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Chapter 15

Fractionation technologies for dry-grind corn processing
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INTRODUCTION
Fractionation technologies are being implemented
in dry-grind ethanol plants that allow recovery of
multiple products, affect fermentation efficiency,
reduce the amount of distillers' dried grains with
solubles (DDGS) produced, and improve nutritional
composition of the DDGS. These technologies
include corn fractionation and DDGS fractionation
and employ use of different separation principles,
processing equipment, design parameters and/or
addition of chemicals and enzymes. In this chapter.
some of these fractionation technologies will be
highlighted and compared for product quality,
fermentation efficiency, DDGS composition and
equipment costs.
To fractionate the corn for recovery of multiple
products with maximum value, it is important to
understand the structure and composition of the
kernel. Corn composition and fractionation also
affect DDGS composition and its value.

CORN COMPOSITION
A corn kernel has four main parts: tip cap, pericarp,
germ and endosperm. Watson (2003) gave the percent
of component parts and the composition of these
parts of dent corn kernels, as shown in Table 1. Germ

comprises 83% of the fat and 26% of the protein in
the corn kernel (Table I).
Table 1. Whole corn kernel composition and composition of its
fractions (endosperm, germ, pericarp and tip cap).
•S'/arch

Fat /',ote/n ,4.ch Sugar Fibre

73.4

4.4

Whole kernel
composition, Yo (dh)

9.1

1.4

1.9

9.5

Kernel fractions,
% of total indicated
constituents
27

98.1

15.4

73.8

17.9

28.6

Genii

1.5

82.6

26.2

78.4

69.3

16

Pcricarp

0.6

1.3

2.6

2.9

1.2

51

Tip cap

0.1

0.8

0.9

1

0.8

Endosperm

(1.1

Watson (2003).

Most of the phytic acid in a corn kernel is in the germ
fraction. Most of the proteins in corn germ are water
soluble and, if the corn kernel is soaked in water,
these proteins leach out. However, little or no protein
from corn endosperm leaches out during soaking.
There are two kinds of fibre in the corn kernel:
pericarp fibre and endosperm fibre. Endosperm fibre
is a fine fibre fraction, comprised of cellular material
inside the corn endosperm. Pericarp fibre is a coarse
fibre fraction, comprised of layers of dead cells. The
outermost layer of pericarp is cutinised and prevents
penetration of water and chemicals inside the kernel
from any place except the tip cap. One of the inner
layers of the pericarp is a spongy tissue known as
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'cross and tube cells', which facilitate the absorption
of water into the kernel. Underneath the cross and
tube cells is a layer of semipermeable cells known
as the 'seed coat'. Pericarp fibre constitutes 40 to
50% of the fibre in the corn kernel. The tip cap is
the remaining fibrous material that connects the corn
kernel to the cob. It is only through the tip cap, and then
through the cross and tube cells, that water or other
liquids can penetrate the kernels (Wolf et al., 1953).
There are four kinds of protein in the corn kernel,
based on their solubilities. Osborne (1924) classified
corn proteins as I) albumins, proteins soluble in water;
2) globulins, proteins soluble in dilute salt solutions;
3) prolamins, proteins soluble in 70% alcohol solution
and 4) glutelins, proteins soluble in dilute acid or base.
Lawton and Wilson (2003) reviewed the corn protein
composition for dent corn reported in the literature
(Table 2). Albumins and globulins are physiologically
active proteins (enzymes) and are concentrated in
germ, aleurone and pericarp fractions. Small amounts
of albumins and globulins (5% of total endosperm
protein) are found in the endosperm fraction (Hoseney,
1994). Albumins and globulins have good amino
acid balance and are high in lysine, tryptophan and
methionine. Prolamins and glutelins are classified as
storage proteins and constitute 72% of total endosperm
protein. Prolamins and glutelins are deficient in lysine,
tryptophan and methionine.

There are three major processes used to convert
corn into valuable products. These processes are (1)
corn wet milling, (2) corn dry milling and (3) corn
dry grind.

