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ANTIMICROBIAL METHOD FOR FERMENTATION PROCESSES

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application No.
61/376,647, filed August 24, 2010; U.S. Provisional Patent Application No. 61/484,451, filed
May 10, 2011; and U.S. Provisional Patent Application No. 61/493,880, filed June 6, 2011,

all of which are incorporated by reference herein in their entireties.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to antimicrobial compositions and processes
for using those compositions in fermentation processes. More specifically, the invention
relates to the use of organic oxidizing compounds as an alternative to antibiotic agents to
control bacteria in the fermentation mash of an ethanol production system.
Description of the Related Art

In ethanol production, yeast (Saccaromyces cerevisiae) i1s used to convert sugar into
ethanol. Other microorganisms can compete with the yeast for the sugars. These
microorganisms include, but are not limited to, lactic acid and acetic acid bacteria. When acid
bacteria grow, they compete with the supply of sugar resulting in less sugar for ethanol
production. Also, acid forming bacteria can create low pH conditions that tend to inhibit the
ogrowth of the ethanol producing yeast.

In order to control the growth of acid producing bacteria, antibiotics are added to
the fermentation tanks. The antibiotics allow the yeast to kill much of the acid bacteria, but
the antibiotics do not harm the yeast. The conventional method calls for the addition of 3 to 5
pounds of antibiotic, usually Virginiamycin, per 500,000 gallons of corn mash in the
fermenter. The actual dose of antibiotics is determined by the level of lactic acid in the corn
mash during the first 30 hours of fermentation.

Antibiotics, though generally effective, have several major disadvantages. The

main disadvantage is that the antibiotics carry through the fermentation process and
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distillation process and end up in the distillers grains (DGs). DGs are composed of protein,
oil and fiber and are what is left of the corn mash after fermentation. The DGs provide a
valuable feed product but with trace antibiotics, many cattle feeders are reluctant to use DGs
or must ration the DGs in the animal feed. Trace antibiotics in the DGs are thought to cause
bacteria to mutate to an antibiotic resistant strain. The FDA is currently considering banning
the use of antibiotics in ethanol production due to the carry over of trace amounts of
antibiotics. A second disadvantage of antibiotics is that acid bacteria can become resistant
over time rendering the use of antibiotics less effective and resulting in ethanol production

losses.

SUMMARY OF THE INVENTION

According to one embodiment of the present invention there is provided a method for
reducing microbial levels within a fermentation system. The method comprises introducing
an organic oxidizing compound and an inorganic oxidizing compound into a fermentation
mash located within the system.

In another embodiment according to the present invention there is provided a method
for reducing microbial levels within an ethanol fermentation system. The method comprises
introducing a quantity of peracetic acid and a quantity of hydrogen peroxide into a corn mash
located within the system. In particular embodiments, the method is performed without the
introduction of antibiotic compounds into the corn mash. Even more particularly, the
peracetic acid is introduced into the corn mash at a level of between about 5 to about 30 ppm.

In still another embodiment according to the present invention there is provided an
ethanol fermentation system. The system comprises at least one fermentation mash cooler, a
fermentation tank located downstream from the cooler, and at least one injection station
adapted to deliver a quantity of an organic oxidizing compound and an inorganic oxidizing

compound into a fermentation mash located within the system.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a schematic diagram of an exemplary fermentation system according to the
present invention employing an apparatus for delivering organic oxidizing compound and

peroxide compound; and
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Fig. 2 is a chart depicting ethanol production levels for a commercial-scale trial in
which peracetic acid and hydrogen peroxide were used in place of conventional antibiotics to

control certain bacteria in the fermentation mash.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

As discussed previously, the presence of certain types of bacteria in a fermentation
system can compete with the fermentation yeast for sugars thereby reducing the yield of the
system. The present invention, in certain embodiments, utilizes an antimicrobial system that
advantageously is decomposed by the fermentation operation so that is does not carry through
into the fermentation by-products, especially the distillers grains, unlike conventional
antibiotic treatments.

