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Somatic cell count (SCC) can be used as a proxy for the prevalence of mastitis in a herd, reflecting the hygiene
conditions and management practices on dairy farms, and thus an indicator of milk quality. In this study, we in-
vestigated how the adoption of management practices inmilking systems can contribute to the reduction of SCC
levels and improvemilk quality.We collected data regardingmanagement practices from91 dairy farms in three
municipalities of southeastern Pará: Parauapebas, Curionópolis, and Eldorado dos Carajás. Fifty milliliters of milk
from each farm were collected in bottles containing bronopol, to preserve SCC. An exploratory factorial analysis
(EFA)was performed to reduce the number of variables (management techniques) on dairy farms to some latent
factors.We then used the selected factors to estimate the bovinemastitismanagement index to classify farms ac-
cording to their use of technology and management techniques. Our results showed that most of the farmers
(65.9%) usedmanagement techniques inefficiently in their systems, resulting in a significant loss of product qual-
ity, while only 3.3% had adopted the full set of techniques. The EFA results demonstrated that simple manage-
ment practices including regular cleaning of the milking lines, a strip cup test, the California mastitis test, and
washing teats with water before milking could be adopted to improve milk quality. However, in scenarios
where the regulations become more rigorous, most farmers are unable to meet the maximum allowable SCC re-
quirements, necessitating management innovations to reduce SCC. Therefore, the dissemination of knowledge,
technical assistance, and access to new technologies is essential for improving management practices, and thus
milk quality.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The Animal Consortium. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

Somatic cell count can be used as a proxy for the prevalence of mas-
titis in a herd, and thus an indicator ofmilk quality. In this sense, somatic
cell count reflects the hygiene conditions and management practices
used on dairy farms and can be used to identify producerswho are likely
to comply with the regulatory practices designed to increase milk qual-
ity. Therefore, by monitoring somatic cell count antigen levels inmilk, it
is possible to target farms in need of more knowledge, technical assis-
tance, and financing to improve their production methods.

Introduction

The high prevalence of mastitis in dairy herds worldwide results in
significant economic losses for the entire production chain via reduced
milk quality and production, disposal of low-quality milk, culling of
chronically ill animals, and the costs of medication and veterinary ser-
vices (Aiemsaard et al., 2011; Jagielski et al., 2014). The somatic cell
nes-Rodrigues).

vier Inc. on behalf of The Anim
count (SCC) is used as an indicator of subclinical mastitis (Kehrli and
Shuster, 1994), and for monitoring the milk quality and health of the
mammary glands, and thus, possible economic losses (Mendes et al.,
2010).

Somatic cells in milk are, in part, leukocytes, which are composed of
scaling cells from the secretory epithelium as well as defense cells that
migrate from the blood to the alveoli during infection (Machado et al.,
2000). When the mammary is infected with pathogens, the immuno-
logical reaction increases leukocyte counts in milk (Sá et al., 2018).
Most leukocytes are natural defense cells called neutrophils (Almeida
et al., 2011). These cells migrate to the mammary gland and are nor-
mally found in breast tissues and secretions during the onset of inflam-
mation and may even remain in chronic processes (Brito et al., 1997;
Carneiro et al., 2009).

Implementing the requiredmanagement practices on farms reduces
the prevalence of mastitis, leading to a decrease in bacterial loadwithin
the environment (Hohmann et al., 2020), reducing possible transmis-
sion of bacteria, and protecting the teat ends (Lopes et al., 2017).
Changes in the cow's environment throughout the lactation phase and
exposure of healthy quarters to microorganisms during the milking
process cause contamination between animals (Radotits et al., 2007;
al Consortium. This is an open access article under the CC BY-NC-ND license
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Table 1
Description and statistics for variables used in exploratory factorial analysis (EFA). Target
animal: bovine milk production unit.

Variable Expected Value 1
(count)

Value 1
(% of total)

PS 0 = Pasture without irrigation; 1 = Irrigated
pasture.

