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Abstract

The aim of the study was to assess the effect of lactation number, month after calving,
body condition at calving, milk yield and feeding season on the frequency and intensity
of occurrence of ketone bodies in the urine during the first trimester after calving of Polish
Holstein-Friesian cows cows with average annual milk yield of about 7000kg. It was also
evaluated how the presence of ketone bodies in the urine of cows was associated with their
milk production and the course of lactation. 479 urine samples were collected from the cows.
The samples were tested using KRULAB test strips. The influence of the presence of ketone
bodies on milk yield in 150 lactations and in 1797 milk samples was also evaluated. It was
found that 36.2 % of urine samples contained ketone bodies that could indicate various forms
of ketosis. The frequency and intensity of the occurrence of ketone bodies in the urine was
significantly influenced by the cows' body condition at calving, milk yield during standard
lactation, the day the urine samples were collected and feeding season. The presence of
ketones in the urine had little effect on milk yield in standard and complete lactations. Cows
whose urine contained ketone bodies had significantly higher daily milk yield up to the sixth
month of lactation. This could indicate that cows with high production potential are more
susceptible to ketosis. The occurrence of ketones in the urine had a negative effect on the
lactation curves of the cows tested.
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Introduction

In 2011 an increase was once again noted in the milk yield of the active cow population in
Poland. Compared with 2010, milk yield increased by 155 kg (from 6980 to 7 135kg), while
the number of cows undergoing use value assessment increased by 26613 - 2% (PFCB &
DF 2012). The continually growing production potential of dairy cows and the use of
increasingly modern technologies lead to metabolic and infectious diseases (Mordak et al.
2009). An unbalanced diet, which is not suited for the cows' needs and the physiological
state, contributes to the occurrence of metabolic diseases. (Filar 2001). Among metabolic
disorders affecting cattle, ketosis, which can affect 50-80 % of a herd, is the most common
(Kondracki et al. 1996). It usually occurs between the third and sixth week of lactation and
results from an imbalance between energy requirements and energy uptake. This leads
to increased lipolysis and increased concentration of free fatty acids in the blood, which
together with the acetyl-CoA produced from them are precursors of ketone compounds
(B-hydroxybutyrate, acetoacetic acid, acetone) (Filar 2001, Markiewicz et al. 2004, Ra$ 1999).
In conditions of normal carbohydrate and fat metabolism, the acetyl-CoA formed in the liver
is almost completely oxidised to CO, and H,0 in the Krebs cycle and a considerable amount
of energy required by the organism is released. When there is a negative energy balance, due
to a deficiency of oxaloacetic acid formed from glucose, acetyl-CoA is used in synthesis of
ketone compounds. They are found in urine, milk and exhaled air (Filar 1994).

In modern dairy cow barns many tools are used that make herd management relatively
simple. These include tests for determining the presence of ketone bodies in urine and milk
(Geishauser et al. 2000, Janus & Borkowska 2008, Krogh et al. 2011). When these metabolites
are identified it is possible to quickly eliminate their cause and in some cases to begin
treatment.

The aim of the study was to assess the effect of selected factors on the frequency and
intensity of occurrence of ketone bodies in the urine of Polish Holstein-Friesian cows in the
first trimester after calving. It was also analysed how the presence of ketone bodies in the
urine was associated with milk production and the course of lactation.

Material and methods

The study was carried out over a four-year period in a herd of 70 Black-and-White Polish
Holstein-Friesian cows. Their average annual milk yield was about 7000 kg of milk. The milk
performance of the cows was evaluated based on test-day milking carried out once a day in
a month (AT4 method).

The cows were kept in a tie-stall barn. In the summer they were pastured, but this served
mainly for exercise and did not form the basis of their diet during this period. Feed rations
did not include pasture forage. In both winter and summer the cows were fed silage from
maize and wilted grass, hay and spent grain. In the winter they were also given sugar beet
pulp silage and lucerne silage as roughage feed. Cows whose daily milk yield exceeded ten
kg of milk received compound feed consisting of wheat bran, rapeseed and barley meal,
high-energy concentrate and premix. The cows' diet (both in summer and in winter) in the
first three weeks after calving met 89 % (week two), 90 % (week one) and 99 % (week three)
of their energy demands and in subsequent weeks from 101 % to 104%. 100 % of protein
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demand was not met in the first two weeks of lactation, while in subsequent weeks it was
slightly exceeded (3-4 %).

