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Abstract

The aim of the study was to analyse the effect of the housing system (tie-stall vs free-stall) 
on cow cleanliness, and the effect of the degree of cow dirtiness on the milk somatic cell count. 
Over 33% of the cows were found to be clean, with more of them in the free-stall barn. Analysis 
of the cleanliness of body parts showed that the highest hygiene level was characteristic of 
the udders and underbelly (scores of 1 for 47% and 56% of the cows, respectively). In the 
free-stall barn, there were over twice as many cows with clean udders (58%) and almost twice 
as few cows with very dirty udders. Regardless of the housing system, the degree of udder 
dirtiness created differences (P ≤ 0.01) in the natural log somatic cell count. The natural log 
somatic cell count increased from 11.54 to 12.37 on average with increased dirtiness of the 
udder. Greater differences in the cytological quality of milk were found in cows housed in the 
free-stall system. When analysing the effect of overall dirtiness of the cows and the body parts 
on the percentage of SCC classes, it was found that highest quality milk (< 200 000 somatic 
cells/ml) was produced by clean cows (71.52%). The proportion of cows with subclinical and 
clinical mastitis was found to increase with decreasing cleanliness of the udder, especially in 
the free-stall system. Overall, the proportion of cows with clinical mastitis increased from 
2.51% (clean cows) to 14.29% (dirty cows).

Bovines, body cleanliness, milk quality

Recent years in Poland have seen a marked increase in the cows’ milk yield (Polish 
Federation of Cattle Breeders and Dairy Farmers 2013) as well as improvements in their 
welfare, health and housing conditions. However, because the increased performance 
is paralleled by poorer health, shorter length of productive life and lower technological 
and qualitative indicators of the milk obtained (Choromańska et al. 2014), the search 
is still on for factors that improve the quality of raw milk (Szyndler and Kaczor 1998; 
Winnicki et al. 2003). These factors include cow hygiene, understood as dirtiness of 
different body areas (Szyndler and Kaczor 1998; Hughes 2001; Schreiner and Ruegg 
2002; Zurbrigg et al. 2005; Ellis et al. 2007; Nigel et al. 2007; Bogucki et al. 2010; 
Hauge et al. 2012). The available studies suggest that the degree of cattle cleanliness can 
be assessed on a three- (beef cattle) (Hauge et al. 2012), four- (Winnicki and Walczak 
1991; San’Anna and Paranhos da Costa 2011) or five-point scale (Hauge et al. 2012). 
Regardless of the method, the most frequently assessed body parts are those particularly 
exposed to dirt, i.e. legs, flanks, underbelly and udder.

Studies in Norway (Hauge et al. 2012) suggest that the main contributing factors 
for animal cleanliness are high indoor humidity, type of animal (heifer, cow, bull calf), 
housing system (free-stall and tie-stall), faecal consistency, and failure to clean the cows 
during the year. Sant’Anna and Paranhos da Costa (2011) report from other authors 
that most studies on cow hygiene determined from animal cleanliness were conducted 
in free-stall barns.
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The aim of the study was to analyse the effect of the housing system (tie-stall vs. free-
stall) on cow cleanliness and the effect of the degree of cow dirtiness on the milk somatic 
cell count. 

Materials and Methods

The study was conducted on two farms between May 2013 and June 2014. Cows were kept on litter in the tie-
stall (farm A) and free-stall (farm B) systems.

Dirtiness of the different body areas (udder, right hind leg, left hind leg, underbelly) was evaluated on the 
test day once a month according to the procedure of Winnicki and Walczak (1991). Dirtiness was scored 
on a 4-point scale: 1 - clean, 2 - slightly dirty, 3 - dirty, 4 - very dirty. In addition, overall dirtiness scores were 
calculated for every cow as a mean of the scores for body area dirtiness. This served as a basis for grouping the 
animals into the following classes: 1 - clean (1.00–1.75 points), 2 - slightly dirty (1.76–2.50 points), 3 - dirty 
(2.51–3.25 points), 4 - very dirty (3.26–4.00 points).

The dirtiness score points totalled 2,367 (905 in the tie-stall and 1,462 in the free-stall system). The results for 
the milk somatic cell count (SCC) were derived from RW2 reports in the SYMLEK system. Because SCC shows 
high variation and is not normally distributed, the data were transformed to the natural logarithm scale (LNSCC). 

