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Introduction

HS is a costly factor to the dairy industry [1] as it changes the 
livestock production system due to increasing climate variability 
[2]. Physiological responses occur when the temperature-humidity 
index (THI) exceeds 68 or when the ambient temperature exceeds 
32.2˚C [3]. Measurable factors that are negatively affected by heat 
stress are milk production, dry matter intake, growth, and health 
disorders [4]. It has been shown that milk yield is partially affected 
by HS through independent mechanisms of reduced nutrient 
intake [5].

Increasing the energy density of the diet from carbohydrates 
sources to fatty acid sources are common methods for feeding  

 
heat stressed animals but increase the chances of rumen acidosis 
per Kadzere et al. [6]. Using supplemental dietary additives have 
been shown to stabilize the rumen and increase post-rumen 
nutrient flow [7] in non-stressed cows; however, Shwartz et al. [8] 
reported no effect of a yeast culture on mitigating the effects of 
heat stress on lactating cows. The feed additive used in this study 
was a proprietary phytogenic and specialty yeast blend (Land 
O’Lakes Inc., Arden Hills, MN). Proven feed additives have shown 
increased immune function in lactating dairy cows [9] by altering 
cortisol responses in supplemented cows [10].

We hypothesized that supplementing with the YB would 
increase energy availability and thus reduce the negative effect of 
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Abstract

Heat stress (HS) has detrimental effects on lactating cattle especially when they are in a negative energy balance. Feed additives have been 
shown to mitigate the effects of HS by improving metabolic and immune function. The objective of this study was to evaluate the effect of feeding 
a dietary supplement (Land O’Lakes Inc., Arden Hills, MN) on the HS response in multi-parturient dairy cows in mid lactation. Two pens of cows 
at a commercial dairy were fed either control (CON) or additive (YB) at approximately 56.5 kg/pen per d for two weeks prior to arrival. Study 
cows (n=12) were balanced in days in milk (DIM), milk production, and parity (111.91±4.85 d, 33.67±0.96 kg/d, and 2.25±0.18). On arrival, the 
cows (6 YB and 6 CON) were randomly selected and housed in environmentally controlled chambers for 18 d and fed appropriate diet. Cows 
were subjected to 7 d of thermoneutral (TN) conditions, 7 d of HS, and 4 d of recovery (REC) under TN conditions. Dry matter intake (DMI), 
milk production from AM and PM milkings, and milk composition were measured daily. Rectal temperature (RT) and respiration rate (RR) were 
measured at peak temperature daily. Blood samples were collected once daily at 0900 h following catheterization on d 5 of TN to d 4 of REC. 
Serum samples were analyzed for glucose, insulin, blood urea nitrogen (BUN), β-hydroxybutyrate (BHB), and non-esterified fatty acids (NEFA). 
Results were analyzed using repeated measures in the PROC MIXED of SAS. HS increased RT (P<0.0001), RR (P<0.0001), BUN (P<0.0001), BHB 
(P=0.0009), insulin (P=0.036), cortisol (P<0.0001), neutrophil (P=0.0272), and water intake (P<0.0001). HS decreased lymphocyte (P<0.0001), 
DMI (P<0.0001), and 4% fat corrected milk (FCM, P=0.02). YB increased the feed efficiency ratio (P=0.03). YB had no effect on blood parameters. 
There was a treatment interaction with cows fed YB having higher feed efficiency (P=0.05) during peak thermal loads than CON. Results of this 
study suggest that HS exposure had performance and metabolic impacts in mid lactation cows. Supplementation with YB alleviated some of the 
performance effects associated with HS.

Keywords: β-hydroxybutyrate; Altering cortisol; Rumen acidosis; Ketosis; Lameness; Mastitis; Metritis

Abbreviations: HS: Heat stress; DIM: Days In Milk; TN: Thermoneutral; REC: Recovery; DMI: Dry Matter Intake; RT: Rectal Temperature; RR: 
Respiration Rate; BUN: Blood Urea Nitrogen; BHB: β-Hydroxybutyrate; NEFA: Non-Esterified Fatty Acids; THI: Temperature-Humidity Index
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the heat load on production measures. The study objectives were 
to evaluate the effects of the dietary YB on body, production, and 
metabolic parameters in heat stressed lactating cows.

Materials and Methods

This study was conducted at the Agricultural Research 
Complex (ARC) at the University of Arizona (Tucson, AZ). The 
protocol was reviewed and approved by the University of Arizona 
Institutional Animal Care and Use Committee. It occurred in two 
phases: on-farm and on-site.

The on-farm phase consisted of feeding one 500 cow pen and 
monitoring a control pen of the same number of cows at a dairy 
in Stanfield, AZ. Treatment cows were given the feed additive in 
the TMR at 56.5 kg/pen and received it for 2 weeks. Previous 
research has shown that there may be a cell-mediated response 
in the rumen and that requires time to see a response during 
heat stress [10]. After the 2-week period, 6 treatment cows and 6 
control cows were randomly selected and shipped to the ARC for 
the on-site phase with no health issues (rumen acidosis, ketosis, 
lameness, mastitis, metritis).

