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ABSTRACT. Data from 1279 lactations of 783 Alpine and Saanen 
goats of the herd of our university in Minas Gerais, Brazil, were used 
to study environmental effects on and to estimate genetic parameters 
for milk production until 270 days of lactation (MP270) and for 
production and percentages of fat (PFAT and %FAT), protein (PPROT 
and %PROT), lactose (PLACT and %LACT), and total dry extract 
(PEXTR and %EXTR). Environmental effects were estimated by a 
statistical model that included contemporary group effect, type of 
kidding, genetic grouping, and kidding order. A multi-trait animal model 
with animal and permanent environment random effects was used to 
estimate genetic parameters and the significant environmental effects 
(fixed). Contemporary group influenced all traits; genetic grouping did 
not influence %LACT; type of kidding did not influence PFAT, %PROT 
or %LACT, and kidding order did not influence %FAT or %EXTR. 
Heritability and repeatability estimates were, respectively, 0.19 and 
0.37 (MP270); 0.10 and 0.20 (PFAT); 0.12 and 0.24 (PPROT); 0.15 and 
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0.27 (PLACT); 0.13 and 0.24 (PEXTR); 0.21 and 0.34 (%FAT); 0.39 
and 0.44 (%PROT); 0.17 and 0.29 (%LACT); 0.31 and 0.47 (%EXTR). 
Estimates of genetic correlations among MP270 and production of milk 
constituents were positive and high, but correlations between MP270 
and %FAT, MP270 and %PROT, MP270 and %ESTR were moderate 
and negative. These heritability estimates show that satisfactory genetic 
gains can be obtained by selection, especially for milk constituents.
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INTRODUCTION

Goat milk is a nutrient rich food with unique traits. Among nutritional and therapeuti-
cal advantages, goat milk contains high quality proteins and a great content of minerals and 
vitamins, in addition to better digestibility of lipid fraction and the lower allergenicity of pro-
tein fraction, when compared to cow milk. 

Goats are well adapted to many different environments and they are very versatile as 
producers of food and raw matter such as milk, meat and skin. In this context, goat livestock 
is promising and strategic for a country like Brazil, which has wide ecosystem diversity and 
different social-economical realities. 

Brazil has approximately 10 million goats and produces 135 million of liters of goat 
milk, which makes it the greatest producer of milk goats on the American continent (Food 
and Agriculture Organization, 2008). The increasing demand for quality milk products has 
stimulated the market. Quality is basically determined by two factors: microbiological control 
and contents of milk constituents. Microbiological control is linked mainly to the mammary 
sanitary system, indicated by somatic cell count and hygiene during obtainment and process-
ing of milk. Contents of milk constituents are quantified by laboratorial analyses and they are 
related to genetics and environmental factors, as for example animal nutrition.

Although some Brazilian producers are not in fact paid based on the milk’s composi-
tion, this factor has become an international tendency. Therefore, this aspect should be consid-
ered in genetic improvement programs in Brazil.

To study the effects which influence traits which are going to be selected is important 
to define the statistical model to be used in genetic parameter estimation, which will guide the 
establishment of goat genetic improvement programs.

However, there is limited information on the factors which influence productive traits 
of goats, especially the ones regarding the composition of milk, and most of the studies only 
concern the effects on milk production and length of the lactation period alone. 

This paper was carried out to identify environmental factors which influence produc-
tion and contents of milk constituents and milk production until 270 days of lactation, in addi-
tion to estimating genetic parameters for those traits in Saanen and Alpine goats.  

MATERIAL AND METHODS

The data base originally contained 3399 lactations referent to dairy control performed 
from 2000 to 2010 in Saanen and Alpine genetic grouping goats, which belonged to goat sec-
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tion of Universidade Federal de Viçosa (UFV/MG).
Milk control was performed weekly. Milking was carried out twice daily. Animals 

were kept in collective stalls under free stall system and were fed diets based on corn silage 
and hay, as roughage, and concentrate mixture, available according to the nutritional needs of 
the animals. 

