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Introduction
Transition period between late pregnancy and early lactation 

(also called the periparturient period) certainly is the most interesting 
stage of the lactation cycle. Classically length of transition period 
has been defined as the last 3 weeks before parturition to 3 weeks 
after parturition.1,2 Most important infectious diseases and metabolic 
disorders occur during this time. Ketosis, retained fetal membranes, 
milk fever, merits, and displaced abomasums primarily impact 
cows during the periparturient period. Susceptibility to infectious 
diseases in this period occurs due to immune suppression during the 
periparturient period.1‒3 Ketosis (acetonemia) is an increase of ketone 
bodies (acetone, acetoacetate, and β-hydroxybutyrate, subsequently 
referred to as ketones) in blood until they eventually begin to spill 
over into urine and/or milk. In dairy cows, ketosis is a lactation 
disorder usually associated with intense milk production and negative 
energy balance.4 Ketosis occurs at the most productive stage of the 
lactation and hence can be extremely costly, as reported by different 
researchers.5‒7

Incidence and prevalence

Prevalence rate of ketosis is closely related to diet and farm 
management and different amounts of prevalence rate have been 
reported, some researchers reported that it is between 11.1-12.1 
percent,5,7 but defiant researchers reported that that in some herds in the 
United Kingdom, up to 33% of cows tested positive for milk or urine 
ketones, lost weight, and had decreased milk production.8 Emery et 
al.,9 reported that about 50% of the cows in some high-producing herds 
had at least subclinical ketosis and that 20 to 30% of the subclinical 

cases developed into clinical ketosis. Death due to lactation ketosis 
is not common.4 It is identified that prevalence of ketosis is higher in 
exotic pure/crossbreds than native pure/non-descript. The prevalence 
is found to be significantly associated with breeds of cattle. There is 
a high prevalence of ketosis in animals of high genetic potential, as 
these animals are unable to withstand the pressures arising from the 
high nutritional demands generated by the production of milk, which 
ultimately results in development of hypoglycemia that can remain 
as a challenge to the successful dairy farming business, eventually 
ruining the life of dairy farmers.5 It is identified that ketosis and fatty 
liver syndrome in dairy cattle are closely related to each other10 and 
the average annual costs of ketosis and fatty liver syndrome in United 
States are estimated to be over $60 million.11 

Definition and etiology
Ketosis is a major metabolic disorder of dairy cows in early 

lactation, which develops when dairy cows fall into a condition of 
excessively negative energy balance caused by insufficient dietary 
intake and generous lactation, and characterized by relatively high 
concentrations of the ketone bodies acetoacetate, β-hydroxybutyrate 
(BHBA) and acetone, and a concurrent low concentration of glucose 
in the blood. A concentration of serum BHBA greater than 1,200-1,400 
μmol/L is a common standard used for the diagnosis of ketosis.12‒16 
During early lactation, the requirement for glucose is increased 
significantly because the production of lactose rises dramatically. 
Thus, fat mobilization is increased in adipose tissue and more 
nonesterified fatty acids (NEFAs) are absorbed in the mitochondria 
of liver cells. Elevated concentrations of NEFA increase lipogenesis 
and Ketogenesis in hepatocytes. High concentrations of ketone bodies 
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Abstract