Upon arrival, twelve multiparous Holstein cows producing 
33.67 ± 0.96 kg of milk/d, lactation (2.25 ± 0.18), and stage of 

lactation (111.92 ± 4.85 DIM) were weighed and randomly assigned 
to individual tie stalls in one of two environmental chambers. Both 
chambers housed 6 cows (3 control and 3 treatment). Chambers 
operated on the same environment throughout the study. There 
were 4 periods: acclimation (4 days), thermal neutral (TN, 7 
days), heat stress (HS,7 days), and recovery period (4 days) 
(Figure 1). The acclimation period and TN period were set on 
the same environmental cycle. The TN environment was set at a 
minimum temperature of 21.16 ̊C, a maximum of 21.48 ̊C, and an 
average of 21.39 ̊C. The relative humidity (RH) had a minimum 
of 28.32 %, a maximum of 36.73 %, and an average of 32.30 %. 
The temperature-humidity index (THI) had a minimum of 65.54, 
a maximum of 66.16, and an average of 65.84 (Figure 2). The 
HS period had a minimum temperature of 25.40 oC, a maximum 
of 34.89 oC, and an average of 30.09 oC. The RH had a minimum 
of 23.40 %, a maximum of 36.48 %, and an average of 30.88 %. 
The THI had a minimum of 70.68, a maximum of 80.70, and an 
average of 75.46 (Figure 2). The Recovery period had a minimum 
temperature of 21.11 oC, a maximum of 21.43 oC, and an average of 
21.38 oC. The RH had a minimum of 40.46 %, a maximum of 50.93 
%, and an average of 45.93 %. The THI had a minimum of 66.39, a 
maximum of 66.99, and an average of 66.78 (Figure 2). The THI of 
68 identifies as the threshold for HS in lactating dairy cows [11].

Figure 1: Environmental rooms during the study. Thermoneutral (TN) period ran for the initial 7 days. Heat stress followed TN for 7 days. Recovery 
period was in TN conditions and ran for 4 days. The total duration was 18 days.

Environmental Rooms

Day 1 - 7 Day 8 - 14 Day 15 - 18

Thermoneutral Heat Stress Thermoneutral

Figure 2: Average diurnal patters of temperature humidity index (THI) during different environmental conditions (TN=thermoneutral, 
HS=heat stress, REC=recovery). The TN THI line is the threshold for HS in lactating dairy cows that has been confirmed by Zimbelman et 
al. (2009).

THI values were calculated using the average temperature and 
relative humidity obtained from the data logger. THI was defined 
by the formula [12]:

( )( ) ( ) ( )  1.8    32  –  0.55 - 0.0055    1.8  –  26db dbTHI x T x RH x x T= +

Where: dbT  = dry bulb temperature ( ̊oC), RH = relative humidity 
percentage.

The diet was an alfalfa based TMR that was balanced to be 
consistent with the green chop based TMR on the commercial 
dairy. Grab samples were collected once every 3 days when a new 
batch of feed was mixed. Alfalfa was added to the TMR pre-mix 
and was stored at 4 oC. Samples were analyzed by Dairy Nutrition 
Services INC (Chandler, AZ) by wet chemistry.
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Feeding and milking were done twice daily at 0530 and 1730 
h. The CON cows were fed the base TMR. The YB cows were fed the 
TMR plus 113.4 g of YB mixed. Orts were removed and weighed in 
the morning prior to feeding. The feed efficiency was determined 
by using 4% fat corrected milk (FCM) per kilogram of DM consumed 
for each cow in each treatment group. Water consumption was 
recorded daily from the water meters after the AM feeding. Milk 
weights were recorded daily and a daily milk sample was taken 
from the AM milk. Milk samples were individually refrigerated 
with a preservative (Bronopol tablet, D&F CON Systems, San 
Ramon, CA) at 4 oC. Samples were analyzed for fat, lactose, protein, 
somatic cell count (SCC), and solids-not-fats (SNF) by Arizona 
DHIA (Tempe, AZ). Body weights were recorded twice during the 
study: once during HS and at the beginning of REC.

Physiological measurements such as respiration rate and 
rectal temperature were recorded for each cow once daily at 
1400 h. Respiration rate was recorded as breaths per minute. 
It was calculated by counting the flank movements for 15s and 
multiplying by 4. Rectal temperature was measured using a 
Cooper TM99A thermometer (Cooper-Atkins, Middlefield, CT). 
Cows that exceeded 40.5oC were removed from the chamber 
and were cooled with water until a rectal temperature of 38.3oC. 
Vaginal temperatures were recorded with HOBO® U12 stainless 
steel temperature data loggers (Onset Computer Corp., Bourne, 
MA) in 5 minutes increments. Blank controlled internal drug 
releasing devices (Eazi-BreedTM CIDR®; Zoetis, Parsippany-Troy 
Hills, NJ) were used to hold the HOBO in the vagina. The cows were 
fit with this apparatus on d 1 for the duration of the study. CIDR 
placement was monitored and were refitted if they were expelled 
from the vagina.

Blood was collected via indwelling jugular catheters that were 
surgically inserted into cows on day 4 and 5. Blood was collected at 
0900 h from day 5 to 18. Catheters were flushed before sampling 
and once at 1500 h with heparinized saline (100 USP/mL). The 
first 6 mL of fluid was discarded to eliminate heparin. Two 12 mL 
syringes with a 22-gauge needle were used to draw blood and 
were transferred to BD Vacutainer tubes (BD, Franklin Lakes, NJ): 
sodium heparin and blank. Samples were chilled for one hour at 
4 oC. Serum and plasma were collected after centrifuging samples 
at 1,500 x g for 15 min at 4 oC and stored at -80 oC until analysis. 
Additional blood samples for white blood cell differentials were 
collected in BD Vacutainer tubes with EDTA. Differentials were run 
by Antech Diagnostics (Phoenix, AZ).

