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Simple Summary


Dairy cows excrete nitrogen in their urine, which can cause environmental problems. Calculating the daily amount of urine excreted is essential to evaluating the nitrogen emissions of individual farms. Methods were developed to calculate the amount of urine reliably using creatinine in urine as an indicator. The statistical analysis showed that calculation methods can be used for modern dairy and dry cows. It was also revealed that it is possible to calculate the amount of urine without knowing the cow’s body weight, allowing calculations to be made under farm conditions.




Abstract


A key factor in calculating dairy cows’ nitrogen (N) excretion is knowing the amount of daily excreted urine. The present study aimed to investigate two methods to calculate the daily urine volume (UV) excreted using spot urine samples. Data were obtained from nine balance experiments involving 47 lactating and seven non-lactating German Holstein cows, with an average body weight (BW) of 620 ± 95 kg and an average age of 5.6 ± 1.4 years. Daily urinary creatinine (Cr) and UVs were known for all animals. The first method was developed by linearly regressing the daily excreted amount of Cr in urine against BW (p < 0.001; R2 = 0.51; RSE: 2.8). The slope of the regression was used to calculate UV. The second method includes a non-linear regression of UV on Cr concentration in urine, allowing direct estimation of UV without knowledge of BW (p < 0.001; RSE: 8.13). Both estimation methods were compared to the standard method to determine UV from balance trials using Lin’s concordance correlation coefficient (CCC) and Bland–Altman plots. The first method had a CCC of 0.81, and the second method had a CCC of 0.85. Both methods can confidently be applied to calculate UV. Therefore, the second method is usable if BW is unavailable.
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1. Introduction


It is generally acknowledged in animal nutrition that the nitrogen excretions of dairy cows are an important source of nitrogen emissions in livestock farming [1,2]. Germany has set a binding target to reduce nitrogen emissions by 2030 as part of its national and EU environmental commitments [3]. To achieve this goal, improvement in livestock balance in dairy farms is necessary [4].



In dairy cows, 66–72% of total N intake is excreted through feces and urine [5,6,7,8]. The kidneys excrete most of the N as urea (U). U in urine is then transformed to ammonia by enzymatic processes in the environment. Reducing U in urine is key to minimizing ammonia emissions [9]. U in urine can be easily reduced through feeding. The amount of excreted urinary U results from urine volume (UV) and N-concentration in urine, which can be influenced by dilution effects [10]. Therefore, the calculation of total urinary N excretion of dairy cows relies on the knowledge of the amount of urine excreted.



Although the primary aim of this study is methodological, this environmental context explains the significance of accurately estimating urine volume more generally. Under practical farm conditions, direct measurement of total urine volume is not possible. Therefore, robust and reliable estimation methods are needed to support the monitoring and control of nitrogen fluxes in dairy farming. This includes the need to evaluate existing methods and validate them under current conditions—especially for modern dairy cow genetics and for physiologically different groups such as both lactating and dry cows.



Previous studies [11,12,13,14] examined the effects of various nutritional factors on urinary N excretion using a balance technique enabling total urine collection. However, such a technique can only be applied under experimental conditions using a few animals. In practical feeding setups, urine samples can be used to evaluate N-reducing feeding strategies. A calculation of urine volume is required to determine total nitrogen excretion.



Although methods for UV estimation based on creatinine (Cr) concentration have been published [15,16], their direct applicability to modern Holstein cows may need re-evaluation. Although some educational books refer to the problem with dry cows, to our knowledge there is a shortage of published data on the applicability of existing UV calculation methods in this animal group.



It is not to meant to question the general validity of creatinine-based methods, but to recognize that breeding over the years has affected the relationship between BW, muscle mass and creatinine excretion [17,18]. The same holds for dry cows as their body composition changes markedly, particularly in the last weeks of gravidity [19]. In addition, BW is rarely known in dairy farms, which further complicates the practical use of current methods.



One aim of the present study was to re-evaluate published methods for estimating UV based on Cr concentration and BW and to test a calculation method that does not rely on the knowledge of BW. While the data are from a defined research setting, the approach aims to provide insights that may be relevant beyond the immediate study context.



Moreover, for such estimation methods, it is also essential to know whether urinary spot samples are representative of the whole UV in terms of Cr concentration. Therefore, the second aim of the present examinations was to evaluate the relationships between Cr concentrations in spot samples and total UV obtained from the same cows.




