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Abstract: High temperatures and frequent heat waves
raise concerns about heat stress in cattle in grass-based systems,
especially in arid and semiarid areas. This study analysed the
relationship between conformation traits and physiological pa-
rameters associated with heat stress in Mashona cattle. A total
of 200 records from fifty cows were used to study the relation-
ships between seven conformation traits and physiological pa-
rameters associated with heat stress. Body conformation traits
were categorised into three principal components related to
body capacity (body depth, flank circumference, chest girth),
frame size (stature and body length), and loose skin fold (navel
height and dewlap size). As the size of abdominopelvic and tho-
racic cavities increased, respiratory rate, heart rate, and rectal
temperature decreased significantly, while blood triiodothyro-
nine concentration increased. Cattle with deeper bodies, larger
flanks, and larger chest girths had significantly lower heart rate,
respiratory rate, and rectal temperature but higher blood tri-
iodothyronine concentration than cattle with shallower bod-
ies, smaller flanks, and smaller chest girths. Respiratory rate
increased with increasing frame size. Large-framed cattle had
significantly higher respiratory rate and lower blood thyroxine
concentration. Small-framed cattle with larger chest girth, larg-
er dewlap, and navel farther from the ground surface are better
adapted to higher ambient temperatures.
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Vpliv telesnih lastnosti na dovzetnost za vrocinski stres pri
kravah mesne pasme mashona v polsusnih pasnih pogojih

Izvlec¢ek: Visoke temperature in pogosti vro¢inski valovi
povecujejo nevarnost vrocinskega stresa pri govedu na pasi,
zlasti v su$nih in polsu$nih okoljih. Raziskava je analizirala
povezave med telesnimi lastnostmi goveda pasme mashona
in fiziolo$kimi parametri, povezanimi z vroc¢inskim stresom.
Skupno 200 meritev, pridobljenih na petdesetih kravah, je bilo
uporabljenih za preucevanje povezave med sedmimi telesnimi
lastnostmi in razli¢nimi fizioloskimi parametri, povezanimi z
vro¢inskim stresom. Telesne lastnosti so bile razvr$¢ene v tri
kategorije, ki se nanasajo na obseg telesa (globina telesa, obseg
trebuha, prsni obseg), velikost okvira (visina kriza in dolzina
telesa) in viseci kozni gubi (visina popka in velikost podgrline).
S povecdevanjem velikosti prsne in trebusne votline se je zmanj-
$evala frekvenca dihanja, sr¢ni utrip in rektalna temperatura,
koncentracija trijodtironina v krvi pa se je povecevala. Govedo
z vedjo globino telesa, in ve¢jim obsegom trebuha ter prsnega
kosa je imelo niZji sr¢ni utrip, frekvenco dihanja in rektalno
temperaturo, vendar visjo koncentracijo trijodotironina v krvi
kot govedo s plitvej§im telesom, in manj$im obsegom trebuha
ter prsnega kosa. S povecevanjem velikosti okvira se je povece-
vala frekvenca dihanja. Zivali z velikim okvirom so imele zna-
tno manj$o frekvenco dihanja in nizjo koncentracijo tiroksina
v krvi. Zivali manjega okvira z ve¢jim prsnim obsegom, veéjo
podgrlino in popkom, bolj oddaljenim od povrsine tal, so bolje
prilagojene na vi$je temperature okolja.

Klju¢ne besede: govedo; mesne pasme; mashona; pasa;
vro¢inski stres; fizioloski parametri; telesne lastnosti; okvir; su-
$no okolje; polsusno okolje
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1 INTRODUCTION

The effects of global warming on cattle are well-
documented (Rust and Rust, 2013). Cattle are vulnerable
to high temperatures due to fermentation in the rumen,
which generates additional heat and low surface to body
mass ratio (Alfonzo et al., 2016). Furthermore, cattle do
not sweat effectively and mostly rely on respiration to
cool themselves (Baumgard and Rhoads, 2012). The sub-
Saharan region has been subjected to extremely hot and
dry conditions in the past decade (Descheemaeker et al.,
2018). This has resulted in low productivity, poor growth
performance and increased mortality of cattle (Dzavo et
al., 2019). As a result, there has been wide exploration
on management and genetic strategies to address the ef-
fects of heat stress in dairy cattle because the effects of
heat stress are more pronounced in highly productive
cattle due to the close relationship between metabolic
heat production and production levels (Bernabucci and
Mele, 2014). Little, if any, has been done on countering
heat stress in beef cattle.