Serum β-hydroxybutyrate (BHB) was determined by a 
colorimetric kit (β-hydroxybutyrate (Ketone Body); Cayman 
Chemical, Ann Arbor,MI). Serum blood urea nitrogen (BUN) was 
determined using a colorimetric kit (DetectX Urea Nitrogen; Arbor 
Assays, Ann Arbor, MI). Serum glucose was measured using a 
colorimetric assay (Glucose Oxidase; Pointe Scientific Inc., Canton, 
MI). Serum non-esterified fatty acid (NEFA) was determined 
enzymatically through a commercial kit (Wako NEFA-HR(2); Wako 
Chemicals USA, Richmond, VA). Serum insulin was determined 

using an enzyme linked immunosorbent assay (ELISA) kit (Bovine 
Insulin, ELISA kit; ALPCO, Salem, NH).

Plasma cortisol was assessed using an enzyme immunoassay 
(EIA) kit (Cortisol Parameter Assay; R&D Systems Inc., Minneapolis, 
MN) with an intra- and interassay CV <5 %.

Statistical Analysis

Physiological and blood data were analyzed using a PROC 
MIXED model as a 2 x 2 replicated factorial design with the 
LSMEANS and PDIFF options within each environmental period 
as the REPEATED option with day within period as the repeated 
measure, and effect of the cow was nested within treatment, 
using a covariant structure. Rectal and vaginal temperatures were 
averaged per hour by day of trial. Environment (ENV), treatment 
(TRT), ENV x TRT, day(ENV), and treatment x day(ENV) effects 
were tested by means of the PDIFF option and were declared 
significant at P < 0.05. One YB cow was removed because of 
adaptation complications: severe hypophagia and constant 
standing.

Results and Discussion

Environmental conditions prior to arrival to ARC were not 
documented. All cows of the same treatment were housed in the 
same Saudi style barn cooled using Koral Kool systems and were 
kept below 72 THI. It isn’t known whether conditions were over 
68 THI. The recorded environmental conditions for the TN, HS, 
and REC periods of the study are shown (Figure 2). As cows are 
exposed to conditions above 68 THI, RR exceeds 60 [13] and RT 
elevates above 38.5oC [3]. Due to these differences in parameters, 
changes in physiology and performance measures are prevalent 
between environmental groups Table 1.

Table 1: Ingredient composition of diet.

Item % of DM

Alfalfa Hay 47

Lactation Premix 53

Chemical analysis  

CP, % 19.24

NDF, % 27.13

ADF, % 20.21

Fat, % 5.4

DM, % 52

NEL, Mcal/kg 1.72

Mean RR and RT in CON and YB fed cows are shown in Table 
2. There was no difference in treatment for RR and RT. There is 
conflicting data on the effect of treatment on RT. Baumgard et 
al. [14] reported an increase in RT when cows were fed a feed 
additive during HS. Other studies reported a reduction in RT 
with supplementation during hyperthermia [9,15]. There was an 
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effect of environment (P<0.0001) for both these variables as cows 
exposed to a THI above the threshold increases these parameters. 

HS cows increased RR (42 breaths/min) and RT (1.32 oC) compared 
to TN cows which indicates heat stress was achieved.

Table 2: Least square means and tests of significance for respiration rates (RR) and rectal temperatures (RT) of cows fed either control diet or 
yeast blend (YB; PMI Nutritional Additives, Arden Hills, MN) and exposed to thermoneutral (TN), heat stress (HS), or recovery (REC) conditions

Control YB P-value1

Measure TN HS REC TN HS REC Mean 
SEM ENV Day(ENV) TRT TRT x 

ENV
TRT x 

Day(ENV)

RR (breaths/
min) 41.9 85.5 44.8 42.9 84.3 44.3 4.36 <0.0001 0.0058 0.969 0.805 0.6437

RT (oC) 38.3 39.4 38.3 38.1 39.6 38.3 0.2 <0.0001 <0.0001 0.928 0.329 0.1826

1ENV = environment; TRT = treatment.

Feed intake, water intake, milk yield, and components are 
reported in Table 3. Dry matter intake (DMI) increased in both 
groups as cows adjusted to the facility during the TN period but 
experienced a slight decrease due to feed heating during 2 days 
of storage during TN period (Figure 3). DMI differed between TN 
and HS (P=0.0007). Thermal stress has been well documented in 
causing a decrease in DMI and how that drop in DMI may impact 
milk yield. Previous heat stress research has shown an altered 
endocrine profile that differs from nutrient restricted cows which 
affect precursors of milk components, such as glucose [14,16,5]. 
There was no effect of TRT and TRT x ENV for DMI. Schingoethe et 
al. [17] had similar findings in lactating Holsteins cows that were 
fed supplementation of a yeast culture had no effect on DMI during 
the summer. On the contrary, Wiedmeier et al. [18] suggested 
that during periods of stress, fungal supplemental products 
could be effective with increasing digestibility of structural 
carbohydrates. This is supported by Moallem et al. [19] using a live 

yeast supplementation which saw an increase in feed intake and 
efficiency during the hot season. There was no difference in water 
intake between treatment groups for each environmental phase 
(Figure 4). Water intake increased during HS from TN (P=0.0005) 
and decreased during REC from HS (P<0.0001). Murphy et al. [20] 
reported similar water intake values in lactating Holstein cows. 
Cows fed YB had a higher feed efficiency (1.34±0.08 vs. 1.15±0.08, 
P=0.05) compared to CON (Figure 5). There was also an effect of 
ENV (P<0.0001) with feed efficiency increasing during HS and 
decreasing during REC. Improvement in feed efficiency has been 
reported in hyperthermic conditions with supplementation of feed 
additives that contained live yeast and yeast culture [19,17]. YB 
increased feed efficiency in general even though there was no ENV 
effect. BW differed between TRT (P=0.0235) with YB cows having 
lower BW than CON. There was an effect of ENV (P=0.0103) with 
BW decreasing during periods of HS. The interaction between 
ENV x TRT was not significant for BW.

