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ABSTRACT

Brewers' condensed solubles (BCS) were treated with glucoamylase,
pullulanase, cellulase, and B-glucanase to increase the level of yeast-
fermentable sugars. Enzymatic hydrolysis with glucoamylase alone at 60° C
increased the level of fermentable sugars by a factor of 1.8, Pullulanase,
cellulase, and B-glucanase did not significantly increase fermentable sugar.
Glucoamylase-treated BCS (GT-BCS) was fermented at 30° C. Optimum
fermentation conditions were pH 4.2, solids level 15-20% GT-BCS, and an
inoculum of 0.2 g of distillers’ active dry yeast/ L. medium. After three days
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of fermentation, 76-97 gal of ethanol (95%, v/v) was produced from 2,000
1b of dry BCS. Distillers’active dry yeast and bakers’compressed yeast gave
comparable fermentation times and yields of ethanol on 10 and 20% GT-
BCS, but brewers' spent yeast at its optimum fermentation time produced
slightly more ethanol from 10% GT-BCS and slightly less ethanol from 20%
GT-BCS than the other two yeasts. The viscosity of BCS at 59.1% was
halved when it was treated with cellulase or B-glucanase; cellulase was the
most cost-effective enzyme.

Brewers' condensed solubles (BCS) is a mixture of the
concentrated water-soluble (41.3-54.7%, w/w) and suspended
(3.1-4.4%, w/ w) by-products from the manufacture of beer. Sebree
et al (1983a,b) studied the composition and physical properties of
BCS. They found that the average composition of dry BCS was
759% carbohydrate, 8.9% protein, 1.4% fat, and 2.5% ash. These
authors also reported that the viscosity of BCS at 20% solids was
reduced by enzymes, which apparently depolymerized j3-glucans
originating from barley.

Ethanol has been produced from many agricultural by-products,
such as molasses (Honig 1963), wheat straw (Detroy et al 1981),
whey (Lyons and Cunningham 1980), wood (Robinson 1980), and
the waste of cassava starch processing (Kunhi et al 1981). Besides
these by-products, grain is a useful feedstock for ethanol
production (Hunt 1981, USDA 1980). Acid or enzyme hydrolysis is
necessary to convert the polysaccharide chains of starch to sugars
before yeast fermentation.

Because of its high percentage of carbohydrate, BCS is a suitable
raw material for ethanol production. However, half of the
carbohydrates are limit dextrins. The objectives of this study were
to convert these limit dextrins into fermentable sugars by
enzymatic hydrolysis and to determine the optimum conditions for
fermentation of enzyme-treated BCS to ethanol. In addition, the
viscosity reduction of BCS was examined using cellulase, B-
glucanase, and glucoamylase.

MATERIALS AND METHODS

BCS

A sample of BCS was obtained in 1982 from the Anheuser-Busch
brewery in Williamsburg, VA. The sample was representive of BCS
produced over a 24-hr period. The syrupy, brown BCS contained
54.7% (w/w) soluble solids and 4.4% (w/w) suspended solids,
giving a total of 59.1% (w/w) solids. Two more samples of BCS
were obtained from Williamsburg in 1983 and 1984. The total
solids contents of these samples were 50.9 and 56.9%, respectively.
Unless otherwise stated, the 1982 sample was used in this work.

General Methods

The reducing power of BCS before and after hydrolysis was
determined by the Nelson colorimetric method (Nelson 1944) using
glucose as a reference standard.
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Moisture of BCS was determined by evaporation at 65° C under
vacuum of 4,000 Nm ™ (30 torr) for 20 hr (method 31.008, AOAC
1980), or at 105° C for 9 hr in a forced-draft oven.

Sugars and ethanol were determined by high-performance liquid
chromatography (HPLC), using a Varian model 5,000 LC (Varian
Associates, Inc., Palo Alto, CA) chromatograph equipped with a
loop-injection device (10 ul) and a refractometer as detector. All
separations were done using a Bio-Rad Aminex ion-exclusion
column (HPX-87H, 300 X 7.8 mm; Bio-Rad Laboratories,
Richmond, CA) operated at 45° C with 0.005M aqueous sulfuric
acid at a flow rate of 0.7 ml/ min. Retention times for disaccharides
were 6.6 min compared to 6.1 min for trisaccharides. Isomaltose
and maltose coeluted in the disaccharide peak. Standard curves
were obtained from solutions of known concentrations of sugars
and ethanol.

