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1. 

METAL AMNO ACD CHELATE 

BACKGROUND 

This invention relates to a method of preparing stable 
amino acid chelates. Moreover, this invention relates to a 
stable new form of amino acid chelates and to the new 
chelate prepared by the process. 

Certain metal ions are known to be beneficial in stimu 
lating plant growth and in the production of larger, stronger 
plants, increased production of fruits or vegetables or the 
generation of more flavorful produce. Other benefits have 
been observed when these metals are added to the diet of 
animals and humans. 

It has become generally accepted that the chelated forms 
of these metals with amino acids are demonstrably better 
assimilated by plants, animals, and human beings than metal 
salts, the plant, animal and human tissues showing increased 
metal content when exposed to metal amino acid chelates. 
Prior art metal amino acid chelates are formed by reacting 
metal salts with amino acids. For example, metal salts, such 
as salts of iron, Zinc, copper, magnesium, cobalt or calcium, 
when reacted with an amino acid, for example glycine, 
would form ferrous glycinate, zinc glycinate, copper glyci 
nate, magnesium glycinate, cobalt glycinate, cobalt glyci 
nate, or calcium glycinate. However, the metal amino acid 
chelates made according to the prior art processes result in 
products that are insoluble or unstable in water, particularly 
at a low pH or a pH above 7. The chelation process shown 
in certain prior art references requires heating under nitrogen 
(U.S. Pat. Nos. 2,877,253 and 2,957,806). Other prior art 
techniques produce chelates which are unstable or precipi 
tate at a pH above 8 (U.S. Pat. Nos. 4,216,143 and 4,216, 
144). Additionally, these prior art chelates have been known 
to precipitate out of solution when other chemical com 
pounds, such as phosphates, are added to the chelate solu 
tion. 

Prior art chelates also show stability problems over a 
period of time, the compounds precipitating after two or 
three days (U.S. Pat. No. 4,216,144). U.S. Pat. No. 3,396, 
104 shows formation of insoluble metal proteinates using 
saline water. 

Therefore, there is a real need for a material capable of 
delivering high levels of desirable metal ions to plants, 
animals or human beings. The utility of such a material 
would be further enhanced if it is soluble in both acid, 
neutral and basic aqueous solutions, particularly if the 
materials remain in solution even after the addition of other 
soluble materials. 

SUMMARY 

These needs are met by the process for preparing metal 
amino acid chelates of the present invention. 
The present invention is directed to a process for prepar 

ing metal amino acid chelates, and the metal amino acid 
chelates prepared by the process. Further, the present inven 
tion is directed to metal amino acid chelates which are 
soluble in water where the solution has a pH from about 4.5 
to about 8.5. Still further the invention is directed to metal 
amino acid chelates which are stable over an extended 
period of time, the stability or solubility not being adversely 
effected by the addition of other additives to the solution. 
The process for preparing metal amino acid chelates of 

the present invention comprises the production of a solution 
of the desired metalion by dissolving a water soluble salt of 
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2 
the metal in deaerated water, adding the salt solution to an 
acid solution prepared by mixing an organic acid with an 
amino acid to form a chelate, and adjusting the pH of the 
solution to a pH between 4.5 and 8.5. 
The process results in a chelate of the metal ion with the 

amino acid and the organic acid, the chelate having a unique 
composition as demonstrated by the spectral analysis. 

BRIEF DESCRIPTION OF DRAWINGS 

These and other features, aspects, and advantages of the 
present invention will become better understood with refer 
ence to the following description, appended claims, and 
accompanying drawing, where: 

FIG. 1 is a flow diagram depicting an exemplary chelate 
formation process having features of the invention. 

