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Abstract 
The purpose of this study is to evaluate the effect of housing systems (free vs. tie-stall) and season (winter vs. 

spring) on the welfare of dairy cows through indices of cleanliness, leg health (straightness, hocks and knees), 

lameness score, body condition and milk production. This is to test the hypothesis that dairy cows in spring and 

free-stalls have a better quality of well-being than those kept in tie stalls in winter. For that, 299 dairy cows of 

the Holstein and Montbeliard breeds were selected from dairy farms in 6 communes of the Constantine 

governorate in eastern Algeria. The results showed that tie-stalled farms in winter were characterized by a lack 

of hygiene (P <0.001), with a stall cleanliness score of 7.62 and a frequency of 32.60% of dirty to very dirty cows. 

In the spring, the incidence of severe lameness does not exceed 9% in farms with tie stalls and more than 41% 

in mild lameness in housing with free stalls (P <0.001). Cows in tie stalls show a deviation of legs of 17° to 24° 

(57.97%). On the other hand, more than half of cows in free stalls show integumentary lesions (alopecia and 

swelling) of the carpal (60.25%) and tarsal joints (54.22%) (P <0.001). The percentage of fairly lean cows (score 

2-2.5), housed in tie stalls, was significantly higher (18 to 44%) with a significantly low milk production (P 

<0.001). These results reflect a lack of comfort in tie-stall farms during winter which has an impact on dairy 

performance.  
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INTRODUCTION 

The science of animal welfare is seen as an important factor in improving 
production systems through the evaluation of methods for improving animal 
handling, housing and management conditions. This encourages developing 
countries to create and enforce explicit animal welfare standards by 
integrating animal welfare as a national and international policy, for trade and 
trade component (Fraser, 2014). 
In Africa, livestock represents almost 30% of the gross domestic product of 
agriculture and nearly 10% of the national gross domestic product. It is 
estimated that about 300 million people depend on livestock for their incomes 
(AU–IBAR, 2010). As a result, livestock are considered an important asset in 
the African continent. However, in most of the North African countries such as 
Algeria, animal welfare is rarely the subject of specific legislative or regulatory 
provisions (Molomo and Mumba, 2014). On the other hand, animal welfare is 
considered critically important by the World Organisation for Animal Health 
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(OIE), and its assessment is regarded as a tool being used by most researchers in African countries (Allane et al., 2011; 
Bouraoui et al., 2014; Benatallah et al., 2015; Kathambi et al., 2019; Darej et al., 2019). 

Consequently, the assessment of animal welfare consists in the development of objective indicators which are both 
capable of providing information about the quality of life of an animal, and capable of providing scientifically reliable 
data that are immediately usable by professionals (De Vries et al., 2011). As animals are sentient beings who can 
experience both positive and negative emotions, the indicators must reflect not only their physical health but also their 
feelings about the conditions where they live (Wemelsfelder and Mullan, 2014). 

It becomes clear that the different environmental factors and housing equipment can influence the animal's ability 
to survive (Popescu et al., 2014a). Thus, the number, design and location of feeders and waterers can influence 
livestock activities (food intake and water supply) but also their social behavior and the occurrence of physical injuries, 
thus affecting productivity, health and welfare of livestock (Rousing et al., 2000). 

Unlike traditional confined housing systems, free systems ensure better udder health (De Pinho Manzi et al., 2012; 
M'Sadak et al., 2015), lower risk of ketosis and better fertility (Relić and Vuković, 2013; Bugueiro et al., 2020), 
expressing superior potential and performance for improved animal welfare (Vučemilo et al., 2012). In addition, dairy 
cows housed in free housing benefit from outdoor exercise, positively impacting their health and well-being Popescu 
et al., 2013; (Dohme-Meier et al., 2014; Shepley et al., 2019b). However, some studies point out that this type of free 
housing causes a higher risk of lameness (Cook, 2003; Sogstad et al., 2005). 

The present study in this context highlights the impact of the type of housing (free and tied stall) in two different 
seasons (winter and spring). The aim is to identify the strengths and weaknesses of these agricultural housing systems 
and their repercussions on the health and well-being of dairy cows through the use of indicators. 

 

MATERIALS AND METHODS 

Ethical approval 
The ethical considerations in accordance to the Institute Animal Ethics Committee related to animal handling were 
observed to ensure no pain to the animals during the current study. 
 
Study area and survey locations 
The department of Constantine is a region of plains and mountainous terrain which covers an area of 222.910 hectares 
(DSA, 2018). It is located in the north-east of Algeria, on the Tellian Atlas Mountains (Figure 1). The predominance of 
mountains and the presence of high plains are the main landforms of this region. The forest area represents 12.6% of 
the total area of the governorate (DSA, 2018). The climate is classified as a Mediterranean type with distinct seasons, 
that is, a cold and rainy winter and a hot and dry summer. Rainfall ranges from 400 to 600 mm per year. There is a 
marked bioclimatic gradient in this region where the sub-humid climate is warm with minimum temperature variants 
of -6°C in winter to a maximum of 47°C in summer. The prevailing winds are those of the North-Northwest with winter 
rain and snow. 

In 2018, the national cattle population was estimated at 1.9 million head, including more than 52% of dairy cows 
and nearly 55177 head of cattle at the Constantine governorate (MADR, 2018). 

 

 
Figure 1. Geographical representation of the main municipalities in the 

Constantine’s governorate (Northern Algeria). 