Viscosity was measured with a Brookfield viscometer (LVT
model, Brookfield Engineering Laboratories, Inc., Stoughton,
MA) at 60° C using spindle no. 3 at 60 rpm and 180 ml of BCS ina
250-ml jar. Newtonian solutions of known viscosity were used to
standardize the instrument. The pH of the BCS was adjusted with
6M aqueous hydrochloric acid or 12M sodium hydroxide solution.

Enzymatic Hydrolysis

The enzymes used, their sources and activities were as follows:
glucoamylase was Diazyme L-100 from Miles Laboratories, Inc.,
Elkhart, IN, and had a labeled activity of 100 Diazyme Units
(DU)/ml, where one DU is the amount of enzyme that liberates | g
of glucose from starch in I hrat 60° C and pH 4.2; pullulanase was
Novozym 247 from Novo Laboratories, Inc., Wilton, CT, and had
a labeled activity of 1,415 PU/g, where one PU is the amount of
enzyme that liberates 1 umol of maltotriose from pullulan in 1 min
at 60° C and pH 5.0; cellulases were Celluclast 200 L from Novo
Laboratories, Inc., with a labeled activity of 200 CavU/g, where
one CavU is the amount of enzyme that liberates reducing power
equal to 1 umol of glucose from cellulose in | min at 50° C and pH
4.8, and Cellulase Tv concentrate from Miles Laboratories, Inc.,
with a labeled activity of 19,400 CU/ g, where one CU is the amount
of enzyme that, in 5 min at 40° C and pH 4.5, produces a relative
fluidity change of one in sodium carboxymethyl cellulose; -
glucanase was Finizym from Novo Laboratories, Inc., and had a
labeled activity of 200 FBG/ g, where one FBG unit is the amount of
enzyme that in | minat 30° C and pH 5.0 produces reducing power
equal to 1 pmol of glucose from barley g-glucan.

To increase reducing sugars, BCS (60 ml) was treated with the
four different enzymes under the following conditions: 1) four
levels of glucoamylase (0.02-0.4%, v/v) all at pH 4.2, three levels of
solids contents (5, 20, and 59.1%, w/w), and two temperatures, 45
or 60°C; 2) a combination of glucoamylase (0.1%, v/v) and
pullulanase (0.1%, w/v) on 20% solids at pH 4.5and 60° C; and 3) a
combination of glucoamylase (0.1%, v/v) and cellulase (0.1%, v/v)
or B-glucanase (0.1%, v/v) on 20% solids at pH 4.2 and 60° C.



Fermentation

Distillers” active dry yeast was obtained from Biocon (U.S.) Inc.
Lexington, KY. Bakers’compressed yeast and brewers’ spent yeast
(11.5%, w/w, suspension) were obtained from Anheuser-Busch,
Inc., St. Louis, MO. The amounts of yeast used are reported ona
dry solids basis. Glucoamylase-treated brewers’ condensed solubles
(GT-BCS) were used in all fermentations. GT-BCS was obtained
by diluting BCS to 20% (w/w) solids and hydrolyzing with 0.1%
(v/v) glucoamylase at 60°C for 9 hr. Unless otherwise stated,
fermentations were done at 30° C using 50 ml of sterilized (121° C,
15 min) medium in 125-ml Erlenmeyer flasks. The fermentation
flasks were plugged with cotton, except in one experiment where
the flasks were fitted with rubber stoppers containing hoses leading
to a watertight seal.

