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ABSTRACT

Barley straw was examined as a substrate for yeast biomass or ethanol production.
Physical and chemical procedures were applied in order to convert the cellulosic
fraction of the straw into soluble sugars, mainly glucose, which in turn could be used
by a yeast strain as a carbon source. Pulverization and heat treatment (steaming
at 121°C for 1 hour) were carried out in addition to acid or alkali pretreatment using
either H,SO4 or NaOH at different concentrations. In this regard, 4%H>S0Qy solution
was the most effective in hydrolyzing the straw which was indicated by the release of
the highest amount of scluble sugars. The supernatant resulted after acid
pretreatment was detoxified and neutralized using overliming with different alkali,
Ca(OH);, NaOH, Ba{OH)z, KOH. Among the examined alkaline solutions; Ca{OH):
was the best. The supernatant was not the suitable substrate in batch fermentation
for yeast biomass production using Sacch. cerevisige 2030, therefore, it was
examined for ethanol production using Sacch. cerevisiae O-14. The highest yield of
alcohol (75-78.3 % of the theoretical) did not greatly affected by the yeast (Sacch.
cerevisiae O-14) inocula size, nevertheless, the fermentation period was shortened
when batches were inoculated with 10%. The solid cellulosic residues separated
after pretreatment were subjected to chemical hydrolysis using different
concentrations of NaOH or HS0O. and autoclaved at different temperatures (100, 121,
136°C) for 1 hour. The maximum amount of glucose was recorded with 2% H2SQ4
solution at 136°C for 1 hour. Production of yeast biomass from giucose, molasses and
acid hydrolyzate in 9-hcur fed batch fermentations was investigated. The highest
yield coefficient {210%) was obtained with glucose while the yield coefficient was
decreased to 105% and B80% when yeast was cultivated on molasses or acid
hydrolyzate , respectively.

Keywords: Barley straw, yeast biomass, ethanol production, sugar-can
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INTRODUCTION

Yeasts are very important not only for bakery production, but also as
sources of some vitamins, proteins, enzymes, fermented foods, yeast extract,
and ethanol either in beverages or as fuel and disinfectant (Hay, 1993).
Recently, S. cerevisiae has been involved in the production of recombinant
proteins, e.g. insulin, vaccine against Hepatitis B virus (Fredriksson, 2001).
The possible application of cheap carbon sources for large scale yeast
biomass production have been investigated (Kostitsina and Mysyakova,
1968,El Nawawy, 1969;Tahalasso et a/. 1999;Ferrari ef al 2001;Ryohei et al.
2003). .

Barley straw is one of agricultural wastes consists mainly of cellulose,
hemicellulose and lignin (Givens et al., 1993). Hydrolysis of the cellulosic
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fraction into fermentable sugars is difficult due to the rigid nature of the lignin
cellulose complex (Dekker, 1983). Physical and chemical pretreatments have
been suggested for improving saccharification of other lignoceliulosic
materials (Zaaky, 2002). In this regard, pretreatments have been used by Fan
et al. {(1982) and Sinitsyn ef al. (1991) to reduce the particle size, lignin
content, hemicellulose content and cellulose crystallinity. Celiuiose was
expected to be the major component of the residual solid fraction separated
from the solution of acid or alkali pretreatment of the straw. So, the residual
solid could be hydrolyzed into glucose. Saccharification of lignocelluloses by
concentrated acid hydrolysis is a well known process however, dilute-acid
solution has been recommended by Taherzadeh et al. (1997) to facilitate
conversion of celluloses into sugars. The resultant acid hydrolyzate contained
a number of chemical compounds which inhibit microbial growth, even at very
low concentrations (Taherzadeh, 1999). Among these compounds, furfural,
hydroxymethyl furfural, levulinic acid, formic acid, methanol, acetic acid,
aromatic, polyaromatic and phenolic compounds have been reported
(Sjostrdm, 1993; Taherzadeh et al,1997). A suitable method of detoxification
should be followed to reduce the toxicity of these compounds {Larsson ef al.,
1999).

The present work was pianned to study the possibility of using barley
straw for production of Bakers' yeast biomass. Physical and chemical
methods were carried out for hydrolyzing barley straw into glucose which
could be used as carbon source for Bakers' yeast propagation.

MATERIALS AND METHODS

Yeast strains

Saccharomyces cerevisiae 0-14 was obtained from Institute of
Bakery Moscow, Russia and used only for ethanol production while Sacch.
cerevisiae 2034 obtained from El-Hawamdia Factory, Egyptian Co. For Sugar
and Integrated Indust., Giza, was used for yeast-biomass production .

Raw materials and chemicals

Cane molasses of 50% sugar, 80.5% total solids, and pH 5.2,
obtained from El-Hawamdia Factory, Egyptian Co. For Sugar and Integrated
Indust., Giza was used in yeast production, after being clarified, neutralized,
and sterilized (Amin, 1978).'Barley straw was obtained from "Zentain city
area, Libya", pulverized and sieved to pass through 4 mesh screen before
use. Glucose and other chemicals used throughout this work were obtained
from Ei-Gomhoreia Co. for Chemicals and Medical Apparatuses.

