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Abstract
This experiment compared physiological and productive responses in finishing beef cattle managed under heat stress 
conditions, and supplemented (SUPP) or not (CON) with an immunomodulatory feed ingredient (Omnigen-AF; Phibro 
Animal Health, Teaneck, NJ). Crossbred yearling cattle (¾ Bos taurus × ¼ Bos indicus; 64 heifers and 64 steers) were ranked by 
initial body weight (BW) (440 ± 3 kg) and sex, and allocated to 1 of 16 unshaded drylot pens (8 heifers or steers/pen). Pens 
within sex were randomly assigned to receive SUPP or CON (n = 8/treatment). Cattle received a total-mixed ration (91% 
concentrate inclusion and 1.21 Mcal/kg of net energy for gain; dry matter [DM basis]) during the experiment (day 0 to 106). The 
immunomodulatory feed was offered as a top-dress to SUPP pens (56 g/d per animal; as-fed basis) beginning on day 7. Cattle 
BW were recorded on day 0, 14, 28, 42, 56, 70, 84, 98, and 106. Feed intake was evaluated from each pen by recording feed offer 
daily and refusals biweekly. Intravaginal temperature of heifers was recorded hourly from day 1 to 6, 29 to 41, and 85 to 97. 
Environmental temperature humidity index (THI) was also recorded hourly throughout the experiment, and averaged 79.8 ± 0.6. 
Concurrently with BW assessment, hair samples from the tail-switch were collected (3 animals/pen) for analysis of hair cortisol 
concentrations. Blood samples were collected on day 0, 28, 56, 84, and 106 from all animals for plasma extraction. Whole blood 
was collected on day 0, 56, and 106 (3 animals/pen) for analysis of heat shock protein (HSP) 70 and HSP72 mRNA expression. 
Cattle were slaughtered on day 107 at a commercial packing facility. Results obtained prior to day 7 served as independent 
covariate for each respective analysis. Heifers receiving SUPP had less (P ≤ 0.05) vaginal temperature from 1500 to 1900 h across 
sampling days (treatment × hour, P < 0.01; 39.05 vs. 39.19 °C, respectively; SEM = 0.04), when THI ranged from 85.3 to 90.1. 
Expression of HSP70 and HSP72 was less (P ≥ 0.03) for SUPP cattle on day 106 (22.6- vs. 51.5-fold effect for HSP70, SEM = 9.7, and 
11.0- vs. 32.8-fold effect for HSP72; treatment × day, P ≤ 0.04). No treatment effects were detected (P ≥ 0.22) for performance, 
carcass traits, plasma concentrations of cortisol and haptoglobin, or hair cortisol concentrations. Results from this study 
suggest that SUPP ameliorated hyperthermia in finishing cattle exposed to heat stress conditions, but such benefit was not 
sufficient to improve productive responses.
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Introduction
Heat stress is one of the main challenges to feedlot systems 
during the summer months, particularly those located in 
subtropical and tropical environments (Grandin, 2016). St-Pierre 
et  al. (2003) estimated that heat stress costs the U.S.  feedlot 
industry approximately $300 million annually, with decreased 
production efficiency being a major contributor to this outcome. 
Hyperthermia impacts BW gain by reducing feed intake, and 
altering metabolic processes associated with feed efficiency and 
welfare (Collier et al., 2008; Baumgard and Rhoads, 2013). Several 
research efforts have investigated management strategies to 
alleviate hyperthermia in feedlot systems, including shade 
utilization, cooling systems, and selection of heat-tolerant 
cattle (Summer et  al., 2019). Nonetheless, precision methods 
to alleviate heat stress in finishing cattle are still warranted to 
optimize profitability of feedlot industries worldwide (Brown-
Brandi, 2018).

