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EFFECTS OF EXTRUSION ON STRUCTURE OF SPENT
GRAIN CELLULOSE AND pH VALUE MAINTENANCE
DURING SOLID-SUBSTRATE FERMENTATION
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Abstract: T he production of low—cost cellulase enzyme is a key step in the development of an enzymatie-based process
for conversion of lignocellulosic biomass to ethanol. Although abundant informations are available on cellulase produc-
tion, little work has been examined on the effects of substrate pretreatment on pH value and cellulase formation dur
ing solid substrate fermentation. This paper investigated pH value changes of substrate during fermentation of Tri-
choderma reesei on native and extruded substrates. A fter single screw and twin-screw extrusion, cellulose crystallinity
of spent grain was reduced slightly. Single extrusion fragmented and opened cellulose structure, while twin extrusion
destroyed and disrupt ed the cell wall structure of spent grain as well as reduced particle size. Both extrusions favor
micre-organism growth and enhance the production of cellulase. Maximal FPA activity of 182. 8 IU/g cellulose was

observed w hen spent grain by single extrusion was used as substrate.
Key words: solid substrate fermentation; spent grain; cellulase; Trichoderma reesei

CLC number:T(Q925. 9 Document code: A Article ID: 0253- 2417(2004)04- 0081- 06

pH
ALZ!, EmEC mER' Tz
(LATI T kA% £H AR ¥, T MM 310014; 2. D FHIRA S 2% R, ng k)

s FPA 182.8 IU/ g

*  Received date: 2003- 11- 14

Biography: (1964-), . . : , ;
E-mail: Ix zhang @ zjut. edu. cn



82 24

Solid- substrate fermentation( SSF) is generally defined as that in which microbial growth and product
formation take place on a solid substrate in the absence of free water' . Several reviews are available in describ-
ing the technique'”™ ¥, In recent years, SSF technology has received increasing interest. This is because it
has lower energy requirements and produces less wastewater than submerged fermentation. In addition,
there are increasing environmental concerns regarding the disposal of solid wastes, and their use as substrates
for the commercial production of microbial metabolites is becoming an attractive proposition.

Because of mass transfer limitations and limited access of microorganism to the substrate, the restriction
effect of nutritional factors could be very severe in SSF. During cellulase production, this situation may be
more restrict because very few microorganisms or cellulase can break dow n lignocellulose to be used as sub-
strate efficiently for biomass or other end product formation'®!. For the purpose of developing a practical
process of cellulose utilization, enzymatic hydrolysis, which converts cellulosic materials into glucose, togeth-
er with the pretreatment methods has been extensively studied *™ " However, little work has been focus on
the effect of cellulose pretreatment on the enzyme production during SSF. In SSF, surface adhesion plays a
very important role in fungal growth and mycelial spread. M oreover, enzymatic digestion may occur in ad-
vance of hyphae tip, thus facilitating penetrating deep into the interior of the substrate particles!™ . This sug-
gests that pretreatment of substrate may favor the growth of microorganism and formation of enzy mes.

On the other hand, pH value is one of the most important environmental factors for cell growth and
product formation, but the control of pH value during SSF fermentation was not usually attempted. Kadam
et al'" reported the maintenance of pH value around 4. 5 is very crucial for cellulase production. Tsao et
d'"™ suggest-ed that optimal pH value for grow th and production phase is pH value 4. 0 and 3. 0 respectively
in submerged fermentation. In our previous study, it was found when pH value of substrates increased to 6.
0- 6.2 during SSF, cellulase activity ceased to increase or even declined. pH value regulation of substrate by
spraying inorganic acid could prolong enzyme formation period and therefore enhance cellulase productivi-
ty! ! However, the characteristics of solid substrate limits the uniform distribution of diluted acid and could
lead to local excessive acidification.

Objective of this work was to evaluate the effects of extrusion treatment on structure of spent grain cel

lulose and the pH value maintenance, along with cellulase formation during SSF with Trichoderma reesei.

1 Materials and methods

1.1 Materials

Several substrates were used for SSF as follows: spent grain obtained locally was dried( 70 C to con-
stant weight) ; corncobs were dried, chopped and ground to 46- mesh size; the content of cellulose is 22% and
31. 8% respectively. All other chemicals were purchased from Sigma Co. locally.
1.2 Extrusion

For each run, spent grain was conditioned to the desired moisture content. M aterial w as placed in sealed
polyethylene bags and allowed to equilibrate for 16 h at room tem perature, and then was extruded in a sin-
gle-screw or twinscrew extruder( CREU SOT-LOIRE CLEXTRAL BG-21, France) . The extruder was op-
erated at steady state for each set of conditions. Attainment of steady state was judged by constant amper
age. Samples were then collected, dried at 80 C to 13% moisture.
1.3 Microorganism and media

T . reesei Rut G-30 was used throughout this study. T he seed liquid medium was composed of (g/L):
spend grain 40, glucose 5, pH value 6— 6. 5. The medium was autoclaved at 121 C for 45 min. The SSF

medium was(g/ 100 g): spent grain( whatever native or extruded) 80, corncobs pow der 20.



