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Abstract 
Fifty-six cows that became lame within 60 d 

postpartum and 157 healthy cows (controls) were used in the 
study. The results from the following variables were analysed: 
calving to the first service interval, calving to conception 
interval, conception rate at the first service, and overall 
conception rate. Lameness was associated with a statistically 
significant 9 d increase in the interval from calving to the first 
service. In the lame cows, the interval from calving to 
conception was by 27 d longer (P<0.05) than those in the 
control cows. The conception rate at the first service was 
41.4% (control - 54.6%). The serum vitamin E concentration 
was lower in the cows with lameness than that in the control 
cows: 2.31±0.24 µg/mL versus 2.44±0.12 µg/mL. However, 
the difference was not statistically significant. The serum P 
concentration in the lame cows (4.56±0.24 mg/dL) was 
significantly different from that in the controls (5.35±0.16 
mg/dL). The mean Zn concentration was significantly lower 
one in the cows with lameness (57.81±3.8 µg/dL) compared 
with the control cows (85.51±6.01 µg/dL). These results 
suggest that there is a possible interaction between lameness, 
fertility, and serum P and Zn concentrations in dairy cows. 
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Lameness is one of the most important health 
problems that cause reproductive performance failure of 
dairy cows in the world. The incidence of lameness has 
been steadily increasing over the last years (7), possibly 
due to the intensification of production, genetic reasons, 
and changes in management practices. The prevalence 
of lameness in dairy herds was reported between 2% and 
25% (3, 5). Lameness in dairy cattle, more likely occurs 
during the first 60-90 d of postpartum (9), and causes 
large economic losses. The economic importance of 
lameness is reported as attributable to impaired 
reproductive performance (12, 21), decreased milk 
production (8), culling from the herd (29), and cost of 
treatment and control methods (11, 23). The most 
important etiological factors of lameness are feeding 
management and nutrition, hygiene, housing systems, 

deficiency in vitamins and minerals, calving period, and 
general management, (2, 5, 16, 17). 

In modern dairy herds, fertility is of major 
economic importance. In order to gain maximum profit, 
calving intervals should not exceed one year. The 
achievement of a 365-d calving interval requires an 
early resumption of ovarian activity and a high first 
service conception rate. Late resumption of ovarian 
activity postpartum has a detrimental effect on the 
reproductive performance in dairy cows (18). In 
addition, other reproductive problems such as cystic 
ovaries, repeat breeding, anoestrus, or silent heat, which 
develop in the post-partum period, cause impaired 
reproductive performance (28, 19).  

Vitamins and minerals are necessary for animal 
biological development and reproduction. Despite their 
low requirements, severe or even marginal deficiencies 
of trace elements can cause substantial economical 
losses in animal productivity. A deficiency of vitamin E 
at the cellular level is generally accompanied by an 
increase in lipid peroxidation of cellular membranes. 
Therefore, cells exposed to oxidative stress (i.e. a 
laminitic insult) will show more rapid injury and 
necrosis by vitamin E deficiency.  

The objective of this study was to investigate 
the relationship between lameness and impaired fertility 
(decrease in the conception rate, lengthening of the 
interval from calving to first service and the interval 
from calving to conception), and their association with 
some minerals and vitamin E. 
 
 

Material and Methods 
 

Animals. The study was carried out at a dairy 
farm in the Aydin Region of Turkey. Three hundred and 
eighteen 3–8-year-old Holstein dairy cows were used. 
Almost all the cows were housed in free-stall barns. The 
cows were milked twice daily, and were fed a total 
mixed ration three times a day. The mean lactation 
yields of the cows ranged from 5 247 kg to 7 015 kg. 
The average amount of daily feed intake consisted of 8–
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10 kg of concentrated feed and 18–22 kg of maize silage 
per cow. Hay and clover were provided ad libitum. After 
calving, the calves were separated from their mothers 
and cared for in special compartments. All the cows 
following parturition were examined for reproductive 
tract status including retained foetal membranes. The 
type of lesions was identified in lame cattle and their 
etiology and treatment options were investigated. It was 
reported by the resident veterinarians that the 
reproductive problems in animals such as cystic ovaries, 
impaired fertility and uterine infections were diagnosed, 
treated, and recorded consistently. A programme was 
developed for the treatment of foot diseases and the 
resident veterinarians were instructed over the telephone 
when necessary. The reproductive management 
consisted of a voluntary waiting period of 60 d and 
oestrus in cows was detected by visual observation. The 
cows were artificially inseminated at the first observed 
oestrus following completion of a 60-d voluntary 
waiting period. Pregnancy was diagnosed by rectum 
palpation 42–60 d following artificial insemination. 

