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ABSTRACT

The objective of this study was to determine the effect of supplementating 10 g/animal/day of Saccharomyces
cerevisiae'%”” (SC7") or Saccharomyces boulardiil®”® (SB°7°) on dry matter intake (DMI), daily weight gain (DWG),
feed efficiency (F:G), in vivo digestibility, pH, and rumen ammonia nitrogen (NHs-N) concentration in rumen liquor, as
well as progesterone concentration (Ps). Twenty four, six-month old, Holstein heifers were randomly assigned to three
treatments (n=8): (T1: Control; T2:10 g/animal/day of SCX77; T3:10 g/animal/day of SB°7®). Samples of rumen liquor
were taken at 60, 120 and 180 d of the experiment to determine pH and ammonia nitrogen. Determination of in vivo
digestibility of DM, NDF, ADF and N was carried out 14 days before the of 60, 120, and 180 d periods. Blood samples
were taken to measure P, concentration. No differences (P > 0.05) were found for DMI, DWG, and F.:G from
supplementing with S. cerevisiae. Similarly, no differences were reported for rumen pH and rumen NH3-N concentration
were not affected (P > 0.05), and in vivo digestibility of DM, NDF, ADF and N (P > 0.05). The P, concentration was
similar (P > 0.05) among the treatments. It is concluded that supplementing Holstein heifers with SC'7 and SB°7 did
not improve heifers performance nor modified the progesterone concentration.
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INTRODUCTION concentration, in vivo digestibility of DM, NDF, ADF,
N, and serum progesterone concentration in plasma.

The incorporation of microbial additives
especially yeast in diets of dairy cows, has been used to MATERIALSAND METHODS
manipulate rumen fermentation and increase animal
production (Bruno et al., 2009). Several studies have Experimental site, animals, and diets. The present
reported that the addition of S. cerevisiae increased DMI study was conducted in the experimental farm of the
and microbial protein synthesis through higher ammonia Universidad Autonoma Chapingo, Mexico. Twenty four
nitrogen concentration reduction and conseguent increase six-month old Holstein heifers with a mean initia body
in the population number of viable and total bacteria weight of 151.42+19.30 kg were used in this experiment.
(Lascano et al., 2009b). It also stimulates dry matter Animals were kept in individual pens with ad libitum
intake (Marden et al., 2008), has a positive effect on feed availability of clean and fresh water. Heifers were
digestibility and reduces somatic cell count in milk randomly distributed into three treatments with n=8
(Cliveira et al., 2010), A higher rumen pH has been animals per treatment. Diet was formulated according to
reported to increase the production of ruminal ammonia the recommendations of the NRC (1988) (Table 1). Feed
and VFA production (Bach et al., 2007). However, was offered at 07:30 and 14:00 h, corresponding to 3% of
contradictory results have been found regarding fiber live weight for 180 days. Additionally, Saccharomyces
digestibility, dry matter intake, weight gain, milk cerevisiae'®’” (SC77), ruminant specific yeast, CNCM |-
production and composition (Mikulec et al., 2010), and 1077 strain of S. cerevisiae (LevucelI®, 2.0x10%° UFC/g,
pH stability (Erasmus et al., 2005). Therefore in order to Lallemand Anima Nutrition, USA) and Saccharomyces
determine if S cerevisae affects the productive boulardiit®™ (SB7), monograstric or young ruminant
performance and some rumina variables in Holstein specific yeast, CNCM 1-1079 strain of S cerevisiae,
heifers, two strains. of S. cerevisiae were supplemented (Levucell®, 2.0x10*° UFC/g, Lalemand Animal
to Holstein heifers to evaluate DMI, F.G, body weight Nutrition, USA) were wrapped in tissue paper, covered
gain, ruminal pH, rumina ammonia nitrogen with molasses and given to each animal twice a day at
the same time as the feed. The dietary treatments were:
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T Control, To: Addition of 10 g/d SC¥77, T3 Addition
of 10 g/d SB0™,

Evaluated parameters, sampling, and chemical
analysis. Dry matter intake (DMI) was estimated
individually every day, through the difference between
the offered and rejected diet. To determine daily weight
gain (DWG), the animals were weighed at the beginning
of the experiment, and then every 15 d. Four heifers were
randomly selected from each treatment to collect rumen
flud 4 hours after the morning feeding, using an
esophageal tube at 60, 120, and 180 d of the experiment,
Ruminal pH of samples was determined using a pH meter
(Fisher Accument, Pittsburgh, PA. USA); whereas,
rumen ammonia nitrogen (N-NHs3) was measured using
the methods described by McCullough (1967).