1992; Johnson and May, 2003). In this process,
cleaned corn is conveyed to steep tanks, where it
is hydrated countercurrently (new corn with oldest
steep water) in 0.1 to 0.2% sulphur dioxide at 48° to
52°C for 24 to 36 hours (Figure 1). After steeping,
corn is passed through attrition mills, which tear open
the kernels and release germ.
Germ is recovered by density separation using
hydrocyclones. The remaining slurry is passed through
a set of screens to recover fibre and to wash residual
starch and protein from fibre. After fibre removal, starch
and protein slurry are passed through four stages of
centrifuges to separate starch and protein and to recover
concentrated protein (corn gluten meal) fraction. Starch
is washed to remove residual protein and is further
processed to produce pearl starch, ethanol, corn syrups
or other fermentation products. Protein, fibre and
solubles are mixed together to produce corn gluten
feed, which is used as an ingredient in ruminant animal
diets. Wet-milled germ is used for recovery of corn oil,
which is mainly used as human food. More detail on
this process is found in Chapter 4.
In dry milling, corn is dry-fractionated into grits
(endosperm), germ, pericarp fibre and flour (Duensing
et al., 2003). The conventional dry-milling process
consists of a tempering-degerming milling process
(Figure 2). Cleaned corn is tempered (with steam
or hot water) to increase its moisture content to
approximately 20% (wb). Tempering facilitates the
removal of germ and bran (pericarp). Degerming
produces two fractions ('tails' and 'thrus'). Tails are
large pieces of endosperm (grits) that exit the tail end
of the degerminator. Thrus consist of germ, bran and
smaller endosperm pieces. Both the tails and thrus
fractions are subjected to drying, cooling, aspiration,
density separation and sizing to produce grits (flaking
and other coarse grits) and other coproducts. Grits are
mainly used for producing breakfast cereals. Drymilled germ cake, bran and flour (standard meal) and
broken corn are mixed together, dried and ground
to make hominy feed, which is sold mainly as an
ingredient for animal diets.

CONVENTIONAL WET-MILLING
AND DRY-MILLING PROCESSES

CONVENTIONAL DRY-GRIND
PROCESS

In the wet-milling process, corn is fractionated into
individual components of starch, protein, fibre, germ
and solubles in an aqueous medium (Blanchard,

A schematic of the dry-grind process is shown in
Figure 3. In the conventional dry-grind (CDG)
process, the kernel is ground using a hammer mill.

Table 2. Distribution of corn endosperm protein in four samples of
dent corn.
Distribution (%)

Albumin
Globulin
Prolamin
Glutelins
Residue

Corn 1

Corn 2

('orn 3

Corn 4

7.8
0
50
38.2
4

12.4
0
33.9
36.8
16.9

7.8
0
37.6
43.6
II

4.7
3.5
45.8
38
9

Lawton and Wilson (2003).
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Dry granular material is mixed with water and backset
to form slurry, which is cooked at temperatures up
to 120°C using pressurised steam to break down the
crystalline structure of starch granules. a-amylase
is added to break down starch polymers into
shorter chained molecules, called dextrins, to form
mash. The mash is held at an elevated temperature
(approximately 70°C) for a short period of time to
liquefy the starch, cooled to 32°C and transferred
into a fermentation vessel. Glucoamylase and yeast
are added for simultaneous saccharification and
fermentation. In the mash, added glucoamylase
breaks down dextrins into mono- or disaccharides,
such as glucose and maltose, while yeast ferment
these saccharides into ethanol.
At the end of fermentation, the resulting 'beer'
is transferred to a holding tank called a 'beer
well'. From the beer well, the beer is transferred
to a stripper/rectifier column to remove ethanol.
Overflow from the stripper/rectifier column is an
ethanol and water mixture, and underfiow from the
column is whole stillage (water, yeast, nonvolatile
end products made by yeast and nonfermentable
components of corn). The ethanol and water mixture
is processed further, through a distillation column
and molecular sieves, to remove remaining water
from the ethanol.
Whole stillage (WS) is centrifuged to produce thin
stillage (water, soluble solids, some yeast and fines)
and wet grains (suspended solids including much of

the yeast). Some thin stillage (30 to 50%) is reused as
makeup water in the next batch. Using an evaporator,
the remaining thin stillage (TS) is concentrated into
syrup and mixed with the wet grain (WG), which
is dried to produce a coproduct with approximately
12% moisture content. This coproduct is marketed
as DDGS. The dry-grind process is mistakenly also
referred to as a dry-milling process. However, that
terminology is wrong and causes confusion between
ethanol production and snack food production
processes. See also Chapter 13 for further detail on
dry-grind technologies.

