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Abstract:

Agricultural production seeks to obtain high quality, safe products for human consumption- a
great concern for the dairy chain. The present investigation seeks to identify the correlation
between the compositional and sanitary quality of raw milk (SCC/mL). The investigation was
carried out in three districts of the Department of Narifio, Colombia. For this purpose, sampling
and information collection was executed throughout the years 2016 and 2017. To determine the
relationship between composition and sanitary quality, an analysis was made of the principal
components of the milk, and a design of mixed models was creating using selected variables.
The analysis showed that there is a relationship between the compositional variables, and the
mixed model indicated that there is a significant relationship between the somatic cell count
and the milk quality of the region. It was concluded that a somatic cell count above 500,000
CFU/mL has negative effects on protein, casein, and milk production.
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Introduction

Agricultural production worldwide requires high quality, safe products for human consumption,
a constant search which concerns all the constituents of the dairy chain. This process begins on
the farm and must be enforced in order to guarantee the best conditions for obtaining a product
of optimum quality®.

In Colombia, specialized dairy industries are located in high tropical areas such as the Altiplano
Cundiboyacense, the Narifio Altiplano and the north and northeast highlands of Antioquia.
These systems are characterized by the presence of Bos taurus, intensive use of production
factors (land, capital and labor), use of fertilizers, irrigation, rotation of pastures, use of food
supplements and two daily milking. The improvement of the hygienic quality of milk is carried
out through a simple process, showing rapid results that begin with the improvement of milking
practices in order to avoid milk contamination, while maintaining perfect hygienization of the
milk canteens or storage tanks®.

This type of livestock activity must adhere to Decree 616 of 2006 of Colombian regulations,
which outlines the requirements that must be met by bovine, buffalo, and goat milk destined
for human consumption, in order to protect life, health, and security and prevent practices that
may mislead, confuse, or deceive consumers®.

In this regard, Benbrook et al® defines high-quality milk as having an excellent composition
(fat, protein, lactose, vitamins and minerals), low microbial counts (hygienic), is free of
pathogens, and has no physical-chemical contaminants. Quality milk is an indispensable
requirement for good quality products, and the herd is the first condition in achieving good
products.

According to Ministry of Agriculture Resolution 000017 of 2012, the hygienic quality of milk
refers to the hygiene level of the process through which milk is obtained and handled. In this
order of ideas, the somatic cell count per milliliter (SCC/mL) in most cases can be associated
with diseases such as mastitis, an inflammatory reaction of the mammary gland, which produces
physical and chemical alterations in milk, an increase in the number of somatic cells due to the
presence of pathogenic microorganisms, and changes such as the loss of functionality®.
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For this reason, the somatic cell count (SCC) is one of the most influential parameters in
determining the udder health and milk quality. SCC in milk increases in direct proportion to the
severity of the infectious disease. In a milk that does not contain subclinical mastitis, the SCC
is low (<100,000 SCC/ mL). The increase in SCC depends on the pathogen that causes
mastitis®. High SCC is associated with inflammation of the udder, which leads to
bacteriological problems in milk, an alteration in its composition, and changes in the
characteristics of dairy products when compared to normal values®. However, in addition to
its immune function in the udder and protective functions in milk, it has recently been shown
that SCC have a positive influence on the composition and technological properties of dairy
products, which influence the final quality of the dairy products through its endogenous
enzymes(”,

In Narifio, as is the case with the rest of Latin America, there is little information on the
compositional and sanitary quality of the production and commercialization of raw milk. Along
with the above, the lack of responsibility of the producers of milk for the quality of their product
(in spite of the Colombian law that establishes health and safety regulations) increases the
uncertainty about the quality variables of the products produced in the region. Based on the
above, the objective of the present investigation was to evaluate the compositional and hygienic
quality of the raw milk received from the different districts evaluated in the Department of
Narifio, as well as to observe the relation of the sanitary quality on its compositional profile.

Material and methods

Location

Information from 87 farms specialized in milk production was evaluated. The farms are
distributed among three districts belonging to the Department of Narifio; 39 from the district of
Guachucal, 24 farms from Pasto, and 24 from Pupiales. These geographical areas are located
between 2,527 and 3,180 m asl, with an average annual temperature between 8 and 12 °C®.

Selection of samples

The selected farms managed a standardized record system for milking (twice a day) information
and a routine management program of the CMT test. A total of 11,293 samples from 1,659
lactations of Holsteins from the districts of Guachucal, Pasto, and Pupiales were evaluated.
Various variables were determined, including: precipitation (mm/month), milk production (kg),
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density (g/mL), day of lactation, calving interval, age of the cow (years), delivery number,
kilograms of fat, protein, casein, of total solids, and somatic cell count (SCC/mL).

