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INTRODUCTION

Wheat prices have increased during recent years. and there has been a need for fuel
alcohol plants in Western Canada to use alternative, less expensive crops such as rye and
triticale in order to reduce the expense of feedstock. To increase efficiency of an existing
fuel alcohol plant operations, two potential improvements would be to increase starch
concentration in feedstock and to employ high or very high gravity (VHG) fermentation
technolgy.  Following its numerous applications in wheats (Thomas and Ingledew, 1992),
oats (Thomas and Ingledew, 1995), barley (Thomas et al., 1995),  rye and triticale (Wang
et al., 1998), VHG fermentation technology has proven successful in increasing the final
ethanol concentration and reduing processing costs. Increase in starch content in feedstock
can be achieved by partial removal of grain bran (Sosulski et al., 1997). The objectives of
the current study are to determine the effect of grain abrasion combined with the use of the
VHG fermentation technology on fermentation performances of rye and triticale for fuel
alcohol production.

MATERIALS AND METHODS
One fall rye (PRIMA) and one triticale (AC COPIA) obtained from Agriculture and

Agri-Food Canada (Saskatoon, SK), were used in the current study. The starch contents
(dry basis) were 62.35+1.31% and 63.13*1.32%, respectively.

Grain abrasion were performed on the SATAKE abrasive testing mill (Model
TM05, SATAKE Co., Tokyo, Japan), equipped with a medium abrasive roller (stone)
No.36, and a round hole (1.9 mm diameter) screen. The roller speed was 750 rpm. The
milling sequence included three and five abrasions for triticale and rye, respectively. Each
abrasion lasted for 30 sec. After each abrasion, the abraded fines were collected by
brushing and sifting, and the final abraded grains were used for fermentations.

Three different types of fermentations were conducted on rye and triticale. They
were whole grain normal gravity, whole grain VHG, and abraded grain VHG
fermentations. Normal gravity fermentations, with an initial 20.5 g dissolved solids per
100 ml, were achieved by mashing at a water to ground grain ratio of 3: 1. VHG
fermentations, with an initial 28.5 g dissolved solids per 100 ml, were prepared at a water
to ground grain ratio of 2: 1. VHG abraded grain fermentations with an initial 30 g
dissolved solids per 100 ml, were prepared at a water to ground abraded grain ratio of 2: 1.
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Ground rye or triticale samples were dispersed in appropriate amounts of prewarmed
(40” C) distilled water. Calcium chloride solution was added to the slurries to a final
concentration of 1 n&I. The mash temperature was raised to 60” C. The high temperature
a-amylase preparation (Alltech  Biotechnology Center, Nicholasville, KY) was added to
mash in two portions, each at a concentration of 0.5 % (v/w enzyme to ground cereal).
Starch hydrolysis with the first portion of enzyme was carried out at about 96” C for 45
min. After lowering the temperature to 80°C, the second portion of enzyme was added and
liquefaction was continued for an additional 30 min. For the preparation of VHG rye
mashes, 0.0002 g of viscosity-reducing enzyme, Roxazyme G (Hoffmann-La Roche) , was
added per gram of ground cereal, prior to and after mashing, and incubated at 40” C for
30 min to break down viscosity-causing non-starch polysaccharides. Rye or triticale mash
was then transferred into a jacketed fermentor (Wheaton Instruments, Millviile, NJ).
Saccharification with glucoamylase (Allcoholase II, Alltech Biotechnology Center,
Nicholasville, KY) was carried out at 30°C for 30 min at an enzyme concentration of 0.8%
(v/w enzyme to ground cereal). Either 5 ml of sterilized distilled water or 5 ml of the
appropriate urea solution was added to the fermentor to a final concentration of 8 or 16
mM for normal and VHG fermentations, respectively. An inoculum (10’ cells per gram of
mash) of Saccharomyces cerevisiae yeast (Alltech  Biotechnology Center, Nicholasville,
KY) was prepared and added to mash cooled to 27” C or 20” C for normal and VHG
fermentations, respectively.

Progress of fermentation was monitored at 0, 12, 24, and every 24 hours thereafter
until all dissolved solids were consumed. A number of fermentation parameters were
measured at each time. Results on fermentation efficiency, ethanol yield and concentration
are presented in the current poster.

RESULTS AND DISCUSSION

Grain Abrasion
The first abrasion removed 4.1-5.5% of the grain dry mass in 30 set and the levels increased
to about 12% after 90 and 150 set of abrasion for triticale and rye respectively (Table 1).
Over a given period of milling time, the soft triticale grain yielded more bran than the
smaller, finer grains of fall rye. As outer layers of the grain were removed progressively by
the successive abrasions, the starch contents in the abraded fines increased to 38-42%,
(Table 2). With 12% of grain dry mass removed, the total initial grain starch losses were
measured between 3.5 and 4.3% (Table 1). These results indicated that further mass removal
would be counterproductive. The starch contents were increased from 62.4 to 69.5% in the
abraded rye, and from 63.1 to 71.1% in the abraded triticale (Table 2). These represented 7-
8% increases in starch contents as a result of grain abrasion.
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Table 1. The Effects of Sequential Abrasions on Accumulated
Grain Mass Removal and Starch Loss to Abraded Fines

