
SUMMARY
Introduction - Hyperkeratosis develops in the teat end (TE) because of degeneration of the keratin layer. The functional errors
and higher vacuum of the milking machine, increased milk yield, prolongation of milking, dirtiness of the animals and insuf-
ficient bedding are the reasons of the formation of hyperkeratosis on the TE. The lesions at the teats are risk for mastitis and there
is a positive correlation between somatic cell count (SCC) and TE hyperkeratosis. 
Aim - The aim of this study was to determine hyperkeratosis level on the TE of Holstein-Friesian (HF) cows by using a scoring
system and also the effect of TE score on the quality of milk. In addition, the effects of SCC on milk yield, fat content (FC, %)
and non-fat dry matter content (NFDMC, %) and the loss of milk yield due to SCC were determined.
Materials and methods - A HF herd in Aydın, Turkey, was visited monthly for nine months to score the TE for hyperkeratosis
level, and to take milk samples for the determination of FC, NFDMC, and SCC. The level of hyperkeratosis on the TE were scored
from 1 to 4. Correlation coefficients among the traits were also determined. 
Results and Discussion - The means of TE score, Log10SCC, morning (MMY) and evening (EMY) milk yield, FC and NFDMC
were 2.45±0.069, 5.66±0.045, 10.88±0.289 kg, 10.88±0.283 kg, 3.96±0.070% and 10.38±0.043%, respectively. Among the pari-
ties, the lowest mean (2.02 ± 0.102) for TE score was determined in the first lactating cows, and the cows that calved in the sum-
mer (2.37 ± 0.090) had lower TE score than those that calved in winter (3.04 ± 0.109) (P <0.05). Log10SCC averages were high-
er in cows with higher TE score and higher parities (4th and 5th+). Log10SCC means of the cows whose TE score are 4 (6.26 ± 0.094)
and 3 (5.86±0.093) are higher than those with 1 (5.48±0.118) and 2 (5.51±0.078) scores (P <0.05). High SCC in milk resulted
in 1.73 kg (14.32%) decrease in MMY (P<0.05) and 3.24 kg (13.41%) in daily milk yield. Correlation coefficient between TE
score and Log10SCC was positive and moderate (r=0.41).  
Conclusion - In conclusion, the TE hyperkeratosis caused by insufficient maintenance-management and barn and milking man-
agement conditions on the farm, leads to a significant increase in SCC and decrease in FC (24.4%). A significant milk yield loss
were also determined in the daily milk yield due to high SCC. Scoring the TE of dairy cows gives an idea about the operating
conditions on the dairy cattle farm and significant losses in milk yield and milk constituents could be prevented by decreasing
SCC through improving TE score. 
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INTRODUCTION

Milk quality is an important factor for the industrialists, the
consumers as well as the producers. There is a direct relation-
ship between the hygienic quality of milk and mastitis. Mas-
titis is an udder tissue inflammation commonly seen in dairy
cattle, usually due to the pathogens, and is the most common
and costly disease that causes significant economic losses in dairy
cattle1. Due to higher relation with mastitis, the number of so-
matic cell count (SCC) in milk provides an idea about the health
condition of the udder and the quality of milk produced. 