Study design   
The study conducted during the winter and spring of 2018 to 2019, involved 299 cows of the Holstein and Montbeliard 
breeds, with 161 females housed in free stall farms and 138 females housed in tie stall farms. A total of 2093 
assessments were carried out on 10 herds with an average size of 30±2 dairy cows (Figure 1). Reproduction occurs 
naturally or by artificial insemination. The diet is based on silage, forage, straw and concentrate. The floor of the barns 
is concrete, with a slight slope, and the litter is straw-based. Some barns have geotextile mattresses in rest areas, and 
circulation mats in corridors. The cleaning is done by automatic scrapers, while it is manual in old buildings. Farms 
were selected for dairy speculation, numbers and data availability. All data were collected by the same observer and 
scoring is done within the hour preceding the morning milking. The analysis focused on animal cleanliness indices; leg 
health scores (lameness scores, aplomb and hock and knee injuries) and body score condition. 
 
Measured parameters 

Cleanliness indices 

Animal cleanliness was quantified according to the objective provided by Faye and Barnouin (1985). The latter was 
based on the observation of the 5 regions which are: the lower part of the hind legs, the udder (seen from behind), the 
udder and abdomen, the ano-genital region and the thigh.  For each region, a score was assigned from 0 (no soiling) to 
2 (completely soiled and/or covered with a thick crust). The scores for the first 4 regions where summed, to obtain an 
overall score of 0 to 8 corresponding to the “individual cleanliness” index.  

We also recorded the cleanliness of the thigh area which was indicative of the cleanliness of the housing. The overall 
score was varied from 0 to 10. Each rating corresponds to a level of cleanliness ranging from 0 to < 2 (very clean stall) 
to 8 to 10 (very dirty stall). The average of the scores obtained for each cow in the herd corresponds to the “stable 
cleanliness” status. 
 
Musculoskeletal health scores 
Lameness score 
The test involves evaluating the locomotor score of cows using the Sprecher et al. (1997) method. The test must be 
carried out on an animal in a static position and walking on a comfortable and flat surface, while observing the position 
of the back and the appearance of the gait. The assigned score is between 1(normal) and 5 (severe lameness): 
Score 1: Normal stands and walks normally, legs are well placed. 
Score 2: Slightly lame: stands with flat back, but bends back while walking. 
Score 3: Moderately lame: stands with curved back, in short legs with one or more legs. 
Score 4: Lame: stands and walks with curved back, favors one or more legs but can still put weight on. 
Score 5: Lame curved back, refuses to put weight on one leg, may refuse or have difficulty getting up. 

Plumb score  

The test consists of assessing the degree of abnormalities of the plumbs. The method is based on assessment of limb 
alignment and deviation (Guyot et al., 2014). The rating scale is:  
Score 1: Members deflection from 0° to 17°;   
Score 2: Members deviation from 17° to 24°;  
Score 3: Deviation of members greater than 24°. 

Hock injuries score  

The hock region is observed to identify lesions and assess severity. The hock injury score is evaluated using the method 
described by Guyot et al. (2014). The scores are between 0 and 4: 
Score 0: Normal tarsus 
Score 1: Alopecia only 
Score 2: Alopecia + swelling 
Score 3: Alopecia + swelling > ½ grapefruit aspect 
Score 4: Alopecia + swelling > ½ grapefruit aspect + pain 

Knee injuries score  

Knee injuries of cows are determined according to the charter described by Gibbons et al. (2012).  
Score 0: normal carp 
Score 1: No swelling but hairless area on the knee. 
Score 2: Major swelling (> 2,5 cm), lesions and alopecia. 

Body Condition Scoring (BCS) 

To assess body condition, cows were scored on a scale of 1 to 5, respectively for a state of emaciated: 1, thin: 2, medium: 
3 fatty 4 and obese: 5 with quarter point (1/4) subdivision according to the method described by Ferguson et al. 
(1994). To refine scores, particular attention was paid to the appearance of certain areas of the body. The specific 
regions include the spinous and transverse processes of the lumbar vertebrae, the ileal (hook bone) and ischeal (pine 



bone) tuberosities, the ileo-sacral and ischeal-coccygeal ligaments, the tail head, and the thurl region. Fat deposits are 
estimated by palpation, visual inspection, or both. 

A monthly body condition score was assigned to each animal, and then the scores were distributed according to 
physiological stages. The stages concerned were the beginning, middle and end of lactation as well as dry period. In 
addition, in order to determine the effect of the stall type (free or confined) on average milk production, individual 
milk production (kg/cow/day) was recovered after recording the data from each farm surveyed. 
 
Statistical analyses 
The data resulting from the experiment were treated through Excel tables (Microsoft 2007). The content of which was 
used to initially perform descriptive statistics was the Graph Pad Prism 7.00 software to calculate the mean and the 
standard error of the mean (S.E.M.). 

The effect of fixed factors, housing (free stall, tie-stall) and season (winter, spring) of the experiment and their 
interaction on the various parameters studied (individual cleanliness, stable cleanliness, lameness score, plumbs score, 
injuries hocks and knees as well as the body score) was analyzed using the two-way ANOVA (Analysis of Variance) test 
(stall and season). Tukey’s multiple comparisons test was carried out to test significance between means of the 
different subgroups. The pair-wise comparison of mean milk yield and peak lactation in the two types of housing is 
affected using Student's t-test. Differences were considered significant when P <0.05. All mean values are expressed 
as the mean ±S.E.M. 
The correlation coefficients between the results of the various parameters indicative of the comfort of dairy cows are 
calculated according to the correlation test (Pearson correlation).  
 

