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ABSTRACT
Our objective was to quantify the relationship between seasons of the year, milk production, and milk 
composition of a dairy farm based on data for 48 consecutive months, using multivariate statistical 
analyses. The dataset contained information on productive indexes and milk composition from the bulk 
tank milk, which was measured from milk samples, collected monthly and used to determine the total dry 
extract and defatted dry extract, lactose, fat, protein, somatic cell count, and total bacterial count. Seasons 
of the year and milk production/hectare were also considered. Factor, cluster, and discriminant analysis 
were used to study the relationships between the above-mentioned variables. A positive relationship was 
noted between season and total dry extract, defatted dry extract, milk fat, and protein, with higher values 
being observed in winter and spring. Similarly, a positive relationship was noted between season and milk 
production/hectare, lactose content, with an increase in milk production and lactose content in winter and 
spring, which was negatively related to the somatic cell count and total bacterial count. Milk production 
and composition varied mainly with seasons. Multivariate analyses facilitated a better understanding of the 
relationship between milk production and composition on this dairy farm.
Key words: farm management, milk quality, productivity, somatic cell count, statistics.
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INTRODUCTION

From a physiological standpoint, nutrition for 

ruminants should be based on roughage (Van 
Soest 1994), mainly on pastures, so the animals 
can express their natural behaviors and maintain 
desired performance (Von Keyserlingk et al. 2009, 
Pérez-Prieto and Delagarde 2012, Smid et al. 
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2018). However, the quantity and quality of the 
pastures are dependent on the soil and climatic 
conditions, species and vegetative cycle of the 
plants, amount of fertilizer used, seasons of the 
year, and management of the pastures (Bargo et 
al. 2002, Dall-Orsoletta et al. 2016, Macdonald et 
al. 2017, Pérez-Prieto and Delagarde 2013, Sainz-
Sánchez et al. 2017, Tambara et al. 2017, Virbat 
et al. 2017). Nonetheless, the animals have daily 
nutritional requirements that need to be attended 
(Fox et al. 2004, Lanzas et al. 2007, Tylutki et al. 
2008) to avoid a reduction in consumption and 
production, as well as changes in milk composition 
(Fagan et al. 2010, Ganche et al. 2014, Hristov et 
al. 2005). A viable way to meet daily nutritional 
requirements and allow cows to graze, so that they 
can manifest their natural behavior and minimize 
stress, is through semi-confined systems, providing 
preserved forages and concentrate to complement 
the nutrients from fresh forage.

Appropriate formulation of diets enables the 
variation in the milk produced to be controlled and 
reduced; for the dairy industry, consistency in the 
quality of milk is important to maintain quality and 
satisfy the end consumer (Charlebois and Haratifar 
2015, Aryana and Olson 2017). It is accepted 
that many factors influence the production and 
composition of milk, and a systematic view of the 
production chain is necessary from agricultural 
science professionals, as unilateral models do 
not correctly represent the dynamics of dairy 
production. According to Mele et al. (2016), 
multivariate factor analysis is an important tool in 
the study of the influence of different production 
environments and to produce milk and dairy 
products according to the needs and/or desires 
of consumers. According to Todde et al. (2016), 
multivariate statistical analysis represents a valid 
method to simplify the considerable amount of 
information available regarding the routines of 
milk farms. An example is cluster analysis, which 
allows grouping and discriminating between 

groups, where the Euclidean distances, a measure 
of similarity, define that the means of nearer 
observations are in the same group, while the most 
distant are in separate groups (Lebart et al. 2000).

Our objective, therefore, was to quantify the 
relationship between seasons of the year, milk 
production, and milk composition of a dairy farm, 
based on data for 48 consecutive months, using 
multivariate statistical analyses.

MATERIALS AND METHODS

DATABASE

The data for the present study were obtained from 
the Escola Estadual Técnica Celeste Gobbato 
(EETCG), Palmeira das Missões, Rio Grande do 
Sul, Brazil. The results were generated in the Dairy 
Cattle Education Unit (DCEU), as shown in the 
diagram in Figure 1, which presents the detailed 
activities developed at DCEU. The productivity 
indexes required for bio-economics management 
of the DCEU were stored at the EETCG and it was 
possible to develop a multivariate analysis of the 
performance of the herd of Holstein cows from 
data collected for 48 consecutive months, between 
January 2009 and December 2012.

