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Summary

Metabolic disorders of dairy cows, primarily ketosis and acidosis, are one of the most significant 
problems in dairy herd management. Numerous studies have shown that metabolic disorders 
induce economic losses for milk producers due to treatment costs, reduced milk production, 
impaired reproduction, and ultimately increased animal excretion rates. Given the above, and for 
the purpose of sustainable management of the dairy herd, it is extremely important to detect as 
early as possible the cows that are at risk of subclinical metabolic disorders and to prevent the 
development of the clinical form in time. On dairy farms, milk recording is performed every 
month, which includes the collection of data on the productivity of dairy cattle that are in the 
system of breeding and selection work. The results of milk recording together with the pedigree 
data, the basis for calculating the breeding value of cattle and for the implementation of selection 
in accordance with the breeding program of each breed, also allow the breeder to improve dairy 
herd management and timely detection of metabolic disorders in the subclinical phase using 
precision dairy farming technologies. The daily content of milk fat and protein represents the basis 
for estimating the prevalence, with the optimal values of the ratio of milk fat and protein being 
1.1 - 1.5, while the deviation from the same indicates the prevalence of acidosis or ketosis. The aim 
of this study was to determine the prevalence of subclinical disorders of Simmental and Holstein 
cows depending on the season by applying precision dairy farming technologies- that is, the results 
of milk recording. Our logical control dataset consisted of over 1.6 million of test day records 
(Holstein cows: 805,247 records/ 69,368 animals/ 4,998 farms; and Simmental cows: 845,514 
records/ 78,540 animals/ 7,242 farms). Conducted analysis indicated that daily milk production, 
stage of lactation, parity, age at first calving, milk recording, and cattle breed significantly affected 
daily fat and protein content as well as F/P ratio. Also, determined higher values of F/P ratio in 
winter period indicates higher ketosis prevalence risk, while lower values of F/P ratio in summer 
period indicates higher acidosis prevalence risk. Finally, in order to more precisely predict the 
ketosis / acidosis prevalence in dairy cows based on milk recording data, factor that significantly 
affects the variability of daily fat and protein content, and consequently the fat to protein ratio as 
well as the prevalence risk of metabolic disorders should be taken into account.
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Introduction
Precision dairy farming implies set of different technologies, 

tools and methods based on usage of various devices for 
optimisation of dairy cattle farm. Precision devices could be 
used for measuring the indicators of animals related to their 
physiological, behavioural, and production state. The technologies 
of precision farming are used in order to increase animal’s 
productivity, to enable early detection of possible disease/disorder, 
and finally to decrease the costs of production process through 
adequate preventive health measures and farming optimisation. 
Many of these technologies, such as data-loggers, pedometers, 
automatic oestrus detection monitors, daily body weight 
measurements, as well as milk recording (daily milk quantity and 
quality), are already used by dairy producers. The milk recording 
implies animal identification, collection of data referring to certain 
animal, and determination of animal’s daily milk production in 
terms of yield and contents. Milk recording data (daily milk yield 
and contents) enables fast indication of potential imbalance, as 
well as determination of possible disorder / disease of individual 
animal. 

Dairy cows could experience various disorders during the 
transition period as a consequence of changes in nutrition, 
negative energy balance, decreased feed intake, rapid weight loss, 
or hypocalcemia. LeBlanc (2010) emphasised that the metabolic 
disorders (up to 50%) mainly occurred at the beginning of 
lactation (first 2 weeks). Furthermore, the source of stress could be 
environmental factors such as regrouping (Mulligan and Doherty, 
2008), or inappropriate (micro)climatic conditions (Broucek et al., 
2007). The ketosis as well as acidosis represents one of the most 
common disorders in lactating dairy cows.

Ketosis represents a metabolic disorder that can occur both in 
clinical and subclinical forms. Accordingl to Gillund et al. (2001), 
clinical ketosis most frequently occurs in high producing cows 
at the beginning of lactation (2nd - 7th week) as a consequence of 
unbalanced nutrition and farm management. The prevalence of 
ketosis could vary due to breed, parity, season and herd-related 
factors (Dohoo and Martin, 1984; Rajala-Schultz et al., 1999). 
Furthermore, the occurrence of clinical ketosis induces results 
in economic losses of farm through treatment costs, decreased 
milk production, impaired reproduction efficiency, and increased 
involuntary culling (Rajala and Gröhn, 1998; Suthar et al., 2013). 
Since subacute ruminal acidosis (SARA) is an increasing problem 
in high productive dairy cows, the monitoring of animals and 
prevention have become extremely important. The highest 
prevalence of SARA was determined in early lactation and in 
animals at peak dry matter (DM) intake (Dirksen et al., 1985; 
Bramley et al., 2008; O’Grady et al., 2008). The occurrence of 
both disorders induces significant farm costs and early detection 
is one of the key conditions for enabling sustainable business. A 
precondition for timely detection of the possible occurrence and 
prevention of the development of more severe disorder phase is 
a quick, simple, and accurate determination based on already 
available data, the usage of test-day records (TDR). The usage 
of TDR is much more cost effective and non-invasive when 
compared to specific diagnostic (Duffiled et al., 1997; Eicher, 
2004). TDR include information regarding the daily milk yield, 

