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Description

[0001] The present invention relates to microelement organic chelate complex compound, for the inhibition of facultative
pathogenic bacteria. The present invention further relates to a composition, feed additive or feed comprising the com-
pounds, as well as methods for the preparation thereof, and for the use thereof in animal stock farming.
[0002] Minerals play a diverse and essential role in the physiological and biochemical operations of living organisms.
They are components of enzymes (Zn, Cu, Mn, Mg, Fe) and vitamins (Co), among others. They have definitive a role
in different protective mechanisms (Cu, Zn, Fe, Se). They play a role in hematopoesis (Cu, Fe), reproduction (P, Cu, K,
Mn, Zn, Mg). They facilitate the synthesis of nucleic acids and proteins. The mineral content of fodder crops depends
on several factors, such as the taxonomical place of the plant, the composition and pH of the soil, the yearly distribution
of precipitation, agronomical technology, and shows very high variability. In the dry periods, the mineral content of fodder
crops decreases. It increases at the beginning of the phenologic phase of the plants, then after reaching a maximum,
starts to decrease. The leaching away occurring at harvest or in the case of vexillar plants’ leaf loss also accompanied
by significant mineral content loss. During replenishment of the soil, abandoning the use of livestock manure disrupted
the recirculation equilibrium of the soil, the soils continue to be acidified, and weakened.
[0003] Amongst the livestock animals, for the determination of mineral demands of fodder eating animals (swine,
poultry), we can now lean better on the mineral content of the fodder crops, as provided in feeding tables, than in the
case of roughage eating ones. In the germinal parts of the plants, such as seeds, the mineral content fluctuation is less
profound than in the vegetative parts, such as stems, leafs. But even with this, the variation may be 2-3-fold in the case
of seeds. However, livestock bred to high yield require an increased and equilibrated mineral (including microelement)
supplementation. At present, this requirement is solely satisfied through the feed by admixing trace elements into the
feed provided, mainly using different mineral salts.
[0004] The level of the required supplementation cannot be planned without knowing the composition of the basic
feed and the amount of additional fodder. Te requirements are different depending on the species, age group, utilization
types. The lack of mineral supply in the feed can be determined in two ways. Primary deficiency is when the given
element is scarce in the feed. Secondary deficiency occurs when the body cannot utilize th element added to the feed,
for example a factor necessary to absorb it is missing, or the dominance of antagonistic elements inhibits the absorption
of the given elements. (Kakukk-Schmidt, 1988).
[0005] The trace elements belong to the group mineral compounds, metallic or non metallic elements occurring in the
very minute amounts in the plant or animal body. Based on their function, they may function as static, homeostatic, or
enzymatic (Fe, Zn, Cu, Mn, Mo, I, Ni, Se, Cr) elements. In the case of their deficiency, they may be categorized as
essential elements, however, in high concentration they may be toxic. Therefore certain trace element may be essential
or toxic, depending on the concentration of which it is present in the organism (Kakukk-Schmidt, 1988). The minerals
may be absorbed in ionized form, as cations or anions, or coupled to a carrier protein, or by active transport within the
organism (except for the potassium). The ions of metals can form reversibly bound metallic complexes with electron
donor ligands, these are the so called chelates. This process consumes significant amount of ATP (Kakukk-Schmidt,
1988). The positively charged metal ion acts as a Lewis acid in aqueous environment, and this way capable to react
with an electron donor (Lewis base) while a complex, coordinated compound or coordinated ion is formed. The electro-
static effect of the chelates can only by observed in aqueous phase (aquachelates). Thus otherwise insoluble compounds
become absorbable after solubilized in the form of metallic complexes. Earlier studies, with humic acid, and humo-
chelates produced with alga hydrolizates, or alginates, proved that the metallic chelates are utilized better than the metal
salts. They did not spread widely because although less is required, the cost of production was very high (Kakukk-
Schmidt, 1988).
[0006] The biological effect of the elements is largely influenced by the chemical form thereof. Metal salts, such as
chlorides, sulfates are utilized better than the oxides or carbonates (Kakukk-Schmidt, 1988). The factories producing
premixes use the inorganic forms of microelements, despite the fact that these elements are present in the plants mainly
in organic compounds. The scientific research of the past 10-15 years made it clear that using microelements in organic
bounds is advantageous compared to the inorganic forms. The metal-containing organic complex is one of the main
compound form in biological systems. The metal ion occupies the central position in the complexes, ions, molecules,
natural organic compounds (amino acids, peptides, proteins, carbohydrates, etc.), i.e. ligands attach thereto. The chem-
ical reaction between certain ions and organic compounds produces chelates, when the metal ion is attached to two or
more atoms of a ligand. Chelate compounds with metal - ligand interactions are the most valuable to the organism,
because the activity of the metals in these complexes 105-107 fold higher than in ionized form.
[0007] The chelates may be transfer, storage and metabolic chelates based on their functions. The metabolic chelates
are compounds with porphyrin scaffold (such as hemoglobin, chlorophyll), with Fe2+, Cu2+ ions within their cores, among
others. The transfer chelates are usually amino acids (gyicine, cystine, histidine), and rarely may also be peptides
(Kakukk-Schmidt, 1988). In the case of most microelements the following chelate complexes are formed: complexes
formed with amino acids, proteins, organic acids, etc. out of which the protein (amino acid) microelement complexes
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are elementary. In order to decrease the sufficient Fe2+, Mn2+, Cu2+, Zn2+ and Cr3+ ion requirement for the animals,
better utilized feed additives are necessary than the currently available one on the stock raising field. It is known from
the literature that the trace element provided in organic form is utilized better, but the level of utilization depends on the
chemical structure of the compound used. Besides the better microelement utilization, in the case of a trace element
admixed to the feed, the interaction of the elements may be decreased significantly (Du, 1994, Shi et al., 1995, Mahan,
1997).
[0008] According to the results of studies and practical experiences, the absorption and biological effect of trace
elements in organic bounds is more advantageous, however the amounts suitable to satisfy the requirements must be
determined for each trace elements and animal species. This is even more important because the maximum level of
the trace element administrable within the feed, quite rightly so, is continuously decreasing due to the rigorous food
safety and environmental regulations. The decrease means in some cases that the trace element need of the animal
can only be satisfied with superior or better absorbed trace element supply.
[0009] At the same time, several inorganic compounds has an antibacterial effect (such as copper sulfate, zinc oxide).
In our own experience, we found with metal containing products (Se - yeast products) that metal complexes in organic
bound has also had antibacterial properties. However, this effect is not practically useful, because the level of trace
element used is toxic for the animals. A similar effect of CuSO4 and ZnSO4 is also used during industrial fermentation,
where the toxic trace element concentration is more permissive. Whittaker and coworkers (1993) found in their experi-
ments that metal compounds containing metal salts in chelate bounds are useful for example against Helicobacter pylori.
Similar findings are reported in U.S. Pat. No. 6,429,225. It should be noted that the Helicobacter pylori is a peculiar
pathogen for several reasons, for example that it is present within the highly acidic environment of the stomach. Accord-
ingly, no definitive conclusion may be drawn from the anti- Helicobacter pylori poperties of prior art chelates on whether
and how the bacteria in general present in the intestinal flora would react to the organic metal chelate compounds, and
what types of these should be tried, if at all.
[0010] Several patent applications disclose the use of metal chelate complexes in stock farming.
[0011] Patent application No. CN1484971A (SHIJIAZHUANG CITY KEXING ANIMA; 2004.03.31) discloses an animal
feed containing amino acid metal chelate complexes. The chelate complex comprises iron, copper, manganese and
zinc amino acid chelate, among others.
[0012] Patent application No. CN101941931A (HUBEI SHENZHOU CHEMICAL CO LTD.; 2011.01.12) discloses a
method for the preparation of methionine metal chelates. Methionine and a soluble metal salt (e.g. copper sulfate, copper
chloride, zinc sulfate, zinc chloride, chromium trichloride, iron sulfate, iron chloride) is mixed together in the presence
of alcohol, and the mixture is kept at 40-150 °C for 1-8 hours, then it is filtered and dried. The methionine metal chelate
is used in animal feed.
[0013] Patent application No. CN101838214A (INST. OF SUBTROPICAL AGRICULTURE CHINESE ACADEMY OF
SCIENCES; 2010.09.22) discloses a method for the preparation of DL- threonine copper chelate. The DL-threonine
copper chelate is prepared form gycine copper chelate and acetaldehyde. The DL- threonine copper chelate is also
used in animal feed.
[0014] Patent application No. CN101744120A (UNIV. HEBEI AGRICULTURE; 2010.06.23) discloses a trace element
feed prepared for sucking piglets. The feed comprises iron bis-glycinate chelate, zinc glycinate, copper glycine, mag-
nesium sulfate, potassium iodide and yeast.
[0015] Patent application No. CN102150751A (TANGSHAN NORMAL UNIVERSITY; 2011.08.17) discloses a premix
useful in feeds for furred animals. The premix comprises, among others, iron, zinc, manganese, copper, selenium amino
acid chelates, and is preferably used during the pregnancy and nursing period of furred animals.
[0016] The object of the above documents is the preparation of metal compounds with better absorption properties.
[0017] WO 2009/066117 discloses the use of EDTA or salts thereof for the treatment of swine dysentery caused by
Brachyspira hyodysenteriaea.
[0018] WO2004/080210 discloses zinc and copper metal salts and simple complexes of inorganic acids and organic
acids, as well as antimicrobial properties thereof, by making them non-absorbent within the first segments of the digestive
tract with a micro-encapsulation process.
[0019] Sadikov GG et al (Crystallography Report Vol 49., No. 6, 2004, pp 990-997) disclose the structure of Zn3(HED-
TA)2(H2O)6.
[0020] Holzhauer M. et al (Veterinary Records, (2011) 169, 555) disclose topical treatment by activated copper (as
copper diammonium EDTA) and zinc (as zinc diammonium EDTA) in which the ammonium is present as counter-ion.
[0021] Our new finding in the mechanism of action of organic chelates is that certain complex compounds - by them-
selves or in combination - are capable to inhibit the proliferation of pathogenic bacteria within the intestinal tract, therefore
allowing for the predominince of useful members of the normal intestinal flora (Lactobacillus, Lactococcus, Bifidobacte-
rium). The prior art did not suggest an antibacterial effect for the amino acid trace element chelate complexes.
[0022] Accordingly, the present invention relates to a microelement organic chelate complex having the general formula
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(M)n(X)m(Y)o

wherein M is Zn, Cu, Fe, Mn, Ag;
X is NH3, H2O;
Y is amino acid (preferably selected from the group consisting of the 20 naturally occurring amino acids), a fatty
acid (preferably formic acid, acetic acid or propionic acid), hydroxy acid (preferably maleic acid or lactic acid) and/or
polyamino-carboxylic acid (preferably nitrilotriacetic acid or ethylenediamine tetraacetic acid);
n is 1-6;
m is 1-6;
o is 1-8,
wherein the complex is selected from the group consisting of:
copper (H2O) bisglycinate, copper (H2O)2 bisglycinate, Cu (H2O) bismalate, copper (H2O)2 ethylenediamine
tetraacetic acid, Zinc (H2O) bisglycinate, zinc (H2O)2 ethylenediamine tetraacetic acid, zinc (H2O)2 malate, Zn(H2O)
bisalaninate, Zn(H2O) bisaspartate, Zn(H2O) bisbutyrate, Zn(H2O) bisglutamate, Zn(H2O) bispropionate, Zn(H2O)
bisvalerianate, Zn(H2O)-bismalate, copper (NH3)2 bisglycinate, copper (NH3)2 ethylenediamine tetraacetic acid,
copper (NH3)2 bismalate, Cu (NH3)2 asparaginate, Cu (NH3)2 bisasparaginate, Cu (NH3)2 bisglutamate, Cu (NH3)2
glutamate, zinc (NH3)2 bismalate, zinc (NH3)2 ethylenediamine tetraacetic acid, zinc (NH3)2 malate, zinc (NH3)2
methionate, zinc tetra(NH3) bisglycinate, zinc tetra(NH3) malate, Zn (NH3)2 asparaginate, Zn (NH3)2 aspartate, Zn
(NH3)2 bisasparaginate, Zn (NH3)2 bisaspartate, Zn (NH3)2 bisglutamate, Zn (NH3)2 bisglycinate, Zn (NH3)2 bish-
istidinate, Zn (NH3)2 citrate, Zn (NH3)2 glutamate.