Omnigen-AF (OMN) is a patented, proprietary-branded 
product recently shown to alleviate hyperthermia while 
improving feed intake and body condition score in heat-
stressed lactating dairy cows (Leiva et al., 2017). Others have 
reported similar outcomes in lactating and nonlactating dairy 
cows exposed to elevated thermal and humidity load (Brandão 
et al. 2016; Fabris et al., 2016; Gandra et al., 2019). Collectively, 
these results suggest OMN as a novel, nutritional approach 
to enhance thermoregulation of cattle under heat stress 
conditions. Nevertheless, research is warranted to verify 
OMN potential thermoregulatory capabilities in finishing 
beef cattle, including assessment of biomarkers associated 
with hyperthermia and chronic stress (Leiva et  al., 2017). 
Based on the presented, we hypothesized that supplementing 
OMN would alleviate hyperthermia and its physiological 
consequences, resulting in improved performance of finishing 
cattle exposed to heat stress. Therefore, this experiment 
compared body temperature, physiological, and productive 
responses in heat-stressed finishing cattle supplemented or 
not with OMN.

Materials and Methods
This experiment was conducted from May to August 2018 at 
the Texas A&M - McGregor Research Center (McGregor, TX). All 
animals were cared for in accordance with acceptable practices 
and experimental protocols reviewed and approved by the 
Texas A&M AgriLife Research, Agriculture Animal Care and Use 
Committee (#2018-010A).

Animals and Treatments

One hundred and twenty-eight yearling cattle (¾ Angus × 
¼ Nelore; 64 heifers and 64 steers), born and raised at the 
McGregor Research Center, were utilized in this experiment 
(day 0 to 106). On day 0, cattle were ranked by initial BW (440 ± 
3 kg) and sex, and allocated to 1 of 16 drylot pens (8 heifers or 
steers/pen). Pens were 50 × 10 m with no shade available and 
contained 8 m of linear bunk space, and a circular watering 
trough with 2-m diameter was shared between adjacent pens. 
Pens within sex were randomly assigned to receive (SUPP; 
n  =  8) or not (CON; n  =  8) OMN supplementation (56  g/d per 
animal; as-fed basis) beginning on day 7.  According to the 
manufacturer (Phibro Animal Health, Teaneck, NJ), OMN 
contains a mixture of active dried Saccharomyces cerevisiae, 
dried Trichoderma longibrachiatum fermentation product, niacin, 
vitamin B12, riboflavin-5-phosphate, d-calcium pantothenate, 

choline chloride, biotin, thiamine monohydrate, pyridoxine 
hydrochloride, menodione dimethylpyrimidinol bisulfate, 
folic acid, calcium aluminosilicate, sodium aluminosilicate, 
diatomaceous earth, calcium carbonate, rice hulls, and mineral 
oil (full formulation is proprietary). The OMN dosage was based 
on previous research with lactating dairy cows (Leiva et  al., 
2017), which had equivalent BW and elevated nutritional 
requirements as cattle evaluated in this experiment.

Cattle had free-choice access to water and a total-mixed 
ration (TMR) during the experimental period (Table 1). The TMR 
was offered once a day (0800 h) based on the McGregor Research 
Center managerial guidelines, in a manner to yield 5% residual 
orts (as-fed basis; Erickson et  al., 2003). The OMN was top-
dressed promptly after TMR delivery to SUPP pens from day 7 
to 106 to allow immediate consumption. On day 0, steers were 
implanted with Revalor-S (Merck Animal Health, Kenilworth, 
NJ) and heifers were implanted with Revalor-H (Merck Animal 
Health). All cattle were slaughtered on day 107 (Cargill Meat 
Solutions, Friona, TX).

Sampling

Samples of offered TMR were collected monthly and analyzed for 
nutrient content by a commercial laboratory (SDK Laboratories, 
Hutchinson, KS) via wet chemistry procedures (Table 1). 
Calculations for net energy for maintenance and gain used the 
equations proposed by the NRC (2000). Nutritional profile of the 
TMR is described in Table 1.

Cattle were weighed on day 0, 14, 28, 42, 56, 70, 84, 98, and 106 
before the TMR feeding (0700 h). Average daily gain (ADG) was 
calculated using BW from day 0 and 106. Moreover, growth rate 
of each animal was modeled by linear regression of BW against 
sampling days, and each regression coefficient was used as 
individual growth response. Intake of TMR (DM basis) from each 
pen was evaluated by recording daily TMR offer, and collecting 
the nonconsumed TMR on day 14, 28, 42, 56, 70, 84, 98, and 106. 
The nonconsumed TMR from each pen was discarded, and 

Table 1. Composition and nutritional profile of the total mixed ration 
offered for ad libitum consumption to cattle during the experiment

