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The objective of this research was to analyze the correlation between climatic and milk composition 
variables. Thus, meteorological data and data on milk quality and composition (fat, protein, lactose, 
total solids content and defatted dry extract (DDE)) were used, as well as somatic cell count (SCC). The 
analysis was performed using the Pearson correlation test. After the study, it was verified that the 
temperature variations had a significant correlation with the fat, protein and total solids contents, as 
well as the temperature-humidity index (THI) also had correlation with lactose. In the analysis between 
the components, the correlations were between fat and protein, fat and total solids content, protein and 
total solids content, and lactose and fat. Moreover, SCC correlation with DDE and lactose were 
considered. The thermal comfort of dairy females has a direct influence on the quantity and quality of 
the final dairy product. 
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INTRODUCTION 
 
The dairy cattle are more sensitive and lacking more 
specific care to maintain good productivity due to the 
climatic variations that occur in the tropical climate. Thus, 
according to Rossarolla (2007), the management of dairy 
cattle to pasture leads the animals more vulnerable to 
higher temperatures, as in the case of countries with a 
warm climate. With the need to offer artificial shadows to 
the animals, aiming at improving thermal comfort and 
reducing losses in milk production by stress. High 
temperatures, prolonged days length and few shadows to 

the animals, decreases dairy cow productivity (Fagan et 
al., 2010). 

Mastitis is an inflammation of the mammary gland. 
The inflammatory response are to destroy or neutralize 
the injurious agent and allow healing and return to 
normal function. The inflammation is the influx of white 
blood cells or leukocytes which results in an increase in 
the somatic cell count (SCC) of milk; although, the SCC 
is a usual measure of mammary gland health and milk 
quality (Harmon, 1995). 
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The quantitative distribution of milk components 
informs about their quality (Noro et al., 2006). The 
consumer market raises its requirement for products with 
superior quality. Dangers of degradation of milk with 
eradication of contamination by undesirable bacteria and 
also by unusual solids should be reduced (Vallin et al., 
2009). 

When the animal stress increases, its welfare 
decreases, and hence, it is possible to conclude that the 
production efficiency of the cows is linked to the quality of 
the dairy cow environment (Rossarolla, 2007). One of the 
ways to evaluate the thermal comfort of milk cows is by 
temperature-humidity index (THI) to indicate the level of 
thermal comfort, to evaluate the welfare of several 
animals, as in this study for dairy cattle (Perissinotto and 
Moura, 2007).  

Therefore, the objective of this study was to evaluate 
the determinant effect of climatic indexes on milk 
production in dairy farms located in the city of Morrinhos, 
southern region of the state of Goiás. 
 
 

MATERIALS AND METHODS 
 
Data on milk production and quality were obtained from the 
Company Mixed Cooperative Milk Producers of Morrinhos 
(COMPLEM), through a logistic information control system. 
Information from 94 dairy farms in the city of Morrinhos, state of 
Goiás, Brazil, was used for the period from March 2015 to August 
2018, reaching a total of 3,948 observations. The climatic and 
meteorological data used in the development of the study were 
collected from the Meteorological Station installed at the Institute 
Federal Goiano - Campus Morrinhos (located at the geographic 
coordinates: Latitude 17º 48' 50.4" S; longitude 49º 12' 16.5'' W; 
altitude 902 m). 

In this study, total milk production, milk quality, fat, protein, 
lactose, defatted dry extract (DDE), total solids content and somatic 
cell count (SCC) were analyzed, after collected data. 

Regarding the climatological factors, data of average 
temperature, maximum and minimum, relative humidity and 
temperature-humidity index (THI) were analyzed. In order to 
determine the THI, the following model was used: THI = T = 0.55 
(1-UR) (T-58), where T = ambient temperature in °F and UR = 
relative humidity in decimal number (Roma Júnior et al., 2009). 

The information collected was arranged in a single spreadsheet, 
organized in order of properties and the respective months of the 
year, in order to analyze the correlations between milk production, 
milk composition and climatic measures by means of statistical 
analysis. The equation for Pearson's correlation is described below 
in Equation 1. 

