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ABSTRACT

Thirty-eight Holstein cows (26 multiparous and 12
primiparous), that averaged 105 d postpartum at the
start of the experiment, were used to evaluate the feed-
ing of yeast culture (60 g/cow daily of Diamond V XP)
on production efficiency during hot summer weather.
From early June until early September and after a 2-wk
covariate period, cows were fed a control diet without or
with 60 g of yeast culture/cow daily for 12 wk. Weekly
daytime high temperatures in the free-stall barn during
the 12-wk period averaged 33°C (28 to 39°C). Total
mixed diets on a dry matter (DM) basis consisted of
corn silage (28%), alfalfa hay (21%), and a concentrate
mix (51%) without or with the yeast culture added to
the total mixed ration at the time of feeding. Milk pro-
duction (34.9 and 35.4 kg/d, for control and yeast culture
treatment, respectively), 4% fat-corrected milk (31.2
and 32.0 kg/d), energy-corrected milk (ECM; 33.4 and
34.2 kg/d), and DM intake (23.1 and 22.1 kg/d) were
similar for cows fed control and yeast culture diets.
Percentages of milk fat (3.34 and 3.41) and true protein
(2.85 and 2.87) were similar for both diets. Feed effi-
ciency defined as kilogram of ECM/kilogram of DM in-
take was improved by 7% for cows fed the yeast culture.
Body weights and body condition scores were similar
for both groups. The results suggest that the yeast cul-
ture can improve feed efficiency of heat stressed dairy
cows in midlactation.

(Key words: yeast culture, lactating cows, feed effi-
ciency)

Abbreviation key: ECM = energy-corrected milk.

INTRODUCTION

Yeast and yeast cultures have been fed to dairy cattle
for more than 60 yr with varied responses. In some
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studies, yeast cultures improved DMI (Williams et al.,
1991; Wohlt et al., 1991; Dann et al., 2000) and milk
production (Williams et al., 1991; Wohlt et al., 1991;
Piva et al., 1993; Wang et al., 2001), whereas other
studies (Erdman and Sharma, 1989; Arambel and Kent,
1990; Soder and Holden, 1999) found no response to
yeast cultures. Wohlt et al. (1991) suggested that sup-
plementing yeast culture before parturition and ex-
tending through peak lactation was necessary to evalu-
ate the effect on lactating cows. Some field reports indi-
cate increased DMI and milk production when yeast
was fed during periods of heat stress, possibly reflecting
the role in aiding appetite during time of stress (Huber,
1998); however, controlled scientific studies to substan-
tiate such claims are lacking. There are reports that a
culture of Aspergillus oryzae in diets of lactating cows
increased milk production, feed efficiency, and toler-
ance to heat stress in some (Gomez-Alarcon et al., 1990)
but not all (Higginbotham et al., 1993; Yu et al., 1997)
studies. Such a product may have somewhat similar
affects on ruminal fermentation and digestibility as
might be expected to occur with yeast culture.

Improvements in feed efficiency can positively impact
herd profitability even when changes in production or
feed intake or both may be very slight (Britt et al., 2003;
Casper et al., 2003). If feeding yeast culture can cause
even modest improvements in ruminal fermentation
and digestibility and minimize heat stress, improve-
ments in feed efficiency may occur. The objective of this
study was to evaluate the use of yeast culture in diets
of lactating dairy cows, especially during times of
heat stress.

MATERIALS AND METHODS

All procedures in this study were conducted under
approval of the South Dakota State University Animal
Care and Use Committee. Thirty-eight Holstein cows
(26 multiparous and 12 primiparous) that averaged 105
DIM (SD = 28 d) were used to evaluate yeast culture
added to the diet. Cows were paired based on DIM,
parity (first or second and later lactations), and pre-
treatment milk production. One cow from each pair
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Table 1. Ingredient content of diets.

Ingredient % of DM
Alfalfa hay 21.0
Corn silage 28.0
Corn, ground shelled 19.3
Whole cottonseed 8.0
Soybean meal, 44% CP 8.8
Dried distillers grains with solubles 7.7
Pork meat and bone meal 1.3
Fish meal, menhaden 0.3
Energizer 4-19 W2 2.5
Megalac? 0.9
Limestone 0.7
Sodium bicarbonate 0.5
Salt 0.5
MgO 0.15
Trace mineral/vitamin premix* 0.25
Zinpro 4-plex® 0.05
Vitamin E¢ 0.05

east culture diet contained 60 g /cow daily of Diamond V XP
yeast culture (Cedar Rapids, IA) added at the time of feeding.

2Quality Liquid Feeds Mfg., Inc., Dodgeville, WI; 4% CP and 19%
fat, as-fed basis.

3Church and Dwight, Inc., Princeton, NJ.