The samples were taken at the time of milking, and the identification, conservation, and
transport of the samples was carried out according to the protocol established by CORPOLAC.
Sampling was done every 3 wk on each farm. The samples were analyzed at a compositional
and sanitary level in the laboratories of the MEGA (Mejoramiento Genético Animal) research
group located in the University of Narifio, Torobajo. The milk samples were analyzed in a
MilkoScan™ FT1, determining the compositional profile of the milk according to the protocol
established by the manufacturer of the equipment. A 100 mL sample of raw cow's milk was
used for this process (SGC-PR-04 daily procedure for the management of the MilkoScan FT1
equipment). The analysis of the sanitary profile was created using EKoMilk Scan® equipment,
according to the protocol established by the manufacturer (SGC-PR-05 daily procedure for the
operation of EKOMILSCAN equipment- SGC-FT-02 EKOMILKSCAN technical data). The
somatic cell count was performed using a PortaSCC® test.

Statistical analysis

The data was evaluated through descriptive statistics. The relationship between variables was
determined by Pearson's correlation after the standardization of the variables to ensure a better
fit of the results. The values of fat, protein, total solids, and casein were transformed into
kilograms using the formula proposed in resolution 000017 of 2012 by the Ministry of
Agriculture and Rural Development (MADR)®:

Value kg value % * milk density * 10
For production, which is expressed in liters, the density was used to convert the value to kilos
Kg milk density * volume (1)
The somatic cell count variable was transformed to somatic cell score by the formula proposed
by Ali and Shook® in order to correct the normality of the variable somatic cell score (SCR):
SCR ((log 2 (SCC/100.000)) + 3

The relationship between the variables was determined through a principal component analysis
(PCA) with rotation (varimax method) in order to identify the related groups.

With the variables selected through the PCA, a mixed model was created, where the farm and
the animal nested within the farm were used as random factors and the precipitation with the
dry and rainy season levels and the somatic cell count as fixed factors. The SCC was categorized
into four levels, as follows: <2°000,000, 201,000 to 5000,00, 501,000 to 999,000 and
>1°000,000. Protein, fat, casein, total solids and production was considered dependent
variable®®, Statistical analyzes were performed with the statistical package SPSS™Y.
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Results

The mean and standard error of the mean of the variables can be seen in Table 1 and the
correlation in Tables 2, 3 and 4. The means for the three districts show that the density was the
same. Precipitation, total solids, day of lactation, calving interval, age, and number of deliveries
showed similar results. On the contrary, the data collected for production, fat, protein and casein
varied, with Pupiales showing the highest values, followed by Pasto and finally Guachucal.

Table 1: Descriptive statistics of production and compositional parameters

Guachucal Pasto Pupiales

Mean SEM Mean SEM Mean SEM
Precipitation, mm/mo 101.691 05511 99.749 0.9630 101.980 1.4078
Production, kg 16,592 0.0730 19.621 0.1366  20.673  0.1951
Density, g/mL 1.031 0.0001 1.031 0.0002  1.031 0.0001
Day lactation, day 182,427 12939 173.892 1.9738 163.128 2.9465
Calving interval, day 452.668 1.3196  431.900 1.9461  431.901 3.0784
Year 5.754 0.0258  5.635 0.0467  5.593 0.0653
Delivery number 2.918 0.0195 3.034 0.0376  3.020 0.0482
Fat, kg 0.653 0.0030  0.755 0.0054  0.775 0.0075
Protein, kg 0.560 0.0023  0.640 0.0042  0.693 0.0064
Total solid, kg 2.133 0.0092  2.130 0.0220  2.585 0.0253
Casein, kg 0.426 0.0018 0.831 0.0153  0.557 0.0056
SCC, SCC/mL 3.313 0.0104  3.209 0.0141  3.350 0.0261

SEM-= standard error of the mean.

