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Simple Summary: Physicochemical parameters, somatic cell count and microbiology are quality indicators of
raw cow's milk. Somatic cells can be controlled, total coliforms and mesophilic aerobic bacteria can be
controlled through hygiene, training of milking staff, supply of vitamins and minerals to cows. Local
governments must include policies that allow regulating the consumption of milk that exceeds the maximum
permissible levels to guarantee the food security of the population.

Abstract: The objective of this research was to evaluate the physicochemical and sanitary parameters of raw
cow's milk intended for consumption in the Amazonas region, Peru. We sampled 31 collection centers and
dairy processors. We evaluated physicochemical parameters (fat, protein, solids not fat, lactose, ash, pH, and
density), somatic cell count, and microbiology (mesophilic aerobic bacteria and total coliforms) of raw milk.
We applied an analysis of variance (a=0.05) and the comparison of means between the collection centers and
livestock basins (p<0.05). In addition, we performed a cluster analysis, principal components and correlation.
Depending on the collection center, we found differences in all the physicochemical parameters, somatic cell
count and milk microbiology. In the livestock basin analysis, we found differences for somatic cells, fat, protein,
solids, pH, coliforms and bacteria. The Jumbilla basin presented less somatic cells, less fat was found in the
Levanto basin and higher protein in the Yambrasbamba basin. Lactose, ash, density, total coliforms and
mesophilic aerobic bacteria did not vary according to basin. The cluster analysis yielded four groups, Group 1
is higher in ash and density, Group 2 and 3 are higher in fat, Group 3 with higher protein, but higher in total
coliforms and mesophilic aerobic bacteria. Group 4 registered the highest pH and the lowest protein
concentration. There was a positive correlation of fat with protein and solids not fat, lactose with solids not fat,
ash with density. Negative correlations of somatic cells with fat and, protein and solids not fat with pH.

Keywords: Amazon region; livestock basin; physicochemical parameters; raw milk; sanitary
parameters; somatic cell count

1. Introduction

The consumption of milk and its derivatives dates back thousands of years, and it was already
considered a food par excellence, even without scientific evidence to support it as such [1]. In the
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world, more than 6 billion people are active consumers of milk and its derivatives, of which the
majority reside in developing countries [2]. World milk production has increased by 75% in the last
33 years, from 530 in 1988 to almost 928 million tons in 2021 [3]. For example, in the year 2021, it
exceeded the production of the year 2020 by 1.3%. For its part, in Peru as of October 2022, 1.9 million
tons of raw milk have been produced, with the participation of more than 2 million producers, of
which 65% are farmers and ranchers, and only 13% It is dedicated solely to livestock [4].

The dairy production chain has as a priority to obtain at the end of the process products with a
high level of nutritional quality and innocuous for the health of the consumer [5]. The
physicochemical parameters, technological and sanitary characteristics of milk play a very important
role as indicators of excellence for its processing and transformation [6]. The quality of the milk and
the safety during processing is an indicator of the health status of the farm at the group or individual
level [5]. These indicators are mainly based on nutritional evaluation parameters, somatic cell count,
microbiological and physicochemical analyzes [7,8].

The evaluation of microbiological parameters allows to verify the hygienic quality of the milk,
which can be affected by contamination factors such as poor hygiene in the equipment, collection and
transfer center, handling of the operators or failures in the storage process. Certain methodologies,
such as the count of coliforms or mesophilic aerobics, allow evaluating the degree of impact of these
bad practices on the quality and safety of milk [9].

Somatic cells are white blood cells, typical of the immune system and are involved in the
protection of the mammary gland, which increase and travel through the blood to neutralize bacteria
that cause diseases or intramammary infections [10]. There is evidence of a trend towards a directly
proportional behavior of the somatic cell count with the quality of milk and dairy products, whose
elevated results have been associated with changes in milk composition [11,12]. There is a negative
correlation between the number of somatic cells with the percent of lactose and positive with the
percent of total solids, fat and protein [13]. These variations described above negatively affect the
safety, useful life and organoleptic characteristics of the final product [14].