‘Mg, 10.0%; Zn, 2.6%; Mn, 1.7%; Fe, 4640 ppm; Cu, 4712 ppm; I, 398
ppm; Co, 119 ppm; Se, 140 ppm; vitamin A, 544,000 IU/kg; vitamin D,
109,000 IU/kg; vitamin E, 2177 IU/kg.

5Zinpro Corp., Eden Prairie, MN.

5Contained 44,000 TU/kg.

was randomly assigned to control or yeast culture diet
(Diamond V XP yeast culture, Cedar Rapids, IA; 60 g/
cow daily added to the TMR at the time of feeding).
Total mixed diets (Table 1) on a DM basis were corn
silage (28%), alfalfa hay (21%), and concentrate mix
(51%) with or without yeast culture. Diets were formu-
lated to meet or exceed NRC requirements (NRC, 2001).

Cows were housed in the northwest pen of a 4-pen
curtained free-stall barn for 160 cows. The barn con-
tained 91-cm diameter fans over the feeding alleys ev-
ery 15 m and misters over the feeding alleys that were
operated according to temperature to aid in cooling dur-
ing hot weather. Cows were fed individually using Ca-
lan Broadbent feeder doors (American Calan, Inc.,
Northwood, NH). Cows were placed in the free-stall
area and assigned to Calan feeding doors 2 wk before
the start of the 12-wk experiment. The 12-wk experi-
mental period was from June 12 to September 3, 2002.
Milk yield, milk composition, and feed intake data dur-
ing the 2-wk pretreatment period were used for covari-
ate adjustment of data. Cows were individually fed the
respective TMR once daily at 1000 h for ad libitum
consumption with continuous access to feed except dur-
ing milking. Amounts fed and refused were recorded
daily.

Cows were milked daily at 0600, 1400, and 2100 h.
Milk was sampled from all 3 milkings during 1 d each
wk, and daily composites were analyzed for fat, protein,
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lactose, and total solids (AOAC, 1997) by midinfrared
spectrophotometry (Multispec; Foss Food Technology
Corp., Eden Prairie, MN); SCC (AOAC, 1997) was deter-
mined using a Fossomatic 90 (Foss Food Technology
Corp.).

Samples of alfalfa hay, corn silage, cottonseed, con-
centrate mixes, and TMR were collected weekly and
stored at —20°C until analyses. As-fed formulations of
TMR were adjusted weekly, if necessary, to account for
changes in DM content of corn silage determined by
microwave oven. Weekly samples were dried at 55°C
in a Despatch oven (style V-23, Despatch Oven Co.,
Minneapolis, MN) for 48 h, then ground through a 2-
mm screen of a standard Wiley mill (model 3, Arthur
H. Thomas Co., Philadelphia, PA) and composited by
4-wk periods. Composites were analyzed for CP, ether
extract, ash, Ca, P, Mg, and K according to AOAC (1997)
methods. Neutral detergent fiber (procedure B of Van-
Soest et al., 1991) and ADF (Robertson and VanSoest,
1981) were determined by ANKOM fiber analyzer with
the fiber bag technique (ANKOM Technology Corp.,
Fairport, NY). Body weights were recorded twice during
the covariate period and weekly throughout the trial.
Body condition scores (Wildman et al., 1982) were deter-
mined by 3 independent observers at the end of the
covariate period and at d 28, 56, and 84 of the experi-
mental period.

Temperatures were recorded daily at 0600 and 1400
h in the center of the curtained free-stall barn at times
the cows were being moved to the holding pen for milk-
ing. Data from the South Dakota State University
weather station located 3.3 km from the barn were used
for evaluation of environmental temperature conditions
(South Dakota Climate and Weather, 2003; http:/cli-
mate.sdstate.edu/climate_site/climate.htm).

Data were analyzed using the mixed procedures of
SAS (SAS Institute, 1996). Fixed effects were treat-
ment, pair, parity, week, and treatment x week. Ran-
dom effects were cow within pair. Repeated measures
within cow were analyzed using the first-order auto-
regression structure. In general, inclusion of the covari-
ate period in the model did not make a difference in
treatment means or standard errors, so it was dropped
from the model. Model effects were considered signifi-
cant at P < 0.05 with trends noted at P < 0.20.

RESULTS AND DISCUSSION

The nutrient composition of the diets (Table 2) was as
expected except for Ca, P, and Mg, which were slightly
higher than anticipated. These differences were due to
higher concentrations than estimated in the alfalfa hay.

Dry matter intake, milk yield, and milk composition
(Table 3) were similar with or without yeast culture in
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Table 2. Nutrient content of forages and TMR.

