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FEED COMPOSITION FOR REDUCING RUMINANT METHANOGENESIS

FIELD OF THE INVENTION

The present invention relates to novel compositions for the reduction of ruminant

0 %8

* ' ‘ ¢
methanogenesis. 16 JUL 18
BACKGROUND OF THE INVENTION
Methane, carbon dioxide and nitrous oxide are the main gasses with greenhouse £ffect.

Methane (CH4) is a greenhouse gas whose atmospheric concentration ha
dramatically over the last century and, after carbon dioxide, is the largest potential
contributor to the warming of the Earth. The increase in tropospheric methane level
correlates closely with global expansion in the human population. Consequently, it is
believed that approximately 70% of methane emissions are associated with human
activities. Land filling of waste and agricultural practices generate and release methane
to the atmosphere in amounts that will increase as the number of people in the world
grows.

Ruminants, which include cattle, buffalo, sheep, and goats, have a large fore-stomach
where methane-producing fermentation occurs. The rumen digestive tract is made up of
four gastric compartments, the rumen, the reticulum, the abomasum and the omasum.
The largest and most important of these is the rumen. The rumen functions as a
fermentation compartment. It contains large populations of microorganisms including
methane producing archaea, which break down the plant material. Said microorganisms
are commonly referred to as methanogens. Archaea populations use the hydrogen and
carbon dioxide, products of the anaerobic microbial fermentation, to generate energy for

growth, producing methane as an end product. Finally, methane is expelled out from
rumen through eructation.

The production of methane by cattle and sheep represents a carbon loss pathway that
reduces productivity. If the energy that is lost through methane synthesis could be
rechannelled though other biochemical pathways, commonly to propionate synthesis,
rumen fermentation would become more efficient and it would be reflected in the
animal's weight gain or milk production improvements. It would be cost effective to the

producer as well as to provide an effective tool to reduce methane emissions to the
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atmosphere. Indeed, because the lifespan of methane in the atmosphere is 12 years
(while those of carbon dioxide and nitrous oxide are 100 years and 120 years,
respectively) reducing methane emissions would have more a more rapid effect on the
environment.

Past studies with ruminant animals have shown that methane production is affected by
diet. By increasing the ratio structural/non-structural (cellulosic/starchy) carbohydrates,
methane emissions increase. Moreover, the addition of lipids sources to the diet reduces
enteric methane emissions. Although parallel to methane reduction, high fat
supplementation rates reduce rumen microbial fermentation, feed intake and fibre
digestibility. A number of chemical feed additives such as antibiotics, (i.e ionophores) or
defaunating agents have been introduced into ruminant nutrition to promote growth,
improve feed utilisation and decrease methane production. However, concerns over the
presence of chemical residues in animal products and the development of bacterial
resistance to antibiotics have stimulated the search for safer natural alternatives that
would be useful in organic livestock farming.

Plants or plant extracts containing essential oils, tannins, saponins, flavonoids and many
other plant secondary metabolites have been shown to improve rumen metabolism
targeting specific groups of rumen microbial populations. Patraa A.K. and Saxenab J
(2010). Phytochemistry, 71(11-12):1198-222 describes the use of plant secondary
metabolites to inhibit methanogenesis in the rumen. Document WO2005000035 refers to
a procedure to enhance ruminal fermentation and, in particular, reduce methanogenesis,
consisting of the administration of a soluble alfalfa extract obtained from fresh alfalfa.

There is thus a need for alternative ruminant feed compositions comprising compounds
of natural origin and which are both effective in reducing methane production and safe
for its use in livestock farming.

SUMMARY OF THE INVENTION

The authors of the present invention have now found that by administering a feed
composition comprising natural compounds to ruminants, methane emission are
significantly reduced.
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Therefore, in an aspect, the present invention refers to a method for reducing methane
production in ruminants comprising administering orally to said ruminant a feed
composition containing a flavanone glycoside selected from the group consisting of
neohesperidin, isonaringin, poncirin, and hesperidin or a mixture thereof.

In a particular embodiment of the invention, said composition is a mixture comprising
neohesperidin and poncirin. In a more particular embodiment, said mixture additionally
comprises naringin. In a preferred embodiment, said mixture is a natural plant extract. In
a more preferred embodiment, said plant is a citrus plant extract.

In a particular embodiment of the invention, said composition additionally comprises a
carrier. In a preferred embodiment, said carrier is sepiolite.

in a particular embodiment, said composition is a mixture comprising 25 to 55 % wt. of
naringin, 10% to 20% wt. of neohesperidin, 1% to 5% wt. poncirin and sufficient quantity
up to 100% wt. of a carrier. In a preferred embodiment, said composition comprises 40 to
50 % wt. of naringin, 11 to 15 % wt. of neohesperidin, 3 to 5 % of poncirin and sufficient
quantity up to 100% wt. of a carrier.

In a particular embodiment of the invention said ruminant is a calf, a cow, a buffalo, a
sheep, a deer or a goat. In a preferred embodiment, said ruminant is a calf.

