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	 Q1:	� How does the behavior of offspring from heat stressed (HS) dams compare to that of 
the offspring from cooled dams? 

	Jimena: 	�Both prenatal and postnatal heat stress exposure trigger specific aspects of pre-weaned 
dairy calf thermoregulatory and feeding behaviors. The Prenatally heat-stressed calves 
stand longer across the day relative to in utero cooled calves, especially overnight 
and during the early morning hours – perhaps to promote heat loss when ambient 
temperature drops after daily heat accumulation. Additionally, prenatally heat-stressed 
calves require more feeding assistance and more medication events across the pre-
weaning phase relative to prenatally cooled calves. So, yes, in utero heat stressed calves 
display distinct behaviors, require more assistance during the first weeks of life, and 
anecdotally they leave the herd sooner. 

	 Q2:	� Are the offspring from HS dams more sensitivity to heat than the offspring from cooled 
dams?

	Jimena: 	�Providing postnatal forced ventilation with fans at the calf level (~ 2 m/s air speed, from 
birth to weaning) to grouped housed calves improved thermoregulatory responses in 
both prenatally heat stressed and prenatally cooled calves (i.e., lowered respiration 
rate, rectal and skin temperatures). However, interactions between pre- and postnatal 
exposure at the hottest time of the day were observed: Calves exposed to pre- and post-
natal heat stress (HT-HT, chronic exposure) had the highest respiration rate and rectal 
temperature, whereas calves that were prenatally heat-stressed but provided postnatal 
cooling had reduced respiration rates. The potential implications of the observed 
interactions require further investigation but suggests that continuous exposure to 
heat stress across prenatal and postnatal windows is harmful to calf thermoregulatory 
capacity. 

	 Q3:	� Knowing the impact of heat stress in utero on the progeny, should producers consider 
seasonal calving? 

	Jimena: 	�This is a great question. It is possible to breed cows to calve in late winter to early spring. 
This has several benefits, and some farms in the Southeast utilize seasonal breeding. 
However, it is challenging in practice, and there might be market implications for this as 
it leads to lower production in the fall when the demand is greater. In fact, cooperatives 
have balancing programs to avoid this by penalizing seasonality.

	 Q4:	� Would you keep as replacements, heifers born to dams that faced heat stress in the last 
trimester of pregnancy? 

	Jimena: 	�It depends on the extent of the hot season and the need for replacements. It makes sense 
to “skip these” from a practical standpoint, but there might be some issues arising from 
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not having a steady flow of animals coming. If you cull all potential replacement heifers 
born in August/September in Wisconsin or from June to October or even November at 
times in Florida (i.e., in utero heat stressed 6-8 weeks before), you squeeze down the 
replacement possibilities and selection intensity. Some farms in the southeast will sell 
their calves and purchase new replacements from different locations when needed to 
avoid the impact of perinatal heat stress on the calf, however, this requires financial 
assessment depending on market price.

	 Q5:	� Is heat stress one of the factors that result in dairy cows rarely reaching their genetic 
potential?

	Jimena: 	�Absolutely, modern dairy cows have been genetically selected to make milk. They are 
very good at it! We need to implement management practices that remove any stressor 
that might impede the expression of their full potential to allow them to do their job. 
Heat stress is one example, and it is important to remember that stressors are additive!

	 Q6:	� Do the daughters of heat stressed dams that produce less milk correspondingly eat 
less? 

	Jimena: 	�Unfortunately, we have not measured daughters’ individual feed intake during their 
first lactation. However, during the pre-weaning period (i.e., weeks 6-8 of age), heifers 
that were prenatally heat stressed eat less grain and weigh less than those that were 
prenatally cooled. Although BW was not different at calving and throughout lactation, 
prenatally heat stressed heifers produce less milk (avg. 4/5kg/d) and displayed a 
metabolic profile that was similar to the in utero cool herd-mates (i.e., circulating NEFA, 
insulin and glucose). 

	 Q7:	� During heat stress, does the addition of methionine have an effect on the size of the 
MECS in the alveoli? 