The bioreactor

The experimental fermentor was a glass cylindrical vessel of 70 cm
height and 8 cm diameter. A sterilized air stream was supplied to the vessel
through an air distributing system fitted to its bottom, after being passed
through a series of sterilized flasks containing 30% H,SO, solution, 10% Na
OH solution, sterilized distilled water, and a solution-adding flask respectively.
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The dissolved oxygen was measured by an oxygen meter (LT Lutron DO~
5510), and the pH was measured by a Jenway 3020 pH-meter.
Chemical determinations

Moisture and ash contents of the straw were determined according to
the methods described in A.O.A.C.(1990). Crude protein was determined
using micro-Kjeldahl method adapted by Cotteni et a/., (1982). The methods

. described by Goering and Van Soest (1970) were applied for determination of
neutral-detergent fiber (NDF), acid—detergent fiber (ADF) and acid detergent
lignin (ADL). The cellulose, hemicellulose and lignin fractions were
calculated. Hemicellulose was calculated by difference between neutral-
detergent fiber and acid-detergent fiber.

Total sugars were determined according to the method described by
Smith et al. (1856) and DNS (dinitrosalisylic acid) was used for determining
reducing sugars (Miller, 1959). The enzymatic colorimetric method (Trinder,
1969) was followed to determine glucose concentration using GOD-PAP kits
(Diamond Diagnostics CO., USA). Ethanol was determined according to
Plevako and Bakoshinskaya (1964).

Alkaline and acid Pretreatments of barley straw

Different weights i.e. 1, 2, 4, 6, 8, and 10 g of straw were added to
100 mi solution aliquots of increasing NaOH concentrations from 1 to 10, 15
and 20 %, or to 100 ml H,SO, aliquots of the same concentrations for acid
pretreatment. The mixtures were autoclaved at 121 °C for 1 hr. The
overliming technique described by Larsson ef al, (1999) was followed in
order to detoxify the supernatant produced after acid pretreatment using
NaOH, Ca(CH);, Ba (OH); and KOH.

Saccharification with sulfuric acid

Five g portions of pretreated barley straw were thoroughiy mixed with
either 100 mi aliquots of diluted sulfuric acid solutions (1, 10, 15, and 20%)
and autoclaved at 121°C for 1 hour, or mixed with 20 ml of concentrated
sulfuric acid solutions (40, 50, 60 and 70%) and kept at room temperature for
30 min, then completed to 100 ml with tap water and finally autoclaved at
121°C for 1 hr.

To study the effect of steaming temperature and duration on
sacchrification of the pretreated straw, 5g samples of pretreated barley straw
were added to 100 mi solutions of different H,SO, concentrations (1.0, 2.0,
3.0 and 4.0%) and subjected to different temperatures ie., 100, 121, and
136°C for 1 hr. Another Sg portions of pretreated straw were mixed with 100
ml of 4% H,S0,4 and autoclaved at 121°C for 3 different time intervals j.e., 1,
2 and 3 hrs. Reducing sugars in the saccharified solutions were detérmined
after each heat treatment. The acid hydrolyzates were detoxified, neutralized
then used for yeast propagation.

Saccharification with Na OH

Different concentrations of Na OH (1 to 10, 15, and 20%) were
examined for saccharifying 5 g portions of pretreated barley straw at 121°C
for 1 hr. To study the effect of steaming period on sacchrification of the
pretreated straw, 100ml aliquots of 4% MNa OH solution were added to 5g
samples of pretreated barley straw, and autoclaved at 121°C for 3 different
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time intervals (1, 2, and 3 hr). Reducing sugar contents of the saccharified
solutions were determined after each heat treatment.

Fed-batch fermentation by using mineral glucoese medium

Sugar amounts required for feeding 10 g of seed yeast (75% moisture)
at each hour of a fed-batch fermentation process for yeast biomass
production were calculated as described by White (1954 ). The fermentor
was inoculated with 10 g of seed yeast (75% moisture) and suitable volumes
of a solution containing (g.L™"): glucose 50; yeast extract 4, and the mineral
solution recommended by Berry (1989) were added to the fermentor hourly
with increased exponentially feeding rate lasting 7 hrs after which the culture
was left 2 hrs for cells maturing and stabilization. The pH values were
controlled between 4 and 5 using 0.1N Na OH or 0.1N HCI throughout the
fermentation pericd. Dissolved oxygen (DQ), budding ratio, residual sugar
content, yield coefficient, yeast concentration and development yield and
specific growth rate were measured at the end of each feeding hour. Yeast
moisture and percentage of productivity were measured at the end of
fermentation process,
Fed-batch fermentation using molasses medium

Molasses supplemented with nitrogen (urea), phosphorus (H;PQO,),

sulphur and magnesium (MgSQ,) according to Rosen {1987) was used for
feeding a fed-batch fermentation for yeast biomass production. Based on
molasses sugar content the amounts of clarified molasses were calculated
and added hourly. The conditions and parameters were applied and
measured similarly as in the previous experiment,
Fed-batch fermentation using supernatant produced from acid
pretreatment

The suitable amounts of sterilized supernatant containing the required
amount of sugars and other nutrients (as mineral glucose medium) were
added to the fermentor in a fed-batch fermentation lasted 7 hrs. The
canditions and parameters were followed as in previous process.
Ethanol production from supernatant produced after acid pretreatment

Fifty grams of straw were added to 1000 mi of 4% H,3SQ, {v/v) solution
and autoclaved at 121°C for 60 min. The mixture was kept at 40°C for 48 hrs
and filtered. After detoxification and neutralization, 300 m! aliquots were
added to 100 mi of sterilized mineral yeast growth medium. The mixture was
inoculated with 0.1, 1 or 10% of Sacch. cerevisiae O -14 biomass and
incubated at 30°C for 72 hrs. Ethanol and total sugars were determined every
24 hrs.

