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METHOD FOR REDUCING METHANE PRODUCTION IN A RUMINANT ANIMAL

FIELD OF THE INVENTION

The present invention relates to a method of reducing methane production in a

ruminant animal.

BACKGROUND OF THE INVENTION

According to a recent UN report, cattle-rearing generates more global warming
greenhouse gases, as measure in CO, equivalent, than transportation, and smarter
production methods, including improved animal diets to reduce enteric fermentation

and consequent methane emissions, are urgently needed.

Seeking methods of reducing methane production in ruminant animals therefore
represents a major challenge. The present invention seeks to solve this unmet need
in the industry.

A key advantage of the present invention is that it provides a method to reduce
methane production in a ruminant without modifying the diet nor introducing methane
producer blocking agents. In other words a key innovation of the invention is the fact
that there is no change versus a standard/ normal diet of the ruminants. This is in
contrast to the prior art which required a change in the diet and/or the introduction of

some agent to block the methane-producing bacteria.

STATEMENTS OF THE INVENTION

According to a first aspect of the present invention there is provided a method for
reducing methane production in a ruminant animal comprising the step of
administering to said ruminant animal an effective amount of at least one strain of

bacterium of the genus Propionibacterium.
Preferably said strain of bacterium belongs to the species Propionibacterium jensenii,
Propionibacterium acidipropionici, Propionibacterium freudenreichii or

Propionibacterium freudenreichii ssp shermanii.

More preferably said strain belongs to the species Propionibacterium jensenii.
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Even more preferably the strain is Propionibacterium jensenii P83.

Preferably the method further comprises the step of administering to said ruminant
animal an effective amount of at least one strain of bacterium of the genus

Lactobacillus.

Preferably said strain of bacterium of the genus Lactobacillus belongs to the species
L. helveticus, L. amylovorus, L. curvatus, L. cellobiosus, L. amylolyticus, L.
alimentarius, L. aviaries, L. crispatus, L. curvatus, L. gallinarum, L. hilgardii, L.
Jjohnsonii, L. kefiranofaecium, L. kefiri, L. mucosae, L. panis, L. pentosus, L. pontis, L.
zeae, L. sanfranciscensis, L. paracasei, L. casei, L. acidophilus, L. buchnerii, L.
farciminis, L. rhamnosus, L. reuteri, L. fermentum, L. brevis, L. lactis, L. plantarum, L.
sakei or L. salviarium.

More preferably the strain of bacterium of the genus Lactobacillus belongs to the
species L. rhamnosus, L. farciminis, L. buchnerii, L. helveticus, L. amylovorus, L.
curvatus, L. cellobiosus, L. amylolyticus, L. alimentarius, L. aviaries, L. crispatus, L.
curvatus, L. gallinarum, L. hilgardii, L. johnsonii, L. kefiranofaecium, L. kefiri, L.

mucosae, L. panis, L. pentosus, L. pontis, L. zeae or L. sanfranciscensis.

More preferably the strain of bacterium of the genus Lactobacillus belongs to the

species L. plantarum or L. rhamnosus.

Even more preferably the strain of the bacterium of the genus Lactobacillus is L.

plantarum Lp115 or L. rhamnosus Lr32.

Preferably at least one strain of bacterium of the genus Propionibacterium and the at
least one strain of the bacterium of the genus Lactobacillus are administered as a

mixture.

More preferably said mixture of at least two strains of bacteria is a mixture of at least
one strain of L. plantarum or L. rhamnosus and at least one strain of

Propionibacterium jensenii.

Even more preferably said mixture is a mixture of L. plantarum Lp115 or L.
rhamnosus Lr32 and Propionibacterium jensenii P63.
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Preferably the at least one strain of bacteria is inactivated.
Preferably said effective amount of at least one strain of bacterium is administered to
said ruminant animal by supplementing food intended for said animal with said

effective amount of at least one strain of bacterium.

In one embodiment the method additionally improves the digestibility of the

supplementing food.

In one embodiment the method additionally increases milk fat production by the

ruminant animal.

In one embodiment the method additionally increases milk lactose production by the

ruminant animal.

In one embodiment the method additionally improves the body weight of the ruminant

animal.

Preferably said ruminant animal is selected from the members of the Ruminantia and
Tylopoda suborders.

Preferably said ruminant animal is selected from the members of the Antilocapridae,

Bovidae, Cervidae, Girraffidae, Moschidae, Tragulidae families.

Preferably said ruminant animal is a cattle, goat, sheep, girafee, bison, yak, water

buffalo, deer, camel, alpaca, llama, wildebeest, antelope, pronghorn or nilgai.
More preferably said ruminant animal is a cattle or sheep.

Even more preferably said ruminant animal is a cattle.

According to a second aspect of the present invention there is provided a feed

supplement for a ruminant animal for reducing methane production comprising at

least one strain of bacterium the genus Propionibacterium.



WO 2012/147044 PCT/IB2012/052095

Preferably the feed supplement further comprises at least one strain of bacterium of
the genus Lactobacillus.

According to a third embodiment of the present invention there is provided a feed for
a ruminant animal, wherein said feed is supplemented with a feed supplement

according to the present invention.

According to a fourth aspect of the present invention there is provided a method for
reducing methane production by a ruminant animal, said method comprising the step

of administering to said animal a feed supplement according to the present invention.

According to a fifth aspect of the present invention there is provided a method for
increasing milk fat production by a ruminant animal, said method comprising the step

of administering to said animal a feed supplement according to the present invention.

According to a sixth aspect of the present invention there is provided a method for
increasing milk lactose production by a ruminant animal, said method comprising the
step of administering to said animal a feed supplement according to the present
invention.

According to a seventh aspect of the present invention there is provided a method for

increasing the body weight of a ruminant animal, said method comprising the step of

administering to said animal a feed supplement according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for reducing methane production by a
ruminant animal. Surprisingly and unexpectedly, the inventors have shown that
certain bacteria possess the property of reducing methane production in ruminant
animals. These bacteria belong to the genus Propionibacterium, optionally
administered with at least one strain of the genus Lactobacillus. The invention
therefore relates to a method for reducing methane production in a ruminant animal
comprising the step of administering to said ruminant animal an effective amount of
at least one strain of bacterium of the genus Propionibacterium, optionally with a
bacterium of genus Lactfobacillus.
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A ruminant is a mammal of the order Artiodactyla that digests plant-based food by
initially softening it within the animal's first stomach, then regurgitating the semi-
digested mass, now known as cud, and chewing it again. The process of rechewing
the cud to further break down plant matter and stimulate digestion is called
“ruminating”. Ruminants have a stomach with four chambers, namely the rumen,
reticulum, omasum and abomasum. In the first two chambers, the rumen and the
reticulum, the food is mixed with saliva and separates into layers of solid and liquid
material. Solids clump together to form the cud, or bolus. The cud is then
regurgitated, chewed slowly to completely mix it with saliva, which further breaks
down fibers. Fiber, especially cellulose, is broken down into glucose in these
chambers by symbiotic bacteria, protozoa and fungi. The broken-down fiber, which
is now in the liquid part of the contents, then passes through the rumen into the next
stomach chamber, the omasum, where water is removed. The food in the
abomasum is digested much like it would be in the human stomach. ltis finally sent

to the small intestine, where the absorption of the nutrients occurs.

Almost all the glucose produced by the breaking down of cellulose is used by the
symbiotic bacteria. Ruminants get their energy from the volatile fatty acids produced

by the bacteria, namely lactic acid, propionic acid and butyric acid.

The rumen is the major source of methane production in ruminants.

Examples of ruminants are listed above. However, preferably the bacteria is used as
an additive for foodstuffs for domesticated livestock such as cattle, goats, sheep and

llamas. The present invention is particularly useful in cattle.

By "administer", is meant the action of introducing at least one strain of bacterium
according to the invention into the animal's gastro-intestinal tract. More particularly,
this administration is an administration by oral route. This administration can in
particular be carried out by supplementing the feed intended for the animal with said
at least one strain of bacterium, the thus supplemented feed then being ingested by
the animal. The administration can also be carried out using a stomach tube or any
other means making it possible to directly introduce said at least one strain of

bacterium into the animal's gastro-intestinal tract.

