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ABSTRACT: Means of milking characteristics of the main 
breed groups of New Zealand dairy cattle, Friesian (F), Jer-
sey (J) and F×J crossbred were predicted with a mixed 
model using 621,116 electronically recorded milk flows on 
1,555 cows in two herds during 2011 and 2012. Friesian 
cows showed a significantly higher bimodal (BM) milk 
flow curves than J cows, and F×J cows showed intermedi-
ate values. Friesian cows produced a significantly higher 
milk weight (MW) than F×J, which produced a significant-
ly higher MW than J cows. However, there were no signifi-
cant differences in milking duration (MD) between the 
three breed groups. Higher MW at similar MD of F cows 
resulted in a higher average milk flow (AMF) than F×J, 
which had a significantly higher AMF than J cows. Breed 
differences for milking characteristics can be exploited in 
breeding programs to improve milk harvesting efficiency. 
Keywords: dairy cattle; crossbreeding; milking characteris-
tics 
 
 

Introduction 
 

Milk harvesting accounts for 57% of time for all 
farming activities in pastoral dairy systems (Taylor et al. 
2009). One measure of milking efficiency is the number of 
cows milked per hour, which is strongly influenced by the 
average milk flow rate and milking duration (MD) of indi-
vidual cows (Edwards et al. 2012). As cow MD has an im-
pact on labor costs, it is not surprising that milking speed 
has been linked to farm profitability (Sivarajasingam et al. 
1984). Technology for electronic recording of milking 
characteristics is commercially available and some coun-
tries are using these to perform genetic evaluations for sev-
eral traits including average milk flow rate (AMF), maxi-
mum milk flow rate (MMF), time to MMF (TMMF) and 
MD (Gray et al. 2011; Berry et al. 2013b). 

 
Pre-milking stimulation has not been in wide-

spread use in pasture-based New Zealand dairy systems for 
40 years after work by Phillips (1987) that demonstrated 
that it was not required to maximize milk production. Euro-
pean studies suggest that cows milked without pre-milking 
stimulation are more likely to have bimodal milk flow 
curves, reducing AMF rate and potentially impacting on 
udder health (Bruckmaier and Blum 1996; Sandrucci et al. 
2007). A bimodal milk flow curve is represented as a flow 
pattern with two increments separated by a clear drop of 
milk flow shortly after the start of milking (Bruckmaier and 
Blum 1996; Samoré et al. 2011).  

 
Some studies have investigated the effect of strain 

(McCarthy et al. 2007) and breed on milking characteristics 

(Beck et al. 1951; McDowell and McDaniel 1968; Schmidt 
and Van Vleck 1969; Bruckmaier et al. 1995; Walsh et al. 
2007; Berry et al. 2013a). However the effect of crossing 
Jersey and Holstein-Friesian breeds on milking characteris-
tics have been reported in few studies (Arave et al. 1987; 
Prendiville et al. 2010). The objective of this study was to 
investigate differences in milk flow characteristics between 
the main breed groups of New Zealand dairy cattle, Friesian 
(F), Jersey (J) and F×J crossbred, under seasonal-calving, 
grazing conditions and without premilking stimulation. 

 
Materials and Methods 

 
Data. A detailed dataset containing 621,116 am 

and pm test-day records was collected from two farms be-
tween September 2011 and May 2012. The dairies were 
equipped with Metatron S21 milk meters (GEA Farm 
Technologies GmbH, Bönen, Germany) at every bail. A 
report was created in the herd management software 
(DairyPlan C21, GEA Farm Technologies GmbH) to record 
the following variables at each milking session: cow num-
ber; birth identification; milking date; time of milking; milk 
weight (MW); MD (cluster-on to cluster-off); AMF (from 
initiation of milk flow to cluster removal); maximum milk 
flow (MMF); time to MMF (TMMF); milk weight in the 
first two min (MW2min); percentage of milk in the first two 
min (PM2min); decline duration (DD) defined as the time 
from MMF to the time in which milk flow rate was less 
than 0.26 kg/min; and percentage of decline (PD) calculated 
as DD divided by the milking duration × 100. A measure of 
bimodality (BM) was defined as the proportion of milk 
flow rate decrease of the initial increase in milk flow. For 
example, if the initial milk flow rate increased from 0 to 2.5 
kg/min before falling to 1 kg/min as cisternal milk was 
emptied (and before milk ejection), this would equate to a 
BM score of 60%. 