DESCRIPTION 

FIG. 1 depicts an exemplary process embodying features 
of the invention. Water is deaerated by boiling for at least 30 
minutes. A quantity of a water soluble salt of the desired 
metal ion is then added to the deaerated water with stirring, 
the solution being maintained at a temperature of at least 
about 80°C. An acid solution is also prepared by mixing an 
organic acid with an amino acid, the two acids being 
combined in a ratio of about 1:1 to about 1:10, the ratio of 
the two acids being dependent on the number of -NH2, or 
-COOH groups in each compounds and/or the valence of 
the metalion to be added. While not required, it is preferred 
that each solution is filtered prior to proceeding with the next 
step so that the mixtures do not include any undissolved 
material. 
The metal salt solution and the acid solution are then 

combined with mixing so that the mole ratio of metalion to 
acid is about 1:2, the mixture being maintained at 80° C. to 
produce a metal amino acid chelate solution. Undissolved 
material can then be filtered from the chelate solution and 
the chelate solution can be applied to a plant or soil in which 
the plant is growing. Alternatively, the chelate solution can 
be dried by standard processing techniques, the dried mate 
rial converted to fine granules or powder and the resultant 
dry material packaged for later use. If the product is not used 
in its liquid state but instead is dried, the maximum drying 
temperature was about 110° C. Higher temperatures tended 
to cause decomposition of the chelate. 
The process of the invention is applicable to abroad range 

of metal ions including water soluble salts of iron, cobalt, 
copper, zinc, manganese, magnesium, calcium, boron, 
molybdenum, and nickel or mixtures thereof. A list of 
representative metal salts includes the water soluble carbon 
ates, sulfates, nitrates, oxides, hydroxides, chlorides, phos 
phates and acetates or mixtures thereof. 
Abroad range of organic acids, including acids with more 

than one carboxyl groups and one or more hydroxyl groups, 
and amino acids have also been found to be usable in the 
process of the invention. Suitable organic acids include citric 
acid, malonic acid, tartaric acid, lactic acid and gluconic acid 
or mixtures thereof. Amino acids, with or without the 
addition of a broad range of substituents including, but not 
limited to a second carboxyl group (i.e., aspartic acid or 
glutamic acid), a carboxamide (i.e., asparagine), a second 
basic group such as an amino group (i.e., lysine), an guani 
dino group (i.e., arginine), an imidazole ring (i.e., histidine), 
a benzene or heterocyclic ring system, phenolic or alcoholic 
hydroxyl groups, halogen or sulfur atoms are suitable for the 
process of the invention. Preferred amino acids include 
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glycine, lysine, methionine, cysteine, glutamic acid and 
aspartic acid and mixtures thereof. Increasing the pH up to 
about 8.5 does not affect the clear character of the solution. 
The preferred base for adjusting the pH is potassium 

hydroxide which also resulted in a chelate with the potas 
sium present. Sodium hydroxide is also suitable. Alterna 
tively, uses of ammonium hydroxide results in a chelate with 
an increased nitrogen content. Thus, in addition to producing 
a chelate with an enhanced ability to deliver a metal ion to 
a treated plant, the use of these materials also allows the 
delivery of potassium, and/or nitrogen to the plant. These 
materials are also recognized as being beneficial to the 
production of healthy plants and better produce. 

Highly critical to the invention is the deaeration of the 
water used to produce the chelate. The presence of dissolved 
oxygen appears detrimental to the end product as it can 
result in a shifting of the valence state of the metal (e.g., 
Fe+2 to Fe+3). 

It is also important that the calcium and magnesium 
content of the water be reduced or eliminated. Suitable 
procedures include distillation, deionization or softening the 
Water. 

The metal amino acid chelate solution prepared according 
to the process of the invention had a mineral content in the 
range of 250 to 50,000 parts per million. 
The chemical structure of the metal amino acid chelate is 

believed to be: 

M 
H-C-X O-C 

N / 
M 

M-o/ Y- ch 
O R 

Where X=NH and X=NH or 0 M is a metalion and R 
a carbon containing a compound derived from the amino 
acid or organic acid with or without the addition of -S, 
-NH3, -COOH or other groups commonly making up 
amino acids or organic acids. There are two molecules of the 
chelating agent to 1 molecule of metal. A ring structure is 
formed between each of the chelating agents and the metal. 

