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ABSTRACT 

The present invention relates to methods for producing high 
levels of alcohol during fermentation of plant material, and 
to the high alcohol beer produced. The present invention 
also relates to methods for producing high protein distiller's 
dried grain from fermentation of plant material, and to the 
high protein distiller's dried grain produced. The present 
invention further relates to reduced Stack emissions from 
drying distillation products from the production of ethanol. 
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FIG. 2A 

mm GA 
aOm SP 288 

AGU or AFAU Activity 
Dosed per gm DSC 

t 

O.O. O.3 0.6 0.9 12 15 1.8 2.1 24 2.7 3.0 3.3 

AGU or AFAU Activity 
Dosed per gm DSC 

O.O. O.3 0.6 0.9 12 15 1.8 2.1 2.4 2.7 3.0 3.3 

aas GA 
smOSP 288 

l 
AGU or AFAUActivity 
Dosed per gm DSC 

0.0 O3 O.6 0.9 12 1.5 18 2.1 24 2.7 3.0 3.3 

  



Patent Application Publication Nov. 25, 2004 Sheet 5 of 25 US 2004/0234649 A1 

FG. 3A 

O 
O 

O 
C 
(V 
w 

Screen Size on Mill (mm) 

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

FIG. 3B 

O 1.0 AGU's per Gram DSC 
o 1.5 AGU's per Gram DSC 

Screen Size on Mill (mm) 

0.0 (0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 

  



Patent Application Publication Nov. 25, 2004 Sheet 6 of 25 US 2004/0234649 A1 

FG. 3C 

o 1.0 AGU's per Gram DSC 
o 1.5 AGU's per Gram DSC 

Screen Size on Mill (mm) 

0.0 (0.2 0.4 0.6 0.8 1.O. 12 1.4 1.6 1.8 2.0 2.2 24 

o 1.0 AGU's per Gram DSC 
o 1.5 AGU's per Gram DSC 

9 

s 

8 

Screen Size on Mill (mm) 

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 

  



Patent Application Publication Nov. 25, 2004 Sheet 7 of 25 US 2004/0234649 A1 

FIG. 4A 
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METHOD FOR PRODUCING ETHANOL USING 
RAW STARCH 

FIELD OF THE INVENTION 

0001. The present invention relates to methods for pro 
ducing high levels of alcohol during fermentation of plant 
material, and to the high alcohol beer produced. The present 
invention also relates to methods for producing high protein 
distiller's dried grain from fermentation of plant material, 
and to the high protein distiller's dried grain produced. The 
present invention further relates to reduced Stack emissions 
from drying distillation products from the production of 
ethanol. 

BACKGROUND OF THE INVENTION 

0002) Numerous conventional methods exist for convert 
ing plant material to ethanol. However, these methods Suffer 
from numerous inefficiencies. There remains a need for 
additional more effective methods for converting plant mate 
rial to ethanol and for producing improved fermentation 
products. 

SUMMARY OF THE INVENTION 

0003. The present invention relates to methods for pro 
ducing high levels of alcohol during fermentation of plant 
material, and to the high alcohol beer produced. The present 
invention also relates to methods for producing high protein 
distiller's dried grain from fermentation of plant material, 
and to the high protein distiller's dried grain produced. 
0004. In an embodiment, the present invention relates to 
a proceSS for producing ethanol from plant material. This 
method includes grinding the plant material to produce 
ground plant material including Starch; Saccharifying the 
Starch, without cooking, fermenting the incubated Starch; 
and recovering the ethanol from the fermentation. The 
present method can include varying the temperature during 
fermentation. The present method can include employing a 
plant material with a particle size such that more than 50% 
of the material fits though a sieve with a 0.5 mm mesh. The 
present method can yield a composition including at least 18 
vol-% ethanol. 

0005. In an embodiment, the present invention relates to 
a process for producing high protein distiller's dried grain 
from plant material. This method includes grinding the plant 
material to produce ground plant material including Starch; 
producing Sugars from the Starch without cooking; ferment 
ing the uncooked Sugars to yield a composition including 
ethanol; and recovering distiller's dried grain from the 
fermentation. The distiller's dried grain can include at least 
about 30% protein. The distillers dried grain can include 
increased levels of the protein Zein. 
0006. In an embodiment, the present invention relates to 
a process of producing ethanol from corn. This proceSS 
includes producing Starch from corn and ethanol from the 
Starch; producing dryer Stack emissions including a signifi 
cantly lower level of volatile organic compounds than con 
ventional technologies. 

BRIEF DESCRIPTION OF THE FIGURES 

0007 FIGS. 1A-E schematically illustrate a comparison 
of the yield of the process of the present invention compared 
to the conventional process. 
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0008 FIGS. 2A-2C schematically illustrate the effect of 
dosages of glucoamylase and acid fungal amylase in the 
present proceSS. 

0009 FIGS. 3A-3D schematically illustrate the effect of 
grind Size and enzyme dosage on fermentation efficiency in 
the present process. 

0010 FIGS. 4A-4C schematically illustrate the effect of 
grind particle size, glucoamylase type, and acid fungal 
amylase dosage on fermentation efficiency in the present 
proceSS. 

0011 FIGS. 5A-5J schematically illustrate the effect of 
initial dry Solids and temperature on fermentation perfor 
mance in the present process. 

0012 FIGS. 6A and 6B schematically illustrate high 
levels of ethanol production from the process of the present 
invention using Simultaneous Saccharification and fermen 
tation (SSF) batch or continuous modes of operation. 
0013 FIG. 7 schematically illustrates that the present 
process maintained low levels of glycerol during SSF batch 
operations. 

0014 FIG. 8 schematically illustrates that the present 
process maintained low levels of fusel oils during SSF batch 
operations. 

0.015 FIGS. 9A and 9B schematically illustrate that the 
present process maintained low levels of glucose during SSF 
batch or continuous fermentation modes of operation. 

0016 FIGS. 10A and 10B schematically illustrate that 
the present process maintained low levels of maltose during 
SSF batch or continuous fermentation modes of operation. 

0017 FIGS. 11A and 11B schematically illustrate that 
the present process maintained low levels of maltotriose 
(DP3) during SSF batch or continuous fermentation modes 
of operation. 

0018 FIGS. 12A and 12B schematically illustrate that 
the present process maintained low levels of dextrins 
(DP4+) during SSF batch or continuous fermentation modes 
of operation. 

0019 FIG. 13 schematically illustrates that the present 
process impacts DDGS quality favorably based on caking 
tendency. 

0020 FIGS. 14A and 14B schematically illustrate mass 
balance of the present proceSS related to proximate Separa 
tions during the centrifugation Step of ethanol production. 

0021 FIGS. 15A-D schematically illustrate that the 
present proceSS affords advantageous fermentation of non 
traditional feedstockS. 

0022 FIGS. 16A-C schematically illustrate that the pro 
ceSS of the present invention is capable of Stable operation 
in a continuous mode of operation without significant loSS 
due to acid producing bacterial contaminants. 

0023 FIG. 17 schematically illustrates that the present 
process is capable of achieving low residual Starch levels in 
a continuous mode of operation. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0024 Definitions 
0.025 AS used herein, the phrase “without cooking” 
refers to a proceSS for converting Starch to ethanol without 
heat treatment for gelatinization and dextrinization of Starch 
using alpha-amylase. Generally, for the process of the 
present invention, “without cooking” refers to maintaining a 
temperature below Starch gelatinization temperatures, So 
that Saccharification occurs directly from the raw native 
insoluble Starch to Soluble glucose while bypassing conven 
tional Starch gelatinization conditions. Starch gelatinization 
temperatures are typically in a range of 57 C. to 93 C. 
depending on the Starch Source and polymer type. In the 
method of the present invention, dextrinization of Starch 
using conventional liquefaction techniques is not necessary 
for efficient fermentation of the carbohydrate in the grain. 
0026. As used herein, the phrase “plant material” refers to 
all or part of any plant (e.g., cereal grain), typically a 
material including Starch. Suitable plant material includes 
grains Such as maize (corn, e.g., whole ground corn), Sor 
ghum (milo), barley, wheat, rye, rice, and millet; and Starchy 
root crops, tubers, or roots Such as Sweet potato and cassaya. 
The plant material can be a mixture of Such materials and 
byproducts of Such materials, e.g., corn fiber, corn cobs, 
Stover, or other cellulose and hemicellulose containing mate 
rials. Such as wood or plant residues. Suitable plant materials 
include corn, either standard corn or waxy corn. 
0.027 AS used herein, the terms “saccharification” and 
"Saccharifying refer to the process of converting Starch to 
Smaller polysaccharides and eventually to monosaccharides, 
Such as glucose. Conventional Saccharification uses lique 
faction of gelatinized Starch to create Soluble dextrinized 
Substrate which glucoamylase enzyme hydrolyzes to glu 
cose. In the present method, Saccharification refers to con 
Verting raw Starch to glucose with enzymes, e.g., glucoamy 
lase and acid fungal amylase (AFAU). According to the 
present method, the raw Starch is not Subjected to conven 
tional liquefaction and gelatinization to create a conven 
tional dextrinized Substrate. 

0028. As used herein, a unit of acid fungal amylase 
activity (AFAU) refers to the standard Novozymes units for 
measuring acid fungal amylase activity. The Novozymes 
units are described in a Novozymes technical bulletin SOP 
No. EB-SM-0259.02/01. Such units can be measured by 
detecting products of Starch degradation by iodine titration. 
1 unit is defined as the amount of enzyme that degrades 
5.260 mg Starch dry matter per hour under Standard condi 
tions. 

0029. As used herein, a unit of glucoamylase activity 
(GAU) refers to the standard Novozymes units for measur 
ing glucoamylase activity. The Novozymes units and assays 
for determining glucoamylase activity are described in a 
publicly available Novozymes technical bulletin. 
0.030. As used herein, a unit of amyloglucosidase activity 
(AGU) refers to the standard Novozymes units for measur 
ing amyloglucosidase activity. The Novozymes units are 
described in a Novozymes technical bulletin SOP No 
EB-SM-0131.02/01. Such units can be measured by detect 
ing conversion of maltose to glucose. The glucose can be 
determined using the glucose dehydrogenase reaction. 1 unit 
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is defined as the amount of enzyme that catalyzes the 
conversion of 1 mmol maltose per minute under the given 
conditions. 

0031 AS used herein, the term “about” modifying any 
amount refers to the variation in that amount encountered in 
real world conditions of producing SugarS and ethanol, e.g., 
in the lab, pilot plant, or production facility. For example, an 
amount of an ingredient employed in a mixture when 
modified by “about” includes the variation and degree of 
care typically employed in measuring in an ethanol produc 
tion plant or lab. For example, the amount of a component 
of a product when modified by “about includes the varia 
tion between batches in an ethanol production plant or lab 
and the variation inherent in the analytical method. Whether 
or not modified by “about,” the amounts include equivalents 
to those amounts. Any quantity Stated herein and modified 
by "about can also be employed in the present invention as 
the amount not modified by “about.” 
0032) Converting Starch to Ethanol 
0033. The present invention relates to methods for pro 
ducing high levels of alcohol during fermentation of plant 
material, and to the high alcohol beer produced. The present 
invention also relates to methods for producing high protein 
distiller's dried grain from fermentation of plant material, to 
the high protein distiller's dried grain produced, and to the 
cleaner dryer Stack emissions. 
0034. The present method converts starch from plant 
material to ethanol. In an embodiment, the present method 
can include preparing the plant material for Saccharification, 
converting the prepared plant material to Sugars without 
cooking, and fermenting the Sugars. 
0035. The plant material can be prepared for saccharifi 
cation by any a variety of methods, e.g., by grinding, to 
make the Starch available for Saccharification and fermen 
tation. In an embodiment, the vegetable material can be 
ground So that a Substantial portion, e.g., a majority, of the 
ground material fits through a sieve with a 0.1-0.5 mm 
Screen. For example, in an embodiment, about 70% or more, 
of the ground vegetable material can fit through a Sieve with 
a 0.1-0.5 mm Screen. In an embodiment, the reduced plant 
material can be mixed with liquid at about 20 to about 50 
wt-% or about 25 to about 45 wt-% dry reduced plant 
material. 

0036) The present process can include converting 
reduced plant material to Sugars that can be fermented by a 
microorganism Such as yeast. This conversion can be 
effected by Saccharifying the reduced plant material with an 
enzyme preparation, Such as a Saccharifying enzyme com 
position. A Saccharifying enzyme composition can include 
any of a variety of known enzymes Suitable for converting 
reduced plant material to fermentable Sugars, Such as amy 
lases (e.g., C.-amylase and/or glucoamylase). In an embodi 
ment, Saccharification is conducted at a pH of about 6.0 or 
less, for example, about 4.5 to about 5.0. 
0037. The present process includes fermenting Sugars 
from reduced plant material to ethanol. Fermenting can be 
effected by a microorganism, Such as yeast. In an embodi 
ment, fermentation is conducted at a pH of about 6 or less, 
for example, about 4.5 to about 5. In an embodiment, the 
present method can include varying the pH. For example, 
fermentation can include filling the fermenter at pH of about 
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3 to about 4.5 during the first half of fill and at a pH of about 
4.5 to about 6 during the second half of the fermenter fill 
cycle. In an embodiment, fermentation is conducted at a 
temperature of about 25 to about 40 C. or about to about 35 
C. In an embodiment, during fermentation the temperature is 
decreased from about 40° C. to about 30° C. or about 25 C., 
or from about 35° C. to about 30° C., during the first half of 
the fermentation, and the temperature is held at the lower 
temperature for the Second half of the fermentation. In an 
embodiment, fermentation is conducted for about to (e.g., 
24) to about to 150 hours, for example, for about 48 (e.g., 
47) to about 96 hours. 
0.038. The present process can include simultaneously 
converting reduced plant material to Sugars and fermenting 
those Sugars with a microorganism Such as yeast. 
0.039 The product of the fermentation process is referred 
to herein as "beer”. Ethanol can be recovered from the 
fermentation mixture, from the beer, by any of a variety of 
known processes, Such as by distilling. The remaining 
Stillage includes both liquid and Solid material. The liquid 
and Solid can be separated by, for example, centrifugation. 
0040 Preparing the Plant Material 
0041. The present method converts starch from plant 
material to ethanol. The plant material can be reduced by a 
variety of methods, e.g., by grinding, to make the Starch 
available for Saccharification and fermentation. Other meth 
ods of plant material reduction are available. For example, 
vegetable material, Such as kernels of corn, can be ground 
with a ball mill, a roller mill, a hammer mill, or another mill 
known for grinding vegetable material, and/or other mate 
rials for the purposes of particle size reduction. The use of 
emulsion technology, rotary pulsation, and other means of 
particle size reduction can be employed to increase Surface 
area of plant material while raising the effectiveness of 
flowing the liquefied media. The prepared plant material can 
be referred to as being or including "raw Starch'. 
0.042 A fine grind exposes more surface area of the plant 
material, or vegetable material, and can facilitate Sacchari 
fication and fermentation. In an embodiment, the vegetable 
material is ground So that a Substantial portion, e.g., a 
majority, of the ground material fits through a Sieve with a 
0.1-0.5 mm screen. In an embodiment, about 35% or more 
of the ground vegetable material can fit through a Sieve with 
a 0.1-0.5 mm screen. In an embodiment, about 35 to about 
70% of the ground vegetable material can fit through a sieve 
with a 0.1-0.5 mm screen. In an embodiment, about 50% or 
more of the ground vegetable material can fit through a Sieve 
with a 0.1-0.5 mm screen. In an embodiment, about 90% of 
the ground vegetable material can fit through a Sieve with a 
0.1-0.5 mm screen. In an embodiment, all of the ground 
vegetable material can fit through a sieve with a 0.1-0.5 mm 
SCCC. 

