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Abstract

The aim of this study was to evaluate the effect of shading on milk production and milk quality in Girolando cows. A total
of 16 Girolando cows were used, divided into two groups for two treatments: the first group remained in a paddock without
shade and the second in a paddock with shade. Every 15 days, each group of animals underwent one of the treatments, totaling
120 days of experiment. The 15 days of permanence in each treatment was divided into two periods: 7 days for adaptation
and 8 days for sample collection. During the period of data collection, the following variables were measured: the temperature
and relative humidity of the air in the paddocks and the milking room; evaluation of the temperature and humidity index;
respiratory rate and rectal and superficial temperatures of the skin and udder of the animals; and digital infrared thermographic
imaging. Additionally, milk samples were collected for physicochemical evaluation and weighed to assess the daily production
of the animals. Descriptive evaluations of the behavior of the animals were carried out, aiming to evaluate the thermal comfort.
A cross-over experimental design was used, with an interval between the two treatments. Subsequently, analysis of variance,
Pearson’s correlation, and principal component analysis were performed, and the thermographic images were processed in
FLIR Tools software to ensure greater precision in relation to surface temperatures. The period of the year during which the
animals are kept in sun and shade can affect the average, maximum, and minimum temperatures, the surface temperature of
the skin, as well as the temperature and humidity index. It is concluded that, in animals that were subjected to both shaded
and unshaded areas, there were correlations among milk constituents and between physiological and environmental variables,
without any effect on milk production.

Keywords: race Girolando; temperature; thermographic images; milk quality; moisture.

Practical Application: The implementation of shaded areas in paddocks has been shown to improve the thermal comfort of
Girolando cows, alleviating heat stress without affecting milk production. Thermographic imaging has proven to be a useful
tool for monitoring physiological and environmental parameters.

1 INTRODUCTION

The climate acts on the animal, which is constantly trying to
adapt to environmental conditions in the search for well-being.
Cattle in tropical climates, especially those raised on pasture,
are exposed to the sun and other inclement weather for several
hours a day and become susceptible to a permanent state of
stress (Deitenbach et al., 2008).

Heat stress negatively affects milk production, decrea-
sing milk yield and causing a significant impact on the eco-
nomic potential of dairy farmers’ activities (Cruz et al., 2011).
Dikmen and Hansen (2009) define heat stress as the sum of for-
ces external to the animal that act to shift body temperature away
from a certain point, caused mainly by environmental factors
such as temperature, humidity, solar radiation, and wind speed.

Whenever the ambient temperature is higher than the ther-
moneutral zone, cows are affected (Atrian & Shahryar, 2012).
Dairy cows are homeothermic animals that have a thermal
comfort zone with minimal energy expenditure to maintain
body temperature. When the temperature reaches values that
exceed the thermal comfort zone, it results in thermal heat stress,
which harms animal welfare (Silva et al., 2006).

Changes in behavioral and physiological responses occur
in animals to facilitate heat loss and reduce heat production to
maintain body temperature. Because of the high heat load, ani-
mals change their behavior, resulting in increased use of shade,
less time lying down, and more time near water (Silva etal., 2016).

Shade is extremely important and beneficial for cattle phy-
siologically, behaviorally, and in terms of production (Kendall
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Shading in Girolando cows

et al., 2006). Under summer conditions, cows with access to
shade have decreased respiratory rate and core body tempera-
ture compared to cattle without shade (Blackshaw & Blackshaw,
1994). When access to shade is provided, cattle readily use it
to alleviate the negative effects of increased heat load (Schiitz
etal., 2010). During grazing, cows seek shade when the ambient
temperature and solar radiation increase (Kendall et al., 2006).

In the assessment of animal welfare, thermal comfort indi-
ces have been developed to characterize two or more bioclimatic
variables and assess the environments to which animals are
exposed (Nascimento et al., 2013).

However, cows’ responses to heat stress affect feed intake,
water metabolism, electrolyte imbalance (sodium, potassium,
and chloride), and variations in blood components, factors
that directly affect animal production and physiology (Atrian
& Shahryar, 2012). Increased respiration and transpiration are
classified as evaporative cooling techniques and the main means
of dissipating excess heat under conditions of thermal heat
stress. An increased body temperature indicates the cow’s ina-
bility to completely dissipate the heat load (Staples & Thacher,
2011). Moreover, behavioral changes occur with increased water
consumption, decreased rumination, decreased daytime gra-
zing, and increased nighttime grazing (Schirmann etal., 2012).

In order to assess the effects of heat stress, various concepts
and non-destructive and non-invasive equipment can be useful
for acquiring data without directly influencing the organisms,
avoiding stress alterations. Infrared thermography is one of the
most effective alternatives for achieving this goal since it does
not come into contact with the animals and, consequently,
there are no contraindications for its use in any species (Ledo
etal., 2015).

Environmental variables can cause behavioral and physio-
logical changes, resulting in low production and reproductive
rates. Alternations to mitigate the effect of thermal heat stress
and to promote animal welfare are essential to be adopted ac-
cording to the environmental conditions of each region, always
evaluating the cost/benefit ratio (Atrian & Shahryar, 2012).

With this in mind, the aim of this study was to describe the
effects of heat stress on milk production, the influence of sun and
shade treatments, the temperature and humidity index (THI) in
assessing the animals’ thermal comfort, physiological variables,
and climatic factors, as well as the use of infrared thermography
as an effective tool for assessing variations in body temperature,
in order to observe the effects of heat stress.

