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Abstract:

Objective. To identify factors associated with high and low Somatic Cell Counts (SCC) levels in bulk tanks of dairy farms in
Southeast Brazil. Materials and methods. A total of 68 dairy herds with high and low bulk tank SCC levels were analyzed.
Surveys and checklists were applied to the personnel regarding milking routines and equipment. Results. Milkers and management
personnel explained up to 40.28% of the variability among herds, while the milker’s well-being and stability explained up to 28%.
Planning and organization were relevant for SCC, as well as the state of the equipment and the milking routine. According to
separate analyzes of employees and owners, employees have greater variability in terms of knowledge on milk production, mastitis,
milking routine, and experience. Conclusion. ere are qualifying factors in milking systems in southeastern Brazil associated
with milking personnel, equipment and milking routine. Understanding these factors will enable the implementation of strategies
to produce better quality milk.
Keywords: Dairy cattle, Dairy management, milk composition, somatic cell count, human resource.

Resumen:

Objetivo. Identificar factores asociados a altos y bajos niveles de recuentos de células somáticas (RCS) en tanques de hatos lecheros
del Sudeste de Brasil. Materiales y métodos. Se analizaron 68 hatos lecheros con niveles altos y bajos de RCS en tanque. Para
identificar factores asociados al personal vinculado al ordeño y relacionarlos con RCS se aplicaron encuestas y listas de chequeo para
la rutina y el equipo de ordeño. Resultados. El personal vinculado al ordeño, administración y gestión del productor explicaron
hasta el 40.28% de la variabilidad entre rebaños, mientras que el bienestar y la estabilidad del ordeñador explicaron hasta el 28%.
La planeación y organización del productor fueron relevantes en el RCS, al igual que el estado del equipo y la rutina de ordeño.
Análisis separados de empleado y propietario permitiero concluir que existe mayor variabilidad para los primeros, diferenciándose
por conocimientos en la producción de leche y el manejo de la mastitis, la rutina y la experiencia. Conclusión. Existen factores
clasificatorios en los sistemas de ordeño del sudeste de Brasil asociados al personal, el equipo y la rutina de ordeño. El entendimiento
de estos factores posibilitará la implementación de estrategias que permitan producir leche de mejor calidad.
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Palabras clave: Ganado de leche, Manejo de granjas lecheras, composición de la leche, células somáticas, recurso humano.

INTRODUCTION

Brazil, the largest milk producer in Latin America and fih in the world (1) is facing great challenges to
maximize profitability and competitiveness. Mastitis is the disease with the greatest economic impact on
dairy farms (2). is disease decreases the income of the farmers in up to 35 billion dollars per year worldwide
(3). Losses due to mastitis exceed US $500 million in Brazil (4). Mastitis affects the dairy industry by
increasing Somatic Cell Counts (SCC) leading to milk composition variations. It also decreases industrial
yields, increases processing costs, changes the organoleptic traits of milk, and reduces the shelf life of dairy
by-products (2,5).

Since year 2000 Brazil has been implementing a national program for milk quality improvement (PNQL).
e milk quality payment system has sought to stimulate improvements in milk parameters through bonuses
and penalties since 2005 (6). Incentives include SCC, total bacterial count (TBC) and absence of antibiotics
and adulterants (7). Regulatory Instruction 62 of 2011 established limits for SCC and TBC (8), thus from
07/01/2014 until 30/06/2016 reference values were 500 thousand cells/ml for the southeastern region of
the country.

Bulk tank SCC levels depend on several factors (5,9), including pathogens, milking system (equipment,
facilities and milking routine) and factors related to the animals (10-11). All these factors have been studied
in different countries without conclusive results.

Variables related to herd management can help understanding SCC variations in dairy herds worldwide.
ose variables include the personality, attitudes, beliefs, values, intentions, skills and knowledge of the
herdsmen (12-13). Jansen et al. (12) grouped these factors as “human factor”. Increases in mastitis incidence
can be triggered by decreased immunity of the cow, which may be related to sub-optimal farm management.

Behavior theories have established criteria for evaluating the attitudes of the personnel towards specific
chores. Ajzen and Fishbein (14), and Ajzen (15) suggested that people with very positive attitudes towards
a specific task are more prone to practice it (theory of planned behavior). Jansen et al (12) and Lind et al
(16) used these concepts to identify, situational, personal, and cognitive factors to explain why staff performs
an action.

e objective of this study was to identify factors associated with bulk tank SCC levels in dairy herds in
Southeastern Brazil.