0043 Fractionation 
0044) In an embodiment, the vegetable material can be 
fractionated into one or more components. For example, a 
vegetable material Such as a cereal grain or corn can be 
fractionated into components Such as fiber (e.g., corn fiber), 
germ (e.g., corn germ), and a mixture of Starch and protein 
(e.g., a mixture of corn Starch and corn protein). One or a 
mixture of these components can be fermented in a proceSS 
according to the present invention. Fractionation of corn or 
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another plant material can be accomplished by any of a 
variety of methods or apparatus. For example, a System 
manufactured by Satake can be used to fractionate plant 
material Such as corn. 

0045 Saccharification and Fermentation 
0046) Saccharification 
0047 The present process can include converting 
reduced plant material to Sugars that can be fermented by a 
microorganism Such as yeast. This conversion can be 
effected by Saccharifying the reduced plant material with 
any of a variety of known Saccharifying enzyme composi 
tions. In an embodiment, the Saccharifying enzyme compo 
Sition includes an amylase, Such as an alpha amylase (e.g., 
acid fungal amylase). The enzyme preparation can also 
include glucoamylase. The enzyme preparation need not, 
and, in an embodiment, does not include protease. However, 
ethanol production methods according to the present inven 
tion can conserve water by reusing process waters (backset) 
which may contain protease. In an embodiment, the present 
method employs acid fungal amylase for hydrolyzing raw 
Starch. 

0048 Saccharifying can be conducted without cooking. 
For example, Saccharifying can be conducted by mixing 
Source of Saccharifying enzyme composition (e.g., commer 
cial enzyme), yeast, and fermentation ingredients with 
ground grain and process waters without cooking. 

0049. In an embodiment, saccharifying can include mix 
ing the reduced plant material with a liquid, which can form 
a Slurry or Suspension and adding Saccharifying enzyme 
composition (e.g., at least one of acid fungal amylase and 
glucoamylase) to the liquid. In an embodiment, the method 
includes mixing the reduced plant material and liquid and 
then adding the Saccharifying enzyme composition (e.g., at 
least one of acid fungal amylase and glucoamylase). Alter 
natively, adding enzyme composition can precede or occur 
Simultaneously with mixing. 

0050. In an embodiment, the reduced plant material can 
be mixed with liquid at about 20 to about 50 wt-%, about 25 
to about 45 (e.g., 44) wt-%, about 30 to about 40 (e.g., 39) 
wt-%, or about 35 wt-% dry reduced plant material. As used 
herein, wt-% of reduced plant material in a liquid refers to 
the percentage of dry Substance reduced plant material or 
dry solids. In an embodiment, the method of the present 
invention can convert raw or native starch (e.g., in dry 
reduced plant material) to ethanol at a faster rate at higher 
dry Solids levels compared to conventional Saccharification 
with cooking. Although not limiting to the present invention, 
it is believed that the present method can be practiced at 
higher dry Solids levels because, unlike the conventional 
process, it does not include gelatinization, which increases 
Viscosity. 

0051 Suitable liquids include water and a mixture of 
water and process waters, Such as stillage (backSet), Scrub 
ber water, evaporator condensate or distillate, Side Stripper 
water from distillation, or other ethanol plant process waters. 
In an embodiment, the liquid includes water. In an embodi 
ment, the liquid includes water in a mixture with about 1 to 
about 70 vol-% stillage, about 15 to about 60 vol-% stillage, 
about 30 to about 50 vol-% stillage, or about 40 vol-% 
Stillage. 
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0.052 In the conventional process employing gelatiniza 
tion and liquefaction, Stillage provides nutrients for efficient 
yeast fermentation, especially free amino nitrogen (FAN) 
required by yeast. The present invention can provide effec 
tive fermentation with reduced levels of Stillage and even 
without added Stillage. In an embodiment, the present 
method employs a preparation of plant material that Supplies 
Sufficient quantity and quality of nitrogen for efficient fer 
mentation under high gravity conditions (e.g., in the pres 
ence of high levels of reduced plant material). Thus, in an 
embodiment, no or only low levels of Stillage can Suffice. 
0053. However, the present method provides the flexibil 
ity to employ high levels of Stillage if desired. The present 
method does not employ conventional liquefaction. Con 
ventional liquefaction increases Viscosity of the fermenta 
tion mixture and the resulting Stillage. The present method 
produces lower Viscosity Stillage. Therefore, in an embodi 
ment, increased levels of Stillage can be employed in the 
present method without detrimental increases in Viscosity of 
the fermentation mixture or resulting Stillage. 
0.054 Further, although not limiting to the present inven 
tion, it is believed that conventional Saccharification and 
fermentation processes require added FAN due to undesir 
able “Maillard Reactions” which occur during high tem 
perature gelatinization and liquefaction. The Maillard Reac 
tions consume FAN during cooking. As a result, the 
conventional process requires adding Stillage to increase 
levels of FAN in fermentation. It is believed that the present 
proceSS avoids temperature induced Maillard Reactions and 
provides increased levels of FAN in the reduced plant 
material, which are effectively utilized by the yeast in 
fermentation. 

0.055 Saccharification can employ any of a variety of 
known enzyme Sources (e.g., a microorganism) or compo 
Sitions to produce fermentable Sugars from the reduced plant 
material. In an embodiment, the Saccharifying enzyme com 
position includes an amylase, Such as an alpha amylase (e.g., 
acid fungal amylase) or a glucoamylase. 
0056. In an embodiment, saccharification is conducted at 
a pH of about 6.0 or less, pH of about 3.0 to about 6.0, about 
3.5 to about 6.0, about 4.0 to about 5.0, about 4.0 to about 
4.5, or about 4.5 to about 5.0. The initial pH of the 
Saccharification mixture can be adjusted by addition of, for 
example, ammonia, Sulfuric acid, phosphoric acid, proceSS 
waters (e.g., stillage (backSet), evaporator condensate (dis 
tillate), Side Stripper bottoms, and the like), and the like. 
Activity of certain Saccharifying enzyme compositions (e.g., 
at least one of acid fungal amylase and glucoamylase) can be 
enhanced at pH lower than the above ranges. 

0057. In an embodiment, saccharification is conducted at 
a temperature of about 25 to about 40 C. or about 30 to 
about 35° C. 

0.058. In an embodiment, saccharifying can be carried out 
employing quantities of Saccharifying enzyme composition 
(e.g., at least one of acid fungal amylase and glucoamylase) 
Selected to maintain low concentrations of dextrin in the 
fermentation broth. For example, the present proceSS can 
employ quantities of Saccharifying enzyme composition 
(e.g., at least one of acid fungal amylase and glucoamylase) 
selected to maintain maltotriose (DP3) at levels at or below 
about 0.2 wt-% or at or below about 0.1 wt-%. For example, 
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the present proceSS can employ quantities of Saccharifying 
enzyme composition (e.g., at least one of acid fungal amy 
lase and glucoamylase) Selected to maintain dextrin with a 
degree of polymerization of 4 or more (DP4+) at levels at or 
below about 1 wt-% or at or below about 0.5 wt-%. For 
maintaining low levels of maltotriose and/or DP4+, suitable 
levels of acid fungal amylase and glucoamylase include 
about 0.3 to about 3 AFAU/gram dry solids reduced plant 
material (e.g., DSC) of acid fungal amylase and about 1 to 
about 2.5 (e.g., 2.4) AGU per gram dry Solids reduced plant 
material (e.g., DSC) of glucoamylase. In an embodiment, 
the reaction mixture includes about 1 to about 2 AFAU/gram 
dry Solids reduced plant material (e.g., DSC) of acid fungal 
amylase and about 1 to about 1.5 AGU per gram dry Solids 
reduced plant material (e.g., DSC) of glucoamylase. 
0059. In an embodiment, saccharifying can be carried out 
employing quantities of Saccharifying enzyme composition 
(e.g., at least one of acid fungal amylase and glucoamylase) 
Selected to maintain low concentrations of maltose in the 
fermentation broth. For example, the present process can 
employ quantities of Saccharifying enzyme composition 
(e.g., at least one of acid fungal amylase and glucoamylase) 
Selected to maintain maltose at levels at or below about 0.3 
wt-%. For maintaining low levels of maltose, suitable levels 
of acid fungal amylase and glucoamylase include about 0.3 
to about 3 AFAU/gram dry solids reduced plant material 
(e.g., DSC) of acid fungal amylase and about 1 to about 2.5 
(e.g., 2.4) AGU per gram dry Solids reduced plant material 
(e.g., DSC) of glucoamylase. In an embodiment, the reaction 
mixture includes about 1 to about 2 AFAU/gram dry solids 
reduced plant material (e.g., DSC) of acid fungal amylase 
and about 1 to about 1.5 AGU per gram dry solids reduced 
plant material (e.g., DSC) of glucoamylase. 
0060 Acid Fungal Amylase 

0061. In certain embodiments, the present method 
employs an O-amylase. The C-amylase can be one produced 
by fungi. The C-amylase can be one characterized by its 
ability to hydrolyze carbohydrates under acidic conditions. 
An amylase produced by fungi and able to hydrolyze 
carbohydrates under acidic conditions is referred to herein as 
acid fungal amylase, and is also known as an acid stable 
fungal C.-amylase. Acid fungal amylase can catalyze the 
hydrolysis of partially hydrolyzed Starch and large oligosac 
charides to SugarS Such as glucose. The acid fungal amylase 
that can be employed in the present proceSS can be charac 
terized by its ability to aid the hydrolysis of raw or native 
Starch, enhancing the Saccharification provided by glu 
coamylase. In an embodiment, the acid fungal amylase 
produces more maltose than conventional (e.g., bacterial) 
C.-amylases. 

0062 Suitable acid fungal amylase can be isolated from 
any of a variety of fungal Species, including Aspergillus, 
Rhizopus, Mucor, Candida, Coriolus, Endothia, Entho 
mophtora, Inpex, Penicillium, Sclerotium and Torulopsis 
Species. In an embodiment, the acid fungal amylase is 
thermally stable and is isolated from Aspergillus species, 
Such as A. niger, A. Saitoi or A. Oryzae, from Mucor Species 
such as M. pusillus or M. miehei, or from Endothia species 
Such as E. parasitica. In an embodiment, the acid fungal 
amylase is isolated from Aspergillus niger. The acid fungal 
amylase activity can be Supplied as an activity in a glu 
coamylase preparation, or it can be added as a Separate 
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enzyme. A Suitable acid fungal amylase can be obtained 
from Novozymes, for example in combination with glu 
coamylase. 
0.063. The amount of acid fungal amylase employed in 
the present proceSS can vary according to the enzymatic 
activity of the amylase preparation. Suitable amounts 
include about 0.1 to about 10 acid fungal amylase units 
(AFAU) per gram of dry Solids reduced plant material (e.g., 
dry solids corn (DSC). In an embodiment, the reaction 
mixture can include about 0.3 to about 3 AFAU/gram dry 
Solids reduced plant material (e.g., DSC). In an embodiment, 
the reaction mixture can include about 1 to about 2 AFAU/ 
gram dry Solids reduced plant material (e.g., DSC). 
0064. Glucoamylase 
0065. In certain embodiments, the present method can 
employ a glucoamylase. Glucoamylase is also known as 
amyloglucosidase and has the Systematic name 1,4-alpha 
D-glucan glucohydrolase (E.C. 3.2.1.3). Glucoamylase 
refers to an enzyme that removes Successive glucose units 
from the non-reducing ends of Starch. For example, certain 
glucoamylases can hydrolyze both the linear and branched 
glucosidic linkages of Starch, amylose, and amylopectin. A 
variety of Suitable glucoamylases are known and commer 
cially available. For example, SupplierS Such as Novozymes 
and Genencor provide glucoamylases. The glucoamylase 
can be of fungal origin. 
0.066 The amount of glucoamylase employed in the 
present proceSS can vary according to the enzymatic activity 
of the amylase preparation. Suitable amounts include about 
0.1 to about 6.0 glucoamylase units (AGU) per gram dry 
Solids reduced plant material (e.g., DSC). In an embodiment, 
the reaction mixture can include about 1 to about 3 AGU per 
gram dry Solids reduced plant material (e.g., DSC). In an 
embodiment, the reaction mixture can include about 1 to 
about 2.5 (e.g., 2.4) AGU per gram dry Solids reduced plant 
material (e.g., DSC). In an embodiment, the reaction mix 
ture can include about 1 to about 2 AGU per gram dry Solids 
reduced plant material (e.g., DSC). In an embodiment, the 
reaction mixture can include about 1 to about 1.5 AGU per 
gram dry Solids reduced plant material (e.g., DSC). In an 
embodiment, the reaction mixture can include about 1.2 to 
about 1.5 AGU per gram dry Solids reduced plant material 
(e.g., DSC). 
0067. Fermenting 
0068 The present process includes fermenting Sugars 
from reduced plant material to ethanol. Fermenting can be 
effected by a microorganism, Such as yeast. The fermenta 
tion mixture need not, and in an embodiment does not, 
include protease. However, the process waters may contain 
protease. The amount of protease can be less than that used 
in the conventional process. According to the present inven 
tion, fermenting is conducted on a Starch composition that 
has not been cooked. In an embodiment, the present fer 
mentation process produceSpotable alcohol. Potable alcohol 
has only acceptable, nontoxic levels of other alcohols, Such 
as fusel oils. Fermenting can include contacting a mixture 
including Sugars from the reduced plant material with yeast 
under conditions Suitable for growth of the yeast and pro 
duction of ethanol. In an embodiment, fermenting employs 
the Saccharification mixture. 

