
Egyptian J.  Anim. Prod., 43, Suppl. Issue, Dec. (2006):43-52 

Issued by The Egyptian Society of Animal Production 

 

RANDOM REGRESSION ANIMAL MODELS FOR GENETIC 
EVALUATION OF TEST-DAY MILK YIELD AND MILKING 
DURATION IN HOLSTEIN FRIESIAN 
 

A.A. Amin 
 

Department of Animal Production, Faculty of Agriculture, University of Suez 
Canal, 41522- Ismailia, Egypt 
 

SUMMARY 
 

 Random regression animal model was applied for analyzing the relationships 
between daily milk yield (MK) and milking duration (DR). The current analyzed data 
involved 103563 sample test-day records from multiparous Hungarian Holstein-
Friesian cows. A cubic random regression was applied for representing additive 
genetic variances in all studied traits across all different days in milk (12 groups). 
Based on multi-lactation random regression data-set analysis, the role of inheritance 
was greatest during the later stages of lactation. Estimates of h2

MK ranged from 0.17 
to 0.54. While estimates of h2

DR were very low during the first 60 days of lactation, 
being not more than 0.04. During the 2nd half of lactation the estimates ranged from 
0.35 to 0.39. Results of genetic variations for lactation records during early 
production life showed that highest milk harvest with intermediate milking rate could 
be achieved. Estimates of expected breeding values for milk yield and milking 
duration increased in different rates with progressing days in milk groups. These 
results may indicate that individual selection results would be favorably achieved 
during the late part of lactation. Additive genetic correlations between measures of 
all traits at different lactation months continuously decreased as the interval between 
test days increased. Additive genetic correlations between milking duration and milk 
yield were positive and considerably high. Correlations between expected breeding 
values of both traits ranged from 0.41 to 0.83 (mean = 0.69) across different 
lactation months. More details on estimates of breeding values, estimates of 
permanent environmental and additive genetic correlations for all traits were 
tabulated.  
 

Keywords: Milk yield, milking duration, random regression, permanent 
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INTRODUCTION 
 

 Milking duration is among the most important functional traits in dairy cattle. It is 
well known in practice that long milking cows are not desirable. Therefore, genetic 
selection against this characteristic would be appreciated by farmers. Milking time 
for cows producing 9 to 11 kg of milk should not exceed 4.25 minutes, with an 
additional ¾ minute for each additional 4.5 kg of milk harvested (Matthew, 2001).  
Most of milking characteristics can be measured as a threshold traits classifying cows 
into categories, or alternatively recording duration in time quantitatively for each cow 
during routine test day. Different approaches are described by Banos and Burnside 
(1992). Zwald et al. (2005) found that average milking duration for a single milking  
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was 4.5 min. Estimated heritability of milking duration was 0.17 and predicted 
transmitting abilities of individual sires ranged from –0.48 min for sires with the short 
time milking daughters to 0.59 min for sires with the long time milking daughters. 
 A recent approach has been to use Covariance Functions (CF, Kirkpatrick and 
Heckman, 1989) and Random Regression models (RR   Henderson, 1982; Schaeffer 
and Dekkers, 1994). The equivalence of CF and RR has been described by many 
authors (e.g. Meyer and Hill, 1997; van der Werf  et al., 1998). In this framework, 
infinite-dimensional stochastic models have been proposed with the phenotype 
represented as a continuous function of time. Advantages of random regression test-
day models over those analyzing 305-day lactation yields are now widely 
acknowledged. The approach of 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. 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. The work of Jamrozik and Schaeffer (1997) was an early 
published study on using RR for describing genetic effects. Further developments of 
the variance component estimation by RR model were suggested in several recent 
studies.  
 The objectives of the current study were to estimate (co)variance components of 
the first three lactations data with random regression models and to characterize some 
genetic aspects of test-day milk yield and milking duration across lactation in 
Hungarian Holstein-Friesian.  
 

MATERIALS AND METHODS 
 

 Data consisted of 103563 test day records (TDR)  on daily milk yield (MkKg/day), 
and milking duration (DRmin). The current data set involved the 1st, the 2nd and > the 
3rd lactation of Hungarian Holstein Friesian provided by Hungarian Holstein 
Association. All studied traits were recorded on each test day between 5 and 365 days 
in milk (DIM). Cows had to have at least two lactations, while the average was 3.7 
lactations with 7.16 test-day records.  Data were recoded on cows calving between 
1996 and 2000. Number of TDR per lactation was not less than five observations. 
Days in milk (DIM) were classified into 12 monthly groups with 30 days interval.  
Structure of the current data set is given in Table 1.  
 