Ketosis is an important metabolic disease in dairy cattle which is occurring due to 
increase of ketone bodies (especially β-hydroxybutyrate) in blood. It is a lactation 
disorder usually associated with intense milk production and negative energy balance 
in dairy cattle. Ketosis most times is occurring at the most productive stage of the 
lactation and makes great financial damages in milk production. In this practical 
review, incidence and prevalence, etiology, clinical aspects, biochemical findings, 
diagnosis methods and prevention methods and treatments of ketosis in dairy cattle 
farms are briefly discussed. Prevalence rate of ketosis is closely related to diet and 
farm management and also it is identified to be closely related to animal’s genetics. 
Concentration of serum β-hydroxybutyrate between 1,200-1,400μmol/L is usually 
threshold for definition of ketosis and clinical (wasting and nervous) and sub-clinical 
ketosis are two differentially aspects of ketosis in dairy cattle, which are defined 
according to presence or absence of clinical signs of ketosis in cattle. Prevention of 
ketosis based on efficient diet, periodic blood, milk and/or urine screening for ketone 
bodies’ detection, and also body score evaluation in dairy cattle farms are the best 
methods to early detection of ketosis in animals which can be easily applicable in 
dairy cattle farms.
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decrease the rates of β-oxidation of fatty acids, gluconeogenesis and 
the citric acid cycle in hepatocytes. However, contradictory results on 
the metabolic changes in the liver during ketosis have been reported, 
with some studies indicating that gluconeogenesis is unchanged 
in ketogenic situations.12,17‒20 The most widespread hypothesis 
indicates that acetyl-CoA is directed towards incomplete oxidation 
(Ketogenesis) as a result of low accessibility of oxaloacetate in the 
mitochondria.21 However, this theory has been criticized, as it is 
documented that the activity of phosphoenolpyruvate carboxykinase 
in the mitochondria and cytosol is unchanged in ketogenic situations, 
and that the gluconeogenic flux is diminished in fasted animals.20 
Krebs’ theory which indicates that maintaining a low level of 
oxaloacetate is the cause of Ketogenesis is probably correct, but the 
reasoning for it is wrong: the low concentration of oxaloacetate is 
achieved by a much higher NADH/NAD+ ratio in the mitochondria 
than in the cytoplasm. This should result in a minimal rate of 
intramitochondrial phosphoenolpyruvate formation under ketogenic 
conditions, accounting for the lower rate of gluconeogenesis during 
ketotic periods with inappetance.22 Many researchers have investigated 
the etiology of ketosis, often leading to contradictory opinions.20,23‒25 
Briefly, ketosis and/or fatty liver occur when physiologic mechanisms 
for the adaptation to negative energy balance fail. Failure of hepatic 
gluconeogenesis to supply adequate glucose for lactation and body 
needs may be one cause of ketosis; however, poor feedback control 
of nonesterified fatty acid release from adipose tissue is another likely 
cause of ketosis and fatty liver. The types of ketosis resulting from 
these two metabolic lesions may require different therapeutic and 
prophylactic approaches.26

Clinical aspects and biochemical findings

Clinical and sub-clinical ketosis are two differentially aspects of 
ketosis in dairy cattle, which are defined according to presence or 
absence of clinical signs of ketosis in cattle. As mentioned before, 
concentration of serum BHBA between 1,200-1,400 μmol/L is 
threshold for definition of ketosis and if mentioned increase of 
BHBA concentration be occurred with clinical signs it will be named 
as clinical ketosis and Subclinical ketosis is defined as elevated 
concentrations of circulating ketone bodies in the absence of clinical 
signs.14 Two major clinical forms of bovine ketosis are described 
(wasting and nervous) but these are the two extremes of a range of 
syndromes in which wasting and nervous signs are present in varying 
degrees of prominence.27 The wasting form is most common of the 
two and is manifest with a gradual but moderate decrease in appetite 
and milk yield over 2-4 days. In herds that feed components separately 
the pattern of appetite loss is often unusual in that the cow first refuses 
to eat grain, then ensilage but may continue to eat hay. The appetite 
may also be depraved.27 In the nervous form, signs are usually bizarre 
and begin quite suddenly. The syndrome is suggestive of delirium 
rather than of frenzy and the characteristic signs include: walking in 
circles, straddling or crossing of the legs, head pushing or leaning into 
the stanchion, apparent blindness, aimless movements and wandering, 
vigorous licking of the skin and inanimate objects, depraved appetite, 
chewing movements with salivation.27 Hypoglycemia, ketonemia and 
ketonuria are characteristic of the disease.27 Blood glucose levels are 
reduced from the normal of approximately 50mg/dL to 20-40mg/
dL. Ketosis secondary to other diseases is usually accompanied by 
blood glucose levels above 40mg/dL and often above normal.27 As 
mentioned before increase of ketone bodies especially BHBA is 
the most important biochemical characteristic which occurs due to 
ketosis.5‒7 

