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 ABSTRACT - To determine the effects of a number of non-genetic factors on milk components and estimate their 
indirect relationships with weaning weight (WW205), the percentages of protein, fat, lactose and solids non-fat in Charolais 
cows from Mexico were estimated. Lactation period (LP) and calving season (CS) had significant effects on protein and fat,
whereas lactose and solids non-fat were only affected by the LP. Sire line and age of the dam had significant effects on calf
birth weight, while CS affected WW205. Residual correlations between milk components and WW205 suggest a low but 
significant correlation with lactose. These results demonstrate the importance of several non-genetic factors on the composition
of milk from Charolais cows managed under extensive cow-calf production systems and the indirect relationships between 
these factors and the weaning weight of a calf.
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Introduction

In beef production systems, the survival and 
development of calves are determining factors for 
productivity (Martínez, 2009) that greatly depend on 
maternal ability (additive genetic and permanent maternal 
effects) and the genetic potential of the animal (additive 
direct genetic effect) (Quintero et al., 2007; Cañas et al., 
2008; Palacios-Espinosa et al., 2010; Guillén Trujillo et al., 
2012). Milk is the primary food consumed by calves from 
birth to weaning. Therefore, milk production is considered 
a key component of maternal ability (Cerdótes et al., 
2004; Martínez, 2009), and in beef cattle, milk production 
is a main factor influencing pre-weaning growth (Clutter
and Nielsen, 1987, Meyer et al., 1994). Consequently, 
the contents of milk components and their variations 
have been proposed as significant factors influencing the
development of calves during the pre-weaning period 
(Brown et al., 2002; Brown and Lalman, 2010; Martínez 
Velázquez et al., 2010). Previous studies have examined 
the percentages of milk components and their relationships 
with pre-weaning growth (Rutledge et al., 1971; Totusek 
et al., 1973; Mondragon et al., 1983), and other studies 
have examined the same correlations of growth with milk 

components by weight (Jeffery and Berg, 1971; Marston 
et al., 1992; Martínez Velázquez et al., 2012). However, 
the milk composition in Charolais cattle and its relationship 
with pre-weaning growth have not yet been assessed.

Charolais is a globally widespread beef cattle breed 
that has been extensively used for beef production, 
predominantly in France, USA, Canada, Argentina, and 
Mexico, mainly because of its characteristics of growth, 
adaptability, muscularity, and maternal ability (FAO, 2007; 
Sifuentes-Rincón et al., 2007a; Parra-Bracamonte et al., 
2009). Since its introduction to Mexico in 1930, Charolais 
has been one of the primary beef cattle breeds reared in 
the northern region, where breeders are committed to the 
continuous improvement of their herds and aim to achieve 
the competitive standards required by present-day markets 
(Asociación Charolais Charbray Herd Book de México, 
2013). Given the importance of the maternal ability in the 
survival and development of calves in beef cattle and the 
milk being their main component, the present study was 
conducted to estimate the main components of the milk 
of Charolais cows and their indirect relationships with the 
pre-weaning growth of calves.

Material and Methods

An experimental study was designed involving 71 
Charolais cows born across four herds between 1998 and 
2012. Three of the herds were located in the state of Nuevo 
Leon, including herd 1 (H1 = 32 cows), herd 2 (H2 = 10 
cows), and herd 3 (H3 = 21 cows), while herd 4 was located 
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in the state of Sonora (H4 = eight cows). A total of 16 
Charolais sires from French and American lines were 
included. Of these 16 sires, seven (four of French origin 
and three of American origin) belonged to H1; three sires 
of American origin belonged to H2; three sires of French 
origin belonged to H3; and three sires of American origin 
belonged to H4. In all four herds, the cows were managed 
under rotations of native grasslands. Groups H1, H2, and 
H3 also grazed on pastures containing klein grass (Panicum 
coloratum), bermuda grass (Cynodon dactylon), and buffel 
grass (Cenchrus ciliaris), respectively. The cows of the 
four herds were supplemented with sorghum silage fodder 
and with commercial products containing between 36 and 
100% protein bases (0.750 to 3 kg/head/d). The animals had 
free access to a mix of minerals (12% phosphorous, 12% 
calcium, 15% salt, 1.7% magnesium and trace minerals) 
throughout the year. 

Calves that remained with their mothers until seven 
months of age were weighed at birth and at weaning. 
The weaning weight was adjusted to that at 205 d of age 
(WW205). The cows in the four herds were separated from 
their calves eight hours before sampling because of the 
difficulties in handling beef cows for sample collections.
Samples of the cisternal fraction were collected manually 
at 30±10 d intervals for four to six months, beginning 
at the first week of lactation and under the stimulus of
visual contact with the calf. Cows were milked between 
09.00 h and 11.00 h, and 50 mL to 100 mL of milk was 
collected twice. Samples were identified, stored in 50 mL
falcon tubes with Bronopol® added as a preservative, and 
refrigerated (4 to 6 ºC) until they were analyzed twice at 
the milk quality lab of the Mexican Holstein Association. A 
LactoScop FTIR instrument was used for analysis, and the 
percentages of protein, fat, lactose, and solids non-fat were 
determined using the medium-infrared method.