The correlation shows that the compositional variables and production are highly related and
this set of variables are negatively related to the days of lactation. There is also a highly
significant relationship (P<0.01) between day of lactation and calving interval, and also
between the number of births and age. Finally, the somatic cell count shows a significant
relationship (P<0.05) with production, protein, and casein. The other variables show low
correlation.
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Table 2: Matrix of correlation Guachucal

Prl Pr2 D DI Ci Y Dn F Pr3 Ts C SCC
Prl 1
Pr2 -002 1
D 0.017 -0.009 1
DI 0.004 -458" 0.031 1
Ci 002 -291" 0.129 .694™ 1
Y 0.01 0.068 0171 0.129 0.156" 1
Dn 001 0111 -0.116 0.015 0.059 .922" 1
F -0.02 .852™ 0.019 0.357" -229° 0.055 0.132 1
Pr3 0.016 949" 0.063 -335 -231" 0.059 0.137 .864™ 1
Ts 6019 974™ 0.036 -.418" -278" 0.046 0.132 .934™ 967" 1
C 6027 962" 0.053 -342" -236" 0.063 0.142 .861™ .996™ .971" 1
SCC 0.012 0.254" -0.048 0.135 0.123 0.145 0.128 0029 0386° 0054 0.394*

Pr1= precipitation, Pr2= production, D= density, DL= day of lactation, Ci= calving interval, Y= years, Dn=
delivery number, F= fat, Pr3= protein, Ts= total solids, C= casein, SCC= somatic cell count.

Table 3: Matrix of correlation Pasto

Pr1 Pr2 D DI Ci Y Dn F Pr3 Ts C SCC
Pri 1
Pr2 0.007 1
D -0.011 -0.023 1
DI -0.009 -0.455" 0.036 1
Ci 0.054 -0.240" 0.081 0.566° 1
Y -0.012 -0.017 -0.047 0.180° 0.174 1
Dn 0.020 0.073 -0.088 0.045 0.105 0.910™ 1
F 0.007 0.830™ -0.061 -0.381" -0.224 -0.040 0.019 1
Pr3 0.017 0.944™ 0.048 -0.352" -0.220 -0.048 0.022 0.839™ 1
Ts 0.012 0.970™ 0.002 -0.439" -0.257 -0.054 0.026 0.922" 0.962 1
C 0.011 0.907" 0.042 -0.324" -0.205 -0.029 0.032 0.785™ 0.942 0.891 1
scc -0.008 -0.234" -0.006 0.125 0.102 0.131 0.106 -0.117 -0.206" -0.112 -0.213" 1

Pr1= Precipitation, Pr2= production, D= density, DI= day of lactation, Ci= calving interval, Y= years, Dn=
delivery number, F= fat, Pr3= protein, Ts= total solids, C= casein, SCC= somatic cell count.
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Table 4: Matrix of correlation Pupiales

Prl Pr2 D DI Ci Y Dn F Pr3 Ts C SCC
Pri 1
Pr2 0.021 1
D 0.106 0.063 1
DI -0.046 -0.389" 0.024 1
Ci -0.013 -0.253" 0.165" 0.651™ 1
Y -0.020 -0.040 -0.180" 0.159" 0.179" 1
Dn -0.010 0.070 -0.185" 0.002 0.069 0.871™ 1
F 0.080 0.786™ 0.076 -0.312" -0.264" -0.001 0.075 1
Pr3 0.022 0.949™ 0.126 -0.263" -0.203" -0.064 0.047 0.790™ 1
Ts 0.081 0.947™ 0.124 -0.344" -0.272" -0.087 0.030 0.884™ 0.942™ 1
C -0.125 0.659™ 0.038 -0.230" -0.085 0.122 0.142 0.512" 0.670™ 0.509 1
scc -0.001 -0.183" -0.055 0.069 0.070 0.232° 0.134 -0.071 -0.189" -0.106 -0.207" 1

Pr1= Precipitation, Pr2= production, D= density, DI= day of lactation, Ci= calving interval, Y= years, Dn=
delivery number, F= fat, Pr3= protein, Ts= total solids, C= casein, SCC= somatic cell count.

The results of the analysis of the principal components can be seen in Tables 5 and 6. For the
three districts, four components were analyzed, representing 79.97, 77.04, and 75.53 % of the
variability explained, for the Guachucal, Pasto and Pupiales respectively. As in the correlation
analysis, the results show that production, fat, protein, casein and total solids are highly related
and represent the first axis (compositional). Both age and number of parturition constitute the
second axis, while the third axis is formed by the variables day of lactation and calving interval.
The relationship found for these last two axes, however, may be a consequence of time.

