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Fermentation of Carbohvdrate

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

A high vield method for producing ethanol from carbohvdrate termentation, by treating

BACKGROUND

In 2009, the Renewable Fuels Standard (RFS) calied for blending 11.1 bilhon gallons of
ethanol and other biotuels mto the U.S. motor fuels market to satished future demands. This wall
resuit tn an ncrease in the level of corn needed by the industry and require plant capacity to be
incregsed as well In just the past vear, the USA s annual operating capacity mcereased by 2.7
bitlion gallons, a 34% increase over 2007. This growth 1n production capacity was enabled by
the completion, start-up, and operation of new ethanol refinenes.

Ethanol, a promuising biotuel from renewable resources, 1s produced from the starch of
cereal grains {com, sorghum, wheat, triticale, rve, malted barley, nce), tuber crops {potatoes) or
by direct use of the sugar in molasses, sugar cane juice or sugar beet juice. Ethanol can also be
produced by fermentation of cellulose-based material {switch grass, pine trees), but this
technolouy has not been widely commerciahized.
produced by yeast fermentation of com or sugar cane juice. Ethanol production through
anaerobic fermentation of a carbon source by the yeast Saccharcmyces cerevisice 15 one of the
best known biotechunological processes and accounts for a world production of more than 35
hithion hiters of ethanol per vear {Bayrock, 2007},

The process of ethanol production from cersals begins with the hydrolysis of starch. The

hydrolysis of starch results 1y the conversion of amviose, a mostly linear a~D-(1-4}-glucan, and

o fermentable sugars that subsequently are converted to ethanol by veast (Majovie, 2006,

bactenta (Dien, 2003). Bactena are used tor the production of ethanot from mostly cellulose
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containing material, they include Jymomoncs spp., engingered K. coli, Kiebsiella oxyioca,
Lyvmomonas mobilis, Acetivibrio celfulovticus within others (Dien, 2003)

In an ethanol production system, whole corn kemel is ground and mixed with water. The
mixiure is then steam cooked to gelatinize starch and to decrease bactenal contamination. After
this liquefaction, enzymes and veast are added to start the fermentation process to produce
ethanol.

Dry milling and wet milling are the two primary processes used to make ethanol in the
United States.

In the drv mutling process, the entire corn kernel or other starchy matenial 15 ground nto
flour and mixed with water to forni a slurry. Then, enzymes are added to the nuxture, which is
processed in a high-temperature cooker, cooled and transferred to fermenters where yeast is
added and the conversion of sugar to ethanol begins. After fermentation, the resaliing mixiure 1s
transterred to distillation columns where the ethanol is separated. The solids resulting after
fermentation and ethanol separafion are processed to produce distiller’s dried grams with
solubles (DDGS) which 15 used tor animat production, e g. poultry, swine, and cattle feed. More
than S0% of today’'s ethanol capacity uttlizes the dry tull process (RES, 2006).

In the wet nulling process, the gramn is soaked or steeped n water to facilitate the
separation of the grain into its basic nutritional components, such as corn germ, fiber, gluten and
starch components. After steeping, the com slurmy 1s processed through a series of gnnders and
the components separated 'The gluten component 1s filtered and dned to produce the com gluten
meal (CGM), a high-protein product used as a feed mgredient in animal operations. The starch
and any remaiing water from the mash are then processed in one of three ways: Fermented into
ethanol, diied and sold as diied or modified corn starch, or processed nto corn syrup {RES,
2000}

Both the wet and dry mill processes utilize only the starch portion of the com kernel for
ethanol production. The remaining protemn, fat, fiber and other muritional components remain
avatiable tor use as animai feed.

In the conventional fermentation process, yveast culture ts added to the starch kernel
portion of the corn and incubated 72 hours to allow sutlicient time for the veast population to

imcrease {o the necessary concentration {Mave, 2006). It takes from 45 to 60 minutes for the

fsad
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veast population to double. It takes many hours of such propagation 0 produce the quantity of
veast necessary to terment such a large quantity of sugar solution (Mave, 2006}

A process called raw starch hydrolvsis converts starch to sugar which 1s then fermented
to ethanol, bypassing conventional starch gelatimization conditions. The enzymes used in the
sacchanticationdtermentation are fungal alpha amylase and glucoamvlase {amvloglucosidase)
{Thomas, 2001}, This stmultaneous sacchantication and fermentation allows for higher
concentrations of starch to be fermented and results in higher levels of ethanol. it the sugar
source 1s from crops such as sugar cane, sugar beets, fruit or molasses, saccharnification 1s not
necessary and fermentation can begin with the addition of veast and water (Maye, 2006},

One of the umportant concerns with batch or continuous fermentation systems is the
atmosphere for fermentation 18 also optimuan for bactenal growth, Contamingtion generally
originates from harvesting of the carbohydrate material. Washing the matenial may help lower
the contamination level {Mave, 2006).

