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ABSTRACT

The invention concerns a composition based on a mixture of eugenol and
cinnamaldehyde, as food additive for feeding ruminants. The composition may be
incorporated in a food additive, or a sait block. The eugenol and the
cinnamaldehyde may be natural or identical natural constituents. Administering the

composition of the food additive increases meat production and milk production.
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FOOD ADDITIVE FOR RUMINANTS
BASED ON EUGENOL AND CINNAMALDEHYDE

- TECHNICAL FIELD OF THE INVENTION
The invention concerns food additives used in animal nutrition or veterinarian medicine to
‘improve the well being and the zootechnical pefformance'of ruminant animals, for example, in the
producﬁbn of meat' and milk. |
The favorable effect of food additives containing antibiotics is already well known.
But-antibiotics havé undesirable side effects, may I'ead to resistance in 'germ's, and cause
an involuntary and unacceptable administration of antibiotics to consumers.
~ Additionally, 3ubstitution additives have been developed cohtaining plant extracts. For
'example, document JP 11196776 e'xplains that to improve quality, freshness, the preservation
.capacity of beef and veal meat by,administe'ringto cattle, in their feed, an additive combinitng
vitamin E with é plant extfa,ct chosen from among a group including black peppér, white pepper,
celery seed, cOriander, cpmin, clove, oregano, 'sage, thyme, bay leaf, cinnamon, etc '
 Document WO 02/085132 A1 explains that td improve effectiveness in the use of the
food by ruminant animals, an addltlve containing a nonionic surfactant and an antioxidant agent
should be added to the feed. The additive changes fermentation in the rumen, favoring the
‘ _productzon of propionic acid. The document describes an example in which the food additive may
"‘.also contain, among other similar substances, eugenol and cannamaldehyde as a palatants or

substances intended to modify the taste. .
Document XP 002338115 described the use of a combination of eugenol and
' cinnamaldehyde as an aromatic agent imitating the flavor of cola, for a use in the food industry.
Document WO'2004/091307 A2 describes food additives intended to provide protection
~ to certain terrestrial or water animals against diseases. There is no example of application in the
ruminant animals. Eugenol and cinnamaldehyde are cited among a great number of components
as possible additives. ' | '
Patent GB 2118 420 A descnbes food additives used to improve the production of poultry
meat. Cmnamaldehyde and eugenol are listed among the many substances that may
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be used in the composition of an additive. The effect obtained is an improvement in the taste
of the meat obtained due to the aromatic qualities of the substances used.

Document EP 0.630.577 A1 explains that to improve the digestibility of food intended
for ruminant animals, food additives containing eugenol may be used. Cinnamaldehyde is not
listed. | '

" PRESENTATION OF THE INVENTION

The problem suggested by the i'nvention is to improve in an even more significant
way the zootechnical performance of ruminants, in particular, meat and/or'-dairy production,
by using other means and withouf using antibiotics.

This invention results from the surprising observation of a positive synergetic effect
between a aromatic phénolic derivative, more specifically, eugenol, in combination with an
aromatic aldehyde derivative, more precisely, cinnamaldehyde. Combining the two
molecules makes it possible to improve the digestibility of foodstuffs by ruminanfs, and thus
the zootechnical performahce of the ruminant animals.

DESCRIPTION OF THE PREFERRED MODES OF IMPLEMENTATION

Thus, according to a first feature, the invention proposes improvement of the
digestibility of food by ruminant animals by using an active mixture containing eugenol and

cinnamaldehyde.
By ruminants, one understands that it refers to the species of milk cows, cattle,

sheep, goats.

By eugenol, one understands that it refers to the identical natural compound obtainea
by Synthesis, or the natural compound preferably of plant origin of the Eugenia type, such as
Eugenia caryophyllata, Eugenia aromatica and Eugenia polyantha or from the Syzygium type
plants, such as Syzygium aromaticum and Syzygium polyanthum.

