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Abstract:

Introduction. This study aimed to evaluate the quality of milk produced by six cattlemen’s associations in small, isolated farming
communities of Carchi, Ecuador. It involved a herd of 814 cows and lasted eight consecutive months. Another aim was to propose a
suitable methodology for milk quality evaluation.

Study objects and methods. All milk samples were analyzed for total solids, protein, fat, acidity, density, total bacterial count (TBC)
and somatic cell count (SCC). Each sample was subjected to an extended qualitative methylene blue reduction test (MBRTe) for
which 10 mL of milk, with 0.5 mL of methylene blue, was incubated at 37°C for 24 h.

Results and discussion. As a result, we obtained the following types of clots: MBRTe-I (homogeneous solid/liquid clot),
MBRTe-II (lumpy clot), MBRTe-III (gaseous clot) and MBRTe-IV (lumpy + gaseous clot). The study showed significant differences
in the quality of milk between different associations, suggesting that some of them did not comply with good practices of milking,
handling and storage of fresh milk. The quality of milk was classified as good in one association, as regular in another association,
and as low in four associations. The MBRTe classified 37% of the samples as MBRTe-1, 18% as MBRTe-II, 14% as MBRTe-III and
12% as MBRTe-1V. Of the MBRTe-I samples, 95% showed the TBC and SCC values of first quality milk. The MBRTe-II had the
TBC values of first quality milk, but exceeded the SCC, while the MBRTe-III had good SCC values, but exceeded the TBC. Finally,
the MBRTe-IV samples exceeded the permissible levels of both TBC and SCC.

Conclusion. It was proved that the MBRTe can help milk producers evaluate the quality of milk and alert them to the possible presence
of mastitis in the herd. The MBRTe is a reliable and cheap method that is quick and easy to perform.
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INTRODUCTION
Ecuador produces between 5.5 to 5.8 million liters

management and milking practices (GMMP). To check
the microbiological quality of raw milk, dairy producers

of milk on a daily basis and this production has been
steadily growing in recent years [1]. About 75% of milk
is produced in the Andean region, mostly by small
associations of farmers, far from large urban centers [2].

The quality of milk determines the quality of dairy
products. It refers to the content of microorganisms
(pathogenic or not) and somatic cells, as well as the
presence of antibiotics and medicines [3]. Milk quality
is guaranteed by the health of the herd, as well as good

commonly use the counts of total bacteria (TBC),
somatic cell counts (SCC), and the methylene blue
reduction test (MBRT) [4].

The presence of somatic cells in milk has been
mainly related to the increase of white cells (leukocytes)
as a result of an immune system’s response to mastitis.
It is a livestock disease caused by the inflammation
of the udder due to the action of pathogenic microorga-
nisms such as Staphilococcus aureaus, Streptococcus

Copyright © 2020, Pérez-Lomas et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
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Table 1 Types, characteristics, and possible causes of clots obtained from the extended methylene blue reduction test (MBRTe)

Type Classification Characteristics Causes Image
MBRTe-I  Solid or liquid Homogeneous clot, with an acidic ~ Presence of Lactobacillus spp. Figure la
homogenous clot*  odor and taste, without cracks or or antibiotics in milk
fissures, white in color, without
or with few bubbles
MBRTe-1I Clumped Heterogeneous clot with lumps, Produced by germs with bitter tastes and Figure 1b
heterogeneous clot  with a whitish, yellowish serum, unpleasant odors; mastitic milk at the end
or other abnormal colors of lactation; or milk cooled for a long time
MBRTe-III Gaseous Heterogeneous clot with bluish Coliform bacteria; milk obtained and preserved  Figure 1c
heterogeneous clot  shades and numerous bubbles in poor sanitary conditions or refrigerated for
and gaseous grooves a long time
MBRTe-IV Clumped + gaseous Heterogeneous clot with lumps Combined action of coliform bacteria and so- Figure 1d

heterogeneous clot
furrows

and numerous bubbles or gaseous

matic cells; milking and conservation of milk
without complying with the GMMP; mastic
milk or milk refrigerated for a long time

*If it is liquid, check the presence of antibiotics or substances that can inhibit microbial growth (such as detergents, pesticides, etc.)

dysgalactiae and Streptococcus agalactiae. Mastitis
alters the chemical composition of milk and decreases its
yield [5, 6].

However, the TBC and SCC are usually carried out
in accredited laboratories located in urban areas, far
from small farmers and their associations. They are
expensive for milk producers and, moreover, the latter
have to wait quite long for the results before they can
improve the microbiological quality of their milk.

