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Summary
The aim of the present study was to investigate the effect of ketosis status on milk
yield and quality traits of Holstein Friesian cows. Individual milk samples (n =
15,674) of first-lactation cows from 5 to 60 days in milk (DIM) were collected
during the official monthly test-day milk recording scheme and analysed for milk
quality traits using Fourier transform infrared (FTIR) spectroscopy. Also, betahydroxybutyrate (BHB) was predicted by FTIR spectroscopy and used to classify
records as normal, suspect or ketotic. Data were analysed with a linear mixed model
including ketosis status, DIM and their interaction as fi xed effects, and cow, herdtest-day and residual as random effects. Overall, ketotic cows exhibited the worst
performance in terms of milk yield and quality compared to suspect and normal cows
across the first 60 DIM. Results suggest that elevated milk BHB concentrations have a
strong negative effect on milk yield and quality traits in early lactation.
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Introduction
Ketosis is a frequent metabolic disorder in dairy cattle and it
occurs when cows are unable to manage the high energy request
for milk production during the first days of lactation, inducing
an abnormal concentration of circulating ketone bodies (hyperketonemia) (Herdt, 2000; Duffield et al., 2009). Ketosis negatively affects milk yield (Dohoo and Martin, 1984; Duffield et al.,
2009; Ospina et al., 2010) and chemical composition (Duffield
et al., 2009; Kayano and Kataoka, 2015; Santschi et al., 2016),
and it impairs reproduction performance and health (Raboisson
et al., 2014). Therefore, ketosis causes a relevant economic loss
for the farmer, with an estimated average total cost per case of
265€ (McArt et al., 2015).
Although ketosis can manifest clinically, dairy cows often
suffer from subclinical ketosis, defined as an excess of circulating ketone bodies in absence of clinical signs (Andersson, 1988).
As a result, an early and accurate detection of this common disease is related to the measurement of ketones concentration in
body fluids of dairy cows. The reference method for ketosis diagnosis is blood BHB concentration (Oetzel, 2004), as it is the
predominant and stable circulating ketone body in ruminants.
However, milk sampling and analysis represents a more practical tool for herd monitoring through the detection of elevated
BHB concentrations in milk (Oetzel, 2004; Denis-Robichaud
et al., 2014). Beta-hydroxybutyrate in milk can be predicted by
Fourier transform infrared (FTIR) spectroscopy (de Roos et al.,
2007; van Knegsel et al., 2010), which is a fast and cost-effective
methodology already used in milk official recording system (De
Marchi et al., 2014; Gottardo et al., 2015; Visentin et al., 2016).
Recently, the potential of FTIR spectroscopy for screening hyperketonemia at the herd level has been demonstrated (Koeck
et al., 2014; Santschi et al., 2016; Tatone et al., 2017).
The present study aimed to investigate the effects of ketosis
status on milk yield and quality traits of Holstein Friesian cows.

Materials and methods
Individual milk samples from first-lactation Holstein Friesian
cows reared in Veneto region (northeast Italy) were collected between May 2015 and November 2016 by the Breeders Association
of Veneto region (ARAV, Padova, Italy), during the official
monthly test-day milk recording scheme. Milk samples were
analysed using Milko-Scan FT6000 (Foss Electric A/S, Hillerød,
Denmark) for fat, protein, casein and lactose percentage. Milk
BHB concentration was predicted by the same instrument using
prediction models developed by Foss (Foss Electric A/S), as described by Koeck et al. (2014). Somatic cell count (SCC) was
obtained by Fossomatic (Foss Electric A/S,) and subsequently
transformed to somatic cell score (SCS) through the formula
SCS = 3 + log2(SCC/100,000).
Normal distribution was checked for each studied trait and
records that deviate more than 3.5 standard deviations (SD)
from the respective mean were discarded from the database.
Only first-lactation cows with at least 2 tests between 5 and 60
days in milk (DIM) were considered and herd-test-day (HTD)
with less than 3 cows were removed from the original dataset.
After editing, the dataset included 15,674 milk samples from
7,835 first-lactation cows in 546 herds. Records were grouped