By cinnamaldehyde, one understands that it refers to the identical natural compound

obtained by synthesis, or the natural compound preferably of plant origin of the

Cinnamomum type, such as Cinnamomum burmannii, Cinnamomum cassia, Cinnamomum
camphora, Cinnamomum loureirii, Cinnamomum tamala, Cinnamomum osmophloeum,
Cinnamomum porrectum and Cinnamomum verum. |

For a good synergetic effect, the relationship between the respective quantities in
weight of eugenol and cinnamaldehyde present in the mixture should preferably be between
0.2 and 5, with the best range being between 1 and approximately 1.8. Eugenol IS In this

instance dominant.
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The eugenol-cinnamaldehyde mixture may be beneficially incorporated into the feed of

the animail.
Preferably, the mixture of eugenol and cinnamaldehyde should be added to the feed at a

proportion of 1 to 20 ppm (grams per ton) approximately, as compared to the dry matter of the

feed, which corresponds to a daily amount of 20 to 400 mg approximately for a daily feed of 20 kg

of dry matter. |
In accordance with the invention, the eugenol-cinnamaldehyde mixture may be used

directly in liquid form. |

| However, the mixture will preferably be used in the powder form after adsorption or

absorption upon a solid particulate substrate. The adsorption or absorption operation may include
‘areasonable heating phase, without the being detrimental to the effectiveness of the active

mixture.
The substrates used for adsorption or absorption of the mixture according to the invention

may be those employed classically in the pharmaceutical and food sectors, such as: silica,
celiulose, salts, calcium carbonates, alginates, sawdust, gums, hydrogenated fats.

The solid substrate backing for eugenol and cinnamaldehyde should preferably be by
proportion at least 5% by weight, and a better solution would be at least 20% by weight of the unit

‘substrate solid-eugenol-cinnamaldehyde.

According to another feature, the invention proposes a process to increase the
effectiveness of food use by a ruminant animal, by adding to the feed of the animal a mixture of

eugenol and cinnamaldehyde in a suitable quantity to increase the digestibility of the feed.
~ The eugenol and cinnamaldehyde mixture can advantageously be adsorbed or absorbed

on a solid particulate substrate, and then the solid particulate substrate may be added to the feed.
According to another feature, the invention proposes a food additive for ruminant

animals, containing, in a dietary carrier, a mixture of eugenol and cinnamaldehyde such as

defined above and adsorbed or absorbed upon a solid particulate substrate.
Preferably, the mixture is present with a ratio ranging from between 0.00005% and 5% by

weight of the food additive.
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In the food additive, the carrier may contain, for example, a vitamin mixture that by weight
comprises between 0.1% and 1%, mineral salts at between 20% and 80%, proteins at between

'20% and 80%, and flour mill bi-products at between 20% and 80%.

According to another feature, the invention proposes a feed with great digestibility for
ruminant animals, containing a mixture of eugenol and cinnamaldehyde with a ratio of

approximately 1 to 20 ppm as compared to the dry matter of the feed.
A feed for ruminant animals may contain the eugenol and cinnamaldehyde mixture

combined with:
- At least 50% cereals,
- At least 25% oil-cakes,

- Atleast 20% flour mill bi-products,
Preferably, the ratio between the eugenol and cinnamaldehyde mixture present in the

feed and the respective quantities by weight of eugenol and cinnamaldehyde will lie between 0.2

and 5; is more beneficial within a range of approximately between 1 and 1.8.
Tests were carried out in order to show the effectiveness of the eugenol-cinnamaldehyde

mixture according to the invention, and its beneficial use in improving the zootechnical properties

| ‘of the ruminant animals. The five studies hereafter show this effectiveness.

Study 1
During this first study, the effects of a mixture according to the invention on the

digestibility of the feed of the ruminant animals was analyzed, by conducting an “in vitro” study in
accordance with the Tilley and Terry method (1963).

For a more complete description of this method, please refer to the following publication:
Tilley, J.M.A. and Terry, R.A. 1963. A two stage technique for the in vitro digestion of forage

'crops. J. Brit. Grassland Soc. 18 - 104-111.

