Title:  Recycleresidues of sugar beet for ethanol production by enzymes from
plant-pathogenic fungi

1. Brief Background

Residues of sugar pulp has potential for use as@wvable biomass for ethanol production due to its
high concentration of sugar content, i.e., abou2206 cellulose, 25-36% hemicellulose, 20-25%
pectin, 1 to 2% lignin, and 7 to 8% protein (Foskal., 2001)Although engineered ethanologenic
bacterium, such asscherichia coli, has been applied to converting sugar beet resiguethanol by
simultaneous saccharification and fermentation édaat al., 2000), the unsuccessful production of a
cadre of enzymes necessary to degrade cellulosgcélulose, and pectin to their simple sugar units
limits its application. While utilizing fungal enmyes seems to be a promising option, the costs for
purchasing required commercial fungal enzymes nitad@nomically infeasible. Thus, effective
enzyme sources are needed for economically hydngythe sugar beet residuals and achieving
significant ethanol yields. The plant pathogeniegithave been reported to be able to synthesize
pectinase and cellulase that participate in an@d®cd plant pathogenesis (Babalola, 2007), such as
assisting pathogen movement through tissue, hyzieatgllulose or indirectly stimulate plant cell val
extension by reducing the size and viscosity ofrm@blymers (Chanliaud et al., 2004). Therefore,
the plant pathogenic fungi can be good sourcekyfdrolytic enzymes especially for sugar beet
residuals of high pectin content.

Objectives

The idea for the proposed investigation stems fiteenintention of effectively transforming
carbohydrate biomass residues into biofuel in amemic way, which can facilitate the potential for
industrial application to release the energy cribiee main goals of the proposed work are to

(a) select the appropriate enzyme sources fronowsiplant-pathogenic fungi and compare
qualitatively and quantitatively the yields of enay, including pectinase, cellulase and hemicellas
(b) investigate practical benefits of the enzymgtures on the hydrolysis of sugar beet residues; an
(c) optimize the enzymatic conversion process aadliate its economic feasibility. After the
workability of the above objectives is proved, sleepe will be broadened to cover the improvement of
enzyme properties (such as stability and toleraand)apply the enzyme mixtures to yield
monosaccharides from various biomass residuesdtudis.

2. Materials and Methods

2.1 Fungus cultivation

Each fungusArofsii, Srofsi ) was cultivated in 300 ml Erlenmeyer flasks camtag 150 ml of the
following medium: SBP 10 g/l, peptone from meat/k MgSO,.7H,O 1.5 g/l and trace elements in
citrate buffer 5.0. After 11 day cultivation at 1dfin and 25C, the mycelia was separated from the
culture broth by squeezing hard through the si@be supernatant was further purified to remove
the tiny particles of mycelia by vaccum filtratioFhe harvested crude extracts were stored atG30



2.2 SBP hydrolysis

The hydrolysis of SBP was performed in 300 ml flaskntaining 150 ml of 66 g/L SBP dissolved in
citrate buffer 5.0. The SBP broth was sterilized 20 °C for 15 minutes for pretreatment and then
inoculated with the crude extract at different levaf inoculums at 1 ul/ml, 5 ul/ml 10 ul/ml and 20
ul/ml, respectively. The incubation condition wasrfprmed at 46C for 110 r/min. Duplicates of
each run were conducted and samples were collattbe £, 29 3% and " day.

2.3 Enzyme cocktail setup

To determine the cellulolytic activity of crude eadt and cellulase from Sigma, 5-10 mgellulose

in a 1,500 ul reaction tube and add 1,000 ul pigpdifuted sample solution (citrate buffer 5.0).
Incubate for 30 minutes on a thermo-shaker @) 900 r/min) and clear the sample by
centrifugation at 10,000 r/min for 5 min. The fallmg step was referred to the description in sessio
3.1.2.

The SBP hydrolysis was conducted in 100ml flaskth whe working volume of 40 ml. The trials
were divided into three catagories- (i) hydrolysfsSBP with crude extract (ii) hydrolysis of SBP
with cellulase from Sigma (iii) hydrolysis of SBRtlv enzyme cocktail. For the enzyme cocktalil
tests, 1 ml of cellulase with a series of dilutedieentration (10 times to 10000 times dilution) was
added together with 1ml of crude extract. The iratigm time was conducted at 20, 110 r/min and
samples were collected at 24 h and 36 h, respéctive

2.4 Yeast screening

The yeasts screened were listed in Table 1. Athértations used YPD medium supplemented with
Glu, Ara and Gal correspondingly. The carbon caneas 4 g/L. Precultures were grown overnight
on the YPD with glucose as the carbon source, srdteded otherwise. Yeasts were screened for Glu,
Ara and Gal fermentation under microaerophilic wdtconditions. Yeast strains were transferred
from the petri dish to 12-mL sterile polypropyletest tubes containing 5 mL of medium. The tilted
culture tubes were incubated with shaking (160 ram30°C in an incubator/shaker. After approx
24 h, 0.2-mL aliquots were removed from the cultwtges and used to inoculate capped 12-mL test
tubes containing 5 mL of medium. The culture tulvese incubated with shaking as described for 24
h before OD, pH and ethanol analysis. Experimeri®wonducted in duplicates.

