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ABSTRACT

In this research sawdust samples of Ecalyptus globulus and Cupressus lusitanica were evaluated
for bioethanol productions. The sawdust samples were first pretreated with three white rot fungi alone
and also by combining the white rot fungi with mild NaOH and steam. Both the fungal and combined
pretreated samples were then hydrolyzed with hydrolytic enzymes from three cellulolytic wood rot
fungi. Finally, the resulting sugars were fermented into bioethanol using S. cerevisae in anaerobic
conditions. Results obtained, in general, indicated that bioethanol amount produced in all cases of
sawdust management was significantly higher than the amount obtained from the un-pretreated sawdust
samples (p<0.05). In both fungal alone and combined pretreated sawdust samples, higher ethanol yield
was obtained from E. globulus than from C. lusitanica. Similarly, combination with NaOH showed
better bioethanol yield over combination with steam. The highest alcohol concentration was obtained
when pretreated NaOH-006-2G and hydrolyzed with enzymes from 033-1G and followed by results
when pretreated with 005-1G and 003-2G, respectively, and hydrolyzed with enzymes from 033-1G.

Keywords: Bio-ethanol, Lignocellulosic biomass, wood rot wild mushrooms, pretreatment, hydrolysis,
sawdust, Ecalyptus globulus, Cupressus lusitanica, Oromia Forest and Wildlife Enterprise

1. INTRODUCTION

There is an increasing search for an alternative biofuel energy sources in the world due to
the rising energy demands, rising price of petroleum and increasing GHG (Greenhous Gas)
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emission concerns. Currently, ethanol is being used as an alternative fuel representing a
sustainable substitute for gasoline dependent vehicles [1]. First generation bioethanol
production has been reported to compete with food supply in developing countries [2]. Despite
its abundance, biomass based bioethanol production, which is expected to replace first
generation bioethanol production, currently is much below its projected scale [3]. The
bottleneck problem of utilizing biomass as a feedstock for bioethanol production is its
recalcitrance nature. But still there is a need to give attention to biomass wastes as bioethanol
feedstock since food and feed crops, sources of first generation feedstocks, are essential to
mankind [4]. Though different efforts are made so far it has been shown that wider bioethanol
production from lignocellulosic celluloses is not as such developed yet [5].

Waste lignocelluloses, being largely underutilized, are the most abundant potential source
for different industrial uses [6]. One of these is the requirement of fermentable sugars for large
scale biofuel productions. Though, sawdust has been given attention as a feedstock for different
industrial applications such as sugar productions over the past decade [7, 8], the lignin-
hemicellulose matrix surrounding the cellulose microfibrils prevents the microbial enzymes’
access to cellulose and inhibits its hydrolysis. This is usually solved by the removals or
modifications of lignin and/or hemicelluloses [9].

Both alkali and steam based pretreatments could modify the lignin structure of
lignocellulosic materials so that the fungal enzymes reach the cellulose portion for hydrolysis.
NaOH causes various structural alterations such as the depletion of lignin barrier and solvation
of hemicelluloses [10]. It has also been observed to decrease cellulose crystallinity and the
degree of polymerization [11] thus increasing access for enzymes [12]. Steam has also been
implemented by using pressure to keep water in the liquid state at higher temperature to pretreat
sawdust [13].

It changes the biomass native structure by the removal of its hemicellulose content
alongside transformations of the lignin structure, which make the cellulose more accessible to
the further enzymatic hydrolysis step [14]. On the other hand, biological pretreatment is a
complex process involving multiple enzymes that work synergistically. It is typically carried
out by wood rotting basidiomycetes [15]. The main enzymes involved in lignin degradation are
Laccase, LiP and MnP [16, 17].

