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ABSTRACT: This study assessed milk yield and com-
position of Angus and Angus-cross beef cows raised in 
southern Brazil. A total of 128 records were collected in 2 
consecutive calving seasons from cows between 3 and 5 yr 
of age of 4 breed compositions: Angus (ANAN), Caracu × 
Angus (CRAN), Hereford × Angus (HHAN), and Nelore 
× Angus (NEAN). These cows were mated to Brangus 
(BN) or Braford (BO) bulls and managed under extensive 
grazing conditions in southern Brazil. Milk production of 
these cows was assessed by 2 procedures: indirectly by 
the calf weigh-suckle-weigh procedure (WD) and direct-
ly by machine milking (MM). Lactation curves were 
estimated using nonlinear regression and the following 
related traits were derived: peak yield (PY), peak week 
(PW), total yield at 210 d (TY210), and lactation persis-
tence (PERS). Milk composition and calf weaning weight 
adjusted to 210 d (WW210) were also determined. The 
MM technique was considered more accurate because of 
lower standard errors of estimated means, greater statis-
tical power, and greater correlation between TY210 and 

WW210 (0.50) compared to WD (0.36). Considering the 
more precise evaluation by MM, the CRAN and NEAN 
cows had greater TY210 (1070 and 1116 kg, respectively) 
and PY (8.1 and 7.8 kg, respectively) compared to ANAN 
and HHAN cows, which had 858 and 842 kg for TY210 
and 6.6 and 6.3 kg for PY, respectively. The NEAN cows 
had the latest PW at 10.8 wk. Late-calving cows had 
21% lower TY210 compared to cows that calved earlier. 
Milk composition was influenced by cow genotype, with 
CRAN and NEAN cows producing milk with greater fat 
(3.8 and 3.9%, respectively) and protein (3.2 and 3.1%, 
respectively) content compared to ANAN and HHAN 
cows. Regardless of the genotype, fat, protein, and total 
solids increased in concentration from beginning to end of 
lactation, while lactose content decreased. Crossbreeding 
of Angus with adapted breeds of taurine or indicine ori-
gin can be effective in increasing milk yield and nutrient 
content and, consequently, producing heavier calves at 
weaning under extensive grazing in southern Brazil and 
other similar subtropical climate regions.
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INTRODUCTION

Preweaning weight gain of calves is related to their 
genetic potential and to the environment in which they 
are raised. Maternal environment is one of the most im-
portant factors determining the growth of calves since 
milk is the primary source of nutrients during the ini-
tial period of their lives (Notter et al., 1978; Miller and 
Wilton, 1999; Brown and Brown, 2002). Studies have 
shown that up to 60% of the variation in calf weight 
at weaning is attributed to milk production of the dam 
(Rutledge et al., 1971; Albuquerque et al., 1993; Miller 
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and Wilton, 1999; MacNeil and Mott, 2006) and to com-
position of the milk (Brown et al., 2001).

Milk production is affected by nongenetic factors 
such as age at calving, calving season, and nutritional 
level (Melton et al., 1967; Ribeiro et al., 1991; Brown et 
al., 2001) and by genetic composition. Heterosis affects 
milk production (Cundiff et al., 1974; Brown et al., 2001; 
Restle et al., 2005), and progeny of F1 cows are gener-
ally heavier at weaning than F1 calves from purebred 
cows (Ribeiro et al., 2001; Calegare et al., 2007). Brown 
et al. (2001) emphasized that not only is the amount of 
milk important, but also its nutrient composition. Milk 
composition can be influenced by the cow breed compo-
sition, stage of lactation, and diet (Holloway et al., 1985; 
Brown et al., 2001).

Crossbreeding is used to combine fitness of zebu 
cattle with productivity and beef quality of British 
breeds in subtropical areas. Particularly in southern 
Brazil, such crosses commonly involve mating Angus 
or Hereford cows to Nellore bulls. To identify locally 
suitable maternal genotypes, we evaluated milk produc-
tion and nutritional composition of pure and crossbred 
cows derived from those breeds and a tropically adapted 
taurine alternative to zebu. Moreover, we compared 2 
methods to obtain milk production of beef cows.

MATERIAL AND METHODS

Animals, Management, and Measurements
All experimental procedures that involved animals 

were approved by the Committee for Ethics in Animal 
Experimentation from the Federal University of Pelotas 
(Pelotas, Brazil; Process CEEA No. 9288). The field ex-
periment was performed at Embrapa Southern Animal 
Husbandry Center of Brazilian Agricultural Research 
Corporation, located in the city of Bagé, state of Rio 
Grande do Sul, in southern Brazil. Climate of this area is 
subtropical, with an average annual temperature of 17.6°C, 
ranging between 12.5°C in June and 24°C January, and 
with extreme values of –4°C and 41°C. Average annual 
rainfall is 1,350 mm, distributed 25% in autumn, 34% in 
winter, 25% in spring, and 16% in summer.

