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Abstract
Objective: To characterize some factors which influence the hygienic-sanitary quality of milk in two dairy farms with 
different production conditions.
Materials and Methods: A survey was done with the workers of one farm, belonging to an animal husbandry enter-
prise of Matanzas province, to determine their knowledge about the factors that affect milk quality and the fulfillment 
of the procedures for obtaining and preserving milk. In addition, the quality kinetics of the milk stored in two dairy 
farms of the enterprise, was evaluated.
Results: The fat percentage varied between 3,70-3,96 and 3,87-4,30 %; while acidity was 0,141-0,151 and 0,140-0,153 
% for dairy farm 1 and 2, respectively. Density in both dairy farms remained in the established indicators. The reduc-
tion time of methylene blue was the indicator that showed higher variations. In dairy farm 1 it reached a time of 5 h 
and 30 min. during all the samplings. Nevertheless, in 2 it was 3,5 h in the initial sampling, and then it decreased until 
reaching 40 min. at 24 h.
Conclusions: The hygienic-sanitary quality of the produced milk depends on the existing conditions in the dairy 
farms. Acidity, density, fat and total solids remained within the established criteria, in spite of differences in the dairy 
farms. The reduction time of methylene blue was the most affected indicator in dairy entity 2, according to the hygie-
nic conditions under which milking was carried out.
Keywords: quality, milk hygiene, milking

Introduction
The world milk production in 2019 reached 852 

million metric tons, increasing by 1,4 % with regards 
to the previous year. In this period, the exports in-
creased discreetly, which was related to the growth 
of the demand of this product in emerging countries, 
and with the population increase (FAO, 2020).

Milk is a complete and balanced feedstuff, 
which provides a high content of nutrients related 
to its caloric value, for which its consumption is 
necessary since childhood until old age (Fernán-
dez-Fernández et al., 2015). The quality and stabili-
ty of this product are conditioned by several factors, 
such as infrastructure, hygiene, production, conser-
vation and integral management (Martínez-Vasallo 
et al., 2017).

Milk quality is determined by its physi-
cal-chemical characteristics and its hygienic and 
nutritional qualities. Management during milking 
and bad hygienic practices in its processing could 
affect the qualities of this product (Gwandu et al., 

2018). Reaching optimum levels of milk quality, 
which guarantee its innocuousness, is a challenge 
for farmers and distributors. This is due to the nu-
merous risks it is exposed to, since its secretion 
until its reception by the consumers, as well as to 
economic factors that limit the availability of effi-
cient equipment which allows to preserve it for its 
processing.

Milk quality indicators can be affected by 
inadequate milking practices and long intervals 
between obtaining it and the distribution to the 
population, especially when it is not refrigerated 
or no preservatives are used to maintain its quality 
(Martínez-Vasallo et al., 2015).

From these problems, the objective of this work 
was to characterize some factors that influence 
the hygienic-sanitary quality of milk in two dairy 
farms with different production conditions.
Materials and Methods

Location. The study was conducted in two dairy 
farms belonging to an animal husbandry enterprise, 
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located in Matanzas province, Cuba, with an alti-
tude of 93 m.a.s.l.

Climate characteristics. The trial was developed 
in March, 2018, with average temperature of 23 ºC. 
The dairy farms in which the study was conducted 
have a brown soil with carbonate and slightly undu-
lated relief (Departamento de Suelo y Fertilizantes, 
1984).

Management and feeding system. In the two 
units, the same feeding and management regime was 
applied. Milking takes place twice, at 4:00 a.m. and 
at 4:00 p.m. The animals were supplied star grass 
[Cynodon nlemfuensis (Vanderyst)], commercial 
concentrate feed for dairy cow, forage of king grass 
CT-115 (Cenchrus purpureus Schumach. Morrone), 
ground sugarcane (Saccharum officinarum L.) and 
mineral salts ad libitum.