In vivo digedtibility of dry matter (DMD),
neutral detergent fiber (NDFD), acid detergent fiber
(ADFD), and nitrogen (ND) were calculated using the
chromium oxide (Cr,0s) technique (Williams et al.,
1962). Chromium oxide was oraly administered, 2
g/animal/day, at 07:00 and 14:00 h (1 g doses), 14 d
before the day 60, 120, 180 of experiment. On thelast 4 d
after administering Cr2Os3, rectal grab fecal samples were
taken according to the methodology proposed by Stock et
al. (1987). The determination of Cr.O3 concentration was
performed using an atomic absorption spectrophotometer
(Varian model Espectronic AA-10 plus) at 425.4 nm
wavelength.

From the 12 heifers selected, blood samples
were collected from jugular vein using 5 ml Vacutainer
tubes added with EDTA anticoagulant, twice weekly
starting at second month till the end of experiment. The
blood samples were centrifuged at 3000 rpm for 15 min,
plasma was removed and stored at -20°C until assayed.
Plasma was analyzed for progesterone (Ps) concentration
using a commercial kit (COAT-ACOUNT) according to
the methodology proposed by Srikandakumar et al.
(1986).

The experimental diet and refusas were
analyzed for dry matter (DM), organic matter (OM), ash,
and total nitrogen (TN) (AOAC, 1995). Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) according to
Van Soest et al. (1991).

Statistical Analysis. Data on DMD, DWG, F.G, total
weight gain (TWG), and P4 concentration in the blood
were analyzed using repeated measure analysis of
variance (ANOVA) technique in a completely random
design (PROC MIXED of SAS, 2000). For the variables
rumen pH, rumen N-NHs; concentration, DMD, ND,
NDFD, and ADFD, a split-plot model was used where
the large plot was the treatment and the small plot was
the month of sampling (8, 10, and 12 months of age).
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RESULTS

Dry matter intake, weight gain, and feed efficiency: In
the six months evaluated, DMI showed no differences (P
> 0.05) among treatments (Table 2). However, there were
differences (P < 0.0001) for time. There was no effect
from the interaction of time and the treatments (P > 0.05).
There were no differences in DWG (P > 0.05) due to the
supplementation of SC177 and SB°°. Similar results
were observed for the time x treatment interaction (P >
0.05). There were differences (P < 0.0001) due to time,
however there was no evidence that they were caused by
the addition of the strains of S. cerevisiae, With regard
to F:G, data indicated that there were no differences
among treatments (P > 0.05), or for time x treatment
interaction.

Effect on pH and ruminal NHs-N: Supplementing
growing heifers with SC”7 and SB9” did not affect (P >
0.05) rumen pH, with regard to the control treatment in
the six months of evaluation (Table 3). The same
behavior was observed when evaluating the effect of the
animal within the treatment in the three different
samplings (P > 0.05). Ruminal N-NH3z concentration
showed no changes (P > 0.05) with both strains of
Saccharomyces and the control. However, during the
different times of samplings in the heifers, there were
variations (P < 0.0024) in the concentration of N-NH3, at
8, 10, and 12 months of age (11.31, 14.04, 14.84 mg/100
mL., respectively).

In vivo digestibility of DM, NDF, ADF, and N: The
addition of S. cerevisiae (SC77 and SB™) to the diets
of growing heifers did not improve (P > 0.05) DMD with
regard to the control (Table 3), at the different sampling
periods (P > 0.05). However, there was an increase in
digedtibility through time (73.9, 79.49, 80.46 %) in the
control diet, in contrast to both treatments with S
cerevisiae strains, where from the eighth to the tenth
months DMD increased, but decreased by the twelfth
month of age. Regarding NDFD and ADFD (Table 3), no
differences (P > 0.05) were found among treatments; the
same was observed through time (8, 10, and 12 months of
age) (P> 0.05).

