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Abstract

:

The aim of this research was to identify the relationship of calvin ease and level of in-line milk urea (MU) and other milk components, namely milk yield (MY), electrical conductivity (EC), milk fat (MF), milk protein (MP), milk fat/protein ratio (MF/MP), and somatic cell count (SCC) in dairy cows. The cows for the research were selected following such criteria: cows were tested within the period of up to the first 30 days after calving and had had a range of lactation numbers from two to four. Each selected farm housed more than 500 dairy cows and a total of 4712 calving cases from the eight dairy farms were studied and evaluated. The 4-point scale was used for the evaluation of the calving according to the point value meanings where 1 = easy, unassisted; 2 = easy, assisted; 3 = difficult, assisted; 4 = difficult, requiring veterinary intervention. A total of 4712 calving cases were researched and scored. The chemical properties of milk in all research cows were analyzed during the early phase of lactation (from the onset of calving to 30 days past calving) every day, during each milking. Cows were classified into groups according to the level of urea in milk: Group 1 had MU ≤ 15 mg/dL (12.6% of cows), Group 2 had MU 16–30 mg/dL (62.4% of cows), and Group 3 had MU > 30 mg/dL (25.0% of cows). We found that cows with milk urea levels between 16 and 30 mg/dL had the lowest incidence of dystocia, and also the highest concentration of milk lactose (ML ≥ 4.6%), the lowest mean value of milk electrical conductivity, and the lowest value of milk SCC. Dystocia increased the risk of somatic cell growth in cow’s milk above the herd average (OR = 1.364; 95% CI = 1.184–1.571, p < 0.001), and normal urea in milk reduced this risk (OR = 0.749; 95% CI = 0.642–0.869, p = 0.05). In all groups of cows, according to the level of urea in milk, the productivity of cows without dystocia at calving was higher (2.50–5.51 kg) as well as the milk protein % (0.13–0.21%) and milk lactose % (0.07–0.19%). We concluded that, in all groups of cows, according to the level of urea in milk, the productivity and milk lactose concentration of cows without dystocia at calving was higher, and lower somatic cells count and electrical conductivity values were found in the milk compared with cows diagnosed with dystocia at calving. We can state that dystocia has a negative effect on milk urea concentration and can increase the risk of mastitis.
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1. Introduction


Calving is an important factor of a cow’s biological life cycle as it conditions new lactation, which is respectively determined by the mode of calving ease. In the cases of dystocia, a lactation of a cow can start not only with a lower reading of milk production, but also with various diseases and/or complications after calving, such as retained pla-centa, metritis, ketosis, mastitis, displaced abomasum, and fertility disorder [1,2,3,4,5]. According to Dematawena et al. [6], dystocia causes damage to multiple parities and primary cows, and that damage has been reflected and evident in the lower and/or decreasing counts of milk yield, milk fat, and milk protein. Other studies also show that the higher counts of somatic cells and lower levels of lactose (C12H22O11) [7] in milk have been observed in cows with dystocia [8,9]. The majority of data analyses report that the percentage of such incidences after abnormal calving has been 10% in multiparous cows and up to 30% in prim parous cows [6,10].



The risks of dystocia [11] can be caused and increased by numerous factors-. Regardless of parity, calf’s sex, weight, body size, pelvic and dam measurements, such metabolic disorders as hypocalcemia and seasonal effects, as well as an impact of environmental stress at the time of or just before parturition have been identified as risk factors [12,13,14,15]. Complicated and prolonged calving that requires a veterinary surgical intervention is dystocia. Stage 1 (cervical dilatation) ends (normally) when the chorioallantois and/or amniotic sac appear outside the vulva, the onset of the Stage 2 (fetal expulsion), which is active labor and normally takes from 30 min up to 4 h with an average calving duration of 70 min. The duration of calving in heifers is longer than in cows [16]. The studies have estimated that, on average, the calving process in Stage 2 should not exceed the time length of 2–3 h. In the case it does, this alerts the most critical timing for a veterinarian intervention [17]. Although the severity of dystocia has been defined rather relatively, most studies for rating a degree of dystocia severity apply a dystocia point-scoring system based on the scale evaluation from 0 to 4 or from 0 to 5 points, where a 0 value means easy calving and no intervention is needed, and 4 (or 5) means difficult/complicated calving wherein veterinary intervention is needed [18,19]. Protein metabolism produces the urea (CH4N2O) [20] formation due to an excess of unused dietary protein in cows. Ammonia is a by-product of a break-down protein occurring in the liver and is toxic to animal bodies and tissues. Urea is formed in the liver for reducing tissue toxicity of ammonia above amounts utilized by ruminal microbes [19,21]. Blood circulation carries urea from the liver to other body parts and diffuses into other tissues, for instance, the udder and uterus [22].