Corn fractionation prior to conventional
dry-grind process
Corn fractionation processes have been developed
to recover germ, pericarp fibre and endosperm fibre
as coproducts other than DDGS. Corn fractionation
processes reduce the amount of nonfermentables
(germ and fibre) in the fermentor and improve the
composition of DDGS (higher protein and lower
fibre content). Corn fractionation can be classified
as either wet or dry, depending upon the use of an
aqueous medium for separation of components.
Wet fractionation processes involve soaking corn
kernels in water for a short time, followed by milling
(size reduction) and separation of components in an
aqueous medium based on density differences.
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There have been several wet fractionation processes
described, such as the quick germ process (the
recovery of germ as coproduct) (Singh and Eckhoff,
1996; Singh and Eckhoff, 1997); the quick germ quick
fibre process (the recovery of germ and pericarp fibre
as coproducts) (Singh et al., 1999; Wahjudi et al.,
2001) and the enzymatic (E-Mill) dry-grind process
(the recovery of germ, pericarp fibre and endosperm
fibre as coproducts) (Singh et al., 2005; Wang et al.,
2005). The E-Mill dry-grind process involves the
soaking of corn in water for six to twelve hours at
55°C, followed by coarse grind and incubation with
protease and raw starch-hydrolysing (RSH) enzymes
for two to four hours (Figure 4). Protease and RSH
enzymes increase the specific gravity of the slurry
and aid in separation of individual corn components.
Germ and pericarp fibre are recovered by floatation
(hydrocyclones) (Singh and Eckhoff 1996; Singh et
al., 1999; Wahjudi et al., 2001). Endosperm fibre can
be recovered by use of screens (200 mesh or 0.074
corn-'

mm opening) either prior to fermentation (Singh et
al., 2005) or after fermentation (Wang et al., 2005).
Recovery of endosperm fibre after fermentation
reduces the loss of starch to the fibre fraction and
increases ethanol yield. The rest of the ground corn
slurry is processed for ethanol production. The E-Mill
process benefits dry-grind ethanol production in three
ways: by adding valuable coproducts (corn germ,
pericarp fibre and endosperm fibre) to the process,
by increasing the plant capacity and by increasing
the amount of protein and reducing the fibre content
in DDGS.
Singh et al. (2005) compared fermentation profiles
(Figure 5) and DDGS composition (Table 3) of
three wet fractionation processes with conventional
processes. Final ethanol concentration increased (8
to 27%) as nonfermentables (germ, pericarp fibre and
endosperm fibre) were removed from the mash and
their volumes replaced with fermentable substrate
(corn). Rates of fermentation for modified dry-grind
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processes also increased compared to the conventional
dry-grind corn process (Figure 5). For the enzymatic
dry-grind corn process, fermentation was complete at
36 hours, compared to 72 hours for the conventional
dry-grind corn process. The likely reason for this
increase in the fermentation rate is better mixing of
mash and yeast due to removal of suspended solids,
better enzyme kinetics and more-rapid heat transfer-all
leading to potentially higher rates of reaction. Protein
content of DDGS material increased for all modified
dry-grind processes compared to the conventional
process (Table 3). Protein content of DDGS material
increased from 28% for the conventional process to
58% for the E-Mill process. The acid detergent fibre
content decreased from 10.2% for the conventional
process to 2.1 % for the E-Mill process. The DDGS
material from the E-Mill process (due to high protein
content and low fibre content) can be potentially used
at a higher inclusion rate for nonruminant animals.
Table 3. Composition (dry basis) of distillers' dried grains ssith
solubles (DDGS) obtained after conventional dry-grind (CDG), quick
germ (QG), quick germ and quick fibre (QGQF) and enzymatic drygrind (E-Mill) ethanol processes'.
(DG QG QGQF E-Mill Corn Soybean
gluten meal
meal
Crude protein (%) 28.5
Crude fat (%)
12.7
Ash (%)
3.6
Acid detergent
fibre (%)
10.8