By "effective amount"”, is meant a quantity of bacteria sufficient to allow improvement,
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i.e. reduction in the amount of methane production in comparison with a reference.
Within the meaning of the present invention, the methane reductive effect can be

measured in the rumen with an artificial rumen system, such as that described in T.
Hano., J. Gen. Appl. Microbiol., 39, 35-45 )1993) or by in vivo oral administration to

ruminants.

This effective amount can be administered to said ruminant animal in one or more

doses.

By "at least one strain”, is meant a single strain but also mixtures of strains

comprising at least two strains of bacteria.

By "a mixture of at least two strains”, is meant a mixture of two, three, four, five, six

or even more strains.

When using a mixture of strains the proportions can vary from 1% to 99%, more
advantageously from 25% to 75% and even more advantageously approximately
50% for each strain. In a mixture comprising more than two strains, the strains are

preferentially present in substantially equal proportions in the mixture.

The strains of the genus Propionibacterium are in particular selected from strains of
the species Propionibacterium jensenii, Propionibacterium acidipropionici,
Propionibacterium freudenreichii and Propionibacterium freudenreichii ssp shermanii.
A particular strain of the species Propionibacterium jensenii according to the
invention is the strain Propionibacterium jensenii P63, deposited under the Budapest
Treaty on 15 Jan. 2009, in the Deutsche Sammlung von Mikroorganismen and
Zellkulturen GmbH (DSMZ, Inhoffenstr. 7 B, D-38124 Braunschweig, Germany)
under number DSM22192 by Danisco Deutschland GmbH (Bush-Johannsen-Str. 1,
25899 Niebull, Germany).

According to an embodiment of the invention, the strains of the genus Lactobacillus
are in particular selected from the species L. paracasei, L. casei, L. acidophilus, L.
buchnerii, L. farciminis, L. rhamnosus, L. reuteri, L. brevis, L. fermentum, L. lactis, L.
plantarum, L. sakei , L. salviarium, L. helveticus, L. amylovorus, L. curvatus, L.
cellobiosus, L. amylolyticus, L. alimentarius, L. aviaries, L. crispatus, L. curvatus, L.
gallinarum, L. hilgardii, L. johnsonii, L. kefiranofaecium, L. kefiri, L. mucosae, L.

panis, L. pentosus, L. pontis, L. zeae or L. sanfranciscensis.
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Examples of mixtures of strains of bacteria according to the invention are in particular
a mixture comprising at least two strains of the genus Lactobacillus and at least one
strain of the genus Propionibacterium.

More preferably the strain of bacterium of the genus Lactobacillus belongs to the
species L. plantarum or L. rhamnosus.

A particular strain of the species L. plantarum according to the invention is the strain
L. plantarum Lp115, deposited under the Budapest Treaty on 8 Feb. 2009, in the
Deutsche Sammlung von Mikroorganismen and Zellkulturen GmbH (DSMZ,
Inhoffenstr. 7 B, D-38124 Braunschweig, Germany) under number DSM22266 by
Danisco Deutschland GmbH (Bush-Johannsen-Str. 1, 25899 Niebull, Germany).

A particular strain of the species L. rhamnosus according o the invention is the strain
L. rhamnosus L32, deposited under the Budapest Treaty on 15 Jan. 2009, in the
Deutsche Sammiung von Mikroorganismen and Zellkulturen GmbH (DSMZ,
Inhoffenstr. 7 B, D-38124 Braunschweig, Germany) under number DSM22193 by
Danisco Deutschland GmbH (Bush-Johannsen-Str. 1, 25899 Niebull, Germany).

According to a particular embodiment, the methods according to the invention also
comprise the step of administering other microorganisms, said microorganisms being
selected from the group comprising in particular the lactic bacteria, probiotic

microorganisms, yeasts and fungi (for example Penicillium and Geotrichum).

According to one embodiment, the additional microorganism is a bacteria of the

genus Pediococcus, and particularly Pediococcus acidilactici.

According to an embodiment of the invention, the strains of bacteria are inactivated
before their administration to the ruminant animal. The inactivation makes it possible
to significantly reduce the microorganisms' ability to reproduce without significantly
affecting their enzymatic activity. Typically, following the inactivation process, the
number of microorganisms capable of reproducing is reduced by a factor greater
than X, X being selected from the following values: 10.sup.4, 10.sup.5, 10.sup.6,
10.sup.7, 10.sup.8, 10.sup.9, 10.sup.10 and 10.sup.11.

Typically, the microorganisms can be inactivated by a heat shock treatment. For
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example, the microorganisms can be exposed to temperatures comprised between
40.degree. C. and 70.degree. C. The duration of the heat shock treatment will
depend on the chosen temperature and the microorganism to be inactivated. For
example, the inactivation method can be carried out over a period of time comprised
between 15 minutes and 96 hours. For example also, the microorganisms can be
exposed to temperatures comprised between 60.degree. C. and 70.degree. C. for a

period of time comprised between 20 and 40 hours.

Other techniques can be used to inactivate the microorganisms, such as for example
ionization or photoinactivation (inactivation by light). The microorganisms can also be
inactivated by keeping them for long periods at a temperature or humidity level which

is not compatible with their viability.

The inactivation of the strains of bacteria according to the invention has the
consequence of preventing the multiplication and development of the bacteria while
preserving their methane-reducing properties. Moreover, the inactivation of the
strains means that the strains will not enter into competition with the fibrolytic,
cellulolytic and amylolytic intestinal flora, while releasing their enzyme content into
the medium.

According to the present invention, said effective amount of said at least one strain of
bacterium is typically comprised between 10.sup.5 CFU and 10.sup.13 CFU per
animal and per day, particularly between 10.sup.7 CFU and 10.sup.12 CFU per
animal and per day, more particularly between 10.sup.8 CFU and 10.sup.11 CFU per
animal and per day, even more particularly approximately 10.sup.10 CFU per animal
and per day. When the bacteria are inactivated, the quantities described previously

are calculated before inactivation.

The bacterium of the present invention can be administered, for example, as the
fermentation mixture, bacterium-containing culture solution, the bacterium-containing

supernatant or the bacterial product of a culture solution.

The bacterium may be administered to the ruminant in one of many ways. The
culture can be administered in a solid form as a veterinary pharmaceutical, may be
distributed in an excipient, preferably water, and directly fed to the animal, may be
physically mixed with feed material in a dry form or the culture may be formed into a

solution and thereafter sprayed onto feed material. The method of administration of



WO 2012/147044 PCT/IB2012/052095
9

the culture to the animal is considered to be within the skill of the artisan.

When used in combination with a feed material, the feed material is preferably grain,
hay/ silage/ grass/ based. Included amongst such feed materials are corn, dried
grain, alfalfa, any feed ingredients and food or feed industry by-products as well as

bio-fuel industry by-products and corn meal and mixtures thereof.

The bacterium of the novel process may optionally be admixed with a dry formulation
of additives including but not limited to growth substrates, enzymes, sugars,
carbohydrates, extracts and growth promoting micro-ingredients. The sugars could
include the following: lactose; maltose; dexirose; malto-dextrin; glucose; fructose;
mannose; tagatose; sorbose; raffinose; and galactose. The sugars range from 50-
95%, either individually or in combination. The extracts could include yeast or dried
yeast fermentation solubles ranging from 5-50%. The growth substrates could
include: trypticase, ranging from 5-25%; sodium lactate, ranging from 5-30%; and,
Tween 80, ranging from 1-5%. The carbohydrates could include mannitol, sorbitol,
adonitol and arabitol. The carbohydrates range from 5-50% individually or in
combination. The micro-ingredients could include the following: calcium carbonate,
ranging from 0.5-5.0%; calcium chloride, ranging from 0.5-5.0%; dipotassium
phosphate, ranging from 0.5-5.0%; calcium phosphate, ranging from 0.5-5.0%;
manganese proteinate, ranging from 0.25-1.00%; and, manganese, ranging from
0.25-100%.

