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SUMMARY 
 

Random regression co-variance components of test-day milk somatic cell score 
(MkSCS) and milking flow rate (MkFR) were estimated. Data consisted of 232,570 test-
day observations from 3864 cows daughters of 3012 dams and 361 sires in 1st 
lactation recorded between 1998 and 2001 of 73 dairy herds. Multiple-trait random 
regression animal model used included random animal additive genetic, random 
permanent environment effects by lactation and days in milk. Estimates of 
heritabilities of MkSCS and MkFR were around of 0.21 and 0.32, respectively.  Additive 
genetic correlations between early measures of both traits were high and positive. 
However additive genetic correlations between early and late measures were 
negative. Permanent environmental correlations were all positive in  and showed the 
lowest differences among estimates than the other correlations. The lowest genetic 
estimates were obtained during the first 90 to 150 days in milk.  Milking flow rate 
showed the highest estimate of heritability near to lactation end and the highest 
permanent environmental effect near mid-lactation. Genetic correlations between 
MkFR and MkSCS at the same DIM were negative and ranged from -0.49 to -0.98. 
These results indicated that faster milking cows genetically tend to produce higher 
quality milk with lower somatic cell concentration.  The magnitude of permanent 
environmental correlations between both traits increased with progressing lactation 
till the 240 days in milk (-0.57 to -0.80) and then slightly reduced to -0.74 at the end 
of trajectory. Additive genetic correlations between early measures of MkFR with late 
measures of MkSCS were considerably high and positive (reaching 0.64). Additive 
variances in both traits differed significantly, indicating that trait observations 
during different stages of lactation should not be considered as repeated 
observations of the same trait. Also current results suggest that achieving goals of 
genetic selection for improving milk flow rate and reduced milk somatic cell is 
possible during early lactation months.  
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INTRODUCTION  
 

Advantages of random regression (RR) test-day models over an approach using 
305-day lactation yields are now widely acknowledged. The model for test-day (TD) 
yields can account more precisely for environmental factors that could affect cows 
differently during lactation. Random regressions allow for a different shape of 
lactation curves for each cow. The RR model also allows a cow to be evaluated on 
the basis of any number of TD records during lactation and it can account for 
different genetic, permanent environmental and residual variances in the course of 
lactation. Jaime et al. (2005) recommended the inclusion of random regression 
coefficients in random regression models to describe permanent environmental 
effects, in order to define more precisely the genetic and non-genetic effects that 
influence milk yield.  

Several years ago breeding for mastitis resistance (or udder health) was not a 
common practice in many countries. Recently, an udder health index was introduced 
in several European countries, based on somatic cell score, milk production traits and 
milking speed or milking ease. Appearance of a negative correlation between milking 
speed and clinical mastitis, means that slow milkers suffer more from clinical mastitis 
(Hiemstra et al., 2000). Although the genetic correlation of milking speed with 
clinical mastitis is unclear, its correlation with somatic cell score tends to be 
unfavorable (Boettcher et al., 1998 and Luttinen and Juga, 1997).  

Smith et al. (1985) and Lawstuen et al. (1988) each reported heritability estimate 
for milking flow rate of 0.11 based on a single observation per animal; however, both 
noted that collection of multiple, repeated observations per animal would be ideal. 
Meyer and Burnside (1987) also concluded that a single milking flow rate 
observation per animal may be insufficient, because genetic and environmental 
factors that affect the milking flow rate of individual cows may vary during lactation 
or between subsequent lactations.  Zwald et al. (2005) reported that cows that milk 
too slowly will disrupt parlor flow and reduce milking efficiency, but cows that milk 
too quickly may be at a greater risk for mastitis. Faster milking cows may be 
undesirable, because an antagonistic relationship may exist between milking flow 
rate and somatic cell score (Zhang et al., 1994). Therefore most producers prefer 
cows with moderately milking flow rate that do not decrease the flow of cows 
through the milking parlor. 

The aim of this research work was to examine the relationship between milking 
flow rate and milk somatic cell score across lactation months using random 
regression animal model in Hungarian Holstein Friesian cattle. 

 
MATERIALS AND METHODS 
 

Data consisted of 232570 test-day records (TDR) from 3864 cows  daughters of 
3012 dams and 361 sires in 1st lactation on milking flow rate (MkFR) and milk 
somatic cell score (MkSCS). The current data set involved the first three lactations of 
Hungarian Holstein Friesian cows  provided by Hungarian Holstein Association. 
Studied traits were required to be recorded several times across lactation. Cows 
considered in the current study should have at least five measures. Records were 
taken on cows that calved between 1998 and 2001. Structure of the data is presented 
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in Table 1. Days in milk (DIM) were divided into 12 groups with 30 days interval as 
shown in Table 1.  
 