Beef cattle grazing on natural rangelands are more
susceptible to heat stress than confined cattle because
most natural rangelands do not have confinement re-
sources (Scasta et al., 2016). Due to physiological differ-
ences, beef cows are reportedly more vulnerable to heat
stress than steers, heifers and bulls (Brown-Brandl, 2018).
Heat stress can have a tremendous impact on the profit-
ability of grassland-based beef farms as their productivity
largely depends on female performance (Mulliniks et al.,
2020). Managing heat stress of beef cattle in grass-based
beef farms is, therefore, very important. While strategies
like providing shade and spraying animals with water
to reduce excessive heat loads are used in dairy produc-
tion (Marcillac-Embertson et al., 2009), it is difficult to
provide such measures in extensive production systems.
Although cattle grazing on natural rangelands have the
ability to seek natural shade, water and air movement to
cool down, natural rangelands in semiarid regions lose
their natural shade during dry periods (Scasta et al,
2016). Animals are therefore exposed to warm air and
direct radiant heat during grazing.

The use of more robust cattle that can thrive in hot
climates is a possible solution to counteract the effects
of heat stress in semi-arid regions. Some beef breeds,
usually Bos indicus, have thermoregulatory ability as an
adaptation to harsh environmental conditions (Mwai et
al., 2015). One of such breeds is the Mashona breed, a
popular Sanga type beef breed in the sub-Sahara, which
is native to Zimbabwe. Dilution of the adaptation genes
through crossbreeding has, however, reduced their tol-
erance to heat stress (Scholtz and Theunissen, 2010).
Thus, there is a need to improve the heat tolerance of
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the increasingly popular crossbred or nondescript beef
populations in semi-arid areas. Traits such as sweating
rate, heart rate, rectal temperature, thyroxine (T4) and
triiodothyronine (T3) concentration in blood have been
suggested as indicators of heat stress in dairy cows (De
Rensis and Scaramuzzi, 2003; Levente et al., 2012; Alfon-
zo et al., 2016). However, the use of these indicator traits
is limited because their measuring is expensive and time
consuming. Considering that thermoregulation in cows
is also determined by anatomical factors (McManus et
al., 2009a), use of conformation traits as indirect indica-
tors of heat stress susceptibility in cows may be an option.

Conformation traits, described by measurements of
a range of visual characteristics are related to cattle ana-
tomical and skeletal appearance (Zindove et al., 2015).
Phenotypic and genetic relationships between the con-
formation traits such as body depth, body length, stature,
flank circumference, and chest girth and reproductive
performance of cows under harsh environmental condi-
tions have been reported (Zindove et al., 2015). There is
limited data on the relationship between conformation
traits with heat tolerance and/or heat stress in cows.
Katiyatiya et al. (2017) suggested that dark pigmenta-
tion in Nguni cows results in absorption of solar radia-
tion resulting in high rectal temperature and breathing
rate. There are suggestions that dewlap size is associated
with heat tolerance in cattle (Hansen, 2004), but there is
no empirical data to support these suggestions. There is
need to ascertain the relationships between conforma-
tion traits and heat tolerance before using conformation
traits as indicators of heat tolerance in beef cows. This
will help cattle producers to understand and improve the
conformation traits that have a significant impact on beef
cattle tolerance to extreme temperatures. Conformation
traits can be observed and recorded at an early stage and,
thus, heat tolerant animals can be identified early in their
lifetime. Farmers who do not keep records can also iden-
tify heat tolerant cows using conformation traits through
visual appraisal (Zindove et al., 2015). Even communal
farmers, who do not keep records, can use mere inspec-
tion to identify cows that are more heat tolerant.

There is a wide range of conformation traits which
could be used to identify heat tolerant cows and most of
the traits are highly correlated (Zindove et al.,, 2015). If
conformation traits are to be used as indicators of heat
tolerance, there is a need to combine them into a small
number of variables or constructs to reduce redundancy
and collinearity. The objectives of this study were to as-
sess the reduction in dimensionality of seven conforma-
tion traits and to determine the relationships between
extracted constructs and physiological parameters asso-
ciated with heat stress traits in beef cattle.
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2 MATERIALS AND METHODS

Animal handling adhered to guidelines by the Zim-
babwe Scientific Animal Act, 1963, subsection 2 of sec-
tion 4, License Number L624.