Characterization of the animals. The breed, 
milking cows, daily production per milking cow 
(L), average lactation number and average lactation 
days, were considered (table 1).

Experimental procedure. A questionnaire was 
applied to fifteen milkers from one of the farms be-
longing to this entity, who represent 45 % of the 
population. This sample was determined upon con-
sidering the exploratory study. Form the surveyed 
people, ten were men and five, women. Three of 
them have ninth grade of schooling, eleven reached 
twelfth, and one is a qualified worker. The sample 
is representative of the population.

The survey comprised the following aspects: 
1) factors that influence the hygienic-sanitary 
quality of milk, 2) activities comprised in the milk-
ing routine and their order, 3) solutions that are 
used in the dairy farms to make the final antisep-
sis of the teat, 4) knowledge about the exploitation 
time, pulsations and vacuum pressure with which 
the milking equipment of the dairy farms work.

A characterization was made of the two dairy 
farms of the enterprise with different production 
conditions (table 2). The experience of the personnel 
who works in the units, the characterization of the 
mechanized milking equipment, the evaluation of the 
execution of the milking routine and the equipment 
hygiene, according to the procedures described by 
Nieto et al. (2012), were considered. The milking 
routine and equipment hygiene were evaluated at 
three different moments in March, 2018.

The execution of the milking routine was 
evaluated from the criteria described below:
1.	 The operations that compose the milking routi-

ne, carried out in the established order and with 
the required quality, were evaluated as good.

2.	 Those routines in which the order of the operations 
was altered, and were not developed with the required 
quality (the strip cup was not used or the udder was 
not properly washed), although the final antisepsis of 
the teats was done, were evaluated as regular.

3.	 The routines that omitted any of the operations 
comprised in milking, and those that were not 

Table 1. Characterization of the animals from each dairy farm.

Dairy farm Breed Milking cows Daily production per 
milking cow, L 

Average lactation 
number

Average lactation 
days

1 Mambí 43 4 5 175

2 Mambí 37 4 6 162

Table 2. Characterization of the dairy farms where the research was conducted.

Aspects to be characterized
Dairy farm

1 2
Work experience of the workers (years) 15-20 Less than one
Model of the milking equipment De Laval Alfa-Laval
Years of exploitation of the milking equipment 2 More than 20
Evaluation of the execution of the milking routine and 
hygiene of the milking equipment. Good Regular

Conditions of the milk storage tanks
Conservation between 4 
and 5 ºC with agitation 
and airtight closing

Conservation at 16 ºC, 
with no agitation and 
without airtight closing
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executed with the required quality, were evaluated 
as bad.

Criteria that were used to evaluate the hygiene 
of the milking equipment:
•	 When no filth was observed on the equipment 

or in the milk storage tank, and when the es-
tablished steps for their hygienization were 
followed, according to the description made by 
Nieto et al. (2012), it was evaluated as good.

•	 When slight traces of filth were observed on the 
equipment and in the milk refrigeration tank, it 
was qualified as regular. In these cases, although 
the protocol established for hygienization was 
followed, no hot water was used for cleaning.

•	 Hygiene was evaluated as bad when filth could 
be observed on the equipment and in the milk 
storage tank and the steps established for their 
cleaning were not followed. Neither detergent 
nor hot water was used.

After characterizing the dairy farms object of 
study, the quality kinetics of the milk stored in such 
facilities was evaluated.

Evaluation of the quality kinetics of the milk 
stored in two dairy farms under different production 
conditions. Sampling was performed thrice on dif-
ferent days of March. In the two dairy farms 500 mL 
of milk were collected from the storage tank of this 
product. Sampling was performed after carrying out 
the morning milking (4:00 a.m.) and at the following 
times: 8:00 a.m. (0 h), 10:30 a.m. (2,5 h), 4:45 p.m. 
(8,75 h) and 8:00 a.m. of the next day (24 h).