 
The average milk flow rate was recorded in 15 s 

intervals up to 4 min, 30 s intervals between 4-7 min, and 
60 s intervals from 7-10 min. Animal data included animal 
key, birth identification, birth date and proportion of F, J 
and other breeds (O) and calving date, which allowed the 
calculation of DIM. The pedigree of each cow with records 
was tracked back three generations and the proportion of F 
and J was extracted for parents and grandparents. Herd 1 
was comprised of 35 F, 361 J and 293 crossbred F×J cows, 
and herd 2 of 298 F, 3 J and 565 crossbred F×J cows. All 
cows were spring calving under grazing conditions.  

 
Statistical analysis. All variables were analyzed  

using ASReml (Gilmour et al. 2009) with a mixed model 
that included the fixed effects of farm-testday, parity (1, 2, 



3, 4+), stage of lactation (60 day periods), session (a.m. or 
p.m.), and as continuous variables, days in milk modeled 
with a Legendre polynomial of order two, deviation from 
the median herd calving date, proportion of J, proportion of 
O, and heterosis coefficients for F×J, F×O and J×O. Propor-
tion of Friesian was not included in the model to avoid line-
ar dependencies and was used as a base for comparison. 
The random effects were additive genetic animal effect and 
the permanent environmental effect of cow. The pedigree 
file contained 1,555 cows with records, 448 sires and 438 
grand sires. 

 
Calculations of breed proportions and coefficients 

of breed heterozygosity were completed for each cow using 
the following formula: αp

i = (αs
i + αd

i)/2, where αp
i is the 

proportion of genes from breed i in the cow, αs
i is the pro-

portion of breed i in the sire and αd
i is the proportion of 

breed i in the dam. Coefficients of specific heterosis were 
calculated between any pair of the F, J and O breeds using 
the following identities: hij = αs

iαd
j + αs

jαd
i where hij is the 

coefficient of expected heterosis between fractions of 
breeds i and j in the progeny, αs

i and αs
j are proportions of 

breeds i and j in the sire, respectively, and αd
i and αd

j are 
proportions of breed i and j in the dam, respectively. 

 
The means for each of the milking characteristics 

of purebred F and J and first crossbred (F1) F×J cows were 
estimated using the breed and heterosis effects and consid-
ering the other factors in the model at their average values. 
Multiple means comparisons were performed using a two-
sample z statistic. Estimates of heterosis effects were ex-
pressed as a percentage of mean performance of purebreds. 

 
Milk flow curves for F, J and F1 F×J cows were 

obtained using the same mixed model as described above 
but including milk flow time as fixed effect. 

 
Results and Discussion 

 
Mean milk weight was 10.5 kg/cow/milking with a 

standard deviation of 4.0 kg. This represents the average 
value between a.m. and p.m. milk weight. Mean milking 
duration was 370 s with a standard deviation of 131 s.  
Cows, on average, reached maximum milk flow 145.5 s 
after the start of milking. The time of the declining phase 
was 110 s, which represented 38.7% of the total milking 
duration. Mean milk weight extracted during the first 120 s 
was 3.3 kg and represented 35.7% of the total milk weight. 
The average milk flow rate was 2.0 kg milk/min with a 
maximum milk flow rate of 3.4 kg milk/min. The average 
BM was 37.4%. 

 
Predicted means for each of the milking character-

istics of the purebred F and J and F1 F×J cows are presented 
in Table 1.  Milk flow curves for the three breed groups are 
shown in Figure 1. Friesian cows produced significantly 
higher MW than F1 F×J cows, which produced significantly 
higher MW than J cows. However, there were no signifi-
cant differences in MD between the three breed groups. 
Consequently, Friesian cows had significantly faster AMF 
than F1 F×J cows, which had significantly faster AMF than 
J cows. The differences between F and J cows for MW, MD 

and AMF found in this study are consistent with the find-
ings of Beck et al. (1951), Arave et al. (1987) and Pren-
diville et al. (2010). 

 
 

 
Figure 1: Milk flow curves of Friesian (F), Jersey (J) 
and first cross (F1) F×J crossbred cows in New Zealand. 
 