RESULTS AND DISCUSSIONS  

Individual and stable cleanliness 
The influence of the season and the type of housing on the variation of the percentages and average scores of the 
individual cleanliness and the cleanliness of the housing are shown in Table 1. Whatever the season and the type of 
stall, the rate of clean to very clean dairy cows is 73.57% (220) for the hind limb; 73.24% (219) for the udder; 62.21% 
(186) for the abdomen; 75.58% (226) for the ano-genital region (P >0.05) and 77.26% (231) for the thigh (P <0.05).  

Table 1.  Percentage of dairy cows and farms cleanliness according to season and type of housing 

Cleanliness indices Score 

Free stall Tie-stall 

P 

Winters Spring Winters Spring 

% n % n % n % n stall 
seaso

n 

stall x 

seaso

n 

Notation 

Very clean 

Clean 

Little dirty 

Dirty 

Very dirty 

[0- 2] 

[2- 4] 

[4- 6] 

[6- 8] 

[8-10] 

14.28 

32.92 

34.16 

11.50ab 

6.83ab 

23 

53 

55 

19 

11 

13.66 

39.75 

31.05 

10.56ab* 

4.96ab** 

22 

64 

50 

17 

8 

6.52 

12.31 

19.56 

32.60cd* 

28.98cd*** 

9 

17 

27 

45 

40 

15.21 

23.18 

37.68 

10.86cd 

13.04cd 

21 

32 

52 

15 

18 

ns <0.05 ns 

Individual 

cleanliness 
[0-8] 4.47a 161 3.91b*** 161 6.03c*** 138 5.09d 138 <0.001 <0.01 ns 

Collective 

cleanliness 
[0-10] 5.44a 161 4.61b*** 161 7.62c*** 138 6.12d 138 <0.001 <0.001 <0.01 

 

a, b, c, d: Different letters in the same row indicate a significant difference; ns: No significant difference (P >0.05); * Significant difference 

(P <0.05); ** High significant difference (P <0.01); *** Very high significant difference (P <0.001); Stall x season: Interaction of type of 

housing and season; Individual cleanliness: Dairy cows’ cleanliness; Collective cleanliness: Farms cleanliness. 

In our study, an overall effect between the season and the type of housing is observed for the cleanliness of the 
farm (P <0.01). The average score for dairy cow cleanliness and farm cleanliness is significantly influenced by housing 
type and season (P <0.001). In addition, we note that the seasonal factor significantly influences the cleanliness of dairy 
cows (P <0.01) and the farm (P <0.001). The respective rate of dirty to very dirty cows is significantly lower in free 
stall during the spring period (10.65% (17) P <0.05; 4.96% (8) P <0.01) compared to cows in tie-stall during the winter 
period (32.60% (45) P <0.05; 28.98% (40) P <0.01).  



In contrast to spring, females in tie-stall are significantly dirtier in winter (5.09% spring vs 6.03% in winter; P 

<0.001) compared to those in free housing (3.91% vs. 4.47%; P <0.001). A similar effect is observed for different farms 
in the two respective seasons (winter and spring) (7.62% vs. 4.61%; P <0.001). 
 
Lameness score 
The prevalence of lameness of dairy cows housed in both types of housing and in both seasons is shown in Table 2. 
The frequency of lameness is influenced by the type of housing (P <0.001) but not by the season (P >0.05). During 
spring, the number of healthy females (score 0 and 1) with a normal gait are significantly more abundant in free stall 
compared to those in tie-stall (73.91% (119) vs. 56.52% (78); P <0.001). On the other hand, we observe the absence 
of cows suffering from severe lameness (score 4 and 5) housed in free-stall compared to those in tie-stall (0% vs. 9.42% 
(13); P <0.001). In general, the season (P <0.001) and the type of housing (P <0.01) have a significant influence on the 
mean lameness score. In contrast, to tie-stall housing and the winter season, females from free stall farms are the best 
classified and have a significantly low average lameness score during spring period (1.23±0.04; P<0.001). 
 
Table 2. Prevalence of dairy cow lameness in relation to season and type of housing (percentage and average score: 

mean ± S.E.M.) 

Lameness score 

Free stall Tie-stall 

P 

Winters Spring Winters Spring 

% n % n % n % n stall season 
stall x 

season 

Normal leg 

Slightly lame 

Moderately 

lame 

Lame 

Lame curved 

back 

1 

2 

3 

4 

5 

54.65ab 

34.16ab* 

7.45cde** 

3.72cde*** 

0cde*** 

88 

55 

12 

6 

0 

61.49a*** 

34.61b 

4.35b 

0b 

0b 

99 

55 

7 

0 

0 

50abc 

28.26abc 

13.04abc 

8.69de* 

0de** 

69 

39 

18 

12 

0 

46.37 

19.56 

14.49 

14.49 

5.07 

64 

27 

20 

20 

7 

<0.001 ns ns 

Healthy cow 

Light lameness 

Severe lameness 

[0- 1] 

[2- 3] 

[4- 5] 

52.17ab 

41.61ab 

6.21bc** 

84 

67 

10 

73.91a 

26.09bc** 

0bc*** 

119 

42 

0 

61.59 

28.98 

9.42 

85 

40 

13 

56.52ab* 

34.05ab 

9.42bc* 

78 

47 

13 

<0.001 ns ns 

Average score 1,49±0,06eg** 161 1.23±0.04ef*** 161 1.91±0.12gh 138 1.67±0.11gh 138 <0.01 <0.001 ns 

a, b, c, d: Different letters in the same column indicate a significant difference; e, f, g, h: Different letters in the same row indicate a significant 

difference; ns: No significant difference (P >0.05); * Significant difference (P <0.05); ** High significant difference (P <0.01); *** Very high 

significant difference (P <0.001); Stall x season: Interaction of type of housing and season. 