Table 5: Results of the variance observed in the axes used

Initial Extraction

nitia Guachucal Pasto Pupiales
Precipitation 1.000 0.856 0.881 0.856
Production 1.000 0.953 0.946 0.935
Density 1.000 0.361 0.313 0.473
Day lactation 1.000 0.772 0.704 0.741
Calving interval 1.000 0.810 0.738 0.820
Year 1.000 0.928 0.935 0.901
Delivery number 1.000 0.910 0.937 0.868
Fat 1.000 0.853 0.823 0.785
Protein 1.000 0.965 0.959 0.939
Total solid 1.000 0.991 0.980 0.930
Casein 1.000 0.969 0.894 0.624
SCC 1.000 0.223 0.133 0.172
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Table 6: Variability of the components

Rotated Component Matrices

Guachucal Pasto Pupiales
1 2 3 4 1 2 3 4 1 2 3 4

Precipitation
Production
Density

Day lactation
Calving interval
Year

Delivery number
Fat

Protein

Total solid
Casein

ScC

-032 086 062 918 |.029 -043 052 .93 | -026 0086 -091 .916
956 054 -188 .008 | .956 .026 -180 .003 | 0951 -036 -168 .019
138  -368 398 219 | .096 -214 399 -316 [ 0172 -311 397  .435
-323 090 .806 -095 |-327 .087 767 .041 [-263 0091 812  -070
-168 084 879  -043 |-126 098 833 139 | -136 0123 .887  .007
050 954 122 -010 | -.007 .958 .133  -006 [ 0.026 0939 .116  -.063
128 945 025 .009 |.06 966 .019 .032 | 0114 0924 -021  -.042
917 034  -102 -004 | .893  -007 -162 023 | 0.862 -002 -167 .121
980 026 -064 .006 | .975 -028 -080 -008 | 0964 -064 -056 .032
985 021 -141 013 | .975 -020 -169 .002 | 0938 -087 -158  .132
981 031 -075 -002 |.943 -014 -064 -011 | 0745 0106 012  -238
-184 089  .036 -345 | -152 196 .062 -226 | -071 0012 0046 .248

The fourth axis is represented by precipitation. It should be noted that the somatic cell count is
not well represented in some of the four components evaluated, however, it is observed that
there is a contribution to the components one and four in the three districts, indicating some
degree of relationship between these components.

The results of the mixed model analysis can be seen in Table 7. The variables fat and total solids
were not affected by season and SCC (P>0.05). In the case of production, protein and casein,
the results showed that cell count do have significant influence (P<0.05).

Table 7: Mixed model coefficients

Parameter S5 oC ("ande) P-value

<200 201-500 501-999 >1000 Ss SCC Ss*SCC
Production (1) 138? 133: 1232 ijgi’ 0.755  0.048  0.444
L gmm oes  oms  oe O 0123 038
Protein (])- 8231 82;; 8222 8:3; 0.757 0.011  0.827
s 0 2205 22 28T 2B o
R rrr

Ss=season (1: dry, 0: rainy); SCC= somatic cell count; Ss*SCC= interaction effect.
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Discussion

The interpretation of the results was made considering current Colombian regulations, which
revolves around Decree 61612 and Resolution 000017®, responsible for guaranteeing the
safety of human milk consumption and the compositional and sanitary quality of milk. Based
on the information provided by the statistical analysis, it can be established that the
compositional quality is closely related to milk production. It was also observed that the SCC
does not affect the compositional quality of the same, and that there is no evidence to support
this premise.

In this regard, various authors found values of 24.28 kg of milk, which is higher than that found
in the three districts®®. Manterola®® reported an average production of 20 kg/d/cow of milk,
and points out that age is a minor factor if the replacement rate is normal, though it does have
a greater effect on the volume of production and thereby on the content of total solids. This was
proven through the high correlation between production and the compositional parameters of
the milk. Various authors also mention that the milk production of a cow is the result of the
relationship of the environment and the inheritance®®). Precipitation, however, did not show
significant relationships with these variables, as is observed in the diagram of the two
components of PCA, the precipitation is very close to the cutoff point of the two coordinate
axes.

The Ministry of Social Protection, through decree 616, has established that the density of raw
milk at 15 °C ranges between 1.030 and 1.033 g/cm®. In this sense, the milk density of the
samples evaluated fall within the regulatory framework. Other authors found an average value
of 1.032 g/cm? in the milk samples evaluated, and concluded that milk from healthy animals
compared to that of animals with subclinical mastitis do not show variation in the density
value®. In animals with mastitis, however, the reflected density is affected by values lower
than 1.029 g/ml.

A study indicates that the composition of milk determines nutritional and industrial quality,
which directly affects the profitability and competitiveness of milk production systems®.
Composition depends on the availability of blood precursors that reach the mammary gland,
which can be manipulated through nutrition to vary milk components, though this factor was
not evaluated in the present investigation.