For incubation the following was used:
a) The basic feed made up of 100% dehydrated alfalfa, supplemented by an equal amount of
Peugenol, or of cinnamaldehyde, or of a mixture of the two components;
b) MacDougail buffer; '
c) Liquid taken from the empty rumen of four animals permanently equipped with a nozzle on

the level of the rumen and hourished with the basic feed.

In practice, four 250 miilliliter containers each containing the liquid from the rumen and the

MacDougall buffer in a ratio of 1 to 4, to which 1 gram (dry matter) of the alfalfa was added, all

contained in a permeable Dacron sachet.
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The ruminated liquid originated in fistulated cows during the first 100 days of lactation. The state
- of the first container was preserved, without making any addition. In the second container, 30

ppm (parts per million by weight) of eugenol was added. In the third container, 30 ppm
cinnamaldehyde was added. In the fourth container, 15 ppm of eugenol and 15 ppm of
cinnamaldehyde was added. )

The containers were incubated at 39°C during 24 hours.

The Dacron™ sachets were removed, washed and dried at 55°C.

Various digestibility parameters were determined according to the Van Soest et al.

-‘method (1991). For a more complete description of this method, please refer to the following

publication: Van Soest, P.J. Robertson, J.D., and Lewis, B.A. 1991. Methods for dietary fibre,
neutral détergent fibre and non-starch polysaccharides in relation to animal nutrition. J. Dairy Se.
74. 3583-3597.

Thus, the digestibility, as determined by material disappearance, was measured by
evaluating the digestibility of the dry matter (DMd), the digestibility of neutral digestible fiber
(NDFd) and the digestibility of acid digesii-ble fiber (ADFd); measurements were made using an

-ANKOM 200 machine.

The results obtained are summarized in Table 1 below:

Treatment | Negative control (no Cinnamaldehyde Eugenol +
| additive) Cinnamaldehyde

DMd (%) 37.77 - 39.06 “ 40.46
NDFd (%) 5.60 4.83 10.08
|  ADFd (%) 9.03 m 11.47

Al

The table shows that the combination of eugenol and cinnamaldehyde according to the
invention notably improves the digestibility of the fibers of the dehydrated alfalfa, which
constitutes a key raw material in the milk cow’s diet. On the other hand, eugenol alone or the

cinnamaldehyde alone does not improve the digestibility of fibers.

- Study 2 .
In the second study, the effect of a variation in the relative proportions of eugenol and

cinnamaldehyde in a food additive on the production of meat and the dairy production was tested.
~In this test, sixteen Holstein-Freisan milk cows, in their eighth week of lactation, were
divided for Latin type Square 4 X 4 testing. Each period of treatment lasted two weeks.

e - _.Q,‘.-.:Hs.-,."" EESLF LOINT T TR
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The first group received a food without an additive.
The second group received a food containing 30 ppm cinnamaldehyde.
The third group received a food containing a mixture of 30 ppm cinnamaldehyde and 15

ppm of eugenol. |
The fourth group received a food containing a mixture of 30 ppm eugenol and 15 ppm of

cinnamaldehyde. '
During each treatment period, the food consumption and the dairy production were

The results obtained are cdntained in Table 2 below:

-
Negative Control Cinnamaldehyde Cinnamaldehyde 30 + Eugenol 30 +
(no additive) 30 Eugenol 15 Cmnamaldehyde
Food Consumption 3 087a 2.571b 2.632b 3. 287a
g MS/animal/d
Milk Production 37.28. 37.23 35.76 38.35
I /animal/d

It should be mentioned that a food additive containing cinnamaldehyde alone, or a food
additive containihg a mixture of cinnamaldehyde and eugenol in which the cinnamaldehyde is
distinctly preponderant, leads to a reduction of the food consumption (in kilogram'of dry matter
per animal/per day), and leads to a reduction in milk production (in liter per animal/per day).

On the other hand, treatment using a food additive in which eugenol is predominant in a
mixture of eugenol and cinnamaldehyde led to an increase in food consumption and milk

‘production.

