.4.2 Urine samples 

In 76 cows, urine was elicited by provocation. The urine samples were collected in a standard 

10ml tube, deep frozen and proceeded for urinalysis to the laboratory of the clinic for cattle at 

the School of Veterinary Medicine Hannover, Germany. 

Parameters of urinalysis included the pH-value and the net acid-base excretion (KUTAS 

1966)  per sample. 

3.4.4.3 Milk samples 

From all cows, a representative milk sample was drawn after examination from at least two 

quarters. The samples were immediately deep-frozen in liquid nitrogen and proceeded to the 

lab for further analysis. 

A laboratory determination of the long-chained fatty acids (C10:0; C12:0; C 14:0; C 16:0; 

C16:1; C18;0; C18:1t; C18:1c; C18:2) of the milk samples was done by gas-chromatography 

in the laboratory of the Department of Farm Animal Health in Utrecht, the Netherlands (HP 

5890; Hewlett-Packard, Amstelveen, the Netherlands). 

 

3.5 Statistical Analysis 

 

As said before, initially 203 individuals were selected for the study on 18 farms. From 197, it 

was possible to draw a ruminal fluid sample suited for further analysis. Other samples drawn, 

as urine or milk, did not always cover the whole study population. Number of samples is 

given at the description of results in that part of examination. Calculation largely followed 

examples as given by FRANKENA et al. (1992). 

Statistical analysis used the SPSS computer program. All continuous data were calculated for 

descriptive statistics and tested for normal distribution by means of Shapiro-Wilk test. Data 

with ordinal character, these were scores for body condition faecal quality, rumen function 

and ruminal fluid quality, were analyzed for correlation towards ruminal pH with Spearman 

rank correlation. For all other data the Pearson correlation was used. Differences in 

parameters between study groups were compared by means of Students t-test. Same applies to 

the comparison between animals having experienced SARA at examination and individuals 

with a normal pH >5.5. In certain parameters, a comparison between animals with SARA and 
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a marginal pH (5.6 or 5.7) and the rest of the study population was made. In all cases, 

differences were considered being significant at p < 0.05. For parameters that showed a 

correlation towards ruminal pH, a regression analysis was performed.  

Calculation of the 95%-confidence interval of SARA-prevalence were calculated using a 

formula based on the normal approximation to the binominal distribution (GARDNER and 

ALTMAN, 1989). The 95% interval here seems to be a good compromise between the need 

of statistical accuracy and practicability of field-related research. 
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4 Results 

 

 

The results of the examination are presented in two parts: First, the descriptive statistic, which 

gives information about the values found in examination, the basic statistical values as mean, 

median, standard deviation and extrema. The second part describes the results of statistical 

tests done with those data. An example of the analysis is given by FRANKENA et al. (1992). 

From in total 203 cows in the study, 197 yielded a ruminal fluid sample suited for further 

analysis. From the other animals, the samples have been discarded due to visible blood-

mixing. 

 

4.1 Results of pH testing 

 

4.1.1 Per total – Prevalence of SARA 

Fig. 4.1 gives an overview of the ruminal pH frequency in all cows examined.  In total, 27 

cows (13.7%) had a ruminal pH of 5.5 or lower, the minimum pH value found being 5.2 while 

the maximum was 7.1. Six cows showed a ruminal pH value of 6.6 or higher. (Two animals at 

pH 6.6 and one at pH 6.7. pH 6.8. pH 6.9 and pH 7.1 respectively.) A marginal pH value of 

5.6 or 5.7 was found in 16.8% of all cows examined. 

The mean value all cows examined was found being 5.94 with a SD of 0.35. The median was 

found being 5.9 (Tab. 4.1) 

The prevalence of SARA was 0.14 in the study population. The 95% confidence interval can 

be calculated using a formula based on the normal approximation to the binominal 

distribution (GARDNER and ALTMANN, 1989). Here, the lower level of the 95% 

confidence interval is calculated with 0.09 and the upper level with 0.19. The 95% level 

seems suitable, because it on the hand delivers a certain precision in estimation of prevalence 

and on the other hand offers a larger width of prevalence in the study population. 

 

 

 



64 

 

 

1

5

1
2

9

1
6 1

7

2
6

2
1

1
6

1
4

2
1

1
1 1

2

1
0

2

1 1 1

0

1

0

5

10

15

20

25

30

5
.2

0

5
.3

0

5
.4

0

5
.5

0

5
.6

0

5
.7

0

5
.8

0

5
.9

0

6
.0

0

6
.1

0

6
.2

0

6
.3

0

6
.4

0

6
.5

0

6
.6

0

6
.7

0

6
.8

0

6
.9

0

7
.0

0

7
.1

0

Ruminal pH

F
r
e

q
u

e
n

c
y

 
o

f
 
c

o
w

s
 
p

e
r
 
p

H

 

 

FIG. 4.1:  Number of cows with measured ruminal pH value in all herds 

examined 

Ruminal pH 

All animals 

examined 

 

study group 1  

(

lactation ) 

 

study group 2 

(> 25 d in 

lactation) 

Average pH 5,94 5,96 5,91 

SD 0,35 0,33 0,39 

Median pH 5,90 5,90 5,80 

Minimum pH 5,20 5,30 5,20 

Maximum pH 7,10 6,80 7,10 

Number of animals 197 117 80 

 

TAB. 4.1: Statistical features of ruminal pH in study population and 

study groups  
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4.1.2 Study groups 

Basic statistical features of the study groups, compared with all animals examined, can be 

taken from Tab. 4.1. In total, 13 individuals (11%) of the study group 1 were found to 

experience SARA at the time of ruminocentesis, while 19 individuals (16%) were found 

having a marginal pH. In study group 2, which includes animals with more than 25 days in 

milk, 14 cows (0.18%) were found to have SARA, while another 14 individuals had a ruminal 

pH of marginal value.  The width of the 95% confidence interval for prevalence is 0.05 and 

0.17 in study group 1 and .1 and 0.26 for study group 2, respectively. 

The mean ruminal pH in study group 1 was found to be 5.96, while it was 5.91 in group 2. 

The basic statistical features suggest no major differences between the two groups and all 

animals in the study, respectively. The proportion in prevalence of study group 1 (11%) and 

study group 2 (18%) is calculated with P(study group1) / P(study group2). The proportion 

therefore is 0.11/0.18 = 0.61, not suggesting a major difference here. The presence and 

absence of SARA in the two study groups can be expressed in a 2x2 contingency table in 

order to state any differences in SARA prevalence between the groups by means of Chi 

square testing. In study group 1, 104 individuals were found to experience no SARA at time 

of examination, while 13 did. In study group 2, the relation is 66 without and 14 with SARA. 

The hypothesis that the lactational stage, expressed in days post partum with a cut off point of 

25 days, had influence on the presence of SARA in one of the two groups had to be rejected at 

the 5% level (  

Also evaluation by Student’s t-test comparing all ruminal pH values found in the study 

showed no significant difference (p > 0.05). The hypothesis that in this study the stage of 

lactation with the cut-off point 25 days post partum had influence on prevalence of SARA, 

had to be rejected finally. 

 

4.1.3 Per farm 

The range of ruminal pH values per farm can be made up from Fig. 4.2, showing a boxplot of 

the pH-values found in the herds. The distribution of ruminal pH values on all farms is 

displayed together with the prevalence of SARA found in the study in Tab. 4.2. Here, only the 

pH range 
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represent the points of interest, cows experiencing a period of SARA or being in a marginal 

pH range. 

On 10 farms, cows were found experiencing SARA at time of rumenocentesis, on 7 of those 

farms more than one cow with SARA was found, 4 farms had at least 3 cows experiencing 

SARA. Eight farms showed no cows with a pH 

were found having a ruminal pH of marginal value (pH 5.6 – 5.7). 

On farms with cows experiencing SARA, the prevalence was pending between 8 % and 38 %.  

 

 

 

 

 

 

 

 

FIG. 4.2:  Boxplot of ruminal pH values found per farm with extrema, 

median and 25%  and 75%  quartile 



67 

 

Number of individuals examined per farm and 

ruminal pH group found 

Total number 

of cows 

examined per 

farm and 

SARA-

prevalence per 

farm based on 

animals 

sampled in the 

study 

Farm with 

herd size 

pH 

5,5 

5,6 - 

5,7 

5,8 - 

5,9 

6,0 - 

6,1 

6,2 - 

6,3 

6,4 - 

6,5 

 n Prevalence 

A 250 3 4 4 3 3 2 0 19 0.16 

B 115 2 2 4 2 4 0 0 14 0.14 

C 65 0 0 4 3 1 2 0 10 - 

D 100 4 4 4 0 1 2 1 16 0.25 

E 82 3 2 2 3 1 2 0 13 0.23 

F 66 0 1 1 2 2 0 0 6 - 

G 70 0 0 2 2 1 2 0 7 - 

H 55 1 6 3 0 0 1 0 11 0.09 

I 85 2 3 3 1 2 1 1 13 0.15 

J 65 1 1 2 3 3 2 0 12 0.08 

K 80 2 0 3 4 1 0 2 12 0.17 

L 65 0 1 2 2 2 1 0 8 - 

M 65 6 2 3 1 2 2 0 16 0.38 

N 65 0 0 4 1 2 2 0 9 - 

O 70 0 0 2 1 3 1 2 9 - 

P 65 0 0 1 1 2 1 0 5 - 

Q 85 1 7 2 0 0 1 0 11 0.09 

R 120 2 0 1 1 2 0 0 6 0.33 

 1568 27 33 47 30 32 22 6 197 0.14 

 

   Tab. 4.2:  Frequency of ruminal pH-values and SARA-prevalence on all farms (A-R) 

in the study and in total. 
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4.1.4 Summary of results of rumen pH determination 

Determination of pH in ruminal fluid of 197 individuals delivered a mean ruminal pH of 5.94 

(Minimum: 5.3; Maximum 7.1; SD: 0.35). The prevalence of SARA, defined as experiencing 

a ruminal pH of  5.5, was found being 0.14 on the whole study population, the 95% 

confidence interval being between 0.09 and 0.19. 