Despite efforts to prevent contamination with cleamng and disinfecting of the
sgecharification tanks and continuous veast propagation systems, biofilms can act g§ reservoirs
of bacteria that continuously remtroduce contanunants (Bischoft, 2009},

A vartety of gram positive and gram negative bacteria bave been 1solated from fuel

Enterococeus, Acetobacter, Gluconobacter and Clostridium (Bischott, 2009} Almost two thirds
of the bactena isolated were species of factic acid bactena, e g Lactobaciilus (Skinner, 2007},

In a survey conducted by Skinner and Leathers (2004}, 44-60% of the contaminants n
the wet mill process were identified as Lactobacilli. In the dry mill process, 37 to 87% of the
contaminants were 1dentified as Lactobaciils,

Lactobacilli contamination in the range of 10° to 107 cfu/mL corn slurry can reduce
ethanol yield by 1-3%. In industry, even with an active bacterial control program to control the
proliferation of Lactobacity, carbohydrate losses to Lactobacsiii can make the difference between
profitability and non~profitability (Bavrock, 2007). Lactobacilh not only tolerate tow pH, high
acidity and relatively high concentrations of ethanol, but they also multiply under conditions of

alcoholic fermentation { Thomas, 2001 ). Bactenal contaminants compete tor growth factors

3
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needed by veast and also produce by-products that are inhibitory 10 veast, particularly lactic and
acetlc acids.

The contamination of carbohydrate slurry during the course of alcoholic fermentation
resulis m a) decreased ethanol yvield, b) increased channeling of carbohydrates tor the produaction
of glyvcerot and lactic acids, ¢} a rapid {oss of the veast viability after exhaustion of fermentable
sugars, and d) decreased proliferation of veast in the mash in which the contaminating
Lactobaciili has already grown 10 8 high number (Thomas, 2001},

A recent survey of bactenal contaminants of corn-based plants in the US found that
bactenial loads v a wet mull facility were approximately | 0" efu/mL corn shurry while those at

‘ N vy A ¥ D gy - N g st R
dry-grind faciliies could reach 107 ctu/mL corn sturry (Bischott, 2007, Chang, 1997}

attects veast growth and metabolism, and 1t has been suggested as one of the causes of stuck or

stuggish fermentation {Thomas, 2001 ). If the lactic acid content of the mash approaches 0.8%
and/or acetic acid concentration exceeds 0.05%, the ethano! producing veast are stressed
(Bayrock, 2007}, Lactobacilli may stress yeast cells, which release nutnents, particularly amino
acids and peptides that can stimulate bactenal growth (Oliva-Neto, 2004). A lactic acud
concentration of 8 ¢/l. in a beet molasses batch fermentation reduced yeast viability by 95% and
alcohol production rate by 80% (Bavrock, 2001}

The presence of Lactobaciilug i the ethanol fermentation can decrease ethanol vield by
44% after 4 davs of pH controlied operation. This coincides with an increase in L. paracaser o
>10' cfiyml. and a fourfold increase in lactic acid concentration to 20 ¢/1.. An 80% reduction in
yveast density was seen with concentrations of ethanol, lactic acid and acetic acid of 70, 38 and
7.5 g/l respectively {Bavrock 2001},

De Oliva-Neto and Yokova (1994} evaluated the eftect of bactental contamination on a
batch-fed alcoholic fermemtation process. They showed that L. fermention will strongly tnhtbit
commercial baker's veast in a batch~fed process. When the total acid (lactic and acetic) exceeded
4 8 g/l 1t mterfered with veast bud formation and viability with 6 g/l decrease in alcoholic
efficiency.

Others have shown that: aa 10° Lactobacilli/mL mash results in approx 1% viv
reduction in the final ethanol produced by veast (Narendranath, 2004}, b) chatlenging the

fermentation system with 10% cfu/mL L. fermentum decreased ethanol vield by 27% and
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increased residual glucose from 6.2 to 45.5 ¢/L. (Bischoff, 2009), ¢) the use of 10 cfu
Lactobacilli/mLU produced an 8% reduction in ethanol vield and a 3.2 fold increase in residual
glucose (Bischoft, 2009},

Methods to control bactena mclude the addition of more yeast culture, stnngert cleaning
and sanitation, acid washing of yeast destined for reuse, and the use of antibiotics during
fermentation (Hynes, 1997}, An increased yeast inoculation rate of 3 x 1 0'cfiyml mash resulted
in greater than 80% decrease in actic acid production by L. plardfarum and greater than 35%
decrease in lactic acid production by L. paracasei, when mash was infected with 1 x 10°
Lactobaclli/mL (Narendranath, 2004; Bischoft, 2009},

Varnous agents have been tested tor control of bactertal contamunants in laboratory
conditions including antiseptics such as hydrogen peroxide, potassium metabisuliite, and 3,44~
trichiorocarbaraiide and antibiotics such as peniciiiin, tetracychine, monensin and virginiamycn.
Penicithin and virginiamyain are commercially sold today to treat bacterial infections of fuel
ethano! fermentation and some faciities use these antibiotics prophvlactically {Skinner, 2004).