It is possible that organic acid may substitute for some of 
the amino acid groups. In this case, one of the chelating 
agent is amino acid and the other one is organic acid and at 
least one -X in the formula is -O and R represents 
constituents of common organic acids. This may increase the 
stability of the chelates. 

In order to more clearly define the invention, the follow 
ing examples of methods of preparation are set forth. These 
examples are illustrative only and are not limiting as to the 
scope of the invention. Examples I, II, V, VI, DX, X, XI, XII, 
and XIII set forth processes embodying features of the 
invention. Examples III, IV, VII and VIII are representative 
of prior art. The seven experiments which follow the 
Examples demonstrate the superiority of the chelate pre 
pared according to the process of the invention over the prior 
art products claimed herein. 

EXAMPLE I (iron/citrate/glycine chelate) 
(1) 1,000 grams of water were placed in a beaker, heated 

to 100° C. followed by boiling for 30 minutes. 
(2) 133 grams of ferrous carbonate monohydrate were 

added to the boiling water and the mixture was stirred 
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4 
constantly while keeping the temperature of the mixture at 
or above about 80 C. 

(3) 30 grams of citric acid were mixed with 150 grams of 
glycine and then the acid mixture was add to the ferrous 
carbonate solution. 

(4) The temperature of the mixture was maintained at or 
above about 80°C. with constant stirring until the no more 
solid went into solution. 

(5) The mixture was filtered to remove the undissolved 
materials and the filtrate was dried at a temperature not in 
excess of 110° C. 

(6) The dry material, referred to as an iron amino acid 
chelate, was labeled as Sample I. 

EXAMPLE II (iron/citrate/glycine chelate) 
(1) 1,000 grams of water were boiled for 30 minutes to 

remove dissolved air. 
(2) 170 grams of ferrous sulfate monohydrate were dis 

solved in the deaerated water and the solution was main 
tained at 80 C. 

(3)30 grams of citric acid were mixed with 150 grams of 
glycine and the acid solution was added to the ferrous sulfate 
solution with stirring. The temperature of the mixture was 
maintained at about 80° C. until no more solids would 
dissolve. 

(4) The mixture was filtered to remove any undissolved 
materials, the filtrate was dried at about less then about 110° 
and the dry material was ground to a fine powder. 

(5) The ground material, referred to as an iron amino acid 
chelate, was labeled as Sample II. 

EXAMPLE III (Prior Art) 

(1) 1,000 grams of water were brought to a boil and 
allowed heat to boil for 30 minutes to remove air. 

(2) 133 grams of ferrous carbonate monohydrate were 
added to the boiling water. The mixture was stirred con 
stantly and the temperature of the mixture was maintained at 
about 80° C. 

(3) 150 grams of glycine were added to the ferrous 
carbonate solution. 

(4) The temperature of the mixture was held at about 80° 
C. with continuous mixing until no more material would 
dissolve. 

(5) The mixture was filtered to remove the undissolved 
materials, the filtrate was dried at 110° C., and the dry 
material was ground to produce a powder. The material was 
labeled as Sample III. 

EXAMPLE IV (Prior Art) 
(1) 1,000 grams of water were boiled for 30 minutes to 

remove dissolved air. 
(2) 170 grams of ferrous sulfate monohydrate were added 

to the deaerated water. 

(3) 150 grams of glycine were added to the ferrous sulfate 
solution. 

(4) The temperature of the mixture was maintained at 
about 80° C. with continuous mixing until no more material 
would dissolve. 

(5) The mixture was filtered to remove any undissolved 
materials, the filtrate was dried at 110° C., and the dry 
material was ground to a powder. 

(6) The grind material was labeled as Sample IV. 
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EXAMPLE V (calcium/malonic/lysine chelate) 

(1) 1,000 grams of water were boiled for 30 minutes to 
remove dissolved air. 

(2) After the water cooled, 100.1 grams of calcium 
carbonate were added to the deaerated water with constant 
stirring. 

(3) 60 grams of malonic acid were mixed with 292.5 
grams of lysine and then the acid mixture was added to the 
calcium carbonate solution. 