For a greater reliability of the data records, lactation of animals was considered with 
a kidding order from 1 to 6, first milk control performed before the 35th lactation day, lacta-
tion length longer than 100 days, yields greater than 100 kg and control intervals shorter than 
28 days. After those restrictions, there remained only 1279 lactations from 783 goats, out of 
which 519 were primiparous.

Animals were classified in 9 genetic groupings (GG), according to breed composition: 
composition of 50% Alpine (GG1); 51 to 81% Alpine (GG2); 82 to 93% Alpine (GG3); more 
than 93% Alpine (GG4); 51 to 81% SRD (GG5); more than 81% SRD (GG6); 50% Saanen 
(GG7); 51 to 81% Saanen (GG8) and more than 93% Saanen (GG9). Data of this work are 
from exclusively Alpine or Saanen animals and SRD is the denomination used in cases without 
information on the reproducer used. Collection of milk samples were done monthly and sent 
to Milk Quality Lab for quantification of contents of fat, protein, lactose and total dry extract. 

Menezes et al. (2010), studying lactation persistence measures of Saanen goats un-
der random regression model, suggested using some adaptations of the measures found in 
the literature on dairy bovines, as for the example, the use of 268 days of lactation length, (9 
months), rather than 305 days. In this paper the total milk production was estimated until 270 
days of lactation. MP270 was estimated based on the following formula:

∑
=

+
+















 +

=
1-n

1i
1ii,

1ii I*
2
pldcpldcMP270

where: MP270 = accumulated milk production until 270 days of lactation; pldci = milk pro-
duction under milk control i; pldci+1 = milk production in the next milk control; Ii,i+1 = interval 
in days between two consecutive controls. 

Production of milk constituents were obtained through the product of MP270 by the 
average percentage of fat, protein, lactose and total dry extract. 

To check the influence of environmental effects, analyses of variance for unbalanced 
data was done by the generalized least square method by the procedure GLM of SAS® (1995).
The model used to explain variation of the traits under study was: 

Yijkl = μ + CGi + TKj + GGk + KOl + εijkl

where, yijkl = observation of the animal from the contemporary group i, with type of kidding j, 
of genetic grouping k and kidding order 1; m = overall mean; CGi = effect of the contemporary 
group I, formed by the year and calving season (1 to 19); TKj = effect of type of kidding j 
(simple or double); GGk = effect of genetic grouping K (1 to 9); KOl = effect of kidding order 
(1 to 6), and eijkl = random error associated to each observation yijkl.

Estimates of components of variance and genetic parameters were obtained by using 
application REMLF90, described by Misztal (2002), in which the methodology of restricted 
maximum likelihood (REML) and the algorithm of Expectation maximization (EM) were used.
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Two multi-trait genetic evaluations were done, one for MP270 and production of milk 
constituents (fat, protein, lactose, and total dry extract) and another for MP270 and for per-
centages of milk constituents. Evaluations were made according to the animal model, consid-
ering animal and permanent environmental random effects; and the fixed effects which were 
significant for each trait in the analysis of environmental effects.

The matrix model used in this study can be described by:

Y = Xβ + Zg + Wp + ε,

where: y = vector of observations (n × 1); X = incidence matrix of fixed effects (n × f); β = 
vector of fixed effects (f × 1); Z = incidence matrix of direct additive genetic effects (n × N); 
g = vector of direct additive genetic effects (N × 1), g ~ N(0, Aσ2

g); W = incidence matrix of 
permanent environmental effects (n × No); p = vector of permanent environmental effects (No 
× 1), p ~ N(0, Iσ2

p); ε = vector of residual effects (n × 1), ε ~ N (0, Iσ2
e); where n = number 

of observations; f = number of levels of fixed effects; N° = number of animals with observa- = number of animals with observa-
tion and N = total number of animals, related in the matrix of the numerator of coancestry of 
Wright’s coefficient (A). 

