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Abstract: Problem statement: Rice straw has been treated with different chenfaeid, alkali) and
physical (subcritical water, ultrasound) methodsdavert lignocellulose material to sugar. In aiddit
enzyme treatment of pretreated samples has bediecipp improve the conversion of lignocellulose
material in sugarApproach: Sulfuric acid at concentration of 1-9% was appliedacid treatment.
For alkali treatment was sodium hydroxide solutedrconcentration of 1-5% used. Subcritical water
treatment carried out at 18D (5 bar) and 20 (15 bar) for 10 min. Ultrasound was applied as
combination method after acid pretreatment. Theditimm during ultrasound treatment was 40 W at
50°C and 10 min. Finally the pretreated sample wasiéated usingsaccharomyces cerevisiae yeast
and the amount of produced ethanol was measiedllts: Acid treatment at 12C, 15 min is an
effective pretreatment method for converting ligelbdose to sugar. Up to 21.45% sugar w/w could
be measure after acid treatment. Combination ofnite pretreatment and subsequent enzyme
treatment increased the sugar yield drasticallytdJp7 and 28% sugar w/w could be achieved for acid
and alkali pretreated samples respectively. SubaflitWater (SCW) treatment method is an effective
physical method. SCW treatment at 200and 10 min followed by enzyme treatment yieldedta
17% sugar w/w. Combination of acid pretreatmenhwitrasonic before enzyme treatment increased
the conversion of lignocelluloses to sugar. Sugeldyup to 44% w/w after combination of acid and
ultrasonic pretreatment and subsequent enzymentegét could be achieved. Fermentation of
pretreated rice straw shown that after 3 days fatat®n most of sugar (55-65%) will be converted to
bioethanol. The remaining sugar could not be cdedem ethanol even after 6 days fermentation.
Under these conditions, the maximum ethanol of %.6@Q/v) was obtainedConclusion: The
combination method of acid pretreatment combineth witrasound and subsequent enzyme treatment
result the highest conversion of lignocelluse serstraw to sugar and consequently, highest ethanol
concentration after 6 days fermentation vtlterevisae yeast.
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INTRODUCTION Rice straw is a by-product of rice production and

great bio resource. It is one of the abundant
Ethanol from renewable resources has been dfgnocellulosic waste materials in the world. lisnually
interest in recent decades as an alternative tué¢he produced about 731 million tons, which is distréslin
current fossil fuels. Lignocelluloses biomass Weod  africa 20.9 million tons, Asia 667.6 million tonse
and agricultural crops residue, e.g., straw ansug grone 3.9 million. Rice straw can potentially pioe

beet pulp are potential raw materials for producin9205 billion liters bioethanol per year, which isoab5%

several high-value products like fuel ethanol and . .
biodiesel. Up to 80% of the lignocelluloses iSof total of consumption. It is the largest amouini a

polysaccharides (Kaparajuet al., 2009). These single_ biomass feedstock. Rice_z straw predominantly
renewable raw materials look promising for replgcin Contains cellulose 32-47%, hemicelluloses 19-27% an
environmentally unfriendly fossil hydrocarbon raw llgnin 5-24%, ashes 18.8%. The pentoses are dotminan
materials and hence, creating "green” products. Iin hemicelluloses which xylose is the most impartan
contrast to traditional fuels, fermentation ethadoks sugar followed by arabinose and hexoses. The
not contribute to the greenhouse effect, being g COcarbohydrate of rice straw involves glucose 41-%3.4
neutral resource. xylose 14.8-20.2%, arabinose 2.7-4.5%, mannose 1.8%
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and galactose 0.4% (Maiorella, 1988¢bertoet al., M ethods:
2003). Alkali pre-treatment: About 50 g Chopped~2 cm
Several pre-treatment processes have beelgngth) dried rice straw was suspended in 1, 2, 3%
developed for lignocelluloses, which function by anNaOH in ratio of 1:10 (w/v) rice straw and NaOH.
enlargement of the inner surface area. This idAfter that the samples were incubated in water bath
accomplished partly by solubilization of the 85°C for 1 h. Finally, hydrolysate was pressed through
hemicelluloses and partly by degradation of theitig ~cheese cloth. The amount of reducing sugar in jwae
The pre-treatments are: Milling and grinding, pysis, measured by using Luff schoorl method (Matissek and

high-energy radiation, high pressure steaminglintkar ~ Steiner, 2006).
acid hydrolysis, gas treatment (chlorine dioxidé&pogen _ ) _
Acid pretreatment: About 50 g Chopped dried rice

dioxide, sulfur dioxide, ozone), hydrogen peroxide . ; s
: traw was suspended in acid solution (1, 3, 5,d7%
treatment, organic solvent treatment, hydrothermagulfuriC acid) in ratio of 1:10 (wiv) rice straw dn

treatment, steam explosion, wet oxidation and kiokd . . :
P g Sulfuric acid. The mixtures were autoclaved at°®21

treatment (Fanet al., 1982; Hormeyer et al., 1988; for 15 min. After that, hydrolysate was pressedatigh

