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ARTICLE INFO ABSTRACT
Received: 22 Aug. 2019 Sawdust in Ethiopia, despite of its abundance, is not being properly utilized. Pre-treatment has been found to be
Revised: 22 Nov. 2019 crucial step before enzymatic hydrolysis of lignocellulosic resources to obtain sugars from such resources. Various

pre-treatment methods have been developed to facilitate these bio-conversion processes. This research was
aimed at investigating the effects of the combined pretreatments of steam and mild NaOH with white rot fungi
(WRF) on sawdust samples from Eucalyptus globulus and Cupressus lusitanica were investigated. The amounts of
losses of lignin, cellulose and hemicellulose contents of the pretreated sawdust samples were measured. Samples
of the pretreated sawdust samples were then subjected to the enzymes from the hydrolytic wood rot fungi for
hydrolysis into fermentable sugars. It was observed that lignin, cellulose and hemicellulose losses of the two
sawdust types increased with the increasing incubation days but lignin and hemicellulose were preferentially
degraded than cellulose. Sugar yield obtained from the sawdust pretreated in the combination of NaOH with WRF
and steam with WRF was significantly higher compared to the yield obtained from the NaOH and steam alone
pretreated sawdust samples. Pretreatment by the combination of NaOH with the wood rot fungi significantly
modified the recalcitrance nature of the sawdust samples than when steam combined with the fungi. Similarly,
with increasing enzymatic hydrolysis periods, sugar yields significantly increased. Higher sugar yields were
obtained from sawdust samples of E. globulus than C. lusitanica. The ligninolytic and cellulolytic fungi tested
resulted in a notable sugar yields indicating the possible application of the wood rot fungi in sugar production
from lignocellulosic sawdust wastes which could be used for different industrial applications.
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INTRODUCTION

Waste lignocelluloses, though largely underutilized, are the most abundant potential source for different industrial uses
(Mishra et al., 2018). One of these is the requirement of fermentable sugars for large scale biofuel productions. Sawdust has been
given attention as a feedstock for different industrial applications such as sugar productions over the past decade (Safarian &
Unnthorsson, 2018; Trevorah & Othman, 2015). But 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 (Amezcua-Allieri et al., 2017).

Alkali-based pretreatment involves the use of bases, such as mild NaOH, for the pretreatment of lignocellulosic feedstocks. It
causes various structural alterations such as the depletion of lignin barrier and solvation of hemicelluloses (Ibrahim et al., 2011).
NaOH pretreatment has also been observed to decrease cellulose crystallinity and the degree of polymerization (Rojo et al., 2013)
thus increasing access for enzymes (Mirahmadi et al., 2010). On the other hand, steam has been implemented by using pressure
to keep water in the liquid state at higher temperature to pretreat sawdust (Kamdem et al., 2015). 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 for further enzymatic hydrolysis step (Alvira et al., 2010).

Combination of wood rot fungal pretreatment with other pretreatment methods has been reported to increase enzymatic
hydrolysis yield (Alexandropoulou et al., 2017; Martin-Sampedro et al., 2017). A mild alkali pretreatment of corn stalks with /.
lacteus for 15 days significantly facilitated lignin degradation by wood rot fungi (Yu et al., 2009). Fungal pretreatment of beech
wood with P. chrysosporium and then steam explosion increased saccharification yield compared to a single pretreatment (Ma et
al., 2010).
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Ethiopia is categorized among countries with forest coverage of 10-30% (Reada & Beshah, 2018). Oromia regional state, for
example, has high forest coverage of 3.1 million ha, which is 8.5% of its total land area (OFWE, 2014). Oromia forest and wildlife
enterprise (OFWE) owned a total forest coverage of 1,752,488 ha, of which 74,215 ha, 1,209,955 ha and 468,318 ha are classified as
plantations, natural forests and other lands, respectively. Oromia’s forest industry (OFI) has 31 sawmills located in different zones
and itis the largest supplier of round wood and sawn timber in the country. While processing this huge potential very large amount
of sawdust is being generated every year. Hence it is common to see a huge pile up by the vicinities of these sawmills (personal
observations). Yet, the country is not utilizing this huge resource for better management and maximizes economic returns from
forest industries.

