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In the tropics, milk production systems present high diversity and distinct ability to adapt to the demands
of consumers and market conditions. Knowledge of the factors that affect the quality of milk and agglom-
erate of production systems into fewer groups can facilitate analysis and the decisions needed to improve
them. The objective of this paper was to characterize, classify and analyze dairy production systems in
the Brazilian southern region, and relate their productive aspects to the physical–chemical attributes
of the milk produced. A multivariate analysis was conducted with 26 indicators obtained from a survey
covering 328 dairy farms. Variance was fully explained by the first three principal factors. The first factor
included feeding strategies, the second included the farm’s structure traits and the third included milk
composition. Canonical analysis revealed distribution of farmers into three clusters. All feeding strategies,
except salt supplementation, as well as monthly milk production, herd size, number of lactating cows in
farm and unstable milk frequency were important discriminant variables to determinate cluster forma-
tion. The clusters were differentiated by feeding strategies used and the high standard deviation in some
of these strategies demonstrated the adoption of specific strategies in different seasons. Cluster 3 had the
largest monthly milk production and larger number of lactating cows, but the productivity of cows in the
different clusters was not significantly different. The lower unstable milk frequency in cluster 3 is asso-
ciated with more intensive use of silage, mineral-vitamin premix and commercial concentrate in the diet
of animals. The physical–chemical composition of milk and the somatic cell count did not differ between
clusters.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Milk is produced in Brazil throughout the national territory, in
approximately 1,340,897 farms (IBGE, 2007) and it presents a high
degree of diversity in terms of their characteristics, with scales and
levels of expertise varying from a low input extractive manner to
the adoption of a highly intensive dairy business posture (Mancio
et al., 1999; Lopes et al., 2007). Typification of these producers
may occur considering a variety of features analyzed in each pro-
duction system (Bodenmüller Filho et al., 2010). Herd size, area
for milk production, milking practices, cooling milk procedures,
feed management and type of food used may aid in characterizing
the producers evaluated. As well as natural and individual variabil-
ity (Tsioulpas et al., 2007), milk physical and chemical properties
may be altered by a several factors related to the characteristics
of the production systems, such as feeding practices, microbial
contamination due to sanitary, milking and cooling practices
(Smith et al., 2002; Wagner et al., 2004). Characterization and clas-
sification of dairy farms according to their productive characteris-
tics might highlight the diversity among production systems and
their products, facilitate comparison among the groups and may
help to provide technical support to improve their sustainability
(Smith et al., 2002; Ruiz et al., 2009).

This study aimed to characterize, classify and analyze dairy sys-
tems in the Brazilian southern region, and relate their productive
aspects to the physical–chemical attributes of the milk produced.
2. Materials and methods

2.1. Data

The present survey was conducted with the consent of the tech-
nical department of the dairy industry which collected milk in the
southern region of RS. Three hundred and twenty-eight dairy farms
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from six counties of the Rio Grande do Sul state, in the southern re-
gion of Brazil were randomly selected. The common feature of all
these farms was that they belonged to the same dairy basin and
sold their milk to the same dairy industry. Individual farmers were
selected to be representative of the production systems and pro-
duction scale usually observed in this basin. They covered the
whole range from very extensive production systems with almost
no feed supplementation, use of natural range pasture and cross-
bred cows and manual milking to feedlot cows, with balanced total
mixed diet, pure dairy breed cows, herringbone milking parlor and
cooling facilities. Monthly milk productions ranged from 231 to
10,000 kg. Bulk raw milk was sampled monthly on all the farms
during 36 months. A questionnaire was sent to the farmers and
based on these data we obtained a total of 40 indicators, of which
26 were chosen from PROC FREQ analysis, when cumulative per-
cent of the herd characteristic in question was less than 90%. These
variables were grouped into five categories: scale of production,
milking procedures, milk cooling systems, feeding and milk attri-
butes. Data used refer to a complete three years period, namely
2002–2005. The following indicators were used to refer to the scale
of production: total land area, herd size and number of lactating
cows; milking practices: type, udder cleaning and drying, dipping,
clinical and sub clinical mastitis tests, cooling systems: type of
equipment used; feed used as silage, stover, range pasture, cold
season pastures, warm season pastures, hay, home-made concen-
trate, limestone, salt, premix; milk attributes: monthly production,
daily production per cow, crude protein, fat, lactose, unstable milk
frequency and somatic cell count (SCC).
2.2. Statistical procedure