McGinniset al., 1988). : O
Suberitical  Wat SCW)  treat ti cheese cloth and the amount of reducing sugariée ju
ubcritica ater ( ) treatment is an was measured as above.

environmentally friendly “green” technique with veid

range of application, such as extraction, hydrslysid Alkali/fenzyme pretreatment: The best alkali
wet oxidation of organic compound (Hollid® al.,  pregreatment  conditon was carried out  for
1998; Kruse and Dinjus, 2007). Thus, SCW can be usepkali/Enzyme pre-treatment. The NaOH treated
for extraction of organic compound instead of usingsample was pressed through cheese cloth. Thejse
organic ~ solvent which are  environmentally kept and the remaining pulp was mixed with distille
unacceptable. On the other hand, SCW has beenywidelvater (10:1 w/w on rice straw basis) containingyene
used for hydrolysis of organic compounds. Recentlymixture (0.8% v/w on of rice straw basis). The pH o
growing attention has led to extensive researclsample was adjusted at pH = 4. Sample was incubated
activities using SCW for hydrolysis and conversifin  in a water bath at 38 for 12 h (1st Enzyme). After
biomass and carbohydrates to useful compound. that the sample was pressed through cheese cldth an
There is no information available in literatureoab  the pulps of these pressed sample was applied for
the combination of ultrasound as pretreatment angecond enzymatic treatment as described above (2nd
enzymatic conversion of lignocellulose to sugar. Enzyme). The juice of first press as well as “lst
The aim of this study is to investigate the effetct Enzyme” and “2nd Enzyme” were carried out for sugar
combined physical and chemical methods agontent measurement.
pretreatment on conversion of lignocellulose ineric

straw to sugar and fermentation of sugar to bioetha Acid/enzyme  pretreatment: The best acid
using$S. cerevisae yeast. pretreatment condition was chosen for acid/enzyme

pretreatment. For enzymatic hydrolysis the samm@eew
treated as described in alkali/enzyme pretreatment.
MATERIALSAND METHODS

Subcritical water pre-treatment: For  Subcritical
Raw material: Rice Straw from Suphanburi province Water (SCW) treatment a high pressutebe
As enzyme mixture were 5 following technical enzyme(J = 15 mm. Volume = 80 mL) equipped with pressure
cellulase/hemicellulase applied: gauge and thermocouple was used. The heating of SCW
tube was carried out in oil bath at constant tepee.

Chopped dried rice straw was mixed with distilled

water in ratio 1:10 (w/v) rice straw and water. The
mixture was poured in subcritical water tube and th
experiment conducted at 160 and ZDdor 10 min. in

e Crystalzyme 200XL (valley Research, USA)
» Celluclast 1.5 LFG (Novozymes, Denmark)
» Alcalase 2.5 LDX (Novozymes, Denmark)

* Validase ANC-L (valley Research, USA) oil bath. After subcritical water treatment, thé@euwas

* Xylanase (Dr. Luca and Partner Ingenieurkontorcopled in water bath and the content was poured in
GmbH, Germany) beaker. Subsequently, the samples were treated with

* The enzymes were mixed together in equalenzyme mixture (0.8% viw on rice straw basis, pH =
relation 4.0) for 12 h at 55°C. The samples were then pdesse
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through cheese cloth and the sugar content in gulessup to 21.45% sugar (on the rice straw basis) cbeld
liquid was measured. obtained using 1% sulfuric acid.