It has been stated that an infection of the mammary gland is
the major factor affecting SCC2. In the studies on the preva-
lence of mastitis among enterprises and other factors affect-
ing the frequency of mastitis according to the enterprises are
barn conditions, hygiene and machine milking, season, feed-
ing and milking techniques3. Breed, age or parity of cow and
lactation period are the factors affecting SCC at cow level and
in the first month of lactation SCC level is expected to be the
highest4. 
One of the factor that causes an increase in mastitis prevalence
and also SCC in milk is the formation of hyperkeratosis on the
teat end (TE). Hyperkeratosis develops on the TE as a result
of degeneration of the keratin layer, which is a physical barri-
er against the pathogens that cause infection in the udder5. The
formation of hyperkeratosis on the TE may be resulted from
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many factors such as higher vacuum and the functional errors
of milking machines6, prolongation of milking7, increased milk
yield, the dirtiness of the animals, insufficient bedding and also
cow factors like teat shape, yield and genetics8. 
The reasons of the short, medium and long-term changes on
the TE are reported by Mein et al.8 The changes in colour, firm-
ness, thickness or swelling of teats, or degree of «openness» of
the teat orifice are the short-term changes caused by the fail-
ure in milking machines or milking management. The medi-
um- and long-term changes in the teat skin condition taking
for a few days to 8 weeks are due to harsh weather or chemi-
cal irritation. Because of an adaptation in the teat, a ring with
a diameter of 2 mm develops and it is stated that mastitis also
increases with the increase of hyperkeratosis structures dur-
ing lactation9.
Hyperkeratosis is seen in cows with high milk yield especial-
ly in the fourth month of lactation10 and a positive correlation
between TE hyperkeratosis and SCC in milk was reported11,12.
A risk for mastitis due to the lesions at the teats was also men-
tioned13. Gleenson et al.11 reported increased risk of intra-
mammary infection due to the TE hyperkeratosis.
In an uninfected udder lobe, SCC in milk is generally below
200,000 cells / ml2, and it was stated that this value is expect-
ed to be below 100,000 cells / ml in cows in the first lactation,
and the lowest SCC average was reported in the primaparous
cows14. 
SCC in the udder lobes without infection may vary depend-
ing on environmental and physiological factors15. While milk
yield increases with increasing parity, the sensitivity, defor-
mations and contamination probability of the udder tissue with
pathogenic microorganisms increase. 
A negative correlation between SCC and milk yield exists and,
0.92 kg of milk loss per day in primaparous cows and 1.52 kg
of milk yield loss in multiparous cows with increased SCC were
reported16. Some important changes in the composition of milk
are also seen because of increasing SCC in raw milk17,18. De-
pending on the increase in SCC, the lactose content of milk de-
creases significantly while the amount of whey protein content
increases18. 
The present study was conducted in a Holstein-Friesian (HF)
herd in Aydın, Turkey, to examine the effects of TE score on
the quality of milk as well as to determine the effects of SCC
on milk yield, milk constituents and the loss of milk yield.  

MATERIAL AND METHODS

This research was carried out in a Holstein-Friesian (HF) herd
at Aydın Adnan Menderes University (ADU), Faculty of Agri-
culture, Turkey. The herd was visited at morning milking once
a month between June, 2019 and February, 2020. During the
visit, besides scoring the TE of HF cows in terms of hyperk-
eratosis, a milk sample was taken from each cow to determine
the milk fat content (FC, %), non-fat dry matter content
(NFDMC, %) and SCC (cell/ml). 
The level of hyperkeratosis on the TE was scored and four dif-
ferent TE score were recorded from 1 to 4 (Figure 1). Accord-
ing to this scoring system; normal teat and no deformation (1
or N), a swollen ring at the TE (2 or S), a rough ring with ker-
atin frons with 1-3 mm elongated from the nipple canal ori-
fice (3 or R), and a fluffy and keratinized chapped and leafy ring
(4 or VR) at the tip of the head8.

A portable refractometer with the caliber 20% brix (Brand: ATC
Refractometer 0-20% BRIX) was used to determine NFDMC
(%) and, FC (%) was determined according to EAS19. In ad-
dition, the SCC level in milk was determined according to di-
rect microscopic counting method20.
A total of 203 milk samples were taken into the sampling con-
tainers of 50 cc per cow. The milk samples were kept in a cold
chain and brought to ADU Faculty of Agriculture, Department
of Animal Science, Animal Raising and Breeding Laboratory
for the determination of FC, NFDMC and SCC. Milk yields pro-
duced by the cows in the morning and also evening milking were
also recorded. The lactation period of the cows are divided into
four lactation stages in 100-day interval, and two calving sea-
sons are accepted as summer (May-October) and winter
(November-April).
In order to determine the effects of SCC on yield, loss and con-
stituents of milk, four different SCC groups were accepted. Ac-
cording to this the cows with 0-200.000 cells/ml in milk included
into the first group, cows with 200.001-400.000 cells/ml in milk
included into group 2, cows with 400.001-1.000.000 cells/ml
included into group 3 and the cows with SCC higher than
1.000.000 cells/ml included into group 4. 

Statistical analysis
The data obtained in the study were analyzed statistically with
SAS12 package program, and the comparison of the subgroups
was determined according to Tukey (P <0.05). Before the analy-
sis, 10- base logarithmic transformation was applied to SCC
data to provide a normality assumption22. The following sta-
tistical model was used in the analysis of TE score, Log10SCC,
MMY, EMY, FC (%) and NFDMC (%) data.

