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RELATIONSHIPS BETWEEN MILK YIELD LOSSES AND
LOCOMOTION SCORE IN ANATOLIAN BUFFALO COWS

Huseyin Erdem, Savas Atasever* and Ibrahim Cihangir Okuyucu

ABSTRACT

Managemental  factors  related  to
productivity levels of dairy animals have been
regarded by farm owners in many countries. This
study was conducted to reveal the associations of
milk yield losses with locomotion score (LcS) in
Anatolian buffalo cows. Buffalo cows (n=61) raised
at a private buffalo farm enrolled to the Buffalo
Breeders Association (BBA) of Bafra district of
Samsun province in Turkey were scored by LcS.
To determine the effect of environmental factors,
two parity (P; 1=1-2; 2=>3), stage of lactation (SL;
1=<118d; 2=>119d), flank and leg hygiene score
(FLHS; 1=1-2; 2=>3) and body condition score
(BCS; 1=1-2; 2=>3) subgroups were obtained by
the group means. To record LcS values, a chart
with 1 to 5 points (I=normal, 2=mildly lame,
3=moderately lame, 4=lame and, S5=severely
lame) was used. A significant difference (P<0.05)
was found in the loss of daily milk yield (AMYL)
of cows with 2 or 2.5 LcS and cows with 3 LcS.
Besides, a high correlation (r=0.789; R?=0.791)
was estimated between dMYL and LcS. Finally,
preventing LcS increment in the herd base was

suggested to herd owners to prohibit milk losses.
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INTRODUCTION

Suitable production conditions in livestock
farming are one of the essential subjects for
elevating the expected production potentials of
the herds. In other words, to achieve a healthy
and productive herd, management factors must be
principally regarded (Atasever, 2002). Initial field
studies apparently pointed out to effects of indoor
conditions such as light, air ventilation, bedding
structure, or general hygiene of the farms on the
production level of large animals (Angrecka and
Herbut, 2015; Somers et al., 2019; Atasever, 2002).

It was clearly noted that all these
environmental factors are considered as the
important components of animal welfare. Poor
animal welfare is directly related to the production
performance of farm animals and may adversely
affect their health status. As aresult of this situation,
the quality of food produced by animals may also
be adversely affected. Also, recently consumers

associate food quality and safety with the welfare
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of the animal from which it is produced (Napolitano
et al., 2019). Considering all these developments,
improving animal welfare is important both for
increasing the quality of the food produced and for
reducing production losses.

As

important problem that negatively affects dairy

1s well known, lameness is an
cattle production and health, as well as animal
welfare. Researchers define lameness as abnormal
posture or gait resulting from a structural or
functional disorder in the musculoskeletal system
(Mohsina et al., 2014). Cows respond to pain and
behavior, according to the level of lameness. As a
result, milk production decreases depending on the
level and duration of stress to which the animals
are exposed (Sadiq et al., 2019). Some authors
emphasized that the cow’s daily (from 0.78 up to
5.5 kg) and lactation milk yield (from 270 up to
857 kg) losses are remarkable depending on the
level of lameness (Onyiro et al., 2008; Bicalho et
al., 2007, Amory et al., 2008; Ristevski et al., 2017;
Zotkiewskia et al., 2018). In addition, it still stands
out as an important problem that has negative
effects on dairy farm profitability and sustainable
production (Sadiq et al., 2019). If lameness is
not treated or environmental risk factors are not
improved, this process may result in the culling of
high breeding value animals from the herd. A large
body of studies reported that dairy cow lameness
is a very common problem and has a multifactorial
etiology (Whay and Shearer, 2017; Dolecheck and
Bewley, 2018; Somers et al., 2019. Also, many
researchers have expressed the importance of
various lameness detection systems and treatment
methods (Potterton et al., 2012; Sadiq et al., 2019;
Dolecheck and Bewley, 2018). Keeping cattle within
the comfort and ensuring a stressful environment
on the pasture and barn ensures a positive effect on