30 33.0

TM 0 = Manual; 1 = Mechanized. 19 20.9
MP 0 = stockyard; 1 = Milking parlor. 16 17.6
ML 0 = No; 1 = Yes. 9 9.9
SCT 0 = No; 1 = Yes. 37 40.7
CMT 0 = No; 1 = Yes. 14 15.4
PC 0 = No; 1 = Yes. 86 94.5
TW 0 = No; 1 = Yes. 33 36.3
PPD 0 = No; 1 = Yes. 15 16.5
ITS 0 = No; 1 = Yes. 7 7.7
TD 0 = No; 1 = Yes. 12 13.2

Abbreviations: PS = production system; TM= type of milking; MP=milking place; ML
=milking line; SCT= strip cup test; CMT=CaliforniaMastitis Test; PC=presence of calf
duringmilking; TW= teat washingwithwater beforemilking; PPD=pre- and post-dip-
ping; ITS= immersion of teat liners in solution betweenmilking animals; TD= treatment
of cows with no milk.
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Keefe, 2012). The absence of preventive management techniques in-
creases the risk of mastitis. Costa et al. (2019) identified that farms
with high SCC do not use techniques such as pre- and post-dipping, Cal-
ifornia mastitis tests (CMT) or SCC tests, and hygienic procedures such
as the use of paper towels to dry mammary glands or cleaning milking
lines (MLs).

Animal production and land use are correlated with low productiv-
ity in the Brazilian Amazon (Bowman et al., 2012; Souza and Gomes,
2015; Sparovek et al., 2018). These inefficient systems led to our hy-
pothesis that most farmers do not use adequate management practices
in dairy production, consequently increasing the cases of mastitis in the
herd. In this study, we investigated how the adoption of management
practices in milking systems can contribute to reducing SCC levels and
improving milk quality in dairy farms in the Southern Amazon.

Material and methods

Study area and data source

This study is analytical with a quantitative and qualitative approach.
We performed an investigation in the southeast of Pará in three munic-
ipalities: Parauapebas, Curionópolis, and Eldorado dos Carajás. The cli-
mate of the region is characterized by a tropical wet–dry (Aw) climate
according to the Köppen and Geiger (1928) classification, and is hot
and humid, with a well-defined dry-hot period with annual tempera-
tures above 28°C and an average annual rainfall of 1800 mm.

We selected dairy farms at random and collected the data using
questionnaires to understand the production techniques in place. The
questionnaire had 30 questions (multiple choice) subdivided into
three blocks: characteristics of production, herd characteristics, and
milkingmanagement. Ninety-one farmers answered the questionnaires
between August 2018 and March 2019.

After receiving the forms,we collected a composite sample in expan-
sion tanks and/or milk drums from each of the 91 farms. Fifty milliliters
of milk from each sample was transferred to appropriate bottles
containing a tablet each of 8 mg of bronopol (2-bromo-2-nitro-
1,3-propanediol) at a concentration of 0.02% to preserve the samples
(International Dairy Federation [IDF], 2006) until their arrival at the
Milk Quality Laboratory of the Food Research Center of the School of
Veterinary and Zootechnics of the Federal University of Goiás in Goiânia,
GO, Brazil, belonging to the Brazilian Network of Milk Quality Control
Laboratories. Bronopol has bactericidal properties and is the main pre-
servative used in the physicochemical analysis of milk (Monardes
et al., 1996; Gonzalo et al., 2004; Sánchez et al., 2005; National Center
for Biotechnology Information [NCBI], 2020). Before collecting the sam-
ples, the milk was homogenized. In expansion tanks, homogenization
was performed using amechanical stirrer, and in drums using a homog-
enizer, immersing it in the milk for 10 s, and collecting it with stainless
steel shells. The collected samples were kept at a temperature between
1 and 7°C for 72 h until they arrived at lab. All procedures described in
this methodology are based on the recommendations of the IDF to
guide the performance SCC analyses, described in ISO 13366–2/IDF
148–2 of 2006 (IDF, 2006; Brazil, 2018).

