
Article Not peer-reviewed version

Main Microclimatic Indicators in a

Milking Parlor for Dairy Cows

Dimo Dimov , Toncho Penev * , Ivaylo Bogdanov Marinov

Posted Date: 27 September 2024

doi: 10.20944/preprints202409.2201.v1

Keywords: dairy cows; milking parlor; temperature humidity; THI

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3156827
https://sciprofiles.com/profile/3098680
https://sciprofiles.com/profile/3419220


 

Article 

Main Microclimatic Indicators in a Milking Parlor for 
Dairy Cows 
Dimo Dimov 1, Toncho Penev 1,* and Ivaylo Marinov 2 

1 Department of Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, 
Bulgaria 

2 Department of Animal husbandry – Ruminant animals and animal products technologies, Faculty of 
Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria 

* Correspondence: toncho.penev@trakia-uni.bg 

Abstract: The study was conducted in the milking parlor of a cattle farm with a capacity of 400 cows of the 
Holstein-Friesian breed. The milking installation was a double 8 "Herringbone" type without windows, and 
the roof was constructed of glass. The reporting of temperature, air humidity and temperature-humidity index 
(THI) was performed three times during each milking (at the start, in the middle and at the end of milking) 
with measurements repeated during the morning, noon and evening milking. The highest mean and maximum 
daytime air temperature values were recorded in summer and spring. Although the average values for the 
spring season were lower than those for summer (by about 4 ⁰ C), the maximum values reached were equally 
high – 31.4 ⁰ C. In terms of relative air humidity, the highest mean values were reported for the winter season 
– 82.39%. For the other seasons, the relative humidity values were on average high and close in value - from 
62.51 to 67.46%. In THI, the highest average daily and maximum values were reported in the summer months 
- 73.41 and 80, respectively. 
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1. Introduction 

In recent decades, there has been a continuation of the long-term trend of global warming, and 
changes resulting from this warming have already become evident in different regions of the planet 
[1], and these climate changes are expected to worsen with time [2,3]. Particularly for Europe, the 
projections are for increasing temperatures in all seasons [4]. These seasonal changes in weather 
conditions will affect many economic sectors and especially agriculture [5].  

The increase in ambient temperature and relative humidity reduces the ability of cows to cool 
themselves. Worsening climate change increases the existing risk of heat stress (HS) in cattle [6,7]. HS 
can be defined as the sum of external forces acting on the animal that cause an increase in body 
temperature and trigger a physiological response [8]. The occurrence of HS can be a phenomenon of 
one or several days, but it can also be a phenomenon that extends over a certain period. It is a joint 
result of multiple factors, of which ambient temperature and relative humidity are the two most 
important [9,10]. 

For the study of HS in animal husbandry, the temperature-humidity index (THI) is a commonly 
used bioclimatic index [11]. The THI is expressed as a single value representing the combined effect 
of air temperature and humidity, which index is commonly used to assess the degree of thermal 
discomfort in dairy cows [6]. 

The purpose of the conducted research was to determine the values of temperature, humidity 
and THI in a milking parlor during the different milkings of the day and by seasons, and to determine 
whether the conditions in a milking parlor correspond to the physiological requirements of dairy 
cows. 
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2. Materials and Methods 

The study was carried out in the milking parlor of a dairy cattle farm for 400 cows of the 
Holstein-Friesian breed. The milking installation was a double 8 "Herringbone" type without 
windows, and the roof was built of glass. The installation is in operation for 12 years. This type of 
parlor is widespread in Bulgaria, as it does not require a large space and is relatively easy to modify. 

The duration of one milking was within 2.5 hours, and the milking was done three times a day. 
The reporting of temperature, air humidity and THI was three times during each milking (at the 

start, in the middle and at the end of milking) as the measurements were repeated during the 
morning, noon and evening milking. The reporting was carried out every month for a calendar year. 
The indicators were measured at the animal level. The same indicators were recorded in the area of 
the farm at a distance of 10 m outside the buildings subject to the study. The temperature and 
humidity levels in the milking parlor were measured using a Lutron MCH-383SDB (Figure 1). 

 

Figure 1. Lutron MCH-383SDВ. 

The THI was reported directly with the Kestrel weather station (Figure 2). 

 
Figure 2. Weather station Kestrel. 
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The MS Excel package was used for basic statistical processing of the data, and the 
corresponding STATISTICA modules of StatSoft (Copyright 1990-1995 Microsoft Corp.) were used 
to obtain means, errors, and analysis of variance. 

3. Results and Discussion 

The studied farm falls into a climatic area characterized by a transitional continental climate. The 
average January temperature is from -1.5 to + 1 °C, the average July temperature is from 22 to 24 °C, 
and the maximum summer temperatures reach 40 °C [12]. In recent years, an increase in average 
temperatures has been observed, especially for the summer period. Such data indicated for the region 
of Southern Bulgaria and Dimov et al. [13]. Therefore, this farm was chosen because the summer 
temperatures were supposed to be a problem for dairy cows. 

