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Multivariate analysis of lactose content in milk of Holstein and
Jersey cows!

Analise multivariada do teor de lactose do leite de vacas Holandés
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Abstract

This study evaluated the factors influencing the variation in the lactose content of milk in Holstein and
Jersey herds in Santa Catarina, southern Brazil, using multivariate analysis. Data from 73 dairy herds
in the Dairy Herds Improvement Program of the State of Santa Catarina were provided by the Santa
Catarina Association of Cattle Breeders (ACCB). A total of 46,242 monthly records of Holstein and Jersey
(59 and 41 % of the total records, respectively) cows from 2009 to 2012 were analyzed using multiple
correspondence, factor, and cluster analyses. Lactose content was observed to correlate with somatic cell
count and parity, whereas the evaluated breeds, as well as the production and concentrations of fat and
protein in the milk, were not associated with the lactose content. The cows were categorized into three
groups, the first consisting of cows of both breeds with low lactose content (4.19), high somatic cell score
(5.82), and higher parity (2.50), contrasting with two other groups each with mean values characteristic
for Holstein and Jersey breeds, respectively. Analysis of cows without subclinical mastitis (<200,000
somatic cells ml") revealed that the relationship of parity with lactose level was independent of the effect
of somatic cells. Lactose contents less than 4.4 % were observed in autumn. Overall, the present study
suggests that the lactose content of milk is influenced by somatic cell count and parity and that it varies
seasonally; however, it is not related to breed, milk yield, milk fat content, or milk protein level.

Key words: Analysis of correspondence. Cluster analysis. Factorial. Milk composition. Somatic cell
count.

Resumo

Objetivou-se avaliar os fatores que influenciam a variagcdo de lactose do leite bovino em rebanhos
sobre controle leiteiro, através do emprego de analise multivariada. Os dados de controle leiteiro de 73
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rebanhos do estado de Santa Catarina foram disponibilizados pela Associa¢do Catarinense de Criadores
de Bovinos (ACCB), totalizando 46.242 controles mensais de vacas das racas Holandés (58,5%) e
Jersey (41,5%) no periodo de 2009 a 2012. Os dados de foram avaliados através de analise multivariada,
utilizando analise de correspondéncia multipla, fatorial e analise de agrupamento. O teor de lactose
apresentou relagdo com a contagem de células somaticas e ordem de parto, enquanto raga, produgdo de
leite, teor de gordura e proteina ndo apresentaram relagdo com teor de lactose. A analise de agrupamento
revelou um grupo formado por vacas de ambas as ragas com baixo teor de lactose (4,19 %), contagem
de células somaticas alta (5,82), e paridade mais elevada (2,50), contrastando com outros dois grupos,
cada um com valores médios caracteristicos para as ragas Holandés e Jersey, respectivamente. A analise
de vacas sem mastite subclinica (<200.000 células somaticas mL") demonstra que a relagdo de paridade
com o nivel de lactose ¢ independente do efeito da contagem de células somaticas. Os valores inferiores
a 4,4% de lactose foram observados no outono. O teor de lactose do leite ¢ influenciado pela contagem
de células somaticas e paridade, com variagdo sazonal, mas nio esta relacionada a raga, produgdo de
leite, teor de gordura e de proteina do leite.

Palavras-chave: Analise de agrupamento. Analise de correspondéncia. Composic¢do do leite. Contagem

de células somaticas. Fatorial.

Introduction

Lactose is the main carbohydrate in cows’ milk,
representing approximately 40 % of the total solids
and 50 % of the nonfat solids. The mammary gland
of cows absorbs 70 to 80 % of the entire amount
of glucose available. The energy derived by the
mammary glands from glucose is essential for milk
production, and factors that affect the availability
of glucose directly influence the production and
composition of milk, especially its lactose content
(POLLOTT, 2004; LEMOSQUET et al., 2009).