The time of administration is not crucial so long as the reductive effect on methane
production is shown. As long as the feed is retained in the rumen, administration is
possible at any time. However, since the bacterium is preferably present in the
rumen at about the time methane is produced, the bacterium is preferably
administered with or immediately before feed.

According to one embodiment of the invention, the present invention improves the
digestibility of the supplementing food. The digestibility of the fibres is considered
"improved" if the fibres are better digested by the animal in the presence of said at
least one strain of bacterium. In a non-limitative manner, methods which can be used
to measure the digestibility of the fibres are the methods of measuring the final
fermentation products. For instance, measurement of lactic acid, for example by an
enzymatic colorimetric method, and measurement of volatile fatty acids (VFAs), for

example by gas chromatography as described by Jouany JP and Senaud J in
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Reprod Nutr Dev. 1982; 22(5):735-52, are suitable. Thus, using these methods, a
person skilled in the art is able to compare digestibility in the presence and in the

absence of the strains of bacteria according to the invention.

Thus, in a particular embodiment of the invention, said effective amount of at least
one strain of bacterium is administered to a ruminant animal by supplementing a feed
intended for said animal with said effective amount of at least one strain of bacterium.
By "supplementing", within the meaning of the invention, is meant the action of
incorporating the effective amount of bacteria according to the invention directly into
the feed intended for the animal. Thus, the animal, when feeding, ingests the bacteria
according to the invention which can then act to increase e.g. the digestibility of the

fibres and/or cereals contained in the animal's feed.

Thus, another subject of the invention relates to a feed supplement for a ruminant
animal comprising at least one strain of Propionibacterium bacterium and optionally

at least one strain of bacteria of the genera Lactobacillus.

In one embodiment, the present invention improves the body weight of the ruminant
animal. Thus, this method allows the ruminant animal to derive greater benefit in
terms of energy from feed based on e.g. fibres and cereals, and as a result, starting
from the same calorie intake, to increase the energy available to its metabolism. This
is advantageous for the livestock farmer who can thus optimize the cost of the feed.
In fact, he can either reduce the animal's feed for the same energy intake or reduce
the quantity of starchy cereals and replace it with less expensive fibre-rich fodder,

which allows him to make a financial saving.

By “increasing body” we include that the bacterium increases the body weight by at

least 1%, 2%, 3%, 4% or 5-10%, in comparison to a reference sample.

In one embodiment the method increases milk fat production by the ruminant animal.

This also represents a substantial economic benefit.

Milk solid components include protein, fat, lactose, and minerals. Milk protein has
economic value because, for example, higher protein leads to higher cheese yields.
Furthermore, in recent years, consumers have become increasingly concerned about
the effects of dietary fat consumption on their health. Low fat milk and low fat cheese

have become popular. In many countries, including the United States, the payment
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for milk shipped to cheese plants has changed to a system based on both protein

and fat content from one based on milk fat. This market trend increases the

emphasis on milk protein. However, milk fat continues to be an important component

in some markets where it is used to make ice cream and butter. In these markets, a

premium of $2 per pound is paid for milk fat.

By “increasing milk fat production” we include that the bacterium increases milk fat
production by at least 1%, 2%, 3%, 4%, or 5-10% of the weight of the product, in

comparison to a reference sample.

in another embodiment of the invention the method increases milk lactose
production. This also represents a substantial economic benefit.

Lactose is a disaccharide sugar that is found most notably in milk and is formed from
galactose and glucose. Lactose makes up around 2~8% of milk (by weight), although
the amount varies among species and individuals. It is extracted from sweet or sour

whey.

Food industry applications, both of pure lactose and lactose-containing dairy by-
products, have markedly increased since the 1960s. For example, its bland flavour
has lent to its use as a carrier and stabiliser of aromas and pharmaceutical products.

Purified lactose can also be used as high calorie diet additive.

By “increasing milk lactose production” we include that the bacterium increases milk
lactose production by at least 1%, 2%, 3%, 4% or 5-10% of the weight of the product,

in comparison to a reference sample.

The invention will now be further described by way of Examples, which are meant to
serve to assist one of ordinary skill in the art in carrying out the invention and are not

intended in any way to limit the scope of the invention.

EXAMPLES

The experiment was conducted at the animal experimental facilities of the INRA's
Herbivores Research Unit (Saint-Genes Champanelle, France). Procedures on
animals were in accordance with the guidelines for animal research of the French

Ministry of Agriculture and all other applicable national and European guidelines and
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regulations for experimentation with animals (see http://www2 vet-
lyon.fr/fens/expal/acc_regl.html for details). The experiment was approved by the
Auvergne regional ethic committee for animal experimentation, approval number
CE20-09. "DFM" refers to bacterial direct-fed microbial. "SARA" refers to subacute
ruminal acidosis. “DIM” refers to days in milk. DMI refers to dry matter intake. “DM’
refers to dry matter. “OM” refers to organic matter. “ADF” refers to acid detergent
fiber. “NDF” refers to neutral detergent fiber. “GE” refers to gross energy. “CP”
refers to crude protein. “CMV" refers to complement of vitamins and minerals. “VFA”
refers to volatile fatty acids. “BW” refers to body weight. “VFA” refers to volatile fatty
acids.

Animals, diets and experimental procedure

Eight lactating Holstein cows (2 primi- and 6 multiparous) fitted with ruminal cannulas
and were allocated to 2 groups of 4 animals differing by the nature of their diet (high
starch diet (HSD) vs. low starch diet (LSD); Table 1) in order to induce two subacute
ruminal acidosis situations with propionate and butyrate as the main fermentation
end products. At the initiation of the experiment, DIM averaged 76 + 19 and 67 + 22 d
(mean x SD), BW was 587 + 20 and 596 * 43 kg and milk production was 27 + 3 and
28 + 6 kg /d for the cows on the HSD and LSD, respectively. Cows in each group
were randomly assigned to four treatments in a 4 X 4 Latin square design. The
treatments were 1) control without DFM (C), 2) Propionibacterium P83 (P), 3)
Lactobacillus plantarum strain 115 plus P (Lp + P) and 4) Lb. rhamnosus strain 32
plus P (Lr + P). To ensure an entire consumption of the DFM, the 4 treatments were
mixed with a small portion of concentrate (sampled from their diet) and offered before
the morning feeding. Cows on the DFM treatments received 10"° CFU / d of each
strain whereas control cows received only carrier (lactose). To minimize the
carryover from period-to-period, on the last day of period 1, 2 and 3, the rumen of
each cow was manually emptied and the ruminal contents were placed into the
rumen of the next cow within the square that was to receive that treatment. Thus,
each cow started the period with ruminal contents corresponding to the same

treatment it was fed (Beauchemin et al., 2003).

Diets were formulated at the beginning of the experiment from milk yield to meet the
requirements for maintenance and milk production of the cow (INRA, 1989) and were
readjusted each experimental period assuming a monthly decrease in milk
production of 10%. Moreover, the diets were free of antibiotics, chemical buffers and

yeast to avoid any interfering with DFM effect. Concentrates were top-dressed on the
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silages to favor acidosis induction by its rapid ingestion. Each experimental period
lasted 1 month, and the 2 last weeks were used for animal performances (wk 3) and

ruminal parameters measurements (wk 4).

Lactation study during wk 3

Intake and feed analysis  To calculate DMI, feed intakes and orts were recorded
weekly on five consecutive days throughout the entire experiment. DM content was
measured at 103 °C for 24h twice weekly for silages and hay, and once a week for
concentrates. During wk 3 of each experimental period, daily samples of each
ingredient (exception made for urea, cane molasses and CMV that were only
sampled on the first period and for which the composition was thought to be stable
over time) were taken and stored at 4 °C for concentrates and hay, and at -20 °C for
corn and grass silage pending chemical composition determination. At the end of the
experiment, dried (60 °C for 48h) silages and hay samples, as well as pooled
concentrate samples were ground to pass through 1-mm screen then analyzed for
OM, NDF, ADF, starch, nitrogen, GE and ether extract. Moreover, fresh samples of
concentrate and forages were freeze-dried and ground (1 mm) for fatty acids
analysis. All the feedstuff analyses were performed as previously reported (Martin et
al., 2008). OM by ashing at 550 °C for 6 h (AOAC, 1990), nitrogen content of feed
was analyzed by the Kjeldahl procedure. The NDF and ADF contents were
determined by sequential procedures after pretreatment with amylase and were
expressed inclusive of residual ash (Van Soest et al., 1991). Polarimetric method
was used for starch quantification (AFNOR, 1985) and AOAC procedure (1997) was
used for ether extract analysis. The GE content was determined using an adiabatic

bomb calorimeter (IKA C200, Bioritech, Guyancourt, France).