0069. Any of a variety of yeasts can be employed as the 
yeast Starter in the present process. Suitable yeasts include 
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any of a variety of commercially available yeasts, Such as 
commercial strains of Saccharomyces cerevisiae. Suitable 
strains include “Fali” (Fleischmann's), Thermosac 
(Alltech), Ethanol Red (LeSafre), BioFerm AFT (North 
American Bioproducts), and the like. In an embodiment, the 
yeast is Selected to provide rapid growth and fermentation 
rates in the presence of high temperature and high ethanol 
levels. In an embodiment, Fali yeast has been found to 
provide good performance as measured by final alcohol 
content of greater than 17% by volume. 
0070 The amount of yeast starter employed is selected to 
effectively produce a commercially significant quantity of 
ethanol in a Suitable time, e.g., less than 75 hours. 
0071 Yeast can be added to the fermentation by any of a 
variety of methods known for adding yeast to fermentation 
processes. For example, yeast Starter can be added by as a 
dry batch, or by conditioning/propagating. In an embodi 
ment, yeast Starter is added as a Single inoculation. In an 
embodiment, yeast is added to the fermentation during the 
fermenter fill at a rate of 5 to 100 pounds of active dry yeast 
(ADY) per 100,000 gallons of fermentation mash. In an 
embodiment, the yeast can be acclimated or conditioned by 
incubating about 5 to 50 pounds of ADY per 10,000 gallon 
Volume of fermenter Volume in a prefermenter or propaga 
tion tank. Incubation can be from 8 to 16 hours during the 
propagation Stage, which is also aerated to encourage yeast 
growth. The prefermenter used to inoculate the main fer 
menter is can be from 1 to 10% by volume capacity of the 
main fermenter, for example, from 2.5 to 5% by volume 
capacity relative to the main fermenter. 
0072. In an embodiment, the fermentation is conducted at 
a pH of about 6 or less, pH of about 3 to about 6, about 3.5 
to about 6, about 4 to about 5, about 4 to about 4.5, or about 
4.5 to about 5. The initial pH of the fermentation mixture can 
be adjusted by addition of, for example, ammonia, Sulfuric 
acid, phosphoric acid, process waters (e.g., stillage (back 
Set), evaporator condensate (distillate), Side Stripper bot 
toms, and the like), and the like. 
0073 Although not limiting to the present invention, it is 
believed that known distillery yeast grow well over the pH 
range of 3 to 6, but are more tolerant of lower pHs down to 
3.0 than most contaminant bacterial Strains. Contaminating 
lactic and acetic acid bacteria grow best at pH of 5.0 and 
above. Thus, in the pH range of 3.0 to 3.5, it is believed that 
ethanol fermentation will predominate because yeast will 
grow better than contaminating bacteria. 
0074. In an embodiment, the present method can include 
varying the pH. It is believed that varying the pH can be 
conducted to reduce the likelihood of contamination early in 
fermentation and/or to increase yeast growth and fermenta 
tion during the latter Stages of fermentation. For example, 
fermentation can include filling the fermenter at pH of about 
3 to about 4.5 during the first half of fill. Fermentation can 
include increasing the slurry pH to pH of about 4.5 to about 
6 during the second half of the fermenter fill cycle. Fermen 
tation can include maintaining pH by adding fresh Substrate 
slurry at the desired pH as described above. In an embodi 
ment, during fermentation (after filling), pH is not adjusted. 
Rather, in this embodiment, the pH is determined by the pH 
of the components during filling. 
0075. In an embodiment, the pH is decreased to about 
five (5) or below in the corn process waters. In an embodi 
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ment, the pH is about pH 4 (e.g. 4.1) at the start of 
fermentation fill and is increased to about pH 5 (e.g. 5.2) 
toward the end of fermentation fill. In an embodiment, the 
method includes Stopping pH control of the mash slurry after 
the yeast culture becomes established during the initial 
process of filling the fermenter, and then allowing the pH to 
drift up in the corn process waters during the end Stages of 
filling the fermenter. 
0.076. In an embodiment, fermentation is conducted for 
about to 25 (e.g., 24) to about to 150 hours, about 25 (e.g., 
24) to about 96 hours, about 40 to about 96 hours, about 45 
(e.g., 44) to about 96 hours, about 48 (e.g., 47) to about 96 
hours. For example, fermentation can be conducted for 
about 30, about 40, about 50, about 60, or about 70 hours. 
For example, fermentation can be conducted for about 35, 
about 45, about 55, about 65, or about 75 hours. 
0077. In an embodiment, fermentation is conducted at a 
temperature of about 25 to about 40 C. or about 30 to about 
35 C. In an embodiment, during fermentation the tempera 
ture is decreased from about 40 C. to about 30° C. or about 
25°C., or from about 35° C. to about 30° C., during the first 
half of the fermentation, and the temperature is held at the 
lower temperature for the second half of the fermentation. In 
an embodiment, the temperature can be decreased as ethanol 
is produced. For example, in an embodiment, during fer 
mentation the temperature can be as high as about 99 F. and 
then reduced to about 79 F. This temperature reduction can 
be coordinated with increased ethanol titers (%) in the 
fermenter. 

0078. In an embodiment, the present method includes 
Solids Staging. Solids Staging includes filling at a dispropor 
tionately higher level of Solids during the initial phase of the 
fermenter fill cycle to increase initial fermentation rates. The 
Solids concentration of the mash entering the fermenter can 
then be decreased as ethanol titers increase and/or as the 
fermenter fill cycle nears completion. In an embodiment, the 
solids concentration can be about 40% (e.g. 41%) during the 
first half of the fermentation fill. This can be decreased to 
about 25% after the fermenter is 50% full and continuing 
until the fermenter fill cycle is concluded. In the above 
example, Such a Strategy results in a full fermenter with 
Solids at 33%. 

0079. It is believed that solids staging can accelerate 
enzyme hydrolysis rates and encourage a rapid onset to 
fermentation by using higher initial fill solids. It is believed 
that lowering solids in the last half of fill can reduce osmotic 
preSSure related StreSS effects on the yeast. By maintaining 
overall fermenter fill solids within a specified range of 
fermentability, Solids Staging improves the capacity of the 
yeast to ferment high gravity mashes toward the end of 
fermentation. 

0080 Simultaneous Saccharification and Fermentation 
0081. The present process can include simultaneously 
converting reduced plant material to Sugars and fermenting 
those Sugars with a microorganism Such as yeast. Simulta 
neous Saccharifying and fermenting can be conducted using 
the reagents and conditions described above for Saccharify 
ing and fermenting. 

0082 In an embodiment, Saccharification and fermenta 
tion is conducted at a temperature of about 25 to about 40 
C. or about 30 to about 35 C. In an embodiment, during 
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Saccharification and fermentation the temperature is 
decreased from about 40 to about 25 C. or from about 35 
to about 30° C. during the first half of the saccharification, 
and the temperature is held at the lower temperature for the 
Second half of the Saccharification. 

0083. Although not limiting to the present invention, it is 
believed that higher temperatures early during Saccharifica 
tion and fermentation can increase conversion of Starch to 
fermentable Sugar when ethanol concentrations are low. This 
can aid in increasing ethanol yield. At higher ethanol con 
centrations, this alcohol can adversely affect the yeast. Thus, 
it is believed that lower temperatures later during Sacchari 
fication and fermentation are beneficial to decrease StreSS on 
the yeast. This can aid in increasing ethanol yield. 
0084. Also not limiting to the present invention, it is 
believed that higher temperatures early during Saccharifica 
tion and fermentation can reduce Viscosity during at least a 
portion of the fermentation. This can aid in temperature 
control. It is also believed that lower temperatures later 
during Saccharification and fermentation are beneficial to 
reduce the formation of glucose after the yeast has stopped 
fermenting. Glucose formation late in fermentation can be 
detrimental to the color of the distillers dried grain co 
product. 
0085. In an embodiment, saccharification and fermenta 
tion is conducted at a pH of about 6 or less, pH of about 3 
to about 6, about 3.5 to about 6, about 4 to about 5, about 4 
to about 4.5, or about 4.5 to about 5. The initial pH of the 
Saccharification and fermentation mixture can be adjusted by 
addition of, for example, ammonia, Sulfuric acid, phosphoric 
acid, process waters (e.g., Stillage (backset), evaporator 
condensate (distillate), Side Stripper bottoms, and the like), 
and the like. 

0086. In an embodiment, saccharification and fermenta 
tion is conducted for about to 25 (e.g., 24) to about to 150 
hours, about 25 (e.g., 24) to about 72 hours, about 45 to 
about 55 hours, about 50 (e.g., 48) to about 96 hours, about 
50 to about 75 hours, or about 60 to about 70 hours. For 
example, Saccharification and fermentation can be con 
ducted for about 30, about 40, about 50, about 60, or about 
70 hours. For example, Saccharification and fermentation 
can be conducted for about 35, about 45, about 55, about 65, 
or about 75 hours. 

0087. In an embodiment, simultaneous saccharifying and 
fermenting can be carried out employing quantities of 
enzyme and yeast Selected to maintain high concentrations 
of yeast and high levels of budding of the yeast in the 
fermentation broth. For example, the present process can 
employ quantities of enzyme and yeast Selected to maintain 
yeast at or above about 300 cells/mL or at about 300 to about 
600 cells/mL. 

0088. In an embodiment, simultaneous saccharifying and 
fermenting can be carried out employing quantities of 
enzyme and yeast Selected for effective fermentation without 
added exogenous nitrogen; without added protease; and/or 
without added backSet. BackSet can be added, if desired, to 
consume process water and reduce the amount of wastewa 
ter produced by the process. In addition, the present process 
maintains low Viscosity during Saccharifying and ferment 
Ing. 

0089 For example, simultaneous saccharifying and fer 
menting can employ acid fungal amylase at about 0.1 to 



US 2004/0234649 A1 

about 10 AFAU per gram of dry solids reduced plant 
material (e.g., DSC) and glucoamylase at about 0.5 to about 
6 AGU per gram dry Solids reduced plant material (e.g., 
DSC). For example, simultaneous Saccharifying and fer 
menting can employ acid fungal amylase at about 0.3 to 
about 3 AFAU per gram of dry solids reduced plant material 
(e.g., DSC) and glucoamylase at about 1 to about 3 AGU per 
gram dry Solids reduced plant material (e.g., DSC). For 
example, Simultaneous Saccharifying and fermenting can 
employ acid fungal amylase at about 1 to about 2 AFAU per 
gram of dry Solids reduced plant material (e.g., DSC) and 
glucoamylase at about 1 to about 1.5 AGU per gram dry 
Solids reduced plant material (e.g., DSC). 

0090. In an embodiment, simultaneous saccharifying and 
fermenting can be carried out employing quantities of 
enzyme and yeast Selected to maintain low concentrations of 
glucose in the fermentation broth. For example, the present 
proceSS can employ quantities of enzyme and yeast Selected 
to maintain glucose at levels at or below about 2 wt-%, at or 
below about 1 wt-%, at or below about 0.5 wt-%, or at or 
below about 0.1 wt-%. For example, the present process can 
employ quantities of enzyme and yeast Selected to maintain 
glucose at levels at or below about 2 wt-% during Saccha 
rifying and fermenting. For example, the present proceSS can 
employ quantities of enzyme and yeast Selected to maintain 
glucose at levels at or below about 2 wt-% from hours 0-10 
(or from 0 to about 15% of the time) of saccharifying and 
fermenting. For example, the present process can employ 
quantities of enzyme and yeast Selected to maintain glucose 
at levels at or below about 1 wt-%, at or below about 0.5 
wt-%, or at or below about 0.1 wt-% from hours 12-54 (or 
from about 15% to about 80% of the time) of saccharifying 
and fermenting. For example, the present process can 
employ quantities of enzyme and yeast Selected to maintain 
glucose at levels at or below about 1 wt-% from hours 54-66 
(or about from 80% to about 100% of the time) of saccha 
rifying and fermenting. Suitable levels of enzyme include 
acid fungal amylase at about 0.3 to about 3 AFAU per gram 
of dry Solids reduced plant material (e.g., DSC) and glu 
coamylase at about 1 to about 3 AGU per gram dry Solids 
reduced plant material (e.g., DSC). For example, simulta 
neous Saccharifying and fermenting can employ acid fungal 
amylase at about 1 to about 2 AFAU per gram of dry solids 
reduced plant material (e.g., DSC) and glucoamylase at 
about 1 to about 1.5 AGU per gram dry solids reduced plant 
material (e.g., DSC). 
0.091 In an embodiment, simultaneous saccharifying and 
fermenting can be carried out employing quantities of 
enzyme and yeast Selected to maintain low concentrations of 
maltose (DP2) in the fermentation broth. For example, the 
present proceSS can employ quantities of enzyme and yeast 
Selected to maintain maltose at levels at or below about 0.5 
wt-% or at or below about 0.2 wt-%. Suitable levels of 
enzyme include acid fungal amylase at about 0.3 to about 3 
AFAU per gram of dry Solids reduced plant material (e.g., 
DSC) and glucoamylase at about 1 to about 3 AGU per gram 
dry Solids reduced plant material (e.g., DSC). For example, 
Simultaneous Saccharifying and fermenting can employ acid 
fungal amylase at about 1 to about 2 AFAU per gram of dry 
Solids reduced plant material (e.g., DSC) and glucoamylase 
at about 1 to about 1.5 AGU per gram dry solids reduced 
plant material (e.g., DSC). 
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0092. In an embodiment, simultaneous saccharifying and 
fermenting can be carried out employing quantities of 
enzyme and yeast Selected to maintain low concentrations of 
dextrin in the fermentation broth. For example, the present 
process can employ quantities of enzyme and yeast Selected 
to maintain maltotriose (DP3) at levels at or below about 0.5 
wt-%, at or below about 0.2 wt-%, or at or below about 0.1 
wt-%. For example, the present process can employ quan 
tities of enzyme and yeast Selected to maintain dextrin with 
a degree of polymerization of 4 or more (DP4+) at levels at 
or below about 1 wt-% or at or below about 0.5 wt-%. 
Suitable levels of enzyme include acid fungal amylase at 
about 0.3 to about 3 AFAU per gram of dry solids reduced 
plant material (e.g., DSC) and glucoamylase at about 1 to 
about 3 AGU per gram dry Solids reduced plant material 
(e.g., DSC). For example, simultaneous Saccharifying and 
fermenting can employ acid fungal amylase at about 1 to 
about 2 AFAU per gram of dry Solids reduced plant material 
(e.g., DSC) and glucoamylase at about 1 to about 1.5 AGU 
per gram dry Solids reduced plant material (e.g., DSC). 
0093. In an embodiment, simultaneous saccharifying and 
fermenting can be carried out employing quantities of 
enzyme and yeast Selected to maintain low concentrations of 
fusel oils in the fermentation broth. For example, the present 
process can employ quantities of enzyme and yeast Selected 
to maintain fusel oils at levels at or below about 0.4 to about 
0.5 wt-%. Suitable levels of enzyme include acid fungal 
amylase at about 0.3 to about 3 AFAU per gram of dry solids 
reduced plant material (e.g., DSC) and glucoamylase at 
about 1 to about 3 AGU per gram dry solids reduced plant 
material (e.g., DSC). For example, Simultaneous Sacchari 
fying and fermenting can employ acid fungal amylase at 
about 1 to about 2 AFAU per gram of dry solids reduced 
plant material (e.g., DSC) and glucoamylase at about 1 to 
about 1.5 AGU per gram dry Solids reduced plant material 
(e.g., DSC). 
0094. Additional Ingredients for Saccharification and/or 
Fermentation 

0095 The saccharification and/or fermentation mixture 
can include additional ingredients to increase the effective 
neSS of the process. For example, the mixture can include 
added nutrients (e.g., yeast micronutrients), antibiotics, 
Salts, added enzymes, and the like. Nutrients can be derived 
from stillage or backset added to the liquid. Suitable salts 
can include Zinc or magnesium Salts, Such as Zinc Sulfate, 
magnesium Sulfate, and the like. Suitable added enzymes 
include those added to conventional processes, Such as 
protease, phytase, cellulase, hemicellulase, exo- and endo 
glucanase, Xylanase, and the like. 
0096 Recovering Ethanol from the Beer 
0097. The product of the fermentation process is referred 
to herein as "beer'. For example, fermenting corn produces 
“corn beer”. Ethanol can be recovered from the fermentation 
mixture, from the beer, by any of a variety of known 
processes. For example, ethanol can be recovered by distil 
lation. 