According to one embodiment of the present invention, an organic oxidizing
compound and an inorganic oxidizing compound are introduced into a fermentation mash
located within a fermentation system. In particular embodiments, the organic oxidizing
compound comprises one or more peroxy acids, such as an organic C1 to C18 peroxy acid.
Exemplary peroxy acids include peracetic acid (PAA) or peroctanoic acid. In other
embodiments, a germicidal fatty acid such as octanoic acid, nonanoic acid, or decanoic acid
may be used in conjunction with the organic oxidizing compound. The organic oxidizing
compound may react with a portion of the germicidal fatty acid to form the peroxy acid form
thereof (i.e., peroctanoic acid, pernonanoic acid, and perdecanoic acid). The germicidal fatty
acid can help contribute to enhanced germicidal efficacy of the overall process. However,
caution should be exercised to avoid use of germicidal fatty acids at levels that might harm
the yeast present in the fermentation mash. In still other embodiments, the organic oxidizing
compound can be a mixture of more than one organic oxidizing compound, such as a mixture
of peracetic acid and octanoic acid.

Peracetic acid naturally exists in equilibrium with acetic acid and hydrogen peroxide
as illustrated below and is commercially available in solution with acetic acid and hydrogen
peroxide in order to maintain stability.

CH;CO,-OH + H,O <« H,;0, + CH3CO-OH
Exemplary peracetic acid solutions include Proxitane®, available from Solvay Chemicals,
Inc., Delasan MP®, available from Del.aval Cleaning Solutions, and Tsunami®, available

from Ecolab.



10

15

20

CA 02808227 2013-02-12

WO 2012/027469 PCT/US2011/048962

4 -
Product Supplier | % PAA % H>0O, %Acetic Other
| Acid
Peracetic FMC 5% 22% 10%
Acid 5%
Peracetic ~ FMC 15% 10% 36%
Acid 15% |
Delasan MP Delaval 15% 6% 30-40%
Proxitane Solvay 5% 22% NA
Matrix Ecolab 3-7% 5-10% 15-40% | 3-7 peroctanoic;
1-5 caprylic acid
Premium West Agro, 5.6% 26.5% NA
Peroxide I Inc.

NA = information not available

Information taken from commercial literature or MSDS

In some fermentation systems, the demand for the organic oxidizing compound can be
quite high, thereby requiring increased amounts of the organic oxidizing compound to be
added to the system in order to achieve the desired antimicrobial effect. This increased
demand for the organic oxidizing compound can be tied to, among other things, the level of
certain organic or biological materials present in the fermentation mash. Further, because in
certain embodiments the organic oxidizing compound is acidic, simply increasing the amount
of the organic oxidizing compound to satisfy the oxidative demand may decrease the pH of
the fermentation mash and adversely affect ethanol production. In order to reduce the
demand for the organic oxidizing compound, without simply introducing higher levels of
organic oxidizing compound into the fermentation mash, one or more inorganic oxidizing
compounds can be introduced into the system. In particular embodiments, the inorganic
oxidizing compound is a peroxide compound, and more particularly, hydrogen peroxide is
selected as the peroxide compound due to its availability and relatively low cost as compared
with the organic oxidizing compound. Alternative inorganic oxidizing compounds include
sodium percarbonate, sodium perborate, and peroxymonosulfate.

In certain embodiments of the present invention, to maximize flexibility in controlling
bacteria in the fermentation process, it is advantageous to be able to independently control the
levels of the organic oxidizing compound (such as peracetic acid) and inorganic oxidizing
compound (such as hydrogen peroxide) added to the fermentation mash. For example,
peracetic acid is supplied commercially as an equilibrium mixture of peracetic acid, acetic

acid, and hydrogen peroxide. Therefore, in certain embodiments, it may be advantageous to
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use a peracetic acid source that has a minimal amount of hydrogen peroxide relative to the
concentration of peracetic acid. However, in other embodiments the organic oxidizing
compound and inorganic oxidizing compound may be supplied together in a premixed form,
and then the premix introduced into the fermentation mash. Certain premix formulations
comprise the organic oxidizing compound at a level of between about 5% to about 30% by
weight, or between about 10% to about 25% by weight, or about 15% by weight, and the
inorganic oxidizing compound at a level of between about 15% to about 55% by weight, or
between about 25% to about 50% by weight, or about 45% by weight.

The fermentation system utilizes a fermentation mash as the source of sugars for the
yeast that are responsible for alcohol production. The fermentation mash is generally an
aqueous suspension of plant-based materials, especially those derived from corn, wheat,
sugar beets, sugar cane, molasses, potatoes, millet, and switchgrass. Additionally, other
cellulosic materials or biomass, such as wood or straw, may be used to create the
fermentation mash. In certain embodiments, these cellulosic materials may need to undergo
pretreatment and cellulose hydrolysis in order to render them suitable for use In a
fermentation process. Typically, the mash is made by mixing the plant-based material with
heated, often boiling, water. The hot mash is cooled before being sent to a fermentation
vessel where yeast is added and fermentation is carried out. Control of bacteria, such as
lactic acid bacteria, is especially important between formation ot the fermentation mash and
the fermentation stage. Thus, in certain embodiments according to the present invention, the
organic oxidizing compound and peroxide compound are introduced into the termentation
system at some point between the cooling of the mash and the beginning ot fermentation.