Study design. Cows that displayed lameness 
within the first 60 d of postpartum, with the lesions 
localised in the claw, were assigned to the lame cows 
group (n = 56). The control cows (n = 137), without a 
history of lameness at least within the first 120 d of 
lactation, were selected at random as the control group. 
The cows that did not exhibit oestrus within 60 to 80 d 
after calving, received progesterone (Crestar®, Intertvet), 
prostaglandin F2α (Dalmazin®, Vetas). GnRH 
(Ovarelin® DIF), and prostaglandin F2α (Dalmazin®, 
Vetas). 

Individual reproductive data was recorded on 
the computerised dairy-management system. The 
individual cow reproductive data included a lactation 
number, calving date, the types of lesions in lame cows, 
date of occurring lameness, conception rate, first service 
date, last service date, number of services, and 
reproductive status (not serviced, recently bred, 
pregnant, and culled after the voluntary waiting period). 
Calculated reproductive indices included the number of 
days to the first service (d), conception rate at the first 
service (%), overall pregnancy rate (%), and calving to 
conception interval (d). 

Blood samples (10 ml) were collected from the 
jugular vein of each animal. The blood samples were 
allowed to stand for 2 h at room temperature to allow 
proper clotting. Then the samples were centrifuged at 5 
000 rpm for 10 m and the serum samples were stored at 
-20°C until analyses.  

Reagents and chemicals. The δ-, γ- and α-
tocopherols and α-tocopherol acetate were purchased 
from Sigma (St. Louis, MO, USA). HPLC-grade 
methanol and acetonitrile were obtained from Riedel-
deHaen (Germany). All other reagents and chemicals 
were of an analytical grade. To prevent the degradation 
of tocopherols, the experiment was performed in a dark 
room.  
 Analytical procedures. The serum 
concentrations of Ca, P, Zn, Fe, and Cu were determined 
using the commercially available kits (Spinreact, Santa 
Coloma, Spain). The analyses were carried out 

according to the manufacturer’s instructions. The serum 
δ-, γ- and α-tocopherols were analysed using a validated 
and modified high performance liquid chromatography 
method (HPLC) of Ruperez et al. (27). The analytes 
were identified with the retention times of pure 
reference standards. The recoveries of the molecules 
under study were calculated by internal standard with a 
comparison of the peak areas resulting from direct 
injections of standards prepared in acetonitrile. The 
calibration graphs for the tocopherols were prepared 
(linear range 0.01-5 µg/mL). The limit of quantification 
(0.01 µg/mL) of the assay was determined by diluting 
serum containing endogenous tocopherols. The mean 
extraction recoveries were 96.4% for γ-tocopherol and 
98.29% for α-tocopherol.  

The results were presented as mean values with 
standard errors (±SE). Comparisons of all parameters 
between the cows with and without lameness were made 
by unpaired t test with Welch’s correction. Differences 
were considered statistically significant when P<0.05 
was against the control group.   

 
 

Results 
 

The number of cows with lameness during the 
first 60 d postpartum was 56 out of 308 animals 
(18.2%). Among the lame cows; 38/56 (67.8%) were 
diagnosed with lesions related to the hoof horn quality 
or subclinical laminitis (white line disease, sole ulcer 
and sole abscess), 11/56 (19.6 %) showed interdigital 
dermatitis, and 7/56 (12.5%) had digital dermatitis. Five 
(8.9%) lame cows were removed from the herd due to 
untreatable lameness. All the cows participated in a 
regular reproductive-management programme conducted 
by veterinarians involving pregnancy diagnosis by rectal 
palpation in the inseminated cows, 42–75 d after the last 
recorded insemination and treatment of non-cycling 
cows. Seven (12.5%) lame cows and 13 (9.5%) non-
lame ones (control), were used for a timed insemination 
protocol, respectively. Therefore, 44 lame cows and 124 
non-lame ones were inseminated and were used for the 
analysis.  