in 3 classes according to the level of milk BHB: NORMAL, if
milk BHB concentration was <0.15 mmol/L; SUSPECT, if milk
BHB was between 0.15 and 0.19 mmol/L; and KETOTIC if milk
BHB was ≥0.20 mmol/L (Koeck et al., 2014; Santschi et al., 2016).
Data were analysed using the MIXED procedure of SAS
(SAS Institute Inc., Cary, NC, USA) according to the following linear model:
yijklm = μ + DIMi + Kj + (DIM × K)ij + cowk + HTDl + εijklm,
where yijklm is the dependent variable (daily milk yield, fat,
protein, casein, lactose, SCS); μ is the overall intercept of the
model; DIMi is the fi xed effect of the ith class of the stage of lactation (i = 1 - 8, the first five being classes of 5 d each, followed
by classes of 10 d each); Kj is the fi xed effect of the jth class of
ketosis status (j = NORMAL, SUSPECT, KETOTIC); (DIM × K)
ij is the fi xed interaction effect between DIM and ketosis status;
cowk is the random effect of the kth cow (k = 1 – 7,835) ~N(0,
σ2cow); HTDl is the random effect of the lth herd-test-day (l = 1
– 2,618) ~N(0, σ2HTD); and εijklm is the random residual ~N(0,
σ2e). Multiple comparison of least squares means (LSM) was
performed for the effect of ketosis status with the Bonferroni’s
adjustment (P < 0.05).

Results and discussion
Descriptive statistics and significance of fi xed effects included in the statistical analysis of milk yield and quality traits are
presented in Table 1. Milk yield, fat content and SCS averaged
30.08 kg/d, 3.87% and 2.57, exhibiting the highest coefficients
of variation of 23.5%, 21.8% and 68.5%, respectively. Means of
protein, casein and lactose content were 3.13%, 2.43% and 4.93%,
respectively. Milk yield and chemical composition are consistent
with official data published in 2016 by Italian Holstein Friesian
Cattle Breeders Association (ANAFI, 2016). Overall, stage of lactation was the most relevant effect (P <0.001) in explaining the
variability of studied traits, followed by ketosis status (P <0.001).
On the other hand, ketosis status represented the most important source of variation for fat content. The first order interaction between ketosis status and stage of lactation significantly
affected all the studied traits, except for SCS.
Least squares means of the studied traits among different
BHB classes are shown in Table 2. Of the total 15,674 cow milk
samples, 1,752 (11.2%) had BHB levels ≥0.15 mmol/L, suggesting a suspect or ketotic status of the cow. The threshold used in
the present study corresponded to that reported by Tatone et al.
(2017), as it was the lowest value associated with decreased milk
production. As expected, milk yield was greatest for NORMAL
cows. Difference between KETOTIC and NORMAL classes was
3.1 kg/d. This difference is slightly greater respect to milk losses
reported for all parities (Dohoo and Martin, 1984; Duffield et
al., 2009) or primiparous cows (Santschi et al., 2016), ranging
from 1.0 to 2.1 kg/d. On the contrary, fat percentage was lowest
for NORMAL (3.79%) cows and, following the increase of milk
BHB concentrations, it increased for KETOTIC cows (4.69%).
This result can be explained by greater fat mobilization occurring with hyperketonemia and it agrees with findings of other
studies (Duffield et al., 2009; Santschi et al., 2016). On average,
cows in KETOTIC class exhibited lower protein, casein and
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Table 1. Mean and standard deviation (SD), F-value and
significance of fi xed effects in the analysis of milk yield and
quality traits.