In most countries, maximum limits allowed for the number of somatic cells are established. In
Peru, Supreme Decree N° 007-2017-MINAGRI [15] approved the regulation of milk and dairy
products. In this regulation it is established that raw milk to be admissible for human consumption,
the somatic cell count must be less than 500000 cells/ml and the maximum permissible limits of
aerobic mesophilic and coliforms totals must be 1000000 CFU/ml and 1000 MPN/ml, respectively.

The main physicochemical parameters of milk (solids not fat, protein, fat, density and pH) are
characteristics that depend on the stage of lactation, milking routine, diet, breed, as well as storage
conditions and their study allow monitoring the quality of milk [16]. In this context and the
importance of dairy production and its derivatives in food safety, the objective of this research was
to evaluate the physicochemical and sanitary parameters of bovine milk collected in 31 collection
centers and dairy processors in the Amazon region.

2. Materials and Methods

2.1. Sample and Sampling

Thirty-one collection centers and dairy processors from the livestock basins of Molinopampa
(10), Florida-Pomacochas (06), Yambrasbamba (03), Jumbilla (02), Leymebamba (05), Levanto (04),
and San Isidro del Maino (01) belonging to the Amazonas region, Peru (Figure 1). Four replicates of
100 ml of milk were obtained for each collection center evaluated (n=124). The milk was extracted
directly from the tanks and placed in sterile vials. Each vial was labeled with the following
information: collection center number, place, date and time of sampling. All samples were
transported at 4°C to the Laboratory of Infectious and Parasitic Diseases of Domestic Animals of the
National University Toribio Rodriguez of Mendoza from Amazonas for processing.
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Figure 1. Research sampling location map.

2.2. Parameter Evaluation

The physicochemical parameters evaluated were fat (%), solids not fat (%), protein (%), lactose
(%), pH and density (g/ml) using a Lactoscan equipment (Ultrasonic Milk Analyzer SP50,
Milkotronic, Bulgaria). Somatic cell counting was performed following the automatic somatic cell
counter protocol (DeLaval, De Laval Cell Counter DCC 10435, Sweden) using single-use cassettes
coded N° 92865880. The microbiological analysis of viable mesophilic aerobic bacteria (Colony
Forming Unit - CFU/ml) and total coliforms (Most Probable Number - MPN/mL) was carried out by
the dilution method.

2.3. Data Analysis

Assumptions such as normality and homogeneity of variances of the data set were verified. The
variance analysis procedure was applied using the mixed general linear model (MGLM) and for the
comparison between the collection centers the Di Rienzo, Guzman and Casanoves (DGC) test was
performed. For the variable protein in the collection center, a statistical model adjustment was made
applying heteroskedasticity using a vardent g(d)=d model, which achieved an AIC=10.20 and BIC=
167.22 lower in regard to other models for compliance with data normality. For the variable somatic
cells, total coliforms and mesophilic aerobic bacteria, normality was measured using the Wilk Shapiro
test. In addition, we performed a multivariate test, specifically, cluster analysis with the Ward
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method and Euclidean distance to identify groups that share similar characteristics, and an analysis
of variance with (MGLM) was applied to determine the variables that significantly contribute to the
conformation of groups and to the explanation of the phenomenon under study. Finally, we applied
the multivariate principal component test and a Pearson correlation analysis (p<0.05). The data were
processed with the statistical software InfoStat/Professional version 2018p.

3. Results

3.1. Raw Milk Parameters by Collection Center

According to the collection center, we found significant differences for the physicochemical
parameters (Figure 2). The fat percent varied significantly between the collection centers, in the
collection center eleven corresponding to Florida-Pomacochas, the milk contained 2.43% fat and the
center twenty corresponding to Jumbilla, the milk contained 2.75%. However, in collection center
three, corresponding to Molinopampa and center thirty-one corresponding to San Isidro del Maino,
the milk fat percent was higher (4.21 and 4.57%, respectively) (Figure 2A).