The leg health score 
Table 3 shows the different percentages and health scores of the locomotor system indicating the comfort of dairy 

cows (score of lesions of the plumbs, hocks and knees). The season had a significant effect on the level of cows (P 
<0.001). The highest percentage of cows with a 17° to 24° deflection of the plumb (score 2) is registered during spring 
period in the opposite to the winter period (57.97% (80) vs. 31.67% (51); P <0.001). In winter, more than 23% (33) 
of cows housed in tie-in housing suffer from deviations in plumbs >24° (score 3) (P >0.05). Moreover, the average 
score of plumb lesions is significantly influenced by the type of housing (P <0.05). We also note that in winter, dairy 
cows housed in free stall housing have the highest score of plumb lesions compared to those in tie-stall 
(1.86±0.05 vs.1.65±0.06; P <0.05). Moreover, a significant effect of housing (P <0.001) is observed on the score of 
plumb, injuries, but also on the percentage and the score of the hocks and knees injuries in females housed in free stall. 
An overall effect (stable x seasons interaction) was noted on the percentages of cows injured at the hocks (P <0.05) 
(Table 3).  During spring, out of all the cows surveyed, we recorded a significantly low rate of females with normal 
tarsus (score 0) belonging to the confined housing systems (35.50% (49); P <0.001). For the same period (spring), 
cows in both housing types suffer the most from alopecia and tarsal pain swelling (score 4) compared to cows in free 
housing in winter (8.07% (13) vs. 0; P >0.05). Nevertheless, the average score of hock injuries is significantly higher 
for cattle in stalled housing and especially in winter (1.55±0.09; P <0.001).   Thus, the type of housing influences 
significantly the rate of knee injuries (P <0.001) (Table 3).  We note a small percentage of females with lesions and
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alopecia at the knee level (score 2) in tie-stall housing unlikely to the free housing (1.44% (2) vs. 11.80% (19); P <0.001). Cows housed in the tie-stall system had a 
significant higher average knee injury score compared to those in the free system (1.64±0.04 vs. 0.77±0.05; P <0.001). 
 

Table 3. Percentage and average score (mean ± S.E.M.) of leg health of dairy cows (deflection of plumbs and injuries of hocks and knees) 

a, b, c, d: Different letters in the same line indicate a significant difference; e, f, g, h: Different letters in the same column indicate a significant difference; ns: No significant difference (P >0.05); * 

Significant difference (P <0.05); ** High significant difference (P <0.01); *** Very high significant difference (P <0.001); Stall x season: interaction of type of housing and season.

Leg health 

Free stall Tie-stall 

P 
Winters Spring Winters Spring 

 % n % n % n % n stall 
seaso

n 

stall x 

season 

Position of aplombs 

Member deflection 0°-17° 

Member deflection 17°-24° 

Deviation of members >24° 

 

1 

2 

3 

 

62.11 

31.67a*** 

7.24 

 

100 

51 

10 

 

61.49 

34.61ab 

4.34 

 

99 

55 

7 

 

36.95 

39.13ab 

23.91 

 

51 

54 

33 

 

34.05 

57.97b*** 

7.97 

 

47 

80 

11 

ns <0.001 ns 

Average score [1-3] 1.65+±0.06a* 161 1.82±0.06bcd 161 1.86±0.05bcd 138 1.78±0.06bcd 138 <0.05 ns ns 

Hoch injuries 

Normal tarsus 

Alopecia 

Alopecia and swelling 

Alopecia, swelling and pain 

 

1 

2 

3 

4 

42.85abd 

54.04 

3.11 

0 

69 

87 

5 

0 

34.78abd 

45.96 

11.18 

8.07 

56 

74 

18 

13 

39.85abd 

50.72 

6.52 

2.89 

 

55 

70 

9 

4 

 

35.50c** 

47.10 

11.59 

5.79 

 

49 

65 

16 

8 

 

<0.001 ns <0.05 

Average score  [0-4] 1.03±0.07ab 161 1±0.06ab*** 161 1.55±0.09cd*** 138 1.32±0.06cd 138 <0.001 ns ns 

Knee injuries   

Normal carp 

Hairless area 

Major swelling lesions alopecia 

0 

1 

2 

38.50efg 

54.66ef** 

8.29eg 

62 

88 

11 

27.95eg 

60.25f** 

11.80eg 

45 

97 

19 

38.40ef 

60.14ef 

1.44g*** 

53 

83 

2 

43.48ef 

47.10ef 

9.42g* 

60 

65 

13 

<0.001 ns ns 

Average score [0-2] 0.79±0.05abd 161 0.77±0.05abd 161 1.64±0.04c*** 138 0.93±0.07abd 138 <0.0001 ns ns 
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Body score condition and milk production 

The change in the body condition score of dairy cows in different farms is not influenced by the type of housing (P 
>0.05). However, the effect of the physiological stage is highly significant (P <0.001) (Table 4). 
 

Table 4.  Effect of housing type on the body condition of dairy cows at different physiological stages  

(percentage and scores: mean ± S.E.M.) 