Corn Alfalfa
Nutrient silage hay TMR
Dry matter, % 30.4 82.6 56.8
% of DM
Cp 7.9 20.5 17.5
NE.,! Mcal/kg 1.52 1.47 1.78
Fat 2.9 1.4 5.3
NDF 49.7 36.6 30.8
ADF 29.7 31.0 20.2
Ca 0.26 1.49 1.15
P 0.24 0.28 0.50
Mg 0.24 0.43 0.39
K 0.94 1.61 1.12

Estimated from NRC (2001).

the diet. Body weights and BCS were similar with or
without yeast culture in the diet. All of the above pa-
rameters differed by week (P < 0.01) except for SCC
(P = 0.62). As expected, some parameters differed by
parity, but no treatment x parity interactions ap-
proached significance. Treatment x week interactions
were not different (P > 0.15).

The objective of this experiment was to evaluate the
effects of feeding yeast culture to cows during times of
heat stress. Temperatures (average of daily highs and
lows) averaged 22°C, 2°C higher than the 72-yr average
for the time span of the experiment (http:/climate.-
sdstate.edu/climate_site/climate.htm). Although tem-
peratures averaged the same in the free-stall barn as
recorded at the weather station, daytime high tempera-
tures were higher in the barn (mean = 32.7°C vs. 28.3°C
at the weather station). The weather station reported

Table 3. Milk yield and composition, DMI, BW, and BCS.

Diet
Item Control Yeast SE P
Milk, kg/d 34.9 35.4 1.13 0.75
4% FCM, kg/d 31.2 32.0 1.23 0.64
ECM, ' kg/d 33.4 34.2 1.24 0.62
Milk components
Fat,
% 3.34 3.41 0.09 0.57
kg/d 1.16 1.21 0.05 0.49
Protein,
% 2.85 2.87 0.04 0.57
kg/d 0.98 1.01 0.04 0.72
Lactose,
% 4.83 4.80 0.03 0.36
kg/d 1.66 1.69 0.06 0.76
SCC, x 10%/mL 166 492 218 0.27
DMI, kg/d 23.1 22.1 0.82 0.38
FCM/DMI 1.39 1.49 0.03 0.04
ECM/DMI 1.49 1.59 0.03 0.04
BW, kg 629 616 9.9 0.34
BCS 3.00 3.04 0.10 0.77

'ECM = Energy-corrected milk.
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21 d with high temperatures greater than 32°C (with
all of those days occurring during wk 2 to 8 of the
experiment), whereas the barn had 51 d when the tem-
perature exceeded 32°C. The greater variation in tem-
peratures within the barn vs. at the weather station
was likely because the barn is located in a more open
area whereas the weather station is on the edge of the
university campus. Even with cooling enhancements
such as 91-cm diameter fans every 15 m and misters
over the feeding areas, there were days when cows
showed signs of heat stress such as decreased feed in-
take and lack of movement. For weeks with the highest
temperatures (i.e., wk 2 to 8), milk yield (34.6 and 35.1
kg/d) and DMI (22.5 and 21.2 kg/d for all cows decreased
relative to the overall experimental treatment means
shown in Table 3. However, analysis of changes in feed
intake and milk production data around such "heat
stress" days did not show any statistically detectable
differences in response to the presence or absence of
yeast culture in the diet.

Feed efficiency, as indicated by production of FCM
and energy-corrected milk (ECM) per kilogram of feed
DM consumed, was higher (P < 0.05) when yeast culture
was fed. This improvement in feed efficiency reflected
slight trends (P = 0.25 and 0.16, respectively, for FCM
and ECM) toward higher production coupled with a
trend (P = 0.16) toward lower DMI when fed yeast cul-
ture. However, the treatment x week interactions for
the 2 feed efficiency calculations were not significant
(P>0.92), and there was no indication of greater differ-
ences between treatments during the weeks of hottest
weather. Admittedly, temperatures during the entire
experiment, especially daytime temperatures, were all
above the thermoneutral zone for cattle (McDowell,
1981); therefore, separating a response between hot vs.
cool weather was not possible in this experiment. These
results tended to support field reports and results
(Huber, 1998; Yoon et al., 2003) that indicated tenden-
cies for improved response of lactating cattle when fed
yeast culture.

The mode of action by which the feeding of yeast
culture may improve feed efficiency of heat-stressed
dairy cows is not known. Improved appetite during heat
stress has been proposed (Huber, 1998), but is not sub-
stantiated by our data. Improved ration digestibility
(Gomez-Alarcon et al., 1990) is another possible expla-
nation, but diet digestibilities were not evaluated in
our study.

CONCLUSIONS

Supplementing yeast culture in the diet of heat-
stressed dairy cows can improve feed efficiency.
Changes in milk production and DMI intake during
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times of heat stress were very subtle and not statisti-
cally significant.
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