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A PROCESS FOR THE PRODUCTION OF CHROMIUM(III) SALTS OF SHORT CHAIN FATTY ACIDS FOR USE IN

The present invention relates to metal carboxylates and more particularly to chromium(Ill) and manganese(I) salts of short chain
fatty acids. A method of making the same such that there are only sub part per billion amounts of these metals in other valent forms present
in the resultant salts, and the salts are suitable for use as nutritional supplementation of living organisms with the organic metal saits.




]
A Process for the Production of Chromium(lll) Salts of Short

Chain Fatty Acids for Use in Animal Feeds

Field of the Invention

The present invention relates to metal carboxylates and, more particularly, to

s chromium(IIT) and manganese(II) salts of short chain fatty acids. A method of making the
same, such that there are only sub-part-per-billion amounts of these metals in other valent
forms present in the resultant salts, and the salts are suitable for use as nutritional

supplementation of living organisms with the organic metal salts.

Background and Prior Art

10 Trace metals appear to be essential elements in the diet of living organisms,
necessary to promote good health and the proper function of many biochemical enzymatic
reactions and transportation processes. Since food intake does not always supply the
appropriate amounts of these trace metals, such as chromium, iron, copper, zinc,

manganese, etc., dietary supplementation is used. This is not only true for humans but

sesses t1s  also for animals. The supplemental material provides trace metals in several forms,
. including the inorganic salts of the trace metals, metal amino acid complexes, metal-
amino acid chelate complexes, metal proteinate complexes and metal polysaccharide
‘ complexes.

: The bioavailability of these trace metals differs which affects the amount of trace

20 metal that is actually assimilated by the organism. Certain of these trace metal
compounds have been approved for the use in agricultural animal feed supplements. One
: of the most recent approvals has been for the supplementation of chromium in animals by
. providing chromium as chromium picolinate. However, the presently available forms of
: bioavailable chromium, such as chromium picolinate or chromium yeast, appear to
I 25 evidence 12ppb of chromium (VI). Chromium (VI) has not been approved for addition to
agricultural animal feed and may actually be potentially harmful as an animal waste
product and detrimental to the animals' overall health. Chromium (III) is a trace metal

that contributes to carbohydrate, insulin, and protein processes in the body. Manganese

(I) is associated with a number of enzymatic reactions, including those contributing to

30  growth and maintenance of bone and connective tissue. According to a number of animal
studies, supplementation to animal feed with these trace metals provides health benefits to

_=._agricultural animals such as swine, beef and poultry. The effect of chromium (II) in a

RA '. 1 3 : b . . . .
'Y\P% ldtzt has been investigated in several animal species. Particularly, it has been shown in
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2
several studies to improve daily gain in swine and pigs per litter in sows. It has been
theorised that the effect of chromium is due to an interaction with insulin which allows
the metabolism of energy to take place more efficiently.
As noted, it has been found that the addition of chromium(IIl) to a diet can increase

s the utilisation of energy in the diet by the animal. However, the chromium is only a
benefit to the diet if the chromium is bioavailable. It is noted that inorganic forms of
chromium have very little biological activity, and that chromium (VI) is both an inactive
form of chromium as well as being toxic and carcinogenic (McDowell). It is also noted
that chronic exposure to even trace levels of chromium (VI) increase rates of carcinoma.

10 Most of the processes in the prior art for converting Chromium (II) to a
bioavailable supplement source for feed use chromium (III) as the staring material.
However, a few industrial processes use chromium (VI) as the starting material to get a
chromium (1II) resultant material. Although not a process that could be used to make a
chromium compound useable as a dietary supplement, there are some processes for

15 converting valence +6 chromium into valence +3 chromium for industrial purposes, such