Statistical analysis

We performed an exploratory factorial analysis (EFA) to reduce the
initial number of variables to a smaller group of factors. We applied the
VARIMAX factor rotationmethod to ensure orthogonal rotation tomax-
imize the factor loads for the variables of the model. The EFA included
the following variables: i) production system (PS); ii) type of milking
(TM); iii) milking place (MP); iv) milking line (ML); v) examination
of first jets with a strip cup test (SCT), vi) California mastitis test
(CMT), vii) the presence of calves during milking (PC), viii) teat wash-
ing with water before milking (TW); ix) pre- and post-dipping (PPD);
x) immersion of teat liners in solution between milking animals (ITS);
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and xi) treatment of cows with no milk (TD). All selected variables
were dichotomous, representing the presence or absence of practice
or productive condition (Table 1). It was necessary to introduce a
polychoric correlation matrix into the EFA since selected variables
were dichotomous. Algebraic expressions for EFA is presented in detail
in Jolliffe (2002). Bartlett's test of sphericity was applied to check if
the correlation matrix was significantly different from an identity ma-
trix (P < 0.05). In addition, the Kaiser–Meyer–Olkin (KMO) index was
calculated to test the general consistency of the data in EFA (values
above 0.5 is expected to validate the analysis).

To compare the rural producers interviewed in this researchwith the
factors obtained, we estimated a factor score for each observation and
each factor using the Thompson regression method (Hair et al., 2014).
Rural producers were divided into two groups to assess the effects of
management practices on compliance with the legislation (Normative
Instruction of the Ministry of Agriculture, Livestock and Supply no. 76,
of November 26, 2018): i) SCC within the legal limit—less than 500000
SC/ml—and ii) SCC above the legal limit (above 500 000 SC/ml). We
also performed simulations with a progressive reduction of SCC to ana-
lyze scenarios in the event of an increase in the rigor of legislation. Sim-
ulated scenarios were chosen based on the historical of Brazilian
Normative Instructions, which aim to reduce the SCC threshold formilk.

After obtaining the factorial scores for each milk producer, we could
then classify them using the bovine mastitis management index
(BMMI), which assesses the use of management technologies to control
bovine mastitis. To determine the number of factors, we selected only
the factors based on the Kaiser criterion (eigenvalues >1).

To calculate the index of each productive unit, we multiplied each
factor score by the variance of the associated factor. Factor scores
were estimated using linear regression (Thompson method). Then,
the scores for each observation and factor were normalized to a scale
of 0 to 1 (Eq. (1)).

BMMIi ¼
Xp

j¼1

λ jPp
j¼1 λ j

eij ð1Þ

where:
λ: eigenvalue factor. j = 1, 2,…, p.
e: Normalized factor score for each observation of each factor. i=1,

2,…, n; and j = 1, 2,…, p.
We established three categories for the BMMI according to the re-

sults of the producer: i) score ≤ 0.33: minimal or absent management,
for producers who used little or no recommended milking and hygiene



Table 2
Factor loads, factor variance and cumulative variance for variables included exploratory
factorial analysis (EFA)—after VARIMAX rotation. Target animal: bovine milk production
unit.

Variable Factor loadings

Factor 1 Factor 2 Factor 3 Factor 4

PS 0.95
TM 0.69
MP 0.86
ML 0.76
SCT 0.83
CMT 0.90
PC −0.97
TW 0.95
PPD 0.87
ITS 0.63
TD 0.89
Factor variance (%) 40 26 14 13
Cumulative variance (%) 40 66 80 92

Abbreviations: PS = production system; TM= type of milking; MP=milking place; ML
=milking line; SCT= strip cup test; CMT=CaliforniaMastitis Test; PC=presence of calf
duringmilking; TW= teat washingwithwater beforemilking; PPD=pre- and post-dip-
ping; ITS= immersion of teat liners in solution betweenmilking animals; TD= treatment
of cows with no milk.

