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Response of lactating cows to live yeast supplementation during summer
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ABSTRACT

Dairy cows experiencing heat stress have reduced
intake and increased reliance on glucose, making feed-
ing strategies capable of improving diet digestibility
plausible for improving postrumen nutrient flow and
performance. The effect of yeast on digestion and per-
formance of lactating cows during the warm summer
months of southeastern Brazil was evaluated. Cows
were individually fed in tie stalls and temperature-
humidity index was above 68 during 75.6% of the
experiment. Twenty-eight Holstein cows (207 + 87 d
in milk) received a standard diet for 14 d and then a
treatment for 70 d, in a covariate-adjusted, random-
ized block design with repeated measures over time.
Treatments were yeast (Saccharomyces cerevisiae) or
control. Yeast was top dressed to the diet in the morn-
ing, equivalent to 25 x 10" cfu of live cells and 5 x
10" cfu of dead cells. The diet contained corn silage
(37.7%), Tifton silage (7.1%), raw soybeans (4.1%),
soybean meal (16.5%), finely ground corn (20.7%), and
citrus pulp (11.9%). Yeast increased milk (26.7 vs. 25.4
kg/d) and solids yield (3.06 vs. 2.92 kg/d), especially
lactose. Response in milk yield was consistent over time
and started at d 5. The daily intake of digestible OM,
total-tract digestibility of nutrients, urinary allantoin
excretion, chewing pattern throughout the day, and
dry matter intake did not respond to yeast. A trend
was observed for increased plasma glucose with yeast
(62.9 vs. 57.3 mg/dL), lowered respiratory frequency
(48 vs. 56 breaths/min), and increased plasma niacin
content (1.31 vs. 1.22 pg/mL), though cows had similar
rectal temperature. Ruminal lactate and butyrate as
proportions of ruminal organic acids were reduced by
yeast, but no effects on other organic acids, ruminal
pH, or protozoa content were detected. Plasma urea
N over 24 h was increased by yeast. On d 72 to 74,
citrus pulp was abruptly replaced with finely ground
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corn to induce acidosis. The increased load of starch
increased dry matter intake between 0700 and 1300 h,
jugular blood partial pressure of CO,, HCO; ™, and base
excess, and decreased blood pH for both treatments.
The yeast treatment had a higher blood pH compared
with the control, 7.34, and 7.31, respectively. Yeast
supplementation improved lactation performance of
dairy cows under heat stress. Improvement in lactation
performance apparently involved the regulation of body
homeothermia, rather than improved digestibility.
Key words: heat stress, niacin, Saccharomyces cerevi-
siae, plasma glucose, respiratory frequency

INTRODUCTION

Heat stress negatively affects productivity and lon-
gevity of dairy cows (Kadzere et al., 2002). Advances
in management, such as cooling systems (Armstrong,
1994) and nutritional strategies (West, 2003), may at-
tenuate the negative effects of heat stress, but the eco-
nomic loss due to reduced milk production, reproduc-
tive efficiency, and animal health during warm seasons
is a major issue for the dairy industry worldwide (St.
Pierre et al., 2003).

Reduced lactation performance during heat stress has
been attributed to the reduction in DMI of heat-stressed
cows (Beede and Collier, 1986). However, reduced DMI
seems to account for only 35 to 50% of the reduction
in milk yield under heat stress, whereas the remainder
could result from alterations in endocrine profiles and
energy metabolism of heat-stressed cows (Rhoads et
al., 2009; Wheelock et al., 2010). Heat-stressed cows
may be in negative energy balance (NEB; Moore et
al., 2005) and have increased energy demand for main-
tenance (NRC, 1981), due to energy expenditure for
homeothermic regulation (Fuquay, 1981), capable of
decreasing feed efficiency (Britt et al., 2003). During
heat stress, cows are more dependent on glucose as an
energy source (Rhoads et al., 2009) and despite the
NEB, the mobilization of adipose tissue seems to be re-
duced in comparison with cows experiencing NEB at a
thermoneutral temperature (Shwartz et al., 2009). The
response may be related to increased plasma insulin
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levels during heat stress, apparently to spare glucose
usage by peripheral tissues (Wheelock et al., 2010).

Heat stress may also decrease rumen pH and disturb
ruminal function (Mishra et al., 1970). Cows in heat
stress are more prone to respiratory alkalosis (Schneider
et al., 1988), which may reduce HCO;3; concentration
in saliva (Schneider et al., 1984). In addition, a reduc-
tion is found in daily rumination time (Soriani et al.,
2013), capable of reducing saliva production. Ruminal
motility (Silanikove, 1992), blood flow to the digestive
tract (McGuire et al., 1989), as well as digesta frac-
tional passage rate, are reduced in heat-stressed cows
(Schneider et al., 1988), increasing the propensity of
ruminal acidosis.