Item Component

Composition, as-fed basis  
 Rolled corn, % 60.5
 Dried distillers grain, % 22.0
 Sorghum stalks, % 9.0
 Liquid molasses, % 6.0
 Mineral mix1, % 2.5
Nutritional profile,2 DM basis  
 Net energy for maintenance, Mcal/kg 1.94
 Net energy for gain,, Mcal/kg 1.21
 Total digestible nutrients, % 76.7
 Acid detergent fiber, % 10.8
 Crude protein, % 13.2
 Ether extract, % 4.67
 Ca, % 0.676
 P, % 0.420

1Containing 21% Ca, 0.01% P, 21% NaCl, 0.20% K, 0.10% Mg, 0.045% 
Cu, 0.001% Se, 0.280% Zn, 220,000 IU/kg of vitamin A, 19,800 IU/kg of 
vitamin D3, and 3,500 IU/kg of vitamin E (Anipro Xtraperformance 
Feeds, College Station, TX). Also contained sodium monensin 
(Rumensin; Elanco Animal Health, Greenfield, IN) at 1320 g/ton.
2Based on wet chemistry procedures by a commercial laboratory 
(SDK Laboratories, Hutchinson, KS). Calculations for net energy for 
maintenance and gain used the equations proposed by the NRC 
(2000).



Colombo et al. | 4087

samples from each pen were dried for 96 h at 50 °C in forced-air 
ovens for DM calculation. Intake of TMR of each pen was divided 
by the number of sampling days and cattle within each pen, and 
expressed as kg per animal/d. Total BW gain (in grams, based 
on initial and final BW) and total TMR intake (in kg, DM basis) 
of each pen during the experimental period were used for feed 
efficiency (G:F) calculation, and reported as grams of BW gained 
per kg of DM consumed.

From day 0 to 14, 28 to 42, and 84 to 98, all heifers were 
fitted intravaginally with a thermometer (iButton temperature 
loggers DS1922L, Maxim Integrated, San Jose, CA) attached 
to a controlled internal drug-releasing device (CIDR, Zoetis, 
Florham Park, NJ) that did not contain hormones. Heifer vaginal 
temperature was recorded hourly from day 1 to 6 (PR1), day 29 
to 41 (PR2), and day 85 to 97 (PR3). Length (14 d) and interval 
(≥ 14 d) among thermometer insertion were planned to prevent 
vaginal disorders, whereas data recorded during handling 
days were discarded (day 0, 14, 28, 42, 84, and 98). Prior to the 
first use, all thermometers were incubated for 48  h at 37  °C 
(Symphony Incubating Orbital Shaker Model 5000I; Troemner, 
LLC, Thorofare, NJ) and temperature was recorded hourly. 
Average temperature during the 48  h incubation period was 
documented for each individual thermometer. Average ± SEM 
temperature during incubation among all thermometers was 
37.03 ± 0.09  °C. Environmental temperature, relative humidity, 
and temperature humidity index (THI; Willard et  al., 2003) 

were also recorded hourly throughout the experiment using a 
hygrochron temperature and humidity logger (iButton logger 
DS1923-F5, Maxim Integrated), which was centrally located 
among pens with no protection from the sun or environmental 
conditions. Data were summarized (mean ± SE) as daily THI, and 
hourly THI across days (Fig. 1).

Three animals were randomly selected within each pen on 
d 0, and assigned to collection of tail-switch hair during the 
experimental period. Hair samples were clipped (Burnett et al., 
2014; Cooke et  al., 2017; Schubach et  al., 2017) when cattle 
were restrained for BW assessment on day 0, 14, 28, 42, 56, 
70, 84, 98, and 106. Hair was collected using scissors as close 
to the skin as possible, and the hair material closest to the 
skin (2.5 cm of length, 300 mg of weight) was stored at −20 °C. 
Blood samples were collected from all cattle immediately 
after BW assessment on day 0, 28, 56, 84, and 106 via jugular 
venipuncture into blood collection tubes (Vacutainer, 10  mL; 
Becton Dickinson, Franklin Lakes, NJ) containing freeze-dried 
sodium heparin. Blood samples were also collected from 3 
animals/pen, which were randomly selected on day 0, into 
PAXgene tubes (BD Diagnostics, Sparks, MD) on day 0, 56, and 
106 for whole blood RNA extraction. Hot carcass weight (HCW) 
was collected upon slaughter on day 107. After a 24-h chill, 
trained personnel assessed carcass characteristics including 
backfat thickness at the 12th-rib, marbling, and Longissimus 
muscle area.
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Figure 1. Environmental THI (Willard et al., 2003) and vaginal temperature of feedlot cattle supplemented with an immunomodulatory feed ingredient (SUPP; n = 8) 