The two study groups (early lactation and individuals with >25d post partum) showed a 

SARA prevalence of 0.11 and 0.18, respectively. Student’s t-test and Chi-square testing did 

not suggest significant differences between the two groups.  

On farm level, 10 out of 18 herds examined experienced SARA. The prevalence here was 

pending between 0.08 and 0.38. 

 

4.2 Results of other examinations and relations to ruminal pH 

 

4.2.1 Body Condition Scoring 

4.2.1.1 BCS at time of rumenocentesis 

The body condition score at the time of rumenocentesis that has been carried out on all cows 

of the study, delivered the distribution of BCS-values, which is shown in Tab. 4.3. The 

arithmetic mean here is 2.7 (SD 0.32); the median is 2.8. The minimal BCS given to an 

individual was 2.0; the maximum 4.0. More than 50% of the cows were scored between 2.5 

and 3.0. 38% of the animals were scored with 2.75.  

In the group identified having experienced SARA, the lowest percentage for scores 

found, and the highest percentage for BCS 2.25.   

The question, whether body condition at time of correlation could be correlated to ruminal pH 

was worked out by calculating the Spearman correlation coefficient rs between the body 

condition scores and the pH values found in ruminal fluid samples. 

The correlation between ruminal pH and body condition score at examination time was found 

to be statistically significant. (rs = 0.25; p<0.01). In differentiation of the study groups, study 

group 1 (early lactation) showed a correlation between ruminal pH and BCS of rs = 0.21 

(p<0.05), while in study group 2 the rs = 0.298 (p<0.01) was found.  
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Ruminal pH 

group 

pH  

pH 5,6-

5,7 

pH 5,8-

5,9 

pH 6,0-

6,1 

pH 6,2-

6,3 

pH  

All 

animals 

in the 

study 

Number of 

animals found in  

ruminal pH 

group 

27 33 47 30 32 28 197 

BCS 2,00 1 / 4% 2 / 6% - 1 / 4% - 1/ 4% 5 / 3% 

BCS 2,25 4 / 15% 2 / 6% 6 / 13% - 2 / 6% - 14 / 7% 

BCS 2,50 8 / 3-% 12 / 36% 11 / 23% 3 / 11% 5 / 15% 7 / 26% 46 / 23% 

BCS 2,75 11 / 41% 8 / 24% 21 / 44% 16 / 57% 12 / 35% 7 / 26% 73 / 38% 

BCS 3,00 2 / 7% 7 / 21% 9 / 19% 4 / 14% 1- / 29% 4 / 19% 36 / 19% 

BCS 3,25 1 / 4% 2 / 6% - 2 / 7% 3 / 9% 5 / 19% 13 / 7% 

BCS 3,50 - - 1 / 2% 1 / 4% 1 / 3% 1 / 4% 4 / 2% 

BCS 3,75 - - - - - 1 / 4% 2 / 1% 

BCS 4,00 - - - - 1 / 3% - 1 / 0.6% 

 

TAB. 4.3:  Absolute number and proportion of body condition scores found in 

examined animals at rumenocentesis shown per ruminal pH groups 

and for the whole study population (right) 
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4.2.1.2 Change of body condition after calving 

From 139 cows, the results of a body condition calving around 6 weeks before examination 

had been recorded and were compared with the results from the day of ruminocentesis. The 

results can be seen in Tab. 4.4.  In average, all animals lost 0.2 points on the 17-grade scale 

that was used for body condition scoring. The standard deviation was 0.28 points, the median 

0.25. The maximal loss was one point, two animals gained even 0.5 points in that period. 

The table gives an overview about the proportions of BCS difference, subdivided per pH 

group. As it is shown, most of the animals having experienced a BCS-loss can be found in the 

group having experienced SARA (

or gain in body condition is found in the groups with a pH >5.7.  

The change of BCS showed a statistically significant correlation towards the ruminal pH (rs = 

0.21; p<0.01).  

In order to compare influence of results of first condition scoring on change of condition, 

these parameters have been compared. The Spearman-correlation coefficient found between 

first BCS-value and difference in BCS was rs  = -0.49 (p<0.001), in study group 1 it was -0.4 

(p<0.001), in study group 2 –0.65 (p<0.001). 

4.2.1.3 Correlation of body condition scoring to other factors 

The body condition scoring at time of rumenocentesis was found not to be correlated 

significantly to factors like age (rs = -0.011), milk production (rs = -0.07), neither to milk fat 

(rs = -0.03) or protein (rs = 0.02) percentage. 

4.2.1.4 Summary of results in body condition scoring 

Ruminal pH was found to be correlated with BCS and change of BCS in the examination 

period (rs = 0.25; p<0.02 and rs = 0.21; p<0.05, respectively.) The initial body condition score 

proofed to be highly correlated with the change of BCS during the examination period with rs  

= -0.49 (p < 0.001), this applying to both study groups as well. Furthermore, any of the BCS-

parameters proofed not be correlated to other factors like age or milk production parameters 

in a significant way. 
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Ruminal pH 

group 

pH  

pH 5,6-

5,7 

pH 5,8-

5,9 

pH 6,0-

6,1 

pH 6,2-

6,3 

pH  

All 

animals 

in the 

study 

Number of 

animals found in 

ruminal pH group  

18 19 36 21 27 18 139 

-1 1 / 6% - - 2 / 1-% - - 3 / 2% 

-0.75 3 / 17% 2 / 11% - - 1 / 4% 1 / 6% 7 / 5% 

-0.5 5 / 28% 3 / 16% 8 / 22% 1 / 5% 4 / 15% 1 / 6% 22 / 16% 

-0.25 5 / 28% 7 / 37% 14 / 39% 8 / 38% 8 / 3-% 7 / 39% 49 / 35% 

 3 / 11% 7 / 37% 12 /33% 6 / 29% 9 / 33% 8 / 44% 32% 

 - - 2 / 6% 4 / 19% 4 / 15% 1 / 6% 8% 

 1 / 6% - - - 1 / 4% - 2 / 1% 

 

TAB. 4.4:  Overview of change in body condition score from three weeks prior 

to examination to examination (

groups and the whole study population (right in the table) 
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4.2.2 Faeces Scores 

4.2.2.1 Faeces consistency score (FCS) 

In the scoring of faeces consistency, 2% of the animals were found to show a consistency 

scored 1, standing for extremely thin, watery faeces. 22% were scored 2, 66% received score 

3. 11% of the animals were scored 4, while no animal showed faeces with score 5. The 

percentage of the different scores is shown in Tab 4.5, differentiated for ruminal pH groups.  

Most of the animals received score 3, marking normal bovine faeces. Only in the group with 

pH 5.6 and 5.7, a considerable proportion of animals (37%) with thinner faeces scored 2 was 

found.  

In order to evaluate any influence of SARA on faeces consistency, a 2x2 contingency table 

with absence/presence of SARA and FCS 3 and 4 (normal to solid faeces) and FCS 1 and 2 

(watery and thin faeces), respectively, was build. Chi Square testing did not show, however, 

any significant differences with regards to this parameter ( ²= 0.23). Same applies if animals 

with marginal pH (pH 5.6 and 5.7) are taken into account ( ²= 1.22). 

 

 

 

pH 

All animals in 

the study 

Animals with  

ruminal pH  

Animals with  

ruminal pH 5,6 - 

5,7 

Animals with  

ruminal pH  

Score FCS UFFS FCS UFFS FCS UFFS FCS UFFS 

1 2% 1% 4% 0% 0% 0% 2% 2% 

2 22% 14% 16% 8% 37% 17% 19% 14% 

3 66% 59% 76% 56% 47% 57% 68% 60% 

4 11% 22% 4% 32% 17% 20% 11% 21% 

5 0% 4% 0% 4% 0% 7% 0% 3% 

 

TAB. 4.5:  Results of Faecal consistency score (FCS) and Undigested 

faecal fraction score (UFFS) in all animals and in relation to 

ruminal pH groups 
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4.2.2.2 Undigested faecal fraction score (UFFS) 

Examining the fraction of undigested feeding particles within the faeces, most of the animals 

(59%) were scored 3, marking the moderate presence of undigested particles. (Tab. 4.5) Score 

1 and 2 received 1% and 14% of the animals, respectively, while score 4 and 5 was given to 

faeces from 22% and 4% of all animals included in the study.  Details are also to be seen in 

Tab. 4.6. 

As described under faecal consistency score, Chi square testing did not reveal significant 

differences in undigested faecal fraction between individuals experiencing SARA and 

marginal pH, respectively, and the rest of the study population ( ²= 1.01) and individuals with 

marginal pH and the rest of the population ( ²= 0.22). 

 

4.2.3 Ruminal Fluid 

4.2.3.1 Cow-side examination 

The examination on cow side evaluating the quality of ruminal fluid on presence of protozoal 

activity, flotation, colour, consistency and smell made use of a five-point scale. Most of the 

samples have been scored with two to four, only a few received one of the most extreme 

scores. All scores of ruminal fluid quality resemble the same picture: Only a few individuals 

are found at the extreme ends of the table, while most of them are located in the region of 

score 2 to 4 (See Tab. 4.6) 

Generally spoken, lower scores are more frequently found in the SARA group and the group 

with animals having a marginal pH. Higher scores, indicating a more physiologic, 

biologically active ruminal fluid can be found in animals being sampled with a ruminal pH of 

more than 5.7. 