Thus, during a urea cycle, ammonia converts into urea, and, by excreting urea into urine, this toxic substance is removed from the body. Urea has been measured in the saliva, bloodstream, and milk. A high correlation of milk urea levels with blood serum urea concentrations [23] has been found. A balanced diet in terms of energy and protein is defined by urea concentration and protein content in milk. Provided a protein content is within its normal range of 3.2–3.8%, and urea concentration ranges between 15–30 mg/100 mL, then it is considered that a supply of energy and crude protein is of an opti-mal level [24]. Cow’s state of health and reproductive disorders can also be evaluated by milk urea analysis. There has been an increasing tendency in using urea nitrogen (MUN) and the percentage of milk protein in order to indicate the protein-energy balance, monitor nutrition, and diagnose feeding disorders [25]. Several factors such as breed, parity, body weight, milk yield, fat and protein content, days in lactation, and time of year [26,27,28] influence urea concentration in milk. Based on the findings, MUN level and pregnancy ratio had a significantly negative association. This relationship is associated with changes in the pH and mineral balance of the lining of the uterus, and hormonal imbalances (gonado-tropin and progesterone) and toxic by-products of nitrogen metabolism from the rumen (ammonia) and liver (urea) can damage sperm, ovaries, or early survival [29]. According to Hojman et al. [30], there is a significant negative association between milk urea levels and pregnancy ratio; these data revealed that cows with lower urea in milk had a 2.3% higher chance of calving than cows with higher urea levels in milk, and urea levels > 19 mg/dL were associated with a reduction in reproductive performance. Although, there have been reports on the reduction of conception risks depending on MUN being either very low (<7 mg/dL) or very high (>17.6 mg/dL) [31].



Considering in-line milk urea levels and other milk components as important indicators for the evaluation of a cow’s health and productivity, the analysis of scientific literature was carried out. The analyzed studies showed that the information on how calving ease impacts the levels of in-line urea and milk components is not yet sufficient. The hypothesis of this study was that ease of calving does influence the urea concentrations of milk and that these concentration levels correlate highly.



The aim of this study was to determine the effect of calving ease on the level of in-line milk urea (MU) and to assess the relationship of these indicators with other characteristics of milk, such as milk yield (MY), milk fat (MF), milk protein (MP), milk lactose (ML), milk fat protein ratio (MF/MP), electrical conductivity (EC), and somatic cell count (SCC) in dairy cows.



We hypothesized that dystocia could negatively affect the metabolic processes of cows after calving, and especially the urea content in milk, which could also negatively affect other parameters of milk.




2. Materials and Methods


2.1. Location and Animals


This study was carried out at the eight dairy farms located in Lithuania in the period of 1 March 2018, until 18 October 2020. During the study period, the average air temperature in the country during the warm season was: 2018 −18.50   ° C  ; 2019 −15.88   ° C  ; 2020 −15.80   ° C  . Each selected farm housed more than 500 dairy cows. A total of 4712 calving cases from the eight dairy farms were evaluated.



The following criteria for the selection of cows to be observed were applied: cows had to be within their first 30 days after calving, with two or more lactations produced. The cows were housed in a free-stall type barn. Their routine total mixed ration of feed (TMR) throughout the year was balanced to meet the physiological and production needs of the tested cows. A cow feeding schedule was set up for every day at 7:00 a.m. and 7:00 p.m. with TMR for high-productivity, multiparous cows. Cow diets were composed accordingly so that it was adequate and would meet or exceed the daily feed intake needs of a 550 kg Holstein cow yielding 35 kg of milk per day according to NRC [32]. Approximate chemical composition of feed rations at all eight farms compounded of dry matter (% of DM): 48.8; neutral detergent fiber (% of DM): 28.2; acid detergent fiber (% of DM): 19.8; non-fiber carbohydrates (% of DM): 38.7; crude protein (% of DM): 15.8; net energy for lactation (Mcal/kg): 1.6. During the milking phase with the milking robot, the cows were fed with, on average, 2 kg of concentrated feed per day.