The χ2 independence test (14) was used to analyse the frequency of clean, slightly dirty, dirty and very dirty 
cows, as well as the frequency of dirt in different body areas in both housing systems. Analysis of variance (GLM 
procedure) (14) was used to evaluate the effect of:

- the housing system on the overall cow dirtiness score, dirtiness of different body areas (udder, hind right leg, 
hind left leg, underbelly) and LNSCC;

- the overall cow dirtiness score and dirtiness of different body areas (udder, hind right leg, hind left leg, 
underbelly) on LNSCC.

Significant differences were determined using Scheffe test.
The χ2 independence test (18) was used to analyse the percentage of milk samples indicative of particular udder 

health condition on the test day, depending on dirtiness of the udder, hind right leg, hind left leg and underbelly, 
and on the overall cow dirtiness score. In order to determine udder health, milk samples were classified using our 
modified version of the method reported by Renner (1975): 1 - good udder health; ≤ 200 000 somatic cells per ml 
milk, 2 - threatened udder health, 200,001–400,000; 3 - subclinical changes 400,001–1,000,000; and 4 - clinical 
changes, > 1,000,000 somatic cells per ml milk. Udder health classes are hereafter referred to as SCC classes.

Results
Over 33% of the cows were clean, with more clean cows found in the free-stall barn 

(38.58%) (Table 1). Regardless of the housing system, almost half of the observed cows 
(48.54%) were classified as slightly dirty (58% in the tie-stall barn and 43% in the free-
stall barn). The frequency of very dirty cows was low and ranged from 1% (tie-stall barn) 
to 3% (free-stall barn). Analysis of the cleanliness of different body parts showed that the 
highest hygiene level was characteristic of the udders and underbelly (scores of 1 for 47% 
and 56% of the cows, respectively). It is worth noting that a high proportion of the cows 
(81%) with clean underbelly was found in the tie-stall barn. In the free-stall barn, there 
were over twice as many cows with clean udders (58%) and almost twice as few cows with 
very dirty udders.

The proportion of cows with very dirty underbelly was low (0.55%) in the tie-stall system 
and high (7.32%) in the free-stall system. About 17% of the cows had clean hind legs (right 
and left), with a much higher proportion (about 22%) in the free-stall barn compared to the 
tie-stall barn (8–10% of the cows). 

When analysing the effect of the housing system on the overall cow dirtiness score, it 
was found that loose-housed cows were cleaner (P ≤ 0.01) than tethered cows (Table 2). 
Except the udder, the scores for dirtiness of different body parts were lower for cows from 
the free-stall system. Likewise, LNSCC was lower for the free-stall (11.69) compared to 
the tie-stall system (11.76). Regardless of the barn type, the lowest scores were noted for 
udder (1.23 tie- stall barn, 1.90 free-stall barn) and underbelly (2.05 and 1.95, respectively), 
which shows that these body parts were the cleanest.

Regardless of the housing system, the degree of udder dirtiness created differences 
(P ≤ 0.01) in the LNSCC value (Table 3). The LNSCC increased from 11.54 to 12.37 on 
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average with increased dirtiness of the udder. Greater differences in the cytological quality 
of milk were observed in cows housed in the free-stall system (LNSCC higher by 1.01). 
the LNSCC increased with the increasing dirtiness of hind legs and the underbelly, but this 
tendency was non-significant. 

When analysing the effect of overall dirtiness of the cows and the body parts on the 
percentage of SCC classes, it was found that highest quality milk (< 200 000 SCC/ml) was 
produced by clean cows (71.52%) (Table 4). More favourable results were noted for the 
tie-stall barn, where the proportion of such cows was 75.54%. In both housing systems, the 
cleanest cows produced the largest proportion of milk samples with < 200 000 SCC/ml. At 
the same time, the percentage of such samples slightly decreased with increasing dirtiness 
of the cows. Of concern is the increasing proportion of cows with subclinical and clinical 
mastitis, which occurred with the decreasing cleanliness of the udder, especially in the 
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Table 1. Frequency of cows classified as clean, slightly dirty, dirty and very dirty in the analysed housing systems.