In a further aspect of the invention, it relates to microelement organic chelate complex compound for use in the treatment
of diseases caused by pathogenic bacteria, having the general formula

(M)n(X)m(Y)o

wherein M is Zn, Cu, Fe, Mn, Ag;
X is NH3, H2O;
Y is an amino acid (preferably selected from the group consisting of the 20 naturally occurring amino acids), a fatty
acid (preferably formic acid, acetic acid or propionic acid), hydroxy acid (preferably maleic acid or lactic acid) and/or
polyamino-carboxylic acid (preferably nitrilotriacetic acid or ethylenediamine tetraacetic acid);
n is 1-6;
m is 1-6;
o is 1-8.

In a preferred embodiment, the microelement organic chelate complex compound is selected form the group consisting of:
copper (H2O) bisglycinate, copper (H2O)2 bisglycinate, Cu (H2O) bismalate, copper (H2O)2 ethylenediamine tetraacetic
acid, Zinc (H2O) bisglycinate, zinc (H2O)2 ethylenediamine tetraacetic acid, zinc (H2O)2 malate, Zn(H2O) bisalaninate,
Zn(H2O) bisaspartate, Zn(H2O) bisbutyrate, Zn(H2O) bisglutamate, Zn(H2O) bispropionate, Zn(H2O) bisvalerianate,
Zn(H2O)-bismalate, copper (NH3)2 bisglycinate, copper (NH3)2 ethylenediamine tetraacetic acid, copper (NH3)2 bis-
malate, Cu (NH3)2 asparaginate, Cu (NH3)2 bisasparaginate, Cu (NH3)2 bisglutamate, Cu (NH3)2 glutamate, zinc (NH3)2
bismalate, zinc (NH3)2 ethylenediamine tetraacetic acid, zinc (NH3)2 malate, zinc (NH3)2 methionate, zinc tetra(NH3)
bisglycinate, zinc tetra(NH3) malate, Zn(NH3)2 asparaginate, Zn (NH3)2 aspartate, Zn (NH3)2 bisasparaginate, Zn (NH3)2
bisaspartate, Zn (NH3)2 bisglutamate, Zn (NH3)2 bisglycinate, Zn (NH3)2 bishistidinate, Zn (NH3)2 citrate, Zn (NH3)2
glutamate.
[0023] Further preferred embodiments of the invention are detailed in the dependent claims.
[0024] WO 20091066117 discloses the use of EDTA or salts thereof for the treatment of swine dysentery caused by
Brachyspira hyodysenteriaea. The efficiency of EDTA or sodium EDTA used therein is inferior to the efficiency of the
microelement EDTA water chelate complexes or microelement EDTA ammine chelate complexes according to the
present invention. The chelate complexes formed with the water molecules or ammonia molecules result in such an
advantageous chelate structure that acts as siderophore analogs and/or anibiotic binding and/or QS signal molecule
binding molecules, and inhibit the pathogenic bacteria at a minimal concentration, about 10-500 mg/kg.
[0025] In contrast to WO2004/080210, where the compounds exert their antimicrobial effect by being non-absorbent
in the first segment of the digestive tract due to their micro encapsulation, the present invention is based on the finding
that if besides the complexes of trace elements we prepare the O- and N-chelates thereof, then the microbiological
activity of the special compounds thus formed is much higher than that of the simple complexes of these microelements.
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According to this novel finding, in addition to the O- and N-chelate complex forming compound, a water molecule or
another O-chelate forming, or ammonia or another N-chelate forming molecule should be present in dative bond, de-
pending on the microorganism.
[0026] The amino acid used is preferably selected from the group consisting of the 20 naturally occurring amino acids.
[0027] The fatty acid used is preferably selected from the group consisting of formic acid, acetic acid, propionic acid
and butyric acid.
[0028] The hydroxy acid used is preferably malic acid or lactic acid.
[0029] The polyamino carboxylic acid is preferably nitrilotriacetic acid or ethylenediamine tetraacetic acid.
[0030] In a further embodiment, the present invention relates to a compound, wherein the pathogenic bacterium is
selected from the group consisting of: Salmonella enterica, Salmonella enterica subp. Enterica serovar enteritidis, Sal-
monella typhimurium, Salmonella infantis, Salmonella gallinarium, S. paratyphi, S. abortus-equi, S. java, S. cholerae,
S. typhi-suis, S. sendai, Escherichia coli, Clostridium perfringens Clostridium barati, Cl. sordellii, Cl. botulinum A-F, C.
novyy A, B, C, D, CL septicum, Cl. chuvoei, Cl. hystoliticum, C., sporogenes, Cl. tetani, Brachyspira hyodysenteriaea,
Brachyspira pilosicoli, Arcanobacterium piogenes, Staphylococcus aureus, Streptococcus agalactiae, Lawsonia intrac-
ellularis.
[0031] In a preferred embodiment the present invention relates to a compound, for the treatment or prevention of a
disease selected from the group consisting of: poultry enteric diseases, swine enteric diseases, bovine enteric diseases,
as well as superficial treatments, for example ulcerative pododermatitis with necrotic dermatitis of poultry, mastitis of
dairy cattle, metritis of dairy cattle, hoof lesions of ungulates, enteric and superficial diseases of other animals.
[0032] In a further embodiment, the present invention relates to a compound, for the inhibition of bacteria proliferating
and causing diseases in the small intestine part of the digestive tract and/or for the prevention or treatment of diseases
caused by said bacteria.
[0033] In another aspect, the present invention provides a composition comprising the compound according to the
invention, optionally together with standard additives.
[0034] In a further preferred embodiment, the present invention provides a composition comprising at least two, syn-
ergistically acting compound according to the invention, optionally together with standard additives.
[0035] In particularly preferred embodiments, the composition comprises at least three, at least four, at least five, at
least six, at least seven, at least eight or more different, synergistically acting compound according to the invention,
optionally together with standard additives.
[0036] In another aspect, the present invention provides a feed additive, comprising the compound or composition
according to the invention.
[0037] In a further embodiment, the invention relates to a feed additive, being present on a suitable carrier in a releasable
form, preferably a granulate.
[0038] In a still further embodiment, the invention relates to a feed, comprising the compound, composition or feed
additive according to the invention.
[0039] In a further embodiment, the present invention relates to a method for preparing a feed additive, said method
comprising admixing the compound or composition according to the invention, and optionally further standard feed
additive components.
[0040] In a still further embodiment, the present invention relates to a method for preparing a feed, said method
comprising mixing the compound, composition or feed additive according to the invention into standard feed.
[0041] In another embodiment, the present invention relates to the use of a compound, composition, feed additive or
feed according to the invention in stock farming for increasing body-weight gain and/or increasing feed utilization and/or
increasing egg yield, and/or decreasing mortality in the population of poultry and/or swine and/or dairy cow.
[0042] The advantages of the use of organic metal chelates is further supported by the fact that by selecting a good
ligand, the additive will be also cheaper. The production of the composition is very cheap, thus providing a solid price
advantage. The play a major role in the economical production as a preventive agent with their bacteriostatic/bactericide
properties. They may be effective for recovering the balance of the intestinal flora, for the production thereof and for
fighting the facultative pathogenic microorganisms that are risk for the health of the animals. In addition to the profit loss
due to bad feed utilization and animal loss, the yearly cost for antibiotics of farms having infected populations is also
very high. In some cases, the cost of compositions e.g. for combating swine dysentery in a given factory swine farm
may exceed 70% of the cost of medicaments used. The cost of treatment is around 2-7,5 $/animal on average. This
treatment may be replaced by the microelement organic metal chelate premix.
[0043] At the same time, the copper and zing glycinate provided in organic form not only utilized better, but surprisingly
have an inhibiting effect on the microorganisms. The organic bound microelement chelate compositions in combination
with each other are effective for recovering the balance of the intestinal flora, for the production thereof and for fighting
the facultative pathogenic microorganisms that are risk for the health of the animals. The organic chelate complexes
may be effective for diseases with complicated etiology, such as swine colitis, which can be caused by several facultative
pathogenic bacteria.
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[0044] A significant factor in the mechanism of action of organic chelates is that they are capable to inhibit the prolif-
eration of pathogenic bacteria within the intestinal tract, therefore allowing for the predominance of useful members of
the normal intestinal flora. We have studied several types of mono-, di-, bis-glycinate, methionate, lysinate, malate,
propionate, stearate, valerianate, butylate O-chelate and/or N-chelate compounds of microelements to examine their
effects on the proliferation bacteria / fungi. In the course of determining the MIC value for the individual trace element
chelates, we selected the most optimal combination with economic benefits, and the research was continued with a
focus on how the interaction of the chelates affect the biological properties thereof. Further, a basic question of the
microelement administration is how to prevent the interaction of the metal ions with the other components of the intestinal
flora before absorption, and this can be achieved by providing a formulation currently under patent protection.
[0045] The microelements, such as iron, copper, zinc, play a central role in the metabolism of obligate and facultative
aerobic microorganisms, but they are present in the environment in minute amounts. The low level of availability of iron
in plants is mainly due to the low solubility of ferric oxyhydroxide polymers. Within the well oxidized plant parts the
solubility of e.g. the iron is mainly dependent on Fe(OH)3. The solubility constant of these compounds is very low, (Ksol
= 10-38), therefore the concentration of Fe3+ at pH 7 is 10-17, whereas the minimal concentration for allowing normal
plant growth is 10-6 M [Neilands et al. (1987)]. It is the microelement acquisition strategy of the microbe flora of the given
microenvironment that is responsible to resolve the above contradiction. In such environments, mostly those species
can live or "dominate" that have well-built and highly effective iron acquisition and/or microelement acquisition mechanism.
The plants use the help of microorganisms for these purposes.
[0046] The microorganisms can use three main mechanisms to solubilize the insoluble microelement and/or e.g.
Fe(III)-oxides: protonation, reduction and chelate forming. Protonation results in the increase of the dissociation of e.g.
the Fe(OH)3 complexes by shifting the equilibrium constant (one unit of decrease in the pH results in a thousand-fold
increase in the solubility of Fe(III) ions). It is obvious that this can only be used with some limitations in nature. Conversion
of Fe(III) into Fe(II) on the sme pH results in a significantly increased solubility. However, this process has steps with
high energy demands.
[0047] Chelate forming, which is prevalent in the real world, takes place with the help of the so-called siderophores,
mainly produced by microorganisms. In the case when the microelement is less available in the environment of the
microorganisms, many organisms starts to produce low molecular weight metabolites, siderophores and partially outer
membrane proteins that are charactristic to the species and has high affinity for e.g. Fe3+ ion (the outer membrane
proteins play a role in the recognition of the Fe - siderophore complex and the absorption of iron [Weger et al. (1986)]),
these components dissolve the microelements from the minerals and organic compounds (such as transferrin, lactoferrin).
Siderophores are small molecular weight, species specific, divalent ligand molecules that are mainly attach through the
oxygene atom to the Fe(III) ion with six bonds on octaeder directions, and take up the Fe3+ ions from the environment
in the form of chelates and transport them into the microbial cell [Neilands, J.B. (1981), Leong, J. (1986)]. The transport
of microelements into the cell’s cytosol is mediated by a specific membrane receptor as well as a transport system that
recognizes the iron - siderophore complexes. Thus the siderophore production of microorganisms in the small intestine
with slightly acidic, neutral or alkalic environment is an important and generic phenomenon that is necessary for their

Table 1. Occurrence of pathogenic microorganisms in swine farming.