Yijklmno= µ+ ai + bj + ck + dl + fm+ gn + eijklmno

Yijklmno: observation of the traits, µ: means of the traits, ai: par-
ity effect (i=1, 2, 3, 4 and 5+), bj: calving season effect (j= win-
ter and summer), ck: lactation period effect (k= 1, 2, 3 and 4),
dl: observation month effect (l= April, May, … and February),
fm: TE score effect (m= 1, 2, 3 and 4, this factor is used for the
analysis of MMY, EMY, FC, NFDMC and Log10SCC), gn: SCC
group effect (n= 1, 2, 3 and 4 and this factor was used only for
the analysis of MMY, EMY, FC and NFDMC), eijklmno: random
error.
Phenotypic correlation coefficients among TE score, Log10SCC,
MMY, EMY, FC and NFDMC were also calculated. 

RESULTS

The means and standard errors of TE score, Log10SCC, MMY,
EMY, FC and NFDMC are given in Table 1. The overall aver-
ages of these traits are 2.45 ± 0.069, 5.66 ± 0.045 (457,088 cells
/ ml), 10.88 ± 0.289 kg, 10.88 ± 0.283 kg, 3.96 ± 0.070% and
10.38 ± 0.043%, respectively.
The effects of parity, calving season, lactation stage and ob-

Figure 1 - Teat end (TE) hyperkeratosis scoring system (Mein et
al., 2001).
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servation month on TE score were found to be statistically sig-
nificant (P <0.05). TE score mean of the cows at the first lac-
tation (2.02 ± 0.102) is the lowest and different from all oth-
er parities (P <0.05), and other differences among them are sta-
tistically insignificant (P> 0.05). As seen in Table 1, the cows
that calved in winter (3.04±0.109) had higher TE score than
those that calved in summer (2.37 ±0.090) (P<0.01). 
TE score was changed significantly (P<0.05) depending on the
lactation stage and the lowest TE score mean was determined
for the cows at the first stage of lactation and the highest for
the third lactation stage. The difference between these two lac-
tation stages was statistically significant (P<0.05), however oth-
er differences among the lactation stages were insignificant
(P>0.05). 
For Log10SCC, the effects of parity, observation month and TE
score were determined to be statistically important (P <0.05),
however, calving season and lactation stage effects were in-
significant (P> 0.05). As it can be seen from Table 1, the low-
est Log10SCC mean was determined for the 2nd parity
(5.57±0.081), and the highest was determined for the 4th

(5.91±0.098) and 5th (5.91±0.135) parities. The difference be-
tween the 2nd and 4th parities are statistically significant
(P<0.05), and other differences among the parities are in-
significant (P>0.05). 
In parallel with the increase in TE score, the Log10SCC aver-
ages also increased gradually and the highest Log10SCC mean
determined for TE score =4 (Table 1, Figure 2). The mean
Log10SCC for TE score =4 is 6.26±0.094 (1,819,701 cells/ml)
and this TE score is different from all other TE scores (P<0.05).
In addition, TE score =3 (5.86±0.093; 724,436 cells/ml) was also

found to be statistically different from other TE scores
(P<0.05).
The effects of parity, lactation stage and month of observation
on MMY and EMY were determined to be statistically signif-
icant (P <0.05), but calving season and TE score effects on these
traits were insignificant (P>0.05). On the other hand, a sta-
tistically significant effect of SCC group on MMY was deter-
mined (P<0.05) but, SCC group effect on EMY was insignif-
icant (P>0.05). For both MMY and EMY, the highest means
were calculated for the first SCC groups, the means determined
for the third and fourth SCC groups for both MMY and EMY
are lower than those in the first and second SCC groups. The
difference between the first and the fourth SCC groups for MMY

Table 1 - LSMEANS and standard errors of teat end (TE) score, Log10SCC, fat (%), non-fat dry matter content (NFDMC, %) and morning
and evening milk yield.

NS: not significant, *: P<0.05. **: P<0.01. A, B, C: Different letters show the significance level for P <0.01; a, b, c, d: Different letters show the significance level for P<0.05.