Table 1 Yeast strains screened for glucose, arabinose and galacturonic acid utilization

Strain No. Collection Strains Name

1 CBS 8244  Arxula adeninivorans
2 CBS 463  Pichiagvillicmondi
3 CBS 2753  Debarymycos sp.




4 CBS4803  Pixhi scolyti

5 CBS 8468 Candida arabinofermentans
6 CBS 6040 Brettanomyces naardenensis
7 Y1 Candida boidinii

8 Y2 Candida intermedia

9 Y6 Pichia fermentans

10 Y7 Pichia stipitis

11 Y8 Rhodutorularubra

12 Y9 Saccharomyces cerevisiae

2.5 Sixfors Run for the hydrolysis and fermentation

2.5.1 SBP hydrolysis

Hydrolysis of SBP were conducted in a SixFors meltmentation system (Infors HT, Bottmingen,
Switzerland) with six 300 mL working volume fermerg and independent control of temperature
(40°C), and stirrer speed (250 rpm). The substrateerttnations for the Run 1 and Run 2 were 60

g/L and 20 g/L. The inoculums for each fermentorenested in Table 2.

Table 2 Inoculum of the enzyme/enzyme cocktail into thef@s reactors for SBP hydrolysis

culum for Fer mentor 1 Fermentor 2 Fermentor 3 Fermentor 4 Fer mentor 5 Fermentor 6

Run 2 CE CE CE 9ml cel 2.5ml CE CE
Iml+cel2.5ml  9ml+cel2.5ml 9ml+cel0.25m  9ml+cel0.25ml

2.5.2 Yeast fermentation

Two strains of yeasts were testifi€@BS 2753Debarymycos sp and Y9-Saccharomyces cerevisiae).
Yeast strains were transferred from the petri thsB50 ml sterile flasks containing 80 mL of YPD
medium and grown overnight. The tilted culture sib&re incubated with shaking (160 rpm) at 30

°C in an incubator/shaker. After approx 16 h, 8-rfijuits were used to inoculate each fermentor.



Table 3 Yeast inoculums for each reactor in the Sixfors2daor ethanol fermentation

Fermentor 1 Fermentor 2 Fermentor 3 Fermentor 4 Fermentor 5 Fermentor 6

inoculu
m

Y east Saccharomyc  Saccharomyc  Saccharomyc  Saccharomyc  Saccharomyc  Debarymyco
Inoculu  escerevisae escerevisae escerevisae escerevisae escerevisae  ssp.

m

2.6 Analytical methods

2.6.1 DNSA test for total reducing sugars

600 ul of the hydrolysates was added to 600 ul DNigAnt in a 2 ml reaction tube. Incubate the
mixture for 15 minutes at 9%C. After incubation, immediately add 200 ul of tRechelle-salt to
stabilize the color. Chill the sample on ice fomfhutes and record the absorbance at 575 nm. The
standard curve of glucose was employed in thisystadtest the total reducing sugar of the SBP
hydrolysates.
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Figure 1Standard curve of glucose
2.6.2 HPLC tests

A Dionex CarboPac PA-1 pellicular anion-exchangemn (4 *250 mm) and precolumn (4 *50 mm)
were used for analysis. Equipment consisted ofexmbSeparations AS3000 autosampler, P4000



pump, Chromquest V4 data collection software, DioBB50 pulsed electrochemical detector with
standard (not disposable) gold working electrod® @essurized postcolumn eluent container.
Mobile phases were prepared in deionized wateispadged with helium as recommended in
Dionex Technical Note 20 (2000) to minimize carktendhe linear gradient used is outlined in
Table6. NaOH, 0.6 M, was added after the column and leetfoe detector at 0.25 ml/min through a
mixing tee. The retention time of the reducing swgalyzed were demonstrated in Figure 4.

Table 4 Gradient profile used for sugar analysis
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Figure 2Retention time of the reducing sugars using thenB®aCarboPac PA-1 pellicular anion-exchange

column

2.7 Statistical Analysis

All the treatments were conducted in triplicate @hd differences between the treatments were



statistically analyzed by ANOVA test. The signifitdevel was set at 0.05.

