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ABSTRACT

Objective: The objective was to optimize the fermentation media components and condi-
tions to improve the production yield of endoglucanase by filamentous fungi isolated from
garden soil.

Methods: Cellulolytic fungi were screened from garden soil and identified as Fusarium sp.
and Aspergillus sp. by using conidial morphology. The influences of various culture condi-
tions including incubation time, temperature, pH, carbon, nitrogen, surfactants and fermen-
tation media on endoglucanase production by the isolates were investigated by submerged
fermentation process.

Results: The optimum incubation time for maximum enzyme production was recorded be-
tween 3-48 hrs. The optimum temperature and pH were 38 °C and 5.0-5.5, respectively. Besides
cellulose, lactose and cellobiose stimulated the enzyme production from both strains. Peptone
and yeast extract were found as the best organic nitrogen sources for Fusarium sp. and Asper-
gillus sp. respectively. Both isolates yielded maximum endoglucanase (40-43 U/ml), when the
growth medium supplemented with 0.06 % (w/v) KNO,. The surfactants tried had a positive
effect on endoglucanase secretion by both strains. Vogel’s medium supported the growth of
Aspergillus sp. and Aspergillus minimal medium also favored Fusarium sp. growth.
Conclusion: Optimization of culture conditions are necessary for improved production of
endoglucanase by submerged fermentation process. Both isolates appears to be promising for
the pilot-scale reactors with the use of our results. Moreover, as Aspergillus sp. and Fusarium
sp. isolates are being rapid growing fungi and synthesizing endoglucanase alone apart from
other cellulase components in liquid broth, it will be useful for cellulose bioconversion pro-
cesses in food and alcohol industries.
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OZET

Amac: Calismada bahge topragindan izole edilen filaman mantarlarin iirettigi endoniikleazin
miktarii arttirmak amaciyla uygun fermentasyon ortami bilesenlerinin ve kosullarinin
arastirilmasi hedeflenmistir.

Yontemler: Bahge topraginda bulunan ve seliilozu hidroliz edebilen mantarlar taranmis
ve konidiyum morfolojilerine gore Fusarium sp. ve Aspergillus sp. tanimlanmistir.
Inkiibasyon siiresi, sicaklik, pH, karbon, azot, yiizey aktif madde ve fermentasyon ortami
gibi kiiltiir kosullarinin endoglukanaz tiretimine etkisi batik kiiltiir fermentasyonu islemi ile
arastirilmistir.

Bulgular: Batik kiiltiir fermentasyonunda maksimum enzim iiretimi i¢in uygun inkiibasyon
stiresi 3-48. saatler arasinda; en uygun sicaklik ve pH ise sirasiyla 38 °C ve 5.0-5.5 olarak
saptanmistir. Her iki susta da seliiloz, laktoz ve sellobiyoz, enzim {iretimini arttirmaktadir.
Pepton ve maya Oziitiinlin sirastyla Fusarium sp. ve Aspergillus sp. igin en iyi organik azot
kaynagi oldugu bulunmustur. Besi ortamina % 0.06 (w/v) KNO, eklendiginde en yiiksek
endoglukanaz aktivitesi (40-43 U/ml) gézlenmektedir. Denenen yiizey aktif maddelerin, her
iki sus tarafinda tretilen endoglukanaz tizerine olumlu etkisi bulunmaktadir. Vogel’s besi
ortami Aspergillus sp.’nin bilyiimesini desteklerken; Aspergillus minimal besi yeri Fusari-
um sp. tarafindan tercih edilmektedir.

Sonug¢: Batik kiiltiir fermentasyonu ile elde edilen endoglukanazin {iretiminin arttirilmasi
icin kosullarin optimizasyonu gereklidir. Bizim bulgularimizin kullanimi ile her iki 6rnek
de pilot-6lgekli reaktorler icin umut verici goriinmektedir. Ayrica, Aspergillus sp. ve Fu-
sarium sp. hizli bliyliyen mantar tiirleri olduklarindan ve endoglukanaz sentezi sivi besi
ortaminda diger seliilaz bilesenlerinden farkli oldugundan, gida ve alkol endiistrisinde seliil-
0z biyodoniisiimii i¢in faydali olacaktir.