Data from 128 lactations of 3- to 5-yr-old cows 
were recorded in 2 calving seasons (2010/2011 and 
2011/2012). These cows were of 4 breed groups: 25 
purebred Angus (ANAN), 39 crossbred Caracu × Angus 
(CRAN), 32 crossbred Hereford × Angus (HHAN), and 
32 crossbred Nelore × Angus (NEAN). In all of these 
crosses, Angus was the maternal breed.

Cows were separated into 6 groups by calving order: 
first calving 3-yr-old cows (3.1), first calving 4-yr-old 
cows (4.1), second calving 4-yr-old cows (4.2), second 
calving 4-yr-old cows that were first mated and pregnant 

at 18 mo (4.18), second calving 5-yr-old cows (5.2), and 
third calving 5-yr-old cows (5.3).

Cows were randomly split within breed group into 2 
groups and then mated to Brangus (BN) and Braford (BO) 
bulls in December 2009. Initially, artificial insemination 
at a fixed time was performed using semen from 6 BN 
and 5 BO bulls. After that, 2 clean-up bulls of each breed 
were used for a 75-d natural mating period. The second 
mating season started in December 2010, using the same 
procedure described above. These matings yielded 128 
crossbred calves with the following breed of sire × breed 
of dam distribution: 10 BN × ANAN, 15 BO × ANAN, 18 
BN × CRAN, 21 BO × CRAN, 19 BN × HHAN, 13 BO × 
HHAN, 17 BN × NEAN, and 15 BO × NEAN.

During the 2 experimental years, calving occurred 
between September and December. Cows were grouped 
according to the Julian birth date to account for calving 
season effect. Calves born until the 299th Julian day were 
considered to be in the early calving season, and those 
born after that were considered in the late calving season.

Calves and their dams were identified and weighed 
at birth. Calves and cows were again weighed in May of 
the following year at weaning, when pregnancy diagno-
sis was performed.

Milk production was measured using 2 methods: 
indirectly by weigh-suckle-weigh (WD; Cundiff et al., 
1974) and directly through machine milking (MM). For 
the indirect WD method, 10 measurements were made at 
intervals of 21 d until weaning at approximately 210 d 
of age. On the day before each evaluation, calves were 
separated from their dams at 1300 h and then rejoined 
with them at 1900 h, when they were allowed to suckle 
for 45 min to exhaust the milk from the mammary glands. 
Then the cows were again separated from their calves un-
til the next morning. Overnight, cows were kept in a small 
paddock with water and grass and calves remained fasting 
in a pen. The next day, at 0700 h, calves were weighed 
fasting, then put to suckle for 45 min and weighed again. 
The difference between weights before and after suckling 
was considered the milk production of 12 h, which was 
doubled to estimate the 24-h yield. The weighing was per-
formed using a Tru-Test  XR3000 electronic scale (Tru-
Test Group, Auckland, New Zealand) with the maximum 
capacity of 1,500 kg and precision of the 100 g.

Direct measurements of milk production were 
made in 3 different lactation periods: beginning (18–
58 d), middle (92–135 d), and end (152–242 d). On 
the day before milking, management of the cows and 
calves was the same as when the WD method was ap-
plied. The following day, milking started at 0700 h. 
While holding the cow in a squeeze, 30 IU of oxytocin 
were administrated intravenously to facilitate the milk 
ejection. After washing and massaging the udder, milk-
ing was performed until total depletion of the mam-
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mary glands. A Fockink ATBVF200 milking machine 
(Grupo Fockink, Panambi/RS, Brazil) was employed 
in this process, which lasted on average about 7 min. 
The equation used to estimate the milk yield in 24 h 
was proposed by Restle et al. (2003):

MY MMY
IM

= × ×
60 24

where MY = estimated 24-h milk yield in kg/day, MMY = 
observed machine milking in kg, and IM = time interval 
in minutes between the last suckling and the milking.

Milk was homogenized, and samples of 100 mL 
were collected and sent to an accredited milk quality lab-
oratory at Embrapa Temperate Climate Center (Pelotas, 
Brazil) to determine the percentage of the fat, lactose, 
protein, and total solids. Machine milk yields were cor-
rected to 4% of fat content by applying the equation of 
Gaines and Davidson (1925):

MY(4%) = 0.4 × MY + 0.15 × MY × %F,

where MY(4%) = milk yield corrected to 4% of fat con-
tent and %F = observed milk fat percentage.