It has been discovered that to achieve sufficient antimicrobial efficacy, the organic
oxidizing compound need only be added to the fermentation mash at a level of less than 50
ppm. In certain embodiments, the organic oxidizing compound is added to the fermentation
mash at a level of between about 5 to about 30 ppm, or even at a level of between about 10 to
about 25 ppm. Likewise, the peroxide compound need only be introduced into the
fermentation mash at a level of less than 50 ppm. In particular embodiments, the peroxide
compound is added to the fermentation mash at a level of between about 5 to about 30 ppm,
or even at a level of between about 10 to about 25 ppm. In still further embodiments, the
organic oxidizing compound and peroxide compound are introduced into the fermentation

system in substantially equal proportions. It is noted that the peroxide concentration levels
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noted represent the combined concentration of peroxide included with the organic oxidizing
compound, such as peracetic acid, and the peroxide that is added independently. In yet other
embodiments, the organic oxidizing compound and peroxide compound are introduced into
the fermentation system in sufficient quantities so that lactic acid levels within the liquid
portion of the fermentation system do not exceed about 0.2%, 0.1% or 0.01% by weight.
Historical records indicate that without any antimicrobial system being used, lactic acid
levels within the fermentation system rise to above 1.0%.

The peroxide and organic oxidizing compound may be added simultaneously at the
same point in the process or a portion of the peroxide may be added prior to addition of the
organic oxidizing compound. Where a portion of peroxide is added upstream of the organic
oxidizing compound, it will likely consume more of the oxidative demand and reduce the
amount of organic oxidizing compound required.

In certain embodiments, the organic oxidizing compound and peroxide compound are
consumed during the course of the fermentation process so that little or none of these
compounds can be found in the distiller’s grains recovered from the fermentation vessel. In
such embodiments, the organic oxidizing compound and peroxide compound decompose into
environmentally friendly by-products. Further, such by-products do not pose a threat to use
of the distiller’s grains as animal feed. While embodiments of the invention can be carried
out using any desired levels of the organic oxidizing compound or peroxide compound, in
certain applications caution should be exercised so as to avoid using levels of these
compounds that will not completely decompose and having these compounds be present in
the distiller’s grains. In certain embodiments, the distiller’s grains recovered from the
fermentation process comprise less than 1 ppm, or less than 0.1 ppm, or even less than 0.05
ppm of the organic oxidizing compound. Note, the oxidizing compounds were found to be
non-detectable in the distillers grains at a detection limit of 0.05 ppm.

The use of the organic oxidizing compound and peroxide compound to control
undesirable bacteria in the fermentation system also permits the fermentation process to be
carried out without the use of antibiotics, such as Virginiamycin. Thus, the distiller’s grains
produced by the fermentation system will be substantially free of antibiotics.

Figure 1 illustrates an exemplary fermentation system 10 made in accordance with
one embodiment of the present invention. The illustrated system is described as a corn mash

fermentation system employing peracetic acid and hydrogen peroxide as the antimicrobial
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compounds. However, one of ordinary skill in the art can appreciate that this description is
merely illustrative of the general principles of the present invention and that other
fermentation systems, organic oxidizing compounds, and peroxides can be substituted for the
exemplary materials.

System 10 includes a corn mash primary cooler 12 which cools incoming corn mash
stream 14 from a temperature of 180°F to 140°F. The cooled corn mash 16 is then directed to
a secondary cooler 18 where the temperature is lowered to near ambient conditions
(approximately 90° F). Once the temperature of the corn mash has been sufficiently lowered,
it is directed to fermentation tank 20 via stream 22 where yeast is added and the fermentation
of sugars contained in the corn mash is carried out. A recycle stream 24 is withdrawn from
fermentation tank 20 by a fermenter recycle pump 26 and passed through a fermenter cooler
28 so that the temperature within fermentation tank 20 can be controlled. After fermentation
has sufficiently progressed, the corn mash, now containing approximately 14% ethanol, is
withdrawn from fermentation tank 20 via stream 30. The fermented mixture is then sent to
separation apparatus (not shown), such as a centrifuge, whereby the liquids are separated
from the solids. The liquids are then delivered to one or more distillation columns (not
shown) for separation of ethanol, and the solids are recovered as distiller’s grains.

