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ORGANIC MILK INGREDIENTS AS AN INDICATOR OF ENERGY 

STATUS OF COWS WITH DIFFERENT MILK PRODUCTION DURING 

THE FIRST 100 DAYS OF LACTATION 

 

ABSTRACT 

The aim of the study was to evaluate energy status of cows with different 

milk production during the first 100 days of lactation, based on the concentration 

of organic milk ingredients and ratio of urea and protein. The study included a 

total of 174 Holstein cows, divided into three groups based on daily milk yield 

(group A, n=15, bellow 20 litters, group B, n=64, from 20 to 30 litters, group C, 

n=95, above 30 litters). All cows were kept under usual farm conditions and fed 

diets adjusted to production category and period of the year. The concentration of 

milk fat declined with increasing daily milk production, while the concentration 

of urea had opposite trend. The concentrations of lactose and protein were the 

highest in the group B, while groups A and C had similar values. Statistically 

significant differences between all tested groups were found in concentrations of 

milk fat (4.28±0.56 versus 3.95±0.51 and 3.62±0.47 %, respectively), urea 

(2.81±0.32 versus 3.03±0.52, and 3.76±0.56 mmol/l, respectively), as well as the 

values of the concentrations of lactose and proteins between groups B and C 

(4.79±0.14 versus 4.73±0.13, and 3.10±0.21 versus 3.01±0.24 %). The 

distribution of values for the tested parameters within charts showing the 

relationships between urea and protein indicates a more or less pronounced 

energy deficit and the deficit or relative surplus of dietary protein in most of the 

cattle, which adversely affects their daily milk production and health. 

Key words: cow, milk, energy status 

 

INTRODUCTION 

Intensive genetic selection and improvement of nutrition and care over the 

past several decades have led to a significant increase in milk yield per cow. This 

was contributed by serial of studies aimed to discovering new physiological 

mechanisms that influence the efficiency in milk production, as well as defining 

the influence of many factors on the expression of genetic potential in cows of 

high milk production. These studies pointed to the increased incidence of health 
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problems in cows, especially metabolic disturbances, based on impossibility of 

harmonizing the need for maintaining the life and high milk production with 

intake of energy and nutrients through diet. The occurrence of metabolic 

disorders, together with mastitis and reproduction disorders is the main limiting 

factor for further improvement of milk production in the world, including 

Republic of Srpska. Import of high genetic potential dairy cows during the last 

two decades did not provide satisfying results in increasing milk production in 

Republic of Srpska, primarily because it had not been accompanied by 

corresponding changes in feeding management, which resulted in earlier culling 

and insufficient use of their genetic potential. 

Inadequate feeding management in high-yielding dairy cows often result in 

negative energy balance (NEB), especially noticeable at the beginning of 

lactation, when the increase in daily food intake is not always able to follow the 

increase in daily milk production (Baumgard et al., 2006). Therefore, 

mobilization of the body's energy reserves occurs, primarily body fat depots, 

known as lipomobilization. Strong homeorhetic control of lactation, similar to 

pregnancy, cause steady increase in daily milk production during the first weeks 

of lactation, regardless of food intake (Bauman and Currie, 1980). It will deepen 

the NEB, so energy metabolism disorders and other accompanied disorders 

(abomasal displacement, laminitis, sub-acute rumen acidosis, reproductive 

disorders, and locomotory diseases) are practically the most abundant group 

health disorders in high-yielding dairy cows (Geishauser et al., 1997, Ĉejna and 

Chládek, 2005, Podpeĉan et al., 2007, 2013). It is important to emphasize that the 

main factor that determines the intensity of the NEB is the coherence of nutrient 

intake through diet and load of cow metabolism caused by the daily milk yield. 

In the other words, the intensity of the NEB is regularly higher in cows with 

higher milk yield, which is manifested through a longer period of 

lipomobilization (NRC, 2001) and by the extension in achieving energy balance, 

(Šamanc et al., 2005). Prolonged duration of NEB have negative impact on the 

extending the service period and calving interval (Biderman, 2007, Biderman et 

al., 2007), as well as the production of milk (Stokes et al., 2000). 

The basis for the correction of any health disorders, including disorders of 

energy metabolism lies in timely and reliable diagnosis. In the diagnosis of health 

disorders and energy metabolism of high-yielding dairy cows a variety of 

methods has been used (metabolic profiles, analysis of metabolically active 

hormones, body condition score, ration analysis and other) (Tavel et al., 2005), 

but particularly interesting method for our conditions is estimating of energy 

status by using the concentrations and ratio of organic milk ingredients. A more 

detailed description of this method and results of the assessment are given by 

Šamanc et al. (2006), Orešnik (2009), Kirovski et al (2011, 2012, 2013), as well 

as in our previous papers (Savic et al., 2010, 2011, 2012, 2013). There are more 

allegations about this method in the literature (Kampl and Stolla, 1995, Jonker 

and Kohn, 2001 Babnik and Podgoršek, 2002, Eicher, 2004, Marenjak et al., 

2004, Kampl, 2005, Horvat et al., 2007, 2009, Paura et al., 2012), which 
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confirms its usability in commercial dairy farms. However, most authors stated 

that for assessing the results is necessary to collect the data on the amount of 

daily milk yield, composition and consumption of ration, and stage of lactation, 

in order to make valid conclusions and make recommendations for the correction 

of the ration.  

