| NHI Bl TORS FOR THE PROTECTI ON OF GRAIN AND FEED AGAI NST MOLD
Background of the Invention [0001] The invention relates generally to
nmol d inhibitors and, nore specifically, to inproved propionic

aci d-based inhibitors for protecting grain and feed agai nst nol ds.
This unique nold inhibitor fornulation conbines a salt of propionic
acid and a solubilizing agent. [0002] The w despread occurrence and
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[ 0009] Propionic acid-based nold inhibitors include nold inhibitors
that contain propionic acid either in the un-neutralized formor in
conbi nation with one or nore bases. [00010]Bases used for
neutralizing propionic acid in nold inhibitors of the present

i nvention include hydroxides of alkali elenents, specifically
amoni um hydr oxi de, potassi um hydr oxi de, cal ci um hydroxi de and sodi um
hydr oxi de, and preferably amogiHHbenexi@aior 00011] Sol ubi li zi ng
agents for inclusion in fornulations of the present invention include
surfactants with a high HLB nunber, preferably above 7, and
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[0006] Fig. 1 is a chart of the effect of sodium lauryl sulfate against mold growth in

samples of corn using a carbon dioxide production test.

[0007] Fig. 2 is a chart of the effect of mold inbibitor formulations with different
concentrations of sodium lauryl sulfate against the mold growth in samples of corn using

a carbon dioxide production test.

[6008] Fig. 3 is a chart of the effect of mold inhibitor formulations with and without a

solubilizing agent against Mucor, Aspergillus and Penicillium species.

Detailed Description of Prefetred Embodiments

[0009] Propionic acid-based mold inhibitors include meld inhibitors that contain

propionic acid either in the un-neufralized form or in combination with one or more bases.



Anal yzer (Mbdel RI-555). The carbon di oxi de concentration was plotted
against tine and the area under the curve was cal cul at ed.

[ 00016] Three types of nold were selected for use in the exanples,
Mucor, Aspergillus, and Penicillium Sanples of Micor spp. were

i sol ated from decaying bread. The other two m croorgani sns,
specifically Aspergillus flavus ATCC 24125 and Penicillium
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an anount about 25% and 55% and preferably between 35% and
40% a basé“ﬁyﬁeuiﬁ ®amount to bring the pH of the fornulation to

bet ween about pH 4 and about pH 6, usually between about 5% and 25%

preferably. i udi n dr.oxi des of. alkali .el enmepts, specifi.cal.
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ani oni ¢ surfactant, having an HLB number greater than about 7 and nost
pr ef er abl y"4@H%H t han about 17, in an anount between about 0. 1% and
about 20% and preferably between 1% and 10% and the bal ance bei ng
wat er. The_formul ations may al so i nclude between about 0.01% and
about 2% SfoMRi&! preferably between about 0.1% and about 0.5% of an
essenti al Tplgbl;; 1 The dgkdialssan@Mehdas ef erred enbodi ment formul ation are
given in ble 1. [00020] Tabl e 1: Conposition of a new fornul ation

I ngredient % (w w) Propionic acid 40.35

[00014] All the chemicals or reagents used were of technical grade. All tests were

performed in duplicate.

[00015] A carbon dioxide production method was selected for use as a method to
evaluate the efficacy of the formulations. Field com samples were used for the tests. One
hundred and fifty gram samples of corn were taken and the moisture content of the
samples adjusted to 16%. The mold inhibitor was added to the sample at a dosage
equivalent to 1 kg/Ton. The sample was then mixed thoroughly. An unireated sample was
used as the control, Samples were transferred into sterile 500 ml glass bottles. Each
container was screwed tight with fabricated caps attached having both inlet and outlet
valves, The containers were incubated at 25°C. The carbon dioxide concentration in the

headspace was measured every 2 days using a Riken Keiki (Tokyo, Japan) Infrared Gas



Ammoni um Hydr oxi de (27% strength) 10.00 Propyl ene glycol 1.00 Sodium
Lauryl Sulfate (SLS) 1.00 G nnanon bark oil 0.15 Water 47.49 Caranel
color 0.01 [00021] Carbon Dioxide Test: The carbon di oxide test is an
accelerated mcrobial stability test designed to neasure the efficacy
of nold inhibitors. Mdre carbon di oxi de production indicates nore
mold growth. An efficient nold inhibitor wll produce |ess carbon

di oxi de i naAhdiRr (Mesdel RNE5T) THeRGiboh Bidx 138 B cergratib® WadMbitbd abhiféthienseland
shows the results fromthe carbon di oxide test using the sodium

lauryl sul hgea grdey the 8o 535°2984%%h water and a negative control
(only the corn sample).