3 Results and discussion

3.1 Comparison of the enzyme activities of the crude extract from A. rofsii and S. rofsii

To compare the influence of fungal co-cultivationextracellular enzyme production, such as
cellulase, arabinase and pectinase, the seleatgdlfspecies were grown for 11 day in SBP medium,
respectively.

The cultivations oSrofsii resulted in increased enzyme activities of pesen®.19 U/ml) compared

to the cultivations oA.rofsii (1.57 U/ml), although not always for all enzymestéd (Fig. 2). The
increment was confirmed to be statistically sigrafit (p<0.05)Arabinase activity in the case of
Srofsii was 15.6% higher than that for the cas@.obfsii, while cellulase activities were extremely
close to each other with the value of about 0.r2lU/

Overall, the cultivations darofsii showed higher enzyme activities of cellulase, iaide and

pectinase than those Afrofsii.
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Figure 3Enzyme activities from A.rofsii and S.rofsii aftet-day cultivation

3.2 SBP hydrolysis



3.2.1 Hydrolysis of SBP by crude extract of S. Rofsii

This section discussed the effects of inoculumsrofle extract and the incubation time on the sugar
composition of SBP hydrolysates.

3.2.1.1 Effect of the inoculums of the crude extract on SBP hydrolysis

Test of DNSA showed that the total reducing sudsarated from SBP increased as the inoculums
increased (Table 5). The highest yield of reduangar was 30.46 g/L when inoculated at 10 ul/ml
after 7 day incubation. However, owing to the vasieeducing sugars in the hydrolysates, the DNSA
method could only show the draft reference by datowg only from the standard curve of glucose.

Table5 Analysis of the total reducing sugar in SBP afttda@y incubation using DNSA method

Addition of crudeextract Dilution OD Total reducing sugar

ul/mi gL
1 20 143 15.16
5 100  0.32 25.50
10 100 043 30.46

Table 6 showed the contents of different liberateducing sugars in the"7day culture of SBP
hydrolysates at various inoculum levels from Llultml20ul/ml. The results exhibited that for the
reducing sugars analyzed (rhamnose, arabinosestgséa glucose, fructose and galacturonic acid),
the liberated contents inclined as the inoculurusllencreased, which demonstrated that high level
of inoculums of crude enzyme extract facilitate@ t8BP hydrolysis. The highest contents of
reducing sugars (rhamnose, arabinose, galactoseps#, fructose and galacturonic acid) were
achieved at the inoculums of 20 ul/ml with the dgief 0.337 g/l, 6.339 g/l, 1.083 g/l, 1.796 gll,
1.704 g/l and 4.848 g/l, respectively. However, therements of the reducing sugars contents
between the inoculums of 10 ul/ml and 20 ul/ml wexa statistically significant except for
rhamnose but with only 2.4 % in the SBP. The resnidicated that further increasing the inoculum
from 20 ul/ml would not significantly benefit theBB hydrolysis but raised the total costs for the
hydrolysis.



Table 6 Hydrolysates composition aftel flay cultivation with various inoculums using HPh@thod

Inoculation volume

lul/ml | 5ul/ml | 10ul/ml 20ul/ml

Reducing Sugar (g/I)

Rhamnose 0.0403 0.148 0.263 0337
Arabinose 1.881 | 5.084 6.976 6.339
Galactose 0.356| 0.617 0.928 1.083
Glucose 1.275 | 1.444 1.754 1.796
Fructose 1.224 1.344 1.694 1.704
Galacturonic acid 1.59 | 3.235 4.535 4.848

3.2.1.2 Effect of incubation time on the SBP hydrolysis

The compositions of SBP hydrolyzed with 10 ul/mihae extract at different incubation times were
listed in table 9. For all the reducing sugars abl€ 9, more reducing sugars were liberated as the
hydrolysis incubation time continued. The highdstds of reducing sugars occurred on tHeday

incubation.

Table 7 SBP hydrolysates compaosition at various incubdiimes with the inoculum of 10 ul/ml

No. Sugar (g/1) 1st day | 2nd day | 3rd day | 7th day
1 Rhamnose 0.123 0.161 0.251 0.263
2 Arabinose 4.012 5.501 6.270 6.976
3 Galactose 0.514 0.644 03851 0.928
4 Glucose 1.199 1.266 1.386 1.754
5 Fructose 1.088 1.102 1.294 1.694
6 | Galacturonic acid 2.733 3.294 | 4.034 4.535

3.2.2 Enzyme cocktail optimization

Data in Table 8 and 9 showed that the contentogkiof was around 1.7 g/L with the inoculums of
20 ul/ml, which was not reasonably high since tB& Somposed of 20 % of cellulose. Meanwhile,



the ratio of glucose and fructose was approximabeky, implying that the sucrose was hydrolyzed
instead of cellulose. To overcome this problem trezl to develop an enzyme cocktail consisting of
crude extract and cellulase for obtaining a sidfitiquantity of glucose from cellulose in the SBP.