The protein percent varied significantly between the collection centers, registering 2.8% as a
minimum and 3.98% as a maximum. A similar effect to the percent of fat was observed in center
eleven corresponding to Florida-Pomacochas, the milk contained 2.84% protein and center twenty
corresponding to Jumbilla, the milk contained 2.80% protein. In the eighteenth collection center
corresponding to Yambrasbamba, the maximum value of 3.98% protein was recorded and, in the
centers belonging to Molinopampa they presented less variation in protein percent (Figure 2B).

The percent of lactose was highly variable among the milk from the evaluated centers, centers
two, six and ten corresponding to Molinopampa registered the lowest percent of lactose (Figure 2C).
However, the percent of ash, the variability was lower with respect to lactose (Figure 2D). In the
fourteenth collection center corresponding to Florida-Pomacochas, the highest percent of ash was
obtained (0.72%).

The solids not fat of the milk according to the collection center were variable, the minimum
percent of these solids was registered in the collection center two of Molinopampa (8.43%) and the
maximum was in the center eighteen corresponding to Yambrasbamba (9.55%) (Figure 2E). The
highest density variability was observed in the Molinopampa collection centers and the lowest
variability was in the Yambrasbamba, Jumbilla, and Leymebamba centers (Figure 2F). The pH varied
of 6.6 to 7.3, being significantly between collection centers. The maximum pH value was recorded in
the milk that came from the Levanto collection center and the lowest pH was in the milk from the
Molinopampa collection center (Figure 2G).
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Figure 2. Physicochemical parameters of raw milk according to collection center. A: Percent of fat, B:
Percent of protein, C: Percent of lactose, D: Percent of ash, E: Percent of solids not fat, F: Density, G:
pH.

According to the collection center, we found significant differences for somatic cell count and
microbiological analysis (Figure 3). The somatic cell count according to the collection center varied
significantly, the highest value of cells was registered in the twenty-first collection center
corresponding to Jumbilla, exceeding 700 thousand cells/ml of milk, followed by the eleventh
collection center corresponding to Florida- Pomacochas, exceeding 600000 cell/ml of milk and the
collection center thirty corresponding to San Isidro del Maino registered the lowest number of cells
with 13000 cells/ml (Figure 3A).

The microbiological analysis (total coliforms and mesophilic aerobic bacteria) was highly
variable in all collection centers (Figure 3B). In two collection centers in Yambrasbamba (collection
center 18 and 19) and one in Jumbilla (collection center 20), they registered the highest number of
total coliforms. However, in two collection centers in Leymebamba (collection center 24 and 25) and
one in Molinopampa (collection center 2) there was a low count of total coliforms (from 1 to 5
MPN/ml). The highest amount of mesophilic aerobic bacteria was recorded in milk from the
collection centers of Yambrasbamba (8562500 CFU/ml) and Leymebamba (8985000 CFU/ml). Milk
with less mesophilic aerobic bacteria were from the collection centers of Levanto (135000 CFU/ml)
and Molinopampa (750000 CFU/ml) (Figure 3C).
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Figure 3. Sanitary parameters of raw milk according to collection center. A: Somatic cells, B: Total
coliforms, C: Mesophilic aerobic bacteria.

3.2. Raw Milk Quality Parameters by Livestock Basin

The number of somatic cells, fat, protein, solids not fat, and pH varied by basin (Table 1). The
Jumbilla basin presented a lower number of somatic cells in regard to the other basins. The milk fat
percent was higher in basins such as Florida-Pomacochas, Jumbilla, Leymebamba, Molinopampa,
Yambrasbamba and San Isidro del Maino in regard to milk from the Levanto basin. The protein
percent in milk was higher in the Yambrasbamba basin in regard to milk from the other basins. The
percent of solids not fat was higher in the milk from the Florida-Pomacochas and Yambrasbamba
basins in regard to the milk from the other basins. The milk with the most alkaline pH was recorded
in the Levanto and San Isidro del Maino basins. Lactose, ash, density, total coliforms and mesophilic
aerobic bacteria did not vary by basin.