[00016] Three types of mold were selected for use in the examples, Mucor,
Aspergillus, and Penicillium. Samples of Mucor spp. were isolated from decaying bread.
The other two microorganisms, specifically Aspergillus flavus ATCC 24125 and
Penicillium chrysogenum ATCC 48908), were obtained from the American Type Culture

Collection (Manassas, Virginia).

[00017] A Disk Diffusion Method was used to evaluate and compare the different
formulations. Potato Dextrose Agar (PDA) was procured from Becton Dickinson and
Company USA. Agar plates (14 cm in diameter) were prepared and allowed to set at
room temperature. The spore concentrations of Penicillium, Aspergillus and Mucor in the
suspension were 1.725);107, 1.45x10°% and 2.85x105, respectively. Each 300 pL volume of
spore suspension of the tested microorganism was subsequently spread on the PDA solid
media plates. Sterile paper disks (6 mm in diameter) were placed onto the dried
inoculated plates, and 15 pL of each test substance was gently added onto the disks. The
plates were subsequently incubated at 25°C for 48 h. The diameters of inhibition zones

were measured and reported.

[00018] Results and Discussions

[00019] New Product Composition: The new product formulations include
propionic acid in an amount between about 25% and 55% and preferably between 35%
and 40%; a base in an amount to bring the pH of the formulation to between about pH 4
and about pH 6, usually between about 5% and 25%, preferably including hydroxides of
alkali elements, specifically ammonium hydroxide, calcium hydroxide and sodium
hydroxide, and most preferably ammonium hydroxide; a solubilizing agent, preferably an
anionic surfactant having an HEB number greater than about 7 and most preferably
greater than about 17, in an amount between about 0.1% and about 20%, and preferably

between 1% and 10%, and the balance being water. The formulations may also include



[ 00022] It can bee seen fromFig 1 that the corn sanples treated with
sodi um | auryl sulfate produced the sanme or nore carbon di oxi de than
the untreated corn sanple (negative control). These data indicate
that the addition of sodiumlauryl sulfate alone to corn was not
effective in inhibiting the nold growh but it could actually enhance
the nold growth. [00023]Figure 2 shows the results obtained fromthe
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Wi t i fferent concentrations, of sodiu auryl sulfate (SLS).. Table 2
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[ 00024] Tabtg,2f. - Conposi tion of fornulations used in the carbon

di oxi de test Ingredient Positive control Positive control + 1% SLS
Positive control + 5% SLS Positive control + 10 % SLS Negati ve

control Propp#fi ¢ aci d  Table 1: Composition of a new formulation

Ingredient % (W/w)
Propionic acid 40.35
Ammonium Hydroxide (27% strength) | 10.00
Propylene glycol 1.00
Sodium Lauryl Sulfate (SLS) 1.00
Cinnamon bark cil 0.15
‘Water 4749
Caramel color 0.01
[00021] Carbon Dioxide Test: The carbon dioxide test is an accelerated microbial

stability test designed to measure the efficacy of mold inhibitors. More carbon dioxide
production indicates more mold growth. An efficient mold inhibitor will produce less
carbon dioxide in this test and protect the samples from mold. Figure 1 shows the results
from the carbon dioxide test using the sodium lauryl sulfate at 1%, 5% and 10% in water

and a negative control (only the corn sample).

[60022] It can bee seen from Fig 1 that the com samples treated with sodium lauryl
sulfate produced the same or more carbon dioxide than the untreated com sample
(negative control}. These data indicate that the addition of sodium lauryl sulfate alone to
corn was not effective in inhibiting the mold growth but it could actually enhance the

mold growth.

[00023] Figure 2 shows the results obtained from the carbon dioxide test using the
proposed mold inhibitor formulation with different concentrations of sodium lauryl

sulfate (SLS). Table 2 gives the details of the formulations used for the experiments.



40 40 40 40 Corn sanples w thout treatnent Ammoni um hydroxi de 10 10
10 10 Wwater 50 49

[60024] Table 2: Composition of formulations used in the carbon dioxide test
Ingredient | Positive | Positive Positive | Positive Negative
control control + 1% | control control 4 10 control
SLS + 5% SLS | % SLS
Propionic 40 40 40 40 Corn samples
acid without
Ammonium 10 10 10 10 freatment
hydroxide
Water 50 49 45 40
SLS 0 1 5 10
[00025] The results showed (Fig 2) that the untreated corn sample produced

significantly higher amount of carbon dioxide on day 10 and 13 than the treated samples.
The samples treated with the formulations containing sodium lauryl sulfate showed
improved mold inhibiting property. It is important to note that sodium lauryl sulfate alone
(Fig 1) was not effective in inhibiting mold growth but in combination with the positive

control it enhanced the mold inhibiting property of the formulation.