Milk samples with fat content below 1% or above 
7% where flagged by the laboratory as outside normal 
bounds, and data associated with these samples were re-
moved from further analyses. Individual lactation curves 
for each cow and an average curve for each 4 maternal 
breed groups were estimated by PROC NLIN of SAS 
(SAS Inst. Inc., Cary, NC) using the model proposed by 
Jenkins and Ferrell (1984):

MY w
aew kw( ) =  �,

where MY(w) = milk yield in 24 h corrected to 4% of 
fat content observed at the wth week after calving, a = 
curve scale parameter, k = curve shape parameter, and 
w = lactation length in weeks.

Estimates of the parameters a and k were used, fol-
lowing Jenkins and Ferrell (1984), to calculate 3 ad-
ditional lactation curve parameters:
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where PW = week of peak lactation, PY = yield at peak 
lactation, and TY210 = total production during the 210 
d (or 30 wk) of lactation.

Persistence (PERS) was defined as the linear av-
erage daily change in milk production (g/d) between 
peak lactation and weaning (Jenkins et al., 2000):

PERS PY FY
D

=
−( ) *1000

where FY = milk yield at the last day of lactation and 
D = number of the days between the peak and the end 
of lactation.

Calf weight at weaning was corrected to 210 d of 
age through the following equation:

WW WW BW
WA

BW210 210=
−






× +

where WW210 = weaning weight in kg corrected to 
210 d of age, WW = weaning weight, BW = birth 
weight, and WA = age at the weaning day in days.

Statistical Analyses

The parameters a and k, as well as the other vari-
ables derived from the lactation curve of each cow and 
the WW210, were considered dependent variables and 
analyzed by PROC MIXED of SAS according to the 
following statistical model:
Y B S CS O

BB Y e
ijkmnop i j k m

n o ijkmnop

= + + + +

+ + +

µ � ,  [1]

where Yijkmnop = dependent variable, μ  = overall mean, 
Bi = cow breed composition effect (ANAN, CRAN, 
HHAN, NEAN), Sj = calf sex effect (M, F), CSk = calv-
ing season effect (early, late), Om = calving order effect 
(3.1, 4.1, 4.18, 4.2, 5.2, 5.3), BBn = bull breed effect 
(BO, BN), Yo = year effect (2010, 2011), and eijkmnop = 
experimental error.

Milk components at different lactation periods were 
analyzed using a repeated measures design, also with 
PROC MIXED of SAS. The statistical model used was

Y B S CS O
BB Y C P

G P e

ijkmnopq i j k m

n o p i q

iq ijkmnopq

= + + + + +

+ + + +

× +
( )

µ �

� , [2]

where Yijkmnopq = milk nutritive composition vari-
able, Cp(i) = cow random effect within breed com-
position, Pq = lactation period effect (beginning, 
middle, end), G×Piq = interaction between breed com-
position and lactation period effects, all other terms 
being analogous to those described above for Eq. [1].

Estimated means were compared using the Tukey-
Kramer test with the significance threshold P = 0.05. 
Pearson correlations were obtained among observed 
values of the studied traits, considering the different 
methods used to estimate milk production.
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RESULTS AND DISCUSSION

Milk Production and Lactation Curve
Lactation curve parameters were significantly affected 

(P < 0.05) by cow genotype (Table 1). Crossbred cows with 
tropically adapted germplasm (CRAN and NEAN) were 
more productive compared to British crossbred (HHAN) 
and purebred (ANAN) cows. The respective MM aver-
age daily production of 5.1 and 5.3 kg/day for CRAN and 
NEAN were not different from each other but exceeded the 
values of 4.1 kg/day for ANAN and 4.0 kg/day for HHAN 
during the 210-d lactation period. However, by the indirect 
WD method, only CRAN cows were significantly more 
productive than ANAN and HHAN, which, in this case, 
also did not differ from the NEAN cows (Table 1).

Several authors have demonstrated breed effects on 
milk production of beef cows (Reynolds et al., 1978; 
Jenkins and Ferrell, 1992; Minick et al., 2001; Brown and 
Brown, 2002). As in the present study, other authors com-
paring purebred animals with crosses between taurine and 
zebuine breeds in Brazil have verified higher milk pro-
ductions in crossbred cows (Cerdótes et al., 2004), dem-
onstrating the benefit of heterosis in those crosses. Restle 
et al. (2005) measured milk production of the Nelore, 
Charolais, and F1 crossbred cows of these 2 breeds, and 
reported heterosis values of 32 and 65% for milk produc-
tion at 14 and 70 d of lactation, respectively.