Table 2. Least squares means of milk yield and quality traits
for ketosis status according to milk BHB concentration
Trait1

1

Trait

2

Mean ± SD
DIM

Milk (kg/d)
Fat (%)
Protein (%)
Casein (%)
Lactose (%)
SCS
1

30.08 ± 7.06
3.87 ± 0.85
3.13 ± 0.34
2.43 ± 0.26
4.93 ± 0.21
2.57 ± 1.76

86.18***
94.61***
497.03***
348.31***
233.48***
23.68***

Effect
Ketosis
status
36.13***
193.29***
10.36***
26.83***
89.77***
8.03***

DIM*
Ketosis
status
2.95***
3.48***
3.55***
3.11***
1.91*
0.67

SCS = somatic cell score; 2 DIM = days in milk; Statistical significance is
given as: ***P <0.001, **P <0.01, *P <0.05.

Normal
(BHB <0.15
mmol/L)

Suspect
(BHB 0.15-0.19
mmol/L)

Ketotic
(BHB ≥0.20
mmol/L)

29.94a
3.79c
3.12a
2.42a
4.95a
2.55a

29.26b
4.12b
3.08b
2.38b
4.90b
2.65a

26.81c
4.69a
3.06b
2.34c
4.80c
2.99b

Milk (kg/d)
Fat (%)
Protein (%)
Casein (%)
Lactose (%)
SCS
1

SCS = somatic cell score; a-c Least squares means with different letters
across milk BHB concentrations are significantly different according to
Bonferroni’s test (P <0.05).

Figure 1. Least squares means of (A) milk yield, (B) fat content percentage, (C) protein content percentage, (D) casein content
percentage, (E) lactose content percentage and (F) somatic cell score (SCS) according to ketosis status across days in milk (DIM).
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lactose percentages than NORMAL animals. On the other hand,
an opposite situation was observed for SCS, which was highest in KETOTIC class. Intermediate values were detected for
SUSPECT class for all considered variables. Negative effects of
hyperketonemia on chemical composition have been described
by Duffield et al. (2009) and Santschi et al. (2016), who identified
as possible reasons the decrease of microbial synthesis caused by
negative energy balance, or poor feeding and lower dry matter
intake associated with ketosis (Goldhawk et al., 2009; Kayano
and Kataoka, 2015). Concerning increased SCS, Raboisson et al.
(2014) reported odds ratios of 1.42 for doubling of SCC and 1.61
for clinical mastitis for cows affected by ketosis.
In general, milk yield and quality traits across DIM exhibited trends that were congruent with ketosis status (Figure 1).
Similarly, Santschi et al. (2016) observed an increased difference
of milk production between ketotic and normal cows during
first weeks of lactation. Finally, despite the decreasing in ketosis
prevalence, alterations of milk quality for KETOTIC class were
observed during the whole period of the study.

Conclusions
Results from the present study clearly indicate that ketosis
negatively affects milk yield and quality traits in early lactation.
Primiparous cows exhibited significantly different performance
across ketosis status classes. NORMAL class showed a more
suitable milk and greater yield than KETOTIC class, whereas
SUSPECT cows were in an intermediate position. Same trends
of difference between classes were generally observed for all
studied traits across DIM. Further researches should focus on
entire lactation performance of all parity cows, in order to define
a more comprehensive ketosis impact.

References
ANAFI (Associazione Nazionale Allevatori Frisona Italiana). (2016).
Official Statistics. Accessed Apr. 20, 2017. http://www.anafi.it/
english/.
Andersson, L. (1988). Subclinical ketosis in dairy cows. Vet Clin
North Am Food Anim Pract 4:233–251.
De Marchi, M., Toffanin V., Cassandro M., Penasa M. (2014).
Invited review: Mid-infrared spectroscopy as phenotyping tool
for milk traits. J Dairy Sci 97:1171–1186.
de Roos, A.P.W., van den Bijgaart H.J.C.M., Hørlyk J., de Jong
G. (2007). Screening for subclinical ketosis in dairy cattle by Fourier transform infrared spectrometry. J Dairy Sci
90:1761–1766.
Denis-Robichaud, J., Dubuc J., Lefebvre D., DesCôteaux L. (2014).
Accuracy of milk ketone bodies from flow-injection analysis
for the diagnosis of hyperketonemia in dairy cows. J Dairy Sci
97:3364–3370.
Dohoo, I.R., Martin S.W. (1984). Subclinical ketosis: Prevalence and
associations with production and disease. Can. J. Comp. Med.
48:1–5.