In a particular embodiment the composition of the invention is added to feed in solid form
at a concentration of 50 to 1000 mg/Kg DM. In a preferred embodiment, the composition
is added at a concentration of 200 to 500 mg/Kg DM.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 represents the biogas and methane production profile. Average used doses in
the “in vitro" simulation system obtained with the non-supplemented ration (control) or
supplemented with different types of flavonoids.

DETAILED DESCRIPTION OF THE INVENTION

As explained above, the authors of the present invention have found that by
administering to a ruminant a feed composition comprising flavonoids, in particular,
flavanone glycosides, methane emissions are significantly reduced.
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Therefore, in an aspect, the present invention refers to a method for reducing methane
production in ruminants comprising administering orally to said ruminant a feed
composition containing a flavanone glycoside selected from the group consisting of
neohesperidin, isonaringin, poncirin, and hesperidin or a mixture thereof.

The term “ruminant” as used herein refers to any artiodactyl mammal of the suborder
Ruminantia. Said mammals chew the cud and have a stomach of four compartments,
one of which is the rumen. The group includes, among others, deer, antelopes, buffalo,

cattle, sheep, camel, and goat.

The term “flavonoids” as used herein refers to a class of hydrosoluble vegetable
pigments producing yellow or red/blue pigmentation in petals. The term “flavanones”
refers to a type of flavonoids. Flavanones are generally glycosylated by a disaccharide at
position seven to give “flavanone glycosides”.

As it is shown in the examples below, the inventors have surprisingly found that methane
emissions are significantly reduced by administering to ruminants a feed composition
according to the present invention.

Methane production by ruminants may be measured using well known methods in the
art. For example, the Sulphur Hexafloride (SF6) Tracer method is a technique that allows
measuring methane from individual cows in the field, using evacuated canisters around
the cow neck that continuously sample expired breath. Other methods include open
circuit respiration chambers, which are sealed and climatically controlled rooms that
house a single cow each, allowing the analysis of all the gases produced by the animal.

The methane emitted can also be measured by infrared spectroscopy, gas
chromatography, mass spectroscopy, and tuneable laser diode techniques, enclosure

techniques (e.g. respiration calorimetry) prediction equations based on fermentation
balance of feed characteristics, isotopic tracer techniques, etc.

Also, methane production can be measured “in vitro”. In this case, the rumen fluid is

collected from the animal and incubated with an incubation medium under anaerobic
conditions.

In a particular embodiment of the invention, said composition is a mixture comprising

neohesperidin and poncirin. In a more particular embodiment, said mixture comprises
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neohesperidin, poncirin and naringin. In another particular embodiment of the invention,
said mixture is in the form of a natural plant extract. In a preferred embodiment, said
plant extract is a citrus plant extract, and more preferably a bitter orange plant extract,
said extract containing different flavanoids, in particular, flavanones glycosides. In a
preferred embodiment, said plant extract contains a mixture of neohesperidin, poncirin
and naringin. As it is shown in the Examples below, said plant extract is a natural plant
extract comprising about 20% wt. naringin and 40% wt. bitter orange extract (25 to 27 %
naringin; 11 to 13 % neohesperidin and 3 to 5 % poncirin). In a particular case, said
natural plant extract is commercially available (Bioflavex®).

Therefore, according to the present invention, the flavanones of the composition of the
present invention can be obtained from a plant, more particularly, from a citrus plant.

All the components in the composition according to the present invention are products of
natural origin and easily obtainable. Also, where the composition is in the form of a
mixture, said mixture is easy to handle and can be prepared according to industrial
formulation procedures known to experts in the field.

The term “citrus” as used herein refers to a plant of the genus Citrus. Examples of said
citrus plants include Citrus maxima (Pomelo), Citrus medica (Citron) Citrus reticulate
(Mandarin orange), Citrus aurantium (Bitter orange), Citrus latifolia (Persian lime), Citrus

limon (Lemon) Citrus paradisi (Grapefruit), Citrus sinensis (Sweet orange), Citrus
trifoliata (Trifoliate Orange), etc.

Methods for the isolation of flavanoids from plants are well known in the state of the art.
In a particular case, the bitter orange extract can be obtained from ground citrus fruits
(especially Citrus aurantium) by ordinary methods well known by the skilled person in the
art such extraction, filtration, concentration, precipitation, clarification and final drying.
Extraction processes can be performed in binary alcanol/water systems, wherein the
alcanol is selected from methanol, ethanol, propanol and the like. Methanol is preferably

used. As an illustrative, non limitative, example, 50 g of dried bitter orange are extracted
with 300 ml of methanol. The suspension is centrifuged to separate the residue and the

mother liquor is vacuum concentrated to a final volume of 50 ml. The resulting liquid is
allowed to stand at room temperature during five days, filtered-off to separate insoluble
material, concentrated, filtered again through a diatomaceous earth bed and spray-dried.
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In a particular embodiment, said flavanone can be obtained from the fruit of a citrus
plant. For example, naringin is a glycosylated flavanone obtained from the peel of some
citric fruits such as grapefruit (Citrus paradise) and bitter orange (Citrus aurantium). 1t is
also found in the pulp of the fruit and in the leaves, flowers and seeds of the plant.
Illustrative, non limitative, methods for the isolation of the flavonoids according to the
present invention are, for example, those described in documents US2421063A and
US2421062A wherein a method for the recovery of naringin from plant material is
described. Also, hesperidin can be obtained according to the methods described in
documents US2442110A, US2348215A and US2400693A. Likewise, neochesperidin can
be obtained according to the method described in document US3375242A. US3375242A
describes a method for producing neohesperidin wherein naringin is reacted with
isovanillin to produce neohesperidin chalcone. This chalcone is then cyclised to yield
neohesperidin.