Pathogen
Incidence alone (No. 

of cases)
Mixed incidence (No. 

of cases)
Total incidence (No. 

of cases)

Incidence 
frequency 

(%)

B. pilosicoli 21 23 44 39

Atypic Brachyspira 7 2 9 8

Brachispyra 
hyodysenteriae

6 3 9 8

L. intracellularis 3 10 13 12

Salmonella spp. 4 8 12 11

Y. 
pseudotuberculosis

4 13 17 15

E. coli 1 5 6 5

Clostridium 
perfringens

0 2 2 2
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proliferation capability.
[0048] Professionals with expertise in feeding know from experience that animals fed with feed lacking trace element
(Zn, Cu, Fe, Mn, etc.) are more easily get sick with gastrointestinal diseases. The disease cannot be abolished by the
administration of trace elements, but the incidence of diseases with digestive origin is less with a balanced trace element
supply.
[0049] The components of the normal intestinal flora are present in significant amount, about 109-1010 CFU/ml in the
small intestine. These are in the most cases the beneficial Lactobacillus, Bifidobacterium species that produce mainly
lactic acid and provide the slightly acidic pH, therefore they are not in need of producing siderophores. The so-called
pathogenic microorganisms e.g. E. coli, Salmonella, Clostridium, Brachyspira are present in the healthy intestinal flora
in less than a maximal amount of 105 CFU/ml.
[0050] According to the recent literature, the equilibrium between the pathogenic and non-pathogenic microorganisms
within the gastrointestinal system was attributed to the pH. There is an actual basis for this hypothesis, since the Lacto-
bacilli propagate in the acidic pH range and produce acids, such as lactic acid. The pathogenic microorganisms propagate
in the neutral or slightly alkalic range, where the members of the normal intestinal flora are not capable of reproduction.
This finding about the pH is the basis for the decades long use of compositions containing probiotics, Lactobacilli in
stock farming. It must be noted that the result of this treatment is varied, in some cases it is surprisingly effective, and
in others it is completely ineffective.
[0051] We intend to provide a completely new surprising possibility compared to the recent state of the art for the
treatment of digestive tract problems. The microelement chelates, due to their specific structure, have better absorption
and utilization properties and are surprisingly capable to inhibit the propagation of facultative pathogenic microorganisms.
The spectrum of the compounds useful for he treatment is broad. In the case of probiotics, several different microorgan-
isms are used and the composition of the microorganisms used is varied according to the expected effect. Different
microorganisms are used in the case of birds and others for swine. Based on our present finding, this is entirely warranted,
since the composition of pathogenic microorganisms causing problems in the case of birds is different from the one for
the swine.
[0052] We theorize that the so called siderophore chelate forming ligands play a major role in the formation of the ratio
of the normal microflora and pathogenic microorganisms, which provide an advantage within the slightly alkalic or neutral
environment of the small intestine for the siderophore producing pathogenic bacteria "hungry" for metal ions. Therefore,
when the microelement chelates according to the invention are surprisingly attached to the bacterial siderophore binding
membrane receptors, the pathogenic bacteria will not have the advantage with their microelement uptake and thus
propagation.
[0053] The composition of the intestinal flora in the large intestine is completely different from that of the small intestine.
Instead of the intestinal flora dominated by e.g. Lactobacillus, it has an intestinal flora dominated by e.g. Clostridium,
i.e. it has a pathogenically dominated intestinal flora. It is known, however, that the absorption of the trace element
occurs in the posterior segment of the small intestine. Based on this, we also theorize that the siderophore chelate
forming factors that are complex compounds containing trace element or trace elements, provide exclusive advantage
for the bacteria producing these siderophore ligands within the chronically inflamed large intestine - this is a frequent
clinical state found in birds. It follows from the above finding that microelement compounds must be found that may
inhibit the pathogenic, siderophore producing microorganisms present in the gastrointestinal tract, and composed of a
combination trace elements and organic compounds. Further, if the effect for saturating the trace element containing
siderophore receptor is real, then the small intestine needs to be searched for compounds that area capable to inhibit
the propagation of pathogenic microorganisms in low concentration while affect the non-pathogenic but siderophore-
producing Enterococcus forming the normal intestinal flora only in higher concentration.
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[0054] Structure of siderophores: types A, B and C of Fe siderophores and types D, E and I of copper siderophores.
[0055] A further effect is that the organic microelement chelate siderophore type ligand is coupled with an antibiotic
molecule that inhibits the reproduction or cellular synthesis, therefore the pathogenic bacterium takes up it with its
siderophore receptors. Thus more effective inhibitor and/or killing effect may be achieved with the antibiotic coupled to
the organic chelate than with the antibiotic compound alone.
[0056] A further effect is that via the communication between the bacterial cells - quorum sensing (QS) - bacteria are
capable to synchronize their genetic functions and produce certain compounds when proliferate in high numbers. This
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occurs when the bacteria reach an amount where they so called colonize and form a layer, "biofilm", for example on the
surface of the intestine or on an area of a wound. This may also occur when if they are in sufficuent numbers in the
blood, reaching the farthest points in the organism under attack. The increase of the concentration of the secreted QS
signal molecules is a signal for the bacteria to start intensive proliferation. The QS molecules are mainly long chain fatty
acids, quinols, methyl esters of fatty acids, N-acyl homoserine compounds, and similarly to the siderophores, attach to
specific receptors of the bacteria. According to our hypothesis, these receptors - similarly to the siderophores - may be
a specifically saturated by the microelement organic chelate compounds, thus the QS signal molecules are unable to
exert their effects. This prevents the communication between the bacteria and thus their proliferation, colonization and
biofilm formation.
[0057] In our experiments, we studied compounds of mainly Zn, Cu, Mn and Fe as trace elements in organic bonds.
We determined that the known trace element glycinates, trace element methionates, trace element malonates, etc.
already used in the feed industry as a more effective trace element source have selective inhibitory effect on certain
pathogenic microorganisms. The selectivity and biological activity may be enhanced by the combination of trace element
chelates O- and N-chelates. A selective biological activity was achieved with amino acids, such methionine, lysine,
glycine, etc., monovalent acids, such as acetic acid, propionic acid, butyric acid, isobutyric acid, etc., hydroxy acids,
such as lactic acid, etc., dicarboxylic acids, malic acid, polycarboxylic acids. With Zn, Cu, Mn and Fe salts of the above.
Surprisingly, the microbiological activity significantly increases in the case of the formation of an O-chelate, such as with
a water molecule, or an N-chelate, such as with ammonia.
[0058] The trace elements mentioned are so called chelate forming compounds, therefore we extended our studies
for the N- and O-chelate compounds of the above trace elements that carry the biological effect.
[0059] Further, we prepared chelate compounds that, in addition to the above described N- and O-chelate formation,
contain 0-6 ammonia or 0-6 water molecule in chelate bonds with the central metal ion.
[0060] The microelement glycinate chelates may be especially similar to the structure of the siderophores and thus
by attaching to the siderophore receptor of the cell may prevent the microelement, such as iron utilization of the micro-
organisms and therefore the cell dies. Therefore the iron, zinc, copper, manganese - glycinate chelate complex due to
its structure is capable to cover the membrane receptor of the bacterial cell, preferably with its specific affinity to the
species-specific membrane receptor of the given bacterium cell directly influences the microelement supply and conse-
quently the viability, reproduction, and thus preferably death of the cell. The effect depends on the receptor sensitivity
of the given bacterium species, strains, therefore certain species or strains may be insensitive, consequently it can be
stated that the effect of the microelement chelates is species-specific, and it requires a separate microbiological meas-
urement for every bacterial group to achieve the appropriately effective MIC and/or preferably CID effect.
[0061] According to some studies, the developed microelement chelate, e.g. glycinate completely inhibited the prolif-
eration of Gram positive microorganisms even in the presence of blood. Its inhibitory effect on the proliferation of Pseu-
domonas strains was weaker, and the effect was stronger on other Gram negative microorganisms, as well as on some
fungus. The studies conducted so far with the different microelement chelate extracts clearly demonstrated their effec-
tiveness on the most diverse pathogenic and food spoiling microorganisms. According to these studies, its activity on
Gram positive bacteria is higher, than on Gram negatives, while in other compositions, we also found pronounced effect
against Gram negatives under in vitro conditions.
[0062] In the case of necrotic enteritidis of birds (broiler chicken, egg laying hens, turkey) and acute swine dysentery,
the number of enterococci and lactobacilli is significantly decreased in the intestinal flora, and at the same time, the
number of fusobacteria, bacteria of the genus Bacteroides, E. coli and certain coliform bacteria, as well as Clostridiums
is increased. In long lasting cases, an increase of clostridia is apparent Due to all of these, our studies were conducted
into this direction: according to our liquid culture and agar diffusion tests, the microelement glycinate chelate inhibits the
growth of Micrococcus luteus, E. coli, Salmonella enteritidis and Clostridium perfringens strains either partially or com-
pletely. The minimal inhibitory or killing concentrations (MIC and CID) are measured in biological assays and determined
for each strains.
[0063] By combining them with copper and zinc aminate chelate compounds we were able to enhance the bacterial
inhibition capability. The optimal ratio of microelement chelate mixtures is determined in agar diffusion and liquid culture
biological assays. When studying the effect of the metal chelate complexes from a microbiological viewpoint, we saw
that when administered in certain concentrations, they are effective on the growth of some of the pathogenic microor-
ganisms, while in the same concentration the reproduction of microbe population forming the normal intestinal flora is
unharmed. Different antimicrobial effect can be measured when using different metal ions for the preparation of different
metal chelate compounds. The Zn, Cu, Fe, Mn ions used to prepare the complex exert their effect on the microbes in
different concentrations - even when we use the same ligand during the complex formation. During the experiments, we
have found that the trace element chelates Zn and Cu glycinate in combination in vitro are useful for the prevention of
enteral diseases caused by the examined S. enterica in double synergistic combination, and for the examined C. perf-
ringens in triple synergistic combination, while selectively acting on the normal intestinal flora (e.g. Lactobacilli, Saccha-
romyces) prevent the proliferation of the facultative pathogenic microbes, while not inhibiting the lactic acid bacteria and



EP 2 866 799 B1

11

5

10

15

20

25

30

35

40

45

50

55

yeast forming the normal intestinal flora. The pathogens Clostridium barati, Cl. sordellii, Cl. botulinum A-F, Cl. novyy A,
B, C, D, Cl. septicum, Cl. chuvoei, Cl. hystoliticum, C., sporogenes, C/. tetani mainly causing superficial disease, are
similarly sensitive to the copper and zinc organic chelate, preferably chelate aminate compounds.
[0064] Of course, the compounds according to the invention are equally suitable in human applications for the inhibition
of the growth of the respective facultative pathofenic bacteria and for maintaining the beneficial elements of th eintestinal
flora, as well as for the treatment and preventoin of diseases caused by such pathogenic bacteria.

