wo 20187204792 A2 | 0E 0000 O T OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = O 0 0
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 2018/204792 A2

08 November 2018 (08.11.2018) WIPO | PCT

(51) International Patent Classification:

A23K 10/12 (2016.01) Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a

(21) International Application Number: patent (Rule 4.17(i1))

PCT/US2018/031101 —  as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

(22) International Filing Date: —  of inventorship (Rule 4.17(iv))

04 May 2018 (04.05.2018)

- . . Published:
(25) Filing Language: English without international search report and to be republished
(26) Publication Language: English upon receipt of that report (Rule 48.2(g))

(30) Priority Data:
62/502,073 05 May 2017 (05.05.2017) US

(71) Applicant: WHITE DOG LABS, INC. [US/US]; 239 Lisa
Drive, New Castle, DE 19720 (US).

(72) Imventors: TRACY, Bryan, P.; 1317 N. Clayton Street,
Wilmington, DE 19806 (US). JONES, Shawn, William;
7 Basset PL, Bear, DE 19701 (US). PHILLIPS, John,
Randall; 113 Lahinch Ct, Middletown, DE 19709 (US).
MITCHELL, Daniel, Knox; 888 N Waterford Ln., Wilm-
ington, DE 19808 (US). EYAL, Aharon, M.; 16 Levy,
93629 Jerusalem (IL).

(74) Agent: MUELLER, Robert, W. et al.; Greenblum & Bern-
stein, P.L.C., 1950 Roland Clarke Place, Reston, VA 20191
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: SINGLE CELL PROTEIN PRODUCTS AND AN INTEGRATED METHOD FOR THE PRODUCTION OF ETHANOL
AND SINGLE CELL PROTEIN

(57) Abstract: Single cell protein products and an integrated method for the production of ethanol and single cell protein. A single-cell
protein product is described including on dry basis between 35% by weight and 45% by weight crude protein, at least 1% by weight
butyric acid and at least three of, at least four of or all five of (i) between 1.6% by weight and 2.9% by weight lysine; (ii) between 0.3%
by weight and 1.5% by weight methionine; (iii) between 1.4% by weight and 2.7% by weight threonine; (iv) between 1.1% by weight
and 2.3% by weight tryptophan and (v) between 7.5% by weight and 12.5% by weight crude fat.



WO 2018/204792 PCT/US2018/031101

Title of the Invention

[o01] Single cell protein products and an integrated method for the production of

ethanol and single cell protein.

Cross-reference to related application
[oo2] The present application claims priority to U.S. Provisional Application No.
62/502,073, filed May 5, 2017, the disclosure of which is incorporated by reference herein in

its entirety.

Field of the invention
[0o03]  The field of art to which this invention generally pertains is Single cell protein

products and an integrated method for the production of ethanol and single cell protein

Background of the invention

[oo4] Proteinis an essential part of any diet. Increasing world population increases the
demand for protein. Vegetable proteins are less attractive sources, since they are relatively
poor in some essential amino acids, e.g. lysine, methionine, tryptophan and tyrosine.
Animal sources provide the full range of essential amino acids needed by humans in
sufficient quantities. The way in which protein is produced has significant impacts on both
the environment and human health. Fish and seafood are a critical source of protein for 3
billion people, but the ocean’s supply has reached its limit. Farmed fish is likely to make up
the gap and is predicted to represent 2/3 of global supply by 2030. Fish is an efficient
converter of feed to gained mass (a ratio of 1.2 compared to 6 for cows), but fish farming is
fast reaching its limit as well. Farmed fish is heavily dependent on wild caught fish for feed

(fishmeal), which provides protein and fish oil.

[oo5]  Additionally, increased population increases the need for ethanol as a green fuel.
An integrated and synergistic production of ethanol with high value proteins sources is

highly desired. Single-cell protein is such source of high-value proteins.
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Summary of the invention

[oo6] Providedis a single-cell protein product comprising on dry basis between 35% by
weight and 45% by weight crude protein, at least 1% by weight butyric acid and at least
three of, at least four of or all five of (i) between 1.6% by weight and 2.9% by weight lysine;
(ii) between 0.3% by weight and 1.5% by weight methionine; (iii) between 1.4% by weight
and 2.7% by weight threonine; (iv) between 1.1% by weight and 2.3% by weight tryptophan
and (v) between 7.5% by weight and 12.5% by weight crude fat. According to an
embodiment, the single-cell protein product comprising on dry basis between 7% by weight
and 9% by weight butyric acid. According to an embodiment, the single-cell protein
product comprising on dry basis between 13% by weight and 17% by weight ash. Further

provided is an animal feed ingredient comprising the single-cell protein.

[o07] Further provided is an integrated method for the production of ethanol and the
single cell protein product, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, optionally
undissolved protein and optionally byproduct glycerol; culturing a selected organism in the
syrup, whereby the residual carbohydrate and optionally at least one of the byproduct
glycerol and carbon dioxide are metabolized and an SCP-comprising broth is formed; and
drying the SCP-comprising broth wherein the combined carbon content of the residual
carbohydrate and the byproduct glycerol in the fermentation liquor is at least 3% of that in
the fermentation medium carbohydrate; and the selected organism comprises an

acetogenic organism.

[008] Provided is a single-cell protein product comprising on dry basis between 23%
by weight and 33% by weight crude protein, at least 1% by weight butyric acid and at least
three of, at least four of or all five of (i) between 1.5% by weight and 2.9% by weight lysine;
(ii) between 0.3% by weight and 1.4% by weight methionine; (iii) between 0.8% by weight



WO 2018/204792 PCT/US2018/031101

and 2.0% by weight threonine; (iv) between 0.8% by weight and 2.0% by weight
tryptophan and (v) between 0.8% by weight and 1.8% by weight crude fat. According to an
embodiment, the single-cell protein product, comprising on dry basis between 10% by
weight and 16% by weight butyric acid. According to an embodiment, the single-cell protein
product, comprising on dry basis between 25% by weight and 35% by weight ash. Further

provided is an animal feed ingredient comprising the single-cell protein product

[oo9]  Further provided is an integrated method for the production of ethanol and the
single cell protein product, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; optionally, washing the separated
undissolved protein, whereby washed undissolved protein and a wash liquor are formed;
optionally combining the wash liquor with the sweet syrup, whereby a modified sweet
syrup is formed culturing a selected organism in the sweet syrup or the modified sweet
syrup, whereby the residual carbohydrate and optionally at least one of the byproduct
glycerol and carbon dioxide are metabolized and an SCP-comprising broth is formed; and
drying the SCP-comprising broth wherein the combined carbon content of the residual
carbohydrate and the byproduct glycerol in the fermentation liquor is at least 3% of that in
the fermentation medium carbohydrate; and the selected organism comprises an

acetogenic organism.

[oo10] Provided is a single-cell protein product comprising on dry basis between 46% by
weight and 56% by weight crude protein, at least 1% by weight butyric acid and at least
three of, at least four of or all five of (i) between 2.2% by weight and 3.5% by weight lysine;
(ii) between 0.6% by weight and 1.8% by weight methionine; (iii) between 2.0% by weight
and 3.3% by weight threonine; (iv) between 1.3% by weight and 2.7% by weight tryptophan
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and (v) between 11% by weight and 15% by weight crude fat. According to an embodiment,
the single-cell protein product comprising on dry basis between 4% by weight and 8% by
weight butyric acid. According to an embodiment, the single-cell protein product
comprising on dry basis between 8% by weight and 15% by weight ash. Further provided is

an animal feed ingredient comprising the single-cell protein product.

[oo11] provided is a modified syrup comprising on dry basis at least 15% crude protein,

at least 1% butyric acid and less than 2% carbohydrates and less than 2% glycerol.

[o012] Further provided is an integrated method for the production of ethanol and the
single cell protein product , and optionally the modified syrup, comprising providing a
fermentation medium comprising a carbohydrate and undissolved protein; culturing yeast
in the medium for a specific duration, whereby a fraction of the fermentation medium
carbohydrate is metabolized and carbon dioxide and a fermentation liquor are generated,
which fermentation liquor comprises ethanol, residual carbohydrate, undissolved protein
and optionally byproduct glycerol processing the fermentation liquor, which processing
comprises distilling, separating solids and evaporating, whereby separated ethanol, a
separated protein cake and a syrup are formed, which syrup comprises residual
carbohydrate, optionally undissolved protein and optionally byproduct glycerol; culturing a
selected organism in the syrup, whereby the residual carbohydrate and optionally at least
one of the byproduct glycerol and carbon dioxide are metabolized and SCP-comprising
broth is formed; separating SCP from the SCP-comprising broth, whereby crude SCP and
modified syrup are formed; and drying the crude SCP wherein the combined carbon
content of the residual carbohydrate and the byproduct glycerol in the fermentation liquor
is at least 3% of that in the fermentation medium carbohydrate; and

the selected organism comprises an acetogenic organism.

[o013] Provided is a single-cell protein product comprising on dry basis between 55%
by weight and 66% by weight crude protein, at least 0.5% by weight butyric acid and at
least three of, at least four of or all five of (i) between 2.8% by weight and 4.1% by weight
lysine; (ii) between 0.8% by weight and 2.1% by weight methionine; (iii) between 2.5% by
weight and 3.8% by weight threonine; (iv) between 2.0% by weight and 3.2% by weight
tryptophan and (v) between 14% by weight and 20% by weight crude fat. According to an

embodiment, the single-cell protein product, comprising on dry basis between 0.5% by
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weight and 3% by weight butyric acid. According to an embodiment, the single-cell protein
product, comprising on dry basis between 4% by weight and 8% by weight ash. Further

provided is an animal feed ingredient comprising the single-cell protein product.

[o014] Provided is a modified syrup comprising on dry basis at least 15% crude protein,

at least 1% butyric acid and less than 2% carbohydrates and less than 2% glycerol.

[o015] Further provided is an integrated method for the production of ethanol and the
single cell protein product of and optionally the modified syrup , comprising providing a
fermentation medium comprising a carbohydrate, and undissolved protein; culturing yeast
in the medium for a specific duration, whereby a fraction of the fermentation medium
carbohydrate is metabolized and carbon dioxide and a fermentation liquor are generated,
which fermentation liquor comprises ethanol, residual carbohydrate, undissolved protein
and optionally byproduct glycerol; processing the fermentation liquor, which processing
comprises distilling, separating solids and evaporating, whereby separated ethanol, a
separated protein cake and a syrup are formed, which syrup comprises residual
carbohydrate, optionally undissolved protein and optionally byproduct glycerol; culturing a
selected organism in the syrup, whereby the residual carbohydrate and optionally at least
one of the byproduct glycerol and carbon dioxide are metabolized and SCP-comprising
broth is formed; separating SCP from the SCP-comprising broth, whereby crude SCP and
modified syrup are formed; washing the crude SCP, whereby washed SCP is formed; and
drying the washed SCP wherein the combined carbon content of the residual carbohydrate
and the byproduct glycerol in the fermentation liquor is at least 3% of that in the
fermentation medium carbohydrate; and the selected organism comprises an acetogenic

organism.