35.9
4.8
4.0

49.3
3.8
4.1

58.5
4.5
3.2

66.7
2.8
-

53.9
1.1
-

8.2

6.8

2.0

6.9

5.9

Singh ci al. (2005).
-J
C)
C
0
Cu
C
0
C.)
C
0
0
0
C

In dry fractionation processes, corn is not soaked in
water, and component separation is not done in an
aqueous medium. Main unit operations involved in
dry fractionation processes are tempering (mixing
corn with steam or hot water), size reduction and
dry separation based on density differences. There
are several dry fractionation processes, such as the
BFrac process (Lewis, 2006), FWS Process (Foster,
2005), dry degerm defibre (3D) process (Murthy
et al., 2006a), CTP Process (Giguere, 1993) and
others (Ponnampalam et al., 2004). All these dry
fractionation processes involve recovery of germ
and pericarp fibre as valuable coproducts prior to
fermentation.
In the 3D process, corn is tempered with hot water
or steam for a short period of time (5 to 10 minutes)
and ground in a degerminator to remove germ and
pericarp from corn endosperm (Figure 6) (Murthy
et at., 2006a). During grinding, corn endosperm
is broken into smaller pieces (grits). Germ is
separated from grits with the help of gravity tables
(density separation) and fibre is removed from grits
by aspiration. Grits are further ground to reduce
particle size and are processed using conventional
dry-grind ethanol methods to produce ethanol and
DDGS. Endosperm fibre is not recovered in the
3D process. Kim (2007) compared composition of
germ and DDGS from a commercial ethanol plant
conducting dry corn fractionation (similar to the 3D
process) prior to fermentation with DDGS made in a
conventional ethanol plant (Table 4). Protein content
of DDGS increased from 25.3% for the conventional
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process to 44. 1% for the dry fractionation process.
Due to dry removal of germ prior to fermentation,
the phosphorus content of DDGS was reduced from
0.76% for the conventional process to 0.33% for the
dry fractionation process (Table 4).
Table 4. Comparison between conventional DDGS samples and those
made by dry fractionation of DDGS and dry fractionation of germ.

Conventional

DiifactioaiIion

DDGS

DDGS

Crude protein (%)
Crude fat (%)
Phosphorus (%)

25.3
10.0
0.76

44.1

2.9
0.33

t,czcIionation
germ
14.9
19.1
1.29

fibre gum (Doner and Hicks, 1997; Doner etal., 1998;
Singh etal., 2000) or to produce ethanol (Dien etal.,
2005). Corn gum is a hemicellulose B fraction
and can be used as a film former, emulsifier (Whistler,
1993) or in adhesives, thickeners and stabilisers (Wolf
et al., 1953). Depending upon the type of wet or dry
fractionation process used, the amount of DDGS
produced can be reduced by 50 to 70% compared to
the conventional dry-grind corn process. However,
there are differences between wet and dry fractionation
processes in terms of fermentation profiles, coproduct
quality and DDGS quality.

Kim (2007).

Both wet and dry fractionations of corn prior to
fermentation in a dry-grind corn process recover germ,
pericarp fibre or endosperm fibre as coproducts. Germ
can be processed to recover corn oil (Johnston and
May, 2003). Fibre can be processed for corn fibre oil, a
nutraceutical product having three different classes of
phytosterol compounds (Moreau etal., 1996; Moreau
etal., 1998). In clinical studies, phytosterols have been
shown to reduce serum cholesterol levels (St-Onge and
Jones, 2003). Fibre can also be used to isolate corn

COMPARISON OF WET AND DRY
FRACTIONATION PROCESSES
Fermentation profiles
Murthy et al. (2006a) compared the rates of
fermentation and final ethanol concentrations of
wet- and dry-fractionated corn processed by the
conventional dry-grind corn process. Wet fractionation
was conducted using a modified enzymatic dry-grind
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(E-Mill) process, and dry fractionation was conducted
using a dry degerm defibre (3D) process. Different
amounts of corn were used for the CDG, E-Mill,
and 3D processes to account for the removal of germ
and pericarp fibre before fermentation. In the 3D
process, endosperm fibre is not recovered; therefore, to
facilitate comparison, the E-Mill process was modified
to eliminate the endosperm fibre recovery step. Also,
in the modified E-Mill process, proteases were not
added during the incubation step. The fermentor
solids levels were kept constant at 25% (wb) for all
I reatments.
The fermentation rate was highest for the E-Mill
process (Figure 7). The fermentation rate of the 3D
process was slowest initially and increased after
36 hours, as compared to the conventional process.
The initial slow rate of the 3D process could be due
to the loss of micronutrients with germ during the
degermination process. Germ has high concentrations
Of vital nutrients for growth of the corn seedling and
has many water-soluble proteins that play a vital role
in seedling growth. Germ also has enzymes necessary
for supply of nutrients to the germinating seedling
from the nutritional resources in the kernel (Ashton,
1976). These constituents are necessary for proper
yeast nutrition and normal fermentation rates. Yeast is
able to synthesise almost all the chemicals needed for
its growth from carbon and nitrogen sources. However,
the time required to synthesise these nutrients could
result in slow rates of fermentation, as observed in the
3D process. Average final ethanol concentrations for
CDG, 3D, and E-Mill processes were 13.2, 13.7 and
14.9% v/v, respectively. These higher final ethanol
concentrations for E-Mill and 3D processes were
expected, because removal of germ and pericarp
>
>
C
0