The climate of the region is Cfa type, with 
hot summers and rainfall distributed throughout 
the year, and an average temperature of 22 °C in 
the warmest period (Alvares et al. 2013). Table I 
presents the average temperatures and precipitation 
collected through the Automatic Meteorological 
Station of Palmeira das Missões (Longitude: 53º 
18’ 49”, Latitude: 27º 53’ 58”, Altitude: 639 m). 
The same table also presents the climatological 
normal of the municipality between 1961 and 1990.

HERD MANAGEMENT PRACTICES

The DCEU has 27 hectares available for 
management of the herd (heifers, lactating cows, 
dry cows, and a bull) and also facilities including 
a management center consisting of a waiting area, 
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Figure 1 - Summarized graphic representation on the activities of the Escola Estadual Técnica Celeste Gobbato with 
emphasis on the activities of the Dairy Cattle Education Unit.



An Acad Bras Cienc (2018) 90 (4)

3842	 IONE M.P. HAYGERT-VELHO et al.

milking parlor, cooler room for milk, and a feed 
shed, as the feed system is semi-confined. The 
milking parlor is a herringbone type with a pipeline 
milking system, low line, and it has four sets of 
closed-circuit and automated cleaning systems.

It should be stressed that the greatest emphasis 
was placed on the 35 cows that were normally milked 
during this period, and management of the herd 
included all the parameters: genetic (acquisition 
of semen according to the characteristics of 
each cow), feed and nutrition (annual pastures, 
production of preserved forages, and concentrate), 
sanitation (vaccines, medicines, and hygiene 
products), and milk production. All the daily 
operations at the DCEU were conducted under the 
guidance of the relevant teacher and carried out by 
students of the agricultural technical course. Thus, 
the students could learn about milk production, 
ranging from the choice of land (natural resources), 
artificial insemination, alimentary and nutritional 
management, and milking of cows, to consideration 

of the nutritional and functional properties of milk 
and dairy products for the consumer, according 
to the approach of Jenkins and McGuire (2006) 
and Petit (2009). Normative Instructions 51 and 
62 of the Ministério da Agricultura, Pecuária e 
Abastecimento (Brasil 2002, 2011) were also 
followed. 

Management practices undertaken at the DCEU 
of the EETCG emphasized health, animal welfare, 
and quality of milk produced, while respecting the 
use of natural resources. The management practices 
were registered according to the rules of the Good 
Practices in the Farm Program (GPFM), according 
to the indication of the company that markets the 
milk.

Briefly, GPFM was performed as follows: 
there was an exclusive pre-delivery area in an easy-
to-observe location; all animals were identified (via 
earring) and records were made of the origin of all 
feed provided to the herd and the preparation and 
storage of the concentrate. Lactating cows were 

TABLE I
Average temperatures and rainfall in the years 2009, 2010, 2011, and 2012 for Palmeira das Missões, Rio Grande do Sul, 

Brazil.

Month

Years evaluated Climatological 
Normal

1961 - 1990
2009 2010 2011 2012

Temp. Rainfall Temp. Rainfall Temp. Rainfall Temp. Rainfall Temp. Rainfall
January 21.3 94.4 22.7 137.8 23.4 168.2 23.2 106.0 22.9 138.5

February 22.9 74.8 23.9 150 22.2 247.4 24.9 89.8 22.6 137.3
March 22.4 34.0 21.7 1.8 20.9 240.2 22.8 16.6 21.1 128.4
April 20.5 13.4 18.6 15.6 19.2 149.0 18.8 98.2 18.5 130.9
May 17.0 213 14.5 37.2 15.0 82.2 16.7 9.2 15.6 135.3
June 10.91 23.41 14.4 120.2 12.5 260.2 13.9 141.6 13.5 123.3
July 11.3 226.0 13.2 224.4 13.4 303.8 12.6 193.2 13.3 143.0

August 16.1 188.8 14.6 19.0 14.3 203.4 17.9 38.8 14.4 196.0
September 15.4 357.8 16.0 198.4 16.6 1.9 17.4 115.8 16.2 189.2