Milk yield and composition Cows were milked twice daily (0730 and 1500h)
throughout the entire experiment and milk was analyzed twice a wk (non-consecutive
days) for fat, protein, lactose and somatic cell counts (SCC) using standard
procedure (AOAC, 1997).

Diet Digestibility During wk 3, feces and urine were collected on 6 consecutive
days were used for total tract digestibility determination. Each day, feces were
collected, weighed and mixed. 1% aliquot was used for DM determination at 103 °C
for 24h, and 0.5% aliquot was collected and pooled within a Latin square by
treatment. At the end of the experiment pooled samples were dried (60 °C for 72h)
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then ground (1-mm screen) then analyzed for OM, NDF, ADF, starch as described
previously.

Methane emissions They were determined during the same period of digestibility
measurement by using the sulfur hexafluoride (SFg) tracer technique (Johnson et al.,
2007) as previously described (Martin et al., 2008). Permeation rate of SF; from the
tubes was 1.503 + 0.145 mg/d. At wk-2 of each experimental period (1 wk before gas
analysis), each cow was intraruminally dosed with a calibrated permeation tube.
Representative breath samples from each animal were sampled in preevacuated
(91.2 kPa) yoke-shaped polyvinyl chloride collection devices (~2.5 L) by means of
capillary and Teflon tubing fitted to a halter. The collection devices were changed
every 24 h before the morning feeding. Background concentrations of SFs and CH,
were also measured in ambient air samples collected every day in the shed during
the same 6-d breath sampling period. The devices containing the samples were
immediately transported to the laboratory and over-pressured with nitrogen gas prior
to SF; and CH, analyses by gas chromatography. Daily CH, production from each
animal was calculated according to Martin et al. (2008), using the known permeation
rate of SFg and the concentrations (above the background) of SFs and CH, in the

breath samples:

CH, (g / d) = SF; permeation rate (g / d) x[CH,] /[SF]

For gas analysis in breath and ambient air, we used a gas chromatograph (CP-9003,
Varian-Chrompack, Les Ulis, France) fitted with an electron capture detector
(Autosystem XL, Perkin Elmer Instruments, Courtaboeuf, France) and equipped with
a Molecular Sieve 0.5-nm column (3 m x 3.2 mm i.d; Interchim, Montlugon, France)
maintained at 50 °C for SFs, or fitted with a flame ionization detector and equipped
with a Porapak N 80-100 mesh column (3 m x 3.2 mm i.d.; Alltech France SARL,
Templemars, France) maintained at 40 °C for CH,. The flow rate of the carrier gas
was 30 mL.min™" of N, for the SF; and 40 mL.min™ of Helium for the CH.,.
Chromatographic analyses were performed after calibration with standard gases (Air
Liquide, Mitry-Mory, France) for SFs (55 and 195 pg/g) and CH,4 (100 ug/g).

Rumen fermentation study during wk 4
Rumen sample collection and treatments before analysis During the last wk
of each experimental period (wk 4), ruminal content samples (200 g) were taken from

the ventral sac of the rumen through the cannula, before and 3 h after the morning
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feeding. The ruminal pH was immediately measured with a portable pH-meter
(CG840, electrode Ag/AgCI, Schott Gerate, Hofheim, Germany). The samples were
then treated for fermentation and microbial parameters measurements as follows: 30
g of ruminal content were immediately taken to the laboratory for enzymes extraction
from the solid-adherent microbial population (SAM) under anaerobic conditions. An
aliquot of 10 g of ruminal content was homogenized in ice using a Polytron grinding
mill (Kinematica GmbH, Steinhofhalde Switzerland) at speed 5, for two 1 min cycles
with 1 min rest between cycles. Subsequently 2 aliquots of 1.5 g were stored at -80
°C until DNA extraction for bacterial quantification using qPCR. For ruminal
fermentation characteristics, 100 g of ruminal content were strained through a
polyester monofilament fabric (250 pm mesh aperture) and the filtrate was used for
analysis of VFA, lactic acid, ammonia and protozoa counting. For VFA, aliquot of 0.8
mL of fresh rumen juice was mixed with 0.5 mL of a 0.5 N HCI solution containing
0.2% (w/v) metaphosphoric acid and 0.4% (w/v) crotonic acid. For NH;-N, 5 mL of
ruminal filtrate were mixed with 0.5 mL of 5% H;PO,. The filtrates were stored at -20
°C until analysis. For protozoa, 3 ml of the fresh filtrate was mixed with 3 ml of methyl
green, formalin and saline solution (MFS) and preserved from light until counting. For
each sampling time, the ruminal contents were dried at 103 °C during 24 h for DM
determination.

Measurements

Ruminal fermentations  Volatile fatty acids and lactate concentrations were
respectively determined by gas chromatography (CP 9002 Gas Chromatography,
Chrompack, Middelburg, Germany) and an enzymatic method (Enzyplus EZA 891+,
D/L-Lactic Acid, Raisio Diagnostics, Rome, Italy) as described in Lettat et al. (2010).
For NHi-N, 5 mL of ruminal filtrate were mixed with 0.5 mL of 5% HsPO, and stored
at -20 °C until analysis. Thawed samples were centrifuged at 10,000 g for 10 min and
NH;-N concentration was determined in the supernatant using the Berthelot reaction
(Park et al., 2009). The reaction was carried out in duplicate in 96-well plates using
Infinity M200 spectrophotometer (Tecan Austria GmbH, Grédig, Austria).

Protozoa counting Protozoa were enumerated in a Dolfuss cell (Elvetec Services,

Clermont-Ferrand, France) according to the method of Jouany and Senaud (1983).

Polysaccharidase activities of solid-associated microorganisms
Polysaccharidase activities involved in the degradation of plant cell wall (EC 3.2.1.4 -
cellulase and EC 3.2.1.8 - endo-1,4-betaxylanase xylanase) and starch (EC 3.2.1.1 -
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already described (Lettat et al., 2010 ; Martin et Michalet-Doreau, 1995). Briefly, 30 g
of solid phase were washed with 350 mL anaerobic MES buffer (pH 6.5, 39 °C) to
remove the non-associated and loosely-associated microbial populations, and then
recovered by filtration (100 um). A sample (5 g) of washed digesta containing the
SAM was cut to under anaerobic environment then suspended in 25 mL of anaerobic
MES buffer and stored at -80 °C pending enzyme extraction. SAM fraction was
disrupted by defrosting and ultrasonic disintegration (four 30-s periods with 30-s
intervals at 4°C; Sonicator S-400, Misonix Inc., Farmingdale, NY, USA). The
enzymes were recovered by centrifugation (15 000 g, 15 min, 4°C), and the
supernatant was stored in capped tubes at -80 °C before assay. Polysaccharidase
activities were determined by assaying the amount of reducing sugars released from
purified substrates (birchwood xylan, carboxymethyl cellulose and potato starch) after
1 h at 39 °C. Briefly, the reducing sugars were converted into colored product using
PAHBAH (4-hydroxybenzhydrazide) in the presence of bismuth and quantified
spectrophotometrically at 410 nm (Lever, 1977). The protein content of the enzyme
preparations was determined according to Pierce and Suelter (Pierce et Suelter,
1977) using bovine serum albumin as standard in 96 well plates using Infinity M200
spectrophotometer (Tecan Austria GmbH, Grédig, Austria). Enzyme activities were

expressed as umol of reducing sugar released per mg protein per hour.