Increase of the cellulase inoculums correspondetheéoincrement of the glucose liberated. The
highest yield of glucose was achieved at 8.26 ftgr 86 h incubation in the case of adding 1 ml of
cellulase and 1ml of crude extract together, whigs 8.42 fold of that only hydrolyzed by 1ml
crude extract (0.98 g/l glucose). Followed by tighbst yield of glucose were the cases of adding
1ml of cellulase diluted from 10 times to 10000dsrin the cocktail with the glucose content from
3.54 g/l to 1.042 gll, respectively. Nevertheldbs, contents of glucose liberated with crude extrac
cocktail of 1000-time diluted cellulase and codktafi 10000-time diluted cellulase did not
significantly differ from each other, which indieaturther dilution of cellulose from 100 time didtn
contribute to the hydrolysis of cellulose in SBP.

Glucose liberated from SBP with enzyme cocktail
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36h m24h
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Figure 4Performances of enzyme cocktail on the glucosedild from the SBP (CE-crude enzyme extract;
cellulase *1-cellulase was not diluted; cellulo4®*100, 1000, 10000-cellulase was diluted by 00, 1000,

10000; in all cases, the additions of crude eximack cellulase were 1,000 ul, respectively)



3.2Prescreening of the yeast strains

3.2.1 Influences of cultivation conditions on OD and Ethanol conversion efficiency

Representative fermenting microorganisms were sekéo evaluate their ability to ferment sugar
beet pulp when grown in aerated and anaerobic ttondj respectively (Figure 2 (a) and (b)).

For the strain of Y9, Y6, CBS 8244, CBS 2753, ithbeases of medium with and without nitrogen
supplement, significantly higher ethanol yield vaé$ained in anaerobic condition than that
generated from the aerated condition. For CBS 60d@jgnificant difference of the ethanol content
was observed between the cases of anaerobic avisi@eonditions. Similar observations were
achieved for the optical density. The optical déesiof both cultivations with and without nitrogen
supplement in anaerobic condition were not as hggthat from aerobic conditions for all the tested
strain except CBS 6040. The results demonstratgdstiificient oxygen in the culture broth
benefited the yeast growth whereas the overgroitielts seemed to a byproduct for ethanol
generation.
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Figure 5Profiles of (a) ethanol conversion rate and (b) @irogen + strain no.---the SBP
hydrolysates was supplemented with 20g/l peptodelany/l yeast extract; water + stain —equal
amount of water was added to SBP hydrolysates )

3.2.2 Media influences on OD and Ethanol conversion efficiency

Besides investigating the influences of cultivattmmditions, the strains were subjected to the
medium with and without nitrogen supplement segdyatespectively (Figure 2 a) and b)).

No matter at aerated or anaerobic cultivationdcaptiensity measurements and visual observations
indicated that the higher cell mass growth wasea@d by the culture medium with nitrogen
supplement for Y6 than that from the medium withPSB/drolysates only. Oppositely, nitrogen
additions did not seem to facilitate cell growthGBS 6040 since the average OD in the nitrogen
supplemented medium at aerobic and anaerobic wedeadd 0.558, which were 66.0% and 37.9%
lower than that from the medium without any additibsupplement. No significant differences of
optical densities were observed for the strainéRQfCBS 2753 and CBS 8244 between the cases of
medium with and without nitrogen supplement.



In summary, the highest yield of ethanol (0.84 gi)s achieved by Y9 in the medium with only SBP
hydrolysates under anaerobic cultivation, follovbegdCBS 2753 generating 0.66 g/l ethanol.

3.2.3 HPLC tests for sugar utilization

Table 8 and 9 showed the utilization efficiencytte# reducing sugar liberated from SBP by strains of
Y9 and CBS 2753 under anaerobic and aerobic conditirespectivelfCompared to other strains,
these two strains (Y9 and CBS 2753) demonstraigiielsi reducing sugar consumptions (arabinose,
galacturonic acid and glucose) among the tested dtvains (the detailed data for the other strains
was listed in table 11 and 12 in Appendix).

