| NHI Bl TORS FOR THE PROTECTI ON OF GRAIN AND FEED AGAI NST MOLD Background of
the I nvention [0001] The invention relates generally to nold inhibitors and,
nore specifically, to inproved propionic acid-based inhibitors for
protecting grain and feed agai nst nolds. This unique nold inhibitor
formul ati on conbines a salt of propionic acid and a solubilizing agent.

[ 0002] The mﬁdespread occurrence and mul tiplication of mcroorganisms in the
environment | eads tqQ degradation of organic material includin rain and
feed ingr edi BYHBITORS EQRTHERROTHCIT pw&%t’*@%@@éﬁ "zgy and
protein in animal diets. Managing rsponpterials under adverse climatic
conditions is crucial for retaining acceptable feed quality. Gains can
devel op nol ds that produce ny 10hat devel op while in
storage. Hi gh noisture content in the grain pronotes the devel opnent of

nol ds and nycotoxins. [0003] Propionic acid-based nold inhibitors are
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aci d-based  nopl d inhibitor products for the varying needs of the feed

i ndust ry. SpyBHiZHE agetse products contain very high I evels of propionic
aci d-whi ch may be corrosive to the equi pment used in applying the nold
inhibitor and to the equi prent used in handling and storing treated feed
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raw materials under adverse climatic conditions is crucial for retaining acceptable feed

quality. Grains can develop molds that produce mycotoxin compounds that develop while
in storage. High moisture content in the grain promotes the development of molds and

mycotoxins.

[0003] Propionic acid-based mold inhibitors are widely accepted as cost effective and
efficacious products for the protection of grains and animal feed against mold. Propionic
acid is Generally Recognized As Safe (GRAS) by the United States Federal Department
of Agriculture (USFDA). A number of companies offer a range of propionic acid-based
mold inhibitor products for the varying needs of the feed industry. Most of these products
contain very high levels of propionic acid-which may be corrosive to the equipment used
in applying the mold inhibitor and to the equipment used in handling and storing treated
feed and grain,

[0004] Accordingly, there is needed a low cost mold inhibitor with good mold-inhibiting
properties and with improved spreadability on the substrates. Formulations of the present
invention are cheaper, have a pH above about 4.0, and a reduced amount of propionic

acid than the existing products in the market.



acid than the existing products in the market. 1 Summary of the Invention

[ 00051 The invention consists of fornulations for inhibiting nmold in grains
and feed. The formnulations are based on propionic acid, and include a base
for increasing the pH a solubilizing agent, and an essential oil. The
anount of propionic acid is reduced from known propionic acid-based nold
inhibitors. A solubilizing agent with good spreading properties (i.e., a
hi gh HLB nunber) is included in the forpulations, and is believed to

i nprove the distribution of theulgarpetthe kiventiansss the substrate being
protected. An essential oil, preferably cinnanmon oil, is included in the
formul ati ons. C nnanon oil has antim crobial propertles and reduces the

cor r osi verl880S] dihe inventien ¢ankisisiod fymulptiens fop inilitng wakl ih mn%anﬂef@ftﬁc ddeanount

of the pri o] C gly, are
nore eff ecf{;%\q%ata %%ﬁqa%&ﬁ{ n‘ﬂ bﬁt}{"a (agl?h%{dggécllﬁ?e?aoﬁr)\agéf équﬁée%?o tgé |°| zl ng agent
enhances tshimbilizimg agerdt] zindtanrﬁgsqnna)lnﬁr t’Ehe(afnohhteoffpmpmmahmd s refudedffro@escri pti on

of the Figqures 00061 hart of the effect o ium ). auryl
QU Fate aqiPRERHRATE H i mod SRS 4pol G PG 4 RBOPTHRE o
product i onyréRedes ({é)%éh HL® nuwintcs) 1@1&“@%& irPhe tfchﬁlu@é(t'ﬁ)ﬁé:tan@fs BeRkebditghi b' tor

formul ations with différent concentrations of sodium’lauryl sulfate against
the nol d dmpive thedigahyicasfdie fopmlationagrosa thegubysrtaibeing nretesteéd@@u on test.
[0008] Fi I ns with
and wt hogztS segnélz)é?ﬂ%@é }l&fnmjla'n(gnn(t%i altgg)itﬂrlllg% i&%gomﬁsa%ﬁ f'%'[sn%gl gnl cillium
speci es. Beumldrdﬂalmemrmqstandmduéesmleémqsydnﬁnbﬁﬂie mmmd;atmﬁﬁ)ovﬁb Pr opi oni c

aci d- base i nhi bi tors i.ncl ude | d.inhibitaors t _contain proplonlc
B4 ot napRstonE eyt 4 B ArouS S R AT A DR AR BV ror e
bases. surprisingly, are more effective at inhibiting mold. The addition of the solubilizing agent

enhances the mold inhibiting property of the formulation.

