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ABSTRACT

Ethanol production from lignocellulosic substrates, such as sugar
cane bagasse and corncobs was evaluated using Saccharomyces
cerevisiae in this study. The hydrolysates were prepared with 0.5%
H,SO4 and solid / liquid ratio of 3: 10 (w / v) at 121 °C for 2h.
Hydrolysates were supplemented with ammonium sulfate,
dipotassium hydrogen phosphate; magnesium sulfate and yeast extract
to prepare the growth medium. Fermentation experiments were carried
out at 30 °C. The influence of different aeration rates, pH and initial
sugar concentration on the growth kinetics and ethanol production
were investigated. The highest biomass growth and ethanol production
rates were obtained at pH 4.5 and aeration rate of one vv™* m™. The
results obtained with initial sugar concentration were approximately
similar with those of 6.9 or 7.5% for sugar cane bagasse and corn cobs
hydrolysates, respectively. The highest overall yield coefficient of
ethanol on sugar consumed (Yp/s) or on biomass, formed (Yp/x) were
0.46 and 2.88gg™ for yeast strain grown on sugar cane bagasse
hydolysate medium. '

Key words: Ethanol production, lignocellulosic substrates, sugar cane
bagasse, corncobs and Saccharomyces cerevisiae.

INTRODUCTION
Worldwide attention has recently turned to bioethanol
production as a strategy to combat global warming and to improve
global energy security (Lin & Tanaka, 2006 and Vertes et al 2006).
However, feedstock of current bioethanol production methods are
currently derived from edible parts of food crops such as sugar cane
and corn. This leads to an undesirable direct competition between
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bioethanol production and the food supply (Gray et a/ 2006). A switch
to a more abundant lignocellulosic biomass, some of which may be
obtained from inedible parts of food crops, should help to reduce
pressure on the food crops and possibly generate increased demand for
bioethanol (Gray et al 2006 and Lin & Tanaka, 2006).

The utilization of renewable lignocellulosic agro-industrial
residues has been attracted interest due to increasing environmental
and political pressure (Davis et al 2005). When hydrolyzed, these
lignocellulosic materials release sugars and several compounds
derived from sugar and lignin degradation, such as furfural and 5-
hydroxymethyl furfural (5-HMF) (Klinke et al 2002). The
lignocellulosic hydrolysates can be used as fermentation media to
obtain ethanol and other wuseful products (Mussato, 2003).
Bioconversion of lignocellulosic materials to ethanol requires initial
dilute acid hydrolysis of cellulose and hemicellulose to sugars
followed by fermentation by microorganisms. The ability of
Saccharomyces cerevisiae yeast to ferment sugars efficiently to
ethanol has led to many investigations that use lignocellulosic
hydrolysates as fermentation substrate. However, rapid and efficient
fermentation of hydrolysates is limited because a range of toxic
compounds in addition to monomeric sugars is generated during the
hydrolysis of lignocellulosic materials (Palmgqvist and Hahn-Hégerdal,
2000). In order to avoid such inhibition, various treatments for
detoxification of fermentation inhibitors have been investigated
(Klinke et al 2004). Various crop residues rich in lignocelluloses, like
wheat straw (Nigam, 2001), rice straw (Roberto et a/ 1999), corn cobs
(Saragoglu-Eken and Arslan, 2000), bagasse (Watson ef al 1984),
have been exploited for ethanol production. The sugar cane and corn
crops are deciduous plant whose yearly production has increased and
large amounts of bagasse are produced from sugar factories. The
principal factors that must be optimized for Saccharomyces cerevisiae
are aeration rate, pH, and initial sugar concentration in order to obtain
maximum productivity and ethanol yield from hydrolysates. In the
present study, the potential use of lignicellulosic hydrolysates derived
from sugar cane bagasse and corncobs for ethanol fermentation using
Saccharomyces cerevisiae was investigated. The choice of appropriate
aeration rate, pH and initial sugar concentration for the conversion of
sugar cane bagasse and corncobs hydrolysates into ethanol are
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considered. The effects of these variables on the kinetics of biomass
growth and ethanol production have also been investigated.

MATERIALS AND METHODS

1-Microorganism and growth media

Saccharomyces cerevisiae yeast was isolated from a commercjal
product Hawamdiya baker’s yeast. The yeast was grown at 30°C on
agar slants composed of 10g of glucose, 3g of malt extract, 3g of yeast
yeast, 5g of peptone and 20g of agar per liter and maintained at 4°C .
Inocula were prepared by transferring yeast by loop from one-day
slants to 250 ml Erlenmeyer flasks containing 100 ml of the above
growth medium lacking agar. The yeast was incubated aerobically on
incubator shaker at 150 rpm at 30°C for 24 h prior to use.