their yields. Therefore, routinely controlling some

408

comfort parameters including body condition score
(BCS), milk somatic cell count (SCC), lameness
score, gait score or animal needs index (ANI) may
be useful as practical tools. Of these, the lameness
score or locomotion score (LSc) is known as a
subjective evaluation of a cow’s mobility during
the walking activity (Van Nuffel, 2015; Alsaaod et
al., 2019). For this aim, a visual LSc scale with 1 to
5 points has been developed and practically used
(Winckler and Willen, 2001; Flower et al., 2005). It
was pointed out that cow’s comfort degree (Klaas
et al., 2003; Pastell et al., 2009) and milk yield
dramatically decreased with increased LcS values
(Pastell et al., 2009). Some researchers concluded
that higher LcS caused milk yield loss up to 2.6 kg/d
in Holstein cows (Warnick et al., 2001; Napolitano
et al., 2005). Many researchers emphasized the
association of LcS with milk production in cows
(Hernandez et al., 2005; Green et al., 2010; Green
et al., 2014). Also, a large body of authors has
emphasized that access to pasture or grazing has
a beneficial effect on the movements and lameness
of scores of cows (Hernandez et al., 2007; Somers
et al., 2019). However, no sufficient information
has been reported on this issue in water buffaloes.
Napolitano et al. (2005) reported that lameness
was almost not observed in buffaloes compared
to cattle. The same investigators correlated the
present findings with differences in lower diet and/
or metabolism of buffalo compared to cattle.

To the best of our knowledge, limited
information exists on the lameness levels and
milk production losses in water buffaloes, which
have relatively lower milk yield and physiological
While

lameness remains an important welfare problem

differences compared to dairy cows.

resulting in production losses in dairy cattle farms,
there is limited evidence as to what level this

welfare parameter is in buffalo farms and whether



these phenomena result in milk production losses.
Therefore, further studies are required to reveal
determining the lameness or locomotion scores in
buffalo farms and reveal the relationships between
the locomotion score of buffalo cows and milk
production losses. The aims of this study were (i)
to determine the environmental factors affecting
the LSc value of buffalo cows, (ii) to evaluate the
associations between buffalo cow’s LSc with milk

yield losses.

MATERIALS AND METHODS

In this study, Anatolian buffalo cows
(n=61) raised on a buffalo farm registered to the
Buffalo Breeders’ Association (BBA) of Bafra
district of Samsun province were used. On the
farm where there are animals of all age groups, the
animals are fed on the pasture during the summer
period. In the winter period, a ration consisting of
rice straw, barley straw, corn silage, and milk feed
(18 HP-2700 ME) is given twice a day. All buffalo
cows were milked individually using a milking
machine once a day and kept in similar conditions
for feeding and other livestock activities. The milk
obtained was weighed with an electronic scale and
recorded. At the time of data collection, the cows
were not grazed on the pasture and were fed in the
barn.

Animals were scored for LcS after
morning milking during the winter housing
period. A 1- to a 5-point scale (1 = normal, 2 =
slightly lame, 3 = moderately lame, 4 = lame, and 5
= severely lame) was used to determine LcS values
(Winckler and Willen, 2001). Parity, stage of
lactation (SL), flank and leg hygiene score (FLHS),
and body condition score (BCS) were considered

environmental factors that are thought to have an
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effect on LcS and dMY. Two parity groups (P; 1:
1-2; 2: >3) were established to determine the effect
of environmental factors on LcS and daily milk
yield (dMY). To reveal the effect of SL, it was
divided into two separate periods (SL; 1: <118d; 2:
>119d) considering the general average for the total
lactation periods. In addition, the hygienic scores
of the animals were scored according to the 1 to
4 scale (1: clean, 4: dirty), and FLHS values were
also used to determine whether they had an effect
on LcS and MY by dividing them into two groups
(FLHS; 1: 1-2; 2: >3). Similarly, in terms of BCS,
which is an indicator of the nutritional status of the
animals, the animals were scored according to the
1-5 scale (1: thin, 5: obese), and the scoring values
were divided into two groups (BCS; 1: 1-2; 2: >3).
The effects of environmental factors on
dMY and LcS were evaluated by t-test. To estimate
the loss of milk yield (dMYL) based on the LcS
level, a scale of Shearer et al. (2004) was adapted
(LeS2: 1% dMYL; LcS3: 3% dMYL; Led: 7%
dMYL and LcS5: 16% dMYL). Kendall’s tau-b
correlation analysis was applied to estimate the
relationships between dependent (dMYL) and
independent (LcS) variables. Statistical analysis

was performed using Windows for SPSS 17.0.

RESULTS

Environmental factors affecting dMY and
LcS are presented in Table 1. According to the
t-test, SL, FLS, and BCS significantly (P<0.05)
affected dMY.