Table 1. Predicted means (and standard errors) of milk-
ing characteristics for Friesian (F), Jersey (J) and first 
cross (F1) F×J crossbred cows in New Zealand. 
 Trait F F1 F×J J 

Milk weight (kg/milking) 11.28a 

(0.14) 
10.24b 

(0.18) 
8.61c 

(0.14) 

Milking duration (s) 364.2 
(7.3) 

365.3 
(9.1) 

358.5 
(7.5) 

Average milk flow (kg 
min-1) 

2.17a 

(0.04) 
2.00b 

(0.05) 
1.70c 

(0.04) 
Maximum milk flow (kg 
milk min-1) 

3.74 a 

(0.08) 
3.40 b 

(0.10) 
2.93 c 

(0.09) 

Time to maximum flow (s) 141.3 
(3.9) 

149.0 
(4.7) 

142.3 
(4.0) 

Milk weight at 2 minutes 
(kg) 

3.55 a 

(0.09) 
3.15b 

(0.11) 
2.76 c 

(0.09) 
Percentage of milk at 2 
minutes (%) 

37.6 
(1.0) 

35.6 
(1.2) 

36.6 
(1.0) 

Decline duration (s) 108.9 
(3.4) 

103.9 
(4.4) 

106.8 
(3.4) 

Percentage decline 28.8 
(0.6) 

27.3 
(0.8) 

28.9 
(0.6) 

Proportion decease of ini-
tial flow  

0.40 a 

(0.01) 
0.38 ab 

(0.01) 
0.35 b 

(0.01) 

Percentage bimodal    39.7a 
(1.1) 

37.7 ab 
(1.3) 

35.3b 
(1.1) 

a, b, c Within a row, means without a common superscript differ (P < 0.05).  
 
 
The F×J heterosis effects for MW, MD and AMF 

estimated in this study were 2.9, 1.1 and 3.2%, respectively, 
but were not significantly different to zero. The standard 
errors of the estimates of the regression coefficients for the 
heterosis coefficients obtained in this study were large pos-
sibly caused by the large variation from day to day in the 
milk characteristics measured by automatic recording sys-
tems as shown by Gӓde et al (2006). In a similar study, Ed-
wards (2014) reported similar estimates of heterosis but 



significantly different using a much larger data set (24,056 
vs 1,555 cows). 

 
Significant heterosis effects for AMF between 

Montbéliarde × Holstein-Friesian (6.5%) and Normande × 
Holstein-Friesian (8.0%) were reported by Walsh et al. 
(2007) and between F×J (7.9%) by Prendiville et al. (2010). 

 
Figure 1 shows that F cows had a significantly 

higher MMF than F1 F×J cows, which had a significantly 
higher MMF than J cows. The heterosis effect was 2.0% but 
it was not significantly different to zero. Similar results 
regarding the difference between F and J cows were found 
by Prendiville et al. (2010), but not between F and F1 F×J 
cows. In that study F1 F×J cows tended to have a higher 
MMF during the lactation than F cows, resulting in signifi-
cant heterosis of 10.3%. Walsh et al. (2007) found no het-
erosis effects for MMF between Montbéliarde and Hol-
stein-Friesian and between the Normande and Holstein-
Friesian breeds. 

 
The percentage of milk extracted during the first 2 

min was similar between the three breed groups. The pro-
portional decrease of the initial milk flow was significantly 
higher in F cows than in J cows. First cross F×J had inter-
mediate values for the proportional decrease of the initial 
milk flow with no significant differences to F or J cows. 
The percentage of milk harvested in the first 2 min, typical-
ly cisternal milk, may influence the percentage decrease of 
the initial milk flow as this milk can be rapidly removed, 
possibly before the milk ejection reflex has occurred. 

 
The measure of bimodality in the present study 

(37.4%) was similar to the reported elsewhere (35% in San-
drucci et al. (2007); 27% in Antalík and Strapák (2010); 
33.8% in Samoré et al. (2011)) but higher than 16% in Ber-
ry et al. (2013a). This indicates the absence of pre-milking 
stimulation may not be a disadvantage in New Zealand. 
Friesian cows showed a significantly higher percentage of 
bimodal milk flow curves than J cows, and F×J cows 
showed intermediate values, resulting in no heterosis effects 
for BM. Berry et al. (2013a) reported that the predicted 
probability of bimodality increased with the proportion of 
Holstein in the cow. Bimodality can negatively influence 
milking efficiency causing longer milking times (Bruck-
maier and Blum, 1996). Additionally, it can negatively af-
fect teat and udder health when milking on empty teats oc-
curs (Bruckmaier et al., 1995). However, Edwards et al., 
(2014) has indicated that it may not negatively affect milk-
ing efficiency due to the rapid removal of cisternal milk. 

 
Conclusion 

 
Breed differences in milking characteristics exist-

ed, with Friesian and crossbred cows having higher milk 
weight and average milk flow than Jersey cows. Friesian 
cows showed higher percentages of bimodal milk flow 
curves than Friesian × Jersey crossbred cows followed by 
Jersey cows. These breed differences can be exploited in 
breeding programs aimed to improve milk harvesting effi-
ciency. 
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