October 19.0 151.2 17.2 119.2 18.9 168.8 19.2 388.0 18.1 157.6
November 22.7 411.8 19.1 0.2 20.7 2.4 22.2 48.8 20.3 125.6
December 22.9 168.0 21.1 248.4 22.2 1.3 23.3 159.2 22.0 142.9

Total -- 1,376.81 -- 1,023.6 -- 1,825.1 -- 1,197.2 -- 1,747.8

Source: Ministério da Agricultura, Pecuária e Abastecimento (MAPA). Instituto Nacional de Meteorologia (INMET).
1In June 2009 during several days the meteorological conditions were not recorded, also affecting the annual rainfall.
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identified by colored collars: blue for dry cows, 
yellow for colostrum-producing cows, and red for 
medicated cows. Facilities and equipment were 
used in conditions that ensured the production of 
milk within the quality standards required by the 
dairy company, and in accordance with Brazilian 
legislation (Normative Instructions 51 and 62) 
(Brasil 2002, 2011).

For reproductive management, heifers and 
cows were submitted to a mating program in which 
morphological characteristics were evaluated so as 
to select semen that would improve conformational, 
functional and productive characteristics; the 
genetic merit of each bull for the production 
and composition of milk was also evaluated, in 
accordance with the Select Sires Brazil program.

With respect to feeding and nutritional 
management, sorghum (Sorghum bicolor) and/or 
tifton (Cynodon spp.) in the summer, and oats (Avena 
strigosa) and/or ryegrass (Lolium multiflorum) in 
the winter were used as fresh forage. Regardless 
of the season, corn silage (Zea mays) and/or oats 
silage (Avena sativa), plus concentrate were always 
supplied and were offered to each lactating cow 
at an amount compatible with milk production. 
When seasonal changes in herd management were 
required, the changes were implemented gradually 
to avoid possible metabolic disorders. The whole 
herd had access to drinking water from artesian 
well drinking fountains, preventing animals from 
entering sources of surface water (dams, ponds, 
and rivers).

For sanitary management, the herd was 
vaccinated against foot-and-mouth disease (May 
and November) and brucellosis, according to the 
official calendar of the Inspetoria Veterinária da 
Secretaria da Agricultura, Pecuária e Irrigação 
(SEAPI) of Rio Grande do Sul State. Females aged 
between 3 and 8 months were vaccinated against 
Brucella abortus (B19) and vaccinated cows were 
branded on the left side of the face for identification, 
according to the technical regulations of the 

Programa Nacional de Controle e Erradicação da 
Brucelose e Tuberculose, and females were tested 
for tuberculosis before commercialization. In 
addition to the officially recommended vaccines, 
the herd was also immunized against the following 
diseases: bovine infectious rhinotracheitis (BIR), 
bovine viral diarrhea (BVD), leptospirosis 
(Bioabortogen H) and symptomatic carbuncle 
(Bioclostrigen J5). It is emphasized that such 
vaccinations are of fundamental prophylactic 
importance to maintain herd health and avoiding 
reproductive losses.

For mastitis, lactating cows were vaccinated 
(Rotatec J5) every 4 months, while heifers and dry 
cows were vaccinated at 60 and 30 days before 
calving, respectively. Vaccination against mastitis 
was established as a form of prevention. This is 
more cost-effective than the curative treatment 
for this disease, which generates financial losses 
in addition to those of milk disposal. Subclinical 
mastitis also exerts deleterious effects on herd 
productivity.

Milking was performed twice a day (5:30 
a.m. and 4:00 p.m.) using pre- and post-dipping. 
During every milking session, the first milk jets 
were collected in a black-bottomed or screened 
can to monitor for possible clinical mastitis. Every 
15 days, the California Mastitis Test (CMT) was 
performed to monitor the health of the mammary 
glands and for diagnosis of possible subclinical 
mastitis.