 

                                                      (1) 

 
Pearson's correlation using the statistical program SAS, (2001) 
(SAS® University Edition). 
 
 

RESULTS AND DISCUSSION 
 

Milk composition 
 

For milk production, there was  no  significant  correlation  

 
 
 
 
with any environmental variables or milk composition. 
However, according to Bertoncelli et al. (2013), milk 
production is clearly associated with the duration of 
thermal comfort in which the dairy cow is exposed, that 
is, the lower the thermal stress, the greater its milk 
production. 

For the evaluated components, protein had the highest 
correlation with the maximum and minimum temperature 
indices, with r = -0.18027 and r = -0.17489, respectively, 
as shown in Table 1. Nakamura et al. (2012), for protein 
analysis, had similar results, it was also negative 
correlation, r = - 0.250, for maximum temperature and r = 
-0.218, for minimum temperature. When the cow is 
subjected to high temperature stress, a change in its feed 
intake and digestion occurs. It results in alteration of the 
microorganism population with variation in the 
percentage of volatile fatty acids in the rumen produced 
results in a reduction in the amount of propionic acid, with 
a decrease in milk protein levels (Van Soest, 1994). In 
conditions of thermal discomfort, the animal naturally 
exhibits physiological and behavioral changes, and 
consequently, its productivity decrease. Thus, dairy cows 
have a reduction in feed intake and grazing, with grazing 
preference at night, as well as search for water and 
shade sites, increased water consumption and 
respiratory rate (Rossarolla, 2007).  

For protein, the study also showed a negative 
correlation with the mean temperature (r = -0.17694). 
According to Vargas et al. (2014), there is a positive 
correlation for mean temperature with somatic cell count 
at a value of r = 0.34, this correlation is considered as 
mean. 

These results with the heat-stressed animals tend to 
increase the SCC, had as a consequence, the reduction 
of the protein content of the milk produced. According to 
Pereira et al. (1999), the modification in the proportion of 
protein and in other constituents of milk is by the 
decrease in the efficiency of synthesizing the secretor 
cells. Fat, however, is the most inconstant constituent 
that is incorporated in milk; depends on factors such as 
genetics, feed management and environment (Fagan et 
al., 2010). The Jersey breed has its genetic selection to 
produce milk with the highest percentage of fat (Botaro et 
al., 2011). According to Reis et al. (2012), the Holstein 
breed is more productive, and their milk contained lower 
concentration of lipids and proteins when compared to 
the Girolando breed and cows crossbreed. The fat 
content values were also negative and significant, 
however, the correlation results for this variable are 
classified as low, -0.12228 for fat correlation with 
maximum temperature and –0.12454 for correlation with 
minimum temperature. Nakamura et al. (2012), with 
negative correlation values with mean intensity (r = - 
0.586 and r = - 0.619), in this order. Thus, Noro et al. 
(2006), pointed out the proportion of fat is higher during 
the winter season, when compared to the summer days, 
due to the change in feed intake of roughage tropical and  
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Table 1. Pearson's linear correlation between maximum and minimum temperatures and milk components. 
 

Component of milk Temperature maximum (°C) Temperature minimum (°C) P value 

Fat (r) - 0.12228 - 0.12454 0.0001 

Protein (r) - 0.18027 - 0.17489 0.0001 

Total solids content (r) - 0.13160 - 0.13113 0.0001 
 

r: Correlation value; correlations were significant (p <0.05). 
 
 
 

Table 2. Pearson's linear correlation between temperature-humidity index (THI) and milk components. 
 

Component of milk Temperature-humidity index (THI) P value 

Protein (r) - 0.10513 0.0001 

Fat (r) - 0.13471 0.0001 

Lactose (r) 0.15004 0.0001 

Total solids content (r) - 0.11576 0.0001 
 

r: Correlation value; correlations were significant (p <0.05). 
 
