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A B S T R A C T  

Following the changes observed in milk parameters throughout the lactation period will offer an easy 

and practical method for the evaluation of the feeding programs of animals as well as presenting 

opportunities to improve the quality of milk. For this purpose, the milk samples collected from 1390 

Holstein cows Bursa Province in Turkey on the test day of the month (at an interval of 30 days) were 

examined and their fat, protein, dry matter and lactose contents were measured. The cows with 

boundary values for the fat/ protein accepted for the metabolic states of the cows in the study are 

considered to be at risk of acidosis if they are lower than 1.2, to be healthy if they are between 1.2 

and 1.4 and to have a ketosis risk if the values are over 1.4. The results of the study have shown that 

the risk for acidosis among the animals are 39.5%, 32.4% and 33.9% respectively during the lactation 

periods 1, 2 and 3. The percentage of animals at risk of ketosis was determined to be 30.2%, 37.9%, 

36.6% respectively. Energy balance is defined as the difference between energy intake from feed and 

energy required for animal performance. It is an important concept in cattle management and 

nutrition because it directly impacts the health, productivity, and reproductive success of cows, 

particularly during lactation. The percentages of the animals at the positive energy balance are 30.3, 

29.7 and 29.6 respectively. Estimates for early, mid and late lactation show that in early lactation 

31% of cows have acidosis, 37% have ketosis and 32% have positive energy balance, in mid lactation 

31% have acidosis, 28% have ketosis and 32% have positive energy balance, while in late lactation 

34% have acidosis, 34% have ketosis and 32% have positive energy balance. 
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1. Introduction 

In a nutritionally balanced dairy cattle ration, approximately 

seventy percent of the animal's protein requirement should be 

met by microbial protein produced as a result of the 

fermentation of nutrients in the feed in the rumen. Achieving 

this important task largely depends on the supply and adequate 

consumption of energy and protein in appropriate amounts and 

proportions in the ration. Reaching the optimum level of milk 

yield and composition in dairy cattle can only be achieved by 

ensuring good rumen fermentation. For this, the amount and 
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degradability of energy and protein sources in the diet must be 

balanced to ensure the optimization of rumen functions 

(Beever, 1993). Metabolic disorders caused by nutrient 

deficiency or imbalance in the diet also cause changes in the 

chemical composition of milk. Therefore, changes in the 

protein and fat content of individual milk samples during the 

lactation period of cows are important parameters that directly 

affect the health, reproduction and productivity of the animals 

(Mäntysaari & Mäntysaari, 2010). 

In the late lactation period, as the productivity of cows 

decreases, roughage can meet the energy and other nutritional 
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needs of cows. In such cases, milk composition reflects forage 

quality. High-quality forages are rich in both energy and protein 

content and can provide milk yields of around 30 kg or more 

per day with little or no added nutrients. Negative energy 

balance, which occurs due to inadequate feeding of cows 

despite high milk yield in the early lactation period, is an 

important problem that reduces milk yield and threatens milk 

quality in the postpartum period. Monitoring the symptoms of 

subclinical ketosis is important in terms of milk quality, herd 

health and reproductive performance, and preventing economic 

losses in the enterprise (Arnould et al., 2013). 

Both the fat and protein percentage of milk on the control 

day are significantly associated with the risk of subclinical 

ketosis, and it has been reported that high milk fat percentage 

and low milk protein percentage significantly increase the risk 

of subclinical ketosis. While an increase of 1% in milk fat 

increased the risk of subclinical ketosis by at least twofold, an 

increase of 1% in milk protein reduced the risk of subclinical 

ketosis by more than 50% (Duffield et al., 1997). In ketosis, 

which is a metabolic disorder frequently seen in early lactation, 

milk protein content generally decreases while milk fat content 

increases. However, in subclinical acidosis, milk protein 

content increases and milk fat content decreases (Pavlata et al., 

2008). It has been reported that milk protein and especially 

casein levels depend on the increase in the level of starch 

(cereal) consumed in the diet, but this increase raises the risk of 

rumen acidosis (Beever, 2006; Yang & Beauchemin, 2007). 

Mackle et al. (2000) reported that increasing energy level in the 

diet affects milk protein, and this may be related to the increase 

in microbial protein synthesis in the rumen. 

The amount of fat and protein in milk is an effective 

parameter for monitoring the efficiency of the ration. Changes 

in the concentrations or mutual ratios of these two milk 

components in milk can give important clues about changes or 

problems in health as well as nutritional deficiency or balance 

in the ration (Lean & Golder, 2024; Nelson & Redlus, 1989; 

Rathwell, 1990). This study aimed to evaluate the milk fat/milk 

protein ratio of cows at various stages of lactation as an 

indicator of metabolic disorders and to use this ratio in 

estimating energy balance. 