2.2. Measurements


The chemical properties of milk in all research cows were analyzed during the early phase of lactation (from the onset of calving to 30 days past calving) every day, during each milking. DeLaval milking robots with free traffic and combined with a fully automated real-time milk analyzer Herd Navigator (DeLaval Inc., Tumba, Sweden) were used to milk the cows. During the milking process, a targeted sample of cow milk in the amount of several milliliters was taken by a milking robot automatically. During the research period of 2018–2020, properly trained farm technicians were collecting and recording the calving scores following the methodology of Jensen [33].



The mentioned 4-point scale was used for the evaluation of the calving according to the point value meanings, where 1 = easy, unassisted; 2 = easy, assisted; 3 = difficult, assisted; 4 = difficult, requiring veterinary intervention. A total of 4712 calving cases were researched and scored. The start of calving in all cows was detected applying the Saint-Dizier and Chastant-Maillard 3-Stage methodology [34].



The cow milk samples from the targeted cow groups that were having lactation for the second up to the fourth time were analyzed. The data on cow milk indicators received from milking robots during the first 30 days after calving were recorded daily and included counts in milk yield (MY) (kg/day), milk fat (MF) (%), milk protein (MP) (%), lactose (ML) (%), milk urea (MU) (mg/dL), milk somatic cell count (SCC), and milk electrical conductivity (EC) (mS/cm) of all quarters of the udder (Televičius et al.) [35]. All tests on milk urea were performed in an accredited laboratory professionally using advanced equipment and technique such as LactoScope FTIR (FT 1.0. 2001; Delta Instruments, the Netherlands) and an infrared mid-range radiation absorption method according to LST ISO 9622: 2000, which allows the analyzing of milk samples collected from cows at the time of control milking.




2.3. Data Analysis and Statistics


The values taken by collecting series of milk samples were realized through a statistical assay using the SPSS 25.0 software (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. IBM Corp, Armonk, NY, USA). The evaluation of indicators’ variation and distribution was assessed using a Shapiro-Wilk normality test. The logarithmic expression of somatic milk-cell indicator was analyzed with SCS = (log2 (SCC/100)) + 3 [36]. Normally distributed milk indicators were expressed as mean ± standard error of the mean (M ± SEM). The Bonferoni test was used to determine the differences between the mean values of the groups and the Wilcoxon-Mann-Whitney test allowed the statistical processing of the CE scores of cows.



For a data analysis, the level of urea in milk was the principal factor for the classification of cow accordingly: Group 1: MU ≤ 15 mg/dL (12.6% of cows), Group 2: MU = 16–30 mg/dL (62.4% of cows), Group 3: MU > 30 mg/dL (25.0% of cows).



Cows were grouped by the count of milk lactose (ML) into two groups: ML < 4.60% (57.8% cows) and ML ≥ 4.60% (42.2% cows); by the electrical conductivity of milk (EC) into three groups: EC < 4 mS/cm (23% of cows), EC = 4–6 mS/cm (40.0% of cows), and EC > 6 mS/cm (37% of cows), and the classification of cows based on the ratio of milk fat to protein (F/P) was divided into on three classes [35]: F/P < 1.2 (43.1% of cows), F/P = 1.2 (35.0% of cows), F/P > 1.2 (21.9% of cows). The Pearson chi-square test (χ2) of independence was used to evaluate the relationship between the CE cow scores and the classes of the indicators above.



We identified the milk urea class with the lowest incidence of dystocia in cows (Figure 1). We equated this grade of urea to the recommended, normal range. Cows whose milk urea did not meet the established interval were assigned to the class: did not meet the recommended range. A binary logistic regression was performed using milk urea as the dependent variable (where 1 is the normal range for milk urea, 0 means there is no normal range for this indicator). Logistic regression predictors were considered categorical variables. Results are presented as odds ratio (OR) and its 95% confidence interval (PI).



A linear relationship between MU and milk yield and chemical properties of milk composition were measured by applying Pearson‘s correlation method.



Multivariable logistic regression analysis was used to assess the effects of calving ease and milk urea levels on milk yield and somatic cell count. The cows were divided into two groups based on the arithmetic mean of these indicators: group 0 > arithmetic mean (MY = 30 kg, SCS = 1.89), group 1 ≥ arithmetic mean of all tested cows in the herd. The explanatory variables (MU and CE) were grouped into two classes (where 1 means the indicator is within the normal range, 0 means the indicator is outside the normal range).