[0016] Provided is a single-cell protein product comprising on dry basis between 50%
by weight and 63% by weight crude protein, at least 1% by weight butyric acid and at least
three of, at least four of or all five of (i) between 4.3% by weight and 5.6% by weight lysine;
(ii) between 1.5% by weight and 2.8% by weight methionine; (iii) between 2.3% by weight
and 3.6% by weight threonine; (iv) between 1.5% by weight and 2.7% by weight tryptophan
and (v) between 1.8% by weight and 4.1% by weight crude fat. According to an
embodiment, the single-cell protein product, comprising on dry basis between 2% by

weight and 4.5% by weight butyric acid. According to an embodiment, the single-cell
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protein product, comprising on dry basis between 11% by weight and 16% by weight ash.

Further provided is an animal feed ingredient comprising the single-cell protein product.

[o017] Further provided is an integrated method for the production of ethanol and the
single cell protein product , comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; culturing a selected organism in
the sweet syrup, whereby the residual carbohydrate and optionally at least one of the
byproduct glycerol and carbon dioxide are metabolized and an SCP-comprising broth is
formed; separating SCP from the SCP-comprising broth, whereby crude SCP and modified
syrup are formed; and drying the crude SCP

wherein the combined carbon content of the residual carbohydrate and the byproduct
glycerol in the fermentation liquor is at least 3% of that in the fermentation medium

carbohydrate; and the selected organism comprises an acetogenic organism.

[0018] Provided is a single-cell protein product comprising on dry basis between 43%
by weight and 55% by weight crude protein, at least 1% by weight butyric acid and at least
three of, at least four of or all five of (i) between 3.7% by weight and 4.9% by weight lysine;
(ii) between 1.3% by weight and 2.5% by weight methionine; (iii) between 2.0% by weight
and 3.3% by weight threonine; (iv) between 1.3% by weight and 2.5% by weight tryptophan
and (v) between 1.8% by weight and 4.1% by weight crude fat. According to an
embodiment, the single-cell protein product, comprising on dry basis between 4.5% by
weight and 7.2% by weight butyric acid. According to an embodiment, the single-cell
protein product, comprising on dry basis between 11% by weight and 16% by weight ash.

Further provided is an animal feed ingredient comprising the single-cell protein product.
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[o019] Further provided is an integrated method for the production of ethanol and the
single cell protein product , comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; washing the separated
undissolved protein, whereby washed undissolved protein and a wash liquor are formed;
combining the wash liquor with the sweet syrup, whereby a modified sweet syrup is
formed; culturing a selected organism in the modified sweet syrup, whereby the residual
carbohydrate and optionally at least one of the byproduct glycerol and carbon dioxide are
metabolized and an SCP-comprising broth is formed; and drying the SCP-comprising broth
wherein the combined carbon content of the residual carbohydrate and the byproduct
glycerol in the fermentation liquor is at least 3% of that in the fermentation medium

carbohydrate; and the selected organism comprises an acetogenic organism.

[o020] Provided is a single-cell protein product comprising on dry basis between 62%
by weight and 75% by weight crude protein, at least 0.2% by weight butyric acid and at least
three of, at least four of or all five of (i) between 5.5% by weight and 6.9% by weight lysine;
(ii) between 2.1% by weight and 3.5% by weight methionine; (iii) between 3.1% by weight
and 4.4% by weight threonine; (iv) between 2.0% by weight and 3.3% by weight tryptophan
and (v) between 2.5% by weight and 4.5% by weight crude fat. According to an
embodiment, the single-cell protein product, comprising on dry basis between 0.2% by
weight and 2.0% by weight butyric acid. According to an embodiment, the single-cell
protein product, comprising on dry basis between 4% by weight and 8% by weight ash.

Further provided is an animal feed ingredient comprising the single-cell protein.

[o021] Further provided is an integrated method for the production of ethanol and the

single cell protein product , comprising providing a fermentation medium comprising a
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carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol;

separating undissolved protein from the syrup, whereby separated undissolved protein and
a sweet syrup are formed, which sweet syrup comprises residual carbohydrate and
optionally byproduct glycerol; culturing a selected organism in the sweet syrup, whereby
the residual carbohydrate and optionally at least one of the byproduct glycerol and carbon
dioxide are metabolized and an SCP-comprising broth is formed; separating SCP from the
SCP-comprising broth, whereby crude SCP and modified syrup are formed; washing the
crude SCP, whereby washed SCP is formed; and drying the washed SCP; wherein the
combined carbon content of the residual carbohydrate and the byproduct glycerol in the
fermentation liquor is at least 3% of that in the fermentation medium carbohydrate; and

the selected organism comprises an acetogenic organism.

[oo22] Provided is a single-cell protein product comprising on dry basis between 57%
by weight and 71% by weight crude protein, at least 0.5% by weight butyric acid and at least
three of, at least four of or all five of (i) between 5.0% by weight and 6.7% by weight lysine;
(ii) between 2.0% by weight and 3.3% by weight methionine; (iii) between 2.9% by weight
and 4.3% by weight threonine; (iv) between 1.9% by weight and 3.3% by weight tryptophan
and (v) between 2.9% by weight and 4.4% by weight crude fat. According to an
embodiment, the single-cell protein product comprising on dry basis between 0.5% by
weight and 2.2% by weight butyric acid. According to an embodiment, the single-cell
protein product comprising on dry basis between 5% by weight and 9% by weight ash.

Further provided is an animal feed ingredient comprising the single-cell protein product of.

[o023] Further provided is an integrated method for the production of ethanol and the
single cell protein product comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific

duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and

8



WO 2018/204792 PCT/US2018/031101

carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; washing the separated
undissolved protein, whereby washed undissolved protein and a wash liquor are formed;
combining the wash liquor with the sweet syrup, whereby a modified sweet syrup is
formed; culturing a selected organism in the modified sweet syrup, whereby the residual
carbohydrate and optionally at least one of the byproduct glycerol and carbon dioxide are
metabolized and an SCP-comprising broth is formed; separating SCP from the SCP-
comprising broth, whereby crude SCP and modified syrup are formed; washing the crude
SCP, whereby washed SCP is formed; and drying the washed SCP; wherein the combined
carbon content of the residual carbohydrate and the byproduct glycerol in the fermentation
liquor is at least 3% of that in the fermentation medium carbohydrate; and the selected

organism comprises an acetogenic organism.

[0024] An integrated method for the production of ethanol and a single cell protein
product is also provided, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; optionally separating undissolved protein from the
syrup, whereby separated undissolved protein and a sweet syrup are formed, which sweet
syrup comprises residual carbohydrate and optionally byproduct glycerol; optionally
washing the separated undissolved protein, whereby washed undissolved protein and a
wash liquor are formed; optionally combining the wash liquor with the sweet syrup,

whereby a modified sweet syrup is formed; culturing a selected organism in the syrup, in
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the sweet syrup or in the modified sweet syrup, whereby the residual carbohydrate and
optionally at least one of the byproduct glycerol and carbon dioxide are metabolized and an
SCP-comprising broth is formed; optionally, separating SCP from the SCP-comprising
broth, whereby crude SCP and modified syrup are formed; optionally washing the crude
SCP, whereby washed SCP is formed; and drying the SCP-comprising broth , the crude SCP
or the washed SCP; wherein the combined carbon content of the residual carbohydrate and
the byproduct glycerol in the fermentation liquor is at least 3% of that in the fermentation

medium carbohydrate; and the selected organism comprises an acetogenic organism.

[o025] According to an embodiment of provided method the culturing yeast specific
duration is selected so that less than 95% by weight of the fermentation medium
carbohydrate is metabolized. According to an embodiment of provided method the
fermentation liquor comprises at least 10% ethanol. According to an embodiment of
provided method the fermentation liquor comprises at least 0.5% glycerol. According to an
embodiment of provided method the fermentation liquor residual carbohydrate comprises

at least 0.5% oligosaccharide.

[0026] According to an embodiment of provided method the selected organism further
comprises an organism capable of metabolizing glycerol, oligosaccharides or a combination
thereof. According to an embodiment of provided method the culturing selected organism
is anaerobic. According to an embodiment the provided method further comprising lysing
the crude SCP, the washed SCP, the dried crude SCP and/or the dried washed SCP.
According to an embodiment the provided method further comprises adding an exogenous
carbon source to the syrup, sweet syrup or modified sweet syrup, wherein the exogenous

carbon source is metabolized in the culturing selected organism.

[o027] According to an embodiment of provided method the biomass generation yield is
at least 15% weight calculated on combined weight of carbohydrate and glycerol. According
to an embodiment of provided method the biomass generation productivity is at least 0.5
g/L/hr. According to an embodiment of provided method the SCP crude protein content on
dry basis is at least 55% by weight. According to an embodiment of provided method the
SCP crude protein comprises at least 0.2% by weight butyric acid on dry basis. According to
an embodiment of provided method the SCP crude protein comprises less than 5% by

weight ash on dry basis.

10
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[0028] An integrated method for the production of ethanol and a single cell protein
product is also provided, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing in the medium yeast and a selected
organism for a specific duration, whereby the carbohydrate is metabolized and carbon
dioxide and a fermentation liquor are generated, which fermentation liquor comprises
ethanol and single cell protein; processing the fermentation liquor, which processing
comprises distilling, separating solids and drying, whereby separated ethanol and a protein
product are formed; wherein the culturing specific duration is selected so that the carbon
content of the separated ethanol is less than 64% of the carbon content of the fermentation
medium carbohydrate; the culturing specific duration is selected so that the carbon content
of the single cell protein is at least 3% of the carbon content of the fermentation medium

carbohydrate; and the selected organism comprises an acetogenic organism.

Brief description of the drawings

[oo29] Figure 1 illustrates fermentation on diluted syrup with Clostridium

pasteurianum and Butyribacterium methylotrophicum;

[oo30] Figure 2 illustrates a growth curve and substrate consumption/product
formation curves for fermentation on sweet syrup with Clostridium pasteurianum and

Butyribacterium methylotrophicum; and

[o031] Figure 3 illustrates a growth curve and substrate consumption/product
formation curves for fermentation on modified sweet syrup with Clostridium

pasteurianum and Butyribacterium methylotrophicum.

Detailed description of the invention

[0o032] The particulars shown herein are by way of example and for purposes of
illustrative discussion of the various embodiments of the present invention only and are
presented in the cause of providing what is believed to be the most useful and readily

understood description of the principles and conceptual aspects of the invention. In this

11
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regard, no attempt is made to show details of the invention in more detail than is necessary
for a fundamental understanding of the invention, the description making apparent to

those skilled in the art how the several forms of the invention may be embodied in practice.