(4) The mixture was stirred until no more material would 
dissolve, the mixture was filtered to remove the undissolved 
materials, and the filtrate was dried at less then about 110 
C 

(5) The dry material was ground and labeled as Sample V. 

EXAMPLE VI (calcium/malonic/lysine chelate) 

(1) 1,000 grams of water were boiled for 30 minutes to 
remove dissolved air. 

(2) After the water cooled, 111.0 grams of calcium chlo 
ride were added to the deaerated water with constant stirring. 

(3) 60 grams of malonic acid were mixed with 292.5 
grams of lysine and the acid solution was added to the 
calcium chloride solution. 

(4) The mixture was stirred continuously until no more 
material would dissolve, the mixture was filtered to remove 
the undissolved materials, and the filtrate was dried at 110 
C 

(5) The dry material was ground to a powder and labeled 
Sample VI. m 

EXAMPLE VII (Prior Art) 

(1) 1,000 grams of water were boiled for 30 minutes to 
remove dissolved air. 

(2) After the water cooled, 100.1 grams of calcium 
carbonate were added to the deaerated water with constant 
stirring. 

(3) 292.5 grams of lysine were added to the calcium 
carbonate solution. 

(4) The mixture was stirred continuously until no more 
material would dissolve, the mixture was filtered to remove 
any undissolved materials, and the filtrate was dried at 110 
C 

(5) The dry material was ground to a powder and labeled 
as Sample VII. 

EXAMPLE VIII (Prior Art) 
(1) 1,000 grams of water were boiled for 30 minutes to 

remove any dissolved air. 
(2) 111.0 grams of calcium chloride were added to the 

deaerated water with constant stirring. 
(3) 292.5 grams of lysine were added to the calcium 

carbonate solution. 

(4) The mixture was stirred continuously until no more 
material would dissolve, the mixture was filtered to remove 
any undissolved materials, and the filtrate was dried at 110 
C 

(5) The dry material was ground to a powder and labeled 
as Sample VIII. 
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EXAMPLE IX (copper/citrate/aspartic chelate) 

1. 1,000 grams of water were boiled for 30 minutes to 
remove air. 

2. After the water cooled, 97.6 grams of cupric hydroxide 
were added to the deaerated water with constant stirring. 

3.30 grams of citric acid were mixed with 266.2 grams of 
aspartic acid and then the acid solution was added to the 
cupric hydroxide-water mixture. 

4. The mixture was held at about 80° C. and with constant 
stirring until no more material would dissolve and the 
mixture was passed through a filter to remove any undis 
solved materials. 

5. The filtrate was dried at less then about 110° C. to 
obtain a copper amino acid chelate. 

EXAMPLE X (magnesium/citrate/glycine chelate) 

1. 1,000 grams of water were boiled for 30 minutes to 
remove air. 

2. After the water cooled, 24.3 grams of powdered mag 
nesium metal were added to the deaerated water with 
constant stirring. 
3.30 grams of citric acid were mixed with 150 grams of 

glycine and the acid solution was added to the magnesium 
water mixture. 

4. The mixture was held at about 80° C. with continuous 
stirring until no more material would dissolve and the 
mixture was passed through a filter to remove the undis 
solved materials. 

5. The filtrate was dried at less than about 110° C. to 
obtain a magnesium amino acid chelate. 

EXAMPLE XI (zinclcitratelglutamate chelate) 
1. 1,000 grams of water were boiled for 30 minutes to 

remove air. 

2. After the water cooled, 81.4 grams of zinc oxide were 
added to the deaerated water with constant stirring. 
3.30 grams of citric acid were mixed with 294.2 grams of 

glutamic acid and then added to the zinc oxide-water mix 
tre. 

4. The mixture was held at about 80° C. with continuous 
stirring until no more material would dissolve and the 
mixture was passed through a filter to remove the undis 
Solved materials. 