Fed-batch fermentation by acid hydrolyzate

Fifty grams of residual pretreated barley straw were added to 1000 ml
of 4% H.S0, (v/v) and autoclaved at 121°C for 60 min. The mixture was kept
48 hrs at 40°C. The hydrolyzate was filtered, detoxified and neutralized as
abovementioned. The fermentor was inoculated with 10 g of seed yeast (75%
moisture), suitable amounts of sterilized acid hydrolyzate containing the
required amount of sugars and other nutrients {as mineral glucose medium)
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were added to fermentor for 7 hrs. The same conditions and parameters
applied in the previous fed-batch fermentation experiments were followed.

RESULTS AND DISCUSSION

Chemical composition of barley straw

The raw barley straw under investigation contained 92%, 3.1% and
3.04% total organic matter, iotal ash and crude protein, respectively
{Tabie,1). These results are stightly different from those obtained by Stritzler
et al. (1992). However, Mathison ef a. {(1999) recorded that barley straw
contains higher amounts of crude protein ranged between 3.4-4.8%. The
percentages of fiber fractions NDF (76.38%) obtained from chemical anaiysis
of barley straw from Zentain, Libya, was almost similar to that recorded by
Stritzler et al. (1992); Mathison ef al. (1889) and Caneque ef al. (1998).
Meanwhile, the ADF fraction percentage (52.39%) was higher than that
recorded by Caneque et al. {1998) and Mathison et al. (1999) who reported
that the ADF fractiop ranged between (41.11 and 46.2%). Also the ADL
fraction content (9.37%) was higher than that stated by Caneque et al

{1998).
Table ( 1 ): Chemical composition of barley straw.

Components g/100 g of dry weight

Total organic matter 92.0
Ash 3.10
Crude protein 3.04
Fiber fractions:

NDF 76.38

ADF 52.39

ADL 9.37

Cellulose 43.02

Hemicelluloses 23.99

Lignin 6.27

Cellulose and hemicelluloses content determined in straw under
investigation were 43% and 23.99 %, respectively. Meanwhile, Belkacemi et
al. (1998) as well as Mathison ef al. (1999) found that cellulose content of
barely straw ranged between 37.7% and 39.8%.

Straw pretreatment with alkaline

From data given in Table (2), it could be noticed that at low substrate
concentrations, i.e., 1 and 2%, the amount of sugars was ranged between
0.06 and 0.68 g/100ml even at high concentrations of NaOH. The best results
were obtained with straw concentrations (4-6%) and the suitable NaOH
concentration for pretreatment of the straw was 4%. Data in the table also
suggested the use of 4% NaOH solution for pretreating 6% barley straw.
These results are in conformity with those obtained by Zaaky
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(2002).However, the best polysaccharide recovery from barely straw was
obtained using 2% NaOH at 121°C ( Attia, ef al., 1988; Kaullas et af., 1991;
Durand et al., 1992).

Table (2): Total sugars released from barley straw pretreated with

different concentrations of sodium hydroxide.

NaOH Weight of straw {g/ 100 ml)
‘Concentration 1 J 2 | 4 | 6 | 8 [ 10
(%) Totai sugars {g/100 mi)

1 0.06 0.27 0.63 0.67 0.74 0.61
2 0.07 0.36 065 1.16 0.84 0.63
3 0.11 043 0.65 1.23 0.86 Q.74
4 0.11 0.50 0.66 1.52 0.91 0.80
5 0.10 0.62 067 1.40 0.91 0.80
6 0.10 0.55 . 0.64 1.40 0.680 0.80
7 0.10 0.55 0.64 1.40 0.80 0.80
8 0.10 0.55 0.64 1.40 - 0.80 0.80
9 0.10 0.55 0.64 1.40 0.80 0.80
10 .10 0.55 0.64 1.40 0.80 0.80
15 0.10 0.68 0.64 0.90 0.90 0.80
20 0.10 0.68 0.64 0.87 0.60 f 0.80

Pretreatment of straw using sulphuric acid
Data in Table (3) show the amounts of total sugars produced as a

result of acid pretreatment of barley straw at 121°C. Generally, the amount of
total sugars increased as straw concentration increased up to 6% then the
amount of total sugars gradually decreased as straw concentration increased
up to 10%. Regardiess of acid concentration, saccharification of 1% barley
straw resulted in low percentages of sugars ranged from 0.04 to 0.19%.

Table (3): Total sugars released from barley straw pretreated with

different concentrations of sulfuric acid.