Supplementation of live yeast may improve nutrient
digestibility (Bitencourt et al., 2011; Ferraretto et al.,
2012) and control ruminal pH (Bach et al., 2007). Im-
provements in DMI, lactation performance, and feed
efficiency have been reported in response to yeast sup-
plementation of heat-stressed cows (Bruno et al., 2009;
Moallem et al., 2009; Marsola et al., 2010). Shwartz et
al. (2009) observed that the supplementation of a mix-
ture of exogenous enzymes and yeast culture reduced
rectal temperature of heat-stressed dairy cows, suggest-
ing an action on thermoregulatory functions. Under
heat stress, feeding strategies capable of increasing
digestive efficiency, such as live yeast supplementation,
may increase nutrient flow to the small intestine and
dairy cow performance.

The objective of this study was to evaluate the effect
of live yeast supplementation on digestion, lactation
performance, and physiological variables of dairy cows
during the hot summer months of southeastern Brazil.

MATERIALS AND METHODS

The experiment was conducted from January 9 to
April 1, 2012, in an open-walled, sand-bedded, tie-stall
barn with fans and high-pressure sprinklers at the Bet-
ter Nature Research Center, located at Ijaci, Minas
Gerals, Brazil (http://www.holandesflamma.com.br/).
The protocol was approved by the Federal University
of Lavras Bioethic Committee in Utilization of Ani-
mals (protocol n° 046/14). The barn was located at an
altitude of 846 m, 21°09'52.41"S and 44°55'52.40"W.
Environmental temperature and humidity at the center
of the barn was measured at 30-min intervals with a
digital thermometer (EasyLog-USB-2-LCD, Lascar
Electronics, Salisbury, United Kingdom) 2.5 m from
the floor. The temperature-humidity index (THI) was
calculated according to Yousef (1985): THI = T + 0.36
x DP + 41.2, where T = temperature (°C) and DP =
dew point (°C).
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Twenty-eight Holsteins (207 + 87 DIM) were fed a
standard diet for 14 d (covariate period). At the end of
the covariate period, cows were paired blocked based
on calving order and milk yield, and assigned to 1 of
2 treatments for 10 wk. Treatments were yeast (Sac-
charomyces cerevisiae, strain NCYC 996, Procreatin7,
Lesaffre Feed Additives, Toluca, Mexico) and control.
The yeast product (10 g/d) was top dressed to the diet
of each cow once per day in the morning. The daily
dose of yeast per cow was 25 x 10" cfu of live cells
and 5 x 10" cfu of dead cells. The composition of the
yeast product was 92.3% DM, 45.7% CP, and 4.4%
ash. The niacin content was 45.12 mg/100 g (VitaFast
niacin microbiological assay, R-Biopharm, Darmstadt,
Germany) and amino acid composition was (g/100 g):
aspartate (3.90), glutamate (3.85), serine (1.38), gly-
cine (1.62), histidine (0.85), arginine (1.54), threonine
(2.00), alanine (2.30), proline (1.04), tyrosine (1.33),
valine (2.10), methionine (0.54), cysteine (0.51), iso-
leucine (1.18), leucine (2.09), phenylalanine (1.64), and
lysine (3.63). The amino acids were analyzed by HPLC
(HP Agilent 1100. Agilent Technologies, Waldbronn,
Germany).

The TMR was mixed in a stationary mixer and of-
fered twice daily at approximately 0600 and 1400 h.
Individual cow intake was assessed throughout the ex-
periment, by recording the amount of feed offered and
orts daily (as-fed basis). Samples of ingredients were
collected daily and composite samples made per week.
Likewise, ort samples were collected daily and compos-
ited per cow per week. Composite samples were dried
in forced-air oven at 55°C for 72 h and ground through
a 1-mm screen in a Wiley mill (Arthur H. Thomas,
Philadelphia, PA). The DM content was determined by
drying at 100°C for 24 h and CP was determined by mi-
cro-Kjeldahl analysis (AOAC, 1990). The ether extract
(EE) was analyzed according to AOAC (1990) after
hydrolysis with hydrochloric acid. Ash was analyzed by
incineration at 550°C for 8 h. The NDF was analyzed
using a TE-149 fiber analyzer (Tecnal Equipamentos
para Laboratérios, Piracicaba, Brazil) with amylase
and sodium sulfide. Starch was analyzed according to
Hall (2009). The NFC fraction was calculated: NFC
= 100 — (CP + EE + ash + NDF). Composition of
consumed diets is reported in Table 1.

Cows were milked twice daily, at 0430 and 1600 h,
and milk yield was recorded daily. Milk samples were
obtained weekly on the same 2 d for 4 consecutive
milkings. Solids and MUN content were measured
(Laboratério Centralizado da Associacdo Paranaense
de Criadores de Bovinos da Raca Holandesa, Curitiba,
Brazil) by infrared analysis (Bentley 2000, Bentley
Instruments Inc., Chaska, MN). Milk energy secretion
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Table 1. Composition of the consumed diets on control or yeast
treatments