Given all above mentioned, especially connection between the amount of 

daily milk yield and the cow energy status, the aim of this study is to make 

assessment of energy status of cows with different milk yield during the first 100 

days of lactation, based on the concentration and ratio of organic milk 

constituents. 

 

MATERIALS AND METHODS 

The study was conducted on commercial dairy farm, during the summer 

diet period, mainly based on fresh green mass. In a total of 174 Holstein cows, 

107 of them were in the first (n = 84), 61 in the second, and 6 cows in the third or 

more lactations. The study included animals from 10 to 100 days of lactation, 

divided into groups based on the amount of daily milk production. The first 

group (group A, n = 15) consisted of animals with a daily production of milk up 

to 20 litters, second (group B, n = 64) animals with a daily production ranging 

from 20 to 30 litters of milk, and the third (group C, n = 95) animals producing 

more than 30 litters of milk per day.  

The cows were kept in outdoor system and fed with ration adjusted to the 

needs of production and period of the year. Milk samples were collected during 

regular milking, and concentration of milk fat, protein, lactose and urea were 

measured. Data on daily milk yield of the surveyed cows were taken from the 

records of the farm. The concentrations of milk organic ingredients were 

determined on 150 Bentley Milk Infrared Analyser, except the concentration of 

the urea, which was determined on a Bentley Chemspec150 for Milk Urea 

Analyser. Ratios of the urea and protein concentration in different groups of 

cows are presented graphically. The results were processed by descriptive 

statistics and presented in tables. The statistical significance of differences 

between the examined parameters was determined by t-test at the level of p <0.05 

and p <0.01. 

 

RESULTS AND DISCUSSION 

Average values of the examined parameters, as well as the statistical 

significance of differences between different groups of cows are given in Tab. 1. 

The data presented in Table 1 indicate a statistically significant difference 

in all of examined parameters between different groups of cows. The average 

value of the concentration of the organic milk ingredients, for all of three groups 

of cows were within physiological limits, with the exception of the protein 

concentrations in the group A, which is slightly below the lower physiological 

limit typical for the given breed and category of the animal. Presented data are in 
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accordance with the statements of other authors (Šamanc et al., 2006, Horvat et 

al., 2009, Savic et al., 2010, 2011, 2012, 2013, Kirovski et al., 2012). 

 

Table 1 Daily milk yield and concentration of organic milk ingredients (X ± SD) 

of cows with different milk yield 

Parameter 

Group 
Statistical significance 

of differences 

A 

(n=15) 

B 

(n=64) 

C 

(n=95) 
P<0,05 P<0,01 

Milk yield 

(l) 
16,68±2,11 26,14±2,83 36,33±5,07  A:B, A:C, B:C 

Milk fat (%) 4,28±0,56 3,95±0,51 3,62±0,47 A:B A:C, B:C 

Proteins 

(%) 
2,99±0,35 3,10±0,21 3,01±0,24  B:C 

Lactose(%) 4,74±0,11 4,79±0,14 4,73±0,13  B:C 

Urea 

(mmol/l) 
2,81±0,32 3,03±0,52 3,76±0,56 A:B A:C, B:C 

 

Concentration of the milk fat had an opposite trend compared to the 

amount of daily milk production, which is the expected result, since it is known 

that the Holstein breed cows give more milk yield with a lower fat content 

compared to Simmental cows (Kirovski et al., 2012). In group A, the 

concentration of milk fat was above the upper limit of the physiological range, or 

at the lower limit values that point to the process of lipomobilization. Along with 

the effect of daily milk yield on the milk fat content, this finding is most likely 

due to the fact that cows in group A were in milk shorter compared to the other 

two groups of cows (average of 36.13 days vs. 44.86 days in group B, and 52.84 

days in group C). In all three groups of cows slightly higher average 

concentration of milk fat has been observed, compared to the range of 3.2 to 

3.6% cited by Kirovski et al. (2012). This is probably a result of the influence of 

individual values for cows that are at the very beginning of lactation and in which 

there lipomobilization exists on the total average group value. 

Protein concentration in milk all three groups of cows varied within a 

relatively narrow range, indicated by the coefficients of variation ranging from 

6.91% in group B to 11.67% in group A. However, in all of three groups of cows 

is evident that the protein concentration is on the lower limit of the interval 3.06 

to 3.2%, given by Kirovski et al. (2012). The average values of the protein 

concentration obtained in this study approximate the values from 30.17 to 

30.33g/L, obtained by Savic et al. (2010, 2011). In generally, decreased protein 

content is most probably a result of insufficient supply of energy via ration, so 

the rumen micro flora was unable to bind fast enough ammonia formed by 

decomposition of the proteins from the ration and incorporate it into its own 

proteins, which would later be used as a source of amino acids for the milk 

protein synthesis of. 
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The disbalance between energy and protein content in the diet of the 

surveyed group of cows is also indicated by the content of urea in milk, which 

rises with increasing of daily milk yield. 