With exception of consistency, all ruminal fluid scores were highly correlated. Tab. 4.7 shows 

the Spearman rank correlation coefficient rs for all scores towards ruminal pH.  The figures 

can be interpreted as showing the change of biological activity in ruminal fluid with changing 

pH and confirm the decrease of protozoa presence in lower pH regions of the ruminal 

environment.  
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Ruminal pH Flotation Colour Cons. Smell Protozoa 

r
s
 0.41 0.408 0.169 0.467 0.412 

p < 0,001 < 0,001 > 0,1 < 0,001 < 0,001 

TAB. 4.7: Correlation coefficients of ruminal fluid scores  

with ruminal pH 

Protozoa   Flotation    

Score  5,6 - 5,7  
Score 

 5,6 - 5,7  

1 19% 19% 4% 1 26% 10% 2% 

2 56% 58% 30% 2 48% 65% 37% 

3 22% 19% 43% 3 26% 26% 41% 

4 4% 3% 18% 4 0% 0% 19% 

5 0% 0% 5% 5 0% 0% 1% 

Smell    Colour    

Score 
 5,6 - 5,7  

Score 
 5,6 - 5,7 5,8 

1 15% 3% 1% 1 4% 6% 1% 

2 70% 84% 33% 2 48% 35% 17% 

3 11% 13% 48% 3 41% 55% 53% 

4 4% 0% 18% 4 7% 3% 27% 

5 0% 0% 0% 5 0% 0% 2% 

  Consistency     

  
Score 

 5,6 - 5,7    

  1 0% 3% 2%   

  2 52% 52% 33%   

  3 26% 39% 46%   

  4 22% 6% 20%   

  5 0% 0% 0%   

TAB. 4.6:  Overview of ruminal fluid scores found in the samples displayed 

per ruminal pH group 
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4.2.3.2 Laboratory examination – SCFA 

In all samples the mean amount of short chain fatty acids (SCFA) was 98.41 mmol/l (SD: 

35.05). The group with a ruminal pH of 5.5 or lower had a mean amount of 119.98 mmol/l 

(SD 43.11), the marginal group (pH 5.6 and 5.7) showed an average of 102.76 mmol/l (SD: 

29.78), whereas the rest of the samples with a pH higher than 5.7 had a mean amount 93.43 

mmol/l (SD: 33.16). 

The absolute amount of SCFA in the samples, dependent from the ruminal pH, can be seen in 

Fig. 4.3 which gives an overview of the regression analysis made on the relation of the single 

fatty acids acetic acid, propionic-, n-butyric and valeric acid with the ruminal pH.  

The amount of short chain fatty acids in the ruminal fluid sampled was significantly 

correlated to the ruminal pH (r = -0.303, p<0.01). The picture reveals an increase of SCFA 

with decreasing ruminal pH, while the acetic acid seems to be not as dependable from the pH 

change as other acids having been measured in this study.   

Fig. 4.4 shows the proportions of the three main acids, acetate, n-butyrate and propionate in 

relation to the ruminal pH in all 197 animals. As it can be seen from the figure, with 

decreasing pH the proportion of acetic acid is slightly decreasing, while the share of the other 

acids does increase. It has to be noted, however, that the change of proportion does take place 

on a very small basis. At pH he proportion of acetate to propionate is 2.3, 

while it is 2.43 at pH 5.6 – 5.7 and 2.5 at pH 5.8 – 5.9. Here, the decrease of acetic acid seems 

to be steeper with decreasing ruminal pH than the course of the other main acids. 
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FIG.4.3:  Regression analysis of SCFA quantity [mmol/l] in all ruminal fluid 

samples in relation to ruminal pH for acetic acid, propionic acid, n-

valeric and n-butyric acid 
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FIG. 4.4:  Proportion of main ruminal SCFA (Acetate, Propionate and n-

Butyrate) in comparison with ruminal pH-course in all ruminal fluid 

samples 
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4.2.4 Urine samples 

It was possible to take urine samples from 76 cows in the study. Nine (11.8 %) of them were 

experiencing SARA with ruminal pH of 5.5 or lower, thirteen (17.1%) belonged to the 

marginal group with pH 5.6 and 5.7. while the remaining 54 animals had a ruminal pH greater 

than 5.7. Tab. 4.8 shows the descriptive statistics of the pH and the net acid-base excretion of 

the samples. 

 

4.2.4.1 Urine-pH 

The average pH of the samples was 8.79 (SD: 0.19) with the extrema being 8.21 and 8.89. 

The median was found being 8.78. The group experiencing SARA had an average pH of 8.77 

(SD: 0.13) while the marginal group with pH 5.6 or 5.7 showed an average 8.68 (SD: 0.21). 

The average urine pH of all other animals with ruminal pH >5.7 was 8.81 (SD: 0.15).  

The pH in urine samples was statistically significant in correlation towards ruminal pH (r = 

0.292. p<0.02). Regression analysis showed, however, that the coefficient here was 

considerably small with a R² of 0.08. 

 

 

 Urine pH 

Net acid-base excretion 

[mmol/l] 

Mean value 8.79 134.76 

SD 0.19 52.34 

Median 8.78 130.00 

Minimum value 8.21 28.00 

Maximum value 8.89 168.00 

 

Tab. 4.8: Overview of statistical values of parameters in urine sample analysis 
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FIG. 4.5:  Regression of net acid-base excretion on  ruminal pH;  

y= -103.53 + 40.086x;  R² = 0.07;  r = 0.266; p < 0.05 

4.2.4.2 Net acid-base excretion 

The mean amount of net acid-base excretion in all samples was found to be 134.78 mmol/l 

with a SD of 52.34 and the extrema being 28.0 and 168.0mmol/l. The median here was 130.0 

mmol/l. Regression analysis of this parameter is shown in fig. 4.5. 

The animals experiencing SARA showed a mean value of 106.5 mmol/l (SD: 36.94), while 

the marginal group had 121.27 mmol/l (SD: 62.03) and the negative animals with pH above 

than 5.7 were found to have an average of 141.96mmol/l.  

The amount of net acid-base excretion in the urine-samples was found to be significantly 

correlated with ruminal pH (r = 0.266; p<0.05); R², however, was found to be 0.07. A t-test 

performed on comparison between SARA-experiencing cows and the rest of the study 

population delivered no significant difference between the two groups (p > 0,10). 
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4.2.5 Milk samples – Long chain fatty acids 

Tab. 4.9 shows the percentages of the examined long-chained fatty acids in milk samples 

collected from 168 cows. No major differences can be seen in proportion of the single acids in 

different ruminal pH groups.  

Special emphasis had to be laid on the presence of C18:1 trans fatty acids for the rise of this 

acid is associated with milk fat depression. The mean proportion of this acid was 1.1 % in all 

samples (SD= 0.7), the median was found to be 0.9 and the extreme values were 0.4% and 

7.6%. In all animals experiencing SARA, the mean value was 1.0 (SD= 0.3) with a median of 

1.0. The maximal and minimal value here were 0.6% and 1.5%, respectively. The mean in the 

group with a ruminal pH  5.5 was 1.0%, in the marginal group it was 1.4% while other 

animals with a ruminal pH of >5.7 the mean proportion of the C18:1 trans fatty acid was 1.0. 

The picture in other fatty acids plotted in Tab. 4.9 is similar and does not suggest any effect of 

ruminal Ph and SARA, respectively, on the proportion of those acids. The correlation 

coefficients (r) were 0.02 for C10:0, -0.03 for C12:0, -0.04 for C14:0, -0.01 for C16:0, 0.05 

for C16:1, 0.15 for C18:0, -0.09 for C18:1t, 0.08 for C18:1c and –0.07 for the C18:2 acid. 

There therefore seems no association between the long-chain fatty acids and the ruminal pH 

and the prevalence of SARA in this study whatsoever. 
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  Acid 10:00 12:00 14:00 14:01 16:00 16:01 18:00 18:1 t 18:1 c 18:02 Total 

                          

Average 1.9 4.2 11.9 1.8 37.5 1.5 12.2 1.1 21.8 1.3 94.9 

SD 0.6 1.2 1.9 0.5 4.8 0.3 2.8 0.7 4.8 0.3 2.9 

Median 1.9 4.1 12.3 1.8 37.2 1.5 12.1 0.9 21.5 1.3 94.8 

MIN 0.5 1.2 5.9 0.9 27.4 0.9 5.7 0.4 11.1 0.7 83.3 

All 

Samples 

 

(n= 197) 

 

 

MAX 3.6 7.6 15.9 3.2 51.0 2.4 20.6 7.6 33.5 2.4 100.0 

Average 1.9 4.2 12.4 2.1 38.5 1.5 11.3 1.0 20.6 1.3 94.5 

SD 0.5 0.9 1.4 0.5 5.1 0.4 2.5 0.3 4.5 0.3 3.3 

Median 1.8 4.0 12.5 2.0 37.3 1.4 11.0 1.0 19.5 1.4 94.6 

MIN 1.1 2.7 9.5 1.3 31.8 1.0 8.2 0.6 13.4 0.8 87.9 

Rum. pH 

5,3 -5,5 

 

(n= 21) 

 

MAX 3.1 5.8 14.8 3.1 51.0 2.4 18.6 1.5 33.0 1.9 100.0 

Average 1.8 4.3 12.0 2.0 37.4 1.6 11.0 1.4 21.4 1.4 93.7 

SD 0.5 1.3 2.0 0.6 4.5 0.3 2.7 1.6 4.8 0.4 3.5 

Median 1.9 4.4 12.3 2.0 37.7 1.6 11.0 0.9 20.0 1.4 94.3 

MIN 0.5 1.8 6.7 1.0 27.4 0.9 6.9 0.6 14.7 0.7 83.3 

Rum. pH 

5,6 - 5,7 

 

(n= 26) 

 

MAX 2.8 6.7 15.8 2.8 47.0 2.1 16.4 7.6 32.8 2.4 98.4 

Average 1.9 4.2 11.9 1.8 37.3 1.5 12.6 1.0 22.1 1.3 95.2 

SD 0.7 1.2 2.0 0.4 4.8 0.3 2.8 0.3 4.9 0.3 2.6 

Median 1.9 4.1 12.0 1.7 36.8 1.5 12.5 0.9 22.0 1.3 95.5 

MIN 0.5 1.2 5.9 0.9 27.8 0.9 5.7 0.4 11.1 0.7 86.3 

Rum. pH 

>5,7 

 

(n = 121) 

 

MAX 3.6 7.6 15.9 3.2 50.3 2.4 20.6 1.9 33.5 2.2 100.0 

 

TAB. 4.9:  Proportion of long chained fatty acids [%] of all fatty acids in all milk 

samples and in relation to ruminal pH-groups 
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4.2.6 Blood samples 

From in total 164 cows in the study, a blood sample has been drawn and proceeded to further 

examination to the laboratory.  