Anahtar Kelimeler: Fusarium sp., Aspergillus sp., endoglukanaz, seliilaz, batik kiiltiir fer-
mentasyonu
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Introduction

Cellulases are commercially important for saccharifica-
tion process in textile and alcohol industry. Furthermo-
re, pure cellulase components are used for protoplast fu-
sion and other biochemical techniques (1-2). Enzymatic
hydrolysis of cellulose in industrial scales is hindered by
the high cost of the enzyme and the low rates of conver-
sion. Cellulase is a synergistic enzyme requiring parti-
cipants of all components viz., endo 1, 4-[J-glucanase
(EC.3.2.1.4), exo 1, 4-[)-glucanase (EC.3.2.1.91) and
[J-glucosidase (EC.3.2.1.21) for complete enzymatic
hydrolysis of microcrystalline cellulose (3-5). Among
these components, endoglucanase in cleaving cellulo-
se is well studied (3-4, 6-7). Therefore, there has been
many research directed towards finding new microbi-
al sources with efficient endoglucanase synthesis, par-
ticularly amongst fungi (8). The species of Trichoderma
(5, 9-10), Penicillium (11-12), Aspergillus (3, 13), Fusa-
rium (14), Curvularia (6), Pleurotus (15), Lentinula edo-
des (Berg.) Pegl. strain CC17 (4), and Streptomyces (16)
have already been identified as good cellulase producers
with considerable commercial interests. Aspergillus sp.
(13) and Penicillium sp. (13, 17) are generally used for
the production of [J-glucosidase, an enzyme necessary
for the conversion of cellobiose to glucose because the-
se fungi produced only low amounts of endoglucanase.
Thus, the co-culture of A.niger and Trichoderma viri-
de was grown by Gupta and Madamwar (18) to overco-
me the problem. Cellulases production by P.brasilianum
and T'reesei was also comparatively studied to monitor
the better performance under submerged fermentation
(SMF) (7). However, neither Aspergillus sp. nor Fusari-
um sp. have been investigated individually for endoglu-
canase production capacities in industrial scale yet.

Thus, the present work mainly focused onto optimize
different cultural conditions needed for rapid growing
fungi Aspergillus sp. and Fusarium sp. isolated from
garden soil in order to enhance the extracellular endog-
lucanase synthesis under submerged fermentation. Per-
haps, this optimized fermentation conditions will be
helpful while utilizing these organisms in large scale bi-
oprocess systems.

Materials and Methods

Fungal strains and growth

The fungal strains were isolated from garden soil by
using appropriate microbiological techniques. The fun-
gal spores were taken from potato dextrose agar pla-
te with an inoculation loop and then stained with
lactophenol-cotton blue staining. Conidial morphology
of the fungi was observed on a microscopic slide under
a low-power (10x) light microscope. Accordingly, the
strains were identified as Fusarium sp. and Aspergillus
sp. as described in standard fungal taxonomy references
(20). Among 16 fungal strains isolated from this study,
two of the potential strains were selected according to
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considering maximum cellulolytic activity on Mandels
broth (19) supplemented with 1 % (w/v) cellulose.

Inoculum preparation

In a 250 ml flask, one ml conidial suspension (3 x 10°
spores/ml) from 7 days old potato/dextrose agar slant
was transferred to 50 ml Czapek dox liquid medium (21)
incorporated with 85 % (v/v) O-phosphoric acid swollen
cellulose (Walsath cellulose) and then incubated in an
orbital shaker (130 rev/min) at 28 [JC. After 4 days incu-
bation, the whole mycelia content was homogenized and
then used as inoculum to initiate the fermentation pro-
cesses in the study.

Fermentation techniques

For cellulase production, both strains were grown in 250
ml Erlenmeyer flasks containing 50 ml of Czapek dox
medium (21) and 1 % (v/v) Walsath cellulose. Czapek
dox medium (g/L) composed of 10 g sucrose, 10 g ye-
ast extract, 1.0 g K, HPO, and 10 ml Czapek dox salt so-
lution. Czapek dox salt solution (g/L) has 30 g NaNO,,
5.0g KCI and 5.0 g MgSO,. The pH of the medium was
initially adjusted to 5.6 with 0.1 M NaOH. One ml (v/v)
of the above inoculum was used to initiate fermentation.
The inoculated flask was incubated at 30 [/C in an orbi-
tal shaker (130 rpm) and every 12 hrs aliquots were ta-
ken aseptically and then filtered through Whatman no. 1
filter paper. This filtrate was again centrifuged at 6000
rpm for 10 min and preserved at -20 [JC until the next
use. A study on the influence of different nutrients inc-
ludes carbon, nitrogen, and detergents on endoglucana-
se synthesis were examined by replacing appropriate so-
urces in Czapek dox liquid medium supplemented with 1
% (v/v) Walsath cellulose. The effect of pH on endoglu-
canase production was studied by incubating culture in
production medium at different initial pH (4.0-8.5) under
shaking condition at 28 °C. The culture broth was also
subjected to incubate at different temperature (20, 25, 30
and 37 °C) to study on the effect of incubation tempera-
ture for endoglucanase synthesis. The cell-fee culture su-
pernatants were used to estimate enzyme activity.