Ttem Control Yeast
Diet ingredient, % of DM
Corn silage 37.7
Tifton silage 7.1
Raw soybeans 4.1
Soybean meal 16.5
Slow release urea 0.2
Finely ground corn 20.7
Citrus pulp 11.9
Magnesium oxide 0.3
Salt 0.2
Limestone 0.9
Minerals and vitamins' 0.4
Nutrient composition, % of DM
CP 18.3 18.4
RDP? 12.0 12.0
RUP? 6.3 6.4
NDF 38.0 38.1
Ether extract 4.5 4.5
Ash 6.2 6.2
Nonfiber carbohydrates 32.9 33.1
Starch 26.8 26.6
DM, % of as fed 43.2 43.1
Particle size distribution, % of diet
Feed particles >19 mm, DM basis 19.7
Feed particles 8-19 mm, DM basis 26.0
Feed particles < 8 mm, DM basis 54.3
Feed particles >19 mm, as-fed basis 13.9
Feed particles 8-19 mm, as-fed basis 20.0
Feed particles <8 mm, as-fed basis 66.1

120.0% Ca; 15.0% P; 30.0% S; 30.0% Mg; 100 mg/kg of Co; 3,000 mg/
kg of Cu; 180 mg/kg of I; 3,000 mg/kg of Mn; 12,000 mg/kg of Zn;
100,000 UI/kg of vitamin A; 250,000 UI/kg of vitamin Dg; 6,250 UI/
kg of vitamin E.

*Rumen degradable protein.

*Rumen undegradable protein.

(milk E; Mcal/d) was calculated as [(0.0929 x %fat) +
(0.0547 x % protein) + (0.0395 x % lactose)] x kg of
milk (NRC, 2001). ECM was calculated as milk E/0.70
(assumes 0.70 Mcal/kg for milk with 3.7% fat, 3.2%
protein, and 4.6% lactose). Four percent FCM was cal-
culated as (0.4 + 15 x % fat/100) x kg of milk (NRC,
2001). The BCS (scale of 1 to 5, with 1 being thin and
5 being obese; Wildman et al., 1982) was measured by 3
trained evaluators every 2 wk and the average was used
to describe the experimental units. After the morning
milking, BW was also measured every 2 wk.
Total-tract apparent digestibility of DM, OM, NDF,
and non-NDF OM was determined on d 68 to 70 (wk
10) by total collection of feces in buckets by trained
personal. Feces were collected concurrent to defecation
during three 8-h sampling periods and weighed. The
second and third sampling periods begun 8 h later than
the previous sampling, to avoid a major disturbance
to the animals while still representing a 24-h collec-
tion period. Fecal aliquots (equal fresh weight basis)
were immediately frozen during the collection period
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and a composite sample was formed. Total urinary
output was collected in buckets, simultaneously to fecal
sampling, to estimate rumen microbial synthesis based
on purine derivate excretion. A 10% sulfuric acid solu-
tion was immediately added to the urine samples (1:9)
before refrigeration at 4°C. Composite urine samples
were diluted 1:5 with distilled water and frozen at
—20°C. Allantoin was analyzed as described by Chen
and Gomes (1992).

Simultaneously to fecal and urinary collection, chew-
ing activity was measured by continuous observation
of buccal activity of each cow at 5-min intervals for 24
h. Buccal activities recorded were water ingestion, feed
ingestion, rumination, and idleness. Chewing time, in
minutes per day, was the sum of ingestion and rumi-
nation time. Chewing, ingestion, and rumination per
unit of DMI were calculated using DMI of the day of
chewing evaluation.

Blood samples from the coccygeal vessels were ob-
tained on d 64 (wk 10) to determine plasma urea N
(PUN) and glucose. Samples for PUN were obtained
immediately before the first daily feeding and 1, 2, 3, 6,
9, 12, 15, and 21 h after feeding. The blood, collected
in Vacutainer tubes containing EDTA, was immedi-
ately refrigerated, centrifuged at 1,000 x g for 15 min
at room temperature, and the plasma was frozen at
—20°C. The PUN content was analyzed with a labora-
tory kit (Urea 500, Doles Reagentes para Laboratérios
Ltda., Goiania, Brazil). Plasma glucose content 12 h
postfeeding was analyzed in samples collected in tubes
containing EDTA and sodium fluoride with a labora-
tory kit (Glicose Enzimética Liquida, Doles Reagentes
para Laboratérios Ltda.).