Combination of wood rot fungal pretreatment with other pretreatment methods has been
reported to increase enzymatic hydrolysis yield [18, 19]. A mild alkali pretreatment of corn
stalks with I. lacteus for 15 days significantly facilitated lignin degradation by wood rot fungi
[20]. Similarly, Ma et al. [21] reported an increased saccharification yield compared to a single
pretreatment when pretreating beech wood with P. chrysosporium and then steam explosion.
The objective of this research work was, therefore, to evaluate the bioethanol productions after
pretreatments and hydrolyses of E. globulus and C. lusitanica sawdust samples.

2. MATERIALS AND METHODS
2. 1. Sawdust sample source and preparation

Fresh sawdust samples of E. globulus and C. lusitanica used for this research were
collected from Arsi branch of Oromia Forest and Wildlife Enterprise, Dagaga site, Ethiopia.
The sawdust samples were dried, ground and passed through 5 mm pore size sieve and kept in
plastic bags for further utilization.
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2. 2. Fungal selection and inoculum preparation

For the pretreatment experiment, three efficient ligninolytic wild mushrooms (003-2G,
Pholiota squarrosa; 006-2G, Ganoderma aplanatum, 005-1G, Polyporus giganteus) (Table 1)
were selected for pretreatments based on their enzymatic assay reports of Megersa et al.[22]
and Megersa et al. [23]. For the hydrolyses experiment, again three hydrolytic wild mushrooms
(030-1D, Phellinus tremulae; 026-2D, Pholiota adipose; 033-1G, Armilleria mellea) (Table 1)
were selected based on their enzymatic assay reports made by Megersa and Gure [24].

Inocula of the selected ligninolytic and hydrolytic wild mushrooms were prepared using
the standard medium of Altaf et al. [25] containing 10.0 g glucose, 3.0 g yeast extract, 3.0 g
peptone, 1.0 g KH2PO4, and 0.5 g MgSO4-7H20 per liter of distilled water. Four disks (¢5 mm)
of each isolate were inoculated and grown on a rotary shaker at 150 rpm and at room
temperature in 250 mL flasks containing 100 mL of the medium. After six days of fungal
cultivation mycelial pellets were homogenized and used as inocula.

Table 1. List of wild mushrooms selected for pretreatment and hydrolysis experiments.

Ligninolytic wild mushrooms
Code Scientific name
003-2G Pholiota squarrosa
006-2G Ganoderma aplanatum
005-1G Polyporus giganteus
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Hydrolytic wild mushrooms

Photo Code Scientific name
030-1D Phellinus tremulae
026-2D Pholiota adipose
033-1G Armilleria mellea

2. 3. Fungal pretreatments

For the fungal pretreatment, twenty gram of dry samples from raw sawdust samples was
placed in 100 mL Erlenmeyer flasks in triplicates. The sawdust in each flask was conditioned
with distilled water to obtain moisture content of 75%. The flasks containing wet sawdust were
autoclaved at 121 °C for 15 minutes, cooled and inoculated with a 10 mL inoculum on the top
of the substrate. The inoculated flasks were incubated at 30 °C in static conditions for 60 days
and then washed with distilled water (30 mL) at 180 rpm for one hour, and filtered under
vacuum to remove the water soluble components. The solid fractions from fungal pretreated
and combined pretreated sawdust were dried in an oven at 65 °C and then used for hydrolyses
experiments.

2. 4. Combined pretreatments

During the combined pretreatments, raw sawdust samples were first pretreated with
NaOH or steam and then further pretreated with the selected ligninolytic wild mushrooms. The
raw sawdust samples were pretreated with alkali following the procedures of Mirahmadi et al.

-188-



World News of Natural Sciences 29(3) (2020) 185-197

[12]. 6% NaOH (w/w) with a ratio of 1:10 w/v was used in 250 Erlenmeyer flasks. The flasks
were kept at room temperature for 2 hrs by shaking at 150 rpm. Following alkali pretreatment,
sawdust mixture samples were washed several times to neutral pH, filtered and solid mass
collected for further use. On the other hand, raw sawdust samples (1:5 w/v in distilled water)
were autoclaved for 2 h according to Ogunbayo et al. [26]. Following this steam pretreatments,
the sawdust mixture samples were washed several times to neutral pH, filtered and solid mass
collected for further use.