1.4 Cultivation conditions

For inoculants preparation, the microorganism from fresh slant culture was inoculated in 100 mL fresh
seed medium in 500 mL flasks and cultured on a rotary shaker at 180 r/ min for 4— 5 d at 30 C. Inoculants
with size 10% of inoculation was transferred to the SSF medium.

For each tray in SSF, 400 g substrate was moistened with 600 mL tap water. pH value was adjusted to
desired initial level before autoclaving at 121 C for 40 min. After cooling, the medium was put into a clean
porous tray(40 cm X 25 ¢cm X 12 em) . The contents of each tray were mixed thoroughly with a sterile inocu-
lation needle after inoculation. The trays were incubated at 28— 30 C in a humidity control/ maintain room
(90% — 95% humidity). The contents of the trays were sampled and assayed periodically for enzyme activi-
ty and pH value. Each experiment was done in triplicate and results are mean values of such results.

1.5 Analytical methods

Activities of cellulase on filter paper were determined according to M andel s method 'Y Briefly, crude
cellulase was extracted from fermented solids with buffer. Filter paper activity (FPA) was assayed by incu-
bating 0.5 mL of suitably diluted enzyme with Whatman No. 1 filter paper strip(6 cmX 1 em) and 1. 0 mL
of buffer solution( pH value 4. 8) at 50 C for 60 min. The reaction was terminated by adding 1. 5 mL. DNS
and boiling for 5 min. Reducing sugar was analyzed by DNS method using glucose as standard. One unit
(IU) of enzyme activity was expressed as the amount of enzyme that liberates 1 Pmol glucose per minute
per gram cellulose under assay conditions.

M easurements of pH value of solid substrate were made by extracting a sample of fermented substrate
with cool boiled distilled water as described by Morre and Jonson'". The percentage moisture in the solid
substrate was determined gravimetrically after drying the samples in an oven at 105 C for 24 h.

Scanning electron micrographs(SEM) were obtained using a SX40 microscope with 10 kV accelera-
tion. Samples were dried over silica gel at 35 C, during 3 d to eliminate residual moisture, coated with gold
in high vacaum and examined in the microscope. X-ray diffractometry of samples was obtained with a D/
M AX-RA unit(Ricon, Japan) . Settings were 40 kV, 20 mA. The sam ples were scanned for a range of 20
from 6 to 46°. Iz is the intensity of the 002 peak( at about 20= 22°). The In2 peak corresponds to the

crystalline fraction as described by Fan et al' ',

2 Results and discussion

2.1 pH value profile during SSF

Fig. 1 showed the typical pH value profile of Koji when T'. reesei was cultivated on medium composed
of native spent grain and corncob. The authors insistently observed that pH value dropped to 3.0 after 50 h
cultivation and maintained at this point for about 15 h, and then increased back sharply( 0. 05 point/ h). The
pre-vious research indicated that pH value dropped becawse of acid production during the growth of cells''”.
Rapid decline of pH value corresponded to the utilization of solid substrate. This was confirmed by our ob-
servation that there is a heatproducing peak around 50 h when the maximum growth of hyphae took
place!'? . As the fermentation went ahead, numbers of amine were produced by cells and resulted in increas-
ing back of pH value.

T he native spent grain is barley hull whatever after brewery process, which is composed of cellulose,
hemicellulose and lignin. Its high crystallinity is the first, fundamental obstacle to its hydrolysis and utiliza-
tion. For hydrolysis of cellulose, enzyme must bind to the surface of cellulose molecule to catalyze the reac-
tion. Cellulase enzymes have a molecular weight of 30 to 60 ku and an ellipsoidal shape with major and mi