2. Materials and Methods


2.1. Experimental Design and Animals


Urine amounts of 47 lactating and 7 non-lactating German Holstein dairy cows collected in nine balance experiments were used to investigate (1) the relationships between Cr concentration in spot and pooled urine samples (Experiment 9) and (2) the associations between urinary Cr concentration and excretion, and UV (Experiments 1 to 9) (Table 1). All experiments occurred at the Friedrich-Loeffler-Institut, Institute of Animal Nutrition in Braunschweig, Germany. Each experiment lasted 26 days, beginning with a 21-day adaptation period for adaptation to the experimental diet, followed by a 5-day balance period where urine and feces were collected quantitatively. Each experiment used 5 to 7 cows. All cows were housed in a temperature-controlled barn and tethered with a rope around their necks.



Lactating cows were three to eight years old. They were in their first to fifth lactation and 143 ± 52 days in milk. Dry cows were five to eight years old and had already completed four to six lactations. BW of all cows was determined at the start of each experiment and was 620 ± 95 kg on average.



Lactating cows were milked at 5:30 AM and 3:30 PM daily. They had ad libitum access to fresh water in individual drinking bowls at all times. The composition of the diets varied according to the experimental questions. Therefore, rations contained varying proportions of maize silage and concentrate feed (Table 1).




2.2. Sample Collection


As mentioned above, quantitative urine collection lasted five days in all experiments. It was achieved using urine devices attached to the cow’s pubic area via contact adhesive. The urine devices consisted of a leather funnel connected to a pressure-resistant polyvinylchloride tube, which led to a covered canister positioned behind the cow. The leather adhered around the cow’s genital area to form an airtight and waterproof seal against the skin, enclosing the vulva. This setup ensured the separation of feces and urine and enabled the accurate and clean collection of the entire UV. Urine was weighed and homogenized daily.



In experiment 9, spot urine samples were collected from cows in the morning. Therefore, 50 mL of urine was collected externally when a cow urinated spontaneously. If no spontaneous urination occurred, the remaining urine from the last excretion in the polyvinyl chloride tube was used.




2.3. Analyses


Both daily pooled and spot urine samples underwent analysis for Cr concentration. The urine samples were homogenized at room temperature by shaking. Dilution with purified water was performed at a ratio of 1:50, and then the sample was filtered and analyzed using an HPLC system (Shimadzu, Kyoto, Japan). The following two solvents were used for good separation conditions, especially for Cr. Solvent A contained 0.5% acetonitrile (MeCN), 10 mmol/l o-phosphoric acid, and 10 mmol/l 1-hexanesulfonic acid sodium salt monohydrate in a water-based solution. For Solvent B, MeCN was used [20]. Cr concentration was determined via duplicate measurements.




2.4. Calculation and Statistics


2.4.1. Calculation


The daily excretion of Cr by each cow was calculated using the formula:


Daily Cr excretion in g = UV in L × Cr concentration in g/L,



(1)







The excretion of Cr per kg BW (BW) was calculated using the formula:


Cr excretion in g/d per kg BW = Cr excretion in g/d/BW in kg,



(2)








2.4.2. Statistics


Statistical analyses were performed using RStudio with R (version 4.3.0), while graphical presentations were created using the ggplot2 package.



The relationships between variables were analyzed using linear and non-linear regression analyses. Procedure lm() of base R was used for linear regressions, while procedure nlm() of base R was used for non-linear regression.



For evaluating agreement between different methods for the same target variable, concordance correlation coefficients (CCC) were estimated using the procedure ccc() of package DescTools version 0.99.48 [21], and Bland–Altman plots of package BlandAltmanLeh [22] were used.



To answer the first question, the mean Cr concentrations of spot samples were linearly regressed on the corresponding concentrations in the pooled sample.



Different linear and non-linear regressions, including prediction intervals, were calculated using base R to determine the calculation method.



Cr concentration in urine spot samples was compared with that in urine pool samples. For this, the mean Cr concentrations of spot samples were linearly regressed on the corresponding concentrations in the pooled sample. Mean concentrations of pooled samples were considered as the reference method. Lin’s concordance correlation coefficient (CCC), s.shift and l.shift were used to evaluate the accuracy and precision of the spot sample method.



Validation of whether Cr excretion is independent of the amount of urine excreted daily was performed by linear regression with daily UV in L as the dependent variable and the Cr excretion in g/day as the independent variable. The same was performed by linear regression with BW in kg as the dependent variable and Cr excretion in g/day as the independent variable. A significant difference in the slope of the regression lines between lactating and dry cows was tested using ANOVA. A t-test was used to determine the significance of BW differences between lactating and dry cows.



