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Yeast-Containing Silage Inoculants for the Enhancement of

Silage Digestion and Fermentation in the Rumen

Field of the Invention
The invention relates to compositions and methods of preserving silage
such that aerobic stability is preserved, as well as enhancing ruminal fermentation

and digestion to increase animal meat and milk production.

Background of the Invention

Saccharomyces cerevisiae yeast strains are routinely fed to ruminants as
supplements to increase meat and milk production. Several theories are detailed
In the literature regarding possible modes of action of yeast in animal performance
(Robinson, 2002; Desnoyers et al., 2009). It is probable that multiple mechanisms
may be involved depending upon the prevailing conditions.

However, traditionally, yeasts are considered to be detrimental in silage due
to their contribution to aerobic spoilage and dry matter losses when the silage Is
exposed to air. Indeed, some Lactobacillus buchneri inoculants are used to reduce
the detrimental yeast population of silage (U.S. Patent No: 6,403,084 B1).

Yeast strains that are able to withstand silage conditions and could be
delivered to the animal as the animal consumes silage instead of added to the diet

would greatly increase efficiency and savings for dairy and livestock producers.

The inventors have developed novel yeast strains and methods of treating

pre-ensiled plant material to deliver such a benefit.

Detailed Description

The invention consists of live yeast-containing silage inoculants and novel
Saccharomyces cerevisiae yeast strains for use In silage to enhance ruminal

fermentation and digestion of silage, thereby improving animal productivity.
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Viable yeast in the diet can remove products defrimental to rumen stability,
scavenge glucose, reduce lactate and prevent drops in pH that reduce fiber
digestion and intake (Guedes et ai., 2008; Nocexk et al., 2007; Callaway and
Martin, 1997). Live yeast may rapidly scavenge residual oxygen in the rumen,
thereby increasing the activity of obligately anaerobic cellulose digesting bacteria
(Newbold et al., 1996). Yeast or yeast by-products may provide nutrients, such as
amino acids, peptides, vitamins, nucleic acids, branched chain VFAS or malate,
which are beneficial for growth of ruminal bacteria (Offer, 1990; Martin and Nisbet,
1992; Waliace and Newbold, 1990; Callaway and Martin, 1997), with a
subsequent increase in microbial protein flow from the rumen (Offer, 1990
Erasmus et al., 1992; Martin and Nisbet, 1992). Yeast cell wall mannan
oligosaccharides reportedly bind with pathogens, mycotoxins, or intestinal cells to
protect the intestinal wail and enhance immune status of the animal (Swanson, et
al., 2002).

In certain embodiments this invention relates to:

<1> A composition for use as a silage inoculant comprising: a yeast strain, one or

more strains of the bacterial species Lactobacillus buchneri, and a suitable carrier.

<2> The composition of <1>, wherein the yeast strain is one or more of:
Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-
50734; S. cerevisiae strain YE1241, deposited as Patent Deposit No. NRRL Y-50735;

or S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736.

<3> The composition of <1> or <2>, further comprising one or more additional
bacterial strains of. Lactobacillus plantarum, L. alimentarius, L. crispatus, L.

paralimentarius, L. brevis, or Enterococcus facium, or mixtures thereof.

CA 2876429 2018-10-17
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<4> The composition of any one of <1>-<3>, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

<b6> The compaosition of <3> or <4>, wherein the one or more additional bacterial
strains are LP286, LP329, or LP7109 or mixtures thereof.

<6> The composition of any one of <1>-<5>, wherein the composition contains from
about 10" to about 10'° viable organisms of said yeast strain per gram of a pre-ensiled

plant material.

<7> The composition of <6>, wherein the composition contains from about 10° to
about 10° viable organisms of said yeast strain per gram of said pre-ensiled plant

material.

<8> A method for treating pre-ensiled plant material, the method comprising adding

thereto: a yeast strain, one or more strains of the bacterial species Lactobacillus

buchneri, and a suitable carrier.

<9> The method of <8>, wherein the yeast strain is any one of: Saccharomyces
cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-50734; S. cerevisiae
strain YE1241, deposited as Patent Deposit No. NRRL Y-50735; or S. cerevisiae strain
YE1496, deposited as Patent Deposit No. NRRL Y-50736.

<10> The method of <8> or <9>, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium or mixtures thereof.

<11> The composition of any one of <8>-<10>, wherein the one or more strains of the

bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

24
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<12> The method of <10> or <11> wherein the one or more additional bacterial strains

are LP286, LP329, or LP7109 or mixtures thereof.

<13> The method of any one of <8>-<12>, wherein the composition contains from

about 10" to about 10'° viable organisms of said yeast strain per gram of a pre-ensiled

plant material.

<14> The method of <13>, wherein the composition contains from about 10° to about

10° viable organisms of said yeast strain per gram of said pre-ensiled plant material.

<15> The method of any one of <8>-<14>, wherein the pre-ensiled plant material is a
grass, maize, altalta, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.

<16> A method of improving meat and milk performance in a livestock animal, the
method comprising feeding the livestock animal silage treated with an inoculant
comprising. pre-ensiled plant material, a yeast strain, one or more strains of the

bacterial species Lactobacillus buchneri, and a suitable carrier.

<17> The method of <16>, wherein the yeast strain is any one of:

Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-
50734; S. cerevisiae strain YE1241, deposited as Patent Deposit No. NRRL Y-50735;
or S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736.

<18> The method of <16> or <17>, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium or mixtures thereof.

2D
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<19> The method of any one of <16>-<18>, wherein the one or more strains of the

bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

<20> The method of <18> or <19> wherein the one or more additional bacterial strains
are LP286, LP329, or LP7109 or mixtures thereot.