Bacterial quantification by gqPCR The DNA extraction was performed using the
Fast DNA Spin Kit and purification was done with the Gene Clean turbo Kit (MP
Biomedicals, llkirch, France) according to the manufacturer instructions. Briefly, 250
mg of frozen milled ruminal contents were weighed into the provided sterile tube
containing silica beads and lysis buffer. Lysis of bacteria was performed using a
Precellys 24 apparatus (Bertin Technology, France). The yield and the purity of the
extracted nucleic acids were assessed by optical density measurement with a
Nanoquant Infinite M200 apparatus (Tecan Austria GmbH, Grédig, Austria) using a
dedicated quantification plate. Absorbance intensity at 260 nm was used {o assess
the concentration of nucleic acids in 2 pL of sample, while absorbance ratios 260/280
and 260/230 were used to check sample purity (protein and salts contamination,
respectively). Quantitative PCR (gPCR) was carried out using AB StepOne Plus
System (Applied Biosystem, Courtaboeuf, France). Detection was based on SYBR
green chemistry. The reaction mix contained 1xSYBR Premix Ex Taq (Lonza

Verviers SPRL, Verviers, Belgium), 0.5 uM of each forward and reverse primer and 2
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uL of genomic DNA at a concentration of 40 ng / uL. Each reaction was run in
triplicate in a final volume of 20 pL in 96-well plates (Applied Biosystem,
Courtaboeuf, France). During this study, we quantified total bacteria, Prevotella
genus, Fibrobacter succinogenes, Ruminococcus albus, Ruminococcus flavefaciens,
Streptococcus bovis, Lactobacillus genus, Megasphaera elsdenii and methanogen
Archaea using specific primers that target the rrs genes for which sequences and
amplification programs are summarized in Tables 2 and 3. For this study we chose to
realize an absolute quantification using specific 16S rDNA standards from R.
flavefaciens c94 (ATCC 19208), R. albus 7(ATCC 27210), F. succinogenes S85
(ATCC 19169), S. bovis (DSM 20480), P. bryantii B14 (DSM 11371), M. elsdenii
(DSMZ 20460), Lb. acidophilus and Methanobrevibacter smithii (DSM 861). Results
of enumeration of each species are expressed as % of total bacteria / g DM of rumen

content.

Statistical procedure

All data were analyzed in repeated time using the MIXED procedure of SAS with
SP(POW) as covariance structure. Within each Latin square, the period (1 to 4),
treatment (C vs. P, vs. Lp + P, vs. Lr + P), time (-1 vs. + 3h; only for rumen
characteristics), and treatment x time interactions were considered as fixed effect,
and animal as random. Results were considered significant for P-value < 0.05 and
trends were discussed at 0.05 < P< 0.1. As no effect of DFM treatment was observed
before feeding (-1 h) only data after feeding (+ 3 h) will be presented and discussed
below.

RESULTS AND DISCUSSION

We aimed to induce two SARA situations in dairy cows using diets that differ in the
amount and rate of degradation of their carbohydrates. The HSD was used to induce
a propionic SARA whereas butyric SARA was expected using the LSD. Accordingly
to our hypothesis that DFMs mode of action to prevent SARA depends on the
ruminal fermentation patterns, we compared their effectiveness to regulate ruminal
fermentations under the two situations induced. We used the definition proposed by
Sauvant et al. (1999) which considers a mean ruminal pH of 6.25 as SARA threshold
because it corresponds to a meantime of 4 h where pH is between 5.6 and 6.25

(Sauvant et al., 1999). Thus, according to this definition SARA has been successfully
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induced using the two diets (mean pH of 5.73 and 5.94 for the ASD and LSD,

respectively).

The rumen fermentation study

DFMs effects on ruminal fermentations and microbial parameters are presented on
Table 4 and 5. With the HSD that was used to induce propionic SARA situation,
DFMs increased both minimum and mean ruminal pH by + 0.41 and + 0.24 pH units
on average, respectively. This advantageous effect on pH was associated with a
concomitant reduction in lactate concentrations (Table 4). No effect was observed on
total VFA but cows that received P and Lr + P favored propionate production at the
expense of acetate and/or butyrate as shown by the acetate:propionate ratios that
reached 1.55 and 1.69 (P < 0.05), respectively. For cows supplemented with Lp + P,
ruminal fermentations were similar to the two other treatment but changes were not
significant (P > 0.1). Supplementing cows with the 3 DFMs decreased or tended to
decrease methanogens population. No other effect was observed on the microbial
population except trends for increase in total bacteria and R. albus proportion in cows
supplemented with Lp + P and Lr + P, respectively. In cows fed the LSD, ruminal
fermentation parameters were not affected by DFMs supplementation except a
decline in lactate concentration for cows treated with P (P = 0.04). This same
treatment tended to increase total bacteria (P = 0.08). Lp +P increased amylase and
cellulase activities (P = 0.05) and tended to improve xylanase activity (P < 0.1).
Whilst not wishing to be bound by any theory we think that DFMs did not alter ruminal
pH and fermentations because the ruminal environment was not acidotic enough as it
was the case with the cows fed the HSD diet.

The animal performances study
The results of supplementing dairy cows fed either the HSD or the LSD with
Propionibacterium P83 alone or combined with Lb. plantarum 115 or Lb. rhamnosus

32 on intake, milk yield and composition are shown in Table 6.

Diet digestibility Total tract digestibility of DM, OM, NDF, ADF, hemicelluiose and
starch are presented in Table 7. On the HSD, cows supplemented with P tended to
increase hemicellulose digestion (+ 6.71%, P= 0.08). By contrast, DFMs effects were
more pronounced on the LSD when the propionibacteria and lactobacilli
combinations were fed. Indeed, Lp + P supplement improved DM and OM digestion
by 2.46 and 2.15% (P < 0.05) respectively, and tended to increase hemicellulose
digestion by 9.31% (P = 0.07). NDF and ADF digestibilities were also improved by
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6.00 and 4.31% (P < 0.05) respectively in cows fed Lr + P. These beneficial effects
on digestibility, especially with the LSD, may be related to the increase in total
bacteria, as well as to the enzymatic activities improvement, especially for cows
supplemented with Lp + P. |

Methane production Daily methane emissions are presented in Table 8. Loss of
GE intake as eructed methane averaged 4.1 and 5.9% for cows fed the HSD and
LSD by producing 207 and 288 g/d of CH,, respectively. Cows fed the HSD produced
similar amounts of methane for all treatments; except for those supplemented with Lp
+ P that produced approximately 20% less methane compared to control cows. On
the LSD, cows supplemented with Lr + P depressed methane production by 25% on
average (P < 0.05) whatever the expression units used. Because ruminal
fermentation and microbial parameters as well as intake and milk production
remained similar among treatments, we cannot easily explain how Lr + P depressed
methane production. However, whilst not wishing to be bound by any theory this
effect could be related to the fiber digestibility improvement observed for this same
treatment. Our invention is the first to demonstrate efficient methane mitigation in
ruminant without negative effects on ruminal fermentations and animal performances
using bacterial DFMs. However, mechanisms by which Lb. rhamnosus 32 plus

Propionibacterium P63 act remain to be elucidated.

In conclusion, our study shows that propionibacteria and lactobacilli-based DFMs
effectiveness in dairy cows is conditioned by ruminal fermentation patterns. During
propionic SARA, the three DFMs mitigated pH decline by increasing propionate
production that reduces the hydrogen available for protons formation. Moreover, an
improvement in the ruminal buffering capacity may have accounted for that. By
contrast, in cows fed the LSD, using both P63 and the two lactobacilli strains was
more effective than P63 alone. Indeed, supplementing cows with Lp + P increased
fiber digestibility which can be related to fibrolytic enzymes activities improvement,
whereas Lr + P increased fiber digestibility and reduced methane production. Based
on these original results, the DFMs evaluated in this work could be useful to prevent

SARA or mitigate methane outputs in dairy cows.