RTIIO as for use in oil production (US patent 4,636,572). Another process for the industrial
‘.. production of chromium(III) short chain fatty acids has been developed and described in
ity US Patent 2,678,328 to Drew (hereinafter the '328'). In this process, a dichromate salt is

reduced with glycolic acid in the presence of the fatty acid to produce the chromium(III)
20 fatty acid salt. To make the process work, Drew implemented a process of flow injection
of the reducing agent into a fast-moving chromium stream and (according to column two
lines 45-55) attempted to run the initial reaction mixture at less than 10 percent by weight
oo of water.
) Unfortunately, these chromium salts produced by this prdcess are unacceptable for
. 25 use in animal feed. Glycolic acid is not recognised as a feed ingredient by the FDA.
. Residues of glycolic acid would exclude these salts from such use. Glycolic acid is also
cees found to be a poor reagent in this process, because the reagent grade acid contains
between thirty and forty three percent water. It is known that water in the reaction
mixture of the process of Drew causes the reaction to not proceed to completion (US
30 patent 2,615,031 to Stover). The amount of water added to the reaction mixture with the
glycolic acid would be small, but it may still result in increased chromium(VI) residues in
the product. While this amount of residue may be acceptable in industrial grade products,
this is not believed acceptable in a product developed for internal use by humans and

@; animals. In fact, McDowell, in a book entitled "Minerals in Animal and Human
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Nutrition, pp.368-70 published by Academic Press in 1992, notes that chronic exposure to
even trace levels of chromium(VI) increase rates of carcinoma. Similarly, Manganese
(VID) is considered the less healthy form of the trace mineral. The desirable form for diet
supplementation is manganese (II).

5 Ed. Udy, in an ACS. Monograph Series no.132 entitled Chromium Vol.1, indicates
that several other reducing agents may be used to reduce dichromate salts to
chromium(III) acetates. At lcast one of this list is less problematic than glycolic acid, that
being glucose. However, he does not give any indication of the extent to which such a
reaction would proceed, nor does Udy specify which of many forms of chromjum(II)

lo acetate cited would be formed by such a reaction. Further, Udy states that these
compounds are not "simple", In fact, he cites that some forms of the acetate are only
slightly soluble in water. Low solubility may be an indication of lower bioavailability,
thus leading to 2 conclusion that this type of reaction would not be suitable for formation
of a chromium compound that would be uscfu! as a nutritional diet supplement.

15 There remains a need for a process of preparing a Chromium (III) and a Manganese
(I1) salt of a short chain fatty acid that is substantially pure of any unreduced Chromium
(VD) and any Manganese (VII), respectively, Additiormally, there remains a need for a
process that reduces Chromium (III) and a Manganese (II) from the respective +6 and +7
valence form, uses a reducing agent that is acceptable for feeding to animals or hurnans,

20 and contains the Chromium (TI) and a Manganese (II) in a bicavailable form. Still
further, there is a need for a chromium (I) organic salt that is substantially pure of
hexavalent chromium.

Summary of the Invention

In a first aspect, the present invention provides a method of forming metal

25 carboxylates comprising the steps of: mixing (CH3(CH,),COOH) where x is 0-4, with a

polyvalent metal salt where the metal is selected from the group consisting of chromium,

manganese; and reducing said polyvalent metal salt with a reducing agent selected from

the group consisting of a saccharide and a glycol, wherein the resultant product has
nondetetectible amounts of the polyvalent metal.

30 In preferred embodiments, the discovery relates to a process for producing a

substantially pure (herein after defined as containing only undetectable amounts of the
unreduced metal (Cr™) or (Mn""), respectively) trivalent (Cr'®) or divalent (Mn*?) salt of
a carboxylic acid (a metal carboxylate) having a formula of M(CH3(CH,),COO’),1 Where
M is the trivalent or divalent meta] cation, manganese (Mn*?) or chromium (Cr*’) and x is

N
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4
zero or one or two or three or four, and preferably zero or one so that an acetate or
propionate salt is made, and y is an integer equal to the cationic charge of M. The
following discussion will focus on the (Cr*’) use, but it should be understood that, taking
into account the valence differences, this process should work equally as well with
s (Mn*?)., The discovered process preferably begins with the mixing of 1) a carboxylic acid
of C;-Cs and preferably C,-C; with: 2) a polyvalent metal (polyvalent shall be defined
here to be valences of greater than +3 valence) of a metal preferably selected from
chromium(VI) or manganese (IV) as a salt; and, 3) preferably adding "selected reducing
agents", herein after defined as reducing agents that pass the three part test: a) the
o reducing agent must preferably be able to drive the reaction to completion, b) reducing
agent does not preferably leave any residues that would be toxic when fed to the targeted
biological organism; c) the excess reducing agent in the final product is prefersbly
acceptable at the levels found to be in the feed of the organism which is targeted to
consume it. The answer to these three questions can preferably be determined without
15 undue experimentation by those of skill in the art. The preferred reducing agents are
glucose or propylene glycol, resulting in a metal salt of a chain fatty acid with
substantially no Chromium (VI) present in the resultant  material. More particularly, the
preferred process of the present invention is the preparation of chromium (IIl) propionate
by the reduction of sodium dichromate dihydrate with propylene glycol, or other suitable
20 reducing agent, in the presence of propionic acid.