During the four years the cows were kept in the herd, the body condition of each cow was
determined in the last two weeks of the dry period according to the 5-point body condition
score (BCS) system (Wildman et al. 1982), accurate to within 0.5 points. Next, in the first three
months after calving, urine samples were collected on the day of test-day milking to test
the presence of ketone bodies. The samples were collected once a month during urination.
The assays were performed using KRULAB multiparameter test strips (KRUUSE, Langeskov,
Denmark). The strip was immersed in the sample for 1s, tissue paper was used to absorb
the excess urine and after 60 s the colour of the test area (active reagent: nitroprusside) was
observed. Based on the colour reaction, the following results for the presence of ketone
bodies and their intensity were distinguished: none (=), traces (+/-), positive (+) and strongly
positive (++/+++). A total of 479 urine samples were tested, collected from 107 cows.

SAS 9.1 software (SAS Institute Inc., Cary, NC, USA) was used for statistical calculations.
The %2 test of independence was used to analyse the occurrence of different results for the
ketone body assay depending on lactation number (1, 2-3, and 4 and higher), month after
calving (1, 2 and 3), body condition at calving (BCS up to 2.5, 3.0-3.5, and >3.5), milk yield in
standard lactation (up to 5500; 5501-6 500 and >6 500 kg milk), daily yield on the days urine
was collected (up to 22.0, 22.1-27.0 and >27.0 kg milk) and feeding season (summer — May-
October; winter — November-April).

In addition, variance analysis (PROC GLM) was used to evaluate the effect of the presence
of ketone bodies in the urine on the cows' milk yield in standard and complete lactation
and on the course of lactation. Data obtained from breeding documentation were used
for this analysis: daily milk yield in 1797 test-day milkings and productivity (milk yield and
composition) in 150 lactations. These lactations were divided into two groups depending on
the results of the test for the presence of ketone bodies. The first consisted of lactations of
cows in whose urine no ketone bodies were noted in any test (designated »no«). The second
group comprised lactations in which at least one urine test result was other than negative
(designated as »yes«). Averages for milk yield (also converted to yield per day of milking) and
for fat and protein values were calculated in both groups (i.e. »yes« and »no«), as well as the
average content of these components in milk obtained in standard and complete lactations
and daily yield in successive months of lactation. These averages were used to compare the
productivity of cows that had not suffered from ketosis and those which had been diagnosed
with it. The significance of the differences between average values was determined using
Duncan's test at significance levels P<0.01 and P<0.05.

Results and discussion

In the herd analysed, ketone bodies that could indicate various forms of ketosis were found
to be present in the urine in 173 cases (36.2%) (Table 1). In the samples containing ketone
bodies, traces (+/-) of the metabolites were noted most often (20.1 %). Positive results were
found in 10.4% of the samples and strongly positive results in 5.6%. McArt et al. (2011)
report that in some high-yield herds subclinical ketosis occurs in about 80% of cows at the
beginning of lactation, while the clinical form is noted in 2 to 15 %.
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Table 1
Occurrence of ketone bodies in cow urine taking into account the effect of the factors analysed
Results of the test for the presence of ketone bodies Value
Factor in the urine - number (%) of samples for
) (+-) S (HHA+H)  Ktest
1 121 (69.9) 32 (18.5) 4 (8.7) 6 (3.5)
Lactation number  2-3 116 (58.3) 41 (20.6) 9 (14.6) 13 (6.5) 10.71
>3 69 (64.5) 23 (21.5) 7 (6.5) 8 (7.5)
1 90 (62.5) 26 (18.1) 19 (13.2) 9 (6.2
Month of lactation 2 105 (67.3) 28 (18.0) 15 (9.6) 8 (5.1) 5.40
3 111 (62.0) 42 (23.5) 16 (8.9) 10 (5.6)
upto2.5 40 (85.1) 4 (8.5) 2 (4.3 1 (21
BCS, ptsat calving  3.0-3.5 146 (63.7) 54 (23.6) 24 (10.5) 522 24.76°
>3.5 120 (59.1) 38 (18.7) 24 (1.8) 21(10.4)
Milk yield in >5,500 119 (76.3) 22 (14.) 9 (5.8 6 (3.8
standard lactation, 5,501-6,500 104 (60.8) 36 (21.1) 18 (10.5) 13 (7.6) 19.31°
kg of milk >6,500 83 (54.6) 38 (25.0) 3 (15.) 8 (5.3
up to 22.0 107 (73.8) 24 (16.6) 6 (4.1) 8 (5.5
Daily milk yield, kg ~ 22.1-27.0 116 (61.1) 45 (23.7) 17 (8.9) 12 (6.3) 32.06°
>27.0 3 (57.6) 27 (18.8) 27 (18.8) 7 (4.8)
. summer 167 (68.2) 35 (14.3) 26 (10.6) 17 (6.9) .
Feedingseason \ inter 139 (594) 61261 24102 1043 B
Total 306 (63.8) 6 (20.1) 0 (10.5) 27 (5.6)