Lactose content in milk has been reported to vary,
values of 4.7 (FORSBACK etal., 2010), 4.5 (NORO
et al.,, 2006; MIGLIOR et al., 2007), as well as
values in between 4.39 and 4.29 % (ZANELA et al.,
2009), and 4.28 % (GONZALEZ et al., 2009) have
been reported previously. Low content of lactose
affects the performance of dairy products, especially
powdered milk, and also hinders the coagulation of
milk for cheese production (LEITNER et al., 2011).
This problem has concerned the dairy industry in
Brazil, where the management conditions, feeding
of dairy herds and health of the mammary glands
are still quite heterogeneous. Few studies have,
however, been reported in which the causes for low
lactose content in milk under the above-mentioned
conditions have been investigated.

The concentration of lactose has also been
reported to be influenced by high milk somatic cell
counts (SCC). Berglund et al. (2007) observed that
an increase from 31,000 to 450,000 somatic cells
mL"! reduced the lactose content from 4.86 to 4.69
%. This was due to a reduction in lactose secretion
(LEITNER et al., 2007) and loss of lactose to the
bloodstream (BEN CHEDLY et al., 2009) because
of increased of permeability of the tight junction
(MOUSSAOQOUI et al., 2004).

The concentration of lactose in milk is influenced
by multiple factors. Therefore the use of multivariate
techniques is convenient to examine the factors
involved, since conventional analyses can capture
the effect of only one or two factors (MACCIOTTA
etal., 2012). Factor analysis allows the replacement
of the number of original variables by a set of
variables that have a relation to each other (factors),
enabling a reduction in the number of parameters
to be estimated without a significant reduction
in the adjustment (MACCIOTTA et al, 2012;
BIGNARDI et al., 2012). Multiple correspondence
analysis is analogous to factor analysis, and
its use is associated with exploratory research
involving multidimensional categorical variables
that interact to form a structure (LEBART et al.,
2000; TEIXEIRA et al., 2012.). With the cluster
analysis, the elements of a data set can be grouped
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into subgroups, considering that the similarity
between the elements within the group is greater
than the similarity between the groups (CAMPOS;
CARVALHO, 2007). However, a huge amount of
information requires appropriate statistical tools to
draw inferences about the causes of variation and
study the pattern of relationships, having on the
factor analysis, a valuable option (MACCIOTTA et
al., 2012), as well as multiple correspondence and
grouping analysis.

Thus, techniques,  multiple
correspondence analysis, factor, and cluster analysis
allow verification of the relationship between the
factors responsible for the variation in lactose
content. However, some studies have shown that
the lactose content shows considerable variation
in countries such as Brazil (GONZALEZ et al.,
2009; ZANELA et al., 2009), where management
systems, feeding practices, and herd health are quite

multivariate

varied. The objective was to evaluate the factors
influencing lactose variation in the milk of cows
enrolled in the Dairy Herd Improvement (DHI)
program in Santa Catarina, southern Brazil using
multivariate analysis.

Material and Methods

Data collected during the period from 2009 to
2012 from DHI evaluation of 73 dairy herds were
provided by the Santa Catarina Association of Cattle
Breeders (ACCB). The database consisted of the
date of milking, breed, parity, days in milk (DIM),
milk yield, fat content, protein, lactose content, and
somatic cell count for individual animals. Most
farms in the ACCB have mechanized milking and
milk cooling tanks, and use pasture as the primary
source of feed, which is supplemented with corn
silage and concentrated feed.

Milk yield was measured monthly in each farm.
Samples were collected after homogenization
of milk in 40-mL bottles containing Bronopol,
an antimicrobial compound. Each sample was
composed of the morning and afternoon milking

and was sent to the State Laboratory of Milk Quality
located in Concordia, SC, Brazil. All the analyses
were performed using automated equipment (Soma
Count FC and Dairy Spec FT Bentley®). The
somatic cell counts (SCC) analysis was performed
using flow cytometry, according to the ISO 13366-2
method and the milk composition was determined
by an infrared technique, according to ISO 9622
guidelines, both these methods are prescribed by the
INMETRO IEC 17025:2002.