Twenty gram of dry samples from the NaOH and steam pretreated ones were placed in
100 mL Erlenmeyer flasks in triplicates. The sawdust in each flask was conditioned with
distilled water to obtain moisture content of 75%. The flasks containing wet sawdust were
autoclaved at 121 °C for 15 minutes, cooled and inoculated with a 10 mL inoculum on the top
of the substrate. The inoculated flasks were incubated at 30 °C in static conditions for 60 days
and then washed with distilled water (30 mL) at 180 rpm for one hour, and filtered under
vacuum to remove the water soluble components. The solid fractions from fungal pretreated
and combined pretreated sawdust were dried in an oven at 65 °C and then used for hydrolyses
experiments.

2. 5. Hydrolyses of sawdust samples

The hydrolytic enzymes of the selected fungal isolates were produced using the optimized
medium of Hussain et al. [27]. The flasks were inoculated with 5 mL of the fungal inocula and
incubated at 30 °C for 12 days based on the optimized enzyme production for these fungal
species [24]. Finally, 50 mL of 0.05 M citrate buffer (pH 5.0) was added to each flask and left
for one hour shaking on a rotary shaker at 150 rpm. The samples were then filtered through
clean muslin cloth and the filtrates were centrifuged at 4000 rpm for 15 min. The supernatants
(crude enzyme extracts) were used for hydrolyses experiments.

Twenty gram of the pretreated sawdust was added to each 100 mL flasks and autoclaved
at 121 °C for 15 minutes and then loaded with crude enzyme extracts at 5% (v/w). A citrate
buffer solution of 0.05M was added to the flasks to achieve and maintain a pH of 5.0 [7].
Following the addition of the enzyme, the flasks were sealed and placed at 40 °C and at 150
rpm. The flasks were sampled after 72 h of incubation. Then samples were submerged in a
water bath at 100 °C for 5 minutes, followed by an ice bath and centrifuged at 4000 rpm for 15
minutes. The supernatants were maintained for bioethanol production.

2. 6. Fermentation experiments

The hydrolysates were subsequently fermented with Saccharomyces cerevisiae. The yeast
(0.5 g/L inoculum) was grown in 50 mL of the liquid medium at 32 °C and 200 rpm for 24 h in
250 mL Erlenmeyer flasks for inoculum preparation [28]. The liquid medium contained 20.0 ¢
glucose, 3.0 g yeast extract and 5.0 g peptone per liter of distilled water. 100 ml of the sawdust
hydrolysate samples from the 72 h of enzymatic hydrolysis were inoculated with 10 mL of the
yeast suspension in 200 mL flasks. The flasks were sealed with rubber plugs for anaerobic
condition and connected to other flask with water through rubber tubes and incubated at room
temperature and 200 rpm. Bioethanol contents were measured at 72 h of incubation. At each
fermentation period, fermentation content was centrifuged at 4000 rpm for 15 min. The quantity
of bioethanol was determined using the calibration curve method [29].
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Ethanol standard curve

The quantity of ethanol derived was determined using the calibration curve method [29].
100 mL anhydrous ethanol was diluted with distilled water in test tube (0%, 25%, 50%, 75%,
and 100%) (Table 2). The mass and volume of each dilution was measured and densities were
calculated. Standard calibration graph of the calculated densities against percentage volume of
dilutions was made. The dilution data and standard curve are shown below.

Table 2. Dilutions of ethanol for making standard curve.