 
 

temperate by dairy cows. Dairy cows exposed to heat 
stress have reduced ruminal contractions, and for this 
reason, they are more predisposed to acidosis. This 
reduction in contractions reflects unfavorably on the 
production of saliva, causing a reduction in the pH of the 
rumen. This type of alteration can also be associated with 
a decrease in the proportion of volatile fat acids (VFAs), 
within the rumen in stress condition (Valente et al., 2017). 
Mota et al. (2010) observed that cows with a lower 
proportion of acetate in rumen affected fat production in 
milk. 

Nakamura et al. (2012), in their study revealed a 
negative correlation between the maximum temperature 
and the fat level. The correlation values for total solids 
and for fat were negative and low, with both maximum 
and minimum temperature, expressing r = -0.13160 and r 
= -0.13113, respectively. The proportion of total solids is 
reduced in the summer when compared to other 
seasonal seasons, and is based on the decrease in the 
dry matter intake that occurs due to the climate with high 
temperatures. The result is the correlation between total 
solids and temperature indices (Fagan et al., 2010). 
 
 
Relationship between environmental effects and 
somatic cell counts 
 
The somatic cell count represents the presence of 
defense cells in the mammary gland. Thus, SCC of dairy 
cattle indicates the level of udder inflammation (Machado 
et al., 2000). Directly related to the appearance of 
mastitis, the percentage of somatic cells is used as a 
primordial instrument in the determination of subclinical 
mastitis (Araújo et al., 2012) when there is an increase in 
air humidity, which may contribute to higher rates of SCC 
and diseases of the mammary gland (Nakamura et al., 
2012). Thus, dairy  cows  exposed  to  high  temperatures 

exhibit reduced ability to protect against invasions of 
deleterious microorganisms (Porcionato et al., 2009). 
This is because it is possible to associate climatic 
variables with the somatic cell count. 
 
 
Temperature-humidity index (THI) 
 
The variables that affect the dispersion of body heating 
are air humidity and temperature. In order to better 
understand the influence of environmental variables on 
the welfare of dairy cows in lactation, THI was 
established, an instrument to measure the thermal 
disturbance, which associates the effects of the two 
measures mentioned above. The higher the value, the 
greater the animal discomfort. The THI is considered 
high, when it exceeds 68 points (Prado, 2018). 

For the protein level, it had a negative correlation, but 
low intensity with THI, as shown in Table 2, against the 
result by Silva and Antunes (2018), which had no 
correlation between these two variables. However, this 
decrease in protein levels due to thermal stress is also 
associated with decreased feed intake, which will lead to 
a decrease in the production of microbial protein (Valente 
et al., 2016). 

Regarding milk fat, there was a negative correlation 
with THI, as identified by Silva and Antunes (2018), which 
may be justified because, under warm conditions, there is 
a spontaneous decline in pasture and silage intake, 
leading to a reduction in fat levels in milk. Animals 
submitted to high THI values are 85% more likely to 
decrease grass grazing (Rodrigues et al., 2010; Prado, 
2018). 

Only for lactose had positive correlation, and in 
agreement with Silva and Antunes (2018), in a similar 
study also had a positive correlation between lactose and 
THI.  Therefore,   as  the  THI  increases,  the  higher  the  
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Table 3. Pearson's linear correlation between milk components. 
 

Components of milk Correlation value P value 

Fat x protein 0.23576 0.0001 

Fat x total solids content 0.91426 0.0001 

Protein x total solids content 0.52707 0.0001 

Lactose x fat - 0.25930 0.0001 
 

Correlations were significant (p <0.05). 

 
 
 

Table 4. Linear Pearson correlation between milk components and somatic cell count. 
 

Components of milk Correlation value P value 

DDE x SCC - 0.30148 0.0001 

Lactose x SCC - 0.45169 0.0001 
 

Correlations were significant (p <0.05). 

 
 
 
percentage of lactose. The environmental factors reflect 
unfavorably on lactose and fat, noting that the elevation 
of the climate variables and the welfare indicators, 
causes the reduction of lactose and fat levels in milk. 