As seen, buffalo cows within the early SL
period had more dMY. Moreover, animals noted
as relatively cleaner and scored as higher BCS
had higher dMY. However, except for SL, the

factors were not significantly effective on LcS.
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As understood, the buffaloes within the later SL
period had higher LcS.

Different superscript letters in the same
column indicate statistically significant differences
(P<0.05); SL: stage of lactation; FLHS: flank and
leg hygiene score; BCS: body condition score;
dMY: daily milk yield (kg); LcS: locomotion score.

In this study, dMY values were classified
by LcS categories (Figure 1). Accordingly, a
floating distribution on the dMY was observed,
but no statistical difference was found among the
evaluated groups.

In Table 2, dMYL values according
to high LcS are shown. While no milk loss was
estimated in the cows with normal LcS (cows with
| point), approximately 0.3 kg loss per animal was
calculated in cows with higher LcS (P>0.05).

The dMYL value was found noteworthy in
buffalo cows with >LcS 1.

The linear regression curve was established
between L¢S and AMYL (Figure 2). Accordingly, a
high relationship (R?=0.79) was calculated between
the two traits.

Moreover, a regression model was
estimated on these parameters using data in
Table 3. As it appears, the regression model was
obtained to be Y=-0.048+0.041x and the estimated

coefficient was found to be significant (P<0.05).

DISCUSSION

As well known, cows with later parities
have higher milk yield (Verma et al., 2017; Eldawy
et al., 2021). This case can be explained by many
physiological reasons such as the development of
the mammary glands and body capacity, and the
better adaptation of the cow to calving and milking.

Additionally, some researchers also report
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that physiological factors that affect the yield
performance of cows when they reach mature
equivalents may also be effective (Rangel et al.,
2014; Erdem et al., 2022). In the present study,
buffaloes with advanced parities had 6.72% more
milk when compared to young animals, however,
dMY was not affected by parity. Unlike in this
study, it was reported that lameness increases with
increasing parity (Bicalho et al., 2007; Alawnch et
al., 2012; Bagate et al., 2012). Such that, animals
with later age gain experience to find more suitable
and mud-free areas for walking and resting
activities. However, buffaloes with later parities
had lower LcS but no statistical difference was
determined between the two groups in this study
(Table 2).

Dairy animals in early lactation are
expected to produce more milk. Considering that
the peak period with the highest productivity of
the animals coincided with the 1% lactation period
in this study, the values reached were found as
expected. As can be seen, buffaloes milked in the
early SL period produced approximately 0.5 kg
more milk per animal. When the average dMY per
animal is calculated as 2,829 kg, this amount can
be considered a remarkable finding. Buffaloes with
earlier SL had also well condition by LcS (Table 1).
In this context, it can be commented that buffaloes
with early SL had more dMY and an advantage by
LcS when compared to the others. This may be due
to the fact that the stockman pays more attention to
the animals in the period when the yield is higher.

dMY of the clean buffaloes according to
FLHS was found to be higher compared to the
animals with >3 FLHS (Table 1). Accordingly,
relatively clean buffaloes had more milk per cow
than the others. This finding might be seen as an
attractive result to prevent milk yield losses caused

by the dirtiness level of dairy animals. It was



determined that there was a decrease in milk yield
with the increase in foot and leg hygiene scores
in Holstein cows (Atasever and Erdem, 2009).
Unlike this study, it was found that cows with
low hygiene scores in buffaloes have lower milk
yield B¢l However, no statistical difference was
obtained between the two LcS groups by FLHS.
But, in an initial study (Tongel and Broucek, 2010),
a correlation of 0.63 was determined between leg
hygiene and LcS.

Higher BCS had a positive effect on dMY
(Table 1). Such that, buffalo cows with 1 or 2 BCS
points produced about 0.5 kg lesser AMY compared
to the buffalo cows with BCS >3 points. In a study
(Mushtaq et al., 2012), it was reported that cows
with higher BCS produced lower milk. But another
researcher (Anitha et al., 2011; Banu et al., 2012)
reported that cows with higher BCS produced
more milk. However, no statistical difference was
determined between the two BCS groups in the
present study.

The distribution of dAMY according to LcS
is shown in Figure 1. As seen, a waved trend on
dMY was designed but no statistical difference
was found among the groups. At this point,
investigating this item using more data may be
beneficial to reveal clearer comments.