1.1 Relevance of the work

This study highlights the critical role of shading in im-
proving the thermal comfort and welfare of Girolando cows,
especially in hot climates. By identifying correlations between
environmental conditions, physiological responses, and milk
quality components, it provides valuable insights for sustaina-
ble dairy farming. The integration of thermographic imaging
further underscores its relevance as a non-invasive tool for
monitoring animal health, promoting ethical and efficient ma-
nagement practices in the dairy industry.

2 MATERIAL AND METHODS

The project was submitted to the Ethics Committee for the
Use of Animals (CEUA) of the Instituto Federal Goiano and was
approved under opinion no. 6454200519.

2.1 Project description

The research was conducted at the Federal Institute of Goids
- Rio Verde Campus. The experiment was carried out over two
periods, totaling 120 days. In the first 45 days of the experiment,
16 Girolando cows weighing an average of 450 kg were used,
divided into two groups of eight animals. The first group remai-
ned in an unshaded paddock (50,000 m2), totally exposed to
the sun (Treatment 1), and the second group remained in a pa-
ddock with natural shade (25,000 m2) (Treatment 2) (Figure 1).
During this period, the animals’ diet consisted of Brachiaria
brizantha with access to the paddocks and commercial concen-
trate supplied after milking at a rate of 3 kg per animal per day.

During the other 75 days of the experiment, 16 Girolando
cows weighing an average of 450 kg were divided into two
groups of eight animals. The first group remained in an unsha-
ded paddock (approximately 5,000 m2), totally exposed to the
sun (Treatment 1), and the second group remained in a shaded
paddock (approximately 5,000 m2), made up of a shade cloth
providing 80% shade (4.5 m2 per animal) and natural shade
made up of trees (Treatment 2). During this period, the animals
were fed a diet of corn silage and commercial concentrate, pro-
vided together in a trough twice daily, at 35 kg of silage and 3
kg of concentrate per animal per day.

The paddocks had feeding troughs and water. Every 15
days, each group of animals underwent one of the treatments,
i.e., the animals that remained in Treatment 1 were transferred
to Treatment 2 after 15 days, as was the group of animals that
remained in Treatment 2 for 15 days. This alternation took place
for 120 days until the end of the experiment.

During the data collection period, the temperature and
relative humidity (RH) of the air in the paddocks where the
animals were kept and the milking parlor were measured; the
Temperature and Humidity Index (ITU), respiratory rate, and

A B

Figure 1. Girolando cows kept in a paddock with shading (A) and
without shading (B).
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rectal temperature and surface temperature of the animals’ skin
and udder, as well as digital infrared thermography imaging,
were evaluated. In addition, milk samples were collected for
physicochemical evaluation and weighed to assess the animals’
daily production. The animals’ behavior was also evaluated in
order to assess thermal comfort.

2.2 Evaluation of temperature and relative humidity in the
paddocks and milking parlor

During the experimental period, the air temperature and
humidity in the confinement paddocks and inside the milking
parlor were measured using an Akso® model AK 28 digital
thermo-hygrometer, with a humidity range of 20-95% and a
temperature range of —10°C to 60°C. The temperatures and
RH of the paddocks and milking parlor were measured at 8
a.m. and 2 p.m., the time period of the two daily milkings, and
the maximum and minimum temperatures and RH of the day
were recorded.

2.3 Evaluation of the temperature and humidity index

The maximum and minimum temperatures and humidity
data were used to calculate the UTI using the formula proposed
by Kelly (1971) (Equation 1):

ITU= (1.8 xT +32) - (0.55—0.0055 x UR) x (1.8 xT—26) (1)
Where:
T: Temperature; and

RH: Relative humidity.

2.4 Assessment of the animals’ respiratory rate, rectal
temperature, and skin surface temperature

During each data collection period (8 days), respiratory
rate and rectal temperature were collected on days 1, 3, and
5. Before the afternoon milking, at 1 pm, the animals’ flank
movements were observed for 30 s, with the animals in the
pasture. The observed values were multiplied by two to obtain
the number of respiratory movements per minute.

The animals’ rectal temperature was taken by inserting an
INCOTERM® model 6900.02 digital clinical thermometer into
the rectum until the device beeped, obtaining the temperature
in degree Celsius (°C). The temperature was measured at 3 pm,
after the second milking of the day, with 48-h intervals between
measurements.

The surface temperature of the skin was measured during
the (8 days) data collection period at milking time. An infrared
thermometer was positioned 0.30 m from the animal, pointing
at the last rib. It was then directed at the skin of the udder where
there were no signs of superficial veins and arteries.

2.5 Infrared thermography

Digital infrared thermographic photos were taken with a
FLIR® C2 thermographic camera once for each collection period
(8 days), at 2 pm. The photos were taken while the animals were
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grazing, focusing on the eye, neck, abdomen (rib), and udder
regions to assess body temperature.

The emitting core of the thermographic camera was directed
at a right angle and explored at a distance of 1 m from them.
The thermographic icons (graphs describing the temperatures)
were processed using software (FLIR Tools 2.1® — E40), applying
polygons to measure the temperatures of the desired areas.