“value for the X2 test significant at P<0.01

The values of the %2 test indicate that the occurrence of ketone bodies in the urine during the
first trimester of lactation is significantly (P<0.01) influenced by body condition at calving,
milk yield over 305 days and during test-day milking and feeding season. In cows whose
body fat reserves before calving had the lowest scores (BCS up to 2.5), positive and strongly
positive results were obtained in three cases — 6.4%. Where body condition was 3.0-3.5,
the percentage of such samples (i.e. in total positive and strongly positive) was 12.7% and
in cows with the highest scores (>3.5) it was 22.2%. A study by Gillund et al. (2001) in a
population of Norwegian cattle found a greater risk of ketosis in cows whose body condition
was at least BCS 3.5. Kuczaj et al. (2010) report that the risk of ketosis and hepatic steatosis
increases during the calving period. Cows that take in too little dry matter before and after
calving are predisposed to ketosis, particularly those with more body fat. Janus et al. (2007)
reported that in cows whose body condition is too high during the dry period (BCS>4.0),
the negative energy balance after calving was greater and lasted longer. The values of beta-
hydroxybutyricacid in blood observed by Kupczynskiet al. (2011) were both before parturition
and up to the third week of lactation higher with higher prepartum condition. Minor et al.
(1998) report that an increase in non-fibre carbohydrates to 44 % DM led to a 27 % increase
in dry matter intake of cows before calving and a 57 % increase in energy intake. These cows
had lower levels of free fatty acids and beta-hydroxybutyric acid in the serum and lower
levels of triglycerides in the liver. Bell (1995) determined that significant changes usually
occur in the metabolism of cows during the transitional period; hepatic gluconeogenesis
increases and glucose consumption decreases in peripheral tissues. Mobilisation of fatty
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acids from tissues and amino acids from muscles increases; after calving these processes
are strongly accelerated. Smith et al. (1997) demonstrated that the incidence of ketonemia
and clinical ketosis was the same for obese and normal cows, but on the basis of changes
in blood and liver composition, the incidence of ketosis could probably increase if obese
cows were overfed throughout the entire dry period. In the present study, the percentage of
samples that were tested negative for ketone bodies decreased (by 26 %) as body condition
score increased. This could result from the utilisation of body fat reserves for milk production
leading to the appearance of ketone bodies in the urine.

The percentage of samples in which no ketone bodies were noted also decreased as milk
yield in standard lactation (by 21.7 %) and per day (by 16.2 %) increased. The total share of
positive and strongly positive results for the ketone body assay increased with milk yield in
standard lactation — 9.6 %, 18.1 % and 20.4 % for the three levels of yield. This percentage also
increased with daily milk yield — 9.6 %, 15.2% and 23.6 %. Stengarde et al. (2012) report that
keeping dry cows in one group appear to be an important risk factor for a high incidence of
clinical ketosis. Other research has also shown an association between high milk yield and
increased susceptibility to ketosis (McArt et al. 2011). Staufenbiel et al. (2003) reported that
negative energy balance is getting more intense and prolonged with increasing milk yield.
In these authors' opinion the conditional nadir should not decline below 13 mm back fat
thickness on herd average to reach a high production level without an increasing incidence
of health disorders,. According to de Boer et al. (1985), a lactation ketosis results of more
factors than solely a severe energy deficit. Difficulties in synthesising cortisol when energy
demands increase in peak lactation could be one possible reason.

