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Abstract 14 

Background: There are two classes of factors that affect cow milk production and, as a 15 

consequence, the performance of calves: environmental and genetic factors. Considering the 16 

importance of milk production of beef cattle, it is essential to measure the milk production of 17 

such cows. However, such estimation presents some difficulties, especially when cows are 18 

raised exclusively in a grazing regime.  This study aimed to evaluate the milk production and 19 

the nutritional composition of beef cows from eight different breed compositions (Angus: 20 

ANAN, Hereford: HHHH, Nellore: NENE, Hereford-Angus: HHAN, Angus-Hereford: 21 

ANHH, Nellore-Angus: NEAN, Angus-Nellore: ANNE, and Caracu-Angus: CRAN) raised 22 

under continuous natural pasture grazing, besides evaluating the calves' adjusted weight at 210 23 

days until weaning. 24 

Results: NEAN cows were the most productive but did not differ from ANNE, ANHH, and 25 

CRAN, with estimated average yields of 6.2, 5.97, 5.93 and 5.86 kg/day, respectively, 26 

throughout the lactation period. NENE cows presented the lowest yields, with a daily average 27 

of 4.61 kg, although this value did not differ significantly from those of HHHH, ANAN and 28 

HHAN cows, which had means of 4.67, 4.79 and 4.84 kg/day, respectively. Calves of CRAN, 29 

NEAN, and ANNE cows were heavier than calves of ANAN, HHAN, HHHH, and NENE cows 30 

at weaning, not differing from ANHH cows, which in turn also had heavier calves than HHHH 31 

cows. NEAN, ANNE, HHHH and NENE cows had higher concentrations of total solids in milk 32 

than ANAN and ANHH. 33 

Conclusions: In conclusion, as expected, the crossbreeding of genetically more distant breed 34 

increases the milk production of beef cows. Therefore, for cow-calf operations in a subtropical 35 

climate, crossbreeding between Angus and Nellore or Caracu can be used as a genetic tool to 36 

increase cow maternal ability, through greater milk production and nutrient content, and 37 

consequently yielding heavier calves at weaning.  38 
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 40 

Background 41 

The milk production of cows is of great importance for the cow-calf systems of beef 42 

cattle production due to a positive correlation with calf weaning weight [1]. Studies have shown 43 

that up to 40% of changes in calf weight during weaning are attributed to the dam's milk 44 

production [2, 3] and the constituents of the milk produced [4, 5]. 45 

There are two classes of factors that affect cow milk production and, as a consequence, 46 

the performance of calves: environmental and genetic factors. As for environmental factors, 47 

the most commonly report as relevant ones are the age of the cow at calving, the year, the time 48 

of calving during the calving season, and especially the nutritional level to which the cows are 49 

subjected [4, 6, 7]. Among non-environmental or genetic factors, the breed composition of 50 

cows, usually expressed in terms of breed percentages or genetic groups, stands out.  51 

In the search for more productive and efficient dams, some studies used crossbreeding 52 

aiming to obtain the benefits of heterosis and complementarity, thus obtaining satisfactory 53 

results concerning the milk production of beef cows. Some studies found that heterosis 54 

influenced milk production [4, 8, 9] and that crossbred calves are normally heavier at weaning 55 

[10, 11]. 56 

Brown et al. [4] pointed out that not only the volume of milk produced is important, but 57 

also the quality of such milk, i.e., whether the nutrients that make up this feed show adequate 58 

proportions for the complete initial development of calves. Milk composition may be 59 

influenced by the cow's breed composition, stage of lactation and feeding level to which the 60 

cow is subjected [4, 12, 13]. 61 

Considering the importance of milk production of beef cattle, it is essential to measure 62 

the milk production of such cows. However, such estimation presents some difficulties, 63 
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especially when cows are raised exclusively in a grazing regime. In this context, two techniques 64 

are the most used: difference in calf weight before and after nursing  or direct measurement by 65 

mechanical or manual milking [14-17].  Evidence shows that mechanical milking can be more 66 

accurate than the indirect method, however, factors such as the number of cows, infrastructure, 67 

and labor can influence the choice of technique [16]. Considering the importance of a more 68 

accurate estimate of the individual production of each cow, it is necessary to compare the 69 

estimates obtained by each method.  70 

This study was conducted aiming to evaluate the production and the nutritional 71 

composition of beef cows of eight breeds (Angus, Hereford, Nellore, Hereford-Angus, Angus- 72 

Hereford, Nellore-Angus, Angus-Nellore and, Caracu-Angus) in continuous natural grazing, 73 

besides evaluating the calves' adjusted weight at 210 days until weaning. 74 

 75 

Methods 76 

Characterization of animals and conditions 77 

The study was conducted at the Embrapa Southern Livestock Research Center 78 

(CPPSul) of the Brazilian Agricultural Research Company (Embrapa) located in the 79 

municipality of Bagé, in the Campanha Region, Rio Grande do Sul (RS) State. All the 80 

procedures performed in this study were approved by the Animal Experimentation Ethics 81 

Committee of the Federal University of Pelotas, Pelotas, Brazil (Protocol No. 9288). 82 

We collected 320 records of cows aged 3 to 6 years from eight breed compositions, 83 

with the sire breed is listed first, as follows: 45 Angus (ANAN), 26 Hereford (HHHH), 16 84 