2.1 STUDY SITE

The study was conducted in Muzarabani district
which is located in Zimbabwe’s Mashonaland Central
province. The district is in agro-ecological region IV.
Zimbabwe’s agro ecological region IV is a semi-arid re-
gion characterised by erratic rainfall of 600 mm per an-
num, highest mean monthly temperature of 37 °C in
February and a mean annual temperature of 23 °C (Mu-
gandani et al., 2012). The area is usually hit by frequent
droughts and is characterised by mopane woodlands and
vast grasslands of the Eragrostis species (Mugandani et
al., 2012).

2.2 CONFORMATION TRAITS

Ten farmers with at least 20 multiparous Mashona
cows grazing on communal rangelands were selected us-
ing the snow-ball technique. Breed score for each of the
cows in the selected herds was determined by trained
personnel using a 1-9 scale score based on nine physical
characteristics of Mashona cows as described by Dzavo
et al. (2020). A cow was considered to be a Mashona
breed only if it met at least five of the nine characteristics.
Rectal palpation was performed by an experienced vet-
erinarian to determine the pregnancy status of the cows.
Pregnant cows were excluded from the study. For each
of the ten herds, a sampling frame was created by enter-
ing the identification numbers of the cattle in an excel
sheet. Five cows were then selected from each of the ten
sampling frames using Microsoft excel random function.
The cows were then ear tagged for identification. Meas-
urements were taken during November 2017 and June
2018, once in the cold-dry season (June 2018) and once
in the hot-wet season (November 2017) by trained per-
sonnel. The cows were held in a race for measurement
and before taking the measurements each farmer was in-
terviewed on a number of calvings (parity) of each cow.
Measurements for conformation traits were taken by the
same individual throughout the trial between 8:00 am
and 10:00 am. The five-point European system was used
to determine the body condition score (BCS) of the cows,
where a score of 1 is emaciated and a score of 5 is very fat
(Edmonson et al., 1989). Coat colour for each cow used
in the experiment was recorded.

The stature, body depth, chest girth, flank circum-
ference, navel height and body length were measured us-
ing a plastic tape measure. Stature was measured from
top of the spine in between hips to the ground. Body
depth was measured as distance between the top of spine
and bottom of barrel at last rib measured from the left
side of the cow. Chest girth was defined as circumfer-
ence of the body taken just behind the shoulders. Flank
circumference was defined as circumference of the body
taken just in front of the hook bones. Navel height was
measured as the distance from the ground to the navel.
Body length was measured as the horizontal distance
from withers to pin bone (Zindove et al., 2015). Dewlap
size was measured as the maximum width of skin folds in
the ventral neck region (Khan et al., 2018). Dentition was
used to determine the age of each cow. Cows with vis-
ible incisors were categorised as young whilst those with
broken or gummy mouth were categorised as old (Raines
et al.,, 2008).

2.3 PHYSIOLOGICAL PARAMETERS AND BLOOD
COLLECTION

Heart rate, respiratory rate and rectal temperature
were measured on a single day during the hot-wet and
cold-dry season by a veterinarian. For each cow, the pa-
rameters were measured in the morning around 8:00 am
and the measurements repeated in the afternoon around
2:00 pm. The animals were kept in an open paddock with-
out shade for three hours before measurement of physi-
ological parameters (Brown-Brandl, 2018). Heart rate
was determined using a stethoscope. Respiratory rates
were determined by observing and counting the number
of flank movements per minute (da Costa et al., 2015). A
digital thermometer with a sensitivity of 0.1 °C was used
to determine rectal temperature. The thermometer was
inserted into the rectum at a depth of about 10 cm. Af-
ter every measurement, the thermometer was washed in
cold water, cleaned with cotton wool soaked in alcohol,
and then rinsed to remove the alcohol. After collecting
the physiological parameters, 10 ml of blood were taken
from the jugular vein of each of the cows using EDTA
coated vacutainer tubes and temporarily stored in chilled
cooler boxes before the analyses.

2.4 BLOOD SAMPLE ANALYSES

Blood T3 and T4 concentrations were determined
using an automated MAGLUMI 800 chemiluminescence
immunoassay system (Snibe Co. Ltd, Shenzhen 518000,
China) at Diagnopath Medical Laboratories, Harare,
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Zimbabwe. Competitive immunoluminometric assay
was performed to determine T3 and T4. Serum, ABEI
labeled anti-T4 monoclonal antibody and T4 antigen
coated magnetic microbeads were added to microw-
ells. Unbound liquid fractions were then aspirated from
the immune complex formed with the labeled antibody
and precipitation in the magnetic field. Signal reagents
were added to the wells to initiate a light which was then
measured as relative light unit (RLU) by a photomulti-
plier. The RLU was proportional to T4 concentration in
the samples. For T3 concentration, the same process was
repeated using serum, ABEI labeled anti-T3 monoclonal
antibody and T3 antigen coated magnetic microbeads.