Lactation curves, of all studied genotypes, whether 
obtained by MM or WD (Fig. 1), had peaks between 
the eighth and the tenth week (Table 1). These results 
agreed with NRC (1996), which, based on a review of 
beef cow milk production studies with different genetic 
groups, has established that peak milk production oc-
curs around 8.5 wk of lactation. After this period, other 
physiological functions such as body reserve recovery 
and reproduction start to have greater importance, and 
milk production decreases (Jeffery et al., 1971). This 
also coincides with a shift towards forage intake as the 
main feed source of calves.

The CRAN cows had greatest milk yield at peak lac-
tation by both milking methods (P < 0.05), which was 
just not different from NEAN cows by MM and from 
HHAN cows by WD (Table 1). Peak lactation occurred 
later for zebu-cross NEAN cows compared to the other 
studied genotypes. (P < 0.05).

Lactation persistence differed between CRAN and 
NEAN cows. Both were highly productive, but CRAN 
cows had a greater rate of decrease in milk production 
after peak lactation, while the NEAN cows had greater 
persistence (Table 1). Minick et al. (2001), working with 
crossbred animals, and Johnson et al. (2003), using BN 
cattle, found that the most productive cows tended to 
have more rapid declines in milk production after reach-
ing the production peak, contrary to what was observed 
for NEAN cows in the present study.

Table 1. Least square means and standard errors for lactation curve parameters ‘a’ and ‘k,’ peak yield (PY), week of 
peak lactation (PW), total yield in 210 d of lactation (TY210), and persistence (PERS) estimated from data obtained 
by machine milking (MM) and weigh-suckle-weigh (WD) methods and calf weaning weight adjusted to 210 d 
(WW210), according to breed composition of the cow and breed of sire of the calf

 
MM

Breed composition of the cow1 Breed of sire2

ANAN CRAN HHAN NEAN BN BO
N 20 36 25 24 49 56
‘a’ 0.54 ± 0.06ab 0.44 ± 0.05b 0.62 ± 0.05 a 0.56 ± 0.06ab 0.52 ± 0.04ª 0.56 ± 0.04ª
‘k’ 0.120 ± 0.007ª 0.120 ± 0.005ª 0.116 ± 0.005ª 0.099 ± 0.006b 0.116 ± 0.004ª 0.112 ± 0.004ª
PW 8.7 ± 0.6ª 8.7 ± 0.4ª 9.1 ± 0.4ª 10.8 ± 0.5b 9.2 ± 0.3ª 9.4 ± 0.4ª
PY, kg 6.6 ± 0.4ª 8.1 ± 0.3b 6.3 ± 0.4ª 7.8 ± 0.4b 7.4 ± 0.3ª 7.0 ± 0.3ª
TY210, kg 858 ± 50ª 1,070 ± 39b 841 ± 43ª 1,116 ± 45b 1,009 ± 32ª 933 ± 34ª
PERS, g/d –26 ± 3ab –30 ± 2ª –25 ± 2b –22 ± 2b –27 ± 2ª –25 ± 2ª
WD
N 25 37 28 30 58 62
‘a’ 0.47 ± 0.05ab 0.42 ± 0.04ª 0.44 ± 0.04ª 0.56 ± 0.04b 0.44 ± 0.03ª 0.50 ± 0.03ª
‘k’ 0.131 ± 0.009ª 0.121 ± 0.007ª 0.134 ± 0.008ª 0.117 ± 0.008ª 0.123 ± 0.006ª 0.128 ± 0.006ª
PW 8.1 ± 0.6ª 8.8 ± 0.4ab 8.2 ± 0.5ª 9.5 ± 0.5b 8.9 ± 0.4ª 8.5 ± 0.4ª
PY, kg 7.0 ± 0.4ª 8.0 ± 0.3b 7.2 ± 0.3ªb 6.9 ± 0.3ª 7.7 ± 0.2ª 6.8 ± 0.3b

TY210, kg 923 ± 62ª 1,106 ± 49b 940 ± 52ª 987 ± 56ab 1,068 ± 40ª 910 ± 41b

PERS, g/d −35 ± 4ab −42 ± 3ª −42 ± 3ab −33 ± 4b −40 ± 2ª −36 ± 3ª
WW210, kg 184 ± 6ª 210 ± 5b 186 ± 5ª 219 ± 6b 205 ± 4ª 195 ± 4b

a,bLeast square means in the same line with different letters are different from each other (P < 0.05) within breed composition and bull breed.
1ANAN = Angus; CRAN = F1 Caracu-Angus; HHAN = F1 Hereford-Angus; NEAN = F1 Nelore-Angus. 
2BN = Brangus; BO = Braford. 