Analysis of principal factors (PROC FACTOR) was carried out
with 18 indicators, and option msa used in statistical procedure
to choose variables, mainly feeds used, milk production, milk pro-
ductivity, herd size and milk physical–chemical attributes and SCC.
Multiple and canonical analysis were performed to complement
the former analysis. Cluster analysis was performed to group the
farms and multiple analysis of variance was conducted to deter-
mine the attributes which present statistical differences among
the groups.

Data were submitted to statistical procedures PROC FREQ, PROC
CORRESP (mca), PROC FACTOR (method = ml, factor number = 3,
msa, matrix rotation = varimax), PROC DISCRIM, PROC STEPDISC,
PROC CANDISC, PROC FASTCLUS (iteration maximum number = 10,
4 clusters with delete = 1 for few observations), PROC CLUSTER and
PROC TREE. These procedures were used for the distribution of
data classes, the identification of principal factors, multiple corre-
spondence analysis and the formation of clusters (groups). For
comparison between clusters formed, a multivariate analysis
(MANOVA) was carried out in PROC GLM. To avoid the use of miss-
ing values in analysis of data NOMISS option in PROC FASTCLUS
was used. Thus, of the 328 total observations in the survey, 214
were used in the data analysis. SAS for Windows 9.0 (SAS Institute,
2002) was the statistical software used in this study.
3. Results

Descriptive statistics of the raw data revealed that from the 328
dairy farms, 87% of the farmers had low level of formal education
as they studied until the fifth school grade, 90% of the farms are small
as they presented total surface area of up 50 ha, 95% of them had
small herds with less than 50 animals, and 46% of the herds were
composed by predominantly dairy breeds (Holstein and Jersey).
Milking was done manually in 64.7% of the farms. Most of the farm-
ers (75%) had another economic activity besides milk production,
and in 92% of the farms the owners were the responsible for milking.
Feeding practices were highly diversified, but it could be noticed that
in more than 80% of the farms, cultivated warm and cold season pas-
tures were used, decreasing to 67% and 46% that used, respectively,
natural range pasture and silage. A huge variability in the types of
concentrates offered to the animals was also noticed, since home-
made concentrate (23% of farms), single ingredients for energy or
protein supplementation (69.4% of farms) and also formulated com-
mercial concentrate (10.6% of farms). Besides, mineral supplementa-
tion as salt, vitamin-mineral and limestone was used by
approximately 78%, 30% and 33% of farmers, respectively.

Feeding practices such as use of natural range pasture, salt and
home-made concentrate were associated with higher milk fat con-
tent and somatic cell count (SCC) and lower values for titrable acid-
ity, protein and lactose. However those feeding practices were
weakly associated with larger herds and milk yield, which in turn
were positively related to supplementation with vitamin-mineral,
limestone and silage. Feeds with high fiber content as warm season
pasture and stover were positively related to milk fat content,
while silage, concentrate, salt and natural range pasture were neg-
atively related to milk lactose and protein contents. Larger herds
showed milk with lower unstable milk frequency. These relation-
ships can be seen graphically using principal factors, where the
first of two factors explained 86.8% of the total de variation
(Fig. 1). Comparing the quadrants divided by the x-axis, there is a
direct relationship between monthly production of milk, herd size
and number of lactating cows with feeding strategies that improve
milk production. Moreover, fibrous feeds and milk quality indica-
tors are related to the reverse order with the previously mentioned
variables. The variables of chemical composition of milk as lactose
and fat have relationships usually described in the literature, with
acidity and somatic cell count inversely related to lactose and fi-
brous feeds directly related to the lipid fraction of milk.