2-Preparation of acid hydolysates

The acidic hydrolysis of sugar cane bagasse and corncobs was
carried out by the following the procedure: five liter Erlenmeyer flasks
containing substrate and 0.5% sulfuric acid at solid/ liquid ratio of
3:10 (w/v) was used. The flasks were autoclaved at 121°C for 2h. The
hydrolysates were filtered through Watman filter paper No. 1 to
remove the suspended particles. The filtered hydrolysates were
neutralized using CaCOj;,then precipitate of calcium sulfate was
removed. The hydrolysates were again filtered through active carbon
to remove coloring compounds present in the hydrolysates. The sugar
content was standardized after completion of hydrolysis by
concentrating the solution through evaporation process at 100°C for
one hour. The hydolysates of sugar cane bagasse and corncobs had 69
and 75g total sugar per liter.

3-Fermentation conditions

Sugar cane bagasse and corncobs were hydrolyzed with sulfuric
acid and the resulting hydrolysates were used for ethanol production
with the yeast Sacch. cerevisiae. All experiments were performed as a
batch culture using 3L capacity fermentor (Cole- Parmer E-29200-10)
with 0.7 L working volume. During the experiments, temperature and
agitation rate were controlled at 30°C and 450-rpm min™.and airflow
rate of 1 vvm was used. Fermentation medium contained 10g of
(NH4),SO4, 1.5g of K2HPO4, 0.5 of MgSOy, 3g of yeast extract and
one liter of hydrolysate. This medium was inoculated with 0.8g of
yeast cells. The pH was controlled by addition of 2M NaOH
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throughout the experiments. To study the effect of pH, aeration rate
and sugar concentration, experiments were conducted with two values
of pH (4.5 and 5.5), aeration rates of 0.5 and 1.5 v v''m™ and 5% total
sugar). Samples were taken periodically during fermentation time for
analysis of biomass weight, sugar and ethanol concentration.

4-Analytical methods

Samples of 10 ml were aseptically removed at 6-h intervals and
analyzed for cell dry weight, total sugar (as glucose) and ethanol
concentration. Cell dry weight was detemined, samples were taken
from the growth medium, centrifuged, washed with distilled water and
dried at 90°C for 24 h. The filtrates were used to determine total sugar
(as glucose) by somogyi-semi micro method (1945) and ethanol
concentration bydichromateoxidationmethod (AOAC, 1990). '

The relationship between yeast biomass weight, sugar
consumption and ethanol concentration were calculated throughout
the entire and the end of fermentation time.

Nomenclature
X biomass concentration, gi™
Xt biomass concentration at time t, gi”
T time, h.
P ethanol concentration, gi™
Pt produced ethanol concentration at time t, g™
Pp ethanol productivity at time ¢, gi*h™
Px biomass productivity at time t, gl 'l L
P rmea | produced ethanol concentration at time f, gl
S sugar concentration, gi”
St sugar concentration at time t, g™
S consumed | cOnsiimed sugar concentration af time ¢, g™
1 specific growth rate, h™*
Rx cell growthrate, g I h™*
Rs sugar consumption rate at time t, g 170
Rp ethanol formation rate at time t, g I7°h™*
Y5 yield coefficient of biomass on sugar consumed (g biomass/ g sugar consunied)
Y s yield coefficient of ethanol on sugar consumed (g ethanol/ sugar consumed)
Y i yield coefficient of ethanol on produced biomass (g ethanol/ g biomass)
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RESULTS AND DISCUSSION

Dilute-acid sugar cane bagasse or corncobs hydrolysates were
used as carbon and energy sources for cultivation of Sacch. cerevisiae
to produce ethanol. All experiments started with the seeding of 0.8 gI™
in 0.7 L of hydrolysates media containing of 69 and 75 gl™ of total
sugar for sugar cane bagasse and corncobs hydrolysates, respectively.
The cultures were sparged with airflow rate of 1.0 vv'm™.
Fermentation was carried out at 30°C.

1-Effect of initial pH on alcohol fermentation

The effect of pH has a significant influence on yeast growth and
alcohol production, as well as its effect on fermentation inhibitors
such as furfural and HMF. Therefore, experiments were carried out
with sugar cane bagasse (SBH) and

corncobs (CCH) hydrolysates containing 69 and 75 g 1™ total
sugar with aeration rate of 1.0 vv'm™ and two pH values of 4.5 and
5.5 in order to evaluate the efficiency of Sacch. cerevisiae towards
ethanol production. The experimental data for the variation of pH on
biomass growth, sugar consumption and ethanol production as a
function of time are shown in Tables (1 to 4). It is interesting to note
that biomass growth, sugar consumption and ethanol production
varied considerably with changes in pH, whereas the rate of cells
formation increase with decrease in pH from 5.5 to 4.5. The maximum
of biomass concentration(X) and Productivity (Px) were 12.1 g I and
0.45 g 1" h™ at pH 4.5 on SBH medium during the fermentation time.