Study 3
This third study consisted in measuring the milk production in the milk cow, according to

the presence of or the absence of a food additive containing a mixture of 28%: of eugenol and
17% of cinnamaldehyde. '

The feed was made of corn, corn silage, soy oil cakes.

The food additive resulted in adding approximately 400 milligrams of the eugenol and

cinnamaldehyde mixture, per animal and feed.

The test was performed during the first twelve months of lactation on 173 Holstein cows

~ divided in two groups.
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The first group, which was the negative control group, received a complete feed without

an additive. | | |
A second group received the same feed supplemented with the combination of eugenol

and cinnamaldehyde indicated above.
| The results obtained are indicated in Table 3 below:

Treatment Experimental Group

(Eugenol + Cinnamaldehyde)
76

22.7

Control Group
(no additive)

97
22.7

Number of Animals

Dry matter Consumption
(kg MS/animal/day) |

Milk Production 34.2 36.1
kg/animal/da

Protein yield from milk
o/animal/da

Butter fat yield from milk
(g/animal/day)

.

1259 1302

9834 - 1031

The result shows a noticeable improvement in milk production through the addition of a
food additive according to the invention.

oStudy 4.
The fourth study measures the growth of cattle to meat.

This study was conducted for 75 days under traditional breeding conditions in France
using Blonde d'Aquitaine beef stock. The herd was divided into two groups of 15 animals.
The first group, (the negative control group), received a complete feed based on corn

silage and grains, without an additive.

The other group, (the experimental group) received the same feed but supplemented with
a mixture of eugenol and cinnamaldehyde according to the invention, in a proportion of 28%
eugenol and 17% cinnamaldehyde. The dosage was approximately 400 milligrams of the eugenol

and cinnamaldehyde mixture, per animal and per feed.
The live weight of the animals was taken at the beginning and then at 75 days.

The results are shown in Table 4 below:

Treatment Control Group Experimental Group

no additive (Eugenol + Cinnamaldehyde)
15 15
218.5 2196

Number of Animals
Live weight at the begnning
g/animal
Live weight at 75 days 314 323
g/animal
Daily weight gained 1.27 1.39
y/animal/da | | |
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The result shows an increase in the grdwth rate by weight of the cattle fed with a feed
containing a food additive containing eugenol and cinnamaldehyde according to the invention.

Study 5 |
This fifth study researches the optimal amount of the eugenol-cinnamaldehyde mixture in

the feed of ruminant animals. It is again an experiméntal “in vitro” study, in which the eugenol-

-cinnamaldehyde mixture was incorporated into certain mixed feeds including fresh oats, alfalfa

hay, corn grains, and sunflower seeds.,
The chemical characteristics of the feeds are indicated in table 5 below.

‘Food Dried Total Protein NDF ADF Starch
Material ' '
- Qats 87.0 | ND* 35.9 - 21.7 ND
Alfalfa Hay 86.8 ND 30.8 25.4 ND
TMR 93.0 16.1 300 158 - 372

*ND = Not Determined

In the table above, the characteristics of each food are expressed as a percentage of dry
matter, total protein, neutral digestible fiber (NDF), acid digestible fiber (ADF), for the oats, alfalfa,

‘a complete feed (TMR).

In all the tests, the eugenol-cinnamaldehyde mixture was prepared in the proportion of

28% eugenol and 17% cinnamaldehyde.
The effects of a mixture according to the invention on the feed digestibility according to

the Tilley and Terry method were analyzed.
The mixture was included in the feeds according to the following proportions of 3, 30 and

300 mg per day and per animal, by using cattle which consume an average of 20 kg of dry matter

‘per day.

A comparison was made between feeds containing sodium-monensin dissolved in
ethanol, and those without the eugenol-cinnamaldehyde' mixture.