Item	 Housing system	 Proportion (%) of dirtiness classes
	 1	 2	 3	 4

Total cows dirtiness	 Tie-stall	 25.75	 57.58	 15.69	 0.88
χ2 = 68.84xx	 Free-stall	 38.58	 42.89	 15.25	 3.28
	 Total	 33.67	 48.54	 15.42	 2.37

Udder	 Tie-stall	 28.62	 45.19	 19.34	 6.85
χ 2 =211.37xx	 Free-stall	 58.34	 29.41	 8.62	 3.63
	 Total	 46.98	 35.45	 12.72	 4.86

Right hind leg	 Tie-stall	 9.72	 47.29	 30.39	 12.60
χ2 =79.15xx	 Free-stall	 22.44	 46.72	 22.44	 8.41
	 Total	 17.57	 46.94	 25.48	 10.01 
Left hind leg	 Tie-stall	 7.85	 48.62	 32.15	 11.38
χ2 =102.83xx	 Free-stall	 22.37	 46.58	 22.50	 8.55
	 Total	 16.81	 47.36	 26.19	 9.63

Underbelly	 Tie-stall	 81.33	 15.14	 2.90	 0.55
χ2 =429.32xx	 Free-stall	 40.70	 35.84	 16.14	 7.32
	 Total	 56.23	 27.93	 11.11	 4.73
xx – significance at P ≤ 0.01

Table 2. Effect of the housing system on the overall cow dirtiness score, dirtiness of body parts, and LNSCC.

Item	 Housing system
	 Tie-stall	 Free-stall
Total dirtiness score (pts.)	 2.04A	 1.57A

Udder (pts.)	 1.23A	 1.90A

Right hind leg (pts.)	 2.47A	 2.17A

Left hind leg (pts.)	 2.46A	 2.16A

Underbelly (pts.)	 2.05A	 1.95A

LNSCC	 11.76	 11.69
A – Means within lines followed by the same superscript differ significantly at P ≤ 0.01



free-stall barn. Overall, the proportion of cows with clinical mastitis increased from 2.51% 
(clean cows) to 14.29% (dirty cows). 

Regardless of the housing system, the hind legs were most often determined to be 
slightly dirty, as was the case with the udder in the tie-stall barn. In turn, the udders of 
loose-housed cows and the underbelly from both barn types were most often scored as 
clean. The proportion of clinical mastitis was found to increase with decreasing cleanliness 
of the underbelly, especially in the free-stall barn.

Discussion

According to Hultgren and Bergsten (2001), dairy cow hygiene can be used to 
determine cow welfare as it provides information about the quality of life of the animals 
and the level of farm equipment. The fact that we found over 82% of the cows to be clean 
or slightly dirty indicates that the herds under analysis showed high levels of hygiene. 
Sant’Anna and Paranhos da Costa (2011) reported that during the whole year more 
than half of the cows received regular cleanliness scores for the body parts, 55.62% of 
which were classified as very clean and clean, and only 9.76% as dirty and very dirty.

The superior udder cleanliness found in the free stall was probably associated with easier 
access to the udder in the milking parlour and better (more comfortable) position of the 
milker during teat and udder cleaning. Barłowska et al. (2012) suggest that raw milk of 
high microbiological quality is obtained on farms that use modern milking systems, i.e. 
milking parlours.
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Table 3. Effect of the overall cow dirtiness score and dirtiness of body parts (udder, right hind leg, left hind leg, 
underbelly) on LNSCC.

	 Housing system	
Item	 Tie-stall	 Free-stall	 Total
	 LNSCC	 LNSCC
	 1	 11.70	 11.57	 11.63a

Total dirtiness score (pts.)	 2	 11.77	 11.71	 11.74
	 3	 11.82	 11.86	 11.84
	 4	 12.50	 12.15	 12.33a

	 1	 11.55a	 11.52AB	 11.54ABC

Udder (pts.)	 2	 11.76	 11.75CD	 11.76ADE

	 3	 11.94	 12.27AC	 12.10BD

	 4	 12.21a	 12.53BD	 12.37CE

	 1	 11.65	 11.57	 11.61

Right hind leg (pts.)	 2	 11.77	 11.69	 11.71
	 3	 11.81	 11.79	 11.80
	 4	 11.88	 11.79	 11.84
	 1	 11.78	 11.56	 11.67