Different authors reported different findings from Ethiopian fungi (Alemu, 2013; Belay et al., 2013; Bitew, 2010; Gebregiorgis,
2015; Hailu et al., 2012; Megersa et al., 2017c; Sahile et al., 2011; Teklebirhan & Bitew, 2015; Yenealem et al., 2013). But there is no
effort has been done to produce sugars from lignocellulosic wastes through fungal enzymes except characterizing the enzymes
from wood rot fungi (Megersa & Alemu, 2019; Megersa & Gure, 2018; Megersa et al., 2017a, 2017b, 2019). This research work was
therefore conducted to evaluate the combined effect of NaOH and Steam pretreatments with wood rot fungal pretreatment on
the hydrolysis of E. globulus and C. lusitanica sawdust samples.

MATERIALS AND METHODS

Fungal Cultures and Sawdust Sample Collections

Three WRF (Pholiota squarrosa 003-2G, Ganoderma aplanatum 006-2G and Polyporus giganteus 005-1G) were selected for the
fungal pretreatment experiment based on their enzyme assays (Megersa et al., 2017a, 2017b). Three hydrolytic wood rot fungi
(Phellinus tremulae 030-1D, Pholiota adipose 026-2D and Armilleria mellea 033-1G) were also selected for the hydrolysis experiment
(Megersa & Gure, 2018).

Fresh sawdust samples of E. globulus and C. lusitanica were obtained from sawmills of Dagaga site, Oromia forest and wildlife
enterprise (OFWE) in Ethiopia. These two tree species are the most widely utilized timber species in the country. The sawdust
samples were dried, ground and passed through 5 mm pore size sieve.

Alkali Pretreatment

The sawdust samples were pretreated with alkali according to Mirahmadi et al. (2010). Six percent of NaOH (6%w/w) with a
ratio of 1:10 w/v was used. The bottles were kept at room temperature for 2hrs by shaking at 150 rpm with the interval of 10
minutes. Following the pretreatment, samples were washed several times to neutral pH, filtered and solid mass collected for
further use.

Steam Pretreatment

Sawdust (1:5 w/v in distilled water) was autoclaved for 2hrs (Shrestha, 2008). Following such pretreatment, mixture samples
were washed several times to neutral pH, filtered and solid mass collected for further use.

Fungal Pretreatment

Both the alkali pretreated and steam pretreated sawdust samples were further pretreated by the WRF. Twenty grams of
sawdust was placed in 100 ml Erlenmeyer flasks and conditioned with de-ionized water to moisture content of 75 %. The flasks
were then autoclaved, cooled and inoculated with 10 ml homogenized liquid culture (Altaf et al., 2010) of each of the selected
wood rot fungi on top of the substrate. The flasks were then incubated at 30 °C in static conditions for 30, 45 and 60 days. Sawdust
pretreated with either NaOH or steam was similarly incubated without fungal inoculation as control. After the predetermined
incubation days, samples were agitated with distilled water (30 ml) at 180 rpm for an hour, and filtered under vacuum to remove
the water-soluble components. The solid fractions were dried overnight in an oven at 65°C. Lignin, cellulose and hemicellulose
contents of the two-way pretreated solid fractions were determined and the remaining samples were maintained for the
enzymatic hydrolyses experiments.