R.K.R. Vieira, M. Rodrigues, P.K.S. Santos et al. Animal 15 (2021) 100177
practices; ii) score between 0.33 and 0.67; moderate management, for
producers who used between five and six appropriate practices, and
iii) score ≥ 0.67: specialized management, for producers who used all
the recommended practices. The closer the score was to 1, the greater
the use of management techniques capable of reducing the occurrence
of bovine mastitis in productive units. The EFA, Thompson method,
and correlations between variables and BMMI score were performed
using software R, version 3.5.3 (R Core Team, 2019).

Results

The current legalmaximumallowable SCC for the northern region of
Brazil (SCC < 500000 SC/ml) was achieved in 86.8% of the interviewed
producers. We used principal component analysis of the variables listed
in Table 1 to evaluate the influence ofmanagement techniques and their
relation to SCC for each producer. We found that if the legal require-
ments became more stringent, the number of producers capable of
meeting SCC thresholds decreased to 65.9, 36.3, and 12.1% of farmers
as SCC requirements were lowered to less than 400 000, 200 000, and
100 000 SC/ml, respectively. For each variable, we could observe a con-
nection between dairy farms and factor score loads (Fig. 1), in which
primarily the first and second factors were correlated with lower SCC
farms.

The majority of sampled farms produced 50 l of milk or less per day
(48.35% of farms); 32.97% of farms produced between 50 and 100 l of
milk per day; and 18.68% of farms collected more than 100 l of milk
per day. The herds were composed of 80.22% crossbred animals and un-
defined breeds and 19.78% Girolando cattle.

To explore the influence of management practices on the control of
bovine mastitis, we calculated the BMMI and classified rural producers
according to their use of management techniques. We calculated the
polychoric correlation matrix (Supplementary Table S1) to obtain the
principal components of the variables in Table 1. Only factors with ei-
genvalues above 1 were considered, resulting in four factors (Table 2).
The accumulated variance of the four factors was 92%, indicating a
Fig. 1. Exploratory factorial analysis (EFA) simulating different scenarios for SCC legal thres
institutional change. Vertical and horizontal axes unit represent the factor scores for each farm
component. Target animal: bovine milk production unit. Abbreviations: PS = production syste
CMT = California Mastitis Test; PC = presence of calf during milking; TW = teat washing wi
solution between milking animals; TD = treatment of cows with no milk; PC = principal com
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good fit. Bartlett's test of sphericity (χ2 = 746.57, P < 0.05) and KMO
index (0.58) showed that the EFA was adequate for the selected data.

The first factor included the variables ML, SCT, CMT, TW, and PPD,
which are the techniques most correlated to the reduction of SCC in
dairy farms with 40% of explained variance. The second factor contains
four variables (PS, TM, MP, and ITS) and explains 26% of the variance.
Factors three and four (TD) contained only one variable each, while it
is notable that the three factors showed a negative correlation, indicat-
ing that SCC levels tended to increase in systems with the presence of a
milking calf.

After estimating the factor, the BMMI was calculated for each pro-
ducer, which was classified into three groups. The higher the BMMI,
hold. Data points demonstrate SCC limit that each production unit can meet in case of
. Arrows represent the direction and magnitude of variables according to each principal
m; TM = type of milking; MP = milking place; ML = milking line; SCT = strip cup test;
th water before milking; PPD = pre- and post-dipping; ITS = immersion of teat liners in
ponent; SCC = somatic cell count.



Table 3
BMMI index of the use of management techniques for mastitis control. Target animal:
bovine milk production unit.

BMMI Classification % of
respondents

Average SCC
(thousand SC/ml)

Min Max

0.00 0.33 Minimal or absent management 65.9 385
0.33 0.67 Moderate management 30.8 281
0.67 1.00 Specialized management 3.3 179

Abbreviations: BMMI = bovine mastitis management Index; SCC= somatic cell count.
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the greater the number of management techniques favorable to the re-
duction of SCC (Table 3). Our results indicated that most producers do
not carry out appropriate management practices in this sector (65.9%
classified asminimal or absent), whereas only 3.3% used a good number
of appropriate techniques. The average SCC was 40.4% lower in farms
that used a method that included immersing teat liners in solution;
21.7% lower in farms where the ML is mechanized; and 48.5% lower in
properties that perform pre- and post-dipping. However, farms where
the calf is present during milking showed an SCC 3.4% higher than
that in farms where the calf was not present.