To determine the optimum pH for yield of ethanol, the acidity of
the medium was varied between pH 3.2 and 6.9. The fermentations
were carried out for 48 hr on 20% (w/w) GT-BCS using 0.1 g of
distillers’active dry yeast/ L (2.1 X 10° cells/ ml). The yeast (4 g) was
rehydrated in 100 ml of warm (42-43° C) water for 10 min before use.
Before fermentation, pH of the 209% GT-BCS was adjusted with | M
and 6 M aqueous hydrochloric acid or with | M and 12M sodium
hydroxide solution.

To determine optimum solids for fermentation, GT-BCS (20%,
w/w) was diluted to 10 and 15% solids by addition of water or
concentrated to 26 and 329% solids by evaporation below 50° Cona
rotary evaporator. Fermentations were done with 0.1 g of distillers’
active dry yeast/L.

To determine optimum yeast level, GT-BCS (209%, w/w) was
fermented with 0.001, 0.01, 0.05, 0.1, 0.2, and 0.4 g of distillers’
active dry yeast/ L.

Other fermentations were done on 10 or 20% (w/w) GT-BCS
with 0.1 g (as dry weight) of yeast/ L at 20 or 30°C.
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In one experiment, air was excluded from the fermentation flasks
using a watertight seal. In this experiment, GT-BCS (20%, w/w)
was fermented at 30° C and pH 4.2 using 0.1 g distillers’ active dry
yeast/L.

Viscosity Versus pH of BCS

The pH of BCS (59.1%, w/w) was adjusted between 3 and 11,
using 10M aqueous hydrochloric acid or 12M sodium hydroxide
solution. The maximum amount of added acid or base was 3
ml/ 180 ml BCS. The viscosity of BCS was then measured by the
Brookfield viscometer at 60° C as previously described.

Viscosity Reduction

BCS (59.1%, w/w, 180 ml) was treated at pH 4.2 and 60° C with
glucoamylase (Diazyme L-100), B-glucanase (Finizym), and
cellulase (Celluclast 200 L or Cellulase Tv concentrate). The
quantity of each enzyme (except glucoamylase) was adjusted for
cost to equal $2/metric ton of “as is™ BCS (59.1%. w/w, solids).
Those quantities were 0.048 ml of Finizym, 0.016 ml of Celluclast
200 L, and 0.0046 g of Cellulase Tv concentrate per 100 ml of BCS,
respectively.

RESULTS AND DISCUSSION

Enzymatic Hydrolysis to Increase Fermentable Sugars

Figure | shows the results of enzymatic hydrolysis of BCS with
glucoamylase at 60° C. At the lowest enzyme level (0.029%, Fig. 1A),
the reducing power of BCS at 5% solids increased from 28 to 70%
during the first 9 hr of treatment; after that, it increased only
slightly. At the same glucoamylase concentration but at 20 and
59.1% solids, reducing power increased from 28 to 66% in 32 hr,
and from 28 to 479 in 48 hr, respectively.
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Fig. 1. Changes in reducing power of brewers’ condensed solubles (BCS) treated with glucoamylase at 60° C and pH 4.2, o —e_50; (w/w) BCS; * - * 209
(w/w) BCS; 0—o0, 59.1% (w/w) or “as is” BCS. The concentration of enzyme in DU/ g of dry-solids BCS is: 0.02% (v/v) glucoamylase at 5, 20, and 59.1%
solids is 0.39, 0.09, and 0.03, respectively; at 0.05% (v/v) glucoamylase, 0.99, 0.23, and 0.07, respectively; at 0.1% (v/v) glucoamylase, 1.97. 0.46, and 0.14,

respectively; and at 0.2% (v/v) glucoamylase, 3.94, 0.92, and 0.28, respectively.
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When the amount of enzyme was increased, the rate of hydrolysis
increased, as expected. At 0.1% enzyme, the maximum reducing
power was reached in § hrat 5% BCS, in 20 hr at 20% BCS, and in
48 hr at 59.19 BCS. At the highest enzyme level (0.2%), the
maximum was reached in 2 hrat 5% BCS, 9 hrat 20% BCS, and 32
hr at 59.1% BCS.