In the embodiment illustrated, peracetic acid and hydrogen peroxide are pumped from
respective reservoirs 32, 34, such as plastic totes, into a common chemical transfer pipe 36 by
electronic diaphragm pumps 38. The combined peracetic acid and hydrogen peroxide stream
is introduced into a corn mash transfer header 40 where the peracetic acid mixture 1s
dissolved into the corn mash due to the high corn mash flow rate. Introduction of the corn
mash into secondary cooler 18 creates the turbulence necessary for rapid distribution of the
peracetic acid and hydrogen peroxide throughout the corn mash. Thus, by the time the acid
treated corn mash reaches the fermentation tank 20, the acid will have been thoroughly
mixed, enabling it to work as an antimicrobial in a uniform manner.

[t is noted that the peracetic acid and hydrogen peroxide can be introduced into the
corn mash at some other location, such as after secondary cooler 18 or directly into
fermentation tank 20. Alternatively, the peracetic acid and hydrogen peroxide can be added
through independent chemical transfer pipes as opposed to a common pipe. Also, any system
for introducing the peracetic acid and hydrogen peroxide into the corn mash can be used as

the fermentation process operator deems fit.
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In addition to the benefits of maintaining high ethanol recovery levels without the use
of conventional antibiotics that would be carried through into the distiller’s grains, certain
embodiments of the present invention prevent biofouling of wetted surfaces downstream
from the organic oxidizing compound and peroxide injection point. This feature increases the
length of time that the fermentation equipment can remain in service without required

cleaning thereby increasing the overall efficiency of the fermentation system.

EXAMPLE

A number of full scale trials were conducted in order to evaluate the efficacy of
introducing peracetic acid and hydrogen peroxide into a fermentation system was evaluated
and compared to the use of conventional antibiotics. The ethanol plant tested is a 20 MGPY

plant having a modified Delta T design. The plant process tlow is as follows:

Corn mash cooler stage one =» Corn mash cooler stage 2 =

fermenter € - fermenter cooler > distillation

The corn mash enters the stage one cooler at 180°F and is cooled to140°F. It then enters the
stage 2 cooler and is cooled to 90°F. Flow through the cooler i1s 110 gpm. From the stage 2
cooler the mash is sent to the fermenter. Once in the fermenter, the corn mash 1s re-circulated
through a plate and frame mash cooler. When the fermenter has been filled for 30 minutes,
yeast is added to the recirculating corn mash. The fermenter takes about 23 hours to fill.
Once filled, fermentation begins to accelerate releasing heat which is dissipated in the
fermenter cooler. The fermenter mash is sent to distillation about 56 hours after the

fermenter is filled. System parameters are as follows:

Vessel Volume (gal) | Recirc rate (gpm) pH range Temp (in/out)
Mash cooler 700 110 5.5-6.5 180°F/90°F
Fermenter 185,000 400 4-5.5 95°F/90°F

During fermentation, carbohydrates, ethanol, and organic acids are monitored in order
to insure that the fermentation process is occurring normally and to insure that undesirable
bacteria are kept under control. Also, the mash temperature is kept in a range of 90°F to

95°F. Typical end fermenter process parameters are:

Ethanol Lactic acid Acetic acid pH Cell count Viable count (%)
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15.0 0.30 0.05 4.6 250 97

pH: pH starts at 6.0 then slowly drops to 4.2 after 18 hours. Toward the end of
fermentation, pH rises to 4.6.

Lactic acid: Lactic acid percent starts at 0.1 and stays mostly below 0.4% when lactic
acid bacteria are under control When lactic acid bacteria are present in larger numbers, the
lactic acid % can rise to as high as 0.8%.

Acetic acid: Acetic acid generally starts in a range of 0.03 to 0.05 and rises to 0.1. A
rise above 0.15% results in reduced final ethanol and indicates that bacteria counts are out of

control.