Endoglucanase assay

Endoglucanase activity was measured by using a reac-
tive mixture containing 0.5 ml of 1 % (w/v) carboxy-
methylcellulose (CMC) in 0.1 M citrate buffer (pH 4.8)
and 0.5 ml culture supernatant (22). The liberated re-
ducing sugars were estimated with 3,5 dinitrosalicyclic
acid (DNSA) reagent (23) after incubating the reactive
mixture for 30 min at 40 [/C. One unit of enzyme acti-
vity expressed as the amount of enzyme required to rele-
ase one [mol reducing sugar/ml under the standard as-
say condition.

Results and Discussion

Fungal strains were primarily screened from garden soil
on the basis of potential growth of mycelia on Mandel’s
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agar medium supplemented with cellulose as a sole car-
bon source. Fast growing filamentous fungi that grew
on agar plate were selected for secondary screening. Ef-
ficient cellulolytic activities in liquid medium as well as
rapid growing capabilities were used as criteria to select
the isolates for this study. On PDA plates, isolate 1 deve-
loped well a flourished aerial growth and black conidi-
ospore while isolate 2 gave a luxuries growth, pale pink,
cottony aerial mycelia. According to conidial morpho-
logy of these filamentous fungi, we identified isolate 1
as Aspergillus sp. and isolate 2 as Fusarium sp.

Figure 1 shows the effect of incubation time on endog-
lucanase production by Fusarium sp. and Aspergillus sp.
by using pre-grown mycelia as inoculants in SMF. Me-
asurements showed that a maximum enzyme activity of
30 U/ml was obtained at 48 hrs growth of both isola-
tes and afterward activity gradually declined. Steiner et
al. (17) found the similar result for P.purpurogen when
pre-grown mycelia used as inocula in SMF. Pre-culture
grown (4 days) in Mandel’s medium containing mixture
of 0.5 % cellulose plus 0.5 % glucose gave dense T.reesei
growth and more endoglucanase activity (5.5 U/ml) af-
ter 12 days when transferred to production medium (10).
A rapid cellulase production was obtained in a shortened
lag period by using a mycelial inoculum of T reesei (19),
and also Aspergillus and Fusarium genera are generally
fast growing fungi in heterotrophic environment. Thus,
such pre-grown mycelia of the fungal isolates were sup-
ported to synthesis extracellular endoglucanase rapidly
at initial growth phase (48 hrs) in this study.

The pH effect on endoglucanase production by both stra-
ins was compared. At initial pH of 5.0-5.5 Aspergillus sp.
had more endoglucanase activity (31.4 U/ml) than Fusa-
rium sp. (20 U/ml). In addition, when the effects of dif-
ferent temperatures were checked, there was no major
difference found on enzyme yield by Fusarium sp. un-
til incubation temperature ranged from 30 to 40 [1C. Ho-
wever, raising temperature above 30 [/C unfavorably af-
fected the Aspergillus sp. growth as well as endogluca-
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Figure 1. Effect of incubation time on the production of
endoglucanase in SMF.
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nase synthesis. Generally, the optimum temperature and
pH of these strains are 28-30 °C and 4.6-5.2, which have
been reported as similar to ours in many previous re-
ports (3, 13, 17).

As shown in Table 1, the maximum enzyme yield in the
production medium obtained by Aspergillus sp. in the
presence of 0.5 % cellobiose, which was somewhat com-
parable with endoglucanase of Fusarium sp. Similar re-
sults have been obtained in Aspergillus sp. for cellula-
se production under SMF (13, 24-25). Unlike cellobio-
se, microcrystalline cellulose did not induce the endog-
lucanase yield. Exceptional stimulation for endogluca-
nase excretion by Fusarium sp. was recorded when pro-
duction medium supplemented with lactose. The yield
was greater than of by Aspergillus sp. The effect of dif-
ferent lactose concentrations on endoglucanase produc-
tion studied further and the results were shown in Tab-
le 2. It was found that the optimum concentration of lac-
tose was 0.5 % in fermentation medium for both orga-
nisms. In addition, any further increase in concentration
of Walsath cellulose above the range of 1.5 to 2.0 % has
no measurable effect on cellulase induction suggesting
the presence of substrate saturation limit for both orga-
nisms. At this concentration, Fusarium sp. and Asper-
gillus sp. gave endoglucanase activities of 47.4 U/ml and
26 U/ml respectively. This may be resulted from a desi-
rable saturation of carbon sources and an efficient upta-
ke mechanism of these fungi (5, 26).