Diagnosis

Blood screening: periodic blood screening of herd for BHBA 
concentration is the easiest way to early detection of ketosis in cattle but 
plasma BHBA is not a cost effective or convenient analysis for routine 
analysis and cow side monitoring and the content of acetoacetate or 
BHBA in urine and milk are used for these purposes. Concentrations 
of BHBA and acetoacetate in urine and milk are less than those in 
blood and the correlation coefficients for blood and milk BHBA and 
blood and milk acetoacetate are 0.66 and 0.62, respectively.27,28 Cow-
side tests have the advantage of being inexpensive, giving immediate 
results, and they can be used as frequently as necessary. A minor 
source of error is that the concentration of ketone bodies in these fluids 
will depend not only on the ketone level of the blood but also on the 
amount of urine excreted or on the milk yield. Milk is less variable, 
easier to collect and may give fewer false negatives with subclinical 
ketosis.27 Milk and urine ketone levels have been traditionally 
detected by the reaction of acetone and acetoacetate with sodium 
nitroprusside and can be interpreted in a semi-quantitative manner 
based on the intensity of the reaction. Several products are available 
commercially as test powders or strips are commonly accompanied 
by a color chart that allows a classification in grades such as negative, 
trace, small, moderate, large, based on the intensity of the color of 
the reaction.27 Conventional wisdom is that milk powder tests are not 
sensitive for detection of subclinical ketosis (report too many false 
negatives) and urine tests are not sufficiently specific (report too 
many false positives).27, 29 Milk and/or urine screening: the sensitivity 
and specificity of the nitroprusside powder test with milk in various 
studies is reported as 28-90% and 96-100%, respectively.27‒30 More 
recently, a milk strip test detecting the presence of BHBA in milk is 
available and is graded on the concentration of BHBA in µlmol/L. 
In different studies it has a reported sensitivity and specificity of 73-
96% and 69-96%, respectively.27‒32 These variations are, in part, due 
to different plasma BHBA reference values (1200 and1400µmol/L) 
for designation of subclinical ketosis and different cut points used in 
urine BHBA. Somatic cell counts greater than 1 million cells/mL will 
cause an elevation in reading of both the BHBA strip test and the 
nitroprusside tests.27 A nitroprusside tablet has a reported sensitivity 
and specificity of 100% and 59%, respectively, compared with serum 
BHBA concentrations above 1400 flmollL16 and a nitroprusside 
strip test a reported sensitivity and specificity of 78% and 96% with 
a urine cut point corresponding to ‘small’ on the color chart or 49% 
and 99% with a urine cut point corresponding to ‘moderate’ on the 
color chart.27,29 BHBA test strips when used with urine has a reported 
sensitivity and specificity of 73% and 96%, respectively at a urine cut 
point of 100 µmol/L BHBA and 27% and 99% at a urine cut point of 
200 µmol/L BHBA.29 