Table 1. Structure of the data and simple statistics generated from raw data of 
milkability traits 

Simple Statistics Data Structure 
 MkKg Drmin  Pr1 Pr2 Pr3 Pr4 Pr5 

Mean 24.67 (8.2)SD 4.88 (1.4) Cows 4173 3012 2660 2071 1843 
CV 33.21 46.7 TDR 39226 24397 19152 13047 7741 

Ph-R 4.40 to 43.70 1.17 to 24.20 Sires 453 316 196 174 153 
Sd-R -2.47 to 2.32 -1.27 to 15.84 Dams 3967 2784 2163 1754 1843 
bDrMk 0.139+0.001min/Kg bDrMk 0.144 0.159 0.146 0.139 0.125 

a 1.405+0.036min/Kg a 1.624 1.088 1.094 1.133 1.204 
RDrMk 0.724+0.001 RDrMk 0.648 0.792 0.799 0.789 0.794 
SD: Standard deviation, CV: coefficient of variability, Ph-R: Phenotypic range, Sd-R: standrized rang, Mk: 
daily milk yield, Dr: milking duration, TDR: test-day record Pr1-5: first five parities. bDrMk: simple regression of 
DR on Mk, a: intercept, RDrMk: simple correlations of Dr*Mk.  
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Statistical analysis 
 Random regression (RR) models have been suggested for genetic analysis of test 
day (TD) yields by Schaeffer and Dekkers (1994) because of their ability to model a 
separate lactation curve for every animal. Single trait RR models were applied to first 
lactation milk, fat and protein of test-day yield data with different functions for fixed 
and random regressions (Jamrozik and Schaeffer, 1997 and Jamrozik et al., 1998). In 
the simulation study of Strabel and Misztal (1999), RR models were significantly 
better than an analysis of 305d in terms of correlation between estimated and true 
breeding values. 
The random regression model used in the study was  
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Where:- Yijklm    is the mth test day observation of kth cow in lth lactation, HTDil   is the 

independent fixed effect of ith herd-test-date for lth lactation, 
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, np is the number of parameters fitted in days in milk 
function, βjlo  is the oth fixed regression coefficient of jth DIM of lth lactation, Xklmo  is 
the oth dependent trait on DIM, and εijklm  is the random residual. 
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 and assumed to be constant throughout the 
lactation due to program limitations. Variance-covariance parameters for each of the 
current longitudinal traits (daily milk yield and milking duration) were estimated 
using the software package, DFREML (Meyer, 1998 Version 3ß). Random regression 
model was used with cubic as the order of polynomial fit that achieved the highest 
correlations between random regression coefficients. Cubic random regression was 
mostly used in several pervious research works. Permanent environmental effect was 
presented as a ration between permanent environmental variance to total phonotypic 
variance. 
 
RESULTS AND DISCUSSION 
 
Multi-lactation heritability estimates using random regression model 
 Results of random regression animal model were used for analyzing the 
relationship between investigated traits in the present study (Table 2). Heritabilty of 
daily milk yield (h2

MK) ranged from 0.15 to 0.54 (mean = 0.34+0.04).  Estimates of 
h2

MK increased linearly from the 2nd DIM group till end lactation. Estimates of h2
MK 

across different DIM groups were moderately high during the last few evaluated 
lactation months (>0.40).  Druet et al. (2003) found the heritability for daily milk 
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yield ranged from 0.16 to 0.39 using a random regression test day model from field 
data. Heritability estimates of the first lactation milk yield for particular days in milk 
resulting from random regression models ranged between 0.14 to 0.19 (Strabel and 
Misztal, 1999) and from 0.31 to 0.51 (Olori et al., 1999). Zavadilová et al. (2005) 
found that genetic variances were high at the beginning and end of lactation. The 
flattest shapes were observed during early production while the rapid increase of 
genetic variance occurred at the end of lactations.   
 
Table 2. Heritabilities (h2), permanent-environmental effect (PE), additive (σ2

A) 
and phenotypic (σ2

P) variance components for daily milk yield (MK) and 
milking duration (DR)  across 12 days in milk groups (DIM) using random 
regression animal model  