Respiratory frequency was measured at 1400 h on
d 7 of each experimental week, and recorded as the
average of 3 consecutive measurements of 30 s per
cow. Rectal temperature was measured at 0700, 1300,
and 1900 h on a hot day during wk 5 and on a cool
day during wk 9 with digital thermometers (G-Tech
TH186, Onbo Eletronics, Shenzhen, China). During d
34 on wk 5 and d 59 on wk 9, blood samples from the
coccygeal vessels were obtained 6 h after the morning
feeding to determine plasma niacin content. Blood was
immediately refrigerated, centrifuged at 1,000 x ¢ for
15 min, and the plasma frozen at —20°C for analysis
of niacin. Niacin was analyzed with VitaFast niacin
microbiological assay (R-Biopharm). The plasma (1.0
mL) was added to a sterile 50-mL conical centrifuge
tube (227261, Greiner Bio-One, Monroe, NC), and 20
mL of sterile 20 mM sodium citrate buffer (pH 4.5;
C0909, Sigma-Aldrich, St. Louis, MO) was added to
the plasma and manually shaken. Taka diastase (300
mg; 86247, Sigma-Aldrich) was added, shaken vigor-
ously, and incubated for 1 h without light at 37°C.
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Following incubation, sterile double-distilled H,O (19
mL) was added and samples were heated for 30 min
in a water bath at 95°C and shaken at 5-min intervals.
Following heating, tubes were chilled quickly to <30°C
using an ice bath. The tubes were centrifuged and the
supernatant was decanted into sterile tubes. Three
separate 150-pL. samples were pipetted into individual
wells coated with Lactobacillus plantarum in a 96-well
microtiter plate that was incubated in the dark for 48 h
at 37°C. Lactobacillus plantarum growth was enhanced
as niacin concentration in the medium increased. The
assay was read spectrophotometrically for turbidity at
610 to 630 nm.

On d 71, rumen fluid samples were collected through
a flexible oro-gastric tube. Samples were collected 12 +
0.25 h after the morning feeding. Animals were randomly
sampled within block. Ruminal pH was measured im-
mediately. Total protozoa count was performed accord-
ing to recommendations of Dehority (1984) and Warner
(1962). A rumen sample was instantaneously frozen in
liquid N to suppress fermentation and was kept frozen
until preparation for analysis of organic acids by HPLC
(LC-10Ai, Shimadzu Corp., Tokyo, Japan). An ion ex-
clusion column from Shimadzu (Shim-pack SCR-101H;
7.9 mm i.d., 30 cm long) operated at 50°C was used
for the chromatographic separation. The mobile phase
consisted of 100 mM perchloric acid solution with a
flow rate of 0.6 mL/min. The acids were detected by
UV absorbance (210 nm).

After intensive sampling procedures were concluded
in wk 10, citrus pulp in the diet was abruptly substi-
tuted by the same amount of finely ground corn on d
72. This diet was fed for 3 d to evaluate the response
to yeast supplementation under increased ruminal acid
load. Jugular blood acid-base balance at 1300 h, intake,
milk yield, and the proportion of daily intake occur-
ring from 0700 to 1300 h were measured on d —2 and
—1 (before), and 1, 2, and 3 (after) relative to diet
change. Jugular blood acid-base balance was analyzed
with an AGS 22 blood gas analyzer (Drake Eletrénica
e Comércio Ltda., Sdo José do Rio Preto, Brazil) less
than 1 h after sampling. Blood samples were collected
at random within block in heparinized tubes and kept
under refrigeration from sampling to analysis.

Statistical Analysis

Data obtained over time were analyzed as repeated
measures with the MIXED procedure of SAS (SAS
Institute Inc., Cary, NC). The model contained a con-
tinuous covariate effect (measure of the same variable
at the end of the covariate period), random block ef-
fect (1 to 14), and the fixed effects of treatment (yeast
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or control), time (experimental week or day), and the
interaction of treatment and time. The mean square for
cow nested within treatment was used as the error term
to test the treatment effect. The model for the period
of dietary starch challenge contained the random effect
of block (1 to 14), and the fixed effects of treatment
(yeast or control), time (before or after the dietary
starch challenge), and the interaction of treatment and
time. The best covariance structure was defined by the
Akaike’s information criterion among autoregressive,
compound symmetry or unstructured. For variables
measured once, the model was block and treatment.
Statistical significance and trends were considered at P
< 0.05 and P > 0.05 to P < 0.10, respectively.

RESULTS

The confinement housing system did not eliminate
the occurrence of summer heat stress. Throughout the
experiment, THI values ranged from 60.5 to 85.1, with a
mean of 71.8 (Table 2). Cows were subjected to THI of
68 or greater for 75.6% of the trial. Figure 1 illustrates
the occurrence of THI values during the experiment.

Yeast supplementation increased milk yield by 1.3
kg/d and milk solids by 0.14 kg/d. The positive re-
sponse in lactation performance was apparently driven
by increased lactose secretion (Table 3). Milk yield
response to yeast supplementation was consistent for
the duration of the experiment (Figure 2), and started
at 5 d of supplementation (Figure 3). Increases in ECM
and 4% FCM were observed in response to yeast, and
protein and fat secretions also tended to respond posi-
tively (Table 3). Cows fed yeast had increased milk fat
content at wk 7, 9, and 10 (Figure 4). Daily DMI was
only numerically increased by yeast (Table 3). Measures
of feed efficiency, BW, BCS, and SCC were similar in

Table 2. Temperature humidity index (THI), temperature (°C), and
humidity (%) in the center of the tie stall

Entire
Ttem experiment’ Wk 5 Wk 9
THI >68, % of time 75.6 95.8 52.1
THI >72, % of time 39.6 60.4 37.5
THI mean 71.8 75.0 70.4
THI maximum 85.1 83.2 79.8
THI minimum 60.5 67.5 63.4
Temperature mean 23.6 26.0 22.4
Temperature maximum 36.0 33.5 31.0
Temperature minimum 14.5 19.5 16.5
Humidity mean 79.4 78.2 82.2
Humidity maximum 98.5 97.0 97.5
Humidity minimum 33.0 51.0 55.5