Cereals Total Abrasion Accumulated  Accumulated
Time (sec.)  Grain Mass Starch Loss to

Remove d (%db) .4 braded Fines (%db)

Triticale 30 5.53 1.25
60 8.90 2.44
90 12.02 4.32

Rye 30 4.07 0.16
60 5.86 0.34
90 7.61 0.82
120 9.73 1.82
150 12.22 3.50

Table 2. Starch Contents of Final Abraded Grain and Abraded Fines Removed
by Successive Abrasions, %db

Cereal
Grains

BI (30s)

Successive Abraded Fines’ Final
Abraded

B2 (60s) B3 (90s) B4 (I 20s) B5 (I 50s) Grain

Triticale
Fall Rye

14.24&l  .37b 22.24~0.54 38.23&l  .OO N/A N/A 71.08LO.60
2.39+0.00 6.62k1.02 16.84+0.62  29.36k1.78 42.1820.57 69.47LO.07-

‘Bl,B2,B3,B4  and B5 refer to abraded fines removed during the lst, 2nd. 3rd. 4th and 5th abrasions,
respectively.
b Standard Deviation (n=2).

Effect of Grain Abrasion and VHG Technology on Ethanol Yield, Fermentation
Efficiency and Ethanol Concentration

Fermentation results showed that VHG fermentations and grain abrasion treatment did
not lead to significant differences in average fermentation efficiencies (Table 3). The average
fermentation efficiencies obtained from the three studies were between 90.0 and 91.4%. Urea
supplementation resulted in lower fermentation efficiencies, as more sugar were used for cell
growth and multiplication for faster fermentation rates and reduced fermentation cycles. Such
decreases in fermentation efficiencies were more significant when less nutrients were present
in the fermentation media, such as for abraded grain fermentations.

As the application of VHG technology had very little effect on fermentation
efficiencies the average ethanol yield per tonne of feedstock (dry basis) were 42 1 and 417
litres, for whole grain normal gravity and VHG fermentations, respectively (Table 3). The
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average ethanol yields per tonne of feedstock for abraded grain with VHG fermentations
were 455 litres. The VHG fermentations raised sugar concentration by 33% as result of
reduction of 33% of water use during mashing and fermetations. The final  ethanol
concentrations were thus increased from 9.5-10.0% (v/v) to12.9-14.8% (v/v). These
represented an average increase of 47%. Grain abrasion increased the starch content in the
fermentation feedstock by 7-8%. Coupled with the VHG technology, the final ethanol
concentrations were further increased to 15.7- 16.1% (v/v). This implied that the combined
use of grain abrasion and VHG technologies would increase ethanol production by an
average of 64%, for a given fermenter volume, compared to normal gravity fermentations.

Table 3. Effect of Grain Abrasion and VHG Fermentation Technologies on Ethanol Yields.
Fermentation Efficiencies and Final Ethanol Concentrations in the Fermentors

Cereals and Fermentation Gravity Ethanol Yields  Fermentation Ethanol
(L/Tonne Feed- Efficiencies” Concentration
Stock, dry basis) (%theoretical) (v/v) %

Whole Grains
With Normal
Gravity
Fermentation

Whole Grains Triticale Control 435+lb

With Very Triticale +16 mM Urea 417+14

High Gravity Rye Control 40829

Fermentation Rye +16 mM Urea 40923

Triticale Control 427215 91.423.1
Triticale +S mM Urea 42 1+2 90.2+0.5
Rye Control 422~7 92.921.7
Rye +8 mM Urea 414+13 91.3k2.9

10.03t0.06
9.67iO.00
9.59io.09
9.4620.  I2

93.020.1 14.75iO.16

89.423.1 15.08LO.28
90.122.1 12.91+0.08

90.120.9 14.33io.41

Pearled Grains Triticale Control 48223

With Very Triticale +16 mM Urea 44023

High Gravity Rye Control 456+8

Fermentation Rye +16 mM Urea 442+9

94.3kO.7 16.13kO.48

86.020.7 15.71+0.12

91.221.6 15.9220.16

88.321.7 15.80+0.10

‘Fermentation efficiency was calculated as the ratio between actual ethanol yield and theoretical ethanol yield,
assuming all starch was converted to glucose and then to ethanol.
b Standard Deviation (n = 2).

CONCLUSIONS

(1) Grain abrasion increased starch content in the fermentation feedstock by 7-8 % , with
12% of grain dry mass removed.

(2) VHG fermentation technology increased final ethanol concentration in the beer from
9.5-10.0%  (v/v) to 15.7-16.1%  (v/v).
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(3) Combined use of grain abrasion and VHG technologies increased ethanol production
by 64% for a given fermenter volume.

(4) Grain abrasion and VHG fermentation technologies led to significantly reduced energy
consumption due to partial removal of grain solids and reduced water use.
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