A regression was used to evaluate the independence between Cr concentration and UV, with Cr concentration (g/L) as the independent variable and UV (L) as the dependent variable.



Since residual analyses indicated no linear relationship, non-linear functions were fitted to the data using the Akaike Information Criterion (AIC) [23], Bayesian Information Criterion (BIC) [24] and Leave-One-Out Cross-Validation (LOOCV) [25] as quality criteria.



A power regression was performed with Cr concentration as the independent variable and UV as the dependent variable.



Linear regressions with UV (L/g) calculated by the linear or non-linear method as the dependent variable and collected UV (L/d) as the independent variable were performed. CCC, s.shift and l.shift were determined to evaluate the agreement and possible systematic deviations in position and scatter.



The package BlandAltmanLeh (version 0.3.1) created Bland–Altman plots to visualize method differences and evaluate systematic errors.



Bland–Altman plots compared the Cr concentrations in pooled and spot urine samples. Additionally, the urine volume estimated by a linear method was compared to the actual urine volume excreted.



The linear method was defined as follows:


Linear method = BW in kg × (29.5/Cr concentration in mg/L),



(3)







Another Bland–Altman plot was used to compare the amount of urine calculated using the power regression estimation equation with the actual amount of urine.



The non-linear method was defined as follows:


Non-linear method = 16.5 × (Cr concentration in g/L urineˆ−0.76),



(4)










3. Results


All statistical data below is based on the values shown in Table 1.



3.1. Comparison of Cr Concentrations Between Urine Pool and Urine Spot Samples


The intercept of the linear regression is 220 and is not significantly different from zero (p > 0.05), while the slope is 0.91 and highly significant (p < 0.001). The regression explains 88% of the total variance of the data. CCC is 0.99. All data points are evenly and closely distributed around the regression line and within the 95% prediction interval (see Figure 1B).



The average difference between the two methods is 55 mg Cr/L urine. Single data points scatter evenly along the full range of urine concentrations between methods and are within the 95% agreement limit (see Figure 1C).




3.2. Cr Amount in Relation to UV and BW


The intercept of the linear regression between Cr amount (g/d) as the independent variable and UV (L/d) as the dependent variable is 16.81 and significantly different from zero (p < 0.001), while the slope is −0.052 and highly significant (p < 0.001). The regression explains 4% of the total variance in the data.



The data points are widely distributed in the range of 10 and 30 g/d Cr, with the majority between 10 and 20 g/d. Data points at low UVs (up to 20 L/d) are widely scattered, with Cr levels ranging from below 10 to over 30 g/d. As UV increases, the amount of Cr tends to decrease, and the points are located between 10 and 20 g/d along the descending regression line. A few outliers, especially at UVs above 60 L/d, are further away. Some points exceed the 95% prediction interval, while most are evenly and closely distributed around the regression line.



The t-test between BW of lactating cows and dry cows shows highly significant differences (p < 0.001).



The intercept of the linear regression is −2.6 and is significantly different from zero (p < 0.05), while the slope is 0.03 and highly significant (p < 0.001). The regression explains 51% of the total variance in the data.



Data points are evenly and closely distributed around the regression line. Most points are within the 95% prediction interval, while some data points rise above the 95% prediction interval, and a few falls below. Linear regression indicates that the amount of Cr excreted daily increases by 29.5 g for every 1 kg increase in BW. The residual standard error is 2.8 g of Cr excreted (see Figure 2B).




3.3. UV in Correlation to Cr Concentration


The intercept of power regression is 16.5 and significantly different from zero (p < 0.001), while the slope is −0.76 and highly significant (p < 0.001). The residual standard error is 8.13 L UV excreted per day.



Some outliers are visible at low Cr concentrations, mainly above or a few below the prediction interval, but most are within this interval. The data points scatter closely to the regression line. The highest variation in UV is shown at low Cr concentrations, which leads to an increase in the power regression curve at less than 1 g Cr.



The intercept of linear regression is 1.76 and not significantly different from zero (p > 0.05), while the slope is 1.13 and highly significant (p < 0.001). The regression explains 75% of the total variance in the data. CCC is 0.81. L.shift is calculated at −0.24 and s.shift at 0.77.



Some outliers are visible at higher UV above 40 L/d, mainly above the prediction interval, and a few below, but most are within this interval. The data points scatter closely to the regression line (see Figure 3).