Under aerobic conditions, both strains of Y9 andSCRB753 exhibited significantly higher
consumption of fructose and galactose when cuéitvah the SBP hydrolysates medium than in the
nitrogen supplemented medium (Table 4). Similaroketions for arabinose, fructose and galactose
were illustrated under anaerobic cultivations (€ab). One thing that needs to be mentioned,
arabinose was completely consumed (100 %) by tleestvains under anaerobic condition with no
nitrogen supplement. For arabinose consumption rua@eobic condition, Y9 and CBS 2753
cultivated in the SBP hydrolysates represented #9ahd 52.18 % of arabinose consumption while
only 37.08 % and 48.72 % in the cultivation supmeted with nitrogen were achieved separately.
For galacturonic acid in the cases of medium withwithout nitrogen supplement, higher
galacturonic acid was consumed under aerated comditan that of the anaerobic condition for both
strains. Under aerated conditions, 61.48 % of thaajuronic acid was utilized for Y9 in the SBP
hydrolysates medium, which was 8.05% higher that fiom the nitrogen supplemented medium.
For CBS 2753, no significant differences of galamtic acid utilization percentage being 59.90 %
and 61.56% respectively were displayed in both omadtonditions (Table 4).

For glucose, it was totally utilized by both stiiim all the cases except for CBS 2753 cultivated
aeratedly in the nitrogen supplemented medium.

Based on the above analysis, the strains of YOGBE 2753 were selected as the candidates for the
following fermentation study.



Table 8 Utilization percentage of the reducing sugar Bbed from SBP under aerobic condition for the
candidate of Y9 and CBS 2753

Strain Arabinose % Galacturonic Frucose % Galactose% Glucose %
acid %
Nitrogen Y9 49.04% 56.53% 58.83% 97.46%  100.00%
Nitrogen 52.81% 61.56% 64.15% 100.00%  100.00%
CBS2753
Water Y9 37.08% 61.48% 83.30% 100.00%  100.00%
Water CBS2753 48.72% 59.90% 91.22% 100.00%  100.00%

Table 9 Utilization percentage of the reducing sugar Ebed from SBP under anaerobic condition for the
candidate of Y9 and CBS 2753

Strain Arabinose % Galacturonic Frucose % Galactose% Glucose %
acid %
Nitrogen Y9 54.04% 25.53% 45.47% 86.84%  100.00%
Nitrogen 56.42% 57.66% 36.24% 100.00% 98.42%
CBS2753
Water Y9 42.01% 34.79% 81.09% 100.00%  100.00%
Water CBS2753 44.83% 28.49% 91.62% 100.00%  100.00%

*Nitrogen + strain means 20g/l peptone and 15 g/l yeast extract were added to SBP hydrolysates. Water + strain means

equal volume of water was added to SBP hydrolysates.

3.3 Hydrolysis and fermentation in Sixforsrun

3.3.1 pH profiles of the SBP hydrolysis

Similar observation was obtained to the Run 1. @VepH values in all cases of incoculum
exhibited a declining trend except fermentor 1 wite inoculums of CE 9ml+cel2.5ml of which pH
increased slightly after 102.6 h hydrolysis. Theyafues in fermentors 2, 3, 6 became steady after
54.3 hour hydrolysis, which were in consistent with galactuonic acid curves that the increment of

the production occurred before 54.4 hour (Fig.6)e Bolution inoculated with cel 2.5ml exhibited



stable pH value during the entire period compacedther treatment, which could be explained by

the least galacturonic acid liberated.

Table 10 pH profiles of the hydrolysis process in the Run2

CE CE
Date Sampling Time Time(h) | CE9ml+cel2.5ml | 9ml+cel2.5ml CE9ml | cel 25ml | 9ml+cel0.25ml
5.15 7:15 AM 0 4.85 481 481 4.87 4.8
10:35 AM 26.3 4.72 4.63 4.65 4.85 4.63
>-16 2:00 PM 29.8 4.72 4.62 4.64 4.85 4.62
517 10:10 AM 50.3 4.73 4.59 4.61 4.88 4.6
2:00 PM 54.3 4.74 4.59 4.61 4.86 4.59
5.18 10:00 AM 74.3 4.76 4.57 4.59 4.87 4.58
5.19 2:10 PM 78.3 4.79 4.55 4.5§ 4.87 4.57
5.2 2:37 PM 102.6 4.8 4.54 4.57 4.87 4.57
521 9:45 AM 123.6 4.8 4.54 4.56 4.87 4.56
5.22 10:13 AM 147.2 4.83 4.53 4.56 4.87 4.56