[0033] The present invention will now be described by reference to more detailed
embodiments. This invention may, however, be embodied in different forms and should
not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will

fully convey the scope of the invention to those skilled in the art.

[0034] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The terminology used in the description of the invention herein is for
describing particular embodiments only and is not intended to be limiting of the invention.
As used in the description of the invention and the appended claims, the singular forms “a,”
“an,” and “the” are intended to include the plural forms as well, unless the context clearly

indicates otherwise.

[o035] Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood
as being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are approximations that may vary depending upon the desired properties sought to
be obtained by the present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should be construed in light of the number of significant digits and ordinary

rounding approaches.

[0036] Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or may be learned by
practice of the invention. It is to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed
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[0037] Asused herein SCP refers to Single-Cell Protein

[0038] Unless indicated otherwise, percent is weight percent and ratio is weight/weight

ratio.

[o039] Provided is a single-cell protein product comprising on dry basis between 35% by
weight and 45% by weight crude protein, between 36% and 44%, between 37% and 43%,
between 38% and 42%, between 39% and 41%. at least 1% by weight butyric acid at least
0.8%, at least 0.6%, at least 0.4%. and at least three of, at least four of or all five of (i)
between 1.6% by weight and 2.9% by weight lysine, between 1.8% and 2.6%, between 2%
and 2.4%; (ii) between 0.3% by weight and 1.5% by weight methionine, between 0.5% and
1.3%, between 0.7% and 1.1%; (iii) between 1.4% by weight and 2.7% by weight threonine,
between 1.6% and 2.5%, between 1.8% and 2.4%; (iv) between 1.1% by weight and 2.3% by
weight tryptophan, between 1.3% and 2.1%, between 1.6% and 1.9%. and (v) between 7.5%
by weight and 12.5% by weight crude fat, between 8% and 12%, between 9% and 11%.
According to an embodiment, the single-cell protein product comprising on dry basis
between 7% by weight and 9% by weight butyric acid, between 7.4% and 8.6%, between
7.7% and 8.3%. According to an embodiment, the single-cell protein product comprising on
dry basis between 13% by weight and 17% by weight ash, between 13.5% and 16.5%,
between 14% and 16%. Further provided is an animal feed ingredient comprising the

single-cell protein.

[oo40] Further provided is an integrated method for the production of ethanol and the
single cell protein product, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, optionally
undissolved protein and optionally byproduct glycerol; culturing a selected organism in the
syrup, whereby the residual carbohydrate and optionally at least one of the byproduct

glycerol and carbon dioxide are metabolized and an SCP-comprising broth is formed; and
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drying the SCP-comprising broth wherein the combined carbon content of the residual
carbohydrate and the byproduct glycerol in the fermentation liquor is at least 3% of that in
the fermentation medium carbohydrate; and the selected organism comprises an

acetogenic organism.

[oo41] Provided is a single-cell protein product comprising on dry basis between 23% by
weight and 33% by weight crude protein, between 24% and 32%, , between 26% and 30%.
at least 1% by weight butyric acid, at least 0.8%, at least 0.6%, at least 0.4%. and at least
three of, at least four of or all five of (i) between 1.5% by weight and 2.9% by weight lysine,
between 1.8% and 2.6%, between 2% and 2.4%; (ii) between 0.3% by weight and 1.4% by
weight methionine, between 0.5% and 1.3%, between 0.7% and 1.1%,; (iii) between 0.8% by
weight and 2.0% by weight threonine, between 1% and 1.8%, between 1.2% and 1.6; (iv)
between 0.8% by weight and 2.0% by weight tryptophan, between 1.3% and 2.1%, between
1.5% and 1.9% and (v) between 0.8% by weight and 1.8% by weight crude fat, between 1%
and 1.6%, between 1.2% and 1.5%. According to an embodiment, the single-cell protein
product comprising on dry basis between 10% by weight and 16% by weight butyric acid,
between 11% and 14%, between 12% and 13%. According to an embodiment, the single-cell
protein product comprising on dry basis between 25% by weight and 35% by weight ash,
between 27% and 33%, between 29% and 31%. Further provided is an animal feed

ingredient comprising the single-cell protein product

[oo42] Further provided is an integrated method for the production of ethanol and the
single cell protein product, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; optionally, washing the separated

undissolved protein, whereby washed undissolved protein and a wash liquor are formed;
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optionally combining the wash liquor with the sweet syrup, whereby a modified sweet
syrup is formed culturing a selected organism in the sweet syrup or the modified sweet
syrup, whereby the residual carbohydrate and optionally at least one of the byproduct
glycerol and carbon dioxide are metabolized and an SCP-comprising broth is formed; and
drying the SCP-comprising broth wherein the combined carbon content of the residual
carbohydrate and the byproduct glycerol in the fermentation liquor is at least 3% of that in
the fermentation medium carbohydrate; and the selected organism comprises an
acetogenic organism.

[o043] Provided is a single-cell protein product comprising on dry basis between 46% by
weight and 56% by weight crude protein, between 48% and 54%, between 50% and 52%. at
least 1% by weight butyric acid at least 0.8%, at least 0.6%, at least 0.4%. and at least three
of, at least four of or all five of (i) between 2.2% by weight and 3.5% by weight lysine,
between 2.4% and 3.3%, between 2.6% and 3.1%; (ii) between 0.6% by weight and 1.8% by
weight methionine, between 1% and 1.6%, between 1.2% and 1.5%.; (iii) between 2.0% by
weight and 3.3% by weight threonine, between 2.4% and 3.1%, between 2.7% and 3%; (iv)
between 1.3% by weight and 2.7% by weight tryptophan, between 1.8% and 2.6%, between
2% and 2.4%; and (v) between 11% by weight and 15% by weight crude fat, between 12%
and 14.5%, between 13% and 14%. According to an embodiment, the single-cell protein
product comprising on dry basis between 4% by weight and 8% by weight butyric acid,
between 4.8% and 7%, between 5.2% and 6%. According to an embodiment, the single-cell
protein product comprising on dry basis between 8% by weight and 15% by weight ash,
between 9% and 14%, between 10% and 12%. Further provided is an animal feed ingredient

comprising the single-cell protein product.

[o044] provided is a modified syrup comprising on dry basis at least 15% crude protein,
at least 16%, at least 20%, at least 23%. at least 1% butyric acid at least 4%, at least 8%, at

least 14%. and less than 2% carbohydrates and less than 2% glycerol.

[o045] Further provided is an integrated method for the production of ethanol and the
single cell protein product and optionally the modified syrup, comprising providing a
fermentation medium comprising a carbohydrate and undissolved protein; culturing yeast
in the medium for a specific duration, whereby a fraction of the fermentation medium
carbohydrate is metabolized and carbon dioxide and a fermentation liquor are generated,

which fermentation liquor comprises ethanol, residual carbohydrate, undissolved protein
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and optionally byproduct glycerol processing the fermentation liquor, which processing
comprises distilling, separating solids and evaporating, whereby separated ethanol, a
separated protein cake and a syrup are formed, which syrup comprises residual
carbohydrate, optionally undissolved protein and optionally byproduct glycerol; culturing a
selected organism in the syrup, whereby the residual carbohydrate and optionally at least
one of the byproduct glycerol and carbon dioxide are metabolized and SCP-comprising
broth is formed; separating SCP from the SCP-comprising broth, whereby crude SCP and
modified syrup are formed; and drying the crude SCP wherein the combined carbon
content of the residual carbohydrate and the byproduct glycerol in the fermentation liquor
is at least 3% of that in the fermentation medium carbohydrate; and

the selected organism comprises an acetogenic organism.

[0046] Providedis a single-cell protein product comprising on dry basis between 55%
by weight and 66% by weight crude protein, between 57% and 64%, between 59% and 62%,
at least 0.5% by weight butyric acid , at least 0.4%, at least 0.3%. and at least three of, at
least four of or all five of (i) between 2.8% by weight and 4.1% by weight lysine, between 3%
and 3.9%, between 3.5% and 3.6%; (ii) between 0.8% by weight and 2.1% by weight
methionine, between 1% and 1.8%, between 1.2% and 1.6%; (iii) between 2.5% by weight
and 3.8% by weight threonine, between 2.7% and 3.7%, between 3% and 3.5%; (iv) between
2.0% by weight and 3.2% by weight tryptophan between 2.4% and 3.1%, between 2.6% and
3%; and (v) between 12% by weight and 20% by weight crude fat, between 12.5% and 17%,
between 13% and 15%. According to an embodiment, the single-cell protein product,
comprising on dry basis between 0.5% by weight and 3% by weight butyric acid, between
0.8% and 2.6%, between 1% and 2%. According to an embodiment, the single-cell protein
product, comprising on dry basis between 4% by weight and 8% by weight ash between 5%
and 7%, between 6% and 6.8%. Further provided is an animal feed ingredient comprising

the single-cell protein product.

[o047] Provided is a modified syrup comprising on dry basis at least 15% crude protein,
at least 16%, at least 20%, at least 23%. at least 1% butyric acid at least 4%, at least 8%, at

least 14% and less than 2% carbohydrates and less than 2% glycerol.

[0048] Further provided is an integrated method for the production of ethanol and the

single cell protein product of and optionally the modified syrup , comprising providing a
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fermentation medium comprising a carbohydrate, and undissolved protein; culturing yeast
in the medium for a specific duration, whereby a fraction of the fermentation medium
carbohydrate is metabolized and carbon dioxide and a fermentation liquor are generated,
which fermentation liquor comprises ethanol, residual carbohydrate, undissolved protein
and optionally byproduct glycerol; processing the fermentation liquor, which processing
comprises distilling, separating solids and evaporating, whereby separated ethanol, a
separated protein cake and a syrup are formed, which syrup comprises residual
carbohydrate, optionally undissolved protein and optionally byproduct glycerol; culturing a
selected organism in the syrup, whereby the residual carbohydrate and optionally at least
one of the byproduct glycerol and carbon dioxide are metabolized and SCP-comprising
broth is formed; separating SCP from the SCP-comprising broth, whereby crude SCP and
modified syrup are formed; washing the crude SCP, whereby washed SCP is formed; and
drying the washed SCP wherein the combined carbon content of the residual carbohydrate
and the byproduct glycerol in the fermentation liquor is at least 3% of that in the
fermentation medium carbohydrate; and the selected organism comprises an acetogenic

organism.