MATERIALS AND METHODS

Location and description of the study area. is study was part of a project by Clínica do Leite ESALQ-USP
and DANONE company in 68 dairy herds. SCC levels were below 250.000 cells/mL in 34 herds (BSCC
farms), and above 700.000 cells/mL (ASCC farms) in the other group (34 farms). e farms are located
in Southeastern Brazil (south of Minas Gerais and north of Sao Paulo state). e climate of the region is
subtropical, with 19.25°C annual average temperature, temperate winters and moderately high temperatures
during summer. Average annual rainfall is 1.450 mm.

e herds were part of a milk quality program measuring milk composition and sanitary parameters. Most
animals were stabled Holstein crosses (63%) and pure Holstein (34%). Average milk yield was 16.02 liters/
cow/day. e SCC were performed by Clinica do Leite ESALQ-USP using a Fossomatic ™ equipment.

Face-to-face surveys and checklists were used for assessing milking routines and equipment in order to
identify factors associated with the personnel (milkers and producers) and relates them to SCC. Surveys were
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based on studies conducted by Jansen et al (12) and adapted to Brazilian conditions. Veterinarians, Animal
Scientists and agronomists from Clinica do Leite ESALQ-USP and DANONE participated in the study.

Routine checklists and milking equipment. e following activities were evaluated: pre-milking
(movement and preparation of animals at milking parlours and waiting corrals, milker apparel, preparation
of animals, disinfection of udders, materials used, etc.), milking (milking of animals with mastitis, milking
times and routine, operation of the equipment, etc), and post milking (exit of animals, condition of the teats,
and condition of the milk filter).

Verification of milking equipment. Checklists based on parameters proposed by Blowey and Edmondson
(10) for mastitis control. Criteria related to maintenance frequency, conditions of equipment components
(liners, hoses, milk line, vacuum pump, regulators, and pulsators, among others) were used to grade the farms.

Surveys for employees and farm owners. Surveys included general information (farm name, location,
name of owner, general milk quality parameters, number of lactating cows, management of productive
information, mastitis control, and herd management, milking system, number of milkings/day, number of
milkers, and products used for cleaning and disinfection of the equipment). Two different surveys were used
for milkers and owners. e survey structure is presented in table 1.

TABLE 1.
Table 1. Distribution of variables in the surveys for

employees and owners, according to the classification items

e surveys had different number of variables for several items intended for employees and owners: the
owner survey for “Motivation” had 10 variables, while the employee survey had 24 (“Motivation” was divided
in: Physiological needs, with 3 variables; Sense of belonging, with 4; and Recognition and self-realization,
with 11 variables).

e surveys consisted in multiple-choice and Likert-scale responses. At the end, two databases with total
values for each item were obtained, one for employees and another for owners.

Behavioral responses. ese variables evaluated compliance or not with tasks related to the milking
process using the checklist for the milking routine.

Attitude assessment. Milkers and owners were surveyed for milking-related aspects, such as negative
or positive, favorable or unfavorable, and improvised or planned attitudes regarding processes, knowledge,
motivations and mentality.

Results are presented as percentage scores in which 100% correspond to the “ideal” fulfillment of the items
evaluated in each category.

Survey information was handled anonymously, and respondents expressed their informed consent
verbally, and in addition they signed an agreement was signed to authorize the entry of project personnel
to the farm, and to provide necessary information. e project did not present a risk to the health of
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participants, and the involvement was voluntary. e collected information was used sorely and exclusively
for this investigation, and was not supplied to other persons.

Statistical analysis. A multivariate analysis was conducted, including principal component analysis (PCA)
for owners and employees categorized by SCC (ASCC and BSCC) as a qualitative variable. Owner PCA
included information from the survey to owners and variables related with checking of milking equipment
and materials for the milking process.

e PCA command of FactoMineR library (17) from R-Project (18) was used for the PCA. e Kaiser
criterion (19) was used to select factors or components with values greater than 1.

RESULTS

Average milk production (MP) was 1189±1426 L/day, with 121 lactating cows per farm. Daily milk
production in BSCC farms was 1276±1749 L/day, and 1102±1027 L/day in ASCC farms. Dairy farms with
MP greater than 1000 liters presented average MP per cow of 19.76 L/day, with 572250 SCC/ml in the bulk
tank. Farms yielding less than 1000 L/day (64.71%) had 44.4 lactating cows, with 13.97 L/day, and tank
SCC levels of 552070 cells/ml.

Analysis of employees. e average age of employees was 36 years for both groups, with 9.30 and 7.11
years of experience in the BSCC and ASCC farms, respectively. e level of basic schooling of employees
was higher in the BSCC farms, with 5.60 years versus 4.77 for ASCC farms.

Regarding other variables related to milkers, there was high motivation, identification of positive intrinsic
factors, high satisfaction of needs and social contexts, with positive values (higher than 90%) in both BSCC
and ASCC farms, indicating that the work environment generates stability that stimulates and motivates
milkers to accomplish their tasks.