The analysis of the effect of the feeding season on the presence of ketone bodies in the
urine revealed fundamental differences in the percentage of samples that were negative
(8.8% difference), questionable (11.8%) and strongly positive (2.6 %). Questionable results
were more often obtained in the winter months and negative or strongly positive results in
the summer. The higher percentage of urine samples containing ketone bodies during the
winter may result from ketogenic feed (Filar 1994). The frequency and intensity of occurrence
of ketone bodies in the urine of cows was not affected by the lactation number or the month
after calving. @stergaard & Grohn (1999) found that the incidence of ketosis increased with
parity (2% for parity 1 and 20% for parity >2). A significant correlation between lactation
number and occurrence of ketosis was also indicated by Fleischer et al. (2001).

Table 2 presents data on the yield and composition of milk during standard and complete
lactations. The data show that the presence of ketone bodies in the urine during the first
trimester did not reduce milk yield in the standard lactation. This is consistent with a study
by Rajala-Schultz et al. (1999), who found that cows with ketosis yielded more milk over the
entire lactation than healthy ones. In the present study, cows in whose urine ketone bodies
were noted produced more milk (by 330kg), as well as more fat and protein (by 12 and 6 kg,
respectively). The differences between these groups were statistically insignificant in the
case of fat content in the milk. Significant differences were noted for milk yield per day in
milk (P<0.05) and for protein content in the milk (P<0.01). Complete lactations during which
no ketone bodies were noted in the urine lasted 28 days longer. Milk yield in these lactations
was 68kg higher, while fat and protein contents were 5 and 6kg higher compared with
lactations in which ketone bodies were noted in the urine in the first trimester after calving.
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Fat and protein content in the milk were also higher (by 0.20 and 0.09 %, respectively). The
differences between these groups were statistically insignificant. The difference in milk yield
per day in milk, which was 1.1 kg lower in the groups that were tested negative for ketone
bodies, was also insignificant

Table 2

Milkyield in standard and complete lactations of cows with positive and negative results for the ketone bodies
Occurrence of ketone  Number  Days Yield (kg) kg milk  Content in milk (%)
bodies in urine during of in milk fat protein  Per 1 day fat protein
lactation lactations  milk of milking

Standard No 52 302 5853 253 205 19.4° 4.32 3.524
lactation Yes 98 298 6183 265 2N 20.7° 4.29 3.438
Complete No 52 419 7347 321 264 17.5 4.42 3.60
lactation Yes 98 391 7279 316 258 18.6 4.22 3.51

Averages designated with different letters differ significantly, *P<0.01, *P<0.05

The data in Figure 1 clearly show that a positive result for the presence of ketone bodies
in the urine negatively affected the course of lactation. In the case of cows with negative
results, the highest daily yield occurred in the second month after calving and was 0.9 kg
higher than in the first month. In this group, milk yield decreased with each month with the
greatest decrease (2.0 kg milk) noted between the second and third month after calving.
Cows with positive results for the test had a continually descending lactation curve, as the
highest yield (26.8 kg) was noted in the first month after calving. In month two it decreased
by 0.5kg compared to month one and in the next six months the decreases ranged from
1.9 to 1.3kg of milk. The data in Figure 1 also show that cows that were tested negative
for ketone bodies had significantly (P<0.01 and P<0.05) lower milk yield up to the sixth
month after calving. The differences between the groups ranged from 1.2 to 3.4 kg milk.
Other research has also shown higher daily yield in cows that were tested positive for
ketone bodies (Janus & Borkowska 2008). On the other hand, negative effects of ketosis on
milk production have been reported by Kondracki et al. (1996), Fourichon et al. (1999) and
Jankowska et al. (2005).

In conclusion it should be emphasized that the frequency and intensity of occurrence of
ketone bodies in the urine of cows during the first three months after calving was significantly
influenced by body condition in the last two weeks before calving by milk yield in standard
lactation and on the day the urine samples were taken and by feeding season. The effect of
the presence of ketone bodies in the urine on milk yield in standard and complete lactations
was small. Cows whose urine contained ketone bodies during the first three months after
calving had significantly higher daily milk yield up to the sixth month of lactation. This may
indicate that cows with high production potential are more susceptible to ketosis. On the
other hand, the presence of ketone bodies in the urine negatively affected the lactation
curves of the cows studied. The results obtained may indicate problems in herd management
and should serve to eliminate them, in particular by optimising nutrition during the calving
period. They may also confirm the important role of herd management in preventing ketosis,
not only in high-yield cows but in herds of average productivity as well.
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Figure 1
Daily milk yield during lactation of cows with positive and negative results for the ketone bodies (statistically
significant differences for successive months at: #8P<0.01, ?*P<0.05)
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