Volume of Volume of Volume of Mass of Density of
anhydrous water (ml) anhydrous | ethanol-water | ethanol-water
ethanol (ml) ethanol (%) mixture (Q) mixture (g/ml)
0 10 0 10.25 1.03
2.5 7.5 25 9.27 0.93
5.0 5.0 50 9.11 0.91
7.5 2.5 75 7.87 0.79
10 0 100 6.89 0.69
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Each 10 mL sample was weighed and its density calculated. Using calculated density of
each sample, percentage ethanol was calculated from the regression line Y = —-0.0032 + 1.0302.
Example, if mass of 10 mL sample is 1.003 g/mL, then X = 8.5%. Therefore, 8.5% of 1.003
g/mL is found to be 0.085 g/mL or 85 mg/mL.

2. 7. Statistical analysis

All bioethanol yield experiments were carried out in triplicate and average values were
obtained. The effects of pretreatments and hydrolyses of the sawdust samples on bioethanol
productions were evaluated using SPSS for analysis of variance and significance tests at 95%
confidence level. Tukey simultaneous test was performed to assess statistical differences
between pretreatment and hydrolyses means.

3. RESULTS AND DISCUSSION

3. 1. Bioethanol yield from hydrolysates of WRF-pretreated and enzymatically
hydrolyzed sawdust
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Fig. 1. Bioethanol yield from hydrolysates of WRF-pretreated and enzymatically hydrolysed
sawdust samples.

Hydrolysates from WRF (Weather Research and Forecasting) pretreated and
enzymatically hydrolyzed E. globulus and C. lusitanica sawdust samples were fermented and
considerable bioethanol yields were obtained. In E. globulus sawdust, the highest amount of
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bioethanol (1.77 g/L) was obtained from the 006-2G (Ganoderma aplanatum) pretreated and
033-1G (Armilleria mellea) hydrolyzed sawdust (Fig. 1). 003-2G (Pholiota squarrosa)
pretreated and 033-1G hydrolyzed E. globulus sawdust showed the second highest bioethanol
yield but this yield was not significantly differing from the one pretreated with 006-2G and
hydrolyzed with 033-1G. Similarly, the highest bioethanol amount was produced from the 006-
2G pretreated and 033-1G hydrolyzed C. lusitanica sawdust displaying 1.57 g/L bioethanol
yield (Fig. 1). The second and the third highest bioethanol amounts, not significantly differ,
were displayed by the 005-1G and 003-2G pretreated and 033-1D hydrolyzed C. lusitanica
sawdust, respectively. Udhayaraja and Narayanan [30] fermented hydrolyzate from crude
enzymes hydrolysis of sorghum stover and reported 4.0 g/L bioethanol yield. The nature of
carbohydrates in lignocellulosic biomass is complex because of the presence of both six-carbon
and five-carbon sugars [31]. Since baker’s yeast (Saccharomyces cerevisiae) depends on
hexoses, it is not possible to obtain bioethanol from pentose sugars which could be formed
during pretreatment and hydrolyses experiments. This actually lowers the amount of bioethanol
expected to be obtained from lignocellulosic materials.

3. 2. Bioethanol yield from hydrolysates of two way-pretreated and enzymatically
hydrolyzed sawdust

NaOH-WRF pretreated and enzymatically hydrolysed

3—
e 1}‘* o = =
3 =EEE
— I T 5 = =
D 2+ - =
[T | —
= = =
= = =
= = =
[} | —
= = =
[ak} — —
o 1 s HHIIHIMUHOH L L EEEEE = =
& —EHEEEEEEE =
0 T 1 1 1 1 T S A N T T
el - - - R - - - - ]
W oL L L L D L LD LD L O O LD L LD L L LD o L D
CoOCCC00O0O00000000000000D0 00O
IITITITTTTTITTTFTTTFTITIITTITTITTTTTITTT
T oo oo oY T oD oD oo oD oo
SO ORRRIDIAANNOO L PP DRR DD AD
[ I TS BN O B O B O B O T O e g R B 6 R R S T T T N T O QU Vg
T Ie00000R00T 000000000
D0l IlIIITIITIIIggeITIIIIIIID
ITIZIToReanREaneTIIT oo 2R82Ra
DOOCPRPPPROIORAMPOP L2 W P
e e e = Pk = = k) = k3 =T 3 & = b = = ) a = ] =
SPeUUeUuUeTTTouUeooueyUoe
IIIIIIIII ZITITTIIZTZZI
CoooOoooO00n mmmmmmmmm
M R P P P i P el | J Vo R Viowe S Vo Y Vo T Vo N i Y U J Ui