RESULTS AND DISCUSSION

Values of means, number of observations, maximums, minimums and coefficient of 
variation were within the acceptable standards for the species (Table 1).

Prata et al. (1998), when they analyzed characteristics of milk of Saanen goats from 
southeastern Brazil, found the following average values for milk composition: 3.27% for total 
protein; 3.74% for fat; 4.35% for lactose; 0.74% for minerals and 88.49% for water.

Vázquez et al. (2009) analyzed composition of milk of Saanen goats from herds in 
Guanajuato (Mexico) and found values of 2.72 and 3.24% for average contents of protein and 
fat, respectively. 

Trait  Number Mean Minimum Maximum CV (%)

MP270 (kg) 1279 440.87 102.25 1,278.85 43.87
Fat production (kg) 1279   15.26     1.88      45.91 47.36
Protein production (kg) 1279   13.25     2.68               34.99 47.93
Lactose production (kg) 1279   17.70     0.91      49.87 49.21
EXTR production (kg) 1279   50.01     9.30    127.45 47.01
Fat percentage 1279     3.73     1.38        8.89 19.18
Protein percentage 1279     3.20     2.17        6.22 10.29
Lactose percentage 1279     4.23     0.67        5.02   8.59
EXTR percentage 1279   12.09     6.81      17.38   7.93

Table 1. Averages, number of observations, maximum, minimal and coefficient of variation (CV%) for the traits milk 
production until 270 days (MP270); production and percentage of fat, protein, lactose and total dry extract (EXTR).

Effect of year-season was significant for all the traits. This effect is especially due 
to the variations of climate, food nutritional quality and composition of herd. According to 
Quittet (1978), food intake on rainy days or days with strong heat can be null. Appleman 
and Delouche (1958) reported that goats presented maximal intake at 0° to 10°C, gradually 
decreasing as temperature increased up to 40°C. Year-season effect affected milk production, 
which was observed in tropical native breeds and subtropical in their origin countries (Singh 
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et al., 1970; Prakash et al., 1971; Barhat and Chowdhary, 1978; Mavrogenis et al., 1984), in 
specialized goats in the United States (Alderson and Pollak, 1980) and native, exotic goats and 
their crossbreds, in a total of 16 genetic groupings in Mexico (Montaldo et al., 1981).

Genetic grouping was not significant only for milk lactose percentage. This showed 
that the different genetic composition of the animals influenced milk production and composi-
tion, which is an important factor to be considered in the genetic evaluation of those traits. 
According to Maldonado et al. (1998), environmental factors which affect milk lactose content 
have been poorly studied, perhaps because of its lesser variation according to nutritional and 
environmental factors.

Type of kidding did not influence fat yield and percentages of protein and lactose. 
Influence of type of kidding, simple or multiple, on milk yield has previously been verified 
by some authors, explained by the presence of the hormone placental lactogen, progesterone 
and prolactin during gestation, which are mammary gland stimulants,  Moreover, they differ  
in quantity according to the type of gestation, simple or multiple. Also, they might affect milk 
production during lactation and simultaneous pregnancies (Sands and Mcdowell, 1978; Analla 
et al., 1995 and Browning et al., 1995).

According to Galina et al. (1995), multiple kidding can increase the interval of poste-
rior kidding by extending it due to stress of the goat, as to keep the pregnancy of one or more 
does there is a greater mobilization of nutrients for gestation and lactation, making it necessary 
to have a greater period of recovery of the doe until the next conception.  Therefore, if the goat 
has not properly recovered, this can harm subsequent lactation.

In the herd of this study, kids received artificial suckling since their birth. In these 
cases, according to Pimenta Filho et al. (2004), even in multiple kidding, goats receive the 
same stimulus (milking). Therefore, the effect of the type of kidding occurred more because of 
the differences during pregnancy than in lactation. Perhaps, because of this, it was not possible 
to verify the significant effect of the type of kidding on some milk constituents.