2.6 Collection of fresh milk samples to evaluate production
and physicochemical quality

Fresh milk samples were taken. The samples represented the
individual daily milk production of each animal (two-thirds in the
morning milking + one-thirds in the afternoon milking) with the
aid of individual meters attached to the clusters of liners. At the
bottom of the meters, there is a valve that was set to the stirring
function for 30 s before the samples were taken, thus homoge-
nizing the milk correctly. The valve was then set to empty, and
the milk was transferred from the meter to the collection bottles.

The milk samples were collected aseptically in plastic bottles
of approximately 40 mL containing Bronopol® preservative for
analysis of chemical composition, urea, casein, and somatic cell
count (SCC). After collection, the milk samples were identified
and packed in isothermal boxes containing ice and sent to the
Milk Quality Laboratory of the Food Research Center of the
Veterinary and Zootechnical School of the Federal University
of Goias for electronic evaluation.

The chemical composition of the milk was analyzed in terms
of fat, protein, lactose, defatted dry extract (DDE), and total
dry extract (TDE), which were determined using the analytical
principle based on the differential absorption of infrared waves
by the milk components, using the Milkoscan 4000 equipment
(Foss Electric A/S. Hillerod, Denmark). The samples were pre-
viously heated in a water bath at 40°C for 15 min to dissolve
the fat. The urea and casein contents were determined by the
differential absorption of infrared waves, transformed by Fourier
transform infrared spectroscopy (FTIR), using the Lactoscope
equipment (Delta Instruments), and the results were expressed
in mg per dL and percentage (%), respectively.

SCC analysis was carried out according to the analytical
principle based on flow cytometry using the Fossomatic 5000
Basic (Foss Electric A/S. Hillerod, Denmark). Before analysis,
the milk samples were previously heated in a water bath at
40°C for 15 min to dissolve the fat. The results were expressed
in CS per mL.

The daily milk production of each animal was measured
using the meters attached to the sets of liners, expressed in kg
of milk per animal per day.

2.7 Evaluation of behavioral parameters

Daily observations were made of the animals in order to
analyze their behavior in the sun and shade. The visual obser-
vations took place with the animals in the paddock before the
afternoon milking at 1 pm. Visual assessments were carried
out by just two people throughout the data collection period.
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A spreadsheet was used to fill in the following categories
and definitions for assessing the thermal comfort of the anials,
adapted from Ferreira (2010): grazing animal: animal with
its mouth close to the ground or grasping forage, being able
to move slowly forward, but with its mouth below or at the
top level of the pasture; standing ruminating: animal chewing,
with dorsoventral and laterolateral jaw movements; in station;
ruminating lying down: animal chewing, with dorsoventral
and laterolateral jaw movements; sternal decubitus position;
standing idle: animal in station without chewing movements;
standing still; lying down: animal in the sternal or lateral decu-
bitus position without chewing movements; lying still; walking:
animal moving with its head above the top level of the pasture;
moving without grasping food or chewing; drinking: animal
with its lips submerged in water with throat movements cha-
racteristic of water ingestion; and mineralizing: animal licking
or ingesting mineral supplements.

2.8 Scanning electron microscopy of milk

A sample pool of 2 L of milk from the animals in each
treatment was collected every 15 days for scanning electron
microscopy (SEM). The milk samples were freeze-dried, de-
fatted, and sent to the High-Resolution Microscopy Multiuser
Laboratory at the Physics Institute of the Federal University of
Goias for evaluation.

A Jeol® model JSM-6610 scanning electron microscope was
used to evaluate the SEM, equipped with energy dispersive X-ray
spectroscopy (EDS) Thermo Scientific NSS Spectral Imaging.
The results are presented as images.

2.9 Statistical analysis

A cross-over design was used, with a 7-day adaptation in-
terval between the two treatments and 8 days of data collection.
The data were initially subjected to exploratory residual analysis.

Subsequently, analysis of variance, Pearson’s correlation,
and principal component analysis were carried out, using the
ExpDes.pt, Hmisc, and FactoMine R and Factoextra packages,
respectively. The data were analyzed using the computer pro-
gram R. To interpret the correlation coefficient, the following

classification was used: r < .30, low correlation; r = .30-.70,
moderate correlation; and r > .70, high correlation.

The thermographic images were processed using FLIR
Tools software to ensure greater precision and specificity in
relation to the surface temperatures that were to be evaluated.
Different processing methods were used, such as demarcating
the region of interest and determining the average, maximum,
and minimum temperatures. The circle measurement tool was
used for the eye region, the line measurement for the neck
region, and the square measurement for the abdomen and
udder regions.

3 RESULTS AND DISCUSSION

The highest UTI was observed in animals kept in the sun,
followed by animals in the shade and milking parlor (Table 1).

The UTI result of 75 for the animals kept in the sun indicates
that they were in a stressful environment, which could be mild
or moderate, while the UTI of 71 for the animals kept in the
shade indicates that they were in normal climatic conditions
without heat stress, as described by Armstrong (1994). Most re-
searchers report that the UTI for dairy cattle above 72 results
in significant negative effects, as do lower values. Johnson et al.
(1962) reported a significant decline in milk production with
UTIs above 70. Ravagnolo and Misztal (2002) indicated 68 as
the upper critical UTI. Other authors have shown that variations
in UTI values can have negative consequences on milk quality
variables, even when UTI values are lower than those considered
critical (Giustini et al., 2007).