0098. The remaining stillage includes both liquid and 
Solid material. The liquid and Solid can be separated by, for 
example, centrifugation. The recovered liquid, thin Stillage, 
can be employed as at least part of the liquid for forming the 
Saccharification and fermentation mixture for Subsequent 
batches or runs. 
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0099. The recovered solids, distiller's dried grain, 
include unfermented grain Solids and spent yeast Solids. 
Thin Stillage can be concentrated to a Syrup, which can be 
added to the distiller's dried grain and the mixture then dried 
to form distiller's dried grain plus solubles. Distiller's dried 
grain and/or distiller's dried grain plus Solubles can be Sold 
as animal feed. 

0100 Burn-Out of Residual Starches for Subsequent Fer 
mentation 

0101. In an embodiment, the present method can include 
heat treatment of the beer or Stillage, e.g., between the beer 
well and distillation. This heat treatment can convert 
Starches to dextrins and Sugars for Subsequent fermentation 
in a process known as burn-out. Such a treatment Step can 
also reduce fouling of distillation trays and evaporator heat 
eXchange Surfaces. In an embodiment, heat treatment Stag 
ing can be performed on whole Stillage. Following enzy 
matic treatment of the residual Starches, in an embodiment, 
the resulting dextrins and SugarScan be fermented within the 
main fermentation proceSS as recycled backSet or processed 
in a separate fermentation train to produce ethanol. 

0102 Fractionation of Solids from Fermentation 
0103 Large pieces of germ and fiber can ferment the 
residual Starch in the fermenter. After fermentation, the 
fractions could be removed prior to or after distillation. 
Removal can be effected with a Surface skimmer before to 
distillation. In an embodiment, Screening can be performed 
on the beer. The Screened material can then be separated 
from the ethanol/water mix by, for example, centrifugation 
and rotary Steam drum drying, which can remove the 
residual ethanol from the cake. In embodiments in which the 
larger fiber and germ pieces are removed prior to bulk beer 
distillation, a separate Stripper column for the fiber/germ 
Stream can be utilized. Alternatively, fiber and germ could be 
removed by Screening the whole Stillage after distillation. 

0104. In an embodiment, all the components are blended 
and dried together. The fiber and germ can be removed from 
the finished product by aspiration and/or size classification. 
The fiber from the DDGS can be aspirated. Removal of fiber 
by aspiration after drying increased the amount of oil and 
protein in the residual DDGS by 0.2 to 1.9% and 0.4 to 
1.4%, respectively. The amount of NDF in the residual 
DDGS decreased by 0.1 to 2.8%. 

0105. In an embodiment, fractionation can employ the 
larger fiber and germ pieces to increase the particle size of 
that part of the DDGS derived from the endosperm, as well 
as to improve Syrup carrying capacity. A ring dryer disinte 
grator can provide Some particle size reduction and homog 
enization. 

0106 Continuous Fermentation 
0107 The present process can be run via a batch or 
continuous process. A continuous process includes moving 
(pumping) the Saccharifying and/or fermenting mixtures 
through a series of vessels (e.g., tanks) to provide a Sufficient 
duration for the process. For example, a multiple stage 
fermentation System can be employed for a continuous 
process with 48-96 hours residence time. For example, 
reduced plant material can be fed into the top of a first vessel 
for Saccharifying and fermenting. Partially incubated and 
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fermented mixture can then be drawn out of the bottom of 
the first vessel and fed in to the top of a Second vessel, and 
SO O. 

0108. Although not limiting to the present invention, it is 
believed that the present method is more suitable than 
conventional methods for running as a continuous process. 
It is believed that the present proceSS provides reduced 
opportunity for growth of contaminating organisms in a 
continuous process. At present, the majority of dry grind 
ethanol facilities employ batch fermentation technology. 
This is in part due to the difficulty of preventing losses due 
to contamination in these conventional processes. For effi 
cient continuous fermentation using traditional liquefaction 
technology, the conventional belief is that a separate Sac 
charification Stage prior to fermentation is necessary to 
pre-Saccharify the mash for fermentation. Such pre-Saccha 
rification insures that there is adequate fermentable glucose 
for the continuous fermentation process. 
0109 The present method achieves efficient production 
of high concentrations of ethanol without a liquefaction or 
Saccharification Stage prior to fermentation. This is Surpris 
ing Since this conventional wisdom teaches that it is neces 
Sary to have adequate levels of fermentable Sugar available 
during the fermentation process when practiced in a con 
tinuous mode. In contrast the present method can provide 
low concentrations of glucose and efficient fermentation. In 
the present method, it appears that the glucose is consumed 
rapidly by the fermenting yeast cell. It is believed that such 
low glucose levels reduce StreSS on the yeast, Such as StreSS 
caused by osmotic inhibition and bacterial contamination 
preSSures. According to the present invention, ethanol levels 
greater than 18% by volume can be achieved in about to 
about 96 hours. 

0110 High Alcohol Beer 
0111. The present invention also relates to a high alcohol 
beer. In an embodiment, the process of the present invention 
produces beer containing greater than 18 Vol-% ethanol. The 
present proceSS can produce Such a high alcohol beer in 
about 40 to about 96 hours or about to about 96 hours. In an 
embodiment, the beer includes 18 vol-% to about 23 vol-% 
ethanol. For example, the present method can produce 
alcohol contents in the fermenter of 18 to 23% by volume in 
about 45 to 96 hours. 

0112 By way of further example, the present method can 
produce alcohol content in the fermenter of 18 to 23% by 
volume in about 45 to 96 hours. In certain embodiments, the 
majority of the alcohol (80% or more of the final concen 
tration) is produced in the first 45 hours. Then, an additional 
2 to 5 vol-% alcohol can be produced in the final 12-48 
hours. Concentrations of ethanol up to 23 vol-% can be 
achieved with fermentation time up to 96 hours. It can be 
economically advantageous to harvest after 48 to 72 hours of 
fermentation to increase fermenter productivity. 
0113. The present beer can include this high level of 
ethanol even when it includes high levels of residual Starch. 
For example, the present beer can include ethanol at 18 to 23 
vol-% when it contains 0 to 30% residual starch. The present 
beer can contain residual Starches as low as 0% to as high as 
20% residual starch. 

0114. By conventional measures, high levels of residual 
Starch indicate inefficient fermentation, which yields only 
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low levels of ethanol. In contrast, although not limiting to 
the present invention, it is believed that the present method 
results in fewer Maillard type reaction products and more 
efficient yeast fermentation (e.g., reduced levels of Second 
ary metabolites). This is believed to be due to the low 
glucose levels and low temperatures of the present method 
compared to conventional Saccharification and liquefaction. 
Thus, the present method can produce more alcohol even 
with higher levels of residual starch. 

0115) In an embodiment, the present beer includes fewer 
residual byproducts than conventional beers, even though 
residual Starch can be higher. For example, residual glucose, 
maltose, and higher dextrins (DP3+) can be as much as 0.8 
wt-% lower than in conventional beers produced under 
Similar fermentation conditions. By way of further example, 
residual glycerol can be as much as 0.45 wt-% less. Lactic 
acid and fusel oils can also be significantly reduced. For 
example, the present beer can include less than or equal to 
about 0.2 wt-% glucose, about 0.4 wt-%, about 0.1 wt-% 
DP3, undetectable DP4+, 0.45 wt-% glycerol, about 0.01 
wt-% lactic acid, and/or about 0.4 wt-% fusel oils. 

0116 Distiller's Dried Grain 

0117 High Protein Distiller's Dried Grain 

0118. The present invention also relates to a distiller's 
dried grain product. The distiller's dried grain can also 
include elevated levels of one or more of protein, fat, fiber 
(e.g., neutral detergent fiber (NDF)), and starch. For 
example, the distiller's dried grain can include 34 or more 
wt-% protein or about 30 to about 45 wt-% protein, or about 
1 to about 2 wt-% more protein than produced by the 
conventional process. For example, the distiller's dried grain 
can include 15 or more wt-% fat, about 13 to about 17 wt-% 
fat, or about 1 to about 6 wt-% more fat than produced by 
the conventional process. For example, the distiller's dried 
grain can include 31 or more wt-% fiber, about 23 to about 
37 wt-% fiber, or about 3 to about 13 wt-% more fiber than 
produced by the conventional process. For example, the 
distiller's dried grain can include 12 or more wt-% starch, 
about 1 to about 23 wt-% starch, or about 1 to about 18wt-% 
more Starch than produced by the conventional process. 

0119). In an embodiment, the present distiller's dried 
grain includes elevated levels of B vitamins, Vitamin C, 
Vitamin E, folic acid, and/or Vitamin A, compared to con 
ventional distiller's dried grain products. The present dis 
tiller's dried grain has a richer gold color compared to 
conventional distiller's dried grain products. 

0120 Distiller's Dried Grain With Improved Physical 
Characteristics 

0121 The present invention also relates to a distiller's 
dried grain with one or more improved physical character 
istics, Such as decreased caking or compaction or increase 
ability to flow. The present process can produce Such an 
improved distiller's dried grain. 

0122) Although not limiting to the present invention, it is 
believed that the present process can produce fermentation 
Solids including higher molecular weight forms of carbohy 
drates. Such fermentation Solids can, it is believed, exhibit 
a higher glass transition temperature (i.e. higher T values). 
For example, residual starches have a high T value. Thus, 
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through control of starch content in the DDG and DDGS, the 
present process can manufacture DDG or DDGS with target 
T values. 
0123 Further, according to the present invention, adding 
an alkaline Syrup blend (e.g., Syrup plus added lime or other 
alkaline material) to the fermentation Solids (e.g., distiller's 
dried grains) can provide decreased caking or compaction or 
increase ability to flow to the distiller's dried grain with 
solubles (DDGS). 
0.124. Although not limiting to the present invention, it is 
believed that organic acids Such as lactic, acetic, and Suc 
cinic acids which are produced in fermentation have a lower 
T value than their corresponding calcium salts. Mainte 
nance of residual carbohydrate in higher molecular weight 
form, or addition of lime to form calcium Salts of organic 
acids, are two strategies for forming higher T value co 
products that will be less likely to undergo the glass tran 
Sition, resulting in the deleterious phenomenon known as 
caking. 
0.125. Although not limiting to the present invention, it is 
believed that process of the present invention can need not 
destroy protein in the fermented plant material. Corn con 
tains prolamins, Such as Zein. Grain Sorghum, for example, 
contains a class of Zein-like proteins known as kafirins, 
which resemble Zein in amino acid composition. The ther 
mal degradation that occurs during liquefaction, distillation, 
and high temperature drying produces DDG and DDGS 
including Significant amounts of degraded protein. It is 
believed that the process of the present invention can 
provides improved levels of the prolamin fraction of cereal 
grains. 

0126. It is believed that extended exposure to high alco 
hol concentrations that can be achieved by the present 
process can condition the proteins in the plant material. This 
can Solubilize Some of the proteins. For example, it is 
believed that in distillation the ethanol concentration reaches 
levels that can Solubilize prolamins (e.g., Zein) in the beer. 
Upon the removal, or “stripping,” of ethanol from the beer, 
prolamins (such as Zein) can be recovered concentrated in 
DDG and DDGS. The resulting high protein content of DDG 
and DDGSan be advantageous for various end used of DDG 
and DDGS, for example in further processing or compound 
ing. 
0127. In an embodiment, efficient fermentation of the 
present process removes from the DDG or DDGS non Zein 
components Such as Starch. Fractionating the plant material, 
e.g., corn, can also increase levels of proteins, Such as Zein, 
in the DDG or DDGS. For example, removing the bran and 
germ fractions prior to fermentation can concentrate Zein in 
the Substrate. Zein in corn is isolated in the endosperm. 
Fermentation of Zein enriched endosperm results in concen 
tration of the Zein in the residuals from fermentation. 