A total of 46,242 DHI records were used for
the analyses; these records were for Holstein (59
%) and Jersey (41 %) cows. The SCC data were
transformed to somatic cell score (SCS) using the
equation SCS = log, % + 3, according to Shook
and Schutz (1994). Cows were grouped on the basis
of their parity (1, 2, > 3) and breeds were coded
as 1 for Holstein and 2 for Jersey. The seasons for
which the data included were defined as summer
(December, January, and February), autumn (March,
April, and May), winter (June, July, and August),
and spring (September, October, and November),
the state of Santa Catarina is characterized by sub-
tropical climate with defined seasons, of the CFA
and Cfb types, as per the Koppen classification
(PEEL et al., 2007).

Data were analyzed using multivariate analysis
techniques (factor analysis, clustering, and multiple
correspondence), using SAS® software (SAS
INSTITUTE, 2002). To carry out the analysis, data
were first standardized. DHI data from Holstein
and Jersey cows were analyzed together as well as
separately for both the breeds. Factor and cluster
analyses were also conducted on a data set composed
of DHI records from cows considered healthy with
regard to subclinical mastitis (i.e., cows with SCC <
200,000 mL™"), according to Schukken et al. (2003),
to evaluate the relationships between the variables
used in the study, apart from the effect of SCC.

Factor analysis allows the evaluation of the
relationship between the variables, aiming to reduce
the original data set of variables into a smaller

Semina: Ciéncias Agrdrias, Londrina, v. 37, n. 4, suplemento 1, p. 2641-2652, 2016

2643



2644

Alessio, D. R. M. et al.

number of factors, grouping in each factor the
most correlated variables. To check the suitability
of the model, the statistics Kaiser-Meyer-Olkin
(KMO) was used, which is considered an indicator
that compares the magnitude of the correlation
partial ~correlation

coefficients observed for

coefficients. The variables selected to
compose the factors by their commonality, which

represents the proportion of the variance of the

WEre

original variables that are explained by the common
factor. The number of factors was defined by the
eigenvalue, using all eigenvalues higher than one.
Factor loadings > 0.4 were considered significant.
Promax rotation was used, which is an oblique
rotation that considers the relationship between the
factors.

The cluster analysis was used as a complement
of the factor analysis, which can improve the
comprehension of these relations through the
formation of groups with similarity within their
selves and differences between the groups. It used
the Ward hierarchical method, which is based on
Euclidean distance; the standardized means of the
groups were estimated and later transformed into
the original averages for each group. The cluster
analysis was complemented by discriminant analysis
with the stepdisc method, to list the variables that
differentiated the groups. The standardized average
of the three groups formed were compared to
identify the difference between the groups using
multivariate analysis of variance (MANOVA) and
the Tukey-Kramer test, at a significance level of 1%.

A multiple correspondence analysis was used
to analyze the relationship between the categorical
variables (seasons) and the variables that represented
the composition of milk. This analysis was performed
with the original data and numerical variables were
classified as low and high. Thresholds were adopted
based on the average, prioritizing the homogeneity
of the number of observations for each formed class,
being considered: 3.6 % for fat, 3.3 % for protein,
and 4.4 % for lactose. The number of dimensions
was determined by the average of the eigenvalues,

considering all eigenvalues higher than the average.
In the input matrix, lines corresponded to the
seasons and the columns represented fat, protein,
and lactose content in the milk, and each value for a
variable, which represented the composition of milk
could only assume a category (season), according to
the statistical model:

Yij = Zij/(Vr, % c,)

where Yij is the expected outcome for the
dependent variable Y for the i observation in the
j™ category;

Zij is the indicator matrix with n lines (season)
and p columns (milk composition);

r, is the reference value for the i™ observation on
line;

Cj is the reference value for the j™ observation
on column.