<21> The method of any one of <16>-<20>, wherein the composition contains from
about 10" to about 10'° viable organisms of said yeast strain per gram of a pre-ensiled

plant material.

<22> The method of <21>, wherein the composition contains from about 10° to about

10° viable organisms of said yeast strain per gram of said pre-ensiled plant material.

<23> The method of any one of <16>-<22>, wherein the pre-ensiled plant material is a
grass, maize, alfalfa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.
<24> A substantially purified strain of yeast that is:
Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-

50734, S. cerevisiae strain YE1241, deposited as Patent Deposit No. NRRL Y-50735;
or S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736.

<25> The yeast strain of <24> which is YE206, deposited as Patent Deposit No. NRRL
Y-50734.

<26> The yeast strain of <24> which is YE1241, deposited as Patent Deposit No.
NRRL Y-50735.

<27> The yeast strain of <24> which is YE1496, deposited as Patent Deposit No.
NRRL Y-50736.

2C
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<28> A composition for use as a silage inoculant comprising: a yeast strain, a strain of

the bacterial species Lactobacillus buchneri, and a suitable carrier, wherein the yeast

strain is one or more of;
() Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No.

NRRL Y-50734;
() Saccharomyces cerevisiae strain YE1241, deposited as Patent Deposit No.

NRRL Y-50735; and
(1) Saccharomyces cerevisiae strain YE1496, deposited as Patent Deposit No.

NRRL Y-50736.

<29> The composition of <28>, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, Lactobacillus alimentarius, Lactobacillus crispatus,

Lactobacillus paralimentarius, Lactobacillus brevis, or Enterococcus factum, or mixtures

thereof.

<30> The composition of <28> or <29>, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637. or LNS5689, or mixtures

thereof.

<31> The composition of <29> or <30>, wherein the one or more additional bacterial
strains are LLP286, LP329, or LP7109, or mixtures thereof.

<32> The composition of any one of <28>-<31>, wherein the composition contains
from about 10" to about 100 viable organisms of said yeast strain per gram of a pre-

ensiled plant material.

<33> The composition of <32>, wherein the composition contains from about 102 to
about 10° viable organisms of said yeast strain per gram of said pre-ensiled plant

material.

2d
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<34> A method for treating pre-ensiled plant material, the method comprising adding
thereto: a yeast strain, a strain of the bacterial species Lactobacillus buchneri, and a

suitable carrier; wherein the yeast strain is one or more of:
(Il Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No.

5 NRRL Y-50734;
()  Saccharomyces cerevisiae strain YE1241, deposited as Patent Deposit No.

NRRL Y-50735; and
() Saccharomyces cerevisiae strain YE1496, depaosited as Patent Deposit No.

NRRL Y-50736.
10 ‘
<35> A method of improving meat and milk performance in a livestock animal, the

method comprising feeding the livestock animal silage treated with an inoculant

comprising: pre-ensiled plant material, a yeast strain, a strain of the bacterial species

Lactobacillus buchneri, and a suitable carrier; wherein the yeast strain is one or more of:
15 () Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No.

NRRL Y-50734;
() Saccharomyces cerevisiae strain YE1241, deposited as Patent Deposit No.

NRRL Y-50735; and
(i) Saccharomyces cerevisiae strain YE1496, deposited as Patent Deposit No.

20 NRRL Y-50736.

<36> The method of <34> or <35>, further comprising one or more additional bacterial

strains of: Lactobacillus plantarum, Lactobacillus buchneri, Lactobacillus alimentarius,

Lactobacillus crispatus, Lactobacillus paralimentarius, Lactobacillus brevis, or

25  Enterococcus facium, or a mixture thereof.

<37> The method of <36> wherein the bacterial strains comprise one or more of:
LP286, LN4017, LN4637, LP329, LP7109, LN5689, or mixtures thereof.

2¢
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<38> The method of any one of <34>-<37>, wherein the composition contains from

about 10" to about 109 viable organisms of said yeast strain per gram of a pre-ensiled

plant material.

<39> The method of <38>, wherein the composition contains from about 103 to about

10° viable organisms of said yeast strain per gram of said pre-ensiled plant material.

<40> The method of any one of <34>-<39>, wherein the pre-ensiled plant material is a
grass, maize, alfalfa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.

<41> A composition comprising: a yeast strain as defined in <24>, a strain of the

bacterial species Lactobacillus buchneri, and a suitable carrier.

<42> A composition for use as a silage inoculant comprising:
S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736, one or

more strains of the bacterial species Lactobacillus buchneri, and a suitable carrier.

<43> The composition of <42>, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium, or mixtures thereof.

<44> The composition of <42> or <43>, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

<45> The composition of <43> or <44>, wherein the one or more additional bacterial
strains are LP286, LP329, or LP7109 or mixtures thereof.

<46> The composition of any one of <42>-<45>, wherein the composition contains

from about 10 to about 10'° viable organisms of said S. cerevisiae strain YE1496,

2f
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deposited as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled plant

material.

<47> The composition of <46>, wherein the composition contains from about 10° to
about 10° viable organisms of said S. cerevisiae strain YE1496, deposited as Patent

Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.

<48> A method for treating pre-ensiled plant material, the method comprising adding
thereto: S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736,

one or more strains of the bacterial species Lactobacillus buchneri, and a suitable

carrier.

<49> The method of <48>, further comprising one or more additional bacterial strains
of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L. brevis, or

Enterococcus facium or mixtures thereof.

<50> The method of <48> or <49>, wherein the one or more strains of the bacteral

species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures thereof.

<51> The method of <49> or <50> wherein the one or more additional bacterial strains
are LP286, LP329, or LP7109 or mixtures thereof.

<62> The method of any one of <48>-<51>, wherein the composition contains from
about 10" to about 10'° viable organisms of said S. cerevisiae strain YE1496, deposited
as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled plant material.

<53> The method of <52>, wherein the composition contains from about 10° to about

10° viable organisms of said S. cerevisiae strain YE1496, deposited as Patent Deposit

No. NRRL Y-50736 per gram of said pre-ensiled plant material.

CA 2876429 2018-10-17
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<54> The method of any one of <48>-<53>, wherein the pre-ensiled plant material is a

grass, maize, alfalfa, wheat, legqume, sorghum, sunflower, barley, grain, or a mixture

thereof.

<65> A method of improving meat and milk performance in a livestock animal, the
method comprising feeding the livestock animal silage treated with an inoculant
comprising: pre-ensiled plant material, S. cerevisiae straih YE1496, deposited as Patent
Deposit No. NRRL Y-50736, one or more strains of the bacterial species Lactobacillus

buchneri, and a suitable carrier.

<56> The method of <55>, further comprising one or more additional bacterial strains

of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L. brevis, or

Enterococcus facium or mixtures thereof.

<67> The method of <55> or <56>, wherein the one or more strains of the bacterial
speciles Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures thereof.

<58> The method of <56> or <57> wherein the one or more additional bacterial strains
are LP286, LP329, or LP7109 or mixtures thereof.

<59> The method of any one of <565>-<58>, wherein the composition contains from
about 10" to about 10'° viable organisms of said S. cerevisiae strain YE1496, deposited

as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled plant material.
<60> The method of <69>, wherein the composition contains from about 10° to about

10° viable organisms of said S. cerevisiae strain YE1496, deposited as Patent Deposit

No. NRRL Y-50736 per gram of said pre-ensiled plant material.
<61> The method of any one of <55>-<60>, wherein the pre-ensiled plant material is a

grass, maize, alfalfa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.

2h
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<62> A composition for use as a silage inoculant comprising: Saccharomyces
cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736, a strain of

the bacterial species Lactobacillus buchneri, and a suitable carrier.

<63> The composition of <62>, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, Lactobacillus alimentarius, Lactobacillus crispatus,

Lactobacillus paralimentarius, Lactobacillus brevis, or Enterococcus factum, or mixtures

thereof.

<64> The composition of <62> or <63>, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

<65> The composition of <63> or <64>, wherein the one or more additional bacterial
strains are LP286, LP329, or LP7109, or mixtures thereof.

<66> The composition of any one of <62>-<65>, wherein the composition contains
from about 10" to about 109 viable organisms of said Saccharomyces cerevisiae strain
YE1496, deposited as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled

plant material.

<67> The composition of <66>, wherein the composition contains from about 103 to
about 10° viable organisms of said Saccharomyces cerevisiae strain YE1496, deposited

as Patent Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.
<68> A method for treating pre-ensiled plant material, the method comprising adding
thereto: Saccharomyces cerevisiae strain YE1496, deposited as Patent Deposit No.

NRRL Y-50736, a strain of the bacterial species Lactobacillus buchneri and a suitable

carrier.

2l

CA 2876429 2018-10-17



10

15

20

N

30

<69> A method of improving meat and milk performance in a livestock animal, the

method comprising feeding the livestock animal silage treated with an inoculant
comprising: pre-ensiled plant material, Saccharomyces cerevisiae strain YE1496,
deposited as Patent Deposit No. NRRL Y-50736, a strain of the bacterial species

[ actobacillus buchneri, and a suitable carrier.

<70> The method of <68> or <69>, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, Lactobacillus buchneri, Lactobacillus alimentarius,

Lactobacillus crispatus, Lactobacillus paralimentarius, Lactobacillus brevis, or

Enterococcus facium, or a mixture thereof.

<71> The method of <70>, wherein the bacterial strains comprise one or more of:

LP286, LN4017, LN4637, LP329, LP7109, LN5689, or mixtures thereof.

<72> The method of any one of <68>-<71>, wherein the composition contains from
about 10! to about 10 viable organisms of said Saccharomyces cerevisiae strain

YE1496, deposited as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled

plant material.

<73> The method of <72>, wherein the composition contains from about 10° to about

10° viable organisms of said Saccharomyces cerevisiae strain YE1496, deposited as

Patent Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.

<74> The method of any one of <68>-<73>, wherein the pre-ensiled plant material Is a
grass, maize, alfalfa, wheat, legume, sorghum, suntlower, barley, grain, or a mixture

thereof.

<75> A composition comprising: the yeast strain as defined in <27>, a strain of the

bacterial species Lactobacillus buchneri, and a suitable carrier.

CA 2876429 2018-10-17



Before describing the embodiments of the present invention in detall, it is to
be understood that the embodiments of this invention are not imited to particular
compositions or methods of improving digestibility of ensiled forage, which can, of
course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and 15 not intended to be
limiting.

As used in this specification and the appended claims, the singular forms
"a " "an" and "the" can include plural referents uniess the content clearly indicales
otherwise. Thus, for example, reference 1o "a component” can include a
combination of two or more components, reference o "feed” can include mixtures
of feed, and the like.

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art
to which embodiments of the invention pertain, Many methods and materials
similar, modified, or equivalent to those described herein can be used in the
practice of the embodiments of the present invention without undue
experimentation, the preferred materials and methods are described herein. In

2K
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describing and claiming the embodiments of the present invention, the following

terminology will be used in accordance with the definitions set out below.

The term "inoculation,” as used herein, refers to introduction of viable
microbes to media or feed plant material.

The term "plant material,” as used herein, refers to material of plant origin.
Feed plant material can be plant material intended to be fed to an animal.

As used herein, “isolated” means removed from a natural source such as from
uninoculated silage or other plant material.

As used herein, “purified” means that a strain is substantially separated
from, and enriched relative to: molds, and/or other yeast or bacterial species or
strains found in the source from which it was isolated.

As used herein, “improved performance” means the increase in the yield or
production of meat, milk, eggs, offspring, or work. It can also refer to improved
weight gain and feed efficiency of the animal and improved body condition.

The term “silage” as used herein is intended to include all types of
fermented agricultural products such as grass silage, alfalfa silage, wheat silage,
legume silage, sunflower silage, barley silage, whole plant corn silage (WPCS),
sorghum silage, fermented grains and grass mixtures, etc.

As used herein, “pre-ensiled plant material” means grasses, maize, alfalfa
and other legumes, wheat, sorghum, sunflower, barley, grains, and mixtures
thereof, all of which can be treated successfully with the inoculants of the
embodiments of the present invention. The inoculants of the embodiments of the

present invention are also useful in treating high moisture corn (HMC).

In an embodiment of the invention the composition contains from about 10’
to about 10"’ viable organisms of the yeast strain per gram of a pre-ensiled plant
material. In a further embodiment of the invention the composition contains from
about 10° to about 10" viable organisms of the yeast strain per gram of a pre-
ensiled plant material. In yet a further embodiment the composition contains from
about 10° to about 10° viable organisms of the yeast strain per gram of a pre-

ensiled plant material.
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Suitable carriers are either liquid or solid and are well known by those
skilled in the art. As non-limiting examples, solid carriers can be made up of
calcium carbonate, starch, cellulose and combinations thereof.

An embodiment of the invention is a biologically pure culture of
Saccharomyces cerevisae, strain YE200, having Patent Deposit No. NRRL Y-
50734. A further embodiment of the invention is a biologically pure culture of
Saccharomyces cerevisae strain YE1241, having Patent Deposit No. NRRL Y-
50735. Another embodiment of the invention is a biologically pure culture of
Saccharomyces cerevisae, strain YE1496 having Patent Deposit No. NRRL Y-
50736.

The Saccharomyces cerevisiae strains were deposited on March 14, 2012
with the Agricultural Research Service (ARS) Culture Collection, housed in the
Microbial Genomics and Bioprocessing Research Unit of the National Center for
Agricultural Utilization Research (NCAUR), under the Budapest Treaty provisions.
The address of NCAUR is 1815 N. University Street, Peoria, IL, 61604. The strain
YEZ200 was given Patent Deposit No. NRRL Y-50734. The strain YE1241 was
given Patent Deposit No. NRRL Y-50735. The strain YE1490 was given Patent
Deposit No. NRRL Y-50736.
1he deposits will iIrrevocably and without restriction or condition be available to the
public upon issuance of a patent. However, it should be understood that the
avallablility of a deposit does not constitute a license to practice the subject
invention in derogation of patent rights granted by government action.

A method for treating pre-ensiled plant material to enhance the aerobic
stability and digestibility of the resulting silage by adding to the pre-ensiled plant
material a digestibility enhancing amount of a composition containing a yeast
strain of the invention, a silage preserving bacterial strain, and a suitable carrier Is
also disclosed.

Suitable pre-ensiled plant materials include, but are not [imited to: grasses,
maize, alfalfa and other legumes, wheat, sorghum, sunflower, barley, grains and
mixtures thereof.

Suitable silage preserving bacterial strains include, but are not limited to:
one or more of: Lactobacillus plantarum, L. buchneri, L. alimentarius, L. crispatus,

L. paralimentarius, L. brevis, Enterococcus facium, etc.. In one embodiment, the

A
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bacterial strains comprise one or more of: LP286, LP287, LP329, LP3486, LP 347,
LP 318, LP 319, LN4017, LN4637, LN1391, LN4750, LN1284, LN1286, LN1297,
LN1326, LN5665, LP7109 or LN5689. See: U.S. Pat. No. 5,747,020; U.S. Pat.
No. 6,403,084; U.S. Pat. No. 7,799,551; U.S. Pat. Pub.N0.2009/0028991; U.S.

5 Pat. Pub.No.2009/0028992; U.S.Pat.Pub.N0.2008/0138461: U.S.Pat.Pub.No.
2009/ 0028993; U.S. Pat. Pub. No. 2008/0138462; U.S. Pat. Pub.
N0.2008/1038463, DSM Deposit No: 18113, and DSM Dposit No:18114.

| The composition that is fed to the animal has been treated with an effective
catalytic amount of the yeast strain as is readily determinable by those skilled in
10 the art in animal husbandry. Animal species that are benefited by embodiments of
the present invention include, but are not limited to: ruminant, equine, bovine,
porcine, caprine, ovine and avian species, e.g., poultry.
Embodiments of the present invention are further defined in the following
Examples. It should be understood that these Examples, while indicating certain
15 embodiments of the invention, are given by way of illustration only. From the
above discussion and these Examples, one skilled in the art can ascertain the
essential characteristics of this invention, and without departing from the spirit and
scope thereof, can make various changes and modjifications of the embodiments
of the invention to adapt it to various usages and conditions. Thus, various
20  modifications of the embodiments of the invention, in addition to those shown and
described herein, will be apparent to those skilled in the art from the foregoing
description. Such modifications are also intended to fall within the scope of the

.

appended claims.

25

Example 1: Candidate Yeast Screening
Nine Saccharomyces cerevisiae strains were taken from Pioneer Hi-Bred’s
30 microbial cuiture collection of approximately 1700 environmental yeast isolates.
Strain unigueness was confirmed by Hinf | (Roche Applied Science, Indianapolis,
IN) digestion of mitochondrial DNA (Querol et al., 1992). Viable yeast cells were

evaluated in vitro for effects on ruminal fermentation and digestion. Filtered rumen

S
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fluid was supplemented with glucose and inoculated with live yeast cells. Samples
were incubated at 39C and pH was monitored over time (2,4, 6 hror 4, 8, 24 hr
depending upon the study). Cotton string digestion was measured as an indicator
of cellulose digestion (Balch, et.al., 1950, Brit. J Nutr. 4:389-94).

Yeast isolates YE200, YE1241 and YE1496 were advanced for further
testing due to rumen fluid pH stabilization and/or cotton string digestion.
Saccharomyces cerevisiae YE200 was isolated in 1998 from whole plant corn
silage from Polk City, |A. Saccharomyces cerevisiae YE1241 was isolated in 1998
from European forage. Saccharomyces cerevisiae YE1496 was isolated in 2001

from whole plant corn silage from Quebec, Canada.

Example 2: Effects of Yeast Silage Inoculants on Yeast Counts and Aerobic
Stability of Whole Plant Corn Silage and High Moisture Corn Silage

Pioneer® brand corn hybrid 35F44 (36% dry matter) and Dekalb® brand
corn hybrid DK61669VT3 (33% dry matter) were harvested and ensiled in 2010
and 2011, respectively. High moisture corn grain (69% or 73% dry matter) was
harvested from a mixture of corn silage hybrids and ensiled in 2010 and 2011,
respectively.

Saccharomyces cerevisiae strains YE206, YE1241 and YE1496 were
freshly grown and Lactobacillus plantarum strain LP286 was grown, stabilized and
lyophilized as in known in the art. The treatments included control (untreated),
YE206+LP286, YE1241+LP286 and YE1496+LP286. Each yeast strain was
applied to forage as an aqueous solution to deliver 1x10°> CFU/g forage when
applied at a rate of 2.2 mL/kg. Lactobacillus plantarum LP286 was used In
combination with yeast and applied to deliver 1 x 10* cfu/g when applied at a rate
of 2.2 mL/kg. All treatments were applied by syringe dispersion, and thoroughly
mixed into the forage by shaking in a plastic bag.

For each treatment, two experimental 4"x14" polyvinyl chloride (PVC) pipe
silos were filled and packed at 70% maximum packing density (approximately 160
kg DM/ m®), using a hydraulic press. Experimental silos were fitted with rubber
quick caps at each end, and the top cap was equipped with a Bunsen valve to
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allow gasses to escape. Silos were air infused for 24 hours after 28 and 42 days of
ensiling to facilitate aerobic instability.
After 60 days of ensiling, silos were emptied and the silage was thoroughly
mixed. Differential yeast counts were conducted on individual treatment replicates
5 In 2010 and on treatment composites in 2011. Total yeast counts and

Saccharomyces cerevisiaie inoculant yeast recovery were assessed on BBL™
CHROMagar'" Candida (Sparks, MD) after 48 to 72 hours of incubation at 30
degrees Celsius. Individual strain identity was confirmed by Hinf | (Roche Applied
Science, Indianapolis, IN) digestion of mitochondrial DNA of selected colonies

10  (Querol et al., 1992). Aerobic stability assessments were conducted on individual
treatment replicates using the procedure of Honig (Proc. of the Eurobac. Conf., P.
Lingvall and S. Lindgren (ed.) (12-16 August 1986) Swed. Univ. of Agric. Sci.
Grass and Forage Report No. 3-1990. Pp. 76-81. Uppsala, Sweden.). The time (h)
for silage temperature to rise 1.7 °C above ambient was recorded (ROT). The

15 Integration of the area between the actual silage temperature curve and the line
drawn by ambient temperature (Cumm-DD) was calculated during a 7 day time
period. A greater ROT and a lower Cumm-DD Is desirable.

Table 1 shows the effects of the inoculants on whole plant corn silage after

00 days of ensiling. lable 2 shows the effects of the inoculants on high moisture

20  corn silage after 60 days of ensiling. Viable inoculant yeast cells were recovered at
silage opening. Inoculant yeast appeared to compete with the native yeast
population, since total yeast counts were not altered by yeast inoculation. There
were no adverse effects on silage aerobic stability due to yeast inoculation at the
time of ensiling. In high moisture corn silage, aerobic stability was increased by

25 Inoculation with yeast relative to control.
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Table 1. Effect of yeast inoculants on whole plant corn silage.

YE200 + < YE1241+ YE1490 +

Control
LP2386 LP286 LP286

Total Yeast, log CFu/g 6.35 5.10 5.66 4.657
Inoc. Yeast, log CFU/g 0.00 4 56# 3.307 2.09
ROT, hrs 51.00 43.50 37.50 37.50
Cumm-DD, degree-hr 101.46 163.35 171.97 108.10

Values expressed as least squares means.

*differs from control P < 0.05

#differs from control P < 0.01
Table 2. Effect of yeast inoculants on high moisture corn silage.

YE200 + YE1241 + YE1490 +
Control
LP286 LP286 LP286

Total Yeast, log CFU/g 0.63 6.91 6.75 6.68
Inoc. Yeast, log CFU/g 0.00 0.57# 0.49%# 6.75#
ROT, hrs 21.00 76.00# 89.00# 88.00#
Cumm-DD, degree-hr 256.37 175.30 163.36" 120.98#

Values expressed as least squares means.

*differs from control P < 0.05

#differs from control P < 0.01
Example 3: Effects of Direct-Fed Yeast Strains on Rumen pH of Steers Fed
Whole Plant Corn Silage

Dekalb® brand corn hybrid DK61669VT3 (36.4% dry matter) was chopped,
processed and ensiled without inoculation in 2011. Approximately 250 kg of forage
was packed into each of several tote-boxes by hydraulic press. The net quantity of

forage placed In each tote-box was recorded, the plastic liner pulled over the
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forage and tucked down into the sides of the tote-box, and the tote-box was

sealed with a lid. After 71 days of ensiling, fistulated Angus steers, averaging
approximately 500 kg, were fed 20 kg of wet corn silage per day via Calan® gates.