The highest temperatures were observed in the afternoon
in the unshaded paddock. The temperature at the time of mea-
surement and the maximum temperature were higher when
compared to the milking parlor and the shaded paddock; ho-
wever, the minimum temperature in the milking parlor and the
RH were higher in the shaded paddock.

Corroborating the results of this study, and taking into ac-
count that the animals were of the Girolando breed, Rocha et al.
(2012) described that crossbred animals have a thermoneutrality
zone of between 5°C and 31°C. The temperatures at the time
of this study were higher but did not affect milk production.

Table 1. Average values and standard errors of the daily temperature and humidity index, ambient temperature at the time of measurement, maxi-
mum and minimum temperatures, and relative humidity in the milking parlor of animals kept in the shade and in the sun at different times of the day.

Period Variables Treatment CV (%)
Milking Sun Shadow
Diary ITU 68 c£0.25 75a+0.42 71b+0.33 6.30
Moment (°C) 19.61 b+ 0.43 26.09 a+0.69 19.52b 1 0.90 27.02
Morning Maximum (°C) 33.77 ¢+ 0.54 47.53a10.63 40.38 b+ 0.68 12.05
Minimum (°C) 14.21at1.15 9.63b%0.73 10.75b+0.77 64.06
RH (%) 74.36 a+ 1.95 54.89 b+ 2.70 76.63at2.11 25.62
Moment (°C) 29.28 b+ 0.53 35.96 a+0.85 31.44b % 0.61 13.90
Maximum (°C) 34.45¢c=+1.39 46.38 a1 0.82 40.90 b +0.65 15.80
Afternoon o
Minimum (°C) 13.85a+1.02 9.58 b+ 0.57 10.43b+0.83 51.05
RH (%) 3790a+2.19 27.60 c+2.52 32.90 b +2.59 52.07

Different letters in the line differ at the 5% probability level. CV: coefficient of variation; ITU: temperature and humidity index; RH: relative humidity.
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In terms of behavior, the animals that were in the sun spent
part of their time in the trough and grazing, with only a few
lying down near the trough. As such, the animals preferred to
feed, and because they were in the sun, it was expected that
the feeding time would decrease, but most of the time spent
standing was to facilitate heat exchange. Matarazzo et al. (2007)
observed that more time spent standing indicates a situation
of heat stress and cows try to keep more of their body surfa-
ce area exposed. The fact that the animal remains standing
when it is idle or ruminating can indicate thermal discomfort
(Kendall et al., 2006).

During the research, the animals remained in the shaded
paddock, which was made up of natural trees and shade clothes.
Most of the time, they lay under the shade of the trees rumina-
ting, and only a few grazed. Reinforcing what was observed in
this study, Ledo (1996) reported that animals seek the shade of
trees rather than man-made structures. The shade offered by
trees, whether isolated or in groups, is more effective, not only
because it reduces the incidence of direct solar radiation but
also because it reduces air temperature through the evaporation
of leaves. In this way, the animals seek shade and reduce their
activities during the hottest hours of the day by lying down in
the resting area (Blackshaw & Blackshaw, 1994).

The standing or lying position of the cows can indicate
whether the animal is in a comfortable situation. The animals in
the shaded paddock in this study preferred to lie down during
rumination time, indicating that they were in thermal comfort.
According to Fraser and Broom (1990), cattle have four basic
activities: movement, grazing, rumination, and idleness, and
during idleness and rumination, the animals prefer to lie down.

In the present study, cows in the sun and shade did not suffer
variations in milk yield, protein, casein, urea, lactose, electros-
tatic discharge (ESD), and SCC; however, rectal temperature,
respiratory rate, milk fat content, and total suspended solids
(TSS) did differ (Table 2).

Animals in the sun and shade had a daily production 0f9.13
kg and 8.92 kg of milk, respectively, indicating that there was
no impact on milk production. Atlow levels of milk production

(for example, below 25 kg of milk per day), there is little impact
from heat stress (Collier et al., 2019). According to Aguiar and
Bacarri Junior (2003), medium- and high-production cows are
more affected by high air temperatures, especially when asso-
ciated with high humidity and intense solar radiation.

However, reduced dry matter intake is only responsible for
35-50% of the limitation in milk production; the remaining
reduction may be attributed to changes in the endocrine profile,
energy metabolism, and post-absorptive nutrient partitioning in
heat-stressed cows Heat-stressed cows appear to have a reduced
ability to mobilize adipose tissue and therefore rely on glucose
as an energy source for peripheral tissue (Rhoads et al., 2009;
Wheelock et al., 2010).

In the present study, rectal temperature and respiratory
rate indicated that animals in both sun and shade treatments
were not experiencing heat stress. This corroborates Marins
et al. (2020), who reported that animals with a respiratory rate
of 45-65 movements per minute and a rectal temperature of
38.4°C-38.6°C maintain normal appetite, reproduction, and
production without stress. Also, according to Pires and Campos
(2004), animals with a rectal temperature of between 38°C and
39.1°C have controlled heat stress and show no signs of altered
food consumption, reproduction, or production. The respiratory
rate and rectal temperature data observed indicate that in the
environmental conditions to which the animals were subjected,
the latent forms of heat loss were sufficient to maintain the rectal
temperature within the limits considered normal.