nor dimension roughly 3 nm and 20 nm respectively. Consequently, only 20% of the pore volume is accessible
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to cellulase molecules' '™ . Obviously, in SSF the utilization of cellulose is very limited because the usable cel
lulosic substrate is limited. In our previous work, we found that lower pH value could enhance the production
of cellulase during SSF P! So the next step is to evaluate the effect of extruded material on pH value
changes and enzyme production.
2.2 pH value profiles during SSF and enzyme production using extruded spent grain as substrate
Lignocellulosic materials are rather resistant to enzymatic hydrolysis unless a suitable pretreatment is
used. The intention of the pretreatment is to open the structure of the lignocellulosic material, thereby m ak-
ing it accessible to enzymes. T he pH value profiles during SSF using spent grain extruded by single and twin
screw were showed in Fig. 2. The lowest pH value of 2. 6 was obtained after 50 h cultivation for twin ex
truded spent grain, compared to pH value 3.0 with single extruded and native spent grain(Fig. 1). Fig. 2 al-
so showed that the maintaining period at low pH value for twin extruded substrate was slightly longer (25
h) compared to single extruded and native spent grain. For twin extrusion the pH value increased steadily,
however never exceeded pH value 4.0 during whole fermentation process. At the meantime, two increased
slopes profile can be seen for single extrusion. Before 105 h, the pH value increased steadily until pH value
4.0. After that point, it increased more sharply. T able 1 compares the effects of extruded spent grain on the
production of cellulase during SSF. For single one, a maximal activity FPA of 182.8 1U/g cellulose was ob-

served after 135 h fermentation, which is 51. 1% higher than native spent grain. For twin one, FPA activity
of 165.8 IU/ g cellulose was obtained.

2.3 Comparison of SEM and crys- Table 1 Effects of extruded spent grain on the production
tallinity of cellulase during SSF
Fig.3 compares the microscopic spent — iitial  moisture FPA celllose/ (Ilg 1) increase
gran pH value /% 114 h 135 h 148 h /%
structure of native, single and twin single 4.6  66.42 161.9%72.3 182.8%2.5 180.1%3.0 5.1
extruded spent grains respectively. Re- twin 4.6 65.34 110.9%1.8 127.1%2.1 165.8%2.9 37.1

i + + + -
sults suggested that there were lots of 2M° 4.7 65.65 78.5%1.9 112.9%1.5 120.9x18

changes in cellulose structure after extrusion. In Fig. 3(b) , the structure was well organized but show ed fis-
sures and fragmented structure, which could facilitate water absorption and fiber swelling. This structure,
more open than the native material[ Fig. 3(a)], could improve fermentable functionality related to these
properties. Fig. 3( ¢) of twirextruded products showed further disruption of the fiber structure as increased
porosity and reduced particle size. During enzym atic hydrolysis process, fragmentation can greatly increase the ac-
cessible surface area, depending on the porosity and cellulose particle size!'” . Hydrolysis occurs initially at the

external surface of the fibers. In our present study, microscopic examination showed a slight effect on the
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hulls epidermis but quite open after single-extrusion, while twirextrusion promoted cellular structure dis-
ruption. Like other hyphae fungus, T'. reesei grows by apical extension of multinucleate cells called hyphae.
Apical cells have active mitotic cycles. It has been reported that the degree of substrate utilization depends
upon the capability of fungal my celia penetrating deep into the intercellular spaces! o1 Obviously, fragmen-

tized and porous substrates were benefit to this hyphae tip growth pattern.

a. native; b. single-screw extruded; c. twinscrew extruded

Fig.3 Scanning electron micrographs of spent grain

Crystalline fractions of native and extruded spent Table 2 Crystallinity comparison of native and
extruded spent grain determined

by X ray dif fractometry

grain, which were measured in this work with an X

ray diffractometer, are shown in Table 2. No signif+

. . . t grai 20/° tallinity, I
cant changes in the X ray diffraction pattern were ob —— 522 aysay: e
native 22.076 1499
served( data not shown), only the crystallinity loe2 was ngle extrusion 22.105 1433
reduced slightly compared with spent grain. Fan et twin extrusion 22.120 1369

al'™ found hydrolysis rate is mainly depended upon

the fine structural order of cellulose that can be represent-ed by crystallinity rather than the surface area. The
correlation relating cellulose porosity and its digestibility is explained as a consequence of the lower crys-
tallinity and easier fragmentation of the more porous celluloses during hydrolysis. When hydrolysis rate is
not a problem in SSF, fragmentation of cellulose plays a more crucial role in digestibility and the formation
of cellulase.

3 Conclusion

Enzyme production during SSF is greatly influenced by three integrating factors: cultivation system,
microorganism and substrate . Cellulases are inducible enzy mes. Substrate can induce synthesis of cellulase,
but the nature of substrate also influences enzyme production because of limitations of mass transfer and the
low efficiency of utilization of cellulose. On the other hand, pH value of substrate can influence the growth
and the production of enzyme. We show in this report that single-extruded spent grain favors the formation
of cellulase as well as long phase maintenance of pH value during SSF. Cellulose crystallinity appeared to be
only slightly affected by pretreatment of extrusion. Most of the modification achieved in the pretreatment
was probably the porous and fragile structure formed. Our data underline the role of single-ex trusion of spent

grain in enhancement of cellulase production.
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