Hydrolysis of the Pretreated Sawdust

Hydrolytic enzymes of the selected wood rot fungal isolates of Phellinus tremulae 030-1D, Pholiota adipose 026-2D and
Armilleria mellea 033-1G were produced using the optimized medium of Hussain et al. (2012). The flasks were inoculated with 5 ml
of each of the fungal inoculum and incubated at 30 °C for 12 days. After adjusting the pH to 5.0 with 50 ml of 0.05 M citrate buffer,
the flasks were shaken for an hour on a rotary shaker at 150 rpm. The samples were then filtered through clean nylon cloth and
the filtrates were centrifuged at 4000 rpm for 15 min. The supernatants were taken as crude enzyme extracts and stored at 4 °C
until it was used for hydrolysis experiments.

Twenty grams of the two-way pretreated sawdust samples were added to each 100 ml flasks and autoclaved. After cooling,
the flasks were loaded with crude enzyme extracts at 5% (v/w). A citrate buffer solution of 0.05 M was added to the flasks to achieve
and maintain a pH of 5.0 (Trevorah & Othman, 2015). The flasks were sealed and held in at thermostat condition of 40 °C and
manually shaked every 12 hrs. Aliquot samples were taken after 24, 48 and 72 hrs of incubation periods. The samples were then
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 determining reducing sugar contents.
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Composition Analysis

Klason lignin content of the two-step pretreated sawdust was determined according to Anonymous (Anonymous, 1997).
Cellulose was determined according to Kurschner and Hoffer (1993) and hemicellulose was determined by weight differences.
Total reducing sugar was determined by the 3,5-dinitrosalicyclic acid (DNS) method using glucose as the standard (Jadhav et al.,
2013).

Statistical Analysis

The effects of combination of pretreatments on lignin, cellulose and hemicellulose reduction, the effects of fungal enzymes on
the hydrolysis of the pretreated sawdust were evaluated using SPSS software for analysis of variance and significance tests at 95%
confidence level. Normality and homogeneity of variances were checked before the actual analysis. Tukey simultaneous test was
performed to assess statistical differences between treatments means of the triplicate measurements when statistically
significant differences (p<0.05) were observed.

RESULTS AND DISCUSSION

Effects of Combined Pretreatments

The amount of lignin and structural polysaccharide losses of the E. globulus and C. lusitanica sawdust samples during NaOH-
WRF and steam-WRF pretreatments were significantly increased with the increasing incubation days (p<0.05). We need to know
the weight of the sawdust mass residue after pre-treatment of lignocelluloses since it is an indicator of the composition of the
materials and the effect of the pretreatment method used. Figures 1 to 4 showed that the trend of mass loss when sawdust
samples were subjected to steam and then to WRF and similarly to NaOH and then to WRF at various time intervals. Pretreatment
experiments indicated that there was a decline in the sawdust mass recovered with increase in pre-treatment time and also an
increased loss of lignin, cellulose and hemicellulose as a function of pre-treatment times. A higher pre-treatment time resulted in
a higher removal of components. In both sawdust types, it was observed that pretreatment with NaOH followed by WRF showed
higher lignin loss than when pretreated with steam and followed by WRF. It could be clearly seen that NaOH better facilitated the
sawdust than steam for lignifying efficiency of the WRF.
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Figure 1. Composition losses of NaOH-WRF pretreated E. globulus sawdust. Expressions such as “NaOH=003-2G” indicates the
two-way treatments of the sawdust, pretreated first with NaOH and then with WRF. The days showed in brackets tell for how long
the WRF let to decay the sawdust