Variables related to satisfaction of personal and family needs of milkers were greater in BSCC (89.08%)
than ASCC farms (88.66%). Variables related to perception of extrinsic factors were higher in ASCC
(82.33%) than BSCC farms (79.33%). Attitudes and knowledge about the milking process and mastitis were
higher in ASCC (79.63%) than BSCC farms (76.47%). e lowest scores were observed in milking routine
checks, with medium level of satisfaction (51.67% for BSCC vs. 46.43% for ASCC farms).

According with the PCA for employees, from the 14 original variables, five components with own values
greater than 1 explained 70.82% of the total variability (Table 2).
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TABLE 2.
Table 2. Own values and percentage of variance explained for the components with own values
greater than 1, and correlation of variables associated with employees in Brazilian dairy farms.

e First Component (PC1) for milkers explained 28% of the total variance. It was related with welfare
of milkers by grouping satisfaction of needs, motivation, extrinsic factors, sense of security and feeling of self-
realization, with 19.95, 16.87, 14.43, 13.00, and 11.52% within each component, respectively, with positive
correlations within the component.

e Second Component (PC2) of employees explained 13.8% and grouped age (contributing 38.43% to
the component), seniority or experience (24.78%), and level of schooling (19.43%). Time was expressed as
age and years of service in the farm, which were positively correlated. Schooling of employees was negatively
correlated with this component.

Explaining 11.4%, the employee PC3 included variables associated with staff knowledge and training
(27.00%), milking routine (24.94%), and attitude (15.86%), which were negatively correlated with
motivation and intrinsic factors (which contributed 4.34% and 11.46%, respectively).

e SCC had the highest influence in PC4, with 36.57%, and PC5 had a high contribution of SCC
(23.72%), routine (16.64%), extrinsic factors (15.55%), motivation (12.44%), and social factors (11.02%),
which is why both components were strongly associated with SCC levels and milking routine.

Analysis of milking equipment and owner. Both BSCC and ASCC farms had non-satisfactory scores for
milking equipment with 67.2 and 65.0% compliance, respectively. e condition and proper maintenance of
the equipment were better in BSCC farms (considering teat cups, vacuum and milk short tubes, flow valve,
manifold cap, long vacuum and milk hoses, vacuum gauge, and regulator).

e BSCC and ASCC farms scored 89.17 and 80.83%, respectively, for milking routine and materials
used during the process (gloves, drying paper, implements for pre and post sealing of teats, implements for
mastitis diagnosis and treatment, among others).
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e average age of owners in the BSCC and ASCC groups was 52 years, respectively. Variables related
to the owner had higher scores in BSCC farms, including behavioral variables, social knowledge, leadership
and mentality (scores between 80 and 83%). Scores were between 71.69 and 76.14% for the ASCC
farms. Variables related to administration, knowledge about mastitis and dairy production, convictions or
principles, and management, scored between 53.4 and 69.21% in BSCC farms, and between 48 and 65% in
ASCC farms.

e lowest scores were for variables related to organization and planning (11.75 and 4.4% for BSCC and
ASCC farms, respectively).

ree components were identified aer the PCA with the information of owners and milking equipment,
which explained 63.18% of the variability (40.27, 14.01 and 8.9%) and whose eigenvalues were equal to or
greater than one (Table 3).

TABLE 3.
Table 3. Own values and percentage of variance explained for components with own values

greater than 1, and correlation of variables associated with the owner of Brazilian dairy farms.

e PC1 for owners included all the variables except SCC, with the highest contributions for management
(15.62%), assertiveness (11.77%), leadership (11.38%), and behavior (11.09%). e PC2, which explained
40.28 %, could be associated with the administration of the farm.

e variables with the highest contribution to PC2 of owners were SCC (16.95%) followed by condition
of milking equipment (14.24%). In this component, BSCC farms were associated to highly assertive owners
about production of high quality milk and good condition of milking equipments (maintained and checked
according to technical specifications).

e third dimension correlated positively with administration, organization and planning of the farm,
and negatively with leadership and knowledge of the social environment.



Juan C Esguerra, et al. Milk quality: milking personnel associated factors

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative 6467

DISCUSSION

Milk production in southeastern Brazil is based on small farms that provide large amounts of milk for the
industry. According to Borges et al (20), only 2.6% of the farms produce more than 1000 L/day, accounting
for about 29% of the milk in the region. In the present study, farms producing more than 1000 L/day -
corresponding to 35.29% of the herds- are probably suppliers of industrial companies with large storage
capacity.

Lind et al (16) related herdsmen age with udder health, which was explained by the age of the personnel
and their attitudes towards SCC. In the present study, no difference was observed in the average age of
milkers nor in the age of the owners between both farm groups. Accordingly, we suggest to consider age and
schooling of milkers in future studies to determine if they have an effect on milk quality in Brazilian herds,
since productive and social dynamics of dairy cattle may vary in the country.

