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Abstract

Non-infectious diseases such as ketosis could present a major threat to the development of the dairy subsector
in the United Arab Emirates (UAE). A retrospective study (2019 to 2022) was conducted on 7511 fresh lactating
cows to estimate the monthly cumulative incidences of subclinical ketosis (SCK) and clinical ketosis (CK) at

one dairy farm in the UAE as a case study. Clinical examination for signs of ketosis and measuring the blood
B-hydroxybutyrate (BHB) concentration were used for defining the ketosis status of the study cows. Repeated
measures analysis of variance (ANOVA) and binary logistic regression analyses were used for data analysis. The
mean monthly cumulative incidence of SCK over four years was 11.16% (95% Cl: 10.45, 11.89) while that of CK
was 0.53% (95% Cl: 0.38, 0.72). The mean monthly cumulative incidences of both SCK was associated (p<0.0001)
with year, season and parity. Besides, the mean monthly cumulative incidence of CK was associated year (p<0.01)
with season. Thus, the mean monthly cumulative incidence of CK was low at the study farm while that of SCK was
moderate. Therefore, control and preventive measures of ketosis were recommended to reduce the incidence of
SCK at the study farm.
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Introduction

Ketosis (hyperketonemia) is a metabolic disease of dairy
cows that occurs as a result of an imbalance between
energy requirements for milk production and energy
intake [1]. The negative energy balance leads to exces-
sive mobilization of adipose reserves, which results in
the accumulation of non-esterified fatty acids and ketone
bodies (acetone, acetoacetate, and BHB) in the blood [1].
Furthermore, recent studies on the metabolome profile of
dairy cows and water buffalo during early lactation indi-
cated that in addition to excessive lipomobilization, keto-
sis can also result from a lack of amino acids and vitamins
[2, 3]. BHB is the most dominant and more stable ketone
body in the cow’s blood and is hence used for the diag-
nosis of hyperketonemia in dairy cows [4, 5]. Depend-
ing on the severity of the negative energy imbalance and
concentration of ketone bodies in the blood, ketosis can
be either subclinical or clinical mainly depending on the
presence or absence of clinical signs of ketosis. In addi-
tion, cows having<1.2 mmol/L BHB in their blood are
considered negative for ketosis; cows in which a blood
concentration of BHB ranging from 1.2 to 2.99 mmol/L
are considered to have subclinical ketosis; whereas those
cows with a blood concentration of BHB >3 mmol/L are
regarded as having clinical ketosis [4, 6]. In addition to
increase in the concentration of BHB, changes in the
concentrations of 13 other metabolites that are related
to mobilization body reserves, lipids, amino acids, car-
bohydrate metabolism and ruminal fermentation were
observed in ketotic early lactating cows [2]. However,
none of these metabolites has been optimized for clinical
application so far.

Several studies indicated that increased concentration
of BHB or non-esterified fatty acids in the blood of dairy
cows is associated with an increased risk of developing
various diseases, reproductive disorders, and changes
in milk production [5-7]. Subclinical ketosis has been
shown to be associated with metritis, cystic ovarian dis-
ease, and displaced abomasum and also leads to clinical
ketosis [7]. Furthermore, it was reported that a higher
concentration of BHB two weeks after calving is associ-
ated with a decreased conception and an increased cull-
ing rate [5, 8, 9]. Besides, another group of researchers
[10] indicated that an increase in the concentration of
BHB in the blood after calving is associated with a con-
siderable drop in milk yield. Interestingly, in vitro stud-
ies demonstrated that ketone bodies have a direct effect
on the neutrophils suggesting the possibility of ketosis to
increase the risk of infectious diseases such as metritis
and mastitis in dairy cows [11, 12].

The UAE Government has set a goal to become one of
the countries with the best performance in the food secu-
rity index [13]. To this end, the UAE Government has set
a goal to become one of the 10 top countries in the food
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security index by 2051 [14]. It is believed that dairy pro-
duction is one of the key contributors to food security in
the country, as it serves as a source of fresh milk and dairy
products. The growth in demand for dairy products and
the market for dairy products in the UAE are attracting
investment in the subsector despite the challenges of feed
shortage and harsh climatic conditions [15]. Presently,
the UAE has a good number of large-scale dairy farms
which play important roles as a source of fresh milk and
other dairy products [15]. Nonetheless, in connection to
dairy expansion, it is expected that metabolic diseases
could prevail in dairy farms and negatively affecting the
production and productivity of the cows. Among others,
ketosis can be considered one of the major metabolic dis-
eases that affect dairy cows with severe economic loss to
the dairy sector in the UAE. However, there is a paucity
of published data on the epidemiology of ketosis in dairy
farms in the UAE. This study was conducted to investi-
gate the epidemiology of ketosis at one dairy farm located
in the Al Ain region of the UAE.