The highest lignin loss (15.43%) was observed when E. globulus sawdust pretreated with NaOH-G. aplanatum 006-2G for 60
days (Figure 1). The next highest lignin loss (14.51%) was obtained during pretreatment of the sawdust by NaOH-P. squarrosa 003-
2G for 60 days. Unlike the endophytic fungi where degradation of lignin components within 28 days, the saprophytes take longer
time in degradation of the lignin content on E. globulus (Martin-Sampedro et al., 2017). Relatively low lignin loss of 11.73% was
seen during C. lusitanica pretreatment with NaOH-P. squarrosa 003-2G (Figure 2) which is lower than the loss of E. globulus. The
low amount of lignin degradation by P. squarrosa and other WRF could be attributed to the high content of extractive substance
contents in the cupressus and the eucalyptus species. Even though these two species of fungi degrade highly the lignin
components, they also degrade the hemicellulose with the same percentage. Enzymes produced in the hydrolyzing of the
hemicellulose eventually attack the cellulose to a lesser extent. The highest cellulose loss of 9.35% recorded when pretreated with
NaOH-P. giganteus 005-1G for 60 days. On the other hand, the highest hemicelluloses loss of 17.10% was recorded when pretreated
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Figure 2. Composition losses of NaOH-WRF pretreated C. lustanica sawdust/ Expressions such as “NaOH=003-2G” indicates the
two-way treatments of the sawdust, pretreated first with NaOH and then with WRF. The days showed in brackets tell for how long

the WRF let to decay the sawdust

with NaOH- G. aplanatum 006-2G for 60 days. Martin-Sampedro et al. (2017) reported that lignin degrading WRF also associated to
varying degree of sugar consumption. Thus low selectivity index for G. aplanatum fungi indicates for unsuitability of the fungi for
the pretreatment of eucalyptus and cupressus species as it degrade the hemicellulose and eventually the cellulose components

of the biomass.

Steam-WRF pretreatment

In all pretreatments, the highest lignin, cellulose and hemicellulose losses were recorded during the 60 day of incubation
period. Statistically insignificant lignin amount losses of 9.71%, 9.68% and 9.11% were recorded when E. globulus sawdust was
pretreated with steam-P. squarrosa 003-2G, steam-G. aplanatum 006-2G and steam-P. giganteus 005-1G, respectively (Figure 3).
During E. globulus sawdust pretreatment with steam- P. giganteus 005-1G, the highest cellulose amount of 8.64% was lost. On the
other hand, the highest hemicellulose loss of 13.72% was observed during steam-G. aplanatum 006-2G pretreatment of the
sawdust. In general, results showed that combined pretreatment of NaOH-WRF had better effect on E. globulus sawdust than
steam-WRF resulting in better lignin losses.

In comparison with sawdust of E. globulus, lower lignin loss was observed in C. lusitanica. Lignin loss of 11.73% was seen during
C. lusitanica pretreatment with NaOH-P. squarrosa 003-2G (Figure 4). The highest cellulose loss of 6.69% and hemicellulose loss
of 10.83 % were recorded when pretreated with NaOH-P. giganteus 005-1G for 60 days.
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Figure 3. Composition losses of steam-WRF pretreated E. globulus sawdust. Expressions such as “NaOH=003-2G” indicates the
two-way treatments of the sawdust, pretreated first with NaOH and then with WRF. The days showed in brackets tell for how long

the WRF let to decay the sawdust
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Figure 4. Composition losses of steam-WRF pretreated C. lusitanica sawdust. Expressions such as “NaOH=003-2G” indicates the
two-way treatments of the sawdust, pretreated first with NaOH and then with WRF. The days showed in brackets tell for how long

the WRF let to decay the sawdust

Zhang et al. (2016) pretreated popular wood with the WRF T. versicolor C6915 for 8 weeks and then pretreated further with
hydrothermal at 80, 100, 120, and 140 °C for 2 hrs which led to lignin degradation of 5.4%, 6.5%, 8.1%, and 8.8%, respectively. Our
three WRF showed better ligninolytic efficiency over T. versicolor reported here displaying more lignin contents. It seems that
pretreating with chemo-physical methods first and then with WRF like what has been done in this work than with WRF and followed
by others. Alexandropoulou et al. (2017) conducted a combined pretreatment with white rot fungus Abortiporus biennis and NaOH
and reported a significant effect on the lignocellulotic content of the biologically pretreated willow sawdust, exhibiting a
considerable loss of lignin, cellulose, and hemicellulose which were of course similar to our findings. Combined pretreatments of
both white rot fungi combined with NaOH and white rot fungi combined with steam, in this experiment also similarly resulted in a
significant loss of lignin and polysaccharides compared the control results.