or not (CON; n = 8) during a 106-d finishing period. Values were recorded hourly (day 1 to 6, day 29 to 41, and day 85 to 97 of the experiment) using intravaginal 

thermometers (iButton temperature loggers DS1922L, Maxim Integrated, San Jose, CA) or an hygrochron temperature/humidity logger (iButton temperature loggers 

DS1923-F5, Maxim Integrated). Treatments were provided from day 7 to 106; hence, results from day 1 to 6 were averaged and included as independent covariate in 

each analysis. Treatment × day (panel A) and treatment × hour (panel B) interactions were detected (P ≤ 0.01). Values reported are covariately adjusted means. Within 

day or hour; * = P ≤ 0.05, † = P ≤ 0.10.
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Laboratorial Analysis

Plasma samples
After collection, blood samples were placed immediately on 
ice, centrifuged (2,500 × g for 30 min; 4 °C) for plasma harvest, 
and stored at −80  °C on the same day of collection. Samples 
were analyzed for plasma cortisol (radioimmunoassay kit 
#07221106, MP Biomedicals, Santa Ana, CA; Burdick et al., 2009) 
and haptoglobin concentrations (Cooke and Arthington, 2013). 
The intra- and interassay CV were, respectively, 6.9 and 9.3% for 
cortisol, and 4.7 and 8.2% for haptoglobin.

Hair samples
Cortisol was extracted from hair samples based on the 
procedures described by Moya et al. (2013). Briefly, hair samples 
were cleaned with warm water (37 °C) for 30 min, and dried at 
room temperature for 24  h. Hair samples were then washed 
twice with isopropanol, dried at room temperature for 120  h, 
and ground in a 10-mL stainless steel milling cup with a 12-mm 
stainless steel ball (Retsch Mixer Mill MM400 ball mill; Retsch, 
Hannover, Germany) for 5 min at a frequency of 30 repetitions/s. 
Twenty milligrams of ground hair and 1 mL of methanol were 
combined into a 7-mL glass scintillation vial, sonicated for 
30 min, and incubated for 18 h at 50 °C and 100 rpm for steroid 
extraction. Upon incubation, 0.8 mL of methanol was transferred 
to a 2-mL microcentrifuge tube and evaporated at 45 °C. Samples 
were reconstituted in 100 μL of the PBS supplied with an ELISA 
cortisol kit (Salimetrics Expanded Range, High Sensitivity 
1-E3002, State College, PA), and stored at −80 °C. Samples were 
analyzed for cortisol concentrations using the aforementioned 
ELISA kit, whereas intra- and interassay CV were, respectively, 
4.8 and 7.1%.

PAXgene samples
Total RNA was extracted using the PAXgene Blood RNA Kit 
(Qiagen, Valencia, CA). Quantity and quality of isolated RNA 
were assessed via UV absorbance (NanoDrop Lite; Thermo 
Fisher Scientific, Wilmington, DE) at 260  nm and 260/280  nm 
ratio, respectively (Fleige and Pfaffl, 2006). Reverse transcription 
of extracted RNA (400 ng) and real-time reverse transcription-
PCR using gene specific primers (20 pM each; Table 2) and the 
QuantStudio 3 Real-time PCR system (Applied Biosystems; Foster 
City, CA) were performed as described by Rodrigues et al. (2015). 
Responses from the genes of interest were quantified based on 
the threshold cycle (CT), the number of PCR cycles required for 
target amplification to reach a predetermined threshold. The 
CT responses from genes of interest were normalized to the 
geometrical mean of CT values of β-actin and ribosomal protein L19 

(Vandesompele et al., 2002). The CV for the geometrical mean of 
reference genes across all milk fat globule samples was 2.7%. 
Results are expressed as relative fold change (2−ΔΔCT; Ocón-Grove 
et al., 2008).