The samples were preserved in sterile flasks, 
with rubber lids, at a temperature between 4 and 
6 ºC for their transference to the laboratory, and 
they were analyzed before the four hours after 
their arrival. The established determinations were 
made according to the Cuban norms: acidity (ONN, 
2000), density with the use of a milk densimeter 
(ONN, 2006a), total solids (ONN, 2001a), reduc-
tion time of methylene blue (MBRT) (ONN, 2006b) 
and presence of mastitis through the California test 
(CMT), according to ONN (2001b). Fat was deter-
mined by using the Gerber method (Nielsen, 2003). 
Each sample analysis was carried out in triplicate.

Statistical analysis. In the data corresponding 
to the questionnaire simple mathematical tools were 
used, such as frequency tables and means; while in 
milk quality the adjustment of the data to normal dis-
tribution was determined by Kolmogorov-Smirnov 
test. Variance homogeneity was done according to 
Barttlet’s test (Sigarroa, 1985). The data were pro-
cessed through simple classification ANOVA. The 

Student Newman-Keuls test (p ≤ 0,05) was carried out 
to determine whether there were significant differences 
among them. All the analyses were processed with the 
package SPSS®, version 15.0 for Windows.
Results and Discussion

The processing of the survey allowed to determine 
that there were differences in the technological 
conditions of the dairy farms, because they had 
milking equipment with different exploitation times 
(between 2 and 20 years). In addition, it was shown 
that the workers’ knowledge about the application 
of the procedures of the milking routine was not 
homogeneous.

The surveyed personnel acknowledged as factors 
that can affect the hygienic-sanitary quality of milk 
deficient water quality, not performing the final anti-
sepsis of the teat (sealing), bad hygiene and cleaning 
of the milking equipment and incidence of mastitis. 

According to Brouset-Minaya et al. (2015), the 
results of the microbiological indicators of milk 
quality are directly related to the quality of the wa-
ter used in the dairy farms, milking hygiene and 
washing the equipment and utensils that are in con-
tact with this product. In addition, mastitis reduces 
the shelf life of milk, situation that can have a high 
impact on the population’s health (Hernández-Barrera 
et al., 2015).

In general, from the total surveyed workers, 
18 % showed deficiencies in the knowledge of the 
milking routine execution. Among the main detected 
problems are the changes in the execution order of 
the operations and the omission of the final antisepsis 
of the teat. With regards to the time of equipment 
utilization for performing this activity, 100 % of the 
surveyed people knew it. Lack of knowledge about 
the number of pulsations the equipment should 
make per minute could be observed in 24,8 % of the 
workers; while the ones who did not know the pres-
sure at which it should work represented 60 % of 
the total (table 3).

These results are similar to the ones obtained 
in a questionnaire applied to 20 cattle ranchers in 
Peru, where it was noted that 100 % of the surveyed 
workers did not carry out the milking routine com-
pletely, and only 5 % sealed the teats in post-milking 
(Alvarado-Yacchi et al., 2019).

Evaluation of the milk quality kinetics. In dairy 
farm 1, the acidity values of the milk preserved 
during 24 h remained in a normal range, between 
0,14 and 0,15 %, without showing differences 
among the samplings performed (table 4).
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Romero et al. (2018) referred that between 0,13 
and 0,17 % are normal values for this indicator. This 
result is related to the ideal refrigeration conditions 
existing in this dairy farm, where the temperature is 
stable (between 4 and 5 ºC), and agitation remains 
with similar values in all the spots of the stored 
volume. In addition, the execution of the milking 
routine and cleaning of the unit equipment were 
evaluated as good, which contributed to obtaining 
milk with lower microbial content and higher 
hygienic-sanitary quality (Martínez-Vasallo et al., 
2017).

In dairy farm 2, acidity varied between 0,14 
and 0,15 %, for which it also remained within the 
indicators established for this product. Nevertheless, 
significant differences were observed among the 
samplings conducted at 24 h compared the time of 0 h, 
with trend to the increase of this indicator (table 4).