We also examined the hydrolysis of BCS with glucoamylase at
45° C instead of 60° C. The results shown in Figure 2 indicate that
enzymatic hydrolysis at 60° C is preferred over 45° C. The rate of
hydrolysis was faster at 60°C than at 45°C, and the yield of
reducing power at the two temperatures was the same.
Furthermore, at 60° C growth of most microorganisms is less likely
than at 45° C.

When the hydrolysis reaction approached equilibrium, the
highest conversion to reducing power (71-73%) was observed at 5%
solids (Fig. 1). As the solids content of BCS increased, the rate of
hydrolysis decreased.

We attempted to increase the rate of enzymatic hydrolysis and
the yield of reducing sugars using a combination of pullulanase and
glucoamylase. In recent years, Novo Laboratories introduced a
new pullulanase with a pH and temperature optimum nearly equal
to those of glucoamylase. It is well known that glucoamylase is an
exo-acting enzyme, which cleaves a-1,4 p-glucosidic bonds more
rapidly than e-1,6 p-glucosidic bonds. Pullulanase, which
debranches a- and B-limit dextrins, might be expected to rapidly
hydrolyze the a-1,6 bonds in BCS, thereby accelerating the release
of reducing sugar by glucoamylase.

When 0.1% w/v (6.6 PU/ g dry solids [ds] of BCS) pullulanase
was added with 0.1% v/ v (0.46 DU/ g ds) of glucoamylase at pH 4.5
on 20% solids BCS at 60°C, the reducing power of the BCS
increased to 70% after 48 hr. Without pullulanase, the reducing
power increased to 65%. These preliminary results are encouraging,
and a detailed investigation on the use of a mixture of
glucoamylase/ pullulanase on BCS should be undertaken.

B-Glucanase was used in combination with glucoamylase to try
to increase the fermentables in BCS. B-Glucanase is an endo-acting
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carbohydrase that hydrolyzes 8-glucan. B-Glucan is a constituent
of cell walls in barley; it contains 8-1,4 and 1,3 p-glucose units at a
ratio of about 7:3 (Bathgate and Dalgliesh 1975). When BCS was
hydrolyzed at pH 4.2 and 60° C for 48 hr with 0.1% v/v(0.46 DU/ g
ds) glucoamylase or with a mixture of 0.1% v/v (0.46 DU/g ds)
glucoamylase and 0.1% v/ v (1.21 FBG units/ g ds) B-glucanase, the
hydrolyzed solids gave 69.3% and 71.5% of reducing sugar,
respectively. The slight increase in reducing power cannot justify
the expense of adding B-glucanase. Cellulase also gave no
significant increase in reducing power when it was used in
combination with glucoamylase.

The hydrolysis data in Figures | and 2 were based on
measurement of reducing power. We also used HPLC to measure
the content of glucose and disaccharides present in enzyme-treated
BCS. Table I shows the amount of fermentable sugars in 5, 20, and
59.1% BCS before and after treatment with glucoamylase
(0.02-0.29%). Fermentable sugars could be increased approximately
75% over their initial levels. As the solids in the digests were
decreased or the amount of enzyme increased, the reaction time
decreased. The increase of fermentable sugars leveled off at almost
the same times as those for reducing power measurements (Fig. 1).
At the lowest solids content (5%), the fermentable sugars of BCS
treated with 0,029 enzyme (0.39 DU/ gds) increased from 37.2% to
65% in 20 hr, whereas the same increase in fermentables was
produced in approximately 1 hrat 0.29% glucoamylase (3.94 DU/ g
ds). At 209% solids, the fermentable sugars did not increase
significantly beyond 9 hr for 0.19% enzyme (0.46 DU/g ds) or 4 hr
for0.2% enzyme (0.92 DU/ gds). Production of fermentable sugars
at the highest solids content (59.1%) was slow and required two
days to reach the maximum level with 0.29% enzyme (0.28 DU/ g ds).