The partial correlation coefficients between original variables
and the principal factors (PF) (data not shown) indicated that the
variables that most influenced the PF1, PF2 and PF3 were, respec-
tively, feeds used in dairy farms (PF1 = feeding strategies), vari-
ables regarding the structure of dairy farm: total area, total
number of animals and monthly production of milk (PF2 = scale
of production) and variables related to milk composition: acidity,
fat and protein concentrations (PF3 = milk composition), demon-
strating the importance of feed management and secondarily the
scale of production characteristics of farms in explaining the differ-
ences between dairy production systems. However, milk charac-
teristics, as they are influenced by several factors, which might
present counterbalance effects, did not contribute so significantly
in the differentiation of dairy farms.

The canonical analysis of the data (Fig. 2) indicates that the first
canonical variable differentiated clusters 1 and 2, while the second
canonical variable differentiates these clusters with cluster 3.
Although randomly distributed through the clusters formed, milk
protein, unstable milk frequency and daily milk production are
closed with cluster 1. Cluster 3 congregated observations associ-
ated with lactose, number of lactating cows, monthly production
of milk, herd size and milk fat. The other variables were associated
with observations grouped into cluster 2.

Discriminant analysis revealed that feeding practices, number
of lactating cows, monthly milk production, unstable milk fre-
quency and herd size were the most important traits in differenti-
ating between farms (Table 1). In the multivariate analysis, the
probability values for Wilks’ Lambda and the average square
canonical correlation (ASCC) were highly significant (P < 0.0001)
for all variables. In F test, all variables classified in the discriminant
analysis were significantly different.

Following cluster analysis, observations were grouped into
three subsets. Table 2 shows the descriptive statistics of farm’s
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Table 1
Value of variables in discrimination between groups of farms from discriminant
analysis in production traits of dairy production farms in the south of Brazil.

Attribute for cluster classification Partial R2 Pr > F Pr > ASCC

Stover 0.5198 <0.0001 <0.0001
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attributes. All means of characteristics related to feeding strategies
were statistically different between the clusters. The average
monthly milk production and number of lactating cows were sta-
tistically different between cluster 3 compared to clusters 1 and
2, but productivity as the amount of daily milk produced did not
differ between clusters. The mean observed for unstable milk fre-
quency was different for each of the three clusters, while the milk
composition and somatic cell counts were similar (P > 0.05) be-
tween the three clusters.
Limestone 0.4457 <0.0001 <0.0001
Premix 0.2924 <0.0001 <0.0001
Home-made concentrate 0.1652 <0.0001 <0.0001
Number of lactating cows 0.1675 <0.0001 <0.0001
Silage 0.0973 <0.0001 <0.0001
Monthly milk production 0.0717 0.0005 <0.0001
Hay 0.0607 0.0017 <0.0001
Range pasture 0.0571 0.0026 <0.0001
Unstable milk frequency 0.0416 0.0137 <0.0001
Herd size 0.0324 0.0366 <0.0001
4. Discussion

The indicators that define the PF1 (feeding strategies) and PF2
(scale of production) coincide with those pointed out by others
studies conducted in Chile (Smith et al., 2002) and Mediterranean
regions (Ruiz et al., 2009) while those related to PF2 in agreement
with a study carried in US (Rotz et al., 2003). Our results confirmed
the large degree of diversity observed in Brazilian dairy production
systems, concerning mostly feeding management and scale of
production.



Table 2
Technical attributes for each cluster (mean and SD).