Enzymatic Hydrolysis of the Two-way Pretreated Sawdust Samples

Sugaryieldsin all the two-way pretreated cases were significantly higher than the sugar yields from the NaOH pretreated alone
or steam pretreated alone sawdust samples. This indicates that the two-way pretreatments efficiently modified the cell wall
structure of the sawdust samples giving better access for enzymatic hydrolysis. Results also indicated that the increasing
enzymatic hydrolysis period resulted in a significantly higher sugar yield.

Enzymatic hydrolysis of NaOH-WRF pretreated of E. globulus sawdust: Three top, but with no significant differences (P<0.005),
sugar yields of 7.78 g/, 7.54 g/l and 7.51 g/l were obtained from the NaOH-G. aplanatum 006-2G, NaOH-P. squarrosa 003-2G and
NaOH-P. giganteus 005-1G pretreated E. globulus sawdust, respectively, all after 72 hrs of hydrolysis by enzyme extract from isolate
033-1G (Table 1). Hydrolytic enzyme from isolate P. adipose 026-2D yields higher sugar than the other two hydrolytic fungal
isolates when NaOH combined with the three ligninolytic fungal isolates. Hydrolytic effect of enzyme from fungal isolate P.
tremulae 030-1D also gave similar amount sugar yield. In all cases hydrolysis at 72 hrs incubation period was found effective.

Table 1. Sugar yields from the enzymatic hydrolysis of the NaOH-WRF pretreated E. globulus sawdust

Sugar yield (g/l)
Pretreatment technique Incubation hours Source of hydrolytic enzymes
030-1D 026-2D 033-1G

24 2.20+0.188 2.45%0.00" 2.82+0.02!

NaOH 48 2.17+0.018 2.51+0.00" 2.89+0.00"

72 2.23+0.018 2.55+0.03" 2.98+0.06"

24 4.67+0.03" 5.24+0.068 5.80+0.028

NaOH-003-2G 48 6.05+0.02¢ 6.37+0.06% 6.77+0.05¢
72 6.83+0.03%° 7.08+0.06° 7.54+0.03°

24 5.46+0.05° 5.73+0.10° 6.17+0.05¢

NaOH-006-2G 48 6.27+0.04° 6.52+0.07¢ 7.03+0.05°
72 7.03+0.07° 7.28+0.072 7.78+0.06°

24 5.27+0.06° 5.51+0.04 5.98+0.09

NaOH-005-1G 48 6.07+0.03¢ 6.30+0.06¢ 6.81+0.10¢
72 6.7620.10° 7.00£0.07° 7.51+0.06°

Note: Means followed by the same letter are not significantly different at 5% level of significance. NaOH = NaOH pretreated sawdust; NaOH-003-
2G = sawdust first pretreated with NaOH and then by P. squarrosa; NaOH-006-2G = sawdust first pretreated by NaOH and then by G. aplanatum;
NaOH-005-1G = sawdust first pretreated by NaOH and then by P. giganteus; 030-1D, 026-2D and 033-1G are sources of hydrolytic enzymes from P.

tremulae, P. adipose and A. mellea, respectively
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Table 2. Sugar yields from the enzymatic hydrolysis of the NaOH-WRF pretreated C. lusitanica sawdust

Sugar yield (g/l)

Pretreatment technique Incubation hours Source of hydrolytic enzymes
030-1D 026-2D 033-1G

24 1.65+0.05f 2.18+0.00' 2.55+0.03"

NaOH 48 1.71+0.01f 2.22+0.03" 2.65+0.03¢"

72 1.77+0.07° 2.41+0.07" 2.73+0.058

24 4.77+0.04° 5.25+0.068 5.7620.04°f

NaOH-003-2G 48 5.48+0.06° 5.84+0.06° 6.49+0.04¢
72 6.23+0.08° 6.54+0.04° 7.21+0.07°