Brief Description of the Figures

[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 inhibitor formulations with different
concentrations of sodium lauryl sulfate against the mold growth in samples of corn using

a carbon dioxide production test.

[0008] Fig. 3 is a chart of the effect of mold inhibitor formulations with and without a

solubilizing agent against Mucor, Aspergiflus and Penicillium species.

Detailed Degcription of Preferred Embodiments

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

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



2 [00010] Bases used for neutralizing propionic acid in nold inhibitors of

the present invention include hydroxides of alkali elenents, specifically

anmoni um hydr oxi de, potassi um hydroxi de, cal ci um hydroxi de and sodi um

hydr oxi de, and preferably ammoni um hydroxi de. [00011] Sol ubilizing agents

for inclusion in fornulations of the present invention include surfactants
with a high HLB nunber, preferably above 7, and specifically include

ani oni ¢ surfactants, and nore specifically include N cetyl-N-ethy
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[00012] Essential oils for inclusion in formulations of the present invention include
lemongrass oil, palmrosa oil, clove oil, cinnamon oil, eucalyptus oil, sage oil, thyme oil,

and cassia oil.

EXAMPLE 1
[00013] Materials and Methods
[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 corn 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 untreated 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



val ves. The containers were incubated at 25C. The carbon di oxi de
concentration in the headspace was neasured every 2 days using a Riken
Kei ki (Tokyo, Japan) Infrared Gas 3 Anal yzer (Mdel RI-555). The carbon

di oxi de concentration was plotted against tinme and the area under the curve
was cal cul ated. [00016] Three types of nold were selected for use in the
exanpl es, Mucor, Aspergillus, and Penicillium Sanples of Micor spp. were

i solated from decaying bread. The gother two m croorgani sns, specifically
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[00017] A Disk Diffusion Method was used to evaluate and conpare the

different fornulations. Potato Dextrose Agar (PDA) was procured from Becton
Di cki nson Conmp . 1 i agg r e prepared
and all OV\Angset a ee?%%oﬁgl%de‘ggl?éggétg%é%égp%lglééj%:on tée%t)rlg I ons of
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i nocul ated plates, and 15 L of each test substance was gently added onto the

di sks. The ollsptzandMapessas, Mirg@aent |y i ncubated at 25C for 48 h. The

di aneters of inhibition zones were neasured and reported. [00018] Results
and Di scussi ons [00019] New Product Conposition: The new product
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room temperature. The spore concentrations of Penicillium, Aspergillus and Mucor in the

suspension were 1.725x107, 1.45x10% and 2.85x10°, respectively. Each 300 nL 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 HLB 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



al kali el enments, specifically amoni um hydroxi de, cal ci um hydroxi de and

sodi um hydroxi de, and nost preferably amoni um hydroxi de; a solubili zing
agent, preferably an anionic surfactant having an HLB nunber greater than
about 7 and nost preferably greater than about 17, in an anount between
about 0.1% and about 20% and preferably between 1% and 10% and the

bal ance being water. The fornul ati ons may al so i nclude 4 between about 0. 01%
and about 2% and m)st;)referably bet ween about 0. 1% and about 5% of an
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gl ycol 1. 00Ca8tedi. um Lauryl Sul fate (SLS)1.00 Cinnanon bark oil0.15 Water47. 49
Caramel color0.01 [000211 Carbon Dioxide Test: The carbon dioxide test is an
accelerated mcrobial stability test designed to neasure the efficacy of
mol d i nhi l[0oo203. More cambbis 1dCompekitionsfadisat foffiulatish cat es nore nol d grow h.
An efficient nmold inhibitor will produce | ess carbon dioxide in this test
and protect the sanpl gnffe@Rpiol d. Figure T showgef figw)gsults fromthe
carbon di oxi de test usip} lhﬁcaag(]l um rauryt sul fat Q035 % 5% and 10%in

water and a negative Lo tunt BV xR ot % OQLL00221 It can bee
seen fromFig 1 that t%@—gﬁ%?éergea i Iab;ouumlauryl

Sodium Lauryl Sulfate (SLS) 1.00
Cinnamon bark oil 0.15
Water 47.49
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).