Attribute Clusters

1 (n = 90) 2 (n = 74) 3 (n = 50) P

Monthly milk production (L) 1532.93a ± 1566.31 1991.51a ± 1707.85 3622. 37b ± 2202.11 <0.0001
Milk production (L/cow/day) 10.68 ± 8.43 10.43 ± 7.97 8.00 ± 4.34 0.2512
Herd sizea 1.04a ± 0.49 1.56a ± 0.55 2.62b ± 0.45 <0.0001
Number of lactating cows 6.04a ± 2.96 7.22a ± 4.60 15.87b ± 19.11 <0.0001
Use of warm-season pastureb 0.71a ± 0.39 0.33b ± 0.33 0.73a ± 0.39 0.0003
Use of range pastureb 0.49a ± 0.49 0.37b ± 0.16 0.83c ± 0.40 <0.0001
Use of silageb 0.26a ± 0.47 0.37b ± 0.29 0.79b ± 0.43 <0.0001
Use of hayb 0.67a ± 0.45 0.41b ± 0.41 0.33c ± 0.50 <0.0001
Use of home-made concentrateb 0.18a ± 0.36 0.40b ± 0.31 0.24a ± 0.42 <0.0001
Use of stoverb 0.40a ± 0.40 0.47b ± 0.16 0.57c ± 0.19 <0.0001
Use of saltb 0.59a ± 0.44 0.33b ± 0.12 0.75a ± 0.40 <0.0001
Use of limestoneb 0.12a ± 0.34 0.44b ± 0.23 0.46c ± 0.50 <0.0001
Use of premixb 0.13a ± 0.34 0.43b ± 0.25 0.58c ± 0.50 <0.0001
Average UMFc 0.57a ± 0.18 0.47a ± 0.19 0.32b ± 0.20 0.0016
SCC (103 cells/mL milk) 429. 54 ± 46.46 517.18 ± 74.18 353.40 ± 75.78 0.0740
Fat (%) 3.43 ± 0.41 3.60 ± 0.35 3.82 ± 0.45 0.8231
Lactose (%) 4.06 ± 0.12 4.20 ± 0.11 4.55 ± 0.11 0.1308
Protein (%) 3.40 ± 0.16 3.42 ± 0.16 2.87 ± 0.16 0.1025

a Herd size: 1-Small herd, 0–1; Medium herd: 1–2; Large herd: 2–3.
b 0: without using in farm; 0.1 a 0.99: eventual use in farm; 1: using in farm.
c Value of UMF (unstable milk frequency) less than 0.5; low UMF; Value of UMF greater than 0.5; high UMF.
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Smith et al. (2002) analyzed data obtained from dairy farms in
the 10th Region of Chile. In their study, the first principal compo-
nent is related to milk production and feeding management used
in the farms and explained 24% of the variance. In other side, milk
production aspects as herd size, yield per cow and total milk yield
accounted for the first principal component formation while farm
total surface area and applied technology level accounted in the
formation of the second principal component in a study carried
in U.S. (Rotz et al., 2003). With dairy goats systems, in Europe,
the first two principal components were composed, respectively,
by total and per animal proportions of cultivated pasture area
and herd size/forage supply per goat (Ruiz et al., 2009).

García et al. (2012) assessed the characteristics of 115 dairy
farmers in the Central Region of Mexico, and report that five prin-
cipal factors accounted for 70.4% of the accumulated variance of
the data, and the first two principal factors were characteristics
of the farm (including feeding strategies) and investments in tech-
nology, somewhat similar to the results of the present study.

However, when farm conditions are not taken into consider-
ation, as in the study conducted by Bodenmüller Filho et al.
(2010), who analyzed milk samples received by dairy industries,
the three first principal components consist of the nutritional qual-
ity of milk: fat, protein and total solids (PC1), sanitary quality of
milk: SCC and total bacterial count (PC2) and total milk yield as
PC3. PC1 and PC2 explain, respectively, 32.47% and 24.04% of the
variance.

In the present study, the indicators included in the first princi-
pal factors, PF1: feeding strategies mainly represented by kind of
forages and supplements used and PF2: scale of production, basi-
cally represented by herd size, number of lactating cows, total
and per cow milk yields, showed considerable diversity among
dairy farms. This has previously been reported in Brazilian condi-
tions (Wagner et al., 2004; Fassio et al., 2006; Martins et al.,
2007; Zanela et al., 2006) as well as in other countries (Smith
et al., 2002; Ruiz et al., 2009). The scale of production’s attributes
(herd size, monthly milk production and number of lactating cows)
were positively related to productivity, lactose concentration, and
feeding strategies involving the use of silage, vitamin-mineral sup-
plements, limestone, salt and range pasture but were slightly re-
lated to the use of home-made concentrate, which use is spread
in most of dairy farms. The quantification of amount of the concen-
trate offered and the constancy of its supply during the year could
probably help in the differentiation of the producers, as observed
by González et al. (2001) and Martins et al. (2007), who attested
that the specialized production systems with high technology in-
put provide silage and concentrate more constantly throughout
the year. The use of hay, usually of low nutritional quality due to
unfavorable climatic conditions at harvesting because of high rain-
fall and incorrect harvesting practices, and warm-season pastures,
mainly characterized by low to medium quality forage but of large
quantity, were associated with farms whose milk presented higher
SCC, protein content and unstable milk frequency.