Materials and methods

Study farm and its settings

The farm was conducted started operation in 1999 and
its current average herd size is 3,800 Holstein Friesian
dairy animals, including a milking herd of over 1,450
cows in addition to the dry and replacement stock. The
farm is located outside of Al Ain City on the Al Ain—
Dubai road. The cows are housed in different horses
with cooling systems that keep the house temperature at
about 20°C regardless of outside temperature. The cows
are milked four times a day for their comfort through a
modern facility using best practices and the latest tech-
nology including a system of daily monitoring of indi-
vidual cow somatic cell counts. The farm has installed
SaberTM Somatic cell counter (SCC) (registered in New
Zealand) that is attached to the milking line. The SCC is
monitored by color alerts that are displayed by the coun-
ter. All cows with red display (SCC >800,000 cells/mL of
milk) are moved to Medics Pen for treatment and follow
up and the bulk tank milk sample is checked for SCC on
periodically, and its SCC is kept at <200,000 cells/mL. In
addition, the farm uses its own in-house laboratory to
monitor milk quality and herd health status. It operates
using Dairycomp 305 Herd Management software and
SAP ERP system [16]. Feed is the highest expensive item
and the management works with the best global dairy
nutritionists to ensure maximum feeding efficiency. Feed
is sourced globally depending on quality, pricing, and
availability. The milking herd is fed on total mixed ration
(TMR) four times a day that is routinely analyzed using
near-infra-red (NIR) technology.
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Cumulative incidence

Cumulative incidence also termed as risk is one of the
epidemiological measures used to quantify disease
occurrence. It measures the proportion of non-dis-
eased animals at the beginning of a period of study that
becomes diseased during the period [17]. Cumulative
incidence is an indication of the average risk of develop-
ing disease during a particular period at individual and
population level. In this study, the proportion of freshly
calved cows which were affected by either form of ketosis
at each month of the four study years was used to calcu-
late the cumulative incidence of clinical ketosis or sub-
clinical ketosis. The monthly diagnosed cases were used
to calculate cumulative incidence on yearly basis. Since
the calving interval of cows is usually about one year the
chance of occurrence of ketosis in fresh lactating cows
in once per year. Cows which exhibited clinical signs of
ketosis such as loss of appetite, drop in milk yield, lick-
ing inanimate substances, weight loss and the other signs
of ketosis were considered as clinical cases. In addition
to clinical signs, clinical cases had blood concentration of
BHB =3 mmol/L. On the other hand, cows which did not
exhibit clinical signs of ketosis but had high blood con-
centration of BHB ranging from 1.2 to 2.99 mmol/L were
considered as subclinical cases of ketosis [4, 6].

Study cows and extraction of data from records

Retrospective data of all the freshly calved cows
(N=7511), recorded from 2019 to 2022 on a daily basis
were extracted and used for analyzing cumulative inci-
dences of SCK and CK. Although the herd size of the
farm was 3800, 7511 lactating cows were tested for BHB
over four years since one cow was tested multiple times
at every parturition. Accordingly, the number cows tested
in 2019, 2020, 2021 and 2022 were 1699, 1763, 1983 and
2066, respectively. Since all lactating cows were tested
every year, almost all the study cows were expected to
be tested four times. Testing of ketosis was done once on
the 6th day of lactation. All the fresh cows were fed on
feed supplemented with propylene glycol (300 g) per cow
every day for 6 days post parturition and then tested for
ketosis on the 6th day in milk, (DIM). The extraction of
data and the analysis were performed at the end of 2022
and the beginning of 2023. During regular herd health
monitoring visits every morning for six days, veterinar-
ians of the farm clinically examined these fresh cows for
any abnormalities and on the 6th DIM they withdrew
blood samples from the coccygeal veins for testing the
BHB concentration. The blood concentration of BHB
was directly determined on-site using a handheld meter
(PrecisionXceed, Abbott Diabetes Care Inc., Alameda,
CA) that was previously validated for use in cows [18,
19].The cows were classified based on the standard clas-
sification scheme used worldwide. Accordingly, the cow
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was considered negative when the BHB of a cow was less
than 1.2mmol/L of blood. When the blood concentra-
tion of BHB was between 1.2 and 2.9mmol/L (both val-
ues included), however, the cow was considered positive
for SCK while when the blood concentration of BHB was
>3.0mmol/L, the cow was considered positive for CK [4,
6]. Clinical signs were also observed occasionally. The
recorded clinical signs were loss of appetite, rapid weight
loss, licking inanimate objects, salivation, walking in
circle, head pushing and others. Unfortunately, the data
were generated by the farm as a routine activity of the
farm, further testing of the samples with by the gold stan-
dard biochemistry analyzer was not done. Figure 1 shows
the summary extraction and analysis the data used for
this study. The outcomes (dependent variables) were SCK
and CK. The potential risk factors (predictors, indepen-
dent variables) included were study year, season, body
condition score, and parity.