 by Fernando Cardoso on May 30, 2014www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


Rodrigues et al.2672

Lactation curves (Fig. 1) and parameters estimated 
by both milking methods (Table 1) demonstrated rela-
tive superiority of crosses between more distantly related 
breeds (CRAN and NEAN) relative to the HHAN crosses 
or purebred ANAN cows. This confirms the positive ef-
fects of crossbreeding on milk production observed by 
other authors (Cundiff et al., 1974; Reynolds et al., 1978; 
Brown et al., 2001; Restle et al., 2005) and that hybrid 
vigor obtained in crossbreeding depends on the genetic 
distance among the involved breeds with crosses between 
more distantly related breeds expected to achieve greater 
levels of heterosis (Roso and Fries, 2000).

Sire breed influenced TY210 and PY when milk 
production was measured by the WD method (Table 1). 
It was observed that TY210 was increased 14.9% (P < 
0.05) in cows whose calves were sired by BN bulls 
relative to those whose calves were sired by BO bulls. 
However, this difference was not observed when the 
MM method was used (P > 0.05).

Crossbred calves tend to suckle more frequently 
and for greater lengths of time than do purebreds. This 
behavior may stimulate milk production of their dams 
(Rovira, 1996; Das et al., 2000). Likewise, Reynolds 

et al. (1978) found a significant effect of the calf geno-
type, where cows with crossbred calves produced 16% 
more milk. In this context, the present results lead us to 
believe that indirect WD evaluation besides estimating 
cow milk production includes calf behavior influence 
on milk production through higher milk consumption, 
wherein BN-sired calves could have more active suck-
ling behavior compared to those sired by BO bulls.

Calving season influenced milk production mea-
sured by both milking methods (Table 2). Late calv-
ing cows had TY210 that was 21% less than those that 
calved in the first half of the season. Moreover, greater 
peak lactation levels of milk production were observed 
in early calving cows with MM. Differences in milk pro-
duction due to calving period are generally related to 
climate changes, such as temperature, humidity, rainfall, 
and luminosity, which directly affect pasture availability 
(Alencar et al., 1988) and, more importantly, its quality 
(Brown et al., 2001; Restle et al., 2005). In this study, 
early spring calving cows were favored because their 
higher milk production and energy demand period best 
matched productivity and quality profiles of regional na-
tive grasses due to favorable weather (Carvalho, 2006).

Among the 6 calving order subclasses, 4-yr-old first 
calving cows had greater milk production (PY and TY210) 
through MM evaluation than cows of same age, but hav-
ing their second calf (4.18 and 4.2), and than 3-yr-old 
primiparous cows (Table 2). By the indirect WD method, 
3-yr-old first calving cows demonstrated lower PY and 
TY210 than other groups (Table 2). These results are in 
agreement with NRC (2001), which estimated milk pro-
duction levels 26 and 12% less in cows that are 2 and 3 yr 
old relative to cows 4 or more years old. This higher milk 
production of adult cows was expected due to higher net 
energy balance for the milk production since their nutri-
tional requirements are just for maintenance and produc-
tion, as opposed to those of younger cows that also need 
to fulfill requirements for growth. Notter et al. (1978), 
working with different breeds of beef cattle, also observed 
less milk production in 3-yr-old cows (second calf), rela-
tive to cows 4 yr of age (third calf), with this difference 
being 19%. Nonetheless, delaying first calving to 4 yr of 
age, just considering the highest milk production, is not 
economically feasible because these females would have 
a very long unproductive rearing period, which would in-
crease costs and decrease productivity and profitability of 
the system (Pötter et al., 2000).

Calf Performance

Estimates of parameters that describe the lactation 
curve obtained by either milking method or WW210 
were not influenced by sex of calf or evaluation year in 
this study (P > 0.05). Conflicting results are reported by 

Figure 1. Lactation curves estimated using the function proposed by 
Ferrell and Jenkins (1984) fit to data from weigh-suckle-weigh (WD) and 
machine milking (MM) of Angus (ANAN), F1 Caracu-Angus (CRAN), F1 
Hereford-Angus (HHAN), and F1 Nelore-Angus (NEAN) cows.
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other authors regarding these effects, including a lack 
of sex effect on milk production (Melton et al., 1967; 
Robison et al., 1978; Alencar, 1987; Alencar et al., 1988; 
Albuquerque et al., 1993; Pimentel et al., 2006), in-
teraction of sex of calf with year (Jeffery et al., 1971), 
and generally greater production of cows nursing male 
calves (McCuskey et al., 1986).