2. Materials and Methods 

The data of the study were obtained from individual data 

collected from 1390 Holstein dairy cattle in the commercial 

dairy cattle farm registered to the cattle breeders association in 

Bursa province. On the farm where the research was conducted, 

animals housed in free stall barns are grouped according to their 

milk yield level, and the number of milking is 3 for those with 

high milk yield and 2 for animals with low milk yield. 9,920 

data consisting of fertility and milk yield records of individual 

animals were evaluated. This study monitored the lactation 

periods of cows, which were divided into three stages: 

Early lactation: Days in milk (DIM) 0–100 

Mid lactation: Days in milk 100–200 

Late lactation: Days in milk >200 

The research was conducted to determine milk fat, milk 

protein, milk solids and milk lactose values of milk samples 

collected on monthly test days during a 10-month period 

between August and May (30 days apart) with a Bently 

FTS/FCM COMBI 400 (Bentley Nexgen 400) model device. 

On the farm where the research was conducted, animals are fed 

with full rations suitable for milk yield. Dry matter, crude 

protein, crude fat, neutral detergent fiber (NDF), acid detergent 

fiber (ADF), crude ash analyses of the ration samples taken 

during the morning feeding on the first control day and monthly 

(on test days) throughout the duration of the research were 

carried out in the Feed Analysis Laboratory of the Department 

of Animal Science, Faculty of Agriculture, Selçuk University 

(Table 1). NDF and ADF contents of feed materials and rations 

were determined with Van Soest (1994), and other nutrients 

were determined through methods specified by Akyıldız 

(1984). The average nutrient compositions of the rations used 

on the farm are shown in Table 1. Statistical analyses in the 

research were carried out using the SPSS 21 package program. 

Differences between groups were determined by repeated One-

Way-ANOVA. 

Table 1. Feed analysis information on the farm. 

 
Feed analysis information on 

the farm 

Farm Groups MY*<35 MY≥35 

DM (%) 35.22 40.85 

CF (%) 4.68 6.31 

CA (%) 6.70 6.39 

CP (%) 13.54 14.50 

ADF (%) 20.62 18.31 

NDF (%) 34.92 32.19 

ME (Mcal/kg KM**) 1.73 2.63 

NFC*** 34.41 34.24 

Roughage/Concentrate 

Feed 
56/44 45/55 

NFC/CP 2.54 2.36 

ME/CP 0.19 0.11 

Ration ID 1 2 

*MY: milk yield, kg/day. 

**ME (Mcal/kg DM): (3227+62.86%CF-31.79%CA-

32.50%ADF)/1000. 

***NFC (non-fiber carbohydrate):%DM-(CP+CF+NDF+CA). 

3. Results and Discussion  

Changes in the biochemical composition of milk can be 

used as a reflector of the physiological state of the cow 

(Hamann & Krömker, 1997). Especially in large-scale 

commercial herds, applying a feeding program appropriate to 
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the lactation periods throughout lactation is very important in 

terms of monitoring the health status of the animals and milk 

yield and quality (Stoop et al., 2009). The optimum milk 

fat/milk protein ratio is between 1.2-1.4, indicating that cows 

are in positive energy balance, while values higher than 1.4 (or 

values where the milk protein/milk fat ratio is equal to or lower 

than 0.75) are a signal of energy deficiency and indicate a high 

risk of subclinical ketosis (Geishauser et al., 1998; Heuer et al., 

1999). A milk fat/milk protein ratio lower than 1.2 is most 

probably an indicator of subclinical acidosis, and it has been 

reported that low values may negatively affect the reproductive 

performance of cows and increase the possibility of disorders 

in mineral metabolism (Čejna & Chladek, 2005). Insufficient 

dietary fiber levels in herds can cause health problems, such as 

a decrease in milk fat level, acidosis and laminitis (Heuer et al., 

1999). It has been reported that a milk fat/milk protein ratio 

below 1.2 indicates ration cellulose deficiency and energy 

excess, values between 1.2 and 1.4 are the optimum value, and 

above 1.4 is considered an indicator of ration energy deficiency 

and fiber excess (Alphonsus et al., 2013; Čejna & Chiladek 

2005).  

In the study, the percentage of animals at risk of acidosis in 

the 1st, 2nd and 3rd lactation was 39.5, 32.4 and 38.9%, 

respectively, and 33.9% for the whole herd. While the 

percentage of animals in positive energy balance was highest in 

the 1st lactation (30.3%), it was 29.7% in the 2nd lactation and 

22.2% in the 3rd lactation, and was found to be 29.6% in the 

herd overall (Table 2). The percentage of animals at risk of 

ketosis in the 1st, 2nd and 3rd lactation was 30.2, 37.9 and 38.9%, 

respectively, and 36.5% for the herd overall. According to the 

results of the research, the problems seen in positive energy 

balance were found to be higher in young animals in the first 

lactation than in adult animals, especially since young animals 

in the first lactation, which constitute the majority of the herd, 

are more sensitive to pregnancy, hormonal changes and 

diseases. 

It is so important to take into account the indicators used to 

estimate metabolic energy balances, to detect possible errors in 

feeding early enough and to manage the herd as well as to take 

the necessary precautions, especially for animals in the first 

lactation. If the negative effects observed in energy balance 

cannot be prevented in the 1st lactation, it is highly likely that 

more significant health and productivity losses will be 

experienced in the 2nd and 3rd lactation periods.