I no antibiotics are used, a 1 to 5% loss in ethanol yield 1s common. A fifty mithion-
gatlon tuel ethanol plant operating with a lactic acid level of 0.3% wiw in its distitler's beer 18
losing approximately S70.000 gallons of ethanol everv vear due to bactenal contamination
(Mave, 2006). In the absence of an antibiotic, bacterial nuunbers increased from 1x10° efu/mL to
6x10° efu/ mL during a 48 hour fermentation period and 5.8 mg lactic acid was produced (Hynes,
19973,

One very effective bacterial control program involves the use of virgmiamycin, Some
charactenstics of virginiamvycin are aj at low concentrations, e.g., 0.3 to S ppm 1t 1s effective
against a number of microorganisms including Lactobaciiii, b) the microorganisms do not tend 0
develop resistance, ¢} it does not significantly mhibit the veast, d) #t 1s not attected by the pH or
alcohol concentration, and ¢) it 1s inactivated dunng ethanol distilation, theretore no residue
remams m the alcohol or distilled grams {Bayrock, 2007, Narendranath, 2000; Hynes, 1997).

Cuarrently, virgintamyain s the only antibiotic known to be used at the dry~-grind plant
{Bischott, 2007) The recommended dose of virginiamycein in fuel ethanot fermentations 1s
generally 0.25 to 2.0 ppm (Bischoft, 2009} but the Minimum Inhibitory Concentration {MIC)

varies from 0.5 to greater than 64 ppm (Hynes, 1997).

“F
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L. fermenturn could be selectively controlied by hyvdrogen peroxide at concentrations of |
to 10 mM 1n an ethanol fermentation process (Narendranath, 2000}, Lactobaciiius does not have
the enzyme catalase, s0 it cannot decompose hyvdrogen peroxide and therefore 1s unable to
ehiminate its toxic effect (Narendranath, 2000},

Urea hydrogen peroxide (LUHP) has been used as an antiseptic for topical apphications on
wounds and against gingivitis and dental plaque (Narendranath, 2000) and also serves as an
antibacterial dunng fermentation. UHP not only exhibits excellent bactericidal activity against
Lactobacillus but also has an important advantage of providing usable nitrogen in the form of
urea for stimulating veast growth and fermentation rates {Narendranath, 2000).

Other methods of controlling bacterial comtamingtion include the use of sultites. Sutfites
demonsirate bactencidal activity only in the presence of oxygen and were more effective in
kitling facultative L. caxei which possess high levels of hydrogen peroxide related enzvines,
including peroxidase (Chang, 1997}, Bactenal toad was also decreased when the concentration of
sulfite ranged from 100 to 400 me/L but only in the presence of oxygen. This concentration did
not attect veast populations (Chang, 1997).

An agent present i the supernatant of veast cultures reduces the growth of Lactobacilli,
This compound has not vet been charactenzed, though 1t 18 known to be resistant to freezing,
unstable at lugh temperatares and destroved when held at 90°C for 20 minutes {Oliva Neto
2004}

Succinie acid by iself at levels of 600 mg/ld. reduces Lactobacrllus concentrations by
78%, in the presence of ethanol that reduction 1s up to 96% (Oliva-Neto 2004).

A microbial adherence inhibitor in the form of fowl egg antibodies and specific to lactic
acid-producing microorganisms has been developed for use i fermenters (Nash 2009}

Oniy laboratory studies have shown that antibodies, sulfite and peroxide products can be
benehicial i controlhing lactobaciiiy, a problem with these products 15 the decrease m
conceniration due to oxidation and decompostiion of the chemicals which will require constant
morntoring of the whole process of fermentation in order (0 matntaim an effective concentration.
Decreased susceptibility to virgimtamycin has been observed i Lactobacitii isolated from dry-
grind ethanol plants that use virginiamyein and the emergence of isolates with multi-drug
resistance to both peniciliin and virginiamyein has also been reported (Bischott 2009}, So

alternatives to prevent decreased ethanol vield from carbohvdrate fermentation arve needed.
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SUMMARY OF THE INVENTION

An object of the mvention 18 to provide a chemical composition that prevents “stuck
fermemtation” dunng ethanol production by inhibiting or reducing the growth of Lactodacillus
spp. and other bactena dunng fermentation of corn, other starch or cellulose based maternal.

Another object 15 to provide a method of fermenting carbohydrates to ethanol, comprising:
a) treating carhohvdrate to be fermented with a composition containing

10 - 90 wi% of an aldehvde selected from the group consisting of tormaldehvde,

paraformaldehvde, glutaraldehvde and mixtures thereof,

1 -530 wi of a surfactant baving an HLB from 4 1o 18.

0 - 20wt of an antimicrobial terpene, or essential oils,
P - 50 wib% of organic acids selected from C; to (4 fatty acids, their salts, glvcerides and
esters thereof, and
i - 50 wi%s water;
b} fermenting said carbohvydrate in the presence of veast and/or an enzyme in the
fermentation broth, and

¢) 1solating ethanotl.
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Another object of the invention 138 to provide a method of 1ncreasing ethanol production in
an initially stuck fermentation system by adding a composition comprising:

a} 10 — 60 wt. % of an aldehyde selected from the group consisting of formaldehvde, para-

tormaldebyde, glutaraldehvde and mixtores thereof,

by - 30 wt.% of a surfactant having an HLEB from 4 to 13,

¢y 1 20wt % of an antimicrobial terpene, or essential otls,

d) 1- 50 wi%e of organic acids selected trom Cy to Caa fatty acids, their salts, glveendes

and esters thereof, and

e} 1 - 50 witde water.

Another object of the mvention 1s to reduce the use of antibtotics duning the fermentation
of carbohydrates adding to the fermentation system a composition comprising:

a} 10 — 90 wt % of an aldehyde selected trom the group consisting of tormaldehyde, para-

tormaldehyde, glutaraldehyde and muxtures thereof,

b} - 30 wt.% of a surfactant having an HLB from 4 to I8

¢} 120 wt.% of an antinncrobial terpene, or essential oils,

d) 1 - S0 witbs of orgamc acids selected from € to Cys fatty acids, thewr salts glveendes

and esters thereof, and

e} 1 — 30 witbe water.

Another object of the invention 15 to reduce the antibrotic presence in the resulting sub-
product of carhobvdrates fermentation e g distilled grams, corn gluten and others.

Another object of the invention 15 10 reduce antibiotic residues in amimal products by
feeding the animals sub-products of termentation resutfing from non-antibiotics but the present
inveniion treated substrates.

Another object 15 to inhibit the development of antiblotic-resistant strains of bactena
which occur during fermentation.

Another object 1s to increase the vield of ethanol from fermented carbohvdrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Detinitions
“Stuck Fermentation™ occurs when fermentation of starch to ethanol is incomplete and

has stopped due to high bactenial concentration and acid content in the fermenter.
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“Weight percent” (wt.%) of a component is based on the total weight of the formulation
or coniposition in which the component 1s inciuded.

“Aldehyde” inclades formaldehyde, paraformaldehyde, and other active aldehydes.

or mono-, di~, or tniglyeerides of €y to €,y organic fatty acids or their esters.

“Antimicrobial terpene” can include allyl disulfide, ciiral, pinene, nerol, geraniol,
carvacrol, eugenol, carvone, anethole, camphor, menthol, limonene, farnesol, carotene, thymoi,
homeol, myrcene, terpenene, linalool, or mixtures thereof. More specifically, the terpenes may
comprise alivl disulfide, thymol, citral, eugenol, imonene, carvacrol, and carvone, or mixtures
thereof. The terpene component may wclude other terpenes with antt-microbial properties and
essential oils.

Bactena that may mtertere with ethanol termentation mclude Lactobacillus and
Leuconostoc, which cause the most problems. Other such bacteria include Pediocoecus,
Staphvlococcus, Streptococcus, Bacillus and Clostridia,

In ethanol produced from comn, antibiotics are the common biocide, e g, virginimian,
penicillin, chindamycin, tyvlosin, chloramphenicol, cephalosporin and tetracycline.

However i ethanol produced from sugarcane, since the end product 1s not fed to antmals,
other bioctdes can be used since residues do not present the same problem. In such cases satiable
hiocides include carbamates, quaternary ammonum compounds, phenols and antibiotics {e g,
virginiamyein, penicithing clindamyein, tvlosim, chioramphenicol, cephalosporin and
tetracychine).

The term "effective amount” of a compound means an amount capable of performing the
function or having the property for which the effective amount 1s expressed, such as a non-toxic
but sufficient amount to provide anfi-microbial benefits. Thus an effective amount may be
determuned by one of ordinary skill m the art by routine experimentation.

Formuiations vary not only in the concentrations of the major components, .g.,
aldehydes, the organic acids, but also m the type of terpenes, surfactant{s) and water
concentration, This mvention can be modified by adding or deleting the terpene, type of orgamc

acid, and using other type of surfactant.

i
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In general, a composition of the invention contains:

a) 10— 90 wt.% of an aldehyde selected from the group consisting of formaldehyde, para-

formaldehvde, glutaraldehyde and mixtures thereof,

b) 1 - 50 wi % of a surfactant having an HLB from 4 1o 18,

ci 1 — 20 wt %0 of an antimicrobial {erpene. or essential ouls,

d) 1 — 30 wit.% of an organic acid or mixtures of organic acids selected from aceti c,

propionic, butyric, or other Cy to Coq fatty acids, salt forms, glycerides and esters thereof,

and,

e} 1 ~ S0 wide water.

The antimicrobial terpenes, plant extracts or essential oils containing terpenes can be
used in the compositions of this invention as well as the more purified terpenes. Terpenes are
readilv available commercially or can be produced by methods known 1n the art, such as solvent
extraction or steam exiractionvdistillation or chemical synthesis.

The surfactant is nop-ionic including ethoxvlated castor oil surfactants with | to 200
ethylene molecules distributed normally around the mean, preferably a mean of 10 to 80. Other

surfactants with similar characteristics can be used including Tween surfactants.

Methods

The present invention is effective against bacteria. Examples of these infective agents
include Lactobacitius spp., E. coli, Salmonella spp., Clostridiun spp., Campylobacter spp.,
Shigella spp.. Brachyspira spp., Listeria spp., Arcobacter spp., and others.

The mixture of the present invention is applied by a spray nozzle.

The mixture is applied so as to provide a uniform and homogeneous distnbution

throughout the carbohvydrate snbstrate.

EXAMPLES

EXAMPLE 1

il
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This example shows the formulation of the tormaldehyde-based product used 1n subsequent

examples

Formula A

- Propronie Acid

d-Limonene {terpene)

T-Maz 80 {surfactant)

EXAMPLE 2

The objective of this study was to deternune the effect of a Formula A on the sarvival of

Lactobacillus

Matertal and Methods:

Lactobacilius planiarim (B-4496) was obtained from USDA-Microbial Genomics and
Bioprocessing Research i Hinois. L. plantarim was grown ny Defeo™ Lactobacitli MRS
(Man-Rogosa-Sharpe) broth. The broth culture was diluted with sterile peptone water to obtain
different concentrations ot Lactobaciliug, Duutions were treated with different concentrations of
Formula A (0, 1, 2 and 3 kg/MT) and incubated tor 24 hours at room temperature (20°C). After

incubation, triphicate samples were taken and plated on MRS broth contaming 1.5% Difco™

iiiii

table:
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It was observed that the use 2 kg/MT of the formaldehvde-based product reduced the growth of

Lactobacillas in a culture containing 107 ¢fu/mi.

EXAMPLE 3

The objective of this study was to determine the eftect ot Formuia A on the survival of veast and

Lactobacillus duning fermentation.

Matenal and Methods:

Sterde, finely ground corn was mixed with steriie water in a glass fermenter. Next, a
commercial enzyme solution containing alphg-amylase and glucoamylase blend {Stargen:
CGenencor) tor processing of uncooked starch was gdded. Fah Yeast (10 Y efu/e Fleischmann)
used as fermentatve yveast was added to the com sturry muxiures while nuxing. Finally,
Lactobacitius planiarign {(B-4496), obtamed trom USDA-Microbial Genomies and
Bioprocessimg Research i Hiinoisand grown 1o Difco™ Lactobacills MRS broth, was used as
the representative bactenial contanmunant of the fermenter . A formaldehyde based product was

added as the final step of the process.

The treatments used are shown in the table below. Samples taken at 4h, 24h, 48h, 72h and 96

hours were anatvzed for Yeast and Lactobacillus counts. The treatments are as tollows:

Yeast | Lactobacillus

, _ . ey s 1 S 1 T e o d A
H reatment Corn | Water | Enzyme [ (10 " ctu/ery | (10 clu/mi;

.02 ml

The results are shown n the following tables:

reatment Yeast {chu/mi)
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eutm

It was observed that 1kg/ton of the formaldehvde-based product decreased the level of

Lactobacillus, but did not atfect the level of veast.

EXAMPLE 4

The objective of this study was to determine the effect of Formula A on the survival of veast and

Lactobacillus during fermentation.

Material and Methods:

Natarally contaminated whole corn was obtamed from a commercial source. The naturally
occurring Lactobacillus count tn cormn was found to be 300 cfuw/g. In this study whole corn was
treated with Formula A at{, 1, 2 and 3 kg/MT. After 24h, 20g of com from each treatment was
finely ground and added to glass fermenters with water, enzyime and veast as described below.,
Samples taken at 4, 24, 48 and 72 hours were analvzed for veast and Lactobacittus counts. The

treatments are as follows:

' Y east
reatment fgr) | {ml) {ml) 10 cfu/er)

Controd
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The results are shown in the following tables:

Treatment __Yeast (cfu/ml

IControl

Formula A (2 ke/MT)

Mreatment

Control

Hormul

number of lactobacitius to O at the hughest treatment level.

EXAMPLE S

The objective of this study was to determine the eftect of Formula A on the survival of yeast and

Lactobacillus dunng fermentation.

Matertal and Methods:
Naturally comtamingted whole corn was obtained from a commercial source. The naturally

=T

accurring Lactobaciliug count in corn was found to be 300 cfu/g. In this study, whole com was
treated with Formula A at 0, 1, 2 and 3 kg/MT. After 244, 20g of corn from each treatment was
finely ground and added to glass fermenters with water, enzyme and veast as described below.

Lactobaciliuy plegiiarum (B-4496) grown in MRS broth was added to the fermentation bottles

,.
i ¢
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k! - P . N "’.t . v " N . - _ e L -\ . o :
(0.1 ml of 6.2 x 10 ctwmlL.). Samples were taken after 72 hours fermentation tor veast and

Lactobacillus counts. Treatments are histed on the tollowing table.

(,f;rn Water . nz) me Y east L. plantarum

Treatment (10" efu/ar) (6.2 x 107cfu/mL)

Control .1 ml

Treatment

Control

Formula A {1 ke/MT)

SﬁFm’mu la A {2 ka/MT)

Smeula A3 ke/MT)

There was no effect of chemical treatment on veast concentration. Lactobaciilus counts

decreased as the level of chemical treatment increased in the com.

EXAMPLE 6
The objective of this study was to determune the effect of Formula A on the survival of yeast and

Lactobacillus during fermentation.

Matenial and Methods:

Naturally contaminated whole corn was obtatned from a commercial source. The naturally
occurring Lactobaciius count in com was found to be 300 chivg In thes study, whole comn was
treated with Formuda A at0, 1, 2 and 3 kg/MT. After 24h, 20g of corn from each treatment was
finely ground and added to glass fermenters with water, enzyme and veast as desenbed below.

Lactobacifius plamtarien (B-4490) grown im MRS broth was added to the fermentation bottles

e
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i A o L . \ - - g , . h |
(0.1 ml of 6.2 x 10 ¢chwml.). Samples were taken after 72 hours fermientation for veast and

Lactobacillus counts.

Corn | Water [Enzvme Y east L. plantarum
| Eoog I i S S AT
‘ H10™ efufery | (6.2 x 10 cfu/mL)

Treatment

3.2 mid

=t

is

&

Control 30 2 ¢

Formula A (3 ka/MT)

The results are shown in the following table.

I reatment

ontrol Q5 x 10°

Formula A (2 ke/MT) ; 7.3 x 10 1.3 x 10

Formula A (3 ke/MT) 9.0 x 10° L7 10"

...................................... F N

There was no effect of chemical treatment on veast concentration. Lactobaciitus counts

decreased as chemical treatment was imnereased in the com.

EXAMPLE 7
The objective of this study was to determine the effect the tormaldehyde on the survrval of veast

and lactobaciitus dunng fermentation.

Matenal and Methods:
Whole com obtamned from g commercial source was treated with formalin (37% formaldehvde
solution)at 0, 0.9, 1.8 and 2.7 kg/MT. After 24h, 30 g of com from each treatment was finely

ground and added to glass termenters with water, enzyvme and veast as described below.
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Lactobacillus plantarum (B-4496) grown 1n MRS broth was added to the fermentation bottles
(02 ml of 6.2 x 10°cfu/g). Samples were taken after 72 hours fermentation for veast and
Lactobacillus counts. The whole content of the fermentations bottles were centrifuged for 30
minuies at S000 rpm, filtered through cheesecloth and through a 0.45a filter to quaniity ethanol

production. Treatments are listed on the following table.

B Corn | Water P?Jzym e Yeast L pla ntarum
(e | (ml) | (ml) | (107 cfu/g) |(62x 107cfu/mb)
Control 30 {100 (.15 2 or .2 mi
IFormalin (0.9 kg/MT 0.15 2 ot 02 mi
Formalin (1.8 kg/MT 0.15 2 ur 0.2 mi

www YTy

Formalin (2.7 kg/MT

o T2 72h

_____ 0
Formalin (0.9 ke/MT , 9.50x 10° 0
Formalin ({8 ke/MT) _ 6.60x 10° ., 0 _
Formalin__ (2.7 ke/MT) s20x10° o |

Conclusions:
1. Lactobacillas plantarum inoculum did not maluply in any of the treatments.
2. Theuse of 37% formaldehyde solution appeared to have a negative effect on yeast

growth.

EXAMPLE 8
The objective of this study was to determine the effect of formaldehyde on the survival of yeast

and Lactobacitlus during fermentation.
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Matenal and Methods:

CA 02774048 2013-03-15
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Whele com obtained from a commercial source was treated with 37% formaldehyde solution

(formalin) at 0, 0.9, 1.8 and 2.7 kg/MT. After 24h, 30g of corn from each treatment was finely ground and

added to glass fermenters with water, enzyme and yeast as described below. Lactobacillus

plontorum (B-34496) grown in MRS broth was added to the fermentation bottles (0.1 ml of 6.2 x

10" chiml.). Samples were taken after 72 hours fermentation for yeast and Lactobacillus counts.

The whole content of the fermentations hottles were centrifuged for 30 minutes at 3000 rpm,

filtered through cheesecloth and through a 0.22u filter to quantify ethanol production. Treatments

are listed on the following table.

Corn| Water |[Enzyme|  Yeast | L. plantarum |
“ : : g 'ft) ~ . . o 5 Sy .
I'reatment or) | {(ml ml) ({107 clulgr) i(6.2 x 10 ctu/mi)
.ontrol 0.2mi

L’Ol‘mahn(@% M)

LER an

Formalin

ormalin 2.7 k/MT)H

1.8 koMT)

The results are shown in the following tables.

0.2 mi

0.2 mi

(.2 mi

(s s 2 2222224 SAETETETEWEFTRYY

Treatntent Yeast {chu/ml Lactobacillus {ctu/mi
) ) 72h L _72h
Control 1.0 X .l(f _ 1.1 x 10°

Formalin ___ (0.9ke/MT) |~ 88x10° |~ 98x10 |
Formalin 1 8 kg/MT 6.0 x 10 4.7 x 10
Formalin (27 kg/MT) 8.0x 10 37x 107
............................................................................. Deunsity Results
' Weight of 10 mi
Treatment pernatant (or)

P O OO T T rrYes Freve TTVvYYRTT

e T TR R YV T TR vy P R e W R P P BN P T P VN N N N E

19




CA 02774048 2013-03-15

WO 2011/066318 PCT/US2010/057875

ANITOO26U-PCT

0.9kg/MT

Formalin {1 .8 kp/MT

Formalin ) (2.7 kgf;’gﬂ‘)__" R i 160073 .
. { :
thanol 9438

Conclusions:
. Formaldehvde produces a stightly decrease (1 log) in cfis’s when Lactobacillus was
added a higher concentrations.
2. Formaldehyde slightly decreased yeast concentration,
3. Formaldehyde treatment decreased the density of fermentation solution mdicating an

increase in ethanol content.

E les 912

Ethanol production and microbiological profile were analvzed in four fermentation studies using
corn treated with O {control), 0.45 and 0.90 Kg/MT Formaldehyde. Ground corn and water were
mixed and incubated at room temperature in a air-tight 250-m} fermenter jars for 6 houars. Ths
was done in order to increase the naturatly occurring Lactobacillus 1n corn. Previous studies have
shown that the level of Lactobacillus is less than 100 eft/gr in corn. The other reagents were

added into the fermenters as described in the following table.

Corn| Water [Enzyme }\) east
_ ~ - $ ,
Treatment (gx il mb) {107 efu/ar

100 | 0.20

«armaldehvyde - 0.45 ii'f"fM:T{ 30 | 100 | 020

Formaldebyde ~ 0.90 kg/MT 100 | 0.20

After the addition of all the reagents, fermenters were sealed with a cap containing a water trap.
Fermenters were kept under constant stirring (low speed) at room temperature (21-23 °C) for 72
hours before sampling for veast, Lactobacillus and alcohot production. Lactobacillus counts were

determined on MRS broth containing 1.5% Difco™ Agar. Plates were incubated in an anaerobic
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chamber at 377°C for 48 hours and colonies enumerated. Yeast counts were determined on PDA

plates. Plates were incubated at 27°C for 48 hours and colonies enumerated. Alcohol was

rormaldehvde
043 kg/MT

Formaldebyde

0.9 ke/MT

Co INCrease

From these studies we can concluded that the treatment of corn with tormaldehvde improved

ethanol yvield. Thas ettect appears to be due to the control of Lactobacitius.

Mes 13-16

Wild Lactobacilius and yeast/mold profile were determined 1n tour studies using corn treated

Exam

with O (controt}, 0.45 and 0.90 Kg/MT Formaldebvde (HCHO). Ground corn and water were
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mixed and incubated at room temperature (21-23 °C) 1 an anaerobic environment for 24 hours..
To 5 gr of ground com 45 mi of Buiterfield was added and incubated overnight i a closed
container while stirring at at room temperature. After incubation, samples were taken 1o

enumerate wild yeast/mold and Lactobaciiius. Resulis are presented i the followimg table.

Microbiological Profile (chu/gr} after 24-h Incubation

Freatments

L ontrol

‘ormaldehyvde

62 x10% 1.2 x 10°

These studies showed a reduction n Lactobacilius and veast/mold levels on com treated with

formaldehvde.

It will be apparent 1o those skilled i the art that variations and modifications of the
invention can be made without departing from the sprit and scope of the teachings above. 1t 18
intended that the specification and examples be considered as exemplary only and are not

restriciive.

Lt
ok
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WHAT IS CLAIMED I5S:

1.

A high yield method of fermenting carbohydrate to ethanol, comprising:

a) treating carbohydrate to be fermented with 1-3 kg/MT of a composition
consisting of:
aqueous formaldehyde,
about 0.65 - 1.5 wt.% of a surfactant having a hydrophile-lipophile balance

(HLB) from 4 to 18,

about 0.35 - 1.5 wt.% of an antimicrobial terpene, or essential oils,

9 - 50 wt.% of organic acids selected from C1 to C24 fatty acids, their
salts, glycerides and esters thereof

wherein the amount of formaldehyde applied is 0.45 - 2.7 kg/MT based on

sald carbohydrate,

b) fermenting said carbohydrate in the presence of yeast, and

C) isolating ethanol.

The fermentation method of claim 1, wherein the organic acid is formic, acetic,

propionic, or butyric.

The fermentation method of claim 1, comprising an antibiotic to control
lactobacillus in an amount less than its minimum inhibitory concentration (MIC)

in fermentations without composition a).

The fermentation method of claim 1, which is free of antibiotic used to control

bacteria in fermentation.
The fermentation method of claim 1, which is free of virginiamycin.

The fermentation method of claim 1, wherein the yield of ethanol 1s increased

compared to fermentation without composition a).

The fermentation method of claim 1, wherein material remaining after fermenta-

tion is collected and added to animal feed.

A fermentation broth, comprising:

23
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a carbohydrate to be fermented, and yeast,
wherein said carbohydrate has been treated with 1-3 kg/MT of a composition
consisting of
aqueous formaldehyde,
about 0.65 - 1.5 wt.% of a surfactant having a hydrophile-lipophile balance
(HLB) from 4 to 18,
about 0.35 - 1.5 wt.% of an antimicrobial terpene, or essential oils,
9 - 50 wt.% of organic acids selected from C1 to C24 tatty acids, their
salts, glycerides and esters thereof, and
the amount of formaldehyde applied 1s 0.45 - 2.7 kg/MT based on said carbohy-

drate.

The fermentation broth of claim 8, wherein the carbohydrate to be fermented 1s

corn, sorghum, wheat, triticale, rye, barley, rice or tubers.

The fermentation broth of claim 8, wherein the carbohydrate to be fermented 1s

sugar cane or sugar beet.

The fermentation broth of claim 8, wherein the carbohydrate to be fermented 1s

derived from cellulose.

A method of making animal feed, from fermented carbohydrate, comprising:
a) treating carbohydrate to be fermented with 1-3 kg/MT of a composition
consisting of

aqueous formaldehyde,
about 0.65 - 1.5 wt.% of a surfactant having a hydrophile-lipophile
balance (HLB) from 4 to 18,
about 0.35 - 1.5 wt.% of an antimicrobial terpene, or essential oils,
9 - 50 wt.% of organic acids selected from C1 to C24 fatty acids,
their salts, glycerides and esters thereof

wherein the amount of formaldehyde applied 1s 0.45-2.7 kg/MT based on

said carbohydrate,
b) fermenting said carbohydrate in the presence of yeast,
C) 1solating ethanol, and

24
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d) collecting material remaining after fermentation and adding it to animal
feed.

The method of claim 12, wherein the organic acid 1s formic, acetic, propionic, or

butyric.

The method of claim 12, comprising an antibiotic to control lactobacillus in an

amount less than 1ts minimum inhibitory concentration (MIC) 1n fermentations

without composition a).

The method of claim 12, which is free of antibiotic used to control bacteria in

fermentation.
The method of claim 12, which 1s free of virgimamycin.

The method of claim 12, wherein the carbohydrate to be fermented is corn,

sorghum, wheat, triticale, rye, barley, rice or tubers.

The method of claim 12, wherein the carbohydrate to be fermented 1s sugar cane

or sugar beet.

The method of claim 12, wherein the carbohydrate to be fermented is cellulose.

A high yield method of fermenting carbohydrate to ethanol, comprising:
a) treating carbohydrate to be fermented with 1-3 kg/MT of a composition
comprising
aqueous formaldehyde,
about 0.65 - 1.5 wt.% of a surtactant having a hydrophile-lipophile
balance (HLB) from 4 to 18,

about 0.35 - 1.5 wt.% of an antimicrobial terpene, or essential oils,
9 - 50 wt.% of organic acids selected from C1 to C24 fatty acids,

their salts, glycerides and esters thereof
wherein the amount of formaldehyde applied 1s 0.45 - 2.7 kg/MT based on
said carbohydrate,

sald composition being free of quaternary ammonium compounds;

235
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b) fermenting said carbohydrate in the presence of yeast, and

c) 1solating ethanol.

The fermentation method of claim 20, wherein the organic acid 1s formic, acetic,

propionic, or butyric.

The fermentation method of claim 20, comprising an antibiotic to control
lactobacillus 1n an amount less than i1ts minimum inhibitory concentration (MIC)

1in fermentations without composition a).

The fermentation method of claim 20, which 1s free of antibiotic used to control

bacteria in fermentation.
The fermentation method of claim 20, which 1s free of virginiamycin.

The fermentation method of claim 20, wherein the yield of ethanol is increased

compared to fermentation without composition a).

The fermentation method of claim 20, wherein material remaining after

fermentation 1s collected and added to animal feed.

A fermentation broth, comprising:
a carbohydrate to be fermented, and yeast
wherein said carbohydrate has been treated with 1-3 kg/MT of a composition
comprising
aqueous formaldehyde,
about 0.65 - 1.5 wt.% of a surfactant having a hydrophile-lipophile balance
(HLB) trom 4 to 18,
about 0.35 - 1.5 wt.% of an antimicrobial terpene, or essential oils,
9 - 50 wt.% of organic acids selected from C1 to C24 fatty acids, their
salts, glycerides and esters thereof, and
the amount of formaldehyde applied 1s 0.45 - 2.7 kg/MT based on said
carbohydrate, and

wherein said composition 1s free of quaternary ammonium compounds.

26
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The fermentation broth of claim 27, wherein the carbohydrate to be fermented 1s

corn, sorghum, wheat, triticale, rye, barley, rice or tubers.

The fermentation broth of claim 27, wherein the carbohydrate to be fermented 1s

sugar cane or sugar beet.

The fermentation broth of claim 27, wherein the carbohydrate to be fermented 1s

derived from cellulose.

A method of making animal feed, from fermented carbohydrate, comprising:
a) treating carbohydrate to be fermented with 1-3 kg/MT of a composition
comprising
aqueous formaldehyde,
about 0.65 - 1.5 wt.% of a surfactant having a hydrophile-lipophile
balance (HLLB) from 4 to 18,
about 0.35 - 1.5 wt.% of an antimicrobial terpene, or essential oils,
9 - 50 wt.% of organic acids selected from C1 to C24 fatty acids,
their salts, glycerides and esters thereof
wherein the amount of formaldehyde applied 1s 0.45-2.7 kg/MT based on

said carbohydrate, said composition being free of quaternary ammonium

compounds,

b) fermenting said carbohydrate 1n the presence of yeast,

C) tsolating ethanol, and

d) collecting material remaining after fermentation and adding 1t to animal
feed.

The method of claim 31, wherein the organic acid 1s formic, acetic, propionic, or

butyric.

The method of claim 31, comprising an antibiotic to control lactobacillus in an

amount less than its minimum inhibitory concentration (MIC) in fermentations

without composition a).

The method of claim 31, which 1s free of antibiotic used to control bacteria in

fermentation.

27
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The method of claim 31, which is free of virginiamycin.

The method of claim 31, wherein the carbohydrate to be fermented 1s corn,

sorghum, wheat, triticale, rye, barley, rice or tubers.

The method of claim 31, wherein the carbohydrate to be fermented 1s sugar cane

or sugar beet.

The method of claim 31, wherein the carbohydrate to be fermented 1s cellulose.

28
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