Moreover, accelerated sugar utilization rate during the entire
fermentation was obtained at pH 4.5 whereas the highest figures of
sugar consumed of 10.5 and 9.6 g I"* were recorded at pH 4.5 on CCH
and SBH media, respectively.

With regard to ethanol production, pH had remarkable effect on
ethanol production where there was a considerable variation in ethanol
yield. The maximum ethanol concentration was obtained at pH 4.5 on
CCH medium followed SBH medium being 27.5 and 26.5 g 17,
respectively. The same trend was observed with productivity (Pp)
throughout the fermentation time, the corresponding values were
0.78and 0.70 g I™* at pH 4.5 on SBH and CCH media, respectively.
However, these values measured experimentally fell below those
values estimated theoretically, whereas these values represented 80
and 83.3% of ethanol concentration estimated theoretically.
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Table (1) daynamic growth of Saccharomyces cerevisiae grown on
sugarcane bagasse hydrolysate medium and ethanol production at

pH 5.5
Biomass Substrate Ethagol . .
- concenfration, cancentration ) E?ha,nol . Concentration Bmma_ss; Ethan'ol‘.. Yuis | Ypis | Ypix
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< .gl (E ) teo" C 4 Px(grih'i) pp(grih'!) us k2] g;.
X [Xformed| St [ Scomumed [ P | Plomed | Pt
4 08 . 880 . - . . . . ]
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) 42 18 483 5.1 83 28 24 07 047 |0.28[048) 175
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Table (2) Daynamic growth of Saccharomyces cerevisiae grown on
sugarcane bagasse hydrolysate medium and ethanol production at

pH 4.5

Bl coilc]:htr:gon Ethanl Cmfcteh:fl:*:lﬁon Blomas | Bl Yuis| Yp's| Ypix
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e} fheoretically Palg ) | Pplal) gl g

X [Xormed[ S | Stonomed| P | Plomed | )
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13 1 16 33 66 il 3 kxH (AL $3  j L0964 S
Y H M #l & 54 18 ] A4 847 01|04 488
¥ {3 9 Al 4 134 36 15 AL g3 01808 ] 1
¥ 84 13 kY 84 164 il 16 {31 067 [ 034|030 | 188
i} 4] 14 4 43 185 1l 14 02 6371 |08 046) 18
# 88 ) ] i 0l 13 44 WAk 615 [0lefals| 180
3 11 3 114 96 144 i 48 348 6% |00 1
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Table (3) Daynamic growth of Saccharomyces cerevisiae grown on

corncobs hydrolysate medium and ethanol production at pH 5.5

Biomass S“bmtf Ethanol y Ethanel‘ Biomass | Ethanel |y, [« |+
Time(h) | concentration X(gh™) com:gntmtm Concentration B(gh™) (ﬁonceg!}'atlo}x productivity | productivity “.f Yp:; &pf
) theoretically peary | ooy | % || %
Xt | Xformed St Sconsuined Pi Plormed | P(E") \
4 0.3 - 73 - - - - - - -l - -
§ b3 0d 3 13 03 03 128 0017 808 [0041020 (50
1 10 01 7 13 1l 0.7 133 0017 812 {004 1028|200
1§ 1) 1) 873 13 14 11 18 0.200 80 (0481040 (08
4 il 19 §19 56 44 10 136 0130 033 (016|036 |22
3 19 08 43 71 12 18 36 0130 047 [OI11030 (355
3 39 1) 4. 6.6 10.1 30 k5L 0.330 830 (030045150
41 [ 16 13 id 138 36 17 0.0 860 030006720
4 11 14 364 5.2 163 13 7 0.1% 941 [016] 040 25
H 34 -2 £ 13 16.6 03 0.66 008 0.1
) 35 -09 340 01 1546 003
66 D W 1 141 031

Table (4) Daynamic growth of Saccharomyces cerevisiae grown on
corncobs hydrolysate medium and ethanol production at pH 4.5