The test diet consisted of 95% whole plant corn silage and 5% protein supplement
on a dry matter basis. The animals had access to fresh water and salt/mineral
blocks at all times. Each steer was fed 50% of their diet at 12 h intervals. The
silage at each feeding was top-dressed with either 0 (control) or 1 x 10° yeast cells
in a 5 gm maltodextrin carrier for a target feeding rate of 2 x 10° yeast cells per
animal per day. The yeast strains were grown, stabilized and lyophilized as In
known In the art. Dead yeast cells were generated by heating rehydrated yeast
samples at 80 degree Celsius for 1 hour. Killed cells were again lyophilized prior to
mixing with maltodextrin. Yeast viability and cell counts were assessed via flow
cytometer BacLight™ Bacterial Viability Kit (Life Technologies, Grand Island, New
York). The trial was performed as a 4 by 4 Latin Square with 14 day periods.
Rumen pH measurements were taken at 15 minute intervals with Kahne Limited
(Auckland, New Zealand) rumen sensor boluses. Means were averaged over the
final 7 days of each period. Hourly values were averages of 15 min means before
and after each hour within the day. Boluses were removed, data downloaded and
sensors recalibrated at the end of each period.

Table 3 shows the effects of direct-fed yeast supplementation on steer
rumen pH. Steers were fed at 8:00 AM and 8:00 PM. At three to seven hours
post-feeding, rumen pH was often higher when diet contained live yeast. Live
yeast tended to retard the post-feeding drop in pH and speed pH recovery. Mean
rumen pH was significantly higher in steers fed live yeast strains YE2006 and
YE1496 versus control steers or steers fed dead yeast strain YE1496. While not
bound to one particular yeast mode of action, alteration in rumen pH in response
to direct-fed Saccharomyces cerevisiae strains demonstrates rumen modulation
capability.
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Table 3. Mean rumen pH of steers fed whole plant corn silage with or without
direct-fed yeast supplementation.

Time of YE206 YE1496 YE1496
Day Control Live Live Dead
12:00PM 6.187 6.433 6.424 6.392
1:00AM 6276 6514 6.533 6.442
2200AM 6445 6614 6.610 6.459
3:00AM 6651 6.718 6.718 6.537
4.00AM 6684 6.732 6.733 6.647
5:00AM  6.727 6.741 6.820 6.727
6:00AM 6823 6770 6.872 6.799
7700AM 6.879 6.872 6.924 6.858
8:00AM 6743 6.796 6.724 6.688
9.00AM 6.501 6.533 6.439 6.429
10:00 AM  6.287 6.423 6.340 6.242
11:00 AM 6.146 6.355 6.277 6.150
12NOON 6.101 6.303 6.326 6.188
1:00PM 6.186 6.317 6.378 6.331
2200PM 6420 6491 6.522 6.515
3:00PM 6516 6.626 6.669 6.576
4:00PM 6606 6.757 6.737 6.662
500PM 6698 6.803 6.808 6.726
600PM 6788 6882 6871 6.781
700PM 6.824 6.926 6.917 6.862
8:00PM 6729 6.786 6.769 6.721
9:00PM 6500 6.517 6.444 6.403
10:00PM 6316 6.491 6.459 6.279
11:00 PM 6.196 6.435 6.404 6.301
Mean 6.500° 6.6187 6.613* 6.530°

Sk =0.026

“® Means not sharing a common superscript differ (P <
0.05)

Having illustrated and described the principles of the embodiments of the
present invention, it should be apparent to persons skilled in the art that the

embodiments of the invention can be modified in arrangement and detail without
10  departing from such principles.

10
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What is Claimed Is:

1. A composition for use as a silage inoculant comprising: a yeast strain, one or

more strains of the bacterial species Lactobacillus buchneri, and a suitable carrier.

2. The composition of claim 1, wherein the yeast strain is one or more of:
Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-
50734, S. cerevisiae strain YE1241, deposited as Patent Deposit No. NRRL Y-50735:

or S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736.

3. The composition of claim 1 or 2, further comprising one or more additional
bacterial strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L.

paralimentarius, L. brevis, or Enterococcus facium, or mixtures thereof.

4, The composition of any one of claims 1-3, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

5. The composition of claim 3 or 4, wherein the one or more additional bacterial
strains are LP286, LP329, or LP7109 or mixtures thereof.

6. The composition of any one of claims 1-5, wherein the composition contains from
about 10 to about 1070 viable organisms of said yeast strain per gram of a pre-ensiled
plant material.

7. The composition of claim 6, wherein the composition contains from about 102 to

about 10° viable organisms of said yeast strain per gram of said pre-ensiled plant

material.

13
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8. A method for treating pre-ensiled plant material, the method comprising adding

thereto: a yeast strain, one or more strains of the bacterial species Lactobacillus

buchneri, and a suitable carrier.

9. The method of claim 8, wherein the yeast strain is any one of: Saccharomyces
cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-50734; S. cerevisiae
strain YE1241, deposited as Patent Deposit No. NRRL Y-50735; or S. cerevisiae strain
YE1496, deposited as Patent Deposit No. NRRL Y-50736.

10. The method of claim 8 or 9, further comprising one or more additional bacterial

strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium or mixtures thereof.

11.  The composition of any one of claims 8-10, wherein the one or more strains of
the bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or

mixtures thereof.

12. The method of claim 10 or 11 wherein the one or more additional bacterial strains
are LP286, LP329, or LP7109 or mixtures thereof.

13.  The method of any one of claims 8-12, wherein the composition contains from
about 10" to about 10'° viable organisms of said yeast strain per gram of a pre-ensiled

plant material.