Left hind leg (pts.)	 2	 11.73	 11.69	 11.71
	 3	 11.78	 11.78	 11.78
	 4	 11.84	 11.78	 11.81
	 1	 11.77	 11.66	 11.72

Underbelly (pts.)	 2	 11.64	 11.65	 11.65
	 3	 12.17	 11.75	 11.96
	 4	 11.94	 11.97	 11.93 
A – Means within columns followed by the same superscript differ significantly at P ≤ 0.01
a – Means within columns followed by the same superscript differ significantly at P ≤ 0.05



The results concerning the effect of the housing system on the cleanliness of the hind legs 
are consistent with Ruegg (2006), who also showed loose-housed cows to be characterized 
by higher cleanliness of the legs compared to those housed in tie stalls.

In our study we found the lowest scores for the udder and underbelly, regardless of the 
housing system. These findings are in agreement with the earlier results of Bogucki et al. 
(2010). Szyndler and Kaczor (1998) reported the mean udder score in a medium-sized 
stall to be 1.83, which was equivalent to slight dirtiness. Higher levels of udder dirtiness 
were reported by Mucha et al. (2003), where udder score averaged 2.9 (dirty udders). 
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Table 4. Proportion of SCC classes depending on overall dirtiness of the cow and its body parts.

Item
	 Housing	 No. of	 Proportion (%) of SCC classes

	 system 	 observations	 1	 2	 3	 4

	 1		  233	 75.54	 13.30	 7.70	 3.43
	 2	 Tie-stall	 522	 70.50	 15.33	 9.00	 5.17
	 3	 χ2 =15.03	 142	 73.94	 7.75	 11.97	 6.24
	 4		  8	 62.50	 0.00	 12.50	 25.00
	 1	 	 564	 69.86	 9.33	 8.69	 2.13
Total dirtiness score (pts.)	 2	 Free-stall	 627	 68.42	 14.67	 10.69	 6.22
	 3	 χ2 =34.24xx	 223	 63.23	 15.25	 13.00	 8.52
	 4	 	 48	 54.17	 14.58	 18.75	 12.5
	 1	 	 797	 71.52	 17.57	 8.41	 2.51
	 2	 Total	 1149	 69.36	 17.97	 9.92	 5.74
	 3	 χ2 =38.94xx	 365	 67.40	 12.33	 12.60	 7.67
	 4	 	 56	 55.36	 12.55	 17.86	 14.29
	 1	  	 259	 79.92	 11.20	 6.56	 2.32
	 2	 Tie-stall	 409	 72.37	 14.67	 7.33	 5.62
	 3	 χ2 =28.11xx	 175	 62.71	 14.86	 13.71	 5.71
	 4	 	 62	 58.06	 11.29	 19.35	 11.29
	 1	 	 853	 72.92	 18.05	 6.80	 2.23
Udder (pts.)	 2	 Free-stall	 430	 66.74	 14.65	 10.93	 7.67
	 3	 χ2 =112.13xx	 126	 48.41	 15.08	 22.22	 14.29
	 4	 	 53	 37.74	 11.32	 39.62	 11.32
	 1	 	 1112	 74.55	 16.46	 6.74	 2.25
	 2	 Total	 839	 69.49	 14.66	 9.18	 6.67
	 3	 χ2 =114.57xx	 301	 58.47	 14.95	 17.28	 9.30
	 4	 	 115	 48.70	 11.30	 28.70	 11.30
	 1	  	 88	 78.41	 11.36	 6.82	 3.41
	 2	 Tie-stall	 428	 72.66	 15.42	 8.18	 3.74
	 3	 χ2 =10.90	 275	 69.82	 12.73	 10.18	 7.27
	 4		  114	 71.93	 9.65	 12.28	 6.14
	 1		  328	 70.43	 18.29	 8.84	 2.44
Right hind leg (pts.)	 2	 Free-stall	 683	 68.23	 16.11	 10.69	 4.98
	 3	 χ2 =18.07x	 328	 64.33	 17.68	 10.06	 7.98
	 4	 	 123	 66.67	 11.38	 15.45	 6.50
	 1		  416	 72.12	 16.83	 8.41	 2.64
	 2	 Total	 1111	 69.94	 15.84	 9.72	 4.50
	 3	 χ2 =24.25xx	 603	 66.83	 15.42	 10.12	 7.67
	 4	 	 237	 69.20	 10.55	 13.92	 6.33



The increase in the natural log somatic cell count, which increased with increasing udder 
dirtiness, was consistent with an earlier study by Bogucki et al. (2010), in which LNSCC 
increased from 11.81 for clean udders to 12.61 for udders classified as very dirty.