Biotnass thstrat? Ethanol ‘Ethanuk‘ Biomass | Ethmal (. v, ¢
Time{h) | concentration X{gh™) concfntrauola Concentrafion P(gh) §ancen;.rahof1 productivify | productivify “ff Xpis X’pix
S fh?ﬁf@m?“.‘- D) | Ppa) g%
X [Xomed| St [ Somsumed | Pt | Plumed | F{g)
§ 03 - 50 - - - - - - - i - -
§ L) [M 13 3 13 1.5 13 .03 035 [003]041] 82
12 16 04 (3] 63 47 3 £ 0.10 SN R
1 11 03 587 63 i 26 N 0.8 04 0080841 | 813
bt LX) 13 513 62 103 k1] in p 05 [021]048) 2%
K 43 14 #J 73 144 37 iR 05 06 10191049208
¥ 6l 13 3 15 168 13 i i 647 |017[037| 185 -
4! 64 03 i3 60 104 1) W 005 037 0087 4
& 1) 03 13 64 14 18 kX UAK] 047 [013]047) 38
M i ) 150 103 ] 4 iy 0.4 040
] 61 48 113 0 1l 4 13 017 0.7
& 84 -0 230 1% N b3 194 0.4 013
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There are three important parameters used to evaluate the
efficiency of alcohol production by yeast strain throughout the
fermentation time: yield coefficient of biomass (Yx/s), yield
coefficient of ethanol on sugar consume (Yp/s) or biomass formed
(Yp/x). The first parameter was lower than the estimated value (0.567
g cells dry wt /g sugar consumed). Moreover, it was also observed that
Yp/s was closed to the estimated figure theoretically (0.511 g ethanol
/g sugar consumed unlike Yp/x was far from the theoretical figure
(17.03g ethanol /g biomass formed).

Data of specific growth rates, ethanol production rates,
percentage of sugar consumed and overall yields at the end of
fermentation presented in Table (11), revealed that the highest values
of specific growth rate (i) and cell growth rate (Rx) were obtained at
pH 4.5 on SBH medium compared with those at pH 5.5, being 0.049
h™ and 0.19 g I"* h™, respectively. Similar trend was observed with
percentage of sugar consumed, overall Yx/s, overall Yp/s and overall
Yp/x.

From the aforementioned data, it could be noticed that the lower
ethanol yield and sugar conversion obtained with higher pH value was
possibly due to the formation of undesired productes like glycerol,
ogranic acids at the expense of ethanol (Pramanik 2003). On the other
hand, the higher ethanol yield may be attributed to that cell growth
and ethanol production in lignocellulosic hydrolysates dependent on
pH due to the degree of toxicity whereas at low pH the available
forms of furfural and HMF minimize (Palmqvist and Hahn-Hégerda,
2000). These results in this study are in agreement with the study
conducted by Parmanik (2003 and 2005) who studied the effect of pH
on fermentation kinetics of grape waste by Saccharomyces cerevisiae
in batch culture. Therefore, from the pH study, pH 4.5 was formed to
be the optimum pH value for ethanol fermentation using
Saccharomyces cerevisiae grown on SBH and CCH media.

2-Effect of aeration rate on alcohol fermentation

The potentiality of Sacch. cerevisiae to ferment sugar cane
bagasse and corn cobs acid hydolysates to ethanol was evaluated
under different levels of aeration,i.e., 0.5 and 1.5 vv'm™. Assays in
0.7 L of concentrated hydrolysates containing 69 and 75 g I™! total
sugar for SBH and CCH media, respectively.



I. Biol. Chem. Environ. Sci., 2008, 3(4), 403-420 411

The experimental data for aeration rate on the biomass growth,
sugar consumption and ethanol production as a function of time are
shown in Tables (5to 8). It seems from the results that both biomass
growth and ethanol formation are sensitive to the amount of oxygen
supplied, whereas air flow rate of 0.5 vv™! m™, caused low biomass.
During the other experimental runs, i.e., 1.5 vv’'m™, an oxygen
supply stimulated biomass growth depending on aeration rate.

With regard to sugar consumption throughout the fermentation
time, the peak of value was obtained at air flow rate 1.5 vvm, being
122 g I on CCH medium. In addition to, the same figure was
observed at airflow rate of 0.5 vvm on SBH medium.

On the contrary, during the fermentation time, the highest
ethanol formation and ethanol productivity (Pp) were 13.7g I"! and
0.65 g I'* h™ at air flow rate 0.5 vvm on SBH medium.

Table (11) summarizes the main estimated results obtained for
the effect of aeration rate on alcoholic fermentation. The highest
specific growth rate of 0.063 h™ was obtained at air flow rate of 1.5
vv'm™ in SBH medium. The highest values of sugar consumption
rate and the percentage of sugar consumed were 1.01 gI™ h™ and 89%
at air flow rate 1.5 vvm on CCh medium. On the contrary, the peak of
values for Rp, overall Yp/s and overall Yp/x were 0.33 gI™ h™', 0.25
gg™ and 1.79 gg™ at airflow rate of 0.5 vvm on SBH medium.