No differences were found (P > 0.05) for ND
due to treatments, and although in the control increased
as the age of the heifersincreased (8, 10, 12 months), the
results obtained indicate that the treatment’time
interaction was not significant (P > 0.05) (Table 3).
Nevertheless, it was seen a dight increase with both
strains of S cerevisae in ND a 10 months, but it
decreased by month 12.

Progesterone (P4) concentration: Figure 1 shows Py
concentration for al three treatments. The results indicate
that supplementing with two strains of S. cerevisiae
(SCY77 and SB°®) had no effect on this variable with
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regard to the control. There were no differences (P >
0.05) for time x treatment interaction. However, there
were differences (P < 0.002) among the sampling periods.
It is important to mention that in the control treatment,
one of the heifers showed estrus on the tenth month of
age, another one on the eleventh month and two did not
show estrus. In T», one heifer showed estrus on the tenth
month, two on the eleventh, and the last one showed no
estrus. In T3, two heifers presented estrus on the tenth
month, one on the eleventh, and the last one showed no
estrus.

J. Anim. Plant Sci. 26(1): 2016

Table 1. Ingredients and chemical composition of the
experimental diet

. (g/kgdry Chemical
Ingredient matter) compostion (%)
Alfafahay 53.89 Dry matter (%) 88.27
Corn Siraw 4.89 As% of dry
matter

19.13 Neutral 4327
Soybean medl detergent fiber
Ground sorghum 11.80 ,fél\ggrj detergent 27.10
Commercid 9.79 Crude protein 22.63
concentrate feed" (N"6.25)
Mineral mix 0.50 Ash 5.45

*Crude protein: 11.5%, crude fat: 1.0%, crude fiber: 15.0%, ash:
11.5%, nitrogen free extract: 48.0%, moisture: 13.0%.
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Figure 1. Progesterone (P4) concentration in heifers supplemented with S. cerevisiae. T1: control, T2: addition of

10 g/d SC77, Ta: addition of 10 g/d SB7,
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Table 2. Dry matter intake, daily and total body weight gain and feed efficiency of heifers supplemented with S. cerevisiae

J. Anim. Plant Sci. 26(1):2016

Fortnight p-value
1 2 3 4 5 6 7 8 9 10 11 12 SEM Treat Time Treat'time
DM T, 572 742 740 751 750 815 999 1021 918 994 1137 1178
(kg/d) T, 581 678 738 861 810 9.02 1024 1026 10.38 1099 1166 11.13
T 661 674 757 843 833 893 1008 1057 1119 1093 1053 1066 1.91 0579 0.001 0.285
DWG T, 106 09% 092 077 072 083 134 121 1.16 1.09 108 1.09
(kg/d) T, 109 073 09 094 086 1.10 126 1.20 1.10 094 098 1.03
T3 088 088 0.70 1.05 114 1.05 1.05 1.07 105 081 078 071 014 0539 0.039 0.265
T, 771 894 988 1005 1092 1141 825 892 835 10.72 14.03 1420
F.G T, 541 1158 864 934 948 9.08 938 926 983 1527 1501 13.96
T3 781 806 1371 1002 852 867 1099 11.02 1145 1696 19.77 2294 924 0386 0.006 0.716
TWG ar, 1664 180.9 1948 2064 2173 2299 2500 2683 2857 3021 3183 3347
(kg/d) 5T, 1604 171.3 1849 199.1 2121 2286 247.6 2657 2823 2964 3112 326.7
T3 1730 186.2 196.7 2126 2297 2455 2613 2775 2934 3056 3174 3282 8586 0.506 0.001 0.292

DMI: Dry matter intake (daily average), DWG: Daily weight gain, F:G: Feed efficiency, TBW: Tota body weight. T1: Control, T2: with S. cerevisiae (SC77), Ts: with S

cerevisiae (SB1079). abelnitial weight: T1: 150.5 kg, T2: 144.0 kg, Ts: 159.7 kg.

Table 3. Rumen pH, NH3zconcentration and in vivo digestibility of DM, NDF, ADF, N de NHs-N in heifers supplemented with S. cerevisiae.