Immediately following each milking shift, the 
milking machine was prewashed with water at a 
temperature of 40 °C. After the prewash, a solution 
of chlorinated alkaline detergent (pH > 11) was 
used, with a water temperature of 70-75 °C and 
output of not less than 40 °C, with a circulation 
time of at least 10 minutes. This was followed by 
an acidic detergent wash (pH < 3) at a temperature 
of 30-35 °C, and not exceeding 60 °C, for 5 
minutes. Before milking, a sanitizing solution with 
25 ppm iodine or 130 ppm chlorine was applied 
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for 5 minutes, at room temperature, without rinsing 
the equipment with water after use. Liners were 
exchanged every 6 months or every 2,500 milking, 
the hoses in direct contact with the milk were 
changed every 6 months, and the other hoses were 
changed annually. These changes were carried out 
in accordance with the regulations of the Brazilian 
Milk Quality Council (CBQL 2002).

For milk analysis, two to four samples of the 
cooling tank were collected monthly by the dairy 
company that buys the milk from the EETCG 
and sent for analysis to the Serviço de Análise de 
Rebanhos Leiteiros (SARLE) of the Universidade 
de Passo Fundo (UPF), certified by the Ministério 
da Agricultura, Pecuária e Abastecimento (MAPA) 
of Brazil. To determine amounts of the total dry 
extract (TDE), defatted dry extract (DDE), lactose, 
fat, and protein, the samples were analyzed by 
near-infrared Raman spectroscopy (NIRS, Bentley 
2000, Bentley Instruments, USA) according to 
ISO 9622; somatic cell count (SCC) and total 
bacterial count (TBC) were determined using flow 
cytometry (Somacount 300, Bentley Instruments, 
USA), according to ISO 13366-2. Both methods 
are prescribed in INMETRO IEC 17025: 2002.

As the EETCG has a limit on the number of 
animals, some of the females (surplus heifers and 
discard cows) were sold and the milk equivalent 
production was calculated, i.e. the value received at 
the time of marketing of the animals was converted 
to liters of milk based on the average price received 
for milk in that month.

STATISTICAL ANALYSIS

The variables evaluated were: fat, protein, lactose, 
TDE, DDE, SCC, TBC, milk production, milk/ha, 
solids/ha, and milk equivalent. The seasons were 
classified as follows: 1. Summer = December, 
January, February; 2. Autumn = March, April, 
May; 3. Winter = June, July, August; and 4. Spring 
= September, October, November.

The SCC and TBC data were transformed as 
follows: (somatic cell score - SCS = log2 (SCC/100) 
+ 3) (Ali and Shook 1980) and log 10 base (log10), 
respectively, since these variables did not present 
a normal distribution. The data were standardized 
using PROC STANDARD, standardizing averages 
= 0 and variances = 1, so that all variables contribute 
equally to the analysis, and precluding variables 
with larger numerical values being presented as 
being the most significant. Subsequently, the data 
were evaluated using multivariate analysis (factor 
and cluster) using SAS® statistical software (SAS 
Institute 2002). 

Factor analysis was used to evaluate the 
relationship between the variables to reduce 
the original set of variables to a smaller number 
of factors, and composing each factor with the 
variables that showed a relationship between 
them. Factor analysis was performed using PROC 
FACTOR, and KMO (Kaiser-Meyer-Olkin) 
statistics were used to verify the suitability of the 
model. The factorial loads (eigenvectors) were 
considered significant at a 0.40 cutoff, set with 
Promax rotation.

The cluster analysis was performed by creating 
groups of observations that show similarity within 
themselves and differences between the groups. 
For this, Ward’s hierarchical method, based on 
Euclidean distance, was used to estimate the 
standardized means of the groups, and later they 
were transformed into the original means for each 
group.

The cluster analysis was complemented 
by Fisher’s linear discriminant analysis (PROC 
DISCRIM), using the STPEDISC method to select 
the variables responsible for group differentiation. 
This was followed by canonical discriminant 
analysis (PROC CANDIS), used to graphically 
demonstrate the distances within and between 
groups. However, for these analyses, two important 
assumptions must be made: the assumption of a 
normal multivariate distribution and the assumption 
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of multivariate homogeneity within covariance 
matrices.