 

4.2.6.1 Liver enzymes  

4.2.6.1.1 AST 

The mean value of blood-serum activity of AST was found being 39.08 [U/l] in all samples 

with a SD of 34.13. The median was found being 33.0 [U/l]. 

In the group found experiencing SARA, the mean activity was 34.24 [U/l] with a SD of 8.93 

and a median of 33. The marginal group with a pH of 5.6 or 5.7 had a mean activity of 36.63 

[U/l], with a SD of 10.19 and a median of 36. All animals that showed ruminal pH values 

above 5.7 showed an average of 40.54 [U/l] in activity, the SD was found being 40.12 and the 

median of this group 32.  

 

4.2.6.1.2 -GT 

The mean value of activity of all -GT values was 23.19 [U/l], with a SD of 46.27 and a 

median of 14.  In the SARA group with a ruminal pH of 5.5 or lower, the average was 56.81 

[U/l], the SD was found being 109. 87 with a median of 15. The marginal group showed an 

average activity of 28 [U/l] with a SD of 51.12 and the median here was 51.12. whereas the 

group with a ruminal pH higher than 5.7 has a mean of 15.92 [U/l] in activity, the SD was 

7.88 and the median was found being 14,0.  

 

4.2.6.1.3 GLDH 

In all samples, the average activity of GLDH was found being 24.4 [U/l] with a SD 35.11; the 

median here was 13.70. The SARA group showed an mean activity of 33.12 [U/l], the SD was 

48.58 and the median 11.30 [U/l]. A mean activity of 42.58 [U/l] was found in the marginal 

group with a SD of 59.36 and the median here was 24.6. In all other animals, 18.54 [U/l] was 
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found to be the mean activity and 20.19 the SD of the samples in GLDH, the median was 

13.20[U/l].  

 

4.2.6.1.4 Summary of statistical analysis of liver enzymes in relation to SARA 

The correlation between blood serum activity of liver enzymes and ruminal pH found in 

ruminocentesis was weak. The values of r were –0.223 for Gamma GT, -0.165 for GLDH and 

–0.01 for AST. Only GGT matched a weak significance at the 5%-level (p<0.05). 

In comparison between animals experiencing SARA and those with ruminal pH > 5.5, 

however, no significance could be detected by means of student’s t-test in any of the liver 

parameters examined. The influence of SARA, if any, has to be valued as neglectable; there 

seems to be no value to use these parameters as a tool of detection of SARA. 

 

4.2.6.2 Serum protein 

In all samples a mean of 63. 47 [g/l] of total serum protein was found (SD: 5.54). The average 

value in the different groups of ruminal pH did not differ substantially from the mean in all 

samples. Values for pH-groups can be taken from Tab. 4.10 

There was no correlation to be found between serum protein and ruminal pH, whatsoever (r< 

0.001); also t-test between the group experiencing SARA and the group with a pH >5.5 

delivered no significant results. 

 

4.2.6.3 Non-esterized fatty acids (NEFA) 

The mean amount of NEFA in all blood samples was found to be 436.74 mmol/l with a 

standard deviation of 771.16 and a median of 298.0 mmol/l.  The maximum value was 3766 

mmol/l, the minimum 62.9 mmol/l. 

The mean value in the group with animals having SARA was 457.9 mmol/l (SD= 774.67), the 

median 269.00 mmol/l. Other animals showed the mean value 449.25 mmol/l (SD: 851.57) 

and 323 mmol/l as median (See Tab.4.10). 
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The correlation coefficient with ruminal pH was –0.08, indicating no significant correlation. 

T-test performed in comparison of SARA and non-SARA groups confirmed the assumption 

of independence of these two parameters. 

 

 

 

Parameter 

 Protein GB AST -GT GLDH Glucose NEFA ß-HB 

Mean value 

All 

samples 

63.47 3.10 39.38 23.72 25.09 2.86 345.52 1.00 

pH  62.21 3.29 34.37 61.05 35.66 2.91 290.53 0.85 

pH 5.6 - 

5.7 

64.00 3.42 36.40 29.12 44.45 2.84 358.98 0.93 

pH  63.56 2.99 40.93 16.04 18.86 2.86 351.96 1.04 

Median 

All 

samples 

63.00 3.00 33.00 14.00 13.70 2.90 298.00 0.84 

pH  62.00 3.00 33.00 15.00 11.30 3.00 269.00 0.83 

pH 5.6 - 

5.7 

63.00 3.16 36.00 14.00 24.60 2.92 301.00 0.92 

pH  63.00 2.92 32.00 14.00 13.20 2.89 323.00 0.84 

Standard Deviation 

All 

samples 

5.54 1.27 35.07 47.56 35.98 0.50 212.41 0.53 

pH  5.99 1.77 9.18 114.95 50.44 0.45 168.32 0.44 

pH 5.6 - 

5.7 

5.95 1.34 10.53 53.03 61.37 0.40 235.14 0.35 

pH  5.39 1.15 40.97 8.03 20.56 0.53 214.17 0.57 

TAB 4.10:  Descriptive statistics of blood parameters in all individuals of the 

study and for group experiencing SARA, marginal group and 

individuals with ruminal pH found > 5.5. 



85 

4.2.6.4 Blood glucose 

The overall mean of blood glucose was found to be 3.06 mmol/l with a SD of 2.44 and a 

median of 2.9. Extrema were 1.39 mmol/l and 33.25 mmol/l. Individuals with SARA had a 

mean value of 2.9 mmol/l, SD was 0.43 and the median 3.0 mmol/l. Other animals’ values 

were 2.87 mmol/l for mean value, SD 0.52 and the median 2.89. 

The correlation towards ruminal pH was considerably low (r = -0.06). Also use of t-test 

revealed no influence of SARA on this parameter (see Tab. 4.10). 

 

4.2.6.5 ß- Hydroxy-butyrate 

The descriptive statistic analysis of values for BHB showed an overall mean value of 1.02 

mmol/l with a SD of 0.64 and a median being 0.84 mmol/l. The minimum value found was 

0.33 mmol/l, the maximum value 5.8 mmol/l. 

The SARA group had the following values: mean value 1.09 mmol/l, SD 1.16 and median 

0.83 mmol/l. Other animals showed 1.03 mmol/l being the mean value, SD 0.56 and the 

median of 0.84 mmol/l (see also Tab. 4.10). 

The correlation of beta-hydroxybutyrate with ruminal pH was r = -0.04 and also the t-test did 

not suggest relations of any significance between SARA and this parameter.  

 

 

4.2.7 Scoring of the rumen 

4.2.7.1 Rumen fill score (RFS) 

Most of the animals in the study showed an average rumen fill that had been scored 3 (54%), 

more rumen fill scored 4 or 5 was shown by 30% and 1% of all animals, respectively. A 

modest rumen fill (score 2) was found in 15% of the cows, while no individual has been 

scored with 1. In all groups compared, only the group with a ruminal pH of 5.6 to 5.7 showed 

fewer animals with a strong or heavy filled rumen. (Score 4: 24 %) The values of all rumen 

scores are shown in tab. 4.11.  

Towards ruminal pH, a Spearman rank correlation coefficient of rs = – 0,01 was found, not 

indicating relationship between these parameters. 
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4.2.7.2 Motility  

The rumen motility score, which was done before rumenocentesis was carried out, showed in 

every animal the presence of at least weak ruminal motility (Score 2; 14%). Most of the 

animals were found to have a modest (Score 3; 39%) or strong ruminal motility (Score 4; 

41%).  5% of the whole group showed strong contractions of the rumen, which were hearable 

without instruments. (Score 5). The picture is about the same in all groups; only the marginal 

group (pH 5.6 and 5.7) had less animals with strong contractions, which matches the RFS-

picture. 

The Spearman rank correlation coefficient of ruminal motility with ruminal pH was found 

being rs = – 0,02. 

 

 

 

 

 

 All samples 

Samples with 

ruminal pH  

 

Samples with 

ruminal pH 5.6 – 

5.7 

 

Samples with 

ruminal pH  5.8 

Score RFS Mot. Str. RFS Mot. Str. RFS Mot. Str. RFS Mot. Str. 

1 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

2 15% 14% 11% 19% 15% 4% 9% 21% 24% 16% 13% 9% 

3 54% 39% 35% 48% 33% 41% 64% 48% 27% 53% 38% 36% 

4 30% 41% 47% 33% 44% 48% 24% 27% 39% 31% 44% 49% 

5 1% 5% 7% 0% 7% 7% 3% 3% 9% 0% 5% 6% 

TAB. 4.11:  Percentage of rumen scores found in all individuals examined and in 

relation to ruminal pH  (RFS= Rumen fill score, Mot.= Motility of the 

rumen, Str.= Stratification of rumen content) 
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4.2.7.3 Stratification of rumen content 

The picture of the palpated stratification of ruminal content is similar in all groups compared 

to each other as well to the general average.  In total, the least score 2 was found in 11% of 

the cows, 35% and 47% showed an average or good stratification, respectively, while score 5 

was given to 7% of all animals. Compared to other groups, also here the marginal group 

shows the only difference: Here, more animals show a modest stratification compared to other 

groups.  