All publications mentioned in the above specification are herein incorporated by
reference. Various modification and variations of the described methods and
compositions of the present invention will be apparent to those skilled in the art

without departing from the scope and spirit of the present invention. Although the
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present invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be
unduly limited to such specific embodiments. Indeed, various modifications of the
described modes for carrying out the invention which are obvious to those skilled in
agriculture, biochemistry, microbiology and molecular biology or related fields are
intended to be within the scope of the following claims.
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Table 1: Ingredient and chemical composition of the experimental diets

High Starch Diet Low Starch Diet

(HSD) (LSD)
Ingredients, % DM
Corn silage 44 -1
Crass silage - 55
Hay 11 -
Grain mix? 35.3 -
Soybean meal 8.7 8
Urea 1 -
Citrus pulp - 12
Dehydrated beet pulp - 20
Molasses, beet - 5
Mineral-vitamin premix (kg / d)? 0.25 0.25
Chemical composition?
UFL / kg DM® 0.99 0.96
PDIE, g/kg DM@ 109 106
OM, % of DM 90.28 88.74
CP, % of DM 14.84 13.53
NDF, % of DM 36.41 36.95
ADF, % of DM 22.02 27.35
Starch, % of DM 38.17 2.23
Ether extract, % of DM 2.21 2.66
GE, MJ/kg of DM 16.85 16.93

'Ingredient not included. ,

2Composition; barley (14%), wheat (11%) and corn (9%) agglomerated with 1% cane molasses.
3Composition (g/kg): P, 2.5; Ca, 20; Mg, 4.5; Na, 3.5 (Galaphos Midi Duo GR, CCPA, Aurillac, France).
4Chemical analysis was performed on 4 samples per period for silages and hay but on pooled samples
for concentrates.

SFeed Unit for Lactation (INRA, 1989).

8Protein digested in the small intestine supplied by rumen-undegraded dietary protein and by microbial
protein from rumen-fermented OM (INRA, 1989).
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BUDAPESE TREATY 6N THE INTRRNATIONAL
RACOGNIIONOF THE BEPOSUE b MICR GO ROAISMS J
g Puu%sszs T PATENT PRUOEDURE Ditschi.
Swnmlyag van O
Mixrsorguplsmen
upd Zollkuluron GmbH e
INTERNATIONAL FORM
Danisco Deutschland GmbH
Busch-Johannsen-Str. 1
2200 Nj RECEIPT IN THE CASE OF AN ORIGINAL DRPOSIT
25899 Nieblll Isued puesvent Rl 74 by
INTERNATIONAL DEFOSITARY AUTHORITY

Gotmany idutifiod ar the bobtom of thin puge

T IDENTIRICATICN OF THE MICROORGANIEM

Tdentification raferonca given by the DEPDSITON: Ac%%x&(ﬁi ;}tlxg}ggr egcn b’é““}; " .
DGCEC4715 11,Jun08 INTRRY BPOSITATY AUTHORITY:
DEM 22266

7, SCIENTIMC DESCRIPTION AND/OR PROPDSED TAXONGOMIC DESIGNATION

The mlerourganiim identificd undes 7, sbove 'way nesompiniod bys

( )} oaoleatffle Jesaription
{ %3 nproposed tixonomis desimet)

{Murk with a.arass whars appHostic).

1L RECEIPT ANDACCHPFTANGE

This Incemational Depositary Athaeley aceapts the mitrorgantsm Wantifiod under T, shove, wifch was reeelved by It an (3.
{Dite ofthe origianl cpnnia". P ¥ e, W Y loan 2009-02-09

TV, RECHIPT OFREQUEST FOR CONVEREION

‘The tlordorganlem Jdontificd undor sboye-was reqoived by Ui Tntarnations) Bopashary Aulbnrlty on (dato of erigintf deponity
and p request to convaert the brigingl doposit 1o a deposts undbr the.Budapest Trénty wag reeclved by iton (date ofreouipt. of vequest.
forcohvoratan),

Y INTERNATIONAL DEPOSITARY AUTRORITY

Momet  DSMZ-DEUTSCHESAMMEUNG VON Sipature(e) nf portans) huvlng the powes :
MIKRODRGANISMEN UND ZRELRULTUREN Genbtl x&&"n"»n:{Eﬁgl%fpuaﬁﬁg)/(&xﬁr’uyfn’-’ e mtronod aomion:

Addresat Inhoffansir. 78 .
138124 Beaunsohwaig é/ﬁ M o
- (4

Date: 2009-02-13

* Where Rulé. 6.4 {d) npplies, such date s tha date on witleh the siatud of intornationn} deposifary mutority way seguired,
Porm DEME-BE/4. (pole poge) DB/2006
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und Zalikoliyian Gt o

FOR.THE PURPOSES OF PATENT PRACERDIRE Doulschy
Sommlfung van
Miknorganfamen
INTERNATIONAL FORM

Danizoo Dentschland GmbH’

Busch-JohannsensSty, 1

25899 Niebtil! ]

VIABILITY STATBMENT
Germany Issuicd porduyat to Rolo 102,

by the
INTERNATIONAL DE!’OS['I‘.%R.Y‘ AUTHORITY
{dentifiod at the boltbm of tlils pige s

1. DERPOSITOR

1, TOBNTIFICATION OF THE MICRODRGANISM

Namet Dasilgeo Deussohinnd Gmblt
BuschwlofimangensSiy, 1
Addrers: 25800 Niebiil
Germany

Avossalan mumber given by the
INTERNATIONAL DENCEITARY AUTHORITY:

DEM 22266

Dute of the deposit or the tansfor's

2009-02-09

T VIABILITY BTATEMENT

“Tha viahility of the micrearganiam idoniificd under I sbove wag-tested on

On that date, the snid miccqorgenism Wy

{x)! visblo

{ ¥ ndlongarvisblc

2009-02-09 i

¥, CONDITIONS LRIDER WHICK THE VIABILITY TEST RAS BEEN PERFORMED?

V. INTERNATIONAL DEPGSITARY AUTHORITY

Nowie: DSMZ-DBUTSCHE SAMMLUNG VO]

N
MIKROQORGANISMEN UND ZELLKULTUREN GmbH

Address: lnhoffonstr. 7B
D38 124- Brounsohwoiy

Signaturs(d) of peragn() having the powsr to reprosent {he
Intérnmiondl Dopositary Authorily o? of uullmrlgcd afftcisl(s);

Lo el

Date: 2009-(2-13

! Lndleate the date-of original daposts or, whese u new deposit or o transfor hiae boen made,

of the tradster).

[

Markiwith o cyoss thy upylum\blc box.
Fil In }f the hiformdtion ha

form DSMZ-BP/O {golo pagay 0872006

I the crzca roforred te in Rule 10,2(8) U1) wnd (11, raferto tho'mogr recont vigbliLy test,
8 bodn sequentod and if the results of e fost wers negasiva,

the: moat recant seleyont date {date of ko now doposis or doto
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<

RECOGNION OF THS Bas o MR GR s
FOR THE PURPORES OF PATENT PR%CBDURB i Dattyche.
Sammltagvon
Mikreomnnlemsy - W/ g
wnd Zollkulioren GmbH o
WNTERNATIONAL FORM

Danigeo Dentschland GmbH
Busch-Johanngen-Str, 1
25809 Niebill

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
lssuw%&}munnt WwRule 7] byt
INTERNATIONAL DEPOSITARY AQTHORITY
Identified at dis bottom of dilzpago

LIDENTIFICATION OF THE MICROORGANISM

L

[deatifiunion velerenve givon by the DRFOSITOR:
DGCCY913

Acgeseion number givon by the
INTERNATIONAL DEPOSITARY AVTHORITY:

DEN 22193

I, SCINTIPIC DESTRIMTION AND/QR FROPOSED TAXONOMIC DESIGNATION

The mioroorgantzss Idenlifiod wuder . shave wos bocompantod byi

{ ) asocioatifie doveription
{3) apropoacd i dei

(Murle with a erase whete appHushile).