Ultrasonic pretreatment: Acid pre-treated (1% acid) Effect of alkali pre-treatment methods on sugar
sample was placed in a beaker and treated witgontent: Higher concentration of alkali leads to slight
ultrasonic at 40 W for 10 min. The temperature miyri iNcreasing the sugar in sample (Fig. 2). Generatyy
ultrasonic treatment was<50°C. After ultrasonic 10W sugar content 0£0.55% (on the rice straw basis)
treatment the sample was subjected to enzyme (4.0 #uld be observed.

v/w on rice straw basis, pH = 4.0) treatment. Tamsle

was pressed through cheese cloth and the amount E.flf)ect Oft acid an(: a:kaht pre-treatment ta“t‘?'
sample was measured. subsequent enzyme treatment on sugar content:

Application of technical enzymes have positive etffe
on conversion of lignocellulose material to suggis

Detoxification:  The retreated samples from ) .
P b was observed for acid pretreated as well as alkali

acid/enzyme pretreatment and ultrasound pretredatme .
was mixed with wood activated charcoal (20:1 W/Wpretreated sample§ (Fig. 3). . .

sample: Charcoal) and then agitate for 2 days on The sugar yield was in acid pre_tre.ated .and
magnetic stirrer at room temperature. After chakc:oaSUbsequent enzyme treated sgmple distinct higher
treatment the sample was filtered using filter 19o. (36'952@) compare to only acid pretreated samp!e
(Whatman, Germany) to remove the charcoal. Th421'45@)' Whereas, nearly no effect of alkall

filtrate was subjected for sugar measurement. pretreatment on  conversion of cellulose and
hemicelluloses to glucose could be observed, a

drastically increase of sugar concentration (24 @&%6
Irlice straw basis) in alkali pretreated and subseijue
enzyme treated sample could be achieved.

Fermentation: The pretreated samples from
acid/enzyme pretreatment and ultrasound pretreatme
with or without detoxification were carried out for
fermentation experiments. 257 2145
The yeastS. cerevisae was used for fermentation.
The initial yeast count in fermentation sample \as
8x1C cfu mL™. After 3 and 6 fermentation days the :
ethanol content was measured by gas chromatography-Z

mmple (%)
3
o

sl

In addition the remaining sugar during fermentation ? 104
was measured. =
For calculation of ethanol yield the following 2 |
equation was applied: &
“ 0 : : : : .
Ethanol.Yield= Measured.ElthanoI.in.SampIe ( 0 : 4. 6 _ 8 10
Theoretical.Ethanol (g) Concentration of H;80, (%)

Theoretical ethanol (g) =Amount of initial sugameent (g) Fig. 1: Sugar content in acid pre-treated ricevstra

in fermentation solutiox 0.5

061
All the measurements were duplicated and the data\':% 051
reported are average of two replications. g o4l
RESULTS 2 03
35 0.20 0.28
. = 02 N
Effect of acid pretreatment methods on sugar c
content: In the Fig. 1 the relation between sugar ;« 0.1
content and acid concentration is illustrated. éasing s

the acid concentration showed reverse effect omrsug o5 ] 5 3 3 3 p)
concentration in sample. This is maybe because of Concentration of NaOH (%)
degradation of monomeric sugars (xylose, glucose) i

furfural and hydroxymethyl furfural. The highestgan  Fig. 2: Sugar content in alkali pretreated ricawstr
28
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Fig. 3: Effect of acid and alkali pretreatment with

without subsequent enzyme treatment to sugas

content of rice straw

Table 1: Sugar content of Subcritical Water (SC\Wtngatment and
subsequent enzyme treated rice straw

Condition TemperaturéC) Percentage of sugar*
SCW/enzyme 160 7.4

200 16.9
Only enzyme 30 3.4

*: On rice straw basis

Table 2: Lignocellulose conversion to sugar andasugield of
different treated rice straw

Pretreatment Sugar (%)*
Acid 1% 21.45

Acid 1%/enzyme (0.8% v/w) 36.95
Acid 1%/enzyme (4% v/w) 39.10
Alkali 5% 0.55
Alkali 5%/enzyme (0.8% v/w) 24.60
SCWr/enzyme, (0.8% v/w) 16.90
Enzyme, (0.8% viw) 3.40
Acid 1% + ultrasonic + enzyme (4% v/w) 43.93

Acid 1% + ultrasonic + enzyme (4% v/w/and detoxlfie32.29

*. On rice straw basis

0.50
0.45
0.40

';; 0.35 =4 No ultrasonic no charcoal
= 030
2 025 =@~ Ultrasonic no charcoal
Z 020
5 s No ultrasonic charcoal

0:10 e Ultrasonic charcoal

0.05

4]
0 2 4 <] 8

Time (days)

Fig. 4: Ethanol yield during fermentation

Table 3: Sugar concentration (g/100 g solution)rdpufermentation

Fermentation time (day) A B C D

0 4.35 5.13 4.02 4.49
2.00 2.13 1.67 1.98

6 1.60 1.77 1.51 1.75

Note: A = No ultrasonic/No detoxification; B = With ulsanic/No
detoxification; C = No ultrasonic/with detoxificati; D = With
ultrasonic/with detoxification

Effect of combined Ultrasonic (US) and acid pre-
treatment on sugar content: The sugar content of
combined acid and ultrasonic pretreated and sules¢qu
enzyme (4% v/w on rice straw basis) treated sample
was higher (43.93% sugar on rice straw basis) coenpa
to sample without ultrasonic treatment (39.1%)
(Table 2). This results show the positive effect of
ultrasonic treatment during pretreatment of ricast

on polysaccharide conversion into sugar.