5. The filtrate was dried at less than about 110° C. to 
obtain a zinc amino acid chelate. 

EXAMPLE XII (manganese/citrate/methionine 
chelate) 

1. 1,000 grams of water were boiled for 30 minutes to 
remove air. 

2. After the water cooled, 277.1 grams of manganous 
sulfate heptahydrate were added to the deaerated water with 
constant stirring. 

3.30 grams of citric acid were mixed with 298.5 grams of 
methionine and then added to the manganous sulfate hep 
tahydrate-water mixture. 

4. The mixture was held at about 80°C. with continuous 
stirring until no more material would dissolve and the 
mixture was passed through a filter to remove the undis 
solved materials. 
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5. The filtrate was dried at less than about 110° C. to 
obtain a manganese amino acid chelate. 

EXAMPLE XIII (cobalt/citrate/cysteine chelate) 
1. 1,000 grams of water were boiled for 30 minutes to 

remove air. 

2. After the water cooled, 118.9 grams of cobalt carbonate 
were added to the deaerated water with constant stirring. 

3.30 grams of citric acid were mixed with 242.3 grams of 
cysteine and then the acid solution was added to the cobalt 
carbonate-water mixture. 

4. The mixture was held at about 80° C. with continuous 
stirring until no more material would dissolve and the 
mixture was passed through a filter to remove the undis 
solved materials. 

5. The filtrate was dried at less than about 110° C. to 
obtain a cobalt amino acid chelate. 

Chemical Analysis 
Chemical analysis using atomic absorption spectropho 

tometer indicates the following metal contents of the che 
lates and prior art compounds: 

Sample I (iron chelate) 17.2% Fe. 
Sample II (iron chelate) 15.1% Fe. 
Sample III (prior art) 19.5% Fe. 
Sample IV (prior art) 7.3% Fe 
Sample V (calcium chelate) 8.6% Ca 
Sample VI (calcium chelate) 8.3% Ca 
Sample VII (prior art) 9.9% Ca 
Sample VIII (prior art) 13.0% Ca 
Sample IX (copper chelate) 15.8% Cu. 
Sample X (magnesium chelate) 11.2% Mg 
Sample XI (zinc chelate) 16.0% Zn. 
Sample XII (manganese chelate) 9.0% Mn 
Sample XIII (cobalt chelate) 4.8% Co 

Using the materials prepared in Examples I-XIII, the 
following experiments were prepared. 

EXPERIMENTS 

Experiment 1 
A solution was prepared by adding 50 grams of Sample I 

to 450 grams of distilled water. The process was repeated 
with 50 grams of each of Samples II, III, and IV. One ml of 
each of the four solutions was added to a solution containing 
2 grams of dipotassium phosphate in 8 milliliter of water. 
The phosphate mixtures with the solutions prepared from 
Samples I and II did not precipitate upon initially mixing, 
after 24 hours or upon increasing the pH to 8.5. The mixtures 
of the phosphate with the solutions prepared from Samples 
III and IV, however, showed precipitate under all three 
conditions. 

Experiment 2 
Twenty tomato plants were grown under controlled con 

dition in 700 grams of potting soil. After growing for 7 days 
the twenty plants were divided into five groups with four 
plants in each group. One group was retained as a control 
and was treated only with distilled water. Group two was 
sprayed with 15 ml of a solution of Sample I containing 250 
ppm of iron. Groups three, four and five were likewise 
treated with solutions of Sample II, Sample III and Sample 
IV, respectively, each solution containing 250 ppm of iron. 
After being allowed to grow for an additional 5 days all of 
the plants were cut at the soil level, washed with 1% HCl, 
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8 
rinsed, and dried at 75° C. for 4 hours. Analysis revealed the 
following weights and average iron concentration: 

Plant Dry Weight Iron Conc. 

