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ABSTRACT

The present study aimed to estimate covariance com-
ponents of milk fatty acids (FA) and to compare the
genomic estimated breeding values under general and
heat-stress effects. Data consisted of 38,762 test-day
records from 6,344 Holstein cows obtained from May
2012 through January 2018 on 4 dairy herds from Bra-
zil. Single-trait repeatability test-day models with ran-
dom regressions as a function of temperature-humidity
index values were used for genetic analyses. The mod-
els included contemporary groups, parity order (1-6),
and days in milk classes as fixed effects, and general
and thermotolerance additive genetic and permanent
environmental as random effects. Notably, differences
in heritability estimates between environments (general
and heat stress) increased (0.03 to 0.06) for unsaturated
FA traits, such as unsaturated, monounsaturated, and
polyunsaturated, at higher heat-stress levels. In con-
trast, heritability estimated between environments for
saturated FA traits, including saturated FA, palmitic
acid (C16:0), and stearic acid (C18:0) did not observe
significant differences between environments. In addi-
tion, our study revealed negative genetic correlations
between general and heat-stress additive genetic effects
(antagonistic effect) for the saturated FA, C16:0, C18:0,
and C18:1, which ranged from —0.007 to —0.32. Spear-
man’s ranking correlation between genomic estimated
breeding values ranged from —0.27 to 0.99. Results
indicated a moderate to strong interaction of genotype
by the environment for most FA traits comparing a
heat-stress environment with thermoneutral conditions.
Our findings point out novel opportunities to explore
the use of FA milk profile and heat-stress models.
Key words: temperature-humidity index, heat stress,
variance component, fatty acid, Holstein

Received June 23, 2021.
Accepted October 13, 2021.
*Corresponding author: gbhmourao@usp.br

INTRODUCTION

In a tropical environment, climatic factors could be
challenging for dairy production, where climate is char-
acterized by high temperature, humidity, and rainfall.
Under such climatic conditions, high-producing dairy
cows experience heat stress and show a decline in
health, fertility, and production traits (Nguyen et al.,
2017; Hansen, 2019). Because of that, heat stress is an
important economic issue in dairy farming. Heat stress
occurs when the animal is not able to dissipate endog-
enous or exogenous heat from its body (Bernabucci et
al., 2010). To our knowledge, there are no published
economic loss estimates due to heat stress in Brazil.
However, heat stress could be a relevant factor, mainly
because most of the high-producing dairy cows (i.e.,
Holstein cows) are not genetically adapted to tropical
conditions. In the US dairy industry, the economic
losses due to heat stress are estimated to be between
$897 million to $1,500 million per year (St-Pierre et al.,
2003).

As heat stress is a costly problem for the dairy
industry, different cooling strategies (shades, fans,
sprinklers) and improved nutritional and management
practices have been used to alleviate the effects of heat
stress (Moran, 2005). However, these practices increase
production costs, and generally cannot eliminate heat
stress completely. Santana et al. (2017) reinforced the
hypothesis that heat stress reduces milk production
and quality of Brazilian Holstein herds, even when
maintained in modified environments for heat abate-
ment. One complementary strategy for reducing the
effects of heat stress on dairy cattle performance is the
identification and subsequent selection of animals that
are genetically more thermotolerant. Selecting animals
that are more thermotolerant is the most cost-effective
approach to improve dairy production under tropical
conditions as the gains made through genetic selection
are cumulative and permanent (Wall et al., 2010).

The main challenges in genetic analyses of heat stress
are accurate selection of phenotypes and the choice of

3296


https://orcid.org/0000-0002-0985-6169
https://orcid.org/0000-0002-6188-8053
https://orcid.org/0000-0002-0556-0192
https://orcid.org/0000-0001-8966-2227
https://orcid.org/0000-0001-9836-7203
https://orcid.org/0000-0002-7266-8881
https://orcid.org/0000-0002-3604-6639
https://orcid.org/0000-0002-0990-4108
mailto:gbmourao@usp.br

Dauria et al.: GENETIC EFFECTS OF HEAT STRESS ON MILK FATTY ACIDS 3297

models for variance components and parameter estima-
tion to quantify the level of heat stress. Several studies
have used physiological traits such as rectal tempera-
ture, respiration rate, and intravaginal temperature
as indicator traits of heat stress (Kendall et al., 2007;
Dikmen and Hansen, 2009; Kaufman et al., 2018). How-
ever, collection of such data at the national level is both
logistically challenging and time consuming. Ravagnolo
et al. (2000) examined several functions for quantifying
heat stress and suggested that temperature-humidity
index (THI) is a good environmental indicator. More-
over, THI has been used for decades to measure heat
stress effects in genetic models by several studies related
to dairy cattle (Ravagnolo and Misztal, 2000; Aguilar
et al., 2009; Hammami et al., 2015; Nguyen et al., 2016;
Sigdel et al., 2019).