Weight of straw {g/ 100 ml)
Hz50, 1
Concentration 2 4 6 8 10
{%) Total sugars (g/100 ml)
1 004 [ 013 T 060 | 144 1.11 0.90
2 0.12 01§ | 080 | 1.52 1.11 0.93
3 0.18 0.20 0.60 1.568 1.19 0.96
4 0.1¢ 0.21 0.70 1.66 1.19 1.10
5 0.19 0.20 0.70 1.56 1.19 1.10
6 0.19 0.20 0.70 1.47 1.19 1.10
7 0.18 0.20 0.70 1.36 1.19 1.10
8 0.14 020 | 070 1.35 1.19 1.10
9 0.14 0.20 0.70 1.26 1.19 1.10
10 0.14 0.20 0.70 1.61 1.19 1.10
15 0.13 0.20 0.70 1.31 1.02 0.96
20 004 0.20 055 064 0.90 0.82
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The highest amount of sugars (1.66%) obtained at 6% straw concentration
treated with 4% H,S0, and the lowest amounts were obtained at the highest
H,S0, concentration (20%). Accordingly, in order to obtain a high sugar-
containing-solution from barley straw, 4% sulfuric acid solution would be
recommended for pretreatment of 6% of straw suspension. Many workers
used dilute acid solutions 0.2 and 0.5% H;SO4 combined with high
temperatures (up to 200°C) for pretreatment of lignocellulosic matenals to
remove hemicelluloses and amorphous cellulose (Chung and Lee, 1985;
Qureshi and Manderson, 1995 and Taherzadeh ef al., 1997). In the present
experiment, it was planned to use higher acid concentration (4% H,SOy) at
lower temperature (121°C) for achieving a sufficient removal of hemicellulose
(Lee et al., 1997).

From data it could be recommended that acid pretreatment of 6% straw
suspension is mere efficient than alkali pretreatment because of the higher
resulted sugass (1.66 %) compared to that produced with alkali {(1.52 %).In
addition to that, acid treatment is moere practical and cheaper than alkali
treatment.

After acid pretreatment of straw, the supernatant which was obtained
by filtration was neutralized and used for cullivation of yeast to produce
biomass or alcohol. Disposal of such aqueous acidic solution would be
environmentally unsafe and lead to loss in the carbon fraction from the raw
material. However, the supernatant is known to contain some inhibitors
originated from lignin and liberated during the hydrolysis (Clark and Mackie,
1984; Chung and Lee, 1985; Palmqvist, 1998). Therefore, overliming with
alkalines (Ca(OH),, Ba(OH)., NaOH and KOH) was carried out to overcome
the toxicity problems. The alkali was added to the supernatant in order to
adjust the pH to 9 or 10, followed by acidification to pH 5, which is suitable for
the fermentation process. In order to verify the toxicity of the supernatant, the
supernatant was inoculated with 0.5 % yeast inoculum and grown in shake
culture for 24 hr at 30°C and 150 r.p.m.

Values of biomass concentration, total new yeast, yield and specific
yield of the cultivated yeast are presented in Table {(4). Calcium hydroxide
proved to be the most active detoxifying agent as all parameters which
indicate yeast survival and activity were recorded when yeast was cultivated
in a medium treated with Ca(CH)..

Table (4): Effect of using different alkali with acedic supernatant on
yeast propagation.

e . Total new Yield Specific
detoxifyingagent | Biomass g/l yeast (gl (e/g] ield (g/g)
Ca({OH): 6.7 1.7 034 G
Ba{OH): 58 0.9 0.18 0.05
NaQOH 5.2 0.2 C o4 0.01
KOH 50 0.0 0.0 0.0

Working volume = 100 ml. Sugar =2 %.

Fermentation period: 24 hr. Inoculum size = 1%.

Specific yield = g product/g sugar. Yield = g product/ g biomass.
Initial pH, 5.5. Incubation temperature , 30 °C,
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Unexpectedly the yeast strain failed to grow on a supernatant
pretreated with KOM. These results are in agreement with those reported by
Larsson ef al. (1999). Calcium hydroxide was shown to catalyze the
condensation reaction of formaldehyde (Niitsu ef af., 1992) as well as other
kinds of aldehydes in the hydrolyzates, e.g., furfural and HMF (Taherzadeh,
1999).

Saccharification of pretreated straw
Acid hydrolysis

Data illustrated by Fig (1) reveal that by increasing acid concentration
of the hydrolysis mixture from 1 to 4% enhanced the amount of gilucose
released from 6.04 to 7.87¢g/l. However, no genuine increases in the amount
of glucose produced when the concentration of H.SO, was increased from 5
to 20%. By the contrary, using 40% of H,SQ, acid sofution sharply increased
the hydrolysis of the cellulosic residue and the hydrolyzate contained 24.4g/|
glucose. The maximum hydrolysis was reached using 70% H.S0O, solution
with a conversion efficiency 52.6%.
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F:gure (1) Effect of H, SO, or NaOH concentratlon used in hydronS|s of
residue cellulose at 121°C for one hour on the amount of
glucose produced (g/l) and the conversion efficiency (%)

The use of 40% H;SQ, solution couid, practically and economically, be
recommended for the hydrolysis of such cellulosic material at 121°C for one
hr. Further increases in acid concentration to 50 or 60% did not improve both
the amount of glucose produced and the conversion efficiency. These results
agree with those reported by Katzen and Monceaux (1995) and Qureshi and
Manderson (1995) for the conversion of cellulose in wood into glucose.