It was cleared from the aforementioned data that further increase
in flow rate produced less ethanol. This suggests that the degree of
aeration has to be at a certain threshold level before ethanol
production is diminished. As seen from the aforementioned results
there is a negative correlation between ethanol formation and aeration
rate, which indicates that excessive aeration reduces the ethanol yield
because of either product oxidation or cell growth.In addition to,
increase the rate of aerationleads to an increase in pH (Okur and
Saracoglu, 2006) This observation is in agreement with same previous
results obtained by Grootjen et al 1990;Varela et al 1992 ; Nigam,
2002 and Alfenor et al 2004.
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Table (5) Effect of aeration rate on ethanol production in sugar
cane bagasse hydolyzate medium at 0.5 vvm using Saccharomyces

cerevisiae
Biomass Snbstrat? Ethanol manol‘ Biomass | Ethamol . 1. . |..
Time(h) | concentrationX(gh™) concfntratmn Concenfration P(gh) Comentfa uo,“ productivity | productivity “’f Yp."f Yp;x
Sr) theoretically Psighh) { Ppigr) g%
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Table (6) Effect of aeration rate on ethanol production in corn
cobs hydolyzate medium at 0.5 vvm using Saccharomyces
cerevisiae
Biomass coilcli);g:gsu Ethanol Coxlig:ézion Biomass | Ethana! Yot | ¥pis | Yps
Time(h) | concentration, X(gh) S Concentration P(gh™) theareiall productiify | productivty | | f
e 60T ('3‘ Px(glt) | Pplalt) g8
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¢ {3 - 74 - - - - - - - |-
§ 12 04 04 50 0.5 0.53 15 .07 600 J008]011 1138
Y 13 04 84 10 146 031 35 0.1 615 |09 013 |14
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<} 43 13 4§51 83 .86 180 44 1 047 (01603421
3 8l 13 33 104 .60 04 il 130 01 |018)00710
¥ 79 13 %1 6. 830 170 7 030 08 |0207027)400
i1 95 16 04 11 i} 150 16 1.7 g3 jenjently
4 101 0.6 114 8.1 113 110 414 .10 BI3  [007{004) 28
M 0. 0.6 118 A 40 -118 10 810 0%
L 89 14 103 13 810 -L10 077
86 80 09 .50 0.5 A 80 0.26 -




J. Biol. Chem. Environ. Sci., 2008, 3(4), 403-420

413

Table (7) Effect of aeration rate on ethanol production in sugar
cane bagasse hydolyzate medium at 1.5 vvm using Saccharomyces

cerevisiae
. Substrate Efhanot :
. Bmx‘nass_ . co?lcg:g':ﬁon , E“’“f‘”‘ . | Concentrafion Blom;!s? i Etban'ol.. Y ) Ypis | Ypis
Time(h) | concentrationX(gh™) S Concentration,P(gh™) theareically produ:u\lry proc?ucﬂmjt.} W g | g
X | Xformed] St Sconsumed | Pt Plormed | Plh7) S
8 0. - £0.0 - - - - - - - -] -
§ 19 11 00 90 04 b6 40 0.18 000 10121007038
1 34 13 33 15 11 03 18 (.25 008 10.20]007)035
1§ 39 13 463 6. 13 12 11 041 026 ]0401019]048
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kL 94 15 3] 6l b4 19 31 .25 031 [0ds]03i[1M
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4! 181 09 163 47 9.2 10 4 §15 817 1009001 ] 0.05
4 94 17 12) 43 §.2 10 - 0.1
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Table (8) Effect of aeration rate on ethanol production in corn
cobs hydolyzate medium at 1.5 vvm using Saccharomyces
cerevisiae
Biomass Substra(? Ethanol Eﬂm_nol. Biomass | Ethanal v Ty
Timefh) | concentration X{gh™) concelraion Concentrafion, Xgh™) Cuncent'ratwfx productivify { productivity Y‘f Ypf \pf
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3-Effect of initial sugar concentration on alcohol fermentation

An interesting research field in alcoholic fermentation is the
study of yeast strains able to utilize sugar solutions more concentrated
than those generally fermented in usual practice (Converti et al 1985)
and hence it is important to establish the limits of ethanol tolerance of
yeast strain (Shiyuan et al 1087). According to the definition of
Crabtree effect, in Sacch. cerevisiae, high sugar concentration trigger
alcohol fermentation, even under fully aerobic conditions (De Deken,
1966;Petrick er a/ 1983 and Watson et al 1984) and to reduce the
adverse impact of inhibitors in the hydrolysates on biomass growth
and therefore, on the production of ethanol. This has been investigated
by carrying out fermentation experiments with initial sugar
concentration of 5% and airflow rate 1 vvm.

Tables 9 and 10 show the effect of initial sugar concentration on
the cell growth kinetics, sugar consumption and ethanol! formation
using Sacch. cerevisiae on SBH and CCH media throughout the
fermentation time.Cell mass growth and biomass productivity gave
the maximum values of 7.43gl™ and 0.23 gI™ h™ on SBH medium,
respectively. .