Calf weight adjusted to 210 d of age was influenced 
by its dam genotype and bull breed (Table 1). Calves 
born to NEAN and CRAN cows were heavier at wean-
ing than the other genotypes, which concurs with the 
greater milk production of their dams and confirms the 
close association between calf weaning weight and cow 
milk production (Rutledge et al., 1971; Albuquerque et 
al., 1993; Miller and Wilton, 1999; MacNeil and Mott, 
2006). Brangus-sired calves were 5.2% heavier than BO 
offspring, which indicates the greater growth potential 
from birth to weaning of the BN breed.

As expected, the simple correlation (r) between TY210 
and WW210 was significant and positive (P < 0.01), with 
moderate magnitude irrespective of both milking meth-
ods, MM (r = 0.50, 95% confidence interval = 0.33 to 
0.63) and WD (r = 0.36, 95% confidence interval = 0.20 to 
0.51). These results indicate that milk production obtained 
by MM explains 25% of calves weight variation at wean-
ing, while when estimated through WD it just explains 
about 13% of this same variation. Other Brazilian studies 
involving Caracu, Charolais, Gir, and Nelore cows found 
correlations between average milk production and weaning 

weight greater than those observed here and ranging from 
0.63 to 0.73 (Albuquerque et al., 1993; Restle et al., 2004).

Comparing the two milk production evaluation 
methods, MM estimates tended to be more accurate than 
the corresponding WD results, which had greater disper-
sion as verified by their standard errors (Tables 1 and 
2) and, consequently, provided decreased power to de-
tect significance differences between means. A possible 
source of uncontrolled variation associated with the WD 
method is that it could reflect the calf ingestion capac-
ity or voracity more effectively than the MM method. 
Moreover, during the experimental implementation of 
the WD procedure, it was occasionally observed that 
a cow would be feeding more than one calf and some 
calves attempted to suckle more than one cow.

Milk Constituents

Estimated means of milk protein, lactose, fat, and 
total solid contents for the breed groups of cows are pre-
sented in Table 3. Nelore × Angus and CRAN cows had 
significantly superior results (P < 0.05) for fat, protein, 
and total solids, while NEAN cows exceeded all other 
genotypes in lactose content. These results differed from 
the lower nutrient concentrations in milk from cows 
with higher production observed by Restle et al. (2003), 
while in the present study, NEAN and CRAN cows had 
greater milk production and also higher nutrient con-
tent. Nonetheless, these results are compatible with joint 

Table 2. Least square means and standard errors for lactation curve parameters ‘a’ and ‘k,’ peak yield (PY), week 
of peak yield (PW), total yield in 210-d lactation (TY210), lactation persistence (PERS), and calf weaning weight 
adjusted to 210 d (WW210), according to the calving order and calving season1

 
MM

Calving order Calving season
3.1 4.1 4.18 4.2 5.2 5.3 Beginning End

N 48 5 9 21 9 13 46 59
‘a’ 0.64 ± 0.03ac 0.35 ± 0.10b 0.58 ± 0.08ac 0.72 ± 0.05a 0.48 ± 0.08bc 0.47 ± 0.07bc 0.47 ± 0.04a 0.61 ± 0.04b

‘k’ 0.114 ± 0.003ª 0.130 ± 0.010ab 0.107 ± 0.008ab 0.098 ± 0.005b 0.111 ± 0.009ab 0.124 ± 0.008ab 0.116 ± 0.004ª 0.112 ± 0.004ª
PW 9.2 ± 0.3ª 8.1 ± 0.9ª 9.9 ± 0.07ab 10.9 ± 0.5b 9.3 ± 0.7ª 8.6 ± 0.6ª 9.2 ± 0.4ª 9.4 ± 0.4ª
PY, kg 5.8 ± 0.2ª 8.8 ± 0.7c 6.8 ± 0.5ab 6.3 ± 0.4ª 8.2 ± 0.6bc 7.5 ± 0.5b 8.0 ± 0.3ª 6.4 ± 0.3b

TY210, kg 820 ± 26ª 1168 ± 75d 833 ± 65ab 952 ± 38bc 1050 ± 70cd 1007 ± 56cd 1082 ± 33ª 860 ± 34b