Herein, the term feed stuff is used to describe a mixture of plant or animal material,
such as grain or animal by-products, vitamins, minerals or other feed additive used to feed
agricultural or domesticated animals. The term food stuff is used to describe any item
which may be consumed by humans. The term food is defined as all food stuffs and feed

35 stuffs.
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Detailed Description of the Preferred Embodiment

The discovered process results in a bioavailable chromium metal salt of a fatty acid
which has undetectable amounts of chromium (VI) (less than 6 ppb). This is in contrast
with the presently available forms of bioavailable chromium, such as chromium picolinate

s or chromium yeast, that evidence ~12ppb of chromium (VI). The discovered process

begins with the mixing of 1) a carboxylic acid of C,-C¢ and preferably C,-C; with: 2) a

polyvalent metal (polyvalent shall be defined here to be valences of greater than +3

valence) selected from chromium(VI) or manganese(IV) as a salt; and 3) adding "selected

reducing agents”, hereinafter defined as reducing agents that pass the three part test; a) the

10 reducing agent must be able to drive the reaction to completion (preferably in less than 24

hours); b) the reducing agent does not leave any residues that would be toxic when fed to

the targeted biological organism (particularly humans or agricultural animals); c¢) the

excess reducing agent in the final product is acceptable at the levels found to be in the

feed of the organism which is targeted to consume it. The preferred reducing agents are

15 glucose or propylene glycol. The process results in a metal salt of a short chain fatty acid

At with substantially no Chromium (VI) or polyvalent metal present in the resultant material.
To determine if the reaction is driven to completion, the reaction may be tested for

the presence of the polyvalent metal; if that metal is not present, then the reduction is
complete. Alternatively, excess amounts of the reducing agent can be used to assure

20 reduction. Residues can be tested by spectographic analysis of the resultant material and

comparison with the targeted organisms' tolerance for the residue; or, alternatively, the

saeeel material can be fed to animals in control studies to determine the toxicity. The last test
:' can be readily established by referencing approved materials for foods or for feeds;
2:.’-§ alternatively, controlled animal studies can be run on the target animal. Thus, in
egened 25 producing the chromium (II) salt of the fatty acid acetate or propionate, several
’:: components are used: 1) a chromium (III) component, 2) an anhydrous short chain fatty
3:.::° acid, and 3) a reducing agent. The molar ratio of fatty acid to chromium(III) should be

3:1; however, additional propionate may be added as solvent. The reducing agent must be
adding in amounts sufficient to drive the reaction to completeness, and, if the reducing
30 agent is the preferred propylene glycol, then there should be approximately 0.4 moles per
mole of chromium(VI).
Chromium(VI) Component
The chromium (VI) component is selected from any of the alkali metal or alkali

3 RA
\5% zéﬁix metal or ammonium dichromates or chromate. Such salts would have the form of
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6
M,(Cr;,07), or M(CrOs),1, where M is any cation, and x and y are such that the charges of
the cations and anions are equal. These salts may be in any hydrous or anhydrous form.
Presently, the preferred is sodium or potassium dichromate dihydrate, because of
cost and ease of accessibility. There is no particular difference whether chromate or
s dichromate is used, since in acid, the chromate converts. However, when chromate is
used, additional propionic (or other fatty acid selected) may be required.
Fatty Acid Selection
The fatty acid component is selected based on its having a formula of at least
stoichiometric amounts, and preferably excess stoichiometric amounts, of the following:
10 (CH3(CH)xCOOH), where x is zero or one or two or three or four, used to form a
trivalent (Cr") or divalent (Mn*?) salt of a carboxylic acid (a metal carboxylate).
Preferably, x=zero or one, so that an acetate or propionate salt is made, and the number of
these acids per each metal is an integer equal to the cationic charge of M (the metal).
Carboxylic acids of C;-Cs are acetate, propionate, butyrate, and valerate respectively.