T1 T2 Ts p-value
Hefersage (months) 8 10 12 8 10 12 8 10 12 SEM Treat Time 'I:[: I;o]aé
Rumen pH 6.72 6.95 6.80 6.62 6,90 7.10 6.95 7.05 6.97 0072 04142 01346 0.3474
NH3-N (mg/100 mL) 11.39 12.39 13.32 10.60 1451 15.61 11.95 15.21 15.58 478 0.6973 0.0069 0.6301
DMD (%) 73.39 79.49 80.46 79.92 81.36 80.37 75.09 79.97 76.97 1913 01904 01333 0.7570
NDFD (%) 70.58 75.12 76.45 74.98 77.18 76.67 73.50 75.42 7106 2490 04199 0.3535 05799
ADFD (%) 64.28 70.20 64.58 70.54 72.84 72.94 64.23 70.41 7199 4168 01558 0.2347 0.3642
ND (%) 81.58 82.48 83.25 85.27 85.31 83.33 78.77 84.33 82.11 1555 02033 03816 0.4263

NHs-N: Ammonia nitrogen, DMD: Dry matter digestibility, NDF: Neutral detergent fiber digestibility, ADF: Acid detergent fiber digestibility, ND: Nitrogen digestibility. Tu:

Control, T2: with S. cerevisiae (SC%77), Ta: with S. cerevisiae (SB197).
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DISCUSSION

Dry matter intake, feed conversion, and weight gain:
The reports regarding the effects on productive variables
due to supplementation to growing heifers and dairy cows
with different strains of S cerevisae have been
inconsistent. In this study DMI, DWG, TWG, and F.G
showed no differences between the control and the
supplementation with SC°77 and SB°® on Holstein
growing heifers. This agrees with reports from other
authors (Hippen et al., 2010; Yalcin et al., 2011) using
SC (Diamond V XPC®) and SC¥%¢, respectively. Pinos
et al. (2008) and Ramirez et al. (2003), supplemented 1
(SCY77 and SB179), and 5 (SCY77 and SB7) g/anim/d,
to Holstein calves and growing heifers, respectively, and
found no positive response in DMI, DWG, and FC. They
mention that this could be associated with the interaction
with the fiber source, the amount of fiber in the diet, and
its effects on digestibility, which can increase the rate of
passage. Zeljko et al. (2010) mention that possibly the
composition of the diet, the feeding strategy, the animal
health status, and the amount of S. cerevisiae given and
the number of its viable cells, can influence the response.
In this experiment, the diet used was the same for all
three treatments, which could explain that the degree of
forage, protein availability, or diet composition did not
affect the analyzed variables, which makes it possible
that the viability of the strains of S. cerevisiae used and
the amount administered were not adequate.

Rumen fermentation: There were no differences in
rumen pH values among treatments. These results agree
with data observed by Hippen et al. (2010) when using
SC (Diamond V XPC®) in Holstein cows, however, this
pH values are higher than those reported by Dolezal et al.
(2005) when supplementing SC*” in heifers. On the other
hand, Dolezal et al. (2011) observed that supplementing
Holstein cows with SCY77 caused an increase and
stabilization of the rumen pH. Nisbet and Martin (1991)
and Chaucheyras et al. (1996) mention that SC7” can
prevent a decrease of pH in the rumen from a lower
production of lactic acid due to the increase of rumen
microorganisms, especially Megasphaera elsdenii or
Selenomonas ruminatum which use lactate as an energy
source. However, the diet used in this study contained
60% forage, which could explain that the action of the
yeast was not as efficient as with diets with lower fiber
content.

According to the results  obtained,
supplementation with SC°77 and SB°7° did not affect the
N-NHj3; concentration when compared to the control. This
is similar to the results of Guedes et al. (2008) and
Doleza et al. (2011) when using SCY°” in dairy cows,
but they differ from the conclusons mentioned by
Moallem et al. (2009) and Dolezal et al. (2005) who
observed a decrease of NH3-N when supplemented SC*
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to dairy cows. The different results found in these studies
are probably due to diverse strains of S. cerevisiae used.
Small variations, though not significant, in the N-NH3
concentration were observed 4 h after the feed was given.
This could be due to an increase in proteolysis and
deamination by the microorganisms (Wallace et al.,
1992), and although many cellulolytic bacteria require
and use NHs; as their main source of N, high
concentrations in the rumen do not always favor an
efficient bacterial growth (Lehloenya et al., 2008). The
modifications in rumen fermentation due to the addition
of S. cerevisiae, also depend on how many times the feed
is offered daily (Enjalbert et al., 1999), as it happens
when it is done twice a day.