0128. In an embodiment, the process of the present 
invention can provide DDG and DDGS with different, 
predetermined T values. The process of the present inven 
tion can ferment fractions containing high, medium, or low 
levels of Zein, thus varying the glass transition temperature 
of the resulting DDG or DDGS. The resulting co-product T. 
can be directly proportional to the prolamin protein (Such as 
Zein) content. The process of the current invention is desir 
able for the fermentation of high protein corn. This also 
allows production of DDG and DDGS with a higher prola 
min (Zein) content. 
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0129 Residual starch remaining at the end of fermenta 
tion preferentially Segregates into the thin Stillage fraction, 
which is Subsequently evaporated to produce Syrup. The wet 
cake fraction produced by the present method, which can be 
dried Separately to produce DDG, can be higher in prolamin 
protein (such as zein) than conventional DDG. The present 
proceSS allows Syrup and wet cake blend ratioS to be varied. 
This results in DDG/DDGS with varying ratios of prolamin 
protein (Such as Zein) and residual Starch. As the residual 
Starch in the wet cake reduces the protein in the wet cake 
increases. This indicates an inverse relationship. A similar 
response occurs in the Syrup fraction. 
0130. It is believed that starch can segregate into the 
liquid fraction. The amount of starch in the DDGS can be 
varied by blending Syrup at rates ranging from 0 lbs. dry 
weight of syrup Solids to 1.2 lbs. of syrup Solids per lb. of 
wet cake Solids before, and various times during drying to 
create the final DDGS product. The disproportionate segre 
gation of residual Starches into the backSet or thin Stillage 
fraction can provide both the aforementioned burn-out and 
Secondary fermentation to be performed on these fractions. 
Since the thin Stillage is evaporated to produce Syrup, the 
centrifuge mass balance also enables DDGS production at 
various T values depending on the desired properties and 
their dependence on T. 
0131 Emissions 
0132) The present invention has emissions benefits. 
Emissions benefits result in the reduction in byproducts 
created in the ethanol manufacturing process. There is a 
marked reduction in extraction of fats and oils in the mash 
from the germ fraction of cereal grains. There is a reduction 
of byproducts from Maillard reactions typically formed 
during cooking and liquefaction. And there is a reduction in 
fermentation byproducts. These observations result in 
reduced emissions during the recovery of co-products. The 
concentration and emission rates of Volatile organic com 
pounds (VOC), carbon monoxide (CO), nitric oxide com 
pounds (NOx), sulfur oxides (SO2), and other emissions are 
considerably lower. See Table 1. Note that other manufac 
turers have attempted to lower emissions by manufacturing 
wet cake instead of drying to DDG or DDGS. 
0133. The present invention also relates to volatile 
organic compounds (VOC), Such as those produced by 
drying products of a fermentation process. The present 
method includes producing ethanol, distiller's dried grain, 
and additional useful fermentation products with production 
of lower levels of VOC compared to conventional processes. 
For example, in the present method, drying distillation 
products (e.g., spent grain) produces reduced levels of VOC. 
0.134 Conventional fermentation processes using corn, 
for example, produces about 2.1 pounds of VOC's from 
drying distillation products from each ton of corn processed. 
The actual Stack emissions can be leSS due to pollution 
control equipment. The present method results in at least 
30% reduction in VOC production to about 1.47 or less 
pounds per ton of corn processed. These emissions reduc 
tions are unexpected yet highly significant, and provide for 
more efficient use of emissions reduction control technol 
ogy, Such as thermal oxidizers. 
0135 VOC produced by fermentation processes include 
ethanol, acetic acid, formaldehyde, methanol, acetaldehyde, 
acrolein, furfural, lactic acid, formic acid, and glycerol. 
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0.136 The present invention also relates to carbon mon 
oxide (CO), Such as those produced by drying products of a 
fermentation process. The present method includes produc 
ing ethanol, distiller's dried grain, and additional useful 
fermentation products with production of lower levels of CO 
compared to conventional processes. For example, in the 
present method, drying distillation products (e.g., spent 
grain) produces reduced levels of CO. 
0.137 Conventional fermentation processes using corn, 
for example, produces about 1.4 pounds of CO's from 
drying distillation products from each ton of corn processed. 
The actual Stack emissions can be leSS due to pollution 
control equipment. The present method results in a 30% 
reduction in CO production to about 0.98 or less pounds per 
ton of corn processed. These emissions reductions are unex 
pected yet highly significant, and provide for more efficient 
use of emissions reduction control technology, Such as 
thermal oxidizers. 

TABLE 1. 

Emissions Reductions 

Conven- Emissions 
Emission tional Inventive Reduction 
Type Units Run Process % 

VOC Concentration ppmv 663 459.65 30.67 
bfdscf 

Emission Ib?hr 13.35 7.91 40.75 
Rate 

CO Concentration ppmv 434 234.13 46.05 
bfdscf 

Emission Ib?hr 9.1 4.94 45.71 
Rate 

0.138. The present invention may be better understood 
with reference to the following examples. These examples 
are intended to be representative of Specific embodiments of 
the invention, and are not intended as limiting the Scope of 
the invention. 

EXAMPLES 

Example 1 

Production of Improved Distiller's Dried Grain 
from Corn 

0.139. A method according to the present invention was 
employed to produce distiller's dried grain from corn. This 
method produced high protein, high fat, and high fiber 
distiller's dried grain. Comparison with a conventional 
Saccharification and liquefaction proceSS indicates Superior 
performance of the present method. 
0140 Materials and Methods 
0141 Raw Starch Fermentation 
0.142 Yeast inoculum was prepared by adding glucoamy 
lase (0.088 ml of Novozyme’s Spirizyme Plus gluco-amy 
lase at 400 AGU/g) and protease (0.018 ml of Genencor 
International's GC 106 protease 1000 SAPU/g) to 400 ml of 
Stillage containing 70 grams of maltodextrin. Stillage (back 
Set) used was prepared from prior conventional or raw starch 
fermentations by distilling off the alcohol and Subjecting the 
resulting whole Stillage to centrifugal Separation to produce 
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backSet. 1.07 grams of urea, 0.13 grams of Zinc Sulfate, and 
0.00067 ml of a 1:1000 dilution of Antibiotic (Alltech 
Lactocide. Lamount?mg) were also added. About 300-400 
million cells/ml of viable cells of yeast (Saccharomyces 
cervisiae) (0.48g of Fleischmann's Faliyeast) was added to 
this mixture and propagation was conducted without Stir 
ring, or agitating, for 8 hours at an incubation temperature of 
90 F. Flasks were periodically swirled under gentle condi 
tions to effect mixing of the contents. The resulting yeast 
culture (10.8 ml) was added directly to each fermenter for 
inoculation. 

0143 Corn was obtained from commercial suppliers of 
Seed corn and was ground through a 0.5 mm Screen using a 
hammermill prior to fermentation. Several varieties of con 
ventional number 2 yellow dent corn were compared, and in 
Several experiments their isogenically equivalent of waxy 
corn was also tested. Different corn varieties were tested to 
demonstrate that the present methods produce improved 
DDG using any of a variety of corn hybrids. 
0144. Approximately 129 to 134 grams of the appropriate 
corn was mixed in about 225 ml of water. Actual grams of 
flour (ground corn) and water Volumes were adjusted for 
each fermenter based on the moisture content of the flour So 
that all fermentations were run at approximately 33.4 grams 
of dry solids corn per 100 grams of water (33.4% DSC). All 
raw starch fermenters were adjusted to pH 5.0 with sulfuric 
acid. 

0145) Fermentations were conducted at 82 F. Antibiotic 
(Alltech Lactocide. 3 mg) was added to each fermentation 
batch. The raw Starch fermentations employed a commer 
cially available glucoamylase preparation (Novozymes Spi 
rizyme Plus 0.317 ml of GAU/ml) which also includes acid 
fungal amylase activity. 

0146 Fermentations were conducted for 72 hours with 
Sampling conducted at approximately 24 (e.g. 25) hour 
intervals. All samples were analyzed by HPLC. At the end 
of fermentation beer Samples were placed in metal pans, pH 
was decreased to <3.5 to inactivate residual enzyme activity, 
and dried. 

0147 Conventional Fermentation 
0148 Preparation of yeast inoculum and grinding of corn 
to corn flour was accomplished as described above for the 
raw Starch fermentation. 

014.9 For fermentations employing the conventional pro 
ceSS, pH adjustment was not necessary; the natural pH of the 

Corn Hybrid 
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water and corn flour was 5.8 to 6.0. The conventional 
fermentations Started with a Saccharification or cooking 
Stage to liquefy the Starch in the mixture. The cook Stage was 
conducted for 60 minutes at a temperature of 85 C. 0.044 
ml of Novozymes Liquozyme SC Alpha-amylase (0.044 ml 
of Novozymes Liquozyme SC 120 AFAU (KNU)/ml) was 
added to liquefy the corn mash. 

0150 Conventional fermentations were also run at 82 F. 
and included Antibiotic (3 mg of Alltech Lactocide antibi 
otic). Protease (0.0047 ml of GC 106 protease (1000 SAPU/ 
g/ml) and 0.64 ml of 50% urea liquor (50% of industrial 
grade urea) were added to fermenters using the conventional 
process. A commercially available glucoamylase (0.095 ml 
of Genencor International's GC 480 glucoamylase at 400 
AGU/ml) was added for fermentation. Otherwise, fermen 
tations were generally conducted as described above for raw 
Starch fermentations. 

0151 Results and Discussion 

0152) Fermentation Results are shown in Table 1 and 
Summarized in Table 2. 

TABLE 1A 

Comparison of Process Impacts on 
Proximate Analysis of DDGS 

Residual %. Acids 
Sugars Lactic & 

as Glucose (% Acetic 

Corn Hybrid Conv RSH Conv RSH 

#2 Yellow Hybrid A 2.57 O.58 O.09 O.O6 
#2 Yellow Hybrid B 1.67 O.84 O.09 O.O6 
Waxy Isogenic Pair to 1.70 2.11 O.10 O.O6 
Hybrid B 
#2 Yellow Hybrid C 1.18 O.62 O.08 O.O6 
Waxy Isogenic Pair to 1.43 1.49 O.10 O.O7 
Hybrid C 
#2 Yellow Hybrid D O.84 O.49 O.O6 O.OS 
Waxy Isogenic Pair to O.58 O.89 O.O6 O.O7 
Hybrid D 
Waxy Hybrid E 1.15 O.SO O.10 O.O6 
#2 Yellow Hybrid F 186 O.61 O.11 O.O7 
Waxy Hybrid G 1.23 0.97 O.12 O.09 
Hetero Waxy Isogenic 1.14 O.39 O.10 O.O7 
Pair to Hybrid G 
Averages 140 O.86 O.09 O.O7 

0153 

TABLE 1B 

Comparison of Process Impacts on 
Proximate Analysis of DDGS 

% % % % % 
Glycerol Starch Protein Fat NDF 

Conw RSH Conw RSH Conw RSH Conw RSH Conw RSH 

#2 Yellow Hybrid A 1.09 0.86 6.86 22.24 31.25 32.15 11.05 13.65 20.45 29.00 
#2 Yellow Hybrid B 1.12 0.77 2.78 21.14 31.90 33.20 13.30 17.00 24.90 32.30 
Waxy Isogenic Pair 
to Hybrid B 

1.11 O.7S 1.97 14:35 31.10 30.4O 14.3O 16.4O 25.3O 34.10 

#2 Yellow Hybrid C 1.20 0.85 1.68 17.51 31.50 33.80 15.00 21.30 22.00 31.00 
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TABLE 1 B-continued 

Comparison of Process Impacts on 
Proximate Analysis of DDGS 

12 

% % % % 
Glycerol Starch Protein Fat 

Corn Hybrid Conw RSH Conw RSH Conw RSH 

Waxy Isogenic Pair 1.13 0.82 1.79 9.92 30.00 29.70 15.20 17.10 
to Hybrid C 
#2 Yellow Hybrid D 1.03 0.74 0.83 14.61 36.40 37.60 11.90 14.80 
Waxy Isogenic Pair 1.06 0.78 1.11 3.39 33.30 34.20 12.80 15.70 
to Hybrid D 
Waxy Hybrid E 1.11 O.76 O.65 1.90 35.6O 35.90 11.6O 13.30 
#2 Yellow Hybrid F 1.17 0.78 3.27 15.99 31.80 31.10 12.50 13.30 
Waxy Hybrid G 1.11 O.84 10.49 1.04 39.7O 41.10 12.1O 14.OO 
Hetero Waxy 1.05 O.84 12.15 13.74 36.60 38.90 8.96 10.90 
Isogenic Pair to 
Hybrid G 
Averages 1.11 O.80 3.96 12.35 33.56 34.37 12.61 15.22 

0154) 

TABLE 2 

Comparison of Process Impacts on 
Proximate Analysis of DDGS (Summary 

Process 

Proximate Analysis Conventional Raw Starch 

Starch 3.96 12.35 
Protein 33.56 34.37 
Fat 12.61 15.22 
Fiber 23.76 3O.69 
Ash 4.06 4.29 
Unknown 22.05 3.08 

Summation 1OO.OO 1OO.OO 

O155 An interesting feature of the raw starch process is 
that it results in distiller's dried grain with solubles (DDGS) 
with equal or higher levels of Several components, even 
when it appears that fermentation efficiency, as measured by 
residual Starch, was decreased for the raw Starch process. 
One would expect that, with the lower efficiency, the other 
components of the DDGS would be lower based on mass 
balance. The raw Starch process apparently results in leSS 
damage to the constituents of the grain. 

0156 Another interesting feature of the raw starch pro 
ceSS is the performance improvement realized using waxy 
corn hybrids. Waxy corn is almost entirely comprised of 
amylopectin Starch, whereas normal #2 yellow corn is about 
25 to 28% amylose starch with the remainder being amy 
lopectin. Waxy corn is generally not used in the conventional 
proceSS because of the high peak Viscosity and more rapid 
rate of Viscosity development compared to regular corn. The 
high initial Viscosity makes the corn slurry more difficult to 
pump during the initial primary high temperature liquefac 
tion. Waxy corn varieties can, however, be readily employed 
in the present process. Because no cook Stage is employed, 
the high peak Viscosity is not a processing issue. 
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% 
NDF 

Conw RSH Conw RSH 

24.6O 3740 

23.40 
24.60 

28.90 
31.70 

26.90 
28.10 
2O.30 
20.80 

29.90 
33.10 
23.70 
26.50 

23.76 30.69 

Example 2 

The Present Process Provides Improved Yield 
Potential 

O157 The yield potential of the method of the present 
invention was compared to a conventional process. The 
present method exhibited improved yield using temperature 
Staging. The present method exhibited an increased potential 
maximum yield for ethanol production. Comparison with 
conventional Saccharification and liquefaction process indi 
cates Superior performance of the present method. 
0158 Materials and Methods 
0159 Fermentations were prepared in a similar manner 
as in Example 1 except for intentional differences in particle 
size, alpha amylase enzyme dose, gluco-amylase enzyme 
dose, or acid fungal amylase enzyme dose. Conditions for 
this experiment are described in Table 3. Corn for all tests 
was obtained from Broin Enterprises (BEI), Scotland, S. 
Dak., USA. Corn representing a coarse particle Size by raw 
Starch Standards was ground at BEI. Finely ground corn was 
produced using a lab hammermill through a 0.5 mm Screen. 
0160 The conventional process utilized indicated levels 
of Liquozyme SC and GC 480. The raw starch process used 
indicated levels of Spirizyme Plus and SP 288 acid fungal 
amylase at 1700 AFAU's per gm. Dosages of urea liquor, 
Zinc Sulfate, and antibiotic were adjusted accordingly for the 
conventional process. Stillage (backSet) used was prepared 
from prior conventional or raw Starch fermentations by 
distilling off the alcohol and Subjecting the resulting whole 
Stillage to centrifugal Separation to produce backSet. Fer 
mentation temperatures were Staged according to the fol 
lowing set points: 0-18 hours at 90 F., 18-42 hours at 86 
F., and 42-72 hours at 82 F. Samples were taken at 65 hours 
to represent the end of fermentation. 
0.161 Results and Discussion 
0162 The objective of these experiments was to illustrate 
the Sensitivities of the two processes to changes in enzyme 
dose rate and compare differences in ethanol % and residual 
starch. The results are shown in Table 3 and FIGS. 1A, 1B, 
1C, 1D and 1E. The impact of grind size and enzyme dose 
on the two processes is apparent. Note that SP 288 acid 



US 2004/0234649 A1 
13 

fungal amylase is effective at accessing raw Starch. Acid 
fungal amylase appears to improve the ability to acceSS 
starch such that grind size has less effect on yield when SP 
288 is present. The present process achieved significantly 
better alcohol yields at equivalent or higher residual Starch 
levels. FIG. 1B illustrates a similar effect of grind size on 
ethanol yield in the conventional process, and demonstrates 
the importance of GA dosage level on accessing Starch in 
coarse grain particles. 
01.63 Extrapolation of the results for both the conven 
tional and raw starch process shown in FIGS. 1A and 1B to 
Zero residual Starch reveals an embodiment of the raw Starch 
process. AS residual Starch levels decrease based on improv 
ing conversion efficiencies, this proceSS can achieve higher 
ethanol % than the conventional process. For example, in the 
absence of residual Starch, the present process in this 
example would produce 21.3 vol-% ethanol, but the con 
ventional process would produce only 20.6 vol-% ethanol. 
Such an increase is significant. The present process potential 
of the new process compared to the existing proceSS is 
shown in FIGS. 1C and 1D. These figures Summarize the 
results for both processes run under the varying grind size 
and enzyme dosage combinations. FIG. 1C illustrates the 
potential for the new process to produce more alcohol than 

Nov. 25, 2004 

the conventional process, even when residual Starch levels 
are higher. Conventional wisdom would Suggest the raw 
Starch process is less efficient due to the higher levels of 
residual Starch, however, this is not the case. The present 
process is Superior to the conventional method. Note that 
fermentation efficiency can also be assessed by examining 
the fermentation drop Solids. This is shown in the composite 
data comparing both processes in FIG. 1D. Since all fer 
mentations in the above example were started at the same 
initial Set Solids, a lower drop Solids Suggests a more efficient 
conversion of Starch to ethanol. The potential of this process 
is also indicated by the achievement of an equal to or 
reduced level of drop Solids, despite the higher residual 
Starches observed. 