According to Table 2, dMYL increased
with higher LcS. Besides, it can be noted that
15% of the buffalo cows evaluated in this study
had zero milk loss. This rate might be found to be
low and should be elevated to higher percentages.
When LcS of animals with 2 or 2.5 points reached
3 points, the difference in dAMYL was calculated
to be 0.049 kg. In view of the obtained findings,
avoiding the increase in LcS might be seen as a
compulsory approach to prevent milk yield losses
in milking buffalo cows. It was also emphasized

that clinical lameness may cause a decrease in
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milk yield (Tongel and Broucek, 2010).

At the end of the correlation analyses, it
was estimated that there was a high correlation
(r=0.789) between LcS and dMYL. This value
points out a close relationship of AMYL with LcS.
In other words, managing buffaloes with relatively
lower LcS would ensure more income in the farm
economy. The association of AMYL with LcS was
also shown with a linear regression curve (Figure
2). The curve clearly shows the close relationship
between the two parameters. To support this case,
the model summary and coefficients were calculated
(Table 3). According to the regression model (Y=-
0.048+0.041x), an increase in LcS with one unit
caused to rise in dMYL with 0.041 unit. Some
initial study results also revealed that milk yield
decreased in cattle (Juarez et al., 2003; Vatandoost
et al., 2009) and buffaloes (Napolitano et al.,
2005) with lame or high LcS. These results clearly
supported the findings obtained in the present
study. However, conducting further investigations
with different water buffalo breeds using more data
may confirm the definitive conviction.

In the view of obtained results in the
present study, milk yield losses were found to
be depending on the locomotion score, it is seen
that milk yield losses are remarkable. While SL,
FLHS, and BCS affected dMY, only SL influenced
LcS values. dMY increased with advanced LcS.
Milk loss significantly increased with high LcS in
buffalo cows. Finally, a close association (r=0.789)
that was calculated between dMYL and LcS
and the estimated regression model emphasized
that preventing LcS increment in the herd base
should be seen as one of the major management
applications to prohibit milk losses. For this
reason, foot infections, injuries, the use of high-
energy rations, or the elimination of farm-related

problems that may cause gait abnormalities of
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Table 1. Environmental factors affecting dMY and LcS.

Factors n dMY (X+£S)) LcS (X£S))
Parity 1 31 2.73+0.135 2.13+0.106
2 30 2.92+0.127 1.92+0.112
SL 1 40 3.00+0.109° 1.91£0.099*
2 21 2.49+0.1482 2.24+0.112°
1 17 3.26+0.171° 2.244+0.129
FLHS
2 44 2.65+0.101¢ 1.94+0.093
BCS 1 25 2.54+0.111° 2.084+0.137
2 36 3.02+0.128° 1.994+0.092
General 61 2.83+0.929 2.024+0.779
Table 2. Milk yield losses by LcS.
LeS n dMYL (%) dMYL (kg)
1 11 0 0
2-2.5 40 1-2 0.032+0.0022
3 10 3 0.081+0.007°
General 61 0.034+0.003

Different superscript letters in the same column indicate statistically significant differences (P<0.05);

LcS: locomotion score, dAMYL: loss of daily milk yield.

Table 3. Model summary and coefficients on the relations of LcS with AMYL.

Model Summary”

Model R R Square SE of the Estimate SE of the Estimate
1 0.890° 0.791 0.788 0.012888
Coefficients®
Model Unstandardized Standardized
B SE Beta t Sig.
1 (Constant) -0.048 0.006 -8.324 0.000
LcS 0.041 0.003 0.890 14.962 0.000

In the Model Summary; a. predictors: (constant), LcS; in the Coefficients; a. dependent variable: AMYL.
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Figure 1. dMY values (kg) according to LcS categories (P>0.05).
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Figure 2. Linear regression curve between LcS and dMYL.
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buffaloes should be considered in terms of both

animal welfare and productivity.

ACKNOWLEDGEMENTS
The authors thank you to BBA technical
staff for ensuring milk yield records.
REFERENCES
Alawneh, J.I., R.A. Laven and M.A. Stevenson.

2012. of

lameness scoring and

Interval between detection

by
treatment for lameness: A survival analysis.
Vet. J., 193(3): 622-625. DOI: 10.1016/].
tvjl.2012.06.042

Alsaaod, M., M. Fadul, R. Deiss, E. Bucher, J.
Rehage, J. Guccione and A. Steiner. 2019.