A probability of less than 0.05 was considered as being significant (p < 0.05) for all tests.



One-way ANOVA test was used to assess the effect of urea levels on other properties of cow milk. We calculated the standard milk yield (SMY) for this analysis (0.4 × MY + 15*MF × MY) [37]. The effects of calving ease, milk urea, and their interaction on the properties of cow’s milk were evaluated using the following model:


yijk = µ + Ai + Bj + ABij + eijk



(1)




y—dependent variable (milk trait), µ—population mean, A—CE score, B—milk urea level, AB—interaction between A and B, e—random error.





3. Results


3.1. Distribution of the Number of Fresh Dairy Cows Classified Differently According to the Ease of Calving by the Level of Urea in Milk


It was found that the mean value of the CE score in cows with the MU level of 16–30 mg/dL (1.780) was lower than that of Group 1 (2.012) and Group 3 (1.865). Significant differences between these groups (p < 0.05) were revealed by the Wilcox-on-Mann Whitney test, whereas the Chi-square test (χ2) of independence showed a statistically significant relationship of a CE score with the level of milk urea (p < 0.001).



In Table 1, it is presented that the majority of cows in Group 2 (51.0%) in terms of the calving ease scored 1 point according to the point scoring system, and a total of 79.20% of all analyzed cow groups were evaluated with 1 or 2 points according to CE (80.0% of cows in Group 2; 77.4%, and 76.6% of cows in Groups 1 and 3 respectively).



The highest incidence of dystocia was associated with the lowest mean milk urea (MU = 11–15 mg/dL and MU ≤ 10 mg/dL; 21.7–25.5% of dystocia cases) or the highest MU level (MU > 30 mg/dL, 21.9–24.9% of dystocia cases) in milk of cows (Figure 1).



Cows with milk urea levels between 16 and 30 mg/dL had the lowest incidence of dystocia at calving (Figure 1). Logistic regression analysis showed that cows with dystocia (CE = 3–4) were less likely (OR = 1.254; 95% CI = 1.087–1.447, p = 0.002) to have this recommended urea level in milk (16–30 mg/dL) compared with cows with a CE score of 1–2.




3.2. The Relationship of Urea with Other Characteristics of Cow’s Milk


Compared with the other analyzed cow groups, the highest concentration of milk lactose, the lowest mean value of milk electrical conductivity (p < 0.05), and the lowest value of milk SCC (significantly lower than in cows of Group 1; p < 0.05) were observed in the cows of Group 2. In terms of milk protein, the data analysis showed that the same group of cows (Group 2) also had a better milk composition than the cows of other two groups. Cows of the third group were more productive than animals of other groups. Group had a statistically significant effect on all studied parameters of cow’s milk (Table 2).



In Group 2, a total of 9.6–11.8% more cows were found to have a higher milk lactose level (ML ≥ 4.6%) compared with Groups 1 and 3 of cows (p < 0.001). The majority of cows in Group 2, namely 2.5–2.41% more cows than in other groups, were found to have MF/MP = 1.2. This researched group of cows also had the least number of cows with the lowest MF/MP (6.68% and 11.64% less than in Group 3 and Group 1, respectively) (p < 0.001).



The analysis showed a slightly positive correlation occurred between milk urea and MY (r = 0.125), milk fat (r = 0.040), and protein (r = 0.020), and a negative correlation with SCS (r = −0.062) (p < 0.001).



Regardless of the fact that the milk composition in the cows of Group 2 had the largest number of readings for the lowest value of milk electrical conductivity, the relationship of milk urea with milk electrical conductivity, however, was not statistically significant (p < 0.001).




3.3. Milk Characteristics of Fresh Dairy Cows Depending on Calving Score and Milk Urea Level


In all groups of cows, according to the level of urea in milk (Figure 2A–G), the productivity (Figure 2A) of cows without dystocia at calving was higher (2.50–5.51 kg) as well as milk protein % (0.13–0.21%; Figure 2C) and milk lactose % (0.07–0.19%; Figure 2E) (p< 0.05). Fewer somatic cells (Figure 2F) were found in the milk of these cows, and the mean values of milk electrical conductivity (Figure 2G) were also lower compared with cows diagnosed with dystocia at calving (p < 0.05). The average milk fat to protein ratio (Figure 2B) was higher in cows with prior dystocia (0.11–0.15), as was the average milk fat (0.22–0.24%; Figure 2B) (p < 0.05).