Results

The descriptive statistics (Table 1) of the
DHI records showed that there was considerable
variation in the production and composition of milk,
and especially in the SCC. In the factor analysis on
full data set, three factors were considered, which
explained 69 % of the total variation (Table 2). The
model adopted by factor analysis was considered
satisfactory for the set of variables used, according
to the statistics KMO (0.7049). Communalities
demonstrated the high relevance of each variable
used in this analysis, as the values above 50 indicate
that variables were essential for the analysis (Table
3). Factor 1 variables with higher factor loading were
breed, yield, and composition of milk. The negative
factor loading for milk production indicated that this
factor had a negative relationship with fat, protein,
and the genetic group, as Jersey cows (code 2) had
lower milk production and higher fat and protein
than Holsteins (code 1). The second factor consisted
of SCS and parity, which were positively related
with each other and had an inverse relationship to
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the lactose content. The third factor was represented
by the negative relationship between DIM with
parity and milk yield, which, in turn, had positive
relationship with parity. Multiparous cows produce

more milk, which is related to the beginning of
lactation. The results show that breed, milk yield,
fat, protein, and DIM are not related to the lactose
content (Table 3).

Table 1. Descriptive statistics of data from dairy herd improvement assessments of Holstein and Jersey cows for 2009-
2012; the herds were enrolled in the Santa Catarina Association of Cattle Breeders (ACCB), Santa Catarina, Brazil.

Variables Minimum Average Maximum SD!
Milk yield (kg day™') 8.00 23.87 77.50 9.15
Fat (%) 2.00 3.70 7.99 0.92
Protein (%) 2.00 3.34 5.00 0.45
Lactose (%) 3.60 4.47 5.30 0.26
Days in milk 8.00 169.88 400.00 100.21
SCC (x1000)> 1.00 557.52 9,999.00 1,012.19

ISD = standard deviation; 2SCC = somatic cell count.

Table 2. Eigenvalue, percentage of variance explained, and cumulative variance of each eigenvalue considered in the
factor analysis.

Factor Eigenvalue Explained variance Cumulative variance
1 2.85 35.6 35.6
2 1.53 19,2 54.8
3 1.12 14.0 68.9

Table 3. Factor loadings and communalities of each variable of the complete data from dairy herd improvement tests
of Holstein and Jersey cows.

Factor loadings

Variables Communalities
Factor 1 Factor 2 Factor 3
Breed 0.8876 0.0026 -0.2597 78.80
Milk Yield (kg day™) -0.6552 -0.0179 -0.3492 62.03
Fat (%) 0.8487 -0.0590 -0.0427 69.87
Protein (%) 0.7910 0.0344 0.2272 74.27
SCS! -0.1333 0.7382 0.1942 59.8
Parity order 0.0308 0.7193 -0.4521 63.85
Lactose (%) -0.1020 -0.7498 -0.1411 65.13
Days in milk 0.0203 0.0846 0.8633 77.83

'SCS = somatic cell score.

The distribution of the first two factors allowsus and a negative relationship to milk production,

to visualize the relationships between the variables
(Figure 1). In the first factor, breed, fat, and protein
levels had a positive relationships with each other

whereas in the second factor there was a positive
relationship between SCS and parity, with both
being inversely related to the lactose content.

Semina: Ciéncias Agrdrias, Londrina, v. 37, n. 4, suplemento 1, p. 2641-2652, 2016

2645



2646

Alessio, D. R. M. et al.

In the discriminant analysis, performed through
the stepdisc method, all the variables were included
in the final model (P<0.0001). Cluster analysis
suggested that there were three distinct groups
when all the factors of breed, milk yield and
composition, health of mammary gland, and age
of the animals were considered (Table 4). Group 1

consisted mainly of Jersey cows (code 2) with lower
milk production and higher content of solids. Group
2 consisted mainly of Holstein cows (code 1) with
higher milk yield and lower fat and protein levels.
Group 3 consisted of cows of both the breeds, with
high SCC (5.82) and low lactose (4.19 %), parity
greater than 2, and some increase in DIM.