Additionally, the flavonones of the composition of the present invention can be easily
obtained since they are commercially available. For example, as it is shown in the
examples accompanying the present invention, isonaringin, neoeritrocin and poncirin are
purchased from INDOFINE Chemical Company, Inc (USA). Also, as described above,
said natural plant extract according to the present invention is commercially available
(Bioflavex®).

In a particular embodiment of the invention, said composition is a mixture comprising 25
to 55 % wt. of naringin, 10% to 20% wt. of neohesperidin, 1% to 5% wt. poncirin and
sufficient quantity up to 100% wt. of a carrier. In a more particular embodiment, said
composition comprises 40 to 50 % wt. of naringin, 11 to 15 % wt. of neohesperidin, 3to 5
% of poncirin and sufficient quantity up to 100% wt. of a carrier.

According to another preferred embodiment of the present invention, the composition
comprises a carrier. In a particular embodiment, said carrier is sepiolite. Sepiolite is a
naturally occurring clay mineral of sedimentary origin. It is a non swelling, lightweight,
porous clay with a large specific surface area. Chemically, sepiolite is a hydrous
magnesium silicate whose individual particles have a needle-like morphology. The high
surface area and porosity of this clay accounts for its outstanding absorption capacity for
liquids. These properties make it a valuable material for a wide range of applications
such as pet litters, animal feed additives, carriers, absorbents, suspending and
thixotropic additives and thickeners.
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According to the method of the invention, methane emissions/production is reduced in
ruminants when animals are fed with a composition according to the present invention
comprising flavonoids of natural origin. Feed efficiency has economic relevance in
farming industry. It has been known that compounds that inhibit methanogenesis in
ruminants results in a shift of rumen fermentation toward producing a more desirable
fatty acids profile, increasing the proportion of propionate instead of acetate, thus rumen
energetic fermentation becoming more efficient (see U.S. Patent Nos. 3,745,221,
3,615,649; and 3,862,333). It is, therefore, a further object of the present invention to
provide a method for the inhibition of methanogenesis in ruminant animals with the
resulting beneficial effect on rumen microbial fermentation increasing feed utilization
efficiency. As it is shown in the examples below, the compositions according to the
present invention decreased the levels of methane produced and shifted volatile fatty
acids production in favour of propionic acid.

Methods for the determination of volatile fatty acids are well known in the art. Typically,
chromatographic methods such as HPLC or gas chromatography with flame ionization
detection are used.

The manner of feeding is not restricted to any in particular, and the feed composition of
the present invention may be given by top-dressing over the compound feed, or fed after
the present feed composition is mixed with the compound feed. Also, the feeding amount
is not restricted as long as the methanogenesis is efficiently reduced while the nutrient
balance is not adversely affected.

Thus in a preferred embodiment of the invention, said composition is added to the feed in
solid form. In a particular embodiment, said composition is added at a concentration of

50 to 1000 mg/Kg DM (dry matter). in a more particular embodiment, said composition is
added to the feed in solid form at a concentration of 200 to 500 mg/Kg DM,

The composition according to the present invention can contain other feed ingredients
such as vitamins, enzymes, mineral salts, ground cereals, protein-containing

components, carbohydrate-containing components, wheat middlings and/or brans.

The shape of the feed composition according to the present invention is not restricted to
any in particular and may be in any form of a conventional feed composition, such as a
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powder and a pellet. Also, said feed composition may be produced according to the
generally employed method for producing a compound feed and a feed supplement.

In a particular embodiment of the invention said ruminant is a calf, a cow, a buffalo, a
sheep, a deer, a camel or a goat. In a preferred embodiment, said ruminant is a calf.

The present invention will now be described in more detail with reference to the following
Examples, which should in no way be construed to be limiting the scope of the present
invention.

EXAMPLES

Materials and Methods

Two trials following an identical experimental protocol were designed to study the effect
of different pure flavonoids on rumen fermentation using a simulatory "in vitro" system
based on the experimental protocol described by Theodorou M K et al. (1994) Animal
Feed Science and Technology, 48 (3), p.185-197; Mauricio, R.M., et al. (1999) Animal
Feed Science and Technology 79, 321-330.