Test procedure

A peracetic acid solution comprising 15% peracetic acid and 6% hydrogen peroxide,
(PAA solution) and 31% hydrogen peroxide (HP) were added at a rate of 0.8 and 1 gallon per
hour respectively to a stainless steel pipe that carried the mixture to a header located between
the 1% and 2™ stage mash cooler. At the point of injection, the mash temperature was 140°F
and the mash flow rate was 110 gpm. The pumps used to pump both the HP and PAA
solution were Prominent diaphragm pumps fitted with Teflon liquid ends. The dose of the
PAA solution was 15 ppm (as PAA) and the dose of the HP was 40 ppm (as peroxide).
However, the PAA solution and HP were fed for only 15 hours of the 23 hour fermentor fill
time making the overall dose 9.8 ppm of PAA solution and 26 ppm of HP.

Samples were taken every hour at the mash cooler exit and fermentation tank. The
samples were tested using a Hach DPD total chlorine test. Three (3) ml of sample was added
to a test tube, then one DPD powder pillow was added to the sample. The sample was then
stirred gently for 5 seconds and a pink color was observed at the bottom of the test tube.
Peracetic acid (PAA) concentration was estimated based on the hue of pink color after 30
seconds. Hydrogen peroxide (HP) concentration was estimated after 6 minutes.

Normal corn mash tests on carbohydrates, ethanol, and organic acids were taken by
plant personnel every 6 hours. Results were compared with normal historical averages when
antibiotics were used. The testing with PAA and HP was conducted over a six-month period.
Occasionally during this period, antibiotics (i.e., Virginiamycin at a level of 0.5-1

pound/200,000 gal corn mash) were used simultaneously with the PAA and HP for
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approximately 3 to 6 day stretches to determine what affect this might have on the

performance of the system.

Test Results:

Mash cooler: PAA concentrations consistently measured at 3 to 4 ppm. Hydrogen
peroxide was always positive with an estimated concentration of 10 to 15 ppm.

Fermenter corn mash: The corn mash was positive for PAA up to two hours into
filling. After two hours, PAA was not detectable. HP was not detectable after 3 hours.

Organic acids: Both lactic and acetic acids stayed within normal ranges. Lactic acid
generally ranged from 0.2% to 0.5%. Acetic acid generally ranged from 0.05% to 0.12%.
When both PAA solution and antibiotics were used, lactic acid and especially acetic acid
levels were lower than when only antibiotics were used. This indicated that the PAA/HP
treatment was particularly effective in control of lactic and acetic acid bacteria. In fact, it
appeared that under these circumstances, the yeast may have been using lactic and acetic acid
as a food source.

Alcohol production: As shown in Fig. 2, alcohol production for the six-month period
in which the PAA/HP treatment was employed was approximately 8.5% higher than the
previous six-month period when only antibiotics were used, even when organic acids did not
decrease from normal. This result was not expected as alcohol production is thought to be
inversely correlated with organic acids. Higher organic acid concentration usually results in
lower ethanol concentration. It is likely that the removal of biofilms on transter, heat
exchanger, and tank surfaces resulted in decreased glucose losses and that the extra glucose
was converted into ethanol. The tests indicated that the peracetic acid/hydrogen peroxide
treatment program can effectively replace the use of antibiotics in preventing ethanol loss due
to the formation of organic acids. No negative effects of the program were noted based on
the balance of carbohydrates, ethanol, and organic acids taken in the number 1, 2 and 3
fermenters. Also, yeast cell counts and viability tests were all in the normal range.

Glycerol levels: It was observed that during those periods during which antibiotics
were used with the PAA/HP treatment, glycerol levels tended to increase. When the
antibiotics were removed, the glycerol levels tended to decrease. The increase in glycerol

[evels were indicative of the stress which the antibiotics placed on the yeast.
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We claim:

1. A method for reducing bacteria levels within a fermentation system
comprising introducing an organic oxidizing compound and an inorganic oxidizing

compound into a fermentation mash located within said system.

2. The method according to claim 1, wherein said organic oxidizing compound

comprises a peroxy acid.

3. The method according to claim 2, wherein said peroxy acid comprises

peracetic acid.

4 The method according to claim 1, wherein said organic oxidizing compound is

introduced into said fermentation mash at a level of less than 50 ppm.

5. The method according to claim 4, wherein said organic oxidizing compound is

introduced into said fermentation mash at a level of between about 5 to about 30 ppm.

6. The method according to claim 1, wherein said inorganic oxidizing compound

comprises a peroxide compound.

7. The method according to claim 6, wherein said peroxide compound comprises
hydrogen peroxide.
8. The method according to claim 1, wherein said peroxide compound is

introduced into said fermentation mash at a level ot less than 50 ppm.

9. The method according to claim 8, wherein said peroxide compound is

introduced into said fermentation mash at a level of between about 5 to about 30 ppm.