 

Free stall Tie-stall P 

% n Score % n Score Stall PS 
Stall 

x PS 

 

 

 

BCS 

 

 

SL 

ML 

EL 

DP 

31,05a** 

32,91ab 

31,67a*** 

4,96a*** 

50 

53 

51 

8 

2,82±0,03a

b 

2,91±0,03a

b 

3,06±0,03a

b 

3,25±0,03a* 

21,01b** 

24,63ab 

44,20b** 

10,86b** 

29 

34 

61 

15 

2,76±0,03ab 

2,84±0,03ab 

2,96±0,03ab 

3,40±0,05b* 

ns <0,001 <0,05 

[2-2,5] 

[2,5-3] 

[3-3,5] 

[4-4,5] 

5,59a***  (9) 

44,72ab   (72) 

42,85a*   (69) 

6,83a***  (11) 

18,11b      (35) 

44,20ab         (61) 

24,63b*     (34) 

5,79b***      (8) 

ns <0,001 <0,01 

Milk production 

(kg) 

 (Min-Max) 

6269±168,8a*** 

(3300 - 10750) 

4652±143.6 b*** 

(1760 - 9375) 
<0.001 

Peak lactation 

(kg) 
25,49±0,70a*** 18.92±0.61b*** <0.001 

a, b, c, d: The different letters in the same line indicate a significant difference; BCS: Body score condition; SL: Start of lactation; 

ML: Mid lactation; EL: End of lactation; DP: Drying period; PS: Physiological stage; Stall x SP: Interaction of type of housing and 

physiological stage. 

 

In early lactation, the percentage of cows with a body condition score ranging from 2.76 to 2.82 is significantly high 
in those in free stalls (31.05% (50) vs. 21.01% (29); P <0.001). On the other hand, females in the end of lactation, 
this respective rate has been significantly reversed (31.27% (51) vs. 44.20% (61); P <0.001) with a non-significant 
increase in body score at 3.06±0.03 (P >0.05).  

In dry period, cows in tie-stalls with high body condition score (3.40±0.05; P <0.05) have a significant high 
percentage compared to dry cows in tie-stall (10.86% (15) vs. 4.96% (8); P <0.001). Even the type of housing does 
not have an influence on the body condition, while an interaction effect between the type of housing and the 
physiological stage of dairy cows was shown to be very significant (p<0,01). 

The high frequency of females from loose housing in early and mid-lactation, tells us about the average milk 
production of these cows compared to those from tie-stall housing (6269±168.8 kg vs. 4652±143.6 kg; P <0.001). 
The percentage of thin cows (score 2-2.5) housed in tie-stall is significantly higher than those housed in free stall 
(18.11% (35) vs. 5.59% (9); P <0.001). Moreover, the rate of low-fat females (score 3-3.5) is significantly high in the 
extensive system than in the intensive system (6.83% (11) vs. 24.63% (34); P <0.05). While the average amount of 
milk produced by free-stall cows is significantly higher (6269±168.8 kg; P <0.0001) with a considerable high 
lactation peak (25.49±0.70 kg; P <0.0001). 
 
Cleanliness 
According to the results reported in Table 1, the percentage of dirty to very dirty cows is significantly high for 
females in tie-stall housing compared to those in free stall (P <0.001). Our results are in agreement with Popescu et 
al. (2014b) work which suggests that the rate of dirty cows is significantly higher in tie stalls housing than those in 
free stalls, especially at the lower legs (50.72 vs. 33.47%); udder (20.54 vs. 27.45%), flank and thigh (25.23 vs. 
43.31%). In addition, Belkheir et al. (2015), by assessing the individual cleanliness of 134 Algerian farms during the 
winter season, recorded that 44% of cows were not very dirty, 36% were dirty, 13% were clean but observe only 



7% in the category of very dirty. According to Bastien et al. (2006), the state of dirt of bovine leathers is the highest 
in winter (around January-February) with proportions of dirty animals reaching the rate of more than one out of 
five bovines under breeding conditions in France. This latter constant was also observed in Benatallah et al. (2015) 
studies, who reported a high frequency of udder dirt (62.6%), hindquarters (60.6%) and hind limbs (60.6%). 
Indeed, the increase in the frequency of dirt in animals would be influenced by the nature of the soil, the fecal 
consistency, the drainage system, the frequency of cleaning as well as the dominance of the housing system 
hampered (53% of Algerian farms are in zero pasture). These main factors are a permanent source of mental stress 
and physical distress (diseases, injuries...), impaired productivity, health and welfare of livestock. In addition, 
Abdelguerfi and Zeghida (2005) note that the majority of Algerian dairy farms are of the confined housing type; this 
would be due to urbanization and the use of agricultural land by urban people, reducing the access of animals to 
pastures and endangering wildlife heritage and national food security. 
 Moreover, we noted that individual cleanliness is strongly correlated with the cleanliness of the stall (r = 0.85; P 
<0.001) (Table 5).  
 

Table 5. Correlation matrix of the different parameters indicating the comfort of dairy cows studied in 
Eastern Algeria 

r p BCS 
Individual 

cleanliness 

Stall 

cleanliness 
Lameness Plumbs 

Hock 

injuries 

Knee 

injuries 

Individual 

cleanliness 
-0,03ns       

Stall 

Cleanliness 
-0,06ns 0,85***      

Lameness 0,02ns -0,04ns 0,002ns     

Plumbs -0,01ns -0,92*** 0,89*** -0,04ns    

Hock injuries -0,90*** -0,02ns -0,04ns -0,07ns -0,07ns   

Knee injuries -0,81** 0,02ns -0,78** -0,07ns -0,01ns 0,90***  

Milk 

production 
0,05ns 0,81** 0,09ns 0,82** -0,08ns 0,01ns 0,04ns 

r: Correlation coefficient; ns: No significant difference (P >0.05); * Significant difference (P <0.05); ** High significant difference (P 

<0.01); *** Very high significant difference (P <0.001); BCS: body score condition. 