As shown in Figure | and Table 1, hydrolysis with glucoamylase
can be done over a reasonable length of time even at a high solids
level in BCS. This may be important to some application of BCS,
However, when fermenting BCS to ethanol, the optimum solids for
fermentation is 20% BCS. Enzymatic hydrolysis at 20% solids is
reasonably rapid (~ 9 hr) and complete using 0.1% (0.46 DU/ g ds)
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Fig. 2. Changes in reducing power of brewers' condensed solubles (BCS) treated with glucoamylase at 45°C and pH 4.2. 8—e_59; (w/w) BCS; *—*, 20%
(w/w) BCS: 0—0, 59.1% (w/w) or “as is” BCS. See caption to Fig. | for units of enzymes/g dry solids BCS.
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glucoamylase. If enzymatic hydrolysis is done on 59.1% solids
BCS, then 0.2% (0.28 DU/g ds) glucoamylase is recommended
(Table I).

Fermentation in Cotton-Plugged Flasks

The results of fermentation done at various initial pH values
(3.2-6.9) are presented in Figure 3. Yeast gave relatively high yields
of ethanol above pH 3.5. The maximum yield occurred at pH 4.2,
which is almost the same as the original pH of BCS. Thus,
fermentation can be done without adjusting the pH of BCS. When
the initial pH was 4.6 or less, the final pH after fermentation of
GT-BCS was almost the same as its initial pH. But when the initial
pH was between 4.6 and 6.9, the final pH decreased by 0.4-1.0
units.

GT-BCS was fermented at five different solids levels using 0.1 g
distillers’ active dry yeast/L or 0.83 1b/ 1,000 gal; the results are

TABLE 1
Sugars® in Brewers’ Condensed Solubles Determined by
High-Performance Liquid Chromatography after Enzymatic Hydrolysis
with Glucoamylase at 60°C and pH 4.2

Dry Solids Hydrolysis Glucoamylase (% v/v)
Level (% w/w) Time (hr) 0.02 0.05 0.1 0.2
5 0 37.2% (w/w) 372 372 372
1 50.4 59.2 616 654
2 55.2 62.4 624 658
4 62.6 66.0 662 66.8
9 62.2 658 66.2 68.0
20 65.0 67.6 664 660
20 0 37.2 at2 372 372
2 49.1 55.1 549 59.0
4 51.8 556 60.7 648
9 54.4 599 649 655
20 59.6 64.1 67.0 65.2
59.1 0 37.2 372 372 312
9 45.5 48.5 526 558
20 47.8 528 551 60.2
32 50.4 56.5 58.9 62.6
48 524 57.5 58.8 65.1
96 56.3 6l.1 626 653

"Sugar equals the sum of glucose and disaccharides, which were assumed
to be predominantly maltose plus some isomaltose, Sugars given as weight
per 100 parts of dry solids. Towards the end of enzymatic hydrolysis, the
disaccharide fraction accounted for ~ 10% of the mixture of glucose plus
disaccharides in the hydrolyzates.
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Fig. 3. Relative yield of ethanol after 48 hr fermentation of glucoamylase-
treated brewers’ condensed solubles (GT-BCS). GT-BCS was prepared by
treating BCS (209 solids) with 0.19% Diazyme at 60°C for 9 hr.
Fermentations were done with 0.1 g yeast/L at 30°C in cotton-plugged
flasks.

shown in Figure 4. When GT-BCS was fermented at a solids
content of 10%, ethanol concentration in the beer as determined by
HPLC rose to a maximum of 3.59% (v/v) in 36 hr, after which time
the concentration of ethanol declined slightly. At 15% and 20%
GT-BCS, the concentration of ethanol peaked at 5.0% after two
days and 6.6% after three days, respectively. Fermentation of GT-
BCS at high solids required long reaction times to reach maximum
ethanol production. At 26% and 32% GT-BCS, ethanol
concentration peaked after five days at 7.9% and 9.19%, respectively
(Fig. 4).

The maximum ethanol yields at the various solids levels are given
in Table I1. As the concentration of substrate increased, the ethanol
yield decreased. At 10% solids, the yield was 339 ml of 95%
ethanol/kgds (81 gal/2,000 Ib ds). As the solids content increased
up to 20%, the yield declined slightly to 316 ml/kg ds. But at 32%
solids, the yield was only 266 ml/kg ds.