	Jimena: 	�I am not aware of in vivo studies in bovine testing this. However, in vitro bovine mammary 
epithelial cells cultured with supplemental methionine have been shown to have increased 
cell viability and β-casein expression, activated mTORC1 signaling, improved milk protein, 
fat synthesis, and cell proliferation.

	 Q8:	� At what temperature does supplementing diets with methionine become financially 
beneficial?

	 Brian: 	�Methionine is nearly always financially beneficial irrespective of temperature when diets 
are formulated on an amino acid balance basis. The additional interest for the heat stress 
situation is that in addition to its role as a key building block in the body for all proteins 
(milk, enzymes...) it is also a precursor of glutathione and taurine, antioxidants to help 
mitigate the effect of heat stress.
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	 Q9:	� Do the “heat stressed” heifers need a different management/nutrition than “non-heat 
stressed” heifers after they calve? 

	Jimena: 	�We have shown that under similar nutritional and housing conditions (either individual or 
grouped in automatic feeders), prenatally heat-stressed heifers eat less grain and remain 
smaller and shorter than prenatally cooled heifers during the pre-weaning period. One 
possibility would be to increase the plane of nutrition if heifers are born to heat-stressed 
dams, however, it is possible that their appetite might be “programmed” or suppressed 
by exposure to in utero hyperthermia. Orellana Rivas et al. (2020) showed that feeding 
an accelerated 26:17 MR at 0.66 kg of DM/d twice daily improved growth compared with 
feeding a conventional 20:20 MR at 0.55 kg of DM/d during summer, however, higher MR 
allowance did not support further improvements in calf performance.

		�  As far as other management practices, we have provided postnatal forced ventilation 
(i.e., postnatal cooling) from birth to weaning to these prenatally heat-stressed calves, 
and despite improving milk replacer and grain intake, we were not able to rescue the 
growth retardation of prenatally heat-stressed heifers (Dado-Senn et al., 2020) which 
was still evident at weaning and up to one year of age. However, other management/
nutritional management strategies and combinations should be tested!

	 Q10:	 �Is there a way to assess the “damaging” impact of heat stress on heifers by using some 
genetic marker? 

	Jimena: 	�Several single nucleotide polymorphisms located within candidate genes (i.e., HSF1 and 
HSPA6) for adaptability in both dairy and beef cattle raised in a subtropical climate 
have been proposed. Also, whole genome mapping has identified other candidate genes 
and pathways involved in milk production under heat stress in Holstein cows. As far 
as “functional markers to assess the damage of in utero heat stress,” in other words, 
genes or epigenetic marks that can be identified at birth to predict outcomes later in life, 
it is unknown. 

		�  These studies are challenging in part due to the complexity of heat stress response and 
the long-term nature of the studies that are needed to find meaningful associations 
with productive outcomes. Yet, we found 50 genes differentially methylated by in utero 
heat stress regardless of gender, tissue type and age. These genes are involved in cell 
survival, stress response, and ribosomal synthesis and could be potential candidates for 
further exploration. 

	 Q11:	� Can you please compare Wisconsin-Minnesota to Texas-Florida – how many heat stress 
days are there in a typical year? 

	Jimena: 	�Florida & Texas experience on average 192 heat stress days per year, while Wisconsin 
& Minnesota experience on average 45 days. This is based on a temperature-humidity 
index (THI) threshold of 68. 
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	 Q12:	� To calculate THI, there are many formulas in the literature. Which should we choose? 

	Jimena: 	�We used the following formula (see: Laporta et al., 2020) THI = (1.8 × T°C + 32) – [(0.55 – 
0.0055 × RH) × (1.8 × T°C – 26)]. This formula was originally proposed by the NRC in 1971 
and was validated for use in tropical climates by Dikmen et al. 2008.

	 Q13:	 �To create the lactation curves, did you use modeling? 

	Jimena: 	�No, we did not. We plotted milk yield vs. weeks in milk.

	 Q14:	� How does heat stress reduce proinflammatory response (Interleukin 6) and heat shock 
protein (HSP 70)?