Table 2. The estimation of energy balance based on the milk fat/milk protein ratio for lactation number (x̄±Sx). 

Limit values for milk fat/milk protein 

ratio 

1st Lactation 

(1.30±0.30) 

2nd Lactation 

(1.37±0.3) 

3rd Lactation 

(1.29±0.21) 
TOTAL 

N % N % N % N % 

<1.2 Acidosis 68 39.5 227 32.4 7 38.9 302 33.9 

>1.4 Ketosis 52 30.2 266 37.9 7 38.9 325 36.5 

=1.2-1.4 Positive energy balance 57 30.3 208 29.7 4 22.2 264 29.6 

TOTAL 172 100 701 100 18 100 891 100 

The milk fat-to-protein ratio variable reached its highest value in the second lactation and its lowest value in the first lactation (P<0.05). Milk protein 

variable reached its highest value in the first lactation (3.21±0.39) and its lowest value in the second lactation (2.94±0.31). Milk fat variable reached 

its highest value in the first lactation (3.99±0.68) and its lowest value in the second lactation (3.34±0.42). 

 

According to the research results, the percentage of ketosis 

was lowest (28%) in the mid-lactation period, and the highest 

percentage value (37%) was detected in the early lactation 

period (Table 3). Hanuš et al. (2013) reported that ketosis is a 

lack of energy and means an insufficient level of glucose in the 

blood. In ketosis, milk fat content increases due to the 

breakdown of body fats, while on the contrary, protein content 

decreases. Negative energy balance, which occurs due to 

inadequate feeding of cows despite high milk yield in the early 

lactation period, may be the possible cause of reproductive 

disorders such as abomasum displacement, mastitis and 

retention of end, which reduce milk yield and threaten milk 

quality in the postpartum period (Hanuš et al., 2013). It has been 

reported that ketosis cases, which are mostly seen in the first 50 

days of lactation, can be diagnosed accurately within the first 

10 days of lactation and that the use of milk analysis records in 

the early lactation period is common in practice, but the use of 

daily milk records for the first 10 days of lactation, which is a 

risky period for ketosis, will give more accurate results 

(Manzenreiter et al., 2013).
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Table 3. The estimation of energy balance based on the milk fat/milk protein ratio for lactation stages (x̄±Sx). 

Limit values for milk fat/milk protein 

ratio 

Early lactation 

(1.31±0.34) 

Mid lactation 

(1.42±0.38) 

Late lactation 

(1.35±0.36) 
TOTAL 

N % N % N % N % 

<1.2 Acidosis 54 31 44 30 228 35 326 34 

>1.4 Ketosis 65 37 41 28 226 35 332 34 

=1.2-1.4 Positive energy balance 56 32 63 42 191 30 310 32 

TOTAL 175 100 148 100 645 100 968 100 

The milk fat-to-protein ratio variable reached its highest value in the early lactation and its lowest value in the late lactation (P<0.05). Milk protein 

variable reached its highest value in the late lactation (3.04±0.37) and its lowest value in the early lactation (2.84±0.30). Milk fat variable reached its 

highest value in the late lactation (4.06±0.97) and its lowest value in the early lactation (3.71±0.92). 

 

In a study conducted by Čejna and Chladek (2005), the milk 

fat/milk protein ratio of individual milk samples taken from 

Holstein cows on days 25, 45, 73, 101, 133, 166, 199, 224, 253 

and 280 of lactation was found to be 1.91, 1.45, 1.38, 1.28, 1.22, 

1.14, 1.26, 1.21, 1.09 and 1.18 respectively. The high milk 

fat/milk protein ratio seen in the first phase of lactation has been 

attributed to energy deficiency. The sediment quality of milk 

obtained from these animals was also found to be low. 

Researchers have reported that the milk fat/milk protein ratio 

changes throughout the lactation period, and that a high ratio at 

the beginning of lactation indicates that the cows are 

undernourished in terms of energy and have a negative energy 

balance. 

In the current study, the percentage of animals at risk of 

acidosis showed the highest value (35%) in the late lactation 

period, while the lowest value (30%) was observed in the mid-

lactation period (Table 3). The rate of animals at risk of acidosis 

in the herd overall is 34%, and the rate of animals at risk of 

ketosis is 34%. While the percentage of animals in positive 

energy balance was highest in the mid-lactation period (42%), 

it was lower in the early and late lactation periods (32% and 

30%, respectively). 

4. Conclusion  

The variations observed in the components of milk may 

reflect metabolic disorders and changes in energy balance. 

Preliminary symptoms of low milk fat percentage problems, as 

well as important yield and health problems in the 2nd and 3rd 

lactate periods, which are commonly encountered on large 

farms in Türkiye, can be obtained by using individual milk 

analyses. Thus, they will be able to prevent economic losses by 

protecting herd health by means of making changes in their 

feeding programs. In the research, the suitability and 

effectiveness of the feeding program applied in the evaluation 

of metabolic disorders were evaluated by using individual milk 

analyses on the farm. 
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