Figure 2 - Changes of SCC level depending on teat end (TE) score
(A, B; significance for P<0.01, a, b, c: significance for P<0.05).
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was found to be statistically different (P<0.05), but other dif-
ferences among SCC groups were statistically insignificant
(P>0.05) for MMY and EMY.  
As seen in Table 1, the cows in the fourth SCC group with the
highest SCC mean had 1.73 kg (14.32%) and 1.15 kg (12.5%)
less MMY and EMY than those with SCC less than 200,000
cells/ml at the first SCC group, respectively. In other words, dai-
ly milk loss of cows for the higher SCC groups can be calcu-
lated as 2,8 kg (11.59%) and 3.24 kg (13.41%), respectively for
the third and fourth SCC groups (Figure 3). The milk loss per
day for SCC group 2 is only 0.41 kg (1.7%). The losses per lac-
tation can be calculated as 125 kg, 854 kg and 988.2 kg, re-
spectively for the 2nd, 3rd and 4th SCC groups, compared to the
first SCC group.
As expected, MMY and EMY decreased gradually depending
on the advance of lactation and revers to this, NFDMC (%) and
FC (%) in milk increased. NFDMC (%) and FC (%) means for
the first lactation stage were 9.98±0.10% and 3.77±0.18% and
the means increased to 10.60±0.09% and 4.34±0.16% at the
third stage of lactation, respectively. 
Among the factors, lactation stage and observation month had
statistically significant effects (P<0.05) on NFDMC (%) and,
for FC (%) the effects of parity, TE score and SCC group were
determined to be statistically significant (P<0.05). 
As seen in Table 1, FC (%) decreased as TE score increased. The
highest FC (%) was calculated as 4.55±0.21% for the first TE
score and the mean decreased gradually to 3.44±0.18% for TE
score =4. In other words, the cows had 9.23, 11.65 and 24.4%
less fat in milk for 2nd, 3rd and 4th TE score than those the cows
had TE score =1.
Phenotypic correlation coefficients among TE score, Log10SCC,
MMY, EMY, FC and NFDMC are given in Table 2. The phe-
notypic correlation between TE score and Log10SCC is positive
and moderate (r=0.41). The phenotypic correlations of TE score
with other traits were determined to be low. As expected the cor-
relation between MMY and EMY is very high (r=0.90). Low to
moderate negative phenotypic correlations of milk yield with
FC and NFDMC were also calculated (Table 2).

DISCUSSION

In the study, because the primiparous cows have both lower milk
yield and less worn teats, TE score mean of them was also low-
er than multiparous cows. With the increase in the parity, the
milk yield of the cows and the probability of deformed teats

also increased.
The higher TE score mean determined in winter calved cows
are due mainly to wet and dirtiness conditions of the barns be-
cause of the insufficient usage of bedding of the barn depending
on the higher rainfall and humidity in winter in the region. This
situation can be seen much more clearly by the changes of TE
score depending on the observing month. As the winter ap-
proached, the TE score mean increased especially in the
months from November to February (Table 1).
Because of less worn teats at the first stage of lactation the cows
had the lowest TE score compared to other lactation stages. As
emphasized before in some studies6,7, the causes of deforma-
tions occurring at the TE are vacuum differences due to the
functional structure of the milking machine; continuing
milking despite the cessation of milk flowing from the udder;
wet and muddy conditions of the barn8 and insufficient bed-
ding. Indeed, it was stated that in a study23, deformations at the
TE are related to the quality of the management conditions of
the farms.
As a result of the cracking of the keratin layer, a suitable envi-
ronment is formed at the TE to proliferate microorganisms, and
these microorganisms pass through the TE into the udder tis-
sue more easily, causing mastitis while increasing SCC in milk.
The increase in SCC seen in this study depending on the in-
crease of TE score agree with a study11. They reported an as-
sociation of severe hyperkeratosis with clinical and subclini-
cal mastitis and an increase in SCC in infected quarter. They
also added that the risk of intermammary infection increased
with the TE hyperkeratosis.
The overall mean of back-transformed value of Log10SCC
(457,088 cells / ml) found in this study is similar to the aver-
ages of a study14 for some herds in the same region.
The estimated milk losses per day and per lactation found in
this study due to high SCC agree with the results of other stud-
ies18,24,25. Similar to this study Jonas et al.25 estimated 3.4 kg loss
milk yield per day at the first parity Hungarian Holstein cows.
Hortet and Seegers24 determined the average loss per lactation
is 300-400 kg (ie. 4-6%) and added that the loss could be in-
creased to 950-1050 kg/lactation. Due to high SCC, in a study,
a significant milk yield loss per milking (12.7%/milking) was
reported18, besides 11.92% and 6.33% reduction in lactose con-
tent and NFDMC in Red-Holstein cows, respectively.   
A reverse situation to TE score was seen for the SCC group. As
SCC in milk increased, FC decreased, gradually. The increase
in the FC (%) as SCC increases could mainly be due to the de-
crease in milk yield. As milk yield decreases, FC (%) increas-

Figure 3 - Daily milk yield loss depending on SCC group.