15 Valerate is the least preferred. Preferably C,-C; acetate and propionate are used, as they

Jooee, evidence fewer undesirable traits for the consummation of the final product. The fatty
e, acids are preferably in the neat or anhydrous form to avoid addition of water to the
e reaction. Water makes the reaction more susceptible to having undesirable polyvalent

metals in the resultant material.
20 Reducing Agent Selection
"Selected reducing agents" are defined as reducing agents that pass the three part
test: a) the reducing agent must be able to drive the reaction to completion (preferably in
e less than 24 hours); b) reducing agent does not leave any residues that would be toxic
when fed to the targeted biological organism (particularly humans or agricultural

25 animals); c) the excess reducing agent in the final product is acceptable at the levels found

. uoc to be in the feed of the organism which is targeted to consume it. The preferred reducing
R agents are glucose or propylene glycol; however, it is thought that other mono, di or poly-

saccharides such as fructose or sucrose may also act as adequate reducing agents for the
purposes of this reaction. Likewise, other glycols may be useful if they pass the three-
30 part test. Once the three part test is passed by a reducing agent, then the researcher should
evaluate the selected reducing agents based on availability, price, and where the metal is
being over-reduced. For example, glucose is less preferred than propylene glycol, because

glucose can turn brown and form Chromium (II) which, in the oxidised form, is totally

——

. ?05 R4 @;)n-bloavallable to animals.
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7
After all of the reactants/reagents have been admixed together, a sufficient time
should be allowed for the reaction to reach completion. The reaction temperature should
be under control to avoid excessive heat from this exothermic reaction. Presently
suggested are reaction times of twenty minutes to 24 hours, the preferred range being 1-3
s hours. The reaction temperatures should be about 60 degrees C to -120 degrees C. Times
greater than 24 hours can be employed, but they do not appear to be necessary, as the
reaction goes to completion fairly rapidly. The product of this reaction is a solution of
Chromium (III) in propionic acid. This mixture can be directly added to feed or sprayed
on plant material or, alternatively, made into a dry form by adding a carrier such as silicon
10 dioxide, cobmeal, calcium carbonate, vermiculite, bentonite and the like.
Examples
Examples provided are intended to assist one skilled in the art in a further
understanding of the invention. The materials employed are not limitations, but rather
exemplary. The specification, text, examples, data and claims should be viewed as a
15 whole in considering the scope of the invention.

ceve Chromium(IlI) propionate was synthesised by the following reaction. In the

[ XXX Y XY

laboratory runs a variable speed mechanical stirrer, a water cooled reflux condenser and a

probe for determining the temperature of the reaction may have been employed. Heat was

added where necessary by a heating unit.

e o000 oo
L]

*

20 Example 1

ce
[ X X ]
L]
L
ee ooee ot

Propionic acid and sodium dichromate were mixed in a reaction vessel. The
reaction mixture was heated to 900°C. Glucose was added in small portions to the
reaction mixture. Several seconds after each addition, large amounts of gas were

produced by the mixture and the temperature of the mixture increased sharply to ~120-
25 1350°C. Propionic acid vapour was refluxed back into the vessel using a water cooled
. condenser. Portions of glucose were added until the reaction had gone to completion.
aree The reaction time was ~3 hours, but the time was dependent on how quickly the glucose is
seee added. If the glucose were added in one portion, the reaction was complete within

minutes. Upon further experimentation, it was found that the reaction was very slow until
30 the reaction mixture was heated to 85-90°C. It was also found the optimum ratio of
sodium dichromate to glucose was 5.8 to 1 weight to weight; however, more glucose may
be added to ensure complete reaction. It was also found that the minimum amount of
propionic acid to sodium dichromate was 6 to 1 on a mole basis. More than this amount

of propionic acid was used in the laboratory reactions to act as a solvent. A solvent is