Figure 5 shows the effect of the level of yeast inoculum and
fermentation time on the production of ethanol in 20% GT-BCS.
As the inoculum increased, fermentation rates increased markedly,
and ethanol yields increased slightly. The optimum fermentation
times were one and a half days with an inoculum of 0.2-0.4 g of
distillers’ active dry yeast/L (4.2-8.3 X 10° cells/ml), three days
with 0.05-0.1 g/ L, four days with 0.01 g/ L., and five days with 0.001
g/L.

Besides the 1982 sample of BCS, a 1983 and a 1984 sample of
BCS were treated with glucoamylase, and the hydrolyzed samples

TABLE I1
Ethanol Yield Versus Concentration of Dry Solids in
Glucoamylase-Treated Brewers’ Condensed Solubles (GT-BCS)

Ethanol (95% v/v) Yield

Dry Solids Absolute Ethanol

in Broth in Ferment ml/kg of gal/2,000 Ib
(% w/w) (% v/v) Dry BCS of Dry BCS
10 35 339 81
15 5.0 324 78
20 6.6 il6 76
26 7.9 285 68
32 9.1 266 64

"GT-BCS at different solids content was prepared and fermented as
described in caption to Fig. 4.
"Maximum ethanol concentration, Fig. 4.
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Fig. 4. Ethanol concentration in glucoamylase-treated brewers' condensed
solubles (GT-BCS) ferments at various solids concentrations. GT-BCS,
prepared as described in the caption to Fig. 3, was diluted with water or
concentrated under vacuum to obtain different solids contents.
Fermentations were done with 0.1 g yeast/ L. at 30° C and pH 4.2 in cotton-
plugged lasks.
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were fermented at 10 and 20% solids. Table 111 shows that the yield
of ethanol (95%) varied between 81 and 97 gal/ton ds when the
fermentation was done at 10% solids on nonsterilized medium. The
ethanol yield increased with decreasing solids in the BCS from the
brewery and with no sterilizing of the GT-BCS in the laboratory.
Furthermore, the yield of ethanol expected from a ton of solids
depended on the method used to determine the dry solids in BCS.
When BCS was dried from about 20% solids to dryness at 105° Cin
a forced-draft oven, it lost more moisture (three percentage points)
than when it was dried at 65° C under vacuum. When yields were
calculated based on drying at 105°C rather than 65°C, they
increased from 81-97 to 90-109 gal of ethanol (95%) per ton of BCS
solids (Table I11).

The Maillard browning reaction may account for the variable
yield of ethanol from fermented GT-BCS. BCS contained 8.9%
protein (db), much of which is probably low-molecular-weight
peptides resulting from the action of protease during malting. The
peptides react with reducing sugars during evaporation or
sterilization to give products that resist the hydrolytic action of
glucoamylase and are nonfermentable. To obtain high yields of
ethanol from yeast fermentation of GT-BCS, evaporation of BCS
should be done at low temperature, and the diluted GT-BCS should
be pasteurized instead of sterilized.
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Fig. 5. Ethanol concentration in glucoamylase-treated brewers’ condensed
solubles (GT-BCS) ferments with various levels of yeast inoculum/L. GT-
BCS was prepared as described in the caption to Fig. 3. Fermentations were
done using 20% (w/w) GT-BCS at 30°C and pH 4.2 in cotton-plugged
flasks.
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Fig. 6. Ethanol concentration in glucoamylase-treated-brewers’ condensed
solubles (GT-BCS) ferments when fermentation flasks were plugged with
cotton (®—e) or fitted with a watertight seal (0—0). GT-BCS was prepared
as described in the caption to Fig. 3. Fermentations were done using 20%
solids GT-BCS with 0.1 g yeast/L at 30°C and pH 4.2
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Distillers’ active dry yeast, bakers’ compressed yeast, and
brewers’ spent yeast were compared for their ability to ferment
GT-BCS (Table 1V). When fermentations were done on 10% and
209% (w/w) GT-BCS at 20 and 30°C, there were no significant
differences in the rate and time of fermentation for distillers’active
dry yeast and bakers’ compressed yeast, and they yielded
comparable amounts of ethanol. When fermenting 20% GT-BCS at
30° C, the two yeasts gave more ethanol (76-77 gal/2,000 1b of dry
BCS) than did brewers’ spent yeast (74 gal). However, when
fermenting 10% GT-BCS at 30° C, brewers’ spent yeast gave 82 gal
of ethanol in two days compared to 78-79 gal of ethanol in two days