Log10SCC 0.41**

MMY 0.12 -0.04

EMY 0.11 -0.05 0.90**

FC -0.12 0.13* -0.23** -0.18**

NFDMC 0.02 -0.02 -0.31** -0.38** 0 . 1 4 *

Table 2 - Phenotypic correlation coefficients among TE score,
Log10SCC, MMY, EMY, FC and NFDMC.

TE score Log10SCC MMY EMY FC

*: Significant for P<0.05. **: Significant for P<0.01. TE: Teat end, SCC: Somat-
ic cell count, MMY: Morning milk yield, EMY: Evening milk yield, FC: Fat con-
tent, NFDMC: Non-fat dry matter content.
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es. In a study26, conducted in Jersey, Holstein and Guernsey dairy
cattle, stated that while the level of yield increases according
to the parity, protein and fat content decrease.
As seen in Table 1, the milk yield is low from June to Septem-
ber for MMY and July to October in EMY. The low level of milk
yield found in this study in these months is due to the high air
temperature and humidity seen in these months in the region,
and the increase in the yield in the November and December
may be attributed to the suitable climatic conditions seen in
the region. The effects of high air temperature and humidity
also cause a decrease in the percentage of NFDMC in milk in
July and August.  
It means that as the hyperkeratosis score increases, milk SCC
and prevalence of mastitis increases as well. This finding agrees
with the finding of Emre12 and showing that lesions at the TE
pose a risk for mastitis13. Since the hyperkeratosis structures oc-
curring at the TE negatively affect the anatomical defense sys-
tem of the udder, an increase in SCC in milk is considered.   

CONCLUSIONS

In this study, the changes of TE score depending on non-ge-
netic factors and its effects on milk yield, constituents and SCC
were determined in addition to the determination of the effects
of SCC on milk yield, constituents and loss of milk yield. The
cows with hyperkeratosis at the TE also had high TE score and
SCC value   in milk. TE hyperkeratosis caused by insufficient
maintenance-management and barn and milking management
conditions on the farm, besides treating the health of dairy cat-
tle, leads to significant increase in SCC and decrease in FC
(24.4%) in milk. A significant milk yield loss (3.24 kg or 13.41%)
were also seen in the daily milk yield due to high SCC. 
As an indicator of the udder health, milking management, hy-
giene and barn conditions, scoring the TE of dairy cows gives
an idea about the operating conditions on the dairy cattle farm
and with this way significant losses in milk yield and milk con-
stituents could be prevented by decreasing SCC through im-
proving TE score.

References

1. Atasever S., Erdem H. (2009). Estimation of milk yield and financial
losses related to somatic cell count in Holstein cows raised in Turkey.
Journal of Animal and Veterinary Advances, 8: 1491-1494. 

2. Dohoo I.R., Meek A. H. (1982). Somatic cell counts in bovine milk.
Can. Vet. J. 23(4):119-125.

3. Barkema H.W., Schukken Y.H., Lam T.J.G.M., Beiboer M.L., Wilmink
H., Benedıctus G., Brand A. (1999). Management practices associated
with the incidence rate of clinical mastitis. Journal of Dairy Science, 82:
1643-1654. 

4. Koç A. (2008). A study of somatic cell counts in the milk of Holstein-
Friesian cows managed in Mediterranean climatic conditions. Turkish
Journal of Veterinary and Animal Sciences. 32(1): 13-18.

5. Blowey R., Edmondson P. (1995). Mastitis Control in Dairy Herds.
United Kingdom: Farming Press. 

6. Baştan A. (2010). Udder Health and Problems in Cows. Kardelen Press.
İnönü Street. Ankara.

7. Mundan D., Meral B, Demir, A, Doğaner M. (2015). Evaluation and
economic of total bacteria and somatic cell count in dairy cattle farms.
Harran University Journal of the Faculty of Veterinary Medicine, 4: 84-
89.