Figure 1. Distribution of first two factors affecting lactose content based on complete data from dairy herd improvement

assessments of Holstein and Jersey cows.
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Table 4. Groupings of the complete data from dairy herd improvement programs of Holstein and Jersey cows.

Variables Group 1 Group 2 Group 3
Breed' 1.95¢ 1.02a 1.57b
Milk Yield (kg day™") 18.92 b 29.61 a 18.22 ¢
Fat (%) 440 a 3.14¢ 398D
Protein (%) 3.62a 3.03c¢ 3.60 b
Days in milk 146.82 ¢ 152.24b 231.85a
Lactose (%) 4540 4.57a 4.19 ¢
SCS? 3.09¢ 361D 582a
Parity? 1.80 ¢ 1.86b 250 a
Number of observations 12.981 22.138 11.123

!'1 = Holstein and 2 = Jersey; 2SCS = somatic cell score; 3Parity order being 1 = First calving, 2 = second calving, and 3 = three or
more calvings; different letters represent significant differences in lines by Tukey-Kramer test with P < 0.0001 for all the variables.
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A separate factorial analysis by breed (Tables
5) revealed that only two factors explained 53 and
55 % of the total variation, for Holstein and Jersey,
respectively. The factors were similar in both the
breeds, with the first factor being milk yield, which
had a negative relationship to fat and protein content
in milk and to DIM. The second factor was the SCS
value and the parity level, which were negatively
related to the lactose level.

In the factor analysis of cows without subclinical
mastitis (< 200,000 somatic cells mL'), 58 % of the
total variation was explained by the first two factors
(Figure 2). The logic of the first factor remained
similar to the factor analysis of the whole data set
(Table 3) and was separated by breed (Table 5). The
second factor demonstrates that parity had an inverse
relationship with the lactose level, independent of
the effect of somatic cell.

Figure 2. Distribution factor loadings of data from the dairy herd improvement programs for cows considered healthy with
SCC < 200,000 somatic cells/mL™". Parity order being 1 = first parity, 2 = second parity, and 3 = three or more parities.
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Table 5. Factor loadings and percentage of variance for each variable of individual data from dairy herd improvement

tests of Holstein and Jersey cows, analyzed separately.

Factor loadings

Variables Holstein Jersey

Factor 1 Factor 2 Factor 1 Factor 2
Protein (%) 0.7965 -0.0414 0.7711 0.0751
Fat (%) 0.6154 -0.1923 0.6600 -0.1349
Milk yield (kg dia™) -0.7014 -0.0881 -0.6992 -0.0888
Days in milk 0.6686 0.1304 0.7252 0.0880
Lactose (%) -0.0848 -0.7812 -0.2198 -0.7632
SCS! 0.1320 0.7146 -0.0075 0.7770
Parity -0.2534 0.6715 -0.2478 0.6736
Variance explained (%) 31 21 33 22

'SCS = somatic cell score.
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In multiple correspondence analyses between
milk composition the
dimensions were considered, which explained
60% of the inertia (Table 6). The relationship
between the dimensions one and two could only

and seasons, three

be shown by the fact that low lactose levels were
related to autumn and high levels were correlated
to spring, whereas the concentrations of fat and
protein were less correlated to the season (Figure
3).

Table 6. Eigenvalue, percentage of explained inertia, and cumulative inertia of each eigenvalue considered in factor

analysis.
Dimension Eigenvalue Explained inertia Cumulative inertia
1 0.629 26.4 26.4
2 0.505 17.0 434
3 0.500 16.6 60.1

Figure 3. Effect of season and other factors on lactose levels in dairy herds of the Santa Catarina Association of Cattle
Breeders (ACCB), Santa Catarina, Brazil, during 2009-2012.
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Discussion of the included herds. According to Jenkins and

Although the average lactose content in milk
from cows used in the study was adequate (4.47
%), there was a considerable variation (3.60-
5.30 %, Table 1), which may have been related to
the nutritional status and mammary gland health

McGuire (2006), in developed dairying regions,
lactose levels are practically constant because there
are fewer problems of mammary glands, somatic
cell counts (SCC) are lower, and cows receive
appropriate nutrition. The mean observed value of
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4.47 % obtained in this study is close to the values
considered appropriate by Miglior et al. (2007),
Noro et al. (2006), and Forsbéck et al. (2010).