Here, the Spearman rank correlation was also not suggesting dependence of stratification 

from ruminal pH ( rs = – 0,08). 

 

4.3 Milk production data 

 

4.3.1 Milk production 

The question, whether there would be a correlation between milk production and the ruminal 

pH of the animals examined is of special interest. The correlation coefficient between the test 

day milk production and the ruminal pH in all 197 animals was found to be r = -0.1 and thus 

not being statistically significant. Between the group of cows experiencing SARA at time of 

sampling and cows with pH >5.5, the use of a student’s t-test revealed no significant 

differences in test-day milk production. 

Also in comparison with the data from 305-day lactations from 147 individuals, there were no 

significant correlations found.  

4.3.2 Milk fat and milk protein percentage, fat/protein ratio 

The correlation coefficients between ruminal pH found at rumenocentesis and milk fat 

percentage, milk protein percentage and ration milk fat / milk protein, respectively, were 

calculated. All results proved statistically not being significant. The values of r here were 0.13 

for fat percentage, -0.005 for protein and 0.11 for fat protein ratio. Same applies to the 

comparison between ruminal pH and the data from the previous lactation in 147 individuals 

and the comparison between SARA diagnosed cows and the rest of the study population by 

means of student’s t-test. 
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4.3.3 Milk production data on farm level 

In order to state specific associations with the presence of SARA on farm level, five farms 

with SARA were selected for further analysis. The conditions for selection of farms were 

 

• at least 20% of the tested individuals per farm or 

• at least 3 individuals per farm experiencing SARA at time of examination, 

respectively. 

 

Four farms, labeled D, E, M and R had at least 20% of their cows experiencing SARA, 

additionally, on farm A three individuals were found experiencing SARA. The selected farms 

were tested by means of student’s t-test, whether the total milk fat and protein percentage and 

milk production, respectively, would differ significantly from that of the other farms in the 

study. 

For this test, test-day milk production data of the individuals selected for the study from farms 

in question were compared against all other individuals in the study per farm. 

On animals from the farms A, D and E no statistically significant differences with the level of 

other farms in the study with lower prevalence of SARA were found in terms of milk fat 

percentage, milk protein percentage, fat / protein ratio and milk production.  

The milk fat percentage of the examined animals on farm M, however, was significantly 

lower compared to the other individuals (p<0.001), same applies for milk production, which 

was significantly higher compared to other farms (p<0.01), while no differences were found 

in milk protein and fat / protein ratio. 

Farm R showed no differences with the mean of other farms in terms of fat and protein, while 

the milk production was found to be significantly lower (p<0.001). 

If farms with more than two individuals experiencing SARA were compared to farms with no 

SARA found being present, no significant differences in terms of milk production, protein or 

fat percentage could be detected. 
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4.3.4 Milk fat percentage and ruminal fermentation pattern 

Analysis of correlation between ruminal pH and the percentage of SCFA in ruminal fluid 

delivered no significant statistical results. The highest correlation coefficient was found 

between milk-fat percentage and proportion of butyric acid in the ruminal fluid with r = 0.1, 

statistically not being significant. 
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5 Discussion of results and possible diagnostic value 

 

5.1 The field study 

 

5.1.1 Selection of farms 

The selection of farms was done in cooperation with a local veterinary practice. The farmers 

cooperating in the study make use of the Ramsys® system and therefore represent a group 

interested in modern dairy-farm management. The use of the Ramsys® system had therefore 

two advantages: First, farmers cooperating in this information-management system can be 

expected to be interested in research and being open for the testing and introduction of new 

methods on their farms. Second, reproduction data as insemination dates and expected calving 

dates are easily collected, thus enabling the researcher to carry out the selection of animals 

very fast.  

It has, however, to be conceded, that those farms do not represent a kind of average dairy 

farm, for not all dairy-farmers make use of the Ramsys® system. Nevertheless, the group 

consists of future-orientated farmers that should be willing to adapt results from the project in 

their management. 

The dairy farms in the province of Friesland resemble the predominant type of dairy farming 

which can be found throughout the countries of North and Western Europe, not only in the 

Netherlands, but also throughout Western Germany, Belgium, France and other countries 

within the European Union. These are family-run dairy farms with a herd size around 80 to 

100 animals, a model of dairy farming which will presumably be the predominant one in 

those countries in the next couple of years. Results of the study can therefore apply not only 

to the province of Friesland, but also to other regions in the EU for the next years. 

The production level of all farms is varying. Average milk production reached from little 

more than 7000 liters per year up to more than 10,000. It could therefore be stated that 

expected results in the prevalence of SARA should vary with the intensity of production 

management. Nevertheless, the selection made will deliver information on prevalence not 

only in intensively managed farms, but also on farms that decided for a more extensive 
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management with lower milk-production levels. The group therefore seems to be suitable to 

gain information about the actual problem of SARA in northwest European dairy farming. 

 

5.1.2 Selection of animals 

The animals in the study were selected mainly on the base of reproduction data. In order to 

establish the prevalence of SARA in the early post-partum period as well as in later stages of 

lactation, it was necessary to select animals fitted for examination before it began. Based on 

the expected calving data, the animals were pre-selected and in cooperation with the farmers 

the final selection was done on basis of calving-date and possible pathology around partus, 

which would lead to exclusion of the animals in question. Other animals in later stages of 

lactation were selected in cooperation with farmers. Here, the aim of gaining a representative 

overview of the farm was very important. 

It has to be mentioned, however, that not on all farms the aim of examining a considerable 

large number of animals per farm could be met: Seven out of 18 farms contributed only six to 

nine individuals. The problem here was the time-schedule of visits for examination. In order 

to keep the expense on time and preparation for the farmer as low as possible, the visits were 

scheduled that way that as many individuals as possible could be examined on one visit. 

Moreover, a certain relation between individuals in early lactation and later stages had to be 

maintained. Because the calving pattern on most of the farms was not seasonal, it was not 

always possible to obtain the number of individuals aimed at. 

 

5.2 Parameters of the study 

 

5.2.1 Ruminal fluid 

The examination of the ruminal fluid pH was the core-point of the examination for it 

determines the absence or presence of SARA in the animal. The use of ruminocentesis for 

examination seems to been justified: The sampling with this method was fast and results seem 

to be liable (GARRETT et al. 1999). The acceptance of the method by the farmers was good 

and reported health-problems afterward were small.  
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The use of a portable pH-meter was easy and reliable. The calibration that was done on each 

farm visit proofed the exact measuring of the instrument, because little adjustment was 

necessary.  

The time between extraction of the ruminal fluid and the pH measuring was short: 

Immediately after aspiration had been done, an assistant carried out the measuring. Losses of 

CO2 were avoided that way and changes in pH by biological activity reduced to a minimum.  

The question, whether the ruminal fluid sampling could have been carried out with a probe-

system is difficult to answer: Results from comparisons between probes and puncture 

systems, however, indicate that the precision of ruminal pH measuring is more exact with 

puncture; moreover, the sampling site is defined exactly. Although it has to be conceded that 

the use of probes may be absolutely sufficient in clinical examination of the animal being ill, 

the determination of SARA in a dairy herd requires the use of the most exact method 

available (NORDLUND et al. 1995, GARRETT et al. 1999). 

The problem of reaching the nadir of ruminal pH during the examination is crucial. As shown 

before, the ruminal pH varies, dependent on time and schedule of feeding, type of feedstuffs 

and adaptation of ruminal flora (DIRKSEN and SMITH 1987). Obviously it is virtually 

impossible to exactly determine the point when the nadir of the pH is reached if there is no 

possibility of continuously measuring the ruminal pH, which of course would be the method 

of choice. In protocols, which were discussed and worked out with the farmers in question, it 

was aimed at developing a time-scheme that would deliver the best chances to identify cows 

experiencing SARA and, moreover, guarantee the comparison between the individuals and 

farms. The technique to schedule ruminal puncture three to four hours after concentrate 

feeding was, however, dependant on cooperation of the farmer: On farms with concentrate 

feeding during milking time the visit was planned 2 ½ hours after milking in order to start 

with examination during the time with the highest probability of low ruminal pH. On other 

farms, it was necessary to separate animals three hours before examination and feed them a 

standard concentrate meal. This procedure was obviously going to be a source of inaccuracy 

in SARA-determination.   

Another aim of the study was the scoring of certain parameters concerning the quality of 

ruminal fluid. The influence of ruminal fermentation and pH on parameters like colour, smell, 

consistency and presence of protozoa is well known and described: The evaluation of those is 
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a standard procedure in clinical examination of ruminal fluid. The analysis of a greater 

quantity of fluid samples gave the opportunity to evaluate the change of fluid quality 

dependant on pH on a large scale. In order to achieve a comparison and certain objectivity in 

the results, the parameters were scored on a five-point scale according to determined 

definitions for every parameter. It may be objected that the use of a five-point scale does not 

deliver precision appropriate for evaluation. The use of a nine-point scale applying 0.5-point 

steps should be considered for future examination. 

 

5.2.2 Milk production parameters 

The determination of a possible effect of SARA on milk production, especially the percentage 

of milk fat, is an important part of the study. The method to compare milk test day results 

nearest to the date of examination was easy to carry out, but can, however, be questioned. 