24 4.97+0.04° 5.10+0.088 5.90+0.03¢

NaOH-006-2G 48 5.61+0.06° 6.02+0.04° 6.71+0.07¢
72 6.18+0.07° 6.78+0.14° 7.46+0.06°

24 4,59+0.08° 5.5620.05 5.71%0.09f

NaOH-005-1G 48 5.51+0.04° 6.3520.05¢ 6.55+0.04¢
72 6.10+0.03? 7.04+0.052 7.24+0.03°

Note: Means followed by the same letter are not significantly different at 5% level of significance. NaOH = NaOH pretreated sawdust; NaOH-003-
2G = sawdust first pretreated with NaOH and then by P. squarrosa; NaOH-006-2G = sawdust first pretreated by NaOH and then by G. aplanatum;
NaOH-005-1G = sawdust first pretreated by NaOH and then by P. giganteus; 030-1D, 026-2D and 033-1G are sources of hydrolytic enzymes from P.
tremulae, P. adipose and A. mellea, respectively

Table 3. Sugar yields from the enzymatic hydrolysis of the Steam-WRF pretreated E. globulus sawdust

Sugar yield (g/l)
Pretreatment technique Incubation hours Source of hydrolytic enzymes
030-1D 026-2D 033-1G

24 1.33+0.06" 1.72+0.00f 2.09+0.02

Steam 48 1.45+0.018" 1.78+0.00f 2.1620.00

72 1.49+0.018 1.81+0.02f 2.24+0.07

24 4.36+0.03° 4.61+0.05° 5.17+0.09°

Steam-003-2G 48 5.09+0.02¢ 5.41+0.06 5.82+0.03¢
72 5.84+0.03" 6.09+0.05° 6.65+0.01%

24 4.47+0.05° 4.74+0.09° 5.21+0.02°

Steam-006-2G 48 5.29+0.04¢ 5.55+0.06¢ 6.03+0.11¢
72 6.03+0.06° 6.29+0.06° 6.83+0.11°

24 4.,33+0.05' 4,59+0.05° 5.07+0.05°

Steam-005-1G 48 5.10+0.02¢ 5.34+0.06¢ 5.91+0.09¢
72 5.78+0.08" 6.030.06° 6.55+0.08°

Note: Means followed by the same letter are not significantly different at 5% level of significance. Steam = steam pretreated sawdust; Steam-003-
2G = sawdust first pretreated with steam and then by P. squarrosa; Steam-006-2G = sawdust first pretreated by steam and then by G. aplanatum;
Steam-005-1G = sawdust first pretreated by steam and then by P. giganteus; 030-1D, 026-2D and 033-1G are sources of hydrolytic enzymes from P.
tremulae, P. adipose and A. mellea, respectively

Enzymatic hydrolysis of NaOH-WRF C. lusitanica sawdust: With NaOH-WRF pretreated C. lusitanica sawdust, significantly
different sugar yields were observed after enzymatic hydrolysis (Table 2). The highest sugar yield of 7.46 g/l was obtained from
the NaOH-G. aplanatum 006-2G pretreated and then hydrolyzed with enzyme from isolate A. mellea 033-1G for 72 hrs. The
remaining hydrolytic enzymes also gave slightly lower sugar yields but in considerable amount. The result also showed that sugar
yields from the NaOH-WRF pretreated and enzymatically hydrolyzed sawdust of C. lusitanica was slightly lower than the sugar
amount obtained from similarly pretreated and hydrolyzed sawdust of E. globulus.

Enzymatic hydrolysis of Steam-WRF pretreated E. globulus sawdust: In general, Steam-WRF pretreated and enzymatically
hydrolyzed sawdust of E. globulus sawdust gave lower than the sugar yield pretreated with NaOH-WRF (Table 3). Of Among all
pretreatments of Steam-G. aplanatum 006-2G and Steam-P. squarrosa 003-2G of E. globulus sawdust, the two highest sugar yields
of 6.83 g/l and 6.65 g/l were generated when hydrolyzed with enzyme from A. mellea 033-1G.