fibre resulted in more fermentable material in the
fermentor. The lower final ethanol concentration for
3D (dry fractionation) compared with E-Mill (wet
fractionation) suggests that there is more starch loss in
the 3D process. In the 3D process, separation of germ
and pericarp fibre from endosperm is not complete,
and endosperm pieces are still attached to the germ
and pericarp fibre.

DDGS composition
Martinez-Ainezcua et al. (2007) evaluated the DDGS
composition of the quick germ quick fibre (QGQF)
process (a wet fractionation process), the 3D process
and the conventional processes in a poultry study.
Protein content of DDGS increased and fat and total
dietary fibre content of DDGS decreased for both
QGQF and 3D processes, compared to conventional
processes (Table 5). Lysine and phosphorus content of
DDGS increased for the QGQF process but decreased
for the 3D process. Increase in lysine content of
DDGS for QGQF occurs because water-soluble
proteins leach out in water during the soaking step
and are concentrated in the DDGS. However, in the
3D process, these proteins are lost in the germ fraction
(due to lack of soaking in the 3D process). The ratio
of lysine to crude protein in DDGS for QGQF process
was similar to the conventional process; however, in
the 3D process the ratio was reduced by 25% (Table
5). Since germ has high concentrations of phytic
acid, which leaches out in soak water, the phosphorus
content of DDGS increases for the QGQF process but
decreases for the 3D process compared to conventional
processes (Table 5).
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Table 5. Compositions of distillers' dried grains with solubles from
conventional (CDG), dry degerm defibre (3D) and quick germ quick
fibre (QGQF) dry-grind ethanol processes.

Crude protein
Crude fat (%)
Fibre (TDF)
Lysine (%)
Lysine (°/h ofCP)
Total phosphorus (%)

(DC

3D

QGQF

21.2
13.9
36.4
0.73
3.4
0.78

23.8
8.7
2850
((.63
2.5
((.47

28.0
5.4
25.3
0.91
3.3
1.12

Martinez-Aniezcua al. (2007).

Germ composition
Johnston et al. (2005) evaluated germ composition
from four processes using soaking of corn prior
to germ removal and two processes involving dry
degermination of' corn (Table 6). The oil contents
of germ from processes conducted by soaking prior
to germ removal were approximately two times
higher (36-40% oil content) compared to a process
not including soaking (18-22% oil content). The
amount of starch lost in germ was twofold higher for
nonsoaking processes (20-21%) compared to soaking
processes (6-12%) (Table 6). Germ recovered from
a nonsoaking process is of poor quality, with a low
oil content and a high starch content. This is one of
the reasons why dry-milled germ historically has
not been processed by corn wet-milling plants for
oil recovery. Loss of starch in germ also reduces the
fermentable substrate that could have been converted
into ethanol.
Table 6. Germ composition and yield from wet and dry fractionation
processes.
Milling piocess

Oil
(%l

40.9
Commercial wet mil ling A
36.4
Commercial wet milling B
38.8
Laboratory wet milling
Quick eenii (12-hour soak) 36.4
23.0
Commercial dry milled
18.1
Laboratory dry

Piolein Stare/i
(%)
(%)
14.0
13.9
18.4
21.36
15.3
17.5

8.0
6.9
11.6
6.2
19.8
21.2

,1817
(%)

}le/J
(%)

2.2
1.4
2.3
ND
ND
1.5

7.5
7.5
7.5
6.5
12
13.9

to a conventional process, no additional water is
required in a wet fractionation process. The water
generated from the carbon dioxide scrubber, the
evaporator (as condensate) and as thin stillage can
all he combined and used in the front end of the
process to achieve wet germ and fibre removal.