This result could have been related to the 
proliferation of microorganisms that produce acid 
during their growth, because the temperature at 
which the milk is stored in that unit is 16 ºC more 
than the recommendation (COFRICO, 2019). This 
is in addition to the lack of agitation inside the 
storage tank.

On the other hand, the executions of the milk-
ing routine and hygiene of the equipment present in 
this dairy farm were not the ideal ones. In general, 

malpractices of manipulation and hygiene, refriger-
ation at inadequate temperatures and prolonged stor-
age can increase the number of microorganisms in the 
milk from its obtainment until reaching the consumer 
(Martínez-Vasallo et al., 2017).

Milk density in the two units remained in 
the range (1,029-1,031 g mL-1) recommended by 
Martínez-Vasallo et al. (2017). In addition, no diffe- 
rences were appreciated among the samplings. This 
indicator decreased proportionally with the percent-
age of added water (Artica-Malliquia, 2016), for which 
the result proved that the milk was adulterated. The 
addition of water causes changes in the compositional 
quality (Martínez-Vasallo et al., 2015) and decreases 
the nutritional value of this foodstuff.

The fat percentage of the samples from the two 
dairy farms (3,70-4,30 %) was in correspondence 
with the genetic characteristics of the animals 
present in the units (Herrera-Angulo et al., 2017), 
and is typical from the genotypes that are exploited 
in the Cuban farmer sector and of the feed they 
receive, fundamentally based on pastures and 
forages (Martínez-Vasallo et al., 2015).

In similar studies, with crossbred animals be-
tween the breeds Holstein and Creole, a value was 
also obtained over 3 % fat (Guevara et al., 2019).

In dairy farm 1, this indicator was higher (3,96 %) 
in the sampling performed at 8,75 h and differed 

Table 3. Results of the survey application.
Evaluated indicator Percentage of correct answers
Correct order of the activities comprised in the milking routine 82
Naming the solutions that are used in the dairy farm to perform the final 
antisepsis of the teat
•	 Propolis 
•	 Iodine

93,4
6,6

Time of exploitation of the milking equipment 100
Number of pulsations of the milking equipment of the dairy farm 75,2
Vacuum pressure of the milking equipment of the dairy farm 40

Table 4. Indicators of milk quality during 24 h of storage.

Indicator
Collection time, h

Dairy farm 1 Dairy farm 2
0 2,5 8,75 24 SE ± 0 2,5 8,75 24 SE ±

Acidity, % 0,141 0,146 0,151 0,148 0,0040 0,1400b 0,1483ab 0,1467ab 0,1533a 0,0013
Density, g·mL-1 1,030 1,031 1,031 1,031 0,0001 1,0302 1,0302 1,0297 1,0300 0,0001
Fat, % 3,70b 3,70b 3,96a 3,76b 0,0075 3,87 3,87 4,27 4,30 0,0274
Total solids, % 12,30b 12,29b 12,65a 12,41b 0,0159 12,32b 12,32b 12,68ab 12,80a 0,0091

Different letters indicate significant differences for p ≤ 0,05, according to Student Newman-Keuls test.
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from the others. This result could have been related 
to the entrance of fresh milk, from the afternoon 
milking, to the storage tank. Herrera-Angulo et al. 
(2017) proved that there are differences in the fat 
content between the milk obtained in the morning 
milking and the one from the afternoon milking, 
which is related, in turn, to the fact that in the latter 
there was lower milk production. In the sampling 
at 24 h decrease was observed in this indicator 
(3,76 %), which could be linked to the increase in 
the number and activity of psychrophilic microor-
ganisms, which grow at lower temperatures than 
7 ºC. These microorganisms produce proteolytic 
enzymes, lipases and thermostable phospholipases, 
many of which degrade some components of milk 
and deteriorate its quality and the quality of its de-
rivatives (López and Barriga, 2016; Velázquez-Or-
doñez et al., 2019). In the analysis conducted on the 
milk samples of this dairy farm, a cross of mastitis 
was detected. According to Aguilar-Gálvez and 
Álvarez-Díaz (2019), this disease generates modifi -
cations in milk protein and lipid composition.