Figure 3: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) as well as supplementation of treatment or control 
on dry matter intake by day (ENV, P<0.0001; TN=thermoneutral, HS=heat stress, REC=recovery). Vertical dashed lines separate 
environmental periods (TN=d 1-7, HS=d 8-14, REC=d 15-17).

Milk and FCM yield differences weren’t detected between CON 
and YB groups (Figure 6 and Table 3). These results are similar 
to previous studies using feed additives containing yeast cultures 
[17,21]. Other studies have shown an increase in milk yield with 
yeast supplementation but it is correlated with greater DMI for 
ruminants [22,23]. Milk yield declined during HS (P=0.002). 

This decline in milk yield is only partially due to a decrease in 
DMI which has been shown by Rhoads et al. [16]. Differences 
between environments were found in FCM with TN being more 
elevated than HS (P=0.02). There was no significant difference 
in the following milk components: protein percentage, lactose 
percentage, and SCC. Previous work by Hall et al. [10] with HS 
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has shown an increase in SCC during the REC but there was no 
significance observed in this study. The hypothesis is that during 
heat stress, mammary epithelial cells sluff post HS and contribute 
to the rise in SCC. Fat percentage had an effect of ENV (P=0.0129). 
Milk fat percentage had no difference between TN and HS which is 
surprising while there was fat depression observed during the REC. 

Rhoads et al. [16] reported that climate-controlled HS cows don’t 
have reduced milk fat percentages, unlike commercial dairies that 
frequently experience fat depression during the summer months 
due to supplementation with high concentrate diets [6]. Not much 
work has been done during the REC and further research needs to 
evaluate this in climate controlled cows.

Figure 4: Mean daily water consumption between TN (thermoneutral), HS (heat stress), and REC (recovery at thermoneutral) groups 
(P<0.0001). a-cColumns that do not share a superscript differ significantly (P<0.05).

Figure 5: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) as well as supplementation of treatment or control on 
feed efficiency (FCM/DMI) by day (ENV, P<0.0001; TRT, P=0.05). Vertical dashed lines separate environmental periods (TN=d 1-7, HS=d 
8-14, REC=d 15-17). *Indicates significant difference from each treatment group by day for feed efficiency.

Figure 6: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) as well as supplementation of treatment or control on 
milk yield (kg) by day (ENV, P=0.001). Vertical dashed lines separate environmental periods (TN=d 1-7, HS=d 8-14, REC=d 15-17).
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Table 3: Least square means and tests of significance of dry matter and water intake, milk yield and composition, feed efficiency, and body weight 
of cows fed control (CON) or yeast blend (YB; PMI Nutritional Additives, Arden Hills, MN) diets exposed to thermoneutral (TN), heat stress (HS), 
or recovery (REC) conditions.

  Control YB P-value1

Parameter TN HS REC TN HS REC Mean 
SEM ENV Day(ENV) TRT TRT x 

ENV
TRT x 

Day(ENV)

DMI (kg) 19.09 17.59 21.95 18.33 15.75 20.33 0.99 <0.0001 <0.0001 0.288 0.575 0.4125

Water intake 
(L) 102.9 114.7 91.86 101.8 124 87.32 8.09 <0.0001 0.0077 0.85 0.42 0.2392

Milk yield 
(kg) 22.58 21.14 20.91 25.16 22.21 22.36 1.82 0.001 <0.0001 0.507 0.45 0.4861

FCM (kg/d) 23.27 22.03 20.01 26.88 23.49 20.78 2.14 0.0011 0.4734 0.482 0.406 0.1332

Fat (%) 4.25 4.31 3.57 4.36 4.48 3.66 0.3 0.0129 0.3434 0.689 0.987 0.1398

Protein (%) 3.07 2.98 3.04 2.82 2.93 2.98 0.11 0.7983 0.0512 0.316 0.458 0.9563

Lactose (%) 4.73 4.65 4.51 4.5 4.82 4.74 0.15 0.6143 0.1319 0.737 0.21 0.9143

SCC (x 
10,000) 90.31 47.48 39.21 929.1 348.6 380.3 252.05 0.0912 0.3535 0.128 0.173 0.2622

Feed Efficien-
cy2 1.24 1.29 0.91 1.47 1.51 1.03 0.08 <0.0001 0.0002 0.052 0.708 0.3134

BW (kg) 642.5 634.9 628.1 589.1 565.1 556.1 17.58 0.0103 - 0.024 0.358 -

1ENV = environment; TRT = treatment.
24% FCM/DMI

Hormone and metabolite data are presented in Table 4. No 
differences were detected in serum glucose due to TRT, ENV or 
TRT x ENV (Figure 7). This is contrary to other findings [16,8]. 
Cowley et al. [24] had similar results and suggests that the glucose 
homeostatic regulatory system is able to compensate for the 
reduction of DMI. No significant differences in serum NEFA for 
TRT, ENV or TRT x ENV were detected. Serum BHB did not have 
any significant differences in TRT or TRT x ENV but an effect of ENV 

was observed (P=0.0009). NEFA and BHB are a significant source 
of energy for cows in a negative energy balance. BHB decreases 
during HS according to Dale and Brody [25] but a decrease 
during REC which has TN conditions is surprising. This suggests a 
potential shift in postabsorptive changes in lipid metabolism since 
ketones are a by-product of fatty acid oxidation and the cow now 
favors glucose to lower heat production.