0.164 FIG. 1E shows the temperature staging done dur 
ing the present proceSS. Fermentation temperatures were 
Staged according to the following Set points: 0-18 hours at 
approximately 90° F (ranging from about 95° F to about 90° 
F), 18-42 hours at approximately 86° F (ranging from 90 
F. to 86°F), and 42-72 hours at about 82 F (ranging from 
86 F. to 84 F). Staging of temperature helps to increase 
ethanol production process by reducing StreSS on yeast. The 
temperature is decreased as ethanol is produced to reduce 
the StreSS on yeast caused by ethanol production. 

TABLE 3 

Comparison of the Yield Potential of Conventional vs. Raw Starch Processes 

Conventional Fermentation Process 

Enzyme Process Water 
Dosages Amounts Corn Slurry 

Grind AA GA Water Flour Dry Ethanol Residual Starch 
Used (ml) (ml) (ml) Backset % Wt. 76 Solids AADose Vol % Dry Wt. 9% 

BEI O.04 O.08 285 40 90 35.91 Low 16.21 19.49 
BEI O.04 O.12 285 40 90 35.89 Low 17.57 14.69 
BEI O.O6 O.08 285 40 90 35.90 Medium 16.22 15.14 
BEI O.O6 O.12 285 40 90 35.89 Medium 17.12 14.03 
BEI O.08 O.08 285 40 90 35.89 High 15.93 16.72 
BEI O.08 O.12 285 40 90 35.88 High 17.47 12.78 

0.5 mm 0.04 O.08 295 40 76 35.85 Low 16.78 15.64 
0.5 mm 0.04 O.12 295 40 76 35.83 Low 1840 9.58 
0.5 mm 0.06 O.08 295 40 76 35.84 Medium 16.57 15.77 
0.5 mm 0.06 O.12 295 40 76 35.83 Medium 18.19 10.36 
0.5 mm 0.08 O.08 295 40 76 35.83 High 1692 16.48 
0.5 mm 0.08 O.12 295 40 76 35.82 High 1831 9.27 

Raw Starch Fermentation Process 

Enzyme Process Water 
Dosages Amounts Corn Slurry 

Grind AA GA Water Flour Dry Ethanol Residual Starch 
Used (ml) (ml) (ml) Backset % Wt. 76 Solids GADose Vol % Dry Wt. 9% 

BEI O.OO O.34 285 40 190 36.35 Low 17.53 22.37 
BEI O.O3 O.34 285 40 190 36.35 Low 1919 14.45 
BEI O.OO O.42 285 40 190 36.32 Medium 17.82 19.65 
BEI O.O3 O.42 285 40 190 36.32 Medium 1914 11.15 
BEI O.OO O.53 285 40 190 36.28 High 18.11 19.83 
BEI O.O3 O.53 285 40 190 36.28 High 19.13 12.8O 

0.5 mm 0.00 O.34 295 40 176 36.31 Low 18.2O 19.30 
0.5 mm 0.03 O.34 295 40 176 36.31 Low 1922 13.54 
0.5 mm 0.00 O.42 295 40 176 36.28 Medium 18.51 17.24 
0.5 mm 0.03 O.42 295 40 176 36.28 Medium 1956 1O.SO 
0.5 mm 0.00 O.53 295 40 176 36.24 High 18.75 16.38 



US 2004/0234649 A1 

TABLE 3-continued 

14 
Nov. 25, 2004 

Comparison of the Yield Potential of Conventional vs. Raw Starch Processes 

Screen No. 12 No. 16 No. 20 No. 25 No. 30 No. 35 Pan Sieve Size 
Size (mm) 1.70 mm 1.18 mm 0.85 mm 0.71 mm 0.60 mm 0.50 mm <0.50 mm Pore Size (mm) 
BEI Grind O.O2 O.26 2.53 7.91 12.14 20.80 54.96 Percentage 
0.5 mm O.OO O.OO O.OO O.OO O.OO O.OO 1OO.OO on Pan 

Process AA GA 

Conventional Liquozyme SC GC 480 
Raw Starch SP 288 Spirizyme Plus 

Example 3 residual glucose. The consistently higher glucose indicates 

The Present Process Exhibits Improved Results 
with Increased Levels of Acid Fungal Amylase and 

Increased Levels of Glucoamylase 
0.165 Results of an embodiment of the method of the 
present invention were evaluated with increased levels of 
acid fungal amylase and increased levels of glucoamylase. 
Increased levels of acid fungal amylase improved results 
with the present process. The increased levels of glucoamy 
lase improved results with the present process. 
0166 Materials and Methods 
0167 Glucoamylase (Novozymes Spirizyme Plus) and 
acid fungal amylase (Novozymes SP 288) were both tested 
in raw Starch fermentations in a manner Similar to Example 
2, using the coarser grind. 
0168 Results and Discussion 
0169. The objective of this test was to examine the effect 
of a range of dosages of glucoamylase and acid fungal 
amylase on production of ethanol and other products from 
raw Starch hydrolysis fermentations. In particular, dosages 
above 0.3 AFAU's per gm dry solids corn for acid fungal 
amylase and dosages above 0.3 AGU’s per gram of dry 
Solids corn produce higher alcohol and consistently higher 

that these fermentations have the potential for even higher 
ethanol yield. 
0170 These results suggest that glucoamylase and acid 
fungal amylase acted Synergistically to access raw Starch 
and convert the starch to fermentable Sugar. See FIGS. 2A, 
2B, and 2C. 

Example 4 

Impact of Grinding or Reducing Grain Particle Size 
on Fermentation Efficiency 

0171 Results of an embodiment of the method of the 
present invention were evaluated with varying particle size 
of the ground plant material. Smaller particle sizes improved 
results with the present process. 
0172 Materials and Methods 
0173 A series of lab scale hammermill grinds were 
performed to generate flour ranging from coarse to relatively 
fine particle sizes. Raw Starch fermentations were set up in 
a similar manner as in Example 2. Corn Flour used as 
Substrate was ground through a lab hammermill to pass 
through Screens of 0.5 mm, 2.0 mm, and 2.4 mm openings. 
The conditions tested are shown in Table 4. 

TABLE 4 

Impact of Grind Particle Size and Glucoamylase Dosage on Fermentation Efficiency 

Sieve Results Particle 

Grind No. 12 No. 16 No. 20 No. 25 No. 30 No. 35 Pan Size (mm) Std Screen Size 
Size (mm) 1.70 1.18 O.85 O.71 O60 OSO <0.50 Wt. Avg. Mesh Opening (mm) 
Lab 0.5 O.O O.O O.O O.O O.O O.O 1OO.O 
Lab 2.0 O.O O.O 1.O 3.6 2.O 9.O 85.O 
Lab 2.4 O1 0.4 2.1 5.7 2.4 15.O 72.8 

Hammermill Enzyme Residual Residual 
Grind Dosage AGU’s Ethanol Carbohydrates Wt. 76 Byproducts Wt. % Total Starch% 

Size (mm) per Gram DSC Vol.% DP4+ DP3 Malt Gluc Frue Glyc Lactic Acetic 76 Solids dw 

24 Hour Fermentation Results by HPLC 

0.5 1.O 13.47 O.37 O.O2 ND O.O3 O.15 O.92 O.OS ND 19.6 
2.O 1.O 12.68 O.36 O.O2 ND O.O3 O.08 O.94 O.OS ND 18.9 
2.4 1.O 12.71 O.37 O.O2 ND O.O3 O.14 O.95 O.OS ND 18.9 
0.5 1.5 14.15 O.39 O.O2 ND O.O4 O.08 O.91 O.OS ND 17.9 
2.O 1.5 13.72 O.37 O.O2 ND O.O4 O.08 O.93 O.OS ND 17.8 
2.4 1.5 13.86 O.38 O.O2 O.O1 O.OS 0.08 O.94 O.OS ND 17.3 



US 2004/0234649 A1 
15 

TABLE 4-continued 

Nov. 25, 2004 

Impact of Grind Particle Size and Glucoamylase Dosage on Fermentation Efficiency 

48 Hour Fermentation Results by HPLC 

0.5 1.O 17.73 O-38 O.O2 O.O2 O.O2 O.10 1.05 O.O6 ND 14.3 
2.O 1.O 17.31 O.38 O.O2 O.O2 O.O2 O.10 1.09 OO6 ND 14.5 
2.4 1.O 17.10 O-38 O.O2 O.O2 O.O2 O.10 1.08 OO6 ND 15.O 
0.5 1.5 18.36 O42 O.O3 O.O2 O.O3 O.O9 1.05 O.OS ND 13.0 
2.O 1.5 18.23 O.4O O.O2 O.O2 O.O2 O.O8 109 OO6 ND 13.6 
2.4 1.5 18.14 O.41 O.O2 O.O2 O.O2 O.O9 1.07 OO6 ND 13.6 

72 Hour Fermentation Results by HPLC 

0.5 1.O 18.99 O.4O O.O2 O.O2 O.OS 0.10 1.10 OO6 ND 12.5 8.99 
2.O 1.O 18.42 0.38 0.02 0.01 0.05 0.10 1.13 0.06 ND 12.8 11.34 
2.4 1.O 18.54 0.39 0.02 0.02 0.05 0.10 1.14 0.06 ND 12.7 17.48 
0.5 1.5 1905 O42 O.O3 O.O2 O.O5 O.O9 1.08 O.OS ND 11.8 6.81 
2.O 1.5 18.78 O.4O O.O2 O.O2 O.O5 O.O9 1.11 O.O6 ND 12.O 7.07 
2.4 1.5 18.69 O.4O O.O2 O.O2 O.O5 O.O9 1.09 OO6 ND 12.2 8.72 

0.174 Results and Discussion 
0175 Results are shown in Table 4, and FIGS. 3A, 3B, 
3C, 3D. The data illustrates that smaller grind size provided 
higher ethanol yield and lower residual Starch. At lower 
glucoamylase doses, grind size was a more influential factor. 
AS the particle size of the grind increased, a higher enzyme 
dosage was required to achieve the same relative results. 

Example 5 

Impact of Grind Particle Size, Glucoamylase Type, 
and Acid Fungal Amylase Dosage on Fermentation 

Efficiency 

0176 Results of an embodiment of the method of the 
present invention were evaluated with varying particle size 

of the ground plant material, varying glucoamylase type, and 
dosage of acid fungal amylase. 

0177) Materials and Methods 

0178 Whole Corn and corn flour was obtained from 
Dakota Ethanol LLC in Wentworth, S.D. The whole corn 
was ground through a 2.0 mm Screen as in prior examples 
using a lab Scale hammermill. Fermentations were set up in 
a similar manner as prior Examples according to the outline 
in Table 5. 

TABLE 5 

Impact of Grind Particle Size, Glucoamylase Type, and Acid Fungal Amylase Dosage on Fermentation Efficiency 

Screen No. 12 No. 16 No. 20 No. 25 No. 30 No. 35 Pan Sieve Size 

Size (mm) 1.70 1.18 O.85 0.71 O60 0.50 <0.50 Pore Size (mm) 
2.0 mm O.O O.2 1.4 3.2 3.6 15.3 73.O “Finer Grind 

Plant Hammermill #7 10.2 18.9 14.O 7.4 3.8 7.9 38.1 “Coarser Grind 

Experimental Outline for Example 5 

AEAU Dose Per Gram DSC AGU Activity per gram DSC 

From SP 288 From GA Total AFAU From SP 288 From GA Total AGU’s 
SP 288 GA Total AFAU SP 288 GA Total AGU’s 
Units/gm. Units/gm. Units/gm. Units/gm. Units/gm. Units/gm. Flour L-400 GA Fermenter 
DSC DSC DSC DSC DSC DSC Grind Applied # 

O O.2O O.2O O.OO 1.10 10 Finer Spirizyme-- 1. 
O.2O O.2O O.39 O.O2 1.10 .12 Finer Spirizyme-- 2 
0.59 O.2O 0.78 O.OS 1.10 15 Finer Spirizyme-- 3 
O.OO O.2O O.2O O.OO 1.10 10 Coarser Spirizyme-- 4 
O.2O O.2O O.39 O.O2 1.10 .12 Coarser Spirizyme-- 5 
0.59 O.2O 0.78 O.OS 1.10 15 Coarser Spirizyme-- 6 
O.OO O.08 O.2O O.OO 1.10 10 Finer Distillase 7 
O.2O O.08 O.39 O.O2 1.10 .12 Finer Distillase 8 
0.59 O.08 0.78 O.OS 1.10 15 Finer Distillase 9 
O.OO O.08 O.2O O.OO 1.10 10 Coarser Distillase 1O 
O.2O O.08 O.39 O.O2 1.10 .12 Coarser Distillase 11 
0.59 O.08 0.78 O.OS 1.10 15 Coarser Distillase 12 



US 2004/0234649 A1 

TABLE 5-continued 

16 
Nov. 25, 2004 

Impact of Grind Particle Size, Glucoamylase Type, and Acid Fungal Amylase Dosage on Fermentation Efficiency 

72 Hour Results 

Residual Carbohydrates Wt. % Byproducts Wt. % Total Residual 

Fermenter # 9% Ethanol DP4+ DP3 Malt Gluc Frue Glyc Lactic Acetic 76 Solids Starch 76 dw 

