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ABSTRACT: Slwrries of rice-straw cellulose (obtained by delignification and
removal of hemicellulose from the powdered raw material) were subjected to
ultrasonic waves at different intensities for various times (constant temperature ).
Susceptibility of the samples to cellulase-hydrolysis increased initially with
pretreatment time, redaching a maximum or a constant level thereafter. Maximum
glucose yield (~21%) was obiained under the following conditions: enzyme/
substrate ratio= 0.1; amplitude 18 um (peak to peak), and exposure time 30
minutes. This yield is 30X thar of the starting raw material, 10X thar of the
untreated rice-straw cellulose and 12-13X that of the value reported by others
regarding pretreaiment of wheat-straw cellulose by phenol. Changing the
enzymefsubstrate ratio to 0.4 raises glucose yield to 42%, under the same
conditions. Removal of temperature control during pretreatment (50-80°C)
increases the yield up to ~30% withour increasing the enzyme/fsubstrate ratio.
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Celluiose, the most abundant organic substance,
(1011 tons /yr), is one of the major components of
wood and other woody materials {~50% wt) [1,2].
Essentially it is a pely (8—anhydroglucose) and its
hydrolysis yields glucose whose conversien to alcohol
fuel has attracted the attention of chemists and other
speciallists for nearly a century [2-5]. One of the main

obstacles towards this end has been and still is the in-
accesibility of cellulose to the hydrolyzing reactants
[6-14]. Attempts made to overcome this problem fall
in one of the following three categories: a) chemical
treatments [15-19]; b) physico-mechanical treatments
[20-29]; and c¢) physico-chemical treatments [30-34].
Despite all these efforts the problem seems far from
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being solved in a desirable technoeconomic fashion.
In this article the ultrasonic pretreatment of rice-
straw cellulose as a means of enhancing its enzymatic
hydrolysis is reported.

EXPERIMENTAL
Materials

Chemicals used were of analytical grade obtained
from commercial suppliers (Merck AG, Germany;
Fluka, Switzerland; Sigma, Cincinnati, U.S.A; Hop-
kins & Williams, England). Glucose test kit was
purchased from -Pars Azmoon, Tehran. Rice-straw
sampies were obtained from Talesh region in nor-
thern Iran.

Equipments

Grinding mill (2840 rpm) equipped with 0.2 mesh
screen (model SK-1; Retsch, GmbH , Hannover, Ger-
many}); probe type sonicator (exponential geometry,
150 W output, tip made of titanium, tip diam. 3mm,
model MK2-3 /75 made by MSE, France). The inten-
sity of the ultrasonic waves shown on the equipment
were in terms of the average distance between conse-
cative maximum-minimum peaks (peak to peak) in
um, and are reported as such (intensity is
proportional to the square of the amplitude).
UV-visible spectrophoto- meter (model TCC-240A;
Shimadzu, Japan); autoclave (Ritter, U.8.A); optical
microscope {(model AHZ; Olympus, Japan), bench
top centrifuge (0-5000 rpmy), Janetzki, DDR /model
T32¢; Milipore filter holder and (.45 um filters
(Milipore Bedfored, MA, U.S.).

Methods
a) Pretreatment

Rice-straw was milled (0.2 mesh) and the result-
ing powder was delignified with 109% potassium
hydroxide [35] and its remaining hemicellulose was
removed via autoclaving [36]. The resulting cellulose
slurry was filtered, washed to neutrality and subsequ-
ently dried in a vacuum oven 10 a constant weight.
0.1 g dry cellulose samples were each taken in 10 mL
acetate buffer in a special vial immersed in an ice
bath and exposed to uitrasonic waves for various times
at different intensities. Vial temperature never
exceeded 30°C. Exposed samples were then transfered
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to test tubes and diluted to 15 mL with acetate buffer.

b) Hydrolysis

Toeach sample treated above, was added 2.647 mL
of cellulase solution (5U/mg solid from Pennicilium,
4mg enz./mL buffer) and gently mixed. Sample tubes
were sealed and shakenin a37°Cwater bath shaker for
2 hours [37] and subsequently placed in the ice bath
tostop further enzyme action. Aliquotes of the super-
natant sample solutions which contain glucose, soluble
oligosaccharides, cellobiose, xylose, ... were centrifu-
gedin a bench top centrifuge at 2500 rpm and the clear
supernatants were further filtered through 0.45 um
milipore filters (Lo remove any suspended particle).

¢) Glucose assay

Glucose assay was carried out by GOD-PAFP
(based on glucose oxidation via glucose oxidase)
method. 10 ul. of the above mentioned filtered
solution was mixed with 1 mL of the glucose assay
solution placed in a 37°C water bath for 15 minutes
and its absorbance was measured at 500 nm using a
UV-vis spectrophotometer [38].

RESULTS AND DISCUSSION
Disintegration of cellulosic particles

The first obvious effect of ultrasonic treatment
was the gradual expansion of the cellulosic mass, Fig.
1. In all cases the expansion is initially an increasing
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Fig. 1: Height of particle pack as a function of sonicaiion time
at different amplitudes (intensities).
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function of the exposure time, usually reaching a
rather constant level in about 30 minutes. The appa-

rent changes in the physical shape and structure of

the resultant particles {as a consequence of delig-

nification and subsequent ultrasonic treatment} may
be assessed by microscopic examination Figs. (2-5).
Obviously, a tremendous disruption and dispersion of
cellulosic particles takes place which is expected to
lead to an increased substrate surface area for the
heterogeneous enzymatic hydrolysis. :

Fig. 2: Microscopic view of inifial raw rice-straw particles,
100X magnification.