In vivo digestibility. All the diets showed a high DMD
(>72.5%). Lascano et al. (2009b) report similar values
when adding 1g of SC%% kg/DM to diets with a forage-
concentrate ratio of 40:60 and 80:20 for growing Holstein
heifers. The digestibility of the diet with more
concentrate was significantly higher to that of the diet
with a greater amount of forage. In this study there was
no evidence to suggest that SCY%7 and SB7
supplementation improves DMD, with a diet with a
forage-concentrate ratio of 60:40. This could explain, in
part, the null response observed, probably due to that the
level of supplementation was not optimal for the strains
used (Ramirez et al., 2003). Other authors have found
similar results in DMD after supplementing SC**5 and
SC (Diamond V XPC®) to Holstein dairy cows (Oliveira
et al., 2010; Schingoethe et al., 2004). Fiber digestibility
(NDFD and ADFD) was not affected by the addition of
the yeast, which agrees with the data of Cabrera et al.
(2000), when adding 10 g de SC¥” to the concentrate
supplied to grazing calves. Moallem et al. (2009) report a
positive effect on fiber digestibility when using SC¥,
they attribute this effect to an increase of total and
cellulolytic bacteria with arelatively stable pH. However,
the null response on fiber digestibility, as suggested by
Paryad and Rashidi (2009), could be an effect caused by
the degree of yeast used, which if it is not optimal, will
reduce microbial activity and rumen fermentation. On the
other hand, Roa et al. (1997) mention that the response of
digedtibility to the supplementation of S cerevisiae
depends on the quality of the forage used in the diet,
being higher with good quality forages.

Paryad and Rashidi (2009) suggest that
supplementation with S. cerevisae can provide factors
that stimulate proteolytic bacteria, resulting in an increase
in protein digestion. However, in this study, the addition
of SC77 and SB7 did not affect ND. This agrees with
reports by Lascano et al. (2009a) when adding SC% in
Holstein heifers, which could indicate, according to
Ramirez et al. (2003), that perhaps the strains used were
not capable of modifying rumen fermentation.
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Progesterone concentration. Only Ps measurements
throughout time were different, reasonable considering
that the heifers used in this study were nearing puberty,
and the diet covered the requirements for an adequate
growth (NRC, 1988). Puberty is regulated by a series of
changes in the endocrine system, among these a
transitory increase of ovary P, which functions as a
regulator of endocrine physiological events that release
this phenomenon. If feeding is one of the limiting factors
for the onset of puberty, underfeeding during pre-puberty
affects metabolic pathways to express the genetic
potential for reproduction, as well as the adequate weight
to reach puberty (Sejrsen and Purup, 1997). On the other
hand, increasing nutrient intake in heifers results in high
concentrations of the growth factor insulin-l (GF-I)
associated with early onset of puberty (Yelich et al.,
1996), which stimulates and increases production of
estradiol and progesterone (Spicer, 1993). If we consider
that dry matter intake, weight gain, and digestibility of
fiber and N were not affected by the addition of SC17
and SB°7®, it is congruent that P4 concentrations had a
similar behavior among treatments. Shriver-Munsch
(2011) and Lehloenya et al., (2008) report similar results
in Holstein cows, not finding differences in Py
concentration in the plasma due to supplementation with
SC (Diamond V XPC®). There are few studies on the
effect of supplementing with S cerevisae on Ps
concentration, and even fewer in growing heifers.
According to Kalmus et al., (2009), more studies are
necessary to determine the influence of supplementation
with yeast cultures on reproductive performance.

Conclusions: Supplementation with two strains of
Saccharomyces (SCY%77 and SB°™) had no effect on dry
matter intake, daily and total weight gain, or feed
conversion in growing Holstein heifers. Similar results
were observed for rumen pH and N-NH3 concentration. In
vivo digestibility of dry matter, neutral detergent fiber,
acid detergent fiber, nitrogen and progesterone
concentration in plasma was not altered by the addition of
these yeasts.
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