Statistical analysis

Mean monthly cumulative incidences of SCK of the four
years were compared using repeated measures analy-
sis of variance with Geisser Greenhouse correction. The
median and interquartile range (IQR) and the Friedman
test (repeated measures non-parametric analysis of vari-
ance) was used for the mean monthly cumulative inci-
dence of CK as it could not fulfill the criteria of normality
test. Dunn’s multiple comparison test was deployed for
comparison of the means of monthly cumulative inci-
dences of CK of the four years. The analysis of the asso-
ciation of potential risk factors, predictors (study year,
season, body condition score and parity number) with
the monthly cumulative incidence of either SCK con-
ducted using IBM SPSS Statistical software version 28.0.
As it has been described in the epidemiology reference
book [17], odds ratio (OR) can be used to assess the
association of risk factors with the incidence of diseases
instead of relative risk. In binary logistic regression, all
potential risk factors were considered predictors. The
likelihood ratio chi-square test was used in testing the
association between potential risk factors and the mean
monthly cumulative incidence of SCK or CK. Univariable
logistic regression analysis was performed to quantify the
strength of association by computing the odds ratio for
each potential risk factor. Factors which were associated
(p<0.05) with the mean monthly cumulative incidence
in univariable regression model were retained and con-
sidered for multivariable logistic regression analysis. Sta-
tistical significance was determined based on p<0.05 or
95% confidence interval.



Ameni et al. BMC Veterinary Research (2025) 21:295

Page 4 of 9

Data extraction and analysis on subclinical and clinical ketosis
(7511 freshly calved cows: 4 years data)
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Fig. 1 Aflow chart that shows data collection and analysis procedures. A total of 7511 freshly calved cows were tested for BHB and classified into positive
for clinical ketosis, subclinical ketosis, or negative for ketosis. Subclinical ketosis and clinical ketosis were considered dependent variables. Year, season,
body condition, and parity number were considered as independent variables

Results

Cumulative incidence of subclinical ketosis at the study
dairy farm

The mean monthly cumulative incidence of SCK at the
study farm over the four years (2019 to 2022) was 11.16%
(838/7511; 95% CI: 10.45, 11.89) and it was significantly
varied over the years (repeated measures ANOVA with
Geisser = Greenhouse  correction:  Fj93 5199 =15.91,
p<0.001; Fig. 2A). The mean monthly cumulative
incidences (mean+SEM) of SCK were 0.21+0.018,
0.12+0.025, 0.06 +£0.012, 0.08 +0.013 in 2019, 2020, 2021
and 2022, respectively (Fig. 2A and Table 1). The mean
monthly cumulative incidence was showed a progressive
increase from parity 1 (7.0+0.48) to parity 5 (21.2+1.6)
(Fig. 3B). Out of the total of 838 SCK-positive cows,
88.7% were affected only once i.e. at one parity alone,
10.0% were affected twice (at two different parities) while
1.3% of them were affected three times (at three different
parities).