  Days in milk groups 

  1 2 3 4 5 6 7 8 9 10 11 12 

h2 .17 .15 .16 .19 .25 .31 .38 .43 .48 .51 .53 .54 

PE .64 .63 .60 .55 .50 .46 .42 .40 .39 .38 .38 .38 

σ2
A 11.9 9.2 8.5 9.7 12.9 18.1 25.3 34.4 45.5 58.6 73.7 90.7 M

k
 

σ2
P 70.5 60.3 53.9 51.3 52.6 57.7 66.5 79.2 95.8 116.1 140.3 168.3 

h2 .01 .04 .11 .20 .29 .35 .38 .39 .39 .38 .37 .36 

PE .73 .64 .52 .42 .36 .35 .38 .42 .46 .50 .53 .56 

σ2
A .02 0.1 0.2 0.3 0.5 0.7 1.0 1.3 1.6 2.0 2.4 2.9 D

r 

σ2
P 2.3 2.0 1.7 1.6 1.7 2.1 2.6 3.3 4.1 5.2 6.5 7.9 

2

2

P

C
EP
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C : is the permanent environmental variance 

 
 Variations in milk yield due permanent environmental conditions were reduced 
with progressing days in milk (Table 2). Variations in milk yield due to permanent 
environmental effect were high (not less than 50%) within early months of lactation. 
Whereas the corresponding estimates of additive variances were slightly low among 
the first four groups of DIM. Phenotypic variance of daily milk yield increased 
markedly after the 7th DIM group showing high variation with advancing lactation 
months. 
 Estimates of h2

DR (Table 2) were very low during early lactation months (from 
0.01 to 0.11) and were intermediate across the 2nd half of lactation (from 0.35 to 
0.39). Heritability estimate for milking duration was low during the first half of 
lactation while it increased during the beginning of the 2nd half of lactation. Zwald et 
al. (2005) found that low heritability estimates for milking time may be due to the 
wideness of the interval between positive and negative predicted transmitting ability 
or breeding values that associated with increase estimates of permanent 
environmental effect. Moore et al. (1983) found that estimated heritability of the "2-
min milk" was 0.23, which was significantly higher than the corresponding estimate 
of 0.13 for milking duration. 
 Estimates of permanent environmental effect (as the ratio between permanent 
environmental variance and phenotypic variance) (PEDR

) for milking duration were 

high during both ends of lactation ranging from 0.52 to 0.73 and from 0.50 to 0.56 
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during the first and the last three months of lactation, respectively. On the other hand, 
PEDR 

decreased greatly at the middle of lactation arriving to 0.35 during the 6th month 

of lactation. It appears that environmental conditions had a great contribution in 
variations of milking duration among different months of lactation. 
 

Estimates of heritability and permanent environmental effect within parities:  
 Estimate of random regression heritabilities and permanent environmental effects 
for milk yield and milking duration within parities across DIM groups are presented 
in Tables 3. Estimates of h2

MK within 1st and 2nd parities were higher than within 
others. Estimates of h2

MK within the 1st parity ranged from 0.24 to 0.36 across 
lactation months except DIM1,2 and the highest values were obtained during the mid-
lactation (DIM5,6). Most h2

MK estimates were high in the 2nd parity arriving to 0.48 
with small variations among estimates across lactation.  On the other hand, estimates 
for h2

MK were low within later parities. Some authors reported great variability with 
high heritabilities at the beginning and at the end of lactation (Jamrozik and 
Schaeffer, 1997; Olori et al., 1999; and Kettunen et al., 2000). Other authors found 
the highest heritabilities in mid-lactation (Swalve, 1995; Rekaya et al., 1999; Liu et 
al., 2000; Pool and Meuwissen, 2000; Jakobsen et al., 2002; Druet et al., 2003). 
Zavadilová et al. (2005) reported that additive genetic variances using random 
regression increased with parity and heritability estimates increased in turn, 
especially from the 2nd to the 3rd lactation. The present results indicate the importance 
of genetic evaluation of populations within parity.  
 

Table 3. Heritability (h2) estimates and permanent environmental effect (PE) for 
studied traits within the 1st, 2nd, and >3rd parity.  

Daily Milk Yield Milking Duration 

Pr1 Pr2 >Pr3 Pr1 Pr2 >Pr3 DIM 

h2 PE h2 PE h2 PE h2 PE h2 PE h2 PE 
1 .03 .81 .47 .05 .06 .68 .21 .42 .17 .17 .03 .51 
2 .12 .58 .48 .02 .04 .64 .18 .45 .05 .17 .04 .34 
3 .24 .35 .48 .00 .04 .65 .13 .53 .03 .38 .08 .28 
4 .32 .20 .48 .01 .05 .65 .09 .61 .06 .50 .11 .31 
5 .36 .14 .47 .02 .06 .63 .06 .68 .07 .56 .11 .35 
6 .36 .14 .47 .03 .09 .58 .03 .74 .08 .59 .11 .39 
7 .35 .17 .46 .04 .13 .47 .01 .78 .09 .59 .12 .42 
8 .33 .22 .45 .05 .18 .42 .00 .80 .12 .56 .14 .44 
9 .30 .27 .45 .07 .18 .45 .02 .78 .17 .51 .15 .50 
10 .27 .32 .43 .09 .17 .48 .06 .70 .22 .46 .14 .58 
11 .27 .33 .42 .13 .16 .49 .13 .59 .25 .44 .14 .64 
12 .30 .29 .39 .19 .18 .52 .20 .48 .27 .43 .14 .67 