Lactation order did not influence percentages of fat and total dry extract. However, 
Rodrigues et al. (2006), in a study with Saanen goats observed significant effect of lactation 
order on total milk yield and on percentages of fat, lactose and total solids. Zeng and Escobar 
(1995) observed that the greatest milk yield occurred with goats from the second lactation. Ac-
cording to Knight and Peaker (1982), this result can be explained by the fact that older goats 
present greater udder volume than goats of first lactation, i.e., the proportion of mammary 
alveoli which are developed in previous lactations do not regress completely, but it is added to 
those developed in subsequent lactations, increasing secretory parenchyma. 

Kala and Prakash (1990) explained that the lowest percentages of constituents observed in 
the milk of goats from previous lactations are caused by the effect of dilution, i.e., goats produced 
more milk, directly reflecting on composition and decreasing their concentration in the milk.

Overall, percentages of milk constituents were less influenced by environmental ef-
fects. This could have occurred because it is a fraction of two traits and the variations are small 
because of the scale. 

Most of estimates for heritability and repeatability of the traits were small (less than 
0.20), therefore, gains obtained by selection will be smaller. However, heritabilities for per-
centage of constituents were greater, reaching 0.39 for protein percentage (Table 3).

According to Santos and Fonseca (2002), in Brazil, total milk yield and fat content are 
the traits most emphasized by milk control services, whereas many countries, in  recent years, 



©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 10 (4): 3794-3802 (2011)

Production and quality of goat milk 3799

have valued protein content, using this criterion for payment systems per quality. According to 
Monards (1998), this tendency is explained because, while fat had its preference reduced by 
population consumption habits, protein has been valued for being a determinant of industrial 
yield of dairy products.

Table 2. Summary of analyses of variance for traits milk production until 270 days (MP270) and production and 
percentage of fat, protein, lactose and total dry extract.

Trait                                               Cause of variation

 Contemporary group Genetic grouping Type of kidding Order of kidding

d.f. 18 8 1 5
MP270 * * * *
Fat yield * * NS *
Protein yield * * * *
Lactose yield * * * *
Dry extract yield * * * *
Fat percentage * * * NS
Protein percentage * * NS *
Lactose percentage * NS NS *
Dry extract percentage * * * NS

*P < 0.05; NS = non-significant; d.f. = degree of freedom.

Trait σ2
a 

σ2
p
 

h2 T

MP270 6,458 6,231 0.19 0.37
Fat yield 4,638 4,558 0.10 0.20
Protein yield 4,228 4,085 0.12 0.24
Lactose yield 9,815 7,959 0.15 0.27
Dry extract yield 60.06 55.80 0.13 0.24
Fat percentage 0.9001E-05 0.5368E-5 0.21 0.34
Protein percentage 0.377E-05 0.479E-06 0.39 0.44
Lactose percentage 0.1674E-05 0.1152E-05 0.17 0.29
Dry extract percentage  0.2574E-04 0.1337E-04 0.31 0.47

Table 3. Estimates of additive genetic and permanent environment variance components, heritability (h2) and 
repeatability (t).

Selection for milk yield increase has been performed for quite some time; however se-
lection to improve goat milk quality by increase of the content of its constituents is something 
rather new in Brazil.  Therefore, for these traits, there is still a component of additive genetic 
variance proportionally greater to be exploited by selection.

Most estimates of repeatability were small, so these values suggest that one single 
determination of the traits studied might not accurately represent performance of animals in 
further lactations.

Heritability estimated for milk production was low but within the interval of estimates ob-
served in literature, lower than 0.296 reported by Gonçalves et al. (2001) and greater than 0.09 re-
ported by Ribeiro (1997), who attributed this low value to the small number of study observations.