Table 2 presents the results of univariate and multi-
variable logistic regression analyses of the association
of the mean monthly cumulative incidence of SCK with
the potential risk factors. Based on a multivariate binary

logistic regression analysis, the odds of the mean cumu-
lative incidences of SCK were 2.75 (95% CI: 3.00, 4.70),
2.10 (95% CI: 1.66, 2.66) and 1.33 (95% CI: 1.04, 1.72)
times higher in 2019, 2020 and 2022 than the odds of
the mean monthly cumulative incidence of SCK in 2021,
respectively (Table 2). The odds of the mean cumula-
tive incidence of SCK in winter season was 2.08 (95%
CI: 1.71, 2.53) and 1.90 (95% CI: 1.55, 2.32) times higher
than that of the autumn season based on the univari-
ate and multivariate binary logistic regression analyses,
respectively (Table 2). Furthermore, the odds the mean
monthly cumulative incidence of SCK at parities 3, 4, 5,
6 and 7 were 2.30 (95% CI: 1.86, 2.86), 3.19 (95% CI: 2.51,
4.06), 3.49 (95% CI: 2.55, 4.77), 2.63 (95% CI: 1.74, 3.97)
and 2.36 (95% CI: 1.43, 3.88) times higher that of parity 1,
respectively.

Cumulative incidence of clinical ketosis at the study dairy
farm

The mean monthly cumulative incidence of CK over the
four years was 0.53% (40/7511; 95% CI: 0.38, 0.72) and
it differed among the four years (Friedman test=15.11,
p<0.01; Fig. 2B and Table 3). The median of the mean
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Fig. 2 The Mean monthly cumulative incidences of subclinical and clinical ketosis for four years at the anonymous dairy farm. The monthly cumulative

incidences of subclinical ketosis (panel A) and clinical ketosis (panel B) progressively declined beginning from 2019 to 2022

Table 1 Mean monthly cumulative incidence of subclinical ketosis at the study dairy farm (N=7511)

Risk factors Category No. of tested cows No. of positive for SCK % + SEM X p value
Study year (N=7511) 2019 1699 352 20.7+0.98 247.029 <0.0001
2020 1763 220 12.5+0.79
2021 1983 119 6.0£0.53
2022 2066 147 71x0.57
Season (N=7511) Summer 1942 193 9.9+0.68 75.578 <0.0001
Autumn 2119 189 89+0.62
Winter 1706 289 16.9+091
Spring 1744 167 9.6+0.71
Body score 1.0-3.0 1917 219 11.4+0.73 2.306 0316
(N=6377) 3.1-40 3401 433 12.7+0.57
4.1-5.0 1059 137 129+10
Parity Parity 1 2819 198 7.0£048 224.95 <0.0001
(N=7511) Parity 2 2238 179 80+057
Parity 3 1134 197 174+1.1
Parity 4 671 142 212+16
Parity 5 326 68 209+23
Parity 6 182 33 181£29
Parity 7 141 21 149+3.0
monthly cumulative incidence of CK were 0.015 (95% CI:  Discussion

0.002, 0.023), 0.003 (95% CI: 0.0, 0.01), 0.0(95% CI:0.0,
0.007), and 0.0 (0.0, 0.007) in 2019, 2020, 2021 and 2022,
respectively (Table 3). The mean monthly cumulative
incidence of CK was significantly associated with the year
(Fischer exact test=31.03; p<0.0001 and parity number
(Fischer exact test=27.87; p<0.0001). However, it was
not associated either with season, or body condition.

In the present study, the mean monthly cumulative inci-
dences of SCK and CK were estimated in 7511 freshly
calved cows in the UAE based on a 4-year retrospec-
tive data. Measuring the concentration of BHB in the
blood and examination for clinical signs of ketosis were
used were used for defining the ketosis status of the
study cows. The average monthly cumulative incidence
(11.16%) of SCK recorded by this study was comparable
to the 11.2% reported in the Netherlands [20] but much
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observed in winter and spring