Fig. 3: Microscopic view of delignified nonsonicated rice-straw
cellulose particles, SOX

Glucose yield

Fig. 6 depicts the amount of glucose produced as
& function of ultrasonic intensity and exposure time.
As can be seen, the yield has an increasing trend up
to 30 minutes when it usually reaches a maximum,
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Fig. 4: Microscopic view of rice-straw cellulose pariticles after
10 minutes sonication at the amplitude of 15um and prior (o
hydrolysis, 100X.

Fig. 5: Microscopic view of sonicated cellulose particles (60
minutes at 15um), afier 2 hours enzymatic hydrolysis.

showing the highest yield at 18 u#m (peak to peak) in-
tensity. The same vyield is achieved at the amplitudes
of 12um and 15 xm in about 60 minutes. The reasons
for the increase in the yield are rather obvious and
straightforward, specially in light of the increased
specific surface area of the substrate. In addition to
physical disintegration of the particles as a consequ-
ence of cavitation phenomenon, there are possibili-
ties of disruption of some intermoiecular interactions,
and probable reduction in cellulose crystallinity [39-
41].

The decrease in the yields during longer periods
may presumably be due to one or any combination of
the following factors: formation and collection of
large bubbles around the probe thereby reducing its
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Fig. 6: Glucose yield as a function of pretreaiment (sonication}
tme at different amplitudes. Enzymatic hydrolysis, 2 hours at
37°C, enzyme/substrate 0.1; A=500nm.

energy transmission[40], gelation phenomenon and the
increase in viscosity with their consequent reducing
effects on cavitation [41]; occurance of side reactions
(e.g. oxidation and repolymerization, at 21 #m ampli-
lude the sample slurry turns darker at longer expo-
sure times); retarding effects on the enzyme by metal
ions released from the probe {40] and inhibitory
effects of glucose and cellobiose on the enzyme [9]. No
attempts were made 10 elucidate any of these effects.

Demonstrating the enhancement

To clearly demonstrate the enhanced enzymatic
hydrolysis of the sonicated cellulosic substrates, a
comparison was made between the initial raw mate-
rial, (I); nomsonicated cellulose obtained therfrom,
(II}; and sonicated samples, (I1I); Table 1.

As can be seen, at all amplitudes the yields for
the sonicated samples are much higher, reaching 21%
yield at 18 gm.

Table 1: Comparison of maximum glucose yields for the raw
rice-straw(l}, nonsonivated rice-straw cellulose (H) and
sonicated rice-straw cellulose (1)

(Sonication amplitude | Yield(III) |Yield(1II)/ Yield(lll)w

(4 Peak-Peak) (%) | yied@ | yield(n
9 11 15.7 52
12 13.4 19.1 6.4
(5 13.6 19.4 65
18 21 0 10.0

Yield(1)= 0.7% , Yield(I[}= 2.1%, Yield(Ill)= 21%
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Effect of enzyme/substrate ratio

The precceding resuits were obtained with an
enzyme /substrate ratio of about 0.1. Repeating the
experiments under maximum yield conditions (18 um
amplitude for 60 minutes) while increasing enzyme/
substrate ratio, leads to increase in yield, Fig. 7. At
the ratio of 0.4 the yield becomes 42%.
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Fig. 7: Glucose yield as a function of enzyme/substrate ratio.
Ultrasonic pretreatment at 18um for 30 minutes. Engymatic
hydrolysis; 2 hours at 37°C.

Temperature effect

In all experiments described so far the tempera-
ture was deliberately kept constant during sonication,
whergas under no control, the temperature would
increase automatically. Since the raise in temperature
leads to increased reaction rates, an experiment was
run at 18 um amplitude for 30 minutes with no tem-
perature control (50-80°C). The resultant cellulose
when hydrolyzed enzymatically showed a glucose yield
1.4X that of temperature controlled.

Comparison with others

Wheat straw has been chemically pretreated with
phenol and the resultant cellulose hydrolyzed enzy-
matically (under constant enzyme /substrate ratio of
0.1) [42]. Our yields are 12.6 and 13.6X greater than
this one showing its superiority.

CONCLUSIONS
1. As expected ultrasonic treatment leads to disin-
tegration of cellulosic particles, increasing their
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apparent surface area for enzymatic attack, thereby
enhancing their hydrolysis (an increase by a factor of
==30 compared to the raw rice-straw).

2. Glucose yield is proportional to sonication am-
plitude and the exposure time (up to ~30 minutes),

3. Best yield is obtained at 18 um amplitude in 30
minutes. <

4. Ultrasonic pretreatment is far superior to
chemical treatments.

5. Allowing the spontaneous temperature rise
during sonication, improves the yield,

6. The yield is also proportional to the enzyme/
substrate ratio (in the range 0.1-0.4 studied).

7. These resulis clearly indicate that the increase
in specific surface area of the cellulosic substrate is
the key determining factor in its enzymatic hydrolysis.
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