% increase % increase 
Solution gns over control ppm over control 

Control 5.30 w- 131. - 

Sample I 5.45 2.83 162 23.66 
Sample II 5.68 7.17 170 29.77 
Sample III 5.28 -0.38 139 6.11 
Sample IV 5.41 2.08 146 1145 

Experiment 3 
A solution was prepared by adding 10.0 grams of Sample 

V to 100 ml of water. Similar solutions were prepared from 
10 grams of each of Samples VI, Sample VII and Sample 
VIII. An ammonium sulfate solution (10 grams of ammo 
nium sulfate in 90 grams of distilled water) was then added 
to each of the aqueous solutions of Samples V,VI,VII, and 
VIII. The mixtures with Sample V or VI did not produce a 
precipitate. Under the same conditions, but both of the 
Sample VII and VIII solutions resulted in precipitates. 
Repeating the experiment with dipotassium phosphate (100 
grams per 400 grams of water) in place of the ammonium 
sulfate gave the same results. 

Experiment 4 
Eighteen tomato plants were grown under controlled 

condition in 1,000 grams of potting soil. Fifty millimeters of 
Hoagland's Nutrient solution without iron was applied to 
each pot twice a week. After growing for 7 days, the 
eighteen plants were divided into three groups with six 
plants in each group. One group was retained as control and 
was sprayed with only distilled water once a week. Group 
two was sprayed with 15 ml of a solution containing 200 
ppm iron prepared from Iron Amino Acid chelate once a 
week. Group three was sprayed with 15 ml of a solution 
containing 400 ppm iron prepared from Iron Amino Acid 
chelate once a week. 

After being allowed to grow for 45 days, all of the plants 
were cut at the soil level, washed with 1% HCL, rinsed with 
distilled water, and dried at 75° C. for 24hours. The average 
dry weight of plant and iron concentration for each group are 
listed below: 

Plant Dry Weight Iron Conc. 

Appear- % increase % increase 
Treatment aCe gms over control ppm over control 

Control Yellow 9.2 - 41 - 

200 ppm Fe Normal 4.9 62.0 165 302 
400 ppm Fe Normal 15.7 70.7 181 341 

Experiment 5 
Eighteen pots were prepared with 1,000 grams of potting 

soil in each pot. Eight corn seeds were planted in each pot. 
After the seedlings emerged, they were thinned to five plants 
per pot. The eighteen pots were then divided into three 
groups with six pots in each group. Hoagland's Nutrient 
solution without zinc was applied to each pot twice a week. 
When plants were about 4-6 inches tall, the materials listed 
were sprayed on plants as designated below once a week: 
Group I - Distilled Water 
Group II - 150 ppm Zn prepared from Zinc Amino Acid 

chelate (Example XI) 
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Group HI-300 ppm Zn prepared from Zinc Amino Acid 
chelate (Example XI) 

Fifty days after planting, corn plants were cut at the soil 
level, washed with 1% HCL, rinsed with distilled water, and 
dried at 75° C. for 24 hours. After drying, plants were 
weighed and analyzed for zinc. The average dried weight 
and zinc concentration of corn plants from each group are 
listed below: 

Dry Weight Zinc Conc. 

% increase % increase 
Treatment gns over control ppm over control 

Group I 2.69 34 
Group II 3.28 2.93 48 41.18 
Group III 3.45 29.0 61 82.35 

Experiment 6 
Eighteen pots were prepared with 1,000 grams of potting 

soil in each pot. Ten bean seeds were planted in each pot. 
After the seedlings emerged, they were thinned to five plants 
per pot. The eighteen pots were then divided into three 
groups with six pots in each group. Hoagland's Nutrient 
solution without manganese was applied to each pot twice a 
week. When plants were about 4-6 inches tall, the materials 
listed were sprayed on plants as designated below once a 
week: 

Group I - Distilled Water 
Group II - 150 ppm Mn prepared from Manganese Amino 
Acid chelate (Example XII) 

Group III - 300 ppm Mn prepared from Manganese 
Amino Acid chelate (Example XII) 

Fifty days after planting, plants were cut at the soil level, 
washed with 1% HCL, rinsed with distilled water, and dried 
at 75 C. for 24 hours. After drying, plants were weighed and 
analyzed for manganese. The average dried weight and 
manganese concentration of bean plants from each group are 
listed below: 

Dry Weight Manganese Conc. 