Rectal temperature results within the normal thermal com-
fort range indicate that average UTI values between 71 and 75
did not cause stress to the animals. These results are in line with
Lemerle and Goddard (1986), who reported an increase in rectal
temperature for UTTs above 80.

Within the thermoneutral zone, a cow’s body has a respira-
tory rate of around 23 respiratory movements per minute and
arectal temperature of around 38.3°C. In cases of severe stress,
the respiratory rate can be close to 90 respiratory movements
per minute and the rectal temperature at 40.1°C (Tavares &
Salman, 2020). Roman-Ponce et al. (1977) reported that cows

Table 2. Mean values and standard errors of production, rectal temperature, respiratory rate, fat, protein, lactose, total dry extract, defatted dry
extract, urea, casein, somatic cell count, and logarithm of the somatic cell count of milk from Girolando cows raised in sun and shade.

Treatment

Parameters Sun Shadow CV (%)
Production (kg of milk per day) 9.13+0.13 8.92+0.131 29.18
Rectal temperature (°C) 38.25a%0.07 37.99b+0.04 2.15
Respiratory rate 59.44a%1.09 49.94b+0.98 25.08
Fat (g/100 g) 3.43b+0.05 3.65a%0.03 16.14
Protein (g/100 g) 3.26£0.03 3.28+£0.04 11.19
Casein (g/100 g) 2.52%0.01 2.55%0.03 12.50
Urea (mg/dL) 10.00+0.17 9.631£0.18 28.12
Lactose (g/100 g) 4.27 £0.02 4.25%0.04 5.80
TSS (g/100 g) 11.85b+0.04 12.15a£0.02 7.18
ESD (g/100 g) 8.43 £0.06 8.41£0.03 8.39
SCC (SC/mL) 553.185 + 42.422 597.829 + 54.530 146.77

Different lowercase letters in the row differ at the 5% level, according to the F test. °C: Degree Celsius; CV: coefficient of variation; SC: somatic cell; SCC: somatic cell count; TSS: total

soluble solids; ESD: estimated standard deviation.
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receiving shade had lower respiratory rates (54 and 82 breaths
per minute, respectively) and lower rectal temperatures (38.9°C
and 39.4°C, respectively), and produced 10% more milk than
cows without access to shade.

With regard to the physicochemical composition of the
milk, the animals kept in natural shade produced milk with
higher levels of fat and TSS, while the animals in the sun had
lower levels of fat and TSS (Table 2).

The reduction in the fat and TSS levels of the animals kept
in the sunny paddock may be related to the reduction in fo-
rage consumption due to heat stress. According to Bouraoui
et al. (2002), a reduction in forage consumption can result
in an inadequate level of fiber in the diet to maintain normal
rumen functions. Total milk solids levels vary throughout the
year, increasing in cold seasons and decreasing in hot seasons
(Ponsano etal., 1999). In addition, the reduction in milk protein
also seems to be attributable to restricted feed consumption
(Kamiya et al., 2005).

Milk fat content decreases in heat-stressed cows due to
a reduction in short-chain fatty acids, which constitute the
majority of fatty acids in milk, and an increase in long-chain
fatty acids. This can be explained by the lower consumption
of forage and roughage by lactating cows, resulting in reduced
acetic acid production and changes in the acetate/propionate
ratio, thereby altering the composition of milk (Bernabucci
& Calamari, 1998; Collier, 1985). Explaining the reduction in
the fat content of animals kept in sunny paddocks, when they
are under thermal stress from the heat, as already mentioned,
whether mild or moderate, they reduce their consumption of
dry matter and, consequently, the milk solids content varies.

In the present study, when the UTI value was 75 for the
animals kept in the sun, the fat value was 3.43 g/100 g, and when
the UTI was 71 for the animals in the shade, the fat value was
3.65 g/100 g. Therefore, as the UTI increased, the percentage
of fat decreased. Abeni et al. (1993) reported that when the
UTI was higher than 75, lower milk fat values were observed.
When the UTI was less than 75, the milk fat content averaged
3.46 g/100 g, and when the UTI was 75 or more, the milk fat
content averaged 3.17 g/100 g. Data on changes in protein and
fat content as a result of thermal heat stress vary, with authors
reporting a reduction, increase, or no change in the components
(Knapp & Grummer, 1991; Lacetera et al., 2003; Roman-Ponce
etal., 1977).

Similar to this study, Barbosa et al. (2004) found higher
levels of fat in the milk of animals kept in the shade, as well

as higher levels of SCC compared to those kept in the sun.
The increased SCC was attributed to animals crowding under the
shade, which increased the levels of environmental pathogens.
Almeida et al. (2013), in a study evaluating the milk quality of
mixed-breed cows with and without thermal comfort, observed
that the average values of the milk components, fat, protein, lac-
tose, total solids, and SCC showed no difference in the samples
from the different treatments.

Table 3 shows the results of the skin and udder temperatures
of cows raised in the sun and shade during the different periods.

It was observed that the cows’ skin and udder temperatures
varied due to the effect of the time of day, both in the shade
and in the sun, but the highest temperature was in the udder.
When evaluating the skin temperature parameter, there was
variation between the treatments only in the morning, with
the sun treatment resulting in 29.08°C and the shade 30.45°C.