Table 1. Physicochemical and sanitary parameters of raw cow's milk according to livestock basin®*.

Total Mesophilic
Livestock  Somatic cell Fat (° /O)Protein Lactos Ash SNF Density pH  coliforms Aerobic
basin (cells/ml) (%) e (P (%) (g/ml MPN/ml Bacteria
(CFU/ml)
; . P=<0.0001 PE);(;'O PE);(l).O P=0.82 P=1.85 P=4.57 P=1.03 P=6.89 P=7.85 P=4.57
ignificance
F=1124 F=3047F=1539 " 000 FOBF0003 g 1re6 F0000 £ g hoor  F=0.0032
45 11 2 2
Florida-  177289.0+2411 3.54+0. 3.44+0. 5.10+0. 0.66+0. 9.20+0. 1.28+0.01 6.77+0. 383.54+2602489583.3+1308
Pomacochas 74.3b 60a 32b 14a 05a 28a a 05b .83a 698.2a
Jumbilla 614413.5+1292 3.28+0. 3.22+0. 5.09+0. 0.69+0. 8.99+0. 1.28+1.1E 6.75+0. 290.50+3794371250.0+4417
73.3a 75%a 59 08a 02a 69b -03a 01b .36a 649.0a
Levanto 112687.5£7867 2.99+0. 2.99+0. 5.02+0. 0.64+0. 8.65+0. 1.28+0.01 7.11+0. 17.31+£5.53 799375.0+63354
8.5b 07b 04c 07a  Ola 12b a 15a a 6.2a
146550.0+1587 3.58+0. 3.11+0. 5.16+0. 0.64+0. 8.91+0. 1.28+4.5E 6.77+0. 695.40+4292875000.0+3518
Leymebamba
74.8b 32a 05b 06a Ola 11b -03a 02b .83a 259.1a
Molinopampa 210207.5+1261 3.41+0. 3.12+0. 5.01+0. 0.63+0. 8.76+0. 1.28+0.01 6.83+0.271.40+1913621000.0+1753
34.1b 37a 09 22a 02a 23b a 14b 14a 728.3a
Yambrasbamb  23394.8+  3.95x0. 3.80+0. 5.00+0. 0.60+0. 9.40+0. 1.29+2.9E 6.79+0. 748.17+609 6055833.3+4110
a 17176.4b 11a 16a 09a 06a 17a -03a 09b .39a 064.9a
San Isidro del ~ 13000.0+  4.57+0. 3.130. 5.20+0. 0.63+0. 8.96x0. 1.27+0.00 7.07+0. 16.50+
. 735500.0+£0.0a
Maino 0.00b 00a  00b 00a 00a  00b a 00a 0.00a

* Means with a common letter are not significantly different (p>0.05), ! Solids not fat.
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3.3. Classification of Raw Milk from Different Livestock Basins and Grouped by Similar Characteristics

According to the multivariate test (cluster analysis with the Ward method and Euclidean
distance), we were able to identify four groups that share similar characteristics (Figure 4). Group 1
was conformed of two collection centers, Group 2 was conformed of seven collection centers, Group
3 conformed of eight collection centers and Group 4 conformed of the largest number of collection
centers (fourteen) that show similarity in its physicochemical characteristics, somatic cell count and
milk microbiology.

Yan ba 9 1

Yambr 8 ]
Yambrasbamba 7
Florida- Pomacochas 6
Florida- Pomacochas 5
San Isidro del Maino 1
Molinopampa 3
Leymebamba 5
Florida- Pomacochas 3

npa 7
npa 5
A\ pa 6
i npa 10
Levanto 3
Levanto 2 E
Levanto 4 :—J
Levanto 1
Jumbilla 11
Florida- Pomacochas 4
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Leymebamba 4
Molinopampa 8
Leymebamba 2
Leymebamba 1
Molinopampa 9
Molinopampa 1
Molinopampa 4
Leymebamba 3
Jumbilla 10
Florida- Pomacochas 1

0.00 07 1211 16.15

4.04 8.
O Group 1 O Group 2 . Group 3 . Group 4

Figure 4. Dendrogram showing the cluster analysis and the Euclidean distance for collection centers.
Raw milk collection centers through cluster analysis with the Ward method (7.73:4 Groups) according
to the physicochemical parameters, somatic cells and microbiology.