It was found that the raw milk received from the three districts complies with the parameters
established by Decree 616 of 2006 regarding fat. The average value of the districts surpasses
that reported by other authors with an average of 0.577 kg fat, implying an optimal value of
milk fat for Holstein dairy*”). On the other hand, Gallego-Castro et al®® reported values of 0.84
kg of milk protein for Holstein and Manterola®® reported 0.90 kg of milk per cow per day. A
study’s suggest that variations in the production of milk fat within a group of cows fed in similar
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conditions, depends on the individual metabolic capacity of each animal®®. It should, however,
be taken into account that the values observed in the districts of Pasto and Pupiales demonstrate
higher levels of fat per day cow compared to the district of Guachucal. These differences may
be the result of the handling of the herds in the area, though the present study cannot corroborate
this hypothesis, as management variables could not be included in the analysis. On the other
hand, biochemical adaptations of lipid metabolism depended directly on the stage of lactation
of the cows. High values in milk fat during early lactation (5.49 %) suggest a lipid mobilization
from body fat deposits, a factor that is not observed in the present investigation.

Protein values comply with the parameters established by Decree 616 of 2006. Other authors
report lower protein content per day cow, with an average value of 0.451 kg of protein®?. In
this regard, other articles found values of 0.67 and 0.7 kg of protein®4, values close to those
found in the present investigation. Various authors state that the protein concentration of milk
does not present outstanding changes with nutritional manipulation®®. However, the effect of
soybean meal on nitrogen use and protein production in Holstein cows has been evaluated,
reaching conclusions that milk and protein yield do not show an increase with a
supplementation level of soybean meal higher than 16.5 %.

As an alternative to nutritional manipulation, the effect of genetic variants and haplotypes on
the protein composition of milk has been studied. In a study conducted with 1,912 Holstein
cows, the authors indicated that the genotypes B-CN and k-CN haplotype A?B, were associated
with protein yield and protein/ L of milk concentration respectively®®. The authors mentioned
that selection of these genotypes and haplotypes would result in cows that produce milk better
suited for cheese production. In a separate investigation, the author suggested that knowledge
of genetic variability could be useful when altering the composition of milk protein, since the
estimation of the genetic parameters of the six main milk proteins determined by capillary
electrophoresis in zone are highly related®V. According to Garcia et al®®, this information
suggests the possibility of modifying the protein composition of cow's milk through selective
breeding, which in turn offers the opportunity to satisfy the new consumer demands.

Casein results reported an average value of 0.454 kg, which in contrast to that found by other
authors with values of 2.4 %, presents a desirable and superior casein value of within milk
production®®. Recent research claims that casein constitutes about 78 % of milk proteins, and
precipitate when the milk is acidified to a pH of 4.6%. They also state that casein is mainly
linked to calcium phosphate Caz(POa4)2 in a solid and spongy structure called casein micelle, an
important component for cheese making. The treatment of milk with the chymosin enzyme of
the rennet of suckling calves produces the destabilization of micelle, as the k-casein (k-CN)
loses its hydrophilic region by proteolysis in the caseinomacropeptide segment, facilitating the
addition of the para-k-CN fragment®®. As this protein component is fundamentally
hydrophobic, the casein content directly influences the coagulation time of all cheeses, and
therefore quality and yield®®.
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For total solids, it was found that the raw milk received from the three districts meets the
parameters established by Decree 616 of 2006, indicating excellent milk quality®*?. Similarly,
other authors reported values of 1.351 kg of total solids, a value that is lower than that found in
this study®>),

A national somatic cell standard was not adopted, as it does not exist in Colombian legislation.
For Decree 616 of 2006 and Resolution 00017 of 2012 of the MADR, the SCC benefits are
voluntary and discretionary for the companies that wish to improve this aspect of the quality of
the milk. Even so, companies like Colanta report that values below 400,000 SCC/ mL and up
to 200,000 SCC/mL are rewarded with $USD 0.007 per liter. Additionally, if the values are
below 200,000 SCC/mL the incentive increases to $0.01. If they are above 1,000,000 SCC/ mL,
the milk is not received, and a deduction is made®.

Currently, one quarter of the mammary gland is considered healthy; that which does not show
any external pathological changes, when the milk is free of pathogenic microorganisms, and
has a somatic cell level of <100,000 CFU/mL®®, The results of the mixed model indicate that
counts higher than 500,000 CFU/mL affect the compositional quality of milk, decreasing
production as well as protein and casein contents the milk. In this regard, other studies found
similar results in Canadian Holstein cows, demonstrating that subclinical mastitis affects the
compositional quality of milk@",

Conclusions and implications

Somatic cell count affects protein, casein, and production variables in the specialized milk
systems of Guachucal, Pasto and Pupiales.
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