[o049] Provided is a single-cell protein product comprising on dry basis between 50% by
weight and 63% by weight crude protein, between 53% and 60%, between 55% and 59%., at
least 1% by weight butyric acid. at least 0.8%, at least 0.6%, at least 0.4%. and at least three
of, at least four of or all five of (i) between 4.3% by weight and 5.6% by weight lysine,
between 4.5% and 5.4%, between 4.9% and 5.3%; (ii) between 1.5% by weight and 2.8% by
weight methionine, between 1.9% and 2.6%, between 2.1% and 2.5%; (iii) between 2.3% by
weight and 3.6% by weight threonine, between 2.8% and 3.5%, between 3% and 3.3%; (iv)
between 1.5% by weight and 2.7% by weight tryptophan, between 1.9% and 2.6%, between
2.1% and 2.5%; and (v) between 1.8% by weight and 4.1% by weight crude fat, between 2%
and 3.5%, between 2.5% and 3%;. According to an embodiment, the single-cell protein
product comprising on dry basis between 2% by weight and 4.5% by weight butyric acid,
between 2.8% and 3.5%, between 3% and 3.3%. According to an embodiment, the single-
cell protein product comprising on dry basis between 11% by weight and 16% by weight ash,
between 12% and 15%, between 13% and 14%. Further provided is an animal feed

ingredient comprising the single-cell protein product.
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[oo50] Further provided is an integrated method for the production of ethanol and the
single cell protein product, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; culturing a selected organism in
the sweet syrup, whereby the residual carbohydrate and optionally at least one of the
byproduct glycerol and carbon dioxide are metabolized and an SCP-comprising broth is
formed; separating SCP from the SCP-comprising broth, whereby crude SCP and modified
syrup are formed; and drying the crude SCP

wherein the combined carbon content of the residual carbohydrate and the byproduct
glycerol in the fermentation liquor is at least 3% of that in the fermentation medium

carbohydrate; and the selected organism comprises an acetogenic organism.

[oo51] Provided is a single-cell protein product comprising on dry basis between 43%
by weight and 55% by weight crude protein, between 44% and 53%, between 48% and
51%;, at least 1% by weight butyric acid and at least three of, at least four of or all five of (i)
between 3.7% by weight and 4.9% by weight lysine, between 3.9% and 4.7%, between 4.1%
and 4.5%;; (ii) between 1.3% by weight and 2.5% by weight methionine, between 1.5% and
2.3%, between 1.8% and 2.2%;; (iii) between 2.0% by weight and 3.3% by weight threonine,
between 2.3% and 3 %, between 2.5% and 2.9%; (iv) between 1.3% by weight and 2.5% by
weight tryptophan, between 1.5% and 2.2%, between 1.7% and 2%; and (v) between 1.8% by
weight and 4.1% by weight crude fat, between 2 % and 3.5%, between 2.5% and 3%.
According to an embodiment, the single-cell protein product comprising on dry basis
between 4.5% by weight and 7.2% by weight butyric acid, between 5% and 7%, between
5.5% and 6%. According to an embodiment, the single-cell protein product comprising on

dry basis between 11% by weight and 16% by weight ash, between 12% and 15%, between
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13% and 14%. Further provided is an animal feed ingredient comprising the single-cell

protein product.

[o052] Further provided is an integrated method for the production of ethanol and the
single cell protein product comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; washing the separated
undissolved protein, whereby washed undissolved protein and a wash liquor are formed;
combining the wash liquor with the sweet syrup, whereby a modified sweet syrup is
formed; culturing a selected organism in the modified sweet syrup, whereby the residual
carbohydrate and optionally at least one of the byproduct glycerol and carbon dioxide are
metabolized and an SCP-comprising broth is formed; and drying the SCP-comprising broth
wherein the combined carbon content of the residual carbohydrate and the byproduct
glycerol in the fermentation liquor is at least 3% of that in the fermentation medium

carbohydrate; and the selected organism comprises an acetogenic organism.

[o053] Provided is a single-cell protein product comprising on dry basis between 62%
by weight and 75% by weight crude protein, between 64% and 71%, between 66% and 70%,
at least 0.2% by weight butyric acid and at least three of, at least four of or all five of (i)
between 5.5% by weight and 6.9% by weight lysine, between 5.9% and 6.5%, between 6.1%
and 6.4%; (ii) between 2.1% by weight and 3.5% by weight methionine, between 2.5% and
3.3%, between 2.7% and 3%; (iii) between 3.1% by weight and 4.4% by weight threonine,
between 3.4% and 4.2%, between 3.6% and 4%; (iv) between 2.0% by weight and 3.3% by
weight tryptophan, between 2.3% and 3.1%, between 2.5% and 2.9%; and (v) between 2.5%
by weight and 4.5% by weight crude fat between 2.8% and 4%, between 3% and 3.8%.

According to an embodiment, the single-cell protein product comprising on dry basis
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between 0.2% by weight and 2.0% by weight butyric acid between 0.4% and 1.8%, between
0.5% and 1.5%. According to an embodiment, the single-cell protein product comprising on
dry basis between 4% by weight and 8% by weight ash between 5% and 7%, between 5.5%

and 6.5%. Further provided is an animal feed ingredient comprising the single-cell protein.

[o054] Further provided is an integrated method for the production of ethanol and the
single cell protein product comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; culturing a selected organism in
the sweet syrup, whereby the residual carbohydrate and optionally at least one of the
byproduct glycerol and carbon dioxide are metabolized and an SCP-comprising broth is
formed; separating SCP from the SCP-comprising broth, whereby crude SCP and modified
syrup are formed; washing the crude SCP, whereby washed SCP is formed; and drying the
washed SCP; wherein the combined carbon content of the residual carbohydrate and the
byproduct glycerol in the fermentation liquor is at least 3% of that in the fermentation

medium carbohydrate; and the selected organism comprises an acetogenic organism.

[o055] Provided is a single-cell protein product comprising on dry basis between 57%
by weight and 71% by weight crude protein between 60% and 68%, between 63% and 66%;,
at least 0.5% by weight butyric acid and at least three of, at least four of or all five of (i)
between 5.0% by weight and 6.7% by weight lysine, between 5.2% and 6.5%, between 5.5%
and 6.1%; (ii) between 2.0% by weight and 3.3% by weight methionine between 2.2% and
3.1%, between 2.5% and 3%; (iii) between 2.9% by weight and 4.3% by weight threonine,
between 3% and 4%, between 3.5% and 3.8%; (iv) between 1.9% by weight and 3.3% by
weight tryptophan, between 2.2% and 3.1%, between 2.4% and 2.8%;and (v) between 2.9%
by weight and 4.4% by weight crude fat, between 3.2% and 4.1%, between 33.5% and 3.9%.
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According to an embodiment, the single-cell protein product, comprising on dry basis
between 0.5% by weight and 2.2% by weight butyric acid, between 0.6% and 2%, between
0.8% and 1.5%. According to an embodiment, the single-cell protein product, comprising
on dry basis between 5% by weight and 9% by weight ash between 5.5% and 8.5%, between
6% and 8%. Further provided is an animal feed ingredient comprising the single-cell

protein product of.

[o056] Further provided is an integrated method for the production of ethanol and the
single cell protein product, comprising providing a fermentation medium comprising a
carbohydrate and undissolved protein; culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, undissolved protein and optionally byproduct
glycerol; processing the fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein cake
and a syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol; separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; washing the separated
undissolved protein, whereby washed undissolved protein and a wash liquor are formed;
combining the wash liquor with the sweet syrup, whereby a modified sweet syrup is
formed; culturing a selected organism in the modified sweet syrup, whereby the residual
carbohydrate and optionally at least one of the byproduct glycerol and carbon dioxide are
metabolized and an SCP-comprising broth is formed; separating SCP from the SCP-
comprising broth, whereby crude SCP and modified syrup are formed; washing the crude
SCP, whereby washed SCP is formed; and drying the washed SCP; wherein the combined
carbon content of the residual carbohydrate and the byproduct glycerol in the fermentation
liquor is at least 3% of that in the fermentation medium carbohydrate; and the selected

organism comprises an acetogenic organism.

[o057] Corn dry milling technology for ethanol production involves yeast fermentation
of a hydrolyzate of corn starch, whereby a fermentation liquor is formed. That fermentation
liquor contains produced ethanol, yeast biomass and residual corn kernel components,

such as corn protein, corn oil and corn fiber, as well as additional fermentation coproducts.
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In a typical operation, ethanol is distilled out, leaving a stillage containing the other
components, typically referred to as whole stillage. Next, insoluble components of the
whole stillage (mainly insoluble protein and fiber) are filtered out to form stillage solids or
cake and a filtrate named thin stillage. Typically, the thin stillage is concentrated up to
form a concentrate, which is blended back with the stillage solids to form Dried Distillers
Grains and Solubles (DDGS), which is a well-known and widely used feed ingredient.
Whole stillage, thin stillage and DDGS typically contain glycerol and/or carbohydrates,
which interfere with drying and formulation. In contrary, the modified syrup of the present
invention is low on glycerol and/or on carbohydrate, making it an attractive feed ingredient
as such and/or in combination with stillage solids to form an improved DDGS. Hence,
further provided is DDGS wherein glycerol content on dry basis is less than 3%, less than
2%, less than 1%, or less than 0.5%. Additionally or alternatively, further provided is DDGS
wherein carbohydrate content on dry basis is less than 3%, less than 2%, less than 1%, or

less than 0.5%.

[0058] Provided is an integrated method for the production of ethanol and a single cell
protein  product, comprising (i) providing a fermentation medium comprising a
carbohydrate and undissolved protein; (ii) culturing yeast in the medium for a specific
duration, whereby a fraction of the fermentation medium carbohydrate is metabolized and
carbon dioxide and a fermentation liquor are generated, which fermentation liquor
comprises ethanol, residual carbohydrate, and optionally byproduct glycerol; (iii)
processing the fermentation liquor, which processing comprises distilling, separating solids
and evaporating, whereby separated ethanol, a separated protein cake and a syrup are
formed, which syrup comprises residual carbohydrate, undissolved protein and optionally
byproduct glycerol; (iv) optionally separating undissolved protein from the syrup, whereby
separated undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol; (v) optionally washing the
separated undissolved protein, whereby washed undissolved protein and a wash liquor are
formed; (vi) optionally combining the wash liquor with the sweet syrup, whereby a
modified sweet syrup is formed; (vii) culturing a selected organism in the syrup, in the
sweet syrup or in the modified sweet syrup, whereby the residual carbohydrate and
optionally at least one of the byproduct glycerol and carbon dioxide are metabolized and an
SCP-comprising broth is formed; (viii) optionally, separating SCP from the SCP-
comprising broth, whereby crude SCP and modified syrup are formed; (ix) optionally
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washing the crude SCP, whereby washed SCP is formed; and (x) drying the SCP-comprising
broth , the crude SCP or the washed SCP; wherein (a) the combined carbon content of the
residual carbohydrate and the byproduct glycerol in the fermentation liquor is at least 3%
of that in the fermentation medium carbohydrate; and (b) the selected organism comprises

an acetogenic organism.

[o059] Any carbohydrate is suitable. According to an embodiment, the carbohydrate is a
product of enzymatic hydrolysis of starch, e.g. corn starch, e.g. glucose, oligosaccharides

and combinations thereof.

[o060] Any form of providing the fermentation medium is suitable. According to an
embodiment, the providing comprises corn milling. According to an embodiment the
providing comprises corn dry milling, optionally comprising starch gelatinization and

enzymatic hydrolysis.