The behavior of Sacch. cerevisiae to consume sugars at 5% was
closed with the higher sugar concentrations,i.e., 69 and 75 g I"! in
SBH and CCH media, respectively where the percentage of sugar
consumption was 84% on SBH medium(Table 11).

It was observed that ethanol concentration ‘and ethanol
productivity during the fermentation time had high values, being
19.2gl™ and 0.52 gg™ on SBH medium

Table (11) show specific growth rate of yeast strain grown on
SBH medium had the value of 0.04 h™ and this was closed with those
of yeast strain grown on high sugar concentrations (6.9 and 7.5%). On
the other hand, Sacch. cerevisiae had the lower of y, 0.34 h™ on CCH
medium containing 5% than those of yeast strain obtained with
experiments containing 69 and 75 g I"* . The overall yields, Yp/s, Yp/x
and Pp were approximately equal to the corresponding values
obtainted with  yeast strain grown on other sugar
concentrations,whereas the figures of Yp/s and Yp/x were 0.46 and
2.88 gg™, respectively on SBH medium.
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Table (9) Effect of initial sugar on ethanol production in sugar
cane bagasse hydolyzate medium at 50 g™ using Saccharomyces

cerevisiae
. Substrate Ethanot .
Biowmass . Efhanol . | Biomass | Efbanol | 1o 1.
Timefh) | concentration X(gh™) concgntramn Concentration Xgh™) Concen_t‘mho'n productivity | productivity his m_‘s \pix
o gy theoreticall Pr(g) { Ppah) gyn e
X | Xformed ] Sconsumed | Pt Plormed | P )
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1§ 17 ] 08 382 43 53 19 13 8.0 031 JO12 | 044|367
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Table (10) Effect of initial sugar concentration on ethanol
production in corn cobs hydolyzate medium at 50 gI™ using
Saccharomyces cerevisiae
Biomass Suhslratf Ethane! Eiha}nokw Biomass | Efhanel [, .}y o .o
Time(h) | concentration X(gh™) conc;ntmtxcn Concentration,P{gh™) Concent_ra!m productivity | productivity “? \ps ’ipf
§al) thearetically Paiglh) | Bpleli) B e
Xt | Xormed §t Sconstmed Bt Pormed | Pt
0 0.3 - 04 - - - - - - S N
6 0.9 0.12 £#2 13 03 .5 0.92 002 008 [8071028) 4
12 L1 0.18 434 12 17 12 164 0.03 0.2 0.06 1 0.38 | 6.1
13 140 0.30 41 18 11 0.3 0.2 0.05 008 JA17}028) L6
i 190 050 435 L7 16 04 138 0.08 507 [01910151000
30 198 10§ 34 43 51 15 .38 0.18 041 [0M{0361L1
6 088 .00 31 43 71 11 145 .15 033 Jo10j 044 (2R
41 38 0.90 266 46 9.1 18 135 033 133 J80) 0431213
43 S0 0.4 M4 16 98 0.6 L3 .04 310 )0.00]023] 2%
H 3 052 201 34 iLl 13 19 0.00 81 J8131033 )14
60 6.19 0.63 134 47 131 10 148 011 033 J0l{0483{307
66 6.29 010 14 12 133 0.1 0.6l 0 08 (e 0T
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Table (11) Summary of the main results obtained for the different
experiments

. . - Rx Sconsumed | Overall | Overall | Overall
Experiment | SourceS | p ™) (@hY Rs(gl™h™ | Rp(gih™) % Yais Ypis Yp'x
H4s SBH | 6049 | 0.19 9.92 0.44 8 0.19 0.43 2.26
PR % - CCH | 0846 | 013 1.02 042 96 0.09 0.41 4.56
H5.5 SBH | 0.043 | 014 0.83 0.32 79 0.14 0.38 271
L CCH | 0046 | 0.3 0.2 0.31 55 0.16 0.40 2.50
airflow SBH 0.843 0.12 0.52 033 7 0.14 0.25 179
rate (0.5vwm) | CCH | 00648 | 018 0.99 0.24 87 015 .17 113
airflow SBH [ 6.655 0.21 0.92 9.19 88 0.17 0.13 0.88
rate (1.5yvm) | CCH | 0.656 0.29 1.01 .16 89 0.23 0.11 0.48
. SBH 0.640 .11 .70 8.3 84 0.16 0.46 2.88
imitial sugar
concentration
50 g CCH | 0634 0.08 0.54 0.2 72 0.15 0.37 47

SBH: sugar cane bagasse hydrolysate media
CCH: corncobs hydrolysate media

From the aforementioned results, it could be noticed that adjust
the minimum sugar concentration in lignocellulosic hydrolysates
media was the desirable amount to obtain the maximum biomss
growth and ethanol production. This positive data was the result of
reducing the harmful effect of the inhibitory substances, such as
furfural and HMF (Palmquvist et al 1999; Zaldivar et al 1999; Zaldivar
and Ingram 1999 and Klinke et al 2004).