Multivariable logistic regression analysis showed an increased risk of decreased milk yield in cows due to dystocia at calving (OR = 2.823; 95% CI = 2.433–3.275, p < 0.001), as well as due to the fact that the level of urea in milk 30 days after calving does not correspond to the recommended rate (OR = 1.273; 95% CI = 1.129–1.436, p < 0.001). Dystocia increased the risk of somatic cell growth in cow’s milk above the herd average (OR = 1.364; 95% CI = 1.184–1.571, p < 0.001), and normal urea in milk reduced this risk (OR = 0.749; 95% CI = 0.642–0.869, p = 0.05).



Evaluation of the influence of fixed factors of calving ease and the level of urea in milk on the properties of cow’s milk showed that the scoring of calving and the level of urea in the milk of fresh dairy cows affect all the studied properties of milk. The interaction of these factors has a statistically significant effect on the ratio of milk fat to protein, the number of somatic cells in milk and especially milk yield, and the percentage of lactose in milk. The analysis results are presented in the Table 3.





4. Discussion


The carried out research showed the highest incidence of dystocia was determined by the lowest mean value of milk urea concentration. The increase in the levels of MU was found to negatively relate to the reproductivity of dairy cows. Based on the results of the previous study, the CE score correlation with MU (p = 0.006; [8]) was found as negative. The prevention of postpartum reproductive disorders essentially depends on properly designed nutrition and appropriate management during the transition period. Numerous challenges related to the reproduction and health of cows are a result of the current development of dairy cows [38].



According to this study, the cow conception rate has been positively influenced by a protein-energy ratio. Therefore, it is evident that the conception rates in turn shall be improved due to good nutritional management, which leads to a positive energy balance [39]. The tested cows that had high concentrations of MUN (> 16 mg/dL) from 0 up to 30 days before the first service and those which were bred during the period of summer season posed a higher risk of not conceiving compared with cows with a low level of MU and which were bred in the winter months [39].



The cow Group 2 with MU of 16–30 mg/dL featured the highest of milk lactose, the lowest mean value of milk electrical conductivity, and the lowest value of milk SCC compared with the other groups. Based on the latest research findings, the cows who had no difficulties in the calving process had a higher concentration of milk lactose as well [8]. According Antanaitis et al. [8], cows that had calving difficulties had higher electrical conductivity of milk and higher amounts of SCC, and the results of this study confirm our results. The basal membrane of mammary epithelial cells absorbs a synthesized substance in the udder from blood glucose, and that is how lactose is formed [40]. The potential of an effective indicator of health in cows is indicated namely by lactose count [41]. According to the study of Cinar et al. [42], a highly significant influence of the SCC count was identified and measured not only in milk yield, milk protein, milk lactose, and all solid concentrations in milk, but also in milk urea. Miglior et al. [43] noted that the yield of lactose strongly correlated with the yield of milk (0.979). Even though MU and the percentage of lactose did not have a genetic correlation with milk yield, however, a lactose percentage correlated with somatic cell score (−0.202) significantly enough. Simultaneously, the measure of MU was correlated with the percentage of both milk fat (0.425) and milk protein (0.20).



Similar results were obtained in [44], which found a lower correlation between lactose content and MUN. In a previous study by Miglior et al. [45], it was found that both traits (MU and lactose) were statistically related to the health and fertility status of cows. The correlation between MUN and fertility is based on an MUN increase in the amount in the body, and Elrod and Butler [46] found that early embryonic loss occurred in cows fed a high-protein diet due to decreased uterine pH during the luteal phase, which may affect fertility. Larson et al. [47] argued that high concentrations of MUN may be associated with very early embryo loss prior to maternal recognition of pregnancy. The relationship between milk lactose content and cow health and fertility is based on the mechanism of lactose production and milk content. The amount of lactose synthesized by the mammary gland is responsible for the uptake of water from the cytosol, which means the amount of milk. Milk lactose synthesis in the udder consumes about 60–85 percent [48] of circulating blood glucose. With high milk production, the need for glucose for milk synthesis increases, which is associated with a negative energy balance (ketosis). At the beginning of lactation, most of the circulating glucose is directed to the mammary gland, and in the case of a negative energy balance due to impaired intestinal glucose uptake [49], lactose yield can drop by up to 15 percent [50]; other studies have shown that the percentage of lactose in milk is negatively correlated with BHB [51]. Costa et al. [42] showed that even if low glucose in the blood of high-productivity cows may not reduce lactose and milk, it may affect other physiological processes associated with fertility, such as ovulation.