1. 17.84 O36 O.O O.O1 O.O1 O.12 O.89 O.O7 ND 15.31 17.09 
2 18.17 O36 O.O O.O1 O.O1 O.12 O.89 OO6 ND 15.12 16.53 
3 18.57 O36 O.O O.O1 O.O2 0.12 O.90 O.O6 ND 14.72 16.31 
4 1946 0.45 0.02 0.03 0.28 0.16 0.92 0.04 ND 14.36 15.14 
5 1965 O.44 O.O2 O.O4 O.57 0.17 O.92 O.04 ND 14.49 14.97 
6 1974 O42 O.O O.O4 O.59 O.19 O.90 O.04 ND 14.40 13.81 
7 14.42 O.37 O.O O.O1 ND O.O5 O.65 0.16 ND 2O.24 36.27 
8 15.89 O.37 O.O O.O1 ND O.1O O.77 O.O7 ND 16.68 27.24 
9 17.25 O.37 ND O.O1 O.O1 O.11 O.86 OO6 ND 15.97 20.43 
1O 17.19 O46 O.O O.O1 O.O1 O.1O O.80 O.OS ND 18.19 31.43 
11 18.35 O44 O.O O.O1 O.O3 O.14 O.87 O.OS ND 16.16 24O7 
12 1930 O42 O.O O.O1 O.O6 O.15 O.92 O.OS ND 14.95 18.01 

0179 Results and Discussion 
0180 Final fermenter results are shown in FIGS. 4A, 4B, 
and 4C. Conventional glucoamylase enzymes Such as Dis 
tillase from Genencor International contained a very low 
level of acid fungal amylase activity. Spirizyme Plus con 
tained about 2.5 times as much AFAU activity per ml of 
enzyme and exhibited improved performance for hydrolyZ 
ing raw starch. SP 288 acid fungal amylase contained a 
relatively low level of glucoamylase. 
0181. It was possible to gain an understanding of the 
importance of grind size, glucoamylase dosage level, and 
acid fungal amylase dosage level on fermentation perfor 
mance. Improved results were obtained when a “finer' grind 
was combined with glucoamylase containing enhanced acid 
fungal amylase levels. With a courser grind, high dosage 
levels of glucoamylase including acid fungal amylase 
yielded improved fermentation performance. Glucoamylase 
including acid fungal amylase provided benefits as grind 
Size decreased. 

Example 6 

Impact of Fermenter Dry Solids Loading and 
Temperature on Fermenter Kinetics and Ethanol 

Performance 

0182 An embodiment of the present invention was 
employed to produce ethanol from corn. This proceSS pro 
duced high alcohol cornbeer, high protein, high fat, and high 
fiber distiller's dried grain. Comparison with conventional 
Saccharification and liquefaction proceSS indicate Superior 
performance of the present method. 

0183) Materials and Methods 
0184 Example 6 was set up in a manner similar to prior 
examples except the initial fermentation Solids and tempera 
ture were varied as described in the presentation of the 
results. 

0185. Results 
0186. An interesting feature of the present raw starch 
fermentation proceSS is the ability to enhance the rate of 
fermentation through increasing the Solids content or initial 

temperature of fermentation. Solids loading, temperature, 
grind size, glucoamylase dosage, acid fungal amylase dos 
age, and yeast dosage can be combined to increase the 
performance of raw starch fermentation. FIGS.5A, 5B, 5C, 
5D, 5E, 5E, 5G, 5H, 5I, and 5J illustrate the influence of 
temperature at different Solids loadings. 

0187. The residual starch values reported for this 
Example Suggest that temperature can be used to improve 
the efficiency of raw Starch fermentations at intermediate 
fermentation gravities, which are defined as fermentation 
solids levels which would yield between 15% to 18% 
ethanol. The fermentation temperature could be used to 
accelerate raw Starch fermentations So that they finish in leSS 
than 48 hours, yet still achieve alcohol levels of 15% to 18%, 
with acceptable residual Starch levels. The increased fer 
mentation Set point will help to accelerate enzymatic con 
version of native Starch to glucose, which appears to be the 
rate limiting Step in the raw Starch process. Fermentation 
performance using higher temperature Set points is an aspect 
of the process for intermediate ethanol ranges, especially 
when viewed from the perspective of prior examples estab 
lishing that raw Starch fermentations can tolerate a higher 
level of residual Starch in the residual distillers dried grains 
and with distillers dried grains Solubles, and Still produce 
excellent quality DDG or DDGS according to the proximate 
analysis. Alternatively, the dry Substance of raw Starch 
fermentations can be increased by approximately 20% to 
increase the rate of fermentation, while producing higher 
alcohol content in the fermenter and more DDGS with 
excellent quality even if the residual Starch levels are high. 
By balancing the above inputs, a yield versus throughput 
economic optimization can be done with a significant 
decrease in difficulty. The ease of operating a high gravity, 
high throughput process while producing a Saleable DDGS 
is significantly enhanced by the raw Starch process. 

Example 7 

Advantageous Aspects of Ethanol Production by 
the Present Process 

0188 A variety of fermentation runs were conducted and 
the results were evaluated and compiled to demonstrate the 
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increased alcohol production and production of distiller's 
dried grain by the present process. 

0189 Ethanol Production 
0190. The present method produced ethanol containing 
corn beer with greater than 18 vol-% ethanol. Runs produced 
at least 18 vol-% ethanol and up to 23 vol-% ethanol within 
48 to 96 hours of incubation and fermentation. The beer 
contained these high levels of ethanol even when it also 
included higher levels of residual starch. After 24 hours of 
incubating and fermenting the corn beer contained 9-16.5 or 
12-15 vol-% ethanol. After 48 hours of incubating and 
fermenting the corn beer contained 13-20 vol-% ethanol. 
Ethanol production was linear up to a level of 14-16 vol-%. 
A compilation of ethanol production results from various 
runs is illustrated at least in FIGS. 6A and 6B. 

0191 The beer contained approximately 0.4 to 0.5 wt-% 
less glycerol than conventional fermentation at otherwise 
identical fermentation conditions (FIG. 7). The beer con 
tained less extracted oil from the germ fraction, resulting in 
reduced fouling and lower VOC emissions in the water 
Vapor during drying of the residual animal feed product. 
(Table 1) The beer contained less extracted oil from the germ 
fraction, resulting in reduced fouling and lower CO emis 
Sions in the water vapor during drying of the residual animal 
feed product (Table 1). The beer contained less fusel oil 
(FIG. 8), which inhibits yeast cell growth and fermentation 
if these alcohol compounds are unintentionally recycled in 
distillation side stripper bottoms streams. Fusel oils are also 
an undesirable component of potable alcohol manufacturing 
operations, So the present proceSS offers an improved 
method of production of potable alcohol. The beer also 
contained less lactic and acetic acid relative to the conven 
tional process. The beer also contained higher yeast cell 
counts, which contributes to improved feed products. 
0.192 In addition, the present process maintained yeast at 
or above 300 cells/mL in these numerous runs. Yeast bud 
ding was observed in at least 40% of the yeast from hours 
0-20 of incubating and fermenting and/or at least 15-20% of 
the yeast after hours 60 of incubating and fermenting. These 
yeast counts and budding are higher than observed in the 
conventional process. 

Example 8 

The Present Process Maintains Low Levels of 
Glucose, Maltose (DP2), Maltotriose (DP3), and 

Dextrins (DP4+) 
0193 The levels of glucose, maltose (DP2), maltotriose 
(DP3), and dextrins (DP4+) produced by an embodiment of 
the present invention was compared to a conventional pro 
cess. The present method exhibited decreased levels of 
glucose, maltose (DP2), maltotriose (DP3), and dextrins 
(DP4+) respectively. Comparison of the level of glucose to 
the conventional process indicates Superior performance of 
the present method. 

0194 Materials and Methods 
0195 Experiment 1 

0196) Whole Corn and corn flour was obtained from 
Dakota Ethanol LLC in Wentworth, S.D. The whole corn for 
continuous ethanol fermentation examples was ground 
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through a 0.5 mm Screen as in prior examples using a lab 
scale hammermill. The whole corn for SSF examples was 
ground through a #4 Screen using a commercial Scale Bliss 
hammermill, which achieved approximately 50% of the 
ground flour passing through a 0.5 mm Screen as measure in 
a sieve test of the flour. 

0.197 Batch fermentations were set up in a similar man 
ner as Example 1. Continuous ethanol fermentation was 
evaluated in a bench top System consisting of a refrigerated 
cold slurry tank followed by five (5) fermenters operating in 
continuous mode and finishing with a beerwell collecting the 
fermented beer. The Volume of each fermentation Stage was 
approximately two (2) liters. When operated at a mash flow 
rate of 1.5 to 2.0 ml per minute, the average fermentation 
time was approximately ninety-six (96) hours. Average 
fermenter fill solids was approximately 30-35% dry solids 
corn, depending on the Starch content of the Substrate. The 
mash slurry for feeding fermentation was prepared every 3 
to 4 days and maintained between 6 to 12 degrees Centi 
grade to discourage bacterial growth in the feed tank. 
0198 The mash preparation procedures did not sterilize 
the mash prior to fermentation, and the fermentation train 
was operated with no antibiotic addition to inhibit bacterial 
contaminants. The mash was Stored at a cold temperature to 
reduce the amount of work required for Substrate prepara 
tion. 15 to 20 ml of 50% urea liquor was added to the cold 
Slurry tank, which had a final mash Volume of approximately 
9000 liters. 

0199 Each fermenter in the continuous series was fed 
from the prior fermenter, while the first fermenter was fed 
directly from the cold Slurry tank. Fermentation temperature 
was held at a constant 82 F. through the five (5) stage 
fermentation. Glucoamylase was dosed into the first fer 
menter to provide a dosage of approximately 2.0 to 2.4 
AGU’s per gram dry Substance corn. Fali yeast, obtained 
from Fleischmann's Yeast, was added at a rate of approxi 
mately 0.65 grams per liter of Slurry makeup, and was 
batched into the cold slurry each time fresh mash was 
prepared. 
0200 Experiment 2 
0201 A continuous fermentation run was set up employ 
ing the procedure described above for experiment 1. Lactic 
acid and acetic acid measurements were taken at various 
times and Stages during the continuous multistage fermen 
tation proceSS. Toward the end of the run, the initial slurry 
pH was purposely increased, as shown, to challenge the 
System microbiologically. In certain circumstances, slurry 
pH was intermittently lowered to keep contamination in 
check (see, e.g., FIGS. 16A, 16B, and 16C). 
0202) Experiment 3 
0203 Data in Experiment 3 was created from the con 
tinuous fermentation System examples described in 
Examples 12, and 8. Residual Starch was measured using a 
commercially available starch assay (the MegaZyme(E) starch 
assay). This assay works for Samples ranging in Starch 
content from 0-100%, which makes it applicable for residual 
Starch analysis as well as Starch assaying in raw grain. This 
method is an enzymatic conversion based assay that uses 
alpha amylase and amyloglucosidase to convert Starch to 
glucose. The resulting glucose is then measured via HPLC 
and the Starch content calculated. 
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0204 Results and Discussion 
0205 FIGS. 9A and 9B illustrate that the present process 
maintained low levels of glucose during Simultaneous sac 
charification and fermentation (SSF) and continuous raw 
Starch fermentations. Although not limiting to the present 
invention, it is believed that this low level of glucose reduces 
potential reactions Such as reversion, condensation, or Mail 
lard Browning Reactions. Such reactions in turn can reduce 
ethanol yield. The data compiled in this example demon 
Strates that the process maintained glucose at levels at or 
below 3 wt-% for the entire run and at or below 1 wt-% for 
about 90% of the run. In particular, the process maintained 
glucose at levels at or below 1 wt-% from hours 12-54 of 
incubating and fermenting. 
0206 FIGS. 10-12 illustrate that the present process 
maintained low levels of dextrin during SSF and continuous 
raw starch fermentation. FIGS. 10A and 10B illustrate that 
the present process maintained maltose (DP2) at levels at or 
below about 0.2 wt-% during Simultaneous Saccharifying 
and fermenting and below about 0.34 wt-% during continu 
ous raw starch fermentation. The data shown in FIG. 11A 
demonstrate that the proceSS maintained low levels of mal 
totriose (DP3) during simultaneous Saccharifying and fer 
menting at levels at or below 0.2 wt-% and at or below 0.1 
wt-%. The data shown in FIG. 11B demonstrate that the 
present process maintained low levels of maltotriose (DP3) 
during a continuous raw Starch fermentation at levels at or 
below 0.25 wt-%. 

0207. The data shown in FIG. 12A demonstrate that the 
process maintained low levels of dextrins (DP4+) during 
Simultaneous Saccharifying and fermenting at levels at or 
below 1 wt-% and at or below 0.5 wt-%. The data shown in 
FIG. 12B demonstrate that the process maintained low 
levels of dextrins (DP4+) during continuous raw starch 
system at levels at or below 0.3 wt-%. 
0208. The results of experiment 2 show that initial slurry 
pH levels up to approximately 5.8 in the present method 
(FIG. 16A) resulted in acceptable ethanol yields and main 
tained acidic fermentation contaminants within a tolerable 
range (e.g., fermentation was not inhibited). The percentage 
of lactic acid remained less than 0.45 (in most cases less than 
0.35) (FIG. 16B). The percentage of acetic acid remained 
less than 0.18 (in most cases less than 0.06) (FIG. 16C). 
This embodiment of the present method resulted in consis 
tently low lactic and acetic acid levels and Stable pH levels. 
This resulted in greater ethanol production, which was at 
least in part likely due to leSS yeast StreSS. 
0209 The results of experiment 3 demonstrate that a 
continuous embodiment of the present method produced 
residual starch levels lower than that produced by the 
conventional process (FIG. 17). The residual starch levels 
produced using this embodiment of the present method 
remained lower than the residual Starch levels of the con 
ventional process (FIG. 17). The percentage of starch pro 
duced using this embodiment of the present method 
remained at about twenty (e.g. 21) or less (FIG. 17) whereas 
the percentage Starch produced using the conventional pro 
cess was as high as 27 (FIG. 17). 
0210 Discussion 
0211 Although not limiting to the present invention, it is 
believed that as glucose is formed during fermentation, it is 
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quickly metabolized by the yeast, which resulted in low 
glucose levels. The Slight increase in glucose observed at the 
end of fermentation Suggests a drop in yeast viability. Again, 
not to limit the present invention, this can be explained by 
a decrease in yeast viability and fermentation that results in 
glucose production rates exceeding metabolic utilization 
rates (fermentation of glucose no longer keeps up with 
production). 