[0061] According to an embodiment the method comprises culturing yeast in the
medium for a specific duration, whereby a fraction of the fermentation medium
carbohydrate is metabolized and carbon dioxide and a fermentation liquor are generated,
which fermentation liquor comprises ethanol, residual carbohydrate, and optionally

byproduct glycerol.

[0o062] According to current commercial practices, ethanol production is conducted at
conditions wherein metabolizing of fermentation liquor carbohydrates approaches the
theoretical yields, which in turn leads to nearly theoretical yields on ethanol production.
This, however, comes at a cost in providing the fermentation medium, in metabolizing of

the carbohydrates and/or in ethanol recovery from the formed fermentation liquor.

[0063] Thus, yeast may not metabolize oligosaccharides, so that optimizing
metabolizing yields may require nearly complete hydrolysis of starch into glucose in
providing the fermentation medium. Improving starch hydrolysis comes at the cost of
increased enzyme consumptions and/or increased capital and energy cost in the hydrolysis

step.
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[0064] Higher fermentation yields can be reached by extending the duration of

culturing, which comes at the cost of increased fermentation capital cost.

[o065] Additionally, at high fermentation medium glucose concentration, yeast tends to
convert a fraction of the carbohydrate into glycerol, rather than to ethanol. Glucose
concentration in the fermentation medium can be kept relatively low, but that results in
lower concentration of ethanol in the formed fermentation liquor. One result is the need for
larger fermenters, i.e. high fermentation capital yield, and higher capital and energy cost in

recovering the formed ethanol.

[0066] Contrary to the current commercial practices, the parameters for the method of
the present invention are selected to lead to lower costs of providing the medium, lower
costs of fermenting the carbohydrates to ethanol and lower costs of ethanol recovery, even
if compromising on the yield of fermenting carbohydrates to ethanol. Hence, according to
an embodiment, the culturing yeast specific duration is selected so that less than 95% by
weight of the fermentation medium carbohydrate is metabolized, less than 94%, less than
93%, less than 92%, less than 91%, less than 90%, less than 89%%, or less than 88%.
According to an embodiment, the formed fermentation liquor comprises, in addition to
ethanol, also residual carbohydrate and/or byproduct glycerol. According to an
embodiment, the residual carbohydrate comprises an oligosaccharide selected from the
group consisting of disaccharides, trisacchrides, higher molecular weight oligomers and
combinations thereof. According to an embodiment, the combined carbon content of the
residual carbohydrate and the byproduct glycerol in the fermentation liquor is at least 3%
of that in the fermentation medium carbohydrate, at least 4%, at least 5%, at least 6%, at
least 7%, at least 8%, at least 9%, at least 10%, at least 11%, or at least 12%. The carbon
content can be calculated via the molecular formula, e.g. the carbon contents of a solution
containing 12% glucose and one containing 2% glycerol are 12x72/180 and 2x36/92,
respectively. According to an embodiment, the fermentation liquor comprises at least 10%
ethanol, at least 12%, at least 14%, at least 16% or at least 17%. According to an
embodiment the fermentation liquor comprises at least 0.5% glycerol, at least 0.6%, at
least 0.7%, at least 0.8%, at least 0.9%, at least 1%, at least 1.1%, or at least 1.2%.
Additionally or alternatively, according to an embodiment the fermentation liquor residual
carbohydrate comprises at least 0.5% oligosaccharide, at least 0.6%, at least 0.7%, at least

0.8%, at least 0.9%, at least 1%, at least 1.1%, or at least 1.2%.
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[0067] According to an embodiment the method comprises processing the fermentation
liquor, which processing comprises distilling, separating solids and evaporating, whereby
separated ethanol, a separated protein cake and a syrup are formed, which syrup comprises
residual carbohydrate, undissolved protein and optionally byproduct glycerol. According to
an embodiment, processing the fermentation liquor comprises (1) distilling ethanol to form
separated ethanol and a whole stillage comprising residual carbohydrate, undissolved
protein and optionally byproduct glycerol; (2) separating solids from the whole stillage, e.g.
by filtration or centrifugation, whereby a separated protein cake and a thin stillage are
formed and (3) evaporating water from the thin stillage, whereby a syrup is formed, which
syrup comprises residual carbohydrate, optionally undissolved protein and optionally

byproduct glycerol.

[0068] According to an embodiment the method comprises separating undissolved
protein from the syrup, e.g. by filtration or centrifugation, whereby separated undissolved
protein and a sweet syrup are formed, which sweet syrup comprises residual carbohydrate
and optionally byproduct glycerol. According to an embodiment the method comprises
washing the separated undissolved protein, whereby washed undissolved protein and a
wash liquor are formed. As used herein, washing means washing with water or with a dilute
aqueous process streams. Any form of washing is suitable. According to an embodiment the
washing is repeated several times, in order to increase the efficiency of removing water-
soluble compounds from the separated undissolved protein. According to an embodiment
the wash liquor is combined with the sweet syrup, whereby a modified sweet syrup is

formed;

[0060] According to an embodiment the method comprises culturing a selected
organism in the syrup, in the sweet syrup or in the modified sweet syrup, whereby the
residual carbohydrate and optionally at least one of the byproduct glycerol and carbon
dioxide are metabolized and an SCP-comprising broth is formed. According to an
embodiment, the selected organism comprises an acetogenic organism. According to an
embodiment, the acetogenic organism is selected from the group consisting of
Butyribacterium methylotrophicum, Blautia product, Clostridium drakei, Clostridium
magnum,  Clostridium  scatologenes,  Clostridium  [jungdahlii,  Clostridium

autoethanogenum, Clostridium aceticum, Clostriridum ragsdalei, Clostridium
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carboxidivorans, Eubacterium aggregans, Eubacterium [imosum, Acetobacterium
woodii, Oxobacter pfennigii, Treponema azotonutricium, Sporosoma ovata, Sporosoma
termitida, and Terriporobacter glycolicus. According to an embodiment, the selected
organism further comprises an organism selected from the group consisting of organisms
capable of metabolizing glycerol, oligosaccharides or a combination thereof. According to
an embodiment, the organism capable of metabolizing glycerol, oligosaccharides or a
combination thereof is selected from the group consisting of Clostridium pasteurianum,
Clostridium tyrobutyricum, Clostridium butyricum, Clostridium acetobutylicum,
Clostridium beijerinckii, Clostridium sporogenes, Clostridium

saccharoperbutylacetonicum, and Clostridium saccharobutylicum.

[o070] According to an embodiment, the culturing selected organism is anaerobic.

[o071] According to an embodiment, the method comprises adding an exogenous
carbon source to the syrup, sweet syrup or modified sweet syrup, wherein the exogenous

carbon source is metabolized in the culturing selected organism.

[o072] According to an embodiment, biomass generation yield is at least 15% weight
calculated on combined weight of carbohydrate and glycerol, at least 20%, at least 25%, at
least 30% or at least 35%. Biomass generation yield is calculated according to the ratio
between formed biomass on dry basis and the combined weight of carbohydrate and
glycerol in the fermentation liquor and/or in the treated broth. According to an
embodiment, biomass generation yield is at least 15% weight calculated on combined

weight of carbohydrate and glycerol, at least 20%, at least 25%, at least 30% or at least 35%.

[0073] According to an embodiment, biomass generation productivity is at least 0.5
g/L/hr, at least 0.6 g/L/hr, at least 0.7 g/L/hr, at least 0.8 g/L/hr, at least 0.9 g/L/hr, or at
least 1 g/L/hr.

[0074] According to an embodiment, the culturing selected organism generates, in
addition to biomass, at least one metabolite selected from the group consisting of acetic
acid, butyric acid, lactic acid, formic acid, 1,3-propanediol, n-butanol, ethanol, acetoin, and
2 3-butanediol. According to an embodiment, the concentration of butyric acid in the SCP-

comprising broth is in the range between 0.5% and 15%.
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[o075] According to an embodiment, the method comprises separating SCP from the
SCP-comprising broth, whereby crude SCP and modified syrup are formed; According to
an embodiment, the method comprises washing the crude SCP, whereby washed SCP is
formed. According to an embodiment, the method comprises drying the SCP-comprising
broth, the crude SCP or the washed SCP. According to an embodiment, the method
comprises lysing the crude SCP, the washed SCP, the dried crude SCP and/or the dried
washed SCP.

[0076] According to an embodiment, the dried crude SCP or the dried washed SCP,
comprises on dry basis between 62% by weight and 75% by weight crude protein, between
64% and 74%, between 66% and 72%, at least 0.2% by weight butyric acid and at least three
of, at least four of or all five of (i) between 5.5% by weight and 6.9% by weight lysine,
between 5.9% and 6.6%, between 6.1% and 6.5%; (ii) between 2.1% by weight and 3.5% by
weight methionine, between 2.5% and 3.3%, between 2.7% and 3%; (iii) between 3.1% by
weight and 4.4% by weight threonine, between 3.2% and 4.3%, between 3.4% and 4%; (iv)
between 2.0% by weight and 3.3% by weight tryptophan, between 2.5% and 3.3%, between
2.6% and 3%; and (v) between 2.5% by weight and 4.5% by weight crude fat between 2.6%
and 4.4%, between 2.8% and 4%;. According to an embodiment the dried crude SCP or the
dried washed SCP comprises on dry basis between 0.2% by weight and 2.0% by weight
butyric acid. According to an embodiment the dried crude SCP or the dried washed SCP
comprises on dry basis between 4% by weight and 8% by weight ash between 5% and 7%,
between 5.5% and 6.5%.

[o077] Further provided is an integrated method for the production of ethanol and a
single cell protein product, comprising (i) providing a fermentation medium comprising a
carbohydrate and undissolved protein; (ii) culturing in the medium yeast and a selected
organism for a specific duration, whereby the carbohydrate is metabolized and carbon
dioxide and a fermentation liquor are generated, which fermentation liquor comprises
ethanol and single cell protein; and (iii) processing the fermentation liquor, which
processing comprises distilling, separating solids and drying, whereby separated ethanol
and a protein product are formed; wherein (a) the culturing specific duration is selected so
that the carbon content of the separated ethanol is less than 64% of the carbon content of

the fermentation medium carbohydrate; (b) the culturing specific duration is selected so
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that the carbon content of the single cell protein is at least 3% of the carbon content of the
fermentation medium carbohydrate; and (c) the selected organism comprises an acetogenic

organism.

Examples

Example 1: Fermentation of syrup into SCP-comprising broth

[0078] Corn was fed into a standard dry-grind ethanol process. Specifically, the corn
was milled, mixed into a slurry tank, and then liquified into a corn mash. The mash was
then transferred to a fermentation tank with yeast for a simultaneous saccharification
fermentation. This mash contained both carbohydrate and undissolved protein from the
corn. During the fermentation, the yeast consumed the carbohydrate and produce
primarily ethanol with glycerol as a minor product. The fermentation broth, or
fermentation liquor, was then sent to distillation to remove the ethanol from the liquor and
produce a separated ethanol. The remaining liquor at the bottom of the distillation
columns was the whole stillage. The majority of the undissolved protein was removed from
the whole stillage into a protein cake, and the remaining thin stillage was evaporated into a
syrup. This syrup consisted of residual carbohydrate, residual undissolved protein, and

glycerol.