Considering the fact that SARA has to be understood as a transient condition with supposedly 

temporary effects on metabolism of the animal concerned, the effect on milk components and 

production will be of transient character as well. Therefore, it may be supposed that SARA 

may not influence test-day milking if the dates do lie apart in time. Results obtained in the 

study suggest the correctness of the presumption. Analysis of the milk-samples drawn at 

examination, however would probably have delivered results more accurate for the 

examination of the problem in question. However, considering the fact that feeding 

management in the in-house period will largely stay the same and possibly lead to SARA, 

effects on milk parameters can be expected if SARA is indeed present in the herd. 

 

5.2.3 Clinical scores 

5.2.3.1 Body condition score 

The question, whether BCS of animals experiencing SARA tends to increase or decrease is 

not clearly answered in the literature reviewed.  

In order to gain information on this subject, all individuals in the study had been scored for 

body condition at time of ruminocentesis and a number of animals had been scored about six 

weeks prior to the scheduled farm visit in order to obtain information on a possible change of 
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BCS in that period of time. Most of those animals were expected to calve three weeks after 

first body condition scoring. 

Scoring was carried out according to standard procedures described elsewhere (LOWMAN et 

al. 1976). The problems of BCS have been discussed thoroughly in literature (EDMONSON 

et al. 1989, WRIGHT and RUSSEL, 1984). Scoring of body condition delivers exact 

information on condition and body fat partition and has to be carried out preferably by the 

same examiner after calibration of scoring.  

The same person on all farms using the same 17-point scale system ranging from 1 to 5 did 

the BCS on the farms visited. The information obtained on body condition therefore reflects 

the situation and the change of BCS well.  

 

5.2.3.2 Rumen scores 

The scores used in the study concerning stratification and filling of the rumen were made 

according to literature (ZAAIJER et al. 2001). The score concerning ruminal motility was 

done according to a scheme defined prior to examination. Also here, a 5-point scale reaching 

from 1 to 5 was used in every scoring. As in the scores concerning ruminal fluid quality, the 

use of a 0.5 scale should be considered for future use.  

Objective of the rumen scoring was to verify signs that are often contributed to animals 

experiencing some kind of acidosis. A heavily filled rumen and reduced motility and 

stratification were to be examined in relation towards the presence of SARA in the single 

animal.  

 

5.2.4 Samples collected 

5.2.4.1 Blood and urine samples 

The collection of blood samples from all animals in the study was done to obtain information 

of blood pH and presence of NEFA in the blood reflecting a possible ruminal acidosis. Urine 

samples were collected by provocation of most of the individuals in the study. Here, analysis 

of net acid-base excretion and pH were core of later urinalysis. It was aimed at determination 
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of parameters, which would enable veterinarians to recognize SARA in dairy herds without 

the sampling of ruminal fluid, which seems desirable for future herd health services. 

 

5.2.4.2 Milk samples 

Milk samples were collected from every cow in the study to determine relations of long-

chained fatty acids. Insight on the influence of SARA on the metabolic processes of the 

mammary gland was aim of this part of the study. Because the milk fat-percentage seems to 

be related to the presence of trans 18:1 fatty acids in the milk (KENNELLY et al. 1999), 

establishing an influence of SARA on the presence of these acids would be useful.  

Time of sampling was closely related to examination, but is has, however, to be conceded that 

the influence of SARA on time of examination might possibly have its highest manifestation 

on fatty-acids pattern in milk later in time. 

 

5.3 Results of ruminal pH measuring – Prevalence of SARA 

 

5.3.1 Identifying SARA in herds examined 

The main objective of the field study was to determine whether subacute ruminal acidosis 

would be found in selected and cooperating dairy farms and what the prevalence of SARA on 

these farms would be.  

SARA has in fact been diagnosed and certain prevalence has been determined on some of the 

farms included in the study. The diagnostic procedures and definition have been described in 

the chapter material and methods, but it is certainly possible to argue about the data obtained. 

It has to be made clear that the information on ruminal pH values represent a certain snapshot 

of an ever-changing biological active process in a large number of individual animals on a 

number of selected farms.  It seems to be difficult to draw conclusions on the real prevalence 

of this ruminal condition on other farms or other circumstances. The field trial, however, did 

take into account that the ruminal pH is to reach its nadir about three to four hours after 

concentrate feeding, and it was aimed to sample animals in that period. Results obtained 
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should therefore represent the daily situation after concentrate feeding without feeding 

manipulation on the specific cooperating farms.  

It has to be stressed that cows that where not found to experience SARA at time of 

examination might as well experience it at other times. Reasons as individual feed-intake 

pattern and individual adaptation in terms of ruminal flora or development of mucosa surely 

do contribute to fermentation patterns, which can delay pH nadir or shorten the period of 

unphysiological ruminal pH. Only an overview on results on farm-level will therefore lead to 

proper diagnosis of an existing SARA-problem, because it has to be expected that 

management factors concerning all individuals will finally lead to SARA in a number of cows 

on the farm in question. Moreover, it should be useful to examine distribution of all ruminal 

pH values with special emphasis on cows showing a ruminal pH slightly above the mark 5.5, 

for those have to be viewed as individuals which are “on the edge” and have to be at least 

suspected to develop SARA or having experienced it a short period of time ago. 

The study of GARRETT et al. (1999) that presents a scheme for calculating the estimated 

prevalence of SARA in dairy herds proposes, as said above, a sample size of twelve 

individuals. Identification of at least three animals experiencing SARA would then deliver a 

reasonable probability of SARA being present with certain prevalence at herd level. As 

mentioned earlier, it was not possible to reach this number of animals on all farms. It is 

nevertheless possible to obtain information on the prevalence of SARA in the single dairy 

herd. The comparison of the herds should moreover lead to clarity about the fact whether a 

herd is not affected by SARA at all or where deeper inspection might be necessary. The 

mentioned study might be helpful to judge the prevalence of SARA in the herd once it has 

been recognized. 

 

5.3.2 The prevalence of SARA in all individuals  

Of all 197 cows in the study, a ruminal pH of 

13.7% of all animals with ruminal pH-values. From these, 13 individuals (11% of the total 

group in the study) were found to have SARA in study group 1, consisting of animals early in 

lactation. From animals in later stages of lactation, the study group 2, 14 individuals, 

representing 18% were found to experience SARA. Statistically, there was no significant 

difference in prevalence of SARA between those groups.  
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Compared to results in a study examining 15 dairy herds with a milk production of more than 

8.200 kg of milk in the U.S. (GARRETT et al. 1997), the prevalence is different. The 

American study revealed SARA prevalence of 19% in early lactation, while as much as 26% 

of individuals in later stages of lactation experienced SARA at that time. Even though those 

data differ, it has to be stated that at least the dimension of prevalence is similar, although it 

has to be questioned whether these results are comparable or not. It has to be stated that 

SARA is indeed present under circumstances as found in the Dutch province of Friesland 

which may very well be compared to the conditions found in other regions within the E.U. It 

has therefore to be taken into account in analysis of dairy farming from the point of herd 

health services examining problems in dairy herds. Therefore the question what prevalence 

has to be expected on farm level is of importance. 

 

5.3.3 Prevalence of SARA on farm level 

The mentioned U.S.-American study from GARRETT et al. (1997) examined 15 dairy farms. 

On farm level, the authors of the article found the prevalence of SARA being higher than 40% 

in one-third of the farms examined. Compared to the total prevalence listed above it becomes 

clear that SARA has to be understood as a condition which is management-related and has to 

be understood as a problem on herd-level.   

The data obtained in the field study in the province of Friesland support this findings, 

although prevalence is not as high as found in the U.S. 

SARA was found to be present in 11 out of 18 herds. The number of animals found 

experiencing SARA was one individual up to six animals per farm. The prevalence on those 

farms reached from 8% (Farm J) up to 38% (Farm M).   

 

5.3.3.1 Farms with absence of cows experiencing SARA 

Farms on which no cow with ruminal pH of 5.5 or lower was found (Farms C, F, G, L, N, O, 

P) contributed between 5 and 10 individuals to the study. It has therefore to be stated that on 

most of the farms with less than 11 animals in the trial, SARA has not been diagnosed. On 

these farms, also the proportion of animals experiencing a ruminal pH that has to be valued as 

marginal, was low: Only two farms showed one animal each with such a pH. It has therefore 
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to be doubted that examination of more individuals would have lead to identification of 

animals with SARA. Moreover, the distribution of ruminal pH on the farms with total absence 

of SARA was different even from farms with at least one individual found to have SARA at 

time of ruminocentesis. Those farms can be therefore considered having no problem with 

SARA under conditions as found at time of examination. 

 

5.3.3.2 Farms with cows experiencing SARA 

The farms on which only one individual animal experiencing SARA was found (Farms H, J, 

Q), contributed 11 (H and Q) and 12 animals (J) to the study, respectively. It strikes that the 

percentage of animals showing a marginal ruminal pH of 5.6 or 5.7 is considerable on two of 

this farms: Six animals, representing 55% of the individuals in trial on farm H, and seven 

animals (64%) on farm Q. Here, an examination on another time presumably would have lead 

to finding of more animals with SARA. It has nevertheless to be stated that those herds as a 

whole can only with difficulty be classified as having SARA. Given the study of GARRETT 

et al. (1999) and given the data from those three herds, the probability that 5% of the animals 

experience SARA would be about 0.34, decreasing for higher prevalence of the condition.   

On the remaining eight farms more than one cow with SARA has been found. With exception 

of one farm (R) all of them had eleven or more animals in the study. The prevalence of SARA 

was between 17% and 38%. Three farms had at least three animals with SARA in their herds, 

a single farm (M) even six individuals. On farm R, six animals had been examined, of which 

two were found to be positive for SARA. These farms showed an equal proportion of animals 

in ruminal pH-values, some of those showing values of pH 6.3 or even higher. Also pH-

values just above the cut-off point for SARA have regularly been found.  