Because of the resultant hydrolyzate contained high amount of H.SO,
and was not suitable for microbial growth without neutralization, a dilute acid
hydrolysis process was studied at three different temperatures in order to
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reach the maximal amount of glucose as shown in Fig (2). Regardless of acid
concentration, heating the cellulosic materiais at 100 °C for 1 hr resulted in
lower amounts of glucose (1.21-1.97 g/} compared with those obtained at
temperatures higher than 100°C. On the other hand, 2% H.SQ, solution
exerted the highest hydrolytic capability of celiuloses heated at 136°C. Similar
results were recorded by Chung and Lee (1985) and Taherzadeh et al.
(1997).

In the present study, higher temperature than 136°C was not applicable
undef laboratory conditions. So, a separate experiment was carried cul to
examine the effect of different exposure times at 121°C on cellulose
hydrolysis in the residue by 4% H,SO,. Data on the amount of glucose
produced (g/l) and the calculated conversion efficiency (Table 5) indicate that
autoclaving time had no effect on the hydrolysis efficiency of the cellulosic
residues.

Steaming has been known as one of the most effective methods for
pretreatment of lignoceilufosic materals (Gregg and  Saddler, 1986).
Temperature could be used alone for autohydrolysis of cellulosic materials at
180°C (Schmitt and 'Murphy, 1980), within a range between 190-200°C
(Wright, 1988 ; Walch et al, 1992), or within a range of 220-270°C (Gregg
and Saddler, 1895). Alkali hydrolysis

Fig (1) presents the amount of glucose determined after alkali
hydrolysis of solid residues using NaOH at concentrations ranged between 1
and 20% at 121°C for 1 hr. Glucose production was increased from 4.00 to
5.13 g/t as the NaQOH concentration was increased from 1 to 4%. Moreover,
the amount of glucose was almost constant (5.13-4.93 g/l) even when the
concentration was increased up to 10%. The conversion efficiency didn't
exceed 10.3% even when NaOH solutions reached up to 20%.

W136°CH121°CU100°C

Acid concentrations (%)

Fig {2): The effect of temperature and acid concentration on the amount
of glucose released from the hydrolysis of residual cellulose.
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In an attempt to improve the alkali hydrolysis of cellulosic residug,
residual cellulose was treated for different time intervals with 4% NaOH at
121°C. The amount of glucose in the hydrolyzate was determined as well as
the conversion efficiency (Table, 5). It could be cbserved that the time of heat
treatment had almost no effect on either the amount of glucose produced or
the conversion efficiency. in other words, production of glucose from the
cellulosic residue autoclaved for 1 hr was not higher than those heated for 2
or 3 hr.For an economic reason, the use of alkaline as ahydrolysing agent for
celludosic residues is preferable. However, it could only be used for
pretreatment of the raw barley straw. Alkaline pretreatment of lignoceltulosic
materials has been known to enhance the enzymatic hydrolysis of the
residual cellutose (Goel and Ramachandran, 1983; Attia et a/., 1988; Kaullas
et al., 1991; Zaaky, 2002).

Data in this study suggests the possible use of chemical hydrolysis of
the cellulosic residues, Hydrolysis process would rather be fruitful with acid
than alkali. Hydrolysis of the ceillulosic residue in 2 % H,S0O,4 solution at 136
°C for 1 hr is recommended in order to obtain a hydrolyzate containing 21.3
g/l glucose (Fig.1). Acidity in the resultant hydrolyzate should he neutralized
with Ca (OH), in for its use in bakers™ yeast biomass production.

Table (5): Effect of heat treatment exposure time on the amount of
glucoserecovered from cellulosic residues.

Heat Hydrolysis with 4% H.,S0, | Hydrolysis with 4% NaOH at
treatment at121°C 121°C
period Glucose Conversion Conversion
(hr) () efficiency % | 9% (9 | ericiency %
1 7.87 159.74 513 10.26
2 7.91 15.82 4 .94 9.88
3 7.98 15.98 4.94 9.88

Production of Bakers™ yeast using glucose as a carbhon source

Results illustrated by Fig (3) reveal that yield coefficient of yeast
increased with increasing cultivation time from one hour to another reaching a
maximum value of 223,3% by the end of the fourth hour. Thereafter, the yield
coefficient decreased gradually through the subsequent two hours to reach
195.7% by the end of the seventh hour. This might be attributed to the
accumulation of the sugars added into the cultivation broth. Unbalanced
conditions may also resulting in a switch from respiratory to fermentative
activity of the yeast ceils which in turn would lower the yield (Hospodka,
1966; Amin, 1978).

Production of Bakers® yeast using glucose as a carbon source

During the last two hours, there was no additional feeding. The growing
yeast cells had to be matured and stabilized, so the vield coefficient was
increased to 210.2%. This might be aftributed to assimilation of the residual
sugars and other compounds formed during the metabolic activity of the
yeast cells (Zahra ef al., 1974; Mostafa, 2000).
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The budding cells ratio was increased by time to reach the highest
level after the first 4 hours from the beginning of the cultivation peried. Then,
it gradually decreased till the end of cultivation time. A directly proportional
relationship was observed between the budding ratio and yield coefficient,
with higher values recorded by the end of the fourth hour. However, this
finding disagrees with the results obtained by Wiemken et al. (1969) and
Amin (1978) who stated that the budding ratio reached its maxima! value one
haur earlier before the maximal yield coefficient.