TABLE III
Ethanol Yield from Three Samples of Brewers’
Condensed Solubles (BCS)"

Glucoamylase
Treated Sterilized (S) Ethanol (95% v/v),
BCS Solids or Yield, gal/2,000 Ib
in Broth Nonsterilized of dry BCS
Sample (%) (NS)" 65°C¢ 105°C?
1982 10 S 78 86
NS 81 90
20 S 76 84
NS 77 86
1983 10 S 95 107
NS 97 109
S 89 100
A NS 93 104
1984 10 s 86 99
NS 88 101
2 S 85 98
NS 84 97

"The dry solids contents of the samples from the brewery were: 1982, 59.1%;
1983, 50.9%, and 1984, 56.9%. Glucoamylase-treated BCS was fermented
with 0.1 g yeast/ L at 30° C and pH 4.2 for two days (10% solids) or three
days (20% solids) in cotton-plugged flasks.

"Broth was sterilized at 121°C for 15 min or not sterilized prior to use.

°Ethanol yield when solids content was determined at 65° C under vacuum
for 20 hr.

*Ethanol yield when solids content was determined at 105°C for 9 hr.

TABLE IV
Fermentation of Brewers’ Condensed Solubles (BCS)
with Three Yeasts; Ethanol Yield and Fermentation Time*

Ethanol
(95% v/v)
Glucoamylase- Yield
Treated Solids Fermentation gal/2,000 1b Fermentation

Yeast in Broth (%) Temp.(°C) of Dry BCS Time" (days)
Distillers’
active dry
yeast 10 20 82 3
30 78 2
20 20 80 5
30 77 3
Bakers'
compressed
yeast 10 20 83 2
30 79 2
20 20 80 5
30 76 3
Brewers’
spent
yeast* 10 20 86 3
30 82 2
20 30 82 2
30 74 3

* Fermentations were done at pH 4.2 in cotton-plugged flasks.
"Time at maximum ethanol yield.
“Obtained in viable form at 11.5% solids.




from the other two yeasts. These results might be expected, because
brewers’spent yeast is usually used at a low substrate concentration
to produce beer.

Fermentation in Flasks Fitted with a Watertight Seal

When GT-BCS was fermented in cotton-plugged flasks, the
ethanol concentration peaked with fermentation time, then
declined (Figs. 4 and 5). The decline in ethanol concentration was
likely caused by aerobic oxidation of ethanol by yeast. When air
was excluded from the fermentation flasks with a watertight seal,
the maximum ethanol concentration in the ferment of 20% GT-
BCS at 30°C and pH 4.2 was 7.2% (v/v) instead of the 6.6%
obtained with cotton plugs (Fig. 6). Furthermore, ethanol
concentration did not decline after it peaked in rigorously
anaerobic fermentations. The yield of ethanol obtained by
fermenting 20% GT-BCS increased from 76 gal per ton of BCS (ds)
using cotton plugs (Table II) to 83 gal using a watertight seal. It is
anticipated that maximum yields of ethanol reported in Tables I11
and IV would increase about 99, and the fermentation times
required to achieve maximum yields would increase approximately
one day based on data in Figure 6.

Viscosity Reduction

As shown in Figure 7, the viscosity of BCS (59.1% solids)
decreased about 18% for each pH unit below 8.4. It is not known
why the viscosity of BCS decreased with pH.