Although standard deviation in the lactose
content (0.26 %) was smaller than that of other
components of milk, an important share of the
evaluated milk samples had a lactose content that
would not meet the requirements of the dairy
industry, affecting both the yield and the quality of
dairy products. Low values for lactose content have
been reported in previous studies (GONZALEZ et
al., 2009; ZANELA et al., 2009). Intense variability
was observed in the levels of proteins and fats, but
the factors that influence these have been corrected
by milk prices based on fat and protein contents.

Substantial reductions in the lactose levels were
correlated with the increase in SCS, as observed in
the factor analysis, in which the lactose content had
contrary relationship with SCS (-0.7498, 0.7382).
This relationship remained the same in separate
factor analyses by breed (-0.7812, 0.7146 for
Holstein) and (-0.7632, 0.7770 for Jersey). This is
evident in Figure 1 by the formation of angle next to
180 degrees between lactose content and SCS and
Tables 3 and 5. This relationship was confirmed by
the cluster analysis (Table 4), where a reduction in
lactose content (4.19 %) happened due to an increase
in SCS (5.82). Similarly, Berglund et al. (2007)
observed that an increase from 31,000 to 450,000
somatic cells mL"! reduced the lactose levels from
4.86 to 4.69 %. Phenotypic and genetic correlations
of -0.774 and -0.227 between the lactose content
and SCS were estimated by Lindmark-Ménsson et
al. (2006) and Miglior et al. (2007), respectively.

The increase in SCS, which is an indicator of
clinical and subclinical mastitis, decreases the lactose
levels in milk, due to changes in the homeostasis
of mammary glands (PESSOA et al., 2012),
increasing the blood concentration of lactose (BEN
CHEDLY et al., 2009). The increased permeability
of mammary epithelium 1is associated with
mastitis (MOUSSAOUI et al., 2004). Endotoxins

of microorganisms and inflammatory mediators
causing increased permeability of the tight junctions
between the apical borders of alveolar epithelial
cells (CAPUCO et al., 2003; SCHNEEBERGER;
LYNCH, 1992) have been reported to increase the
blood concentration of lactose, which is an indicator
of the integrity of the mammary epithelium (BEN
CHEDLY et al., 2009; STELWAGEN et al., 1994).
Blood lactose is increased in cases of subclinical
mastitis and, in a more pronounced way, in clinical
mastitis (LEITNER et al., 2004). However, in
subclinical mastitis the integrity of tight junctions
is partly maintained. Leitner et al. (2007) argued
that the lower concentration of lactose in cows
with intramammary infection was also related to
the reduction in the secretion of lactose by further
conversion of plasminogen to plasmin. This
conversion causes the release of B-casein 1-28,
which has the ability to block potassium channels,
thereby, reducing the release of lactose into the
lumen of the mammary alveoli (LEITNER et al.,
2004; MOUSSAOQUI et al., 2004; SILANIKOVE
et al., 2009, 2013). Among the possible causes of
this influence of mastitis on lactose content could be
the utilization of lactose by pathogens, it being an
important nutritional substrate (BLUM et al., 2008).