PERS, g/day −22 ± 1bc −34 ± 4ª −20 ± 3c −22 ± 2c −31 ± 4ª −26 ± 3ab −27 ± 2ª −24 ± 2ª
WD
N 57 6 11 25 9 12 57 63
‘a’ 0.52 ± 0.03ª 0.41 ± 0.09ª 0.47 ± 0.07ª 0.44 ± 0.05ª 0.47 ± 0.08ª 0.51 ± 0.07ª 0.50 ± 0.04ª 0.45 ± 0.04ª
‘k’ 0.131 ± 0.005ª 0.127 ± 0.016ª 0.121 ± 0.013ª 0.126 ± 0.008ª 0.127 ± 0.015ª 0.123 ± 0.013ª 0.112 ± 0.007ª 0.140 ± 0.006b

PW 8.5 ± 0.3ª 8.9 ± 1.0ª 8.8 ± 0.8ª 8.5 ± 0.5ª 8.4 ± 0.9ª 8.9 ± 0.8ª 9.5 ± 0.4ª 7.8 ± 0.4ª
PY, kg 6.5 ± 0.2ª 8.1 ± 0.7b 7.3 ± 0.5ab 7.6 ± 0.3b 6.9 ± 0.6ab 7.6 ± 0.5ab 7.6 ± 0.3ª 6.9 ± 0.3ª
TY210, kg 864 ± 35ª 1113 ± 105 b 1006 ± 82ab 1031 ± 53b 946 ± 94ab 972 ± 82ab 1100 ± 45ª 878 ± 43 b

PERS, g/day −34 ± 2b −53 ± 7ª −35 ± 5b −39 ± 3ab −31 ± 6b −36 ± 5ab −39 ± 3ª −37 ± 3ª
WW210, kg 194 ± 3ª 221 ± 10b 195 ± 8ab 197 ± 5ª 197 ± 8ab 197 ± 7ab 204 ± 4ª 196 ± 4ª

a–dLeast square means in the same line with different letters are different from each other (P < 0.05) within calving order and calving.
13.1 = first calving 3-yr-old cows; 4.1 = first calving 4-yr-old cows; 4.2 = second calving 4-yr-old cows; 4.18 = second calving 4-yr-old cows, but that had 

their first mating with 18 mo; 5.2 = second calving 5-yr-old cows; 5.3 = third calving 5-yr-old cows. Calves born before Julian Day 300 were considered to be 
from the early calving season, and those born thereafter were considered to be from the late calving season.
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positive effect of heterosis on milk production and its 
nutrient concentration (Brown et al., 2001).

Milk with higher fat and protein content has been as-
sociated with improved preweaning weight gain of beef 
calves, and fat percentages were affected by cow breed 
composition and heterosis, with 3.1, 3.4, and 4.0% val-
ues for Angus, Brahman, Angus × Brahman genotypes, 
respectively (Brown et al., 2001). Similar results were 
found in the present study, where fat content ranged from 
3.21% for ANAN to 3.90% for NEAN cows (Table 3). 
Other researchers reported fat percentages of 6.5% for 
Brahman × Hereford cows (Daley et al., 1987) and be-
tween 4.5% and 4.8% for Nelore cows (Silva et al., 1995; 
Restle et al., 2003). These higher values may be due to 
the particular breeds and environmental conditions found 
in the respective experiments. When evaluated in similar 
conditions to those of the present study, milk fat content 
of Angus cows was found to be 3.59% (Ribeiro et al., 
1991) and thus similar to the present work.

In the current study, crossbred cows had greater ob-
served milk protein percentages than purebred ANAN 
cows (Table 3). Beneficial effects of crossbreeding uti-
lizing zebu cattle on protein concentration in milk were 
also observed by Cerdótes et al. (2004). These authors 
found higher protein content for zebu and zebu-crossed 
cows when evaluating milk composition in a zebu × 
continental breed diallel cross, with observed concentra-
tions of 3.16, 3.17, 2.92, and 2.86%, respectively, for the 
Nelore, F1 Nelore-Charolais, F1 Charolais-Nelore, and 
Charolais breed groups in their experiment.

The lactose, which is the main carbohydrate synthe-
tized in the mammary gland, was present in higher con-
centrations in the milk of NEAN compared to all other 
studied genotypes (Table 3). The observed percentag-
es in this work were within the NRC (1996) expected 
range, between 3.84 and 5.66%, and are similar to those 
found (5.29 and 4.38%) by Fiss and Wilton (1992) when 
studying the milk composition of purebred Hereford and 
crossbred Angus cows, respectively.