Table 2 Association of mean monthly cumulative incidence of subclinical ketosis with different risk factors based on univariate and

multivariate binary logistic regression analysis

Risk factors Category No. of cows Univariate Multivariate
Tested Crude OR (95% Cl) P value Adjusted OR (95% Cl) P value
Study year 2019 1699 4.09(3.29,5.20) <0.0001 3.75(3.00,4.70) <0.0001
2020 1763 2.23(1.77,2.82) <0.0001 2.10 (1.66, 2.66) <0.0001
2021 1983 1 - 1 -
2022 2066 1.20 (0.94, 1.54) 0.153 1.33(1.04,1.72) 0.026
Season Summer 1942 1.13(0.91,1.39) 0.267 1.12(0.90,1.39) 0.309
Autumn 2119 1 - 1 -
Winter 1706 2.08(1.71,2.53) <0.0001 1.90 (1.55,2.32) <0.0001
Spring 1744 1.08 (0.87,1.35) 0483 0.97(0.77,1.21) 0.773
Parity Parity 1 2819 1 - 1 -
Parity 2 2238 1.15(0.93,1.42) 0.190 8(0.95,1.46) 0.133
Parity 3 1134 2.78(2.25,3.44) <0.0001 2.30(1.86, 2.86) <0.0001
Parity 4 671 3.55(2.81,4.49) <0.0001 9(2.51,4.06) <0.0001
Parity 5 326 349(257,473) <0.0001 349 (2.55,4.77) <0.0001
Parity 6 182 2.93(1.96,4.39) <0.0001 2.63(1.74,3.97) <0.0001
Parity 7 141 2.32(143,3.77) 0.001 2.36(143,3.88) 0.001

lower than the 49% reported in France [21]. Two different
groups of researchers [22, 23] indicated that most stud-
ies on ketosis were mainly from Europe, the Americas,
Oceania, and a few Asian countries. Thus, since no study
was published on ketosis from the Middle East and east
Africa, the result of the present study could not be com-
pared with results reported from the region or nearby
countries. Besides, most studies on ketosis were preva-
lence reports but studies reporting incidence were scarce.
It is known that prevalence and incidence are different
by their definitions, but they are also directly related as
both measure disease quantification. For this reason, our

mean monthly cumulative incidence was also compared
with prevalence reports for the rough assessment of our
results with the results of other studies.

A review published by a group of researchers [7]
showed that the average prevalence of SCK in 10 Euro-
pean countries was 21.8% (ranging from 11.2 to 36.6%).
Similarly, Brunner et al. [24] reported prevalence values
of 17% in South Africa, 28.5% in Asia, 13.3% in Central
and South America, and 24.85% in Oceania. In addition,
a few studies conducted on the incidence rate of SCK
reported incidence rates ranging from 19.7 cases per 100
cows-year [6] to 44.0 cases per 100 cows-year [25]. Thus,
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Table 3 The association of the mean monthly cumulative incidence of clinical ketosis with potential risk at the study farm (N=7511)

Risk factors Category No. of tested cows No. of positive for CK % + SEM X p value
Study year 2019 1699 23 1.35+0.28 31.03* <0.01
2020 1763 9 051+£0.17
2021 1983 6 030+£0.12
2022 2066 2 0.01£0.07
Season Summer 1942 11 0.57+0.17 546 0.141
Autumn 2119 5 0.24+0.11
Winter 1706 1 0.64£0.19
Spring 1744 13 0.75+£0.21
Body score 1.0-3.0 1917 9 047+0.16 1.63 0443
3.1-40 3401 22 0.65+0.14
4.1-5.0 1059 0.85+£0.28
Parity Parity 1 2819 6 0.21+0.09 27.87* <0.0001
Parity 2 2238 6 027+£0.11
Parity 3 1134 M 0.97+0.29
Parity 4 671 1 1.64+049
Parity 5 326 4 1.23£0.61
Parity 6 182 1 0.55+0.54
Parity 7 141 1 0.71+£0.70

* Fisher’s exact test

it can roughly be assumed that the results of the burden
of ketosis reported by these studies could be higher than
the burden ketosis that is recorded by this study.

The average monthly cumulative incidence of CK over
the four years was 0.53% and it was similar with those
reported earlier by other researchers [26]. Although stud-
ies on CK are largely scarce; the few studies conducted
reported that the prevalence ranges from 0.0% in Brazil
and South Africa to 11.10% in Italy [23]. Furthermore,
another study reported an incidence rate of 2.4 cases per
100 cows-year [26], which could be roughly similar to
the mean monthly cumulative incidence recorded by this
study.

The relatively low average monthly cumulative inci-
dence could partly be due to the management of the
study farm and its feeding practices. The farm adopted
optimal management and feeding system to its lactating
cows. The milking herd was fed on a total mixed ration
(TMR) four times daily. TMR is routinely analyzed using
near-infrared technology that validates the chemical
ingredients of the feed. TMR includes good quality for-
ages, a balance of grains and proteins, vitamins, and
minerals. Previous studies also reported a low incidence
of ketosis in a farm with good management and feeding
system [27].