The average skin temperatures in the sun and shade were
29.08°C and 35.17°C, respectively. According to Collier et al.
(2006), for all heat exchange processes to occur normally, the
skin surface of lactating cows must have temperatures below
35°C. According to Baccari Junior (2001), cattle dissipate heat
to the environment through their skin using the mechanisms
of radiation, conduction, and convection, physical processes
known as sensible heat loss. And, udder skin temperature in-
creases during milking (Janeczek et al., 1995; Paulrud et al,,
2005). Immediately after milking, the udder skin becomes highly
sensitive to hypothermia (Janeczek et al., 1995).

The temperatures measured by the thermograph (average,
maximum, and minimum) of the abdomen, eye, udder, and neck
of the animals in the sun were higher compared to the animals
in the shade. Differences were found for the average, maximum,
and minimum abdomen; average eye; average, maximum, and
minimum udder; and average neck (Table 4).

The animals were thermographed in the paddocks before
afternoon milking, so the animals in the sun were exposed to
higher temperatures compared to those in the shade, and the
animals with black spots had higher temperatures as observed.
However, depending on the region of the body and metabolic
reactions, skin temperature can vary independently (Barnabé
etal. 2015; Nikkhah, 2015; Stelletta et al., 2012). Remember that in
the interaction between the external environment and the animal’s
body, the skin and hair act as a buffer layer (Jodkowska, 2000).

The highest average temperatures were observed in the ab-
domen (shade 36.8°C and sun 39.4°C). Body surface temperature

Table 3. Mean values and standard error for skin temperature and udder temperature of Girolando cows reared under sun and shade in the

morning and afternoon.

Treatment
Variabl CV (%
artables Period Shadow (%)
. Morning 29.08 b £ 0.06 30.45a%0.07 5.25
Skin (°C)
Afternoon 35.15+£0.08 35.17 £0.09 4.75
Morni 31.90 £0.09 32.01 £0.10 6.95
Udder (°C) orning
Afternoon 35.4510.08 35.52+0.09 3.45

Different lowercase letters in the same row differ at the 5% level, according to the F test. CV: Coefficient of variation.
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is influenced by tissue blood flow, metabolism, and evaporation
through sweat. When measuring temperature, external factors
(ambient temperature, RH, and wind action) must be taken into
account (Barnabé et al., 2015; Nikkhah, 2015).

Navarini et al. (2009), in an experiment carried out in the
municipality of Diamante Do Oeste, state of Parana, evaluated
the surface temperature of the back of Nelore females using
infrared thermography, finding average values for three UTI
values: 35.2°C with a UTT of 76, 34.3°C with a UTI of 78, and
34.7°C with a UTT of 80.

The average eye temperatures of animals kept in the shade
were 36.6°C and in the sun 38.1°C. Considering the animal’s
standing and lying postures, heat loss by convection through
direct contact with the ground is less likely for the head region
(Jeelani et al., 2019). The ocular temperature is pointed out
in the literature as the best point for observing stress using
thermographic images due to the high level of vascularization
of the posterior edge of the eyelid and changes in blood flow
due to the action of the sympathetic system (Stewart et al.,
2007). Therefore, the eye region is less likely to be influenced
by secondary factors (e.g., contact with the ground while resting
and immersion in water by parts of the body while lying down,
which can fluctuate skin temperature). A smaller surface area
of the head region contributes to less heat loss through sweat
compared to other body regions (Jeelani et al., 2019).

Queiros et al. (2013), in a study measuring the surface tem-
perature of mixed-breed cows by measuring the temperature
of the eye using infrared thermography, observed an average of
37.8°C in the afternoon.

According to Johnson et al. (2011), the thermographic ca-
mera can measure eye temperature, which indicates the internal
temperature of the animals. Therefore, environmental variables
such as solar incidence and wind speed, as well as the distance
from the camera, can negatively influence the results of eye
temperature measurements (Church et al., 2014).

In this study, the average udder temperatures varied (shade
36.4°C and sun 37.3°C), similar to that found by Daltro (2014),
which was 37.04°C, suggesting that the high temperature on

the udder surface can be considered a heat sink due to the high
blood demand.

Arcaro Junior et al. (2005) evaluated the physiological pa-
rameters of Holstein cows raised in the municipality of Nova
Odessa - SP, under a UTT of 73, considered critical, and obser-
ved changes in the rectal temperature (37.8°C), respiratory rate
(48 movements per minute), as well as skin temperatures of the
head (31.2°C), back (33.5°C), and mammary gland (32.8°C).

The average neck temperatures varied (shade 36.3°C and
sun 37°C). Silva (2000) reported that, due to differences in the
metabolic activity of the various tissues, the temperature is not
homogeneous throughout the body and varies according to the
anatomical region.

Figure 2 shows infrared thermography images of animals
kept in a paddock exposed to the sun and a paddock with
natural and artificial shade. The temperatures are described in
each image.

Figure 3 shows the results of the correlation between the
environmental and milk physicochemical variables and the
thermographic temperatures of Girolando cows raised in the
sun and shade.

Variables with similar behavior are grouped together, and
circles that are not visible are points where the correlation is not
significant. Red circles indicate a negative correlation, and the
larger the circle and the stronger the color, the more intense the
correlation. The blue circles are positive correlations; the thermo-
graphic temperatures formed a block of high positive correlations.