14. The method of claim 13, wherein the composition contains from about 10°to
about 10° viable organisms of said yeast strain per gram of said pre-ensiled plant

material.

15.  The method of any one of claims 8-14, wherein the pre-ensiled plant material is a
grass, maize, alfalfa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.
14
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16. A method of improving meat and milk performance in a livestock animal, the
method comprising feeding the livestock animal silage treated with an inoculant
comprising: pre-ensiled plant material, a yeast strain, one or more strains of the

bacterial species Lactobacillus buchneri, and a suitable carrier.

17.  The method of claim 16, wherein the yeast strain is any one of:
Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-
50734, S. cerevisiae strain YE1241, deposited as Patent Deposit No. NRRL Y-50735;

or S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-507386.

18. The method of claim 16 or 17, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium or mixtures thereof.

19.  The method of any one of claims 16-18, wherein the one or more strains of the

bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

20. The method of claim 18 or 19 wherein the one or more additional bacterial strains
are LP286, LP329, or LP7109 or mixtures thereof.

21.  The method of any one of claims 16-20, wherein the composition contains from

about 10" to about 10'° viable organisms of said yeast strain per gram of a pre-ensiled

plant material.

22. The method of claim 21, wherein the composition contains from about 10° to

about 10° viable organisms of said yeast strain per gram of said pre-ensiled plant

material.

15
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23.  The method of any one of claims 16-22, wherein the pre-ensiled plant material is

a grass, maize, alfalfa, wheat, legume, sorghum, sunflower, bariey, grain, or a mixture

thereof.

24. A substantially purified strain of yeast that is:

Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No. NRRL Y-
50734, S. cerevisiae strain YE1241, deposited as Patent Deposit No. NRRL Y-50735:
or S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736.

25.  The yeast strain of claim 24 which is YE206, deposited as Patent Deposit No.
NRRL Y-50734.

26.  The yeast strain of claim 24 which is YE1241, deposited as Patent Deposit No.
NRRL Y-50735.

27.  The yeast strain of claim 24 which is YE1496, deposited as Patent Deposit No.
NRRL Y-50736.

28. A composition for use as a silage inoculant comprising: a yeast strain, a strain of
the bacterial species Lactobacillus buchneri, and a suitable carrier; wherein the yeast
strain iIs one or more of:
() Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No.
NRRL Y-50734;
() Saccharomyces cerevisiae strain YE1241, deposited as Patent Deposit No.

NRRL Y-50735; and
() Saccharomyces cerevisiae strain YE1496, deposited as Patent Deposit No.

NRRL Y-50736.

29.  The composition of claim 28, further comprising one or more additional bacterial

strains of: Lactobacillus plantarum, Lactobacillus alimentarius, Lactobacillus crispatus,

16
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Lactobacillus paralimentarius, Lactobacillus brevis, or Enterococcus factum, or mixtures

thereof.

30.  The composition of claim 28 or 29, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

31. The composition of claim 29 or 30, wherein the one or more additional bacterial
strains are LP286, LP329, or LP7109, or mixtures thereof.

32.  The composition of any one of claims 28-31, wherein the composition contains
from about 10" to about 107° viable organisms of said yeast strain per gram of a pre-

ensiied plant material.

33.  The composition of claim 32, wherein the composition contains from about 108 to
about 10° viable organisms of said yeast strain per gram of said pre-ensiled plant

material.

34. A method for treating pre-ensiled plant material, the method comprising adding
thereto: a yeast strain, a strain of the bacterial species Lactobacillus buchneri, and a
suitable carrier; wherein the yeast strain is one or more of:

() Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No.
NRRL Y-50734;

()  Saccharomyces cerevisiae strain YE1241, deposited as Patent Deposit No.

NRRL Y-50735: and
(i Saccharomyces cerevisiae strain YE1496, deposited as Patent Deposit No.
NRRL Y-507386.

35. A method of improving meat and milk performance in a livestock animal, the

method comprising feeding the livestock animal silage treated with an inoculant

17
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comprising: pre-ensiled plant material, a yeast strain, a strain of the bacterial species

[actobacillus buchneri, and a suitable carrier; wherein the yeast strain is one or more of:
() Saccharomyces cerevisiae strain YE206, deposited as Patent Deposit No.

NRRL Y-50734;
() Saccharomyces cerevisiae strain YE1241, deposited as Patent Deposit No.

NRRL Y-50735; and

(th) Saccharomyces cerevisiae strain YE1496, deposited as Patent Deposit No.
NRRL Y-50736.

36. The method of claim 34 or 35, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, Lactobacillus buchneri, Lactobacillus alimentarius,

Lactobacillus crispatus, Lactobacillus paralimentarius, Lactobacillus brevis, or

Enterococcus facium, or a mixture thereof.

37. The method of claim 36 wherein the bacterial strains comprise one or more of:
LP286, LN4017, LN4637, LP329, LP7109, LN5689, or mixtures thereof.

38. The method of any one of claims 34-37, wherein the composition contains from
about 10" to about 10'° viable organisms of said yeast strain per gram of a pre-ensiled

plant material.

39. The method of claim 38, wherein the composition contains from about 10° to

about 10° viable organisms of said yeast strain per gram of said pre-ensiled plant

material.

40.  The method of any one of claims 34-39, wherein the pre-ensiled plant material is
a grass, maize, alfalfa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.

41. A composition comprising: a yeast strain as defined in claim 24, a strain of the

bacterial species Lactobacillus buchneri, and a suitable carrier.
18
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42. A composition for use as a silage inoculant comprising:
S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736, one or

more strains of the bacterial species Lactobacillus buchneri, and a suitable carrier.

43.  The composition of claim 42, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium, or mixtures thereof.

44.  The composition of claim 42 or 43, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.

45.  The composition of claim 43 or 44, wherein the one or more additional bacterial
strains are LP286, LP329, or LP7109 or mixtures thereof.