3.3.2 Reducing sugar liberated

For all the reducing sugars in Fig. 4, more redgicsugars were liberated as the hydrolysis
incubation time continued. No significant differescof the total reducing sugar was observed
between the cases of the inoculum with CE 15ml+6eieand CE 15ml+cel2.5ml (Table 6). 4.15
g/L and 3.6 g/L glucose on average was liberateth ®i5ml cellulase and 0.25 ml cellulase
respectively. The compositions of SBP hydrolyzedhwiarious enzyme preparations at different
incubation times were listed in Fig. 6. Yields odlainose and galacturonic acid increased fast gurin
the cultivations of Oh -60h when the inoculums eamed CE 9ml. The liberated contents of glucose
inclined to highest around the cultivation of 40hem the inoculums level of cellulase was 2.5 ml

while the highest yield of glucose occurred at athe cultivation of 80h with 0.25ml cellulose

inoculated.

Table 11 Reducing sugar composition and total reducing spgaatuced (Unit: mg/L)

Galacturonic Total
Rhamnose | Arabinose | Galactose | Glucose | Fructose acid reducing




sugar
CE
9ml+cel2.5ml 37.12 2182.508 196.646 3727.96758.592 1918.208 6902.833
CE
9ml+cel2.5ml 131.154 3170.898 538.337 4628.8§3903.392 2720.592 8872.62
CE 9ml 147.2 11.547 2678.25Y 340.347 678.984 399.20 3856.
cel 2.5ml 1.508 442.883 3.887 3734.96255.454 96.043 4238.694
CE
9ml+cel0.25ml 101.691 2875.367 412.784  3327.99365.600 2524.147 7083.432
CE
9mi+cel0.25ml 100.015 2654.899 380.926 3920.59852.888 2231.608 7409.31¢
CE 9ml+cel2.5ml p=Rhamnose == Arabinose

Galactose =>=Glucose
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Figure 6Reducing sugar profiles of the hydrolysis at déf@rincubation time

3.3.3 Hydrolysis efficiency by Calculating Dry mass of SBP analysis

The case of CE9ml+cel2.5ml resulted in the highgdtolysis percentage of 63.17%, followed by
the average of 60.3% obtained by CE9mI+cel0.25imé fesults confirmed that the combination of
crude extract fronsrofsii and cellulase resulted in increased reducing diggration compared to

the single incubation supplying with either CE ellulase.
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Figure 7 Hydrolysis percentage based on the dry mass aftiolysis



3.3.4 Ethanol fermentation-pH profile

pH profiles during the ethanol fermentation procekewed the declining trend in all the cases

except for fermentor 1 with the inoculums of CE 90dl2.5ml of which pH increased from 6.33 to
6.58 after 70.75 h fermentation.

Table 12 pH profiles of the fermentation process

CE CE CE
Date Sampling Time | Time(h) | CE 9mi+cel25ml | 9mi+cel25ml | CE9ml | cel 25ml | 9mi+cel0.25ml | 9mi-+cel0.2:
599 11:30 AM 0 6.86 6.94 6.98 6.94 6.93 6
2:45 PM 3.25 6.74 6.8 6.82 6.76 6.79 6
8:45 AM 21.25 6.23 6.08 6.29 6.11 6.11 6
5.23 1:15 PM 25.75 6.33 6.07 6.29 6.11 6.1 €
5:20 PM 29.75 6.4 6.07 6.28 6.1 6.09 €
10:10 AM 46.75 6.55 6.06 6.27 6.07 6.07 €
>-26 4:20 PM 52.75 6.58 6.06 6.27 6.05 6.08 €
11:00 AM 70.75 6.65 6.06 6.26 6.03 6.07 €
>17 5:00 PM 76.75 6.63 6.06 6.26 6.03 6.07 €

5.28 12:00 PM 95.75 6.58 6.06 6.2% 6.01 6.07

3.3.5 Ethanol fermentation-reducing sugar utilization profile

The utilization of the reducing sugars in the SBBrblysates by various enzyme combinations were
plotted verse time (Fig.8). In the cases of CE @m®@l+0.25 ml inoculated witlgaccharomyces
cerevisiae and Debarymtcos, glucose was utilized fastest by yeast followedghjacturonic acid and
arabinose. Galacturonic acid concentration decteéreen 2.4 g/L to 1 g/L and 2.6 g/L to 1 g/L
respectively. For arabinose, the content decrefreed 2.83 g/L to 1.83 g/L and 3.0 g/L to 2.18
correspondingly after fermentation. The resultsdatkd that the arabinose and galacturonic acid
could be metabolized by both yeasts to some ex&milar observation was obtained in the cases of