Table 4: Least square means and test of significance for hormones and metabolites of cows fed either control or yeast blend (PMI Nutritional Ad-
ditives, Arden Hills, MN) diets exposed to thermoneutral (TN), heat stress (HS), or recovery (REC) conditions.

  Control Yeast Blend P-value1

Parameter TN HS REC TN HS REC Mean 
SEM ENV Day(ENV) TRT TRT*ENV TRT*-

Day(ENV)

Glucose (mg/dL) 67.96 70.39 69.8 67.75 66.8 65.16 1.64 0.5667 <0.0001 0.154 0.2377 0.8109

NEFA2 (µEq/L) 252.8 259 249 291.9 305.6 240.3 34.37 0.4505 0.0697 0.402 0.6306 0.0868

BHB3 (mM) 0.74 0.72 0.57 0.68 0.75 0.59 0.05 0.0009 0.0007 0.959 0.7412 0.5367

BUN4 (mg/dL) 4.18 5.03 4.95 4.6 5.71 5.01 0.31 <0.0001 0.0012 0.347 0.1385 0.1589

Insulin (ng/mL) 0.44 0.49 0.39 0.4 0.56 0.44 0.07 0.0365 0.0103 0.683 0.576 0.859

Cortisol (ng/mL) 34.45 52.16 33.8 36.82 51.05 28.94 2.35 <0.0001 <0.0001 0.505 0.3999 0.9131

1ENV = environment; TRT = treatment.
2Non-esterified fatty acids
3β-hydroxybutyrate
4Blood urea nitrogen
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Figure 7: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) as well as supplementation of treatment or control 
on serum glucose (mg/dL) by day (No significant difference). Vertical dashed lines separate environmental periods (TN=d 1-7, HS=d 8-14, 
REC=d 15-18).

There was a difference in ENV for BUN (P<0.0001) and there 
were no differences in effect for TRT or TRT x ENV. The increase of 
BUN during HS is similar to previous studies [8,5]. BUN originates 
from two sources: inefficient rumen ammonia incorporation 
or deamination of amino acids as glucose precursors. Erasmus 
et al. [7] found that yeast supplemented groups during HS had 
improved rumen nitrogen balance which supports the increase 
in urea-nitrogen in circulation. During periods of inadequate 
nutrition, cows will undergo proteolysis in skeletal muscle to 
support lactation [26]. BUN source could have derived from 
muscle catabolism; however, BUN isn’t a good marker and either 

3-methyl-histidine or creatine should be used which increase in 
HS lactating cows [27,28].

No difference was detected in serum insulin between TRT 
groups and TRT x ENV. There was an effect of ENV (Figure 8) 
with insulin increasing during the HS period (P=0.036). Elevated 
insulin levels have been reported likewise during HS periods 
[29,5]. This helps explain why there is no NEFA response due 
to insulin’s antilipolytic properties [30]. Insulin also stimulates 
protein synthesis and serves as an antiproteolyic hormone [31] 
which supports the decrease in BUN.

Figure 8: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) on serum insulin (ng/mL) with mean of treatment and 
control (ENV,P=0.036). a-c Columns that do not share a superscript differ significantly (P<0.05).

Plasma cortisol had no effect of TRT and TRT x ENV. As 
expected, there was a significant impact of ENV on plasma cortisol 
(Figure 9; P<0.0001). Plasma cortisol has been noted to have an 
increase during acute but not chronic HS [32]. Interestingly, we 
found no response during the acute phase for acclimation to HS 
and an elevation during the chronic phase. Alvarez and Johnson 
[33] reported cortisol spikes that ranged from minutes to hours 
after an immediate insult of heat stress which would be on d 
8. During acute heat stress, cows adjust cellular pathways to 
mitigate the effects of heat stress and maintain homeostasis. This 

is no longer needed once the acclimated phenotype and cows 
have reached long term heat acclimation [34]. This supports the 
decrease of cortisol during the acclimation period. One possibility 
is the collection of blood samples in the AM may have missed 
the spike in cortisol since cortisol levels peak in the afternoon. 
Another possibility is that although similar THI was used to 
previous studies conducted on HS, a difference in temperature and 
humidity could have caused this since there can be the same THI 
but different values for temperature and humidity.
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Figure 9: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) as well as supplementation of treatment or control 
on plasma cortisol (ng/mL) by day (ENV, P<0.0001). Vertical dashed lines separate environmental periods (TN=d 1-7, HS=d 8-14, REC=d 
15-18).

White blood cell differentials are shown in Table 5. Neutrophil 
count increased during HS (Figure 10) with an observable 
difference with an effect for ENV (P=0.02) but not for TRT and 
TRT x ENV. Lymphocytes decreased during HS and REC (Figure 
11; P<0.0001) while having no other differences in TRT and TRT 

x ENV. Interestingly, there was no difference in the neutrophil to 
lymphocyte ratio. Total white blood cell count was more elevated 
during TN and decreased throughout the thermal periods 
respectively (ENV, P=0.009). The results agree with stress induces 
neutrophilia and lymphopenia [35,36-38,30].

Table 5: Least square means and test of significance for white blood cell differentials of cows fed either control or yeast blend (PMI Nutritional 
Additives, Arden Hills, MN) diets exposed to thermoneutral (TN), heat stress (HS), or recovery (REC) conditions.