	 Juan: 	�The control of the inflammatory response is primarily through activation or inhibition 
of the transcription factor “nuclear factor kappa beta (NFKB).” This means that a 
proinflammatory response entails activation of NFKB which subsequently has the ability 
to activate transcription of many genes including cytokines such as IL-6. 

		�  Thus, one can expect that a reduction in the inflammatory response results in 
downregulation in mRNA (and likely protein) abundance of proteins such as IL-6. The data 
we have obtained in vitro using isolated blood neutrophils challenged at 42°C indicated 
that the ability of those cells to trigger a proinflammatory response was diminished, i.e., 
IL-6 production decreased. The exact mechanism for that response is unclear. 

		�  In contrast, we detected a simultaneous upregulation of HSP, a typical response during 
thermal stress. The abundance of these proteins is also regulated at the transcription 
level through transcription factors called “heat shock factors” (HSF). Both NFKB and 
HSF are regulated through various mechanisms, including phosphorylation of the protein 
through various proteins referred to as ‘kinases.’ It is unknown which kinases control the 
heat stress response in bovine immune cells.

	 Q15:	� During heat stress, which supplementation is better – methionine or betaine? (Betaine 
–a methyl donor with water-holding capacity. Methionine – required for milk protein 
synthesis and glutathione)

	 Juan: 	�Unlike with methionine, there are few published data assessing the production and 
physiology of dairy cows fed betaine (or sources of betaine) during stressful periods, 
including heat stress. Thus, based largely on the benefits reported in terms of production 
(e.g., dry matter intake, milk yield, milk casein) and physiological response during 
the transition period and heat stress challenge, an enhanced post-ruminal supply of 
methionine during heat stress is likely to have more beneficial effects. For example, if 
heat stress diminishes gut intestinal permeability and causes an inflammatory response 
in key tissues such as the liver, an increase in the supply of methionine can help generate 
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additional glutathione (and potentially taurine). Some of our recent work indicates that 
gut tissues in the cow (including rumen) have a functional one-carbon metabolism 
pathway, which will allow for metabolism of methyl donors (e.g., methionine, choline, 
betaine) to intermediate molecules such as glutathione.

	 Q16:	� What nutrients might be of the most importance to maintain intestinal wall integrity 
during heat stress?

	 Juan: 	�Based on available data, mostly from monogastrics, it appears that zinc would be most 
effective in preventing excessive “loosening” of the protein complex that makes up the 
tight junctions responsible for holding together the epithelial cell layer surrounding the 
intestinal wall that faces the lumen of the gut. Besides its role with tight junctions, zinc 
has important roles at the molecular level, for example, as a cofactor of an important 
cellular antioxidant enzyme called Metallothionein (MT). The synthesis of MT increases 
markedly during oxidative stress, which means that to work properly it will require an 
increased supply of zinc. Thus, if a sustained period of heat stress leads to increased 
intestinal permeability, a localized immune and oxidative stress response could increase 
the need for zinc and potentially other antioxidants.

		�  It is important to keep in mind that oxidative stress and inflammation will cause severe 
damage to the machinery (proteins, genes) that cells require to work properly. Besides 
zinc, it is also important to keep in mind that glutathione synthesis also would be beneficial 
in terms of the antioxidant response. Thus, besides zinc supply, intestinal cells in the cow 
experiencing heat stress could benefit from an additional supply of methionine.

	 Q17:	� How does rumen protected methionine help cows achieve better productivity during 
high temperatures in the tropics?