The association between the use of feeds with the structural as-
pects of the dairy farm varied accordingly to the kind of feed con-
sidered, they were very weak with the use of hay, pasture, salt and
home-made concentrate (Fig. 1 shows that angles between vectors
are close to 90�), meaning that dairy farms irrespective of their
scale of production used those feeds. The association was positive
and moderate when the use of silage and vitamin–mineral supple-
ment was considered but the use of warm-season pastures and sto-
ver present negative association with scale of production.
Moreover, we observed a strong negative correlation between pro-
duction scale with the unstable milk frequency and SCC.

Although in the present study dairy farms apparently used
some common feeding strategies, dairy farms with larger scale
production may use larger amount of feeds that were more consis-
tently of better quality, e.g. lower fiber content, and probably per-
formed better milking and sanitary management with positive
effects upon milk production and composition, as it was noticed
by Smith et al. (2002) and Nero et al. (2009), which result in lower
values for somatic cell count and unstable milk frequency, for
example.

In Chile, farms producing milk with low milk ethanol-stability
also fed their animals with high fiber forages, showing a negative
relationship between milk instability and nutritional quality of
feeds (Barchiesi-Ferrari et al., 2007). Other studies also verified a
positive relation between food shortage (Zanela et al., 2006) or
low quality with the frequency of ethanol-instability of milk (Mar-
ques et al., 2010; Ponce and Hernández, 2001).

Cluster 3 had the lowest average for unstable milk frequency
among the three clusters, despite an unexpected stover and range
pasture. Ethanol stability seemed to depend mainly on the use of
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mineral–vitamin premix, silage and commercial concentrate, high-
er in this cluster, since it could offset major nutritional deficiencies
of cows, one of the determining factors of unstable milk frequency
(Barchiesi-Ferrari et al., 2007; Lopes 2008).

The relationship between the nature and form of roughage of-
fered to dairy cows and milk fat are described by Chilliard et al.
(2001) and Couvreur and Hurtaud (2007), explaining the increase
in milk fat with animals receiving high fiber content. Supply of
excessively fibrous roughages reduce the intake and/or nutritional
supply, causing a reduction in milk production and synthesis of its
components (Sutton, 1989; Lacy Hulbert et al., 1999; NRC, 2001)
although as the magnitude of reduction of the synthesis of the
components is smaller compared to the reduction in milk yield,
their concentration in milk, especially fat, usually increases.

In the canonical analysis, there is a difference between the 1st
and 2nd clusters from cluster 3 given by the second canonical var-
iable related to production scale although the productivity of the
three clusters have no significant differences. The first canonical
variable shows, besides the differences in production scale, the dif-
ferences between feeding practices. Grouping of farms according
milk production and herd size (Smith et al., 2002) or by nutritional
and sanitary characteristics of the milk (Bodenmüller Filho et al.,
2010) was seen. In practice, the differentiation of producers
according to milk yield is still the key factor for the characteriza-
tion of the production unit and is often carried out by the dairy
industry (Bueno et al., 2004; Wagner et al., 2004; Fassio et al.,
2006; Manzano et al., 2006). However, discriminant analysis
showed out the role of feeding strategies in differentiating dairy
farms which is consistent with Fernandes et al. (2004) studying
the same region, where those authors highlighted the lack of
expertise of producers, inefficient feeding strategies and low pro-
ductivity of dairy cows.

5. Conclusions

Feeding practices are the most important criteria for classifica-
tion and grouping of the observed properties. The volume of
monthly milk production differs between clusters by the number
of lactating cows but not for productivity. The physical–chemical
composition of milk is similar between groups. The unstable milk
frequency is related to the feeding practices of each cluster.
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