N / N
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necessary in the reaction to ensure that the glucose can properly react with the
chromium(VI). It is thought that other non-water containing solvents or mixtures of
solvents may be used in this reaction, as long as they do not interfere with the reaction,
and any residues present in the final product are acceptable and pass the three part test
above. Glucose was used in this experiment. However, it is possible that other mono, di
or poly-saccharides such as fructose, sucrose, dextrose, or corn or table sugar, may also
act as an adequate reducing agent for the purposes of this reaction. Other chromium(VI)
containing salts may be used for the purposes of this reaction. Such salts would have the
form of M(Cr,07), or M,(CrOs4), were M is any cation and x and y are such that the
charges of the cations and anions are equal. These salts may be in any hydrous or
anhydrous form.
Example 2

The same experiment, as outlined in example one, was run; the changes to the
experiment are noted herein. Propylene glycol could also be used as a reducing agent in
place of the glucose. 499.73g propionic acid, 166.58g sodium dichromate, and 33.55g
propylene glycol were reacted in a similar manner to the reaction above. The product was
identical to that of the reaction using glucose as the reductant. Similarly to glucose,
propylene glycol is acceptable as a feed additive.

The particular product of these reactions was found to be dark green and very
viscous. Upon drying, the product solidified and turned to a medium green. The product
was found to be very soluble in water and contain only trace amounts of chromium(VI).

Example 3

The same experiment, as outlined in example one, was run; the changes to the
experiment are noted herein. 382.07 g of Na,Cr,0,H;0, 66.24g dextrose, and 1146.2
grams of propionic acid wére allowed to react. After the reaction ran, 1146 grams (1.1
ratio to grams of acid) of Sipernat (silicon dioxide) was added. The material was made as
three separate batches, and was used to determine bioavailability of the chromium to
animals in example 7.

The particular product of this reaction has since been found to be bioavailable. No
further purification of the product is necessary before it is acceptable to be fed to animals
as a supplement.

Example 4
The three factors in the study will be feed energy, chromium level, and propionate

level. The responses in this study will be eggs per hen per day, egg mass per hen per day,

[1\DAYLIB\LIBU]34901.doc:ael




9
and feed intake per hen per day. From this data, feed-to-egg mass conversion will also be
calculated.
A high energy level feed at 1376 kcal/0.4535924 kg and a low energy level feed at
1097 kcal/0.4535924 kg were formulated per the guidelines in Feed & Nutrition by
s Ensminger and Olentine, first edition. The two formulations were balanced for crude

protein, methionine, and lysine content. The two formulations are listed in Table 1.

Ingredient High Energy Diet Low Energy Diet
Corn Meal 64.00% 56.00%
Soybean Meal 0.00% 16.00%
Comn Gluten Meal 4.00% 4.00%
RHA Meat and Bone Meal 17.00% 14.50%
Poultry Fat 5.50% _0.00%_
Calcium Phosphate 1.00% 1.00%
Limestone 7.31% 7.42%
Salt 0.30% 0.30%
L-Lysine 0.15% 0.05%
egeeel DL-Methionine 0.16% 0.15%
7 Trace Mineral Premix 0.08% 0.08%
RN Vitamin Premix 0.50% 0.50%
Table 1.
:::::: 10 The high chromium level will be 500ppb. No adjustment is necessary for the low

level because only 5.67g of an 8% chromium product will treat one ton of feed at 500ppb.
The high level of propionate will be one percent calcium propionate to the feed. One
percent calcium carbonate will be added to the low propionate level treatment to keep the

treatments balanced. The eight treatments are listed in Table 2.

B
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Treatment Energy Chromium Propionate
1 High High High
2 High High Low
3 High Low High
4 High Low Low
S Low High Low
6 Low High Low
7 Low Low High
8 Low Low Low
Table 2.

Each of the eight treatments will be fed to three randomly selected pens of eight or
nine birds. The trial will last for S weeks. The hens will be given feed and water ad
libitum for the duration of the trial. Feed intake and eggs per hen per day will be recorded
daily throughout the trial. During the last five days of the trial the weight of each days
egg production will be recorded for each pen. The results of this study indicates the effect
of bioavailable chromium on poultry.

Example 5

The same experiment, as outlined in example 3, was run; the changes to the
experiment are noted herein. When large excesses of glucose were added to the reaction
miXx, the product turned brown.