Duffield, T.F., Lissemore K.D., McBride B.W., Leslie K.E. (2009).
Impact of hyperketonemia in early lactation dairy cows on
health and production. J Dairy Sci 92:571–580.
Goldhawk, C., Chapinal N., Veira D.M., Weary D.M., von
Keyserlingk M. A. G. (2009). Prepartum feeding behavior is an
early indicator of subclinical ketosis. J Dairy Sci 92:4971–4977.
Gottardo, P., De Marchi M., Cassandro M., Penasa M. (2015).
Technical note: Improving the accuracy of mid-infrared prediction models by selecting the most informative wavelengths. J
Dairy Sci 98:4168–4173.
Herdt, T.H. (2000). Ruminant adaptation to negative energy balance. Influences on the etiology of ketosis and fatty liver. Vet
Clin North Am Food Anim Pract 16:215–230.
Kayano, M., Kataoka T. (2015). Screening for ketosis using multiple
logistic regression based on milk yield and composition. J Vet
Med Sci 77:1473–1478.
Koeck, A., Jamrozik J., Schenkel F.S., Moore R.K., Lefebvre D.M.,
Kelton D.F., Miglior F. (2014). Genetic analysis of milk betahydroxybutyrate and its association with fat-to-protein ratio,
body condition score, clinical ketosis, and displaced abomasum in early fi rst lactation of Canadian Holsteins. J Dairy Sci
97:7286–7292.
McArt, J.A.A., Nydam D.V., Overton M.W. (2015). Hyperketonemia
in early lactation dairy cattle: A deterministic estimate of component and total cost per case. J Dairy Sci 98:2043–2054.
Oetzel, G.R. (2004). Monitoring and testing dairy herds for metabolic disease. Vet Clin North Am Food Anim Pract 20:651–674.
Ospina, P.A., Nydam D.V., Stokol T., Overton T.R. (2010).
Associations of elevated nonesterified fatty acids and
β-hydroxybutyrate concentrations with early lactation reproductive performance and milk production in transition dairy cattle
in the northeastern United States. J Dairy Sci 93:1596–1603.
Raboisson, D., Mounié M., Maigné E. (2014). Diseases, reproductive
performance, and changes in milk production associated with
subclinical ketosis in dairy cows: A meta-analysis and review. J
Dairy Sci 97:7547–7563.
Santschi, D.E., Lacroix R., Durocher J., Duplessis M., Moore
R.K., Lefebvre D.M.. (2016). Prevalence of elevated milk betahydroxybutyrate concentrations in Holstein cows measured by
Fourier-transform infrared analysis in dairy herd improvement
milk samples and association with milk yield and components. J
Dairy Sci 99:9263–9270.
Tatone, E.H., Duffield T.F., LeBlanc S.J., DeVries T.J., Gordon J.L.
(2017). Investigating the within-herd prevalence and risk factors for ketosis in dairy cattle in Ontario as diagnosed by the
test-day concentration of β-hydroxybutyrate in milk. J Dairy Sci
100:1308–1318.
van Knegsel, A.T.M., van der Drift S.G.A., Horneman M., de Roos
A.P.W., Kemp B., Graat E.A.M. (2010). Short communication: Ketone body concentration in milk determined by Fourier
transform infrared spectroscopy: value for the detection of
hyperketonemia in dairy cows. J Dairy Sci 93:3065–3069.
Visentin, G., Penasa M., Gottardo P., Cassandro M., De Marchi M.
(2016). Predictive ability of mid-infrared spectroscopy for major
mineral composition and coagulation traits of bovine milk by
using the uninformative variable selection algorithm. J Dairy
Sci 99:8137-8145.

acs82_31

Agric. conspec. sci. Vol. 82 (2017) No. 2