The intercept of linear regression is 5.31 and significantly different from zero (p < 0.001), while the slope is 0.74 and highly significant (p < 0.001). The regression explains 73% of the total variance in the data. CCC is 0.85. L.shift is calculated at −0.01 and s.shift at 1.16.



Some outliers are visible at higher UV above 40 L/d, mainly above or a few below the prediction interval, but most are within this interval. Data points scatter less than in Figure 4A, and the prediction interval is closer. The data points scatter closely to the regression line. (see Figure 4B).



The average difference between the linear method and measured UV is 4.3. The lower limit is −16.2, and the upper limit is 24.9. An upward drift in differences is shown when the average UV exceeds 40 L. Despite this, differences are evenly distributed over the range of the average values, with few outliers and narrow limits of agreement. (see Figure 4C).



The average difference between the non-linear method and measured UV is 0.1. Limits of agreement range from −15.8 to 16. Differences display a downward drift when the average UV increases above 40 L. Some outliers exceed the upper limit between an average UV of 20 L to 30 L. Beyond that, the differences are within the limits and evenly distributed across the average value range (Figure 4D).





4. Discussion


Estimating UV under practical farm conditions relies on the representativeness of the Cr concentrations measured in spot samples for total UV. Therefore, we validated the relationships between the Cr concentrations measured in spot samples and the total urine collected from the same cows.



Spot samples are particularly relevant in practice due to their simplicity and practicality. This study shows that measuring Cr concentration in spot samples reliably estimates daily Cr excretion, with no baseline difference between methods (see Figure 1).



Collecting with the urinals connected to the containers and using the Cr concentrations in these urine pool samples is considered the gold standard method. This constancy is caused by the origin of muscle metabolism, which works at a stable rate under constant physiological conditions. Cr is defined as a continuous excretion parameter throughout the day. The Cr production does not fluctuate throughout the day. Using spot samples instead does not require the laborious and time-consuming collection of pool samples and does not limit the number of usable animals. It is particularly suitable for continuous practice monitoring of urinary parameters. Studies have already been carried out where the Cr concentration in spot samples was analyzed. Cr concentration with the dependence on the UV changes throughout the day [26,27]. This biological mechanism ensures that daily Cr excretion indicates muscle mass and remains largely unaffected by short-term nutritional or environmental factors. Another study [28] shows a higher agreement of the estimated UV when the Cr concentration is calculated from six spot samples distributed over the day. There is an agreement in the Cr concentration of spot samples taken in the morning compared to the Cr concentration of pool samples for one of the feeding groups. Data quality could be improved by taking several spot samples throughout the day and comparing the Cr concentrations between them.



Cr is a metabolic product that is synthesized from creatine phosphate in endogenous muscle metabolism when ATP required for muscle work is produced by phosphate splitting. In this way, Cr is formed in a constant daily amount. The daily excreted Cr depends on the body’s muscle mass [26,29]. It makes Cr one of the few substances excreted in the urine that does not undergo metabolism and is freely filtered by the kidneys without secretion or reabsorption, regardless of water intake [30,31]. Due to its constant production and the fact that it is not reabsorbed in the kidneys, it is an excellent marker for estimating UV [31]. Therefore, the BW of the dairy cow and the mean daily excretion of Cr have been used to establish the estimation equations for UV calculation in the past [15,16].



However, breeding developments have altered the body composition of modern Holstein cattle. Studies suggest that the proportion of muscle mass to BW may have decreased as breeding has increasingly focused on milk production [17,18]. These considerations clarify that UV estimation models based on Cr must be evaluated against changing physiological starting conditions due to genetic breeding and different production stages. The body composition of dry cows is also subject to considerable fluctuations, particularly in the last few weeks before calving, as fat and muscle reserves develop differently [19]. These physiological changes could affect the accuracy of UV calculation methods.



The collected Cr amount relative to BW in the current data showed results consistent with other studies and within the physiological range [15,16,29,31].



An interesting observation is that dry cows had a higher Cr excretion than lactating cows (see Figure 2B). This fact correlates with higher muscle mass and higher Cr excretion. The BW of the cow is a significant factor affecting the amount of Cr excreted daily. As Cr is a degradation product of muscle metabolism, Cr excretion increases with increasing muscle mass and BW. Multiple studies show that larger, heavier animals excrete more Cr per day [26,29]. It remains to be questioned whether the average amount of Cr excreted per kilogram of BW also applies to cows with a different muscle-to-fat ratio, as beef breeds.