Nellore (NENE), 57 crossbred ½ Hereford ½ Angus (HHAN), 27 crossbred ½ Angus ½ 85 

Hereford (ANHH), 53 crossbred ½ Nellore ½ Angus (NEAN), 30 crossbred ½ Angus ½ 86 

Nellore (ANNE) and 66 crossbred ½ Caracu ½ Angus (CRAN). 87 
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Regarding calving order, the cows were divided into eight classes: 3.1 means 3-year-88 

old cows weaning the first calf, 4.1 means 4-year-old cows weaning the first calf, 4.2 means 4-89 

year-old cows weaning the second calf, 4.18 means 4-year calves weaning the second calf but 90 

that had the first calf at eighteen months of age, 5.2 means 5-year-old cows with the second 91 

calf, 5.3 means 5-year-old cows with third calf, 6.3 means 6-year-old cows with third calf, and 92 

6.4 means 6-year-old cows with the fourth calf. 93 

The cows within breed composition were randomized into two groups and mated with 94 

Brangus and Braford bulls in December 2009/2010/2011. Initially, artificial insemination was 95 

performed at a fixed time using the semen from six Brangus bulls and five Braford bulls, and 96 

then a natural mating that lasted 75 days with two Braford bulls and two Brangus bulls in each 97 

lot. The calving period was between September and December 2010, 2011 and 2012. The 98 

weaning of all calves occurred in May 2011, 2012 and 2013, respectively. 99 

 100 

Measurements 101 

Milk yields were obtained by using two methods: indirectly by the calf weight 102 

difference before and after nursing (CWD) [14] and directly by mechanical milking (MM). 103 

Using the CWD method, 10 measurements were made at 21-day intervals culminating in 104 

weaning. On the day before the evaluation, at 1 pm, the calves were separated from the cows 105 

and, at 7 pm, they were reunited with their dams for 45 min to suck and deplete the milk of 106 

mammary glands. Then, the cows were separated from the calves until the following morning 107 

and placed in a pasture with water and grass. The next morning, at 7 am, the calves were 108 

weighed during a fast, put to suck for 45 min, and then weighed again. The difference between 109 

the calves' weights before and after nursing was considered as a 12-h milk production, which, 110 

multiplied by two, was used to estimate the 24-h period. For weighing, we used a TRU-TEST 111 

electronic scale with a maximum capacity of 1,500 kg and a precision of 100 g. To minimize 112 
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errors resulting from the excretion of feces and urine between both weighings, the weighings 113 

were carried out in the shortest possible time. 114 

The direct evaluation technique performed by MM was performed in three different 115 

periods of lactation: beginning (40-60 days), middle (90-110 days) and end (180-210). On the 116 

day before milking, the same management was performed, and then we performed the analysis 117 

by weight difference pre- and post-nursing. On the following day, at 7:00 am, the milking 118 

began on the containment trunk with the application of 3 ml of oxytocin intravenously to 119 

facilitate the release of the milk. After the udder was washed and massaged, milking was 120 

performed until the udder was exhausted, a process that lasted around seven minutes and was 121 

carried out by a FOCKINK AT BVF 200 mobile milking machine. The cows were subdivided 122 

according to their date of parturition into lots containing approximately 22 animals. The milk 123 

yield in 24 h was estimated by the equation proposed by Restle et al. [18]. 124 

 125 

𝑀𝑃 = 𝑀𝑃𝑀𝑀 ∗ 60 𝑚𝑖𝑛 ∗ 24ℎ 𝑇𝐼 , 127 

 126 

where MP: estimated 24-h milk production (kg/day); MPMM: milk production obtained by 128 

MM (kg); and TI: time interval (min) between the last suckling and the milking. 129 

After milking, we collected approximately 100 ml samples, which were sent to an 130 

accredited laboratory to determine the percentage of milk fat, protein, lactose, and total solids. 131 

Some studies indicate that fat content is also affected by the cow's age and calving time, reasons 132 

why milk yields with variable fat percentages were adjusted to a standard, which is 4% in most 133 

countries. Such correction is made using the Gaines and Davidson [19] equation: 134 

 135 𝑀𝑃𝐶𝐹 =  0.4 ∗ 𝑀𝑃 + 0.15 ∗ 𝑀𝑃 ∗ 𝐹 , 136 
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 137 

where: (MPCF) = milk production corrected to 4% fat; and F = observed milk fat percentage. 138 

For a more accurate analysis of milk production, data from cows that did not undergo 139 

all evaluations and cows with non-standard fat concentrations (< 1 or > 7%) were neglected, 140 

resulting in the exclusion of five ANAN, two CRAN, nine HHAN, ten NEAN, five HHHH, 141 

three NENE, three ANHH, and three ANNE cows. 142 

In the analyses concerning milk production, individual lactation curves were initially 143 

adjusted for the cows of eight breed compositions using the model proposed by Jenkins and 144 

Ferrell [20]: 145 

 146 

𝑀𝑃𝐶𝐹(𝑆)  =  𝑆𝑎𝑒𝑘𝑆 , 147 

 148 

where MPCF(S) = 24-h milk production corrected to 4% of fat in the week S postpartum; a = 149 

curve scale parameter; k = curve shape parameter, indicating lactation persistence; and S = 150 

lactation time in weeks. 151 

The a and k parameters estimates were used, according to Jenkins and Ferrell [20], to 152 

calculate three descriptive values which are characteristic of lactation curves: 153 