Organic nitrogen sources (0.5 %) did favor the dense
growth of the organisms and also supported the synthe-
sis of cellulase (Table 3). The concentrations ranged from
0.5 to 1.0 % did not cause any considerable differences
in the production yield. Apparently, peptone was a good
organic nitrogen source for Fusarium sp. (37.7 U/ml)
while yeast extract was for Aspergillus sp. (37.7 U/ml).
In this study the optimum concentration of peptone was
found to be 0.25%. Similarly, Gayal and Khandepar-
kar (11) reported that filamentous fungus P funiculosum
produced the highest endoglucanase production (26 U/
ml) at this concentration. On comparing both organisms,
the endoglucanase yield obtained by Fusarium sp. (44.4
U/ml) was similar to that by Aspergillus sp. (43 U/ml).
Thus, this suggested that organic nitrogen sources are
useful of improving production of endoglucanase apart
from other nutrients sources examined. KNO, was also
reported by Hamilton and Was as stimulatory on cellu-
lase activity of A.terreus and A. fumigatus (13). Likewi-
se, KNO, was identified as the best inorganic nitrogen
source for enhanced endoglucanase by both organisms
in this work. The optimum concentration of KNO, was
0.06 % (Table 4). A relative high yield was also obser-
ved when (NH,),H,SO, added to fermentation medium.

Several investigations have been reported that extracel-
lular cellulase production increased with addition of sur-
factants in the production medium due to the increasing
permeability of cell membranes (27-29). Nevertheless,
high surfactants concentration could inhibit the spore
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Table 1. Influence of supplementing carbon source (1%, w/v) in the
fermentation media for endoglucanase production in SMF.

Carbon source Enzyme activity (U/ml)
Fusarium sp. Aspergillus sp.

Arabinose 26+1.1 21+0.9
Fructose 17+0.4 16+ 0.6
Cellulose 04+0.2 06+0.3
Sucrose 16+ 0.6 14+0.4
Glucose 10+£0.3 16+ 0.9
Xylose 26+ 1.3 16+0.8
Cellobiose 13+£0.3 17+£0.4
Inulin 11+£0.8 11£0.8
CMC 10+0.7 09+0.6
Lactose 30£1.3 27+£0.2
Maltose 20+0.8 14+04
Starch 15+ 0.5 16+£0.8

Table 2. Effect of concentration of lactose and cellulose in the fer-
mentation media for endoglucanase production in SMF.

Enzyme activity (U/ml)
Lactose (%)
Fusarium sp. Aspergillus sp.
0.1 01+0.1 07+0.3
0.3 02+0.1 09+0.8
0.5 18+ 0.5 21+£1.0
0.7 12+0.5 12+0.8
0.9 10+0.4 12+£0.6
141 09+0.8 10+0.8
Cellulose (%)
0.5 20+0.8 16 +£0.9
1.0 21 +141 21+0.9
1.5 27+1.3 22+0.8
2.0 37+15 26+ 141
2.5 33+1.1 13+£0.7
3.0 33+1.2 14 +£0.8

Table 3. Influence of supplementing nitrogen source (0.5 %, w/v) in
the fermentation media for endoglucanase production in SMF.

Organic nitrogen Enzyme Activity (U/ml)
Fusarium sp. Aspergillus sp.

Casein 27+ 1.4 23+ 1.7
Yeast extract 31+14 33+1.5
Peptone 37+£17 2609
Meat extract 32+1.2 16£0.5
Inorganic nitrogen

(NH,),ClI 38+ 1.5 31£15
(NH,),H,SO, 41+ 17 38+ 1.6
(NH,),SO, 35+13 24+ 1.4
KNO, 44+ 14 43+1.2
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germination so that a fermentation medium with a low
concentration of surfactants usually brings about good
yield (16, 27-28). A significant endoglucanase yield was
obtained by Fusarium sp. and Aspergillus sp. when sur-
factant (0.01 %) supplemented in fermentation media in
this study (Table 5). A combination of sodium deoxy-
cholate and organic nitrogen source (peptone for Fusari-
um sp. and yeast extract for Aspergillus sp.) in fermenta-
tion medium supported for a good amount of ezyme pro-
duction by Fusarium sp. and the activity was 34 U/ml. It
was comparatively better than that produced by Asper-
gillus sp. However, KNO, alone with surfactants did not
support cellulase induction by both strains. The results
suggest that organic nitrogen sources are essential supp-
lements to endoglucanase production even through sur-
factants are preferred in shake flask culture.