3.3. Characteristics of Raw Milk According to Group

We found highly significant differences between the groups. Group 1 differs from Groups 2, 3
and 4 in the percent of ash and milk density. Groups 2 and 3 are characterized by having a higher
percent of fat in milk in regard to the other groups. Group 3 was characterized by the highest protein
percent in milk, however, in this group the highest number of total coliforms and mesophilic aerobic
bacteria was recorded. Regarding Group 4, the highest pH and the lowest protein percent were
recorded. The groups with the lowest somatic cell counts were Groups 2, 3 and 4 (Table 2).

Table 2. Characteristics of raw milk according to group classification®.

. Groups
Variables p-Value F-Value Group 1 Group 2 Group 3 Group 4
Somatic cell 276958.88+320 53368.71+453 20744.87+177 171103.13+1364
(cells/ml) p=0.0001  F=7.58 416 054 43.42b 32.23b 40.72b
Fat (%) p=<0.0001 F=28.44 3.33+047b  4.08+0.46a  3.97+0.56a 3.13+0.35b

Protein (%) p=<0.0001 F=21.06 3.14+0.29c  3.43+x0.37b  3.83x0.40a 3.06+0.15¢
Lactose (%) p=0.0002 F=7.00 5.10+0.21a 5.15+0.13a  5.02+0.27a 4.94+0.20b
Ash (%) p=0.0086 F=4.07 0.66+0.07a  0.62+0.09b  0.64+0.03b 0.62+0.03b
Solids not fat (%) p=<0.0001 F=22.90 8.90£0.36c  9.20£0.037b  9.49+0.24a 8.63+0.27d
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Density (g/ml) p=0.0001 F=738 1.29+0.01a  1.28+0.02b  1.29+0.02a 1.27+0.01b
pH p=<0.0001 F=12.77 6.78+0.14b  6.76+0.19b  6.83+0.09b 6.99+0.03a
Total coliforms 211.26+364.43 131.40+£290.80 825.28+508.69
(MPN/ml) p=<0.0001 F=9.56 b b a 150.66+280.72b
Mesophilic Aerobic 3442142.86+40 1986428.57+2 8427500+6849 2177187.50+291

-<0.0001 F=9.
Bacteria (CFU/ml) P~ 0000h F=956 5 0rs s6b  395407.97b  360.24a 9260.00b

* Means with a common letter are not significantly different (p>0.05).

The principal component analysis for the 10 variables evaluated explained 49.4% of the variance
with their values. The first component managed to explain 30.2% and the second component
explained 19.2% of the variance (Figure 5). In addition, we can observe significant positive
correlations between the percent of fat with the percent of protein (p<0.001%; r=0.62) and the percent
of solids not fat (p=0.001*; r=0.66), which means that the higher the protein levels, the higher the
concentration of fats and solids not fat. There is also a significant correlation between the percent of
lactose with the percent of solids not fat (p<0.02%; r=0.43), indicating that the higher the lactose
concentration there is a higher concentration of solids not fat. In addition, a positive correlation
between ash and density was entered (p<0.04; r= 0.37), demonstrating that the higher the ash
concentration, the higher the milk density. On the other hand, the significant negative correlations
found between somatic cells and the fat percent (p<0.01%; r=-0.46), indicate that the higher the somatic
cell count, the lower the fat percent and the higher the protein and solids not fat percent, pH decreases
(p<0.04*; r=-0.37 and p<0.04*; r=-0.38 respectively).