The calculated values of specific growth rate were increased gradually
reaching their highest peak (0.22) at the 3™ hour then decreased thereafter
(Tabie, 8). The high specific growth rate might result in high hiomass yield in
a short time (Yuan et af, 1993; Mostafa, 2000). However, a relationship
between budding ratio and the specific growth rate could be observed. Higher
values of specific growth rate obtained as the budding ratic increased.

The concentration of dissolved oxygen in the fermentation broth at the
commencement of the fermentation process was [owered from 10 to 7.7 mg/l
after one hour of cultivation and further decreased to 7.3 mg /| at the second
hour, then remained tonstant at this level till the end of the fifth hour. These
reductions in DO concentration were accompanied by an increase in yeast
growth rate. However, the available amount of DO had a great effect on the
yeast yield coefficient. In other words, the lowest yield coefficient {195.7%)
was accompanied by the lowest amount of DO at the seventh hour of
cultivation. In this regard, Mostafa (2000) attributed the reduction in yeast
yield to the air supply depletion and to the increase in alcohol production as
well.
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Fermentation: Tima (hr)
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incubation temperature :30°C

Fig (3): Yeast growth parameters during its cultivation in glucose
mineral medium.
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Table (6): Specific growth rate and total residual sugar obtained during
yeast cultivation in different growth media.

E Glucose Medium | Molasses medium :fl:sf:;?;a::e'::g;ﬂ:nc::t Acid hydrolyzate
g @ Bl . g 2 B
SSE 2% 1 3,186, (538 | €8 | 5853 | £F [ Ey
- A S3 v TSE-% -3338:5 FTi =D 835 B £ %'9 b

o = = o = o

1 017 - 0.13 0.037 0.03 0.564 0.10 0.267

2 0.17 - 0.18 0.0 0.04 1.132 0.10 0.939

3 0.22 0.2 0.071 0.03 1.338 010 0.820

4 0.19 - 019 0.084 0.03 1.665 0.09 1.275

S 0.16 0.071 0.16 6.08g 0.04 1.975 0.09 2975

6 0.16 0.08% g.18 0.084 0.06 2.305 0.10 3.146

7 0.11 0.144 013 0.031 0.07 2.635 0.11 352

8 005 0.080 003 0.0%1 0.01 ND 0.01 ND

9 0.0003 | 0.090 | 0.0001 - 0.005 ND 0.006 | 3.422
ND: Not determined Values are means of three replicates

Production of bakers’ yeast using molasses as a carbon source:

The yeast yield coefficient was calculated on the basis of the amount
of sugars contained in molasses fed during the yeast cultivation. It could be
observed that, the smaliest yeast yield coefficient (151.2%) was obtained
during the first hour of cultivation and the greatest one (223.3%) was
recorded during the fourth hour of cultivation (Fig. 4).

In spite of the reduction in the yeast yield coefficient by the seventh
hour, it was increased again 1o reach 210.2% at the last hour of the
cultivation period. This might be explained by the presence of furfurat and
other components in molasses which may result in delaying the yeast growth
during the first two hours of cuitivation (Sjostrom, 1993; Taherzadeh et af.,
2000).

With regard to the yeast yield coefficient on the basis of the weight of
molasses fed as a raw material, its value reduced by one-half since molasses
contained 50% (w/w) sugars. The lowest value was recorded (75.6 %) during
the first hour of cultivation and increased to the maximum value 111.7%
during the fourth hour of cuitivation. However, the yield coefficient at the end
of the fermentation period was 135.1%. In agreement with these resulis,
Amin (1978) obtained a yield coefficient ranged between 79.7 and 115.4%
when yeast was grown under aerobic conditions in molasses medium during
15 transferring stages (10 hours each). However, in this experiment the yield
coefficient was (105.1%) by the end of the experiment after 9 hours of
cultivation in one stage. Also it could be noticed that the yield coefficient is
almost equal during the last 2 hours of cultivation, which might suggest that
the fermentation period could be reduced to 8 hours anly.

The budding ratio was increased by increasing the time to reach a
maximum value of (74.6%) during the fourth hour of cultivation. It was
gradualily decreased by time to reach its lowest value (35.5%) by the end of
the seventh hour of cultivation. In comparison, there were no big differences
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in budding ratioc between yeast grown in glucose medium and that cultivated
on molasses (ranged between 0.5 and 2%).

Regarding the specific growth rate of yeast grown in molasses (Tabie,
8), a similar trend was observed as that noticed when the yeast was
cultivated in glucose medium. It is worthy mentioned that, the growth rate
during the first 2 hours (0.13 and 0.18) was lower when yeast was grown in
molasses than that obtained with glucose medium, although, the specific
growth rate was higher at the third and the seventh hours of cuitivation when
yeast was grown in molasses medium than in glucose. This might be due to
the presence of some growth factors and nutrients needed for yeast growth,
e.g., biotin, Ca-D-pantothenate and Inasitol {(White, 1954; Reed and Reppler,
1973; Reed and Nagodawithana ,1991; Ringbom ef af. 1996).