2.5 STATISTICAL ANALYSES

All data were analysed using SAS 9.4 (SAS, 2012).
The effects of parity, season, coat colour, age, time of the
day, BCS on respiratory rate, heart rate, and T3 and T4
concentration in blood were determined using PROC
GLM for repeated measures assuming fixed models with
all possible first-order interactions. First-order autore-
gressive correlation (AR (1)) was fitted to the model. The
model for the final analysis was obtained after eliminat-
ing interactions that were not significant (p > 0.05). Pre-
liminary analyses showed that BCS, the age and parity of
cows had no effect on any of the response variables and
were, thus, excluded from the final models.

Principal component analysis (PCA) was used to
organise conformation traits into more homogeneous

groups called principal components. The matrix of par-
tial correlations, Kaiser Statistic for sampling adequacy
(MSA) was used to determine the degree of interrela-
tions between variables and adequacy for use in principal
component analyses. Principal components were chosen
based on Kaiser’s eigenvalue rule which states that only
principal components with eigenvalues greater than one
should be considered (Kong et al., 2017). The principal
components were rotated using varimax rotation. Prin-
cipal components weights greater than 0.55 were consid-
ered to indicate a significant correlation between traits
and principal components (Kong et al., 2017). The PROC
REG (SAS, 2012) was then used to test whether the rela-
tionships between physiological characteristics and prin-
cipal components extracted from conformation traits
were linear, quadratic or exponential.

3 RESULTS

Table 1 shows summary statistics for the traits ana-
lyzed. Amongst the linear measurements, flank circum-
ference showed the largest variation while dewlap size
showed the least variation. The standard deviation for the
physiological traits ranged from 0.51 for rectal temper-
taure to 7.7 for heart rate. Heart and respiratory rate had
more variability as compared to rectal temperature and
concentarion of thyroid hormones. There was little vari-
ation in body fat of the animals as indicated by low stand-
ard deviation for BCS.

Breed score and BCS had no significant effect on

Table 1: Summary statistics for conformation traits, breed score, body condition score (BCS), respiratory rate, heart rate, rectal
temperature, blood thyroxine (T4) and triiodothyronine (T3) concentration of Mashona cows used in the study

Variable N Mean SD Minimum Maximum
Body depth (cm) 100 101.9 6.91 83 119
Body Stature (cm) 100 124.2 6.15 110 141
Body length (cm) 100 135.2 9.39 114 156
Flank circumference (cm) 100 173.5 13.44 141 206
Chest girth (cm) 100 164.1 10.11 142 186
Navel height (cm) 100 52.4 7.03 41 61
Dewlap size (cm) 100 414 4.87 29 52
Breed score 50 8.3 1.05 5 9
BCS 100 34 0.53 2.5 4.5
Heart rate (b/min) 200 51.1 7.70 33 68
Respiratory rate (br/min) 200 30.1 7.39 13 48
Rectal temperate (T°C) 200 38.8 0.51 37 40
T3 (nM/L) 200 3.9 1.63 1.2 13.7
T4 (nM/L) 200 17 4.20 35 28.6
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Table 2: Least square means (+SE) of the effect of season, time of the day and coat colour on respiratory rate, heart rate, respira-
tory rate, blood thyroxine (T4) and triiodothyronine (T3) concentration of Mashona cows (n = 200)

Physiological Parameters

Respiratory Rate Heart Rate Rectal Temperature T3 T4

Parameter (br/min) (b/min) (T°C) (nM/L) (nM/L)
Season

Cold-dry 25.2 +1.16° 47.1 £1.23% 38.2 +0.09° 4.0 £0.29° 17.5+£0.72

Hot-wet 30.7 £ 1.16° 52.6 +£1.23° 38.7 £ 0.09° 3.4+0.29 16.4 £0.72
Time

Morning 26.7 £ 1.15° 47.9 +1.23% 38.6 £ 0.09 4.0 +0.29° 16.9 +£0.71

Afternoon 29.1 +£1.14° 51.8 £ 1.22* 38.6 £ 0.09 3.3+0.29° 16.0 £ 0.72
Coat colour