Use of validated objective methods of

locomotion

locomotion characteristics and weight
distribution for evaluating the efficacy of
ketoprofen for alleviating pain in cows with
limb pathologies. PLoS One, 14: ¢0218546.
DOI: 10.1371/journal.pone.0218546

Amory, JR., Z.E. Barker, J.L. Wright, S.A.
Mason, R.W. Blowey and L.E. Green. 2008.
Associations between sole ulcer, white line
disease and digital dermatitis and the milk
yield of 1824 dairy cows on 30 dairy cow
farms in England and Wales from February
2003-November 2004. Prev. Vet. Med.,
83(3-4): 381-391.

Angrecka, S. and P. Herbut. 2015. Conditions for
cold stress development in dairy cattle
kept in free stall barn during severe frosts.
Czech J. Anim. Sci., 60(2): 81-87. DOI:
10.17221/7978-CJAS

414

Anitha, A., K.S. Rao, J. Suresh, P.R.S. Moorthy
and Y.K. Redd. 2011. A body condition
score (BCS) system in Murrah buffaloes.
Buffalo  Bull., 30(Special 2): 79-96.
Available on: https:/kukrdb.lib.ku.ac.th/
journal/BuffaloBulletin/search detail/
result/286774

Atasever, S. 2022. Relationships between animal
welfare scores and milk somatic cell count
in Anatolian buffaloes. Turkish Journal of
Agriculture - Food Science and Technology,
10(6): 1120-1124. DOI: 10.24925/turjaf.
v10i6.1120-1124.5225

Atasever, S. and H. Erdem. 2009. Relationship
between hygienic aspects and milk
production characteristics of Holstein cows.
J. Appl. Anim. Res., 35(2): 185-188. DOI:
10.1080/09712119.2009.9707014

Bagate, M.S., J.K. Mahla, PV. Parikh, D. Patil and

U. Mehraj. 2012. Incidence of foot disorders

in dairy animals-A retrospective study.

Intas Polivet, 13(2): 192-194.

T.A., M. Shamsuddin, J. Bhattacharjee,

M.F. Islam, S.I. Khan and J.U. Ahmed.

2012. Milk progesterone enzyme-linked

Banu,

immunosorbent assay as a tool to investigate
ovarian cyclicity of water buffaloes in
relation to body condition score and milk
production. Acta Vet. Scand., 54(1): 1-7.
DOLI: 10.1186/1751-0147-54-30
Bicalho, R.C., F. Vokey, H.N. Erb and C.L. Guard.
2007. Visual locomotion scoring in the first
seventy days in milk: Impact on pregnancy
and survival. J. Dairy Sci., 90(10): 4586-
4591. DOLI: 10.3168/jds.2007-0297
A. 2019. Relationships of body hygiene

scores and udder surface temperature

Bulu,

with milk somatic cell count and milk

components in Anatolian buffaloes. M.Sc.



Thesis, University of Ondokuz Mayis,
Samsun, Tiirkiye.
Dolecheck, K. and J. Bewley. 2018. Animal

board invited review: Dairy cow lameness

expenditures, losses and total cost.
Animal, 12: 1462-1474. DOI: 10.1017/
s1751731118000575

Eldawy, M.H., M.E. Lashen, H.M. Badr and
M.H. Farouk. 2021. MH: Milk production
potential and reproductive performance of
Egyptian buffalo cows. Trop. Anim. Health
Pro., 53(2): 1-12. DOI: 10.1007/s11250-021-

02722-2
Erdem, H., I.C. Okuyucu and H.S. Abaci. 2022.
Milking temperament of Anatolian

buffaloes during early lactation. Appl.
Anim. Behav. Sci., 253. DOI: 10.1016/].
applanim.2022.105679

Flower, F.C., D.J. Sanderson and D.M. Weary.
2005. Hoof pathologies influence kinematic
measures of dairy cow gait. J. Dairy Sci.,
88(9): 3166-3173. DOI: 10.3168/jds.S0022-
0302(05)73000-9

Green, L.E., J. Borkert, G. Monti and N. Tadich.
2010. Associations between lesion-specific
lameness and the milk yield of 1,635 dairy
cows from seven herds in the X™ region
of Chile and implications for management
of lame dairy cows worldwide. Anim.
Welfare, 19(4): 419-427. Available on:
http://www.bienestaranimal.cl/wp-content/
uploads/2014/09/4038.pdf

Green, L.E., J.N. Huxley, C. Banks and M.J. Green.
2014. Temporal associations between low
body condition, lameness and milk yield in
a UK dairy herd. Prev. Vet. Med., 113(1): 63-
71. DOI: 10.1016/j.prevetmed.2013.10.009

Hernandez, J.A., E.J. Garbarino, J.K. Shearer,
C.A. Risco and WMW. Thatcher. 2005.