It can be stated that on these farms SARA is a problem and was occurring in the herd at the 

time of examination. The question remains, however, whether SARA has to be judged as a 

regular condition in those herds. As influences by stage of lactation can be excluded in this 

study, the management and not problems of adaptation to lactational diets remain as source of 

SARA here.  

The question what prevalence in the whole herd has to be expected is interesting. Using the 

mentioned data from GARRETT et al. (1999) for estimating prevalence of SARA in herds, it 

can be tried to estimate SARA-prevalence in the herd on basis of sample size and number of 
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cows experiencing a low ruminal pH at examination. It is difficult here, however, to obtain 

probabilities lower than p = 0.1 for an estimated prevalence of 5% or 10% in the whole herd 

on the data presented in that study. Only on one farm (M) a probability of < 0.05 would be 

valid for a SARA-prevalence of 10% in the whole herd, although the prevalence found at 

examination was 38%. It becomes clear that the cited study by GARRETT et al. (1999) only 

delivers a kind of clue what a conservative estimation of SARA-prevalence would look like. 

Their definition to identify a herd being SARA-positive if three out of 12 individuals are 

found to experience a ruminal pH of  

 

5.3.3.3 SARA on all dairy farms 

Summarized, the results of all farms show the picture of SARA being a highly management-

related condition, which may very well be absent in a considerable number of farms while it 

turns out to be a major problem in other herds. While seven out of 18 farms did not show any 

sign of SARA and three farms have to be classified as not afflicted from SARA, eight farms 

showed an occurrence of SARA at different levels. Questions for parameters to identify 

SARA and conditions under which SARA is likely to occur remain to be answered. 

 

 

5.4 The use of body condition scoring in identifying SARA 

 

The influence attributed to non-acute forms of ruminal acidosis on body condition in affected 

individuals has been described earlier. While some authors describe the tendency of these 

conditions to increase BCS due to change in the ruminal fermentation and SCFA pattern 

(DIRKSEN 1985, GÄBLER 1990), others tend to characterize affected animals losing 

condition due to subclinical pathology, ruminitis and decrease of dry-matter intake 

(NORDLUND et al. 1995, NOCEK 1997, OETZEL 2000). Although it has to be suspected 

that basically a difference in definition of the acidosis form is the main reason for this 

deviating description of influence, it seems to be useful to analyse a possible effect of SARA 

on animals affected. 

On first sight the influence of ruminal fermentation on BCS seems to be moderate although 

present. As described in the analysis of results, it was possible to state a correlation between 
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ruminal pH and BCS and as well loss of condition. Although moderate and only slightly 

significant in analysis (p<0.05) it is possible to generally describe SARA-affected animals 

being in worse condition and experiencing heavier loss, especially around partus. 

Nevertheless it has to be stated that loss of body condition, leading to lower BCS, was highly 

correlated to first BCS in individuals having been scored two times in the study. The 

correlation was a consistent finding in all groups, independent from stage of lactation or 

experience of SARA (p<0.001). It is not surprising to find heavier loss in BCS being 

dependant on higher BCS at beginning of the study, a finding well described in the complex 

of negative energy balance (RUKKWAMSUK 1999). Basically, cows with high BCS develop 

a more severe NEB leading to decrease in DMI thus exaggerating the initial decrease of BCS. 

As mentioned in the review-chapter, an interaction between NEB and SARA seems to be 

probable (Fig. 2.2): Both conditions are associated with decrease of DMI, the NEB resulting 

from a DMI decrease around partus and furthermore decreasing it by adverse effects on 

posture and clinical picture (RUKKWAMSUKK 1999), SARA leading to depression via 

certain pathomechanisms (SLYTER 1976, FÜRLL et al. 1993, EADES 1997, OETZEL 

2000). It could be possible that both NEB and SARA influence each other via the DMI. 

SARA will possibly deteriorate energy supply by reducing ruminal motility and ruminitis, 

increasing NEB. NEB might contribute to SARA through reduced DMI: Animals might tend 

to select more easy fermentable components out of their ration initiating a process eventually 

leading to SARA (LEONARDI and ARMENTANO 2003). The heavier loss of body 

condition of individuals with low ruminal pH could very well be interpreted as manifestation 

of NEB and SARA, finally leading to low body condition.  

In this concept, SARA plays a role as a consequence within the NEB complex, originating 

from the metabolical disorder with its consequences as change in DMI and loss of body 

condition.  

In herd health service SARA has therefore to be understood as likely to arise in situations in 

which severe NEB leads to heavy loss in body condition due to herd management, rather than 

low BCS being a consequence of decreasing DMI because of SARA. 
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5.5 Milk production parameters and SARA 

 

From the producers point of view the influence of SARA on milk production and its 

parameters is of the utmost importance. Reduction of milk production or decrease of 

important parameters as fat percentage will cause direct financial loss. Therefore, the role 

played by SARA has to be considered and evaluated with accuracy. 

In the study there was no apparent interaction of SARA with milk-production itself: The 

correlation between ruminal pH and milk production was weak. The question remains, 

whether farms with a high production would experience more SARA than those with more 

extensive management yielding less milk. Comparing the figure 3.2 and table 4.2 shows 

however that high milk production on farm level and presence of SARA seem not to be 

related. Of three farms, on which the animals in the study had an average milk production of 

more than 8500 kg per lactation (farms G, M, Q) only two had cows with SARA at time of 

examination in their herd, of which farm Q only had one individual, while on farm M the 

highest proportion of SARA-affected animals was found. If, conversely, the three farms with 

an average production of less than 6500 liters (H, I, N) are selected, two of them were found 

to have SARA in their herds being present (farms H and I). It seems therefore questionable to 

relate milk production to the presence of SARA in a herd. 

While milk protein percentage was not found to be related with ruminal pH, the dependence 

of milk fat percentage with ruminal pH needs to be inspected closely, because milk fat 

depression (MFD) is regularly connected with low ruminal pH and SARA in specific. The 

correlation between milk fat percentage and ruminal pH was weak and not significant 

statistically, neither did the milk fat / protein ratio show statistical significance (r = 0.13 for 

milk fat percentage and r = 0.11 for fat / protein ratio, respectively). The results were 

surprising because of other studies indicating a connection of the parameters (VAN 

BEUKELEN et al. 1985, MURPHY et al. 2000, KHORASANI and KENNELLY 2001). 

In order to obtain results of changes in the pattern of long chained fatty acids, milk samples 

had been examined for the proportion of the single acids. Also here, no significant correlation 

could be found in spite of the fact that a rise of trans-C 18:1 fatty acids, rising during phases 

of low ruminal pH, is held responsible for MFD (KENNELLY et al. 1999).  

Finally, it is interesting to take a look into the ruminal fermentation pattern that is said to be 

linked with the forming of milk fat (ROSSOW 1984. DIRKSEN 1985, GÄBLER 1990). As 
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stated in the results chapter, there was no association to be found with milk fat percentage. In 

this context it may be useful to inspect the association between ruminal pH and the SCFA-

pattern in ruminal fluid. As described earlier, the association between these two parameters 

was clear, although a more distinct change of SCFA-proportions could have been expected 

with pH decreasing: The percentages at different pH-levels do not differ that dramatically as 

other studies describe. It has to be noted, however, that the course of SCFA-proportions as 

described in this study returns the picture from a considerable number of individual animals, 

not in one single animal, of which the change in SCFA-concentrations has been measured 

constantly. It is therefore not surprising that the picture does not report a dramatic change.  

Finally it has to be stated that milk fat percentage in this study did not show an association 

with ruminal pH and that MFD cannot be related to the presence of SARA at all.  Although 

on a single farm the presence of low milk fat, high milk production and high prevalence is 

striking (farm M), as described in the chapter results, the influence of SARA has to be judged 

being neglectable, if any. It has to be noted, however, that on this specific farm (M), the 

prevalence of SARA was highest with 38%. It can be suspected, that only here the impact of 

SARA was strong enough to cause effects in milk production parameters. 

Reasons for this somewhat surprising result of the study may be seen in the method of 

comparing milk fat percentage with other parameters: As mentioned above, the reliability of 

testing the results of test-day milking seems to be questionable. It may very well be possible 

that milk samples taken some hours after ruminocentesis might have delivered different 

results. On the other hand it has to be noted that all data return the situation of a number of 

individuals at one single point of time. Inspecting the course of these data, e.g. milk fat 

percentage with ruminal pH at different points seems to be more promising than the analysis 

of the isolated data in this study. On the other hand, the results show that SARA has to be 

taken into account also in situations where there is no initial suspicion of it due to MFD. 
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5.6 Clinical chemistry 

 

5.6.1 Blood samples 

The blood samples drawn in at time of rumenocentesis were examined for a number of 

parameters. Any influence of possible SARA should have been expected, but with exception 

of GLDH none of the parameters proved to be related with the presence of SARA or being 

correlated with ruminal pH decreasing. The correlation of GLDH, however, was weak and 

any significance between levels in SARA-affected individuals and other animals was not 

detectable. 

The influence of SARA on those parameters, if any, has to be valued as neglectable; there 

seems to be no value to use these parameters as a tool of detection of SARA. 

5.6.2 Urine samples 

Although parameters of urinalysis, urine-pH and net acid-base secretion, were found to be 

correlated with SARA, the diagnostic value of these parameters is little. Regression analysis 

showed that the influence here is considerably small. 

It has to be noted, however, that those values were distributed in a small range, which would 

limit any possible diagnostic value in practice. 