CE 9ml+cel 2.5ml bySaccharomyces cerevisiae. The declining changes of the contents of arabinose
and galacturonic acid were about 1.4 g/L and 1 g#&pectively.



o

2,000 CE 9ml+cel2 5ml
1,800

1,600

1,400
1,200
“&l,000
E 800

600

400

200

0 20 40 60 80 100 120

3,000 CE 9ml+cel2 Sml

2,500
2,000
1,500
1,000

500

3,000 - CE 9ml

2,500 -
2,000

1,500 -
1,000 -

500 -

0 20 40 60 80 100 120



3,000 +

cel 25ml

2,500 -

2,000 ~

1,500 -

1,000 -

500

0 20 40 60 80 100 120

3,000 CE 9ml+cel0.25ml

2,500
2,000
1,500

1,000

500

0 T
0 20 40 60 80 100 120

3,500 CE 9ml+cel0.25ml
3,000

2,500
2,000
1,500

1,000

500

0

-500

Figure 8 Fermentation profiles of sugars at various inoculum
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3.3.6 Ethanol fermentation-ethanol yield profile

The highest ethanol yield (2.0 g/L) was achievethencase of CE 9ml+cel0.25ml. No significant
difference was observed between the case of CEca@l:25ml and CE 9ml+cel2.5ml, indicating
that further increment of cellulase addition frolB®ml to 2.5 ml did not benefit ethanol yield. The
incubations hydrolyzed with only CE had the lowetstanol yield of 0.57 g/L occurring after 26 h
cultivation. The reason was that arabinose andccgatanic acid were the main carbon sources
released, which were not favored to yeasts compgarghlicose. The discussion could be verified by
the demonstration of the ethanol over glucose Yi€ig.10). The case of cel 2.5m| had maximum
ethanol production efficiency of 0.50 g/g sugardjsehich was 98% of the theoretical yield. Overall,
higher ethanol over reducing sugar yield was ofeskefer the inoculums of CE 9ml+cel0.25ml than
that of CE 9ml+cel2.5ml. And 32.2% increase of kigathanol over reducing sugar yield was
observed foDebarymycos sp. thanSaccharomyces cerevisiae when the inoculums were the same (CE
9ml+cel0.25ml). However, the statement thabarymycos sp. performed better fermentation
properties thaSaccharomyces cerevisiae on SBP hydrolysatesould not be conclusive due to the

variance of the reducing sugar compositions.
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Figure 10 Fermentation efficiencies of ethanol over the reducing sugars yield in different SBP
hydrolysates

3.3.7 Ethanol fermentation-yeast cell profile

In all cases, the concentrations of yeast straastred 10after 26 hour cultivation. The final overall
cell concentration in the cultivation witbebarymycos sp. was 7.9 *16 CFU/ml, higher than the

concentration achieved in the cultivation wiccharomyces cerevisiae (3.4*10) after 72 hour



cultivation with the same enzyme inoculum of CE 9cell 0.25ml. The result implied that the
carbon sources were more utilized for cell massmetation forDebarymycos sp. although the

same quantity level was achieved both strains.
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Figure 11 Concentrations of yeast cells when cultivated in different SBP hydrolysates

4.Conclusions

In summary, the highest yield of ethanol (0.84 gi)s achieved by Y9 in the medium with only SBP
hydrolysates under anaerobic cultivation, follovgdCBS 2753 generating 0.66 g/l ethanol.
Compared to other strains, these two strains (RGBS 2753) demonstrated highest reducing
sugar consumptions (arabinose, galacturonic addyarcose) among the tested five strains.

SBP hydrolysis with crude extract

The results of the compositions of SBP hydrolyzdth w0 ul/ml crude extract at different incubation
times showed that more reducing sugars were libéras the hydrolysis incubation time continued.
The highest yields of reducing sugars occurrecheri’f day incubation.

The test regarding the contents of different libedareducing sugars in thd fay culture of SBP

hydrolysates at various inoculum levels from 1ulfemROul/ml exhibited that for the reducing sugars
analyzed (rhamnose, arabinose, galactose, gluéas#pse and galacturonic acid), the liberated
contents inclined as the inoculums level increasddch demonstrated that high level of inoculums
of crude enzyme extract facilitated the SBP hydsigly The highest contents of reducing sugars
(rhamnose, arabinose, galactose, glucose, frucose galacturonic acid) were achieved at the



inoculums of 20 ul/ml with the yield of 0.337 gd,339 g/l, 1.083 g/l, 1.796 g/l, 1.704 g/l and 884
o/l, respectively. However, the increments of teducing sugars contents between the inoculums of
10 ul/ml and 20 ul/ml were not statistically sigo#int except for rhamnose but with only 2.4 % in
the SBP.