Black 26.5 + 1.25° 48.2 +1.33° 38.5+0.09 3.8+£0.31 17.0 £ 0.78

Brown 294 +1.14* 51.5+1.2° 38.6 £ 0.09 3.6 £0.28 19.0 £0.71

br/min - breaths per minute; b/min - beats per minute; * Values of each parameter in a column with different superscripts differ (p < 0.05)

respiratory rate, heart rate, and T3 and T4 concentra-
tion. Table 2 shows the effect of season, time of the day,
and coat colour of the cows on respiratory rate, heart
rate, rectal temperature, and T3 and T4 concentration.
Heart rate was higher during the hot-wet season than
the cold-dry season (p < 0.05). The concentration of T4
in blood during the hot-wet season in the afternoon was
lower than during the cold-dry season in the morning
(p < 0.05). Black-colored cows had higher heart rates
than brown cows (p <0.05). Rectal temperature and
T4 concentration in blood were the same in black and
brown cows (p > 0.05). Variation of rectal temperatures
with breed score during the cold-dry and hot-wet season
is shown in Figure 1. During the cold-dry season, rec-
tal temperature was the same for all the cows (p > 0.05).

39,5

39

38,5

Rectal temperature ('C)

38

Breed score

Cows with low breed scores (5 and 6) had higher rectal
temperatures during the hot-wet season than those with
high breed scores (p < 0.05). Respiratory rates and T3
concentration in the blood of cows during the cold-dry
and hot-wet seasons are shown in Figure 2 and 3, respec-
tively. Season did not affect respiratory rate and blood T3
concentration in brown-colored cows (p > 0.05). Black-
colored cows had higher respiratory rate and lower blood
T3 concentration during the hot-wet season as compared
to the cold-dry season (p < 0.05).

Principal component pattern coefficients of the
varimax rotated components and aggregated groups of
conformation traits, grouped using principal component
analysis, are shown in Table 3. The conformation traits
had three principal components, which contributed

—e— Cold-dry

- #- Hot-wet

Figure 1: Effect of breed score of Mashona cows on rectal temperature during cold-dry and hot-wet seasons. * Different letters

indicate significant difference (p < 0.05)
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Figure 2: Respiratory rate of black and brown Mashona cows during the cold-dry and hot-wet season. ** Different letters indicate

significant difference (p < 0.05)

53.76 % of the total variability of the original seven traits.
Principal component 1, 2 and 3 accounted for 28.03 %,
14.20 % and 11.53 % of the total variance, respectively.
Body depth, flank circumference and chest girth had sig-
nificant principal component weights in principal com-
ponent 1 (principal component weights > 0.55), whilst
stature and body length had significant principal compo-
nent weights in principal component 2. Principal com-
ponent 3 was comprised of navel height and dewlap size
(principal component weights > 0.55).

Relationships between principal components ex-
tracted from conformation traits and physiological pa-
rameters associated with heat stress did not vary with
season (p > 0.05). Relationships between principal com-

N w S
L L L

Triiodothyronine (T3) (nmol L-1)

-

Brown

Coat colour

ponents extracted from conformation traits with heart
rate, respiratory rate, rectal temperature, T3 and T4 con-
centration in blood are shown in Table 4. As principal
component one increased respiratory rate, heart rate
and rectal temperature decreased whilst T3 concentra-
tion in blood increased (p < 0.05). Cows characterised by
deep bodies, large flanks and chest girths tended to show
lower heart rate, respiratory rate and rectal temperature
but higher T3 concentration in blood. Principal compo-
nent two had significant negative linear and quadratic
relationships with blood T4 concentration. As principal
component two increased, respiratory rate increased
quadratically (p < 0.05). Large-framed cows with long
bodies had high respiratory rates and low T4 concentra-

m Cold-dry
@ Hot-wet

Black

Figure 3: Concentration of serum triiodothyronine (T3) in black and brown Mashona cows during the cold-dry and hot-wet

season. ** Different letters indicate significant difference (p < 0.05)
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Table 3: Eigenvalues and share of total variance and principal component (PC) weights after rotation of conformation traits of

Mashona cows

Traits PC1 PC2 PC3 Communality
Body depth 0.89* 0.15 -0.18 0.85

Stature 0.07 0.76* -0.24 0.65

Body length 0.26 0.77% 0.19 0.70

Flank circumference 0.89* 0.05 -0.04 0.80

Chest girth 0.87* 0.18 -0.19 0.84

Navel height -0.29 0.12 0.63* 0.50

Dewlap size —-0.02 0.37 -0.65* 0.57

Eigen Values 3.11 1.22 1.04

Percent of total variance 28.03 14.20 11.53

* Principal component weights equal to or > 0.58 were significant

tion in blood. As principal component three increased,
respiratory rate increased quadratically (p < 0.05).