Control bottles were also prepared, containing ethanol, to avoid the parasitic effects of
fermentation due to ethanol. The rumen fluid was collected from two cows, which were equipped

with nozzles, and which were fed a feed similar to that used in the study.
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1g sample of thé dry matter was weighed in three 125 ml capacity bottles, and three additional

bottles were used for negative control containing only a buffer solution and a ruminated fluid, for
the correction. 10 mi of ruminated fluid were added to 40 mi of an anaerobic buffer solution in

-each bottle. 0.5 g. of each sample inside the filters (ANKOM brand) were weighed, which were

then incubated in 250 ml bottles with the ruminated fluid and the buffer solution for 24 houfs,
added in same proportions as measured gas production. |

The results were analyzed by using mixed SAS procedures. The results were compared to the
feed containing the monensin. The resuits from the feed containing monensin were considered a

reference result.
The results obtained are contained in Table 6 hereafter which reflects the digestibility of

.the feeds containing the mixture of eugenol and cinnamaldehyde in doses of 3, 30 and 300 mg

per animal/per day (respectively MIX 3, MIX 30, MIX 300) as compared with the digestibility of the
feed containing the monensin (MON).

Treatment DMd | NDFd ADFd
MON 43.43 22.24 24.38
MIX3 4396 22.16 22.55
MIX30 45.70 26.74 2754

MIX300 45.23 25.29 28.597

Thus, this table reflects the digestibility of neutral digestible fiber (NDFd), digestibility of

acid digestible fiber (ADFd), and dry matter digestibility (DMd), after 24 hours.
The table shows that the effects of the eugenol-cinnamaldehyde mixture on the
digestibility of the dry matter and fibers are no better than those with monensin, due to the low

level, (i.e., dose of 3 mg per animal/per day), than a maximum which is obtained with a 30 mg

dose per animal/per day, and than an improvement which is then obtained, (although weaker),

with a 300 mg dose per animal/per day. '
It may be deduced from this comparison that the beneficial daily dose of the eugenol and

cinnamaldehyde mixture may lie between 20 and 400 mg per animal/per day for a consumption of
20 kg dry matter, This corresponds to a proportion of 1 to 20 ppm of the eugenol-cinnamaldehyde
mixture as compared to the feed’s dry matter.
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From the studies conducted, it could be determined that an improvement was obtained in
the digestibility of food by the action of adding a eugenol and cinnamaldehyde mixture, in which

-the ratio between the respective quantities by weight of eugenol and cinnamaldehyde should be

preferably higher than approximately 0.2 and lower than approximately 5, It appears that more
beneficial results are obtained by a mixture in which the ratio between the respective quantities
by weight of eugenol and cinnamaldehyde lies between 1 and approximately 1.8.The eugenol
and cinnamaldehyde mixture may be used as a food additive. The eugenol and cinnamaldehyde
mixture may be beneficial in the food additive in a proportion of 0.00005% and 5% by weight. The
carrier that forms the food additive with the mixture above may contain a vitamin mixture that by

-weight comprises between 0.1% and 1%, mineral salts at between 20% and'80%. proteins at

between 20% and 80%, and flour mill bi-products at between 20% and 80%.

According to another application, the mixture may be used to make a lick stone. In this
case, the mixture may be associated with mineral salts taken from the magnesiUm, calcium,
phosphorus salt family.

The mixture may also be used to make feed for ruminant animals.

For example, said feed may contain:

.- the eugenol-cinnamaldehyde mixture defined above,

- at least 50% cereals,
- at least 25% oil-cakes,
- at least 20% flour mill bi-products, |

This invention is not limited to the modes of implementation which have been explicitly
described, but includes various alternatives and generalizations of these contained within the
range of the Claims below.
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What is claimed is:

1. Use of a mixture comprising eugenol and cinnamaldehyde to improve the digestibility of animal
feed by ruminant animals;

wherein said mixture predominantly comprises eugenol; and

wherein said mixture is added to said feed in an amount corresponding to a daily amount of
about 20 to 400 mg of said mixture per day for each of said animals.