Normal multivariate distribution was tested 
from the individual test of each response variable 
as there is no adequate test available for this 
assumption in most statistical software currently 
in use. Only the variable “season of the year” did 
not present a normal distribution. In contrast, the 
multivariate homogeneity test within covariance 
matrices, performed using the POOL=TEST option 
in PROC DISCRIM, indicated the existence of 
homogeneity. Although the first assumption was 
not met, according to Manly (2004) if the great 
majority of the observations are correctly classified 
within the groups, Fisher’s linear discriminant 
analysis can still be performed. In this case, all the 
observations were classified correctly within their 
groups according to the estimates of error count 
and, therefore, we continued with the discriminant 
analysis.

Finally, the means of the groups formed by the 
analysis of factors for each response variable were 
compared to verify which variables are responsible 
for the separation of the groups. For this, we tested 
the assumption of homogeneity of variances using 
Levene’s test, normality of the errors using the 
Shapiro-Wilk’s test, independence of the errors 
using the plot of residues against predicted values, 
and presence of outliers using box-plot graphs. 
All variables showed homogeneity of variances, 
but some showed non-normal errors and the 
presence of outliers. For this reason, nonparametric 
Kruskal-Wallis analysis using PROC NPAR1WAY 
was chosen, where the DSCF option was used to 
obtain the comparisons for the groups, considering 
that such analysis is based on the ranking of 
observations. In addition, the median was used 
as a measure of central tendency because it is not 
affected by extreme values. Results of all analyses 
were considered significant at p < 0.05.

RESULTS

The operations listed in Figure 1 were planned 
and executed to produce quality milk without 
undesirable residues, and respecting the 
assumptions of sustainability, which should be 
socially just, economically viable and respectful of 
nature. It is important that Agricultural Technicians 
have a systemic view of the production chain. 
Therefore, managing sustainability influences the 
results presented below, as do the meteorological 
conditions (Table I) during the 4 years of evaluation. 
Table II shows the descriptive statistical analysis of 
all production parameters evaluated.

In the factorial analysis, milk composition, 
transformed SCC, and TBC could explain 75.9% 
of the total variance in the first three factors, 
with a KMO of 0.56 (Table III). The first factor 
represents the positive relationship between TDE, 
DDE, milk fat, and protein with the seasons. The 
second factor shows the positive relationship 
between milk production/hectare, lactose content, 
and the seasons. The third factor comprises the 
negative relationship of the lactose content with the 
transformed SCC and TBC, which is demonstrated 
by the opposition of its high factor loadings, 
where the increase in SCC and TBC reduces the 
milk lactose content. The high commonalities 
for all variables demonstrate their importance to 
study the relationship between milk production 
and composition with the seasons, health of the 
mammary gland, and milk microbiological quality.

In the canonical discriminant analysis, the 
difference between the groups formed by the cluster 
analysis was verified with the purpose of graphically 
showing the distances used in the separation 
between and within the groups (Figure 2). Within 
the cluster analysis, the discriminant analysis (Table 
IV) was performed using the STEPDISC method to 
select the variables that comprised the final model 
and that were determinants in the differentiation 
of the groups: TDE, followed by lactose content, 
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TABLE II
Descriptive statistics of milk production and composition, somatic cell count and total bacterial count.

Variables
Descriptive statistics

N Minimum Mean Maximum SE

Milk production (L/ha∙year) 48 10.849,00 16.785,01 25.157,00 511.04

Milk production (L/ha∙month) 48 401.81 621.67 931.74 18.92

Milk equivalent (L) 28 174.00 319.64 1.333.61 70.25

Total solids (Kg/ha∙month) 47 46.14 95.49 219.64 6.18

Fat (%) 48 2.95 3.36 3.66 0.02

Protein (%) 48 2.77 3.03 3.31 0.01

Lactose (%) 48 4.24 4.41 4.54 0.01

Dry defatted extract (%) 47 8.05 8.35 8.71 0.02

Total dry extract (%) 47 11.13 11.71 12.14 0.03

SCC (cells/mL×1.000) 48 93.33 271.36 598.00 16.32

TBC (CFU/mL×1.000) 48 9.00 37.03 159.00 3.90

SCC transformed (SCS) 48 4.97 5.39 5.78 0.02

TBC transformed (log10) 48 3.95 4.49 5.20 0.03

N = number of observations; SE = standard error; SCC = somatic cell count; SCS = somatic cell score; TBC = total 
bacterial count.