Buffalo Bulletin (July-September 2024) Vol.43 No.3

415

Comparison of milk yield in dairy cows
with different degrees of lameness. J. Am.
Vet. Med. Assoc., 227(8): 1292-1296. DOL:
10.2460/javma.2005.227.1292

Hernandez-Mendo, O., M.A.G. von Keyserlink,
D.M. Veira and D.M. Weary. 2007. Effects
of pasture on lameness in dairy cows. J.
Dairy Sci., 90(3): 1209-1214. DOI: 10.3168/
jds.S0022-0302(07)71608-9

Juarez, S.T., P.H. Robinson, E.J. DePeters and E.O.
Price. 2003. Impact of lameness on behavior
and productivity of lactating Holstein cows.
Appl. Anim. Behav. Sci., 83(1): 1-14. DOI:
10.1016/S0168-1591(03)00107-2

Klaas, I.C., T. Rousing, C. Foussing, J. Hindhede
and JT. Serensen. 2003. Is lameness a
welfare problem in dairy farms with
automatic milking systems?. Anim. Welfare,
12(4): 599-603.

Mohsina, A., M.M.S. Zama, P. Tamilmahan, M.B.
Gugjoo, K. Singh, A. Gopinathan, M.
Gopi and K. Karthik. 2014. A retrospective
study on incidence of lameness in domestic
animals. Vet. World, 7. 601-604. Available
on: https:/www.veterinaryworld.org/Vol.7/
August-2014/9.pdf

Qureshi, M.S., S. Khan, G. Habib, Z.A. Swati and
S.U. Rahman. 2012. Body condition score
as a marker of milk yield and composition
in dairy animals. J. Anim. Plant Sci.,
22(Suppl.3): 169-173. Available on: https://
thejaps.org.pk/docs/Supplementary/03/009.
pdf

Napolitano, F., F. Grasso, A. Bordi, C. Tripaldi, F.
Saltalamacchia, C. Pacelli and G. De Rosa.
2005. On-farm welfare assessment in dairy
cattle and buffaloes: Evaluation of some
animal-based parameters. ltal. J. Anim. Sci.,
4(3): 223-231. DOI: 10.4081/ijas.2005.223



Buffalo Bulletin (July-September 2024) Vol.43 No.3

Napolitano, F., F. Serrapica, A. Braghieri, F.
Masucci, E. Sabia and G. De Rosa. 2008.
Human-animal interactions in dairy buffalo
farms. Animals, 9(5): 246. DOI: 10.3390/
ani9050246

Onyiro, O.M., J. Offer and S. Brotherstone. 2008.
Risk factors and milk yield losses associated
with lameness in Holstein-Friesian dairy
cattle. Animal, 2(8): 1230-1237.

Pastell, M., J. Tiusanen, M. Hakojdrvi and L.
Héanninen. 2009. A wireless accelerometer
system  with  wavelet analysis for
assessing lameness in cattle.
Eng., 104(4): 545-551. DOIL:
biosystemseng.2009.09.007

Potterton, S.L., N.J. Bell, H.R. Whay, E.A. Berry,
0.C.D. Atkinson, R.S. Dean, D.C.J. Main

and J.N. Huxley. 2012. A descriptive review

Biosyst.
10.1016/].

of the peer and non-peer reviewed literature
on the treatment and prevention of foot
lameness in cattle published between 2000
and 2011. Vet. J, 193(3): 612-616. DOLI:
10.1016/j.tvj1.2012.06.040

Rangel, A.H.N., J.P.F. Oliveira, H.R. Medeiros,
V.M. Aratijo, L.P. Novaes and D.M.L.
Junior. 2014. Influence of Murrah buffalo

behavior in milking parlors on production

characteristics. Archives of Veterinary
Science, 19(3): 53-61. DOI: 10.13140/
RG.2.1.2823.4080

Ristevski, M., B. Toholj, M. Cincovi¢, P.