The analyzed variables included the percentages of 
protein, fat, lactose, and solids non-fat contained in the 
milk from the sampled cows. The birth weight (BW) and 
weaning weight (WW205) of the progeny of the milked 
cows were recorded. The non-genetic factors recorded 
included the lactation period (LP), calving season (CS), age 
of cow at calving (ACC), and herd. The LP was divided 
into six stages of 30±10 d for four to six months beginning 
at the first week of lactation. The following four CS were
considered, according to the periods of rain reported in the 
states of Nuevo Leon and Sonora, Mexico (Denogean et al., 
2012; UGRNL, 2012): 1) first rainy period (May-June),
with heavy rains and abundant grass; 2) first dry period
(July-August), when grass quality decreases; 3) second 
rainy period (September-October), with sporadic rains and 

decreasing grass quality and quantity; and 4) second dry 
period (November-April), when grass begins to dry out and 
availability decreases. The ACC was grouped into six classes 
according to the calving age: ≤3, 4, 5, 6, 7, and ≥8 years. 

For protein, fat, lactose, and solids non-fat, the 
following statistical model was used for the repeated 
measures analysis: 

Ytijklm= μ + Ci(j) + Hj + LPk + CSl + ACCm+εtijklm,
in which Ytijklm = protein, fat, lactose, or solids non-fat in the 
k-th LP for the i-th cow of the j-th herd; µ = overall mean; 
Ci(j) = random effect of the i-th cow in the j-th herd; Hj = 
random effect of the j-th herd; LPk = fixed effect of the k-th 
LP; CSl = fixed effect of the l-th CS; ACCm = fixed effect of
the m-th age of cow at calving; and εijklm = residual random 
effects. These analyses were performed using the MIXED 
procedure in SAS (Statistical Analysis System, version 9.0).

For each variable, five covariance structures were
analyzed to choose the most adequate for adjusting the 
model associations for milk components and non-genetic 
factors: the simple compound symmetry (CSC); first-
order autoregressive (AR 1); first-order ante-dependence
(ANTE 1); and unstructured (NE) covariance structures. The 
covariance structure was selected by comparing Akaike’s 
information criterion for finite samples (AICC). The AR 1
structure best adjusted the data for the percentages of lactose 
and solids non-fat, while the NE and ANTE 1 covariance 
best adjusted the data for the percentages of protein and fat, 
respectively. 

A slightly different model was fit for BW and WW205,
including the sex of the calf (SX), sire line (SL), herd (H), 
CS, and age of the dam (AOD) as follows: 

Yijklm = μ + SXi + SLj + Hk + CSl + AODm + εijklm,
in which Yijklm = BW or WW205; SXi = fixed effect of the
i-th sex of the calf; Lj = fixed effect of the j-th SL (French or 
American); Hj = random effect of the k-th herd; CSl = fixed
effect of the l-th CS; AODm = fixed effect of the m-th AOD; 
and εijklm = residual random effects. These analyses were 
performed using the GLM procedure in SAS (Statistical 
Analysis System, version 9.0).  

A complementary Pearson correlation analysis of the 
correlations of the residuals of protein, fat, lactose, and 
solids non-fat with WW205 was performed using the 
PROC CORR procedure of the SAS statistical package 
(Statistical Analysis System, version 9.0). A p-value of 0.05 
was considered significant for all analyses.

Results and Discussion

The mean levels of protein, lactose, and solids non-fat 
were similar to those reported for other cattle breeds and for 
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crosses with Bos indicus (Melton et al., 1967; Daley et al., 1986; 
Cerdótes et al., 2004; Brown and Lalman, 2010; Martínez 
Velázquez et al., 2010). 

Conversely, a low mean fat content was observed 
(Table 1), likely because the samples were collected from 
the cistern fraction of milk from the mammary gland, 
which is less lipid-rich than milk obtained from the alveoli 
but directly correlated with the alveolar fraction of milk 
(Lollivier et al., 2002; Ayadi et al., 2004; El-Loly, 2011). 
Several previous studies have reported milk fat contents for 
beef cattle. For instance, Melton et al. (1967) reported a 
value of 2.87% fat in Charolais cows and 2.79% fat for other 
beef breeds (Angus and Hereford) assessed under the same 
management practices, and similar results were reported by 
Marston et al. (1992) for Angus and Simmental cows (3.7% 
and 3.6% fat, respectively). A recent study also reported a 
mean fat level of 2.92% in Creole and Guzerat cows and 
their F1 crosses, with no observed differences among these 
genetic groups (Martínez Velázquez et al., 2010). 