Standard error ranged from 0.00 to .13 for h2 and from 0.09 to 0.23 for PE
 

Pr1, Pr2, >Pr3 are the first three parities and more.  
 

 Estimates of PEMK 
(Table 3) were obviously low within the 2nd parity and across 

the middle of the 1st parity. Contribution of the permanent environmental variation on 
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MK across DIM groups were magnified during the later parties where h2
MK estimates 

were decreasing.  
 Results of heritability estimates of milking duration (h2

DR)  within different 
lactations were mostly near to zero while the corresponding estimates of PEDR 

were 

high. Some high values for h2
DR were obtained slightly during edges of the 1st 

lactation (from 0.13 to 0.21 and 0.13 to 0.20), and during the 2nd half of the 2nd 
lactation (0.12 to 0.27). Milking duration may have an intermediate optimum, 
because most producers prefer cows with relatively uniform milking duration that do 
not decrease the flow of cows through the milking parlor. However, selection for 
extremely short milking duration may be undesirable, because an antagonistic 
relationship may exist with general udder health (Zhang et al., 1994). 
 Estimates of PEDR 

were relatively high reaching 0.80, 0.59, and 0.67 within the 1st, 

2nd and the later parity, respectively. These results refer to the impact of some 
environmental conditions which may affect the extent of genetic improvement of this 
trait across and within all lactations. Meyer and Burnside (1987) concluded that 
several environmental factors that affect milkability characteristics of individual cows 
may vary during lactation or between subsequent lactations. Zavadilová et al.(2005) 
found that variances in milking time of the small permanent environmental effect 
went up substantially between the first and subsequent lactations, with the differences 
between the 2nd and the 3rd lactations.  
 

Random regression covariances between and within traits: 
 Estimates of additive genetic (RA) and permanent environment correlations (RPe) 
between measures of milk yield and milking duration in different months of lactation 
are illustrated in Figure 1.  Estimates of additive genetic correlations for MK 
decreased in magnitude with increasing interval between measurements. Additive 
genetic correlations between early and late measures of MK were low and directly 
changed to negative direction. Therefore, MK in early and late stages of lactation 
could be considered as different traits. Estimates of additive genetic correlations 
between measures of DR were around unity across all lactation months.  These 
results may indicate the effectiveness of early selection based on milking duration. 
On the other hand, RPeMK 

appeared to show approximately similar trend to RAMK 

during most parts of lactation months.   
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Fig. 1. Estimates of additive genetic (RA), and permanent environment of (RPe) correlations within lactation for 
daily milk yield (MK)   and milking duration (DR)  across DIM.  
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 Estimates of additive and permanent environmental correlations between daily 
milk yield and milking duration using random regression analysis are illustrated in 
Figure 2.  Relationships between milking duration and milk yield were positive 
across all DIM groups.  
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Fig. 2. Estimates of additive genetic and 
permanent environmental correlations 
between daily milk yield and milking 
duration across 12 days in milk groups 

Fig. 3. Estimates of correlations between 
expected breeding values between daily 
milk yield and milking duration 

 

 Zwald et al. (2005) found that the shape of the milking duration curve tends to be 
similar to that of a typical lactation curve for milk yield. This is logical because milk 
letdown of a given cow is expected to be relatively constant across lactation, and 
milking duration is thus increased when the quantity of milk to be released is greater.  
In the present study some fluctuation in relationship of MK and DR was obtained 
during early months of lactation. While changes of the corresponding estimates 
during the 2nd half of lactation was in flattest shape till the end lactation. In general 
additive relationship between MK and DR was not less than 0.73. These results may 
suggest that high milk production tend to be inheritable along with long milking 
duration. These results are very important from the economic point of view.  
Therefore, progressing in genetic improvement of milk production must be restricted 
with no great prolonging of milking time. This procedure could be save more parlor 
costs and increase the total net profit of diary farms. 
 Permanent environmental conditions seem to be important in controlling the 
relationship between milk yield and milking duration. Estimates of permanent 
environmental correlations between MK and DR increased linearly with progressing 
lactation months. Therefore, milking duration may have an intermediate optimum 
trait in selection programs, because low producer cows that consume long time 
during milking will disrupt parlor flow and reduce parlor efficiency.  On the other 
hand, high producer cows consuming very short milking time may be at greater risk 
for mastitis infection. 
 Estimates of correlations RBVDR*MK 

between expected breeding values of milking 

duration with milk yield are shown in Figure 3. Changes were characterized into two 
phase, the 1st was in curve shape and ranged from 0.41 to 0.68 (mean RBVDR*MK 