The MBRT, on the other hand, is an old but effective
method which has been correlated, with some success,
with the total microbial load and, therefore, with the
microbiological quality of milk [7-9]" It is a simple and
fast method, although sometimes it lacks the expected
precision.

The goals of this work were to evaluate the quality of
milk produced by a group of cattlemen’s associations in
the province of Carchi, Ecuador, and to suggest a cheap,
fast, and reliable alternative methodology that would
allow the associations to evaluate the quality of their
milk in situ.

STUDY OBJECTS AND METHODS

Herd size and geographic location. The study
involved six cattlemen’s associations (A—F) located in
the Andean province of Carchi in Ecuador. There were
11 small farmers in Association A, 27 in Association
B, 16 in Association C, 20 in Association D, 15 in
Association E and 19 in Association F. Their milk was
sampled for eight months, from October 2016 to May
2017. As a result, 709 samples were taken from a herd
of 814 milking cows (34 from Association A, 235 from
Association B, 50 from Association C, 120 from
Association D, 230 from Association E, and 145 from

' ISO 4833-2:2013. Microbiology of the food chain — Horizontal
method for the enumeration of microorganisms — Part 2: Colony
count at 30°C by the surface plating technique. Geneva: International
Organization for Standarization; 2013.
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Association F). All the samples were analyzed for total
solids, total protein, fat, acidity and density. The total
bacteria and somatic cells were also counted.

Physicochemical and microbiological properties
of the samples. The determinations of total solids, total
protein, fat, acidity and density, as well as somatic cells
(SC) and total bacteria counts (TBC) were performed
in an accredited laboratory of the Phyto- and Zoo-
Sanitary Regulation and Control Agency of Ecuador
(AgroCalidad) (www.agrocalidad.gob.ec) located in
Tumbaco (Quito, Pichincha, Ecuador) [10]™VY, The
somatic cell count (SCC, SC/mL) was performed in a
Foosmatic™7 (Foss, Hilleroed DK-3400, Denmark)
according to the standard procedure’. The total
bacterial count (TBC, CFU/mL) was performed in a
BactoScan™FC+ (Foss, Hilleroed DK-3400, Denmark),
obtaining values equivalent to those that would be
obtained from a standard plate count (SPC)'".

Standard and extended methylene blue reduction
test. The standard methylene blue reduction test
(MBRT) and the 24 h extended methylene blue reduction

"ISO 6731:2010 [IDF 21:2010]. Milk, cream and evaporated milk:
determination of total solids content (reference method). Geneva:
International Organization for Standarization; 2010. 5 p.

M ISO 8968-1:2014 [IDF 20-1:2014]. Milk and milk products —
Determination of nitrogen content — Part 1: Kjeldahl principle and
crude protein calculation. Geneva: International Organization for
Standarization; 2014. 18 p.

V' ISO 1211:2010 [IDF 1:2010]. Milk — Determination of fat content
— Gravimetric method (Reference method). Geneva: International
Organization for Standarization; 2010. 18 p.

vV ISO/TS 11869:2012 [IDF/RM 150:2012]. Fermented milks —
Determination of titratable acidity — Potentiometric method. Geneva:
International Organization for Standarization; 2012. 7 p.

VI ISO 13366-2:2006 [IDF 148-2:2006]. Milk — Enumeration
of somatic cells — Part 2: Guidance on the operation of fluoro-
opto-electronic counters. Geneva: International Organization for
Standarization; 2006. 13 p.

VI ISO 4833-1:2013. Microbiology of the food chain — Horizontal
method for the enumeration of the microorganisms — Part 1: Colony
count at 30°C by the pour plate technique. Geneva: International
Organization for Standarization; 2013. 9 p.
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Figure 1 Four types of clots. (a) MBRTe-I (homogeneous
solid/liquid clot), (b) MBRTe-II (lumpy clot), (c) MBRTe-II1
(gaseous clot), and (d) MBRTe-IV (lumpy + gaseous clot)

@

test (MBRTe) were carried out in the associations’ own
laboratories. For the quantitative MBRT, 10 mL of a
sample was incubated at 37°C with 0.5 mL of methylene
blue and the time (in hours) for the blue coloration to
disappear was measured according to the technique
described in ISO 4833-2:2013". We used the methylene
blue reagent produced by Merck KGaA (Darmstadt,
Germany). The samples were incubated at 37°C in a
conventional water bath (Thermo Scientific™ TSGP10,
Waltham, Massachusetts, USA).