Most of the genetic studies in dairy cattle are about
estimating a fixed threshold level of THI for production
and quality traits (Aguilar et al., 2009; Bernabucci et
al., 2014; Hammami et al., 2015). These models usu-
ally assume that production declines linearly with the
increase of THI, and part of this decline is genetically
determined. In addition, Sédnchez et al. (2009) proposed
a more complex model that assumed that each cow had
a different threshold and slope based on a hierarchical
Bayes model. However, this model is computationally
challenging as it has a large number of parameters.
Therefore, a repeatability test-day model with constant
threshold and random slope for heat load function
results in reasonable estimates of genetic parameters
under heat stress (Aguilar et al., 2009; Nguyen et al.,
2016).

Recently, there has been a considerable interest in
milk fatty acid (FA) profile because of its effects on
human health and technological, sensorial, and nutri-
tional properties of milk and dairy products (Hanus
et al., 2018). Nguyen et al. (2016) suggested that FA
profile could be a potential biomarker for heat toler-
ance as it can be measured on a large scale through

mid-infrared spectroscopy of milk samples, and hence
can be applied to data sets as large as those used for
the national evaluation. Also, Bohlouli et al. (2021) as-
sessed the potential of milk FA profile as a biomarker
of thermotolerance in the Holstein population of Ger-
many and indicated a larger genetic variance for UFA
at high THI, suggesting the consideration of this trait
for breeding schemes for improved heat-stress toler-
ance. Thus, the first objective of this study was to
estimate covariance components of FA as a function of
THI values through a single-trait repeatability test-day
model. The second objective was to estimate genomic
estimated breeding values (GEBV) under general and
heat-stress conditions for milk FA and subsequently to
compare the Spearman rank correlation of dairy sires.

MATERIALS AND METHODS
Phenotypic and Genotypic Data

Data consisted of 38,762 FA records and 55,530 milk
production records from 6,344 Holstein cows (daugh-
ters of 535 sires), within the first to the sixth parity
and DIM between 5 and 305, obtained between May
of 2012 and January of 2018 on 4 dairy herds in Brazil
(Table 1) located in the southeast and south regions.
Test-day records ranged from 1 to 29, obtained from an
average of milkings 3 times per day with an automatic
milk system. Contemporary groups (CG) were formed
by the combination of herd, calving year, and month
of test-day record. Only records within the acceptance
range of 3 standard deviations from the respective
mean and from CG with a minimum of 5 animals were
used in the genetic analyses. Pedigree was created by
tracing the pedigrees of cows back 5 generations. The
pedigree file included 9,759 animals.

In this study, we considered the following 7 traits re-
lated to FA milk profile: SFA, UFA, MUFA, and PUFA,
and the individual milk FA including palmitic acid

Table 1. Descriptive analysis' of milk yield (kg/d) and milk fatty acids (g/100 g of milk)"

Trait? N Mean SD Min Max
MY 55,530 33.34 10.23 6.00 62.14
FA
SFA 38,762 2.30 0.56 0.71 6.00
UFA 38,762 1.03 0.31 0.08 3.08
MUFA 38,762 0.87 0.27 0.08 2.66
PUFA 38,762 0.15 0.05 0.01 0.50
Individual FA
C16:0 38,762 0.87 0.24 0.17 2.49
C18:0 38,762 0.62 0.16 0.50 1.94
C18:1 38,762 0.66 0.23 0.02 2.00

'n = number of observations; Min = minimum; Max = maximum.