| "~ —-O—Total new yeast X  Specific growth raEe_J 1
j - — DOd(njrgll) . - - & - -Yield coefficient M* |
; —o— Budding ratio —X—Yield coefficient S* !
| ) 25 -+ 250 |
a W —— I = = !
| 53 20 /)‘ X ;7&—*—* 200 £ _
| e B T 2
; 2215 e 150 § 5
i = = un ; = E
: oD < om 4 . v T
i = ‘g’ 2 19 L 100 83
T AE 3"
| w 8 0 X KKK X X F 0 |
‘ 1 2 3 4 5 6 7 8 9 !
| Incubation time (hr) i
M Yield coefficient based on total molasses fed pH:45-5 seed culture:10g
'S Yield coefficient based on {otal sugars fed Initial dissolved oxygen{DO):10mg/l

incubation temperature :30°C
Fig (4): Yeast growth parameters during its cultivation in molasses

medium

The amount of DO (10 mg/) at the beginning of the experiment was
reduced to 7.7 mg/! during the first hour of yeast growth and to 6.4 mg/l at the
6™ hour of cultivation. Thereafter, DO was then increased reaching (8.0 mg/h
by the end of the experiment. High concentration of soluble substances in
molasses might increase the viscosity and decrease oxygen solubility in the
fermentation mixture.

Production of barkers™ yeast using straw hydrolyzate as a carbon
source

The supernatant produced after acid pretreatment of raw barley straw
or hydrolyzate resulted from acid hydrolysis of the cellulosic residues were
neutratized using Ca (OH), before feeding into the fermentation batches.
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Data illustrated by Figs (5 and 6) show that, the yield coefficient of yeast
biomass produced from the straw supernatant was found very low and
ranged between 28 and 35.9%. Meanwhile, the yield coefficient was rather
high (77.3- 84%) and increased almost twice as a result of yeast cuitivation
using glucose solution obtained from acid hydrolysis of residual cellulose).
Acid hydrolyzate of lignocelluloses has been used by many
investigators as a substrate for bakers™ yeast, single-cell protein, and aicchol
production (Nemirovskii and Kostenko, 1991 ;Taherzadeh, 1989). Low yield
coefficient of yeast grown on a supernatant resulted from pretreatment of raw
barley straw could be explained by the fact that such supernatant contained
pentoses, hexoses, carboxylic acids and phenolic compounds (Clark and
Mackie, 1984; Stewart ef al., 1995 ;Palmqvist, 1998). Yeast cells can grow
and assimilate hexoses but it cant grow on pentoses (Berry, 1989 ;Walker,
1998). The presence of hydroxymethyl furfural (HMF)} which is a by-product
formed during acid hydrolysis of lignocellulosic materials (Taherzadeh ef al.,
2000) might inhibit yeast growth during the fermentation of dilute acid
hydrolyzates (Azhar et al., 1982; Sjostrom, 1993 ; Taherzadeh et al., 1997).

——- Specific growth rate —&— Total new:
—@— Total residual sugars (g) —aA— Dissolved
----3¢--- Budding (%) —Yield coeff
gz
g8 £3l I _
e 140 2%
29214 130 5%
aciC <3
5% 8 120 B2 |
o9 1+ F 90
52 +10 58 |
2z =3 @ :
& B 0 - i = - 0
12345867829
Cultivation time (hr)

pH:4.5-5 seed culture:10g  Initial dissolved oxygen(DO):10mg/l incubation temperature

:30°C
Fig (5): Changes in yeast growth parameters during yeast cultivation in

supernatant from pretreatment of barley straw.

The maximal values of budding ratic obtained after different
cultivation periods depending upon the type of hydrolyzate. A maximal
budding ratio (52%) was recorded after 2 hours of yeast cultivation in the
supernatant. Meanwhile the maximal value of budding ratio (55%) was
achieved after 3 hours of yeast cultivation in a hydrolyzate resuilted from acid
hydrolysis of residual cellulose. Microscopic examination of yeast samples
obtained from the different batches -along the cultivation period, revealed a
very small size of cells grown in batches fed with the supernatant produced
after acid pretreatment of raw barley straw as compared to those cultivated in
the hydrolyzate obtained from acid hydrolysis of residual cellulose.
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The specific growth rate (Table, 6) was almost constant and ranged
between 0.03 and 0.1 with the maximal value recorded at the seventh hour of
cultivating yeast on glucose solution obtained by acid hydrolysis of residual
cellulose. It could be observed that values of yeast specific growth rate in
acid or in acid hydrolyzate characterized lower those of yeast grown in either
glucose or molasses media.

The residual sugars were accumulated by time collapsing to reach the
maximal values at the seventh hour of cultivation. Thereafter; the amount of
residual sugars was decreased during the last two hours of cullivation.
Although, no further feedings were carried out during the last two hours and
the yield coefficient of yeast was increased probably due to the consumption
of the accumulated sugars by the growing yeast cells. However, the amount
of total residual sugars recorded when yeast cultivated in supernatant
produced after acid pretreatment was lower than that obtained when yeast
was cultivated on glucose solution obtained either by acid hydrolysis or
enzymatic hydrolysis of residual celluloses. This might be attributed to the
assimilation of sugars by the cultivated yeast celis to produce metabolites
rather than biomass. ’

—O— Specific growth rate —¢— Total new yeast (g}
4—50'?é_resnd°}1al glucose (g) —a&—DO(mgf) = %
f —>f_u—-ou maé o) —%— Yield ci%efﬁment( b)
geo T 000 b
s 7wk kX 80 T

£ ‘g" E —_ 6 © L B0 o
3235 51 / %
g o 1 x_g_x_ < 2

o o= 2 £ 4 p 4 40 o o

o 3z P - 34 p-d c
JE L 9 4 g o
g c3 2+ +20 8o
| 2T 3 1 T4 @

s 0 %5 =00+ 0
123456789

Time of cultivation (hr)

PH: 45-5 seedculture: 10g |Initial dissolved oxygen (DO):10mg/l; incubation temperature
:30°C
Fig (6): Changes in yeast growth parameters during yeast cultivation in
acid hydrolyzate as a carbon source.