The serum levels of vitamin E, Ca, P, Zn, Fe, 
and Cu in the lame and non-lame cows are given in 
Table 1 and descriptive data for reproductive records for 
both groups are shown in Table 2. The serum vitamin E 
concentration was lower in the cows with lameness than 
in the control cows: 2.31±0.24 µg/mL versus 2.44±0.12 
µg/mL. However, the difference was not statistically 
significant. The serum P concentration in the lame cows 
(4.56±0.24 mg/dL) was significantly different from that 
in the control cows (5.35±0.16 mg/dL, P<0.05). Mean 
Zn concentration of the cows with lameness was 
significantly lower (57.81±3.8 µg/dL) than that of the 
control cows (85.51±6.01 µg/dL, P<0.001). The blood 
Ca, Fe, and Cu levels were similar in both groups, with 
no significant differences between the cows with 
lameness and healthy ones (Table 1). 
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Table 1 

Mean vitamin E, Ca, P, Zn, Fe, and Cu values in lame and non-lame (control) cows 
__________________________________________________________________________________________ 
             Vit E (µg/mL)        Ca (mg/dL)    P (mg/dL)            Fe (µg/dL)        Zn (µg/dL)        Cu (µgdL)  
__________________________________________________________________________________________ 
Lame (n=44) 2.31 ±0.24 8.19 ±0.78       4.56 ±0.24          221.41 ±42.7     57.81 ±3.8        65.53 ±2.29 
Control (n=124) 2.44 ±0.12 9.87 ±0.41       5.35 ±0.16a          241.06 ±19.6    85.51 ±6.0b       73.54 ±4.38  
__________________________________________________________________________________________ 
aP<0.05; bP<0.001; ± SE. 
 
 

Table 2 
Mean fertility parameters of lame and non-lame cows 

__________________________________________________________________________________________ 
      Lame cows (n = 44) Controls (n = 124) 
__________________________________________________________________________________________ 
Days to first service    91.7 ±6.7a  82.4 ±5.1b 

Calving to conception interval (d)   133.8 ±14.3a  106.2 ±10.8b 

Conception rate at first service (%)   41.4a   54.6b 

Overall pregnancy rate (%)   83.9a   93.4b 

__________________________________________________________________________________________ 
Columns with different superscripts (a, b) differ P<0.05; ± SE.   
 
 
 

The fertility records of lame cows were 
compared with those of the non-lame ones. In the lame 
cows, there was a longer interval from calving to first 
service (91.7 d versus 82.4 d) and a longer interval from 
calving to conception (133.8 d versus 104.3 d) than in 
non-lame cows (controls) (P<0.05). The conception rate 
at the first service and the overall conception rate in the 
lame cows were lower than in controls (41.4% versus 
54.6% and 83.9% versus 93.4%, respectively) (P<0.05). 
 
 

Discussion 
 

In this study, 67.8% of the lesions in lame cows 
were related to white line disease, sole ulcer, and sole 
abscess. These conditions are recognised as horn growth 
abnormalities, associated with subclinical laminitis, 
which is considered to be of multifactorial etiology with 
several risk factors varying from farm to farm (13, 15, 
31). 