= 
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0.52) and the 2nd was in flattest shape and ranged from 0.75 to 0.83 (mean RBVDR*MK 

= 0.81). It appears that milking durations generally tended to be transmit across 
generations along with high milk production. 
 

CONCLUSION 
 

 The results show that genetic improvement of both daily milk yield and milking 
duration is possible and that enhancement of environmental conditions during 
milking process is the important factor for assessment genetic programs. Milk yield 
could be considered as different traits along the trajectory especially during early and 
late of lactation. 
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الوقت نتاج اللبن الیومى وإختبار لإتماد العشوائى للتقیم الوراثى ـعلإنموذج الحیوان ل

  یب فى الهولستین فیرزیانــ الحلالمستغرق فى

  

  أشرف أمین

 

   مصر - الاسماعیلیة ٤١٥٢٢جامعة قناة السویس، كلیة الزراعة، قسم الانتاج الحیوانى، 

  

 الوقت المستغرق فىشوائى لتحلیل العلاقات بین انتاج اللبن ونموذج الحیوان للاعتماد الع ستخدامإتم  

بقار  سجل اختبار یومى لأ١٠٣٥٦٣اشتملت البیانات التى تم استخدامها فى التحلیل الاحصائى على . الحلیب

 وذلك التكعیبیةالدرجة تم استخدام تحلیل الاعتماد العشوائى عند . المجر متعددة المواسمبالهولستین فیرزیان 

 مجموعة طول موسم ١٢المقسمة الى (یام الحلیب  لتوضیح التباینات الوراثیة التجمعیة خلال الفترات المختلفة لأ

  . وذلك فى  جمیع الصفات المدروسة ) الحلیب

 اًی وراثاًن هناك تطورأمیع المواسم الانتاجیة اوقد اظهرت نتائج تحلیل البیانات الكلیة المشتملة على مج  

فى نهایة الموسم و تراوحت قیمة  على قیم لهاأكانت داء الصفات المدروسة مع تقدم موسم الحلیب وأفى  اواضح

تقدیرات المكافىء الوراثى لفترة الحلیب كانت  بینما ٠.٥٤ الى ٠.١٧نتاج اللبن بین لإالمكافىء الوراثى 

 فى حین كان هناك تطور ٠.٠٤عن  فى موسم الحلیب وبالتالى لم تزد قیمته ا یوم٦٠ول أ خلال ًمنخفضة جدا

نتائج وضحت أ .٠.٣٩ الى ٠.٣٥واضح فى قیمته خلال النصف الثانى لموسم الحلیب وقد تراوحت قیمته بین 

محصول لبن عالى خلال فترة یمكن  الوصول ل بناء على نتائج التحلیل الوراثى ةنأموسمي التحلیل البیانات 

تقدیرات القیم التربویة لكل من انتاج اللبن وفترة الحلیب تزایدت . نتاجیةلإحلیب متوسطة فى بدایة الحیاة ا

لى إدى ِ◌ؤنتخاب الفردى قد يِلإن األى إهذه النتائج تشیر . یام الحلیبأت مختلفة مع تقدم مجموعات لابمعد

 رتباط الوراثىلإا تناقص. نتائج مرغوبة فى التحسین الوراثى لهذه الصفات وخاصة فى نهایة موسم الحلیب

رتباط الوراثى لإا.  اید المسافة بین القیاسات المختلفةزالتجمعى بین المقاییس المختلفة خلال موسم الحلیب مع ت

رتباط بین القیم لإا. شهر الحلیب المختلفةأ خلال ا ومرتفعاًبین انتاج اللبن الیومى وفترة الحلیب كان موجب

شهر أ خلال ٠.٦٩ بموسط قدرة ٠.٨٣ الى ٠.١٤ بین  وتراوحاالتربویة المتوقعة لكل من الصفتین كان موجب

كثر تفصیلا عن القیم التربویة والارتباطات الوراثیة والبئیة أج ئویحتوى متن البحث على نتا. الحلیب المختلفة

 .الدائمة لجمیع الصفات المدروسة

  

 
 

 
 