  Control Yeast Blend P-value1

Parameter TN HS REC TN HS REC Mean 
SEM ENV Day(ENV) TRT TRT*ENV TRT*-

Day(ENV)

Neutrophils (x 103 µL) 2.2 2.8 2.8 1.5 3.1 2.5 442.74 0.0272 <0.0001 0.714 0.4314 0.7709

Lymphocytes (x 103 µL) 5.4 4.4 3.8 5.8 5.1 3.8 393.54 <0.0001 <0.0001 0.456 0.3457 0.4966

Neutrophil/lymphocyte 
ratio 0.5 0.7 0.8 0.6 0.7 0.7 0.11 0.2186 <0.0001 0.991 0.5112 0.7976

Total WBC (x 103 µL) 8.3 8 7.4 9 8.9 7.2 0.78 0.0099 0.3959 0.618 0.4075 0.6334

1ENV = environment; TRT = treatment

Figure 10: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) on neutrophil count (µL) with mean of treatment and 
control (ENV, P=0.027). a-c Columns that do not share a superscript differ significantly (P<0.05).
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Figure 11: Effects of TN (thermoneutral), HS (heat stress), and REC (recovery at TN) on lymphocyte count (µL) with mean of treatment 
and control (ENV, P<0.0001). a-c Columns that do not share a superscript differ significantly (P<0.05).

In conclusion, supplementing mid-lactation Holstein cows 
with YB beginning 14 days before and during exposure to 
moderate HS showed an increase in some production responses 
measured by feed efficiency. Feeding YB; however, did not result 
in the mitigation of negative physiological responses associated 
with HS. The mechanism behind the increase in feed efficiency 
is unknown due to there being no glucose or DMI response to 

treatment and further research should focus on it.

References
1.	 St-Pierre N, Cobanov B, Schnitkey G (2003) Economic losses from heat 

stress by US livestock industries. Journal of dairy science 86: E52-E77.

2.	 Thornton PK (2010) Livestock production: recent trends, future 
prospects: Philosophical Transactions of the Royal Society B: Biological 
Sciences 365(1554): 2853-2867.

3.	 Allen JD, Hall LW, Collier RJ, Smith JF (2015) Effect of core body 
temperature, time of day, and climate conditions on behavioral 
patterns of lactating dairy cows experiencing mild to moderate heat 
stress. J Dairy Sci 98(1): p. 118-127.

4.	 West JW (1999) Nutritional strategies for managing the heat-stressed 
dairy cow. Journal of Animal Science 77(Suppl 2): 21-35.

5.	 Wheelock JB, Rhoads RP, VanBaale MJ, Sanders SR, Baumgard LH 
(2010) Effects of heat stress on energetic metabolism in lactating 
Holstein cows. J Dairy Sci 93(2): 644-655.

6.	 Kadzere CT, Murphy MR, Silanikove N, Maltz E (2002) Heat stress in 
lactating dairy cows: a review. Livestock Production Science 77(1): 59-
91.

7.	 Erasmus L, Botha P, Kistner A (1992) Effect of yeast culture supplement 
on production, rumen fermentation, and duodenal nitrogen flow in 
dairy cows. Journal of Dairy Science 75(11): 3056-3065.

8.	 Shwartz G, Rhoads ML, VanBaale MJ, Rhoads RP, Baumgard LH (2009) 
Effects of a supplemental yeast culture on heat-stressed lactating 
Holstein cows. J Dairy Sci 92(3): 935-942.

9.	 Brandão AP, Cooke RF, Corrá FN, Piccolo MB, Gennari R, et al. 
(2016) Physiologic, health, and production responses of dairy cows 
supplemented with an immunomodulatory feed ingredient during the 
transition period. Journal of Dairy Science 99(7): p. 5562-5572.

10.	Hall L, Villar F, Chapman J, McLean D, Long N, et al. (2018) An evaluation 
of an immunomodulatory feed ingredient in heat-stressed lactating 
Holstein cows: Effects on hormonal, physiological, and production 
responses. Journal of Dairy Science 101(8): 7095-7105.

11.	Collier R, Zimbelman R, Rhoads R, Rhoads M, Baumgard L (2011) A 
re-evaluation of the impact of temperature humidity index (THI) 
and black globe humidity index (BGHI) on milk production in high 
producing dairy cows. Western Dairy Management Conf. Reno, NV. USA 
p. 113-125.

12.	Ravagnolo O, Misztal I, Hoogenboom G (2000) Genetic component of 
heat stress in dairy cattle, development of heat index function. J Dairy 
Sci 83(9): 2120-2125.

13.	Berman A (2005) Estimates of heat stress relief needs for Holstein 
dairy cows. J Anim Sci 83(6): p. 1377-1384.

14.	Baumgard LH, Wheelock JB, Sanders SR, Moore CE, Green HB, et al. 
(2011) Postabsorptive carbohydrate adaptations to heat stress and 
monensin supplementation in lactating Holstein cows. J Dairy Sci 
94(11): p. 5620-5633.

15.	Fabris TF, Laporta J, Corra FN, Torres YM, Kirk DJ, et al. (2017) Effect of 
nutritional immunomodulation and heat stress during the dry period 
on subsequent performance of cows. Journal of Dairy Science 100(8): 
6733-6742.

16.	Rhoads ML, Rhoads RP, VanBaale MJ, Collier RJ, Sanders SR, et al. (2009) 
Effects of heat stress and plane of nutrition on lactating Holstein cows: 
I. Production, metabolism, and aspects of circulating somatotropin. 
Journal of Dairy Science 92(5): 1986-1997.

17.	Schingoethe DJ, Linke KN, Kalscheur KF, Hippen AR, Rennich DR, et al. 
(2004) Feed efficiency of mid-lactation dairy cows fed yeast culture 
during summer. Journal of Dairy Science 87(12): 4178-4181.