Table 1. Overall mean and standard errors with number of test day records 
(TDR) for milking flow rate (MkFRmin) and milk somatic cell score (MkSCS) 
across days in milk groups 

DIM group MkFR MkSCS TDR DIM group MkFR MkSCS TDR 
1 5-30 5.01 1.58 29840 7 181-210 4.89 2.69 18400 
2 31-60 5.55 1.63 28330 8 211-230 4.60 2.69 18800 
3 61-90 5.27 1.95 19070 9 231-260 4.24 2.42 17760 
4 91-120 5.28 2.26 18400 10 261-290 4.04 3.70 17460 
5 121-150 5.12 2.67 17850 11 291-300 3.94 3.20 15010 
6 151-180 5.07 2.68 18560 12 >300 3.62 3.71 13090 
Data Structure Lactation: 9427, Parities: 3, ({Dams: 3012, Cows: 3864, Sires: 361}in 1st 

parity). 

SE of MkFR: 0.48 to 0.77  and for MKSCS: 0.003 to 0.004  
 

Statistical analysis 
The random regression model used in the current study was  
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Where:-  
Yijklm  is the mth test-day observation of the kth cow in the lth lactation, HTDil   is the 
independent fixed effect of jth herd-test-date for lth lactation, np is the number of 
parameters fitted on days in milk function, βjlo is the oth fixed regression coefficient 

on jth DIM effect in lth lactation, Xklmo  is the oth dependent trait on DIM, klo   is the 

Oth random regression coefficient of additive genetic effect of kth cow in lth lactation 

on DIM, klo   is the oth random regression coefficient of permanent environmental 

effect of kth cow in lth lactation on DIM and εijklm  is the random residual. This model 
was fitted using the DXMRR procedure applying the software package, DFREML 
(Karin, 1998 Version 3ß). 
The following (co)variance structure was assumed: 
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where:- G = genetic covariance matrix between  random regression coefficients and 
traits, A= additive numerator relationship matrix, I= identity matrix, P = permanent 
environmental covariance matrix among random regression coefficients and traits, 
and E = residual variance for lactation n assumed to be constant throughout the 
lactation due to program limitations.  
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RESULTS AND DISCUSSION  
 

Heritability estimates and variance components 
Somatic cell score: Estimates of heritability and permanent environmental effect for 
somatic cell score are presented in Figure 1. Estimates of heritability for milk somatic 
cell score (h2

MkSCS
) ranged from 0.12 to 0.39 and estimates for permanent 

environmental effect (C2
MkSCS

) ranged from 0.48 to 0.66. These results are in 

agreement with those reported by Samore et al. (2002) and Winkelman and Harris 
(2004). Estimates of h2

MkSCS
 varied greatly among early, mid, and late lactation. 

Estimates of h2
MkSCS

 indicated slight continuous reduction towards the DIM91-120 

(0.12 to 0.13) and a marked increase upward to the end of lactation (0.16 to 0.39). 
These results may indicate that selection for improving udder health could be more 
effective during the 2nd half of lactation which mostly involves the highest rates of 
mastitis infection (Amin et al., 2004). The current estimates of additive genetic 
variance for somatic cell score (σ2

ASCS
) increased rapidly with advancing lactation 

after critical reduction among DIM31-60 to DIM91-120. These results may indicate such 
development of additive gene action with progression of DIM. The highest 
contributions of permanent environmental effect on milk somatic cell score were 
around  mid-lactation (DIM91-120 to DIM181-210).  These results may indicate that  
improvement of environmental conditions will assist genetic enhancement of udder 
health.   
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Fig. 1. Estimates of heritability (h2), permanent environmental effect (C2), 
additive (A) and permanent environmental (C) variances across lactation for 
test-day somatic cell score (MkSCS) 
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Milking flow rate: Estimates of heritability for milking flow rate (h2