fat and protein content and fat to protein ratio (F/P ratio). Gravert 
(1991) indicated that the ideal values of F/P were in < 1, 1.25 >, 
while Duffield et al. (1997) set 1.33 as upper margin. Furthermore, 
the F/P ratio > 1.4 indicates energy deficit and, if ketone bodies 
are present, subclinical ketosis (Haas and Hofirek, 2004). The 
F/P ≥ 1.5 could be defined as indicator of ketosis prevalence 
risk, while F/P < 1.0 represents indicator of acidosis prevalence 
risk. Furthermore, the F/P ratio together with cow’s daily milk 
production indicate prevalence of metabolic disorders (acidosis, 
ketosis). The F/P ≥ 1.5 in cows that yielded between 33 to 50 kg/
day represents an indicator of subclinical ketosis, while F/P < 
1.0 in cows that yielded between 20 to 43 kg/day represents an 
indicator of subclinical acidosis (Eicher, 2004).

Given that a number of factors affect variability of daily milk 
contents, the aim of this study was to determine the prevalence of 
subclinical disorders of Simmental and Holstein cows depending 
on the season by applying precision dairy farming technologies, 
which means the results of milk recording.

Materials and Methods 

Test-day records of Holstein and Dairy Simmental 
cows collected during the five-year period (January/2008 – 
December/2012) were used in the statistical analysis. Test-day 
records were collected during the regular milk recording in 
Croatia, performed according to the alternative milk recording 
method (AT4 / BT4) on dairy cattle farms on monthly basis 
(every four weeks). The alternative milk recording method implies 
measuring and sampling of milk during the evening or morning 
milkings. In Croatia, milk recording is performed by the field 
officers of the Croatian Agency for Agriculture and Food while 
the milk samples are analysed in the Central Laboratory for Milk 
Quality Control. In the laboratory milk samples are analysed 
according to the accredited laboratory methods using infrared 
spectrophotometry for determination of fat and protein content in 
milk. Furthermore, Milcoscan FT6000 is used for determination 
of the milk composition.

During the logical data control the following limitation for 
test-day records was set; lactation stage (> 5 days and < 500 days), 
parity (> 1 and < 7), age at first calving (> 21 and < 36 months), 
breed (Holstein, and Simmental). Furthermore, test-day records 
with missing information regarding parity, breed, and missing or 
nonsense daily milk traits according to standards of ICAR (ICAR 
standards, 2017) were deleted from the dataset. The whole logical 
control dataset contained over 1.6 million of test day records 
(Holstein cows: 805,247 records/ 69,368 animals/ 4,998 farms; and 
Simmental cows: 845,514 records/ 78,540 animals/ 7,242 farms). 

Regarding the parity, animals were divided into four classes: 
I., II., III., and IV. (animals in fourth and higher lactations) and 
regarding the recording date, test-day records were divided into 
twelve recording months: January, …, December.

Basic statistical parameters of daily milk yield, daily fat and 
protein content, as well as fat to protein ration are presented in 
Table 1.
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For the evaluation of the effect of recording month on the 
variability of daily fat and protein content, as well as fat to protein 
ration in Holstein and Simmental cows the following statistical 
model was used:

yijklmn = μ + b1 (di / 305) + b2 (di / 305)2 + b3 ln(305 / di) + b4 ln
2(305 / 

di) + b5mj + Ak + P + Mml

where:
yijklmn = estimated trait (daily fat and protein content, as well as 

fat to protein ration);
μ – intercept;
b1, b2, b3, b4, b5 – regression coefficients;
di – days in milk (i = 5 to 500 day) as the polynomial regressions 

by Ali and Schaeffer (1987);
mj – daily milk yield (j = 3.00 to 96.00 kg);
Aj – fixed effect of age at first calving class j (j = 21 to 36 month);
Pl – fixed effect of parity l (l = I., II., III., and IV.);
Mj – fixed effect of recording month m (m = January, …, 

December);
eijklmn – residual.

The analysis was performed separately for each dairy cattle 
breed. The significance of the differences between the recording 
months was tested by Scheffe’s method of multiple comparisons 
(using the PROC GLM procedure in SAS (SAS Institute Inc., 
2019)).