This trend of average values of milk urea points to the fact that the 

increase of daily milk yield reduces the utilization of proteins. It also increases 

the amount of ammonia that is being resorbed through the mucous membrane of 

the rumen and detoxicated by the hepatic conversion to urea, which then passes 

into the milk. In other words, because of inadequate ratio of energy and protein in 

the diet, cows with higher milk yield insufficiently utilize the protein component 

of the ration, thus producing an economic burden, while at the same time become 

more sensitive to health disorders.  

The average concentration of lactose in all groups varied within narrow 

limits, which is indicated by the low coefficients of variation, ranging from 2.30 

to 2.94%. A narrow interval of average concentrations of lactose, with the known 

fact that the milk lactose is an osmotic active ingredient and binds water which 

directly affects the daily milk yield, indicates the strong homeorhetic control of 

its synthesis and secretion, which has been confirmed in previous studies (Savic 

et al., 2013).  

Considering that the shown values of concentration and the relationship of 

organic milk ingredients represent the average of a given group of cows, we have 

shown data for milk fat : protein ratio as well as urea: protein ratio graphically, to 

have insight into the overall state of supply of energy and protein at the group 

level. 

Ratio of urea and protein in milk of cows with different milk yield are 

shown in Figure 1, 2 and 3. 

 

 
Figure 1. The ratio of proteins and urea  

milk concentrations in cows of group A 
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Figure 2. The ratio of proteins and urea  

milk concentrations in cows of group B 

 

 
Figure 3. The ratio of proteins and urea  

milk concentrations in cows of group C 
 

Kirovski et al. (2012) reported that the average physiological concentration 

of urea in Holstein cows ranging from 2.0 to 6.0 mmol / l, and, as urea 

concentration limit that will lead to metabolic disorders, values above 4.0 mmol/l 

are taken. The excess of ammonia from the rumen, produced when 

microorganisms are insufficiently supplied with energy, is being transported 

through the bloodstream to the liver where it is converted to the urea (Konjaĉić et 

al., 2010). From the above figures is noticeable that most of the cows in our 

research are in the lower left quadrant, indicating diet deficient in energy and 

protein (absolute deficit). This result is a relatively common phenomenon during 
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the summer period, considering that the fresh green mass contains a small 

amount of energy and a high protein content, which limits the usability of 

proteins from the ration. The results obtained in this study are in accordance with 

the results obtained by Šamanc et al. (2006), Horvat et al. (2009) and Savic et al. 

(2010, 2011, 2012, 2013). In groups B and C a small number of cows that are in 

the upper left quadrant is evident, indicating an adequate supply of energy and 

protein. This finding is probably a result of the lactation period in which samples 

of milk are taken, but also because of the individual variations in capacity of 

energy and protein utilization of from ration. Also, a certain number of cows that 

are in the upper and lower right quadrant of the chart is evident; indicating more 

or less expressed relative excess of protein. This situation adversely affects milk 

production, and elevated amount of ammonia (unutilized by rumen 

microorganisms due to the energy deficient) is a potential health risk to the 

animals, which is particularly prevalent in the cattle group C. 
 

CONCLUSION 

Understanding the functioning of the metabolism in high yielding cows is 

the starting point for the correct interpretation of their nutritional needs in order 

to efficiently exploit their genetic potential for milk production, while preserving 

good health and reproductive characteristics. The results of this study are a 

contribution to this issue, through the practical application of knowledge of the 

physiological processes of food digestion, utilisation of certain nutrients as well 

as the synthesis and secretion of milk in assessing satisfying nutritional and 

energy requirements of cows, but also indicating the general health status of the 

cows. 

In the long term, the inadequate supply of cows in energy and protein, 

according to the results of this study, will have a negative effect on the 

expression of genetic potential for milk production, reproductive performance of 

cows, and certainly the health of the herd. Analysis of individual results within 

the surveyed groups of cows indicates a high prevalence of subclinical health 

disorders, which can negatively affect the health and productive life of cows with 

economically burden of the farms. Differences in concentrations of organic milk 

contents between different groups of cows, as well as their energy status 

indicates the need for grouping cows according to daily milk yield and the stage 

of lactation, in order to make a quality adjustment of ration in accordance to their 

needs and enable them to the fully exploit of their genetic potential. 

In addition, the results of this study indicate the significant potential of the 

method applied in monitoring the metabolic status of the cow and the early 

detection of animals susceptible to the occurrence of health disorders, enabling 

timely and effective response of the veterinary service. By monitoring data in this 

way, it is possible to achieve a good insight into the feeding management of cows 

on this farm, and analyse the effects of correction of the ration, which would 

have a positive impact on the economic impact of the farming business in the 

long term. 
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