Figure 2 - Discriminant canonical analysis with monthly samples of milk production and composition 
according to the seasons, microbiological quality of milk and health of the mammary gland. Group 1 (■); 
Group 2 (▲); Group 3 (♦).
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seasons of the year, milk production per hectare, 
and protein content.

Groups 1 and 3 did not differ in monthly milk 
production, but presented a difference for season of 
the year, fat, protein, and lactose contents. These 
affected the TDE and DDE, where group 1 was 
represented by milk produced in the spring, having 
a higher total solid content and consequently ESD, 
followed by the best milk composition represented 
by fat, protein, and lactose content, compared to 
group 3 (Table V). Groups 2 and 3 represented 
milk produced in the autumn, with group 2 being 
characterized by lower milk yield and higher TDE 
due to higher fat and protein content, which are the 
same as in group 1. The DDE differed in the three 
groups, with group 3 presenting the lowest value 
due to the reduction in protein and lactose contents. 
The three groups showed no difference in SCS and 
TBC.

DISCUSSION

As the feed base of milk cows in Brazil is pasture, 
one index that can facilitate the evaluation of the 

efficiency of milk production is the milk yield 
per hectare (Table II). The average productivity 
of the DCEU shows that with the use of high 
quality preserved feeds and pastures, satisfactory 
rates (621.67 liters/ha∙month) were obtained and 
the microbiological quality represented by SCC 
and TBC was excellent, with average values of 
271,360 cells/mL and 37,030 cfu/mL, respectively. 
The quality of the milk produced complies with 
the Brazilian legislation that will come into force 
in 2018, which is 400,000 cells/mL for SCC 
and 100,000 cfu/mL for TBC for the southern, 
southeastern and central-west regions according to 
the IN 62 of MAPA (Brasil 2011).

The results of milk quality are influenced by 
the health of the animals as well as by the hygiene 
in the milking processes. The factors that determine 
milk production are interactive. Feeding and 
nutrition of the herd was managed so that the body 
condition scores were not less than 3, according to 
the scale of the NRC (2001).

The positive relationship between the season 
and the whole composition of milk can be observed 

TABLE III
Factorial loadings, eigenvalue, percentage of variance and commonality of each variable that composes the factorial 

analysis of milk production and composition data according to the seasons of the year, microbiological quality of milk and 
health of the mammary gland.

Variables
Factors

Communalities
1 2 3

Season of the year1 0.401 0.351 0.288 0.401
Milk production (L/ha∙year) -0.176 0.913 0.194 0.839
Total dry extract (%) 0.953 0.081 -0.073 0.963
Dry defatted extract (%) 0.820 0.344 0.014 0.902
Fat (%) 0.835 -0.217 -0.139 0.738
Protein (%) 0.863 -0.129 0.248 0.689
Lactose (%) 0.151 0.766 -0.407 0.840
SCC transformed (SCS) -0.179 0.101 0.854 0.789
TBC transformed (log10) 0.269 -0.066 0.787 0.652
Variance explained (%) 39.7 18.9 17.3

1Season = 1: Summer = December, January, February; 2: Fall = March, April, May; 3: Winter = June, July, August; 4: Spring = 
September, October, November. Seasons according to the Southern Hemisphere. SCC = somatic cell count; SCS = somatic cell 
score; TBC = total bacterial count.
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in the comparisons between groups (Table V). 
From this, it is possible to infer that milk produced 
in the spring has higher levels of fat, protein, and 
lactose and, consequently, higher TDE and DDE, 
which can be explained by the milder temperatures 
and by the availability and better quality of 
temperate forages, which favors the consumption 
of dry matter. Noro et al. (2006) and Heck et al. 
(2009) reported that the higher yields and better 
composition of milk produced in winter and spring 
is related to the quantity and quality of temperate 
forage. The intake of feed by lactating cows is 
influenced by availability (Mühlbach 2010) and 
animal nutrient demand, as well as by digestive 
kinetics (Kammes and Allen 2012), all of which 
affect milk production (Linton and Allen 2009); 
they affect the availability of metabolites for the 
synthesis of milk components, and consumption is 
directly related to milk production (Bjerre-Harpøth 
et al. 2012).