46.  The composition of any one of claims 42-45, wherein the composition contains
from about 10" to about 10'° viable organisms of said S. cerevisiae strain YE1496,
deposited as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled plant

material.

47.  The composition of claim 46, wherein the composition contains from about 103 to

about 10° viable organisms of said S. cerevisiae strain YE1496, deposited as Patent

Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.

48. A method for treating pre-ensiled plant material, the method comprising adding
thereto: S. cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736,
one or more strains of the bacterial species Lactobacillus buchneri, and a suitable

carrier.
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49.  The method of claim 48, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium or mixtures thereof.

50. The method of claim 48 or 49, wherein the one or more strains of the bacterial

species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures thereof.

51. The method of claim 49 or 50 wherein the one or more additional bacterial strains
are LP286, LP329, or LP7109 or mixtures thereof.

2.  The method of any one of claims 48-51, wherein the composition contains from
about 10" to about 10'° viable organisms of said S. cerevisiae strain YE1 496, deposited

as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled plant material.

©3.  The method of claim 52, wherein the composition contains from about 102 to
about 10° viable organisms of said S. cerevisiae strain YE1496. deposited as Patent

Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.

54.  The method of any one of claims 48-53, wherein the pre-ensiled plant material is
a grass, maize, alfalfa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.

55. A method of improving meat and milk performance in a livestock animal, the
method comprising feeding the livestock animal silage treated with an inoculant
comprising: pre-ensiled plant material, S. cerevisiae strain YE1496, deposited as Patent
Deposit No. NRRL Y-50736, one or more strains of the bacterial species Lactobacillus

buchneri, and a suitable carrier.

°6.  The method of claim 55, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, L. alimentarius, L. crispatus, L. paralimentarius, L.

brevis, or Enterococcus facium or mixtures thereof.
20

CA 2876429 2018-10-17



57. The method of claim 55 or 56, wherein the one or more strains of the bacterial
species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures thereof.

58. The method of claim 56 or 57 wherein the one or more additional bacterial strains
are LP286, LP329, or LP7109 or mixtures thereof.

59.  The method of any one of claims 55-58, wherein the composition contains from
about 10" to about 10'° viable organisms of said S. cerevisiae strain YE1496, deposited
as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled plant material.

60. The method of claim 59, wherein the composition contains from about 102 to

about 10° viable organisms of said S. cerevisiae strain YE1498, deposited as Patent

Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.

61. The method of any one of claims 55-60, wherein the pre-ensiled plant material is
a grass, maize, alfalfa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.

62. A composition for use as a silage inoculant comprising: Saccharomyces
cerevisiae strain YE1496, deposited as Patent Deposit No. NRRL Y-50736, a strain of

the bacterial species Lactobacillus buchneri, and a suitable carrier.

63. The composition of claim 62, further comprising one or more additional bacterial
strains of: Lactobacillus plantarum, Lactobacillus alimentarius, Lactobacillus crispatus,
Lactobacillus paralimentarius, Lactobacillus brevis, or Enterococcus factum, or mixtures

thereof.

64. The composition of claim 62 or 63, wherein the one or more strains of the
bacterial species Lactobacillus buchneri are LN4017, LN4637, or LN5689, or mixtures

thereof.
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65. The composition of claim 63 or 64, wherein the one or more additional bacterial
strains are LP286, LP329, or LP7109, or mixtures thereof.

66.  The composition of any one of claims 62-65, wherein the composition contains
from about 10’ to about 10'° viable organisms of said Saccharomyces cerevisiae strain
YE1496, deposited as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled

plant material.

67.  The composition of claim 66, wherein the composition contains from about 102 to
about 10° viable organisms of said Saccharomyces cerevisiae strain YE1 496, deposited

as Patent Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.

68. A method for treating pre-ensiled plant material, the method comprising adding
thereto: Saccharomyces cerevisiae strain YE1496, deposited as Patent Deposit No.

NRRL Y-50736, a strain of the bacterial species Lactobacillus buchneri, and a suitable

carrier.

69. A method of improving meat and milk performance in a livestock animal, the
method comprising feeding the livestock animal silage treated with an inoculant
comprising: pre-ensiled plant material, Saccharomyces cerevisiae strain YE1496,

deposited as Patent Deposit No. NRRL Y-50736, a strain of the bacterial species

Lactobacillus buchneri, and a suitable carrier.

70.  The method of claim 68 or 69, further comprising one or more additional bacterial

strains of: Lactobacillus plantarum, Lactobacillus buchneri, Lactobacillus alimentarius,
Lactobacillus crispatus, Lactobacillus paralimentarius, Lactobacillus brevis, or

Enterococcus facium, or a mixture thereof.

71.  The method of claim 70, wherein the bacterial strains comprise one or more of:

LP286, LN4017, LN4637, LP329, LP7109, LN5689. or mixtures thereof.
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72.  The method of any one of claims 68-71, wherein the composition contains from
about 10" to about 101° viable organisms of said Saccharomyces cerevisiae strain
YE1496, deposited as Patent Deposit No. NRRL Y-50736 per gram of a pre-ensiled

plant material.

73.  The method of claim 72, wherein the composition contains from about 108 to
about 10° viable organisms of said Saccharomyces cerevisiae strain YE1 496, deposited
as Patent Deposit No. NRRL Y-50736 per gram of said pre-ensiled plant material.

74.  The method of any one of claims 68-73, wherein the pre-ensiled plant material is
a grass, maize, alfaifa, wheat, legume, sorghum, sunflower, barley, grain, or a mixture

thereof.

75. A composition comprising: the yeast strain as defined in claim 27, a strain of the

bacterial species Lactobacillus buchneri and a suitable carrier.
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