Statistical Analysis

Pen was considered the experimental unit for all analyses. 
Quantitative data were analyzed using the MIXED procedure 
of SAS (SAS Inst. Inc., Cary, NC), whereas binary data were 
analyzed using the GLIMMIX procedure of SAS (SAS Inst. 
Inc.) with a binomial distribution and logit link function. All 
data were analyzed using Satterthwaite approximation to 
determine the denominator df for tests of fixed effects, with 
pen(treatment × sex) and animal(pen) as random variables, 
whereas TMR intake and G:F used pen(treatment × sex) as the 
random variable. Model statements for initial and final BW, ADG, 
G:F, and carcass responses contained the effects of treatment, 
sex, and the resultant interaction. Model statements for TMR 
intake, BW, blood and hair variables contained the effects of 
treatment, time, sex, and all resultant interactions. Blood and 
hair variables were analyzed using results from day 0 as an 
independent covariate. The specified term for these repeated 
statements was time, with pen(treatment) as subject for TMR 
intake and animal(pen) as subject for all other analyses. The 
model statement used for analysis of vaginal temperature 
contained the effects of treatment, period (PR2 or PR3), day, 
hour, and all resultant interactions, whereas the specified 
term for the repeated statements was hour(day × period) with 
animal(period × day) as subject. Vaginal temperature analyses 
contained average thermometer incubation temperature, 
in addition to averaged results from PR1 as independent 
covariates. All results are reported as least square means, and 
separated using least square differences. Significance was set 
at P ≤ 0.05 and tendencies were determined if P > 0.05 and ≤ 
0.10. Results are reported according to the main treatment 
effect if no interactions were significant, or according to the 
highest-order interaction detected that contained the effects 
of treatment.

Results

Temperature Parameters

During the experimental period (day 0 to 106), environmental 
THI (± SEM) was 79.8  ± 0.6 and animals were exposed to THI 
> 72 during 82% of the time (2,096 h within a total of 2,544 h). 
Mean THI were similar (P  =  0.31) between both periods of 

Table 2. Primer sequences for all gene transcripts analyzed by quantitative reverse-transcriptase PCR

Target gene Primer sequence 5′ to 3′ Accession no. Reference

Heat shock protein 70   
Forward CGGCTTAGTCCGTGAGAACA BTU09861 Liu et al. (2014)
Reverse CCGCTCGGTATCGGTGAA
Heat shock protein 72   
Forward AACATGAAGAGCGCCGTGGAGG U02892 Lacetera et al. (2006)
Reverse GTTACACACCTGCTCCAGCTCC
β-actin  
Forward CTGGACTTCGAGCAGGAGAT AY141970 Gifford et al. (2007)
Reverse GGATGTCGACGTCACACTTC
Ribosomal protein L19  
Forward ATCGATCGCCACATGTATCA NM_001040516 Fricke et al. (2016)
Reverse GCGTGCTTCCTTGGTCTTAG
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vaginal temperature evaluation (80.2 vs. 79.4 for PR2 and PR3, 
respectively; SEM = 0.5).

A treatment × day interaction was detected (P ≤ 0.01) for 
vaginal temperature, given that CON heifers had greater (P ≤ 
0.05) temperatures on day 34, 90, 93, 94, 95, and 96 compared 
with SUPP cohorts, whereas tendencies for this outcome were 
noted (P ≤ 0.10) on day 88, 89, and 97 (Fig. 1a). A treatment × hour 
interaction was also detected (P < 0.01), as vaginal temperatures 
were greater in CON vs. SUPP heifers from 1500 to 1900 h (P ≤ 
0.05), and a tendency for this outcome was noted (P = 0.09) at 
1400 h (Fig. 1b).

Physiologic Parameters

Treatment × day interactions were noted (P ≤ 0.04) for mRNA 
expression HSP70 and HSP72. Expression of both genes in 
whole blood were similar (P ≥ 0.78) between treatments on 
day 56, but greater (P ≤ 0.03) in CON vs. SUPP cattle on day 
106 (Table 3). No treatment differences were detected (P ≥ 
0.67) for plasma concentrations of cortisol and haptoglobin, 
nor for cortisol concentration in tail-switch hair during the 
experimental period (Table 3). No interaction of sex with 
treatment or treatment × day were detected (P ≥ 0.37) for these 
physiological responses.