Enzymatic hydrolysis of Steam-WRF pretreated C. lusitanica sawdust: Similarly, the highest sugar yield of 6.62 g/l was obtained
when sawdust of C. lusitanica pretreated by steam-G. aplanatum 006-2G and hydrolyzed with enzyme of isolate A. mellea 033-1G
for 72 hrs (Table 4). Of the three pretreatment techniques employed on the two sawdust types, Steam-WRF pretreated C. lusitanica
sugar yield were found to be the least.

Increased enzymatic digestibility from combined treatments can be attributed to a combined effect of the treatments. Similar
reports were made by different scholars. Combined white rot fungus and alkali pretreatment at near room temperature cut down
the time needed more significantly leading to higher efficiency of saccharification (Zhong et al., 2011). With a combination of
hydrothermal and WRF Trametes versicolor C6915 treatment of popular, the sugar yields were higher (25.5%-51.1%) compared to
white-rot only treatment (11.5%-28.6%) (Zhang et al., 2016). Qiang et al. (2010) developed a two-step liquid hot water
pretreatment with the objective of achieving complete hydrolysis of Eucalyptus grandis and reported the maximum sugar yield
during the 72 hrs hydrolysis periods.
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Table 4. Sugar yields from the enzymatic hydrolysis of the steam-WRF pretreated C. lusitanica sawdust

Sugar yield (g/l)
Pretreatment technique Incubation hours Source of hydrolytic enzymes
030-1D 026-2D 033-1G

24 1.02+0.05f 1.55+0.00' 1.92+0.03"

Steam 48 1.08+0.01f 1.58+0.03' 2.01+0.03¢"

72 1. 14+0.07° 1.77+0.07" 2.09+0.058

24 3.97+0.04¢ 4.45+0.068 4.95+0.04°

Steam-003-2G 48 4.67+0.06° 5.04+0.06° 5.67+0.04¢
72 5.42+0.08° 5.73+0.04° 6.38+0.07°

24 4,17+0.03¢ 4.31+0.078 5.08+0.04°

Steam-006-2G 48 4.80+0.06° 5.21+0.04° 5.89+0.07¢
72 5.36+0.07° 5.96+0.13" 6.62+0.06°

24 3.80+0.07¢ 4.74+0.05 4.90+0.08"

Steam-005-1G 48 4,70+0.03° 5.52+0.05¢ 5.730.04¢
72 5.29+0.03° 6.21+0.05° 6.42+0.03°

Note: Means followed by the same letter are not significantly different at 5% level of significance. Steam = steam pretreated sawdust; Steam-003-
2G = sawdust first pretreated with steam and then by P. squarrosa; Steam-006-2G = sawdust first pretreated by steam and then by G. aplanatum;
Steam-005-1G = sawdust first pretreated by steam and then by P. giganteus; 030-1D, 026-2D and 033-1G are sources of hydrolytic enzymes from P.
tremulae, P. adipose and A. mellea, respectively

CONCLUSION

The purpose of this study was to determine the sugar yields of sawdust of E. globulus and C. lusitanica by integrating different
pretreatment strategies. Combination of NaOH and steam with WRF improved the hydrolysis yields of the sawdust samples. The
results showed that significantly higher sugar yields (p<0.05) were obtained from the combined treatments when compared to
NaOH or steam alone pretreatments. With combination of mild NaOH and steam with WRF, lignocellulosic wastes could be
efficiently converted to usable forms such as reducing sugars that could be used for different industrial applications. Hence the
conversion of sawdust into sugar monomers could contribute toward the energy generation and serve as a sustainable solid waste
management strategy. We recommend similar research works to be carried out to bring more efficient ligninolytic and hydrolytic
wood rot fungi for such applications.
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