1L RECEIPT AND ACCEPTANGE

{Dme-of the ariginul depos]

This fnternations] chusitar% Authorlty necepts the mleroergonism ideatificd under I above, whioh wag recelved by ton 2009-01-15
oL

W RECEIPT OF REQUEST FOR CONVERSION

“The microarganism fdentifiod andor T nliova was reeeived by this

for sonversion),

11, t Avath: 4 an
o ¥
and & fequost.Le convert, tho orlglan] depositda o depasit imdsr the Bedapest Tronty was recuived byt on

(duts oforiginel dépasit)
{tinto of raccipt ol requogt

Vi INTERNATIONAL DEPOSITARY AUTHORITY

Nane; DSMZ-DEUTSCHE SAMMLUNG YON
MIKROORGANISMEN UND ZBLLKULTUREN GinhiH

Address:  Inhoffenstr, 7B
D34124 Brausehwelp

’

Slgrture{e) of perspn(s) hmving e powerta wepresent the
Infornationn Pepacitary Autborify bt of asitharized offfciai{a):

L Leds

Doy 2009-01-21,

! Wiers Rule 64 () spplics, such datg is the dath on which the situs of Interontional depositary autharlty wan sequired,

Form DSMZ.BP/4 (zolo prgu) 0B/2006
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_  BUDAPEST TREATY ON THE INTERNATIONAL
REGQONITION OF THE DEPOSIT OF MICROORGUANISMS
FORTHE PURFOSES OF PATENT PROCEDURE:

Doulsche
Sommiung yon

theasegantamun
und Zollkulivenn GinbH =
INTERNATIONAL FORM
Danisco Deutschiand OmbE
Busch-Johannsen-&tr. 1
25899 Niebiill .
VIABILITY STATEMENT

isaued pursuant to Rale 10.2 by the .
Q\ITEE&M‘IONAD DRPORITARY AUTHORITY
[dentificd ot tho-bottam b this page

1, DRPFOFITOR,

.

IT. MENTIPICATION OF THE MICROCROANISM

Namo: Danisoo Deutschiand QmibH
Bugeh-Johnnnsen-§tr, |
AGIRESS 25808 Niebull

Adgensian nuniber glyon by tho
INTERNATIONAL DEPOSITARY AUTHORITY:

DEM 22193

Dinic s the doposit or the tranafoys

2009-01-15

IIE VIABILITY STATEMENT

The viobility of the mlecoprginism {dentiTed under If atove wad tostdd on
On that.dnte, the sald micioorganism wos

{x) vishle

{ P oolongevisble

2009-01-15 z,

IV, CONDITIONS UNDER WHICH THE VIABILITY TEST HAR BEEN PERFORMED

V. INTERNATIONAL DEPOSITARY AUTHDRITY

Name: DEMZDEUTSCHE SAMMLUNG VON )
MIKROORGANISMEN UND ZBLLRULTUREN GribH

Addresst.  Tnhoffenstr, 7B
D-38124. Bramnschwelpg

Signoture(s) of person(s} haviiy the pawoer to represent the
Intcmutional Depasltary Avtherity of of antharizad officiatis):

Ll s,

Datoer 2009-01-2]

aftha vragfor),

P

Mark with 1 eross the npf,l(cn )
il

Tndivate tho date-of arlgina deppsit or, where. o ncw deosiv o 0 feansfer lras boon nuide, the most reont rolevant date {date of' tho new depooit or dage
T the.cases rofemed w iy Ru)f) ’1 (z.z(n) (if) und ), rafer fo the mogt recont vigbilityteat,
30X,

4 Fill 1n if 1l informatlon hag beon requasted and if the rosits of tie tost wers nogarive.

Tt DIMZ-HP(Y (iale pags) 082006
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BUDAPESTTREATY ON THE INTERNATIGN,
llJSOOGNf%PON Oai.' THE DEPOSET OF. MI%QODRGXANL!SMS
FOR THE PURPDBES OF PATENT PROCEDURE
Sammlung vont &}

Mikroorgunismon
i Zuttkudturon Gmbi

INTRRNATIONAL FORM

Danigco Deutsohland GmbH
Bugch-Johanngen-Str, 1
oy { RECEIT TN THE CASE OF AN ORIANAL DRPOSIT
23899 Wiebtill Iysuu%uxs'unm_ to Rul 74 by Uso
INTERNATIONAL DEPQSITARY AUTHORITY
{dentified gt the beattant of s poge

1 IDENTIFICATION OF THE MICROORGANISM

fdeatilotion raforeriee given by the DEPOSITOR: é\ge‘zséirax}\%\fgxgﬁ E‘B’{;’}- \0»}'} }!};‘3\ RY AUTH
DGCCasss ! AUTHORITY:
DEM 22192

1, SCTENTIFIC DRSCRIFTION AND/OR PROPOYED TAXONOMIC DESIONATION

“The microprganiam ldentificd undor L abova wak necompaniod by:

( ) asoieniifio desoription
(%) nproposed inxonomlo dosignation

Mok with & erezewhore appiienblo),

1, RECEIPT AND AGCEPTANCE

This Infernational chashn Authority seccpls tho nieroagganisn Tontifod unslor I, above, whioh wasrcetived by it on 2009-01-15
Data-of tha wriglnal cpbaiB,'.

W, REQEIPT OF REGUEST FOR GONVERSION

Tiie microprganism tdentified under T abgvewns recaived by this Tntametfona) Deposhacy Authority an (dute of arlging) doposis
%zd u requost, (jc convart. (e orfginal dupostt to u deposit under the Budngest Troaly wis wecived by it on (dute uftovelpt of maguest
s Fonveralon). .

VY. NTERNATIONAL DEPOSITARY AUTHORITY

Nome; DSMZDEUTSCHE SAMMLUNG VON ) Slgnature(s) of peraon(s) having the power Lo sopregent the
MIKROORGANISMEN UNDZELLKULTUREN Smbl Tntomationsl Dopositny Authotlly pr of muthozed witielslgy:

Addresst  Inhoffensly, 78
D-34124 Broungohweig V M"’ ‘/{

Daet 2009-01-21

! Whora Rula 64 () npplios, such date ts thedate o which (e ttatus of intemations] dopostinry sothority wos nequired,
Form DSMZ-BP/4 (nolo page) 08/2006 :
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BUDAPEST TREATY ON THE INTERNATIONAL
RI:&OGN]TIDN OF THE DEPOSIT OF MICROORGANXSMS

PCT/IB2012/052095

R THE PURPMOSES OF PATENT PROCEDURE” Osuisthe,
Soniniung vap
MiReonpantsmon
upd Zalladturan Gttt w?”
INTRRATIONAL rORN
Danisco Dentsohland GmbH
Busch-Johannsen-8tr. |
25899 Niabiil '
VIABILITY §TATEMENT
lamw%&ununm 16 Rfo 10,3 by thy
NALDE OSI‘I‘AR\’ AUTHORITY
ldcmme{i ot tl\c. Battain of this page
I DEPOSITOR T IDENTIFICATION OF THR MICROORGANISM
Nimo: Donitoo Devischland Qb Accesslan nunber lven by Yo

Busch-lolannsensStr, 1
AddrosE 95900 Niehilll

TRRNATIONAL DIPOSITARY AUTHORTTY:
DEM 22192

Dt pfthio deposls of the tranadlr';

2009-01-15

Ul VIABILITY BTATBMENT

Ca that daee, e aaid microocgonisn wae

()t vinble

¢ ¥ nolonger visbie

Tho visbily of the micraorganiarh Jdentified under i shove wne tosted on

2009-01-15 :

1V, CONDITIQNS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED'

V. INTERNATIONAL DEFDSITARY AUTHORITY

Addrass: Inhoffensw 7B
33124 Brauvnyehwelg

"Namai. DSMZ-DRUTSTHB SAMMLUNG VON
MIKROORGANISMEN UND ZELLKULTUREN GmbH

Stgnature(s) of perspn(y) having the power tu reprosent the
Tiiermadlonal Dopasitary Asthorlty apof aulhoﬂfcd uffiolal(sh

UL ey

Dates 2005-01-21

4 tho yunstar),

-,

Mark with o erggs. the applicablo hox,

Fonn DIMZ-BE/D {solepage) 0872006

Indicate the deis of orighial deppsit ox, whern g now depingitor n trassfor hag beeh mude, the srtost recunt rofevaste dmi (dnte of the new deposit or dato
A Tn tho epans réfbrred (o in Rule 10:2(ny (i) nnd (i), vefer to the mogs receat viability tast,
Fli {31 {7 the I formiation oy beon requested wad 17 the results of the eat ware Tegotivo,
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First you add knowledge...