 154 

 WP =  1𝑘 155 

 𝑃𝑃 = 1𝑎𝑘𝑒    156 

𝑇𝑃210 =  −7𝑎𝑘  × (𝑆𝑒−𝑘𝑆 +  1𝑘𝑒−𝑘𝑠 −  1𝑘) , 157 

 158 
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where: WP= week of peak lactation; PP = milk production at lactation peak (kg); TP210 = total 159 

milk production in 210 days of lactation.  160 

The persistence of lactation (PER) was defined as the daily linear decrease in milk 161 

production between the peak lactation and weaning times [21]: 162 

 163 

𝑃𝐸𝑅 = (𝑃𝑃 − 𝐹𝑃)𝐷 ∗ 1000 , 164 

 165 

where, FP = milk production on the last day of lactation; and D = number of days from the 166 

peak of lactation to the end of lactation.  167 

The calf weight adjusted at 210 days of age (CW210) by the following equation: 168 

 169 

𝐶𝑊210 =  (𝑊𝑊 − 𝐵𝑊𝑊𝐴 ) ∗ 210 + 𝐵𝑊 , 170 

 171 

where WW = weaning weight (kg), BW = birth weight (kg), and WA = age at the weaning day 172 

(days). 173 

 174 

Statistical analyses 175 

The parameters a and k, as well as the other variables derived from the lactation curve, 176 

were considered dependent variables for each cow and were analyzed in a completely 177 

randomized design by using the SAS PROC GLM [22]. The statistical model used to represent 178 

the observation was: 179 

 180 𝑌𝑖𝑗𝑘𝑚𝑛 =  𝑚 +  𝐺𝑖 +  𝑆𝑗 +  𝑀𝑘 + 𝐵𝑂𝑚 +  𝑅𝑇𝑛 +  𝑒𝑖𝑗𝑘𝑚𝑛 181 

 182 
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where: Yijkmn = response variable derived from the lactation curve; m = overall mean; Gi = effect 183 

of the cow's breed composition (ANAN, CRAN, HHAN, NEAN, ANHH, ANNE, NENE, 184 

HHHH); Sj = calf sex effect (M, F); Mk = parity season effect (beginning/end); BOm = effect of 185 

birth order class (3.1, 4.1, 4.18, 4.2, 5.2, 5.3, 6.3, and 6.4); RTn = bull breed effect (Braford, 186 

Brangus); and eijkmn = experimental error. 187 

The nutritive constituents of the milk were analyzed by repeated measures design using 188 

the PROC MIXED of SAS [22]. The statistical model was:  189 

 190 𝑌𝑖𝑗𝑘𝑚𝑛𝑜𝑝 =  𝑚 +  𝐺𝑖 + 𝑆𝑗 +  𝑀𝑘 + 𝐵𝑂𝑚 +  𝑅𝑇𝑛 +  𝑃𝑜 +  𝐺𝑃𝑖𝑜 + 𝑉𝑝(𝐺𝑖) +  𝑒𝑖𝑗𝑘𝑚𝑛𝑜𝑝  , 191 

 192 

where: Yijkmnop = response variable of the nutritive composition of the milk; m = overall mean; 193 

Gi = effect of the cow's breed composition (ANAN, CRAN, HHAN, NEAN, HHHH, ANHH, 194 

NENE, and ANNE); Sj = calf sex effect (Male and Female); Mk = parity season effect 195 

(beginning and end); BOm = effect of birth order class (3.1, 4.1, 4.18, 4.2, 5.2, 5.3, 6.3, and 196 

6.4); RTn = bull breed effect (Braford and Brangus); Po = effect of lactation period (beginning, 197 

middle, and end); GPio = effect of interaction between breed composition and lactation period; 198 

Vp(Gi) = random effect of the cow within the breed composition; and eijkmnop = experimental 199 

error. 200 

For comparison of means, the Tukey test was used at a significance level of 0.05. Partial 201 

correlations between measurements free of effects on the model (breed composition, calving 202 

order, calf sex, etc.) were obtained by multivariate analysis of variance (MANOVA) using the 203 

GLM Procedure [22]. 204 

 205 

Results and Discussion 206 

Lactation curve and milk production 207 
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The parameters of the lactation curve (i.e. “a” and “k”) were affected (P < 0.05) by the 208 

breed composition of the cows in the two methods of evaluation (Table 1). The lactation curve 209 

obtained by the MM methodology (Figure 1) shows a greater difference among the analyzed 210 

genotypes, unlike the CWD lactation curve (Figure 2). Although there are no inconsistencies, 211 

the differences between breed compositions are not so evident in Figure 2. 212 

The TP210 estimated by MM was significantly influenced (P < 0.05) by the lactating 213 

cow genotype (Table 1), where NEAN cows were the most productive but did not differ from 214 

ANNE, ANHH and CRAN, with estimated average yields of 6.19, 5.97, 5.93 and 5.86 kg/day, 215 

respectively, throughout the lactation period. Nellore cows presented the lowest yields during 216 

the 210 days of lactation, with a daily average of 4.61 kg, although this value did not differ 217 

significantly from those of HHHH, ANAN and HHAN cows, which had estimated means of 218 