MY = milk yield; FA = fatty acids of milk; C16:0 = palmitic acid; C18:0 = stearic acid; C18:1 = oleic acid.
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(C16:0), stearic acid (C18:0), and oleic acid (C18:1).
Milk FA were determined as grams per 100 g of milk
and measured by mid-infrared spectroscopy (Delta In-
struments CombiScope Filter, Advanced Instruments
Inc.; Rodriguez et al., 2014). The key ingredients in the
cow diet included corn silage, grass hay, cottonseed,
soybean meal, soybean husk, cornmeal, citrus pulp,
minerals, and vitamins.

Genotype data for 79,294 SNP markers across the bo-
vine genome were available for 1,152 cows with records,
daughters from 165 sires in the pedigree. The SNP in-
formation was updated to the new bovine reference ge-
nome ARS-UCD 1.2. Genotypes were imputed using a
reference population composed of 1,584,539 females and
237,570 males, all Holstein, genotyped with a variety of
chips manufactured largely by Illumina and provided by
Illumina, GeneSeek (Neogen Agrigenomics) and Zoetis
using findhap.f90 (VanRaden et al., 2013). A detailed
description of the procedure of imputation analysis for
cow’s reference population has been reported by Petrini
et al. (2016) and Iung et al. (2019). The SNPs that
mapped to sex chromosomes were monomorphic, had a
minor allele frequency below 0.05, had a call rate below
0.9, and SNPs with Mendelian conflicts were excluded
from the genotype data. After quality control, a total of
1,097 cows and 66,519 SNP markers were retained for
subsequent genomic analysis.

Climate Data Information

Weather data were obtained from National Aero-
nautics and Space Administration (NASA) Prediction
of Worldwide Energy Resource (NASA Prediction of
Worldwide Energy Resources, 2021) using the farm
location coordinates in latitude and longitude. Hourly
THI values were calculated as proposed by Ravagnolo
et al. (2000) as follows:

THI = (1.8 x T+ 32) — (0.55 — 0.0055 x RH)
x (1.8 x T —26),

where T is the average of temperature (in °C) and RH
is the average of relative humidity, expressed as a per-
centage. After that, mean daily THI corresponding to 3
d prior to each test day was calculated as suggested by
Bohmanova et al. (2007). A heat load function, denoted
as f (THI), was calculated to estimate the decrease
(slope) in the content of FA in milk under heat stress,
as follows:

if THI<THI,,

f(THI) )
| THI -THI,, ~ fTHI >THI,, '

thr
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where THI,, (THI threshold) was set to 68, and thus
f (THI) was equal to max (0, THI — THI,,). Herein,
we use 68 THI based on results of the threshold set
for high-producing cows (>35 kg of milk/d) that can
be seen in Zimbelman et al. (2009). The average THI
distribution across the years for 2 regions of this study
is presented in Figures 1 and 2.

Genetic Analyses

Single-trait repeatability test-day models proposed
by Ravagnolo and Misztal (2000) were fitted to esti-
mate variance components for milk FA under general
and heat-stress conditions. Additionally, GEBV was
estimated for 2 environments, general (heat load THI
function = 0) and heat stress (heat load THI func-
tion = 10 degrees above the threshold). Afterward, sire
rankings were compared through Pearson correlations
as follows:

Yijrm =CG; +PAR, +DIM, +a; +pe, +1, [ f(THI)]
+q [f(THI)] +Cijtim>

where ¥, is the record for the milk FA traits, CG; is
ith contemporary group (herd, calving year, and month
of test-day record; ¢ = 1 to 142), PAR, is jth parities (j
= 1-6), DIM, is the kth DIM class with classes defined
every 20 d (k = 15), q; is the general random additive
genetic effect (intercept) of animal I, pe;is the general
random permanent environmental effect (intercept) of
animal [, f (THI) is a function of THI, ¢ is the ran-
dom additive genetic effect (slope) of heat stress of the
animal [, ¢ is the random permanent environmental
effect (slope) of heat stress of animal I, and e, is the
random residual effect.
The variances are as follows:

a Ho, Ho, 0 0 0

¢| |Ho, Hol 0 0 0

pel=| 0 0 Io), Io,, O],
2

q 0 0 Iap eq Iaq 0

¢ o 0 0 0 I

where it was assumed a = to be a vector of ran-

[
antn

pe'nq'n a vector
of random permanent effects. H is the numerator rela-
tionship matrix, and I is an identity matrix. This
method is known as single-step genomic BLUP. The

inverse of H was obtained as follows:

dom additive genetic effects, and pe =
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a1 |0 0
H =A"+ . .
0 G, —A,

)

where A™' is the inverse of the pedigree relationship
matrix, G;l is the inverse of the genomic relationship
matrix, and A,, is the inverse of the pedigree relation-
ship matrix of genotyped animals. G, = (oG + BA,,) ",
where G was equal to the genomic relationship accord-
ing to VanRaden (2008), and w is the proportion of the
total additive genetic variance explained by the genetic
markers. This step was performed using the default
parameterization in the preGSf90 (o = 0.95 and 3 =
0.05).

Variance components for FA milk traits were esti-
mated in a Frequentist framework using the restricted
maximum likelihood method under genomic polygenic
models in the AIREMLF90 software (Misztal et al.,
2018). The intercept was fixed up to THI = 68 (general
condition), and the random slope was a straight line by
taking function f{ THI) associated with heat stress. The
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values of the additive genetic variances for heat stress
were represented for THI = 78 (10 degrees over the
THI threshold of 68). The additive genetic variance for
heat-stress conditions is associated with 1 THI degree
above the threshold (THI = 68). For n degrees over
the threshold, heat-stress variance components are n’
higher (Aguilar et al., 2009). The genomic heritabil-
ity coefficients (h?) were obtained at heat-stress level
f (THI) (10 degrees over THI threshold) and general
effects (threshold; Ravagnolo and Misztal, 2000) as fol-
lows:

ol 4+ f(rur) o +27(1HI)0,

of + f(tHI) oF + 24 (THI)o, + 0" + f(THI) s’ + 2/ (THI) s +0

where o2 the variance of general additive genetic ef-
fects; o} is the variance of thermotolerance additive
genetic effects; o, is the additive genetic covariance
among general and thermotolerance genetic effects; 0127@

year

— 2012
=== 2013
- 2014
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Figure 1. Average temperature-humidity index (THI) across years (2012-2018) for region A (southeast) of this study.
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Figure 2. Average temperature-humidity index (THI) across years (2012-2018) for region B (south) of this study.

is the variance of general permanent environmental ef-
fects; 03 is the variance of thermotolerance permanent

environmental effects; o, is permanent environmental

peq
covariance among general and heat-stress effects;
f(THI) is a function of THI; and o7 is the residual vari-
ance.

The genetic correlation (corr) within trait among
general and heat-stress additive genetic variances was
estimated as follows:

THI)o
corr[a,f(THI)t] = S (THT) o

- ol o}

The GEBV was predicted using the BLUPF90 program
(Misztal et al., 2018) with a convergence criterion of
10", Each animal was assumed to have a general
(intercept) GEBV and a specific (slope) GEBV for

Journal of Dairy Science Vol. 105 No. 4, 2022

heat-stress conditions on fixed THI (68 and 78 THI, re-
spectively). Spearman rank correlation was performed
to compare the GEBV classification of animals between
general and heat-stress conditions using the software
Rstudio (version 1.3.1093; https://www.r-project.org/).
For sire ranking, only sires (total of 97 sires with an av-
erage of 61 daughters) with a minimum of 20 daughters
reared at least in more than 1 CG were selected and
split into 3 subsets: TOP20% (20% of best classification
sires), TOP50% (50% of best classification sires), and
FULL_RANK (all sires presented at ranking).

RESULTS AND DISCUSSION
Genetic Parameter Estimation

Although it has been shown that several factors
(diet, physiology, and stage of lactation, among others)
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is the variance of heat-stress ad-

= additive genetic permanent environment effect; o,
2

2
t

general additive genetic variance; o

2

2 _

3 0a

is the additive genetic covariance among general and heat-stress genetic effects;

fatty acid; C16:0 = palmitic acid; C18:0 = stearic acid; C18:1 = oleic acid;

milk yield; FA

MY =

is the variance

heritability esti-

2
q

) Upe

= is environmental permanent covariance among general and heat-stress effects

ditive genetic effects; o,

= residual effect; h*(t)

;o
heritability estimated in general conditions; r, (a,t) = genetic correlation between general and heat-stress

of heat-stress environmental permanent effects; o ,

hreshold (68); h*(a)

mated under heat stress at THI 10 degrees above t

additive effects.

influence the content of milk profile FA (Palmquist,
2006; Renna et al., 2010; Bastin et al., 2013), the pos-
sible changes in genetic aspects as a response of heat
stress are unknown for Holstein populations in tropical
conditions. To initially address the comparisons of milk
FA traits estimated under 2 environmental conditions
(general and heat stress), we estimated variance com-
ponents using single-trait repeatability test-day models
(Table 2). The heat-stress level was fixed at 10 THI
degrees above the THI threshold (THI = 68) to obtain
larger variances (100 times; Ravagnolo and Misztal,
2000; Aguilar et al., 2010; Sigdel et al., 2019).

Our results of genomic heritability estimates revealed
differences between general and heat-stress conditions.
Interestingly, heritability estimates under heat-stress
conditions for unsaturated FA traits (PUFA, MUFA,
UFA, and C18:1; 0.16, 0.09, 0.08, and 0.08, respective-
ly) increased slightly compared with general conditions
(0.10, 0.05, 0.05, and 0.05, respectively). Such differ-
ences in estimated heritability ranged from 0.03 to 0.06
for unsaturated FA traits, with standard errors ranging
from 0.013 to 0.027 for heat-stress conditions. However,
these results should be interpreted with caution due
to minor differences between estimates of heritabilities
in 2 environmental conditions, and their standard er-
rors suggested that only UFA, MUFA, and PUFA were
significantly different at THI threshold 68. In agree-
ment with our results, previous findings indicate that
heritability for PUFA and C18:1 are higher at high THI
values in Belgium Holstein cows using the linear reac-
tion norm model (Hammami et al., 2015).

In contrast, SFA traits (SFA, C16:0, and C18:0) had
lower heritability estimates under heat stress (0.23,
0.23, and 0.13, respectively) compared with general
conditions (0.26, 0.27, and 0.14, respectively). Stan-
dard errors of heritability estimates varied from 0.021
to 0.026 and 0.014 to 0.018, respectively. Our results
reinforced that unsaturated FA traits present lower
heritability than saturated FA traits in both conditions
(general and heat stress). This has been shown for
PUFA, MUFA, UFA, and C18:1, which indicates that
unsaturated FA traits had lower estimated heritabilities
than saturated FA traits (Bastin et al., 2013; Penasa et
al., 2015; Petrini et al., 2016). Thus, it is reasonable to
presume that UFA traits are less heritable and more
sensitive to environmental changes due to synthesis ori-
gin. In this study, estimates of heritabilities between 2
environments showed no significant difference for SFA.
However, in the Belgium Holstein population, heritabil-
ity estimates also decreased slightly at high THI for
most FA traits with higher heritability (Hammami et
al., 2015). As far as we know, milk FA profiles derived
from de novo synthesis (short- and medium-chain FA
= saturated) are more heritable than milk FA profiles
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originating from ruminal biohydrogenation of dietary
lipids and body fat stores (long-chain FA = unsaturated;
Penasa et al., 2015). Despite this, very few studies have
been devoted to comparing changes in heritability esti-
mates for milk FA profile considering heat-stress effects
in genetic models. Other reports have focused on the
effects of lactation stage, parities, and seasons of year
associated with variability in genetic and phenotypic
components for FA milk profiles (Renna et al., 2010;
Bastin et al., 2013). Recently, Bohlouli et al. (2021)
evaluated the climate sensitivity via genomic reaction
norm models for milk FA under THI values. The au-
thors reinforced that there were large genetic variances
for UFA under high THI degrees, and this is contrib-
uted to an increase in UFA milk content. In our study,
we highlighted significant differences in variance com-
ponent estimates during heat stress for UFA, MUFA,
and PUFA traits, suggesting that genetic components
changed according to conditions of the environment.
Although the effect of the herd has been included in the
model to minimize bias in the estimation of the genetic
parameters, changes in cows’ diets across the years may
have influenced FA milk profile, and it could be one
limitation of our work.

Genetic correlation between additive genetic effects
for general and heat-stress conditions were negative
and low for SFA, C16:0, C18:0, and C18:1, ranging
from —0.007 to —0.32. However, high standard errors
(varying from 0.041-0.780) for most genetic correla-
tions indicated low accuracy between additive variances
estimated under 2 environmental conditions. Despite
that, negative genetic correlations between general and
heat-stress additive genetic effects were reported previ-
ously for SFA and C16:0 in primiparous Holstein cows
(Hammami et al., 2015). Interestingly, negative genetic
correlation between general and heat-stress additive
genetic effects also were reported for milk yield and
composition traits such as protein and fat for high-
producing dairy cows (Ravagnolo and Misztal, 2000;
Aguilar et al., 2009; Bernabucci et al., 2014; Hammami
et al., 2015; Sigdel et al., 2019). Tt has been suggested
that milk yield traits are antagonistic to heat tolerance,
and selection for higher yield without considering heat
tolerance may result in greater susceptibility to heat-
stress.

This antagonistic effect is related to physiological
change mechanisms and decreases in nutrient uptake
due to an increase in metabolic heat production (Col-
lier et al., 2008). An increased heat load leads to greater
glucose disposal into cells, whereas the insulin response
remains unchanged (Collier et al., 2008). Moreover,
heat-stressed cows have a decrease in DMI, which
causes declines in milk yield and limitations in lactose
synthesis (Rhoads et al., 2009; Baumgard et al., 2015).
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In SFA milk traits (SFA, C16:0, and C18:0), heat stress
probably modifies the metabolic strategies of the use of
body resources such as fat, protein, and energy (Bel-
hadi Slimen et al., 2016). Herein, C18:1 showed genetic
correlation between additive genetic variances close
to 0, which means that the genetic effect of this trait
is independent of the other environmental conditions.
These findings suggest that C18:1 is mainly dependent
on the influence of environmental conditions, where
heat stress can reduce DMI and indirectly modify the
milk profile of UFA. This fact is supported by previous
findings (Hammami et al., 2015) where C18:1 also pre-
sented highest changes in variance components at high
THI values. Moreover, recent studies have investigated
the use of C18:1 as a biomarker for an early diagnosis
of metabolic diseases such as negative energy balance.
Results indicated C18:1 as the main MUFA with a high
predictive value for early detection of hyperketonemia
(an abnormal increase of ketone bodies in the circu-
lating blood) using plasma (Tessari et al., 2020) and
concentrations of C18:1 in milk fat to predict negative
energy balance condition (Churakov et al., 2021).

Positive genetic correlations between general and
heat-stress additive genetic effects were observed for
UFA, MUFA, and PUFA, ranging from low to high
genetic relationship (0.12-0.72). This result is sup-
ported by previous findings in the Belgium Holsteins
population, showing positive genetic correlations be-
tween general and heat-stress additive genetic effects
for UFA, MUFA, and PUFA (0.03-0.38; Hammami et
al., 2015). However, standard errors were high (varied
from 0.041-0.780) in most genetic correlations between
additive variances, and only PUFA presented accurate
differences between additive variances under 2 environ-
mental conditions in this study. A high positive correla-
tion found for PUFA (0.72) suggested that the effects
attributed to genes between general and heat-stress
conditions possibly were the same. In addition, PUFA
represents a low percentage (5%) of the bovine milk
fat and small variability associated with their composi-
tion (Penasa et al., 2015), which indicates it is a weak
candidate to capture heat-stress effects from samples
of milk. In general, genetic correlations within traits
were strongly biased using this simple model to capture
heat-stress effects in milk FA traits. Thus, our findings
provided further evidence of the repeatability of single-
trait models for heat-stress design involving milk FA
genetic components and new methodologies to exploit
heat-stress studies.

Genetic Evaluation for Heat Tolerance

Table 3 shows the rank correlation between GEBV of
97 sires under general and heat-stress conditions split
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into 3 subsets (TOP20%, TOP50%, and FULL_RANK).
Negative rank correlation between GEBV ranged from
—0.12 to —0.46 for SFA and C16:0; positive rank cor-
relation between GEBV ranged from 0.28 to 0.99 for
UFA, MUFA, PUFA, and C18:1. For breeding schemes,
negative rank correlation indicates reranking of sires
and differences in performance for these traits under 2
conditions of the environment. However, these results
need to be interpreted with caution due to high stan-
dard errors for SFA and C16:0 from previous genetic
correlations analysis.

Interestingly, PUFA presented a strong positive rank
correlation between general and heat-stress conditions
(0.97-0.99), suggesting no reranking of sires. Moreover,
PUFA had the highest positive genetic correlation (0.74)
in the parameter estimation within traits observed pre-
viously. Rank results indicated that PUFA would have
few changes in GEBV for the 2 environmental condi-
tions proposed in the present study. It reinforced our
hypothesis that PUFA is probably not a good indicator
for heat stress.

In general, differences between rankings are reported
for low genetic correlations (<0.80), which means that
the top sires on a trait in one environment are not
necessarily as superior in the other (Hammami et al.,
2015). Our results indicated that UFA, MUFA, and
C18:1 had rank correlations for sires lower than 0.55.
Therefore, all those traits are also expected to have dif-
ferences in GEBV according to the environment of ge-
netic evaluation. Furthermore, rank correlations (nega-
tive or positive) also suggested possible differences in
the FA milk profiles. According to Renna et al. (2010),
higher concentrations of SFA occur during heat-stress
conditions in alpine grazing systems. In addition, heat
stress can influence lipid synthesis by the mammary
gland, which may alter the proportion of SFA and UFA

Table 3. Spearman correlation between genomic estimated breeding
values (GEBV) of bulls under general (a) and heat stress (t)'

Bulls
Ranking TOP20% TOP50% FULL_RANK
FA trait GEBV (a,t) GEBV (a,t) GEBV (a,t)
SFA —0.40 —0.27 —0.38
UFA 0.52 0.28 0.38
MUFA 0.50 0.36 0.39
PUFA 0.97 0.98 0.99
C16:0 —0.40 —0.45 —0.46
C18:0™ —0.18™ —0.12™ —0.13™
C18:1 0.34 0.31 0.32

'FA = fatty acid; C16:0 = palmitic acid; C18:0 = stearic acid; and
C18:1 = oleic acid; TOP20% = 20% of best classification sires;
TOP50% = 50% of best classification sires; FULL_RANK = all sires
presented at ranking.

YP > 0.05.
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in milk (Hammami et al., 2015). Diet composition also
alters the FA milk profile, particularly for C16:0 and
C18:1, when different sources of fat are included in the
diet and may alter biohydrogenation process in the ru-
men (Palmquist, 2006). Therefore, we reiterate that the
FA of milk interacts with the genotype-environment.
Our rank correlation results indicate a reranking of
sires for most FA traits including SFA, UFA, MUFA,
C16:0, and C18:1 attributed to low to moderate ge-
netic correlation between GEBV under general and
heat-stress conditions. In genetic aspects, all those
traits can affect the selection response if practiced in a
limiting environment. Considering full rankings, C18:1
presented the lowest Spearman rank correlation (0.32).
Our results support the idea that C18:1 is strongly
influenced by heat stress, thus showing that environ-
mental conditions may affect its synthesis. In addition,
previous results showed that C18:1 had a high range of
phenotype compared with other FA during the first 100
DIM for Walloon Holstein cows (Bastin et al., 2011).
This fact reinforced that release of long-chain FA inhib-
its FA synthesis in the mammary gland when the cow
is in negative energy balance. Because of that, Moore
et al. (2005) suggest that cows under heat-stress condi-
tions go into negative energy balance, independent of
the lactation stage, which would compromise the milk
and its components yield. The present study provides
further evidence that C18:1 had the highest environ-
mental influence and was less heritable compared with
other FA traits. Furthermore, a negative correlation
between ranks for SFA can indicate a genetic-by-
environment interaction, and changes could possibly
occur in the rank of sires for these traits in heat-stress
conditions. Our results also highlighted the importance
of combining records from mid-infrared spectrometry
and the weather station for heat-stress management or
metabolic-disorder identification in further studies.

CONCLUSIONS

The FA milk profile changes continuously throughout
general and heat-stress conditions, and these changes
can be genetically determined. Interestingly, UFA
(UFA, MUFA, and PUFA) have higher heritability es-
timates under heat-stress conditions. The antagonistic
relationship between additive genetic variances under
general and heat-stress conditions was not confirmed in
this study. High rank correlation at heat-stress condi-
tions suggested no genotype-by-environment interac-
tion for PUFA. However, larger genetic variation and
lower genetic correlation indicated that C18:1 had the
greatest sensitivity to heat-stress conditions in a tropi-
cal climate. These findings could contribute to a better
understanding of interaction of milk FA complex traits
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with heat-stress conditions in dairy cattle using repeat-
ability single-trait model.
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