Our milk component analysis revealed that LP had a 
highly significant (P<0.01) effect on protein, fat, lactose, 
and solids non-fat. The mean protein increased from 3.28% 
at the first sampling (30 d) to 4.23% at the end of the study
(180 d) (P<0.01; Figure 1). The mean fat level decreased 
from 0.81% to 0.42%, with the lowest mean at 180 d. 
Similarly, the mean lactose level decreased with an increase 
in LP; the highest mean lactose level was observed at 30 d 
(5.02%), while the lowest was found at 180 d (4.18%). 

These trends are similar to those reported recently 
by Rodrigues et al. (2014) for Angus and Angus-derived 
cattle, which were also analyzed according to protein, fat, 
and lactose from the beginning of lactation (18 to 58 d) to 
the end of lactation (152 to 242 d). Similar mean levels 
were observed between studies, with the exception of fat, 
for which the lower mean lipid percentage in this study 
mainly resulted from the analysis of milk extracted from the 
mammary gland cistern, which is 2.5- to 5-fold less lipid rich 

than milk from the alveoli. This difference was not observed 
for the protein, lactose, and solids non-fat components, which 
remain at a constant concentration throughout the entire LP 
(Lollivier et al., 2002; El-Loly, 2011).

In contrast, Cerdótes et al. (2004), in a study of four 
genetic groups (Nellore, Charolais, and their reciprocal 
crosses), reported that the protein, fat, and lactose levels 
did not vary significantly during the LP. Similarly, Martínez
Velázquez et al. (2010) reported significant differences
among genetic groups but no effect of LP on protein, fat, or 
lactose in Criollo cows, Guzerat cows, and their F1 crosses 
at 70, 126, and 182 d of lactation. 

In the particular case of lactose, as the main disaccharide 
in milk, the lactose content greatly influences the rate of
water secretion into the milk attributed to milk osmolality, 
which, in turn, is positively correlated with milk production. 
In fact, lactose is considered to be an indirect indicator of 
milk production (Miglior et al., 2007; Ptak et al., 2012). A 
correlation between lactose and milk yield of 0.979 has been 
reported for Holstein cows (Miglior et al., 2007); however, 
this correlation considered lactose yield, rather than lactose 
percentage, as the trait of analysis. Furthermore, there have 
been no reports of this relationship for beef cattle; thus, this 
assumed correlation requires further confirmation.

The CS showed a significant effect on the levels of
protein (P<0.01) and fat (P<0.05) (Table 2). For protein, 
the highest mean was observed in the September-October 
season, with a peak content of 4.41%. This season is 
associated with a higher availability of rainfall and better 
grazing opportunities for animals. For fat, the largest 
difference occurred in the November-April season, with 
the highest mean fat content of 0.87% (Table 2). The 
seasonal and regional differences in milk fat and protein 
composition are most likely attributed to local differences 

Table 1 - Overall means and standard errors of milk components 
(%) and growth traits (kg) of the studied Charolais 
animals

Traits Mean SE

Milk components (n = 71)  
 Protein 3.74 0.81
 Fat 0.77 0.48
 Lactose 4.27 0.92
 Solids non-fat 8.79 0.69

Growth traits (n = 71)  
 Birth weight 40.12 6.63
 WW205 218.63 48.87

WW205 - weaning weight adjusted to 205 days.

PRT - protein; LAC - lactose; SNF - solids non-fat.

Figure 1 - Lactation curves for main milk components in Charolais 
cows.
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in feed supplies (Palmquist, 2006). If the observed increase 
in the fat level is associated with the availability of feed or 
certain strategic supplemental management programs, then 
the protein intake may also exert subtle effects on milk 
fatty acid levels by providing precursors for the synthesis 
of various branched-chain fatty acids via the ruminal 
degradation of dietary protein (Palmquist et al., 1993). In 
the case of protein, for each 1% increase in dietary crude 
protein, milk protein may increase by 0.02% (Emery, 1978). 

In dairy cattle, the intensification in selection for milk
solids is highly related to profit; however, although not as
stressed, the milk yield and milk composition have also 
been proposed as key components for maternal ability and 
pre-weaning growth in beef cattle production systems. 
Hence, growth traits were assessed to examine the effects 
of a number of non-genetic factors on growth, as well 
as their relationship with the previously discussed milk 
composition traits. 