The procedure of the qualitative MBRTe was similar
to that of the MBRT, but the samples were incubated for
24 h. As a result, we obtained clots of the following four
types (Table 1, Fig. 1): a homogeneous solid or liquid clot
(MBRTe-I); a heterogeneous lumpy clot (MBRTe-II);
a heterogeneous gaseous clot (MBRTe-I11), and a hetero-
geneous lumpy + gaseous clot (MBRTe-1V).

The MBRT is, therefore, a quantitative test
(measured in hours), while the MBRTe is a qualitative
test (one of the four possible sample types after 24 h
incubation with methylene blue).

Statistical Analysis. The statistical analysis was
applied using the free statistical package R version 3.6.1
(2019-07-05).

RESULTS AND DISCUSSION

We analyzed 709 samples for eight continuous
variables (SCC, TBC, MBRT, fat, protein, total solids,
density and acidity) and three categorical variables:

(I) eight dates (Oct-16, Nov-16, Dec-16, Jan-17,
Feb-17, Mar-17, Apr-17, and May-17);

(2) six associations (A, B, C, D, E, and F); and

(3) four MBRTe clots (MBRTe-1, MBRTe-11, MBRTe-III,
and MBRTe-1V).
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The Lilliefors test (a normality test based on the
Kolmogorov-Smirnov test) [11-13] was used to explore
the continuous variables, and none of them showed a
normal distribution of the samples (P < 0.05).

Recently, a similar finding has been reported in a
study conducted to determine the quality of milk (total
bacterial and somatic cell counts) among small livestock
producers where the values obtained did not follow a
normal distribution [14]. This is probably due to the non-
homogeneity of the samples, the differences between
the producers with respect to compliance with good
practices, as well as uncontrolled factors that fall outside
the framework of the studies.

The Kruskal-Wallis rank-sum test was performed
to establish the influence of categorical variables over
continuous variables [15, 16]. A pairwise comparison
with the Wilcoxon nonparametric rank-sum test was
used to determine which of the associations or MBRTe
types differed from each other (P < 0.05) for each
specific continuous variable [17]. Different letters
near each of the magnitude values showed significant
differences (P < 0.05).

In this study, the values of acidity, total solids,
MBRT, SCC and TBC differed significantly (P < 0.05)
between the associations, while density, protein and fat
concentrations were not different (P > 0.05) (Fig. 2).

As we can see in Fig. 2, only Association A, which
fully implemented the GMMP, showed a better quality
of fresh milk during the whole period. Association B,
which began to implement the GMMP during the study
period, achieved high quality in the final months of the
study. Associations C, E and F are still in the process
of organizing their quality assurance system, and their
results oscillate between regular and low quality. Finally,
Association D always had contamination problems and
showed poor quality milk, so all of their work protocols
need revising.

The values of SCC, TBC, MBRT, fat, total solids,
and acidity were significantly influenced by the type of
MBRTe (P < 0.05), whereas there were no differences
(P> 0.05) for the protein content and density (Fig. 3).

The significant difference (P < 0.05) observed in
the fat content between the MBRTe-II and MBRTe-III
samples (Fig. 3c) could be due to a high concentration
of somatic cells and a low concentration of total
bacteria in the MBRTe-II sample group. In fact, the
method of fat determination presupposes the addition
of sulfuric acid which causes the breakdown of somatic
cells incorporated into milk fat. It was also possible
that exogenous bacteria species that contaminated
milk, which were present in the MBRTe-III samples,
exerted a greater lipolytic effect on the fat and lowered
its concentration in milk, compared to the rest of the
MBRTe samples.

In Fig. 3c, we can observe an increase in acidity and
a decrease in total solids when moving from MBRTe-I
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Figure 2 Average values of (a) acidity (°D), (b) total solids (g/100 mL), (c) MBRT (h), (d) SCC (SC/mL), and (¢) TBC (CFU/mL)
for each association during eight months of the study. The dashed red lines represent the values that delimit the thresholds of good
quality, regular quality and poor quality of milk or the minimum acceptable values by the Ecuadorian standards. Different letters

mean statistically significant differences (P < 0.05)

to MBRTe-IV. This trend seems to be associated with
a combined increase in the microbial load and somatic
cells in these groups, enhancing the presence of organic
acids and therefore leading to higher acidity, and a
decrease in carbon sources, such as lactose, leading to
lower total solids.