Lactose levels were also correlated with parity
(Tables 3, 5 and Figure 1), as indicated by the
contrary factor loads of the whole dataset (-0.7382,
0.7193) and by individual analysis by breed
Holstein (-0.7812, 0.6715) and Jersey (-0.7632,
0.6736), as well as based on the cluster analysis
(Table 4), which revealed a reduction in lactose
(4.19%) in older cows (2.50). While parity had
lesser effect on lactose concentration than SCS, the
effects of these two factors on lactose levels were
independent. In factor analysis of cows without
subclinical mastitis (SCC < 200,000 mL'), a
negative correlation of lactose levels with parity
was observed, demonstrated by the angle next
of 180 degrees formed between lactose and SCC
(Figure 2). The reduction in the lactose content with
increasing parity, along with a concomitant increase
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in SCC was also reported by Miglior et al. (2007) in
Canada, with average values of 4.71 % obtained for
young cows (1st and 2nd calvings) and 4.53 % for
adult cows. The effect of parity on the lactose level
independent of SCC determined in this study can be
explained by the availability of endogenous glucose,
because primiparous cows do not express all their
productive potential, requiring lower percentage
of body glucose compared to that by multiparous
cows with high production, in which the available
glucose is the substrate for the synthesis of lactose
(RIGOUT et al., 2002; QIAO et al., 2005).

The lactose levels in milk were not related to
breed, DIM, milk yield, and fat and protein levels,
represented by the lower factor loadings and the
formation of an angle close to 90 degrees (Tables
3 to 5, Figure 1 and 2). However, these variables
were compared with each other, and fat and protein
levels showed positive relationship with DIM (angle
close to zero). These variables had an opposing
relationship to milk yield (angle close to 180
degrees). These relationships are well defined and
discussed in the literature (MIGLIOR et al., 2007,
FORSBACK et al., 2010). Moreover, Holstein cows
tend to have higher milk yield (29.61 kg dia’ in
group 2, predominantly containing Holstein cows)
whereas Jerseys tend to have higher concentration
of solids (4.4 and 3.62 % for fat and protein levels,
respectively, in group 1, predominantly containing
Jersey cows (Table 4). The differences between
Holsteins and Jerseys in the production and
composition of milk have been widely reported in
the literature, in works such as those of Freyer et al.
(2008), Smith et al. (2013) and Miglior et al. (2007)
and such results corroborate with those obtained in
the present work.

Milk samples collected in the fall had lower
lactose levels than those collected in the spring
(Figure 3), indicated by the angle close to zero for
low lactose levels in the autumn. Heck et al. (2009)
related this effect to the seasonal variation in the
quality and quantity of food. The low level of lactose
in the fall likely stemmed from the varying climatic

conditions in southern Brazil, and the fact that some
dairy farmers lack sufficient quantity and quality of
roughage in the fall. Spring, on the other hand, is
characterized by an abundance of grasses, especially
Lolium multiflorum and Avena spp. (NORO et
al., 2006). These differences between the seasons
affect the food intake, metabolism of nutrients, and
therefore, the availability of glucose, which is the
substrate for the synthesis of lactose (RIGOUT et
al., 2002; QIAO et al., 2005), with consequently
impacts the milk yield and composition.

Quality-based payment systems have prioritized
indicators such as high fat and protein levels, and low
SCC and total bacterial counts. In this evaluation of
payment based on milk quality, lactose content is not
considered, because it is almost constant. However,
considering the importance of lactose content in the
milk to the dairy products, mainly powdered milk,
in countries such as Brazil, where we observed
considerable variation in the lactose levels, the
lactose content could be used as an indicator for
quality-based payment. This could not only improve
the quality of milk but also the yield of the finished
product. Because lactose, which aids in the osmotic
regulation of milk under normal circumstances,
is very stable under these conditions, its variation
may be helpful in detecting changes in the health
of mammary glands (LINDMARK-MANSSON et
al., 2006; BERGLUND et al., 2007) as well as in
nutrition and energy metabolism. Monitoring the
lactose levels may help in the quality control and
management of farms, helping in the identification
of low quality milk (LEITNER et al., 2011) and
energy inefficiencies (RIGOUT et al., 2002; QIAO
et al., 2005).

Conclusion

The lactose content in milk is influenced by
somatic cell count, parity, and season, but is
not related to breed, days in milk, milk yield, as
well as to the fat and protein levels in milk. The
analytical techniques used in this study (factor
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analysis, clustering, and multiple correspondence)
are appropriate for studying traits, such as lactose
concentration in raw milk, that are influenced by
multiple factors.
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