Table 1 shows the average daily values and the maximum deviations of the three studied 
indicators of the microclimate in the milking parlor by season: temperature, relative humidity and 
THI. The highest average and maximum daytime air temperature values were recorded in summer 
and spring. Although the average values for the spring season were lower than those for summer (by 
about 4 0C), the maximum values reached are equally high – 31.4 0C. For the winter and autumn 
seasons, the average daily temperatures, as well as the maximum ones, were moderate - from 11 to 
14 0С. In general, dairy farming and in particular cattle farming is the most affected by climate 
warming [14], since most high-yielding breeds originate from cold regions of the planet [15]. Dairy 
cows have the ability to adapt to a wide range of climatic conditions. However, they show the highest 
productivity under precisely defined conditions [16]. According to Perissinotto et al. [17] the 
thermoneutral zone (zone of thermal comfort) is in the range from 4 to 26 °C, precisely in this 
temperature zone, according to the authors, cows are expected to realize their highest production. In 
our study, there was a slight increase in the average temperature values for the summer season, 
consistent with the given recommendation, but there were considerably higher values at maximum 
temperatures - above 30 0C, this was a prerequisite for HS in dairy cows. 

Table 1. Average daily and maximum values of air temperature, relative humidity and THI by 
seasons in the milking parlor. 

Season  Number of 

observations 

(n) 

Temperature, 0С Humidity, % THI 

X ± Se Max X ± Se Max X ± Se Max 

Summer  27 25.30±0.43 31.4 62.60±1.29 78.0 73.41±0.55 80.0 

Autumn  18 11.37±0.53 14.4 67.46±2.97 85.5 53.19±0.88 57.92 

Winter  9 12.90±0.29 13.9 82.39±2.32 89.8 55.53±0.42 57.09 

Spring  21 21.90±0.95 31.4 62.51±1.90 87.8 68.49±1.29 78.06 

According to the Bulgarian legislation Ordinance No. 44 [18], the optimal temperature in the 
living area of cows should be within 10 to 15 0C, with the minimum permissible value being 5 0C and 
the maximum 28 0C. In connection with the values specified in the Ordinance, the recorded average 
temperatures in milking parlor considerably exceed the optimal specified values, but the maximum 
specified was not reached. 

In terms of relative air humidity, the highest average daily values were reported for the winter 
season – 82.39%. For the other seasons, the relative humidity values were on average high and close 
in value - from 62.51 to 67.46%. For this indicator, quite high maximum deviations were reported for 
the three seasons – autumn, winter and spring, from 85.5% for the autumn to 89.8% in the winter 
months, respectively. According to Ozhan et al. [19] the optimal relative humidity in livestock 
housing is between 60 and 70 %. Referred to the obtained data, for this recommendation it was 
evident that there was no problem with the average values except for the winter season. In the 
majority of cow and heifer premise, relative humidity limits are exceeded [20]. According to the 
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regulations in force in our country [18], the optimal humidity in premises for cows is within 70-75%, 
the minimum permissible is 50%, and the maximum is 85% (there are no specifics for milking parlors). 
Related to this recommendation, the data we received showed that during the winter months the 
average relative humidity values were dangerously close to the maximum allowable values 
according to the regulation. 

Adequate air velocity (ventilation) contributes to lowering humidity, harmful gases, 
temperature and air contamination with microorganisms [21]. Seasonal differences and 
environmental effects (temperature and humidity) directly affect the comfort of dairy cows [22]. 
Aggarwal and Upadhyay [23] found that in high-yielding cows under heat stress, the decline in milk 
production was 26.6% and in lower-yielding cows the decline was 15.2%. 

In THI, the highest average daily and maximum values were reported in the summer months - 
73.41 and 80, respectively. These values showed that during the summer the animals as well as the 
people in the milking parlor were exposed to conditions of mild to moderate temperature stress. 
Some risk conditions were also reported in the spring, the average daily values of THI were 68.49, 
but the maximum were above 72 (78.06). According to recent studies [24], similar conditions for mild 
thermal discomfort were also reported in spring - THI above 69. The same authors also give the 
following classification, corresponding values of THI <68 (no risk), 68 ≤ THI <72 (mild discomfort), 
72 ≤ THI <75 (discomfort), 75 ≤ THI <79 (danger signal), 79 ≤ THI <84 (danger), and THI ≥84 
(emergency). In our study, the average values of the index reached the classes from "mild discomfort" 
to "discomfort". At the maximum reported values of the index, the zone classified as "danger" was 
reached. 

Microclimatic indicators were reported in detail according to the sequence of milking for the day 
(morning, noon and evening), as well as the changes during each milking (start, middle and end of 
milking). Based on these observations, an analysis of variance was made for the effect of the 
controlled factors on the three microclimatic indicators in the milking parlor (Table 2). Season was 
found to have a statistically significant (P<0.001) effect on the three indicators in the milking parlor. 
Milking sequence had a significant effect on air temperature (P<0.01) and THI values (P<0.05). Due 
to the relatively short time (about 2 hours) of milking, although there was some change in the values 
of the three indicators, the differences in their values at the beginning, middle and end of the 
respective milking were not unidirectional and statistically significant. 