Regarding milking mechanization, we observed that only 20.9% of
dairy farms use mechanized milking, in which milk removal is per-
formed using an apparatus that has a vacuum pump to suck the milk
and take it to the storage unit. Non-mechanized farms used hand
milking. In addition, in 82.4% of the properties, the milking procedure
is carried out in the stockyard, which is not a suitable place for milking,
while all farms that utilized mechanical milking procedures performed
them in a milking parlor.

The results of BMMI can be compared with the number of favorable
practices developed for each farm. Farms in theminimal or absentman-
agement group adopted three or fewer practices, while specialized
management farms used nine or more practices. Farmers whose scores
put them in the BMMI index category of minimal or absent manage-
ment were found to have a higher average SCC, while farmers whose
scores placed them in the specialized management category presented
a lower average SCC.
Discussion

For the variable PS, farms that used irrigated pasture showed small
differences in mean SCC as compared to farms that did not use irriga-
tion. This difference may be due to the fact that the microorganisms
that causemastitis thrive in the increased humidity and higher temper-
ature (Pinho Manzi et al., 2012) during the season when irrigation sys-
tems are in operation (Ribeiro et al., 2008). However, there is no
research proving that the irrigation of pastures influences SCC levels;
consequently, the mean difference in SCC between the systems was
small. Studies have shown that some pathogens originate in the envi-
ronment, and have been isolated in the pasture, soil, and water, such
as Prototheca zopfii (Pore et al., 1983; Anderson and Walker, 1988;
Costa et al., 1997) and P. wickerhamii (Pore et al., 1983). Nevertheless,
irrigation is not necessary in the region as it is possible to maintain for-
age throughout the year with proper management, even during low
rainfall seasons, while irrigated systems require constant SCC monitor-
ing to maintain compliance with maximum legal levels and to prevent
the advancement of subclinical to clinical mastitis.

In the properties analyzed, the animals go to the pasture soon after
beingmilked, and since these systems have high humidity, dirt, and or-
ganic matter, they favor the penetration of microorganisms, increasing
the chances of udder infection (Oliveira et al., 2012). An alternative to
avoid infection could be to provide food after milking, to stimulate the
animals to remain upright until the closure of the teats sphincter
(Costa et al., 1998). Its closure occurs in less than 2 h (Prestes et al.,
2002) after milking, in addition to the application of post-dipping.
4

It has been shown that mechanical milking with a closed circuit and
bucket foot occurring in a milking parlor, where both work simulta-
neously with the vacuum pump to suction the milk and transport it
from the milking unit to a storage unit, results in reduced SCC levels
(Netto et al., 2009), probably because producers who perform mecha-
nized milking have better knowledge of management practices and
more qualified labor available than traditional producers. Our results
showed that the groups with moderate and specialized management
have, on average, lower reported values of SCC, a result also confirmed
by Vallin et al. (2009). However, when people working in dairies do
not have adequate knowledge about the procedures for using, operat-
ing, and maintaining milking equipment, there is an increase in SCC,
as stated by Bozo et al. (2013). In addition to these factors, failures in
mechanical milking equipment, such as changes in vacuum, pulsation,
over-milking, and deficiency in liner disinfection, cause SCC levels to
fluctuate, affecting the integrity of the teat canal (Reis et al., 2018).