13,408 recordings for the entire experiment at 30-min intervals.
*Values for a day on wk 5 and 9 of rectal temperature recording.
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Figure 1. Temperature-humidity index (THI) during the experi-
ment.

both treatments. Yeast improved lactation performance
without changing intake or body tissue deposition.
Cows on yeast had consistently lower respiratory fre-
quency throughout the experiment than control (Table
4, Figure 5). Body temperature was not affected by
treatment, although during rectal temperature mea-
surement on a hot day (wk 5), a treatment X time
interaction was detected. Body temperature of yeast-
supplemented cows was higher than control cows dur-
ing the day, but lower in the evening (Figure 6). Yeast
supplementation apparently facilitated heat dissipa-
tion because similar body temperature was observed
at lower respiratory frequency. Plasma niacin content
was increased (Figure 7) and a trend was observed for
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increased plasma glucose content in cows supplemented
with yeast (Table 4).

Digestion variables did not respond to yeast treatment
(Table 5). The daily intake of digestible OM (Table 3)
and total-tract digestibility of nutrients (Table 5) were
only numerically increased by yeast. Rumen microbial
yield, estimated by urinary allantoin excretion, and
protozoa content in the rumen were similar (Table 5).
Rumen fermentation profile was altered by yeast (Table
6). Yeast reduced lactate and butyrate as proportions
of ruminal organic acids. The acetate to propionate
ratio did not differ. Rumen pH was increased only nu-
merically by the supplement.

Concentration of PUN (Table 4) was increased in
yeast-supplemented cows. Yeast supplementation in-
creased PUN throughout the day (Figure 8). Chewing
activity and intake pattern were not affected by treat-
ment (Table 7).

The abrupt increase in dietary starch content in-
creased numerically milk yield, had no effect on DMI,
and increased the proportion of the daily intake from
0700 to 1300 h (Table 8). Yeast increased blood pH
before and after the starch challenge. Increased starch
content decreased blood pH and increased blood partial
pressure of CO, and O, (pCO, and pO,) HCO; ", total
CO,, oxygen saturation (SatO,), and base excess.

DISCUSSION

The increase in plasma niacin content in response
to yeast supplementation has not been described in

Table 3. Performance of dairy cows on control or yeast treatment (Trt)

P-value
Ttem Control Yeast SEM Trt Time Trt x time
DMI, kg/d 19.0 19.5 0.51 0.53 <0.01 0.96
DOMI," kg/d 13.6 14.2 0.59 0.53 <0.01 0.17
Milk, kg/d 25.4 26.7 0.39 0.03 <0.01 0.40
ECM, kg/d 23.0 24.4 0.45 0.05 0.02 0.70
4% FCM, kg/d 21.7 23.1 0.47 0.05 0.04 0.65
Fat, kg/d 0.777 0.824 0.0178 0.09 0.07 0.48
Fat, % 3.06 3.17 0.057 0.22 <0.01 0.02
Protein, kg/d 0.801 0.828 0.0091 0.06 <0.01 0.53
Protein, % 3.21 3.17 0.030 0.39 <0.01 0.74
Lactose, kg/d 1.135 1.187 0.0146 0.03 <0.01 0.80
Lactose, % 4.52 4.51 0.025 0.76 <0.01 0.98
Solids, kg/d 2.921 3.062 0.0450 0.05 <0.01 0.80
Solids, % 11.67 11.72 0.078 0.64 <0.01 0.19
MUN, mg/dL 15.3 15.8 0.21 0.12 <0.01 0.19
Milk/DMI, kg/kg 1.34 1.37 0.054 0.77 <0.01 0.91
ECM/DMI, kg/kg 1.23 1.25 0.043 0.76 <0.01 0.94
BW, kg 630 641 5.6 0.21 0.08 0.63
BCS, 1to b 3.3 3.2 0.06 0.14 0.07 0.30
Linear SCC, 1 to 9 4.7 4.3 0.33 0.41 0.70 0.87

"Digestible OM intake.
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Figure 2. Milk yield of dairy cows on control () or yeast treatment (O) (P treatment = 0.03; P day <0.01; P treatment x day = 0.40).
Error bars represent SEM.

Table 4. Plasma glucose, niacin and urea-N content, respiratory frequency, and rectal temperature of dairy
cows on control or yeast treatment (Trt)

P-value

Ttem Control Yeast SEM Trt Time Trt x time
Glucose,' mg/dL 57.3 62.9 1.13 0.09

Niacin,” pg/mL 1.22 1.31 0.028 0.05 0.05 0.99
PUN, mg/dL 14.8 16.7 0.67 0.05 <0.01 0.12
Breaths, no./min 56 48 2.2 0.02 <0.01 0.14
Temp wk 5,” °C 38.9 38.9 0.11 0.75 <0.01 0.02
Temp wk 9,° °C 38.2 38.1 0.08 0.51 <0.01 0.97

"Plasma glucose content 12 h postfeeding on d 64.
Plasma niacin content 6 h postfeeding on days of wk 5 and 9.