Regarding BW, SL and AOD exerted a highly significant
effect on BW (P = 0.001) (Table 3). The effect of SL is related 
to the genetic background of an animal and is directly 
related to the breeding objectives of the genetic origin. In 
this case, Full French animals are heavier at birth (>6 kg) 
compared with those of American origin (Table 3). Sifuentes-
Rincón et al. (2007b) analyzed Charolais populations in 
Mexico and reported that the genetic structure conditioned 
by breeding lines is maintained by the genetic material 
preference of breeders, which maintains the observed level 
of differentiation, even phenotypically. In addition, the 
association of AOD with feed requirements and cow size 
is well known, and heifers and younger cows generally 
produce smaller calves at birth that are lighter at weaning 
than older cows (Robinson et al., 2013). Considering WW205, 
only CS exerted a significant effect (Table 4); this factor, as
discussed previously, is directly related to the availability 

of feed during the period from the month of birth to the 
weaning time. In extensive production systems, seasonal 
changes can produce variations in forage quality (Waterman 
et al., 2007), although CS did not exert a significant effect
in that study on BW or WW205.

Our results from the analysis of residual correlations 
revealed that only lactose showed a small but significant
(P = 0.001) relationship with WW205 (Table 5). The 
relationship between lactose and this growth trait may be 
explained by the effect of milk yield on WW205 because 
the amount of lactose is associated with milk production; 
therefore, a larger supply of milk to a calf might result 
in a pre-weaning weight gain. Relationships between 
pre-weaning weights and milk components have been 
previously studied. Martínez Velázquez et al. (2010), in 
a study with Criollo and Guzerat cows and their crosses, 

Table 2 - Least square means and standard errors for milk components (%) of Charolais cows with different ages at calving (years) and 
different calving seasons

Effect Protein Fat Lactose Solids non-fat

Age at calving     
 ≤3 3.86±0.13 0.76±0.08 4.40±0.12 8.89±0.12
 4 3.76±0.12 0.58±0.07 4.44±0.11 8.84±0.11
 5 3.89±0.16 0.62±0.09 4.71±0.14 9.13±0.14
 6 3.76±0.16 0.62±0.10 4.67±0.15 9.22±0.15
 7 3.82±0.29 0.64±0.18 4.39±0.29 8.87±0.28
 ≥8 4.11±0.20 0.76±0.11 4.24±0.18 8.80±0.18

Calving season   ** *  
 May-June 3.67±0.12b 0.66±0.09b 4.68±0.12 9.04±0.12
 July-August 3.82±0.20b 0.57±0.11b 4.37±0.18 8.81±0.18
 September-October 4.41±0.21a 0.55±0.12b 4.25±0.19 9.14±0.19
 November-April 3.57±0.09b 0.87±0.06a 4.59±0.08 8.85±0.08

Means followed by different letters are significantly different (*P<0.05; **P<0.01).

Table 3 - Least squares means and standard errors for birth weight 
of Charolais calves by sex, sire line, calving season, and 
age of dam

Factor Birth weight (kg)

Sex of calf  
Female 45.68±2.31
Male 43.71±1.95

Sire line **
 French 47.97±2.42a
 American 41.42±2.33b

Calving season  
 May-June 41.59±1.89
 July-August 45.70±3.02
 September-October 50.00±6.15
 November-April 41.49±1.28

Age of dam (years) **
 ≤3 41.68±2.51b
 4 45.09±2.20ab
 5 44.85±2.54ab
 6 49.05±2.46a
 7 42.36±4.54ab
 ≥8 45.142±4.25ab

Means followed by different letters are significantly different (**P<0.01).
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reported significant correlations (P<0.05) between WW205
and the percentages of protein (r = –0.18), fat (r = 0.16), 
lactose (r = 0.21), and solids non-fat (r = 0.19). Similarly, 
Daley et al. (1978) reported significant correlations (P<0.05)
between the pre-weaning weight and kilograms of fat 
(r = 0.37), protein (r = 0.39), lactose (r = 0.42), and solids 
non-fat (r = 0.42) for B. taurus and B. indicus × B. Taurus. 
Quiroz (1994), in a study with B. taurus and its crosses with 
B. indicus, also observed significant correlations (P<0.05)
between the pre-weaning weight and the kilograms of fat 
(r = 0.27), protein (r = 0.47), and total solids (r = 0.36) 
of milk. Finally, Melton et al. (1967) reported significant
correlations between the total weight gain in calves and the 
amounts of lipids (r = 0.31), solids non-fat (r = 0.43), total 
solids (r = 0.41) and milk (r = 0.40) for Angus, Hereford, 
and Charolais cows. 

Conclusions

The composition and amount of milk components 
consumed by Charolais calves are determinant of their 
pre-weaning performance. In addition, the calving season, 
sire line, and age of the dam are factors that affect the 

composition and amount of milk produced by Charolais 
cows, which in turn, affect the calf weight at weaning.
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