BCS at 59.1% solids was treated with several enzymes to reduce
its viscosity. Figure 8 shows that a commercial glucoamylase is not
efficient at lowering the viscosity of BCS. Even at a high
concentration of glucoamylase (0.4%, v/v, 0.56 DU/g ds), a
reaction period of four days was needed to halve the viscosity at
60° Cand pH 4.2 (Fig. 8). On the other hand, cellulase (0.016%, v/v
[0.05 CavU/g ds] Celluclast, or 0.0046%, w/v [1.22 CU/g ds]
Cellulase Tv concentrate) halved the viscosity within 12 hr, and
0.048% v/v (0.17 FBG units/g ds) B-glucanase did so within one
day (Fig. 9). The data in Figure 9 show that the viscosity of BCS
(59.1% solids) can be reduced more than 50% at an enzyme cost of

1.8t

1.6

1.4

(Kg/m-sec)

1.2¢

1.0

0.8p

VISCOSITY,

0.6}

1 3 5 7 9 1

pH

Fig. 7. Viscosity of brewers’ condensed solubles (59.1% solids) at 60° C vs.
pH. (1 kg/m's = 1,000 centipoise.)

$2/metric ton at 1983 prices. BCS with low viscosity can be
pumped at low cost and mixed easily with other materials.

CONCLUSIONS

For ethanol production from BCS, we recommend enzymatic
hydrolysis at 60°C and pH 4.2 using either 0.1% (v/v)
glucoamylase on 20% (w/w) BCS (0.46 DU/ g ds BCS) for 10-20 hr,
or 0.2% (v/v) glucoamylase on 59.1% (w/w) BCS (0.28 DU/ g ds
BCS) for 32-48 hr. Optimum conditions for fermentation at 30° C
appear to be pH 4.2, 15-20% (w/w) GT-BCS, and inoculum of 0.2 g
of distillers’ active dry yeast/L. By pretreating BCS with
glucoamylase (0.46 DU/ g ds, $12 for enzyme/ metric ton ds, 1983

*
0.1%(YVv) Glucoamyjase

0.2%(Vv) Glucoamylase

0.5¢ 0.4%(¥v) Glucoamylase

VISCOSITY, (Kg/m-s)

1 2 3 4 5 6
REACTION TIME, day

Fig. 8. Change in viscosity of brewers’ condensed solubles (BCS) (59.1%

solids) treated with glucoamylase (Diazyme L-100) at 60° C and pH4.2. A

level of 0.1% (v/v) glucoamylase costs $2/ metric ton (2,2001b) of BCS (as is
weight basis) for enzyme. (1 kg/m's = 1,000 centipoise.)

11

L

1.0
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__ o8 ‘\ 0---00.0046%CWv) Cellulase Tv Concentrate
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> “\
X 06 2\
Z os} .
7] ——
3 g —
o 04 Pl N
7 T Tty
> 03

0.2
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Fig. 9. Change in viscosity of brewers’ condensed solubles (BCS) (100 ml,
59.19% solids) treated with cellulase (0.016 ml Celluclast 200 L, or 0.0046 g
Cellulase Tv concentrate) or B-glucanase (0.048 ml Finizym) at 60° C and
pH 4.2. The quantity of enzyme used was adjusted to equal a cost of
$2/metric ton (2,200 1b) of BCS (as is weight basis). (I kg/m's = 1,000
centipoise.)
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price), ethanol yield increased from 13.6 to 23.7% (w/w) based on
dry solids when fermentation was done at optimum conditions. To
obtain high yields of ethanol from fermentation of GT-BCS, BCS
should be evaporated at low temperature, diluted GT-BCS should
not be sterilized, and air should be excluded from the fermentor.
Distillers’ active dry yeast and bakers’ compressed yeast gave
comparable yields of ethanol and fermentation time on 10 and 20%
GT-BCS, but brewers’ spent yeast at its optimum fermentation
time produced slightly more ethanol from 10% GT-BCS and
slightly less from 209% GT-BCS than the other two yeasts. To
reduce the viscosity of BCS, the use of cellulase on high-solids BCS
is recommended. After 12 hr at 60° C and pH 4.2, cellulase halved
the viscosity of BCS at an enzyme cost of $2/metric ton (1983
prices, as is weight basis).
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