The literature reports that the average Cr concentration in cow urine ranges from 0.25 to 0.8 g/L [32]. In the current experiments, daily measured Cr concentrations are above the physiological average described there, while the minimum concentration is below. Older studies report higher average Cr concentrations, around 1.5 g/L [27], which better match our observed values.



The scientific literature provides evidence that the acid in the solvent used for Cr analysis does not influence the Cr concentration as a reliable marker for total urine excretion [33]. A different acid was used in this publication.



However, varying Cr concentrations could depend on higher or lower UV. Dairy cows excrete a daily average of 15 to 30 L of urine [15,16]. The collected UV data show urine amounts within the normal physiological range. The observed variance in urine excretion could be explained by factors such as differences in water intake or the foreign body sensitivity caused by urinals. Despite thoroughly examining outliers, no clear patterns or causes could be identified based on the available information. Furthermore, the method of collecting urine with urinals, which is considered the gold standard, is nevertheless not entirely error-free.



Figure 3 shows that the Cr concentration in urine cannot increase if UV is 20 L or more. It may suggest that the maximum glomerular filtration rate has been reached. When urine volume (UV) is high, the Cr concentration levels off, which might mean the kidneys cannot filter or concentrate more Cr. When UV is low, the body reabsorbs water in the kidneys, increasing the concentration of Cr in the urine. The inverse link between Cr and UV makes sense because more urine means more dilution. It is physiologically plausible, as increased water intake increases diuresis and dilutes urine substances such as Cr. Still, using a power model to describe this adds complexity. Especially at low Cr levels, the model might reflect kidney limits, which should be studied more closely. Understanding these physiological boundaries is essential for improving model precision, especially at the extremes of the UV distribution.



The previously mentioned fluctuation in Cr concentration throughout the day should be considered. The amount of Cr filtered in the kidney depends on the individual, hydration status, physical activity, and the time of sampling regarding food intake. The kidney function, such as the glomerular filtration rate, also plays a role [31,32]. These factors demonstrate the dynamic nature of renal physiology and its influence on the stability of biomarkers in spot urine samples.



Even with differences between individual animals, the results from Experiment 9 are statistically strong and reliable. Tracking individual factors in future studies could help explain their influence more clearly.



The linear model tends to overestimate urine output, as the uneven agreement limits show. This pattern suggests that the model could be improved, especially at higher urine volumes. The deviations are particularly pronounced at higher UVs, suggesting the equation does not scale well in this range. Despite a positive mean bias, which increases the tendency to overestimate, the linear regression indicates a proportional relationship and generally good predictability (see Figure 4A,C). In addition, the linear method has a lower residual standard deviation, which indicates a lower calculation deviation (Figure 2 and Figure 4). However, this raises the question of whether a correction of the estimation equation is necessary for larger UVs.



The non-linear method, in contrast, shows an almost neutral bias, indicating a much better agreement with the actual UVs excreted. Tighter limits of agreement indicate an overall higher consistency and accuracy than the Cr-based estimation method. However, the slope and intercept deviate more strongly from the optimal value, which makes interpretation more difficult. While the concordance correlation coefficient (CCC) indicates a slightly higher agreement, the coefficient of determination (R2) remains lower than that of the linear method (see Figure 4B,D). This fact indicates that despite the better agreement of the values with the non-linear method, the predictive power is not superior in all aspects. Therefore, a method-specific approach may be necessary, depending on the application. Ultimately, the choice of estimation method may depend on physiological variability and specific research or practical application goals, especially when working on marginal UV.




5. Conclusions


The results confirm that both methods—one relying on body weight and one not—can provide appropriate estimates of urine volume in both lactating and dry cows. Spot urine samples proved to be a practical approach that reflected adequate creatinine concentrations compared to total urine volume collected under controlled conditions. While the results confirm the usability of established methods, they also point to the need for careful interpretation, especially when daily variations in creatinine excretion are not considered.



Spot urine sampling therefore represents a feasible alternative to urine volume estimation in cows and supports practicability in the field without affecting accuracy.