Table 2. Analysis of variance for influence of controlled factors on temperature, humidity and THI. 

Source of 

variation 

Degrees 

of 

freedom 

(n – 1) 

Temperature, 0С Humidity, % THI 

MS F   P MS F   P MS F   P 

Total for 

model 

7 403.79 31.27*** 536.85 5.68*** 827.92 32.68*** 

Season 3 887.90 68.78*** 1047.4 11.08*** 1854.5 73.21*** 

Milking 

sequence 

2 71.21 5.52** 246.3 2.60 - 99.2 3.91* 

Reporting 

during milking 

2 0.49 0.04 - 54.5 0.58 - 0.7 0.03- 

Error 79 12.91  94.6  25.3  
Significans: * Р < 0,05; ** Р < 0,01; *** Р < 0,001. 

In order to make a comparison between the two temperatures, the first recorded temperature of 
each milking, which has not yet been compromised by the animals themselves and processes taking 
place in the milking parlor, was taken as the internal temperature. 
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In order to make a comparison between the two temperatures, the first recorded temperature of 
each milking, which has not yet been compromised by the animals themselves and processes taking 
place in the milking parlor, was taken as the internal temperature. The aim was to establish what 
insulating qualities the milking parlor has, so that it provides better microclimatic conditions 
regardless of the external climatic conditions in the farm area. It is clear from the data that when 
comparing the reported temperatures outside and inside, no significant differences were found. This 
showed that the milking parlor had almost no insulating qualities and was unable to provide a 
comfortable microclimate for work. The reported differences were about 2 degrees, and in the 
summer months it was lower inside the milking parlor, and in the rest it was higher than outside. 
The reported differences between outdoor and indoor temperatures were not statistically significant. 

On Figure 3 the LS mean values for air temperature in the milking parlor by season and milking 
sequence are presented. Normally, the lowest temperature values in a milking parlor were reported 
during the morning milking, the peak temperature was reported during the noon milking, with the 
exception of the autumn season, when the lowest value was during the evening milking. During the 
summer season, there is a prerequisite for HS in dairy cows, therefore it is necessary to take measures 
to limit its occurrence. In recent decades, the number of days with extremely high temperatures has 
increased, and according to the latest meteorological studies, this trend will continue. Therefore, it is 
necessary in the design of livestock buildings and technological systems to provide an optimal 
environment for the animals, which will reduce the negative effect of climatic extremes [25]. 

 

Figure 3. LS mean values for air temperature in the milking parlor by season and milking sequence. 

In Figure 4 presents LS mean values of the relative air humidity in the milking parlor by season 
and milking sequence 
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Figure 4. LS mean values of the relative air humidity in the milking parlor by season and milking 
sequence. 

Normally, the highest values of relative humidity were reported for the winter season at noon 
milking. In other seasons, higher humidity was reported during the evening milking. This was 
primarily related to washing the milking parlor after the previous two milkings. According to Huber 
[26], high values of relative temperature lead to a considerable deterioration in the comfort of dairy 
cows. High air humidity and high intensity of solar radiation, according to the author, intensify the 
negative effects of high ambient temperature. 

Figure 5 presents LS mean values of THI in a milking parlor by seasons and reporting during 
milking.  
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Figure 5. LS mean THI values in the milking parlor by seasons (A, B, C, D). 

The highest THI values were registered for summer season during noon and evening milking 
and for spring season during noon milking. According to the authors' recommendation [24], the 
animals were under conditions of mild to moderate HS at that time. This was because then the highest 
temperature values were also reported. The lowest values of the index were reported during the 
morning milking, except for the autumn season. During the summer season, the index reached 
threatening values, which indicated that the animals were under temperature stress. Upadhyay et al. 
[27] concluded that high THI values have a negative impact on milk productivity of cows. According 
to Moallem et al. [28], the main negative effect of high THI values is a decrease in the rumination 
period, which leads to a decrease in dry matter intake and a subsequent decrease in milk yield. 
Predicting HS and adequately and timely responding to this problem can significantly reduce its 
negative effects. In this regard, the THI is an excellent assistant to farmers in the field of dairy cattle 
breeding [29]. 

4. Conclusion 

The reported values of the air temperature inside a milking parlor were significantly higher than 
the allowable ones regulated by the regulation in force in our country concerning the temperature in 
livestock premises for cows. The average values of the relative air humidity in the milking parlor, 
especially during the winter season, exceed the maximum permissible values regulated by the current 
regulations for this indicator. The THI values in the summer season were a precondition for the 
appearance of HS in dairy cows. 

Regulations for THI values are missing in the current regulatory documents in our country. 
There is also a lack of specifics for the livestock premises, it is necessary to include a milking parlor 
as a separate premise where the cows spend a lot of time, depending on the farming technology 
adopted (number of milkings per day). It is necessary to update the specified parameters for the 
various microclimatic indicators in the current ordinance in order to adequately meet the 
requirements of dairy cows.  
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