Gas production was determined from a semi-automatic pressure meter, the relationship
between pressure levels and the produced gas volume was previously calculated.
Rumen cannulated calves which received a mixed ration mainly composed of
concentrate (90:10) were used as rumen fluid donor; feed composition is presented in
Table 1. The inoculum was collected and filtered through two-layer surgical gauze and
kept in thermo pots. Flavonoids (Table 2) plus 600 mg of concentrate (Table 1) and 60
mg of barley straw as the substrate were dosed by triplicate in preheated bottles (39 "C)
and maintained under anaerobic conditions. Flavonoids isonaringin, neoeritrocin,
poncirin were purchased from INDOFINE Chemical Company, Inc (USA). 10 ml of rumen
fluid and 40 ml of incubation medium were added to the bottles (McDougall, EI (1948)
Studies on ruminant saliva. 1. The composition and output of sheep's saliva. Biochem J.
43(1) 99-109). Once the bottles were filled and the anaerobic condition was applied, the
bottles were sealed and the incubation process was started in a hot water bath. Pressure
readings were made at 2, 4, 6, 8, 12, 24, 36 and 48 hours. Each sample was incubated
in triplicate in two sets or batches.
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Table 1. Chemical composition of concentrate (%)

Ingredients (%): Control
Corn 35
Barley 25
Soybean Meal (44 %) 10
Sunflower Meal (30 %) 3.5
Wheat Bran 6
Gluten Feed (20 %) 8
Sugar Beet Pulp 7
Palm Oil 25
Mineral Calcium 1.3
Bi-calcium Phosphate 0.8
Salt 0.3
Vit/Min Complement 0.4
Sepiolit 0.2
Bioflavex® (*) 0
Chemical Composition

Crude Protein 16
CP (degradable) 11
NDF 22.4
Starch 41
Ash 5.8
ME, (Mcal /kg DM) 2.9

CP: Crude Protein; NDF: Neutral Detergent Fibre; DM: Dry Matter, ME: Metabolizable energy
(*) 20% wt. naringin; 40% wt. bitter orange extract; sepiolite up to 100% wt.

Table 2: Flavonoids doses (mg/Kg DM) used in the first and second experiment

Flavonoids Dose | Dose I
Exp 1
Naringin 200 500

Neohesperidin " “
Hesperidin “ “
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Isonaringin “ *
Neoeriocitrin
Poncirin “ *

Bioflavex

Exp 2

Excipient (Sepiolite) “ w
CBC (") u u
Neohesperidin “ “

Bioflavex “ *

(*)Citrus Bioflavonoids Complex

After 12 hours of incubation, one bottle (replicate) from each treatment was opened, pH
was recorded and the bottle was sampled for volatile fatty acids (Jouany, J.P., 1982
Science des Aliments 2, 131-144), lactate (Taylor, K. A.C.C., 1996. Appl. Biochem.
Biotechnol. Enzym. Eng. Biotechnol. 56, 49-58) and ammonia (Chaney, A.L., Marbach,
E.P., 1962. Clin. Chem. 8, 130-132) analyses.

The environmental DNA was extracted using the technique proposed by Yu and
Morrison (2004). Quantification of Streptococcus bovis, Megasphaera elsdenii and
Selenomonas ruminantium DNA was done by qPCR using specific primers (Tajima, K. et
al. 2001. Appl. Environ. Microb. 67, 2766-2774; Ouwerkerk, D., et al. 2002. J. Appl.
Microbiol. 92, 753-758). Results were statistically analyzed using the PROC MIXED
procedure of SAS statistical package (SAS, 2000, User's guide: Statistics, version 8
editions inst., Inc., Cary, NC). The least significant difference was used to compare the
means. Differences between means in which P <0.05 were accepted as significant.

Results:

1. Gas Production:

Figure 1, shows the kinetics of gas and methane production when the “in vitro" culture of
ruminal fluid was supplemented with different types and doses of flavonoids. The

profiles represent the average values for both doses. Average values for each treatment,

dose and sampling time are presented in Table 3 together with the statistical analyses of
the results.
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Gas production levels increased exponentially with incubation time. Addition of
flavonoids significantly altered biogas production (P <0.05) although this change did not
occur homogeneously among the different flavonoids substances. Neoeriocitrin
increased the gas production levels compared to the control (266.7 vs. 253.72 P> 0.05),
naringin did not change (P> 0.05), while the rest of polyphenols reduced the average
production levels (P <0.05). The lowest values corresponded to neohesperidin and the
Bioflavex® mixture (230.7 and 233.3, respectively). Isonaringin, poncirin and hesperidin
(236.6, 238 and 239.6, respectively) also reduced gas production. Inclusion levels (200
and 500 mg / kg) had a significant effect (P <0.001) on gas production but this effect was
different according to the type of flavonoid. The more pronounced dosage effect was
achieved with neohesperidin.

The effects of flavonoids substances on fermentation activity of certain archea
populations which are theoretically responsible for the methane production were
analyzed. Figure 1 (b) shows methane production evolution values and Table 4 presents
average values and statistical analysis.

The average methane yield was lower than the total bio-gas produced. For the control,
methane yield was around 15% of total gas production. Experimental treatments
modified average and cumulative methane production, but these changes were distinct
among the treatments: neoeriocitrin increased (P <0.05) methane production level
compared to the control. Methanogenic activity was not modified by inclusion of
hesperidin or naringin in the culture medium (P <0.01). However, neohesperidin,
isonaringin, poncirin and the Bioflavex mixture decreased the methane production (P
<0.05). Neohesperidin showed the most pronounced decrease, which was also differed
from hesperidin (P<0.05). In general, the dosage "per se" did not show significant
difference except in the case of neohesperidin, wherein the methane production was
more reduced by increasing the dose.