When comparing the magnitudes of the qualitative
MBRTe and the quantitative MBRT with the SCC and
TBC values in a Kruskal-Wallis rank-sum test, we can
see that unlike the MBRT, which is only significantly
influenced (P < 0.05) by TBC, but not SCC (P > 0.05),
the qualitative variable of MBRTe correlates signifi-
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cantly (P < 0.05) with both the TBC and SCC values.

In the proposed MBRTe test, some of the samples
incubated with and without the presence of methylene
blue had a similar behavior and formed the same type of
clot after 24 h. This finding suggests that the presence
of the methylene blue dye does not play the same role as
it does in the MBRT test. However, there is a need for
more detailed experiments to corroborate the influence
or necessity of this dye in the MBRTe test. They need
to use the same samples, incubate them under the same
conditions for 24 h and then observe the type of clot
forming after that time.
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that delimit milk quality thresholds

When correlating the MBRT values with the TBC, or through TBC values, but it could also detect a healthy

vice versa, we can observe similar correlations to those dairy herd (< 310 000 SC/mL) or the presence of mastitis

previously reported by other authors [8, 9], although in its preclinical (310 000 < SCC < 700 000 SC/mL) or

with somewhat lower correlation coefficients R? (Fig. 4). clinical (> 700 000 SC/mL) stages, which is impossible
Thus, the qualitative MBRTe not only would allow to do with the standard MBRT test.

us to assess the microbiological quality of milk samples Fig. 5 shows the distribution of the MBRTe samples
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(b) MBRTe-II: n = 130 (18% of the total); (c) MBRTe-III: n = 99 (14% of the total); (d) MBRTe-IV: n = 84 (12% of the total)
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Figure 7 Dependence of average values of (a) SCC (SC/mL), (b) density (g/mL), (c) total solids (g/100 mL), and (d) acidity (°D) on
the month of sampling. Equal letters mean no significant justified (P < 0.05)

in each association. As we can see, the associations with
the highest proportions of MBRTe-I, compared to the
other types, had the best quality milk.

As we can see in Fig. 5, Association A provided
better milk quality than the rest of the associations. The
lowest-quality milk was produced by Association D.
This means that the health of its herd and the procedures
for milking, handling, and storage of fresh milk should
be reviewed.

When correlating the TBC and SCC values with the
qualitative MBRTe, we observed that the MBRTe could
adequately predict not only the samples with a high
bacterial load, but also those with a significant presence
of somatic cells. The latter might indicate preclinical or
clinical mastitis in the herd (Fig. 6).

As we can see in Fig. 6a, more than 94% of the
MBRTe-I samples had SC values below 310 000 SC/mL
and TBC values below 300 000 CFU/mL. Fig. 6b shows
that more than 94% of the MBRTe-II samples had TBC
values below 300 000 CFU/mL, while 57% of them
had SC values between 310 000 and 700 000 SC/mL,
which could indicate a preclinical condition of mastitis.
Moreover, 42% of the MBRTe-II samples had SC values
of over 700 000 SC/mL, which suggests the presence
of mastitis in at least part of the dairy herd. Of the
MBRTe-1II samples, 97% had SC values below
310 000 SC/mL, which indicates a healthy dairy herd,
without mastitis problems.

However, as we can see in Fig. 6¢c, 32% of those
samples showed moderate values of microbial conta-
mination (between 300 000 and 600 000 CFU/mL)
and 67% of them had high values (> 600 000 CFU/mL).
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These data suggest that the samples came from a
healthy dairy herd, but the GMMP were not followed
properly. Finally, all the MBRTe-IV samples (Fig. 6d)
showed moderate to high values of both TBC and SCC,
suggesting a dairy herd with mastitis problems and bad
management and milking practices. Such a product
cannot be recommended for direct consumption — it
has to be carefully pasteurized before being used in the
manufacture of dairy products.

Likewise, we analyzed a possible relationship between
the physicochemical and hygienic-sanitary properties
of the samples and the month in which these samples
were taken (from October 2016 to May 2017). For this,
a Kruskal-Wallis rank sum test was applied to each of
the measurements made to each sample and the month
of sampling. We found that the TBC, MBRT, protein
and fat contents did not depend on the months in which
the samples were taken. However, the determinations
of density, total solids and SCC, in at least a couple of
months, were influenced by the month of sampling. To
determine the significance (P < 0.05) of these differences,
we performed a pairwise comparison using the Wilcoxon
nonparametric rank-sum test and the Bonferroni
method (Fig. 7), as we did with the previous categorical
variables (type of association and MBRTe) [17].