[o079] This syrup was diluted in a 1:1 ratio with sterile water and then 1.5 L of the
diluted material was pumped into two replicate 3 L fermenters. Both fermenters were
inoculated with a seed culture (20% v/v) of equal parts Clostridium pasteurianum and
Butyribacterium methylotrophicum, an acetogenic bacteria. The fermenters were sparged
with CO. at <25 mL/min, had minimal agitation (50-100 rpm), controlled at 37°C, and pH
bottom controlled at 6.5 with 8M NaOH. Cell growth could not be monitored, as the culture
was too turbid for an accurate optical density measurement, but the averaged metabolite
profiles for the two fermenters are shown in Figure 1, which illustrates fermentation on

diluted syrup with Clostridium pasteurianum and Butyribacterium methylotrophicum.

[o080] After 27 hours of growth, the culture consumed 33.6 g/L of glucose and 44.4 g/L
of glycerol, while producing 22.4 g/L butyric acid, 8.1 g/L 1,3-propanediol, 5.3 g/L acetic
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acid, and 3.0 g/L n-butanol. The SCP-comprising broth was then dried and analyzed. Table

1 shows the proximate analysis of the dried material.

Table 1. Proximate analysis of dried SCP-comprising broth.

Dried SCP-
Characteristic comprising broth
(average)
Crude Protein 31.1% (g/8)
Crude Fat 8.6% (g/g)
Ash 22.9% (g/g)
Butyric acid 13.1% (g/8)

All values are on a dry weight basis.

Example 2: Fermentation of sweet syrup into SCP-comprising broth

[0081] The raw syrup from Example 1 was processed through a microfiltration unit to
remove the majority of the undissolved protein and other solids to generate a sweet syrup.
About 5000 L of the sweet syrup was pumped into an 18000 L fermenter, and a trace
elements and vitamin solutions were added to the syrup at 20 mL of solution per 1 L of
syrup. The trace elements solution was 2 g/L nitrilotriacetic acid, 1 g/L. MnSO,4-H-0, 0.8
g/L Fe(S04)2(NH4).-6H-0, 0.2 g/L CoCl»6H.O, 0.2 mg/L. ZnSO,6H.0, 0.02 g/L
CuClz-2H-0, 0.02 g/L NiCl»-6H.0, 0.02 g/L Na-Mo0O,4-2H-0, 0.02 g/L Na.SeO,, and 0.02
g/L Na-WO,. The vitamin solution was 2 mg/L biotin, 2 mg/L folic acid, 10 mg/L
pyridoxine-HCIl, 5 mg/L thiamine-HCl, 5 mg/L riboflavin, 5 mg/L nicotinic acid, 5 mg/L
calcium D-(+)-pantothenate, 0.1 mg/L vitamin b12, 5 mg/L p-aminobenzoic acid, and 5

mg/L thioctic acid. Additionally, antifoam was added at 0.1 mL/L.

[0082] The fermenter was inoculated with a seed culture (20% v/v) of equal parts
Clostridium pasteurianum and Butyribacterium methylotrophicum, an acetogenic bacteria.
The fermenters were sparged with CO2 at <25 mL/min, controlled at 37°C, and pH bottom
controlled at 6.5 with 8M NaOH. Cell growth was monitored along with metabolite profiles,
see Figure 2. Figure 2 illustrates fermentation on sweet syrup with Clostridium

pasteurianum and Butyribacterium methylotrophicum, where a growth curve is depicted
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on the left-hand side of Figure 2 and substrate consumption/product formation curves are

depicted on the right-hand side of Figure 2.

[0083] After 22 hours of growth, the culture reached a maximum optical density (OD) of
16.4 and produced 4.6 g/L butyric acid, 0.1 g/L 1,3-propanediol, 1.9 g/L acetic acid, and 2.2
g/L n-butanol. The SCP-comprising broth was then dried and analyzed. Table 2 shows the
proximate analysis of the dried material. The dried cell mass was also acid hydrolyzed and

run on an HPLC to determine the amino acid profile (Table 3).

Table 2. Proximate analysis of dried SCP-comprising broth.

Dried SCP-

Characteristic

comprising broth
Crude Protein 17.3% (g/8)
Crude Fat 2.2% (g/g)
Ash 25.4% (g/8)
Butyric acid 1.7% (8/8)

All values are on a dry weight basis.
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Dried SCP-

Amino acid
comprising broth

Lysine 0.45% (g/8)
Methionine 0.10% (g/g)
Threonine 0.33% (g/8)
Aspartic
acid/asparagine 3-35% (&/¢)
Glutamic
acid/glutamine 6-31% (&/8)
Serine 1.72% (g/8)
Histidine 0.31% (g/8)
Glycine 0.52% (g/8)
Arginine 0.98% (g/8)
Alanine 0.63% (g/g)
Tyrosine 0.20% (g/g)
Valine 0.34% (g/8)
Phenylalanine 0.18% (g/g)
Isoleucine 0.23% (g/8)
Leucine 0.31% (g/8)
Proline 0.33% (g/8)

PCT/US2018/031101

Table 3. Amino acid profile of dried SCP-comprising broth.

All values are on a dry weight basis.

Example 3: Fermentation of sweet syrup into crude SCP

[0084] The cells from the SCP-comprising broth in Example 2 were separated from the
broth by centrifugation to generate a crude SCP. This crude SCP was dried and analyzed.
Table 4 shows the proximate analysis of the dried material. The dried SCP was also acid

hydrolyzed and run on an HPLC to determine the amino acid profile (Table 5).
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Table 4. Proximate analysis of crude SCP.

Characteristic Crude SCP
Crude Protein 45.9% (g/g)
Crude Fat 1.1% (g/g)

Ash 16.4% (g/g)

All values are on a dry weight basis.

Table 3. Amino acid profile of crude SCP.

Amino acid Crude SCP
Lysine 3.17% (g/8)
Methionine 0.63% (g/g)
Threonine 1.28% (g/g)
Aspartic

acid/asparagine 3-47% (8/¢)
Glutamic

acid/glutamine 7:14% (8/8)
Serine 1.88% (g/8)
Histidine 0.98% (g/8)
Glycine 2.84% (g/g)
Arginine 3.98% (g/g)
Alanine 3.00% (g/g)
Tyrosine 1.04% (g/8)
Valine 2.08% (g/g)
Phenylalanine 1.19% (g/g)
Isoleucine 1.68% (g/g)
Leucine 2.47% (8/8)
Proline 1.65% (g/8)

All values are on a dry weight basis.

Example 4: Fermentation of sweet syrup into washed SCP

[0085] The crude SCP from Example 3 was washed at least once in water before being

dried and analyzed. Table 5 shows the proximate analysis of the dried material. The dried
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SCP was also acid hydrolyzed and run on an HPLC to determine the amino acid profile
(Table 6).

Table 5. Proximate analysis of washed SCP.

Characteristic Washed SCP
Crude Protein 67.1% (g/8)
Crude Fat 1.0% (g/2)
Ash 13.0% (g/8)

All values are on a dry weight basis.

Table 6. Amino acid profile of washed SCP.

Amino acid Washed SCP
Lysine 5.31% (g/8)
Methionine 1.04% (g/8)
Threonine 2.60% (g/8)
Aspartic

acid/asparagine 6-31% (g/8)
Glutamic 12.05% (/¢)
acid/glutamine o708
Serine 2.85% (g/8)
Histidine 1.49% (g/8)
Glycine 3.73% (g/8)
Arginine 4.45% (g/8)
Alanine 4.73% (8/8)
Tyrosine 1.77% (g/8)
Valine 3-50% (g/8)
Phenylalanine 2.18% (g/8)
Isoleucine 3-17% (g/8)
Leucine 4.31% (g/g)
Proline 2.48% (g/8)

All values are on a dry weight basis.
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Example 5: Fermentation of modified sweet syrup into SCP-comprising broth

[0086] The raw syrup from Example 1 was processed through a microfiltration unit to
remove the majority of the undissolved protein and other solids to generate a sweet syrup.
The solids fraction from the microfiltration unit (primarily undissolved protein) was
washed once with water, and the wash was mixed with the sweet syrup to generate a
modified sweet syrup. About 5000 L of the modified sweet syrup was pumped into an
18000 L fermenter, and a trace elements and vitamin solutions were added to the modified
syrup at 20 mL of solution per 1 L of syrup. The trace elements solution was 2 g/L
nitrilotriacetic acid, 1 g/L. MnSO,4-H-0, 0.8 g/L Fe(S0,)(NH,4)--6H-0, 0.2 g/L CoCl.-6H-0,
0.2 mg/L ZnSO46H.0, 0.02 g/L CuCl-2H.0, 0.02 g/L NiCl»6H-0, 0.02 g/L
Na-MoO4-2H-0, 0.02 g/L Na.SeO,4, and 0.02 g/L. Na-WO,. The vitamin solution was 2
mg/L biotin, 2 mg/L folic acid, 10 mg/L pyridoxine-HCl, 5 mg/L thiamine-HCl, 5 mg/L
riboflavin, 5 mg/L nicotinic acid, 5 mg/L calcium D-(+)-pantothenate, 0.1 mg/L vitamin
b12, 5 mg/L p-aminobenzoic acid, and 5 mg/L thioctic acid. Additionally, antifoam was
added at 0.1 mL/L.

[0087] The fermenter was inoculated with a seed culture (20% v/v) of equal parts
Clostridium pasteurianum and Butyribacterium methylotrophicum, an acetogenic
bacteria. The fermenters were sparged with CO. at <25 mL/min, controlled at 37°C, and
pH bottom controlled at 6.5 with 8M NaOH. Cell growth was monitored along with
metabolite profiles, see Figure 3. Figure 3 illustrates fermentation on modified sweet syrup
with Clostridium pasteurianum and Butyribacterium methylotrophicum, where a growth
curve is depicted on the left-hand side of the Figure 3 and substrate consumption/product

formation curves are depicted on the right-hand side of Figure 3.

[0088] After 29 hours of growth, the culture reached a maximum optical density (OD) of
17.7 and produced 9.9 g/L butyric acid, 3.8 g/L 1,3-propanediol, 4.5 g/L acetic acid, and 5.2
g/L n-butanol. The SCP-comprising broth was then dried and analyzed. Table 7 shows the
proximate analysis of the dried material. The dried cell mass was also acid hydrolyzed and

run on an HPLC to determine the amino acid profile (Table 8).
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Table 7. Proximate analysis of SCP-comprising broth.