L =R e

Error bars; 95% CI

Fig. 2. Bioethanol yield from hydrolysates of NaOH-WRF-pretreated and enzymatically
hydrolysed sawdust samples.
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In E. globulus sawdust, the highest amount of bioethanol (2.68 g/L) was obtained when
pretreated from the NaOH-006-2G pretreated and 033-1G hydrolyzed sawdust and followed by
the bioethanol yield of 2.59 g/L and 2.58 g/L by hydrolysis of the NaOH-003-2G and NaOH-
005-1G pretreated sawdust of the species by enzyme of isolate 033-1G. Similarly, the highest
bioethanol yields of 2.57 g/L, 2.49 g/L, and 2.48 g/L were recorded by hydrolyzing the NaOH-
006-2G, NaOH-005-1G and NaOH-003-2G pretreated C. lusitanica sawdust with enzyme from
isolate 033-1G, respectively, after 72 h of fermentation.

Steam-WRF pretreated and enzymatically hydrolyzed

The highest amount of bioethanol (2.347 g/L) was obtained from the Steam-006-2G
pretreated and 033-1G hydrolyzed sawdust and followed by the bioethanol yields of 2.287 g/L
and 2.253 g/L obtained by hydrolysis of the Steam-003-2G and Steam-005-1G pretreated
sawdust of E. globulus by enzyme of isolate 033-1G. On the other hand, the highest bioethanol
yields of 2.278 g/L, 2.206 g/L, and 2.195 g/L were recorded by hydrolyzing the Steam-006-2G,
Steam-005-1G and Steam-003-2G pretreated C. lusitanica sawdust with enzyme from isolate
033-1G, respectively, after 72 h of fermentation.
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Fig. 3. Bioethanol yield from hydrolysates of Steam-WRF-pretreated and enzymatically
hydrolysed sawdust samples.
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Etonihu and Idoko [32] pretreated sawdust collected from Timber processing facilities
with 5% NaOH and reported bioethanol productions of 1.49-3.12 g/L during the 1-10 day
fermentation periods. The bioethanol production of 7.2g/L was noted in the sawdust processed
with concentrated phosphoric acid [33]. Kathiresan et al. [33] pretreated sawdust with 4%
sodium hydroxide and fermented the hydrolysate with different species of marine yeasts and
reported the maximum bioethanol yield of 8.1 g/L. Ali and Jamaludin [34] pretreated Moringa
oleifera pod husk with NaOH obtained the maximum bioethanol production of 8.4 g/L and
introduced as a new material for bioethanol production in Malaysia.

4. CONCLUSIONS

The present study aimed at obtaining higher bioethanol yields from sawdust by
pretreating with wood rot fungi with and without combining with NaOH and Steam and
hydrolyzing with enzymes from hydrolytic fungi. Both strategies of pretreatment of sawdust
samples from E. globulus and C. lusitanica improved bioethanol yields. The results obtained
showed higher bioethanol yields compared to control. Fungal pretreatment for 60 days and
enzymatic hydrolysis for 72 h yielded the highest bioethanol amounts. Bioconversion offers a
safe method of disposing the sawdust waste accumulation round sawmills and also it has the
potential to convert sawdust waste into usable forms such as reducing sugars that could be used
for bioethanol production. Hence the conversion of sawdust into bioethanol could contribute
toward the energy generation and serve as a sustainable solid waste management strategy.
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