Description of the figures

[0065]

Figure 1. IR spectrum of zinc mono-glycinate chelate.
Figure 2. IR spectrum of copper mono-glycinate chelate.
Figure 3. Clostridium perfringens forms an inhibition zone on TSA agar medium.

Example 1- Preparation of zinc bis-glycinate chelate

[0066] To 1 mol ZnO (79.5 g), 200 ml distilled water, 2.1 mol NH4OH, and 48.5 g CO2 is added. The reaction product
is Zn(NH3)2CO3 at 120 C and 10-12 bar pressure, after 4 hours of reaction time. The pH of the obtained chelate compound
is set with CO2 to a value of 8.0. At this time, ZnCO3 precipitate is formed. The precipitate obtained is filtered, then
reacted with 2 mol glycine. This way, the following compound with structure (I) is formed:

(M)(H2O)(Glycine)2, wherein M is Zn or Cu. A preferred example of the compound of formula is Zn(H2O)(Glycine)2.
[0067] The drying step for the preparation of the compound is preferably carried out so as to keep the water content
of the microelement chelate compound by retaining the appropriate water content. In the case when the product is dried
to a water content of 12-14%, a powder formulation of the compound of formula (I) is obtained. If the product dried to
near zero, to about 3% water content, then it loses its water content connected to the central metal atom by dative bond.
The biological activity of this latter product is different, it will be significantly lower than that of compound of formula (I).
The product is a thick, hygroscopic, viscous compound that has high solubility in water.

Example 2 - Preparation of zinc diammine bis-glyrinate chelate

[0068] To 1 mol ZnO (79.5 g), 150 ml distilled water, 2.2 mol NH4OH, and 48,5 g CO2 is added. The reaction product
Zn(NH3)4CO3 is at 120 C and 10-12 bar pressure, after 4 hours of reaction time. The obtained chelate compound is
directly reacted with 2 mol glycine. The following compound with structure (II) is obtained:
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(M)(NH3)2(glycine)2, wherein M is Zn or Cu. The glycine may be replaced by any amino acid, for example methionine,
lysine, aspartic acid, etc. A preferred compound according to formula (II) is Zn(NH3)2(glycine)2.

Example 3 - Preparation of zinc tetraammine bis-glycinate chelate

[0069] To 1 mol ZnO (79.5 g), 100 ml distilled water, 4.2 mol NH4OH, and 48.5 g CO2 is added. The reaction product
is Zn(NH3)4CO3 at 120 C and 10-12 bar pressure, after 4 hours of reaction time. The obtained chelate compound is
directly reacted with 2 mol glycine. The following compound with structure (III) is obtained:

(M)(NH3)4(glycine)2, wherein M is Zn, Cu or Fe. The glycine may be replaced by any amino acid, for example methionine,
lysine, aspartic acid, etc. A preferred compound according to formula (III) Zn(NH3)4(glycine)2.

Example 4 - Preparation of zinc malate chelate

[0070] To the ZnCO3 compound prepared as described in Example 1, 2.0 mol malic acid is added in aqueous solution.
The following compound with structure (IV) is obtained:
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Zn malate. The malic acid may be replaced by any hydroxy acid, for example glycolic acid, lactic acid, hydroxy-butyric
acid, citric acid, etc. Zinc may be replaced with another trace element, for example copper, etc.
The drying step for the preparation of the compound is preferably carried out so as to keep the water content of the
microelement chelate compound by retaining the appropriate water content. In the case when the product is dried to a
water content of 10-12%, a powder formulation of the compound of formula (IV) is obtained. If the product dried to near
zero, to about 3% water content, then it loses its water content connected to the central metal atom by dative bond. The
biological activity of this latter product is different, it will be significantly lower than that of compound of formula (IV).

Example 5 - Preparation of zinc diammine malate chelate

[0071] To the Zn(NH3)2CO3 compound prepared as described in Example 2, 2.0 mol malic acid is added in aqueous
solution. The following compound is obtained:

Zn diammine malate. The malic acid may be replaced by any hydroxy acid, for example glycolic acid, lactic acid, hydroxy-
butyric acid, citric acid, etc. Zinc may be replaced with another trace element, for example copper, etc.

Example 6 - Preparation of zinc tetraammine malate chelate

[0072] To the Zn(NH3)4CO3 compound prepared as described in example 3, 2.0 mol malic acid added in aqueous
solution. The following compound with structure (VI) is obtained:
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Zn tetraammine malate. The malic acid may be replaced by any hydroxy acid, for example glycolic acid, lactic acid,
hydroxy-butyric acid, citric acid, etc. Zinc may be replaced with another trace element, for example copper, etc.

Example 7 - Preparation of zinc diammine methionate chelate

[0073] To the Zn(NH3)2CO3 compound prepared as described in Example 2, 2 mol methionine is added in aqueous
solution.

Zn diammine methionate.

Example 8 - Preparation of zinc diammine lysinate chelate

[0074] To 1 mol of the Zn(NH3)2CO3 compound prepared as described in Example 2, 2 mol lysine is added.



EP 2 866 799 B1

15

5

10

15

20

25

30

35

40

45

50

55

Zn diammine lysinate.

Example 9 - Preparation of trace element aminate chelate

[0075] To 1 mol of the ZnCO3 or CuCO3 compound prepared as described in Example 1, 2 mol amino acid of choice
is added. The compound obtained is Zn(aminate)2 chelate.
[0076] In the case when the product is dried to a water content of 12-14%, then Zn(H2O)(aminate)2 is formed. If the
product dried to near zero, about 3% water content, then it loses its water content connected to the central metal atom
by dative bond. The biological activity of this latter product is different, it will be significantly lower than that of the
compound Zn(H3O)(aminate)2 compound.

Example 10 - Preparation of trace dement diammine chelate

[0077] To 1 mol of the Zn(NH3)2CO3 compound prepared as described in Example 2, 2 mol amino acid of choice is
added. The compound obtained is Zn diammine aminate chelate.

Example 11 - Preparation of trace element EDTA chelate

[0078] To 1 mol of the Zn(CO3) compound prepared as described in Example 1, 1 mol EDTA is added in aqueous
solution. After the completion of the reaction, the final product, preferably applied onto a carrier, is dried to 10% water
content, to obtain the following O-chelate compound.
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Example 12 - Preparation of trace element diammine EDTA chelate

[0079] One mole of the Zn(NH3)2C03 compound prepared as described in Example 2 is reacted with 1 mol EDTA, to
obtain the following compound. Zinc may be replaced with copper, iron or manganese as chelate forming trace element

Example 13 - Preparation of zinc mono-glycinate chelate on a factory scale (reference example)

[0080] We performed the preparation of a chelate in 8000 liter reactors and thus produced trace element chelate. To
4000 liter water, 2875 kg zinc sulfate heptahydrate and 750 kg glycine was added. After reacting for 4 hours at 90 C, a
zinc mono-glycinate product is formed, that was converted to a micro-granulate in a fluid bed dryer, thus obtained the
product.
[0081] The formation of chelate bonds in the product obtained were verified by structure determining techniques
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(complexometric metal ion analysis, calefaction experiments, acid-base titration, recording of central IR spectra) and by
recording the far IR spectra of the obtained product. Fig. 1 shows the IR spectrum of the zinc mono-glycinate chelate.
Evaluation of the IR spectrum:

2000-4000 cm-1:

[0082] Two distinct bands appear with band maximums of 3160-3211 cm-1 and 3456-3390 cm-1, respectively. In the
case of the latter bands, there is a shoulder in the higher wave number range. The previous band can be assigned to
the NH valence vibrations of the NH3

+ group (based on the spectrum of glycine, glycine HCl). The latter band(s) can be
assigned to the coordinated water molecules. The presence of the "shoulder" indicates that there are water molecules
bound with varying strengths (e.g. coordinated and non-coordinated, bound by only hydrogen bridges).

Bands at 1600, 1400 cm-1 and the proximity thereof:

[0083] In both cases, one sharp and intensive band maximum can be observed (1643, 1643, 1649, 1652, 1651 cm-1)
and (1412, 1411, 1410, 1409, 1410 cm-1), respectively. This indicates that the carboxylate group of the glycine is
coordinated in each case. The differences of the respective band maximums (231, 222, 239, 243, 241 cm-1) indicates
bidentate coordination, i.e. both oxygens are coordinated. A bridge type bond may be presumed, as it was suggested
in the case of Cu(Glycine)SO4x2H2O, Zn(Glycine)SO4x2H2O complexes, based on X-ray diffraction data [3].

1500 cm-1 and the proximity thereof:

[0084] In each samples, a medium intensity band may be observed with a maximum around 1500 cm-1 (1492, 1480,
1478, 1478, 1476 cm-1), which clearly indicates the presence of protonated glycine(NH3

+), in accordance with what is
observed in the 2000-4000 cm-1 range.

1100, and 600 cm-1, and the proximity thereof:

[0085] IN each samples, intensive bands may be observed near wave numbers 1100 and 600 cm-1 (1100, 1081, 1108,
1113,1113, 1114 and 631, 617, 618, 618, 617 cm-1, respectively). At the same time, a shoulder may be observed at the
higher wave number range, which indicates that the sulfate ion is coordinated to the metal ion as an ion or/and in
monodentate manner (with a single oxygen).
[0086] In the place of glycine, any other amino acid may be present, such as methionine, lysine, aspartic acid, etc.
Zinc may be replaced with another trace element, for example copper, manganese, etc.

Example 14 - Preparation of copper mono-glycinate chelate on a factory scale (reference example)

[0087] To 1.8 cubic meter water, 375 kg glycine was added at 60-70 °C. To this solution, 1250 kg crystalline CuSO4
is added while heating it to 80 °C, then cooled for 30 minutes. The reaction product is dried into a micro-granulate in a
fluid bed dryer.
[0088] The Cu - chelate - glycine coordination of the factory product is clearly visible on the IR spectrum. The glycine
molecule is coordinated through the carboxylic group, and the amino group remains protonated. The carboxylate group
is coordinated as a bidentate bridge. Two types of glycine molecules are visible as coordinated in different environments.
The glycine is coordinated through the carboxylic group, as a bidentate bridge ligand. The amino group of the glycine
remains protonated. The sulfate ion is coordinated in monodentate and/or bidentate manner. Fig. 2 shows the IR spectrum
of the copper mono-glycinate chelate.
[0089] 2000-4000 cm-1: band maximum is visible at wave numbers 3138 and 3192 cm-1, respectively, with several
smaller maximums in the lower wave number range.
[0090] 1600, 1400 cm-1 and the proximity thereof: 2 of each band maximums are visible, 1647, 1580 (in both cases)
and 1458, 1410 and 1463, 1409. cm-1 wave number values, respectively.
[0091] 1500 cm-1 and the proximity thereof: there is a medium intensity band is visible at a value of 1512 and 1502
cm-1, respectively.
[0092] 1100 and 600 cm-1 and the proximity thereof: there are 3 and 2 band maximums are visible, respectively, with
shoulders.
[0093] Conclusion: the carboxylic group of glycine is coordinated, the amino group is protonated. The sulfate ion binds
to the copper ion in bidentate manner.
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Example 15 - Preparation of a mixture of zinc and copper mono-glyciuate chelate