The correlation between total solids and THI was 
negative and low, similar results found with Silva and 
Antunes (2018), obtained a negative correlation for these 
variables. The levels of total dry extract are higher in the 
winter season, and decrease in summer (Henrichs et al., 
2014) confirm that the influence of temperature and 
humidity on these results for these compounds. A 
positive correlation between fat and milk protein (r = 
0.23576, considered weak) in Table 3 contrary to 
Henrichs et al. (2014), which had a negative correlation 
between these variables. 

The correlation between fat and milk protein was 
similar between the seasons and months of the year, 
where fat and protein appear as great indicators of milk 
quality, the most favorable results of measurement of 
these two items were obtained in the period of the lowest 
rainfall index and with minimum temperatures, confirming 
the direct influence of the environment and animal 
welfare on the proportion of these components in the milk 
(Roma Júnior et al., 2009). The reduced percentage of 
milk fat is a consequence of the dilution effect due to 
increased milk production (Fagan et al., 2010; Prado, 
2018). 

Already, the correlation between fat and total solids 
content was high, almost reaching 1, as was exposed by 
Henrichs et al. (2014). Zanela et al. (2006) confirms that 
total solids content levels increase as the fat percentage 
increases. This relation is related to the producing breed, 
for the milk produced by Jersey cows, greater percentage 
of fat and, consequently, greater proportion of total solids 
content. 

The protein content is considerably relevant to 
determine the milk yields in the  dairy  industry  (Henrichs 

et al., 2014). Casein appears  to  be  the  most  important 
protein in dairy products. In this study, there was a 
positive correlation between total solids and milk protein 
in Table 4, a result similar to Henrichs et al. (2014). Reis 
et al. (2012) presented a value of r = 0.58, very similar to 
the value in this study. Protein and total solids have 
similar results when compared to the seasons, with the 
highest percentage in autumn and winter, decreasing 
during the spring and summer periods in the tropical 
climate (Henrichs et al., 2014). The correlation between 
lactose and fat in the milk was negative among the 
components (r = - 0, 25930). As for lactose, it is the sugar 
present in milk, and it is also the constituent with lower 
rate of change, unlike fat, which has a greater instability 
characteristic (Van Soest, 1994). This confirms the 
negative correlation result observed in the present study. 

Mastitis lead to changes in the constitution of milk 
produced by the dairy cow (Pereira et al.,1999). The 
highest somatic cell count measurements occur in 
summer (Bueno et al., 2005). For the DDE analysis, it 
had a negative correlation with the SCC, with a 
considered average value. Montanhini et al. (2013), in 
their study had found a negative correlation value equal 
to -0.227. On the other hand, the result of Rangel et al. 
(2009), in his analysis was a positive correlation between 
SCC and DDE, for a situation of mechanically milked 
cows of the Holstein breed, and DDE, which does not 
involve the fat content of milk. The increase in SCC leads 
to increased fat levels (Lacerda et al., 2010; Montanhini 
et al., 2013). This is due to the fact that inflammation in 
the udder caused a decrease in the total volume of milk 
produced by the cow and accumulation of fat (Machado 
et al., 2000). 

The correlation between lactose and SCC, as well as 
total solids, was negative for both considered of medium 
degree. In agreement with what was exposed by Bueno 
et  al. (2005),  which  also   had   a   negative   correlation  



 
 
 
 
between SCC and lactose, and it is possible to conclude 
that lactose is the constituent with the  highest  decrease, 
and the SCC increases. Reis et al. (2012) also had found 
negative mean correlation for lactose and somatic cell 
counts. Botaro et al. (2011) stated that cows with mastitis 
have a decrease in lactose levels, as a result of the fall in 
the synthesis of this constituent under these animal 
health conditions. 
 
 
Conclusion 
 
Thermal comfort directly influences the quality and 
quantity of milk produced by dairy cows under conditions 
of thermal stress, milk production decreased, milk 
composition changed. Indirectly, the thermal comfort 
exerts influence in the health and the capacity of defense 
of these animals against pathogens. 
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