0212. According to an embodiment of the present inven 
tion, temperature Staging can be employed to minimize 
residual glucose production. That is, the temperature of the 
fermentation can be reduced as the fermentation progresses. 
It is believed that, in general, for every 10° C. (18 F) 
increase in temperature, the rate of an enzymatic reaction 
approximately doubles. In an embodiment of the present 
method, for example, enzyme action can be slowed by 
decreasing the temperature of the fermentation mixture after 
a time period, such as after 30 hours. It is believed that 
cooling also maintains yeast viability, So that fermentation 
can continue to utilize the glucose that has been formed. 
Conventional commercial variations of multistage continu 
ous fermentation processes exist. One Such conventional 
process includes running a Saccharification Stage prior to 
fermentation to provide fermentable glucose for a more 
rapid yeast fermentation. The present process does not 
require a Saccharification stage before fermentation and 
produces improved results. Another conventional continu 
ous process includes aerating the 1 fermentor, and possibly 
the Second fermentor, to encourage yeast growth. The 
present process provides improved results and does not 
require aeration of the fermentor. Some conventional con 
tinuous Systems employ a yeast recycle method. The present 
method does not require yeast recycling and provides 
improved results. This embodiment of the present invention 
is Superior to Such conventional continuous fermentation 
Systems. The present invention can employ Simultaneous 
Saccharification and fermentation of raw Starch and can 
operate at high gravity. In an embodiment, the process of the 
present invention can produce ethanol at fast rates despite 
the apparent lack of adequate fermentable Substrate. 

0213. A continuous ethanol production embodiment of 
the present method maintained low acidity levels throughout 
the fermentation cycle. These experiments indicate that an 
embodiment of the present method employing continuous 
fermentation created low, manageable levels of lactic and 
acetic acid. Low levels of lactic and acetic acid can be 
advantageous for maintaining a stable pH in fermentation, 
and can also decrease yeast StreSS and increase ethanol 
production. 

0214) A continuous ethanol production embodiment of 
the present method maintained lower Starch levels through 
out the fermentation cycle. Comparison of the present 
residual Starch level to the conventional process provides an 
indication of advantageous performance from the present 
method. The mass balance of the present raw Starch process 
Suggests that residual Starches can actually be higher in this 
process relative to the conventional, while Still achieving a 
higher ethanol yield and improved proximate mass balance. 
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Example 9 

The Present Process Produces DDGS With Less 
Caking and Compacting 

0215. The DDGS according to an embodiment of the 
present invention was compared to that produced by a 
conventional process. The present method produced an 
inventive DDGS that exhibited less caking compared to 
DDGS produced by the conventional process. The present 
DDGS with less caking is superior to conventional DDGS. 
0216) Materials and Methods 
0217. The DDGS was collected as a co-product of etha 
nol production from the conventional high temperature 
liquefaction proceSS and from the process of the present 
invention. The caking/collapse assay was performed by 
filling a 500 ml cylinder with approximately 400 ml of 
DDGS. Attention was given to avoiding physical packing of 
the DDGS when filling the cylinder. After filling, a 4.4 cm 
diameter disc weighing 78 grams was placed on top of the 
DDGS, followed by placement of 1.5 kg of lead shot (in an 
appropriately sized plastic bag) on top of the disc. ASSay 
preparation was completed by covering each cylinder with a 
plastic bag and Sealing the apparatus with a rubber band to 
prevent moisture loss. The weight applied to the DDGS is 
used to exaggerate the effect and approximate the conditions 
which DDGS is exposed to during transport, for example, in 
a railcar. The level of the DDGS is noted at the beginning of 
Storage and at various times during Storage at a temperature 
of 50° C. The measured height of the collapsed (caked) 
DDGS was compared to the initial height of the DDGS. The 
measured height was compared to the initial height as an 
estimate of the tendency of the product to collapse or cake. 

0218 Results 
0219. The DDGS from the present invention shows less 
caking collapse over time (FIG. 13) when compared to the 
DDGS of the conventional process. Over a twenty-five hour 
compaction time the DDGS according to the present inven 
tion collapsed only 4-5% of the initial volume as compared 
to 10-14% of the volume collapse for DDGS of the con 
ventional process. 
0220 Discussion 
0221) The compaction of DDGS at controlled conditions 
models the DDGS caking observed in the containers of 
transportation vehicles, for example railcars and truckS. 
DDGS produced using the process of this invention exhib 
ited leSS caking related collapse than that of the conventional 
process, indicating Superior performance of the present 
method. 

0222 Although not limiting to the present invention, it is 
believed that the observed compaction is consistent with that 
Suggested by glass transition theory. For example, glass 
transition temperature increases with molecular weight for 
polymers such as those found in DDGS. The present DDG 
includes higher levels of such polymers and should exhibit 
a higher glass transition temperature. It is believed that 
product moisture, Storage temperature, and chemical com 
position can impact the transition of DDGS from an amor 
phous glass to an amorphous rubber phase. DDGS in the 
rubber phase compacts more readily that DDGS in the glass 
phase. 
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Example 10 

The Present Process can Employ High Protein Corn 
to Produce High Protein DDGS and High Levels of 

Ethanol 

0223) In an embodiment, the present invention can 
include fermenting high protein corn to produce high protein 
DDGS and high levels of ethanol. This provides for advan 
tageous flexibility for processing high protein corn. 

0224 Materials and Methods 
0225 DDGS was collected as a co-product of ethanol 
production from fermentation of various corn hybrids with 
fermentations Set up in a similar manner as Example 1. All 
fermentations were set up using identical conditions. Dif 
ferent corn hybrids were tested using various grind sizes 
using a lab Scale hammermill. The hammermill Screen size 
was varied from 0.5 mm to 4.0 mm to create flour particle 
sizes ranging from fine (0.5 mm screen) to coarse (4.0 mm 
Screen). 
0226 Results 
0227 FIG. 15A illustrates the dependence of protein 
level in DDGS on grind size. This figure illustrates the 
inverse correlation between grind size and protein: as par 
ticle Size increases the protein content of DDGS decreases 
for each tested corn hybrid (FIG. 15A). FIG. 15B illustrates 
the dependence of starch level in DDGS on grind size. This 
figure illustrates a positive correlation between grind size 
and Starch content in: as particle size increases the Starch 
content of the DDGS increases for each tested corn hybrid 
(FIG. 15B). FIG. 15C illustrates the dependence of ethanol 
production on grind size. This figure illustrates that as 
particle Size decreases there is an increase in ethanol pro 
duction (FIG. 15C). 
0228 Discussion 
0229 Reduced particle size arising from grinding of the 
corn enables higher ethanol yields and higher protein DDGS 
to be created. A Strong correlation is also seen between the 
initial protein content of the corn and the resulting protein 
content of the DDGS. In the conventional process, higher 
protein corn is undesirable because it lowers fermentable 
Starch content. The conventional process, being more con 
Strained by Viscosity arising from liquefaction, limits the 
processor's ability to maintain fermentables by increasing 
the solids level in fermentation. The present method is less 
constrained by Viscosity, Such that fermentable Solids can be 
increased to maintain potential ethanol production titers 
while Simultaneously producing a higher protein DDGS. 
The higher protein DDGS can be used for any of a variety 
of purposes. 

0230. It should be noted that there is significant effort 
within the current industry to encourage the use of “highly 
fermentable corn” hybrids. The “highly fermentable corn” 
hybrids can have a higher Starch concentration and not a 
high protein concentration. This example demonstrates that 
higher protein corn hybrid varieties of standard #2 yellow 
corn can be used to obtain high levels of ethanol production. 
Despite Standard #2 yellow corn lower Starch contents, 
fermenter dry Solids can be increased to maintain ethanol % 
levels in the fermenter while producing a higher protein 
DDGS. 
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Example 11 

The Raw Starch Process Enables Production of 
Co-Product With Inventive Features 

0231. In an embodiment, the present invention provides 
improved access to the prolamin protein (Such as Zein) 
fraction of cereal grains. The high protein content of DDG 
and DDGS is useful in compounding. 
0232 Results and Discussion 
0233. This results in DDG/DDGS with varying ratios of 
prolamin protein (such as Zein) and residual starch. FIGS. 
14A and 14B show the relationship of wet cake, syrup 
Starch, and protein levels. AS the residual Starch in the wet 
cake reduces the protein in the wet cake increases. This 
indicates an inverse relationship. A similar response occurs 
in the Syrup fraction. 
0234. It should be noted that, as used in this specification 
and the appended claims, the Singular forms “a,”“an,” and 
“the' include plural referents unless the content clearly 
dictates otherwise. Thus, for example, reference to a com 
position containing "a compound” includes a mixture of two 
or more compounds. It should also be noted that the term 
“or is generally employed in its Sense including “and/or 
unless the content clearly dictates otherwise. 
0235 All publications and patent applications in this 
Specification are indicative of the level of ordinary skill in 
the art to which this invention pertains. 
0236. The invention has been described with reference to 
various specific and preferred embodiments and techniques. 
However, it should be understood that many variations and 
modifications may be made while remaining within the Spirit 
and Scope of the invention. 

We claim: 
1. A process for producing ethanol from plant material, 

comprising: 
reducing the plant material to produce material compris 

ing Starch; 
the reduced plant material have particle size Such that 

at least about 50% of the particles fit through a sieve 
with a 0.1-0.5 mm mesh; 

Saccharifying the Starch, without cooking, with an enzyme 
composition; 

fermenting the incubated Starch to yield a composition 
comprising at least 15 Vol-% ethanol; 
fermenting comprising reducing temperature of fer 

menting mixture; and 
recovering the ethanol and co-products from the fermen 

tation 
2. The process of claim 1, wherein plant material com 

prises corn, which comprises high amylopectin Starch. 
3. The process of claim 1, wherein the plant material 

comprises corn, Sorghum, millet, wheat, barley, rye, or 
mixtures thereof. 

4. The process of claim 3, wherein the corn comprises 
waxy corn. 

5. The process of claim 3, wherein the corn comprises 
high protein corn. 
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6. The process of claim 3, wherein the corn comprises #2 
yellow dent corn. 

7. The process of claim 1, comprising reducing the plant 
material with hammer mill, roller mill, or both hammer mill 
and roller mill. 

8. The process of claim 7, comprising reducing the plant 
material to produce plant material of a size that at least 35% 
of the reduced plant material fits through a 0.1-0.5 mm 
SCCC. 

9. The process of claim 1, comprising reducing the plant 
material with particle size reduction emulsion technology. 

10. The process of claim 1, comprising Simultaneous 
Saccharifying and fermenting. 

11. The process of claim 1, comprising decreasing tem 
perature during Saccharifying, fermenting, or simultaneous 
Saccharifying and fermenting. 

12. The process of claim 1, comprising Saccharifying, 
fermenting, or Simultaneous Saccharifying and fermenting at 
temperature of 25-40 C. 

13. The process of claim 1, comprising Saccharifying, 
fermenting, or Simultaneous Saccharifying and fermenting at 
temperature of 27-35° C. 

14. The process of claim 1, comprising reducing tempera 
ture from about 40 C. and to about 25 C. during saccha 
rifying, fermenting, or Simultaneous Saccharifying and fer 
menting. 

15. The process of claim 1, comprising Saccharifying, 
fermenting, or Simultaneous Saccharifying and fermenting at 
pH of about 3.0 to about 6.0. 

16. The process of claim 1, comprising Saccharifying, 
fermenting, or Simultaneous Saccharifying and fermenting at 
pH of about 4.1 to about 5.3. 

17. The process of claim 1, comprising a pH of about 4 to 
about 4.5 at start of fermentation fill. 

18. The process of claim 1, comprising a pH of about 5 to 
about 5.5 as ethanol production reaches maximum level. 

19. The process of claim 1, comprising increasing pH 
from about 4 to about 5.3 during Saccharifying, fermenting, 
or Simultaneous Saccharifying and fermenting. 

20. The process of claim 1, comprising decreasing Solid 
content from about 40% to about 15% during saccharifying, 
fermenting, or Simultaneous Saccharifying and fermenting. 

21. The process of claim 1, wherein the enzyme compo 
Sition comprises alpha amylase, glucoamylase, protease, or 
mixtures thereof. 

22. The process of claim 1, wherein Saccharifying, fer 
menting, or Simultaneous Saccharifying and fermenting 
comprises adding protease. 

23. The process of claim 1, wherein Saccharifying, fer 
menting, or Simultaneous Saccharifying and fermenting 
comprises adding backSet. 

24. The process of claim 1, wherein Saccharifying, fer 
menting, or Simultaneous Saccharifying and fermenting 
comprising adding nitrogen. 

25. The process of claim 1, comprising Saccharifying and 
fermenting at rates that maintain concentration of glucose 
less than 3 wt-% in fermentation. 

26. The process of claim 1, comprising Saccharifying, 
fermenting, or both Saccharifying and fermenting with about 
0.1 to about 10 acid fungal amylase units (AFAU) per gram 
of dry solids reduced plant material and about 0.1 to about 
6 glucoamylase units (AGU) per gram dry Solids reduced 
plant material. 
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27. The process of claim 1, comprising Starting Saccha 
rifying, fermenting, or both Saccharifying and fermenting 
with about 25 to about 45 wt-% reduced plant material in 
Water. 

28. The process of claim 1, comprising Starting Saccha 
rifying, fermenting, or both Saccharifying and fermenting 
with residual starch at up to 20%. 

29. The process of claim 1, comprising producing greater 
than 18 vol-% ethanol in about 48 to 96 hours. 

30. The process of claim 1, comprising producing 18 
vol-% to about 23 vol-% ethanol. 

31. The process of claim 1, further comprising recovering 
the Solids from the fermentation. 

32. The process of claim 31, recovering before, during, 
and after recovering the ethanol. 

33. The process of claim 31, comprising recovering 
distiller's dried grain. 

34. The process of claim 31, wherein the distiller's dried 
grain comprises about 30-38 wt-% protein, about 11-19 
wt-% fat, about 25-37 wt-% fiber. 

35. The process of claim 31, wherein the distiller's dried 
grain comprises at least about 30% protein. 

36. The process of claim 1, comprising running the 
proceSS as a batch process or as a continuous process. 

37. A process of drying distillation products from the 
production of ethanol, comprising: 
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producing Starch from corn and ethanol from the Starch; 
producing reduced Stack emissions of 1.47 or less pounds 

of volatile organic compounds per ton of corn. 
38. The process of 37, further producing reduced stack 

emissions of 0.98 or less pounds of carbon monoxide perton 
of corn processed. 

39. A process for producing ethanol from plant material, 
comprising: 

reducing the plant material to produce material compris 
ing Starch; 

Saccharifying the Starch, without cooking, with an enzyme 
composition comprising acid fungal amylase; 

fermenting the incubated Starch to yield a composition 
comprising at least about 18 Vol-% ethanol; 

recovering ethanol from the fermentation. 
40. A distiller's dried gain comprising at least about 30 

wt-% protein. 
41. A distillers dried grain comprising about 30-38 wt-% 

protein, about 11-19 wt-% fat, about 25-37 wt-% fiber. 
42. A corn beer comprising at least about 18% ethanol. 

k k k k k 