[0094] A 1000 liters of the Zn mono-glycine chelate prepared in Example 11 is mixed together with 250 liters of the
Cu mono-glycine chelate prepared in Example 12 at 60 C in a blade mixer reactor, then the thus obtained mixture is
dried into a micro-granulate in fluid bed dryer.
[0095] Example 16 - Determination of MIC and CID concentration sof microelement chelate compounds on
facultative pathogen microorganisms and on normal components of the enteral flora The conventional methods
for studying the antimicrobial activity - from a practical, curative medical viewpoint, the resistance spectrum of the
antimicrobial agent - are the disk diffusion, or agar well diffusion assays, and dilution experiments done in liquid cultures.
In a standardized (NCCLS, DIN, etc.) disk or hole diffusion assay, the effects of an antimicrobial agent is studied on the
growth of a test microorganism spread onto the surface of an agar culture dish. In an agar diffusion assay e.g. a bacterial
lawn is prepared on the agar dish, then according to the procedure developed in the laboratory, the inoculated plates
are punched out in the middle with an agar disk cutting device. Then 10-100 ml assay sample is placed into the hole.
The test compound diffuses from the test disk placed onto the bacterial lawn or from a hole made in the agar dish into
the culture medium, and thus forms a growth-propagation inhibition zone around the disk or hole. Based on the agar
diffusion test, the sensitivity of the strain studied can be unambiguously determined against the test compounds. According
to the clinical practice, similarly to the standardized assays of antibiotic agents (where the diameter of the zone is
proportional to the concentration of the agent), we classify according to the sensitivity zones formed around the disk
holes. In the case of each agents, the microorganisms are qualified as resistant or sensitive to the given agent based
on the zone diameter. The use of new antimicrobial agents requires high level of caution. Namely, it is not known what
influences the diffusion of the antimicrobial agent (in the agar diffusion assay), such as the pH of the medium, the
concentration of dissolved O2 or CO2, interactions with the components of the medium), therefore the appropriate
techniques and mediums suitable for both the given agent and microorganisms must be selected based on multiple
factors. Suitable concentrations of the microorganisms were prepared in liquid cultures in culture dilution tests, and the
progress of growth and propagation was verified by microscope and/or optical techniques. This test allows the determi-
nation of the minimal inhibitory concentration (MIC) of the agent of interest on a given microorganism. Further, in the
case when the death of the microorganisms within the tubes not showing growth is also checked, to determined whether
the agent has only a static (growth inhibitor) or a cid (i.e. having microbe killing activity) effect, then the minimal cid
concentration (MCC) may also be determined. The ratio of MCC/MIC gives an essential information on the in vivo efficacy
of the agent: if this value is high, the in vivo usefulness of the agent is probably low.

[0096] Until using in the assays, the strains were stored in suspended form in TSB broth (Scharlau Microbiology) with
25% sterile glycerol frozen at -80°C or lyophilized.

Table 2. The strains examined in the study:

Pathogen strains: Salmonella enterica subp. Enterica serovar enteritidis 
(SALMO)

Facultative pathogen strains: Escherichia coli ATCC 35218 (COLI)

Micrococcus luteus NCAIM B 01072 (MCC)

Brachyspira hyodysenteriaea (own isolate, B/06)

Staphylococcus aureus NCAIM B.010651

Streptococcus agalactiae NCAIM B.018821

Clostridium perfringens NCAIM B.014171

Components of the normal enteral flora, lactic acid 
producers:

Lactococcus lactis subsp. Lactis NCAIM B 020701

Lactobacillus casei v. rhamnosus Döderlein LCR 35

Leuconostoc mesenteroides (LACTIC ACID 
PRODUCERS)

Fungi: Saccharomyces cerevisiae (LSE)
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Isolation of B. hyodysenteriaea strain (B/06)

[0097] B. hyodysenteriae strains were isolated from growing and store-pigs showing the clinical symptoms of swine
dysentery, raised in different regions of Hungary. After slaughtering at the slaughterhouse, the colon snares of the pigs
showing clinical signs were tied down and were transported to the laboratory within six hours. After opening the colon
sections, the sample was provided as scraping from the colon mucosa. In every case, the mucosal scrapings on a
streaker were spread onto the surface of freshly prepared TSA (tryptone-soy) agar (Scharlau Microbiology) supplemented
with 10% defibrinated bovine blood and 400 mg/ml spectinomycin (Sigma-Aldrich Kft.). After inoculation, the cultures
were incubated for 96 hours at 42°C under strictly anaerobic conditions. The anaerobic conditions were achieved by
using anaerobic gas generating pouches (Oxoid, Gas Generating Kit, Anaerobic system BR0038B) and anaerobic
culturing jars (Oxoid, Anaerobic jar). The determination of the primary and secondary biochemical properties and the
identification of the isolated strains was carried out by standard techniques (Quinn et al., 1994).

In vitro inhibition experiments

[0098] Addition of a given amount (ppm, mg/kg, mg/ml) of trace element to the microbial culture medium from stock
solution. The sample solutions with varying compositions were 2x serially diluted in liquid culture medium on a 24-well
Greiner tissue culture plate, then 5 ml suspension of the sample bacterium in 0.5 MacFarland density prepared with
physiological saline was measured into the different concentration liquid culture mediums. In the case of assaying
combinations of active ingredients, a cross dilution technique was used, when the two different solutions were diluted
across the surface of the plate from two directions. The plates were incubated for 24 hours at the atmospheric conditions
required by the bacterium assayed. The results were then read, and the Minimal Inhibitory Concentration (MIC) of the
test compounds was thus determined. In the cases where the Minimal Lethal concentration (CID) was assayed, then
from the wells not showing opacity after the incubation period, 10 ml solution was inoculated onto the surface of blood
agar and checked whether any bacterial growth occurred on the surface of the culture medium after the incubation period.

Agar gel diffusion

[0099] Clostridium perfringens: The strain grown in aerobic or anaerobic vessel was propagated on sterile agar, from
which a suspension with 0,5 MacFarland density was prepared with sterile physiological saline, then inoculated onto
the surface of culture media with cotton swabs. A hole was welled into inoculated media with specialized puncturing
tool, then 50 ml of the test solution of the microelement chelate complex in varying concentrations were measured into
the holes. Evaluation of the cultures was carried out by visual inspection. The presence of an inhibition zone formed
around the holes is indicative of the efficacy of the tested solution.
[0100] B. hyodysenteriae (B/06): In these assays, precultures were prepared from the thawed bacterial mass on blood
agar (modified tryptone soy agar, supplemented with 5-10% defibrinated bovine blood). From the visibly well-hemolyzed
preculture agar plates, 8-10, nearly same sized (6 5% difference) agar block inoculates were excised, then were spread
onto 90 mm diameter freshly prepared agar plates with a sterile glass rod with rounded end about 5 mm in diameter.
The plates were dried in covered form for 5 minutes.
[0101] According to the procedure developed in the laboratory, the inoculated plates were punched out in the middle
with an agar disk cutting device. 100 ml of the given dilution of the test compound was placed into the hole with 5 mm
diameter. After dripping the solution with known concentration, the plates were placed into an anaerostat (Oxoid anaerobic
pouch and jar) within 15 minutes, and incubated at 37 °C for 4-5 days in oxygen free atmosphere.
[0102] The bacterial culture of Clostridium perfringens is inhibited by the microelement organic chelate placed into the
hole at the middle of the agar dish. The compound diffused into the agar forms a well-defined, concentrically shaped
inhibition zone depending on the concentration, and due to the effect of dilution, the inhibitory effect ceases after a
certain distance and the culture shows growth beyond the inhibition zone (see Fig. 3).

Determination of the CID value

[0103] It is the concentration of the active ingredient that causes the complete death of the microbes. Under sterile
conditions within a laminar box, a dilution series was prepared from the liquid culture mediums that were incubated for
24 hours, then from the dilution series 100 ml each was placed onto agar dishes and spread with a sterile glass rod. The
incubation period is 24 hours under conditions favorable for the growth of the microbe, then the number of colonies on
the agar dishes are counted.
[0104] Two options were taken into consideration for the evaluation

1. No colonies are visible on the agar dishes.
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2. There are visible colonies on the agar dishes making the counting possible.

[0105] In the case where no colonies are visible on the culture medium after the incubation, it indicates the microbe
killing effect (CID) of the trace element chelate. The number of countable colonies grown on the agar dishes gives the
actual MIC value of the given trace element chelate.

Example 17 - Microbiological MIC and CID results of microelement (zinc, copper, iron, manganese) chelate 
(mono-, di-, and bis-aminate, fatty acid, and hydroxy fatty acid, polyamino carboxylic acid) compounds

[0106] The microbiological assay system showed biological activity at different concentrations with the microelement
chelate complex samples studied.
[0107] It can be seen from the results of the experiments performed that the assay samples have different MIC values.
The pathogens and facultative pathogens examined have significantly higher sensitivity than that of the components of
the normal intestinal flora, fungi and lactic acid producers. It can be concluded from the in vitro results that mixing these
test compounds into the feed would be preventive, it prevents the growth of pathogens and facultative pathogens, in
addition to keeping the equilibrium. It was determined that the chelate compounds studied have different MIC values.
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[0108] Several conclusions can be drawn from the above results. Then minimal inhibitory concentration (MIC) of the
microelement chelate compounds studied was determined for one or more facultative pathogenic microorganisms. It
was determined that without exception, all was capable of inhibiting the pathogen microorganism. In concentrations of
60-200 ppm Micrococcus luteus, and/or in concentrations of 70-400 ppm Escherichia coli, and/or in concentrations of
80-488 ppm Salmonella enterica, and/or in concentrations of 40-498 ppm Staphylococcus aureus, and/or in concentra-
tions of 10-427 ppm Streptococcus agalactiae, and/or in concentrations of 65-167 ppm Clostridium perfringens, and/or
in concentrations of 90-494 ppm Brachyspira hyodysenteriae, and/or in concentrations of 21-184 ppm Arcanobacterium
piogenes was inhibited.
[0109] The components of the normal intestinal flora, lactic acid producers Lactococcus lactis subsp. Lactis, Lacto-
bacillus casei v. rhamnosus and Leuconostoc mesenteroide and/or Saccharomyces cerevisiae (LSE) were only inhibited
at or above a concentration of 500 ppm, and preferably at concentrations of 800-1000 ppm.

Example 18 - Double synergistic examination of microelement (zinc, copper, iron, manganese) mono-glycinate 
chelates. Synergic studies of the microelement component

[0110] There is a synergy between two or more test compounds when the biological effects thereof is enhanced by
their interactions. Knowing the MIC and CID values, it was deemed important to ensure the selectivity of the trace element
chelates. To achieve this goal, the experiments were continued with studying the microelement chelates together, looking
for synergies.

Table 4. Compositions without showing synergy and antagonistic

Double synergistic MIC values (ppm) of microelement chelates

Chelates assayed 
in double synergy

Clostridium
LSE and 

Lactococcus

E. coli inhibitory 
effect on each 

other

Salmonella 
inhibitory effect on 

each other

Brachyspira 
hyodysenteriae

Zn : Cu mono-
glycinate

Zn 360 : Cu 
50

Zn 800 : Cu 
800

- - Zn 43,7: Cu 22

Zn : Fe mono-
glycinate

Zn 350 : Fe 
1000

Zn 800 : Fe 
1000

Zn 180: Fe 110 -

Fe : Mn mono-
glycinate

Fe 1000 : 
Mn 500

Fe 1000 : Mn 
1000

- -

Zn : Mn mono-
glycinate

Zn 350 : Mn 
500

Zn 800 : Mn 
1000

Zn 10 : Mn 1940 Zn 10 : Mn 1940

Cu : Mn mono-
glycinate

Cu 100 : Mn 
500

Cu 800 : Mn 
1000

- -

Cu : Fe mono-
glycinate

Cu 100 : Fe 
1000

Cu 800 : Mn 
1000

- -

Zn malate - Cu 
mono-glycinate

Zn90 : Cu 
23

Zn 90: Cu 23

Table 5. Compositions showing synergy

Double synergistic MIC values (ppm) of microelement chelates

Chelates assayed in double synergy E. coli Salmonella

Zn : Cu mono-glycinate Zn 90: Cu 50 Zn 90: Cu 50

Zn : Fe mono-glycinate Zn 30: Fe 260

Fe : Mn mono-glycinate Fe 250 : Mn 240 Fe 230 : Mn 240

Zn : Mn mono-glycinate

Cu : Mn mono-glycinate Cu 210 : Mn 240 Cu 210 : Mn 240
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[0111] Based on these results, the minimal inhibitory concentration (MIC) of 6 trace element chelate was determined
for the pathogenic Salmonella enteritidis. These trace element chelate concentrations have practically no effect on the
normal components of the intestinal flora (LSE and Lactococcus) (800 ppm). In the case of the facultative pathogenic
E. coli, however, five different compositions of these six trace element chelate have effective synergistic MIC value.