In this study, the analysis of milk urea indicated a slightly positive correlation with MY, fat, and protein, and a negative correlation with SCC.



Hojman et al. [30] reported that a positive interaction between the MU concentration and milk yield and milk fat percentage was highly significant, whereas the MU and milk total protein percentage and somatic cell count correlated negatively. Additionally, a positive correlation of MUN with milk yield and a negative one with milk protein was also previously described by Arunvipas et al. [52]. Other researchers studying and examining the relationship between milk yield and MU level have found no significant correlation between these two parameters [53]. In addition, similar scientific findings, such as milk fat correlation with milk urea, obtained observing the cowherds of a high-productivity, have been reported by Godden et al. [54] and Rajala-Schultz and Saville [55]. Such an association could have possible reasoning in the increased amounts of NDFf, which may determine an increase in milk fat content and simultaneously raise the MU levels because of a high degradability of its protein [30]. According to Arunvipas et al. [52], MUN was reported as the lowest in the first month of lactation but increased rapidly during the further two months of lactation and was followed by a gradual increase over the next two months. The correlation described above was expressed by a quadratic relationship formed between the percentage of milk fat and MU concentration along with the increased count values of MU that occurred in the mid-ranged percentages of milk fat.



The largest number of cows that had MF/MP = 1.2 was evaluated in the Group 2 cows (with MU 16–30 mg/dL) and it was 2.15–2.41% more than in the remaining groups. This group of cows also had the lowest number of cows with the least values of MF/MP (6.68% and 11.64% less than in Group 3 and Group 1, respectively). Siachos et al. [56] reported that the ratio of milk fat content and milk fat/protein had a negative relation to MU because the cows featuring a higher protein content count had decreased MU values. This confirms the statements described above, i.e., that cows with higher protein content in their milk will have lower MU content.




5. Conclusions


The present research aimed to identify the relationship of calving ease and level of in-line milk urea (MU) and the milk components such as MY, MF, MP, MF/MP, ML, EC, and SCC in dairy cows, and it was found that the most frequent possible cases of dystocia were related to the lowest mean value of milk urea. In all groups of cows, according to the level of urea in milk, the productivity and milk lactose concentration of cows without dystocia at calving was higher, and lower somatic cells count and electrical conductivity values were found in the milk of compared with cows diagnosed with dystocia at calving. The cows of Group 2 with MU 16–30 mg/dL had the biggest milk lactose concentration in comparison with the other groups observed. A slight positive correlation of MU with MY was also identified.



On the practical side, we can state that dystocia has a negative effect on milk urea concentration and can increase the risk of mastitis.
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Figure 1. Distribution of fresh dairy cows with dystocia at calving (CE = 3–4) by the level of urea in milk. 
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Figure 2. (A–G). Milk characteristics of cows in relation to dystocia at calving and milk urea level. a,b —The statistically significant differences (p < 0.05) between the mean values of the groups (cows with established dystocia or cows without dystocia at calving) are labeled with different letters. MU—milk urea level, MY—milk yield MF—milk fat, MP—milk protein, MF/MP—milk fat to protein ratio, ML—milk lactose, EC—electical conductivity of milk, SCC—somatic cell count (thousand/mL), SCS = (log2 (SCC/100)) + 3 [36]. 
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Table 1. Distribution of the number of cows (classified differently according to the ease of calving) by the level of urea in milk.
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CE Score

	
Cows by MU Level (Number/Percent)

	
Cows by MU Level (Number/Percent)

	
Cows by MU Level (Number/Percent)