Prevention and treatments

Prevention of clinical ketosis is integrally related to the adequate 
nutrition of the cows, management of body condition, and the use 
of certain feed additives in the dry and lactating period. Dry matter 
intake, fiber digestibility, particle size distribution, energy density, 
fat incorporation in early lactation rations, protein content, feeding 
systems and rumen size are important subjects which have to be 
mentioned to preparation of perfect diets in dairy cattle.27 Daily use of 
sodium propionate (0.25 lb. for each cow) after calving is identified 
to be preventive against ketosis in dairy cattle farms. Treated cows 
with sodium propionate not only have higher blood sugar levels 
and lower blood ketone bodies in their blood, but also have higher 
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milk production.33 Oral propylene glycol administration is found to 
be sharply preventive for ketosis in dairy cattle farms and also to be 
efficient for make obvious increase in milk production in dairy cattle. 
Researchers reported that treated cows with 300ml oral propylene 
glycol daily produced 0.23kg more milk per milking in the first 30 d of 
lactation, for a total difference of 0.69kg/cow per day. Also propylene 
glycol -treated cows were 1.50 times more likely to resolve their sub-
clinical ketosis and 0.54 times less likely to develop clinical ketosis. 
These results show the positive effects of oral propylene glycol 
administration in fresh cows with sub-clinical ketosis by helping 
to resolve their sub-clinical ketosis and preventing clinical ketosis. 
In addition, oral propylene glycol improves milk yield during early 
lactation in cows diagnosed with sub-clinical ketosis.34 It is identified 
that propylene glycol most likely reduces fatty acid mobilization 
from adipose tissue and by this mechanism can be protective against 
ketosis and fatty liver syndrome.35 Ruminally-protected choline has 
preventive effects against imbalanced energy levels in ketosis and/
or fatty liver syndrome. It is also identified that choline probably 
enhances hepatic very low-density lipoproteins secretion.35 Also 
shortening or eliminating the dry period is a management strategy that 
reduces the magnitude of negative energy balance after calving and 
triglyceride accumulation in the liver and can be protective against 
metabolic diseases related to imbalanced energy levels like ketosis.35 It 
was also reported that prevalence and incidence of subclinical ketosis 
were significantly reduced (50%) due to monensin-based treatment 
in dry cows and heifers. The duration of subclinical ketosis for cows 
that had been treated with monensin was also shorter than others. 
Monensin treatment significantly reduced the incidence of subclinical 
ketosis. In addition, monensin significantly reduced the prevalence of 
positive milk ketone bodies tests.36 Some of researchers reported that 
intravenous injection of 500mL of a 50% solution of glucose results 
in transient hyperglycemia, increased insulin and decreased glucagon 
secretion, and reduced plasma concentration of non–esterifies fatty 
acids. It effects a marked improvement in most cows but relapses 
occur commonly unless repeated treatments are used.27 Other sugars, 
especially fructose, either alone or as a mixture of glucose and 
fructose (invert sugar), and xylitol, have been used in an effort to 
prolong the response but idiosyncrasies to some preparations, in the 
form of polypnea, muscle tremor, weakness and collapse, can occur 
while the injection is being given.27 To overcome the necessity for 
repeated injections, propylene glycol can be administered as a drench. 
The traditional does is 225g twice daily for 2 days, followed by 110g 
daily for 2 days to cattle, but higher volumes are also used. Propylene 
glycol (200-700g daily), or salts of propionic acid, can be administered 
in the feed and give good results.27 Efficiency of glucocorticoids 
in the treatment of bovine ketosis has been demonstrated in both 
experimental and field cases. Hyperglycemia occurs within 24h of 
administration and appears to result from a repartitioning of glucose 
in the body rather than from gluconeogenesis.27,37 Insulin facilitates 
cellular uptake of glucose, suppresses fatty acid metabolism and 
stimulates hepatic gluconeogenesis. It is administered in conjw1ction 
with either glucose or a glucocorticoid and may be of particular 
value in early-onset cases of ketosis that are unresponsive to glucose 
or corticosteroid therapy but is not commonly used. The dose of 
protamine zinc insulin is 200-300IU per animal administered SC 
every 24-48h as required.27 Anabolic steroids have also been used for 
treatment of lactational ketosis and ketoses in late pregnant cows that 
are over-fat, stressed, or has twin fetuses. Experimentally, 60mg and 
120mg of trenbolone acetate are effective as single injections but no 
extensive field trials are recorded and the drug is banned for use in food 

animals in most countries.27 Glucagon although ketogenic is strongly 
gluconeogenic and glycogenolytic and glucagon concentrations are 
decreased in the blood of fat cows at calving and cows with ketonemia. 
It could be of value in prevention and therapy but it would require a 
prolonged delivery system as it has a very short physiologic half-life 
and its effects following a single injection are short–lived.27,38 

Conclusion
Ketosis (clinical form and/or sub-clinical form) is an important 

disease in dairy cattle farms which results in great mentionable 
financial damages to milk production due to its effects on health and/
or production of dairy cattle. In this practical review, incidence and 
prevalence, etiology, clinical aspects, biochemical findings, diagnosis 
methods and prevention methods and treatments of ketosis in dairy 
cattle farms are briefly discussed. Prevention of ketosis based on 
efficient diet, periodic blood and/or milk or urine screening for ketone 
bodies detection and body score evaluation in dairy cattle farms are 
the best methods to early detection of ketosis in animals which can be 
easily applicable in dairy cattle farms.
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