 

Results from Table 5 were consistent with the findings of Bouraoui et al. (2014) studies which stated that cleanliness 
of the hind limbs, udder and general conditions are strongly correlated. Therefore, the health status of the udder is 
influenced by any variation in the cleanliness of these sites. 

Several authors claim that the high rate of dirty cows was proven to be linked to a degraded environment of the 
animal (Whay et al., 2003; Andreasen and Forkman, 2012; Popescu et al., 2014a); the non-compliance with the 
recommendations of cleaning and daily change of the litter, a improper length of the stall, a wet sleeping area, 
slippery, without or with a thin litter indicate poor animal health conditions.  

According to the correlation matrix (Table 5), we note that individual cleanliness is inversely related to tarsal 
damage (r = -0.92; P <0.001) but is positively related to milk production (r = 0.81; P <0.01). Andreasen and Forkman 
(2012) argued that cleanliness, weathering, lameness and milk production are important indicators of cow well-
being. These authors reported that the use of sand as a stall surface is associated with improvment of the animals’ 
well-being. 
 Accordingly, Bastien et al. (2006) studies showed that cleanliness of cows is directly related to that of litter, 
which depends on the amount of straw and the frequency of mulching. Furthermore, Belkheir et al. (2015) reported 
that at the level of all the surveyed farms, the amount of straw and the frequency of mulching were insufficient. This 
is due to the high price of straw which is considered to be a main obstacle. In the other hand, Abdelguerfi and 
Zeghida (2005) reported that throughout the Algerian territory and during a long period of the year, straw is mainly 
used as food and not as litter, because of its high price. 
 In our study, during the winter period, we noticed that the females housed in tomporary housing were 
significantly dirtier than those in free housing (P <0.0001). Our results are in agreement with those reported by 
Hristov and Relić (2009) who noted extreme cold conditions and higher humidity can cause difficulties in 
maintaining animal hygiene during winter. Ostojić-Andrić et al. (2017) postulated that the well-being of cows is 
significantly better in the summer season than winter season as in winters due to the presence of manure on the 



body of cows, humidity of the skin might get increased causing a decrease in the body temperature leading to 
immunosuppression, and consequently, the appearance of diseases. Moreover, open buildings for bedding are likely 
to be more  exposed to air, which reduces its heat and moisture, thus limiting the proliferation of germs (Levesque, 
2004). Some cows react to an unfavorable microbial environment and had an increasing cell count (Mtaallah et al., 
2002; Schreiner and Ruegg, 2003) without the appearance of clinical mastitis (Coulon et al., 1996; Bouraoui et al., 
2014). It would therefore be unacceptable to have more than 20% of the herd at a score of 3 or 4 (dirty cows) 
because soiled udders increase the risks of mastitis (Sillett et al., 2003).  
 Our results showed that cleanliness of the housing is positively correlated with the health scores of the plumbs 
(r = 0.89; P <0.001). Moreover, it is negatively related to the injuries of the knees (r = -0.78; P <0.01) (Table 5), 
which is consistent with the work of Kathambi et al. (2019) which recorded average stall, udder and thigh 
cleanliness scores of 2.4; 1.9 and 2.5 respectively. These authors have also demonstrated carpal and hock lesions 
that occured in 13% and 15% of cows on small dairy farms in Kenya. Norring et al. (2008) and Andreasen and 
Forkman (2012) indicated that cows housed in open sand-covered barns are cleaner than cows housed in barns 
where rubber mats, mattresses or straw are used as a litter. Thus, Cook in his study (2003) argued that using sand 
as bedding has the advantage of bringing the animal to cushioning and adapting to shock, which increases the 
decubitus time by improving cow comfort. It can also improve surface traction in both stalls, where it can help cows 
getting up and down, and in hallways, where sand would help prevent slipping on smooth concrete (Cook and 
Nordlund, 2009). 
 