4.001
A
Somatic Cells Ash
A Density
2004 A Total Coliforms
A
Mesophilic Aerobic Bacteria
& Lactose X
£ 4 2 - Solids not Fat
(=2
T 0.001 —0
o~ » ¢ ’O/AA/
5 A
<& * Protein
<& = @
pH o
*
-2.001 * Fat
[m]
[m]
-4'00‘ r T T T u
-4.00 -2.00 0.00 2,00 4.00
CP 1(30.2%)
—C— Biplot (1, 2) - Variables AGroup 1 D Group 2 z Group 3 ’ Group 4

Figure 5. Principal component analysis of variables evaluated in raw milk.

4. Discussion

In general, the physicochemical and sanitary parameters of raw milk, corresponding to 31
collection centers and dairy processors in the Amazonas region, show us that certain parameters such
as fat (average value of 3.2%), somatic cell count (maximum of 500000 cells/ml), the density (between
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1.029 and 1.034 g/ml) are within the technical specifications of Supreme Decree N° 007-2017-
MINAGRI [15]. The percent of solids not fat (minimum of 8.2%) and the parameter of viable aerobic
mesophilic bacteria (maximum of 1000000 UCF/ml) do not reach the standards indicated in Supreme
Decree N° 007-2017-MINAGRI [15]. In this sense, the milk produced in this region does not meet all
the nutritional and sanitary specifications according to Peruvian regulations. The percent of fat
(around 3%), protein (2.9% to 3.9%), lactose (approximately 4.84%) and pH (approximately 6.61) are
among the normal values for bovine milk [17,18].

In this investigation we found that, at a low somatic cell count in milk, the fat percent is higher,
the pH level is higher, and the solids not fat is lower (Figure 5). The effect of somatic cells on the
amount of fat is contradictory, while some authors describe a decrease in the percent of fat as the
number of somatic cells increases [19], the results of other investigations show an opposite
relationship [20,21]. Possibly, the release of lipolytic enzymes by certain somatic cells is the reason
why there is a decrease in milk fat with high somatic cell counts [10]. On the other hand, the percent
of solids is significantly higher in milk with a high somatic cell count. Our results are similar to those
described by Silva et al. [22] and Cinar et al. [13], who find a direct relationship between the somatic
cell count and the number of solids. However, the increase in solids is not necessarily favorable, since
there may be a reduction in milk production [22]. Another factor that presented changes according
to the somatic cell count category was the pH, being this higher in milk with low somatic cell count.
This is due to a decrease in the secretory activities of mammary cells [23].

The somatic cell count is an indicator that makes it possible to study the hygienic quality of milk.
This indicator reflects the health of the udder of a herd and is related to the quality of the milk
produced [12]. Several countries have set a limit that guarantees the hygienic quality of milk, for
example the maximum allowed value of somatic cells for Australia, Norway, New Zealand,
Switzerland and in general the European Union is 400000 cells/ml of milk [24,25], for Canada it is
500000 cells/ml of milk [26] and for the United States it is 750000 cells/ml of milk [27]. In our research,
on average we recorded 182623 cells/ml of milk, these values are within the maximum limit allowed
at the level of the standards of the aforementioned countries. However, in a collection center in the
Florida-Pomacochas livestock basin (600100 cells/ml) and Jumbilla (705823 cells/ml) they exceeded
the maximum permissible values of the European Union but not of the United States. These are
indications that management at milking time needs to be improved, proper udder cleaning and the
use of teat dips are needed.

Regarding total coliforms, it ranged between 339.98 and 481.43 NMP/ml, these values of our
research are lower than those found in tank milk [28]. The number of coliforms in milk is related to
hygiene habits during milking and contact with feces [29]. The high microbiological load in the
samples means that there may not be adequate milking, handling or storage of milk by the producer
and processing centers in the Amazonas region. However, in two collection centers in Leymebamba
and one in Molinopampa there was a low count of total coliforms (from 1 to 5 MPN/ml). These centers
are within the limits of coliforms in raw milk, whose internationally accepted value is less than 100
MPN/ml [30]. In addition, in other investigations on the coliform count in informally sold milk, the
number of coliforms was higher than 103 MPN/ml in 66% of the samples analyzed [31]. Ghali-
Mohammed et al. [32] indicate that the number of coliforms varies according to handling practices
and season of the year, finding a higher number of coliforms in milk produced in the dry season
(November to March). However, Celano et al. [33] mention that they did not find differences in the
number of coliforms in raw milk according to the season (winter in regard to summer). The
wholesomeness of milk is a concern for consumer food safety, since safety remains a public health
challenge and 81% of milk samples exceed international limits for total coliforms in raw milk [34].