18.	Wiedmeier RD, Arambel MJ, Walters JL (1987) Effect of yeast culture 
and Aspergillus oryzae fermentation extract on ruminal characteristics 
and nutrient digestibility. Journal of Dairy Science 70(10): 2063-2068.

19.	Moallem U, Lehrer H, Livshitz L, Zachut M, Yakoby S (2009) The effects 
of live yeast supplementation to dairy cows during the hot season on 
production, feed efficiency, and digestibility. Journal of Dairy Science 
92(1): 343-351.

20.	Murphy MR, Davis CL, McCoy GC (1983) Factors affecting water 
consumption by Holstein cows in early lactation. Journal of Dairy 
Science 66(1): 35-38.

http://dx.doi.org/10.19080/JDVS.2020.14.555900
https://royalsocietypublishing.org/doi/10.1098/rstb.2010.0134
https://royalsocietypublishing.org/doi/10.1098/rstb.2010.0134
https://royalsocietypublishing.org/doi/10.1098/rstb.2010.0134
https://pubmed.ncbi.nlm.nih.gov/25468707/
https://pubmed.ncbi.nlm.nih.gov/25468707/
https://pubmed.ncbi.nlm.nih.gov/25468707/
https://pubmed.ncbi.nlm.nih.gov/25468707/
https://pubmed.ncbi.nlm.nih.gov/20105536/
https://pubmed.ncbi.nlm.nih.gov/20105536/
https://pubmed.ncbi.nlm.nih.gov/20105536/
https://www.sciencedirect.com/science/article/pii/S0022030292780692
https://www.sciencedirect.com/science/article/pii/S0022030292780692
https://www.sciencedirect.com/science/article/pii/S0022030292780692
https://pubmed.ncbi.nlm.nih.gov/19233786/
https://pubmed.ncbi.nlm.nih.gov/19233786/
https://pubmed.ncbi.nlm.nih.gov/19233786/
https://www.sciencedirect.com/science/article/pii/S0022030216301734
https://www.sciencedirect.com/science/article/pii/S0022030216301734
https://www.sciencedirect.com/science/article/pii/S0022030216301734
https://www.sciencedirect.com/science/article/pii/S0022030216301734
https://www.sciencedirect.com/science/article/pii/S0022030218305381
https://www.sciencedirect.com/science/article/pii/S0022030218305381
https://www.sciencedirect.com/science/article/pii/S0022030218305381
https://www.sciencedirect.com/science/article/pii/S0022030218305381
https://pubmed.ncbi.nlm.nih.gov/11003246/
https://pubmed.ncbi.nlm.nih.gov/11003246/
https://pubmed.ncbi.nlm.nih.gov/11003246/
https://pubmed.ncbi.nlm.nih.gov/15890815/
https://pubmed.ncbi.nlm.nih.gov/15890815/
https://pubmed.ncbi.nlm.nih.gov/22032385/
https://pubmed.ncbi.nlm.nih.gov/22032385/
https://pubmed.ncbi.nlm.nih.gov/22032385/
https://pubmed.ncbi.nlm.nih.gov/22032385/
https://pubmed.ncbi.nlm.nih.gov/28624274/
https://pubmed.ncbi.nlm.nih.gov/28624274/
https://pubmed.ncbi.nlm.nih.gov/28624274/
https://pubmed.ncbi.nlm.nih.gov/28624274/
https://pubmed.ncbi.nlm.nih.gov/19389956/
https://pubmed.ncbi.nlm.nih.gov/19389956/
https://pubmed.ncbi.nlm.nih.gov/19389956/
https://pubmed.ncbi.nlm.nih.gov/19389956/
https://www.sciencedirect.com/science/article/pii/S0022030287802540
https://www.sciencedirect.com/science/article/pii/S0022030287802540
https://www.sciencedirect.com/science/article/pii/S0022030287802540
https://www.journalofdairyscience.org/article/S0022-0302(83)81750-0/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(83)81750-0/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(83)81750-0/fulltext


How to cite this article: Vander Poel M, Collier RJ, Xiao Y, Compart D, Russo K, et al. Evaluation of Mid-Lactation Holstein Cows During Heat Stress in 
Response to a Dietary Feed Additive. Dairy and Vet Sci J. 2020; 14(5): 555900. DOI: 10.19080/JDVS.2020.14.555900

00125

Journal of Dairy & Veterinary Sciences

21.	Soder KJ, Holden LA (1999) Dry matter intake and milk yield and 
composition of cows fed yeast prepartum and postpartum. J Dairy Sci 
82(3): 605-610.

22.	Stella AV, Paratte R, Valnegri L, Cigalino G, Soncini G, et al. (2007) Effect 
of administration of live Saccharomyces cerevisiae on milk production, 
milk composition, blood metabolites, and faecal flora in early lactating 
dairy goats. Small Ruminant Research 67(1): 7-13.

23.	Wohlt JE, Corcione TT, Zajac PK (1998) Effect of yeast on feed intake 
and performance of cows fed diets based on corn silage during early 
lactation. J Dairy Sci 81(5): 1345-1352.

24.	Cowley FC, Barber DG, Houlihan AV, Poppi DP (2015) Immediate and 
residual effects of heat stress and restricted intake on milk protein and 
casein composition and energy metabolism. J Dairy Sci 98(4): 2356-
2368.

25.	Dale H, Brody S (1954) Thermal stress and acid-base balance in dairy 
cattle. Missouri Agric Exp Stat Res Bull No. 562.