Lameness 
In our study, the frequency of lame cows was not influenced by the season (P >0.05) (Table 2). These results are 
concordant with those of Shepley et al. (2019b) which assessed the impact of locomotor activity (number of steps) 
on the lameness score of dairy cows. However, these authors did not indicate any significant differences in the 
number of lame animals between winter and summer periods in the two types of tie (P = 0.61) and free stall (P = 
0.31). 
 According to Cook (2003), there is no significant seasonal difference between tie-stalled herds (summer: 
19.6%; winter: 19.7%), but in free-stall herds, mean prevalence of lameness in winter was significantly higher than 
in summer (27.8 vs. 22.8%; P = 0.004). As a result, females housed in free-stall housing were the highest ranked and 
had a significantly lower mean lameness score compared to cows in tie-stall (P <0.001). 
 Analysis of the Pearson correlation indicated that the effect of the lameness score was positively correlated with 
milk production (r = 0.82; P <0.01) (Table 5). Our results are in agreement with the work of Brochart and Fayet 
(1981) which demonstrated the presence of a close relationship between the level of milk production and the rate 
of lameness; Indeed, each increase in milk production of one liter compared to the average of the first three milk 
controls were accompanied by a 5.8% increase in the frequency of lameness. This increase is particularly due to 
metabolic leg pathologies, as their frequency increased from 4.4% to 17.4% when milk production per day 
increased from 15-16 kg to 25-26 kg. 
 In point of fact, for the bovine species, most epidemiological surveys agree that lameness is recorded as the third 
highest in the hierarchy of pathological disorders, after infertility and mastitis (Faye and Barnouin, 1988; Sprecher 
et al., 1997). Moreover, Whay et al. (2003) and Bernardi et al. (2009) argued that lameness is one of the major 
problems faced in increasing milk production, as well as a cause of pain and discomfort to dairy cows represented 
by a decrease of mobility and alteration of normal behavior. 
 It is known that foot pathology is more common during the stabling period than during the grazing period 
(Brochart and Fayet, 1981). This effect is linked to the confinement of animals during the winter period and to the 
middle stage of lactation during the same season, the maximum number of cases are generally recorded in the third 
month of lactation (Faye and Fayet, 1986). 
 In our study, we observed the absence of cows with severe lameness (score 4 and 5) housed in free-stall 
compared to those in tie-stall (P <0.001). During spring, free-stall females had a significant low lameness score 
compared to those registered during winter months housed in a tie-stall (P <0.001). Our results are in agreement 
with those shown by Popescu et al. (2013) who indicated that in summer, pasture outflows are positively correlated 
with the higher number of steps in both free stall (r = 0.59; P <0.01) and tie stall (r = 0.59; P <0.01). Similarly, Shepley 
et al. (2019a) noted that the most active cows on farms in the winter more often access pastures in the summer, 
confirming that these cows had a greater incentive to move. It has been shown that significantly higher access to 
pasture in open stall systems (Olmos et al., 2009) facilitated the movement and transition of the cow from standing 
to lying in relation to tied housing conditions (Dohme-Meier et al., 2014; Popescu et al., 2014a; Shepley et al., 
2019a). Conversely, during periods of hampered housing, cows confined on farms after a period of free access to 
pasture may result in a marked difference in locomotor activity. 
 Hernandez-Mendo et al. (2007) noted that the improvement in gait is the result of pasture providing a more 
comfortable standing surface than the concrete floor sliding inside the farm. This latter study also suggested a 
longer period of pasture access for lame cattle, which would optimize milk production and fertility in a long 



term. However, Bernardi et al., (2009) argued that this suggestion is not a practical solution for some producers 
where pasture availability is seasonal. 
Injuries 
In our study, the season had a significant effect on the rate of cows suffering from leg injuries (P <0.001). We also 
showed that during spring, a high percentage of females have lesions on the plumbs (score 2). Besides, cows with 
severe lameness were those with lesions of the plumb and integuments (score 3) (P <0.001). Our results are 
concordant with the work of Potterton et al. (2011) and Burow et al. (2013) which reported a significant effect of 
lameness on the risk of hock joint damage. According to Chapinal et al. (2010), the pain caused by lameness brought 
cows to spend more time lying down and is therefore exposed to the sleeping surface for longer periods than cows 
on pasture. In fact, Crump et al. (2019) demonstrated that pastures provide a comfortable surface and reduces 
competition for sleeping space. In addition, cows on pasture would walk farther, with potential benefits to their 
physical health and psychological well-being.  
 Thus, a positive interaction is shown between knee injuries and hock injuries (r = 0.80; P <0.01). In contrast, 
knee injuries were negatively correlated with farm hygiene (r = -0.78; P <0.01). Animals housed in open sand-
covered stalls had less severe hock injuries such as plaques and glabrous wounds (Vokey et al., 2001; Lombard et 
al., 2010; Andreasen and Forkman, 2012).  According to Fulwider et al. (2007), fine-grained sand is less abrasive, 
resulting in less glabrous areas at the knees and less joint damage to the tarsus and the calcium tuber. 
 Our results also demonstrated that the score of plumbs (P <0.001) is influenced by the housing type as well as 
the percentage and score of injured females at the hocks and knees. An overall effect (stall x season) is shown on 
the percentages of injured cows to hocks (P <0.05) (Table 3). These findings are similar to those reported by Burow 
et al. (2013), reporting that out of 3148 dairy cows studied, 47.3% had alopecia, lesions or swelling in the hock 
integument, while 20.1% of which had severe lesions with pain. 
 According to the correlation matrix, the achievement of plumbs was negatively related to the cleanliness score 
of dairy cows (r = -0.92; P <0.001) and the cleanliness score of farms (r = 0.89; P <0.001) (Table 5). Keil et al. (2006) 
works showed that the prevalence of hock lesions (2.1 scabs per cow and between 0.3 and 4.1 scabs per farm) in 
Swiss dairy cows is influenced by the type of bedding (straw being better than other materials). According to the 
same study, these lesions were negatively associated with the duration of outdoor exercise and positively associated 
with their frequencies. 
 Burow et al. (2013) reported that an increase in the number of daily grazing hours would reduce hair loss, lesions 
and squat swelling in Danish grazing herds. Besides, Rutherford et al. (2008) showed that a higher percentage of 
cows with hock swelling were observed in large herds compared to small British herds. These same authors stated 
that free-stall herds (more than 50 cows) in straw pens, have hock (alopecia and lesions) while swelling decreases 
with the increase in the number of months with summer pasture. With the increase in the number of days in winter-
bound housing, European dairy cows housed in free housing (more than 161 cows) have alopecia and sometimes 
ulcers in the joint of the hock (Potterton et al., 2011). 
 However, when comparing free-stall and tied-stall herds, Haskell et al. (2006) has indicated a reduction in carpal 
tegument alterations but not in the hock joint. Keil et al. (2006) suggested that a minimum of 50 hours spent 
outdoors over a 4-week period is required to have a marked outcome on the prevalence of hock injuries. 
 