The results shown in Table 6, we observed that Fusarium
sp. and Aspergillus sp. were capable of producing endog-
lucanase on lignocellulosic wastes. Aspergillus sp. gave
41.8 U/ml cellulase activity as maximum in fermentati-
on medium incorporated with 1 % (w/v) groundnut shell
which was much greater than that achieved by Fusari-
um sp. Mineral salts, corn syrup liquor and sugarcane
bagasse pith were also tried as the sole carbon sources
in a simple medium with moderate shaking at 29 °C for
endoglucanase production (3). Similar results have also
been observed for cellulase production by P.citrinum on
lignocellulosic wastes (30). This suggests that these or-
ganisms may be able to excrete cellulase, in the presen-
ce of lignocellulosic materials in the fermentation media.
Aspergillus minimal medium supported for maximum
production of endoglucanase by Fusarium sp.; in cont-
rast Vogel’s medium was more efficient for the growth
as well as cellulase production by Aspergillus sp. (Tab-
le 7). Fusarium sp. grew better in defined fermentation
media compared to Aspergillus sp.

To produce and increase endoglucanase yield under SMF,
our isolates are comparatively better than other fungi
such as Curvularia lunata (6.7 U/ml) (6), A.niger (3.72
U/ml) (31), P.citrinum (37 U/ml) (29), P.purpurogenim
43 U/ml) (17), P.funiculos (27 U/ml) (30) and Pleuro-
tus sajor-caju (28 U/ml) (15) reported in earlier studi-
es. Though Aspergillus sp. and Fusarium sp. are already
reported as the potential organisms for [I-glucosidase,
they have not been reported to favor the endoglucana-
se production yet (14). The species of Trichoderma and
Volvariella are capable of producing a considerable endo
and exoglucanase. However, as these are slow growing
fungi, a prolonged fermentation time is needed to make
use of such organisms in industrial scale. The isolates
investigated in this study are fast growing in optimized
fermentation media as well as they have shorter fermen-
tation period with enhanced endoglucanase yield. Thus,
we suggest these isolates as potential microbial sour-
ces for producing endoglucanase under submerged cul-
ture conditions. Both isolates could be more appropria-
te and reliable to the pilot-scale reactors if such defined
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Table 4. Effect of concentration of KNO, in the fermentation media
for endoglucanase production in SMF.

Enzyme activity (U/ml)
KNO, (%) - .
Fusarium sp. Aspergillus sp.

0.01 16+ 0.3 29+0.8
0.03 18 +0.5 33+1.2
0.06 27 +0.9 3117
0.09 16+ 0.8 30+15
0.12 18 +0.7 29+1.3
0.15 13+0.9 26 +0.9

Table 5. Influence of supplementing surfactants (0.01 %, w/v) in the
fermentation media for endoglucanase production in SMF.

Surfactant Enzyme Activity (U/ml)
With organic nitrogen* | Fusarium sp. Asp (;l;gillus
SDS 30+0.8 15£0.2
Tween-80 22+09 18£0.9
CTAB 31+0.8 14+ 0.6
Sodium deoxycholate 34+ 1.3 21+09
With KNO,

SDS 09+0.2 10£0.3
Tween-80 18+0.4 11£0.6
CTAB 19+0.4 12+0.9
Sodium deoxycholate 13+0.3 09+0.2

*Peptone and yeast extract were used for Fusarium sp.
and Aspergillus sp. respectively.

Table 6. Influence of supplementing different lignocellulosic mate-
rial (1 %, w/v) in the fermentation media for endoglucanase produc-
tion in SMF.

Lignocellulosics Enzyme Activity (U/ml)
Fusarium sp. Aspergillus sp.
Groundnut shell 13+0.7 41£0.8
Wheat straw 12+£0.9 22+1.2
Newspaper 12+0.6 22+0.6
Filter paper 23+0.7 30+1.3
Cotton waste 12£0.6 26+ 1.6

Table 7. Influence of supplementing different fermentation media for
endoglucanase production in SMF.

Fermentation media Enzyme Activity (U/ml)
Fusarium sp. | Aspergillus sp.
Rich medium 17+0.8 16+0.5
Vogel’s medium 09+£0.6 21+0.8
Aspergillus medium 40+1.7 18+ 0.6
Mandel’s medium 16 +£0.6 15£0.5
Berg’s medium 15£0.5 13£0.6
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and optimized media are chosen. Moreover, Fusarium
sp. and Aspergillus sp. isolates will perhaps be useful
in cellulose bioconversion processes in food and alcohol
industries since they synthesize endoglucanase alone
apart from other cellulase components in liquid broth (5-
7, 16). Thus, this present work would provide an insight
on using the fungal isolates and this optimized fermen-
tation conditions for a large-scale fermentation process.
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