The experimental design allows determining whether the effect of flavonoids on methane
reduction was derived from a general reduction in microbial activity and biogas
production or contrarily flavonoid affects specifically on methanogenic (archea)
populations. To this end, the statistical analysis of the methane contribution in the total
gas production is shown in Table 5. The presence of flavonoids in the culture medium
reduced methane contribution in the total biogas production (P <0.05) although, again,
the aforementioned impact was heterogeneous.

The inclusion of neoeriocitrin (Table 5) significantly increased the methane proportion,
but the presence of the Bioflavex and neohesperidin clearly decreased it (13.70 vs. 13.66
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and 14.58 for neohesperidin, Bioflavex and the control, respectively). The rest of
polyphenols numerically decreased the methanogenesic activity, although reported
differences were not statistically significant. The dosage (500 vs. 200 mg / kg DM) of
neoeriocitrin and Bioflavex mixture tended to depress methane production although the
rest of FL-substances did not show any effect and it is reflected in a significant
interaction of Dose x Type of FL-substance (P<0.05).

in the second trial, sepiolite (as filler) and the CBC (Citrus Bioflavonoids complex) were
tested against a negative (without flavonoids, CONTROL) and two positive references
(with flavonoids sources as neohesperidin and Bioflavex). The effect of excipient
(sepiolite) was nil in the gas and methane production terms (Table 6 and 7) while the
CBC moderately reduced gas production but no changes were detected on the methane
production.

Table 3. Cumulative production (72h) and average of the biogas in "in vitro" rumen fluid
culture media supplemented with different types of flavonoids, doses and incubation

times.
ftoms Flavonoid ;SEM Imcubation time SE  Doses’ SE
s 12 24 48 72 M 1 2 M
266.78° 211.7 2591 2884 3078 277.0 2564
Neoeriocitrin 8 1 3 0 8 7
24817 1939 2369 2709 290.9 251.1 2451
Naringin 0 1 8 1 5 9
236,62 1855 223.3 2588 2786 235.1
Isonaringin 8 8 5 6 3 238.1
. 23795 187 :13 80.6 (2)24‘9 §62.0 284.2 261 234.4 241 4 265
Neohesperidi 230.71° 1759 217.8 2539 2750 238.1 2232
n 3 4 9 6 3 8
239,65 1871 2273 261.2 2828 239.9
Hesperidin 9 1 8 4 1 2394
233.36% 1814 2196 2554 2768 2357 2310
Biofiavex 4 4 7 9 3 0
253,79 265 198.7 2420 2756 2984 369
CONTROL 1 7 9 3
Signification
Flavonoid Hour Doses FxD FxH FxDx DxH

] H
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TSEM: standard error of the mean

2Doses: 0.2 g/kg DM y 0.5 g/kg DM of the substrate

*P <0.05, **P <0.01, *** P <0.001 and ns No-Significant

Means with different indices (a, b, ¢, d) indicate significant differences between these means (P <0.05).

Table 4. Average and accumulated methane production (72 hours) in "in vitro" ruminal
fluid culture media supplemented with different types of flavonoids (treatments), dose
and incubation times.

Hour Doses®

items Flavonoids SEM' SEM SEM
12 24 48 72 1 2
Neoeriocitrin  38.40° 2965 37.03 4174 4518 3951 37.28
Naringina 31.50° 2338 2046 3493 3824 32.28 3073
Isonaringin 27.42% 19.84 2494 30.81 34.08 27.40 27.43
Poncirin 27.04% 052 1919 2443 3050 3407 066 2661 2747 074
Neohesperidin  25.54° 18.02 2315 2884 32.18 27.63 23.46
Hesperidin 28.42% 21.08 26.03 3154 3504 28.11 28.74
Bioflavex 27.33% 2017 2474 30.53 33.89 26.30 28.36
CONTROL 30.70™ 0.74 2300 2817 3384 3777 0094
Signification

Flavonoids Hour Doses FxD FxH FxDxH DxH

whw *Ah

ns 0.001 ns ns ns

" SEM: standard error of the mean
*Doses: 0.2 g/kg DM y 0.5 g/kg DM of the substrate
*P <0.05, **P <0.01, *** P <0.001 and ns No-Significant

Means with different indices (a, b, ¢, d) indicate significant differences between these means (P <0.05).

Table 5. Proportion of methane in the produced biogas in "in vitro" rumen fluid culture

media supplemented with different types of flavonoids (treatments), dose and incubation
times.