*Rectal temperature is the mean value of measurements performed at 0700, 1300, and 1900 h during a hot day
(wk 5) and a cool day (wk 9).
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Figure 3. Milk yield of dairy cows during the first 10 d of the
experiment on control () or yeast treatment (O) (P-value: treatment Figure 4. Milk fat percentage of dairy cows on control () or
= 0.03; P-value: day <0.01; P-value: treatment x day = 0.40). Error  yeast treatment (O) (P-value: treatment = 0.22; P-value: week <0.01;
bars represent SEM. P-value: treatment x week = 0.02). Error bars represent SEM.
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Figure 5. Respiratory frequency of dairy cows on control () or
yeast treatment (O) (P-value: treatment = 0.02; P-value: week < 0.01;
P-value: treatment x week = 0.14). Error bars represent SEM.

the literature. The increase in plasma niacin content
of cows supplemented with live yeast approached simi-
lar magnitude to the increase of cows supplemented
with rumen-protected niacin (Zimbelman et al., 2010;
Rungruang et al., 2014). Considering that the niacin
content of the yeast product was 45 mg/100 g, the daily
supplementation of niacin from yeast was 4.5 mg/cow,
supposedly too low to induce a biologically meaningful
increase in plasma niacin content. Yeast supplementa-
tion may have stimulated the synthesis of niacin in the
rumen. Ruminal synthesis of niacin ranged from 446
to 1,547 mg/kg of DMI in dairy cows (Schwab et al.,
2006). It has also been shown that the supplementation
of dairy cows with yeast and bacteria was capable of
increasing the concentration of vitamin B;; in rumen

fluid during SARA (Chiquete et al., 2015).
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Figure 6. Rectal temperature of dairy cows during wk 5 on con-
trol (shaded) or yeast treatment (white) (P-value: treatment = 0.75;
P-value: hour < 0.01; P-value: treatment X hour = 0.02). Error bars
represent SEM.
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Figure 7. Plasma niacin content 6 h postfeeding during wk 5 (hot
day, temperature-humidity index = 75.0) and wk 9 (cool day, temper-
ature-humidity index = 70.4) for control (shaded) or yeast treatment
(white) (P-value: treatment = 0.05; P-value: day = 0.05; P-value:
treatment x day = 0.99). Error bars represent SEM.

Some strains of S. cerevisiae can use tryptophan for
the synthesis of nicotinic acid under aerobic conditions
(Ahmad and Moat, 1966), similar to some bacteria
(Foster and Moat, 1980). Despite the fact that the ru-
men is considered an anaerobic environment, rumen
fluid is not free of oxygen (McArthur and Miltimore,
1962) and live yeasts (Newbold et al., 1996), as well as
some other ruminal microorganisms (Ellis et al., 1989),
are able to uptake rumen oxygen. Furthermore, in an-
aerobic conditions, specific bacteria (Foster and Moat,
1980), and some strains of S. cerevisiae, can synthesize
nicotinic acid from aspartate and glutamate (Ahmad
and Moat, 1966). The diet in this experiment had a
higher CP content than was predicted (18.3% of DM)

PUN, mg/dL

0 3 6 9 12 15 18 21
Hours postfeeding

Figure 8. Plasma urea N (PUN) of dairy cows during d 64 on con-
trol () or yeast treatment (O) (P-value: treatment = 0.05; P-value:
hour < 0.01; P-value: treatment x hour = 0.12). Error bars represent
SEM.
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Table 5. Urinary allantoin excretion and total-tract apparent digestibility of nutrients of dairy cows during d

68 to 70 on control or yeast treatment (Trt)

Ttem Control Yeast SEM P-value
Allantoin, mmol/d 255 257 13.3 0.93
DMD,! % of intake 67.7 69.2 1.38 0.45
OMD,? % of intake 71.8 72.8 1.01 0.50
NDFD,* % of intake 44.0 44.7 2.37 0.83
Non-NDFOMD,* % of intake 90.2 91.3 0.88 0.41
StarchD,” % of intake 97.4 97.1 0.18 0.39

'Dry matter digestibility.

*Organic matter digestibility.
*Neutral detergent fiber digestibility.
*Non-NDF OM digestibility.

"Starch digestibility.

and may have supplied enough amino acids to be sig-
nificantly converted to niacin. Niacin addition to rumen
fluid can increase microbial yield (Riddell et al., 1980;
Brent and Bartley, 1984). Therefore, the positive effect
of yeast on rumen niacin content may be an additional
mechanism for the effect of yeast on rumen function.