According to Abe (1999), teats and udder become dirty from the legs, which may explain 
the fact that in our study LNSCC increased with the increasing dirtiness of the hind legs 
and the underbelly.

Our findings, which show a relationship (P ≤ 0.01) between cow cleanliness scores 
and milk quality, agree with research conducted in Great Britain (Ellis et al. 2007). The 
milk of cows with greater udder cleanliness was found to contain fewer somatic cells. 
The low level of cow hygiene, as reported by Barkema et al. (1998), Schreiner and 
Ruegg (2002), Rueg (2006) and Ellis et al. (2007) may be associated with the increased 
incidence of mastitis, which is one of the biggest concerns for dairy farmers. Mastitis has 
an adverse effect not only on herd productivity but also on the welfare of animals (Philpot 
and Nickerson 1991). According to Hauge et al. (2001), keeping animals clean in dairy 
herds is the basis for a hygienic production of milk. At the same time, Philips (2002) 
maintains that pathogenic agents, such as the increasing incidence of Escherichia coli, are 
best dealt with by improving the level of hygiene on the farms.

In conclusion, over 82% of the cows were characterized by clean or slightly dirty body 
parts, which shows high hygiene levels in the analysed herds. The cleanest body parts, 
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Table 4. Proportion of SCC classes depending on overall dirtiness of the cow and its body parts.

Item
	 Housing	 No. of	 Proportion (%) of SCC classes

	 system 	 observations	 1	 2	 3	 4

	 1		  71	 71.83	 12.68	 14.08	 1.41
	 2	 Tie-stall	 440	 73.18	 15.68	 6.82	 4.32
	 3	 χ2 =17.63x	 291	 70.45	 12.71	 9.97	 6.87
	 4	 	 103	 73.79	 6.80	 13.57	 5.83
	 1		  327	 70.64	 18.35	 8.56	 2.45
Left hind leg (pts.)	 2	 Free-stall	 681	 68.14	 16.15	 10.72	 4.99
	 3	 χ2 =18.30x	 329	 64.13	 17.63	 10.33	 7.90
	 4	 	 125	 67.20	 11.20	 15.20	 6.40
	 1		  398	 70.85	 17.34	 9.55	 2.26
	 2	 Total	 1121	 70.12	 15.97	 9.19	 4.73
	 3	 χ2 =27.80xx	 620	 67.50	 15.32	 10.16	 7.42
	 4	 	 228	 70.18	 9.21	 14.47	 6.14
	 1		  736	 71.60	 14.54	 9.10	 4.76
	 2	 Tie-stall	 137	 78.83	 8.03	 7.30	 5.84
	 3	 χ2 =13.55	 27	 59.26	 14.81	 14.81	 11.11
	 4		  5	 60.00	 0.00	 40.00	 0.00
	 1	  	 595	 67.06	 18.82	 10.92	 3.19
Underbelly (pts.)	 2	 Free-stall	 524	 69.47	 15.08	 10.50	 4.96
	 3	 χ2 =19.10xx	 236	 67.37	 15.68	 8.90	 8.05
	 4	 	 107	 63.55	 13.08	 12.15	 11.21
	 1	 	 1331	 69.57	 16.45	 9.92	 4.06
	 2	 Total	 661	 71.41	 13.62	 9.83	 5.14
	 3	 χ2 =18.57xx	 263	 66.54	 15.59	 9.51	 8.37
	 4	 	 112	 63.39	 12.50	 13.39	 10.71

 xx – significance at P ≤ 0.0
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regardless of the housing system, were the udder and underbelly, but the proportion of 
cows whose body parts were classified as clean was over twice as high in the free-stall 
compared to the tie-stall system. The cytological quality of milk deteriorated the most with 
udder dirtiness, especially in the free-stall barn.
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