The results reveal that, the kind of substrate did not affect the amount
of (DO) in the fermentation brews. In all cases the amount of DO reduced
from 10 to 7.7 mg/l during the first hour of cultivation and to 7.4 mg/l during
the 6™ hour of cultivation. After that, the amount of DO increased to (8 mg/fl)
at the end of the cultivation time.

Alcohol production by yeast grown in supernatant obtained from acid
pretreatment of raw barley straw using different inocula sizes,

The low yield coefficient of yeast cultivated in supernatant obtained after
acid pretreatment of raw barley straw suggests the examination of such
substrate in a further experiment for alcohol production. Therefore, an
efficient alcohol—producing-strain of Sacch. cerevisiae O-14 was used as
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inocula at different sizes between 0.1 and 10.0% (w/v). The inoculated
supernatants were incubated in batches at 30°C for 72 hours. Samples were
taken each 24 hours to determine the amount of alcohol as well as the
amount of residual sugars in the fermentation brew (Table, 7).

Generally, the ability of Sacch. cerevisiae to produce alcohol was
affected by the inoculum's size where the amounts of alcohol ranged
between 9.2 and 18.0 g/l. The amount of alcoho! produced using high-density
inoculum was higher than those obtained using low-size-inoculum at different
fermentation periods. A shorter fermentation period was observed when the
batches received high inoculum size (10.0%) with maximal ethanol
concentration (18.0 g/l) and fermentation efficiency (78.3 % of the theoretical)
achieved within 24 hours. These results are in agreement with those obtained
by Chung and Lee (1985) and Belkacemi, ef al. (1998).

Tabie (7): Effect of yeast inocula size and fermentation time on the
amount of alcohol produced by Sacch. cerevisiae 0-14
cultivated in supernatant after acid pre-treatment of raw
barley straw using batch culture.

Inoculum |Incubation conﬁt:t?:tlion Theoretical | Yield Proci;ctwl Rseuségg:l
- . . o
size {wiv) | time {hr) (g yield (%) | {g/g) (g/ihr) (%)
Control 0 0 0 ¢ Q 4.5
24 9.22 40.1 0.2 0.38 2.69
6.1 48 13.32 57.9 0.3 0.28 1.88
72 ND ND ND ND ND
24 10.5 45.7 0.23 0.44 2.44
1.0 43 16.97 73.8 0.38 0.35 1.18
72 17.3 75.0 0.38 0.24 113
24 18.0 78.3 0.4 0.75 .81
10.0 48 18.0 768.3 04 0.38 0.8
72 18.0 78.3 0.4 0.25 0.8

ND: Not determined, Incubation temperature: 30°C, Yield: g ethanol/g substrate. Initial pH
value: 5, Productivity: g ethanol /hr, Working volume: 400 ml, Initial sugars
concentration : 4.5%.

As expected, the two parameters which indicate the alcohol! production
{ethanol yield and ethanol productivity), were higher using 1.0% inoculum
than those obtained using 0.1%, during all the fermentation periods. High
ethanol yield was recorded (0.38) at 1.0% inoculum's size after 48 hours.
Prolongation of the fermentation period to 72 hr didn’t affect this value. Unlike
the ethanol yield, ethanol productivity was decreased by increasing the
fermentation time. The maximum value of both ethanol yield and productivity
(0.40 and 0.75 g/I/h, respectively) were recorded at 10.0% yeast inoculum.
These results are higher than those obtained by Belkacemi ef al.{ 1998 ),
where they obtained productivity of 0.19 and 0.13 g/l.h after 24 hours and 48
hours of cultivation, respectively.

Althcough, the high ethanol yield (78.3% of the theoretical), the amount
of residual sugars was found relatively high (0.8%) compared with the initial
sugar concentration. This could be attributed to incomplete assimilation of
reducing sugars, since yeasts are known to be unable to convert pentoses,

8068



J. Agric. Sci. Mansoura Univ., 30 (12}, December, 2005

e.g., xXylose, resulted from acid hydrolysis of hemiceiluloses into ethanol
{Belkacemi et al., 1998).

Finally, the supernatant resulted from pretreatment of barley straw is
more suitable for producing alcohol than producing biomass. Previous studies
confirmed this finding as some of toxic substances, as furfural and HMF, are
taken up by yeast celis during ethanol fermentation (Chung and Lee,
1985;Taherzadeh et al., 2000). Besides the enzymes involved in cell growth
are affected by the presence of some inhibitors while those involved in the
production of alcohol are not (Safi et al., 1986).
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