BCS (Body condition score) 
The BCS reflects food management and its appropriate evolution over the different periods of lactation, which are 
closely related to milk yield, as evidenced by Buckley et al. (2003). In our study, the housing type did not affect the 
variation in overweight status of individual dairy cows (P >0.05). Nevertheless, we demonstrated that the rate of 
early lactation females from free-stall farms with the lowest body condition score (2.82; P <0.001) were those with 
the highest milk yield (P <0.001). These results are consistent with De Vries et al. (2011) which assessed the 
influence of body condition on milk production and find that the lower the BCS, the higher the milk yield. Moreover, 
Benatallah et al. (2015) reported that out of the 95 Algerian dairy farms surveyed, 81 farms contained very lean 
cows (BCS< 2) with an average prevalence of 33.1% ranging from 5.8% to 51.9%.  
 M'hamdi et al. (2014), in evaluating the welfare of Holstein cows in some dairy farms in Tunisia, observed 50% 
of lactating cows with a score of 2.5 and 65% of dry cows have a score of 2.75. These works also asserted that the 
regular assessment of the body condition score must make it possible to correct, if necessary, the inadequacies 
between intakes and food requirements, particularly during critical periods of drying up and postpartum. 
Therefore, the dry period should ideally correspond to a stabilization phase of the status note up to calving around 
3.5 points. According to Studer (1998), a descent in body condition score of about 1.0 during lactation is considered 
normal. A perfect body condition score is 3.0. 
Furthermore, Gergovska et al. (2012) indicated that the average milk yield of Holstein cows classified as nervous or 
very nervous was higher than the milking yield average of calm animals. The reactions of the more nervous cows 
would also have a more aggressive behavior in feeding (dominant cows), which gives them more time for taking 
food. 



However, the body condition score was negatively correlated with knee injuries (r = -0.81; P <0.01) and tarsal joint 
impairment (r = -0.90; P <0.001) (Table 5). This finding is in agreement with Huxley (2013) study, who reported 
that joint damage would result in a decrease in body condition scores due to a decrease in ingestion, which in turn 
is related to a reduction in travel time. This may be explained by the fact that a body condition is both a cause and a 
consequence of lameness in dairy cows. 
 
Milk production 
Several studies show that farms with the highest milk yield generally coincide with those with the largest sizes and 
better facilities; feeding management practices that tend to offset the consequences of high yields could have a 
positive effect on cattle health (Bugueiro et al., 2020). Cows in facilities with sand in free stalls had significantly 
higher milk yield compared to cows housed in facilities with carpets (Andreasen and Forkman, 2012). 
 From Table 4, we confirmed that free-stall cows with the highest body score (between 3 and 3.5) are those with 
higher milk yield (P <0.001) and significantly higher lactation peak (P <0.001). Our results agree with the work 
reported by Bugueiro et al. (2020) which found that milk production is associated with the absence of prolonged 
hunger. These authors recorded an increase of 22.33 kg per unit of body score. Each unit increase in the score for a 
good diet is associated with a 26.49 kg increase in milk production. On the other hand, Benatallah et al. (2015) 
estimated that a 50% ad libitum water restriction would immediately reduce milk performance with a loss of 5 kg 
of milk per day. We also found a positive correlation between milk production, the incidence of lameness (r = 0.82; 
P <0.01) and the individual cleanliness of dairy cows (r = 0.81; P <0.01) (Table 5). In a similar study by Bouraoui et 
al. (2014), they demonstrated a significant correlation (r = 0.9) between the cleanliness of the dairy cow and the 
mammary health of Tunisian dairy cows where the risk of mastitis is significant. These authors reported average 
milk losses due to high cell numbers estimated at 8.29% of milk production or 553 kg milk/year per cow. 
 Subclinical udder infections are not often appreciated by the breeder and represent 95% to 98% of cases of 
mastitis (Mtaallah et al., 2002) and can affect up to 25% of cows at any time of lactation. They are considered to be 
among the leading causes of involuntary culling of dairy cows (Tsuruta et al., 2004). 
 Dairy yield variables are associated with several animal welfare indicators, namely, food, housing and health. 
Good health, in particular, the absence of joint injuries and the absence of disease are positively associated with 
milk production (Coignard et al., 2014). Difficult calving, placental retention or post-partum metabolic diseases are 
known to reduce milk yield (Hand et al., 2012; Raboisson et al., 2014; Sundrum, 2015). 

 
CONCLUSION 
In our study, we demonstrated the strong influence of the housing system type and the season variation on the 
welfare of dairy cows in eastern Algeria. Accordingly, to the obtained results, we can confirm the hypothesis of the 
research, namely that dairy cows housed in free housing and in the spring season have a better quality of welfare 
than those in the tie housing system and in the winter season. Free-stall females are significantly cleaner and have 
free access to food and daily exercise at pasture, resulting in low levels of lameness and limb injuries. While, the lack 
of cleanliness, the high frequency of severe lameness and the inadequate management practices in farms with 
confined housing have led to the deterioration of the body condition of dairy cows, which have resulted in a negative 
impact on their milk yield. It is recommended that the implementation of appropriate measures to address housing 
system issues can significantly improve animal welfare. 
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