Capital cost
The total equipment cost of implementing a wet
fractionation process (germ, pericarp fibre and
endosperm fibre removal prior to fermentation) in
an existing conventional dry-grind ethanol plant
is approximately US$3.88 million (Table 7) as
determined in 2007 (personal communication with
equipment manufacturers). The equipment cost
of retrofitting a conventional dry-grind ethanol
plant with a dry fractionation process (germ and
pericarp fibre removal prior to fermentation) is
approximately US$2.38 million (Table 7). The
fixed cost can be estimated by using a factor of 3
(rather than 4), because, for a retrofitted plant, cost
of some factors (site, steel, boiler) would not apply,
while others (concrete, buildings, electrical, piping
and instrumentation) would be greatly reduced
(approximately 50%). The overall cost of retrofitting
a dry-grind ethanol plant with a wet fractionation
process would he approximately US$11.65 million
compared to about US$7.15 million for a dry
fractionation process.
Overall, the equipment costs involved in
incorporating dry fractionation in a dry-grind ethanol
plant are less than wet fractionation however, the
fermentation efficiency, germ quality and DDGS
quality are lower than in a wet fractionation process.
In a dry fractionation process, unlike the wet
fractionation process, no water routing issues are
involved. There are ways to improve fermentation
efficiency and germ quality in a dry fractionation
process.

Johnston etal. (2005).

Other process considerations
In a dry fractionation process, no water balance
or routing issues are involved. However, in a wet
fractionation process, water routing needs to be
changed to achieve wet fractionation. Compared

WAYS TO IMPROVE THE DRYFRACTIONATION PROCESS
Addition of B vitamins and germ soak water
Germ removal in dry fractionation results in reduction
of nutrients (minerals, enzymes and amino acids) in
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Table 7. Equipment cost comparison between dry and wet fractionation processes for 50 million gallon per year dry-grind ethanol plant (pi-ice
quotations from equipment manufacturers, 2007).
Wei-fradllonation equipment
Soak tanks (4 tanks)
Equipment associated with soak tanks
First in-md screens (3 units)
First grind mill (I unit)
Germ clones (9 units)
Germ wash screens (3 units)
Third grind mill (I unit)
Germ press( I unit)
Germ dryer (I unit)
Fibre wash screens (6 Units)
Fibre wash tanks (6 units)
Fibre press( I unit)
Fibre dryer (I unit)
Total equipment cost
Total fixed capital (equip. cost x 3)

cost (US'S
5532.641
$884,000
S21,500
$118,000
$120,000
$64,500
$264,000
$255,500
$581,000
$129,000
S60.000
$255,500
$600.000
$3,885,641
$11,656,923

the fermentation medium. During a soaking step,
water-soluble proteins and other micronutrients leach
out into the soak water, which is reused in the wetfractionation process. However, in dry fractionation,
soluble proteins and micronutrients are removed
with the germ. Supplementing the fermentation
medium with a 13-vitamin complex, which consists
of essential coenzymes in carbohydrate metabolism
(Jansen, 1972), can promote growth of yeast.
Riboflavin (vitamin 132) is essential for lipid
synthesis in microorganisms (Horwitt, 1972).
Vitamin 136 is essential for nitrogen metabolism
(Sauberlich, 1972).
Abundant supply of B vitamins could remove the
restrictions on the growth of yeast due to unavailability
of the metabolic precursors and can, therefore,
improve fermentation rates of yeast. Murthy et al.
(2006a) evaluated the effect of addition of B vitamins
and germ soak water in the dry fractionation process.
The 3D process endosperm fraction without any
added nutrients was used as control. Fermentation
rates increased when B vitamins or germ soak water
were added to the endosperm fraction from the 3D
process (Figure 8). Final ethanol concentration of
the 13-vitamin-supplemented samples was 15.0%
higher (and 2.6% v/v more) than the control. Residual
glucose was low for treatments supplemented with
germ soak water or B vitamins, indicating complete
fermentations had occurred (Murthy ci al., 2006a).
Using germ soak water as a supplement has three
process advantages: it recovers additional starch
removed from the endosperm fraction during
dry fractionation: germ is a coproduct in the dry-