	 Juan: 	�The first thing is to ensure that cows are cooled (i.e., via fans and sprinklers) and have 
access to drinking water. There is strong evidence that heat abatement will help cows 
maintain optimal feed intake during periods of heat stress and especially when the THI 
goes above 72, which is often considered the critical point beyond which milk yield is 
compromised. Thus, assuming that cows are cooled properly during high environmental 
temperatures, greater post-ruminal supply of methionine could help cows achieve better 
productivity through the following mechanisms: 

	 	◼	� Alleviating any negative effect of high temperatures on gut and systemic oxidative 
stress via the synthesis of glutathione and taurine,

		 ◼	� Allowing for optimal rates of feed intake, i.e., an overt immune response often 
triggers satiety, and

		 ◼	� Providing additional methionine to the mammary gland for milk protein synthesis. 
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		�  Even if feed intake is not altered by rumen protected methionine, there is evidence 
suggesting that as long as the metabolizable energy in the diet is not limiting, enhanced 
post-ruminal supply of methionine can activate signaling pathways in the mammary 
gland that enhance the efficiency of amino acid utilization for milk protein synthesis. 
Since milk protein synthesis is a factor that determines milk volume (along with lactose), 
a positive effect on milk protein synthesis due to feeding rumen-protected methionine 
can indirectly increase milk volume without altering feed intake. 

		�  As a side note, it is also important to keep in mind that a successful transition into lactation 
is an important determinant of optimal productivity during established lactation. Thus, 
managing for “productivity” should start prior to calving, and a number of studies have 
demonstrated beneficial effects of enhanced post-ruminal supply of methionine around 
the time of calving.

	 Q18:	� What is your strategy to reduce Intracellular water loss to prevent dehydration and 
maintain ruminal microflora during heat stress?

	 Juan: 	�Proper cooling (fans and misters) and free access to drinking water should help cows 
prevent excessive water loss during periods of heat stress or high ambient temperatures. 
With proper ration balancing (e.g., forage and concentrate level) following guides such 
as the NRC, feed intake should not be compromised negatively relative to periods of 
thermoneutrality. Thus, assuming these factors are managed appropriately, there 
should not be issues with maintenance of a normal ruminal microflora.

	 Q19:	� What is your opinion on providing direct propionates or propylene glycol to take care of 
acute hypoglycemia as a first priority followed by methionine and other methyl donors?

	 Juan: 	�In terms of restoring normal conditions in the cow, an acute decrease in feed intake due 
to heat stress that leads to hypoglycemia certainly would be one of the first issues to try 
to fix. And, as indicated, hypoglycemia could be alleviated by drenching with a glucogenic 
substrate. However, provided that cows receive proper cooling during periods of heat 
stress, the data suggest that feed intake (and glycemia) can be maintained at or close 
to the levels observed during thermoneutral conditions with proper ration balancing 
(e.g., forage and concentrate level) following guides such as the NRC. Thus, assuming 
rations are balanced properly for the major macronutrients, consideration can then be 
given for increasing supply of the micronutrients that may help cows with potential 
negative effects of heat stress on gut permeability and immune function, including the 
antioxidant response. 

	 Q20:	� What do you think of anthocyanin from sweet potato supplementation for heat stress 
in dairy cattle? Is it better than other antioxidant substances (such as Vitamins A, C, E 
or Selenium)?
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	 Juan: 	�There are some data with dairy cows on the potential benefit of flavonoids such as 
anthocyanin. A key question would be to determine the degree to which feeding dairy 
cows a natural source of anthocyanin such as sweet potato increases its concentration 
in the blood. That would provide an idea of the degree to which this compound can by-
pass ruminal metabolism. The next step would be to study the antioxidant capacity of 
anthocyanin in the cow. More broadly, it would be important to understand the fate of 
anthocyanin within the cow, e.g., metabolism in liver or other key organs such as the 
mammary gland. If the molecule is not readily used by tissues, or if it is metabolized to 
other compounds before it can feed into the antioxidant pathways, then it might not be 
an effective compound to feed.

	 Q21:	� Shall trace minerals, vitamins, and methyl donor supplementation be adjusted during 
heat stress, if so which ones?

	 Juan: 	�Given that cows will reduce intake during periods of heat stress, despite the use of heat 
abatement measures, it seems logical that the nutrient supply to the cow during heat 
stress should be adjusted. In that context, one way to approach the issue would be to 
determine which nutrients might be most “limiting” to the cow from a metabolic and 
physiological standpoint.