The relationship of the season with milk 
production per hectare and lactose content is also 
clear in the groups (Table V). In semi-confinement 
systems, the season of the year is one of the factors 
that could affect lactose content of milk and, 
consequently, the production of milk. Lactose, 
the main carbohydrate in milk, is synthesized 
principally from glucose (Lemosquet et al. 2009); 
production of glucose begins with fermentation 
of most non-fibrous carbohydrates (NFC) in the 
rumen, which produces propionic acid that is 
absorbed and metabolized to glucose in the liver; 
glucose is subsequently used in the synthesis of 
lactose, the main determinant of milk production 
(Allen and Piantoni 2014).

Therefore, the synthesis of lactose is highly 
dependent on the energy status of the cows, which 
in turn is directly related to feed intake. Mainly 
in the spring, but also in the winter, the quantity 
and nutritional quality of the milk is higher when 
compared to summer pasture (Noro et al. 2006), 
due to the use of oats (Avena sp.) and ryegrass 

(Lolium multiflorum). Together with the feed and 
concentrate supplied in the trough, they can meet 
the nutritional requirements of lactating cows 
without compromising milk production and/or 
altering milk composition.

In general, lactose content is negatively 
affected by SCC and TBC (Alessio et al. 2016), 
but this relationship was not observed in the 
cluster analysis, since SCC and TBC did not 
show differences between the groups (Table V). 
However, the negative relationship between SCC 
and lactose content was evident in a multivariate 
analysis of dairy control data (Alessio et al. 2016). 
The SCC and TBC have a negative effect on lactose 
content when lactose is used as a substrate for the 
development and growth of the bacteria present in 
the milk (Blum et al. 2008, Silanikove et al. 2014). 
Moreover, mastitis may reduce lactose secretion 
in mammary gland epithelial cells (Moussaoui et 
al. 2004, Silanikove et al. 2009) and increase the 
permeability of tight junctions between alveolar 
epithelial cells, resulting in loss of lactose into the 
bloodstream (Moussaoui et al. 2004, Pessoa et al. 
2012).

Another factor that may contribute to 
explaining the variation in monthly milk production 
and lactose content related to the seasons is the heat 
stress that affects lactating cows in the summer and 
fall. In semi-confinement systems, heat stress can 
be aggravated by the scarcity of pasture at the end 
of the vegetative stage. Heat stress has become 
one of the most important challenges for the 
milk production chain, since it affects the health, 
reproduction, behavior, and biological activity of 
lactating cows, due to a reduction in voluntary 
consumption and consequent reduction in nutrient 
availability (Polsky and Von Keyserlingk 2017, 
Rhoads et al. 2009). Heat stress may also be related 
to the reduction in milk protein and lactose content, 
since it increases systemic use of amino acids and 
limits the supply of amino acids and glucose to 
the mammary gland. In addition, increased amino 
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TABLE V
Comparison of medians using Kruskal-Wallis test for the groups formed according to the production and composition of 

the milk for the seasons of the year, microbiological quality of the milk, and the health of the mammary gland.

Variables
Groups

P
1 2 3

Season of the year (month)1 4.00a 2.00b 2.00b <0.0001
Milk production (L/ha∙month) 679.63a 517.57b 607.17a =0.0005
Total dry extract (%) 11.90a 11.89a 11.40b <0.0001
Dry defatted extract (%) 8.50a 8.40b 8.19c <0.0001
Fat (%) 3.43a 3.53a 3.21b <0.0001
Protein (%) 3.09a 3.11a 2.95b <0.0001
Lactose (%) 4.47a 4.39b 4.38b <0.0001
SCC transformed (SCS) 5.40 5.36 5.40 <0.5538
TBC transformed (log10) 4.53 4.48 4.35 =0.1010
Number of observations 17 13 18

1Season = 1: Summer = December, January, February; 2: Fall = March, April, May; 3: Winter = June, July, August; 4: Spring = 
September, October, November. Seasons according to the Southern Hemisphere. SCC = somatic cell count; SCS = somatic cell 
score; TBC = total bacterial count; abc= different superscript letters indicate a significant difference between medians.