Example 19 - Multiple synergistic examination of microelement (zinc, copper) and anion (amino acids, organic 
and hydroxy adds, etc.) chelates

[0112] In addition to what was shown in Example 18, synergy was not only found when the microelements were
combined, but synergies were recognizable when the anion part of the compounds, i.e. the amino acids, acids were
combined (Table 5).
[0113] It was concluded based on the data of the table that a synergy exists beyond the base compounds if the chelate
compounds consisting different metals are optimally mixed, as well as the anion parts are optimally mixed, and an
aggregate effect can be obtained if chelates comprising NH3, H2O ligands are mixed.

Explanation:

[0114] The trace element anionic chelates with the synergy of zinc ammine carbonate aminates gly (glycine), asp
(aspartic acid), glu (glutamic acid), his (histidine), lys (lysine) and ala (alanine) sextuple combination in concentrations
of 49-390 ppm, the trace element anionic chelate zinc aminates also in sextuple synergy at concentrations 37-238 ppm
and the copper ammonium aminates in sextuple synergy at concentrations of 15-117 ppm are useful in vitro to prevent
the possible diseases caused by E. coli and Salmonella enteritidis, Staphylococcus aureus, Streptococcus agalactiae
and Clostridium perfringens by interfering with the proliferation of the facultative pathogenic microbes.

Example 20 - Multiple synergistic examination of microelement (zinc, copper, Iron) mono-glycinate chelates. 
Synergic studies of the microelement component

[0115] Knowing that the double synergies of the trace element chelates gave 50-80 % results on the proliferation of
microbes, further triple synergy studies were carried out. Next to the trace element chelates in the double synergies, a
third trace element chelate was added. For the determination of triple synergy, all assay methods were utilized, and the
final results obtained is shown when the two liquid as well as the microplate assay gave the same result

(continued)

Double synergistic MIC values (ppm) of microelement chelates

Chelates assayed in double synergy E. coli Salmonella

Cu : Fe mono-glycinate Cu 50 : Fe 230 Cu 50 : Fe 230

Table 6. Compositions showing sextuple synergy

Synergy of animates
Escherichia 

coli
Salmonella 
enteritidis

Staphylococcus 
aureus

Streptococcus 
agalactiae

Clostridium 
perfringens

Zn animate6 (gly2, asp2, 
glu2, his2, lys2, ala2)

195 ppm 97 49 97 390

Zn(NH3)2 animate6 (gly2, 
asp2, glu2, his2, lys2, ala2)

75 150 37 78 298

Cu (NH3)2 aminate6 (gly2, 
asp2, glu2, his2, lys2, ala2)

29 117 15 30 117
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[0116] The trace element chelates are useful in vitro for the prevention of enteral diseases caused by the examined
E. coli and Salmonella in double synergistic combination, and for the examined Clostridium microbes in triple synergistic
combination, by selectively prohibiting the proliferation of the facultative pathogenic microbes, while not inhibiting the
lactic acid bacteria and yeast forming the normal intestinal flora.

Example 21 - Determination of the effective dd or static concentrations of microelenent (zinc, copper, iron, 
manganese) mono-glycinate chelates

[0117] The minimal lethal concentration (CID) is determined as described in Example 14.

[0118] In the case of Salmonella strains, the CID value of the zinc chelate is 30-fold higher than the MIC value, whereas
in the case of Clostridium strains, the CID value of the copper chelate is only twice as much as the MIC value. This
difference may also be explained with the different sensitivity of the microbe species. However, it should be considered
in the case of the components of the normal intestinal flora that both chelate have the same concentration for the MIC
and CID values, the results are being indicative of that in the case of the components of the normal intestinal flora, the
proliferation of the microbe is not inhibited at these concentrations, but the microbes are killed.

Example 22 - Pilot feeding experiments with a composition containing zinc (H2O)2 ethylenediamine tetraacetic 
acid and copper (H2O)2 ethylenediamine tetraacetic add chelates in combination.

[0119] Experimental feeding was performed with growing pigs on two occasion, under pilot environmental conditions
on a stock carrying Brachyspira hyodysenteriae.

Table 7. Compositions without showing triple synergy

Triple synergistic MIC values (ppm) of microelement chelates

Triple synergy variations E. coli Salmonella Clostridium

Zn mono-glycinate : Cu mono-glycinate : Fe mono-glycinate

1 Zn 20: Cu 100: Fe 20 Zn 90: Cu 100: Fe 60 -

2 Zn 90: Cu 10: Fe 40 Zn 20: Cu 110: Fe 140 -

3 Zn 10: Cu 60: Fe 260 - -

Table 8. Compositions showing triple synergy

Triple synergistic MIC values (ppm) of microelement chelates

Triple synergy variations Coli Salmonella Clostridium

Zn mono-glycinate : Cu mono-glycinate : Fe-glycinate

1 - - Zn 40 : Cu 30: Fe 70

2 - - Zn 40 : Cu 30: Fe 20

Table 9

COLI SALMO LACTIC ACID PRODUCERS LSE

Fe 318 ppm Zn 70 Fe 318 ppm Zn 70 Fe 318 ppm Zn 70 Fe 318 ppm Zn 70

Cu 206 Mn 242 Cu 206 Mn 242 Cu 206 Mn 242 Cu 206 Mn 242

Cu 52 Zn 88 Cu 52 Zn 88 Cu 52 Zn 88 Cu 52 Zn 88

CID concentrations of different microelement chelates (ppm)

Microelement chelates Salmonella S. tiphy Clostridium Lactococcus LSE

Zinc mono-glycinate 3000 3000 - 800 800

Copper mono-glycinate - - 200 800 800
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[0120] The control and experimental groups both were comprised of 100 store-pigs. The latter group received the
experimental composition, in the 1 kg/ton feed dose as determined in laboratory tests. In the first study, the control group
received a preventive dose of an antibiotic in its feed (Table 10). In the second study, only the pigs suffering from
dysentery were individually treated (Table 11). The parameters studied: number of treatments, development of losses,
average slaughter weight, and feed utilization.

[0121] In the first experiment, (Table 10), after the same length of fattening time, the slaughter weight in the experimental
group was 2.8 kg higher, i.e. 2.6% on average, compared to the control group, and the feed amount necessary to produce
1 kg live weight was 0.2 kg less, which means 6% increase in feed utilization.
[0122] In the second experiment (Table 11) the slaughter weight was 3.9% higher in the experimental group, while
the feed utilization was better by a value of 9.1% in the experimental group that that of the control group.

Example 23 - Pilot feeding experiment with a composition containing copper (H2O)2 bis-glycinate.

[0123] Experimental feeding was performed with growing pigs, under pilot environmental conditions with the animal
paired methods on a stock infected with the pathogen Lawsonia intracellularis. The control group received the usual
antibiotic supplement mixed into the feed. The feed of the experimental group was supplemented with a composition of
copper diammine bis-glycinate on a carrier, in a rationing of 1 kg/t.
[0124] The parameters studied: number of treatments, development of losses, average slaughter weight, and feed
utilization.

Table 10. Effect of the composition on the yield and health of store-pigs (The control group received preventive 
antibiotic treatment)

Designation Control group (antibiotic) Experimental Group

Number of animals 100 100

Initial average weight (kg) 31.5 31.7

Die off 0 0

Average slaughter weight (kg) 109.5 112.3

Feed uptake (kg) 25 877 25071

Feed utilization (kg/kg) 3.31 3.11

Table 11. Effect of the composition on the yield of store-pigs (The control group received individual antibiotic 
treatment by injection)

Control group Experimental group

Number of animals 100 100

Initial average weight kg 28.4 28.1

Individuals treated by intramuscularly 21 2

Die off during the experiment 0 0

Slaughter weight kg 105.8 109.8

Feed utilization kg/kg 3.23 2.96

Table 12. Effect of the treatment on the yield in paired-animal experiment.

Experimental group Control

Number of animals 326 331

Days of fattening 101 101

Initial average weight kg 30.86 33.74

Added weight kg 76.15 71.73
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[0125] The slaughter weight in the experimental group was higher by 1.6%. The added weight in the experimental
group was higher by 6.2%. The feed utilization in the experimental group was better by a value of 6.8% in the experimental
group that that of the control group.

Example 24 - Pilot experiments with copper ammonia bis-glycinate chelate on a farm showing the symptoms 
of necrotic enteritidis caused by Clostridium perfringens_infection.

[0126] The experiments were carried out in two barns, holding 17 100 ROSS-308 baby chicks each. The farm is
plagued continually with Clostridium perfringens infection. It requires antibiotic treatments in batches.
[0127] The first barn held the individuals of the control group, whereas the second barn held the individuals of the
experimental group. The control group did not receive supplement in its feed. The flock held in the experimental barn
had a feed supplemented with copper diammine bis-glycinate applied onto a carrier in a dose of 1.0 kg/t.
[0128] The results are summarized in the Table 13.

[0129] The weight gain of the experimental group exceeded that of the control group by 4.6% while the experimental
meat hybrid chicken required 3.6% less feed for the unit live weight gain.
[0130] The faces of the animals in the experimental group was well formed, no signs of a change indicating diarrhea
was visible. The litter was somewhat drier in this group, the ammonia level of the air was perceptionally lower than that
of the control.
[0131] No adverse side effects were observed when feeding the experimental composition.

Example 25 - Effect of feeding copper ammine ethylenediamine tetraacetic acid in a flock of egg laying hens 
after Clostridium perfringens challenge

[0132] Under laboratory conditions 108, 32 week old egg laying hens were placed into cages, with an animal density
of 3 hens par cage. Before entering the birds into the experiment, cloacal swabs were used to test for the pathogen
Clostridium perfringens. It was established that the flock is moderately infected by Clostridium perfringens.
[0133] Three equal groups were formed from the 108 birds with 36 egg laying hen in each.

1. Negative control group I C. perfringens negative

2. Positive control group II C. perfringens positive, inoculated by a gastric probe with 2 ml 106 CFU/ml C. perfringens
bacterial culture.

(continued)

Experimental group Control

Average slaughter weight kg 107.01 105.47

Feed utilization kg/kg 3.10 3.31

Table 13. Effect of feeding the experimental composition on raising broilers

Parameter studied Control group Experimental group Difference

Days of raring 42 42

Chicks at start 17 100 17 100

Chicken shipped 16 242 16 238 4

Total living weight, kg 31 005 32 395 1390 (4.5%)

Total weight gain, kg 30 298 31 681 1383 (4.6%)

Total feed use, kg 59 260 59 880 620

Mean slaughter weight, g 1909 1995*** 86(4.5%)

Relative feed utilization kg/kg 1.96 1.89 3.6%

*** = the difference is significant at P ≤  0.001
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3. Supplemented, treatment group III C. perfringens positive, inoculated by a gastric probe with 2 ml 106 CFU/ml
C. perfringens bacterial culture.