4.67, 4.79 and 4.84 kg/day, respectively. 219 

Albertini et al. [23] reported a significant difference between the averages of NEAN 220 

and F1 Caracu-Nellore cows obtained by MM analysis, finding a total milk production 221 

corrected to 4% fat of 1,563 kg and 1,375 kg, respectively. Such yields are greater than those 222 

reported in the present study. On the other hand, Ribeiro et al. [10], also using direct evaluation, 223 

but through manual milking of ANAN and ANNE cows, did not find a significant difference 224 

(P > 0.05) for the milk production corrected to 4% fat of both genotypes, obtaining averages 225 

of 2.9 and 2.1 kg/day, respectively.  226 

Jenkins and Ferrell [24], using the CWD method, found significant differences in milk 227 

productions, which were influenced by cow genotype. These authors reported a superior 228 

performance of Angus cows concerning Hereford cows for the parameter total production at 229 

210 days, with yields of 1,423 and 1,191 kg and averages of 6.78 kg/day and 5.67 kg/day, 230 

respectively. Rovira [25] reported an average of 3.8 kg/day for Hereford cows in a native 231 
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pasture during 212 days, with a total production of 807 kg, below that found by Mendonça et 232 

al. [26], who reported a daily average of 4.8 kg for the same breed.  233 

The differences between total yields in different studies reflect the great influence of 234 

environmental and genetic conditions to which beef cows are subjected to. This allows us to 235 

outline animal management and breeding strategies to maximize the benefit of maternal ability 236 

within the breeding system. 237 

In the genotypes evaluated and, in both situations (i.e. MM and CWD), peak production 238 

occurred between the 7th and 11th week of lactation (Table 1). This is consistent with the report 239 

by NRC [27] and Rodrigues et al. [15], who found that peak milk production in different genetic 240 

groups occurred on average at 8.5 weeks of lactation. 241 

The breed composition of cows influenced the milk production at the lactation peak (P 242 

< 0.05). ANHH and CRAN cows had higher yields than ANAN, HHAN and NENE cows 243 

(Table 1). NEAN and ANNE cows had greater peak production than ANAN and NENE, but 244 

not higher than the other breed compositions when the MM method was used. When we 245 

observed the results produced by the CWD method, only CRAN cows showed superiority in 246 

relation to NENE cows (Table 1). Albertini et al. [23] also found a difference (P < 0.05) in 247 

production at the peak of lactation according to the genotype of the lactating cow, perceiving 248 

a higher production of NEAN cows in relation to NECR cows, which presented averages of 249 

7.8 and 6.3 kg, respectively. The later results are similar to those of our study despite a slightly 250 

different comparison basis. Jenkins and Ferrell [20] reported a peak yield of 9.7 kg for HHAN 251 

cows kept on native pastures, while Oliveira et al. [28], performing CWD with Nellore, 252 

Nellore-Simental, and Nellore-Limousin cows, found a peak lactation production of 5.0, 8.7 253 

and 6.68 kg, respectively.  254 

CRAN cows presented a lower persistence of lactation when compared to ANAN cows 255 

(P < 0.05) using the MM method (Table 1). These results are probably associated with higher 256 
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milk production of CRAN cows compared to ANAN cows. In addition, other authors have 257 

found that in Brangus cattle [29] and crossbred animals [30] the more productive cows tended 258 

to show more expressive decreases in milk production. 259 

The breed of the bull influenced the total production at 210 days (P < 0.05) only when 260 

analyzed by the CWD method (Table 1). A 10% higher TP210 was found for cows mated with 261 

Brangus bulls than for cows mated with Braford bulls. Estimating production by MM, Restle 262 

et al. [18] did not find significant differences between milk yields of Nellore and Charolais 263 

cows crossed with Nellore and Charolais bulls, although cows crossed with Nellore bulls 264 

produced 8.3% more than cows crossed with Charolais bulls. Similarly, Mendonça et al. [26], 265 

using the CWD method, did not find significant differences in the milk production of Hereford 266 

cows that nursed Red Angus or Nellore paternal calves. 267 

The higher milk production of cows suckling crossbred calves may have occurred 268 

because of a greater number of feedings per period than pure ones. This is associated with the 269 

genetic determination of the calves' temperament and behavior, which, by nursing more 270 

frequently, would further stimulate the production of milk by their dams [14, 31]. 271 

Corroborating this, Reynolds et al. [32] found that cows with crossbred calves produced more 272 

milk (16%) than cows with purebred calves. Therefore, our results suggest that CWD 273 

evaluation does not only estimate the cow's milk production capacity but that the behavior of 274 

the calf also influences cow milk production because of higher milk consumption. Seemingly, 275 

the calves out of Brangus sires had a more active nursing behavior when compared to calves 276 

of Braford bulls. 277 

We verified an influence of the calving season on total milk production when analyzed 278 

by the MM method (Table 2). Cows that calved at the end of the calving season had low total 279 

yields (P < 0.05). In contrast, cows which calved during the first half of the calving period had 280 

higher yields at the peak lactation period. This can be justified by the variation in climatic 281 
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conditions (e.g. temperature, rainfall and, luminosity) between calving periods because climate 282 

directly affects the availability and quality of forages [9, 33, 34]. Therefore, in the present 283 

study, cows calving in early spring were favored because this period corresponded to better 284 

productivity and quality of regional natural grasses due to a favorable climate [35].  285 