MkFR
) ranged 

from 0.02 to 0.53 while estimates of permanent environmental effect (C2
MkFR

) ranged 

from 0.36 to 0.72 (Figure 2).  Estimates of h2
MkFR

 were less than 0.1 between DIM61-

210.  On the other hand the corresponding estimates for the C2
MkFR

 were not less than 

0.72. Estimates of additive genetic variance for milk flow rate dropped greatly across 
DIM61-90 to DIM181-210 which was associated with magnifying the estimates of 
permanent environmental effect and resulting in low heritability estimates. However, 
an opposite trend was observed near the end of lactation.  Sprengel et al. (2003) 
found that heritability of average flow rate ranged from 0.28 to 0.39 across stage of 
lactation. Similar ranges to the present results for genetic variations in milking flow 
rate were reported by Tomaszewski, et al. (1975) and Williams et al. (1984). 
Estimates of permanent environmental variances showed the lowest changes across 
lactation months with slight increase towards the end of lactation. On the other hand, 
additive genetic variances for milking flow rate showed considerable reduction 
during DIM91-210 corresponding to the lowest estimates of heritability. Thus, genetic 
improvement of milking flow rate could be better achieved away from the mid-
lactation.  However, increasing milking speed is not totally favored as mentioned in 
several studies. Luttinen and Juga (1997) concluded that high speeder milking cows 
are considered unfavorable due to some udder health problems. Therefore, selection 
for moderate milking flow rate shortly after the mid-lactation seems to have been 
effective for production, general udder health, and prolonging productive life. 
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Fig. 2. Estimates of heritability (h2), permanent environmental effect (C2), 
additive (A) and permanent environmental (C) variances across lactation for 
test-day milking flow rate (MkFR) 
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Additive genetic correlations among measurements within traits across lactation 
months 

Additive genetic correlations between measurements of milk somatic cell across 
days in milk are illustrated in Figure 3. Estimates of additive genetic correlations 
between measures of MkSCS decreased with increasing the interval between test-days. 
Correlations between measures of MkSCS during the first three DIMs and late DIM 
near to the lactation end were negative. Negative correlations among measures of 
MkSCS ranged from -0.08 to -0.64. The greatest negative correlation occurred 
between the 1st measure of MkSCS during DIM5-30 with the corresponding 
measurements during the 2nd half of lactation (DIM>151) and ranged from -0.14 to -
0.64. Estimates of negative correlations decreased towards the peak of lactation curve 
(DIM61-90). Additive genetic correlations for milk somatic cell scores during 
beginning, middle, and at the end lactation were approximately near to unity. These 
results indicate that similar additive gene expression exists no longer than three 
months in sequence of lactation. From another genetic point of view, MkSCS could be 
considered as different traits across lactation. Boettcher et al. (1998) reported that 
somatic cell score seemed to be the same trait in second and third lactations.  
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Fig. 3. Estimates of additive genetic (RAij) correlations among measurements 
(milk somatic cell score and milking flow rate)  at ith DIM with the jth reminder 
DIM across lactation 
 

Winkelman and Harris (2004), using random regression approach found that 
genetic correlations between the monthly somatic cell score were high (>0.86) but 
decreased as the length of time between intervals increased. Jaime et al. (2005) found 
that genetic correlations between individual test days tended to decrease at the 
extremes of the lactation trajectory, showing values close to unity for adjacent test 
days. These results tend to indicate that the degree of genetic control of milk somatic 
cell is not constant over the lactation. In general the current results indicate that 
genetic control of MkSCS in adjacent measures is almost entirely due to the same 
genes, and hence is close to be the same trait.  
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Estimates of additive genetic correlations between measurements of milking flow 
rate across DIM groups are presented in Figure 3. Additive correlations between 
early measures of MKFR with the corresponding ones during late lactation showed 
strong negative values. It appears that cows which initiated lactation with fast 
milking flow will become slower milking during  late  lactation. On the other hand, 
high positive additive correlations of MKFR within the last five DIM groups may 
indicate similar milking flow rate as could be expected. Estimates of additive genetic 
correlations of MKFR were higher than the corresponding estimates for MkSCS. 

 
Permanent environmental relationships among measurements within traits 

Estimates of permanent environmental correlations between measurements of 
each trait in different DIM groups are presented in Figure 4. Permanent 
environmental correlations with early MkSCS were high and seemed to be in goblet 
shape. While correlations within the 2nd half of lactation were linear continually 
decreasing with progressing interval between measures. The lowest permanent 
environmental correlations were between early with mid-lactation and between mid-
lactation with late lactation measures for MkSCS.  
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Fig. 4. Estimates of permanent environmental correlations (Rcij) among 
measurements (milk somatic cell score and milking flow rate) at ith DIM with 
the jth reminder DIM across lactation 
 

Estimates of permanent environmental correlations between measurements for 
MkFR  decreased linearly with increasing interval between observations. Results in 
Figure 4 show that Rc1,12 for MkFR was 0.96 while the corresponding estimate for 
MkSCS was 0.48. It appears that, effects of permanent environmental factors on the 
relationship between early and late measures of MkSCS and MkFR were not similar.  

