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ABSTRACT

The oxygen utilization properties of different commercially available yeast (Saccharomyces
cerevisiae) products were tested in vitro in artificially created ruminal environment. It has
been established that different yeast strains have different oxygen consuming capacity and this
characteristic changes in case of prior anaerobic incubation. It was shown that Live-Sacc® (NCAIM
deposited strain) is a powerful fermentative, it quickly extracts O, from the rumen fluid and the
anaerobic conditions have no effect on its oxygen consuming capacity.

KEY WORDS: Saccharomyces cerevisiae, rumen fluid, oxygen

INTRODUCTION

The interest in the use of direct-fed microbials (DFM) as feed additives for
high yielding dairy cows has increased in recent years. Viable Saccharomyces
cerevisiae is one of the most widely used DFM in feeding of ruminants. Yeast
products have been shown to modify rumen fermentation (Wiedmeyer et al.,
1987), to stimulate the growth of rumen bacteria (Newbold et al., 1995) and to
increase the initial rate of forage digestion in the rumen (Williams et al., 1991)
resulting in increased concentration of VFAs in the rumen fluid (Brydl et al.,
1995). The increased bacterial growth may be due to the oxygen utilization of
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the yeast cells and the inconsistency arises from the varying metabolic activity of
different yeast strains (Newbold et al., 1996).

The aim of our study was to measure the oxygen consumption of Live-Sacc®
and compare it with two commercially available products.

MATERIAL AND METHODS

The following three commercially available Saccharomyces cerevisiae
strains were tested: Live-Sacc® (LS, produced by Dr. Bata Ltd, strain is
deposited in the NCAIM, Budapest, Hungary), the NCYC Sc 47 strain (B) and
the BCCM/MUCL 39885 strain (C). The strains were maintained in continuous
culture in shaker flasks and inlet fermentors on YPD (yeast extract, pepton and
glucose) medium. For the determination of the total number of microbes the
streak-plate method (YPD agar) was used. The cell count ranged between 1.5-
2.2 x 10" CFU/g. To determine the effect of different yeast preparations on
O, removal in vitro incubations were carried out with rumen fluid withdrawn
from rumen cannulated sheep. The rumen fluid was maintained in Braun DCU
Tower automatised artificial rumen fermentor on pH value 6.8 and 1 mg/l
oxygen concentration. Yeast products were added to the rumen fluid in 1.0,
0.3 and 0.1 g(dry matter)/l concentration. Afterwards the oxygen concentration
of the rumen fluid was measured in every minute by means of Ingold oxygen
electrode. In an other study the yeast preparations were mixed in LBPM rumen
buffer with starch supplement and the samples were incubated in anaerobic
conditions (95% carbon dioxide and 5% nitrogene) for 12 h. After incubation
the tests were carried out the way mentioned above.

RESULTS

The oxygen concentration of the rumen fluid correlates with the yeast cell
concentration (Figure 1). Oxygen was consumed faster (within 15 min) in case of
1 g/l yeast (LS) concentration, while it was about 200 min when 0.1 g/l LS added.
On terms of 0.3 g/l LS the oxygen concentration of the rumen fluid decreased to
zero within 50 min. Henceforth we compared the oxygen removal capacity of
the different yeast strains at 0.3 g/l concentration. Strain B removed the oxygen
from the rumen fluid similarly to LS within 60 min. Strain C needed almost
three hours to reduce the oxygen concentration to zero (Figure 2). The oxygen
utilization ability of the different yeast strains was also measured following
previous anaerobic incubation. Findings showed significant differences. LS strain
removed the oxygen from the rumen fluid within 20 min. Strain B eliminated the
oxygen within 60 min but strain C showed no metabolic activity after anaerobic
incubation (data are not shown).
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Figure 1. The oxygen removal capacity of Live-Sacc® in different doses
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Figure 2. The oxygen removal capacity of different yeast strains in 0.3 g/L dose

DISCUSSION

S. cerevisiae does not grow in rumen fluid (Arambel and Tung, 1987) but retains
its metabolic activity (Ingledew and Jones, 1982) and viability (EI Hassan, 1993).
Several metabolic characteristics of the yeast could affect ruminal fermentation. One
of these factors is the oxygen consumption. Rumen content is anaerobic but traces of
dissolved oxygen can be detected during the daily feeding cycle (Scott et al., 1983).
Oxygen is toxic to anaerobic bacteria and inhibits the growth of rumen bacteria
and the adhesion of cellulolytic bacteria to cellulose (Roger et al., 1990). In our
experiment we found that the different yeast strains seem to have different metabolic
activity indicated by the different oxygen consumption ability. This finding was
confirmed by Newbold et al. (1996). Our product (Live-Sacc®) worked effectively at
both 1.0 and 0.3 g/L concentration in the rumen fluid and eliminated O, within 15 and
50 min. Differences exist between strains of S. cerevisiae in their ability to modify
the rumen bacterial population (Newbold et al., 1995). The ability of different yeast
preparations to stimulate the viable count of bacteria in the sheep rumen appears to
correspond with their ability to eliminate O, from the rumen fluid. Studies suggest
that O, consumption is required for the activity of yeast cells (Newbold et al., 1996).
Cellulolytic bacteria appear to be more sensitive to dissolved oxygen than the
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overall population and therefore more responsive to the protection provided by yeast
(Newbold et al., 1996). Visser et al. (1990) showed that S. cerevisiae as an intense
fermentative can readily adapt to anaerobic conditions. In our second study we
established that the yeast strains adapt differently to the anaerobic conditions. Our
product showed unchanged metabolic activity after 12 h anaerobic incubation and
removed O, from the rumen fluid within 20 min. A similar process could be observed
in case of strain B though its oxygen removing capacity was lower than that of LS.
Strain C could not extract oxygen from the rumen fluid after anaerobic incubation.

We concluded that low oxygen concentration in the rumen fluid can be reached
by using S. cerevisiae strains selected for fermentation in anaerobic environment.
Live-Sacc® applicated in 0.3 g/L (4.5-6.6 x 10° CFU/L) concentration seems
suitable to improve ruminal fermentation by decreasing the oxygen concentration
in the rumen fluid.
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