[0134] The results are shown in Table 14.

[0135] The egg yield decreased by more than 13% in the positive control group, compared to the negative control
group, due to the C. perfringens infection. In response to the treatment, the egg yield increased by 6.7% compared to
the negative control group and by 22.4% compared to the positive control group. The total egg weight showed similar
tendency during the experiment. There was a different trend in the measurement of individual eggs, because the individual
egg weight was the largest in the positive control group.

Example 26 - Feeding experiment to prevent diarrheal diseases occurring at weaning by administering zinc 
(H2O)2 malate

[0136] 32 days old weaned piglets were fed by a feed supplemented with zinc ammonium malate. The experimental
animals had E. coli infection. The control group received the standard antibiotic supplement in the feed to control the E.
coli infection.
[0137] The production yields are shown in Table 15.

[0138] The average daily weight gain was 45% higher in the experimental group than in the control group. The feed
utilization was 13% better in the experimental group than in the control group. There was no die off in the experimental
group, however, in the control group 1 animal (3.6%) died during the experimental period.
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Claims

1. Microelement organic chelate complex compound, having the general formula

(M)n(X)m(Y)o

wherein M is Zn, Cu, Fe, Mn, Ag;
X is NH3, H2O;
Y is an amino acid (preferably selected from the group consisting of the 20 naturally occurring amino acids), a
fatty acid (preferably formic acid, acetic acid or propionic acid), hydroxy acid (preferably malic acid or lactic
acid) and/or polyamino-carboxylic acid (preferably nitrilotriacetic acid or ethylenediamine tetraacetic acid);
n is 1-6;
m is 1-6;
o is 1-8.
wherein the complex is selected form the group consisting of:
copper (H2O) bisglycinate, copper (H2O)2 bisglycinate, Cu (H2O) bismalate, copper (H2O)2 ethylenediamine
tetraacetic acid, Zinc (H2O) bisglycinate, zinc (H2O)2 ethylenediamine tetraacetic acid, zinc (H2O)2 malate,
Zn(H2O) bisalaninate, Zn(H2O) bisaspartate, Zn(H2O) bisbutyrate, Zn(H2O) bisglutamate, Zn(H2O) bispropion-
ate, Zn(H2O) bisvalerianate, Zn(H2O) bismalate, copper (NH3)2 bisglycinate, copper (NH3)2 ethylenediamine
tetraacetic acid, copper (NH3)2 bismalate, Cu (NH3)2 asparaginate, Cu (NH3)2 bisasparaginate, Cu (NH3)2
bisglutamate, Cu (NH3)2 glutamate, zinc (NH3)2 bismalate, zinc (NH3)2 ethylenediamine tetraacetic acid, zinc
(NH3)2 malate, zinc (NH3)2 methionate, zinc (NH3)4 bisglycinate, zinc (NH3)4 malate, Zn (NH3)2 asparaginate,
Zn (NH3)2 aspartate, Zn (NH3)2 bisasparaginate, Zn (NH3)2 bisaspartate, Zn (NH3)2 bisglutamate, Zn (NH3)2
bisglycinate, Zn (NH3)2 bishistidinate, Zn (NH3)2 citrate, Zn (NH3)2 glutamate.

2. Microelement organic chelate complex compound, for use in the treatment of diseases caused by pathogenic bac-
teria, having the general formula

(M)n(X)m(Y)o

wherein M is Zn, Cu, Fe, Mn, Ag;
X is NH3, H2O;
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Y is an amino acid (preferably selected from the group consisting of the 20 naturally occurring amino acids), a
fatty acid (preferably formic acid, acetic acid or propionic acid), hydroxy acid (preferably malic acid or lactic
acid) and/or polyamino-carboxylic acid (preferably nitrilotriacetic acid or ethylenediamine tetraacetic acid);
n is 1-6;
m is 1-6;
o is 1-8.

3. The microelement organic chelate complex compound for use according to claim 2, selected form the group consisting
of:
copper (H2O) bisglycinate, copper (H2O)2 bisglycinate, Cu (H2O) bismalate, copper (H2O)2 ethylenediamine
tetraacetic acid, Zinc (H2O) bisglycinate, zinc (H2O)2 ethylenediamine tetraacetic acid, zinc (H2O)2 malate, Zn(H2O)
bisalaninate, Zn(H2O) bisaspartate, Zn(H2O) bisbutyrate, Zn(H2O) bisglutamate, Zn(H2O) bispropionate, Zn(H2O)
bisvalerianate, Zn(H2O)-bismalate, copper (NH3)2 bisglycinate, copper (NH3)2 ethylenediamine tetraacetic acid,
copper (NH3)2 bismalate, Cu (NH3)2 asparaginate, Cu (NH3)2 bisasparaginate, Cu (NH3)2 bisglutamate, Cu (NH3)2
glutamate, zinc (NH3)2 bismalate, zinc (NH3)2 ethylenediamine tetraacetic acid, zinc (NH3)2 malate, zinc (NH3)2
methionate, zinc (NH3)4 bisglycinate, zinc (NH3)4 malate, Zn (NH3)2 asparaginate, Zn (NH3)2 aspartate, Zn (NH3)2
bisasparaginate, Zn (NH3)2 bisaspartate, Zn (NH3)2 bisglutamate, Zn (NH3)2 bisglycinate, Zn (NH3)2 bishistidinate,
Zn (NH3)2 citrate, Zn (NH3)2 glutamate.

4. The compound for use according to claim 2 or 3, wherein the facultative pathogenic bacterium is selected from the
group consisting of: Salmonella, E. coli, Clostridium sp., Brachyspyra sp., Arcanobacterium sp., Staphylococcus
sp., Streptococcus sp., Lawsonia sp., Eimerella sp.

5. The compound for use according to any of claims 2 to 4, wherein the pathogenic bacterium is selected from the
group consisting of: Salmonella enterica, Salmonella enterica subp. Enterica serovar enteritidis, Salmonella typh-
imurium, Salmonella infantis, Salmonella gallinarium, S. paratyphi, S. abortus-equi, S. java, S. cholerae, S. typhi-
suis, S. sendai, Escherichia coli, Clostridium perfringens, C/. barati, C/. sordellii. C/. botulinum A-F, C/., novyy A, B,
C, D, Cl. septicum, Cl. chuvoei, Cl. hystoliticum, C/. sporogenes, C/. tetani, Brachyspira hyodysenteriaea, Brachyspira
pilosicoli Arcanobacterium piogenes, Staphylococcus aureus, Streptococcus agalactiae, Lawsonia intracellularis.

6. The compound for use according to any one of claims 2 to 5, for the treatment or prevention of a disease selected
from the group consisting of: poultry enteric diseases, swine enteric diseases, bovine enteric diseases, as well as
superficial treatments, for example ulcerative pododermatitis with necrotic dermatitis of poultry, mastitis of dairy
cattle, metritis of dairy cattle, hoof lesions of ungulates, enteric and superficial diseases of other animals.

7. The compound for use according to any one of claims 2 to 6, for the inhibition of bacteria proliferating in the small
intestine part of the digestive tract or on the surface of the skin and causing diseases therein, and/or for the prevention
or treatment of diseases caused by said bacteria.

8. Method for preparing a feed additive, said method comprising admixing the compound according to claim 1, and
further standard feed additive components.

9. Method for preparing a feed, said method comprising mixing the compound according to claim 1 into standard feed.

10. Use of the compound according to claim 1 in stock farming for increasing body-weight gain and/or increasing feed
utilization and/or increasing egg yield and/or decreasing mortality in the population of poultry, preferably broiler or
laying hen or turkey, and/or swine, preferably fatteners or piglets, and/or dairy cow.

Patentansprüche

1. Organische Mikroelement-Chelatkomplex-Verbindung der allgemeinen Formel

(M)n(X)m(Y)o

worin M für Zn, Cu, Fe, Mn, Ag;
X für NH3, H2O;
Y für eine Aminosäure (bevorzugt aus der Gruppe der 20 natürlich vorkommenden Aminosäuren gewählt), eine
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Fettsäure (bevorzugt Ameisensäure, Essigsäure oder Propionsäure), Hydroxysäure (bevorzugt Apfelsäure oder
Milchsäure) und/oder Polyaminocarbonsäure (bevorzugt Nitrilotriessigsäure oder Ethylendiamintetraessigsäu-
re);
n für 1-6;
m für 1-6;
o für 1-8 steht,
wobei der Komplex aus der folgenden Gruppe gewählt ist:
Kupfer(H2O)bisglycinat, Kupfer(H2O)2bisglycinat, Kupfer(H2O)bismalat, Kupfer(H2O)2ethylen-diamintetraes-
sigsäure, Zink(H2O)bisglycinat, Zink(H2O)2ethylendiamintetraessigsäure, Zink(H2O)2malat, Zn(H2O)bisalani-
nat, Zn(H2O)bisaspartat, Zn(H2O)bisbutyrat, Zn(H2O)bisglutamat, Zn(H2O)bispropionat, Zn(H2O)bisvalerianat,
Zn(H2O)bismalat, Kupfer(NH3)2bisglycinat, Kupfer(NH3)2ethylenediamintetraessigsäure, Kup-
fer(NH3)2bismalat, Cu(NH3)2asparaginat, Cu(NH3)2bisasparaginat, Cu(NH3)2bisglutamat, Cu(NH3)2glutamat,
Zink(NH3)2bismalat, Zink(NH3)2ethylendiamitetraessigsäure, Zink(NH3)2malat, Zink(NH3)2methionat,
Zink(NH3)4bisglycinat, Zink(NH3)4malat, Zn(NH3)2asparaginat, Zn(NH3)2aspartat, Zn(NH3)2bisasparaginat,
Zn(NH3)2bisaspartat, Zn(NH3)2bisglutamat, Zn(NH3)2bisglycinat, Zn(NH3)2bishistidinat, Zn(NH3)2citrat,
Zn(NH3)2glutamat.

2. Organische Mikroelement-Chelatkomplex-Verbindung für die Verwendung in der Behandlung von durch pathogene
Bakterien verursachten Krankheiten, der allgemeinen Formel

(M)n(X)m(Y)o

worin M für Zn, Cu, Fe, Mn, Ag;
X für NH3, H2O;
Y für eine Aminosäure (bevorzugt aus der Gruppe der 20 natürlich vorkommenden Aminosäuren gewählt), eine
Fettsäure (bevorzugt Ameisensäure, Essigsäure oder Propionsäure), Hydroxysäure (bevorzugt Apfelsäure oder
Milchsäure) und/oder Polyaminocarbonsäure (bevorzugt Nitrilotriessigsäure oder Ethylendiamintetraessigsäu-
re);
n für 1-6;
m für 1-6;
o für 1-8 steht.