Dried SCP-

Characteristic

comprising broth
Crude Protein 15.7% (g/2)
Crude Fat 0.7% (g/8)
Ash 26.6% (g/g)

All values are on a dry weight basis.

Table 8. Amino acid profile of SCP-comprising broth.

Dried SCP-
Amino acid
comprising broth

Lysine 0.92% (g/8)
Methionine 0.23% (g/8)
Threonine 0.83% (g/g)
Aspartic

_ 1.60% (g/8)
acid/asparagine
Glutamic 2.80% (g/2)
acid/glutamine onieE
Serine 0.82% (g/g)
Histidine 0.59% (g/8)
Glycine 1.11% (g/8)
Arginine 0.82% (g/g)
Alanine 1.53% (8/8)
Tyrosine 0.44% (g/8)
Valine 0.90% (g/8)
Phenylalanine 0.47% (g/8)
Isoleucine 0.59% (g/8)
Leucine 0.79% (g/8)
Proline 0.66% (g/g)

All values are on a dry weight basis.

Example 6: Fermentation of modified sweet syrup into washed SCP
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[0089] The cells from the SCP-comprising broth in Example 5 were separated from the
broth by centrifugation to generate a crude SCP. This crude SCP was washed at least once
in water before being dried and analyzed. Table 9 shows the proximate analysis of the dried
material. The dried SCP was also acid hydrolyzed and run on an HPLC to determine the

amino acid profile (Table 10).

Table 9. Proximate analysis of washed SCP.

Characteristic Washed SCP
Crude Protein 61.7% (g/g)
Crude Fat 1.5% (g/8)
Ash 13.8% (8/8)

All values are on a dry weight basis.

Table 10. Amino acid profile of washed SCP.

Amino acid Washed SCP
Lysine 5.34% (g/8)
Methionine 1.96% (g/g)
Threonine 3-19% (g/8)
Aspartic

acid/asparagine 6-46% (8/8)
Glutamic

acid/glutamine 1:46% (e/8)
Serine 2.83% (g/g)
Histidine 1.90% (g/8)
Glycine 3-59% (g/8)
Arginine 3.51% (g/8)
Alanine 4.59% (g/8)
Tyrosine 1.29% (g/g)
Valine 3.08% (g/g)
Phenylalanine 2.05% (g/8)
Isoleucine 2.93% (g/g)
Leucine 3-99% (g/g)
Proline 3-54% (g/8)

All values are on a dry weight basis.
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1. A single-cell protein product comprising on dry basis between 35% by weight and 45% by

weight crude protein, at least 1% by weight butyric acid and at least three of, at least four of

or all five of (i) between 1.6% by weight and 2.9% by weight lysine; (ii) between 0.3% by

weight and 1.5% by weight methionine; (iii) between 1.4% by weight and 2.7% by weight

threonine; (iv) between 1.1% by weight and 2.3% by weight tryptophan and (v) between

7.5% by weight and 12.5% by weight crude fat.

2. The single-cell protein product of Claim 1, comprising on dry basis between 7% by weight

and 9% by weight butyric acid.

3. The single-cell protein product of Claim 1, comprising on dry basis between 13% by weight

and 17% by weight ash.

4. An animal feed ingredient comprising the single-cell protein product of Claim 1.

5. An integrated method for the production of ethanol and said single cell protein product of

Claim 1, comprising

@

(i1)

(ii1)

(iv)

v)

providing a fermentation medium comprising a carbohydrate and undissolved
protein;

culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;
processing said fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein
cake and a syrup are formed, which syrup comprises residual carbohydrate, optionally
undissolved protein and optionally byproduct glycerol;

culturing a selected organism in said syrup, whereby said residual carbohydrate and
optionally at least one of said byproduct glycerol and carbon dioxide are metabolized
and an SCP-comprising broth is formed; and

drying said SCP-comprising broth

wherein
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(a) the combined carbon content of said residual carbohydrate and said byproduct
glycerol in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

(b) said selected organism comprises an acetogenic organism.

6. A single-cell protein product comprising on dry basis between 23% by weight and 33% by
weight crude protein, at least 1% by weight butyric acid and at least three of, at least four of
or all five of (i) between 1.5% by weight and 2.9% by weight lysine; (ii) between 0.3% by
weight and 1.4% by weight methionine; (iii) between 0.8% by weight and 2.0% by weight
threonine; (iv) between 0.8% by weight and 2.0% by weight tryptophan and (v) between
0.8% by weight and 1.8% by weight crude fat.

7. The single-cell protein product of Claim 6, comprising on dry basis between 10% by weight

and 16% by weight butyric acid.

8. The single-cell protein product of Claim 6, comprising on dry basis between 25% by weight
and 35% by weight ash.

9. An animal feed ingredient comprising the single-cell protein product of Claim 6.

10. An integrated method for the production of ethanol and said single cell protein product of

Claim 6, comprising

(i) providing a fermentation medium comprising a carbohydrate and undissolved protein;

(ii) culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;

(iii) processing said fermentation liquor, which processing comprises distilling, separating
solids and evaporating, whereby separated ethanol, a separated protein cake and a
syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol;

(iv) separating undissolved protein from said syrup, whereby separated undissolved
protein and a sweet syrup are formed, which sweet syrup comprises residual

carbohydrate and optionally byproduct glycerol;
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(v) optionally, washing said separated undissolved protein, whereby washed undissolved
protein and a wash liquor are formed;

(vi) optionally combining said wash liquor with said sweet syrup, whereby a modified
sweet syrup is formed

(vii)culturing a selected organism in said sweet syrup or said modified sweet syrup,
whereby said residual carbohydrate and optionally at least one of said byproduct
glycerol and carbon dioxide are metabolized and an SCP-comprising broth is formed;
and

(viii) drying said SCP-comprising broth

wherein

(a) the combined carbon content of said residual carbohydrate and said byproduct glycerol
in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

(b) said selected organism comprises an acetogenic organism.

11. A single-cell protein product comprising on dry basis between 46% by weight and 56% by

12,

13.

14.

15.

weight crude protein, at least 1% by weight butyric acid and at least three of, at least four of
or all five of (i) between 2.2% by weight and 3.5% by weight lysine; (ii) between 0.6% by
weight and 1.8% by weight methionine; (iii) between 2.0% by weight and 3.3% by weight
threonine; (iv) between 1.3% by weight and 2.7% by weight tryptophan and (v) between
11% by weight and 15% by weight crude fat.

The single-cell protein product of Claim 11, comprising on dry basis between 4% by weight

and 8% by weight butyric acid.

The single-cell protein product of Claim 11, comprising on dry basis between 8% by weight

and 15% by weight ash.

An animal feed ingredient comprising the single-cell protein product of Claim 11.

A modified syrup comprising on dry basis at least 15% crude protein, at least 1% butyric

acid and less than 2% carbohydrates and less than 2% glycerol.
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An integrated method for the production of ethanol and said single cell protein product of

Claim 11, and optionally said modified syrup of Claim 15, comprising

(i) providing a fermentation medium comprising a carbohydrate and undissolved protein;

(ii) culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;

(iii) processing said fermentation liquor, which processing comprises distilling, separating
solids and evaporating, whereby separated ethanol, a separated protein cake and a
syrup are formed, which syrup comprises residual carbohydrate, optionally
undissolved protein and optionally byproduct glycerol;

(iv) culturing a selected organism in said syrup, whereby said residual carbohydrate and
optionally at least one of said byproduct glycerol and carbon dioxide are metabolized
and SCP-comprising broth is formed;

(v) separating SCP from said SCP-comprising broth, whereby crude SCP and modified
syrup are formed; and

(vi) drying said crude SCP

wherein

(a) the combined carbon content of said residual carbohydrate and said byproduct glycerol
in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

(b) said selected organism comprises an acetogenic organism.

A single-cell protein product comprising on dry basis between 55% by weight and 66% by
weight crude protein, at least 0.5% by weight butyric acid and at least three of, at least four
of or all five of (i) between 2.8% by weight and 4.1% by weight lysine; (ii) between 0.8% by
weight and 2.1% by weight methionine; (iii) between 2.5% by weight and 3.8% by weight
threonine; (iv) between 2.0% by weight and 3.2% by weight tryptophan and (v) between
14% by weight and 20% by weight crude fat.

The single-cell protein product of Claim 17, comprising on dry basis between 0.5% by

weight and 3% by weight butyric acid.
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19. The single-cell protein product of Claim 17, comprising on dry basis between 4% by weight
and 8% by weight ash.

20. An animal feed ingredient comprising the single-cell protein product of Claim 17.

21. A modified syrup comprising on dry basis at least 15% crude protein, at least 1% butyric

acid and less than 2% carbohydrates and less than 2% glycerol.

22. An integrated method for the production of ethanol and said single cell protein product of

Claim 17 and optionally said modified syrup of Claim 21, comprising

(i) providing a fermentation medium comprising a carbohydrate, and undissolved
protein;

(ii) culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;

(iii) processing said fermentation liquor, which processing comprises distilling, separating
solids and evaporating, whereby separated ethanol, a separated protein cake and a
syrup are formed, which syrup comprises residual carbohydrate, optionally
undissolved protein and optionally byproduct glycerol;

(iv) culturing a selected organism in said syrup, whereby said residual carbohydrate and
optionally at least one of said byproduct glycerol and carbon dioxide are metabolized
and SCP-comprising broth is formed;

(v) separating SCP from said SCP-comprising broth, whereby crude SCP and modified
syrup are formed;

(vi) washing said crude SCP, whereby washed SCP is formed; and

(vii) drying said washed SCP

wherein

(a) the combined carbon content of said residual carbohydrate and said byproduct
glycerol in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

(b) said selected organism comprises an acetogenic organism.
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23. A single-cell protein product comprising on dry basis between 50% by weight and 63% by

weight crude protein, at least 1% by weight butyric acid and at least three of, at least four of

or all five of (i) between 4.3% by weight and 5.6% by weight lysine; (ii) between 1.5% by

weight and 2.8% by weight methionine; (iii) between 2.3% by weight and 3.6% by weight

threonine; (iv) between 1.5% by weight and 2.7% by weight tryptophan and (v) between

1.8% by weight and 4.1% by weight crude fat.

24. The single-cell protein product of Claim 23, comprising on dry basis between 2% by weight

and 4.5% by weight butyric acid.

25. The single-cell protein product of Claim 23, comprising on dry basis between 11% by

weight and 16% by weight ash.