. , Hour Doses’
ftems Flavonoids SEM SEM SEM
12 24 48 72 1 2
Neoeriocitrin 16.07° 14.00 1575 16.33 18.19 15696 16.17
Naringin 14.86° 12.04 1428 16.14 16.97 14.87 14.85
Isonaringin 14.48°° 0.15 10.68 13.56 16.79 16.89 030 1453 1443 022
Poncirin 13.86% 10.62 11.94 1654 16.34 13.92 13.80

Neohesperidin  13.66° 10.21 1234 1591 16.20 1398 13.35
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Hesperidin 14.16% 1126 1240 16.43 16.55 14.05 14.27
Bioflavex 13.70 1112 1213 16.32 16.03 13.27 14.53
CONTROL 14.59% 022 11588 1203 1711 1765 042

Signification

Flavonoids Hour Doses FxD FxH FxDxH DxH
bl bl 0.0385 0.001 *** ns ns

TSEM: standard error of the mean

2Doses: 0.2 glkg DM y 0.5 g/kg DM of the substrate

*P <0.05, **P <0.01, *** P <0.001 and ns No-Significant

Means with different indices (a, b, ¢, d) indicate significant differences between these means (P <0.05).

Table 6. Cumulative production (72h) and average of biogas in “in vitro" rumen fluid
culture media supplemented with different types of flavonoids [Treatments], doses and
incubation times.

Hour Doses®
Items Flavonoids SEM' SEM SEM

12 24 48 72 1 2
Excipient (Sepiolite) 282.19° 22240 264.81 306.38 326.17 279.7 276.7
CBC 278.67° 22432 267.09 30325 320.01 276.8 280.5
Neohesperidin 268.16° 141 21560 256.18 29228 30857 155 267.1 2692 200
Bioflavex 262.42° 209.55 25047 286.10 303.55 259.3 2655
CONTROL 285.08° 22574 27258 31261 32940
Signification

Flavonoids Hour Doses FxD FxH FxDxH DxH
Ns 0.0124 ** ns ns
" SEM: standard error of the mean
Doses: 0.2 g/kg DM y 0.5 g/kg DM of the substrate
*P <0.05, **P <0.01, *** P <0.001 and ns No-Significant
Means with different indices (a, b, ¢, d) indicate significant differences between these means (P <0.05).
Table 7. Cumulative and average of Methane production (72h) in "in vitro" rumen fluid
culture media supplemented with different types of flavonoids [Treatments], doses and
incubation times.
ftems Flavonoids SEM' _ o sem 2= SEM
12 24 48 72 1 2

Excipient (Sepiolite) 34.03° 2524 3153 38.37 40099 347 334
CBC 34.40° 26.04 3213 3827 41.16 346 34.2
Neohesperidin 30.44° 045 2252 2798 3431 36.95 047 30.1 308 0.64

Bioflavex 30.63° 2278 2822 3430 37.23 208 314
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CONTROL 34.54° 2502 3199 39.18 4197

Signification
Flavonoids Hour Doses FxD FxH FxDxH DxH
whn RN ns NS ARK ns ns

' SEM: standard error of the mean

2Doses: 0.2 g/kg DM y 0.5 g/kg DM of the substrate

*P <0.05, **P <0.01, *** P <0.001 and ns No-Significant

Means with different indices (a, b, ¢, d) indicate significant differences between these means (P <0.05).

2. Characterization of ruminal fermentation

2.1 Concentration of VFA and ammonia.

The average volatile fatty acids (VFA) and ammonia (N-NH3) concentrations in the ‘in
vitro' media, with or without flavonoids (regarding to the types and doses) are presented
in the Table 8. The average (u) concentrations of both (VFA and N-NH3) are shown in
first respective columns foliowing their evolutions throughout the incubation time for each
flavonoid type and doses. Numerically, Bioflavex showed higher VFA averages and
accumulated concentrations; however the differences did not reach statistical
significance (P> 0.05). Ammonia levels exceeded the threshold levels to ensure proper
microbial fermentation (50 mg / L). Apparently, the neoeriocitrin (227.84 mg / L) and
Bioflavex mixture (209.92 mg / L) showed the highest and lowest average values
respectively.

Initial VFA concentrations [constant values recorded at t = 0] increased. The increases
were bigger between 0 and 12 h than values recorded between 12 and 72 h reflecting
the gradual substrate fermentation during the incubation time [i.e. the increase in the
average VFA concentration (mmol / L) was 2.1 mmol / hour in the first (0-12 hours)
period, whereas after this period these increases were reduced to an average of 0.2
mmol / hour] . According to the buffer activity of the mineral mix, the increase in VFA
concentration was not reflected in an increase in the acidity of the medium. The mean

pH values were 6.81, 6.77£0.0034 y 6.73+0.0033 at 0, 12, and 72 hours, respectively.
The medium stability is proven by the tight standard error of the means.