4 DISCUSSION

Cattle cannot dissipate their heat load effectively
due to their large frames and ineffective sweating (Veissi-
er et al., 2018). Ineffective heat dissipation, coupled with
fermentation, which generates additional heat, results in
heat stress and, consequently, reduced performance in
cows (Dzavo et al., 2019). Conformation traits are be-
coming increasingly important to cow-calf farms due to
their high heritability, ease of recording and close rela-
tionship with feed efficiency and energy balance in cows
(Zindove et al., 2015). As a result, the conformation traits
are being used as indicators for traits which are difficult
to measure such as nutritional status, disease resistance
and longevity (Larroque and Ducrocq, 2001; Zindove et
al,, 2015). Conformation traits such as body depth, body
length, stature, flank circumference, chest girth, and BCS
are, thus, expected to be related to physiological param-
eters associated to heat stress in cows.

The range of BCS was within reported values for
Sanga and Zebu cattle in similar environments (Kanuya
et al., 2006; Ndlovu et al., 2009; Zindove et al., 2015). To
our knowledge, there is limited selection for conforma-
tion traits in beef cattle, so high variation in traits such
as flank circumference and body length might be an
indication that the traits respond more to the environ-
ment than those with low variation. The findings that
heart rate and rectal temperature were higher during
the hot-wet season than the cold-dry season confirmed
assertions by Kadzere et al. (2002) and De Rensis and
Scaramuzzi (2003) that it is common for cows to have
relatively higher heart rates and rectal temperatures dur-

ing hot seasons than cold seasons. An increase in heart
rate of cows above normal ranges indicates heat intoler-
ance (Scharfet al., 2010). Normal heart rates in beef cows
ranges between 48 and 84 beats per minute (Rashamol et
al., 2018). Although heart rates for the cows were higher
during the hot-wet season than the cold-dry season, they
were within the normal range. Observed high respiratory
rate during the hot-wet season concurs with the findings
of Svotwa et al. (2007) who reported higher respiratory
rates in Mashona cows during hot periods compared to
cold periods. This might be attributed to the fact that
during hot periods, cows counter high temperatures
through evaporative cooling by releasing moisture from
respiratory tract (Veissier et al., 2018). Although rectal
temperature was higher during the hot-wet season, it was
within the normal range of 38.5 to 39.5 °C as suggested
by Da Costa et al. (2015). Katiyatiya et al. (2017) meas-
ured rectal temperature in Nguni cows, a Sanga breed
similar to Mashona cows, during the hot-wet season and
found similar results. This could be an indication that
Sanga cows are able to regulate their body temperatures
during the hot-wet season without experiencing heat
stress. Farmers raising cows on natural pastures in warm
climates can thus be encouraged to adopt Mashona breed
as they seem to tolerate high temperatures well. This
postulation is supported by the findings herein that cat-
tle carrying more Mashona breed genes, as indicated by
high breed scores, had lower rectal temperatures during
the hot-wet season.

The observation that black coloured cows had
higher heart rates during the hot-wet season than brown
coloured is in line with the findings of Katiyatiya et al.
(2017) who reported higher heart rates in dark coloured
cows. Since black cattle feel the effects of heat stress ear-
lier and more than brown and white-coloured (Scasta
et al., 2016), it can be inferred that black-coloured cows
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Table 4: Regression coefficients (+SE) of principal components (PC) extracted from conformation traits on heart rate (HR), res-
piratory rate (RR), rectal temperature, blood triiodothyronine (T3) and thyroxine (T4) concentration in Mashona cows

Parameter PC1 PC2 PC3

Traits BD; FC; CG BL; ST SH; DL

Linear
RR +SE -0.4 +0.15%* 0.1+0.18™ 0.3+0.16™
HR + SE —0.5+0.16** -0.2+£0.19™ 0.2+0.17™
Rectal Temperature —0.03 £ 0.011*T* —-0.003 £ 0.0013" -0.02 £0.011™
T3 0.08 + 0.034* 0.04 +0.020™ -0.02 +0.016™
T4 -0.05 + 0.008™ -0.2£0.10* -0.08 + 0.009™