8. Mein G.A., Neijenhuis F., Morgan W.F., Reinemann D.J., Hillerton J.E.,
Baines J.R., Ohnstad L., Rasmussen  M.D., Timms  L., Britt J.S.,
Farnsworth R., Cook N., Hemling R. (2001). Evaluation of bovine teat
condition in commercial dairy herds: 1. Noninfectious factors. Pages
347-351 in Proc. 2nd Int. Symp. Mastitis and Milk Quality Vancouver,
BC, Canada.

9. Michel G., Seffner W., Schulz J. (1974). Hyperkeratosis of teat duct
epithelium in cattle. MH Veterinary Medicine, 29: 570-574. 

10. Francis P.G. (1984). Teat skin lesions and mastitis. British Veterinary
Journal, 5: 430-436. 

11. Gleenson D.E., Meaney W.J., O’Callaghan E.J., Rath M.V. (2004). Effect
of teat hyperkeratosis on somatic cell counts of dairy cows. Intern J
Appl Res Vet Med. 2(2): 115-122.

12. Emre B. (2009). Distribution of lesions shaped in teat skin and hole in
cows and effects of milk on the number of somatic cells.  PhD Thesis.
Ankara Univ. Health Science Institute, Ankara.

13. Agger J.F., Willeberg P. (1986). Epidemiology of teat lesions in a dairy
herd II: Associations with subclinical mastitis. Veterinarni Medicina,
38: 220-232. 

14. Koç A. (2006). Analysis of repeated milk somatic cell count of Holstein-
Friesian cows raised in Mediterranean climatic conditions. J. of
Biological Science. 6(6):1093-1097.

15. Harmon R.J. 1994. Physiology of mastitis and factors affecting somatic
cell counts. Journal of Dairy Science, 77: 2103-2112.

16. Munro G.L., Grieve P.E., Kitchen B.J. (1984). Effects of mastitis on milk
yield, milk composition, processing properties and yield and quality of
milk products. The Australian Journal of Dairy Technology, March-
1984: 7-15. 

17. Atasever S., Erdem H. (2013). Relationships between somatic cell count
and udder type scores in Holstein cows. Int. J. Agric. Biol., 15: 153-156.

18. Koç A. (2015). Effects of somatic cell count and various environmental
factors on milk yield and foremilk constituents of Red-Holstein cows.
Journal of Agricultural Sciences. 21: 439-447.

19. EAS. 2006. East African Standard. Determination of fat content
(Routine method). Second Edition 2006. https://law.resource.org/
pub/eac/ibr/eas.164.2006.pdf

20. Packard Jr., Tatini V.S., Fugua R., Heady J., Gilman C. (1992). Direct
Microscopic Methods for Bacteria or Somatic Cells. In: Standard
Methods for the Examination of Dairy Products, 16th edition, pp: 309-
325. Marshall, R.T. (ed.). American Public Health Association,
Washington, DC, USA.

21. SAS. 2002. SAS 9.4. Institute Inc., Cary, NC, USA.
22. Shook G.E. (1982). Approaches to summarizing somatic cell count

which improve interpretability. Annual Meeting of the National
Mastitis Council, Proceedings 21st. Arlington. VA. National Mastitis
Council. P: 150-166.

23. Pirozok R.P., Mochire R.D., Helmboldt C.F. (1954). A method of
reproducing teat topography (structure) for evaluation teat erosion.
American Journal of Veterinary Research, 15: 140-142. 

24. Hortet P., Seegers H. (1998). Loss in milk yield and related composition
changes resulting from clinical mastitis in dairy cows. Prev Vet Med.
37(1-4):1-20.

25. Jonas E.M., Atasever A., Graft M., Erdem H. (2016). Influence of
somatic cell count on daily milk yield production losses in primiparous
Hungarian Holstein cows. Magyar Allatorvosok Lapja. 253-256.

26. Schultz M.M., Hansen L.B., Steuernagel G.R., Reneau J.K., Kuck A.L.
(1990). Genetic parameters for somatic cells, protein and fat in milk
Holsteins. Journal of Dairy Science, 73: 494-502.

ATAKAN_imp_ok  20/02/21  11:33  Pagina 7