	
1

	
Group 1

	
Group 2

	
Group 3




	
2

	
198/33.17

	
1501/50.99

	
565/47.80




	
3

	
264/44.22

	
874/29.69

	
341/28.85




	
4

	
65/10.89

	
279/9.48

	
146/12.35




	
χ2 = 78.589, df = 6, p < 0.001








MU—milk urea level (Group 1 ≤ 15 mg/dL, Group 2 = 16–30 mg/dL, Group 3 > 30 mg/dL), CE—calving ease score. χ2—chi-square test. df—degree of freedom, p—probability (less than 0.05 was considered as being significant, p < 0.05).
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Table 2. Milk traits in cows by MU level.
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	Indicator
	Group by MU Level
	M ± SEM
	Significance of the Group Effect (p)





	MY (kg)
	1
	27.455 ± 0.328 a
	<0.001



	
	2
	27.760 ± 0.148 a
	



	
	3
	29.960 ± 0.233 b
	



	MF (%)
	1
	4.048 ± 0.034 a
	0.028



	
	2
	4.052 ± 0.015 a
	



	
	3
	4.154 ± 0.024 b
	



	SMY (kg)
	1
	27.331 ± 0.334 a
	<0.001



	
	2
	27.778 ± 0.150 a
	



	
	3
	30.434 ± 0.237 b
	



	MP (%)
	1
	3.390 ± 0.016 a
	<0.001



	
	2
	3.502 ± 0.007 a
	



	
	3
	3.463 ± 0.011 a
	



	MF/MP
	1
	1.200 ± 0.010 a
	0.006



	
	2
	1.163 ± 0.004 b
	



	
	3
	1.207 ± 0.007 a
	



	ML (%)
	1
	4.635 ± 0.010 a
	<0.001



	
	2
	4.673 ± 0.005 b
	



	
	3
	4.606 ± 0.007 a
	



	EC (mS/cm)
	1
	4.976 ± 0.023 a
	0.002



	
	2
	4.886 ± 0.010 b
	



	
	3
	5.060 ± 0.017 c
	



	SCS
	1
	1.959 ± 0.019 a
	0.050



	
	2
	1.868 ± 0.014 b
	



	
	3
	1.897 ± 0.009 b
	







a,b,c—The statistically significant differences between the mean values of the groups are labeled with different letters. p—probability (less than 0.05 was considered as being significant, p < 0.05). M—mean, SEM—standard error of the mean. MU—milk urea level (Group 1 ≤ 15 mg/dL, Group 2 = 16–30 mg/dL, Group 3 > 30 mg/dL), MY—milk yield MF—milk fat, MP—milk protein, MF/MP—milk fat to protein ratio, SMY—standard milk yield (0.4 × MY + 15*MF × MY)[37], ML—milk lactose, EC—electical conductivity of milk, SCC—somatic cell count (thousand/mL), SCS = (log2 (SCC/100)) + 3 [36].
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Table 3. The effect of calving ease, milk urea, and their interactions on the milk properties of cows.
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Indicators

	
Significance of Effects

	
Model




	
CE Score

	
MU Level

	
Interaction between CE and MU Levels

	
R2

	
p






	
MY (kg)

	
<0.001

	
<0.001

	
0.033

	
0.934

	
<0.001




	
MF (%)

	
<0.001

	
0.028

	
0.073

	
0.960

	
<0.001




	
SMY (kg)

	
<0.001

	
<0.001

	
0.004

	
0.935

	
<0.001




	
MP (%)

	
<0.001

	
<0.001

	
0.207

	
0.989

	
<0.001




	
MF (%)/MP (%)

	
<0.001

	
0.006

	
0.009

	
0.963

	
<0.001




	
ML (%)

	
<0.001

	
<0.001

	
<0.001

	
0.997

	
<0.001




	
SCS

	
<0.001

	
0.050

	
0.004

	
0.941

	
<0.001




	
EC (mS/cm)

	
<0.001

	
0.002

	
<0.001

	
0.989

	
<0.001








MU—milk urea level (Group 1 ≤ 15 mg/dL, Group 2 = 16–30 mg/dL, Group 3 > 30 mg/dL), CE—calving ease score, MY—milk yield, MF—milk fat, MP—milk protein, SMY—standard milk yield (0.4 × MY + 15*MF × MY), MF/MP—milk fat to protein ratio, ML—milk lactose [37], EC—electrical conductivity of milk, SCC—somatic cell count (thousand/mL), SCS = (log2 (SCC/100)) + 3 [36]. p—the significance of the influence of the effects (MU, CE, and their interaction) or the model (1). R2 is the coefficient of determination of the model for the properties of milk.
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