The middle abdomen had a high positive correlation with
the middle udder (r=.83). Mazocco et al. (2017) found a positive
correlation between the flank and udder (r = .74), showing that
the surface temperature of the udder and flank varies with the
ambient temperature.

The strong negative correlations observed in Figure 3 include
afternoon milking temperature with afternoon milking humidity,
average morning temperature with average morning humidity,
maximum morning milking with minimum morning milking,
average afternoon temperature with average afternoon humidity,

Table 4. Maximum, minimum, and average values for the temperature of the abdomen, eye, udder, and neck of Girolando cows raised in the

sun and shade.

X Treatments
Variables Sun Shadow p-value
Maximum abdomen 42.7 £1.04 40.4+1.19 .0158
Minimum abdomen 35.9+0.631 33.7+£0.733 .0006
Middle abdomen 39.4+0.779 36.8 £0.894 .0006
Maximum eye 40.8£0.913 39.4£1.032 .0761
Small eye 36.3£0.577 33.6 £0.629 2.528
Middle eye 38.1+0.574 36.6 £0.635 .0007
Maximum udder 39.1+0.535 37.9+0.577 .0009
Minimum udder 359+0.412 35.3+0.439 .0165
Medium udder 37.3+0.371 36.4 +0.406 .0004
Maximum neck 38.1£0.452 37.5+0.495 .0744
Minimum neck 36.4 +0.546 36.2 +£0.609 518
Middle neck 37.0+0.308 36.3+0.354 .0128
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Figure 2. Infrared thermography images of cows raised in the sun and shade: Thermography images of the abdomen, neck, eye, and udder of
the animals (A, C, E, G and B, D, F, H, respectively, of the animals raised in shaded and unshaded paddocks).

and afternoon milking with average afternoon humidity. Tao and
Dahl (2013) pointed out that high RH can compromise the cow’s
ability to dissipate heat to the environment, causing heat stress.

With regard to the average and maximum UTIs in the
morning and afternoon, the minimum eye temperature had a
moderate positive correlation, the maximum udder temperature
had a moderate correlation, and the other temperatures, average,
maximum, minimum abdomen; minimum and average udder;
average and maximum neck; and average and maximum eye,
had a low correlation. The measurements vary simultaneously
in the same direction, the physiological variables correspond to
the increase in the region photographed, since the animals are
trying to increase cooling by respiratory evaporation, and are
in a panting state at times of greater environmental stress, in
order to lose heat to regulate body temperature (Daltro, 2014).

There were a high positive correlation between UTIs and a
moderate correlation between average morning and afternoon

UTIs and maximum morning and afternoon UTIs with respi-
ratory rate, rectal temperature, and average afternoon tempera-
ture. Azevedo et al. (2005) also reported a high positive corre-
lation between respiratory rate and UTI, reporting correlation
values of 0.73 between these variables. Respiratory rate showed
a moderate positive correlation with rectal temperature (0.51)
for Silva (2015). Avila et al. (2013) reported correlation values
above 0.80 for the physiological variables of respiratory rate and
surface temperature with UTL

The rectal temperature had a moderate positive correlation
with minimum (r = .63) and average (r = .61) udder, with ave-
rage (r =.59), minimum (r = .63), and maximum (r = .54) eye,
neck (r = .53), and maximum udder (r = .54). The moderate
positive correlation with environmental variables is due to the
fact that this variable has a higher correlation with the time of
day than with the temperature variation in the environment
(Baccari Junior, 2001).
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Figure 3. Correlation analysis of the measured variables.

The rectal temperature had a moderate positive correlation
with afternoon skin temperature (r = .55) and udder tempe-
rature (r = .55). Amamou et al. (2019) observed variations in
skin temperature on different farms during summer and fall, in
which skin temperature was highly sensitive to UTI values with
a correlation of 0.96. The skin is an important pathway for heat
exchange, and skin temperature is the result of the regulation
of this exchange between the skin and the core by blood flow.
Silva et al. (2007) found positive correlation values (p < 0.05) for
Holstein and Jersey cows in the states of Ceard and Rio Grande do
Norte. Therefore, the animals absorb environmental heat, and the
rise in skin temperature activates the homeostatic mechanism,
leading to an increase in respiratory rate (Azevedo et al., 2005).

Azevedo etal. (2005), in a study of infrared thermography
of the rear and front of the animals, evaluated animals from
three genetic groups in the region of Coronel Pacheco - MG

Food Sci. Technol, Campinas, 45, e431, 2025

and observed a positive correlation between surface temperatu-
re and the variables of rectal temperature and respiratory rate.

Among the environmental and physiological variables,
an increase in environmental variables tends to an increase in
the animals’ metabolism in order to maintain homeothermia.
For some authors, respiratory rate is positively correlated with
UTI and can be a valuable indicator of stress in cattle (Johnson
etal.,, 2011; Kadzere et al., 2002; Zimbelman et al., 2010). Ferreira
etal. (2006), when studying cattle in bioclimatological chambers,
observed that rectal temperature, respiratory rate, and surface
temperature tend to follow the ambient temperature, causing
evaporative mechanisms to be activated.

With regard to milk quality, fat had a high positive correla-
tion with TSS (r=.90) and a moderate correlation with ESD (r =
.56), protein (r = .60), and casein (r = .63). TSS correlated with
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protein (r = .80) and ESD (r = .85). Peres (2001) stated that, in
general, the percentage of protein in milk is positively correlated
with the percentage of fat, and that the variation in total solids
content is largely dependent on variations in milk fat content.