[00022] It can bee seen from Fig 1 that the corn samples treated with sodium lauryl
sulfate produced the same or more carbon dioxide than the untreated corn sample
{negative control). These data indicate that the addition of sodium lauryl sulfate alone to
comn 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.



sul fate produced the sane or nore carbon dioxide than the untreated corn
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[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 to this Disk Diffusion
method. The results showed that the formulations 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.



[ 00026] Disk Diffusion Method: Figure 3 shows the results fromthe Disk
D ffusion tests on Aspergillus flavus, Micor spp., and Penicillium
chrysogenum The final fornulation nentioned in Table | and the positive
control and the positive control + 1% sodiumlauryl sulfate nmentioned in
Table 2 were subjected to this Disk Diffusion mnethod. The results showed
that the formul ations containing sodiumlauryl sulfate perforned better

than the fornmulation, without sodium |l auryl | fate. [00027] ncl usi on
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W t hout beiengbaseieriths pbidisy GXWN%@W re&r@w 9 @PSQﬂKélﬂdtm the,ari. tMerglybel i eved
that the IS pr esent

i nvent i on LS SR8 ek Mbueih ARG HIRbrokl oes AL TR Men ok B B e

subst r at e limitation oh thetorder oﬁmbl stepd of thie nudnlmd Miieforepaing déscnpﬂmisandG [ 000291 The

f or egoi ng descrl s illustrative odi e he , present

| vent | onareREs BB PR SHUDTAADE Ao 8 D RbGE s apt BBeher o n ay
vary basedh@biol éi@e]_ﬁbhs’olfér)és 1P 8RGE linARkd. MThEdcakRRE S e akthPSFhavkitld €d i n
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insofar as the clains are so limted. Those skilled in the art who have the
di scl osure before themw ||l be able to make nodifications and vari ati ons
therein without departing fromthe intended scope of the follow ng clains.
7 W claim



1. A nold inhibitor conposition of inproved efficacy, conprising in aqueous
sol ution not nore than 55% by vol une propionic acid; a base in an anpunt to
adjust the pHto between about 4 and about 6, and a solubilizing agent. 2.
A mold inhibitor fornulation as defined in claim1, wherein the base is
selected fromthe group consisting of ammoni um hydroxi de, potassi um
hydr oxi de, cal ci um hydroxi de, and sodi um hydroxide. 3. A nold inhibitor as
defined in claim1, wherein the solubilizing agent has an HLB nunber
greater th¥pclRim4 A pold inhibitor as defined in claim3, wherein the

sol ubilizing agent has an HLB nunber greater than 17. 5. A nold inhibitor
as defined in claiml, wherein the solubilizing agent is selected fromthe
group consl. st i dgmefd ikkibdondontgositing bf mpreved cfiagyn cotipoising fimagieodd soya- N- et hyl
nmor phol i ni um..et hosul f at e, . pol yoxyet hyl ene sor bi.t an. nopnol aur at | yoxyl ene
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6. A nol d pHivitetwen adsutdednidnboutionawd Dsobilizihgiigdaer conprising an essenti al
oil. 7. Anmold inhibitor as defined in claim6, wherein the essential oil is
selected from the group consisting of |enongrass oil, palnrosa oil, clove

oi I, cinngmon o noldEHRBlt¥PobRula@é as RAA&I RiclaimtINWHBreR the baRds sAcwdda oil. 8
from the group consisting of ammonium hydroxide, potassium hydroxide, calcium

hydroxide, and sodium hydroxide.

3. A mold inhibitor as defined in claim 1, wherein the solubilizing agent has an HLB

number greater than 7.

4, A mold inhibitor as defined in claim 3, wherein the solubilizing agent has an HLB

number greater than 17.

5. A mold inhibitor as defined in claim 1, wherein the solubilizing agent is selected
from the group consisting of N-cetyl-N-ethyl morpholinium ethosulfate, N-soya-N-ethyl
morpholinium ethosulfate, polyoxyethylene sorbitan monolaurate, polyoxylene lauryl

ether, sodium oleate, potassium oleate, and sodium lauryl sulfate.
6. A mold inhibitor as defined in claim 1, further comprising an essential oil.
7. A mold inhibitor as defined in claim 6, wherein the essential oil is selected from

the group consisting of lemongrass oil, palmrosa oil, clove oil, cinnamon oil, eucalyptus

oil, sage oil, thyme oil, and cassia oil.