Total solids were higher for CRAN and NEAN cows 
(Table 3), expectedly following the pattern of protein 
and fat, 2 of the main nutrients contributing to the total 
dry extract, which include all the milk components ex-
cept the water. Therefore, total solids were highly cor-
related (P < 0.05) with fat (r = 0.90) and protein (0.62) 
content. The other significant associations detected be-
tween milk components were a positive correlation of 
fat and protein percentages (r = 0.41) and a negative cor-
relation between contents of fat and of lactose (-0.28), 
the latter being the third main component of total solids.

Contents of protein and total solids increased sig-
nificantly (P < 0.05) from beginning to end of lacta-
tion (Table 4). The increase of fat percentage was more 
gradual with only the difference between the first and 
last periods being significant (Table 4). Fat has been 
found to be the most variable milk component, increas-
ing gradually through the lactation, and generally being 
negatively correlated with the level of milk production 
(Rutledge et al., 1971; Richardson et al., 1977).

In contrast, lactose content decreased significantly 
(P < 0.05) through lactation (Table 4). Schmidt and Van 
Vleck (1976) and Maynard et al. (1984) also reported 
decreased lactose content as lactation progressed.

Overall, superior results from NEAN and CRAN 
crosses observed here for milk production and compo-
sition traits recommend these crosses to increase ma-
ternal productivity in subtropical cow-calf operations 
exploiting heterosis, breed differences, and complemen-
tarity, which are the main advantages of crossbreeding 
(Cundiff et al., 1974; Brown et al., 2001; Ribeiro et al., 
2001; Restle et al., 2005; Calegare et al., 2007).

Conclusions

Crossbreeding between genetically distant breeds 
is seen as a means to increase milk production of beef 
cows and to enhance nutrient content of the milk. 
Nelore × Angus and Caracu × Angus F1 cows dem-
onstrated greater maternal ability and weaned heavier 
calves compared to British Hereford × Angus crosses 

Table 3. Least square means and standard errors for 
percentages of fat, protein, lactose, and total solids in 
milk from Angus (ANAN), F1 Caracu-Angus (CRAN), 
F1 Hereford-Angus (HHAN), and F1 Nelore-Angus 
(NEAN) cows

Milk  
  components

Breed composition
ANAN CRAN HHAN NEAN

Fat, % 3.21 ± 0.11ª 3.82 ± 0.09b 3.43 ± 0.10a 3.90 ± 0.10b

Protein, % 2.90 ± 0.04a 3.15 ± 0.04c 3.03 ± 0.04b 3.07 ± 0.04bc

Lactose, % 4.65 ± 0.03ª 4.65 ± 0.03ª 4.61 ± 0.03ª 4.91 ± 0.03b

Total solids, % 11.58 ± 0.15ª 12.52 ± 0.12b 11.98 ± 0.13ª 12.77 ± 0.14b

a–cWithin a row, least square means with different superscript let-
ters are significantly different (P < 0.05).

Table 4. Least squares means and standard errors for 
the percentages of fat, protein, lactose and total solids in 
milk obtained at 18–58 (beginning), 92–135 (middle), 
and 152–242 (end) days of lactation

Milk  
  components

Lactation period
Beginning Middle End

Fat, % 3.15 ± 0.07a 3.26 ± 0.07a 4.36 ± 0.07b

Protein, % 2.79 ± 0.03a 3.01 ± 0.03b 3.32 ± 0.03c

Lactose, % 4.83 ± 0.02a 4.77 ± 0.02b 4.51 ± 0.02c

Total solids, % 11.59 ± 0.09ª 11.90 ± 0.09b 13.15 ± 0.09c

a–cWithin a row, least square means in the same line with different super-
script letters are significantly different (P < 0.05).

 by Fernando Cardoso on May 30, 2014www.journalofanimalscience.orgDownloaded from 

http://www.journalofanimalscience.org/


Milk yield and composition from beef cows 2675

and purebred Angus cows. Crosses between British 
and tropically adapted breeds can be used to increase 
productivity of cow-calf operations in extensive beef 
cattle breeding based on native pastures of southern 
Brazil and in similar subtropical environments.

Considering that milk production evaluated by 
MM had greater precision and higher correlation with 
weaning weight than when milk production was mea-
sured by the WD method, the MM method should be 
the preferred approach to assess beef cow milk produc-
tion in scientific experiments. This recommendation is 
made for a constant number of cows, because MM re-
quires more intensive labor and a longer time for each 
cow compared to the WD method. In cases where more 
cows could be measured by using the latter method, a 
statistical power assessment should be made to choose 
the optimal experimental procedures.
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