Quadratic
RR +SE —0.04 £ 0.014** 0.008 + 0.0017* 0.03 £0.015**
HR + SE -0.03 +0.014** -0.03 +0.018™ 0.02 +0.016™
Rectal Temperature —0.003 £ 0.00095** —0.0005 = 0.00012" —-0.002 £ 0.0011"
T3 0.007 +0.0031* 0.002 + 0.0039™ —0.002 + 0.0014™
T4 -0.001 + 0.0019™ -0.02 + 0.010* -0.005 + 0.0018™

* BD = body depth; ST = stature; BL = body length; FC = flank circumference; CG = chest girth; SH = navel height; DL = dewlap size.

**p<0.01;*p<0.05;™p>0.05

had higher heart rates during the hot-wet season than
brown-coloured to increase cooling rate. Low T3 con-
centration in the blood of black cows during the hot-wet
season could be a result of heat stress. Although, to our
knowledge, there are no comparable studies yet, Baum-
gard and Rhoads (2012) reported that heat stressed cattle
reduces circulating blood T3 concentration. Low blood
T3 concentration slows metabolic rates and consequent-
ly reduces heat production (Kahl et al., 2015). Lower
blood T3 concentration in black cows could, therefore,
be a consequence of higher body temperatures during
the hot-wet season. High respiratory rates in black cows
during the hot-wet season observed in the current study
could also be a result of high temperatures. In a similar
study on different species, McManus et al. (2009b) found
that black sheep had higher respiratory rates indicat-
ing they are more susceptible to heat stress. The find-
ing that black cattle are more susceptible to heat stress
could be attributed to the fact that cows with darker hair
have higher solar absorption as reported by Scasta et al.
(2016). Light coat colours are therefore desired for heat
stress management in cows. Beef cattle producers in hot
climates should consider light coat colours when select-
ing breeding and replacement animals. Considering that
only two coat colours were studied herein, further inves-
tigation on the impact of other coat colours on thermal
regulations in beef cattle seem important. Some light coat
colors such as white have been reported to be susceptible
to photo-chemical damage (Lee et al., 2016) and, thus,
might be undesirable under sunny conditions.
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Low T3 concentration in blood of the cows in the
afternoon observed in the current study agrees with pre-
vious work by Baek et al. (2019) who found that blood
T3 concentration of steers subjected to warmer ambient
temperatures was lower than in cooler ambient tempera-
tures. Considering that low T3 concentration in blood
is associated with heat stress in cattle (Baumgard and
Rhoads, 2012), grazing in the afternoon during hot pe-
riods can be considered stressful to cattle. This assertion
could be further strengthened by the current finding
that respiratory and heart rate of the cows were higher
in the afternoon than in the morning. Similarly, Neiva
et al. (2004) reported that an increase in the temperature
in the afternoon leads to increased heart and respiratory
rate of livestock. During the afternoon when ambient
temperature is high and air humidity low, there is more
evaporative water loss through rapid breathing (Levente
etal,, 2012; Veissier et al., 2018). To avoid afternoon graz-
ing and exposing cattle to heat stress during hot seasons,
beef cattle producers should facilitate early morning and/
or late afternoon grazing. Cattle can be released for graz-
ing early in the morning and late in the afternoon whilst
cattle handling activities can be done under the shade
from noon up to about 4:00 pm. Limiting grazing time
might, however, result in reduced feed intake and, con-
sequently, peformance of the cows (Gregorini, 2012). It
is, therefore, important in hot environments to come up
with strategies, which will counter heat stress for grass-
based beef cattle grazing systems throughout the day. Use
of conformation traits for prediction of heat tolerance of
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cattle could be an option. In dairy production, compos-
ite indices of conformation traits are commonly used as
predictors of traits of economic importance (Wu et al,,
2013). The conformation traits used to form these indi-
ces are, however, strongly correlated and thus redundant
(Olasege et al., 2019). A study by Zindove et al. (2015)
showed that individual conformation traits in beef cows
have high collinearity and correlations. There is a need to
combine conformation traits of cows into smaller num-
ber of variables to reduce redundancy and collinearity
before using them as indicators of traits of interest.