CONCLUSION

~ Ethanol can be produced easily from lignocellulosic hydrolysates

using Sacch. cerevisiae and it could be concluded the following:

1-This study shows that Such. cerevisiae assimilate sugar (as glucose)
extracted from sugar cane bagasse and corn cobs aerobically and it
is able produce ethanol from reducing sugars. However, the
aeration rate is an important factor to obtain a reasonable yield of
ethanol from hydrolysate sugars.

2-The adjustment of pH at 4.5 and initial sugar concentration of 50 g
I"' in hydrolysates media are the best to minimize the harmful
effect of the inhibitory substances produced in the hydrolysates,
such as furfural anf HMF.
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3-In comparison between sugar cane bagasse and corncobs
hydrolysates media, the later gave the highest figures of growth
kinetics and determined parameters of ethanol production.

REFERENCES

Alfenor, S.; Cumeleyer, X.; Benbadis, L.; Bideau, C.; Uribelarrea,
J.L.; Gama, G.; Molina-Jauve, C. and Guillouet, S. (2004).
Aeration strategy: a need for very high ethanol performance in

Saccharomyces cerevisiae fed-batch process. Appl. Microbiol.
Biotechnol. 63(5): 537-542(6).

A.0.A.C.(1990) Official Methods of Analysis of the Association
Analytical Chemists, 12" Association of Official Analytical
Chemists, Washington;DC.

Converti. A.P.; Lodi, P.A.; Parisi, F. and Borghi, M.D. (1985). Kinetic
study of Saccharomyces strains: performance at high sugar
concentrations. Biotechnol. Bioeng. 27: 1108

Davis, L.; Jeon, Y.J.; Sevenson, Rogers, C.P.; Pearce, J. and Peiris, P.
(2005). Evaluation of wheat stillage for ethanol production by
recombinant Zymomonas mobiles. Biomass and Bioeng. 29: 49-59.

De Deken, R.-H. (1966). The Crabtree effect: a regulatory system in
yeast. J. Gen. Microbiol. 44: 149-156.

Gray, K.A.; Zhao, L. and Emptage, M. (2006). Bioethanol. Curr.
Opin. Chem. Biol. 10: 141-146.

Grootjen, D.R.J.; van Derlans, R.G.J.M. and Luyben, K.A.M. (1990).
Effect of the aeration rate on the fermentation of glucose and

xylose by Pichia stipitis CBS 5773. Enzy. and Microb. Techn. 12:
20-24.

Klinke, H.B.; Thomsen, A.B. and Ahring, B.K. (2004). Inhibition of
ethanol producing yeast and bacteria by degradation products

produced during pre- treatment of biomass. Appl. Microbiol.
Biotechnol. 66: 10-26.

Klinke, H.B.; Abring, B.K.; Schmidt, A.S. and Thomsen, A.B.(2002).
Characterization of degradation products from alkaline wet
oxidation of wheat straw. Bioresou. Technol. 8§2: 15-26.




418  ETHANOL PRODUCTION FROM SOME LIGNOCELLULOSIC

Lin, Y. and Tanaka, S. (2006). Ethanol fermentation from biomass

resources: current state and propects. Appl. Microbiol. Biotechnol.
69: 627-642.

Mussto, S.I. and Roberto, 1.C. (2003). Alternatives for detoxification
of diluted- acid lignocellulosic hydrolysates for wuse in
fermentative processes: A review. Bioresou. Technol. 87: 17-27.

Nigam, JN. (2001). Ethanol production from wheat straw
hemicellulose hydrolysate by Pichia stipitis. J. Biotechnol. 27: 17-
27.

Nigam, J.N. (2002). Bioconversion of water-hycinth (Eichornia
crassipes) hemicellulose acid hydrolysate to motor fuel ethanol by
xylose-fermenting yeast. J. Biotechnol. 97: 107-116.

Okur, M.T. and Saracoglu, N.E. (2006). Ethanol production from
sunflower seed hull hydrolysate by Pichia stipitis under
uncontrolled pH conditions in a bioreactor. Turkish J. Eng. Env.
Sci. 30: 317-322.

Palmqvist, E. and Hahn-Higerdal, B. (2000). Fermentation of
lignocellulosic hydrolysates. II. Inhibition and mechanism of
inhibition. Bioresou. Technol. 74:17-24.

Palmqvist, E.; Grage, H.; Meinander, N.Q. and Hahn-Higerdal, B.
(1999) Main and interaction effects of acetic acid, furfural and p-

hydroxybenzoic acid on growth and ethanol productivity of yeasts.
Biotechnol. Bioeng. 63: 46-55.