Effect of Detoxification on sugar content: During
detoxification of samples part of sugar could be
adsorbed on activated charcoal leading reduction of
total sugar in sample. In Table 2 is the amourguzfar
before and after charcoal treatment illustrated.

In contrast enzyme treatment of sample without

pretreatment have nearly no effect (3.4% sugariamn r Fermentation:

straw basis) on sugar content of rice straw.

Effect of subcritical water treatment: Table 1 shown

Figure 4 show the effect of
fermentation time on conversion of sugar to ethamol
acid pretreated, with or without ultrasonic and
subsequent enzyme treated rice straw. During 3 days

the effect of subcritical water and subsequent ewzy h - s
treatment on conversion of lignocelluloses to sugari€rmentation time nearly all forS cerevisae
Increasing the temperature during SCW from 1goférmentable sugar (glucose) will be converted to
200°C increased the sugar concentration more than 9|oethanol. Longer fermentation time up to 6 dagseh

times (from 7.4-17% sugar on rice straw basis). only slight effect on bioethanol production. Thegau
concentration in sample decreased from 4-5% wi/v to

nearly 1.5% wi/v after 6 days fermentation. Thisgsial
bioconversion of sugar to bioethanol

Effect of enzyme concentration: Increasing the
enzyme concentration from 0.8 viw (on rice strawto 55-65%

basis) to 4% v/w lead to increasing of sugar il gee-

treated sample from 36.96 to 39.10% respectively

(Table 2).

29

(Table 3).
The ethanol yield in this study was about 0.42"g g

(Fig. 4).
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DISCUSSION an ethanol yield of 0.36-0.43 g'gisingMucor indicus
which was comparable with the corresponding yisid b

The decrease of sugar content in acid treate&. cerevisae (0.37-0.45)Rhizopus oryzae produce 0.33-
samples with increasing of acid concentration iy &  0.41 g g* ethanol.
because of degradation of monomeric sugars (xylose, The ethanol yield in this study was about 0.42'g g
glucose) in furfural and hydroxymethyl furfural. e  That is in accordance with ethanol yield reportexirf
substances are toxic substances for yeast anchb#uti  |iterature (Abedinfaet al., 2009).
the yeast growth. The remaining sugar of 35-45% w/v is may be

The positive effect of acid pre-treatment andxylose. Xylose is pentose sugar that can not besttigl
subsequent enzyme treatment could be explained &y S cerevisae.

better access of enzyme to lignocellulose mateirals
rice straw. Vlasenket al. (1997) have found that after CONCLUSION
acid pretreatment (10% solid mater, 0.8% acid, C§0°
followed by enzyme treatment (cellulose 100 L +  The comparison between different chemical
cellubiase) the yield of glucose was 43 § br 43%  pretreatment methods has shown that the acid tezdtm
conversion of cellulose to glucose. The results incombined with subsequent enzyme treatment is a
present study is slightly less than Valseekal. (1997)  suitable method for conversion of lignocellulose to
reported. This is may be due to lowe temperaturgugar. Up to 36% sugar could be observed after this
(121°C compare to 16@) during acid treatment or method. Combination of acid pretreatment and
because of different conditions during enzymeultrasonic before enzyme treatment lead to muchehrig
treatment. sugar up to 44%. Detoxification of sample before
There was clear relationship between temperaturéermentation showed decrease of sugar concentration
during SCW and effectiveness of this “greenon sample upon absorption of sugar on activated
technology”. Increasing the temperature and pressurcharcoal.
during SCW treatment indicated higher conversion of It should be noted, that the ethanol concentration
lignocellulose to sugar after subsequent enzymechieved in this study was not higher than 157ds a
treatment. Karimet al. (2006) reported the conversion consequence of low rice straw loading. Therefone, i
of rice straw to sugar by SCW. SCW treatmeérltsa order to achieve higher concentration of ethanol
bar and 208C without adding acid resulted 9.9% sugar attractive for industrial application, higher ristraw
(glucose and xylose) after 2 times SCW treatmentloading is necessary.
Bobleter and Bonn (1983) found out that hemiceBalo
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