2. The use of claim 1, wherein a weight ratio of eugenol to cinnamaldehyde in said mixture is
between 1 and 5.

3. The use of claim 2, wherein the weight ratio of eugenol to cinnamaldehyde in said mixture is
between 1 and approximately 1.8.

4. The use of any one of claims 1 to 3, wherein the mixture of eugenol and cinnamaldehyde is
present in a ratio of approximately 1 to 20 ppm in relation to dry matter of the feed.

5. The use of any one of claims 1 to 4, wherein the mixture of eugenol and cinnamaldehyde is
adsorbed or absorbed on a solid particulate substrate.

6. The use of claim 5, wherein the mixture of eugenol and cinnamaldehyde is adsorbed or
absorbed in a proportion of at least 5% by weight on said solid particulate substrate, which is silica,
cellulose, a salt, calcium carbonate, an alginate, sawdust, a gum, or a hydrogenated fat.

7. The use of any one of claims 1 to 6, wherein the mixture of eugenol and cinnamaldehyde is
incorporated in the animal feed. '
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8. The use of claim 7, wherein the feed contains the mixture of eugenol and cinnamaldehyde with:
- at least 50% cereals,
- at least 25% oil-cakes,
- at least 20% flour mill by-products.
9. A process to increase the effectiveness of food use by a ruminant animal, by adding to an animal

feed for the animal a mixture of eugenol and cinnamaldehyde in a suitable quantity to increase the
digestibility of the feed;

wherein said mixture predominantly comprises eugenol; and

wherein said suitable quantity corresponds to a daily amount of about 20 to 400 mg of said
mixture per day for said ruminant animal.

10. The process of claim 9, wherein a weight ratio of eugenol to cinnamaldehyde in said mixture is
between 1 and 5.

11. The process of claim 10, wherein the weight ratio of eugenol to cinnamaldehyde in said mixture
is between 1 and approximately 1.8.

12. The process of any one of claims 9 to 11, wherein the mixture of eugenol and cinnamaldehyde is
present in a ratio of approximately 1 to 20 ppm in relation to dry matter of the feed.

13. The process of any one of claims 9 to 12, wherein the mixture of eugenol and cinnamaldehyde is
adsorbed or absorbed on a solid particulate substrate, and wherein the process further comprises
adding the solid particulate substrate containing the mixture to the feed.
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14. A food additive for ruminant animals, comprising a mixture of eugenol and cinnamaldehyde
adsorbed or absorbed on a solid particulate substrate;

wherein said mixture predominantly comprises eugenol.

15. The food additive of claim 14, wherein a weight ratio of eugenol to cinnamaldehyde in said
mixture is between 1 and 5.

16. The food additive of claim 15, wherein the weight ratio of eugenol to cinnamaldehyde in said
mixture is between 1 and approximately 1.8.

17. The food additive of any one of claims 14 to 16, wherein the mixture of eugenol and
cinnamaldehyde is adsorbed or absorbed on said solid particulate substrate in a proportion of at least
5% by weight, and wherein said solid particulate substrate is silica, cellulose, a salt, calcium carbonate,
an alginate, sawdust, a gum, or a hydrogenated fat.

18. The food additive of any one of claims 14 to 17, comprising:
0.1% to 1% by weight of a vitamin mixture;

20% to 80% by weight of mineral salts;
20% to 80% by weight of protein; and

20% to 80% by weight of flour mill by-products.

19. A feed for ruminant animals comprising a mixture of eugenol and cinnamaldehyde;
wherein said mixture predominantly comprises eugenol; and

wherein said mixture is present in a ratio of approximately 1 to 20 ppm in relation to dry matter
of the feed.
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20. The feed of claim 19, wherein a weight ratio of eugenol to cinnamaldehyde in said mixture is
between 1 and 5.

21. The feed of claim 20, wherein the weight ratio of eugenol to cinnamaldehyde in said mixture Is
between 1 and approximately 1.8.

22. The feed of any one of claims 19-21, further comprising:
- at least 50% cereals,
- at least 25% oil-cakes,

- at least 20% flour mill by-products.
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