Performance Parameters

No treatment differences were detected (P ≥ 0.31) for feed intake, 
feed efficiency, ADG, and BW during the experimental period 
(Table 4). No treatment effects were also detected (P ≥ 0.27) 
when cattle BW and growth rate were analyzed based on 28-d 
samplings (Fig. 2). Carcass traits upon slaughter did not differ 
(P ≥ 0.22) between treatments (Table 5). No interaction of sex 
with treatment or treatment × day were detected (P ≥ 0.51) for 
performance responses.

Discussion
Based on the THI values observed herein, cattle were exposed 
to heat stress conditions during the vast majority of the 
experimental period (Sullivan and Mader, 2018), which was 
expected based on the location and time of the year (St-Pierre 
et al., 2003). Corroborating our hypothesis and previous research 
in lactating dairy cows (Brandão et al. 2016; Leiva et al., 2017; 
Gandra et  al., 2019), SUPP reduced vaginal temperatures in 
finishing beef heifers exposed to heat stress conditions. These 
outcomes were noted from 1400 to 1900 h across sampling days, 
despite THI being elevated throughout the day. Perhaps the THI 
threshold in which SUPP ameliorates hyperthermia in finishing 

Table 3. Physiological responses of feedlot cattle supplemented with an immunomodulatory feed ingredient (SUPP; n = 8) or not (CON; n = 8) 
during a 106-d finishing period1,2,3

Item CON SUPP SEM P-value

Plasma cortisol, ng/mL 62.5 63.4 1.9 0.76
Plasma haptoglobin, mg/dL 0.144 0.135 0.015 0.68
Hair cortisol, pg/mg of hair 3.26 3.14 0.19 0.67
Heat shock protein 70, mRNA expression
 Day 56 21.1 17.3 9.7 0.78
 Day 106 51.5 22.6 9.7 0.03
Heat shock protein 72, mRNA expression
 Day 56 13.6 10.5 6.5 0.73
 Day 106 32.8 11.0 6.5 0.02

1From day 7 to 106 of the experiment, 56 g/animal daily (as-fed basis) of Omnigen-AF (Phibro Animal Health, Teaneck, NJ) was mixed with 
the total mixed ration of SUPP cow at 0700 h. Animals were slaughtered on day 107 at a commercial packing facility (Cargill Meat Solutions; 
Friona, TX).
2Blood samples and hair samples from the tail switch were collected on day 0, 28, 56, 84, and 106. Values from day 0 were included as 
independent covariate in each respective analysis, hence, results reported are covariately adjusted least square means. Treatment × day 
interactions were noted (P ≤ 0.04) for mRNA expression of whole blood genes.
3Hair samples and whole blood for mRNA extraction were collected from 3 animals randomly selected from each pen throughout the 
experimental period. Moreover, mRNA expression of whole blood genes were analyzed in samples from day 0, 56, and 106, and reported as 
fold effect (Ocón-Grove et al., 2008).

Table 4. Performance parameters of feedlot cattle supplemented with an immunomodulatory feed ingredient (SUPP; n = 8) or not (CON; n = 8) 
during a 106-d finishing period1

Item CON SUPP SEM P-value

Body weight parameters2     
 Initial (day 0), kg 441 440 3 0.85
 Final (day 106), kg 572 569 4 0.51
 Average daily gain, kg 1.24 1.21 0.02 0.31
Feed intake (DM),3 kg/d 9.54 9.15 0.40 0.50
Feed efficiency,4 g/kg 132 133 4 0.93