2.2 Molar Proportions of VFA
Media supplementation with carbohydrate source (mainly composed of starch; i.e.
concentrate) caused a significant variation in the VFA profile which leads to an increase
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in propionate (20.03, 28.20 and 26.45) and butyrate (9.07, 9.88 and 10.45 at 0, 12 and
72 hours, respectively) proportions, while a decrease in acetate proportion (mol/100 mol;
62.5, 55.86 and 55.86 ) was observed. However, increases were not homogenous
among the different flavonoid types. Propionic acid proportion in the media were
improved by naringin, isonaringin, poncirin, Bioflavex mixture and neohesperidin
compared to the control, while the rest did not. It should be noted that in neohesperidin,
naringin and Bioflavex the response to the incubation time was also modulated
significantly by doses (D x H: P <0.009). In general, a negative correlation ship between
methane production (Table 5) and propionate proportion (Table 9) was observed,
inclusion of neoeriocitrin increased the methane proportion, whereas the opposite was
true in the case neohesperidin and Bioflavex that clearly depress methane emission
(13.70 and 13.66 vs.14.58 for neohesperidin, Bioflavex and the control, respectively)
improving propionate proportion (25.7 and 25.8 vs. 24.4 (P<0.1 and 23.7 (P<0.05) for
neohesperidin, Bioflavex, versus control and neoeritrocin propionate proportions,
respectively).

Table 8. Volatile fatty acid concentration (VFA; mmol / 1) and ammonia (N-NH3; mg /1) in
"in vitro" ruminal fluid cultures without supplementation (control) or supplemented with
different types and doses of flavonoids.

VFA, mmol/l N-NHa3, mg/l
items

7 0 12 72 M 0 12 72
Neoeriocitrin  35.76 13.78 39.75 53.75 22784 149.99 186.19 347.34
Naringina 33.35 13.78 35.23 51.03 219.57 149.99 17247 336.25
Isonaringin 34.18 13.78 36.49 52.26 212.66 149.99 16546 32253
Poncirin 34.21 13.78 36.98 51.87 209.16 149.99 15933 318.15
Neohesperidin 34.60 13.78 36.97 53.04 219.18 149.99 168.38 339.17
Hesperidin 35.25 13.78 38.25 53.70 220.15 14999 187.36 323.11
Bioflavex 36.50 13.78 41.31 54.41 209.92 149.99 17247 319.31
Control 34.09 13.78 40.19 48.29 208.18 149.99 164.00 31056
SEM’ 2.19 1.06
Signification
item Flavonoids Hour Doses FxD FxH DxH
Total VFA ns b Ns ns Ns Ns
N-NHa, ns o Ns ns Ns Ns

" SEM: standard error of the mean
“Doses: 0.2 g/kg DM y 0.5 g/kg DM of the substrate
*P <0.05, **P <0.01, *** P <0.001 and ns No-Significant
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Means with different indices (a, b, ¢, d) indicate significant differences between these means (P <0.05).




WeollubiG-ON SU PUB LOO 0> o wax ‘LO'0> das 'SO0> d
ueaw 3y} JO JOLID pRPUR)S IINTS |

2100 SN SN su - . doid/eoy

su . SN su e - ajeif)ng

68000 4 SN su . ~ Sleuoidoid

€920°0 SN SN su wax su ey
HXQ HXd4 gxd4 s8sog JnoH spiouoAed way
uoneoyubis
00 9€0 1zo LGS0 ogo 612 190 W3as
6L 90¢C 2Lt LZoL 1€8 [O6 e0C6 €612 TEBZ €002 ,Evpl PEES GEBG 1G¢9. L28S louo)
g6l 902 ZLE L0 b8 LO6 LiZ6 LBIC €£8C €00C ,8/GC v9'9S 28BS 1GC9 <ZL6S xaAeyolg
IL'Z B0 ZL'E 8L0L LvOL L06 4,800, 0862 2TTLZ €002 ,LS€PC V099 8896 1GC9 8r8¢S uipuadsoy
0 28L ZL'e 966 896 LO6 o266 1692 GS00E €00CZ ,9962 89GS 89VS 1929 294§ uipuadsayoan
G0Z 881 ¢ZL'E 0ZO0L 196 L06 :£96 9692 CS6Z €00C ,G6C 9268 wp'eS 1929 L/2/S uuduod
90Z 6.1 ZL'E ¥ZOL LEOL L0O6 4286 ¥6'9C 020 €00C 24692 ¥PeGS ¥6'CS 1LGC9 924LS wibuyeuos)
10Z 6.1 ZL'E €€0L 0L 106 4966 GL9Z 000c €00Z ,666G2 PEGS 0OL€S LSZ9 8L4S uibuuen
leC 602 2ve 6L1LL ¥8LL 106 ,060L 6EVC LL9C €002 £4€Z 1Cc9S €LGS |S29 618§ ULIJIO0LIB03N

(4 4 0 [4 Zl 0 n [43 43 0 W /42 Zi 0 r

dan sjeshing % ajeucidold % ajeaoy % S

"SPIOUOARY JO S3sOp pue sadA} Juaiayip yum pajuaswajddns Jo (jouod) uonejuswsalddns oYUM S3INYND PNy [BUILLN

LOJUA Ui, Ul uol)eqnoul JO sawl} JUSISKIP je ajel d / V dyl pue spioe duAing pue ojuoidosd ‘ojeoe Jo (jow QQL/low) ones Jejop 6 ajqel




10

15

19

2.1. Lactate Concentration and microbial profile.

The relationship between intraruminal lactate concentrations and acidosis dysfunction
has been experimentally demonstrated. Values of lactate concentration and lactate
producing (S. bovis) or consuming (S. ruminantium and M. elsdenii) bacteria titers
obtained from the bottles incubated for 12 hours are shown in Table 10.