 

5.7 Scores used in the study  

 

5.7.1 Ruminal fluid scores 

The scoring of ruminal fluid in terms of quality and its results has been described. The 

diagnostic use is limited: Once ruminal fluid has been sampled, measurement of ruminal pH, 

preferably with a pH-meter, is the first priority. It is, nevertheless, interesting to note that, 

with exception of consistency, all results were highly correlated and reflected to some extent 

the level of ruminal pH. The data can be interpreted as showing the change of biological 

activity in ruminal fluid with changing pH and confirm the decrease of protozoa presence in 

lower pH regions of the ruminal environment. It has to be stated that ruminal fluid at a 

desirable level of pH shows presence of protozoa and can indeed be characterized as greenish 
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and aromatic in smell, while samples from individuals from individuals experiencing SARA 

were yellow and inactive. During the examination at cow side it was possible to predict 

ruminal pH on basis of these parameters.  

Finally, the use of a scale in examining ruminal fluid in terms of the parameters mentioned, 

offered the possibility to compare samples better and improved reliability of documentation. 

 

5.7.2 Other scores in the study 

The scoring of faeces and rumen parameters as faeces consistency or rumen motility yielded 

no success in that way that there had been any correlation of these parameters towards rumen 

pH or presence of SARA. This was surprising, but does, however, not deny the proven 

influence of ruminal acidosis towards those parameters (GARRETT 1996, OETZEL 2000). 

Considering the fact that SARA has to be understood as a transient condition with no clinical 

consequences visible at the time of insult, the results of scoring seem to be consistent. 

It has to be stated that signs as distended rumen or changed faeces rather apply to more severe 

states of ruminal acidosis than to SARA. 

 

 

5.8 The use of rumenocentesis in SARA-diagnosis 

 

It was possible to examine a large scale of individuals by means of ruminocentesis. The 

results were consistent and problems with this technique were rare. Moreover, the technique 

requires no special instruments as probes for fluid collection and can be applied to diagnosis 

without further preparation. 

The study showed the practicability of rumenocentesis in herd diagnosis. It yields reliable 

results, which can be compared with each other because of the always-consistent ruminal 

region they are drawn from. Although blood mixing of a sample that then has to be discarded 

may occur, the little expense enables the veterinarian to make a diagnosis quickly and obtain 

information about the herd status. Considering the fact that SARA is indeed present in dairy 

herds, the use of this procedure is beyond doubt. 
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6 Conclusions 

 

 

The most important result achieved of the field study was the determination of SARA-

prevalence in the cooperating dairy farms. SARA is indeed present under circumstances as 

found in the province of Friesland. The prevalence in 197 animals included in the study was 

14% and stage of lactation was not found to have influence under these circumstances. 

Considering the 95%-confidence interval, prevalence between 9% and 19% has to be taken 

into account. 

Based on the fact that dairy farming in this region follows the principles applied in other 

regions in the EU, it has to be stated that subacute ruminal acidosis is in fact a problem of 

modern dairy farming management. In 11 out of 18 farms SARA has been found, on four 

farms the prevalence exceeded even 30% of the animals tested. 

Although in particular in high producing dairy herds a high proportion of highly fermentable 

carbohydrates in the diet has to be expected in order to meet energy demand, the occurrence 

of SARA is according to results of this study not restricted to such herds only. SARA does 

occur also in relatively low producing herds, indicating that poor feeding management 

obviously is one of the key factors responsible for SARA. 

The prevalence-estimation scheme presented by GARRETT et al. (1999) has in this context to 

be valued as an interesting tool, however, to be used with caution; its practicability in the field 

seems to be limited.  

Significant signs of SARA have not been identified in this study: Only the body condition of 

animals experiencing SARA and the loss of body condition after partus was significantly 

linked to the presence of SARA. The idea that SARA and NEB are related has therefore been 

supported (See fig. 2.2). It seems possible and likely that SARA as a frequent condition 

enhances the problem of NEB by reducing the dry matter intake of the animals affected. Vice 

versa, an existing NEB situation is likely to promote SARA, because animals will tend to 

select concentrate from their ration. Thus, in dairy herds with noticeable low BCS values in 

the herd or rapid loss of BCS post partum, beside poor energy supply in the ration also a low 

proportion of roughage and therefore the presence of SARA has to be considered. 



106 

The expectation, that SARA could be linked to the presence of low milk fat percentages in a 

herd could not be met. It shows, on the other hand, that SARA has also to be expected in 

herds with normal milk fat percentages. Although it has to be conceded that the method 

chosen in this study may not deliver ideal data for comparison, neither on individual level, 

neither on farm level there was a tendency of low milk fat being associated with SARA. 

Scores of ruminal fluid quality proved to return the decrease of ruminal pH very well. SARA 

does thus decrease biological activity and fermenting capacity of the ruminal fluid. The 

examination of ruminal fluid should therefore include a scoring of ruminal fluid quality and 

activity: The biological parameters of the fluid give additional information about the rumen 

fermentation process. 

The rumenocentesis technique was used successfully in this study. It offers the veterinarian 

providing dairy herd health service a tool for diagnosis of SARA in dairy herds. 
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7 Summary 

 

 

The subacute ruminal acidosis (SARA) is believed to play an important role in high-

producing dairy farming. It is linked to low milk fat, low BCS, moreover laminitis and other 

kinds of pathology leading to high-culling rate on herd-level. Prevalence up to 40% in single 

herds has been reported from the US. 

In order to evaluate the prevalence of SARA in dairy herds under northwest European 

circumstances, 18 dairy herds in the Dutch province of Friesland had been selected in 

cooperation with a private veterinary practice for the study. 

In total, samples of ruminal fluid, milk, blood and urine were drawn from 197 individuals. 

Ruminal fluid was collected by means of ruminocentesis (rumen puncture). Ruminal fluid pH 

was determined immediately with a portable pH-meter and ruminal fluid quality was scored 

in different parameters. All fluids underwent laboratory analysis. All animals were scored for 

body condition, faeces quality, and rumen motility, filling and stratification. Additionally, 139 

cows had been scored for body condition about six weeks prior to examination. 

The overall prevalence of SARA was found to be 13.7%. In cows up to 25 days post partum, 

11% experienced SARA; the prevalence was 18% in cows longer in lactation. The difference, 

however, proved not to be significant. On 10 farms cows experiencing SARA were found, the 

prevalence per farm was between 8% and 38%. 

Correlations of ruminal pH were found with BCS and change of BCS, GLDH-plasma values, 

urine pH, net acid-base secretion and SCFA in ruminal fluid. The correlation of milk fat 

percentage with ruminal pH proved not to be significant statistically. On farm level, high milk 

production did not put cows at higher risk for SARA. 

SARA is present in dairy herds as found in the province of Friesland and the prevalence on 

certain farms is considerable. SARA has to be expected in situations of severe negative 

energy balance and might be traced in herds with low body condition scores and heavy 

condition loss after calving. Milk fat depression was only exceptionally was observed in herds 

showing SARA in this study, thus is also to be considered being present in herds with 

apparently normal fat percentage. 

Ruminocentesis proved to be a valuable diagnostic tool in diagnosing SARA. 
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8 Zusammenfassung 

 

 

Es wird vermutet, dass die subakute Pansenazidose (eng.: Subacute ruminal acidosis, SARA) 

eine wichtige Rolle in hochleistenden Milchviehherden spielt. Sie wird mit niedrigem 

Milchfettgehalt, Laminitis and anderen Veränderungen in Verbindungen gebracht, welche zu 

einer hohen Verlustrate in der Herde führen sollen. Eine SARA - Prävalenz von bis zu 40% in 

einzelnen Herden wurde in den Vereinigten Staaten beschrieben. 

Um die Prävalenz von SARA unter Bedingungen festzustellen, wie sie in Nordwesteuropa zu 

finden sind, wurden 18 Milchviehbetriebe in der niederländischen Provinz Friesland in 

Zusammenarbeit mit einer Tierarztpraxis für eine Feldstudie ausgewählt.  

Von insgesamt 197 Tieren wurden Pansensaft, Milch, Blut and Urin beprobt, die 

Pansensaftentnahme erfolgte hierbei mittels Ruminozentese (Pansenpunktion). Der pH-Wert 

des Pansensafts wurde sofort mit einem tragbaren pH-Meter bestimmt, alle Proben wurden 

labortechnisch untersucht.  

Alle Tiere wurden auf Körperkondition und Kotqualität sowie Pansenbewegung, -füllung und 

-schichtung mittels eines Scoring-Systems untersucht. Zusätzlich war an 139 Tieren etwa 6 

Wochen vor der Untersuchung der BCS schon einmal bestimmt worden.  

Die SARA-Prävalenz der gesamten Studienpopulation betrug 13.7%. Kühe bis zu 25 Tagen 

post partum wiesen eineSARA-Prävalenz von 11% auf, bei Tieren, die länger in Laktation 

waren, betrug der Anteil 18%, allerdings war dieser Unterschied statistisch nicht signifikant.  

Der Pansen-pH war mit den Werten des BCS sowie deren Veränderung, dem Plasma-GLDH-

Wert and im Urin mit dessen pH and der Netto Säure-Basen Ausscheidung (NSBA) korreliert, 

ausserdem erwies sich das Muster von kurzkettigen Fettsäuren im Pansensaft als abhänging 

vom pH. Die Korrelation des Milchfettanteils mit dem Pansen-pH erwies sich als statistisch 

nicht signifikant. Eine höhere Milchproduktion des Betriebes führte zu keiner höheren 

Prävalenz von SARA.  

SARA kommt auf den untersuchten Betrieben vor und die Prävalenz auf einzelnen Betrieben 

erwies sich als beträchtlich. Mit dem Auftreten von SARA muß in Situationen schwerer 

negativer Energiebalanz (NEB) gerechnet werden, besonders schlechte BCS-Werte oder 

Verlust an Körperkondition deuten darauf hin. Der Milchfettgehalt eignet sich nur wenig als 
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Indikator für SARA. Mit dem Vorkommen von SARA muß daher allerdings auch in Herden 

mit augenscheinlich normalem Milchfettgehalt gerechnet werden.  

Die Ruminozentese stellte sich hierbei als nützliches Instrument dar. 
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