1From day 7 to 106 of the experiment, 56 g/animal daily (as-fed basis) of Omnigen-AF (Phibro Animal Health, Teaneck, NJ) was mixed with the 
total mixed ration (TMR) of SUPP cow at 0700 h.
2Body weight was recorded prior to the first TMR feeding of the day, and ADG was calculated using initial and final weights.
3Feed intake was assessed by recording daily TMR offer, and collecting the nonconsumed TMR on day 14, 28, 42, 56, 70, 84, 98, and 106. Daily 
TMR intake of each pen was divided by the number of sampling days and cattle within each pen.
4Feed efficiency was calculated using total body weight gain (in grams) and total intake of the total mixed ration (in kg of DM) of each pen 
during the experimental period.
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heifers may be greater than the THI threshold commonly used 
to designate heat stress in feedlot systems (≥ 72; Sullivan and 
Mader, 2018). Leiva et al. (2017) also reported that SUPP lessened 
hyperthermia when daily THI was greater than 75, whereas THI 
≥ 68 is the traditional heat stress threshold for lactating dairy 
cows (Zimbleman et al., 2009). Others have demonstrated that 
SUPP reduced hyperthermia in dairy cows during heat stress 
episodes, but not when cows are exposed to thermoneutral 
environments (Hall et al., 2014; Fabris et al., 2016). Nonetheless, 
SUPP reduced daily mean vaginal temperature mostly during 
PR3 (day 85 to 97), although mean THI was similar between PR2 
and PR3. As discussed by Leiva et al. (2017), there may be a delay 
between SUPP feeding and thermoregulatory effects, and cattle 
need to be adapted to SUPP for several weeks before subsequent 
immunomodulatory properties are observed (Ryman et al., 2013; 
Nace et al., 2014). Yet, treatment effects on vaginal temperatures 
observed in this experiment corroborate SUPP as a nutritional 
alternative to alleviate hyperthermia in heat-stressed cattle. The 
exact mechanisms by which SUPP modulated thermoregulation 
still require investigation.

Cellular responses to hyperthermia result in synthesis of 
HSPs for protection against stress damage, which keep cellular 
proteins in a folding competent state to prevent irreversible 
aggregation (Gabriel et al., 2002). In cattle, HSP70 and HSP72 are 
often used as biomarkers of stress elicited by hyperthermia, and 
their mRNA expression is downregulated under thermoneutral 
conditions (Kristensen et  al., 2004). Therefore, treatment 

differences noted for mRNA expression of HSP70 and HSP72 on 
day 106 corroborate that hyperthermia was alleviated in SUPP 
steers and heifers (Lacetera et al., 2006; Liu et al., 2014) toward the 
end of the experimental period. Moreover, SUPP may also have 
alleviated cell-mediated stress reactions given the ingredient's 
immunomodulatory properties (Ryman et al., 2013; Nace et al., 
2014; Brandão et al., 2016). Heat-stress conditions are also known 
to stimulate adrenocortical function in cattle, culminating in 
increased circulating concentrations of cortisol (Beede and 
Collier, 1986; Wise et al., 1988; De Rensis and Scaramuzzi, 2003). 
However, plasma cortisol concentrations were not impacted 
by treatments herein, nor in Leiva et al. (2017). In both studies, 
blood samples were collected in the morning, when vaginal 
temperatures were similar among SUPP and CON cattle and at 
their lowest value during the day along with THI. Handling cattle 
for blood sampling also elicits an acute stress response that 
rapidly increase circulating cortisol concentrations (Cook et al., 
2000), which may prevent proper assessment of adrenocortical 
function. Hence, one could attribute lack of treatment effects on 
circulating cortisol to sampling schedule and cattle handling for 
blood collection (Cooke et al., 2017; Leiva et al., 2017).

For these latter reasons, cortisol concentrations in hair from 
the tail switch were evaluated herein. This variable was recently 
identified as a biomarker of chronic stress in cattle, and not 
affected by the transient stress of handling (Burnett et al., 2014; 
Marti et al., 2015; Moya et al., 2015). Heightened adrenocortical 
function has also been positively associated with circulating 

Table 5. Carcass parameters of feedlot cattle supplemented with an immunomodulatory feed ingredient (SUPP; n = 8) or not (CON; n = 8) during 
a 106-d finishing period1,2

Item CON SUPP SEM P-value

Hot carcass weight, kg 357 352 3 0.22
Backfat, cm 1.58 1.65 0.07 0.47
Area, cm2 90.5 90.8 1.1 0.86
Marbling 404 408 10 0.79
Yield grade 3.07 3.09 0.08 0.86
Choice, % 43.7 46.9 6.2 0.72

1From day 7 to 106 of the experiment, 56 g/animal daily (as-fed basis) of Omnigen-AF (Phibro Animal Health, Teaneck, NJ) was mixed with 
the total mixed ration of SUPP cow at 0700 h. Animals were slaughtered on day 107 at a commercial packing facility (Cargill Meat Solutions; 
Friona, TX).
2Backfat thickness measured at the 12th rib; marbling score: 400 = Small00, 500 = Modest00; yield grade calculated as reported by Lawrence 
et al. (2010).
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Figure 2. Body weight of feedlot cattle supplemented with an immunomodulatory feed ingredient (SUPP; n = 8) or not (CON; n = 8) during a 106-d finishing period. 