Principal component analyses showed biological
associations underlying the phenotypic relationships for
the six conformation traits under the study. In agree-
ment with findings by Zindove et al. (2015), two of the
three generated principal components derived in this
study describe general size of the cows. The finding that
body depth, chest girth and flank circumference, which
describe aspects of a cow’s body and rumen capacity
(Hansen et al., 1999), were grouped into one principal
component concurs with Zindove et al. (2015). Zind-
ove et al. (2015) also grouped body length and stature
into one principal component like in the current study.
Body length and stature are commonly used as meas-
urements for frame size in cows (Dubey et al., 2012). To
avoid analysing large numbers of correlated traits, reduce
computation burdens associated with analysing large and
complex data and improve precision, beef producers re-
cording conformation traits can use the three principal
components instead of the individual traits.

The finding that cows characterised by deep bod-
ies, large flanks and chest girths had lower heart rates,
respiratory rates, and rectal temperatures and higher
T3 concentrations in blood agrees with Abdurehman
(2019) who argued that large flank circumference and
chest girth of East African Shorthorn Zebu cows are
anatomical adaptations, which contribute to lower res-
piratory rates, rectal temperatures, and heart rates even
when the cows are subjected to high temperatures. This
could be because of the interactions between body depth,
chest girth size, metabolic heat production and heat dis-
sipation by the cattle. Chest girth size influences the res-
piratory rate by limiting lung expansion (Brown-Brandl,
2018). Livestock with large chests are be able to inhale
and exhale large air volumes thereby losing much heat to
the environment through the released vapour without in-
creasing their respiratory rate (Marai et al., 2007). Cows
with deep bodies coupled with large flanks and chests
have large guts resulting in high fermentation rates and
metabolic heat production (Hansen et al., 1999). Thus,
contrary to our findings that cows characterised by deep
bodies, large flanks, and chest girths have low heart rate,
respiratory rate, and rectal temperature coupled with

high T3 concentration in blood, cows with large flanks,
chests and deep bodies are expected to produce high
metabolic heat. This implies that heat tolerance in cows
with large flanks, chests and deep bodies could be mainly
due to greater ability to dissipate heat and not because of
reduced heat production (as result of reduced metabolic
rates). Cows with large flanks, chests and deep bodies are,
therefore, desirable for hot environments since they are
able to tolerate high temperatures without reducing their
metabolic rates. Based on the findings herein, beef cattle
producers can use flank size, chest girth and body depth
to come up with a classification system, which better ex-
plains variation in heat tolerance among their cattle.

The positive correlation between frame size of the
cows (body length and stature) and T4 concentration
in blood and negative relationship with respiratory rate
reflects on the importance of frame size of cows in hot
environments. In a similar study, Srikandakumar and
Johnson (2004) found out that Australian Milking Zebu
and Jersey cows had lower respiratory rates than Hol-
sten cows and attributed it to differences in frame size.
This implies that small-framed cows are more adapted to
heat compared to their large-framed counterparts. This
can be attributed the fact that the larger the body surface
area the higher the amount of heat the cows absorb from
the environment when environmental temperatures are
high (Alfonzo et al.,, 2016). Based on the current studies
and literature, beef producers in hot climates should be
encouraged to prioritize small-framed cows. Although,
to our knowledge, there are no comparable studies in
cows, the higher respiratory rate was expected in cows
with larger navel height and dewlap. The distance be-
tween ground and the bottom of belly of cows is critical
to resilience against hyperthermia as it helps insulate cat-
tle from the ground when it’s hot (Brown-Brandl, 2018).
Although the function of the dewlap remains largely
unexplored, there are suggestions that excess skin of the
dewlap is responsible for dissipating heat in large mam-
mals (Bro-Jergensen, 2016). Studies in elands and dairy
cattle using infrared thermography confirmed the dew-
lap as a site of high heat loss (Kotrba et al., 2007). When
principal component three was used for classification of
beef cows, cows with large dewlaps coupled with higher
distance between ground and navel should be considered
more heat tolerant. It is, however, necessary to conduct
more studies on the relationship of indicators of heat tol-
erance with navel height and dewlap size in beef cattle.

5 CONCLUSIONS

The present evidence suggests that heat production,
absorption and heat dissipation in cattle are associated
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with physical characteristics such as coat colour, dewlap
size, frame size, chest size and distance between abdo-
men and ground surface. Black cows are more prone to
heat stress. Small-framed cows with large chest girths,
large dewlaps and navel further away from the ground
surface are less sensitive to high ambient temperatures.
Further studies are required to support the relationship
between conformation and heat tolerance in beef cows. It
is also necessary to investigate the relationship between
conformation and heat tolerance in other classes of beef
cattle such as calves, steers, heifers and bulls.
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