Future work could focus on quantifying the amount of daily variation in creatinine excretion and developing correction factors to improve the accuracy of urine volume estimates under different physiological and environmental conditions.
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Figure 1. Analysis of Cr concentrations in pooled and spot urine samples of dry cows. Data is derived from daily pool and spot samples of seven dry cows over the five following days (experiment 9). (A) Mean Cr concentration in spot and pool samples, error bars indicate standard deviation (SD). (B) Linear regression between Cr concentrations in spot and pool samples. The red solid line indicates the linear fit. Blue dashed lines show the upper and lower 95% prediction interval. CCC is the Concordance Correlation Coefficient. (C) Bland–Altman plot: the x-axis displays mean values between corresponding Cr concentrations in spot and pool samples, and the y-axis displays the related differences. The red solid line shows the average difference between the two methods. Blue dashed lines mark the 95% limits of agreement. 
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Figure 2. Cr amounts excreted with urine in dependence on (A) UV and (B) BW of dry and lactating cows. Data is generated from urine samples of 7 dry and 48 lactating cows over the five consecutive days (experiment 1–9). Dry cows are represented by data points colored in blue, and data points in black represent lactating cows. Red solid lines display the linear regression. Blue dashed lines indicate the upper and lower 95% prediction intervals. 
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Figure 3. Relation between UV and Cr concentration. Depicted are data of urine samples from 7 dry and 48 lactating cows over the five consecutive days (experiment 1–9). Dry cows are represented by data points colored in blue, and data points in black represent lactating cows. A power regression with Cr concentration as the independent variable and UV as the dependent variable. The red solid curve indicates the regression. Blue dashed curves display the upper and lower 95% prediction intervals. 
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Figure 4. Internal validation of UV estimation using the linear (A,C) and the non-linear method (B,D) to actual UV. Data is derived from urine samples of 7 dry and 48 lactating cows over the five consecutive days (experiment 1–9). Dry cows are represented by data points colored in blue, and data points in black represent lactating cows. (A,B) Linear regression between collected UV and calculated UV. The red solid line indicates the linRStudioear fit. Blue dashed lines show the upper and lower 95% prediction interval. (C,D) Bland–Altman plot: the x-axis displays mean values of calculated and collected UV, and the y-axis displays the related differences in the distribution. The red solid line shows the average difference between the two methods. Blue dashed lines mark the 95% limits of agreement. 
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Table 1. Mean and standard deviation of variables of experiments 1–9.
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	Experiment
	Grass Silage (%)
	Maize Silage (%)
	Concentrate (%)
	XP (g/kg TS Total Ration)
	Cows
	BW (kg)
	Cr Excreted (g/d)
	Cr Concentration (g/L)
	UV (L)
	UV Calculated with Linear Method (L)
	UV Calculated with Non-Linear Method (L)
	References





	1
	0
	60
	40
	132
	5
	590 ± 29
	13.1 ± 2.5
	1.6 ± 0.7
	9.1 ± 2.7
	12.3 ± 4.5
	12.8 ± 3.6
	[11]



	2
	0
	60
	40
	135
	6
	588 ± 28
	15 ± 2.4
	1.7 ± 0.8
	13 ± 10.5
	14.9 ± 12.2
	14.5 ± 9.3
	[11]



	3
	0
	60
	40
	139
	7
	626 ± 45
	15.9 ± 1.7
	1.4 ± 0.6
	13.8 ± 8
	15.9 ± 9.1
	14.8 ± 7
	[11]



	4
	0
	70
	30
	134
	6
	554 ± 39
	12.6 ± 2.7
	1 ± 0.7
	20.9 ± 13.2
	32.7 ± 34.4
	26.5 ± 19.9
	[13]



	5
	0
	70
	30
	131
	6
	512 ± 33
	13.1 ± 2
	1.1 ± 0.7
	19.9 ± 14.5
	25 ± 21.5
	22.9 ± 14.7
	[13]



	6
	0
	70
	30
	132
	6
	564 ± 54
	13.9 ± 2.5
	0.6 ± 0.5
	33.2 ± 18.2
	40.5 ± 23.7
	32.7 ± 16.3
	[13]



	7
	0
	70
	30
	142
	5
	668 ± 42
	17.3 ± 4.6
	0.9 ± 0.6
	30.9 ± 19.3
	38.4 ± 27.7
	27 ± 16.3
	[12]



	8
	0
	70
	30
	142
	6
	640 ± 47
	18.8 ± 3.9
	1 ± 0.8
	30.9 ± 20
	32.2 ± 22.8
	24.6 ± 14.4
	[12]



	9
	50
	50
	0
	108
	7 ‡
	810 ± 51
	20.7 ± 3.7
	1.9 ± 0.4 (1.9 ± 0.4)
	11.3 ± 2.6
	12.88 ± 2.6
	10.5 ± 1.9
	[14]



	
	
	
	
	
	‡ Dry cows
	
	
	Values in parentheses represent spot samples
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