26. An animal feed ingredient comprising the single-cell protein product of Claim 23.

27. An integrated method for the production of ethanol and said single cell protein product of

Claim 23, comprising

@

(i1)

(ii1)

(iv)

v)

providing a fermentation medium comprising a carbohydrate and undissolved
protein;

culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;
processing said fermentation liquor, which processing comprises distilling, separating
solids and evaporating, whereby separated ethanol, a separated protein cake and a
syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol;

separating undissolved protein from said syrup, whereby separated undissolved
protein and a sweet syrup are formed, which sweet syrup comprises residual
carbohydrate and optionally byproduct glycerol;

culturing a selected organism in said sweet syrup, whereby said residual carbohydrate
and optionally at least one of said byproduct glycerol and carbon dioxide are

metabolized and an SCP-comprising broth is formed;
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separating SCP from said SCP-comprising broth, whereby crude SCP and modified
syrup are formed; and
drying said crude SCP

wherein

(a)

(b)

the combined carbon content of said residual carbohydrate and said byproduct
glycerol in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

said selected organism comprises an acetogenic organism.

28. A single-cell protein product comprising on dry basis between 43% by weight and 55% by

weight crude protein, at least 1% by weight butyric acid and at least three of, at least four of

or all five of (i) between 3.7% by weight and 4.9% by weight lysine; (ii) between 1.3% by

weight and 2.5% by weight methionine; (iii) between 2.0% by weight and 3.3% by weight

threonine; (iv) between 1.3% by weight and 2.5% by weight tryptophan and (v) between

1.8% by weight and 4.1% by weight crude fat.

29. The

single-cell protein product of Claim 28, comprising on dry basis between 4.5% by

weight and 7.2% by weight butyric acid.

30. The single-cell protein product of Claim 28, comprising on dry basis between 11% by

weight and 16% by weight ash.

31. An animal feed ingredient comprising the single-cell protein product of Claim 28.

32. An integrated method for the production of ethanol and said single cell protein product of

Claim 28, comprising

@

(i1)

(ii1)

providing a fermentation medium comprising a carbohydrate and undissolved
protein;

culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;
processing said fermentation liquor, which processing comprises distilling,

separating solids and evaporating, whereby separated ethanol, a separated protein
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cake and a syrup are formed, which syrup comprises residual carbohydrate,
undissolved protein and optionally byproduct glycerol;

(iv) separating undissolved protein from said syrup, whereby separated undissolved
protein and a sweet syrup are formed, which sweet syrup comprises residual
carbohydrate and optionally byproduct glycerol;

(v) washing said separated undissolved protein, whereby washed undissolved protein
and a wash liquor are formed;

(vi) combining said wash liquor with said sweet syrup, whereby a modified sweet syrup is
formed;

(vii) culturing a selected organism in said modified sweet syrup, whereby said residual
carbohydrate and optionally at least one of said byproduct glycerol and carbon
dioxide are metabolized and an SCP-comprising broth is formed; and

(viii) drying said SCP-comprising broth

wherein

(a) the combined carbon content of said residual carbohydrate and said byproduct
glycerol in said fermentation liquor is at least 3% of that in the fermentation
medium carbohydrate; and

(b) said selected organism comprises an acetogenic organism.

A single-cell protein product comprising on dry basis between 62% by weight and 75% by
weight crude protein, at least 0.2% by weight butyric acid and at least three of, at least four
of or all five of (i) between 5.5% by weight and 6.9% by weight lysine; (ii) between 2.1% by
weight and 3.5% by weight methionine; (iii) between 3.1% by weight and 4.4% by weight
threonine; (iv) between 2.0% by weight and 3.3% by weight tryptophan and (v) between
2.5% by weight and 4.5% by weight crude fat.

The single-cell protein product of Claim 33, comprising on dry basis between 0.2% by

weight and 2.0% by weight butyric acid.

The single-cell protein product of Claim 33, comprising on dry basis between 4% by weight
and 8% by weight ash.

An animal feed ingredient comprising the single-cell protein product of Claim 33.
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37. An integrated method for the production of ethanol and said single cell protein product of

38.

Claim 33, comprising

(i) providing a fermentation medium comprising a carbohydrate and undissolved
protein;

(i) culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;

(iii) processing said fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein
cake and a syrup are formed, which syrup comprises residual carbohydrate,
undissolved protein and optionally byproduct glycerol;

(iv) separating undissolved protein from said syrup, whereby separated undissolved
protein and a sweet syrup are formed, which sweet syrup comprises residual
carbohydrate and optionally byproduct glycerol;

(v) culturing a selected organism in said sweet syrup, whereby said residual
carbohydrate and optionally at least one of said byproduct glycerol and carbon
dioxide are metabolized and an SCP-comprising broth is formed;

(vi) separating SCP from said SCP-comprising broth, whereby crude SCP and modified
syrup are formed;

(vii) washing said crude SCP, whereby washed SCP is formed; and

(viii) drying said washed SCP;

wherein

(a) the combined carbon content of said residual carbohydrate and said byproduct

(b)

glycerol in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

said selected organism comprises an acetogenic organism.

A single-cell protein product comprising on dry basis between 57% by weight and 71% by

weight crude protein, at least 0.5% by weight butyric acid and at least three of, at least four

of or all five of (i) between 5.0% by weight and 6.7% by weight lysine; (ii) between 2.0% by

weight and 3.3% by weight methionine; (iii) between 2.9% by weight and 4.3% by weight

threonine; (iv) between 1.9% by weight and 3.3% by weight tryptophan and (v) between

2.9% by weight and 4.4% by weight crude fat.
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39. The single-cell protein product of Claim 38, comprising on dry basis between 0.5% by
weight and 2.2% by weight butyric acid.

40. The single-cell protein product of Claim 38, comprising on dry basis between 5% by weight
and 9% by weight ash.

41. An animal feed ingredient comprising the single-cell protein product of Claim 38.

42. An integrated method for the production of ethanol and said single cell protein product of

Claim 38, comprising

(i) providing a fermentation medium comprising a carbohydrate and undissolved
protein;

(ii) culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;

(iii) processing said fermentation liquor, which processing comprises distilling, separating
solids and evaporating, whereby separated ethanol, a separated protein cake and a
syrup are formed, which syrup comprises residual carbohydrate, undissolved protein
and optionally byproduct glycerol;

(iv) separating undissolved protein from said syrup, whereby separated undissolved
protein and a sweet syrup are formed, which sweet syrup comprises residual
carbohydrate and optionally byproduct glycerol;

(v) washing said separated undissolved protein, whereby washed undissolved protein and
a wash liquor are formed;

(vi) combining said wash liquor with said sweet syrup, whereby a modified sweet syrup is
formed;

(vii) culturing a selected organism in said modified sweet syrup, whereby said residual
carbohydrate and optionally at least one of said byproduct glycerol and carbon dioxide
are metabolized and an SCP-comprising broth is formed;

(viii) separating SCP from said SCP-comprising broth, whereby crude SCP and modified
syrup are formed;

(ix) washing said crude SCP, whereby washed SCP is formed; and
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drying said washed SCP;

wherein

(a)

(b)

the combined carbon content of said residual carbohydrate and said byproduct
glycerol in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

said selected organism comprises an acetogenic organism.

43. An integrated method for the production of ethanol and a single cell protein product,

comprising

@

(i1)

(ii1)

(iv)

v)

(vi)

(vii)

(viii)

(ix)
(x)

providing a fermentation medium comprising a carbohydrate and undissolved
protein;

culturing yeast in said medium for a specific duration, whereby a fraction of said
fermentation medium carbohydrate is metabolized and carbon dioxide and a
fermentation liquor are generated, which fermentation liquor comprises ethanol,
residual carbohydrate, undissolved protein and optionally byproduct glycerol;
processing said fermentation liquor, which processing comprises distilling,
separating solids and evaporating, whereby separated ethanol, a separated protein
cake and a syrup are formed, which syrup comprises residual carbohydrate,
undissolved protein and optionally byproduct glycerol;

optionally separating undissolved protein from said syrup, whereby separated
undissolved protein and a sweet syrup are formed, which sweet syrup comprises
residual carbohydrate and optionally byproduct glycerol;

optionally washing said separated undissolved protein, whereby washed undissolved
protein and a wash liquor are formed;

optionally combining said wash liquor with said sweet syrup, whereby a modified
sweet syrup is formed;

culturing a selected organism in said syrup, in said sweet syrup or in said modified
sweet syrup, whereby said residual carbohydrate and optionally at least one of said
byproduct glycerol and carbon dioxide are metabolized and an SCP-comprising broth
is formed;

optionally, separating SCP from said SCP-comprising broth, whereby crude SCP and
modified syrup are formed;

optionally washing said crude SCP, whereby washed SCP is formed; and

drying said SCP-comprising broth, said crude SCP or said washed SCP;
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wherein

(a) the combined carbon content of said residual carbohydrate and said byproduct
glycerol in said fermentation liquor is at least 3% of that in the fermentation medium
carbohydrate; and

(b) said selected organism comprises an acetogenic organism.

44. The method of Claim 43, wherein said culturing yeast specific duration is selected so that

less than 95% by weight of said fermentation medium carbohydrate is metabolized.

45. The method of Claim 43, wherein said fermentation liquor comprises at least 10% ethanol.

46. The method of Claim 43, wherein said fermentation liquor comprises at least 0.5%

glycerol.

47. The method of Claim 43, wherein said fermentation liquor residual carbohydrate

comprises at least 0.5% oligosaccharide.

48. The method of Claim 43, wherein said selected organism further comprises an organism

capable of metabolizing glycerol, oligosaccharides or a combination thereof.

49. The method of Claim 43, wherein said culturing selected organism is anaerobic.

50. The method of Claim 43, further comprising lysing said crude SCP, said washed SCP, said
dried crude SCP and/or said dried washed SCP.

51. The method of Claim 43, further comprises adding an exogenous carbon source to said
syrup, sweet syrup or modified sweet syrup, wherein said exogenous carbon source is

metabolized in said culturing selected organism.

52. The method of Claim 43, wherein biomass generation yield is at least 15% weight

calculated on combined weight of carbohydrate and glycerol.

53. The method of Claim 43, wherein biomass generation productivity is at least 0.5 g/L/hr.
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54. The method of Claim 43, wherein SCP crude protein content on dry basis is at least 55% by
weight.

55. The method of Claim 43, wherein said SCP crude protein comprises at least 0.2% by weight
butyric acid on dry basis.

56. The method of Claim 43, wherein said SCP crude protein comprises less than 5% by weight
ash on dry basis.

57. An integrated method for the production of ethanol and a single cell protein product,
comprising

(i) providing a fermentation medium comprising a carbohydrate and undissolved
protein;

(ii) culturing in said medium yeast and a selected organism for a specific duration,
whereby said carbohydrate is metabolized and carbon dioxide and a fermentation
liquor are generated, which fermentation liquor comprises ethanol and single cell
protein;

(iii) processing said fermentation liquor, which processing comprises distilling, separating
solids and drying, whereby separated ethanol and a protein product are formed;

wherein

(a) said culturing specific duration is selected so that the carbon content of said
separated ethanol is less than 64% of the carbon content of said fermentation
medium carbohydrate;

(b) said culturing specific duration is selected so that the carbon content of said single
cell protein is at least 3% of the carbon content of said fermentation medium
carbohydrate; and

(c) said selected organism comprises an acetogenic organism.
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