Protein had a high positive correlation with casein (r =.98).
The high correlation between milk protein content and casein
is due to the fact that casein accounts for an average of 80% of
the total protein in bovine milk, as described by Holt (2016).
Protein has a high effect on casein in the same way as ESD, which
is the dry matter of milk except for fat, and any variation in ESD
will affect the casein in milk (Cowley et al., 2015).

SCC correlated negatively with lactose. Similarly, Dias et al.
(2015) also found a negative correlation between SCC and
lactose. This correlation could be due to the changes in lactose
content that occur due to the passage of lactose from the milk
into the blood and the reduction in the glandular epithelium’s
ability to synthesize lactose as a result of lesions in the epithe-
lium. According to Reis et al. (2013), lactose is the component
of milk that decreases as SCC rises.

Contrary to what was observed in this study, some authors
have found a positive correlation between fat percentage and
SCC. For Pereira et al. (2004), the correlation may be due to

Figure 4. Principal component analysis of the measured variables.

10

increased vascular permeability, which determines the increa-
sed passage of substances from the blood to the milk, such as
sodium, chlorine, immunoglobulins, and other serum proteins.
Sabedot et al. (2011) observed that an increase in SCC values
led to an increase in fat percentage.

According to Bueno et al. (2005), the increase in protein
associated with an increase in SCC is due to the concentration
of plasma proteins in the milk as a result of the inflammatory
response, although casein suffers a significant reduction due to
the action of leukocyte and blood proteases.

In the present study, protein showed a negative correlation
with maximum and minimum temperatures. Nakamura et al.
(2012) also found negative correlations, and Depeters and Fer-
guson (1992) found that high environmental temperatures
are factors that reduce the total protein content of milk, also
influencing the consistency of the milk clot, which in turn
affects quality.

The principal component analysis of the environmental,
milk physicochemical, and thermographic temperature varia-
bles showed that the first component explained 29.6% and the
second 13% of the total variation in the data. Figure 4 shows the
principal component analysis using the first two components.
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Figure 5. Scanning electron microscopy of milk from Girolando cows kept in the sun and shade.
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Figure 5. Continuation

The contrast between the treatments can be seen in the
variables analyzed. The variables of rectal temperature, maxi-
mum and average neck temperature, average, maximum, and
minimum abdomen, eye and udder temperature, minimum
morning temperature, and average morning and afternoon
humidity showed the greatest displacement on the 0 axis of
the first principal component, indicating that they showed the
greatest variability.

In the second component, the variables of mean and maxi-
mum UTI in the morning and afternoon, maximum temperature
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in the morning and afternoon, and TSS showed the greatest va-
riability. The thermal environment is known to have a strong
influence on animal performance since it affects heat transfer
mechanisms and thus the regulation of the thermal balance
between the animal and the environment.

However, the physiological variables as shown in the graph
were higher in the sun animals, but it should be borne in mind
that variations in rectal temperature and respiratory rate can
be influenced by both intrinsic factors (age, breed, and phy-
siological state) and extrinsic factors (time of day, food and
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water intake, ambient temperature, wind speed, and season)
(Perissinotto et al., 2009).

However, the environmental and physiological variables
that showed the greatest variability did not affect the production
and physicochemical quality of the milk during the experimental
period from May to early September 2020.

Structural analysis of milk from cows kept in the sun and
shade showed particles with a relatively homogeneous distri-
bution at 100 x magnification. At 300 x magnification, the sun
cows had a more spongy structure compared to the cows kept
in the shade (Figure 5).

The structural difference in the micrographs at 300x magni-
fication may be the result of the treatments needed to assess the
physical structure of the milk samples. Schmidt and Buchheimi
(1992) reported that during technological treatments, the mi-
croparticulate constituents of milk, i.e., fat globules, colloidal
casein micelles, and the molecular dispersion of whey proteins,
undergo significant physical changes and mutual interactions.
This gives rise to the characteristic macroscopic structure and
physical properties of the products. Therefore, electron mi-
croscopy of dairy products is extremely useful for elucidating
the relationship between the macroscopic properties of the
product and its submicroscopic structure altered by technolo-
gical treatments.

The spongy structures observed in the milk of the sun ani-
mals, at 900 x and 2000 x magnifications, are characteristic of
protein agglomerates, with vacuoles that indicate the absence
of fat due to sample degreasing for SEM analysis. At 1200 x and
2000 x magnifications, the structures observed correspond to
lactose crystals.

4 CONCLUSION

Temperatures above the animal’s thermoneutrality zone
negatively affect production and well-being, as well as reduce
milk constituents. Animals kept in the sun and shade can be
affected by average temperatures, as well as maximum and mi-
nimum temperatures and the UTI. A higher UTI increases the
degree of heat stress to which the animals are subjected and can
therefore affect the physiological and productive characteristics
of the animals, regardless of breed.

The areas of the body that were thermographed showed
different temperatures in the same data collection, showing
physiological variations in temperature that help in the clinical
assessment of each area, recommending the use of infrared
thermography as a complementary test, with the abdomen being
the area with the best temperature observation in this study.

There was a correlation between the milk constituents of
the animals that were subjected to shaded and unshaded areas,
and between the physiological and environmental variables, but
this did not affect milk production.
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