 
Correlations between milk somatic cell score and milking flow rate   

Correlations between a selected observation of MkFR with the next observations 
of MkSCS were defined as non-identical correlations (NIR) as shown in Figure 5. 
Estimate of correlations between measures of MkFR with measures of MkSCS at the 



Amin 8 

same point of days in milk across lactation were  identical correlations (IR). 
Estimates of NIR additive relationships of MKFR*MkSCS tended generally to be 
negative across more than ¾ of lactation. Negative additive genetic correlations 
among MkSCS*MkFR ranged from -0.49 to -0.98 that increased in magnitude with 
decreasing interval between measures. It appears that low milk somatic cell may be 
associated with speeder milking cows during DIM90 till the lactation end. On the 
other hand, positive additive correlations (the 1st three lines in Figure 5) were 
observed between  measures of MkFR during the first DIM90 with measures of MkSCS 
from DIM120 till the lactation end. Positive additive correlations ranged from 0.13 to 
0.64, 0.34 to 0.47 and 0.02 to 0.09 within the first three DIM, respectively. These 
results suggest that early fast milking cows tend to produce milk with elevated SCS 
during the late of lactation. Thus early slower milking cows may become less 
susceptible to mastitis infection during the late of lactation. Jamrozik et al. (1998) 
using random regression analysis found that genetic correlations between production 
traits and somatic cell score were small and positive (unfavorable) in 1st and negative 
in 2nd and 3rd lactations. 
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Fig. 5.  Estimates of random regression additive genetic and permanent 
environmental correlations among identical (IM) and non-identical measures 
(NIM) of both traits across lactation 
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Estimates of IR Additive genetic correlations between MkFR and MkSCS within the 

same DIM group (among identical measurements) were all negative. These 
correlations seemed to be extremely high during the flat shape across the 2nd half of 
lactation, magnitude being more than -0.94. Therefore, breeding programs and 
genetic strategies favoring fast milking could be recommended to increase milk 
quality.  

Negative permanent environmental correlations (NIR) prevailed between measures 
of MkFR*MkSCS across lactation and ranged from -0.03 to -0.81. Permanent 
environmental correlations between identical measurements of MkFR*MkSCS was 
lower and less sloping than the corresponding additive curve within the 2nd half of 
lactation. Therefore, it appears that MKFR*MKSCS are more genetically controlled 
while early environmental control for moderately milking speed could keep udder in  
good health across lactation.  Boettcher et al. (1998) found that genetic correlations 
between milking speed and somatic cell score ranging from 0.25 to 0.41 in the first 
three parities. The positive correlation indicated that bulls which sired cows that 
milked faster also tended to sire cows that had greater SCS. This result is not 
surprising, because one would logically predict that easier exit of milk out of the 
udder and teat canal is associated with easier entry of pathogens into the udder.  
Several other researchers (Lund et al., 1994; Zhang et al., 1994; Monardes et al., 
1990 and Seykora and McDaniel, 1985) have also reported an unfavorable 
association between somatic cell score and various measures of milking speed. The 
lower correlation between milking speed and somatic cell score in later lactations 
may have resulted because milking flow rate was recorded in first lactation. Another 
explanation is that somatic cell score may be a different trait genetically in first 
versus later lactations. Jamrozik et al. (1998) reported that all within lactation 
environmental correlations between production traits and somatic cell score were 
negative. 

 
Correlation among estimates of expected breeding values 

Correlations between estimates of expected (REBV) breeding values of MkFR and 
MkSCS are presented in Figure 6 in two separate graphics.  The right hand graph 
shows correlations between identical measures of EBV of the both traits (IREBV), 
while the left hand graph shows correlations between measurements of EBV within 
traits (NIREBV). Most of correlations (NIREBV) between early and late estimates are 
strong and negative during the first 120 days in milk for both traits being higher in 
magnitude than -0.80 (left hand lines, Figure 6).  Strong positive correlations existed 
between estimates during the late of lactation and ranged from 0.67 to 0.98.  
Correlations between estimates of EBV changed from negative to positive sign across 
middle of lactation (DIM121-150). These results may indicate that estimates of 
correlations of EBV of both traits are not consistent in value and/or direction across 
lactation months. High positive REBV was noticed between the nearest measures of 
both traits across the 2nd half of lactation. It appears that MkSCS and MkFR are 
inversely transmitted across successive generation of selection programs constructed 
based on information during early lactation months. 