In dairy farm 2 no statistical differences were 
found, when comparing the collection times established 
for this essay.

In both dairy farms, the fat content at 24 h was 
good (Gallego-Castro et al., 2017), which can be due 
to the fact that the storage period of milk did not ex-
ceed 72 h, time from which its refrigerated conserva-
tion is not recommended (López and Barriga, 2016).

The content of total solids in the milk samples 
of both units (12,3-12,6 and 12,3-12,8 % for dairy 
farms 1 and 2, respectively) remained within the 
values established as normal (Brousett-Minaya et 
al., 2015).

This indicator behaved similarly to what 
occurred with the fat content in both dairy farms, 
which is associated again to the incorporation of the 
milk from the second milking (Herrera-Angulo et 
al., 2017); while the decrease of total solids at 24 h, 
in dairy farm, could be ascribed to the degradation 
of the majority components of total solids (fat, 
protein and lactose), due to the increase of the 
proteolytic and lipolytic activity of psychrophilic 
microorganisms (Aguilar-Gálvez and Álvarez-
Díaz, 2019).

In the samplings carried out in dairy farm 1, 
no variations were observed in the MBRT results, 
which reached a time of 5 h and 30 min. (fi gure 1), 
higher than the 4 h reported by Artica (2016) for the 
milk to be classifi ed as of good quality.

These results were in correspondence with the 
execution of the milking routine, cleaning of the 
equipment in this unit, experience of the personnel 
who works in it, good management and storage 
conditions they have available, aspects on which 
the conservation of milk quality depends (Delgado-
Calisaya, 2016).

In dairy farm 2 there was signifi cant decrease 
of the MBRT in the different samplings after the 
initial collection, with the lower time of 40 min. at 
24 h (fi gure 2).

The value reached in the fi rst sampling (210 
min. o 3,5 h) indicated that milk was not of good 
microbiological quality. Afterwards, the deteriora-
tion of this indicator increased, favored by the pro-
longed storage in the tank, at temperature higher 
than 4 ºC. In most countries preserving milk at 4 ºC 
is recommended to control effi caciously bacterial 
growth (Jurado-Gómez et al., 2019).
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In Cuba, the payment system for milk quality 
takes as basis the MBRT. Bonus is applied for the 
increase of fat and penalization for low density and 
positivity to CMT (Martínez-Vasallo et al., 2017). 
Nevertheless, in the MBRT it should be taken into 
consideration that psychrophilic and mastitis-causing 
microorganisms are very little reducers of methylene 
blue (Remón-Díaz et al., 2019).

This negative result was infl uenced by the little 
experience of the workers who work in this dairy 
farm, which was observed in the visits made to the 
unit, where the execution of the milking routine and 
the equipment hygiene were evaluated as regular.

The study also showed the existence of mastitis 
in all the milk samplings carried out in dairy farm 
1. Nevertheless, it was noticed that in it hygiene was 
fi ne and the execution of the milking routine was 
evaluated as good. In dairy farm 2, mastitis traces 
were found. These results are in correspondence 
with the defi ciencies detected in milking manage-
ment in this facility.

The results of the CMT tests, in both units, 
were within the permissible ones for the count of 
somatic cells, established by the International Dairy 
Federation in milk mixtures, which correspond to 
values from negative to weak positive (Remón-
Díaz et al., 2019).
Conclusions

The hygienic-sanitary quality of the produced 
milk depends on the existing conditions in each dairy 
farm, among which the human resources, milking 
equipment, management, hygiene and storage of this 

product, stand out. Acidity, density, fat and total solids 
remained within the established values, in spite of 
the existing differences in the evaluated dairy farms. 
The MBRT was the most affected indicator in dairy 
farm 2, according to the hygienic conditions under 
which milking is carried out.
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