Regarding the calving order, of the nine categories evaluated by the MM method, the 286 

cows 3.1 showed lower milk production at the lactation peak than the majority categories 287 

(except 4.18 and 4.2) and lower TP210 than almost all other groups (except 4.18, Table 3). Our 288 

results match that found in other studies, for example, NRC [36] estimated that cows 2 and 3 289 

years old produce less milk (26 and 12%, respectively) compared to cows ≥4 years old; Notter 290 

et al. [37] reported that cows of different beef breeds 3 years old produce 19% less milk than 291 

cows 4 years old, and Rodrigues et al. [15] observed that beef cows 3 years old produced less 292 

milk than cows 4 and 5 years old. It was expected that younger cows produced less milk 293 

because, in addition to meeting the nutritional requirements for maintenance and production, 294 

they must meet the growth requirements. Consequently, adult cows show a more favorable 295 

energy balance and higher milk production. Usually, milk production increases up to five or 296 

six years of age and decreases after eight or nine years of age [14, 29, 38-40].  297 

Despite age being an important factor when it comes to milk production [4], delaying 298 

the age of first calving to increase milk production would be unfeasible, because these cows 299 

would have a very long unproductive period, increasing costs and decreasing the efficiency 300 

and profitability of the production system [41]. 301 

In this study, the lactation parameters evaluated by both methods (MM and CWD) were 302 

not influenced by the sex of the calf or the year of evaluation (P > 0.05). Similarly, some studies 303 

have found that the sex of the calf does not influence the milk production of the cow [2, 3, 33, 304 

40, 42, 43]. However, McCuskey et al. [44] observed a higher milk production of cows nursing 305 

males, and Robison et al. [2] found a higher production of cows that suckle females. 306 
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Additionally, higher milk production was reported from heavier lactating cows, regardless of 307 

sex [33, 45], and Jeffery et al. [46] found an interaction between the year and sex of the calf in 308 

the milk production of beef cows. Evidence shows a divergence between the results of different 309 

studies, however, this may be associated with the fact that milk production is more influenced 310 

by calf weight at birth than by sex, this is associated with greater milk consumption and greater 311 

stimulus in the production of hormones linked to the lactation of heavier calves [26, 47]. 312 

 313 

Calf performance 314 

The calf weight (CW210) was influenced by the cow's breed composition. On the other 315 

hand, it was not influenced by the bull breed (Table 1). Calves of CRAN, NEAN, and ANNE 316 

cows were heavier than calves of ANAN, HHAN, HHHH, and NENE cows at weaning, not 317 

differing from ANHH cows, which in turn also had heavier calves than HHHH cows. Such 318 

results agree with a corresponding higher milk production of cows, confirming that weaning 319 

weight is closely related to the cow's milk production [3, 47, 48]. Several studies have also 320 

related weaning weight to maternal milk production regardless of genotypes involved [3, 49]. 321 

The correlation between TP210 and CW210 was significant and positive (P < 0.05), 322 

with a low to moderate magnitude, for both milking methods, MM (r = 0.45), and CWD (r = 323 

0.23). This association was also reported in the Caracu, Charolais, Gir, and Nellore breeds in 324 

Brazil, showing a positive correlation between mean milk production and weaning weight (r = 325 

0.63-0.73) [3, 49]. 326 

 327 

Milk components  328 

Some genotypes affected the milk components, the averages of the evaluated 329 

components are presented in Table 4. The fat content was higher in ANNE, CRAN, HHH, and 330 

NEAN cows than in ANAN cows (P < 0.05). Protein was higher in NENE and HHHH cows 331 
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than in ANAN, HHAN, ANHHH, and NEAN cows (P < 0.05). Concerning the lactose 332 

contents, NEAN and ANNE cows showed higher levels than all other genotypes (P < 0.05). 333 

Finally, for total solids, NEAN, ANNE, HHH, and NENE cows showed higher concentrations 334 

than ANAN and ANHHH cows (P < 0.05). These results show two phenomena: 1) crossbred 335 

cows with higher genetic distance (in this study, NEAN, ANNE and CRAN cows), even with 336 

a milk production among the highest, also showed a higher concentration of nutrients, and 2) 337 

higher concentration of nutrients in the milk of cows with lower milk production (in this study, 338 

HHHH and NENE cows). These findings had already been observed by other authors, Brown 339 

et al. [4] observed an effect of heterosis in the production and composition of milk, and Restle 340 

et al. [18] observed that more productive cows had lower concentrations of nutrients in the 341 

milk. 342 

In the genotypes evaluated in this study, the fat in milk varied from 3.3 to 4.05%, similar 343 

to that found in ANAN, Brahman, Angus-Brahman and Brahman-Angus cows (3.1-4.0%) [4], 344 

and lower than that found in NENE cows (4.3-4.8%) [18, 50]. The concentrations of protein in 345 

this study (2.9 to 3.3%) were similar to those reported in ANAN, Brahman, Angus-Brahman 346 

and Brahman-Angus (3.3-3.4%),  [4] NENE (2,86-3.6%) (Almeida et al 2018) and Charolais, 347 

Nellore-Charolais and Charolais-Nellore cows (2.86-3.17%) [51]. Higher concentrations of fat 348 

and protein in milk are positively associated with the weight of pre-weaning calves in beef 349 

breeds [4].  350 

Lactose is synthesized in the mammary gland and is the main carbohydrate in milk. In 351 

this study, the lactose content (4.6-4.86%) is within that described by the NRC [27], which 352 

mention that it can vary from 3.84 to 5.66%. Furthermore, these results are similar to those 353 

reported by other studies in NENE (4.36-5.1%) [50, 52], Charolais (4.94-5.14%) [52] and 354 