Dri'-fraciio,iuiion equipment
Tempering tanks (4 tanks)
Degenninators (21 units)
Dryer (I unit)
Box sifter/grading reel (4 units)
Cooler( I unit)
Aspirator (4 units)
Gravity tables (4 units)

(ui (LSS)
S532,641
$378,000
$750,000
S100,000
$500.000
$64.000
$60,000

S2,384,641
$7,153,923

fractionation process, and germ soak water is readily
available: and soaking germ increases its oil content
(due to leaching of solubles) and its value. The value
of dry-fractionated germ after soaking would likely
be greater than germ from wet milling, as it is not
exposed to sulphur dioxide.

Addition of lipid supplements
In both wet and dry fractionation processes, germ
(corn oil) is removed. In wet fractionation (using
a primary germ separation unit), only 85% of the
germ is removed. The remaining 15% of the germ is
recovered in a secondary germ separation unit (Singh
and Johnston. 2004). In a dry fractionation process,
only one germ separation unit is used. Removal of
the lipids results in poor fermentation characteristics
of the endosperm fraction produced from the dry
fractionation process.
Dry-grind fermentation becomes an anaerobic
process. Biosynthesis of lipids, which is important
for yeast cell growth and viability, cannot proceed in
strictly anaerobic fermentations. Murthy eral. (2006b)
investigated the effect of ten lipid supplements
on improving fermentation characteristics of dryfractionated corn endosperm. The control treatment
was a dry-fractionated corn endosperm fraction
without lipid supplementation.
Ethanol production improved for all lipid treatments,
indicating a beneficial effect of lipid supplements.
Three lipid treatments (fatty acid ester, alkylphenol
and ethox y lated sorhitan eEer) were most effective

Fractionation technologies Jor dr y -grind corn processing 203

18
>

16
14

o 12

E
C

10

(1)
L)
C
0

8

0

i112
I]

0

10

20

30

40

50

60

70

Fermentation time (hour)
Figure 8. Effect of additional germ soak water and B-vitamin addition on fermentation profile of dry-fractionated corn
(Murthy etal., 2006a).

in improving final ethanol concentrations (Murthy
et al., 2006b). Fatty acid ester treatment produced
the highest final ethanol concentration (12.3% v/v)
among all lipid supplementation treatments (Table
8). Mean final ethanol concentrations of alkylphenoland ethoxylated sorbitan ester-supplemented samples
were 12.3 and 12.0 11c v/v. respectively. Fatty acid
ester and alkyiphenol treatments improved glucose
utilisation by 8.47 and 6.15% and led to 10.38
and 8 . 99 C/c increases in ethanol over the control
treatment, respectively (Table 8). Sorbitan ester
treatments produced a 6.15% increase in ethanol
over the control. However, glucose was underutilised
compared to the control treatment (Murthy ci al.,
2006b).

Table 8. Effect of adding lipid supplements on final ethanol
concentration of fermented mash after the dr y fractionation process.
Time
(hem-)

0
2
6
12
24
48
72

.41kv/phenol

0.0
0.8
3.4
6.1
9.1
I1.6
12.3

NI urtls\ et sit. (20064

ireatnienis
Sot-bitan
Fuqv ac *l
ester
ester

0.0
0.8
3.4
6.0
8.9
11.3
12.0

0.0
0.8
3.4
6.1
9.1
11.8
12.3

3D
(control)

010
1.1
3.7
6.0
8.7
10.7

11.2

Addition of proteases and using highperformance yeast strains
Use of high-performing yeast strains and addition
of protease during fermentation of dry-fractionated
corn can also improve fermentation rates and final
ethanol concentration. Murthy etal. (2006c) evaluated
four yeast strains and the addition of protease during
simultaneous saccharification and fermentation of
degermed corn flour (Table 9). Depending upon the
yeast strain, the final ethanol concentration increased
from 1.0 to 1.5% (v/v) and residual glucose decreased
from 1.3 to 2.2% (w/v) compared to the control
treatment (dry-fractionated corn with yeast strain #1 and
no protease addition). Addition of protease increased
the final ethanol concentration by 1.2 to 3.9% (v/v) and
decreased residual glucose concentration by 1.6 to 5.0%
(w/v) (Table 9) (Murthy ci al., 2006c).
'table 9. Ethanol and glucose concentration after fermentations
of dry-fractionated corn silth different yeast strains and with and
without protease addition.