Trojacanec, J. Stari¢ and O. Smolec. 2017.
Milk production, body condition score and
metabolic parameters at the peak of lactation
as risk factors for chronic lameness in dairy
cows. Kafkas Univ. Vet. Fak., 23(5): 721-
727. DOIL: 10.9775/kv{d.2017.17593

Sadiq, M.B., S.Z. Ramanon, W.M.S. Mossadeq,
R. Mansor and S.S.S. Hussain. 2019. Dairy

416

farmers’ perceptions of and actions in
relation to lameness management. Animals,
9(5): 270. DOI: 10.3390/ani9050270

Shearer, J., D. Anderson, W. Ayars, E. Belknap,
S. Berry, C. Guard, K. Hoblet, E. Hovingh,
G. Kirksey, A. Langill, A. Mills, D.
Miskimins, J. Osterstock, R. Price, D.
Prigel, A. Roussel, S.R. van Amstel, R.
Wallace, J. Wasson, N. Cook, E. Garrett,
D. Hostetler and L. Schugel. 2004. A record
keeping system for capture of lameness and
foot-care information in cattle. Bovine Pr.,
38(1): 83-91.

Somers, J.G.C.J., K. Frankena, E.N. Noordhuizen-
Stassen and J.H. Metz. 2003. Prevalence of
claw disorders in Dutch dairy cows exposed
to several floor systems. J. Dairy Sci.,
86(6): 2082-2093. DOI: 10.3168/jds.S0022-
0302(03)73797-7

Somers, J.R., J.N. Huxley, M.L. Doherty and L.E.
O’Grady. 2019. Routine herd health data
as cow-based risk factors associated with
lameness in pasture-based, spring calving
Irish dairy cows. Animals, 9(5): 204. DOI:
10.3390/ani9050204

Tongel, P. and J. Broucek. 2010. Influence of
hygienic condition on prevalence of mastitis
and lameness in dairy cows. Slovak Journal
of Animal Science, 43(2): 95-99. Available
on: http:/www.cvzv.sk/slju/10_2/Tongel.
pdf

Van Nuffel, A. 2015. A. Lameness detection in
dairy cows: Part 1. How to distinguish
between non-lame and lame cows based
on differences in locomotion or behavior.
Animals, 5(3): 838-860. DOI: 10.3390/
ani5030387

Vatandoost, M., M.A. Norouzian and M. Nosratiet.
2009. Estimation of milk yield and economic



loss resulting to laminitis in Holstein cow:
A case study. J. Anim. Vet. Adv., 8(5): 880-
882. DOI: 10.3923/javaa.2009.880.882

Verma, M.K., G.K. Sachdeva, A.K. Yadav, S.
Gautam, M.M. Ali and S. Kumar. Effect
of genetic and non-genetic factors on milk
yield and milk constituents in Murrah
buffalo. Indian J. Anim. Res., 51(2): 387-390.
DOI: 10.18805/ijar.9297

Warnick, L.D., D. Janssen, C.L. Guard and Y.T.
Grohn. 2001. The effect of lameness on
milk production in dairy cows. J. Dairy
Sci., 84(9): 1988-1997. DOI: 10.3168/jds.
S0022-0302(01)74642-5

Whay, H.R. and J.K. Shearer. 2017. The impact of
lameness on welfare of the dairy cow. Vet.
Clin. N. Am. Food A., 33(2): 153-164. DOLI:
10.1016/j.cvfa.2017.02.008

Winckler, C. and S. Willen. 2001. The reliability and
repeatability of a lameness scoring system
for use as an indicator of welfare in dairy
cattle. Acta Agr. Scand. A-An., 51(Suppl. 30):
103-107. DOI: 10.1080/090647001316923162

Zotkiewskia, P, W. Tetera, E. Janusb, P.
Stanekb, E. Flisa, A. Bochniake, M.
Roézanska-Boczulac and W. Chabuz. 2018.
Estimating economic and production
losses in relation to locomotion score in
primiparous Polish Holstein-Friesian cows.
J. Appl. Anim. Res., 46(1): 1424-1429. DOI:
10.1080/09712119.2018.1521336

Buffalo Bulletin (July-September 2024) Vol.43 No.3

417