ANHH cows (4.38-5.29%) [18]. 355 
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A positive correlation was found between total solids and fat (P < 0.05, r = 0.91) and 356 

protein (P < 0.05, r = 45). Additionally, fat showed a positive correlation with protein (P < 357 

0.05, r = 0.20) and a negative correlation with lactose content (P < 0.05, r = -0.26). This was 358 

expected, as total solids include all milk components except water. 359 

Regarding the lactation period, the nutritional contents also changed over time (Table 360 

5). Protein content and total solids had a significant increase (P < 0.05) in each period analyzed. 361 

The percentage of fat contents, despite significant differences found only between the first two 362 

analyses and the last analysis, indicates a gradual increase due to lactation, unlike lactose 363 

contents, which had a significant decrease (P < 0.05) at the end of lactation. 364 

Among the milk components, fat varied most during lactation. In General, the 365 

percentage of milk fat gradually increases throughout the lactation day and is negatively 366 

correlated with cow milk production [38, 53], which corroborates the results found here (Table 367 

5). In this sense, Ribeiro et al. [6], evaluating 182 days of lactation, found a daily linear increase 368 

of 0.0124% in the milk fat content of Charolais cows. Also agreeing with this study, other 369 

authors reported a decrease in lactose content until the end of lactation due to a positive 370 

correlation with milk production and osmotic balance [54-56] and Restle et al. [18] found a 371 

maximum concentration (5.13%) at the peak of lactation. 372 

 373 

Conclusion 374 

Nellore-Angus, Angus-Nellore, and Caracu-Angus F1 cows showed greater maternal 375 

ability, with greater milk production and produced the most nutritious milk among the studied 376 

breed compositions. Consequently, such crosses can be adopted in cow-calf operations to 377 

produce heavier calves and to increase the productivity of the breeding phase in the extensive 378 

natural pasture beef cattle breeding of the Pampa Biome. 379 

 380 
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Table 1 Means and standard errors (within parentheses) for lactation curve parameters ‘a’ and ‘k’, peak production (PP), week of peak lactation 

(WP), total production in 210 days of lactation (TP210), persistence (PER), and calf weaning weight adjusted to 210 days (CW210), obtained by 

mechanical milking (MM) and calf weight difference (CWD) methods, according to breed composition of the cow. 

MM 
Breed composition of the cow1 

ANAN ANHH ANNE CRAN HHAN HHHH NEAN NENE 

a 0.521ab (0.06) 0.282b (0.07) 0.539ab (0.06) 0.368b (0.04) 0.507ab (0.05) 0.326b (0.07) 0.436ab (0.05) 0.727a (0.1) 

k 0.114bc (0.01) 0.144ªb (0.01) 0.106c (0.01) 0.120bc (0.01) 0.119bc (0.01) 0.158ª (0.01) 0.106c (0.01) 0.104c (0.01) 

PP, kg 7.69c (0.5) 10.97a (0.6) 9.56ab (0.6) 10.31a (0.4) 8.49bc (0.4) 8.62abc (0.6) 9.77ab (0.5) 7.31c (0.8) 

WP, week 9.08bc (0.5) 7.32ab (0.6) 10.60c (0.5) 8.72ab (0.4) 8.94bc (0.4) 6.79ª (0.6) 9.83c (0.4) 9.39bc (0.8) 

TP210, kg 1007.7b (50.0) 1246.1a (65.7) 1253.9a (59.1) 1231.6a (43.7) 1018.9b (47.3) 981.2b (62.1) 1300.2a (51.3) 969.6b (76.4) 

PER, g/day -26.7b (2.8) -34.3ab (3.7) -30.7ab (2.99) -35.13a (2.2) -30.0ab (2.7) -34.9ab (3.5) -29.4ab (2.7) -24.4ab (4.1) 

CWD         

a 0.479b (0.05) 0.419b (0.09) 0.523a (0.07) 0.441b (0.04) 0.440b (0.05) 0.373b (0.08) 0.574b (0.05) 0.931a (0.08) 

k 0.130ab (0.01) 0.132ab (0.02) 0.110b (0.01) 0.117b (0.01) 0.134ab (0.01) 0.174a (0.01) 0.112b (0.01) 0.103b (0.02) 

PP, kg 6.9ab (0.4) 7.7ab (0.7) 7.4ab (0.5) 7.8a (0.3) 7.3ab (0.3) 7.4ab (0.5) 6.8ab (0.4) 5.2b (0.6) 

WP, week 8.28ab (0.6) 8.37ab (0.9) 9.45ab (0.7) 9.01ab (0.5) 8.18ab (0.5) 6.92b (0.8) 9.66a (0.5) 11.18a (0.9) 

TP210, kg 925.31ab (59.6) 1017.6ab (95.9) 1053.5ab (75.6) 1104.1a (48.9) 944.6ab (51.9) 848.4ab (80.2) 988.1ab (54.5) 774.4b (91.1) 

PER, g/day -32.2 (3.9) -40.9 (6.3) -34.7 (5.0) -41.5 (3.2) -42.5 (3.3) -42.7 (5.3) -32.8 (3.8) -31.7 (6.6) 