Enzyme cocktail for the efficient release of glucose from cellulose

The cellulolytic activity of the celllase and crueetract at 46C and 5F°C were analyzed by DNSA
method. The results were demonstrated that theneaiay activity of the cellulase from sigma was
25.64 U/ml at 40C while 27.12 U/ml was obtained at 8D. For the crude extract, 2.24 U/ml was
obtained at 48C, which was 8.89% higher than that assayed 8C5®tatistical analysis (data now
shown) proved that no significant differences o #nzymatic activities of cellulase and crude
extract were observed between the temperature U 4td 50C (p<0.05).

The experiment on the performance of the enzymé&taibon hydrolyzing cellulose in SBP showed
that increase of the cellulase inoculums correspdrid the increment of the glucose liberated. The
highest yield of glucose was achieved at 8.26 ftgr 86 h incubation in the case of adding 1 ml of
cellulase and 1ml of crude extract together, whies 8.42 fold of that only hydrolyzed by 1ml
crude extract (0.98 g/l glucose). Nevertheless,ctr@ents of glucose liberated with crude extract,
cocktail of 1000-time diluted cellulase and codktafi 10000-time diluted cellulase did not
significantly differ from each other, which indieafurther dilution of cellulose from 100 time didtn
contribute to the hydrolysis of cellulose in SBP.

Future plan

(1) The following study will examine other sources ellalase and further optimize the cocktail
performance.

(2) The ethanol fermentation with the SBP hydrolysatethe reactor could be set up next week.
Anaerobic, aerobic and microaerophilic conditionsld be employed to investigate the optimum
ethanol fermentation. The growth curve, pH, etharobuction and carbon source consumption
will be analyzed during the entire incubation time.

(3) Since the crude extract harvested frnrofsii did not show high cellulase activity, another
fungus was considered to investigate its performaridiydrolyzing SBP or the co-cultivation of
these two fungi.



(4) Co-cultivation of fungus and yeasts were conduttgdtreaking them in the same plates. The
results could be obtained next week.

Sixfors Overall, pH values in all cases of incoculexhibited a declining trend except fermentor 1

with the inoculums of CE 9ml+cel2.5ml of which phtreased slightly after 102.6 h hydrolysis.

No significant differences of the total reducinggau were observed between the cases of the
inoculum with CE 15ml+cel2.5ml and CE 15mi+cel2.5mll5 g/L and 3.6 g/L glucose on average
was liberated with 2.5ml cellulase and 0.25 ml wdaBe respectively. Yields of arabinose and
galacturonic acid increased fast during the cuitives of Oh -60h when the inoculums contained CE

aml.

The results confirmed that the combination of cragact fromSrofsii and cellulase resulted in
increased reducing sugar liberation compared taitigde incubation supplying with either CE or

cellulase.

pH profiles during the ethanol fermentation procelkswed the declining trend in all the cases
except for fermentor 1 with the inoculums of CE 9odl2.5ml of which pH increased from 6.33 to

6.58 after 70.75 h fermentation.

In the cases of CE 9ml+cel 0.25 ml inoculated v@Hecharomyces cerevisiae and Debarymtcos,
glucose was utilized fastest by yeast followed agturonic acid and arabinose. The results
indicated that the arabinose and galacturonic aoigdld be metabolized by both yeasts to some

extent.

The highest ethanol yield (2.0 g/L) was achievethencase of CE 9ml+cel0.25ml. Further
increment of cellulase addition from 0.25 ml to thbdid not benefit ethanol yield. Overall, higher
ethanol over reducing sugar yield was observeth®inoculums of CE 9ml+cel0.25ml than that of
CE 9ml+cel2.5ml. And 32.2% increase of higher ethawer reducing sugar yield was observed for
Debarymycos sp. thanSaccharomyces cerevisiae when the inoculums were the same (CE

9ml+cel0.25ml). However, the statement tBabarymycos sp. performed better fermentation



properties thagaccharomyces cerevisiae on SBP hydrolysatesould not be conclusive due to the

variance of the reducing sugar compositions.

In all cases, the concentrations of yeast straastred 10after 26 hour cultivation. The final overall
cell concentration in the cultivation witbebarymycos sp. was 7.9 *16 CFU/ml, higher than the
concentration achieved in the cultivation wafcchar omyces cerevisiae (3.4*107) after 72 hour
cultivation with the same enzyme inoculum of CE 9cell0.25ml. The result implied that the carbon
sources were more utilized for cell mass accunmuidr Debarymycos sp. although the same

guantity level was achieved both strains.
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