The differences associated with the month in which
the samples were analyzed could be explained by some
uncontrolled factors in the experiments. These include
variations in the periods of rain, which could influence
the type and abundance of the grass consumed by the
dairy herd, and changes in the management of the herd,
as well as milking and storage of fresh milk. Also,
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Table 2 MBRTe types and the quality of fresh milk

Type Quality of milk Remark

MBRTe-I  Good Suitable for consumption
and all uses.

MBRTe-1I  Intermediate to good Suitable, after pasteuri-

MBRTe-III  Poor to intermediate zat.lon, for producing
dairy products.

MBRTe-1V  Poor Its consumption

is not recommended.

possible measures taken by the associations to deal
with mastitis problems may have been reflected in the
SC values, as well as the time they were taken.

To sum up, we can say that the MBRTe correctly pre-
qualified fresh milk and, therefore, allowed us to suggest
possible industrial uses for it and set fair market prices
(Table 2).

We all know of difficulties that small cattlemen’s
associations have with assessing the microbiological
quality of milk and detecting sub-clinical mastitis in
real time to continuously improve the quality of milk
delivered to the industry and consumers. Accredited
laboratories that perform somatic cells and total
bacterial counts, as well as the methylene blue reduction
test (MBRT), are located in provincial cities or capitals,
far away from the rural areas where most of the small
farmers’ associations are, at least in Ecuador [16]Y!,
This means that the farmers’ associations usually have
to wait a few days (an average of 3 days) for the test
results. Thus, they cannot quickly identify individual
producers that affect the milk quality of the whole
association to take prompt corrective measures.

Moreover, the cost of such analysis in Ecuador,
including transportation (for a distance of ~ 50 km), is
approximately $9.56 per sample. In contrast to that,
the qualitative MBRTe takes only one day and costs
approximately $0.46 per sample. In addition, it is easy
to perform and its interpretation is straightforward and
simple: fresh milk is pre-qualified as good (MBRTe-I),
intermediate to good (MBRTe-II), poor to intermediate
(MBRTe-III), and poor (MBRTe-1V).

The qualitative MBRTe would allow us not only
to know if the association follows good practices of
milking, handling and storage of milk, but also to
examine the health of the dairy herd, as far as mastitis
is concerned. In addition, it is a cheap test since it
requires only a conventional thermostatic bath, the blue
methylene reagent, and a set of common glass tubes. It
is significantly cheaper than modern equipment for the
detection and counting of somatic cells.

The above makes the MBRTe suitable for small
associations of livestock farmers that are isolated from
cities and towns where accredited laboratories are
generally located.

VI NTE INEN 9:2012. Norma Técnica Ecuatoriana. Servicio
Ecuatoriano de normalizacion. Leche cruda. Requisitos [Ecuadorian
Technical Standard. Ecuadorian Normalization Service. Raw milk.
Requirements]. Quito: INEN; 2012. 7 p.
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Additionally, the MBRTe can be applied not only
to raw fresh milk collected from all the farmers in the
association, but also from individual farmers who are its
members. This last feature could help identify individual
cattlemen who own dairy herds with preclinical or
clinical mastitis or those who do not comply with good
practices of milking and handling of fresh milk. By
doing so, the association can make a corrective plan to
improve the microbiological quality of raw fresh milk
in the near future and establish better market prices for
its producers.

CONCLUSION

In this work, we evaluated the quality of milk
produced by six dairy associations of small farmers in
the province of Carchi for eight consecutive months.
We determined the hygienic and sanitary status of
milk and dairy herd, respectively. The study found an
adequate correlation between the quality of milk and
the farmer’s compliance with good practices of milking,
handling and storage of fresh milk. Thus, it served to
encourage some of the associations to comply with these
good practices.

We demonstrated a relationship between the
qualitative MBRTe and somatic cells and total bacteria
counts. As a result, we proposed the MBRTe to the
cattlemen’s associations in the Ecuadorian highlands
to pre-qualify milk collected from both the entire
association and individual farmers. Also, the proposed
methodology can be useful for isolated ranchers, away
from accredited labs, to check the quality of their milk
by themselves. This test can identify the presence
of sub-clinical or clinical mastitis and inadequate
management of milking, handling, storage and
transportation of fresh milk. The results can be used to
make appropriate improvement plans to correct these
deficiencies and enhance the quality of milk.
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