Values were recorded prior to the first feeding of the day. Growth rate of each animal was modeled by linear regression of body weight against sampling days, and 

each regression coefficient was used as individual response. No treatment differences (P ≥ 0.27) in growth rate (1.23 vs. 1.20 kg/day for CON and SUPP, respectively; 

SEM = 0.02) or body weight were noted.
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haptoglobin concentrations in cattle (Cooke and Bohnert, 2011; 
Cooke et al., 2012), which is a key component of the bovine acute-
phase response (Carroll and Forsberg, 2007). Relative to heat-
stress, dairy goats exposed to hyperthermia had greater plasma 
haptoglobin concentrations compared with cohorts exposed to 
thermoneutral conditions (Hamzaoiu et  al., 2013). Leiva et  al. 
(2017) also reported that SUPP reduced serum haptoglobin 
concentrations in heat-stressed dairy cows. However, SUPP 
also failed to reduce concentrations of plasma haptoglobin and 
cortisol in tail-switch hair herein. Therefore, SUPP effects noted 
for body temperature and HSP were not sufficient to impact 
cattle adrenocortical and acute-phase reactions.

Hyperthermia is known to reduce voluntary feed intake 
(West, 2003; Rhoads et  al., 2009) while increasing nutritional 
requirements, impairing feed efficiency and BW gain in cattle 
(Collier et al., 2008; Baumgard and Rhoads, 2013). Leiva et  al. 
(2017) reported increased feed intake and body condition score 
in heat-stressed lactating dairy cows receiving SUPP. In this 
experiment, however, SUPP did not improve cattle TMR intake, 
G:F, and ADG during the experimental period, resulting in 
similar carcass quality upon slaughter. Values of THI observed 
in this experiment were greater than values reported by Leiva 
et  al. (2017) and other research investigating SUPP to dairy 
cattle (Brandão et  al. 2016; Fabris et  al., 2016; Gandra et  al., 
2019), whereas the elevated metabolism of finishing cattle likely 
increases their sensitivity to heat stress (Sullivan and Mader, 
2018). Nevertheless, mean vaginal temperature in CON heifers 
during each day and throughout the experimental period were, 
respectively, 0.09 °C and 0.08 °C greater than SUPP heifers, with 
a maximal difference of 0.17 °C. Perhaps these differences were 
not sufficient to result in enhanced production responses. The 
benefits of SUPP on hyperthermia were also noted toward the 
end of the experimental period, limiting the time for these 
effects to be translated into improved cattle performance. 
Alternatively, cattle utilized herein were born and raised at the 
experimental facility, from a herd selected for heat tolerance 
for several generations (Paschal et al., 1995). Hence, cattle were 
innately resilient and adapted to heat-stress conditions, which 
may have limited the thermoregulatory and productive benefits 
of SUPP.

Collectively, results from this experiment indicate that SUPP 
ameliorated hyperthermia in finishing cattle exposed to heat 
stress conditions, but such benefit was not sufficient to improve 
productive and carcass parameters. Based on heifer vaginal 
temperature and whole blood mRNA expression of HSP70 and 
HSP72 across sexes, SUPP benefits on thermoregulation were 
mostly noted towards the end of the 106-d experimental period. 
This outcome may be associated with a delay between SUPP 
feeding and its thermoregulatory effects, preventing substantial 
impacts of SUPP on cattle productive responses. Research is still 
warranted to determine the biological mechanisms by which 
SUPP modulates thermoregulation in heat-stressed animals. 
These should include evaluation of SUPP to finishing cattle not 
previously adapted to heat stress conditions, as well as different 
dosages of SUPP provision. Nonetheless, this experiment 
suggests SUPP as a nutritional approach to ameliorate 
hyperthermia and enhance welfare in feedlot systems with 
incidence of heat stress conditions
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