The beneficial effects of niacin or niacinamide sup-
plementation to cows under heat stress have been de-
scribed (Muller et al., 1986; Pan et al., 2013). Cows un-
der heat stress had decreased niacin content in plasma
(Rungruang et al., 2014), suggesting that niacin supple-
mentation may be required. Niacin can stimulate skin
vasodilation (Beny6 et al., 2006; Maciejewski-Lenoir et
al., 2006) acting on vascular prostaglandin receptors
(Cheng et al., 2006) and increase peripheral heat loss in
dairy cows (Di Costanzo et al., 1997; Zimbelman et al.,
2010). Nitric oxide synthase, a signaling molecule plau-
sibly responsive to niacin, has also been shown to act
on cutaneous thermoregulatory blood flow and sweat
secretion in humans (Welch et al., 2009). Wrinkle et al.
(2012) observed a decrease in respiratory frequency of
dairy cows in response to niacin supplementation. The
thermoregulatory action of the yeast supplement in this
experiment appears to be mediated through increased
niacin.

Yeast-supplemented cows had lower respiratory fre-
quency than control cows, but a similar body tempera-
ture to control, suggesting they were more efficient at

dissipating heat. A similar response has been observed
when niacinamide was supplemented to dairy cows
under heat stress (Pan et al., 2013). Improved heat dis-
sipation in response to yeast supplementation may have
decreased the maintenance energy required for thermo-
regulation. In wk 5, the rate of rectal temperature decay
in the afternoon was greater for yeast-supplemented
cows than for controls. It may explain the trend for
increased plasma glucose content in response to yeast
supplementation. Di Contanzo et al. (1997) reported an
increase in plasma glucose content of dairy cows when
niacin was fed during heat stress. Dehghan-Banadaky
et al. (2013) also reported an increase in plasma glu-
cose content when dairy cows under heat stress were
supplemented with live yeast. Cows in heat stress
have increased reliance on glucose as an energy source
(Rhoads et al., 2009). Increased glucose availability to
the mammary gland, in response to yeast supplementa-
tion, apparently increased lactose synthesis, resulting
in a positive milk yield response.

The +1.3 kg/d milk yield response to yeast supple-
mentation may be considered of large magnitude
compared with what would be expected as a plausible
response to this feed additive. Desnoyers et al. (2009),
in a meta-analysis on S. cerevisiae supplementation to
ruminants, estimated a mean milk yield response to
yeast of +0.78 kg/d, for a 650-kg cow-equivalent. Moal-
lem et al. (2009) also detected a +1.5 kg/d increase in

Table 6. Ruminal VFA, lactate, pH, and protozoa of dairy cows during d 71 on control or yeast treatment

Item Control Yeast SEM P-value
Acetate, % of total organic acids 58.4 63.6 3.28 0.28
Propionate, % of total organic acids 24.0 23.3 2.20 0.84
Butyrate, % of total organic acids 12.6 10.5 0.99 0.05
Isobutyrate, % of total organic acids 1.0 1.5 0.43 0.51
Lactate, % of total organic acids 4.1 2.2 0.44 0.02
Acetate/propionate 2.75 2.95 0.27 0.61
pH 6.35 6.44 0.093 0.48
Protozoa, x 10'/mL 17.6 18.0 0.72 0.62
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Table 7. Chewing activity and intake pattern of dairy

I ETAL.

cows during d 68 to 70 on control or yeast treatment

Item Control Yeast SEM P-value
Ingestion, min/d 284 286 24.9 0.97
Rumination, min/d 440 424 26.1 0.67
Chewing," min/d 725 710 33.0 0.76
Ingestion, min/kg of DMI 17.0 16.0 1.86 0.73
Rumination, min/kg of DMI 254 23.7 1.27 0.35
Chewing, min/kg of DMI 42.4 39.7 2.33 0.43
Meal size, min 24.3 26.6 1.44 0.27
Meals per day 11.7 10.7 0.54 0.21

1 . . . . .
Chewing = ingestion + rumination.

milk yield when dairy cows were fed live yeast during
summer. Bruno et al. (2009) evaluated the supplemen-
tation of dairy cows with yeast culture in summer (723
cows from 2 farms) and found that yeast supplementa-
tion increased milk yield (41.2 kg/d) during the first
130 d of lactation.

Although positive effects of yeast supplementation on
rumen function (Wallace, 1994) and fiber digestibility
(Bitencourt et al., 2011; Ferraretto et al., 2012) were
expected, this mode of action did not mediate animal
responses in this experiment. Total-tract digestibility of
nutrients and rumen microbial yield did not respond to
yeast, although rumen fermentation profile was modi-
fied. Yeast reduced butyrate and lactate as proportions
of total organic acids in rumen fluid, but was not ca-
pable of increasing pH. Saccharomyces cerevisiae can
compete with Streptococcus bovis for sugars (Chauchey-
ras et al., 1996) and stimulate lactate consumers in
the rumen (Nisbet and Martin, 1991; Callaway and
Martin, 1997; Rossi et al., 2004). Pinloche et al. (2013)
observed increased ruminal abundance of Megasphaera