The association between the average monthly cumu-
lative incidence of either SCK or CK and the differ-
ent potential risk factors was investigated using binary
logistic regression (the likelihood ratio tests). The aver-
age monthly cumulative incidences of both SCK and CK
decreased beginning from 2019 to 2022, which could be
due to a progressive improvement in the management of

the study farm including the improvement of feed quality
as explained above.

Regarding season, it was observed that the incidence of
SCK increased in winter. This could be due to the require-
ment of additional energy for cows to keep themselves
warm during the winter on top of the energy required
for milk production and survival. The effect of season on
the incidence or prevalence of ketosis was reported by
different researchers. According to the review published
earlier [22], several authors generally agreed to consider
spring as the season with a high incidence or prevalence
of ketosis. Other authors reported high prevalence (or
incidence) values during the late autumn and winter [27,
28]. Furthermore, other authors reported a high preva-
lence of ketosis in the summer season [7, 20].

Parity number was associated with the average monthly
cumulative incidence of SCK. This observation is in
agreement with the reports of several similar studies
[27, 29]. For example, in this study, the average monthly
cumulative incidence of SCK increased from 7% at par-
ity 1 to 21% at parity 4. Similarly, an increase in cumu-
lative incidence from 8.6% at the first parity to 26.2% at
the third or greater parity was reported earlier [29]. The
increase in the incidence or prevalence of ketosis with
an increase in parity. This could be associated with the
concurrent increase in milk production which increases
negative energy balance leading to the mobilization of
body fat and release of ketone bodies. Contrary to this
observation, a study conducted in Jersey breed reported a
higher prevalence of ketosis in primiparous cows than in
multiparous cows [30].
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Regarding body condition, the average monthly cumu-
lative incidence of SCK in cows with thin, moderate,
and fat body conditions were 11.4%, 12.7%, and 12.9%,
respectively showing low increase with increase in body
condition although the increase was not statistically sig-
nificant. Many studies reported a significantly higher
incidence of ketosis in cows with fat and moderate body
conditions than in cows with thin body conditions [6, 28,
31, 32]. The higher incidence of ketosis in cows with good
body condition could be due to reduction of dry matter
intake (DMI) by fat cows during pre-calving which leads
to the development of SCK post-calving because of nega-
tive energy balance [1]. Such cows therefore mobilize fat
reserves excessively leading to ketosis [1]. Furthermore,
the higher incidence (or prevalence) of ketosis in fat cows
could be associated with a large amount of fat storage in
these cows and its mobilization following the occurrence
of negative energy balance.

Although ketosis is economically important disease,
it was not possible assess its economic loss in the study
farm because of failure to collect data. The economic
losses due to ketosis have been published in the literature
from different countries. Accordingly, both CK and SCK
cause direct and indirect economic losses. The direct
economic losses are caused by reduced milk produc-
tion, delay in pregnancy, culling of cows, death of cows,
and treatment and replacement costs of ketosis while the
indirect economic losses are instigated through dispos-
ing cows to other diseases including mastitis, metritis,
displaced abomasum, retained placenta, lameness, endo-
metritis and other infectious diseases [33—36]. Raboisson
et al. [35], estimated economic loss of SCK at €257 per
case while Gohary et al. [36] estimated the economic loss
of SCK at $203 per case. Additionally, Mostert et al. [33]
reported economic loss of €130 per case per year due to
SCK in Dutch dairy farms. Furthermore, Steeneveld et al.
[34] reported an economic loss of €150 per lactating cow.

Limitations of the study

The study was conducted on a single farm which could
limit the external validity of the result of the study. On
the other hand, the total number of lactating cows
included in the study was 7511 and the data extraction
was done for four years, which could show the strength
of the study. Furthermore, the setup and feeding system
of dairy farms in the UAE are similar and the majority
of the farms raise the Holstein Friesian breed, use zero
grazing-based intensive farming, use water spray-based
cooling system, and depend on imported feed.

Conclusion

The mean monthly cumulative incidence of CK was
low while that of SCK was moderate at the study farm.
Therefore, control and preventive measures of ketosis
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are recommended to reduce the incidence of SCK at the
study farm.
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