10.  The method according to claim 1, wherein said system comprises a header,

and a mash cooler, said fermentation mash being delivered into said mash cooler via said
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header, and said organic oxidizing compound being introduced into said system in said

header.

11.  The method according to claim 1, wherein said system comprises a
fermentation tank, said organic oxidizing compound being introduced into said system in said

fermentation tank.

12.  The method according to claim 1, wherein said organic oxidizing compound 1s
introduced into said system in a sufficient quantity so as to prevent lactic acid levels within

said system from exceeding 0.20% by weight.

13.  The method according to claim 1, wherein said method further comprises
recovering a quantity of distiller’s grain from said fermentation system, said distiller’s grain

comprising less than 1 ppm of said organic oxidizing compound or said peroxide compound.

14. The method according to claim 13, wherein said distiller’s grain is

substantially free ot antibiotic compounds.

15.  The method according to claim 1, wherein said organic oxidizing compound 1S

provided as a mixture with a germicidal fatty acid.

16. A method for reducing bacteria levels within an ethanol fermentation system
comprising introducing a quantity of peracetic acid and a quantity of hydrogen peroxide into
a corn mash located within said system, said method being performed without the
introduction of antibiotic compounds into said corn mash, and said peracetic acid being

introduced into said corn mash at a level of between about 5 to about 30 ppm.

17.  An ethanol fermentation system comprising:
at least one fermentation mash cooler;

a fermentation tank located downstream from said cooler; and
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at least one injection station adapted to deliver a quantity of an organic oxidizing

compound and an inorganic oxidizing compound into a fermentation mash

located within said system.

18.  The ethanol fermentation system according to claim 17, wherein said at least

one fermentation mash cooler comprises a primary mash cooler and a secondary mash cooler.

19.  The ethanol fermentation system according to claim 18, wherein said at least
one injection station comprises a header disposed between said primary and secondary mash

coolers.

20.  The ethanol fermentation system according to claim 17, wherein said at least
one injection station is adapted to deliver said organic oxidizing compound and said

inorganic oxidizing compound into said fermentation tank.

21.  The ethanol fermentation system according to claim 17, wherein said system
further comprises separation equipment operable to recover a distiller’s grain product from

the fermentation mash exiting said fermentation tank.

22.  The ethanol fermentation system according to claim 21, wherein said

distiller’s grain product comprises less than 1 ppm of said organic oxidizing compound.

23.  The fermentation system according to claim 17, wherein said organic

oxidizing compound comprises a peroxy acid.

24.  The fermentation system according to claim 23, wherein said peroxy acid

comprises peracetic acid.

25.  The fermentation system according to claim 17, wherein said injection station

is adapted to deliver said organic oxidizing compound into said fermentation mash at a level

of between about 5 to about 30 ppm.
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26.  The fermentation system according to claim 17, wherein said inorganic

oxidizing compound comprises a peroxide compound.

27.  The fermentation system according to claim 26, wherein said peroxide

compound comprises hydrogen peroxide.

28.  The fermentation system according to claim 17, wherein said injection station
is adapted to deliver said inorganic oxidizing compound into said fermentation mash at a

level of between about 5 to about 30 ppm.

29.  The fermentation system according to claim 17, wherein said organic

oxidizing compound is provided as a mixture with a germicidal fatty acid.



WO 2012/027469

-
N
N
N
O
-
<
O
O
M

N
‘_

10
14

CA 02808227 2013-02-12

1/2

28

38

34 . . 32 .

PCT/US2011/048962

30

24

26
(=
FIG. 1



CA 02808227 2013-02-12

WO 2012/027469 PCT/US2011/048962

2/2

pieeieisieisieisieinieieieieie e ie e e e e iy e e e e e e e e e e e e e et e e e e T e e e e Te e e e e e e e T T e e e e e e e e e e e e e e e e e e e T e T Te e e e fe et e Te e e ey SRy R pheieirE At i ie s e e e e e et i e e e e e e e te ety = =

4 P AA Treatment

wafpoce A{ibiotics

1 \
]
' : '
) \
' - '
] 4 \
N - - R
' \
\\ ] IR \
] LY \
k ] o \
. \
‘ \
- \
\

§ ..... Tg)
X I A -

& ,,,,, <

§ ---------- o

Antibiotics vs. Peracetic Acid Treatment

7
1

(DA Ajyyuouw) A/A 9, Jouey}3 |eul



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings

