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SOYBEAN-BASED FERMENTATION MEDIA, 
METHODS OF MAKING AND USE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?t of priority to US. Provi 
sional Application Ser. No. 61/173,662, ?led Apr. 29, 2009, 
Which is incorporated by reference herein in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

GOVERNMENTAL SUPPORT 

This invention Was made With Government support under 
Grant No. CA093165 awarded by the National Cancer Insti 
tute and by the US. Small Business Administration O?ice of 
Technology Small Business Innovation Research Program. 
The government has certain rights to this invention. 

BACKGROUND OF THE INVENTION 

The manufacture of bulk pharmaceuticals such as antibi 
otics is a competitive high-volume, loW-pro?t enterprise, and 
co-product recovery is one method for increasing the pro?t 
ability of this process. Many large scale pharmaceutical 
manufacturers use soybean meal to support the groWth and 
secondary metabolite production of their fermentation micro 
organisms. For example, soybean meal is a common medium 
component of many pharmaceutical fermentations, including 
the erythromycin fermentation. Soybean ?our contains 
iso?avones, Which are valuable nutraceutical compounds. 
Leguminous plants such as soybean are also a rich source of 
iso?avones, a group of valuable compounds that can confer a 
variety of health bene?ts When consumed (Kaufman et al., 
Journal of Alternative and Complementary Medicine, 3(1):7 
12, 1997). Legumes typically contain iso?avone glucosides 
as Well as the iso?avones daidZein and/or genistein. It is the 
aglycone forms of iso?avones such as daidZein or genistein, 
referred to here as iso?avones, that are the primary biologi 
cally active compounds that confer health bene?ts When con 
sumed. Puri?ed iso?avones can also be used as intermediates 
in the synthesis of potential derivatives that can be used as 
drugs. At present puri?ed genistein can cost up to about 
$2,370 a gram. Thus, a cost-effective iso?avone co-product 
recovery method Would bene?t soybean-based fermentation 
operations. 

Aprevious study investigating iso?avone recovery focused 
on recovery of iso?avones from spent fermentation broth 
(US. patent application Ser. No. 11/464,700). In the study, it 
Was found that iso?avones Were not destroyed during the 
fermentation as originally thought (Hessler et al., Appl. 
Microbiol Biotechnol, 47:398-404, 1997), but Were converted 
into biotransformation products during the fermentation. 
Thus, this approach offered the ?rst practical iso?avone 
recovery method for industrial soybean-based fermentations. 
HoWever, several problems made this iso?avone co-product 
recovery approach less than ideal. One problem Was that 
iso?avone biotransformation products must be converted 
back into their aglycone counterparts by acid hydrolysis in 
order to recover the desired form of the iso?avones. Another 
problem Was that the iso?avone extract from treated spent 
fermentation broth Would likely contain a Wide array of con 
taminating compounds. Contaminants reduce the quality and 
marketability of the product unless the iso?avones are more 
highly puri?ed, thereby introducing additional time and 
expense into the recovery process. The market for the highly 
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2 
puri?ed crystalline iso?avones, hoWever, is smaller than the 
market for more simply obtained concentrated iso?avone 
extracts. 

It has been reported that the genistein in soybean ?our 
might be responsible for the induction of desirable cyto 
chrome P-450 enZymes of Slreplomyces griseus during fer 
mentation of that organism (Sariaslani and KunZ, Biochem 
Biophys Res Commun. 141(2):405, 1986.). 
US. Pat. Nos. 5,320,949, 5,352,384, 5,637,561, and 5,637, 

562, each of Which are incorporated herein by reference in 
their entireties, disclose methods for preparing iso?avone 
aglycone enriched soybean products. 

Canadian Patent 02240795 discloses vegetable protein 
compositions containing an iso?avone depleted vegetable 
protein material With an iso?avone containing material dis 
persed therein and processes for producing the compositions. 

Because of the Widespread use of iso?avone-rich soybean 
based fermentation media in the high-volume, loW-pro?t 
manufacture of bulk pharmaceuticals, iso?avone co-product 
recovery is important for increasing the pro?tability of this 
process. Accordingly, a need still exists for soybean-based 
fermentation media that Will support microorganism fermen 
tation folloWing co-product recovery. 

SUMMARY OF THE INVENTION 

The invention generally provides fermentation media and 
methods of making fermentation media. 

In certain aspects, the invention provides a fermentation 
medium comprising: i) an iso?avone-depleted soybean meal 
or iso?avone-depleted soybean meal product and ii) at least 
one exogenous added ingredient that comprises a substrate 
for microbial groWth. In certain embodiments, the fermenta 
tion medium can comprise: i) an iso?avone-depleted soybean 
meal or iso?avone-depleted soybean meal product and ii) at 
least one exogenous added ingredient that comprises a sub 
strate for microbial groWth, Wherein the iso?avone content of 
the fermentation media is less than that of a control fermen 
tation media comprising an equivalent amount of soybean 
meal or soybean meal product. In certain embodiments, the 
exogenous added ingredient comprises one or more of a 
monosaccharide, a disaccharide, a polysaccharide, a plant oil, 
and/or a corn steep liquor. In certain embodiments, at least 
one of the ingredients is selected from the group consisting of 
glucose, fructose, sucrose, and combinations thereof. In cer 
tain embodiments, the iso?avone-depleted soybean meal or 
iso?avone-depleted soybean meal product is obtained by 
treating soybean meal or a soybean meal product With at least 
one agent that converts an iso?avone glucoside to an iso?a 
vone and extracting the treated soybean meal or treated soy 
bean meal product With a Water immiscible solvent. In certain 
embodiments, the iso?avone-depleted soybean meal or 
iso?avone-depleted soybean meal product is obtained by 
extracting soybean meal or a soybean meal product With a 
Water immiscible solvent or a Water miscible solvent. In cer 

tain embodiments, the medium supports a fermentation prod 
uct yield equivalent to, or greater than, a fermentation product 
yield supported by a control fermentation medium compris 
ing soybean meal or soybean meal product and at least one 
exogenous added ingredient that comprises a substrate for 
microbial groWth. In certain embodiments, the fermentation 
product is a drug or drug precursor. In certain embodiments, 
the iso?avone-depleted soybean meal or iso?avone-depleted 
soybean meal product is provided at about 10 grams per liter 
(Weight/volume) to about 40 grams per liter (Weight/volume). 
In certain embodiments, the iso?avone-depleted soybean 
meal or iso?avone-depleted soybean meal product is pro 
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vided at about 15 grams per liter (Weight/volume) to about 25 
grams per liter (Weight/volume). In certain embodiments, the 
iso?avone-depleted soybean meal or iso?avone-depleted 
soybean meal product is at about 15 grams per liter (Weight/ 
volume) to about 25 grams per liter (Weight/volume), 
polysaccharides are at about 10 to about 20 grams per liter, 
calcium carbonate is at about 1 to about 5 grams per liter, 
magnesium sulfate is provided as a heptahydrate at about 0.1 
to about 1 gram per liter, iron sulfate is provided as a hep 
tahydrate at about 10 to about 20 milligrams per liter, and 
plant oil is at about 40 to about 60 milliliters per liter. In 
certain embodiments, a total iso?avone aglycone content of 
the fermentation media is less than about 125 milligrams total 
iso?avone aglycones per liter of fermentation media. 

In other aspects, the invention provides methods of making 
a fermentation medium comprising an iso?avone-depleted 
soybean meal or iso?avone-depleted soybean meal product, 
the method comprising the steps of: a) treating soybean meal 
or a soybean meal product With at least one agent that converts 
an iso?avone glucoside to an iso?avone aglycone; b) extract 
ing the treated soybean meal or soybean meal product With a 
Water immiscible solvent to obtain an iso?avone-depleted 
soybean meal or iso?avone-depleted soybean meal product; 
and, c) combining the treated and extracted iso?avone-de 
pleted soybean meal or iso?avone-depleted soybean meal 
product With at least one exogenous added ingredient that 
comprises a substrate for microbial groWth. In certain 
embodiments, the Water immiscible solvent comprises ethyl 
acetate, propyl acetate, butyl acetate, amyl acetate, cyclohex 
anol, n-butanol, iso-butanol, ter‘t-butanol, amyl alcohol, a 
Water immiscible ketone, a Water immiscible aldehyde, car 

bon tetrachloride, chloroform, cyclohexane, 1,2-dichloroet 
hane, dichloromethane, diethyl ether, dimethyl formamide, 
heptane, hexane, methyl-ter‘t-butyl ether, pentane, toluene, 
2,2,4-trimethyl pentane, or a combination thereof. In certain 
embodiments, the agent that converts an iso?avone glucoside 
to an iso?avone comprises an acid, one or more enZymes 
Wherein at least one of the enZymes exhibits a beta-glucosi 
dase activity, or a combination thereof. In certain embodi 
ments, the method further comprises the step of recovering 
one or more iso?avone aglycones from the solvent used to 
extract the treated soybean meal or treated soybean meal 
product. In certain embodiments, the medium supports a fer 
mentation product yield equivalent to, or greater than, a fer 
mentation product yield supported by a control fermentation 
medium comprising soybean meal or soybean meal product 
and at least one exogenous added ingredient that comprises a 
substrate for microbial groWth. In certain embodiments, the 
exogenous added ingredient comprises one or more of a 

monosaccharide, a disaccharide, a polysaccharide, a plant oil, 
and/ or corn steep liquor. In certain embodiments, the methods 
provide for a fermentation medium comprising an iso?avone 
depleted soybean meal or iso?avone-depleted soybean meal 
product that has a total iso?avone aglycone content of less 
than about 125 milligrams total iso?avone aglycones per liter. 
Also provided are embodiments of any of the aforementioned 
methods, Wherein the treated and extracted iso?avone-de 
pleted soybean meal or iso?avone-depleted soybean meal 
product is obtained as an aqueous fraction in step (b) and 
Wherein said aqueous fraction is combined With at least one 
exogenous added ingredient in step (c). 

Another aspect of the invention provides fermentation 
media made by any of the aforementioned methods. 
A further aspect of the invention provides methods of mak 

ing a fermentation medium comprising an iso?avone-de 
pleted soybean meal or iso?avone-depleted soybean meal 
product, Where the methods comprise the steps of: a) extract 
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4 
ing soybean meal or soybean meal product With a Water 
miscible solvent or a Water immiscible solvent to obtain an 

iso?avone-depleted soybean meal or iso?avone-depleted 
soybean meal product; and b) combining the extracted iso?a 
vone-depleted soybean meal or iso?avone-depleted soybean 
meal product With at least one exogenous added ingredient 
that comprises a substrate for microbial groWth. In certain 
embodiments, the Water miscible solvent comprises Water, 
methanol, ethanol, n-propanol, isopropanol, acetone, aceto 
nitrile, dimethyl sulfoxide, 1,4-dioxane, a Water miscible 
ketone, a Water miscible aldehyde, or a combination thereof. 
In certain embodiments, the Water immiscible solvent com 
prises ethyl acetate, propyl acetate, butyl acetate, amyl 
acetate, cyclohexanol, n-butanol, iso-butanol, ter‘t-butanol, 
amyl alcohol, a Water immiscible ketone, a Water immiscible 
aldehyde, carbon tetrachloride, chloroform, cyclohexane, 
1,2-dichloroethane, dichloromethane, diethyl ether, dimethyl 
formamide, heptane, hexane, methyl-tert-butyl ether, pen 
tane, toluene, 2,2,4-trimethyl pentane, or a combination 
thereof. In certain embodiments, the Water miscible solvent 
comprises at least about 50% ethanol by volume and no more 
than about 50% Water by volume. In certain embodiments, the 
solvent comprises at least about 85% ethanol by volume and 
no more than about 15% Water by volume. In certain embodi 
ments, the solvent comprises at least about 95% ethanol by 
volume and no more than about 5% Water by volume. In 
certain embodiments, the method further comprises the step 
of recovering one or more iso?avone glucosides from the 
Water miscible solvent used to extract the soybean meal or 
iso?avone-depleted soybean meal product. In certain 
embodiments, the method further comprises conversion of 
the extracted iso?avone glucosides to iso?avone aglycones. 
In certain embodiments, the medium supports a fermentation 
product yield equivalent to, or greater than, a fermentation 
product yield supported by a control fermentation medium 
comprising i) soybean meal or a soybean meal product and ii) 
at least one exogenous added ingredient that comprises a 
substrate for microbial groWth. In certain embodiments, the 
exogenous added ingredient comprises one or more of a 
monosaccharide, a disaccharide, a polysaccharide, a plant oil, 
and/ or corn steep liquor. In certain embodiments, the methods 
provide for a fermentation medium comprising an iso?avone 
depleted soybean meal or iso?avone-depleted soybean meal 
product that has a total iso?avone aglycone content of less 
than about 125 milligrams total iso?avone aglycones per liter. 
A further aspect of the invention provides fermentation 

media made by any of the aforementioned methods. 
Another aspect of the invention provides a method of 

obtaining at least one fermentation product, the method com 
prising the steps of: a) culturing a microorganism in a fer 
mentation medium comprising an iso?avone-depleted soy 
bean meal or iso?avone-depleted soybean meal product and 
at least one exogenous added ingredient that comprises a 
substrate for microbial groWth; and b) isolating a fermenta 
tion product from a culture Wherein the culture comprises a 
fermentation broth and the microorganism from step (a), 
thereby obtaining at least one fermentation product. In certain 
embodiments, the microorganism is an Aclinomycele, a 
Bacillus, a Staphylococcus, or a fungus. In certain embodi 
ments, the aclinomycele is selected from the group consisting 
of Slreplomyces, Slreplosporangium, Aclinoplanes, 
Micromonospora, Geodermalophilus, Nocardioides, Sac 
charolhrix, Amycolalopsis, Kulzneria, Saccharomonospora, 
Saccharopolyspora, Kilasalospora, Microbispora, Aclino 
madura, and Saccharopolyspora. In certain embodiments, 
the aclinomycele is selected from the group consisting of 
Slreplomyces rimosus, Slreplomyces ?’adiae, Slreplomyces 
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hygroscopicus, Slreplomyces cinnamonensis, Slreplomyces 
peucelius, Saccharopolyspora erylhraea, Slreplomyces aver 
mililis, Slreplomyces glaucescens, Slreplomyces violaceoni 
ger, Slreplomyces kanamycelicus, Slreplomyces clavuligerus, 
and Slreplomyces roseolous. In certain embodiments, the 
aclinomycele is Saccharopolyspora erylhraea. In certain 
embodiments, at least one of the fermentation products is a 
drug, a drug precursor, or a pesticide. In certain embodiments, 
the drug is antibiotic, an animal growth modulator, an anti 
cancer agent, an immunosuppressant, an anti-hypertensive 
agent, or an anti-parasitic agent. In certain embodiments, the 
pesticide is an insecticide. In certain embodiments, the drug 
or a drug precursor is selected from the group consisting of 
oleandomycin, actinomycin, avermectin, lasalocid, tet 
racenomycin, tetracycline, oxytetracycline, tylosin, rapamy 
cin, daunorubicin, rifamycin, monensin, and erythromycin. 
In certain embodiments, the drug or drug precursor is eryth 
romycin and the aclinomycele is Saccharopolyspora eryth 
raea. In certain embodiments, the fermentation products is a 
fermentation broth. In certain embodiments, the fermentation 
broth is used to make a feed additive. In certain embodiments, 
the fermentation product is a cultured microorganism from 
step (b). In certain embodiments, the at least one exogenous 
added ingredient that comprises a substrate for microbial 
groWth comprises one or more of a monosaccharide, a disac 
charide, a polysaccharide, a plant oil, and/ or corn steep liquor. 
In certain embodiments, at least one of the ingredients is 
selected from the group consisting of glucose, fructose, 
sucrose, and combinations thereof. In certain embodiments, 
the iso?avone-depleted soybean meal or iso?avone-depleted 
soybean meal product is obtained by treating soybean meal or 
a soybean meal product With at least one agent that converts 
an iso?avone glucoside to an iso?avone and extracting the 
treated soybean meal or soybean meal product With a solvent. 
In certain embodiments, the iso?avone-depleted soybean 
meal or iso?avone-depleted soybean meal product is obtained 
by extracting soybean meal or a soybean meal product With a 
solvent. In certain embodiments, the method provides a fer 
mentation product yield equivalent to, or greater than, a fer 
mentation product yield supported by a control fermentation 
medium comprising soybean meal or a soybean meal product 
and at least one exogenous added ingredient that comprises a 
substrate for microbial groWth. In certain embodiments, the 
methods use a fermentation medium comprising an iso?a 
vone-depleted soybean meal or iso?avone-depleted soybean 
meal product that has a total iso?avone aglycone content of 
less than about 125 milligrams total iso?avone aglycones per 
liter. In certain embodiments of any of the aforementioned 
methods, the fermentation media comprises ethanol or ethyl 
acetate. In certain embodiments Where the iso?avone-de 
pleted soybean meal or iso?avone-depleted soybean meal 
product is obtained by extracting soybean meal or a soybean 
meal product With a solvent, the fermentation media com 
prises ethanol or ethyl acetate. In certain embodiments of any 
of the aforementioned methods, the fermentation media com 
prises ethanol is at a concentration of about 1% to about 2%. 
In certain embodiments, Where the method provides a fer 
mentation product yield equivalent to, or greater than, a fer 
mentation product yield supported by a control fermentation 
medium, the fermentation media comprises ethanol at a con 
centration of about 1% to about 2% or the fermentation media 
comprises ethyl acetate at a concentration of about 2% to 
about 6%. In certain embodiments, Where the method pro 
vides a fermentation product yield equivalent to, or greater 
than, a fermentation product yield supported by a control 
fermentation medium, the fermentation media comprises 
ethyl acetate at a concentration of about 2% to about 6%. 
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Another aspect of the invention provides fermentation 

broths obtained by any of the aforementioned methods of 
obtaining a fermentation product. 
A further aspect of the invention provides a feed additive 

produced from a fermentation broth obtained by any of the 
aforementioned methods of obtaining a fermentation product 
any of the aforementioned methods of obtaining a fermenta 
tion product. 

Also provide herein are methods of obtaining at least one 
fermentation product comprising the steps of: a. culturing a 
microorganism in a fermentation medium comprising soy 
bean meal or soybean meal product and either: i) ethanol is at 
a concentration of about 1% to about 2%; or, ii) ethyl acetate 
at a concentration of about 2% to about 6%; and b. isolating a 
fermentation product from a culture Wherein said culture 
comprises a fermentation broth and said microorganism from 
step (a), thereby obtaining at least one fermentation product. 
In certain embodiments of these methods, the microorganism 
is anAcZinomycele, a Bacillus, a Staphylococcus, or a fungus. 
In certain embodiments of these methods, theAclinomycele is 
selected from the group consisting of Slreplomyces, 
Slreplosporangium, Aclinoplanes, Micromonospora, Geo 
dermalophilus, Nocardioides, Saccharolhrix, Amycolalopsis, 
Kulzneria, Saccharomonospora, Saccharopolyspora, Kila 
salospora, Microbispora, and Aclinomadura. In certactino 
mycete is selected from the group consisting of Slreplomyces 
rimosus, Slreplomyces?’adiae, Slreplomyces hygroscopicus, 
Slreplomyces cinnamonensis, Slreplomyces peucelius, Sac 
charopolyspora erylhraea, Slreplomyces avermililis, Strep 
lomyces glaucescens, Slreplomyces violaceoniger, Strepto 
myces kanamycelicus, Slreplomyces clavuligerus, and 
Streptomyces roseolous. In certain embodiments of the meth 
ods, the Aclinomycele is Saccharopolyspora erylhraea. In 
certain embodiments of the methods, at least one of the fer 
mentation products is a drug, a drug precursor, or a pesticide. 
In certain embodiments of the methods, the drug is an anti 
biotic, an animal groWth modulator, an anti-cancer agent, an 
immunosuppressant, an anti-hypertensive agent, or an anti 
parasitic agent and Wherein said pesticide is an insecticide. In 
certain embodiments of the methods, the drug or a drug 
precursor is selected from the group consisting of oleando 
mycin, actinomycin, avermectin, lasalocid, tetracenomycin, 
tetracycline, oxytetracycline, tylosin, rapamycin, daunorubi 
cin, rifamycin, monensin, and erythromycin. In certain 
embodiments of the methods, the drug or drug precursor is 
erythromycin and the Aclinomycele is Saccharopolyspora 
erylhraea. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the effects of iso?avone-depleted soybean 
?our on erythromycin production in ?ve day shake ?ask 
fermentations using OFMl medium. Panel A erythromycin 
production: Lane 1, natural (i.e. control) soybean ?our (un 
treated); lane 2, ethyl acetate extracted soybean ?our; lane 3, 
beta-glucosidase treated soybean ?our; lane 4, beta-glucosi 
dase treated and ethyl acetate extracted soybean ?our. G, 
genistein; D, daidZein; RG, rhamnosylgenistein; g, genistin, 
d, daidZin. Panel B:. TLC analysis of untreated soybean ?our 
(lane 5) and beta-glucosidase treated soybean ?our (lane 6). S 
contains iso?avone standards for: G, genistein; D, daidZein; 
RG, rhamnosylgenistein; g, genistin, d, daidZin. 

FIG. 2 shoWs the effects of iso?avone-depleted soybean 
?our on erythromycin production. FIG. 2, Panel A, erythro 
mycin production: Lane 1, control soybean ?our, no extrac 
tion; lane 2, iso?avone-depleted soybean ?our, ethyl acetate 
extraction; lane 3, iso?avone-depleted soybean ?our, 95% 
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ethanol extraction; and lane 4, iso?avone-depleted soybean 
?our, 50% aqueous ethanol extraction). FIG. 2, Panel B, TLC 
analysis of soybean ?our extracts: lane 5, ethyl acetate; lane 6, 
95% ethanol; lane 7, methanol; and lane 8, n-propanol. S 
contains standards for: G, genistein; D, daidZein; RG, rham 
nosylgenistein; g, genistin, d, daidZin. 

FIG. 3 shoWs results of the stirred ethanol extraction 
method. Panel A, erythromycin production: Lane C, control 
soybean ?our, no treatment; lane 1, 2 hr extraction With 95% 
ethanol; lane 2, 12 hr extraction With 95% ethanol. Panel B, 
TLC analysis of soybean ?our extracts: Lane S, iso?avone 
reference standards; lane 1, 2 hr extraction With 95% ethanol; 
lane 2, 12 hr extraction With 95% ethanol. Panel C, erythro 
mycin production: Lane C, erythromycin production, control 
soybean ?our, no treatment; lane 3, 2 hr extraction With 50% 
ethanol; lane 4, 12 hr extraction With 50% ethanol. Panel D, 
TLC analysis of soybean ?our extracts: Lane S, iso?avone 
reference standards; lane 1, 2 hr extraction With 50% ethanol; 
lane 2, 12 hr extraction With 50% ethanol. S lanes contain 
iso?avone standards for: G, genistein; D, daidZein; RG, 
rhamnosylgenistein; g, genistin, d, daidZin. 

FIG. 4 shoWs the effect of the ethanol extraction method on 
the erythromycin fermentation. Five different ethanol:dis 
tilled Water concentrations Were used to extract soy ?our. The 
unextracted control is soy ?our that had not received any 
treatment prior to its use in the erythromycin fermentation. 

FIG. 5 shoWs the effect of ethanol concentration on the 
ef?ciency of extraction of iso?avones from soy ?our. 

FIGS. 6A, B & C shoW HPLC results on recovery and 
purity of iso?avones from the soy?our using a 95% ethanol 
extraction methods. A. First precipitate. B. Second precipi 
tate. C. Recovery and purity of the iso?avones recovered in 
precipitates l and 2, using the ethanol extraction protocol. 

FIG. 7. ShoWs the effects of the extraction of iso?avones by 
ethyl acetate on erythromycin production. Six different 
samples Were analyZed. Lane 1, Not extracted, 230 C. is the 
control sample; lane 2, extracted With ethyl acetate Without 
being previously digested With beta glucanase; lanes 3-6, all 
Were enZyme digested prior to ethyl acetate extraction at the 
temperatures shoWn. 

FIGS. 8. A, B, and C shoW an HPLC analysis ofthe iso?a 
vones obtained using an ethyl acetate recovery process. A. 
HPLC analysis of the ?rst precipitate. B. HPLC analysis of 
the second precipitate. C. Recovery and purity of the iso?a 
vone products recovered from the ethyl acetate extraction 
method. 

DETAILED DESCRIPTION 

Because of the inherent contamination problems of recov 
ering a partially puri?ed nutraceutical extract from spent 
fermentation broth, an alternative method of recovering 
iso?avones from the fermentation process Was investigated. 
In brief, this alternative strategy involved an initial extraction 
of iso?avones from the soybean meal or soybean meal prod 
uct to produce an iso?avone-depleted soybean meal or iso?a 
vone-depleted soybean meal product an a valuable co-prod 
uct (i.e. iso?avones). Iso?avone-depleted soybean meal or 
soybean meal product can then combined With other exog 
enous ingredients that include, but are not limited to, one or 
more substrates for microbial groWth, to obtain an fermenta 
tion media comprising an iso?avone-depleted soybean meal 
or iso?avone-depleted soybean meal product. In certain 
embodiments, a fermentation media comprising an iso?a 
vone-depleted soybean meal or iso?avone-depleted soybean 
meal product can be used in a fermentation process to obtain 
fermentation product yields that are equivalent to or greater 
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8 
than the yields obtained When control soybean meal or soy 
bean meal products (i.e. soybean meal or soybean meal prod 
ucts that have not been treated to deplete iso?avones) are used 
in the fermentation. 

DEFINITIONS 

As used herein, the phrase “drug precursor” refers to any 
compound produced in a fermentation process that is used in 
any subsequent processes to produce a drug or is any com 
pound that is a pro-drug. A drug precursor can thus be a 
compound that is a drug (i.e., erythromycin) that is converted 
to other derived drugs by other subsequent processes. 
As used herein, the terms “extracting”, When used in the 

context of treating a soybean meal or soybean meal product 
With a Water miscible solvent or a Water immiscible solvent to 

remove iso?avones, refers to one or more rounds of solvent 
treatment. Multiple rounds of solvent treatment can be used in 
instances Where greater degrees of iso?avone depletion are 
desired. 
As used herein, the term “iso?avone” refers to any of an 

iso?avone glucoside, an iso?avone aglycone, or a combina 
tion thereof. Iso?avone glucosides include, but are not limited 
to, genistin and daidZin. Iso?avone aglycones include, but are 
not limited to, genistein, daidZein, biochanin, formononetin, 
and glycitein. 
As used herein, the phrase “total iso?avone aglycone(s)” 

refers to the combined aggregate of daidZein, genistein, and 
glycitein in a sample. 
As used herein, the term “soybean meal” refers to any or all 

of the material obtained from a soybean from Which oil has 
been removed. 
A “soybean meal product” is any material obtained from 

soybean meal. Soybean meal products thus include, but are 
not limited to, dehulled soybean meal, soybean ?our, and 
soybean grits. 

INTRODUCTION 

Because of the inherent contamination problems of recov 
ering a partially puri?ed nutraceutical extract from spent 
fermentation broth, an alternative method of recovering 
iso?avones from the fermentation process Was investigated. 
In brief, this alternative strategy involved an initial extraction 
of iso?avones from the soybean meal or soybean meal prod 
uct to produce an iso?avone-depleted soybean meal or iso?a 
vone-depleted soybean meal product and a valuable co-prod 
uct (i.e. iso?avones). Iso?avone-depleted soybean meal or 
iso?avone-depleted soybean meal product can then be com 
bined With other exogenous ingredients that include, but are 
not limited to, one or more substrates for microbial groWth, to 
obtain an fermentation media comprising an iso?avone-de 
pleted soybean meal or iso?avone-depleted soybean meal 
product. In certain embodiments, a fermentation media com 
prising an iso?avone-depleted soybean meal or iso?avone 
depleted soybean meal product can be used in a fermentation 
process to obtain fermentation product yields that are equiva 
lent to or greater than the yields obtained When control soy 
bean meal or soybean meal products (i.e. soybean meal or 
soybean meal products that have not been treated to deplete 
iso?avones) are used in the fermentation. 
Iso?avone-Depleted Soybean-Based Fermentation Media 
As used herein, the term “iso?avone-depleted”, When used 

in reference to a soybean meal or soybean meal product, 
refers to a soybean meal or soybean meal product Wherein at 
least 10% of the iso?avones on a Weight/Weight basis in the 
soybean meal or soybean meal product have been removed. In 
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certain embodiments, at least 20%, at least 30%, at least 40%, 
at least 50%, at least 60%, at least 70%, at least 80%, at least 
90%, or at least 95% of the iso?avones on a Weight/Weight 
basis are removed from a soybean meal or soybean meal 
product to obtain an iso?avone-depleted soybean meal or 
iso?avone-depleted soybean meal product used in a fermen 
tation media provided herein. In this context, the term “iso?a 
vones” refers to the combined aggregate of both iso?avone 
glucosides and iso?avone aglycones present in a soybean 
meal or soybean meal product. 

Iso?avone-depleted soybean meal or iso?avone depleted 
soybean meal products can be provided in a fermentation 
media at any concentration that provides for fermentation 
product recovery. In certain embodiments, iso?avone-de 
pleted soybean meal or iso?avone depleted soybean meal 
products are provided at any of about 5 grams per liter 
(Weight/volume) to about 60 grams per liter (Weight/volume) 
fermentation media, about 10 grams per liter (Weight/vol 
ume) to about 40 grams per liter (Weight/volume) fermenta 
tion media, about 15 grams per liter (Weight/volume) to about 
25 grams per liter (Weight/volume) fermentation media, or 
about 20 grams per liter (Weight/volume) to about 25 grams 
per liter (Weight/volume) fermentation media. 

The iso?avone content of the fermentation media provided 
herein Which comprises an iso?avone-depleted soybean meal 
or iso?avone depleted soybean meal product is less than the 
iso?avone content of a control fermentation media compris 
ing an equivalent amount of soybean meal or soybean meal 
product. The total iso?avone aglycone content of the fermen 
tation media provided herein Which comprises an iso?avone 
depleted soybean meal or iso?avone depleted soybean meal 
product is also less than the total iso?avone aglycone content 
of a control fermentation media comprising an equivalent 
amount of soybean meal or soybean meal product. Thus, a 
fermentation media provided herein Which comprises an 
iso?avone-depleted soybean meal or iso?avone depleted soy 
bean meal product provided at about 5 grams per liter 
(Weight/volume) to about 60 grams per liter (Weight/volume) 
Will have a total iso?avone aglycone content that is less than 
that of a control fermentation medium comprising soybean 
meal or soybean meal product at about 5 grams per liter 
(Weight/volume) to about 60 grams per liter (Weight/volume), 
respectively. The fermentation media provided herein that 
comprises iso?avone depleted soybean meal or iso?avone 
depleted soybean meal product can in certain embodiments 
have a total iso?avone aglycone content of less than about 175 
milligrams of total iso?avone aglycones per liter of fermen 
tation media. In still other embodiments, the fermentation 
media provided herein can in certain embodiments have a 
total iso?avone aglycone content of less than about 155 mil 
ligrams, 130 milligrams, 125 milligrams, 120 milligrams, 
115 milligrams, 100 milligrams, 95 milligrams, 75 milli 
grams, 55 milligrams, 35 milligrams, 15 milligrams, or 7.5 
milligrams of total iso?avone aglycones per liter of fermen 
tation media. In still other embodiments, the fermentation 
media provided herein can have a total iso?avone aglycone 
content of less than about 6 milligrams, 3 milligrams, 2 mil 
ligrams, 1 milligrams, 0.5 milligrams, or 0.15 milligrams of 
total iso?avone aglycones per liter of fermentation media. 
Total iso?avone aglycone content of a fermentation media 
can be determined directly by any suitable analytic method. 
Total iso?avone aglycone content can also be readily esti 
mated based on the amount of iso?avone-depleted soybean 
meal or iso?avone depleted soybean meal product provided 
in the media, the percentage of total iso?avone aglycones 
depleted, and the total iso?avone aglycone content of the 
soybean meal or soybean meal product used. The United 
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States Department of Agriculture indicates that the total 
iso?avone aglycone content (i.e. combined daidZein, 
genistein, and glycitein content) of various soy ?ours can vary 
betWeen about 0.6 milligrams total iso?avones per gram soy 
?our to about 3.25 milligrams per gram soy ?our (see USDA 
Database for the Iso?avone Content of Selected Foods, 
Release 2.0, September 2008, located on the World Wide Web 
at WWW.ars.usda.gov/SP2UserFiles/Place/12354500/Data/ 
iso?av/Iso?av_R2.pdf). 

To obtain a fermentation medium comprising an iso?a 
vone-depleted soybean meal or iso?avone-depleted soybean 
meal product, at least one ingredient from an exogenous 
source (i.e. a source other than the iso?avone depleted soy 
bean meal or soybean meal product) that is a substrate for 
microbial groWth is added to the iso?avone depleted soybean 
meal or soybean meal product. Substrates for microbial 
groWth can comprise any material used by a microorganism 
as either a carbon source, a nitrogen source, or a combined 
carbon-nitrogen source. In certain embodiments, a monosac 
charide, a disaccharide, a polysaccharide, or a combination 
thereof from one or more exogenous source(s) can be added 
to the iso?avone depleted soybean meal or soybean meal 
product. Polysaccharides used can include, but are not limited 
to, soluble starch, dextrin, corn starch, and combinations 
thereof. In certain embodiments, polysaccharides can be pro 
vided in a fermentation media either individually or in aggre 
gate at concentrations of about 1 g/ L to about 60 g/L. Certain 
embodiments can thus comprise any of 1 g/ L to about 60 g/L 
of a monosaccharides-, disaccharides-, or polysaccharides 
that include, but are not limited to, soluble starch, starch, or 
dextrin Certain embodiments can also thus comprise any of 1 
g/L to about 60 g/L total of a monosaccharides-, disaccha 
rides-, or polysaccharides that include, but are not limited to, 
soluble starch, starch, or dextrin. In certain embodiments, a 
plant oil can be added to the fermentation. Plant oils used can 
include, but are not limited to, coconut oil, corn oil, cotton 
seed oil, olive oil, palm oil, peanut oil, rapeseed oil, safflower 
oil, sesame oil, soybean oil, sun?oWer oil, and combinations 
thereof. Corn steep liquor can also be included in a fermen 
tation media as a substrate for microbial groWth. In certain 
embodiments, such plant oils can be provided either individu 
ally or in aggregate at any of about 1 ml/L to about 60 ml/L in 
a fermentation media provided herein. 

Fermentation media comprising an iso?avone-depleted 
soybean meal or iso?avone-depleted soybean meal product 
and at least one ingredient from an exogenous source that is a 
microbial groWth substrate can also comprise a variety of 
other ingredients from an exogenous source. In certain 
embodiments, various mineral salts that include, but are not 
limited to, sodium chloride, calcium carbonate, magnesium 
sulfate, ammonium salts, potassium salts, phosphate salts, 
and/or iron sulfate can be added to the fermentation media. 
Sodium chloride can be added at a concentration of about 1 
gram per liter to about 12 grams per liter (Weight volume) or 
at a concentration of about 2 grams per liter to about 8 grams 
per liter (Weight volume) in certain embodiments. Calcium 
carbonate can be added at a concentration of about 1 gram per 
liter to about 12 grams per liter (Weight volume) or at a 
concentration of about 2 grams per liter to about 8 grams per 
liter (Weight volume) in certain embodiments. In certain 
embodiments, trace elements including of iron, borate, Zinc, 
copper, molybdenum, manganese, iodine, and/or cobalt can 
be added to the fermentation media at concentrations condu 
cive to microbial groWth. 

It is anticipated that iso?avone-depleted soybean meal or 
iso?avone-depleted soybean meal product can be substituted 
for control soybean meal or control soybean meal product in 
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a other conventional soybean-based fermentation media that 
have been disclosed to obtain a fermentation media of this 
invention that comprises an iso?avone-depleted soybean 
meal or iso?avone-depleted soybean meal product. Thus, an 
iso?avone-depleted soybean meal product (soybean ?our) 
can be substituted for control soybean meal or control soy 
bean meal product in any of a V1 media, a V2 media, a P1 
media (all disclosed by Minas et al., Biotechnol. Prog. 14, 
561, 1998), or a substantial equivalent thereof. Thus, a fer 
mentation media provided herein can comprise about 14 g/L 
to about 18 g/L corn starch, about 9 g/L to about 11 g/L 
dextrin, about 10 g/L to about 20 g/L iso?avone-depleted 
soybean ?our, about 1 g/L to about 4 g/L sodium chloride, 
about 3 ml/L to about 7 mL/L corn steep liquor, about 0.5 g/L 
to about 2.0 g/L ammonium sulfate, and about 4 mL/L to 
about 8 mL/L soybean oil, and about 2 g/L to about 6 g/L 
calcium carbonate. In certain embodiments, a fermentation 
media provided herein can comprise about 14 g/ L to about 18 
g/L corn starch, about 9 g/ L to about 11 g/L dextrin, about 10 
g/L to about 20 g/L iso?avone-depleted soybean ?our, about 
1 g/L to about 4 g/L sodium chloride, about 3 ml/L to about 7 
mL/L corn steep liquor, about 0.5 g/L to about 2.0 g/ L ammo 
nium sulfate, and about 4 mL/L to about 8 mL/L soybean oil, 
and about 2 g/ L to about 6 g/L calcium carbonate. In certain 
embodiments, a fermentation media provided herein can 
comprise about 14 g/L to about 22 g/L corn starch, about 10 
g/L to about 14 g/L dextrin, about 10 g/L to about 20 g/L 
iso?avone-depleted soybean ?our, about 1 g/ L to about 5 g/L 
sodium chloride, about 4 mL/L to about 8 mL/L corn steep 
liquor, about 0.5 g/L to about 2 g/ L ammonium sulfate, about 
4 mL/ L to about 8 mL/ L soybean oil, and about 3 g/ L to about 
7 g/L calcium carbonate. In still other embodiments, a fer 
mentation media provided herein can comprise about 30 g/L 
to about 40 g/L corn starch, about 24 g/L to about 40 g/L 
dextrin, about 25 g/L to about 40 g/L iso?avone-depleted 
soybean ?our, about 5 g/L to about 10 g/L sodium chloride, 
about 15 mL/L to about 25 mL/L corn steep liquor, about 1 
g/L to about 5 g/L ammonium sulfate, about 2 mL/ L to about 
10 g/L soybean oil, and about 4 g/L to about 10 g/L calcium 
carbonate. In still other embodiments, a fermentation media 
provided herein can comprise about 15 g/L to about 30 g/L 
iso?avone depleted soybean meal or iso?avone depleted soy 
bean product, about 10 g/L to about 20 g/L soluble starch, 
about 1 g/L to about 5 g/ L calcium carbonate, about 0.1 g/ L to 
about 1 g/L magnesium sulfate heptahydrate, about 10 mg/L 
to about 20 mg/ L iron sulfate heptahydrate, and about 30 ml/ L 
to about 60 ml/ L Soybean oil. In certain embodiments, the pH 
of any of the aforementioned media can be adjusted to about 
pH 6.4 to about pH 6.9. 
Methods of Making Fermentation Media Comprising an 
Iso?avone-Depleted Soybean Meal or Iso?avone-Depleted 
Soybean Meal Product 
A variety of methods of extracting iso?avones from soy 

bean meal or soybean meal products can be used to obtain 
iso?avone depleted soybean meal or iso?avone depleted soy 
bean meal products for use in fermentation media are pro 
vided herein. 
One method of obtaining iso?avone-depleted soybean 

meal or iso?avone-depleted soybean meal product involves 
treating soybean meal or a soybean meal product With at least 
one agent that converts an iso?avone glucoside to an iso?a 
vone aglycone, extracting said treated soybean meal or soy 
bean meal product With a Water immiscible solvent; and sepa 
rating the treated soybean meal or soybean meal product from 
the solvent that contains the iso?avone aglycones. Agents that 
can convert an iso?avone glucoside to an iso?avone aglycone 
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include, but are not limited to, enzymes and compounds that 
provide for acidi?cation of solutions comprising iso?avone 
glucosides. 
Any enzyme, composition comprising an enzyme, or 

enzyme mixture that provides for conversion of an iso?avone 
glucoside to an iso?avone aglycone can be used. Such 
enzymes, compositions and mixtures include, but are not 
limited to, those comprising one or more enzymes With beta 
glucosidase activity. In certain embodiments, an enzyme 
mixture With beta glucosidase activity can be combined With 
an esterase activity that converts the acetate and malonate 
conjugates to glucone iso?avones by removing the acetate 
and malonate groups from the iso?avone conjugates. Com 
mercially available sources of beta glucosidase preparations 
include, but are not limited to, i) Biopectinase 100L, Biopec 
tinase 300L, and Biopectinase OK 70L (Quest International, 
Sarasota, Fla.); ii) Lactase F i (Amano International Enzyme 
Co., Inc., Troy, Va.); iii) Lactozyme (Novo Industries, 
Enzyme Division, Novo Alle, DK-2880 Bagsvaerd, Den 
mark); and Beta Glucanase (Bio-Cat, Inc., Troy, Va.). 
US. Pat. Nos. 5,320,949, 5,352,384, 5,637,561, and 5,637, 

5 62, each of Which is incorporated herein by reference in their 
entireties, disclose methods for preparing iso?avone agly 
cone enriched soybean products. In these methods, iso?avone 
glucosides are extracted from the soybean starting material 
With an aqueous solvent (i.e. a Water miscible solvent) and 
converted to the aglycone form With a glucosidase. HoWever, 
the methods disclosed in these aforementioned patents entail 
precipitating the aglycone iso?avones in an aqueous solvent 
by adjusting the pH and then recovering precipitated iso?a 
vone aglycones With the soybean material to obtain a soybean 
product enriched in aglucone iso?avones. Nonetheless, meth 
ods disclosed in those patents can be adapted to provide for an 
iso?avone-depleted soybean material by simply omitting the 
precipitation step and separating the aqueous solution con 
taining the iso?avone aglycones (and any residual iso?avone 
glucosides) from the insoluble iso?avone depleted soybean 
material. 
Compounds that provide for acidi?cation and that can be 

used to convert an iso?avone glucoside to an iso?avone agly 
cone include, but not limited to, boric acid, benzoic acid, 
butyric acid, carbonic acid, citric acid, hydrobromic acid, 
hydrochloric acid, hydro?uoric acid, hydro iodic acid, lactic 
acid, malic acid, mandelic acid, nitric acid, propionic acid, 
sulfuric acid, oxalic acid, perchloric acid, phosphoric acid, 
phosphonic acid, pyrophosphoric acid, pyruvic acid, valeric 
acid, acetic acid and formic acid. Acidi?cation to a pH of 
about 3.5 to about 5.0 is typically su?icient to convert some 
iso?avone glucosides to iso?avone aglycones. Conversion of 
an iso?avone glucoside to an iso?avone aglycone With acidi 
fying agents can be further facilitated by use of heating steps. 
Exemplary heating steps include, but are not limited to, tem 
peratures from about 800 C. to about 1000 C. 
Once the iso?avone glucosides are converted to iso?avone 

aglycones by the aforementioned methods, iso?avone-de 
pleted soybean meal or iso?avone-depleted soybean meal 
product can be obtained by extracting the iso?avone agly 
cones With a Water immiscible solvent. Such iso?avone agly 
cones Will be partitioned into the Water-immiscible solvent, 
Which is then easily separated from the extracted and iso?a 
vone depleted soybean meal or soybean meal product by 
sedimentation, centrifugation, and the like. Water immiscible 
solvents used can comprise ethyl acetate, propyl acetate, 
butyl acetate, amyl acetate, cyclohexanol, n-butanol, iso-bu 
tanol, tert-butanol, amyl alcohol, a Water immiscible ketone, 
a Water immiscible aldehyde, carbon tetrachloride, chloro 
form, cyclohexane, 1,2-dichloroethane, dichloromethane, 



US 8,426,189 B2 
13 

diethyl ether, dimethyl formamide, heptane, hexane, methyl 
tert-butyl ether, pentane, toluene, 2,2,4-trimethyl pentane, or 
a combination thereof. In certain embodiments, ethyl acetate 
is used. It is shoWn herein that ethyl acetate extraction process 
Works very e?iciently to extract the nonpolar aglycone forms 
of the iso?avones. Ethyl acetate also co-extracts very little 
else from the soybean ?our, resulting in a very pure iso?avone 
product. 

Another method for obtaining a iso?avone-depleted soy 
bean meal or iso?avone-depleted soybean meal product pro 
vided herein entails direct extraction of iso?avone glucosides 
from soybean meal or soybean meal product With a Water 
miscible solvent and separation of the extracted soybean meal 
or soybean meal product from the Water miscible solvent 
containing iso?avone glucosides. Such Water miscible sol 
vents are advantageous as they can provide for more ef?cient 
depletion of iso?avone glucosides in the soybean meal or 
soybean meal product. Water miscible solvents include, but 
are not limited to, Water, methanol, ethanol, n-propanol, iso 
propanol, acetone, acetonitrile, dimethyl sulfoxide, l,4-diox 
ane, a Water miscible ketone, a Water miscible aldehyde, or a 
combination thereof. Methods for extracting iso?avones 
from soybean meal or soybean meal products With alcohols 
that include, but not limited to methanol and ethanol, are 
disclosed in US. Pat. Nos. 5,670,632 and 5,679,806, Which 
are incorporated herein by reference in their entireties. JP 
05 l76756A discloses recovery of iso?avone derivatives from 
soybean based materials by extracting the soybean based 
material With 80% methanol. US. Pat. No. 4,428,876, incor 
porated herein by reference in it’s entirety, discloses use of a 
dilute aqueous alkaline solution to extract iso?avones and 
other compounds from plant materials and can thus be 
adapted to obtain iso?avone-depleted soybean meal or iso?a 
vone-depleted soybean meal product. In certain embodiments 
of any of the aforementioned methods, the Water miscible 
solvent containing iso?avone glucosides that has been sepa 
rated from the iso?avone-depleted soybean material can be 
treated With one or more agents that convert the iso?avone 
glucosides to obtain iso?avone aglycones as useful co-prod 
ucts. In certain embodiments, extraction is facilitated by set 
tling or centrifugation. Extraction time periods by either 
method can be for any time period that provides for a desired 
degree of iso?avone-depletion. 

In certain embodiments, the Water miscible solvent com 
prises a mixture of Water and ethanol. In certain embodi 
ments, ethanol comprises at least 50% of the Water/ethanol 
mixture on a volume/volume basis. HoWever, in other 
embodiments, ethanol comprises at least 55%, at least 60%, at 
least 65%, at least 70%, at least 75%, at least 80%, at least 
85%, at least 90%, at least 95%, or about 99% of the Water/ 
ethanol mixture on a volume/volume basis. Extraction of 
iso?avones from soybean meal or soybean meal products 
With alcohol/Water mixtures including, but not limited to, 
ethanol/Water mixtures, can be facilitated by heating at about 
40° to about 70° C. or by heating at about 50° to about 60° C. 
In certain embodiments, ethanol extraction is facilitated by 
settling or centrifugation. In certain embodiments, ethanol 
extraction is facilitated by stirring or mixing. For certain 
embodiments Where 50% ethanol/50% Water is used and a 
fermentation product yield equivalent or greater than a con 
trol value (i.e. unextracted soybean-based fermentation prod 
uct yield) are desired, extraction is preferably accomplished 
by settling or centrifugation. Extraction time periods by either 
method can be for any time period that provides for a desired 
degree of iso?avone-depletion. Certain embodiments thus 
entail at least 30 minutes, at least one hour, or at least tWo 
hours of extraction. Other embodiments entail about 30 min 
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14 
utes to about 24 hours of extraction, about 1 hour to about 12 
hours of extraction, or about 2 to about 12 hours of extraction. 

Another method for obtaining a iso?avone-depleted soy 
bean meal or iso?avone-depleted soybean meal product pro 
vided herein entails extraction of iso?avone glucosides from 
soybean meal or a soybean meal product by a direct extraction 
With a Water immiscible solvent and separation of the 
extracted soybean meal or soybean meal product from the 
Water immiscible solvent containing iso?avones. Water 
immiscible solvents used can comprise ethyl acetate, propyl 
acetate, butyl acetate, amyl acetate, cyclohexanol, n-butanol, 
iso-butanol, ter‘t-butanol, amyl alcohol, a Water immiscible 
ketone, a Water immiscible aldehyde, carbon tetrachloride, 
chloroform, cyclohexane, l,2-dichloroethane, dichlo 
romethane, diethyl ether, dimethyl formamide, heptane, hex 
ane, methyl-tert-butyl ether, pentane, toluene, 2,2,4-trimethyl 
pentane, or a combination thereof. In certain embodiments, 
ethyl acetate is used. In certain embodiments, extraction is 
facilitated by settling or centrifugation. Extraction time peri 
ods by either method can be for any time period that provides 
for a desired degree of iso?avone-depletion. 
Methods for Obtaining at Least One Fermentation Product 
With a Fermentation Media Comprising an Iso?avone-De 
pleted Soybean Meal or Iso?avone-Depleted Soybean Meal 
Product and Fermentation Products Obtained Therefrom 

Methods for using a fermentation media comprising an 
iso?avone-depleted soybean meal or iso?avone-depleted 
soybean meal product and at least one substrate for microbial 
groWth to obtain one or more fermentation products are also 
provided herein. Such methods have the advantage of provid 
ing for both a valuable co-product in the extracted iso?avones 
as Well as one or more fermentation products. Iso?avone 
depleted soybean based medias provided herein can be used 
in place of current soybean-based fermentation medias are 
used to produce a Wide variety of primary products that 
include, but are not limited to, a drug, a drug precursor, or a 
pesticide. Iso?avone-depleted soybean based medias pro 
vided herein can also be used in place of current soybean 
based fermentation medias are used to produce a Wide variety 
of other fermentation products that include, but are not lim 
ited to, a fermentation broth, an enZyme, a secondary metabo 
lite, and/or a cultured microorganism. 

Fermentation methods that use fermentation media com 
prising an iso?avone-depleted soybean meal or iso?avone 
depleted soybean meal product can be used to obtain one or 
more fermentation products from any microorganism, that 
can be cultured on a soybean-based media. Microorganisms 
that can be cultured in fermentation media comprising an 
iso?avone-depleted soybean meal or iso?avone-depleted 
soybean meal product provided herein include, but are not 
limited to, an Aclinomycele, a Bacillus, a Staphylococcus, or 
a fungus. Exemplary and non-limiting aclinomyceles and 
fermentation products they produce that can be used in fer 
mentation methods provided herein include, but are not lim 
ited to: i) S. kanamycelicus (kanamycins), S. chreslomyceli 
cus (aminosidine), S. griseo?avus (antibiotic MA 1267), S. 
microsporeus (antibiotic SF-767), S. ribosidi?cus (antibiotic 
SF733), S. ?avopersicus (spectinomycin), S. speclabilis (acti 
nospectacin), S. rimosus forma paromomycinus (paromomy 
cins, catenulin), S. ?’adiae var. ilalicus (aminosidine), S. 
bluensis var. bluensis (bluensomycin), S. calenulae (catenu 
lin), S. olivoreliculi var. cellulophilus (destomycinA), S. tene 
brarius (tobramycin, apramycin), S. lavendulae (neomycin), 
S. albogriseolus (neomycins), S. albus var. melamycinus 
(metamycin), S. hygroscopicus var. sagamiensis (spectino 
mycin), S. bikiniensis (streptomycin), S. griseus (streptomy 
cin), S. erylhrochromogenes var. naruloensis (streptomycin), 