		�  From a metabolic standpoint, cows will experience some degree of diminished insulin 
action during heat stress that will channel glucose away from the mammary gland. 
Thus, it makes sense to try to address that from a nutritional standpoint, e.g., feeding 
chromium (e.g. Cr-methionine) to help restore insulin action and potentially glucogenic 
compounds such as glycerol, propylene glycol, etc. 

		�  From a physiological standpoint, available data suggest closer attention should be paid 
to the supply of micronutrients that would benefit the immune and antioxidant response. 
As we know, during heat stress, both physiological processes are altered across tissues 
such as the gut, the liver, immune cells, and even the mammary gland. Thus, it is likely 
that these tissues will face a shortfall in the supply of trace minerals, vitamins, and 
methyl donors. 

		�  Since coordinating these complex biological pathways is subject to more than one level 
of control, it is challenging to pinpoint a single nutrient that would alleviate all negative 
aspects associated with heat stress. However, given the benefits already demonstrated 
for methionine in the context of production and antioxidant response during a stressful 
time like the transition period, it is logical to monitor closely its postruminal supply during 
heat stress. Similarly, given the many biological functions of zinc, including epithelial 
integrity and antioxidant responses, it would be another key nutrient to monitor closely. 

		�  An important aspect to keep in mind is the need to assess the benefit of changing the 
supply of a given nutrient or nutrients (or feed additive) over a period of time. Milk 
production/composition and incidence of clinical disease might be the easiest one to 
monitor at the farm level.
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	 Q22:	� Normally in my area (Mekong Delta, Vietnam) we have two problems: Heat stress and 
saline water during the hot season. How do these two factors affect dairy cattle during 
late gestation and what is the impact on their offspring?

	 Juan: 	�Although ruminants are the most tolerant among the livestock species to water salinity, 
above a certain level it is bound to have a negative impact on the animal. From the 
available data, cattle can tolerate up to ~5,000 mg salt (NaCl)/mL. Thus, the ability to 
measure salinity would be important in the context of potential effects at any stage of 
the life cycle of the cow and especially during late pregnancy when the fetus is growing 
exponentially. The main issue with high salinity is that it alters water balance in the body, 
e.g., it could lead to excess urination (increase water loss) and likely a reduction in feed 
intake. Lower feed intake in late pregnancy might inhibit development of the fetus and 
potentially impair normal growth after birth. 

	 Q23:	� Why would Se-Met decrease milk fat %?

	 Juan: 	�Without additional data from the study, it is challenging to pinpoint a clear cause. It can 
be speculated that cows on Se-Met incorporated less long-chain fatty acids from the 
circulation into milk fat. A reason for that might be that insulin function in those cows 
was better, hence, there was less body fat lipolysis. 

		�  However, this point remains controversial. In fact, other scientific reports have indicated 
that increasing the dietary level of HMSeBA (Sun et al. 2017) tends to increase both the 
milk fat % as well as the milk fat yields. Further research is indeed needed to clarify the 
mechanisms of how Se-Met is involved in milk fat content regulation.

	 Q24:	� Can we detect clear changes in these biomarkers in PLASMA of lactating cows under-
going heat stress?

	 Juan: 	�Assuming that blood samples are harvested appropriately, e.g., prior to a meal and over 
a period of time (e.g. weekly), a number of commercial kits are suitable for measuring the 
activity of antioxidant enzymes such as glutathione peroxidase, superoxide dismutase, 
and paraoxonase, along with oxidants such as malondialdehyde (MDA), hydrogen 
peroxide, and nitric oxide, and even antioxidants such as glutathione. One potential 
approach to test if these biomarkers do reflect a potential negative effect of heat stress 
on the cow would be to sample cows weekly when THI is below 72 and also follow the 
cows a few weeks during a THI above 72. That will give some idea of fluctuations as 
a function of heat stress on the cow. A similar approach can be used before and after 
switching cows to a particular diet during periods of THI above 72. The bottom line is 
that these biological events are dynamic, thus, one cannot expect that a “spot sample” 
will allow for detecting changes. From my perspective, following cows longitudinally is 
a powerful way to determine physiological changes as a result of increases in THI with 
or without adjustments in the diet.
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