26.	Bell AW (1995) Regulation of organic nutrient metabolism during 
transition from late pregnancy to early lactation. Journal of Animal 
Science 73(9): p. 2804-2819.

27.	Kamiya M, Kamiya Y, Tanaka M, Oki T, Nishiba Y, et al. (2006) Effects of 
high ambient temperature and restricted feed intake on urinary and 
plasma 3‐methylhistidine in lactating Holstein cows. Animal Science 
Journal 77(2): 201-207.

28.	Schneider PL, Beede DK, Wilcox CJ (1988) Nycterohemeral Patterns 
of Acid-Base Status, Mineral Concentrations and Digestive Function 
of Lactating Cows in Natural or Chamber Heat Stress Environments. 
Journal of Animal Science 66(1): 112-125.

29.	Itoh F, Obara Y, Rose MT, Fuse H, Hashimoto H (1998) Insulin and 
glucagon secretion in lactating cows during heat exposure. Journal of 
Animal Science 76(8): 2182-2189.

30.	Vernon RG (1992) Effects of diet on lipolysis and its regulation. 
Proceedings of the Nutrition Society 51(3): 397-408.

31.	Allen R (1988) Muscle cell growth and development. Designing Foods 
p. 142-162.

32.	Christison GI, Johnson HD (1972) Cortisol turnover in heat-stressed 
cows. Journal of Animal Science 35(5): p. 1005-1010.

33.	Alvarez M, Johnson H (1973) Environmental heat exposure on cattle 
plasma catecholamine and glucocorticoids. Journal of Dairy Science 
56(2): p. 189-194.

34.	Collier RJ, Dahl GE, VanBaale MJ (2006) Major advances associated 
with environmental effects on dairy cattle. Journal of Dairy Science 
89(4): 1244-1253.

35.	Calamari L, Petrera F, Abeni F, Bertin G (2011) Metabolic and 
hematological profiles in heat stressed lactating dairy cows fed diets 
supplemented with different selenium sources and doses. Livestock 
Science 142(1/3): p. 128-137.

36.	Paape MJ, Schultze WD, Miller RH (1973) Leukocytic response to 
adrenocorticotrophic hormone as influenced by the infectious history 
of the mammary gland. Journal of Dairy Science 56(6): 733-737.

37.	Wegner TN, Schuh JD, Nelson FE, Stott GH (1976) Effect of Stress on 
Blood Leucocyte and Milk Somatic Cell Counts in Dairy Cows. J Dairy 
Sci 59(5): 949-956.

38.	Zimbleman R, Rhoads R, Baumgard L, Collier R (2009) Revised 
temperature humidity index (THI) for high producing dairy cows: 
Journal of Dairy Science 92: 347.

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                      Track the below URL for one-step submission 
  https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI:10.19080/JDVS.2020.14.555900

http://dx.doi.org/10.19080/JDVS.2020.14.555900
https://pubmed.ncbi.nlm.nih.gov/10194680/
https://pubmed.ncbi.nlm.nih.gov/10194680/
https://pubmed.ncbi.nlm.nih.gov/10194680/
https://www.sciencedirect.com/science/article/abs/pii/S0921448805003585
https://www.sciencedirect.com/science/article/abs/pii/S0921448805003585
https://www.sciencedirect.com/science/article/abs/pii/S0921448805003585
https://www.sciencedirect.com/science/article/abs/pii/S0921448805003585
https://pubmed.ncbi.nlm.nih.gov/9621237/
https://pubmed.ncbi.nlm.nih.gov/9621237/
https://pubmed.ncbi.nlm.nih.gov/9621237/
https://pubmed.ncbi.nlm.nih.gov/25648800/
https://pubmed.ncbi.nlm.nih.gov/25648800/
https://pubmed.ncbi.nlm.nih.gov/25648800/
https://pubmed.ncbi.nlm.nih.gov/25648800/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-0929.2006.00338.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-0929.2006.00338.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-0929.2006.00338.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1740-0929.2006.00338.x
https://pubmed.ncbi.nlm.nih.gov/3366700/
https://pubmed.ncbi.nlm.nih.gov/3366700/
https://pubmed.ncbi.nlm.nih.gov/3366700/
https://pubmed.ncbi.nlm.nih.gov/3366700/
https://academic.oup.com/jas/article/76/8/2182/4643238
https://academic.oup.com/jas/article/76/8/2182/4643238
https://academic.oup.com/jas/article/76/8/2182/4643238
https://academic.oup.com/jas/article-abstract/35/5/1005/4667191?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/35/5/1005/4667191?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S0022030273851458
https://www.sciencedirect.com/science/article/pii/S0022030273851458
https://www.sciencedirect.com/science/article/pii/S0022030273851458
https://www.cabdirect.org/cabdirect/abstract/20123005391
https://www.cabdirect.org/cabdirect/abstract/20123005391
https://www.cabdirect.org/cabdirect/abstract/20123005391
https://www.cabdirect.org/cabdirect/abstract/20123005391
https://www.journalofdairyscience.org/article/S0022-0302(73)85242-7/abstract?mobileUi=0
https://www.journalofdairyscience.org/article/S0022-0302(73)85242-7/abstract?mobileUi=0
https://www.journalofdairyscience.org/article/S0022-0302(73)85242-7/abstract?mobileUi=0
https://pubmed.ncbi.nlm.nih.gov/178704/
https://pubmed.ncbi.nlm.nih.gov/178704/
https://pubmed.ncbi.nlm.nih.gov/178704/
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/JDVS.2020.14.555900

	Introduction
	References
	_Hlk7095425