3. Organische Mikroelement-Chelatkomplex-Verbindung für die Verwendung nach Anspruch 2, welche aus der fol-
genden Gruppe gewählt ist:
Kupfer(H2O)bisglycinat, Kupfer(H2O)2bisglycinat, Kupfer(H2O)bismalat, Kup-
fer(H2O)2ethylendiamintetraessigsäure, Zink(H2O)bisglycinat, Zink(H2O)2ethylendiamintetraessigsäure,
Zink(H2O)2malat, Zn(H2O)bisalaninat, Zn(H2O)bisaspartat, Zn(H2O)bisbutyrat, Zn(H2O)bisglutamat,
Zn(H2O)bispropionat, Zn(H2O)bisvalerianat, Zn(H2O)bismalat, Kupfer(NH3)2bisglycinat, Kup-
fer(NH3)2ethylenediamintetraessigsäure, Kupfer(NH3)2bismalat, Cu(NH3)2asparaginat, Cu(NH3)2bisasparaginat,
Cu(NH3)2bisglutamat, Cu(NH3)2glutamat, Zink(NH3)2bismalat, Zink(NH3)2ethylendiamitetraessigsäure,
Zink(NH3)2malat, Zink(NH3)2methionat, Zink(NH3)4bisglycinat, Zink(NH3)4malat, Zn(NH3)2asparaginat,
Zn(NH3)2aspartat, Zn(NH3)2bisasparaginat, Zn(NH3)2bisaspartat, Zn(NH3)2bisglutamat, Zn(NH3)2bisglycinat,
Zn(NH3)2bishistidinat, Zn(NH3)2citrat, Zn(NH3)2glutamat.

4. Verbindung für die Verwendung nach Anspruch 2 oder 3, wobei das fakultativ pathogene Bakterium aus der folgenden
Gruppe gewählt ist: Salmonella, E. coli, Clostridium sp., Brachyspyra sp., Arcanobacterium sp., Staphylococcus
sp., Streptococcus sp., Lawsonia sp., Eimerella sp.

5. Verbindung für die Verwendung nach einem der Ansprüchen 2 bis 4, wobei das pathogene Bakterium aus der
folgenden Gruppe gewählt is: Salmonella enterica, Salmonella enterica subp. Enterica serovar enteritidis, Salmonella
typhimurium, Salmonella infantis, Salmonella gallinarium, S. paratyphi, S. abortus-equi, S. java, S. cholerae, S.
typhi-suis, S. sendai, Escherichia coli, Clostridium perfringens, C/. barati, C/. sordellii. C/. botulinum A-F, Cl, novyy
A, B, C, D, C/. septicum, C/. chuvoei, C/. hystoliticum, C/. sporogenes, C/. tetani, Brachyspira hyodysenteriaea,
Brachyspira pilosicoli Arcanobacterium piogenes, Staphylococcus aureus, Streptococcus agalactiae, Lawsonia in-
tracellularis.

6. Verbindung für die Verwendung nach einem der Ansprüche 2 bis 5, für die Behandlung oder Prävention einer
Krankheit, welche aus der folgenden Gruppe gewählt ist: enterische Erkrankungen bei Geflügel, enterische Erkran-



EP 2 866 799 B1

34

5

10

15

20

25

30

35

40

45

50

55

kungen bei Schweinen, enterische Erkrankungen bei Rindern, sowie oberflächliche Behandlungen, zum Beispiel
von Pododermatitis ulcerosa mit nekrotischer Dermatitis bei Geflügel, Mastitis bei Milchkühen, Metritis bei Milchkü-
hen, Hufläsionen bei Huftieren, enterischen oder oberflächlichen Erkrankungen bei anderen Tieren.

7. Verbindung für die Verwendung nach einem der Ansprüche 2 bis 6, für die Hemmung von Bakterien, welche sich
im Dünndarmteil des Verdauungstraktes oder auf der Hautoberfläche vermehren und darin Krankheiten verursachen,
und/oder für die Prävention oder Behandlung von durch die Bakterien verursachten Krankheiten.

8. Verfahren zur Herstellung von Futterzusatz, wobei das Verfahren das Zumischen der Verbindung nach Anspruch
1 mit weiteren Standardfutterzusätzen enthält.

9. Verfahren zur Herstellung von Futter, wobei das Verfahren das Mischen der Verbindung nach Anspruch 1 in das
Standardfutter enthält.

10. Verwendung der Verbindung nach Anspruch 1 in der Viehzucht zur Erhöhung der Körpergewichtszunahme und/oder
Erhöhung der Futterverwertung und/oder Erhöhung der Eiproduktion und/oder Verminderung der Mortalität in Ge-
flügelpopulationen, bevorzugt von Broiler- oder Legehennen oder Truthennen und/oder Schweinen, bevorzugt Mast-
tieren oder Ferkeln und/oder Milchkühen.

Revendications

1. Composé complexe de chélate organique de micro-élément, ayant la formule générale

(M)n(X)m(Y)o

dans laquelle M est Zn, Cu, Fe, Mn, Ag ;
X est NH3, H2O ;
Y est un acide aminé (de préférence choisi dans le groupe constitué des 20 acides aminés naturels), un acide
gras (de préférence l’acide formique, l’acide acétique ou l’acide propionique), un hydroxyacide (de préférence
l’acide malique ou l’acide lactique) et/ou un acide polyaminocarboxylique (de préférence l’acide nitrilotriacétique
ou l’acide éthylènediamine tétraacétique) ;
n est 1-6 ;
m est 1-6 ;
o est 1-8.
où le complexe est choisi dans le groupe constitué de :
bisglycinate de cuivre (H2O), bisglycinate de cuivre (H2O)2, bismalate de Cu (H2O), acide éthylènediamine
tétraacétique de cuivre (H2O)2, bisglycinate de zinc (H2O), acide éthylènediamine tétraacétique de zinc (H2O)2,
malate de zinc (H2O)2, bisalalinate de Zn(H2O), bisaspartate de Zn(H2O), bisbutyrate de Zn(H2O), bisglutamate
de Zn(H2O), bispropionate de Zn(H2O), bisvalerianate de Zn(H2O), bismalate de Zn(H2O), bisglycinate de cuivre
(NH3)2, éthylènediamine tétraacétique de cuivre (NH3)2, bismalate de cuivre (NH3)2, asparaginate de Cu (NH3)2,
bisasparaginate de Cu (NH3)2, bisglutamate de Cu (NH3)2, glutamate de Cu (NH3)2, bismalate de zinc (NH3)2,
acide éthylènediamine tétraacétique de zinc (NH3)2, malate de zinc (NH3)2, methionate de zinc (NH3)2, bisgly-
cinate de zinc (NH3)4, malate de zinc (NH3)4, asparaginate de Zn (NH3)2, aspartate de Zn (NH3)2, bisasparaginate
de Zn (NH3)2, bisaspartate de Zn (NH3)2, bisglutamate de Zn (NH3)2, bisglycinate de Zn (NH3)2, bishistidinate
de Zn (NH3)2, citrate de Zn (NH3)2, glutamate de Zn (NH3)2.

2. Composé complexe de chélate organique de micro-élément, pour utilisation dans le traitement de maladies causées
par des bactéries pathogènes, ayant la formule générale

(M)n(X)m(Y)o

dans laquelle M est Zn, Cu, Fe, Mn, Ag ;
X est NH3, H2O ;
Y est un acide aminé (de préférence choisi dans le groupe constitué des 20 acides aminés naturels), un acide
gras (de préférence l’acide formique, l’acide acétique ou l’acide propionique), un hydroxyacide (de préférence
l’acide malique ou l’acide lactique) et/ou un acide polyaminocarboxylique (de préférence l’acide nitrilotriacétique
ou l’acide éthylènediamine tétraacétique) ;
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n est 1-6 ;
m est 1-6 ;
o est 1-8.

3. Composé complexe de chélate organique de micro-élément pour utilisation selon la revendication 2, choisi dans le
groupe constitué de :
bisglycinate de cuivre (H2O), bisglycinate de cuivre (H2O)2, bismalate de Cu (H2O), acide éthylènediamine tétraa-
cétique de cuivre (H2O)2, bisglycinate de zinc (H2O), acide éthylènediamine tétraacétique de zinc (H2O)2, malate
de zinc (H2O)2, bisalalinate de Zn(H2O), bisaspartate de Zn(H2O), bisbutyrate de Zn(H2O), bisglutamate de Zn(H2O),
bispropionate de Zn(H2O), bisvalerianate de Zn(H2O), bismalate de Zn(H2O), bisglycinate de cuivre (NH3)2, éthy-
lènediamine tétraacétique de cuivre (NH3)2, bismalate de cuivre (NH3)2, asparaginate de Cu (NH3)2, bisasparaginate
de Cu (NH3)2, bisglutamate de Cu (NH3)2, glutamate de Cu (NH3)2, bismalate de zinc (NH3)2, acide éthylènediamine
tétraacétique de zinc (NH3)2, malate de zinc (NH3)2, methionate de zinc (NH3)2, bisglycinate de zinc (NH3)4, malate
de zinc (NH3)4, asparaginate de Zn (NH3)2, aspartate de Zn (NH3)2, bisasparaginate de Zn (NH3)2, bisaspartate de
Zn (NH3)2, bisglutamate de Zn (NH3)2, bisglycinate de Zn (NH3)2, bishistidinate de Zn (NH3)2, citrate de Zn (NH3)2,
glutamate de Zn (NH3)2.

4. Composé pour utilisation selon la revendication 2 ou 3, dans lequel la bactérie pathogène facultative est choisie
dans le groupe constitué de : Salmonella, E. coli, Clostridium sp., Brachyspyra sp., Arcanobacterium sp., Staphy-
lococcus sp., Streptococcus sp., Lawsonia sp., Eimerella sp.

5. Composé pour utilisation selon l’une quelconque des revendications 2 ou 4, dans lequel la bactérie pathogène est
choisie dans le groupe constitué de : Salmonella enterica, Salmonella enterica subp. Enterica serovar enteritidis,
Salmonella typhimurium, Salmonella infantis, Salmonella gallinarium, S. paratyphi, S. abortus-equi, S. java, S.
cholerae, S. typhi-suis, S. sendai, Escherichia coli, Clostridium perfringens, CI. barati, CI. sordellii. CI. botulinum A-
F, CI. novyy A, B, C, D, CI. septicum, CI. chuvoei, CI. hystoliticum, CI. sporogenes, CI. tetani, Brachyspira hyody-
senteriaea, Brachyspira pilosicoli Arcanobacterium piogenes, Staphylococcus aureus, Streptococcus agalactiae,
Lawsonia intracellularis.

6. Composé pour utilisation selon l’une quelconque des revendications 2 ou 5, pour le traitement ou la prévention
d’une maladie choisie dans le groupe consistant en : les maladies entériques de la volaille, les maladies entériques
porcines, les maladies entériques bovines, ainsi que les traitements superficiels, par exemple la pododermatite
ulcérative avec dermatite nécrotique de la volaille, la mammite des bovins laitiers, la métrite des bovins laitiers, les
lésions des sabots des ongulés, les maladies entériques et superficielles des autres animaux.

7. Composé pour utilisation selon l’une quelconque des revendications 2 ou 6, pour l’inhibition de la prolifération des
bactéries dans la partie intestine grêle de la tube digestif ou à la surface de la peau et y provoquant des maladies,
et/ou pour la prévention ou le traitement de maladies causées par lesdites bactéries.

8. Procédé de préparation d’un additif de fourrage, ledit procédé comprenant le mélange du composé selon la reven-
dication 1 et d’autres composants additifs de fourrage ordinaire.

9. Procédé de préparation d’un fourrage, ledit procédé comprenant le mélange du composé selon la revendication 1
dans un fourrage ordinaire.

10. Utilisation du composé selon la revendication 1 dans l’élevage pour augmenter le gain de poids corporel et/ou
augmenter l’utilisation de fourrage et/ou augmenter le rendement des oeufs et/ou diminuer la mortalité dans la
population de volailles, de préférence poulets ou poules pondeuses ou dindes, et/ou de porcs, de préférence
engraisseurs ou porcelets, et/ou de vaches laitières.
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