This was due to the conversion from chromium(I) salts to chromium(Il) salts.
These salts are known to have equal efficacy to chromium(Ill) salts (McDowell).
However, due to the fact that they are unstable in air, they are not suitable for use in
animal feeds. As the chromium(l) oxidises it may form chromium(IIl) oxide, which is
completely biologically inert.

Example 6

Ion chromatography, using EPA method 218.6, was used to analyse a sample of
chromium propionate prepared in the lab from éodium dichromate and a sample of
Chromax - 10X (0.4% chromium picolinate). The analysis was done using Dionex
equipment. No residual chromium(VI) could be detected in our product with a detection

limit of 8.3 ppb, while chromium picolinate was found to contain 13 ppb. It must be

noted that our product contained about 20 times the chromium of chromium picolinate.

[I\DAYLIB\LIBU]34901 .doc:acl
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On an equal chromium basis, our product contain at least an order of magnitude less
chromium(VI). A sample of high chromium yeast was also analysed and found to contain

600 ppb chromium(VII).

Example 7

An experiment using the materials from experiment in Example 3 was run to
determine the effects of dietary chromium tripicolinate (Cr Plc) and chromium propionate
(Cr Prop) on swine growth, blood metabolites, glucose tolerance, and insulin sensitivities.
36 swine in three groups of 12, initial barrow weight 20.2 and 38.4 kg, were used in the
study. The following feeds were used: com-soybean meal basal (control), the control
feed plus 200 ppb chromium as Cr Plc test 1, the control feed plus 200 ppb chromium as
Cr Prop test 2. Data on swine growth was gathered for 28 days; then 23 of the 24 pigs
were fitted with catheters and a glucose tolerance and insulin challenge data were
gathered. Both test 1 and 2 decreased P<.05 average daily gain and average feed intake
per day, but not feed efficiency (p>. 10). Plasma from fasting swine showed neither
source affected total cholesterol, urea, insulin, or HDL totals. Test 1 showed higher HDL
concentrations tended to be higher for test 1 (p=.12) than test 2 pigs; pigs in test one had
decreased (p<.02) fasting plasma non-esterified fatty acid concentrations and pigs in test
two tended (p=.12) to have lower non-esterified fatty acid concentration than control pigs.
During the insulin challenge, glucose clearance was increased (p<.01) in pigs in test two
and tended to be increased (p=.12) in pigs in test one. Glucose half-life was decreased by
both tests. Both sources of organic chromium affect metabolism in pigs.

The animal experiments show that chromium propionate made by this process
positively affects the metabolism of animals and shows similar, if not better, results than
does chromium picolinate.

It is understood that the foregoing detailed description of the invention is merely

illustrative and that modifications and variations are within the scope of the invention.
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The claims defining the invention are as follows:

1. A method of forming metal carboxylates comprising the steps of: mixing
(CH3(CH;),COOH) where x is 0-4, with a polyvalent metal salt where the metal is
selected from the group consisting of chromium, manganese; and reducing said

s  polyvalent metal salt with a reducing agent selected from the group consisting of a
saccharide and a glycol, wherein the resultant product has nondetetectible amounts of the
polyvalent metal,

2. A method according to claim 1 where in the selected reducing agent is
selected from the group consisting of mono, di, poly saccharides, and glycols.

10 3. A method according to claim 1 where in the selected reducing agent is
selected from the group consisting of glucose, and propylene glycol.

4. A method according to claim 1 where in the selected reducing agent is
propylene glycol,

5. A method according to any onc of the preceding claims where in the

15 polyvalent metal salt is selected from the group consisting of dichromate and chromate
salts.

6. A method according to any one of claims 1 to 4 where in the polyvalent metal
salt is a permanganate salt.

7. A method according to any one of claims 1 to S where in the polyvalent metal

20  saltis sodium dichromate dihydrate.

8. A method according to any one of the preceding claims where in x = 0 and the
solvent is acetic acid.

9. A method according to any one of claims 1 to 7 where in x = 1 and the solvent
is propionic acid.

25 10. A method of forming metal carboxylates, substantially as hereinbefore
described with reference to any one of the Examples.

11.  Metal carboxylates formed by the method of any one of the preceding claims.

Dated 17 December, 2001
30 Kemin Industries, Inc.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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