Time, which represents knowledge and experience in dairy farms, became a social factor for milkers and
owners of dairy herds. is variable influenced behaviors that affect the quality of the process. Not only age
of the personnel should be considered as a social and individual factor but also schooling level and work
experience, which could favor developing the skills needed to improve udder health and milk quality (12,15).

Despite the perceptions of employees about the workplace, overall job satisfaction, commitment,
motivation and availability of milking materials, there are shortcomings regarding the application of
knowledge and accomplishment of milking activities. is can be considered as an opportunity for
implementing training programs leading to milk quality improvement.

Implementation of good milking practices that helped improve milk quality could have been favored by
employees with higher schooling, since milkers from farms with low tank SCC levels had better attitudes
and knowledge of the milking process. Higher levels of technical knowledge and schooling favored the
implementation of behaviors that improve udder health and milk quality. According to planned behavior
theories (15), workers in BSCC farms –which had better scores for motivation, positive intrinsic factors,
and satisfaction of needs- presented favorable attitudes towards practices that allow maintaining good udder
health and low SCC. In turn, relationships of employees with their social environment, their level of
knowledge and access to information could also be favorable for these milkers and influence their intention
to develop favorable behaviors.

Employees of BSCC herds should have had positive attitudes and motivations to develop proper behaviors
conducing to adequate milking routines ending in quality milk and good health udder. In turn, job stability
probably motivated their work. Job motivation has been related to mastitis (13), so factors that motivate
farmers to adopt practices that reduce SCC should be identified. is could explain some of the findings in
the present study.

Regarding owners, herd management was determinant to differentiate ASCC from BSCC farms, even
though compliance values in both groups were low. Good management, which guarantees the supply of
resources for adequate milking, was better suited in BSCC farms. Barkema et al (21) compared herd
management with milk quality, reporting that herds with low SCC were managed by producers willing
to invest in farm resources intended to help achieving their objectives, which in turn favors adequate
milking routines. We found that BSCC farmers provided -in greater proportion- the elements necessary
for accomplishing proper milking routines. ey provided milkers with the proper means to do their job.
ey also have positive attitudes and behaviors closely related to milk quality. is shows that producers can
influence employees to carry out tasks seeking better milk quality and udder health.

In general, the main shortcomings of owners are administrative and managerial tasks, with medium to low
scores. Nevertheless, the attitudes of BSCC owners were more positive towards factors that favor reductions
of tank SCC. ose factors are leadership and mentality, which translated into behaviors that induced good
milking practices. Knowledge and application of good milking routines is crucial for maintaining low tank
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SCC and colony-forming units (CFU); Calderón and Rodríguez (22) related infectious mastitis levels with
dirty udders and bedding material.

Regarding the PCA for owners, the variables that contributed the most were those related with beliefs and
behaviors. According to Ajzen’s planned behavior theory (15) they correspond to factors of individual origin
related to leadership, management and mentality. Similar results were reported by Barkema et al (21) in a
study including 300 Dutch herds. ey reported notable differences among producers from low and high
SCC herds, finding that lower SCC corresponded to better hygienic conditions and those farms were run
by the owners. ose owners worked in the farm, paid more attention to individual cows, and implemented
mastitis preventing measures; a strategy included in the herd management.

e low compliance of milking equipments in both groups of farms call for measurement and evaluation
strategies to improve udder health and guarantee milking thoroughly and in a short time. Milking equipment
generates the greatest dynamic changes, efficiency and satisfaction to the producer (23-24) while is the
piece of equipment that works the most hours per year in the herd (25). For this reason, acquisition and
maintenance of efficient and functional equipment must obey adequate planning, installation, and operation
to guarantee proper milking, care of animals and increase of milk quality. is is important, considering that
milking equipment can induce several udder disorders (26), including damage to the teat sphincter, which
may decrease milk yield and increase tank SCC and treatment costs.

In conclusion bulk tank SCC levels in southeastern Brazil can be explained by factors associated with the
personnel involved in milking. BSCC Farms presented better indicators related to positive attitudes, which
generated desirable behaviors that allowed lower SCC.

Implementation of good milking practices should be the basis for improving the sanitary quality of herds,
expressed in terms of SCC. Knowledge of the milking process by milkers should improve through training
programs favoring the development of positive attitudes and behaviors.

As a conclusion, herd management best explains the variations in SCC for BSCC and ASCC herds, even
though total scores were low in both cases. Strengthening herd management would allow owners not only
to improve their own behaviors but will also impact milkers to develop positive attitudes towards milking,
especially if they are provided with the required elements by the administration.
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