The effect of supplementation with different flavonoids on the lactic acid concentration
was moderate and only the presence of neohesperidin, hesperidin and Bioflavex tended
to moderate the recorded increase in the incubation period ([c] t = 0: 22.16 mg / ).
Variations in the fermentation conditions described previously (Table 8 and 9) resulted in
an increase in microbial DNA concentrations, although increase did only reach statistical
significance in the case of neohesperidin when titers were compared against control,
neoeriocitrin, poncirin and hesperidin. The experimental treatments did not aiter S. bovis
and S. ruminantium titers however, according to the obtained results from the previous
experiments, both neohesperidin and Bioflavex mixture improved recorded M. elsdenii
titer compared to the recorded control values.
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Table 10: Effect of flavonoid type in the lactic acid concentration and bacterial DNA
concentration (mg / ml) determined by qPCR and relative quantification of ruminal
populations of Selenomonas ruminantium, Streptococcus bovis and Megaesphera
elsdenii at 12 hours of incubation in "“in vitro" ruminal fluid culture without
supplementation (control) or supplemented with different flavonoids types and doses

Relative Quantification 222V

item :':‘:;te ;ags;t'::)la DNA S. bovis 8. ruminantium M. elsdenii
Neoeriocitrin 1225 13.14° 0.62 0.79 0.76"
Naringin 77.8 22.15% 0.48 0.74 1.26°
Isonaringin 92.4 16.18% 0.46 0.86 1.08%
Poncirin 87.5 10.12° 0,44 0.68 0.98%
Neohesperidin 458 23.93% 0.25 0.53 1.35°
Hesperidin 443 9.18° 0,58 0.74 1.18°
Bioflavex 36.6 21.24%° 0.32 0.36 1.46°
Control 71.71 12.28° 0.74 0.51 1.08%
SEM 6.76 3,065 0.11 0.1 0.24
Signification 1 * Ns ns *

T SEM: standard error of the mean
*P <0.05, **P <0.01, *** P <0.001 and ns No-Significant

Means with different indices (a, b, c, d) indicate significant differences between these means (P <0.05).
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CLAIMS

1.

10.

1.

A method for reducing methane production in ruminants comprising
administering orally to said ruminant a feed composition containing a flavanone
glycoside selected from the group consisting of neohesperidin, isor;LﬁngiM— 18
pongcirin, and hesperidin or a mixture thereof.

Method according to claim 1, wherein said feed composition is a mixfure
comprising nechesperidin and poncirin.

Method according to claim 2, wherein said mixture additionally comprises
naringin.

Method according to any one of claims 1 to 3, wherein said mixture is a natural
plant extract.

Method according to claim 4, wherein said plant extract is a citrus plant extract.

Method according to claim 1, wherein said composition additionally comprises a
carrier.

Method according to claim 3, wherein said composition is a mixture comprising
25 to 55 % wt. of naringin, 10% to 20% wt. of neohesperidin, 1% to 5% wit.
poncirin and sufficient quantity up to 100% wt. of a carrier.

Method according to claim 7, wherein said composition comprises 40 to 50 %
wt. of naringin, 11 to 15 % wt. of neohesperidin, 3 to 5 % of poncirin and
sufficient quantity up to 100% wt. of a carrier.

Method according to any one of claims 6 to 8, wherein said carrier is sepiolite.

Method according to claim 1, wherein said ruminant is a calf, a cow, a buffalo, a
sheep, a deer, a camel or a goat.

Method according to claim 10, wherein said ruminant is a calf.
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12. Method according to claim 1, wherein said composition is added to feed in solid

form at a concentration of 50 to 1000 mg/Kg dry matter.

13. Method according to claim 12, wherein said composition is added to feed in
solid form at a concentration of 200 to 500 mg/Kg dry matter.




m”n

16 JIL 18 N028

FIGURE 1
32000 ml Biogas Production
310.00
300.00 -
290.00 |
280.00 -
270.00 —— NEQERIOCITRIN
2 26000 | o NARINGIN
& 250,00 - Rik
3 24000 - —— ISONARINGIN
& 23000 ——PONCIRIN
2
E 22000~ e NEQHESPERIDIN
210.00
200.00 4 HESPERIDIN
190.00 - e BIOFLAVEX
180.00 1 CONTROL
170.00 -
160.00 ; : ; .
12 24 36 48 60 72 84
Hours
4800 I L3
.00 ml Methane Production
44.00 -
42.00 -
10.00 -
38.00 - awm NEOERIOCITRIN
g 3600 o NARINGIN
5 34.00
: 32.00 v | SONARINGIN
S 3000 - =——PONCIRIN
T 28.00 -
26.00 NEOHESPERIDIN
24.00 A HESPERIDIN
22.00 - eoer BIOF LAVEX
20.00 -
18.00 - CONTROL
16.00 , , _ : ( .
12 21 36 18 60 72 81
Hours




	Page 1 - BIBLIOGRAPHY
	Page 2 - DESCRIPTION
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - DRAWINGS