CW210, kg 193.61bc (5.1) 213.07ab (6.7) 223.34a (6.0) 220.45a (4.1) 192.8bc (4.5) 183.67c (6.6) 221.3a (5.0) 189.9bc (8.1) 

a-cMeans within a line with different superscripts differ (P < 0.05).1ANAN = Angus; ANHH = Angus-Hereford; ANNE = Angus-Nellore; CRAN 

= Caracu-Angus; HHAN = Hereford-Angus; HHHH = Hereford; NEAN = Nellore-Angus; NENE = Nellore.
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Table 2 Means and standard errors (within parentheses) from lactation curve parameters ‘a’ and ‘k,’ peak production (PP), week of peak lactation 

(WP), total production in 210 days of lactation (TP210), persistence (PER), and calf weaning weight adjusted to 210 days (CW210), obtained by 

mechanical milking (MM) and calf weight difference (CWD) methods, according to calving season, sex and breed of sire. 

MM 
Calving season Sex Breed of sire 

Beginning End Male Female Brangus Braford 
a 0.424 (0.04) 0.502 (0.04) 0.477 (0.04) 0.449 (0.04) 0.459 (0.04) 0.467 (0.04) 
k 0.117 (0.005) 0.125 (0.005) 0.119 (0.004) 0.123 (0.005) 0.123 (0.005) 0.119 (0.005) 
PP, kg 9.61a (0.4) 8.57b (0.3) 9.00 (0.3) 9.18 (0.3) 9.10 (0.3) 9.09 (0.4) 
WP, week 8.98 (0.4) 8.68 (0.3) 8.84 (0.3) 8.82 (0.3) 8.65 (0.3) 9.02 (0.3) 

TP210, kg 1219.04a (41.8) 1033.3b (37.9) 1116.6 (38.4) 1135.1 (38.3) 1131 (35.9) 1120 (40.8) 
PER, g/day -32.05 (2.3) -29.38 (2.4) -30.72 (2.2) -30.71 (2.2) -30.32 (2.2) -31.1 (2.3) 

CWD       
a 0.564 (0.04) 0.482 (0.04) 0.528 (0.04) 0.516 (0.04) 0.50 (0.04) 0.54 (0.04) 
k 0.106a (0.01) 0.100b (0.01) 0.126 (0.01) 0.126 (0.01) 0.13 (0.01) 0.13 (0.01) 
PP, kg 7.7 (0.3) 6.9 (0.3) 7.13 (0.3) 7.0 (0.3) 7.4 (0.3) 6.8 (0.3) 
WP, week 9.8a (0.4) 7.9b (0.4) 8.7 (0.4) 9.1 (0.4) 9.04 (0.4) 8.72 (0.4) 
TP210, kg 1053.9a (44.6) 860.12b (42.2) 955.86 (41.4) 958.21 (41.2) 1008.8 (39.7) 905.3 (43.3) 
PER, g/day -37.07 (3.0) -38.49 (2.9) -39.0 (2.8) -36.5 (2.7) -39.6 (2.6) -35.9 (2.9) 
CW210, kg 213.46a (3.9) 196.11b (3.6) 207.0 (3.5) 202.6 (3.6) 203.9 (3.4) 205.7 (3.7) 

 

a,bMeans within a line and factor with different superscripts differ (P < 0.05).
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Table 3 Means and standard errors (within parentheses) from lactation curve parameters ‘a’ and ‘k’, peak production (PP), week of peak lactation 

(WP), total production in 210 days of lactation (TP210), persistence (PER), and calf weaning weight adjusted to 210 days (CW210), obtained by 

mechanical milking (MM) and calf weight difference (CWD) methods, according to the calving order. 

MM 
Calving order 

3.1 4.1 4.18 4.2 5.2 5.3 6.2 6.3 6.4 

a 
0.563ab  

(0.03) 
0.365ab  

(0.1) 
0.603ab  

(0.1) 
0.604a 

 (0.04) 
0.414ab  

(0.1) 
0.387b  

(0.06) 
0.446ab 

(0.16) 
0.356ab 

(0.1) 
0.432ab  

(0.1) 

k 
0.127  

(0.003) 
0.130 
 (0.01) 

0.113 
 (0.01) 

0.110 

(0.004) 
0.121  

(0.01) 
0.124  

(0.01) 
0.118  

(0.02) 
0.135 

(0.01) 
0.114  

(0.01) 
PP, kg 6.69c (0.2) 9.39ab (0.8) 7.39bc (0.8) 7.48bc (0.3) 9.57ab (0.6) 9.17ab (0.5) 9.40ab (1.4) 11.74a (0.8) 11.02a (0.9) 
WP, week 8.54b (0.2) 8.09ab (0.8) 9.57ab (0.8) 9.91a (0.3) 8.59ab (0.6) 8.41ab (0.5) 8.61ab (1.4) 7.93ab (0.8) 9.85a (0.9) 

TP210, kg 
879.9c  

(22.3) 
1241.6ab 

 (80.1) 
908.5bc 

 (74.4) 
1028ab 

 (31.3) 
1097.9ab 

(69.8) 
1147.8ab 

(53.8) 
1279.1ab 

(145.1) 
1325.4a 

(97.1) 
1227.3ab 

(143.3) 
PER, g/day -27.3 (1.2) -38.7 (4.5) -22.7 (3.9) -26.8 (1.8) -36.7 (3.3) -33.3 (3.0) -18.2 (11.9) -43.1 (8.4) -29.4 (5.2) 