[00026] Disk Diffusion Method: Figure 3 shows the results from the Disk
Diffusion tests on Aspergillus flavus, Mucor spp., and Penicillium chrysogenum. The
final formulation mentioned in Table 1 and the positive control and the positive control +
1% sodium lauryl sulfate mentioned in Table 2 were subjected fo this Disk Diffusion
method. The results showed that the fornulations containing sodium lauryl sulfate

performed better than the formulation without sodium lauryl sulfate.

[00027] Conclusion

[00028] The new low cost mold inhibitor combines propionic acid, ammonium
hydroxide, water and sodium lauryl sulfate. The addition of sodium lauryl sulfate
enhances the mold inhibiting property of the formulations. . Without being bound by any
particular theory of operation, it is believed that the surprisingly high efficacy of the
formulations of the present invention is due to the improved distribution of the product

over the substrate to which it is applied for the inhibition of molds.



45 40 SLS 0 1 5 10 [ 00025] The results showed (Fig 2) that the
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[00027] Conﬁ'_-lellé?d, Qﬂzept insofar as the claims are so limited. Those skilled in the art who have the
disclosure before them will be able to make modifications and variations therein without

departing from the intended scope of the following claims.



[ 00028] The new | ow cost nold inhibitor conbi nes propionic acid,

ammoni um hydr oxi de, water and sodium |l auryl sulfate. The addition of
sodium | auryl sulfate enhances the nold inhibiting property of the
formul ations. . Wthout being bound by any particul ar theory of
operation, it is believed that the surprisingly high efficacy of the
formul ati ons of the present invention is due to the inproved

di stribution of the product over the substrate to which it is applied
for theWaddaim:ti on of nolds. [00029] The foregoi ng description
conprises illustrative enbodi nents of the present inventions. The
foregoing e di ments and the nmethods described herein may vary based
on the abi |f?§m aé‘%%lrf‘i’%rfﬂ d indifios cemppetirreolompidved effiskey, bemprising e
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of the nethodtheHiécatyrsegyoiterghatemcaquplt iobimeaaith dindmi dogsoskibehyvisxad ai n
and il ustrat eoluibzingagat.i on, and the invention is not linmted
thereto, except insofar as the clains are so limted. Those skilled
in the art who have the disclosure before themw || be able to nake
nodi fi cations and_ vari ations therei.n wthou eparting fromt
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aqueous solution less than 50% by vol une propionic acid;, a base in an
amount thgdagideist the pH to between about 4 and about 6, and a

sol ubili zing agent, wherein the efficacy is greater than an equal

vol une of a simlar conposition having no solubilizing agent. 2. A

mol d i nfi bi t rmeldinhibiter podefingd Befdimdd Wherela th selubllizigesent Ry aidiifase i s
sel ecte consi sting of amoni um hydr oxi de, potassi um
hydr oxi g‘%&%@%ﬁ%@?ﬁ?oxi de, and sodi um hydroxide. 3. A nold

i nhibitor as defined in claim1, wherein the solubilizing agent has
an HLB nunber, . oo B g by ef JoRedd BBm th
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consi st igngppabndisting oy N-ditydMNasthy Imoorpiiediniuni ethoselfdte Nibdyathéethyl morpholinium

N- soya- N.et hyl np LI osul fate, and sodium | auryl sulfate.

5 A rmlegmis‘ﬂét%??%sg’gggﬁ Q{éﬁ'ﬂ'%@% in claiml, further conprising an
essential oil. 6. Anold inhibitor as defined in claimb5, wherein
the essential, oil,.is .sel ected, fromth Lo Lsti.ng.of. | enongrass
oil, pafsprr Y TBPlF,m}BIf"gc\;és g?fﬁ? d 8 Cnarf%lnlﬁﬁ"%ﬁ cl,%’%é’gigjgg f}%%gﬁéslggf%lf' sage oil,
thynme oil, and cassia oil. 7. In an aqueous nold inhibitor conprising

a majority of prapi,onic agi nd a base in an a nt..to.adjust the pH
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pr opi oni ¢ acL?I t(ﬁ) | ess..t han 50% and addi ng a sol ubilizing agent

havi ng dhyr l¢af eassigrBat er than 18.

7. In an aqueous mold inhibitor comprising a majority of propionic acid and a base in an
amount to adjust the pH to between 4 and 6, a method of reducing the amount of propionic acid
without reducing the efficacy, comprising the steps of reducing the propionic acid to less than

50% and adding a solubilizing agent having an HLB value greater than 18,