TABLE IV
Discriminant analysis of the determinant variables for differentiation of the groups and their respective statistical 

parameters of milk production and composition data according to the seasons of the year, microbiological quality of milk, 
and health of the mammary gland.

Variables Partial R2 F P < F WL1 P < 
Lambda ASCC2 P < ASCC

Total dry extract (%) 0.786 80.96 <0.0001 0.213 <0.0001 0.393 <0.0001
Lactose (%) 0.413 15.15 <0.0001 0.125 <0.0001 0.597 <0.0001
Season of the year (month) 0.529 23.67 <0.0001 0.058 <0.0001 0.736 <0.0001
Milk production (kg/ha) 0.108 2.50 0.094 0.052 <0.0001 0.756 <0.0001
Protein (%) 0.109 2.47 0.097 0.046 <0.0001 0.768 <0.0001

1Wilks Lambda; 2Average Squared Canonical Correlation.

acid requirements during heat stress may represent 
an increased need for gluconeogenic precursors 
(Gao et al. 2017). In dairy cows under heat stress, 
a reduction of 200 to 400 g of lactose produced 
daily is observed, with glucose being consumed 
at a higher rate (Wheelock et al. 2010). In these 
conditions, there is an increase in glycolysis and 
anaerobic respiration to maintain energy balance 
(Tian et al. 2015), and the decrease in glycemia may 
explain the reduction of lactose content (Shwartz 
et al. 2009). Accordingly, changes in protein and 
lactose levels may be related to a reduction in feed 
intake by dairy cows under thermal stress (Polsky 
and Von Keyserlingk 2017, Rhoads et al. 2009).

In general, the Brazilian dairy industry has 
routinely received milk with TDEs similar to, or 
smaller than, those seen in Group 3 (Table V), 
which has generated major concerns due to the 
negative impact on dairy product yields; this is the 
case with milk powder, which, according to Pinha 
et al. (2016), is the second most globally traded 
dairy derivative. In the specific cases of low lactose 
(4.38%) and low protein (2.94%), Leitner et al. 
(2011) have suggested that these may affect milk 
coagulation, thus reducing industrial yield in cheese 
production. In a study carried out in Brazil, Martins 
et al. (2006) observed that in 65% of the 1,753 
milk samples used in the study, the DDE content 
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was below 8.4%, which is the minimum value 
determined by Normative Instruction 62 (Brasil 
2011); for protein content, the percentage below 
the minimum (2.9%) was 35%. Therefore, the low 
DDE content may be related to the low lactose 
content of 4.3% stipulated by the Regulamento 
de Inspeção Industrial e Sanitária de Produtos de 
Origem Animal Industrial-RIISPOA (Brasil 1952, 
2017).

Milk production and composition vary over 
the years, mainly due to the seasons, which 
is characteristic of systems based on pasture 
production. Variations in the composition of the 
main components of milk, such as lactose, fat, and 
protein, affect production of total solids. There is 
still a need to reduce the somatic cell count of the 
milk produced. 

Based on the results obtained in the present 
study, it is clear that farm management affects 
production, composition, and quality of the milk. 
However, as many factors are involved in the 
production system, multivariate analyses enabled 
us to identify the main factors that can affect and 
explain the variation within the productive system. 
Based on these findings, farmers should consider 
all the factors together, and not in isolation when an 
evaluation of their dairy system is required. Finally, 
we emphasize that medium and long-term studies 
using multivariate analysis are of fundamental 
importance for knowledge and the improvement of 
the milk production chain in Brazil.

CONCLUSIONS

Using multivariate analyses, we were able to 
understand, as a whole, the relationship between 
milk production and composition in the studied 
farm. Three factors were found to influence the 
system: factor 1 represented the positive relationship 
between seasons (spring and winter), TDE, DDE, 
fat, and protein content; factor 2 represented the 
positive relationship between lactose content, milk 

production/ha, and seasons (spring and winter); 
and factor 3 represented the negative relationship 
between lactose content with SCC and TBC. 
From these factors, three groups of observations 
were formed, where TDE, lactose content, protein 
content, seasons, and milk production/ha were 
the variables responsible for the formation and 
separation of the groups of observations.
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