Table 1. Basic statistical parameters of daily milk yield, daily fat and protein content, as well as fat to protein ration in regard to breed (Holstein 
and Simmental)

Variable N Mean SD CV Minimum Maximum

Holstein breed

DMY 794640 21.75 9.09 41.80 3.00 96.00

FAT 780120 4.15 0.95 22.98 1.50 9.00

PROTEIN 785022 3.41 0.47 13.69 1.05 6.98

F/P 780075 1.22 0.28 22.69 0.25 4.59

Simmental breed

DMY 844252 16.13 6.14 38.03 3.00 94.00

FAT 815276 4.15 0.90 21.70 1.50 9.00

PROTEIN 822557 3.46 0.47 13.54 1.13 7.00

F/P 815201 1.21 0.26 21.65 0.23 4.32

*DMY – daily milk yield (kg); FAT – daily fat content (%); PROTEIN – daily protein content (%); F/P – fat to protein ratio

Results
The analysis of variance showed that cow’s daily productivity, 

stage of lactation, parity, age at first calving, and recording month 
statistically highly significantly (P < 0.001) affected daily fat 
and protein content as well as fat to protein ratio. The results of 
testing the significance of the differences in LSMs of analysed 
traits according to Scheffe’s method of multiple comparisons 
are presented in Table 2. The LSMs of analysed traits differed 
statistically highly significantly (P < 0.001) due to the month of 
milk recording. In Holstein cows, higher daily fat content (> 4.3 
%) was determined in the period from November to February 
with the highest determined value (4.376 %) in January. Also, the 
daily protein content was the highest in the defined period with 
the highest value in November (3.546 %). A similar trend was also 
determined in Simmental cows. In both breeds, the lowest values 
of daily fat and protein content were determined in summer 
period in July. Furthermore, the lowest value of fat to protein ratio 
(F/P) was observed in August in the amount of 1.193 in Holsteins 
and 1.173 in Simmental cows. Higher values of F/P were observed 
in winter period (November, December, and January) in both 
breeds.

Determined results indicate that daily fat and protein content 
as well as F/P ratio significantly vary due to recording month. 
Higher LSMs values of F/P ratio in winter period indicate higher 
ketosis prevalence risk, while lower LSMs values indicate higher 
acidosis prevalence risk during the summer period. Also, slightly 
higher LSMs of F/P ratio were determined in Holstein breed 
indicated higher ketosis prevalence risk in high yielding Holsteins.
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Table 2. LSMs of daily fat and protein content, as well as fat to protein ration regarding the recording month separately for each breed (Holstein 
and Simmental)

Recording month
Holstein Simmental

FAT PROTEIN F/P FAT PROTEIN F/P

January 4.376A 3.503A 1.258A 4.373A 3.539A 1.245A

February 4.318B 3.487B 1.247B 4.319B 3.505B 1.242A

March 4.243C 3.437C 1.242B 4.213C 3.452C 1.229B

April 4.125D 3.388D 1.227C 4.096D 3.414D 1.209C

May 4.093E 3.363E 1.226C 4.021E 3.389E 1.196D

June 3.955F 3.294F 1.210D 3.951F 3.339F 1.193D

July 3.917G 3.258G 1.211D 3.886G 3.309G 1.184E

August 3.927G 3.314H 1.193E 3.901G 3.350F 1.173F

September 4.099E 3.420I 1.206D 4.038E 3.440G 1.182E

October 4.234C 3.522J 1.209D 4.234C 3.535A 1.205C

November 4.362A 3.546K 1.237C 4.348A 3.575H 1.224B

December 4.312B 3.534L 1.227C 4.351A 3.572H 1.227B

*DMY – daily milk yield (kg); FAT – daily fat content (%); PROTEIN – daily protein content (%); F/P – fat to protein ratio
LSMs marked with different letters differ statistically with high significance (P < 0.001)

Discussion
Fats in milk are synthesized from carbohydrates by the action 

of rumen microorganisms. They are formed mainly from acetic 
acid and to a lesser extent from butyric acid. An important 
source for the synthesis of milk fats are also body fats, which are 
mostly used in the first third of lactation when productive needs 
are greatly increased. The physiologically optimal interval of fat 
values in milk is 3% - 5%. Lower or higher values are an indicator 
of certain metabolic disorders. Low values of milk fat indicate 
the possibility of acidification of the rumen or acidosis and 
inflammation of the mucous membrane of the rumen. In addition, 
they may indicate fertility disorders, rennet dislocation, decreased 
resistance to food mycotoxins, decreased ability to consume feed, 
and hoof disease. Exceptionally, a low fat content may be due 
to an incorrect order of the meal (first feeding concentrate) or 
general malnutrition of animals. Factors that can cause a decrease 
in the percentage of milk fat (Palmquist et al., 1993; Doreau et 
al., 1999) are: increased milk production, reduced feed particle 
size, feeding with too much starch (> 28% of the total meal), heat 
stress, nutrition with the addition of polyunsaturated fatty acids 
(linoleic and linolenic) as free oils. High levels of milk fat at the 
beginning of lactation are often the result of excessive depletion 
of body reserves characteristic of highly productive heads. A high 
value of milk fat in cow after calving is an indicator of digestive 
disorders and is correlated with loss of appetite, ketosis, rapid 
weight loss, reduced milk yield, permanent liver damage, rennet 
dislocation, mastitis and various other infections. Furthermore, 
high values of milk fat at the end of lactation are expected to give 