The serum vitamin E concentration was slightly 
lower in the cows with lameness than in the control 
cows. Most infectious and metabolic diseases in dairy 
cows occur in early lactation and is related to 
physiologic and management changes that occur during 
the transition period. One critical event is a significant 
suppression of the immune function in the peripartum 
period (7, 20). Peripartum immunosuppression is 
multifactorial but is associated with endocrine changes 
and decreased intake of critical nutrients (7). In 
particular, decreased phagocytosis and intracellular 
killing by neutrophils occurs in parallel with decreased 
circulating vitamin E (α-tocopherol) concentration (14). 
Neutrophils take part in the primary mechanism of 
uterine immune defence (4), as well as playing an 

important role in mammary defence (20). Vitamin E is a 
fat-soluble membrane antioxidant that enhances the 
functional efficiency of neutrophils by protecting them 
from oxidative damage following intracellular killing of 
ingested bacteria (10). Several studies (32, 33) have 
shown that dietary supplementation with 1000 IU of 
vitamin E/cow per day in the late dry period, mitigates 
the peripartum drop in circulating α- tocopherol, but this 
does not necessarily decrease the incidence of disease 
(1, 34).  

Mean Zn concentration in the cows with 
lameness was significantly lower than in the control 
cows. It is known that a Zn deficiency can cause 
parakeratosis, hyperkeratosis, and hoof epidermal 
deformities. Baggott et al. (2) found that the 
concentration of Zn in the hoof horn of lame cows was 
lower than in healthy animals. They also noted that the 
harder keratin of the hoof wall contained a greater Zn 
concentration than the softer keratin of the heel. As 
described previously, Zn has an important role in 
keratinisation. Mulling (24) also indicated that organic 
Zn may have an important part in the regulation and 
activation of keratin protein production by the horn 
tissue. Stern et al. (30) investigated the effect of the 
form of Zn supplementation on clinical symptoms, 
microscopic coronary horn quality, and traction 
resistance. The animals receiving Zn organically bound 
to amino acids and peptides tended towards better 
clinical scores for microscopic horn quality and traction 
resistance. Both treatments improved macroscopic 
clinical evaluation scores. This was thought to be due to 
better absorption and utilisation of the organic forms of 
the mineral. Dairy cows fed additional organic Zn for 
12-months, exhibited fewer cases of heel horn erosion, 
foot rot, inter-digital dermatitis and laminitis with a 
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lower incidence of sole ulcers and white line separation 
(22). 

The serum P concentration in the lame cows 
was significantly different from that in the control cows. 
The blood Ca, Fe, and Cu levels were similar in both 
groups. Macro- and trace elements may play an 
important role in minimising laminitis through their 
roles in the immune function, the production of horn 
tissue, and the maintenance of epithelial and connective 
tissue. Cu may also improve digital integrity and plays 
an important role in immune function, in the production 
of horn tissue, and maintenance of the epithelial and 
connective tissue. 

In the presented study, the effect of lameness 
on reproduction has been examined. The cows with 
lameness had longer calving to the first service interval 
and calving to conception interval than control cows. In 
the lame cows, calving to the first service time was 
approximately 92 d, compared to 82 d in controls. Lame 
cows had a longer period of ovarian activity resumption 
than the non-lame ones. Additionally, a study by 
Garbarino et al. (6) showed that lameness is associated 
with delayed ovarian activity during the early post-
partum period. Several studies have reported longer 
calving to the first service intervals in lame cows than in 
control ones (12, 18, 21). However, in those studies 
calving to the first service interval was between 70 and 
80 postpartum days, while in the studies of ours and 
Melendez et al. (21) the interval was approximately 92 
and 95 d, respectively. In the present study, calving to 
conception interval was found to be 133 d (controls 106 
d). Lucey et al. (18) reported the conception interval as 
100 d, while Hernandez et al. (12) found it to be 140 d. 
In our study, lame cows had a lower overall conception 
rate than controls. This may indicate that the conception 
rate at the first service was lower for lame cows with 
more services per conception. The overall decreased 
fertility in lame cows has been documented in other 
studies (12, 18, 21). This decreased fertility in lame 
cows may be related to the pain and the long-term 
negative effects on the energy balance and loss of body 
condition caused by lameness, possibly associated with 
a hormonal insufficiency and nutrition imbalance during 
the postpartum period (12, 25, 26). 

In conclusion, these results suggest that 
lameness in dairy cows within the first 60 d postpartum 
is associated with a decreased fertility and serum P, Zn, 
and vitamin E concentrations.  
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