Danisco Cultures
Danisco Deutschiand GmbM
Busch-Johannsen-Sir. 1
D-26899 Niebiit

Tel +49 +49 4661 502-0

Fax +49 +49 4661 602-107
www.danisco.comiingredients
info.dden@uanisco.com

DEGLARATION

I, Berndt Kroger, an authorised signatory of Danisco Deutschland GmbH make oath and say as follows:

I confirm that Danisco Deutschlarid GmbH of Biisch-Johannsen-Strafte 1, D-25899 Niebull, Germany
has authorised Danisco A/S of Langebrogade 1, P.O.. Box 17, DK-1001, Copenhagen K, Denmark

to refer in patent applications to the biological material deposited under the Budapest Treaty by Danisco
Deutschland GmbH at DSMZ (Deutsche Sammiung von Mikroorganismen und Zellkulturen GmbH,
Mascheroder Weg 1 b, D - 38124, Braunschweig); as:

1. Laclobacillus plantarum, en February 9, 2009 under no. DSM 22266,
2. Lactobacillus rhamrnosus, on January 15, 2009 under no. DSM22193, and
3. Propionibacterium jensenii, on January 15, 2009 under no. DSM22192

Danisco Deutschland GmbH has given its unreserved and irrevocable consent to the deposited material being
made available to the public,

SWORN and SUBSCRIBED in the presence of a witness,

Signature: @QCL \12&3
Date; /(8 'CQ' 9“ > 63

Witness signature: & %J\'

Witness name and address: Andrea Jauer
Ubjergvej 25
6270 Tender
Denmark

Sitz der Geselischaft; NighUll — Registergericht-Nr.: Amtsgericht Niebiill HRB 1327
Geschafis{ihrer: Plerre Cang
Commerzbank AG Niebll (BL.Z 217 416 74) 0 874 850 000 ~ Ust.-ld.-Nr.: DE 812 938 438

o o
Qi 182380 20
e RO Tl
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PCT
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CLAIMS

1. A method for reducing methane production in a ruminant animal comprising the
step of administering to said ruminant animal an effective amount of at least one

strain of bacterium of the genus Propionibacterium.

2. The method of claim 1, wherein said strain of bacterium belongs to the species
Propionibacterium jensenii, Propionibacterium acidipropionici, Propionibacterium

freudenreichii or Propionibacterium freudenreichii ssp shermanii.

3. The method of claim 2 wherein said strain belongs to the species

Propionibacterium jensenil.

4. The method of claim 3 wherein the strain is Propionibacterium jensenii P63.

5. The method of any preceding claim, further comprising the step of administering to
said ruminant animal an effective amount of at least one strain of bacterium of the
genus Lactobacillus.

6. The method of claim 5, wherein said strain of bacterium of the genus Lactobacillus
belongs to the species L. paracasei, L. casei, L. acidophilus, L. buchnerii, L.
farciminis, L. rhamnosus, L. reuteri, L. fermentum, L. brevis, L. lactis, L. plantarum, L.
sakei , L. salviarium. L. helveticus, L. amylovorus, L. curvatus, L. cellobiosus, L.
amylolyticus, L. alimentarius, L. aviaries, L. crispatus, L. curvatus, L. gallinarum, L.
hilgardii, L. johnsonii, L. kefiranofaecium, L. kefiri, L. mucosae, L. panis, L. pentosus,

L. pontis, L. zeae or L. sanfranciscensis.

7. The method of claim 6 wherein the strain of bacterium of the genus Lactobacillus

belongs to the species L. plantarum or L. rhamnosus.

8. The method of claim 7 wherein the strain of the bacterium of the genus

Lactobacillus is L. plantarum Lp115 or L. rhamnosus.Lr32.

9. The method of any one of claims 5 to 8 wherein the at least one strain of
bacterium of the genus Propionibacterium and the at least one strain of the bacterium

of the genus Lactobacillus are administered as a mixture.
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10. The method of any one of claims 5 to 9 wherein said mixture of at least two
strains of bacteria is a mixture of at least one strain of L. plantarum or L. rhamnosus

and at least one strain of Propionibacterium jensenii.

11. The method of claim 10, wherein said mixture is a mixture of L. plantarum Lp115

or L. rhamnosus Lr32 and Propionibacterium jensenii P63.

12. The method of any preceding claim, wherein the at least one strain of bacteria is

inactivated.

13. The method of any preceding claim, wherein said effective amount of at least one
strain of bacterium is administered to said ruminant animal by supplementing food

intended for said animal with said effective amount of at least one strain of bacterium.

14. The method of any preceding claim, wherein the method additionally improves

the digestibility of the supplementing food.

15. The method of any preceding claim wherein the method additionally increases

milk fat production by the ruminant animal.

16. The method of any preceding claim wherein the method additionally increases

milk lactose production by the ruminant animal.

17. The method of any preceding claim wherein the method additionally improves

the body weight of the ruminant animal.

18. The method of any preceding claim, wherein said ruminant animal is selected

from the members of the Ruminantia and Tylopoda suborders.

19. The method of any preceding claim, wherein said ruminant animal is selected
from the members of the Antilocapridae, Bovidae, Cervidae, Girraffidae, Moschidae,

Tragulidae families.

20. The method of claim 19, wherein said ruminant animal is a cattle, goat, sheep,
girafee, bison, yak, water buffalo, deer, camel, alpaca, llama, wildebeest, antelope,

pronghorn or nilgai.
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21. The method of claim 20, wherein said ruminant animal is a cattle or sheep.

22. The method of claim 21, wherein said ruminant animal is a cattle.

23. A feed supplement for a ruminant animal for reducing methane production

comprising at least one strain of bacterium the genus Propionibacterium.

24. The feed supplement of claim 23, comprising at least one strain of bacterium
belonging to the species Propionibacterium jensenii, Propionibacterium
acidipropionici, Propionibacterium freudenreichii and Propionibacterium

freudenreichii ssp shermanii.

25. The feed supplement of claim 23 or 24 further comprising at least one strain of

bacterium of the genus Lactobacillus.

26. The feed supplement of claim 25, comprising at least one strain of bacterium
belonging to the species L. paracasei, L. casei, L. acidophilus, L. buchnerii, L.
farciminis, L. rhamnosus, L. reuteri, L. fermentum, L. brevis, L. lactis, L. plantarum, L.
sakei , L. salviarium. L. helveticus, L. amylovorus, L. curvatus, L. cellobiosus, L.
amylolyticus, L. alimentarius, L. aviaries, L. crispatus, L. curvatus, L. gallinarum, L.
hilgardii, L. johnsonii, L. kefiranofaecium, L. kefiri, L. mucosae, L. panis, L. pentosus,

L. pontis, L. zeae or L. sanfranciscensis.

27. The feed supplement of claim 25 or 26 comprising at least one strain of L.

plantarum or L. rhamnosus and at least one strain of Propionibacterium jensenii.

28. The feed supplement of claims 27 comprising at least one of L. plantarum Lp115
or L. rhamnosus Lr32 and Propionibacterium jensenii P63.

29. A feed for a ruminant animal, wherein said feed is supplemented with a feed

supplement according to any one of claims 24 to 28.

30. A method for reducing methane production by a ruminant animal, said method
comprising the step of administering to said animal a feed supplement according to
any one of claims 24 to 28.
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31. A method for increasing milk fat production by a ruminant animal, said method
comprising the step of administering to said animal a feed supplement according to
any one of claims 24 to 28.

32. A method for increasing milk lactose production by a ruminant animal, said
method comprising the step of administering to said animal a feed supplement
according to any one of claims 24 to 28.

33. A method for increasing the body weight of a ruminant animal, said method
comprising the step of administering to said animal a feed supplement according to
any one of claims 24 to 28.
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