the decrease in milk yield, so they are not an indicator of digestive 
disorders. Factors that may increase milk fat content are as follows 
(Palmquist et al., 1993; Doreau et al., 1999): increased proportion 
of voluminous feeds, more frequent feeding, decreased fitness or 
weight loss, feeding with recommended oilseed levels (< 2.5 kg), 
feeding with a higher proportion of saturated fats such as palmitic 
(c 16:00) and stearin (c 18:00). Furthermore, the fat content of milk 
is influenced by numerous factors such as breed, order and stage 
of lactation, season (calving, milk recording), milking frequency, 
udder health, nutrition, i.e. energy supply and the proportion of 
voluminous feed in the meal, and individual characteristics of 
animal (Hargrove and Gilbert, 1984; Arsov, 1986; Keown et al., 
1986; Erdman and Varner, 1995; Klei et al., 1997; Weiß et al., 
2002).

The protein content in milk is a consequence of nutrition 
(supply of digestible protein in the meal), season (lower content 
is characteristic of summer season), order and stage of lactation, 
breed, udder health, and individual characteristics of each cow 
(Hargrove and Gilbert, 1984; Arsov, 1986; Keown et al., 1986; 
Murphy and O'Mara, 1993; Erdman and Varner, 1995; Klei et 
al., 1997; Eicher et al., 1999; Weiß et al., 2002). Proteins in milk 
are mostly synthesized from amino acids resorbed in the small 
intestine (microbial proteins synthesized in the rumen) and to 
a lesser extent from body reserve proteins. The optimal value 
of protein content in milk in the interval is 3.2% - 3.8%. A low 
protein content indicates a lack of digestible protein and energy 
in the meal, while too high a protein content indicates the general 
nutrition of the animal.
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The optimal values of fat and protein ratio (F/P) in milk 
are 1.1 - 1.5. The variation in the value of the ratio is small in 
healthy animals in good condition. Changes in the F/P ratio are 
mainly caused by inadequate nutrition, animal disease/disorder, 
or inappropriate environmental conditions (Duffield, 2004; 
Eicher, 2004). The F/P ratio > 1.5 is most often associated with 
the occurrence of disorders in cows with high milk fat content 
(decreased appetite, rennet dislocation, ketosis (Duffield et al., 
1997), rapid weight loss, reduced milk yield, permanent liver 
damage, fertility disorders, mastitis and various other infections). 
The F/P ratio higher than 1.5 is most often the result of excessive 
consumption of body reserves of highly productive animals at the 
beginning of lactation. The F/P ratio < 1.1 is most often the result 
of inadequate meal structure (too much concentrated feed) and 
too fast transition from one type of meal to another. Furthermore, 
an F/P ratio lower than 1.5 is most commonly associated with 
disorders determined in cows with low milk fat content.

This research indicates that daily production level, stage of 
lactation, parity, age at first calving, and month of milk recording 
are statistically highly significant (P < 0.001) in affecting daily fat 
and protein content as well as F/P ratio. Furthermore, the values 
of analysed traits vary due to animal breed. The research results 
indicate that the prevalence of metabolic disorders significantly 
vary during the year with indicated higher ketosis prevalence risk 
in the winter period, as well as higher acidosis prevalence risk 
during the summer period. Furthermore, slightly higher ketosis 
prevalence risk has been indicated in Holstein cows.

Conclusions
In order to determine the prevalence of subclinical disorders 

of Simmental and Holstein cows depending on the season, the 
precision farming methodology that is indirect assessment of 
milk recording data was applied. Conducted analysis showed 
a significant effect of daily milk production, stage of lactation, 
parity, age at first calving, milk recording, and cattle breed on the 
variability of daily fat and protein content as well as F/P ratio. 

Furthermore, the analysis indicated that daily fat and protein 
content as well as F/P ratio significantly vary due to recording 
month with the higher values of F/P ratio in winter period 
indicating higher ketosis prevalence risk, and lower values of F/P 
ratio in summer period indicating higher acidosis prevalence 
risk. Since numerous factors affect the variability of daily fat 
and protein content, and consequently the fat to protein ratio as 
well as the prevalence risk of metabolic disorders, these factors 
should be taken into account when predicting the ketosis/acidosis 
prevalence in dairy cows based on milk recording data.
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