In the literature, few studies have presented estimates of heritability and repeatability 
for traits of goat milk composition. Analla et al. (1996), working with data of milk production 
of Murciano-Granadina goats in Spain, presented estimates of heritability and repeatability 
of 0.17 and 0.36 for milk production, 0.14 and 0.33 for fat percentage and  0.22 and 0.41 for 
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protein percentage, respectively. Breznik et al. (2000), estimating components of variance for 
lactose percentage by using repeatability model in goats from Sloven, found heritability and re-
peatability equal to 0.23 and 0.34. Bélichon et al. (1999) analyzed records of 33,431 and 20,700 
Alpine and Saanen goats and found heritabilities of 0.34 and 0.32; 0.36 and 0.34; 0.37 and 0.40 
for milk, protein and fat productions, respectively. Vázquez et al. (2010) found values of 0.17; 
0.19; 0.17; 0.32 and 0.38 for estimates of heritability of milk production performed at 305 days 
lactation, for fat production, protein yield, fat percentage and protein percentage, respectively.

Variations on estimates of heritability are expected because they are a relationship 
between two components of variance, which are particular for a given population in a certain 
environment in a definite time (Falconer, 1960).

Estimates of genetic correlations among milk production (MP270) and the yield of milk 
components and between MP270 and the percentages of milk components are presented in Table 4.

All correlations among yields of milk, fat, protein, lactose and total dry extract were 
high, ranging from 0.8623 for MP270 and fat yield to 0.9846 for MP270 and lactose yield.

 MP270 Fat Protein Lactose Dry extract

MP270  0.8623 0.9585 0.9846 0.9720
Fat  -0.4725  0.9338 0.8788 0.9529
Protein -0.4661 0.6059  0.9403 0.9825
Lactose  0.1511 0.1968 0.0546  0.9777
Dry extract -0.4384 0.9120 0.7927 0.4255

Table 4. Estimates of genetic correlation among milk yield (MP270) and yields of milk constituents (above 
diagonal) and among MP270 and percentages of milk constituents (below diagonal).

Direction and magnitude of genetic correlation coefficient among two traits were used 
as a guide in a selection program. When coefficient of the correlation is high and favorable, it 
is possible to apply selection in only one of the traits aiming at the simultaneous improvement 
of the other. Therefore, based on the values of estimate genetic correlations, it can be inferred 
that when selecting for increase of milk yield, it will also be indirectly selecting for increase 
of milk constitutes yield.

Vázquez et al. (2009), estimated genetic correlation of 0.72 for milk and fat yield; 
0.87 for milk and protein yield and 0.80 for fat and protein yield.

Most genetic correlations between MP270 and percentages of milk constituents were 
negative, indicating that some genes which determine increase of milk yield also act on the 
reduction of fat contents, protein and total dry extract in the milk.

Analla et al. (1996) found a genetic correlation of -0.89 between milk yield and fat 
percentage; -0.65 between milk yield and protein percentage and 0.93 between fat and protein 
percentages. Vázquez et al. (2009), found values of -0.24; -0.30; 0.50 for estimates of genetic 
correlation between milk production and fat percentage, milk production and protein percent-
age and percentages of fat and protein, respectively.

Estimates of genetic correlation between milk production and content of its constitu-
ents are important pieces of information, because when animals are selected and reproducers 
are  chosen, frequently, more than one trait is used as a criterion of decision, depending on its 
economic importance, therefore it is  necessary to define which weight should be given to milk 
yield and to the contents of milk constituents because quantity as well as quality of milk are 
important for the production system.
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According to Ribeiro (2008), most of the milk commercialized in the fluid form in 
Brazil is neither paid for, based on its chemical composition nor for microbiological quality. 
However, the author highlights that gains with selection are obtained in the long term, and it is 
necessary to define in advance the objectives which will meet market requirements.

CONCLUSION

Analyses of environmental effects show the importance of these factors on traits 
studied and on accurate genetic evaluations. Estimates of genetic parameters indicate that 
satisfactory genetic gains can be obtained by selection based on these traits, especially for fat 
content, protein and total dry extract in milk. Selection criteria used must meet the objectives 
of improvement of quantity and quality of goat milk. 
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