 
Estimates of IREBV between MKFR and MkSCS (Figure 6: left hand graph) were 

negative during most lactation months (IREBV at last DIM3 were positive). The highest 
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negative correlations were obtained during DIM90 and during DIM181-260 and ranged 
from -0.30 to -0.50 and from -0.32 to -0.38, respectively. Positive correlations 
between estimates of EBV for both traits during the last three DIM groups did not 
exceeded 0.37. Therefore, selection for improving milking flow rate during the late 
lactation months will be associated with increase of SCS and then reduce milk 
quality.   
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Fig. 6. Estimates of correlations between measures of expected breeding values 
(EBV) across lactation 
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العلاقة بین معدل تدفق اللبن وتقدیرات الخلایا الجسدیة فى أبقار الهولوستین فیرزیان 

  .باستخدام تحلیل الاعتماد العشوائى

 

  أشرف عبد الرحمن أمین

 

  ع.م.، ج الاسماعیلیة،٤١٥٢٢جامعة قناة السویس،  كلیة الزراعة،، قسم الانتاج الحیوانى

   

عتماد العشوائى للاختبار الیومى لتقدیر الخلایا الجسدیة فى اللبن تم تقدیر مكونات التباین والتغایر الا

 مشاهدة لیوم الاختبار تم تسجیلها ٢٣٢٥٧٠شتملت بیانات الدراسة على إ. ومعدل تدفق اللبن أثناء الحلیب

 بقرة حلابة كبنات لــ ٣٨٦٤من  وتضمنت ثلاثة مواسم حلیب منتجة ٢٠٠١ وحتى ١٩٩٨خلال الفترة من 

تم استخدام نموذج الحیوان للاعتماد .  قطیع حلاب٧٣ تواجدت فى  طلوقة فى الموسم الاول٣٦١ و  ام٣٠١٢

والذى اشتمل على التأثیر العشوائى الوراثى التجمعى، التأثیر العشوائى البئى الدائم العشوائى متعدد الصفات 

 عن القیم ًتقدیرات المكافئات الوراثیة لكل من الخلایا الجسدیة ومعدل تدفق اللبن بعیدا. داخل موسم وأیام الحلیب

تجمعى بین القیاسات المبكرة فى رتباط الوراثى اللإكان ا.  على التوالى٠.٣١ و ٠.٢١الشاذة كان حول القیم 

فى حین أن الارتباط الوراثى التجمعى بین القیاسات المبكرة والقیاسات فى . بدایة موسم الحلیب عالیا وموجبا

وضحت اعلى اختلافات أالارتباطات البئیة الدائمة كانت جمیعها موجبة وقد .  نهایة موسم الحلیب كان سالبا

یوم فى بدایة موسم ١٥٠ الى ٩٠أقل تقدیرات وراثیة لوحظت خلال الفترة من . مع مقاییس الارتباط الاخرى

تحلیلات تدفق اللبن خارج الضرع اثناء الحلیب قد . الحلیب والتى منطقیا تلازمت مع اعلى تقدیرات غیر وراثیة

لدائمة كان قرب اوضحت اعلى تقدیرات للمكافىء الوراثى قرب نهایة موسم الحلیب واعلى تقدیر لتأثیرات البیئة ا

عدل تدفق اللبن عند نفس النقطة ــالارتباط الوراثى التجمعى بین تقدیرات الخلایا الجسدیة وم. وسط موسم الحلیب

  هذه النتائج تشیر إلى ان الأبقار ذات ٠.٩٨-  الى ٠.٤٩- ى منحنى الحلیب كان سالبا وقد تراوح بین ـعل

یة الى  انتاج لبن منخفض فى محتواه من الخلایا الجسدیة وبالتالى سرعة الحلیب العالیة تمیل من الناحیة الوراث

 تقدیرات الارتباطات البیئة الدائمة بین الصفتین كانت متزایدة مع تقدم موسم الحلیب حتى الیوم .مرتفع فى جودته

.  فى نهایة موسم الحلیب٠.٧٤-والتى تناقصت قلیلا الى ) ٠.٨٠- الى ٠.٥٧-( من موسم الحلیب ٢٤٠

لارتباط الوراثى الجمعى بین القیاسات المبكرة فى بدایة موسم الحلیب لصفة معدل تدفق اللبن مع القیاسات ا

 )٠.٦٤وصلت الى (المتأخرة فى نهایة موسم الحلیب لتقدیرات الخلایا الجسدیة كانت موجبة وعالیة الى حد ما 

 والتى تشیر الى أن المشاهدات أثناء ًمعنویاالتباینات الوراثیة التجمعیة فى كل من الصفتین كانت مختلفة . 

ن أتشیر نتائج هذه الدراسة  . عتبارها مشاهدات متكررة لنفس الصفةإیمكن  المراحل المختلفة من الحلیب لا

نتخاب الوراثى نحو تحسین سرعة تدفق اللبن وخفض الخلایا الجسدیة ممكن اثناء بدایة موسم لإتحقیق هدف ا

  . الحلیب

  