In relation to viable mesophilic aerobic bacteria, the values found in this study are below those
described by Albuja et al. [35] (between 8070000 to 122000000 UCF/ml) and above the permissible
limits (UCF/ml < 1000000) of Supreme Decree N° 007-2017-MINAGRI of Peru [15]. When the sample
exceeds 100000 UCF/ml it is an indicator of poor hygiene practices during milking and milk
production [34]. Cases have been seen that more than 96% of raw milk samples exceed the permissible
limits according to international standards [34]. In addition, other investigations have reported

d0i:10.20944/preprints202308.1107.v1
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values of 3.15 Log CFU/ml of raw milk at the level of raw tanker milk [36], in milk from 33 herds in
the state of New York 3.8 Log CFU/ ml of mesophilic aerobic bacteria has been reported [37], in 45
herds in Norway 4.27 Log CFU/ml has been reported [38], in 23 herds in Northern Italy 4.09 Log
CFU/ml has been reported [39], in 2 herds in southern Germany 4.5 Log CFU/ml has been reported
[40], in a herd in Croatia it has been reported from 3 to 5.17 Log CFU/ml [41] and in 20 herds in the
Czech Republic, 4.18 Log CFU/ml has been reported [42]. These values indicate that raw milk contains
mesophilic aerobic bacteria that could be affecting public health.

In the analysis of the correlation of the physicochemical and health parameters of all the samples,
no clear association between the somatic cell count and the physicochemical parameters was
observed. The significant correlation between somatic cell count and percent protein, as well as the
correlation between total coliforms and lactose, is due to the fact that when examining bulk milk, the
total volume of milk dilutes the effects of affected cows with mastitis and the inflammatory response
because it is highly variable between individuals of the same herd [43,44]. However, the presence of
fungi, bacteria and other microorganisms that produce alterations in the nutritional and organoleptic
properties of milk will always be present [45]. Actions such as training for producers, hygiene in the
utensils used in milk storage, milking practices, cold rooms, water quality, among others, could help
reduce the presence of these microorganisms to maintain the useful life of the milk [37,39].

5. Conclusions

Collection centers showed differences in all physicochemical parameters, somatic cell count and
milk microbiology. According to the livestock basins, there is evidence of differences for somatic cells,
fat, protein, solids not fat, pH, coliforms and bacteria, being the Jumbilla basin the one that presented
the least amount of somatic cells, the Levanto basin the lowest fat percent and the Yambrasbamba
basin higher protein, while the other parameters evaluated did not vary.

The cluster analysis generated four groups with similar behavior, Group 1 is higher in ash and
density, Group 2 and 3 higher fat percent, Group 3 with a higher amount of protein, but a higher
number of total coliforms and mesophilic aerobic bacteria. Group 4 registered the highest pH and the
lowest protein percent. There is a positive correlation between fat with protein and solids not fat,
lactose with solids not fat, ashes with density, which indicates a tendency to a directly proportional
behavior. In addition, there are negative correlations between somatic cells and fat, and protein and
solids not fat with pH, which translates into an inversely proportional behavior.

The somatic cell count is within the maximum permissible limits of international standards,
however, the levels of total coliforms and mesophilic aerobic bacteria in some collection centers
exceed these permissible limits. Local governments must include policies that allow regulating the
consumption of milk that exceeds the maximum permissible levels to guarantee the food security of
the population. Likewise, producers need more training in milk production and management.
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