Yeast sfran?

Ethanol cO,tceflt,af!On
(% mA)
Without
With
pm/ease
pm/ease

Yeast strain I
Yeast strain 2
Yeast strain 3
'6ast strain 4
Niurtisy dot. (2006c).

16.0
17.0
17.7
17.5

16.3
17.5
19.6
20.2

Gh(COV5' c , 00ecnt,s

(

lion

mm/s)

Without
pro/ease

With
pm/ease

5.6
4.3
3.4
3.6

5.1
3.5
0.8
0.1
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DDGS FRACTIONATION TO
RECOVER FIBRE: ELUSIEVE
PROCESS
A process called elusieve has been developed to
separate fibre from distillers' dried grains with
solubles (DDGS). Separation of fibre from DDGS
in a dry-grind ethanol plant increases protein and
fat content and reduces fibre content in the resulting
DDGS. Fibre produced from the elusieve process can
be used for recovery of other value-added coproducts.
The elusieve process uses sieving and elutriation
to separate fibre from DDGS (Figure 9). Material
carried to the top of the elutriation column is called
the 'lighter fraction' or 'fibre fraction', and material
that settled to the bottom of the column is called the
'heavier fraction' or 'enhanced DDGS'.
Conventional DDGS samples, obtained from drygrind corn plants, were processed using elusieve
technology. By adjusting process parameters, elusieve
processing increased protein and fat contents of
enhanced DDGS from 28 to 41% and from 12 to

14%, respectively, and reduced neutral detergent fibre
content from 32 to 19%, compared to the original
DDGS (Tables 10 and 11) (Srinivasan et al., 2005).
The elusieve process is a low-cost solution to the
reduced fibre content of conventional DDGS. The
payback period for the elusieve process for a dry-grind
ethanol plant producing 40 million gallons per year
was estimated to be less than two years (Srinivasan
et al., 2006).
Table 10. Composition of different-size materials after sieving oa
commercial DDGS sample.
Size catego,r

?Sonnna/
particle
size
(micrnnn

Original DDGS
All
Material on 24T'
>869
Material on 34T
582 to 869
Material on 35M 447 to 582
Material on 60M 234 to 447
Material in pan
<234

% (n/u) Prntein
Retained
(%)
on screen

100.0
27.0
19.4
13.3
20.1
20.2

33.6
29.3
26.9
31.2
37.5
42.2

Eat
Neutral
(7) dete, gent
fibre (%)

12.5
12.5
11.3
10.9
11.3
12.9

Srinivasan et 0/. (2005).
Screen size, M and T refer to market-grade cloth and tensile bolt cloth.

corn
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L
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mash
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33.4
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33.6
29.3
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syrup
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I
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columns
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Figure 9. Elusieve process schematic.
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Table 11. Elutriation (aspiration) of fibre from material on 24T
screen.
Fraction

Lighter fraction
Material on 24T
Enhanced DDGS

Neutral
deteiyen/
fibre (%)

Protein
(%)

Fat
(%)

53.3
33.4
32.6

19.3
29.3
35.6

7.05
12.5
14.2

Srinivasan etal. (2005).

CONCLUSIONS
Corn and DDGS fractionation technologies have
been developed for the dry-grind ethanol process.
Corn fractionation technologies recover germ,
pericarp fibre or endosperm fibre as valuable
coproducts prior to fermentation, increase final
ethanol concentration and improve the composition
of DDGS. Corn fractionation can be achieved by wet
or dry processing technologies. A wet fractionation
process involves the soaking of corn in water and
separation of coproducts in an aqueous medium.
A dry fractionation process involves tempering of
corn with steam or hot water and dry separation of
coproducts. The cost of implementing a dry process
is less than that of implementing a wet process.
However, a wet process results in higher rates of
fermentation, germ with higher concentration of oil,
and DDGS with better nutritional quality compared to
a dry process. Rates of fermentation in dry processes
can be improved by addition of micronutrients and
protease and by the use of high-performance yeast
strains. Both wet and dry fractionation processes
have been commercialised in dry-grind ethanol
plants.
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