CWD          
a 0.536 (0.03) 0.462 (0.1) 0.566 (0.1) 0.502 (0.05) 0.487 (0.1) 0.579 (0.1) - - - 
k 0.138 (0.005) 0.126 (0.02) 0.114 (0.01) 0.124 (0.01) 0.137 (0.02) 0.119 (0.01) - - - 
PP, kg 6.5 (0.2) 7.8 (0.7) 6.9 (0.5) 7.0 (0.3) 7.3 (0.7) 6.9 (0.5) - - - 
WP, week 8.4 (0.3) 9.1 (1.1) 9.3 (0.8) 8.6 (0.5) 8.5 (1.0) 9.4 (0.8) - - - 
TP210, kg 840.7 (29.2) 1070.6 (106.2) 965.8 (74.9) 959.5 (48.0) 945.6 (96.0) 960.0 (75.3) - - - 
PER, g/day -34.9 (2.0) -51.5 (7.1) -33.3 (5.1) -36.3 (3.2) -34.9 (6.9) -35.8 (5.3) - - - 

CW210, kg 
186.52bc  

(2.4) 
214.13a 

 (7.8) 
194.54ab  

(7.4) 
192.60bc  

(3.3) 
203.70ab 

 (6.2) 
206.84ab  

(5.4) 
213.84ab 

(13.5) 
218.11a 

(7.7) 
212.82ab 

(8.9) 
 

a-cMeans within a line with different superscripts differ (P < 0.05). 
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Table 4 Means and standard errors (within parentheses) of fat, protein, lactose and total solids percentages in milk according to the cow's racial 

composition. 

Milk components, % 
Breed composition of the cow1 

ANAN ANHH ANNE CRAN HHAN HHHH NEAN NENE 

Fat 3.33b (0.09) 3.59ab (0.13) 4.02a (0.13) 3.91a (0.08) 3.66ab (0.09) 3.88a (0.13) 4.05a (0.10) 3.81ab (0.16) 

Protein 2.91b (0.04) 2.98b (0.05) 3.13ªb (0.05) 3.13ªb (0.03) 3.03b (0.03) 3.28ª (0.05) 3.10ab (0.04) 3.30ª (0.06) 

Lactose 4.65b (0.03) 4.59b (0.03) 4.80ª (0.03) 4.64b (0.02) 4.61b (0.02) 4.59b (0.03) 4.86ª (0.03) 4.67b (0.04) 

Total solids 11.7b (0.12) 12.0b (0.16) 12.9a (0.16) 12.5ab (0.11) 12.2ab (0.12) 12.7a (0.17) 12.9a (0.13) 12.8a (0.21) 

 
a, bMeans within a line with different superscripts differ (P < 0.05). 

1ANAN = Angus; ANHH = Angus-Hereford; ANNE = Angus-Nellore; CRAN = Caracu-Angus; HHAN = Hereford-Angus; HHHH = Hereford; 

NEAN = Nellore-Angus; NENE = Nellore. 
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Table 5 Means and standard errors (within parentheses) of fat, protein, lactose and total solids 

percentages in milk obtained at 40-60 (beginning), 90-110 (middle), and 180-210 days of 

lactation. 

Milk components, % 
Lactation period 

Beginning Middle End 

Fat 3.39a (0.06) 3.56ª (0.06) 4.39b (0.06) 

Protein 2.86ª (0.02) 3.07b (0.02) 3.40c (0.02) 

Lactose 4.77ª (0.02) 4.80ª (0.01) 4.50b (0.02) 

Total solids 11.9ª (0.149) 12.3b (0.140) 13.3c (0.145) 

 

a-cMeans within a line with different superscripts differ (P < 0.05). 

1ANAN = Angus; ANHH = Angus-Hereford; ANNE = Angus-Nellore; CRAN = Caracu-

Angus; HHAN = Hereford-Angus; HHHH = Hereford; NEAN = Nellore-Angus; NENE = 

Nellore.
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Fig. 1 Lactation curves obtained by mechanical milking (MM) of Angus (ANAN), Angus-

Hereford (ANHH), Angus-Nellore (ANNE), Caracu-Angus (CRAN), Hereford-Angus 

(HHAN), Hereford (HHHH), Nellore-Angus (NEAN), and Nellore (NENE) cows.
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Fig. 2 Lactation curves obtained by calf weight difference before and after nursing (CWD) of 

Angus (ANAN), Angus-Hereford (ANHH), Angus-Nellore (ANNE), Caracu-Angus (CRAN), 

Hereford-Angus (HHAN), Hereford (HHHH), Nellore-Angus (NEAN), and Nellore (NENE) 

cows. 
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Lactation curves obtained by mechanical milking (MM) of Angus (ANAN), Angus-Hereford (ANHH),
Angus-Nellore (ANNE), Caracu-Angus (CRAN), Hereford-Angus (HHAN), Hereford (HHHH), Nellore-Angus
(NEAN), and Nellore (NENE) cows.
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Angus-Hereford (ANHH), Angus-Nellore (ANNE), Caracu-Angus (CRAN), Hereford-Angus (HHAN), Hereford
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