% increase % increase 
Treatment gns over control ppm over control 

Group I 2.01 M 41 
Group II 2.36 T.4 63 53.66 
Group III 2.42 20.4 87 12.2 

Experiment 7 
Sixteen pots each containing five pounds of silica sand 

were divided into five groups with four pots in each group 
and ten corn seeds were planted in each pot. After germi 
nation, seedlings were thinned to five plants in each group. 
In addition to water, each pot received 50 milli meters of 
Hoagland's Nutrient solution without iron twice a week. 
When the plants were about 4-6inches in height, the pot was 
sprayed, as indicated below, with 20 mls of the materials 
identified below: 

Treatment No. Pot No. Treatment 

Control 1-4 Distilled Water 
Iron Sulfate 5-8 250 ppm Fe from Iron Sulfate 
Fe-EDTA 9-12 250 ppm Fe from Fe-EDTA 
Iron Chelate 13-16 250 ppm Fe from Iron Amino Acid 
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10 
-continued 

Treatment No. Pot No. Treatinent 

Chelate (Example I) 

The spray was applied twice a week and continued until 
two weeks before harvest. Plants were allowed to grow for 
45 days. At the end of the test, plants were cut at the surface 
level, weighed (fresh weight), washed with distilled water, 
and then dried in an oven at 75 C. for 24 hours. The dried 
samples were weighed and recorded as dry matter yield. The 
average results of each treatment of the tests are shown 
below: 

Fresh Weightiplant(g) Dry Matter Yield/plant 

Treatment No. % increase % increase 
of control gins over control gns over control 

Control 9.48 ww. 102 
Iron Sulfate 23.50 1470 2.47 142 
Fe-EDTA 25.72 17.3 2.68 162.75 
Eron Chelate 26.39 178.4 2.91 185.3 

Experiments 1 through 3 show that the amino acid che 
lated iron prepared according to a process embodying the 
invention (Samples I and I) are more stable than those 
taught by the prior art. The product prepared by the method 
taught herein did not result in a precipitate after standing for 
24 hours or at a pH of 8.5, thereby overcoming significant 
limitations of prior products. 
The plant test demonstrated that the iron chelates prepared 

as taught by this invention are better assimilated by plants as 
shown by the higher concentration of iron in the plants and 
the increased weight of the plants when compared with 
either the control or the metal compound not prepared in 
accordance with the process of the invention. 

Furthermore, amino acid chelated calcium prepared 
according to the invention disclosed herein forms no pre 
cipitate with additions of either sulfate or phosphate solu 
tions at the normal application concentrations. Prior art 
preparations precipitate with both phosphate and sulfate 
solutions. Since commonly used agricultural fertilizers 
include sulphate and phosphate solutions, the invention 
eliminates the mixing problems when using phosphates of 
sulfates with chelated metal amino acids. 

Experiments 4-7 show that the use of chelated metals 
prepared according to the invention, in all instances, show 
marked improvement in metal uptake and weight of growth 
over controls than the use of unchelated metal. 

Further, experimentation has shown that the solubility and 
stability of the metal amino acid chelates produced by the 
process of the invention is unexpected. For example, a metal 
sulphate (e.g., cobalt sulphate) mixed with an amino acid 
results in a non-soluble compound which forms a milky 
aqueous solution (an emulsion). Adjustment of the pH of the 
aqueous solution does not convert the emulsion to a solution. 
Additionally, a metal salt reacted with an organic acid (e.g., 
ferrous sulfate plus citric acid) produces an insoluble mate 
rial (i.e., ferous citrate). But, mixing a metal sulphate with 
a solution composed of an amino acid and an organic acid 
(e.g., glycine plus citric acid) produces a material insoluble 
at low pH which can be converted to a clear solution by 
raising the pH above about 4.5. 

Although the present invention has been described in 
considerable detail with reference to certain preferred ver 
sions and uses thereof, other versions and uses are possible. 
For example, the time and temperature of the various steps 