The screen cup test allows the first jets of milk to be examined,
checking the formation of lumps in themilk that can lead to the diagno-
sis of clinical mastitis, while CMT allows the identification of animals
with subclinical mastitis. This procedure gives the farmer decision-
making power to address the treatment of cows with chronic mastitis,
to select them for disposal, and to implement a correct sequence of an-
imals to bemilked (ML); that is, animals with high levels of SCC or cases
of infections will be milked last (Hovinen and Pyörälä, 2011) thus re-
ducing the risk of contamination through milking, equipment, and ani-
mals. This study demonstrated that dairy farms that adopt this practice
significantly reduced their SCC antigen levels,which is an important and
simple practice to spread by knowledge diffusion in the regional milk
supply chain.

The immersion of teat liners in antiseptic solution is a preventive
measure that should be used after milking between animals to reduce
SCC levels (Junqueira et al., 2020). The procedure aims to avoid contam-
ination of animals via utensils and equipment at the time of milking, as
liners can function as an element for transferring microorganisms from
an infected cow to a healthy cow. Keeping control of the entry of ani-
mals through a ML also makes it possible to control the entry of patho-
gens, especially contagious ones, as animals can be a source of infection
for other animals on the property, transmitting microorganisms at the
time of milking (Langoni et al., 2011). This measure, if used well, re-
duces the incidence of diseases in dairy farming systems.

Washing with water and disinfecting the teats before (pre-dipping)
and after (post-dipping) milking are essential for the control and pre-
vention of diseases in dairy herds, as they aremethods that reduce con-
tamination in teats (Oliver et al., 1993; Ribeiro et al., 2006; Hohmann
et al., 2020). These procedures reduce the number of microorganisms
that could eventually penetrate the teat canal during milking through
the teat sphincter and trigger an inflammatory process (Oliveira et al.,
2012). Thus, pre-dipping is a useful tool for reducing teat skin contam-
ination (Miguel et al., 2012).

The presence of a milking calf was the only variable that demon-
strated a negative correlation, suggesting that producers who keep the
calf at the time of milking may increase SCC in milk. However, this var-
iable is still controversial in the literature, as studies have pointed to the
suction by the calf as a factor that decreases SCC due to a reduction in
residual milk in the teat canal and microorganisms that cause mastitis
(Rasmussen and Larsen, 1998). However, Brito et al. (2000) reported
the occurrence of higher levels of infection of the mammary gland
when there is management of the use of calf suckling to stimulate the
letdownofmilk. Our data demonstrated that the calf presence increased
the levels of SCC in milk, since this practice favors the contamination of
the teats; however, the difference was not large when compared with
farms that did not have a calf presence.

The requirement for compliance with Brazilian legislation regarding
bovine mastitis is the maximum allowable SCC. However, if the legisla-
tion becomes more stringent, reducing the maximum allowable SCC
would reduce the number of producers able to meet the requirements.
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A hypothetical scenario in which SCC limit changes to 100 SC/ml would
require a large increase in the level of technology adopted in farms and
specialized labor combined with good management practices, since
most of the visited farms either do not use adequate management prac-
tices in the milking system or have an SCC above 100 SC/ml.

This research demonstrates that when producers usemoremanage-
ment practices, SCC levels are reduced, as evidenced by the specialized
management groups, which displayed lower SCC averages. These prac-
tices are complimentary and should be used to reduce SCC antigen
levels. The correct use of procedures in milking significantly reduces
the occurrence of bovine mastitis, thus enabling milk production with
better quality and within the limits provided by the legislation.

The variables of factor one (ML, SCT, CMT, teat washing with water
before milking, and pre- and post-dipping) are practices that favor the
greatest reduction in CCS and, therefore, can be part of priority projects
and knowledge dissemination policies. Practices such as pasture irriga-
tion and the calf presence, although they did not lead to significant
changes in CCS levels, should be adopted with care to avoid becoming
sources of increased CCS.

To continuously improve milk quality and increase efficiency on
dairy farms, the dissemination of appropriate management techniques
through the supply chain is necessary. Policies for technical assistance
are important; however, the private sector can also contribute by
enforcing the adoption of standards by farmers. Finally, record-keeping
of SCC at the farm level is necessary to track the improvement of milk
quality, as well as requiring the development of strategies to increase
SCC analysis, which is not adequately enforced in this region.
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