Table 8. Dry matter intake, milk yield, as-fed intake from 0700 to
postfeeding on the last 2 d of wk 10 (period = before) and during the
yeast treatment (Trt)"

and Selenomonas when live yeast was fed to cows. The
response of rumen fermentation profile to yeast supple-
ments lacks consistency. Pinloche et al. (2013) reported
increased proportions of propionate and butyrate in
rumen fluid in response to yeast, increased proportions
of propionate (Erasmus et al., 2005), acetate (Al Tbra-
him et al., 2010), and butyrate (Thrune et al., 2009)
have been reported, as well the absence of the effect
of yeast on rumen fermentation profile (Bitencourt et
al., 2011; Ferraretto et al., 2012). Yeast-supplemented
cows had higher PUN than control, also observed by
Zaworski et al. (2014) in postpartum cows, suggesting
increased proteolytic activity in the rumen (Yoon and
Stern, 1996). Milk fat content of yeast-supplemented
cows was also increased during the final weeks of the
experiment. For these finely chopped corn silage diets
formulated without sodium bicarbonate, yeast supple-
mentation reduced lactate and butyrate in rumen fluid,
suggesting beneficial action on ruminal acidosis.

Yeast did not modulate the response in intake and
milk yield during the acidosis induction protocol. The

1300 h (7-13 intake), and acid-base balance of the jugular blood 6 h
3 d of increased dietary starch content (period = after), on control or

Control Yeast P-value
Ttem? Before After Before After SEM Trt Period Trt x period
DMI, kg/d 19.2 19.4 18.6 18.1 0.72 0.36 0.64 0.17
Milk, kg/d 22.7 23.1 24.7 25.3 1.08 0.19 0.13 0.84
7-13 intake, kg 16.7 19.4 15.9 17.6 0.88 0.26 <0.01 0.41
7-13 intake, % of daily intake 32.3 39.2 30.8 37.9 1.49 0.43 <0.01 0.90
pCO,, mm Hg 17.7 28.7 17.3 28.6 0.56 0.69 <0.01 0.83
pO,, mm Hg 32.1 35.2 33.9 36.4 1.29 0.27 0.04 0.80
pH 7.34 7.31 7.36 7.34 0.008 <0.01 0.03 0.80
HCO;3~, mmol/L 9.6 14.7 9.7 15.2 0.35 0.42 <0.01 0.58
Total CO,, mmol/L 10.2 15.4 10.2 16.1 0.36 0.37 <0.01 0.42
Base excess, ' mmol/L —11.8" —9.6" —12.2* —7.5° 0.66 0.15 <0.01 0.09
SatO,, % 57.7 61.4 59.8 66.2 2.13 0.14 0.02 0.51
Oqct, % 13.2 14.1 14.1 14.9 0.52 0.13 0.11 0.99

*“Means with different letters in superscript differ at P < 0.05 (Pairwise t-test of PROC MIXED).

"Means within the same line were separated by pairwise t-test (P<0.0

’pCO, = partial pressure of CO,; pO, = partial pressure of O,; SatO, =

volume.
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induction of acidosis resulted in detectable changes
in intake pattern and blood acid-base indicators. The
greater amount of starch increased pCO,, HCO;3™, and
base excess, and decreased blood pH, consistent with
the occurrence of ruminal acidosis (Morgante et al.,
2009; Gianesella et al., 2010). Li et al. (2012) also re-
ported an increase in pCO, during SARA; however, no
difference was found in blood pH.

Cows in both treatments had blood pH values be-
low 7.35 during the dietary starch challenge, which is
considered an indication of metabolic acidosis (Owens
et al., 1998). Nevertheless, yeast supplementation
increased blood pH before and during the challenge.
Blood base excess was also less negative for yeast-
supplemented cows when dietary starch content was
abruptly increased. Yeast supplementation apparently
had beneficial effects on metabolic acidosis, a plausible
additional mode of action to explain the positive re-
sponse in lactation performance.

We did not detect responses in chewing and eating
behavior of heat-stressed dairy cows to yeast supple-
mentation. It has been suggested that yeast supple-
ments can modulate the pattern of intake in dairy cows
and are capable of promoting stabilization of ruminal
pH. Bach et al. (2007) reported an increase in the fre-
quency of daily meals for cows supplemented with live
yeast. DeVries and Chevaux (2014) observed that cows
supplemented with yeast had shorter intermeal inter-
vals, translating to cows tending to have more meals,
which tended to be smaller in size. Yeast-supplemented
cows also tended to ruminate longer, have lower mean
ruminal temperature, and spend less time with rumen
temperature above 39.0°C. In theory, a more stable ru-
minal temperature can facilitate heat dissipation under
heat stress.

CONCLUSIONS

Yeast supplementation improved lactation perfor-
mance of dairy cows under heat stress. The mechanism
apparently involved the regulation of body homeother-
mia and increased glucose availability for the synthesis
of lactose by the mammary gland. Increased plasma
niacin content in yeast-supplemented cows was a plau-
sible mediator. Yeast also attenuated metabolic acidosis
during a starch challenge and reduced lactate and bu-
tyrate proportions in rumen fluid, suggesting positive
action on acidosis control.
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