Petrik, M.; Képpeli, O. and Fiechter, A. (1983). An expanded concept
for glucose effect in the vyeast, Saccharomyces wuvarum

involvement of short- and long- term regulation. J. Gen.
Microbiol. 129: 43-49.

Pramanik, M.(2003). Parametric studies on batch alcohol fermentation
using Saccharomyces yeast extracted from toddy. J.Chin. Chem.
Engrs., 34: 487-492.

Pramanik, M.(2005). Kinetic study on ethanol fermentation of grape
waste using Saccharomyces cerevisiae yeast isolated from toddy.
IE (I) Journal-CH.85: 53-58.



J. Biol. Chem. Environ. Sci., 2008, 3(4), 403-420 419

Roberto, 1.; Mancilha, M. and Salo, S. (1999). Infulence of Kia on
bioconversion of rice straw hemicellulose hydrolysate to xylitol.
Biprocess Eng. 21: 505-408.

Saragoglu-Eken, N. and Arslam, Y. (2000). Comparison of different
pretreatments in ethanol fermentation using corn cob
hemicellulosic hydrolysate with Pichia stipitis and Candida
shehatae. Biotechnol. Lett. 22: 855-858.

Shiyuan, Y.; Norris, W. and Sarad, K.P. (1987) . Fermentation of
ethanol of pentose containing spent sulfite liquor. Biotechnol.
Bioeng. 29: 1144

Somogyi, H. (1945). A new reagent for the determination of sugars. J.
Biol. Chem. 160: 61-73.

Varela, H.;Ferrari, H.D.;Loperna, L. and Lareo, C. (1992). Effect of
aeration rate on the alcoholic fermentation of whey by
Kluyveromyces fragilis. Mircobiologia. 8(1): 14-20.

Verteés, A.A.; Inui, H. and Yukawa, H. (2006). Implementing biofuls
on a global scale. Nat. Biotechnol. 24: 761-764.

Watson, N.E.; Prior, B.A.; lategan, P.M. and Lussi, M.(1984). Factors
in acid treted bagasse inhibiting ethanol production from D-

xylose by Pachysolen tannophilus. Enzyme and Microbiol.
Technol. 6(10): 451-456.

Zaldivar, J. and Ingram, L.O. (1999). Effects of organic acids on the
growth and fermentation of ethanlogenic Escherichia coli LYOL.
Biotechol. Bioeng. 66: 203-210.

Zaldivar, J.; Martinez, A. and Ingram, L.O. (1999). Effect of selected
aldehydes on the growth and fermentation of ethanogenic
Escherichia coli. Biotechnol. Bioeng. 65: 24-33.




420  ETHANOL PRODUCTION FROM SOME LIGNOCELLULOSIC

Bmad aladiuly 4y slabu siadl 3) gall Cpa J oSN ) gas gLl
Ly (pussinza g S

hilall ae e daal
s = 5 Al Guad (e Aaala - ded 50 K- dued ) 5l L gl g g )Sall puid

B 7l g9 St cual dualiaa Jia 4y ) ghabea gind 3l ga Aal A} 038 B Crasilinil
A gall pgdaga spanld ol L pr Gupesa 3ol B el aladiudly BN Jgas Uiy
Ayl Gaala G g M Bas e Bale IS e plat e o ALl 43 gt piatl
VYV Boa daga o LSS B g Allg i 0 dau (000 (B %, 0 S
Baley Adlilaag Gl g el oy P& O pyagall i sy sl Badd g
ZL g Bomadd) LMA gadl A DU 3N ddlil pa guid ) pdinalca gaadlll ol g <
Aasia da 130 8yls Ao e G LEAYY gran cyal J gl Jsas

Ay A Sl 3859 Asell s g pH pd) LU A )a) il LG Crena
Al Baa A Jeaslh ZLEHg ySaddl gt 5 B ppadd) LBIA sai puallip (bl yaidl)
Busaddl LOAY g Judadl ¢ giliill Cunagf, sadill B juddlgd b ciluldll N AdLayy
paa Jaas dyggt Jaragq.5 pHAR 2 dis OIS Jel¥) Jgas Uil g sSd) dlginl g
0y B Sa S g aladiad o Ly il ciauiagl A88aN 3 iy paa 1 slsa
6.9 S i3S e Yo Juaniall il el aa 4y jlia A9l S %5 jadil)
Cadagl LS, il e 53 @@JJ&J\ cual Lalaa \ay}:g.a Cilig 75'3
bl o ot Jiaadl Sl bl o JSENY Jgas gLy dal:.n (_,Ss\ g gl
ploa IS8 Joill ala 2,885 Jiea Sw alsa JS ity eba 0. 46 MJSMS‘ Lo
sl e 5 gSia Lla



